Fecha . Duracidn
Junio 11 18a 2lh
Junio 13,15 y
i8 . i8a 21 h cAd.
Junio 20 18a 2l h
Junio 22 18a 21 h

" Junio 25 18%a 2t h
Junio 27 18a 21 b
Junic 28 . 18aZ2lh ¥y
Julio 2 18a 13:30 h
Julic 2 19:30a 21 h
Julio 4 182 21 h
Julio 6 ¥ 9 18a2lh

c/dia

Julio 11 18a 21 h
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L
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" HISTORIA DE LA TUBERIA DE ACERC ¥

Durante el Siglo XX, se hon clconzado corsideroble adelontcs en lo fabricagion-
de tubo de acero pera agua, perticularments en cuante respecta & tubo fubelcado
bojo el pmcn;u de soildade nurun:lﬂm, que posee impn;tunru carocterlsticas fave
rebles, entre allos los siete-principoles requisitos de tode buena tuberfa : Durdhill
dod, fuerza, economle, cepacidad de cargo, seguridod, .odoph:lh”ldud s impemmea

bilidad.

A travé del tiempe hon venido filéndosa estrictes especificacionas para las propie
dadas flsiess y quimicos del acero con el qua we hoce el tubo, Se han dodo pa -
sos muy [mportontes en cuanto o los procedimlentes de Fabricacién, ingpeccién, -
pruaba, unidn y recubrimionte del hbo de ocers; axlste o dispesicidn de cualquiar
persora, uno omplia vorledod de medidas, calidades, grosor de las paredes y lar-

gos.

Lls anterfor incluye ol mé&s modarno criterio de disehios para tubos de ocero ¢on -
dldmetro de hasta 240" { aprox. 6.20 metros ), bajo condiciones nommales de pre
sibn Intarlor y corgo ex.wior. Aparte del texto se suministran valiosas gréficos ¥y
cucdron Mcnicos, mi como amplla bibllegrofTa. La aplicocisn de los principios y

datos suministrados 1o basord en un criterlo respomcbis y en lo exparencio,



INVESTIGACION Y FOMEMTO

Loy principales productores da acero, fobricanter de tube, productoras y dlsamodo-
I"l'l.' do mamsrins para proteceion o tubos en ot Extodos Unmidos, son mismbros de lo
staal Plote Fobricalors Assoclotion { Asociacién de Fabricantes de Ploce de Acero)
y montienen instolaciones muy amplias donde sa invastiga lo metalirgica, la solda
durc y los forros intericres y exterlores de los tubes, teniands continvamants en -
astudic nuever svoluciones, melorns en tecnico y procesos de fabricaclén, Ademés
ssas compoftios tenan repratentante: que sa dedicon acliverients @ preporar nor --
mos, claves y sspecificacionss. Madionte estar actividodes, los miembros de o -
Sten| Plata Fobricators Association, se wantienen ¢ la vanguardia sn cuanto a mé
tedos modernoy de fabricocisn y evolucién del producto, lo que gorentiza al vsva
ric qua recibe al producto wés modermoe y adelontado, de lo més alta colided y ~

al precic més bajo posible.

INVESTIGACIONES EN CUANTCG A DURABILIDAD

Descde hoce miles de afos conocié el hombre los secratos da lo conduccibn de -~
agua o través de tubedas toscas. Dasde mucho ontes del nacimiente de Jesucristo,
yo los chinos tromportaban oguo nondo el barrbG como Mbo; un bebllonio que —
rein5 hace 4500 afos tenia un cuarto de bofio con drenaje de tubo de barro coci

do. Unos BOO ofies antes de Crista, Cantado contaba con tonque municipal; y oxis



ten fuartes avidencias de gque lox romancs contaban con muy buenos sistemas de w

ministre de aguo,

5in ambargo, a medida que los ciudodes creclan y empezabon o construirse cases-
nd1 cercn una de Jo otra, e ogudizé el problema de un adecuodo seministro de -

apgua y se ihtensificaron los esfuerzos paru construir sistemos de tuberlo més dura -

I - — - — -

bles; 4sto ocurrié principelmante en los principios de la historlc de Estodes Unidos
cuando s wiilizoban todes los medios posibles da alroer nuevos peblodorms o los -
civdodes que nacion, El hisrro que s uvsaba en éumpn desds 1685, perc hberlas,
ara escaso on Estades Unidos, donde resuvltaba mucho méy valicso come material -
paro hacar mosquetones. De monera que h'u. primeras |fneas da tuberic que disron
tervicio a tiudader como iNueva York, Bosten y Filadelfio fmmn; hechas, all® por

1752, con trozes da madero toladrados.

El Ing‘aniu de los anaricenos continuabe trebojendo pors rerclver -I problema de -
praducir tubos verdaderamente durables; por 1825 se descubrld un mélodo pore hu__
corlos con tims lorgos de metol colisnte; pueds decirse qua dsta fué lo primera -
base de lo Fobricocidn de hiros fuertes o baje costo. Surgieron en divanos ciudo~
des los fdbricos de tubo de hierre dulce; ¥ con el proceso Bessemar en 1835 y ol
proceze Siesmanm ~ Martin an 1841, pude diiponerse de acaro, la formo s fuerte
"y vendtil del fiero, pora fahricacién de tubcs. Hobfan termipado los largos ofios
da dasarrolio graduel perg corbinar lo durebilidod, vitalranie necesoria, con lo-
fuarze; y estobo listo al tubo de acers porn desampbliar s dramét|co popel en ef .

progreso del pols.



RECORDS DE SERVICIOS PROLOMNGADQS

Los récerds dispanibles deicvbren inttolacions; de tuberlo da coero tendidas en —
1843, quo aln contipiad en uw, en una‘lfntu de 5 millas de large { aprox. 8 -
K. 1, pora suministro de oguo a la cludod da Son Frenciseo. A partie de 1870, y
junto con otros lineas detubo riveteode y de 1887 con la instelocién del primer—
tubo soldade, dichos ri:ard; :;mrrun ejempilos de tuberfas de acero que todavio -
funcionan daspuds d«; més ds 50 u:‘ini de haober sido tendlidas. Estes récords de ser
vicion largos atestiguen le durnbilit_.‘hd basico del acero, si tomamos an considera-
cibn gque [a mayoric de los tuher!‘-:;1 fueron tendidas antas dal odvenimiente de i
modarncs forros pmt-chr;: intericres y exieriorss. Es particulorments interesarte -
sl majoramisnto continuc que tiir;- lugor sn lo colldad del ccero. Los coferfos -
medemes para agua, con los forrou convenientes, pueden en lo actualidod disefiar

18 paro duracién ilimivada,

Actucimants s ancusntran en servicio en los principales ciudades de Estodos Uni-
dos, que son més ~“z 200, un total de més de 100 millones de ples { unos 30.5 -
millones de meiros | da tuberio de ocero; cifre que auranta considerchblemante si=
tomomos en cusnta lo tuberfo gue s usa en miles de municiplos pequehor y en ~
los proysctos distriktles, estatalas y nacionales donda se requisre o uso ds tube -
rfa conductara da oguo. Ademés, muches cludodes y gobiernos del extranfero han

1ldo importantas usuarios de tubsrfa de acerc duronte muchoar afios,



USUARIOS

DURA NTE

MUCHO

TIEMPC

Lo siguiente fista ilustro Ja longevided y wtilidad, como principales coracterfiticos

de la tuberlo da acere paro oguo

.

“Didmatro “Afos en

Anhc de - 7 T anTT ' Sarvicio

tnatalacisn locellzacién  Pulgedis  Llongitud  Espesor  (1975)
1858 Raliroad Flat, Cal, 22" - 11® — 16 Ga. 17
1870 Pioche, Nev, 3" a,000 14 Go. 1035
1874 Pittbumh, Pa, 30" 2,900 —_— 101
184) Lowrence, Man, i — 3/ 74
1884 ian Froneisco, Cal. 33" 2,409" 1/4" 4
1888 5an Frencisco, Cal. 227 12,000 — &7
1889 Nephi, Utch. 3n 1,50° 16 Ga. 86
1890 Santa Cruz, Cal. 14° —_— 9 Ga. 85
189! Cizwark, N. J. 36" 23, 980" 1/4 84
1892 Bute, Mont, 20" 3114 —_— A3
1895 Pittburgh, Pa. 40" 49,000" 1 2 80
1895 Kaorney, N, I, 42" 8,800 — 80
1896  Bayonne, N, J. 30 44,,000" — 79
1897 Patterson, N. J. 424 18, 600" 5/16" 78
1898 Albany, N, Y, 48" 8,000 — 77
1899 Nework, N, J. 51" - 48%  17,000¢ 174" 76
1900 Marquatts, Mich. 42" 400" — 75
1901 seattle, Wash. A2 &1,000° —_— 74
1903 Fitsburgh, Pa. 4g" 4,000 1/2" 72
1903 Chino, Co.. F2" - 4" — 142 15 Go, 72
1904 Toronto, Ont,, Conada 72" &, 000 —— g
1905 Tijlomook, Ora, 1o" 24,000 /15" 70
1905 Alradena, Cal. 8" & 4 5,000 14 Ga. 70
1905 springfiald, b ass. 42° - 54% 43,5000 —— 70

1904 Honolulu, T. H. " &,000" —_ 69
1907 Trenton, N, J. 48" 7,000 514 &8
1907 Montrea!, Canadd kT 11,000 —_— L
| Y0Bq Missoula, Mant, 6" 20,000 3/16" &7
1908 Phi‘adelphlo, Po. t3ze 1, 590" —_ 67
190% Boulder, Cola. 0" 2,640 /2" &

110 Pamdena, Cal. 10" - 4" 6,000’ 14 Ga. b5 .




Didmetro . Amas en

Ane de an Servicio

Irtalacién Llocallzacién Pulgadas Longitud Espasor (1975
1210 Secttla, Wah. d2" - 24" 23,600 4 Ga. 45
1910 Brooklyn, N. Y. 48" 16,200 — 45
1201 ¢ lendora, Cal, 9" 5,000 14 Ga. &4
171 seuttle, Wash, 42" - 24" 14,0000 1/4" 44
[94 tarquette, Mich, &&" 8,000 — a4
iz eattls, Wash, - 42 13,243 — 63
1912 Rocheaster, N, Y, 66" - 9,200 — 63
1912 Montelair, M. J. 24" 7,343 e &3
1913 Utica, N. Y.: - 34 1,000 1/4 62
1913 Fansas City, Mo, 48" 1,220 — &2
- 1913 tock Reven, Md. 120" 2,464 7714~ 62
1914 Guardana, Cal. 127 - 4" —_— 16 Ca. &1
1214 Maw York, MW, Y, 857 V12,5000 7/18"-1/2" 61
1914 £ismx Juncrion, Vi, 108" & 36" 2,440 — é1
1714 Mo, Anz. 152" 1,670 /74" = 3/8" A1
1915 Lewiston, hont. 14" 30,000 1/4% - 3/14" &0
1915 Uttowa, Conadé, 51" 15,000 —— &0

VENTAJAS DEL TUBO DE ACERO PARA AGUA

eleecion del Matarial.-

Al sacir que &l tubo de ocern tiene ™ ventajas " queremos expresor que cuanto -
con atributos qua lo hacen major que otrev materioles para conducir ogue, Log ==
condiclone;, octuales de los trabojos de comiruccién, con sus sxlgencios en cuanto
o cargas y tensionas y situaciones de erergencic o las qua deben someterse, hacen
indispansable o los mawstros de obras, ingenisros y contratishas sobre qulenes recos
la resporsobilidad de disefiar, comtruir y mantensr en servicio las tberfos de ——

egua, la seleccisén dal mejor matericl. Y, ¢l moteral selecchonode debe calificar



L o

' 0w R ]
s como el me o, oh todos o spacin, ! ! g

e o -

Los comporociones hechay con ohros waterlsles de wo camin, rrelon qus lo tube

-

cfo de aocers reclbe lo major eolificocion en madw los "“"'!“""5""""" LY

1istena de oguo.

—_- -y —— - " - B *

Regquisitos Erenciales.

Son relativoments 1imples los requisiis esncieles con que debs cumpllr umo fube

rfa de agua, tales coma : .
L w 3d e ]

]
il kAl

1.- Fyarzo y dvursze,
2. Durobilidad y largo vido en servigio. .. + .

3.- Zcononla en initalocién y na tenimiants,.

4.- Alta coapocidod permonents de conduccién de agua.
5.- Quetibilidoad y odaprobillidad. -
6.~ aguridad v aelasriclidod, : Coot

7.- Unlonas a prueba’ da ogua.

El hbo de acero respende mejer o cado unc de esou requisites bisicos, que fos -
demés materiales usados schulments parn tonduccidn dé agua, poitlos Sgulentes-

HOE Qs

1.- Lino da las vantojas de! tubo de acero sobre o demés motericles es w -
gron resistencia o la tensiory no 1e e aproxime ninguno de los demos me
teriales disponibles pero tubarfas de oguo, en euanio o qu-'nfrl.vfh con =
mucho, la mayor rmistencic en proporeidn ol espesor de lea pa'd- No

hoy substitutc paro lo residencio,



2.- Por cuonto respecic a durabliidad y lorge vida, al hbo de:acere.supeca-

a todos InMIIpudierluhipﬂfﬂM:l&ndiqw Lnlrﬂl
tros disponibles dmumlmn que hay cmos de tubc du uu:;: que hu umdu
en sarvigin por més de 50 ahos y :Igun Funclomndu mﬂlfncmdwlum -
Con los grandes odelantes que se han reclizado en los Gitimes dkadm -
por cuonte respecte o fobricacién de acero vy pﬁcci@i!nh de r--::u-

brimientos, puadn actualments estimarse la vida Gt de In h.lhtrl'u de aco

ro an 100 afios & mds, comarvodoraments, o -t

Cenaralraite o rubo de acero no cuesta més, y muchos veces cuesto me
nos en i adquisicibn e instolocién; y e una importonts ventaja lo scome

nia sn mantenimieato que comcteriza a les tubeilos de nng"pl‘l'& aﬁuu.

Todo sistenn de tuberfo sora oguo neceslto lo méxima mpﬂdﬂ posible=~
de conducclén, pues io pableclon que au 1antn puade hacer pronto imsufl
ciente la red, soivo al coyo de que pusdo conflone en yue mo mloments
tiane lo n.ayer copocided posible 1ina que la comesrvart cuando esté en-
usa, El hbo d; acaro debldamente protegide es pedcticamente inmune o -
lo corrosidn y lax incrustociones, puede conflone sn que comserverd su -
copm:id-:d: £l arplic morgen de seguridad que da lo ingeniarfo empleada
en =] tubo de acers, es ur;u ventaja més. Como rasvlhads de lo anterior,
pueds dumentane posterionnarte [a presisn, 9 llega o eumentar la deman

da de aguo en sl futuro, sin salirnos de los mérpenes de seguridod,



5.~

Casi la risno irportancla Ham lo- ductilidod det twbe de ocero, que s

Gnlca comparsda con los demés materlales. Exto slagulor coracterfitica -

con la que sslo cuente el tubo de ocerc pom nwu, o lo quu huu post
Ete v usn en situacionss de t-mm donde los dimd: mlhﬂﬂn no pui—

den umaris, o pusden uwne ﬁlu con dificuitades o o nuynr mh.

L o PP
- A e w e

L conﬁ-’;b”.idrd ay poilblemante no una vantala sing é blen uvna astric
ta noceiidad =n lo IThee de ogua. Uma vez qus 38 ha Trwtoteido 14 tube =
rfa da acers, los ingenisros Mdun conflar en que dessmpeftord su trobo
i para ¢l que s 1i1eM& eita confichilidod no ie concrete a copacidad -

uniforme, sine tambisn o w reslstencla para seportar un comsideroble nd -

maro de <ituaclonss [hssparodos o de mrg-nclu. Significa mhhnciu a-

los chogues de ogue y aluvionas. In:lunv- ﬂ-r- lo -lmﬂcidud necmaoris
pan " deor de sT " o sufliciente al hnbor movimlentos en la ﬂ'rﬂ‘ y e

inmrune o low vibraciones de la wperficle.

Un r.qui:ilt; de méximo importoncla y que o tuberto de acero tlena so -
tisfoc toriomants o jo neceidod des que los uniomes ﬂu:n aholutorments -
impermaables. Ninyuno Tmeo de oguwa puede funcionar blen y econdmico
mente 1i sus unlones o son o pruabe de filtrociones, Como todo ingenie
ro sobe, el desperdicio da agua pusde rewltar la folla més costosa e =
cualquier 1istama de ogua. En este aspecto es excelents | tubo de aes-

ro cuyas uniones, soldodas, mecdnices o con empaquetodura de hula son-



- 0 -

completaments impenrecbles 'y siguen siéndole durents todo:fo vide de-la
ITnea, Ak o R I L A T

) ' R oLy .
Finafronte ot ifneas de tubo de acerc le Fraen unag bonificacién en forra de me-

. ' [ T S
jere: rslacianes niblicos, ventalo que no debe uted tomar a to ligers; 1o gents -
~ Y ) -

de 1u comunided agrodacers al astor reciblando refor serviclo a

-

Acero ........ Matarlal Ideal.

Ningin etro material satisfocs todos 1o requisits para buena conduccién: resisten
cia, lnrgo vida, sconomle, olto copacidad permanante de, condvecisn, ductilidad,

conflabilidod y unionhes totalments a prusba de agua.. . .- . .

Tol wmz bn mex imeortonte caracteriilica parae ssleccionar un .mm-riul para conduc
. , K . . R
cién de ogua ssa lo rmistencia 1ln el Inconveniante de o rigidex; en este aspec—
] ' ' v -
‘o ¢l ocero supera a todos los demds materisler por combinar la mixime resisten—

cie con la méxima ductllidad; lo mfalma resistencie ::: I'ur hﬂih‘ﬁ.’lﬂ;lfﬂ e »

um pormalmente parg_tubos de_cguc es de_ 60,000 Ilbray por pulgede quodrade, -

PPN}



Ademds de estes ventajas principeles de 1o tuberfo de acers, #sto tene otros mu-
chos puntes complemantarios de superorided, Inclwive lo neyor variedod de madi
day, ~spesores da los paredes y largos, que la pormiten tener un tbo * hecho o

la ‘madida " puro un detarminode hobajo. ju manufoctvro a precisién, confcrme a
fos normas de A W . W A, ws cuidadosas prusbas, [e garontizan salisfaccisn,
¥ 1s mayers: lzngitudes combinades @ 3 Pato considerablamente menor qua ef de
otros motarialaz, rontiensn lo, costos de tronsportacisn e irsbelacién en un mini -

mo.

Loy Rervitados Haoblan.

Cualquira que sea e interés bisico da usted, la tuberfa da agero le da los mejo-

res rewsltodos

1.- Al propistorio, su &structuro no pores® y swus waiones ¢ pruebo da fugas,-
significe que ac se Filtrarder los utilidedes sn forme d: cgua que gotaa. -
|l awrentorén i, coeka pora desperdiciv de apue. Debide o su resisten
cia 6 los chogues y vibracionas, se eliminan los reclomaciones por foiles
repentinaz, Estos faclores owjon s satisfacho ol cliente del proyacto, -

in auvmantas en el costo,

2.- Al ingsniero, la gran vorledad de diGmatros, espesors: de pared, unipnes

y riveles de resiitencia, minimizon los problemas de dissfic. &i hacho de

qus al tubo de ccerc resiste una gron variedod de presiones vualve o re-

'
i



ric

ducir dichor problemes, El fuch;r de mguridad contra explosiones, del -~
Qcerc, 1 germralmente 3 6 mas, enh lanto que ests fmctor, an los mate -
riales rigidos {lega o bajor hasta 11, Eito significa que una linec de oce
ro disefiado para un flujo especifico pueda - en coso necesaric - enfrego
mucha més agua con s&lo aumantar lo presicn, pere comervamdo un fac =
vor razonchble de seguridod. Y comsiderundo qua cada tromo de tubc de -
tzero e pruabu evidedomcenta en cuuntﬂ e w resistancio, el ingoniers-

puade taner lo ;epuridod de gue hizo una buens inver.isa,

Al contratista, las longitudas mayores disponibles en al tWbo da ocare tie
nan assecial importancia, ye que e necesita de menos unicnes al insta -
laric. Por ejemplo, los tramos de 40 pies de tubo de ocero de 48" de --
dismetro, disshodos paro resistir mds de 200 psi,, sbio necesitan 132 unio
nes por milla, en tanto.que si se uson tromos de 16 piss habrdn de nece
s.ih::rsa 32C unionus por mitla. Adends;, sl trams de 40 pies de tubo de -
ccars Jdu 3" pesn aprocivcdoments 7,000 libras, en tanic que un trare
a1l pres de tubo Qe consrato Ja iguol didnietrs pese unay 15,000 Hi--
oras. Esto significe que al tubo de ccero, no sblo nacesito mencs unions
pora *enderlo, sinc que odenSs parmmita usar equipo més liviana para tre-
bajaria, con buena oportunidad de chorrar aigunes miles de délares en -

los costos de imtolacion.

Al inganisro de operocidn, siende el rvbo de occerc a prueba darogue e

o ————— e — T —— - ———— —

inastillabla, e representa menoras problemas de cperocién. € imposible -



av= se reglstren follay repentings y completes en vna tuberlo de acero -
Lisn disefiodo; esto sllmina oy cottosas lorodm de smargencio pare com

panar " roturos ", subsveles Inundados y excovaciones,

5. Al cswario conin, o linea de tubefc de acero lo ropresenta no taner -

callos “swundados, no tener interrvpeiznas en el sorvicie, pogar menas par

Pl e i - - -

cermer o Jo oqua, y nharsar algs ap s rpusdes, Y uns inveniones MHe-
nen dobls proticcién, yo que purds ditefione lo Wnen vara o cctualido

das nsiasidodes y prevar los futuras.

Por comiguients, cuolquiera que sea su interés an la conduccidn de ogua, encen

trart Lsted que o! tubo da acarc e lo ideal,

COMCLUMONNES. = £l contenide de este insrructive pueds rasun:ma asf

T.- la tuberio de acero para servicic de egua satisfoce los -
trds altos mﬂuisifm‘ cunndo e dispda bian, e insiclc bien
y 4 protegs, lo que geronfizo su vido Gt por wuchas -
déeadas, Bojo astos circumstancios, su costo de moateni -
misnte e cuonds menos Tgual, v easl slenpre menes, que

sl da cualquier otra Hpo de tube pam ogus,

Bt
.
]

Ei tubo de acaro posme upa gren résistencia | de 30,000
o 30,000 mi., y resistencia ¢ lo tersisdn am 530,000 a2 -
70,000 pi,, | copocided Ja csadyzeidn permonenry; du-

robilidad, sconomla y seguridad,



3.- El tubc de ocerc, en generol, es odaptable, versdtil, efl
cients, uniforme, floxible, irpermeable, elfistico, inasti
Hoble, seguro, dictll, fuerte, Ficil de tender, no sufre-
rupturas repentina, es fuerte como uma viga, ete., &5 -~
proct]caments &l (nico tipo de hibarfa que w pueds ten
-dar sobre lo supedficie o debejoc de sllo, con confianza,
El tubo de acers e uno necmidad moderna y !r; eaxperian
cio ha demostrode su importante aportocion o la vida da-

nueitro pals y del mundo.



" FABRICACICIN of LA TUBERIA ©T°F ACERC *

La notarin prirc a partir de lo cuel se fobrico et b & ol acero, genercimente
en oll3s. El procsso e Inicle introduciendo lo noteria prima por unos Hjeras cir .
culoras cuyo funclidn as cortar las orillen de la l&ming con el fin de obtener s! -
evacto desarrolla del tubo y prwporar oy orilios del materiol pora oblener una - -

unién parfecta.

Lo ceraria pripo casi preporuda y todavia en roflo, estd lista para ef procase de-
form.o=i6n dal tubo. Posn primers o través de un sistema Je rodillos niveladores 1)
ye funciin ms srderezar 'o placo y ojustarle o un planc horizontal. Inmedictor.en
te pa-o lo lérina yo niveloda o través de una serle de rodilivs formodores y mol-
deodore, gue, an frio, ioman el tubo déndole la saccidn cireulor prevista y of —

difiir atre dasoado.

Unz v 2z forrado ef tubo y en procesc siempra continue, pasa o tmvés d= vea nd
quina de widor conpletcrante avtordtico de 1,600 volts., que afachun une woida
duru dr olra cclidad con un wé&sire de unifonrided y seguridod. Inn adictomente -
deiruss de arlicade |u. soldadura sa cortan los excwses de lo risno, tonto exterior
con 5 interlorments | uhilizondo vnos cortodores racénicas, con 1o cual se gorantl-

za ol acobodo d2l producte.
En vittud de aue lao materic prime ss ve altercdo por ol proceso de soldedura y
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con :l objeto de restituir ¢ 'o mlsra sus propledades do ductllidad auagurande al-
K. henpo 9 calivod os ta unidn, s le aplico yn atomiendo MMmico, con -
ayupa diechiice, o una terpamiva miniro de I,WLC. Fosterlonrents se enfrio
wl hbao prin e anbivntalr onte y en seguido utilizando enfricdores de oguo y oowi

te.

- h— —————

Una voz enbricd: of tbo oo o trovés de un ivego de roles ractificodores de dia

moatro log cvules porcidun jo goon otria dinl el greducle, posande da inmediats

al corte Maruvena! de! tubo poe rendio de sierrgs da dises outométicos que corton

ol tubo o los longihwies comaerciaies pravistas, S

Una vez afertundn; .45 procesos el tubo o3t tarrinodo Ze fobricur y liste para-

*a

artrer o la atace by o ! de eclidad,

L]

El controi de calicod 3 inicio nurerando al tubo para s Tdentificonidn posterior,
y w@ sorchr 2w prin Lee insgecaidén visval y con equipo <Ja witrenoside con lo -

cual sa detectur ikl grictor on el rormial,

Postesiomente s= corton, con discot, lo ectrenos del tubo, o-ir=re parz gorank
zor lo longitucd a:octa de loy miimos y se utilizan los extrsn 23 cortados pora, me
diante una premsa, efectuar uno prozbo de oplostar-iento, gue permity obsarvor al
tomoortamiento del materiol y lo widadura ol deformene tololrente lo seccitn -

dol tubo.

luage o sorele o un lavodo interfor coda tubo con solventss especiales pace =li-

minar irpuwrezas v rebobes d= la soldedura.

v



En astos condicions ol tubo w somete o uno segunda impeccién visual, ultrossni

co y con Royo:r X .

e pawe chora a preparor 'on extremes del tube yo sea biselado o raecode pora su -
UiHra prusha dr calidad que consisla en someter cada tubo o unn prusbo de pre -

1idr bidroskdtica nayar a lo ormlén de trabaja,

LI Y - - - — -

“n eito: condicionas y despuss de un procse itrictomants contrelode, ! produe-

by ats fiste pera o AT Hlhigcisp y wenta,

Con 2l procedin ‘ante v control. anta; mencicnodo ¢ fabrizan en Mivico per plon

Yo; myxicamd. y con ncare macional tubarloc ove von dy 1'4 re. { 44" ) hosto -

g np, {2867 ) de dionatro y con una gron veriddod d: sipe s e eered. Tor -

separads elanas irsheende upe tobla cornlete de sspeai©ezcione: y coraztarfsti

vy de foosubag U os da fchrieasidn nosiannl,



A PLICACIONTES

Los usos mas Frecuentes paro la tuberfa de acero ¥ donde <& sncusntron los moye

ray vantajos pora su sdleccion son ¢

Linaas ge viskribucién,
vinea, de Ceicorga.
D renaias .,

Tuho: =n  pionry;, de bombeo.

Tuboi para  alantos dx  fuerza.

Tubarias o Prasién.
ILTnans cubterrAaneas,
Linsus buje curvateras o Jerrogarriie,,

Tuberios outo seportagas sobre pantanas o rios.

Tubon parc dragodo.



Graficas comparativas
de las principales
caracteristicas de las
tuberias de acero,

cobre y plastico. (Fuenie: AISCI - ASM - AISI)

COMPORACION DE LA RESISTENC)A AL (MPACTO
ENTRE L &% TUBERIAS OE PLASTICO, CODRE ¥ ACERD

COMPERACION DEL COEFIIENTE DE EXPANSHIN
ENTRE LAS TuBERAS DE COBRE v ACERO COM EL CONCRETO

COMPARACIGN OF LA RESSTENCIA & L& COMPRESION
ENTRE LAS TUBERAS DE FLASTICO COBRE ¥ ACERC

COMPARACKN DE LA HESETENCM & LAS TEMPLRATURAS
ENTRE LAS TUBERAS DE COBRE v ACERC




Graficas comparatwas
de las principales
caracteristicas de las
tuberias de acero,
cobre y pldstico.

COMPARACION DE LA RESISTENCIA A LA TENSION
ENTRE Lag5 TUBERIAS OFf COBRE Y ACERQ

[

COMPARACION OF LA RESISTENCIA & CARGAS EXTERMAS -
ENTRE LAS TUBERAS OE COBRE ¥ ACERC




PPACEDIMIENTOS  GENERALES PARA TENDIDO DS

TUBFrIAS  DE  ACERC rARA CONDUCCION DE LIQUIDOS

Locallscifn,

Daram s, par un heche lo locallzacien de_la -ITheasya_quea_no forr o parte del tewma

Qe =:tan.o: frotondo.

Preparggiin def Intzng.
“n o lterrons 2lecido, @ pocedwe o wxeovor lo gepa you 1icionic to finea, ubi-
lizando pero a:ro = -E-qu;p-'.:.: adecwodo deuindiendo ds! iipa o» terroes. la pr fun
didad d» ¢ 2.0u porte onde v d VLI s, roy o Nk o dg Bg mberio 3-
tend2r. o cuidord nue 2l rotadal, producta da Ya » 2 ae’i, 2 memrente sler-

pre en un oz de o ¢ane, defande ¥ otro lads paro vrgitnr ei tubo y como drea

da trobajo.

E) fondo de lo cepr -2 pravorare dejor sn condicionss olr cue carrito e dpoyo
de la tuberin w1 corvdiciones odecvades ¥y lo noc unifern g nosble, #n leiremo; o
cos: © con rycha pisdro, debera oreparurie vPa coma ™ra »! tubo con areno o

tierra bizada ruw gareatice un apoyo uriforr-e o la teber®,

Recapcisn ds Moterial,

———— e e o — r——

El tubo 1e recibe generalments en longitudes de aproxinadomente 12 n'ts. Marpal
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rents loys tubos se envion ol compo debidorente pintodes con pintura onticormsi -
v cn teda e feaeiiid mvcents on los exirenins que deberdn estar preporodes paro
lo unién soldada, & decir biselados apropiadamente dapendiends del gruesc da a

pared, y libras de pintura, 6xido o cualquier inpurezo,

- - - - -

Tandido y ,E_l_cl_udu_d: la Iinea,

Cnomras cowiillone, 100 hube w didribuyen e lo lorge de o Tnec.

Con gyudu '3 un tucror de pluno lolaral se posicionan los tubos inbre coballetes;
de rodaro ¢ v nllom rinina da Y0 Lrs, del terrene G3torol, en tal forma que

parn ile @l mecmis - el oidodnr an fodo al perimarce da 1 unne,

Con oyude de un alinrcas: par la porte ieterior dal tbo v vo alinecdsr | canas -
tila ) por lo pocie »ctericr e coloean los estremon det too rerc iniciar ol oro -

cayo de soldad Sm.

Lo junta dabar. guauss pramireda 2n gl foreo que e yemniics el elineor-iento -

y dejondo unc epeiuia3n antes bubus de TS de pgloud.

[ r

En wites condiciapes o iniziz ol procaso de soldodn-y <o 't fenta con los Jiguien

far Py -

.- onda o,

Don soldoiiores inicion esto estapa de ko parts suporion zoi fwse hacw la s

ta infarior, terminando el fondeo en lo parte bajo de la junta. Sita prinero-

R &



stopa de soldodure & o wey Emportante yo que wna buerm oplicacion del fon
deo gorantizard lo eficiencio da lo unlén. La soldodurn deberé depositane uif
lizando elecirodo de grom penstrocién que pem:l;u aplicarse en cualquiar posl
cién y que gorontice la total ynldn de lo pered dal 'vbo pere que oderds mo
iobrapase la pared intarior, con objsto de comarvar integre ia :qn.udﬂnd dal
tuba, Por especificacion ln soldadure no podrd sobrewalic mas de t 32" da o

pared interior,

Pase “aliente.

“sta atapo comrprande dov procssos e primero @ recover porta de [o soldadu-
m aplicod  en 3l fondeo wilizondo lo misra ndquine scldodere pers con la-
polaridod invertida y un olto ampercje. Fite operacion permnile sanear o ol -
dadura da fondec y elirinar la ascoria qua pudo guedor aropada en ef lomdeo

debide & fu condicisn de aplicacion an la parte ma; corroda del bisel. F1 e

. Jundn paue consista an plicar wn cordon de sploodym an tode la funta yn =~

3.-

ron la poloridod direzte da lu waquina y con alte arraajr que parmita efi-
rifasr resideos dy escoric. 9 uplicu tunbien cun dos saldaderss sivultonea - -
iante iniciondo ol cordon en le parte superior de la junta para terrimarlc an
la sorts infecior. e erplean slectrodos de lo serie 60 -~ 10 v de /8" de -

didr. #tro,

Relizno "de Iq__j__gnta.

e ——— e

“n wsto; comdiciorms ; previa linpiezo de kb ioidadurs 2 proesderd, con cor

dones sucosivas, o ters inar lo ;oldoduro da la junta. &l oltimo cordén npling*

LA,




do no deberd scbresaiir mas de 1 30 de lo pared exterior del tube,

En estor condiclones sshard terrinode la junta y 5o pwocedurd o impeccicnone wan

do rodiogrifia. o gomogrofie:.

51 &l resuitodo de lo inspeccién rodlogrifica es sotisfactorfa se procedsrt A Hr <=
plar la superficie a los lodo: de la.junto y e aplicard lo piaturo anticorroniva en

#0 TOWT,

Dependiondn da los condiciones del tasreno y del diometro de ic tuberia se proce
derd a hocer ios funtay necesorias para completar una longitud de ITnea de oproxi

modor:ente T kiloratroy, A esta linea joldodo se ie Jlara * LINCADA ™.

Antes de oroceder o boiar In tiber’a o lo cepo e proceders o oplicer la protec -

clon adacurdr que avite lo commion Jul noterial.

Unc vaz tandidos an la cepc dos lineas de tuberic debidarrente protegida se proce
dert ¢ efecicar lo soldoduro que vno loy dor Itneas. - procsdimienin e: seweior-
te al descrito onteriormente s4lo hobrd mecesidad de hacer von arcliosian o la )
po en el lugor de la junta en tal formo que permito efectuarse fa <aldadirn en —
condicione: corevindas, tumincado an el sitio lo pinfro v la proteccisn contre -

ta cormrosion.

Una var terdlda v temineda lo Yinea e procade o rellener lo ceps cormpoctando-

unicamenta lo parte superficial aprovachands los oropios trocterer.

Antes de ponyr an sonvicio lo linee debora linpierse intsriorn untz uhilizonde uwn =



stapa de soldoduro e la mas Importante yo que una buena aplicocion de!l fon
deo garuntizosd le aficlencia de lo unlén, Lo soldoduro deberd depositana utl
lizando elschrode d= groen penstrocién que permita up"cﬂrt-.! an cuolguisr posi
cién y que garmntice la total ynién de io pared del ?a;bn pero éua ude:-rds no
iobreapate la pored intarior, con cbisto de comwervar integre fo m:;ucidud dsl
tube, Por espacificacion lo joldedurs no podre scbresalir. o de 1 32" da o

pared intarior,

Pasa Cealientse.

Ssta atepa comprends dos procesos el primero s rerover parte de la woldodu-
ra aplicad  en a3l fondeo wilizende lo misre naquine soldodora pers con ja-
potoridad invertida y un olto arperoje. Esta operacidn permite sunear lo ol -
dodure da fondea ¥ eliriner ki ascoria o pud¢ qw&nr orrapada an ¢t tondeo
deblda n ls concicidn de aplicacion sn ln parte ma. cerroda dal bisel, ©f <
guarde pxo coreiste an aplicor un cordon de iotoaduro en tooe la funta yn —
cor I polorided d'lra:.-.m ds o naquita y con alte orraraja que parnito efi-
riaur emsiduoy de esceriz. o oplicw hunbien gon do: soldsderms sirvlteneo ~ -
r-ente inicionds el cordon an la porte superior de la junte para terminerlc an
lo porte inferior. sa enpleon electrodos de lo serie i 60 - 30 v de [/8" de -

dide. atro.

Rellano da la junta.

in estu: condicione; ) previe linpiezo de lo soidodur se procaderd, con cor

danes sucosivos, o tars inar o seidodura de fa junte. &l oltino cordan aplica
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do no debert sobresolir mas de 1 30 de lo pored exterior del tube.

En wstas condicinnes sstord Merminade o junto y s procedard o imspescclonone wson

do rodiogrifio. o gomrogrofta:,

5t el resuitodo de o inipaccién rodiografica e salisfactorio se procedsrt A lir -
plar la suparficle @ les lodo; de lo.junta y sa oplioars lo piature anticorroalva en

& IOy,

Dependiands ds las condiciones del tarrano y del diametre de la hubarie se proce.
derd o hacer las juntoy mecesarios pora comrpletor una longitud de [frea de aproxi

modar ente 3 kiloretron. A esta linea ioldodo e le llave " LINCADA ™.

Antes e orncedsr © bajar In tvborla o lo cepo e procsders a oplicer la protec -

cien adecunda gque avite lo ecrrmien Jduwl noterial.

Una vez tendidos en la cepo do: linecs de tubsric debidarents protegidn s nroce
dero © efectuor lo soldadura que una los dos 1ineas. I procadimienn @ sewrninn-
te al descrito onteriorrante salo hobrd necesidod de hacer uon annliocian o lo ra
pa #n el lugor de o juam en tol forma qus permito sfectuarse la <oldadurn en —
condiclone: onropiados, tarninando an el sitio le pinturo ¥ lo proteccltn contm -

la corrosion.

Uno var tendida v tere imada la Bnea 2 crocads o rellenar lo cepa compoctondo-
b4 F

unicaments o porte suparficiol aprovechando les propios tractorss,

Antes de prnar an tarvicio la fimea dcbers linpiarse intzriom enty ubilizando yn -



ciitndro de hule ’ digblo } sl eval tendrd un diametro Tgual of didmetro interior -
de Io tuberTo ¥ se hard comer @ lo kargo de la risma u¥llizonde aguo y clre o ~
prasidn. Edte topdn detectara tawblén alguno falla an to Hino como exceso de <ol
daduio o delormaciones def tubo. foro poder locolizar el topen dentro de lo tube
ric ie la pone un fidtopo con lo cual y con ayuda de un :ontadar de rodicciones
#3 focilvente locolizable, y nodrd rencrarie el defecto-localizado al atascarse al-

o

Personal y wquips utilizedo

A Yrnctorp: da pliro  loteral.
N Laquinas inldodoro: con notor da conbudidn internc,
' Alisladore  de  oxi - acatiieno,
Cartcdor da ol - acetileno.
2 [ sndeadores.
2 oldadores des poic  calients,

£ Seldadores.

Remdii mente sstirads en tubaric de
254 r . us dioratro. 123 Junta. » 10 haras

Longitued aie 1o Nnea . { oproxin.adoments ). 2 rilamotros.



" C ORROSI1I ON "

Cunndo &l tersine comosién se aplico o loy tuberiay de cesro, se entiands portal
ol deteritrc que sufre astn por accidn golvanico y./o slectrolltica. laos primeros =

tubarlas de acero fueron instaladas, generaimente sin recubrirrisnto protector y nor

— aa v - B

malrante sin comiderar las condiciones dal! madle en ef cuol se iba & cobrer. En
elgunos cases ir coloco lo hiberfa en nadlos subterrinees ( bojo terra } no comrpa
tbla: con un metdl ferrmso: presentdndoce ol fandranc de comrosion y ocaslonande-
oreblenas ds manteniriante. Fita sitvocién ho conduelde a que lo generalidod de
los peronos comideron que el ocero { ¢ sn general los corouestos ferrosos ) son-
néds weeptibles o lo corresidn que cualquier otro natesial, 3'n arbargo esto w =—
ceptikilidad scurre ssle cuonde cualquier tubsrin da ocare ar expuesta o seloy ¥

opum da anturnlezo corrosivag, “vondo e aplica una proteceién pemonente o la -

hibarint de acere ,u vide uril queda osegurodo,

El problera de lv corrciién sn tuhering de ocara, pueden :ar eliminado, Feniando

presantes dos comideracione; bosicas

o Tu neeasidsd dy Proraeciin Inbeslar,

.- Lz oaezoandad d: Tesrneeifn Terarior.,

Y= Crafaesion littz2rinr

fo frerizcs Wiotas YWarlae Ytoageiatian, b sarebado dos Tpos de sawese-

rrisntos, uny retlizads con errmolte o boss de alguitrin da hulla { ceal -



tor enamel ), y ofro con cemanto mortero pard revestin lanto interior de tube
rla de ocero poro agua. Lo Funeldn primoria del revestimiento en unu tuberlo
@1 proporcionar y mantener um gran copocidod hideullos de fivjo. Lo cepa-
cldad de flujo es montenida evilande el desarrello de tubarculos de moho, y=
ptoporcionando una wperficle i dentro de la tuberla. Eshes meteriolns de -
reventimignto aplicodos de acuerde o log 1Mndom de o AWWA , oroporeiomn

cosficienter de Mlvje perc la scuocion de Hoazen - Willlows { C ) da 140,

Proteccidn Enterior. ’

Antes de dmarrollorse métoder sflclentes pora ol control de lo corrisn, em
préction comin ofodir un ecubtimisnio ds acers a o paredm del tubo pere
temer una clarto tlerancie de cormsion. Sin embarge &xto Ao e uno solucion
préctico pora ol problema,

Investigacienes dirligidm por la Oficina Noclona! de Stondor, ha demestrade
cleromante que todss lon metales farrosos o8 comoen, ssenciclvents on s wiy
mo proporcién dentro del efere medio, Ademés estos invastigoelionss hon de ~
mentrade que 1o corrosién ofocs un acero emterrodo en el welo, en forma de
pequelio; covidade:, Por lo tanke, uvne toleroncle de corroslén, awmentande -
arbitroriaments ol sspesor de los paredes del tube, o lo mas, ratrass solo tem
poraimants la epericion del preblema, pero me proporsions lo sofucldn o lar-

go plexe gue w desa.

Muchos focters linflvyen en lo corrividad de loe melos bejo tera y ertes facto
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res estdn omrpllaments discutides sn el AWWA Monual M 11 Sin emborge im foc
torer mas senclllos ¢ importantes que puaden ser focilmente cbrenides o lo reshiti
vidod de tos wweios. Lo sigulente itigulenin tablo preporcione lo probebllidod de =

corregion o ccusrdo o lo resistividod del mmana

Retlstividod ( ombs " em3 } Probabilided de Corrosldn

0 - 1,000 Muy Alta
1,000 - 2,000 Ajta
2,000 - 5,000 Madia
5,000 -~ 10,000 Ba|a
Arrflba de 10,000 Muy Baijeo

RECUBRIMIENTOS

n

El métode las antigue que » ho empleodo pora combatir [o comosidn, &1 el de lo
apllcacidn de recubriniento, de muy diverses tipas. En lo ectualidod, divponenos-
de una gran goma da recubrimiantos, coda uno de ellos con plrupim y funcio
e ﬂlpvll:":?t.ﬂt, por lo qua asstam's an posibllidod da saleccionar ol que mejor 1
adapta @ nuaras neceidoder. En ol tendida de lineas de conduccitn, s obsarva
of snpleo de tratomisnton wewslvos con pinturm primarios, esmaltes da base bit -
mineia, ewmeclafrants deo alquitran de hulla, oplicacién da flellros de refuerzos,-

efc.

El busn $xito de ta aplicocién de un recubrimianto, depende, an arirer lugar, de

LA /4



una parfecto odhesién entre &l recubrimiento y Iu.wperficiu motélica, Es de copi-
tal impartancla sfectuor una eonclenzuda Hirpieza de la tuberTa con el objsto de
dajarla Iibre da moteric: rxtrafas son o son aceite,, gmia:, harrugrbre, .eI:_ n
una palsbrm, toda r.afsriu que puaca evitar un gonlacts inli-o entre rsc:;brirrinn-
to y aetal . Fora aite {in e hace wio da ror.quelas, cepillos de alurbre, méqui-=
nas wictoriow da linpieze o bien; linplexc-oen chorro de oreno gqus es, con nu-

cha, ¢l wakado r.or efuctivo,

Una vez limpic la iuberfo se procede o lo oplicorion de uma pintum primaria, -
cuyn funcion consiste en ser el puente de union entre |3 tuberie y el recubricien
to, Istas pinturds prirrarios e adhisren focilranie al reral y proporcionan una sy
parficie, 2 lo cvol ¢ adhiere contenacidod =l ewrclte colisnts. ‘u s tratare de
oplica: el siralie o o tuberio .in lo pravio operocion o qua nos 3stamor refirien

do, « nealte culianre no lisgaric o humectar totolr ent: 1o supedicis roabtilice,

divminuyando nutohlsrents 4, dropiededes odhasivas,

Los recubrimiantos mas comunments smplecdos pora la Iproteccion de lineg: ds -~ -
conduccion subterrdneas, son lon llan odos ewraltes, Ffobricados cor bayec hity a0

- _ ' ¥ )
sas. Dabide A qus ol é4itn an la oolicocidn J2 un racebri- jeatn denanda an aron

FEEY -

porte 93 su slactiv rind nara detensr al anso da la huraic*‘! ~on orafurihte. anue

_ L T ™™ F
llos ¢ ateridins que tengon un bajo promedio d= obsoreion ds agua: ~iendo unn ds

LY plow, el #02 oh
*01 nutanalﬂ sl alquirrin de hulle,

‘-lg'.";__ - __',M eiom “-L#"', o

L rocubrimi=ntos 3 base de wifeite, ror o general, tismen uno buena rrsistrncio

sléctrica cunndo s oplicon, pero debido o lo dbnoreidn da ogua, este resistencia

i
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disminuys tismpo despuds del tendido de la ITneo en suelos himedos .

£ empleo, cods vax mts owplio, de los recubrimisntes o bese de alquiven de hu
fla, con o casl totol exclusidn do lon eumaltes calditicos, puede otribuinee o los-
coractersticos de mte tipe de recubrdmienin como son, w baje cbeorcion de ogua
w edubllidad quimica, el Wlm de w rslstencio slécivica, w resistencia
al otoque de Geides ¥ HL;I:-EW-;H E;o‘abrom;;mlm genercimente con
Hanen rellancs minercles, y e aplicen comunmante en coliente. Como cowglemen
to de lon exmaltes, w smplean fleliroe de referzo slaborados v bme de flivo de

vidrio.

Los fialtron de flbra de videio tienen lo gron ventala de que pusden sar witurades
con af ssvo.n collente, con el cual forman uma solo unided, de fo miwra monerm
que loy vovillos de ocerc pason @ ser parte integrul de uno lose ds concreto, con
lo ventajo de mejorar s resistencio @ golpes, vibraclones, temicnes, nfum LB

turales dal suelo, flujo en frio, etc.

Otra tipo de recvbrimiontos son low liamados " mostiques " que 1on fabricodm o -
boie de moterlales bitun inosos con un olto porcentele de material de ™ coarga “. -
Esto generalrente comlsie en crena U otro materiol inoginico semejonte. Se apll
cen an callente y oxicten reportes de que son bastante efectives poro comtrarrestor
la corrcxin y musstran gron reslstencla o lo: temiones del welo. Sin erborge, -
w emplec no e ha extendido, debido o gue se requleren Imtaloclones especioles

para su oplicacitn y a sy relativo elto corte. - ’



Una vex aplicados loy recubrimientos, w procede @ probar lo hberfo con o) sbis
to de meparar cuaiguier follo ¢ feparfacelsn que enxiita on of recubrimiesto, ante
de bajer lo tubaria o lo zonjo. Fare este fin 1e hoce uvio de Instrumentes sléchi-
cox llonodos detectorss de kallas en low cusles 1 ewpleon potentioles de 10 a 12

w[| volh y corrientes méximor de 10 wilicmperes para eviter peligres ul personal -

que los raneja.

Es de suma importancla comideror que &l aplicar un recubrixiento a1 précticemen
te lirpeafble ablener un clan por cients ds continuidad, debido o muchas covsos,
habré pequefios descontinuidades en ¢! recubrimiento. Porc profeger esos descont] =
nuidodes en el recubrimiento, s utilizo lo proteccion catedics, com lo eval ol re

cubrimlenta se aproximg lo !nhrpﬁlhh a lo perfeccitn.

3in enbargo, debemas tomor en cuwnlo que o mayor nomern de descontinuidodes -
an ol recubtimionto, termdremon moyor costo de proteccion corddicos; de alif o ~ -

mportancio de asegurdar uno bueno aplicacion del recubrimiento.






centro de educacion continua
divisidn de easatudics superiores
facuiltad de ilngenierfa, unam

FROCEDIMIENTOS [FE CNSTROCCION CE ESTROCTURAS DE ACFRD

QOMPLEMENTO I1

NG, FAUL GRRNADAG

JULIO, 1979

Palacioc de Mingria Coila de Tacubo 5, primer plio. Miéxicol, D F,
e ——






CONTROL DE LA DISTORSION.

La aplicacién de | as reglas siguientes ayudarl a reducir

o controlar las distorsiones provocadas por la soldadura.

REGLA Reducir la fuerza efectiva de contraccibn,

REGLA 1II Heacer trebajar a las fuerzas de cont raccidn para
reducir la distorsidn,

REGL A III Bsalancear |as Ffuerzas de cortracceibn con otras -

fuesrzes,

l.—  Parareducir ta fuerza efectiva de cortraccién, debe tenarse

an cuanta 1 ¢ siguianta;

a) E‘vitw* al usc de soldadura en axceso., A menor cant idad -
de soldadura, menos calor y menor distorsidn.

by Seleccionar la preparacidén més aproplada para las unioras
atopa, E! amplec de pl acas de respaldo mejora la pene ~
t racién sin necesidad de calor adicional,

<) Usar pocos pasas. Esto reducirf la di storsién lateral,

d),  Localizar las soldaduras tan carca como sea posible del -
aje neutro. Esto reducirf la combadura longitudinal,

) Usar cordones [ ntermitertas, Esto reduciré la cantidad de

calor,



f) Usar l&a tdnica de 'soldar " retrocedlendo " . Consiste

en colocar 1o s cordoras de " adslante hacia atrés v,

IT.~ Lasegurda regl a sa | ogra con algunas de las siguientas

recomendaciones.

a) cntacu:r‘ las plez-_us por soldar giradas en direccidn contra
ria & la disto rsién, Cuando se presaerta la Fuerza da ’ccﬂ
t raccién, la parte desviada quedarf an posicidén correcta,

b) Cesalinear las partes por soldar en direceldn cort rarla -
ala distorsidn. Al aplicar |a soldadura, la fuerzade --
corcraccion jalaré al as partes a la posicifn correcta,

o) Aplicar pre-deformacién cortraria a las placas por medlos

mecénicos.

ill.- EI| balanceo de | as fuarzas da contraccidn se pueda lograr—

con alguna de las sigulentes recomeandacionas,

a) Seguir una secuencia de .;:i‘asas tal que | a fuarza da contrac-
clén da cade uno se equilibre con otre en Forma simétrica,

by . Martillear 105 cordones con una harramienta purtlagida, —
Esta operacién produce una dil atacién en | os cordones i &an
do estén caliartes, ayudando ésto & contrarestar 18 contrac—

cidn.



CONTROL OE LA DISTORSION,

LLa mplicacién de | as reglas siguientes avudarf a raduci r

o controlar las distorsiones provocadas por 1a soldadura.

REGLA I Reducir la fuerza efectiva de contraccibn,

REGLA II  Hacer trebajar & las fuerzas da cont raccién pars
reducir la distorsién, '

REGLA 1[I Balancear las fuerzas da corntraccidn con otras -

fuerzas,

I.—  Pararaducir la fuarza efactiva de contraccifn, debe tenerse

an cuanta | o siguiante:

a) Evitar al usc de soldadura en exceso. A menor cant idad —
da soldadura, menos calor Yy menoe di:sturs[én.

by Seleccionar la preparacién més apropiada para las uniones
aropa, El ermplec de pl acas de respaldo mejorsa la pena -
t racidn sin necesidad de calor adicicnal,

) Usar pocos pasas. Esto mducir;ﬁ la di storsidn laterail,

4 Localizar 1as soldaduras tan cerca como sea posible del -
ejs neutro, Esto reducirk la combadura longitudinal,

e) Usar cordones [ ntermitertes, ES5to reducirh la cantidad de

calar,



) Usar la ténica de soldar " petrocedlende ', Consiste

en colocar los cordonas de " adelante hacie atrfs ",

[T.— Lasegurda iregl & se logra con algunas de las siguientes
Hecnmgnd&cioms.
a) Colocar las piezas por soldar glradas en direcclén contra

ria ala distorsién., Cuardc se presenta la fuarza de Imﬂ
t raccidn, la parte desviade quedar'-f: an posicidn correcta,
b) Dasalinear {as partes por soldar en direccidn cort raria —
ala distorsién. Al aplicar la scldadura, la fuerzada -~
cortraccidn jelarf al as partes a la posicidn correcta.

o)) Aplicar pre-deformeacién cortraria a las placas por medics

meacénlcos,

l{I.- El balarceo de | as fuerzas de cortraccidn se puede lograr-

con alguna de las sigulertes recomendaciones.

a) Sagulr una s«ecuenct;a ‘'de pases tal que | a fuarza de contrac—
cibn de cada uno se equillbre con otra en Forma simétrica,

by . martillear los cordones con una herramienta puntfaguda,. —
Esta oparacidn produce una dil atacidén en | os cordonas cuan
do astn calientes, ayudardo ésto & contrarestar Lo contrac—

clén.,



) Usar soportes mechnicos o atiesadores, Esta es unade

las formas mis eficientes de satisfacer ta regla III.
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CONEXIONES

La mayor parte de las especificaciones relativas a estructu-
ras de acerc reconocen comg medios de unifin entre unos ele-

mentons & los remaches, los tornillos ¥y la scldadura.

Desde hace aﬁos, los primeros han caido en desuso ¥y S5e pue-
de decir que actualmente han desaparecido ya en la prictica.
Esto se ha debido al uso creciente de la soldadura y a la -
aparicidn de los tornilles de alta resistencia que sustitu-

yen con ventaja a los remaches.

TORNILLOS

bl
Se utilizan dos tipos de tornillos, los llamados comunes y

los de alta rTesistencia.

S5¢ designan, con el nombre que les dan las normas del ASTM
para especificar sus caracteristicas quimicas y mecinicas,
los primervos como tornilles A307 y los de alta resistencia

como tornillos A325 & A490
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TORNILLOS COMUNES {A 307)

Son histdricamente, el primer medic de unidn utilizado en
estructuras de acero; en la actualidad tienen una aplica-
¢idn estructural muy liﬁitada ya gue su resistencia es re
ducida ¥y no se recomiendan cuando pueden esperarse cambios
de signo en los esfuerzos de las piezas que cgonectan o -

cuando sean de esperarse cargas dindmicas.

En este sentido, las especificaciones del AISC fijan una
serie de casos concretos en que los tornilles A3D7 no de-

ben usarse.

o

No-se usariin en estructuras esbeltas:

a) Que tengan ﬁna gltura de mis de 60 m,

b) Que tengan una altura entre 30 y 60 m,
cuando la base es menor &el 40% de 1z
altura.

£) Que tengan una altura cualquiera si la

base mide menos del 25% de la altura.
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No se usard en estructuras que deban soportar trabes grua.

No se usarin dende halla miquinas o alguna carga viva que

‘produzca impacto o reversidén de esfuerzos.

Sin embargo, en estructuras ligeras en que los preoblemas
mencionados no aparecen, asi comoc en conexiones de eleg--
mentos secundarios tales como largueros de techo, consti
tuygn ura buena solucidn pues son econdmicos ¥ su manejo

¥ colocacidn es muy simple,.



TORNILLOS DE ALTA RESISTENCIA

A 325

A 4590

Basan su capacidad en ¢! hecho de que pueden ser sometidos a
una gran fuerza de tensidén controlada que aprieta firmemente

los elementos de la conexidn.

Las ventajas de este apriete firme se ¢onocen desde hace -
tiempo perc su aplicacién préctica en estructuras proviene

de 1951 en que se publicaron las primeras normas para regir
su'utilizacién., Desde entonces los tornillos de alta resis
tencia se han venido utilizande en forma creciente en EE.UU

y en la Gltima década, también en México.

A partir de 15531, las normas relativas a estos tornilles se
han modificade varias veces para poder incluir los resulta-
dos de las Investigaciones que, en forma casi continua, se

han venide reaglizando en torno a ellos.

Los primeros tornillos de ulta resistencia gue se desarro-
llaron y aln los mAs comunmente usados son los A-325; pos
teriormente y con objeto de contar con capacidades aGn ma-

yores, se desarrcllaron los A-49-; ambos se obtienen de -



aceros al carbén tratados térmicamente,

Los tornillos A325 se marcan, para distinguirlos, con la
leyenda; A-325 y tres lineas radiales en su cabeza; la -

tuerca tiene tres marcas espaciadas 120°.

Los tornilles .A490 se marcan con su nombre en la cabeza y

con la leyenda 2H 6 DH en la tuerca.,
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Las filtimas normas Tteconoccer 3 tipos distintos de tornilloes
A325; los ternilles tipo 1 son los originales y cuando se -
solicitan simplemente tornillos A325 son los que se suminis

tran. Son los mis wtilizados.

Los tornilleos tipo 2 (A325) se fabrican con acero martensf-
tico de bajo carbone, para distinguirlos se marcan con 11-
neas radiales a 60° en vez de 120° como los tipo 1.

ror
Los tornilles A325 tipo 3 se caracterizan por tener uns -
alta resistencia a la corrosidn, suelen ﬁsarse COn 4CETOS
de caracteristicas similares a ellos. Se marcan con la le

yvenda A325 subrayada, la tuerca sc¢ marca con el nGmero 3.

En México los {inicos usados en forma extensa han sido los

tipo 1.

Inicialmente los tornillos de alta resistencia consistian
en un tornillo, una tuerca, ¥y dos rondanas,; actualmente -
las dimensiones de la cabeza y de la tuerca se han disefia
do de tal forma que se puede, en muchos casos, prescindir

totalmente de las rondaznas y usar en los demis, una sola.

CARACTERISTICAS QUIMICAS Y MECANICAS.

La composicién quimica de los tornillos de alta resisten-

cia, junto con el tratamiento térmico a que son sometidos,



les proporciona sus caracteristicas de Tesistencia; el con-
teﬁidu de carbono y de manganeso es la variable mds signifi
cativa en los tornillos A325. En los A490 el contenido de
carbono se fija y el elemento de aleacidn se deja abierto -
para poder proporcicnar por distintos caminos las prepieda-

des mecféinicas requeridas.

Aunque, cuando es posible, los tornillos deben someterse a
una prueba de tensidn para probar su resistencia; & menudo
son demasiado cortos para que la prueba directa de tensién
se pueda realizar, se recurre entonces a controlar la re--
sistencia, indirectamente, a través de una prueba de dure-

Zad.

Se reelizan con ese fin las pruebas Brinell & Rockwell.



TABLE1 Chemical Raquiraments for Types t and 2 Bolts, Nuts, and Washears

Composlifen, percent
i Washars
Element .
Type 1 Bolla Type 2 Balts Nuta Quenched and Carpurized
Tampered .
Carban:
Heat anatvsls 0.30 mln 015t 0 cee *
Product analyxia 0.27 min Lld e 02s .
Manganese, min: e ’ . i
Heoet analysis Q.50 .70 -t max ¢
Product analyais 04T J9.67 _ - T max
Phespghorus, max: : ]
- Heat anaiysis 0040 © 0040 0120 0.040 0.040
Product analysls £.048 Q.044 0128 0.050 £.052
Sulfur, maa:
Heat anzlysls 0.050 0.050 0.23 £.0%0 0050
Producl analysls 0.058 ) 0.058 . 0.060 050
1Hornn, min; . -
Hoxt anaiys(y e ONo0S vas . .
FPraduct analysls i . Q0005 . e i
1Typa 2 bolty shall be fully dillad, fine grein stael '
*The stoch used for manulacturs ol carburfced washers 1hall not contaln over 0.25 portant Carbon,

i3
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TABLE 3 Hardness Requirements for Bolts

TABLE 2 Chemical Requirements far Type 3 Bolts, Nuts, and Washers -
- Composiiion, parcant o
Element Type 3 Baltse Type 3 Type 3
A B c o E Muls* Yvasharge
Carbon; '
Haat analysls 23300 G.38-0.48 0.15-0.25% 015025 0.20-0.25
Product analysis 031042 0.36-0.50 4026 g.14-0.2¢ 0.18-0.27
Mnnqma's:a:
Heal analysis 0.90-1.20 Q. 10090 0.80-1.35 040120 0.60-1.00 . .
Praducl anslysis 0.85-1.24 0.67-0.93 0.76-1.39 0.36-1.24 0.56-1.04
Phosphorus:
Heal analysis 0.0403 max 0.06-0.12 0.035 max 0.040 max 0.040 maa 0.07-0.15 0.040 may
Produc! anoiysis 0.045 man 0.08-0.125 G.040 mayx 0.045 magx 0.045 max 0.07-0.155 0.045 rmaz
Sulbyr: .

Haa! snaiysis Q.05 max 0050 max D.040 mau 0.050 max 0.040 miax 0.050 man 0.054 maa
Product analysia 0.055 maz 0.055% max M5 mas 0055 max 0.045 max 0.055 maa 0.055 may
Silicon: !
Hual analysis 4.15-0.30 0.30-0.50 0.15-0.30 0.25-0.50 &15-0.30 Q.20-0.90 0.15.0.30
Product anmlysis | 0.13-032 | 025058 | 013032 | 020-085 | 013032 | 0.15-0.95 0.13-0.32

Coppar: )
Haal analysia 0.25-0.45 0.20-0.43 0.20-0.50 0.30-0.50 0.30-0.60 0.25-0 55 0.25-0.45
Product snulysis £.22-0.48 G.17-0.43 0AT-053 0.27-0.53 0.27-0.63 0.22-0.58 0.22-0.48
Nighet: o
Hent analysis 0.25-0.45 {.50-0.80 023050 6.50-0.B0 0.30-0.60 1.00 mas 025845
Product analysis 0.22-0.48 0.47-0.83 022053 .47-0.83 " 0.27-0.63 1.03 max 42044
Chromium: 7
Heat analysis U 43%-0.85 0.50-0.75 0.30-0.50 0.50-1.00 0.60-090 | 030125 0. 45-0.65
Product analysis 0.42-0.88 047-0.53 0.27-0.53 0.45-1.05 0.55-0.95 0.25-1.30 0.42-0.68
‘H"an'adium:
Heant analysis . 4020 min i ]
Froduct anslysis . &.070 min . . .
Molybdenum: [
Haat analysis .08 max 0.10 max . .
Praducl analysis 0.07 max 031 may . .
Titanium: e
Heat analysis 0.5 max
Froduct analysis
sA. B, C, 0B, and E are classas of materigl used for Typs 3 bolis, Setection of & clasy shall be at the ophon of the ball manutactuter,
SMyle or washers may slsc be made af any of 1tha above likled bell material classet, Selechon ol the clazs shall be sl the oplian ™
e manuaciurer. . -

. Hardnesa Numbar i

Bolt Size, in, Brinell Rochwell C _;
Min Max Min Ma:

% ta 1, fncl 241 331 23 35}
141 1K bnel 1 223 293 1w o
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_ TABLE1 Chemical Reguirements
:‘_._. Ladis Check
Il Elemant Anzlyyis, Analysis,
I percent percant
: Carbon
! For sizes through 1% in, | 0.30to 0.48 | 0.28 10 0.50
i For $ize 1% in. 035 100,53 | 0.33 1o 0.55
i Phosphorus, max .40 . 0.045
L Sullur, max .40 0.045

| TABLE2 Hardness Requirements for Bolts

I.__-.

i

Hardness Numhbar.

dolt Size, in. Brineil Rochwell C
min max min mar
Vg 1M in., incl 307 J41 32 . 1]
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COMPORTAMIENTO DE JUNTAS CON TORNILLOS DE ALTA RESISTENCIA

El comportamiento de una junta con tornillos de alta resisten
cia se puede visualizar mediante la observacidén de los resul-

tados de una prueba carga-deformacidn en un especimen tipico.

Se define una zona de compﬂrtamienfﬂ lineal {zona [) que ter-
mina en €l instante en que se produce un deslizamiento de los
tornillos con carga practicamente constante (zona II) y que-
esta controlado por el diZmetro del agujerc, al hacer contag
to con 5us bordes, el tornillo toma nuevamente carga y se -
reinicia un comportamiente nuevamente lineal (zona II1I0; esta
zona termina @l iniciarse el comportamiento ineldstico (zona

IV) que termina con la falla de lz junta.
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Teniendo en cuenta el comportamiento mencionado se distinguen
dos tipos de juntas con tornillos de alta resistencia: las -

juntas de friccidén y las juntas de aplastamiento.

Las primeras se caracterlzan por que la trasmisifn de las -
fuerzas que actian en la conexién se logra OUnicamente por
la friccidn que se desarrolla entre los elementos gque la -

constituyen.

En estas juntas el deslizamiento entre las piezas que se -
unen no es aceptable; se considera que el deslizamiento e-
quivaldria a la falla, si bien, los coeficientes de seguri-
dad contra el deslizamiento se aceptan pequefios pufs las

consecuencias de su ocurrTencia no son graves,

La magnitud de la friccidn depende de la fuerza de tensién
en el tornillo y de las'caracteristicas de la superficie

de los elementos que se conhcitan,
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Para mantener la fricclén es necesario que las superficies
esten libres de todo elemento que la disminuya, se prohibe
por elle, que haya aceite, pintura, oxido suelto, etc. Da
da la importancia de este hecho, las iltimas normas recono
cen nueve condiciones distintas en que se pueden encontrar
las superficies de la junta y ascocian a cada una de ellas

un esfuerzo permisible diferente, reconociendo las dife--

rencias existentes en el copeficiente de friccién.



Aunque es claro que en juntas de friccitn los tornilles neo
trabajan a esfuerzo cortante tradicionalmente se ha venido
estableciendo un esfuerzo cortante vermisible ficticio. pa
ra la determinacifn del ntmero de tornillos que se requie-
Ten en una junta, esto ha permitido tratar el disefio de -
juntas con tcrn}llus de friccidn cen los mismos criterios

ton que durante mucho tiempo, se han propercionado las jun

tas remachadas.

Las conexicnes de friccidn se especifican como necesarias
en todos aquellos cascs eén que seé esperan inversiones de
esfuerzos y en los que en condicicnes de trabajo, el des-

lizamiento se considera indeseable.

Hay ocasliones en que la iflversidén da'esfuerzus no ocurre

Y en que, al colecar los tornilleos, la carga muerta los
presiona contra los lados del agujero, entonces el traba
jo de 1a junta puede ser por aplastahiento y por cortante
¥ se presentan entonces las conexiones llamadas de aplas-
tamiento. '

S5i bien, tambi&n en estas juntas, la tensidn en el torni-
llo, que es la misma que en juntas de friccién, produce
una friccién que probablemente podria tomar las cérgas de
trabajo, esta en realidad no se requégie. En estas juntas

se puede sacar ventaja de la resistencia de los tornilloes,
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TABLE E1 sl oatamyr R
ALEOWARLE BEHEANL ATRAERSES, K510 BasED URON EULFADE !
COmDITION OF BOLTEL FARTY LM FRICTION TYPE CONHMECTIONS
—=}
,T - . Oversized ; _ .
o Standard ' 7 Pyaleiand? 1] 4 Lbngfgll;l[ted:': fhosany wal
Nz Sutlace Condition of Holes Short-aloted Holes
- "' Boled Parts - S e vupHoles - de Lt ] eyen, e
T B ANZE AdOD |, AT2E Addid #4335 | A490
P P — s -r . r - PO I __'..
Clean mill scale 17.5 220 15.0 19.0 125 16.0 !
¥ | Blast-cleaned carbon 6 :'.[4.5;‘ n 2 23. 5‘, 5 ) 185, | MO . .
and low alley sieel Pl Nk a0t
C | Rlacl-cleaned quenched | 190 pAK) 16.0 0.0 13.5 6.5
aod tempered ateel
D |Hot-dip galvapized and | 215 o a5 3.0 158 180
roaghened® ol 4 . iy . s
E | Blast-cleaned, crganic 21.0 %0 18.0 224 14.5 1807 et e
o zine rich peioy N . .
F 7| Blast-cleaned. invrgane | 295 LR R L YIS EIE-1E T SV T B 1 L L R,
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* Valurs [rom this table ure applicable pnly when they do nol £xceed Lhe loweal approprisie .
altowable working stressex (or bearing-(ype moanaectiond, taking inte account the position i "
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1522 Design for rivets, balts, and threaded parts sulject to fatigue lcading

shall be in accardance with Appendis B, Sect. B3,

TABLE 1521
ALLOWABLE STRESS OM FASTEMERS, K=
Alowable Shear? (F,]
Altaw- Friction. type Connections™ ]
_ ahle ; - Bearing-
Description of Fusteners Tensiont Crversized Lype
iF) Standard |and Shorl- | Lopg- Conpwe-
EYEY slotied slulted Licns'
Holes Holes Holes
AS502, Grade 1, hot-driven rivets | 23.08 1.8
AM2, Crades 2 and 3, hot-driven
rivels 200 2200
A307 bolty B 10.00
Threaded paris meeting the

reguirernents of Secta. 1.4.1
and 1.4.4, and A449 holty
meeling Lhe requirements of
Sect. 1.4.4, when threads are
oot #xgtuded From shear planes | 0.33F, b O1TF
Thieaded parta meeting the
requirements of Sects. 1.4.1
and 1.4.4, and Ad449 bolts -
mecling Lhe raguirements of
Secl. 14,4, when threads are

+ sucloded from shear planes 0.33F, b ﬁﬂ.ﬂﬂ,"

AD2S bolts, when threads are not

sxcluded from shear planea dd e 175 15.0 12.5 21.0f
A326 bulla, when threads are

sacluded from shear planes dd 1 175 150 12.5 W.F
A49) bolts, when threads ars not .

eacluded from shear planes 54 ol 19.0 16.0 |y
A4 boits, when Lhreads arp

exciuded from ahewr plancs 54.1d 220 19.0 16.0 00
» Static loading onty.
* Threads parmitted in shear planes.

*Tha tenaily capacity of the threaded portion of an upsel rod, hased upon the Troms -sectaonal
ares af its majos thrend diameter, Ay, shalt be larger than Lhe neminal body area of 1ha
rod before upsetiing limes 0 £0F,. Lo

¥ For A325 and A490 bolts subject to tensils Tatigue londing, see Appendiz B, Sect. B3,

* When specified by the designer, the allowahle shear stras, F,, lof Friclion-1yPe connsctions
baving special fuying surface conditions muy be increased 1o tbe applicable value given
in Appendiz E.

"When bearing- typs tannections wed to splice tension members have o fastanar pakierp
whese length, messured paralle! to the line of force, exoreds 50 inches, ilsted vatues
shall be reduced by 20 percent. -

" 5ee Sect 156

* See Appendiv &, Table 2, for values for specific ASTM steel ypecilications.

*Fuor limitations oo use of oversized and slorted holes, see St 1.29.4.
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sobre todo 51 se logra que la rosca se encuentre fuera de
los planos de corte. Con el fin de lograr &sto en lo posi
ble, los tornilles de alta resistencia tienen una rosca -

bastante corta.

En estructuras para puentes los tornilles en juntas de a-
plastamiento se limitan a piezas que s56lo trabajan a com-
presifn a miembros secundarios, se exige ademfs que en to-

dos los casos la tosca se excluya de los planos de corte,
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INSTALACION

Sea en juntas de friccién o en juntas de aplastamiento, los
tornilies de alta resistencia deben colocarse de modo que -
queden sometidos a una fuerza minima de tensidn especifica-

da.

Esta fuerza es de aproximadamente el 70% de la resistencia
a tensidn del tornills, se denomina carga de prueba y es
normalmente algo menor al limite de proporcionalidad del

tornillo.

La tensidn especificada se puede dar hacliendo uso de un in
dicador directa de tensifn o usando cualquiera de otreos -
dos métodos que también se especifican en las normas ¥y que
se basan en el hecho de que la tensidn en el tornillo se -
puede relacionar con dos cantidades observables, el alarga

miento del tornille y €l giro de 1& tuerca.

El primerc de estos métodos consigue la tensidn usando -
llaves calibradas, el segundo dandoc un giro especificado

a la tuercs.



METODO DEL GIRO DE LA TUERCA

Este procedimiento requiere un control de la celoracidn de
los tornillos mds simple que el anterior y e¢s por e¢llo, mis

wrilizudo,

Consiste en términos generales, en apretar, en una primera
etapa, todos les tornillos con una llave normal de tuercas
hasta ¢l esfuerzo méximo de un hombre y enseguida, con una
" 1lave mayor, dar a la tuerca 1/2 vueltaladi:ional, excep- -

cionalmente, el giro debe ser mayor,

Ha sid¢ posible determinar experimentalmente la relacifn -
gue existe entre la rotacifn de la tuerca y ¢l alargamicn-
to ¥y la tensidn en el tornillo, con ese fin se han realiza
dg una cantidad importante de pruebas, en ellas se ha ob--
servado que ]a resistencia a tension en un tornillo es me
nor cuando esta tensifn se da girando la tuerca que se da
en forma directs, e;ta es la razdn de que la carga de .-
prueba se fije s&lo en un 70% de la resistencia a tensibn

directa.



METODO RE LLAVES CALTBRADAS

Implica el ajuste frecuente de la llave con un dispositivo
capaz de medir la tensidn en tornilles tipicos de la cone-
xién, ya que el ajuste pierde precisién con facilidad por
que . las condicicnes de distintas juntas son muy diferentes
entre si; se especifica que la calibracifén se realice wuna
vez por cada dia de trabajo y por cada difmetro o lote de
tornillo que se utilice, afin en el caso de que se aprieten

juntas similares.

ée exige también, cuandc se usa este método, que se colo-
que una rondana bajo la parte del treonille que se accione
con la llave, con objeto de minimizar las irregularidades
en la tensién producida que, inevitablemente, existen al

utilizar este procedimiento,



Se observa que una vez dado el primer tercic de vuelta hay
una reserva importante de deformacidn posible adicional -
hasta la falla, EStE hace que el m&todo no sea muy sensible
a errores relativos al apriete que debe tener el tornille -
en la primera etapa, al ‘iniciarse la media vuelta pedida.
Debido a ésto, cuandoc se utiliza este método, no se requie
re la colocacidn de ninguna rondana, excepto cuando se -
usan tornillos A490 en auros con esfuerzo de fluencia infe
rior a 2800 Kg/cm?, casc en que se necesita una rondana, -

cualquiera que sea el método de apriete.

Con nbjeto de garantizar el bueﬁ comportamiento de cone--

xinhes apretadas con este método se ha estudiado el efecto
de una serie de variables gque intervienen en su ejecucifn.
S$1 ha estudiado, por ejemple, el efecto de girar la tuerca
en pequefios incrementos en vez de en forma continua, el -

efecto de 1a longitud del agarre y la posicién rtelativa de
tuerca y rosca. Se ha investigado, asi mismo, la posibli-

lidad del reuso de tornillos colecados con este método.
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5-19% * Specificasion for Structuned Joini

Tabie 4 Nut Rotation® from Snug Tight Condition

Disposition gf Quter Facey af Bolted Party

Both fates nartmad 10 bolk aeis, oFf ona Tece Bolh facet uigped pat more
narmal to axd snd olher face iloped not more Ihan Lhen 1: 30 Irpm nodmal 1o Dody
1:2% (Erevel wosher nol uiad})

anp (bevel weghars nat yzed)
Boit length* not excaeding Bolt enpth® gxesading .
¥ cuarataty or J diamutury & For afl lunglh of bolts
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Una recomendacifn préctica para lograr un buen apriete
general de la junta consiste en iniciarlo en los torni-
llos localizados en la parte mas rigida de 1la unifn ¥
avanzar hactia los extremos libres. Durante e; apriete

la parte que no se gira, cabeza o tuerca se¢ sonstendrd

con una llave.
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o+ AINC Specification (Effective 11/1ITh)

1.163 Long G. _s

Rivgls and A307 bolts which carey calculated stress, and the grip of which
exceeds 5 diameters, shall have their humber increased § percent for each addi-
* tional Ye-inch in the grip.

1164 Minimum Spacing

1.16.4.1 The distance between centers of standard, oversized, or slotted
fastener holes shall be not lesa than 2%4d,* where d is the nominal diameter of the
fastener, inches, nor lesa than that required by Sect. 1,18.4.2, if applicable,

1.16.4.2 Aleng a line of transmitted force, the distance between centers of
holes shall be not less than the following:

1. 5Standard Holes:

PR+ df2 {1.16-1)
where
P = force transmitted by cne fastener to the critical connected part,
kips
' F., = specified minimum tensile strength of the critical connectad
part, kips prr aquare inch
t = thickness of the critical connected part, inches

2. Qwversized and Slotted Holes:

“T'he distatce required Tor standard hules in subparagraph 1, above, plus
_ the applicable increment €, in Table 1.16.4.2, but the.clear dislance
hetween holes shall nut be Jess than vne balt diameler.

1.16.5 Minimum Edge Distance °

}.16.5.1 The distance from the center of a standard hole to an edge of
connected part shall be not less than the applicabie value in Tahle 1.16.5.1 nar
the value from Sect. 1.16.5.2 or 1.16.5.3, as applicable.

1.165.2. Along aline ol transmitted force, in the directivn of the force. the
distpnce frnm the center of a standard hole to the edge of the connected partL shall

be not less than
pd 7T O | . " [1.16-2)
where P, F, . and t are ps defined in Sect 11642,

1L165.3 At end connections bolted to the webof & beam and designed lor
bearn Rhear reaction only (without use of an analysis which acenunts for the effects
induvedt by lastener eccentricily), the distance from Lhe center of the nearest
slandard hnle to the end of the heam web shall be oot less than

28 FLt {1.16-3}

where Py is the beam teaction, in kips, divided by the number of boits, and F, and
¢ arc as defined in Sect. 1.16.4.2. Alternatively, the requirement of Fon‘nul_;
{1.16-3} may be waived provided the bearing siress induced by the fastener it
limited to not mors than 3.90F,. .

SIruriurgd Sbecd fop fpgdfling g & §j

TABLE 1.16.4.2
VALUES OF SPACTHC IMCREMENT O LM SPCT. pik+X INCHES

: Slotled Holes
Mominal
Diameter Overvized Perpendicutar Parulle! 10
of Fastener Hales Lo Line of Force

(Inches) Lmlq of Force Shart Slots Laong Slola®
= I 1] Ha 1'% ~ Y
1 g a’ - A 1%

1% v o ) ¥ 1% — i

= When length of slot in less than mazimum allowable (see Trble 1.23.4), €, may be reduced

by the difference belween the mazrimum and actual slot lengthe. .

TARLE 1.16.5.1

MINIMUM EIGE DISTANCE. INCHES
SACENTER OF STANDARD HOLFE® T EDLE GF COMNNECTEL TAHT)

Hominal - At Rolled Fdpes of
Rivet or Balt At gdh!::d Plates, Shages or Bars
Dismater {Inches) d ot Gux Cut Edges®
g i ¥
" ' i
e 1% 1
» LY 1
L . " 1Y,
1'% 2 14
1, ™ 1%
Ower 1Y, 1%, = [Hameter 1Y, % Diameler
* Far nvetsited or dletted holes, vee Secl. 116,54,
b A1 edpe distances in this column ray be reduced Wi when Lthe hole 38 4l & paint where stresy
does not exceerd 25% of the rmaximum allowed stress in the element,
* These may be 1%, -in. at the ends of beam conneclion mngles.

TADLE 1.16.54
YALUES OF ENGE DISTANCE INCHEMESNT Oz IN BECT. L 1454, INCHES

.Hmiml ) Slotted Holen
Uiumm‘ Orwveraized Perpendiodine Peralle!
- of Fasterar Hales - wEdge tw
Ine ——
{[nches) Short. Slots Long Slots® Edge
%  He %
1 %o % Xed R
z1Y % Y _
CWhen bragth of mbot is bex pien macrirmum Litvwebls (ees Table 1.20.4), Cy may bt seduced
Ev cpe-balf the differen o i cimesa the ppavitvum and sctgal slot fazgibe. -
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OTROS TOPICOS RELATIVCOS A TORNILLOS DE ALTA RESISTENCTA

-

AGUJERQS.- Durante bastante tiempe sflo Se aceptéron agu-
jergs exactamente 1/16" mayores que el diimetro del torni-
1lp, sin embargo, la ﬂecesidad de facilitar las condicio--
nes de montaje de las estructuras atornilladas indujo a -
que 'se realizaran una extensa sefie de pruebas para domos-
trar la posibilidad de utilizar agujeros con difimetros al-

go mayores sin detrimento de la resistencia.

El resultado de esas investigaciones ha conducide a que so
acepten agujeros mayores aunque en e€ste casoe se requiere

colocar una rondana en el lado exterior de la junta.

En juntas de aplastamiento s6lc se permiten agujeros ova-
lados, el lade alargado'normnl a la direccién de los es-

fuerzos.
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5-192 & Spocificuiion for Straciaral Jdolnle

Table i -Washer Dimengigns®

Squsre of Reclanguter Bevabad
Clrculsr Wanhara Wakhory Tor Amerlcan
Bal Siza Standard Beams snd Channals
o MHominal Mom|nai Thichfo ks Minlmum Mean Slope oF
Dulald Dimrmedlar 1 sid T |
Dl:trr:lt:.r n:l.'I rbl-'l‘s:alt i, f M, Dlm-n:hn Thicknass ThT:;r:-:|
T 1 1% a.057 a4.137 1% ! 1:&
* 1He N 0122 0.1 134 H: 1:6
E 1134y ) 0.122 0.177? 14 I ¥e 1:6
4 1% e 0.136 a.11 1Y Ha 14
1 2 1y 0.1346 a.117 14 ¥ie 1:6
135 214 1 013 0.17? 24 Via 1:5
14 2% 1% 013 | 017 ' ¥ 1:6
1% 24 1% 0.136 4.177 4 T 1:6
1% 3 1% 0,136 0177 g Yis 1:6
1% 1% 1% 0.178% g. 28"
z EEH 4% 0178 | D2+
ovI:r 2tad | 2014 O+ % Q.24 0.3+
=8

* DimansonE I inchas, [(Tolmrancas ax noled In Takle 1-A.) .
R, i nominsl .
¢ 4% In_ nominad,

Z{c), may be umed. Such alternate fasteners may differ in other
dimersions from those of the specified bolta and nuts. Their In-
atallation procedure may differ from ibase specified in paragrophs | .
5(z) and &{d) and their inapection may differ from that spacified
in Section 6. When a different installation procedure or lnspec-
tion I8 used, it shall be dolailed in o supplementpl specification
applying to.the alternate fastener and this specificaiion must be
appraved by tha engineer responyible far the design of the structurs.
Circular washera and square or rectanguler beveled washers shall
conform to the dimengions in Tabls I wilhin tolerancea given in
. Table 1-A. Hoveled washers sghall taper in thickness. Washers

ahgl]l bhave no raisad merkings on their bearing surfaces.

Where nocessary, waahers may be cippod on ono side to &
point not closer than 14 of the bolt diameler from the center of
the washer.

(e)

Table 1.A  Washer Dimension Tolerantes {inches)

t - © Washer Siza
Cumanslen To L4 . Gusr 1 4 .
MHominal Dait Hominel Bolt
Slrw, el e
_Mominal diametee of hole ) 0, +3y =0 My
Mominal gutslde dimensians =l + M =My +34
flatness; max, deviatlon from tiraighl
edge placud gn *cut'” sids shait nol .
excead a.q1 b.oLs
* Burf shall not propect above immedi-
ataly ndjacent washur surface mare
L than 0o} . 0015

ViPTaFchkaeth
’ S ESC

s
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mostrade un comportamients adecuado adn teniendo en cuenta

posibles efectos de fatiga,

No ha ocurride lo mismo con los tornillos 4480 cuyoc galva-

nizado no se permite,.

En jgﬁtas de friccifn, se permite también el galvanizado
de la estructura siempre gque se trate la zona de la cone-
xidén con cepillo de alambre o chorro de arena para galbani

zZar



la friccién adecuada. Debe cuidarse, por supuesto, no dafiar

el galvanizado.

DETERMINACICGN DE LA LONGITUD DE LOS TORNILLOS

Debe anadirse al agarre (espesor de todoe el material conec-
tado) ciertas distancias especificadas con objetoc de garan-
tizar la correcta colocacidn teniendo en cuenta las toleran

cias de fabricacidn.

Por cada rondana plana se debe considerar una longitud adi-
cional de 5/32" y por cada rondana tipe cufia 5/16". La lom
gitud asi obtenida se cierra ai cuarto de pulgada superior

mis proximo.

Por lo que se refiere a la ejecucitn de los agujerns las -

normas recomiendan que cuando el espesor del material no es
mayor que el difmetro del tornillo mfs 1/8 se puedan punzo-
nar, en caso contrario deben ser taladrados o subpunzonados

y rimados.

GALVANTZADO

Otro avance importante respecto a criterios anteriores 1lo
marca el hecho de que se permita ahora galvanizar los tor-

nilles"A325, tras una amplia serie de pruebas que han de-



Table &

Bolt Size. in inches Ltrn“nﬁl.:!;?l:u-:r::.um ?HEI:"I-
¥ tHig
W Ta
%" 1
W 14
1 1%
1% 115
134 18
1% 1%
1% 1%

ESPECIFICACIONES AISC
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COMPORTAMIENTO DE CONEXTIONES ATORNILLADAS

Las normas del AISC consideran tres tipos bédsicos de cons-
truceldn en acero permisibles. La diferencia entre ellos
radica en las caracteristicas de las conexienes que ligan

las elementos constituyentes de la gstructura,

- Tipo 1. Estructuras continuas

I
[

- Tipo Conexiones libres

- Tipo 3. Conexiones semirigidas

El disefio de la estructura debe ser congruente con el tipo

de conexidn utilizada v viceversa,

El use del tipo 3 supone gire la cenexidn una capacidad de
momento Conocida ¢ intermedia entre la que proporcicna 1la

tipo T y la tipo 2 (articulacidn con momento = 0],
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&0 RIVETED ANLD BOLTED CONNECTIONS [Chap. 1B

b i
A fin 10d

'\ V/- Dvarload

T
Design .

Holation, ¢ (radueny)

Fig. 18.14 T}-piﬂ! monent-rotadon curves and beam-lines.

probable 1hat Lhe majer ; urlion of the end shear is resisted by friction at Lhe
lower 1ce, i :

RBeam-Line Cnncept! The moment that will be developed by a particular
copnection when it is used on 2 beam of a given span and loading may be
derermined froin the M-¢ curve of that connection by using the beam-ling
concept it H ' '

IT 4 beam with a uniformly distributed Joad w has equal restraining moments

Af at 1he ends, the following relationship of ¢nd slope ¢ and end moment can
be derived.

okl 1ML

Y= E 2 Er

(18.7)

This is a linear r uation in ¢ and Af which is easily plotted as ling £ in £y,
1814, using the following values:

(=0} Mp= Trwl! {fixed-cnd moment)

H :
(A =0) -8 = i_f {simple bram end siope)
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of the conneclion is maintained. Table IT-Ab gives a shear value
of 212 kips for pight 7476 A325-X bolts:  for seven bolts the shear
will be 212 » 74 = 186 kips. The angle thickness required for
eight boltsis 37,7, Intheinterest of economy thiz may bo revised,
USIBE fma = A + {F, ¥ L % 71, where F, is the aliowable shear
slress in the angle (A28 smel} and L iz the length of the anple:
tmpa = 150 + (145 X 14%7 ¥ 2y = QAT 0ra 3&' angle. From
Talle II-B3, 473 kips is a]lnwed for 1* of F, = 50 ksi beam web
material vsing eight fasteners. Witk geven fasteners and 2 web of
0.416%, the permissible heuring is 473 X 0.416 x 1§ = 172 kips.
The beardog in the two 35* ungles (A6 steel) fa not critical.

Svlulion, detaily  Using the 214°.214" gapges shown on the shateh for

Tobig 11-AE, the cunnuction for the angle legs zltaching to Lthe wel
will require an additions] edge distance of 13g°. 'Thie gives a
minimum width of leg 24" + 214" + 114* = 524" or G*. A
minimum gage for the outstanding legs is develaped as fellows:

Anple thickoess required: i
Wazher thickness [web bolt): et
Mut thickoess (web belt): 28"
Rolt projection (web bolt): T
Impact wrench clearance: 134
34"

A minimum leg gage of 31{g" to Lhe first balt allows Lolls in both
leps to be placed on the bamu horizontal Tows and nlso gives suff-
cient clearance {or lhe impoct wrench. The rMnimum edge dis-
tance per ATSC Specificntion Table 1.16.5 is 114" for Z4"¢ Lolts.
Thus, the minimum angle leg width for the sutstanding leg will be
A4e + 204 + 10§ = 611"
Since a 67 leg must be used with the web and at Jeast 623" in
smeeded on the cotstanding legs, use two angle; B x &6 %X '
1'-24¢*.  [Thiasize angle 31 not rolled in a 3,7 thickness: lherefore
a I{¢" anple is selocted. ] Tihie minimum msnda gage that may be
used across the outsinnding legais 2 = (315 + Mgl 4 s beam
web = §11:*  The musimum inside gage that may be used
across the outstanding legs is (2 X B) + s web — 2 (214 gaga +
13g* edge distanece) = 93);*. The gage chosen may be anywhere

) he:ween these lwo values and is the option of the delailer.

i ' %
LI ,,-— 2LERExY e 2 1M2%
b1 )
- - — _.,_&
e} :._«u_'.- )
|
Ejle Waries 2'.!' g L!g_‘,!;
B 1a%e T

Delail for Example {c)
Angle malerial; F, o= 30 ksi
Beam matarial: F, == 50 ksi

AWMERICAN |NSTIFUITE OF STCEL CONSTRUCTION
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STIFFENED SEATED BEAM CONNECTIONS (i
Bolted or Riveled
TABLE VI

Top angle,
W min, Lhk. 2

T
-?}*——Dptmnﬂ
¥t lecation,

1% nominal [ fep angle

,selbark

| ‘H,l"

Shffeners
futted o bear

A {Table vi1.A}

Type A Type B , TypeC
Use full va'ues in Uise oehall values s ewie hall valoes
Tabkes vI|-&and ¥|I-H in Tates VI A and WL B in Tadeles WIl-A and VI B

bul fumil capaeity Lo
ihat al Blastenars
thriaegh Stidfeners of
3" maa, G3L

Stitfened Seat Types

Seated conneelions should Lo used only when the beam iasupported by o
Lop angle placed as shown above, or in the sptional location asindicated.

Allowable capacities in Table VII-A aro bused om allowable beuring
using steel of F, = 30 ksi or F, = 5§ ksi in the stilfener angles.  Capacitics
of fastener groups in Table VII-B are based on single shear., Capacily of
fhe connection is based on Lhe lesser of these two values in con_]uncr.mn wilh
the web crippling value of the supported beam

Effective length of stifener Learing is assumed 3° less than length
of outstanding leg. T

Maximum garse in legs of stiffeners connectod to columne js 45",

ASTM A3Z07 buliz may be uced in sentsd conmoctions, providipg the
stipulations of AISC Specification Sect. 1.15. 10 ara obgerved.

Vertical spacing of Taslencrs in sliffener angles may be armnged Lo suit
conditions, provided they cunform Lo Seclions 1.16.4 and 1.18.5 with respect
to minimum piteh and minimom edge distances.

Paired siiffener apgles shown in contact coay be sepsrated to accommo-
date calurnn gapges, but should not exceed 2 % (¥ ~ stiffener thickness), with
a minimuem opening of 1°, whore the # volue is for the supported beam (sce
tables of dimensions, Part 1 of this Maowaly., If it is not regquired to palnt
the connection parts, the 1* minimum may be Fgnored.

‘To permit selection of the most econormicul eeated beam connection, the
bexm renctions should be shown on thy contraet Arawings.  1f they are not
shown, the connections chould he salocted La suppert half the total uniform
lgad capacily shown in the beam losd tables for the given shape, tpan, and
steel of tha beam in goestion.  The efect of concantrated loads near an end
connection must alsg he considerad, -

For loadz in esrcss of tabylated.copacsties it fa hecessary to design
Bpecial] sented connections,

.-'-u.'-ﬂLRICfo INSTTUTE OF STEEL COMSTRUCTION



MOMENT CONNECTIONS WP
Shop welded—field bolted

Many framing systems are designid as Type 1 {rigid-frame] and the
cannectiong must be desigoed to develop the inherent frame mowments. The
following example ilhustrates the design of a3 moment ¢connection that may
be used in rigid-frame construction apd the method shewn is recommendad
for the design of such n connection. For nomenclalurs, see Y'Maoment Con-
nections, VWelded",

Sad AISC Spee, Sect L16.4
L] == p-lfor min. pich

h!z:.:: Tt P _

*_4 I"" | v
v r*'il"_ heed not escand one-half cal. depln
whin conneclion is on one tide ool -

$h|m= as requwn-d

- '1,.__ .

Jde b5 ‘:L“'- Hackuni bar
i
. R‘ ,j‘-l w;m
: 1:::
_'R": ,ﬂ Flataﬁ
Bachmgtmr

The mument is assumad 1o be resisted by the flange plates shop welded

ta thu coeluinn and ficld fastened to the Leaum flanpes.  Thie shear s assumed

to be transferred to the column by & vertical plate shop welded to the cn]u.mn
nnel field i‘nstmu:i Lo tho beam web. .

-~
A

AISC
: Specification
Reference
1. Determine flange area reduction for festener Lioles in 1.10.1
securdanee wilh Seelion 1,10.1 of 1e Specification.
. . P
2. Determine horizontal foree T om ——2

d

3. Design fnnge plales: A,p'= -IrT;
r
5 A, + lArea of fasiener holes deducted}
fa
4, Determine the numher of Msteners reguired 1o develop
the horizontad farce in the flanges.

Na. ol Tostenera rz
[

AMERICAN INSTITUTE GF STECL CONSTRUGTION




4-107

SUGGESTED DETAILS ¥?
Column splices
Riveted and balted

n '

T

Ereclion clearance

VT i E;::g::;ﬁi“ hn!z/ Moty bearing fili
Slim a8 Erection T
reruiret /-clea:ance 1 Z
R | R 3 T, ] I
5 4 1= él
| =
i S ==
I
U S ! :
!
) 1
- p— Al L
.o |
DEPTH OF Dy AND Dp BUTT PLATE
T OHOMINALLY THE SARE
"1
1
= =¥
'E:'_‘ % E:Etfﬂﬂ : Erectipn
8= clearance. ¥4+ _.pinholy  Fastenen 1o develop
gé Shim 3 ':*:5-‘," {optionay) (Ml for bearing
:fE,. *'__:: required : 'g‘l !
“fE o
- .._li..--
51 i -4
= .
L-_ i g
101

DEPTH D NOWIWALLY
2 IN. LESS THAN D

Male: Erectien ¢learance = 14 in.

AMERICAN |HSTITUTE OF STEEL CONSTRUCTION



MOMENT CONNECTIONS 50
End plate

DESIGN EXAMPLE

Given: A beam having an end raag.-

l [ qm tion of 30 kips and an end nega-

L tive moment of 1440 Yip-in

m ' fraroes to 2 WI4 X 184 ecolumn

Tha beam-to-relumn connection

| [ is to be an end plate type connoe-

- t—-f-, tionusing ASTM A325 bolts, F,

1-{ 3 /:? [ 4 = 3§ ksi gtael is used for the beam

= L e T and connection material. The

I n T end plate iz to be shop welded to

F'/—B_ 130 )M the beam with E70XX electrodes.

The momeni has been reduced in

_Jt,_.,_.":*n" L-—T accordance  with  Specification

;TL 3 T, Sect. 1.51.4.1 for imembers
] . rigidly framed to columna.

'y \-:f:::': oot Saolution; Assume that the centroid

il of the iensile and compressive

Grdy o0 Lok Rangt. forces 13 at the center of the

flapges of the beam. Based on
the beam and colomn dimensions and normal gage lines, an end plate
zize with bolts i3 selected.  Assume thet the top bolis act 23 a teo conmec-
iion and ithe bottom Lolts will act in shear, but primarily gerve to maintain
baam alignment. Since it is mere ¢uonomical to fillet weld than to connect
with [u]l penetration hett welds, assumo thiat the flanges will be welded to
ilie end plade with fillat welds and the halence of the section will ba weldad
with J{g in. fillct weids, the minimuam size for the thickness range of plata to
be used in the ecnnection.

AISC
Specification
or Manual
A. Beam selection: Reference
. 1449 .
1. lequired section modulusofbeam: S5 = i - 80 in. -
W 16 % 40 has a section modulus of 64.6 > 60 in.? Pg. 2-10
2. Cheek fange force: ‘
" 1440
TWIE K4 = — e m . i
{ ¥ 40} 160 — 0503 92.9 kips

Allowable fanpe force (W16 x 40)
- 7.0 x 0LE03 w24
= 845 kips < 92.9 n.p. '
STy W16 45: 8§ = 7.5 int > 60 ins
AMERICAH [ISTITUTE OF STEEL COMSTRUCTION




SOLDADHRA

PROCESOS DE SOLDADMRA. -

a)

b)

c)

d}

¢)

MANUAL (Al arceo eléctrice con electrodo recubier

to}.

DE ARCO SUMERGIDO (Soldadura al arco el&ctrico con

electrode sumergido).

SEMIAUTOMATICA DE ELCECTRODG TUBULAR FLEXIBLYE (Sol-
dadura al arco eléctrico y electrodo con nicleo -

defundente
SEMIAUTOMATICA DE ARCO PROTEGIDD CON GAS.

ELECTRO SLAG O ELECTROGAS

7
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FPRIEY VZELDING "PROCESSES

- I"F‘nl o '-.5{ L

FrooTiyats

hry

[ Croaned et 4 {P_,._..“";' Cemraiean
L. Wark
Clamr p

Eagirate catle

Fig. 141 The weldln; clrcnie

5

Er-tnats ! .o -
[ A E Flus Iutw
oL

Fig. 158 Sutuieozod arc-welding procoss.
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The selfshielded fux-cored arc-welding process
s an outgrowth of shielded metul-are welding, The
wetsalility and imaneuverability of stick electrodes in
it wolding seimulated efforts to mechoanize the
shielded muotil-are process. The thought was that if
semy wiy could be found for putling an electrode
with seffi-shiefding characteristics in eoil form and
feeding it mechanically te the are, welding time lost
in changing electredes and the material loss us elec-
trode stubs would be eliminated. The result of these
alforts was the developmenl of the semisutamatic
and full-autematic processes For welding with con-
tnuous flux-cared tubular dectrode *'wires." Such
fatiricated wires {Fig. 5-0) contain in their cores the
ingredients for fluxiog and deoxidizing molten metsl
atud [or generating shielding gases and vapors and

slug coverings.
], PR FI

P

o Dl e o

Fiitbirad Ml el g
Kl oy Beiphiu s thbas Ry

[ P T P ST
ol & gy Lilal g hireBiy
g bl

Frg. Bo& Promgnifics ol the sell-shivided o oo s wrcweeh hiry) process
Tra el Iroede gy be wiewwed @5 an ol oul” eonsiusion af he
BEIGE wiliny ATy ol i sietldetd rierad ot weldneg Putting (b shigla
el bl hgbenadds anigida e e o abhovwes (he cailing o kg
Sy gy leieglny af glendfdde arwd Jeees b o bRdle Canely G bies
Wl e Carty ] Lhe weldited current o g poand Chsa 10 1hd e

The Self-Shiglde
Flux-Cored Process

In ewence, semiautomutic welding with flux-
cored elecirodes is munual shielded metal-are weld-
ing with an electrode many tfeol long insteud af just
a few inches long. By the press of the trigger
completing the welding cirewil, the aperator acti-
vated the mechanisn that feeds the electrode Lo the
arc {Fig. 5.6}. He uses a gun instead of an electrode
holder, but it is similacly light in weight and easy ta
maneuver. The only other major difference is that
the weld metal of the electrode surrounds the
shiglding and fluxing chemicals, rathet thuin being
surmounded by them,

Full-automatic welding with self-shielded flux-
cored electrodes is one step furlher in mechaniza-
tion — the remeval of direct manual manipulation in
the utilizalien of the open-are process,

arH 2 s
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ot =
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oty gwetL
ey T e e !
¥ [ Mg L AT TR YIS - P e

-—

W
L

A
J
K
L
L.

:-.-f-}_?‘_.‘ '
" .:_1"‘1""?:.'-'

1}

A

.__
T,

Seray

ek

o

Fig. 56, The operator Jerwates glectrody lewt] when he preses the
Irgger Curnpeddng e vewdd HR] Cat gt Wi 12 demadu 1o [E gun he
Caf FEICh WilD Gredd thal e snecCeEsub i "0 IR el KT e eguip-
ment af Other Prodesees
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11, TTIPOS Bl JUNTAS
i) i tope
h} traslape
¢} ente
d} de esquina

€) de borde

ITL, TIPDS DE S0LDADURAS

a} soldadura de filete
b,) penetracifn completa

L) soldadura de penetracién hl) penetracidn incompleta

c) soldadura de tapén

d) solduduray de ranura
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POSICIONES DL

a)
b)
c)
a)

plana
horizontal
vertical

sobre cabeza

LAS SOLDADUJRAS



IMJS ol weld
Flat position

Aas af weld e

[}
Vertical position

Axls ol wald

Overhead position

Frp demboniizns of welthng ke et wedds

Horizonlal posiion

¥
A ol waJd-’i
T
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1
1
R
LI

Yertical position
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SOLDADURAS DE FILETE

u)
al)
a?)
a')
b)
c)
d)
e ]
f)
g)
h)
i)

secciones transversales
caracteristicas

secciones aceptables

secclones inaceptables

defectos

tamafio minimo de riletes

tamano miximo de soldaduras de [ilete
longitud de soldaduras de [ilete
juntas traslapadas '

retorno en extremos de tiletes

filetes en apujeres y ranuras

resistencia de soldaduras de filete
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4fSTRUCTURAL WELDING COLV

Frmctioy nros of =aad 2 whak wgual 1hal o webd 1. The Rergii 4w
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Fig. 2.4 J—Fillers 174 in. or thicker,

Part C Details of Welded Joints

2.6 Joint Qualification

1.6.1 Joints mecting Lhe lollowing requircments are’

designated ws prequalifed:

{1 Conlarmance with the details specificd in 2.7
through 2,04 and 10,11,

(2) Use olone of the lellowing welding processes in
accordunce wilth the requirements of Seclions 3, 4, and
10 as applicable; shielded metal arc, submerged are,
gas metal are {except shont circuiting Lransler) or Mux
cored urc welding.

Joins meeting these requirements may be used with-
oul perferming the joinl welding procedure qualifica-
tion tests prescribed in 5.2, )

1.6.1.1 The joint welding procedure for all joints
welded by short eircuiting transfer gas metal are weld-
ing [see Appendix D) shall be qualified by tesis pre-
scribed in 5.2,

2.6.2 Joint delails may deparl fram the details
preseribed in 2.% through 2.14 and in 10,13 only if the
conlruclor submiis 19 the Engincer his proposcd joints
und joinl welding proccdurcs and at his awn expensc
demaonsirules their adeguacy in wccordance with the
reyuirements of 5.2 of this cude and heir canfor-
mance with applicable provisions of Scciions 3 and 4,

2.7 Details of Fillet Welds .

|

2.7.1 The delails of hillet welds made by shielded
melal dre, submerged are, gas mels] arc or Mux cored
arc welding 10 be used without joint welding procedurce
quuhficalion sre iisted in 2.7.1.1 through 2.7.1.5 and
detailed in Fips, 7.1 and 13.13.1.3.

2.7.1.1 The minimum filict weld size. encept for
Milier welds used 1o reinforee groove welds, shall be as
shown 1in the Tulluwing 1uble:

Tabie L.7=Minlmum fllel wald size

Minimum Yige
of Filel Wetdy -~

Hase Melal Thichnens of
Thicker Pare Joined (T)

n, rmm in, i

Tg1/4 T 6d 1wt )
A<TE1/ 64T 127 L¥R) 5| single paws
WISTRMA 123<TgIv0 (¥ 21 & | weids musr
ifacT 90T WEA L] B/ beused

*Encvepl (hat the =2l tire need nod coveed The (b aegs of (he
thinnce porl josed, Fod Lo ceceplion pariular care shoubd be
tuben 1y provide suMecnl prehcatl e enure =cid sowndness.
T=ktinjinum size fur bridge application 3/ Hb in

2.7.1.2 The mazimum fillel weld size permitied

dlong edpes of material shall be

(17 The thickness of Lthe base meral, for metal desg
than 1 /4 in. (6.4 mm) thick (sce Fig. 2.7.1, detail A},

{2) 1716 in, (1.6 mun) less than the thickness of buase
mctal, for metal 1/4 in, {6.4 mm) er more in thick-
ness {sce Fig. 2.7.1, detail B), unless the weld is desig-
naled on the drawing 1o be buill oul 10 obtain [ull
throal thickness.

1.7.13 Fillct welds in holes, oz slots in lap joinls,
may be used {o Lransfer shear or to prevent buckling
or separation of lapped pants. These Nillet wetds may
overiap, subject 1o the provisions of 2.3.2.2. .Filiel
welds in holes or slots are not to be considered as plug
or slat welds. -

2.7.1.4 Fillet welds may be used in skew joints Lhal
have an included angle of not less than 50 degrees.
{Sec Fip. .71, driails € and D).

2.7.1.5 The minimum length ol an inlermilien
fillet weld shall be 14172 in. (38,1 mm}).

1718

o £

Base malal less Huse matal 1/4 o
1han 1/4 1ck THIfE MR LR s

A B
Mazimum sire of Akl weld slong sdpes

%. %,
© k3
Y 2,
A h 1
3> 1

Enewad T-jinls
Al dimendiong In INCHes

Fig, 27 1=heiailt for filler wsdifs
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VI.

SOLDADURAS DE PENETRACION

4)
b)
c}
d]
c)
£

£)

Caructleristicas genorales

Seccliones aceptables ¢ inaceptables
Precalificacidn

Solduduras de penetracidn completa
Soldaduras de penetracidn incompleta
Tamaio minimo en soldaduras de penetracibn
parcial

Resistencia de soldaduras de penetracidn
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Fig. 2101 —Purtial joint penriration {P) prequalified shielded metdd are welded joino.
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i Ceouee the roob of pniy withoul backing belfore welding The tiher sice {we 4 105}

1 fee 232 For llawable vanauan of dimensions and 3,0 4 for work manship ioleranees,

1. If Niltet welds are pad 17 buildangs 10 reinforce groove welds in T and corner joanty, they shall be cqual 1o T4 bul need aot griecd 3,
Livoove weld in T and carner junts of beidpes shall be romnforoed with Filler wekds equal io T /4 but 201 more than 3f8 in. T w the thickm
the zroowe weld. 1

*Hdgs apphcadion hmilg Ihe wic of these joinls 19 the horizontal positon {see 9, 12.1.3)

**Tor carner [ims, Ihe utside grovee preparatian may = in cither ¢r both membrrs, provided the brae groove configaralion i aot ch;
undl adctuste cdge distance it muimained 16 swpport the welding operation wilhout ex¢rusive cdge melung.

Vg 2.9.0—Complete joine peneiration prequatified shielded metal are welded joints—base metol of limited t
w (L) and walimired thickness fUJ
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TC-Uidg, TC-Udd, TC-USe pnd TC-USe

Parmitied walg:ng
] positlon)

144 All poaiiiaay
g Finl and cvarhnad only

Fermitiad walding _

a R P Hiond o
5" 174 All poaltions 459
- hYj ] Fizl and ovarhaed only 0=
e 1 Flgi ang avarrand only

1. Goyge roony of s withool Backing before welding olher side (sec 4 M08).

1. See 197 Tor il ragble varantion of demznsions and 3,34 For workmanihep talerances.
1O Rgt ac!ds wre werd i buitdingy 10 renforce groove weldy it T and eorngr joiots, they
thali be pgqual qo T/ bul aced not seceed 370 in. Groove weidl in T and cormer joints of
bridger ahat! be seinfoefed mith Filler wetds equal 1o T4 but moy meee than 3/0in. T s the
1hi.aneip ol 1he grooer weld

Fig. 2.9.} vant —Complete juint peaetrotion prequalified shiclded melal are welded joints—bzse meial of unlimited

ihichners LY

"The ust of these welds 1hali prefergbly be limiled te hase metal thichnesy of 348 0. or larger,
" Bridge apphicaiian limits the yye af Lhase joinls Lo the horizonial positien {see 9.£2.1.5),
" Eor cOrRet prines, dhe ulside grogve PIRPATaian may be o ¢ilhet or both membery, pro-
wided the basiz grogre conlipuraiinn iv not chenped a6d sdoquate edge dutanee i main-
wined 10 wiport 1he welding pperatient withaul carensive cdye melling,

Al dimansions In nches,

000 ONIGTIM IVHNLINELS/ R

174



Details af Welded Joinis /9
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I Croupe rixais of joinet wilhoul backing before weldog other pide [Se 4. 108}

Luraifaiwong lor joinls

B.US, B-UTY snd C-Uk

Lrndatinis how potnes
TE4Ms, TC-Ubh, TC-LMa and TC-LUDh

Pormatied welding

Fermifled waiding

“« posltions " BRI HHE
FES All poaitiong 45= Al DOy
20% FimLand ovarhaad enky = Flat mrd ovaruagd cnly

Al dirpriaicons In Inches.

A Bez 2493 fur #llowable variation of donensiant knd 304 Jor workimanship tolerances,
.3 M it weids are used in buildings 1o reinfarce groove welds in T and corner joint, they 1hell be equal 1o T4 bul need not eageed 148 n.
Groges wrkdh v T and corncr gounts af bridges shall be reinforced wah flin wekds cqual we T4 bel xol mors chan 38 in_ T is the thick sess of
thr gronee weld.

*The, uxe of Theae weldy whall preferubly be limied 1o Base metal thicknesy of 378 in. ar [wrger,

" eslye applhicabion Jimnls 1he use i Thioie jmnu 10 the hgrwoni el postion Isee 912,051
2 Fur e ner Joinls, the Suteids gieove preparation may be in eiher or both fiemben, provided the bape gropee cunliguration s ney changsd

wrd adequeie cdge dnlance 1y Mainidined Lo suppart Ihe welting operabans wilhoul fuceamvs cdge meling.

Fip, 291 cont. —Cumpleie joint peneiration preguotified shiclded metal arc welded jointi——base meial of un-

frertied thick ness (81,
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s adcquale cdue diulanir 13 maimaised 10 suppan Lhe weldiig aperanons withewl cscsue cdge mellin
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Esevpl a4 medified iy the provicwms of Secl 1.7, welds sliati be proporstioned
top et the slress tegoirements pivenoin ‘Table 104
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Talle 1—Electrode Classificstion

Capableof Producing
Bntuilaglory W ekds in
Fovitions Shownr

AWE

saaiFeation Trpr of Curraat*

Trre of Cavering

E60 SrRlEs— MinNimbm TRNSILE STRENGTH oF DEPGRITED METAL
IN A9-WELDLD ConDITION

L

G0 QD0 #4) [oR HICHER—SES TABLE 4)

E6010 High cellnlose sadium F,¥,0H H dc,reveras polerity
EBOIL High eeilutose pate=sium F,V,0H H acordec, reverse pdanty
E6012 High Utania sediom F.¥,0B,H wcordc,straight polarity
E6613  High titania polazaium F,v,0R, R acorde, either pelanity
Est20  High iron oxide H-Fillets ac gr de, straight palarity
- F aror de, either polarity
Ee02T  lren powder,irun oxide H.Fillets acorde, straight polanty
¥ ac or de, either polarity

E70 Sraps—Mixiays TENSILE STRENGTR of DrrosiTEn METAL
IK As-WELDED CORTITION

70 000 eI {oR HICHER—5FE TABLE4)

Fi0l4 Iron powder, titanis F,V,0R.,8 acerdc, either polarity

EI015 Low hydrogen selium F.¥,0H,H dc, revere polarnity

E7016  Leow hydrogen potassicm  F,V,0B,H  acardc, reverss palatity

E701d  Iron powder, low hydra- F.¥,Q0H,E  ac¢eordc, reverse polarity
Een

T7023  Iren powder, titania B-Fillews, §  acor de, either palarty

ETa28 Iron powder, low ovdr- ' H.Filiets, F acorde, reverse polamty

Een
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Arc-welding consumables are the materials used
up during welding, such as electrodes, filler rods,
fluxes, and externally applied shielding gases. Wikh
the exception of the gases, all of the eommonly used
consumahles are covered by AWS specifications. -

Twenty specilications in the AWS AS.x series
preseribe the requirements for welding electrodes,
reds, and fluxes. This section briefly reviews some
of the important requirements of the ASx series,
witlh the intent of serving as a guide to the selaclion
af the proper specification. When detailed infor
mation is required, the actual AWS specification
should be consulted.

ELECTRODES, RODS, AND FLUXES

The first specilication for mild steel covered
" Telectrodes, AS.1, was written in 1940. As the weld-
ng tndusiry expanded and the number of types aof
electrodes far welding stee! increased, it became
necessury to devise a system of electrode classifica-
lion to avoid confusion. The systum used applies to
both the mild steel AB1 and the low-alloy stevl
Ab.5 specifications.

Arc-Yelding Consumables

Clasufications of mild and low-alloy sicel elec-
{rodes are based on an “E™ prefix and a four oc
tiveedigit number. The first two digits {uc three, in a
five-digit number) indicste the minimum reguined
lensile strength in thousands of pounds per square
inch. For example, 60 = 60,000 psi, 70 =« 70,000 s,
angd 100 = 100,000 psi. The next to the st digit
indicates the welding position in which the efectrods
is capable of making satisfactory welds: 1 = il
pusitions ~ flat, horizontal, vertical, and overhead; 2
= fiat and horizontal fillet welding (see Table 4-1).
The bast two digits indicate the type aof cureent ta be
used and the type of eovering on the electrode (see
Table 4-2).

Originally a color identification system  was
developed by the National Electrical Manufuclurers
Association (NEMA} in conjunction with the Amiri-
cun Welding Society to identify the eiectrude's
classification. This was a system of eglor markings
applied in a specific relationship on the eleclrode, as
in Fig., 4-1{a}. ;The colors and their signilicince are
listed in Tables 4-3 and A1-1. The NEMA spevilicition
also included the choice of imprinting the clossi-
fication number on the electrode, as in Fig. 4-1{h}.

TABLE 4-1. AWS AS. 1-69 and A5 5 6% Designations Tor Manual Etectrodes

. The prafix "E™ desgnates arc walthing vlecirode.

. The lirsg bww Jigies af foar-dapt poroksars and tha Lirst thees digets of fivadigd noinkers indicace pmnimum @ngile sireagih

EBOKE . . it s nr e e e &0 000 ps) Miaimum Tensile Strength
EFOXX .. e e e, 70,000 psi Minkmwum Tenkd Stréngth
E1I0XX . ... ... - ... 130,000 psi Minamum Tenuk Sirength
Thel rwl wt-to-tidt ciget indicanet QoL N
ExXx)ix L, L. All posivans
EXXZX ... . i Flst poteTion and heigontal Lillers .

. The wffin [Exempla: EX X% M-A 1) indicates the appraaimace allay in e weld deposr;

— Al L e e 0 A% Mo

-8 e 05% Cr, 0 5% Ma

— B e e e 125% Cr, SN Mo

=B e 225% Cr, ' Mo

—Bd L e e 2% Cr, 0 5% Mo

—B5 ... e e e e e Oh%Cr, 1% Mo

-Gl e e 2.5% Ny

— e e e 3.25% Ni

—C L e 1% Mi, 0 I5% bo, 0 16% Cr
—Diane D ............ 025 -045% Mo 1.75% Mn

-G . Q5% mnin, Wi D 2% mon Cr, 0.2% mun. Mo, 0. 1% min Y, 1%
mun. Mo fondly ohe siement fequired;




<+ 1 Lorsiamatdes andg Machihery

TABLE 4-2. AWS AS.1-69 Electrade Designations
for Coversd Arc-Welding Elecirodes

TABLE 4-3. Color Identification fur Covered
MILD STEEL and LOW-ALLOY S1ael Elsctrodes

Domsigratinn Cuwirani Covaring Typs
Exx0 O only Organic
X1y AL ur OCH Lhganic
EX¥12 AC or DO - Runila
ExX1) ACorDC: | Fuude
: Rulilg, ron posder
3 2
Exx Ao DC lzppros, 3%
EXX1a GG anly LoDl agreeni
M EXX16 AC w DCA Ly hyh ggen .
: L Qww-hydt ogan, iron: powder
X
Exx18 AC gi DC+ {appros, 25%]
o, EXnI ACorDCY High i1 ar o ide
e . Hirtile, irarn-pawder
' J .
- EK“_" AL ar LG lopprow, BLK)
-1 Mincral, won-powder
- L 4
: EXnZ? AL or UC: inpon. SO%|
] A Loy Py e dhpiens, iFQP-ponlar
{, ErAlE AT or DO lopan, HO%|

‘[;‘i] 11ME

a1 Al
Fud olar

faf

TFig. 41, dal Manoral £ lecn e Mooy 50168 s A0eanion coked code
Frtaptmon 1o ientily an el tiode's clastdcation, 1b] American Wekding
Sop-uly impond method,

[ |

1HIE &.r D

it

GAROW COLGA - NO COLOR
MAAD, NXETT, WA, N XTH, XXZT, XKTE pod ail BO KX

End .

Calar HD
Ll Colar Blus Bluch Oranga
Ciod
fie 6010 E7010G EST
Color
Wi EGD13Z E7010-A1 ECI
Bruwn EGO1D ET014 T
Grean EGO20 T
Bluu EEGD11 ETOTIG
[ Emi1-A1| E7024 .
Black £7008 S
Sitver EGO2? T

GHOWP COLOA — SILVER T

Al XX und KM2D pacept EBATD ang EGO20 T
Bromen —
Whule -
Green ETOHG
Yullgw E7020.A1 o

Starling in 1964, AWS new and revised specif
calions for covered electrodes required the class
fication number be imprinted on the covering, asi
Fig. 4-1{b). However, some electrodes can be man
faciured faster than ibe imprinting equipment ca
muark them and some sizes are too small to be legibl
marked with an imprint. Although AWS specifies a
imprint, the color code 15 acceptied on elecirodes |
imprinting is not practical.

FABLE 4-4. Colyr Identification for Coversd Low Hydragen Low-Alloy Steel Electrodus

GROUP COLOR — GREEN
WAAS, KK 16 pmt XX 18 eucop) EGO1% and EEO1E
End -
Culor Ma
L Culur Blus Olnch Vilhile Gray Arown Wishar Craan Rad Orangs
Cadar .
fAnd ErobG £7015 ES015G EG06G E100155G EI!DIEGI
Vit E7015 At | EBO15-B3L ES01%D1
H_-ﬂl'l:lwn
[ Green EBUI5 BIL EQHISB] _
__Biewre EROMG-BAL EBR1S Ba _
Otatyn EFOVGG ETOVE E7018 EB80IE C] ESDVEG E100165 E120165
Yallow E?0E-AT | ETDNE AT | EBDIEG ESQ 0 E10015-02 | E1 106G :
| ek E8018C3 | £801681 | £801E-B1 £9010.63 |
Dlua ErQ1BG EAMBG E8GVE-C1 EEO1B-Ci | ESQIGRI | Fo018G EVO8S E11Q18G EI?EHE.G_
Yirda) EBD1G-C? | EBDIB-C2 | €80IG-B4 | EQMB-11 | E1001B D2
Gray EB0I8- B4 | EBD1GA? | EBONR-BZ E1016 D2
[ Sivar Ma.17018
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Arc-Welding Consumables

TABLE 4.5 AWS A5.1-65 Minimum Mechanical Property and Radiographic Reguitements
far Caverad Arc-Welding Electrodr Weld fdetal

4.1.3

T#nscba Elanyatign
AWS Sirengih, Yiuld Point, m2in, Radicgraphi¢ WV Noleh
Clagulcation i, pii min, psi mir, parcaal Standard ¥ impest
EE60 Seriey ?
E&010 £2.000 50 {00 22 Grale IN 30ty ar - I09F
EGD1 62,000 80000 22 Grade It 20 1w w1 =20°F
EED1Z B2 0040 55000 17 Mot raquired Hon nguirnd
EGD'] 62,000 55 O 1} Grade 1| Hot requind
EGDID 62,000 20,000 2h Grade | Mo r e
EGO27 62 D00 50,000 25 Grade Il 0 iy ac - 20°F
E70 Saiug ©
E7Q14 i 1} Grade 1| Mo regLi
ETDNG 22 Gradu | 20 ML ar —zn:F
LiQle ¥ Gradge | 20 1l o —20¥F
£7014 72,000 60.00d 22 Grada | 20 ttie at —30°F
E 4 17 Gracs i [ Mt rwgebrind
E7024 22 Grads 1) 20 fohty ut OOF

a Ses AWD AS 1 ET Fig 3

o For wach ingetgsw of One parcemtage potht i glongadon ovir the minimym, (he y b poat or teatsile
strangth, &r both, may decrdase | 000 pat (0 & micium ol 60,000 pii 1oy e wnvile strangin amad 28,000
G lar (e yeekd point For all clisiticdgens o the 80 wrvins sacupt EEG012 and EGG1]. For the EGCI 2 #nd
EGOND glasinlscqliont ihe pidbd paint and mosds strenguh may O¥Cressd 0 3 muniMom of &5 000 pu for
Iha tymuls virdangch and 53 00K pe tor e ymld paamd,

c For wauh itresde ol o prcentage poinl in ghxoganon g@8F The minimum, GF ysddd poinL af [FTEE ]
strungth, of boh, may decrassa 1 000 pes 10 4 minamunn ol TE.000 psi for The tento stranglh ang 58 000

Be Far i yleld peint-

W The waiiurmD |owasl walue 3rc cha gciransw Bighast calaw obaingd bn Cw test shall be dlaregarced, Two al
thm Lhias cgrmaimiey valuas shall B gresser (han the speGitied 20 FE L omargy laval; onfe af 1he thrue niey be
lowesf Bul Lhall agl be lugs vhan 15 MJIk. Tha comgsled gyefBas valug ol tha thrwe ramdioneg valomi 4MHall
a wipu gl W oF gradet then the 2000t000 anergy levwl.

Mild Steel Covered Arc-Welding Electrodes, AWS
A5.1-69

The scope of Lhis spenfication prescribes
requirements for covered mild steel electrodes for
shiclded metal-arc welding of carhon and low-alloy
steels,

The minimum mechanical property require-
ments are shown In Table 4.5. Dadiographic stand-
ard Grade [ has less and smaller pocosity than Grade
II. The actual stundards are not contained herein,
und, if a comparison is required, the standard in
AWS AB.1-69 should be used,

Standard electrode sizes and lengths are given in
Table 4-6. Not all ¢lassificstions, however, are manu-
factured in al) sizes.

Low-Alloy Steel Covered ArcWelding Elecirodes,
AWS A55.69
This specification prescribes covered electrodes
for shielded metat-arc welding of low-alloy steel.
The same classification system is vsed as for
mild steel covered wluctroelus, with an added sufhix
that indicates the approximate chemistry of the

deposited weld metal {see Tahle -1,

The chemical composition of the deposited weld
metal is shown in Table 4-7. The electrodes with the
suffix *'G" need have only vne alloy above the mini-
num to gualify far the chemical requirements.

TABLE 4-6. AWS A5G Standasd Covered
Arc-Welding Elecliode Sizet and Lengths

Stundard Lengihs lind
Cure-Wire EGQIS, £5011, E£6020
Dnam. EG012 E&013, ETD14
tin.] EYO14, ETONE, ERU2T
E701g, £7A14 El02B
1116 L2
Hr64 Borl?
e g 12 K2
Ha 14 t4
5122 14 t4
wth 14 1d or 18
a2 14010 18
174 18 14
B/ 16 1A ] ]




d4.1-4

TABLE 3.7, Campmsition Hequirerments ef Low Allay Weld Meral AWS AR 569

Consumabies and Machinery

—
Elpctrods _ Compositron %]
Clansification [ Mn ¥ P [ £ ] % Wi Cr Ma L v
Carhgn Molybdenum Sisal o
Eraiteal 050 0 40 "
E7011.41 U &0 0 40
ET015-A1 uog 0 &
Era1g-Al LR ) 0.50 0.03 0.04 0,60 0,40 ta 0,54
BT 0 g 0.BD
ETOS0-41" O Lo 0440
E7027-A1 1460 g.ap
Chremivm: Molybdenum Siesl
E£016 61 0 60 T
£8018 a1 012 0.50 003 | oo 0.90 04010065 | DaDIaDES
F%:;.r_»_an 005 G 00 0.03 004 100 100w 150 | D40ronEs 9
e 682 0 Rl .
FRL1B-82 ?_1‘:' Q.90 &.03 u.tf‘ 0 Bg 1.00 g 1.50 'ﬂ""fioﬂ‘
TEF 0.0% oo o.03 B4 ey - 100150 | O4to065
|_ES(15-87L 0 s 0.90 03 oo4_ | 100 20010250 | 090w 1,50 L
LR{1EE3 0.6} I —
rgc 1683 a1 0.b8 .03 QD4 5011 200102560 090 to 1,70 ,
EYC 1R B3 0B
EBQ18-gaL 0.5 LIR" 4] .03 Qg4 0.8 2000102540 Q40 te 1.20
EHOIS-BAL o oS 0.90 0.03 004 1.00 11510225 | Gattte 065
EROIGES R T N B 040 070 0.07 0.04 0.3 @060 0.40 10 .50 1.00 ta 125 0.0%5
Mick w1 Sreal -
H .
:E:ggl 012 1.20 003 | D4 2_;‘; 2.00162.75 .
- 2 -
fooiaes 012 120 003 | oo4 o oo 300 10 2.6
ERONCE .
Feni:.c3 012 DaQye126 | 0030 | 0030 a &o 0.80 10 1,40 015 a3 0.05
Murigarew Molybdenemn Sl -
FRO15 O] 0.60
LO015-01 012 12610175 | QU3 0.04 o 80 025 1o 0.4% \
E10015.02 =]
Lo g C2 014 165 w20l 0.03 004 0 GO - 075 10 D45
E10018 D2 080
Othav Low - Alloy Sl
EXxiDE
EXX11-G
EXX13G
CAX15 G 1 00 nn O BD rrune Q5D mun .30 min 0.280 rmin 0,10 min
EXxt6 G
EX¥1& (5
B0 G
E BT 010 DE01c1.25 | DO30 | 0.0 0.0 14010 1 80 0.6 015 0.05
E 10018-M o.an 0750170 | DOM | 00X 0.60 14010 2,18 0.3 b5 to 050 005
L1ioem (R T+ 10012180 | G030 | DO 0 50 1.75 10 2 50 040 0.30 10 0 55 0.05
E170nE a0 1.0 19235 an ] 0 0aa 0 60 1.75 160 2.75 g 150 0.3 10055 o0s

Fala Sundie v Urs Wigen gf § oE s BT ParErfiaguy SSCRPT W hadr 01T ET-F - ITT-N

Elugteodes with tha suffix "M will meel or Le
similar 1o cenain military requirements.

Table 4-8 shows the Llensile-strenglh, yield-
strength, and elongation requirements. The preheat,
interpass-temperature, and postheat irestments are
not the same for all eleclrudes. For this reason, the

complete AWS ABS5.65 specification should b
copsulted befure canducting any tests.

Hadiographic reguirements are shown in Tahbl
4.9, Grade | has fewer and smaller porosity thal
Grade 1. The radiographie standards can be foun
in the specification.



TABLE 4-8. AWS A% 5-GY Tenule-Strenguh,
Yiald.Strength, and Elongation Regquirgments far
All-Weld-Meral Tension Tesp?

¥iekd Elnnga-
Tanzile Svangth fidn i 2
AWS Sirengih, a7 percent ., man,
Ll ficanion mun, Pk vifwsl, psi \ PeRTC Tk
E7NG-X . 22
Eill.x 22
E3015-X 25
E/E X 70,000 57 [ i)
E7OI8- X 5
£702Q-x 215
70278 25
ERDIN-X 1%
ERGI1.-X 19
EB012-X 18
EBS-% 20 000 67,040 14
BB 1B X ' 19
E&A.x 19
EBONE-C] 28 000 1.
£8018-C3 80,000 80,000 2
ESQID-X 17
ES011: X ¥
ESQ13-x 4
EOG15-% G0 000 77,000 17
ESOIG X 17
EQ01H. % 17
TESOIEM 2§00d 78,000 to A
90, [0
E 10 Gx 16
El11.x 16
E13013-% 13
E10015:-X 100 000 £2 000 1]
E10016L. X 16
E10}1H X 16
E10318 M 1060, i BE M ta 20
100 000
Et1015.X
E{11018 X 110000 a1 .,004 15
E11018.x .
ENDTEMm 110000 53.000 10 20
1100000
E12015 X -
E1I0TE X 120 000 107,000 14
| _E17014 % _
E12018-M 120,000 108, K o LI
120,000

a For e EBONG-CD, EEDIE C], ES018-m_ E 0018 M,
E11018 M, ang E1XIIE-M afecirodds classificatiom 1
values thown are for 1o8cinw i tat0ld A (he g walded
condsndn. Jpacimens breled 1or sl SIhar ylesiroga b 2 in

» Lha pirmdy Teloeved condiTian.

TAHLE 4-9. AWS A5 569 Radiogrsphic Requiremunts

AWE Crassifucation RFadiagraphic Standard

ExX15-X
EXX1GX
EXX18-X Gramta |
ETGI0-X

Ex®10-%
ExXxinx
ExXiidx Grada H

703X *

Arc-Welding Consumnables 4.1.5

Tuble 4-10 shows the impact requirements. The
Impact Lest specimens receive the sime heet troal-
ment as the tension test specimens.

TABLE 4-10, AWS A5.5 &9 |I‘I‘ID&CI-Prnpeft‘f
R equirements

Minimuim Y. Nalch

AVYS Clasmlication {rnpact Aegoireman 4

E8O16EL3 i '

ERQIB-CI 20 Iefih ar —a00F

ES015-01 -

901601

E1D15- 02 20 Nk 3t —60P RS

EAONE-0Z

E10018.02

EYTTEM

E1O018

EN1G18 M 20t a —5OOFY

E12018 4

EBOIE-C1 c

1 -,

EROIB-C1 i at 75 F

EBMGLZ

E01E 2 20 Y1 a1 — 10O FS
Al gt clatillcations Mot ragaired

2 The srirbma [Owust value obislaigd LU et with the g dtremrw
highast valus shall pa diacagergad for thrs tesr, Twg Qf b
Threh famainirg vaies shall b grastdr Than rha wechled 20
tfln gratigy bawaf, one Gf Lha thres Mday e low e But shadl
gt by W Lhan 15 Ui, The ¢ompuaiid senrage vahus gl the
threa tempimng ealudd shall Le woudl 10 of o atar Lhen
20 10 erargy laval
Ax waltdnd Impact propesfin.

L Strwys redigemd itmpact Aropetime.

Bare Mild Steel Electrodes and Fluxes for Sub-
merged-Arc Welding, AWS A5.17-69

Since the electrode and flux are two separate
consumable items, they are classified separately.
Electrodes are clagsified on the hasis of chemical
composilion, ag shown in Table 4-11. In tha classi-
fving systemy, the leiter "E" indicoes an electrode,
as in the other classifying systems, bul here the simi-
larity stops, The next letter 'L, M, or "H,)"
indicates low, medium, or high-manganese, respec-
tively. The following number or numbers indicata
the approximate carbon content in hundredths of
ane percent. TF there is a suffix 'K, this indicates o
silivon-killind steel.

Tahle 1-12 gives the standard electrode sizes and
Eorlerinives.
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TABLE 4-13, AWS AL.17-89 Mechanical-Property Hequirements

Far Submerged-Arc Flux Classification
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TABLE 4.14, AWS A5.20-69 Mechanical-Property Hequirarngnts

for Flux-Carad Arc-Welding Weld Metal®
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TARLE 4-11. AWE AS5.17-6% Chemical . Campotition Avquiremants
for Submerged Are Eleclrodes

Charmicsl Lomposition, parcent
Total
alhar
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natula
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“Auxys are classified on the basis af the mechani-
va! properties of the weld deposit made with a
particular electrode fsea Table 4-13). The classifica-
tion designation given Lo s flux consists of a prefix
“F fidicating & flux) followed by & two-digit
nunber represendative of the lensilestrength and
impact requirements for test welds made in accord-
anre wilh the specification. This is then fellowed hy
a st of letlers and aumbers comresponding to the
classification of the eleclrode used with the flux.

Tesl welds are radiopgraphed and musl meel the
Grade [ slandard of AWE AB. 1 specification.

Miid Steet Electrodes for Flux-Cored Arc-Welding,
AWS AL 20-69

This specification prescribes requitements for
milgl sieel composite electrodes for flur-cored are
wobdingr of mild and low-altoy siecls,

Jeetrodes are ¢lussificd on Lhe basis of single ar
inuitipie-pass operation, chemical compositicn of
the eposited weld metal, mechanical properties,
anrd whether or not varbon dioxide is required as a
separate shielding gas, Tuble 4-14 and 4-15 show the

TARLE 4-12. AWS A5 1769 5 tandard Sizes
and Talesances for Submerged-Arc Electrodes

Standara Ehcrigde Sixe, dia., in. Toliancs on e, n
116 [0 BRI 0.0a15
B Bd 10078, I3l (0094 0003
|_1/8 40 125} . 0.003
B2 (186N 2018 (0 188), 732 10211 o no
14 10,2500, 516 00 212), 308 (D.AT5) |

minimum mechanical-property requirements.

Gas-shielded flux-cored electrodes are avajlable
{or welding the low.alloy high-tensile steels. Self.
shielded flux-cored electredes are available for
all-position  welding, a5 in building eanstruction.
Fabricators using or anticipating using the flux-
coredd arc-welding processes should keep in touch
with the electrotde manufacturers for new or
inproved electrodes not included in the present
specifications.

Mild Steel Electrodes for Gas Metal-Arc Welding,
AWS AS 1868

This specification prescribes requirements for
mild steel solid electrodes for gus metal-are welding
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TAELE 4-15, AWS AL Z0-69 Impact-Property
Reguirements for Flux-Cared Acc Welding Weld Metal

r Minimiar, W-pioch
AWE Classticalion Impact Aequiramant ®

ETUT-5 . 20 1t oy = 200F
EGOT-8
ETOT-1 20 1e1h A DOF
ETIT-E
EEIT-7
EJOT-2
ETOT.A Mal required
EMOT-4
E70T-G

I T gatcéma (Quwast valud Ot Lsingd, topeiher with The 4x.
veme hightil valus obisined, hall ba disrégaroed Tor 1hes
el Tews 4T Thy pbidw ramsiing vaelues shall oa Qradlel than
the spacilisd 20 1/t angrgy level; one ol the thres May be
ltmemr bvul shull mgy ba l6ss than 18 Wb The compuldd aven
epa valuw of by whrae waluws LB b wéquel 10 O Qresier 1Tan
b 30 IV enmrgy vel.

o! mild and low-alloy steel. ‘The electrodes are classi-
fied on the basis of their chemics! compaosition and
the as-welded mechanical propertics of the
depusited weld metal (see Tables 4-186 and 4-17).
For lhe chemical.composition requirements of the
depusited weld metal, see Table 4-18.

Table 4-18 includes a Group B classification
entitled "Low-Alloy 5Steel Electrodes.” The a||.;.}:
addilions here do not meet the gccepted definitions
of mild steel. The basis for including this classif.
catbon in a mild steel specifieation is that the alloy
sclditions are for deoxidation and usability improve.
ment and not for the purpose of upgrading the
mechanijcal preperties,

Corrosign-Resisting Chromium and Chromium.
Nickel Steal Covered Welding Electrodes, Awsg
AL 4.69

These electrodes are commonly called the
“stainless'” or “'corrosiom-resisting™ electrodes anpg
are classified on the basis of the chemical compg-
sition of the deposited weld metal and usability
characteristics, )

Chemical compeosition requirements are shown
in Table 4-19. The specification does not include
tests for carrosion resistance. The deposited weld
metal can he expected to have the same corrosion
resistunce. as the base metal of the sume composi.
tion. However, due to the heat of welding or subse-
guent heal treatment, metallurgical changes can
occur that may affect the corrosion resistance of the

TABLE 4-16. AWS A5.18-69 Mechanical -Property Heguirements
for Gas Melal-Are Welding Weld Metal®

L%

2 r—

Tansde ¥iakd Suength Elonpation
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d Whark 1wd gases Bra [eined Sk Inaceenpeatle [That is, AD and L0y and &0 & A)dorclgskiCation gl a
pbegilic ghacT ocde, the clasilication el may By conucied bsing sdil-Fr gat
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TABLE 4-17. AWS AS.18-69 Impact-Property
Requirementt for Gas Metal-Arc Wealding Weld Metal

Miimum V-Nowh

AWS Clasulicatian Impact Aeguiremant ¥

E705-2

E705. 5 o
E?05-18 20hAb & =OF
EMJ)-1

E7D5-3 20 fuitn a1 O°F

E70S-1, E70S-4,
E70S-6, E705G,
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Hal raguirsd

Tha sxtreme IOwesl valua Q000Eaed, lugathér with iht ax-
reme high®et valus pbhtaloed, whall pa diwregarded for “this
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tha spacified 20 It/ D wrmrgy Mavel; ane of the chies may be
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ape walui gf the thres vpluey 1hall be sggal £0 Or greaer Tthan
the 24 il anargy lavael, .

Arc-Welding Consurnabfes 4. 1-8

weld and base metsli. For this reason, corrosion
tests should be made on critical applications.

Mecvhanivul properly requirements are shown in
Table 4-20.

The usabilily of the clectredes is indicated by a
suffix to the classification number in Tahle 4-20. A
suffix *"+15" indicates the electrode is to he used -
with DC reverse palarity [(DC+), I the suffix s
*.16" the electrode can be used with AC or DO
reverse polarity (DC+}.

Corrosion-Aesisting Chrormium and Chromium-
Mickel Steel Weiding Rods and Bare Electrodes,
AWS 5.9-69

This specificalion covers corrosiontresisting
chromitm and chromivm-nickel steel [siainless

TABLE 4.18. AWS A5.18-69 Chamical-Compasition Requiraments
Por Gas Metal-Arc Welding Elactrode

Chamical Compositign, pascani
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TAHLE 419, 8WE AL 4G9 Chemical Requitemenit for Slanless Covered Cleccrode All- Wald Metal
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ateel) welding rods for use with atomic hydrogen

qand prs tungsten-are processes and bare electrodes

for use with submergedwire and gas metalure
welding processes.

Rods and electrodies are classified on the basis of
the chemical composition. The requireamants for
solid electrodes and rodds are based on the chemical
anailysis of the filler metal as manufactured. For
composite electrodes and rods, the requirements are
based on the chemical analysis of a pad of undiluted
metal made by melting the filler metal with the TIG
process, using argon shielding pas. The analysis of
eomposite glectrodes and rods may alse be made by
any suilzbte method agreed upon by the purchaser
wnd  the supplier. Table 4-21 lists the chermical
reguircents,

Rods and electrodes are available in a wide
variely of dianwiers and spool sizes. Rods are also
available in straight lenpths (see Table 4-22]),

Welding Rods and Covered Electrodes for Welding
LCast Iron, ALYS AS.15-69.

This spweification prescribes requirements f{or
welding rods for axyacetylens and carbon-are weld-

TABLE 4-20. AW5 A5.4-69 Mechanical-Proparty
Requirements for Stainlen Coyered Electrode
AllWeld Matal
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TABLE 4-27. AWS AS.9 69 Chemical Aequirements for Bare Stainfess Welding Rads and Eleerredes
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ing and covered electrodes for shielded metal-arc
welding of cast irons. Thesa filler metals are snitable
for welding gray cast iron, malleable iron, aod some

alloy cast irons. With the exception of the nickel-

base alloys, classification is based on the chemical
composition of the bare welding rod and the core
wire of the covered electrodes. The chemiral compo-
sitipn of the nickel-base alloys ENICL, ENiFeCI,
ENiCu-A, and ENICu-B iz based v the compusition
of the deposited weld matal (sew Table 4-2.%,

Aluminum and Aluminum-Alley Welding Rods and
Bare Electrodes, AWS A5.10-G9

This specificatiopn prescribes alumnum and
aluminum alloy welding rods for use withTIG weld-
ing angd bare eleclrodes far use with MIG weiding.

Rods and electrodes are classified on the basis of
the chemical composition ¢f lhe as-mmufactured
filler metal (see Table 4-24). Electrodd must also
meet a usability test. For eleclrodes 332 in. and
smaller, a butt joint is welded in e overhead
position. For 1/8-in. electrodes, the wdd is made in
the flab position. The welds are radiogfraphed und
must meet an X-ray stamdord availuble from AWS.
'The usability test for rods ronsiats of meking a bead
on a plate in the flab position with a iy flame or

TIG welding, The bead must be uniform in appear-
ance and be free from specified defects.

Copper and Copper Alloy Arc-Welding Elactrodes, .
AWS A6 660

This specification covers the requirements for
solid and stranded bare and covered copper and

TABLE 4-22. AWE AS5.9-60 Srandarel Sices

Fanrs

Yeelding rods in pemight
lengths

Diamuter ¥ yn.

0,045, 1718 (0.062], 5/69 10 0781,
A2 0084, 1/8 (01251, 5432
10.156), 3716 [0 188}

————T )
0 045 1/16 10 0571, 5/64 100781,
132 (0.094), 764 (0 105), 1B
10.125], 5¢32 0.15a1, 3148
10.188), 314 125G}

4
D030, 0.075, 0.045_ 1716 (0.08), |
664 100781, V2 (0 09a), Fee
0. 109}

0020, 0025, 0.030, 0005, 0 0a%

Fillar maial in poly
Wil OF Wilthow | g DEoe]

Fillgr matal wound on
nandard 12-in, § 0. soeoin

Elscirod rs wound ot
| gl pewmighl 11/ ¢ and
1 214740 Aon. 00, spudls |

#  Elpcirades asd waldig redh of disrnanert Ul 1o and ntiudeng
0 045 In, 1hail qul vary mom chan £ 0001 Moo the nemiea),
Prigataiars gremer thap D048 wn. ahalf nor vary mace o
oD drga Liw el
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Arc-Welding Consurnatles 4. 1-104
TABLE 4-74. aW5 A5 10 69 Chemical Requirsiant [or Bare Welding Rads and Elecerodas
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3. 1-M Conmsumalies and Machineey

TABLE 4-26. AWS A5 B-69 Tenule-51re ngth TABLE 4-28. AWS AL.7-69 Tensile-Strangth Requiremanyy
Reguirements for Copper and Coppar Allay far Copper and Copper Alloy Weld Matal
Weld Metal
Taniie Strangth, min, psi !
Tenuila
AWS Suength, Copper-
Ctassidcation min. pp Adley Sresl
AWS B Bass Applicable
Eg"s_ 5.0 Clanilication Flaty Plain Processas?
0,000
EE:E:. A ’;h oD ACu 23,000 DAy, GTAW
ECuSh-C 40,000 ACUSi-A S0, 000 Ca OAW LTAaw
ECuNI "
ECuh-HA] E'Eﬂ ACuSn-A 35,000 .- GTAW
ECusl A2 60,000 RECuN; 50,000 . OAW, GTAW
£Cuall £5.000 ABCUZn-A | 50,000 40,000 DAW
copper-alloy ate-welding electgpdes for use with the ACuZn-8 56.000 50.00d OAW
' L)
shielded metal-ure, gas metal-are, and submerged-arc HCuzn-C 56,000 50,000 OAW
welding processes. The specification is nol intended RBCLZn-D 60.000 DaAW
to cover rods vsed with the TG process, Such rods ACuAkAZ, | Bb000 GTAW
are covered in “'Specification for Copper nnd RCud )-8 70,008 GTAW

Copper-Alloy Welding Rods, AWS A2
Eleclrudes are ulussified on the basis of the

chemical composition of the hare electrode or core

wire for covered electrodes {see Table 4-25), The

y OAW = guymcalylena walding
GT AW = gy {ungeTen-ars welging

TAHLE 4-27. AWS AL.] 69 Chemical Reguiremants lor Coppar and Copper Alloy Waelding Pods
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TARLF 4 35, /b5 A5.13-TO CHEMICAL REQUIREMENTS® FOR SURFACING ELECTHODES

L TLE TR Tur g Chrg- Malyb- ' Wann Ay - Pligk- Dhmr
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deposited weld metal must meet the tensile
properties shown in Table 4-26.

Covered electrodes are awgiluble in sizes from
3/32-in. through 1/4-in. Bare electrodes for MIG
welding are available in diameters from 0.035-in. to
3716-in. in a variety of spool and coil sizes.
Copper and Copper-Alloy Welding Rods, AWS
A5.7-69

This specification covers copper and capper-
alloy welding rods for the axyacetylene and gas
tungsten-are welding processes, Rods are clussified
on the basis of the chemical composition of the rod
and the mechanicnl properties of the welded joint.

The chemical requirements are shown in Table
4-27. The tensile-strength requirements are shown in
Table 4-28. Strength is determined by a transverse
test of a welded hutt joint.

Surfacing Walding Rods and Electrodes, AWS
5.13-70

This specification covers the requirements for
bare and covered surfacing welding reds for use with
oxvyacetylene, gas tungsten-arc, carbon-are, and
atontie hydrogen welding processes, The section on
elovtirodes deals with covered efecirodes intended
tor surfacing with the shielded metat-are welding
process. Also, sume bare metalare welding
electrodes are included.

We'd-surfacing applications ara extremely diver-
sified, ind, 25 & result, there are a great many differ-
rnt brand-name products availuble. This specifi-
cution makes no attempt to classify all filler metals
suitabls for weld surfacing. Only those filler metals
gre covered thal bave gained some degree of indus-
trial standardization and for which technical dala
are available.

Chemical requirements for welding rods are
given in Table 4.29 and for electrodes in Table 4-30,
Surfacing rods and bare electrodes nre clussified on
the basis of the chemical composition of the
as-manufactured praduct. Copper-base alloy covered
electrudes are ¢lassified on the basis of the chemival
composition of the core wire. All other covered
electrodes are classified on the basis of the chemical
compasition of the deposited weld metal.

.SH!ELDING GASES

Shielding pases are consumables used with the
MIG and TIG welding processes, The American
Welding Society doe: nut wrnte specilicalions for
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gases. There are federal specifications, but the weld-
ing industry usually relies gn "welding grade” to
describe the required purity.

The primary purpos+ of a shielding gas s Lo
protect the molien weld metal fron, contamination
by the oxygen and nitragen in air. The factors, in
addition to cost, that affect the sullabitity of a gas
include the influence of the gas on the arzing and
metal-transfer characteristics during welding, wald
penetration, width of fusion and surface thape,
welding speed, and the tendency to undercus,
Among the inert gases -~ helium, argon, nreod,
krypton, and xenon — tha only ones plentiful
enough for préctical usze ip welding are heliura and
argan, ‘These gases provide satisfuctory shiekiing for
the mote reactive metals, such as aluminum, map-
nesium, beryllivm, columbium, tantalum, titaniuun,
and zircanium.

Although pure inert gases protect metal at any
temperature from reaction with constituents of the
alr, they are not suitable for oll welding applications.
Controfled quantities of reactive gases mixod with
inert gases improve the are aetion and metal iransfuer
charactenistics when welding the steels, but such
mixtures are not used for the reactive metals.

Oxyren, nitrogen, and carbon diokxide are peuc-
tive gases. With the exceptinn of carbon diuxide,
these gases mre not generally used alone [or arc
shielding, Caorbon dioxide can be used alone or
mixed with an inert gas for welding many ¢arbon
and low-alloy steels. Oxygen s used in small guanti-
ties with one of the inert guses — usually argon.
Mitrogen is occasionally used alone, bub iy usually
mixed with argon, as a shielding gas to weld copper.
The most extensive use of nitrogen i in Europe,
whera helium is relatjvely unavailable.

Argon and lHelium as Shielding Gasas

As noted, tha inert natures of argon and belitm
ure nob the only charnctenistic thal makes them sult-
uble for gas shialding. Other characteristics are
important and are deciding fzctors in the choice of
gas for TIG or MIG welding with specific mateidals.

For a given arc length and currént, arc vollage
with helium is higher than with argen. Becauss more
heat is produced with helium then with argon,
helium is more effective for welding thick materials,
particularly high-conductivity metals such as copper
and aluminum &Blloys. Argon is more suitoble for
welding thin materials and Lhose with lower heat
conguctivity, espectally in welding positions cthe:
than flat.

The heavier a gas, the more affective it [s 1o g
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shielding. Helum is very light; argon is about 16
times heavier than heslium and aboul J0% heavier
than air. When argon is discharged from the welding
nozzle it forms a protéctive blankel over the weld
area, while helium rises and disperses rapidly. For
this reason, higher Tflow rales are generally required
with helicr (ot with mixtures high in helmm] tharn
with argon shielding.

Shape of a weld head and penetration pattern
sre determined, to a large exient, by melal-transfer
characlerislics which, v lurn, are affected by the
shielding gas used.

Metal is gererally deposited either by spray
transfer or by globular transfer. Spray transfer
{tsually the mare desiroble} produces relatively deep
penctration sl the cenler of the bead and shallow
penctration at the edyes; globular transfer produces
z broader and shallower penetration pattern
thraughaut the bead.

Argon penerally promotes more spray transfer
than hellum and at lower cucrént levels. But even
with argon shielding, spray transfer cannot always
.be achieved at usalile current levels — one of the
problems in welding ferrous metals by the gas
metal-arc process.

The physics of metal transfer across &n arc is not
eompletely understood. In an argon stmosphera
with DCIRP, the size of 1the metal droplet crossing
the arc decreases as the cumrent increases. AL g criti-
cal level of current the mode of transfer changes
abruptly. The tip of the electrode becomes pointad,
metz] transfers from the elecirode to the work in a
fine spray, the arc becomes very stable, and there is
little or no spatter. Figure 4.2 illusirates the appear-
ance of cleclrode tips in various shielding gases. A
degree Of spray transfer is possible with 20% arpen
and 80% helium. Here the argon has predominating
effect because of its higher density.

Pnl-'llr

Héhurm .ﬁ.rlir.ln

Hulu

Fig. 4-2, Els¢tiude by shapge, tead comoyf, and Sgoelidlan patlerns
Tir warigus shiekisry gases

Inert Gases with Reactive Gas Additions

Improved metal transier, B more stable arg, and
less spatter result from the addition of oxygen or
varbon dioxide to an lnert shiclding gas. These addi-
tions when welding carbon and low-zlloy steels also
promote welting and flow of weld metal, thus
reduring or eliminating undercut. Effects on pene-
tration and bead shape of oxygen additions are
illustrated in Fig, 4-2.

Noticeable change in are action and metal.
transfer characteristics in gas metal-are welding
result from addition of as little as 0.5% oxygen gr
carbon dioxide to argon. However, 1 to 5% oxygen
i5 generally added. Oxygen or carbon dicxide i5
seldom added to helivm or argon-helium mixtures,

Addition of 5% oxygen or 106 Lo 25% carbon
dioxide 1o argon produces a significant pinch effect’
with a DC, straight-polarity are. The filler wire
tapers, the metal transfers in the form of a fast-
moving stream of droplets, and the penetration pat-
{ern approaches that of reverse polavity. At the same
iime, melt-off rate is reduced considerably, With
pure argon, melt-off rate with straight polarity is
almost double that with reverse polarity. However
most MIG welding with an inert gas or cark
dioxide 15 done with DCRF (see Tables 4-14 apu
4-18). Mixtures of 5% oxygen or 25% curbon
digxide with argon are commerciully avaitable.

Because of oxidizing effects, addition of oxygen
or carbon dioxide to argon may cause porosity in
some ferrous rnatals, as well as loss of such alloying
eiements as chromium, vanadium, aluminum,
titanium, maunganese, and silicon. Conseguently,
filler -wires wsed with oxygen.containing shielding
gas require addilions of deoxidizers to counteract
the effects of the oxygen.

Poresity in aluminum welds ezn be decreassd by
adding a small percentage of chiorine to argon or
helium., For maximum effectiveness, the chlorine
should be introduced separately through the welding
terch. Chlorine's disadvantages of being poisanous
and corrosive discourage its widespread use. When it
Is used, extreme caution and all applicable safety
rules should be abserved.

Carben Dioxide as a Shielding Gas

Carbon dioxide may be used as a shmldmg gas
for the MIG welding of carbon and low alioy steels.
but since it is a reactive gas the electrodes used mus'
contain sufficient deoxidizers to counteract th
offects of oxygen. Recently, stainless steel elec-
trodus with high silicon have been developed for use
with argon-25%. carbon dioxide mixtures.



The low cust of carbon dioxide makes ils use as
a shielding gus very attractive. With the development
of better electrodes, sound weld deposits with good
mechanical properties can be made.

Twa lypes of metal brensfer occet with carbon
dioxide shielding gas — globular and short-circuiting.
The spray transfer experjenced with argon or argon-
oxygen mixture does not occur. Globular transfer
produces a harsh arc with excessive spatier. By
control of welding conditions, the short-circujling
type of melal transfer is promoted . .

To promate the short-cireuiting type of transfer
when welding carbon apd low-alloy steels, argon i3
often used us the dominant gas in a mixture, with
the carban dioxide content cut to 20 to 30%. Other
mixtures with higher percentages of carbon dloxkle
alsc give short-circuiting transfer, with its advantages
of low penetration, all-position. capability, and the
ability to handle pocor filup an light-gage material
without burnthrough.

In the shorl-cirvuiling type of transfer, a globute
of molten metal collects on the end of the electrode.

e
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The eectrode 5 Leing fed toward the wark and,
befure the globule detaches from the and of the
elecirode, it ¢contacts the molten crater and forms &
short circuit. The high current due to the short
circuit blasts the globule from the electrode into the
crater. An arc then forms In the gap betwecn the
crater and the tip of the electrode, which stects
anolher globule forming on the tip of the electrode,
This cycle of meta) transfer is repeated abuut 20 ty
200 times per second.

Shielding Gasas for TIG Welding

Either argon, helium, or & mixture of the two iy
commonly used in gas tunpsten-are welding. Argon
provides the adventage of easier are siarting,
smoother arc action, better cleaning azlion for the
AC welding of aluminum end magnesium, and
superiof resistance to draft. In addition, argon costs
less than helium and reguires a Jower arc voltage for
comparable currents and arc lengths.

It the manual welding of thin material, argon ig
recaommended begausa its lower arc-voltage charae-

TAELE 4-37. SHIELDING GASES AND GAS MIXTURES FOR GAS METAL-ARC WELDING

Chemical
Shinlding Gas Behavicr iy, Agimarh:
Argun Inary F o wikd ing medil mataly, gxCape sreel
Huliam s ¢ Al and Cu alloys, for graster Radt and 10 muniméze
' porosity

A and He [20-80 10 50-50%] Iy Al and Cu Alloys, for grascer hedt npul and 10
minimide poroyiny, Chuater, megre stable arc than
with He #lare.

A& are C1 |trace CIb Cakanbiglly Al altoys, O Minmizo poresly

Inarr

My Hilucing Om Cu, perming vierry posuerlul are) used mostly in
Eurapa,

A+ 20.30% N; Haluging Qin Cu, parvdr lul Baf smgothar uids aling. rrorg
raad fy contrilikd gre than N akone, used
mastiy in Evmaps,

A 1-2% 0, Quidining Stainless and allay sukeh . alio for some

. depxzplited copper #llori

Ay FEN Dy O dizing Plain carbon, sloy, ard stam ey s1aaly; requiies
decsxidized slectrude

A F0-30% OO0, Qadiging Varigus gteels; used pronerputly wilh short-

' circuiting arc

A% 0; + 15% C0O, Lixaaing Various $Tels: reguirey denxxdized wire; ugad
chiafly in Europs

Co; Oriclaglng Plan-carban and low- gligy sinely dedxized

i electrade 5 kel
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leristic reduces Lhe tendency for burnthrough, In
vertical or overhead welding, this sume characleristic
reduces the tendency for the metal to sag and run.

lHelium's higher arcwollage characleristic s
dusirable when weldipg Lhick material or melals with
high heat conductivity and for the high-speed mech-
anized welding of stainless-steel tubing. Mixilures of
argon and helium are used 1o balance the arc
characteristics.

Mixtures of arpon or helium with hydrogen
provide higher are voltage and heat in the welding
regiun Lhan helium alone, This reactive gas, howaver,
can damage many meials and alloys, including
aluminum, copper, and magnesium-base materisls.
Mixtures of inert pas with hydrogen can be used in
welding only a (aw inaterials, such as certain
stainless steels and nickel alloys.

The rate at which some inelals are joined by gas
tungsten-arc welding and the gquality of the resulting
welids are significantly affected by gas punty. The
reactive metals particularly can be degraded by gas
impurtics af a few hundredths of one percent.
Copper, carhon steel, and stainless steels cun tolerale
much higher levels of impurties with ne adverse
affects,

Purity of commercially available argon and

helium averages over 90.95%, and in some cases
exceeds 90.995%. Impurties in shielding guses
usually consist of water vapor, oil, oxygen, oI nitrg.
gen — usually from spurces other than the origing)
gas supply. Waler vapor or atmospheric gases can
diffuse through the hase lines, ar contaminants can
be drawn in at leaks in the lines. Tubing that is nog
susceptible to gas diffusion should be used te supply
shielding gas for welding of materials that are
sepsitive to impurities.

Shielding Gases for MIG Welding

The maost commonly used gases for gas metal-arc
welding are given in Table 4-31.

Initially, only argon, helium, or a mixture of
these inert gases were used for gas metat-arc welding,
Other pases were not considered. because the pri.
mury use of the gas metal-arc process was for weld.
ing the more reactive metals, such as aluminum and
magnesium, which require an  inert gas shield.
Teday, however, the process is used for welding
many metals thut do not reguire inerl-gas shielding.

Carbon dioxide shielding is widely used for MIG
welding of carbop end low-alloy &teels in conjune.
tion with deoxidized electrode. Its advaniage over
the inert gases is its lower cost.



All arc-welding processes require a continuous
supply of electrical current in sufficient amount
{amperage) and of proper voilage to mainlain an are.
This current may be either alternating (AC) or direct
(DC}, but it must be suppiied to the welding elec-
wode through a device that enables its precise con-
tro!. Only when the welding current is carefully
controlled ean the desired welding are characteristics
— and thus moximum welding efficiency -~ be
obtained. The conlrolling device is called & powser
source or welder. Current may be supplied to it
from ulility power lines, or developed within it by
generators or alternators driven by close-coupled
gasoline ar diesal engines,
~ Various types of puwer sources pirovide & runge
‘of voltage across the welding arc from 17 — the
minimum voltage {or starting an are — to approxi-
mately 45 volis. The currents supplied through the
power source may range frorn less than 10 amp to
1500 amp or more, the higher currents for
automatic welding.

For efficient welding, the power source must
permit control of the arc characteristics needed fora
specific job. [n one job, a forceful, deeply pene-
®ating arc may be required, while, in another, »
soft, less-penetraling ar¢ may be necessary ta avoid
burnthrouih. Electrodes are designed for various
welding positions and they help compensate for
power sources that have no are characleristic adjust-
ment, The welding process also dictates the type af
power source needed. Table 4.32 shows the power
tource requirements for various processes,

TABLE 4.32. Powoer Reguirements for Arc-Welding

Processes
Qurpat Typs uf
Pigcasy Charac 1eristlic Currant Polarity
Shiglosd meist-ars, | Varsble A&C or DO | DESP. DEAR,
BA% lunysten-are, vollage® ar AC
WOrmergad-arc
. Flusgored Coanglant: oo DCEP, DCAP
Y wid L g
Gus matalare Conulant- oc OCAFP
wolLage \

"Im tome dgiEbCdtrang, The sebmigcged arc procRE Lan Ui
rafrtanl voltege OO,

Power Sources

CLASSIFICATION OF POWER SOURCES

Pawer sources are classified according to the
type of current — AC or DC — and according w
their veltage output, which may be either viariahle or
eonstant. A further classification designates ths
melhod By which energy is supplied to the power
spurce — from a power line directly ar through =n
electric motor, or from a gascling ar diesel enging,

Whatever the typa of power source, it main
function is to supply the type of current needed far
welding. Afternating current direct from the power
line goes theough a transfornier in AC welders that
ullows centrel of the current. Thus, & simple AL
weldar is fed 290-volt single-phase cutreni the same
8z a kitchen stove, and & selector switch enabibes the
aperator to use what AC current he needs for thie
job — say, & 225.amp outpui for 3/16-in, electrudes
or 180-amp for 5/32n. elecirodes. A DC welder
also gives similar cantral of the cumrent. Direct cur-
rent is produced from AC line power by either usirg
the line power to run an electric motor that fumnsa -
DC generator (2n electric molor-generator sal) or
running the line power through a transformer and
then a rectifier {a rectifier set), Direct curzent may
also be produced by driving a DC generator with any
type of fuel-burning engine, such as a gasoline or
diesel engine (engine-driven-generator set). A Fuel.
burning engine may glso be used to produce AC
current for welding by using it to drive an alternatac
instead of a generator. Combination weiders, pro-
ducing both AC und DC, are basically transformer-
rectifier sefs.

Arc Welding machines of all types are ratesd no-
cording to their current output at a rated veltige
and uty cycle. This rating is geoecally set by mang-
fuciugers in aecordance with standards esbablishied
by the Notionul Electrieal Manufauturers A sl
tion (NENA), T'heaw slapdards are established on o
conservative bases, requiring a rating well below the
maximum overload capecity of the machine so that
it will provide safe pperalion efficiently over 1 lung
period of Lime.

Ratings are given with a percentage “duty
cyele.” The duty eycle of 2 welder 1§ the percentagz
of @ ten-minute period that a welder can operate at =
given oulput current setling. For exatnply, ¥ oz
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welidar js rated 300 amp at o 60% duty cycle, it
means that the muchine cen be operated safely o
400-amp welding current for & out of every 10
minutes. [f this duty cycle is reduced in actunl oper-
atinn, the maximum perniissible current is increased.
Thus, at 35% duty cycle, this same 300-amp
machine could be operated at 375 amp.

As noted previously, welders are classified as
myvariable voltage" (also called canstant.currant) or
“constant voltage.” A variable-voltage machine is
ane that delivers a current Lhat changes only slightly
with changes in vottage. A constant-voltage machine
is one that delivers cutrent with the voliage rising or
dropping only slightly with changes in current
output.
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Figure 4-3 shows a typical outpul cureve for a
variable.voltage welder. This type of output s used
Jor subnnerged-are, gas lungsten.are, and shietded

metal-are applications. Figure 4-4 shows typica! out.
put  charscteristics of a constant-voltage welder,
Here, the voliage in the constant-voltage curve (a)
rises slightly at.the low cutrents and drops at the
high currents. Most constant-vollage welders ars
designed with a small downward slope, 25 in cunve
{b), and have adjustments to increase the downwarg
slope, as in curve (c), Some welders have a fising
slope, as in (d), but this type of output is becoming
less common.

AC WELDERS

Transformer Welders: The transformer welder is
a voltage stepdown transformer thai changes high.
voltuge, low-amperage AC input current ta low.”
voltage, high-amperage AC welding current. Trans.
farmer welders usuvally operate on single-phace
power, Most AC power produced in the United
Slates s 60-hertz, and each time the polarity
changes thé voltage gees through zero, which tends
to creale an unstable condition in the are, Thie
problem, however, has been salved by designit
belter transient characteristics in the welder ang
better AC electrodes.

Transformer welders have controls to stabilize
and adjust the welding current. A system for con-
trolling the output current is provided either
through a series of taps into the secondary windings
or by & movable ar saturable rezctor in the autput
circuit. The taps provide step contrel, A reattor
prevides a continugus stepless control. Various
1ypes of starlers are used and some are equipped
with low-voltage contactors to reduce open-circuit

Fig- 45, A typcal smadl AL transtormer walder ler hghiduly and
limLed-service welding
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with these inachines ere optional aceessuries re-
quered for automatic welding, such as line contac.
tors, remote current cuntrol, and DC for contro!
power. With single submerged-are walding, single-
phase power is used. When two AC arcs are used, the
welders are connecied to 8 Lhree phess power
s¥stem to equalize the load, ‘Thres crayzionnqes
can be used with the primaries connected to the
three phase line and the secondaries connected
closed delta. Each transformer must have a separate
rezctor to adjust the welding current and the chase
angle between the arc currents. The Scott eorver-
tton -ean zls0 he usad. Two transformers with 4
penter tap connection On one primary ate connacoed
to a three phase power line, 'The unigue connectons

_ _ . between the two transformers establighes ihe proper
r:.:.;al-:;:m:::;c;:r EEEZ?:L'J?T;L.’?JZHZ‘L‘.‘I“ Inat supBlias AL cur phase relat[qu between the arcs, With tl.a.r_n Ll
trodes, it i3 necessary to have approzimately
90%.out-of-phase uperation to prevent Interactiont
hetween the electrodes thal would producs scveve
arc blow. Reactors are used Lo adjust the welditg
current. Details of the connection can be supplied
by the equipment manufacturer,

veltage when the machine s not operuting. Some
m:chines have an “arc booster' rhat gives an exlia
surge of current for a few seconds at the start of the
.. arc in arder to get deeper penetration et the begin-
r. ning of the weld. Most welding transformers can be
- equipped with condensers to improve power factor

and reduce the amount of input current used. TABLE 4.33. Typical Ratings and Outpuls for
For the inert-gas shielded arc welding processes, AC Variable Voltags Welders
transformer welders are equipped with necessary NEMA Ratifg Outpat
auxiliary controls. A device is required with TIC Aated Doty C;r:.l:t
welding to help establish and maintain the arc. Current At Cycla Ia:n:F
Smull, inexpensive transformer welders are armp) Vahigs %) —_
widely used o light industoy, maintepance work, 180 %5 0 30.180
and by farmers, Figure 4-8 illustrates a Lypical small 725 28 20 40-229
(225.amp) AC welder. Rotating the swileh at the 25Q n 30 30-300
center of the machine changes taps on the secondary 300 37 ) an-450
coil, which, in turn, changes the welding current. a0 36 50 .50
Small welders (1B0-amp or less) are available to 500 40 &0 60750
meet Rural Electrification Administration inpul re- 00 44 60 501 £50
quirements, ’ 3000 a“ 60 200-3 750
Transformer welders rated at 6§00 amp or more
gre ysed primarily for automatic wekling. Available Y Nowes IALE powss 13 gl phase

TABLE 4.34, Tygical Aatings and Quiputs for
Alrarnalur Welders and Aoxiliary Power Sources

 — —
NEMA Raluwy Output Enginn
Ratad Duty f 1P and
Curiant Are Cyeln Current Mumiber af Spyad
' lamp] Voltage 1%} [ampl Typa Cylindars {maml
130 AC 25 0 60-130" Variable-ugh Bge I 10.0
1001 3800 1 as00
225 AC 15 50 70.725" Varisble-voilaga 2 142
10491 5000 1 2200

* Wl o 1 L F OWREEE Qurgu T wien ULac o duailigh ¥ PUearer 1 Gurce
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Fig. 4-F. & tpgicsl indusiiial 1ypt AC three phase ingrt, DC outpun
wadipbile vollage waliler, Th hoavy duty walders e available in 8 wide
fange uf sizeg, vew Tabira 4.36,

Tahle 4-33 shows typival AC welder ratings and
output currents. A disadvantige of many trans-
furmer welders is (bat the ouiput current changes
witll & change in line voltage, In most shops this is
not a serious problem, but if the power-line voltage
regulation is poor, the welding may not be
satisfactory.

Alternatons: AC welding current can also be
obtained Irom Bn engine-driven alternator. A gasg-
line engine is usually used, and the engine-alternator
set serves holh as a portable webier and as an
auxihary power supply, Power autpul — 115 to 2303
volis AC— cap be used for lights, small 100ls, or 25 a
slandby energy sourge. A Lyjical machine iz illus.
traled in Fig. 4-6, Table 4-34 shows typical alterna-
tof Tatings and culpul eurrents,

OC AND AC-DC WELDERS

Transformer-Rectifier Welderes:  Hectifiers Tor
converting AC current to N have hoen developed
lo a slapge of elficieney and relinbility. A result of
this develupment has been the combination of a
rectifier with a transformer to form a DC welder.
Jarious semiconilucling materiuls have been used in
vurrent rectifiers, but, al the time of publication,
the silicon rectifier has replaced mmost other types in
vrelding machines.

[n principle, the single-phase rectifier wekier 1s a

TABLE 4.35. Typical Ratings and Cutputs for
T ransformer- Ractifier Weilders with Bath
AC and OC Variable-Voltage Quiputs

WREMA Rarting DOutput Currgnlt ]
Cruty 1
Currsnt Cvcla AL Dc

lamp} Woltage %) lampl lamp}

250 Y 0 30- 300 0250 |
300 1n a0 30-450 45.375
400 ) 60 46500 £0-500
S0C AL &0 50. 750 15625
&0 A4 1] L0850 FE. 750

TABLE 4-36. Typical Aatings and Outputs for
Three Phasa Transformer-Rectifiar Welders

MNEMIA Riting Curtput Currem
[ I Guty Dc O
Currant Cyele Curyant
lamp) Vol teg %} tamp] Typa
" o3 &Q 45- 378 | Varishle-vohage
KIL] 33 100 50- 325 | Constant-valtage
400 36 69 EQ- BOO W uriable-v0ilage
400 JE 80 EO- 500 Consiant-voliage
S00 40 a0 15- 680 | Wariabkewvoliage
G0 44 100 70- 750 | Constant-woliage
500 44 [Hi] 7H- 780 Variable-voltage
800 44 100 " { 1001000 | Constant-voitage

transformer welder with a8 rectifier added to obtain a
DC output. Adjustment of the welding current is
through the AC section, as deserihed for transformer
welders. The output characteristic can be either
constant or variable voltage. Welders buill especially
for gas metalare welding have adjustments for
changing both the slope of the putput curve and the
reactance in the circuit for better performance when
welding with short-gircuiting transfer.

Translormertectifier welders are often designed
with provisions for both AC and DC welding. These
power sources, called combination welders, are
especitlly vonvenient (or structural work where the
vertical welding is done by DC with ET018 elee-
trodus, and flt welding is done by AC with E7028
wlectrodes, Combinalion welders are alsu convenient
for gas tungsten-arc welding; AC is available for
welding atuminum, and DC iz available for welding
stainless and carbon steel. Table 4-35 shows typical
ratings und outputs for eombination AC-DC
transformer-rectifier welders.

Another lype of transformer-rectifier welder is
the step-down transformer, in which three- phase AC
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Fig, 4.8, An AC-DC wanstormercestles weldar designed for gas
lurgsten-are welding.

is fed ta vectifier units which, in turn, feed DC to a
single output circuit, The output can be either vari.
able or constant voltage, but only DC is available
since the AC is three-phase and cannot be used for
welding. Table 4-36 shows typical ralings and out-
Puts for three-phase transformer.rectifier welders.
See Fig. 4-7.

Making optimum use of some welding processes
may require thal accessory equipment be added to
the power source. This is especially tnze if the
Process is aulomaled. A good example is the AC-DC
transformer-rectlifier welier built for the gas tung-
slen-arc pracess, somelimes cilled a TIG welder. A
t¥pical machine is shown in Fig. 4-8.

This welder can be used for any process using
AC or DC variable voltuge, but the accessaries are
designed primarily for pas tungstensire. A high-

frequency voltage is superimposed an the oukput
voltage s that the sre is established without
touching the electrode to thy work. 'The high freq-

ency also stabilizes the arc by igniting the 6G-cycle
Current each time it goes through zero. The intensity
of the high-freguency voltage cin be adjustedd. The
welding current is mljusted electrically by a small
rheastal, and a provisien is made to connect a

Power Sources 4.25

remote current control, which enn be used to com-
pensate fur poor litup or far eruter Filling in criticad
welds, The current can be adjusted Lo u very jow
value — some.welding is done at less than 10 arp.
Solenoid valves start and stop the flow of cooling
water and gas. The gas valve has an electrome deiay
so that gas continues to NMow after the arc is extin-
guished ~— to protect the crater and eleclroda & om
oxidakion.

The transformer-rectifier welder has the zuae
disadvantage as the transformer welder. A change in
volizge on the transformer primary changes the
welding current. The transformer-reclifier shawn in
Fig. 4-8 has line voltage coinpensation to eliminste
the problem.

DC Cenerators: In the direct-Clirrent generator,
an armature rotates in an electrical field. Currsnt is
generated in the armature and is taken off for usc
through a commutator. The armature js related
either by an electric motoer or an internz!-
combustion engine. The speed of rotatiou of the
armature and the electrical design of the yeoerstor
change the output characteristics, The arc character-
istics of & generator can bu pregisely cantrolled. This
fact lends DC welding morg versatility than AC
welding. Polarily of the eluctrode can be changed
with a flip of a swilch,
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Fig. 49, Dutpul lor & DC geavaior walder huang adjusiment @
balh tihe st Snd swend felds Culput curves produced Ly sdpufing
the zeres lield are shoan o (a]) ourves procuced Dy adijusting the
i fiald are shawn in L],

The DC motor generator welder is driven hy AC
utility power. It can provide either variable or von-
stant volluge, or a single unit may provide bofh
types of oubput, The motor |2 usually a three-phase
induction motor.

The variable-voltage type ls a compound gener
ator with a series field that couses the voltage to
decrense as the cuprent i8 increased. Two =zdjust.
ments can be made to change the welding corrent;

1. Fat a given vollage, the outpul curtent can
be changed by adjusting the series feid, Thiz
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produces an output change as shown in Fig.
4-O(a), and is someltimes called the
Yeyrrent™ conlrol.

2. For a given current control setting, the out-
put can be changed by adjusting the shunt
field. This produces an wutput change as
shown in Fig. 4.9{L).

Combining both adjustinenis can produce out-
put characterisbics similar v these shown in Fig, 4-3
or 4-11. A typical molor-generalor welder is shown
in Fig. 4-10.

DC-generator power sources, in general, have an
adjustment thal can rovide gn oulput of the type
shown in Fig. 4-11. This vutput is highly suilable far
vertical and overhesd welding, where the operator
uses a whipping motion that alternately raises and
lowers the are voltage. With the flatter characteristic
shawn in Fig, 4-11, Lhere is greater change in current
for a given change in voltage than wilh the output in
Fig. 4-3. Since depnsition varies with current, the
weldor can wvary deposition und thereby exercise
more controb of the mallen puddle wilh the flatter
- output characteristic.

The constanb-vollige matur-generalor welder is g
compound generalor with v series field designed to
keep the voltage nearly constant within the current
capucity of the machine, as in Fig. 4-4(a). The slope
of the output curve can be changed by an adjust-
menl in the series field, as in ¢urves (b} and (c). In
some welders, an oulpul shawn by curve {d) can be
obtained. These welders are always used with auto-
mati¢ or semiavtomatic wire-feeding eguipment, and
the current is changed by changing the speed of the
wire feed. The arc voltage is changed by adjusting
the shunt field in the generator.
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Motor-generator welders that pravide both vayi.
able-voltuge and constant-voltage 2re gaining wider
ipplication, because they can meet a wide range of
process requirements. Varizble voltage 'is used g
manually tack weld &n assembly, and the welding is
then completed with an automatic or semisutamatic
process using constant voliage. Table 4-37 ehows
typical rotings and outputs for these motar
gencralor welders,

Every type of DC welder driven by an electric
motor can be duplicated with a gasoline or dicsel-
engine drive. On heavy.duty machines of 200 amp
and larger, the engines are liquid cooled. Ges engines
are gquipped with governors to maintain constant
engine speed and with idling devices to reduce the
engine speed when welding is not being done.
Machines with sircocled engines are avallahle for
light-duty work.

TABLE 4.37. Typical Ratings and Cuiputs for
Motor-Generator DC Welders

Aating CQulput
Duty Variabla- Congtani-
Currant Cychy WV cilage Voligge
[ampl Vallagm %] [ampl Inmp]
200 7B =) 30-300 PN
111 I 10 X A40-250
00 iz £ 4] 45450 -
X0 1z 61 60-376 63375
AlK) 1o [7a] B0 600 .
400 & &0 60600 63. 600
600 44 8]0 . A75 maa
B0 da 80 100900 1000 max
11HH 44 B 1250 raa




Diese! engines cost more Lhan gasoline engines,
but the diesel has several advantages. Diesel fucl
costs less than gasoline, is less hazurdous to handle,
and is consumed lass rapidly. Less maintenance is
reguired with diesels, and engine life is longer,

Multiple-Output Power Source: A multiple-
output pawer source is a single welding machine
capable of providing welding current to several
operators simultaneocusly. The use of such machines
is limited to manual welding where several operators
are warking in & relatively small area. Many factors
limit the economic use of these units; when an appli-
cation appeurs feasibla, the equipnient manu-
facturers should be consulted.

POINTERS ON SELECTING A POWER SOURCE

In selecting a power source, two important con-
siderations are its output capacity and its suitability
far the particular job.

The size or rated output of a machine reguired
for a given job depends on the thickness of the
metal to be welded and the amount of welling to be
done. If a conservatively rated machine, made by a
reputable munufacturer, s purchased, the selection
can be made with confidence on that rating. There is
no need to buy more capacity than will be required
by the job, Be sure, however, to check the duty
cycle. Machines with a low duty ¢ycle should be
used only (or maintenance or intermittent welding.
Continued operation of a machine beyond jts rated
capacity will shorten its service life. Of coursa, prop-
erly made and rated machines have large overload
capacity, which meuns that higher than nted smper-
ages can be used for shorter periods than the cated
duty cycle ullows,

In selecting the type of welder, un essential
consideration is the energy source availuble, Motor-
generator sels are generally available for only three-
phase utility AC power, but can be crdered to
different cycles and voltages. They are also available
far DC power. AC machines are generzlly available
for only single-phase power in various cycles, with
or without power factor carrection in the machine.
Fortunately, in most manufacturing, the source of
Power does not present a hmiting facter on the
selection uf a welder. The dectsion can be made on
the basis of which is the maost efficient and economi-
cal machine for u given joh.

Where utility power service is through a 3KVA
transfurmer on residentia! or rural lines, an indus-
tnial type AC welder cannot be used. Here, it is
recessary to use a limilted-inpul transformer welder,

Powvuor Sources 4.2-7

which is esigned so that no more than a specified
muximuin umount of input current (37.5 amp) can
be drawn,

The most important Factor to be considered in
selecting a power souree is performance — whal type
machine will do the job eastest and enuble Leller
welding to be done at lower costs.

There is one best way for every weilayg job,
Sometimes it is AC, sometimes it is DC., For one o4,
sensitive control may be reguired for maximiie
efficiency. For #nother, cerfain types of caniro's
may be unnecessary, & welder should L salected
therefore, uveording to the job to be dopa,

The following may be used a3 a guide to select
the proper power source based on the type of
current.

DC onty

Gas metal-arc welding

Flux-cored arc-welding
Exx10 type electrodes
Exx1§ lypa electredes

DC preferred ‘

Fast frecze applications
Fust tollow applications
Welding stainless steel
Nonfaryous electrodes
Surfacing with high alloy clectrodes

AC prelerred

Fast fil! applications
lron powder electrodes except out of
position welding
Where are blow is a problem
AC or DC depending on the application
(ias tungsten-arc welding
Submerged-arc welding.

The small transformer-welder shown in Fig. 4-8
s widely used on farms, in garages and small
machine shops, and by hobbyists. Qhviously AC is
not always the best type ot welding current for such
a wide variety of applications. However, the special
electrodes and eccessories developed for this type of
welder make it very versatile even though Jimited to
AC welding current. In this case, the selection 'of the
power sourca s based on low cost, low power input
requirements, and versatility rather than AC or DG,

if 2 job iz entirely downhand in heavy plife, gn
AC machine will be most efficient. It the job is
exclusively sheet metal welding, a DC machine wili
be most efficient, 1t the work is a combination of
jobs, involving out-gf-position welding, a5 well =s
straight downhand work, a combination AC.-DC
ntachine 15 the logical choice. These maclines ganbe
adapted to individual job reguirements. combinng
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larger AC cepacily with smaller DC capacity, or in
" any way that is required. For most manufacturing
situations, bBoth AC and DC are needed for maxi-
mum efficiency. The combination machine, there-

fore, is most efficient for general purpose welding. 1t
gives the weldor the opportunity to select for him-
self the type of arc and current he can use mast
elficiently lor Lhe job at hand.
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Typical gacinfi: 0f waldod high prassUie [ o g gus 0 ocessing pland, Mot 1he engine driven webding machinag



Carban and low-alloy stecls are the work-horse
materials for construction and transportation equip-
ment and for industrizl and consumer products of
many types. They cumprise over 30% of lotal steel
productinn, and more carbon steel B used in
product manufacture Llhan all other metals
combined.

Sections 6.1 through 6.7 discuss the weldability
of these impartant materials and the vartous welding
processes that are used for joining thern. Selection
and operational considerations for each process
include detaits on alectrodes, [iller wires, welding
techniques and procedures, process variables, gualifi-
calion requirements, welding equipment, fixtures,
and other necessary information for designers,
welding engineers, and weldors.

Most steels can be welded, but satisfactory jaints
cannat be produced in all grades with equal ease. A
metul is considered to have good weldability if it can
be welded without excessive difficulty or the need
foc special ond costly procedures and the weld joints
are equul in all nocossiry respects to a simtlar pieve
of solid melal. Weldability vames wilth the grade,
chemistry, and mechanical! properties of the steel,
and, when weld jolning is to be a major factor in the
attachment of steel parts, weldability should be
givenn proper atlenlion in specifying and ordering
materials for the job,

STEEL SPECIFICATION

Several methods are used to identify and specify
steels. These are based on chemistry, on mechaniczl
Eroperties, on an ability to meet a standand specifi-
£ation or industry-accepted pragtice, or on an ability
Lo be fabricated into & certain type of product.

Specitying by Chemistry

A desired compositian can be produced in one
al three ways: ta o maximum limit, to a minimum
limil, or to an scceptable runge.

Far economical, highspeed welding of carbon-
steel plute, the composition of the steel sholld be
within the “preferred-analysis™ ranges indiviled in
Table -1, If ong or more elements varies from the

b.1-1

Weldability of Carbon ang
Low-Alloy Steeis

TAGLE 61 Prolerred Analyses far Steels
Tu Ba Arc-Welded

Elamant Compastion % i
Preturcad High* i

Carban G.06 10 0.25 ] o
(EFL LT 0.35 10 Q. BO 1.50 ‘
Sihcon 0,10 or a2 4.4 J
Sulfur 0035 or ma Q{5 f
Phomhorus ¢ 030 o less # L3 ;

Addinmnd Corw M reguil 39 in s iding OF 10l oD iwning
thiss pmCuniy gf the albmgn Thiisd.

renges shown, cost-increasing methods ar? usually
required to produce good welding results. Thus,
steels within these ranges should be used whehever
eatensive welding is o be done unlass their proper-
ties do not meet service recuirements. Published
welding procedures generally apply to normel weld-
ing conditions and to the more common preferred-
analysizs mild steels. Low-hydrogen electrodes and
processes will generally tolerate a wider range of the
elemants than shown in Table 6.1,

If tha chemical specificution of a steel falls out-
sidé uf the preferred-analygis range, it is usuzlly not
necessary to use special welding procedures based on
the extremes allowed by the specification. The
chemistry of a specific heat, under avernge mill-
production voendilions, may be considerably ©2'aw
the top limits indicated in the specification. Tous,
for maximum economy, welding precedures fot any
type of steel should be based on actual rather thas
allowed chemistry values. A miil test report® vin be
abtained that gives the analysis of a heat ol.stech
From this information, a welding procedure ran be
established that ensures production of quality welds
at lowest possible cost.

Standard carhon and alloy steels are idenlified
by AIST (American [1on and Steel Institute}, S8AE

et

*a mill vt repoct o wsually Saved ono4 Ladle enaiyiis sod I an
avetage Tor an wnticy heat, Bloit low-carbon el ace rimmad steels,
widely wmed BeCawsm ol thetr swcellent fotming and deep~dzawipy
propeibioh. Th siglyiis of & rhnmed deel varas from the 9T Lok
wi I he Best ogat uf 4 3ngle heel eng aled fram the Wp Lo 13k e kol
wl o siiigle ot Thom, o mull beae pepodl iy o0 weatage amd ®ack b
inlegprabed da sugh,



1.2  Welding Carbon anid Low Allpy Steel
TABLE §-2. A13] Designiatian
System Jar Alloy Sweels
I_m}w A oarmste Allay I
Cariut Canbeny %)
13%X ERET N
AN X Ko d e 0
L] Cr (40 1,10, Ma 0 08-0.35
ATENX il G5 2.00:Cr 0,400 90 Mo 0 700 30
41KX Mo 0350 60
G X kWil 70 2.00: Mo 0 15.0.30
47N X B Q90 1 20; S Q 350 §5: Mo 0.15.0.50
P LS M35 15 M 0200950
BN Cr0300E0
H1XN Cr0.70 1,15
ES1 10X C1.00;Ce DBO-1.95
E&2 100 Cl0Q.CeDO0,15
GIAX Ce 050.170. Va U 100 15 |mun}
BEX X Wi QA0 0 70, Cr & 400 60 Mo O.15-0,25
HrXX Mr QA0 0 10, Cr O 40 0 6D; Mo 0.20-0.30
BRY X 0 A0 010 Cr 0 400 60: M e0.200 a0
r Si1502.20

{Sacicly of Auwtomotive Enpineers), or ASTM
{Amnerican Sociely for 'I'valing Malerials) designation
syslemns. In the commonly used four-digit system of
the AISI and SAE {Table 8-2), the last two digis
indicate Lhe middle of the carbon range. For
example, in grade 1035, the 35 represcents a carbon
range from 0.32 1o D.J3B%. The first two digits
indicale Lhese carbon steel grades:

10xx Monresulfurized
11xx Resulfurized
12xx Hesullurizigt and rephosphorized

A prefix “B" indicates an acid buessemér steel, an
"E™ indicales an electric-furnace steel. The E steels
are usually alloy or stuintess-sbeel gead es. Steels with-
out a prefix designalion may b’ produced by basic
open haarth, basic oxygen, ur electric-furmauce
melhaods,

The letter “'L" between the second and third
digits indicales a feaded steel. The letier "B in the
same position designates a boron-treated steel. The
suffix. “H" refers Lo steels specially produced Lo
narrow chiemical and hardenubilily mnges.

These four-digit ALSD or 53AE standard steel
- dustgnulions apply prineity Lo shee, strip, and bar
products. ASTM spocifications apply to most plates
and struclural shajres,

Soumwe of the commonly specified elements and
their effects on weldability und other characteristivs
of stegls Tollow:

Carbon is the pripcipal haedening element in
tleel. As carben contenl increases, hardenability and
1oasile steenglh increase, and ductility and welda-
Biiity decreasn. Tn sivcls willi w carbon conlent over

0.25%, rupid cooling from the welding temperature
may prikluce a hard, brittle zone adjacent to the
welld, Also, if considerable carbon is picked up in
the weld puddle through admixture from the matal
being welded, the weld deposit itself may be hard,
Addition of small amounts of elements ather than
carbion can produce high tensile strengths without 4
detrimental effect on weldability. In general, cartbon
content should be low for best weldability.

Murtpunese increases hardenability and strength,
but to a lesser extent than carbon. Properties of
steels containing manganese depend principally on
carbon contant, Manganese content of less than
0.30% may promote interna! porosity and cracking
in the weld bead; eracking can alse result if the
content is over 0.80%.

For good weldability, the ratio of manganese to
sulfur should be at least ten te one. If a steel has g
low manganese content in combination with a low
carhon conlent, 1t may not have heen properly
depxidized. In steel, manganese combines with
sulfur ta form MnS, which is not harmful. However,
a stee] wilth 2 low MnfS ratio may contain sulfur in
the form of FeS, which can cause cracking {:.
“"hot-ghart' condition) ins the weld.

In general, manganese increases the mile of
carhon penetration during carburizing and i5 bene-
ficlul to the surfdce finish of carbon steels.

Sulfur increases the machinability of steels, but
reduces transverse ductility, impact toughness, and
weldability. Sulfur in any amount gpromotes hot
shortness in welding, and the tendency increases
with increased sulfur, It can be tolerated up to
about 0.035% {with sufficient Mn), over 0.050% it
can cause Beriouts problems. Sulfur js also detri-
menial to surface quality in low-carbon and
low-manganese steels.

A common cause of poor welding guality that is
not apparent from analyses made in the usual way is
segropated layers of sulfur in the form of iron
sulfide. These layers, which cause cracks or other
deflvets at the fusion line of an wre-welded jaint, can
he deteeted by examination of a deap-etched cross
section as illustrated in Fig. §-1.

; : - -

Fig 1. Sullyr segrégations. Dark hnes in giched saclion ndicaie
aieas o high sulfur conceniraion.
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Silicon i3 a deoxidizer that s added during the
making of steel to improve soundness. Silicen
increases strength and hardness, but to a lesser
extent than mungenese. [t is detrimental to surface
quality, especially in (the low-carbon, resulfurized
grades. If carbon content is fairly high, silicon aggra-
vates cracking tendencies. For hest welding candi-
tiens, silicon content should not exceed 0.10%, hut
amounts up to 0.30% are not as serious as high
sulfur or phosphorus conlent.

Phosphorus, in large 2mounts, increases strength
and hardness, but reduces Juctility and impact
strength, parficularly in the higher-carbon grades. [n
law-carbon steels, phosphorus improves machina-
bility and resistunce to atmospheric corrasion.

As fur as welding is concerned, phosphorus iy an
impurity, and should be kept as low as possible.
Over 0.04% makes welds bectle and inereases the
tendency to crack, Phosphorus also lowers Lhe sue-
face tension of the molten weld metal, making it
difficult to contrel.

Copper imaroves atmaspheric corrosion resist-
an¢e when present in excess of 0.15%. { A minimum

- of 0.20% is usually specified for this purpose.) Most

curbon steels cuntajn some copper as 2 “taunp ele
ment," up to about 0.15%. Copper content up Lo
about 1.50% hus littla or no effect on the acetylene
or arc-welduhility of a steel, bt it affects forpe
weldability adversely. Copper content over 10.50%
may reduce mechanical properties, however, if the
sieel is heat-treated,

Copper content is detrimental to surface quality,
particularly in high-sulfur grades.

Specifying hy Mechanical Properties

The producer of steels specilied by mechanical
Properties is {ree Lo wlter the chemistry of the steel
(within limits) to obtain the required propertics,
Mechanical tests are usually specified under one of
these conditions: 1. Mechanical test requircments
only, with no limils on chemistry. 2. Mechanical
test requirements, with limits on one or more
elements.

Generally, these Lests have been set up according
to practices approved by the SAE {Saciely of Auto-
motive Engineers} or ASTR [American Society for
Testing and Materials) or to the requiremenls of
other authorized eode-writing organizations, such os
the ASME (American Society of Mechanical Engi-
neers) or the AP { American Petroleum [nstitute),

The mosl common bests are hend tests, hurdness
tusts, and a series of tensile tests thel cealuple
Modulus of elustivity, yield strenpih, and tensile
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strength  Seclion 1.2 discusses some of these tesis
and the properties they determine. BMetallurgical
tests are somelin®s uswl Lo mMeasute gran size,
tdecarburization, or inclusians, Other tests relating to
end-use requirgments, such os borst lests for pres-
sure tubing, may be ing¢luded in some specilications.

Most carbon steels are produced to standerd
specifications established Ly regulaling how  <on-
cerned with pubiic welfare and safety, The lasg ot
and most influential body of this bype is the ASTAL
Other major groups are the SAFR, the ASME, the
AAR [American Association of Railroads), and the
AWWA (American Water Works Associastion). ASTW
specifications are browd, covering reguiremenc of
many industrics. Most other groups prepare sted
specifications for the neads and inierests of hefr
particular industries.

Specifying by End-Product

Often more important than exact mechanwcal
properties ar chemical analysiz it the abdity of a
steci to be fabricated into & specific end produe:.
Fabricating operations such as welding or deep
drawing can change the as-detivered propcrties of a
steei, and more thab one chemical analysis or stecl-
making method can often produce a suitable
material for the product. Consequently, many flat.
rolled steel products such as plate, sheet, und strip
are specified to huve adequate preperties for
fabrication inte an “identified"” end product.

A specification for an identified end product
lefls the steel producer which fabrication processes
will be used, finish requirements, and the pmduct;
service requirements.

METALLURGY OF A WELD BEAD

The hLeat of welding brings about certain
changis, botl in the slructure of the steel bemng
welded and in the weld metal. Some of thesa
changes occur during welding: others, witer the
metal has cooled.

During welding, the temperature of the molten
weld metal reaches J0009F or higher. A short 2i-
tance from the weld, the Lemperature of the plate
may be only about 600°F, When the steel reaches o
exceeds certain critical temperatures between these
values, changes oceur that alfect grain structure,
hardness, and strength properties. These changes and
the temperatures ut which they occur are illustrated
by Fig. 6-2, 0 schematic diagram of a section through
a weld bead,
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The extenl of change in structure depends on
Lhe inaximum temperalure to which the metal is
subjeched, the length of tinwe the Letperature is sus-
tiined, the romposition of the mctal, andd the rale of
cooling, The prindipal factor thael contrels Lhese
changes is the amount afl heat that is put into the
plite — both from preheating and fram the welding
pricess.

Cooling rete affecls properties along wilh prain
size. Hapid cocling rutes produce stronger, harder,
and less ductile steels; slow cooling rates produce
the apposile properties, With low-carbon steels, the
relativel y small differences in cooling rates in nommal
practice have negligible effects on these properties,
However, with steels of higher carbon contents or
those with appreciable amounts of alloying
elements, the effect can be significant.

Halding the plate material at a high temperature
{(sbove the upper critical temperalure) for a long
lime produces a structure with large grain size.
During welding, however, the meta] adjacent to the
weld {Zone 3 in Fig. 6.2} is at the high temperatura
for a very shorl time, Thoe result is a slight decreass
in grain size and an increase in strength and hard-
ness, cornpared wilh the base metal.

In multipass weld joints, each bead produces a
grain-refining action on the preceding bead as it is
reheated. However, this refining is not likely to he
uniform throughoul the joint.

-’

CRACKING — CAUSES AND CURES

Except in some weld-surfacing operations,
cracks are considered deletericus. Cracking can
oceur either in Lhe deposiled metal or in the heal-
affecled zone of the base metal adjacent to the
weld, The major cuuse of ¢racking in the base meLal
ar in the weld metal ie a high carbon or alloy con-
lent that increases Lthe hardenability. High hardena-
bility, combined with a high cooling rate, produces
the brittle condition that leads to cracking. Gther
causes of weld cracking are: joint restzping "that
produces high streszes in the weld, improper shape
of the weld bead, hydrogen pickup, and
eontaminanis on the plate or electrode.

Factars Causing Underbead Cracking

Subsurface ctacks in the base metal, under or
near the weld, are known as underbsad cracks,
Underbead cracking in the heat-affected base metal
is caused by: 1. A relatively high carbon or alloy
rontent steel Lhat ig allowed to c¢ool too rapidly
from the welding temperature. 2. Hydrogen pickup
during welding.

Underbead cracking seldom occurs with the
preferred-analysis stecls [Table 8.1)., With carbon
steels above 0.05% carbon content and with the
low-alloy structurai-grade steels, underbead cracking
«an be minimized by using a low-hydrogen welding
process. The problem is most severe with materials
sech as the heat-treated structural steels having
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Cause wrnderbes cracking.

tensile strengths of 100,000 psi and highet. The dis-
cussions on specific steels include recommendations
for welding these materials,

The second [factor thalt promotes undetbead
cracking — the pickup and retention of hydrogen —
is 8lso influenced by the copling rate from the weld-
ing temperature. During welding, some hydrogen —
a decompasition product af moisture from the sir,
electrade coating, wire, flux, shielding gas, or the
surface of the plate — can dissolve inte the molten
wald metal and from there into the extremely hot
{but not malten) base metal. Il sooling occurs
slowly, the process reverses, and the hydrogen has
sufficient time to escape through the weld into the
air. But if coolting 15 rapid, some hydrogen may be
trapped in the heat-affected zone next to the weld
melat, as illustrated by Fig. 6-3. The hydropen is
absorbed and produces a condition of low ductility
known as hydrogen embrittiement.

One theory suggests that the hydrogen produces
a pressure, which — combined wilh shrinkage
stresses and any hardening effect from the chemistry
of tha steel — causes tiny cracks in the metal immed-
iately under the weld bead (Fig. 6-4). Similar cracks

Toe crack

Underbead crack

Fig. &4, Unaebead cracking ang ioe cracks cagsed by hpedoogen
pickyp n beanaffagted some of Loy
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thut appear un the plete sucfuce adjarent to the weld
ary called "toe crucks. ™

Slower cooling (hy welding slower, or by pre.
heating) atlows mare of the hydrogen Lo esczpe and
hulps control the problem. In addition, the usy of
low-hydrogen wealding materials elininates Bhe syaror
source of hydrogen and uwsually efimnlinies andee.
head cracking.

Rapid cooling rates osecur whuon the ore surikes
on a told plate — at the start of a weld with no
previots weld bead to preheat (he netal. The
highest cooling rates cocur on thick plate snd .
short tack welds. The effect of weld length on coal-
ing rate can be Wlustrated by the time required i
coel welds from 16009 to 200°T on 2 3/4-n. st
plate:

2-1/2in.weld ... ...... LEmn
din.weld ... ..., ..., Smn
Odn.weld .. .. ....... d3min

A %in.long weld made on plate at F0°F hay
about the same coaling rate as a 3-in, wetd on a plate
that has been preheated to 300°9F.

Welds with large cross sections reguire greater
heat input than smaller ones. High welding current
and slow travel rates recuce the fate of cooling and
decrease the likelihood of cracking.

The Effects of Section Thicknass .

in a steal mill, billets are rolled into plates or
shapes while red hot. The rolled members are then
placed on firishing tables to ¢oal, Because B thin
plate has more surface area in proportion o its mass
than a thick plate, it loses heat faster (by radiation}
and zools more rapidly.

If a thick plate has the same chemistyv as a thin
one, its slower cooling rale results in lower tensile
and yield strength, lower hardness, and higher clong-
ation. ln very thick plales, the cooling raie may he
sa low thal the properties of the steel may not meet
minimum specifications. Thus, to meel specified
yieit-strenglh levels, the mill increases the carbon ot
alloy content of the steels that are to be rolled intp
thick sections,

In welding, cooling rates of thin and thick plates
are just the opposite. Because of the larger mozrs of
plate, the weld area in a thick plate cools more
rapidly than the weld area in a thin ona. The hedt
input at the weld area is transferred, by conduction,
to the large mass of relutively cool steel, thus cagh
ing the weld area relatively rapidly. {teat is trons-
ferred more rapidly by conduction than by rudha-
tion.} The thin plate has less mass e ebsorl the
heat, and it cuwls at o slower ratie, The faster cooliag
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of the thicker plate produces higher tensile and yield
sirengths, higher hardness, and lower elongation.

Welds in structural-steel shapes and plate under
1/2-in. thick have less tendency toward cracking
thzn welds in Lthicker plale. Tn addition to the favor-
able {sluwer) cooling rate of thinner membuers, two
Gther factors minimize causes of cracking:
I. Thinper plate weldments wsually have a goodd
ratio (highl of weld-lhroat-to-plate  thickness,
2. Because Lhey are less rigid, thinner plates can flex
mare as the weld cools, thus reducing restraint an
the weld metal,

Thicker plates and rolled sections do not have
thuse advanlages. Because a weld cools faster on a
thick member, and because the thick membier prob.
ubly has u higher carbon or alloy content, welds on a
thick section have higher strength and hardness but
lower ductility Lthan similar welds on thin pletle. 1f
these properties are unacceptable, preheating
(especiully for the more critical roet pass) may L
necessary Lo reduce the cooling rate. (See Seclion
3.3 for a discussion of preheating. }

Beeczuse it jncreases cost, preheating should be
used only when nesded. For example, a thin web to
bhe joined to a thick fange plate by fillet welds may
not require as much preheat as two highly restrained

fa}

Fug. 86 In & restraned wonl anoahage plates (o, ald shoimkeeys Sirrsa
maist e laken up an the weld Separatiog the plaies wlh S0 wnes [}
Mlaws te plares 10 move shightly durning cohing The wares Flareen Le|
INEE s g sl & 1he $Tness loom 1he wetd netal

fa) /1\ P

Molten weld

Solid weld

, Fig. B-7, & ralian Gllet wealal fa) slares 10 soldily along the sides ne

10 N plate (b, Soldification proceeds as shown in (el Bnd db
. '

thick plates joined by a multiple-pass butt weld (Fi
6-5),

The Effect of Joint Bestraint _

If meinltometa]l contael exists betweean thic
plates prior 1o welding, the plates cannot move
the joint is restrained. As the weld coals and co
tracts, all shrinkage stress must be laken up in tt
weld, as llustrated in Fig. 8-6{a). This restraint ma
cause the weld 1o crack, especially in the first pa
on the second side of the plate.

Joint restraint ¢an be minimized by providing
space of 1/32 Lo 1/18 in. between the two membe
t> allow movemnent during cooling. Such spaces o
gaps can be incorforated by several simple mean

1. Soft steel wire spacers may be place
between the plates, as in Fig. §6{bh). TI
wire [atiens oul as the weld shrinks,
shown in Fig. 6-6{c). (Copper wire shou
not be used because it may contaminate th
weld metal).

2. Rough flame-cut edges aon the plate. T
peaks of the cut edge keep the plates apas
yvel van deform and flatten out as the we!
shrinks.

3, Upsetling the edge of the plate with a heay
center punch, Results are similar to those «
the flame-cut edge.

Provision four a space between thick plates to &
welded is parlicularly important for fillet welds.
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Fig. G 8. The leg dze and the suilace Of a concave Ll waid [a may
bu lerger than thai ol a comits bead (B}, bal s thrat, I. may be
consaar abily Sngther,

Fillet Welds: A molten fillet weld starts to
selidify, or freeze, along the sides of the joint, asin
Fig. 6.7, because the heat is gconducted to the
adjacent plate, which is at a mueh lower tetnprera-
ture. Freezing progresses inward unti! the entire
weld is solid. The last material ta freeze is that at
the centier, near the surface of the wald.

Although a concava fillet weld may nppear to be
larger than a convex weld (Fig. 6-8), it may have less
Penctration into the welded plates and a8 smuller

“throat than the convex bead. Thus the convex weld
may be the stronger of the twa, even theugh it
appears to be smaller,

In the past, the concave weld has been preferred
by designers hecause of the smoother stress flow it
uffers to resist a loud on the joint. Exnerience has
shown, however, that single-puss concave {illet welds
have a greater tendency to erack during cooling than
do convex welds. This disadvantage usually out-
weighs the effect of improved stress distribution,
especially in steels that require special welding
Proced ures,

When o concave head cuols and shrinks, the
Guter surface is in tension and may crack, A convex
bead has considerably reduced shrin kage stresses in
the surface area, and the possihifity of cracking dur-
ing cooling is slight. For multipte-pass fillet welds
anly the first pass need be convex.

When design condilions require conuive welds
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Mo rruded Oy backclraping 1]
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for smooth flow of stresses in thick plate, the first
bead {usually three or more passes are required)
shouid be slightly convex. The others are then built
up Lo the required shape.

Groove Welds: Tlie root pass of a grocve weld in
hewvy plate usually requires special welling proced-
urii. For example, the root pass an the first side of
a double-¥ joint is susceptible te cracking because
of the notch, as illustrated in Fig. 6-9{a), whichis a
crack starter. On high-quality work, this notch is
backchipped, as in Fig. 6-9(b), to: 1, Remnve slag
or oxides from the bottam of the groove.
2. Remaove any smell cracks that wsay have oceurred
in the root bead. 3, Widen the groove at the bottom
so that the first bead of the second side is large
enough Lo resist the shrinkage that it must withstand
due to the rigidity of the joint.

The weld metal tends to shrink in all directions
Bs il cools, and restraint from the heavy plates pro-
duces tensile stresses within the weld, The wictal
yields plasticelly while hot to accommodate the
stresses; if the internal stresses exceed the strength
al the weld, it cracks, usually along the centerdine.

‘The prablem is greater if the plate material hes a
higher carbon content than the welding electrode, 1f
this is the case, the weld metal usually picks up
addibional carbon through admixture with the base
melal, Under such conditions, the root bead is
usually less ductile than subseguent beads.

A concave rogt bead in a groove weld, as shown
in Fig. 6-10[a), has the same tendency towars crack.



Weiding Carbon and Law-Affay Steel

1] .
Eqﬁ A 450
. i
Carrect tneairagt —
Weid depih Weld wadth Weld depth Wyl wdth Carrect Incorrect
{2} fb)
Arc gouge internal~
/‘ 100 NA{ oW / crack
—
—_—

........

{d) .
fe)
‘ r Width -_.I Depth
Conecl Incarract

fe)

Fig 6-12. Imiernal Crathing can Decur whin webd peneiratioh is gragtas than wadin, Correct and incorrdcl propeor-
tors arg showe an Tal, [B), o o). A youpng @ Qrooys 0o Dy Tar s dapthe Oy Cagse a Similar internal crack
(a). Cracks can sisd ooe il when depthos 1o shallow Tel, Widih @1 o wield shoold nol exeapd Tevice its depth.

ing as il does in & fillet weld. Increasing the throzt
dimencion of the root pass, as in Fig. 8-10{L), helps
b prevent cracking. Electrodes and  procetdures
shunitled e wsegd thal praduce o convex beud shape. A
tow-hydrogen process usually reduces cracking
tendencies; if not, prehealing may be reguired,
Centerline cracking can also occur in subsequent
rasses of a multiple-pass well if the passes are exces-

sively wide or concave. This can be corrected by
putling down narrower, slightly convex beads, mak.
ing the weld two or more beads ‘u'r"id&,, as in Fig.
6-11,

Width/Depth Ratia: Cracks caused by joint
réstraint or material chemistry usually appear &t the
face af the weld. In some situations, hdwever,
internal cracks occur that do nol reach the surface,



Lamettar tearing

Fig. 6-13. Larmellar tawring [a) and a suggesied wciuton (bl

Ihese ara usually caused by improper joint design
{narrow, deep prooves or fillets) or by misuse of 8
welding process that can achieve deep penetration.

If the depth of fusion is much greater than Lthe
width of the weld face, the surface of the weld muy
freeze hefore the center does. When this happens,
the shrinkage forces act on the almost-frozen center
{(the strength of which is lower than that of the
frozen surface) and can cause a crack thal does not
extend to the surface. Figure §-12(a) is iHustrative

Internal cracks can also be caused by improper
joint design or preparation. Results of cumbining
thick plate, @ deep-pengtrating welding process, and
a 459 inciuded angle are shawn in Fig. 5-12(b}. A
similar result on a filet weld made with deep pene-
tration i3 shown in Fig. 6-12(c). A too-small bevel,
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and arc-gouging & groove loo nariow for its depth on
the sacond-pass side of a double-V proove weld, can
cause the internal crack shown in Fig, 6-12{d),

Internal cracks are serious Deguusa they cannat
be detected by visual inspection methods. But they
can be eliminated if proventive measures aire used.
Penetration and volume of weld metal depo.ited in
euch pass can be controllad by regulating weldm
specd and current and by using 8 juint design which
estahlishes reasonable deplh-of-fusion requirements.
Recommended ratios of width of cach individual
bend to depth of fusion are between 1.2 to t and ?
tir 1.

A different {ype of internal crack oceury in suh
merged-arc welding when the width-lodepth retic i,
too large. Cracks in these sa-valled “hal-shernes™
walds are especially danperous becouse radicgraphic
inspection may not detect them. The width to-depth
ratip of any individual bead should nobt s«ceed 213,

Lameliar cracking or tearing is illustrated in Fig.
6-13. In (a), the shrinkage forces un the uprighg
mewber are perpendicular to the direction in which
the plate was tolled at the steet mill, The inclusica,
within the plate are strung out in Lhe direeticn of
rolling. I the shrinkaga stress should becume high
enough, lamellar tear might accut by the progressive
cracking from ane inclugion to the next. A way to
prevent this is illustratad in Fig 6-13(b). Here, tha
bevel has been made in Lhe upright plate. The wald?
now cuts across the inelusions, end the shrinkaga
forces are distributed, rather than spplied to 8 single
plane of inclusions.

Observations an Factors Contributing to Cracking

Two articles'»* appenring in the Welding Journa!
in 1964 summarize several af the factors confirmed
by research as conlributory to weld cracking:

1. The contraction forces of multiple-pass
welds tend to cause separations in the base
metal and they generally increase with the
strengthh andfor haidenabillty of the [illsr
metal and base metals. Therefofe, scitsr
weld metal would tend to decrease not only
weld metal crucks but also hezt-affected
zone cracks and lamellar tenring,

2. The susceptibility to delayud cracking is
proportional ‘o the hydrogen content of the
welding atmosphere.

Viepperd Crocking Umdar Flndessd Contrachion: Comparisen of Wihi-
fng Prucauser © Teav, Barey, Moffal, wnd Adems, MIT. sfedang

Journal. Novcmobar, 1964

1"{1.-[“;':-1 Cruching m Sleel Weldmenis, ™ Tolomani: and Sieyge
Waldeng Jowrnal, Apral, [HEA,
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3. Greater ¢rack sensitivity j5 oxhibiled by
high-chenstry Duse metal and by heavier
plate thicknessas.

4. In general, cracking wil! initizle in the heat-
affected zone of the buse metal, except in
vuses where the weld metal is of higher
lLiardness.

5.With an open-arc ar even a shielded-arc
manual electrode, il cun be ussumed that in
hol bumid weaiher the are nlmosphere will
conlain more hydrogen as water vaper than
in cool, dry weather. Any tendency to mini-
mize the importence of preheat, of keeping
the joind hat, or possibly of postueat in hot
summer monlhs, could be at the ot of
vracking problems on heavy restiained
joints, This would be especially true if either
the weld melal or the Lase metal is hurden-
able hecause of alloy or carbon content,

Low heal input with intereruptions i the weld-
tig eyele Lends to appravate the prahlom.

_The welding pusition and ils infMuenee on bead
size, heat inpul, numbier of layers, ete., has a direet
inflnenee v the wacking tendeney. For example,
three-g'vlock prouve welds are more sensitive Lo
cracking than flat-position groove welds.

STEELS AND WELDING RECOMMENDATIONS

The Carbon Sieels

Classiticatiun of the curbon stecls s bosed prin-
cipally on corlwin content, The groups we: low-
carbon (tu 0.30% carbon], mediunvarban (0,30 to
2. 45%), and highwarben (tnore than £.45%) The
{irst group is sometimes subdivided iote the very-
low-carboie steels (Lo U.05%) and the mild steels
(0.15 o 0.30%). Standard SAE compositions of
carbon stecls, applicable Lo slruectural shapes, plate,
slrip, sheot, and welded tubiyg are listed in Table
6.3,

Mechanical properlies of hol-finished stecls are
influenced prncipally by chanical composilion
(particalarly curhon contenly, bul other foctors —
finishing teanperalute, sectiuu size, and the presence
of rosidunl elements — also affecl properties. A
df4-1n. plale, for example, his higher tensile praper-
ties andd Tower oengalion tao o 1-172-in. plale of
the same composition. This resobfts frum the higher
rale of rooling of the 3/4.in. plate from the relling
termperature. Typical tensile properties of hot-rolled
and  eold-linished  low-carbon steels are listed in
Table G+4.

TABLE 6-3. Compasitions of Carbon Steels

—

SAE Chamical Compayition Limi'ﬂl
Murnbwr [ Mn P, mad. L, me,
YOU 006 man, | 035 mav. | 0040 0050 |
HOO0E 008 max. | 0.250.40 0.040 0.050
1004 Q10 ma=, | 0.30-050 0.040 0.050
1Ha Q080,13 | 0.30-0,60 QoM 0,050
10811 0LR0,13 | 0600590 D.040 0.050
1817 QA0 15 | 0.30-080 0 G40 a.o%0
mz 011006 | 050089 0.040 0050
10148 013018 0,30-0.60 0.g40 0.03%
1016 C13Q1B | 080080 0040 0.060
hLI I 015070 0.30-0.60 0040 0.O%0
e 154 1] 06080 90 Q.0al 0.055
101% 015020 0.20-1.00 0040 0.050
1028 0.18.0,33 0.30-0.60 0.04% a.050
101 018023 | T60-0.50 0.0ad 0050
1027 018073 G.30.1.00 O 040 00530
102] QIO | 0MG 60 0040 0050
1025 L2078 0.30-0 60 00ad 0.050
1036 02207 | 0800BG O.040 0.050
1025 075001 G B0-090 0.040 O 0e0
1000 028034 0.60 080 0040 aos0
1015 X008 | 06008 £ Qa0 ¢.050
1007 * | 031038 | 070100 | 0040 0050
1038 Q30040 | 60080 0040 ¢.050
1038 Q37044 | 070100 0.gal 0.050
1044 QIF0 44 | 0DEDO S0 0.040 0.050
w042 0400 47 | D00 RO 0,050 0050
1043 0aD04Y | D7E1.00 0040 0.050
1044 043050 0.30-0.6% 040 0 oED
1045 043050 0 500,90 0.040 O O50
1046 043050 | 070080 0.040 Q050
1048 DA8-0%53 | 060090 | 0040 B.o%0
1050 CABQES | 060080 | 00ad 0.050
1053 LRAEDSES | 0.70-1 0O 0.040 0,050
1056 050060 | QEDO0a 0.040 0.250
1060 0550 65 0.60-0.90 0 D1 D00
1064 O E0.070 0.50-0 BO 0.040 0.030
106D LRI R ] 0.53-0.80 0 fan 0.050
L17A-] DB U.TS 0 a0-0rd 0.040 [eRaln]
1070 Das0.75 | 080090 0040 0.050
1074 Q.10-0.80 Q500 850 2.040 0 50
0E C.7T0-0.B0 | 0.40-0.70 O.0a 0.0u0
10 1 av2-0eS 0. 20-.60 Qe 0.050
1080 0.750H8 0 E0-0.80 0.040 0 05D
1084 0B 93 0.60-0, 590 0 D40 0.050
10HS ODBR-DY93 0.70-1.00 0.040 D05
108G OBOQEI | 030060 0ok 0060
1080 O@S4YE | 0.600%0 0.04a0 0053
] 9% | 090103 | 030050| o040 | 0050 |

Frownt thae 13 SEE Handoook. 5ome grpdas have wider (angsy when
Pl b vt Tur vt sl wad wemlded Iatng

Low-Carban Steels

In general, steels with carbon contonis o 0.30%
are readily leined by all common arc-welding
processes, These grades account for the greatest ton-
nage of steels used in welded structures. Typical
applications Include lanks, structural assemblies,
viessels, machine bases, earth-moving and agricultural



TABLE 6-4. Typical Minimum Mechanical
Properties of Carbon-Steel Bars

Weldability of Carbon and Low-Alfoy Steels

| Turuils I Yiwld
AlSHar Strangth Sirangth Elangation in
SAE No, | Condikan® | 1100 sl | (1000 psil 2 in, I%}
o1a HA 47 i Z8
GF 54 44 a0
1015 HR S0 8- 18
CF 11 a7 18
1020 HA 55 a0 5
CH 61 &1 18
1025 HR ] 2 5
CF 64 5d I5
103G HA 64 3a 26
CF TG &4 12
1075 HR 72 40 18
cr BO 67 12
1040 HHA L] 43 12
CF B85 H 12
104% HR Bz 45 156
CF =1} 7 12
1050 HA B0 50 15
CF 100 B4 10

© _HA = hoy rolled [ CF = cold haiLha.
Daty fiam ASM Melsls Handhooh, Bun £g , Waod- 1,

equipment, and general weldrnents.

Steels with very low carbon content — Lo 0.13%
— are good welding steels, but they are nel Lthe best
For high-speed production welding, The luow carbon
content and the low manganese content [to 0.30%}
tend o produce internal parosity. This condition is
usually cortected by madifying the welding
procedure slightly — usunlly by using & slower speed.
[f the presence of some internal porosity has no
detrimenta} effect on service requirements of the
assembly, standard highspeed welding procedures
can be usad.

Steels with very low carbon eontent are more
ductile and easier to form than higher-carbon steels,
They are used fur applications requiring consider.
able cold forming, such as stampings or rolled or
farmed shapes.

Steels wilh 0.15 to 0.20% carbon conlent have
excellent weldability. They seldom require unything
beyond standuard welding procedures, and they can
be welded with all types of mild-stee! electrodes.
These steels shou!ld be used for maximum produc
tion speed on sssemblies or structures Lhat requive
extensive welding,

Steels at the upper end of the low-carben range
—the 0.25 to 0.30% carbon grades — have very good
weldubility, but when one or more of the vlements
15 an the high side of permissible limits, cracking can

6.1-171

result, particularly’ in fillet welds. With slightly
reduced speeds and currents, any of the standard
electrodes can be used for these steels. In thick-
nesses 1o 5/16 in., standard procedures apply.

If some of the elements — particularly curbon,
stlicon, or sulfur —are an the high side uf the limits,
surfuce holes may form. Reducing current and speed
minimizes this problem.

Although most welding applications af these
steels require no prehealing, heavy seclions (3-in. or
more) and certain joint canfigurations may require 4
preheat. Less preheating is tequired when low.
hydiogun processes are used. In general, steels in the
(.25 tu 0.30% carbon range shoeulid be welded with
luw-hydrogen elecirodes or with a low-hydrogen
process if the temperature is below 509F.

rMedium and High-Carbon Steels

Becouse hardenahility of steel increases with
carbon content, the medium and high-carbon steels
serve where hardness, wear resistance, or higher
strength are needed. Important uses for medium-
carbon steels (to 0.45%) include weur plates, springs,
and camponenls for ailroad, esgriculturs], and
parthi-maving and materials-handling equipment.

Unfortunately, the same characteristics that
maka these steels so suitahle for use in rugged parts
and structures make them more difficult and costly -
to weld, The medium-cathon steels can be welded
successfully, however, provided preper procedures
and preheat and interpass lemperalures are used.
Sometimes, postweld stress relief may be requirad.

The high-carbon steely are almost always used in
a hardened condition. Typical applications are for
metalworking and woodworking Lools, dolls, dies,
and knives, and for abrasion-resistunl parts such as
plowshares and scraper blades. Bome farm equip-
ment is built fram rerolled rail stock (0.65% C),
which i5 welded in the as-rolled condition, using
preheating, inlerpuss heuting, and postweld stress
relief.

Haudness of these steels can range from dead
soft jn the annealed condition to Rockwell © G5
{with rapid quench trealment) for the higher-carbon
grades. Although un AIS[ 1020 steel can be made as
hard a5 Re 50, hardness is very shalluw. Increased
carbon vonlent incresses depth of hardening and
maximum attainoble hardness to about Re 65,
Alloying elements increase depth of hardening but
have jittle effect on maximum hardness possible.

It is advisable to make sample weld tests to
determine cracking tendencies of sleels containing
0.30% or more carhan. If such tendencies are gppar.
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ent, preheating of the steel miy be necessary to
retard the cooling rale from the welding iempera-
ture. Required preheat Llemperature varies with
analysis, size, and shapie of the steel and with the
amount of heat inpul from the welding provess, In
meneral, the higher the carhon or alluy content and
the thicker the plate, the higher the preheat Lemper-
ature needed to provide the slow cooling rate
required to prevent hardening. For shop ealculation,
a Preheat Caleulator — jvailable from The Lincoln
Electric Company at a nominal c¢ost — is & handy
toot for detenmining prehicat requirements of virious
thicknesses of commuon analysis sleels. {See Bection
3]

Use of low-hydrogen pirocesses can minimize the
Jegree of prehueating necessary 2ud, in 14-gage and
thinner materiols, ean vliminale lhe need for pre-
heating entircly. As a rule of thumb, preheat
temperalures used with low-hydrugen electrodes can
be 100 to 2009F lower thit those nowded for
elettrodes other than low-hydrogen.

AWS Structural Steels

The Americun Welding Society does not write
spocifications for struetural stee! but does recognize
nany stedls specified by ASTM, APl and AHS as
sititahle for welded struclures with the various are
welling processes. Table 6.6 shows a list of these
steels with the mechanical pronerly requirements
and the proper filler metals for welding. Since the
table does nol vontain the comptete mechanicu!
propoerty or chemical requirements it is sugpested
the reader consult the original specilication for fur-
ther information.

in general, these stevls have maximum linits on
cirbon sulfur and phosphorous. Manganese may be
speeified as & runge or in a maximum arnount, Smal)
ernounts of other alloys may be added in order to
mecl e mechanical projperty reguirements, All the
sizeds listed in Tubel 6-6 have satisfactory weldabil-
;' characteristics bul some may require special
proacedures or wehnigues, sueh gs limited heal input
or minimum preheat and nlerpass lemperatures,
So11¢ siructural steels we not inlended for arc
wellding. For example, A440 s intended primarily
fur vivited or bolted structures, see Table 8.5,

*

High-Strength Low-Alloy Structural Steels

Higher mechanical properties and, usually,
better corrpston resistzance than the structural car-
bon sivels are characteristics of Lhe high-sirength
low-allay (HELA) steels. These improved properties
are achieved by additions of smal! amounts of alloy-
ing ¢lements. Some of the HSLA types are carbon-
manganese steels, others contain different alloy
addilions, govertied by requirements for weldubility,
formability, toughness, or economy. Strength of
these steels is between those of structursl carbon
steels andg the high-strength guenched-and-tempered
sieels.

High-strenpth low-alloy steels are usually used in
the as-rolled condition, although some are avajlable
that require heat treatment after fabrication. These
steels are produced to specific mechanical-property
requirements rather than te chemical composilions.
Minimum mechanical properties available in the as-
rolted condition vary among the prades and, within
most pgrades, with thickness. Ranges of properties
available in this proup of sieels are: '

1. Minitmum yield point from 42,000 to TD,D{]P

pai. i
2. Minimum tensile strength from 60,000 to
85 000 psi,

3. Resistance to corrosion, classed as: egual to
that of carbon steels, twice that of carbon
steels, or four to six times that of carbon
sLeels,

The HSLA steels are svailable in most com-
mercial wrought forms and are used extensively in
products and structures that reguire higher
strengih-to-weight ratios than the carbon structural
steels offer. Typical spplications are supperis and
panels for truck bodies, railway cars, mabile homes,
and other transportation equipment; conponents
fur tructors, threshers, fertilizer spreaders, and other
agricultural machinery; materials-handling and stor-
age equipment; and buildings, bridge decks, and
sirtlar structures. -

'Phe high-strength low-alloy sieels should not be
confused with the high-strength quenched-and-
tempered-alloy steels. Both groups are sold primarily
un & trade-name basis, and they frequently share the
sarne lrade-name, with different letiers or numbers
Leing used to identify each. The gquenched-and-
lempered steels are full-alloy steels that are heat.
triated ab the mill to develop oplimum properties.
They are generally martensitic in struclure, whereas
the HSLA steels are mainly ferntic steels: this is the
clue to the metallurgical and fabricating differences



TABLE B-5. Specifications lor High-Strength
Low-Alloy Seyeh

SpecHication

or Praclice Cavarags

ASTM
A 242 47000 10 S0000pt yieldpoint iteeds wath
almoypheric corrouon 1exkitancy squil 0 heicy
{wth coPper] ar low oF Mmore times thar at stryge-
tural carbon sleels The Mors carrasion resistant

gracus aim used 2 “wedlhering sremls

Cold rolled sheers prd Strip with 45,000-psi vk
Point; Sumlar i many JeS0ects o A M2

A-J7d

A-dTh Hat-relled shents snd strig with 50 000 pgi yierd

paing; gimular in many T9SpeCcs o 8242,

A-ddD Ingrmdfidin-mangenedd  steels wath 32000 10
50,000-psi yixld ppintd Copper sddifians provads
atmotph®ic Coiromgn resislancy govbia that ol
carban simel. Good abrasion retstante; only tair
wealdability. Used primanly foe rivatod or ol

producrs i

Manganess-vanadiym Stéms with 40000 1o
5000055 viekd pownts. Coppar sddilions pravide
amoahere cotrapon Fesistanca double thar o!
carbon stmel. Lowar manganese and  cirbon;
therglory, improved weldatility over A-340 sz

A-da]

ALT2 Calumbium-vanadium-Mirogen gradid with iz
yild pamnts fram 42.000 (o 65000 pii. Grades
wilth coPpEr achimand lor improved stMagshene
COIFGLGA FesIstance ard 2vailable. Modihicatians
high in columbyon inay  hgvw wscellent o
LlEmparalude notch (gughness whan padoced 1o
ling grein practice 1Dy roller guenching or
Aormahzingl,

A-SRA Simlar in mast ceppecls to A247 Eleals gxcapl
that a 50,000 psi yinld point minemg m s provided
up 1@ 4 . thick amef mmaterial up o & in, thick
angd o caveded in the 180 Hication, Hsk Four pme
the JmCAphenc corrolon repptanck Of Carbon
stagl

SAE [Recommended Practice =~ nat a sproddicetiant
J410h Govers 8l major HSLA typed, wath yinld sirengths
trgeny 42000 to 70000 psi. Unlike ASTM, S5AE
Qiwgs Qredter atteauan 10 larmabihty, ooghnet,
and wildility, Howivid, ASTM goact @ive wider
coveragf OF mol lorms and |Wrger  section
thicknpiess.

Don
Mil-5- 78054,
{May ], 163)
Mil-5.1 12818
101, 10, 1966)

Cowers MSLA migefs w1 bars, shapes sheers, strip,
and plates. .
Covars carbon, alloy, g HESLA sipnls {or eeeldd pd
SIS ur Bh

Lourea: ' High-Strangeh L ow Aoy 5 les i, HIChie Desagn,
Favo 17, 1972

between the two types. In the as-rolled condition,
ferritic steels are composed of relatively soft, ductile
.‘unstituenu: martensilic steels have hard, brittle
<onstituents thal require heat treatment Lo produce
their high-sirength properties.

Strengih in the HSLA steels is achieved instead

Weluability of Carbon and { ow-Alloy Steels 6133
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by relatively small amounts of alloying elements dis-
solved in a ferritic structure. Carbon content rarely
exceeds 0.28% and is usually between 0.15 and
0.22%, Munganese content ranges from D.85 to
1.60%, deperding on grade, and ather alioy addi-
tions — chromium, nickel, silicon, phosphorus,
copper, vanadium, coelumbium, and nilrogen — are
usedd in amounts less than one percent. Welding,
forming, and machining characteristics aof mast
prades do not differ markedly from those of the
low-carban staels,

T be weldable, the high-strength steels must
have enough ductility to avoid crucking from the
rapid’ cooling inherent in welding processes. Welgl-
able HSLA stesls must be sufficiently luw in carbon,
manganese, and all “'deep-hardening” elements to
gnsure Lhat appreviable amounts of martensite ae
not formed upon rapid cooling. Superior sirength is
provided by solulion of the alloying elements in the
ferrite of the as-rolled stesl, Corrosion resislance is
also increased in certain of the HSLA steels by ihe
ailoying additions.

Addition of a minimum of 0 20% copper usually
produces steels with aboul twice the almospheric
corrosion resistance of structural carbon steels.
Steelsy with four to six times the atmospheric cor-
rosion resistance of structural carbon steels are
cbtained in muny ways, but, typically, with addi-
tions of nickel and/ar chromium, olten with more
lhan 0.10% phosphorus. These alloys are wsaally
used in gddition to the copper.

Standard specifications or recommended prac-
tices covering the major types of HSLA stvels are
availabte from the American Soelety for Testing and
Materials, the Seciely of Automotive Engineers, and
the Department of Defense. These standards are
summarized in Talle 6-5.

Qther standardizing organizations such as the
Ameriopn [nstitule of Steel Consteoection, The
Anerican Association of Railroads, and the Depart-
ment of Transportation have established specifica-
tions or practices for the use of HSLA sleeis in
certain indusiries and applications.

ASTM's specifications are oriented principally to
mill form and mechanica! properties; SAE's recom-
mended practices include, in addition, information
on fabrication charactoristics — towghness, welda-
bility, and formahbility.

ASTM Specifications

Five ASTM specifications cover the high-
strength low-alloy structural stegls. They are: AZ4
AddQ, Addl, AST2, and AH88. Table 6-6 lists the
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TABLE 6-6. Minimum Mechanical Prgperties for ASTM HSLA Steels Approved for Use hy AISC Specifications tar the
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mechanical properties of thess steels, Specifications  conditions under which the welding will be done are
AJT4 and A3TS cover similar steels in sheet and  known.

strip form., . .

ASTM A242 covers HSLA structural steel
shapes, pilates, and, bars for welded, riveted, or
bolted construction. Maximum carbon content of
these steels is 0.24%; typical content is from ¢.09 to
0.17%. Materials produced to this specification are
intendad primarily for structural memlbers where
light weight and durability are important.

Some producers can supply copper-bearning steels
(0.20% minimum copper) with about twice the
atmospheric corrosion resistance of carbon steels.
Steels meeting the general requirements of ASTM
A243 bui modilied to give four times the almos-
pheric corrasion resistance of structural steels are
als availabte. These latter grades — sometimes
called “'weathering steels” — are used for architee-
tural and other structural purposes where il is desir
able to avoid painting for either esthetic or
economic reasons. .

Welding characteristics vary according to Lthe
type of steely, producers can recommend the most
weldahte material and offer welding advice if the

-

ASTM A440 covers high-strength intermediate-
manganese copper-bearing HELA stecls used princip-
ally for riveted or bolted structures. Thesa steels are
not generally recommended for welding because of
their relatively high carbion and manganvse contents.
ASTM Ad40 and its cornpanion, Ad41, have the
same miniimuwm mwechanical properties as A24%.

ASTM A44Q steels have about twice the atmas-
pheric corrasion resistance of structurnl carbon steel
andd very good abrasion resistance. The high mang-
annse content (typically, sbout 1.45%) tends to
cause weld metal to air harden — a condition that
may produce high stresses and cracks in the weld. It
these steels must be welded, careful preheating
{higher than for A441) is necessary.

A5TN Ad4! covers the intermediate-manganese
HSLA steels that are readily weldable with proper
procedures. The specification calls for additions of
vanadivm and n lower mangoanese coatent (1.268%
maximum) than ASTM, A0, Minimum mechanigul
properties are the same 25 AZ42 and A440 steels,
except that plates and bars fram 4 to d-in. thick are
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coverad in Ad4l,

Atmosphitic corrosion resislance of this steel is
approximately twice thal of structural carbon steel
Another property of ASTM  A441 steel is its
superior toughness at low temperatures. Only
shapes, plates, und bars are covered by the specifica-
tion, but weldable sheels ang strip can be supplied
by some producers with approximately the sume
minimum mechanicat properties.

ASTM AS7L includes six grades of high-strength
low-elloy structural steels in shapes, plates, amd hats,
These steels offer a choice of strenglh levels ranging
from 42,000 te 65,000.psi vields {Toble §-£). I'rw-
prietary 1SLA sieels of this Lype with 70000 wuid
75,000-psi yield points are also evailable. Increasing
care is reguired for welding these steels as strength
level increases.

AbT2 steels are distinguished from ather H5LA
steels by their columbium, vanadium, and nitropen
content. Copper addilions above a2 minimum of
0.20% may be specified for almospheric corrosion
resistance aboul double that of struclural carbon
slrels.

A supplementary reguirement is includea o Ui
specificalion that permits designatling the specific
allaying elemenls required in the steel, Examples are
the Type 1 designation, for columbium; Type 2, fur
vanadium; Type 3, for columbium snd vaeodivng
and Type 4, lor vanadiumm and aftrogen. Specific
grade desimations must accompany ihis lype of
requirement.

ASTA ASEE provides fur a steel simnilar in most
respicls Lo AZ42 weathering sleel, except thul the
50,000-psi vield point is available in thicknesses to
at least 4 in.

SAE Specifications

High-strength low-zlloy slevls are alsp covered in
the SAE Recommended Practice J210b. This is not
a standard. Rather, it is a recommended practice — a
guitle or memormdum from BAE toils members Lo
help standardize their engineering practices. SAK
4410k was written long befure most of the HSLA
stecls had ASTM specifications. Its conlent is more
gemendl Lhan the ASTM doguments, and its inlent s
1o guide materia) selection in the light of fabrication
requirements. Now Lhat ASTM has defined almest
alt of the HSLA steels in standard specifications,
SAL J410b is seldom used as a material specifiva-
Lion. But the SAE document is still valuable as a
general guide to using the HSLA steels,

The 5AE document addresses itself pnmarily to
Lthe specific needs of Fahricators of sutomohiles,

1ABLE 6.7, Mintmum Mechanical Propearties
for SAE 42106 HSLA Steels

r intd
Tanila Sirangth Elangarion (%]
Grade, Form, Strangih L 0.2% Ofleat
ared Thickngs (1000 pal) | (100D psll | 2 &n. Bin,
945 4, C
Shaewr, strip &0 45 rrd
Piate, bar
Ta 1/ in, 65 45 iz 18
142 ta 1-1S2 jn. 62 42 24 14
L 1-1/2 10 3 i, 52 4% 24 189
950 4 B C, D
Shear, strip m 50 22 e
Flaw, bar
To 12 in, 70 EQ 22 8
12 1-1/2 In, &? 45 24 19
1-1/2 In. 1o 3 in. 63 427 24 19
G5+ 63 45 22 18 4
950X + 65 =0 2 1B
55X 70 &5 t
9R0X 75 B0
O5A X Bo G5
970X g5 m {

= To /B in- thick, .
trucks, trailers, agricultural eguipment, and a'u.‘lcraft.
This is why SAE J410b does not cover the thick
plates and heavier structural shapes. Minimuem me.
anical properties of commonly used sleels covered
by SAE J410b are listed in Tahle 6-7.

For mechanical-property daia on malerials
thicker than those listed in the table, suppliers
should be consulled. SAE J410b high-strength low-
alloy steels may be specified as annealed, normal-
ired, or otherwise specially prepared for forming.
When this is done, mechanical properties are agreed
uncn between supplier and purchaser.

Ezch prade has chemical composition limits o
contre] welding characteristics in a manner simila
te ASTM designations. Takle 6-8 lists relalive farma.
hility, weldability, and toughness of the J410b
sleels,

TAELE -8B, Fabrication
Characteristics of SAE J4100 Sigalt

|_ F ormabifity

Waldabllivy Toughns
D45A 5454 a48a
Sh0s 8504 BHOA
Ba5C, 945X A500 508
U500, 950X Bdhx 8500
qas0D 9S0E, &30X 45X, 550X
TN 945 | G450, BEOC
L a50C .

Alloys arp IFS1ea in Ofcer 4f gEErEaLing e cllance. moit 1G/m-
Hbia. ol eigabie, Bnd oughkkl siloys m1 The (0.

Sourte; Machine Dhediym Matsh Relwrpncs Mavn, Due. 14, 1957,



Grate 945A has excellent arc and resistance-
welding characteristics and the best farmability,
weldability, and low-temperature noich toughness.
It is available in shesots, strip, and light plate,

Grade 945C is a curbon-manganese steel with
satisfactory arc-welding properties if proper proced-
ure; are used to prevent hardening of the weld
metal. Moderate preheat s usually required, especi-
ally for thick sections. It is similar to Grade 950¢,
but has lower carbon and manganese content to
improve arc-welding characteristics, farmability, and
low.aemperature notch toughness, at some sacrifice
in strength.

Grade 945X is o columbivm or vanadjutn-treated
carban-manganese steel similar to 945C except for
improved toughness and weldability.

Grade 950A has good weldabilily, low-tempera-
ture notch Loughness, and (ormability. It (s normally
available only in sheet, strip, and light plate.

Gratle 2508 has satisfactory arc-welding proper-
ties and fairly good low-lemperalure notch
toughness and formability.

Grade 9500 s n carbon-manganese stesl that can
% be arc welded |f the cooling rate is contrelled, bul is
# unsvitable for reskslance welding. Formability and
toughness are fair,

Grade 950D has good weldability and [fairly
goud formability. [ts phosphorus conlent reduces its
low-temperature properties.

Grade 350X is a columbiun or vanadium-treated
carbon-munganese steel sunilur to 9500 except for
somewhont improved welding and forming properties.

Several other grades are also covered by SAE
J410b = higher-strength steels that have reduced
formability and weldability,

Modificationy of standard SAE-grade designa-
tions are also awsilahle. For example, fully killed
steels mode to fine-grain practice are indicated by
the suffix “K." Thus, 945AK is a fully killed, fine-
grain, HSLA steel with maximum ladle analysis of
0.15% carbon and a yield strength of about 45,000
pst. All grades wade to K practice may not be avail-
able from all suppliers. This fine-grain practice is
usually specified when low-temperature notch
toughness is important,

Stevls designated by the suffix "X centain
strengthening elemints, such 8% columbwm or
vanadivem [with or without nitrogen) added singly or
tn combination. These are usually made sein-hilled.
Howaever, killed stecl may be specified by imlicating
both suffixes, such as SAE 950XK,

Available HSLA-stvel grades aften have chamc-
teristics «n excess of the specification mimmums.,
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Literature from producer companies conlains infor-
mation on physical and mechanical properly ranges
and sugyested fabricating and welding praclices.

High-Yield Strength Quenched-and-Tempered
Alloy Steels

The high-yield-strength quenched-and-leinperad
construction stegls are full-alloy stewls thal age
treated ot the steel mili to develop optimum proper-
ties. Unlitke conventional alloy steels, these grades
do not tequire edditional heal treatmenl by the
fabricator except, in some cases, for a stress relief.

Thewa steels are penerally low-carbon grades
{upper carbon limit of ahout 0.20%) thuat have
minimumm yield strengths from B0.000 to 125000
Pl

Some high-yield-strength grades are alsn avuil-
able n mbicasion-resistant modifications (Al steils),
produced to a high hardness. Although these steels
can have yield strengths to 173,000 psi, hardness
{up to 400 Bhn} rather than strength is their key
characteristic,

The high-yield-strength quenched-and tempersd
alloy sicels are used in such widely varying appliea-
tions as hoist and ¢rane camponents; end, side, and
hottom  plates for ore and waste-haulage cars,
hopper cars, and gondolas: pressure hulls for sub-
marines; and companents for dust-collecting equip- .
ment. The AR [abrasion-resistant} maodifications are
used in opplications requiring maximum resistance
to abrasive materlals — in chutes, hoppers, and
dunip-truck beds, for example. In such uses,
strength properties are secondary and are not
usually specified.

Good toughness can be combined with abrasion
resistance in these stecls, For use in buckets, outter
bars, seraper blades, and impact plates. However, the
mosl abrusion-resistant grades sacrifice impact
sirength to gain maximum wear resistance.

HY Stoagis

An important group of high-yield-teength
quenched-and-tempered steels is the HY steels. The
most common and maost available of these s HYED,
which has a minimum yield strength of 30,000 psi.
Higher-strength grades are HY 200, HY130, [1Y150,
and HY130. Availability of HY steels with yield
strengths above 190,000 psi was Bmited at the time
of publication, but considerable development work
was heing done on these materisls and availability
was incressing.

HY30 15 commonly avaisble in plate form.
Howeyer, it can also be obtained in beams, channels,
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angles, and tubing. Strength and toughness of HY 80
sleel and its ability 1o be welded funder carefully
controlled conditivns) yualify 1t for use in eritical
applications such ns pressure liulls far submarncs
and deep-submergence rescarch and rescue Vessels.
The higher-strength HY steels will probably also
gualify for the same types of applications after suffi-
cient Lesting has been done to delermine their
reliability in welded structures.

Mechanical properties of these steels are
influenced by section size. Carbonr content 1s the
principal fsctar that determings maximum atiain-
ghle strength. Most slloying eluments make 2 small
contribution Lo strengih, but thelr dominunt effect
is on hardenability — which determines the maxi-
mum thickness or depth of steel that can be fully
hardenad on quenching.

HYHED iy normally supplied to the toughness
requirements of MIL-5-16216, In plate 1/2 1o
1-172-in, Lthick, 50 fi-1b of impuct energy alsarption
is reyuired at minus 1209F with a lungitudinal
Charpy Veonoleh specimen,

A typical value for ihe ductile-to-britite transi-
tion temperature of a 100,000-psi steel in 1/2-in.
plate is minus 1B09F, as determined with both
longitudinal and transverse Charpy V-notch
Specimens,

Many of the high-yield-strength steels are avail-
able in three or four strenpth or hardness lavels, The
Jdifferent lavels are ychieved by variations in carbon
and allay contend, lempering temperature, and
tempering iune.

In general, the 100,000-psi steels have fatigue
strengths in the 50,000 to 70 000-psi runge in rotat-
ing-beam tests. lligher-strength grades have higher
endurance limils — aboul GU% of ilheir tensile
strength,

The compressive yield strength of 100,000-psi
sleels 15 usually about the same as Lensile yield
strenpih, Shear strength generally runpes {rom about
BS to 100% of the lensile yleld strength.

ASTM Specilications

Two plate specifications, ASTM ABL14 for
welded structures and AS17 fTor boilers and olher
pressure vessels, allow for the effecl of seclion size
on yield strength, tensile strength, and ductility.
ASTM AS14 requires ¢ minimum yield strength of
100,000 nst for malerial up to 2-1/2-in. thick, and
490,000 psi Tur materal from 2-1/2 to 4 in. thick.
ASTM AB1T requires uniform yield strengths of
102,000 psi for al! materfal up te 3/M-in. thick.
Tepresentative trade names of the 4514 and ALR1T

TAHLE 6.9, Aepresentative ASTM AB14/517 Stesls

Producar Trada Nama
Larnca Stewl Coip. 55100
£55-1004
555108
B thix furm Siee) Corp. RO-1004, AQ1D0
AQ-1006

Gireal Lukey Strel Corp. ang
Phoenix Sieel Corp.” N-&XTHA 100

MN-A-XTRA 110

Jorees B Lyuthlin Steal Cor p. Juikgy 5- 11000
Jallay 5.110

Urnted 5iaces Sreel Carp, and

Lukenk Siewl Corp.* T.1
T Type A
T-1Type B

L i1
stecls are given in Tabile 6.9,

Waldability

Most high-yield-strength quenched-angd-temprered
alloy steels can he welded without preheal or past-
heat. ) suppliers’ recommendations are followed for

contrelling welding procedures, 100% joint effi-

ciency can be expected in the as-welded condition
for the 90,000 and 100,000.psi yield.strength
grades.

If the heat-affected zone cools too slowly, the
beneficial effects of the origina! heat treatment
{particularly notch toughness) are destroyed. This
can be caused by excessive preheat temperaluore,
interpass ternperature, or heatl input. On the olher
hand, if the heat-affected zone cocls too rapidly, it
van become hard and brittle and may crack, This is
caused by insufficient preheat or interpass tumpera-
lure or insufficieni heat input durng welding.
Producers’ recommendations should be followed
closely. )

The guenched-and-tempured steels can be
welded by the shiekled metal-are, submerged-are,
and gas-shielded-arc processes. Weld cooling rates for
these processes are relatively rapid, and mechanical
propetties of the heat-affected zonas approach those
of the steel in the quenched condition, Reheat-
treatmeni{, such as quenching and tempering after
welding,is not recomméended.

Because of the desirability of relatively rapid
cooling after welding, thin sections of these maten-
als can usually be welded without prehieating. When
preheating is required, both maximum and mini-
mum temperatures are imporlant, If the sections to
be welded are warm as a result of preheating and
heat input from pravious welding passes, it may he
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TABLE 610 Camposition of ASTH A203-68
Kack®: 3wl Plata for Pressure Veszla

Ehomani ] Compauatition [%)
ad Plaie [}
Thick A a* ot Ef
[ Carhon, man
ToZm Q.7 0.2t .y .20
' 2t dun D20 024 0.20 033
£ 11 Bin Q.23 oI5 . s
Ma A0 noga
Ta2mn 070 Q.70 070 Q.70
1 din. .50 Q.80 ] Q.E0
410 B . B0 1 Q.80 . .
Phiaphoius, -Jx 2035 0.0 0,035 0.035
Suthur, Max ‘004 0.04 0.04 0.0
Susan (ladh aeiyzel Q15063 | 915030 | 05030 [ 01500
I_leul ladin sowbygigh 210250 | 210250 | 3253395 | 325375

* Qowvers plate to G-in, thick
1 Covert glate po &b thitk

necessary to reduce current or increase are travel
spead for subsequent passes, or to waik until the
melal cogls somewhat. inlerpiss temperature o just
as important as preheat temperature and should be
controlled with the same care.

[n the ASTM specificab:ons ABld and AB17
there are several grades of quenched and tempered
constructional steeis listed. Welding procedures for
all of these steels are similar but no ane procedure is
right for all grades, Welding procedures are available
from the steel manufacturers. When in doubt,
consult the stea! manufacturer.

The following is & general shielded metal-are pro-
cedure for one of the popular grades of quenched
and tempered constructional stzels and can be used
a1 a guide for all grades or other welding processes,

Use only low hydrogen type elecitodes and
usually the electrode specified for AS514 and AB17T
steels is E11018, Under sume conditions a lower
tensile strenpth electrode may be used and this will
be discussed later. Make sure elecirodes are dry.
Under normal conditions of humidity electrodes
should be returned to the drying ovens after an
expasure of four hours maximum. Lf the humidity is
high, reduce the exposure time. Electrodes are
shipped in hermetically sealed containers and the
contents of any damaged container shotld be
redried before using. See Table 6.14 for drying
_ temperalures.

Clean the joink thoroughly. Rermnoye all rust and
vale preferably by grinding If the base metat has
been exposed to moisture, preheet to drive off the
moisture. On thin sectiong, allow the plate to cool,
il necessary, before startir, to weld

The amount of preheat and the amaunt of weld-
ing hest put into the weld must be kept within
delinite boundaries during the actual welding.
Usuzlly preheating is not necessary or desirable on
thin sections but in otder to avold ¢racks preheating
4 necessary il:

The joints are highly restrained.
Tha structure is very rigid. .
The weld joint is on thick sections.

Whether or nolb the base metal is prehented, it is
necessary to npproximate the heat input before
starting to weld. The heat input in watt-seconds
{ipules) per linear inch of weld is

TxEx &0
V

where | 15 the are amperes, E is the arc volts, and ¥
is the welding speed in {n./min, Calculation by this
formula is only approsimate because the heat losses
can be lnrge. Also, there are many variables that
affect the heat distribution and the maximum bem-
perature of the baze metal at the joini bul the
farmula is sufficiently accurate Lo predict the maxi-
mum allowable heat input for a given set of
conditions.

In industry, the term "heat unit” is used and i
equal to the watt-seconds per lineer inch of weld
divided by 104G,

Heat ingut =

A caloulnter iv avsdable froin the Unlied Siates Sleel Corpacallon
tar quickly determlaing heat writs, Also svailable are tab!es for
maaimum hewi unlts when welding T-3, T-1 Typa &, aog T.]1
Trpa B.
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Maximum suggested heat units input for USS
T-1 sleel per linear inch of weld is shown in the
table below.

Suggestedt Maximum Heat Unita T

Prahpi st Flate Thichnew
bt pr palt
Temparsives | #1867 | 14~ | WI7 | 4™ 1™~ Hfas e o™
HIE 27 ] 0 141 any (LT any ARy

eE 3 W | <1} 1713 any any iy
JIKITF 17 T4 %2 az 1N 116 any By
IS09F | A #35 | TIE|IeE| VBT | any | sny
e 12 113 |e0 |65 s3] 127 | 188 | any |

1 From tha "Wegdiag Hear Inpul Celeularar™ py tha Unbcsg % isdas Eraal
Courgardiben,

Also sea Section 3-3.

Befare making a production weld it is recom-
mended to set up a tentative procedure and make a
test weld. The tentative procedure includes the pre-
heat, if any, interpass temperature, welding current,
voltage, 2nd welding speed. It is important to keep
the welding current, speed and interpass tem-
perature under close conirol.

The following are some general rules to follow
" to promote good weld quality,

Always use stringer beads, never wide weave
beads,

Clean thoroughl y between passes,

Use the same precautions to prevent cracking as
discussed earlier in this section.

Back gouge with Arc gouging and remove the
scale by grinding, Do not use axyacetylene to
back gouge.

Usually the electrodes used are the EX1018 type
but lower strength electrodes may be specified
where the stress does not require the high yield
strength of E11018, A good example is the lewer
stress in the web to flange fillet welds. However, if
lower strength electrodes are used the same limi-
tetions apply as to heat input and interpass
temperature.

Low-Alloy Steels
Small amounts of alloying elements such as
nickel, chromium, and molybdenum can be added
Lo steels to increase sirength, hardness, or toughness,
ar tg improve resistance to heat, corrosion, or other
environmenta! factors. These improvements are
wmetimes gained with little effect on weldability or
ather falricability characteristics. (Generally, how-
ver, welding of low-alloy steels requires mare care-
<11 control of procedures and selection of elecirodes
thun welding of the carbon steels.

Nickel Steels

A low nickel addition (2 to 6%) greatly increases
strength and hardenability and improves the cor-
rosion resistance af a steel without a proportional
reduction in ductility or a significant effect on weld-
ability, The compositions of varigus thicknesses of
nickel-steel plate (ASTM A-203), used principally
for pressure vessels, are listed in Table 6-10.

Straight nickel steels are used mainly for low-
temperature pressure vessels. The nickel content
significantly improves toughness and impact
strength at subzero temperatures. Nickel s also very
effeclive in improving the hardenability of steels;
heat treatment is easy because nickel lowers the

critical cooling rate necessary to produce hardening.

on quenching. .
A nickel steal containing 0.24% carbon and 2.7%

nickel can have a tensile strength (normalized and °

drawn) of over 85,000 psi; an unalloyed steel would
require & carbon content of over D.45% to be that
strong. Notch toughness of a 3-1/2% nickel stesl,
with a tensile strength of 70,000 to 85,000 psi.
would be 15 fI-Ib at minus 150°F {Charpy keyhel
test), whereas a carbon steel of that strength woula
have a natch toughness of 15 ft-lb down to only
minus GOCF. ) .

Nickel increases hardenability for a glven carbon
conlent. For best weldability and minimum cracking
tendency, carbon content sheuld, of course, he low
— no more than 0.18% if exiensive welding is to be
dane without preheat,

For specific procedures see page £-2.54.

Chromiurm Steels

In the low-zllay sieels, chromium increases
tensile strength, hardenability, and, to some extent,
atmosphenic corrosion resistance, Chromium steals
with less than 0.18% carbon are readily weldable,
using proper precautions against cracking. The
combination of chromivm and higher carbon
increases hardenability and reguires preheating and
sometimes postheating to prevent brittle weld
deposits. Production welding is not recommended
for chromium steels containing more than 0.30%
carbon. ‘

MNickel-Chromiurm Steefs .

The nickel-chromium steels of the AISI series
are no longer standard alloys but oceasionally ther
is a need to weld these alloys, especially in mainte-
nance wark. o

The addition aof chromium 5 intended 1o
increase hardenability and response to heat treat-
ment for a given carbon content aver that of the

-



straight nickel low alloy steels. Also a small amount
of several alloying elements judiciously chosen may
give a greater range of hardenability plus toughness
than a larger or more costly amount of a single
alloying element,

Chromium is a potent hardening agent and it is
necessary to keep the carhon econtent low for welda-
bility. ‘Thin sections of the lowest carbun content
type can usually be welded without preheat but the
higher carbon grades require preheat and subsequent
stress relief or annealing.

The lower carbon grades of the nickel-chromium
steels can be welded with electrodes of the
EXX15-16-18 classes and in the as welded condition
the weld properties ,will match the base metal.
However, if the weldment must be heat treated after
welding, special low-hydrogen type electrodes are
required. These electrodes must deposit weld metal

_ that wilt respond to the same heat treatment as the
" bLase metal and match base metal propertivs.

The higher carbon alloys (above .40%] are not
readily welded but, if necessary, a weld can usually
be mads with stainless E309 {second choice EJ10)
electrodes. The "weld will usually be tough and
ductile but the fusion zope may be brittle. The fact
that the weld is ductile allows it Lo give a little with-

“out putting too much bending in the brittle zone.
" Preheat is advised. See Section 3-3.

Molybdenum Steels

Molybdenum increases the hardenability and
high-temperature strength of low-alloy steels. The
low-alloy molybdenum steels are of three general
types: carbon-molybdenum (AISI 4000 series),
chromium-molybdenum {4100 series), and nickel-
molybdenum {4300, 4600, 4700, and 4800 series}.

A common use of carbon-moly and chrome-
moly steels i3 in high-pressure piping used at high
temperatures. These steels are usually purchased to
an ASTM specification. Anather typical use of the
chrome.moly alloys — usually in the form of tubing
— 15 in highly stressed aircraft parts. Weldability of
these thin-section members is good because of the
low carhon content. Low-carbon grades of these
steels (below 0.18%) can usually be welded without
preheat. The higher-carbon nicke! and chromium
grades of molybdenum steels are air-hardening.

The ‘ow carbon grades (below .1B%) of carbon-

moly siteel can be welded much the same as mild -

steel. ETO1G-A1, ETOL8, and ET027-A1 electrodes
will give tensile strengths in the same range es plate
‘strength in the as-welded condition. The above elec-
trodes with .5% maly will come close to
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- approximating plate propertics ard analysis whare

subsequent heat treatment is requirad. {See Preheat
Table for steels above .18% carbon.) '

When carbon content of the carbon-moly ziloys
i low {approximately .15%), these steels are readily
wealdable. In pressure vessels, thiz low carbon egn-
tent iz usuzlly usad, but in piping the carbon may be
somewhat higher. Where carbon is above .18% pre-
heating is generally required,

Welding procedure is essentlally the same as [or
mild steel, In the case of piping, a back up ring i=
recammended generally to keep the inside of the
pipe clean. The ring if of proper design causes only
slight obstructipn which i3 net cobjectionahle, in
moEL CAases.

Where backing fAing is not used, an experiznced
weldor can put in a first pass with a small reinforce-
ment in the inside. It is important that this first pats
completely penetrate the juint 20 that no notch is
left at the oot of the joint.

Stress relieving is generally specified when the
thickness of the meta! is greater than 38", Temper-
ature of 12009 — 1250°F is used with usuai pre-
cedure B3 to time of heating (one hour per inck af’
thickness) and length of pipe heated (& times
thickness an each side of weld).

The cooling rate is from 2009 — 250°F per hour
down to 150°¢ — Z00° F in which case cooling may
be done in still air.

For the welding of the steels mentioned herein
the use of E7010-Al electrode is recommended for
ease of welding in out-of-position work. The prelieat
and post heat treatment above is also required when
E7010-Al electroxdes are used. Where the work can
be positioned for downband welding or where laTge
welds are required in any paosition, the low hydiogen
elecirodes can be used to advantage as they will
reduce the preheal temperatures required,

In applications where tensile strength of weld
need not be as high as the base metal but where
other physical characteristics of the weld shouid be
comparable to the base metal, the regular type of
electrode, as used for welding mild steel, can be
employed with very satisfactory results. For joining
work of this type, E6010 electrodes ara
recommended.

On light chrome-mely tublng, E6013 electrodes
designed especially for alrcrsft work are often used.
These mild steel eclectrodes usually pick up enough
alloy [rom the base metal to give Lhe requicad tensile
strength in the as-welded condition. When welded
on the AIS[ 4130, their normal 70,000 to 80,000
psi tensile strength is increased by pick-up of alloy
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and carbon to s satisfoctury approximation of the
physical properties of AISI 4130. The additional
thickness of weld due to the usoal build-up on light
gauge work mekes the welded joint stronger than
the parent metal.

On the higher carhon apd alloy grades where
hieat treated welds with properties similar to plate
properties are necessary, special electrodes can be
used that will deposit the proper analysis. A low
hydrogen type electrode is used to reduce Lhe ten-
dency for cracking that is guite prevalent on these
steels, Preheat and post heat treatment usually will
be required.

On the grades over .40% carbon where produc-
tion welding &5 not recommended, it is possible to
make 2 weld with E309 type stainless electrode or
E310 as a second choice. The weld will be fairly
ductile if the proper low penetrating procedure is
used; however, the fusion zona may be very brittle
depending upon the mir hardenability of the alloy.
Preheating and siow cooling will tend to reduce this
hardness in the fusion zone.

Where molybdenum is added to base metals to
increase the resislance to creep at elevated tempera-
tures, the etectrode deposit must have a similar
amount of malybdemum,
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The following table gives the epproximate pre-
heat and interpass temperatures for AIS! alloy steal
bars when welded with low-hydrogen type

electrodes.

Approximate Preheat and Interpass Temperature
far AlS1 Alloy Steel Bars®

Fraheat snd Inteipass Temparsturs 2F -
AIS] Sieal saclion thichneo, i
To 112 (P | 1=-2
1330 A50 — 450 400 — OO 450 - 580
130 400 - 500 5040 — 600 E00 = 700
407} 160 min, ) = 300 »0 - X5
4028 200 - 300 250 - 350 400 — 500
4047 400 — 500 45 = 560 500 - 500
4118 20 - 300 350 — 450 400 — 500
4130 300 — 400 400 = 500 450 — 550
4140 400 — 500 600 — 700 00 — 700
4150 B0O0 - 70O 600 - 700 GO0 — FQ
412 00 = 100 350 — 450 40 ~ 500
4340 60 = 700 GO0 ~ 700 B = 700
AEH) 100 min. 200 = A0 250 — 350
4640 350 - a50 400 - 500 450 — 550
5720 100 min m0 - 300 250 — 350
6145 400 -~ 500 450 — S50 B0 — BOO
8620 100 min 200 — 300 250 — 350
B&30 0 = 300 250 — 350 400 — DD
217 o] I50 - 450 £04 - 500 450 - 550

" From ASM NMutd Handbook Yalume 8, Eightn £dition.

Aap,d
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Welding Carbon and Low-Alloy Steels
with the Shielded Metal-Arc Process

Most welding on stedl is done manually with
shielded metal-are (stick) electrodes. As in any
manual process, the skill and dexterity of the oper-
ator are important for quality work; but equally
important is selection of the correct type of

elactrode.

)
k

-CONSIDERATIONS IN ELECTRODE SELECTION

Choice af electrode is straightforward when
welding high-strength or corrosion-resistant steels.
Here, choice is generally limited to one or bwo elec-
trodes designed specifically to give the correct
chemical compasition in the weld metal. But most
arc welding involves the carbon and low-alloy steels
for which many different types of electrodes pro-
vide satisfactory chemical compositions in the weld
metal. From the many pussibilities, the object is lo
pick mn electrode that gives the desired gquality aof
weld at the lowest welding cost. Usually, this means
the electrode thut allows the highest welding speed
with the particular joint. To meet this objective,
electrodes are selected according to the design and
prositioning of the joint,

Electrodes compounded to melt rapidly are
called *'fast-fill"' electrodes, and those compeounded
to saolidify rapidiy are called “fast-freeze" elec-
trodes. Some joints and welding positions require a

compromise between the fast-fill and fast-frceze
characteristics, and electrodes compoundad to maat
this need are called “fill-freeze™ electrodes. There
are alsp electrodes which are classified as “‘fast
follow,” ;

The fill-freeze-follow terminology used bo clas-
sify types of electrodes is also used to designate
types of joints. Owverhead or vertical joints thar
narmally require fast-freeze electrodes are Lhus
termed “freeze” joints, while flat joints erd suime
horizontal joints, where rapid deposition is ympor-
tant, are called Y'fill” joints. Some joints, ecpecially
those in sheet metal, require an electrode Lhal
permits rapid electrode travel with minimum skips,
and are thus calied “'follow" joints. The fill-freezs
electrodes usually are best suited for Iollow joints,
and thus, fill-frecze eleclirodres erve called fast-foliow
electrodes when the reference (s to joinls requiring
fast electrode travel.

Although the terms fill,' treeze, and full-freeze,
are siraightforward as applied to electrodes, use aof
these terms to describe types of joints 18 not so
clear-cut. For example, some overhead “freeze”
joints require a fill-freeze, rather than fast-freeze,
electrode. By the same token, a “follow" jolnt in
sheet metal may require a fast-freeze, tether than a
fill-freeze, electrode. The use of these térms to
identify types of joints, and the types of ciectrodey

BUTT WELDS

G

Ovearhead
Plate ovar 5/8 in.
Fill-Freeza {E?01B)

Horizontal Yerucal
Plata 3716 10 %/8 in.
Fresze (EGQ1Q, EBOYTY

IS

Flat with backup
3/B in. and thicker:
Fill [ESQ27)t

Flat double beval
/8 in. and thicker:
Hoar pass,
Filt-freeza {ETO18);
All othar passes,

- Fill {EBOZ7}T

Flat withowt backug
3B in, and thicker:

Hool pats,

Filf frecra [E201B);
Al oLher Sanges,

Fill {EED27)1

TET028 may be substituted
Fig. 614, Guwe 10 selection of electroday lor ot wekds,



6.2-2  Welding Carbon snd Low-Alloy Steef

recommended for these joints, are explained in Fig.
§-14, 6.15, and §-16, which show butt welds, fillet
welds, and sheel-metat welds, respectivety.

AWS AD.1-69 iz a complete specification far
mild-steel electrodus for shielded metal-arc welding
fsee Section 4.1). Typical mechanical properties of
mild-steel depesited weld metal are given in Table

A combipation of letters and numbers used by
the American Welding Scciety to identify the
various classes of electrades is given in Table 4.1.
For 2 more complete description of this system see

Section 4.1. Typical current ranges for all AWS A5.1°

electrodes is given in Table 6-12. A guide to the
application of electrodes for steels of specific ASTM

g-11.

designations is presented in Table 6-13.

TABLE €-11. Typical Mechanical Properties of Mild-Steel Dsposited Weld Matal

Candilion
As-Walded Steasy Relieved a1 11507 F
Elwctrode Tunile ¥iwld Elong. in Impae* Tanuiln yiwld Elong. in Irmpac *
Clastificson | Slrangth [pril | Stoength lpsil 2 i {%] {116l Strenguh Lpei] | Stewngth (il | 2 in. (X 128 [7]
) E6010 69 000 60,000 26 B 5,000 51,000 32 75
£601Y 70,000 £3,000 25 sG i1) 65,000 51.000 0 54
EfG12 12,000 64 000 21 43 71,000 B2 OO 23 47
EEG12 74,000 B2, D00 24 55 74000 £0.000 28
E6020 &2 00 £7.000 27 S0
E6O2? CE.000 SH, 0K 2B ELELH 66 000 5,000 xn 8a
EFO14 73,000 67,000 24 EG 73,000 5,000 26 48
£70%5 15 D00 &2 D00 27 90
E7C15 75,000 G, 000 ra o0 11,000 540,000 Iz 120
ETQ1E 74 000 65,006 9 - 8o (1} 72.000 55,000 3| 120
E7024 86 U 78,0060 3 38 . £0,000 73000 27 ag
ErDZE 85 000 78.000 26 60 81,000 3000 26 -1
* Charpy V-notoch sl 709 axcept whers NoLag,
[1] Charpy V.noteh gl = 209F,
{21 Charpy W ongteh a1 QFF,
TABLE 12, Typical Currant Ranges far Electrodes
Rtlﬂu:t- Il:lu'am-llr Cuwrrént Rangs [ampl
(L]
Flecirada Type
EBD10, E&OTY [ R0 F EEB013 I EBO20 EGGIT ETO4 [ ET016, ETONG 1 ETO1D ErQia, Evozd
Do
1418 - W—- 4w | - 40 - - - - - -
564 - ®/— 60| 25— B0 - - - - - -
3 = BG as—- B5 | a5 - 2o - - BO = 125 65— 110 70-100 | 10D — 1457
174 75— 13% o -140 | 8o-130 | wo- 158 ] 175 - 185 | o - 160 O — 154 11% = 185 140 — 150
s 1M0=170 [ 110 — 190 (W05 — 180 | 10— 192 | 160— 240 [ 150 - 210 140 = 200 | 160 — 720 180 - 250
Kal:) 140 = 215 18 = 240 | 160 =230 | 175 - 250 | J10- 300 | 200- 275 180 — 255 200 = 275 13— 3%
7032 176 - 450 |200-320 [210-300 [ 225 - 310 | 250 - 350 [ 700 - 340 | 240320 | 260 - 340 | 275 - 365
144 no-xo 250 ~ 400 | 260 - 350 | 295 - 315 [ XN - 420 | 330 - 415 00 - 350 315 — 400 33 - 40
BG 5 - 425 |00 500 | 320 4K | 40 - 450 | 375475 | /O-E00 | AP — 476 | 375 - 470 | A00 - 5257

"1 enlups da ol S0ply o The £ 7028 ¢lgrlificeran.
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FILLET AND CORNER WELDS'
Fillat welds ovar 10 12 12 in. in length on 3f16-in. or thicker plate

-
\\n q';
.
Flar * + Horizrongal Inclined Flat Inclired Yarlical
Fill Fill Fill-frasze Fifl Fill-fregza AA6 1 91890, plate  Plgte over B/Bin,
{EFD24)T E7QZa)t IET014} [EvQ24lt {EO14) Freeze Fiil-treezs

(ESOMD, EGO11} {ETD18)

f—a"%
Horizonta, Vertical, Ovarhead \-lau

- ‘ ]
.y 3446 1o B/B-in. plare  Plate over 54 in. .
Freeze Fill-freezn
{EED0, EGO11) Y ETOIE) £7
Harizonial .
Fill-freeza
{E7014) tEF028 may be substituted

Fig. 615 Gyt 1@ selechion af slectrodes for Lilet and corner wakds.

Fillel welds under & in,
in length or having
change in direction on .
318 in. or thicker plawe

SHEET METAL JOINTS

All positiong

Follow
(E6012, OC; £6013, ACH a /

——— TR
T ~! Presarve Edge Fuse Edga
All positions All positions Al positions
Freeze Follow Froeze
' (EBUID,; DC: E6011, AC) {E6012, DR FBO13, AC) (EBOID, OC; E601Y, AC)
L]

4

Fig. 6-16. Guade 10 wler tipn O elecTh odes 1or sheel-melal wakds



6.2-4  Weiding Carbon and Low Alioy Steet

TABLE 6 13. Aecommended Efecirodes for Carbon and Low Alloy ASTM Sieels {See Note 10)

P

ASTM Ascommended
Spacil icalion O sscription Gradey Elscir pdan
S1nal Platey, Sheety, Forgings, Shapws, and Castings
—AI5 14 Struciural 35 DOG o5 Mn. ¥ Notw 1
A113-70 R uibway ralling siock All Horm 1
A131-74 StruciurM for ships ABCCEOAE Note1
AH, DH & EH £7018
A148-23 Suwel caprings fo¢ SIrLCTurs uzse BO40 A 53 EZ0A-3
20 E0 . ESOIBG
105-85 & 12095 EV1018.-M
AZ0Z-74a ' PBoilur & prassure vesssl ANB EQD18-G
A203-7 48 Fresayrn vl ARH EBDIB-CH
DAE EBO18-C2
AZ04- T4 Boiler & pragsucs vessal ALEBE E0i0-A1 or EFDIA-AL
[ EBC1B-B2 .
AI0E-Fan aoilar & presgure vessal AAMEB FBQ1B-C3 .
AT25-7 48 Boifer & Rivisors vess ALB EBO1BL3 I
AZYIG-T4 Forgings, relwry AkSB ETO1E or ETG28
COXE ERQIBC3
FaG E8018-G
H E11018-M
AZ23E-T1 Forgings, Talway A ES0AC3 :
] EPQ18-G
C.D&E *EUI0IEM
A27-74 High strangth slrucTural All E7018 or EF0ZE, Now 3 '
AZER 60 Qrum lorgingy 1 Nols 1
2 EFO1E
3 EBDIBLS
AZE3-TA strucieral placey All Now 1
AZA4-TO Catan-gilican plates Al Nate 1
A2hS-74a Flange & Tiusbox plate Al Mot 1
ATI9-T4a Bovier plate All EAQ18-C3
AJ0Z2-Tax Boiler & prasgrs vissal Al E&ME.c3
AI2E-T0 Sreal piling All E?Q10 ar ETO2E
A336-70u Alioy 1orgings Fi ETIE-A1
F12 EB018-82
Qihar gredes Nale §
AJSE-T4n LOw Leamodralure castinga LCA, LCB & LCC ETO18
LC: EMMEB.AY
Lc? Ebmec?
L3 EBOTEL2
AJES-Ta Stagrm-tuskiine Cpstings 5 EE018-B1-
£ EAQ18-52
EAD ES9018-g3
AJE1-T1 Gahbvanred thees MNotey 1 & 8
A3EST2 Carban stanl gheals Nols ¥
AJTIT4 Pressute wikEdl Torging Clas | EFYNB or ETO2H
Clas 11 ERMOMB-CA
Claxy [H FI0IE-G
Clon 1V ENGiIa-M "
AIBT. 748 CrMobomar ol stk A BAC EB0H.82
) E9C018-B3
AJBT.14a High-tamparalure Easrings cz23 EBE .52
C}a ES0'E-BA
AAD-72 Pressut ey il plate EBGIB.C2

Continge
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TAALE 6-13. Recuommended Elactrodes for Carbon and Low Alloy ASTM Steels, Cong'd, [See Nots 10}

ASTM ' ' _ Racommanded
Spacification Ceriptian * Jewdin Elnctzodal
Staed Pigles, Sheais, Forgings, Shapes, and Castings
Ad14.72 Flargs & firebox shaat A BCRED Mote |
E&F E 7014 or ETO22
G ERMA LD
Ad24-73 Sheet far parcslain snameling L7118
Ad441-74 High sirangth strucinral All E7Q18 er E?028
Nota 3
Ad42-74 Fing graun plate All €108 o EXG 25
Ad44.71 Galvanized steel shaet A B&C Mo | & &
A14B-T2 D&F ET010-Al
AdSS-TaC C-Mre prascufe vuxsal plate Al EHD1EC)
A485-74 Highway bredge cagtings T E1013 or ET)IR
<0 ESHNAC
AdBT-Tl1a Castings for prassure sanvice gM, M E&J1B-H3
ALCAM, AD B N CACN Mot 1
BO&CO E&MA T3
A514.74a Cuenched & tempered plae Al E110i8 M4
Hote 4
AS15-74h High-1emparsture bailer plate Adl E1MEBor E7029
ARIE-Tda Low-lernpardturk prigsura — 55 & &U E?i1dor ETOZE
witzsef plate 65 8 70 EJOlgor ESDIEC3
AD1T-14a Quenched & (empared plate All Eliia-m
MNow &
AST6-T1 Gaty anired thanis Motes + & 8
ASIB.- T
ASM.T2 Srructursl, 43000 pri Min, ¥S Hotu |
A533-Ta Quenched & 1emperad plate Class 1 . EBQ1IELD
Class 7 & 2 E1{121B-M
ADIT-74 P riessu rm-wessal 3 ang struciures Clags 1 ET018 or ETOIR
Class 2 EADIE-CA
AS41.73 Fressy re weisel forging Class 1 ETDt8 or E7028
Clasn 2,1 & 4 EBOta-<a
Clam 5 E@DIB-B2
Clrz B E5018-8]
2541374 Cunnched & tsmpared plate 1.1%1 E {1180
Nowd
AST0-72 Structeral et & £irip Adl MNow 1
AT T4b T Struciural plate 42 & 45 Mo
50 & 55 EF0I8 ar E72E
60 & BED EHOIACY
EETI-74 Siructaral glate a5 & 70 £ M)tA or ETOZE
E5ER-T4a High-strangih 11uc wral Al € 3018 or EF023
Naoie ]
EG06-T1 Hegh-strangth shayt All how 1
E&O7F-70 High-ttrengih low-alioy shest 45 50 K b5 : Wete 1
60 & G5 oo €I
0 EQMmA G t
E611-72 Cold rofled Yt ABCED Mate |
AE1B-T43 Reinfarcement bar 47 ) Mo 1
B0 ESdA-G
75 £ 11018-M
ABlG 72 Asinforcemant barg - 20 EEDIBELC])
60 ESQta-C
AB1T-74 Reinforcemant bart 40 Maw 1
&0 . ESQIR-G
A OG- Fwinforce tse el D EO ES08G

s —_—

— — . -4

Cuontisgd
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TABRLE 6-13. Recommanded Electrodes far Carbun and Low Allay ASTM Steels, Cont'd. [Sae Note 10)

ASTM Recommanded
cancfication acriplion Grade Elsciroden
Siwal Pips, Tubmy, s Fitlings b
AR3-71 I_
A 0674
A120-13
A13s-7ad
AT
A1TE-T3
:;ﬁ:g - Wid-sieel o — Al — Nowes1and 2
at14-71
AZE-12
ATST-14
/52371
ALET-T3
ASge 7y ___J —_ .
MGE-T3 High-tetngarsture Ditings i & |t E7018 1
A 10674 High-1emp sture pige A B C E7Q18
A 15574 High 1M dlure ope Cd5, £5%0. C55 Note 1
. KC & KCF-55 6O E7033 or ETO2R
KC & K CF-65 E7013 or E7028
Crags, 1 E7FQI1Q-A1 or ET01A-4
CM7TS EBQI1G-B2
CMETH & CMSH?D EBD1EC3
142,01, & 1174, Cr ES01E-82
2tMMCr EBB-B1
E161-72 Sl Wb Low ¢ arban Nate 1
T E70IC-AT ar EFOI0.A1
EViH-73 & Blir 1ybes &
E178-71 Condesar ubey Al Mo 1
A1B1-E8 Geniral srdce 1inngs I &1l ETOIS or ETDIOAT
A1H2-1a High-1empriature hitnngs Fi EVDI10-At EFOIA-AN
FZ. F11,F12 EE0M8. 82, Now B
#195.73 Heat-exchanget & condenser Tubae T EBDTE-B2, Nowd
AOOTD Rafinary 5141 rabes T EBGIB-EI NHow B
A200-13 Carpon-moly boiler tubes T, TLak TiL ET010-A1,ETOMR. A1
A10-73 Cartion-steel bolnr tubes Al HNate t or EF010-A1
c E¥D10-A1
Al13-Tdb Booler 1ubvrt T2, T11, T2, & T1¥ E&018-B2
AZ14-Tdh Condense! 1ubes Adl Mpte 1
ATE-14b High-TemDarntuig Cagt it1ings wCA, WCB, wCC ET018 ar ETO10-41
AZIT-MC High: Inmparaiure cpsr figrings W E7010-41
WwCa EBO18C2
WCE E8BQ18-B2
F214.14 Wirough t walding Tingngs WFPA, WFR & WPC Hote 1
WP 1 E7O10-A1, Nots 2
WE11 EBO018-82
A50.73 Cotbonmoly boiler lubes T1,Ta. T E7D10-A1, Note 2
A1 T4 8 Low tempersiure pipa 1L @ ET018 or EBMALY
hIde-Te 3 EBO1802
T EBOALT
A30%.74a High tempa alure pipe 1 EMnfal, Mot
P2 P11 & P12 EBQIR-BZ -
Ouhary Nate 9
AZE0-M Law lamperature Tittings LET A LF2 £801B-C1 -
LF3 CHOELCZ
1 LF% EBD1RL3
r 168 7la High - Lamgef ature pipe Ses AJIE A ATBY

Caniinys
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Shielded Metal-Arc Process  6.2-/
TABLE 613, Recommended Elsctrodes for Carban and Low Allay ASTM Staels, Cont'd. (Sae Notw 10)
———
ASTM Ascowmanded
gpeailicarion Cra e tap {104 Gradn Elscirode
Stanl Pipa, Tub#s, ard Filtings (contingsd]

AZ1-13 High-pressure pips ¥35 Y42 8 Yab MowE1 &2

Y52 & ¥5h Naie b

Y60 & ¥o5 Mate S or EBR1E.C]
A405 70 High temperaue B p24 E&319.82
A2 7D L Ow - EEMperature Qg See A203. AXIS,

i A334, A350

L2171 Low-alloy ube 1472 EBQIBCY or E3018
Ad26-74 High-T8rnperaturs ctl fipe Sax AZIS
A458-73 Condanser tubes Sem 150 8179, AF13.

A214, & A334
A5 T4a Structural wwbing, ABE&EC B & Notw
ALQ1-7a Staaictural tukng : EIDIG & Motk |
AL T Frocess piging 1472 EFON0-A L o0 EZOTH
ALS6. 731 A Faed water healgr tube A2 E A7 ETOLA, MNomw 1
AS5T-73 o d E7014
AGI1E-74 Swycrural whing 10 E ! ETDA

Unlass rastric ted By speclhcatians; uwe ary EBJA X or ETOX X alecrrogs For 1104 gradpt wilh B0, 000 pil or teke Tenste strangd, For

Nate 1. timal graany with B0,000 o 0000 pul anwile sirengh use E7ORA alwctrogen

MNote 2. Ligw ETHIO-G, ypawttally designed lor figld watding pipa.

Mogd  Uss EE01E.C1 or EBOI0-87 Tor bedl ol @r mach of unpainted sbegly with #nhanced hmcigharlt Corrosion ravistancs. Comsult the
it BUDElivr,

Mowm 4. ETDIH or EBO1G-CF ara fraquentdy wiad 10f 1dlat weld

MNow 5 ULa Ip.lci.-l slacrroda dayigned | or eig walding SLX pipa, Grades K43 thiw MES.

Mow@, Danorues EBOIS B2 lor low-tampus pierd ap il e wteting

Naw Y. E7018 E7azaror MNimty, or EE01E8 C3 Tor geoera purposd suslding, cun bl used on thuse slmgly. 1T the waldmane 18 to be precipios-
Hon-hirdenad or Riyh wabd sirengch s Aequired, e EBOLE 52,

Mow B, Uposlly EGDID 0 the mosr walisfacory #iectrgde for gqalvanizgd 1Naar.

Now 9, Elecirods recammandallont Tor athar sloy sl may be found in Secrens 6.1 ang 7.2

Norg 10. Thaye recommendastions art Based ga machuag the witile progernst of the weld daporit and e plate, #nd sleg the Chamicsd
proparliey of tha wald Gepdtic and the @lere wherd chamestry M MGactant Since it o imeoty ole 1o fore tey 3l tha condinons of
avery Applation, ather slsCTrodes thah hme recommendeg here may #0 ba savilactory and thould e memd balore the wald-

menr b EThrimd -

FAST-FREEZE ELECTRODES

Fagt-fracze elecirodes are compounded Lo
deposit weld metal that solidifies rapidly after being
melted by the arc, and are thus intended specifically
for welding in the vertical and overhead positions,
Although depasition rates are not as high as with
other Lypes of electrodes, the fast.-frecze type can
also be used for flat welding and is, thus, considered
an “all-purpose” electrode that can be used for any
weld in mild steel, Howaver, welds made with fust-
freeze electrodes are slow and require a high degree
of operatar skill. Therefore, wherever possible, work
should be positioned for downhand welding, which
permils the use of fast-fill elgctrodes.

Fast-freeze electrodes provide deep penetration
and maximum admixiure. The weld bead is flat with
distinct ripples. Slig formation is fight, and the are is
2asy to control.

Applications for fast-freeze electrodes are.

« General-purpose fabrication and meain-
tenance welding.

+ Vertical-up and overhead plate welds requir-
ing X-ray quality.

. Pipe welding, .including croeseounity, in-
ptant, and noncriticul small-diameter piping.

s Welds to be made on galvanized, plated,
painted, or unclean surlaces.

» Joints requiring deep penetration, such o3
square-edge butl welds.

e Sheet-metal welds, including edge, corner,
and butt welds,

Electrode Charactaristics
E&010: This is the basic fast-Ireeze electroda for
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general-purpose DC welding. Light slag und good
wash-in permit excellent control of the arc. The
EA010 electrade s particulsrly valuable for critical
out-af-position applications, such, as with pipe
welding.

ES011: A general fast-freeze electrode for use
with industrial AC welders, EB011 is also the pre-
ferred electrode for sheel-metal edge, corner, and
putt welds with DCSE. The electrode is also used for
vertical-down welding, and for applications requiring
exceptionally low silicon deposit. Special grades are
available for general-purpose shop use with small,
low open-cirguit voltage AC welders (not suitable
for X-ray quality). E601} is alsc avajlable in a
special grade preducing litlle slag, that is designed
especially for tack welding.

E7010-A): This fast-freeze eleetrode is designed
{or welding high-strength pipe, such as X52 or X54,
and for other out-of-position welding where high
strength or conirol of alloy in the weld are import-
ant. It produces a 70,000-psi deposit conlaining
0.5% molybdenum. Oparation is similar to E6010.

E7010-G:"'ins clectrode s similar to E70I0-A1,
but is designed specifically 1o avoid any surfuce-hole
tendency in fil] and cover-pass welds on high-
strength pipe. Special grades are available for weld-
ing all passes on XB0 and XE&5 high-strength line
pipe.

welding Technigues

Current and Polarity: Unless otherwise specified,
use DCRFE with Exx1{, and use AC with Exx1l.
Exx1]1 electrodes can be used on DCRP with a cuy-
rent about 10% below normal AC values. Always
adjust current for proper ure aclign and control of
Lhe weld pudidle.

Flat Welding: Hold an arc of 1/8 in. or less, or
touch the work lightly with the clectrode tip, Move
fast epough 1o stay ahead of the molten pool. Use
currents in the middle and high portion of the range.

Vertical Welding: Use an electrode of 3/16 in. or
smalter, Vertical-down techniques are used by pipe-
tiners snd for single-pass welds on thin steel, Yerti-
cal-up is used for most plate welding. Make Lhe [irst
virtical-up pass with either a whipping technique for
fitlel welds, or with a cireular motion for ¥V-butt
joints (Fig. 6-17). Apply encceeding passes with a
weave, pausing slightly at the edges to insure pene-
tration and proper wash-in. Usge currents in the low
portion of the range. )

Overhead and Ilorizonlal Butt Welds: Use an
vlectrode of 316 in. or smailler. These welds (Fig.
6-18) are best made with a series of stringer beads,

AU =

Fig. 6-'F. Technaque for wirtical weldung wilh fasm-regpe eiecirodes.

using & technique similer to those descrihed for
first-puss vertical-up welds. .

Sheet-Metal Edge and Butt Welds: Use DCSP,
Hald an arc of 3/16 in. or more. Move as fast as
possible while maintaining good fusion. Position the
work 45% downhill for fastest welding. Use currents
in the middle range, )

FAST-FILL ELECTRODES

Fast-fill elertrodes are compounded to deposit
metal rapidly in the heat of the arc and are, thus,
well suited to high-speed welding on horizontal sur-
faces. The weld metal solidifies somewhat slowly;
therefore this type of electrode is not well suited for
out-of-pasition welds., However, a slight downhill
positioning is permissible. Joinis normally con-
sidered fast-fill include butt, fillet, lap, and corner
welds in plate 3716 in. or thicker. These joinis are
capable of holding a large molten paol of weld metal
as it freezes.

Are penetration is shallow with minimum
admixture. The bead is smooth, free of ripples, and
flat or slightly convex. Spatter iz neghigible. Slag
formation’is heavy, and the slag peels off readily.

Fig. 610, Techmigue for overtasd amd horizontsl Dull waid® with
fast-treeze decirodes Thee welds are best made wih & Series of
SAringer by
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Applications far fast-fill electrodes are:

» Production welds on plate having a thickness
of 3/16 in. or more.

s [Flat and horizontal fitlets, lajs, and deep-
groave buti welds,

= Welds on medium-carbon crack-sensitive
steel when low-hydrogen electrodes are not
available. {Preheat may he required.)

The coverings of fast-fill electrodes contain
approximately 50% iron powder. This powder
increases deposition rate by helpung to contain the
arc heat at the electrode, by melting 1o add to
deposited weld metal, and by permitling cutrents
higher than those permitted by other types of
coverings. The thick, iron-beuring covering also
[acilitates use af the drag technigus in welding.

Electrade Characteristics

ET024: This Is a general-purpose fast-fill elec-
trode. Special grudes provide exceptionally high
deposition retes and partieularly goud operating
characteristies.

E6027: Used principally for flat deep-groove
joints and for flat end horizontal filiets, the elec-
trode has excellent wash-in characteristics. A friable
slag permits easy slag remcval in deep grooves. This
electrode is sometimes used a5 an alternative to
E7024 when X-ray quality or high noich toughness
are required.

E7020-A1: The electrode is used in place of
E6027 when & 70,000-psi strength or 0.5% molyb-
denum deposit is reguired.

Welding Techniques

Palarity: Use AC for highest speeds and hest
operating characteristics. DCRP ran be used, but
this type of current promotes arc blow and compli-
cates control of the molten puddle.

Flat Welding: Use a drag lechnigue; Lip the elec-
trode 10 to 309 in the direction of travel and make
stringer beads. Weld with the electiade tip lightly
dragping on the waork so that molten metal is forced
out from under the tip, thereby promoting penetra-
tion, The resulting smooth weld is similar in appear-
ance to an auiomatic weld, Travel rapidly, but not
too fast for good slag coverage. Stay about 1/4 to
3/8 in. ahead of the mclten slag, as illustrated in
Figure 6-19. It travel speed is too slow, a small ball
of molten slag may form and roll ahead of the are,
causing Spatler, poor penetration, and ermatic bead
hape. Optimum current usually is 5 to 10 amp
above the center of tho varpe for a given electrode.
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rec Lec g 18 inciutved 10r Comparison.

Do not exceed the center of the range if the weld it
to be of X-ray quality,

Harizonial Fillets and Laps: Faint the electrode
inte the joint at an angle of 459 fram horizontal and
use the “'flat"” technigue described above. The tip of
the electrode must touch both herizontal and ver.
tical members of the joint. If the 452 angle betwean
plates is not maintained, the fillet legs will bhe of
different sizes, When two passes gre needed, deposil
the first bead mostly on the bottom plate. To weld
the second pass hold the electrode at about 452,
fusing into the vartical plate and the first boad,
Make muitiple.pass horizantal fllets as zhown fa
Figure G-20. Put the first bead in the corner with
fairly high current, disregarding undeveut, Deposit
the second bead on the horizontal plate, fusing into
the first bead. Hold the electrode angle needed to
deposit the filler beads as shawn, putting'the final
bead against the vertical plate.

Fiy. 6-20, Techmgue P mullipast harizgntal bl walds wih lasl
hil eipctrides Beads should be depotted in the ordes indated.
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Deep-Groove Butt Welds: To hold the large pool
of mollen weld metal produced by fast-fill elec-
ircdes, either a backup plate, or a stringer bead
made with a deeper-penetrating fast-freeze elecirode
is required. Deposit fast-fill beads with a siringer
technigue until a slight weave is required to oblain
fusion of both plates. Split-weave welds are better
than & wide weave near the top of deep grooves.
\When, welding Lhe second last pass, leave enaough
room b0 that the lasl pass will not exceed 8 1§16-in,
buildup. A slight undercut on all but the last pass
creates no problems, because il is burned out wilth
eath succeeding pass.

FiLL-FREEZE ELECTRODES

Fill-freeze electrodes are compounded to pro-
wvide 8 compromise hetween fusl-freeze and fast-fill
characteristics, and thus provide madium deposition
rates end medium penetration. Since they permit
welding at relatively high speed with minimal skip,
misses, and Undercut, and wilh minitpum slag
entrapment, fill-freeze electrodes are also referred ta
as fazst-Jollow electrodes. The elactrode’s charac
teristics are particularly suited to the welding of
sheat metal, and fill-frecze electrodes are, thus,
often called *'sheet-metal” electrodes. Bead
appearznce with this group of electrodes varies from
smooth and ripple-free to wavy with distinct ripples.
The fll-freeze electrodes can be used in all welding
positiong, but are most widely uged in the level or
downhill positions.

Applications for fill-Mreeze electrodes include:

& Downhill fillel and lap welds.

» Irregular or short welds that change
direction or position.

* DBheet-metal lap and fillet welds,

»  Fust-fill juints having poor fitup.

* (eneral-purpose welding in all positions.

Fast-freeze electrodes, particularly E8010 and
L6017, are somutimes used for sheet-metal welding
when [fast-follow electrodes are not available, or
when the operator prefers faster solidification. Tech-
nigues for sheet-metal welding with these electrodes
are discussed in the portion of lhis seclion dealing
with fast.-freeze electrodes.

Electrode Characteristics ,

EG012: The basic fill-freeze electrode for gen-
vral-purpose and production welding, this electrode
, e popaee Forceful are than othier vlectrodes in

the group. Special types are available for improved
arc siahility, minimum spatter, and easier slag
removal. Some types contain iron powder in the
coatings for greater mileage, better AC cperation,
and a smoother, guieter are, These types are
excellent for low-current applications, such as
sheet-metal welding,

¥.6013: This electrode i used in place of E6012
for sheet-metal welding where appearance and ease
of operation are more imporiant than speed. AC
operation ie excellent. It 15 recommended [for
general-purpose welding with small AC transformer
welding machines having low open-circuit voltage,

E7014: The electrode has highest jron-powder
content in the group, and thus provides highest dep-
osition [or maximum fast-fill capability) among the
fill-freeze electrodes, It has exceptionally good oper-
ating characteristics and is often preferred by weld-
ors. It is frequently used for production welding on
shorl, iregulaz, or downhill fast-fill types of joints.

'
Welding Techniques on Stee| Plata

Polarity: Use DCSP for best performance on all
applications except when arc blow is a problem, To
cantrol are blow, use AC,

Downhand and Downhill: Use stringer beads for
the first pass except when poor fitup requires a
slipht weave. Use either stringer or weave beads for
succeeding passes. Touch the tip of the electrode Lo
the work or hold an arc length of 1/8 in. or less.
Move as fast as possible consistent with desired bead
size. Use currents in the middle to higher portion of
the range.

Elecirode Size: Use electrodes of 3/16-in. or
smaller diameter for vertical and overhead welding.

Vertical-Duwn: Use stringer beads or a slight
weave. A drag technique must be used with some
£6012 electrodes. Make small beads. Point the elec-
trede upward so that are force pushes malten metal
back up the joint. Move fast enough to stay ahead of
the molten pool. Use currents in the higher portion
of the range.

Vertical-Up: Use a triangular weave. Weld a shelf
at the bottam of the joint and add layer upon layer.
Do not whip or take the electrode out of the molten
ponl, Point the elecirode slightly upward so that arc
farce helps control the puddle. Travel slow enough
to maintain the shelf without spilling. Use currents
in the lower portion of the range.

COverhead: Make stringer beads using a whlpplng
technique with a skight circular motion in the crater.
Do not weave. Travel fast enough to avoid spilling.
Use: wurrents in the lower portion of the range,



welding Techniques with Sheet Metal

The ability to adjusl current while welding sheet
steel is valuable, particularly when fitup or material
thickness varies, Molor-generator welders equipped
with [oot-operated remote current controls are
useful for this purpoze,

Generally, use the highest current that does not
cause hurnthrough, does not undercut, or does not
melt the edges of lap, corner, or edge welds, For fast
welding, the operitor must stay precizely on the
joint and must travel at a uniform speed. Welding on
sheet metal, thus, requires more than average skill,
und a good weldor may need a few days of practice
when first attempting this type of weld.

For maximum welding speed, minimum distor-
tion, or for welding in the flat position, joints gener-
ally should be positioned 459 to 759 downhill. Use
topper backup strips where possible to decrease the
danger of burnthrough. The pracedures tables in this
handbook assume tight fitup and adequate clamping
or tacking. Where poor fitup is encountered;

1. Reduce current.

2. Tilt the electrode into the direction of travel
more than normally.

J. With fasi-freeze electrodes use a small, quick
weave technique to bridge the gap.

Depaosit the entire weld in one pass using stringer
beads or a stight weave. Drag the electrade on the
joint and stay ahead of the molten pool. Tip the
electrode well into the direction of travel so the arc
force pushes tho weld melal back into the juint. Use
currents in the high portion of the range.

LOW-HYDROGEN ELECTRODES

Conventional welding electrodes may not be
Suitable where X-ray quality is required, where the
base metal has a lendency to crack, where thick
sections are to be welded, or where the base metal
has an alloy content higher than \hat of mild steel.
In these applications, a low-hydrogen elecltrode may
be required.

Low-hydragen electrodes are available with
either fast-filt or fill-freeze characteristics. They are
compounded to produce dense welds of X-ray qual-
Iy with excellent notch toughness and high duc-
tility. Low-hydrogen electrodes reduce the danger af
underbead and microeracking on thick weldments
and on high-carbon and low-alloy steels. Prehsat
tequirements are less than for other electrodes.

. Low-hyidrogen electrodes are shipped in hermet-
leally seale:! containers, which normally ¢an be
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stored indetinitely without danger of rooisture
pickup. But once the container is opened, the elee-
trodes should be used promptly or stored in a
heated cabinet. Details on electrode storage and on
redrying moisture-conlaminated glectrodes are
presented later in this secticn.

Applications for low-hydrogin ehcicodes
include:

*  X-ray-quality welds or welds requiring high
mechanical properties.

*  {Crack-resistant welds in medivm-catbon o
high-carban steels; welds that resist hotshort
cracking in phosphorus steels; and welds that
minimize porosity in sulfur-bearing stesls,

«  Walds in thick sections or in restrained joints
in mild and alloy steels where thrinkage
stresses might promote weld eracking.

*  Welids in alloy steel requiring a strength of
T0,000 psi ar mote.

«  Multiple-pass, vertical, and overhaad welds in
mild steel.

Electrode Characteristics

ET018: This electrode has fill-freeze charaoterts-
tics and is suitable for all-pesition operation. [ron
powder in the electrode coating pramates mapid dep-
osition. Moderately heavy slag is easy to remove. .
{Weld metal frevuses rapidly even though slag remains
somewhat fluid.) Beads are flat or slightly convex
and have distinct ripptes, with little spatter,

ET028: The electrode has fast-fill characteristics
applicable to high-production welds where low-
hydrogen guality is required. It performs hest ou
flat fillets and desp-groove joints, but is also suilsble
for horizontal fillet and lap welds. Excellent re-
striking gualities permit efficient skip and tack
welding.

Waiding Technigues

Techniques for ET028 are the swne as those
described for conventionat fast-fill electrodes.. How-
ever, special care should be taken to clesn the sley
fraom every baad on multiple-pass welds Lo avoid slug
inclusions -that would appear on X-ray inspecilicn.
The ensuing discussion perlaing to the technigues
recommended for 7018 electrodes.

Polanty: Use DCRP whenever possible if the
electroda size is 5/32-in. or less. Far largar elec-
trodes, use AC for best operating characteriatics (but
DCHRP can also be used).

Downhand: Use low current on the first cass, ot
whenever it is destruble 1o reduce admixture with o
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base meta! of poor weldability. On succeeding
passes, use currents thit provide best operating
characlerstics. Drag the slectrode lightly or held an
arc of 1/9-in. or less. Do nut use o Jong arc at any
time, since E7018 electrodes rely principally on
molten slag for shielding. Stringer beads or small
weave passes are preferred to wide weave passes.
When slarting a new electrcde, strike the arc ahead
of the crater, mave back into the crater, and then
proceed in Lhe normal direction. On AC, use cur-

-

some slag spills, Use currents in the lower portien of
the range.

Redrying Low-Hydrogen Electrodes
Low-hydrogen electrodes must be dry if they are
to perform properly, Electrodes In unopened,

TABLE 8-15. Charsttarlstict af
Mid-Stasl Covered Elactrodes®

AWE-AETM

rents about 10% higher than those used with DC. Elwcrode Valding Ganesl
Govern travel speed by the desired bead size. Chantication | Category Charsctr juticy
Vertical: Weld vertical-up with electrode sizes of 60,000-p1| Minimum Tenile S1iangth
5/32.in, or less. Use a triangular weave {or heavy Es01n Freezet - Mﬂ"*'l‘ ';"ﬂ metal lrepzes Quickiy;
, N . . ' witshle fiv waiding n sl pOnbORY
single-pass welds. For mu!t:lpaas welds, first deposit & wrtts DC rewaesepolanty powar. has
stringer head by using & slight weave. Deposit addi- leww-depositian rate wed deeply pene
tional layers with a side-lo-side weave, hesitating at eating sec; can e uied t0 waid al
N 1yioes of joings. ]
the sides long encugh to fuse out any smali slag : +
pockets and to minimize undercut. Do not use a Esan Fraezat | Similar 10 EBOTD0. #xcapt can be uvec
whip technique or take the electrode out of the with AC as wall 33 OC poweor.
mollen pool. Travel slowly enough to maintain the | EGO12 Fallgw Famet Uivel wpeed #nd xmaller walds
shelf withnut causing metal to spill. Lise currents in thI-n_ E6010: AC or DC, Iﬂ-'--:r;t-
- . polarity power; panatration les than
IthE lawer portion of the range. £60710. Primary um o 1or Single-pa
Overhesd: Uso efectrodes of 5/32-in. or smaller. weeldling ©f 1har-gege sheat matal in fie,
Deposit stringer heads by using & slight cireular ';;T“';::“'* #nd vertical-dawn]
motion in the craler. Maintain a short arc. Motions -
should be slow und deliberate. Move fast enough to EfD13 Fotlow Similar 10 EB012, excapt con by used
avoid spilling weld metal, but do not be alarmed if with DF toither polanty) o AC oower.
EcQZ? Fill Duposition rate high snce sovaring
conlzinzs shoul 50% iron v er; pri-
rmary use i far mullipas, derpgroove,
»nd Tillmt werlding in The flat posilion or
5 T'ABLE 6-14, Procedures Tar horizantal dillats, uiing DC {emher
ry!ng Low-Hydrogen Elictrodas palarity ] or AL pover,
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Maturg of Meitturn Pickup EX0Ig-28 E1101E-X powear pIrimary use s lar inclined snd
Electrod®y sepased 1o 4if for less than . thart, horizantyl TillEl weids.
GO WEEK; B0 Ditect EONIREE with watar, — . - -
. . . EDiB Fill-fresze | Syiteb!s Jor welding low snd maedum-
v . v
I_Ildl not tul e 10 X 1y inspection. 3000F Nﬂ“i‘__ carban sagk 10.55% € max) in &fl pos-
Electroder wxpaserd 10 wir Tor a8 1han lione & Iypes of jowntd, Waeld Mgl
one weikk ' N0 direct CoOntact with waler, quality and mechanicsl properied high-
Welds subject Lo Xy wispectian. 2000F TEOPF =1 of sl mild-cieal plectrodes’ unby
 Ereciradts have coma o direct comtae — L “eth OC riwaese polimly 00 AC porer
:T"h TJ‘:r'ur have bewn “P‘?“‘:"P“-" el E7(24 Fill High#r daposition reie than E7014;
hemuv nlunld cr:_um:lulluns o5 indizdled nalteble far fMar-potion welding snd
¥ COre wile rusziog a1 1h hoider wnd. horizonted 1l lats.
Belare reds ying ar 700 = 750F, pradey |
tleciroded in thes conetitian st 1800F E7078 Eill Eimilse L lype EF01B: usad for wekd-
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Fig. 6-21. Cepositson rates I0r varigus mild stexl glecirodes

hermetically sealed containers: remain dry indefi-
nitely in good storage conditions. Opened eans
should be stored in a cabinet at 250 to JD0°F. Bup-
plying weldors with electrodes twice a shift — at Lthe
start of the shift and al lunch, for example — mini-
mizes the duenger of moisture pickup. Return
electrodes ta the heated cabinet for overnight
storage.

When containers are punctured or opened so
that the electrode is exposed to the air for o few
days, or when containers are stared under unusually
wet conditions, low-hydrogen electrodes pick up
moisture. The moisture, depending upun the
amount absorbed, impaits wekl gquality in the
following ways:

l. & small amount of moisture may cause inter-
nal porusity. Detection of this porosity
requires X-ray inspecticn or destructive test-
ing. If the base metal has high hard enability,
gven a small amount of moisture can con.
tribute Lo underbead cracking.

2. A high amount of moisture causes visible
external porosity in addition to internal
porosity.

3. Severe moisture pickup can cause weld
cracks or underbead cracking in addition to
severe porasity.

Redrying completely restores ability 1o deposit
quelity welds. Thy proper redrying temperature
depends upon the type of electrade and its condi-
tion. Drying proceduras are listed in Table §-14.

SUMMARY OF ELECTRODES FOR MILD STEEL

In the AWS specification AD.1-69 there Are 12
different classifications of electrades for welding’
mild steel. Each classification has different operating
characteristics, and a summary of thess charac-
teristics is given in Table 6-15. The depositicn ratut
for the electrodes in Table 6-15 are shawn in ig.
6-21.

ALLOY-STEEL ELECTRODES

Alloy content of the weld deposit is not critie-
ally important in the welding of common grades of
steel, As discussed in the immediately preceding
portions of this section, electrade selection for these
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TABLE 6-16. Typical Mechanical Propertes of AWS AS5.5-69 Weld Metal

E7010 A1 EEME B2 EBOIB-C3 EBO18-C1 E11018-M
AL Welded
Tensile Sicengrh [pai) 75,000 107,000 86,000 87,000 112,000
¥iekd Suangth Ipsil B8 QOO0 90,000 T8.00G 74 D00 102,000
Elongaon (% n 2 in.) 24 N 25 g 2
Charpy W Motch (B! | B8 ar 70YF | 65 w1 TOPF |48 a1 —=20°F | B1at =75% | 25 41 —-BOOF
Sire Relieved 1150°F
Tansie Sirangth [osi} 72,000 43 000 81,000 B4, 000 112 D00+
81,000
Yeld Sirength (psil B0 000 81,000 70,000 71,000 58 000+
70 G-
Filanganan (% of 2 i) 20 0 26 24 22+
nl
Chaipy ¥ Noweh {1t-1b} at Y0OF [ 65 01 TOPF | BB ac —20°F | 40ar =TS9F | 35 a1 —509Fe
G5 ar TO9F

+

Sireny imbrvad 31 1274 9F
Straws calinven at 102%50F

sleels is hased lurgely on whether maximum deposi-
tizn rates or rapid freeze characteristics are pre-
ferred. But for alloy steels — chosen specifically for
their high meachanical properties, superior corrosion
resistance, of ability Lo withstand high temperatures
— the electrode must be carefully selected so that it

provides the specifie chemical composition needed
10 maintain the desired properties of the base metal

in the weld deposit.

There are many types of electrodes available for
welding low-alloy steels. These types are deseribed

completely in AWS A5.5, and & brief summary of

TAHBLE 6 17. Racamms4ndsd Elsgirodet for Trade-Mame Etesls
[Sue Note 10, Takle 6.13)

L L nT Y

[ TS |

[ T - ] I el e il
Lerml Frpabp Simer T4 Wi N Ira1racey Rlagr 81 i Al Tomdn Nowwa I b gl g
L L) Wiy Hull | Lubam b BT LT.ThM EToul -
vH 4 AWE L kb [RET LAY Y Pl EMGa
.lllllmlinl AP Vi AFF L iy B I Lokt Eaped Cor Tam & o
ha ) A d47 EQ Cm Tem & 0 & hare __I o Lok i, Bl EMIIE L)
wid Cm Tan E ERiNCY Luwkdrm LT 78OT TG 43
L 41, 4% Maie 1 Lukmra TH, Thd T1B, LT-TRH L |
CAR N% aimeh LTH Lrad or [T w1
mgh b @ D I roze —_ G e ey GLE 4
et ] Cur m o S 1 c Ry T ARy Gran MAX Hi iy E7OME
L= FTE Y r . Lot i g AR Hoph Titeprier EXI ]
L Tl Sucar L Tinmg GLE .G Shw ElCl
Armra LTH WhT Léora it TR [T T 1
L L) N AETha 5T Ta T - Tiane
O M IOGE 00 =
WYRE ue aTc LRI - et ¥ !
. E 2l
wer 2y M 52 T x g reray | T v
LI T M addl EiO2 Pt ot
[P - Muwcsrn B, B bl W Cromgt 11 1ok :mw-:am M EBTINL]
[e TP T ] i, B [P ) TGy -
G TR Tmwe | At 10 X o fxuwa
' OCw w0 WO e 100, T Lhoiaw e 9 ClLLL]
W A7 A b FXTen 41 44 B 1 -
X 4 TxTem 80
Tnird Sisel :::.1: A Lol &4 :‘:;:. o~ Uniul Lisim Scenl Com Ton i, B Far-Tim FI0Id
. Tar Eeml e i bt T4 Ten M Ve LA Al 1008 ]
CI L L Tun € 1] o Y & b Ty
. = inTer o
Mz 0 IMI;IJ Car T Chardae 11 =11 74] ]
TR rm— £3.-Ten 70 ik |
bx W ES [rEET =S T1Ta t e [T
Ay j_m 3% FIOi0 TieY T ML a1
s L p g Cim Tk, L o 1 M ] " b 50 R Th T T ada1 EMOTE aw
B Tl v e A AD  EICC ASC [ rouspnmen Eheer [Ar
a9 Mg EARIN B3 & Tuke CBrmpeny ¥ W G, B ¥ kgn 4.0 F=}
T y=—— ¥ whty WE, HET How T 1
et E1IEIRm n v [T
e i e 1 vEm.1a ime |
Pemwy 20OV, dhCw Lrod o g Bepien spler 1w Taom & 1]
" aar Leaml g WEG MR WA LY L
[T TE T K iy GEg W FRIIAL] |



typical electrode characteristics and applicatians is
presented in the following paragraphs. The chemical
requirements aof deposited weld metal are given in
Table 4-7. Typical mechanical properties of some of
the weld deposits are given in Table 6-16, A guide to
the selection of electrodes for welding steels of
specifie trude names is presented in Table G-17.

Except for electrodes far welding high-strength
line pipe {see Section 13.3), most electrodes for weld-
ing low-alloy steel have low-hydrogen, fill-freeze
characteristics similar to those of ET018 and are
suitable for all-position fabrication and repair weld-
ing. Even though these electrodes are suitable for
all-position welding, their operating churncteristivs
are quite different from those of fust-freeze elec-
trodes for the comimon steels. Weld metal from
alloy-steel electrodes freezes rapidly even though the
slag remains relatively fluid. Deposition rate is high,
partially because tha coverings eontain iron powder.

Beads are flat or slightly convex and have dis-
tinct ripples with little sputter. The moderately
heavy slag is easy to remave.

Some of the commenly used low-alloy high-
sitengih electrodes include:

E2018-B2: This electrode produces a
1.25%-chromium, 0.5% molybdenum deposit, com-
monly required for high-temperature, high-pressure
piping. It usually meels requirements of E90413.G
for some high-strength (80,000 psi tensile) steels.

E8818-C3: The wlecirode conforms to MIL
8018-C3 and preduves a weld having a tensile
steength of 80,000 psi, suitable for general-purpose
welding on many high-strength alloys. This type also
pravides a 1%-nickel deposit for welding alloys that
are Lo be uvsed ab low temperatures end which
require goed natch toughness down to -60°F. The
electrode is also used for fillet welds on high-
strength {110,000 psi tensile} quenched-and-
tempered steels, such as ASTM AS14 and AS517.

EB018.Cl: The type produces a 2,25%-nickel
deposit with notch toughness of 50 ft-lb at -75°F
and is, thus, commonly required for welding low-
temperature alloys. Such alloys are frequently used
to fabricute storage, piping, and transportation
equipment for liguid ammonia, propane, and other
gases. This graup of electrodes is also recommended
lor the best color match on unpainted corrosion-
resistant ASTM AZ242 steels. (Cor-Ten, Mayari-R,
and others). :

E110]8-M: The electrode conforma Lo
MIL-11018-M and produces a 110,000-psi tensile
stiendth neaded for full-strength welds on
quenched-and-tempered  steels, ASTM AB14 and

Shinlded Metai-Arc Process 8.2-15

A517 (T-1, $85-100, HY-80, and cthers)

GENERAL COMSIDERATIONS IN WELDING

Joint Positions

As noted earlier in this section, joint position is
often the primary factor in electrode selection and s
therefore largely responsible for the speed and cost
of welding. Where possible, work should bz posi-
tigned flat for fastest welding speed.

Sheet-Metal Welds: In sheet steel f1om 1010 15
gage, welds are usually larger than needed for join®
strength. Thus, Lhe primary objeclive is Lo avoid
burnthrough while welding at fasy travel speeds wilh
mininium  skips and misses. Fastest speeds are
obtained with the work positioned 45 to 75° down-
hill. Refer to the prior partion of this section on
fill-freeze electrades.

37 FER MIN. 117 PER MIN. 12" PER MIN,
yertical Up Hlori poreal Flar

N o
A & L

Fig. B-22. Yariations in wekling $peed with differen joint gostions

Welds on Mild Steel Plate: Plates having a thick-
ness of 3/16-in. or greater are welded most rapidly
in the flat position. This position permits easiest
manipulation ¢f the electrode and allows uwse &l
high-deposition  fast-fill ¢lectrodes. Variations in
welding speed with gifferent joint positions are illus-
trated in Fig. 6-22. For more information, refer {0
portions of this section dealing with fast-fill elec-
trodes. If a weld is to be made in the vertical or
overhead position, refer tu the discussion on
fast.freeze electrodes.

Welds on High-Carbon and Law-Alloy Steel:
These steels can be welded most readily in the level
position. Refer to the diseussion en low-hydrogen
electrodes.

Jaint Geometry and Fitup

Joint dimensions specified in the FProcedure
Tables are chosen for [ast welding speeds consistent
with weld guality, [leparture from tha recom-
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452

Fig. 821 Cornecl and ciwrec! beveis tor pood beag shape snd
amgunle peneralion,

mended joint geometry may reduce welding speed
or cause weldihg problems.

Fitup must be consistent for the entire joint.
Sheet mefal and most fillet and lap joinis must be
clamped tightly Lbeir entire length. Gaps or bevels
must be accuralely centrolled over the entire joint.
Any wvariations in a4 joint make it necessary for the
operator to reduce the welding speed to avoid burn.
thraugh and force him to make time-consuming
manipulations of the electrodes.

Sufficient bevel is required for good bead shape
andd adequate penetration (Fig. 6-23). Insufficient
bevel prevents adequate entry of the electrode into
the joint. A deep, narrow bead also has a tendency
to crack. Howover, excess hevel wastes matenal.
Suflicient gap is needed for full penetration (Fig.
6-24). Excessive gap wastes metal and slows welding
speed. Either a 1f8-ip, land or s backup strip is
reguired for fast welding and good quality with
thick plate (Fig. 6-25).

Fealher-edge preparations require n slow costly
teal bead. However, double-V bull joinls without a

« RIGHT WRONG

= — Lacks tull Penerralion

= b-1432" ta 116"

L § o s
wn] bue 148" \,///
lw‘ Pergtratoan inig both
- - plaves and Dackup required

- L-Z_ihﬁ"

Fig. B34, Correct #nd incatrect gaps for pioper penelration

RIGHT

WRONG

Wasted wald matsl

Seal bead

148"
Apiul 1peecds frihr, Typical spead 16 t.sbr,

LSS
|

. !

Fig ©-25. Proper joant gesrmatry 1or thick-plans wekhing. .

1 '
land are proctien}! when the seai bend cosl is offset
by easier edge preparation and the gap can be
lumited to about 3/32-in.

Weld seal beads on flat work with 3/16.in.
ES010 electrodes at about 150 amp DCRP. Use
1/8-in. electradde at about 90 amp DCRP for vertical,
overhead, and horizontal butt welds. Employ a
combination whipping technique and circulating
mation in the crater. .

"When low-hydrogen seal heads are required, use
the appropriate EXX18 elecirode. Weld with the
same electrode sizes and about 20 amp higher cur-
rent than recommended for E6010. Employ stringer
bread technigue with 2 slight weave when needed.

Batk-gouging fram the second side is needed: 1.
For X-ray quality. 2. When irregular gap or poor
technique produces a poor bead. 3, When 2 heavy
bead 15 needed to prevent burnthrough of semi-
automatic fill heads.

Joint Cieanliness

‘To avoid porosity and attain the speeds indi-
cated in the Procedure Tables, remove excessive
scale, rust, moisture, paint, cil, and grease from the
surface of the joints.

If paint, dirt, or rust cannot be removed —asis
sometimes the cuse in maintenance welding — use
BEE010 ar EGO11 electrodes to penetrate through the
contaminanls deeply into the base metal. Slow the
travel speed to allow time for gas bubbles to boil out
of the molten weld before it freezes.



Electrade Size

Large electrodes permit welding at high currents
and high deposition rates. Therefare, use the largast
electrode practical consistent with good weld
quality, Electrode size 'is litmited by many factors,
but the most important considerations usually are:

1. High currents increase penetration. There-
fore, electrode size is limited on theel metal
and with root passes where bumthrough can
oCCcur. )

Z. The maximum electrode size practical for
vertical and overhead welding is 3/16-in. The
B/32-in. electrode is the maximum size for
low-hydrogen electrodes.

3. High DC current increases arc blow. When
arc blow is a problem, either use AC or limit
the current.

4. Joint dimensiony someatimes Emit the slec-
" trode diameter that will fit inte the joint.

Preheat and Interpass Temperature

The use of preheat and minimum interpass tem-
peratures may be dictuted by the campesition of the
steel, by the thickness of the material, ur by the
degree of joint restraint. Preheating may be manda-
tory if the welding is done according to a code. For
ixample, the preheating requirements in the AISC

Shiglded MetalAre Process 6.2-17
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specification for structural steel buildings are shown
in Table 6-18. Other codes, such as the AWS Euiiding
Code D1.0-89 and the AWS Bridge Code D2.0-65,
have similar requirements. (See Section 3.3)

TROUBLE SHOOTING

Many operating variables can affect the quality
and pppearance of tha weld. The effects produced
by the most important of these variables are iltus.
trated in Fig. 6-26. Common undesirable elfects are

TABLE 8.18, MINIMUM PREHEAT AND INTERPASS TEMPERATURE. AWS D1.1-Rav. ¥-73,2.74, Table 4.2"% (Oegrees £
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Welding Carbon and Low-Allay Steel

Fig. 6-27. Lincteairalle Bead eppearanca Cousad by weld spatter,

shown in Figs. 6-27 through 6-29. Methods for cor-
recting undesirable characteristics are discussed in
the following paragraphs. Not discussed here is arc
blow, which is covered in Section 3.2,

Wold Spatter .

Spatter does not affect weld strength but does
produce & poor appearenee and increases cleaning
costs, To contrul excessive spatter:

1. Try lowering the current. Be sure the current
is within Lhe recommended range for the
type and size electrode (Se¢ Table 6-12.)

Z. Be sure the paolarity is correct {or the elee-
trode lype. |

"3, Try a shorter arc langth,

4, If the mollen metal is running in front of the
are, change the electrode nngle.

5. Watch for erc bilow,
. Be sure the elertrode js not too wet.,

Undercut

Generally, the only harm from undercutting is
impaired appearance. However, undercutting may
also impair weld strength, particularly when the
wield is loaded in tension or subjected to fatigue, To
minimize undercul:

1. Reduce current, travel speed, or electrode
siza until the puddle is manageable.

2. Change electrode angle so the are force holds
the metal in the corners, Use a uniform
iravel speed and avoid excessive weaving,

N

g B-ZH. Undercyt oo weld The ellacl 15 widesirabie (iom the
H7 ardoee SLAnNdpoonl wed iy wweakon s ol

A ough Welding .

If polarity and current are within tha elecirode
manufacturer’s recommendations but the are action
is rough and erratic, the ¢lectrodes may be wet. Try
electrodes from a fresh container. If the problem
occurs [requently, store open containers of
electrodes in a heated cabinet.

Porosity and Surface Holes
Most porosity is not visible. But severe porosity
can weaken the weld. The following practices
rminimize porosity:
' 1. Rummove scale, rust, paint, moisture, or dirt
from the joint. Generally use an ES010 or
L6011 electrode for dirty steel.

2. Keep the puddle molten for a Jong time, so
that gases may boil out before the metal
freezes.

3. Steels very low injcarbon or manganese of
those high in sulfuf ot phosphorus should be
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welded with a low-hydrogen electrode.
Minimize admwixture of buse metal with weld
metal by using low currents and fast travel
speeds for less penetration.

4. Tey using a short are length; short arcs are
required for low-hydrogen electrodes.

Surface holes can be avoided by many of the
practices used Lo minimize porosity.

Foar Fusion

Proper fusion exists when the weld honds [44]
both walls of the joint and forms a solid head across
the joint. Lack of fusion is often visible and must be
avoided for a sound weld. To correct poor fusion:

1. Try a bhigher curment and a stringer-bead
technigue.

Z. Ba sure the edges of the joinl are clean, or
use an E6010 or EG01] electrode.

d. If gap i5 excessive, provide better fitup or’

us¢ 2 weave techhique to fill the gap.

Shaltow Penetration

Penetration refers to Lhe depth the weld enters
inta the base metal. For fullstrengih welds, poene-
trution to the bottom of the joint is required. To
overcome shallow penetration:

1. Tty higher currents or slower travel.

2. Use small electrodes te reach into deep,
Narrow grooves,

3. Allow some gap {free space) at the bottom
of the joint.

Cracking

Many different types of cracks may occur
throughout a weld. Some are visible and some are
not. However, all cracks are potentially serious,
because they can lead to complete failure of the
weld, The fullowing suggestions may help control

potential cracking. Practices to minimize cracks are

shown in Fig. -30.

Shielded Metal Arc Frocess  6.2-19
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Most ecracking is attributed to high-cazhon ar
alioy content or high-sulfur content in the base
metal. To control this type of crucking:

1. Use low-hydrogen electrodes,

2. Preheat. Use high prcheats for heavier plate
and rigid joints.

3. Beduce penctration by using low currenls
and small electrodes. This reduces tha

amount of alloy addwd to the weld from
melted base metal. -

_To control crater cracking, fill each crater before
breaking the are. Use a back-stepping technique so
as to end each weld on the crater af tha previpus
weld.

On multiple-pass or fillet welds, be sure the first
bead is of sufficient size and of flat or convex shape
to resist cracking until the later beads can be added
far supporet. To increase bead size, use slower travel
speed, a short are, or weld B9 uphill. Always
continue welding while the plate is hot.

Rigid parts are more prone to cracking. It pas-
sible, weld toward the unrestrained end. Leave B
1/32-in. gap between plates for free shrinkage move-
ment as the weald cools. Peen each bead wh;le it s
still hot to relieve slresses.

For more un cracking, sce Section 6.1,
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INTRODUCTION TO WELDING PROCEDURES

The ideal welding procedure is the one that wil
produce goceptable quality welds at the lowest
ovar-all cost. So many factors influence the opti-
mum welding conditions that it is impossible to
write procedures for each set of conditions. In selec-
ting a procedure, the best approach is to study the
conditions of the application and then choose the
procedure that maost nearly accommodates them.
The procedures given here are typical, and it may be
necessary to make adjustments for a particular
application to produce a satisfactory weld, - -

For some joints, different procedures are offered
to suit the weld quality — code quality and com-
mercial quality — that may be required.
Code-Quality Procedures !

Code-quality procedures are intended to provide
the highest level of quality and appearance. To
accomplish  this, canservative currents and travel
speeds are recommended.

These procedures are aimed at preducing welds
that will meet the requirements of the commonly
used cades: AWS Structural, AISC Buildings and
Bridges, ASME Pressure Vessels, AASHO Bridges,
and others. Code-quality welds are intended o be
defect-free Lo the extent that they will measure up
to the nondestructive testing requirements normally
imposed by these codes. This implies crack-free,
bressure-tight welds, with littte or no porosity or
undereut,

The specific requirements of codes are so num-
¢Ious and varied that code-quality procedures may
not satisfy every detail of a specific code. Procedure
qualification tests are recommended to confirm the
avceptabillty of chosen procedures.

All butt welds made to code quality are full-
Penetration; fillet weids are full-size, as required by
Inast codes. [The theoretical throat, rather than the
Lrive thmqt, i5 used as the basis of calculating
strength,)

Et::mml:arr::iml-\f]l.l.alitwj,.r Procedures
Commercial quality implies a level of guulity
and appearance that will meet the nominal require-

ments imposed on maost of the welding done
commercially. These welds will be pressure-tight and
crack-free. They will have pgoad appearance, and
they will meet the nortnal strength requirements of
the joint.

Procedures for commercial-quality welds are not
as canservative as code-gualiby procedures; spoeds
and currents are generally higher. Welds mads
aceording to these procedures may héve ringr
defects that would be objectionable to tha o
demanding codes.

[t is recommended that appropriate tests be
performed to confirm the acceptability af e
selected procedure for the a pplicatilon at hand prior
to putting t into production.

Weldability of Material

Waldability (see Section £.1) of a steel has a
considerable effect on the welding procedure. For
some joints, more than one procedure is offered
because of the marginal weldability of the steel.

Good weldability indicates a steel with a compo-
sition that is within the preferred range (see Table .
£-1) — one whose chemistry does not limif the
welding speed.

Fair weldability indicates & steel with ane ¢r
mare elements outside the preferred range or nne
that contains one or more alloys. These sfcels
require a lower welding speed or a mild preheat, or
bath, to minimize defects such as porosity, cracking,
and undercut.

Poor weldability steels are those with ¢ompo-
sitions outside the preferred range, alloy additions,
segragations, previous heat-treutment, or some other
condition that makes them difficult to wald. These
steels require still lower welding speeds, prehest,
possibly & postheat, and careful electrode selection
to obtain 2 satisfactory weld.

The addition of alloys ko steel that enhance the
mechanical properties or hardenability usually have
an adverse effect an weldability, In gencral, the
weldability of low-alioy steels is never better than
“faie."
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Procedures Noies

[n the following fillet-weld procedures, the Fillet
size is always associated with a particular plate
thickness. This relutionship is given solely for the
purpose of designing a welding procedure and does
not imply that a certain size fillet i§ the only size
applicable ta that plate thickness. In same of the
procedures, the [fillet size shown is larger than
necessary to meet code requitements for the plate
thickness. In such tnstances, select the procedure for
the proper weld size and quality. [f the thickness of
the plate being welded is appreciably greater than
that specified in the procedure, 2 reduction in
welding speed and current will probably be required.

The procedure data given have bean developed
to provide the most ecanomical procedures for
various applications. In some cases, mare than one
type or size of electrode is recommended for the
same joint. In small shops, electrode selection may
depend on the available power source; consequently,
some joints have procedures for either AC or DC
welders.

. With some joints procedures for twe different
types of electrodes are given — for example, E7014
or ET024, ET018 or ETO25. This allows a choice of
electrodes so the one with the better usability
characteristics can be selected.

Shigided Meraf Aec Procedures ﬁ_é-?.j‘

Any procedure for a poor or fair welding quality
steel may be used on a steel of a better welding
guality.

Travel speed is given as a range. Tha electrode
required and the total time are based on the middia
of the range.

Unless stherwise indicated, hoth membar of the
joint are the same thickness.

Pounds-pf-zlecrode gata inciude all ordinary
deposition Josses. These values are in terms of
pounds of elactrode needed to be purchased.

Total time is the are time only and does not
allow for aperating factor.

After a satisfactory welding procedure bas been
establishad, all the data should be recorded and filed
for future reference. This information is inveluahls
it the same job or a similar job occurs at 8 later date.
A suggested data sheet is shown on the opposits
page. )

The presented proceduyres are offered as o sturt-
ing peoint and may require changes {0 mest tha
requirements of specific applications. Because the
many variables in design, fabrication, and erection
or assembly affect the results oblained in applying
this type of information, the serviceability of the
product or structure is the responsibility of the
builder.
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SHIELDED METAL-ARC [MANUALJ

Fosillgn: Fla

weld Quallty Level:Cammercial
Crgnl Weldability: Good
Weldkd Fram: Ona side

12 - 10 ga
£ - .
£ 7 >
&% Minimurm penetration
Plate Theek niexs {in,) ‘| 0.048 118 ol 0.060 (15 ga} 0,076 [14 ga} 0.105 112 pa) 0.138 {10 gal*
Fati 1 1 1 1 1 .
Emcitodn Class E BOY) EBOD E&310 E&310 EGD10
Stra HE 1/8 B 5/ X7 WiE

Curewnt lampl DCI+) a1 m BO 126G 135

Arg Spest Tin frmung 22 - 26 30 - 35, 25 - X 20 — 24 17 =11
Elat 1pde Feg'd b} 0.0244 0.0287 00262 0.0ag7 0.0695
Tors Ture Thrilt ol weldl Q Gaoa3d 000816 0 0o72? 0,00008 Qo108 s
e 1ANE e yep pnd whip the slecirodas.

[ =1=

SHIELDECD METAL-ARC IMANUAL}

Poitlnen: Flal

woald DQuatiy L evel;Cammercial

Sl Weldabitlivy: Gaod

Waldsd Fram: Qne sige

[lE — 10 ga
+ Y 5
20% Minimum penetratian
L]

Plarm Thickness {in] 0.048 {18 g 0.060 115 gal 0076 {34 gal 0.105 (12 gal 0.135 (10 gal*
[P i 1 i ! 1

Elecirondy Chasa EGDO11 EBD11 E&D11 E&g E&O1E
| HiT RTEF] 1B 144 5/32 s

Lwrewnl lampl AL &0 100 106 1) 143

Aut Speed [ fmin| 20 =34 8- 31 26 - 31 iq =13 27— 37

Eimcriods Rag'd [Ib/it) po2ht Q0325 o 8357 0.0537 0, DE4

Total Time thrftt of weeld) LT YT 0.0 O.0urd 0.00755 c.o0817

*Lhww VIR Qup wred wehip TRL e 1 OUE,




SHIELDED METAL-ARC (MANUALY

Shielded Meral-Are Procedures

6.2-25

Position: Flax

Weld Quality Level: Coda
St Wakdahility: Good
Yierded From: One side |

Plate Thick ruts [in.d i 5/18 1) 172
Pasy 1 2 i 2& 3 1 2 a
Elecriode Claw EGOIY E&027 EGD11 E6027 EG011 EED11 E6077
" Sira 8/32 [T 58/32 5{32 5/32 174 1/4
Currant famp] &5 135 243 135 240 135 275 A0
Arc Spaed Lin fmini E5.68 120-14.0 §h.AH 120140 EG5G5 50100 | 100120
L ]
Erectrode Req'd linffn) 0168 o142 | oose [h284 0.158 0228 0 a64
Tatal Time (hrift ol wald] 0.gas7 i 0.0Ea1 0ol
)
\ SHIELDED METAL.-ARC {MANLIAL]
Position: Fiat
wald Quatity Level: Code 600

Simnl Weldasaility : Good
Weidad From: One 1ide

A4

el D

¢ & 5 < 6 : <
3 _ 2
+ A I
— s ”3.._[ _4 |__1.ra"
Plate Thickoa fin.| 34 1
Fass i 2 1-8 ¥ 2 =10
Elmctrode Cless E8D11 E&D1 EBO2T EEQ11 EEDQ1Y EAQ2Y
Sizn B33 114 1/4 E132 ¢+ 174 114

Currant (amp) AG 135 275 400 13% 278 A0 .
Are Spaed {in/minl S5E=85 80 -10.0 11.0-110 EE - 6.6 4.0 - 100 170~ 130 1
Elsctrode Flag'd (IB/1) . 0.168 0.228 1.47 Q.188 3.278 ri:L
Torral Time {hefit uf vk 0.127 0189




5226

Welding Carbon and L ow-Alfoy Steef

SHIELDED METAL-ARC (MANUAL)

Pogition: Fisl
ekl Cuality Level: Commerciad
Sreal Wekiahihimy: Goog
Wrided From: Oine side
e
Surel
ki
backing 5/16"
Plane Thichaes (in} 5716 e "Wl
Fam 1 2-3 1 f  7-13 1 2-d
Elrcirece Clas E6021 L6027 EBOZT EGOZT E&027 E 6027
Sire ane V74 G 114 18 1/4
Current (amp| AL I 400 ka4 400 ] 0] A0
| Are S peed ling min| 130150 150180 |- 190150 11.51%6 13.6-15.C 12.5-14.56
Elecrrode Req'd {IB/TT) _ [ baéE 0524 0.278 0.£97 0228 100 -
Torad Time {hrilt of wald) 0.0385 00463 0.0605
oy
SHIELDED METAL-ARC [MANUAL)
Poulion: Flay —l
Weld Cuphity Level: Commercial 30
Stenl Wekdability: Good BB —1" r 7
Watdea From: One sie {
} Staal
baching "
bflG
Blare Thickress [in.) _ EfA L] 1
F s 1 | 2=5 1 2—5 1 ]
Eleirpde Class EGO27T ERDE? EEG027 EGD27 ERd27 Eg02?
Si1e s | 1/4 1B 14 NG 1/4
Current {amp) AC ) 4L 300 K] A 400
Arc Speed fin.fminl 130-15.0 125146 130150 12.5-14 h 130180 126145
Electrodt Feq'd {1n/i1] {0,228 1.35 0.228 1.69 0.224 2.7
Total Trrne thy fit of weid) 007549 | 0313 0132




Snhielded Metal-Arc Procedures

6.2-27

SHIELDED METAL-ARC [MANUDALIJ £
Poston: Flar ) i
wekd Qualicy Lavel: Coda
Semml Weldability: Good
welded From: Two telas 602
First pasa
i/A — 5/B
Last A8
Plale Thickniss [in ) /8 112 sa
Pau [ 2583 1 FI] 1 81 4
Elecirode Clas EGR11 EBD27 EGH EgQ2? E&D1t EG0Z7 EB03! )
| Hiza ___J-HG 36 174 /32 tra ti4 112
 Cutrent fampl AC 175 280 215 30 275 175 340
Ar: Spand (indenin) 80100 1451715 1080 11.5.15.5 71090 12.5-14 5 M15%131%
Flnclmda Reg'd ksl 0.148 1 0. 368 0.r3 0. 480 0.741 |- 0. 165 .23
Total Timme [heill of wald} 0.0472 00528 0.0706 .
Bk qowge 1iFET Py el Drd welding It past.
[ 3
SHIELDED METAL-ARC (MANLAL)
|
Potitign: Flat
Weld Quality Level: Code .
Sranl Waldahility: Goog
Welded Fram: Two Lides B2
¥ — 142 1 _L T
3
L LTD
Plate Thickness {in LT 1 1-1/2
| Fan 1 FE A& 5 1 FEE -7 1 243 - 10
Elcirade Clase ' EEQ11 E&Q1 EB827 EE01 1 E6O11 E6027 EBd E&0t1 E&027
Ziza 215 144 174 116 114 14 ane 174 114
| Currant lamg) AC 135 176 400 135 275 400 135 76 00
Art Spaed [inJdomint 5565 J80.100 (11.0130| 5566 | B01D0 (110130 5565 [ A900 [ 35115
Elvzirode Reqd (16/11) .1590 Q.400 0728 0,15 0400 1.45 0.190 0. 40} 204
| Teta! Tirna thefTt of weid) oan 0.144 ot

BICk pouge M(FL? Savy bailarg welding third paws Compiare Third gars wda bafore (drning avr,



6228

Welding Carban and Low Affay Stes!

SHIELDED METAL-ARC {MANUALI

Petinion: Verrith down
Welg Ouality Lewet Cornrmercial
Stesl Weldabiluy: Good
Welded From: Dne sicde

18 — 10 ga

BRI

£0% Minimum peralrazion

Plate Trackness Tinl G048 113 ga) Q 050 116 gat 0.075 (14 gal 0105 (12 gal 0,35 10 gal*
P T 1 1 _ 1 1 —

Electrode Clasy EBOTO EmDI0 EcD10 E&010 EED10

Size H3? 148 1/8 B2 H16
Cut vttt {armp) DECI4) 451 161 90 130 150
Arc Spaed [in fminl 25— 30 -8 27-1 22 - 27 18=22
Elcctico#s Reg'd {ib/t) 00234 _ 00281 0272 0.0475 0730
Toial Tims [hitt of waldl o.00727 0.00EL5 0.00678 oooR1? Q.Qi1og

* W VSYE N gag eng whip the slec i Gue.

T L DC(-]

SHIELDED METAL-ARC {ManUaALl

Fosition: Vertical down
Wald Qualiry Leval; Commercial
Stawl Wekdataliry Good
Wikdsd From: One side

18 - 10 ga

B

B0% Minkmum paneration

Pigre Thuch negs in,) Q088 (18 ) 0 D0 (16 gal 0.075 {14 ga) 0105 12 4al 0135 {10 gal !
P i 1 1 i
il — ]

Electrods Clas _ EGD1 E&D1 EBUTI EEQ11 E&O1
Sire 332 178 /B 532 16

Cureant {amp) AC 55 a 115 143 155

Arg Spred [in/mn| . 21 -4 29 — 34 27— 32 _ 28 = 31 a4 - i

Etecirocts Aeg'd dltide} 0.02 36 0 0345 0 0876 Q.05323 00640

Toral Firnt [heff1 of woald} 090785 nusea 0.00e78 0 a7 0.607556

UM 1B fap Bt d e fe PR leg 1Ot




Shielded Matal-Are Pracedures

SHIELRED METAL-ARC [MANLIAL)

5.2-29

FPovitian: Yerncal uvp
Virld Quadivy Level; Coda
Sl Wikdapiliny: Good
Welded Froum: Onm side

12

t |

[

u n".} _..ri-—.-l 8

Fratn Thick rgss 1in.]

174

56 248 112
Fan 1& 72 1 &2 14 3 1--3
Electrode Clans Ead EGQ10 EalId ERGIG

T 5132 532 ETRT 1B

Currenl lamp) DO 1140 120 150 170
Arg Speed (in frmin]* ET] iBaz 4853 1E.42
Elnctrods Aag'd {Ibift) 0.1 0 440 0586 0.990

I Totsl Tira (Er{lt of wakd) 0.0301 FYEE! 0130 0.t563

" FIrC paek only, Vary 10eee on siCccusding ppey to obtaen praper weld e,

SHIELDED METAL-ARC (MANUALI

Poyitian: Verticsl up
YWrid Quality Level: Code
Stasl Weldabillly,; Good
Waldegt From: One side

I —
5/8 I 1" s
oy _{ TR

Plate Thickaues Ln. 58 a4 !
| Pax 1-4 1—6 =1

Elactrode Clags EGQ10 E6aQ10 E&01D
I Sira 316 316 e
, Lurrent {amp] OCIH 170 170 170
e Speed (infminl * B =47 18 -47 JB - 42
| Electrade Req'd [tb/1i] ! 1,48 2.08 .58
+ Total Timw (heif1 of wed) [ 0218 i 0.318 0547 |

* EuiLpaEr @by weiy oo A0 B WELAinY pathih 10 OBtain D GEF Yald size.

aidey -



g 2-50 Welding Cirbior 303 Low afoy Steo!

SHIELDED METAL-ARC (MANLAL)

Posilion: Varheal up
Wakl Qyality Level: Codae . ’
Sieal Waldakbnlny: Fair '
Walded From: One sie B>
8 = 1" I
. Lt
vl _T e
Plate Thick i Lin| .'l.rn 12 4 t
Fasi — i ] 1 ] 1 Z—7 1 213
Elecrrode Clag EGDI0__ | EMIB EE010 ETG1E E&010 ET010 E&HQ ET018
Sirm 5133 532 bl 5/32 i3z Bi32 5/22 5/32
Current {ampt DCLY 160 160 160 160 160 160 160 160
A Speese [infmind 4347 1245 4.34.7 335" 43247 1235 4.3-4.7 215"
Etecirode Aég'd [f ] __G.EBI__ 0.3 03281 0758 Q0.281 193 0.8 352
Totab Time thedin gl weld) 0104 0178 0381 [ R |
- SIE-I:II'II:I' pikl only. Vary Weard on gulckrding @iy 14 ablon Proper weeld Side. [
SHIELDED METAL-ARC [MANLAL]
Positien: Wi ticH vp Iﬁﬂﬂ .
Weld Doalny | ewel: Cods
STeet welnshilny, Good
Wekied From: Two sides
g T
B
ANFs
' E
if - 'l~t.|f2”(L' 1 “L'
i 2
148" 1
4
i B =65
1B el
1 r
Flae Thic nmas (i) Aa r__ 1 . 1-1{4 1-1/2
Pass 1 __2-8§ ¥ -7 ¥ i 1 2-9 |
Eecirnde Clag EBO1D) ETOR ERO1G E70148 EBOYO EID18 E&010 ETU18
Sian 532 5732 5f32 i3z &£/37 5/32 £f37 5734
Lurrwnl lamp) D[+ _ 140 L I 160 149 Y60 140 160
Arg Spead Dinfmin} 3591 41.49 35414 3541 304 2335 15-4.1 2430 |
E tecirode Ara'd Ioiil) Q240 O 900 Q. 240 1.66 0,240 2.40 0240 3.18
Toral Tim (ke ffy of wiid) 0130 0.267 0514 0 545 4

Biouge cul vearn lor dirsl Feth @nosecond nigde



_ Shiwided Meral-Arc Procedures 8.2-31
-— -
SHIELDED METAL-ARC {MANLAL)
'_P“.:.nn: Haorl ol
wieid Tualry Lewel: Code
S1eel Waickiboity : Fair
wielged From: Cha pade
450
IM"l[
—-l l——--'].I‘B -39
Plare Thich reta lin ) 8 112 5/ A
| Paus 1 I 2=5 | [} -7 ___'I I T—9 1 l =13
Electl'odi_g_l_ﬂ E7DN8 E?Q18 E7A Erota
Sige v} 1B X6 A8 kT
Corrent (ampl OG[r) - 2490 240 | 240 240
| ArcSpeed (in fman] ] 4555 85455 4555 [ 7585 4558 | 5774 5665 [ 8258
! Elgcirode Raq'd ithif) 0.887 1.35 1.75 2az
i Tatal Time [heiit of wald) 0118 i 0182 0270 Q.0a%
SHIELDED METAL-ARC {MANUAL]
Fouron: Morironial F
¥veid Qualiry Leval: Code
Sime| Waltdablliy: Fair
Yelded From: Cne side
450
'IM‘l ]
_— ) I__1 — 1427
| Flate Thick nass {In ) : e 1.1/4 1172
| Fazy 1" =13 [ 14-19y | 2-17 [ 8-24t| 2-22 | 23-31¢
Elmgtrode Clyu E7ME ErQi18 E?Q18 E7018
L Sizd lin,] Hi6 7132 316 1132 Kie HIEF WG
| Cs rewnt Lampl GG+ ) 240 280 240 280 240 260 240
_Ar: Spew lin frming 56 6288 9.5-105 5787 5108 5258 25105
| Elecirode Reg'd |mift! © 308 894 402 1.23 .40 1.60
Toral Tim (Pt al wed? 0.525 T 1.00

" F o1 oaen 107 411 R R Adrbiat

T Covdr Pana®s,



6.2.32

Welding Carbon and Low-Alloy Steef

SHIELDED METAL-ARC {MANUAL)

Position: Horlontal
wWeld Quaelny Lavel. Commerciad
Sreel Wetdabihity: Fair
Welded Fram: Tewd sioes

Ty
T .

a4 = 1153
[Tk o

-

S
g

[ Piate Truchnase (in) 3/4 1 1.1/4 1142
1 Pafa 1 i-B 1 2-14 1 2—10 1 =12
Eh’clrbdtﬁﬂ E7G15 | E7OIA E?O18 E7018 E7D1R ETDIE E7018 EMH1E
| iz ins J6 X186 316 W16 kT3] g =TT
Curient {ampl D[+ 4 140 240 240 140 240 240 240
Arg Spesd Linfrmin) 5565 | §0-11.0 4852 [ B5105 3046|5565 3743 | 4664
| Eltectrode Reg'd fi/i) « - DDEg 1.47 2.80 J.84
__Tutal Time |nrfty @l weld] 0133 0.230 0347 0,450
FIUI tlent pant vide. E“t"guuga 2% cygu IFed Baltary wolding saceond tide, ¢
SHIELDED METAL-ARL IMANUALI
Pasilion. Horiiontal
Wald Quality Lavel: Coda N
Surel Wada bty Fair
YWeided From: Ona side
— | 314 = 121727
Plale Thickress [in) ' 34 1 1-174 1142
P 1" ?2-3 -5 2-5 2—8
Elxctroads Claxs EIDIB ETOIE E7D0 EFQIE E7D1B
Rizw {in,} Jn6 ars 3E 3ne 3ME
Currdnt {armp)] OCi4) 249 240 740 240 240
Arc Spasd [in,/rmin] 4.0-6.0 9.5-10.5 94100 5.7-6.3 4783
Elsctrode Reqd [Io/ic) 0.470 {1,740 180 1.92
j Tatal Tirne [heflt of weld) ¢.0RCO 016 o.178 0250

Rt s fop Bl AR E R



Shiclded Metal-Arc Froceduras 8.2-3%
SHIELDED METAL-ART {MANUAL)
-P_mition: Cyarhtad ' .
wald Cusliny LineH Code
Sigl Waidabhiday: Fair
walded Fram: Ona side
IHE"—i - r&-‘IHE“
&F16 — 1" —%—
L)
| Plate Thickreas fin.) f# BNE k.| 12 H4 !
Pas 1 2 1 2-1 1| 3-8 1 i-13 1 =13
Elsctroda Clas ' Es010 | E70ia | esoier | Eym8 ) E60IC | ETME | E6O1Q | E701A | EEATD | EOR
Gize 178 5732 178 5737 1/8 (kY] /& | &/az 178 637
Currant {amg) DC{+) 110 120 118 17D 110 Y70 110 170 110 Y¢D ]
1 Art Speed (In fmin) 414718 1B[43 47333743 -AFIB-40[3F 4|43 43[40 4738640
I Elactiods Rag'd [1biFol .0.155 l .37 0155 | 0671 | 0155 | gmig | a1ss 2.08 0155 1.10
[Total Time inr/ft of weld} 0.0399 0.158 0.202 FTO389 0575

SpHt layury glenr thlra pay, 21 BRawn In 1kateh,



g 2-34

Welding Carbion and Low-Alfoy Steel

SHIELDED METAL-ARC IMANUAL|

Pogition: Flal and harizantal
Weld Duatity Lewm :Comirarcial
Semel Welgality, Good

v

' 1B = 10gn
__Pl'-llt Thicknuess lin. | Q048 (18 ga) Q06D |16 gal 0.075 {14 ga} Q.105 [12 gat 0.136 (10 ga) i
Fass 1 1 1 1 1
Elacirogde Cliss EGOIY EBDZ EGD12 EsYZ EBO12
- Site 332 /& 5132 ar16 31g
Curram (smp) DE (=1 70 55 145 1540 Z00
Arc Speed hintmin) 14— 1B 15 — 1% 18=20 20— 24 tE=10
[E!ulmde Ry’ [/ fr) no4a13d 0.0583 . 0048 00885 0.112
Torsd Tirw Ihtff1 of weld) Qo125 0.e118 00117 Q.00910 cOo11t
- 3 ] . )
. i . . - .
v - - " * ¢
SHIELDED METAL-ARC (MANUAL)
i Petitign: Flat and horizonial
Wielg Qoality L evel: Comemarcial
Srawl Walcability; Good
15— 10 ga
Plave Thich rais [in,) 0.048 (18 ga) C 060 116 gl J Q075 114 ga} Q.05 413 gal G135 (10 ga)
_Faw 1 t I 1 L 1
Elagtrode Chiss EEBOIZ EBD1I ] E&G13 EB013 EBNI
Siw 3132 | 178 ] 5 1k 116 .
| Current fampl AC 70 105 155 150° 210
Arc Spend [n imin) 14— 1B 14 — 18 15— 19 14— 18 14—18 |
|_Elecirode Reg'd fofith pod13 0.0495 . 00630 QOr42 00826
* Tl i (e /11 o weetd] ] goizs | “"aeng 0.0125 60125

025




Shielded Metal-Arc Prucedures §.2-35

SHIELDED METAL-ARC IMANUALI

'_Pmiﬁnn: Flat r
watd Qualiny Lavel Cormorarsial
Srew) Weldability: Good

14 gs = 174"

' ‘ /,\ A\_mrlrlﬁ"

Weld Siem, L () . 5432 ] 502 IriE '[ Xig
Flate Thicknesy [in.] CoO?s {ldga) | 0105 012 gal | 0135 (10 gal 14 174 "
Pass 1 1 1 1 1 L) 1
Eleccrocs Clay E7024 Ex024 E7024 E7014 E¥Q24 E7024 E?034
Sige 232 18 118 1/8 | %437 £/ 32 35 h
| Currant [arn::l AL g5 150 160 180 210 230 |___270
Are Spiwd {in fmin] 145.18.0 165.18.5 165185 150165 16 0-18.0 14.0-15 5 155115
! Elecrrods Reg'd 18411) 0.0485 00760 __ Gog32 o102 0117 0143 0352
| Tonal Teme inrffr ol vald) | [T 0.01t4 onlid 00127 rﬂUHJ 00136 i— 0.0z

SHIELDED METAL-ARC (MANLAL)

Position; Flart
Weld Quuiity Lavel Commarcial
Seel Weldghility: Sood

-

Vaid Siaw, L linn | ' 104 | 174 an _L 516 X8

Plate Thichnass lin | 516 e 112

Fas 1 ! 1 ] 1 1 )

Elactrode Clas £7024 £7024 E7024 E7024 E7024
Giew g IET; 174 174 bi1g

\ —

Currant {ampl A Fa- 125 375 J7% 475

Acg Spead [0 Jmin) 14.0-16.0 1E0-18 0 17,0190 |* 1401540 11.0-12 0

Electrods Aeg'd (i} 019 L 022 0.28 33

Tooml Time (hrlin af waidd 5h133 o011 o013t 0.138 2124




5.2-3A

Welding Carbon and Low-Alloy Steef

SHIELDED METAL.-ARC (MANUAL)

'_Fm'll'mn: Flat [ 8/8 - Asan
weld Quality Level Conmeicial 142 —8/18™
wekdpriiny: Good "
54’5—3."7
Weld iz, L lin.) 172 816 <1y 31
Plete Thichress lim 545 a/4 34 1
P 1 z 1 F 1 283 1 2—4d
Elicirods Clag EI24 ET024 ET024 ETQ24 E2034 E7074 EJO34 E7024
Size EME Ef16 B/16 Ef16 BB EfG 51§ Bi16
Cuwerent (@) AL 475 50 425 550 ATS 550 476 E5D
Avc Spaed Tin Smin] 130150 140160 13.80-15.0 10.0:-11.0 11.0-15.0 14.0-15.0 13.0-15.0 11.0-140
Elmctrods Aeq'd (bsft] 0.8y 0.85 1.7 1.45
| Total Time (krfft af wald) 00278 00333 0.0425 0.587
SHIELDED METAL-ARC {MAMUALI
'_;mnion: Flat
wWeld Qualiiy LavalCommare sl
Sreal Weldshility: Good
36 — 1.-*2?
- ATV
i
| weid Size, L Tin} 552 16 174 5/16 ¥8
"Platy Thick cess (in,] 3NnE 1/4 518 18 12
" Pase i 1 1 1 1 .
Elecuroge Clany E7014 ET014 E2014 E7014 E7Q14
5132 /16 a2 114 B/16 '
T
| Swarem {amp) AC 200 450 k1) 370 450
“are Spead (n fmin) 125135 | 120130 | 110120 | 601040 T.5-85
| Zhee Iracle Req'd (83 h) 098G o121 {419 0.270 0.375
" Tatal Turre (hefft of welc] 0054 0.0169 00174 o211 0.0250 a




Siieided Metal-Arc Procedures £.2-37
SHIELDED METAL-ARGC {(MAMNUAL)
I Positign: Flat 1
1 wald Cuality Lewel: Code
Sl wWekdabilily: Good
' M6 = 19’2"(
/}\ /\-ﬁfﬂ? - a8
* N y
| wasa Size, L in.) 5112 ¢ 2416 174 1w | sns 38
Plals Thickngss (i) 18 a4 5118 WG 172
Pags 1 1 1 1 1 { | 1 1
Ehctrods Clas E50327 E6027 E6027 E6077 E602T EGO27 EB027 E&R?
Siw 5/ &R, . 318 318 Yz /4 174 172
Curcant fampt A0 210 | + 220 284 270 115 180 300 ang
Arc Spwed Lin fmin) 155170 | 135150 ) 15597.0 | 125140 | 145168 | 140155 | 116120 | 95105
Elecirgds Feqd [bifi) 0.119 0,148 0.167 0.215 03278 0.260 0,343 D 438
i Towl T:me (hefit of weid] 00123 0.0140 0.0123 60151 0.013 0.0136 00114 00200

s,

 SHIELDED METAL-ARC (MANUALJ

[ r—

Pasy

f

Posingn: Flat
Weld ODuality Lavel: Code &
Steel Weidsbility: Goaod - T L
(7 A1z —ane
I ',f'- /\
| Weld Sien L () 142 g/ 16 ' 5/R 3/4
| Platy Thickfdss [in.| £/8 A4 374 -1
i 7 1 ] i 7Aa7 1 -+
Electrode Class E&027 E&02T EGONT EGOIF EG027 EG027 E&Q27 Es027
Siza __ 1/ 14 i/d 1/4 V4 174 14 174
i Current lampl AC 400 400 400 400 400 - 400 400 Ao
Arc Soed (i Jrmar 175126 | 115125 | 115126 | 7586 1 115925 | 10920 { 115125 | 300510 |
_Elacrrods Rea'd i} 0.72? 0936 1.12 1.68
{ Tow! Time thefli of weiit 0.0333 0.0417 0512 8073
— .




6.2-38  Walding Carbon and Low-Allay Sreel

SHIELDED METAL-ARC |MANUAL]

Peanian. Fla
Wekl Ouality Leval: Coda
Sieel Waldabihty: Foor
e — m?
,,\ kﬁfﬂ?-l"ﬁ"

Vel Sire, L Lint 5/%3 38 14 /16 ae_
Pl Thag b nesy {wy} s 1/4 BI1B 7] 12 !
Pau 1 1 1 1 1 t
EdeLniialr Class | __E7028 ET02E E70ZB E1028 E7D2H

Size TR 316 316 WTE?, 14 |
Current amp) AC 215 260 288 330 400
Arc Speed Lin_fman) : 135150 125150 17.8-12.0 10.0-12.0 8.65.5
Elicirexio Ragd [1L71] 0.104 0.147 0. 208 0.285 IDJ!:!J_H
Toral Timwr [hrth of wakd} h 0.0140 LRI E 0.0175 00175 0222 i

Fiuhest may Do nrttbaly depending on pleie maieeisd,

SHIELDED METAL-AAC IMANUALJ

Positign. Flat .
Weld Oualiy Level: Code b .
Sietl Woanldabrility: Poor -t
e . 4
316 -~ 142
RO
Weid Siaw, L fin ) Erd e 1/4 LTA L) oL
Flare Thacuness {in_} ane .14 BITE 35 112
Prxs 1 1 1 1 1
Elecyroae Claxs E}OB E}OR E70138 ETN8 E?HB
Size 3116 L7 rEr] 114 174
- Cunent [ampl AC 240 215 rrL 350 350
Arc Speed lin fmink 1351%0 1 13061440 9.0.10.0 7080 G068
Elecirooe Peqg'a {1} ) G109 o032 0.195 02312 0,404
Tatat Tumw (Rrfft af weld) . 30140 0.01439 0.0202 0.027G [ 0.0313

Frahosl May be neckibocy depanding on plate rhpterlsl,



Shieided Maral-Are Procedures

SHIELDED METAL-ARC (MAMNUAL}

6.2-39

Fonian, Flat
Wild Quality L=l Coda
Stael Weldabitity: Paar

e .

5/8"
& |

¥

A

Weid Size, L (in.} 1/% 518 4
Flaws Thick ne [in) 58 T 1
Pany 142 1=21 1—4 |
Eiectrade Class E 7028 E7028 E7o73 \
Slzu 1/4 174 174§
Curent [amp) AC 400 400 400
Arc Spesd lin fmin) 95 =115 ap=-11.0 8.0 —110
Electroda Reg'd 11b4T1)] ) 0.776 1.2% 1,79 -
I Total Tima [RIAL OF walkd) a.0384 00515 DOERT
Prehgar muy be Mecsispry depending on plete mytarial,
SHIELDED METAL-ABC [MANUAL]
PaLition: Flat '
Wald Quality Lavel: Coda 1
St | Wakisbility: Poor ya -1
. < :
< A sy - e
"-
-~ = N '
| Wakd Sire, L {inJ) 12 /8 24
| Platw Thickrexs [in) (] 4 L
| Pary 1532 T—4 1-5
Elvcuroda Chs ETZ18 E7r018 ETO18
_ Site 174 1/4 114
J Currant (ampl AC Y 320 50
Atc Speed findming 69— 16 . B7-—-7% $8-74
| Electrods Req'd ()it} o727 14 LY. ]
Vol Time (hrflt of weld] 006G RAE 0121

Fri"lllt Ay bl Rkceagry deaganding on plate metirial.



6.2-40

Welding Carbon and {.ow-Alluy Steel

SHIELDED METAL-ARC IMANUALL

Posien: Varucal cawn
Wald Cuality Level. Commercisl
Sruml Wakdpbaliny: Good

N
PDPRIED);

8= 10ga
Prata Thick nas fin.| 0.048 (18 gal [ 0.060 (18 ga} G.075 {14 gal T 0105 1Zga) [ 0.135 (10 gat
Pakk . 1 | 1 1 [ 1.
Emciroca Class EG13 Epd1d EBOY2 EEO17 EGatd
LT ar32 118 5532 ang 316G i
Current [mmp! DC{=] mn 105 . 156 200 210 "
| Arc Spead Tin fmind 17— H 15 - 2% Iy  aa—28 | 21 =% 1
Elecirade Ruy'd (Ibdfi) p.03M4 t.os42 0.0713 0.0792 0093
Total Teme thrft of weld) 0.010% 0.0100 0.00870 SOTEE T B
EHIELDED METAL-ARC [MANUAL)
Fowtinn: Waertical down =
Ouadity, Commercial
Waldatw ity Good
|
“18 - g
!
| Plate Thickhness Gint 048 118 gal 0.050 {15 pat G075 {14 ga) 0.105 112 ga) ‘0,138 (10 ga}
i Faur- 1 i 1 1 1
Elmcirede Clays EBD13 EB01A EE13 EED12 EEQ13
Sire 332 148 [ Fy G132 315
| _Current lamg} 88 15 1ns 168 170 22% [
Arc Spwad [in /min) 6= 20 17 - 18- 18 — 22 16-70 |
3 ——
Elrcirade Reg'd likile) 0.0418 0.0463 ! 0.0583 00536 0.0916
["rm.T Trervt Thel T2 G weald) _i :‘T.m 11 00105 [ aDgesd o.o108 LI TR R




Shisitied Metsr-Are FPracedures

SHIELDED METAL-ARC {MANUAL)

Fosirign, Vertleat
Wekd Ouality Lewsl; Code
Soeal Witdability: Good

=

=

!

o

———— e

3

524

wald Sizu, L (in} 5/32 316 144 5/16 38 | w2 5/8 3/4
Frate Thickress (in.t 318 174 518 R 112 5/8 4 i
Pam 1 - 1 1 ] 1 1-2 1-3 T4
"Electrode Clast EGOI0 E6G10 E6310 E6010 EB010 EG010 E6010 £5010
! Site 532 H 18 JiG 16 36 146 16 ¥ia
Current lampl DC{) 120 150 155 155 155 160 160 150
Arc Spewed linfmin} 10.5-11.% ra-8: %055 30-3.3 2022 4343 43473 &5 34,7
Electrode Heg'o {bi'th 0012 Q137 Q2N 0. 345 0514 0.850 1.1 1-.93

'_Tnlal Tima theffe ol wekd)] 0.01832 04258 0.0°31 40835 0.0a52 G.547 03227 4333
Oirecricn of walding D Up e Up Up Lip I ue ur
* Firsn (=1 1) ﬂn.l"'. 'V.P'f ipknd &an Ii’iﬂﬂﬂiﬂﬂn pAFEE IO abhigln prafar wunld TiZH. B

SHIELOED METAL-ARC {MAMUAL)
[ Pouition: Vertica! ! T
Waid Quaiity Lavel: Code '
Stewl Weldshility: Far
or [
i »
_-1 ‘&.\_1“_ = S
WG - e
pt

Wald Size, L (in) 116 144 5116 N8 | 11 58 v !
Plats TRickness {in ) 174 5/16___ | 3/B 12| _b/B 3/4 [
Paas 1 1 1 1 1 1=-2
Emcirocie Clats E7018 EFO1d E?18 EF(18 E7018 ETO1E

Bire 1/8 118 1/8 522 5132 [TEF]
Currant {amp} DCI+) 115 140 140 150 150 150
Arc Spawd Linfminl. | 5458 YB42 1328 1820 1.1:1.3 £.8-20"
Elecirods Awg'd lIaff) D155 0231 o.3n 0538 | 0525 ] 1.41
Tatal Time [he/Tt of weid] 0.0357 00500 00831 .10% 0.187 o218

" Flrar pasy only, Wary s00ed o0 sugerd ing Sassgs (D Ot lsn DroREr Siln.



- 6.242

Welding Carbon and L ow-Alloy Steel

SHIELDED METAL-ARC [MANDAL)

Popitlon: Horizantal

Wirlg Craality Levad: Commergial

Ziaml Weldability; Good

.

R

Weld Size, L {in,}

532
Fistn Thickres fin.] 0075 (14 gal 0.105 112 gal 4.135 (M) gal KT
Fan 1 1 1 1 1
- ]
Electrage Claas ET024 Er024 E7024 EFD24 E 7024
Sizg 337 1/8 18 1/8 5/ 32
Current famnl AC 95 150 160 180 210
Arc Spewd [in {min| 14 0-16.0 16.0-185 16.0-16.5 145166 15.5-18.0
Elacirode Req'd ithiti) 0.0495 | 6o 0.0833 0.104 219
|l Total Time [feftr of weld] | 00133 TR 00116 Q01248 FE T
SHIELDED METAL-ARC IMaANUALJ
Fowtion. Harzontal
Yaid Duality | tvsl : Commarcial
Suml Wekdability: Godc 14— l.ﬂ"‘-—.—t F=—
. [—3!15* Ty
| Wk Size L Gin) | Vs 14 92/32 | shE 38
t Plae Thick new [in | 174 E/t6 e . 142
Pasa 1 . 1 1 1 1 1 1
Elecirogs Clasa - E7024 £7024 E 7024 £7024 £7074 E7024 £7024
Sitt 5122 I N FIE ] 1/4 14 174
| Currgny lamp) AC 230 270 _315 325 376 a5 s
i &rc Speed din Jrmind 125150 | 16078 | 1450 | 1801480 | 160980 | 1303440 | 105118
‘—Ehmme Req'd (Ibdfi) 0.1%0 0165 G20 0.21 0.2] 0.0 0.4t
[Tn:ll‘rime [heff of weld) 00141 0.0125 n.Q12a o011l Q0118 0 0143 ICELF




Shigfded Metal-Arc Procedures

SHIELDED METAL-ARC iMANLIALY

8243

r_Fositmn.' Harjzonial
weld Qualiry Lival: Comrrercal
Stead Weldability: Good

I

e

. _1 r-_m.u ﬂ#‘“r— ___1 1,, r_
- 4
v 9416 5 ¥
1 N
s T 17 V2 |T 21T
Wk Size’ L din.} 1/2 B/ 16 5/8 A4
Flaie Thickaes (in.) 58 A4 4 e
Fau 1 ] 1 Zh 3 1 2-4 1 2-5
Elsctrode Class E7024 E7024 E70Z4 E7024 E7074 E7074 EQ24 £7024
! Size 14 114 14 114 1/4 174 174 114
Curreni [ampt AL 775 s + s 76 375 75 375 5
Arc Spaed {inmin| 105116 | 110120 | 1056115 | 140380 | 105115 | 140368 § 105115 | 120-130
'__Euctrnjl'ﬂeq'd L TRl a7l 082 1.1% 1.62
[ Tamal Time [he/it o1 walg? 0.0356 | 00445 00502 0.0827
N SKIELDED METAL-ARC (MANUAL] :
Fasitian; Hacizontsl
Weld Quality Lavei: Code
Steel Waldahility: Gowod
Af1E ~ 1.|".?“...I r...-
. | )
[EJSE - 8"
! 3 | 1
Wald Sizn, L in) 5132 Uie 114 9132 5/16 e
Flai Thick ness (in)] e ) FET 142
Pavs 1 1 1 1 3 i ] 1
Elvcirade Cran EGD27 EGO2? EGI27 Egoz? EGO27 EBOZ7 EEOZT E5327
Size 5/12 5/32 318 3116 71332 7132 ER 14
Current [ampl AL, 210 220 250 250 370 75 5 360
Are Spemd lindmunl 145160 | 130345 | 145160 | 115125 | 130945 [ 11,5125 9.510.5 1585
Elncirods Rag'd {Ibih] 0178 0.151 0173 0.324 0.741 0.281 D.156 0463
Tow! Tima [hr/ it af weld} oa1H 0.014%5 goln 00167 00145 - 0.0t5? 0.0200 0.0050




£.2-44

Walding Carbon and Low-Afloy Steet

I FPasivon: Horipoowal

weld Quality Level: Code
Sreal Wwaldability: Poar

SHIELDED WMETAL-ARC (MANLAL)

M6 - 3.-"3"-1 t...

[-I':.-"EE - Ef1g™

4

Weig Size, L {in)

5632 36 144 | 5/16

Plate Thick ness {an-} k1ET3 1/4 B/ 16 3B
P 1 1 1 i 1 1
Elscirode Class ET028 E7028 E7078 E7028 E7028 E7028

Sikn B/a2 ane ‘__ﬂﬂﬁ Taz o, T3z 174
Currmnt lamp} &L 215 F60 280 ol L= ] aa
Arc Spand fin/min! 1251356 11.6-12.B 9510% 12.0-13.0 a9.5105 11.512.6
Elmcirodd Regid {11 G112 0.157 {235 0.238 0320 0.330.
Toral Tvme ihefft of wekd} 001587 D.OYV6F 0.0200 0.0%64 0.5200 0.0167

Frahmay miey br nacebinly degending on platd matarial.

SHIELGDED METAL-ARC IMANUAL)

Poztion: herizontal
VWald Duakity Lival: Code
Stewl Wekdability ; Foor

-'-I o s L

- r-h"? — 5/8"

i

" 354
B LY ‘
_ 1 3 h
A N
']‘ 1* 12 "[ _I.F ".2

Weld Siza, L [in.] /8~ 38 1.2 B/E a4

Pisve Thitkness in.] 172 12 £/8 a4 1

Pais 1 Y -2 1=2 1-3 1 — 4

Electrode Closs E7018 E 7028 E7028 E1028 Er028 -

Siza 114 1132 104 114 144

'E‘r_r_enl {amp} AL 390 335___ oo ki [+] ] . k(=1

At S pied L fminl 75=8.5 116=125) 50-1400 - 90 =100 © B0=8.0
| Elecirovs Reg' (Ibfi1h 0.483 . 0.453 081y 1,18 182
l Total Time [heily of weald] 002540 00333 00422 0533 0540

Fiphtar Mgy e npgutiary Jependlng op plalte maleslal.

* May n0l be lot) 28 in. & Uhe vlftical lag




Shiefded Metal Arc Procedures £.2-45

SHIELDED METAL-ARC IMANUAL)

Positlon: Horironc}
Wald Guality Levsl: Codr . '
Steel Weldahbility: Poor 3G = 3}'3“—-—1 r-—

. ) [5332—- B/t
, ¥

Weld Size. L {in} - e R 144 K16
Plate Thicknes [in.} ans 174 518 e
[T ' 1 1 1 1
Elwctrude Cims E7018 E7018 ET018 ET0{E
Size V16 132 42 Wd
Lurrant {mmp) AC 240 278 278 50
Arg Gpead [inJmin] 126 = 136 10— 120 '| BE-Bb Eb~2?5
Elecirade Feg'd b/l a.111 ¢.440 07631 0.33%
Tatel Thre (hrflt of wald} 0.0154 0.0174 a.0272 00288

Praheat May be necaaracy depending on olave material,

e o
—_
R

f

SHIELDED METAL-ARC (MANUAL) . .
t_Fmitiun: Hewlzonu) )
| Weld Chuality |ivel: Cods
1 Steel Weldabibiy: Paor

~ e -~ s ~ -~

) ) 58" BEICE
O I e e e e s B

¥ T )T AN

Weld Sicn, L Ind ] 142 L 5/8 | 24 -
Plate Thickness lin | 172 5/8 ET 1 -
Py 12 1-13 1-4 1=-6 -
E Wcuude Clap . E¥piB ETOS E708 | EXI8

o Sizm 1/ 1/4 174 T4 -

_urrant {amp) AC : 350 50 "o 350 350 :
ATE Speed (o, Jmn] 7 HE= 118 A6 - 108 B8y T0~30 -
Electrods Reg'd | BiTx} | 0 420 D.785 1.18 1.52 -

I Total Tima {hefti ol wakd) | 007130 0. 0600 0 0340 4133 .

Fr"'\'ll Mgy LF APCErialy aunwacing o plald Meterial,



6.2-46

Welding Cartion and Low-Alfoy Steel

SHIELDED METAL-ARC [MANUALI

Pogtwn: Horgontal
wild Quaelity Lave!:Commarcial
SLanl Walgabilety: Good

=UL Tt &
-ﬁ1 r—- .
Esraz - 38"

| Weid Size, L tin) 5/32 316 1/4 bi16 |

[ Plags Thicknssy (in) 3NE 1A 5/1E e 172
Pasi 1 1 1 1 1
Efactrode Clasa E7014 E7014 E7014 E7014 | E7014

Size 5432 318 /32 1/4 5/16

Curreat lamp) AC 200 250 110 70 450 |
At Soend Linfmini W55 [ 115125 | 110120 | 80900 _| 7.080 |
Elecirods Req'd ith/fil 0.138 0.127 0.191 0.270 0.388
Total Time (heflUof wekd] 00182 [ pbo167 | o474 | 002 00267 |




—

Shielded Metal-Arc Procedures 6.247
SHIELDED METAL-ARC [MAMNUALIJ .
Positign. Dvarhasd :
watd Qualidy Levef: Code ,
Sweel Weldability: Good .
]
i L a— 116" Mazimum gap
{2 =
™o
e [54"32‘ - e
L
wabd Size L lin! /0 U6 174 Bi16 I8 112 68 4
Plate Thickness {1n] 3116 119 6/t8 J/8 172 5/8 14 1
m 1 1 1 t—2 1—-3 1-48 1—10 1-15
Ewctrode Class EGQ10 EGDTQ EEO10 EGO10 EBO10 E&)0 ___Eﬁﬂw £6010
- Sirw araz 15 36 e IME e 16 316
Current lamp) DO+ 130 110 170 170 170 170 170 170
| Arc Spewd [in./mini * 1.0-7.7 ES594 4053 6.6-7.1 6.6-7.3 6.67.3 g.67.3 £.6-7.3
Elxctrode Reg'g I1b/M] 0.100] 0145 0263 0.365 0.532 0.945 i, 1.48 L 213
1 Total Timw {hrifLof wd) 002712 D023 003k 0.a5E7 00822 0145 l G228 l 0.8
On 1Y in, plate and thickar, plecs the flrkl pass of asch lpyar o the top plats. .
" FLt pail galy- Yary bpsed on wooesding Datags 10 0btabn propar wald size.
. bl
SHIELDED METAL-ARC (MANVAL)
Forinon: Oyvarhexd |
¥ivld Quality Leval; Code
Stenl Weldebility: Falr
mlity g - 1"
= 1/18™ M aximum gap
2%-—-7
‘-“-3
[51’32 — af4"
Yeurd Size, L {in,] 5/ 32 316 1/4 5/16 34 13 E/8 3
Plaiu Thickney lir.) NG 144 &/18 xa V2 5/8 - 34 1
Py 1 [ { =3 1=3_ 1-4 1—-9 1-18 1-15
Elactroda Clan EI0A ElO18 E7Q18 EYQ18 E7018 ETOIY E7ata EI018 -
Size 5i32 5iT2 8432 5/37 5/32 532 B2 1 &37 |
_Current [amp| DCi+) 10 170 114 170 178 170 170 7o |
| ArcSprmd lin fmin)® 10.5-11.6 1280 B2591 §291 A.65 .4 7.0-1.7 1280 a1da
| Electrode Aug'd bitel 0.107 a.185 0277 0394 os70 | 181 159 .29
| Tow! Timw (hrik af wata) aogz 00164 | 002463 0.0370 o967 0172 0269 0,280

On 3B an. plate and thicker place tha llrat pant of wech leyor om cha 100 plale.

* P pas only. Vary poccending Aasaes 13 Jount proger welg aloe-




6.2.48

Welding Carbion and Low-Aftoy Steel

SHIELDED METAL-ARC {MANUAL)

Posilian. HoniJontsl

S1ow Weldability: Good

Weld Cuplity Lwval:Commarcigl

18~ 10z

T+

L 3% -

Plgie Thickness [in.) 0048 (15 gul 0060 [16 gal 0075 (14 gl 105112 gal 0135 NG ilai
Fasy 1 F] 1 1 1 :
Electrode Clas EBO13 E&012 EGO12 EGDI2 EEQY2
i Sira 73T 118 E/37 ETAT 3G
Currant lamp) DCI—1 7a 105 145 Fio 0] 20
Arc Spand {in.fmn) 18 = 23 21 —-28 2074 18 — 33 14 - 18
Elecvrode Reg d [l 003329 00427 0.o0M7 0.1 0.134
T oal Tome Thfif of weld) | 0.00953 500851 ao0510 6oI00 | . 00175
]
SHIELDED METAL-AAC (MANUAL)
Poaviion: HOrlzonmm
Watd Cuality Lavel: Commarcisl
Sieel Welkdability: Good
18 g — 5“6"1- rl.ﬂ 516" "

|,
I
}
t
|
]

t

T

o

|
i Vesbd Siza, L [in.)

3N L EF G
rﬁ'lm Thich s lin) 0,048 (1B ga) { Q060 D6 g (007514 gu] | 0,105 (12 ga) | 0135 (10 pmd | 3178 1i4 Tl
™ i 1 1) i 1 ¥ 1 ¥

Encirode Claa Epdl) EGOI1Y EpQld E6O13 E6033 E 7024 ETD24 E 7024
Size 302 /8 [T 832 35 MNE 1132 a2, |
Currant [ampl AL 75 116 1650 165 15 290 160 kil
Ao Speed Lindmin) 15— 18 16~ 13 16 =3 14 =18 11 =17 14 — 17 [ 12— 18812 ~ 14
Eietireda Regd (1l 2,033 ___E.m'}ﬂ' 00867 00173 03 | 0470 3211 0,251
I Tatal Teme {hefft pi_r:-ll-d] 0.0118 0.a o1 ou1es 00133 0029 | 00137 DOES t




Shialded Metal-Arc Procedures 5.2-49

SHIELDED METAL-ARC [MANUAL)

mminn: Waltical dawn 1
Wald Cuality Level: Commercial .
Seenl Waldability: Good /13_ 10 g0 1 .
,‘I 1 .ﬂ
Flare Thick ness [in.) 0048 (15 gal 0.060 16 gal Q05014 ga) 0.105 {12 qui B.1315 (10 gal
Pany 1 1 1 1 1
Electrode Clast EBOTA E6012 EG012 EB012 £6012
Slee ' A3z 1/8 5i32 18 L]
Curraat (smp) DC(-) 16 115 156 210 el I
Arc Spead {in.Jmin) 22=2 FEE T 27 ~ X2 28 -0 2 — 27 |
Elscrrode R#a'd (bt Q0316 D.IIIJJ?E . 058 D781 9.05.30) ]
Tatal Time theitt of weld} &.0oca 7 000678 0.UGETE \ 000728 oopoR17
[
SHIELDED METAL-ARC (MANUAL} '
Pautlan: Vercicat dawn '
Wit Ohr gl iy Lievil: Commerciat )
Staewl Weldabulity: Good -/_ 18- 10¢ \
~ i = —
S :
| Flate Thickrass lin.| 0.G48 [1& gal Q.060 (16 gal u_ui'ﬁhq'ual D105 {12930 |- 0125 11¢gal
Paxy 1 1 1 1 1
Elvctrede Clas EGO13 EBQ13 EG13 EE013 E6]1)
Size X2 /B 5432 5/ 32 Hlb
Currant {agmpl AC ) B85 175 170 1715 125
Arc Spasd {in.frmfn} 15 =~ 23 20 =24 2t —78 18 =23 16— 20
Eluceredn Fea'a (141 00158 Q0444 0.0548 a0sM 00622
| Taisl Turre thrilt of wald] D05 O 0s10 B.00850 000352 00111




6. 2-50 Welding Carban and Low-Alloy Steel

SHIELDED METAL.-ARC [MANUALJ

{_qumn.- Fla

Wald Cuality Lavel: Commercial
swal Weldability; Good
wealded From: One 1ide

Al thick nesses AlD permisshle
for 18 4nvd 16 ga

by
km-mp

Plare T hick s [in} 0048 (18 ga) D060 {16gs | 00751400 0.105 |17 ga} 0.135 110 ga}

jm 1 1 1 1 1
Etectrode Clan EGDID E 5010 EGD1D EB310 EED10

Sizw 232 178 1/8 F§] 16
Current {amph D= 45 80 85 110 . 156"

[T Are Speed [ frunl 0 - 35 ks —ap . a5~ 40 33 - 18 7-1
Elictrodn Reg'd Lo oo1a7 00282 0.0300 00422 0.0508
Tats Tine Thiill &f waid] D.O3G1E boossd BOgs13 it 00563 P Do06TS

L
* Lira DCL+]

SHIELDED METAL-ARC IMANUALJ

Positian; Fiag
wild Cyslity Leval: Commercial .
Sieel Waldability: Good
wWeldad From: Qne side
< )/\—BIBZ - 144"

3116 — u:r*-/)\
| iveld Saze. L tin.) 34327 1/8 5/32 3H1E 1/4
Plate Thicenest lin.) Nig 174 5116 8 172
o 1 T 1 1 1
| Elecirade Class E3074 £7024 E7024 E7024 E1024
] i TSsm | iHE 2 HEF | 14
Leurrent {amp) AC cms | ows | o3sp 360 410
Arc Speed linJdmant j 2207270 | 1903I0 ] 1BRIIE | 165195 14 - 17
Efstiroge Aeg'd 1B 00750 o114 0152 0,175 0280
| Total Time ihe/fuol waldh fe0B70 0 D0g52 00007 & WILE 00130




- Shielded ifetal-Arc Procedures  5.2-57
SHIELDED METAL.ARC IMANLIAL)
Position! Flat
Wald Cuaslity Lavel! Cornrmargial .
Sree! Waldahility | Good . . .
Walded From: O side <:l.l'lﬂ—3;"ﬁ" <'|f2“
' FAN AN 2
wald Sira, L lin} X116 174 B/ 16 s 1/2 ]
Pla# Thickness [in) e 174 516 3/8 142 A
| l-f._'f’ 1 1 . 1 1 18 2
Elctrany Class EY24 E7024 EMI24 ETQ24 ETD24 '
Size 316 7fa2 /32 174 T4
Curreny (ampl AL 250 . 320 350 400 410
Arc Spand [inSmin) 2t0=3501B0— 220145 = 175[13.0=18.0 115 =145
E lactroda Aeg'd (b1 d101 0.133 0. 198 g.240 ' 0530
|_TE'|:J|I Timng Lhrile of weld} | 000671 04,0100 { 0.0125 LA ) 0.0308
SHIELDED METAL.AAC {MANLILL}
Poition: Verncst down
Waild Quaility Lavel: Commarcial
Sceel Weldability; Goad
Waldad From: Dna vide
S
e f T i-10m
=3
a
A
N
N :
| Plate Thickness [in.} 0.048 (18 gal | (.050 [16 ga) gR7s1agel. | 0105112 gu) 0.035 110 g8 |
Pass 1° 1 . 1 1 1
Elecirode Class EGOTO EED1Q EEO10 EBQID EE11]
Sizw 333 1B e £33 e
Currant (empl OCI=1 50 S0 g5 120 170
Arc Spaad lin.fenind 7 J5 — 4D 40 - 35 a0 — 45 37~ 42 3d = 3§
Elscirods Regd {1bif1) 00184 00278 o293 00436 0.0451
Taral T v [hrffy af weld) 04532 o004 0.004H . 00507 ﬂﬁa'ﬁﬁﬁ

- TL




6.2-52

Welding Carbon and L ow-Alloy Steel

SHIELDED METAL-ARC [MAMNUAL}

Posinlon: Flat

Sueal Yaldeblity: Good

Weld Custity Lavnl: Commescial

™ . 18— 10¢a
Plale Thicknest lin.] 0.048 15 ga) 0060 {146 gal 0075 (14 gal 0106 §12 gut G135 110 gul
Fass ] i 1 1 1
Ehcl.rndl_liﬁu E&Q EGD10 —l E&D10 EGJ10 E&0D
Size 132 18 18 5fd2 T T:1
Curcen) {ama) DC(-) 50 80 8 | 115 140 :
_-ﬂm: Spaad [indrminl 45 - &1 43 — 48 A — 45 ) — 45 37 — 42
| Electrode Reg'a ib/sth 0.0145° 00212 0 0263 0.0282 D.0478
Tots Teme (hrfi; of wald) 0. 00421 0.coa39 {00471 0.00471 009505
*
SHIELDED METAL AAC IMAMNUALIJ
| Positlon: Vertical down T j
Weld Cusliry Level: Commercial }
Sieel Waldsbihty ; Good
1B 10
Plazn Thickmess [in.] 0.043 (18 gal D.060 (15 ) Q.075 {14 gal 0.105 112 pa} 0.135 110 g8l
7 baz 1 1 1 1 ) '
£lecurnge Class EEQTD E&010 EGR10 E&010 E&DI1Q
Sizm 332 i/d 148 5132 NG
Curtaat Tampt DCI-} 55 50 05 125 156
[~ Acc Sperd lindmn) 531 -t8 50 - &5 4t . B2 47 — 52 43— 48
Elwctrod® Req o (/1) D014 - 0225 00751 00358 G.0473
| Totml Time (heifn of weld) 0 00361 0.033A1 O.00404 0 (0404 00439




. L H . Y *

I - - - ar b

Shiefded Metal-Are Procedures 8253

SHIELDED METAL-ARC (MaNUAL)

Potiton: Flat
Winlef OQuglny Lewal: Commarcial
Stew) Wedatshily: Good

T+ BA1E”
+ 8 1 _i-ma'fmax
316 - :"—L _{ = 7 }
1 F .
1 L]
L j
r tan
i
Prate Trick ness (in | il 1314 e 172 34 1
Elecirods Clas ET013 ETONE E7Q18 E1018 ETO1A E}da
Sits 178 316 Xte 32 114 174
Currknt [amph AL 1480 50 50 00 150 KO
Arc Spaed [infmin)
Elsctiods Reg'd® 00154 a.0441 00842 013 .30 O 80E
Total Time* {hr) 0.00417 000500 0.00731 iR e3] IHI- 00236 C.0a75

Wald wAth spiral mullenh and cantlmue as lang sa 2ey can ba kepr moltan of unlll the weld s cormpl ated.

* Par weld

T Thicknsih &fF the weld May be reducad 1o 68 mch pac BWS StrucTural Walding Coow 2.8 8




6.2-54

Weiding Cartron and Low-Alioy Steef

SHIELDED METAL-ARC (MANUAL)
Special Procedures for ASTM AZ03 and A537 Steels

Position: Flat

Weld Quallty Lavel: Code
Sienl Weldability: Poor
Walded From: Two sides

- e R --| l—-—ﬁuﬂ"
e =

5;32"J ﬁnﬁ-:j ‘.b"lﬁ"

Plale Thicknen {in.} /18 8

Pay 1%2 384 1-3 4-— g '

Elwctrocs Clasat
¥ Sixe 533 5132 - 532 Bf32

Current tampl DCI+) 150 160 150 150
s Spewd {infmin) 913 8 ~-1i0 9— 11 B~ 10

Elecirode Ang'd i/ f1) 0_4a 0 .85

Total Timy (krit ol wald) 0 0A44 ) 027

Inlerpays Temparatore, btaa. [2F) 150 150
e —— e ————— —
Pagition: Flel

Wald Quality Leve: Cody
Sl Weldability: Poar

Wralded From: Two sides )\r‘ 158
i HIL"R
2 — a7
! 1 , _i

sz _[am]__ e

hle Thicknesy [in_} 152 £/8 4
Pics 1-5 1 6G-A" 1-1 g — 0" 1—10 } 11 =13"
Electrode Classt

Size 5FYZ 5/12 5f3F Bf32 532 =TE
Curranl {famp] DCI+) 150 160 160 150 160 160
Arc Spead TinJdmin] -4 g8-10 7=4 A-0 7~9 8 -0
Elegirode Reg'd | 1bff1} 1.40 1.78 2.25
Totat Tirra ihed L of watdl Q188 0238 0313
Imerpats Tampkraiyre, Man. {(9F ) 175 200 125

' Second vids it gouged gliar Lirst tide it complegd,

1 Sat Tabted G-1% pno B-17.
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SUPERVISION DE CONSTRUCCIONES DE ACERO 1

La supervisidn consiste en una serie de técnicas encauzadas
a lograr que el trabajo encomendado a un contratista, cumpla con las requi-
sitos de calidad establecidos en el proyecto, representados por los planos eg—
tructurales, de Fabricacién y da montaje, asl coma por las espacificacionas

y demis requisitos astablecidos en el contrato,

Adicionalmente el supervisor puede tener a su cargo el con—
trol del programa de fabricacifn y montaje vy en algunos casos se le enco — =~
mienda también el control econdmico, mediante la revisifn de las estimacio-

nes basadas en el avance de la abra.

La Falta de supervisifn en una construccitn, redundari en una
calidad inadecuada, que a su vez se traduce en una pérdida o disminucitn del
coeflciente de saguridad de la misma. Es decir el " ahorro " que supuesta-
mente se tiene al prescindir de 1a supervisifn, se reflejard an deficiencias
constructivas, cuyas consecuencias se manifiestan durante el mismo proceso
constructive, dands lugar a modificaciones o adaptacicnes al proyecto o retra
sos en el pregrama de construceidn y posteriormente en deficiencias en el -
Ffunciosnamiento de la misma, que en algunos casos se traducen an reparacio—
nes o gastos de mantenimients excepcionales, mientras que an otros, pueden

dar lugar 2 situaciones de peligro o Inseguridag para la construccisn,



Es decir el costo de la supervisiin se puede justificar por los
beneficics que de ella se derivan, reflejados en la cal idad de una construc——
¢ién la que a su vez se manifiesta en el buen comportamiento de la misma
a lo largo de su vida (tit.  Adicipnalmente durante el proceso constructivo,

se eyitardn retrasos y modificaciones que repercuten en el costo de la obra.
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DISTRIBUCION APROXIMADA DEL COSTO DE UNA CONSTRUCCION

DE TIPS URBANC MEDIC EN LA CIUDAD DE MEXICO ( EDIFICIO )

Excavacisn y Cimeantacisn 13 %
£structura 15 9% ¢ *)
Instalaciones 25 o
Elevadores 3 %
Fachadas . 20 %
Acabados 27 %

TOTAL 100 %
C*) - oy
En wna construceisn fabril o industrial, el costo de la estructura es ma-

yor (30-42% 3.

DISTRIBUCION APROXIMAOA DEL COSTO DE UNA ESTRUC"i'URA

METALICA EN LA CILDAD DE MEXICO.

Costo del matear ial 35 %
Pianos da Fabricacisn . 2 %
Fabricacién 40 %
Transporte v Monta je 20 %
Superv isildén 3 %

TOTAL 100 %



CARACTERISTICAS DE UNA BUENA SUPERVISION - i
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Una buena supervisisn debe ser ;

a).— OPORTUNA . La actitud del supervisor debe ser preventiva mas que
correctlva, es decir antes de cada una de las elapas constructivas es

cuando debe ejercer su principal funcisn.

b).— OCONTINUA . Todas las etapas constructivas son importantes y re—

quiaren de una inspeccidn, de tiempo completo.

c).~ ESTRICTA. El principal objativo de la supervisidn es lograr que la
construccidn se realice conh apegn a los plancs , espacificaciones v -
programa, sin embargo el supervisor debe mantener en mente, la -
idea de que la unificacisn de sus esfuerzos con los del contratista, re_

dundari en los mejores beneficios para la abra.
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ETAFAS PRELIMINARES

Elabpracisn de planocs de fabricacifdn,anclas
y montaje,

Visitas al lugar de la obra para prever pro-
blemas de almacenamiento, montaje, ete.

Elaboraciin de un levantamiento para veri~
ficar posicidn de anclas o de estructura
existente si se trata de una ampliacisn.

Preparacidgn de probetas para verificacian
de calidad de 1os materiales.

CONSTRUCCIONES DE ACERDO

FABRICACION

Recepeibn, almacenamiento v clasi-
Ficacidn del material.

Enderezada del material
Trazo

Operaciones de corte, punzonado,
biseladp.

Armado

Soldadura de taller.
Correcciones y reparaciones

I impieza

Marcaje de piezas terminadas.
Pintura de taller

Estiba y preparacidn para ermbarque

Transportea

MONTAJE

Recepcisn,clasificacidn estiba
de las piazas.

Ereccidn de los elementos pri-
marios verticales y conexién
con apoyos y anclas. (Columnas)

Plomeo de los elementos verti-
cales y arriostramiento temporal .

Montaje de elermentos de cierre
{ Trabes ) y conexijdn preliminar
con clips.

Nivelacidn y alineamtients de ele
rmertos harizontales v verifica—-
cibn del plomeo da los vertica=--
las.

Saoldadura de camps o colocacién
de tornilles{ segin el caso )-

Colpcacisn de accesnrins espu——
clalas comn coneciores de cop——
fante.

L impieza y remocidn de clips y
otras elemantos.

Resanes de pintura.

("9
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FUNCIONES DEL SUPERVISOR

— ot wr mm o Em o EE E EE o T EE

Para elaborar una gufa de supervisidn es necesario tener an

cuenta todas las etapas gue intervignen en 12 construccidn, mismas gque se

muestran en la tabla adjunta. De acuerde con esas etapas, se puede ela-—

borar una lista de conceptos, de acuerdo al orden en que se realiza la cans

truccibn.

CONCEPTOS

13 Preliminares.

a )

B3

c)

d )

@)

£

S a)

Estudio de planos, aspecificacionas, reglamentos y documentos
que acormpanfian al contrato.

Definicidn ante el contratista de obligaciones y alcance de la super
visidn. Definicidn de tolerancias.

Visitas al lugar de la cbra { F’"erarenterﬁente en comparifa del con=
tratista ).

Estudic de los planos del lEvantamiénto preliminar con abjetos de
solucionar posibles errares an la posicidn de ancias o estructura
axistente.

Aprabacisn de métodos y equipo de Fabricacidn y montaje.
Muestres v ansaye de probetas a tensién y doblade en un laborato-
rio de materiales. ‘Verificacitn de resultados de calidad de prue-—

bas macinicas.

Calificaciin de soldadores.



2)

h) Aprobacién del programa gengral de obra.
iy Preparaciin de formas de comunicacifn con el contratista,direc—
tar de obra, propietario, elc.

i) Apertura de una bitdcora de obra y registro de Firmas.

Fabricacién

a) Inspeccifn visual de la apariencia y almacenamiento del material .
( placas, perfiles, electrodos)

b) Soticitacisn de pruebas no destructivas, en caso de mﬂstr;'ar' el
matearial defectas aparentes ( grietas, hojeaduras y.

c ) verillicacidn del acabado del material ( placas, perflles ) después
de la operactén de enderezads ( Norma B 252 1974, D.G.N. ).

d } vVerificacién de cortes, bisales, agujercs y otras preparaciones,

e} verificacidn del armado de las piezas. Preparacidn y limpleza
de las juntas, colocacidn de placas de respaldo y de extensisn,geo-
metria de las piezas. Colocacisn de elemgntcs auxil lares para
control de distorsiones ( prensas, cartabones, atiesadores ).
Posicidn de las piezas para ejecutar soldaduras en posicidn plana
u horizontal .

Fy I[nspecclin de la soldadura de taller. Esta es una de las etapas méts
importantes de la fabricacisn y reguiers un tratamiento especial .
Sin embargo la inspaccidn visual representa un aspecto importante
de la supervisién y una garantfa de buencs resultados. Los puntos

més impartantes por verificar en esta stapa son;



Seleccidn del tipo y tamario adecuado del elactrods.

Corriente y veltaje por emplear.

Precalentamients si se especifica.,

Limpieza de la junta antes de la colocacidn del primer corddn,

L impieza y martilleo entre la colocacidn de dos cordones conse-
cutivos ( an soldaduras de varios p.a-tses 3.

L impieza Final parsa remcver-‘ ia escoria.

verificacidn da tamario y longitud de} cordsn.

verificacién de presencia de defectos visuales.

Cuando sa cuenta ¢on un  inspactor experimentads la
inspeccisn visual rapresenta el mejor y més econdmico método de
inspeceldn. En ausencia de dste o como comprobacién, se emplean
otros métodos de inspeccidn, aunque su Funcisn mas que preventiva

es correctiva. Algunos de estos métodos son;

Método de las Partlculas Magnéticas.— Consiste en colocar limadu
ras de hierro sobre la soldadura en la que se supone existen grietas
interiores v hacer pasar una corriente eléctrica. Las configuracio
nes que adoptan las limaduras de hierra, indicardn a un téenico expe

rimentado , la presencia da grietas.

mMétodo de Tinturas Penetrantes.—  Se aplica una tintura sobre la

superficie de la spldadura, misma que penetraré en las grietas ——



g)

- 1y

existentes. 5Se alimina el sobrante ¥ por medis de un Mmaterial
fhsorbente s& obtiene una cantidad de tintura que dard idea de la
profundidad de las grietas.

Método de Ultrasonido.— Consiste an el empleo de un Lﬂstr*ume_r_'li
to que emite ondas da sonido a través del material o de una saldé_
dura. La warlackn de la velocidad de transmisisn del sonido,

indicard la presencia de defectos internps.  Este méiodo es caro.

Método de Radiograflas.~ Consiste en hacer pasar rayos X o -
rayos gama producidos por una fuente radicactiva, a través de una
soldadura, mismos gue se reciben en una placa sensible que re——
produciri la imagen de la soldadura y sus posibles defectos en for

ma de fotograf(a.

Este es el método mds comadn de ingpeccidn no desg-
tructiva v se emplea en soldaduras a tope ya que en soldaduras de

filate sa proyectaria también la imagen del metal base.

. Posteriormente se estudiard mas s fonde la soldadu-

ra desde el punto de vista de la inspeccisdn.

Ewvaluacisn de los resultados de la inspaccién de la soldadura. De
acuerdo con los defectos detectadas visualmente o por medio de ra

diggraffas, se ardenarén las reparaciones requeridas a las soldadu



hy

i)

i)

A

1)

- 1i

ras., En casp necasario se removerdn por medio de un método
especial denominado " arco — aire ", consistente en la aplicacibn
de un electrodp de Carbono por medio de una soldadara acoplada

a una comprésora gue pr‘:&pcr*dtnna aire a presién y el imina el
imetal de aporta de la saldadura. Mo es recomendable el emplec |

de soplete para esta operacifn.

varificacién de la geometr(a de las piezas después de la soldadura

y correccidn de defectos ¢ distorsiones }1.

varificacién del acabado Final de las piszas. Esmerilado, relle-

nadg, limpieza general .

Verificacién de la pintura de taller.  En algunas estructuras, la
pintura debe cumplir con especificaciones especiales de pintura,
tates como preparacisn da la supérfi:-:ie can chorero de arena, apl_i_
cacién de diferentas capas de pintura cuya composicidn quimica

debe verificarse, asfl como su aspesor, color, textura, etc.

verificacldn del marcaje de las piezas para su embargque de acuer
do a los planos de fabricaciSn y montaje y colocacidn de etiqueta

© marca de aprobacién final .

Verificaclén del manelo, estiba y preparacifn de las piezas para el

transportea.

Controt del avanca de la fabricacisn y elaboracitn de reportes.



3) mMontaje

a)

b}.

c )

d)

e )

)

g )

h)

verificacitn de la forma de descarga y estiba de las piezas.
verificacién de la posicién de elementos verticales, coincildencia

de agujeros en anclas y apiete de tuercas.

verificacitn-inicial del plomeo y arriostramiente temporal en ele-
mentos verticales,

verificacldén de la posizién de elementos horizontales de su conexidn

con glementos termporales { ¢lips de montaje 3.

verificacién de la nivelacidn y alineamiento de {os elementos hori-

zontales.,

verificacisn final del plomeo de los elementos verticales y adutoriza

cidn para la soldadura de campo o colocacitn de torniliss.

Inspeccisn de la soldadura de campo. Esta etapa as similar a la

Inspeccidn da la soldadura de taller.

Inspeccitn de la colecacién de tornillos, En las estructuras daonde

existan conexiones de campo atornilladas, se varificard lo siguienta:

Coinclidancla de agujeros.
Nimero, diimetro y longitud de tornillos en caga junta, de

acuerdo a planos de montaje.

Aptricte de tusrcas. De acuerds con 2l tipo de tarnilles, puede
requerirse una téanica espacial para el apriete., Tal es al caso

de los tornillos de alta resistencia cuya téconica de colocacifn se



1)

1)

kY

. describe por separads.

verificacifn de la posicitn, ndmerc y dimensiones de los acceso

rios v elementss que se colocan en el campo.

verificacibn del acabado final de las piezas. Esmerilado, remo

citn de accegorios auxiliaras de montaje vy retogues de pintura,

Contral de avance de la fabricacidn y elaboracién de reportes.
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ESPECIFICACICN PARA ELL APRIETE DE TORNILLOS CE ALTA
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APRIETE CGON LLAVES CALIBRADAS

Cuando se emplean llaves cal ibradas para dar al tornillo
la tensién especificada de acuerdo cen la tabla ( A ), deben ajustarse de tal
manera gue la tensisn inducida al tornillo sea del orden de 5 a 10% mayor
que el valor indicado .I Estas llaves deben cal ibrarse por 1o manos una vez
por cada dla de trabajo, apretando por 1o n-ﬂanns A tornillos tipicos de cada
didmetro por colocar, en un dispositivo capaz de indicar 1a tensidn real en
el tornilie. La tlave de operacidn mecénica deban ajustarse para Que se
detengan al llegar a la tensidn indicada. En las llaves de operacidn ma--
nual debe anotarse la torsidn correspondients a la tensiSn calibrada, para -
usarse an la lhstalacitn de todos los tornillos del lote probads. _as tuer—
casldeben egtar en movimiento apretado ma.nd::- se mide la tensidn. Cuando
se usen llaves calibradas para instalar varlos tornillos en una misma junta,
debeﬁ apretarse nuevamente log que se apretaron inicialmente, ya que pue-
den haberse aflojado al apretar los siguientas, hasta lagrar que todos gue—

den apretados a la tensifn especificada.

APRIETE POR ELL. METODO DE GIRO DE LA TUERCA
Cuando se emplée este método para lograr la tensidn in-
dicada en la tabla ( A }, debe tenerse un ndmero suficiente de tornillos -

apretados an condiclén de ™ apriete ajustado ", a fin de asegurar que todas



las partes da la junta astdn en contacto pleno.  La condicitn de " ape iete
ajustado " se define como la gue se obtiene con unos cuantos golpes de una
ilave de impacto o con el esl’uér*zo‘méxima de un hombre que use yna llave
de tuercas ordinaria. A comtiruvacisn de esta operacidn inicial, se colo-
cardn los tornilles en los aguteros restantes, apreté&ndolos hasta la c:.ondi-
cifin de " aprlete ajustado *. Entonces se apretardn adicional mente todos
los tornillos de la junta, haciendo girar .la tuarca, la cantidad indicada en
la tabla ( B ), comenzando por los tornillos colocados n la parte més r*fgi

da de la junta, sigulendo sistamdéticamente hacia ios bordes libres.

TABLA { A} TENSION EN LOS TORNILLOS

Difmetrce del TensiSn Mfhima en Kg
Tarnillo , _

( Pulg.) Torns. A - 325 Torns, A -~ aDD-
1/2 : 54aq 6800

- B/8 8620 : 10300
3/4 C12700 16600
7/6 17850 , 22250
1 23180 20100
11/8 25400 36300
11/4 32200 46300

1 5/8 38600 55000

11/2 46800 87100
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TABLA ( B ) ROTACION DE LA TUERCA A PARTIR DE

LA CONDICICN DE " APRIETE ASTADO

DISPOSICION DE LAS CARAS EXTERIORES DE LAS

PARTES POR ATORNILLAR

AMBAS CARAS NORMALES AL EJE AMBAS CARAS INCLINADAS 1:20
DEL TORNILLO © UNA CARA NOR- CON RESPECTO AL E.£ DEL
MAL AL EJE Y LA OTRA INCLINADA  TORNILLO ( SIN USAR RONDANAS
1:20 { SIN USAR RONDANAS BISELA~ BISELADAS ),

DAS ).

Langitud del Lengitud del Fara todas las longitudes de’ [os
Tarnillo no tornille ma- g toarnillas '

mayor de B yar de 8 dis-

difmetros ni _ metros & 8"

de "

1 /2 vvuelta 2/ 3 vuelta a/4 vuelta



EQUIPO REQUERIDO

PERMITE RECONOCER

VENTAJAS

OCULAR

Lente de aumento,
Plantilla para medir
cordones.

Regla de bolsillo.
£scantillén.

MNormas de buena ejecu
citn. -

Defectos superficiales
- grietas, porasidad,

crateres sin ltanar, in

clusiones de escoria.
Alabes, cordones exi—
Quosa, cordones desme-—
dides, cordones de con
Formacidn pobre,desa
linsamiento, presenta-
cidn impropia.

Costa reducido

FPuede apl icarse mien—
tras sa ejecuta el tra-
baja.

Fermite la correcciin
de los defectns.,
Senala pracadimientos
arronens,

E

METODOS DE ENSAYDO NO DESTRUCTIVO

RADIOGRAFICO

Unidades comerciales para

rayos X 0 gamma, para exa-—
men de soldaduras, y de ple

zas fundidas o forjadas.
Pel fculas v instalaciones
para su procesamiaento.
Equipa para la inspeccisn
Flusroscéplea.

Deféactos interioras ma——
crascépicos - grietas, poro
sidad, sopladuras, inclusio
nes no metdl icas, penetra-
cidn incompleta de la ralz,
socavacidn, cardmbanos v
perforacidn.

E! emples de pel fcula per-
mite la obtencisn de un do-
cumento permanante.
Puade observarse en la —
pantalia Fluoroscipica, para
inspaccidn interna a costo
reducidp .

PARTICULAS
MAGNETICAS

Equips especial da -
tipo comercial para
ensayos.

Polvos magnétices, en
forma seca o himeda:
pueden ser fluorescen
tes para su obhserva-
cifn bajo luz ultravio—
leta.

Excelente para reco
nocer las discontinui
dades de la super‘r’icﬁe
- espacialmente las
grietas en la superfi_
cle.

Es de ampleo més F&
cil qua la inspeccidn
radlografica.
Permite la sensibil -
dad regulable.,
Método de costo rela
tivamente reducido.

PENETRANTE
LiQuIDO

Equipos camercia-
les,que contengan
penatrantes Fluor‘ei-_s
cente o | lquidos, vy
reveladores.
Equipa para la apli
cacisn det revela—
dor.

Luz ultravioleta -
para el método flus
rescanto. -

Grietas en la super
ficia no visibles -

f&cilmente al cjo -
desnydo.

Excelente para --
haliar fugas enlas

soldaduras.

Aplicable a mate—
riales magnéticas
y No magnéticos.
De emplep Facil .
De costay reducido.

UL TRASONICO

Equips especial de
tipa comercial ya
ses para el tipo de
pulsacidn-eco 2
de transmisisn .
Gra&ficos tipos de
referencia, para
la lnterpretacidn
de grificos de ra-
diofrecuencia o~
viguales.

Defectas en v de-
bajo de la super-
Ficie, incluyendo
aquellos demasia
do pequerios par‘E
descubrirse par
otro métodn,
Espacial para -
descubrir defec—
tos de tipe lami-
nar debajo de la
superficia.

MUy senstble.

Permite la com—

probacisn de jun—

tas inaccesibles

a la radiagragfla.
4

[y

[



LIMITACIONES

OBSERVACIONES

Fusde aplicarze dnica
mente a los defactos
superficiales,

Mo prevee registro -
permanente.

Debe constituir al —
primer método de ins
peccién, no importa
cudlas sean las otras

técnicas que se axijan.

Constituye el dnilco -
tipo de inspeccisdn —
" productive ™,

Es responsabil idad -
primordial de todas
las personas que con—
tribuyen al trabajs de
soldadura.

Requiere habilidad en ta se_
leccisn de dngulos de expo_
stcidn, la soldadora a  ~—
emplearsa, y la interpreta
clén de las resultados.
Requlere medidas de sequ-
ridad.

No resulta, en general, -
aceptable para la inspec——
clén de soldaduras en dngu
lo interior.

Muchas céddigos requicren
el examen por rayos — X.

Es &til para la capacita—

cién de los soldadores yla
aprobacién de los procedi_
mientos,

A calsa de su costs, debe

limitarse a aquelias zonas
donde 1os métodos rastan—
tas nd provean la saguri-—
dad requerida.

Puede emplearse —
dnicamente con mate
rlales magnéticos.
Requisre habil idad
para descubrir e in-
terpretar 138 defec-
tos o las‘onfiguracio
nes no significativas.
Resuita de emplea di
flcil sobre las super
ficies 4speras. -

Los defectos alarga-
dos paralelos al cam
po magnético podrin
ng Indicar la confor-
macién; por ello, el
campo deberd apli—
carse en dos direc——
ciones, a o cerca de
Angulos rectos entre
s{.

Pueaden descubrir
se solamente los

defectos superfi-
cialas.

MNo puede amplear
se eficazmenta
con piezas calien
tes. -

En recipientes de

paredeas delgadas,

revelard las Fu—--
gas que no podrin
determinarse con
las prugbas Nneu—
miticas usuales.
Las condiclanes
revaladoras en la
superficie { huma,
escoria } pueden
llevar a indicacioa
nes equivccas, -

Requiere mucha
compatencia [n-
terpratar las
configuraclones
del tipo pulsa——
cidn-eca.

Nz resulta Ficil
la obtencifn de
graficos de tipo
permanantse .

El equips de tipo
pul sacidn- eco
resutta excelen-
te para fines de
inspeccidn de las
soldaduras.

El egquipo de tipo
de transmisidn
simplifica la in-
terpratacisn ge
las configuracio
nes, cuands se

lo puade emplear.

2|



PERFILES COMPUESTOS DE TRES PLACAS SOLDADAS

Tolerancios permitidas -

kil =, T OO NG LT

DEFLEXION DEL PATIN
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FUERA DE ESCUADRA
GEL PATIN
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EJEMPLO TIPICD DE SOLDAQURA
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FERFILES COMPUESTOS DE TRES PLACAS SCLDADAS
Tolerancias permitidos

PERALTE NOMINAL

TOLERANCIAS PERMITIDAS #n mm ¥ Pulgadas

DESCENTRAMIENTO PERNITIDD DEL ALMA

Ch T Ee s e —

wpm PERALTE PATIN Fuerg o4 | Cmanos H
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" PERFILES COMPUESTOS DE TRES PLACAS SOLDADAS
Tolerancias permitidas

M w1 mam, por cada rtre de lengitos ——
Tivee) .

FLECHA VERTICAL

Macima por ¢ ada maelca de longilud.
%" ) 13mm Faiawigds’
{¥aa"] 10 men. pord couma g }

FLECHA LATERAL - |



ESPECIFICACICMNES GENERALES PARA LA FABRICACZION Y MONTAUE
DE LA LSTRUCTURA FPARA LAS TORRES DE MICROCHNDAS ’
DE TELEFONOS DE MEXICOs 5.4,



>

le= ALCAMNCE

LAS ESPECIFICACIONES COMSTRUCTIVAS STGUIENTES SE REFIEREN =
A LOS MIEMBROS DE LA ESTRUCTURA DE ACERD. CUANDO EXISTA DUDA -
ACERCA DE LA APLICACION DE ESTAS NORMASs LA DIRECCION DE LA OBRA
TOMARA LA DECISION FINALs BASANDOSE EN CODIGOS DE CONOCIDO PRES-

TIGIO.

2e= PLANGS Y OTROS GOCUMENTOS

EL CONTRATISTA TENDRA EN LA OBRA UN LIBRO DE BITACORA EN -
QUE SE AMOTARAN LAS FECHAS DE LAS DISTINTAS ETAPAS ODE LA CONS=
TRUCCIONs ASI COMO LAS MODIFICACIONES QUE SE HAGAN A LOS PLANOS
O A LAS ESPECIFJCACIONES Y LA APROBACION © RECHAZOs POR PARTE

DOE LA DIRECCIONe DE LA OBRA EJECUTADA.

ADEMAS SE TENDRAN EM LA OBRA TOQOS LOS QOCUMENTOS OQUE EXi=
GEN LOS REGLAMENTOS VIGEMTES ASI COMO LO5 PLAKCS ESTRUCTURALES,
ARQUITECTONICOS Y DE INSTALACIONES Y LAS PRESENTES ESPECIFICA-

CIONES,

Ja= FUNCIONES DEL DIRECTOR DE LA OBRA



EL DIRECTCOR DE LA OBRA GOZARA DE PLENA AUTORIDAD PARA VELAR
POR EL CUMPLIMIENTO DE ESTAS ESPECIFICACIONES: PODRA DE JUZGAR-
LO CONVENIENTEs ORDENAR REPARACIONES» REFUERZIOSe EJECUCION DE ==
PRUEBAS DE CARGA O DEMOLICION Y HEEDN5+RUCCIDN PARCIAL O TOTAL =

DE LA OORA 51 SE HAN VARIADG LAS ESPECIFICACICONES O LOs PLANDS

he= RESULTADDS DE MEDICIONES Y ENSAYES

LOS RESULTADOS DE TODA MEDICION Y ENSAYE OuE AQyl SE ESPE-
CIFIOUE, SERAN COMUNICADOS A LA DIRECCIGN DE LA OBRA EN UN PLA-
Z0 INFERIOR A 72 MORAS» A PARTIF DEL MUMENTO QUE S5E LLEVE A CA—=
BO,

LAS MEDICIONES PODRAN SER VERIFICADAS POR EL DIRECTOR DE LA
OBRA 8! ESTE ASI LO JUZGA CONVENIENTE. LOS INSTRUMENTOS 'Y PER=-

SONAL QUE SE REQUIERAN PARA TALES TRABAJOSs SERAN SUMINISTRADOS

POR EL COMNTRATISTA.

Se= MATERIALES

TOOO EL MATERIAL EMPLEADO EN LA OBRA ES DEL TIPC DGN=B254-



1973 (ASTM A36)s QUE TIENE LAS CARACTERISTICAS SIGUIENTES
“Ae= RESISTENCIA A LA TENSIONs EN KG/COM2 4060 A 5500
Ba= LIMITE DE FLUENCIA MINIMOa EN XG/CM2 2520

Co= ALARGAMIENTO MINIMC EN 200MM DE LONGITUD CALIBRADAs 0/0 20
De= ALARGAMIENTO MINIMG EN 50MM DE LONGITUD CALIBRADAs 0/0
PLACAS Y BARRAS 23
PERFILES 21
Ee= CUANDO SE USE SOLDADURA MANUAL CON ELECTRODO RECUBIERTC LOS-
ELECTRODOS SERAN DE LAS SERIES E6OXX O ETOXX [AWS ABel O ASeS)y=
Y S1 SE EMPLEA SOLDADURA AUTOMATICA CON ELECTRODO SUMERGIDO SF =
UTILIZARAN COMBINACIONES DE ELECTRODO Y FUNDENTE FOX=EXXX O F7X-

EXXX [AWS AS,17 O A5.23 Ja

PUEDEN UTILIZARSE OTROS PROCESOs DE SOLDADURA STEMPRE QUE -
ESTEN DE ACUERGCO CON LAS NORMAS DE LA S50CIEDAD AMERICANA OE LA =
SOLOADURA {STRUCTURAL WELDING CODEs AWS D1.1s ULTIMA EDICIONY Y

QUE SEAN APROBADOS POR LA DIRECCICN DE LA OBRA.

Sa= INSPECCION

EL FARRICANTE SE OBLIGA A ACMITIR EN SU TALLERes Y EN TODOS
LOS LUGARES EN OUE SE ESTE FABRICANDO LA ESTRUCTURAy A LOS RE-

PRESENTANTES QUE FIJE LA DIRECCION DE LA QBRA PARA LA REVISION =



.. 26

OF LOS TRABAJOS RESPECTIVDS-

LA DIRECCION DE LA OBRA PUEDE EXIGIR DEL FABRICANTE EL MUME=-
RO DE PRUEBAS FISICAS Y/0 QUIMICAS QUE SEA NECESARIO PARA GARAN=
TIZAR LA BUENA CALIDAD DEL MATERIAL EMPLFADO. '

LA DIRECCION DE L; OBRA PUEDE EFECTUAR PRUEBAS NO DESTRUC=
TIVASs CUANDO SEAN NECESARIAS PARA ASEGURARSE DE QUE LA ESTRUC==
TURA HA SIDO FABRICADA Y MONTADA CORRECTAMENTE s )

Te= FABRICACION

ENOEREZADO CEL MATERIAL

TODC Ei MATERIAL QUE WAYA A UTILIZARSE EN UNA ESTRUCTURA=
DERE ESTAR RECTOs CONFORME i_Ll1E$PECIFI;lCIOH ASTM A O A LAS -
PRESCRIPCIONES DE ESTA ESPECIFICACIONS EXCEPTO EN LOS CASOS EN «
WE EN LOS PLANDS DE PRBTE&TG SE INQIQUE QUE DEBE TENER FORMA =
CURVAs CUANDD SEA NECESARIO EL ENDEREZADO SE MARA €N FRIOs UTILI
ZANDO MECIOS MECANICOS: © POR MEDIO DE LA APLICACIONs CUIDADOSA—
MENTYE EUPERVIElDAf DE UNA CANTIDAD LIHETAD! DE CALOR APLICADD EN
ZOMAS LOCALIZADAS.

LA TEMPERATURA DE LAS 2OMAS CALENTADASs MEDIDA POR MED1Q DE
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FPROCEDIMIENTOS ADECUADOSs NO DEDE SOBREPASAR 650 GRADOS CENTI-
GRADOS ., LOS MISMOS PROCEDIMIENTOS PUEDEN UTILIZARSE PARA ENDE=-

REZAR MIEMBROS DISTORSIONADOS PCR LA SOLDADURA.

LAS PARTES QUE SE CALIENTEN DURANTE EL ENDEREZADO DEBEN ES=
TAR SUSTANCIALMENTE LIBRES DE Esﬁyﬁnznﬁ Y DE FUERZAS EXTERIORES,
EXCEPTO LOS RESULTANTES DE METODOS MECANICOS DE ENDEREZADO OUE =
$E UTILICEN EN COMBINAGION CON LA APLICACION DE CALORs

CORTES

LOS CORTES PUEDEN WACERSE CON CIZALLA+ SIERRA © SOPLETEs =~
ESTE DESE, DE PREFERENCIA, GUIARSE MECANICAMENTE.  LOS CORTES =
CON SOPLETE REQUIEREN UN ACABADO LISQ Y LIBRE DE REBABAS. SE AD=
MITEN MUESCAS O DEPRESIONES CCASIONALES DE NQ MAS DE 5MM DE PRO-
FUNDIDADe LAS QUE TENGAN PROFUNDIDADES MAYORES DEBEN ELIMINARSE
CON ESMERILe LOS CORTES EN ANGULOs EN ESQUINAS ENTRANTESs DE+
BEN WACERSE CON EL MAYOR RADIO.POSIBLEs NUNCA MENOR DE 15MMs

CANTOS CEPILLADODS

LOS CANTOS DE PLACAS O PERFILES CORTADOS CON CTZALLA O SO=—
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PLETE NO NECESITAN CEPILLARSE» A MENOS QUE SE INRDIQUE EN LOS DI=

BUJOS DE DETALLE,

CONSTRL'CCIONES REMACHADAS ¥ ATORNILLADAS: AGUJERCS.

£t DIAMETRO DE LOS AGUJEROS PARA REMACHES O TORNILLOS DEBE-
SER 1.6 MM MAYOR QUE EL DIAMETRO NOMINAL DE ESTOS. LOS AGUJE=-~
ROS PUEDEN FPUNZONARSE EN MATERIAL DEF GPUESC NO MAYOR QUE EL DA~
METRO NOMINAL DE LOS REMACHES O TOSNILLOS MAS TRES MILIMETROS, ~
PERC DEBEM TALEADRARSE O PUNIDNAhsE A UN DIAMETRO MENOR Y DESPUES

PIMARPSY CULANDO EL MATERIAL ES MAS GRUESC,
EL DADO PARA LOS AGUJERDS SUBPUNZIONADOS Y LA BROCA PARA LOS
SUBTALADRADOS DEBE SERs COMO MINIMO» le6 MM MENOR OUE EL DIAME=—

TRO NOMINAL DEL REMACHE © TORNILLO.

NO SE PERMITE EL USO DEL SOPLETE FARA MACER AGUJEROS.

CONSTRUCCION SCLDADA

PREPARACION DE SUPERFICIES
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Las SUPERFICIES ¥ NORDES QUE VAYAH A SOLDARSE SERAN LISOS»-
UNIFQPWES Y LIBPES DE MUESCAL» GRIETAS Y OTRAS DISCONTINUIDADES=
AUE AFECTEN DESFAVORABLEMENTE LA CALIDAL O RESISTENCIA DF LA ==

SULDATHIRA .

L&s SUPERFICIES EN Las QUE SE vAYA A DEPOSITAR SOLDADURA Y -
LAS ADVACENTES & ELLAS ESTaRAN TAMBIEN LIBRES DE COSTRASe ESCO--
PIAs OXIDODSy HUMEDAD GRASAs PIKTURA © CUALQUIET MATEC]AL EXTRA-

MO QUE DIFYCOLTE LA SOLDADURA O PRODZCH mUMDS PERJUDICIALES.

SE PFRIMITE QUE HAYA COSTRAS DE LAMIMENO QUE RESTSTAN UN CE=
FILLADG VIGGROSG WECHD COUN CEPILLO LE ALAMBREs LNA CAPA ANTICQO=-
RFOSIVA DILGADA O N COYMPLESTO PAPA EVITAR LAS SALPICADURAS DE
SOLDALYPA, EXCEPTO EM LAS SUPESRFICIEL DI TRABES ARMADNS EN LAS
NUE ST vAYA A WACER SOLDADURAS ENTRE &LMa ¥ PATIN CON ELECTRODD
DI HAJO COMTINIUO DE CARBOGNO EN LAS (CUI DEEEN SUPRIMIRSY TODAS

LAS CD&TRAS DL LAMIKADRG,

CUANDO LA PREPARACION DE BUPDES OF HAGA CON SOPLETEs ESTE -~=

BoRE GULAPSE MECANTCARMEMTE SIEMPRE (E 5E8 FOSTELE.

CULGTSCTUN DF LAS PIFZAS
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LAy PARTES ONE ST wAN & UNIR POR MFDIG DE SOLLAMIRES DE ==
FILETE DinBinN COLOCARSET Ex Ul CONTACTO TN Tl CuMuw SER POSI--
ALE. LA SEPARACION ONTRE ELAL PARTES NO RCBE EXCEDEP DD S5MM, -
EXCEPRT CUAMDO 55 TERATE DE PLACAL Dy 76M1 {314y O MAS DE GRUESQ
Sis DOSFUEYS L1 CHRSEFZARLAGY La SEPARACION O PUEDE FRELUCIPSC O

OECTSel O PARX SATISFACER RLr TOLTRANCLA,

mw REE CASO 5T ADRMITE UMA SEFARACION MAXIVA DE wravy SIZ0PRLC
GUF SE FUHPLTEC UNA SOLDAPURA DE SCLLG O UN MATFRIAL. DF WESPALDD =
RDECURDS PARA CVITAR FUGAS JC MLTAL FUNIIDS. 51 1A SEPARACION=-
FS lef 0 HAYQPy TL TAMARD DC LA SOLPADURYL DE FILETE SE AUMEN=
TARE EMOLNA CANTIDAR IGUAL 4 LA SEPARACION, LA SEPARACICOM EN=
T3E LAgs SWUPETYFICI®=Es OF FALLY DO JUMNTAS TRASLAPADAS Y ENTRE PAR=-
TES AT S5 WAVALL A SOLDAR A TOPE Y LA PLACA DE RESPALDO NO DEBE

TXCRSEP Rl 1.6%%,

5t pPromIEED EL (SO DE RELLENQSs EXCEPTO EN LOS CAS0S EN QUE
LSTON THRICADPCS EN LOS DIBYJOS O SEAN APROBADDS ESPECTALMENTE =-

POR La DIRECCION DE LA GBFA.

EL AJUSTE ENTRE SUPERFICIES OF CONTACTO DE JUNTAS QUE NO =
ESTEN COVPLETAMEMTE SELLAGAS POR LA sSOLDADURA DEBE SER SUFICIEN=
TE PARA IMPELIP LA PENETPACION DEL AGUA NDESPUES DE COLOQCADA LA =

PINTUPA.



= 10 =

- 31

LOS MIEMARDS QUE VAN A SOLLCARSE SE ALINEARAN CORRECTAMENTES
Y SE MANTENDRAR FN POSICION HASTA COMPLETAR LA COLOCACION DE LA
SOLDADURAs POR MEDIC DE PERNQSy PRENSASs CABLES U OTROS PROCEDI=
MIENTDS ADECUADGSe O UTILIZIANDD PUNTOS DE SOLDADURA. DEBEN TE-
NERSE EM CUFNTA LAS DEFORMACIONES Y CONTRACGCIONES OCASIONADAS

POR LA SOLDANURA.

ALTHEAMIENTO

LOS EXTREMOS DE LAS PARTES QUF VAN A UNIRSE POR MEDIG -
BE SOLDADUPAS A TOPE DE PENETRACION ODEBEN ALINEARSE CUIDADO-~

SAMENTE .

CUAMDO LAS PARTES ESTAN RESTRINGIDAS EFECTIVAMENTE CUﬁTHA LA
FLEXIOM DCASIOMADA POR DEFECTOS DE ALINEACION SE PERMITE UNA ==

EXCENTRICIDAD QUE NO EXCEDA DEL DIEZ POR CIENTO DEL GRUESO DE LA

PIFZa UMIDA wAS DELGADA NI OE 3IMM, LA PENDIENTE MAXIMA QUE
PUEDE DARSELE A UNA PIEZA P4&RA CORREGIR DEFECTOS DE ALINEACION
Es DE 12MM FN 200MM, LAS EXCENTRICIDADES SE MIDEN ENTRE 105 =--
FJES DE LAS PARTES.
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TOLERANCIAS FMN LAS REPARACIONES

CON LA EXCEPCION QUF SE SENALA EN FL. PARRAFD SIGUIENTE ¢+ SI

LAS DIMENSIONES DE LAS PREPARACIONES HECHAS PARA DEPOSITAR SOL =

fPADURAS DE PENETRACION VARIAN DE LAS MOSTRADAS EM LOS PLANCS DE-

DETALLE EN CANTIDADES MAYORES OQUE LAS TOLERANCIAS QUE SE INDICAN

A CONTIRUACIONs DEBE AVISARSE A LA DIRECCION DE LA OBRA» QUIEN =

DECINIRA SI St ACEPTAN O CORRIGEN.

JUNTAS EM LAS QUE

MO SE TRABAJA La

RALZ
™
" CARA DE LA RA1Z DE LA
JUNT 8y . + l.6 =1.48
ABERTURA OF L& PAIZ EN ==
JUNTAS SIn PLACA DE RES-=
PALDG . + lebr =1lsb
ABERTURA DE LA RAIZ EN
JUNTAS CON PLACA DE PES=
PALDN. + 6aky =148

ANGULO DEL DISEL DE LA ==
JUKTA +10, =5 GRADOS

JUNTAS EN LaS QUE

SE TRABAJA LA PALZ

{0 ESTA LIMITADA

+ luby ~2.2

NO APLICARLE

+10s =5 GRADOS



PUEDEN ACEPTARSL ABERTURAS OFE RAIZ MAYORESs PERO GUE NO -
EXCEpAM OC DOS VECES EL ESPESOR DE LA PARTE MAS DELGADA O 19MMe=
S1EVPRE niuUE ANTCS BE UNIR LAS PARTES SE CORRIJAN ESAS ARERTURAS=

POR EDIO DE SOLDADURAY HASTA DARLES DIMENSIONES ACEPTABLES.

PUNTOS ['E SOLDABUPRA

LOS PUMTOS DE SOLDADURA ESTARAN SUJETOSL A LOS MISMOS REOUI-
51705 DE CALIDAD OUE LAS SOLDADURAS FINALESs CON LAS EXCEPCIONES

SIGUIENTES

lam EL. PRECALENTAMIENTD NO £5 CBLIGATORIOD QUANDD SE WAYAN
A DEPOSITA? PUNTOS DE SULDADURA DE UN SOLO PASD QUE SERAM FUNDI~

D05 E IMCORPORADOS EM SOLDADURAS COMTINUAS DE ARCO SUMERGIDD. -

2a= MD ES NECESARIO CORPEGIR DISCONTINUIDADES TALFS COMO-
SOCAVACIOMNESs CRATERES SIN RELLENAR Y PORCSIDAD ANTES DE HACER -

LA S0LDADUAA FIivAL DE ARCO SUMERGIDC.

LDS PUNTOS QUE SE VAYAN A INCORPORA® EN L& SOLDADURA FINAL=

S5F -AaRAN CON ELECTRODOS QUE CUMPLAN TODOS LOS REQUISITOS DE LAS-



SOLDADURAS DEFIMITIVASe ¥ SE LIVPIARAN CUIDADOSAMENTE.,

LOS PUNTOS QUE NO SE INCORPOREN EN LAS SOLDADURAS DEFINITI=-
VAS DEBCRAN REMOVERSE, ﬁ MEROS QUE L& DIRECCION DE LA OBRA INDI=-

BUE LD CONTRAPIN.

COLOCACION DE LA SOLDADURA

SE ADMITE QUE LAS SCLOADURAS DE TALLER SE DEPOSITEN EN PC=-
SICION PLANA U HORIZONTAL Ye OCASIONALMENTE» EN POSICION VERT!--
Cale MO SE ADMITEN LAS SOLDAQURAS DE TALLER SOBRE CABEZAs POR

LO CUE maBRA QUE COLOCAR LAS PIEZAS OQUE SE VAYAN A SOLDAR Df MA-~

MERA QUF NO sF TENGA QUE DEPOSITAR SOLDADURA EM ESA POSICION. -

SIEMPRE Nut S5EA POSIBLE, LAS PIEZAS 5E CoLOCARAN DE MANERA QUE -

LA SOLDADURA PUEDA DEPOSITARSE EN FPOSICION PLANA.

AL ENSAMEBLAR ¥ UNIR PARTES DE UNA ESTRUCTURA O MIEMBRO (OM=
PUESTOs ¥ AL SOLDAF REFUERZIOS A LO5 MIEMBROSs EL PROCEDIMI{ENTO Y
La SECUENCIA DE LA SOLDADURA DESEN SER T!LES QUE SE EVITEN D]S~~
TORSIONES INNECESARIAS ¥ LOS ESFUERZIQS DE CONTRACCION SE REDUZ-

CAMN A LIN MIMTIMO,.
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SIEMPRE QUE SEA POSIBLE+s LAS SOLDAQDURAS S5€ DEPOSITARAN EN =
UNA SECUENCIA TAL GUE S BALANCEE EL CALOR PRODUCIDO POR ELLAS ~

DURANTE EL PROCESO OE COLQUACION.

LA DIRECCION GENERAL DE COLOCACION DE LA SOLDADURA EN UN
MIEMBRO SERPA DESDE LOS PUNTOS EN QUE LAS PARTES ESTEN RELATIVA=-
MENTE FIJAS EN POSICIONs UNAS RESPECTO A OTRASs Y HACIA LAS 20==

NAS EN QUE MAYA UNA MAYOR LIBERTAD DE MOVIMIENTO RELATIVO.

LAS JUNTAS EN LAS GUE 3E ESPEREN CONTRACCIONES IMPORTANTES
PEBERAN SOLDARSE EN GEMERAL ANTES QUE AQUELLAS EN LAS QUE LAS -
CONTRACCIONES SEAN REDUCIDAS. ADEMASe DURANTE LA COLOCACION DE =~
LA SOLDADURA SE PROCURARA QQE LAS PARTES POR UNIR ESTEN TAN LI~

BRES COMO SEA PQSIBLE.

TODOS LOS EMPALMES DE TALLER DE CADA yUNA DE LAS PARTES (QOM-
PONENTES DE TRABDES ARMADASs VIGAS CON CUBREPLACAS O MIEMBROS =
COMPUESTOSs DEBEM HACERSE ANTES DE SQLDAR LAS PARTES ENTRE 51, =
LAS TRABES ARMADAS LARGAS PUEDEMN WACERSE EMPALMANDD €N EL TALLER
VARIOS TRAMOUSe CADA UNO DE ELLOS MECHD DE ACUERDD (ON EL PARRA=-
FO ANTERIOF.

CUANDD SF HAGAN SOLDADURAS BAJO CONDICIONES EXTERIODRES QUE=-

RESTRINJAN SEVERAMENTE LAS CONTRACCIONESs LA SOLDADURA SE mARA =
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PLACAS OFE RESPALDQ

CUANDO SE USE PLACA DE RESPALDO DE MATERIAL IGUAL AL METAL
8ASEs DERE QUEDAR FUNDIDA COM LA PRIMERA CAPA DE METAL DE APOR~
TACIONs  NO ES NECESARID GUITAR LAS PLACAS DE RESPALDOs CUANDD
SE ESPFCIFIOUE QUE SE QUITEN LA REMOCION PUEOE HACERSE CON SO -=
PLETEs DESPUES DF COMPLETAR LA SOLDADURZ» TOMANDO LAS PRECAUCIO-
NES NECCSARIAS PARA NO DANAR EL METAL BASE NI EL DE APORTACIONs=
Y DEJANDO LA SUPERFICIE DE LA SOLDADURA A RAS O LIGERAMENTE ===
CONVEXA DE MaNERA QUE SE CONSERVE EL TAMANO COMPLETO DE LA GAR—=

GANT A

PLACAS HE ENTCNSICN

LGOS EXTREMOS DE LaSs SOLDADURAS DE PENETRACION COMPLETA DE=-
REM TERMINARSE DRE UmA MANERA QuE ASEGURE SU SANIDAD. CUARDO SEA
FCSIBLEs S5E #HARA UTILIZANDO PL;C!S DE EXTENSION. NO ES NECESA™
PIO QUITHRLAS DESPUES DE TERMINAR LA 50LD#DU§#; A MENCS QUE LC =~
PIDA LA DIRECCION DF LA CBRA. EN ESTE CASO LOS BORDES EXTREMOS=
DE LA SOLDADURA CEBEN ALINEARSE Y ENRASARSE CON LOS DE LAS PAR=

TES UNIDAS.
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EN FORMA CONTINUA HASTA COMPLETARLA O HASTA LLEVARLA A UN PUNTO
QUE ASEGURE QUE ND SE PRESENTARAN GRIETAS ANTES DE GUE LA JUNTA
SE ENFRIE POR DEBAJO DF LA TEMPERATURA MINIMA ESPECIFICADA DE —-

CALENTAMIENTO £ INTERPASD,

SOLDADURAS DE PENETRACION COMPLETA

EN PLACAS OE GRUESC NO MAYCR DE &e3¥M PUEDE LOGRARSE PENE==-
TRACION COMPLETA SIN PREPARAR LOS BORDESe ES DECIRs CON LOS CAN=
TOS A ESCUADRA+ DEPOSITANDO LA SOLDADURA MAMUALMENTE POR AMBOS
LADOSy EM POSICION PLANAe ODEJARDC ENTRE LAS DOS PARTES UNA HOL=

GURA ND MENOR GQUE LA MITAD DEL GRUESO DE LA PLACA MAS DELGADAs

EN TODOS LOS DEMAS CAS0S DEBEN BISELARSE LOS EXTREMOS DE
LAS PLACAS ENTRE LAS QUE SE VA A COLOCAR Lh S50LDADURA PARA PER=-
MITIR EL ACCESO DEL ELECTRODOs Y UTILIZARSE PLACA DE RESPALDO Oy
DE NQ SFR AS!{« DEBE QUITARSE CON UN CINCEL O CON DTRd MEDIO lDE;
CUANDD LA CAPA INICIAL DE LA RAJZ OF LA SOLDADURAs HASTA DESCU=
BRIR METAL SANO Y ANTES DE COLOCAR LA SOLDADURA POR EL SEGUNDO =
LADCs PARA LOGRAR FUSION COMPLETA EN TODA LA SECCION TRAMS==

VERSAL,
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LIMPIEZA

EN SOLDADURAS DEPOSITADAS EN VARIOS PASQS DEBE QUITARSE =--
CUIDADCSAMFNTE LA ESCORIA DE CADA UNC DE ELLOS ANTES DE COLQCAR~-

EL SIGUIENTE.

PRECALENTAMIENTO

ANTES DE EMPEZAR A DEPOSITAR MATERIAL DE APCRTACIONs EL ME=
TAL PAsSE DLBE PRECALENTARSE A LA TEMPERATURA [NDICADA EN LA TA=—-—

BLA.

CUANDC EL METAL 8ASE ESTE A UNA TEMPERATURA INFERIOR A {ERO
GRADOS CENTIGRACOS DEBE PRECALENTARSE A 20 GRADOS CENTIGRADQS ==
COMO MINIMOs O A LA TEMPERATURA INDICADA EN LA TaBLAs S] ESTA ES

MAY(OR,

Et. PRECALENTAMIENTD DEBE WACERSE DE MANERA OUE LAS SUPERFI=-
C1ES DE LAS PARTES EN LAS QUE SE DEPOSITA LA SOLDADURA ESTEN A =
UNA TEMPERATURA IGUAL © MAYOR QUE LA ESPECIFICADA EN UNA DISTAN-
CIA MO MENCR QUE EL GRUFESO DEL MATERIAL O QUE Ta6 CMs A AMBOS ==
LADOS Y ACELANTE DE LA SOLDADURAs LA TEMPERATURA DE PRECALEN-

TAMIENTO DEBE MANTENERSE COMO TEMPERATURA MINIMA DURANTE TODO EL



PPOCFSO DE COLOCACION DEL METAL DE APORTACION.

LAS TEMPERATURAS DE PRECALENThﬂ!ENTG E INTERPASO DEBEN SER

SUFICIENTES PARA EVITAR FORMACICN DE GRIETASs POR LO OUE EN S0L-

DADURAS MUY RESTRINGIDAS PUEDE SER NECESARIO OTILIZAR TEMPERATU=

PAS MAS ALTAS QUE LAS INDICADRAS EN LA TABLA,

MO 5t EFECTUARA NINGQUN&A SOLDADURA CUANDD LA TEMPERATURA AM-

RIENTE SEA INFERIOR A =18 CRADCS CENT]IGRADOQS.

TABLA DE TEMPERATURA MINIMA OE PRECALENTAMIENTO Y DE INTER=

PASOes EM GRADOS CENTIGRADOQS.

GRUE S0 MAXIMO DEL ME=
TAL Bas? £N EL PUNTO
DF COLOTACION DE LA =
SOLDADURA,

(M)

HASTA 19+ INCLUSIVE

PROCESD DE SOLDADURA

ARCO ELECTRICO=-=
CON ELECTRCOD =
RECUBIERTD QUE -
w0 SEA DE BAJOD -
CONTENIDO DC

= I DROGENQ.

NINGUNA 1)

ARCO ELECTRICO CON-
ELECTRODO RECUBIER=
70 DE BAJO CONTENI=~
DO DE MIDROGENC
ARCO SUMERGLIDD ©
ARCO ELECTRICO
PROTEGIDC CON GASES
INERTES.

NINGUNA (1)
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MAS DE 19 WASTA 38+ INClLe To 110t
. MAS DE 36 WASTA s&s INCLe - - 110 10
MAS DE &4 - R | . $ 1

i1} EXCEPTO CUANDD LA TEMPERATURA pE;'nETaL BASE: SEA INFE—
RIOR A O ORADOS CENTIGRADOSs EN CUYO CASO DEBE PRECALENTARSE A =
20 annnos c:ntlnlnnus- coMD Hl"lﬂnf causllvinoo ESTA TEHPEIATURL
DURANTE rnno €L pmsm. e

MARTILLED

LAS CAPAS INTERMEDIAS DE SOLDADURAS OE VARIOS PASOS PUEDEN=
GOLPEARSE LIGERAMENTE CON UN MARTILLO WECANICOs USANDD UNA NE—
RRAMIENTA DE PUNTA REDONDAs  ESTA OPERACION SE EFECTUARA. CUANDO
LA SOLDADURA SE MAYA ENFRIADO A UNA TEMPERATURA A LA QUE SE-
SIENTA LIGERAMENTE CALIENTE At TOCARLA CON LA MANOs NO SE ==
MARTILLARA EL conuuu DL RALZ NI LOS DE SUPERFICIEs N1 TAMPOCD !L
METAL BASE A LOS LADOS DE LA SOLDADURA:  DEBE TENERSE CUIDADO~
PARA EVITAR TRASLAPE DE LA SOLDADURA’ ) AGRIETlHIEHTn DE. Esru o -
DEL METAL' BASE

EL MARTILLEO TIENE POR OBJETO COMTROLAR LDS ESFUERZOS DE ==



CONTRACCION EN SCLDADURAS GRUESASs

ESPECTFICACIONES COMPLEMENTARIAS

.Ll TECNICA EMPLEADA PARA DEPOSITAR LA SOLDADURA LA ﬂﬂLl?ﬁD
Y APARIENCIA DE LAS SOLDADURAS TERMINADASs Y LOS METODOS UT{LI~=
ZADDS PARA CORREGIR TRABAJOS DEFECTUOSOS+ SE AJUSTARAN A LAS ==
NORMAS DE LAS SECCIONES & Y 7 DE LA ULTIMA REVISION DEL CODIGO =
PARA SOLDADURA ESTRUCTURAL OE LA SOCIEDAD AMERICAMA DE LA SOLpDA=
DURA, [STRUCTURAL HéLDIHG CODEy AMERICAN WELDING SOCIETY, ﬁ“; -
Dlslis ESE CcOD]IGO FE TOMARA riMBIEH COMO BASE ENM TGDQE.LQS CA-

$05 QUE NO ESTEN CUBIERTOS EN ESTAS ESPECIFICACIONES. .
ACABADC
LCS EXTREMOS DE PARTES DE JUNTAS EN COMPRESION EN LOS QUE
LA FUERZA SE TRANSMITA PFOR CONTACTO DIRECTO DEBERAN SER LIS0S Y

ESTAR EN INTTMO CONTALTO. PARA ELLC SE PREPARARAN POR MEDIO OE
CEPILLADD» CORTES CON SIERRA U OTRO MEDIC ADECUADO.

TOLERANCIAS DE FABRICACION
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EXCEPTO EN LOS CASOS EN GUE SE ESPECIFIQUE OTRA COSAs LOS =
HIEHBROS FORMARDS PRINCIPALMENTE POR hN PERFIL LAMINADO SE CON——
SIDERARAN RECTOS CUANDO ESTEN DENTRO DE LAS TOLERANGIAS PERMITI-
DAS POR LA ESPECIFICACION ASTM~AG O CUANDO CUMPLAN LOS REQUISITO
OUE SE FIJAN EN EL PARRAFD SIGUIENTEs Y LOS MIEMBROS ARMADOS —-
SOLDADOSs REMACHADOS O ATORNILLADOSs CUANDO CUMPLAN LAS TOLERAN=
CIAS PERMITIDAS PARA PERFILES DE ALAS ANCHAS EN ASTH-A6 O LAS ==
PRESCRITAS EN EL PARRAFO S1GUIENTE.

1 .

EN MIEMBROS QUE TRABAJARAN EN COMPRESION EN (A ESTRUCTURA =
NO SE PERMITEN DESVIACIONESs CON RESPECTO A LA LINEA RECTA QUE =
UNE §US EXTREMOSs MAYORES DE UM MILESIMO DE LA DISTANCIA ENTRE =
PUNTOS OQUE ESTARAN SOPORTADOS LATERALMENTE EN LA ESTRUCTURA -TER=
MINADAL®  LAS PIEZAS TERMINADAS EN TALLER DEBEN ESTAR LIBRES OF
TORCEDURASs DOBLECES Y JUNTAS ABIERTAS.

LA DISCREPANCIA MAXIMAs CON RESPECTO A LA LONGITUD TEQRICA,
QUE SE PERMITE EN MIEMBROS QUE TENGAN SUs DOS EXTREMOS CEPFLLA=
pOS PaARA TRABAJAR POR CONTACTO DIRECTOs E5 UN MILIMETRO. EN ==
PIEZAS MO CEPILLADAS DE LONGITUD NO H#YOR CE DIEZ METROS St PER=
MITE UNA DISCREPANCIA DE 143 MMy QUE AUMENTARA A 3IMM CUANDD LA =

LONGITUD DE LA PIEZA ES MAYOR GQUE LA GQUE 5E ACABA DE INDICAR.



IDENTIFICACION

TODAS LAS PIEZAS DEBEN SaALIR DE LA PLANTA DEAIRAMENTE 10DEN
TIFICADASy CON MARCAS QUE CORRESPONDAN A LAS INDICADAS EN LOS ——

PLANOS DE MONTAJE.

PINTURA

DESPUES DE INSPECCIONADAS Y APROBADASs Y ANTES DE SALIR DEL
TALLERs TODAS LAS PIEZAS OUE DEBAN PIHT&RSEIEE LIMPIARAN CEPlw==
LLANDOLAS VIGOROSAMENTEs A MANOs CON CEPILLO DE ALAMBREs O UTIL1!
ZANDD OTRO METODO APROPIADOs PARA ELIMINAR ESCAMAS DE LAMINA==—-
CIONs OX1DOs ESCORIA DE SOLDAOUPAr BASURA Ys EN GENERAL. TODA —-
MATERTA FXTRANAs  EL ACEITE Y LA GRASA SE CUITARAN POR WEDIC DE

SOLVENTES.

LAS PIEZAS QUE NO REQUIEREN PINTURA DE TALLER SC DEBEN LIM=
PIAP TAMBLIEN, DE MANERA ANALCGA -A COMO SE INDICA EN EL PARRAFG =

ANTERICR.

A MENOS GQUE 5E ESPECIFIQUE OTRA (OSAs LAS PIEZAS DE ACERD =

AUE vAYAM & QUEDAR CU3IERTAS POR ACABADOS INTERIORES DEL EDI—
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FICIO MO MECESITAN PINTARSEs Y LAS QUE WAYAN A GQUEDAR AHDGADAS =
EN CONCRETO MO GEBEN PINTARSE. ToDO EL WATERIAL RESTANTE RECI=
BIRA EM EL TALLER UNA MANO DE PINYURA ANTICORRDSIVAs APLICADA ==
CUIDADOSA ¢ HNIFDRMEMEﬂTE SOBRE SUPERFICIES SECAS Y LIMPIASe POR

MEDIO DE BROCHA+ PISTOLA DE AIREs RODILLO O INMERSION.

£L. CRJETG DE LA PINTURA DE TALLER ES FROTEGER EL ACERC Du=
RANTE UN PERIQDD DE TIEMPO CORTO» AUN CUANDO SIRVA COMO BASE PA

RA LA PINTURA FINAL QUE SE EFECTUARA EMN OBRAs

LAS SUPERFICIES QUE SEAN INACCESIBLES DESPUES DEL APMADD =

DE LAS PIEZAS DEREN PINTARSE ANTES,

TOOAS LAS SUPERFICIES QUE 5T ENCUENTREN A NO MAS DE & CM =
DE DISTANCIA DOE LAS ZONAS EN QUE SE DEPLSITEN SOLDADURAS DE TAm=
LLER O DE CAMPO DEBEMN ESTAR LIBRES DE MATERIALES QUE DIFICULTEN=
LAIOBTEHCIOH DE SOLDADURAS SANAS O QUE PRODUZCAN HUMDS PERJUDI=

CTALES,

CUANDD UN ELEMENTO ESTRUCTURAL ESTE EXPUESTD A LOS AGENTES~
ATMOSFRRICOSy TODAS LAS PARTES QUE LG COMPONEN DEBEMN SER ACCES]-

RLES DE MANERA CUE PUEDAN LIMPIARSE Y PINTARSE.



Ae= MOMTAUE

CONDICIONES GENERALES

EL MONTAJE DEBRE EFECTUARSE CON EQUIPO APROPIADOs QUE OFREZ-
CA LA MAYDR SEGURIDAD POSIHLE. CURANTE L& CARGAs TRANSPORTE Y
DESCARGA DCL MATERIAL. Y DURAN%E EL MONTAJEs SE ADOPTARAN LAS ==
PRECAUCIONES NECESARIAS PARA NO PROBUCIR DEFORMACIONES NI (5 ===~
FUERZOS EXCESIVOS. 51 A PLSAR DE ELLO ALGUNAS DE LAS PIEZAS SE
MALTRATAN  DEFORMAN, DEBEN SEP ENDEREZADAS O REPUESTAS SEGUN
SEA EL CASO» ANTES DE MOMTARLAS: PERMITIENDOSE LAS MISMAS TOLE==-

RAMNCIAS QUE EN TRABAJS DE TALLER.

AMCLAS

ANTES OF INICTIAR LA COLOCACION DE LA ESTRUCTURA SE REVISA=-
PA LA POSICION DE LASs ANCLAS» QUE HABRAN SIDOC COLOCACDAS PREVIA--
MENTEs ¥ EN CASQ DE QUE HAYA DISCREPANCIAS CON RESPECTO A LAS ==
POSTCICNES MOSTRADAS EN PLAMNOS 5E TOMARAN LAS PROVIDENCIAS NELE~

SARIAS PARA CORREGIRLAS O COMPEMSARLAS.

CONEYIONES PROVISIONALES
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DURANTE EL MONTAJE, LO5 DIVERSCS ELEMENTOS QUE CONSTITUYEN-
LA ESTRUCTURA DEBEN SOSTENERSE INDIVIDUALMENTE O L1GARSE ENJRE =
51 POR MEDIG DE TORMILLOSs PERNOS O SOLDADURAS PROVISIONALES QUE
PROPORCIONEN LA PESISTENCIA REQUERIDA EN ESTAS NORMAS: BAJO LA
ACCION DE CARGAS MUERTAS Y ESFUERZOS DE MONTAJEs VIENTO O SISMO.
AST MISMOs DEBEN TENERSE EN CUENTA LOS EFECTOS DE CARGAS PRODU-
CIDAS POR MATERIALES, EQUIPO DE MONTAJEs ETCe CUANDO SEA NECE==
SARIOs SE COLOCARA EN LA ESTRUCTURA EL CONTRAVENTEO PROVISIONAL
' PEQUERIDO PARA RESISTIR LOS EFECTOS MENCIONADCS ,

YOLERANCIAS

SE CONMSIDERARA QUE CADA UNA DE L#S PIEZAS GQUE COMPONEN UNA
ESTRUCTURA ESTA CORRECTAMENTE PLOMEADA» NIVELADA Y ALINEADAs SI
LA YANGENTE DEL ANGULO OUE FORMA LA RECTA QUE UNE LOS EXTREMOS =
DE LA PIEZA (ON EL EJE DE PROYECTO NO EXCEDE DE 1/500. EN =
vIGAS TEORICAMENTE HWORIZONTALES €5 SUFICIENTE REVISAR QUE LAs -
PROYECCIONES ?ERTICAt ¥ HORIZONTAL DE SU EJE SATISFACEN LA CON—

DICION ANTERIOR.

CEBEN CUMPLIRSEs ADEMASs LAS CONDICIONES $IGUIENTES
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le- EL DESPLAZAMIENTO DEL EJE DE COLUMMAS ADYACENTES A CUBOS -
DE ELEVADORES» MEDRIDO CON RESPECTO AL EJE TEORICO» NO ES MA=-
YOR DE 25 MM EN MINGUN PUNTO EN LOS PRIMEROCS 20 PIS0S. ARRI-
BA DE ESTE MI*EL; EL DESPLAZAMIENTO PUEDE AUMENTAR | MM POR -

CADA PISO ADICIONAL, HWASTA UH MAXIMG DE 50 MM.

2.~ EL DESPLAZAMIENTG DEL EJE DC COLUMNAS EXTERIORESs MEDIDO -
CON RESPECTO AL FJE TEORICOs NO ES5 MAYOR DE 25 MM HACIA FUER
DEL EDIFICIOs NI 50 MM MAC!A DENTRO EN NINGUN PUNTO EN LOS =-
PRIMEROS 20 P15S0S.  ARRIBA DE ESTE NIVELs LOS LIMITES ANTE=--
RIORES PUEDEN AUMENTARSE E£N 145 MM POR GADA PISC ADICIONALs -
PERC NO DEREN EXCEDERs EN TOTALs DE 50 MM HACIA FUERA NI 7% -
MM HACIA DENTRO DEL EDIFICIC.

ALINEADD ¥ PLOMEADD
NO SE COLOCARAN REMACHESs PERNDS NI SOLDADURAS PERMANENTES-

MASTA QUE LA PARTE DE LA ESTRUCTURA OQUE QUEDE RIGIDIZADA POR Ew-

LLOS ESTE ALINEADA Y PLOMEADA.

SOLDADURAS DE CAMPO
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S1 HAY PINTURA EN LAS SUPERFICIES ADYACENTES A LAS JUNTAS -
QUE SE SOLDARAN EN EL CAMPQO, ANTES DE EFECTUAR LA SOLDADURA LA -
PELICULA DE PIMTURA SE REDUCIRA A UN MINIMO POR MEDIO DE UN CE--

PILLAGO VIGOROSO CON CEPILLO DF ALAMBRE,

PIKTUPA OE CAMPQ

LA PESPONSABILIOAD DE LA LIMPIEZA Y RETOQUEs ASI LOMD DE -
LA PINTURA DF CAMPD FNY GENERAL+ S5E ASIGNARE DE ACUERDD CON LAS =
INBICACIONES SSPECTIFICAS DE LA DIRECCION DE LA OBRAs ¥ S5E ASFN=-

TARA EXPLICITAMENTYE EN TL CONTRATO.

INSPECCION

EL FABRICAMTE DEBFE UTILIZAR LOS PROCEDIMIENTOS DE CONTROL -
DE CALIDAD QUE SEAN NECESARIOS PARA ASEGURAR QUE TOOO sSu TRABAJOD
SE LLEVA A CABQ DE ACUERDO CON ESTAS ESPECIFICACULIONES. ADEMASe
EL MATERIAL ¥ L& MAND DE OBRA PUEDE“ SER INSPECCIONADOS EN CUAL-
OUIER MOMEMTO POR REPRESENTANTES DE LA DIRECCION DE LA OBRAs SIN
OUE ESTA INSPECCION RELEVE AL FABRICANTE DE SU RESPONSABILIDAD -
SORPF LA CALIDAD DE LA FSTRUCTURA, |
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L.OS REPPESENTANTES DE LA DIRECCION DE LA OBRA REALIZARAN =
SU INSPECCION» HASTA DONDE SEA POSIBLEs EN LA PLANTA DEL FAEBRI-
CANTEs Y [CSTE LES DARA LAS FACILIDADES NECESARIAS PARA QUE TEN=--
GAN ACCESD A TODOS LO% LUGARES OCNDE SE EFECTUA £L TRABAD. LA.
INSPECCION S5E PROGRAMARA DE H!NEE# CUE QCASTOME INTERRUPCIONES =~

MINIMAS EN EL TRABAJO OEL FABRICANTE.

DEBEN RFVISARSE L0OS BORDES DE LAS PIEZAS EN OUE S5E COLOCARA
LA SCLDADURA, ANTES CE DEPOSIT#RL&-IPnR! CERCIORARSE DE QUE LOS
315ELESy HOLGURASs ETC.v SON CORRECTOS Y ESTAN DE ACUERDO CON ==

LOS PLAMDS,

UMA VEL RE#LIIADAE; LAS UNIONES SCLDADAS DEBEN INSPECCIC==-—
NARSE OCULARMENTE Y SE REPARARAN TODAS LAS QUE PRE&E&TEN DEFEC==
TOS APARENTES DF IMPORTANCIA TALES COMD TAMANO INSUFSCIENTEs —
CRATERES 0 SOCAVACIONES DEL METAL BASE. TODA SOLDADURA AGRIE==
}#Dl DERE RECHAZARSE. CUANDO HAYA DUDASe ¥ EN JUNTAS IMPORTAN=-
TES DE PEMETRACION COMPLETAs LA REVISION SE COMPLETARA POR MEDIOC

DE RADIOGRAFTIAS Y/ ENSAYES NO DESTRUCTIVOS DE OTROS TIPCSe

EN CADA CASO SF WARA UN MNUMERD DE PRUEBAS NQ DESTRUCTIVAS =
OF SoLDADURA DE TALLER SUFICIENTE PARA ABARCAR LOS DIFERENTES ==

TIPOS QUE HAYA EN LA ESTPUCTURA Y PODERSE FORMAR UNA 1DEA GENERA
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DE SU CALIOADs  EN SOLDADURAS DE CAMPO SE AUMENTARA EL NUMERO=
DE PRUEPASs Y ESTAS SE EFECTUARAN EN TODAS LAS SOLDADURAS DE PE-
NETRACTON EM MATERIAL DE MAS DE DOS CENTIMETROS DE GRUESO Y EN

UN PORCENTAJE ELEVADO DE LAS SOLDADURAS EFECTUADAS SOBRE CABEZA.

RECHAZD

EL MATERIAL O LA OBRA DE MAND QUE NO ESTE DE ACUERDO CON —=-
Las NORMAS INCLUIDAS EN ESTAS ESPECIFICACIONES PUEDEN RECMAZARSE
EN CUALSHIER MOMENTO DHIRANTE LA EJECUCION DEL TRABAJO.

IMSPECCIOR DE LA SOLDADURA

La INSPECCION DE LOS TRABAJCS DE SOLDADURA SE LLEVARA A ===
CARC DE ACUERDO COM LAS NORMAS DE LA SECCION 6 DE LA ULTIMA RE=-
VISION DEL LODIGO PARA SOLDADURA ESTRUCTURAL DE LA SOCIEDAD AME=-

RICAMA DF LA SOLDADURA,

ESTAS ESPECIFICACIONES SE COMPLEMENTARAN CON LA ULTIMA EDI=
CION DEL CODIGO DE PRACTICA DEL INSTITUTO AMERICANG DE LA CONS==
TRUCCION FN ACERO (CODE OF STANDARD PRACTICE FOR STEEL BUILDINGS

AND BRIDGESs AIS5CH.
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ACEROS ESTRUCTURALES

Las ventajas de las estrycturas y construcciongs de ace-—

ro se derfvan de las caracterfsticas del material.

L]

L.as prapledades mecdnicas del acero dependen fundamen
taimente de su camposk;:ldn quimica, proceso de laminacidn v tratamientos
tér"r:nicas. " También influyen en las propiedades det material, las téenicas -
empleaﬁas en las pruebas, tales comop la rapidez de carga en la muestra, la

gedomaetrla, la temperatura y el estado de esfuerzos.

Algunas de 1as principales caracter{sticas de los aceros
se derivan del ensaye de yna probeta a tensisn. Esta pruceba se real(za en

acero deblido a la sencillez con que se pueda reproducir.

Un diagrama tlpico esfuerzo - deformacidn para un acera

estructural es sl que se muestra en las figuras siguientas.



Las principales propiedades del acero se enumerana -

shtnuacidn:

' —

L Imite de fluencla { Fy ). Se define como el asfuerzc para el cual
la deformacldn presanta un gran tncremento, sin gue exista aumentn
en el esfuerzo. Esto corresponde en la grafica a la porcidn horizon

tal de la misma, denamirada zona de comportamients plistics.

Resistencta de fluencla. Algunos acerss no muestran la zona da  =—
comportamianto pldstico, caracteristica de los aceros estructurales,
es declr no tlenen limite de fluencia bien definido. Por lo tanto en
aste casc es necesario definir esta caracteristica en forma convencio-
nal, segin se muestra en la Figura siguiente, obteniéndose un punto de

la curva asfuerzo —deformacién, denominado resistencia de fluencia.’

Resistencia a la tensién. Se define ¢como la relaclsn entre la tenslén
axial mdxima aplicada sobre la probeta,y el 4rea de la seccldn trans-

versal original .

Lmite da proporcional idad. Es el méximo esfuerzo para gl que ——

existe una relacidn lineal entre esfuerzos y deformaciones.

Ductilidad, Es la habilldad del material para alargarsa sln rotura,
Genaralmente se expresa en porcentaje v va acompafiada de una reduc—

cifn en la seccidn transversal de la probeta.



8.~

Ty~

8. -

9).-

10}. -

11).-

Médulo de elasticidad, Se define como la relacisn entre esfuerzos N

deformaciones en la zona eldstica, es decir, es la pendiente de la por-

‘clén recta de la gréfica v su valor para todos los aceros se considera

igual a 2 x 11.‘.*E ]"<*,;,'|,,n"¢.':rﬂ2 .

Médulo tangente. Es la pendiente de la tangente a la curva esfuerzo
-~ deformacidn, en cualquier punto situado arriba del ! [mite de propor-

clonalidad.

Mbdule de endurecimiento por deformacidén. La pendiente de la tan~-
gente a ta curva en la zona de endurecimients se¢ denomina médulo de
endureacimiento por deformacisn y su valor méximo se tiene en &l lnicic

de esa zona y 3e considera igual a 49000 Kgfcmg

Relaclén de Polsson. Se define como la relacidn entre la deformacidn
unltaria transversal y la deformacidn unitaria longitudinal. Para el

acero varfa entre 0.25 vy 0.33 dentro del rango eléstico v se designa con
M&dulo de elastlcidad en cortante.  Sa define como la relacldn del es-

Fuerzo cortante a la deformacidn unitaria por cortante en ol rangc elés-

tico y puede determinarse con la expresidn G = y para el

_—
2(1 +4)

acero tiene un valor aproximadoe da 800000 :-'Cg.,r‘::.r'ﬁ2 .

Sotdabit idad. Es la capacidad del acero para aceptar los proceses de

spldadura sin afectar a las propledades mecdnicas. wvarfa paralos -



12).—

13).-

14).-

18). -

17y, -

18).-

acercs en funcisn de su composicidn quimica y el proceso de saldadu

ra.

Maguinabil idad. Es la facil idad que presentan ciertos 2ceros para

ser sometidos a procesos de roscado sin afectar sus propiedades,

Formabilidad . Es la propledad qua exhiben ciertos acsros para do—

blarse stn agrietamientos.

Resistencia a la corrositn y durabilidad. Con la adicidn de ciertos
elementos a la composicidn quifmica, se puede aumentar su resisten—

cia a la corrosidn y por lo tanto su durabil ldad.

L]

Resistancla a la fatiga. Es la habil idad del acero para soportar apli-

cacionas rapetidas de carga o esfuerzo.

Resistencia al impacto. Es la capacidad del material para soportar

aplicaciones sikitas de carga.

Tenacidad. Es la capacidad del acero para absorber energla y se de-
termina por medio del drea bajo la curva esfuerzo —~deformacidn.

Por lo tanto depende tante de la resistencia como de ta ductil idad.

Resistencia a la falla fFragil. Bajo determinadas condiciones de esfuer
zo, tempearatura y presencia de muesscaso grietas, el acero puede per-

der su caracter{sticade ductilidad . La resistencia a la falla fragil -



serd pues la capacldad del materlal para conservar su ductil idad baja

esos efectas adversos.
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PATOS DE CABLE ESTRUCTURAL

Didmetro Didmetro Real Construccién Area de Acero Resistencia Peso/Metro
Real (min.) Litneal

Nominal | Plg. m.m. Flg 2 M. me Kgs .- Kg/m
5/16"  0,324" 0.823 6/ 6.28x10 2 40.49 & 030 . 307
/g 0.382" 0.970 &/1 8.72x15° 56.24 8370 . 408
1/2 " 0.508" 1.285 6/ 15.01 ;10‘9 o6.81 14030 775
s/8 " 0.832n 1 .805 12/6 /1 2342x10 2 151.00 21890 1.184
3/4 1" Q.74 " 1.900 12/6/1 32.74x10 2 211.17 25850 1.718
7/8 " ©.g82 " 2.240 12/6 /1 45.65x10°2 204.44 41 280 2,352

1" 1,002 2.545 18/12/6/1 58.65x102 378.20 53040 3.061

11/g " 1.134n 2.880 18/12/6/1 75.07 x10 2 4B4.3 ?adao 4,204

11/4n 1.282 " 3.256 18/12/6/1 B2 70x10 2 533.4 92 000 4.8533

1a/8"  1.390"  3.530  18/13/6/1 91.08x10 ¢ 587.2 103000 5.788

1172 -

MODULD DE ELASTICIDAD MINIMO GARANTIZADO:

Para cablas hasta 26.4 m.m. (1 inch.) 1.700.000<g/ cm®
FPara cables mayeres de 25.4 m.m. 1 .aDD-DD:Kg,’cmg

CABLE ESPECIALMENTE GALVANIZADD,; PREESTIRADO A 60% DE LA CARGA
DE RUPTURA .

RANGO ELASTICO COMPRENDIDD ENTRE 5% Y 55% DE LA CARGA DE
RUPTURA.






Norma DBafinfciva

NORMA DE C-LIDAD
ACERG ESTRUCTULLAL /R4 VUENTES Y ERIFLCIOS {ﬂ'T )

B-35-196%. ) ;
(Esta Horma cancaln la DGH=-B-38-1966).

l. GENERALIDADES Y JEFINICTIGHES

1.1, Generalidades

1,1.,1, Alecanco,

v

t.1.1.1. Esta Norma ¢ubre perfiles, placas y barras de acero al carbopo, -lv cull-
dad astructural, para use en lu construccidn de puénces, edificios y propésitas -es
trucrurales gencrales,

1,1,2, Datos prra ¢l podideo.

1v1.241. Las ¢rdenes <e materinl baje vsta Norma, deberdn incluir los siguientes
dnreos pera doescribir el materinl padecuadamentet -

£} Nimere Zo esti Herms, L ' +
o) MNombre del material.

a) Dimensiones re 1a soecidn Lransversal,

1) lLomrgitud en metros.

e) Cantidad (kilopramcs).

£} Ewcepeioncs a ¢st1l Nprma.

g) Cerrificado e enlidat o prucbas {si sc requiere).

i 2,
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1.2, Dpefinicioncs
12,10 Fars defindclones pertinentes A estn Norma, vdase la Norma Dlicinl DEN-B-252
v vipot.

. CLASIFTE . CTON ¥ S3PECIFIC..CIONES

2.1, Clasificacidn

2.1.1. El materinl suministrade hajo ¢5ta Norwa ne requicre clasificecidn, ya guo
i1+ misme ¢ubre una sola galidad. .

2.2, kspecificucignes

2r2,7. Requisitos gencenles,

2.2.1.1. El material suminiscrado baijo esta Worma, deberd cumplir con los requis:-
tus especiflcados cn la Horma Oflecinl DCN-R-252 en vigor.

2.2+42. HMaterial.

2.2.2.1+ Con excepeidn de lo gque se especificn en 2,2,2.2, &l acerc deberi chtener
s¢ por uno o @ds de los siguicntes procesos: hogar abierte, bdAsico al oxigene u her
e eldetrico, -

2.2,2.2, i menas que sc ospecifique ofrs cosa, el acero Bessemer dcido podri em- -
plearse para la Eabricacidn de plaens y perfiles con cspesor de 11,10 mm y menorus,
y barras que no vayan a emplearse para fabricar remaches y con un didmetro o aspe-
sor de 11,10 a2 o penores. Todo este materlal deberd usarse ynicamente para partes
Je vstructurns quic no vsedn sujetas a cargas dingmicas, El acero Bessemer dcido no
debe ugarse on puentas.

2.2,3, [uquisitos quimicos.

2.2,3.1. El material suministrado bajo ¢sta Norma, deberd cumpliz los requisitos
quinices especiticados en la Tabla 1.

T ABLA I,

REQUISITOS QUIHICOS

+

ﬁnSlisis de com-

-

1 andlisis de cu=

' chara ' probacidn
Fosfore mixime % ! f .
Hegar abierte, bisico al ox{geno u hor- ! '
na ¢léctricor ! : '
weide | 0.06 ! 0.075
Wisice ! 0.04 J 0,05
dussenmer icido T 0.11 ! 0,138

atulre maximo %
liopar ablerte, bisico al oxigeno u har-
ne cldetrica: ! 0.85% r 0.0863

Cobre cuande sc especif ique, nminimo % 1 0,20 ! 0,18
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2.2,3.2. No'su¢ requieren andlisis 4e comprobacion ¢n barras puerfil, scleras de
12,70 mm y munores en ospesor y pora cualesquiern barra ordenada c¢omo de calidad
comoreinal ., \

Cuande las prucbas de tinsién no se especifican de acuerdo con 2,2,4,4,2, deberdn
aplicarse los requisitos de composicidn quimica que sean compatibles con las pro-
pledades na:anicas discndas.

2.,2.4, BRequisitos mecqinices.

2.2,4.1. A penos qua se especifique otra cosa, -las piezas gue se usen coldo apoyo
parn puentes, deberdn sujecarse a prucbas mecinicas y cumplir con los requisitos -
de tensian indicadas en 2,2.4.4,

2.2,4.2, A mcnos que so espeaifique otra cosa, N¢ s requoerirdn pruebas mocanicas
en placas mayorcs de 38.10 mm de ¢spesor que vayan a ser usadas como placas de apo
Yo un ostructuras que na sean pusntes y deberdn sujetnrse al requisito de que ¢l -
acere pars la fabricacidn de estos materinlos deberd obteszerse por los procasos de
hotno do hegar abfertn, bdsico al oxfgenc u horno eléckrice, con un contenido de -
carbono de 0.20 a 0.33 % en anilisis dc cuchara, y la composicidn quimica estard -
de acuerdo con los ruquisitos indicades cn 2.2,3.1, y debird hacerse un descarte -
suficiente de cada lingote para asegurar que las placas ostén libres de defectos
perjudiciales.

2.2.4.3, A mpenos que se especifique otra cosa, las barras lisas y con rosca uso--
das para anclaje, se sujetarin a prucbas mecdnicas y deberdn cumplir con los requi
sitos de rensidn indicados en 2.2.4,4%4; los purnos con cabeza usados para propdsi-

tos de anclaje y todas las tuercas, cumplirin con los requisitos de la Norma Ofie

cfal DGH-R-377 on viger para el grado 1,

2.2.4,4, JPropiedades a 12 tensidn,
2,2,4.4,1. El material reprusentade por tos especimenes de prueba, exceptuande lo
ospecificady en 2,2.4,2, debe cumplir los requisitos de tonsidn especificados en -

la Tabla II.

T & B L " II-

REQUISITOS DE TENSION .

*  Placas perfiles y barras

Rosistencia a lm tensidn en kg/mmé ' -

Fara parfiles on tedos los espesores ! 42 A 53
Fara plaens y berras con espesor hasta de 38.10 ! )

mm inglus{ive, t 42 a 50
Fara plecas y barras con espésor mayer de JB8.10Q t

n. - ! 42 a 353

23

Limite aparcnte de Eluencin minime un kg/mm?

Hlargamiente on aspucimen de 203,20 mm de longicud !
caxlibrada, minine % X a
idargmiento ¢n espécimen do 50.60 mm ode longitud !

1

¢alibrada, ninimo % 24
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2.2,4.4,.2. Los pierfiles menorvs di 6,45 en? de scecidn transversal; barras gquo
1o sesn Boleras meneres de 12,70 mm e espeser o didmcrre, no necesitan sujetars
et 1 pruebas de wensidn per el fabricante,

TR m R m ! m TR s mm e s E Rt LR - R e

2.2,4,4,3. Tara materizles menores de 7.94 mn en’ espesor. o‘u;uubgru, S8 POusa ..
hacer una deduccidn de 1.15 % del porcentaje de, alacgamiento en especimencs de .
longitud calibrada de 203,20 mm especificade en la Tabla 13, BOF cada #ilminu:idn
de 0.79 om del wuspesor o didmetro especiflcade abajo de 7,94 mm,

2.2.4u4.h. Para woteriales con cspesor o didmetto mayor de 19.05 mm se acberd -
hager upa deduccidn de 0,50 % del porcentaje de alargamicnte en espncimﬂﬂes de -
Yongttud calibrada de 203,20 cen, ‘cspecificade en la Tabla 'IT por caila mumantn de
3,18 mm on ¢l vapesor o dlimetra especificade, arriba de 19. 05|nm. Esfn deducciﬁn
.no deberd exceder del 3 %, P

. -
LI 4

i ‘ [ B L L) Y "y
2-?;&;&{5. Pata materfal® con’ eapeﬁor ) diam=tru-h1yur da BE 90 _n,lgn*dgh"Jhatqﬁ
unt deduccidn de 0,50 % en ¢l porevntale de alargamiento con ecspecfmenes de longi-
tud ¢atibrada de 50,80 mm wspecificado an 1z Tabla II, por cada aumente de 12,70
m oo vl espeser o didmetra especificado arriba de 828,90 mm. Esta deduccién ne dc
burdi exceder del 3 %,

2.2.4.5, DTvopicdades de doblado.

2.2,4,5.1. El uspécimen de la prueba de doblado deberd sujeotarse a un doblez o
180¢ gin aspgrictarse 11 patte exterior dz la poreidn doblada sobre un mandril, cu-
yo didnetro debe tener una ralacidn con ¢l asposor del espdeimen de acugrdg com -

Ya 1obla TI1.

TARL ILI,

BEQUISITOS DE L. CRUEBR DE DOBILADO,

' Relacidn del didmetro del

Espesor del material, en mn * mandril al espesor del os-
! piclmén, para placas, per-

1 files y barras.

Hista 19,05 1 0.%
His de 19,05 a 25,40, inclusive, ! 1
this de 25,40 5 238,10, inclusive. . ! 1.5
Mis de . JB.10 a4 50.80, inclusive. ' 2.5
tits de 50.80 L a

2.2.%. Mucstreo.
2.2,3¢1, MWumere dc pruebas,
2.2,5.1.1. Quimicas,

2.2.%.1.1.1. Tara nacevo Bossemer se hapd una determinacidn de ¢carbong y mangnne:
de cada soplada y una determinacidn de cobre cuando se espeeifique acero al cobre

il
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e hardn tamhidn dererminiciones Yo fdsforo y azufre a intervzlos np mayores doe 10
sopladas, debidndsse repertar los resuleadps de 1ns determinagcionss efectundas,

7.2.5.1.2. Ttruubas fisicas.

2.2.0.042,1. 5S¢ hardn dos pruebas de tensidn y dus e doblado de cada celada ¢ sa
plada er ¢!l c¢asao de Hussener, a mvnos que ol material temminado de una colada o a0
plade sea menor e 30 teneladsas, en cuyc coso sors suficiente una prueba de tensidn
y una e doblada: e cualnuicr manera, si les materiales leminados hasta de 30,80
omoon uwSpusor, nroveniinces de unz sela ecolada o soplada difieron cp su Zspesar on
mis de 9,50 ren, Se debe cfectunr unp prucbhn de Eonsicn y una de dablade del meeerial
ris gruvse y dol mAs Jelgyde gque se lawine sin Ipportar el peso que ropresenti.

2.2.5.1.2.2. Taro ul material mayer de 50080 am de espesor, e unt sola colada o

soplada y quw difiere in 23.40 o nds un espesor, se hard uwna prucka d¢ tensidn y -
ean de -loblado dol materinl nis grucse y Jdel mas delgado que se iamine, sin ippor-
t1r wl puso que Topresunid.

1, HKLTODOS DE ZhUbB.,

Juole Vora verificar que ¢l material suministrode cumple con esta Norma, deben su-
guirse los mitodas de pruceba indicados un las Normaa Oflciales DON-K«179 y DGN-R-
172 an vigor.

L. ACEKDICE

4.1, Snrceceduentes

AWSTH -~ & - 7 - 6b,

L,2. Hormas DCH n consultar

DGR-B-252-1%16, Rorma Oficial de "Bequisitos generales pars la entre-
gn e placas laminadas, porflles, tablaestacas y ba-
rras pAara uso estructural.

BGH-B-172.1968. Horma Oficizal de "Mirodos d¢ prucha megdnices para
productos e acero',

DON-K-1709-1968, Nerma Oficial de "Mitado de andlisis quimice para de-
terminyy 1a composicion du aceros y fun?icioncs,

GOH-B-377+1%068. Hirma Qfi¢int de "Requisites geneornles de calldad pn-
ra torniilas®,



]
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. GENERAL iDADES ,
. 1. ALCANCE

*sta Norma establece los requisitos gque.deben cumplir los parfiles, placas y barras, =
je acerg al carbono, da calidad estructural,

1.2, USQS

1.2.}. Los perfiles, placas y barras a que Se refiere esta Norma se usan &n construc=
-ignes remachadas, atornilladas o soldadas. de puentes y edificios vy para propdsitas =
:structurdles en general, Cuando el acerp 5@ use en construcciones soldadas, el proce
iim{ento de soldadura debe ser e adecuado para el acearo y el servicio requerido, N

|.2.2, Se deben especificar reguisitos su?IEmentarius cuando se considera importante=
ina alta tenacidad (resistencia al impacto). Esto se deba aplicar solamente cuando lo
\aya especificado e! compradar en 'a orden da compra.

2. ESPECIFICACIONES,

Y

2.1, ESPECIFICACIONES DEL PRQOUCTO.
2.1.1. Requisitos Genarales.

£t matarial suministrado bajo esta Norma debe cumplir con los requisitos aplicables de
la Norma B 252 en vigor. .

o5 materiales que $e usen en combinacidén con el materlal cubierto por esta Norma; ta
les como barres para anclaje, pernos, tornilios, cte, deben cumplir con ia Norma parci
cular del producte.

2.1.2. HMaterial.
2| acero empleado en la fabricacidn de los productos cubiertos por esta Norma, debe ob

tenarsa por uno o mis de los sigulentes procesos: horno de hogar abierto, bdsico al «-
yiigeno u horno elécerico, :

2. 1.3 Requisitos Mecdnicoes,
2.1.3.1, El material, con excepcién de 1o especificado en los incises 2.1,3.2, y -
2.1.3.5, debe cymplir con Jos requisitos de tensién indicados en la Tabla .

=

HORMA DE PRODUCTD
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TABLA |
REQUISTTOS DE TENSION ‘
Flacas, .t}r::rfihzs“':a:I y harras;: '
Aesistancia a la tensidn, en I-cgfmm2 ' Lo.6 .a 56.0
Limite da fIUEn;Ia, minima, en kgfmmz' i 25.2(b}
b
Placas y barras; '
Alargamiento en 200 mm de longl tud calibrada, minima, en %. ! ZU{CJ N
Alargomiento en 50 mm da longltud calibrada, minimo, en %. : 23
Ferfiles: i
!
Alargamiento en 200 mm de Jongitud callbrada, minimo en ¥. ! 2oic)
Alargomlents en 50 mm do lengitud calibrada, mfnimo en %. : 21{‘5':l
)

aj Para perfiles de ala ancha con peso mayaer de 63h:kgfm. la reslstencia a la ten ~
sién minima deba ser de 40.6 kg/mm* sin especificar un maximo, y ef alﬂrgamientﬂ
minlmoe en 50 mm de Jongitud calibrada de 19%,

b)  EY llmite da fluencia minimo, en placas de mids da 200 mm de espescr, debe ser da
22,4 kg/mm2.

€] Yar inciso 2.1.3.3.

. 2 .
2.1.3.2, Los perfiles menores de 6.45 cm” de seccidén transversal vy las barras gues ~
no Sean soleras, con espesor o didmetro menor de 12.70 mm, no necesita &) fabricanta~
soneterlas A pryeba de censidn,

2.1.3.3. Para materiales con espeser o diametro menor de 7.9 mm debe hacerse, por ca-
da 0,8 mm de disminucidn de dicha medida, una deduccidn de 1,25 % del porcentaje de --
alarqaniento que, para una longitud calibrada de 200 mm, [ndica la’ tabla I. .

.1.3.4. A menos gque se especifigue orra cosa, las placas que a usarse cono apoye pa
I Duanles, Sa deben sujetar a pruﬂbﬂﬁ me;énicas y cumplir con Ios requisitos de ten-
Lian indicadas en los incises 2.1.3.1, 2.0.3.2 y 2.1.3.3.

2.1.3,5. A menos que se especifique otra cosa, no se requieren pruebas mecdnicas rpa
ra placas mayores de 38.10 mm de eSpesor que vayan a usarse como placas de apoyo en -
e~tructuras distintas a puenteS; eSte material deba contener de 0.20 a 0.33% de carbo
re un el andlisis de cuchara y, sy compasicidn quimica, debe cumplic e&n cuanto a con
ienido de fésforo y azufre, con los requisites de la Tabla Jii. Se debe hacer un des
putity suficiente de cada iingote para asegurar una buena callded.

2..3.6. Los gspecimenas para la prusba ds doblade, deben soportar un dobjez en frlo
a 180" sin agrietarse en la parte exterior de la porcién doblada, sobre un mandril --
qué tengs un didmetro con relacién al espesor del materfal, do acuerdo cen lo aspoci-
ficado en la Tabla (1.
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Requisitos para la pruebs de doblado,

Espesor del matarial

mm

Aelacidn de! didmatre de!l
‘mandril al espesor de! es
'pécimen para placas, per
‘files v barras{a).

3

Hasta 19,05 _ ' 1/2
His de 19.05 basta ..25'50 ' ]
i
Mas de Z5.40 hasta 38.10 : 1142
]
M&s de 38.10 hasta 50.80 ' 2 1/2
]
Més de 50,80 ' 3
|
1
a) Estas relaciones se aplican dnicaments para el comportamiento al doblado déf esph
cimen. Este espécimen se debe tomar siempre en direccién longitudinalyy usualmen
ta tiena algurna preparacién en sus orillas, Cuando las placas se doblan &n una -
aperacidn de fdbrica, se puede usar un radio de doblado mds liberal especiaimente
si al eje de doblado es en una direccién desfavorable, (longitudlinal), ..
2.1.4, Requisitos Quimicos.

2.1.

L.1. E) resultado deil andlisls de cuchara debe cumplir con las requisitos indica-
dos en la Tabla |11, con excepcidn de 1o especlficado en el neciso 2,1, 3.5.



- &
TaAarLA il
REQUISITTS  QUIkILes
Freoduct =z PEEZ;iesl Fiacas . Earrags
*Mas de - 'M5S de --'MSs og --'k3s de --'Hasra - ‘Mas ge --'M3S ce --* mMds @2
Espesores, Todos Hasta  '19.05 ha5'35.10 has'63.50 has'101,6 ' 1905 '19.05 has'38.90 has' iCl.6

1 1
1 1
mm ' ' 15,05  'ta 35,10 'ta 63.50 'ta 101.6 ° ‘ ‘ta 318,10 *ta 101,86 '
1 ] 1 " 1 " 1 i [] ]
Carbone, maximo % ! 0.26 ¢ 0.2% ' 0.25 ' 0,26 ! D.27 ' 0,25 4 0,26 0.27 * 0.28 ! .29
1 1 1 ] ] r 1 ] r 1
Manganeso, % ' ~ma= ' e ' 5.8 ' 0B * 0,85 ' p.B% I pmem 8 p.e0 1 D.ED 0.60
’ ! R t 2 ! a ‘o2 ' ' a o ' 8
' ! v 1,20 v 1.20 ' 1.20 ' 1.20 ! ! D.9%0 * 0.90 ! G.50
] r 1 i 1 L] ] 1 1 i
Fasforo, méximo % ! 0.04 ! 0.0 ' 0.04 '0.Ch ! 0.0 ' 0,04 t o0 0.04 * Q.04 ! 0.04
1 1 L] ! ] 1 1 r 1 1
Azpire, méximo % t 005 * Q.05 * O05 *f 005 ' ©G. 08 f Q08 *+ D5 ' Q.05 ' ©.05 ' 0.05
] 1 1 ¥ 1 1 1 ] ] ]
Siticio % e e R 0 | T - T 1T T 7 O e [
. ; 1 ' [ t a ¥ a ' a ' [ ' 1
' ; ' ' 0.30 ' 0.30 ' ©.30 ! ' ' '
] ] L] ] ] ] ] LR | ] ]
Cobre, minimo ¢ (cuands ° ' ' ' ! LI ¢ ' ¢ '
se especifique). ' 0,20 ‘' ©0.20 ' 0.20 ' 020 ' 0.20 ' 0.20 ' 0.2 ' 0.20 ' 0.20 ' 0.20

3) Pare perfiles con peso mayor de 634 kg/m, el contenido de mangancso debe ser de 0,85 a 1,.35% y el do silicio de 0.5 » -
C.30%.

.. 4.2, En el andlisis de producto {comprobacidn}, el acero debe cumplir ¢on 108 requisitos indicados en la Tabla 111 con -
las tolerancias especificadas en la Norma B 252 en vigor, con excepcidn de lo Indicado en el incise 2.1.4.3.

b.r.b4.3. E£] anélisis de producto no es aplicable a barras perfiles o soleras de 12,7 mm y menores en espesor,

Y 1.4k, Cuando se omitan les pruebas de tensidn, de acuerdo con Jo indicado en el inciso 2.1.3.2, Ta composicion quimica de
e cumplir con lo indicado en 1a Tabla [l y tener las propiedades mecinicas deseadas,

'.1.5. Reguisitos Suplementarios,




8 254 1973
- 5 -

.5.1. Los siguientes requisitos sen opcionales ¥y sola deben aplicarse cuando asi-
s@ 35pec1f|qua en la crden de compra,

2.1.5.1.1. Los productos suminlstradns de acuerdo con esta Norma, no deben Ser de ==
dcaro efcrvescenta o tapado,

1.5.1.2, Los productos suministrados de acuerdo ¢On esta Norma deben ser de acerp-
ualmado al silicio, de graro fino,

3. Hétndns de Frueba.

3.1. Para verificar que el material suminastrado cumpla ¢on esta Norma, deban segulr ’
se Jos métodos Indicados en las Normas B 1 y B 172 en vigor. -

+ . Apéndice,
]
4.1. Datos para el Fedido.

+ 1.1, Las Srdenes da material de acusrde con asta Norma, deben inclulr los siguien-
tes datos para describlrlo adecuadamente,

3}  Nimero de esta Norma,

5] Nombre de! materjal,

~}  Dimensiones de la seccién transversal,

i)  Longltud en metros,

=} Cantidad (kilogramos).

f}  Excepciones a esta Norma,

1) Requisitos suplementarios,

W} Certificado de calidad o pruebas {si se requiere).
+, 2, HNORMAS A CONSULTAR,

3 202 1973 Requlsitos genarales para placas, parfiles, tablaestacas y barras, de-
acerg laminado en callente, para uso estructural.

B 1970 ° Métodos de anfllsis quimico para datermlnar la cnmpo5|c|¢n de aceras vy
fundiciones.

B i72 1970 Métados de prueba mecdnicos para productos de acero, .
,.3. BIBLIQGRAFIA,

45TH A 36 70
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b.h, PARTICIPANTES

Altos Hornos de HWéxico, S.E.

rundidora Honterrey, S5.A.

tivjolata ¥y Lamina, 5.A.

Sccretaris de Obras PGblicas

Tubacera, oA,

Camesa, 5.A.

ranufanturas Hétalicas Ajax, 5.A,
ComislGn Federal de Electricidad {11IE)
fwaros Tepsvac, 5.4,

Instituta Mexicano del Patrdlec

- " industria del Hierro, 5.A.



Amores 338 México 12, D.F.

ACERG ESTRUCTURAL C£OM LIMITE DE

FLUENCIA MINING DE 29.5 kgf/mm2 \
y CON ESPESOR MAXIHO RE 12.7 mm
B 99 197!

Structura! Steel With 29.5 kgf /mm?2
Minimum Yield Palnl =pn 12,7 mm Ma
ximum Thickrness. :

1. GENERALIBADES ¥ DZFINILIONES

|1.1. Generalidades

1.1,!. Alcance,

Esta Norma cubre las placas y barras de acero 8l carbono con espesor & diame
tro menor o fqual a 12,7 mm, asi cowo los perflles de calldad estructural para uso
en edificios y construcciones sImilares, para ser remachadas, atornilladas o spida
das, que se indican en la Tabla A, grupo | de ia Norma B 252 en vigor, -

Cuanda las placas y barras cubiertas por esta Horma, se usen en construccia
nes soldadas, los procesos de seldadura empleados, deben ser los adecuados para el
acero v el servicio a yue se destine.

}.1.2. Datos para el pedido.
En los pedidos del material cubiertoc por esta Norma, 5e deben indi;ar las s
guientes datos para gascribirlo adecuadamente:
a) Nomerc de esta Horma. ‘
b) HNombre del Material (Acero estructural con {imite de fluencla.mlnlma de 29.5
hgf /mm?] ,
¢} Cantidad (ky).
d} Dimensiones.
eg) Certificado de galidad, si se requlere.

2. CLASIFICACION ¥ FSPECIFICACIONES

2.1, Especificacione:

2.1.1. Requisitos Geaerales.

El material cublerto por esta Horma, debe cumplic con los requisitos aplica
bles de ta Norma B 252 en wvigor.

2.1.2. Haterial.

El acerc empleado en la fabricacidn de las placas y las harras cubiertas por
esta Norma, debe obien2rie por cualquiera de los siguientes procesgs: harno de ho
gar abjerto, basliecg o1 oxigenc u horno eléctrico,

2.1.3, Quimlga:,

- B acard debhe evsplic ton Jos requisitos de composicldn quimica indicados -
en 1a Tatla 1. tanl- &0 <+ andlisis de cuchsra cumo #n el de comprobacidn, de
acuerdo a 'n esoicifyi4da a o Horma B 252 en vigor, en to gue ¢orresponda.

L4
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Las barras per!il o soleras, no €50dn sujelasr a andlisis de comprobacid
FAB LA I ji
AEQU Si QS  QUIMICDS
- T T 8 AnTisTE @
Elementon - | iy
! wuchara comprubac g
Carhong, mdwimoe, 2o g Sientble, oo o ey ! any ! 0.31
Manganeasa, mA<ima, <n porcieata. ... L) 1.70 ! 1.25
FASTOro, ma=imS, @n jrirT 1 Ertile e vy e e ve e N, ! Q._050
Arufro, md»ing, on Mo ienld. o, oy oeeon .. ! .05 ! Q.0600
Cobre, cuando $c¢ espesidigue, miniog, en! . '
porclento ... ... .. ol i . 0.20 ' 0.18
2.4, Hecénicas.
2.1.4, 1. Tensidn,
£l macterial cublferta par esta Norma, debe cumpiis con los requlsltaﬁ de
sién indicades er, 13 Tabla |, erxcepto lo Indicado en 2.1.4.1.1,
2.4, 1.1, Los pertiles de seccidn transversal menor de 6.45 cm?, as! coma I,

rras que no sean soleras, con espesor o didnetro menar de 2.7 mm, no estdén s
tas A requisitos de tensidn,

JABLA I l

REQUISITOS DE TENSION

Resistencia a ia tensidn an kgf/mmé fEﬁpécimEn |0ng|tu
dinal de seccidn o espesar completa).. .. .oovrinn.. - 42 a 60

Limite de fluencia, minims, €n kgffmnz fecplcimen lon-'

gitudinal de seccidn o aspesor completo). ... .........." 29.%

Alaryamiente en Z03.¢0 mm de longitud ratibrada, mlni-'
M3, &N parcientd, ., ..... e e e ! 9

2.1.4.1.2, Para materialzs con espesor o didmatro menor de 7,94 mm, por cada
minucidn de 0.7% mm en el espesor o didnetra especificado por abajo de 7.9 w
be hacerse "una daduscidn Jde 1.25% dol porcentaje de olargamiento en 203,20 mn
besngitud galibrad: wepenificado an 1o Tabla 1Y,

2.1.5,2, poblsco,

Los especin2nzs para la proeba d» doblado oue representen material de ac
Crif Eata Horma, dabro resiscit un donleds an Frio a 1802 con un didmetro inte
fgual 2l cspesor o dvidmerru el espécCimen, sin a2grietarse en la parte exterio
la porcidn doblada.

La relacion entre el didwmetro del mandrii y ei aspesor del espéclimen en
prucha de dobizuo sdlo es aulticable para juzg=r el comportamiento del 2spécim
dicho ensayd. E1 espécimen en ertd prueba, debe tomarse siempre en direccién
tudinal y usuaimernte deben redondearse: las aristas, Cuando las placas van @ 5§
tersu a dobladp e, une wuperacién de febiicac|lon, debe usarse un radlo de dobli
més gratde, particularments i &) ¢jx de declido :x encuentra en direccion de:
rabhile,
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2.1.5.1. Quimicas.

El muestreo para tos andlis]s de cuchara y de comprobacidn debe efectyarse de
acuerdo a to indicado en la Norma B 252 en vigor.

2.1.5.2. Mecdnlcas,

Deben realizarse dos pruebas de tensidn y doy de doblado en especimanes repre
sentatives del matarial proveniente de cada colada de acero,

2,1.5.3. Inspeccién,

El fabricante deba dar al inspector representante del comprador. todas [as fa
ci1lidades razonables para satisfacerio de que al material se estd suminfstrando de
acuerdo con esta Norma; todas las pruebas a Inspeccidn {axcepto el andlisis de com
probacisn) ., se deben afectuar en e) local del Fabricante antes de sy embargue y «-
ltevarse a cabo de manera ta! gue no interfleran innecesarlamente con los trabajos

9

2.1.5.4. Rechazo.

E) material solicitado de acuerdo con esta Norma. que no cumpla con 2lguno de
los requisiteos especlficades, debe rechazarse.

3. HMETODOS OE PRUEBRA

1.7, Quimicas.

Los métodos da andlisis para determinar la composicidn quimica del material --
cubjerto por esta Horma. deben ser los Indicados en la Horma B | en vigor.

3.2. HMeclnicas.

Los métodos de prueba para determinar las propjedades mecdnicas del material
cublerto por esta Norma, deben ser los indicades en la Horma 8 172 en vigor.

4. APENDICE

b.1. Antecedentes

ASTH - A - 529 - 70

L.2., MNormas & consultar

8 i 1970 Hétodos de Andlisis Qulmico para determlnar ta Composicidn
de Aceros v Fundicignes.

B 172 1970 ; Métodos de Prueba Mecdn{cos para Productos de Acero,

.
li

-

L

B 252 1968 Requisitos Generales para ta Entrega de Planchas, Placas, -
Perfiles Tablaestacas y Earras de Acero Lamlnadni para usos
Estructurales, .
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COMITE CONSULTIVO NAGIONAL i NGuLaLIZACION DE 1
INDUSTRIA SIDERURGCITA

"ACERO ESTRUCTURAL DE BAJA ALEACION Y ALTA RESISTENCIA"
B 282 1973

1. GENERALIDADRES
1.1. ALCANCE

Esta Norma establece loy roguisites que debhen cumplir los perfliles, placas
barras de acere estructural de baja alcacidr y alth resistencia, Esta Norma e &t
Hmitada a material hasta de 101 .60 mm en espesor.

Ios perfiles, placas y barras a gque se refiere esta Norma se usan en cons-
iruccicnes soldadas, atornilladas ¢ remachadas como miembres estructurales
donde ¢s importante el ahorro de pesc y la durabilidad. Estos aceros ticnen una

. resistoncia a la corrosidn atmoesférica del dobie comoe minimoe de los acerns cx
[‘«: lructurales al earbone con cobre, La téenica de soldadura es de importancia fun
{3 damenlal y se presupone que el procedimiento de soldadura cumple con métedos

Amores 338 Mixico 12

- aprobadas,

4. ESPECIFICACIONES
2.1, ESPECIFICACIONES DE PRODUCTO
Z2.1.1. Reguisitos pencrales.

El material suministrado bajo esta Norma debe cumplir con los requisitos
espacificados ¢n la Norma B 252 en vigor.

2.1.2. Material.

El acero debe ser fabricado por uno o mas de los siguientes procesos; hoga
abierte, bhisico al oxigeno u horno eléctricao,

2.1.3. Requisitos mecanicos.

2.1.3.1, EIl material debe cumplir con ios requisitos de resistencia a la tensid
indicados en la Tabla I, )

NCRMA DE PRODUCTO
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T A DB LA I

REQUISITOS DE TENSION

' Plucay ‘,'ﬂi‘-t‘rha TFI:"_u::rl"1if_-£. u:’lruc'l.u_rﬂlﬂ
'Para espe-'Para espe-"Pars vipe-! Lo
‘sores de -'sores mayg scros mayo' R P
'19.05 mm 'res de  -'reaade 38.1 'Grupn‘srﬁrl.pniﬁrhpfﬂ
y 4 3 4y 5
'v menores '19.05 mra i hasta ! ' 1
! 'hasta 38,1 101,06 mm ' i '
! H ITlm 1 | | _r_i. .
Rusistencia a la tensidn' ‘ ' ' ' 1 |
minima, en kg/mm?s ' 49,2 T 47,1 ! 44 .3 ' 49,2 "' 47.1'44.53
1 1 1 I 1 i
Limite de fluencia mfrlal I 1 e 1 '
mo en kg/mm? v 35.2 .« 32,2+ 29.5 .« 35.2, 32.3.29.5
' I I ! r i 1
Alargamicento en 200 | ' ' \ ; ‘
mm de longitud ealibra | . T . . |
da, min. % . 18fa) 18 , 18 , 18®), 18 18
- T 1 1 1 1 t
Alargamiento en 50 m™m, . , . . \
de longitud calibrada, | . . . : \
min. % ---- 21 21 ceme  ---- 210D

a)  Ver 2.1.3.2.

by Para perfiles de ala ancha mayores de §31 kg/m, el alavgamiente en 50 mumn
de longicud calibrada, debe ser de 15% como minime.

2.1.3.2. Para material con ospesar o didmetve maner de 7.9 mm debe hacerso,

por cada 0.8 myim de disminucion de dicha i ildn, una deduccidn de 1.25% del por
centaje de alargamiento que, para una longitud calibrada de 200 mm, indica ia Ta

bla I. '

2.1.3.3. Los especimenes para {2 prucha de doblads, deben saportar un doblez
an frio a 1809 sin aprietarse la parte exierior de !a poreién doblada, alrededor
de un mandril cuye didmetro debe tener una relacidn cor el espesor del eapéci-
men, como se indica en la Tabla II.

TABLA il

REQUISITOS PARA 1.A PRUEBA DT DOBLADO

T Fspesor del material, ' Relacidn del diimetro del mandril al uspE
T mm ' sar del espécimen

jlasta 19.05 ! 1

Mayor de 19,05 hasta 25,40 ' 11/2

Mayor de 25,40 hasta 38,10 ! : 2
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2.1.4.1. E! anilisis de cuchara debe cumnlir ¢cn s requisitos indicadas en in

ahla TiL.

T A BLA I

REQUISITOS QUIMICOS (andlisis ¢ cuchara)

L —

Co:niposicidn %

_ ELEMENTO . Tipe 1 ~E iy -
Oharhonn, maximoe : 0.15 ! U,20
Manganeso, ndximo ' 1.06 ! 1.35

Fésiore, miximoe ! 0.15 ' G. 04

Anufre, midxinmn ' 0.05 ! 0. 058

f’lrnhre, Minitno ' 0.20 ! o, zolal

{it] St loa contunidas de ¢crome y silicio son cada uno de §4.50% min., no eg en-
tonces aplicable el requisito de 0.20% min. d¢ cortenido de cobre.

2.1,4.2. Ion el andlisis de praducto reomprouacicn], ol acero debe eamplir €on
los requisitos indichdos en la Tabla I, con ias tolerarcias especiflicudas en la
MNMorma 3 252 en vigor.

3.1.4.%, FE! fauhricante debe hacer la salcceldn de log clamentos Jde aleacion, -
riue combinadas con el carbong, manganeso, {isfora, azufre y cobire, dentro de
Jus Wmites especiticadus en el inciso 2,1.4.1., cumpla con les requisitus nece
sneton indicadus en el inciso 2,1.3.1., ¥y aseyure o resistencis o la covrosldn
trovslGrica mencionada en el inciso .20 debe ademds incluir y rteportar datos
= ol wndlisis de cuchara para identificar asi ai tipo da acero usado. Les clemen
135 the aleacisn queé comunmmenta §¢ Usa) son; C1oINo, nfqucl,.sili{'.in, vanadio, LL
ity rirconio.

Solod Al Chntruio se requiera, el fabricante debe proporcionar al comprador evi
fepeios salis iolprias do resistencia de la corrosién.,

>, METODOS LE PRUEDBA

Cara verificar que ol material suministrado cumnle con esta Norma, deben

Ve P EDICE
Gl TATOS PARA EL PEDIDG

Lias Grdenes de rnaterial de acuerdo con esta Norma, deben incluir los si--
cuienies datas para deseribivle adecuadamente:
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b} MNombre del material.
c) Dimensiones de la seccidn transversal,
d)  Longitud en metros.
a) Cantidad [ki'lc:gramosi.
f) Si se requicre resistencia especial a la corrosion.
a}  Si se salicitan requisitos especiales de soldabilidad,
h) Excepciones a esta Norma,
i}  Cartificado de calidad o pruehas, si se reguiare.
4.2, NORMAS A CONSULTAR
B 11970 "Metodos de andlisis quimico para determinar la compesician
de acerog y fundiciones" '
3172 1970 "étados da.:a pruchba mecanicos para productos de acero”
D 252 1973 "Requisitos generales para placas, perfiles, tablestacas y ha_

rras, de acero laminado ¢n caJ.iEnte,‘ para uso estructurall

4.3. BIBLIOGRATFIA

ASTM A 242 70

4.4, PARTICIPANTES

Ilojalata y Limina, §.A,

Secrataria de Obras Piblicas

Tubacero, S.A,

Fundidora Monterroy, 5.4,

Instituto Mexicano del Petrdleo

Aceros Tepeyac, S5.A, -

Comnision Fedeval de Electricidad (IIIE)
b Alios Hornos de Mdéxico, 5.4.

Sceretaria de Recursos Hidrdulicos (Depto. Ingenieria Experimental)



COMITE COHSULTIVS NACIONAL DE NORMALIZACION DE LA
INDUSTRA SIDERURGICA ‘

ACERQO ESTRUCTURAL DE ALTA RESISTENCIA
' E 285 1973

!, GENBRALIDADES
I.1. ALCANCE

Bsta Norma establece los requisitos que deben cumplir los perfiles, planchas
harras de acero de alta resistencia, de calidad estructural, La resistencia a la co
rrogsidn atmosférica de este acero es de aproximadamente ¢l doble que la del ace -
ru estructural al carbono.

Esta Norma eatd limitada a material hasta de 10l.6 mm de espesor.

1.2, USOS

L:DH purrfiles, planchas y barras a que se refiere esta Norma ae usan en cong=--
truccifn de puentes y edificios atornillades y/o remachadas y para otros prapdni .
tos estructurales especinles, donde ps importante ¢l aherro en peso.
2. ESPECIFICACIONES
2,1, ESPECIFICACIONES DEL PRODUCTO

2.1.1, Requisitos pgenerales,

El material suminiatrade bajo esta Norma debe cumplir con los requipitos -
aplicables de la Norma B 252 en.vigor,

l.a reparacidn de loa defectos con soldadura dabe ser hacha con electrodos -
wuecuados,

2.1, Muterial

il acero debe ser fabricado por uno o més de los sigulentes procesos: hogar
abicrto, bidsico al oxigeno u horno eléctrico.

2.1.3. Requisitos mecdnicoa.

2.L.%. 5 T malerial rupresentado por la probeta, debe cumplir eon los requi-
sitos de repistencia a la tensidn indicadoa en Ia Tabla I,

MOl 2T A T TOm M1 oo,
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TABLA I
REQUISITOS DE TENSION
_ ' Planchas y RBarras — | Perfiles Estructurales
'Para espe_'Para espe Para espe ' / !
'sores de 'sores mayo 'scres rma ! ' '
‘19.1lmmy "res de 19.1 'yores de 'Grupes Grupo Urupos
' menores ' mm haeta '38.lmm 'Iy 2z(a)! 3(a) '4y5(a)
! * 38.lmm ' haata t " !
! ! 01. b mm ' ' !
Resistencia a la ten-! ! ! ' ' '
sién, minima en t ' ¢ ! ' r
kg/mm? . ' 49,2 v 47,1 ' 44.3 " 44,2 ) 47.1 ¢ 44,3
i | r T ' r
Limite de fluencia ! 1 ! 1 i ‘
minimo en kg/mm2 * 35.2 t o 32.3 I 29.5 ' 35.2 132.3 " 29,5
) 1 1 1 ' 1
r
Alargamiento en ! ' f ' ¥ !
200 mm de longi-- ! ' ¢ t ' '
tud calibrada, mini-"' r r ' ! 1 .
mo en % oagP) 0 g8 ¢ 18 + 1glb} v 18(b) 1 g
r I 1 ] 1 |
Alargamiento an ' ' d ' ' i.
50 mm de longitud ' ' ! ' v 1
calibrada, minime r ! i t {
an % £ eeen 21 21 b ocme e 1 zife)

a) Ver Tabla A de Norma B 252 -

b} Ver 2.1.3.2.

e) Para perfilea do ala ancha mayores de 634 k.g,/m, el alargamiento en 50,8 mm

de longitud calibrada, debe ser de 19% como minimao,

2.1.3.2.» Para material representado por la‘probeta, menor de 7.9 muim eh espesar
o difmetra, debe hacerse una deduccidn de 1, 25% del porcentaje de alargamiento --
especificado en la Tahia I, para una longitud calibrada de 200 mm, por cada dig --
minucidn de 0. 79 min a partir de!l espesor o didmetzro especificado, abajo de 7.9 mm.

2.1.3.3., Las prcbetes para la prueba de doblado, deben soportar un doblez en --
irio a 180% gin apricturse la parte exterior de la porcidn doblada, alrededor de un -
handril cuyo didmitro debe tener una relacibn con el eapesor de la probeta como se
ndica en la Tahla L,
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LABLA I ‘
RICLIZNTD PARA LA PLULLEBA DE DOBLADG
Espasor C]L’.T'r‘:ltl":l'i'dl, ' Relagion dﬂ?diil]“aﬂtrﬂ de! mandril al ce- ]
eI it ‘ ¢ ___pesocr de la probeta {(a) __
ijasta 19.05 o 1
1
Mayor de 19,05 hasta 25,40 : ' i /2 /
t
bMayor de 25,40 husta 38,10 ' 2
Mayor de 38.10 hasta 50. RO ' , z /2
1
Maygr de 50,50 hasta 101, {0 . 3 : o

a) “Estas relaciones se aplican dnicamente para el comportamiente al doblado de
lis probeta, Esta probeta ae debe tomar siempre en direccidn longitudinal y -
usuaimente tiene alpuna preparacién en sue orillas; cuande lae planchas se do
blan en una operaciin de fabricacidn, se puede usar un radio de doblado mada
liberal, especialmniente 81 el eje de doblado &5 cn una direccidn desfavorable
(longitudinal}. )

2.1.4. Reguisites quimicus

2.1.4.1. &iandiisis de colada 