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INTROODUCTION

Lead urkling (busnieg®) i umilas 1o the aekling of ather metah in that
it purpane 18 to pan tao of peve soctenen of meta] wto one continaons pérce.
The techuigue uwed ta tuing about thes deired rak, emever, differs oo
subrralls from that emphned aith othet metale. The mupw dfferomes ae
that 1o fis i tequired in welding bead. aid the sar of the te h hp vanes
foom dnll woes of 7% ta 68,

The bt sucamwfud attemp, at welling v peotudly o co kad. Tha
has ieen shmn by wumpie of bead pipe datiog hacd over 10 vears. The
Ronan of that evs had complete water dntnbation sstems, and meont of the
pipe wed o cmney water within oties and homaes was made of lead. The
e was mamdacturad wostandard kengths and sizes, and the method of manu.
factuee was a crude form of welding, as compared to toaday’s methods,

GENERAL PROPERTIES

As 2 raw matenal bead s marketed 1o pigs averaging 100 ponds. Pig Sead
v available moweveral grades. av speobed mothe ASTM Standund Specific ations
for Pog Lrad B 2933 (Table THIL,

The satrne gradkes of bead Ed theie principal uses in certain sppheations,
bt sre R necvvanh cmfined (o thee apphcations. For caample, corroding

"% Lrad eorend & e Wod Wrtmenoagy 1evy whive wwed b dree b irad weddiong.

o

M s decd o % 2 2% % 0

b e o o
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lead, because of its high punty, is most extensively employed ia the manuface 1
ture of “white Jead and other pigments. Chemical Yead and scid-copper lead E
arv widoly used under currouve conditions, Common deslverized lead s 4
essentiaily used foe general parposes.
’ i '*7!.!~Alm~:;‘dwl;w;:ﬂ;-d' T
) "; N R RS Commen
¢ G.'a"&'.‘ $oud 1c} { l.a:?t“! tred =) 3
Miver. mas . pot cont | emia sese | oam o one E
Sdver. wia . per cont : . * g : e s
Copyer, mas . pre comt , ewmid .  eom i o e # 0038
Cagewe. M . por comt : ' o0 ‘ [N
Siver and coppun togmber. mos.. Pt comt : o wgs l ..... ’
Arernic . satimeny snd tia tagethet B, ! { X
o cont . o g . o w3 o e ¢ eod
L. omas . pov comt © ewmt 1 ewt ! ot (X, ]
trem mas  pet comt | ems | ee | owme oo
P orh. mas.. pov ot ’ * o8 ! scot | o ot
Lond by Sdiveencet min . pos comg ®em | wxe | wwe ! * as

(s ASTM 80488

B Corrotag rad 1o 0 drugnators that bou bevt 0ond 10 10 11 ade bt Bony 1700 to drm tie rud vhah
Sas borw rrt el te @ bigh drgree o8 pyrey

Gt A amna brod ma .2 gt 2ipm 1hat hat 1wt 00od s thv 10 0de (u dotn ke The Sademivered o ad pro-
deced (o Nnlhrast th Mo A s

(€ Acull it rad @ made By abdiag Tigeet b tally ret med trad.

o Comen - dralirred ead i & Gruguotit vond ta devtibe talhy trited druhorued eod

Lead is casily rolled itta sheet of eatruded into papes, wire, cable sheathing
or practically anv deswed cross sectxa It 15 cauly worked, forged, cast, and
alloyed with othry .actals.  Two alkns commonly used fa the industry are
tellnrium dead and antimenial Wead  In buth of these, the alloying ckements
impart certain charscteristas ta the kead.  The addition of tellurmum, less thas
0.1%, improves the work hardeng capacity of the lead  The addition of
antimoay, unally about 6%, mrrass the hardrese and pravides abuut twice
the tenule strength of scdt Iead at ordinary temperaturee. However, antimoay
komers the melting poit marhedly, tn a degree wiuch depends va the peroent.
age aided.

fead melts at 621° F aned tnuls ot WN2* F. When froshhy cut, #s sud ce
has a baght, wiven fuster wheh evadiers to a dull grav. Lead is resistant to
cortmon {nwm ordinary stmosphere, monture and water, and is particulaly
eficctive againt many acds. sach as sulfure and hromue.

In specifications, the thickncus of sheet lead 13 wially referred tn by wright
in pounds per square fxt. Tl thuknew m fnches can easly be ascurtained
by fulkrwmng, in geneval, the femuls 11at one squate Cet of kead g in. thick
exquals one poumt i evanple, $ 1 dieet lead weighs 8 Th per sq ft and s
/g 0r V/qim thek,

Lead pipe is usinally spuaats by coude dumter and werght per fout or by
wall thickness.




&, Lead
WELDING OF LEAD

Cas welding 15 inost commonly used fur welding lead.  Other welding
peocesses have been used on an experimental bass only,

Special Equipment

The following tools are nevded for Jead welding:

1. Torch tips ranging in dnfl size from about 78 to 68, The smaller tips
are fox use with 6Jb Iead and lighter, and the Lirger tips for heavier
tead. Depending upon conditions amd the welder's experience, torch
tips larger than 88 dnll stae are sometuncs used. Light fingertip torc!

" wiliecntnd tapy wparate from but eanly scoessible to the welder sre
peclereed.

2. Muallcts and dressers of materials that will g dent or mar the lead for

dreviing the sevtions of kead to be joined 30 that they are suitably

aligned for welding.

Wooden turn pins fur expanding one eod of a length of pipe so a3 ta
canly insert amther scction of pupe to fonn s cup or lap joint,

Shave hooks, scrapers and wite brudics fur deaning of removing oude
from the lead over the arcat that are to bevume & part of the joint.

Vasncus tools fue cuttung the lead undormly,

Mectal mnokls for use co verticsl butt scame

Fuel Geses

There are thiee combenationy of fuel gaws commonly used. They are
axy acety lene, ovynaturs] gas and onvhydrogea. The axyhydeogen and acetylene
mintutes can be uwd frr all pacten wobling However, onyhydrogen is pree
ferrod by mant bead welders. The cnynatural gas muture is satisfactory for the
flut, honzuntal ard vertx al positions.

Gas Pressuce sad Fleame

A Low gas peessure, whach vanes fro 1V t0 S pu according to the type of
wild to be made, 8 generally used. The fame must be a neutral une, as a
reducing flame will depunt uad on the purk and an oodiang fame onats the
malten globules of rad with an cude Blm whach ats as 2 barner brtwren the
molten glebuky and preavents coulememe.  The tength of the flame will vary,
but it s unuby sumentete trtween ', and 4 incles, depending upon the
pressure and vadusee of gas uned

P o

Fitler Metel
Fillet metal is gerwrally in the form of lesd mds, vannmg in size from Y/, to
3w in danwter. e unalier sz are used foe Bight-weight lead, the

larger vres for beasm e Lol The sl tin of fd sie is wnially 8 matter of
the weklir's prtorame  Tie fler metal should be of the ame cumpostion
asthe lead whan b e w g woaded For ecample, 8% antimoua! Sead s being
welled, 3 6% artiiosuad Bi% e matal shonidd be used.

Wocking Precevtions

The sxtions of the lead thut are ta broame 3 part of the jat should be
srupulnly cleancd by duving o wae brushing.  This includes the inner
surface of pope punts whach widl be in cotact o8 well as the evpused aseas. On

oo e e T Y.
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square butt joints, the abutting edges a8 well as the mirface on which the
tenforement will be deposited shoubd be cleaned.  On lap jolats, the edige
and undruldc of the lapping sheet ard the m of the hpﬁd sheet n(nulu
beyond the Lap to the edge of the atea over w lkh the weld will be dtpout
dwuld be cleaned.

JOINT DESIGN
Shoet / ////
There are three basic typet of joints

commoaly usced i welding sheet kead: -"LI‘

Lait, daps (Fign 71.1=0) wind Luivge. On

flat work, the butt and Lap tvpes of juint Fi¢ ) I«T!ﬂrd butt joint for sheet
can be used Interchangeably, depend. lead ’fs tn. thict o0 leve

ing upoa conditions of installetion. Om

vertical and overhead work, the lap

foint {5 almost always used. The Sange

joint, which is nat ilustrated, is used

only under sprcial condithons.

Pipe A 4
The butt joint is usally preferred -“_L' 4 0 Y

with the lap and cup points as alterna- ¥ ‘e

tives (a Lghter weight lead, up to about
S/ i wall thuknese.  (Sce Fige. P& 712 -Butt joimt dratgn for dhorat
T1L4-6) The flange punt 1s often ueed lead ocer *f, . thick

on larger dumeter pipe, st differs
frium the fange jknnt used on theet lead.
The finge fur pipe joints & cast ar
made f{rom sheet lead and 15 them
wrided to the pipe.

Jeiat Preparetion

The Lip Lunt is generally pe by
Lipping the alge of one member oves
the mhet sbout ¥/, t0 2 in.,
upm the thickness of the le m
thukee the lead, the greater the Lip.
The undenvide, edge and top lace of the
upper member, a3 well as the top fae
of the krwer member, whah wiil ol
[oemn part of the jount, are xtaped cleaa.
Bod saws with special dead cutting
hlades may be used to <ut sheet lead -
wlen prepanng ants. b M1 4-Bunt itk *-

The bt jount is prepared ing 1€ 18- Bult pint for pire ‘.
the edges of bihpmﬂnbtﬂbyh:vl:‘h. tn well thicknras or Lese
For matesial wrighing feas than 8 fb (17,0, thak), uo beveling of the edges
s evesuary. However, for heavier weghts, the edges sl ald be beveled to an
inciuded angle of 43 to 90 deg, enrgt fir o et face A 1/,, in. ounimum,
vwally without 1t opening. (See Fig 7123 The roit faces should be

"
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shaved cdean, as well as the top surfaces
ol the two parts over the arca forming
the joim,

The flauge joint for use with 4-1b end
Lighter sheet 15 peepared by turning up
to & right «ngle the ends of the aboets
to be pined. Both facing sides and
dges of the upturn should be scraped
tican and then butted together.

TORCH MANIPULATION

Manipulstion of the toech and the
Lind of fame usend will upos
the type of pint being made and the
pensition of wekling In general, 8 seends
cwcular or ¥ osha motion ks used,
The molten lead is controlled and
dirted with the dame, thus account-
ing for the circular ar herringbhone
appearance of the jik.  Each semd-
arde of vee 4 made in one continuous
operation, the fame being ficked sway
from the wink at its completion.  {See
Fige. 71.9 and 71.10)

When welding ‘a the hanmatal -
ton, a wdt, bushy flume 3 ment -
able.  In the vertxal and overbesd
putiont, & more peinted famne i geo-
erally used  Tha will svanv to wene
catent with the individual welder.

Weldiag Positiens (Sheet Loed)
Flet Position

The butt jrint is the most commonly
used type for flat ponition welding. For
thin theet, 17, t0 1/, tn (2 t0 4 D),
Ranges 1 o 117, tunet the shoet thick.
neas mav be bent up, cleaned and bur-
ted together.  Lap funts are sametimes
peefenied, due to the simphaty of -
ting. The welding torch is moved in a
semicircular path trmard the lap and
then straight away from . Fillee metal
18 grnerally Lwed, although not on the
fint pare. Flat wedds are illudtrated (a0
Figs 7113 and 719,

Fig T left) Overhund technique  Verticul Position
for welding ta the Ronionted postion  Lap prints are used almost ercluuvely

eht) Underhand techalque for weid.  whin welding lead in the vertxcal poss
ing in (he Aorizontal portion ton.  \Wekdmg 1o brgua ot the hottom

)
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Torck Manipulation 7 4
of the jotit and the flame is applied to )
the lead at the junction of the fromt and
teas sheets. When the edge of the front R AT 3
sheet becomes molten, the Bamne fs car 4 ' 4
ned with & circular downward motion \ — ¥ —
hack into the sheet, mvnpldfly tiques p o e -] 3
fying lh“l(“‘"‘-ﬂ Then the ml’: i =
carricd almost  horizontally over nique
underlapping sheet, fusing the from Fe :'ot‘-{:i*md ol w;:ﬁ‘::"w 1
a'l rear sheets together. A Sller rod s 3
not generally used (Fig. 71.10).
In rate instances, batt juints aie used, bul this would be mwre of a casting E
mperation.  In this type of epcration, uwds are held in place and tead is

the
melted into and fused with the jourt by directing the hmc inta the mold.

Ocerhead Povition

The overhead position is the mast diBcult of all for welding lead and s to
be avuded wherevee posuble.  However, f # is necessary to weld o this
position, the lap joint is the most sult-
able type, and as shap a Bame as pos-
uble should be used The weld besas
should be small and the operation
should be completed as quicklv as pos-
uble. No filer rod is used. The pees
sire of the flanes and capillary attrace
tiwn are usually suficient ta hokd the
molten lead in place.

Horiztontal Poeition on &

pitits in the horizontal poutice. They
are the overhand method, which s the
casict method and therefore preferred,
and the underhand method. Both pro-
duce lap-tipe pints. I the overhand
method, the lower sheet 10 be Joined i
the overlapping sheet, aad the edge of
the Lap 18 Jeft slightly cpen.  The flame
15 inserted inta this opening and weld-
ing f3 done in what amounts to a flat
poutin (Fig. 70.7 Ieft.) The Lip is not VOTON OF 10MCH » VARG
used as fller metal, but beenmes part VIATCAL LAP WAM

ok the flare in which the welding s per-

fomed, Filer metal fs npphed by 4 oo
lead Bller m‘d‘ The underhand method WORA
is nevessary if the upper sheet laps over  LOCATON A0

wnte the Jower sheet. The Lap s drered Wt ar branr sonen
tghtly against the Jower sheet, snd  Of t1ao L
welding is performed by using the

downside Jap eddge at fllcr metal. The g 7700 - fcdu&qu of weidng bep
flamne is painted at the lower sheet and . foind tn pevticel position

ey
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cut into the overlap when the bead §s formed.  No filler 1od fs usel. The
underhand pint (Fig. T1.8 right) (s almost as difficult to complete s foints in
the avethead position, and shauld be avoided if posuble,

Weldieg Pesition (Lead Plipe)

For best results in welding pipe joints, the wuek should be planned so that
as few joints as ponsible will have to bo made in place. Where the pipe can be
rotated horizontally, welding can be performed in a flat position.

Where rolling is tmpowble and the plpe (s (n a horizoatal position, a butt
folit is generelly used.  To avuid overhead welding, & vee section fs usually
cut in the upper part of one end of the abutting pipe.  This allows access to
the Jower part of the kint, which ie then welded from thee bside of the pipe
The vee cut is then replaced and welded from the vutude, a3 is the upper past
uf the joint (Fig. 71.8). An slternative method 18 to cut teoslots it the upper
part of buth ends of the pipe, folding back the lead and following the 1ame
precedure as previously mentioned to complete the weld.

Fue pipe joitts i the vertical fixed poution, the cup joint should be used
(Fig. 71.6). The lower section of pipe s flared out, and the upper section s
beveled to 6t into the fated end.  The Bame is directed fnto the Imz and, wing
a lead fller rod, the two sections of pipe are welded together.  Multiple pagses
are usually necessary.  The welding procedure is umular to that used for a
groave-welded butt joirt.

Weid Sze

From one to five lavers of kead may be applied by welding, depending upos
the thicknews of the lead to be jund. 1o gencral, a weld renforcement of
about 1/, in is used for butt junts  Tu Bt Lp jointe the rule is to build to the
thickness of the top sheet and then to apply vne muce past. Foe vertical and
overhead [ap foints, multiple passcs are sckiom peactal  For cup jonts welded
in the veetkal fxed pontion, 1t is necessary to bring the weld even with the
Lp of the cup by means of muliiple passcs.

WELDING OF DISSIMILAR METALS

The welding of Jead to other metals is genetally confined ta the applicat
of a thick coattng of Jead to steel, copper ur other metals to combme the corro-
sion reistance of lead with the structural strngth of other inctals.  The result.
ant peadoct is commercially teferred ta as “Donded lead”™ or “homograeously
! lesd.”

Vanous mcthods of bonding Wad to other meuals are available to the fabet-
catur. These include the applacatun of the lead by Land and casting of bead
onto the nther metal. In any cawe, surface preparatam of the metal to be
wvered i3 of paramount importame.  In additon, pure bead doct nat readily
wet other metals, and ®t is nevvsury to use spevtal techiniques or an alloy of
fead, such as tolder of antimons! bead, to coat the hase metal prior to the
application of the kead ining.  Bocause steel 1s generally used as the base metal
in bonded kad equipment, the prceduscs as spplicd to sted wll be described
in some detail. The same general techniques wll be applicable to other metals.

Selder Coated Stcel
Steel that is to be sukler-coated should first be mechancally cleaned by sppli
cation of gnt, sandblasting of grinding. or chemb ally cleaned by puiling. 1
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Welding of Drssimilar Metals, 9

lundling the steel after this step, estreme care should be taken to peevent od
o grease from comung da contsct with the clesisd surface.

A corrnive flux, such as zine chloride, is then apphbed, followed by applica.
tion of a 50% tin, 50% lead soldrr.  This is genetally applied either with &
toech o by dipping the steel into a molten bath.  Whaie still molten sny cxcems
solder iy wiped off with a cloth.  After the solder has solidified but while it is
still bot, any remaining fux should be removed by wiping with a cloth that has
been dipped in hot water.

Antimonlal (Hard) Lead-Conted Steel

The procedure 13 5 {Wihiwed when coating steel with antimonial lead s
caactly the same as that descnbed fur coating steel with solder, ercept that ne
flix 15 required and 67 antimonial lead is used in place of the 50-30 solder.

Lead Ceating of Precested Steel with @ Torch .

In applying & lead cnating to precoated steel with & torch, the Same is
directed on the steel cvating until the enating is melted.  The flame s then
transle-ted to the lead biler metal rod, which is held chse to the area being
wocked on. A3 the Jead Bow s, the tech s trandened to the neat overlappiag
arca. No attempt should Le made to lay down the required thickness of ead in
one pase. Three passes we usually requued to butld up a thickness of 174 inch.

After the first pass, the Jead should be carcfully examined foe pnholes 3nd
other faulte. I any cnist, they should by tepuied by sraping down to the
steed, reapphying the “tinaed”™ cuting and flling with fead.  This firet Layer of
cad may then be wraped dma to a8 more undorm thakness, and the secoad
pass applied.  Alter each pass the surface should be anuncd for faults and
apaited pooe to continuing. When the specitied thickness of bead 13 reached,
the lrad may be machined or wrapad to a smooth, unfuen surface.

Lead Coating of Unceated Steel with @ Torch

Steel which i+ to be cauted with kead should first be mechanically of chem-
ically cleaned as previonsly desnbed. A ux of aither zmcammonium chlonde
ve stannous chlarkle 1s then applicd to the warbing area just before the costing
aperaon. The Bame 15 played on the steel and on the lead filler matenal.
Care should be taken that the flux is nat destroyed by the heat before the lead
starts to fow. Subsequent procedutes are the same a8 those described in the
section entitled "Lead Coating of Precoated Stecl with the Torch.”

Lead Coating by Casting Methods

1n this arcthod of crating, the wnel is perpared by medhasically deaning o
pikling the surface to be ined.  The surface is then Buted with zinc- smmonium
chlorde or stannous chlorde, amd lieat s applied. genenally on the underude
of the sheet.  Lead fller tnutenal i then rublaed Vigoeounly on the treated steel
surface until 3 thun coating of ead adheres to the steel.  Molten kead is then
cast on thiy surface to approtimately twice the detrad thakness. Any isoluble
impunitics such a3 dioss present in the hning will fluat to the surface.  After
the lead has couled, this excets coating cutaining the impurities is removed by
scraping to the spoabed thic

The roughened surface is thea smoothed by flame washing, which alw serves
0 tepair any minor defects,
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WELDING SPEED

The speed of welding butt joints in the st position is ot very differen: from
the speed developed when gas welding steel. Speeds of 30 ft per i are com
mon with 8-lb shect lead.  Cranjon's formuls for determining welding speed o

V=a 102:388

where:
T = }rad thickncuses, inches
V = burning speed, ft/he

Filler Metat Consumption

On butt joints, & tule of thumb for fider metal cousumption for a single
weld is: one foct of 1ud to one fout of jrint, where ¢/, in. dia. rod snd &-1b m
sre employed. One pound of ¥/, in. dia. Eller rod will supply approvimately
four feet of weld.

SUPPORTS FOR SHEEY LEAD LINED TANKS

Where high temperatures are used within & Jooss lesd-lined tank or rapid
wycles of hrating and cooling are encountered, or where the depth of the tank @
more than cight foct, reinforcement of the lead lining is accessacy. Thus rein-
{ocvetnent Is groeraly provided by vertical sterl strapping, or by the so-called
“button” type of fasteniag.  All reinforcing methods sre applied after the leed
Lining is installed,

Vertical steel strapping is acvomplished by welding studs oa the steel Kning
theousth pre-cut holes 1n the lead or with preplaced bolts in the steel or wood
tank.  Half-0ral stee) straps are placed over the threaded studs or bolts and
drawn up tightly. A lead strip of the same weight and composition as the lead
Lining fself is then placed over the steel strap and wekied securcly on each side
to protect the steel strapping frum coroson.  Cood vevtical strapmng practice
is to place the straps about 18 in. apant; they should never be more thas 24 in.
apart. Studs and bolts are gencrally placed vn 18- m centers, 12.ia. cetens
are occanionally used, but the contert are never more than 24 inches.

\With the "buttcn™ type of fastening, a large steel washer and 8 roundhead
bolt are used nn steel and woud tanks.  The bults are cvenly spaced over the
eutire lcad lmmg at about 18-in. centers. After the bolkt is drawn nuwy .
lcad cap cumpletely enircling the sten] washer and bolt head is wei
fead linng.

Where excrptionally severe cor iitons prevail, particularly whea abeasion
or erosion is a {actwr, where the veusd operates under high pressure of &
vacirun, of whese acids and aflal<s must be handled in the ame vesscl, an
#id-brick lining on top of the Yeza! lining is recommended.

SAFITY PRECAUTIONS

Because of the toxic nature of 1 ad, lesd welding should be performed in well-
vertilated knations to prevent d.alation of cacewsive amounts of lead fumes or
dust.  Men wurking in coafined areas, such as the brstom of 8 deep, open tank,
should be pmvided with a panitive air supply directed in®3 the tark by o faa
ot blower ta a pusition below the breathing level.  In enclosed areas wich a8
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peessure veuwels or chined tands, vach man should be requued 10 wear an s
mippleed respuatar o mask,  (Sce Chapter 11, Sexvtion 1, for more detailed
information.)

COMMON APPLICATIONS

The widesprrad use of lead in the chemical industries {5 1 duect rendt of the
ease with which it can be joined by wekling, as well as its excrptional resistance
to corrsion by a wide vanety of chemicals

Lead welding 11 used in lining tanks, in cosveyon, and {a other equipment
used tu sture or mua chemical nlutione For example. it is used ta prodace such
cqqupmetd o3 heat exchangrrs i a phowphorc scud evapotator (Fig. 71.11), an
ozxlatia autinlive in a cobalt refineny, for manulactining sulfuric acd by the
chamber and contact processes, eleutrostata precipitatoes, table tops and p.ping
for chemical Laboratarics, scid-resstant 8oty in chemical plants (Fig 71.12),
and numenus othet equipment used in the chemical proceseng industries.
Lead wrlding has been used estemnely in the preparation of lead-shickled
components lor gamma ray attenuation.  This is pasticularly true of mobile
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etound en opening tn ¢ saret lead lined
foor  Leed deeves anwnd pipes ore
also welded to ¢ ¢ foor

power teactor cquipmeat such as that
used on naval and merchant ships.

The Atomic Encrgy Commissioa has
stated:  “Where large attequations of
gatnima-radiation intcantics are desired,
the use of lead tnstead of roa resulty te
2 wright taving of 30 peroent. ., .
1t i3 olten unportant that the lead be
botded prepetly to structural supposts
by tead wekling and that no void cxists
between the kead and structural mem-
Lersm @

l.c.td webling has been used exten-
siveiy in the installation of mclees
power plants in submarines. The lesd
may be in the foim of csst slabe, sheet
tead or ead bomded steel

Cast slabs are first positioned and
secured to the steel by edge bonding.
The arras of the stee] where this edge
boading i getfonned are firt cleaned
and then tinned with soider, using &
7ine chhvide flus. The areas hetween
adprining cast dead slals or botwors the
Vrad ated the structural steel are also
flied by overlaying lead to the required
thckness,

When theet bead is used to make up
the equured thcknes, cach sheet 8
cdge buided to the steel structure and
o the kad sheet beoeath 8. Cape

betw o n adpsiung shorts s the steel structure are l4d by overlaving with ' ad.
Whete bead teunlad steed i used. the steel backing plate nows kded to the steed

s tuse el the bead adge s homded to the strictuce,

previausly desrbed.

Any gipv arc Glled 24

S feectet Shaibng Drogn Mammal,” Atuii Erorgy Commmans.

Sibtlogrephy

l’lxnd Wekling Practren,” L S Bowser, The Weilding Joumal, 26 (9), 777.780
“lead Wekhog." R L udru and D M. Borcine, Journal of the Used Asnxcss-

ton of Iwm-ﬂ ond
1 Decembrt §

)
Tead Welding,” R 1. Ziecteld and D. M. llomu.sud(lwra S. lm) -d
ot agen

“Lead Wenling, & Revsew of the unalm to ]u-ug(’) (lN])

Apperntices of the Thumbing end Npe Fitimg Industry

GC. E. Clavven, The Welding Jowrnal. Research
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