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B oGP0’ neursoodfgimaagady brazing, soldering 020fgf 3wl aopSe
o ofFh 3 oScod oaassSepog oBeEaog0d eg
Qo-onocceedffl  gageesd qiaoasily wepdaqfiyodiiean wfEpss oacmegptiton
mepdeybeongd soodaln pow - Socun
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cxof oosm o 020550 Gofeh codbecgepietigoghy 0aunof emesacicd udbofont el
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NP 020p5cRoopd covneacdopodl: efcfleaupd mpepudap: [gBel fmoped oewoaowionBRiaogd
88075588 cBmpepuSapiy mogiogioomoguSaf cdoogh
o PoEdoEdtigpeanadad forged welding o800 mahuyp: [p3eoni00p5s Forged welding aBoopSen
ofod§apig  cogpeepliqpio}  qomeant mgeufl mophgesdfopt cogyeapdisbeod opafogom
w0od[glgboln op epeeblE: sbupiopE Arc Welding (ogdoubioewn) Oxyfuel Welding (esenobaBecnton oeun)
3% 0on€ad:dfl: yprefodd Electric Resistance Welding (ogbobedy oew) o3d oBogalg conglogoogh
[§6320p5r  obffimpl: meconchmah cobiodomugpio}  opfigier  GeoncdBequmoged  agradodamfl:
8oSqqean aswocispbigp: o3ogEapgdiogoond obfpfeaoomdloplaogd: [ghoupSopacoter; cpbekp:
D000 FeeonchaBap: eeoncbepbad osweondfglioopd magtcdmbonl] [36ap egochood neueoohgpbiood
4pefgbeom wegopboplonubonud maddgesoopd cpmndateondaeoon Shielded Metal Arc Welding, oabonbood
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ogondoad (Semi-Automatic) sBeopc ecbgpdiadial: ( Automatic) eeobgeom
gas metal arc welding, submerged arc welding, flux-cored arc welding and
electroslag welding 020p5 $pSwp:dl el edaboongaoph

0euIE0050ncBupmRd cdgstaborfecgaenniad laser beam welding,
electron beam welding, electromagnetic pulse welding §§: friction stir welding
R o peglhlionl adlogadanifgooph wegescioply oodqbupis
0GuGe0hear Robot Welding ol cp€oponuSaned ajeslordff o€qfdun
§¢ 3goprgapioog gt 0o&:Bdeepiiiocsad egefripige Siged
$8eomntigiean oeueond mepdmeayaed $pdicobimanbypn Bdummand
qp* @ ofgod speorsapapbaged ffoadaopds

§E¢1 6ac8(38 2f5€ q 8ooo e §f 6 ool Iron Pillar [g8ao5s

Pemep: acuwnfghn} sloyeocdopiacgqoopht cogisbe

o} cobom mgeofly 0peoodfgldal 0nBE:gooapnf eggronacoigp:

L [BeoB¥eosh Rgneconpiod qgidean $8ed: jooo cogb

e 050 [Gopbifodoopdoy  opeoferdiorhs  odeodSopl Bl

moscBoprgbapigt ofiobeoesy vpgbapiosgd oschsorsass
| | o000} Wmmcﬁaﬁxﬁ@%mé&q u.gmqt.'ia}él 238 ocono

= i i | BRES  ©Sonbiopboonseom aSeopSauonpea opreoieopiiforch

S ilﬂf H‘gi‘ -lﬂfi?._, w g E smooudeoododeepobeonmdl  cogyiageudl  cobdleobd

/ "1 B ofgtE  wooSeoeamspSigboogd forged welding $pS:3 38

s A = | cofioobom odidoonfogaopSs oeco [golsbogt Sir Humphry Davy oo

& © - o1 The Iron Pillar of Dehl nohoodiod opuf omopbeqplisbeo} Bogf &gt (arc) ogobelopt:

copfjdoophs oeo ) ppbofecpodeocnmd qepiogdp  Sgupmgt

Vasily Petrov on ogbo88:0§: (electric arc) el c&:od newneoaiopbefiont moddglefopE: 0o€fgdooph

cBE oadaga Bobacmadafist oaunsodsal opBSasgh

o000 - 0 9sbnt qerpdp oBagfopondBdyboopd Nikolai Benardos o emopfoswegplyp: (carbon

electrodes) of 2348 ceobaoopd Carbon Arc Welding vp apalgpieom Electric Arc Welding o o3ag&ooph glion

weseecdoptadiesoopd newegplondbolE (electrode holder) o ooof oBogleudoopd gl 6500538008

o0go 9583 36u§of Bgopngs C.L.Coffin o cogyeewagpdiod dBogEdoop migphscogreqpliad magh

aqoonn wgpfsbesocbibassh oofisimamngobonts [8auph cobgfodymod ggpicSiopgf Nikol

oo g gy oo 55 ey Qo S ke

ogoo gybocSofiofopt BeageSiopsngt AP. Stohmenger o> §ongbacos oaundich augifs
a0g8 gioacnosplicd cBopEafEhaops oot naumeqpliad] ¢asgSy oapecpobeon afao: sgucmod
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of: [36a0p5r opoq 93585 9oG 3deprac0gliogt Pt Bhopmgl Oscar Kiellberg o faomntgiacm eqfa}
Bogéftooghs

opop 956038 qpuialiopngs Goldschmidt oo thermit welding of oBopfff: qoonadoobyp: aeursodbep
gt soaraang 02badymol onuel welding ofoogs cgBopfioniSoeS S fERasEH 900 Bl
oo ccoqpin samciobofd MBS copcbioog: excboglt opaiRosE 0gl ppbogt
HcdBocodencdegod Edmund Davy afapon gpegecpfidieaddaopd: opoo [gpdsbyp:ofe neweaddfgl: apbek:
5 o oo s bt ol s kg ol (o

20051

opog 9§60z C.J.Holsag oo neuieacbepopd [gBopbay®8: (Alternating Current) of oi:gqf o3og€deads
cogS: couSegborbgaorizonSch yFibosprdeor

ocooBcat oxyfuel wekding oogS ik oyt oqpdiyolof cySuproosn oaunecdegSidly
(5832055 foob jo epeag oeceadbepSuypicagh: cfiaaBenaapSsfasgy of oxyfuel welding agepopt arc
welding oo seen:o8iesepopaondaopde

vaoeogedol eoueoddpbigpbiupoyp: oouphdl: dfioolemdadph cosomgpioapbeaciiglist
acounfdgpiorpSescnadigliogful aeudh spsganfpiadsh og o 9§bypiogt cemagplio} geasdfisagraca

Boponqficprosg oaunasaioqed aausam ccodd cxmaciobafsd fobcofnenciaguprsh ocBgs
coal omaudeuiep) eomtiafienodegn] oodobecbucd gpegesdlonoopd erost neuroomod cdecyigbicl
oenfanpyn aaumoon oFbeoBfgigh aaumosaogt scofigh §aogh pscooopcgbefipion oS
39858 BcBunbencbegoBood newaommon endeg (welding atmosphere) mafgbodaf soméplelpt:

oqpoBupbeprogly rosafifordioog wogrpfiasss soybhosd § uglxboogpiid oacn
TS £ Y AL 0 SN SRS SIS
welding o} cobdeopfidlgfooph oppy o€ qepioBgopongé Konstantin Khrenov oo eeamabopl opbebajd
0emeeoigliod obioobeamnEgEdanph opgo psbopE GTAW (Gas Tungsten Arc Welding) of copbieomés opge
9$b0gE GMAW (Gas Metal Arc Welding) oBcopbicomé: odagfom aduwpobesm sogoppiod cpfafer oow
S oS

opao [geSsbypiopt SMAW (Shielded Metal Arc Welding) o} egfiapbesmn oewegpiypdst ofiondd
chogS B3y oobgerbofupiogt cafBbep ceSereSEHGH srbeontooge open pybogty Harmbyb heot
Gon GrooNodegod nduSoBtopdbeudEaond flux-cored arc welding §p5:050% Facdmeegpod oeurondep:
Fcaom a434EogSn olgbymol pasma arc wekding oo oSepSalpiSid opge 93bop® lecrosiag
welding 1 ogbo 9$bop€ electrogas welding ofo} oBopE§Eafghoops

980 9pbapr o§n5iliont oouwagpoydiongiyd §odpcdacciiEngy electron beam welding | [Gh4:
[§€g> acdmeagpodesci§Eaen laser beam welding 1 opBq 9§dogE electromagnetic pulse welding 1 opRo
9$boE friction stir welding 020050803 cobeoffonbeot oBagEamdlogoopht s3eoobeuph: of egnodadueayd)
asgh oounessSygupiys sombubecmbieatfcr seopmmelah ool eaPeodt
oohgeybefiprogh cpogferpSenpSoatEd maaiep mofamanoiep: fogesase
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¢ 2 - g1 Friction Stir Welding Machine
o 1 0ewdeoch §pbiodype (Welding Processes)

38omnandaé efgdosuneocdspd: $bdpomfehn 0obdpy soapdeyd oewdeocbspd: (fusion welding) $&
6§005008qpy> IepdueyPod acweondspd: (non-fusion welding) o¥fgbooph voowsphiod welos opfopt
crgsSonsS oS3 rfseopd oSeooggppbaod egSaqbeossphs Svmeumiesy SREsgE
B so0gSaciaoned osboorcngS: (eofl ccboBEGd

gBaopeSiopl ofwangacy mgouoncofl axpSusqpeedd wfspddoogeion sepSeqbecktist
colE:obeuals Eﬁ:mmaxﬁ?érﬁ- 0Ll G@muxﬂ‘rg afroopde

8amip§ yodamaBialiBaddoopd: newreach§Edleooraoph Friction welding $p5:5 2ogois690% gobodad
B85 o0Soafoofls c2bpglosbp sorbeoaigh:

. 0ewe0c555:05 Faypraafp:fidoos eamnabd
e (0-0) opfpich of ocoomaopd AWS
(American Welding Society) ¢ cpobeonieam aum:
k3o aoxd woBeomnobaapaghypin
AgSfgSedlep mopmgl: qpigbooh puen -
SMAW afogi€ opboopbtégnedd Shielded Metal Arc
Welding [gbejopot: goscopSioguphs
- - Welding process up: opdgqpioopdfabeen :8m
- RRYBy> Ipodeopdacpsedst dhegod cogy
S Sp—— A M SR
orcopSisogt vgSaopSoacnassipgSiogSost woaindl
Fqpiadiodioopd oeweschspbiodypiyy AW (Arc Welding), OFW (Oxyfuel Gas Welding) $& RW
(Resistance Welding) of [gbota
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MASTER CHART OF WELDING AND ALLIED PROCESSES

electnoges walding............coc.co.e EGW
fux cored arc welding.............. FCAN
pas metal arc welding......... GRAAKY
—PlRd BIG..c o iaimimiminimiimirnis GMAW.P
—shor circulting afc............. GMAW.S
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i : ADHESIVE BONDING (ABD)
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AAC

GMAC

GTAC

T & ey
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R T
Mo
A N
L a OTHER CUTTING
slectron beam culting.... EBC
(TC) insar boam oulling. ..., LBC

@ o - en Welding Process
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o1 i on Arc Welding (808 ocunaecipp)

g wffoss ooghec cieiiogs ogp@bor Bogobangh ofrogS rglydh soggrpRos
sepdeyficoffaoph ofoocomonepiafopo Arc Welding o} ofodiooxgligbo Arc Welding o 9a¢a}
obapepadopt gopbiafooph odbaglyd mgoufglinn edebeanepapapiaddl geocogh  adphmaycd
el 20gxielgrE{aé: (heat distortion) o} [36eoaopS Arc Welding oo 2990} oobegapadogé gopSioonge
copSmoged e (penetation) comfroogs oecnoscbybfifoosts oS coobeogegt Bipreq
caebefiobcBasgSascgo Arc Welding o BogbogbonoSonS o5fiogs

Arc Welding ogf o35 sogopoSeurecn s fiesbooeg| 3§ spberctog OHEEES: ofogt
popodeuophaadn acueadbood (welding machine) [gboln ncweadbondy duonoobos§ oeudeacdepd
oSk (parent metal) of Goonioogh ogfenbogt cgbodt: (electode) o oo o owosoqpbish
aBeonaad eqplgbogod newegpEiaapbeqfl: o3fyp:od socbeoanph

s:a?mqm:m Arc Welding gpzgn -
SMAW - Shielded Metal Arc Welding (Stick Welding)

GTAW - Gas Tungsten Arc Welding
GMAW - Gas Metal Arc Welding

FCAW - Flux Core Arc Welding

PAW - Plasma Arc Welding

» SAW - Submerged Arc Welding o [3afa

afoeoreaddgpdiypioy wooafepmodiypiogl saea0Bod gEdgdughs
o1 1 Gas Welding (encBag oounaacbpol)

aofspdopt onodegad &:f s0poRaupaopd onocbegypipn eamadadsahaBoncot eamabaliql 898
waedoneod: ufeat: (methylacetylene propadiene) 0200508 (58t sa0jypieom neweaispSupin -
» AAW - Air Acetylene Welding
= DOAW - Oxy-acetylene Welding
# OHW = Oxy-hydrogen Welding
» PGW — Pressure Gas Welding - offg8dlooph
affoacnasssgSp aoobeRiepanofiqpiogh Baaas g

o1 91 1 Resistance Welding

opacnoschigamofiipt: oxbofsabianfesoonidoogy
<838 Brazing (ofF0000) 4 Soldering (30a0n) ofofipicops mofrabanion xbGegS:

o1 g1 neuxpbed: soed sad gp: (Welding Terminology) $& edkanegps (Glossary)

eomnEgieomnosucadioporbifsbeoqh afwunod neweoc’ obasoiop (welding inspector) ood8:aesst
oocngocsaocenn wedmadiopiyh ofbapafeliuog oopbacelgioocd wffesepapiozt Gs5eSoHEE:
o §ff [gBorcnton §dlaoph GoPfoipdaladglfst cpuSopgr goiropbadeomadicbiEdoogh odelopt qEg
RG> ©200piy 2040e0BapieG oppgecpede

LU U R U
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Actual Throat
Thickness

coumaopSoBimaag oGt Bis oo cema:
aoaapls opaopl esmabegadole 22905y oapiqfqbuybalil qronbofrtcgs
oBisBafrmnt: Bl aaonfucBoy mopaco: [§820p5 § 2 - € pEfFEESGk

Acetylene

aacBaBoneo: - Srmacpfecmbogudoonh o8sE dhofqordieg seep:
ga05a8-mabeboncot: newneaoiighn [gobfatioiopt adraoph

Air Carbon Arc
Cutting (CAC-A)

mﬂﬂm&ﬁﬁ«nﬂ#ﬂw wef§Googp03 2apSeqfeod [§obeomggS: [§6opSs
cefoqagriean ogaepbap:ay eoofgfgobogoboopbs

Alloy

wafjear wgmepmesysent 20gdd Sourdd deoodifedtobanean
ks s et

All Weld Test Piece

obccoapSgoSf [godugoonicon aeurom: 5dEmen ncusorbelopps: SBwupod
aprecowelopt: dfEaoph eanodadfy: dafedops

All Weld Test
Specimen

obacoagepSa:f Bobogamnras oouma: isaser obasoqhogambaa
Sionbacirdosg

Alternating Current
(AC)

B bqbbi conopaBbapagbobaugS AC ook B fhécgtapons
Bojogbob 10 & 3§ 50 HZ §Bo0cS

Ammeter

ogbob8igs: (3680) 3088005 Bovm 3680

Amperage

ogbob8iogigod oBEomean upsbr 368ux vy edl 0p5s agb8: (current) of
op5&fad: :g?wmﬁ amp vy aa0pS cgibobadiolGoogpiog€ 230V, 10A 0adfgE

Annealing

SasgpocysiEep qeioogiap: Gecbighanaoq asaepbi sageiich
Bt gp amomrbcliod GroboofgfGiols Bfiecd ascopbogeba
geS35000pnoh Bobomn s womrdaf FPEH 02opoRod odyoSao

Arc

ogbedicBby newescbupdadfid mopaao: ol dfasopasaniargs
ogbobdiqal 93ff sogoffigbedi coaoph

Arc Blow

fordpep: ofucpod abfpu agbediEiypanagé: migdascpfacabacpadaogh
abeBoboadot: u@:@ A8ncund M: afuwnch M

Arc Fan

Arc Force

Dig afwwpob Arc Control wpcopb: edlea0:0005 neweeobesod Sammd (short arc
length) seefgaacsopt Adlubafy agb8iol GopodeuiElgboopds glim acuragpli}
o3fgpipf mbeageeql ogpdaviaaphs

Arc Length

55“3"6':‘3"}'6 oBogpre axémnsafam neuaon: (weld puddle) =5cd DOPITCO

Arc Voltage

codpgfrr ooy oot 58 ecnesobop Sk §oops G
oo GBsepopt oeonessbo oSkt By $:bapepogt oBEqurS ok

Arc Welding

20056908 newa00Sepopt Hgpdsoogy (filler metal) dloopSigbeor edaopSfabeo
ogib0b &: (electric arc) ¢ 33qupom epbeqfeonyo’ soobeosom §pbiodjgboi

Atomic
Welding

Hydrogen

205008 BAFqE newreocdspda cobocntsbs feupcd sofeodbean
ogibedC:gbomiod: [godoprecmagbula Jodfqedadoggqprood
30300bpdefpEion [4hedit:ed [GEfsE nsureacdepapt cfeanmya} cocdeuoophs

Auto Link

BEon0E cpmodevrogpuclod grodaxedd (primary voltage terminal) oaacge
oo cqiodSeobiioop

Welding Technology

Page 7



Automatic Welding | sac3=ee0qpa’ neurescheoh see00debondqad ecbm mccd §Eodom caddaur
ogeraoph cgaBieuiocpuchr
Axis of a Weld neuooial elgejaaeuiesepd] mfookigoderbenfg (Cross section at its center of
grawt:.r} o Wmm newmamonbeogpod gdelopé:
1F 1G
Back Fire oobegBobancgtnd esgncbefopé: 8fgbofecntft:
Backing Bar / e0pa065 newescHupd egepopt seapbeqPegon aeuramigpia? cBcomgh
Backing strip $6/9300p05 mpopkom oewaodh eapwogicoqh 3005632050053
cogpicoraco S
| |
| \(62;/ |
%hamng bar
Back Pass 060207:6$0052305 Baachao:eam aeuroy:
Back Weld m&a@o&agxsﬁ:&mm (single groove weld) di Gga0bo00he Gieeobaonean e

Backhand Welding

cechffogneaopd acwooopbonghal S:5€cd:0m caodaeom newsodbsghied
{!;’0‘} Braze welding § @%_’;ﬁ}

Bare Electiode | so0f§ eqfiamomodiosp oounagpk:
E HWEE oaGecien chioupos [qobuph cagpfiu aSogpba $05 6coph
——
;—r..*-'- S o e i oaBppfonboebesooph ncwnam:
Bevel Angle Bevel Angle coneaiol oo o» a0
aia &l
—+==Rool opening
Blow Hole neueche§0d neunommapl: exddegiom mﬁ:i:ﬁﬁﬁ Tr———

s 0.6 8880 cocBfFReapSy
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Blowpipe

oo dpegosenaosdil N e TR T
edobom 8§ cofl Seomadopdieuisom adforn

Brazing

Boaacsbangpocs mepbaqedb i mepSaqydh Gy BoRpBobofed (000 Bof
afufa’) cocBfgbaa adeupoang} wfgpdd aogapeatabeaed groove, fillet, lap,
flange socBepio} socdaufBanpl ceueondgpbiof BgpSiefopl wfgpbdangpoopd
Soaogbpmiog Bobagaion sochaviasps
Torch
Base
metal

Filler
metal

Braze Welding

o8uaznabaogeoo’ mapdeqeoS ol apSeyedd gao SofeloBalic (og, ) 80§
efuoS) cooBfgfecn adeupobooph sefgads ogppiafadiagied soabaod
0aude00’ §pSiof Brazing sSopfEpiqedyn 3efgpdeoogaioopS ofetogpbemfop:
8goBuop{gs: [gBak

Biadts o
/
" Tecton oF wa &

; b

| St
o

Backhand gpbeofaled ogdeade’) Braze welding ppbifal ceuneed

Bridging

1 Penetration weomEeomelopé [36qoogd
L oo modbests

Buckling

Burmback

ea250) dfounch coudlieanha} metal arc welding ypiogé S:uf:qobonaed gpbopahiom
me‘éawgcﬁ Wfﬁcﬂmxméwﬁw SMeagpeao: ﬂm')&)aﬁwmgxﬁ&
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Burn Off rate
Butt Joint

cocofangppgaiup: o gobobaoip: BTS00 butt joint moeocbandede
oo

Butt Joint Edge Preparation Method

C=mEE=T Doy [Tl
B o A

Single V Double amll:K:]

D (:| pouble 3 [ =]

Double V

Carbon Arc mog.%n!fuﬂﬁﬂ}:ﬁ: ogobeom Swht

Carburizing Flame | aa05a8oncobioncbegdypiegean eamnadalancdaBorcud:dieomch ¢&of excess
acetylene ajwwnob reducing flame wraoab: e eo0:00p5

T ofeopdd Lap joint qpiogé osursooSep:
GHEPYCUIONIGIN NELNGEDHSPN

Chain Intermittent
Weld

Chain Intermittent Weld

Chamfering i s o
y/‘ 5 __\ = acmeahab cont:§Eat
N -~

Coated Electrode eqfiapbooneon aeweqpla cewseadhopdmed ddeqfypiy enobegapodomfl:
o2 o acopocBacgaong drapbaciconasgSy

Composite Electrode | ogbokinewn (Arc welding) od:00pd cogpiobdpooaddfdlotediEedoonoogh
fgpbnaws aaplan Bosgameepopl eawomio} d8eonticoh dferpdd caudin}
Ppoopifibeont wofgrugobuyp: sepoopdoofenciaophs

Composite Joint my (thermal) $§ 0odyaB8Eepspdiod (mechanical process) §&dpadals] sondoomeon
e ate st

CO; Flux Welding on$demnaddds of momnemddeg Hfabaddls eqbapboonean neweqpiial
Ga0deo neuIeathHspd:
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CO; Welding oop§8taesncbalhio? ssomendbeg 30fgboif: eqbmpbucoican
Concave Fillet Weld
Corcave fillet weld
Concavity
Concavity aeuamamefgadeocboonaopdyicloply gobeseon
oewmonigrbsfytad mgodad: saopmeon:
Cone Inner white cone
(3100°C) enodegdicomnadangy
E o e5Houedt:cBol géfgescon
[pc3ed@iaomad
Torch tip Ouler blue flame
(1275 *C)
Schematic of an Oxy-acetylene gas welding flame
(neutral flame)
Continuous Weld socbelopEioneogpad Bfgobaseomobul) somadenypad secbogieom new
Convex Fillet Weld
2fgad $ro4o0ph ofgploecn

Throat {3)

Corvex fillet weld
Convexity
Constant Current | orjocSapicg€ sagpiads voboobicfogbdiownan (maximum short circuit current)
(COWedng | wonfmanoSiumpss oeundechiogSoolei b iEiapapbed sosog
Machine afea0h agbd: suefplimaciyng mgpbicubomndeis
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Constent Speed | Gt ; oo 0og [ ecpbegbaoge aaundBona) Qacafyt aogpacegle
Wire Feeder

Constant Voltage (CV), | @eogoboptd: 3880 wpbqpé [gbeseoomy ofmdpmen: 0odyproopd §amio}
Constant Potential (CP) | 02a0w050205: apoSapBeuaaps

Welding Machine - = -

Crack oewomiodenypad sagpicdod scdelopta ajslorta BojeloyrEaypioogd magp:

oo ooy aogfigon e epSocfioliops oecnoo: ofouno ouosi]
Borcbog

Cruciform Testpiece | oxbochonbayohogt gpradigraonch sbaqpligbaqplio} aosbabosgeanion

cw:&fmmﬁmmmnﬁﬁw

Crater crack

__...-"

. )) ) n]f:))

NS

| e

| e

| So
e “wy Centrebines of
i Y vertical plates

P to be in the

: “\T_-:"'H | same plane

; S k I

I

Derectwon of test load

Length to guit
testing maching

Current | cqfbb ogeSoobyamoghs (osBragaras oqBfabls w08 (ampere) 56 ORbroog
Current aeweqpEgoddtdurdefgt cbeoyqbironiuaacyt: [god8:omieon agbl: (368u,)

density
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Cutting

- e oboghicbigfionogo ajroopd
topeh Eﬁw 8:036:00050361 8:0BE

Defect | aauneocboforpdiops ssabepadigta sonbofrppbiaoogt: acofgls aqbaeplgta fgcd
spradlifia g}l ooxpigh: acoph cacaendionbpdl safyimagormacnpech adf e

De-seaming | aewe00Sy :2fgbasgoacongpin} sagabinn sudopdSfgh:

ot | oisd S e e

metal

Deposited nnm:m@ axpbonmudeagnesy migpbdcogpo: (deposited metal) $& oBacwar: qgf
efficdency | apododaeon oewegplimecof =odp

Direct | oboobagniegbobt sxcaofihn oxc5b0yqeans gbobpgbasehs mdeadst mogad
el Lo
DC)

of DEPTH OF FUSION

fisaon /'\( FUSION FACE

% <
Lo N wao

INTERFACE INTERFACE WELD INTERFACE
{A) GROOVE WELD (B) FILLET WELD
FAVING
WELD INTERFACE ——-I SIZE ’-'—- SURFACE
DEPTH OF FUSION
|
; : : : DEPTH OF mseon
WELD INTERFACE j "{ FUSION FACE FUSION FA-CE \'I'EI.D INTERFACE
() SURFACING WELD (D) RESISTANCE SPOT OR SEAM WELD

Note : Fusion zones are indicated by shading.

Depths of fusion for various types of welds

Direct Current | Direct Current Straight Polarity (DCSP) opcoph: edl eoo:00phs agbesle: soocSoogobo’
Electrode 0cod (- newseaobephadigra} 3ad¢ob (+) [gfeocdaoph
Negative (DCEN)

Direct Current | Direct Current Reverse Polarity (DCRP) wcopS: ¢dlea0:a0p5s agibed: sBaoobicoqoBad
Electrode 28¢05 (+) 1 oeeaoiepdadfp:o? wugdd (-) [géaooboogh

Positive (DCEP)

Discontinuity ncunaoopt ssaloponboeefopl mseoofqobgl: (pows - ccodaln eqfeplala
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oo ooogn cobsfBacorioog soapaacarmorbyegt BHEOepoctsh ol Gk
wlgd :g0m000 (defect) vy wa0oSgod3coNEEa005

o s | 6 o i) RGPy Brbgar by e oo oogk
Ductity | 4fiegoooghs soggooBed ofopcboorfEeta
Duty Cycle neueacbenboaodapdopm qgodalmun’ oobdlongh: coodeobeuindadaogd agoBadEond
Baopden ncueecbeobonbahioopd smeafyplsé (full capacity) 00858 secomancyé:
oncSacor SR> oot osgbolboos covserorbeosS o
AP0 oSSBTy clooBong a0 B saoammancgls B4 BTpa
conefGgioontifangd up ebuog 0obggSoori@cargf cBocdos oo By
i e T R T
Electron Beam | ecoumgoSanog€il aogaodsfgediod giqeon sSeondaoghonbqpioyoofalist cogpr}
Cutting apSeq Megdeoon [§odeompb:
Penetration
Bead
Face of Weld 0Guaom:al gebsfyEn § - o1 6 oplopddh
;acem eeohffroonncuoenndal congnonboged mnfgpdel cobdnsucactigé:
einforcement
i bt oo
~ ATy, >dpc0doqoifec qodgfé
L - )
Faying Surface
Feather encbegdicdll: (gas cutter) aBd egdaude magodont [G€aoopd fpaded S:eomad
(SGosepogE omghoneprofpioosSh clkofipbiaonabonaco: aqpebagpioogcl
oSz cooteypiors cyeis Ghoonce o acpobagmgt clliacnsel
Neutral Flame wpedl 20p51 safgpeap Sipglies@l:on modaBorcobiencbegypiesaliod
Fillet Weld condebdpypiop eeodecm new ({ o-@1 o op&fogplch)
Filler Metal neueechupd adfgsbeacfom: [gpdevranph cogeqpllydansb gEoopd Welding rod

aBeuncd welding electrode o3fgb8EaocS
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Filter Glass oendiaionmudel oeweswadopl cmbaolaoph meepidecned
Fome Cting | ecmobsbeancbos SR
e g emeonns el P gl
Hardening
Flame Sogapaagerom [gebipalgy meaxdlgilal qodelgid] eqpelgrbiacit:
Softening
Fame | camcbaboiersboght sopr] assiaecnt B JoreiBosRiat seosienn
Washing ox0Begedtpio} ogiquSopiqaopde
Flashback
Arrestor
Floating Head | Laser cutter ¢ Plasma Cutter qp:cp€ obaon ol
Fux cammosaipiiacpobecfita oeunamimogt: Bagogh 920bogst oepioh cpoBoBE
ooofg ounsoaol axfoSaocs FogbaciacorogsS:
:ﬂ:;d WEOTG RO 7 oot acoifironmncunal oqoodSad (direction of
o weld 3203&:) [Fogrieeom eaobean oew
e
=
Forge welding | 20goi690% 2ogcu0m 03898 onbooobogd opstoanfglist soodeocam newm
Full Fillet w \ Skeomoogfgrsé secpfgliancpopeocbooniean new
Weld ]
R [ e e e st o T e e e T
:ncéoq&’m mﬁmméﬁﬁo# uﬂE:o&cg'JﬁE:
Fusion neudangelopd poocogrioo: sagpbeqbogangh §03 edldlaogh Fusion Zone upeoph:
Penetration | el 20p5 & o1 o o€l
Fixed oguSagticoticaon aelgré 005GE: ecopbaneoniypio? mclaecagpod neweedS sopheoh
Automation | sbeooboocepsbosdlal cBfioopd
Flexible Hdogean seeooiypia} 3cdmeenypad oeusacbaopbooh oobedigt dBEiqboogt
Automation
Gas pocket | 3630:80§ 0ogpioapaBanaap exoSagyp: mm"”’%‘& BcbBasfat:
Groove Groove weld neweaoiql vfeaogpoon:od eené:poondgé
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Groove Angle | neweachqf cendipaoniongl vlwaogpom: yodsrlulsdolom: :eentieand
Groove J (a%eupch) U Groove ofl :6[g5 §pooneom sagomal aaqfiocd (§oplogebch)
Radius ancent "
Ground | ogo onoBogeans mpgepcSy 0moqeSef oeunasdedsopt e oG
Connection
Hand Shield — I oS
oaunpbonbeolooiacn coddgfalbapigooph o3fun

Ha;d aqpavpboogapiai qogolgbopt wendileoat §Guampea cogafsd coblat:
surfacing
Hardening 20¢oI0’ peun 3csdeoftisd anqmsnﬁ coblgé:
Heat affected | acucadhep Sfucpo’ [odeomabepy egobamopbengeloé cogmeapSasesy/gopdsy
z0ne offpragnrongs o
Heat cpaboo sapSacogupiqeonh g} wgevn wodd fatRe:
treatment
Inert Gas aeweondupd ofvoogsteep Hfgpddoognsdd enddufgffecmn exddeg
Interpass | aegoqpigoeeobauph ceuxpiogt egnadonbagieceod Frear vcovmapa wofbed:
Temperature | sp&$
o % 0geSi38903 conSaoararpbosept 326005

EDGE SOINT %
Joint Groove weld op€ aasochadafcBiotagoopd segadadiosunoo:
Penetration
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2oga10:03p [goBepdbefoboopbesep

Layer
? OGUID0RIEHOT
ufldﬂf T 7% Throst Fillet weld ol 526005 326[g (root) ¢ toe 3308 3a0z03e60:
Leg length
Liquidus m@lwmaoﬁmﬁﬁ@m@cﬁmwé 2§50 2
Manifold
Melting Point | saepSaqfeod aogapian: sagavicdodogl eontmepleqianassh :eds
Melting Range | Solidus $§ liquidus aofoip: 32§ oo Solidus s§a0pS¢n 3§Ea3afgb oopdeslanpd
o036 liquidus 5oopS aprosepbagpogrogh :fhep: 2pds [gbai
Melting rate | s>§$onbopsbancpl: sagpdegfopioogh osuiagpé: sogpS sfoupcd secordh
::-nrc oewagpt{at aqpfoSom mgogadeeff sogapio} [odige:
ng
Metal-Arc | oeudeqpdé eqpfpion spogoieofl vlwoogprlesp neueqpdod mepbegfeonyed
Welding neueeodeampd:
Metallizing | ex:agprooadesepapial cogpoonfablaSR: BistRE:
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MIG (Metal- | Gas Metal Arc Welding (GMAW) upeopS: edleo0:00p5 sBoocboogod (safgpbsocuagproph:
weaypo fieograophs
s s o e (O
SHIELDING GAS m
U Supry
MIG welding process
Mixing lacheomabadanopahenaboophieomt neueachal aopodbeoboopdsomén eodbegyp:
Chamber (pows - eamcbaBaisé mcdaBoncot:) ofeepobseuiong) &edf:unialel =:8053:38:
oxygen vaive
=) nandle head tube
e e v T
Neutral Flame | caooobaBqifs mendaBoncofioncbego} pBqienopod: saméanodeamntopioagh Sieomad
Nick Break
Test ocuoo§Eunga’d obiaobal oeunoon oobeod
» 0285038 afglicaSaciff §oddf oioobfgeu
oogrroopbepepapt puom: iy
= wetg 22804100 gofgE 0Besoiogodedbdloophs
/L
Non-Ferrous | abeupobeox 2ogow pown - oo ofpgidk afi o og1 9951 31 BcBaonfaoks oo
Normalizing | oeudeschoo:ooph cogebyp:o’ gef:ecigondoogiupdgbepoad el critical temperature

coa 200 Bofjmefded (pe BodoloBolicd) §ff sageuiom critical temperature eaa0b
eepodoopbod [gaeandfge:
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Nugget MR cieeHod gdgnawn (Resistance weld) ogé
ogaEeepbegpogragl efon
OFW - Oxy-fuel | esohaSecmtonneum :ﬁmmrﬁp@oéog& on oxyacetylene, j oxyhydrogen $&
welding 1 pressure gas welding vp o3:gpgiooph
Overhead (sved o0050p ) ea05e0iynbsnfgtad eaolaeoonneun gpreacnsmiad cewelplinn
Pasition eefg€oBm0o?: §onobooph
Oneriap oB20p50005 §ogaSesesm newroox
Oxidizing Flame | eamabaBacSaBoncntifogd eamdbalqfdapresgla gpreseso esmnaSalafypomods
BroaoonEEEad newnoomiod eamdbaBqfenoiigfaé: [gbeosaphe
Oxyacetylene eanadadmaiadoncotidiat [godet:
Cutting
Oxyacetylene camaialaacdaBoncutiBndadid newmesSge:
Welding
Pass oeuoEd: (axis of the weld) oobecgpoSeadSfiagniangd neunsomaay
Peening oplaeacSeopbieomnta eoosmfgbeSaopdeamtn egbeiintqodbieasiioopbieomta sogy
q542l9503 op/405q seepSseepiifeomntgioncant axbigh:
Penetrant Dye 3wupab Fluorescent eeosepSaBadd neunoomel sjgbassnmseongmo? ¢pfgt:
Inspection
Pitch
oeuaRgpiel oudobee cobeal mopmen:
Porosity aeuraosypeaacpts acofendbegdeslgh:
Post-heating oewesdifoopdesnad mgeudat:
Pre-heating newuesoSd mxgeudyts
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Position of | newesobaopbasesascon:
e AWS according to ASME section IX Welding positions
EN according to 1S0 6947, NEN-EN 287 according to
EN 26947
> £ |0
S % a3 L
AWS: 16 AWS: 1F AWS: 16 AWS: IF PA PB
EN: PA EN: PA EN: PA EMN: PB
== <2 |5 K
AWE: 26 AWS: 2F B 2F PC PB
EN: PC EN: PB EN: PH
5 = -
T SR E =
H | M o & I
PF PG
AWS: 36 AWS: 3F BWWS: 56 AWS: BF
EN: PG {down) EN: PG {down] EN: PG {down) EM: PG {down)
FF (up] PF_ {up) : PF {up)
e I ==
> TS N <
e e = ! "
AWS: 46 AWS: 4F AWS: 66 AWS: IF PE PD
EN: PE EN: PO EN:  H-LD4S EN: PD
Pressure wpSoogBnewmeabspSiogload 8amidalid neuesoifg{gbdo Bamadfosueadigt:
Welding (Pressure Welding) v &l 20o5
Procedure 0eweadspdiondsnbiandd socbecboomenn 8§Eboptupancdt: eeobamianpbup
Qualification sochesofgfgln
Projection 0089 Buunod deociBeam ypbsnfalypio’ Gieboeuescbodogt alkoopSs Projection
Welding welding 2005 spot welding o3o30€ resistance welding cob§abeis opofggoben spot
welding oo oewesoiupd smguimongfesepaan: agbedt:ndbst cBpcbadadadd
c0obgoboopbe aead’ projedtion welding opfy newesohun) sequimsonstesepan:
oueechupiogeS: S§Eied gospbonchyodooph
Quenching mgeuiconeoontogid o sg scucdalogd gEiql: memud(gh:
Regulator edbegaimontic 8ama} encdegedinodSaBE (torch) € cofeorboosd Bsamaeamnt
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cogpapeorooph oo

Face

Reinforced Weld | einforcement F2ce of cdebo0pd neuroommgulmengeant
N :
- cobBieuigeam oeun mfgpSosuam:
1
Foot “
Reinforcement
Resisitance oeveedepbolecngat adecyobonpd sfipbnewmespliciodo: cpbebedyelf my
Brazing agodom neuesshasphspbiof sufograspaogmepbasps sodupbasgpbeslor
8:0€age0005 ofopfolionst mfgpbnewegplinl gpbeyfydien eoo Sofmeludaboods
4l oeweoabual vlesogyoomal sepbeyfecbaond $Goop5
Resistance oqbobedyy sagofeupom oewesaogispbiofs cgediironbeoont oemeesbup? vl
Welding sogpipeooSaonl oyfoipondow agbesi: (Electrode) $& socSoonanghe
Reverse Polarity | neuweabupd ouwoogyp? seefolp ogbedE: (Blectrode) of m8[0%ksé sonScomangh
—
Rockwell abuerPeomal: aBuwdd 88aneonnagnd sogeSsnfyEallqugpd soBolagmaogh mesab
Hardness Test | o3 03&{g8{né sogisowngfao? obionbaopbsph:
Root Crack oawooxmec(g (root of weld) § osuiars: Sfeupcd vesogyl secdaal:
Root Edge neuraonmeReonsny neweacdaepd §oSedioon
Root Face Root opening ¢oo€fagpbch
Root OF Joint secooSiseefm eaodddopé
Toe - Groove fa
L ) ki oewoonmefgst olesogmdly
: 4 PPl
Rogt j@ift e— L —?
Root :tpqmnq ]-(— :ﬁ:;mp;:seh:;l::unnl
oheng | el A e et shbcgaonscl
SOgERGn

Root Face  — ~—Root Opening

Root Penetration

seeoodmeelgal oologniongd groove weld o mg05 (ave0odel [§058€:0 macodbydn

03€s00p5 aaco0Sewdigdl Root of Weld popt [o3pddh
o } \ il F2c0050 condsfooniean qobsft
Scarf Joint
Seal Weld (eq) vudeoqs eaodaomeam new
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Seam Welding Seam Welding (RSEW)
b e :.Ipp-er electrode whesl
Welded
Metal sheets
b ]
AL Power Supply —_—
o
Lower electrode wheel
Sheet Spot welding, seam welding a3wudh projection welding gpscp€ oeuweecifragmaspd
Separation a$005 oeuroTneognd akpsbe cbuessd opesfah:
Shielded Inert gasi egf ooopSofald newom:nd srusfucdeogd seommanguSopdffs cenboopd
Welding ogibodinew (arc welding)
Size Of Weld o1 Goove weld 520305 Size Of Weld oo -
joint penetration = depth of chamfering + the root penetrtion B&'i
Jr Equal leg fillet weld {m@og fillet weld) s:aacﬂ Size Of Weld g0 -
Leg length of the largest isosceles right triangle [g620p51 dop€lgEaeam [Foei fgpbeocm
o1 Unequal leg fillet weld (soafgeoy fillet weld) saagob Size OF Weld ¢ -
Leg length of the largest right triangle [3ci (sfadsfcidel sogm)
Gu Flange weld s0305 Size Of Weld o -
neur2onmecfg (root of the weld) cp€oliomongd newrcomascy [gboodh
¢ o-¢ ffo3pSch
Slag Inclusion newoonmcpt: egfyp: eqpesndioesy
Slot Weild "
| Plug weld ts‘;?:ltp;:r‘t %E FOY i
Hale in
neweactfgts
Plug Weld Slot Weld
Slugging newuesoddescbaopbeanta oewessbesodoboopbieomé: neweaSy sfgpugod:
0od9e coboopdfg: (603 S3E:maeqm soddecSeoneambghupimad coadedoh)
Soldering uEeaogoioonnd sepdueyPeocd seyeuingpd seapdeybecd gho Bof| oododich (o5 | 30
@qfuoB) 0o egpiaop) safgpdbangaeapio; sqpSeqfecom oeagapisalod:
Soldus R dolsb o5erREaug Al (epSescasom wepSecpogh)
Spacer Strip oeusescbepod gEesanpbeelgsoagranea: (dimension of root opening) efpEuapicogd
deuiconearn cogyegpt:
Spall neuIeatbes0d newiegptiy cpédogoiammong) seesesypa eqPasogapboomonnd newd

aqplaypaop maeopeypsoophs
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Spatter

ogjbudineu (Arc Welding) sdwupad encbegoeon (Gas welding) eachepopt cgbdogad
coneom oogioyps (ofooggpioogd newroon s8oimdiuudh)

Spot Welding

Force l

neweoniupdoogisbeod agbedt: (Electrode) $bofat
Copper  Soomogod ogbBiceom oyblpdge mgogabaef:
QSpSEfWEr shectvads :Og;.ﬁj:qj:ﬂ% G}Mﬂ]é.fé:ﬂé

-|' Copper

Weld

electrode

Force T

Straight Polarity

oeueaobupd vEeaogd 28R cybedE: (Blectrode) o soufodpsé sooSaomanpd
oawgpbiod

Stress Relieving

$op%ta qoSorqpBasesaidiglu ocSen{gtn nevasaigh: coopSofopf cogamoyt: samt:
e420p8 scbamigpiswn: cfjeagpal 20gi0} sdfaschiznnmmbedd sagecaodat:

Stud Welding

cogafgred oz€ cogeapé: (stud) 0bgootomn ogbobliaonyn’ doogaeeptin} Befst:
[5€ oglabedleefl cogpfiyarslaogreqpéio} yiojensan neurencispbiop

Chuck:
Stud {FTR
Ferrule 3§
Base _ E-: E: | .
Metal Ji==l . S LY
(A) (E) (<) (D)

A

Submerged Arc
Welding

wpSoophaaomy spduconanph eybediés (Electrode) (ssfgpddaogpeqpiinopSiydisogd)
$¢ obeaogiel cgbBipdey sgopqupom neweaoopbsphiop oisbopapd
oauomic} gapdef eapenal SSiofergransh sepleqPesanpl eqbapdypresmddy
oeweabogdgtiaboofad submerged arc welding wpedlfgtdgbooot submerged ooo5en
ezobopd ghefpagoopd vy sByacSedi

Electrode wine

‘Welding head AC or DC current
Residual flux Jawes I - supply lead

Surfacing

cjsebeommapgeot sogiqaSeofifed ozt oauaniaobiaudg:

Tack Weld

oewuesodd sogeopbogpSupia: §pfeoneanasepozt gmben feseead

omaSojooneam newd
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Tee Joint

oeweoaiep] oogieopSsbect obesforbe
comneloy mesmoonoyt §esecm meoad

Temper Colors gﬁ%@ﬁgﬁ o0 eancdBqferdidgeodt adoopSogedial yodgofibadopt
e$2025 e
Tempering 2503 mgeuilpecSongob meaxdfgidat muwroomondiommesnt cpbepoud adommacylsf
aramgps (stress) [og€soyfaboop caemngpiod eqpoSapduel ofodam: lower critical
sgffes053 mgeviaopd oo} tempering oy edldi ofofegecdgéiyt 03 sadpeon
gehoogiap: [a§qooraaphs cBaspbonhaogied goopSg mgeuiqend agdifo? egrqbanph
Thermit scg8oodsh cogesmadahSoyesiop: excBfy ofcderdSiglielopt sagephaogpiesS
Reaction (superheated molten metal) $& sonp8luobemnaiedbegfioln? cpodeuiosS
Thermit Welding | sacgB80b8 cogesmadelSogesiop: e0Sigepy ogadaomangl sgepfoogaepSsé eqfSo}
apom newesdiasg) spSof yapiaogaapbooph ceuvisondupdoogae mepbeqfice
o socbaophs ofjsfeondepogt aagepdoogaiepSol sficiboogmfsb ook
|
Crucible crucible crucible
;::E:g fqaerSE:jﬂ ph:a ol ;E;F':r i
heated to
red heat slag
< [
i %
Throat Of Fillet o
Weld
Actual weld (throat)
[HES:QH — {Siael':’rg'l'i'eld} heordical
-
. (Filer Penetration) & Work | |
TIG (Tungsten | TIG g2 GTAW (gas tungsten arc welding) offabeis orfjspbiodogt eq Seunch acofa
Inert Gas) memaidoonanpd Sedll: (torch) € ABbiedfimanEoopdomnngd agbedE: dialkoash
exadiosgd wfigbosgpruposd wfigSoseneqptiod oo ol oaumeocbsE
cpiafopbogf ofsgonforgProsgh sgoss vaunarboombid
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Direction of S W head .
| Shielding gas
Confact tube
Filler "’dj Tungsten electrode
(nonconsumabie)
Electrical arc — 8 > Weid bead
D,
Copper shne""} =
(optional) Shielding gas

Toe Crack oewaonme(g (toe) § vluogEecdaly

Toe Of The Weld | newaoxsmefg newaogodsoft (face of the weld) $& vEuoogio? abepesep
¢ 061 -1 o SGopEfospbch

Tungsten onfooogbedn BogbedEongd neurammalnb adwadaogy oewegpds (filler metal)

Electrode wuRo

Underbead sagaoabeepadepsud (heat affected zone) § ojmaadepr dadepaopd wleoogESsfyad

Crack oBE weepa

Undercut neuraomee(g (toe sjewrod root of weld) eongnon€ wlusogy| mapSeyfior newaoiyt
of5eS3E5 §foSasaopd cpepr

Undercut
N
Undercut

i eusestaSiegheaiicodinmta coontnpet o g B
copSieomés oeunaonmsngpapt §ifeskt:

Vertical Position | sogafqoeqps mamnﬁqaog& oewobl; (axis of welding) ¢ aﬂ?cﬁrﬁm@m:ﬁ&ﬁ:
neueabepopioopd: mcnaSemna’ edlfcdabescbanph aeoob Jobapby Bodun edlEadad
mesm000gbf: cewedbenol eefulad (horizontal) fgbaogh

| A of Weld —— "
- R E: i i
Vestical Position 26 Vertical Position
Weave Bead neuegptn? muSpmudideccdgéfyt qroneam neurom:
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weave bead stringer bead
Weaving (oeueaoepopt) newegpéind couSomuobigh:
VEATICAL WEAVE BEAD WELD, WELDING UP

Weld so§eonSeomnspSupfst asqofaupom sogy} seepBecpeenycd sogss oobegbonde

ogecfgta ofofrpbepogl midadoawegpfin} oroopdmdlfjancd wohofosbepioag:

? ﬁm‘;ﬂ@# ocueapial ap5eqPecSyn 000 Bafeafuld (g q Sofetaladcd
WeldGawge | couraomakgoomplel saguamonich OpEionneg BREopchoonmanss B
Weld Metal oeueaobesod mepdeyPesannd oBUITS 58055t )
Weid Symbol | spSoopbasdpaseninae saopSef ppfgooopls
Weldahilty ogpSionboongd sepSeqfapiangiasd] (Sasmidooptigbes) $EfGe> R0aoEe5:
Wecer S P W T o e L I m——
Certification 050D
Welding Leads | on Electrode lead - neweacbef ogbdicodbeupesepst ogbedEcnaiadEaiop:
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Welding Positions

Flat Harizontal Vertical
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Welding Torch

ea0Begoeuesoifghi] excdegapi} eepeon excbegligdio} Bfieciongd o3gon

2 pipes

L

Welding Torch

gas hoses

%

/
gas on/off valves

3 pipes

out of the cut.

oxvgen blast trigger

o
oxygen blast valve
The nozzle can be unscrewed,

The extra pipe is for the oxygen blast which
helps to burn and blast the melted metal

gas hoses

.
-
gas valves

Cutting Torch

Welding
Transformer

eeueasdef cGasbaopl §amofogddeusansh
cogfocudun Smmekpliood

THROAT
THICKNESS

HECTIVE
THROAT
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Tos

Oniginal surface of work

Fusion Weald reinforcement
LA Weld face

Rool opening

Fusion
one Beveled edge of work

¢ © -  nemanchmeel 3aedlgn:

Bevel angle

GFUWE‘ Face | Groove

N A

Root face —{ - Root opening  Rootface — L poot opening

Znd Layer Weld Face
Weld Reinfarcement

Secondary heat zone N

Secondary * 4 Fusion
fusion ’ line if
zone not fused
Primary fusion zone S S Primary heat zone
Penetration or fusion Back bead 1st layer
line here if root face

called seal bead
is not fused at root if put on separately

O - O1 TWOPYPHPEEOIHGII NGLODYPIR Fycieadp fudsliyp:

Penetration zone
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Face +
_, Reinforcement
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{Filler Penetration)  Surface
of Work

21 Fillte Weld

¢ o - @1 Groove Weld §& Fillat Weld oJel ssedlssad g

Excéss
== weld melal Gun or
L | torch Direclion
A of motion
ra Excess \1 3
Penetration weld metal Weld [*
boad {
Cross-section Arg
of typical weld

.,
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¢ J - o1 ceuoeh sadpoon: sadpdy

Shade No. Operation

Upto4 Light electric spot welding or for protection from stray light from nearby welding.
5 Light gas cutting and welding.

6-7 (as cutting, medium gas welding, and arc welding up to 30 amperes.

B-9 Heavy gas welding and arc welding and cutting, 30-75 amperes.

10-11 Arc welding and Cutting, 76-200 amperes.

12 Arc welding and Cutting, 201-400 amperes.

13-14 Arc welding and Cutting, exceeding 400 amperes.

oo ATLIRRE foodecSapraco moagnbsgioc fooiFans Gaanacosdon sopdctiugSs
ofadpmonsiogred mogSazivn o§Eop e EroymoFTIh Siogcacgsepaniogt poosiiFiromogede
0§ cnbeots oncbagdly ool S oprocfiioparmy chpoosougde

e e L L

ANSI 749.1 og€ eobfyoomeam phegoopd aoo:

ANS| Z49.1:2005

Table 1
Guide for Shade Numbers
{from AWS F2.2, Lens Shade Selecror)
Shade numbers are given as a puide only and may be varied to suit individual needs.

Minimum  Suggested®

Electrode Size Arc Curment  Protective  Shade No.

Process in. (mm} {Amperes) Shade (Comfort)
Shielded Metal Arc Welding Less than 3/32 (2.4)  Less than 60 7 —
(SMAW) 332-5/32 (2.4-4.0) H0=160 8 10
SA2-1/4 (4.06.4) 160-250 10y 12
More than 1/4 (6.4) 250550 il 14
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Mimimum  Suggested®

Electrode Size Arc Current  Protective  Shade No.
Process in. (mm) (Amperes) Shade {Comfort)
Gas Metal Arc Welding (GMAW) Less than 60 7 —_—
and Flux Cored Arc Welding 6160 10 11
(FCAW) 160-250 10 12
250-500 10 14
Gas Tungsten Arc Welding Less than 50 8 10
(GTAW) 50-150 B 12
150-500 10 4
Air Carbon Arc {Light) Less than S00 10 12
Cutting (CAC-A) (Heavy) S00-1000 11 14
Plasma Arc Welding (PAW) Less than 20 ] 6o 8
20-100 8 10
100400 10 12
400800 11 14
Plasma Arc Cutting (PAC) Less than 20 4 4
2040 5 5
40-60 6 6
G080 B 8
RO-300 8 9
300400 9 12
400800 10 14
Torch Brazing (TB) — — Jord
Torch Soldering (TS) =g — 2
Carbon Arc Welding (CAW) — - 14
Plate Thickness Suggested®
Shade No.
in mm {Comfort)
Oxyfuel Gas Welding (OFW)
Light Under 1/8 Under 3 dor5
Medum /810 1/2 3w l3 Sorh
Heavy Over 1/2 Over 13 Gor B
Oxygen Cutting (OC)
Light Under 1 Under 25 Jord
Medium lto6 2510 150 dors
Heavy Over 6 Over 150 S5or6
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Spabrenanb eronup

1. Welding Safety : Minister of Advanced Education, Alberta, Canada

2. Welder Safety Guidelines : Minister of Advanced Education, Alberta, Canada

3. Approved Training Syllabus of Shipyard Safety Instrucion Course for Workers (Hot Work Trade) : MOM
(Singapore)

4, http:/fwww.aws.org/technical/facts
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i. The face-centered cubic
(FCC)
ii. The body-centered cubic
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iii. The hexagonal close- Cubic body centered (bee)  Cubic face centered (foc) Hexagonil

packed Fe, V, Nb, Cr Al, Ni, Ag. Cu, Au Ti, Zn, Mg, Cd

g U?ﬁaﬁl ¢ p - un Crystal Lattice Examples
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(1) substitutional solid solution.

(2) interstitial solid solution and

(3) intermetallic compounds. - o [§6fo3eis
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Microstructure of base metal of the same stainless stesal

{;1 2 - G Microstructure of stainless steel
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0% carbon = pure iron

above 15400C in liquid state no crystalline structure

< 1540 °C splidification starts BCC structure Delta iron

< 1400 °C transformation occurs FCC structure Gamma iron
< 910 °C iron back to BCC alpha iron until room temp
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m Coarse grained o micro structure B welding thermal cycle 2, ju iron carbide
N Fine grained s welding process D08 pure iron ope cementite
1 Mixed grain o Iron-Carbon Diagram oo steel oCa graphite

1 boundaries i Iron-carbon equilibrium diagram
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Perlite * Remaining austenite transforms Lo pearhte
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Fernte starts to form
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transformation of two different carbon steels, from austente to

fernte + cementite
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\ ~ r___-- Electrode guide tube
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Temperaiure Disiribution Across | Carbon Equilibrium Diagram
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: E Austenile y
Gy
BT a) Mixture of ferrite and pearlite grains
§ S b) Pearlite transformed to Austenite
—— ¢) Full Austenite transformation
d) Completely liquid state

o4 hardness N hardenbility o heat treatment
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Unaffected Base

which has not been base material and
subjectd to the heat weld metal deposit
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Group Carbon Content Range %
Low Carbon 0.05 to 0.30
Medium Carbon 0.30 to 0.45
High Carbon 0.45 to 0.75

Very High Carbon 0.75 to 1.50
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Shear Stress: Shear Strain:
F W
T=— === tan@f
4, ¥ =5
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T = shear stress ((Pa) N/m’, psi)
F = parallel component force (N, Iby)

— Ao = Area (m’, in%) = [§053+ qodgofge
w = Gegoduglag?
h = geofieomaacgp:’
Strain = sohamlpé 28833 [gbed el Syoduyln
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Strain Hardening Necking
Stress I B
M ;
Ultimate Strength
Fracture
Yield Strength
Rrse
Run
Young's Modulus = Rlsu Slope
Run
= Strain
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(Typical stress Vs strain diagram indicating the various stages of deformation)

ou Shear Stress and Strain Ju cross section area 21 deformation ca original length
Deformation of 2 solid due to stress 5y Deformation elastic deformation o plastic deformation
Uy o
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o Elastic Deformation J linear o1 Hooke's Law ca Force

m linear elastic deformation constant 1 Young's modulus tn elastic range

o eastic material e Gray cast iron a(m polymers oon plastic deformation
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ALY Ajr Acetylens Welding BMAW Bare Metal Arc Welding
AHW Atomic Hydrogen Welding CAW Carbon Arc Welding
BB Block Brazing cw Cold Welding

o4 Offset Section i Revolved Section o1 Abbreviations Used on Drawings ca American Welding Society

Welding Technology Page 96



DB Dip Brazing QAW Oxyacetylene Welding
DFW Diffusion Welding OHW Oxy-Hydrogen Welding
EBW Electron Beam Welding PAW Plasma Arc Welding

EW Electroslag Welding PEW Percussion Welding

EXW Explosion Welding PGW Pressure Gas Welding

FB Furnace Brazing RB Resistance Brazing
FCAW Flux Cored Arc Welding RPW Projection Welding

FLB Flow Brazing RSEW Resistance Seam Welding
FLOW Flow Welding RSW Resistance Spot Welding
FOW Forge Welding RW Resistance Welding

FRW Friction Welding SAW Submerged Arc Welding
FwW Fash Welding SMAW Shielded Metal Arc Welding
GMAW Gas Metal Arc Welding SW Stud Arc Welding

GTAW Gas Tungsten Arc Welding TB Torch Brazing

HW Hammer Welding TCAB Twin Carbon Arc Brazing
1B Induction Brazing ™ Thermit Welding

IRE Infrared Brazing LswW Ultrasonic Welding

Iw Induced Welding Uw Upset Welding

LBW Laser Beamn Welding

aadfoonch | [gobecnciigh: cpofsop oSe0ma’iah: cpbofod
CAC-A Alr Carbon Arc Cutting LBC Laser Beam Cutting

AC Arc Cutting SMAC Shielded Metal Arc Cutting
ADC Oxygen Arc Cutting ocC Oxygen Cutting

CAC Carbon Arc Cutting OFC Oxygen Gas Cutting

EBC Electron Beam Cutting PAC Plasma Arc Cutting

FOC Chemical Flux Cutting POC Metal Powder Cutting

oaesodepogs saaneopisedioboiciodd camddegoiogeomipmpioieopts coplopls saoa3
@a0s3000s

Al - Automatic

MA - Manual

ME - Machine

SA - Semi-Automatic

ofoopSupip oewssdspbiol [soffgespiefoleaged mdjeoncimchmgdupigbeln gupiplop
:13%5' soeoma’ seobogpiyy mendypsdioop daeoeoncd mamglpin?d esmaideconds eolfgoond

Welding Technology Page 97



sadfaomch sodjoondd | sogpooifiqed

AB Anchor Bolt C °C Degree Centigrade (Celsius)
ABT About C BORE Counter Bore

AlSC American Institute of Steel Construction C/iCorCtoC Centre to Centre

AISI American Iron and Steel Institute CAS Cast Alloy Steel

Allow Allowance ccw Counter-Clockwise

ANSI American Mational Standards Institute CFM Cubic Feet Per Minute

APL American Petroleum Institute CFw Continuows Fillet Weld
APPROX Approximately CG Commercial Grade or Centre of Gravity
ASA American Standards Association CHFR Chamfer

ASB Asbestos CI Cast Iron

ASME American Soclety of Mechanical Engineers CIR Circular

ASSY Assambly i} Centreline

ASTM American Society of Testing Materials C.TOC Centreline to Centreline

AVG Average CH OP Chain-Operated

AWG American Wire Gauge Cm Centimetres

AWS American Welding Society cOo Company or Clean Qut
AVIWA American Water Works Association COy Carbon Dioxide

B&B Bell & Bell CONC Concentric

B&S Bell & Spigot or Brown & Sharpe COND Condensate

BB Bolted Bonnet CORR Corrosion

BBE Bevel Both Ends CORR ALLOW, | Corrosion Allowance

BBL Barrel COUP, CPLG Coupling

BC Balt Centre or Bolt Circle CRN Canadian Registration Number
BCD Bolt Circle Diameter CRS Cold Rolled Steel

BE Bevel Ends (Weld) or Both Ends (cut) [ Carbon Steel, Cast Steel, Cold Spring
BEV Bevel C5A Canadian Standards Association
BF Blind Flange CSK Countersink

BLD Blind CTR Centre

BLDG Building cu Cubic

BM,BOM Bill of Material CUFT Cubic Foot or Cubic Feet

BOE Bevel One End cw Clockwise

BOP Bottom of Pipe CwW Complete With

BRET Bracket CWB Canadian Welding Bureau

BS or BfS Both Sides CWT Hundredweight

BTM, BOT | Bottom CYL Cylinder

BTU British Thermal Unit D, DIA, Diameter

BW Bevel Weld DC Downcorner

G Centreline DGE, or * Degree or Degrees
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DET, DT'L | Detail Gl Ground Joint

DF Drain Funnel GOSL, GOL Gauge Outstanding Leg

DIAG Diagonal GPD Gallons Per Day

DIM Dimension GPM Gallons Per Minute

op Design Pressure GR Grade

DWG, DRWG | Drawing GSKT Gasket

EtoE End to End Ha Hydrogen

EA Each HC Hydrocarbon

ECC Eccentric HD Head

EF Electric Furnace HDR Header

ERPWN Electric Fusion Welded HEMIS Hemispherical

EH Extra Heawy HEX Hexagon or Hexagonal

ELEV, EL Elevation HH Handhole or Hexagonal Head Plug
ELL Elbow HL Hole

ELLIP Ellipse or Elliptical HLA High Level Alarm

ERW Electric Resistance Welded HLL High Liquid Lewvel

ETC Et Cetera HLSD High Level Shut Down

EXT External HR. Hot Rolled

F Fahrenheit or Far HRS Hot Rolled Stee|

ForV, FIN | Finish H55 Hollow Structural Sections
FaD Flanged & Dished HT Heat Treatment or High Tensile
FioF Face to Face HWY Heawy

FAE Fabricate or Fabrication I I Beam

FBX Firebox IBBM Iron Body Bronze Mounted

FF Flat-Faced or Full-Faced ID Inside Diameter

FF S0 Flat Face Slip-COn 10D Inside Depth of Dish

FLG Flanged INor " Inch or Inches

F5 or FfS Far Side or Forged Steel INCL Include or Including

F55 Forged Stainless Steal INS Insulate or Inspection

FT Foot or Feet INT Internal

FT? Cubic Feet INV Invert (Inside bottom of pipe)
Fw Fillet Weld or Field Weld IPS Iron Pipe Size

G Gram 15 Inside Shell

GA Gauge IS0 International Organization for Standardization
GAL Gallon 150's Isometric Drawing

GALY Galvanized JE Joint Efficiency

GB (Grit Blast KG Kilogram

GG Gauge Glass LC Lock Closed or Level Controlled
GI Galvanized Iron LCW Liquid Control Valve
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LG Long or Level Gauge NS MNear Side

LH Left Hand NTS Mot To Scale

LIM FT Lineal Foot or Lineal Feet OfA Owverall

LLA Low Level Alarm ocC On Centre

LLC Liquid Level Control ofo Outside to Outside

LLSD Low Level Shut Down /s Outside Shell

LO Lock Open oD Outside Diameter

LONGT.S. Longitudinal Seam OH Open Hearth

LR Long Radius OR Outside Radius

LS Low Stage ORJ Oval Ring Type Joint

LW Lap Weld 0s Outside

LWN Long Weld Neack OsSaY Outside Screw & Yoke

m Metre (51 Unit) OSHA Occupational Safety & Health Administration
M&F Male and Femnale Os5L Outstanding Leg

MALT or MI | Malleable Iron 0Z. 075 Ounce or Ounces

MAT'L Material #, LB. Pound

MAWP Maximum Allowable Working Pressure P Pitch or Pressure

MAX Maximum PBE Plain Both Ends

MB Machine Bolt PC, FCS Piece or Pieces or Pressure Control Valve
MDD Marked PE Plain End

MFG Manufacture PL Pressure Indicator

MH Manhole PL, P, Flate

MIN Minimum POE Plain One End

MK Mark PR Pair

mm Millimetre PROD Projection

MMSCT Million Standard Cubic Feet PSE Plain Small End

MW Manway or Mitre Weld PSIA | Pounds Per Square Inch Absolute
N North PSIG Pounds Per Square Inch Gauge
N&C Mew & Cold PSV Pressure Safety Valve

MNC Marmally Closed or Mational Coarse (threads) oY Quantity

NF National Fine (threads) R Radius

NI Nickel RAD Radial

MNIC Mot In Contact RD Round

NLL Mormal Liguid Level RED Reducer

NO, # Number or Normally Open REF Reference

NOM Nominal REINF Reinforcing

NP BRKT Mame Plate Bracket REPAD Reinforcing Pad

MPS Mominal Pipe Size REQ or REQD | Reguired

NPT Mational Pipe Tapered Thread RFSO Raised Face Slip-Cn
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RPWN Raised Face Weld Neck Fange TEE Top & Bottormn
RH Right Hand TaC Threaded & Coupled
RTIWN, RIWN | Ring Type Joint Weld Neck Fange TAN-TAN,T-T | Tangent to Tangent
RP Reinforcing Plate TBE Threaded Both Ends
RT1, R1 Ring Type Joint TC Temperature Control
RV Relief Valve TE Threaded End
S, SCH Schedule TOS Top of Steel
5/C Shop Cost TEST HD Hydro-static Hest
5-5, §/5 Seam To Seam THD, THDS Thread or Threads
SCF Standard Cubic Feet THK Thick
SCR Screw TI Temperature Indicator
SCR'D, SCRD | Screwed TLE Threaded Large End
SOV Shutdown Valve TOC Top of Concrete
SE Semi-elliptical TOE Thread One End
SERV SHT | Service Sheet TOL Thread-0-Let
5F Semi-Finishing or Straight Flange or TEMA Tabular Exchanger
Skirt Flange Manufacturers Association
SHT Sheet T5 Tube Sheet
5M Seam TSE Threaded Small End
SMLS Seamless ™ Tack Weld or Thermowell
S0 Slip=-On TYP Typical
SOL Socket-0O-Let JSAS United States of America Standard Institute
SPF GR Specific Gravity W, Valve
SPA Spacing VERT Vertical
SPEC Specifications VOL Yolume
50Q. Square w With
S0Q. IN. Square Inch or 5quare Inches W ELL Weld Elbow
50Q. FT. Snuare Foot or Square Feet W OUT, wfo Without
SR Short Radius WE Weld End
55 Stainless Sesl WF, W Wide Flange or W Shape
5TD Standard WG Water Gallon
STL Steel WI Wrought Iron
5TLC Steel Castings W Weld Neck
STM Steam wo Work Order
5TR Straddle WOG Water, Qil, Gas
SUPT Support WOL Weld-0-Let
SW Socket Weld WP Working Pressure
SWG Swage WPB Weilded Pipe Grade "B”
SYM Symmetrical WPLO Welded Pipe Long End
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WT Wall Thickness or Weight XS Extra Strong
XH Extra Heavy XxH Double Extra Heawy
XR H-ray ¥XSTG, XXS Double Extra Strong
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STANDARD LOCATION OF ELEMENTS OF A WELDING SYMBOL

Finish symbal Groove angle or included angle of
Contour Symbol countersink for plug welds
P00% Dpening FEpth Length of weld in inches
of filling for plug and
slot welds Pitch (c. to c. spacing) of
E welds in inches
Size in inches s
Reference Line R Field weld symbaol
Specification process or \ s ; ég Weld-all-around symbol
other reference _“-..1-/ ; L=P
Tail (may be omitted ~H
when reference is not
used) Arrow connecting reference line
to arrow side of joint (also points
Basi Id bal
Icwei - to grooved member in bevel and
o : ] grooved joints)

¢ G - por neueaSfgls 20eobonobeopt dofeon m8c5308:qp:

Finish Symbol -
Groave Angle
Contour Symbal - F = (Included angla of
e = countersink for
T e T i
Rool Gpﬂnlm . e ™ F'-UEI lln\lﬂllﬂ‘ﬁ:l
{Depth of filling for . A Length of Weld
plug and shot wlids) - -
Effective Throat *R _ Field Weld Symbol
F ¥
-
Deplh of Proparation ¢ Pilch
(Size or strangth Other ” {Center-lo-Centar
lor certain walds) \5 IE} Side L—P spacing of wekls)
Specificallon, Procoess e . Ariengd commating
or olher referance //i 4 Siﬂﬂ'l g-;:w i © referenco fine 1o
- L] W Ao dida
Tail I : g mreemtbir of [olnt
(Omitted when (N) B
referance is nol used) it
. miat
Basic Weld Symbol - projection weids o

or detall reference * Raference Line

Elements in This ares
a— ramain &= shown whean -
tail and armoww are reversed

4
| :
‘ Mumbet of spol of Weld All-Around

Elements of a Welding Symbaol
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2R E-— ; "
mhj__ N ‘/‘:‘!e 4 Fi |l\a’ !\\
ik rﬁ%__ g —
(] _I: I\ e Beval El;\nme CUFJH{;HWQ‘;\
i j [ | ~ B
_I__ - T J-Groove
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Flllet Welds

Fillet Weld o3& oeuioomdi leg size o neunooeabonel cuSonabogf cocbudizndindsdat eadd
copSiaomén Scd8omfescbaopbianné: [gooph § g - pg o [o3p5ch a00udd newnaceobonanpd meppfg:
a8 gboocbocyogt R o ooumonsabanygocyt sochsomp acfighc Y FprocSogbien
oeuasd [efgeonogbel saffornoiifiecn newnamc} mgubmencopddioncop: oBiaog aodjgauchs

l '!.‘ _.-’f
W75 AN o v
0 e -
| / - 0 e N
Siza | Fillel Weld Size
Length
i .-"'f % r
i 6 [N ¥
B| 917
Fillet Weld with Fillet Wald with
Same Dimensions Unegual Dimensions
e e p—————
(X
a7 Axi) | .

38 ;—"\_ 4 ] a:  NORR) L

L i : A

10[,738 p | ./ y
- = Fillet Weld with Unequal Legs —

& G - pGa Fillet Weld ol soguSaaonal eodfgd & G - pep Fillet Weld & macgpso eublgd
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G1 o Ga Intermittent Fillet Welding

mm::.mui sommlgobecdoonbasd Intermittent fillet welding of adaogbs Intermittent fillet welding sodjs
Stitch Intermittent Welding: oobecbangbifiam newesobeloddon ajspbnt ajaogh
+ Chain Intermittent welding: $8ecbeny: ceuesbafcldon ofspind ajooph ofspiiat neuwesdbep
g€ ooboeody neuamfepsbonpiong) esnodonboniopt eaobaogh
+ Staggered Intermittent welding: $bocbond: newescbabcloln ofspbid akoogh ofspbat newm
asoNg: ot oacmoomc coboobgSonbach cafeedbaraoh § - 76 opEREldh

w212 Lunglh P'u:h
3 A Intermittent {One Side) Weld

i
e

E. Chain lnbermittent

1 {Both Sides) Wald
m* gl ] B
i A = - P
] T

(Both Sides) Weld

W 2-12
3 7.1
C. staggered Intermittent

—12- -

-t | ; : 'F
ey :.—....[-7::’_'..' : b T
- e
t:: £ = ?EI Intermittent Weld e t;: G- Intermittent Weld i mn:un?ﬁ m}%wvgom‘?
o size of weld _p length of weid o length g pitch
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Groove weld sadpmoomupign Square, Vee, Bevel, J-groove, U-groove, Flare Vee $€ Flare Bevel of [3bai
mfgpSemadoglicaioophoeney mcifiegl evpcd oewaom: mxnmlgeRicfesbog Sfevydd Bfgrpbect
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st ey olisnEs AT BT A

Effective throat u;:;.:\é u&uﬂ:ﬁp:hmcr&ﬁ: mﬁﬂcﬂwufwwg cr?r Gaﬂ'cuél
Effective throat of & 5 - 6 opf cebfGaonidansSs :095§ GBop8 apfieunciauaansod 58 Effective throat size
n’l’l m}@uﬁﬁqaép%&n ugﬁu;mn&raéz;*cﬁm‘}&nﬂj n‘l'r Effective throat size ol :J'JLﬂcxxﬁ:lgE Gac_ﬁ':[:él
Effective 'H‘lmatn‘:ugm.rEWeld DGOHOOE mtﬁayﬁ(:ﬁ{w&aﬁﬁ G!!?E&{;:q —woﬁw

VaTe

(3 13
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s Y i Pl
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wﬁmWeningqmémw&ﬁﬁémﬁmxa@aiﬁxiﬁo&wW§a—nuaﬁ

Bevel sfwunch Groove angle afiaopben newneacbal adfgmo? eenidpoomnongh coot [gbeh glich Sod
[a&}48: groove weld sosodonal mlgEonabopt [googh

o full penetration weld  full strength wild o plat emds ¢ depth of penetration
) groove weld IS to be prepared the full thickness of the &deprhnfmmpenetramn o actual thickness
Joink

]
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Format A serles B series | C series

mm X mm In x In mm x mm In x In |mnxm'n| in x In

594 x 841 | 23.4 x 33.1 707 = 1000 27.8 x 39.4 648 = 917 | 25.5 % 36.1

420x 594 |16.5x234 |500x707 |19.7%27.8 |458x648 |18.0x255 |
297 x 420 |11.7x 165 |353x500 |139x19.7 |324x458 |12.8x 18.0

Size
0 | 841 x 1189 |33.1x468 | 1000 1414 | 394 x557 | 917 x 1297 | 36.1 % 51.1 _
1 . | .
2
3

o International paper size standard Jﬁamstmdml = aspect ratio of square root of 2
1 1 square meter
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. Format | A serles B serles | C serles
Sze ~mmxmm  inxin | mmxmm | Sze | mmxmm  Inxin
4 |210x297 |827x11.7 |250x 353 | 9.84 x 13.9 | 229 x 324 9.02 % 12.8
5 |148x210 |583x827 |[176x250 |6.93x9.84 | 162x229 |6.38 x 9.02
6 105 x 148 | 4.13x 583 |125x 176 | 4.92x6.93 |114 x 162 | 4.49 x 6.38
7 |74x105 |291x4.13 |88x125 | 3.46 x 4.92 : 81 x 114 3.19 x 4.49
8 | 52x74 | 205x291 |62x88  |244x3.46 |57x81 2.24 x 3.19
9 37 x 52 1.46 x 2.05 |44 x 62 | 1.73 x 2.44 | 40 x 57 | 1.57 x 2.24
10 26 x 37 1.02x 1.46 |31 x44 | 1.22x1.73 |
58 mim 105 mm
210 mm AZ0 TN —
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{ Acronym) (What It Covers)

American Bureau of Shipping | ABS Quality and construction of ships and other marine structures.

American Iron and Steel | AISI Industry-based organization that develops spedifications for

Institute iron and steel products.

American Mational Standards | ANSI Administrator, fadilitator and co-ordinator of U.S. private sector

Institute voluntary standardization system.

American Petroleum Institute | API Major national trade associafion that acts on behalf of the
petroleum industry.

American Society of | ASME Responsible for more than 600 standards including the Boiler

Mechanical Engineers International | and Pressure Vessel Code and the Code for Pressure Piping.

American Society for Testing | ASTM Publishes consensus standards for test methods, specifications,

and Materials practices, guides, classifications and terminology.

American Welding Sodety AWS Produces specifications and standards in a number of areas
including filler metals, welding symbols, welding inspection and
safety and health.

Canadian Institute of Steel | CISC Have developed a Code of Standard Practice for Buildings.

Construction

o Welding Basics v Codes o Standards ci procedures
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CSA international CSA Produces standards and specifications in several disdplines
international | including  electrical, electronic, construction,  guatity
management systems and health and safety.

Compressed Gas Association | CGA Promotes, develops, represents and co-ordinates technical and
standardization activities in the compressed gas industries.
Represents manutacturers, distributors, suppliers and
transporters of gases, cryogenic liguids and gas handling

equipment.
International Institute for | IIW Founded by welding institutes and sodeties in several
Welding countries to promote international collaboration in welding.

Assists in the formulation of international standards for
welding in collaboration with the International Organization for

Standardization.
International  Organization | ISO Is a worldwide federation of national standards bodies.
for Standardization Promotes the development of standardization around the
world.
Mational Board oi Boiier and | NEBPVI Represents the enforcement agencies empowered fo assure
Pressure Vessel Inspectors adherence to the ASME Boiler and Pressure Viessel Code.
National Electrical | NEMA Represents manufacturers of welding and welding-related
Manufacturers Association equipment.
Mational Research Council NRC Developed the Mational Building Code that recommends mini
standards for the safety of buildings.
Sodety of  Automofive | SAE Publishes welding standards for the automotive and aerospace
Engineers industries.
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§ o 1 3e000iBobeefgeedap: (Spedfications)

Chemical Requirements ASTM A105 3c0:Boeodjgqedapiyy  poesoogpipt  Faconiopa
Element Composition % Beoch macobobecblgadypion opfopodopbspd: sacofeod
Carbon 0.35 max 0003 apcbopbdicieabyyobo} sadenam: eubijooph pows ASTM
Manganese | 0.60-1.05 A105  [§opobogbooniaan  oddi  meabobecbigandyn
Phosphaorus 0.035 max nm&r&ﬂswﬁﬁ:ﬁﬁmé; ng& T"WOQ&
Sulfur 0.040 max Juﬁoaé U'ﬂé:"i)’“? 32620:805 mﬁﬁcm:c@:ﬁ&: ﬁoggf:méu
Silicon 0.10-0.35

Copper 0.40 max

Mickel 0.40 max

Chromium 0.30 max (1-2)

Molybdenum 0.12 max (1-2)

Vanadium 0.08 max

(1) The sum of copper, nickel, chromium, malybdenum and vanadium shall not exceed 1.00%.

(2} The sum of chromium and molybdenum shall not exceed 0.32%.

Note: : For each reduction of 0.01% below the specified carbon maxdmum (0.35%), an increase of 0.06%
manganese above the specified maximum (1.05%) will be permitted up to a maximum of 1.35%)

R I I—I——
Welding Technology Page 120



g o1 g oaweooifgiielSep puaacoqpipf Sghigps

Name Acronym | Title or Number | What it covers

American Petroleum Institute API API Std 650 Welded tanks for oil storage

American Petroleum Institute API API Spec 12F Shop welded storage tanks

American Society of ASME Section I-XI Boilers and pressure vessels

Mechanical Engineers

American Society of ASME B31.1 and B31.3 | Power and process piping

Mechanical Engineers

American Society for Testing | ASTM Several Specifications for metal products; metal

and Materials documents testing methods

American Welding Sodety AWS 175 plus Filler metals, welding sgnnbols, welding,
documents brazing and cutting processes

CSA International CSA CSA W47.1 Certification of companies for fusion welding

CSA International CSA CSA W48 series | Filter metals

CSA International CSA CSA W59 Welded steel construction using metal arc

welding

CSA International CSA CSA General requirements for rolled or welded
40.20/G40.21 structural quality steel

CSA International CSA CSA W178.2 Certification of welding inspectors

CSA International CSA CSA W117.2 Safety in welding, cutting and allied

processes

CSA International CSA CSA 7662 Gil and gas pipeline systems

International Organization for | ISO TC44 Welding and allied processes

Standardization

Sodiety of Automotive SAE Several Materials specifications

Engineers documents

€ O g ASME (American Society of Mechanical Engineers) ¢ opofghooniea oeueocbigl:adlep puesoogpeyé

dghsaps

Code Description

ASME BPVC Section I1 Part C: Spedifications for Welding Rods, Elecirodes, and Filler Metal
ASME BPVC Section V Nondestructive Examination

ASME BPVC Section IX | Welding and Brazing Qualifications

ASME B16.25 Buttwelding ends

&9 o1 Ba American Welding Sodiety (AWS) y coobjgfconeao neweooifgflEep puescogpesé dgfayp:
AWS ¢ opcifioonianss pussapist Sfpi Jgo coypiiloogh Edmady wafpienn oY

b58:ypicn eanabdlofgbain
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Standard Mumber

Description

AWS ADZ.4 Standard symbols for welding, brazing, and non-destructive examination
AWS AD3.0 Standard welding terms and definitions

AWS ADS.1 Specification for carbon steel electrodes for shielded metal arc welding
AWS ADS.18 Specification for carbon steel elecirodes and rots for gas shielded arc welding
AWS B01.10 Guide for the nondestructive examination of welds

AWS BD2.1 Specification for Welding Procedure and Performance Qualification
AWS DO1.1 Structural welding (steel)

AWS D01.2 Structural welding (aluminum}

AWS DO1.3 Structural welding (sheet steel)

AWS D014 Structural welding (reinforcing steel)

AWS D01.5 Bridge welding

AWS D016 Structural welding (stainless steel)

AWS DOL.7 Structural welding (strengthening and repair)

AWS D01.8 Structural welding seismic supplement

AWS D019 Structural welding (titanium)

AWS D08.1 Automotive spot welding

AWS DO0B.6 Automotive spot welding electrodes supplement

AWS D0B.7 Automotive spot welding recommendations supplement

AWS D08.8 Automotive arc welding (steel)

AWS D08.9 Automotive spot weld testing

AWS D0B.14 Automotive arc welding (aluminum)

AWS D09.1 Sheet metal welding

AWS D10.10 Heating practices for pipe and tube

AWS D10.11 Root pass welding for pipe

AWS D10.12 Pipe welding (mild steel)

AWS D10.13 Tube brazing (copper)

AWS D10.18 Fipe welding (stainless steel)

AWS D11.2 Welding (cast iron)

AWS D14.1 Industrial mill crane welding

AWS D14.3 Earthmoving & agricultural equipment welding

AWS D14.4 Machinery joint welding

AWS D14.5 Press welding

AWS D146 Industrial mill roll surfacing

AWS D15.1 Railroad welding

AWS Di5.2 Railroad welding practice supplement

AWS Di6.1 Robaotic arc welding safety

AWS D16.2 Robotic arc welding system installation

AWS D16.3 Robaotic arc welding risk assessment

]
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AWS D16.4 Robotic arc welder operator gualification

AWS D17.1 Aerospace fusion welding

AWS D17.2 Aerospace resistance welding

AWS D18.1 Hyagienic tube welding (stainless steel)

AWS D18.2 Stainless steel tube discoloration guide

AWS D18.3 Hygienic equipment welding

"The zero after the first letter is only placed there so the table can be sorted. i.e. DO1.1 is actually D1.1).

& o1 s American Petroleum Institute (APT) ¢ cpoSfgfoonsecon aeucoodfgleliep puescoqpuyd dgfup:

Standard Number Description
APL RP 577 Welding Inspection and Metallurgy
APT 1104 Welding of pipelines and related fadlities

§ o on Australian / New Zealand ¢ opo{gfoonec oeuneocbghfbiep puescogpeyf dgfegp:

Standard Number | Description

AS/NZS 1554.1 Structural steel welding - Welding of steel structures

AS/MNZS 1554.2 Structural steel welding - Stud welding (steel studs to steel)

AS/NZS 1554.3 Structural steal welding - Welding of reinforcing steel

AS/MNZS 1554.4 Structural steel welding - Welding of high strength quenched and tempered steels
Structural steel welding - Welding of steel structures subject to high levels of fatigue
loading

AS/NZS 1554.6 Structural steel welding - Welding stainless steels for structural purposes

AS/NZS 1554.7 Structural steel welding - Welding of sheet steel structures

AS/MNZS 3992 Pressure equipment - Welding and brazing qualification

& o @1 UK's National Standards Body ¢ cpoSfghoomeocn aeussoctfgndiep poasoogpipé dgfagpe

Standard Number | Description

AS/NZS 1554.5

BS 499-1 Welding terms and symbols. Glossary for welding, brazing and thermal cutting

BS 499-2C Welding terms and symbols. European arc welding symbols in chart form

BS 2633 Specification for Class I arc welding of ferritic steel pipework for carrying fluids

BS 2971 Specification for class II arc welding of carbon steel pipework for carrying fluids
Specification for welding of steel pipelines on land and offshore - Part 1: Carbon and

iR carbon manganese steel pipelines

RS 45152 Specification for welding of steel pipelines on land and offshore. Duplex stainless steel
pipelines
Structural use of steel and aluminium. Recommendations for the execution of steel

RO ek bridges to BS EN 1090-2

PD 7053 Structural use of steel and aluminium. Recommendations for the execution of aluminium

structures to BS EN 1090-3

e 3
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& o oo International Organization for Standardization (ISO) ¢ cpo3fg§oonaeccn newecoigfelep puesx

Standard Number | Description

ISD 2553 Welded, brazed and soldered joints - symbolic representation on drawings (1992)
Welding consumables. Covered electrodes for manual metal arc welding of non-alloy and

Bl et} fine grain steels. Classification
Covered electrodes for manual arc welding of creep-resisting steels - Code of symbols for

Gad oo identification
Covered electrodes for manual arc welding of stainless and other similar high alloy steels

RE AT - Code of symbols for identification

IS0 3834 Quality requirements for fusion welding of metallic materials, five parts.

IS0 4063 Welding and allied processes - Nomenclature of processes and reference numbers

150 5817 Welding. Fusion-welded joints in steel, nickel, tianium and their alloys (beam welding
excluded). Quality levels for imperfections

1S0 6520-1 Welding and allied processes — Classification of geometric imperfections in metallic
materials — Part 1: Fusion welding

1SO 6530-2 Welding and allied processes — Classification of geometric imperfections in metallic
materials — Part 2: Welding with pressure

ISD 6947 Welds. Working positions. Definitions of angles of slope and rotation

IS0 9606 Qualification test of welders — Fusion welding, parts 1 to 5
Welding and allied processes. Recommendations for joint preparation. Manual metal-arc

IS0 9692-1 welding, gas-shielded metal-arc welding, gas welding, TIG welding and beam welding of
steels

IS0 9692-2 Welding and allied processes. Joint preparation. Submerged arc welding of steels

150 9687-3 Welding and allied processes. Joint preparation. Part 3: TIG and MIG welding of
aluminium and its alloys

150 13647 F'q.ztrctleum and natural gas industries - Pipeline transportation systems - Welding of
pipelines

150 13916 Welding - Guidance on the measurement of preheating temperature, interpass
temperature and preheat mainteanance temperature

IS0 13918 Welding - Studs and ceramic ferrules for arc stud welding

150 13916-1 ﬂelding - Electron and laser-beam welded joints - Guidance on guality level for
imperfections - Part 1: Steel

190 13916-2 Welding - Electron and laser-beam welded joints - Guidance on quality level for
imperfections - Part 2: Aluminium and its weldable alloys

1SO 13920 Welding - General tolerances for welded constructions - Dimensions for lengths and
angles - Shape and position

IS0 14112 (zas welding equipment - Small kits for gas brazing and welding

IS0 14175 Welding consumables — Gases and gas mixtures for fusion welding and allied processes.
Replaced EN 439:1994 in Europe.

e
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IS0 14341 Welding consumables. Wire electrodes and deposits for gas shielded metal arc welding of
non alloy and fine grain steels. Classification

IS0 14554 Resistance welding

IS0 14744 Electron beam welding, six parts

ISO 15607 Specification and qualification of welding procedures for metallic materials - General rules

ISO/TR 15608 Welding - Guidelines for a metallic material grouping system
Specification and gualification of welding procedures for metallic materials - Welding

s procedure spedification, five parts.

150 15610 Specification and qualification of welding procedures for metallic materials — Qualification
based on tested welding consumables

150 15611 Specification and qualification of welding procedures for metallic materials — Qualification
based on previous welding experience

1S 15612 Specification and qualification of welding procedures for metallic materials — Qualification
by adoption of a standard welding procedure

150 18613 Specification and qualification of welding procedures for metallic materials — Qualification
based on pre-production welding test

180 15614 Specification and gualification of welding procedures for metallic materials - Welding
procedure test, 13 parts.

IS0 15615 Gas welding equipment. Acetylene manifold systems for welding, cutfing and allied
processes. Safety requirements in high-pressure devices

IS0 15618-1 Qualification testing of welders for under-water welding. Diver-welders for hyperbaric wet
welding

180 15618:2 Qualification testing of welders for under-water welding. Diver-welders and welding
operators for hyperbaric dry welding

IS0 17635 Mon-destructive testing of welds. General rules for metallic materials

ISO/TR 20172 Welding — Grouping systems for materials — European materials

ISOJTR 20173 Welding — Grouping systems for materials — American materials

ISO/TR 20174 Welding — Grouping systems for materials — Japanese materials
Welding for aerospace applications. Qualification test for welders and welding operators.

By Fusion welding of metallic components

g o oos European Committee for Standardization (CEN) ¢ opoSfgconiean oeueondglediep puesoogpeph

5§

Standard Number | Description
EN 287-1 Qualification test of welders — Fusion welding — Part 1: Steels
EN 1090-1 Execution of steel structures and aluminium structures - Part 1: Requirements for
conformity assessment of structural components
Execution of steel structures and aluminium structures - Part 2: Technical requirements
EN 1090-2 for steel structures
EM 1090-3 Execution of steel structures and aluminium structures - Part 3: Technical requirements
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for aluminium structures
Welding — Recommendations for welding of metallic materials — Part 1: General
=N 101 guidance for arc welding
eN 10112 Welding — Recommendations for welding of metallic materials — Part 2: Arc welding of
ferritic steels
Welding — Recommendations for welding of metallic materials — Part 3: Arc welding of
A stainless steels
EN 10114 Welding — Recommendations for welding of metallic materials — Part 4: Arc welding of
aluminium and aluminium alloys
EN 1011-5 Welding. Recommendations for welding of metallic materials. Welding of dad steel
EM 1011-6 Welding. Recommendations for welding of metallic materials. Laser beam welding
EN 1011-7 Welding — Recommendations for welding of metallic materials — Part 7: Electron beam
welding
EM 1011-8 Welding. Recommendations for welding of metallic materials. Welding of cast irons
EN 1418 Welding personnel. Approval testing of welding operators for fusion welding and
resistance weld setters for fully mechanized and automatic welding of metallic materials
EN 1708-1 Welding. Basic welded joint details in steel. Pressurized components.
EN 1708-2 Welding. Basic weld joint details in steel. Non-internal pressurized components.
Welding. Basic weld joint details in steel. Clad, buttered and lined pressurized
EN 1708-3
components.
EMN 1993-1-8 Eurocode 3: Design of steel structures = Part 1-8: General = Design of joints
EN 13133 Brazing - Brazer approval
Welded, brazed and soldered joints — Symbolic representation on drawings. (CEN version
cokcs of IS0 2553)

§ o o1 German Standards (DIN and others) ol ceweocifgl:ediep poasaogpipé bgfupe

Standard Number | Description
DIN 1910-100 Welding; terms dependent on materials for metal welding
SchweiBgeeignete Feinkornbaustahle - Richtlinien fiir die Verarbeitung besonders fiir das

SEW 088

Schmelzschweifien®, Stahlinstitut WVDEhR
Merkblatt DVS Metall-Schutzgasschwiben von Feinkornbaustahlen”, Deutscher Verband fir
0916 SchweiBtechnik e V.

s-:.SASASAS S
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sboogpEaypipal Coefficient of Thermal Expansion ¢ 0.000011 per degree Celsius [gbaopSe Coefficient of

Thermal Expansion o3 eobcogbesbaaefpady mﬁ&raﬁpm sbeqpliondiond :0§E o BofooB0dcd
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m§jogpbuypsdi Coefficient of Thermal Expansion o mvrﬁ?lmnmgﬁ @u"}@mx&nél

Linear Temperature Expansion Coeffident
Product -a-
(20° m/(m K))? (10° in/(in °F))?
ABS (Acrylonitrile butadiene styrene) thermoplastic 73.8 | 41
ABS -glass fiber-reinforced 304 17
Acrylic 75 42
Alumina 5.4 3.0
Alumiruem 222 12.3
Amber 50 - 60
Antimony 10.4 5.8
Arsenic 4.7 2.6
Bakelite, bleached 22
Barium 20.6 114
Barium ferrite 10 5.6
Beryllium 11.5 6.4
Bismuth 13 7.3
Brass 18.7 10.4
Brick masonry 5.5 31
Bronze 18.0 10.0
Cadmium 30 16.8
Calcium 223 12.4
Cast Iron Gray 10.8 6.0
Celluloid 100
Cellulose acetate (CA) 130 72.2
Cellulose acetate butynate (CAB) 9 -171 BO - 95

Cellulose nitrate (CN) 80 - 120 44 - 67
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Linear Temperature Expansion Coeffident
Product -a-
(210° mf(m K))? (10° in/(in °F)?
Cement 10.0 | 6.0
Cerium 5.2 2.9
Chilorinated polyether 80 44
Chiorinated polyvinylchloride (CPVYC) 66.6 37
Chromium 6.2 34
Clay tile structure 5.9 3.3
Cobalt 12 6.7
Concrete 14.5 8.0
Concrete structure 9.8 5.5
Copper 16.6 9.3
Copper, Beryllium 25 17.8 9.9
Cupronickel 30% 16.2 9
Diamond (Carbon) 1.18 0.66
Duralumin 23 12.8
Dysprosium 9.9 5.5
Ebonite 76.6 42.8
Epoxy, cast resins & compounds, unfilled 45 - 65 25-36
Europium 35 19.4
Fluorcethylene propylene (FEF) 135 75
Fluorspar, CaF, 19.5
Germaniurm 6.1 34
German silver 18.4 10.2
Glass, hard 5.9 i3
Glass, Pyrex 4.0 2.2
Glass, plate 9.0 5.0
Gold 14.2 8.2

Gold - copper 15.5
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Linear Temperature Expansion Coeffident
Product -a-
(210° m/(m K))? (10° inf(in °F))?
Gold - platinum 15.2
Granite 7.9 4.4
Graphite, pure (Carbon) 2-6 1.1-34
Gunmetal 18 10
Ice, O°C water 51 28.3
Iridium 6.4 36
Iron, pure 12.0 6.7
Iron, cast 10.4 5.9
Iron, forged 11.3 6.3
Lead 28.0 15.1
Limestone 8 4.4
Lithium 46 25.6
Magnesium 25 14
Manganese 22 12.3
Marble 55-14.1 3.1-79
Masonry 47-9.0 26-50
Mercury a1 33.9
Mica 3 1.7
Molybdenum 5 2.8
Monel metal 13.5 75
Mortar 7.3-135 4.1-7.5
Nickel 13.0 7.2
Niobium (Columbium) 7 39
Nylon, general purpose 72 40
Nylon, Type 11, molding and extruding compound 100 55.6
Nylon, Type 12, molding and extruding compound 80.5 4.7
B5 47.2

Nylon, Type B, cast



150 | newoecchspb moncbupon

Mylon, Type 6/6, malding compound
Dak, perpendicular to the grain
Phenolic resin without fillers
Phosphor bronze
Plaster
Plastics
Platinum
Plutoniurm
Paolyacrylonitrile
Paolyallomer
Polyamide (PA)
Palybutylene (PB)
Polycarbonate (PC)
Palycarbonate - glass fiber-reinforced
Polyester
Polyester - glass fiber-reinforced

Polyethylene (PE)

Polyethylene (PE) - High Molecular Weight

Polyethylene terephthalate (PET)
Polyphenylene - glass fiber-reinforced
Polypropylene (PP), unfilled
Polypropylene - glass fiber-reinforced
Polystyrens (PS)
Polyurethane (PUR), rigid
Polyvinyl chioride (PVC)
Polyvinylidene fluoride (PVDF)

Porcelain, Industrial

Linear Temperature Expansion Coeffident
-g-

(20° mym K))” (10° infin °F))?
80 | 44.4
54 30

60 - B0 33-444
16.7 9.3
16.4 9.2

40 - 120 22 - &7
9.0 5.0
54 30.2
70 385
a1.5 50.8
110 61.1
130 72
70.2 39
21.5 12
123.5 69
25 14
200 111
108 60
t9.4 33
35.8 20
100 - 200 56-112
32 18
70 389
57.6 32
50.4 28
127.8 71
6.5 3.6



Linear Temperature Expansion Coeffident
Product bt i
(20° my(m K))? (20° in/(in °F))?
Potassium | 83 | 46.1
Quartz 0.77-14 0.43-0.79
Rock salt 40.4
Rubber, hard 7 42.8
Ruthenium 9.1 5.1
Sandstone 11.6 6.5
Sapphire 5.3 29
Scandium 10.2 5.7
Selenium 38 2.1
Silicon 3 1.7
Silicon Carbide 2.77 1.5
Silver 19.5 10.7
Slate 10.4 5.8
Sodium 70 39.1
Solder lead - tin, 50% - 50% 24.0 134
Speculum metal 19.3
Steatite 8.5 4.7
Steel 12.0 6.7
Steel Stainless Austenitic (304) 17.3 0.6
Steel Stainless Austenitic (310) 144 8.0
Steel Stainless Austenitic (316) 16.0 8.9
Stee] Stainless Ferritic (410) 9.9 55
Tin 234 13.0
Titanium 8.6 4.8
Tungsten 4.3 24
Uranium 13.9 7.7

Vanadium 3 4.5



Linear Temperature Expansion Coeffident
Product =ire
(10° my(m K))? (10° infin °F))?
Wiryl Ester 16 - 22 8.7-12

Wedgwood ware 8.9

Woaod, fir iz 21

Weood, parallel to grain 3 1.7

Wood, across (perpendicular) to grain 30 17

Wood, pine 5 2.8
Zinc 29.7 16.5

Zirconium 5.7 3.2
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oa power brush N oxy-acetylene cutting e alignment G tack weld
op damping plate/ temporary tie [5a distortion
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o1 oeuneoohsabed”

61 oieanagEangad caabg

g oewesSgiielopt fqodogrfah?
1 ool

oeusochifEndedody seocdapic} [apfdooph sefjmesociypicd sepifabafucdsd mfpeecd
qpioy (§aebeam newomiqeoql madupiesepy sopfatopqdeagh

puwn - square groove weld 3& fillet weld oBeooge’ soopfyfecpucidh [gobogpind eojpaSeciodadq
egpeughenoioham ol

esmobad-moiedonrodingwn’ g€ abfgumecy &b o (0.06 coode djuwrych o 8cdom ma) ¢ :—E

coode (5 Sc88om) o Square Butt Weld sEsonddjepoophn (obfgmad eqpogadbop o :Trmﬁumaﬁcﬁ sheet
cpfrogSracmta ofeooSiagegf plte cpdicopSiecmts odlck)
o$ipecgecdobd soops copeoc® gy camcmRiEbh

e0c5gs S
Square Joint Up to 1/4 in (6.35 mm)
Single-bevel joint 3/16=3/8 in (4.76~9.53 mm)
Double-bevel joint Ower 3/8 in (9.53 mm})
Single-V joint Up to 3/4 in (19.05 mm)
Double-V joint Ower 3/4 in (19.05 mm)
Single-] joint 1/2=3/4 in (12.70-19.05 mm)
Double-] joint Ower 3/4 in (19.05 mm)
Single-U joint Up to 3/4 in (19.05 mm)
Double-U joint Ower 3/4 in (19.05 mm)
Flange (edge of corner) Shesat metals less than 12 gauge (0.1046 in or 2.657 mm)
Flare groove All thickness
mcochadpdp
20f§ée000506 g Gpfjei’
on Butt Joint
Jv T-Joint
o Lap Joint
Gu Corner Joint
& Edge Joint

Seeffiancontybapiiiancf§éd eoncsioaths ameodsizenpds cbsciropio

o4 welding process [ extent of penetration required
s Five basic types of joints

e butt joint

21 welding distortion

g1 oxy-acteylene welding
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Lap Comer

¢ 9 - 990 efémeoddpd g g

Edge

Butt Joint

¥ ¥ ¥ ¥ ¥ ¥ ¥

¥

¥ ¥ ¥ v ¥vY¥

Square-groove butt weld.
Bevel-groove butt weld.
V-groove butt weld.

J-groove butt weld.

U-groove butt weld.
Flare-V-groove butt weld.
Flare-bevel-groove butt weld.

s myny

-
Butt Bevelgroove V-groove J-groove U-groove Flare-bevel
Flare-V

Fillet weld.

Plug weld.

Slot weld.

Bevel-groove weld.
J-groove weld.
Flare-bevel-groove weld.
Melt-through weild.

7

Bevelgroove J-groove Filiet
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Lap Joint

Fillet weld.

Plug weld.

Slot weld.

Spot weld.

Bevel-groove weld.
J-groove weld.
Flare-bevel-groove weld.

Y ¥V ¥ ¥YY ¥ ¥

Fillet Bevel- J-groove Plug Slot Spot
groove

Comer Joint
Fillet weld.

Spot weld.

Square-groove weld or butt weld.
V-groove weld.

Bevel-groove weld.

U-groove weld.

J-groove weld.

Flare-V-groove weld.

Edge weld.
Corner-flange weld.

L=y
Butt Filet J-groove Spot

Edge

V-groove Comer
F]an.g.g Flare-V

O L A R A A . A G
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Edge Joint

Square-groove weld or butt weld.
Bevel-groove weld.

V-groove weld.

J-groove weld.

U-groove weld.

Edge-flange weild.

Corner-flange weld.

¥y ¥

b A A

{3
p

f

Butt Bevelgroove J-groove  V-groove U-groove Edge flange Comner flange

Application of Double Welds

B2 ad >’% ﬂ]%
Butt Bevel V-groove J-groave U-groove
Filet

Bevel Filet Double filet
\

|
-

Joggle-type joint

=

Tubular butt jeint with & buit-in backing bar

¢ 9 - 9B fpraeocihbep: Controled weld penetration jont

A

LT
Plate butt weld with a fabricated backing bar




Square Butt Welds

Square Closed Square

Square Butt Weld 530905 soaoganog: [4Eoepucts [goSononph
;ﬁhﬂﬂ;&ﬁaﬁﬁ*‘ Qo5 mgpScod eogpadendajadadabog

square-groove weld
butt jaint .

oeumembeonepiadoyf newesobupboogugpbupind Bigo sofqpopbe! dajadeotepopE Godgfyoon:
ean mojmmonypmdit: qeogkst clpboofyqeoqs meqfofein 150 9692 opfecdigoonean neweoch
83E:3c305 scoodaadpdpam: [GE¢lalspbin} samnndopt ecdigaondlongbe

Welding Processes

Joint preparations recommended in this part of IS0 9692 are suitable for welding carried out in accordance
with the following processes as spacified in Tables 1 to 4; combinations of different processes are possible.
a) (3) gas welding; oxyfuel gas welding;
b} (111) manual metal arc welding (metal arc welding with covered electrode); shielded metal arc welding;
c) (13) gas-shielded metal arc welding; gas metal arc welding includes:
— (131) metal inert gas welding; MIG welding; gas metal arc welding;
— (135} metal active gas welding; MAG welding; gas metal arc welding;
— (136) tubular cored metal arc welding with active gas shield; flux cored arc welding,;
— (137) tubular cored metal arc welding with inert gas shield; flux cored arc welding;
d) (141) tungsten inert gas welding; TIG welding; gas tungsten arc welding;
2] (5) beam welding:
— (51) electron beam welding;
— (512) electron beam welding in atmosphere;
— (52} laser welding; laser beam welding.

NOTE The numbers in parentheses refer to the reference number of the welding process specified in IS0 4063.

The longitudinal edges of the root face should be de-burred and may be chamfered (up to 2 mm).

Type ofjoint preparation

The recommended types of joint preparation and dimensions are specified in Tables 1 to 4.



Table 1 — Joint preparations for butt welds, welded from one side

Dimensions Recom-
mended
Angle® | Gap® | Thick- | Depthof | yeding
Symbol ness of | prepa- process
Ref. Material Type of {in accor- root face ration
Mo. | thicknass | preparation’ | dance with Cross-section (reference Weld illustration Remarks
180 2553) number in
accordance
with
IS0 4063)
r @ f b ] h
mm mm mm mm
i 3
i 111 J=<1§ Usually
1.4 <2 raised edges | _/ \_ — — — — i s D oy without
filler metal
512
3
1.21 <4 ml 111 —
141
7 | .
e oo | 1 | AN | _ o] | [ 77 | e
b | 7] 141¢ applicable
1.2.2 with
=19 backing
=15 52 strip
1]




Table 1 (continued)

Dimenslons Recom-
mendad
Angle® Gap® Thick- | Depth of welding
Symbaol ness of prapa- process
Ref. Material Type of (im accor- root face | ration
No. | thickness | praparation | dance wilh Cross-section {reference Wald illustration Remarks
150 2553) number in
accordance
with
IS0 4083)
f o B b € i
mm mm mm mm
b
S P
Square
123 preparation |
wilh backing
< 100 - —_— —_ - 51 -
Square B
preparation
AR wilhcenleﬂng m
lip
o 3
o
sl 40% = @ <4 114 ke
) - | =80 13 applicable
13 Sngev |\ / NIE 2 | - | i
: preparation ! backing
Ber<i2 5 . Z’gf‘ i 520 strip
Steep-Tlanked 59 & 5<b 111 With
14 | >18 single-V \/ mf = £ backing
preparation % = 13 strip




Table 1 (continued)

Dimensions Recom-
mended
Angle® Gapb Thick- Depth of welding
Symbol nessof | prepa- process
Ref. | Material Type of (in accor- root face | ration
No. | thickness | preparation | dance with Crisesucion {reference Weld lllustration Remarks
150 2553) number in
accordance
with
150 4063)
r a f b ¢ Il
mm mm mm mm
-4
Single-V — 11 -
15 | 5ercdo | Preparation *.f 60° |1cbed|2ccct - 13 77 V\ i
wies | Y ] | e (v 79\
roct face b 141
—ta oy
60° =< &
in
Single-U =90°
1.6 =12 preparation 15b3 - =4 13 E<R=9
with \/ root Lo 141
12
60° < e
111
Single-V = 80°
1.7 =12 preparation 2=b=4 2 — 13 —
with V/ root =g 14
<15




Table 1 (continued)

Dimensions Recom-

mended

Angle® Gap® Thick- | Depth of walding

Symbaol ness of | prepa- process

Ref. Matarial Type of (in accor- . root face | ration
No. | thickness | preparation | dance with Cross-section (reference Weld lllustration Remarks
180 2553) num;:r in
accordance
with
IS0 4063)
i o B b ¢ h
mm mm mm mm
g
40 M 11
Single-U ks B up
18 212 preparation Y * =12 L L = 13 =
] ~ 141
b
——t——— W
7
b 111
- Single-bevel B p "
J<r<i0 erA L/ <60 2gbgd |15cg2 - 13 —_
141
192 72 A A




Table 1 (continued)

Dimensions Recom-
mended
Angle® Gapb Thick- | Depth of welding
5 e e ; t_SyrnI:aI m:s' of pr:pa— process
ef. erial pe o in accor- root face | ration
Mo. | thickness | preparation | dance with Cross-saction (reference Weld lllustration Remarks
150 2553) number in
accordance
with
IS0 4063)
! w b ¢ h
mm mm mm mm
ES]
=12 111
Steep-flanked 15° < With
1.10 =16 single-bavel u g 60,'8 — — backing
preparation ] 13 strip
=12
141
¥4
i i1
Single-J 5 i 1028 2
2 b=4 (1 2 —_ —
114 =18 preparation I'} 3 <20 Lo £eE 13
141
b
=15 52
112 Square e — — — — —
preparation
=100 51




Table 1 (continued)

Dimensions Recom-
mended
Angle® Gap® Thick- | Depth of welding
Ref. | Material Type of N hol ::::;L p;;‘;;:‘ process
ef. erlal pe o in accor- [ (¢
No. | thickness | preparation | dance with Cross-section (reterence Weld illustration Remarks
150 2553) number in
accordance
with
IS0 4063)
t o p b € h
mm mm mm mm
=15 &\ N 52
Square . o _ . _ _
3 preparation - LZ
=100 51

f

Angles are also larger and/or asymmetric fer welding in pesition PC according to 150 6947 (heorizontal position),

Dimensions given apply to the tacked condition.

The indication of the welding process does nol mean that il is applicable for the whole range of workpiece thicknesses.

With filler metal,

Symbeol and number not yet standardized in 150 2853:1892,




Table 2 — Joint preparations for butt welds, welded from both sides

Dimensions Recom- |
Angle® | Gap® Thick- | Depth of oo ‘
Rel | paterial | Type of cm'égf. ’ " st | propn ::::L?s 'l
No. s | arseich | ansufti Cross-section root face ratlon (rm;nql;e Waeld lllustration Remarks
150 2563) number in
accordance
with
150 4063)
] o 5 b & ]
mm mm mm mm
1 111
£ b =y _i : a
5 Square " > _ - — = A N -
preparation b éi 13 el
=15 0 52 '
111 ‘
o= B0
. 141 " | sealing run
2 3<r<d0 Single-\/ v <3 =2 — pr/r/;i )’"\\\‘ is
g Bl s
prepara == W< 2 indicated
= 80" &
In special
cases,
11 also
e B0° 141 possible
for smaller
Single-V' work-plece
; e v N ]
preparalion Y 1sbc3|2ceccd F— / i\\t thick-
2 10 ] thbead | = ///}fimh\\\ nesses
roct face b and
o :
40 = e ek
e 13 process 3,
Sealing
run is
indicated.




Table 2 (continued)

Dimensions Recom-
mended
B Angle® Gap® Thick- | Depthof |  welding
Rel | material PR P nessof | Prepa | process
No. thickness | praparation | dance with Cross-section roo @ on :red'erengg Weld illustration Remarks
150 2553) number in
accordance
with
180 4063)
i o f b & h
mm mm mm mm
= [ 111
607
Double-V 7 ] B 144
24 sy | Preeeiion I 7 NE 1<bsd|2<esb| (- o
with b;uad 1¢ 7 Wi e 3
rook face - / \ b < 80’ 13
&
! 11
& o= B0°
OSSR 141
'
251 Double-V 2 g 3 \\3 . : _
preparation 5 i
& o y
b
L
10 >< - 1<be3| =<2
a ey = B0° 14
TN
i Lo i ajy= 60° 141
Asymimetrical 2 | R .
252 double-\V A L 40° = @y - _
preparation < | Yy N\ < BO° i
@ < 40° = a3
= 60°




Table 2 (continued)

Dimensions Recom-
Angle® Gap? Thick th of el
Ref Symbol " ® nos: c;f D;;;D: b
No‘ Mtartal Typs.of iy acxor Cross-section root face | ration (gfg:en”:e Weld illustration Remarks
* | thickness | preparation | dance with ber |
180 2553) fumae: .
accordance
with
IS0 4063)
t o g b € h
mm mm mm mm
11
icbed
Q'? I = Sealin
Single-U Y « e <p g
26 =12 x / " 7 55 —_ run is
preparation - =1 g
indicated
<3 141¢
b
i~
This type
of joint
prepara-
tion can
alsobe
11 produced
eltri-
Fap t-¢ Asymm
30 Double-U =3 =4 "
23 = preparation c1z = a3 s i3 c:::—;:l:ra
141¢
manner ta
the
asymmetri-
cal doubile-
\ prepara-
tion
111
Sealing
Single-bevel Brzp P g
28 |3t | Sngebewel | |/ 1abet| <2 | - 1 NI
preparalion - < B0° e
141 indicated




Table 2 (continued)

| Dimensions Recom- |
| mended
o Angle® | Gap® | Thick- | Depthof | \weiding
Ref. h | ness of prepa- process
No. l:mi:; pr:;::a?i;n é'a::s?z;‘ Cross-section root face | ration (reference Weld illustration Rainarks
150 2553) number in
accordance
with
IS0 4083)
t & fF b © h
mm mm mm mm
a7 This type
! -\‘7 of jeint
A LA prepara-
291 % a o
N 5 tion can
™ alsobe
= % 111 prochced_
10 Double bavel B = p R <2 i ssmm.
% preparation 7 < B0° o« cally in a
. ! i
.~ & 5 141 similar
\\§ o manner to
282 - = the
S - asymmetri-
b cal double-
V prepara-
tion.
i Sealing
; 10
210 -1 e o =P l1<bca]| s2 3 13 run is
preparation - = 20
144¢ Indicated.




Table 2 (continued)

Dimenslons Recom-
Angle® | Gap® | Thick- | Depthof m'g::
Ref. T Symbol nessof | prepa | process
No. tm;‘:‘"‘l’:’; pmg:’a‘t:ll::n (I‘::I::D'-:rth Cross-section rool face | ration (reference Weld illustration Remarks
1SO 2553) mumber in
accordance
with
150 4063)
' a, B b & h
mm mm mm mm
This type
of joint
r y preparation
e >2 = Tc can also be
T‘ produced
o = 11 asymmelri-
T < Double-J i N 100 = p <3 3 cally ina
: preparaticn 2 " i £ 20° similar
-\ N = 141¢ manner to
b the
e -2 <L asymmelri-
2 cal double-
\ prepara-
tion.
=25 &\ N 52
212 o - 7 - - - - -
preparation
= 170 ¢ 51
2 Angles are also larger and/for asymmetric for welding in position PC according to IS0 6947 (herizontal posttion).
b pimensions given apply lo the tacked condition
€ The indication of the welding process does not mean that it is applicable for the whole range of workpiece thicknesses.
d

Symbel and number not standardized in IS0 2553:1992.




Table 3 — Joint preparations for fillet welds, welded from one side

Mate- Dimensions | Recommen-
rial Svmbol ded welding
thick- | Type of R Angle | Gap | Process’ _
Ref. | ness prepa- | (inaccor- Cross-section (reference Weld illustra-
. ration | dance with number in tion
k ISO 2553) ap | b aocor_ctl:nce
Wi
m T SO 4063)
t
3
t4>2 | Square M~ = 70° < @ 111
3.1.1 - prepa- 2905 <2 . A
2> ration 1 = 5 2
\ W N\
SN\ | TN
| . 3
gy | 9% | o | b oD Ll om | =
1. prepa- - — < i
1, >2 ration . I\ Y+ 13 A
141
b
‘\‘:‘ | 3 I
- y>2 Square +Z V//A\ ! (600 < a , 111 ; /]
1. prepa- = || 2
tr>2 ration \\\ & I <120 13
B 141
ty

b

The indication of the welding process does not mean that it is applicable for the whole range of workpiece thicknesses.

Symbal is only applicable for «=90°.




Table 4 — Joint preparations for fillet welds, welded from both sides

Work- Dimensions :::t:vn;?:l?:g;
Ref. | thick- | Typeof | ; Weld illustra-
N ’ ness prepa- (in accor- Cross-section (reference _
L ration | dance with number in tion
: 1ISO 2553) a B b accordance
with
e mm | 150 4063)
b
1y>3 | Square & 70° < & 111 Mﬁ%
411 prepa- 1000 | < 2 N
>3 ration - < 13
BN 141
I
--\\\q-
e \\ 3
b 77 .
f.l >2 Square Sf/ A \‘ 60° <a 111 ////{.:?
412 prepa- N sqoe | —
1,>5 ration \ e 13
: 141
fy
2«
<4 L
<2 3
2< Square ? P 111
413 | 1Lb<4 prepa- ? —
ration 1 13
1y>4 A« 141
>4

b

The indication of the welding process does not mean that it is applicable for the whole range of workpiece thicknesses.

Symbol is only applicable for &= 90°.
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F Tpeats T T ] =
-E o = &0 | E:L":.T::: uTlh:rm:H 28 ':_
: 2 il 'I/; | 3
g =W P ! 0
5 &I 28 i % g - Ega Changes in the properties of
g’" ;:n et mimgh—A ] | %5 steel with increases in temperature
;5_ 2 20 ! \\ ~] " =  complicate analysis of what happens
2 > l. i ks during the welding cycle - and, thus,
',ﬁ = n:-u o 800 800 800  S000 1300 1“:5 understanding of the factors contributing
& Tomperature °F to weldment distortion.
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mﬁ wupeodal [abein Joneam oeuammi; cewenabadfeomiinmeofglioon’d meociiyaigs:
soxoyesmatelparglt ¢qodfgtioopd [Gaognorbaberpoddor egpaacdanean asueooispSiofad
e monube gt [gaognobebfgbesdon nuraonmspbiats ss005gda} egudh fuopch aeuant
va- '

o1 Weld Distortion N mechanical property o physical property g shrinkage control 1 Convex
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Excessive reinforcement (greater than nmnd:' gmﬁaﬂpﬂgmfﬁﬁm{ﬁ

~ dimension T) increases distortion 33E:c805eaS e oo Hyofgliod eagpoy
Lo 3 cooopht socddon :BEpagpr) o}
N,

‘_("T T‘%__I

(2) Avoid Overwelding :ﬁgl’;‘:nge::; [gEscoch gypdfgtn} qg% B eogpqeuft
. ‘r“largermut 205 ¢ g - B9 (c) opéfogpbch
; J f‘tim"-‘ ‘1 f“* opening
N/ \a
—-H-- 1/32 to 1/16" Dolible-V . .
L’ju preparation :;(._ preparation ¥8- €9' mgaw(ﬁ
gpSeagegbasant [gfyloghtaopSe
(b) Edge Preparation and Fitup
& 61 1 ooonmaogoape? o 4pSpSaogippbicant cpbd
Poor — oawespéiooiohd  oeumagypiod
I \w eoqpqfaopd  oewegplieocicanst  mop
: yprpresodfglioogd oeusesobesoopd cogop:
— s GarSoonS oobepaffyfbedioooes
P ey ] $aod40op5 ecBomeacbooph: smapqpip gadE:
{c) Intermittent Welding (d) Minimum Number : :mmél it E’ C
of Passas ¢ 9 - Bg (d) o3E[ogpdch

Poor

%éf’i'ff e

e

= e ST -G cavesesed b axeged
[§8080p 020538204 ergpafgt:

(e} Welding near Neutral Axs  {f) Balancing Welds around E‘E' ‘?‘ﬂ‘{ﬁ&“ﬁ Wmé'

Meutral Axis

& 6 g1 ocucacholppbic) odfe® §¢ §:§Soog) a0k coxdh

© 9 - B9 () pEfo3p3dh asvrmabefopiiongS oddqpisdfidlon magelré offet ojfgliy pigopea
Reot Goodfaacy soppaeoiEasg ofjoiolepbel csmmdiifEidie asmediigfmbnodald Bl
eepodaepolfgbesnt [dEevmfcidlooghs

oa Intermittent Welding _p stiffeners 21 weld passes G Neutral axds
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& 61 g1 0oeoaSupuct o 45 §:48oog froead codh

¢ 9 - B9 () oz8p3oldh cevreoddypracgd oujgeomasdon fypSagliy Spiconf: oddeont voBudbrogh
3Eijesngt seoioofsé ol oxbudionbapioptiiesag® ¢qoieap [gheopbgistec:itasch

& & 61 neuacocieloplio? egooboonbopodd ecogl:
Direction of o ¢ 9 - E5 (9 opffogeddh oewd}
Eg?mgﬁ?d S comobeagpoiesienymad  m{Exdoifgodom
5 woowodeloptieaicdo’ egnodfgteociomn
egnodonbelopénd  voowonbelpplicd  Boopd

E'?f?re After GmStfx'ﬁ ﬂ:ﬂé am’iagx@é:ﬁ& ?E& azmﬁ&
000 WEHND  spooch cBflfoorts oot (SRR

Directio
2 A o Eﬂ.fetd;g l ! | | cop5s eogpayeosopSs

(a) Backstep Welding =)

' % M & §) - & Backstep Welding and
— — Presetting Parts

(h) Presetting Parts

9 € 1qs [Pioo8 {ogoBoonfgs (Presetting Parts)

¢ 9 - B (h) opéfoghdh cewmagelrpé gypbagrmpbonadel sofoyfonadod sgpliced eonifaoy/g
cusoonfglifyé oeuseciclodanpimd [Gfoopdogri§loopt wpbgpmad eentiaog/gy conupbo} §¢40 oew
sagpSicobesoifly 0baodpipd§ealaoph agbapé afeeudgoirundon ofmdhimmomnc} apftaoph

sacoudodfeloliogt JRoncdoopbonadyd
Butt weld eeoSfgfiooplooph:  fyoBfghio}
seqpoyeo§Eoophe ¢ g - Eq (k) op€fp3pdck

T eocbgpogl fillet weld eeobooplmdl
intermittent weld ceoSgidgboopS: Gqodfglod

B5:48a0551 ¢ g - Bq (1) opEfoglch
i B ego0denbspSin [Boafaogfgifgba ¢ 9
il ‘ il - Bq () opEfooreoogfencls otfguc} oo
(i) Prebanding = 58 E@ E ot % qam
4 g ! . 3ol osueschoopleed newomiocopd woy
DD U LI, 58 qgSeqobnoci qcaoog et of

D00 ' eogpeBoBeommdl otfgrofopifl oeuoon
‘_[L’ '_[L‘ 9 § - Bqu osuaegelopé gugrieogd

Bloonsp

(i} Back-to-Back Camping (I} Seegence Welds



oPogrianph defré gepyemsccndfopfigbeca newomodjofglint sachelelgepodffiar: [§agecodh
832050855 aemammadod eegbiBeoe) $6305 ppborigifgbeln nemomicgempl sy ppbo}
fae5e80520p5 ofseiat eq3§Eeomeqn ¢ g - Bq () op8frpbch

9 & g1 covaeoiigholpmf fqdqop oBf:fEaoph sofguppbep:

eofffacasuifgs:

Copper camps /— Joint to be welded neweooiend cogpfusbecd eedadypisé sooSoon
; r \, : 2

0> e acqpaEuiasgh ppboosian fFapioES:

Quygobeoaf oppBeuianpbe
¢ § - B ocwmagelopé Gugedeond eqdobypdst

FEIRDY

Copper water tubes

pobapa cobpu aMfgopdaf BfdgE:

cio s welded Yoke of same thickness mfgpionbspbuy cemeaodupd aifgnad mddh:
ol plal:e as root opening of joint - Sosfprpdat BScondat: ook

wedgehere T’ 9 - Be cySEEh oot} opSoies o
X opSop facooy oauncoodep praopmcono]
Z [ Y5 menbofgeac) ooy
()
- T
*-:({ ] / coaaSabfgorapifa oB§somag
c (d)
ooueeoiffagond sogaudgl: (Post Weld Heat Treatment)

oaGsoqbegoopd anfamupio} efjecpal newesifiresndd sweualfal Gqodfgto} wacypeftdh
BoRE ofodcdesgeuncdoifabiyl egoodoobgedomup oyobfgtod omogubfEanpbiadep neueacifiagnod
sageoioopdspSioopS: conddapglogdie:onpbe
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0euaqpSip:® $ cgdediCgpr!

i o oewnescbonph saegancongpe®

ounsapbi agSapogt cauneasasgmagmcriotd copSegefenal ooz GefpS oew
egplgprmcfopbeceigd nemeabupbmesmoonypimept: S eoBfgduh

ogey€anpd neweatogodimfyd cooteddapadeugbobesoopbmd eamabentiyd newescbaopd
segacoqpit 08dooph dBesegmanigpioyt seeslionfgoociyoSoogl (ASME b5k soficSigpSepSepsd:
(150 &58:)9 & peepodgd: (EN »5.\&.;?.:}(a o0 §pdpoh d5f:00bosfonde medmedooyoh ypeomarfaé
meedond b55: (ASME standard) of saalqpadlaoshs

oeuesohaop) mmesmoomadcdodd eamaddemadé: aocbgoloondooph eogameogulogeogt b5k
stepocts ooy

ASME Welding Positions For Groove Welds

Welding Position Test Position IS0 and EN
Flat 1G PA
Horizontal 2G PC
Wertical Upwards Progression G FF
Vertical Downwards Progression 3G PG
Overhead 4G PE
Fipe Fixed Horzontal 5G FF
Pipe Fixed @ 45 degrees Upwards 6G HLO4S
Pipe Fixed @ 45 degrees Downwards 6G JL045

ASME Welding Positions For Fillet Welds

Welding Position Test Position ISO and EN
Flat (Weld flat joint at 45 degrees) 1F PA
Horizontal 2F PB
Horizontal Rotated 2FR PB
Vertical Upwards Progression 3F PF
Vertical Downwards Progression IF PG
Overhead 4F PD
Fipe Fixed Horizontal 5F FF
o Welding Rod Jn Electrodes = Welding Positions

ca American Society of Mechanical Engineers  ou International Organization for Standardization 51 European Standard



176 | oeweochsphe soonobupm

neweahoopl mesmoon ¢ §pfieh 1 - Flat, 2 - Horizontal, 3 - Vertical, 4 - Overhead o3[gbaoph
neweschoopd mesmooncdcdodq 1G, 2G, 3G vp cophieomén IF, 2F eoopdfgboophieomedain ofegd G
wpoopBen Groove Weld [§85: F o Fillet Weld [32025 1 vpoopSen Flat (eefalal) seegancondgooph sdanopad
16 cgoopbyn sxfgrrclodqeaniiean groove (efgps) welding [§Boogn ofeadd §o3of choncopplom eacboogh
56 o3 Gobobeypbdiond wessconicmn cesSausg 66 uzeoEd 6 Sofeonticumienn Gobes cwoBEEd
ofmesmoonogd equfod edEcloh overhead megascommemol dofesoopdgbep cdmesmeconndom
eabodddln safepr vpSaspimagmenigiisber eedborobopffigeln ofmaogod 6G welder of mogbiyBais

poSgoss 1 goSofesobeancencpl 36 $¢ 4G offh sefghiesaacompiof eanosopé soosaoos
ecpeoogabcl

i o1 on PLATE WELDING POSITION ASME SEC IX & (ISO, EN)

Axis of Weld

2F

HORIZONTAL POSITION

Axis of Weld

IFEI\E'LF

|

LA LALREL L LY

i

T

i

et

aF OVERHEAD POSITION
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EGJMWWMMEHH&@,EI}

Q') - ¢
Horizontal Rolled Position 45"+ 5°
1G (PA) \
f'f

@ i Inclined Position

6G (IL 045 or HL 045)

Horzontal Fixed Position Vertical Posttion
5G (PF) 2G (PC)
&1 o1 o1 oeuIseegascoploneonds®

mefgdeifad eanodilecd: nemesbaimeonennd abidpld

> fgichodd - 09p0 ¢ o SofcBaoE:gacph
> 0§ ¢ 00 3088 eonddgh:
»  eonbuod, 00 ¢ po 30

Socorfagpogt oo scfoboanpascony sacpicoR ohgoreod edbiaw? wagamomi
c9e888a0cSs

Flat
—
Ascendant Descendant
Vertical Vertical
B e ——
Overhead

on Inclination i Flat o overhead
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Butt Welds Fillet Welds
&0*

f"

Side Elewvation

15"

Horizontal Horizontal

10¢

10° Overhead

Mote. Mo Flat or Horizontal Position at this Elewvation

15° To &0°

Side Elevation Vertical

10° 10"
Overhead

B0 To 90"
Side Elevation

€ o1 g1 ASME SEC IX con ceunescbonpbeaegasconipt

All Positions Vertical

Tabulation of Positions of Groove Welds
Position Diagram Reference | Indination of Axis, deg. Rotation of Face, deq.
Fat A Oto 15 150 to 210
80 to 150
Horizontal B Oto 15
210 to 280
0 to 80
Overhead C 0to 80
280 to 360
) D 15to 80 80 to 280
Vertical
E 80 to 90 0 to 360
§ogqpa '

> ooffoSopSaaqrbyrfiiongS esBepfooaiesmobopt sfifooc

> oouobfyeh moesbiacoten eefSESqriipliy contcdoqBod oo

> copSoomanpSiedpfiidiocontol oamobom: sanfyfoediy o3onfl cemobiifesep
QP08 02558 csrarpigEegaSeoseantcd epSaiescgamoon (p808) ¢
(55905 P g F3Seq) poBrocBoneopSoopSemats d3omac



Rotation of Face, deg.

150 to 210
125 to 150
210 to 235
0to 125

235 to 360
125 to 235

0 to 360

Inclination of Axis, deg.

Oto 15

Oto 15

0to BO

15 to BO

80 to 90

Diagram Reference

Position

Hat

Horizontal

Overhead

Vertical
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3

\

e e ey e e . . . S e e s i ., s e

Viartecal plane

W

\
\/

oewmegplananpd oewmesbqpopl viwwgsbemloiooieu$olaopd sfgpbdoogy [aboopdi new
eaSefaboopdaad] opoSeoogiesgafopt eemegpaspiasqpSeqfoprion sqpSeqfesanpiubucogponust
eepagnion cobaoonpBifgbognraophe gEio} cpfeliugads vy edldi

m%rmmﬁ?@oésﬁx (pows - SMAW) 038 nau}aq)&*é na?:-eﬂ&'? n’fu cﬁ@@a&mﬂ
ofspSopogt opdebiugabiyn newmegpliaepogbedié:dl [§booph mfjpewsoddspboiep: (puwn - TIG) opf
ofpSiopt ogbediEnueniad nawaapiofam exogeiofst newespénd aphebiugpbiuy adlooph

o0 Welding Rod Jmam 21 consumable ca Electrode
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61 on ool

oqbadiEanaops ogbeba oewmabupduiogpl adSesntomanpd ogabfsbein neueocispliodod
oJode opbedifaypronpl wfspbdoogairupls [§8§E00) cpbedifimnalionds migpbdaogpoaoBianfoopts [§B5E
@o0:a0p5 (secocbdendSaptendigiffa)

ogbofncor) gpropfapoopl ogbediiod cogeaplimedy egbes’ mpbommoph djogbedtopt
apraopd cogon oewesdbepduutogaisé mdpmenioglgbaupdt neuneeoupbopbefupiaeogad wpbaoph oaw
eqplioogh  88cpbefigboofecrdupdchin ogquieomdsfup: wdpdpfoopdt SMAWS  sscpobabraopd
oqbedipigy exogrean cybedtiqp: [§Bacph Helaopdyr Boemeqpbiong sewmesdbaspbzadl mepd
mﬂ'ﬁ:‘jg)ﬂ: 0GUITRE :3:805:3:{:&::35@ Eﬂngnmés

coocpuyEmsf oaweapliqpiod Sbe § 9 §3Eaopds

o Mild Steel
_u High-carbon steel
o1 Special alloy steel
i Cast Iron
&p Nonferrous
Bacdy seolmegpiadien mild steel 338008 neweqpligp: [3BdbosS eqormboomesmasuegpé:?
3¢ eqfermbuooeomncmegpdi® vy §88pfoopd=gcd spepepslaq opdoogh eqbermbefgtapSarSqrie
cgoSopg oonoacnesdifieh copSfbenn navsSiqeoafi Siapiegfoff§tiod soxppESroh oeumo
eoméeol oeuammadegpuoncheoaio? [gBeh
*Welder Universe website opép eamnobilioadt: eofoonzazabol ecpgdlanabe
Stick Electrode 03 egpop05ep€ eamnSdloogapiancpa’ gopaidloogh

Mild steel
Stainless steel
low-alloy steel
cast iron

Y ¥ Y ¥

aluminum

Stick Electrode qps0p05 AWS o sogypadpaeniad] c§odq dggemaqpiasiip: cepsoondlaoph ofaacdy

FHODIGI00 6*#:0)5??3 AWS A5.1/A5.1M: Specification for Carbon Steel Electrodes for Shielded Metal Arc

Welding [g&ctaopSe

€11 o1 0auaqpl: (Welding Electrode) ogrqodfeé:

oewespliypiyy  ofpemenogaclet  sfipoges  eeopd  ogeSpfsbooph  somigiean
oemeoiol qef oswesbep) ugphimeded oeweplicd gipfordmb egrglooied  Bdaoph
oeuegplioggubepogt cophapts opien: quph saqEdqpag -
on 2uSugpbiad neweabyred (abaoan sbeurddal sogrunn omapEeciioonn aduaBooa)
Jr newiesoigugpSium a0udedfiooct (anudenona’ egaoc chascoa sagpdl eabeyanoon)
o1 g8Ead agbodon AC conm DC cooa neweebadoasa

oedaadpasomcds
g1 couSolmesancondpd ocueacbago [ito3enoonn ediadoSoma ssesasconamadioon

e Blectrodes Ju Arc Welding 0 flue c1 Shilded Metal Arc Welding
s Coated electrodes (54 Bare electrodes



g 2000503 m0udelfgEoonioncd (What type of fit up?), gap

. ,- J ﬂ ' 4! o [Ffroocoon cobeccbeyaooa penetration ooudeconabod

! fg ‘b % Er neweaciPoogy eropeoacditiody (chemical

é /—' B composition) oo oouSelcd ooSgonbangdeny (Mechanical
> ; 7 g & properties — high tensile strength, ductility, corrosion

L o resistance) ooubclgjooct

' 3 qn WPS 63¢n o005 code (ASME code) § cobfgaoanct B4l
B v - e oo
».* &, J N o1 0eweaciPogum agiboytalagoon secpbooéooa

l ‘1 - : ﬁf‘:ﬂﬂ:

= ey oon difiacgh copSesonoif§sBicpegardapbocym omecy

: : oon
001 6p0dadE oewegplig agbedimngeS
a g ooubesEpyn Geodaecds (puwn - sacgdesmconbesap GaesNGd 0300D)

gaf 1 a8f3pa2090005 3a9fiiFa osaepbioh egSanpSead watrads

newegpteggudepogt ngubogeogh sculjonbneuisel (American Welding Society — AWS) oo do0ob
gabecrosg pibySimcifiabogiooniaogs oscnaqplip§on ugSaspsitogberd opcogbisn mepopots
20[gé oewreqpial sogyioon sagulasenamindin ooaowecbonpidgbaogSe

AWS o gpobooneam neweqpinoobeabde E-XXXX [3bai

E-XXXX - og€ E upoopben Eledtrode vp edadcloogh
XXXX - o3& ooownmsbodinn oeuwegplgirgbooean cogyel Minimum Tensile Strength (Thousands of

pound per square inch) g
oe3u> omnsobolun neueacbeupd ess0000: [ybai
g0ohad: omiime newmegp&addiconsamugpbial enopedif:opiiy (Chemical composition of coating)
[k o5 afsqee polarity coogs cafiiiogSr

puen - E6027 aeuregplialdlis
Baeuregpdial Minimum Tensile Strength ¢o 60000 psi [g&ef
oraBuonmnéifyben 2 oo flat and horizontal position (safgracdod eqfufo) eacbeepbod ppfidoogh
egoobafioms: 7 o oewegplod iron oxide |3 $icomaopb AC, DCRP, DCSP [gfescb§Eanpiod
aoBlgatoopSe

oocBosornf: epBopfqodap:

1 - all position {m.f,mmmm{):}

2 — flat and horizontal (sfgaecdo’ eefyEpd cacbeupbi)

3 = flat position only (saga:cdobqom eaci@Ea0ab)

4 = vertical down, flat, horizontal and overhead (e3€c3oh safgpicdod saagpandod ewpaged)




183 | neunanobsph mondhopm

agpobaeornis opSppdqodap
Identification of Electrodes for SMAW

Electrode Coating Polarity AWS designation
E=X{X0 Cellulose/sodium DC+ E-6010,E-7010
E-XX1 Cellulose/potassium DC+,DC- AC E-6011,E-7011
E=X30{2 Rutile DC-,AC E-6012
E-X{X3 Rutile/potassium DC+,DC-,AC E-6013
E-X(X4 Rutilefiron powder DC+,DC-,AC E-7014,E-7024
E-XXX5 Lime/fcalcium carbonate DC+ E-7015
E-X0{6 Limefcalcium carbonate DC+ AC E-7016
E-30K7 iron oxidefiron powder DC+,DC-,AC E-6027 E-T027
E-XX8 Limefiron axide DC+,AC E-7018,E-8018

Remarks: DCRP = DC+ , DCSP = DC-

Welder Universe website op&y eaenadalimaiés coffconilaoab

somogobigp: (coating) o3 ogbebmdmemfyl neweeboopimesmeonmogaid [gEtammoyd
egnodadinmbndociaoimd spequooniisbucion oddmofdosgh emmoSdewrmond espcdadoaniin
obcSorfoogh sacrmoggisadgeaons oauvserdbaogimesmcsh gejeoSfiodasgh 1 gy wos

aaconramelyanoge 5Ol 2 02 fproged acaprogoanosaaac aodaogs

Last 2 Digits in Stick Electrode Classification

Digit Type of Coating Welding Current
10 High cellulose sodium DC+

11 High cellulose potassium AC or DC+ or DC-
12 High titania sodium AC or DC-

13 High titania potassium AC or DC+

14 Iron powder titania AC or DC- or DC+
15 Low hydrogen sodium DC+

16 Low hydrogen potassium AC or DC+

27 Iron powder iron oxide AC or DC+ or DC-
18 Iron powder low hydrogen AC or DC+

20 High iron oxide AC or DC+ or DC-
22 High iron oxide AC or DC-

24 Iron powder titania AC or DC- or DC+
28 Low hydrogen potassium iron powder AC or DC+

oobdlond) oewegpénd cgoohsoohal Al Bl
652050005034l 28nuden eamabdaciElabeh

ofgecdfoomaogioteopS: oopbdoogh o
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Al Carbon Moly c2 3-1/2 Nickel

B1 V¥a CR, ¥a MO C3 1 Nickel

B2 1-1/4 CR, ¥z MO D1 1-1/2 MN, ¥ MO

B3 1-1/4 CR, 1 MO D2 | 1MN, ¥ MO

C1 2=1/2 Nickel M conforms to military specs

Mild steel 520305 seaddgeon dogbediEafgroidea] eamnobdevoogt esjgoomdiaog

Electrade | Coating Position Current Penetration Tensile Strength
E-6010 High Cellulose Sodium All Positions DCEP Deep 60,000 PSI
E-6011 High Cellulose Potassium All Pasitions DCEP, AC Deep 60,000 PSI
E-6012 High Titania Sodium All Positions DCEN, AC Medium 60,000 PSI
E-6013 High Titania Potassium All Positions DCEP DCEN, | Shallow 60,000 PSI
AC
E-7018 Iron Powder Low Hydrogen All Positions DCEP, AC Shallow to 70,000 PSI
Medium
E-7028 Iron Powder Low Hydrogen Flat Horizontal | DCEP, AC Shallow to 70,000 PSI
Fillets Mediurm

aocforbaiyn oaunaqplio} frpbconiasg axford odbiebdidbyangS oeunospl: ogSorel
oeurammogd: edopSiopmngabiloopimed & medfimngodoSoosl polarity oimed wpbaiad mofe
2005eepadgdioopd vpeom sagpiouligbe
eqpogabadop stick electrode gpiod 360 ¢ ¢ Foomoogh m:bedepopé ecoffgliocom newoomel
cfgbenipoosorproh cuSaf caoroiegiaomnp exbagps dobgoloorn oo woh
seconodol copdagliodonicin ofapbe coewn . .
< Fast Freeze (0,1) - sep0q0b06w6a0H20059565532000:520905 20:00001
4 Fill Freeze (2,3,4)
4 Fast Fill (21-27) - 3afgnecBc5s€ eqfufoBeaiangfneumgpisacgad adraogh
4 Low Hydrogen (18,28) - cooedlabypsa? on§aoobeoisoph
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61 g1 osudegpEgpraccpoh 20obpoiooneax AWS (American Welding Sodety) dgfqpt

FMC

Filler Metal Comparison Charts

A4.2

Standard Procedures for Calibrating Magnetic Instruments to Measure the Delta Ferrite Content of
Austenitic and Duplex Austenitic-Ferritic Stainless Steel Weld Metal

A4.3

Standard Methods for Determination of the Diffusible Hydrogen Content of Martensitlc,Balnitic and
Ferritic Steel Weld Metal Produced by Arc Welding

A5.01

Fillar Metal Procurement Guidelines

A5.1

Specification for Carbon Steel Eiectrodes for Shielded Metal Arc Welding

AS5.2

Specification for Carbon and Low Alloy Steel Rods for Oxyfuel Gas Welding

A5.3

Specification for Aluminum and Aluminum Alloy Electrodes for Shielded Metal Arc Welding

A5.4

Specification for Stainless Steel welding Electrodes for Shislded Metal Arc Welding

A5.5

Specification for Low Alloy Steel Covered Arc Welding Electrodes

AS.6

Specificalion for Covared Copper and Copper Alloy Arc Welding Electrodes

AS5.7

Specificalion for Copper and Copper Alloy Bare Welding Rods and Electrodes

AS5.8

Specification for Filler Metals for Brazing and Braze Welding

AS5.9

Specification for Bare Stainless Steel Welding Electrodes and Rods

A5.10

Specification for Bare Aluminum and Aluminum Alloy Welding Electrodes and Rods

A5.11

Specification for Nickel and Nickel Alloy Welding Electrodes for Shielded Metal Arc Welding

A5.12

Specification for Tungsten and Tungsten Alloy Electrodes for Arc Welding and Cutting

A5.13

Specification for Solid Surfacing Welding Rods and Electrodes

A5.14

Specification for Nickel and Nickel Alloy Bare Welding Electrades and Rods

A5.15

Specification for Welding Electrodes and Rods for Cast Iron

A5.16

Specification tor Titanium and Titanium Alloy Welding Electrodes and Rods

AS5.17

Specification for Carbon Steel Electrodes and Fluxes for Submerged Arc Welding

A5.18

Specification for Carbon Steel Filler Metals for Gas Shielded Arc Welding

A5.19

Specification for Magnesium Alloy Welding Electrodes and Rods

A5.20

Specification for Carbon Steel Electrodes for Fiux Cored Arc Welding

A5.21

Spacification for Composite Surfacing Welding Rods and Electrodes

A5 22

Specification for Flux Cored Corrosion-Resisting Chromium and Chromium-Nickel Steel Electrodes

A5.23

Specification for Low Alloy Steel Electrodes and Fluxes for Submerged Arc Welding

A5.24

Specification for Zirconium and Zirconium Alloy Welding Electrodes and Rods

A5.25

Specification for Carbon and Low Alloy Stesl Electrodes and Fluxes for Electroslag Welding

A5.26

Specification for Carbon and Low Alloy Steel Electrodes for Electroslag Welding

A5.27

Specification for Copper and Copper Alloy Rods for Oxyfuel Gas Welding

A5.28

Specification for Low Alloy Steel Filler Metals for Gas Shielded Arc Welding

A5.29

Specification for Low Alloy Steel Electrodes for Flux Cored Arc Welding

A5.30

Spedification for Consumable Inserts

A5.31

Specification for Fluxes for Brazing and Braze Welding




9 | esuneochgnb aeooobupon
61 g0 AWS 25.01-93 Sfeaq nowseqpBigpiopobopdy
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Class | Description

Covered Bectrodes

C1 & Class C1 lot of covered electrodes is the manufacturer's standard lot, as defined in the
manufacturer's quality assurance program.

c2 A Class C2 lot of covered electrodes s the quantity, not exceeding 100 000 lbs (45 350 kg), of

any one size and classification produced in 24 hours of consecutively scheduled production
(i.e., consecutive normal work shifts).

C3 A Class C3 lot of covered electrodes s the quantity, not exceeding 100 000 Ibs (45 350 kg), of
any one size and classification produced in 24 hours of consecutively scheduled production
(i.e., consecutive normal work shifts). Class C3 electrodes shell be produced from covering
identified by wet mix or controlled chemical composition and core wire

identified by heat number or controlled chemical composition.

C4 A Class C4 lot of covered electrodes is the quantity of any one size and dlassification produced
from one wet mix and one heat of core wire.
Ch & Class C5 lot of covered electrodes is the guantity of one size and classification produced

from one dry blend of covering mixture and one heat of core wire.

Bare Solid Electrodes and Rods, Brazing and Brace Welding Filler Metal, and Consumable Inserts

51 A Class S1 lot of bare solid electrodes and rods, brazing and braze welding filler metal, and
consumable inserts is the manufacturer's standard lot, as defined in the manufacturer’s quality
Assurance program.

52 A Class 52 lot of bare solid electrodes and rods, brazing and braze welding filler metal, and
consumable inserts s the quantity, not exceeding 100 000 Ibs (45 350 kg), of one dassi-
fication, size, form, and temper produced in 24 hours of consecutively scheduled production
(i.e., consecutive normal work shifts). Class 52 electrodes shall be produced from one heat or
from material identified by controlled chemical compaosition.

53 A Class 53 lot of bare solid electrodes and rods, brazing and braze welding filler metal, and
consumable inserts is the guantity of one size produced in one production cycle from one heat.
54 A Class 54 lot of bare solid electrodes and rods, brazing and braze welding filler metal, and

consurmable inserts is the guantity, not exceeding 100 000 Ibs (45 350 kg), of one dassifica-
tion, size, form, and temper produced under one production schedule. Class 54 electrodes shall
be produced from one heat or from material identified by controlled chemical composition.

Flux Cored Blectrodes and Metal Cored Blectrod and Rods

T1 A Class T1 lot of flux cored electrodes, or metal cored electrodes and rods, is the manufac-
turer’s standard lot, as defined in the manufacturer’s quality assurance program.
T2 A Class T2 lot of flux cored electrodes, or metal cored electrodes and rods, is the quantity, not

excesding 100 000 [bs (45 350 kg). of one classification and size produced in 24 hours of
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conseculively scheduled production (i.e., consecutive normal work shifts). Class T2 electrodes
shall be produced from tube or strip identified by heat number or by controlled chemical
compaosition. Identification of the core ingredients shall be as specified in 4.5.1 or

4.5.2.

T3 A Class T3 lot of flux cored electrodes, or metal cored electrodes and rods, is the quantity
produced from one heat and one dry batch or one dry blend of core materials. Identification of
the core ingredients shall be as specified in 4.5.1.

T4 A Class T4 lot of flux cored electrodes, or metal cored electrodes and rods, is the guantity,

not exceeding 100 000 lbs (45 350 kg), of one classification and size produced under one
production schedule from tube or strip identified by heat number or controlled chemical
compaosition. Identification of the core ingredients shall be as specified in 4.5.1 or 4.5.2.

Flux for Submerged Arc Welding and Brazing and Braze Welding

F1 A Class F1 lot of flux is the manufacturer's standard lot, as defined in the rnanufacturer’'s
guality assurance prograrm.
F2 A Class F2 lot of flux is the quantity produced from the same combination of raw materials

under one production schedule.

6161 cecneqpts (Welding Electrode) ogepoSigé:

ceveqpligpigy  cfppemenapioofl  sfipoges  qop  ogelepfsboopht  eomEspfean
cocncochoh opf oomeadupl ogeSicid oomospiic gieforfont ogqESmosal cgdbope
oecnaapliograSepogS cogogt ofio: augt weodepiy -
on 200S0ga5iod neweatenci (a5cwon Slewpcbol 2ogynmon omap§eciooon sdeaBoom)
Jn oewesoiPugabiun aauSedddoncd (anuenna’ apancds dkaoama sagplfc esobagnaona)
o g8&ad agbobon AC cona DC coo oeweeoiclechon soedasdpaoencl
1 20u5clmes5000%8EE ceweacbayacd [gEaByanon edEcdoboona megasaonamniooon
g me00503 20u5elfgEoomioncd (What type of fit up?), gap oo [Froocoon cobeaobegnoonm penetration
ooubsamohod ofoocd
Er ceueactPoogf) encpensadifiody (chemical composition) o oouSadal ooSgonhangleay (Mechanical
properties — high tensile strength, ductility, corrosion resistance) wﬁtﬁmcﬁu
on WPS oy 2005 code (ASME code) § eoSlgooniooct B4l odaSplaocmn
o1 aeweaoiPogumn agbioyfadagama sapdoobaon
@1 0eceeoBgEanpbaacge’ 20§eer5ol ogpSiodduneay o
oo1 dgfiaop} oxpSeacnodfglishEepefabapiaogm oxmaogels
001 agpopodyadth newegplig gbedangad
o _p ooudesepy eeodaecti (puend - Saoghesaraondesep BaesIRe 020ad)

goae 1 o8frmcendd el oonsepliod exopimdl v

newegpSegquiepopt cguSoeogd meufmEnewnmy (American Welding Society = AWS) o $2a05
godaoophe ojbghmciiogaiepboonangh nemagpBiphdos updaopbiteopiuch cgodepboyr mopopotind
2o coorospoh e sopcSepormsmelags orsouctopSBanE
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AWS o gpobooniaan newegplinocdBechiden E-XXXX [qbei

E-XXXX - opé E upaonben Eledtrode op aholdloogbe
XXXX - op€ ocownm§sdodnn oawegpigrpboonear cogyel Minimum Tensile Strength (Thousands of

pound per square inch) [gSain
onoBuo nmsobadnn newescbaepd esso0om: [gbsi
esonal g newegpEaddsoonsanogpdiel encpediEiopbiy (Chemical composition of coating)
(50 oG8 atrqgs poarty obeogS: pgbidoogSe

pown - E6027 neweqpéssidlé
cBoeureqpisi Minimum Tensile Strength ¢o 60000 psi [gSei
odduwam§febean 2 oo flat and horizontal position (safgrscdo’ aag€al) eeobqupbod pyfdongbe
esoodaliomis 7 o oeuegplod iron oxide [36 duoonaopls AC, DCRP, DCSP [g8eandBEannSa?d
aoBlgatoopde

oacBoonmn: apSppfegoap:

1 - all position (sse$3aconmam0s)

2 - flat and horizontal (ssfgpscdod eefu€od eecbepabi)

3 - flat position only (safgpicdodgion eeod8Eaoph)

4 - vertical down, flat, horizontal and overhead (e3&c305 mafidoh magpido’ swrngh)

afpcheeomis aplopfqoap:

Identification of Electrodes for SMAW

Electrode Coating Polarity AWS designation
E-X{X0 Cellulose/sodium DC+ E-6010,E-7010
E-Xd1 Cellulose/potassium DC+,DC-,AC E-6011,E-7011
E-XXX2 Rutile DC- AC E-6012
E-X43 Rutile/potassium DC+,DC-,AC E-6013
E-XM4 Rutilefiron powder DC+,DC-,AC E-7014,E-7024
E-X0x5 Lime/fcalcium carbonate DC+ E-7015
E-¥3H6 Limefcalcium carbonate DC+,AC E-7016
E-XXX7 iron oxide/iron powder DC+,DC-,AC E-6027,E-7027
E-XXX8B Lime/firon oxide DC+,AC E-7018,E-8018

Remarks: DCRP = DC+ , DCSP = DC-

Welder Universe website opéy esmaddlaooié: eolfgconmilanabe

monogabigps (coating) o} ogbebalmusdyt neweaioopbmesmecomaacgabd [gEeotamiofad
egocdadinon§niocdaoopdmd  ageguomiisbucion eddwfdioph eancideurmozé  esdbadombion
opudoxfoopy momogphimdpmench osuesdboopimagmanigt gogectlicondasgh 1 efaopbyn wes
mooanigimcgoifabfl 2 oo wfiprlod/magpicdeiase sacoiod eadgasph
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Last 2 Digits in Stick Electrode Classification

Digit Type of Coating Welding Current
10 High cellulose sodium DC+

11 High cellulose potassium AC or DC+ or DC-
12 High titania sodium AL or DC-

13 High titania potassium AC or DC+

14 Iron powder titania AC or DC- or DC+
15 Low hydrogen sodium DC+

16 Low hydrogen potassium AC or DC+

27 Iron powder iron oxide AC or DC+ or DC-
18 Iron powder low hydrogen AC or DC+

20 High iron oxide AC or DC+ or DC-
22 High iron oxide ALC or DC-

24 Iron powder titania AC or DC- or DC+
28 Low hydrogen potassium iron powder AC or DC+

0dlnd cewnegplind egpcdeoodol Al, Bl oojgiecSigoomooiodoonS: eopBfdaogh o
esoce0ciaiypiel 38¢uden eamaidaadtdybain

Al Carbon Moly c2 3-1/2 Nickel

B1 2 CR, %2 MO C3 1 Nickel

B2 1-1/4 CR, ¥2 MO D1 1-1/2 MN, Vs MO

B3 1-1/4 CR, 1 MO D2 1 MN, % MO

Cci 2=1/2 Nickel M conforms to military specs

Mild steel s0030% mealdgear dogbedinfgroidpad eamabdaumsnt eullgoondaph

Electrode | Coating Position Current Penetration Tensile Strength
E-6010 High Cellulose Sodium All Positions DCEP Deep 60,000 PSI
E-6011 High Cellulose Potassium All Positions DCEP, AC Deep 60,000 PSI
E-6012 High Titania Sodium All Positions DCEN, AC Medium 60,000 PSI
E-6013 High Titania Potassium All Positions DCEP DCEN, | Shallow 60,000 PSI
AC
E-7018 Iron Powder Low Hydrogen All Positions DCEP, AC Shallow to 70,000 PSI
Medium
E-7028 Iron Powder Low Hydrogen Flat Horizontal | DCEP, AC Shallow to 70,000 PSI
Fillets Medium

2003fga§obyden newegplin? dumpboonongl eqfendl edbiebeidodyaopd ceweqpl: wplohsd
oewomeyt: edfophaynonsphiedoosimed $& mediimgoidodoogd polarity ofmeed wploisd mofp
cocSeqpofiefengS cgeom e SoBEhd
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aepogoddapt stick electrode qpicy 3309 G ¢ Foodiaoph =bRepapE ecoffgiocan osuromid
waoapdl copopliofionai cfapbe ecowy . .
4+ Fast Freeze (0,1) - sop0gmneueachoosdesesa2000i520300 2dio0pi
& Fill Freeze (2,3,4)
> Fast il (2127) - s sefSoscSoopioaunaprsaogeh opeog
4 Low Hydrogen (18,28) - ccodedloSypiod ongaocbeusnopd

€ qu aqpoaspboomac cgBadiBape

oeueededodoopiesd] aogopioopS sqpSeqfopen doogaigpSoopS erugfoBaogaopbmdl eaodd
o35 8083 §c5Tefshasmcssbabl ghopiobongh ojeod caororfigbentaris cea wrkoncad
2o soofpocBocpoloigbeunch
ofepPpé cevcecdesel mepbeqPegaopboogaepdioecooncy eqffsbirmpbevqicieln cBegfo}
aeuegplimmdkaboonecn mome gqeocngh cewegpbiddes) egfoofgbedEn? osuramapEaoaop
oxSoogpped gl cocoond wogmigmocied  goxSassobdoogs  asporogdipogt
eo3fgiron} Soggjeom @0p §§ qoeoafarugpifs ogoSenSopasin
egboaopd cewommofecusbuddesné omopuSeuiguon newlionpiBieog $& oeuroommgpd
60 §Beombipioneant ghisamieuanph cdsaiogl esnaSdoddnt
> oemomigSefgEol eqpegecf pSpmear gobedramip: qeefgs:
» oewmomiooSofionbol Sggpoffglien: eogpaeofEfgs:
+ aoooBe opSBaofis
» oBemnady (penetration) o3 cBE:8E[g8:
> oewoomnmed wybsfga’ comtotieogt:
» cspoimngoSonny ocSopcbob SR
 osmsmgpongghiod Bemabiglach (oamesiosgyed neunespliong wepSeqpopfl osen
ascSoch fipbisaogiiag aombsghoooiich s

pbcomoog Spocned cproembamgy osen
eqpfisé eqpospbooiasgh eewegplin besde
§$€aoph fead aqbenmpboonang) oeweqpli}
gy

$ € - ou egonapbooninngd oeuegplugp:

61 o0 SMAW (Shielded Metal Arc Welding) 390305 Low Alloy Steel ocuoaqpEugps

icich sxfpmoniifiepogs cqbBenposon coumagpliamigipba aqeamdpason 0sumass

20p3 esmoon newegpsal exapugpliedifiodiloy newmoomel ooigonhaogBosapiodmed gonpbiuloop
newegpEidiosepSameogiam: ANSI/AWS AS.01, Filler Metal Procurement Guidelines g8:aaq conSdain



Table 1

Electrode Classification
Welding Positions for

AWS Classification Type of Covering Classification® Type of Current®
ET010-X High-cellulose sodivm F ¥, 0H, H DCEP
E7011-X High-cellulose potassium FV.OH. H ac or DCEP
E7015-X4e Low-hydrogen sodium EV,0H H DCEP
E7016-X9¢ Low-hydrogen potassium EV,0H H ac or DCEP
E7018-X4¢ Low-hydropen potassium, iron powder EV.0H,H ac or DCEP
ET020-X High-iron oxide H-fillets ac or DCEN

F ac, DCEP or DCEN
E7027-X High-iron oxide, iron powder H-fillets ae or DCEN

F ac, DCEP or DCEN
ERD10-X High-cellufose sodium EV.0OH H DCEP
EBO11-G High-cellulose potassium EV,0H H ac or DCEP
E8013-G High-titania potassium EV,0H H ac, DCEP or DCEN
EfO15-X 4 Low-hydrogen sodium E V¥, OH H DCEP
EBO16-X1® Low-hydrogen potassinm FEVOH H ac or DCEP
ERO18.-X 4 Low-hydrogen potassium, iron powder F,V,0H.H ac or DCEP
ESL0-G High-cellulose sodium EV.OH H DCEP
E%011-G High-cellulose potassium FV,0H,H ac or DCEP
E9013-G High-titania potassium EV,OH H ac, DCEP or DCEN
E9015-X4e Low-hydrogen sodinm FV,O0H H DCEP
E9016-X e Low-hydrogen potassium FV,0H,H ac or DCEP
E9018-X%e Low-hydrogen potassivm, iron powder F,V,0OH,H ac or DCEP
E9018M4= Iron powder, low hydrogen F.V,0H.H DCEP
E10010-G High-cellulose sodium EV,0H,H DCEP
El0011-G High-cellulose potassium FV.0H H ac or DCEP
E10013-G High-titania potassium FE V. OHH ac, DCEP ar DCEN
E10015-X%e Low-hydrogen sodium EV¥.0OHH DCEP
E10016-X ¢ Low-hydrogen potassium E¥.0OH.H ac or DCEP
E10018-X % Low-hydrogen potassium, iron powder E% OHH ac or DCEP
E10018M%* Iron powder, low hydrogen EV.0H.H DCEP
E11010-G High-cellulose sodinm EV.0H.H DCEP
E11011-G High-cellulose potassium E V,0H.H ac or DCEP
E11013-G High-titania potassium F V.0H.H ac, DCEP or DCEN
E11015-G= Laow-hydrogen sodivm F,W,0H,H DCEP
El11016-G%* Low-hydrogen potassiom E VW, 0H,H ac or DCEP
E11018-G= Low-hydrogen potassium, iron powder FV,OH.H ac or DCEP
E11018M 00 Iron powder, low hydrogen F,V.0H.H DCEP
E12010-G High-cellulose sodium EV.CH.H DCEP
E12011-G High-cellulose potassium FEV,0H, H ac or DCEP
E12013-G High-titania potassium EV¥OH H ac, DCEP or DCEN
E12015-Gd¢ Low-hydrogen sodium EV.0H.H DCEFP
E12016-Gd¢ Low-hydrogen potassium FEV.0H,H ac or DCEP
E12018-Goe Low-hydrogen potassium, iron powder FEV.0H . H ac or DCEP
E12018M% Iron powder, low hydrogen F. ¥, 0H,H DCEP
E12018M1%¢ Iron powder, low hydrogen EV.0H.H DCEP
Motes:

& The letter suffix "X as used in this table stands for the suffixes A1, B1, B3, et (sce Table 2) and designates the chemical composition of the weld

metal. See A2.2.3 for more information on “G" classification.

b. The abbreviations, F, ¥, OH, H, and H-filiets indicete the welding position as follows: F = flat, H = horizontal, H-fillets = horizontal fillets,
V = vertical {for electrodes 3/16 in. (4.8 mm) and under, except 532 in, (4.0 mm) and under for classifications EXX15-X, EXX16-X, EXX18-X),
OH = overhead (for electrodes 3716 in (4.8 mm) and under, except 5732 in. (4.0 mm) and onder for classifications EXX13-X, EXX16-X, EXX18-X).

c. The term “DICEP refers to direct current, electrode positive {de, reverse polarity). The term “DCEN refers to direct current, electrode negative (de,

straight polarity).

d. Blectrodes classified as EXX15-X, EXX16-X, EXX18-X, or EXX18M(1) which meet supplemental absorbed moisture requirements in Tabbe 11

may be further identified as shown in Table 11 and Figure 12,

e, Electrodes classified as EXX15-X, EXX16-X, EXX13-X, or EXX18M{]) which produce weld metal that meets the maximom avecage level of

diffusible hydrogen in Table 12 may be further idenfified as specified in Table 12 and Figure 12,



Tabls 2
Chemical Composition Requirements for Undiluted Weld Metal

Wt. Pereent P

AWS LiWS Additional Elements

Classification®  Number? C Mn 5 P 5 MNi Cr Mo Type Amt,

Carbon-Molybdenum Steel Electrodes

E701{-A] W17010 12 .60 0.40 0.03 03 e — (.40-0.55 — —
ET011-Al WIT011 .12 .60 0.40 0.03 03 —— — 0.40-0.65 — —
ETLS-Al WIS iz (.90 0.60 0.03 03 — — (n40-0.65 — —
ET016-A1 WITOIG 012 (.90 Q.50 0.03 03 — — 0.40-0.63 — —
ET01B-Al WITOLE 0.12 .90 0.80 0.03 ixic] — — 0.40-0.65 - -
E7020-A1 W1T0R0 Q.12 060 0.40 0.03 03 — - 0.40-0.65 — —
ET027-A1 WiTozr 0.12 1.0 0.44 003 003 — — 0,40-0.65 == -

Chromium-Molybdenum Steel Electrodes

E2016-B1 Wil 0.05-012 050 0.60 0,03 (03 - 0Ad-0.65  0.40-0.65 e —
E&018-B1 Wil018 D502 0.90 .80 .03 003 —_ 040065 0.40-0.63 = —
E4016-B2 W36 005012 090 0.6 0.03 003 -_— L00-1.50 Q.40-0.65 —_ -
E3018-B2 wizhg 005012 0.90 0.80 0.03 02 — 1.00=1.50 0Q.40-0.65 e —
ET015-BIL W32ll3 0035 (.50 [.04) 0.03 0z e 1.00-1.50 0.40-0.65 — —
ET016-B2L W3ille 0035 .90 0.60 0.03 03 — LO0-1.50 040065 — —
ET018-BIL WE2li8 0.05 90 0.80 0.03 03 e LO0=1.50  040-0.65 — —
E%015-B3 W33015 005012 .90 1.00 0.03 03 - 200250 0.90-1.20 — —
E%016-B3 W3i3tle 005012 090 0.60 0.03 03 — 200250 0.90-1.20 — —
ES018-B3 W30 005012 050 0.80 0.03 03 — 200250 0.90-1.20 — —
E8D15-B3L Wi5311s 005 080 104 0.03 03 — 200250 0.90-1.20 — —
E&D1E-B3L Wi311E 0.05 090 0.80 0.03 003 — 200250 090-1.20 — —
EBD15-B4L W53415 05 090 100 0.03 iXic) — 1.75-2.25  0.40-.65 - —
E&dlo-BS W5I3l6 007015 0.40-0.70 030-0.60 0.03 il — 040060 1.00-1.25 v 0,05
E&015-B6 Wei2ls  0.05-0.10 1.0 0.0 003 003 0.40 4060  045-0.65 — —
E&016-B& Walzle 005010 L0 0.94) 003 .03 Q.40 4.0-60  045-0.65 — -—
E8018-Be Wai218 005010 1.0 0.0 003 (o3 0.40 4060  0.45-0.65 s —
E&015-BaL® W3N205 (.03 1.0 0,94 0,03 003 0.40 d.0-6.0  0.45-0.65 — —
E&Q6-BGLS WA0206 0.03 1.0 0,50 0.03 3 0.40 4.0-6.0 0.45-0.65 — —
ERDIE-BAL® WAl 20H (.05 1.0 0.5 003 003 0.40 4.0-60  0.45-0.63 - -
ERO15-B7 WIl315  0.05-0.10 LD 0,90 .03 03 .40 o080 0.45-065 = ==
E&016-B7° Wilile 005010 Lo 0,90 0,03 003 Q.40 G.0-8.0  0.45-0.65 o —
Eg018-BT* Waid1g8 005010 1.0 0.54 0.03 (03 040 6080 045065 — i
E8015-BTL" Wi0305 0.05 1.0 0.90 0.03 03 040 60-80 045065 - -
E&016-BTLE W30 0.05 1.0 0.90 003 003 Q.0 6.0-8.0  0.45-0.63 — =
E&0I8-BTL" WIl308 0.05 L0 (.90 0.03 .03 040 G0-8.0 045065 - —
Ef(5-Ba* wi0els 005010 Lo 0.90 003 [LALE (14 BO0-105  O85-1.20 — —_
E&016-BE Wildle 005010 1.0 0,90 0,03 0,03 0.40 EO-10.5  0Q.B5-1.20 —- —
Ef018-Bae Wa0d1E 005010 ] 0,50 0,03 0,03 0.40 B0-105  O.B5-1.20 - —
ERO 5-BEL" Wal4ns (.05 1Li 0,590 0,03 0,03 Ol 80-105 085120 _— -
EBQ16-BELS WI0E0G 003 1.0 0,590 0.03F 003 Q.40 B0-105 O.B5-120 — —
EB01E-BRLE Wlai .03 1.0 0,90 0.03 0,03 040 B0-10.5  O.B5-1.20 —_ —
ES015-BY W50425 008013 1.25 030 .01 [LR4]} 1.0 BO-105 (85120 W 0 150030
Cu 0.25
Al 0.0+
MbiCby O02-0.10
N .02-0.07

{continued)



Table 2 (continued)

Wi, Pereent™®
AWS UNS Additional Elernenis
Classification®  Mumber® C Mn Si P 5 Mi Cr Mo Type Amit,
Chromium-Molybdenum Steel Elecirodes {continued) ==~
Eol16-B9 Wand2s  0.08-0,13 [.25 030 LX) 0.01 1.0 8.0-10.5  (.B5-1.20 v 0.15-0.30
Cu 0.25
Al 004
NB(Ch)  0.02-0.10
N 0.02-0.07
ES018-B9 W50428 0.08-0.13 1.25 0.30 0.01 0.01 1.0 8.0-105 0.85-1.20 W 0.15-0.30
Lu 0,25
Al 004
Mh(ChY  0U02-0. 10
N 0.02-0.07
Mickel Steel Electrodes
EzDia-Cl W22016 012 1.25 0,60 0.03 003 2.00-273 — —_ — —
E3018-CI W22018 0,12 1.25 LB 0.03 003  2.00-275 — — —_ —
ET015-4C1L W22115 0.05 1.25 0.50 0.03 003 Z00-275 — — - —_—
ET0&.CIL W2kiis 0.05 1.25 (.50 003 003 200275 e — —_ —_
EMIE-CIL W2Z118 0.05 1.25 050 .03 003 2.00-275 —_ — —en —
E&016-C2 W23016 0.12 125 (.60 0.03 0.03  300-3.75 — - —_— -
EBO1E-C2 W2i0ia 0.12 1.25 080 .03 003 300-375 —_ — — —
EM5-C2L W23115 (.05 1.25 0.50 .03 003 3.00-373 — - —
ET06-C2L W2ilia 0.05 1.25 0.50 .03 003 3.00-3.73 — — e —
Erng-CaL W23l18 005 1.25 0.30 0.03 003 3.00=3.75 e - - =2
EEBD16-C3 W2l0le 0.12 0.40-1.25 (LED .03 003 O0E0-110 015 33 v 05
EBO1E-CY Walolg 0.12 0.40-1.25 0.80 0.03 003 080=1.10 .15 035 v 005
ET01B-CAL W20918 008 040140 0.50 0.03 003 0UB0-1.10 0.15 035 Y 0.05
EBD16-C4 W21g18 010 1.2% 0,650 0,03 003 110200 - — —_ —
E8018-C4 WZ2I9s .10 1.25 0.80 0.03 003 1L 10-2.00 — — — —
ESO15-C5L W2s018 0.03 040-1.00 0.50 0.03 03 aD=7.25 —_ —_ — —
Mickel-Molybdenum Steel Electrodes
EB015-NM1 Walllg 10 0.80-1.25 0.60 002 002 080-1.10 0,10 0.40-0.65 ¥ 0.02
Cu 0.1
Al 0.05
Manganese-Molybdenum Steel Elecirodes
ERO15-Dv WIEILE 012 1.O0-1,75 0.ED 0.03 0,03 0,50 — 0.25-0.45 — .
ES015-Di WIS 012 1.00-1,75 .60 0.03 0,03 0,90 — 0.35-0.45 — —
EMHE-DI WIHNg 012 FO0=1.75 0.6 0.03 0.03 0.90 — 0.25-045 —_
E1(0E5-02 WI0D15 0135 1.65=2.08 .60 0.03 0.03 0.90 — 0.25-0.45 —_ —_
EI0N6-032 W10016 .15 1.65-2.00 .60 (.03 003 090 — 0.25-0.45 2= —
EIH1E-Ix2 WI10018 0.15 1.65-22.00 080 0.03 0,03 080 — 0.25-0.45 _ —
ERDN&-D3 WIBDI6 012 1.00-1.E0 .60 0.03 0.3 .90 — 0.40-0.65 — —
E&O1E-D3 WIROIE 012 001, B0 {80 0.03 0.03% (.90 — 040065 — —
ES018-D3 Wig11s 012 1.00-1.E0 (.80 0.03 0.03 .50 —_ 0.40-0.65 — —_
General Low-Alloy Steel Electrodes
EXX10-G2 - — 1.000 min  {.E00 min —_ —  050"min 030*min  0.20% min v CL10P min
Co D20 min
EXX11-Ge — — 1.00" min 080" min _— - 0500 min 0.30"min 020" min v 0.10" min
Cu 0,207 min

[continued)



Table 2 (continued)

Wi, Percent®®
AWS UMS Additional Elernesnts
Classification®  Number® C Mn S P 5 Ni Ct Mo Type Amit,
General Low-Alloy Steel Electrodes {continued)
EXX13-0 — s 1.00h min  0.80° min — —  05Fmn 03min 02300 min v 0,100 min
Cu 0.20" min
EXX15-GF — — 100" min  O.B0P min = —  050*min 03Pmin 020" min W 0, 10" s
Cu 0.20" min
EXX16-GF — -- 100" min 0LB0P o ey — 050Fmin 0300min 020" min v 0, 10" min
Cu 020" min
EXX18-GF = - 100" min  0.B0" min el — D50 min 03'min .20 min W 0, 10" min
Cu 0. 20" min
ET00-G — —_ 100" min  (LEC® min — — DS min 030'min 0.20" min W 0. 10" min
Cu 020" min
ET027-G — - 1.00" min (L8O min e — 050 min  0.MPmin  0.20" min ¥ 010" min
Cu 0.20" min
Military-Similar Electrodes
E9018M' W2I218 010 (n60-1.25 080 0.030 0,030  140-1380 0.15 0.35 v 005
EL0013M W2I31E 010 0.75-1.70 0,60 0,030 003 [40-210 0,35 0.25-0.50 V 005
ELL01EM! WIl418 010 1.30-1.80 0,60 0,030 0.030  1.25-2.50 0.40 0.25-0.50 ¥ 005
EL20]8M0 Wil2lR 010 1.30-2.25 060 0.0%0 0.030  1.75-250 030-1.50 030055 ¥ 005
El2018M1° W2iklg 10 0.80-1.60 0.65 0.015 0012 3.00-3.30 065 0.20-0.30 v 005
Pipeline Electrodes
ETQI0-P1 WITIN 020 1.20 0.60 0.03 0.03 1.00 030 (.50 ¥ 010
ES0I0-PI WIELLD 0.20 1.20 0.60 0.03 o3 100 0.30 0.50 ¥ 010
Weathering Steel Electrodes
ETQI8-Wi W20 012 040070 Q40070 0025 0,025 0.20-040 0.15-0.30 —_— L 0.08
Cu 0. 300060
ES01E-w2i WIOI18 012 0.50-1.30  0.35-0.80 0,03 003 040-0.80 045070 — Cu 030075
Moes:

a.
k.

- -

Single values are maximum, except where specified otherwize.
Weld metal shall be analyzed for those elements for which specific values are shown, Other elements listed without specified values shall be
reported, if intentionally added. The total of thess latter unspecified elements and all other elements not intentionally edded shall not exceed 0.50%.

. The suffixes Al, B3, C3, etc, designate the chemical composition of the electrode classification.

. SAE/ASTM Unificd Numbering System for Metals and Alloys.

; The EB015-B6 and ES015-B6L electrodes were formerly classified as BR02-15 in AWS AS4-81, Specification for Covered Corrosion-Resisting
o Chroenium and Chroipm Nickel Sreel Welding Elecirodes. The ESQ16-B6 and ES0L6-B6L were formerly classified as E502-16 in A54-81. The
- EBQLE-B6 and E3018-B6L were not formerly classified but were produced (o the ES02 composition ranges in A5.4-81 but with the EXX18 cover-
- ing of this specification, Similiarly, the EROXX-BNL) classifications were formerly classified az ETVCr-XX in AS.4-81; and the EEOXN-BR(L)

classifications were formerly classified as ES035-XX in AS.4.-8].
The letter "XX" used in the classification designation for EXX13-G in this table stand for various tensile-strength levels (80, 90, 100, 180, and
120 ksih of weld metal,

. The letters "X X" used in the classification designations for all electrodes except EXX13-G in this table stand for the various ensile-sirenpth levels

(70, B0, 90, 100, 1010, and 120 ksi} of electrodes.

. In order to meet the alloy reguirements of the "G™ group, the undiluted weld metal shall have the minimum of at Jeast one of the elements listed in

this table. Additional chemical requirements may be agreed o between supplier and purchaser.
These classifications are intended to be similiar to types of elecirodes covered by MIL-E-2Z2200/1 and MIL-E-22200¢ 10

. In AWS ASS-B1, ETOLE-W1 was designated EF018-W, and ER(13-W2 was designated EBDE-W.
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61 Submerge Arc oo oonfisonifio oph

(puewd - F7AB-ECL per AWS AS.17)
EXXX - ECXXX

"E" indicates electrode and "C"
indicates composite electrode
(refer to Table 2 of AWS A5.17)

"F" indicates a Submerged
arc welding fux

Indicates the minimum Tensile Strength
{in increments of 10,000 psi)

Designates the condition of
heat treatment. "A" for as-welded
and "P* for postweld heat treated

Indicates the temperature in *F at
which the impact stremgth of theweld
metal meets or exceeds 20 fi-tbs

Classification for Low-Alloy Steel Electrodes and Fluxes
{Example: F7AB-ECNi1-Nil per AWS A5.23)

FXXX - ECXX - XX
F indicates a SJ.I:Imeniled T | Indicates the chemical compozsition
arc wedding flux of the weld metal obtained with the

fl d the electrode
Indicates the minimum Tensile Strength e
{in increments of 10,000 psi)

Indicates the chemical composition

Designates the condition of heat treatment g ety
.. A'for as-welded and —
“P* for postweld heat treated E" indicates electrode and “C"
indicates composite

Indicates the temperature in *F at
which the impact strength of the weld
metal mests or exceads 20 fi-lbs

€1 o0n Carbon Steel Flux-Cored cousagqpagpeaant 2005pobd (AWS bgfs)

Flux-Cored oewegpligpsogl E71T-1, E71T-8, E71T-9, E71T-11 0008t madpdpdiep gEioden monuSal
aBodefopd: Beomgs oJdoopbi ¢Siod (dash) ecoegnote omiypcd “dash numbers” wedf giolen
“Usabity Designators” [3din oBoonfaupio3fpipld opSoad} +, - §odauedt wpSczofosunasodqugSol <888
acooop oBaseodoncyBeaifooniacon wopeplomnfionBaibyn wiyxiSih gt wandSolepSapfielint:
5620:80503 mewdmEocunsnd ol AS.20/A5.20M:2005, titled “Specification for Carbon Steel Electrodes for Flux
Cored Arc Welding og€ soea0:Bob eoblgoondosb

emnodl nemegpbdoSad pows - EZ0T-5C, E71T-9M-1H4 ot qfdgoonudaozb
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Mandatory Designators:

- Welding Position
Flat & Horizonial Onfy, '1°=

= Tubular Electrode (Flux Cored)

Usability

(Spacifies Requirements far Polarity and General Operating Characheristics)

- Shielding Gas Type

(M=75-80% Ar/Balance O, Mived Gas, '©'= 100% £02, Blank=No Shiclding Gas)

(0=

- Current Carrying Electrode
- Minimum Tensile Strength
(X x 10 k=i 7=

EXXT-XX- JXHX

™ T

70 ksi or 70,000 psi)

Al Position)

Optional Supplemental Designators:

- Improved Toughness
(" F=Flectrode Wil Produce Welds with CVN Values of at least 20 f-lbRE-90°F (27 1@-40°C)
= Supplemental Mechanical Property Requiremenis
("D ar 'Q'= Wilf Meet Requirements When Welded with High Heat Input and Low Heat Input Procediures)
- Diffusible Hydrogen Levels
{("H4, HE, HI& =

FCAW (Fiux Cored Arc Welding) - S Elecirode Usability Designations

There Wil Be a Maximum of 4 mi (or & or 16) Aydrogen per 108 grams Weld Metal)

Usability designators 52 aeuseqpypsod eamoilodt: 560560588005

on Self Shielded, Flux-Cored Electrodes: T-3, -4, -6, -7, -8,
J1 Gas Shielded, Flux-Cored Electrodes: T-1, -2, -5, -9, -12, -G, -GS

oot G’ ¢ general [§8[5: 'GS’ ¢ General - Single Pass [g8Jlaop5

-10, -11, -13, -14, -G, -G5

T-3 Elecirodes T-7 Bedrodes T-11 Electrodes
- DC+ Polarity - DC- Polarity - DC- Polarity
- Spray Type Transfer = High Deposition - Spray Type Trasfer
= High Welding Speeds = Down hand Only (large dia.) - (General Purpose
= Single Pass Only = All Position (small dia.) = All Positlon
- Low Penetration = Multiple Pass - High Speed
= Sheet Metemppiicetions = Multiple Pass
T-4 Eledrodes T-8 Hecirodes T-13 Blectrodes
- DC+ Polarity - DC- Polarity - DC- Polarity
- Globular Type Transfer = All Position - All Position (except V. U.)
- High Deposition = Muitiple Pass - Single Pass Only
=  Low Penetration = Good Low Temperature - For Root Pass on Pipe
= Down hand Only - Impacts
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116" or smaller
Example EFIT-1C
Used with Both CO; and
Argon-CD; Mix Shialding Gas
zood Impact Properties
Mirimum 20 fe-ibf@e F
(27@-15C)
Good Mechanical Properties
70-95 ksi Tensile Strength

{277 @ -29°C)

Lower Manganese Level
1.6% Maximum (vs 1.75%)
Decraasa fn Maximum
Tensile Strength

A0 i ~ 90 max ksi

ASME Sec. IX Applicable

Many electrodes are Dual or TH

COassified
Ex: EZIT-IMY EZIT-9M/ EZ1T-12M

T-6 Electrodes T-10 Electrodes T-14 Electrodes
- DC+ Polarity - DC- Polarity - DC— Polarity
- Spray Type Transfer - High Travel Speeds - All Position (except V, U.)
- Deep Penetration - Single Pass Only - Single Pass Only
- (Good Low-Temp impacts - Down hand Only - for Galvanized.
= Multiple Pass = Unlimited Material Thickness = AitlminiZBd& Other Coated
= Down hand Only Steels
FCAW-G Electrode Usability Designations
T-1 Electrodes T-9 Hectrodes T-2 Electrodes
DC+ Polarity Exact Same Characteristics Same Characteristics as T-1
Rutile Base Slag as T-1 Electrodes, but with but with Higher Levels of
Spray Type Transfer Better Impact Properties Silicon and/or Manganese
Low Spatter Loss Minimum 20 R-Ibf@ -20°F Higher Level of Deoxidizers
Flat to Slightly Convex Bead {270 @ -29°%) For Scaled or Rimmed Steels
Moderate Slag Level /Full Single Pass Only
Weld Bead Coverage Down hand Only (generally)
Single or Multiple Pass
Down Hand Only (large dia.) T-12 Electrodes T-5 Electrodes
5064 or larger Exact Same Characteristics DC+ Polarity
High Deposition as T-1 Electrodesos but with ... Lime-Fluoride Basic Slag
Example: EFOT-1C Better Impact Properties Globular Type Transfer
All Position (Small Dia.) Minimum 20 -1 -20°F Mare Spatter Loss

Slightly Convex Bead

Thin Slag Level / Partial Cover
Down hand Only (large dia.)
All position (small dia.)

Single or Multiple Pass
Improved Impacts Crack
Resistance Vs. Rutile Types

opfaopiemgufpernamal ceveqplaegdd wfTfed: opbgst eeB88agph: SPoogben ewepd
(seqpBegfesanpd newiom:) (weld puddie) 2008 neueociescpl: wplyfoplop oopiBEesffoogps: cfaopd
sead] 4pegagoapBesoopdt neweepd: [pRaopbstasy) oewqpdaptoophs [Praoph feadl cfosuronmmaepdo?
oewmeooiesepagt Bbeseont cBiiqoodoonanph sqpbeyfesean newomiangd elgsemnlopé =fg §op

900534 BicfagupSf§oofyf oeweondoorh mesmoona} copiopliofionas cdaogh
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eqfy€ad (horizontal) $& mfgpicdod (flat) meessmoomaopd in position esmeconfydffs newsoomaopd
socgSeqpogep canmrSuglerepogtol HesfEoosts ofamessmcondpop wopofi Fat wogmag
oewegpEFoyokd cabe$ [36BEckogh Horizontal mesmcomogiol mepbeyfessogd oeuraomaopd
meochesohonaa] elgadardat Sopfteondh adefopé horizontal weld o€ abqupd oeuegpEangh flat
weld oo soeoacmasplicoc GooSerS5ErenSabot

Beodd elgefamc? wfoyfeacbaoopd Vertical $& Overhead neuogp:o? out of position wredlf oew
aqpbed Brefamoconciifly oscbconds saggSoqposas oonpSiiboos oforh Senpofl B
o05dloophs oeoeqplupSefolicy opicfeoopSffatiy cevepdepidadpdsd: epSglfgfoospd: socpbmed
pponESsdinps caospSRgiegaco (ocSenm ososaqpiiotieS Bhaco Fbsk waperridt bargh
cqinpSassiosn oavsawsappraciyh coSasssosumsspliaiiEinngS canesdo wdravE
[Boogost oBfuaaSimaiogeSozangSd acge3kSiecss

Flux-cored aewegpypicd meefgdarslgt 0psde Foomdhh o8y Self-shielded (FCAW-S process)
[88[5: e500500bdpwn Gas-shielded (FCAW-G process) [3bein upSooplmsesmocondpued cacddaeox All position
flux-cored oewegpypiy mgficod (smaller diameter) gpifgbela FCAW-S Process newegpliymicd 0.06g
coode (0.0 8o38om) 5& afaoddficubangd neweqpliymin? meoygspSioond ypseoamdad eoygordiean
neuegpligpiyn mogud ofok codbe (06 &cB8om) 0.0Be codde (0.9 8c88om) 0.0q ) codde (0.0 Sc88om)
§/6g cocde () ScBBom) sogulypiadeln Out of position mesmoonybesciifen mfdhels FCAW-S oew
egplun §/bg coode () 8c88om) [gbei

euopuyedyl FCAW-G Process neuegplisaguSypien 0.06g) coode (0.0 8c88om) 0.0 | cocde (0.9
8c88om) ofdk cuabe (0 8c88om) offgbe Out of position seesmcondabecciifecn wmlohal FCAW-G
aewegpén ofEg coode (06 Sclom) [gboh

Bidiclgeog€ in position meesmecondgteaciifesn oewegpiypwn S FCAW-S mopas g/6c
coade (j 8c88om) p/p cocde (.6 Ec88am) /g cocde (.0 8cB8om) 0.0 coode (p 8c88om) bl
FCAW-G 330205 0/0k coabe (0.6 $c88om) g/B¢ coode () 8cd8om pfp j coode ().g 8c38om) of [gbah

€1 50 | o1 Self-shielded (FCAW-S process) $& Gas-shielded (FCAW-G process) o3l comSiofy oidabep:

Self-shielded (FCAW-5) ocuwegptgpo’
Innershield wire gpsuy cgoBapiaopb cobdlond a
Selfshiekled  Stick electrode that is inside out” opcopSs adlood
Cored Wre  [o3dlaonmopSi GEroopS stick electrode gpecyodoé
s comamd acoghocBoosh frecme
 exbegdhwed qorglepovh sided
B % agfenan o) eancseBafsioiRing woiged
Contact tp sogpjeoraopd j) sapbeqPesangh oewamioy
/ oofgmeepcieagrcoat cBlicuodha ocuao:
i dgecogbucdeeqs omaqabeuaph ) jasd
/ uwm ﬁ nmnma::ga&
1 50‘@[05&@: GUICIO00G0E i g} g r e U5
ih.-fx,.* ' ’rwnrk ..xfﬁf ,-*’; %@nﬁ)ﬁxmoﬁﬁm afmmﬁaq %Gﬂﬂ-ﬁmmoﬁ& .
A LRI ittt n:né comEoipyp: qeoocbe

\._ Moken weld metal

Current conduchor —

& E - g Self-shielded (FCAW-S) Process
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Cored wire
electrode

IN
Current conductor —

=

Soldified
weld metal

Protective Wire guided and
contact tp
Gas nozzle

A\~ Molten weld metal
¢ € - oon Self-shielded (FCAW-G) Process

Self-shielded (FCAW-5) $& wopgoo€ Gas-shielded

Shielding gas (FCAW-G) mumqg&qj;;};é arc (‘:P[: m*& UGSGCQ

B
il Sa0RgEIGIT QI0eEEPIY? 200% onopditaanad
85 (CO,) qgro9 ng$ (A 48 omop§iaamades
wmep (@apgpiogy e 9@ sngh+ g
7995360220565 [§Beh) o3fgbongS cBocoogpds
gpsod oobaknd double shielded electrode gpanoopS:
edleoossin FCAW-S oewegpgpiadadué eqfenandd
egfodeasdougbicomntn cewmomeomisousd b
eo sogybypigeadiooplieont: cpdSevoph o)
cadh oswam} srocgstecdeogby omogudeuich

o} DC+ [fombof sofeosiain oBEE cBcdyncocd

oBagpeBopSeschogf GacmBidoogts oogbeopS: esch§Edagte ofexch acodBohd enodoagupregSofuops
coq§ sogoghodaph cxcSegepicgbofonhdo aauont acofedaap: deonspS Fbdk

€1 001 Mild Stee! Fiux-Cored noueqplagpeaan: 200bgabd (AWS bg:)

(pown - E71T-8)

- Current Carrying Electrode

E7XT-Y

= Minimum Tensile Strength
{70,000 psi)
- Welding Position

{0 = Flat & Horizantal Only, '1° = Al Position)
- Tubular Electrode (Flux Corad)

- Usability & Performance Capabilities

{can be self-shieided or gas-shieided wire types)

B o MIG (GMAW - Gas Metal Arc Welding) oeusegpEsgp:

GMAW ocuaad MIG (Metal Inert Gas) up opoSgproopb gEopalionpd cewegplan agbedfoagS:
oopch sfigbBosunospicogSiooght GooRecoiiiols magecpesangd cacamh coopocBanef
omopaSeplenddegaacgo’ omop§ilesnaiedl fuurdd smgierdiega) safipioopts

oeueadngod oeurccdadledifn oapodad ppbeladaopBst oewiengpodion dumad epyesbacd
pobeof ophiondbeucdaiansh newegplmeciy eacuSoopbescya’ aeueadbagaopd mecdSad eombp
[BEemop5 ofosuneachissbin SMAW newgonogf out of position welding (edlEaloh eupogodasegascon:)



ofeopod cometie} {fegedoqoophy sfiprasongoiobeyn
cacifavoqpin mxpipboofih sfrpern camarpbicioy
ocffgliobigbeln  ofppdoplapaogd  omophibasmdialy
ecdfgonaboofgt g% MIG (Metal Inert Gas) up obwpdeson MAG
(Metal Active Gas) vy oo §9djol sofecdbecoch

wpbodeabaopdolfgber MIG oeuicecbsphogt ool
ogpSigpign ercdegs§ oenfEanobigdlooph seudend oow
soo0fFncgodfifomiang oBi8osgEunsBudSoodioopd bafin
AWS AS5.18 [38dlaopSe cBdgfang Mild Steel m0p05 SEumpipy ER705-6 [gbein oopf -

ER Electric Rod

70 Minimum Tensile Strength of the weld metal, 6803 PSI x 1000 [g¢o3&:0manpd
pows - 70 eBagf 70000 psi [36ch

5 Solid

6| Boonsocgts aBBsobamnar @00g058 oBoSongpopts GopS + - GO (polariy)
o8 mofpecBeqpoiefonts ofopt 6 oS eomcSebafarcifigobobeongs vgsSup:
BoopSoonioopSon mdypaSepnpSs oBofil e eqnbosear Suopd Seqporch
030000 a8ffprprm: couesohepops Gfecmbigiconst

0288loxopE ER70S-3 0 conodoSel offSooqpiopé spdooplencpogptiy edaopbucomsafyé oSt
320803505 Sfecycd smapdangebagaophalfyigpiacyo’ r§basphe

acpdfoodfirpraacyod agospioeudeapliypigy ERS0SE - aqpafipSiacn §Eaniy $§ ERS35E - Gen
can8Eonftig (high tensile strength) - vy $8q8ci

gl adenBypmeoge’ ahmopdoeuegpligpsys ER308, ER316 56 ER308L o [3820p5 L ofoopd
¢ Low Carbon [g6ffs 52003588352 somEioogb

BomadpmonogBfisiogt eohofionaupyn fEanaegs (demeter) 5§ waifiepeS ercbog o
[a8ain eamaSdaamion 208admbapiod maguSonoy [gpleopbieuiBEdeunbe

Typical Welding Parameters of Mild & Low Alloy TIG, MIG
Process DRt O W Voltage (V) Amperage (A) Shielding Gas
Inches Millimeters
0.035 0.9 10-12 50 - 70
0.045 1.14 10 - 12 70 - 100
TIG (GTAW) 1/16 1.6 12 -15 100 - 125 100% Argon
332 2.4 15-20 125 - 175
1/8 3.2 15-20 175 - 250
0.035 0.9 28 - 32 165 - 200
st 0.045 1.14 30-34 180 - 220 5% Mooar+ T Choen of
Spray Transfer 75% Argon + 25% CO;
1/16 1.6 30 - 34 230 - 260
MIG (GMAW) 0.035 0.9 22-25 100 - 140 100% CO-
Short Circuiting 0.045 1.14 23-26 120 - 150 75% Argon + 25% CO,
Transfer




