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INTRODUCTION

INTRODUCTION

The Boilermaking trade has a history dating
back to the discovery of metals Among the
forerunners of today's Bollmakers are the early
metal workers. coppersmiths. blacksmiths and
forgers

Today the Journeyman Boillermaker 1s expected
to be knowledgeable about a wide vanety of
matenals ncluding those such as ferrous and
non-ferrous metals. plastics and fibreglass The
Boilermaker 1s also expected to possess highly
developed skills in fabricating. erecting and
repainng modern day plants.

Traiming personnel In the many facets of the
trade usually occurs 1n one o three ways Ap-
prenticestip Programs. Journeyman Upgrading
Programs and On-Job Traiming. Many craftsmen
have had the advantage of all three kinds of
tramning and are still upgrading their knowledge.

APPRENTICESHIP PROGRAMS

The basic principles of apprenticeship have en-
dured for over 2.000 years The employer enters
into a contract to provide the apprentice with ihe
opportunity to learn the skills of the trade. The
apprentice for his part promises to obey all
reasonable demands made by the employer and
to render faithful and diligent service during the
period of apprentic.ship. Apprenticeship
training came to Canada with the early settlers.
and at vanous tmes provincial leqistation has
been enacted throughout the country to for-
malize the program.

The main objectives of formabzed training can

be summarzed as

t  The establishment of a regulated system of
apprenticeship i ndusines dependent on
skilled help.

2 The setting of regulatons to ensure youth
proper tramning and the opportunity to

become skilled craftsmen under umiform and
fair conditions

3 The comrelation of techmical education in the
technical and vocational schools with prac-
tical traming In industry so as to offer the
best opportunity for the advancement of ap-
prentices

4 The elminauon of unfair practices in em-
p'oying youth n industnes suitable for ap-
prenticeship training.

JOURNEYMAN UPGRADING PROGRAMS

Advances In technology are Increasing the need
for personnel with highly specialized knowledge
and skills. As new 1deas and procedures are in-
troduced to the trade. it 1s imperative that the
time-served bollermaker not be forgotten. The
craft will always depend on the expenence of
journeymen. and an avenue of learning must be
available to them.

ON-JOB TRAINING PROGRAMS

The |east pubhicized kind of training 1s probably
the most important. Only “on the |ob™ can new
skills and knowledge be evaluated effectively.
Practising boilermakers should have reliable
reference material available as a guide to safe
and efficient performance consistent with
current techrniques and procedures of the trade.

OB.'SCTIVES OF THIS MANUAL

1 To provide an information resource to sup-
plement the formal traiming program for
bollermaker apprentices.

2 To assist the journeyman to build on his
present knowledge o increase his expertise
and qualify for formal accreditation n the
trade.

3. To serve as an “"on the ;0b eference with
sound. up-to-date guidelines for all aspects
of the trade.

Constraints of size Limit this manual to a general
treatment o' most subject areas. Extenswely
detailed treatment of individual tor .s would
create an unwieldy volume of encyclopedic
proportions The manuals purpose 1S to com-
plement on-job training and technical training. kit
does not provide a home sludy course that
would prepare a student to become a8 boiler
maker. The manual's foundation value lies in
its contribution to the greater proficiency of
craftsmen through better understanding of their
trade.
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INTRODUCTION

Safety precautions protect the Boilermaker just
as clieanliness protects the doctor or nurse. The
Boillermaker's working environment can be very
hazardous unless each worker is aware, alert
and cautious at all times.

Safety 1s a shared responsibiiity with im-
phcations for management and labour as well as
for government which enforces safe working
practces

Management is responaible for:
1 Prowviding and mamtaining safe equipment

2 Providing protective devices and special
clothing when required

3 Enforcing safe working procedures.

4 Providing adequate  safeguards on
machenery. walkways. cranes. rigging. etc.

5. Observing accident prevention regulations.

Labour is responsible for:

1 Knowing and working in accordance with
the safety regulatons pertaining o their
trade and sphere of influence.

Waorking so as not to endanger themselves
or fellow workers even when specific
regulations are not in force.

Government is responsible for:

1 Establishing Accident Prevention Regu-
tations

Ensurirg observance of these regulations by
penodic 1aspections and enforcing safety
standards.

Establishing on-going Accident Preveation
programs.

Providing adwvice and assistance m
establishing safe working conditions in the
ever-changing technological working en-
vironment.

Regardless of rules. regulations and committees
the major factor in safety is the individual em-
ployee and his athitude and personal outlook on
safety.

This chapter presents an overview of industrial
safety issues for Boilermakers. but safety and
safe working habits are integrated into each
chapter of this manual.

BASIC SAFETY RULES FOR THE
BOILERMAKER

CLOTHING

1 All personnel must at all times wear ap-
proved hard hats and safety footwear.
Clothing should be appropriate for job con-
ditions.

Gloves shoul¢ be worn when handling wire
cable, steel or rough matenal.

Protective eyewear should be wom when
using grinders. chippers. welders. cutting
torches. eic. and when there 1s a danger
from flying objects and harmful haquids.
Qases or rays.

Safety belts and lines of approved design

must be used when working conditions
requiré them.

Approved life jackets must be wom when
working over water.

EQUIPMENT

1 All equipment such as cranes. derncks and
hoisting gear must be of sufftcient size and
strength to maintain a proper safety factor
which must not be exceeded.

Al blocks. hooks. shackles and wire ropes
must have a proved safe working foad.

Propér tools in good condition should be
used for each job and the manufacturer's in-
structions on apphcatons and hmitations
should be followed.

Power tools should be inspected frequently
and properly adjusted for safe and optimum
performance.

Hoisting machinery should be inspected
frequently to ascertain that clu'ches, brakes
and dogs are in good condition.

Structural parts of cranes and hoisting

equipment should be inspected regularly for
cracks. deformation or signs of stran.

RIGGING AND ERECTION

1. Before moving cranes, demcks. poles or
rigging equipment. the area should be
checked to assure itis clear of high voltage
power lines and staging.
Only one designated person in each crew
should give signals to an equipment
operator.
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Ouiniggers should be n place and wel
blocked before heavy loads are lifted.

tieavy loads. machinery and rngging
equipment should be checked under load
before swingmg

Heavy loads should be moved slowly Care
should be taken when a load s stopped
because inerlia wncreases the load effect
Extreme care 1s required when hfting in
strong or gusty winds,

Tag ines should be used to prevent loads
being hited from swinging sideways

Loads should not be swung needlessly over
the heads of ‘persons working below

Shings and tackle should be inspecied
frequently. and frayed. kinked. worn.
corroded or suspect equipment musti be
replaced

Shackles rather than hooks should be used
whenever possible

Rubiter
Shie

Permaaent lron Type

LADDERS AND STAGING

Boilermakers do not often use ladders as ‘heir
work normally calis for a more stable working
ptatform. however. 1n certain stluations & jadder
may be required temporanly The below in-
formation may be used as a guide for con-
structing ladders (Figure 1-1).

LADDER CONSTRUCTION

Aungs  Flat mungs must be at least 1" x 21/2”
secured by 3 nails or scréews 10 each siderail.
Round rungs must be at least 11/4” diameter with
ienons 1/4" less, secured by screw or nail at the
midpoint in each siderail. A wire tie should be in-
serted under the rung.

Lap The murimum lap of extension ladder
sections must noi exceed 3" for extensions up to
38°. 4" for extensions up lo 447 §° for extensions
over 44’ Patented non-skid feet of various types

Preger Angle

Overhead Flat Type

Shathog Type

35 \\m_m\{\

Sandbag

Ladder ™ e
eiyred by robe
wheee Bralnlai

Figure 1-i. Approved Laddsrs with Safety Speclfications
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can be bought for ladders to be ysed on smooth
‘loors

a2l Ladders In places where Ihe basic
mastrochion 15 of sleel or fire pron? mater: ., jad-
ars are often made of 3/47 to 17 dlameter pipe
oF 10d rungs welded to approas ately /a” x 27
flat bar raiis or 17 (0 t'1  ; ameter pipe rails.
The matenal on hand ucsuaily Celerminas the
siZe of the |adder components. but 1t should
meet il safely standards Aluminum ladders are
haht and easiy handied. byt generally need
special care to avoid being damager!

Step Ladders  Step ladders and exiension
ladriats e usually purchased, and thewr con-
struction should meet safety requiations. For-
table step ladders over 20" are not to be used

SAFE USE OF LADDERS

Before climbing a tadder. three points should be
checked automatically 1o ensure no danger to
the chmber

1 The ladder must be in good cordition. The
siderails must nol be cracked or broken and
the rungs must not be broken or missing.

The ladder must have safety feet (both
holding) eilher pbraced aganst a weighl or
cleat on the floor or lashed to a fixed object
{(Figure 1-2)

Timber or
Sandbag

e e

Figure 1-2. Types of Safety Feet for Ladders

3  The lop of the ladder should rest on a strong
sohd support with both rais touching. The
ladder musl be long enough to reach the job
without being positioned at too steep or too
flat a pitch (Figure 1-3). I possible. work
chould be done no higher than four rungs

from the top Unless a ladder is securely
fastenad at the top, 1t 1s dangerous to do any
sideways reaching or any heavy nushing or
pullng More Ihan one workman has pushed
mmself nto an accident

B a0t greater than
/s of A

Figure 1-3. Correct Positioning of a Ladder

PERMAMENT LADDERS

Permanent ladders must be securely faslened at
tne top and bottom The rails or one rail should
extend at least 3' above Ihe landing or work
area. and Ihere should be at least 6'/;7 toe
space clearance between the rungs and the
wall

Maintaiming these ladders primarily involves
k2eping rungs repawred and ensunng that lhe
lacder 1s nailed or botted 1n posihion Most hixed
ladders are in a vertical or near verlical position:
if nol securely fastened. they will faill over when
a oad s placed on them.

Docks and wharves requinng a ladder reaching
from dock level to low water levei frequently use
a flexible jadder with 172" to 5/8" galvanized
cable for rails and 5/8" to 3/4" round rod clam-
ped on for treads {Figure 1-4).

)

Galvanized
L~ ——
Catie

58" fod

ap

[ 1

| Weight I

Figure 1- 4. Flexible Dock Ladder
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ROUTINE MAINTENANCE OF LADDERS

Portable ladders shouid be handled carefully to
avoid cracking or sphtting siderails or rungs.
When not in use. they shoutd be stored 1n a dry
place. but kept away from any extreme heat
source Such as a steam line or radiator. Ladders
should be inspected carefully at frequent in-
tervals and any defects should be repaired.
Round rungs must be checked to ensure they do
not rotate. |f sale repairs cannot be made. the
ladder myst be discarded.

SCAFFOLDING

TYPES OF SCAFFOLDING

Scaffolds must be designed. constructed. erec-
ted and mamntained with extreme care to prevent
senous accidents. Four types of scaffolding are
commonly ysed on Boilermaker products.

1 Bracket scaffold

2 Swmgstage scaffolding

3 Needle beam scaffold

4 Prefabncated tubular scaffold.

Bracket Scaffolding Bracket scafiolding
provides a temporary working platform on tanks
or large vessels such as digesters or stacks
(Figure 1-5). The planks are supported on large
metal staging brackets hung from metal staging
bracket clips welded to the surface of the struc-
ture (Figure 16) The metal staging bracket ~"ips
are wetded to the surface of the structure along
the top edge of the chp only. as designated by
the arrow in Figure 1-7. When the scaffolding is
to be removed the clips can be easily delached
by prying In an upward direction with & bar

Figure 1-5. Bracket Scatfolding on Large
Tank

Figure 1-7. Staging Bracket Clips Welded
Along the Top Edge

Swingstage Scaijolding Swingstage scai-
folding 1s & frame supported at both ends with
wire rope that is suspended from an ovcrhead
structure such as overhead steel. A wooden
deck 18 seated on the frame and the scaffold can
be raised or lowered by automatic locking win-
ches on the cables. Tirfor hand winches or
power winches may be ysed (Figures 1-8. 19
and 1-10),

Haadle Beam Scatfolding Needle beam scaf-
folding is a temporary work Platform resting on
two 47 x 6" wooden beams suspended from an
overhead structure (Figure 1-11),

Ropes are used to suspend the beams as
follows:

1. Scaffold  bhitches  with self-centring
bowhnes are tied toward the ends of the
beams to secure them against rolling or tur-
ning over (Figure 1-12},

A round . two half hitches is used to at-
tach the ropes to the overhead structure
(Figure 1-13),




Figure 1-13

Figura 1-12

Tubular Scaffolding  Tubular scaffolding is
widely used as a working platform primarily
because of the advantages of 1) Strength. 2)
Lightweight construction. 3) Ease of assembly
and disassembly. 4) Portability of prefabricated
parts.

Figure 1-14 shows an expladed view of a tubular
scaffold illustrating the foliowing parts:

A

B.

Base plate — provides a footing when the
unit is erected on a level surface

Screw jacks — provide an  adjustable
footing when the base surface is uneven

Castor (locking) — provides mobility

End frame

Cross brace — provides a means for
joining two end frames

Sway brace — stabilizes scaffolding unit

Deck — used to provide a working surface
at any level (planks may be used as an
alternative)

Frame coupling pin — provides a means of
erecting successive levels of scaffolding

Guard rail post — used in conjunction with
guard rail as a safety feature.
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Guard
Rail
e Post (n

Y ’-______,..-/,

m—;—_—t.!
frame

- Coupling § ~ S
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£nd
—Frame

/‘f‘/

£

5 Screw
Jack (B)
-

%

i N\
, /\ Sway é
Brace (F)

Brace (E)

Figure 1-14. Evploded View of Tubular
Scafiold

SCAFFOLD MATERIALS

Scaffold Planking
1. Must meet provincial regulations for Select
Structural Scaffold Lumber

2 Must be not less than 27 x 107 nominal
dimensions

Wooden Scatfold Framing

1 Must be of Constructhion Grade or better, or
#1 Structura! or better.

Thrust-out beams (for swinging scatfolds)
and needle beams must be no! less than
4" x 6"

Ropaeas

1  For scaffold suspension. must nol be less
than 3.4° diameter fibre for seinging scaf-
folds or 17 diameter fibre for needle beam
scaffolds, If wire rope is used, equivalent

rated capaciy must be applied First grade
rope in new condition must be used in all
cases.

For guardrail ropes, must be 5/8” diameter
tibre or 3/8" wire rope.

Fittings All httings {scaffold brackets. win-
ches. cornice hooks. etc.) must meet provincial
reguiation standards.

MATERIAL TESTING

if scaffold matenal 1s not certified "Tested ™™ prior
to shipment to the job. 1t must be field tested
before use. To test scaffold ptanks. place each
plank on 67 x 6~ blocks (Figure 1-15). Have two
men {combined weight approximately 360 Ibs.)
spring several times on both sides of each plank.
Boards should be rejected 1! any cracking sound
of vistble defeci develops dunng the test.
Brackets and other fithngs should be inspected
for defects before use.

Figure 1-15. Arrangeament for Testing Scatiold
Planks

SCAFFOLD CCNSTRUCTION

1 The ends of each scaffold plank should be
bolted or banded to prevent sphtting For
bolting. use 1/4” rod with square nuts. For
banding. use rough or coaled nails

Planks must extend not less than 6 and
not more than 12° beyond the supporting
members.

Planks must be supported at intervals not
exceeding 10" for hght work and 77 for
heavy work

Platform width 15 specified by provincial
regulations. the miramum being two 107
planks side by side (20)

When scaftold platform width i1s greater
than 30", additional planks mus! be used so
that no opening exists greater than the
width of one plank.

Guardrails {or guard ropes} must be
provided around open sides of all scaffold
installations Guardrail specifications for
height and rope tenstion are set out in
provincial regulations.




Safety

Needle beams must be ngged with the
greater dimension vertical and secured 1n
that onentauon by scaffold hitches in the
suspension lines Wire ropes and cable
clips must be used where a danger of heal
or chemical damage exists A comparably
secure suspension method 1s required for
the beams. Ropes must be padded to
prevent damage from sharp corners and
secured not 1ess than 12 from the ends of
the beam

On needle beam scaffolds. planks must be
secured togeiher by cleats or other means
to prevent movement.

Any welding required 1n attaching brackels
to & Sstructure should be done by quahfied
welders, inspected and imitalied. Brackets
must be installed in a true verlical ornien-
tation to provide rated support capacity

if scaffolding 1s to extend over three or
more supports. planks should overlap 10
one direchion for a minimum of 9",

For swinging scaffolds. requirements for
thrust-out beams (matenal. safely factor.
counterweights. tiebacks) and cornice
hooks are set out 1n provincial regulations

All hooks wused in swinging scaffold
suspension must be moused or hitted with
safety latches as required by local
regulations

The winch suspension must have an
automalic locking mechanism and consist
of one double upper and one single lower
block {minimum) for each hanger. Suspen-
sion ropes must be of sufficient length to
permit lowenng the working platform to a
safe landing position.

For all scatfolding higher than 10° above
grade or a safe landing. life lines must be
independently secured to firm structures
with adequate strenglh. Ropes must be of
approved design conforming with provin-
cial regulations.

SAFE PRACTICES FOR SCAFFOLDING

1.

Where a hie line is provided for work 10’ or
more above grade, an approved safety bell
must be worn.

Scaffolds must be inspected each working
day and required maintenance carried out

Scaffolds should be kept iree of ice, snow,
mud, oill, etc. and other subslances o
materials thal create hazards 10 workmen.

Planks may not be turned over until ice has
been removed.

Excessive storage or accumulation of
materials on scaffolds should nol be per-
mitted (Figure 1-16).

i
—
-

One half barrel of loosely filled htting vp
eqmpment weighs appeoximately 350 1bs
Thus 1s too much weighl o place on 3 scaf
fold

Figure 1-16. Never Overload a Scaffold

5.

Loose objecls not in use must be placed in
containers provided for that purpose (Figure
1-17).

!

||\/

By

L

Only shallow contawness should be used
for Joose tool storage on scaffold Five
gallon parls get top heavy and the pal
handles sometwnes putl off

Figure 1-17, Use of Approved Containers

6.

When raising and lowering scaffold planks,
damage to lumber must be avoided.

WORKING HAZARDS FROM NOISE

Noise aflects woikmen both psychologically
and physically. The psychological effects of ex-
posure to high levei noise include annoyance,
writability, menlal faligue and decreased ability
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to mantain attention and alertness for
prelonged periods Some workmen adapt 10 the
noise environment and are ynaffected by 1l. and
although a few people tolerate a noISy en-
wironment. it 1S desirable {0 Suppress excessive
noise

Noise also interferes with spoken com-
munication and contributes to defays. difficulties
and errors 1N transferring nformation Where
ideal spoken communications are required. fow
noise levels are essential.

The physical effect of noise on workmen 15 con-
fined 10 the heaning. and degreas of deafness
and tinnius {noises 1N the head) are preduced
The effects of noise on heanng vary with sound
frequency and intensity and with degree of ex-
posure Individual susceptibility 1s also an im-
portant factor

The sound intensity 15 the amoun® of energy in
the sound wave. and sound leve ., usually ex-
pressed in decibels. Intensst ,s interpreted as
loudness by the hstener The threshold ol
hearing — the weakest sound that can be
heard — 18 zero decibels. and the threshold of
pain 1§ 130 decibels

Typical sound levels'

Jel motor at 75 .. ..130 decibels
Rock drnlis . A R )

Kraft paper winder R b

Wood chippers . 110
Newsprint machine. . .... ..108
Cut-off-gsaw . . ce .. 9%

Streel cornes traffic. large cily 60

Typical office A - 1

Normal conversation In average
size lving room. ... . ... . 40

Impairments in heaning acuity due to exposure
to hagh level noise usually begin above the so-
cailed speech range. that s, above 3000 cycles
per second At first. heanng impairment 1s tem-
porary or transient and disappears in hours
Temporary impairments are due to 'fatgue” of
the hearing mechanism

In rnost cases permanent heanng mpairment
develops only after susceplible sars have been
subject to high level noise ON numerous oc-
casions over long penods of ume. In sych cir-
cumstances. hearing becomes impaired not only

25

for high frequency sound. but also for sound n
frequencies essential for understanding speech

PERSONAL PROTECTIDN

Several lypes of ear muffs and insert ear plugs
that provide protection from high level noises
are avalable on the market All these devices
decrease the noise at the ear Noise reduchions
up to 35 decibels are obtained with 9ood ear
protectors properly worn Ory colton in the sars
does not afford adequale protection Irom high
level noise

Ear muffs and ear plugs do not depnve workmen
of useful heanng on the job. warning Signals
and speech In no:Sy areas can be heard better
when ear prolectors are worn.

GUIDELINES FOR USING EAR PROTECTIVE
DEVICES
1 Plugs should be phable and fit each ear
tightly
Plugs will work loose. and must be reseated
regularly
Plugs or mutfs do not cause infection. but
should be kept reasonably clean

Ear proteclors make 1t easier lo understand
speech or signals In noiSy environmenis.

FIRE PREVENTION

FIRE THEORY

Every Boillermaker must have complete and up-
to-date knowledge of {ire prevention and the use
of fire fighting equipment.

Three conditions must be met for a fire 10 start
1. Air must be present

2 A combustible matenal or fuel must be
present

3  There must be a means of igntion.

Air Since air 1s an mnerent part of the en-
vironmenlt. it must be accepted as permanent

Combustive Materials Combusuble matenal
should always be contained 1n Specially
designated areas and isolated from possible
sources of fire. Solvents and other containers of
inflammabie material should be covered when
not in use and any spillage should be wiped up
immediately and the area treated to neutrahze
possible hazards. Proper housekeeping should
be enforced. and any rags. papers or other In-
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flarmmable malenals should Le deposited in the
designated disposal area

Ignition
matches.

Common sources of 1gmition are
hghters. cigaretle stubs. electrncal

motors. static electneily. sparks caused by fric-
tion and sparks from eleclnc arc welding. oxy-
acetylene welding and cutting

For small local fires there are a varety of ex-
tinguishers each with a specific use (See Table
1-1)

CLASSIFICATION OF FIRES
Fires are dwvided into four mam classes

CLASS A — Fwes in ordinary combustible
matenals such as wood, sawdusl.
paper. rags. etc.

CLASS B — Fires In gasoline. oils. petroleum
products. solvents. ete.

CLASS C — Fires mvolving electrical eowp-
ment.

CLASS D — Frres in metals such as magneswum.
polassium nokalloy. ete.

TABLE 1-1. FIRE EXTINGUISHER DETAILS

KINDS Kow

CCHEENTS | OF FIRE | TO START | DISCHARGE

How

T0 START | DISCHARGE

CONTENTS

68 ft

Liquid car

bon dioxide
under
pressure

Pull pin
and oPen
valve

About
42 se¢

CLASS 8

{on. gas
oline, paant.
grease)

CARBON DIOXIDE

(151 size)

Bicarbonate
of soda
sofution and
sullanc
actd

class l Turn aveq

SODA ACID

(wood.

CLASS C 2030 n

Firn
handle.
then pump
by hand

Carbon
letrachloride
and other
chemicals

{hve 40.45 sec
electuical

equipment)

VAPDRIZING LIQUID

(1qt size}

paper.
lextiles.
ke

THRFE TYPES
Full pin or

collar & thea
Open Valve
{ar}

Press Lever]
(or)

Tuin Over

& Bump

These ex
tinguishers
also have |1
some effedt
on CLASS AJ2
fires (wood.

paper. |3

textiles)

Brcarbonate
|of soda weth
other dry
chemicals
and
carlridge ol
carbon
dicade gas

About 14 ft

#E

225 sec

(

DRY CHEMICAL

Then squeeze
nozzle

3040
CLASS A

{""Loaded
slieam”
Jns alse good
on small
CLASS 8)

Water and
cartndge
of carbon
dioxide gas

Turn over
and bump

0I5 sec

GAS CARTRIDGE

(3016 size)

CLASS A
and
CLASS 8
{l.
gasoline.
Erease
daint)

Solution of
alumiaum
sulfate and
bicarbonate
ol soda

Tutn over
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INTRODUCTION

The Boilermaker trade requires the use of &
variety of both hand-and power-driven tools. This
chapter describes each of the Boilermaker's
tools. emphasizing three central issues:

1. Each tool 1s designed to perform a specific
range of functions. The correct tool must be
selected for each job to ensure safe and ef-
ficient wolk.

Each ool is designed to perform its function
only H it is used correctly.

Tools must be adequately maintained to
retain their capacities to perform their in-
tended functions.

As a general rule, a Boilermaker's ability can be
inferred from his handiing of the tools of his
trade. A good craflsman can look over a project.
determine the tools required and have them at
hand when they are needed. He is aware that an
incorrectly used or poorly maintained tool may
be more a hazard than & help.

HAND TOOLS

i possible. tools should be kept in a toolbox
that can be locked lo prevent theft. Loaning
tools is probably the easiest way to lose them. so
the wise tradesman does not lend his tools and
soon develops the habit of keeping his toolbox
locked.

Tools only used occasionally or tools top large
for the toolbox are generally drawn from the tool
crib. The tradesman usually has to Sign out
these 100is or ¢ive one of his tool tags in ex-
change. This precaution enables the tool crib at-
tendant to keep a record of the tools out on loan,
Tools should be cleaned before being returned
to the crib. Any breakages, defects or malfunc-
tions should be reported to the attendant so that
the tool can be repaired or replaced. Damaged
or broken tools from the toolbox should be re-
turned 0 the crib for replacements.

The following tools are nomally found in a
Boilermaker’s tool kit

Ballpeen Hammer
Chipping Hammer
8" long Cold Chisei

Prick Punch
Centre Punch
10" Adjustable Wrench

12" Adjustable Wranach
8" Lineman's Plie~rs
10" Slip Joint Fliers

Tri-Flint Lighter
(Striker)

Standard Twp Clearers
Buming Goggles
Safety Goggles

Wire Brush

Hack Saw

Scriber

4" Combination
Sgunie

g8 D ders

2 Foo Stee! "2lding
Ruig with ~“Cir-
cumf~rence Scale”

Trammel Points

9" Torpedo Level

FPadlock

Tool Tags

Toolbox

Soap Stone Holder
12 Foot Tape — 3/4"
wide

HAMMERS

The Boilermaker uses many different types and
styles of hammers: the most commonly used are
described here. Specialized hammers such as
the Bricklayer. Stonemason. sheet metal,
Railroad spike and ornamental metal work ham-
mers are only rarely required for Bollermaking
projects.

Sledge Hammers  Sledge hammers come in
weights from 4 to 20 ibs. The 8 Ib. sledge is a
popular hammer for the Boilermaker's work; 1tis
heavy enough for most driving wedges and for
general work use. Heavier sledges may be
required for fairing tank seams or for driving
wedges on heavy plate work. Sledges used in
the trade often have two maul faces (Figure 2-1)
but they ma' have one maul face and one Cross
peen (Figur: 2-2) or straight peen face. The
combination peen-mau! 18 more commonly used
in shipyards.

Figure 2-1. Maul Face Sledge Hammer
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Figure 2.2, Cross Peen Sledgw Hammer

Ball Peen

Figure 2-3. Ball Peen Hammer

Ball Peen Hammer The ball peen hammer
(Figure 2-3) 1s a must in every toolbox. They are
availabie in a range of weights from four ounces
t0 three pounds. the lighter tools being designed
for fine layout work. The peen is used to form
and streich metal, the poll face 1s used for
drniving wedges. chisels. centre punches and
other operations too small to require a sledge

Four Pound Sfedge The four pound sledge
iFigure 2.4) 1s a favounte with fitters. Its face Is
larger than that of the ball peen. and the exlra
weight makes 1t ideal for driving 1t bull pins for
ining up bolt holes, Riggers often carry the ‘our
pound sledge on their rigging belts.

Figure 2- 4. Four Pound Sledge Hammer

Chipping Hammers Chipping hammers are
used by welders and mechanics to chip slag off
a weld or burned edge. They are made with
heads of forged alioy steel hardened and drawn
for maximum toughness and may have handles
of flexible wire or hardwood. The heads are

designed with long. slender cone points and
thin. tapered chisel hits to reach slag in con-
fined areas. These hammers can be resharpened
many times hefore they become too blunt for
use. Three types of chipping hammers are
available: 1) cross and straight chisel, 2) cone
and cross chisel, and 3) cone and straight chisel
{Figure 2.5),

Figure 2.5. Chipping Hammers

CLAMPS

Clamps are used to hold parts in alignment for
various operations such as welding. drilling.
punching. etc. The most common are C-Clamps,
manufactured in sizes up to 18" in a varety of
materials. cast iron. cast steel, forged steel
pressed steel and aluminum alloys (Figure 2-6).
The depth of throat varies as does the shape of
the body. An acme thread on the screw is
generally preferred.

Throat Depth
e

Body

Figure 2.6, C-Clamp

For larger clamping operatlions. a bar clamp is
used {Figure 2-7). Another version of this is the
pony or pipe clamp which permits praclicatly
unlimited reach as the clamp jaws can be moun-
ted separately on any length pipe.
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Figure 2-7. Bar Ciamp

Correct Use of Clamps

1. Choose clamp size so that the jaws are
never separated to the maximum opening.
Overextending the screw will cause it to
bend.

Do not overload a clamp beccuse the body
may bend or break.

Do not use wrenches on the screws unless
the clamp is a heavy duly type with a bolt
head designed to accept a wrench.

When welding, yse clamps of the shielded
thread type to préevent damage to the threads
from spatter.

LAYOUT PUNCHES

i.ayout punches are used to make indentations
in materials for marking: 1) the course of scribed
lines; 2) the location of points: 3) the cenires of
divider points. trammel points or holes to be
drilled or machine punched.

i.ayou! punches are made of hardened and tem-
pered steel with a knurled handle for good finger
gnp. There are two principal kinds of layout
punches the prnick punch and the cerare punch.

Prick Punch The pnck punch (Fiqure 2-8) s
a commercially designed tool approximately 4"
to 6 in length used mainly in layout or by tem-
plate makers for precision work. The punch end
1s ground to a 30 to 6 point.

L

Figure 2.8, Prick Punch

Centre Punch The centre punch (Figure 2-9)
15 similar in design to the prick punch except
that the tapered point is ground to 90°. This
machine git s the capability of enlarging prick
punch holes for drilling or machine punching.
The centre punch is often made by the Roiler-
maker rather than purchased.

[ ——

Figure 2-9. Centre Punch

Correct Use of Layout Punches

Precaution Since layout punches are made
of hardened steel, they should not be used to try
to mark hardened steel or alloys.

Maintenance Layout punches can be
reground using the same procedures as recom-
mended for grinding chisels. (See “Chisels.”) Be
syre to yse a fine tool stone on the grinder and
do not allow the layout punch to become too hot.

FILES

More than three thousand Kinds. shapes and
sizes of files are manufactured. This tremendous
variety requires rigid specifications and control
during production. Specialized files have been
developed for filing of rough castings. die
castings. stainless steel, aluminum, brass. lead,
plastics. etc. Their specially designed teeth and
i some cases exireme hardness and toughness
will overcome the difficulties encountered with
regular files.

Good files are made from high quality steel
carefully formulated to provide the necessary

30
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properties required. Files have three

distingumshing features:

1 Length — always measured exclusive of the
tang

Kind or shape -- f'at. mill. half-round. etc.

Cut — character and relative degree of
coarseness of the teeth.

TYFES OF FILES
Common types of files are shown 1n Figure 2-10.

CORRECT USE OF FILES

1 Always use a properly fitted handle when
fihng to prevent hand injury (Figure 2-11). A
icose handie can slip off unexpectedly.

Use the nght file for the job.
Heold the fite correctly (Figure 2-11),
Maintain the hand in correct position.

Never use a file as a hammer or as a crow
bar.

MAINTENANCE OF FILES

1. Clean the file as frequently as needed using
a hlecard or a brass file cleaner.
To remove soft metal particies, use a piece
of wood and push across the file paralle!
with the teeth.

When fling soft metal. file a soapstone first

to prevent lodging of metal pieces in the
teeth {loading).

Keep files separate from other tools in the
toolbox.

Figure 2-11. Using a File

CLASS TRADE KAME CUT on PITCH

SHARE

MILL FILE
(sAw FILE)

SINGLE CUT COARSE

BASTARD

DOUBLE CUT MACHINIST

WELDER

SECOND CUT
SMODTH

Square Pittar Mill Warding
A A - p—
Threesquare Taper Cant Saw

&S A o

Round Pit Saw  Half Round Cross Cot

STANDARD
FINE
SMOOTH

CURVED
TOOTH

METALWORKER
WELDER

HE . A

Flal Pillar Half Round

SPECIAL
PURPOSE
FILES

YARIES
DEPENDING
ON USE

METALWORKER
WELDER

Depends on Type of File

Figure 2-10, Types of Files
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PLUMB BOBS

When a plumb bob s suspended from a cord or
chalkline. it can 1) align columns vertically: 2)
centre penstock or pipe. 3} take honzontal
measurements from a fixed point such as the
centre hine of a boiler or drum.

Plumb bobs (Figure 2-12) are quite light and are
thus easily affected by awr currents. For this
reason they are sometimes suspended In a
bucket of water or otl The cord may be short-
ened by tying a sheep shank in .

Plumb bobs have a hardened steel point so that
a reference point can be made by hanging the
bob in its correct locahon and then carefully
dropping it to make a mark

When constructing scroll casing or taking
measurements from the c¢entre line of a boiler
steam drum. & heavy weight plumb bob is used.,
suspended from a stainless steel wire instead of
chalkline or cord because of its weight. If a
heavier weight bob 1s unavailable. a heavy piece
of steel may be used, alihough it will be less ac-
curate han a proper plumb bob.

Figure 2-12, Typical Engineer's Plumb Bob

PLIERS

Slip Joint Pliers  Slip joint pliers are the most
common phers used The slip joint provnides a
wider opening of the jaws at the hinge for gnp-
ping matenat of larger diameter. Combination
phers are available in three sizes based on their
overall length: 57, 6" and 10”, Some combination
phers (Figure 2-13) are equipped with wire cut-
ters. and better quahlty pliers are made of drop
forged steel.

Slip Joint

Hand Grips

Hinge Pin
Figure 2-13, Combination Piiers

Water Pump Pliers (channel-lock
pliers) Water pump pliers (Figure 2-14) were
originally designed for lightering or removing
water pump packing nuis whose varying siZes
required an adjustable jaw hinge with seven di-
ferent positions. The nner surface of the jaws
has a series of coarse teeth formed by deep
grooves for grasping cylindrical objects.

ot T -, D
—4’! FrryyeEr LT

Figure 2-14. Water Pump Pliers

Side-Cutling Pliers (sldecutiers) Side cul-
ting pliers {(Figure 2-15) are designed for
holding. bending and cutting thin matenals or
small gauge wire. Vanous sizes are available.
designated by their overall length. The jaws are
hollowed out on one side just forward of the
pivot point. while on the opposite side the |aws
form the cutling edges.

&=0

Figure 2-15. Slde-Cutting Piiere

WRENCHES

Certain general types of wrenches are used In
almost afl trades. It is important to recognize the’
required wrench by its proper name rather than
its trade name to avoid confusion when ordenng
a wrench for a specific job.

Adjustable Wrenches Adjustable wrenches
{(F.gure 2-16) are commonly available in sizes
ranging from 4" to 15" in length, and adjustable
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to any boit of nut size withun thewr range, ktis im-
portant tn select a wrench size propori:onal to
the diameter of the screw thread. since a large
wrench adiusted lo suit a small nut or boit head
can result (n torque suificen! 10 stnp the thread
or snap the bolt under slight pressure,

Figure 2-16. Adjustable Wrenches

Pipe Wrenches  Pipe wrenches (Figure 2-17)
are sized according to length and are adjustable
ic different pipe diameters, The Jaws have teeth
cut into them which bite into the pipe as
leverage 1s applied. These wrenclies ae
designed so that the grip of the jaws tightens as
the leverage on the handie is increased. Pipe
wrenches should not be used on thin wall
tubing. on plated pipe or oh any job where the
high finish might be damaged

Figure 2-17. Pipe Wrench

8ox and Open End Wrenches Box and open
end wrenches are not adjustable (Figure 2-18
and 2-19). They are usually double-ended to
accommaodate two sizes of bolt heads. Sizes are
given according to the dimensions of the nut or
screw head measured across the flat, in frac-
fions or millimetres,

@mquﬁm@

Figure 2-18. Open End Wrench
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Flgure 2-19. Box End Wrench

VISE GRIPS

Vise gnps could be classed as phers or clamps
(Figure 2-20). The knurled thumb screw at the
back of the handle adjusts the |aw opening and
the locking tension. The toggle type locking
arrangement provides an adjustable clamp with
powerful compound leverage. Some of the many
uses for these tools are as adjustable pliers, as
portable vises, as a portable toggle press, for
pulling keys from shafts and for holding and
twisting star drills.

Figure 2-20. Three Types of Vise Grips

SCREWDRIVERS

Screwdnvers are availlable in a vanety of types
and sizes (Figure 2-21). The most common lypes
used are Regular, Robertson and Philiips. Some
principles to guide the selection of regular
screwdrivers are jllustrated in Figure 2-22,
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Phillips Frezrson
Cross-Slot  Cross-Slhot

o5 @ @
&> T &

Regular

Q)

Clutch-Head

4

Robertson

Allen Bristo

® ®

O

Figure 2-21. Standard Types of Screwdriver Tips and Screw Recsasses

Difference ,

m Dip Width Flat Head

Select Tip to
Fit Scraw Slol

Tip Tao Small, Leverage Losl.
Screw Marred and Tip Benl

[

Rounded Tip Chmbs Oul Thick Tip

f Stot and Marks § Does Not
¢ and Mar orew Seat 1 Slol

Figure 2-22, Principles lor Selecting a Serewdriver

CHISELS
Chisels are made n a vanety of sizes with dif-
ferent cutting edges and shapes. The selection
of the nght chisel is determined by the kind ol
maltenal to be cut and the contour ol the cut
required.

The development of efficient air powered tools.
such as the air gninder. chipping gun and disc
gnnder. has largely eliminated the use of chisels
for metal cutting. Under some circumstances,
however, a chisel may pe used.

Flat Cold Chisel The flat coid chisel (Figure
2-23) 15 used to chip material from a flat surface
to make & part smaller. shear sheet metal, cut off
small rods and wwe. split nuts and remove
burning slag and weld spatter.

Cuthing Edge

. _Culting Angle Stock
Figure 2-23. Flat Cold Chisel

Cape Chisel The cape chisel (Figure 2-24) is
used lo cut in grooves. siots and keyways due to
its narrower culting edge.

D -
Figure 2-24. Cape Chisel

Round Nose Chisel The round nose chisel
{Figure 2-25) is used to cut round grooves.
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Diamond Point Chisal The diamond point
chisel (Figure 2-26) 15 uysed to cut V-shaped
grooves such as those in a boiler tube that 1s to
be removed from a sheet It can also remove
tack welds and chip metal out of square corners.

=

Figure 2-26. Diamond Peoint Chisel

MAINTENANCE OF CHISE*.S

When a chisel has become dull or mushroom-
F=aded. 1t should be re@round When grinding
the tp of the chisel. hold it tightly agamnst the
wheel to prevent overhealing. Dip the tip in
water between passes. Be careful to grind as lit-
ite as possible to restore the edge. A
mustroomed head can be restored by revolving
the chisel head against the grinding wheel.

HACK SAWS

The hack saw 1S ysed for cutting metal and other
material such as hard plastics. Blades may be
made of plain carbon steel or high speed steel,
and blade construction may be “all-hard” or
“flexible” “Flexible” means only the teeth have
been hardened The number of teeth perinch for
hacksaw blades vanes from 14 to 32. Coarser
teeth are better for making cuts in large pieces
of cast wron or steel and heavy gauge sheet
metal: finer teeth are for cutting thin-walled pipe
or tubing. thin metal. and hght angles.

The “set” of a blade refers to how much the
teeth are set oui from the sides of the blade. This
“set” ensures that the width of the kerf or cut 1
a hule greater than the thickness of the blade.
providing clearance to prevent the blade from
binding in the cut while sawing. Hack saw teeth
may be set in three arrangements (Figure 2-
27)

Mteraate Set

Figure 2-27. Ditferant Types of Saw Sets

Altarnate gat Alternate teeth are bent
slightly sideways «n opposité directions

Raker sat Every third tooth remains
straight and the other two are set alternately

Undulated set Short sections of teeth are
bent in opposite directions.

Most hack saws are made with an adjusiable
frame designed to accept blades 8", 10" or 12"
in length. When f{iting a blade to the frame
(Figure 2-28) it is important that.

1 The teeth point in the same duwection as the
cutting stroke

1t be adjusted to the proper tension using the
wing nut.

Frame Adjustment

—

Wing Nut

Direction of Teelh

Figure 2-28. Fitting a Blade to the Frame

Some frames will allow the blade to be set at dif-
ferent ang'es (Figure 2-29).

Figura 2-29, Blade Setting a! an Angle

Q.

Undulated Set
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MEASURING TOOLS

Measunng tools are precision instruments. and
it 1s very important to know how to use and main-
tamn, them. If not handled with care, even the best
tools will become damaged and functionally
unreliable even for rough jobs. Rules, calipers,
tapes, micrometers. et¢c. should be properly
stored in the toolbox. preferably boxed to
prevent their coming into contact *~ith other
tools. A coat of light oi! will heip prevent rust,

STEEL TAPES

Steel tapes are available in a variety of lengths
and widths, but the type most frequently used in
construction work is 12" fong and 3/4” wide with
a concave blade to make it seli-supporting over
a limited distance.

The hook on the end of the tape is able 10 move
on joose rivets to the extent of the hook's
thickness s0 that the measurement is accurate
whether the tape is hooked over the end of a
work mece or positioned to make an inside
measurement.

Uses of Steel Tapes

Measuring Length UUse the hook on the end
of the tape; i1t will stide out on the two rivets to
give a true measurement {Figure 2-30}.

Measuring Inside Length Most square tape
cases are 2" long. $0 this 27 must be added to
the length showing on the tape (Figure 2-31).

Figure 2-31, Measuring Inside Length with a
Tape

The hook at the end of the tape slides back on
the rivets to get a true measurement.

Marking Measurement with a Scriber The
tape must be square with the work piece to get
an accurate distance (Figure 2-32). If the rule
were not square. the distance would be distor-
ted.

o g rh Wk A W S e

- B, I

Figure 2-32. Marking Measurement with a
Scribar

TWO FOCT FOLOING RULE

The two foot folding rule (Figure 2-33) is
graduatad in inches and 8ths of an inch on one
edge and has corresponding circumference
graduations on the other, The reverse side of the
rule is marked in inches and 16th inches. It is

36
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Figure 2-33. Two Foot Fokling Ruls

made of spring tempered s eel and can be used
as a straight edge or substitute for a level
square to transfer angles. This rule 15 flexible
enough 10 measure circumferences of large cir-
cles

Correct Use of Two Foot Folding Ruls

1 Find the diameter of the work-piece using
the Inch edge.

Read the circumference of the correspon-
ding cirtle from the peint on the cir-
cumference scale opposite the length For
example. 1t can be noted that a circle with a
7" diameter has a circumference of 227

Note: When making measurements It may be
desirable to use the one inch mark (or 1n the
case of longer tapes. the one foot mark) as a
starting point When this is done. double check
to ensure the inch (or foot) is accounted for,
Otherwise you could be an inch (or a foot) too
short on the plece you are measuring. of aninch
{or a foot) too long if you are transfernng the
measurement.

POCKET SLIDE CALIPER

The stanless steel pocket slide caliper on one
side I1s graduated in'32nds of an inch and can be
used to take both inside and outside
measurements. The other side of the caliper is
calibrated in 64ths of an inch and has a line on
the body (marked *‘out”) for outside reading and
another line {marked “in"} for inside readings
(Figure 2-34). This type of caliper does not have
a vernier scale and so will only measure to the
nearest 64th of an inch. The inside measuring

nibs on the jaws are rounded (o permit an ac-
curate reading 1n holes. The |aws and mbs are
hardened and ground for accuracy. The locking
clamp screw firmly locks the shde in any
position 1n the body of the tool (Figure 2-35A.
35B).
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Figure 2-35A. Pocket Slide Caliper Laocked
Onto Work Piece

B

Figure 2-35B. Pocket Slide Caliper Locked
Onto Work Piece

SPRING CALIPERS AND DIVIDERS

Sprning calipers and dividers are made of high
quality steel. The legs are made of flat stock. the
fulcrum nut 15 hardened. and the large bearing
surface on the legs helps prevent side deflec-
tion The bow sprirg is strong yet flexible, The
adjusting nut may be solid or quick adjusting.
Figures 2-36, 2-37 and 2-38 illustrate these tools.
To transfer thewr measurements to inChes, frac-
tions or decimals requires a rule. mierometer or
vernier calipers (see “"Vernier Instruments” pp.
33)

Figure 2-36. Spring Inside Calipers (3"-12")
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Figure 2-38. Spring Dividers (3"-12")
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INSIDE AND OUTSIDE FIRM JOINT CALIPERS

Fum joint calipers are made of mgh quaity tool
steel with the ends hardened (Figures 2-39, 2-
40} The tension on the joint 1s adjustable. and

Figure 2-39. inside Firm Joint Calipers

Figures 2-40. Qutside Firm Jolnt Caflpers
(6". 36”)

once the proper adjustments are made. the ten-
ston will nol change as the legs are opened and
closed The contact points are adjusted by
“feel.” and a rule or mucrometer 15 used to
measure the distance between points

SLIDING T-BEVEL

The shding T-bevel 18 used for transferring
angles and for testing constructed angles such
as bevels. The T-bevel 1S made of wood. plastic
or metal handies. with a slotted. bevelled biade
(Figure 2-41). The angle can be adjusted by the
wing screw on the handle. When not In use.
align the blade Into the handle and tighten.

Figure 2-41, Sliding T-Beval

DRILL POINT GAUGE

The drill point gauge (Figure 2-42) is used to
check the accuracy of the dnll point angle
{always 59 } and to determine the correct drill tip
length to ensure ¢lean cutling at maximum feed
and speed. This tool consists of a 8™ hook rule.
dwided Into 1/8ths and 1/16ths and quick
reading 32nds and 64ths. The adjustable siiding
head can serve as a depth gauge. slide caliper
or iry square.

LMY T vAWMAYRy
v e e
L W LT (L
iyl

Figure 2-42. Drill Point Gauge
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FRAMING SQUARE

The Carpenter's framing square (Figure 2-43) 15
used for measunng. as a straight edge. to check
angles. for laying out '/: circumierence marks
on pipe and for many other funchions. To
discover the full ran_e of uses for this versahile
tool. books on the subject are avaijlable at most
book stores

The square has two blades al nght angies to one
another The longer. wider arm 1s called the
blade or body. and the shorter. narrower part 1s
called the tongue (The Standard steel square
(Figure 2-43) has a blade 24" long and a tongue
16 long ) The outside corner where the two out-
side edges meet 1s called the heel

Figure 2-43. Standard Stesl Square

Chacking the AcCuraCy of the Square

The square must be accurale with respect to the
required nght angle between the blade and the
tonque This accuracy must be checked before
slarting any precise layout. A piece of flat plale,
a straight edge and a seniber are needed (Figure
2-44)

Lay the straight edge on the plate.
hslding it firmly. Seribe a witness mark
In case the straight edge is moved.

Set the tongue of the square against
the straight edge and scribe a line on
the plate along the outside of the
bliade.

Reverse the square on |he straight
edge and move lhe blade to the
scribed line,

i the square Is lrue. the blade and the
line will be perfectly aligned. If the line
slopes away from the blade, the square
is oul-of-true,

Step 1

Step 2

flat surlace

1
|
r
1

F=———= Stnbed line

Straight edge

Figure 244, Checking the AccCuracCy of
tha Squere

Correct Use of the Squere

Never attempt to true up a square by striking
the heel wath a hammer.

Keep squares away from exlreme heat or ar¢
welding

Do not punch or dnll a hole near the heel.

COMBINATION SQUARE

The Combination Square (Figure 2-45) consists
of

1 The stock {square) head with one side at 90
and the other at 45

The protractor head
The c¢entre head

The steel rule or blade that fits any of the
three heads

Prolractor Head

Bevel
Prolractor

Cenlre Head
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The protractor head 1s provided with a swivel or
turret which is clamped to the steel rule. The
revolving turret is graduated from 0° to 180° {on
some models it is graduated from 0° to 90° in
either direction). It can be adjusted to any angle
and secured with a knurted nut. In conjunction
with the steel rule, the combination square is
used in layout for making and measuring angles
(Figure 2-46}.

§
¢
t
-
5

Figure 2-46. Making Angles with the
Combination Square

The centre head forms a centre square when
clamped to the steel rule (Figure 2-47). Place the
points of the centre head on the outer surface ot
a round object and scribe a line along the rule.
Repeat this procedure at another position on the
outer surface to find the ceéntre point which is at
the intersection of the two scribed lines.

The stock can be moved along the steel blade

and clamped in any position. Its functions in-

clude:

1 A square for checking angles of 90" {Figure
2-48)

B Fn 1 .
Fedp Ty A

e

Figure 2-47. Finding the Centre Point with
a Combination Square

Figure 2-48. Checking 90° Angile

Scribing lines at right angles to a surface
(Figure 2-49)

Marking or checking angtes of 45° (Figure
2-50)

Depth gauge
5. Height gauge
6. Spirit level.
In addition, a scriber is held in the lower end by

a friction bushing. and may be drawn out when
needed.
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Figure 2-49. Scribing a Line at Right
Angles

Figure 2-50. Scribing 45°Angle

RULE DEPTH GAUGE

The rule depth gauge (Figure 2-51) consists of a
steel rule and a blade shaped to provide a
straight edge at right angles to the rule. The
blade can slide up or down the rule to permit
measurement of the depth of holes and
recesses. A Knurled nut and irlction spring

P S P .

Figure 2-51. Rule Depth Gauge

assembly locks the blade into position on the
rule. The rule is calibrated in 32nds and 64ths in-
ches, but some models are graduated in 64ths
and 100ths,

CENTRE FINDER WITH LEVEL AND CENTRE
PUNCH MARKER

The centre finder (Figure 2-52) is designed to
determine and mark the horizontal céntre line on
the outside surface of pipe or tube.

L o

Figure 2-52. Centre Finder with Level and
Centre Punch Marker

TWO FOOT LEVEL

The two foot level {Figure 2-53} contains two
spirit tevels: one for checking horizontal level
and a plumb for checking v<rtical alignment.
When structural shapes are not straight in long
enough lengths to use the two foot level, the
plumb bob or water level is prelerable.

To check the accuracy of a level, place it on a
flat surface {if necessary shim up one end until
the bubble is centred}. Turn the level end for end
{in the same position on the shims}, and the bub-

43
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ble will be in the middie if the level is accurate.
If the bubble is off centre, the level is not true.
Sor*¢ levels can be adjusted to correct errors.
The plumb is checked in the same manner
against a vertical surface,

rigure 2-53. Two Foot Level

MICROMETERS

Micrometers (derived {rom the Greek micro.
meaning small) are used to gauge small or
precise measurements. The outside micrometer
caliper (Figure 2-54) frequently cailed a “‘mike”
is used by the Boilermaker to check outside
measurements such as tube sheet holes and the
diameter of tubes, shafts, etc. where accuracy
and precision are demanderd.

The basis of the microneter caliper is an ac-
curate screw that can be revolved in a fixed nut
to vary the opening betveen the two measuring
faces, {the end of the spindle and the anvil). The
screw has 40 threads per inch (4C TP} so that
one revolution of the thimble moves the spindle
1740 or 025", These revolutions are plainly
marked as graduations on the barrel. The frame
end of the thimble is bevetled and graduated
into 25 equally spaced divisions, @ach division
being 1/25th of a revolution, representing 1/25th
of 025" or one thousandth of an inch. (001"},

Maintenance of Micrometers

1. Never completely close when not in use.
2. Protect from dirt and grit at all times

3. Qil lightly before storing.
4

Store in a suitable case or a clean cloth
slightly dampened with oil. separated from
other tools.

RATCHET SCREW
RATCHET STOP

RATCHET PLUNGER

RATCHET SPRING
ADJUSTING NUT
SPINDLE NUT

BARREL SPRING

Figure 2-54, Outside Micrometer Caliper

Correct Use of Micrometers

1. Wipe clean before use.

2. Check zeroing before use.

3. Avoid excessive pressure on the spindle
threads.
Ensure clamping ring is loose before read-
justing.

5. Never twirl {o open or Close.

6, DO NOT DROP,

Readin_' the Micrometer

Reading a micrometer caliper involves a series
of steps requiring mental addition:

Step 1. Read the highest numbered line seen
on the barrel. Since each division
represents .025. every fourth or pum-
bered line represents 100 Thus:

1 00"
2 = 2007
3 =.300 ", etc.

Zount the number of completely visible
dgivisions between the number read in
Step 1 and the edge of the thimble. Do
not count any partial division that may
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be showing. Each complete division
equals 025"

Step 3 Read the number ol the hne on the
edge of the thimble that coincides with
the longitudinal line of the barrel. Each
line represents 1/1600",

Add the results of your readings from
the Steps 1-3.

E'__

'/\ff‘-/

Step 4

v
[1,]

f_

Figure 2-55. Micrometer

EXAMPLE:

Reading from the micrometer Setting in Figure
2-55

The 17 line on sleeve is

visible, representing ... =100
There are 3 additional lines
visible, each representing .025"...

3x.025 =.075"

Line 3" on the

thimble coincides with the longitudinal
hne on the sleave, each
line representing .001” ... 3 x.001" = 003"

The micrometer reading 1s...

INSIDE MICROMETERS

Inside micromelers are available in sizes from 2"
to 327, and are suppled in seis containing
vanous ranges of length: 2"-8", 212", 8".32"
and 27-32". The desired range is set by assem-
bling measuring rods and lapped gauges or
spacing collars to the micrometer head {Figure
2-56),

78

Measuring rods have a shoulder against which
the rods are set accurately and locked into
position in the micrometer head. The 0" mark
on the rod should be in line with the 0" mark on
the end of the micrometer head (This 18 not
required on the 2"-32 rod).

Tubular extention rods are available up to 107"
capacity for large inside diameter

measurements: however, the Boilermaker is
primarily concerned with smaller sizes for
meaasuring inside tube diameters and tube sheel
holes. For very small lubing. an alternative
device called the internal direct reading dial
caliper 1s simpler to use and read (Figure 2-57).

Figure 2-57, Internal Direct Reading Dial
Caliper

Figure 2-58 shows the use of the micrometer in
measuring the inside diameter of a large boiler

tube.

Figure 2.58. Micromster Used to Measure
Inside Diameter of Large Boiler Tube
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MICROMETER DEPTH GAUGE

The micrometer depth gauge {Figure 2-59) can
aiso be used to obtan distances from a plane
surface to a projection This precision depth
measurement tool 15 necessary for checking
iongitudinal expansion when roliing tubes. Since
the movement of the screw 15 hmited to 17,
longer distances are oblained by using ad-
diionai measunng rods. These are available in
sets providing 03", 076" 079" apd 3797
ranges. This tool differs from most micrometers
in that the graduations on the barrel are in
reverse order Therefore. the divisions to be
counted are those coverad by the thimble,
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Figure 2-59. Micrometer Depih Gauge

VERNIER INSTRUMENTS

Vernier instruments {(Figure 2-60) are measuring
tools, such as calipers. depth gauges. height
gauges and angular scales. which incorporate a
vernier scale. a device capable of extending the
accuracy of a measurement to a high degree of
precision,

The principie of the vernier is based on the fact
that a vernier scale has one less (usually) or one
more (occasionally) divisions than the main

beam. Thus a small difference is obtained that
allows a much finer reading than normally ob-
tained.

The basic measuring device consists of a Beam
or Bar calibrated in inches Each inch is divided
into tenths of an inch and numbered 1-9. Each
tenth is sub-divided into 4. This means that each
lenth =9.100" and each sub-division = 0100 +
4 =0025".

The other pait of the device is the vernier
usually wilth 25 divisions numbered 0 to 25. The
length of the vemier is equal to 24 divisions on
the Beam or Bar. Thus the length of these 25
divisions of the vernier is equal to 0.025 x
24 = 0.600. Calculating this we see that 0.600 +
25 = 0.024 for one division on the vernier. The
difference between one division on the Beam.
and one division on the vernier is, therefore.
0.025 ~ 0.024 = 0.001.

Figure 2-60. Vernier Instrument

Steps in Reading a Vernier Instrument {Linear)

Step 1. Count the number of inches and the
number of tenths of inches plus the
number of 40ths of inches to the left of
the 0 on the vernier.

MNote carefully the line on the vemier
which is axactly opposite a line on the
Beam. This will give the number of
thousandths of an inch.

This hgure mus: be added to the first
part to have a complete reading.

Step 3.

EXAMPLE:

To read the vermer scale in Figure 2-61.
Read whole inches first

Read tenth divisions next

Read fortieth divisions next

Read vernier last

1.000
0.700
0.000
0.023

Reading is 1.723

46
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Figure 2-61. Vernier Scale

Figure 262 illustrates a typical vernier caliper Figure 2-63. Angular Yernier Scale
for inside and outside measurements and In-
corporating a depth gauge.

Example 2: (see Figure 2-64)

fnsrde Set Impenal Protractor dial
Callpers Screw Scale Deplh Gauge Vernier dial

Reading: 805"

Metrsc
Dutssde Calepers Scale

Figure 2-62. Typicai Vernier Caliper

Angular Yernler Scales Figure 2-64. Angular Vernler Scale

Precise measurement of angles is possible with
the angular vemnier scale. This tool consists of:
. ] . SURFACE GAUGE
t. A protractor or angular ring. divided into . .
360 (usually in four quadrants. each reading The surface gauge _{Flgure- 2-65) is used for
from 0~ to 90°). scribing lines at a given height from a face of
A vernier plate positioned under the angular the work or for making lines around several sur-
Tl 14| 9] r .
f ob. auge consists of a heav
ring, divided into 12 spaces extending over faces of the job. The gaug y

23 spaces on the protractor dial. The dit-
terence between 1 vernier division and 23
protractor divisions is equal to '/z of a
degree, or 5 minutes.

The dial is read in the same manner as other ver-
niers except that it is read in angular degrees
and units of 5§ minutes,

Steps in Reading Angular Vernier Scales

Step 1. Read the number of degrees up to the
“0" mark on the vernler scale.

Step2. Read the number of minutes on the ver-
nier scale where two lines coincide.

Example 1: (see Figure 2-63)

Protractor dial

Vernier dial........c.oiiiiiiiiiiaiiannns 30
Reading: 45730°
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base and an upnght pivoted spindle to which a
scnber 1s attached by a clamp. The scriber can
rotate through a complete revolution and be
locked 1n any position.

By resting both the surface gauge and the work
upon a plane surface, the point of the scnber
can be set at a gwen heighi. either by using a
scale or some other standard and drawing lines
at this height on al faces of the work or on any
number of pieces when duplicate parts are
being made.

TRAMMEL POINTS

A set ol tramme! points (Figure 2-66} 1s a tool for
laying-out circles or arcs. The two points are at-
tached by knurled nuts {0 a suitable bar or beam.
The distance between them may be adjusted to
the required radwus. Place one trammel point on
the punched centre mark and scribe the circie or
arc with the tip of the other trammel point

Figure 2-66. Trammel Peints

TAPS

Taps (Figure 2-67) are used for cutting intemal
threads in metal. fibre or other materials. and are
classified according to size {diameter} and the
type of thread they cut. The most common are
“National Fine” and “National Coarse.”
although designations such as “National
Special.” "National Extra Fine” and metric
threads may be ysed.

Taps are divided into two main categones:; stan-
dard hand taps having a diameter of 1/4” or

Threads

Squared end
Chamfer flute (to Ot tap wrench)
(taper at (Broove between

starbng end) theead ridges)

Figure 2-67. Tap

greater. and machine screw faps having a
diameter of less than 1/4".

Standard hand tap sizes are identfied by the
actual outside diameter in inches as well as the
thread type. For example. 5/8-18 identifes a tap
having an outside diameter of 58 inches and a
thread count of 18 per inch.

Machine screw tap sizes are identified by a
number system ranging from #0 (smallest) to
#14 (largest) and the thread type For exampie
10-32 1dentifies a tap that will thread a hole for a
size 10 screw with 32 threads per inch.

Each sizé of tap 1s provided in three forms:
taper, plug and bottoming {Figure 2-68) These
are ysed in sequence to tap a hole properly The
chamfer length is different in each form.

Tap wrenches are ysed to turn taps Two types
are shown in Figure 2-69. A set of taps and tap
wreénches is illustrated in Figure 2-70,

Taper Tap. Chamfer length 8-10 threads

Plug Tap. Chamfer length 3-5 threads

Botioming Tap. Chamfer iength 1-11/2 threads

Figure 2-68. Taper, Plug, and Bottoming
Taps

Procedure for Tapping

Step 1. Select the correct dnll size for making
the hole. Consult Tables 2-1 and 2-2 for
standard hand taps. or use lhe
loltowing formula to calculate dnll size:

Drill size = (outside tap diameter)

1

minus
number of threads

per inch
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TABLE 2-1. TAP DRILL SIZES FOR STANDARD HAND TAP SCREWS/75% DEPTH OF THREAD

Tap Threads Diamater prill Tap Threads Diameter prill
Size per inch Hole Sire per inch Hote

14 2 220 13 18 18 821 53/64
114 28 215 718 i4 805 13116
14 27 214 18 12 T9 51/64
i/ 24 .209 18 9 767 49/64
11 20 20 15/16 12 856 55/64
5/16 2 282 15/16 9 829 53/64
5/16 27 .276 27 .964 nn2
5/16 24 2n 14 930 15/16
5/16 20 .264 12 919 59/64
5/16 18 .258 8 878 118
8 27 339 8 941 15/16
3 24 334 12 1.044 3/64
T 20 326 .986 63/64
T 16 A4 1.048 364
1ne 27 401 1.169 11/64
716 24 397 1111 7164
716 20 .389 1.173 1/64
716 14 368 1.294 19/64
112 27 464 1.213 7132
12 24 460 1.419 27154
112 ] 451 1.338 11432
iR 13 425 1.448 29/64
112 12 419 1.555 916
9/16 27 .526 1.680 1116
9/16 18 .508 1.783 25/32
9/16 12 481 1.909 29/32
5/8 27 .589 2.034 1/32
5/8 18 k151 213 18
5/8 12 544 2,256 2 14
5/8 3| .536 2.381 2 58
11116 16 627 2.506 2 1R
11116 1 .599 2,597 2 19/32
3 21 AT 2122 2 23/32
3 16 .689 2.847 2 2132
34 12 .669 2972 2 31432
KF 1¢ .653 3.075 3 16
13/16 12 13 3.200 I
13/16 1¢ 15 3.325 3 5416
18 27 839 3.425 3 M6

— —
L . T o T B ]
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e e o Lo Lo Lo Lo Lo W e e e B e be e W WD W O A O

1.675 3 116
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TABLE 2-2. TAP DRILL. SIZES FOR MACHINE SCREW THREADS/75% DEPTH OF THREAD

Tap
Size

0

OO thth B b B WOWRKN - =

Threads
par inch

Dia. Drinl

Hole

80 048
72 060
64 058
64 071 50
56 069 50
56 082 45
48 079 47
48 092 42
40 088 43
36 085 44
44 03 37
40 101 38
36 098 40
40 14 33
36 A1 34
32 108 36

3/64
53
53

Tap
Size

W o oW m o~~~

O YT U G §
b kO MN OO OO

Threads Drili

per inch

Gia.
Hole

36
32
30
36
32
30
32
30
24
32

124 1/8
A21 31
119 3
A37 29
134 29
A32 30
147 26
145 27
136 29
160 21
30 158 22
28 185 23
24 149 25
28 A81 14
24 A78 16
24 .201 7
20 .i93 10

iz

Straight

=)

Tap Wrench

T-Type Tap Wrench
(Used where Space
1s Restnicted)

Figure 2-69. Tap Wrenches

Example: Find the dnil size for a
3/4-16 lap

Solution Tie tap diamater 1s 3/4 inch
and 1 has 16 threads pe; inch.
Therefore the dnll size 1s 3/4” ~ 1/167
= ;1/16"

Secure the work piece so that it cannot
m-ve and cause ihe tap 1o break.

Begin with a taper tap. Start the 1ap
square with the work prece Check
with a square al several poinis around
the tap.

S Ly R ———

S

0

Select a lubncant appropnate to the
malerial being tapped:

MATERIAL

Mild and Medium Steel
Tool Steel
Cast lron

Copper
Aluminum

Brass and Bronze }

LUBRICANT

} Lard oil

Soluble oil
(usually 1 par oil
to 40 parts walter)

Bry

Once properly started. the tap does not
require downward pressure. After each
revolution, it is useful to reverse the
wrning for a parl revolulion to free the
chips Repeal the turning and rever-
sing. adding additional lubricant at in-
tervals yntil the thread is well staried.
Reverse t0 remove the tap.

Using a plug tap. repeat the procedure
as abave until the hole is completely
tepped. (For iapping a bind hole.
repeat the procedure with a boitoming
tap to en<ure fimished threading to the
botiom ol the hole.)

.lj;-
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Figure 2-70. Set of Taps

Step 7. Unscrew the tap and remove chips and
burrs from the threaded hole.

Removing Broken Taps Special tools assist
in removing taps, studs. bolls, screws or pipes
that have broken off at or below the surface of a
piece of work. The cause of a broken tap is
generally a chip caught between the threading
teeth and the side of the hole. It this cnip can be
loosened so It will drop in a flute, the broken
part of the {ap will come out easily. Broken taps
may be removed using tap extractors (Figure 2-
71} made of high quality steel designed to
withstand shearing strain. They are supplied in
sels that conform to standard tap sizes ranging
from 1/8” to1 1/2”. Some extractors can be used
on two or three sizes of taps.

The tap extractos consists of four parts: the
holder, collar. sleeve and fingers. The holderis a
sohd, fluted core with a squared end to ac-
commodate a tap wrench. The fingers, which fit
into the fiutes of the holder, are held together at
the ‘op by the collar. The collar and fingers are
free to slide up and down the flutes of the holder
as required. The sleeve can slide down over the
tingers to provide rigid support for them when
they are seated around the broken tap.

Holde:\ c;ila: Sljewe

Fingers
Flgure 2-7t. Tap Extiractor

Procedure for Removing a Broken Tap

Step 1. Selectthe correct size and type ol wap
extractor. Ensure the number of
fingers corresponds with the number
of flutes in the broken tap. {Extractors
are available with two. three or four
tingers.)

Remove all loose chips from the holes
around the broken tap. If compressed
air is used for this, WEAR SAFETY
GOGGLES.

Remove any sharp metal projections
that could obstruct the tap extractor
fingers from seating firmly around the
tap.

Secure the workpiece firmly. using a
vise it appropriate.

Place a few drops of cutting oil in the
hole.

If the tap is broken into two or more
irregular pieces they sometimes act as
locknuts against each other. Try to
move the top piece slightly so this will
not happen.

Be careful not to damage the threads
in the hole as this will make removing
the broken tap more difficult.

Adjust the extractor fingers so that
they project beyond the holder. Slide
them down into the flute of the broken
tap as far as they will go without
forcing.
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Step 9. Push the holder down until it touches
the broken tap. Slide the sleeve down
until 1t touches the work piece. The
fingers of the tap extractor must be
supported over their entwre length,
either in the flutes of the helder or in
the flutes of the broken tap. They may
otherwise twist out of shape or break.

Apply 2 tap wrench to the squared
outer end and rotate forward andg
backward a few times to loosen. Once
loosened. reverse rotation of the ex-
tractor will remove the tap.

Note: If the tap s wedged too tightly so that
moderate pressure on the extractor fails to
loosen it. it 1s advisable to try another method for
removal since a tap extractor is a fragile tool.

Allernative Mathods for Removing a
Broken Tap

Working a Broken Tap Loose If a piece of
the tap extends above the hole, grasp it firmly
with 8 pair of pliers or vise grips and work it
back and forth to loosen it {Figure
2-72)

Figure 2-72,

Prick Punch and Hamm:r Method If the tap
1S broken off below the surface of the metal, it
can somelimes be removed by using a pric«
punch and hammer. £, rapping the punch at an
angle that forces the tap to wrn counter nlock-
wise. It may loosen sufficiently to be removed
(Figure 2-73).

Figure 2-73.

Heat Softening Method Heat the stock with
the broken tap to a cherry red colour and allow it
fo cool slowly. This will remove the hardness
from the tap and it can be removed by one of the
procedures for removing broken studs.

SCREW PITCH GAUGE

The Screw Pitch Gauge or Thread Gauge
(Figure 2-74) is a useful tool for determining the
piich of an unknown thread It is designed with a
strong steel case, having a number of folding
jeaves al bolh ends which can be matched with
the thread on a screw or pipe. The correct pitch
can be read directly from the leaf.

Figure 2-74. Screw Pitch Gauge

DIES

Dies are used for cutling external threads on
rod, bolts or pipe. The principles for correctly
using dies are simdar to those that apply in tap-
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Dies are held in holders called diestocks which
provide leverage for turning Diestocks may be
straight or T-type Dies may be sold (able to
thread only one size) or adjustable (adapiable to
a range of sizes) and are made in @ number of
shapes — round. square. hexagon (Figure 2-75)

Procedure for Using a Die

Slep 1 Hold the wark piece firmly 1n a vise.

Step 2 Bevel the end of the rod or pipe
shghtly so the die can start easily.
Step 3 Place thh -larting side of the die
squarely over the work

Step 4 Apply downward pressure and rotate
the diestock clockwise until the
threading begns.

Apply an appropnate lubricant for the
matenal being threaded as described
in “"Procedure lor Tapping.” pp. 35-38.

Conlinue threading. applying the
same forward and reverse turns used
with taps If the chips are not freed In
ithis way. the threading may be
wregular and some threads may shear
off

Continue threading until the end of
the work pilece emerges from the
outer face of the die Reverse the
diestock to remove ihe die.

Clear any chips or burrs from lhe
lirnished threads.

Figure 2-75. Set of Dies with Straight Diestocks

DIE NUTS

Die nuls or rethreading dies (Figure 2-76) are
used to reform rusty or bruised threads on bolts
or rods. There are usually Six cutting teeth on
die nuts to aid in starting the thread repair. The
procedure for repairing a thread 1S simiar to
making a new lhread. Lubricant should be used.
A wrench 18 ysed 10 turn the nyt. Do not yse a
pipe wrench or any wrench with hardened teeth.

Figure 2-76. Solid Rethreading Dies

STUD AND SCREW EXTRACTORS

Removing broken sections of studs. screws or
pipe 1s relatively straightforward ynless the
broken ptece 15 rysted and tends to tear apart
when forced to dislodge.

A stud or screw extractor (Figure 2-77) 1s a
tapered ool with spiral ridges designed to bite
and gnp softer metal when pressure 1s apphedn
a counter clockwise direction. They are made of
heat treated steel that withstands considerable
torque strain.

Extractors are supphed in sets that will handle
ail sizes of bolts. cap screws and stud boils,
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Each size 18 numbered and stamped showing the
correct drill S1Ze to be used In conjunction with
1t

squared end io
fit tab wrench

Figure 2-77, Stud or Screw Extractor

Procedure for Removing a Broken Stud
or Screw

Step 1

Apply a penetrating oil to the broken
stud or screw, aliowing the o1l to soak
around the threads before dattempting
o remove the Stud.

Measure the size of the broken part
and calculate the s1ze of hole that can
be made \n the centre. Leave enough
metal for the extractor to bite withoul
expanding the remaining part

Selecl the appropriate extractor. (The
matching drill size 1s stamped on the
extractor)

Locate the centre of the broken part,
mark with a prick punch, and drill a
hole deep enough to pemii the ex-
tractor to grip the sides evenly.

Insert the extractor into the hote and
turn it counter clockwise with a
wrench under Steady pressure until
the broken part moves (Figure 2-78)

Tap Wiench
Extracior

PIPE EXTRACTORS

To remove broken pieces of pipe. a tool similar
to the stud extractor has been designed. It has
Steeper angle spwal ndges, so that a shallow
grip will be taken on the broken piece of pipe to
prevent excessive bending pressure. Pipe ex-
tractors are avallable In sizes {0 accommodate
mos! standard pipe sizes. and the Squared end 18
large enough to accept a heavy duty wrench.

PIPE REAMERS

When pipe is cut with pipe cutters, a burr 1s
forced up on the inside diameter of the pipe
edge. If this 1s not removed before the pipe is in-
stalled. the capacity of the pipe will be reduced
due to: unnecessary restriction of flow through
the line, or drainage line solids and impurities
hanging up on the burrs.

A pipe reamer 1S used to remove this buir. The
operator must take care to ream only enough to
restore the onginal inside diameter of the pipe.
Excessive reaming wilt thin out the edge of the
pipe causing it to collapse or tear open if it is to
be threaded,

There are three types of reamers. fluted reamer.
spiral reamer and brace reamer. Fluted reamers
{Figure 2-79) are made in two sizes: 1) for pipe
1/87.2" and 2) for pipe 1/47-3", Spiral reamers
(Figure 280) only ream pipe 1/87-2". Brace
reamers (Figure 2-81) are made in three sizes: 1)
for pipe 1/87-2", 2} for pipe 1/8"-1 1/4" and 3) for
pipe 1/87-2". Brace reamers are seldom used &x-
cept for light work because they are hand driven
with a brace,

Ratchet & Handle
Complete
1.2

Ratchet
Housing
wilth Pawt

4 Ratchet
7 Head
Washer

Steaight
Reamer Cone

Figure 2-79. Rigid 21 Fluted Reamer
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fatchet & Handle
Comiplele
1.2.9.10.11.12

Pipe
Handle Handan ..

Handgnp
Adapler

4 Ralchet
Head

Figure 2-80. Spiral Reamer

Ratchet Bit Brace

Figure 2-81. Brace Reamer

Care of the Reamer  When using a reamer,
the operator should apply only enough pressure
0 cause the cutting edge to bite. Excessive
pressure will cause the motor to bind.

A reamer 15 an expensive tool and the cones can
be broken or dulled easily. When not in
operation, the tool should be hung on an ap-
propnate hanger mounted on or beside the work
bench.

Maintenance of a reamer requires:
1  Keeping the tool clean.

Replacing the cone by removing set sc‘ew
isxs 5.

Tighlening screw Mo. 6 if the handle 18 loose.
Ordering replacement parts by name.

LEVELS

The level consists of a teiescopic line of sight of
relatively high magnification (about 25
diameters) and a relatively sensitive spirit leve!l
whose bubble moves one graduation when the
instrument is tipped about 20 seconds of arc.
The spint level is adjusted so that the line of
sight is horizontal when the bubble is centred.

The telescope and level. with their supports. are
mounted on a vertical spindle which fits in a ver-
tical bearing in a levelling head. The levelling
head is provided with levelling screws so that
the bubble may be centred. An adjustment 1s
provided so that the bubble centres when the
vertical axis is vertical, to avoid undue levelling.

Two types of levels are used in Canada: the ¥
fevel ana the dumpy level. The Y level can be
adjusted by one man. The dumpy level requires
the assistance of a rodman. The telescope tube
of the Y level is supported in two Y supports. It
may be rotated in these supports and changed
end for end. The telescope tube of the dumpy
level 1s rigidly attached to the vertical spindie.
Thus eliminates a considerable number of parts.
The two models of levels commonly used today
are: the a Screw Type (Figure 2-82) and the 3
Screw Type (Figure 2-83).

Levelfing The impcrtance of elevations can-
not be overstated. Gravily plays such an im-
portant part in every operation that except for a
very few minor exceptions it must always be
considered in design. In garticular. any facility
for moving materials or personne! must be hed
to carefully established ~ ades. Floors must be
kept level o dvoid hazards. simplify plant
revision. provide safe storage. etc. Monorails
and gravity pipelines mnust be rarefully grawed.
Boiler, tank and stack alignmerts canusually be
established by using surveying levels.

The accuracy requirements for levelling are
usually much higher thar for horizontal
measurement. Fortunately ancuracy is easier to
obtain. The spirit level is itself a very sensilive
instniment. and because the line of sight is in-
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APPROXIMATE 'INE OF FOCUSING SCREW
SIGHT ON TARGET.
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Figure 2-82. The 4 Screw Level

Focusing ascrew

Eyeploce for level bubble
observation

Level cover - I, g Telescope
{(removable) ; . eyeplece

- Azimuth tangent
sECrew

Tilting
Screw
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dependently made honzontal at each setup the
accumulation of angular errors 1s prevented

Uses of the Level

1. To lind the difference n elevation between
two ponts that are below the hine of sight of
the telescope.

To find the difference in elevation between
two pomnts that are above the line of sight of
the tetescope.

To find the difference in elevation between
two points. one below and one above the
hne of sight.

To find the difference n elevation between
two painis that cannot be seen from one
setup of the nstrument.

METHODS OF SETTING UP LEVELS

Adjusting the Foot-Screws on a Level with Four

Screws See Figure 2-84.

Step 1 E£nsure the legs are firmly placed

Step Ad)ust the |egs until theé tnpod head 1S
approximately level.

Step Adjust the foot-screws unhl they are
all approximately at the same setling

Step Loosen. shghtly. two ad)acent foot-
SCrews.

Step Set one pair of diagonally opposite
fool-screws in [ine with the targast.

Turn the levelling plate yntil one bub-
ble tube is paraltel to the line of sight

Use “thumb 1n and thumb out” method
on the foot-screws (keeping them
snug to the base) until the bubble is
centred The bubble always moves in
the same direction as the Iel thumb
rotales the screw.

Repeat Step on the opposite set of
fool-screws to centrz the other bub-
bte.

Turn the level ptate 180 .

Check the bubbles for centre.
Adust the foot-screw if required

Check by turming the 1evel plate 180
The bubble should remain on centre.
Should the bubble show off centre af-
ter a re-check, the bubble tube
requires adjustment.

The bubbte tube 1s adjusted as
follows:

a) Turn the adjusting nut at end of
the bubble tube — one-eighth
turn or less at a time until half the
error is corrected.

Centre the bubble by adjusting
the fooil-screws.

Turn the level plate 180 to check.
Repeat a). b) and c). il pecessary.

/ Bubble idoves to the Right 1f Left Thumb is Moved 1n
UpPer Plate ANy N == | Owection of Ariow
1
N

Levething Plate

Trapod Head v Fool Serews of

Plate Levelling Screws
Tripod Head\

Figure 2-84, Adjusting Foot-Screws
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Adjusting the Fool-Screws on 8 Three Screw
Level See Figure 2-85

Step 1 Think ol the three foot-screws as an
equlateral tnangle — AB.C

Step 2 Turn lhe telescope until the bubble
tube s parallel to foot-screws A.B.

Step 3 Use the left hand to adjust screw B
untl the bubbie 15 centred.

Step 4 Tuin the telescope wuntl the bubble
lube 15 parallel to fool-screws A.C.

Step 5 7 Jusl screw C until the bubble 1S cen-
lred

Step 6  When taking level reading. adjust
either foot-screw B or C.

Step 7  Should the bubble show "out of ad-
justment” when checking, adjust hal
the error shown when it 1s reversed
180 by adjusting the screws at the
end of the bubble tube. The other half
15 lhen adjusted by the footscrew

Nofe: Many instruments are equipped with a
“fish eye” for approximale |evel and also a
tilting adjusting screw for speed «n levelling the
telescope for each sighting

Figure 2-85. Small Builder's Level with
Thrae Foot-Screws

Method of Focusing On a Target

Step 1.

Slep 2

Step 3.

Step 4.

Step 5.

Aun in the general direcwon of the
target by <ighling along the top of the
lelescope.

Turn the adjusting screw of the object
lens to one extreme of travel

Turn the screw carelully in the op-
posite direction until the target comes
inlo sharp focus.

Re-focus the object lens each time the
target distance changes.

To check the focus. move the eye up
and down while sighting. If the
crosshairs seem tomove up and down
slightly on the target, adjust the focus
until they remain on target.

Glossary of Level Terms

Stadia Hawrs Two parallel hairs within the

Station

Sunshade

telescope.

A reading, taken on a rod and
multiplied by 100 is equal to
the distance from the in-
strument to the rod.

A point at which a reading is
required.

A shield Lo shade the objeclive
lens from the sun.

Tangent Screw A screw used for fine adjust-

for Inner
Circle
(Vernier)

ments onto a largel,

Tangent Screw A screw ysed when the upper

tor Quter
Circle
{Degree)

Tripod

clamp is lightened. and a
small adjustmenl on |he
reading on the circle is
required to line up with the
target.

The three-legged stand which
supporis the instrument.

Turning Point A point on which a foresight

has been laken and which i$
now to be ysed for a
backsight.

Upper Clamp A clamp on the upper horizon-

38

tal circle {vernier}.
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Verruer A scale on the instrument
used to obtain a very accurate
reading.

Verucal A vertical disc graduated in

Circle degrees. and used t0 measure

angles in a vertical plane.
Vertical Clamp A clamp used to lock the
lelescope at any angie in a
vertical plane.

Verucal A screw used for fine adjust-
Tangent Screw ment when the telescope is
(Vernrer) clamped in position to read

vertical angles.

POWER TOOLS

INTROOUCTION TO AIR (PNEUMATIC)

TOOLS

Compressed air 1s the most desirable power
source for Bollermaker tools. A number of ad-
vantages apply to pneumatlc tools:

t Speed control 1s vanable ifrom zero to
maximum.

2 They can operate in contaminated areas. or
outdoors in any weather.

3. Overdoading will stall lhe motor without
damaging 1.

Maintenance costs are low.

They are not at risk of exploding In
relineries. mines., etc.

6. They represent no electrical shock hazard.

One central air compressor usually supplies all
the air required to operate the pneumatic tools
on a jobsile. although widely scattered jobs may
require several portable compressors powered
by gasolire or diesel engines. Larger projects
often use a stationary electric motor-driven com-
pressor.

The size of the compressor is determined by:
1. The amount ol air required in cubic feet
2. The capacity of the storage vessel

3. The size and length of lines to be used.

The required pressure also depends on length
and size of air hnes, Small lines because of their
greater resistance may require higher initial
pressure to offsel the pressure drop.

Compressors may require an afler-cooler device
lo remove heal from |he air. A water separator in
the system will discharge excess water
automatically.

For maximum efliciency of air tools. the correct
air pressure and hoses of correct capacily must
be used. Therefore Y fittings on a hose should
not be used when both lines will be in operation
at the same hme. Hypodermic gauges that can
penetrate the hose may be used to check line
pressure. particularly on torquing tools.

SAFE USE OF COMPRESSEO AIR

Air hoses should be blown out before use to
remove dirt and moisture: however. the hose
must be held securely before the air is turned
on. A free hose under pressure whips un-
controllably posing an extreme danger t0 per
sons in the vicinity.

An air hose should never be pointed at anyone
because particles fly out at dangerous speed. In-
ternal hemmorage will result if compressed air
enters lhe body.

In attaching an air hose lo a power lool. ensure
that the connection is hghtened securely to
prevent loosening and possible separation while
the air is under pressure.

If possible, suspend the hose from above to
avoid tangles. tripping. unnecessary wear or
crushing from vehicles runnlng over it. A loose
hose can also be caught on passing vehicles,
pulling the operator off his leet.

COMMON PNEUMATIC TOOLS

The most commonly used preumatic tools in-
clude:

Tuggers and hoists

Chipping hammers. chisels and sealers.
Nibblers

Air grinders (pencil. disc and cup)
Riveting guns and equipment

LR U B

Impact wrenches.

CARE OF PNEUMATIC TOOLS

1. Use an emulsitylng oil. commonly called air
oil.

2. Use a filter and an oiler on the air line ahead
of the tool. {(Emulsifying oil is commonly ad-
ded to the main air supply by an automatic
Line QOiler. but using air oilers on the line

29
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ahead of the tool ensures that the moving
parts of the tool will be adequately
lubncated.)

Blow aw hnes before connecting the tool to
clear the hne of moisture, dirt or other
foreign’ matenal.

Blow the water outl of the compressor at start
of shift.

Some ar tools have a self-contained oiler
which should be filled at the start of each
shift.

To unfreeze an ice-blocked line up in cold
weather. pour alcohol in the main line.

Handle tools with care and protect them
from damage.

The ol deposits a low friction film between rub-
bing surfaces which serves to:

t.  Assist in removing heat from localized areas
2. Filush dirt ifrom the airstream

3. Provide a seai between low and high
pressure pochkels.

AIR TUGGER

In all types of Industry such as steel, processing,
shipbuilding. petroleum. as well as in con-
struction and mamntenance projects. many lif-
ting. hoisting and lugging jobs are done by hand
or with special rigging. The air tugger (Figure 2-
86) is a utility hoist for lifting or moving loads.

The tugger can be mountied in almost any
position on walls. ceilings, columns or floors,
and 1s portable from one |10b to another (Figure
2.87). 1t 1s equipped with a forward. jeverse and
neutral control. and a band-lype brake capable
of holding more than the rated capacity of the
hoist.

The ituggers portability makes it very useful in
construction work. and it is common to see six
or eight tuggers on one jobsite. With snatch

Figure 2-86. Air Tugger

blocks {and reeving. if required), the boilermaker

can raise. lower and move steel or components
to any part of the job. Since snatch block or
other tackle tends to put more angle than ysual
on the rope, reverse bends are often necessary.
As a result, the safety factor for air and electric
tuggers is 7.

Rated Capacities for Air Tuggers

1. Load capacity range: 750-7.000 pounds
2. Drum capacity range: 100-1.675 feet

3. Range of speed: 40-150 feet per minule,

CHIPPING HAMMERS AND CHISELS

Chipping hammers or guns (Figure 288} arever-
satile tools that provide sensitive impact control
and require very littte maintenance.
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Figure 2-88. Chipping Hammer

Chipping hammers are used for. Tool shanks are available in different shapes
1 Chipping welds off steel {hexagonal, square. round) to fit most hand and
2 boiler chisel-type tools (Figure 2-88). Chisels

may also be purchased ir: biank form and forged
3 Cuting out tubes for particular functions, Chipping hammers are
4 Scarfing and back gouging plate. avallable in a range of piston stroke lengths.

Cautking nveted welds

]

1
'=IEH —1

— > ]

MOIL POINT

CAPE ROUND NOSE
T Y }
f -
——

= ) zz —?
— )

DIAMOND POINT

STRAIGHT FULLER

HEXAGON ‘
(Relainer Type) 4807 580 Hex

Figure 2-89. Chisel Types and Dimensions
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AIR HAMMERS

The air hammer 5 a small but powerful multi-
purpose tool whose retainér can accept a vanety
of working atachments for nveting, cutting.
shearing. punching. driving and chuselling jobs

Figure 2-90 shows two models of air hammers.
The difference n the retainers N each case
determines which attachmentis can be accepted.
The Beehive Retainer provides posilive retention
for nvet sets. The Quick Change Retainer
provides for fast change of a variety of chisel-
type attachments.

Figure 2:91 illusirates =~»me of the common an
hammer attachments.

Beehive Tatainer

Figwa 2-80 Air Hammeis

AlR SCALERS

The aw scaler (scaling gun or flash gun) 1s a
hghtweight, high speed tool designed for chip-
Ping, scaling, caulking, and removing rust, paint,
scale. flux and weld spatter from all types of sur-
faces and shapes.

Figure 292 Jllustrates two types of aur scalers

Some common attachments for ar scalers are
illustrated 1n Figure 2-93.

Some chisel attachments are available in which
lhe blade i1s offset at an angle o permit access
intoc awkward corners and positions.

Quick Change Retainer

Rwvet Set

Straight Chise!

Angle Cutbing Chysel

Vhde Cutting Chysel

Long Couthing Ciusel

Punch

1! _/i‘————::ﬁ}iﬁ Weld Sutter

Spot weld Greaker

Edging Tan!

Double Edged Rpper Caisel

Farmag ol

Piercing Poches

Figurs 2-91. Common Alr Hammmer Attachments
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Heavy Duty Chisel
Retaring Scaner

Figura 2-92, Air Scalers

|

|

SO B
A\ Chisel Blank

|
Angle Scaling Chisel

.

=
l

| }
Stiaight Scaling Chsel

Flat Scaling Chisel

=

J: L
I

Needle Scaler Atiachment

E&e=————y

Star Dadl

Figure 2-93. Common Attachments for Alr
Scalers

Heavy Duty Meedle Scaler

These tools are not intended to cut. and thus the
chisels are sharpened to a dull edge so the tool
wtll knock off slag and clean out corners without
leaving a sharp undercut line. There is a ten-
dency to get a light. peening effect which helps
relieve stresses in the weld.

RIVET GUNS

The rivet gun (Figure 2-94) is a heavy-duty power
tool used to drive rivels into steel. The gun has a
plunger inside the barrel which strikes the rivet
tool causing it to shape a head on the rivet.
Since the plunger is free to come out, 1t should
be removed from the gun when the tool is put
aside as a precaution against loss or accidental
discharge of the gun,

Rivel guns are manufactured in various sizes to
handle different sizes of rivets. Larger model
nvat guns are suited for general structural work,
boilers, large stee! vessels, ship decks and joinls
which must be steam- or walter-tight.

m_ ﬁ‘!
Figure 2-94. Rivet Gun

The Rivet Buster (Figure 2-95) is constructed
similarly o the rivet gun except that the front
end has been adapted for chiseltype at-
tachments that remove rivet heads. This tool is a
hitle larger and heavier than the rivet gun.

It should be noled that riveting is now less
widely used in the Boilermaking Trade because
welding and burming produce a cheaper‘and

more ef!'gignt job.
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AIR GRINDERS

Two lypes of ar gnnders are used in con-
struclion: straight or horizontal grinders {pencil
grinder}, angle or vertical grinders (Figure 2-96).
Table 2-3 compares the two types of grinders.

Stones and discs are supplied in various grils
with different abrasive types and boOnding
materials. Specifications are indicated by the
manufacturers’ code numbers. Their calalogues
recommend the proper stone or disc (o provite
Figure 2-95, Rivat Buster fast cutting and the required finish on each type

Straighl  Grinders

Angle Grinders
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TABLE 2.3. COMPARISON OF STRAIGHT AND ANGLE GRINDERS

Relationshup
to moter

Relationshep
to work

Ginding
Attachments used

Stran-,, *

Gronder 10 hine honizoatal

Stones Y- {or more)

wide 48 diameter generally

Angle

Grinders vertical

comparabie
Yar10us

Sanding discs
} SIzes

Abrasive discs
Cup stoaes

of matenal Each stone or disc should specily
the maximum safe gnnding speed in revolutions
per minute This speed must never be exceeded.

Note: Speeds descrnibed In revolutions per
minuté should not be confused with surface
speed n feet per minute

Sate Grinding Whesel Speeds

It1s good practice to operate a grnnding wheel al
or near the manufacturers’ recommended speed.
Table 2-4 specilies safe grinding speeds in sur-
face feet per minute for specified tasks.

To work ata recommended speedin surface feet
per minute using a gnnder designated to
operate at a specified number of revolutions per
minute. it is important o select a Grinding
whaeel of the appropriate dlameter.

For example. a six inch diameter wheel at 4456
revolutions per minute will travel 7.000 surface
feet per minute, An eight inch diameter wheel at
3342 revolutions peér minute wll maintain the
same penpheral surface speed as the six inch
wheel

TUBE TOOLS AND THEIR OPERATIONS

TUBE EXPANSION TOOLS

Tube installations are found 1n boilers, tubular
air heaters, heat exchangers, evaporators and
condensers, The tools described here are used
in the operations required to fit tube ends into
tube holes 1in a header. tube sheet or boiler drum
producing a strong. stable. pressure tight joint
using a cold-working process

The tools may be pcwer- or hand-driven.
Types of power assistance commonly used for
these tools are:

i Chipping gun

2 Aw motor {for reaming operations)
(Figure 2-97)

Torque motor {for wbe expanding)
{Figure 2-98)

Milling machine
Hydraulic tube puller

Electric drill,

Cyhindncal grinding

fntemal gnnding . ..

Snagging. olfhand grinding {witrified wheels)
Snagging (s1.bber and resinoid wheels)
Surlace gnnding

Knife grninding

Wet too! grinding
Cutting wheels

TABLE 2-4. RECOMMENDED WHEEL SPEEDS IN SURFACE FEET PER MINUTE

Tool and culter Grinding . ... ... i i i it e e 4.500-6.000

Hemming cyliNders ... ..o i it e e s e e 2.100-5 500

Cutting-off wheels {rubber. resinoid and shellac)

5.500.6,500

2,000-6,000
.................. 5.000-6.000
7.000-9.500

4.000 6.000

.. 3.500-4.500

e 5,000-6.000
4,000-5.000
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Figura 2-97. Air Motor

Figure 2-98. Torque Motor

The tools are required for:

1. Removing ol tubes

2 Prepanng tube holes In the tube sheet
3. Prepanng new tubes

4 Roliing 1In new tubes

5 Dressing tube ends.

These operations are described in detait below.

REMOVING OLL TUBES

Large tubes are cut by burning or gouging.
leaving stub ends in the sheet. Small tubes {(up
to 2'/2" O.D.} may be cul with a single turn tube
cutter (Figure 2-99) turned with a8 wrench by
hand or by an air motor.

Figure 299. Single Turn Tube Cutter

The collar of the cutter may be moved up or
down the shalt to accommodate various
thicknesses of tube sheel. When the tubes have
been removed and Only the stubs remain at the
tube sheel. the stubs must be removed.

It 1s sometimes necessary o reduce the tube
wall thickness of targe tubing to weaken the
rolled tube joint prior to collapsing or splitting
the tube st The tube wall reducing tool
(Figure 2-100) is powered by an air motor.

Figure 2-100. Tube Wall Reducing Tube

Collapsing and splitting tools (Figure 2-101) are
dnven under the edge of the tube stub to crimp
the tube and weaken the rolled joint. and may
also drive out the collapsed stub. These tools
are powered by a chipping gun.

E

Oyster Tool

Tube Collapsing Chisels

Figure 2-101. Tube Collapsing and Spiitting
Tovls

66
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The knock-out tool or tube dnft (Figure 2-102) 18
used with a chipping gun to knock out coltapsed
tube stubs These 100is are sized to specific tube
diameters and thicknesses to avoid damage lo
the tube sheet

Figure 2-102. Knock-Out Tool

Small tube stubs are removed using an hydraulic
tube puller (Figure 2-103) The hydraulic tube

Figure 2-103. Complete Airetool Hydraulic
Tube Puller with Extension and Spear

M

Asretoor Manuat Pump

Basle CyHnder

puller 15 specifically designed to speed con-
dense. and heat exchanger tube pulling and to
remove the danger of damaging the tube sheet
hotes Adaptable for use with either manual-or
power-operated pumps, tube pulilers canbe (.sed
with a single unit for pulling from only one end,
¢r used in paws for pulling tubes from both ends
simultaneously. Easier tube removal results from
double end pulling because the tubes neck
down and separate more easily from the ‘ube
sheet. In addihion, a single power source can be
utihzed for double end pulling in one set-up.
Figure 2-104 1llustrates the parts of an hydraulic
tube pulling system. Sets of spears and adapters
are avalable.

PREPARING TUBE HOLES IN THE TUBE
SHEET

To prepare the tube sheet for new tubing. In-
spect the holes for da hage from chipping or
gouging Make repairs as necessary by weltding
and gnnding to the required tube hole size

Horseshoe Lock

Tube Pultng Spear

Figure 2-104. Hydraulic Tube Puller Parts

Adapter Extension

——————— )

Horaashoe Adapter
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A tube reamer (Figure 2-105) powered by an air
motor may be required to finish tube sheet holes
10 a speciied s1ze. or 1o remove scale. dust. dirt
or burrs to prevent damage to new tube ends
resulting 1n an wncompeient joint

In some circumslances there may be a groove In
the circumference of the tube sheet hole which
locks the rolled tubes tightly 1n position. When
tubes are pulled or dnven out. metal is
sometimes sheared off in the groove. It must be
remaved to permit a secure connection with the
new tube. A grooving too! (Figure 2-106)
powered by an awr motor 15 used for this purpose.

Figure 2-106. Grooving Tool

PREPARING NEW TUBES

i the tubes need to be cut to length. an arr-
powered hack saw (Figure 2-107) 1s used A
tighteming dewvice holds the machine at right
angles to the work, assuring a square and ac-
curate cut. To prepare the wbes for sething into
the tube sheet, the teiminal 47-8" are buifed with
a gnnder and wire wheel to remove dirt and
scale which could reduce the efficiency of the
joint

ROLLING IN THE NEW TUBES

The new tube is placed intc the tube sheet hole
and must be expanded by a cold-woarking
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procass which forms a mechanically strong and
teakproof joint with the tube sheet. If the tube
sheet holes are a:ooved. the tube rolling
operation squeezes tube metal into the grooves.
resulting in a tightly bonded joint.

The tools Zescnbedn Figures 2-108 to 2-113 are
used with a torque motor {or hand driven) to ex-
pand a tube that has been positioned in a tube
sheet hole

Mandsel

Rollers

Figure 2-108. Condenser Roll

Figare 2109, Adjustable Condenser Roll
with Stopper Device Pastly Extended

Figure 2.110. Adjustable Condenser Roll
with Bal! Bea.ing Stopper Roll

The Condenser roll {Figure 2-108) is adjustable
as to depth of roll and where required may make
several passes on thick tube sheels

Tube expanders =re available n sizes ranging
from /s QOD. 1 0.0, and for tube sheets
up to 6%s thickness.

The tube expander s a self-feeding parallel
roling tool in which the tapered mandret forces

Figure 2-111. Rectractor Rolis Used on
Boiler Tubes, Usually for Deep
Roiling in Heavy Tube Sheets

Figure 2-112. Combination Tube Rolling
(Expanding) and Belling (Flaring} Tool

Figure 2-113. Combination Relling and Belling
Tool (Alternate View)
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the rollers out as it moves lorward This places
gradually increasing pressure on ‘he inside tube
walls which in turn forces the outside tube walls
aganst the tube sheet holes, producing a
pressure tight joint An adjusiable ball bearnng
thrust collar remains stationary when in contact
with either the tube end or tube sheet. This
eliminates tube end cuiting. tube sheet sheanng
and [rictional heat.

Tue.  expanders are precision tools and severe
service 1S demanded of them. The *sliowing
precautions should be taken:

t Before using an expander. wash all parts
thoroughily in clean solvent to remove all
foreign matenal

Lubncate the expander before use.

After each olling operation. wash the ex-
pander and inspect 1t for scarred or Chipped
rolls or mandrels. Replace as required.

Store the tool in a container of hght al or
wrap in an oll soaked cloth.

Where space s confined. as in a small header. 1t
may be necessary to ¢ -erate the tube rollers at
an uftset angle some distance away from the
tube ends. Driving lhinks (Figure 2-114) with
universal Joints may He used 1o connect the tube
rollers to the power sourcCe.

In restricted spaces a bevel gear nght angle
drive (Figure 2-115) may be used to turn a rolling
tool which 1s seated at 90 {0 the power source.

When a torque motor 1S inappropriate or
unavallable twube rollers may be hand drnven
using a ratchet wrench {Figure 2-116)

Figure 2-116. Ratchet Wrench

Under certain CirCumstances a tube sheet hole
may have to be closed otf rather than retubed
Blind tube ~ipples (Figure 2-117) are used for
this purpose. and are inserteg Into the hole and
then expanded with tube rollers

Figure 2-117. Blind Tube Nippies

DRESSING TUBE ENDS

Tube ends that project beyond the face of the
lube sheet may be finished in one of several
ways fianng. facing. welding. beading The
required hnish s set out in the Job
specifications.

Flating Tube Ends Flaring or belling or ex-
posed tube ends 1s produced primanly by using
3 tube expander with belling rolls incorporated
into the expander (Figure 2-112). Allernatwve
flaring and beling tools (Figure 2-118} are
powered by a chipped hammer,
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Hand $hank

Figurs 2-118. Flaring and Bsalling Tools

Facing Tube Ends Facing 15 a process of
cutting ofl tubke ends to required slock as
specHied. Tube snd facers (Figure 2-119) are ad-
jusiable to varying lengths ol stock and are sup-
phed with extra sieeves to accommodate dif- Figure 2-120. Peening Tools
ferent sizes of tubes,

A milling and scaring machine {(Figure 2-121)
encorporales its own air motor and has an ex-
pandable locking device that centres the cutling
edges around the tube. The travel of the cutlers
15 controlled by a hand crank. Different types of
cuting edges are avallable ior various facing
and bevelling requirements.

Figure 2-119. Tube End Facers

Walding Tube Ends When specifications
require a bonded 01Nt between tube ends and
tube sheet holes. as in fire tube boslers. the
method Involves welding the tube ends 1o the
tube sheet The tubes are usually expanded both
before and after the welding.

Beading Tube Ends Some specificaiions
require the beading of ube ends. This may be
accomplished with a power impact hammer and
a beading tool

A type of beading effect can be accomphished
with a peening tool (Figure 2-120) and hammer
in the absence of the power impact hammer. Af-
ter beading or peening it is often necessary to
repeat the wbe rolling process.

TUBE MILLING PRCCEDURE

It 1s sometmes necessary {0 cul and bevel sec-
tions of tube which are to be replaced so that
the new seclions may be compeiently weided to Figure 2-121. Milling and Scarfing

the old sections Machine with Various Cutting Edges
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ELECTRIC TOOLS

Most of the pneuralic tools descnbed above
are available as electnc tools. !n some areas
where airis not supphed. electri¢ tools are used:
however. both types of power tools are available
in many shops and construction sités. Eiectnc
tools are more portable than air tools because
longer lengths of extension cord are easier lo
carry than the same length of air hose

PRECAUTIONS IN USING ELECTRIC TOOLS
t Ensure that the tools are properly grounded.

2 Examine the cables to ensure they are in
good condition.

Do not overload the machine. This can
cause the rnotor to burn out.

Torque control on electric motors for tube
rolling 1s provided by a meter that regulates the
amperage used by the motor. This type of
hmiting switch may be found on other load-rated
electrical equipment to protect it from burn out.
Some lools have thermal overload controls that
cut out when the temperature rises above the

safety margin. If tne electrical equipment is
double insulated. the power cable may have only
two ccntrols on the plug.

ELECTROMAGNETIC DRILL PRESS

The electromagnetic portable dnill press (Figure
2-122) enables an operatar to carry out drilling,
tapping and reaming in any horizontal, vertical ar
overhead position as long as the base is seaied
on a ferrous metal surface.

The base acts as a magnet when an electnc
current 1s connected and the magnetizing swit-
ches are in the "ON" position. The magnat's
sapacity s rated in terms of the drill point
pressure that can be applied without weakening
the magnetc seat. Drills up 10 1'/4 can be ac-
commodated 1in 1.2 heavier models. Most drill
presses have reversing motors, Cutting oils

Figure 2-122. Elac’ :magnetic Drill Pross

and/or coolants should be used as recom-
mended for the type cf material being drilled.

Several factors influence the drill point pressure
in actual operation:

1. Drill speed

2. Hardness of the material being drilled
3. Sharpness of the drill

4, Drill point angle.

It is advisable to begin with a smaller drill to
make a pilot hole before attaching the required
drnill This reduces the drill point pressure
needed to complete the hole,

Pnll shampness and the drill point angle must be
compatible with the material to be drilled.

Whenever the drill is attached in a vertical or
overhéad posilion, a safety chain must be used
to secure the tool to a structural member in case
of a power ifailure which would release the
mag..et and cause it to fall. When the drill is in
operation. the operater must have no loose hair
or loose or torn cloth ng that could be drawn
into the driil bit and cause serious injury.
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Mathematics

INTRODUCTION

wlthough the Construction Boilermaker usually
arects fabncated sections, he is expected to
have a baseline knowledge of mathematics
related to the circle, square and triangle.

This chapler s not iniended as a complete
mathematics course It presents the basic facts
of these common shapes so that the Boiler-
maker. whether journeyman or apprentice. will
be able to establish unknowns merely by using
common Sensé anu a pieceé of soapstone.
without requinng a calculator or shde rule,

THE PROPERTIES OF CIRCULAR
SHAPES

One of the most common shapes encountered
by a8 Bollermaker 'S the circle or porhons of the
circle The ¢ircular shape may be seen In tanks.
penstocks, tubes, druyms and headers. to name a
tew Figure 3-1 llystrates the parts of 2 cwcle.

CENTRAL
ANGLE N\

L

SECTOR

The circumferaence 1s the perimeter of a cir-
cle

The diameter {line AOB) is a straight line
drawn across the circlé lhrough thé cenire.

The radlus {line OE) is the distance from the
centre to any point on the circumference (or
one half the diameter).

A chord {line CD) is the distance from one
point on the circumference to another point
on the circumference. The largest chord of
any circle is the diameter.

The arc is any curved portion on the cir-
cumference.

A sector is an area subtended by two radii
and an arc.

A segmant is an area subtended by 2 chord
and an arc.

The cantral angle (EQA) is subtended by two
radii and an arc.

Any full circle contains 360°.
A semi-circie or half circle contains 180°.

CIRCUMFERENCE OF A CIRCLE

The circumference of a circle 1S almost exactly
3.1416 limes the length of the diameter. Where
reasonzble accuracy will suffice. 3.14 is ac-
ceptable. In formulas. 3.14 is represented by the
Greek letter =.

The relationship between the circumference and
the diameter is expressed as follows:

Circumference = = x Diameter
or
Diameter = Circumference
a

Example 1:

If the circumference of a tank is unknown and
the diameter gwen is 25. the cwcumference
would be:

C ==zxD
or
C=1zD
C = 314 x2%
= 78.5'

Example 2:

if the inside circumference of a penstock 1s
62.80° and the inside diameter is needed in order
to install spiders tor rounding out the can. the
solution would be:

Diameter = Chrcumierence
=z
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Lo}

6280°
314

D =20

Example 3:

Another practical problem involving cir-
cumferénce and diameter occurs when hithing
two cans of penstock that have a vanance of 1
on the circumference To spread the difference
evenly aboul the seam. the fitter can calculate
the ~high-low’ for the same as follows

- 6010!(
- 6011!(
Ditference n circumference 1"
Difference n dicmeter 1"

————

Circumference of can #1
Circumierence of can #2

= 318" or 516"

Vo distnibule the 516" evenly. dwide by 2 to sphit
‘he 518" on either side of the diameter

5116 - 2 = 5/32"

AREA OF CIRCLE
To hind the area of a circle. the formu!'a 15 ex-
pressed as lotows

Area = & x (Radiusk

or

A = zR2

Example:

To calculate the weigh! of the plate required for
the floor of a tank whose diameler is 25°, the first
step would ¢ 10 determine the area of the tank
floor

Diameter = 25°
Radius = 125’
Area = P
= 314 {125 %125
= 3,14 x 156.25
= 4980625 sq. ft. of plate

Plates of 1/2” thickness weigh 20 bs. per sq ft.
Thus the weight of the plate for the tank floor 1s
determined by

Area t0 be covered x weight of plate per sq. it

490625 x 20
= 981.25 ibs

A summary of the mathematics of a circle 1s
gven in Table 3-1.

THE SQUARE

A figure having 4 equal sides. containing #
nght angles {90 angles) 1s a square (Figure 3-2)
The essent.al components of any square are

1 The side (AB)

2. The diagonal (AC)

3. The perimeter {total length of the 4 sides)
4. The area.

If any of the components of the square are
known. the others can be calculated because
the following constants apply:

1. The diagonal 1s 1.414 times lcnger than a
side:
D =1414x8S

The side 1s 0.707 times the length of the
diagonal:
$=0707 xD

The area of a square i1s squal to the side
multiplied by the side:
A =82

The area of a square 1s equal to one-haif of
the diagonal. squared;
A =(5D)0

45°
45°

A

Figure 3-2, Square
9
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TABLE 3-1, APPLICATION CF CIICi.E MATHEMATICS

PROPERTIES OF CIRCHLAR SHAYES

EXAMPLES SHOWING USE OF FORMULAS

AREA
THRCUMFERENCE

=R =3 1416k = 7854 ¢
=lsfou =d
=+ - 31416

MARETER = 2°:4 inches

L (7854 x 2 7% = 59396 square snches
(=275x11415 = 86394 incnes

fe— ¢ —»
CIRCULAR SEGMENT

A = AfLA
L = ARC
a = ANGLE 1n ©

L=axfx3 18
180

=""Ri, = 008787

R =1i/7 nche, o« =08
A=0008727 x60x 15 = 1178 57 mches

901745 x 1 5 x 68 = 1 5705 inhes

A = AREA 1 = ALC
« = ANGLE wn °

;o= 2 h Ko}
A=tz (Rlc P h)

L = 00M45Ra”
b=R12 ARt

6L incher 4 =2 jaches
¢ =2, 8xZxE0u;
=2, 896 = 95986 inches
if ¢ = 16 enches h =6 inches

R=160 + 46, = 256 + 144 =8 325 inthes
816 13

A = AREA

A= = 18747)
=3 MIGR+0) R1)
= 0 7354(D/ ¢%)
= 07854(D + ) (DO

0D = 17 yathes 1D = 8 inches

A= 0 7854(1z7 8)
= § 7854(144 64)
= N 7854 x 8C
= 52 83 square wmches

CIRCULAR
RING SECTOR

A = fREA
a = ANGLE i °

A=az (R17)
360

= 002184(D? ¢9)

Dutside R = 5 1rzhes
insede 1 = 2 ncaes
=70
1] 333!’3 t’(a" l'))
=400873 x 12 2(52
= J6286 {15 4) = 132 square iaches

ELLIPSE

A = AREA
P = PERIMETER
ot orcumference

h= 7ab

P = 7 ST +b)

MAJOR AXIS=3 1 MINOR AXIS= 6 s
a =4 b=13
A= 3116 x4 x 3= 137699 <Qudre inches
P = 31416 24 ¢ 3
= 1416 5D = 221 inches
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Example 1:

It a square piece of plate 15 required to it an
opening whose diagonal 1s 3'. Ihe htter would lay
out the sides of the sSquare as follows’

D 1414 x S

¥ 14148

§5=_3

1414
S =212 0or 2° 1 172"

Example 2:

If a fitter wants to ensure that a piece of plate
whose sides measured 4’ each is a true square.
he could check the sides against the diagonal
as follows

§ =05707xD
4’ = 07070
D=_4
0.707
D =565 or 5 77/8"

If the diagonals measure 5° 7 7/8”. the plate is a
perfect square.

TRIANGLES

Triangles are 3 sided figures which enclose 3
angles. :he sum of which s 180

Tnangles may take varnous Shapes. |n the
equilateral triangle. all 3 sides are equal. and all
3 angles are equal (Figure 3.3). In the isosceles
triangle. 2 sides are equal, and the angles op-
posite these sides are equal (Figure 3+4). In the
scalene tniangle, no two Sides are equal, and no
two anlges are equal (Figure 3-5).

0 0

Figure 3-4. Isosceles Trlangle

Figure 3-8, Scalene Triangie

In the right angle triangle {Figure 3+6), the sides

may be of vaiying lengths, but one angle must
be 90 . This tnangle form has certain constant
characteristics that make it the most useful to
the Boilermaker in calculations and design.

The =2ssential componenis of @ night anlge
tnangle are

1 The 90 angle

2  The side (always the longest) opposite the
right angle — called the hypolenuse (h)

The other two sides.
— the shortest side (a)
— The remaining side (b}).

The value of the right angle triangle as a basis
for calculations and design derives from the
unique relatonstip between the hypclenuse
and the other two sides. called the “Rule of
Squares.”

b
Figure 3-8. Right Angle Trlangle
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THE RULE OF SQUARES

This rule {also described as the Theorem of
Pythagoras} states that the distance (h) squared
15 equal to the distance (a) squared plus the
distance (b} squared

h- = & - b-

Many useful functions can be accomplished by
applying tis rule in @ number of ways in the
shop Before attempting to llusirate these.
hewever the mathematical procedures of
squanng numbers and finding the square root of
numbers will be reviewed

SQUARES AND SQUARE ROOTS OF
NUMBERS

Squaring @a Number

———

Bf=6x6=36 (I =6
Square Root Sign

This statement illustrates the meaning ol
squanng a number and linding the square root
of a number

62 {say 6 squared) — means 6 muitiphed by it-
seif 6x6 =36 102 = 10 x 10 = 100

62 should not be confused with' 6
twice or 6 times two. Squaring a
rnumber means only one
thing — Multiplying it by itself.

Warning:

Example:

2522 = 252x252

252
504
1260
504
635 04

So 252¢ =63504

Square Root

The square root ol a number 15 iound by the op-
posite process to that for squaring @ number
That 18, the solution will be a number. which.
when multiphed by itself. wil be equal to the
question

Examptas:

.36 =6 (6x6

.64 =8 (8Bx8

Methods of Finding Square Root

Using mathematical tables of square roots
Using loganthms

Using a shde rule

The formal method of calculaton

FORMAL METHOD OF CALCULATING
SQUARE ROOT

Not all numbers will calculate their sQuare root
exactly. in which case a decision must be made
concerrung the number of decimal places
required In the answer.

Example:

Find the square root of 77368.2907 correct to 2
decimal places.

There two phases to the task

1 Preparation
2 Calculaton

Preparation:

1. Starting at the decimal. arrange the number
into groups of 2 figures — to the left and to
the nght

77368 2907

Locate the decimal poini on the answer hne.
directly above the decimal 1n the question

.7 7368 .26 07

Take the extreme left hgure {or parr of
figures) —in this case 7 What number
squared 15 nearest to 7. but not more than 7?

Answer 2, since 22 = 4

This chosen number 2 15 the first figure in
the arswer
The square of this number 18 subtracted from
the 7
2 v -
v 7 73 68
4
3

29 07

The problem 15 now ready for the calculation
phase Repeated operabions will each result
in another hgure 1n the answer — each one
corresponding to a pair of figures in the
question — and should be placed at each *
8arked above.
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Calculation:

»2 7 8 1_5
29 07 o0

7 7 x 47 329
©-+548 4384 8 x 548 4384
8429

5561 5561 1 x 5561 5561
286807
55625 278125 5 x 55625 278125
868200

Noles CHECK: 1 aZ + p? h2

(@) 4 at the tefl side 1s oblained by Zoubling the THEN 32 + 42 =82
answer hgure A line should be drawn to the AND 9 + 16 = 25 TRUE
right of this 4 1n anticipation of the riext num- IF a2 + b2 = h?

ber being sought
THEN 52 + 122 =13

The nert number 15 a tnal number of 7 and 1s AND 25 + 144 = 169 TRUE
to be placed on the answer line. as well as to
the nght of the 4. The number selecied as Example 1:
the trial number. when multiphed (as shown
tn ). results i a number less than the 373
{tn this step} from which 1t 1§ lo be sub-
tracted.

Complete the operation of mulliplying. en-
tering and sublracting.

217

Double the total on the answer line (27 x 2 = Select this formula:
54) and enter this product to the left of the

next line of operation h=Jat + b2

® Repeatsteps®) . © . 1n each case find JI5% + 212
a new (nal dwisor. V225 + 441

PRACTICAL APPLICATION OF THE RULE OF V6660 = 258077 or 25 13/16”
SQUARES

Demonatration Example 2:
%

a0 a
11”lb h/14”

Figure 3-7 shows two examples of right-angle
thangles.

3
=7
1

1" Use a=+ h?-b?

i

a
b
h

b So: a=./142-112
12 V196 - 121 = /75

Figure 3-7. Right Angle Triangle v = 866" or 8 21/32”
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Use of the Rule of Squares to Check
Angles

These properties of 90 tnangles are sometim:s
vsed for making or checking 90 angles. without
proper tools.

Dimensions of 3 tnangles used for this purpose
are’

{1} 3. 4, 5
(2) 5 12, 13
(3) 8, 15, 17

Example:

To check angle between the i2gs of this joint:

T

T

Measure from A—3. distance of 3’
Measure from A—C. distance of 4’

If distance B—C 15 EXACTLY 5’ then you
have formed a good 90 joint. If B—C 15 less
than 5° — angle 1s jess than 9¢ — if more
than 5’ then angle is more than 90 .

THE MATHEMATICS OF VOLUME

The cubic content or capacity of a sulid fhigure
15 called the volume. A solid has three dimen-
sions: 1ength. width and height.

COMMON TYPES OF SOLIDS

A prism 1s a solid figure with parallel edges and
a unilorm cross-section. Right prisms (Figure 3-
8) have these edges perpendicular to the base.

A cylinder (Figure 3-9) 1s a Right Prism whose
base 1s a circie.

The volume of any prism or cylinder is deter-
mined by multiplying Lhe area of he base by the
height.

Figure 3-8. Right Prisms

Figure 3-9. Cylinder

Volume = end area x height

End Area = volume
height

Example 1:

What is the volume of a pan roofed tank with a
diameter of 100 and 2 height »f 40°?
Volume = end area x height
End Area =R2
3.t4 x 502
7850 sq. ft.
Volume = 7850 sq. ft. x 40/
= 314.000 cu. ft.

Example 2:

Find the diameter of an oil Storage tank with a
height restnclion of 30" and a capacity of 2100
cu. ft.

Area = wvolume = 2100 cu. ft.
height 30 fu.

= 700 sq. fL.

2 ./ area
F
2 /700 sq ft

3.14
2 /22293

= 2x 1493
= 29.86 ft.

Diameter

Tank diameter is 29 86 f{l,
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Matenial, Bluepninl Reading and Skelching

MATERIAL: SHAPES AND SIZES

It 1s essenhial to have a full understanding of
the designations and symbols that specify the
shapes and sizes In which material is available,
(Figures 4-1,4-2 and4-3 and Table 4-1). There isa
prescribed sequence for representing the type,
dimensions and weigiit of structural memipers.

Recently Boilermakers adopted a new system of
symbols for structural shapes to conform with
the Canadian and American Institutes of Steel
Construction These new symbois are standard
for the steel producing and fabricating in-
dustries and should de used in all references to
shapes including ordernng. cutting and
fabncating.

DESIGNATION FORMAT

For beams and channels, the letter(s} at the
beginning represent the type of structural mem-
ber (welded wide flange. standard beam,
miscellaneous chann~l). The first number
foilowing the symbol inuicates nominal depth of
the 'tem and the second number Specifies
weight per lingal foot A final number can be ad-
ded to indicate overall length of a particular
piece of material.

Example 1; this column

15 107 i
depth

W0 x 29 x 184
£ t LY

tes structuras || this parhcuelar
member wesghs 1| pece of siructural
29 i per steel s 16°4" tong

b 15 3 wade
lfange beam or

column &-—E

lineal fool

Example 2: tis beam 15

4" tn depth

¢t 4 x B7 x 82

il LN

this 1y 2 this beam | [this particular
chaanel besm weights £7 Ib | prece of slisctural

55 pei heeal foail sheel 18 8

lang

For angles. flat bar and plate, dimensions are
always given in this order; symbol. width.
thickness and length. Since angles have two
width {legs), the longest 1S shown first in Ihe
case of unequal legs.

Example 1:

the thickness
of the sieel
15 38"

L41313,"818-2

the longer
leg 15 47

I Ithe shorter

s s 3

this s an angle
type of structural
steel

thts parbi-
cular piece
15 82" long

Example 2:

B U2 x 6 x 1034
.,

—.

s lype of this plete] | this plate ! ths particular
material 15 s 12 5 6 f—mece 15 10-39°
i

steel plate thick wide ong

Table 4-2 shows the common Structural memers
using the new designation {imperial measure).
the new designation (metric), the type of shape
represented and the oid designation for
reference only.

STAMNARDS AND IDENTIFICATION

The Bolermaker must have 2 precise Xnowiedge
of atzel and its specifications to appreciate the
importai.ze of having the right grade of material
for each job. In Naorth America & number of
agencies deiermine material Standards:

~ Canadian Standaids
Association

C-S |A|

C.G.S.B, - Ganadian Government

Specification Board

AS.T.M. ~— American Soctely for Teshng

Metals
-— American National Standards

- Steel Pzinting
Council

ANS,

S.S.P.C. Structures
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TABLE 4-1. MATERIAL AND BLUEPRINT SYMBOLS AND AEBREVIATIONS

AR RL
|_s
CHK AL
CHS
WWe
FB
HP
JB M
LB M
Rs
vgﬂ
3

c
WWS

7

T

w

ABT

15
ABUT
ADN
A0J
A13¢
API
APP
APPROX
ASCE
ASSEM
ASME

ASS0C
ASTM
AUX

AW G
AWS

BB or BSR
BC
BEY

STRUCTURAL ABSREVIATIONS

Abrasive Resistance PL {Plate)
Angles

Checker PL {Plate)
Curcular Hollow Section
Columns (welded}

Flai Bar

Bearing {Loose Tolerances}
Jumor Beam

Light Bean

Plates

Reduted ¥ebs (Weided)
Round Bar

Stendard Beam

Standard Channel

Stondacd Webs (Welded)
Stuare Bar

Tee Bar {(cut liom W-1)
Thin Webs

Wide Flange

MISCELLAXEOUS SYMBOLS & ABBREVIATIONS

about

at

abutmem

addiuon

adlacent to

Ame.i€an Insihitute of S*¢el Construclion
Amesican Pe'roie !m |nstitule
approved

approximalely

amenican Soceety ol Cowil Engeneecs
acsembly

Amencan  Sociely ol Mechamical
Eagineers

associates

American Socwety lor Testing Malensals
autihary

American Were gauge

Ameacan Welding Soceely

back to back
bolt circle

bevel

3

BE eor B/E
BL
BLDG
BM
BM
B/M
BOTT
BF
B/P
BR
BRKT
B.S.

ccC

both ends

base hne. bulding line or bend line
buslding

beam
benchmark

bild of malenal
bottom

base plate
blueprint

brate

bracket

both sides

centre to centre

Canadian  Government  Specficotion
Board

Canadian Institute of Siee! Costruchion
checkered (lloor) Plate
tlearante

ceolre line

cenfimelre

olumn

connection

construction

cold rolled

Canadian Standards Associalion
countersunk

cubic

complete with

Canadian Welding Bureau
cylinder

detall

diameter
dragona!
draphragm
dimension
direclion mark
division

ditle (same)
duPlicate
drawing
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E

EA
EF
EH
EL o ELEV
EQ
EqUIP
EST
EW
EXP
EXT

FaB
Ll
FON.
Fue
FF
FIN
Fl

FR
FS.
FT.

Fw

GA.

GAL.

GOR or GIRD
6oL )
6.0.5L.) }
60s

GR

HO
H.0.

HEX

1316 4 (Zem)
13716 th (2cmeh)
HOR.

H.R

HT.

HT.

east

each

each face
end hole
elevabion
equal

£quipment
astimated
each way
£xpansion

extenon

fabnicate

8t Sav
foundation
face 2 ends
finished floor or farlace
finished

floor

flange

hiee on board
frame

lar side

leet

fcoting

lalsewmk

gauge
galvamzed
gader

gauge outslanding leg

sapds autctanding wda
Jaude Quicianming Ladd

prade

head

heavy duty
hexagon

-hole size (round)
-hole size (square)
horizontal

hot rolled

heighl

High iensile

instde  diametes
inside fac
tnches
inctude/inclusive
intenor

inside

jorsk
junior {hightwetght beams o1 channels)

fo Pounds
lock Plate

left

lateral

light beam
pounds
long

left hand
inear feet
layout
lenglh overal
Longitudipat
faght

machine
matenal
maximum
machine bolt
mIRIem
miscellaneous
mark
millimetre
mld sieel

Koith

nevhal axs

nalional course

naitonal fine or mea; face
nesing line

number

nominal

no p3ink

nalional pPe thread

near side

not 1o scale {conlinued)
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TABLE 4-1. MATERIAL AND BLUEPRINT SYMBOLS AND ABBREVIATIONS {contraved)

0C o G/C
00

0F

00 or 0/0
0PG

orp

GPP H

ORN

0/

st

PAT
PCS
R o P
PRDJ
FSI

R

RAD
RD
RD
REF
REQ'D

oa ceatre
outside diameler
outside face
out to oul
opening
opPosite
opposite hand
orraméental
outside
ouvtstanding leg

 patlern

preces
plate
project/projechon

Pounds per square anch

right/radivs
rags

round

ruamng dimensicn
reference
required
evsign

nag b

nght hand
rvet

ream

reference poinl

Soutk

submerged arc

Soaety of Amencan E:;glneers
schadule

SEC. or SECT
SHS

SPA.

SPCS

SPEC. or SPECS
SPL

S or 5Q
SQ2/E

SR

$S5P.C

St or STR
ST0

STIFF
STRUCT
SUP'T.

SYM.

T
TEMP.
THO.
THE
ToL
10

sechon

submerge hollow sechion
space

spaces

sPecificabions

splice

sQuare

square 2 ends

Sag rod

Steet Stryctures Parating Councl
Straight

standard

stiffeners

structurak

support

symmetrical

top
template/temperature
thread

thick

tolerance

{read

tack weld

lypscal

unloss aoted
yerhical

west

working drawmg
working hne

work Ponnt/wear plate
weight

Symbols and aboreviations for structural shapes
are given in Figure 4-1. Figure 4-2 shows the
components of structural shapes, and Figure 4-3,
structural members,

GRADSS FOR STRUCTURAL STEEL, uOLTS,
AND ELECTRODES

Below s a representative sampling f some
steel products used in Bceilermaking. invicating

the standardizing agency and grade - .- with
an accompanying description of the |, “oduct

Structural Steel

CSA G408 Structural Steels with improvod

resistance to
CSA G401

Brittle Fracture

High Suength Low-Alloy At-

mospheric Corrosion Resisting Steel
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WiDE FLANGE
BEAM OR COLUMN

Led equal or unedual

Toe

Angle Iran — L fiange-

BEAMS AMERICAN STANDARD Vet -
Fuinel )
Tor w22

Wide Flange — W

Flanse

- -Wew
CHANNELS AMERICAN STANDARD c o ’

FZ e Roiled or
4 —- Bevel Washer Ml Edge

- -

Amenican Standard | Beam — §
Bunt zdge

£QUAL LEGS -
Flat Bars-Flales — FB

ANGLES

UNEQUAL LEGS

L - ~
et . ‘/
fange .. [ A =
STRUCTURAL TEFS Toer- Fattel
Figure 4-2. Components of Structural Beams,

Bars, P'ates, Angles and Channel Shapes
UGHT BEAMS LB.M
| J
H0IST BEAR J -M

PR

9‘1‘//#7///////

SHEET BEARING PILES | ‘ e
STEEL N BP Boxed Angle Boxed Channel Back (¢ Back Channel

SPECIAL ZEES

e

\\\n.\\“\u\\ g,

BEARING PILES H P Resnforced Bem ux Beam (ot Grder)
VAV AV AV

Truss or Open Web Joist

s

Figure 4-1. Symbols and Abbreviations for
Structural Shapes Figure 4-3. Struvtural Mumbers
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TABLE 4-2. COMMON STRUCTURAL MEMBERS

NEW DESIGNATION
(IMPERIAL)

W 24x76
W 14x26
5 24 x 00
MBx 18§
M09

MBx343
Ct2x207
MC 12 x 45
MC :Z2x 106
HP 1473

Lox6x 3
Léx4x5/8
WT 12 x 38
WT 7x 3
ST 12 x 50

MT 4x925
MT 5145
MT 4x 175
WW 30 x 198
WWT 15 99

CRRITE WL
BAR1Sq m
BAR 1 Hex.

BAR E'/: RD

BAR 21/2x t2 F.B

DESIGNATION
(METR!T)

W6l ecmx345 kg
W35 emx 119 kg
S 6] cm x 4536 kg
M2 cmx839 K
M2 emxd &

M2 cmx 156 k¢
C 305 cmx 94 kg
MC 30.5 cm x 20 4 kg
MC 30.5 cm x 4.8 kg
HP 35.5 ¢m x 33 kg

L152x152x%x019 cm
Li52x10.2x16 em
WT 305 cm x 17.24 kg
WT 17.8 cm x 6 kg

ST 305 emx 22.7 kg

MT 10.2 cm x42 kg
MT 127 cm x2 kg
MT 10.2 ¢m x 8 ¥g
WW 75 cmx 90 kg
WWT 37.5 cm x 45 kg

f i2x85.7 em

BAR 254 ¢em Sq. OO
BAR 2.54 ¢m Hex.
BAR & 3.2 c¢m

BAR 6.3x 1.2 tm

TYPE OF SHAPE

W shape — Wide Flange
W shape
S shape — Amenican STD Beam

M shape — Miscelianeous
M shape

M shape

Amertcan Standard Channel
Miscellaneous Channel
Misceilaneous Channel

HP Shape (Beaning Pife)

Equal ieg angle

Unequal leg angle

Structural Tee cut Irom W Shape
Structural Tee cut from W Shape
Structural Tee cub from S Shape

Structural Tee cut from M Shape
Structural Tee cut Irom M Shape
Structural Tee cut from M Shape
Welded Wide Flange

Tee cul lrom Welded Wide Flange

Plate

Square Bar

Hexagon {(Cold Rolled)
Round Bar

Fiat Bar

OLD DESIGNATION

24 WF 76
14 B 26
241100
8 M 1835
10 ) 90

gx8 M 343
iz2¢c207
12x4 ¢ 450
12 JR C 106
14 gp 73

L6xé6xd4
Loxdx58
ST 12 wr 38
ST78B 13

ST 12150

ST 4 M 925
ST 5 JR 45
ST4 M 175
30 WwWF 198
ST 15 Wwr 99

R 18 x 12
BAR 1 S0.
BAR 1 Hex,
BAR 1A D,
Flats 2z x 12

TABLE 4-3, HOT ROLLED STRUCTURAL STEEL

NEW DESIGNATION
{[MPERIAL)

Pipe 4 STD
Pipe 4 x -Strong
Pipe 4 xx "‘rong

NEW DESIGNATION
{METRIC)
PIPE 10.15 cm
PIPE 10.15 ¢m x -Strong
PIPE 10.15 ¢m xx -Strong

TIPt OF SHAPE

Pive Slandard
Pipe 4 Extra Strong
Pipe 4 Doyble Extra Strong

HSS 4 x4 x.375x 168 HS5 10,15x 10.15x 1 ¢em
x 7.6 kg

HSS 127x76x1 cmx
1.6 kg

HSS 8.9 0D x .6 x 4 &g

Hotlow Structural Tubing: SQ

HSS 5x 3x 375 16.8 Hollow Structural Tubing. Rectangular

HSS 3%/ 0D x .25 x 8.58 Hollow Structural Tubing: Fircular

OLD DESIGNATION

Plpe 4 STD
Pipe 4 x -Strong
Pipe 4 xx -Strong

Tube 4 x 4 x 375
Tube 5x 3 x.37%

Tube 342 0D x .25
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CSA G40.12 General Purpose structural steel
conirolled chemisiry provides good weldability
in all thicknesses

Note: No Cold Water Quenching when Flame
straightening or shrinking provedure .s apphed.
CSA G403 Siructural Steel Welded Shapes

CSA G4016 Hot-Formed Welded or Seamless
Hollow Structural Sections

CSA G40.17 Cold-Formed Welded or Seamless
Hollow Structural Sections

ASTM A36 Structural Steel

ASTM A242 High Strength Low-Alloy Structural
Steel

ASTM A440 High Strength Structural Steel

ASTM Ad41 High Strength Low-Alloy Structural
Manganese vanadium Steel

ASTW A514 High-Yieid Strength. Quenched and

Tempered Alloy-Steel Piate. Suitabte for
Welding

Bolis

ASTM A307 Low-Carbon Steel {common'y calted
Mild Sieel Bolts)
ASTM A325 High Strength Steel Bolts for Struc-

tural Steel. Joints including suitable Nuils and
Plain Hardened Washers

ASTM A490 Quenched and Tempered allioy.
Steel Bolls — Nut and Washers for Siructural
Steel Joints

Welding Electrodes

CSA W48 Mild Steel Covered Arc-Welding
Electrodes

CSA wW48.3 Low-Alioy Steel Arc-Welding Elec-
trodes

CSA W48.4 Solid Mild Steel Electrodes for Gas
Metal-Arc Welding

CSA W48.5 Mild Steel Electrodes for Flux Cored
Arc Welding

CSA W48.6 Bare Mild Steel Efectrodes and
Fluxes for Submerged Arc Welding

Note: Further information on Stan<ard and
identification is ccvered under Quality Control

BLUEPRINT READING

The unique advantage of drawings is that they
promote visualizing objecis. To visualize ar. ob-
ject is to “'see” a complete mental picture of it:

what it is, how it goes together and all details
connected with il

Drawings are valuable only so far as the
fradesman takes & cautious and precise ap-
proach to interpreting them. He can take nothing
for granted and must be certain of all details
before proceeding with the work. Errors are
more likely to occur on simple jobs because a
more comphcated detail forces closer attention
to what is required. Always study a drawing
carefully. Even an experienced engineer would
not glance at a drawing and start to work from it.

TITLE BLOCK

The first element to examune in a drawing is the
title block (Figure 4-4). This is normaily placed in
the bottom right hand corner on zll finished
drawings. It contains & number of important
items of preliminary information -concerning the
project including:

Page Number  On the drawings in the Boiler-
making trade the page number of & blueprint is
sometimes preceded by an E. as E1, E2, etc. In
this case the E stands for erection print. On
drawings not preceded by E, it will usually be a
detail or miscelianeous iron print.

Division Number This usually indicates &
part of & large job. Because there is a need fora
workable system to maintain fabrication. ship-
ping and erection schedules on large jobs, they
are broken down into paris and given a division
connotation. Division is usually abbreviated as
Div-3 or Div-8, elc.

Scale The scale will be indicated as* /4"'-1"-
0" or simply 1/4". In any case the scale wii!
always yse one foot as the referenca. unless
otharwise noled.

Unlt or Gtructure  This is vsually indicated by
large leiters and will describe the kind of unit to
be erected such as. Plant, Office, Bridge, Ad-
dition. Steel Mill, etc.

Job Number or Order Number Most
fabricators and erectars use these as a k:nd of
shorthand to tdentify a certain job .or order.
Custome: or QOwner

Architect

Drafts man This is indicated by the draft-
sman's nitials,
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DESCR.PTION IZQ‘MEEAMJ'D_S_EAM
SWAN HIils IMET SEPARATOR-ITEM* V402

GENERAL ARRANGEMENT AND DETAILS

CONTRACT No.

PURCHASER £1SH ENGIMEERING ECONST: P40

DRAWING No.

l

—

Figure 4-4. Sampie Title Block

Revitlons Most ~* swings are revised before
fabnication or erection, some as m2ny as Six
umes Gefor@ finai approval Usually tne date of
ravision 18 listea along with the draftsman’s
imtial,

Speciflcations For every .mt or structure,
the - nect draws up 3 usl of specthcations
that all contractors must follow. The
specifications descnbe mimmum standards for
matenals and labour. Somewmes they will
spacify the type ¢ matenal to be used and some
of these “specs” might appear in {he title block.
for exarrdle, bolt sizes. type of paint, type of
wald boiler code. prassures. aic,

Numbser of Prints Issued

Project Some people refer to a job as a
pro.ect ht wevar, it is inapprop-.ate to define a
simpie job involving one small unit as a proiect.
Techmcally the tarm “project” is ysed to define
a large lob with at least one farge unit.

TYPES OF DRAVWINGS

ISOMETRIC DRAWING

An object can be reprasented in several dif-
ferant ways. P...oral drawing: show an object
as it appear. to the eya with all three dimen-
sions included in the one view. Two types of pic-

torial drawings are in common use. ISOMETRIC
(Figure 4-8) AND OBLIQUE. These are fully

described in the section on "Sketshing,” pp. 80-
Ga

Figure 4-5, Isometric Drawlng

ORTHOGRAPHIC DRAWING

The :nast functional type of drawing for com-
municating exact spacifications and instructions
for fabrication and eraction is the orthographic
drawing. This type of drawing is abla to
raprasent the axact shape of an object with its
three dimensions {length, height and width) on a
two dimensic.aal sheat of paper. This muitiview
system shows all views (projac’ions) separately
the {front elevation, the side elevation and the
plan vieaw (top view). Figure 4-6 is an or-
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thographic drawing of the same object shown
previously as an isometric drawing {Figure 4-5).

i T

TOP VIEW

FRONT VIEW D[ j

RIGHT END
VIEW

BOTTOM VIEW

Figure 4-6. Orthograghic Projection Drawing

AUXILIARY VIEWS

Lines and conventional forms are used t0 maka
orthographic drawings of odd-shaped obiects
that cannot be shown clearly by means of con-
ventional views, for exampie. objects with in-
chned surfaces. To present the true shapes of
these surfaces accurately, special views known
as auxiliary views are required. The principle of
auxiliary views is shown in Figure 4-7. Figure 4-8
illustrates three types of auxiliary views. Further
auxihary views are given in Figures 4-9 to 4-11.

PRINCIPAL
PLANE

TOP VIEW

SIDE VIEW
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/4-

Figura 4-9. An Auxlllary Vliew Includas
Only the Outline of the Slanted Part

T0P VIEW
OMITTED

: 1
Figure 4-10. Auxitiary Somatimes Eliminates
the Need for a Principal View

Figure 4-11. How a Symmaet*rical Auxillary
View !s Shown

SECTIONAL VIEWS

WNnen the fabncator or erector must know what
.he ins.de or hidden part oi an object or struc-
ture lo~ks hke. secuonal views are drawn which
orovide ali the Aets.3ary information without
¢! ittering the principal view with rum -ous hid-
den lines. The sectional view assumes that .

section of the object has been cut olf by an
imaginary plane and removed (Figure 4-12}).

The large arrowheads in Figure 4-13 point o the
direction of sight in which the object is viewed
after the cut has been made. Capital letters are
placed either before ar behind the arrowheads.
A notation is also used under the sectional view,
€.9.. section A-A or SECT. A-A.

Figure 4-14 illustrates different types of sec-
tional views.

AA
SELT AA

Figura 4-13, Mow Sectional Views are
Rapresontad

EXPLODEDR DRAWING

Sometimes it is necessary to kncw what 1s inside
an object and how the incerior parts are assem-
bled. For this purpose the exploded drawing is
used. This drawing shows all of the components
pictorially in an arrangement illustrating the
relationships between them (Figura 4-15)
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LN
A\“}?/}.rj g A :
LITLS i

SECT AA SECT AA
Full S2chons

| A
TON IR AT

Half Sechon Broken-Oul Sechions Revolved Section

Figure 4-13. Varlous Types of Sectional Views

TUBESHEET

CHANNEL 2 | BONNET

CHANNEL

GHANNEL BAFFLE

Flgure 4-15, Exploded Drawing of a Heat Exchanger

THE LANGUAGE OF DRAWINGS LINES

Lines show the shape of an o.ject. Many dif-

ferent ines are used on a print and each has a

) specific meaning. The types and meanings of

1. Lines drafting lines on structural drawings are
Dimensions described n Figure 4-25 (see page 87)

There are four basic components in a drawing
or pant:

Abbreviations and symbols Circles on a drawing may show centre lines as .
Notes. well as diameter measurements. |l centre lines
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are drawn, the short dash of each will intersect
at the centre of the circle and the diameter is in-
dicated outside the circle (Figure 4-16).

A circle without centre lines will have the
diameater measurement inside the circle (Figure
4-17).

Figure 4-16.

Figure 4-17.

The radius of an arc is specified in Figure 4-18,

The size of an angle i$ indicated with dimension
lines inside or outside the angle depending
upon the constraints of space as shown in
Figure 4-19,

Affows on drawings ahways have a slender, solid
head for precision (Figure 4.20).

Figure 4-18.

Y —
% e 7
¥

Figure 4-19.

Right
Figure 4-20.

Fic.re 4-21 illustrates conventional forms for
representing structural members using com-
binations of lines on a drawing.

A structural drawing showing the use of lines
and conventional forms is illustrated in Figure 4-
22,

DIMENSIONS

The exact finished size of the object is specified
by the dimensions. Extreme care must be taken
in reading dimensions.

ABBREVIATIONS AND SYMBOLS

Many forms of abbreviations and symbols are
used by the draftsman to minimize crowding and
confusion on drawings. Figure 4-21 shows the
w.iy in which some structural members may be
represented on a print.

NOTES

Notes are special instructions that sannot be
communicated by means of the lires, dimen-
sions or symbols on the drawing. Th.3y may ap-
pear anywhere on the drawing(s). grcuped as a
list or scattered in locations where they apply.
Note + can be divided into two main categories:

1.  aop Notes — instructions or specifications
to be followed by the shop when fabricating
members or units. Figure 4-23 shows a list of
Shop Notes

Erection Notes — are special instructions
that apply to the erecling procedure. Figure
4-24 shows an example of Erection Notes.
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ROUND SHAFT

ROUND PIFE

3

N / _

<

(Y

L]

J 1

STRUCTURAL | BEAM

A
miy |
!

STRUCTURAL CHANNEL

A

H‘\ m?‘
o HH ol
.U Ll Ha

| T
F

A I

SECT AA

—

FLANGED STEEL PLATE
Figure 4-21, Conventional Forms for Representing Structural Members on a Drawing

HOwW TO USE ORTHOGRAPHIC DRAWINGS

' Y ' The crthographic projection technique is used
in the following types of drawings:

1. General Arrangement Drawing
- 2. Shop or Fabrication Brawing
3. Detail Drawing

4. Miscetianeous Drawing

5. Working Nrawing

6. Erection Drawing.

The General Arrangement drawing is the master
plan that d2scribes the construction of the en-

tire building or structure including the masonry,
steel, ventilation system and other aspects. [n-
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SYM § ABT

Dimension Lipe D

Projection Line D

1 r o o —
T
- :
— ' : S
Long Break H - Short Break 6 A

AAA * S A

s o

Extension Lene

D —

- f

Cut Away | :
- :] Invisible Edge C

TS S s s s mTieny ————
\i :

AN A L

=

i; B 3

| A A A A A

PA ra—
_ Section_Symbol F I 1 Cenire Line E

-t

*
Dimension Line 0-1# SEC AA

1

Border e B

Figure 4-22. Use of Conventional Lines on a Structurat Drawing

GENERAL MOTES :
NOTES IR

ALL BOLT HOLES TO STRADDLE poupn - 7 OTHERS

CENTRE LINES OF VESSEL. geccroy = %,;,;;‘:'g;?;*;,?f“ﬂfw coneany

ALL NOZZLE REINFORCING AT T sy e50 ¢ coor

PADS TO HAVE 1/4 NPT TELL- L - PLATES A28%=-C STBLCTURAL A28

INERECTION « Mit; - CTEE
TALE HOLE ON MEAN PAD L s o Soor
CIRCUMFERENCE AND GIRTH
LINE OF VESSEL.
INSIDE EDGES OF NOZZLES TO
BE ROUNDED WITH 1/8RADIUS.
ALL TAIL DIMENSIONS ARE
FROM REFERENCE LINE.

PUNCH MARK !/s ¢ O/s
3" FROM SEAM LINE

- FiELD - YES BY CusT

CLEANING = SEE P SHEETS
PAINTING = YES, SEE P SwEETS

FITTINSS - TO SE LOCATED A& Snowl gr TO ST
CUSTOMEL W MIEL D EDGLS OF ADsACENT
BEMILORCHUIG PLATES MUST 8E AT LEAST &
ARAET AOZZLE BOLT WOLES IO SIEADOLE
VELTICAL AMD RADIAL CENTERLIAVESD

caR, QA
NCE = SyELL ¢ Roor %" aorror B2°

Flgure 4-23. List of Shop Notes

Figure 4-24. Sample Erection Notes

structions for all trades are taken from this
master blueprint by transferring the information
to their own drawings. Wherever possible, in-
dividual trade drawings eliminaie all but those
parts of a structure that are neces-ary for the
fabrication and erection of their own work, Ac-
cordingly. this section presents only that in-
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OUTLINE OR DBIECT LINE

A colid heavy line ur. ] to show the boundary of the abject being
diawn The Lwe represents those surface edges of the obiect
vissbie feom the angle at which the view oS drawn

HIODEN LINE

A senies of short dashes of equal length and of medium weight
The Line 1§ used lo show those partions of an object hidden from
fhe eye

CENTRE LINE

Aigh. e with long and short dashes used to show the centre of
a crele oo pact of a circle and also to show the axis of any sym
melncal object

DIMENSION LINE

1_4 gl_oﬂ' ‘rJI

A Light weight line with an arrow at each end The Line 15 used o
show the distance between two points. and 15 usually placed out
side the drawn view The dimensions are placed i 3 brea® tn the
dimension fine.

CUTTING PLANE LINE

! f

A cuthing plane Lne 4$ 2 solid Line with an arrow at each end
pointing 1+ the disection 10 winch the section 15 to be lzken
Numbers of letters are used to designate a particular sechion
cuch as AA BB, 11, 2.2 elc

STAIR INDICATOR

Jii
77
[

L.
o

A line with an arrow 3% ong end Point'ng 10 the direcaon the stair
will go Somelimes shown 1n conjunchion with the aumber of
nsers, 1.e “down 12 nsers”

LEADERS

— 7 TN

Esther steaight of curved hines with an arrow at one end The
leades 15 used to carry information t0 an area where there 15 m-
suflicient cface on the wiew to show 1t locally

LOKG BREAK

_/’/

Where there o5 insuffiCient room on the drawing to show the full
length of a completed obyect the draftsman uses either the long
of short break tg denote 3 shortening ol the obdey. by cuthing out
a port:on of the length The break does not alier the true dimen-
SI0NS 0 ANY way

SHORT BREAK

/l( e ————

EXTENSION EINE

A fwne line drown 1/8
from specified goints

to act as boundaries for
dimension hnes

=
d4

PROJECTION LINE

A fine line

inhcating that 2
surface from one wiew
t$ transferred to
anather wew

Figure 4-25. Lines Used on Structural Drawings

formation relevant to Boilermaking functions. In-
creased skill in r2ading the General
Arrangement drawing, however, will produce a
¢clearer understanding of the drawings and func-
tions of other trades.

From the General Arrangement drawing, the
engineering and drafting oftfice prepares Detail
drawings of sketches that contain all the
caicutations and instructions Bodermakers need
for fabnecation and erection.

HOW TO ORIENT YOURSELF TO THE
DRAWING

Elevations The orthographic drawing
presents three principal projections: front
elevation, side elevation and plan view (top
view). The term elevation implies that something
has height. whether from the ground to the first
floor or from sea level to a reference poinl.

Locatlon A sectional elevation is established
by drawing a culting plane line on the plan view

36
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to (ndicate the point from which the elevationis
taken A diection is often used to identify the
elevaticn. e g. north glevation. west elevation,
ete

Height Once a known point in the height of a
structure Is established. ai. other heights can be
shown in relation to it. Since the only constant
known point is the level of the sea. we cali that
zero. Any elevation above this point is given a
plus value and anything below a minus value,
Using surveying ‘nstruments when a structure is
first slarted, a datum point is established {datum
Is sometimes referred to as a reference poinl.
working point or monument). This is usually
jocated and marked on an object that is not
likely to move or be moved such as @ concrete
pedestal.

Figure 4-26 itlustrates how to calculate elevation
points.

st FL 142° 0~

(42 67m)
GRADE 140°0”

Flgure 4-26. Caiculatlon of Elevation Points

It a structure is to be built on a location hat 1s
140°-0"" above sea level the elevation of the top
of the ground will be 140-0”, Providing the
grade remains the same {140°-0”} and the first
floor of the building 1s to be 20" above the
grade. the first floor elevation will be 140'-
0+ 2°0" = 142°.0". On the same building if the
basement floor 1s to be 10°-0° below the first
floor. the elevation will be 142°-0" - 10°-

On - 1 32 t-gn.

Construction methods have become so complex
that bench marks must be used {o ensure that
all structures are located at the proper level.
Bench marks are fixed points of known
elevation established at intervals by an engineer
to provide permanent points of reference. In a
building. bench marks . usually establiched
on columns or walls or both at the height of 4°

from finished floor. By using these. the Boiler-
maker can locate and establish the height of
tanks. evaporators. etc. when the centre of the
steam drum 1s not used as the elevation point.
When erecting siorage tanks the Bodermaker's
print will show either the bottom or top of the
base as the point from which all elevations are
taken.

Diraction Marks Compass direction 1S
usually \ndicated by a large arrow. as shown n
Figure 4-27.

It most always indicates one dwection only.
NORTH. This 15 very important to the erector.

It has happened on rare occasions that a
building has been erected backwards.

Sections A key i1s sometimes used to link

sections to the appropnate detail drawings.
reptacing the conventional cutting plane lines
{see Figure 4-25 “Lines Used on Structural
Drawings''} on the ereclion drawing. as Figure
4-27 illustrales,

Figure 4-27. Compass Direction

A A Section Numbes
01 01 \*~
L

638
Detasd Sheet Mumber
Figure 4-28. Key Used to Link Sections
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On the detail sheet itself. the identifying symbol
in Figure 4-29 would be used as a title.

&

F.gure 4-29. Key Used as Identifying Symbol

Section Mumber

Erection Sheet Number

Detalls The location of details 1s emphasized

on the drawing (Figure 4.30).
8 &
Detail Location

"
(usvally :n the same sheet)

Detadl Mumber
Localion on
Ereclon Sheet

Figure 4-30. Datail Location

ROLE OF DETAIL DRAWINGS

A detail drawing expands or:e small section of a
project represented on the general arrangement
drawing to cianfy tha deta.. for fanrication or lor
identification of parts.

For the fabricator. t provides an accurate pic-
ture of the sechon inclugding the individual com-
ponents. al] features, holes. cut outs, at
tachments and fastening arrangements that are
nol readily recogrszable on the master drawing.

For the erector. the detail drawing provides
mark numbers whicn 1dentify structural mem-
bers as an aid in assembling them. The mark
number should be painted or stamped on the left
end of the member just as 1t appears on the
drawing. Where structural members have no
directivnal marks {@.g.. N} the mark numbeér's
position on the e&fection drawing should
correspond with the location of the mark num-
ber on the erected member,

Although wdentifying marks may vary according

to 1ndividual company standards. the customary
method of marking is as follows:

Mark dumber
Job Mumber

~—-"§?ﬁ-- Ay

Example:
Drawing Ne 13
specihies how
this prece t$
o be
assembled
s pece 18 l this > 3 wide

the secsnd | o m 13 W oee— | llange -tructurdn
dem on the e e ger
awing ] 8698

thus prece
belangs o
contract No
8698 (on very
farge progects.

thts wonld
indicate the {

Division puaber) |

The 8l of Material (Figure 4-31) 15 a list con-
taining al the malterial to fabricate tie members
laid out on that particular drawing. Placed at the
bottom or righ! side of the drawing. this list is
usually for the use of the fabricator or shop. It
cometimes alds the erector in the field where
pieces of loose slock are shipped out to be
fabricated and erected.

Betail drawings also include welding symbols
that designate location and types of welds
required. Thete symbols and their meanings are
described in the chapter on Welding

SUMMARY OF BLUEPRINT READING

There ¢ . four important elements to know and
undersiand to read blueprints:

1. Al structura! snapes and malerials

2. Al drafling lines

3. Abbreviations and symbois

4. Ultimately, to visualize the unil.

Theare are four important steps to follow when
you receive a drawing:

Read the title block.
Who is the customer?
Where is the project to be localed?
What are you going to be working
on?

Step 1.

What are the notes and specifications
shown?
i.e. grade of material. hole sizes.
types of bolts, special handling
notes, grade of paint. revisions.

Step 2.
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S0 N BboD X \W-O WS
300", 2 Horiz, JEPARATAR
T P 0
| PARTNO | ) DESCRIPTION MAT
rRea® 33544 HEAD 3&"cbx 24" Min 20eE 2"sF A-315-70
' R 96" x 33" x 11l )3 "wa (Roww wo 26"bpY |A-S15-T0
_ ! 24" % 8" x 1 " LG (RowL T 34 op) [ A-SI5-T0
N 2 IY4"% 2" ovAL BU BAR X 9-7"Le C .
"
z 4" 2" X 3" e B-28B-C,
< B 29'%," » 4" % 38%" & (Fwezandsy | A 283-¢
2 R N x 8" xaaf, e (SO0 AN A-283-C
09-C1I-314 | NAME R BIRKT | ¢s
03 -cS 130t NAME R ST /9T
2 L"-3007 LB RS RF WN FLe oand ™| A-181-1
| " XHY SMVS PIRPE % 94 "a(Boe) A-53-8
\ BAR " x %" % 5" LG <.S.
\ ©" xrY 5MUS PI\PE = 3 )5 "L (BoE)d A- 53-8

Figure 4-31, Sample Bill of Material

Step 3 How are you going io proceed?

Step 4 Mark the detail with a colovred pencil
or that tem might be overlook. A num-
ber of examples of beams and other
connections are detailed.

Caution: Do not assume or guess about

anything — 1t you are uncertain, ask your

foraman or supenntenaent.

SKETCHING

Engineenng or drafisman $ drawings must meet
n 7 requirements .n terms of precision. scale
an ompleteness. Sketches, r 1the other hand.
can commumicate adequately without
mathematical precision To produce an
adequate sketch, it 1s only necessary to visualize
the objec. or idea and 1o free hand draw that
mental pcture well enough so someone else
can visuahize i,

A Boislermaker should develop skill in making
skeiches because @ number of circumstances
occur 1h which sketching ability 1s needed. For
example:

39

1. If the design of a piece of equipment is
moditied or rewised after fabrication and
delivery to the jobsite, a skeich of the
revised component will gwde fabncating the
new part.

2. Some parts of an item or project may have
been overlooked or drawn incorrecily on the
drafting prints A sketch may be necessary
to redesign or correct these parts.

3. If final adjustments on a project alter the
physical shape and measurement of some
parts so that adjoining parts must be
redesigned. sketches will ensure that ap-
propriate modifications are made By ap-
plying these basic principles. free-hand
skeiching i1s not dithcult

Papear for Sketching Use squared or cross-

section paper.

Maintain Correct Proporitons This is
achieved by estimating the actual dimen-
sions — sketches are not made to scale.

Skoetching Figures Seometric constructions,
squares, reclangulars. circles. angles. Curves
are always sketched. Follow these procedures:

e el
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Step 1. Space off the squares on your paper.
Step 2. Draw light lines to outiine object.
Step 3.  Free-hand curves.

Step 4. Darken the lines to complete vour

sketch,

A few basic rules apply to the two main types of
pictonal sketching: isometric and QOblique.

ISOMETRIC SKETCHING

In making an 1someiric sketch. proper propor-
tion is ensured if all v2rtical and horizontal lines
are drawn in caretully estimated scale. Vertical
hnes are shown vertical. while horizontal lines
are drawn 30 witn the true horizontal. To draw 2
one-inch gube. start with a light horizental
reference line. a vertical line and two lines 30°
‘0 the horizontal. mtersecting with the vertical
Ine as shown in Figure 4-32,

Figure 4-32, Axes for lsometric Skelch of a
One-inch Cube

These are the isometric axes. Measure the
height of the cube on the vertical: the length of
the front view on the line extending to the left;
and the leagth of the side view. on the line ex-
tanding to the right. In Figure 4-32, all lines
would be 1" (labeled A, B, C} from point D.

To make the rear corners of the cube draw 17
vertical lines from points B and C. Next, draw
line AE, parallel to line BD from point A; and
lines AF parallel to line DC from point A,
Parallel lines are lines that are always the same
distance apart, and never meat of cross each
other. (Figure 4-33).

PARALLEL
jart
~

\
b=

D

Figure 4-33, Peralla! Lines for isometric
Sketch of a Ona-inch Cubs

Draw in veriical lines from B and C; and draw
parailel tines to BD and DC from point A.
forming AE and AF. Ncte that if lings EA and AF
were extended they also would be at 30° angles
to the horizonta!

To complete the cube. draw a ling paraliel to
tine AF from peint E. ard a line parallel to line
AE itom point £. The point where they cross is
wbelled pcint G (Figure 4-34). Darken in the
@iain hines of the object: then erase the extra
lines you Used drawing the cube.

Sl
™~ 7
g F
A
N /

D

Figure 4-34, Isomeiric Sketch of a One-Inch
Cube

SUMMARY

With a sketch you can do thase steps free-hand.
and lines are not shown to 1/16 of an inch.
Remember that all vertcial lines are shown ver-

100

b



92

Bollermeking Manual

tical, and all lines representing horizontal lines
are at 30 angles to the true horizontal.

ORTHOCRAPHIC VIEWS

When it comes to more complex objects you can
combine what you know about drawing a cube.
with what you know about orthographic views.
Look at the object in Figure 4-35 drawing and its
orthographic views.

To craw this object as an isometric sketch, start
out as in the one-inch cube by drawing the
1sometlric axes. Next measure off the principal
measuraments and draw the additionat vertical
and 30 fines. Remember that the side on the left
of the vertical axes represents the front view. so
measure Off the length ¢ the front view in the
orthog:aphic sketch, and draw one of the ver-
tical lines at that point {Figure 4-36).

H
o4

Y Y

Figure 4.36. Front Yiew of Orihographic
Skelch

Next draw the remaining lines ¢ complete the
general rectangular shape (Figure 4-37).

Erase any unnecessary lines. Lightly skeitch in
he lings from the orthographic views on the ap-
propriate taces of the isometric box. Note that
the ‘eature shown as hidden lines on the or-
thographic iront view can be partially seen when
the object Is oriented for the 1sometric drawing.
This appedrs as the vertical and horizontal line

Fiyure 4-37. General Reclangular Shape

showing the corners of the cut-out in Figure 4-
38. Since hidden linas are not usually shown on
tsometric drawings unless they add to the clanty
of the drawing, the rest of the details are omit-
ted.

Figure 4-38. Vertical and Horizontal Lines
Showing Cut-Qut

OBLIQUE SKETCHING

In an oblique sketch the front view. or face of
the object is shown in its actual proportion, as if
it were the front view of an orthographic sketch.
To sketch an object using this method. start with
the front view on a horizontal. Nexl, sketch in
the sides at an angle of 30" to the horizontal
{Figure 4-39).

Semember that although the front view is shown
in its true size and shape. the receding sides
nay be scaled at less than thew actual length.
They are often drawn about 3/4 of their scale
length.

P
(:_.. i o

Figure 4-39. Front View with Angles 30° to
Horizontal
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Avoird distortion i obligue sketches by placing
surfacs® with iong dimensions in Iront (Figure 4-
40).

A Cabinet Sketth (Figure 4.41) is a type ol
abtene sketching showing the sides of an ob-
ject at gne-hall thelr actual scale jength. using
30 and 45 angles. The Iront view. however, i$
drawn as lor a regular obhque sketch.

e

Figure 4-40. Avoiding Distortion In Oblique
Sketching

7!

Y scals
"4

45
£

Figure 4-41. Cabinet Drawing of a Cubie

A Cavalier Sketch (Figure 4-42) always shows
the oblia -e sides at 45" angles, and at their ac-
tual scaie length. Again, the front view is drawn
in its true shape, as in an orthographic view.

FULL
SCALE

45°
+

Figure 4-20, Cavaller Drawing of a
Rectangular Prism

AN EXAMPLE OF A BOILERMAKER
SKETCHING TASK

As seen in Figure 4-43. the machinery with its
exposed pulleys represenis a safety hazard and
a guard for the moving parts must be designed,

The guard could not be designed until the
mechanism was in operation at which time the
finally adjusted position of the pulleys could be
determined. This requires a "take-up” allowance
of 47

The guard must satisfy the following criteria:
1. Al moving parts must be covered

2. The guard must be clear of the moving parts,
but situated close enough to prevent debris
from entering it and obstructing the
mechanism

3. The guard should be removable to provide
access for maintenance,

To illustrate the proposed guard in relation 10
the machine, it is first necessary 1o skeich the
machine. Figure 4-44 shows that the sketch of
the guard involves transferring dimensions from
the machine with an allowance for clearance In-
structions for attaching the guard are noted on
the sketch so that fabrication could be done
either by the Boilermaker or by contracting t¢ a
{abricaling shop.

This exampie only illustrates Ihe principle of
sketching and involves very simple criteria for
the part being designed. 1t does point out the ad-
vantages of communicating ideas by drawings
to assure clarity and accuracy.

Skill in sketching improves with practice. For
more compiicated drawings, the principtes of or-
thographic drawings should be applied. showing
gach projeclion as required. For complicated
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%" FLANGE

1% "Dif
%z « 1}2' sLOTTED HolE

12 evenl,
ﬁgf:iﬁ%y&t.
I A-A |

™NMote! C‘\Jord._\n *oo .\'\0”:9, SOP\’O"‘Q (:QQJ‘:
wedded o Fiont half oaly . Heles
CQ’I" %\"\QRS (Rt tDQC»k k-c“'“: J " “
%uard Qr\\\( . Guoed bock\( weld 2-4

Figure 4-43. Skeich of Machine with Exposed Pulleys

S

Flgure 4-44. Sketch of Machine Showing Transferred Dimensions

objects or deas, professional hetp with the isometnic sketch is the most functional method
sketch reduces the opportunity for error or of free hand drawing and should be used
misinterpretation. As & general rule, the wherever possible.
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INFRODUCTION

In a boilershop. layoul involves:

1. Determining from blueprinis, drawings or
skeiches, the true size and shape of the
plates, bars, etc. to be used In constructing a
unit.

2. Transierring these Shapes to templates
representing the dimensions for shaping and
cutting the matenal. (Where the Shapes are
simple. they may be directly transferred from
the drawings to the material)

Most drawings or sketches of tne various units
made in a boilershop show only the dimensions
of the completed unit, with the plates, angles.
etc bent or rolied to the required shapes From
these dimensions, the layout man must find the
exact size and shape of every piece of material
when jaid out on the flat. Aiter cutting and
shaping with these lines as a guide, the piece
will be exactly the required size and shape, and
will accurately fit in its designated place.

To master these techniques. the layout man
must have:

1. A knowledge of plane geometry and
geometric illusirations dealing with the
development of different surfaces.

2. An understanding of how specific materials
will react when bent. flanged. rolled. etc, In
some instances, the metal will “draw out” or
stretch, producing a gain in length, while in
others it will shnink and lose in length, When
laying out, this gain or loss in size must be
taken into account. In some cases the
allowances are set ont as rules: in others it
1S Necessary to make judgments pased on
experience,

CLASSES OF SURFACES

in general there are four classes of suriaces the
layout man must be capable of developing for
boiler work:

1. Plane
2. Cylindncal or parallei
3. Conical or radial

4. Irregular curved surfaces.

A ptane surface 1s a flat surface, where all lines
tie in the same plane.

A cylindrical surface is generated by a straight
line moving “parallel” to itseli in a curved path.
The most common form of the cylinder is that in
which the path is a circle. Cylindrical surfaces
are laid out by 3 method using parallel lines.

A conical surface 1s generated by moving a line
from one fixed point. Conical surfaces are
developed by a method similar to that for for-
ming ¢yhindrical surfaces. A c¢ross section of the
cone is divided into a8 number of equal parts, and
the lines are drawn on the surface of the cone
from these pomnts to the vertex.

All surfaces that do not fall into the above
categones may be considered irregular curved
surfaces and are developed by special methods.

GEOMETRIC ILLUSTRATIONS

The discussions and illusirations that follow
define the geometnc terms and symbols that oc-
cur frequently in this subject area.

TERMS AND SYMBOLS

Line — assumed to mean a “straight line” with a
constant direction

kngle — formed when two lines intersect; point
of intersection is the vertex.

Right Angle — two lines meeting so as to form
four equai angles; each part is a
nght angle {(90° angle).

Acute Angle — any angle less than 90° angle.

Obtuse Angle — any angle greater than 90°
angle.

Plane — a flat surface. real or imaginary, of
fixed size and shape or uniimited in
size.

The position of a plane on a drawing is
established by:

Locating three points other than a line — Figure
5-1 {ab

Locating two intersecting lines — Figure 5-1 (b).

Locating two parallel lines — Figure 5-1 {c}.
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(a) (bj
+4A A y
+8B x
+C
D B
" -

Figure 5-1. Locating a Plane

Plane Figure — a plane ol fixed size and shape.
Plane figures are composed of
three or more sldes and are
classified as: {rtangles.
quadrilaterals or polygons,

Triangle — a plane having three sides, The
sum of the angles of any triangle 1s
always 180,

Right Triangle — contains one angle of 90° and
two acute angles sum of 90°,

Quadrifateral — any plare figure having four
sides that are (1) square, (2)

rectangle, {3} rhombus, (4)
rhombod. (5) rapezoid. (6)
trapezium. (See Figure 5-2)

Polygon — a plane of many angles and many
sides When all sides are equal and
all enclosed angles are equal the
polygon 1s called a "‘Regular
Polygon.”

Regular Polygons {Figure 5-3) are
differentiated as: (1) Pentagon

(2) Hexagon (3) Heptagon
(3) Octagon (5) Nonagon

Square Reclangle

Rhombus

Rhomboid

1raperod

Trabezivm

Figure 5.2, Quadrllateral Figures
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Pentagon

#= {80 - —

N == Ho of sides

Octagon

1

¢360

Hexagon Heptagon

@ = Entlosed Angl:

Honagon

@ = External Angle ¢

Figure 5-3. Regular Polygons

Circle — a plane figure enclosed by a curved
line. All points on the curve are
equidistant from a single point within
the circle; this point is called the cen-
tre.

Ellipse — a plane figure enclosed by a curved
line, having a major and a minor
diameter pempendicular to each other,
and crossing at a centre,

Oval — a plane figure having circular ends each
having different radii and connected by
straight lines at point of tangent (Figure
5-4).

Oblong — a plane figure with circular ends with
the same radil, connected by straight
lines at a point of tangent (Figure
5-5).

Prism — a geometric solid whose ends or bases
are identical plane figures (Figure 5-6),

Cube — a right square prism with six faces
which are ail the same sized squares
(Figure 5-7}.

Flgure 5-4. Oval

Cylinder — right circular cylinder 1s a prism of
infinite sides whose bases are cir-
cles. T linders can be circular, ellip-
tical, oval or oblong. depending
upon the true shape of the rignt sec-

1 07 tion. (Figure 5-8a). A cylinder is



90° to Aus

Figure 5-5. Oblong

not 90° to Aws

/

Figure 5-6, Prism
B

Figure 5-8. Right and Oblique Cylinder

oblique when not 90" 0 its axis
(Figure 5-8b).

Pyramld — a geometric solid with triangular
sides meeting alt a common point
calied the apex (Figure 5-9),

Cone — a cone is a right cone if the base is per-
pendicutar to the ax:s, and oblique if
the base is not perpendicular to the
axis, Cone bases are usually circular or

Figure 5-7. Cubg elliptical {Figure 5-10},




Figure §-9. Pyramid

Figure §-10. Cane

BASIC GEOMETRIC TECHNIQUES

Find the contre of a .ine or arc

Draw equal arcs from points A and B {using a
radius greater than !/2 AB) to intersect at C and
D (Figure 5-11). Draw a perpendicular that joins
C and D to locate centre E.

Divide a line intv 5§ equal parts

(This method may be used for any number of
parts).

A
% |

Figure 5-11. Finding the Centre of a Line or Are.

.

Draw AC at a convenient angle to AB (Figure 5-
12); the length of AC in this case should be a
multiple of § (inches. or feet). Set divider points
at adistance R (1/56 of AC) and mark divisions S,
T. U and V on AC, Join BC and describe lines
S2Z, TY. UX and VW parallel to BC.

Figure §-12, Dividing a Line into Equal Parts.

Bisect an angle Given the angle, strike an
arc fom centre C using any convenient radius to
locate A and B (Figure 5-13). Draw equal aics
from A and B to locate D. Join CD (o bisect the
angle.

Tiansfer an angle Draw A'C’ in the new
location (Figure 5-14). From centre A, draw an
arc BD. From centre A' strike an equivalent arc
to locate D'. Using radius DB. and centie D’
make an arc to locate B'. Join A’ to B".

Erect a perpendicular Using point O and a
convenient radius. locate X and Y (Figure 5-15).
Using a radius greater than XO, and centres at X
and Y, descrit2 arcs which intersect to locate C.

1 OgOin Co.
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C
Figure 5-13. Bisecting an Angle

Given Angle

Transterred Angle

D'

Figure 5-14. Transterring an Angle

Construct parallel lines at a given
distance Givea line AB and r the required
distance, from any two pQiats on AB as centres,
and radius r, describe arcs (Figure 5-16). Draw
line CD tangential to both arcs.

0/\ /;

r

A

Figure 5-16. Constructing Parallei Lines

Divide a circle into 12 equal parts Locate
the centre of the circle (Figure 5-17). First draw a
chord x-x' and bisect it. Extend the bisector (o
intersect the circumference at A and B. Bisect
AB and axtend the bisector to intersect the cir
cumfereace at C and D. Using radius OB and
centres A, B, C and O, describe arcs intersacting
the circumference; the resulting divisions are
each equal 10 1/12 of the circumierence, {Outer
circle illustrates that each division is equall.

f/‘, 2

Figure 5-17. Dividing a Circle into 12 Equal
Parts

Divide a clrcle into 16 equal parts Locate
the centre of the circle (Figure 5-18), O, and
draw the diameters as described in the
technique for dwiding a circle into 12 equal
parts. Bisect angles ADD. DOB. BEDC and AOC
as described in the technique for bisecting an
angle to locate points E, F, G and H. Bisect
angles ADE, EOD, DOF, FDB, GOB, GOC, HOC
and HOA, The resulting divisions are each equal

1i0
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to 116 of the cucumference. (Quter circle
illustrates that each diwsion is equall.

Figure 5-18. Dividing a Circle into 16 Equal
Parts.

Construct an sllipse

Sel put the major and minor axis. bisecting each
other at E. (Figure 5-19).

Qn a straight edge. set off FG equal to CE, and
FH equal to BE.

By keeping point G always on line AB and pomnt
H always on line CD, point F will trace a true
ellipse as the straight edge is moved.

Figure 5-19. Constructing an Ellipse

PRACTICAL APPLICATION

A cutaway section of a reactor building is
shown In Figure 5-20 tp illustiate the many ¢om-
phicated pipes. hoppers, chutes and vessels that
represent a large part of the Boilermaking trade.
These components must be laid out. cut and
fabricated. assembled and installed to precise

dimensions. The following sectons introduce
techniques for laying out these shapes

The complexity of plate development procedures
precludes detailed ‘reatment In this manual,
Only basic principles, accepted conventions and
illustrations of procedures are included. These
should, however., be sufficient to guide a
tradesman who has some experience In the field.

PARALLEL LINE DEVELOPMENT
(BASIC LAYOUT)

A geometric object of such a shape that
straight lines are drawn on its surface paraliel to
its axis is called a parallel form The lires are
termed elements of the object. Exampies of
parallel forms are cylinders, tanks. chutes and
hoppers.

To develop a template for & steel object. the sur-
faces of the object must be:

1. rolled out {or stretched oul) in the case of
cylindrical shapes (Figure 5-21).

Unfolded in the case of square bends
(Figure 5-22).

These procedures reveal the exact size and true
shape of the material required,

The following steps must be taken before begin-
ning any layoul:

Step 1. Study the drawing or sketch
Step 2. Check type and grade of steel
Step 3. Check size and thickness of material

Step 4. Check dimensinns. Are inside or out-
side dimensions specified?

Step 5. Calculate for mean and true lengths.

ABBREVIATIONS AND SYMBOLS FOR PLATE
DEVELOPMENT

The layout man uses specif.c symbols and ab-
breviations on the material being fabricated o
communicate explanations and intentiors to his
fellow tradasmen. MJst of the common terms
used by the layout man are set out in Table 5-1.
Figure 5-23 illustrates how thess symbols and
abbreviaioislare used.
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wige Crane (75 Tonb
23 Satety Blow-olt Valves

edm Generator
24 Pomary System
Vatve Operators

16 Fueling Machine
Transport Troley
17 020 Siworage Tanx
eam EWum

eheater
imary Pumps

195
2P
21P
28

112

Column
15 Fusiting Mathing Brdge

13 Fuelling Machine Head
14 Fyelling Machir  Badge

g
2
€
e
&
8
=
E-d
z
g
&
[+
B

9 Calandna
10 End FuuNgs
11 Sheld Tanx

3 Moderator Heat Exchanges

2 Fueiing Dutt

4 Modgerator Pumps
5 Pressurizer

7 Bleed Condenser
8 Feeder Cabinet

1 Au Dyyers
& Bteed Cooler

Figure 5-20. Cutaway View of Reactor Building




Figure 5-21. Stretchout of Cylinder

PLATE DEVELOPMENT

The simplest form of plate development is ben-
ding or flanging of plate. The following con-
siderations are jnwolved in forming plate:

1. Plate uackness

2 Type and qQualily of matenal. e.g.. mild steel,
abrasion resistance. Corten. Stainless.
G40.12, G40.8, aluminum. elc.

Direction of the grain of the matenal

e ————

Figure 5-72. Unfolding of Square Bends

4. Process to be used, i.e., cold or hot forming
5. Equipment available.

EXAMPLE OF PLATE SINGLE BEND

When forming steel. a bend ullowance must
allow for compression of the material on the in-
side of the bend and sireiching of the material
on the outside (Figure 5-24). The line midway
between the inside and oulside margins is
called the neutral axis (or the mean of the bend).
All dimensions are calculated along the neutral
axis.

TABLE 5-1. ABBREVIATIONS AND SYMBOLS FOR DEVELOPING PLATE

R PLATE
W.i. WORK LINE
WP WORK POINT
BL BEND LINE
INSIDE
0O.S. QUTSIDE
oD QOUTSIDE DIAMETER
i.D. INSIRE DIAMETER
Bev BEVEL
TEMPLATE

—$—$- BEND SYMBOL
SQ (Sq) SQUARE

Temp.

¢ CENTRE LIN.:
SECTION
ELEVATION
DEVELOPED LENGTH
TRUE LENGTH
REFERENCE LINE
CIRCUMFERENCE
DIAMETER
MEAN DIAMETER
RADIUS
MEAN RADRIUS
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Sectional Symbol

Bev.
P
149

12 10 longesi Dum.

Figure 5-23. Sample Use of Abbreviations and Symbois for Developing Plate

The layout of a plate corner 1s shown 1n Figure 5-
25. The length of material required to form a
bend can be calculated from the following in-
tormation provided on the drawing:

1. Material thickness
2. Flange lenoth
3. Inside radius.

Using the specifications set out in Figure 5-25,

the required length of the material 1s calculated
as follows:

Specificadons

Materia: thickness 3/8"
Flange length = 3"
inside rad.us = 3/8"

Note: Unless otherwise specified. the inside
radius is equal to the plate thickness.
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Dutside Dimension
Siraight Dim

]

Length
along
the

NEUTRAL 7 77 7

AXIS l/NEIRM RS /7Z/~
NEUTRAL (L L]
Rad f
RADIUS equal 10

Plate Thickness

3

Inside Dimensicn

i

Straight Dim

Figure 5-24. Calculating Bend Alowance

Flange 3"

il irfedbadrsdirsin

Ingde Radius 3/8" =

Malenal

Thickaess
' ——p

Figure 5-25, Leyout of a Plaie Comner

Length of straight sectlon

Subtract inside radius plus plata Ihickness from
fiange length:

3 -{3/8 +3/8) = 2'/a

Arc lenglh

Arc length irom the centre of the bend is seen 10
equal 1/8 of & circle with a radius of 9/s .

(Since arc length is measured 0.. the neutral
axis, add the inside radiug + 1/2 plate thickness
to delermine Mean radius.)

3/8 + 3/16 = 9/16™
Mean diameter = 9/16 x 2 = 11/

Based on the formula for calculaiing cir-
cumierence of a circle (C ==z ¢ D), the length of
this arc will be:

x D =31416 X 11/8 = 716"
8 8

=
-~

Therefore the distance from the centre of the
bend to the end of the plate is’

21/4 + 7M6 = 2 116"

EXAMPLE OF PLATE MULTIPLE BENDS

Figure 5-26 shows the profile of a series of
bends fabricated from 3/8" plate. To calculate
the tength of the plate required. apply the prin-
ciples from the preceding example.

. Lou
Ls 3 - .-.
1

L2

2 J|k

Figure 5-26. Profile of Series of Bends

Step 1. Calculate the true length of the 3”
flange. i.e., from the plate edge to the
centre of the bend:

3-(3/8+ 3/8) m21/4" (straight

section)

T x mean diameter
8

= 31416 x 1 1/8
8

= 7/16"

21/4 + 7h6 =2 11/167
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Step 2. .. 'lculate the tn:~ englh of the s&'wn
between the centre of the first rag v,

and the end of the first straight sechtio -

£-51/4-38=5-47/8
Add arc length 7/16™:
5-47/8 + T8 + 5.5 5/16

Calculate the length of the material in
the 6™ radius corner (1/4 of a ¢tttz

Mean radws 15 6 + 3/16 = 6 3/16
7 X mean diameter = 3.1416 x 1 -0 3/8
4 4

= 9 23/32"

Noie the length of the matenal between
the radu:
=3-0

Repeat Step 3:
= 9 23/32

Repeat Step 2.
=5.5 516

Calculation of this s2ction 18 similar to
Step 1. however the flange length is 4
instead of 3" which adds 17 to the
length of the opposite flange:

21116 + 1 = 3 11186
Total all component measurements.

2 1116
5-5 518

9 23732
3-0

9 23/32
5-5 5186

3 1116

16 -0 716

The plate required for thse development is
16-0 716",

The plate may be {aid out as shown in Figure
5.27.

It is usually advantageous to work from the cen-
tre towards the ends and this should be
achieved as indicated in Figure 5-27. Note the
abbreviations and instructions given or. the
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Figure 5-17. Layout of Plate
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The mportance of accuracy in calculating
dimensions for forming is illustrated ‘n Figure 5-
28. In this case the plate lengtns must be
calculated precisely $o the holes can be laid out
and drilled prior to bending This avoids extra
handling and expensive clamping procedures in
the drill press.

IO VI Ier Ve

Figure 5-28.

PARALLEL LINE DEVELOPMENT

In its basic form Parallel Line Development is
the simplest layoul technique for developing s
surfaces of prisrs. cylinders and solids that
retain a constant cross-section dimension
throughout their lengths.

The following layouts are described to illustrate
surface development using this method:
¢ Two piece 45° elbow
¢ Four piece 90° elbow
¢ Five piece 80" elbow
* 90° lee pipe
90° tee with small branch
¢ Tee offset
+ Oblique tee at 45°, unequal diameters.

TWO PIECE 45° ELBOW

To develop the pattern, draw the elevation
{profile) of the elbow full size, using the neutial
diameter of the elbow (Figure 5-29).




PATTERN BASE LINE

Figure 5-29. Two Piece 45° Etbow

Step 1.

Step 2.

Locate the centre of line AB and Step 7.
project a permendicular line down-
ward.

Draw a line parallel to AB, cutling the
perpendicular line at Q. With centre O
and radiys 1/2 AB. describe the circle
as shown in Figure 5-29.

Divide the curcle into 12 equal parts and
number the divisions from 1 to 12.

Project lines 1 through 12 from the cir-
cle through base line AB to the metre
line CF. The projected lines must be
square to 10-4 and AB and parallel to
the sides of the elbow.

To layout the pattern fro the elbow. ex-
tend line AB in the elevation to a suf-
ficient length to vontain 12 divisions of
the circle. Calculate the circumference
of the elbow {r x D) using the neutral
Jlameter. This length will be the length
of the pattern base line.

Divide the pattern base line into 12
equal divisions matching arcs 1-2
through 12-1. A close approximation
can be obtained by transferring - the
lengths from the circle to the pattern
base line. Number the divisions as
shown in Figure 5-29,

Square lines from each division point
on the base line upwards. Square lines
F. G, H. 1. J, K. C extending them
across and paraliel to the pattérn base
line.

A decision must now be made to iden-
tily the seam locations on the elbows.
In Figure 5-29, the seam will be on
element line 1-1. The key points of the
pattern occur where the projected lines
from the elevation cut the vertical ines
from the pattern base line, By
referencing from the circle to the
elevation, the intersecting points can
be identified as follows:

Since points 1 and 7 in the circle coin-
cide with | in the elevation, therefore:

1 and 7 intersect at |
2 and 6 intersect at H’
5 and 3 intersect at G'.

On large developments 1t may be more
convenient to transfer the heights in
the elevation to the pattern by trammels
or by measurement. To complete the
pattern connect the key intersecting
points, and the resulting shape will be
the stretchout pattern for one piece of
the elbow.
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Four Piece 90° Elbow To develop the pat-
tern. draw the elevation lull Si1ze using the
neutral diameter of the elbow. and construct a
1.2 plan on the base hne as shown in Figure 5-
30

Step 1. Using principles applied in the previous
layout, diide the 1/2 plar into 6 equal
parts and project the points through the
base line to the mitre line. Note that the
elbow is constructed from 2 full sec
tions and 2 half sections.

To lay out the patlern, draw the pattern
tase line 0-0 equal in length to the
calcujated circumierence of the elbow.
Divide the base line into 12 equal
dimsions and pumber as illustrated in
Figure 5-30. Square the lines upward
from the pattern base line.

Transfer the points from the mitre line
on the alavation to the projections from
the pattern base line. Trace a line
joining the polints where the transferred
heights from the elevation cut the
corresponding numbered verticals from
the pattern base hne.

Five Plece 80° Elbow  The principles applied
in the two previous examples form the basis for
developing this paltérn as shown 1n the layout in
Figure 8-31. In calculating the circumference of
the elbow to establish the length of the pattern
base line, the neutral diameter must be used.
The two end sections are half sections of the
main elbow patterns. The position of the seam
hine 1s & design specification and may vary from
the foint line shown in Figure 5-31.

‘30° TEE EQUAL PIPES

Step 1. Draw the side elevation as shown in A
n Figure §.32,

Step 2. Draw the end elevation as shown in B.

Step 3. From the vertical pipe in A, describe a
semi-circle and divide it into 6 equal

parts. numbering the points 0 to 6.

Step 4. From the vertical pipe in B, describe a
semi-circle, dividing and numbering to

correspond with A as shown.

Step 5. Project lines downward from the points

on both semi-circles.

——_my

[+
1
b
2
io

?

PATTERN BASE LINE

Figure 5-30. Four Plece 90° Elbow




Figure 5-32, 90° Tee Equal Pipos
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3quare hnes from the elements in the
end elevation to cut the vertical lines In
the side elevation Where the
corresponding numbered hn2s in-
lersect, join the poinis tc locate the
mitre line 0, 17, 2', 3, 4. &, 5",

Calculate the circumference of the
cylinder and draw the pailern base
hne 00 equal to the circumference.
Divide the pattern base line into 12
equal parts and prolect and transfer
the fengths from elevation A to the
pattern. Thiough the points of in-
tersection 1n the pattern, draw an even
cuive to form the shape of the verticai
pipe required o fit the mitre line on
the horizontal pipe.

To develop the hole in the horizontal
pipe. project the vertical lines in
elevation A downwards. Locate a cen-
tre line at 30" to the lines, and mark off
distances 0-1, 1-2. 2-3, 0-5, 5-4, 4-3.
from elevation B. Square lines from the
division points across the vertical
projections and describe a curve
Joining the corresponding intersection
points. The resulting hole contour i$ a
true Sstretchout shape of the hole in the
horizontal piPe.

An additional end evelvation "E" n Figure 5-32
illustrates a significant layout consideration

when fabncating intersecting pipes. The
thickness of the pipe must be taken into account
and bevelled as required. In this example. the
distance « which 18 shaded represents the
lenglh of the bevel.

It 15 often practical to use the inside wall length
of the pipe as the longest element line to
minimize costly fit-up time. In the exercise just
described. however. the true length element line
was used.

90° TEE WITH A SMALL BRANCH

To develop the patterns for this layout (Figure 5-
33), follow the same procedures described in the
previous exercise.

Locate the mitre line 1',2°, 3", 4', 5, &',
on the side elevation.

Step 1.

Step 2. Describe the stretchout shape for the
small pipe on the pattern as shown in

C.

Step 3. Develop the stretchout shape for the
hole in the large pipe as shown in D,

Step 4. Determine the amount of bevel required
from the elevation in E, if the patlern 1s

drawn from the oulside pipe length.

In the previous exerc:se for cqual branches. the
seam in the streichout was locaied on the
shortest s1de; however. remember the seam 1S a
design specification and can be located on any
of the element lings. In the layout in Figure 5-33,
the seam 15 located on the longest side.

The shaded portion in C extending from
elevation E indicates the option of using the
lengih of the pipe at the inside wall as the
longest element hne.

90° Taee, Ot Cenire, Unequal Pipes In this
exercise (Figure 5-34) some vanatons from the
basic layout principles described previously are
involved. 1t 1S very important to number the
division points on the semi-circle 1n the end
elevation carefully in order to distinguish the
references from each side of the centre line.
Thus. in locating the mitre lines on the side
elevation A. the visible mitre hine derives from
correlating points 1. 2, 3. 4. 5.6 on A with points
1, 2. 3.4, 5 6 on B. The non-visible mitré line
denves from comelating points 1.2, 3. 4, 5,6 on
A with points 17, 2. 3. 4', §'. 6’ on B.

Step 1. Carefully transfer this numbering
system to the divisions on the pattern
base line In the stretchoul t0 ensure
corresponding points are identified for
describing the layout for the small

pipe.

To lay out the hole In the main pipe.
projiect the lines from elevation A
downward and square a line across at
a convenieni location.

Transfer distances. a. b. ¢. d. e. { from
elevation B and square lines across
the projected lines as shown in D.

Assign corresponding numbers from B
to the squared lines and identily
correlated intersection poinls to
describe the shape of the hole in the
stretchoul.

OBLIQUE TEE AT 45°, UNEQUAL DIAMETER
PIPES

This project applies some additional variations
of principles described in previous exercises.
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Figure 5-33. 90° Tee with a Small Branch
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Figure 5-34. 50° Tee, Off Centsa, Unequai Pipes
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To develop the pattern 1n Figure 5-35,
draw side elevation A and end
elsvation B In a true end elevation,
the top of the branch pipe would be
shown as an elhipse. This represen-
tabon, however, does not assist in the
pattern development and 1s therefore
shown as a straight hne 3-9,

Describe semi-Circles on each of the
branch pipes. divide and number as in
Figure 5-35. Project the lines down-
ward in each case parallel to the pipe
wall.

From elevation B, project lines from
interseching ponts 3. 24-4, 1-5, 6-0, x
11-7, 108, and 9 across to elevation A,
Where the projected hnes cut the
cerresponding lines in A, the points
can be numbered and joined Lo locate
the mitre line.

Calculate the circumference of the
branch pipe using the mean diameter
(=D} and establish a pattern base hine
equal in length to the circumterence,
as an extension of line x'y. Divide the
pattem base line into 12 equal parts
and number as shown. in elevation B,
locate the centre line of the cylinder
and transfer the arc lengths from X to
the nearest element lines, 7 and 11, to
the pattern base hne. Project iines
from all points at 90” to the base line.

Project and transfer the points on the
mitre line from elevation A across to
the pattern development. Mote that
each point on the joint curve in the
paltern is assigned a number
corresponding to the mitre line when
the pattern is completed as in C.

indicate on the pattern which way the
material is to be formed. This is ex-
tremely important. The labels "Roll
Up” or “Roll Down” prevent the error
of positioning the branch off-centre on
the wrong side of the cylinder,

To lay out the hole in the cylinder,
calculate the cylinder circumference
using the mean diameter (= D’).
Transfer the required length of the
cylinder from elevation A and the
calculated circumference to the cylin-
der layout D,

Step 8  Project the peints 0-11 Irom the mitre

line in elevahon A 1o Cylinder layoul D.

Step 9  Using the stretched out circumference
line as a work line. step off the arc
lengths from elevation B. x-0. 0-1. 1-2,
2.3, 344, 4-5, 5-6, 6-x. x-7, 7-8, 8-9, 9-10,
10-11, 11-x, and square across. The
points of intersection should be suf-

ficient to draw the contour of the hole.

RADIAL LINE (CONE) DEVELOPMENT

RADIAL FORMS

This section describes development methods for
objects having straight lines {(elements)
radiating from an apex. commonly called radial
shapes. Cones and pyramids, or portions of
them, are examples of radial forms. In the Boiler-
maker trade, these shapes are used for hoppers.
separators. funnels and large storage silos,

When & cone is unrolled (stretched out) on a flat
plane (Figure 5-36) the apex of the cone remains
fixed. and the form unrolls in a circular path
about that point as a centre,

é&\'“\\*i“ AN AP

Figure 5-36. Cone Streiched Qut on a
Fiat Plane

When the surdaces of a pyramid are unfolded
(stretched out). the same relationship between
the apex and the sides applies as for the cone
(Figure 5-37).

The required specifications for developing lem-
plates for radial forms are:
1. The true lengths of the elements
The circumference or perimeter of the base
The necessary views
The stretchout,
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Figure 5-37. Pyramid Stretched Out on a Flat
Plane

CONE PATTERNS

In developing a pattern or siretchoul. the
following factors are important’

1 Dimensions’
a. Qutside diameter
b. Pilate thickness
c. Total height (base to apex).

Template may represent a hatf pattern only.
for ease of handhing n rolls or press.

Brake Ine and bend sets must be
established and marked on the pattern.

True lengths for the slant height (radius) and
arc length must be determined:

a. For small cones, full size cone dimen-
sions can be drawn or laid down OR

For large conical sections. or where
more accuracy 1s required, a
mathematical solution for true lengths
can be obtained from the dimensions
using “Smoley’'s Tables” and a
calculator.

Required Views The right circular cone as @
geometric shape is completely described when
elevation (front) and plan (top} views are shown
(Figure 5-38). Dimensions for height and
diameter are set out on the elevation. The plan
view shows the circumference.

CONE PATTERN DEVELOPMENT

To develop the cone shown in Figure 5-39,
{ollow these steps:

Step 1. Lay out the cone full size,

Step 2. Bisect the base line of the cone and

connect the mid point of the base line
to the apex of the cone.

CIRCUHFEREMCE

g_.___

PiAR Vg,

SeLanT WEGNATR

PraMeTR

ELEVATION

Figure 5-38. Description of Right Circular Cone

SLENT
lumur «RhD.

Dimensions

Gwven for Cone
Ootside dameter 8.0
Plate thickness 1/2 n




Describe a semi-circle on the base
line with radws equal to 1/2 the base.
This constitutes a 1/2 plan of the
cone

Dwide the semi-circle into 12 equal
divisicns and number as shown

Join each division poirt on the semi-
circle to the midpoint of the cone base
line.

With radius equal to the slant height
of the cone n the elevation (this is a
true length) and the apex as centre.
descnbe an arc.

Calculate the circurnference of the
cone using mean diameter:

Diameter = 8-0
Plate thickness = 7-11 12

Circumference = = % 7-11 1/2
= 31416 X 7-11 1/2
= 300.02
= 25.0

Using a Bollermaker's wheel or by
carefully extending a 1neasuring tape
around the constructed arc. measure
1/2 the circumference and join the
resulting pont to the apex.

Dwvide the arc into 12 equal divisions
and number as shown in Figure 5-39.

Connect each dwision point to the
apex. These lines will be Lend lines if
the ¢cone is to be formed in a brake, or
guide lines if the cone is to be roiled.

T

N ’I

Figure 5-40. Dimensions of a Sample Cone

DEVELOPMENT OF CONE BY
MATHEMATICAL SOLUTION

The required dimensions are set out 1n Figure
5-40.

Mean diarneter = 8-0 - 1/2 = 711"/ or 79583

Stant height or R = /72 + 397922
= 8.0 5/8 - 1w = 8-0%16 OF
8.0458 .

Enclosed ¢ to Start the Develonment of the
Cone

4 = 180 x Dnameter 180 x 7.9583  178.018
Radius 8.0469 2

= 80009 or 89 {172 Templaie)

z  7.9583 x 3.1416
Half Cwcle = 79583 Xz L= ;

125 ft. or 126

= 2 (R Sin -?’1 = 2 (B.0469 x Sin 44.57

= 2(8.0469 x 7.0091)
= 11.28 ft. or 11-3%/¢

Check for ¢ 89° from Tabte of Bevels

90 -89 =1 = 7/32 - 12 15 the Revel

In 80 = 8 x 21875 = 1.75 n. or 13/4 1n 8 ft,
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Check $ and Chord Using Segmental
Functions Smoley’s Tables

Gwen Arc = 12-6 Log = 1.09691

Radws = 8-0% Log = .90563

¢ Log = Log A - Log R

1.09691 - 90563

19128
a9

Chord Log =LogC + LogR

= 14669 + 90563
105232
11-3 38

RIGHT CONE wITH OBLIQUE CUT

Step

To develop the pattern (Figure 5-41) for
the oblique-cut cone, KABL. lay out the
elevation and extend lines AK and BL
to intersect at X.

On the base of the cone. draw a semi-
circle that represents hall of the
penmeter of the base. Divide the semi-
circie into 6 equal parts and letter A. B,
C.0.EF G

Erect perpendiculars from these points
o cut the cone base AB at g. 1, e. d. c,
and connect these points to apex X.
Number the points at which these lines

intersect the angle of cutas 1,2, 3,4, 5.
To obtain the true lengths of these
points from the apex. project them
horizontally to fine XL.

With centre X’ and radius XB. describe
the arc BB’ equal in length to Ihe
calculaled circumierence of Ihe ¢one.
Connect points B and B’ to X. These
lines represent the selected seam ling
in the layout, chosen because it will
require |he shortest weld. Divide the
arc into 12 equal parts and label the
division points as shown in Figure 5-41.
Join thase points to X'. Point A is the
centre ling of Ihe pattern.

From X in the elevation. transier the
lengths XL, X5', X4', X3’ X2, X1' and
XK to the corresponding line on the
cone patiern. Connect the points to
form lhe true joint line.

To connect the branch to the cone al
lhe intersecting line KL, refer to
“Parallel Line Development — Two
Piece 45" Elbow. See p. 108,

RIGHT CONE wITH ON-CENTRE BRANCH AT
90°

There are several methods of developing the
pattern for a branch that intersects a cone, The
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following method has limited apphcation. but 1s
relatively simple

Step 1

Step 2

Lay out the elevation as shown In
Figure 5-42 and draw a semi-circle on
the end of the branch cylinder

Dwide the semi-circle nto 4 equal
paris and number as indicated. (Note:
This varies from previous develop-
menis where 6 dwisions were used)
Project points 2. 3 and 4 honzontally
o the centre line of the cone and
number 2°. 3’ and 4"

With centres 2°. 3° and 4°. and radn 2'a
3'b. and 4'c. describe arcs ad. be. cf

With centres 2. 3" and 4", and
lengths 22, 3”3 and 4"'4. descnbe
arcs to cut hne 1 - S at ponts t. 5 and
u as shown in Figure 5-42. Project
these ponts horizontally to the cone
cenire hine Where the projected lines
cut arcs ad. be and cf. erect verticals
upwards to intersect lines 2"2%, 3”3,
and 4"4" Where point d quis line 2"2’
identifies a true point on the mitre line

between the branch and the cone.
Sirmilarly. where pointe cuts 33" and §
cuis 44" represent additional points
on the mitre line. Connect the points
to describe the mitre line

To develop the paltern for the branch
cylinder. calculate the circumiference
of the cylinder and mark off this
length on a hne extending from the
end of the branch, Divide this pattern
base ling into 8 equal parts and num-
ber as shown in Figure 5-42 In this
case. line 5 was selected the seam
line.

Transfer the lengths from the
establhished mitre hne in the elevatbion
to the pattern and join the correspon-
ding intersecting points.

To lay out the contour of the hole In
the cone. describe an arc using centre
A and radwus equal to the slant height
of the cone and having a length equal
to the calculated circumference of the
cone. Locate the cenlre line AX.
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With centre A and lengths Ax, Aa, Ab.
Ac and Ay. descnbe arcs n the
conical pattern as shown. With cen-
tres at a’, b’ and c¢’, and leagths equal
to the arc lengths ad. be and ci
respectively. mark off the distances on
the corresponding arcs to establish
points on the contour of the hole Join
the points to form the pattern.

TRIANGULATION

The single most mportant element of
triangulation 18 hnding the true length. The
method 1S Simple. yet in the more complicated
layoults 1t can be difiicult to establish what is in
fact the true length.

The procedure for developing a pattern using

the tnangulation method involves these Steps
Step 1. Establish the plan and elevation views

Step2 Develop a system of numbering and let-
tering

Step 3.
Step 4
Step 5.
Step 6.

Estabush refe.ence lines
Calculate and establish true lengths
Mark the template

Note bend lines. direction of bend and
degree of bend.

The principle of establishing a true length is that
a plan length placed at a nght angle to Its rue

PLAN VIEW l

Figure 543, Three Views of a Flange Strut

. 4
SIbE ELEVATION |

vertical height will produce a diagonal equal to
its true length. For example. Figure 5-43 shows
three views of 2 wide flange strut.

If the plan length L were placed against the true
vertical height H, the true leagth X of the strut
would be esStablhished. Thus can be checked by
companng the true length 1n the elevation view
with the length of X. The principle stll applies if
the strut is offset as in Figure 5-44. By placing
the plan length L against the true vertical height
H {profected from the front elevation). the true
length X will be established.

To illustrate surface development uSIng the
triangulation method these layouts are
described:

1. Square to Square Transition

2. Square to Round Transition
3. Rectangle to Round. Ofiset Both Ways.

SQUARE TO SQUARE TRANSITION

To develop the pattern for a square to square
fransition. draw the elevation and plan views as
shown in Figure 5-45. Note mn the plan view that
tnangtes have been constructed by joining the
foltowing points:

DtoXK
KtoC
CtoJ

N to E
E to M
Mto D

The centre hine DL has also been drawn

i
0
1
0
1
il
Jl
[
[
I
I
It
I
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PLAN VIEW
Figure 544, Ofiset Flange Strut

TRUE LENGTH FINES

L

1/2 PATTERN

Figure 545. Square to Square Transition
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Step 1

To determine true lengths. draw the
right angle XYZ with XY equal to the
verlical height of the transition(trans-
ferred from the elevation view). On
lne YZ step off plan lengths DL. EM.
EN and DM As the transition 1S Sym-
metnical about the centre lines, the
tnangles In the other 3/4 of the
drawing will be equal to the arcs con-
structed. Connect the points on hne YZ
to apex X. These lines represent true
lengths of plan view dimensions.

To develop the pattern. draw line MK
equal to MK in the plan view, and from
centre L erect a perpendicular equal to
DL in the elevation view whichis a true
length. Check ttus length by tréns-
ferrtng length X1 from the true length
trrangle. since X1 18 the developed
lenglh of plan length DL.

To locate poinis E and C on Lhe patlern,
descnibe arcs from centres M and X
and length X3. With centre D and
iength DE or DC from the plan view
(equal 1englhs). draw arcs to cut at C
and E Join E and C through D. Line
EDC sl ould be paraliel to MK,

To establish points N and J, scribe arcs
from centres M and K with ! 2ngth MN to
KJ (equal). With centres E and C and
length X4, scnbe arcs to cut atN and J
Join MN and KJ.

To locate points F and B, describe arcs
from centres N and J with true length
DL from the elevation view (equal to
FN). With centres E and C and true
length EF (or BC) from the plan view,
draw arcs to cut at F and B. Connect C
and J 10 B, and E and N to F. Check to
make sure that angles BJK and MNF
are 90 angles

The developed plate is 1/2 of the pattern

SGUARE TO ROUND TRANSITION

In the square to square transition above, the
conventional method of numbering and lettering

o establsh true lengths and

indicate the

inangles was amended to set out the principles
more clearly. In the square to round patiern
development. the conventional method is ap-
plred, and the procedure must be followed

closely since the numbenng and leltering are
exiremely wmportant 1n more complex layouts.

Slep 1.

Draw the front elevation as shown in
Figure 5-46. Since the transition is
symmetrical. a {ull plan view is not
required. In fact, a 1/4 plan would be
sufficient: however. a 1/2 plan view is
used to illustrate the numbering and
letiering sequence. The semi-circle in
the 1/2 plan is divwded into 12 equat
parts and the division points iabelled
and connected to C and E.

To develop lhe true 1ength lines. con-
struct the true length triangle XCA with
XC equal to the vertical height of the
transition in the elevaton view. From
the 1/2 plan view. transfer the plan
lengths CA, C1, C2, C3. C4, C5 and C6
to the base of the right angle triangle
and connect the poinis to apex X.

To develop the patlern. draw base line
E'D'C’ equal in length to EDC in the
pltan view. From D erect a per-
pendicular D& equal to the true length
AB in the front elevation. This true

length corresponds to lines AB, D6 and
FG in the plan view.

Transfer arc length 6-5 from the plan
view to the pattern and step off from 6
(this length is constant for the entire
pattern).

From the true iength triangie. transfer
the length X5 to the pattern by scribing
arcs from centres E' and C° to in-
at 7 and 5. {This length equals the true
length of lines C5 and E7 in the ptan.)

Scribe arcs from 7 and 5 equal to the
arcs in the 1/2 plan view. With centres
E’ and C' and length X4 from the true
length triangle. draw arcs to intersect
at 8 and 4.

Continue the procedure as estabiished.
using true length lines to correspond
with the plan vicw, to locate points 9, 3,
10, 2, 11, 1, G and A,

To locate points F and B. use centresE'
and C° with length CB or EF from the
planview and scribe arcs. With centres
G and A and pattern length D6
(previously stated as equal to lrue
lengths AB and FG). draw arcs to in-
tersect at F and B.
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FRONT ELEVATION

TRUE LENGTH LINES

1/2 PLAN VIEW

%

b [}
1/2 PATTERN

Figure 5-46. Square to Round Transition

Step 9.

Connect all points as shown i1n the pat-
tern. Verity that angles GFE and ABC
are 90 since the seams in the plan
meet at that angle.

RECTANGLE TO ROUND, OFFSET
BOTH WAYS

Since this unit is not symmetrical about &ither
axis, two separate and distinct half patterns
must be developed from four different true
length iriangles. The ptinciples established in
the preceding exercises are applied; however,
the complexity of this problem requires that the
steps in the procedure be foliowed precisely.

Draw the elevation and plan views as
shown in Figure 5-47,

Divide the round opening in the plan
view into 12 equal parts and number
the division points 1-12,

Join the division points to the corners
of the rectangle as follows:

Points 1. 2, 3, 4 to A
Points 4. 5. 6.7 to B
Points 1, 12, 11, 10 to D
Points 10. 9, 8, 7, to C

Step 4. To establish seams, JoinEto 1 andF to

7 on the plan view. On one of the true
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Figure 5-47. Rectangle to Round, Offset
Both Ways

length triangles, step off E1 and F7 on
the base line, and connect the points to
the apex.

Tq develop true lengths for the first half
pattern, two trye length triangles are
required: the first will determine true
lengths about point A. See Figure 5-48.

a.

Construct a right angle triangle
WA4 as shown. {The base A4 is
taken from A-4 in the plan view, and
the height WA is equal to the true
vertical height from the elevation
view.)

. Step off lengths A1. A2 and A3 on

the base line, and connect these
points to apex W.

. Construct a second nght ~ngle

triangle XB7 to determine true
lengths aboul point B. (B7 is taken
irom the plan view, and XB is equal
to the true vertical height as in the
first triangle.)

. Step off lengths B4, B5 and B6 on

the base line, and connect these
points to apex X.

b

e i ¢

Figure 5-48. Rectangle to Round, Oftset Both Ways (Trus Length Davelopment)
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To develop true lengths for the second
half pattern. construct two additional
true length triangles in the same man-
ner

a. Construct a nght angle triangle
YD10 to delermine lrue lengths
about point D. Step off lengths D1,
D12 and P11 on the base line and
foin these points to apex Y.

Construct a final right angle
triangle ZC7. Note that distances
C8. C9. C10 and C7 are equal
since in this unit each is a radius of
the circle in the plan view.

To devetop the first hali pattern 1-E-A-
B-F-7. draw a base liae AB equal to
true length AB in the plan view.

a. To locate point 4 as |he centre of
the curve In thus half pattern. scribe
an arc trom point A and length W4,
With centre B and lenglh X4, scribe
an arc to cut al point 4.

With cenlre 4 and arc length 3-4
{from the plan view). scribe an arc;
with centre A and lenglh W3, scribe
an a2 to cut at 3.

Continuing this procedure, locale

With centre 4 and tength 4-5, scribe
an arc. with centre B and length X5.
scribe an arc to cut at 5.

Continuing this procedure. locate
points 6 and 7 on the curve. Join 4,
5.6 and 7 to B to establish bend
hnes.

To locate point E. scribe an arc
from centre 1 and length WE1: with
centre A and true length AE from
the plan view. scnbe an arc to cut
at E,

To locate point F. scribe an arc
from centre 7 and length WF7: with
centre B and true length BF from
the plan view. scribe an arc to cut
at F.

. Join 1-E-A-B.F.7.6-5-4-3-2-1 to com-
plete lhe first half pattern.

Using the same procedure. develop the
second half pattern from the remaining
true lenglh triangles. drawing base line
DC and establishing point 10 on the

curve isitially. Join the established
poinis lo complete the pattern.

points 2 and 1 on lhe curve. Join 1, Note: The direction of the arrows over the bend
2.3 and 4 10 A 1o establish bend lines dictates the side from which the patlern
lines for the transition. will be shaped.







Boilershop Fabrication

INTRODUCTION

Fabncation means the construction or manufac-
ture of parts. and the opeérations include layout.
cutting. forming. assembling., |0ining and in-
spection. Layout. cutting. Joining and inspection
are descnbed 1n some detail in other chapters of
this manual. they are illustrated here only to
provide context. The emphas:s in this chapter 1s
on forming and assembhing.

The principal machines used in fabncating are
cranes. press brakes, plate rolls, pipe bending
equipment. plate shears. structural shears (crop-
ping shears), welding machines. burming equip-
ment. hole punching and dnlling machines as
w~ell as a wide vanety of igs and fixtures used to
clamp or posihion parts to be welded

In forming metals the key considerations are:
1 Type of material being formed

2  Thickness of the matenal being formed

3 Dweclion of the forming operation

The type of matenal oflen dictates the formmng
process, for example:

1 When forming low carbon alloy steels (T.1.
Corten. etc ). working the matenal hot can
be extremely detrimental 1n terms of
changing the matenal's mechanical proper-
ues

Copper can be over-worked. causing it to
work harden and become relatively brittle.

High zinc alloys should not be worked In
cold temperatures as they may become brit-
tie and crack duning the forming operation.

The machine operator may have litlie control
over selecting th.e forming process: however. he
should not arbwranly change the process
without considenng the many factors 1nvolved

The thickness of the matenal has great
significance for the layout man and the machine
operator. The important of working to the mean
or neutral diameter 1s emphasized in the chapter
on layout. The following example will illustrate
this important pont.

WORKING TC THE MEAN

Consider a vessel that will contain a round bafile
on the inside with an inside diameter of 547, The

shefl matenal is 3/8" thick. Circumference
calculations using the formula, © = = D. resyil in
a flat length of 169 5/9” However. once the
plate has been rolled. the vessel's inside
diameter will not be 54" but 53 5/8" The reason
for this discrepancy can be explained as follows

The length of a piece of plate 15 only constant
for both sides as long as it is flat As soon as it 18
rolled. its length {or the circumference of the arc
or circle it describes) becomes longer on the
outside and shorter on the inside (Figure 6-1).
The only portion of the plate that retains the
onginal 15,gth 1s the middle of the plate
thickness. referred to as the "mean” or "neutral”
length or circumference. In the above case. the
inside diameter of the rolled plate reflects the
shortening of the inside circumierence resulting
from roling.

The actual discrepancy between the mean
diameter and the outside diameter is 3/8" {from
54" to 54 3/8") (Figure 6-2) which is equal to 1
time the plate thickness. Similarly, the actual
discrepancy between the mean diameter and the
inside diameter is 3/8” {from 54" to 53 5/8")
(Figure 6-2).

To obtain the required inside diameter of 54",
calculate the circumference using 54 3/8" as the
diameter. This results in a flat length of 170
13/16" which will produce the required 54" in-
side diameter when rolled (Figure 6-3).

Conversely, when the outside diameter is the
critical dimension (54" in this case}). calculate
the flat length of plate required by using 53 5/8"
as the diameter. (Figure 6-4). The necessary flat
length is 168 15/32".

From these examples, a rule of thumb can be
developed to ensure precise fimished dimen-
sions for rolled plate:

For exact O.D., subtract 1 plate thickness from
the specified diameter and calculate the
required flat length as:

C = =z(D-1p Thickness)

For exact I.D. add 1 plate thickness to the
specified diameter and calculate the required
flat length as:

C = z(D + 1 P Thickness)
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BEFORE
ROLLING
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AFTER ROLLING

Figure 6-1. Length of Plate Before and After Railing

ragemm 547" MEAN OIAMETER —¥

Figure 6-2. Discrepancles Between Mean
Diameter and Inside and Qutside
Dlameters

GRAIN DIRECTION

A further cnitical consideration in forming metals
18 grain direction of the material. The grain
cirection i rolled steels and other sheet metals
runs parallel 10 the edges of the sheet and strip

Figure g.3. Getting the Correct Inside
Dlameter

as they are received from the mill. This feature of
metal has the following implications:

Bending  Whenever possible, material should
be bent across the grain. Bending with the grain
may cause the material to fracture, and, as
thicker materials are used, the problem is more
severe. Where bends are required that are
parallel 1o the grain. increase the radius of the
bend 10 the maximum aliowable within design
and cost considerations.
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1

Figure 64, Getling the Correct Qutside
Diameter

Rolling Rolling should be performed in the
direction of the grain. However, iIf 1t1s necessary
to roll across the grain. the pressure should be
apphied gradually to permit realignment of the
granuiar structure $0 as to prevent severe stress
and possipie fracture of the matenal. On thick
matenal. or when the rachws 1s tight, or both, the
matenal shou!d be formed with the grain.

FORMING CONSIDERATIONS

The directton of forming is also ymporiant in
terms of whether the part is to be left handed or
nght handed. In Figure 6-5 the infiuence of
forming is shown in the case of a simple bracket
to be formed by bending the plate at 90° on the
centre hné The bracket as shown atA and 8 in
Figure 6-5 |ndicates the results of bending up
and be » ing down for the same 1tem. Note that A
and B are nol interchangeable.

The amount of “spring back” in forming
operations is influenced by the following factors.
1 Type of matenal

2. Thickness of material

3. Grain structure of the material,

In normal operations in a fabrication shop, the
desired angle ~nd radius are usually exceeded

in the forming since the material will tend to
“spring back”™ when the force is removed from
the forming medium. The amount of “spring
back”™ wvaries with different materials and
sometimes with similar materials from different
suppliers.

Since experience is the most important criterion
when determining the degree of “spring back."”
test bends should be made whenever possible
prior to forming. In the case of multiple bends
check the first bend and. if necessary. make
allowance on subsequént bends.

Information for the forming procedure is marked
on the plates. As Figure 66 in A shows, the
marking of a hopper plate for bending with in-
structions ‘"bend up,” “bend down™ {sometimes
marked "up sq.” "down s5q." “up to set” and
“down io set"} is made with a paint stick or wax
crayon The bend mark symbol is marked on the
bend. The marking medium is often determined
by the finishing material to be used. 2.9.. wax
crayon may be detnmental o a subsequant
painted finish, and centre punched lines can
cause problems if the finished product is to he
lined with corrosive-protective rubber. ebonite.
of other substances.

FORMING PROCEDURES FOR CONES

The marking lines and forming procedure for
rolling conical work are shown In Figure 6-6 at
B. The lines radiate from the apex of the cone,
pressure is exerted from the top roll. and the
plate is rolled over each line half way to the next
line. Repeat this procedure on each bend line
with equal rolling and pressure applied lo each
line Repeat the process several times until the
correct contour is obtained. In the absence of
plate rolls or rolls of sufficient size and capacity.
the operation can be performed in the press
brake. In this procedure, it is necessary to avoid
flats between the bend lines by: 1) incorporating
more bend lines and 2) reducing the angle of
each bend.

A

Figure 6-5. Influence of Form on a Sample Bracket
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Figure 6-6 at C shows a stringer ptate for a spiral
staircase. The plaie is marked with rolling lines
to indicate the direction of rolling and to specify
the correct hand. The angle of the stnnger to the
tank 1s also indicated to provide a check on the
amount of radius or set. Owing to the relatively
short length of plate rolls and the acute angle at
which stringer plates may have to be placed in
the rolls, it may be necessary to roll the plate at
two or even three settings to obtain the finished
contour. The machine operator must be par-
ticularly diligent in setting the top roll accurately
to oblain the correct spiral bend.

For conventional circular rolling of plates (D in
Figure 6-6), the direction of rolling is indicated
by marking with arrow pointers and proper in-
structior.s. If the plate has special welding
preparations at the seam. indicate this clearly as
it will determine the decision to roll up or roll
down. Similarly, the requirement for mitring or
pre-dnilling the plate may influence the forming
duwection.

The ends of cylinders should be pre-formed to
the correct radius prior to rolling to avoid flats at
the seams. This can be accomplished by setting
the ends on the press brake of on a pinch type
set of plate rolls, if available.

BASIC RULES FOR FABRICATION

Dunng fabrication. several basic rules should be
foliowed:

1. Before assembty. check individuat unils for
part number, Size and $traightness. Matenal
fitted Into a unit by force using jacks or
dogs and wedges is the cause of built-in
stresses that may cause premature failure in
service or failure during further fitting
operations. Oversize material may f{orce
parts together causing stresses or may make
the finished unit exceed the customer's size
tolerances. Undersize material will create
gaps between mating parts. resulting in
more welding, more distorticn and.
therefore, more stress. QOversize and un-
dersize result in a less than perfect assem-
bly, adding to the cost of each item.

C, uck material prior to assembly for comect
edge preparation. and, if possible. perform
machine operations such as drilling, pun-
ching. machining, eic, before assembly. For
example, il is easier ‘o drill and machine a
flange beifore rather than after assembly.

Note. however, that design tolerances may
dictate the procedure.

During assembly, tack welding 1s a con-
venient method of maintaining alignment of
component parts. Determine the size. num-
ber and length of tack welds by the
thickness and shape of the parts to be
welded. They must be strong enough to
restrain the parts durtng assembly. and must
not break as a result of the strains exerted
during moving or when expansion and con-
traction take place during welding. A tack
weld is generally about twice as long as the
thickness of the parts to be welded. As tack
welds may form part of the finished welded
joint. they should have good fusion,
penetration and a good surface contour.

PRESS BRAKES

Press brakes are either hydrauhic or mechanical

The hydraulic press brake is particularly suitable
for plate bending and short run applications of
the type usually found in a boilershop Most
brakes have interchangeable dies.

The selection of the press brake as a forming
medium is determined by the length of the work.
the radius or sharpness of the bend and the
thickness of the material. The operator must
exercise care in following the forming in-
structicns, In aligning the work and in selecting
the correct die for the press brake. Figure 6-7
shows a selection of common dies used for
malerial up to 1" thickness. Dies for forming
plate greater than 1" thickness are available and
are supplied with brakes of sufficient rated
capacity.

Note in Figure 6-7 that the included angle for
both male and female dies allows for over-
bending ¢ metal to compensate for springback.
Angles from very shallow to 90° are formed by
adjusting the press brake ram.

"R" equals the radius of nose of male die and
should not be coniused with radus of angle
formed by die.

PIPE AND TUBE BENDING

Pipe and tube bending are important skills in
boillermaking, primarily in shop layout and for.
ming fuictions, but arsc in ceriain field
operations,
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Figure 6-7. Common Air Bend Dies

FPipes are bent either by hand or machine and
may be accomplished either hot or cold, depen-
ding on:

1. Pipe material

2. Mechanical properties of ‘he malerial
3. Size of the pipe

4. Service requirements of the bend.

For example, a handrail fabricated from plpe has
less stringent requirements than a bend to be
used on a high pressure steam line.

In bending pipe or tube, the outer edge is
stretched and the inner edge compressed. This
distonts the circular shape of the pipe {Figure 6.
8).

A technique used to reduce the amount of
distortion to acceptabile levels 1s to plug one end
of the pip *{2 wooden plug can be used) and fill
it with sand. Care should be taken to avoid any
possible voids in the pipe: use a vibrator. if
available, lo ensure complete filling. When the
pipe is filled, seal the other end of the pipe
{again, a wooden plug can be used). Sand is a
suitable material for gither hot or cold bending.
On smaller tubiny, a Isad alloy can be melted
and poured into the pipe. Although very afficient
for small tubes, this method is both impractical
and costly for larger diameter tubing. (See
Figure 6-9.)

Not all bands can be performed in one
operation. The radius of the bend determines
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SECTION AA

Figure 6-8, Example of Distorition of Circular Shape

Electnic Power
Smtch PumD

Control
Valye  Quick Change

Goupler

QL - Ram
Hose~
, Bending Shoe

Bender Frame
Pupe Support Pin
Plpe Support

Degree Indlcalo{ Clamp

vow P
- Pegree
'-}\\ Indicator
RS

Pipe Holder

Figure 6.9. Large Sweep and Concentric
Pipe Bending

how many '“shots” are required to complste the
bend.

Before beginning the operation, the following
nformation 15 required:

1  Size of pipe 10 be formed
2 Radius of the bend to the centre of the pipe
3 Total number of degrees in the bend,

By calculation, the true length of the pipe can be
determined. The formula for a 90' bend 1s:

Radius x =

The formula for any degree bend is:

Number of degrees x Radius x 00175

The figure 0.0175 is derived from the length of
the arc radius 1.0 for 1°.

Example: Angie = 1° Radius = 1°-0

ARC = 0.0175

RAD. =1"-0

After determining the jength of the besrd, the
straight section of the pipe c¢an be added.

In all layout and fabncation. use centre hnes
wherever possible. A simple and accurate
me*hod of marking a centre ine on a pipe 1S to
place the pipe in machined Vee blocks. Because
of deflection in the pipe. a rule of thumb 18 o
locate one Vee block every 8. If the Vee blocks
are 6" wide, place a square or straight edge
against the block and measure 1n 3" a5 shown in
Figure 6-10. The measure ¢an be taken on either
end of the pine, and a chalk line used t2 join the
w0 measurements.

FORMING A 80° BEND

An example of the procedure is descrnibed in a
layout required for a 90 bend.
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Figure 6-10. Marking a Centre Line

Calculate the bending data for a 90¥
bend, 48 riser or stubup, with 46" leg
length, having a 30" radius to the cen-
tre line. (See Figure 6-11) On the 30°
radius the developed length would be:
30" x 1.57 or
(175 x degree of bend x bend radius}
= 47.107;

47 1/8” rounded out
= developed length which is the por-
tion of pipe that has to be bent.

Step 1

Calculate the gain. On 80° bends, gain
equals:
2 x radius - developed length
={30 x 2})-471/8
127/8" gain

To determine the overall length of pipe,
add the two right angle dimensions and
subtract the gain of the bend:

(48" + 46") - 127/8"

= 81 1/8” overall length of the pipe.

Pipe Size ¥
Degeee of Bend  90°

48~
Rise of
Stub-up

" Leg Length
Figure 6-11, Sample Layout for 90° Bend

Locate the cenlre of the required bend
using the riser or stubup dimension of
48", Subtract the radius and add one
half of the developed length:

(48" - 30") + 23 1/2” = 41 1/2" from
the end to the centre of the bend

Tomeasure the riser from the bottom of
the pipe, add one half the C.D. of the
pipe: 411/2” + 13/4" = 42 1/4"

As a rule 6” bends or less gives a good
bend on a 30° radius. In this case 6°
per bend will be used, requiring 15
bends:

80’ + 6 = 15 bends.

To determine the distance between the
bends divide the developed length by
15;: 47125 + 15 = 314" or 3 1/8"

Clamp the pipe firmly in pipe holders.
Make the centre mark 41 1/2" from one
end of the pipe (Figure 6-12). Mark
seven marks on each side of the centre
mark, 3 1/8” apart, making a total of 15
mark s.

It is always good practice to check the distance
between the first and last bend marks to be sure
marking is correct. The distance from the first
mark to the fast mark is the developed length
minus the width of one space:

471/8” - 31/8" = 44~

between the first ‘and last mark.

4 vz
LOCATES CENTRE OF BEND
IRE—

r w

DEVELOPEQ LENGTH

81.1/8”
OVERALL LENGTH

Figure 6-12. Marking Lengths

After the pipe has been located in the bender as
shown in Figure 6-13, attach bending degree in-
dicator in the most convenient location. The
pipe supponts are located with lhe proper face
toward the pipe, the pipe support pins inserted
and locked in position by tuming Ihe small lock

pin.

Using the equipment set-up as shown in Figure
6-13, a 6° bend is made on the first mark, The in-
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NOTE RIGHT PiPE SUPPORT MOVEQ IN ONE HOLE AFTER FIRST

BEND

Figure 6-13, Pipe Bent to 18 Degrees-3 Shots

dicator will read 6 . Release the pressure. check
the spring back, if any. and overbend the same
amount.

When using a bender with a rigid frame, move
the pipe support one hole postion toward the
ram. that 15, on the side of the completed bend.

Bend up to 12" un the serond mark; check the
spring back.

When the bent pipe gets past the one pipe sup-

port. the ram travel on the balance of bends is
exactly the same.

Follow this procedure until the last mark is
reached at which point the bend would be 80°
Stop exaclly al 90°, release the pressure. check
the spring back and overbend the same amount
This produces a 30° bend without any wows or
twisls in the pipe.

Tables 6-1 through 6-4 provide further useful in-
formation on this procedure.

A

e — ————— . ¢ e neie



138 Boailermaking Manual

TABLE 6-1. FORMULAS
GAN T0 LOCATE CENTRE OF 90* BEND

10 CENIRE OF PPE
Garn lor 90° bends = 2 x radivs  developed lemglh 1 Desermune teg tength '[7

fo cepfie  Subtract sads

DEVELOPED LENGTH us of bead Add 1.2 1ne
devaloPed leagih

Develobed length ol any degiee of bend

Developed Length = @175 x degree ol bend T Onveg tength to
x tadws of band botiom ol pipt — sy
uacl 1he s3das and L2

OceveloPed length of any debee of bend shown i the :;c ohl; ::: ';: :L?MW
¥
chast — multiPly the sadeus ol the bend by the comstant tength

Developed Length = r3dwas x constant 3 v1eg length 1o top of
pipe Sublracd radivd and
DEGREE add £2 the DD and
0OF BERD 15 | 30° | 45° | 60° | 75° | 90° L2 the develtped

length

CONSTANT 62| S23p 11051131187

EXAMPLE  Fupd the developed length on 3 30° bepd with a 4§07 11 13 wsefud to know 1he outssde diameter of the Sipe and alse 1/Z the
radivs dameter when Ytnding 19 make 2 cerlain Tengit of feg 1o The tog o
bottom ¢f the ppe

Developed Length = 40 x |57 omsm% g{lmmn ougnl%gnarmmm
_ . I s

= 6280 or 6213716 0.0, PUACTION| 0.0. _macTion

B0 » 2132 | 420 = 7062
Developed length for 907 bend with any radvus up to 1007 15 listed Y050 = 1 364 | 525 = 1132
on chart shown belOw Y35 = 1 S/16 | 658 = 2L/
1660 = 12138 | 830 = 534
1900 = 129532 | 950 = 6lsd
2315 118 = 1 M
2818 Mol =1 me
1500 12 jU50 =1 3
4 000 2000 = 2

4 500 12 2250 = 2 14
5 562 916 F2786 = 225632
6625 58 F33 = 3 516

EXAMPLE  Find the daveloped length for 2 90° bend with 3 25~
sadiss

To find s 25 inches. break W down wato 207 and "5 The 207

15 found In the left column and the “57 1§ bound at the top of the

thart Take ~ 207 wn the lelt hand column of the ¢hart and read

across to ¢column S and the answer s 39 25 of 39 1447

FORMULA FOR MAKING 90° BENDS: R x 1.57 = Developed Length (See Table)
RADIUS INCREMENTS B8Y INCHES
i} 1 2 3 4 5

0 0 1.57 3.14 an 6.28 785
10 1570 f 1727 1884 20.41 ) 21.98| 23.55
20 3140 1 3297 | 3454 | 3611 37.68| 39.25
30 4710 | 48.67 | 50.24 | 5181} 53.38| 54.55
40 62.80 | 64.37 | 6594 67.50 | 69.03| 70.65

50 7850 [ 80.07 | 8164 | 83.21 | 8478 | 86.35
60 94,20 | 95.77 | 97.34 | 98.91 | 100.48 | 102.05
70 | 10990 | 111.47 | 113.04 | 114.61 § 116,18 | 112.75
80 1 12560 | 127.17 | 128.74 { 130.,1 | 131.88 | 133.45
90 | 141.30 | 142.87 | 144.44 | 146,01 | 147.58 | 149.15

RADIUS— IMCHES BY TENS

Developed length for lotlowing amgles use Irachion of $9° chaat

YOR 15° | 212 ) W 45° §° | e7r° 90°

TARE 1/6 1/4 [J£! 112 23 k] See chart

For any nther degrees ODeveloped lenglh = 01744 x radvus x defrees
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TABLE 6-2. CALCULATING OFFSETS AND LOCATING BEND CENTRES

L = LONG SIDE
§ = OFFSET
R = RUN on

REMAINING SIDE

A+ R + B = TOTAL RUN

LOCATE AND MARK

CENTRES OF BENDS SELECTED

BEND DEGREES

A+ L + B less TWO GAINS = TOTAL LENGTH

‘ . & less 1/2 GAIN _______I__

L less ONE GAIN
Centre of Bends

CENTRE OF BENDS

L

TIMES CORRESPONDING MULTIPLIER EQUALS
TABLE OF MULTIPLIERS FOR SELECTED DEGREES OF BEND
UNKNOWN 55/8° 11 1/4°  15° 2217 30°  3TN2° #5° 60° | UNKNOWN

1 10207 5126 384 2613 200 1643 1414 1155 L

098 195 259 383 50 609 707 866
10058 5027 3732 2414 1732 1303 100 577

098 199 268 A1 577 767 100 17132
1005 102 1035 1082 1155 1260 1414 200
L 955 981 966 933 866 793 707 50

RADIVS
OF SHOE

70 FIND

GAIN PER
BEND

GAIR PER
BEND

0002 0006 0015 0051 0124 0212 0430 1076

When making offsets 1t 13 nécessary to make two bends with the
same degree of bend The problem invotied 15 how to higure 1he
distance between the two bends Refer to .hart above this makes i
easy to arnve al Mhe lenglh betwee the two beads

Furst determine offset nceded. then the degree of bends lo be made
Then mulliply offset measurement by figure directly under degree of
bend

The above apphies to all sizes of pipe

EXAMPLE 187 offset with two 45% pends 187 x 1 414 = 254
belween bends

To connect the lwo ends of an offsel to two pieces of pipe atready in
place il us necessary to know Ihe overall length of Uhe offset Irom
end 10 end before beading A 4+ L + B 2 gains = overall length

Gan 15 shoe sadius x decymals shown on last hine under degree of
bends

EXAMPLE 3 pipe 45° ofiset A3 + L25'%" + B48 = 1093/
2 gawns 1932 =108 7/32" Gain 15 hgured 157 cadws = 15 x
0430 = 645 for one gain Two gans = ] 9732
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TABLE 6-3. HOW TO LAY OUT 90° BENDS WHEN USING STANDARD 90° SHOES

RADIUS | DEVELOPED HALF l A
PIPE | OFBEND | LENGTH | GAIN | GAm

R s [ x| Y otk

6*/16 1*'415 I8

7 e 1%he

P T h Determined Length
Determ:ned Length

11 3tk Radws of Bend

13 3 1p . Gan

o Y Hali Gain
16 16 DL Developed Length

19 54 5 A+ B X Length of Pipe Required
23 °he 6 'ng A+ Bo
T + - —_—
1 i
27 Yz Tie A-y B-Y
31 *hs 8 % [ H20LT1120L ]

90° BENDS

DL

LOCATING CENTRE OF BEND FOR REQUIRED LEG LENGTH OR RISE HEIGHT
AS PER A & B WHEN USING STANDARD RADIUS SHOES SHOWN IN ABOVE CHART

CEMTRE OF PIPE I:IO s01TOM OF PIPE 10 T0P OF PIPE

CENTRE OF BENO CENTRE OF BEMD

WA LlAr. SR DT W

Le MINIMUM Le_MINIMUM Li_MINIKUM
arn M2 | 883 & s ssomy | 863 & 83« 380wz | 683 & 88e

10 *e | 1§ 7 n 12 Shs 04y |11 s
10 718§ 1% n 12 'n2 955 | 11 he

nihg | 1 ta ) 13” 14 ’ig " 1 3 | 13 %

13 *he | 16 9018 15 17 48 13% |15

15 136 | 19 YA 17 20115 15 e |18 e

1mtns p 230 " " 24 g " 16 42 | 213%he

- 81 | s 21 e 24 ‘he

2936 | 3% . 3045 " FE AT

31 3% 33 3 29

35 th 4 e " 3| 6w " 33

NOTE The liguees tor G, H and X remain constant for teg lengths above mimmum Add 41/ to minimum Lo, Le. and L. when using
No 807 Bending Degree Indecalor

EXAMPLE Find the tenlre of bend for a 300 feg measured from the bottom of 2 pape
Centre of Bend = Lo-H
30-3%15 (see middie charn)
260N
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TABLE 64. HELPFUL CHART WHEN LAYING OUT A 90° BEND

ERD OF pipr 1O watl

T OF FIPE TO wal

.l
=

Gain = .43 x Radius

A + B — Gain = Length of Pipe Required
A or B — 1/2 The Gain focates Centre oi 90° Bend

e T —

HD OF PIPE TO wall

ALLOWANCE FOR ~ 3

COUPLING OR WELD

%\\\\\‘\\\\\“ Al

€ OF PIPE 1O WaLl

Gain for 90° bends can also be arnved at by taking 2 x radws — developed length

JIGS, FIXTURES AND POSITIONERS

Jigs and fixlures are devices used to align parls
during fabnication. Positioners are devices that
hold units in preferred positions to permit
welding in the downhand position.

Jigs. lixtures and positionars are often combined
in one apparatus to enable the operator to align
the parts and weld them I10gether with the
mimimum effert. the least cost and assurance
that the parts will meet precise specifications.
The design of the aligning and positioning
assembly should be simple and easy to operate.
Clamping dewices should operate quickly and
efhiciently; clamps. toggles. wedges and
locating pins are preferred to nuls and bolts
which are me consuming to fasten and tighten.
Figure 8-14 shows & machine used in welding.
The table on the positioner can be rotated and
tilted to the most favourable welding position.

Figure 6-14. Positioner used in Boilershop
Fabrication
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INTRODUCTION

The field Boillermaker relies upon a vanety of
biting and support mechanisms fo transfer and
secure matenal and equipment on the jobsite At
one extreme. immense. sophisticated cranes
perform massive lifting and moving operations
while at the other, simple systems of ropes and
pulleys having suflicient mechanical advantage
manage smaller operations to enable "man-
power” to provide the required energy. In both
cases, the fundamental .ut of the system is the
line or rope, and the Boilermaker must have a
complete understanding of the composition,
charactenstics. capabibhies and uses of all types
of line and rope. This chapter describes natural
libre. synthetic hibre and wire rope.

KNOTS AND HITCHES

Both natural and syntheuc fibre ines can be ted
N vanious ways to produce knots and
fhitches 1o serve specfic functions tn ngging
and erection operations.

In making knots and hitches. the rope (Figure 7-
1) 15 described as having three parts:

1 The running ond or iree end used when
making a knot or hitch.

The standing part 15 the main hine or inactive
length of rope

The bight i1s the part. usually a loop. between
the running end and the standing part.
SECURING LINE ENDS

When a rope 18 cul, the raw endls) tends to
unravel or untwist and should be secured Lo

Runming
End

Part
Figure 7-1, Parts of the Rope

prevent {osing functional cord. Knotting the raw
end 15 simple. but whipping has several ad-
vantages:

1. It does not signilicantly increase the rope's
circumierence and thus will still thread
through openings.

It 15 @ more durable and secure fastening.

It can be applied before a rope 1S cut to
prevent any untwisting.

WHIPPING A LINE END

Figure 7-2 illustrates the steps invotved in whip-
ping a line end:

Step 1.  Using a small cord. make a bight near
the end and lay the doubled cord
along a groove In the rope between
two strands. The bight should project

about '/2 beyond the end of the rope.

Begin wrapping the standing part of
the cord tightly around the line and
cord.

Continye lo wrap toward the end ol
the rope. ending about '/2 {rom the
cut. The wrapped portion should be as
long as the equivalent of 1-1Y2 times
the rope diameter,

At the end of the wrap, slip the cord
end through the bight. Then pull the
free end of the cord unul the bight 15
drawn under the whipping and the
cord is tightened.

Cut off ends at the edge of the wrap-
ping leaving a finished termination.

KNOTS AT THE END OF A LINE

1. The overhand knot (Figure 7-3) 15 lhe sim-
plest knot to make, but should be used only
with small cord or twine on parcels. On a
larger rope used In handlines and rope
blocks this knot Jams when pulled thight and
damages the fibres of the rope.

The tigure eight knot (Figure 7-4) does nol
injure the rope fibres and is larger than an
overhand knot for tying on the end of a rope
to prevenl it from slipping through a
faslening or a loop in anolher line.
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Figure 7.2, Whipping a Line End

KNOTS FOR JOINING TWO LINES

1

The square or reef knot (Figure 7-5) is used
for tying together two ropes of the same site,
or for tying together the ends of a short rope
to make a temporary endless shing. Properly
ned. a square knot will not slip when the
rope 1s dry and has 50% of the rope strength.

When lying a sguare knot, the standing part
and the running end of each rope must pass

through the bight of the other rope in the
same direction. A square knot 18 easily un-
tied by grasping the ends of the two bights
and pulling the knot apart.

The granny knot or the thief knot (Figure 7-
6) looks like a square knol. but will slip and
jam under a load

A single sheet bend (sometimes called a
weaver's knotl is used to tie together two
dry ropes of unequal size Figure 7-7

150




Rigging and Erection

Figure 7-3. Qverhand Knot

o M
e

Figure 7-6. Granny Knot

ustrates the method of tying a single sheet
bend. The knot will draw tight under light
loads but will ioosen or slip when the hines
are slackened.

A double sheat bend (Figure 7-8) 1s used to
[oin wet ur dry lines of equal or unequal site.
It will not slip or draw light under heavy
loads.

First tie a single sheet bend (do not pull it
- ught). then take one extra turn around the
Figume 7-4. Figure Eight Knot bight. passing the running end under the

E
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smatler line and over the larger ine as for
the single short end.

The carrick band 1s used for heavy loads
and for jowring heavy line It will not draw
tight under a heavy load. Figure 7-9
iliustrates the steps in tying a carrick bend

KNOTS FOR MAKING LOOPS

The bowline Knot makes a non-¢lip loop that
will not tighten under straining and can be
untied easily when the tope s slack. Figure

Figure 7-10, Tying a Bowline Knot

7-10 illustrates the steps 1t tying a bowlne
xnot

The double bowline knot {or French
bowline} provides a secure. two-loop shing
that can serve as a seat for an operator (by
passing a small. notched board through the
Iooag) or ae spreaders to shing a load. Figure
7-11 1llustrates the steps In tying a double
bowiine.

The running bowline knot 15 the basic knot
used in ngging for raising or lifung loads as
it produces a Lhoker type shng at the end of
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2

Figure 7-11. Tying a Double Bowline Knot

a single line. Figure 7-12 illustrates the steps
in tying a running bowhne knot.

A bowline on the bight 1s tied to form a
double loop in the middle of a line that can
be used as a seat or as a spreader to sling a
load Figure 7-13 iltustrates the steps in tying
a bowline on the bight.

A Spanish bowline forms two loops or “rab-
bit ears” providing a double sling for lifting
round objects or for rescue work Figure 7-14
illustrates the steps in ying a Sparnish
bowline

The harness hitch produces a loop ina line
which will not slip. Figure 7-15 illustrates the
steps In lying the harness hitch,

HITCHES

1.

2

The half hiteh is used to secure the free
end of a ine to a timber or to another larger
line. Figure 7-16 shows unsafe and safe half
hitches.,

Two haif hitches (Figure 7-17) provide a
more secure fastening to a pote or timber. It
Is important that the second half hilch is
made by passing the running end around
the standing part and back under itself
again as shown in Figure 7-17.

A round turn and two half hitches is an
alternative method of fastening a hne {o a
timber or pole, and involves passing the
running end of the line in two complete
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Figure 7-14. Tying a Spanish Bowline

turns around the pole before making the
two half hitches as shown in Figure 7-18.

The clove hitch offers a fast, simple way of
faslening a line (0 a post. hmber or pipe
and ¢an be ted at any point in the line. To
tie a clove hitch 1in the middie of the line.
make two turns close {ogether in the line
and twist them 1o bring them back 0 back
as shown 1n Figure 7-19. Slip the loops over
the post To tie a clove hitch at the end of
the line, two underhand loops are tied
around the post as shown tn Figure 7-20.

The rolling or Magnus hitch is used Lo
fasten a line {0 another line. cable, timber
or post and it will remain tight under ten-
si1on or pull This hitch 1s also known as the
mooring hitch Figure 7-21 llusirates the
steps in tying the rolling hiteh,

A sheepshank is used to shorten a rope as
a temporary measure. Th.s may be
necessary {o {ake the load offi a weak or

damaged part of the lhine before
replacemeni can be accomplished Figure
7-2Z2 instrates the steps in tying the sheep-
shank.

The timber hitch 1s used to fasten rope to
steady loads of posts. planks. imbers and
pipes. The knol will [00sen when the ten-
swn or pull 15 relteved. The hitch begins
with a half hitch and 15 completed by turn-
ing or twisting the runnming end around it-
self two or three times following the lay of
the rope (FiQure 7-23).

A timber hitch and half hitch prondss a
more secure hold on heavy poles or imbers
for hfting or hauling This involves tying
one of ‘wo half hitches around the load.
and further along tying a Limber hiich with
the unning end of the line (Figure 7-24).

A catapaw (Figure 7-25} 15 a particularly
useful method of attaching the middle of a
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Figure 7-17. Two Half Hitches

Figure 7-19. Tying a Clove Hilch in the
Middle of a Line

hne to a hook When removed from the
hook. 1t unties itsell,

The lisherman's hend provides a secure
fastening for a hine or cable to an anchor or
other siuations where alternate hightening
and slackening in the ine ocsurs Figure 7-
26 (lustrates a fisherman's bend. With the
running end, take two turns through or
around the object to be fastened. then
around the standing part and through the
loop formed by the tumns. Finally, make a
hali hitch around the standing part and
seize the running end to the standing part
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Figure 7-21. Tying a Rolling Hitch

The scaffold hitck 1s used to support single
scaffold planks so they will hang level and
be unable to tlt Figure 7-27 illustrates the
steps In tying a scaffold hitch.

The Spelr knot provides a constant loop
with a non-shpping knot and can be
released easily by a pull on the runmng
end. Figure 7-28 illustrates the steps in
tying a Spew knot.

The becket hitch provides a secure means

of fastening a line to a ring such as the
becket of a block Figure 7-29 Illustrates

f
Figure 7-20. Yying a Clove Hitch at the End of Line

the steps in tying a becket hitch. Pass the
unning end of the hine through the eye of
the nng. back around the standing part of
the hne. then over both sides of the loop
and up through the bottom half of the loop
as shown. Pull tight.

Barrel slings can be ued to hold barrels
honzontally or wvertically. The horizontal
sling (Figure 7-30) is made by tying a
bowhne with a long loop. Make two "ears’
by bringing the line at the bottom of the
loop up over the sides of the loop and shde
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Figure 7-22. Tying a Sheepshank -

the “‘ears”™ over the ends of the barrel. The
vartical sling is made as illustrated in
Figure 7-31.

Note: Rope strength s reduced to 50% when a
knot or bend 15 tied anywhere along 1S
length.

Rope strength1s reduced to 75% when a
hiich is bed anywhere along its length.

Figure 7-24. Tylng a Timber Hitch and
Half Hitch
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Figure 7-25. Catspaw Hitch
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Figure 7-31. Making a Vertical Barrel Sling

SPLICES

Splicing is a process of joining two ropes
tcgether, or joining the end of a rope to a point
on the standing part. Sphicing recuces the rated
strength of the rope by 10-15%. Both natura! and
synthetic fibre ropes can he spliced, but for all
types of splices, ar more extra tucks are
required for synlhetic fibre rope. An imporlant
consideration in making splices is the care that
must be taken in unlaying the rope and
reweaving the strands so that the form and lay of
the rope are not disrupted.
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SHORT SPLICE

The Short Splice 18 the strongest type of sphce:
however. it has the disadvantage of increasing
the diameter of the rope to such an extent that it
1S unsuitable for some uses such as runming
through blocks or sheaves

Procedure

Step 1

Uniay the strands at end of each rope
for six or ewght lurns Whip the ends of

and bnnn together so that each strand
of one 1~ e alternaies with a sirand of
the other (Figure 7-32, Step 1)

Bring the ends ughtly together and
apply a temporary seizing wherg they
join (Figure 7-32. Step 2).

Take any one strand and begin
tucking. the sequence being over one
and under one Figure 7-32. Step 3.
shows how Strand A 15 passed over
the strand nearest to 1t. which is
Strand D. and then under the next
strand. Strand E.

Roiate the sp! ‘e away from you one-
third of a turn and make the second
tuck: Strand B 1s passed over Strand €
and then undar Strand F (Figure 7-32.
Step 4)

Before making the third tuck. rotate
the splice again one-third of a turn
away from you Strand C is then
passed over Strand F. and under the
next one. Strand D. The Splice now ap-
pears as in Figure 7-32, Step 5.

This completes the first round of tucks
in the left hand half of the splice. Each
strand should now be tusked at least
twice more. always over one and un-
der one as before. making sure that
<ach strand lies snug and is without
kinks.

To finish the sptice. reverse the rope
end for end so that Strands D, E and F
are now at the left instead of the right
(in the sarne position of Strands A. B
and C n the illustrations) and repeat
the tucking operation on their side of
the rope Each of the six strands will
now have had at least thre.s tucks. A
tapered spiice is made by laking two
more lucks with each strand. cutting

Step 8

away some of the threads from each
strand before each extra tuck.

When tuck.ng 1s finished, remove the
centre $112ing and cut off the ends of
all strands, leaving at least 3/4” on
each end. To give a smooth ap-
pearance. roll the splice back and
forth, either under your foot or bet-
ween Itwo boards. The completed
Short Splice should look something
hke the llustrabon in Figure 7-32,
Step8.- - - —
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LONG SPLICE

The Long Sphce s used for pulley work since it
permits ropes that have been sphced to be run
through sheave »Hlocks without |@amming or
chahng Unlke the short sphice. the diameter of
the spliced rope s Increased very slightly.

Procedure

Step 1 To make this splice. begin by unlaying
one strand of each rope for 10 or 15
turns. and whip the ends of each
strand to prevent uniwisting. Then
lock the two ropes together by alter-
nating the strands from each end as

lustrated 1n Figure 7-33, Step 1.

Starting at one end. take an opposite
pair of strands. A and B, and unlay
Strand A. Follow 1t with Strand B, tusn
by turn. continuing until only 1 or less
of Strand B remains. Keep Strand B
tight duning tis step and pull it down
firmly into Strand A's former place.
Repeat this operation wit. Strands C
and D. Strand D 1s unlaud and Strand ©
15 tawd in 1ts place. The splice at this
stage 15 llustrated in Figure 7-33, Step
2

Now each pair of strands is tied
loosely together with a simple
overhand knot, as indicated by
Sirands A and B in Figure 7-33, Step 3.
Each knot s then pulled down into the
rope like Strands C and D,

Each strand 1s now tuckead twice, over
and under. as done in making the
Short Splice. Figure 7-33, Step 4
shows 3trands C and D after tucking.
If a smaller diameter splice 15 desired,
tapering can be done by tucking each
strand twice rmore, cuthing away some
of the tireads for each additional
tuck

When tucking is finished, cut all
strands off close to the rope and roll
the splice on the floor under your foot
to smooth it out, The completed Long
Sphce 1s illustrated in Figure 7-33,
Step 5

SIDE SPLICE

The Side Splice 1s also called the Eye Splice
because 1t 1s used to form an eye or loop in lhe
end of a rope by splicing the end back into its

Figure 7-33. Making a Long Splice

own sida, This splice is made like the Short
Splice except that only one rope 15 used,

Procedure
Step 1.

Start by seizing the working end of the
rope. Unlay Strands A, B and C, to the
seizing and whip the end of each
strand. Then twist the rope shghtly to
open up Strands D, € and F of the
standing part of the rope. as indicated
in Figure 7-34, Step 1.

The first tuck 1s shown in Figure 7-34,
Step 2. The middle strand 1s always
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tucked first, so Slrand B is lucked un-
der Strand E, the middle strand of the
standing part.

The second tuck is now made as
iustrated in Figure 7-34, Step 3, Lefl
Strand A of the working end is tucked
under Strand D, passing over Strand
E.

Figure 7-34, Step 4 illustrates how the
third tuck 1s made. To make Strand F
easy to get at, the rope s turned over.
Stran¢ C now appears on the left side,

Strand C s then passed o the right of
and tucked wunder Strand F, as
llustrated in Figure 7-34, Step 5. This
completes the first round of tucks.

Figure 7-34. Step 6 illustrates the
second round of tucks started, with
the rope raversed again for ease in
handling. Swand B s passed over
Strand D and tucked under the next
strand to the left. Continue with
Strands A and C. tucking over one
strand and then under one to the eft,
To complete the splice. tuck each
strand once more

Remove the temporary seizing and cut
off the strand ends, leaving al least
1/2” on each end. Roll the splice back
and forth under your foot to even up
and smooth out the strands. The com-
pleted Eve Splice 18 illustraled in
Figure 7-34, Step 7.

NATURAL FIBRE LINE

MANUFACTURE OF NATURAL FIBRE LINE

Nalural fibre line is construc.ed by a process of
twisting vegetable fibres together. Individual
fibres are grouped and twisted to form yams.
and yarns are grouyed and lwisted together to
lorm strands (Figure 7-33). Finally, a number of
strands are twisted to form a line. The line twist
15 balanced hy reversing the direction of twist for
each sel of components: fibres and strands are
twisted opposite to yarns.

TYPES OF NATURAL FIBRE LINE

Fibre line is classified on the basis of the kind of
vegetabie libres used lo manufactui © it

Step 2

(]
m
.

%\\\\\\\w

Figure 7-34, Making a Side Spiice
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Figure 7-35. Construction of Natural Fibre Line

Manila fibres are made from plantain leaves.
Supenor quality manila hine 1s made from long
fiores of hght colour. as 1t 1s softer. more elastic,
stronger. durable and water resistant, HS
smoothness makes it preferable for runrung over
blocks and sheaves.

Sisal ine has a harsher feel than manila and 18
about 80% as strong. It has the advantage of
toleraling exposure to sea water very well

Hemp tibres are short and soft. but it produces a
strong. rough hne, Tar Soaking. although
reducing the line's strength and fiexibility, s
necessary to reduce ueterioration from darnp-
ness

Coir and Cotioa Coir hne 15 rough and elastic
and floats on vater. 1t 1S only 25% as strong as
hemp Cotion can tolerate a great deal of ben-
ding and running. but 18 Loo light for most uses

Forms of Naturat Fibre Line

The arrangement of strands in a hine is an 1m-
portanl feature of its conStruction. The thres
principal forms are' hawser laid. shroud laid and
cable laid line.

Hawser [gid hine 1s composed of three strands in
a nighl sand lay (Figure 7-36).

Shroud taid Ling s composed of four strands in a
nght hand I3y around a centre core (Figure 7-
36)

Cabts lald 1:e is composed of thee lines {nght
hand Hawset) arranged in a left hand i1ay (Figure

Houser Latd | 7e

Shroud Lasd Eine

Cable Laid Line

Figure 7-36. Forms of Natural Fibre Line

CHARACTERISTICS OF NATURA.. FIBRE LINE

Size Fibre line 1s designaled by diameter
and circumference {in inches),

Weight  The number of feel per pound of ine
can be eslimated wilh the following formula
within 12% accuracy:

3.4
(diameter)2

Example: for 5/8 inch hne

3.4
{5/812

= 8.7 feet pst pound

Stresnigth Line sirength is described in terms
of 1) breaking strength and 2} safe working
capacily. The breaking strenglh divided by the
tactor of sa‘ety gives Ihe safe working capacity
which should never be exceeded Excess loads
damage Ihe fibres and reduce the strength and
ife oi the line The cendilion of the hine. in terms
of exposure. wear, use and bending. must be
considered in estimaling its strength as these
tactors over lme il greally reduce the hine’'s
capabn...y.

169
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Rated capacities for safe loads are listed in
tables for new line only. (See. for example. Table
i)

A rule of thumb lor estimating the safe working
capacity {in tons) of mania line 1$ tG square the
diameter (in inches). for example. a 1'/8" manila
hne would have a safe working capacity of

Chafing residue — dirt and sawdust-like
material inside the hne

Fragmentation of the core — core pbreaks
away in small pieces. indicating overstrain

Examine the hne n this way in a number of
places and finally pull oyt and stretch a few ran-
dom hibres to test for breakage resistance. Any

117/61, or approximately 1'/4 tons. line found to be deficient should be destroyed or

cut into pieces loo short tor hmsting.
CARE AND MAINTENANCE OF NATURAL
FIBRE LINE Protection of Line Ends Raw or cut ends of
hine should be secured to prevent unlaymng.
Tying a knot at the end of a ine. or whipping will

secure the lay.

The functional life of natural fibre hne can be ex-
tended with proper care in handling and main-
tenance. Knowledge of the characteristics and
himitations of each xind of line will provide

i Storage Deter.oration of natural fibre iine
guidehines for good handling pracuices.

can be prevented by good storage practices.

These include the following conditions:
Inspect lines frequently to determine the ac-

tual condition of the inner fibres. which 1s not 1. Storage areas should be dry.
evident on the surface. Grasping the line firmly 2,
with two hands. untwist it shghtly o expose the 3.
inner portion. and look for the following

1. Mildew — inner fibres are dark angd stained
and have a musty odour

Lines should be dned before storing.

Circulation of air around coiled line should
be provided such as gratings to support the
coils.

Fibre hne should not be covered ynless ab-

2 Broken strands or yarns solutely required.

TABLE 7-1. PROPERTIES OF MANILA AND SISAL LINE

Weight No 1 Manmila Sisal

per 100
(pounds)

Circum-
ference
(inches)

Nomtnal
drameter

(inches)

Breaking
Strength
(pounds)

Safe Load
(pounds)
F.S. 4

Brealung
Strength
{pounds)

Safe Load
(pounds)
FS -4

1.1 550 150 440 120
3.45 1,275 325 1.020 260
7.36 2650 660 2120 520
1.1 4.400 1.100 1,520 380
16.4 5.406 1.350 4.320 1,080
22.0 7.700 1.920 6.160 1.545
25 9,000 2.250 7,200 1,800
3.2 12,000 3.000 9,600 2,400
40.8 13.500 3.380 10,360 2,00
58.8 18.500 4.620 14,800 3,700
87.7 26,500 6.625 21,200 5.300
105 0 31,000 7.750 24800 6.200
163.0 46.500 11.620 37.200 9.300
237.0 64,000 16.000 51,200 12.300

.._,
=]
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NOTE Brezking sivength and safe loads given are for new line used undar favorable conditions Ac line ages or
detenwrates, progressively reduce safe loads 10 one-hatf ol values given
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Prevention of Moisture Damage Since fibre
line will contract when wet. 1t should be
slackened before exposure to rain or dampness.

Pravention of Damage to Strands Although
continued use will result 1n some fibre damage.
this can b mimmized by:

1 Washing line that i muddy or sandy

2 Using softeners to pad sharp corners over
which the line must be pulled

Keeping line out of sand and dirt as much as
possible

Using knots that are easy to untie

Repainng broken strands in the hine as soon
as possible.

Coiling and Uncoiling New natural fibre line
15 delivered n cotls of 600°-1200° and lashed
of bound Generally an instruction tag will ac-
company the coil After cutiing the bindings or
{ashings, arasp the hine end inside the coil at the
bottom and pull it up through the miglie to
prevent Kinks from forming (Figure 7-37).

Stacting Epd

Figure 7-37. Uncoiling a Coil of Fibre Line

SYNTHETIC FIERE ROPE

CHARACTERISTICS OF SYNTHETIC FIBRE
ROPE

Synthetic fibre ropes. parhicularly nylon and
polypropylene, are becoming more widely used,
replacing manmila rope n many nstances. These
ropes have indwidual fibres runriag the entire

length of the line rather than short. overapping
fibres as in natural fibre rope This accounts for
the greater strength of synthetic fibre line (3ee
Table 7-2).

TABLE 7-2. RELATIVE STRENGTH OF FIBRE
ROPES (DRY)

Relative Capaaty
(Retated to Nvlon)

Type of Rope

Nylon 100%
Polyester %%
Poiypropy‘ene 81%
Polyethyiane 73%
Manmta 6%

Synthetic fibre 1opes are generally tmpervious to
rot, mildew and funqus and btave good
resistance to chemicals. They are hghter and
easier to handle, and have excelient impact,
iatigue and wear resistance. outweanng manifa
ropes by four or five times. They are able to
melt at high temperaiures. however. and should
not be used where heat 15 sxcessive or friction 1S
high enough to melt the fibres. They should not
be used near welding operations. Generally. syn-
thetic fibre rope is abrasion resistant and can
tolerate long exposure to water without any
noticeable loss of strength or thange n ap-
pearance.

TYPES OF SYNTHETIC FIBRE RQPES U'SED
N PUGGING

dMylon Rope Nylon rcpe 1S two and ore half
times stronger than mamlz and s the most
widely vsed of the synihetic rope famuly. It s
chalky white in golour. has a smooth surface. IS
soft ang phant and has a feeling of elasticity.

Some properties oi nylon rop2s are

1. High breaking strength (we! or dry)

2. Light weight per unit of strength

3. Excellent elasticity and tens'le recovery
4

Supenor absorption of impact and shock
loads

Exceilent flex and abrasion resistance
Good flexibility

Exzellent resistance to rot

Good sunlizhi and weather resistance
High melting point.
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Due 10 1ts continuous fibre construction, nylon
rope 15 strong and resistant 10 creep under
sustained load. Its elasticity recommends its use
where high energy absorption s needed or
where shock loading 1s a factor The high
degree of stretch can be a serious disadvantage
if headroom for hfting 15 restricted and shngs
must be as short as possible Under actua! ser-
vice conditions. nylon rope will stretch to about
16° under working loads and over 40% under
breaking loads. The iitial loading of a nylon
rope produces a permanent elongation of ap-
proximately 8%, but recovery is complete irom
subsequent stretching under load. Therefore.
nylon ropes should be broken in prior to field
use

Nylon rope toierates heal withoul loss of
strength or physical properties up o 300 F
(melting point 482 F.). Nylon ropes absorbd
mmsture and lose approximately 10% of their
strength when wet as well as becoming very
slippery Fuil racovery occurs when the rope

dries out. Table 7-3 compares nylon and manila
ropes under a heavy sustained load.

Store nylon rope away from heat and exposure
to sunitght Nylon s lughly resistant to alkalies.
but can be degraded by most acids. pamts and
hnseed od, and all contact with chemicals
should be avouded. If contact 1 suspected. wash
the rope thoroughly in cold water and then
carefully examine the fibres for evidence of
weakening.

Braided Nvion Rope Braided nylon rope
provides the highest possible strangth since the
load 1s divided equally between a braided sheath
and a braided core. The rope is soft and flexible
and does not twist or kink. Twisted three strand
rope transmits a turming. asting motion under
load while braided nylon does not.

Braided nylon presents approximately 50% more
surface area for wear and grip. 18 stronger for
sizé and more siable. exhibits less stretch when

TABLE ™~3. COMPARISON OF WYLON AND MANILA ROPES UNDER HEAVY SUSTAINED LOAD

35 HOURS |
r —  TIME SPAM

—_— >

P:i= 50% OF tHE cRearsng LOAD OF THE NYLON 9OPE

Pr250% OF miE SREAKING L0AN OF KD MANILA gOpE

RFASON
Py =

L

FiORES N maNA ROFE Ak NOT CONTINUOUS & TEND 70
SUP WHILE UNDER
Lo
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working. has less permanent siretch and grealer
flexibility than three strand nylon ropes.

The braided sheath and core construction 1S
available in synthetic combinabons in addition
to nylon-

Nylon core/nylon cover — high Strength.
more stretch. good wearing quahties

Polypropylene core/nylon cover — lower

strength. lower slretch

Polypropylene core: polyester cover — very
low stretch. high strength and good abrasion
resistance.

For example. a nylon core/nylon cover rope with
a nominal diameter of 7’8 inch carrnes 8 sale
working ioad of 4.800 pounds. while a
polyprooylene core’nylon cover rope will carry a
safe working load of 4.150 pounds. A
polypropylene core’polyester cover rope will
support a8 safe working load ol 3.800 pounds
The salety factor for brasded Synthetic com-
binations 1S 5

Polyester Rope Polyester rope {Trade
names: Dacron. Terylene) 1s nearly identical to
nylon in appearance but has littie or no elastic
feeling. Size for size, it is heavier and not as
strong as nylon rcpe. although similar in con-
struction. This 1s a continuous fllament rope and
resists creep under sustained loads. The low
stretch properties of polyester rope represent a
considerable advaniage where headroom s
imited since after the intial permanent stretch
of approximately 6%, subsequeni loads produce
a temporary lengthening of approximately 59%
{compared to 16% for nylon). Polyester ropes
should be broken in before held use,

Abrasion resistance is Similar ‘o nylon rope. Like
nylon. polyester rope is unaffected by tem-
peratures up to 300 F. H absorbs much less
water than nylon and thus does not lose Strength
when wetl. Polyester rope resists sun and
weather damage as well as attack by rot and
mildew. however. precautionary Storage prac-
tices are recommended. Polyester is more
resistant to chemicals than nylon. but exposure
and contact should be avoided. Slings should be
washed trequently in cold water.

Polypropylene Rope
polyester ropes are almost identical 1n ap-
pearance: tivey are available in various colouwrs
and are smooth and phianl and somewbhat slip-
pery. particularly polypropylene.

Polypropylene and

A singular advantage of polypropylene rope 1s
its ability to float on water, however. it 1S not as
strong as nylon or polyester and ranks between
natural hbre ropes and the more Sophisticated
nylon and polyester.

Stretch properties of polypropylene ropes vary
with the type of construction: however. they
generally exceed those of polyester. Energy ab-
sorphion 15 approximately half that of nylon.

Polypropylene ropes have a heat tolerating
capacity comparable to nylon and polyester,
however, some deterioration occurs 1n sunlight.
Chemical resistance is generally good as is
resistance to rot and mildew. An important
feature 15 polypropylene rope's safely around
electnicity ag it 18 a non-conducior because 1t ab-
sorbs no water.

Polyethylene Rope Polyethylene ropes are
low in Strength compared with the olher syn-
thetc fibre ropes. They tolerate heat only up to
250 F and undergo some deterioration In
sunlight. They are. however. resistant to
chemicals except sulphuric acid.

WIRE ROPE

CHARACTERISTICS OF WIRE ROPE

Wire rope is used for so many purposes today
that it 1s not practical to enumerate them all.
Because of this widespread use it cannot be ex-
pected that one type or construction of rope.
varying only in size and strength. will meet all
requirements.

Listed below are some common terms and ther
abbreviations used to designate types of con-
struction of wire rope:

R.L. r lar Lay

L.L. Lang Lay

£.C. Fibre Core

LW.R.C. Independent Wire Rope Core

6-19 6 strands 19 threads

6-24 6 strands 24 threads

6-37 6 strands 37 threads

M.S. Mild Steel

C.C. Cast Crucible

1.P. Improved Plow
Special Improved Plow
Galvanized
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To determine the breaking strengths and safe
working loads for the vanous types of wire rope
used 1n the Bollermaking trade it is essential to
know the construction of the rope The most
commonly used wire rope 1s 6-19 and 6-24 Plow
Steel in Qrdinary Lay Galvarnized wire rope 1s
used under certain unusuat environmental con-
ditons such as near salt water or chemical
ptants and pulp mills. Lang Lay wire rope 1s
mostly used on shovels and drag hnes Under or-
dinary conditions Fibre Core 18 used, but where
addihonal strength or resistance to compression
1s required Independent Wire Rope Core 1S
chosen

A process called Preforming of wire rope per-
manently shapes the fibres into the position they
will occupy 1n the hnished rope. This makes the
rope riore sStable and more resistant to un-
stranding by reducing internal stresses.

GRADES OF WIRE ROPE

Grade 120/130 Special Improved Plow Type It is
used in the manufacture of wire ropes tor
special anstallations wherg maximum rope
strength s required and conditions permt use of
this heavy grade rope with existing hoisting
equipment

Grade 115/125 Special Improved Plow Type i1s
atso used for speciat applications when
breaking strengths in excess of those obtained
with Grade 110120 are required and existing
equipment can 1andle the rope size.

Grade 110120 Improved Plow has high tensile
strength. tough weanng quabties and fatigue
resistant properties This 1s the most frequently
used wire rope.

Three further grades of wire rope are in tess
frequent use. Their capabilities make them
suitabte only In situations where Strength 1s
-econdary to fatigue resistar.ce. These grades
are Grade 100,110 Plow. Grade 90/100 M.id
Ptow and Grade 80/90 Cast Crucible,

Galvanized wires are coated with zinc at
finished si1ze ¢ither by the hot dip or electro
Process

Drawn Galvanized wires [Somelimes called
Drawn After Galvaruzed or DAG) are coated with
Zin¢ at an ntermed.ate Size and the zinc-coated
wire cold-dtawn to the final or required hrushed
size

Bryanized wire 15 zinc-coated by a special
process employed by o« Brdish company.
whereby the zZinc bec umes an integral part of the
wirg itself. Note that galvaruzed finishes can be
apptied to any grade of rop2 wire except
phosphor bronze and copper wires

Corrosion Resisting wire 1s usually a chromium-
nickel steel alloy .ith high resistance to
corrosion It 15 used under coddions where
galvaruzed wire will rust and fan

Phosphor Bronze and Zoppar wirgs are used
only wheré corrosion resistante and fon-
sparking quanties are required as in ranee and
hazardous industnal apphcations

WIRE ROPE LAYS

Regular Lay (Ordinary Lay) ropes have the
wires In the strands taid 1n one direction while
the strands in the rope are lawd n the oppcsile
direction. This results 1n the wire crowns run-
ning approximately parallel to the longituchnal
ax1s of the rope. These ropes resist Kinking and
twisting and can withstand conSiderable
crushing and distortion due to the short tengih
of exposed wires.

Lang Lay ropes have the wires in the strands
and the strands in the ropes taid in the same
direction Thus the outer wires .n diagonally
acrost the rope and are exposed for tonger
length than n Regular Lay ropes. provitding
greater wearnng surface and greater resistance
to abrasion. Lang Lay ropes are more flexible
than Regular Lay and resist fatigue better. Lang
Lay ropes are more hable to kKink and untwist
and witt not toterate the same degree of distor-
tion and crushing. The ends of Lang Lay Ropes
should be permanently fastened to prevent un-
twisting.

Hight Lay or Left Lay ropes have strands
"rotating” to the right, while a Lel. Lay rope is
the opposite. Most ropes 1n us€ are Right Lay
ropes See Figure 7-38).

Preformed wire rope is consirucied of strands
and fibres thaped permanently into the contour
they will take up in the compléted rope. In Non-
Preformed rope the wires are forcibly held in
position throughtut the hfe of the rope. as can
be seen by cutting such a rope at any point
when strands and wires wilt immediately fly
aparl. Prefoirming the wwes and strands
prevents thig as they all lie naturally 1n their true




- lay REGULAR LAY
Figure 7-35.  ,pes of Wire Rope Lays

paatigr s fre. wor ot siress The ad
vartay.  of Pret o wve rope are

B S L 35 1 e ad aasy 1y handle

Moo 5 5m 4 .enly ov-- fnzaves

i Makes La 4 av consruction pra-.acal for
many Aapphcanons reformed rope tn Lang
Lay or Regular Lay 1s completely mert

I+ gwveS considerably longer nIfe than
Regular Lay rope of eouwalenl Size due to
reguction and umform distribubion ol -
rernal stresses

it 1s the only wire rope thar evenly balances
the load on individual strands and wires The
toad distnbutton on the Single wires 18
remark ably uamiform

1t 18 safer to use as broken wires do not
wicker out o tear at hands and clothing

it 18 more easily sphced. since there 1S no
need 1o seize the strands as they fall into
crréct posiion more easily

It recists Kinking petter than other ropes

It tulerates many of the abuses 1o which wire
rope 15 uften unavoidably Subjected

TYPES OF WIRE ROPE

Round Strand ropes are the simplest of the uue
rope types and are almost universal in their uge
They censist of from 3 to 36 strands laid in
vanuu$ arrangements concentrically around a
core The use of round wires laild 1n geometric
patierns resulls «n a round strand Figures 7-39
ilustrates enly two of many round Strand wire
arrangements available

Whnere Strands are made up of two or more
layers of wires around a centre wire the wires in
these layers may be ¢ross-laid That is the pilch
or length of lay will be longer [or the ouler

Right Lay REGULAR LAY

18 1 7 Round Strard
Fibre Core

& r 7 Rouad Strand
Fibre Core

Figure 7-39. Round Strand Rope

layers as related to the next inner tayer Thts
construcbion 18 imited to small ropes and cords.
to some Sship ropes and {o standing ropes In
larger Sizes

For ail other purposes ropes of equal-laid con-
struction are preferable By hus method all
layers of wires have the same pitch or length of
lay Eachwire in each layer lherefore les either
In a bed formed by the valleys between the wires
of an underlayer ot alternatively along the
crown of an underlying wire Because no layer
of wires ever crosses over another an equal ad
rope mantaing 1ls diameter 10 service. has more
solid ¢ross section and improved fatigue Ife as
compared to cross-laid ropes

Flattened Strand ropes are built up of tnangular
shaped strands or strands of oval snape Certain
types. specifically non-rotating ropes. are built
ol a combination of oval aroynd triangular. or
sometimes oval around round In the case of
tnangular shaped sirands the wires forming the
strand are laid on a triangular shaped core
formed of a single ‘riangular shaped wire or of
three or mere round wires The wires forming an
oval strand are laid on an oval shaped cenlre
nbbon or around a group of usually four round
wires laid parallel Because of the tnangular
shape of the strands. {lattened sirand topes
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have smaler hbre cores than do round strand
ropes. Hence. size for size. flattened strand
ropes have approximately 10% greater metallic
area with comparable increased breaking
sirength Figure 7-40 illustrates two of tie
vanous flattened strand wuwe arrangements
available

6x9/6x7
Flattened Strand
Fibre Gose

Flattened Strand
Fibre Core

Figure 7-40. Flattened Strand Rope

With ropes of this type frictionat wear is spread
over a¢reater number of outer wires of the rope
as compared with a round strand rope In the
flattened strand construction, with the friction
distributed over a greater external surface. wear
is more even and the loss of sectional area of
the vitat outside wires much reduced Because
of the smooth surface and circular cross section
obtained with flattened strand rope the wear on
sheaves and pulleys is materially reduced and in
the case of ropes used for endless haulage
systems the increased external bearing surface
enables gnps and clips to be more securely ¢m-
pioyed. Also, owing to it¢ more solid con-
struction. this type of rope is less likely to be
forced out of shape by such clips.

Locked Coil rope differs completely from both
round strand and flattened strand rope. Instead
ol a group of individual strands closed around 2
central core member it 1g a $ingle strand bult up
of layer upon layer of wires. The centre or core
of the locked coil rcpe consists of a concentric
lavd strand of round wires Around this core are
laid one or more layers of shaped wires. the
outer layer always being nterlocking. The
shape or shapes of all shaped wires in a locked
coil rope depend on the rope diameter and its
end use, Typical locked coil wire arrangements
are (Hustrated in Figures 7-41.

Locked coil ropes have a higher breaking
strength than stranded ropes for equal diameter
and the same nominal strength grade. Because
ol therr smooth external surface depreciation In

Locked Conl
Winding Rope

Locked Coul
Track Rope

Figure 7-41. Locked Coil Rope

strength caused by frictional wear on drums or
pulieys 15 greatly reduced. Because of therr
design locked coll ropes are less subject to
rotation and stretch than stranded ropes.

Concentric Strand rope as its name nnphes con-
sists of round wires faid layer upon layer around
a centre wire, This simple strand construction 1S
used excluswely for static purposes such as
bndge suspension ropes standing ngging and
ssmilar purposes. (See Figure 7-42).

Two general arrangements of wires are used.
The first consists of concentnc layers of wires of
one si1ze around a somewhat larger centre wire.
The second consists of one or more concentrnic
layers of wires of one size around a core group
made up of an equal laid Strand.

19 Wire
Conceatne Straad

Figure 7-42. Concentric Strand Rops

Concentnic Strand

WIRE ROPE COBES

The core forms the heart of the rope and is the
component about which the main rope strands
are laid, The core supports the strands and is in-
tencded to keep them from jamming against or
contacting each other under normal loads and
flexings The core may take one of severa’ forms
depending on the conditions under which the
rope will be used,

Fibre Core (Figure 7-43) is adequate for many
types of service providing maximum flexibility
and elasticity to the wire rope Generally made
of hard fibres. usually sisal and occasionally
manila, it may also be manufactured from man-
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Figure 7-43. Fibre Core

made fibres such as polypropylene or nylon.
These latter cores are useful where conditions
surrounding the rope's use could result In
rpremature failure of vegetable fibre cores. Sisal
and manila hbre cores are impregnated during
the cordage process with a suitable lubnicant
having preservative properties. Cotton and jute
fibres are frequenily used in cores for small
cords such as sash cords. etc.

Independent Wire Rope Core (IWRC) {Figure 7-
44} consisis of a 6 x 7 stranded sieel wire roue
with a 7 wire cer e strand. lis grez est use 1s
where ropes are subjected to severe pressure
while running over sheaves or winding on to
drums. This core should be used wnen rope
operates in temperatures damaqging o nawral or
man-made hbres it provides additional streagth
and less ciretch with less resihence,

Figure 7-44. Independent Wire Rope Core

‘rand Core {Figure 7-45) consisls of & strand ot
steel wires. nommnally 7. 19 or 37. 1t 158 oc-
caswonally uwsed in runnming rope of smailer
d:ameters rather than IWRC. It may also be used
in standing ropes. Quys. suspender ropes. etc.
where extra strength reduced stretch and
maxtmum resistance to weathenng are 1equired,

Armoured Ccre (FigJre 7-46) 1s made of a layer
of steel wires iaid around 2 fibre centre. It

b

I

Figure 7.45, Steel Strand Core

Figure 7-46. Armoured Core

provides superior wire-to-wire contact with the
mawn rope strands as compared to IWRC s. The
armoured core provides greater strength ano
resistance to ¢rushing than fibre core.

WIRE ROPE CLASSIFICATIONS

& x 19 Classification This classification
covers ropes with 6 strands closea around a
fibre or cteel core and includes ropes having 17
to 26 wires per strand: an example 1s shown in
Figure 7-47 Rope of 6 x 19 classification is used
on a greater variety of applications than any
othei. Such ropes will be found on bridge
cranes and gantrys. shop cranes and mobile
cranes, ' ists and demicks. dredges and clam
shells. dra, .nes and scrapers. power shovels
an¢ trench hoes, blast-hoies Arills and in In-
dustiy generallv.

Ropes in this ctass are available i reguiar lay
or lang lay, with fibre core or with independent
wire rope ¢ ore, Whiie usually right lay, left lay is
made for “ecial purposes as, foi instance,
iblasehole drilling. The use of lang lay rooe,
where possible, also improves f{lexibihty. and
provides additiona)l iesistance to abrasive wear.

A wide choice of wire arrangements in the
strands s available. gwng varying com-
bations of flexibiity and resistance to abraswe
wear. This adaptahbiity is primanly achieved
trrough the number of outer wires n each
strand. ranging from 8 to 12.

The diameter of wire rope 15 the mawn factor n
the si.2 of load tnat the rope can safely lake.
Table ¥ 4 gives the breaking strans and sale
workin¢ loads for 6 x 13 plowstes! F.C. wire

Flaure 7-47. 6 x 26 Right Regular Lay,
Fibre Core
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TABLE 7.4, BREAKING STRAINS AND SAFE
WORKING LOADS

6 x 19 Plowsteel FC Wire Raope

Diameter Breaking SM.L,

Strain in Tons Tons

60 1
107 24
15 33
238 47
320 6.2
417 83
53 0 106
655 132
96 0 191
1690 53.8

6 x 37 Cfrassification This classificabion
covers ropes with 6 strands c¢losed around 2
fibre or steet core and includes ropes having 27
to 49 wires per strand This rope 1s designed for
maximam flexiility with 1 réasonable degree of
résictance {0 ¢rushing and 1s In general pyse on
apphcatons suych ag overhead shop cranes
whare high rope speeds and mulliple reeving
are encountered and where layer-on-layer win-
ding 1s normaily \nvolved Such ropes also find
wide-spread use 1n thewr larger sizes ¢ powet
shovels. dredges. drag hines. ele. where. for con-
siderations of mobihty and weight. winch drums
and main rope sheaves must be hmited 1n size

Ropes n thvs class are available In regular lay
(Figure 7-48) or iang lay. with fibre core or
midependant wire rope core While usually made
nght lay. 1eft 1ay 1s made for special 1 ..poses.
as. for instance, where ropes operating I1n pays
may consist of one nght lay and one left lay
cancel out torque.

A wide choice of wire arrangements in the
strands i1s avane ble, thus giving varying degrees

Figure 748. 6 x 36 Rig
Fibre Cora

of Aexibihty and resistance to abrasive wear. All
rope sizes are nol necessarily manufactured n
every strand construction? Adaptabiity is
primarly achieved through the number of outer
wires. rangng from 12 to 18 per sirand. The use
of lang lay rope. where possible. also improves
flexiility and provides additional resistance to
wear.

6 x 7 Galvanized Rigging aand Guy Rope  This
group includes ropes with 6 strands closed
around a fibre core and having 6 or 7 wires per
strand. These ropes ar: ysed as standing ships’
ngging and for guying of towars, derricks,
smoke stacks. elc. on shore. Individual wires are
galvanized befare ue,~q fabricated into ropes n
accordance with Canadian Standards
Association Standard G-4 requiremenis for
Galvanized Wire {Fiqure 7-49).

.- T

Figure 7-49, 6 x 7 Galvanized Right heguiar Lay,
Fibre Core

SPLICING WIRE ROfE

The length of & long splice in wire rope s
govemned by the s1ze of the rope The length of
sphee for 6-strand ropes of various diamelers is
calculated as follows:

Multiply the diameter of the rops by 80 {gives
length of splice n feet)

Examg..:

oy 34 Y roper 3/4 x 80 = 607

#ROCEDURE FOR SPLICING WIRE ROFE

Siep 1. Mark off 172 the iotal splice length
from €ach of the two rope ends, These
marks. represent the pomt of marriage

{Figure 7-50).

Uriay two strands from each pece to
the marks and Interlay the pairs as
shown 10 Figure 7-51 Pull the ropes
{ogether snuggly at the marry.

Step 3. Unlay Strands 1 and 2 back to the 1§

mark and tay Strands A and B in their
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Figure 7-50. Mxr ;age Poini of Two Ropes

Mace. Then take Strand 1 and unlay it
further. back 10 the 25 mark and lay
Strand A n 1Is place (Figure 7-51).

Unlay Strands C and D back to the 15’
mark (in the opposite rope) and lay
Strands 3 and 4 in their place. Then
take Strand C and unlay it further,
back to the 25" mark and lay Strand 2
in its place (Figure 7-51).

Unlay Strand 5 back to the 5 mark
and lay Strand E in its place. Then
unlay Slrand F pack to the 5 mark {in
the opposite rope) and lay Strand 6 n
Its place. The splice should now be
lard out as i Figure 7-52.

Cut all ends, leaving 5 on each end

for tucking; the ends are laid imo the

rope replacing the core. To open the

rope for cutting the core and tucking.

dwide the rope in half with a marlin

spike which enters the rope from the

opposite side o the position i the

strand t0 be lucked. With a smaller

marhin or pliers, pull out the core and )

cut. pulling the end oyt slightly in the e LETTERED STRANQS
direction 1 which the tuck wili be TN

made. With the e~c of the tucking

strand underneath th2 large marlin.

rotate the marlin in the direction of the

luck to force the tucking end into the y -

centre of the rupe as the core is being iars

pulled out at the end of the tuck, cut STEP 4 i

off the core 50 it does no! abut the end Figure 7-51. Spiicing Wire Rope
of the tucked strand.

-4-5--44—5'-&-’4- 5'->I-1- b gk & -

e I —eet— | —ere—n 10

Figure 7-52. Splicing Wirg Rope -— Step §
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Repeat this procedure for all tucks. A
shght buige will be noliceable where
each tuck begins bui this can be tap-
ped down with a wooden mallet and
will disappear entirely as soon as the
rope 158 used

A competent long splice in wire rope
produces 95% of the rope's rated
capacity.

EYE SPLICE IN WIRE ROPE

A number of acceptable variations of the wire
rope eye sphce are «n common yse. The method
set out here represents a logical step by step
procedure resuling i @ smooth Splice of
maximum Sstrength.

In Figure 753 the cross-sectional illustrations
with lines indicate the direction and placement
of strands entering the main rope. The sold
arrow 1llustrates the point of entry and direction
of the marhn spike.

Procedure:

Step 1 Secure the rope in the vise with the
desired eye below and the required
leagth of dead rope alongside the

mamn rope above (Figure 7-53, step 1).

If an upper suspension vise car be
secured to the mamin rope. and the
lower vise can rotate, take one comr
plete turn against the lay of the rope
to loosen the tension of the strands in
the lay. At this time unlay the strands
of the dead end of the rope as
lustrated in Figure 7-53 step 2.

uwiarm
Driva marhin from tront to back ot the

pont of entry passing under two
strands lo the left of the entry poiat
{keep the main core to the right of the
spike). Rotate the spike upward with
the lay for a half turn around the rope
{Figure 7-53, step 3).

Enter Strand 1 under the marlin. pull
through, and rotate the sSpike back
down toward the vise (in a direction
against the lay) forcing the strand
down with the left hand at the same
time t¢ nest the strand well down.

Delerming Strand 2 on the dead end
(next strand up the lay}l. unlay and
separate.

Drive the marhin from front to back en-
tering over ihe top of Strand 1 but
coming out b nd the next strand to
the right at ti K (keep the main
core lo the right ¢, .~e spike). Rotate
the spike upward as before {Figure 7-
53, step 8).

Enter Strand 2 under the marlin and
nest 1t well down as with Strand 1.

Select and unlay Strand 3.

Drive marlin from the back passing
urder two strands to the nght of the
mitial entry point. {Keep main core on
opposite side of me-lin from orevious
paths.) Ralzlc upward as bolere. {Sce

Figure 7-53, step 9.)

Enter Strand 3 from front under marlin
and nest it well down.

Select and unlay Strand 1.

Drive marlin from the back passing
under one strand to the right of the
inttial entry point. Rotate upward. (See
Figure 7-53, step 12.)

Enter Strand 4 from front under marlin
and nest

Step 13.

Note: Four strands are now tucked and note
that all four enter at the same place out come
out betweer four consecutive strands from left
to right at the back of the main rope.

Step 14. Drive marlin from the front at the entry
point passing under one strand to the
left of the spike. Do not drive the spike
in too far.

Force the spike hard to the left and at
the same time force the core of the
dead end of rope under the back of
the spike. Rotate the spike upward for
the usual half turn lo run the dead
core up alongside the mamn core
(Figure 7-53, step 15).

Select and unlay Strand 5.

Enter Strand 5 under marlin and nest
as before but do not withdraw Spike.
Continue upward for three more tucks
with Strand 5 in the same manneér,
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STEP 15

STEP 1% STEP 21 STEP 23

Flgure 7-53, Making an Eye Splice (continued)
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keeping *he core ahead of the spike.
forcing t 1inlo the centre

Cut core short at this point and lay the
2nd 1nto the centre of the mam rope

Drive marhn from {he front under the
second strand to the lelt of the inbal
entry point (keep cores to the nght)
rotate upward as before {(Figure 7-53,
step 19)

Enier Strand 6 under marlin and nest
as before., without withdrawing tha
spike Continue upward for three more
tucks. nesting each tuck n turn

Step 20

Compleie three additional tucks for
Strands 4, 3.2 and 1 in the same man-
ner {Figure 7-53. step 21)

Chreck the sphce for umformity of
tucks aound the main rope. Il any
strands are buned, drive the marlin
under the strands at the top ol the
sphice and rotate the spike downward
to ease them into positron

Remove the eye splice fiom the vise
and lay 1t on a flat wooden surface
and shape it by poundingd 1t on all
sides with a8 vrooden or sclt faced
metal mallet

Cut ofl excess from lucked strands
{Fiqure 7-53. step 24).

FLEMISH EYE LOOF IN WIRE ROPE

The Flemish Eye Loop 15 a quick method of
creahng a lemporary cye at the end of a wire
rope.

Srocedure:

Sten 1 Unlay the rope into two sections for a
cdistance edual to the length of the
loCp plus ten imes the diamater of the

rope (Figure 7-54. step 1}

Tie an ovarhand knit with the two
parts atthe top of thie eye (Figure 7-84,
sten 2}

Ta . Part 2 and lay it inio the grooves
of Part 1 down to the throat of the eye
{Ficure 7-54, step 3).

Take Paic 1 and lay 1tinto the Qrooves
of Part 2 down to the throat of the eye.

Bring Paris 1 and 2 together and
recombine lhem as in the onginal lay
(Figure 7-54. step 5)

Apply a U-polt and Saddle chp to
secure the dead end to the main rope
at a pomnt approximately eight times
the rope diametar below the throat of
the eye (Figure 7-54, step 6)

END ATTACHMENTS FOR WIRE ROPE

Steel wire ropes may be termmated for con-
venient attachment to hocoks. pulley blocks.
equipment, etc by several satislactory methods.,

Zinc {Speltet) Sacket A properly attached
Zinc-type sockei will develog 100% catalogue
rope strengih. This sockel 1s available in both
opeén and closed types {Figure 7-55).

Swaged Socket  Swaged sockets are apphed
by pressure to the rope end and will deveiop
100% ol catalogue rope break:ng strength
These are avalable in hoth open and ciosed
types (Figure 7-55).

Mechanically Spliced Eve These are
generally of two types: the Flemish Rolled Eye
and the Foid Sack Evye.

For satisfactory ufe the eye should ve protected
by a wrought steel or 3 cast stset thimbie. Enther

SPELTER SOCKET
(closed tybe)

Figure 7-55. Socket Fnd Attachnonts

SWAGED SOCKET
(open type)
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STEP 3

Flgure 7-54. Making a Fiomish Eye Loop
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of these splices will develyn slreng*hs betler
than 95°. of catalogue rope strength

Flemish Rolled Eyeo

A flemish rolled eye (Figure 7-56) is made and
the strand ends secured against the hve por-
won of the rope Dy means of a sieel or
aluminum sleeve set in place with an hydrauhc
press under specified pressures.

Fold Back Eye

A fold back eye (Figure 7-56) 13 made simply
oy bending the rope io the eye dimension
required and secuiing the free or dead end of
the repe against the Lve porticn of the rope by
means ot 2 steel or aluminum slegve set in
place with an hydraulic prass ui.der specified
pressures

/
?

!

£

FLEMISH ROIED EVE FOLD BACK €YE

Figure 7-47. Mechamcally Spliced Eye End
Attachments

Sviaged or Zinced Ferrule Tha swaged or
zinced terrule .Figure 7-57) 18 used mainly n the

o]
Figure 7-57. Swaged or Zinced Farrule End
Attachment

logging industry to prowvide a fast means of
securing chokers ¢ logs or tag anes These end
ittings are ysed n cenfunction witn “Barden”™
fype choker hooks. hutt hooks. arch hooks. atc
Such ferrules are also used to 2nchor hoisting
ropes to drums on small overhead clectii¢- and
awr-powered hoists

HANDLING AND CARE OF WIRE ROPE

UNLOADING

Ropes should be unloaded from trucks, trailers,
rallway cars, etc. with care (Figure 7-58). The
recl should never be dropped beca. se the im-
pact could fracture or separate the reel drum
from the reel tianges. The bes way to hift a reel
of rope 1s to place a par or heavy pipe through
the centrat hole of the reel and connect by
siings 10 a suiiaple noist. if a hoist 15 nof
available, improvise a ramp of heavy planks and
tres*'--s ana roll the reel down under control at
all imes.

UNREELING AND UNCOILING

When removing wire rope from the shipoing reel
or from the coil in which it 1S recewed it IS
essental that the reel or the ¢oil rotate as the
rope unwinds. Any aitempt tlo remove a rope
froms ~ Stationary resl or coll will aimost
e’y result i @ kinked rope and the rope
-+l be ruined beyond repair at that point

Unreeling To unwind a rope from a reel one
of three ~ oos may be used.

‘*ethod 1. Pass a shaift throug- the reel, moun-
tirg the shaft on two jack s one on
enher side Gragp the free end of the

Figure 7-58. Unioading Wire Rope
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rope and walk away from the reel
wnch rotates as the rope unwinds
Apply a piece of planking as a lever
to one of the flanges to act as a
brake to keep the rope light and *he
reel from overwinding (Figure 7.59)

Methcd 2 Hold the free end of the rope whil®
the reat s roYted along the ground
or ftoor (Figure 7-6D)

Method 3 Upend the reel mith one flange on a
turntabie. Unwind the rope v a
smelar manne. to Method 1. Exlra
braking must be maintained 1o k2ep
the rope under sufticient @nsion so
ihat slack wtill nol acCumulale
resuting 1a the ropas dropping rope shouid wrave! from the top of the reel to the
below the lcwer elflange or turn- tog of the drum or frors the bottam of the reel to
table {(Figure 7.61). ihe bottom of the arum (Figure 7-62). This avoids

putting a reverse tend wniio the rope as it is
whern re-reeling rove fsom the jope reel as in being installed A reverse bend would make the

Method 1 to a drum on a piece of equipment. the roPe Iwveligs and harder (0 handle.

Figure 761, Unwinding Wire Rope-Method 3

Figure 7-82. He-Realing Wire Rope

Unzeliing To unwnd a rope lrom a coil
enher o two methods may be used

Method 1. The preferred mathod 15 10 secu.e
the free end of thz rope and tnen
rotl the c¢oil of rope aiong the
ground like a hoop {Figure 7-63),
Exercise care al all twnes to ensure
that alk rope remaiming n the coil -+ ¢
held logether so that no hght co's
or kinks will occur.

Method 2. The col of rope may be laid on a
lurntable and the free end pu.led
out as the turnlable and cGil revolve
(Figure 784). The tumtable shculd
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Figurs 7-64. Uncoiling R: se-Method 2

have a centre of approxunatety the
same diameter as the eye 1n the coii
and some means Should be
provided {0 ensure that the furns of
the rops witl not {lip up and fall over
this centre Apply a wooden Mank
brake to the peniphery of the tum-
abte prevent overwinding

STORAGE

Unwrap and examine new rope immediately after
detivery Apply a fresh coaling of r¢pe dressing
if necessary Rewrap rope ind £ »re under cover
in a clean. drv area, keeping the r »i off the
ground by steel o tunber cnibbing (Figure 7-65)
Examine rope pencdiwcals, and rerew dressing
as required

SEIZING THE ENDS OF WIRE AOPE

1t 18 most important thy' tight seiz:nge of an-
nealed wwon vue or stra.. ae Faintaned ~ e

ends of ropes. whether Preforme or not. If ropes
are not properly seized oriot to ¢utling, wires
and strands are apt to become slack with con-
sequent upsetting of uniformny of tensions in
the rope. This could result in overloading of
some wires and strands and underloading of
others, ieading to hignh strands. bir¢caging of
wires Or breakage of wuwes and strands. Nop-
rotating ropes. regardiess of construction.
depend on ratention of bwlt-in tGrsional balance
tc rasist rotation under load.

There are two approved methods of sei2ing.

Meihod 7 This method Is generally used on
ropas larger than 17 diameter.
Place one end of the seizing wire In
the valey between {wo sirinds
(Figure 7-66). then turn ifs long end
at nght angies to the rope and wind
back over itself and he rope in a
clyse. ught w ndmg. 1n a direction
an-isite to the 1av of the rope. unul
a tength of selzing not less thar. a
rope diameter has been wound.
Twist the vy ends together and by
alternately tghtening and twisting
these ends. draw the suvi2ing night
Best rasults are obtamed when the
seizing 15 applied with a servng
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Method 2. This method 15 usually ysed an
ropes and strands of 1" diamater
and smaller Wrup the sezing wire
around the rope in a close, hight
winding in a dwection opposile to
ihe lay of the rope (Figure 7-67).
Each seizing should cons:st of from
8-10 closely wourd wraps of
seizing wire. Twist the two ends
together by hand 0 a counter-
clockwise direchon approximately
at the centre of the seiziny 2nd
akout /2 from the rope. Using cut-
ters. alternatety twist and take up
the stack until the serving 1s tight
on the rope Twist se1zing end$
ughtly against the serwing. wind
twisted ends into a knot and cut off
the ends of seizing wire,

Seizings on locked coil ropes wiil range n
length from 16-20 rope diameters and thar aum-
ber wili wary with rope diameter and con-
struction Shoule .t be necessary to cut off a
piece of rope containing one or more originzl
seizings. apply an equal number further up the
rope pefora making the cut. Seizings on locked

coil ropes must be applied with a serving bar o~
mallet and sctderes 1n place. The sei1zing wire or
s.oand must hence be either {inned or

Figure 7-67. Stranding Rope-Method 2

galvanizeq. Table 7-5 lists the number of recom-
mended seizings for various types of ropes.

LUBRICATING METHODS

Whether stationary o in motion. steel wire ropes
must be protected from corrosion. When in
motion they must be lubricated to minimize wear
between the metal-to-metal (wire-to-wire} sur-
facus. Buring manufacture a lubncant that will
satisty bolh these requirements at least for a
hrne IS built 1o the sirands of wire and the core.
Exposure to the elements and normal rope
operation over sheaves and on and off drums
will gradually deplete and contaminate the
lubncant. Mos! ropes should be lubnicated at in-
te-vals depending on the type of service to
mimimize corrosion and wear and extend rope
life.

Cizan a used rope with wire brushes, scrapers.
compressed air or superheated steam. In some

TABLE 7-5. HECOMMEMDED NUMBER OF SEtZINGS AND SIZE OF SEIZING WIRE OR STRAND

Minmum Rumber of Seizings

Approx  Diameter

6 and 8 Strand Ropes

Rope vand and Flat'ened Sirand

Dameter
Iathes

of Setting. Inches

Koa-Rotairg Ropes
found and Flattened
Strand

Stranded
Ropes

Locked
Coll Ropes

Reg lay. Fibre Core
Preformed Elevaior

Larg Lay, Frora Core
Reg Lay. Steel Core
Lang lay. Steet Core

Prelcimed and Non-
Preformed

Strand
Seings

G oups per Group

3732 % smaller
8 to 14
5:16 to 1/2
96 o /8

15 to } 172
1916 to 2

Lafger than 2

2
z

2

3

5

5

2 3 020

2 3 024
3 032
040
080
106

128

*Seinin wire Jor Locked Cotl RoPes must be tianed or galvanized
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mstances it may be necessary to soften the old
lubricant and accumulated dirt with a
penefrating ol or a8 good grade kerosene

Then apply a ubncant suited to the condttions
under which the rope 15 operating Several
methods are suggested. choose the one most
suited to the installation and the lubncant teing
used It 15 better to lubnicate hghlly ano fre-
guently than heavily and inlrequently

A suitable rope lubncant should have the
following properiies

I Freedom from acids and alkalies

2  Sufficient adhesive strength to stay on the
rope wihout throw-off at maximum rope
speed

Ability to penetrate hetween strands and
reach the core

Non-solubhity under conditions of rope use

5 Resistance to oxidation
6. High him strength 1s an advantage

When a wue rope s taken out of service for
storage against possible future use, first ciean
and then lubncate \t. Then cover and store the
rope n a dry location and protect against
mechanical damage,

Figure 7-68 illustrales some simple methods of
lubncating ropes externally while 1n use Other
lubricators and cleaning devices are. of course.
availlable commercially or readily tabncated in a
plant or local workshop.

CONDITION OF WINDING DRUMS AND
SHEAVES

Flat faced drums with roughly worn surfaces and
grooved drums with rough and scored grooving

Spht wooden or metat boxes
RoDe passes throug? burlaP o1 similar wipes at outlet end of box

Figure 7-68. Methods of Lubricating Wire Rope In Use
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or chippod groove separabons can cause ex-
cessive rope wear.

Condition an contour »f sheave grooves have a
mager influence on rope ife Grooves should be
maintained in a smooth cendition and be slightly
larger than the rope to avoid pinching and bin-
ding of the rope in the grocve. Since ropes are
usually made shghtly larger than their nominal
size. new grooves for new rope shouid just ac-
commaodale the fuli over-size of the rope. Whare
the rope approaches the sheave al a specHic
angte of sheel. as {or instance 1°-20° maximum
for mine shaft hoisting. the head sheave groove
diameter should be equal to the nominal rope
diameter plus 8%. The bodom of the groove
shouid have an arc of support of from 120°-150",
with the sides of the groove tangent to the ends
of the bottom arc.

MNote that the more closely the contour of the
groove approaches that of the wire rope the
greater the area ¢i contact between the two. The
greater this areéa of contact. the less the wear on
both the groove and the wire rope. The grealer
area of contact lessens deforrration of the rope
In the groove. thus inCreasing its resistance to
fahgue from bending.

Fleet Angic  The fieet angie 1s that angle be-
tween the centre hne through the first fixed
sheave perpendicular to the axis of the drum
shaft and the centre line of the rope leading to
the drum (Figure 7-69) Excessive ffeet angles
can cause senous damage to wire rope. sheaves
and grooved drums. Severe scuffing resulis
when rope wears against groove walls, grinding
them down and causing the rope to become
brutsed or crushed

Maximum fteet angles on equipment should be
kept smatl and preferably between 1 and 1 -30"
To ensure the rope crossing back and starting
the second tayer properly without assistance the
iteet angle should not be less than 0 -30°,

The angle should noi exceed 1 -30" for smooth
faced drums and 2 for grooved drums. except
that in mine shaft hoisting the angle should not
exceed 1 -20° Excesswe drum wear and poor
spooling or winding w:ll result if these angles
are exceeded

WINCH DRUM CAPACITY

To cetermine the capacily in feet of stee! wire
rope of a winch drum or reel

Right
4 -+ fleet

Angte
Centre Line

Cenlte Line
of Sheave

Figure 7-69. Fleet Angles

Refer 1o Figure 7-70. Add the diameter of the
drum {B) to the depth of the flange (A). Multiply
the sum by the depth of flange (4). Muftiply the
result by the length between the flanges (C), all
in inches. Mulltiply the product by the factor In
the right hand column opposite the size of rope
required. The result will be the amount of rope in
feet that the drum will hold.

YTable 7-6 gwes the factor F for 'on-size” rope
and fevel wind Since new ropes are usually
over-size by 1/32" per 17 of rope diameter the
result oblained by the formula should be

—
i’*
l

— [ D

Figure 7-70. Determining Winch Drum Capacity




Riggng and Erection

187

TABLE 7.6, “F" FACTOR FOR “ON-SIZE"ROFE

Raminal Nominal
Rope Diameter fope Mameter

Inches Inches

14 114
516 1338
18 112
116 158
12 134
G {h 118
58 2
14 218
18 214
1 238
118 21

TABLE 7-7. SUGGESTED MAXIMUM RADIAL
PRESSURES {in pounds per squaré inch)

Sheave aad Orum Matenals

Rape Construction ast Cast
lon Steel

Manganese Steel
1113°% Mn

6x7 Reg Lay 300 550 1500
6x7 Lang Lay 350 625 1700

6x19 Reg Loy 500 900 2500
6x19 Lang Lay 57% 1025 2850

6137 Reg lay 600 175 3000
6137 Lang Lay Mo 1250 3500

3219 Reg lay 500 1075 3000
68 Fiat Strand 500 900 2500

decreased as follows: for rope over size
de-rease by from 0% to 6%. for random or
uneven winding decrease by from 0% to 8%

Formula (B+ A} x A x C x F for required size of
rope

SHEAVE ALIGNMENT

Align sheaves SO that the axis of the rope
trav@iling ovver the sheaves will coincide with a
e drawn hem cenlre 1o centre of sheave
grioves Pnor aignment will resylt 1n Severe
wear on buth Ihe rope and the sheave flanges
Even the shghtest misalignment accelerates
rope wear and Sauriens rope it Poor ahgnment
of the fust sheave off the drum may resull In
powr winding A ready ndication of poor ahgn-
ment will be the rapwd wear of one {lange of the
Sheave

RACIAL PRESSURE ON SHEAVES ANO
ORUMS

Radral pressure of the rope on the sheave or
drum wilf cause wear In the groove or the drum
face Too great a radial pressure will cause ex-
cessively fast wear and result in shortened rope
hfe Radial pressure can be reduced ULy
decreasing the toad on the rope or by Iincreasing
the diameter of the sheave or drum The amount
of wear will vary with the matenal from which
these are made Table 7-7 specifies acceptable
radhal pressures for different wire rope types

ROPE OPERATION
While the

Overwinding and Crosawinding
ideal winding condition would be a single layer

6225 Flat Strand 60 1450 4000
6x33 Flat Strand 975 1800 4900

Locked Cont on apphication

of rope on the drum, this 1s nol always possible,
Where # can not be avoided the succeeding
layers should not cross-wind but should wind
reqularly i the groove formed between suc-
cessive turns of the preceding layer of rope.

initial Operation  Afler installing a new rope
it 18 advisable to run through its normal
operating cycle for a number of trips under light
load and at reduced speed. This permits the new
rope to adjust gradually to working conditions
and enables the strands to become seated and
some stretch to occur. The rope will then be less
hable to damage when the full |pad 15 applied.

Shock Loading Mever lift or stop a load with
a ‘erk. the load so \/mposed may equal the static
working load several times and jerking may
break a rope. Jerks tha' do not break the rope
cause rapid deterioralion and resul in reduced
rope life.

Rope Spead Experience indicates that rope
wear increases with speed. Rope economy
resulis from moderately increasing the joad and
reducing rope speed. Some authoniies suggest
that when ropes are running light. rope speed
should not exceed 4.000° per minute whether
hoisting or lowering.

INSPECTING WIRE ROPE FOR WEAR

Inspect the entire length of rope frequently
paying prarticular atiention 10 those sections ex-
perience indicates to be areas showing greawest
wear. Walch for broken wwes. excessive wear
and lack of lubncalion. Where drum capacity

1391
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will permit and winding conditions are such that
“drum crushing” of the rope s minimal. 1t may
be wise to install a shghtly longer length of rope
than absolutely necessary. This extra length will
permit cuting a fe.. feet of rope at either ioad
end or drum end to change those areas of
maximum wear over drums and sheaves

ininstaitations where rope wear 1s excessive at
one end or the other the life of the rope may be
extended by changing the drum end for the load
end. that 15. by turning the rope “end for end.”
This must be done before wear becomes too
severe

A rope may have to continue |n operation with
broken wires. but these wires £ Juld be removed
as soon as possible The method often used to
get nd of a broken wire — nipping it off with
phiers — 15 not recommended as this leaves 2
jagged end. It 15 preferable to bend the broken
ends backwards and forwards with the fingers if
possible. or if the ends are short or the wire
large use 2 marhkn spike or a piece of wood. In
this way. the wire breaks inside instead of out-
side the rope. The ends are left tucked away be-
tween the strands where they will do no harm.
{See Figure 7-71).

Figure 7-71, Breaking Off

THREATS TO SAFE OPERATION AND
MAXIMUM SERVICEABILITY

Drums and sheaves of too small diameter
Reverse bends n the rope

Overloading the rope

incorrect rope construction for the job
Overwinding or incarrect winding on drums
Lack of lubrication

Handling or kinking damage

@ NP O R LN~

Insufficient or faulty guides or rollers

w

Sheaves oul of alignment

-
[ =

Deeply worn grooves in drums

—_
—_

Broken rims or grooveés on sheaves
Sheaves that turn hard or wobble

—
[a"]

Displaced rope guides

Stones or other obfects lodged in
equipment

—_ -
£ W

Sticking or grabbing clutches

Uneven or jerky pull on the rope from loose
beanngs

Lines whipping
Improper line spooling

incorrect installation of clamps. ferrules,
sockets or spiices

Loose Strand of Wire Rope

192
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SAFETY PRECAUTIONS

Hand Protection Gloves must be worn by alt
workmen handlhing wire rope

Use of Wire Rope Clips Tighten wire rope
clips of the "U™ boli ‘vpe immediately after the
imbal load carrying yse. and frequently there-
after Malleable 1ron chips should not be used for
hoisting lines.

Running trine Safety Running hnes of
hoisting equipment located within 7° of the
ground or working level must be rapid off. or
otherwise guarded. or the operating area
restricted

INSPECTION AND ASSESSMENT OF WIRE
ROPE

Wire rope or cables should be inspected by a
competent person at the time of installalioa and
once each week thereafter when 10 yse Wire
rope or cables mus! be removed from hoisting or
load carrying service when detrimental
corrosion 1S present of when one of the
following conditions exisl’

1 Three broken wires are found in one lay of
6 x7 wire rope

2  Six broken wires are found In one lay of
6 x 19 wire rope

3 Nine broken wires are found in one lay of
6 x 37 wire rope

4 Eight broken wires are found n one lay of
8 x 19 wire rope.

Marked corroston appears.

6 Four broken wires are found adjacent to
gach other or when Sixleen broken wires are
found 1n one lay

7 Wire rope of a type not described here
should be removed from service when 4% of
the total number of wires composing such
rope are found broken in one lay.

8 Wire rope should be removed from service
when the wires In the crown of the strand are
worn to less than 60% thei original
diameter

9  Wire rope should be removed fromn Service
when there 15 a marked reduction n the
diameter. even though the wires in the crown
of |he strand show no sign of wear. This
condition can asuylt from nner corrosion
and jndicates 2 senous weakeming Iin the
rope,

CHAIN

A chain consisis of a nurmber of interlocking
sections ol oval metal pieces. Each section or
hink has one or more visible welds. For ngging
jobs. the most common chain melals are
wrought wron zd steel alloys Heat-treated car-
bon steel 15 used for chain slings because of 1ts
high abrasion resistance.

Certain properties of chain 1n operation make 1t
preferable to wire rope. CorroSIon resistance.
abrasion resistance. sharp bending tolerance.
Since rope will stretch to some exlent It has 2
greater shock load tolerance than chain.

Chain will fail abruptly when overloaded or if it
has a faulty weld. Wire rope. on the other hand.
wilt evidence faillure more gradually as wires
and strands break individually with un-
mistakable Sounds.

Hooks are matched to chains by the manufac-
turer or on the basis of it between the chain hnk
size and the hook connector. Such a malched
hook should fail before Ihe chain fails

CARE AND MAINTENANCE

Do not leave chezins where they wiil be run over
by tractors. trucks or other equipment Never
point icad a link of chain with the beak of a hook
as this may damage both and cause the {oad to
drop..Never shorten 2 chain by twisting or knol-
ting or with nuts and bolts.

Store chain in a clean. dry. ventitated area with a
hght coating of o1l on 1t to prevenl rust,

INSPECTION AND ASSESSMENT

Inspect all haisting chains at frequent intervals
for such defects as stretch. deformity. twist, cut.
nicks. gouge marks. arc burns. open welds or
fractures as indicated by very fine surface
cracks. Remove chaing from hoisling service
when such defects are found.

Biscard chains that have stretched more than
5% n any five link sections. Chains that show
wear greaier than £5% of the thickness of lhe
metal in any individual link should be removed
from semvice,

Alloy chains should be subjected to stricter
scruliny as some degree of damage or defecl
will weaken the chain more than that of a proof
or BBB coil chain.
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SLINGS

A shing 15 3 means of connecting a load to a
power source for hiting. Different matenals used
n ngging may be adapted to create slings fibre
and wire rope. chain. synthetic or wire webbing.
in conjunction with hooks. shackles, turn-
buckles

SLING MATERIALS
Manila Rope
Advantages:
1. Fiexibhiy
2 Easy to handle

3 Does not tend to shp
POSITION

from choke

Wil not scratch a load
5 Relatively low cost.

Disadvantages.
1 Limited strength

2 Subiect to moisture. heat and chemical
damage.

Synthetic Fibre RoOpe

Advantages:

1. Stronger than manila rope

High abrasion resistance
Provides secure grip to the load
Will not scratch a load

Resistant to moisture. heat and most
chemical damage

2
3
4
5

8. Siretch increases absorption of impact
and shock loads

Disadvanlages
1. Not as stronyg as wire rope

Wire Rope

Advantages

1 Strongest type of hitng matenal
2  Flexible

3 Abrasion resistant

Disadvantages:

1. Wil shp from choke position on metal
loads

2. Wil scralch fragile loads

3 Subject to sharp bend damage
4. High cost factor

Chain

Advantages:
1. Mol subject to sharp bend damage
2. Good lifting sirength

Disadvantages:
i. Heavy material

2. Lack of stretch produces poor shock
loading lolerance

3 Subject to failure if kinked or twisted
while ur’zr load

4 Wi slip from choke position unless
softeners are ysed

5. Becomes bnitle 1 cold temperatures
over tong periods.
Note: Useonly alloy chain Siings for overhead
lifting. Proof Coil. 888 Coil. and High-
Test chain grades are not recom-
mended for overhead lifting.

SLING ARRANGEMENTS
Figures 7-72 iflustrate vanous sling arrangments.

TYPES OF SLINGS

Flat Slings  Flat slings are manufactured
from synthetic fibre webbing and wire mesh in a
vanety of constructions. The design of flat slings
provides the following advantages

1. Load is protected from damage at the point
of contact

2. Wide surface will hug any shape load and
reduce slippage

3. Apparatus is hght in weight. clean to work
with and easy on the hands

Safe working loads for flat slings should always
reflect manufaclurer's specifications.

Synthetic Fibre Web Slings Web slings are
available in nylon and polyester with various
design and treatment features that adapl the
shings to specihic lifling requirements.

Features of Synthetic Web Slings

1. Resistant to alkahes but do not tolerale
acids

2. Can be used in temperatures up to 200 F
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e Double choker hitch Bridle
CRADLE
VERTICAL
Recommenged  for gl
geoenah hituag punpdses 4.
whith 3 grammed a3
prelerecd and wherr &1
heme Hendyhfy o5 #lien
1]
a '/.
o Niuble bashet heigw
Single baskel hich
Endless or grommet sking
Figure 7-72. Siirg Arrungements
_.‘, L 3. Will stretch 0% rated capacity Figures 7-73 illustrate the various constructions
e 4 Some designs are manufactured with a rein- of synthetic web slings. The shngs are shown in
caT rorc.ng core of inner load bearing yarns operation in Figure 7-74.
Y which carry 80% o the load and are protec-
o L ted from wear by the cuter fibres.
'.'.‘-' .‘...'I. _o A
T & - ....‘.| ,/ ‘}{ 6‘9
. © -
. ! Basket and Vestical Flat or Twisted Eyes
. Choker & Baskel Hitch Hilches Caly Vertical Choker Basket Vertical Choker Baskel Hrlches
. Toiangle & Choker Filnngs Two Triangte filtings Hitches Endless or Grommet Type
b Figure 7-73. Synthetic Web Sling Constructions 19
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Figure 7-74. Synthatic Web 5lings in Operation

Wire Mash Stings Wire mesh slhings are 3 Can withstand temperatures to 550 F
widely used i industries where loads are 4 For handling materials that would damage
} abrasive. hot or will tend to cut shngs wire mesh or for loads with soft finishes.
slings can be coated with plastic.
! Featuras of Wire Mash Slings
, . . Wire mesh is available in a range of gau.ges as
. 1 Resislant to abrasion and culting ustrated mn Figure 7-75. Wire niesh shing
' 2  Fum gnp mamtains balanced load arrangements are shown in Figure 7-76,

Figure 7-75. Wire Mesh Gauges
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3
” Wilh 3 load of 2000 1b,
' the sirain on each feg
15 2000 1D
L) .
. Figure 7-76. Wire Mesn Sling A rangements
. With a Joad of 2000 b .
B B ihe strain on each leg
SAFE WORKING LOADS FOR SLINGS AT 's H14 10
VARIOUS ANGLES
Different weighls of puli are exerted on slings of
various angles lor the same load. The Kad ¢n
lhe rope equals the weight of the toad only wilh
a straighl or vertical pull,
Example:
A load of 2.000 Ibs suspended {rom a single ver-
tical hilch places 2.000 Ibs. strain on the hne.
Wherc a shng having two legs is involved. the
angle of pull places a significantly grealer strain
© on the shng. If the angie belween the load and ':‘hth a load of 2000 ).
EE the siing feg 15 only 30 . the strain on Ihe sling is I!‘*l?;‘:":b"“ edch leg
nearly twice the actual weight ol the load. )
T The maximum recommended angle betweer the v
A foad and the shng is 45 . Hf the angle is less than o
45 . the danger of the sling tailing 15 greatly in- “;-'
creased. é
‘
i Figures 7-77 illustrate the pninciple of sling g
angles, /1
Z
7
9
/
S MEASURING AND CUTTING WIRE ROPE FOR ?
' CHOKERS g
. - Witn 2 load of 2600 Ib. “
3 Procedure (See Figure 7-78), fhe Slraun on each 16g

Step 1. Measure and mark splicing end and is 1w 1b
put on wire stop. Figure 7-77. Sling Angle Ptinciples
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’ ’ Step 2. Measure and mark crown eye

B i marks.
- ' Step 3. Measure requirec length between
.. crown marks and add twice the cir-
i cumference of the wir. rope for take

W up allowance at rop as shown in Table
s 7-8 and then mark off eye. wire stop
and splicing end.

WIRE STOP
S CROWN MARK TABLE 7-8. MEASUREMENTS FOR CUTTING
R \ V/ WIRE RCPE
: 3 CROWN |
- MARK -pi — o . Dls OF TAKE UP SPLILING €vE
| D S WIRE ROPE | ALLOWANCE END
ke 0P / ! : e 2 12" g
ALLOWANCE e e 147 10"
EYE MARE - > 58" 1 16” 127
I L 18" 14
1 6 i 16~
i 6114 30 18"
1-1/8” [ Fra 36~ g
o L AT 44" 2
o
=
=
v =
2 SAFE USE OF SLINGS
LN oy —
=
é @ 1. Determine the weight of the load o be lif-
= B ted.
= — . .
= o 2. Donot use the sling for any load exceeding
s s = its Rated Safe Working Load.
o Z 3. When using multi-leg sling Assemblies,
" 2 remember that the angles between the legs
% will reduce the Safe Working Load of the
o m~ Assembly. Consult the Sling Chart and Safe
Working Load Tatles available.
. 4. Endless wire rope slings are prone to
misuse, andin practice they are often found
< CYE MARK Ty to be difficult to handie. They should be

used only when they have been purposely
made for applications requiring a very short
eHfective length, or for heavy lifis where a
single sling of \he required Saie Working
Load is not available.

5. Examine il slingt before yse, and discard
any that are defective.

6. Do not use 2 sling that contains a severe
kink.

7. Slings found to be unfit for use should be
destroyed. not put on a refusa demp.

B. When loads are being carned on a& crane
heok, slings not in uyse should not be
oarried on the same hook.

. 3. "Hooking Back’ to the 18§ of a shng is not

- ~ Figure 7-78. Making a Choker recommendsad.

SO CROWN MARK -»

CROWN MARK
WIRE STOP
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Aved bending wire rope shings around
sharp corriers of the load as It could ef-
fectively reduce their Safe Working Load

A sling ‘doubled” around a shackie has a
Safe Working Load equivalent only to that
of a single part of the rope

When using a halhing shing or reeving shing
do not force the bight down on to the load.
The included angle formed by the bight
should nol exceed 120 .

Protect Wire Rope Slings by suitable
softeners from sharp edges of the load,

Do notl drag wire rope slings along the
floor

Check that the crane hook 18 posilioned
over the load's cenire of gravity to prevent
swinging when 1ne {oad I1s being raised

Make sure that the load 1s free before
lifting. and that all sling legs have a direct
lead

Take your hands away from slings before
the crane takes the load and stand clear.

Correct signals. according to the
recognized code, should be gwen the
crane dnver The signals must be given by
the person responsible for the hft and
nobody else.

Never atlow the load 1o be carned over the
heads of other persons.

Do not rde on a load that 1s being slung. or
allow any other person to do so.

Steady applicabion of the load al the start of
each Ift will avord nisk and prolong the life
of the sling. Beware of snatch loading.

Always lower 1he load on to adequate dun-
nage to prevenl damage to the sling

After use, nggers should stow slings tdily
on a suitable rack off the tloor.

Keep wire rope shngs away from welding
and flame culling operations

Keep wie rope shings in a dry store when
nol In use. to prevaent Corrosion.

Good pracuice requires all ifuing tackle to
be examined by a compelent person al
reqular intervals This includes the wire
rope shngs Riggers should not stow away
shngs and regard them as their own private
property as this could lead o their being
over.ooked at inspection time.

Slings may not be made from Lang Lay wire
rope.

RIGGING

Attaching loads to hifting devices 1S a serious
and complex responsibility and |herefore, only
the supervisor in charge can designate persons
competent lo do this. The assigned workman 1s
fully responsible for the safety of the procedure:

1) The equipment (slings. chokers, chains,
spreader bars, etc.) 15 of sufficient strength
to lift. suspend and support the load.

2} The load must remain 1in a safe and stable
siuation while slationary or moving.

3) The total overall weight of the load to be
moved must be less than the rated safe jcad
capacity of the hoisling device.

In determining the safe working loads for
coirdage wwe rope. chains and other ngging
equpment. the manufaciurers’ pubYished safe
working load raungs must not be exceoded.
Remember thal these specifications apply to
rngging in new or nearly new condition. These
items must therefore be examined so that thew
conuition can be considered n selecting the
comrect size and construction for a given load.
Where specral considerations of safely factors
or special nisks are involved. government
regulations apply 1n selecting the correct size
and construction 10 be used.

RIGGING ACCESSORIES

For ropes and lines 1o be used eHiciently in
rigging operations. certain auxillary devices can
be included in the system.

HOOKS AND SHACKLES

Hooks and shackles are manufactured from
forged stee! or built up steel plate, however
special matenals may be used where ceran
electncal or chemical conditions demand . e.g,
bronze hooks which have anli-spark properties

1 A Standard Eye Hook s illustrailed in Figure
7-79. The different dimensions are labelted
for reference to the dimension and load
chants lo follow.

2. Mousing Hooks No open hook shall be ysed
imm any situation where accidental
disiodgement of the load could cause a risk
of imury to workers, In these circumstances
a safety hook or a shackle must be used, or
if pernitted by govermment requlations.
mousing as shown in Figure 7-80 could be
applied.
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s

Figure 7-79. Standard Eye Hook

Figure 7-80. Mousing Hooks

3 A Standard Salety Eye Hook 1s tllustrated In
Figure 7-81

4 Shank Hooks shall be coasidered to be of

equal strength characternshcs to eye hooks

¢ where the thickness at "G 15 the same on
both hooks. Open and Safety Shank Hooks

are illustrated in Figure 7-82, Hooks must be

nspected regularly with particular attention

to load carrying sections (e.g.. dimension G)

] and stress related areas (dimension Ej). Any
hook showing a loss of material of 20% or

more of the original thickness at any sechion

must be destroyed and replaced. Swmilarly

any increase in the throat opening E beyond

stated specification indicates overstress.

¢ and the hook must be destroyed. Table 7-9
specifies important dimensions for eye lype

Figure 7-81. Standard Safety Eye Hook

OPEN SHANK HOOK SAFETY SHANK HOOK

Figure 7-82. Shank Hooks

nooks along with the rated load capacity for
each size.

5. Shackles are avaiable 1n Screw Pin. Round
Pin and Safety Type construction, as
illustrated in Figure 7-83.

In determintng safe working loads. the cntical
dmensions are the width betweer .he eyes and
the pin diameter For example. the maximum
width between eves for a 3 4" diameter pin s
11.16" The rated safe working load for this
shackle 15 5600 pounds A 1' 31" diameter pin
can span a maxmum of 1 7.8 between eyes.
with a safe working load of t6.000 pounds

All shackle pins must be straight, and all pins of
screw pin type must be screwed in all the way
The use of rebars, bent or straight. as a sub-
stitute for pins 1s not permitted under any cir-
cumstances.

Shackles must be inspected regularly, and if the
width between the eyes exceeds the listed
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TABLE 7-9. CRITICAL DIMENSIONS FOR LOAD CARRYING HOOKS

Rated

Size | Capacity HOOK DIMENSIONS IN INCHES

Nn Tans
2000 Lbs G

=

4%
5%
7

&=

=

14
1

21

5
42
12

L]
4

10
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3

Screw
P Round
Shackle Pin

Figure 7-83. Types of Shackles

specificaton, the shackie has been overstrair.ed
and must be destroyed.

Caution: When using any of the above equip-
ment. never uader any cwcumstances exceed
the safie working load When in yse all gear
should be inspected daily and any parts showing
excessive wear or distoriton should be discar-
ded immediately. All hooks should be used with
caution and watched closely for excessive wear
or any dislortion.

WELDED LUGS

Specifications {or welded lugs are llustrated n
Figure 784 and n Tables 7-10 and 7-11.

END ATTACHMENTS FOR WIRE ROPE

Eve Using Wire Rope Clips Wire rope chips
may be of the U-Bolt and Saddig type or of the
Double Integral Saddie and Bolt type (Safety or
Fist Grnp). (Figure 7-85}

WF° Maximum
ey Angle

Note ( AT\ L
All Welds YL
To Be Made % (1 D'U j

Downhand o €.
el | 3O | 4
G leg W~ [ -{E }
of Weld~ _
.

L]

- -‘:..._:\
b Weld //‘ .

25°

N\ Iﬂl-3f&i~

8 Filtel

l,.:s“

Double Bevel  Double 20° “'I" Groove

Groove Where  Where “D" 27 To 4 3M"
VD38 Yo 134

Figure 7-84. Dimensions for Welded Lugs
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TABLE 7-10. STANDARD3 FOR FILLET WELDED WELD-ON LIFT
LUG FOR LIGHT DUTY USE
Load Angle

Safe
Luad A B C 1] £ F- 6
fons Max

' s tia o [0 0 90| 20

' !‘ t l - " foa '

4 2 11 g Br >
i 2 1ty "M m
[ 2 14 §fy 4y : I
2 YALE TN iy "I " Ljs
3 3 | S 1 1 ” " b2
4 3 2 1 1A " b
§7 4 i 14 1t : " in
v f 4 AC I 112 ; - "
8 ati 2 1422 11 ” - !
10 9 24 RIS 2 " " fig
12 §ler FARL! 13t 2t - T tis
16 62/ 340 2in 20/ - - "
2! M kR 24 3 " - i
27 8l 414 Al 31 " - 1
3 9 . ¥ 3 4 1
40 G4 4 3t difa " " 1
50 1040 43 nn 4 ” - 1

Never use fewer than the recommended number
of clips and turn back the correct amount of
rope for dead ending to permit proper spacing of
the clips. (See Table 7-12.} The use of a thimble
in the loop will prevent rope wear n the eye and
provide a safer connection.

Application of Ropa Clips U-bolt clips must

be attached so the “U” part of the clip 1s over

the dead end of the rope as shown in Figure 7-

86.

Step 1. Apply fust clip one clamp diameter
from dead end of wire rope. Tighten
nuts.

Step 2. Apply second clip nearest thimble Do
not tighten nuts.

U Bolt and Saddie Ciip Fist Grip Shp Step 3. Apply all other clips leaving equal

space between each chp

Flgure 7-85. Clips For Wire Rope
Step 4 Take up rope slack and tighten all

nuts evenly on all chps.
When apphed with proper care. foliowing the Step 5. Inspect tasterings periodically When

regutathions tor number and spacing of chps. the load is placed on rope it will stretch
formed eye will have 80% of the rated strength and decrease n diameter. Tighten
of the rope. nuts to compensate.
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TrBLE 7-11. STANDARDS FOR GROOVE WELDED WELD-ON LIFT
LUG FOR HEAVY DUTY USE
Load Angle
Safe
Load A B [ 1 B F® G H
Tons Max RAD
1 e "1 iy |0 te 90| 15
* | REE 1'% Tin e ' 1%
a8 ? 1t 0 1 1%
1 2 141 4 M 15
1 2tn 14 M s 20
2t 142 iy i 20
3 3 1“" I 1 20
4 3 2 1/ lis ’ 20
3o 4 it 1A (B ' 20
§ii 411a Zis 14 114 S 20
8 4+ 2 b 11 . 20
10 5 2 I ? 20 I .
12 514 2™ 1% 2 20 ‘4 -
16 b 3in 248 2 20 “y
21 FAER 3t FAXE 3 ’ 20 o
27 L) 41 2 I - 20 ]
3 5 4 3 4 20 1'» B
40 G4/a L ¥ L I 4 . 20 11 '
50 104/ & v 41t ” 0 1"

TABLE 7-12. SPECIFICATIONS FOR ATTACHING WIRE ROPE CLIPS
U-Bolt and Saddle Type Integral Saddle and Bolt Type
Rope | Mimmom | Amount of Rope 1o turn | Torgue [Memmum | Amount of Rope to tumn | Torque
Dsam Ko of back in tnches n No of back 1n inches n
Inches | Clips from Thimbte Lbs Ffoot]| Chps ftem Frimble Lbs Foot
s 2 LR 15 2 I 30
/15 2 5t 30 ? 4 30
Wi 2 61 a5 2 5 45
1 2 6 65 2 53/ 65
i 3 11 65 2 6/ 65
s 3 1A 9 3 Tih 136
“i3 3 12 95 3 3 130
Y4 4 18 130 3 i 130
18 Ll 210 225 3 23 225
1 4 21 225 4 26 225
118 5 28 22 4 2 225
1 i 5 n 360 5 40 360

- o — i e e s . e, e ——— . . e e ——— o
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Figure 7-86. Applying U-Bolt Clips

Wedge Socket Wedge sockels are :ntended
for "on the job™ attachment and for quick rope
replacement Elficiencies will range lrom 80% to
90% of rated rope Strength. These are available
in both open and closed types {Figure 7-87),

Application of Wedge Socket The wedge
socket must be applied so that the line of stress
follows the live portion of the rope (Figure 7-88}.

Figure 7-88. Applying a Wedge Socket

TURNBUCKLES

A turnbuckle 1S a device used to ltighten or
loosen a stress on a rope by using right and left
handed threads at opposite ends of a maltching
threaded centre piece It is used where precise
load balancing 1s required or as a temporary
measure on offset loads

Turmbuckies used I1n ngging should be steel
drop forgings. They are available with a vanety
ol end fitings or combinations of fittings {(Figure
7-89).

Hook and Eye Combimation

R-—-1— o R,

Jaw and Eye Combinalion
Figure 7-89. Types of Tumbuckles

Using TumbucKles:

When using turnbuckles with multi-leg slings.
the following guidelines must be observed

No more than one turnbuckle per leg should
be used.

The angle of the feg al the honzontal should
never be less than 30 .

The turnbuck le must be of sufficient si1ze and
strength o support the enbtire load Since
each leg of a two-leg sling at 30 carries ten-
sion equal to the full load

General Precautions:

1 Welding to repair damage on a turrnibuckle 1s
not permitted.

Never turn tumbuckles with long levers such
as bars or pipes.

The maximum torque apL ed {o'turn 3 turn-
buckle should be e 21 ¢ that required to
tighten a bolt of comparable size.

Avoid shockloading when using turnbuckles

Turnbuckles must be free from contact with
any other stationary object when supporting
a load

Turnbuckles must be secured to prevent un-
screwing under load lension. threaded por-
tions must be lully engaged.
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Inspection and Assessment:

t Il a turnbuckle does nol turn easily on the
threads. this indicates overioading. Replace
the turnbuckle by one of adequate size.

2  Turnbuckles should be inspected for
al MNicks in the body
b) Swans of abuse or overicading
¢} Corrosion

d) Wear or distortion of jaws. hooks ¢r
eyes

e} Dhstorhon of male and female lhreads
f} Straightness of the rod.

3. Reter to Table 7-°3 to determune sale
working loads for turnbuckles.

TABLE 7-13. SAFE WORKING LOADS FOR
TURNBUCKLES
Stock Sale Warking Load of Sate Working Load of
Diameler | Turnbuckle bawing any Turnbuckle having hook
ol End | ¢combination of jaw, end hAthing
fithng | of eye end Bittings {pounds)
(inches) { (pounds}

e 500 400

- 800 100
33 1.200 1.000
? 2.200 1,500

“f4 3.500 2,250

ti 5,200 3.000

13 7.200 4,000

i 10.000 5.000

LK 15 200 5.000

1312 21.400 1500

e 28,900

2 37 400 not

2if 60,000 applicable

2 75,000

CHAIN FALLS

The chain fali or chain hoist (Figure 7-90) is a
dependable and economical device for lifting
loads. The most commonly used chain fall is the
spur-geared hoist. This hoist uses an endless
chain to drive a pocketed sheava. This sheave in
turn drives a gear reduction urit that is litted
with a second chain, the load chain. A brake is
buut inlo the gear box that engages when the
hoisting or lowering action on the hand chain
ceases. The brake disengages when the hand
chain is operated.

COME ALONGS

Tne come along (Figure 7-91) 1s a type of chain
operated hoist lor raising and lowering loads as

Figure 7-91. Come Along Hoist

well as pulling ioads honzontally A ratchet
operated by a lever drnives the gear reducuon
unit to power the ioad chain

TIRFOR JACKS

The urfor Jack (Figure 7-92) i1s a hand operated
pulhng or lifing device with an unlimited
amount of rope travel. It operates by a direci pull
on the rope. the pull being applied by two pairs
of sel-energizing. smooth jaws. These exert a
gnp on the rope in proportion to the load being
lilted or pulled. The initial pressure causing the
1aws to grip the rope starting the self-energizing
action is derived from springs that give an initial
pressure of about 120 1b. Two levers operate
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Release handle

Advanceng
{ever

RoPe emerges
here

Figure 7-92, Tirfor Jack

these jaws which provide a forward or backward
motion depending on the lever used.

JACKS

Jacks are used (o raise or lower heavy toads
over short distances. Smaller jacks are often of
the screw or ratchet type while larger jacks are
usually hydraulic. operated with either a hand or
power assistea pump Jacks are of various types
(Figure 7-93)

Advantages of Hydraulic Jacks:

i Small size relative to lifling capabihty
Abitity to raise and lower loads precisely

Several Jacks can be connected to one
pump so that loads can be lifted with uniform
tension on each jack.

Lever jacks with foot hft (sometimes called a
rallroad )Jack or track) are designed to lift loads

enkers
here

from & tow position They are used for lifung rails
or for raising a tank float from ground tevet for
placing shims under it The steam boat ratchet is
capable of pulling loads together or pushing
them apart.

BEAM CLAMPS

A beam clamp 18 a stationary device that permits
safe, easy suspension of hoists from beams or
girders. eliminating the use of nuts, bolts,
shackles. shings. Figure 7-94 illustrate beam
clamps.

Guidelines for Safe Use

1. Obtain approval before applymg a beam
clamp to any structural member (O ensure
tha! the member 18 capable of supporting the
load being raised.

The clamp must fit the beam and be fastened
securely to it,
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Ratchet Jever |ack

wilh foot it
Hydraulic jack

Figure 7-93. Types of Jacks

o A
‘%‘-‘—*-lnf

CLAMP FOR WIDE
FLANGE DR 1 BEAM

CLAMP FOR ANGLE BEAM

Figure 7-94, Beam Clamps

3 The clamp musl be adequale lo support Lhe
load being raised.

4. Beam clamp capacily ralings are based on
stiraight lifts only. Angle lifts will place the
beam flange under multiple stresses and the
beam clamp under a8 point of load con-
cenlration that is liable to exceed design
capacity.

5 Never use plate grips. tongs. girder hooks.
pipe ¢clamps. elc as subslitutes for beam
clamps.

6. Use a shackle to aitach rigging to a2 beam
¢lamp. Never place a hoist hook direclly into
the hiting eye of a beam clamp.

Pump oPeraied

S1eamboat ratchet
(Push pull jack)

Hand operated
Hydraulee jack
{hghl duty}

1 Hand operaled
Hydeaulic jack
{heavy duty}

BEAM TROLLEYS

A beam trolley serves the same purpose as a
beam clamp with the added advantage of being
moveable along the beam by means of a wheel
assembly thal rides along both flanges of the
beam. The wheel system may be designed for
push travel or geared travel. Some models are
manufactured specifically for straight lift while
others are provided with a flexible lug that will
permit & side pull. (See Figure 7-85.)

Procedure for Mounting

Step 1. The bol and nut arrangement con-
necting the wheels must be separated.

Step 2. The wheels are set on the beam
flanges.

Step 3. The bolt and nul assembly is secured.

PLATE CLAMPS

Plate clamps (Figure 7-96) are rigging devices
with 2 serrated 1aw designed to grip pieces of
plate for hoisting. Plate ¢lamps may be locking
or non-locking. however. locking grips are
recommended for maximum Safety. Plate clamps
are designed to grlp only one plate for each

hoist.
SPREADER REAMS

The spreader beam (Figure 7-97) also known as
a spreader bar or rocker beam is most com-
monly used to support long or flimsy loads
during lifting. The 10ad cannot lip. slide or bend
because of the support provided at two or more
points along the load (Figure 7-98).

<07
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Push Travel Geared Travel
RIGID BEAM TROLLEYS

Push Travel Geared Travel

FLEXIBLE BEAM TROLLEYS g

Figure 7-95. Beam Trolleys

LOCKING
VERTICAL LIFT ONLY

HOT
1600°F

Figure 7-96. Uses of " ate Clamps
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Opeming for Hook m
Combination Shackle
and Hooh

o

pE ‘.@o o./

R

T .~ Opemngs for Shackles -

Figure 797, Spreader Beam or Bar

: 25 s
Figure 7-98. Spreader Beam in Use

SKIDS, ROLLERS, CRIBBING AND JACKS

it 18 not always feasible to hang rigging or use
cranes 10 move heavy objecis such as vessels
«~here, for example. overhead wiring or piping
hrmit the work space. Under these circumstances
an arrangement of skids, rollers. cnbbing and
jacks can provide a safe means of trans-
porting and/or raising targe objects.

Tinber skids can be se! out longitudinally to
distnbule the weight of the vessel over a larger
area The skids aiso serve 10 maks 8 Smooth sur-
face .ver which the yessel may be moved or 10
make a runway 1f rollers are used. The angle of
chine of the skids should be kept as low as
possiole to prevenl the vessel from ' running
away’ or getting out of control. If any incline is

\o oo

——

Connecled to Chokers

tnvolved. it 18 advisable lo use a tugyer or a tirfor
jack as a holdback.

Roliers made of pipe or. less frequently. hard-
wood provide a rolling platform over the skids.
The rollers mus! extend beyond lhe outside
dimensions of Ihe vesse). To ensure continuous
support for Ihe rollers along the moving
distance. the skid joints should butl Securely
togelher or the ends be arranged in a side by
side overlap. Skid joints should also be
staggered so that the rollers pass over oOnly one
joint al a time.

To move the vessel. four or five rollers are
positioned underneath and several additional
roliers placed ahead. As the vessel (olls for-
wards, the rollers left behind are moved in
position in front of it. If the moving path involves
a turn. the skid timbers must be positioned to
desci’be the turn angle in slages. As the vessel
approaches the turn. its course can be redirec-
ted by knocking the leading rollers toward the
required angle.

Cnbbing s a layered arrangement of uniform
sized. clean blocking timbers that distributes the
weighl of the vessel safely on the crib platform.
The blacking is cribbed in alternale direclions at
each level. either lighlly packed or spaced at
even intervals, depending upon the
requirements of the vessel weight. Where the
cribbing is spaced. all tayers of blocking must
be in a direct vertical line with other members
cribbed 1n the same direéction in Ihe system. The
foundation for cribbing must be solid and level.

Cribbing may be required to pronide a level,

stable platform for a |oad that cannot be placed
direclly on rollers It is also used to raise loads
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in stages using jacks The raising procedure 18
as lollows

Step 1 Using jacks on a stable fooling. raise
the load to the maximum stable

height

Place one or more rows of cribbing
under the load and lower the jacks to
rest the load onto the crib platform

Step 2.

Step 3 Set the jacks on blocking and raise
the load further, adding more rows of
crnibbing under the load. Repeat the
stepwise jacking and cnbbing until

the required elevation 1S reached.

The weight of the load and the rated capacities
of the jacks determine the number and type of
jacks required for the lifling operation.

TACKLE BLOCKS

Like any piece of eQuipment. tack!e blocks can-
not be abused or neglected without loss of ef-
fectiveness and Wife Keep them clean Remove
sheaves occasionally and clean and oil the cen-
tre pins. Inspect sheaves for wear. and. Store
them i & dry place when not 1n use. Throwing
them around carelessly will damage them and 1S
injunous to the rowe. With reasonable main-
tenance. replacements and repairs will be
mirumal.

In theury the mechanical advantage of a set of
tackle blocks 1s determined by the number of
pars of rope at the moving block. For example.
with four parts of rope. 1 Ib. pull on the lead line
should hft 4 1bs. Frichion reduces this advantage.
however For practical purposes a loss of ap-
proximately 10% occurs for each sheave n
manta rope blocks and about 3% for wach
sheave in wire rope blocks. Each snatch block
must be considerad an additional sheave

Many factors govern the selection and use of
tackle blocks Trouble will result from’

Overloading

Undue friction

Angle of pull

Condition of rope

Sudden application of load

Lack of lubricant.

The actual weight of the load to be moved does

210

not necessanly determune the stress on the
blocks. Avoild obstruction to the free ‘novement
of the load. twisted ropes due to wmproper
reeving or nggng. or improper angle of the
tackle mn relation to the load Moving heavy
loads over rough ground or on an incline or
without rollers or rollers that are too small can
introduce Severe Stresses.

A load suspended on two sets of tackle blocks
should be evenly distributed or one set will be
subjected lo more than its calculaied share of
the load. Careless preparation may result in any
or all of these conditions to such a degree that
the load on a set of blocks will greatly exceed
the actual weight of the load itself.

TERMINOLOGY OF TACK BLOCK
OPERATION

Parts of Line — a term used in multiple reeving
for heavy loads. The number of parts of line can
easily be determined by counting the number of
cables reeved in movable blocks. including the
dead end if applicable.

Sheave — a grooved puliey over which the rope
passes.

Snaich Block — a block to maintain a straight
pull on a line or to decrease the strain on cables

Mechanical Adventage

As previously stated. the mechanical advantage
of the system is determined by the number of
parts of rope at the moving block. {(Figures 7-99
and 7-100).

OPERATION OF SHEAVES

As llustrated in Figure 7-101, to raise a load *
the lower block must be raised 1°, and in ac-
complishing this. each working rope must be
shortened 17

In the example in Figure 7-101, Ropes 1 must be
shortened 1’ to raise the load 1. Assuming that
the circumference of each sheave is 1, Sheave
No. 1 must make one revolution to shorten Rope
1; Sheave No. 2 must make one revolution to
take up the one foot slack from Rope 1 and one
additional revolution to shorten Rope 2; Sheave
No. 3 must make two revolutions to take up the
2’ slack from Ropes 1 and 2 and one additional
revolution to shorten Rope 3 and so on for each
succeeding sheave.

Thus: Rope 1 must travel 1’ on Sheave No. 1
Rope 2 must travel 2° on Sheave No. 2




Rigging and Erection

207

@ Double

P.}
. st

[
™

T
—_—
M

r

v Ty S e  ———r]

-z

~Tnn
o

e s i Y e 4 i # e m -

/ /}

#H ]

- f/
fIhoh
i H
.':f: ¢

(ol

I 2
2 part 3 pait
Mechamcal Mechanical

Advantage 21 Advagtage 3.1

\.5
z Double

3 4
4 part 9 pait
Mechanical Mechanical

Advantage 4-1 Advantage 51

Figure 7-99. Mechanical Advantage of Tackle Biock Systems

Rope 3 must travel 3’ on Sheave No. 3
Rope 4 must travel 4’ on Sheave No. 4
Rope 5 nwst travel 5 on Sheave No. 5

Therefore all the sheaves in a set of blocks
revolve at ditferant rates of speed Sheave No 2
rotates twice as fast as sheave No |, Sheave No
4 four times as fast as Sheave No 1, etc Con-
sequently, the sheaves nearest the lead lit.e.
rotating at a higher rate of speed. waar out more
rapidly.

All sheaves shouid be kept well olled wher n
operation to reduce friction and wear.

<11

REEVING TACKLE BLOCKS

In reeving a pair of tackle blocks one of which
has more tharn two sheaves. the hoisting rope
should lead from one of the centre sheaves of
the upper block.

When so reeved. ‘ne hoisting strain comes on
the centire of the blocks and they are prevented
from topphng. with consequent injury to the rope
by cutting across the edges of the block shell.

To reeve by this method. the two blocks should
be placed s~ 'hat the sheaves in the upper block
are at right angles to those in the lower one. as
ilystrated in Figure 7-102,

-~ et F
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4 Part Tackle

Figure 7-100, Compound Tackle (Luff)

General Rules for Reeving

1
2

Always reeve tackle right-handed.

If the number of sheaves in each block is
equal, fasten the rope lo the becket of the
standing block.

If the number of sheaves is unequal. fasten
Inhe rope lo the becket of the block with the
smaller number of sheaves,

e ———— e
m——— b AT o i b

A y ——————
-

4 Part Tackle

Mechamcal Advantage
201001

100 1b pull exected
on hauling part of
Lulf will 1elt 2 load
of 2.600 1bs

/

2.000 1b toad

3. To determine the maximum size of fibre rope

that can be used to reeve a tackie, divide the
length of the shell of the block by 3. which
will give the circumference of the rope to be
used.

Example:

6" shell divided by 3 = 2 which is the cir-
cumference of 5/8" rope.

212
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DETERMINING LINE PARTS QR REQUIRED
LINE PULL

To help tigure the number of parts of ine to be
used fora gr nload or the hne pull required for
a gwven load. the ratio table 1s provided with
examples of how to yse it (Table 7-14).

TOTAL LCAD TO BE LIFTED
SINGLE LINE PULL IN POUNDS

= RATIO

Example 1:

To find the number of parts of line needed when
weight of load and singte hine pull 1s estabtished.

Sample Problem:

72,480 Ibs. (load to be hfted) _
Jo R0V o = 9.06 RATIC
8.000 Ibs. (single pull)

Reter to ratio 9.06 wn table or number nearest to
it. then check column under heading “Number of
Parts of Line” — 12 parts of line to be ysed for
this load.

Example 2:

To find single line pull needed when weight of
load and number of parts of ine are established.

N N
TRIPLE AND TRIPLE QUADRUPLE AND TRIPLE

Flgure 7-102. Tackle Blocks Placaed at Right Angles to One Another

"

<13




210

Bollermaking Manual

. hook. As the angle between the lines InCreases.
TABLE 7-14. LINE PARTS Ihe stress on the hook 1s reduced as illustrated
Rahn fur Rany for n Figure 7-103. To delerrmine the stress on a
Hrl B nook. multiply the pull on he fead line by 3
1 Liae Stedves Shpauln—: suitable faclor from Tabie 7-15 adding 10% for
frchon.
. 9% 98
2 187 194
3 LS 288
4 159 381 (,T y ; \
5 13 a1 I, [ )/
: . ;ig‘ ,F :-‘ 2000 POUNDS £:4 1860 POUNDS
3 660 732 v 43
9 127 816 : a:“;‘é ..f',;
19 19 898 ;
il 852 979 5
32 911 106 5
4 3 68 14 i
14 0?2 121 3j-o°-g A
15 107 129 & j T e
X e 136 )
17 17 143 s
18 122 150 3¢ > 1410 POUNDS
19 126 157 A
2 130 t6 4 k9) \
2 134 170 — Ny
n 38 177
2 142 183
2 145 189
ré AN
Sample Problem: 0
68.000 Ibs. (load to be lifled) T
68.60 (raho of 8 part line L
= 10.300 Ibs. {single bne pull) .2 ;760 POUNDS
10,300 ibs. single ine pull required o lift this y“/&i :';‘%‘*"x-..h%

load on 8 parls of line, *"fﬁ \"“’%,
4

LOADS ON SNATCH BLOCKS b

The stress on a spaiCh block varies with the
degree of angle between the lead and load lines.
When the two lines are parallel. 1,000 1bs. on the -~ 135 -
lead hine resulls v a load of 2.000 Ibs, on the Figura 7-103.

TABLE 7-15, SNATCH BLOCK ANGLE FACTORS
Angle Factor Angle Faclor Angle Factor Angle Factor Angle facior Angle faclos

5 1998 35 190 65" 169 95" 13% 92
10 199 49" i 87 16" 164 100 12 130 84 160 35

15 198 45" 184 75" 158 105 122 135" 7 165" %
20" 197 50" 181 80° 153 110" 115 140" 68 170 I
2% 195 55° 177 85° 147 1157 107 145" 60 175 08
0" 193 60° 173 90° 141 120° 100 150" 52 180" o0

<14
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Pressurs oOn Sheave or Pulley
Bearings When a rope path s deflecled by
means of a sheave. pulley or roller. pressure 1s
placed on the bearnngs The pressure will vary
depending on the angle of deflection of Lhe rope

Placement of Shackle Block and Hook
Block It 1s good praclice lo use a shackle
block as the upper one of a paw and a hook
block as the lower one. A shackle 1S much
stronger than a hook of the same sjze, and the
strain on the upper block 1S much greater than
on the lower one The lower block s"'pports only
the load. while the upper block carnes the load
as well as the hoisling strain. A hook 1s more
converuent on the lower block because it can be
attached to or detached from the load more
readily .

RIGGERS RULES OF THUMB

It is much easier to learn a simple formula than
to memonze complex tabfes and graphs

These "Rules of Thumb™” are reascnably ac-
curate and most are on the “safe side” of
recogruzed safely practices. But, it must be
remembeared, these formulas are only close
estimates and are not intended to replace
manufacturer’'s specifications in critical
situations.

FIBRE LINE

The lay of rope can be delermined by running
your thumb away from you along the strands in
the hine (If strands go to the nghl, it 1s a right
lay, etc)

Coil line 1n the direction of the lay. (E.g. nght
fay. clockwise. etc}

Uncoil a new bail counterclockwise to avoid
Kinds

Natural Fibre — (Manila)

1 Br-aking strength 1n tons = D1a? x 4

2 Safe working toad 1n tons = Dia? x 4
10

(safety factor = 10)

Synthetic Fibre — (Nylon. Polypropylene)

1 Nylon = Approximalely 2'/2 lmes Lhe
slrength of maruta.

2 Polypropylene = Approximately 1'.; times

the strength of marnila.

TACKLE SYSTEMS

1

Friction 1n a tackle system = Approximately
8% per sheave 4 180 bend. 4% per sheave
@ 90 bend. {(For wwe rope tackle — ap-
proximalely 6% lor bronze bushed sheaves
and 3% for ball beanng sheaves)

2 A Simple Tackle System = 1 line and one or
more blocks
Mechanical advanlage = Number of lines on
travelling block.

3. A Compound Tackle System = Two or more
simple tackle systems compounded
Mechanical advantage = The MA. ol each
syslem muiliplied 1n series.

WIRE ROPE

1

(Determine lay. and coil like "Fibre Line™)

Lang Lay — Wire laid up 1n same direction
as strands of rope.

Regular Lay — Wires layed up in opposite
direction as strands of rope

Wire Core (LW R C.) 1s approximately 10%
stronger lhan fibre core.

Galvanzing reduces strength approximately
10%.

Breaking Strength in Tons = (D12 |2 x 40 {For
6 x 19 1.P.S. F.C)

Safe Working Load in Tons = (D1a.)? x 40 -
Safely Faclor.

Safety Factors = Slings 8
Non rolating hines =8
Cranes and Derncks = B
Dernck Guys =5
Hoisling Tackle =5

Guy Lines =35

Broken Wires = Unsafe when 4% of total
wires 1n the rope are broken within the
length of one rope lay.

WL
Choker Stress — — xX— =T
N V¥

N = Number of Chokers

W = Weight of load in pounds
V = Vertical distance 1n feel
L = Choker leg length. in feet
T = Tension. 1n pounds

]

Sheaves — The crilical diameler of a
sheave 15 20 limes lhe diameter of the rope.
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9 Drums — For spoobting & drum you face the
iead block and place the right or lelt hand.
which ever corresponds with the lay ol the
rope. palm down on the top of the drum for
overwind and the bottom of the drum for un-
derwind The thumb will point to the flange
where spooling begins

10 Drum Capacily — in feet =

2618
X(A+ BYx AxC ln inches

Rope Dia?

o -l

11 Fleet Angle — Maximum 4 on grooved
drums and 2 on smooth drums. The

distance to the lead block should never be
less than 10 times the width of grooved
drums or 20 times the width of smooth
drums

Flest Angle

WIRE ROPE ATTACHMENTS — (Safety factor
of 5 inciuded)

1 Crosby Clips
Number of clips required —4 x rope
diameter + 1.
Minimum spacing — 6 x rope diameter.

2 Hooks —SWL in tons = (Da)? where
hook begins to curve or Diameter of eye In
inches squared.

3 Shackles — SWL intons = Diameter of pin
tn one fourth inches squared and divided by
three (or select shackle pin one-gighth inch
larger than choker size}

4 Chains (Alloy Steel) — SWL n tons =
chain stock (Dia) x 6.

5 Turn Buckles — S.WL nions = bolt (Da.)?
x 3.

ESTIMATING WEIGHT OF STRUCTURAL
STEEL: — {One cubic foot = approximately 490
Ibs.)

t  Round Steck — Approximate weight per

tineal foot = (D1a)? x 8.
3

2 Piate, Flat Bar, or Square — Approximate
weight per hneal fool = thickness times
width x 10 (Al measurements In inches )

3
(Angles. Tees, or Wide Flange Beams can be
calculated in the same manner by measuring
the legs. or web and flange tndwidually as
Flat Bar or Plate)

SCAFFOLD PLANKS

Two inchplanks (2 x 8, 2 x 10. or 2 x 12) of fir or
spruce in first class condition can be considered
sale to support the weight of an average rnan for
a "Span in Feel' that 1s equal to. of less than the
plank “Width in Inches”.

DERRICKS
GUY DERRICK

A guy dernck consists of a mast. a boom pivoted
at the foot of the mast. guys and tackle (Figure
7-104). The mast is generally longer than the
boom and I1s mounted on vertical pins at the foot
and lop so that the assembly of mast and boom
may be rotated about a vertical axis. |l the guys
to the top of the mast clear the end of the boom
the derrick can be rotated through a full circle.
The mast and boom may be made of timbers or
suuctural steel. Large derricks are made of
hollow built up sections generally consisting of
four angles and lacing bars forming a truss.

Hoisting tackle 1g suspended from the end of the
boom and tackle 1s also provided for raising or
lowering the boom in a vertical plane. Power 1s
supphed by hand operated or engine driven
hoists. The derrick 1s rotated by a bult wheel
iocated at the base of the mast

STIFF LEG DERRICK

The mast of the suif leg dernick 1 held In the ver-
tical position by two rigid inchined struts cop-
nected to the top of the mast (Figure 7-105). The
struts are spread apart 60 .90 to provide sup-
port in two directions and are attached to sills
extending from the bottom of the mast. The mast
15 mounted on vertical pins at its foot and top as
in the case of the guy derrick. The mast and
boom can swing through an arc ol about 270° The
tackles for hoisting loads and raising the boom
are sumilar to those for the guy derrick. Figure 7.
106 (llustrates a stiff leg derrick with long sills,

R16
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Figure 7-104. Sections of a Guy Derrick

A suff leg demck equipped with @ boom is boom. They are sometimes used in mulli-story
suitable for yard use for unloading and trans- buildings surmounted by towers t0 hoist
ferrng maternal whenever continuous materials to the roof of the main building 10 sup-
operations are carried on within reach of its ply guy derricks mounted 00 the towers
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GIN POLE

The gin pote (Figure 7-107) consists of an
upright spar guyed at the top {0 maintain it in a
vertical posihon and is equipped with suitable
hoisting tackle. The spar may be of round or
square timber. heavy wall pipe. a8 wide flange
beam section or a built up section consisting of
angles and lacing bars The load may be hoisted
by hand tackle or by hand or engine dnven
hoists

A gin pole is a very handy and versatile piece of
equipment for tfting all types of comparatively
tight loads To get maximum use out of a gin
pole, it should be ngged with a minimum of four
guys. with wire rope pendants and manila rope
tackles between the pendants and the an-
chorages and swivel plates top and bottom.
These can then be leaned at vanous angles and
turned to hft trom all sides.

The gir pote 1s used mostly for erechon work ot
ease of ngging. moving and operatng It 1s

Wite Rope Pendant

Wire RoPe Pendamt

suitable for raising loads of medium weight to
heights of 10°-50" where a vertical hft 1s required.

Procedure
Refer to Figure 7-108 for Steps in this procedu-e

Step 1. Using any suitable scale. draw a
skeich as shown in A.
Line TS represents the guy
Line RS represents the gip pole

Step 2. With a gven load of 4000 Ib.. tet
1/4" = 1,000 Ib. and draw a vertical
line VU representing the load {1”
long) as n B,
From U. extend a hine UW parallel to
TS (from A) lo represent the guy. and
a line VW parallel to RS {trom A) to
represent the gin pole

Step 3. To develor C, draw a line VW paratlel
to., and the same length as VW (from
B). Drop a vertical line down from W,
and draw the hine vX parallel to TR
{from A).

<D

i\ Swivet Flate

~
w
3]

Wire Rope
Pendanmt

Wire Rope
Pendant

{

Snatch Blort

Figure 7-107. Gin Pole

To Power

<19
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Figure 7-108. Dstermining the Kick at the ) ]
Heei of a Gin Pole Figure 7-109. A-Frame Derrick

Measure the length VX, and. using the
scale 1/4" = 1,000 Ib.. calculate the
amouni of kick on the pole.

A-FRAME DERRICK

An A-Frame {or Shear Leg! derrick is a versatile
hoisting dewvice. requiring only two back guys
and one lazy guy n front for support (Figure 7-
109)

For light loads. a small A-Frame dernck can be
quickly constructed by dnlling a hole through
two pieces of square timber and bolting through
the holes. A wire rope choker is put around the
lop of the poles with the eye hanging down to al- Figure 7-110. Moblle Crane on Tracks

tach the block. When a load is suspended irom

the block. the choker tighlens to hold the

crossed members more securely. Two types of booms (Figure 7-113) with respect

lo the capabilily on the crane are identilied:

1. Conventional booms may be lowered. raised
MOBILE CRANES of swung sideways. however. the assembled

; length does nol change.
Mobire cranes are mechanical lilling devices 9

that can be relocated withoul disassembly. They 2. Hydraulif: booms may be lowered, raised or
may be classified into two main types. 1 those swung sideways. and the fength can be ex-
mounted on metal Iracks {(Figure 7-110} and 2. tended or retracted wilhout reassembly.
those mounled on rubber tires (Figure 7-111).

Figure 7-112 illustrates the parts of a mobile The choice of boom is based upon the functional
crane. requirements of the crane for the job. Where
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Figure 7-111. Mobile Crane on Tires
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§"/ Y heavy or exceptionally high hfts are involved,
the conventional boom is used. Where the loads

are hghter and more set-ups are required for

shorter lifts. the hydraulic boom 1s more suitable.

;7/ When an hydraulc mobite crane 1s delvered (o a
ﬁ" jobsite. it 1s almost immediately ready to go into
= operation (Figure 7-114}. It need only be "spot-

Lo : £
A ,;a“': el £
} iy ) o — v

I

HYDRAULIC 800M

ey

CONVENTIDNAL BOOM

Figure 7-114, Crane Arriving on The Job,
Figure 7-113. Crane Booms Raising Gantry to Cperating Position
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ted,” the outriggers extended and the ¢rane
levelled, before the first load can be lifted.

BOOM ASSEMBLY

On the other hand., a conventional type mobile
crane arrives in separate units. The boom com-
ponents, outriggers, counterweights and main
block must be offloaded {usually assisted by an
on-site hydraulic crane), and assembled on the

P =
)

INSTALLING REAR COUNTERWEIGHT WITH SECOND RIG
Figure 7-115. Fioatpads and Counterweights

job location. Crane acsembly at the jobsite falls
within the jurisdiction of the erection Boiler-
maker.

Figures 7-114 to 7-118 jllusirate a typical
sequence in the assembly of a conventionat
mobile c¢rane, from arrival on the job to work-
ready.

AN, -

W
%

.= “2 4 L . .
INSTALUING FRONT COUNTERWEIGHT
CRANE SAFETY AND SIGNALS
Assambly Pracautions

Check all outrigger assemblies.
Check all boom sections for damage.

Always install boom pins from the inside of
the boom to the outside,

Ensure all boom pins are secured with cotter
pins.

Before raising boom. machine must be
levelled, outriggers fully extended and rub-
ber off the ground.

When disassembling boom sections. block
the seclion to be removed.
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JOINING OTHER SECTIONS

INSERTING T0P PINS FIRST
Figure 7-116. Assembling the Boom , 2D 4

it
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MAIN LINE REEVED TO MAIN BLDCK

Figure 7-117. Attaching the Lines

4 e - -

WEDGE SOCKET ATTACHED TO MAIN BLOCKS

A

TER

225
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-

i kil A

Figure 7-116. Boom Raised and Crane
Moved to Area of Liit

Safety During Crane Operation

One man only will be designated as
signalman. The signalman musl be in full
view of the crane operator at all times.
Crane signals are illustrated in The W.C.B.
material in Figure 7-119.

When locating the machine. the following
must be observed:

a. As level a path as possible must be
followed when moving the machine;
avoid slopes and rough terrain.

b. The boom must be in a raised position
when the crane is travelling.

c. Particularly for targer machines, the
speed of travel musl be slow.

d. When “spotting” the crane. to ensure
full rated capacity, the machine must
be levelled, outriggers fully extended,
and all rubber off the ground.

€. Be aware of all power lines in the area
where the crane is spoltec.

Know the weight of all loads (including

weight of any rigging accessories).

Measure (rather than estimate} the
machina’s load radius when making
capacity lifts.

Avoid effects of “shock toading” lo rigging
and equipment, by raising and lowering
loads slowly.

Always use a tag line to contro! the load
when in the air.

When booming down. or swinging with a
load, always keep the load as close to the
ground as possible.

When swinging, always ensure that the
counterweight area of swing has:

a) sufficient clearance to clear ob-
structions.
b} been barricaded wherever there is a

possibility of a worker being crushed.
Keep all personnel out from under load.

Mo one is lowed to ride the load under any
circumstances.

Snub heavy loads to the machine when
travelling with a load.

When operations cease for the day. it 1s ad-
visable 1o “tie down" the boom by attaching
a choker from the hook in use to a
stationary object with only enough tension
to Immobilize the boom.
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Standard Hand Signals for Controlling

Crane Operations, Crawler, Locomotive and Truck Cranes

HOI®T With toréarm vervcal
taratinger pohingd up move
hrand i~ small hordontal Circles

LOWER Wrh arm extended
downwar@ lorelinger poinling
down move hand v smau
honZontdl ¢iicles

USE MAIN HOIST Tag kst on
bead then use regular signals

USE WHIPLINE (Autihary
Hoetr Tap elbow wath one
hand then ose regular signans

RAISE BOOM Arm exiended
fingers closed thum® pointing
upward

LOWER BOOM Arm extenged
hngers ¢losed thumb pointing
downward

MOVE SLOWLY Use one hand
to Qive any mohién £gndl and
ptace Other hand mou¢niess In
front of rand guang The molwn
signal (Hoisl slowly shown aAs
oLamptod

LOAD Arm exiended lingers
closed thumb peinting vPward
olbgr arm bent slightly with
toretinger pointing down and

RAISE THE BOOM AND LOWER THE

rolate hand i honzonial Circles

LOWER THE BOOM AND RAISE THE
LOAD Arm extended hngers

¢closed ihomb pomting downwarg
other arm wah foreacm vesycal
Isretinge« poraling upward and
rolate hand i honzoatal Circles

{conbinued)

Figure 7-118. Crane Signals
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Standard Hand Signals for Controlting
Crane Operations, Crawler, Locomotive and Truck Cranes

SWING Arm eatended
prutt Asth LiRGer w ieed-
o swing 0f poom

STOP Both wms outsirerched
at sides honzontalty
hngers culsivetched

TRAVEL Arm extended forward
hand ofen and Slhghily rased
make Dushmg motion 10
tirechon ol travet

QOG EVEAYTHING Clasp hands
wn dront of body

TRAVEL (Boln Tracksy Use
bolh hss i front of DOdy
maming a cwcular motion about
each otheér ndh&aling rednuon
of wavel tOrward or backward
{Foe Crawler Sranes onlv )

TRAVEL .Qne Track! Lock the track
o side mcdhCated by ised hst
Teravel opposte talk m direthion inde
cated by aircular mohon of olher

fiet rolated vertcally m bront of

vody tFor crawler Ceanes only )

EXTEND BOOM Tete
scoping Boomsh Bolh hsts
mn teorl of body wilh 1humbs
poonting oulward One hand
signat may be used

RETAACT BOOK (Tele:
scoping Boomst Botd, 1SS
in ol of body with thumbs
gonting toward eath Hther
One hand Signal may be
used

Figure 7-119. Crane Signals

{continued)
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Standard Hand Slgnals for Controtting

Crane Operations, Crawler, Locomotive and Truck Cranes

MUY &eh toranm verncai
LR Y :,u ;)-}r'l'ihq J move
Fiant o A R Z2oaotab can

LOWER Wrh arm extended
downward torefinger pointing
gown move hand o small
noazontal cicles

BRIDGE TRAVEL Arm extenged
forward hand open ana Shghlly
raised make puShing motion

i dieectudn of rravel

TROLLEY TRAVEL Palm up
rrgets chosed  thumb Panting
wr igetion S moton 19k
hand hornzOqtally

STOP Botn rms oulsteeiched
Al the sides hGrdoatally
hngess CuisiRtched

MULTILE TADLEYS Hetd ot cnn
Lnaget o DHoGk marked Y and
a0 hinQees tor block maeked

7 Gegui sigaals foliow

MOVE SLOWLY Use one hand to
gl any mowon s1gnal and place
other hand mohontess In from of
han? gwing the Mmoton Swgnal

{HOS! Stowly shown as example )

MAGHNET 15 OISCONNECTEOD
Crane OPerator spréads both
hands aPart - pAIMS up

Figure 7-119, Crane Signals {continued)
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Standard Hand Signals for Controlling
Crana Operations, Overhead and Gantry Cranes

MAGNET 15 0ISCONNECTED
Crane operatdr spreads both
nands Apan Palms up

OPEN CLAM SHELL BUCKET
Aem extended DAlm down
oPen hand

CLOSE CLAM SHELL BUCKETY
Arm extended palm down
close hand

HMST SLOWLY TO CLEAR
FOULED LINE Hands crosseq
i front abGve Shoglders
fingers rlaced

BOOM UP AND I.OWER
THE LOAD One hand

BOOM DOWN AND
RAISE THE LOAD
One nand

STOP Qne hand

WHIP LINE One hand

Flguro 7-119. Crane Signals (conlinued)
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Welding

INTRODUCTION

The technology of metallurgy and welding has
become very complex. particularly during the
past twenty-five years. It 1s thererore necessary
to lirmt the scope of this chapler to a presen-
tation of the fundamental principles of welding.
inctuding-

1  Accepted terminology of the trade
2 Acceptable designs of welded Joints

3 Information about

processes.

varous welding

WELD JOINTS AND WELD TYPES

Weld (|oints are classified into five basic
categones as illustrated in Figure 8-1

v

BUTT JOIKT

L ¥

LAP JOINT CORMER JOINT

A A

TEE JOINT EDGE JOINT
Figura g-1. Types of Wald Joints

In their simplest form. these joints only reduire
htting two square edges into a suitable relation-
ship. With thicker material, however. the melal
edges must be prepared so that complete
penetration will occur: otherwise lhe full
strength of the material in the design is not
achieved Physical testing of weld joinls has
shown that some welded joints must be restric-
ted lo static loads while others can bear
dynamic or fatigue loads.

Three basic weld types are used to fuse the weld
Joints d2scnbed above

1. Groove weld
2. Fillet weld
3. Plug weld.

Groove walds are used on butt joints. When full
fusion of the matenals being welded is obtained.
100% strength of the weakest material in the
Joint can be obtained.

Fillat welds are used to fuse plates that form ap-
proximately a 90 angle. The angle may be an in-
side or open corner. an outside corner. or Tee
joint. Design specifications will stipulate
whether the weld 1s to be performed with special
edge preparation or with unprepared edges.
Several edge preparations could be specified.
and these are described 1n this chapter.

Plug welds or slot welds are usually required
when two plates must be )oined surface-to-
surface. The weld 1s made through an opening
in the top ptate. fusing it to the underlying plate.
Because the welds withstand shear ioads poorly.
plug welds should be used only where groove or
fillet welds cannot be used because of inac-
cessibility and where loading of the Joint is com-
paratively low.

STANDARD WELDING SYMBOLS

A standard means of indicating complete and
accurate welding instructions on a drawing or
blueprint is essential. A conventiona! method of
tllustrating welds symbolically has been
developed and adopted in North America. These
symbols provide the following information:

Type of weld

Type of joint

Size of weld

Dimensions of the joint

Position of Ihe weld

Firnish of the weld {flush. convex. concave)
Process to be used

Type of electrode.

232
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DEVELOPING WELDING SYMBOLS

The welding symbol is a combination of a
reference line, arrow. tail. basic weld symbol and
other specifications. The compiete symbol is
developed as follows:

A Reference Lins {usually honzontal) is drawn
close to the drawing of the joint to be welded. To
show the location of a weld. .n arrow is drawn
from the reference line with the head pointing
directly to the joint concerned as shown in
Figure 8-2.

—

)

Figure 8-2. Indicating Location of a Weld

When reading the symbol, the "side” above the
reference line always denotes the “'other side™
of the joint to be welded. and the “side” below
the reference line denotes the “arrow side.” The
location of the *'other side™ and “arrow side" will
be the same no matter the direction the arrow
points in, (See Figure 8-3.)

OTHER SIDE

ARROW SIDE \
) 03 / 05
AS ) A5
s NB ¢
as &S
035 0s
VAR 3 N AS

Figure 8<3. “Other" Side and “Arrow” Side

N

For vertical reference lines (seldom used) the
usual convention of drafting is applied in
localing the “other side” and "arrow side” on a
drawing as shown in Figure 8-4.

WELDING SYMBOL

OS
03
AS

Hi

Figure 8-4. Vertical Reference Lines

Any joint has two sides, and therefore symbols
placed on the “arrow side” of the reierence line
apply to the side of the joint to which the head of
the arrow is pointing. Similarly. symbols placed
on the "other side” of the reference line apply to
the other side of the joint. See Figure 8-5.

ARROW SIOE

ARROW SIDE
ofF Hiw ARROW OF
WELDING SYMaoL

ARROW Of

OF JOINT
BUTT IQINT TEE JOINT
RRROW SIDE_ ... — | ARROW SIDE_ ... -
OF JOINT H ) I of mmn : .
‘ I 1 JOINE
.4
l
omca siot | omtn SIOE
0F JOINT | OF JOMSE
; ARROW OF
WELDING SYMBOL CORNER JOINT  WELDING SywBDL
QIHER SMOE — ARROW SIDE

O IONT S pmemmmmeman MEMBER DF JOINT

e 70 ARROW SIDI DTHER SIDE
ARROW OF MEMBER OF JOINT
WELDING SYMBOL ARROW of

WELOING SYMBOL

ARROW S1DE
OF JOWT

ARROW
oF WELOING
SMBOL L,

EDGE JOINY

Figure 8-5. Identifying Arrow -Side and Other
Side

OTHER 108 OF JOINT

When one member of the joint assembly requires
preparation before welding (as in the case of a
bevel or J-groove weld), the arrow will point with
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a detinité break toward that member as shown in
Figure 8-6. In cases where |he member to be
chamifered 1s obvious. the break in the arrow
may be omitted (Figure 8-7) Note Ihat any break
in the arrow line other than for bevel or J-
grooves has no bearing on the preparation of the
jomt

The Basic Wald Symbol is located on the
reference ine to specify both the type of weld
required and its location at the joint The sym-

L
L

)

—-\-’

"’
Figure B-6. Breaks in Arrow Signifying Joint
Praparation

(T

bols are set out and revised periodically by the
American Welding Society (Figure 8-8)

Table 8-1 and Table 8-2 shows how the basic
weld symbols are placed on the reference line to
signify type and location of welds

Figure 8-9 illustrates how supplementary weld
symbols are placed on the welding symbol.

Othar specifications concerning a desired weld
on the drawing are:

1. Size: size or strength for certain welds
2. Root opening. depth of filling for plug and

slot welds
PLUG SPOT OR
FILLET OR PROJEC- SEAM
SLoT TION
N = O e
] GO0
fLARE.| FLARE.
| SQUARE Y IBEvEL]l U ) vV BEVEL
{ VIV I Y INCL

BACK FLANGE
OR SUR-
BACKING FACING E0GE CORNER

Figure 8-8. Basic Weld Symbols

[~

Figure 8-7. Break in Arrow Omilted When Chamisred Member Obvious

<34
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TABLE 8-1. BASIC WELD SYMBOLS FOR REFERENCE LINES

TURH OR
PLUG OR | SPOT OR I LT

i
e Lot | PROJCRION SGURRE [

GROOYE

[ st l Y | sty |ma!a£vn

ARROW SIDE

| e | o

/

h)/)\.<>lk

OTHER $IDE

-0 =

B0TH SIDES

<

> >ae A N\e ¢
MR P

NO ARROW SIDE
NOT USED

HOT N, 5
RED ¥e—( EXCEPT FOR

fLASH OR
UPSEN

TABLE 8-2. SUPPLEMENTARY WELD SYMBOLS

WELD CONTOUR

ALL FIELD | MELT-THRY
AROUND | WELD CONYEX [CONCAVE

o | =

WELD ALL AROUND SvMBODL
WELD ALL AROYND  SYMBOL

" INDICATES THAT wEtD EXTENDS
COMPLETELY AROGUND THE 10¢NE
FIELD WELD SYMBOL
FIELD WELD SYMBOL
INDICATES THAT WELD
~— [0 B¢ MRBE AT Swg

O14ER THAN THAF OF
1NIDIAL CONSTRUCTION

MELT THRU SYMBOL
MELT THRU SYMBOL 15 KOT

" DIMENSIONED {EXCEPE HEIGHT)
~ TS afiv APPLICABLE WELO SYMBOL
FLYSH CONTOUR SYMBOL

FLUSH CONTOUR SYMBOL
INDIEATES FACE OF WELD FINISH STMBOL (USER

10 B¢ MADE FLYSH WHEN S
USED WIHOBT & FONISH INDICATES METHDD OF

SYMBOL  tRDICARES wELD DB TAINING SPECIFIEC
10 Bf WELOED FLUSH CONFOUR Bur NOW
WITHOUN SUBSEQUE M1 OEGREE GF FINISH
FiNISWING

CONVEX CONTOUR SYMBOL PIHISH SYMBOL (YSER S

CONVEE CONIGUR SYWMBOY 31

WOIGATES FACE OF WELD INDICATES MENHOD OF

10 BE FHISKED TO " DBTAINING SPECIFIED

CONVEX CORTDUR NS CONTOUR 8UT NOT
OEGREE OF FINISH

Figure 8-9. Placement of Supplementary Weld

Groove angle. included angle of countersink
for ptug welds

Lengih of weld

Pitch {Centre 1o Centre spacing) of welds
NMumber of spot or projection welds
Specification, process or Other reference.

Each element in the symbol is placed In a
specific posihion 1n relahon to the other
elements as shown In Figure 8-10

FINISH SemasL SROOVE ANGLE aNCLUDED
CONTOUR SywBOL 516 OF COUNTERSINN
ao0r GPENING -- — 08 PLG wiiLDs

GEPtR OF FOLSNG FOR rl!hﬁfﬂ OfF wiLD
!
L

PIUG AND 5101 HELDS / PICH CENTRE 10 TENTRE
W ——— - / SPACINGE OF whiDS

S AR SIRENGTH
FOR CERINN WELDS

b o

(5or')
e

SPECiICAtON

PROCESS

OR OTHER REFERENCE Z ELO WELD SYMBOL

[~ WELD ALl ARQUND

STMBOL

“w—1 WUMBER OF SFOT OR
FROECHION wed DS

2

BASIC wlID SYMBOL
QR DEVML wEFDnEwiE
- ELLMENES i THES AREA e
REMAIN A5 SHONN
WHEN T4l AND ARROW
ARE REVERSED

Figure 8-10. Position of Elements on Weld
Symbol
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TYPICAL WELDING SYMBOLS

Figure 8-11 presents some examples of welding
symbols with brief explanations of their
meaning.

APPLICATIONS OF FILLET WELDING SYMBOL

Figures &.11 fo 8-15 illustrate examples of
typical tillet welding symbols.

BACK OR BACKING WELO SYMBOL

el % S ]mr APPLICABLE  SINGLE
GROGYE WELD SyMBOL

PLUG WELDING SYmBOL
PINCH D.SPANCE

/a(mm CENTRES) OF WELDS
SE a DF
HGLE AT ROOT, Y DERPTH OF FiikinG th

INCHE S
PHCLUDED ANGLE e g3
OF COUNTERSINK OMeS5e0n INDCatEs

FILLING 15 COMPLETE

SURFACING WELD SYMBOL INDICATING BUILT P SURFACE

ORIENTATION  LOCATIGH
anl Lt DIMENSIANG
OINES THAN SITE ARE
SHOWN ON JHE DRSWING

SIE wEIGHE OF DEROSAT
BMISSION DICARES NG LS
SPECEIC HESGHT DESIRED  +

SLOT WELOING SyMBOL
CRIENIAZION LOATION
AND ALt DIMENSIONS
i OIHER THAN DEPIH OF
HLUNG SR SHOWN
ON THE DRAWING

OLPId OF FRLEING IN
INCHE S

OWISSION INICATES
FILLING 1S COMPLETE

OOUBLE FILLET WELDING SYMBOL
LENGTH
OMISSION INBICAT.S
THAR wiLD EXBERDS
2 BETWEER ABRUPS
CHANGES IN DIRECTION
GR AS OIMENSIONED

wlb NG OF G, —/\
I

SPLLHILATION PROCESS }-—’“
Nk GakR REFERENCE

SPOT WELQING SYMBOL

NUMBER OF wiLd$

St 1 OF wilDy

SIREnGin 1 LB PER
wheD war BE i#SFQ
INSTEAD

FILCH uNSTANCE
BEFWEEN CENTRES) DF
2o o ———r WELOS
/—e—éﬁ PROCESS REFERENCE
WSt Bt LSO f0
INGICAIT PROCESS
DESIRED

CHAIN INTERMITTENT FILLET WELQING SYMBOL

AN ro VEAGEH O INCREMENTS

3175767 T Filth otanc BEtwEEn

SIZE LENGEH OF LG CENTRFSI OF INCREMENIS

PROJECTION WELOING SYMBOL

FROSECTION Wi ING
REFERERCE WOST B0 o PISEH (DISTARCE

SIE SSIRENGEH N L ar BETWEEN CEMTRES) OF
PER WELO: Dns (F 300 [ wELDS
WILB MAY B[ YSED (8] === WUMBLR OF WELDS

MSTEAD LOR CREWLAR
PROMLEIDN wELDS

STAGGERED INTERMITTENT FILLET wELOING SYMBOL

PIEH (STRACE BETwWEEN
3-8 5 CENIRESI gF INCREMENTS

; b3

SITE ENGTH OF LEG) —e——

WsGin O Al sty

LENGIH OF wilDS oR

IRCRERENLS

OMISSI0N INDICATES THAY

WELD €XTENOS BETwEEN
oo, SBROPT CHANGES TH

I/].uvyﬁ'@?"wmmn 0 45 DINENSIONCD

SEAM WELQING SyMBOL

S0 owiDIn GF wELDs
SERENGEH (y LB PER
LIMEAR HCH MAT 9E
USEQ taSTEAD

PROCESS SESERENLE
Muss 9E v3ED 0
INDICATE PROCESS
GESIRED

PHCH (DISTANCE BETWEEN
CERIRES OF sWCREMENTS

SINGLE ¥=-GROOVE WELDING SYMBOL
SIE (OEPIH OF CHAMFERING)
ISSION INBICATES OEPRH I;,-;
oF CHAMPERING EQua TO

THICKNESS OF MEMBERS

ROH  OPEMING
N coove st

FLASH OR UPSET WELDING SYMBOL

PROCESS REsEsEwCE
MUST BE (5ED 1D
IKDICARE PROCESS
BLSinEd

SINGLE ¥ GROOYE WELOING SYMBOL INCICATING ROOT PENETRATION

DI~

DEPiH OF cmrmuc/ ‘
B H

W\— RGOT QPENIRG
\hcmu ANGLE

PLUS
ROQE FlNlIRlIION

00UBLE BEVEL GROOVE WELOING SYMBOL

- ARROW POINTS TOWARD
omsswfu 0F Size DiMENSIoN | A MEMBER 10 GE CHMFERED
INDICAEES & TOEAL DEPEH r"' . RODF OP{NING
o CHAMEERING EQust TO i CROOVE AKGLE

THICKNESS OF MEMBERS

P
ST INOICARES
FLARE ¥ ANO FLARE BEVEL GROOYE WELOING SYMBOL

SQUAN. GRCOVE WELDING SYMBOL
OMISSUN OF /_IT__<

COMPLESE 1013 }-/

PEMETRATION

SIZE 15 CONSIDERLD ;E

45 EXTEWDENG ONLY RODS OPENIKG
10 TAKGENT POINES

WELDING SYMBOLS FOR COMBINED WELOS

=R

EOGE AMO CORNER FLANGE WELD SYMBOLS

RADILS %
LHN (Y B

«
i & \Hllcﬂl ABOVE POINT

OF RaHGENCY

Figure 8-11. Examples of Welding Symbols
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d

Vae

PLAN VIEW
H ]
DESIRED SECHON DR
WELD £ND viEw ELEvATION

ARROW LI0E FILLET WELDING SYmBOL

// llagvi

DESIRED SECTi0N OR
wELD ERD VIEW

b

ELEVATION

BDEN SIDES FiLier WELOING SYMBDE FOR DRE 1OINT

N

OFHER SIDE EILLEE WELDING Sypiets

PLAK VIEW /—L<
| I 1
DESIRED SECTION OR o8
WELD END viEw fevkiio

JOINT A
| I |
~p—"1 >
e B
OESIREL SECTION DR ELEVATION
HELD END VIEW

BOTH SIDES FILLET WELDING SYMBDL FOR TWO JOIRTS

Figure 8-12, Typical Fillet Welding Symbols

oL, 1

OESIRED WeLO — & Stra0t
SIZE DF SINGLE-FILLET WELD

SYMBDL
SIZE OF EQUM QDUBLE FILLET WELDS

A, P

OES AED WEeD  © SYMBOL
SIZE OF UNEQUAL COUBLE-FILLET WELDS

! (kx4
- ORIENTATIDN
%3 |—L,I£ SHDH O
k] g DRAWING

SYMAD
S1Z€ Of FII.LET WEI.D HAVING UNEQUAL (€GS

v

DESIRED ~ELD SYMaoL
CONTINUOUS FILLET WeLD
o 24 =6 T
__.'_\_J
DES'RED WELD SYMBDL

LENGTH DF FILLET WELD

0ESIRED wELD SYMBOL

WELD WITH ABRUPT CHANGES IN DIRECTICN

s

SYMBOL
DLSIRED wELD

DESIRED WELD

DEIRED WELD SYmam

WELD ALL-ARDUND SYMBOL

Figure 8-13. Typicai Filist Welding Symbaols
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- _“f-‘-i—’ma:taj:a:t."fh s--[
Thed, LA oy LT
BESIRED WELOS

SYMBOLS
COMBINED INTERMITTENT AND CONTINUGUS WELDING

BESIRED WELDS * SYMBOLS

WELDS DEFINITELY LOCATED

(WELDS May BE PLACED ANY
WHERE ALDONG THE SOINTY
SYMEOLS

WELDS APPROXIMATELY LOCATED

DESIRED: wiLps

YCAIE WELDS AF EROS OF JOINT

DESIRED WELDS

LENGTH AND PITCH OF INCREMENTS
OF INTERMITTENT WELDING

< 10CATE wELOS AT ENDS 0f 10INT

b [ —afe— } —=u)

T8 Of wiDs
DESIRED WELOS SheaL

LENGTH AND PITCH OF INCREMENTS
OF CHAIN INTERMITTENT WELDING

Y LOCATE WELDS AT ENDS OF !DIH!7

Pyt P34 3 [ 3400
e 10 ——— 3}
g OF wELD
DESIRED WELDS SYMBOL

LENGTH AND PITCH OF INCREMENTS
OF STAGGERED INTERMITTENT WELDING

Figure 8-14. Typical Fillet Welding Symbols

APPLICATION OF DIMENSIONS TO PLUG
WELDING SYMBOLS

Figures 8-16 jllustrate how reguired dimensions
isi1ze. inciuded angle of countersink and depth

of lling) are used m plug welding symbols.

Figure 8-15. Typical Flllet Weiding Symbols

APPLICATIONS OF DIMENSIONS TO SLOT
WELDING SYMBOLS

Figure 8-17 Jllustrates how required dimensions
for depth of filling are used in slot welding sym-

bols.

t
SECoN 0
DESIRED WELD
{A) SI2¢ OF PLUG WELD

45"
e
1 T 1
SECTION OF SYMBOL
UFSIRED WELD

(B) INCLUDEC 3NGLE OF COUNTERSINK DF PLUG WELDS

r—

DESIRED WELDS

(8) PITCH OF PLUG WELDS

R e
SECTION OF SYMBDL

PPYRED WELD
‘_{C) DEPIH OF FILLIKG CF PLUG WEI NS

brae—6- -t
D

OCSIRED WELDS SYmBOL

(E)  PLUG WELDING SYMBOL SHOWING USE OF COMBINED

DIMENSIONS

Figure 8-16. Dimeuslon In Plug Welding Symbols
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B T &TT

. ?o'm-" 'uo'g-" - To'E' 10 e 10— 'o'-l'-ﬂ' )

/. ORIENTATION AS
SHOWN ON DRAWING

oy

DEta A kA

COMPLETELY FILLED SLOT WELOS

“1&a) sec oETE o o

ON DRAWIHG

OfTan 8

PARITALLY FILLED SLOT WELDS

Figure 8-17. Dimension in Slot Welding Symbols

APPLICATIONS OF GROOVE WELDING
SYMBOLS

Figures 8-18 and 8-19 provide examples of
typical groove welding symbols.

GUIDELINES FOR INTERPRETING WELDING
SYMBOLS

1 Locate the point accurately, since some
drawings do not show joints clearly.

Identify the "arrow side” and "other side” of
the joint. The arrow points to the "arrow
side.”

Prepare the joint according to the location
and type of weld symbol on the reference
line. Take into account the other parls of the
welding symbol. e.g. size. length. second
break mn arrow hne, olher specifications

/T

/

QESIRED SECTiON OR ELEVATION
WELD £HG VIEW

ARROW SIOE SQUARE GROOVE WELDING SYMBOL

A

DESIRED SECTION OR
WELD END WIEW ELEVATION

ARROW-SIOE BEYEL GROOVE WELOING SYMBOL

/

ELEVATION

DESIRED SECHION ok
wEld END vIEW

OTHER SIQE SQUARE GROOVE WELOI* 5 SYMBOL

|-

DESIRED SECHON OR
wiLD END VIEW ELEVATION

OTHER SIOE BEVEL GROOVE WELOING SYMBOL

/T

A/

DESIRED SECHON OR
WELD END VIEW SLEVATION

BOTH SIOES SQUARE-GROUYE WELDING SYMBOL

QESIRED SECTION OR
wito END VIEW

807H SI0ES BEVEL GROOVE WFLOING SYMBOL

EREVATION

Figure 8-18. Groove Welding Symhols
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DESIFED wERD

L

DEStRID WELD SYME0L

)
I-
L} 1
%__Lé_:__j. !
H
BLCIRED WELO

T

w4 RODT PENETRATION
DESIRED WELD

SYME0L

-
L4
'_..L.

3
OFSIRED WELD

SYMBOL

ROOT PENETRATION

1L "T hoo1 PENCTRATION

DESIREQ wELD STMBGL

DESIREO WELD SYseoL

ARODT PENEGRATION

OF SIRED WELD STMBOL

—ra

SYHBOL

LESIRED WELD

. 2, R00 pinzmnou ot d
200 ’r:_ﬁ}‘:“:j— « 1T 7
PENETRAIION 3 WOTE L

OVERLAP  *
DESIRED wELO

SYmMBoL

Figure 8-13. Groove Welding Symbois

PARTS OF A WELD

The terminelegy used to identify the parts of a
weld are defined and lustrated with reference
to Figure 8-20.

Root Gap wr Roo! Cpening 1s the distance be-
tween two prepared plates.

Root Face (Land, Shoulder) refers to a chamfer
on the bevel.

included Angle i1 the total angle between the
two prepared plates.

Root Radius 15 the radius of the arc formed 10 a
J-groove between the root face and Ihe
sho'sider

Wald Size s the depth of weld from the point of
deepest penetration to the face of the weld.

Root Panstration is the gistance trom lhe joint to
the root of a fillet we'!

- — o - ——

Root is the point of deepest penetration of a fillet
vrald.

Toe refers to the junction between the face of
the weld and the base metal.

Lag of afillel weld is the distance from the poinl
where the original surfaces intersected to the
tee of the fillet.

Face of the weld 15 the exposed surface ol a
weld,

Throat of a fillet weld 1$ the distance from the
joint to the lace of the weid

WELDING PROCESSES

ARC WELDING EQUIPMENT

There are three basic lypes of arc welding
machines:

1. Generators
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Figure 8-20. Parts of a Weld

2  Transformers
3. Recufhiers.

D.C. Motor Genegrator produces a D.C. current
suitable for welding from an alternating current
power source All types ol welding electrodes
can be used,

D.C. Engine-Driven Gonerator is powered by a
gas or diesel enawre and produces a DC.
current compatible with all types ol welding
elecirodes These units are portable and in-
dependent ol electrical suppty lines,

Transformers The power source for this type
15 usually a single phase conversion from 115 V.
to 550 V.. producing an A.C. current suitable for
welding at high amperages. Not all electrodes
are compatible with A.C. current.

Ractifiers The power source is 220 V. to 550
V alternating current converting to D.C. by
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CONCAYE FILLET WELD CONVEX FILLET WELD
WITH EQUAL LEGS WITH EQUAL LEGS

THROAY

CONVEXITY

THROAT

LEG + LEG

CONYEX FILLET WELD l A I CONCAVE FILLET WELD

WITH UNEQUAL LEGS WITH UNEQUAL LEGS

single or 3-Phase process. Some rectidiers are
equipped to supply D.C. and A.C. output by set-
ting & simple selector switch.

REQUIREMENTS FOR WELDING MACHINES

Each type of welding machine 1s designed to

meet the following essential performance

criteria:

1 It must prov -2 current variables over & wide
range.

2. It must have an open circuit voltage high
enough to maintain an arc under varying
conditions.

3 It must be capable of a quick response to the
varying requirements of the arc for both
voltage and current.

COMMON WELDING PROBLEMS

Arc Blow  Arc blow is deflection of the arc
forward or backward {or occasionally to the
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side) caused by magnetic fields around the plate
and the electrode irduced by direct current
llowing through them.

Airc blow can produce the following weld ef-
fects: mcomplete fusion. slag inclusion. weld
spatter.

Cormrective Measures to Reduce or Ellminate
Arc Blow
Reduce current.
Switch to alternating current if available.
Tiit the electrode to counteract the arc blow.

Position ground connection some distance
away from the joint being welded.

Hold as short an arc as possible.
Check weld direction and sequence:

2. weld toward a heavy tack or a weld
already made

back-step on long welds

start the weld some distance in from the
edge and weld back to the edge (for for-
ward blow).

Wrap the ground cable around the work
piece such that the magnetic field is
neutralized (do not burn cable insulation).

Metal Distortlon  Metals expand on heating
and contract on cooling. Duling welding the
heated metal expands and the subsequent
cooling causes the metal to contract

Principles of Metal Distortion
1. Expansion and contraction affecl all dimen-
sions: lengih. width and thickness.

Different metals expand and contracl to
varying degrees.

Both the weld metal and the parent mztal are
aifected by heat and cooling

If thermai expansion and contraction are too
rigidly restrained. the resulting stresses on
the metal may weaken or impair the weld.

Gulde to Weiding Practices To Minimize
Distortion
Do not overweld:

1. Use smallest permissible size of weld on
fillets (Figure 8-21)

Use intermittent fillet welds rather than con-
tinuous ones il permissible.

Figure 8-21, Use Smallest Weld Slze
Permissible

3. Use joint designs that require the least weld
meial:

a. U groove is preferable to a Vv groove
(Figure 8-22).

b. Use smallest permissible angle on single
V groove joint {(Figure 8-22).

Balance welds about the neutral axis:

1. Use deep penetrating fillet welds (Figure 8-
23).

Place intermittent fillet welds opposite each
other {Figure 8-24).

Use double V groove weld design rather
than single V (Figure 8-25).

Deposit the greatest amount of weld metal in the
shortest time:

1. Weld in flat position if possibie using large
size electrodes.

Use iron powder electrodes.

Use fewest possible number of passes
(Figure 8-26).

Flgure 8-22. U-Groove and V-Groove

A A&

CONVENTIONAL ““DEEP FILLET™
Flgure 8-23. Weld Penetration
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K !
Figure 8-24. Intermittent Weld Patterns

Figure 8-25, Double “V" Groove

Figure 8-26. Minimal Number of Passes

4 Select fastest welding method i.e. semi-
automatic or automatic welding machines.

Sequence welding to distribute heat as unifor-
mly as possible (Figure 8-27):

1. Use back-step welding method.

2 lse staggered or wandering sequence.
3. Use ding about the centie line.
4

On longitudinal seams. start some distance
in from the 2nd of the joint with 2 short weld,
then finish the main weid to the other end of
the joint (Figure 8-28).

Divide.a waldment into sub-assemblies that may
be fabricated under preferred welding con-
ditions. A weldment consisting of different parts
may be tack-welded into one assembly that is
then welded following correct sequence.

Use mechanical means:

1. Pre-bending using clamps and fixtures
(Figure 8-29).

< RIGHT

SKIP WELDING
Figure 8-27, Sequence Walding To Di:*-ibule

Heat
START <

L |

FIRST  MAIN WELD Z

Figure 8-28. Welding Longitudinal Seams

2. Locating parts out of position or spacing to
allow for shrinkage (Figure 8.30).

Preheat prefarred or entire sections {Figure 8-
31).

figure 8-29, Pra-Bending
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COMPARISON OF CHARACTERISTICS OF A.C. AND D.C. WELDING CURRENT

AC

Reduces incidence of arc blow where high
amperages required,

Better welds with iron powder type elec-
trodes.

Not compatible with some lypes of elec-
trodes. stainless. non-ferrous. low hydrogen
{small sizes) and hardsurfacing.

ocC.

Arc blow common. especially with high am-
perages.

Bead is narrow and slringy with iron powder
type rods.

Most universally compatible welding current
for wvariety of electrodes and welding
positions.

Flgure 8-30. Atfowances For Shrinkage

PREHEAT

SHADED AREA
Figure 8-31. Preheating Preferred Sectlons

WELDING ELECTRODES

The welding electrode is the consumable metal
rod or wire ysed in electric arc welding to strike
and maintain an arc and to melt in order to add
lused drops of metal to the weld.

In manual welding processes. the electrode is in
the form of a metal rod or “stick.” In automatic
or semi-automatic processes. the electrode Is a
continuous length of wire that feeds into the
weld area at a controlled rate.

Categories of Welding Electrodes
Mild steel
Low alloy steel

Corrosion-resisting chromium and chromium
nickel steel

Hard surfacing metal {Ferrous and Non-
feirous)

Nickel and nickel alloy
Aluminum and aluminum alloy
Copper and copper allov

Slze of Electrodes for Manual or
“Stick” Yelding

1. Usual range from 14" to 18" in length.
2. Diameter range is 1/16" to 3/8".

Flux Amount of flux or coating varies from &
fight dust to heavy covering over the rod.

Composition of the flux va. s according to the
tunction required of the rod. Functions of flux
are:

1. Providas a gaseous shisld for the weld

2. Producas slag to protect the deposited
metal

Provides for easier arc handling
Acts as a stabilizer

Alloying elements may be included for
strength

Renders the rod compatible with A.C.

Iron powder may be included to provide ad-
ditional filiar.
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Slag The amount and characier ol slag
produced by an electrode are determined by the
nature of the rod coating Functions of slag are

1. Protecting the deposit from oxidation

2. [Dissolving oxides and ftoat impurities to the
surface

3. Controlling shape and smoothness of the
bead

4. Decreasing the rate of cooling of the
deposit.

IDENTIFICATION

Spot Color Coding  This was the orignal
method used !o idently welding elecirodes.
however. 1t Is less commonly seen now.

Code Number Classiflcation This system of
ctassifying welding electrodes was established
by the C.5.A., AW.S. and AS.T.M. and is widely
accepted by most manufacturers,

The code 15 interpreted as follows.

1. The letter E preceding the number
designates an electric arc welding rod.

2. The first two numbers (in a four digit code)
or three numbers (in a five digit codse)
represent the minimum tensile strength of
the deposited metat in thousands of pounds
per square inch.

Thus:

ES010 designates an electrode having
60,000 psi minimum tensile strength.

E11015 designates an electrode having
110,000 psi minimum tensile strength.

3. The second last digit denotes the welding
positions in which the electrode may be
operated satisfactority:

Exx1x indicates all positions.
Exx2x indicates flat positions only.

Exx4x indicates vertical downhand
positions.

4, The last digit has no congsistent Significance
on its own. but the welder through ex-
perience can learn 0 recognize how it ex-
presses (alone. or in conjunction with the
preceding diglt) certain characteristics of
the flux, e.9. compatible polarity, weld
penetration, bead features, contour, eic.

Table 8-3 indicates by electrode classification

the type of current recommended, welding
position. tyPe of flux coating. surface
appearance of the deposited weld and the lype
of slag produced.

SPECIAL CONSIDERATIONS IN SELECTING
AND USING WELDING RODS

Stainless Stesl Corrosion-resisting
chromium and chromium nickel steef can be
classified under the general heading of stainless
steel Select electrodas to weld stainless sieel
with caution since the chemisiry of stainless
steel 15 complex and the type of electrode
should be matched to the parent sieel to achieve
a weld with the desired mechanical properties. |
the wrong electrode 18 used. the deposited weld
and heat affected zone may lose Its corrosion-
resistant properties The welder should check
the specifications of the steel and seek advice in
selecting a suitable electrode.

Because of the high cost of stainless steel. car-
bon and low alloy steel covered or clad with
stainless steei 18 often ysed to reduce the cost.
Joint preparation and the welding procedure
must conform to manufacturer's specifications.

Surfacing Metal Arc Elecirodes are most
frequently uysed to improve impact wear
resistance or abrasion resistance of material by
fusing layers of weld metal to the surface. The
mining industty relies heavily on this welding
procedure to renew heavy duly equipment using
Tungsten Carbide. Manganese and Chromium-
Carbide elecirodes in vanous combinations.

Nicksel and Nickel Alloy Elactrodes are mamy
wsed for welding nickel and its alloys in areas
where gaseous or Hwd acid represenis a
corrosion hazard or where the service tem-
peraiure may be below {reezing. Nickel elec-
trodes are also used n welding cast iron Since
they resist carbon “pick-up” and therefore
produce a relatively ductile weld.

Alumlnum and Aluminum Aloy Electrodes are
almost exclusively welded by the Metal Inert
Gas and Tungsten Inert Gas processes
described in this chapter.

Small maintenance or repairr welds may be
carried out by the stick welding process since
normal welding machines are conveniéntly por-
table, In these cases it is important to follow
recommended design procedures. Thoroughly
clean syrfaces and remove all flux from the weld
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TABLE 8-3. ELECTRIC ARC WELDING RODS.

Classilication

Cerient and Polanty

Welding
Positions

Type of Covenng

Penetra-
tion

Surface
Appearance

Slag

Exx10

Exxii

g6012

DC. reverse polauty
{electrade postisve)

AC or DC. reverse
polanty

AC or pC, straght
polanity
{tleclrour negative)

Al

Al

Akt

High-cellulose
sodium

High cellutose
Potassiem

digh-titania
sodigm

Deep

Deep

Medium

flal, wavy

Flat, wavy

Convex
nppled

Then

Thin

Heavy

AC or pC. straight
polarty

pC. ether polanty
or AC

DC. reverse polanly

All

High-titania
potassiem

Iron powder.
titanta

Low hydrogen
sodiem

Shallow

Medium

Medium

Flat or
toncave.
shighl ripple

flal. shighily
convex.
smoolh ripple

Flat. wavy

Medium

Easily
removed

Madium

AC or DC, reverse
polanty

A or DT, reverse
polarity

pe. straght polanity
or AG for H-fillets:
0C, uther polanty
or AC for 12l welds

All

All

H- hillets
and [lat

Low hydrogen
potassiem

Iron powder
low hydrogen

High won oxude

Medium

Shallow

Medium

Flat. wavy

Flat. smooth,
line npple

Flat or con-
cave, smooth

Medium

Medium

Heavy

DC. either polarity
or AC

DC, straght polanty
or AC for H-lillets:
DC erther polanly
of AC for Mal welds

AC or DC. reverse
polanty

H-lillels
and (lat

H-fillets
and llal

H-fullets
and Ml

Iion powder
{ttama

iron powder
it 0nde

Iron powder
low hydrogen

Shallow

Medium

Shallow

Shighlly
convex, very
smooth, fine

rippie

Flat tq
shightly
concave,
smoolh, fine

ripple

Flal, smooth
hine npple

Medium

after the job. Flux conltains corrosive elements
that will degrade the weltd i allowed o remain
when weld-up is complete.

Copper and Copper Alloy Electrodes M.|.G, and
TiG. processes are preferred in nearly ail
siuations involving copper and copper atloys.

STORING ELECTRODES

Storage requirements for arc welding electrodes
are dictated by the properties of the coating or

flux on the rods. The manufacturer's
specifications must be followed in all cases

Water represents the most significant hazard to
electrode coatings: thus exposure to air before
use must be restricted for some types of rods.
e.g., low hydrogen.

Storage Guldellnes

1. Cellulose type coated electrodes can be
stored in normal storage bins provided that
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the air does not exceed the specified relative
hurmidity.

Low hydrogen electrodes require storage in
holding ovens to ensure absolutely dry
conditions.

If overexposed to air, rebaking accoding to
specifications pnor to returning to holding
oven will reclaim the rods. Electrodes that
have been in direct contact with water must
not be used.

VARIATIONS OF ELECTRIC ARC
WELDING PROCESS

METAL INERT GAS (M.t.G.) WELDING

This process involves the following principles

1

SHIELDING

The heat is generated by an arc between a
consumable electrode and the work metal.

2. The electrode (a bare, solid wire) i1s con-
tinuously fed to the weld area.

3. The electrode, weld puddie, ar¢c and ad-
jacent areas of the base matal are piotected
irom atmospheric contamination by a shield
of gas (or mixture of gases) fed through the
electrode holder or gun.

See Figure 8-32 for the components of a M.ILG.
Welding System.

The shielding gas for mild steel welding is
usually COz; however, for special apphcations.
Argon and Helium. which were originally used
for shielding, may stll be preferred.

The process is semi-aulomatic with the operator
guiding the weld deposited. but the arc length1s
automatically controlled and the elclrode or wire
is fed continuously.

WIRE SPOOL

NDTE" FOR SMALL
DPERATIDNS. WIRE AND
WHRE DRIVE MAY BE
LDCATED IN WELDING GUN

GAS

2T 2
e i CONTAOLS FOR
D.C. WELDING ]_——ol ‘. GOVERNING WIRE
o c) coRToTOn DRIVE, CURRENT.
GAS FLOW AmND
MACHINE CODUNG WATER
IF REQUIRED

Figure §-32, Schematic Representation of Components of M..G, Weiding System
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Forms of Transier of Weld Mstal The two
matn vanations 'n the transfer of weld metal
from the wire to the work are

1 Spray Transfar 1s best suited to large fillel
welds on heavier metals {1/16" to over 1"
thickness) because 1ts deposition rates are
high

Drop Transfer 1s effective on matenal less
than 1/16" thick since heat input is low and
distortion \herefore minimal.

Use of Flux-Cored Wire  Under some cri-
cumstances. a filux-cored wire may be used Iin
MiIG weiding It has the following advantages
over sohid wire.

1 1t can increase the deposition rate.

2 It gwes added protection agains! at
mosphertc or loca! contaminations.

t can provide alloying elements to the weld

it s preferred to gas shielding in con-
struction work when windy conditions
prevail.

The M L.G. welding process has seen its greatest

developmen! since 1955 because of its speed.
greater deposibon rate and acceptance by
quality control agencies. For these reasons It is

FOOT SWITCH
MAY BE SUBSTITUIED

HARD SWITCH

REDUCER
ASSEMBLY

TN

WORK

6" ANO

WATER
connscnonsx

.

claiming an increasing share of the welding
market.

TUNGSTEN INERT GAS (T.i.G.) WELDING

This process was introduced In the early 1940,
for fusing malenals that had been classified as
difficull to weld. The process involves the
following principles:

1. The heat 1s generaled by an arc between a
non-consumable tungsten electrode and the
workpiece,

Filler metal is added to the molten weld pool
manually.

Shielding gas. usually pure argon. IS in-
troduced through a hollow cylinder that
surrounds the tungsten in jhe T.1.3 “torch.”
The gas cools the electrode and protects the
molten pool from contamination by the al-
mosphere, -

COMPONENTS OF T.L.G, WELDING SYSTEM
1. Torch

2. Power Supply

3. Gas supply

4. Cooling medium

The components of a TI G Welding System are
iHustrated in Figure 8-33.

REGULATOR
AND FLOWMETER

FILTER

DRAIN ———

WATER SUPPLY

WELDER
WITH
CONTROL
STATION

| GROUND

f—

Figure 8-33. Schematic Represeniation of Components of T.L.G. Welding System
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Torch The basic features of the T I.G. torch
are illustraled 1n Figures 8-34. The torch may be
air cooled or waler cooled. Air cooled lorches
are used for lhin gauge apphcatons while water
coolng 1s necessary for thicker and more
general applications

The airr cooled torch compnses a holder In
which a tungsten electrode 15 held centrally in a
ceramic nozzle. The electric current and inert
gas are conducted through a flexible compound
cable to the torch head. The water cooled torch
is suitable for currents up to 350 amps. Both the
lorch and welding cables are water cooled.
enabling the size and weight of the metal parts
to be reduced. Automatic heavy duly ap-
plications equipment is available for amperages
up to 600 amps

Power Supply

1 Duirect current supphed by erther a generator
orf rechher

Alternating current supphed by a trans-
former. this urut requires a high frequency
feature that assists n striking and main-
tairung the arc

The power supply may be

The selectron of power supply depends upon the
matenal to be welded and its thickness. as
specified 1n Table 8-4

.| Alumiaum Bionze

TABLE 34, POWER SUPPLY IN T..G. WELDING

METAL OR ALLOY RECOMMENOEO CURRENT SOURCE

ACHE. | ocsP. | o.CRP.

Magnesium ¢

Aluminsm

Berylhium Copper

Brass

Copper

lnconel

Monei

Nickel

Silicon Bronze (Everdur)
Stainless Steet

Steel

DX 0D 24O X s D Xe Xe
P X» x» P o P o D B

= x>
L

#—DCSP prelerred on material thicknesses over 14 gauge

ACHF — Aiternaiing Curreat High Frequency
DCSP — Direct Current Strarght Potanty
DCRP — Durect Current Reverse Poianty

C — fatr operation
X — Mot recommended

A — Excellent oberation
8 — Good oPeralion

Gas Supply The nert gas s usualily supplied
in cylinders. unbke the familhar oxy-acetylene
cylinders. the regulator muyst also incorporale a

Figure 8-34. T.1.G. Torch
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flowmeter to indicate the flow of shielcing gas in
cubic feet per hour The gas is normally Argon
or Hehum (hence the expression Helarc
Welding). it may aiso be a combination of Ihese,
or edher gas muxed with oxygen or carbon
dioxide The gas 1s not chemically invulved in
the welding process, but shields the molten
metal from atmospheric pollution.

Cooling Medlum On thinner gauge metals
requiring relatively low amperage below 200, no
additional cooling medium is required for the
torch Jr electric cables. For amperages up to
350 on manual operation. water cooling is
required to protect the torch and to reduce ef-
factively the size of cable required. thereby
making 1t more flexible and easier to manipulate,

Jolnt Preparation  Joints for T.LG. welding is
essantially the same as for other welds, however,
due to the high localized heat, 18ss land is
required.

Advantages of T.I.G. Welding Process TLG.
welding has many advantages over other
processes, especially in joining non-ferrous
metals

1. The completed weld is usually more ductile
than the conventional welds.

2. The welds are generally more corrosion-
resistant.

3. Since no flux IS used, there are no fumes or
spatters, thus finishing of the weld is
nagligible.

Disadvantages of T.1.G. Welding Process
1. Equipment is costly

2. Effects of ultra-violet radiation represent a
hazard to welders if the skin iS$ not com-
pletely and adequately covered.

3. OQutdoor operation of the process is often
impractical bacause it is difficult to exclude
all drafts from the weld area. For eftective
T.ALG. welding, the inert gas should be
protactad from dispersing drafts or the
shielding effsct is lost.

OTHER ELECTRIC ARC WELDING
PROCESSES

Submerged Arc Welding  In this process. a
bare filler wire is fed continuously from a coil
through a welding head and a heavy layer of flux
{about 1" deep) is deposited separately just

P

ahead of the welding arc. The welding arc 1s
submerged under thus flux blanket

This process allows for currents greater than
2.000 amperes to be uysed, and produces high
quahty welds on very thick plates. The process
1s usually fully automatic, but may be adjusted
for semi-automatic operation.

Electro Siag Woelding Ttus welding process
permits full thickness welds with a single pass in
vertical joints. With the proliferation of nuclear
power plants, it 1S expected that this process
may be preferred to others for fusing the thick
sections thal house the power plant

Plasma Arc Welding This is an extension of
the T.1.G. process in which temperatures as high
as 90,000 F are generated.

Carbon Arc Woelding This process,
developed many years ago. has largely been
replaced by the various forms of metal electrode
welding.

Atomic Hydrogen Welding In this Process.
the heat source 18 a gas-shielded arc between
two elecirodes; however. MIG or TIG.
techniques are more commonly ysed lor welding
jobs of this type.

Arc Stud Welding This process I1s often ap-
plied 1n the Boilermaking trade for attaching
fasteners to a vanety of equipment

Arc Spot Welding This welding process I1s
lirited to thin plate and therefore 1s little used in
the Boillermaking trade.

SAFETY GUIDELINES FOR ELECTRIC ARC
WELDING

Electricily, hke fire, 1s a good servant but a bad
master. In arc welding operations where certan
energized parts are exposed. a welder must be
especially careful to observe relevant safety
rules to ensure maximum personal safety to
protect those working near him and lo safeguard
equipment.

1. Arc weilding equipment operates with high
voltage and therefore must be handled with
exireme care.

2. Repairs or alterations to arc welding equip-
ment must be made only by a qualfied
tachnician.

Since arc rays can cause painful burns,

3.
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make sure before startind a job that your
face shield 1s free of defects.

4 Terminals for welding leads should be
protected from accidental electncal con-
tact by personnel or metal cbjecls, e.g.
hooks. shackles. chains. chokers. €tc.

5. Inpul puwer terminals, tap change devices
and live metal paris connected to input cir-
cuits must be completely enclosed a.d ac-
cessible only with toois.

6 Mo connectioas for remote conltrot boxes
are to be connected to an A.C. source
higher thar 20 voltz

7 Blow out the entire welding machine with
clean. dry compressed air when ac-
cumulated dust 15 visible.

8 Be sure your welding machine is properly
grounded

9 Avoid standing on danp ground when
operating the welding machine.

10 Do not overioad cables or oparate without
tight-fitting connections.

11 Never change the polanty switch when the
machine is under load.

12 Warn all persons in close proximity without
eye protection when you aré going to stnke
an arc — “Watch Your Eyes!”

13. Test welding heat on a piece of scrap
metal, never on a compressed gas cylinder.

14 Do not lay your elecirode holder down in
such a way that a short circuit or contact
can be made with surrounding metal.

15 Mever weld a tank, pipeline or portable con-
tainer without making absolutely certain
that 1t 1s free of any explosive vapors.

16. Welding should not ve completed on the
outside of a closed vessel until an opening
of some sort has been made in the vessel

7 Where welding is done inside any enclosed
s,ace, yse blowers or leave an opening in
the top for adequate ventlation,

18 When chipping slag. ey2 protection must
be wom.

SAFETY GUIDELINES FOR G.M.A.W. AND
T.L.G. WELDING

t. Flash goggles {#2} should be worn under
the welding shield while welding is in
progress.
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The shin should be completely Covered.
since a higher intensity of ultraviole! rays
are generated by these processes. Cotton
clothing should be covered with leathers to
prevent detenoration from these rays.

3. Avoid nhalation of fumes from thesze
welding procgesses rough the provision of
adequat: ventilation.

4. The welding machine supplying power to the
arc must always be turned "“CFF" whenever
changing electrodes in tungsten arc elec-
trode holders or when threading coiled elec-
trndes into consumablie electrode equip-
ment.

5. Place an electrode holder when not in use
so that it will not make contaci with persons,
conducting objects, fuel or compressed gas
tanks.

6. Electrodes in wire form for semi-automatic
holders should be retracted or cut off when
not in use to remove pousibility of contact.

|

Remove o¢ retract tungsten zlectrodes
with:n the holder when not in yse,

8, Cooling water. shielding gas and engine fuel
must not he allowed to leak.

OXY-ACETYLENE WELDING

As a method of joining metals, the oxy-
acetylene welding process has in most in-
stances been replaced in recent years by the arc
processes.

Advantages of Arc Weidlag

f, Faster

2. More productive on thicker sections
3. Produces less distortion,

Uses for Oxy-acetylene Welding

f. Joining thin sections of metal {iess than
1)“8")

Hard surfacing

Brazing

Bronze welding

Special design applications

ANl S A

On small jobs. the portability of oxy-acetylene
equipment represents a significant advantage,
Oxy-acetylene cylinders in smalt backpacks can
be carried lo locations where transporting elec-
trical gemerating machines or providing great




) P

Weltdina

249

distances of cable to provide power for trans-
former weiders would b impossible or im-
practicat.

Oxy-acetylene welding 1s a useful approach in
training novice welders to recogmze the charac-
tenistics of molien metat thar #-e not observable
In the arc processes because of the flux shield.
By praciicing oxy-acetylene welding. the welder
car learn lo handle irie motten pool (a critical
skill in positional welding) and to recognize
defects as they occur (porosity. slag hoies, etc.).

Figure 8-35 llustrates the paris of the oxy-
acelylene weiding torch.

TYPES OF GXY-ACETYLENE FLAME

The variahons in welding flames are obtained by
altenng the oxygen and acetylene ratio as it is
supphed to the blowpipe

Meutral Flame The neutral flame (F, ure 8-
36) 1s obtained by an approximate one to one
mixiure of oxygen and acetylene The charac-
ternistics of the neulral flame are

Absence of sparks

Quiet finme

Temperature of approximately 6000 ¥

T e

Due ‘0 almost perfect combustion of both
gases. the wetd does not pick up either
oxygen or acetytene which can cause
azrious defects in certain metals.

INRER CONE
T T
- QUTER
NEUTRAL

Figure 8-36. Neut:al Oxy-Acetylene Flams

Carbor’zing Flame  The carbomizing flame
(Figure 8-37) has an excess of acetylene which
IS very rich in carbon and 18 charactenized by
1 Sharply defined inner core

2 Acelylene feather

—_——— INNER CONE ACETVLEN FEATHER

i """“---__‘_.__
DEEGUTR LT
CARBORIZING

Figure 8.37, Carboniziing Oxy-acetylene
Flame

@

Quter flame

Production of brittle weids in steel which
tend to crack or shear {due to affinity which
molten steel has for carbon)

5. Useful for hard surfacing on non-porous
metals

-9

Oxidizing Flame  The oxidhzing Hame (Figure
8-38) 1s the |least used of the three flames and 15
charactenzed by

1. Shorter flame
2. Sharper inner core

3. Temperature exceeds 6,000°F due to excess
of oxygen

4, Weld quality often poor as a result of oxygen
pick-up by most metals

5. Usefui for brass and for braze welding

-~ IMNER CONE
> FEz==— . -, OUTER FLAME
-—-4‘-‘-_"‘:_-_:..__': e -

OXDIZING
Figure 8-38, Oxidizing Oxy-Acetylene Flame

EQUIPMENT FOR OXY-ACETYLENE
PROCEDURES

Figure 8-39 illustrates equipment for oxy-
acetylene prccedures,

Acetylene Cylinder Acelylene 1s stored n
cylinders (never above 15 psH packed with a
porous substance filled with acetone. Acetone
absorbs acetylene v a 20 1 volume ralio The
acetylene 1s drawn olf through a valve that
relaases maximum pressure after 1 1/2 turns.
Safety fuse plugs are set into the bottom of the
cyhinder

Oxygen Cylinder Oxygen 158 supphed n
heavy cyhinders under 2200 ps (at 70 F) The
vatve 1s a high pressuré mechamism with a rup-
ture disc as a safety feature. When the cylinder
15 1n use, the valve should e completely cpened
to prevent leakage of oxygen around the stem.

Regulators A regulator 15 2 mechamism at-
tached in the gas line between the cylinder and
the gas conducting hose. It has the dual func-
tion of reducing high cylinder pressure to a
lower working pressure and maintaining tnat
desired working pressure at a constant level
during the welding o cutting operation.
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CYLINDER

WORKING
PRESSURE
GAUGE

CYLINDER
PRESSURE
GAUGE

OXYGEN
REGULATOR

WORKING
PRESSURE

WHEEL OR

ACETYLENE
REGULATOR

ADJUSTING

ACETYLENE
CYLINDER

ACETYLENE
HDSE

ADJUSTING
SCREW

OXYGEN
SCREW CYLINDER

CYLINDER
Cap
ACETYLENE HOSE—RED

OXYGEN HOSE—GREEN

NOTE:

Al oxygen fittings
— righl hand thread

Al acetylene fittings
— left hand thread

ACETYLENE
TORCH
VALYE

BRASS

MIXING
OXYGEN

YALVE HAN OLE

Flgure 8-33. Schematic Representation of Equipmem for Oxy-Acetylene Procedures

There are usually two gauges on the regulator
one showing the working pressure at the tp. the
other showing the pressure remaining in the
cyhnder

Hoses Hoses for gas cuthing and welding
are color-coded red for fuel gas and green for
oxygen Under no circumstances must these
hoses be Interchanged. Hoses are Supplied in
standard sizes of 3/16, 1/4”, 3/8" and 1/2".

They are available as single line or double line
(green uxygen hose joinied or moulded to red
fuel hose).

A further safety feature identifying oxygen and
fuel lines is noted in the fittings used oxygen
nuts are smooth and have a right hand thread
while fuel nuts are grooved and have a left hand
thread.
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Torches and Tips Design features of torches
and ups are descrnibed below 1n the sections on
flame cutting and welding

Torch lighter Oxy-acetylene torch~s shoukd
always be hit using a friction highter. never mat-
ches or burning paper. Friction highlers ignite
the torch with a spark rather than an open flame
and are available as simple flint-and-steel types
or mistol grip spark lighters.

Goggles Eve prolection 1s required for oxy-
acetylene procedures and 1S described 1n detail
under “Safely Guidelines for Oxy-acetylene
Procedures ™

SETTING UP OXY-ACETYLENE EQUIPMENT

Step 1. Secure

position.

cylinders 1n an upright

Step 2. Crack cylinder valves to clean out dirt
and water. Stand clear when first
relsasing valves.

Step 3. Attach regulators. Make certain that
requlator adjusting screws are loose
(in the turned out position).

Step 4. Anach hoses to regulators,

Step 5. Open cylinder valves slowly (again.
stand clear when releasing valves)
Acetylene — 1 1/2 twrns maximum.

1/2 turn normally sut-
ficient
Oxygen — all the way

. Tum in regulator adjusting screw to
blow out hoses: then turn out ad-
justing screw again.

. Attach torch handle.

8. Attach proper size tip: select from
torch manufacturer’s chart.

Set correct working pressures. Turn in
the regulator adjusting screws until
pressure shows on working pressure
gauge.

. Test for leaks. Check suppliers
manual for instructions.)

. Open acetylene needle valve on the
torch handle 1/4 turn and ignite with
spark lighter. Adjust for smokeless
flame.

. Open oxygen needle valve on torch
handle #nd adjust until desired flame
is present.

Acetylene is always turned on and off
first.

Always use proper size wrench: never
use pliers t0o make connections.

DISASSEMBLING OXY-ACETYLENE
EQUIPMENT

When welding or cutting 18 to be stopped. close
the blowpipe acetylene valve, then the biowpipe
oxygen valve.

When the welding or cutting is to be stopped for
a considerable period of time {as for a meal
penod or overnight), the cylinder valve should
be closed and all gas pressures released from
the regulators as follows:

Step 1.
Step 2.

Close the oxygen cylinder valve,

Open the blowpipe oxygen vaiv2 to
release all pressure from the hose and
reguiator.

Step 3. Tum out the pressure-adjusting screw

of the oxygen regulator.
Step 4.
Step 5.
Step 6.

Close the blowpipe oxygen valve.
Close the acetylene cylinder valve.

Cpen the blowpipe acetylene valve to

release all pressure from the hose and
regulator.

Step 7. Tum out the pressure-adiusting screw

of the acetylene regulator.
Step 8.

Close the blowpipe acetylene valve.

SAFETY GUIDELINES FOR OXY-ACETYLENE
PROCEDURES

Oxygen
1. Always call oxygen by its prop. r name.

2. Keep oil and greasy substances away from
oxygen cylinder, valves. hoses and fittings
since violent explosion may result if these
petroleumn products ignite.

Always use oxygen through an oxygen
regulator, and. to avoid damaging the
mechanism from a sudden burst of high
pressure. open the valve Slowly at first

Faulty regulators should be tagged and

returned to the supplier immediately, only
the supplier can repar these gauges safely

Acetylone

1. Always call acetylene by its proper name,; it
is very misleading to refer to acetylene as
||gas.|'
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Storage precautions for cylinders:
a. Store away from sources of heat.

b. Do not store near combustible materials
such as oil.

Ensure that storage area is ventilated.
protected and dry.

Handle cylinders carefully to
damage to fuse plugs. gauges. etc.

prevent

Use warm water only {never boiling water) to
thaw an gutiet valve that is “iced.”

If acylinder is 1eaking. remove it to well ven-
tilated location, aifix warning signs close by,
tag 1t and arrange for return to supplier.

Open cylinder valve only 1 1/2 turns.

If acetylene consumption will exceed 1/7 of
the rated capacity of “1e cylinder during one
hour of use. use & marifold System.

Cylinders

1.

Store cyhnders in approved locations
prolectec from extremes of temperature,
dampness. traffic. This area should not store
other material or supplies,

When cylinders are not in use, replace valve
protection caps.

Never use cylinders as rollers or supports
even if empiy.

Use a cylinder cart f possible; otherwise
lash cylinders securely to a stationary object
to maintain them in & vertical position.

Keep cylinders located some distance from
electncal wiring. welding or cutting work.

Always close cylinder valves when work 1S
fimished.

Regulators

Never yse oil on regulators
If regulator is in need of repair {eg.

Hoses

1.

2.

Ta2st hoses in water for leaks. Cut out
damaged section and reconnect with a
corresponding hose coupier,

Never repair hose with tape.

Eye Protection

1.

Proper eye protection {face shields, safety
goggles. etc.) must be worn for all work In-
volving flying particles. e.g.. grinding. chip-
ping. drilling. slag removal or similar jobs,
Figure 8-40 illustrates various types of
proteclive eye wear.

Colored lenses of approved design must be
worn when gas cutting or welding. When arc
welding. the operator must use & shield or
helmet that will protect both the eyes and
the skin of the face and neck. Cover glasses
should be changed in the goggles or
welding helmets at frequent intervals to
maintain clear vision.

How to select apPropriate shade numbers:

a. Clear lenses and filter janses up to and
including shade No. 2 may be used for
welding.

Shade No. 4 or 5 filter lenses are in-
tended for cutting and oxy-acetylene
welding.

Shade No. 6 filter lenses are intended for
oxy-acetylene culting and medium
acelylene welding and for arc welding
up to 30 amperes.

Shade No. 8 filter lenses are intended for
heavy acelylene welding and arc cutting
and welding exceeding 30 amperes but
not exceeding 75.

UNDERSTANDING AND PREVENTING TORCH
LINE EXPLOSIONS

Flashback

A flashback is a burning back of

the preheat flames inside the equipment. The
flames Simply disappear, sometimes with a pop
as in the case of a backfire; however, ths com-

creepir.1). ciose cylinder valve and return
regulator o supDplier.

Ensure that the connection between the
regulater and the cylinder is sufficiently tight
to prevent any gas leakage.

When leaving the equipment unused lor any
penod of lime. always relieve ihe regulator
adjusting sgrew to take the tension off the
requiating spring.

Never use acetylene at mcre than 15 psi.

mon flashlt ~~% signals are:

Squealing or hissing noise from inside the
blowpipe

Sparks coming out of the nozzle

Heavy black smoke coming out of the nozzle
Blowpip2 handle heating up

Fire bursting through acetylene hose.
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Heavy Impact
Goggle

Protechion from impact, dust. smoke. tin
ders and welding glare — May be worn
with or wilhout spectacles Mol suilable for

contenuous close-up exposure to welding

Gener2l Purpose
Spectac’e-Clear

Prolect.on feom ampact. dust, cenders.
and welding gare Not adequate for con
hnwous  close up  exposure fo  welding
operations

Note Afso avaifabte ;n shaded leas and
frames

Burner
Goggle
frolection from hight and sparks fiom
burning torch, wmpact, dust cinders, and

weld glare May be worn with or without
spictacies

General Purpose
Spectacle-Shaded

Similar to General Purpose clear spectacle
except shaded lens and frames Protection
from sun glare Swlable for rivet heaters
and affords some protection from weldiag
plare

Welder Helper
Spectacle

Prottecthion from  welding  glate  Pac:
tcutady suitable for continuous close-up
exPosure to welding operations.

Cover-All Plastic
Monogoggle-Clear

Protection from mpact. doest, and ctn-
ders. Soft Yinyl fiame readily adpsts lo
face 50 this 1s Parhicularly sustable Jor dust
protechon. May be wora with or without
spectacles Does not protect from weld
glare.

Hote Also available 1n shaded lens and
frames

Figure 8-40. Types of Protective Eye Wear

Flashbacks can cause serious damage to
blowpipe. hose and regulators, and must be
treated as emergencieas.

Causes of Flashbacks:

1. Grossly unequal pressures can result in the
higher pressure gas backing up into the
lower pressure hne. An explosion can occur
if the p 2ssure and mixture are right.

Mildty unequal pressures plus obstruction
{such as tip blockagel. Close both needle
valves tmmediately and clean the tip.

Failure to purge each line individually before
hghtng the torch may cause a flashback
due 1o the presence of an exploswve mixiure
i gne of the lines, this could result from
bumping or dropping the torch. opening the
needle valves slightly. Any obstruction of the
lip increases the hazard.

Faully manipulation of the valves such as
lighting the torch with bnth needle valves
open.

Burnbacks A burnback or pre-ignititon s a
steady combustion m the tip and mixer resulling
In:

1. Black smoke, red sparks and screeching
sound from the tip end

2. Torch becomes hot aimost immedhately.

In burnback the mixture of gases is too lean lor
proper comoustion and the phenomenon differs
from flashback in the following ways:

1 Combustion cannot take piace without com-
bustible material and supporting air or
oxvgen. In burnback. the combustion is con-
tinuous and therefore could not take place
beyond the point of mixing providing the
torch. seals, elc. ar2 in good condition.

If the gases were mixed beyond the mixer,
an explosion would result that would be
classed as a flashback.
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Causes of Burnback:

i A hot tip

2 Tip onhces enlarged to a point where the
mixer passages will not give an adequate
flow of gases

Faully mixer and torch body seats which
allow mixing of gases before enter:ng ihe
mixer Under nese circurastances if
pressure were sufticiently unequal to cause
the ki1h pressure gas to back up the lower
pressure hose, a flashback could occur.

Prevention of Flashbacks and Burnbacks
The best way lo prevent flashbacks and burn-
backs 15 to keep the gases apart:

1. Inspect valves of torch and regulator.

2 To prevent reverse flow in the lines. use a
reverse flow check valve if available, and en-
sdyre that ups have clear, undamaged
openIngs.

Emergency Response if Flagshback or Burnback
Occurs Close cylinder valves im-
mediately — acetylene hirst

Inspection of Equipment Before Re-use

1 Inspect and clean torch tip.

2 Inspect hoses for burn damage. replace as
necessary.

FLAME CUTTING

Flame culting s accomplished by rapid
oxidation or combustion of heated steel when a
jet of pure oxygen from a cutting torch is direc-
ted against 1t. The cutting process is in two
stages

A small area of the metal is heated to
the kindling temperature (approx.
1600 F.) using a preheating flame

Seep 1.

Step 2. A et of oxygen 1S directed against ihe

preneated area.

FLAME CUTTING EQUIPMENT
Set of oxy-acetylene cylinders
Reguiators {gauges)
Hoses
Cutting torch (manual or automatic)
Tips
Tip cleaners
Goggles

FLAME CUTTING TORCH

A cutting torch must be able to regulate and mix
oxygen and fuel gas to produce the required
flame for preheabng the metasn and to direct the
oxygen Jet stream to complete the cut. Figure 8-
41 jllustrates paris of the cutting torch.

Manual Toiches The oxygen 1s fed to the
hand cutting torch by a single hose. as It enters
the torch through tke thro'tle vaive. it is divided
nto two channels

1. To the mixer

2 To the valve controlling the cutiing oxygen
Stream,

MIXERS

The function ¢! @ mixer is to meler gases into
the mixing chamber Oxygen and acetylene for
preheat are mixed betwaen the torch head and
the handle. Two types of mixers are descnibed.

Medium Pressure Mixer The two gases enter
the torch at approximately equs! pressures and
are forwarded to 'he mixing chamber (Figure 8-
42)

v

Mixed Gases —/

Acetylene-/ KEY
o Oxygen
« Acetylene
& Mixed Gases

Figure 8-42. Mediun: Pressure Mixer

Injector Type Mixer Oxygen eniers the torch
at pressures of up to 60 psi. while fuel gas en-
ters at pressures as low as 1 psi. The ratio of
oxygen to fuel 15 mantained by the oxygen
drawing fuel into the mixing chamber; the more
oxygen passing through the opening. the more
fuel 1s drawn 1n. The njector type {Figure 8-43)
15 ysed most frequently in shops where fyel gas
IS supphed at a low gas rate {5 psi or less),

CUTTING TORCH TIPS

Tips are interchangeable end pieces for cutting
torches that contain openings for the preheating
flame and for the cutting oxygen stream. Tips
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Pownt of Mixing Acelyl ene Square Cut Bevel Cut

s, ‘

~* - '°.a O O
3 LA
............

% % \.\‘\,?.\
. ,y///////////{/" e Figure 8-44, Adjustiments of Cutting Tips to

Mixed Gases Oxm,,_/ KEY Alter Alignment of Preheat Openings

« Acelylene

e Mired Gases clean and in good condition. i.e.. the race must

be square to the axis of the tip and the holes free
of any obstruction.

Figure 8-43 Injector Mixer

_ . Cleaning Tip Openings  Tip cteaner or drili
are sypplied 1n various sizes an styles to meet sets (Figure 8-45) are avallable and 1dentified by
different cuthing requirements. Torch manufac-

turers supply thewr own range of tips. and charts
are avalable that correlate the size of tip.
material thickness. recommended pressures for
acetylene and oxygen and anticipated con-
sumption ol oxygen and acetylene in cubic feet
per hour (See Table 8-5).

Cutting lips can be adjusted to produce a
desired hine of cut as iflustrated in Figure 8-44,

Care of Cutlting Tips For satisfactory per-
formance. the tips of cutting torches must be

Figure 8-45.

TABLE 8-5. GAS PRESSURE FOR CUTTING WITH SUPER OR
STANDARD CUTTING TORCHES AND WELDMASTER CUTTING
ATTACHMENT

Tip THICKNESS | ACETYLENE | OXYGEN ACETYLENE OXYGEN
NO OF METAL | PRESSURE | PRESSURE. | CONSUMPTION. | CONSUMPTION

INCHES LBS. LBS CUBIC FEET CuBIC FEET

PER HOUR PER HOUR
Lo 118 4 10 95 35
LD 1/4 4 15 95 40
Ll 8 ¢ 20 95 45
L 112 4 25 95 50
L2 3/ 5 30 15.3 60
L2 I 5 40 153 100
L2 1142 5 50 15.3 150
L2 2 5 60 153 200
L3 3 6 70 25.2 21
L3 4 6 80 262 350
L3 5 6 90 252 425
L4 6 7 100 273 550
L5 8 7 130 273 825
L6 10 8 150 282 1000

BOTE: Consumplion of gases given above was taken with flow indicator apd estimaled
for contipuous operation of the torch. These figures will seldom be reached in
actyal practice and are (ntended for eshmabing purposes only
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a number system. All tips, new or used, should
have the openings cleaned with an appropnate
cleaner before use.

Procedure

Step 1. Select cleaner needle one size
smaller than opening. Do not force

larger cleaner needie into opening.

Step 2. Open oxygen valve slightly to blow out

any dirt.

Step 3. Up and down motion must be straight

to prevent flaring the opening.

Preheat holes and centre hole for cut-
ting oxygen are all cleansd.

Note:

Dnils are very brittle, and care must be
takun not to apply excessive pressure
nor bend them sideways, or they will
break n the hole.

FLAME CUTTING PROCESSES

Cutting Thin Metals {Less than 3/16" Thick)
Step 1.
Step 2.

Use the smallest cutting tip availabte.

Reduce culting oxygen pressure to 15
pPSi.

Step 3. Hold the torch at a very flat angle
about 1 1/2” - 2" away from the sur-

face of the metal (Figure 8.46).

Step 4. Complete the cut as quickly as
possible to avoid undue melting of the

metal.

An afternative technique (Figure 8-47} can be ap-
plied to overcome difficulties in following a
straight line. Describe an arc while keepirg the
torch in the same relative position. Only
relatively short culs can be accomplished with
this technique.

Figure 8-46. Culting Thin Metals — Angle of
Torch

rePosihon and
start agarn

Figure 8-47. Cutting Thin Metals —Alternative
Technigue

Cutting Medium Thickness Meizls (3/16
to 11/2")

Step 1.

Hold the torch directly above the cut-
ting line and approximately 1/4” to
1/2” from the metal {deoending upon
the length of the preheat flame).

Step 2. Release the culling oxygen stream
only when the metal has reached

proper preheat temperature.

Tilt the torch slightly So zs t¢ direct
the tip toward the forweaid line of the
cut.

Step 3.

Cutting Very Thick Metals (Up to 12")

Step 1. The tip should have a large number of
preheal holes and a large centre

opening.

Step 2. Hold the torch directly above the cut-
ting line, beginning with the tip tilted
opposite to the direction of travel.
When the corner has deen cut. hold
the lip perpendicular to the work for
the levgth of the cut and finally tilt
toward .he direction of travel to com-
plete the cut through the terminal cor-
ner (Figure 8-48).

Cutting Rounds Hold the torch per-
pendicular to the work for preheating and then
move il {v a tangential position to begin the cut.
To complete the cut. move the torch following
the outling of the round (Figure 8-49),

Another method of starting the cut is to raise a
chip in the metal with g chissl {or by welding a
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Figure 8-48. Cutting Thick Metals —
Posgition of Tlp

(= (]

Figure 8-39. Cutling Rounds — Posgition
of Torch

drop of metal on), and use this raised portion to
begin the cut (Figure 8-50). To complete the cut,
move the torch as shown in Figure 8-47.

Piercing Holes Through Metal Piercing
holes requires a great deal of heat and therefore
select a hip that 1S at least one size larger than
that recommended for the thickness of the
metal.

Figurc 8-50, Cuiting Rounds — Using
Raised Chip

Hold the torch perpendicular to the work until
preheating is achieved, and then ‘turp the
oxygen jet on very gradually. As the cutting
oxygen 1s being fed. draw back the tip from the
work Just enough to ensure that the slag is not
blown back into the tip openings (Figure 8-51).

MACMINE CUTTING

In manual cutling. the torch is advanced and
controlled by the operator's hand; thus the
quality of the cut largely depends upon the skill
of the operator. In machine cutting. the torch is
mechanically guided, with the following ad-
vantages:

1. Beter workmanship
2. More accurate cuts
3. Better overall 2conomy of production.

Starionary cutting machines (Figure 8-52) may
be of the single torch or multi-torch design, and
are usually equipped with magnetic or elec-
tronic tracing devices. The torch or torches
mounted on the machine ase guided by a

Figurg 8-51. Method for Piercing Holes
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device

erther
Magnelic

01

Electromc

Figure 8-52, Stationary Cuiting Machine

m: netic lracing wheel following a model nr
pattern, or an electronic tracer following a
drawing.

Porlable flame culling machines (Figures 8-53
anrl 8-54) are powered by an electric molor or a

gas turbine {(oxygen} and may be guided along
the hine of cut by lracks or manually.

FACTORS AFFECTING QUALITY OF CcuT
Size of cutting ip (opening)

Oxygen cutting pressure

Speed of travel

Malerial thickness

Type of materiai

Surface condition

Amount of preheal

N » s wN o

8. Angle of cutting stream to surface
9. Condition of cutling stream opening
10. Condition of the end of cutting tip

COMMON FAULTS IN FLAME CUTTING

The specimen cuts in Figure 8-55 show lhe
results of correct and incorrect adjustments of
the cutting torch oy cutling machine.

BRAZING AND BRAZE WELDING

Brazing is a method of welding in which two
surfaces are bonded by heating to suitable tem-
peralures above 800°F. and using a non-ferrous
filler melal whose melling point is below Ihat of
the base metals. The filler is distributed between
the closely fitted surfaces of the joint by
capiilary attraction.
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Figure 8-54. Manually Guided Portable Cutting Machine

“«— DIRECTION OF CUT
END VIEW

CORRECT ADJUSTMENTS— Top edge sharp. Cut surface smooth. draglines barely visible. Face of cut square Quide. 1f any.
easily rsmoved Boltom edge sharp.

"

CUTTING SPEED TOO SLOW— Top edge melted and rounded. Face of cut inregular, with deep gouges Boltom edge very rough
and arregular. Possibly oxide tightly adhering to the botlom surface of the plate.

CUTTING SPEED TOO FAST— Top edge fairly sharp but with sltght beading. Draglines have prorounced backward :ake Con
siderable underculling just below top edge. Boligra €dge rounded. Final corner ufitut. (continued)

Figure 8-55. Common Faults in Flame Cutting
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o QIRECTION {F CUT

END VIEW

PREHEAT FLAMES TQO HIGH ABOVE THE WORK— Top edge badly melled and rounded over Sheht undercutting fust
telox top edge Face of cut olherwise square. Bottom ed€a shard.

PREKEAT FLAMES TGO CLOSE TO THE WORK~— Top edge slightly rounded Heavy beads along tof edge. Face of cul smooth
and square Bottom edge sharp. Could be considered 2 fairly good cul.

CUTTING OXYGEN PRESSURE TOO HIGH-— Even bead eptyre 1eng™ of lop edge. Considerable andercutiing below top edge
Nowuceable taper from top lo hollom of cul. Face of cut smooth. Bottormn edge sharp,

PREHEAT FLAMES TOO LONG--- Top edze rounded over. Heavy bead enture lenglh or top edge. Considerable taper from top lo
bottom of <ut. Face of cul Sinooth, wilh draglines paitly visible, Bottom sdge shi’p

1

Flgure £-55. Common Faulls in Flame Cutting {centinued)




Welding

263

Braze Welding :s 8 method of welding whereby
a groove. filtel. plug or slot weld 1S made using a
non-ferrous filler metal having a melting pomt
belw that of the base metal. but above 800 F
The filler metal builds up i the joint and
capiitary attrachion s nol involved

In both brazing and braze welding. metal parts
are joined together without fusion of the base
metal The pnncipal advantage of these

processes Is thal the base metal is not melted:
this avoids the problems inherent in overheating,
especially in thin sections of steel and metals
such as cast rons which are subject to cracking
during and afier fusion welding.

Although there are other types of brazing. only
the process using bronze filler rods 1s discussed
here

PRINCIPLES CF BRAZING ANT BRAZE
WELDING

1 Base metal 15 not melted. but 1s heated to a

cherry red heat (an approximation that ex-
perience will define more accurately).
A filler rod with a ftux coating contamming tin
(f the rod 1s nct pre-coated, an appropnate
flux must be added) 1s applied to the heated
surface,

The flame 1S applied to the base metal of the
jont and the rod 15 “brushed” over the
heated surface. When the rod mell® and
flows over the surtace. the correct tem-
perature has been reacted.

The bonding action can be descnbed as a
two-stage process where initially the molten
tn from the flux bonds to the base metal.
and finally the melted bronze fuses to the
“tinning.”
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Quahly Control and inspection

INTRODUCTION

Quality control and inspection are a vital part of
2very project. large or small The degree to
ahich a quality control and inspection program
15 impiemented depends upon the governing
codes ot the projects matenal specifications.
Codes. standards and specifications are usually
selected at the beginning of the design stage of
each project and are used to determune safe
stress levels o the vanous components and to
ensure pruper selection of matenials for the ap-
piations Some areas of the project may
require more S$tringent quality control and in-
specuon than others These areas tyg:cally in-
clude cntical welds on boilers. pressure vessels.
penstocks. scroll cases. etc. The raw material
must also be checked to verify that it has the
proper chemical and physical properties
required Ly the governing codes and matenal
speciicaiong Dimensional tolerances on the
raw matenal, machined parts. assembled units
and the completed units also form part of a
qualty control and inspection program. All
quahity control and inspection personnel must be
quahfied and fully tramed in the duties they per-
form Purchasing personnel must also be part of
the qualty control program to ensure that all
maternal and consumables they purchase meet
required matenal specifications.

METHODS OF QUALITY CGNTROL

Three main methods are used o assure qualily
con*-ol prior to or during a project The quality
control program will usually contain one or more
of these methods Non-Deslructive Testing,
Destructive Testing or Visual Inspection. The
miimum amount of quaity control required.
using any of these methods. will be specified by
the matenal specificalions or governirg codes
Additional quality control and inspection
procedures may be specihed by such cerhifying
agencies as the Bntish Columbia Boiler In-
spection Branch. Canadian Welding Bureau.
Atomic Energy of Canada or the owner.

ACCEPTANCE STANDARDS

The acceptance or rejection of matenals, weld-
ments. machuned parts and finished components
15 generally made by an inspector of the quality
control department or by an independenl n-
spection company acceptable to the owner. The

inspector accepts or rejects any element ol the
project 1n accord with the governing codes or
matenal specifications that apply Final
disposion  of non-conforming. unacceptable
matenal. welds or fimshed components Is
usually left to the discretion of the engineer. af-
ter he has had an opportunily to review the
quality control reports. Quanty control and n-
spection personnel should keep a daily report of
all inspections for inclusion In the final history
docket of the project. Reports should contain
sutticient \nformation to ideatify fully the part
being inspected. the stage of completion. the
qualty ol workmanship and comments on any
non-conformances relative to the established
work procedure or drawings.

NON-DESTRUCTIVE TESTING

Non-destructive testing {NDT) 15 any method
that can be used to examing an jtem for dden
flaws or discontinuibies that may prove detnmen-
tal to the intended use of the finished item
whereby the test does not damage or alter the
part in any way o affect its function. The pur-
pose of non-destructive testing is:

1. To determine quahty without destroying or
altering the properties of Ihe item

To separale acceplable from unacceptable
matenal

To assure a stock of usable matenal
To ehminate labour on defective matenals

To indicate corrective manutacuring or
fabricaling processes.

The decision of when to use non-destnictive
testing. and |he method to be used. I1s generally
speciied i a goverming code or materal
specification. but may also be left to the
discretion of the contractor and owner Most
non-destructive testing methods are com-
phimentary and do not replace each other Some
methods are better used for detecting surface
defects., while others are more applicable to
detectin) sub-surface defects. No single NDT
method gives the best results for all possible
defects or disconlinuities that are likely to oc-
cur. However. usually one NDT method 15 best
suiled to detecting particular defect or discon-
bnuity 1in any gwen item.

_70
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Four pnncipal non-destrucuve testing methods
are ysed in industry ..day

1 Radrographtc Inspection

2 uyltrasonic InspPecliun
3 Magnetic Pariicle Inspeclion
4

Liquid Penetrant Inspection

Other iess frequently used methods such as
£4dy Curren Inspection. Hardness Testing. Ac-
coustic Emission Testing. Thermal Inspecuon.
and Leak Testing wiil not be discussed in this
manual

RADIOGRAPHIC TESTING

Radiographic testing (RT) s a non-destructive
testing method for detecting hidden flaws by
using electromagne..c radiation of short
wavelengths such as X- or gamma-rays. to
penetrate solid matenials and be recorded on a
photographic-type film This film. when exposed
by X- or gamma-rays. and then processed. 1s
called a radograph. Typical weld and casting
discontinuiies thal can be detecled by
radiography are incomplete peneirauon, lack of
fusion. slag inclusions and slag lines, bum-
through areas. undercut, porosity. gas and blow
holes. sand inclusions. shnnkage areas. unfused
chap'ats and nlemal chills. Cracks and hot
lears thai are onented in the plane of radialon
can also be detected The radiograph's abihity to
show sizes and types of disconltinuities depends
upon the radiographic techruque émployed,
Discontinuities generally appear as dark areas
since ihey are voids, or as areas of less dense
malenal. which allow more radiation through to
expose the fum to a higher degree. Tha
radiographic fechruque empleyed must take 'nto
account the following

v Type of matenal radiographed (e g. steel.
alumnum}

Thickness of the area of nterest
Vanation in geometry

Type of weld or joirt preparation (such as
single-Vee butt. or fillet weld)

Extent of the inspecuon coverage

Acceptance standard that must specify the
type of discontinutties not allowable. and the
length or size of allowable discontinuiues.

RADIOGRAPHIC EQUIPMENT

Five main items of equipment are necessary to
protuce a radiograph

271

1 Source of radiation

2 Radiography film and holders

3 Lead markers

4 Image quahty indicalors (penetrameters)
5 Darkroom facihies

Sources of Radiation Two gnncipal sources
of radiation are ysed 1n industrial radiography
the X-ray machine and |he gamma-ray
radioisotope. X-ray machines produce X-
radiation using elec.nical means They come In
all sizes and degrees of portability. but are not
generally as portable as gamma-ray equipment.
The degree of penetration power {the ability of
the X-ray beam ‘o penetrate thicker material
sections) and the intensity of the X-ray beam are
usually vanable within cerain imits. The X-rays
are produced in an X-ray tube by high speed
electrons as they collide with a special target.
The larget 15 shaped to beam the X-rays in a
suitable pattern or direction for use

Gamma-ray sources of radiation are obtained
through the natural disintegration of radioactive
isotopes The main 1Sotopes used today are
Indium 192 and Cobalt 50: Both are man-made
isotopes produced in nuclear reactors The
penetiating abihty of gamma-ray equipment is
govemed by the chaice or selection of the
racioisotope used. Indwum 192 is better suited for
thinner steel thicknesses ranging from 1/2" - 3",
while Cobalt 60 1s best suited 10 Lhickness
ranges from 17 -7" of sweel. The strength or
corresponding 1ntensity of a radioisolope is
determined by the number of cunies of radioac-
uve matenal used to make it {A cune 1s "thal
amount of radicactive matenat which ijin-
tegrates at a specified rale ") Since gamma-rav
sources are -adioactve, they decay and have 2
firnte useful life The source strenglh and useful
hie of any radioactive 1Sotope can be determined
by its "half life.” The half life of a particular
radioactive 1solope is the ume required for one-
half of the original radioactive atoms to disin-
legrate. Therefore. by knowing the half hie of the
radioisotope and the onginal numbe, of curies in
that source, the source Strength at any given
time can be determined.

Radioisolopes are usually sealed m a stainiess
steel capsule. The handling and shielding of
radhoisotopes is usually accomplished through
cable-drive mechanisms atlached to the source
capsule. or awr-operated mechanisms thal propel
the capsvle through special air hoses
Radioisotlopes are always stored in shielded
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lead or depleted yramum containers and are
only exposed dunng exposure of a radiograph

Radiography Film and Holders Radiography
fum differs from photographic film n that 1t s
usualy of a much higher quality with finer grains
and the negatives are usually coated on both
sides The film comes in various sizes and
speeds Film emulsions are formulated to be
sensitive to X- and gamma-radiation Lower
speed films employ very fine grains ang
therefore provide high contrast which 15 most
likely to smpart maximum sensitivily to small
discontinuities in the object being radiographed
Higher speed fiims employ larger. coarse. grans
that provide less contrast and thuys less sen-
sitivity to small discontinuities Since
radiography flm is also lighi sensitive. 1t 15
placed in light-procl holders called cassettes to
protect it when taken out of a darkroom en-
vironment Film cassetles an be flexible to
allow good contact with col toured s-rfaces. or
they may be ngid for fiai surfaces

Lead Markers Radiographs shouid have per-
maneni 1denthication on them T3 can be ac-
camplished through lead numbers nor lelters,
which can be placed to pr¢duce a permanent
image on the radingraph Lead s ysed since 1L 15
generz*,y more dense than most of * 2 matenals
heing radiographed The lead -ark=-: appear as
white wrn.ages on the rading . ~

Image Quality Indicators
(Penetrameters) Penetrameters are used to
indicate the degree of sensitivity the radiograph
has achieved The penctiameter 15 vsuaity a thin
strip of matenal. simtlar to the matenal being
radiographed. with three small holes dnlled i it
and a corfesponding lead number atiached
Penetramelers come 10 vanous SiZes and
malenals. The number on the penetrameter
designaies the peneirameter's thickness.
generally in thousandths of an nch. The
diameters of the three holes In the
penetrameters are usuvally equ:valent to one. two
and lour tmes the penelrameter’s thickness. Tiwe
selection of a penewrameter is usually »ased on
2% of tne total thickness of the area of in:erest
on the specimen being rahographed Vhe num-
oer of holes that can be seen on the resu:ting
radiograph Indicates the sensitivity achieved

Dzrkroom Facilibos  The darkioom iacilities
requirad 1o process radiographic fdm are ginular
to those required to process ary ¢iher black and
white negative The chemicals used tor

processing are generally stronger than those
used for ordinary negaltives The firushed
radiographs are viewed on flm wviewers
providing even. white illumination

RADIOGRAPHIC METHODS

The basic principle 1n making a radiograph In-
volves placing a source of radiation on one side
of the specimen. allowing the radiation to pass
through the specimen and be projected onto a
prace of radiographic film on the other side, thus
expcsing the film Lead markers and
penetrameters are usually placed on the
specimén as well so that their images may also
be projecied onio the hilm to identify the areas of
inlerest and show the resulting sensitivity or
quahiy of image attained. The time required to
expose a film properly depends upon the
distance lrom the Source of radiation to the film.
the thickness of the specimen. the relabive
speed of the film and the mtensity ol the
radiation source. Exposure himes using X-ray
machines are obtained from charts specially
pt- ~7red for 2ach X-ray machine Exposure
bimes using gamma-ray equipment are usually
determined from special shide-rule calcuiators
that take into account all the factors previousy
menticned plus the type of radioisotope being
used The suface condition of the area of in-
terest In the specimen should be smooth enough
to ensure thdt an uneven surface roughness
Suun 35 weld splatier. undercul. porosity. arc-
gouges or other nicks will not be misiaken for
internal defec!s on the finished radiograph (See
Figure 9-1}

/ ?\ Radiation Souree
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Figure 9-1. Basic Radicgraphic Principle
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The foilowing may be yseu as a gwde in selec-
ting elements for developing inchividual
rachographuc methods. |f the rachographic in-
spection (Figures 9-2. 9-3) i1s being performed
under the requirements of a code or customer
specification. then most elements and
procedures may already be set out.

Salecticon of Radiation Source The selection
of the .adiation source depends upon the
specimeén matenal. specimen thickness range
and the degree of sensitvity required. X-ray
machines are generalty used for all aluminum
and other hght alloy matenals and for steel
thicknesses lessthan 1,4 ', however. i1t should be
noted that X-ray machines may also be used for
any materar and thickress range within the
capabilities of the individuat X-ray machine, The
penetrating power of the X-ray beam can be
selected to gwe optimum results in most
siuations It 1s generally recogrized that X-rays.
where practical. resutt in petter definition and
higher quabty radiographs. X-ray machines are

Figura 9-2. Weld inspeciion Using Radiography {Gamma-Ray)

notl as portable as gamma-ray equipment, since
electrical power is required and their physical
size makes them difficult to use in confined
spaces, In addition, they take more time to set
up for each exposure. The penetrating power of
X-ray machines can vary through ranges from
1/8" aluminum to 20" steel. The use of gamma-
ray equipment is generally more popular
(especially in fietd conditions) because of its
greater portability. Gamma-ray radiographs are
usually restricted to use on heavier metals such
as steel and copper. lridium 192 radioisotope
gives best results in the steel thickness range
from 1/2" to 3", Cobalt 60 radioisotope is
genera'ly used for steel thicknesses from 17 to
7. Iridium is usually used where thickness in
the aieas of interest does not vary appreciably
or where higher sensitivity is required. An ad-
ditional consideration is the portability of the
equipment. Cobalt 60 is less portable than
ridium 192 due to the heavily shielded container
used to store the Cobalt 60 source which has a
higher penetrating ability.
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Selection of Source to Film Distance The
source to film distance is usually based on the
thickness of the area of interest. In most cases.
the rule of thumb 18 that the source to !

distance should not be less than seven times the
specmen thickness in the area of interest. The
quably of t* radiograph i1s usually improved as
the source W film distance jncreases. This 18 not
true. however. for the radiography of pipe welds
with diameters greater than approximately 47; in

» - [ t

these cases, the source to film distance should
be equal to the outside diameter of the pipe (for
external shots) or the outside radius of the pipe
{for internal panoramic shots). The length of the
film 10 be exposed s also a tactor jn determining
source to fitlm distance, the distance must not be
l2ss than the length of the film being exposed.
unless a panoramic set up is beéing used. In this
case the source should be placed equidistan!
from the film.

Figure 9-3. Pipeline Weld Inspeclion Using Radiography (Gamma-Ray)
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Selection of Film The selection of film
shovid be based mainly on the sensitivty
requirements as well as the nature and
thickness of the specimen material Two or more
different film types may be seiected to cover dif-
terent thickness ranges in one exposure The
size of the film should be selected to ensure that
the area of interest can be contained withina 1"
border all around the film

Selection of Image Quality Indicators
{Penetrameters) The selection of the
penetrameter should be based on the
penetrameter whose thickness equals ap-
proximately 2% of ihe thickness of the specimen
in the area of interest, If this thickness varnes ap-
preciably. more than one peneirameier may be
used The matenal of the penetrameler must be
the same or very similar to the matenal
specimen being radiographed. The size of the
smallest hote that can be clearly seer on the
penetrameter \ndicates the radiographic quahly
and sensitivity level attained, Penetrameters
should be placed on the Source side of the
specimen whanever possible. If this 15 not
possible. the penetrameter may be pu!l on the
fim side. e between the Specimen and the
film Penetrameters used for film-side
placement may be one size smaller than that
required for source-side placement

Selection of Identitication Markers  Iden-
uficatior markers should be selected to prowide
encugh information on the radiograph to 1deniify
tt from Simiar items and to indicate the location
of the area of interest being radiographed.

RADIATION SAFETY PRECAUTIONS

Because of the nature of radiography. radiation
hazards are always presenl., The greatast
hazards are always associated with gamma-ray
radiography. since the radiation source in X-ray
radiography can be shut off simply by stopping
the electrical power sSupply to the maching; In
gamma-ray radwography. however. the
radioisotope continues 1o emit gamma-rays unttl
safely shielded Only fully trained and qualified
pe.sonnel should be allowed !0 handle any
radiation-producing equipment. Care should be
taken that the radiation heam 1s pointed away
from any persornel in the area. The area
sutzounding the radiography operation should
be surveyed during the first exposure to ensure
that radiation leveis are not hazardous or above
those allowed under Atomic Energy Contol

Board regulatons Safe radiation ievel areas
should be ro.2d off an marked with con-
spicuous radiation warning signs (Figure 9.4).
Radiography personnel should be monilored
with individual 1« hiation detectors and recorders
as required by «tomic Energy Control Board
Any acciden. sJIlving  an unshielded
radioisotope requic. .“mediate evacuation of
all personnel from the area io a safe distance
while the operator in charge establishes an
emergency procedure for safe retrieval of the
source

CAUTION —RADIATION AREA

ALWAYS OBEY
TH'S S'GN

Yellow
Background

KEEP AWAY

Figure 84. Radiation Warning Symbol

PEFSONNEL QUALIFICATIONS

All personnel 1n charge of a radiography
operation should be certified in accordance with
the Canadian Government SpecHications Board
(CGSB) "Certification of industrial Radiography
Personnel.” Personnel not certified in ac-
cordance with this specification may assist in
the radiography operation but only under the
direct supervision of a certified operator

ULTRASONIC TESTING

Ultrasonic tesing (UT) 15 a method of non-
destructive lesting to locate hidden ftaws in
maternials using ultrasonic sound waves o
penetrate the materials, be reflected or distorted
by internal discontinuilies and be recorded as
electronic signals on an oscilliscope-type
ultrasonic machine The iransmitied ultrasonic
sound wave is produced by special transducers
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empioying piezoetectnic crystals that are made
to vibrate at very high frequencies by high
trequency electronic signals from the ultrasonic
lesang machine The réturming ultrasoruc sound
waves are similarly reconverted into electronic
signals by the piezoelectric crystals and trans-
mitted to the ulirasonic iesting machines for
display on the oscilliscope-type screen The am-
phitude and posiion of pulses on the screen can
be interpreted 1o show size and depth of discon-
brauites within the specimen Typical discon-
tinwities that can be detected by ultrasonic in-
spection are ncomplete penetration. lack of
tusion siag inclusions. slag lines. butn-through
areas undercut. porosity. gas and blow holes.
sand inclusions. shrinkage areas. unfused
chaplets. interr al chulls. cracks. hos tears and
ilaminations The abihty of ulirasonic ~spection
to show sizes and types of discontinuities
depends on the ultrasomic techruque employed
which must take nto account the foliowing

1 Type of matenal
aluminumy}

inspected (1.e. steet

Thickness of the area of nterest
variation n geometry

Type of weld or joint preparation (e ¢ . single
Vee-butt or fnlet weld)

Extent of the inspection coverage

Acceptance standard specifying the tvpe of
unallowable disconinuties. and the length
or size of aHowable discontinuihes,

The main apphcation of ultrasonic testing 1s on
weld-nents, castings. forgings. plaies. rods.
tubings and bars Thickness gauging and
cor.0s10n surveys form a large part of u rasonic
inspechion work Some matenals are not suitable
for ultrasoruc inspechion becawvse of gramn struc-
wre and general nefficiency of sound trans-
mIssion

ULTRASONIC EQUIPMENT

Four man items of equipment are necessary (o
perform an ultrasonic inspechion.

Ultrasoric machines
Transducers
Cal.bration blocks
Couplant

Ultrasonic Machines Ultrasonic  machines
transmil and recewe electronic signals to and
from the transducers, The frequency. amplituc's

and gain {(dnving force) are governed by con-
ivie On the machine The received signals are
processed and the results displayed on a meter.
digital read-out or oscilliscope-type screen
Ulirasonic machines generally operate in the
frequency band from 5 10 20 megahertz The
gain conirol s usually cahbrated directly in
decibels (dB) which allows accurate deter-
mination of flaw sizes

Transducers Transducers emplov quariz or
other piezoelectric crystals that vibrate at high
frequencies when excited by wvoltage signats
from the ulirasonic machines Conversely. if the
trani.aucers are vibrated by incoming high-
frequency sound waves. they prnduce high-
frequency voitage signals that are then received
by the ultrasonic machines Some transducers
are only designed to transmit signals. while
others are designed to trarsmit and receive
signals Transducers can be constructed to per-
form best at speciiic frequencies.

Transducers vary in size. but diameters ranging
from 1/4" to 17 are most common. They can be
constructed to sit flat on the specimen and
produce straight or longiludinal sound waves. or
can be ang'ed by a wedge of plastic which
results in shear or fransverse waves in the
specimen

Calibration Blocks Calibration blocks are
used o calibrate the different svstems of the
ultrasoruc machines. or check on the charac-
teristics of the transducers or prowvide 3
reference sensitivity ler-  {or specific ap-
plications They come In many s".apes and sizes.
Calibration btocks should be made of the same.
or accoustically simiar. material as the
specimen being examined.

Couplant A couplant 15 an interconnection
medium used between the itransducer and the
specimen or calibration block. It allows the
ultrasoruc sound signals to be carried through
the gap al the interface Couplants should hava
good accoustical properties. the abi"ty to wet
the surfaces involved evenly. and r * Jetnmen-
tally contaminate the part bein¢ sngpected
Typical couplants are wawr. oIl yease,
giycenn and cellulose paste.

ULTRASONIC METHODS

The basic principie n performing an ultrasonic
inspection (Figure 9-3) 1s to pass ultrasonic
sound waves of predetermined frequency and
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angles through a specimen, searching for hid-
den flaws from which the sound beam may oe
reflected and displayed on the ultrasonic, or
distorted in a flaw indicated by a 10ss of signat.
The specimen’s material and basic geometry
must be known to ensure accurate interpretation
of any signals The sound signal may be reflec-
ted from any interface such as a void, a crack,
two pieces of metal pressed tightly together or
even some weld zones where coarse graing in

the metal's microstructure could cause
significant reflectors. The surface of the
specimen on which the transducer 15 to be
moved must be smooth and free from any rucks,
gouges or weld splatter that could interfere with
the intimate coupling of the tiansducer to the
specimen surface. The smoother the surface, the
better the ingpection. The following may be used
as a gu.de in selecting the vanables ysed in
developing individual ultrasonic methods (f the
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uit.asonic 1nspection 1s being performed under
the requuements ol a code or customer
specification. most of the vanables discussed
betow may already be determined.

Selection ot Ultrasonic Machines The selec-
tion ol ultrasonic machines depends upon the
frequency. gam (drniving force) matenal range,
desired read-out (0scilliscope scraen, digital or
meter) and the accuracy required for the in-
spection. Machines with caubrated gain conirol
In decibeis and the read-out on an osclhscope
screen are required for af code work. These
machines are also used on alt weld inspections.
The digital and meter read-out machines are
generally used 1n thickness determinations.
They are nul as accurate as the oscilliscope
type since 1t may not always be possible to
determine f the reading recewed IS due to a true
bavk reflecton from the opposite surtace of the
specimen, or lo soma minor intermedjate reflec-
tor that could be :ntsrpreted nn an oscilliscope
screen.

Selection ot Transducers The selection of
the transducer size and frequency 1S generally
based on the specimen matenal. Frequencies ot
5 — 5 megaheriz are generaity used on heavier
m2tals such as steer and copper. while frequen-
cies of b — 15 megahertz are generally useg on
hahter akioys such as aluminum and magnesium.
The wansducer size controls wthe width of the
beain eantted krom . For thickness
measurements. straight-beam transducers are
always used (Figure 9-6). (The beam s passed
into the matenal perpendicular to the entry sur-
face) For weld zones and other components.
where detects are hkely to occur in obligne

Oscutoscops Tybe
Uitrasom< Maciune

Yransducer

planes with respect to the entry su.face. a com-
bination of siraight-beam and angle-beam trans-
ducers may be used Angle-bezm transducers
generally vary trom 40 — 70 with respect to a
hine drawn perpendicular to the entry surlace.
The particular angle chosen may be based on
the weld preparation angle {to search for fusion
defec!s along that face). or it may 2e based on 2
search lor eéxpected retlectors iny a ceriain ongn-
tation 1n a cashing (Figure 9.7} In many cases.
one straighi-beam examination and two or more
angle-beam examinations may be conducted to
ensure ali possikie onentations of rellectors be
inveshgated

Selection of Caiibration Technique The
inthial caltoration technique is to caltbrate the
ultrasonit. machine 1or sound-path distance
This allows thickness to be read directly from
the machine when performing a straight-beam
examination. or 1t allows the distance from the
transducer to the reflector to be determined In
an angle-beam examinalion, Calibration blocxs
for thickness measuremenls are generally step-
lype wedges with parallel sides. The machine is
czlibrated to cover the expecied thickness
range of the specimen Calibralhon blocks tor
angle-beam examinations are generally
designed lo allow the sound-path distance to be
calibrated as well as the sensitivity or the am-
phitude ol the reflected paak trom a desired ac-
ceptable size retlector to be established Sound-
Paih distance calibration is pertormed fyst to
establish an accurate scale on the oscilliscope
screén. and then the sensiltivity calibration 1s
performed using the calibrated gain control {in
dectbels) to estabhish the desired sensitivity
level. In some cases this level may have (o be

=

/
ﬁ\\

- — P = Imtial-Peise

BE = Back Eenn
0 = Defezt
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Ultrasomic Mackide

leuteds Pelse

Figure 9-7. Angle Beam Ultrasonic Method

adjusted to aillow or compensate for differences
n the surface smoothness ol the calb'auon
biock and the specimen itself

Selectian of Cauplant The selection of the
cauplant 1s generally basec on lhe specdmen’s
s.rface roughress. ot the degree of con-
iaminatizn allowed on the specimen from the
JoJuplant The best coupPlant is cne that woild
~et the surface most effectively and provide
enuugh v'scosity (o prevent run-off dunng the
examnauion 1 should be noted. Lowever, that
the “ugher ne couplant's viscosity. in general.
the hugher the distortion of the ultrasonic sound
signal This impligs the need to weigh toth con-
ceins wpen choosing ihe most appropriate
couplant for a parhicular test

PERSONNEL QUALIFICATIONS

All personnel performing ulirasonic inspection
should be certihied in accordance witn the
Canadian Government Specificanon Board
CGSB)  Certification of Non-Destructve
Testing Personnal ~- Ultrasornic Category ™

MAGNETIC PARTICLE TESTING

Magrelc particte testing (MT) s a nun-

of fusion. slag inclusions and slag lines. un-
dercut. porosity, snrinkage areas unfused
chaplets. cracks. hot .ears and laminalhions that
exiend to the edge of plates. Typical discon-
tinuias  L2tectable in forged and rolled
products are 3slringers. non-metaliic inclusions.
cold laps and internal bursts that extend to the
surlece The ability of the magnetic particle in-
spection to show discontinuities depends upon
applying the proper magnetic field strenath and
direchon. The magnetic particie technique em-
pioyed must tawe nto account the size and
shape of the specimen being insgected. and the
acceptance standard specifyinyg the type of
unallowable dis.ontinwiies and lhe lengtn and
size of allowable discontinuities.

MAGNETIC PARTICLE ECUIPMENT

Two main types ol equipment are requ red to
perform a magnetic particic nspection
magnehc paihicle machines (compiete with
assorted cables. prods. coils) and the indicatng
particies.

Magnetic Particle Machines Magnetic par-
ticle machines are love voltage. hi2h currerdt
generators generally operating belov, 20 volts
They have current capabilities as hign as 3,000
amperes for portable manhines and 10.000 or

-destructive-methed of mispetting ferro-magnetic
malenals for surface or slightly sub-surface
flaws by using magnetic particles to form o,
cutl.ne discontinuities when ynder 2 magnetic
fieldd Typical weld or casting Jiscontinuities that
can e detecied by magnetic particle mspecton
and dre on of shghtly under the suriace are lack

20000 arrperes for stabtnary mactunes. Most
machines are eowwped with cahbrated am
meters that read actual cuyrrent flowing through
the part being magnetized Machines that
produce magneusm by p. 3ing a mgh current
threugh the part use heavy czblies and copper
procs placed on the matenal at the oot {0 be
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mspected. A magnetic held may also be
produced by a coil carrying a high current which
then induces the magnetism into the specimen,
Electromagnetic yokes and permanent magneis
simiarly induce magnetism into the specimen.
The current used to produce the magnetism in
the part may be either alternating {(AC} or direct
current (DC).

Indicating Pariicles The inu,cating particies
used are uswally finely ground won or steel
hilings. Tnese are available in dry and wet forms.
and are usually dyed red. black. grey or any
uther ¢oiour thay would provide suitable colour
conirast with lhe specimen background to
rrghlight any indicabons.

Wet particies are also available in a flourescent
yellow-green coour which fluoresces bnlliantly
under black uLght dlumination. The wet
tiuorescent particie method 1s the mcst sensitive

s AT w2

and can detect very fine surface cracks on
smooth components

MAGNETIC PARTICLE METHODS

The basic principie in performing a magneiic
particle inspection (Figure 9-8) is to magnelize
the part or area of Interest so that the magnetic
lines of flux pass perpendicular o any sus; ec-
ted surface or sub-suiface defects If any defects
are present. the magnetic flux will leak out at
these points and cause a reversal of the north
and soutn poles of the local magnetic demain
Areas where flux ieakages occur will cause the
indicating paricles io clump or group and
outline the defect exactly. Dafects not orientsd
exactly perpendicular to ine magnetic line: of
flux may be shown. as long as they arg more
than 45” to the magnelic fines of flux. To ensure
that the inspection covers all possible orien-
tations of defecls, two inspections are usually

Benich S S N iy = Mo
L E R 4 - ,._MHMM -

Figure 9-8. waeld fnspaction Using Magnetic Particie (Prod Mewaod)
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carried out that produce a magnetc tlux at ap-
proximately 90 (o each other This c¢an
generally he accomplished by rotating the test
rods ar electromagnetic yokes apfroximately
90 with respect to the previous inspection. oi by
using head and coil shots (see Figure 9.9}

Selection of Magnatic Particle
Machines The selection nf magnetic particle
machines usually depends upon the current
requirements for the g1ze of the spécimen being
tested When using test grods. current
requirements aré geaerally 10¢ amps per inch of
prod spacing Normal prod spacing s 6. Eiec-
tromagnehic yokes are generally pre-set at the
lactory to provide adequate magnelc induction
for the iargest pole spacing allowed on the yoke
We* bed magneuc narticle machines employ
onty wet fluorescent particles under black hight
conditions. they are generally used to inspect
tubular items such as shafts, bar stock and
-ings The selection of the proper amount of
current to use for magnetizing circular or cylin-
drical shafts 1s based on 1,000 amps per inch of
diameter for head shots Head shots produce cir-
cular Mmagneusm that is used ‘or deleciing

Deiect

Magnetic
el

Surrefit

HEAC METHOD
Figure 3-9. Magnetic Particle Methuods

longitudinal-type defects, To find iransverse-
oriented defects i shafts and cylindrical com-
ponents. a coll 15 used 10 produce longitudinal
magnetsm. The coil 1s made up of 5 10 10 turns
of wire which induces the magnet.. field into the
componeni when 12 current 1s allowed to flow
through the coil. The number of amnpere-turns
{Nl} required to magnztize a cyhndncal ccem-
ponent 15 based on the formula

Number of Ampere-Turns (N1}

_ 45.000
L/D (length to diameter ratio
of the component)

To determine the actual cur,ent Howing through
the coil (In amperes). divide the number of am-
pere-turns by the number of turns in the coit. The
cusrent used 1n any type of magnetc particle
macrine may be alternating (AC} or dwect (DC).
The direct current may be fullwave rectified or
half-wave rectified, As a general rule, alternaung
current is better suited for surface defects. while
direct current & betler sutted for sub-surface or
deeper defects.

ELECTROMAGNETIC YOKE METHOD

Cureent

Magnedic
Freld

Oclect

VOIL METHOD
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Selection of Indicating Particles Selecting
the mdicating particles is generally governed by
the surface roughness of the part and the
desied sensitivity to be achieved Rougher Sur-
faces. suth as as-welded and as-cast Sur-
faces are petter nspected with dry powder
metnods because wet powder methods
sometmes allow the powder t collect in po '
ales that could mask indications Diry powder
particles are mainly better suited for deaner in-
dicatons .8 well Wet fluorescent parlicles are
mixed in .erosene of Lght oul bath and provide
the highest degree of senSitivity for small
defecis when used on smoolh surfaces. The wet
tluurescent particies may only be viewed under
lack hght conditons. whercas the dry powder
particles are usually selected with different
colours 0 provide maximum conirast with the
background ol the Specimen being inspected,
The particles may be apphed when the
magnetztng currenl 1S turned on (continuous
method} or ‘hey may be applied afier the
magretizing currént has been turned off
iressdual method! The residual melhod should
be uysed only when 1t 18 apparent that the steel
betng magnetized has sufficient residual
magnetism to <low adications 10 form

Damagnetization Demagnetization 1S
sometimes necess.iry when the fulure intended
use of the specir :n or part1s such that residual
magnetsm may be detrimenta, to the operation
or further processing of the parl
Demagnetization may be accomplished by two
methods

1 Subject the specime.~ to an llernating
current magnetc field and withdraw 1t slowly
as the held 15 mantained This allows the
magnetic held to be diminished g:adually

Redu e the alternating ¢’ rrent mMmagrentc
fiexd oy reducing the current 10 Steps
gtaduatly until 1t reaches zero

Pr.of of complete '»magnetizabion can be
vhecked by resideal held strength ndicators
which are simil - to 3 Compass In operation

PERSONNEL Q.ALIFICATIONS

All persor.ne, perfurmung a wagnetic particie -
spection should be certified n accordance with
the Canadan Government Spec.fications Board
iCGSB; Cert 'cation of Non-Destruclive
Te ting Persunne' - Magn tic Particte
Category

LIQUID (DYE) PENETRANT TESTING

Liquid penetrant testing (PT}) 1S a non-
destructive testing method of inspecting
matenals for surface discontinuities using hquid
penetrants to penetrate small surlace openings
and remain 1A them thus allowing the discon-
tinuities to be guthned with the colour of the dye.
Typical surface discontinuitias that can be
detected by lquid penelrant inSpection are
cracks. hot tears. cold shuts, folds. inclusions.
laps. laminations. porosity and fatigue cracks.
The ability of the hquid penetrant inspection {o
show small discontinulties depends upon the
hquid penetrant technique and the chemicals
used,

LIQUWID PENETRANT EQUIPMENT

Three main items ol equipment or maternal are
necessary to perform a hguwd penetrant in-
spectior

1 Penetrants
2. Emulsifizrs
2 Developers.

“ 0 pnncipal ca'ejones of hquid pensirant
chemiczls are’ the colour contrast or visible
group. and the fluorescent Jroup Each category
15 further divided into three main groups

1 Nater washable (excess penetrant may be
removed with water)

Post-emulsifiable (penetrant can be removed
by using emulsifiers. then washing with
water)

Solvent r movable (special solvents are
required to remove €xcess penetrants)

LIQUID PENETRANT "ATERIALS

Penstrants Penetrants are specifically for-
ulated to provide a good wetting action on the
surface of the specimen to provide a conbinuous
and reasonably uniform coating that could
migrate nto small openngs on the surface.
Colour contrast penelrants are usually red
while fluorescent penetrants are yellow-green
when wewed under ultraviolet (black) hght

Emulsifiers and femovers Emulsifiers are
liquids used to convert the excess oily penetrant
A the surface of the specimen into a water-
washable matenal The emulsiher must be
matched for ihe type of penetrant system used.
The emulsifier may be ¢4l or water base Solvent
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removers (cleaners) are different from
emulsifiers as they remove excess surface
penetrant through direct solvent action The
>alvents dissulve the excess penetranis. thereby
allowing them 10 be wiped clean

Developers Developers can be either wet or
Jry Dry developers consist of fine powder that 18
applied over the surface of the specimen after it
has been cleaned of excess penetrant Wet
Jdevelopers consist of powder suspended In a
higuid medium. these are almost always white to
provide suitable colour contrast with the
ponetrant Developers effect a biotling action
that tends {0 draw penetrant upward to the sur-
face of the discontinuitlies to be more easily
seen

LIGUID PENETRANT METHODS

The basic prnnciple in any liquid penétrant .n-
speclion 1§ t0 orovide a clean Ssurface upon
~hich to apply the penetrant The penetrant 15
then applied evenly over the surface {0 be in-
spected and aslloaed 1o remain for a predeler-
mmned time SO that Il can enter tight surface
defe-ts The excess penefrani 1s then removed
sith the agpropriate emulsifier or remover and. a
develvper 15 then applied that allows residuai
peneirant 1o come to the surface of the discon-
unuilies for viewing during Lhe final inspection
iFigure 9-10)

Selection of Penetrant Materials The size
and shape of th2 Specimen !0 be examined and
the degree of Sensitivity required by the
specifications determine the selection of
Penetrant matenais Large size specimens nor-
mally requ.:e & water-washable penetrant
system. this facilitates removal of the excess
penetrant using water as a emover Complex

éfZ/

shapes. where pooling of the chemicals 1s hkely.
may require a dry powder developer to ensure
that the developer wouid not mask any possible
indications The most Sensitive penetrants are
the fluorescent systems with posi-emulsifiable
{most sensitive). followed by solvent removable
and water-washable It i1s not wise tO use a
penetrant system too sensitive for the inspection
as specified. The extra sensilivity could resuit in
many non-relevant indications that could ham-
per interpreting the test resulis Once the
penevant has been Selected. the rémaining
chemicals required for the test {emulsifiers or
removers. and developers) must follow the same
family grouping and onginate from the same
manufacturer {0 ensure compatability between
all the chemicals

Application of Penetrant Materials: All sur-
faces of the specimen must be thoroughly pre-
cleaned ang completely dried before it 18 sub-
jected to the liquid penetrant. All surface discon-
tinuities must be free from oil. water or other
contarminants to ensure that the penetrant can
gain gecess lo the cavities, After the pre-
cleaning and drying. apply the liquid péenetrant
in a suldable manner using brushes. cloths
moistened with the liquid or aerosol dispensers.
or the specimen may be immersed in a bath.
Allow the penetrant film to remain on the
specimen long enough 10 ensure maximum
penetration of the tquid jnto any surface
opening Nexl. remove the excess penetranl
us$ing the appropriate emulsifier. solvent
remover or waler. which is compatable wilh the
penetrant Do not overclean the specimen Sur-
tace. as it 18 posSibie 1o remove penetranl from
the surface discontinuities. thus voiding the in-
spection results Apply the appropriale
developer In an even. thin film over the surface

pr——

-

Clean and Pry Surface

t Remove Penetrant

4 Apply Devetrper

Figure 9-10. Basic Principle of Liquid Penetrant

5 Inspectior
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i the specimen Do not apply the developer too
thickly as it may mask some surface indicalions
immediately examine the surface for indications
as the blothing action of the developer 1s oc-
cusring For calour contrast penetrants. carry oul
the inspection under adequate white hiyht. for
flusrescent penetrants. carry out the ngpection
under hlack hLght conditions 1 a suitably
Jdarkened area The developer must be gllowed

to remain on the specmen for at |east seven
minutes for a linal inspection at that ume After
final inspection, pust-cleaning of the specimen
may be specified {0 ensure that no undesirable
contamination rémains on the specimen The
scope of hquid penetrant inspections may vary
from a smal inSpection on a specunen using
aerosol cans to a very large mass production
Ling using vats of penelrant matenals.

TABLE 9-1. SUMMARY OF NON-DESTRUCTIVE TESTING METHODS

ADVANTAGES

Dye Can be very sensitive
Penetrant Fasl. accurate
No outside power

matenals

Detection of haircracks in nearly all

DISADVANTAGES

Surface cracks only
Clean. smooth surface required
Qutside power required for black hight

Magnetic Quick lo set up
Particle Fast in operation
Portable

Very sensitive

Defects at or near surface only
Ferro-magnetic metals only
Surface clean. dry, smooth

No permanent record

Source of power required

Uitrasonic Genarally quick to set up
Portable
Can be fast 1n operation

Creat depth and distance

matenal thickness

Internal hawrcracks and laminations
Accurate depth of defects and

Reference standards usually needed

Not all matenals suitable {grain
structure)

Smooth Surface required

Not suitable for small. wregular
objects

Permanent records (films)

defects except in depth

Higher sensitivity than gamma-ray

Nearly all métals and matenals
Accurate for size and location of Dufficult to position on complex

Darkroom facihiies needed
Larger apparatus than gamma-ray
Cooling duty cycle

ob|ects

No bght crack detection or cracks
that are not parallel to the beam

No deterrmination of depth of defects
Power source réequired

Gamma-Rays Partable
No power source required

Permanent recrds (film)

Deeper penetration for field yse

Nearly all metals ar d materials

Danger of radiation if accident occurs
Darkroom facihties required

Lower sensitivily than X.ray
Replacement of 1sotope (half life}

284
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PERSONNEL QUALIFICATIONS 4 How many seams or spois 10 be tested

All personpel perferming hquid penetrant in- 5. How long. ete.

specton should be certified 1n accordance with

the Canadian Government Specifications Board These symbois will generally follow the same
(CGSB) -Certificaticn of Non-Destruclive principle as regular welding symbols with the
Testing Personnel -- Liquid Penetrant addition of particulars o non-destructive testing.

Category
Type of Tast Symbol

Radiographtc RT
SYMBOLS USED FOR NON- Magnehc Particle MT

DESTRUCTIVE TESTING Peretrants PT

The non-destructive testing symbols {Figure 9- Ultrasonic uT
11) are used 1O indicate to the technician or
operator who will be performing the non-

destructive inspection DESTRUCTIVE TESTING

1 Type of non-destructive test {INDT) to be em-
ployed Destructive testing is any method that car be

used to determine the actual physical charac-
teristics of a soecimen by loading it uniil a
3 Location lo be |ested fallure occurs. The loading may be ac-

MT / \ u

RT
Speciat Process of L Length of sechon ——\ ——IT-—
other relereace £ to be fested /
7/ /)\
Al arouad

Symbol

2 Pzt to be tested

{N) — No of Tests

When testing s¥mbots have NO arrow of olher side signibicance

ot / \

Direchion of Radeation
247 (distance? Combination of welding and NDT Symbols

/
N 2/

RT

No of NDT

{1aken at random) /,y \ Combinatioas of NDTS
\ 16 ~ Rl
4)

MT6

For full length NDT — no length dimension needed

Figura 9-11. Non-Destructive Testing Symbols for Full Length NDT — no Length Dimansaion Needed
)
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comphshed by stretching. bending. 1mpact or
compression forces that allow the sp<cimen lo
exhibit any weaknesses or faulls present as well
as proving a mimmum strength level There are
several accepled destructive tests which specily
dimensions and testing methods for each type of
test specimen

Destructive tesis are used to venly or prove the
strength of base matenats and welded joints on
the test spec'mens. This can provide a level ol
guahly assurance that the fi ashed product. o
fabricated from the same matenals and weided
in accordance with the same welding
procedures. will have the same properhes

TYPES OF DESTRUCTIVE TESTS

Guided Bend Test Cross sections are cul
tnrough the weld. and bent against the face or
the root Side bends are. as the name imples
bent (Figure 9-12} sideways This \eveals lack of
fusion. slag inclusions. porosity. cracks and brit-
tte welds (coarse grain}

\/

Figure 9-12. Guided Bend Test

Nick Break Test The specimen 1s cut in on
the sides (and on the top) with a hacksaw.
clamped 1n a vise with the hacksaw cut flush
with the top of the jaws. and hammered back
and forth unlil it breaks in the centre of the weld
(Figure 9-13) In a nick break testing machine.
the specimen 1s broken sideways. Slag in-
clusions. porosity. lack of fusion and bnttle
welds {coarse grain} can be readily seen.

U

|y

Figure 9-13. Nick Break Test!

Impact Test {(Charpy, l|zod) This test 1s
designed primanly to test the abitity of metal or
welds to resist sudden shock under varnous lem-
peratures, The specimen I1s ctamped n a
maching a. d struck with a mechamcal hammer
The pressure exerted at the breaking point 1s
recorded in fool-pounds (Figure 9-14)

Figure 9-14. Charpy V-Notch

Tensile Test This test i1s designed primartly
o determine the yield point and tensile strength
of ihe metal. Specimen s secured in the
machine and stretched until the metal breaks
{Figure 9-15). To determine the tensile strength
and yeld point of the weld metal 2 specimen 1s
prepared consisting of weld metal only. Weld
specimens are prepared by leaving the rein-
forcement on and subjecting the whole coupon
to the tensile test

(> }~
~ T

Figure 9-15. Reduced Section Tensile Test

Sectioning {Plug Test) A sechion or plug is
cut out of the weld. polished and etched with an
acwd solution and inspected under 2 microscope

pratatiographic Test

Metallographic Teslts are carrnied out to deter-
ming:

1  Number of weld passes
2 Grain struciure in the weld and fusion zone

3 Distnbution of non-metalic inclusions

4 Extent and structure of the heat-affected
Zone

Macro — Specimens are eiched o »ring out the
structure and examined visually
{unadided eye. or low magmihication)
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Micro — Specimens are prepared and etched
for exarmination under the microscope
at ugh magmfications.

T
QUALITY CONTROL OF STRUCTURAL Q 4

SHAPES l

Telt of
Figures 9-16 (o 9-18 depict the allowable F‘lange

tolerances during the manufacluning process of

structural members (0 ensure quality conlrol

A (mnches) = W
100

- -l- Maximom *
|

}
|
i Warpage

Devsation Belween Cenireline of Flange
of Web and Certrene of Flange

A
L (feet)
Camber o Sweep of Columns Dewation of Camber of Girders

Lengths of 45° and Yndes ) A (inches) = = T}G but Not less Than
A (iones) =ﬁb"! ol Over_ai

Lengths Qver 45
1

Almches) = L16
50

L {feet)

Sweep of Gieders

O wnches = ij_

Infermediate Shiffeners on Both Sides of Web
Ift =Less Than D A = 0 o _d
150 120 120

t= D ormore A =_D o d

150 150 150

Intermerdale Sulleners on One Side of Web
b= Less Tham D_ A = D or _d
10 W0 100
1= D or More A = D or _d

100 150 150
No Intermediale Stffeners = T&?ﬁ“

Deviation From Flalness of Girder Web

Figure 9-16, Dimensional Tolerances C.S.A. welded Sections
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316 max
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1 316
i
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36 max

Up to 12 el
1/4 max
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1/8 7] 316
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*Figure 1 5 for sweep when flange width 5 less than & tn
Figure 9-17. Rolling Tolerances, Inches
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* (A} 15 measured 3! centre bine of web for beams. and al back of web for channels

OUT OF STRAIGHT Cambes = 1/8 wn x number of feet of lotal length
5

A B 1.1
Depth Flange Widih Out 01 Square
Section Nominal Size Per In
Qver Undes Over Undes 0f
Tieor Theor Theor Theor B. Ia

316 7. incl ya 1116 118 118 132
Amencan Over 7 %0 14 ancl | LS8 KTXYS SR 532 1132
Standard Beams | Over 14 1o 24. inel | 3716 178 ne 36 1133

310 7. sact ne 1116 i1 118 1132
Channels Over 7 te 14, ancl | 18 n2 178 5132 1532
Over 14 ne 118 18 3716 1132

Figure 9-18. Rolling Toleranc 's, Inches
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INTRODUCTION

Steam 15 one of man's dependable servants and
more and more 1n the background. steam 15
doing more and more work for man. In an elec-
tncally heated home. steam may be seen only at
the teakettla. but chances are that the electneily
1s generated by burning coal or gas and
producing steam o turn the generator rotors iIf
lhe electric power generating station. Even i the
fuel 1s uramum and the heat supphed by nuclear
hssion. generating eiectncity 1s stll first ac-
complished by generating steam.

in Canada and the U.S.A. the demand for elec-
tricity doubles every ten years. For the most part.
water résources suitable for power generation
are already in service. Except for standby and
peak-load units. approximately 90% of the new
electnc capacily being installed uses steam

The use of steam for generaling electrnic power’

1s expanding 1n most countnes of the world, the
pnncipal excephons being countries where
available water power resources are grealer
than power needs.

Steamn propels many of the world's naval vessels
and a lgh percentage of iIls water-borne com-
merce |t 15 ysed on a 'arge scale n many in-
dustnal processes and 15 still much used for
space healing

Sleam boilers today range i size from those
required lo heat a smaHl-sized home {o the very
large ones used In electnec power generating
stations. Some single boilers recenlly or soon to
be operating delwer approximately 10 mu..on
pounds of steam and consume more thau 50
tons o coal per hour. In these large units.
pressure s range from 2.500 to about 4.00C psi
and the steam 15 usually superheated to a tem-
peratu-e of 1000 F or higher Modern steam
boilers operate safely and dependably and
remain In servica for many years. Clteaning and
repairs are usually required only at scheduled
ouiage periods.

Today's boilers owe their dependability and
safety to more than a hundred years of ex-
penence In the design. fabrication and operation
of water-tube boilers. Dunng this period the
properthes of steam and water have been ac-
curalely determined and tabulated for yse by the

designer. A new understanding of hea’ transfer,
flimd flow and boiller circulation has been
developed. Means have been devised for
burning large quantities of fuel economically
and salely and for disposing of the products and
by-products of combustion. Sleels and alloy
malernals now available are stronger and more
consistent in their properties. and advanced
methods are used for their fabricabion and in-
spection. Finaliy. industry-wide codes and s*an-
dards have been adopted to regulale the design.
fabrication and inspection of pressure parts

The nuclear steam supply system 1s a relalively
recent dévelopment. representing & union of
nuclear physics and the sleam boiler industry
During the last wenty years a large number of
nuclear steam supply systems have been placed
in  operation for naval propulsion and for
generating electricily. Some of these units for
the electnc power industry are comparable in
capacity to the largest fossil-fuelled boilers

HISTORY OF STEAM GENERATION
AND USE

The most comman source of steam generabion
at the beginning of the 18lh century was the
“shell boiler.” waich was litlle more than a ket-
tle. The next development was the fire-tube
botler. {ollowed by the water-tube boiler. Further
research and design over a period of years led
lo & modified version of lhe inclined water-tube
boiler and lhe bent tube boiler, viath improved
fire boxes and hning. High pressure ieheat
bollers were developed subsequently One of
these. the universal pressure boier. derived its
name from its design capability for subcntical or
supercrilical operation and rapd load pick-up
Nuclear sleam generation 1S the mos!
sophlusticated method developed yet to generate
steam and power.

try the manne indusliy early boilers for naval and
merchant vessels were refined to produce the
dependable water-tube manne boiters used
loday.

Figures 10-1 to 10-17 \llystrale some of lhe more
prominent bolers in Lhe history of steam
generalion
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Figure 104, Hero's Engine (concept of Hero,
1st contury AD)
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Figure 10-7. First Water-tube Boiler. Built
and Patented by William Blakey in 1766.

O

Figure 10-10. Inclined Water Tubesg
Connecting Front and Rear Wgter Spaces
Complete Circuit with Steain Space Above.
Stephen Wilcox, 1856,

Figure 10-8. Water-tube Boiler of Small Tubes
Connected at One End to a Reservoir. John
Stevens, 1803.

Figure 10-39. Water-tube Boiler with Tubes
Connecting Water Chaniber Below and
Steam Chamber Above. John Cox
Stevens, 1803,

Figure 10-11. First Babcock & Wilcox Boiler,
Patented in 1867.

Figure 10-12. Babcock & Wilcox Boiler

?go‘];pad in 1877
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Figure 10-13. Early Stirling Boiler Arranged
for Hand Firing, 1880
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Figure 10-16. Radiant Boiler for 1650 psi
Figure 10-14. High Pressure Reheat Boiler, and 1000°F Initial and Heheat Temperatures,
1925 1940
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Figure 10-17. Stirling Boiler for 925 psi
and 900°F. Steam Temperature

MODIFIED STEAM CYCLES

The continual quest for lower heat rates and,
thus. higher cycle effitiency has involved
madifications of the conventional steam cycle.
One of these, using high-temperature, low-
pressure mercury vapour to top a conventional
steam cycle. dates back o the binary fluid mer-
cury-steam unit placed in service at a New
England utility in 1928. Binary fluid “topping”
cycles are so named belause the rejected heat
of one fluid cycle is used to supply heat to
another fluid operating in a lower temperature
range. In the mercury-steam cycle. the mercury
condenser alsc acts as the steam boiler

Other high efficiency cycles involve com-
binatbions of gas turbines and steam power, and
direct themal-to-electrical energy conversion.
Direct-conversion systems under study for large
power sizes inciude a magnetohydrodynamic
{MHD) uat topping the conventional steam
cycle and us.ng conventional fuel or a char by-
product from coal gasification or liquifaction. In
spite of e many complex cycles devised to in-
crease overall plant efhiciency, the conventional

steam cycle has. o dale. proved to be the most
economical.

The increasing use of high steam pressuies and
temperatures, reheaters. regenerative feedwater
heaters, ecenomizers and air heaters Fave led to
improved efficiency tn the modern steam power
cycle. Many other developmenis have also
progressively reduced the cost of equipment.
The combined effect of these improvements,
together with increased use of eleclricity. has
substantially reduced power cosis to the con-
sumer (See Figure 10-18).

Cents per kwh

0
1925 30 38 40 45 50 55 0 65 70
Year

Figure 10-18. Average Cost of Residential
Electricity to Consumer (Edison Electric In-
stitute.)

MARINE BQILERS

The water-tube boiler was successfully applied
to the propulsion of naval and merchant vessels
in the 1890s. The subsequent development of
manne baoilers for naval and merchant ship
propulsion has paralleled that for stationary use.
Throughout the 20th century, dependable w ater-
tube manne bailers have contnbuted greatly to
the excellent performance of naval and mer
chant fleels.

NUCLEAR STEAM SUPPLY SYSTEMS

Since 1942, when Enrico Fermi demonstrated a
controlled self-sustained fission reaction.
nuclear energy has been recognized as an im-
portant heat source for power generation The
first sigrmiicant application of this new source
for generating steam was the USS Newrilus
prototype, operated at National Reactor Testing
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Station in Idaho in the early 19508 This was
followed by a number of instatlations for the
propulsion of naval vessels.

The first electrnic utility installation was the 90-
Mw unit {net capacity} at the Shippingport
Atomic Power Station of the Duquesne Light
Company. This plant. owned partly by Duquesne
Light Company and paitly by the U.S. Atomic
Energy Commission. went into operation in 1957,

The Canadian nuclear power program was
launched in 1854 when engineers from
LCanadian utihtes and industries joined those of
Atomic Energy of Canada Limited (AECL) lo
study the feasibility of commercial nuclear
power stanons in Canada This led to the con-
struction at Ralphton. Ontario of Canada’s first
nuclear power station. which began o produce
electricity 1n 1962, with 20 Mw capacity. This
was followed by the construction of Canada’'s
full scale prototype CANDU siation, Douglas
Point on Lake Huron This 200 Mw station
produced its first electricity in 1967.

CANDU stands for Canadian Deuterium
Uranium The Canadian nuclear power System
has been under continuous development since
the mid-1950s The main engineering feature
that has contributed so greatly to the success of
the CANDU PHW (pressurized heavy water)
nuclear steam Supply Ssystem IS the use of the
pressure tubes to accommodate the fuel bundles
and primary circuit coolant. Other major power
systems rely on a single large pressure vessel
for containment.

In Canada the next development was Ontano
Hydro's construction of one of the world's
iargest nuclear power stations at Pickenng on
Lake Ontano Pickenng. whick produced ts first
elecwricity in 1971, consists of four 500 Mw unuts.

The nuclear plan! construction program in On-
tario 15 continuing construction of the 3000 Mw
Bruce generating station on the same sit@ as the
prototype Douglas Point unit that was started in
1969. The Pickering station 1s being doubled in
size so that by the early 1980s eight 500 Mw
units Wil be at one location. Onlario Hydro has
plans for duplicating the Bruce plant and con-
structing another contaiming four 750 Mw units
at Darlington on Lake Cntano.

In Quebec. 8 second nuclear plant is being built
at Gentilly on the St Lawrence River. The first
was a 250 Mw prototype to explore the ad-

vantages of using boiting hight water (BLW) as a
coolant instead of heavy water. The second unit
1s a CANDU PHW rated 600 Mw. scheduled for
operation n 1980. New Brunswick 15 also
proceeding with the construction of s first
nuclear development. The new Lepreau Station
is to have two 600 Mw PHW umits.

MATERIALS AND FABRICATION

Pressure pars for water-tube bollers were
ongnally made of ron and later of steet. More
recentlty., boller drums and puclear reactor
vessels are fabncaled from heavy sieel plates
and steel forgings )joined by welding. with
careful Supervision and inspection. The develop-
ment of the steam boiler has necessarily been
concurrerit with advances n metallurgy and
progressive improvements 1n fabnicating steel,

The castiron generating tubes used in the first B
& W boiters were later Superceded by steel
tubes. Shortly after 1900 B & W developed a
commerciat process for manufacturing hot-
finished Seamless boiler tubes. combining
strength and rehability with reasonable cost. In
the midst of the Second World War a mill was
completed for the manuiacture of lubes by the
etectnic-resistance-welding process. and tubing
produced by this method has subsequently been
used in thousands of boilers. The cast iron tubes
used for steam and water $torage in the orniginal
B & W boiler {Figuse 10-11) were soon foltowed
by drums {(Figure 10-12) and. in about 1888, drum
construchion was wmproved by changing from
wrought iron to Steel plates.

Prior to 1930 the standard method of joining
boller drum ptates was nveting. This con-
struction imited the thickness of drum ptates o
about 2%+ because no Sausfactory method was
known to Secure a tight jmnt witn nvels In
thicker plates The only available alternative was
to forge and machine a sohd ingot into a drum.
an extremely costly process. Boiters built prior
10 1930 with pressures over 700 psi used the
forged and machined drum.

The story behind the devetopment of [usion
welding 15 one of intensive search beginning 1n
1926. Welding techniques had to be improved in
many respects. but equally. if not more im-
portant. an acceptable test procedure had (o be
found that would guarantee the drum without
destroying it 1in the test. After extensive In-
vestigation of various testing methods. it was
decided 1n 1929 to adapt the medical X-ray
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maching to production examination of welds By
X-ray examination, together with physical tests
of samples of the weld matenal. the soundness
of the weld could be proved

Duning 1930 the United “tates Navy adopted a
specthicaton for constructing welded boiler
drums for naval vessels. and. in that year. the
first welded drums ever acceplted by an
engineenng authority were a part of the B & W
bollers installec' 1n several cruisers. Durning 1930
as well the Boiller Code Committee of the Amen-
can Sociely of Mechanical Engineers i1ssued
completed rules and specifications for the fusion
welding of drums for power haoilers. and n 1931
8 & W shipped the first welded power boiler
drum built under {his code

The X-ray examination of welded drums and the
rules promulgated for the qualfication of
welders and the control of welding operations
were major first steps in the development of
modern methods of quality control 1n the boiler
industry.

Other important developments in matenials n-
clude improved firebrick to withstand higher
tlemperatureés 1n boiler furnaces. alloy steels for
superheaters and nuclear steam Supply Systems.
special matenals including the metal zirconium
for nuclear fuel cladding tubes and alloys for
control rods in nuclear reaclors

The history of the boiler industrv s the s .ry of
the search for more efficient and dependable
steam generators Buill into this hustory are fun-
damental conceins and basic inventions proved
by expenence o be Sound. More recently in-
troduced are the successful results of pro-
grammed research and deveiopment. This is the
foundation on which today's research and
development s building toradrrow’s improved
and larger fossil-iuclled boders and nuclear
steam supply systems.

BOILER MANUFACTURING

For many yearS. sieam generating e Pment
built by rehable manulfacturers in ac ordance
with accepted codes. and properly operaied has
been recognized as dependable and Saie.
Buring the last twenty years. there has also been
significant improvement n the quahty of the
matenals empioyed. the control of fabrication
processes and of inspection melhods, Perhaps

the greatest achievemen! of the botler industry
has been this improvement 1n the quality of s
product accomplished through better inspection
methods and quality control.

This improvement 1n qualhty has been
necessanly achieved concurrently with raprd ex-
pansion in the size of steam generaing units
The majonty of units. parbicularly in the larger
industrial and utiblty applhcations. are specially
designed to meet the user's requirements Most
of the pieces. sub-assemblies and assemblies
that make up the complete wnit must be in-
dividually designed and shown on Separate shop
drawings. Thus. only & small segment of the
manufactunag procedure could be classified as
a2 quantity-productuion operation

Fabrication of the pressure and non-preéssure
parts and of auxibary equipment for modern
units Involves a greal vanety of skills and unique
manufacturing methods and metal-forming
processes. Welding 1s used 1n the manufacture
of almost every component produced and is
espe ially 1mportant in the construction of boiler
drums and pressure vessels Its development
has facilitated fabncation of vessels of large
size and great functional capability

FABRICATION OF FOSSIL-FUEL
EQUIPMENT

DRUM FABRICATION

Figure 10-19 shows 3 large steam drum — 98°
iong and weighing 382 tons — for a utility boiler
rezuy for shupment after shop fabric .on The
Jdriune 18 composed of four cylindrical 3ections or
courses and Lo hemisphsnically si aped haads

Figure 1U-18. Steam “rum for an Electric
Utility Boller




296

Boilermaking Manual

The many large slubs and nozzles along lhe
drum's length are connections o flow circuils
for the steam generating and sleam
superhéating surfaces of |he boiler unit. Large
nozzles along the boltom of the drum and the
push-outs on the hemispherical head are con-
neclions from |he drum lo the downcomers,
through which Ihe water is carried to supply the
various circuits in the generating system.

Fabrication of such a drum begins with the
pressing of flat plale into half cylinders or the
rolling of plate into full cylindrical shells, Figure
10-20 shows one of the larger presses used for
this purpose, and Figure 10-21 a close-up ol the
pressing operation in the early stages. A plate-

Figure 10-20. Large rming
Heavy Piate Into Halt Cylinders for Pressure
Vessels

Figure 10-21. Template Checking the Contour
of a Drum Plate Being Formed Into &n
Halt Cylinder

rolling operation in a set of verlical rolis (Figure
10-22). When shorl courses must be used
because of material dimensions or heat-
treatment requirements, the plate is rolled into a
cylindrical course. For large drums, the normal
procedure i1s to press plate into half-cylinders in
lengths up to 42° and o form a course by
welding two hali-cylinders logether
longitudinally. The desired drum length is ob-
tained by circumferentially joining courses as
required Long and circle seams in drums are
made by the auilomatic submerged-arc-welding
process.

Crumheads are forned from flat plate by hot-
pressing with suitable forming dies. Figure 10-23
illustrales this ¢peration during its initial stages.
Orumheads are altached to the completed cylin-
der by circumferential welds.

Automatic techniques are used for the greater
part of the welding of a boiler drum. Figure 10-24
shows a doubte-submerged arc welding
machine in operalion on 2 longitudinal seam.
The filler metal, in wire form, is continuously fed
to the arc area, which is completely covered by a

Figure 10-22, Checking the Contour of a
Cylindrical Section (Course) Rolled from
Heavy Plate
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Figure 10-23, Hot Forming a Drumhead from
Heavy Plate in an Hydraulic Press

granular flux to excluce air from the weld metal
area. During the operation. the electrode
carriage moves along the seain from one end to
the other. Many passes may be required, depen-
ding on plate thickness. material specifications
and the form of the welding groove.

For submerged-arc circumferential welds. the
drum 15 mounted on a turning device and rotated
while the welding head and the flux-applying

Figure 10-24, Welding Longitudinal Drum
Seam with Double Submerged-Arc Machine

equipment are stationary. Prior to and
throughout all welding operations. a preheat is
applied to the weld area 10 avoid detrimental
stress conditions and wmetallurgical trans-
formations. For some applications this preheat
is maintained after welding until the vessel is
stress relieved.

In recent years advances in engineerning designs
and the development of high-temperature alloys
have required new welding techniques. What
was formerly considered sound welding may be
unsatisfactory for current applications. Qld
procedures had to be discarded and new ones
developed, especially for welding stainless
steels and high-nickel alloys. Thus today the use
of the inert-gas-shislded tungsten-arc welding
process [TIG) is often specified for welding the
root pass where the job requires f{ull root
penetration and a uniform inside surface con-
tour that will not interfere with fluid flow.

Nozzles and siubs are formed by hot forging
from a solid billet. Larger connections may be
integral with the heads, formed from rolled plate
or made from pierced-and-drawn pipe. Al-
tachmenis to the drum are made by hand
welding with the manual shielded-metal-arc
process using coated electrodes, by aufomatic
welding with the submerged-arc process or by
semi-automatic welding with the “flux-core”
gas-shielded metal-arc method. This latter
method, introduced about 1965, has been sub-
stituted in many applications for the slower
manual metal-arc welding process. In the flux-
core method. a continuous coii of {abricated
electrode filler wire is fed through a hand-held
gun that is directed at the joint to be welded.
Slag-producing ingredients and alloying
elements are contained inside a tubular sheath.
Carbon-dioxide gas is introduced to shield lhe
molten puddle from atmospheric contamination.
This process has almost 'he same weld-
deposition rate as the submerged-arc process
sometimes used for nozzie welding. Its ad-
vantage lies in the portzi lity ot the equipment,
the much lower setur tyae required and the
decreased time span that ¢an be realized by put-
ting several welders t0 work on the same iob.
Other developments that will contribute
significantly to the quality of the welded joint
and appreciably increase the deposition rate of
weld metal are currently nearing production
stage.

Every drum fabricated must be subjected to a
stress-relief heat treatment atter all welding on it
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has been completed. In some cases several heat
treatments are required during construction of
high 1mpact sirength. Formed heavy plate is
quenched n water to cool it rapidly from 1600"
10 600 F. through the transformation range. This
heat treatmenl is followec by normal stress-
relief, which consists of heating to 1150° F.,
holding for one hour per inch of thickness and
furnace cooling to 600° F.

Every inch of every longitudinal and cir-
cumferential weld in 2 drum. and numerous
other welds, must be subjected to radiographic
examination. For this purpose extensive X-ray
equipment (Figire 10-25) o) a wide range of
power, from portable machine rates at 400,000
electron volis to the 12.8 MeV linear accelerator
IS provided. Supplementing the X-ray equipment
are radioactive isotopes. such as Cobalt 60.
used in various capsule sizes up o 2.500 curies.
Other forms of non-destructive testing comprise
dye penetrant methods for locating fine surface
defects and magnetic particle testing for finding
defects on or just slightiy below the surface of
the matenal. Reflectoscopic examination using
ultrasonic vibrations has been adopted as stan-
dard testing procedure on all heavy plate for
pressure vessels.

Figure 10-25. Reglstering 2 Million Volt X-Ray
Machine on Circumferentiat Seam of Drum for
Radiographic Examinailon of weld. Flim
Cassotte Positioned on Inner Surface.

Throughout the fabncabon process of any
pressure vessel, all work 18 conducted under the
strictest surveliance of the company’s quality
control and quality assurance departmentis to
assure compliance with the ASME Code. com-
pany standards. governmen! standards and
users’ requirements. All materials used for
pressure parts are certif.ed as to specifications
by wet chemical analysis and spectroscopy as
well as by mechanical tests for tensile, bending
and impact strengths.

After all welding of pressure parts has been
completed and found satisfactory. the vessel is
ready for the finishing operations. These include
installation of minor attachments and the in-
ternals. Figure 10-26 shows the internal baffling
arrangement for a large steam drum partially
pre-assembied on the Shop floor. This structure
1$ later knocked down and reassembled inside
the steam drum for shipment with the drum.

Flgure 10-26. Paclially Assembled Internal
Baftfling for a Steam Drum

HEADERS AS TERMINAL PRESSURE
VESSELS

Headers are exiensively used in modern steam
boilers a5 a means for joining two or more boiler
circuits. Headers are of smaller diameter (under
about 24" [D} than drums and can be fabricated
from seamless tubing. pipe or hollow forgings.
Access to their interior is through handholes.
whereas drums have manholes for ingress and
egress. Figure 10-27 shows a superhaater
header nearing completed fabrication.

Many straight or bent tubas (stubs) and tee cone
nections have been shop welded to the 207 OD,

00
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Figure 10-27. Large Superheater Header of
Low-Alloy Steel in the Final Stage of
Fabrication

4'/2 thick. 50° long superheater header shown in
Figure 10-28. All welds to pressure vessels are
compteted in th2 shop so that stress relieving of
welds can be done quickly and economically un-
der controtled conditions.

Complete facibies are available for the piercing
and drawing of large-diameter heavy-wall pipe
stock. This equipment consists of an 8,500 ton
press (Figure 10-29) for imtial piercing of the

A

Figure 10-28, Bent Tubes {Stubs) and Tee
Connections (Opposite Side) Shop-Attached
to Large Superheater Header

Figure 10-29. Cupped Forging Leaving
Piercer Pot of Vertical Press, Ready for
Drawing Into Pipe Stock

Ingots, a 1,200 ton drawbench (Figure 10-30) for
reducing outside diameters and wall
thicknesses and extending the lengths of the
pieces, a multiplicity of engine lathes for
machining the outside and inside Jiameters of
the produced pieces and numerous types of
special test equipment for checking and con-
trolling the quality of finished products.

Figure 10-30. Drawbench Converts 26,000 ib.
Pierced Ingot Into Long Holiew Forging

301
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Fabrication of a large header begins with cir
cumferentially welding the required pieces of
pierced-and-drawn hollow-forging stock by the
automatic submerged-arc method to obtain the
desired length. The ends of the header stock are
then spun hot until closed (Figure 10-31)."To
absolute tightness after spinning, the centre por-
tion of the closure is drilied out and replaced by
a fusion-welded steel plug. For the larger
headers. when the outside diameter exceeds the
capacity of this spinning machine, the ends of
the headers are closed by welding a forged
hemispherical head made in an operation similar
to that previously described for drumheads
{Figure 10-30).

Completion of the header includes drilling and
machining of tube and nozzle holes, fitting and
welding the nozzles. stubs and other at-
tancments by manual and semi-automatic
methods, heat treating. cleaning. and finishing
operations, all conducted under strict quality
control. Figures 10-32 — 10-33 illustrate some of
these operations.

While the majority of headers today are circular
In cross section, there are some applications
where square headers are suitable. The
fabncation process for these is similar to that
described above, excep! that, prior to closing
the ends, the h~ader stock is changed to a
square cross sc.lion by passing it at forging
temperature through a set of rolls.

Figure 10-31. Header End Closed by Hot
Spinning

Figure 10-32. Fusicn Welding Nozzle
Connections to a Large Header

Figure 10-33. Shop Assembly of Two
Connecting Headers

TUBES AS HEAT~ABSORBING SURFACES

Tubes, in an almost endiess variety of
arrangements, serve as the heat-absorbing sur-
face and provide flow circuits in today’s steam
generating units. Tubes range from 1"-4'/z in
diameter and may be plain or fitted with studs for
extended surlace, as in some furnace-wall tubes.

For larger units. past practice was to fabricate
and ship each wall tube individually. This
required a piece-by-piece field assembly during
erection. Today, wall panels are generally
assembled in the shop to expedite field erection.
The lalest design of panel walls is a “mem-
brane' construction of furnace and setting walls.
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This construction 15 shown for the malor part of
the pre-assembled wall section (Figure 10-34)
where the space between wall tubes, from the
top header down to the botlom. is closed with a
metal filler piece continuousty welded on both
sides to the adjacent tubes. The result is a gas-
hght metal wall surrounding the enclosed
volume. A sectional view of a section of a mem-
biane wall panel 15 shown in Figure 10-35.

This design eliminates the need for a pressure-
tight casing and reduces the cost of field erec-
ticn. Walls of this type can be assembled on 2
table in sections up to 10' wide and 90" long. The

Figure 10-34. Membrane Wall Assembly of
Steam Generating Surface

Figure 10-35. Sectirn of NMembrane Wall
Panei

membrane 18 lhen welded to the lubes by the
submerged-arc welding process, with a
travelling head feeding a number of electrodes
simultaneously. The machine for this operation
is illustrated in Figure 10-36.

Wall panels may be bent to required radius and
degree after assembly of panels, using a
multiple die encompassing as many as 60 tubes.
Figure 10-37 shows a membrane wall panel
being bent in special multiple dies.

While wall-type surface is used for superheating,
most convaction superheaters use continuous
tube sections. Figure 10-38 illustrates a typical
section of the pendant type. Convection
superheatcr platens are made from relatively
short lengths of straight tubes that are first bent
and then welded together to give the desired
configuration. All bends are formed cold except
the inside hairpin bend which must be made hot.

Close return bends are made by first upsetting a
section of straight tube to increase its wall
thickness at the location for the bend and then
not bending and sizing to the desired dimension.
The prepared ends of the resulting “canes™ are
joined by an automatic butt-welder to form the
section.- In addition to forming the weld. this
machine also heat treats the weld (Figure 10-39).

Figure 10-36. Welding Head for Welding

3 O 3 Membrane Bar to Panel Wail Tubes
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To complete the platen supporting lugs are fitted
and welded into position. an hydrostatic test at
one and one half times the design pressure is
apphed and the section ends aremilled to exact
lengths and bevefled for lield assembly. Sections
are then painted and prepared lor shipment.

Figure 19.39. Automatic Buit-Welding
Machine for Making Continuous Tube
Platens. Note Newly Made Weld and Other
Wolds In Completed Portion.

TUBE MANUFACTURING

Many thousand feet of steel and alloy tubes of
suitable size, shape and material are required
for a large steam generating unil. These tubes
are used for steam generating surfaces in-
cluding furmace walls and floors and in
superheaters, reheaters. economizers and air
heaters. Headers also might be classified as
tubes. since the procass ol manufacture is
similar, but the size range (934 -24"") is beyond
that ordinarily associaled with tubes.

Two general types of tubes are manufactured:
seamless and welded. Each has its proper ap-
plication as dictated by users’ specifications or
technical details related to diameter. wall
thickness and chemistry.

SEAMLESS TUBES

Seamless tubes, defined as tubes without weld
of seam, are made by piercing trom solid rounds
of carbon or alloy steels. Most steel for seamless
tubes is produced in electric furnaces. This
steeimaking process is carefully monitored and
controlled at every step and produces steel
quality consistent with application requirements.

Tubes for boiler application are furnished either
hot finished or cold-drawn, depending on size,
tolerance and desired finish.

Figure 10-38. Pendant Superheater Platens Metallurgically. the two are similar. the dif-
Reedy for Finishing Oporations ference is mainly in surface finish and the per-
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missible tolerance In dimensions. To obtain a
smooth. even surface and close lolerances.
stainless steel Wwbing 1s generally finished by
cold-drawing only This process also permits
control of grain size in final heat trealment
which 18 important in high temperature ap-
plicalion of ausleniic stanless steels The
production of seamiess tubes requires special
tools. careful control of heating and exactness
in procedure

CENTRING AND HEATING

To ensure accurate cenlring of the piercer
point in relation to the piercing rolls. the hot-
rolled conchlioned tube-round or machine-turned
round {if of stainless steel) 15 provided with a
concentnc “starbing hote.” This shallow hole
may be produced by a centring maching that
drills the cold tube-round prior to heating or by a
punch that indents the end of the hot round just
prior to piercing. In some stainless steets a small
diameter hole n«ay be dnlled through the billet's
enlire length to ease the load 1n the piercing mill
and preserve the piercer point.

The round. ranging 1n length from about 407-
144" and from 2%/ -83%/4 diameter. 1s then heated
in a rotafy-hearth furnace.

PIERCING

Piercing 15 done 1n especially designed
machines. The round 1S gripped between the
surfaces of two revolving rolls that rotate in the
same direction. Each roll is directly driven by its
own motor. By the rapid rotation and kneading
action of the rolls. set at the proper angle. the
rourd. somewhat reduced in diameter. moves
forward helically over the piercing point held
firmly in position (Figure 10-40}. Afler giercing.
the bar 1s withdrawn from the inside of the tube
and the rough pierced hoillow may be rehealed

i —— Drrectson of Rotation

-

Pierrer ROW - -~
e R — R
Sond \ -
‘ \

Fube Round
. P ercnd Point Bar

Prerroct Biiret

——

.
T Directron of Rotaten

Figure 10-40. Plercing Operation
{Diagrammatic) 8 & W's Cone-Type Piercing
Mills

in @ suitable furnace to the correct temperature
for rolling.

ROLLING

The function of the rolling mill 1s to lengthen the
tube and reduce the wall thickness to the ap-
proximaie dimensions required. A ram forces the
tube nlo Ihe grooves of the rolls. the rolation of
which cames it forward over a plug and bar.
working the metal between the grooved surfaces
of the rolls and the plug {Figure 10-41). Two to
six passes with change of plugs may be requried
in rolling stainless steel tubes. To make the wall
unfo/m and avoid ribs or overfills. the tube ig
turned 90 afier each pass through the mull

Figure 1041, Rolling Operation
{Dlagrammatic) in Tube-Rolling Mill

REELING AND SIZING

After rolling. the tube is in a semi-finished con-
dition. that is, it has required wall thickness and
approximate diameter but a relatively rough sur-
face. Directly after rolling and while the tube is
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still hot. it 18 conveyed to a reeling machine
(Figure 10-42) where 1t 1s forced helically over a
smooth mandrel, or “reeler plug.” supported by a
thrust bar on the outlet side of the mill. Rolling
over this plug removes hght overfills and scrat-
ches and the tube 1S smoothed and burnished.
The tube 15 also rounded and expanded shghtly
in diameter. but the wall thickness remains ap-
proximately constant. or. depending on the
pressure apphed. 1s shghtly reduced. After
reeling. the tube 1S taken to a siIzing mill.

The function of the sizing mill is to hot-size the
tube to 1ts proper diameter Its main elements
are several sets of roll stands with single-
grooved rolls set in tandem. Afler sSiZing. the
tube 15 annealed or otherwise heat treated. if
required, and then straightened. cut to fength,
hydrostatically tested and submitied for final in-
spection Appropniate samplfes are secured for
tensile. hardness and deformation tests. and the
tength gauge and d:ameter of the tubes are
measured.

Roll

Thruat Bar Reeler Plug

j]

Tube

}’\*"'—

Figure 10-42, Diagrammatic Sketch of
Realing Operation

COLD-DRAWING

Tubes reowining finer finish, closer dimensionai
toferances or smalier sizes than can be obtained
by the hot-fimsh process are coid-drawn. The
cold-drawing process is used after hot finishing
brings the tube close 1o the desired SiZe.

Cold-drawing 15 done on a drawbench fitted at
1S centre with & heavy steel holder foi the die
through which the tube is drawn. The
arrangement of the drawbench, lube drie and
mandrel 18 illustrated v agrammathcally in Figure
10.43 Tubes may be cold-drawn oné or more
wmes to oblain desired dimensions. They are
usually pickled and lubncated before each cold-

Mand e oo 22777
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Figure 10-43. Drawbench for Producing
Closo-Tolerance Fine-Surface-Finisk Cold-
Drawn Tubes

drawing operation. and 1n most cases annealing
1S also required.

After cold-drawing. tubes are gwen appropniate
heat treatment according to specihic analysis
and specification. Tubes are then descaled.
straightened (Figure 10-44). cut to length. tested
and examined as required by the Amenican
Society for Testing and Matenals (ASTM} and
other applicable specifications.

Tubing can be made with special shapes such
as square. rectangular or airfoil design It can
also be made with helictl ribs on the inside or
longitudinal ribs on the outside. Such tubes are
generally shaped on the hot mull or by extrusion.
In each case followed by cold-finishing.

Figure 1047, Straightomng Operation for
Finished Tubes

EXTRUSION PROCESS FOR SEAMLESS
TUBES

The Ugme-Sejournel hot-extrusion Process 1s
used for the manufacture of certain sizes and
gbes of tubes. espscially those made from
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iefractory alloys that are difficull to pierce 1n a
rotary piercing operation. A hollow billet, with
glass lubrication. is confined 1n a contaner be-
tween the ram of a press and the extrusion die.
A mandrel extending from the ram passes
through the billet and the die. As the ram moves
forward. the metal is squeezed out between the
die and the mandrel.

With present facihhies 1t is possible to produce.
by extrusion. tube hollows ranging in size from
112 6%+ outside diameter and from 0.160"-
1 000 wall thickness, Extrusion product lengths
vary from 20" for heavy wall products to 60° for
lighter products. Aiter the hci-extrusion process
is filished, cold-drawing 15 used 1o bring the
product to the desired size.

ELECTRIC-RESISTANCE-WELDED TUBES

Electric-resistance-welded (ERW) steel tubing is
made by forming a flat strip into tubular shape
and welding the edges together in an electric-
resistance-welding machine,

ERW carbon-steel tubing. rather than seamless
tubing. is widely used n stationary and marine
boilers. It offers smoother surfaces. more
Jniform wall thickness and less eccentricity
Because of softness and uniformity. welded
tubes are easily installed. ERW * bing is com-
monly produced in sizes from 3/4 -4',2 diameter
and to mimnimum wall thickness from 0.28-
0.220",

Pressure ubing produced by electric-resistunce
welding 18 mannly of carbon steel. and both
nmmed and killed steel stnp are wsed
Rimmed steel 15 used extensively in the lowar
carbon grades because of 1ts excellent weld.ng
charactenstics. However. if the additional cost is
jwstified and the specifications require killed
steel, it poses no pioblem in the manufacture of
ERW tubes

Hot-rolied strip. in coils. 15 used for most tubing
produced by this method. The first operation
consists of runming the strip through a scale
breaker under €nsion onto a re-coiler. After re-
coiling, following the scale-breaking operation.
the con is backspun {5 open the individual
wraps. The coil 18 then pick.ed. rinsed and con-
veyad to Ike cold-rolhing and $izing mill,

Cold-rolling 15 apphed to the hot-rolled strip to
smooth 1ts surface and obtain a uniform dimen-
sion. Control of thickness 1s obtained by use of a

beta-ray gauge having Strontwm 90 as the
radiocactive source.

After cold-rolling. the strip 1s re-colled and the
coil fed into a leveler for flattening. The ends are
then cut square and butt welded to the ends of
the preceding and following coils to form an
“endless” strip. Width and thickness within
close limits are essential for welding of ac-
ceptable qualty. Freshly slit or shaved edges
are used to elminate rust and assure s$trong.
sound welds.

The stnp i1s folded into an open-tube form in a
forming sl preparatory to welding. In the
resistance welder. high frequency current
{450,100 cycles per sec.) is fed into the surface
of the strip through silver-tungsten-carbide
sliding contacts. positioned on poth sides of the
seam just before the edges are brought together.
The inside flashes {or upsetis} formed duning
welding are trmmed to a specified height. and
the outside flashes cut off. These operations ars
continuous as the tubing emerges from the
welding mill (Figure 10-45).

Next. the tubing is accurately sized and
straightened 1n a three-pass mill. As the tubing
emerges from *he s1zing mill. it is cut to required
lengths. All transverse welds at coil ends are cut
out and the tubes are then normalized in a con-
trolled-atmosphere furnace to produce a uniform
metallurgical structure throughout. During this
heat treatment the tubes receive a rust-retardant
oxide finish.

The twbes emerging from the .normalizing fur-
nace are conveyed through rotary straighteners
{Figure 10-45) to the cutoff machines where
each tube is cut to the required length. Coupons
cut from the ends of tubes are mechanically
tested according to specaifications. Once coupon
15 flattened with the weld at the flattened edge.
another is expanded. and. if required. a third is
crushed longitudinally. To pass the acceptance
test. coupons must not crack or split in the tube
metal or open at the weid. After normaiizing. the
tubes may be cold-drawn to produce in-
termediate sizes or smaller diameters.

QUALITY AND METALLURGICAL CONTROL

Steel used in manufacluring pressure fubing.
either seamless or welded. is carefully inspected
to verify that the material is ot the desired
quality. In process conirol. checks are made as
required to assure product guality
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Figure 10-45. B & W Electric-Resistance-Welded-Tube Mill for Continuous Tube-Length Production

immersed ultrasonic testing is ysed to inspect
the weld of electric-resistance-welded tubing.
Imperfections in the weld cause deviations in
the normal pattern, alerting mill operators to the
possibility of unacceptable :.aterial. MNon-
destructive lesting is aiso used in producing
seamless tubing to supplement routine in-
spection where necessary to assure product
quality.

For most applications, tubes are inspected and
tested in accordance with ASTM (American
Society for Testing Materials) specifications. All
pressure tubes are subjected to either an
hydrostatic pressure test or a non-destructive
electric test of their entire length and periphery.
Final inspection includes. for example,
measurement of dimensions, visual examination
and. In the case of welded tubing, a check of
bead-trim height.

BOILER MAINTENANCE

The capabiiity of steam generating equipment
to operate safely and remain in operation in ac-
cordance with plans and schedules is of prime

importance. The maintenance of equipment in

condition to assure this capability has come to
be known as “preventive maintenance.” Preven-
tive maintenance includes a policy of operating
equipment properly and within its range of
capabiiity. It includes maintaining equipment
clean and in prime operating condition. This is
verified by instrumentation and in-service ob-
servations. Preventive mainlenance also in-
cludes regularly scheduled outages to make in-
spections that cannot be made during operation
and to perform necessary repairs.

REPAIRS TO FOSSIL-FUEL EQUIPMENT

Repairs to steam gererating equipment must
meet exacting requirements. This is not sur-
prising in view of the rigid requiremen.s for
design. fabrication and field erection of steam
generating equipment. Three resour-
ces — experienced supervision, skilled man-
power and adequate tooling -~ are necessary
for efiective repairs. In some situations, the
manufacturer’s assistance is required par-
ticularly when engineering design, metallurgy,
welding technology and special tool develnp-
ment are involved. The manufacturers con-
struction capabilities can often reduce the
minimum down-time required to accomplish
mainienance and repairs.
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Performance monitonnng and (nspection
establish the nature and amount of repair and
adjustmenl ‘o equipmenl required lo return the
unit to dependable operalion The equipment
manufacturer can recommend. quide or carry
out the work, byt the final decision on what will
be an acceptable, dependabie repair rests with
the operating company and insurance or provin-
cial inspectors.

REPLACEMENT OF SECT!ONS OF TUBES

A section of failed tube must be replaced by a
qualified journeyman. The {ength of the replaced
section should be 3 minimum of 127, Usyai
practice is to cut out Ihe defeclive section with
an oxy-acelylene torch. Caré must be taken to
prevent siag from entering the lube. The ends
are scarfed by grinding wilh special tools. The
use of backing rings is generally recommended
when sections are weided into exisling tubes,
However, where the backing ring is not ysed. as
in high-heatinput zoneés of hicn pressure
boilers, the space belween tybe ends shou'd be
a mimmum and the first bead of the weid metal
should be run with a 3/32" diameter electrode,
The lungsten-inert-gas process 1s recommended
for the rool pass (Figure 10.46). This 1s 3 gas-
arc-welding process, which yses an inert gas to
protect the weld zone from the atmosphere. if
the tube to be replaced is of alloy malterial. the
boiter manufacturer should be consulted for
procedyres and welding techniques.

Figura 10-46. Tungsten Inort Gas (TIG)

SEAL WELDING

Seal welds are used under some conditions for
flmd tightnéss. Structural stréength must be
secured by some other means such as ar ex-
panded {oint.

In new construction the ASME Code permits the
elimination of the “flare™ or "bell” on tubes to be
seal welded. provided the lhroat of the seal weld
s not less than 3/16” nor more than 3/8". This
applies to a seal weld either inside or oulside
Ihe drum or header. For repair work the ap-
propriale code pemmits seal welding and dif-
ferentiates between inside and outside seal
welding as follows:

1. Tubes may be seal welded nside provided
no singte bead has a throat thickness in ex-
cess of 3/167. and the throat thickness of a
muylti-pass weld does not exceed 3/87.

2. Tubes may pe seal welded outside provided
the tube has been expanded and flared to
1/8" over the size of |he tybe hole. and
provided that neither the width nor the
thickness of the weld exceeds 1/4”

The codes require that tubes be re-expanded al-
ter seal welding. The re-expanding should be
done lightly and the seail weld examined for
cracks after the operation is completed

BUILDING-UP CORRODED SURFACES AND
REPAIRING CRACKED LIGMENTS

Repairs included 10 these lwo categories vary
considerably and can be extremely Complex.
Each indinidual case should be reviewed with
the boiler manufacturer. operator and authorized
inspecior to establish acceptable procedures.

REMOVING TUBES AND FITTINGS FROM
DRUMS AND HEADERS

Occasionally |ubes must be removed and
replaced because of damage or defects or
because the boiler is to be dismantled and
relocated. There are various ways o remove
tubes, depending on whelher they are to be
salvaged. wholly or in part. or scrapped.

EXPANDED TUBES

With light-gauge lubes it 1s often possible to
cold-crimp both ends of the tubes lo loosen
them in the seats and then dnve or “jack” the

Welding 3 0 tubes out.
9_

- e ot -t o e ot by e e




308

Boillermaking Manual

V' 1 the tubes are too heavy for cold-crimping.
the 1w o-stage heating method may be used. Heat
15 applied to the inside of the tube end with a
tarch first for a short peniod — not long enough
for 1t to be transferred to the tube sheet When
the tube end cools. ihe |oink will have loosened
enough so thal the second heat will not be
readily transferred to the tube sheet. The tube
end can then be heated suificiently for cnmping
and the tube can be pushed out of its seat.

1f neither method 1s apphicable. the tubes are
usually cut off close to the outside of the shell.
and the stubs are late; removed in a separate
operation To remove hght tube siubs. 1L is ad-
visable o cut grooves about 3/4™ apart with a
round-nose chisel When the tongue (the metal
between the two grooves} is knocked free. the
slub can be collapsed and removed (Figure 10-
47)

When a heavy gauge tube musi be replaced and
the expanded end 1S & good joint, it is better not
to disturb the expanded e)d provided there I1s
outside access o the tube 11)1s simpler to cut off
the tube at a convenient distance from the drum
and join the stub end to the new tube with a ring
weld However, if there 1s no access for such a
repair. the cuthing can be done from inside the

drum by careful use of a cutting torch. The
tonigues can be prepared without damage to (he
seat with the grooving tool. When 1t is im-
possible or ;nadvisable to use a torch. a hand-
operated culter may be used {Figure 10-48),
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{or Cloich

Adjustable frame
sels cuiters at
requred depth

3am de Tube Cutter
will eater v. oes of 2" p 1D
Figure 10-48. Hand Operated Inside-Tube
Cutters

SEAL WELDED TUBES

Sea! welds are removed from tubes by using
tools or culters such as that illustrated in Figure
10-49. This tool will remove seal welds from 2%,
QD tubes inside headers. and can alsc be used
lo cut off excess slock from 2'/z. 37 and 3'/4
OD tubes.
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Figure 10-43. Tool tor Removing Weld from
Inside Seal-Welded Tube

Figure 10-50 jllusirates another iype of cutter
used lor removing the seal weld of small-
diameter {manne superheater) tubes. The pilot
and cutter assembly 1s placed in the tube and
driven through a universal joint and extension by
an air motor located outside the header. After
removing the seal welds, the tubes and tube
stubs may be removed as descnbed above.

REMOVING SEAL-WELDED HANDHOLE
FITTINGS

In the course of repair and mamntenance 1t is of-
ten necessary to remove one of two seal-welded
handhole fittings The most practcal way to do
this, when no alloy matenal 1s involved, 15 to
remove the seal weld with 3 cutling torch. Con-
siderable care 1s required to prevent damage to
the header in thus process. Alternatively, the seal
weld can be removed by grinding or chipping.

Figure 10-50, Cutter for Removing Seal Welds
of Small-Diameter Tubes

While these methods are slower, they do nol
present the hazard involved in the burming
process. and alloy matenals can be handied
without damage.

If a great number of fithngs are to be removed
from alloy headers, it may be advantageous lo
use special tools (Figure 10-51), This type of cut-
ting tool 1s used outside the header to remove
seal welds from 3'/4, 47 and 4'/2 expanded-type
cup caps bhnd nipples and welded-type
handhole plugs.

REPAIRS TO STUD SURFACES

During the zonstruchion. repair and maintenance
of boilers It 15 somelimes necessary to replace
or provide additional welded studs on tubes and
ductwork for attaching insulation. casings,
doors or refractories. In most applications the
Nelson Stud Welder may be used (Figure 10-52).
This apparatus consists of a welding machine. a
weld-timer and a welding gun The surface to
which the stud 15 fo be welded should be dirt
free. but it is not necessary o remove paint or
mill scale. The stud locations should be laid oult
accurately and the gun held in position to assure
the stud will be square with the plane of the wall
ot suface. The operator must not pérmit the gun
to slip while making the weld The Nelson Stwd
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Figure 10-§1. Tool for Removal of Seal Welds From Cup Caps and Blind Nipples

Welder 15 not recommended lor tubes less than
0.125" thiek. Hand welded studs should be used
for these.

CARE OF |pLE EQUIPMENT—FOSSIL FUELS

To minimize the possibility of corrosion. boilers
to be held out of service must be carefully
prepared for the idle period and ¢closely watched
during the outage.

PROTECTION OF INTERNAL SURFACES—DRY
STORAGE

When a boiler is to be idle for a consicerable
length of time and only a brief period will be
allowed t¢ prepare it to return to service, the dry-

312




Bolers

N

storage method 1S recommended In this method
the uwmit 18 emptied. thoroughly clean in-
ternally and externally. drned and then closed
tight to exclude both moisture and air Trays of
hme. sihica gel or anolher moisture absorbent
may be placed in the drums to draw off Lhe
moisture in the air trapped by closing-up the
boiler. To ensure against overflow of corrosive
iquid after mouslure has been absorbed. the
pans should not be more than three-quarters full
of dry absorbent. Particular care must be taken
to prevent water. steam or aw leakage into the
unit. Penodic inspections should be made to
assure NoO CoOrroSIve action 18 occurning and to
replenish absorbent as required.

The same general method of preparnng the
boiter for out-of-service periods should be
followed for the superheater. economizer and
reheater sections.

PROTECTION OF INTERNAL SURFACES—
WET STORAGE

Where boilers go into standby senice but muslt
be avalable for immediate operation. they
should be steamed In service, so lhat boiler
walter conditions may be stabilized and oxygen
bubbles cleared from the boiler surfaces The
boiler should be brought down i rating slowly.
and the water level raised as high in the glass as
15 consistent with safe operation while still
unloading some sleam to the line. The hydrate
alkalmty should be built up to a minimum of 406
ppm. Sodium sulfite {100 ppm) aids in prevenling
OXygen COrrosion.

When tbe pressure. as indicaled by the boiler
vent. has almost disappeared bul before a vac-
uum occurs as a result of cooling off. water
should be slowly fed to the boiler until 1t 1€ com-
pletely full and the superheater is filled by the
spill-over This makeup water must be de-
aerated The dran on the boiler side of the main
stream Stop valve shoulo be wide open so thal
any water gethng past the no-return valve will
not acg:umulate on the boiler side of the stop
valve Filling should be continued until a
pressure of at least 10 psi 15 achieved againsl
the no-relurn valve. Close watch should be kept

to avoid building any undue pressure aganst the
no-réeturn valve from leaking feedwater valves

Boller connections should be checked for
leakage. and frequent botler-waler samples
should be taken and analyzed. If the analysis in-
dicates hat hydrate alkalinity has dropped
below 250 ppm. the water in Lhe drum should be
lowered to normal operating level. chemicals in-
jected lo bring the hydrate alkalinity back to 400
ppm. the boiller steamed sutnciently to circulate
ihe added chemicals and the process of wet
storage completed as described above Even
with these precautions. the possibility of

corrosion must not be underestimated. and no
boiler should be heid in wet Slorage without
emptying for periodic inspection.

PROTECTING IDLE SUPERHEATERS AND

AEHEATERS

During out-of-service penods superhealers. ex-
cept wheén the complete wel-storage method is
used. should always be kept dry and closed from
contact with the air, Reheaters should be cared
for in the same manner as superheaters except
that the wet-storage method is never used. No
unit should be wel-stored when there is any
probatility of a temperature drop to the freezing
point.

PROTECTING EXTERNAL SURFACES

The extemal surfaces of all pressure parts and
other melalhic surfaces should be completely
cleaned of all ash and soot deposits. Other ash.
cinder or fuel accumulations. such as on Lhe
grates. furnace floors. shelf baffles and in the
cinder hoppers, should be removed The settings
should then be closed and kepl closed In-
spection should be made regularly to guard
against sweating and corrosion of the exlernal
surfaces of the pressure parts. particularly when
the wet-storage method 1S used In such cases it
may be necessary to use coke stoves or similar
heating devices at convemient points to keep all
metal surfaces above the dew pont. particulariy
dunng protracted spells of damp wea'ner ac-
companied by nsing lemperatures
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Dust Colection Systems

INTRODUCTION

In ac lition to the legal requirements, there are
many nstances. particularly in the pulp.
chemical and mning industries. where efficient
separation of valuable dusts 15 an econcmic
necessity.

This chapter surveys the factors atfecting the
selecuon and parhicular apptication of equip-
ment for separating dust from gases. It does not
deal with probtems peculiar to hardling radiocac-
tive dusts. where separating dust from the
pneumatc handling of powered material has to
be considered.

This chapter's aim is to present the basic prin-
ciptes and types of installation of gas cleaming
equipment. The types of dust collection equip-
ment this chapter includes are:

1  Cyclones

2. Washers
3. Scrubbers
4
5

Bag Filter Systems
Precipitators

Reference 10 certain types of equipment that
may be associated with particutar manufacturers
or suppliers does not umply that satisfactory
equipment of a similar nature cannot be ob-
tained from other sources or is not being
developed elsewhere.

DRY CYCLONES

The cyclone 15 a simple type of dust coltector.
designed to replace the force of gravily by a
centnfugal force that causes the particles to
move out of the gas stream and be collected,
The centrifugal force impressed on the particles
1S affected by their density. and the efficiency of
the cyclone by the difference in the density of
the dust and gas.

Even under the influence of gravity. dusi par-
ticles above a certain imiting si1ze will settle out
of a gas stream if enough time is allowed and
the density of the particles 1S greater than the
density of the gas (e.g., simple setthng cham-
bers).

The cervifugai 1¢:c@ is obtained by designing
the cycione tc Sp.n e gas at a high velocity.
The dust parlicles apt e a certain size in the
spinnind gas migraie .nder the influence of the
centrifuyal force tow ara the posipheral boundry
of the eq.. vmei ard ~ubsequenltly to the dust
discharge ~nint.

Two main types of equipment, both generatly
termed cyctones, employ the above principle. 1)
the straight-through cyclone and 2) the reverse-
flow cyclone,

STRAIGHT-THROUGH CYCLONE

In the straight-through cyclone (Figure 11-1) the
gas is made to sSpin by a fixed multi-btaded
propeller mounted n a circular duct. Dust par-
ticles migrate o the walls of the duct under the
action of the centrifugal forces created. A short
distance from the propeller, the first duct ends
and the gas passes through a second duct of
slightly smaller diameter. The dust particles
pass through the small annulus between the two
concentric ducis,

This form of dust collector is frequently com-
bined with a reverse-flow cyclone. In this case. a
fan is usually installed to include a small gas
ftow through the annulus. This small gas flow,
which contains the bulk of the dust, 1s fed 1o the
reserve-flow cyclone, where the dust is
separated.

Dust (+ Smali Amount

Fixed Spinner
Figure 11-1, Siraight-Through Cyclone

REVERSE-FLOW CYCLONE

In the reverse-flow cyclone {Figure 11-2} the gas
1s made to Spin by introducing it tangentially to
the top of a cylinder. The entry velocity and the
cylinder diameter are chosen to give the desired
centrifugal force. (High velocities and smatl
cylinder diameters lead to high centrifugal for-
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Cleaned Gas

L

Inwatd Dnifl

Figure 11-2. Reverse-Flow Cyclone

ces.) The dust particles move toward the cylin-
der wali and then toward the apex of the inverted
cone. fitted to the base of the cylinder. The dust
particles are rejected at the apex of the inverted
cone, and the gas spirals upward toward the gas
oultlet at the top of the cyclone. The movement of
the gas is thus reversed in the cyclone.

The precise flow pattern of the gas passing
through the cyclone is compiex, but since the
gas is introduced at the wall and removed at the
centre. a general movement of gas oceurs in this
direction. The effect 1s sometimes called the "in-
ward driit.”

MULTICLONE DUST COLLECTORS

Although cyclonic dust collectors were common
in the 19th century, they were usually several
feet 1n diameter and useful only for coliecting
coarse matenal such as sawdust, shavings,
chaff and similar matter. Not until the 1930s did
Western Precipitation patent and first market a
prachical mexpensive multiple cyclone with the
individual cyclones or "tubes” less than 3048
cm. (119 inches) ‘« diameter, operating in
parallel, This was the Multiclone {Figure 11.3).

HOW THE MULTICLONE
COLLECTOR WORKS

Clean 43
15 discharged
Jrom cullel

Cirty a5 enters
and 5 whirked
o vane

Gentutugal
achion sedarales

Clean fas
dust

fises thigugh Centre to
oullet lube

Cust drops
110 hopper

Figure 11-3. Multiclone Mechanical Dust
Collector

Reducing the diameter of the cyclones in-
creases their collection efficiency to the point
where many industrial dusts can be collected
Such decreased size. of course. reduces’ the
gas-flow capacity. thus requiring numerous
tubes in parallel and alsg increasing the cost
The best balance between efficiency. capacity
and cost occurs usually for wbes about 3048 cm
(11.9 inches) in diameter. Larger wbes are ol
fered for heavy concentrations of some dusts

3ihich tend to cling to the tubes; such dusts
b
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sometimes plug smaller tubes. Sizes as small as
152 c¢m (S 9 inches) are offered for the hughest
efficiencies attammable for industnal dusts by
cyclones. bui therr cost 18 greater.

Multiclone dust collectors with larger
tubes — 61 cm (23.8 inches) in diameter — are
widely used in the cement industry becuase
cement dust tends to chin to surfaces and
therefore sometimes clogs cyclones with smaller
tubes These are also used for coal drving
operations

An involute type of multiclone that imparts a
spin to the gas by properly shaping the inlet
scoops. Insiead of using venes. is alsoc available.
This model 1s used in cement plants and in
metallurgical industnes. wherever dusis are
more adhesive than usual Special collectors
best suited to rdividual needs. including
cyclone collectors as large as 1.8 m. (5.9 {eet) or
more in diameter. are also available.

Cycilones with special inlet scrolls to lower gas
iurbulence aerodynamically are available. As a
result dust laden gases enter the collector and
leave 1t with the lowest possible pressure
drop — this means lower fan power 2nd lower
operating costs (Figure 11-4).

These cyclones have a computer designed
barrel and cone to increase the revolutions
taken by the gas stream which n turn forces
more dust particles to drop out. Efficiency 1s
thus improved.

FRACTIONATING COLLECTORS

Fractionaling collectors separate the ash they
collect into wo fractions — coarse and fine. The
coarse ash. parlicles Irom spreader-stroke-fired
boilers, usually contain a considerable amount
of combustible coke-like material. That ash may
be returned for re-use as a low grade fuel in-
stead of being wasted as in an ordinary ash
collector. The frachionating colleclors send only
the fine fraction ol the ash (o the disposal
system.

These models essentially consist of two
Multiciene collectors. a large primary one which
collects coarse ash and a small Multiclone
which collects fine ash (Figure 11.5),

WET WASHERS (SCRUBBERS)

The success of a wet washer depends on
whether arborne particles can be wetted and

Figure 11-4. Special (nlet Scrolls Cyclone

retained 1n the circulating water Problems in-
volved in methods of wet dust collection In-
clude:

1. Supply and disposal of water

2. Recovery and disposal of collected sclids
3. Cleaning the tanks and pipes of sludge
4. Corrosion and erosion.
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Stds ¥oarteas Fragtuendting Muirictow

Figure 11-5, Fractionating Collectors

Wet colleclors also behave as effeclive
humichfiers and coolers. although these secon-
dary processes are nol controllable within close
hrmits However. the cooling of effluent gases
can produce acid dew point and air pollution
problems. Under {favourable condilions. wet
washers can gwve dust collection efficiencies
compatible with bag filters and electrostalic
precipitators.

The process of collecting Jdust by means of wet
washers depends on the athinity of the material
to be collected for the liquid used. This is nor-
mally waler. sometimes with the addition of a
wetling agent.

Wel scrubbers may be subdwided into two main
classifications 1) low pressure-drop types and
2) high pressure-drop, high efficiency types.

LOW PRESSURE-DROP SCRUBBERS

Spray Chambers Gas is passed through a
series of water sprays directed into 1he gas
stream. Sets of zig-zag elimination plates are
provided at the gas outlet, and often inserted
between each set of sprays. The water jet scrub-
ber illustrated in Figure 11-6 is a modified ver-
sion of a spray chamber.

Cyclone Spray CThambers Cyclone spray
chambers combine liquid scrubbing with
cyclonic action. In the type illustrated in Figure
11-7 the dust-laden gas is given a whirling
motlion, as in & cyclone, and water is sprayed
radially across the gas stream. In the sprdy
chamber illystrated in Figure 11-8 the gas
stream 1S rotated and liquid dispersion obtained
by a series of guidewanes or impingement
plates.
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Figure t1-6. Water Jet Scrubber

Wet Impingement Scrubbers Dust-laden air
18 wetted and then cleaned by passing through a
series of spray zones and an impingement
process. Fgure 11-9 shows a lypical self-
cleaning wet collector. Immediately on entening
the coltector. the gas 15 divided into two man
longitudinal streams to descend to the initial
collection-induced spray section. As it passes
through this section. the gas is finely divided.
wetted and partiatly cleaned because of the
relative posiions of the spray plales and the set-
thng tank water-tevel. The partialty cleaned gas
then passes through a froth floor section. where
the highest proportion of dust is removed. The
gas is further divided In this section as it passes
once again through a controlled depth of water
at a lower pre-determined speed than in the pre-
collection stage. The gas finally passes through
water eliminator plates located above the froth
floor. The plant's cotlection efficiency ¢an be
varied by simple adjustment of the

Cleaned
far

Core Buster
Disc

‘-‘_ﬁ_--"

Spiay
Mafold

Tangenhial

Gas Intet
Swinging

Cleaned A t—"

Entraimment Sltage

Water lalel
Rotating

Air
Slream
Deflector Cone

impingemenl Vanes

—-Wash 5
'F-wasll §

[+ Wash 3
b~ Wash 2

Dusty A

No. of Stages: 2

o Wash 1

automatically-maintained water level, Figure 11-8. Cyclone Spray Chamber
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Figure 11-9. Seli-Cleaning Wat Collector

The collected dust sellles to the bottom of the
tank and 18 removed by mechanica, conveyor in
the form of a sludge A time control enables the
conveyor to be run at pre-set yniervals. and
studge quantities up to a rate of about one ton
per hour can be removed.

Turbulaire Serubbers Turbulawre Scrubbers
impinge dirty gas into a pool of water. They are
often uysed after other types of dust collectors to
¢lean whatever pollutants may have escaped the
first collector. However. thdy car, be used to
ctean most gases without a pre-cleaner and can
be used on very hot applications. They can be
fitted with quench sprays for gas cooling at the
inlet side.

With the exception of fan and motor turbulaire
scrubbers have:

1  No moving paris
No spray nozzles

2
3. Low water requirements
4 Simple design

5

Low mamntenance.

Various modifications of the design are
avallable as shown in Figures 11-10 to 11-12.
The configuration may vary acccrding to space
requirements. The scrubbers can also be made
from or hined with many different matenals in-
cluding wood. bnck. lead. plashc, steel and
tiberglass-reinforced plastic.

Wet Cyclones Gas and particles enter the
cone of a cyclone tangentiall, at approximately
the same speed and move downward together.
The particles are submitied to the Separating
force of centnfugal actior. and o the viscous
drag of gas flowing toward the outlet duct. If the
centrifugal forces are predominant, the particles

tmPingtss

water Leyel

Wetling Spqay

Sludge Busthauge Plates

move to the shell of the cyclone where they
become subject to the wvertical downward
velocity component and are collected. If viscous
drag predommates, the particles move toward
the centre of the cyc.one and are carried away
to the exhaust outllet by the gases.

The cause of low performance. expernenced par-
ticularty with fine parlicles, can be counteracted
by irngating the inside walls of the cyclone. The
water entrains the dust moving vertically down-
ward and transports it into the hopper before it is
sweplt away Oy the viscous gas streams

HIGH PRESSURE-DROP, HIGH
EFFICIENCY SCRUBBERS

Venturi  Scrubbers Dust-or-fume-laden
gases are directed to the flooded venturi by the
fully wetted cone and throat surfaces, The,
scrubbing liquid partially cools and starts to’
clean the gases, while protecting the throat
against thermal shock and abrasion,

At elocities from 61 m. (200 feet) to 1524 m.
{500 feet) per second in the flooded venturi. the
gases created a very fine. dense. turbulent mist
of scrubbing liguid. Fumes and Sub-micron par-
ticles are continuously entrapped by these
droplets, as the gas-mist stream s ducted
through one turn before tangential injection into
the main separator chamber. Here. the droplets
with their dust fume loads are centrifugally
collected against the sides of the chamber and
precipitated to the sump. The cleaned gases cir-
cle up through the outlet to the stack. The
sludge s then drawn off to settling tanks or cen-
trifuge of other reprocessors. The Scrubbing
liquid is re-cycled at the appropniate level of
clarity and necessary losses are made up
(Figure 11-13).
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PRESSURE GAUGE SOLENOID VALVE
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Figure 11-12. Type JM Turbulaire Scrubber
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Figure 11-13. Venturi Scrubber with Battle Plate Separator Chamber

322




Dust Collection Systems

323

Self-induced Spray Scrubber The self-

induced spray scrubber (Figure.11-14} operates
by causing the gases to be drawn under baffles.
partly submerged in water, thus generating a
dense spray. This section is followed by a wetted
wall and finally & spray elimination section.
These scrubbers give a goad performance even
with dusts as fine as 2.5 microns.

Cleaned Asr

Figure 11-14, Self-induced Spray Scrubber

BAG FILTERS

Everyone who has used a vacuum cieaner for
wgs has used cloth bags as dust filters Cloth
bag filters have been used to collect indusirial
dusts for many years. but their application has
been quite limited because cloth made of cotton
or other textile will not withstand the high tem-
peratures common to most industrial gas
streams.

The advent of glass fibres and glass cloth only
partly responded to this problem. because early
filters of glass cloth wore out when shaken or
flexed to clean them. Eventually. methods were
developed for switably impregnating the glass
cloth with siicone binders so as to leave a slick.
smocth finish allowing the cloth bags to be
cleaned without excesswve shaking. The silicone
prevents the glass fibres from abrading each
other. These greatly improved, long wearing
filter bags. 99.9% effecient and durable, even at
gas temperatures ¢p to 316 C., are used in the

modern Therm-Q-Flex {Figure 11-15) by Western
Precipitation. These filters are cleaned by
penodically collapsing the bags on an automatic
cycle.

There are three mechamsms by which a bag
filter removes dust from a gas stream. depending
on the size of the particles:

1. Large paricles will not pass through the
mesh of the filter and are sieved out.

Medium-sized particles are caught by im-
pingement on the filter fibres.

Small particles {which behave 1n some ways
like gas molecules) diffuse and are usually
the most important. for, where large particles
are present in any quantity. it is usual to
remove them by means of a settling chamber
built into the filter unit. or by a low pressure-
drop cyclone. thus reducing the load of the
actual bags.

The Pulseflo filter (Figure 11-16} is available in a
wide variety of sizes in either cylindrical or rec-
tangular modular types. The cylindrical models
are recommended for relatively small volumes
and for larger volumes to 100.00 CFM or more
the rectangular modular type is used.

The Pulseflo 18 @ continuous. automatic filter
dust collector using an exclusive patented air in-
Jecior to clean each fibre as necessary. The WP
injector uses a short burst of compressed air
through 2 venturi nozzle to create a “pulse”
wave down the bag which causes collected dust
on ihe outside to drop off, Cleaning takes only a
fraction of a second and dust hltering 1s virtually
continuous. Compressed air requirements are
unusually light. As the injector never enters the
bag. the enhre surface of the filter can be used
for cleaning (unlike similar collectors). The
Pulseflo 15 furmished with bags made of the ap-
propriate fabrnc for the applicaton — cotion,
dacron, orlon, nylon. nomex. wool, teflon or a
variety of others in temperatures up to 232°C.

PRACTICAL CONSIDERATIONS

Bag filters vary in size from small units. con-
trolling 'solated dust sources, to large industrial
nstaliations capable of handling millions of
cubic feet of gas per hour. The filter unit may
consist of either tubular bags or envelopes The
bags may be from 12.7 cm (5 inches) to 76 2 cm
(29.7 inches) in diameter and from 601 m. {2
feet) to 9.14 m. (3U feet) long. The actual filter
units are suspended with the open ends at-
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Figure 11-15. Therm-O-Flex Filter

tached to an inlet manifold, either al the top or
bottomn of the housing or both. The lower
mantold also forms the receiving hopper for the
dust. Deperding on design, the gas can flow in-
wards through an envelope.

Dust accumulation on the iabric slowly in-
creases the pressure-drop, until the maximum
allowable resistance is reached, when it is
necessary to dislodge the layers of dust into the
collecting hopper. However, for reasons of
economy, the pressure-drop should be kept to a
minimum. and it is desirable, therefore, that as
much dust as possible, compatible with the
desired efficiency, be removed at regular in-

THERM-OQ-FLEX FILTER OPERATING CYC(E

CollaPsing Flue Cleaning

THERM-O0-FLEX
CUTAWAY

Al felt 15 3 colawa¥ model
of a tymcal Iheem O Frey
Uiter with 30 foot 2tass
fabric DaRS unstalied Won
shown 45 fos POSilive
Pressuse OPEralon

Bads ace tighiened around
Thimbles ai 10p and bostom
by staimless stes] bands

Busty a5 wler 15 at Ihe
boitomn. and clean an

Pt #3008 thiough she bag fabist
and oel Lhe vents ol
the housing

HoPpees are emplied by
dust valves 2uI%kS o
sortw converors

tervals. Note that mechanical shaking may not
remove compressible dusts, and in these cases.
pneumatic cleaning is recommended, if a bag
filter is selected for this duty.

METHODS OF BAG CLEANING

The dust cc'lacling eificiency of a bag filter in-
stallation increases with the amount of dust
deposited in the fabric. This increase in ef-
ficiancy is associated with the rise in resistance
to gas flow and. therefore. an increase in run-
ning costs. In addition. & targe accumulation of
dust in a fabric can damage the fibres and
tharefore impair its filtration properties.
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Figure 11-15. Pulsetlo Filler

Bag cleaning systems are generally designed to
keep resistance within pre-determined maximum
and minimum limits. The method used should
operate regulany and clean effectively without
causing mecharical damage to the bags or

allowing dust to escape by re-entrainment, Bags
can be cleaned by two main methods 1)
mechanical shaking or 2) pneumatic
dislodgement of the dust.
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Machanical shaking 1s carried out by two main
actions’

1 The bags are directly shaken with a rocking
or verhical motion. so thalt dust cannol
adhere (o the flexing fabnc and falls into the
hopper

If a frame 1s used to support a bank of
tubular or envelope bags, the dust can be
dislodged from a complete bank at once by
rapping or vibrating ttus frame {Figure 11-
7).

Shaking

|| l Gear
Clean I i
n L e |
o T Ao AL

Dest-Laden
At In

Dust
Hopper

|

Solds
Mscharge

Figura 11-17. Mechanical Shaking

In pneumatic cleaning. the cleaning action
depends on reversing the flow of gas through
the fabnc. This produces a partial or local
collapse of the bags and flexing of the fabnec.
Pneumatic cleaning is accomplished by lwo
main types of action:

1. Reverse Gas Flow The total gas flow to a
section of bags is reversed. To apply this

method o continuous operation. the filters
are divided into & number of sections that
are cleaned in sequence. Dampers divert the
man gas flow from a section being cleaned
to the rest of the filter.

Ravarse Jat Cleaning, internal High-
Pressura Jat This is accomplished by
means of sequence opening and closing of
dampers in the various main gas flows. and
the associated high-pressure jets shown in
Figure 11-18. The entire surface of the bags
can be continuously clean.

impulse from timer lo
open each valve in Lurn
for brnief penods at
specific intervals

.
—5
t

Air At
80 t00 Ibfin?

Dust-laden____
Air In

i

Solids
Discharge
Figura 11-18. Bag Filer with Reverse
High-Pressure Jet

The gas flow is reversad over a small area of the
fabric by a blow ring or hood that continuously
traverses the length of the bag (Figure 11-19).
The bags are designed to be shghtly larger than
the blow nngs, so some flexing of the fabric oc-
curs lo assist in dislodging the dust,

Some authorities consider that flexing the bags
can distort the weave of woven fabncs and allow
some dust-slip lo occur. It has also been repor-
ted that dust can build up above and below the
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nngs and subject the complete circumierence of
the bags to wear by abrasion

High-pressure jet or ring cleaning methods ap-
pear to require very clean dry air for blowing
through ihe jets. gas from the clean side of the
bag filters 1S not considered satistactory. The
raaning costs of reverse jet cleaning can
therefore be high

Aegardless of the action used. it is essennial In
designing large filter plants to arrange for
automatic cleaning of the bags at regular in-
tervals

Clean
A Qut
._—u—

\
N

\

Falling
To Hopper

Dust-Laden
Air n

Dust HoPper

Sohids
Discharge

Figure 11-19. Reverse Jot Cloaning, Using
Traversing Ring

ELECYROSTATIC PRECIPITATORS

In the eariy 19th century, in Leipzig. M. Hohifeld
inserted 2 high-vollage electrode in a metal pipe
contaiing smoke and observed that it was
precipitated to the walls. The operation of elec-
trosialic precipilators was found to require a
supply of direct-current electricity for con-
necting to the elecirodes. This was nol com-
mercialty availabie at the time of M. Hohifeld's
expenments and development was therefore

delayed. By 1912. independent work by Sir Oliver
Lodge n Britain. G.F. Cotirell in Amenca and
Moeller n Germany. resulied in reliable and
eccnomical methods of producing high voltage
from direct curren! suppfies. and from then on-
wards. commercially successful electrostactic
precipitators were commissioned Units capable
ol treating gas volumes of up to two million
cubic feet per minute with dust collection ef-
ficiencies in excess ol 99.0%, can now be of-
fered for many industnal applications

TUBULAR ELECTRODE PRECIPITATORS

Since a radial field 1s obtained from a round wire
suspended axially in a tube, early designers con-
sidered that the optimum theoretical design
would be obtained from banks of tubular elec-
trodes closely nested together, {Figure 11-20).
Experience has shown. however. that tubular
precipitators suffer from a number of practical
limitations.

However, tubular precipitators are used for
cleaning blast-furmace gas so that it may be
used for fuel, or for acid mist precipitation as
well as other applications. Sometimes. the in-~
tennor surface of the tubes is continuously
flushed with waler. In the case of the acid mist
precipitator (Figure 11-21) the acid runs down
the tube walls by gravity and the discharge elec-
trodes consist of wires along the tube axis.

CONCENTRIC ELECTRODE PRECIPITATORS

instead of installing tubes in nests, they can be
arranged in a number of comparatively large
concentric tubes (Figure 11-20). In this design.
the negative discharge wires are located in a
series of annular gas passes formed between
the positive plates.

The disadvantages of tubular electrode
precipitalors also apply to concentric ring types.
They are sometimes used for detarring or acid
mist applications. where no mechanical rapping
of the plates is required. The tar or acid
15 deposited on the plates from which it
gravitates into the hoppers as a liquid

PLATE ELECTRODE PRECIPITATORS

Precipitators incorporating passes between
paraligl plates (Figure 11-20) have been found to
provide the most desirable proportions for the
efficient and economical treatment of large gas
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Figure 11-20. The Three Main Arrangements of Pracipitator Electrodes
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Figure 11-21. Acid Mist Precipitator
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Studies show that a radial field 1§ not produced
by a wwe belween flat plates. but one that 1s
enlongated. so ihat @ simihar area of electrode
surface s affected by the same fheld intenSity 1n
both tubular and plate types

The process of collecting dust and fumes by
eletrostatic precipitation consists of applying an
electrical force that will move the particles
iransversely across the gas stream and deposit
them on the collechion electrodes. The Speed at
which the particles move 1S usually termed the
migration velocity.” Dry electrodes are
perniodically rapped. and the dust falls into
storage hoppers or into a8 continuous disposal
system Alternatively. the electrodes can be
irngated, and the dust washed down into the
hoppers as Slurry

In consequence. electrostatic precipitators will
operate satisfactonly only f adequate attention
IS given to these four processes involved in therr
operation

1  The electnical charging of the particles

2 Migration velocity of the dust particles to the
collecting electrodes

Clearing the electrodes
Removal of the coliected dust

Electrostatic precipitators for industnal ap-
phcations are made in three mamn types.
distinguished by the shape and arrangement of
the collecting electrodes:

1 Tubular Electrode
Concentric Electrode
Plale Electrode

The advantage of paraliel plate electrode
systems can be exploited by a designer without
noticeable loss of electncal efficiency. The elec-
trodes take the form of a number of long plates
mounted vertically 1n parallel rows, and located
some 254 cm (9.9 inches) to 3048 cm (11.9 in-
ches) apart. The discharge wires are suspended
in the passes midway belween the rows at
{1deally) similar intervals. The gas flows horizon-
tally through the passes.

Modern applications frequently require a
precipitator to be subdivided in series into two
or more Self-contained Separale parls termed
banks. fields or stages. when considered in
relation to the electrical equipment. This is par-
ticularly wnportant when very high efficiencies

-

\ ,

have to be obtained for long periods, such as in
the collection of sub-micron dust In the
metallurgical industry.

Plate electrode precipitators (Figure 11.21} have
the advantage that they can be constructed with
the banks arranged in senes. end to end. so that
the gas flows directly through one bank and into
the nex! The dust 1S removed from the plales by
a system of rappers Sufficient dust can also
collect on the discharge wires to interfere
sigruficantly with the plant's elecinical operation

Therefore. these wires also must be kKepl clean

WET ELECTROSTATIC PRECIPITATORS

The main differences between wet and dry elec-
trostatic precipitators 1s that the dusi-bearing

Figure 11-21, Plaie Electrode Precipitator
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gas is treated wel. and lhe collected dusl s
washed off the colleciing and discharge elec-
trodes as slurry.

There are two main lypes of wel precipilator

1 intermuttently flushed — the unit is switched
off and the dust 1s washed down inlo lhe
hopper.

2 Continuous 1mgation and washmg of the
dust down Inl0 the hoppers.

The advaniage of irngated electroslalic
precipitalors is that re-entratnment of the dusl s
eliminated. This is particularly imporianl when
lhe dust is very fine and particularly clean gasis
required
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Tanks and Stacks

TANKS

There are a number of principles and
guidelines to be applied in constructing field
erected tanks (Figure 12-1), The areas discussed
in this chapter follow the stages of construction
1n sequence.

GRADES (TANK FOUNDATIONS)

The foundation on which 2 tank rests is usually
descnbed as grade. Many different types of
grades may be encountered and before erection
begins the grade should be inspected for its
ability to support the tank and ils contents. The
report filed with the customer and the ereclor
should include the grade's size. level and
beanng capacity.

Most grades wiil be shghtly crowned by 27-4™ in
the smaller diameters, and 4"-8" in the larger
diameters. Where the grade has an excessive
pitch or crown special problems are presented
such as:

Length of columns for structural supports

Location of sleeves for pipe supporls on
double deck floating roofs

3. Attachments for drain lines on floating roofs.

Another type of grade has a concave shape
where the “floor” slopes to the centre. In this
case, the design of the bottom and structural
supporis are appropriately modified by locating
a sump at or near the centre with a draw-off
pipe.

Sloping bottoms are sometimes used where one
side of the grade 1s higher than the other. In this
instance the first ring is designed to acg-
commodate the slope, and if structural steel is
required, similar design adaptations are applied.

The importance of having an even grade at a#l
times during the erection of a welded tank can-
not he overeamphasized. If the grade s uneven
the tank is out of round, and any seams welded
out of round will remain so. If any doubt exists
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about the grade level during erection of the tank
shell. 1t must be checked repeatedly and levelled
when required. Using points 5'-8" apart on the
circumference or outer edge. the grade must be
fevel to within 1/47 plus or minus

Solid Concrete Pad A solid concrete pad is
a2 base made of reinforced concrete with
suitable footings built in some cases on wood or
concrete pilings. One or two inches of sand or
asphalt are usually apphed on top of the con-
crete lo serve as & cushion and keep out
maoisture. The pad s generally seafed around the
edge with a form of mastic compound. Offsets
are provided for sumps or drains n the bottom
{Figure 12-2)

Sealing

Compound Custuon

/ Btlﬂt.!m

Concrele Pad

Piling

Figure 12-2. Concrete Pad for Tank Floor
Support

Concrete Ring An alternative method of
building a grade 18 to pour a ring of remnforced
concrete usually 2-3" wide {(depending on tank
size) with suitable footings. The ceatre is filled
with sand or layers of crushed rock and sand.
These should be tamped and packed by
watering heawily. The fill should extend about
1.2 (based on how well the material is packed)
above the concrete ring 5o that when settlement
occurs, the bottom plates will not bear over the
sharp edge ol the concrete ring. This type of
grade is generally sealed off around the edges
in the same manner as solid concrete pads
(Figure 12-3).

Built Up Grade A built up grade is made by
levelling off the existing soil. sometimes cgttin§

LI
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Figure 12-3. Concrete Ring Grade

down below grade level, The recess 1s lilled with
crushed rock that is tamped or rolled and
covered with about 2" of sand as a cushion. The
crushed rock should extend approximately 3'-5’
{depending on height) beyond the outer edge of
the tank bottom to ensure the tank will be sup-
ported in the event of any erosion. No seal is
required around the edges. since this grade
drains very easily and does not permit water to
run under the bottom. This grade has Proved to
be very lunctional {Figure 12-4).

Shett

ﬁ Ve aaago gQ UOQDOJK
é&p aaagﬂo‘?c&r SN

Crushed Rock
Figure 124, Built Up Grade

Soil Grade Developing a sol grade consists
of levelling. culting down and lilling. using so1l
fill present at the location.

Where the grade involves levelling only. no
trouble should be encountered. it 1S good prac-
tice to apply @ 2”7 sand cushion to eliminate
moisture at this point.

Where cutting and/or filling has been done. it is
necessary to investigate how the grade was con-
structed and filled. If soil was cut from one-hall
of the grade to fill the other half, the filled in
area should be applied in thun layers and tamped
or rolled. then watered. This prevents uneven
settlement causing stress to the tank shell. Il the
tank area was prepared by filling only. the
nature of the site must be checked Grades con-
structed on old municipal dumps are definitely
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tin cans. old auto bodies. old barrels elc.

Figure 12.5. Soil Grade

infenor; Swampy areas are not suitable unless
mings are driven: locations near stre"ms ofr
other bodies of water will fail unless provisions
are made to hold back the water {(Figure 12-5).

Grillage and Beams  Acid tanks are fre-
quently placed on wood or steel grillage:
somelimes solid concrete pads are used with
troughs extending under the seams at specified
intervals. Each variation is designed for the par-
ticular job. Bottom plates are usually heavier to
provide support between points ol bearing on
the grillage (Figure 12-6).

FINDING THE CENTRE OF THE GRADE
Before any bottorn plates are laid, the centre of
the grade must be determined. A stake may have
been left to mark the centre. but gener: ly the
exact centre will have to be focaied using the
following procedure:

Step 1. Measure the diameter of the grade,
Step 2. Divide by two to determine the radius.

Step 3. Hold one end of a line or tape at some
point on the outer edge and scribe an
arc near the centre.

/

Concrete ”

Creosoted
—ﬁ_________..____nmbets
Concrete

|

S t:E

T

JL Struts T 8

Steel
Beams

_l/
Steel Beams ~

Figure 12-6. Three Types of Acid Tank Supporis
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Step 4 Hold the tape at two other points on
the pertmeter, 120 aparl. and again

scribe arcs near the centre.

Where the three arcs intersect is the exact cen-
tre (Figure 12-7).

Arc Lines

Paints 120°

apart al guter
edge ol grade

Centre —

of
Grades

Figure 12-7. Tank Centre Location

BOTTOMS

The following procedure for "faying out” bot-
toms for tanks and vessels is only one of many
design types Specific service conditions dictate

Measure ope-half
ol width
and one-hall
ol length
9f
plate
lrom centre
of grade

Figure 12-8. Two Meihods of Laying Centra Plate

design variations from one project to another.
Some companies insist the outer plates be
fabricated in the form of a ring {annulus ring},
because experience has shown that a stress
point has created cracking where the shell
meets the lapped botiom plates. Other com-
panies require laps to be shingled to allow
drainage away from them New materials have
also dictated changes in procedure. and with
certain types of steel it is no longer permissible
to hammer the edge of the lapped plates.

Laying Boitoms — Flat Lap weld

Start laying the tank bottom at the centre. When
the design has a centre course, mark off on the
grade one-half of the plate width and one-half of
the plata length from the centre, Hold the centre
plate {o these marks. Where the design has a
plate course on each side of the centre line with
one plate in the centre, mark the centre of the
plate on one side and lay on the centr2 mark of
the grade. In each case, re-check to confirm the
first plate is laid correctly (Figure 12-8).

Continue to lay the balance of the plates in line
with this first plate to establish the "lirst course.”
Use a chalk line or tape line to ensure the plate
is laid in a straight line.

The minimum lap is 11/:", Weld a welding rod at
the centre of the grade {on the plate} and hook
the end of a tage over it. When the sketch plates
are laid, hold each side of the circumference to
the exact overall diameter of the bottom as set
out in the drawing. The skelch plates are

Mark Cenlre
ol Plate
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tnmmed 1o descrnbe the acutual outér cw- Weld one stninger pass from the cor-

cumference of the tank bottom. ner of the Jjont for 8" and weld across
the end of the lapped plates {Figure

Amernican Petroleum Institute Specifications 12-10).

require that a minimum of 1" of bottom plate ex- .

tend beyond the outside edge of the fillet weld, Run a second pass to make 8" of full

The customer may request more than a 17 ex- fillet weld (Figure 12-10).

tension, however., ttws will be noted on the Place a suntable back-up bar un-

drawing derneath the under lapped plate and
hammer down with a mall until the
Continue to lay the balance ol the plates in the surface of both plates 1s flush (Figure
same manner. Tack sketch plates only enough 12-10).
to hold them in position. These tacks must be
broken after comer welds are made. Tack
square plates on each side at the centre only
{Figure 12-9),

Check the break-down for cracks in
the weld. Hf cracks are visible. the
weld must be chipped out and re-
welded.

Procedure for Flushing (Joggling)} Lapped FIRST RINGS
Plates on Circumference

Weld the outer ends of the sketch plates  La¥ing Outthe First Ring  Using the welding

together as follows. (On plate thicknesses up to rod tacked to the centre of the bottomn to hold

and including 1/4 , the ptate must be lap welded € tape line. scribe a circle on the bottom lo the
using E-6010 electrodes.) exact inside diameter of the tank. Make

allowance on measurements to include the
diameter of the weid rod.
Step 1. Remove all foreign matter from be-
tween the lapped plates. Scribe the full circle if the position of the vertical
seams is not known: as in laying out the chord
tack weld on the end and 8" from the marks the;ge intersect the circ!e at the vertical
end. seam posilions. When the location of the vertical
' seams is known, scribe short sections of the cir-
Step 3. Hammer the edge of the lapped plate cle at the approximate vertical seam positions.
down until the gap between the plates and mark the balance of the circumference atin-
15 closed, tervals of 2,

Step 2 Fit-up tightly with a clip or pin and

Hold 1o dimensions
' shown 1 Ihe
drawings

Hold en sleaight
Ling —

Figure 12-9. Aligning Floor and Sketch Plates
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Al spaces shall be equal

Figure 12-10. Flushing (Joggling) Block Plates at Circumierence of Tank

Determine each plate’s position on this circle by
taking chord dimensions shown on the drawing
and marking off the position of each vertical
seam on the bottom. These marks must be made
accurately. thus the scribed circle must be ac-
curate If in making these chord marks the last
position measured s over or under. change all
previous marks So that all spaces are equal. This
1S particutarly important on floating roof tanks
and expansion roof tanks. When chord marks
have been properly laid out mark permenently
with a centre punch (Figure 12-11).

Cherd dinension
shown on print

All spaces shal
be equal

|
|

Figure 12-11. Establishing Chord Marks

Setting Up the First Ring Having “l21d out”
iocations. the first ning plates may be set up. The
usy al procedure 1S to start with the sheet having
the manhole cut-out in it. However. tis 1S not
absolutely necessary since each plate s location
nas been previously determined with respsct to
the location of the shell manhole cut-out.

Place the first plate in its approximate position.
Set one end on a chord mark at the circle and
tack securely to the bottom at this point. Push
the other end of the plate to its chord mark less
the spacing required (if 1/8", 1/8" back from the
mark; if 3/16”, back 3/16” from the mark). Adjust
the balance of the plate to somewhere near the
scribed circle, in all cases it will be necessary to
hold out beyond the scribed circle. since plate
lengths are figured without spacing. Adding the
spacing makes the diameter greater. With this
end in proper position, tack securely to the bot-
tom. Adjust the balance of the plate to the
scrived circle and tack (Figure 12-12).

Fit up the next sheel. using stiffener channels to
hold it in position. Place spacers in the vertical
seams: three to five are required. depending on
the width of the plate. Hold to the .proper
spacing. Place the balance of the plate in ap-
proximate position., adjusting the end of the
plate to the chord mark minus the the vertical
seam spacing and slightly out beyond the
saribed circle line. Tack a flat bar or blank nut
on the zuge at this point to hold the position
(Figure 12-13).




Tanks and Stacks

Tack firsl plate
to bettom

e RV TN

Hold the end

of ks sheet Hold to
to chord mark chord
less spacing mark

Hold the end
of Ins sheel
lo chord mark
less spacing

Figure 12-12. Holding Plates to Chord Marks and Tacking

/ Shel

14y Blank Nul

AVAMAMN RN WY

©

Bollom

Figure 12-13. Fitting Sheli to Circumference

Continue to fit up the balance of the p!2es in the
same manner. Hold plates ¢ exact position. If
the plate 15 over or under the chord mark an ex-
cessive distance. check plate lengths. If 100
long or too short, adjust tne chord mark to
correspond. Do not cut off the end of the plate
as another plate may compensate for the
discrepancy. Hold the top of all plates in the first
nng evan,

When the last plate 1s placed n position it
should fit perfectly. If the assembly has run over
or under the chord marks, readjust all the plates
s0 the tub has the same diameter at all points,

Before welding on the first rng vertical seams,
check the b for level If there is considerable
variation in elevation. some seams may peak out
and some may bow n—they must not be
welded in this position. Level the tub to within
1/47 plus or minus at the outer edge. The better
method 15 to cut down high spots rather than fill
n low spots. since filled in areas will be soft and
are likely to settle resulting in the tub or tank
becoming out of round again. This is a
particularly imporntant step.

Use flat bar
e x 27 % 37 g
to hold plate to circle.

MNA MV NAN
Bottom

WELDING THE FIRST RING

First Ring Vertical Seams Weld the first ring
vertical seams. Note that after welding and
shrinkage the diameter has become smaller,
resulting in the plates being drawn closer to the
scribed circumference line.

Bottom to First Ring Vertical seams having
been welded, the first ring can be tacked to the
bottom. Tacking must be on the inside only. Puli
the bottom tight to the first ring. If it is necessary
to hold plates in or out of the scribed line, con-
firm that this dimension is the same all around.
This wiil ensure a round tank. The edge distance
from the first ring to the outside edge of the bot-
tom will also be uniform around the perimeter.

After tacking 1s completed. weld the first ring to
the bottom, outside first. This rule must be ob-
served because:

1. Welding the outside first has a tendency to
tip the sketch plates down instead of up.
resulting In a more level bottom.

In some instances it will be necessary to
chip out the tacks after the outside weld has
been made.
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Weld the first nng to the bottom on the inside
next If the tacks must be removed. they must be
chipped out first

Welding Bottoms Uniess the correct
procedure for hting and welding boltoms 1S
folluwed. |he bottom will not be level and the
following serious problems will result.

1 if the bottom 15 not level or 15 buckled. com-
plete water drainage to sump areas wili not
ocour

Temporary supporis for floating roof struc-
fures must rest on the bottom If the bottom
15 not level. the supports cannot provide
required uniform elevation.

On small and medium bottoms, weld the first
nng to the bottom before welding on the botiom
itseli On large bottorns 1t 1s permissible to weld
on the square plates before making the corner
weld. leaving |oose all sketch plates that attach
to the first ring.

As stated above. tack all bottom squares in the
centre of the plate on each side only. This is sui-
ficient 1o hold the bottom in place while 1t 18
being laid. The reason for this 1S that in the sub-
sequent tacking of bottom plates prior to
wetding, the welder can work out any excess of
plate toward the ends without breaking tacks.
since breaking tacks 1s usually overlooked. It s
important to examine the entire bottom and pull
up all low places to levet

Figure 12-14 shows the bottom divided into two
sections with the heavy lines describing the
seams to be welded last Tack and weld all
cross seams as Mark 1 Fit and tack all long
seams as Mark 2 staring at the centre of the
tank and working toward the sketch piates on
each side of the bottom. Weld all long seams
starting at the centre of the tank. using the back
step method to work out to the sketch piates at
each side. If the first rng has not been welded to
the bottom on the inside and outside, do not
tack and weld the sketch plates to the remain-
der of the bottom. They must be left loose to per-
mit shrinkage. Weld centre long seam Starting at
the centre and working toward the sketch plates
at each side. Weld all sketch plates together
with the exception of the seams indicated by the
heavy hines: all other bottom Seams should be
completed. Weld sketch plate to the bottom
using the back step method. Do not have
welders working close together on these final
seams.

SCAFFOLD BRACKET CLIPS

The importance of welding scaffold clips com-
petently cannot be overemphasized. Only the
best wetders shoutd be assigned this job.

If at all possible. scalfold clips should be welded
on the plate while 1t 1$ sull flat on the ground. Of
course this can only apply to the top-side or in-
side of the ptate.
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When the clip 1s to be welded on the plate after
1t 18 i1 posihion. ensure that the welder is suf-
ficiently elevated to see his work clearly. Ensure
he 15 standing on 2@ secure support and that the
work s protecied from the wind.

The following procedure s the only accpetable
method of welding scaifold clips (Figure 12.15)

Step 1. Place the clip in position and weld for
a distance of 1'/:" on both ends of the

" top side of the chp

Step 2 Weld cups 1n posihon using 5/32 E-

<0 electrode. making a full fillet.

Step 3 After being used twice chps should be

trrmmed back to the parent metal to
obtain a full hllet,

M Fittet Weld

i

b Aot

Ty

Shell

Scaffold /

Bracket Clip

Shel

Figure 12-15_ Scafiold Bracket Clip Welding

Caution: Never weld a clip on while rveting.
cauthing or chipping 15 being done n the im
mediate wvicimity. Machines esed for these
processes set up vibrations in the metal which
cause hot weld metal to crack.

theasure thes distance only

SHELL PLATE

Laying Qut Shell Plate

At this point in the project. the following have
been completed:

1. The wb has been set up and levelled

2. The first rnng veriical seams have been
welded.

3. The first ring has been welded to the botiom
4. The botiom has been welded.

5. The scaffold has been set up on the first
ring.

Since each shell plate has a definite location for
placement, the exact position for seibng up
each pliate must be marked on the ring below.

Usual specifications require vertical seams to be
staggered one-thurd of plate length (Figure 12-
16). The location of each vertical seam is deter-
mined by measuring on the gutside of the shell
from the first ring vertical seam one-third of the
piate length. Measuring and marking must be
accurate. since 1/8" over or under creates
problems.

Measure for position all vertical seams by this
method. Do not attempt to take the full length of
the plate and mark the positions as you will
always be over or under at the last position
Mark with a4 chusel on the top edge of the plate
s0 the marks will be permanent.

Laying Qut Key Plate Lugs It is both func-
tional and expedient to weld key plate lugs on
the plate while it kes flat on the ground before
being set up in position, a better quality weld
can be achieved, and the weld has time to cool
compleiely before being used.

Z A

N

[N

Figure 12-16. Succeeding Ring Alignment
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In most cases. laying out the position of the lugs
requires only a tape or rule H alarge number of
plates are nvolved. a template of steel banding
or rods can be used Place all lugs on the inside
f the sheets. which 15 the top side when Jaid on
the ground

On & piates. 12 lugs are required. 3 lugs on
each side at each end On 8 plates, 16 lugs are
required 4 on each side at each end {Figure 12-
17)

Setting Up Shell Plates Using a gin pole and
shell trolleys. or in some cases a Crawler or
mobile crane. raise the plates and move to
locztion on the shell Ptace the end of the plate
exactly on the position marked for the vertical
seam Insert a spacer and drive a wedge to hold
the plate in ahignmen! at the horizontal seam, Fit
the balance of the plate with spacers and
wedges. insert spacers at about 18" intervals on
the horizontal seams.

Wheri the plate 1s in position, check the end of
the plate fit-up last to determine its position with
regard to the marks for the position of the ver-
tical seam The first end of the plate fit must be
on the mark less the spacing required. Thus the
first end of the naxt ptate fitted with the spacer
in the seam will be exactly on the mark.

If the plate 1s not in the proper position. push or
pzll it into position as required. A pushpull jack
can be used for this task. Note that in99% of the
cases. It will be necessary to push the plates
1nto posihon since shrinkage of the welds in the
vertical seams of the ring below shortens the
shell's cwrcumference. Shrinkage of each ver-
tical seam amounts to approximately 1/8” across
the weld.

At no time fit shell plales to the horizontal seam
with &n excessive amount of gap teft i the ver-
ticat seam lo be pulted logether later with key

}

plates. Always adjust the spacing at the vertical
seam first once the plate is moved into position,
then fit up the honzontal seam. Pulling the ver-
tical seams together after the hornizontat has
been keyed up produces a flat spot adjacent to
the vertical seam. since there is sufficient
friction 1n the Keys to hold the greater length of
plate «n position. and only a small section of the
plate adjacent to the verhical moves. This very
important feature of the procedure must be
followed to produce ashell free of peaks and flat
spots

Whenever any plate 1s an excgessive distance
over or under the mark. check it for length by
measuring with tape on the outside. An excess
or shortage of plate upto 1/4” in lengthin one or
two plates. or 1/87 1n all the plates. can be made
up by slacking off on the keys and pushing or
pulling into position. This results in temporary
misalignment of the horizontal seam. Hornzontal
seams ¢an be easily fitted into proper position
after the verticat seams are welded (Figure 12-
18).

If all plates in the ring are 3/18" or more over
their proper length. the amounts 1N excess of
1/8" must be permitted to run over the marks.

R —

____-’-\v

1 L sy

i

Loosen Feys  ARD  Push or Poll Plate
Into Positwn

e

Figure 12-i8. Pesitioning Plate

12-17. Key Plate Lug Layout

—
o
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Each plate will be over the mark by the required
amoun: determined by measurement, plus the
accumulation of the overage on plates
previously set up. Cut the last plate to syit the
sgace remaining.

in the event ‘he plates are short, reverse the
procedure. On the last piece of plate installed. a
new piece of plate will be required to make up
the shortage. This new piece of ptate must not
be tess than one-third of plate length.

The above problems will arise only in rare cases,
so before any decision is made. 2 thorough
check 1§ required. If either complication does
occur. the marks for positions of vertical seams
on the nng abovae will have to be laid oyt to com-
pensate for the odd lengths of plate Remember
that a nng on which vertical seams have been
welded 15 always smaller than a ring on which
the vertical seams have only been fitted

Fitting Vertical Seams Vertical seams may
be fitted for welding as soon as two sheets are
hung. or may be hitted after the complete ring is
set up

Select the proper spacer for the seam; remems-
ber that veriical seams usually require a dif-
ierent spacing than horizontal seams. The
spacing of the joint 15 entirely determined by the
design. The ability to weld the seam properly
depends on the correct spacing In the seam. The
difference between 1/8" and 3/16" either way is
significant if 2 competent joint 15 to be achieved.
Accuracy 15 crihical.

Place three to five spacers in the vertical seam
with one at <ach end approximately 67 in from
the end. Distnbute the balance evenly In the
seam. Using a push-pull rack, pull the plates
against the spacers. Do no. continue , Jlling af-
ter the plate has come 1t 3ntact v..'" the
spacer. as thus will sometimes pend the plete. It
is important to adjust the gap in the full length
of the seam before {acking to prevent the seams
from becoming bowed (Figure 12-19),

The tack welds are to be made on the jnside oOf
the tank since vertical seams are always welded
on the oulside first.

After fiting and tacking on the vertical seam
release the key plate wedges momentarily, then
tighten them only enough to bring the vertical
seams to touch the key plate. Do not pull the
plate flat against the channel. This peaks the

%&7‘.

Push-pwil Jack

E;

Figure 12-19. Vertical Seam Alignment

Key and lug

verticals in to help elimnate distorton from
welding.

Spacers may now be cut off and backed out.
providing sufficient tacks have been welded 1n
#the seams to hold them n alignment. The ver-
tical seams are now ready to weld.

Shell vericals are subject to primary stress due
to weight or pressure of the tank contents. Thus
these joinis must have ONE HUNDRED PER-
CENT PENETRATION WELDS. To assure 100%
penetration 1n the verticals, it is necessary after
welding the outside joint to back-gouge the
weld with an Arcair torch or a chipping tool,
gouging down to sohd weld metal before
finishing the joint.

Fitting Horizontal Seams Horizontals must
not be tacked or welded until all verticais,
which are to be joined in both courses, have
been completely welded inside and outside

Hold herizontal seams in alignment with spacers
and wedges of the prescribed thickness placed
approximately 18”7 apart. Spacers are to remain
in the seams until tacked. Pull horizontal seams
together with stiffener key plates only When
properly installed on sheets of average length,
they will be located each 8 or 9" apart. This
spacing is all that is required 1o hold the plates
in position tight against the space.s S, acing
shown is min'* m and whenever plaie widths
areé noi the sar.ig. do not remove the spacers at
the wide plate to adjust an excessive gap onth
narrow plate Also, when exce.sive Spacing
exists in the seam dué to this. do not attempt to
pull the spacing Icgether. as a buckle will
develop on each side of this area, Where the dif-
ference in plate widith exists. the maximum
spacing will start at the vertical seam and
gradually taper lo a normal spacing in abouta 5
or €' length of the seam, depending upon the
amount of difference in width, A great difierence

o
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in width will ha 2 a longer tapered area lhan 2
lesser difference In width. AGAIN, DO NOT AT-
TEMPT TO PULL ANY EXCESSIVE SPACING
TOGETHER IN A SHORT AREA.

Seams must be tacked on approximately 679"
centres As spacers are inserted In seams on
about 18" centres. the tacks can be made di-
rectly adjacent to spacers and half way between
spacers This 1s done s0 that when spacers are
cut off and backed out. there will be no misalign-
ment In the seam.

Where misalignment oceurs. push or pull it into
position with lugs and keys or with tapered
spring leaves inserted into the gap. Misalign-
ment must not be more than 20% of the
thickness of the upper plate with a maximum of
/8" (A projection of only 1/16" is permissible
for plates less than 5/16 thick.)

Tack welds should not exceed 17 1n length. The
amperage on the welrang machine shouid be set
high enough so that a concave. well fused tack
weld can be made. which can easily be covered
when weldinn the seam Use E- 6010 electrode
for te "king.

Welding Hcerizontal Seams One hundred
oercent penetrauon 1$ required on all honzontal
seams. For best results weld on the inside of the
shell first. as the seam has more resistance to
distortion outwardly than inwardly After the in-
side has been welded. this weld wiil contribuie
stifiness to resist inward shnnking action of the
outside weld Also. in some cases, the seam oult-
side can be finished in one pass. This usually
has a betier appearance than a weld made in
several passes.

DOOR SHEETS

Wheinever large amounts of bulky materials such
as structural supports. floating roof plates and
parts are t¢ be placed inside the tank shell afier
it 1$ erected an opering is provided in the shell
o facihtale moving these materials inside,
These openings. described a- "door sheets.”
consist of a part of one shell plate. On cone and
expansion roof tanks. the door sheet will be one-
third of the first ning shell plale (Figure 12-20).
On floating roof tanks. 1t will be one-fourth or
one-half of the second ring plate (Figure 12-21)
Door sheets may be placed al any point,
however. they should be located so that material
can be moved directly into the tank from storage
or unloading

Locate se this seam 15
dirzctly below 3id Ring Seam

Never locate
seam here
N

\
} \:></ Door Shee \:

Figure 12-20. Door Sheet in 1st Ring

Seam shall be Focated as shown
depending on srie

AN
N \N
k\ '>\i</ﬂoor Sheet

Figure 12-21, Door Sheet in 2nd Ring

Fitting Up Door Sheets Since door sheets
are part of one plate. an additional vertical seam
s made n the ring if a door sheet 1s installed.
This additional seam requires different treatment
than 'he others. Fit up this extra seam without
spacing. this provides for shrinkage when the
vertical 3eams are welded. If this exlra seam 18
spaced like the balance of the vertical seams. an
excessive gap will result when the door sheet 18
fit up pnor to welding in place. The above ap-
pile  anly to the exlra seams mada by the door
sheet Thus. on the imbal fit-up. since there are
two vertical seams. one must be fit up with
spacers and one without {Figure 12-22),

In 2l cases. door sheets must be filed into
position and left \n until the ring above has been
hunq. the vertical seams welded on the nng
above and the horizontal above and below either
tacked or welded. This tacking or welding of
horizontal seams must stop at least 5 from each
verlical seam of the door sheet. Thus provides for
e required spacing of the horizontal seam
without loss due to shrinkage of weld metal. It
also ensures thal flat spols will nol develop in
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Figure 12-22. Fittfng First or Second Ring Door Sheets

the door sheet area due to shrinkage of the
horizontal weld. Before removal. Suitably mark
the door sheet so that it can be replaced as in
the 1mihal installation.

After erection of the Structural supports or the
floating roof. the door sheet must be replaced It
15 important to replace it exactly as in the initial
installation. Place spacers in accordance with
the spacing required. Since n the inthal fit-up.
there was no spacing in one seam. the spacing
of this seam will cause the sheet to be out
beyond the proper hornizontal ahignment Leave it
that way unhil the vertical seams are welded Do
not attempt to pull into horizontal alignment.

This honzontal misalignment will be ap-
proximalely 1 — 1'/4 " at the centre of the plate.
tapering to correct alignment at the vertical
seam. An excess of misalignment 15 better than
too hittle, since the vertical seam welding shor-
tens the cwcumiference If sufficient extra length
s not provided. a flat spot will develop in this
area

weld vertical seams following the designaled
procedure Weld both seams in and out before
aligning and tacking the horizontal seam to
allow maximum rnovement o occur. Permit the
plate {0 cool before tacking up the horizontal
seam. Place spacers in the horizontal seam and
pull into alignment. ensuring that spacing of the
seam 1s exactly as required I|f the horizontal
seam has not been welded to within £' of each
vertical seam of the door sheet, no difficully
should be expenenced in getting the proper
spacing Tack the seams to hold in correct
alignment.

weld the horzontal seams following the
designated procedure for horizontal seams. In
the case of a door sheet in the first ring. weld the
door sheet lo the bottom, as the first ring plates
are welded to the bollom,

PRECAUTIONS TO TAKE UNDER
GUSTY WIND CONDITIONS

Note: When erecling tankage at locations
where there is a possibiity of high speed
or gusty wind conditions one or
preferably a combination of the following
precautions are recommended to
prevent the tank shell from "blowing 1n”
collapsing. These precautions should be
followed untl the roof rafters are all in
place and secure.

Use short sections of channel won (4'-%
long) and key plates centered verhically
across the honzontal joints attaching two or
three. spaced evenly. as each shell plate 1s
erected.

Use staging clamps at each staging bracket
to make the staging rigid. thereby effectively
making the $taging into a wind girder.

Stuitch weld long sections of angle or chan-
nel won {stiffners) verbically inside the tank
shell: these must rest on the floor of the
tank. (Three or more, evenly Spaced. per
shell plate length.}

Use guyhines on the outside of the tank shell.
Tack weld the hook of each guyline to shell
and anchor the guyline correctly.

STRUCTURAL ROOF SUPPORT

When the tank shefl 18 completely erected. the
structural roof supports can be set up. The top
angle may or may not have been installed by this
time. however, when the top angle has been in-
statted. it must not be welded until the Structural
roof supports are completely installed. This en-
sures that the top of the tank shell does not
become too rigid to permit rounding it up.

Care must be exercised when unloading. han-
dling and seiting up the structural Supports
Remember that structural members that are bent
wifl not support the required load. Any parts ac-
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cidentally bent must pe straighlened or
replaced before being erected.

All structural members are fabricated with holes
for holding together as well as for fiting up. The
length of the members and the location of all
holes are designed for the specific diameter.
height and pitch of the roof When structural
members do not fit. either the tank shell i1s out of
round due to urmeven foundation. or an excessive
crown 1N the grade 15 causing the supporting
columns to be too long.

When the tank shell is out of round. some rafters
will be too long and an equal number too short
Do not attempt lo pull or push the shell nto
shape at the top with the rafters. Instead place a
heavy jack or jacks at the low spots at the base
of the tank shell {directly below the location
where the rafters are too short) and jack up the
shelt until short rafters can be made. Before
removing the jacks. tamp the grade material well
under the tank shell to provide support,

H jacks are not available, the high spots on the
grade may be cut down {directly below the
location where the rafters are too tong). Remove

only a small amount of grade material at a ume
50 the shell does not sethie too far. Remove only
enough grade material so that the rafters may be
fit up. In either case, whether the grade 1s built
up or cut down, after the short or long rafters are
made up. the balance will fit into place properly
without any addilional movement of the shell. As
stated, do not attempt to round up tho shell with
rafters. Always level the tank shell at the base
first and the rafters will fall into place.

If all the rafters that do not fit are {00 short. it in-
dicates an excessive crown n the grade
(assuming the structural supports have been
properly designed and fabricated), This makes
an excessive pitch in the roof, thereby creating a
greater distance from ihe edge of the tank shell
o the top of the centre column. Determine the
amount of crown and pitch to the grade with a
chalk hine. and cut the corresponding amount off
the lower ends of the supporting columns. A 2"-
4" crown on a small diameter tank, or a 4”-8"
crown on a targe diameter tank will not require
shortening of columns as this amount is easily
taken up by movement in the holes of the rafter
chps.

The completed structural assembly must have
bolts in all holes that provide for them. When raf-
ters do not “make up.” do not weld them in that

position. Sufficient allowance for any minor out-
of-roundness 15 provided for in the holes in the
rafter clips and lugs. Approach any more out-of-
roundness than this by levelling the tank shell at
the base, |f a fabrication error has been made In
the shop. corrections must be made in the field
before the members are erected in place.

Install rafter clips before assembling structural
supports. The exact lccation must be |aid out on
the shell before inslalling. as all spaces must he
equal. Also place cligs at the proper elevation $0
that the top edge of the raflers are flush with the
top of the top angle. Rafter clips must be con-
tinuously welded on both sides 1n the uphill
position. {(Use 5/32 E- 6010 electrodes.)

As the method of installing structural roof sup-
ports differs sigruficantly on various chameier
tanks., the descriptions will be set outl in-
dividuaily for small. medium and iarge tanks.

Small Diameter Tanks (approx. 60') Small
diameter {anks have only one supporting column
located in the centre.

Procedure:

Step 1. Place the centre column nside the
tank alongside the inside scaffold ad-

jacent to the gin pote {Figure 12.23).

Step 2. Bolt on three rafters. each ap-
proximately 90" apart. The outer end

4&—“ Gin pole

- Ceatre
Colema

Rafters

Figure 12-23. Erection of Cenire Pole and
Roof Support Rafters
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Medium Diameter Tanks (approx.
Medium diameter tanks have supports

90’}

of two rafters will he across the edge
of the shell, while the outer end of the
third rafter is located at the gin pole
and needs to be held up with the load
hne until bolted n place.

Secure the load line on the rafter clip
at the centre column. Move the entire
assembly out toward the centre of the
tank. Slacking ofi on the |oad line at
the hoist at the same time. Move the
lower end of the column out toward
the centre of the tank with a suitable
bar

Bolt the three rafters to the respective
lugs on the shell,

install the balance of the rafters by
shding the inner end out toward the
centre column cap plate on the raiters
previously erected.

60'-

with one row of circle beams. Three different
methods may be used to erect roof supporis for
tanks in thus group: the method 18 determined by
the equipment available.

Gin Pole Method

Step 1

Set up a standard 8" or 8” pipe gin
pole inside the tank. and locate the
four guylines to the lop angle with
each line 90 apart.

Locate the gin pole adjacent to the
centre of the position where the first
support unit ftwo columns and a circle
beam) will be erected.

Assemble the first support unit on the
bottom of the tank. Raise into position
and 1ash to the gin pole. Tie the
guylnes to the top angle each wav to
prevent the assembly from falling to
one side,

Using the load line on the gin pole.
erect and secure the first rafter. Using
the first rafter as a support. slide the
remaming rafters of that unit into
positron. Rafters on this section must
point directly to the centre of the tank;
the completed assembly will otherwise
be spiralled and not correctly aligned.

Move the gin pole to the next position
locating it about one quarter of the

circie beam length away from the final
position of the column in the second
support urut {one column and a circle
beam).

Assemble the second support unit. Ap-
ply a siing on the circle peam ap-
proximately one guarter of the circle
beam length from the column. This
will balance the assembly and reduce
the bending strain at the joint.

Raise this unit into position and bolt to
the adjacent circle beam. Install the
rafters on this section by sliding them
ou! on the rafters already erected.

Complete the erection of the
remaining circle beams and rafters by
this method,

Set up the cenltre column using the
gin pole In it$ last location. install
three rafters at 90”7 to each other be-
tweenthe centre column and the circle
beams. Install the remaing rafters.

Centre Pols Msthod

Step 1.

346

Assemble two columns and their ad-
joning circle beam (first support unit)
on the bottom of the tank, Ensure that
the circle beam is close to the shell,
as the unit is to be raised by the gin
pole which, for this method. is located
outside but near the tank sheli (Figure
12-24).

Raise the unit using the gin pole.
When erect, the unit should be tem-
porarily lashed to the inside scafiold.
At this time bolt two or three ratters to
the circle beam. and extend out to the
sides two or three guylines to stabilize
the unit.

Move the assembly to its proper
location by “barring” the bases of the
columns {moving them in small stages
using a crowbir as a lever. The unit is
stabilized during this process by
feeding the attached rafters out from
the top angle. When the support unit
is located. secure the guylines and in-
stall the remaining rafters on this sec-
tion.

Using a tugger or chain fall with the
line through a block attached to the
top of the circle beam, erect the cen-
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tre pole alongside the first support
unit. Attach a 12" section of 6" pipe on
the cap plate of the centre column. At
the top end of this centre pole ex-
tension. install the pipe cap from the
gin pole complete with four sets of
rope falls extended 90° apart. Weld a
lifting lug directly below the cap of the
centre pole extension, and suspend
from it the load line sheave with 3 line
in place.

Using the “barring” technique. move
the centre pole to the centre of the
tank and hold it in position by nesting
base between four lugs welded to the

Column

Figure 12-24. Circle Beam Erection Using Centre Pale as Lifting Gavice

tank bottom. The centre pole can now
function as a gin pole to erect the next
support unit and subsequent support
units into position. As each unit is
erected, .nstah all rafters section by
section. Continue until the circle is
complete.

With the centre pole askew. belt two
or three rafters to the centre pole cap
plate. Using the rope falls, being the
centie pole to an erect position. Boll
the rafters in place to the appropriale
circle beams. Insiall the remaining rai-
ters. Remove the centre pole ex-
tension pipe from the cap plaie when
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the roof plate has been laid to the half
way point.

Structural Buggy Method When equipment
for the structural buggy method ts avaHable at
the sute, this method (s optional. since one of the
other methods may be more expedient. Con-
siderable expense 1s involved 1n erecting and
dismantling a structural buggy. and only when
expansion roois of medium diameter are being
installed can lhe method by used to any ad-
vantage. Also., when snow and ice are present
on the bottom the structural buggy is very dif-
hcult to move. As the structural buggy method is
required on large diameter tanks. the melhod is
explained under that heading (Figure 12-25).

Figure 12-25. Structural Buggy

Large Diamoter Tanks (Greater than
90’) Large diameter tanks have supports with
two or more circles of supporting beams and
columns.

Structurgl Buggy Method It is assumed that
the erection of a structural buggy is understood

Procedure:

Step 1.

and that one has been erected for this project. 348

Place the buggy midway between the
two column location and to one side
of the circle beam location. The side
referred to is the side nearest the cen-
tre of the tank.

Raisa the columns with the boom and
lash to the buggy wings.

Remove the load fine from the boom
and place it in the sheave at the top of
the mast. Raise the circle beam and
bolt to the columns.

Replace the load hne in the boom
sheave and erect rafters to the circle
beam and shell. Ensure the rafters
align radially to the centre of the tank.
then hold this assembly in place with
rope gJylines {(Figure 12-26).

Figure 12-26. Primary Circle Boam Erection

Move the buggy to Ihe next location,
centre it as on the previous location.
Raise the column and lash to the
wing. Raise the circle beam and bolt it
to the columns and together. Erect the
rafters and bolt to the circle beam and
shell lugs (Figure 12-27).

il the rafters do not fit without ex-
ce ive pushing ar pulling. do not at-
tempt to fit them in place. This will
only bend the circle beam. Either
leave them loose until later or level
the shell at the buse.
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Figure 12-27, Succeeding Circle Beam Efrection

Step 7 Do not tighten the bolts in the rafters
as erection progresses; tighten them

whenr erection is completed,

Continue erecting the balance of the
struclural supports by the same
melhod. finishing at the centre:

Exercise care when using the struc-
tural buggy. Do no: attempt to pick up
a load at a great distance from the
base of the buggy. place beams and
columns near the base of the buggy
for erection. Do not push or pull the
wheels over large obstructions on the
bottom since the shafts may break and
cause the buggy to tip over.

Step 8

Step 9

TOP ANGLE

Laying Out Top Angles Check tne drawings
to determine the exact position of the angle on
the shell In most cases a vanation n the height
of Ihe angle owcurs f installed above the shell.
In addition, angles are sometimes installed by
lap-welding and somelimes by butt-welding.
They must be installed exactly as shown. since
the overall height of the shell depends upon how
the top angles are placed (Figure 12-28). Top
angles may be installed either before or alter the
structural roof supports are erected

FITTING UP

There 15 only ong accepted method to install a
iap top angle.

Procedure:
Step 1. Set up the first bar of angle in its

Bai iacked on o

Inssde or Quiside

4

Inside or Oulside

of Sheil of Shell

[

LAP TYPE BUTT TYPE

Figure 12-28, Two Methods of Placing Top
Angie

proper location and tack. The location
of the end should be immediately ad-
jacent to the rafter clip.

Set the second bar of angle end to
end with the first bar. Hold a minimum
of 1/4” spacing. Sight alorg the angle
for proper radius and level, then tack
together, Weld on a heavy pass on
both legs of the angle, then tack the
angle to the shell.

Step 3. Continue to weld and fit the balance

of bars of angle by the same method.

A top angle to be installed by butt welding to the
top of the shell can be installed without welding
the butt ends provided il is set up on spacers
with keys and not tacked to the shell. Weld the
butt ends nex| and then tack the angle to the
shell, If a bult~-welded top angle is to be tacked
as it is fitted, use the same procedure as
described for a lap type.

Butt-welded angles must be installed and held
plumb with the shell during welding. they must
not cock n or out Heavy bars welded on the
edge across the shell and angle may be required
to hold the angle plumb at all points during
welding (Figure 12-29). Spacing of butt-welded
angle to the shell must conform to drawing
specifications.

ROOFS

Aflter siructural roof supports are completely fit
up. top angle butts welded and top angle to shell
overhead tacked or welded, the roof plates may
be laid.

The drawing will indicale where to slart laying
the roof plates, Lap the plates on the top angle
as required by the dimensions on the drawing.
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Figure 12-29. Top Angle Dog Used for Holdirg
Butt-Welded Top Angle

Lay the sketch plates at the ends of the courses
first. Lay square plates by starting at the ends of
the courses and working toward centre. It 15 ad-
visable to use plenty of false rafters to hold the
plaies level. Lap plates as requuwed. holding
straight lines on each cowrse. Tack sketch
plates lightiy so that the tacks can be broken

Continue laying roof plates by ttus method uniit
half the roof has been laid. On small diameter
tanks, laying the second half of the roof follows
directly. proceeding with the courses from the
centre toward the opposite side. except that
plates are lapped underneath so the seams will
shed water. On large diameter roofs. lay a num-
ber of square plates side by side toward the op-
posite side of the roof to serve as a runway for
the roofing buggy. Measure from the edae of the
centre course on each end of the centre course
around the ouiside of the shell to a point 80~ of
circumierence distant. This point is the centre of
the first course as the plates are laid on the op-
posite side (Figure 12-30).

J
L/
7

Figure 12-30. Method of Laying Rcof Plales

FITTINGS

Sheli Manways and Nozzles The
specifications for locating fitlings are set out in
the drawings. 1t is important in erecting shell
plates to ensure that vertical seams are properly
placed so that filtings will not be located on or
too close to the seams.

Oouble check the layout of fittings before cut-
ting any openings: holes cut in the wrong place
niust be patched at considerable cost and they
produce an inferior finish to the tank

Orawings of fittings show the size of cut-out to
te made in the shell. the specifications must be
followed precisely An opening too large
requires a larger reinforcing pad as well as an
excessive amount of weld metal Conversely. an
opening too small will not permit the required
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size fhillet weld to be made on Ihe inside.
resulling 1n Inadequate strength of the joint.
Double fillet welds of the specifited size are
necessary to reinforce the opening competently.

Openings or cut-outs over 2" 1n diameter must
have reinforcing pads (double plate} which must
be double welded: welds both inside and out.

Since numerous types of fittings are assigned lo
vanous Jlocations and installed by different
methods. each will be explained and jHustraled
separately.

COUPLING OR PIPE, 2" OR LESS

Installed in the Shetl of the Tank

Step 1 Cut the size hole indicated on the

drawing.

Step 2. Insert couphng or pipe as shown.

Step 3. Weld inside and out witn the size of

fillet shown on the drawing.

Step 4. Never insert a coupling half way in, as
the shankage caused by the welding
will not permit a fulf thread to be made
when a pipe or fithng 15 screwed 1n

{Figure 12-33).

Figure 12-31. Tank Shell Fitting

-

installed in the Roof or Boftom

Step 1. As roois and bottoms of flat ooltom
Slorage tanks are not stressed.
couphings or pipe may be installed

and welded on one side only.

Cut the size of opening as required for
the method used.

Install and w~ld as shown (Figure 12-
32}

NOZZLES OVER 2" DIAMETER wWiTH REIN-
FORCING PAD

Nozzles with Shop Welded Reinforcing Ped

Step 1. Cut the exact size circular hole as

required.

Step 2. Insert the nozzle i the shell and cen-

tre in the hole.

Step 3. Pull the pad to the shell with dogs and
wedges. Tack weld the nozzle to Ihe
shel; on the inside of the tank only;

the pad lo the shell must be left loose.

Weld the inside of the nozzle lo the
shell first {5/32" diameler electrodes
must be used). When the face of the
weld becomes greater than 1/2", each
layer of weld metal myst be peened so
as to relieve the shrinkage stresses.
Final wash passes need nol be
peened.

Allow the inside weld to cool; then
tack and weld the pad to the shell out-
side (Figure 12-33)

Nozzies with Reinforcing Pads Unweided

Step 1. Cut the exact s1ze of hole as required

o ———— ]
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Figure 12-32,
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#t Feld Weld

#2 Field Weld

i HH

Figura 12-33. Tank Sheil Fitting with Welded
Rainforcing

Step 2. Install the reinforcing pad to the shell
with clips and wedges. Ensure the pad
15 centred over the cut-out in the
shell. Tack the pad to the shell on the
insida only; hold to the shell outside
with chips. Tacking on the pad lo the

shelt outside 15 not permitted.

Insert the nozzle through the shell and
tack in place either inside or outside.
Holes in the flange must straddle the
horizontal centre line, Align the nozzle
radially with the centre line of the tank
or an alternative reference if required.

Weld the nozzle and the pad to the
shetl on the insida first. Wetd the noz-
zle to the pad on the outside next.
Weld the reinforcing pad to the shell
last. Only 5/32” diameter eiectrodes
are to be used on uphill passes
(Figure 12-34),

Waelding Where nozzies fit through the shell
without reinforcing pads. the holes through the

Welded Progressively Upward

I
Fipisn Weld Concave
PLATE THICKNESS DVER 5/16”

Figure 19-35. Walding Procedures

H#1 Field Weld

— L f#7 Field Weld

#3 Field
Weld

H H |

Figure 12-34, Tank Shell Fitting with Unwalded
Reinforcing Pad

shell must be cut the same size as the outside
diameter of the pipe. Full filtet welds of the size
specified on the drawing are to be made inside
and out.

Where reinforcing pads are uysed. they must fit
tightly to the shell at all points. Where pads do
not fit tightly. an increase in the size of weld will
be required to compensate for the gap.

Walding FProcedure for Plate of Varying
Thicknessos Figure 12-35 illusirates the
required welding procedures for plate having
thicknesses greater than and less than 5/16".

Welding Sequance for Manway Fittings with
Reinforcing Plate

1. Welds 1 and 2 as shown in Figure 12-36 are
completed in the shop.

Weld 3 inside the shell is to be completed in
sequence as shown from A to D.

Weld 4 (reintorcing plate to shell) must
follow in sequence as shown from A to M.

Welded Plogref-.snvely Downward

f ‘\M!nlmum Two
finish Weid Passes Down

Concave

UP TO AND INCLUDING 5/16" PLATE
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A

Figure 12-36. Weldfng Sequence for Manway
Fittings with Reinforcing Plate

Weld sizes are
customer drawings.
Welding electrodes to be used are:

E-6010. E-6011, E-7016 and should
not exceed 3/16'" in diameter.

specified on

Patching In many cases in field erection a
fithng or other appurtenance mz/ have to be
relocated after 1t has been welded in place. The
procedure generally followed for this begins
with burning the old fitting out of the shell plate.
A cire star patch 1s then rewelded in s place. It
15 very important that the repaired area not be
distorted in any way and that the design strength
of the skell not be compromised. Both these
considerations depend upon the competence of
the welding on the patch.

The following welding procedure should be
foilcwed in cases where field repairs are
required ort a tank shell:

Step 1. Gnnd circular opening in the shell
plate to clean metal, and remove any
noiches caused by the cutling torch.
Grind a doukle bevel around the in-
side of the opening at this stage.

Pre-set the plate to be inserted in the
opening to a contour slightly in ex-
cess of the tank shell contour.

Bevel the plate to match the bevel on
the opening.

Tack the plate in position with a gap
of 1/16” all around the plate; the gap
must not exceed 1/8

Weld as shown in Figure 12-37 using
E-6010 elecirode; clean the slag after
each pass.

Drill a 17 diameter hole in the centre
of the cwcular plate.

Examine the repair for any inward or
outward distortion. If inward distortion
is present, complete welding on the
outside, using a similar procedure as
for the root pass: if distortion is out-
ward. complete welding on the inside
using a back step procedure.

Allow the siresses set up by the
welding to be relieved spontaneously
by means of the drilled hole; when the
area has cooled to approximately
200°F.. fill the hole using extreme care
to eliminate any slag from the weld.

Gnnd all excess weld metal flush to
the shell surface. and eliminate any
undercut that may occur.

2 N3
- ¢ Inside of
/,/5 !‘3"\;\-\/ shell

| shell

Figure 12-37. Paiching Tank Shell

TESTING

Bottom  Upon completion of the welding on
the tank bottom. apply the followiig testing
method: The joinls are subjected to air pressure
or vacuum, Using soap suds. linseed oil or other
suitable material for detecting leaks.

Shell Upon completion of the enlire tank,
and before any external oil piping {or other con-
tent material) has been connected to the tank,
test the shelf by one of the following methoos.
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Method 1. If water is available for testing. fi.
the tank with water. with frequent
inspections during the filling
operation For tanks with tight roofs,
the flling height must be 2" above
the top teg of the top angle For
open-top tanks, the hiling height
mu:ct be the top of the top angle or
the bottom of any overflow that

himits the fuling height

If suthcient water to fll the tank 1s
not available, the test may be ac-
comptished by

Method 2

a. pammting all joints on the inside
with a highly penetrating ol
such as automobile-spring ol
examine the outside joinls
carefully for leakage.

applying internal arr pressure of
external vacuum as specified for
the rool test; examine the out-
side of the joints carefully for
leak age.

any comb nation of the methods
outlined in a and b.

Upon completion. the tank roof is to be
tested by appiying an internal air pressure or ex-
ternal vacuum to the seams. using soap suds,

Roof

Imseed ol or other swiable material for
detecting leaks. The internal pressure must not
exceed lhe weight of the roof plates.

GENERAL CONSIDERATIONS

This chaptar has outhned the method used to
buld structurally sound and neat appeanng hetd
erected tanks. although no mention has been
made of the final dressing and cleaning up. The
latter consists of making a thorough inspection
of the bottoms. shells, structural roofs and fit-
tings to confirm that no omissions have oc-
curred. Inspections are to be conducted as
follows.

Bottoms

1 Inspect bottom seams for unwelded areas.
undersize welds, improper welds at the laps
and undercutting.

Chip (or grind) off all burrs or lugs. Inspect
for undercut at these locations and reweld
where necessary.

Sweep clean the entire bottom and inspect
for indentations where brackels or channels

have fallen The plate may be ruptured at
these points. requiring patching.

Bottom to First Ring

1 Clean off slag on fillet weld inside and oult-
side
Inspect for undersize weld, undercut and un-
welded areas.

Shells

1 Ali scaffold lugs are to be removed unless
the customer requesls otherwise. Any burrs
left after removing lugs must be chipped off.
Where there 1s undercut on the sheli plate.
fill it m with weld metal, If weld metai
prolrudes excessiveiy beyond the plate sur-
face at these points. It must be chipped off.

Where fitting lugs have been remcved. the
burrs must be chupped off and any undercut
rewelded.

Vertical and honzontal seam welds must be
inspected for undercut. reinforcement and
surface porosity. There i1s to be no undercut
on vertical seams. Undercut on horizontal
seam welds must not exceed specified
limis. Reiniorcement on welds may be
shghtly over flush with the plate. but must
not exceed 1/16”. Any surface porosity on
welds must be chipped off and rewelded,

Structural Supports

1. All bolts must be wn erection holes and

drawn up tighl.
2 Columns must stand plumb and be secured
by lugs welded to the bottom only.

3. Column bases must be installed so that the
ends of the columns are a mirimum of 1% off
the bottom.

Roof

1. Roof seam welds must be full size fillet. with
no excessive convexity. There 1s to be no un-
dercut. Welds at faps must be full size,
All burrs or lugs must be chipped off roof
plates
Examine closely to ensure that no unwelded
areas remamn on the roof to angle and roof
seams.

Fittings

1. Welds on fillings must be of proper size.
Fillet welds are to be slightly concave with
no undercut.
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Holes in flanges on nozzles must straddle
vertical or horizontal centre lines.

The faces of flanges on roof nozzles where
pressure or vacuum valves are installed
must be installed level.

Stairways and railings must have their true
shape and be welded 1n accordance with
requirements.

FLOATING ROOFS FOR LIQUID STORAGE

Floating roofs are used in hquid Storage tank
construction for prnimarily two reasons.

1 Yo reduce pollution by limiting the escape of
fumes into the atmosphere.

2  To reduce toss of product from evaporation.

Floating roofs may be constructed of aluminum,
raild steel or any combination of steel alloys.

Although there are vanations In floating roof
construction. all include the basic design com-
ponents of synthetic or natural matenal seals,
adjustable legs and drains.

Figure 12-38. Hard Top Fioating Roof

TYPES OF FLOATING ROOFS

Hard Top Floater Hard top floating roofs
designed to be constructed inside existing tanks
with conventional roofs, are common in the
petroleum and chemical industry (Figure 12-38).
The construction is all-welded and vapour-tight.
which, in combination with seals of polyurethane
or similar material, effectively prevents vapour
loss.

Harg top Foating roofs are virtually main-
tenance-free, Since no snow or ice removal are
required and service life of the inner roof and
seals is extended by virtue of being protected
from the weather. Erecting a floating roof within
an existing tank requires little or no modification
of the tank structure beyond cutting slots for
ventlation and overflow and welding shields
above them.

Pontoon Ficater  The pontoon floating roof

tank provides vapour-saving. anti-corrosive
storage since the single deck roof floats directly
on the stored liquid, 100% contact is maintained
to prevent corrosion by entrapped vapours
(Figure 12-39).
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The roof 1s supported by peripheral pontoons
covering approximately 25% of the deck area.
The welded construction is strong, stable and
fire-resistant. The large pontoons have built-in
stiffeners that provide maximum ngidity. Heawy
rainfall 1s drawn off by a central sSump and hose
diain to the outside penmeters of the tank. The
space between tie roof and the shell ol the tank.
The space between the roof and the shell of the
tank 1s closed with polyurethane foam or similar
seal.

Double-beck Floater Double-deck {loating
roof tanks have proved successful in protecting
volatile prcducts against evaporation [ne
double deck is designed for buoyancy and
strength, and insulates the product against
rsing temperatuces: the roof floats directly on
the stored product to prevent vapour loss (Figure
12-40). The upper deck of the roof is sloped to
the centre sump for efficient drainage, and only
deep snowfalls create a need for atiention. As
with the pontoon floater, the space between the
roof and the shell of the tark is closed with a
choice of saals.

DRY STOAGE CONTAINERS

Dry storage tanks (Fig.re 12-41), bins and hop-
pers are consiructed in various shapes and sizes
and may be erecled at various elevations using
struct ! supports. In general. the techniques
used I erecting liquid storage tanks are applied
in erecting dry storage units although some
specific charactenstics of dry storage are reilec-
ted in the construction procedures.

Features of Dry Storage Tank Construction

1. Depending on the customer's requirements,
the base (usuwally concrete) of a dry slorage
tank of bin may be the actual floor of the
unit.

Depending ort its function. the top of a dry
storage umit may be open. or partially or
completely closed; the roof may be con-
structed of wood. concrele or steel.

The funcltion of the completed unit may
require inclusion of a dust-tight seal of
polyurethane foam or similar matenal at the
base and/or at the lop of the container.

HOSE ORAIN e
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Figure 12-40. Double Deck Floater

Ory storage design requirements are based
upon e effective direchion of stress which
1S vertical-

Bins and hoppers. depending upon customer
specificahons, may have inverted pyramd,
oval or cone bottoms., cone or inverted
pyramid bottoms may be hard surfaced or
have wear plates attached.

Although requirements are less critical for
dry storage units than for liquid storage, all
welding must conform to appropriate codes
and specifications.

in many cases dry storage units are con-
structed with self-supporting roots offering
the following advantages:

o Roof slope conforms to the angle of
repose 0! the product to be stored.

* Maximum capacily from a tank of a given
chameter can be achieved.

* No inteno; columns impede efficient
removal of the product.

STACKS

Stacks could be described as power plant
exhaust systems that serve to emit gases into
the atmosphere at a safe elevation to mix with

EMERGENCY DRAIN

and be diluted by the upper air. A stack is essen-
tially a vertical conduit that forces gases out by
creating a draft due to the difterence in density
between the exhaust gases and the atmosphere.
Stacks may be made of brick, steel or fibreglass:
in some cases a brick or concrete chimney is
built around a steel liner.

The choice of erection method for a stack is dic-
tated by the following considerations: 1) the
required height of the stack and 2} existing site
conditions. particularly with respect to adjacent
structures.

ERECTION METHODS FOR STACKS

Stacks are erected in sectinns supplied to the
jobsite as shop fabricated units. either full
round sections or hali-round sections. The
height of a stack erected in sections is limited
only by the vertical reach and capacity of the
crane. The sections are placed on top of each
other, one at a time: each section is plumbed. fit-
ted and welded before the next section Is
welded. Sections are plumbed using a transit
and a plumb bob.

The most common technique of fitting stack sec-
tions is iHustrated in Figure 12-42. The slotted
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SKETCH A

WEDGE MK 3

SECTION THRU "C.C*

! j:l:i
! .

| L2
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3

LMK 116 G.A.
FURNISH 4 FOR EACH GIRTH WELD

Figure 12-42. Stack Section Fitting
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plates (MK 1)} and the wedges (MK 3) are used to
bring the newly placed section into alignment.
Tack bars (MK 2} provide a temporary means of
holding two half sections together prior to
welding.

Full-Round Stack Secions There are a nums
ber of techniques for erecting fuilround stack
sections. but only the three most common are
described here,

1. Often the prefabricated full round sections
are hoisted into position one on top of the
other. Once in position. each section is
plumbed and fitted before the girth walds are
dong and the naxt seclion lifted. Sections
are plumbed using a transit and a plumb
bob. Figure "2-43 shows a stack being erec
ted by this method; the upper section Is
being raised by a tandem hoisting
arrangement consisting of a g¢gin pole
situated on the highest point of the boiler
structure and a crane on the ground. Figure
12-44 shows another stack under con-
struction; the section in the foreground is
the top section being raised into a vertical
position in preparation for hoisting.

Figure 12-45 shows the main line of the
crane about to lift the section into place on
top of the completed lower section of the
stack. Figure 12-46 shows the lower section
of the stack ready for the top section to bg
hoisted into place. Note that the lower lavals
of staging have been removed. A mobile
crane was used in this sequence to effect
the lift,

2. In some cases. the whole stack except for
platiorms and ladders, is assembled on the
ground and erected as a comgleted unil.
This method can be used only within a
limited range of heights and within the
capabilities of the crane.

3. Another common method of erecting stacks
from prefabricated whole round sections is
used when site conditions present access
problems. This technique involves jacking
up the completed porlions of the stack and
guiding the next section into place under the
raised portion.

Half-Round Stack Sectlons When the stack
sections have been supplied as half-rounds. the
araction of each section involves vertical as well
as horizontal (girth) welds. Figure 12-47
ilustrates one method of grecting half-round

Figure 12-43. Tandem Holsting Stack Eractlon

sections; in this procedure a floating type of in-
side staging is used which is supported by two
light chain falls used with bridles to provide four
points of suspengion. Four small rope falls can
be used as an alternative. The advantage of this
arrangement is that during the transition, when
only one half ring is in place, the stage is sup-
portable on one side only; this causes the stage
to lean to one side and jam against the stack so
thal it is perfectly safe.

Another method of supporting an inside stage {a
simple piatform consisting of 2" x 12" planks
laid ¢ ~ross and nailed to 4" x 4" struts) is to
weld angle clips to the inside of the stack at
each elevation. These angle clips should be
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Figure 12-44. Standing Up Stack Section Using
Two Hooks

<

Figure 12-45. Stack Section Ready For Lifting

welded on one side only to facilitate removal
since they will be knocked oif for re-use when
work at that elevation is completed. Sufficient

Figure 12-46. Lower Stack Section

staging materials {angle clips and lumber) for
two platforms are necessary, so that when one is
in position the other can be assembled at the
next elevation. When the work moves up to the
new elevation the lower platform is dismantied
simply by removing the wood and bending the
angle clips until the weld breaks.

Figure 12.47 also shows the field-constructed
gin pole resting on the platiorm and against the
stack; it is prevented from slipping sideways by
wooden c¢leats nailed to the platform. The
guylines of the gin pole are jastened to the stack
as shown. Aiter the first half of a section has
been raised. placed and secured with sufficient
tack welds, use the gin pole to raise the stack
cage to the top of the new half section. At this
point move the gin pole to its new position {at
the same elevation} for raising the other half of
the section.

When the floating platform is to be raised to its
next elevation, move up the guys on the gin pole
one at a time to their new fastening points. The
bottom of the gin pole is moved around 9C° with
Hs upper end leaning against the top edge of the
stack iIn the approximate directicn required to
lift the first half of the next section. One of the
chain falls supporting the platiorm is slacked off
and unhooked so that the lug from which it is
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Figure 12-47. Stack Erection: Gin Pole Method

suspended can be removed and relocated near
the top of the section above. With this chain fall
hung In s new position and carrying the weight
of the floating stage. the other chain fall can
also be relocated. When the stage is raised by
the two chain falls to the next elevauon. the gin
pole will rise up with it until the guys are taut.

FIBREGLASS REINFORCED
POLYESTER

Fibreglass reinforced polyester (FRP) has a
growing range of applications in zonstruction
due to its unique properties and characteristics’

1. High mechanical strength

INNER STAGING—FLOATING TYPE

Suffness qualities exceeding those of other
plasucs. but sufficiently low to absorb a
significant amount of thermal stress

Light weight

Resistance to a wide range of chemical en-
vironments

5. Ease of fabrication and erection.

FRP is primarily ysed in process industries for
the following structures:

1. Ventilation equipment such as ducting and
hoods

Breechings and plenum chambers in con-
siderable size ranges and operating tem-
perature levels
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Stacks and stack hners

Process vessels {scrubbers. cooling towers.
etc)

vertical and hornzontal tanks in a wide range
of dimensions.

STRUCTURE

FRP used in construclion is a complex com-
bination of fibreglass and polymerized un-
salurated polyester resin in which the properties
of the product can vary widely depending upon
the type, amoun: and arrangement of the rein-
forcing hbreglass particles. In the manufacture
of FRP. three components are required.

1 The unsaturated polyester resins as lhe base
~f the combination: the functions of this
malterial are:

¢ Providing form to the product

* Distributing operating stresses within the
product

+ Providing chemical and therma! stability
+ Rendering the product lire-resistant,

The fibreglass reinforcing material which
gives the product strength and stifiness The
quantity of fibres and the manner in which
they lie in the polyester base determine
these characleristics.

The coupling agent that mediates the
cohesion of the fibreglass within the
polyester base matenal. The functions of the
coupling agent within the FRP product are:

¢« To help focus stresses toward the

fibreglass reinforcement

+ To improve the moistureproof nature of the
product.

CHEMICAL RESISTANCE

FRP's inherent chemical stability is influenced
by design characteristics of each of the product
components: the polyester resins. the fibreglass
remnforcing material and the coupling agent.

Principal Appiications of FRP in Chemical
Environments

1. Acid environments within specified tem-
perature ranges
Chlorine/bleach service

Gases {except fluorine and bromine). within
specified lemperatures in some instances

Inorganic salts and salt solutions {(most salts)

Petroleum products {except a'cohol).
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Hvdro-Electnc Power Development

INTRODUCTION

Hydro-electric power is produced when the
force of moving water is harnessed by man. The
energy is derived indirectly from the sun. since
the sun constantly raises water, evaporated from
oceans. lakes, nvers and marshes. into the at-
mosphere where condensation produces clouds.
Rain and snow from these clouds return the
water to the earth.

Rivers with fast descending waterways. falls or
rapids are chosen as damsites for power produc-
tion on the basis of three factors:

1, Volume of water moving through the area
2. Rate of descent
3. Capability of the reservoir,

STAGES OF DEVELOPMENT
Site prenaralion

The following areas are cleared for con-
struction:

1. Area selected for the powerhouse

2. Upstream area selected for the reservoir

3. Area of the actua! damfill.

Temporary water diversion

The flow of the nver must be diverted for the
penod of construction on the project A diver-

sion dam and/or tunnet 1s built before ex-
cavation of the damsite begms.

Dam Construction

Two types of dam may be used. earth fill (Figure
13-1) or concrete {Figure 13-2). The dam is built
to a height determined by engineering studies 10
create a reservoir or lake from which water will
be drawn to run the turbines.

Powerhouse Construction

The powerhouse may be located underground or
above ground. and consists of a cavern or struc-
ture that will house the turbines (Figure 13-3).
Usually two bridge cranes are installed (one is
visible in Figure 13-3) to expedite construction
and for subsequent maintenance operations.

CONSTRUCTION OF WATER INTAKE CON-
TROLS

The inflow of water from the reservoir to the
tailrace must pass through a series of controls
{See Figure 13-4).

Trash Racks

Trash racks are steel screens that provide a
barrier 10 l0gs and other potentially damaging
items from entering the penstock.

W.A.C. BENNETT DAM — Length: 14 miles; Thickness (at base): /2 mite; Height: 600 feet; Volume: 572 million cubic yards of fl
(100 millimeters), Crest elevation: 2,230 feet above sea level: Reservoir: 640 <quare miles.

Figure 13-1. Eartk and Rock Fill Dam




Figure 13-3. View of Underground Poweriicuse
During Early Construction
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Stop Logs

The stop log assembly is a nrumber of solid steel
frames with timber and rubber seals that can be
lowered between the trash racks and control
gates to reduce pressure on the control gates.

Control Gates

The control gates regulate the water flow into
the inlet end of the penstock relative to the
power demands of the area being serviced by
the hydro installation. In addition to the power
demand factor, the control gates are lowered to
close off the water flow completely for main-
tenance operations on the penstock or spiral
case assemblies.

Penstock

The penstock is a steel liner or pipeline for con-
veying water to the spiral case.

Spiral Case

The spiral case directs the water flow agajnst
the water wheel or "runner” portion of the tur-

bine assembly. 3 66
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Figure 13-4, Hydro-Elsctric Power Dam Inlet

Turbine

The water rotates the waterwheel, shaft and
rotor (moving narts of the turbine assembly)
against the stationary stator to produce elec-
tncity.

Qutflow Sequance

The spent water is drawn by gravity down the
draft tube liner to the surge chamber and out the
tailrace to the river below the dam.

In this chapter on hydro-electric power develop-
ment the fabnication ang erection of the pen-
stock. spirai case and draft tube are deszribed,
as well as the instatlation of the turbine. These
are the aspects of dam construction of concemn
to the Boilermaker.

PENSTOCKS

The purpose of a penslock in a hydro-electric
power development is to convey water from the
reservoir to the spiral case and then to the
waterwheel. Ge: ally. penstocks are made of

steel; however, depending upon function ar cost.
may be constructed of wood and concrete in-
stead.

Penstocks may be located above ground (Figure
13-5) or underground, and may be laid in a
horizontal or a sloping position. Supports (sad-
dles) in which penstocks may rest can be con-
structed either of steel or concrete; the penstock
may be held down in these saddles by steel
hold-down straps {Figure 13-8). On major hydro-
electric power developments. the steel pen-
stocks are totally encased 'n concrete and
tocated underground

PENSTOCK CONSTRUCTION

Piate thickness and penstock diameter are two
variables dictated by:
1. Length of the penstock to be constructed

2. Vertical height of the water between the inlet
and the spiral case.

As penstocks are built to suit different locations,
a number of methods are used to constiuct and
erect them in the field. Stecl penstocks are
usually fabricated in the contractor’s shop. As
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Figure 13-6. Penstock Hold Down

specifications and procedures m.ay vary with the
customer, the f{ollowing sets oat a specific
metho.. from fabricatioy in the shop to in-
stallation at the jobsite.

As steel 1S received at the zontractor's yard from
the steel mill, it is sorted ntc grades and
thicknesses and batch numbers aie recorded.
Mill scale is removed from the plate by means of
a wheelabrator (metal shot cleaning). The plate
1S then prepared for burning and painting. The
plal- is cut, "ltrue and square.” © the required
size (based on mean neas NS} with the
necessary edge prep ons (bevels) for
weldind. The i2quired number of plates are
rotled to the specified radius and loaded for
shipment to the lield shop for pre-assembly of
penstock cans.

In the field shop. the initial Step is to place three
rolled plates together in a circle and fit them
together to the desired diameter of a penstock
cah, The fitting is accomplished by using key
plates and builoins (dogs and wedges) {Figure
13-7}

The welding on the prepared butt joints is done
using the Submerged Arc Welding (G.AW.)
process Individual cans are then joined
togedher in pairs 2o as to form a saction of pen-
slovk. The circumferential seams are alsc
welded by the § AW, method. Stiffens: rings »
added to the sections t0 aid in mainta’+r g
roundness (Figure 13-8). After all welding on
each section is completad. the welded joints are
radiographec t0 mnsure 100% compelency.

As sections of the penstock arg built in
sequence, trunions (lifting lugs that pPsrmit the

v ‘._-"o
i~ "o

Figure 13.7. Fitting with Keyplates and
Bullpins

- Lo
* - T

Figura 13-8. Penstock S2ction Resdy for

Trensport Compliate With SilHener
Rings and Trunions

can to iotate fresly when suspendad) are welded
along the honzontal csnlre tlines for lifting.
{Note: In tha illustrated rigging operation, the lif-
ting cr transpérting device is a high line with a
sate working load rated at 30 tons.)

TR AR
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The predetermined sequence of penstock sec-
tions are loaded onto a low-bed truck and trans-
ported to a location under the high line (Figure
13-9). The sections are picked off the truck by
the high hine and lowered to the preconstructed
supports (Figure 13-10 and Figure 13-11). As
succeeding sect'ons a'e lowered into place. the
adroiming circurnferentiai seams are fitted and
manually welded (Figure 13-12). Again the
seamns are X-rayed. As the penstock is built up-
ward. it 15 systematically enveloped in concrete
(Figure 13-13). A portion of the penstock at the
outlet end is left free of concrete to facilitate
connection to the coupling. connecting it to the
spiral case.

Figure 13-9. Penstock Section Being
Transported

Figure 13+10. Penstock Section Being
Lowsrod

Figure 13-11. Loweres Penstock Section
Being Manoeuvered into Position

Figure 1312, Waiding on Fitted Buit
Joint of Benatock Ssction

Figure i3-13. Panstock Encased In
concrete
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Spiders

Spiders are used to hold a penstock "r- ~d” un-
tit 1t 15 completely welded n its final |, usition.
Penstock to be buried in concrete has the
spide*s teft in place until the concrete has been
pou « and atlowed to set (Figure 13-14). When
per.: anent stiffener rings are installed on the
outside of the penstock, suiders are ure-
necessary o the inside. Spiders may be con-
tructed from a number of different structural
shapes, such as pipe. angle or square tubing.

Tolerances

For nstathing penstock as described here, the
out-of-round toterance must be within 1/4" at the
downstream end where the penstock joins the
spiral case. Other areas of the pens.ock must be
withun 17 of the thecretica! centre line with no
“out-of-round” or “ftat spots” exceeding 3/8".
Misatignment of plates for welding cannot ex-
ceed 1/167. Figure 13-15 illustrates an elevation
view ci the penstock installation described

Figure 13-14. Spiders installed in
Penstock Section

SPIRAL CASE

After completion of the penstock, the spiral
case is ready to be installed at the outlet end of
the penstock. The first step is installation of a
draft tube liner directly below the centre line of
the designated turbine location. Once in place,
the draft tube is set to etevation and location
and held in place by turnbuckles and anchors
(Figure 13-16). The outside of the secured draft
tube is comptetely encased in concrete

Placed directly on top of the draft tube liner is
the discharge ring which acts as a conrnection
between the draft tube liner and the stay ring.
The stay ring usually consists of four pieces that
form the inner core flom which the spiral case is
hung (Figure 13-17). Each quadrant of the stay
ring can weigh as much as 80 tans. The stay ring
is bolted and welded together. Belween the top
and bottom sections of the stay ringe are
stationary gates o~ vares whose function is
described in the turbine section.

Figure 13-16. F.ully Eracted Draft Tube
" ~ady for Concrete Pour
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The elevation and location of the draft tube liner,
discharge ring and stay ring are crilical because
this assembly must be positioned directly un-
derneath the turbine centre line. In addition. the
positioning of this assembly determines the
posilion of the spiral case whose inlet end must
align with the completed outlet end of the pen-
stock.

The spiral case is now ready o be hung off the
stay ring. The spiral case 1s customarily shipped
to the powerhouse site from the fabrication shop
where it was test-fitted to confirm that the com-
ponent parts will assemble (Figure 13-18 and
Figure 13-18). The spiral case sections are hung
off the stay ring and secured by tack welding
and bolting (Figure 13-20 and 13-21). Spiral case
support brackets are posilioned and welded, the
spiral case is also supported from underneath by
screw Jacks to maintain the required elevation;
once attained, the spiral case is held in position
by turnbuckles welded to the spiral case at one
end and hooked through eyebolts in the deck
(Figure 13-22). As the sections of the spiral case
are being lowered into place, ntung i1s begun on

October 20, 1970
Allls Chelmers WF). o
Spiral Case Asssmbly
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Figura 13-21. Fitting of weirsection of
Spiral Case
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Figure 13-22. Spiral Case Supporis;
Screw Jacks and Tusnbuckies
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the longitudinal seams first followed by cir-
cumferential fitling. The fitting is accomplished
by using—dogs, wedges and hydraullc jacks
{Figure 13-23),

Circumferential welding is done only after the
longitudinal seams nave been welded. Joint
preparations on spiral casing are done
specifically 10 ensure that the majorily of the
welding can be accomplished in the vertical, flat
and horizontal positions. The only overhead
welding required is for filling the back-gouged
root weld. All welds except the first and last pass
must be back-slepped and peened to provide a
mechanical stress relief.

When all the spiral case welds are completed,
the spiral case assembly is permanently alfixed
10 the stay ring by welding. All welded seams on
the spiral case are X-rayed. In addition to the X-
ray testing of the welds, a hydrostatic test of tha
unit is done. A test head is welded to the inlet
end of the spiral case, and a test r.ng is installed
to “blank ofi” the stay ring from the spiral case.
The spirat case unit is subjected to a controlled
hydrostatic test.

Fottowing a successiul test, the test head and
test ring are removed, and the spiral case and
stay ring are checked for final alignment, All
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turnbuckles anchors and Jacks are secured: the
enure spiral case 15 then encased n concrete
except for approximateiy 3 at the infet end This
15 {eft exposed 1o permit Lonnechion to the outlet
end of the penstock by a co ipling assembly The
coupling 15 used as a transihon or connecting
channel between the gutiet of the penstock and
the inlet of the spirai case The coupling unit has
a varable lengih lo accommodaie the actua:
distance between the two openings

TURBINE ASSEMBLY

The turbine assembly represaents the elecincity-
producing component of a hydro-electiric power
insiillation. it 1s the mechanism that actually
converrs moving walcr inte elecincal current

The prncipie of electricity generafion 1S based
on this sequence.

1 Walter moving under pressure {gravity) turns
a wheel

The wheel turns a shaft,

A powerful electromagnet (rotor) housed
near the lop of the shaft 1s activated by the
spirning shatt.

Conductors housed wit'an the stator cit the
magnetic field of the rotor and pick up the
electncal current 5o formed.

The electricity flows through the conduclors to
the transformers. along trangmiséion lines to
substations. then 1o the coasumeér wvia |ccal
distiibution hnes (Figure 13-24).

| alingto
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The cut away diawing Shows wn elementary form how electnaty 1s
Produced In this rase hydra power 15 supplying the energy Lo tuen
the lurbines

Figure 13-24. Schemaltic Drawing of
Hydro-Eleciric Power Generating
Project
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ERECTING THE TURBINE

When the spirat vase has been erected (o the
final stages and tested, erection of the turbine
can begin Various other tradesmen such as
electricians. pipefitters, ironworkers. carpenters
and Iabourers have specific roles 1n inslaliing
components and connecting various electncal
and mechanmical systems required to render the
unit operational.

The turbine nstallalion generally follows 4
sequence simiar to that descnibed beldow For
each component. the procsdure nvolves lesi-
iitting and ahgring before final installation. Two
overhead cranes are provided in the
powerhouse for handling the turbine and
generatgr components. Figure 13-25 1llustrates a
section of a typical generator and urbine unit.
depicting the spatal relationships between the
components.

1. instaliation of Turbine Pit Liner

Figure 13-26 shows the spiral case before
the turbine pit liner 1s installed

Figure 13-27 shows the turbine pit bner In
place, The spiral case and lower portion of
the turbine pit ineér may now be encased in
concsete, Although the spiral case 1s tolally
encased n concrete, access to it and the
dra®t tube liner for maintenance s provided
by corndors i the concrete leading to man-
way dours.

Nole Turbine Headcover Temporanly Located wn Centre ol Umt

Figure 13-26. Spirai Case Nearing
Completion




Boilermaking Manual

POWERHOUSE CRANE

[ &

]

. i
-
..

ELECTRICAL WINDING

GENERATOR

ST R ARG

GATE OPERATMIG  oul
MECHANISM

Wil P s ] -~ : SHAFT

1
SRR T T oon
ELECTRICAL H vi ?(I)I.E oron
A
GALLERY oo STATOR
PIPING
GALLERY

HE AL LOWVER

av RING WICKET GATES

#OTT 4 NG T RUNKER
STEEL LINER
OAAFT TURE

Oftau S5E
GALLLRY

- |

N

s S

f I 7 oY

PAFullToxt Provided by ERIC




Hydro-Electric Power Devslopment

\

Figure 13-27. Turbine Pit Liner
Instalfed

Installation and Aflgnment of Discharge
Ring and Gate Ring

The discharge ring is positioned on top of

the draft tube liner and welded into place.

The gate ring is then set on iop of the

discharge ring and bolted in position. The ; i
gate ring is the structure into which the bot- Figure 13-28. Installation of Wicket
tom ends of the wicket gates are fitted. Gzles Into Gate Ring

Fitting of Wicke! Gates

The wicket gates are test-fitted into the gate
ring. Once fitted and alignad, they may be
left in position ready to receive the head-
cover (Figure 13-28), or they may be fitted
into the headcover and installed as a com-
posite unit.

fnstailation of Runner and Shaft Assembly

The runner, runner cone and shaft are filted,
ahgned and installed as a unit. Figure 13-29
shows the assembly ready to be lowered into
the turbine pit. Figure 13-30 shows the
assembly in the final stages of installation.

installation of Headcover

The headcover is lowered over the shaft,
eased onlke the gates. set on and bolted to
the inside circumference of the spirai case
tay ring. Figure 13-31 shows an instance in
which the wicket gates were pre-fitied to the
headcover and the assembly installed as a
unit.

Installation of Wicket Gate Servo-Motors

The function of the servo-motors is to open
or close the wicket gates against the flow of
water 1o the turbine. Figure 15 32 stiows the ’
servo-motors located in recesses in the tur- Figure 13-29. Shaft and = -~ Assembl,
bine pit. About to be Low” . Into Po tion

3?7
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Installation of Statos

The stator is positioned on top of the turbine
pit. Figure 13-33 shows the stator being
moved toward its final position.

instaliation of Rotor

Figure 13-34 shows the rotor being assem-
hbled rFigure 13-35 depicts the final
positioning of the rotor, bolted on top of the
shaft, within the stator. Mechanical testing
for balance. performance, running tem-
peratures and speeds are monitored closely,
and any necessary adjustments are made.
Electrical testing of the generator is the last
stup before power can be transported.

Final Enclosure of Turhine Unit

After all components have been installed

and the turbine tested successfully as a unit,

_ . enclosure operations begin. Figure 13-36

P : : shows Structural support members in place

Figure 13-30. Shaft and Runnar Assambly before installation of final decking as
Bzing Positioned illustrated in Figure 13.37.

Figure 13-31. Headcover With Wicket Gatss and Gate Levars Heady for Positioning
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Figure 13-33. Stator Assombly in Transit to Gersrator Location
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Figure 13.-35. Rotor in Position Within "
Stator Figure 13.36. Structura! Supports Erected
A
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Figure 13-37. Turbine and Generator Assemblies Completed
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