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ACEROS ESTRUCTURALES '

Las ventajas de las estructuras y construcciones de ace-

ro se derivan de las caracter{sticas del material.

~

Las propiledades mecanicas del acero dapenden Fundamml

talmente de su cnmpmsléldn quifmica, procesc de laminacién y tratamientos

térmicos. También influyen en las propiedades del matarial, las técnicas -

empleadas en las pruebas, tales como la rapidez de carga en la muestra, la
%

geometr(a, la temperatura y el estado de esfuerzos.

Algunas de las principales caracter[sticas de los aceros
se derivan del ensaye de una probeta a tensidn. Esta prueba se realiza en

acero debido a la sencillez con que se puede reproducir.

Ln diagrama tlpico esfuerzo - deformacién para un acero

astructural es el que sé muestra en las figuras siguientes.



Las principales propledades del acero se enumerana -

4

cantinuacian:

13.- Limite de fluencia (Fy ). Se define como el esfuerzo para el cual
la deformacidén presenta un gran incrermento, sin gue exista aumento
en el esfuerzo. Esto corresponde en la grafica a 1la porcidn horizon

tal de la misma, denominada zona de comportamiento pldstico.

2y Reszistencia de fluencila. Algunos acercos no muestran la zona de ——
comportamianto pldstice, caracter(stica de los aceros estructurales,
es declr no tenen 1{mite de Fluencia kien definido. FPor lo tanto en
aste caso es necesaria definir asta caracter(stica en forma convencio-
nat, segln se muestra en la Figura siguiente, obteniéndose un punto de

la curva esfuerzo —deformacidn, denominade resistencia de fluencia.

3).~ Resistencia a la tensidn. Se define como la relacidn entre la tensidn
axlal mixima aplicada sobre la probeta,y el drea de la seccifin trans—

versal original.

4y~ LImite de propercionalidad. Es €l mdximo esfuerzo para el que —

existe una relacidn lineal entre esfuerzos v deformaciones.

5).— Ductilidad. Es la habilidad del material para alargarse sin rotura.
Generalmente se expresa en porcentaje v va acompanada de una reduc—

cisn en la seccién transversal de la probeta.



8).-

Tha=

8}-—

9y.~

10).-

11).-

mM&dulo de elasticidad. Se define c.c:'rjnn la relacién antre esfuerzos Y

deformaciones en la zona eldstica, es decir, es la pendiente de la por-

"cidén recta de la gréafica y su valor para todos las aceros se considera

igual & 2 x 10° Kg;"cme '

Mdduio tangente, Es la pendiente de la tangente a la curwva esfusrzo
- deformaciin, en cualguier punto situado arriba del | Imite de propor-

cional idad.

Médulo de endurecimiento por deformacidn. La pendiente de {a tan——
gente a la curva en la zona de endurecimiento se denomina mddulo de
endurecimiento por deformacidn y su valor miximr._:r’se tiene an el inicio

de esa zona y se considera lgual a 49000 ngcm‘?

Realacidn de Poisson. Se define como la relacidn entre la defarmacign
unitaria transversal y la deformacidn unitaria longitudinal.  Para el

acero varla entre 0.25 y 0.33 dentro del rango eldstico v se designa con

/u .

Médulc de elasticidad en cortante. Se define como la relacidn det es-
fuerzo cortante a la deformacisn unitaria por cortante en el rango elds-

tico y puede determlnarse con la expresién G = v para el

—=
2(7 +p0)

acero tiene un valor aproximado de 800000 Kg;"t‘:mg .

Soldabilidad. Esg la capacidad del acero para aceptar 10s procesos da

soldadura sin afactar a las propiedades mecénicas. varla paralos -



123.

13).

14).

15).

16).

17).

18).

aceros en funcidn de su composicidn qulmica y el procesc de soldadu

ra.

rMaquinabil idad . Es la facil idad que presentan ciertos aceros para

ser sometidos a procesos de roscado sin afectar sus propiedades.

Foarmabil idad . Es la propiedad gue exhiben ciertos aceras para do-

blarse sin agrietamitentos.

Fesistencia a la corrosidén y durabilidad. Con la adicidn de clertos
elementos a la composicidn quimica, se puede aurnentar su resisten—

cia a la corrosidn y por lo tanto su durabilidad.

Resistencia g la fatiga. Es la habilidad del acerc para soportar apli-

caciones repetidas de carga o esfuerzo.

Resistencia al impacto. Es la capacidad del material para soportar

aplicaciones sdbitas de carga.

Tenacidad. Es la capacidad del acera para absorber energfa y se de-
termina por medio del Area bajo la curva esfuerzo - deformacidn.

For lo tanto depends tanto de la resistencia como de la ductil idad.

Resistencia a la falla frégll. Bajo determinadas condiciones de esfuer
z0, temperatura y presencia de muescaso grietas, el acero puede per-—

der su caracterlsticade ductilidad . La resistencia a la falla Frégil -



serd pues la capacidad del material para conservar su ductil idag bajo

esos efectos adversos. .
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> idmetro
Nominal
5,.4'1.5"
3/anm
1/2 1
s/a "
a4
7/8 "

g n
i/an
1/4n
- a/8"

‘13’2"

DATOS DE CABLE ESTRUCTURAL

O idmetrs  Real

Plg.
0.324"
0.382"
3.506"
0.632N
0.748 "
Q.82 "
1.002
1.134 "
1.282"

1.3000

M. im.

0.823

03.970

1.285

1.605

1.900

2.240

2.540

2.880

3.256

3.530

Construccifdn

8/ 1

B/ 1

6/1
12/6 /1
12/6/1
12/6 /1
18/12/6/1
18/12/86/1
18/12/6/1
18/12/86/1

Area de Acerp Reasistencia Pas

F‘h._:;'.2

6.08x10 2

8.72x10 2

15.01 x 152

23.40x10 ©

2. 74x10 2

45,85 x 102

58.65x 10

75.07 x 10 2

82.70x10 2

1 03x10 <

ACDULO DE ELASTICIDAD MINIMC GARANTIZADO:

Para caples hasta 25.4 m-m. {1 Ingth.)

FPara cables mayeres de 25.4 m.m.

. me

40.49

oB.24

96. 81

151 .00

211 .17

294,44

a7da. 23

484.3

533.4

587.2

Real {min.)
Kgs.

5030
8370
14030
21 B9G

20600

41 280
53040
75000
92 000

103000

1.700.000<g/ cme
1.600.000Kg/ em<

L"
[

—

SABLE ESPECIALMENTE GALVANIZADD; PREESTIRADO A 60% DE LA CAR
JE RUPTLURA .

RANGO ELASTICO COMPREND IO ENTRE 8% Y 55% DE LA CARGA DE

RUPTURA.,.






Morma Defini{tiva

NORKA BE C-.LIDAD
ACERO ESTRUCTULAL I/RA VUENTES Y EDIFICIOS (A~ 7)

B-315-159649,
{Esta Hormn canceln la DGN-B-38-1966).

I. GEHERGLIDADES Y DEFINICIGNES

1‘1', Ganeralidades

t.tal,  Alcancoe.

'elul.ts Estn Hprma cubre perfiles, placas y barras de scerc al carbone, e colli-
dad 2structural, para usc en 1o construccion de puentos, edifici{os y propésitcs -us
tructurales gencrales.

1.1.2, Dates pnra el pedido,

1.1.2.1. Las érdenes de nmatarizl bajc osta Norma, deberdn faclufr los siguientﬂﬁ
datas prnra describir el materinl adecusdamente:

2} Wimerc d¢ esea Nerme,

b} HNombre del materinl.

o) Dimensianes de 1t seccldn transversal.
1) longitud en netrgs.

@) Cantidac (kilogpramcs),

f) Excepeiones a csta Norma.

g) Coertificade e calidal & pruchas {si sc regquicrae).

fHiE 2,
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1.2. Definicianes

1.2.1, PFParx defioiclonrs pertinentes 4 esta Norma, wdise la Norma Oficial DGK-p-252
LIRS FET- T %

2o CLASIFTO .CION Y ©5rCOIFIC..CIONYS
2.1. Elgsificncléﬂ

3.1.1. El material suministtods bajo esta Norfna no requiere clasificecidn, ya que

14 mismg cubrpe unag sola calidad, 4

2.2, Espeeificuciongs

2:2.1. Requisitos guenernles.

2.2.1.1, El material suministrade bajo esta Norma, deberd cumplir con los requisi-
tos especifizardos cn la Homan Oficial DGN-B-252 en viger,

2;2-2. M:'lr.t'rir']lo

2.2.2.1. Con extepcidn de lo gue se especifica en 2,2.2.2, el acero deberd obrener
st por uno o mAs de los siguicntes procesos: hogar abierto, bAsicg 1! oxigeno u her
ne clicerico, .

2.2,2.2, & omenos que se cspecifique otrs cosa, el acero Bessemer dcide podrd em- -
plearse para 1la fabricacidn de placas y perfiles con espeser de 11,10 mm y menores,
¥ barras que no vayan a epplearse para fabricar remaches y con un didmecro o espe-
sor de 11.10 mm o menores, Todo este matcrial deberd usarse dnicamente para partes
¢é Cstructuras que no cstén sujetas a cargas dindmicas. El acero Bessemer dcldo ne
debe vanrse oo puwntes.

2.2.3, [equisitos quimicos.,

2.2.3.1, El maruerial suministrade baja esta Norma, deberd cumplir los requisitos
qulmicos especificados en 1a Tabla I, '

T AB LA I

REQULISITOS CUIMICGS

-

1 indlisis de cu= t Andlisis de con-

' chara ' probacidn
Fisfore 2ixine % ! ! vt
Hogar ablerew, bdsico el oxiguno u hor- ! L
no eléctricor ' . '
Leide ' 0,08 t 0.075
Bisfco ' 0,04 ' 0.05%
Bessomur Acide v 0.1 ' G,138
adulre mdalmo % ' . !
Hogar abierto, bisico al oxigeno u hor- ! f
ro viderricon: t 0,85 ! 0,062

Cobre cunndo sc vspicifique, ninime % ! 0,20 ! 0.18
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2.2.3.2. Ho s¢ requicren andlisis e comprobncién en barras perfil, soleras de
12,70 nm y menores en cspesor y para cualesquiera barra ordenadn como de calld:
comcreial.

Cuanrdo las pruchas de tensidn no se especifican de acuerdo con 2.2,.4.4.2. debes
aplicarsc los requisictos de composicldn quimica gque sean compntibles con las pi
piedades mecAnicas doscadas. -

2.2,4. Regquisitos mecinicos.

2.2,4,1, A nonos que se especifiqua otra cosa, 'las piezAs que s@ usen Cono ApC
prra puentes, deberdn sujetarse o pruihbas mecdnicas y cumplir con los requisite
de tension indicades en 2.2,4.4,

2,2,4.2, A menos que se especifique otra cosa, no se requerirdn pruebas mecdn:
20 placas nmayores de 38,10 mm de cspusor que vayan a ser usadas como placas de
¥0 @n askructuras que no seéan puentes y deboerdn sujetarse al roguisito de que ¢
acero para la fabricacidn de estos moterinles deburd obtemerse por los procaso
horne de hogar abierto, bdsico al oxfgeno u horno eléctrico, cen un contenido
carbong de 0.20 & 0,33 % en anAlisis de cuchara, v 1o compasicién quimicas esta
de acuerde con los requisitos indicados ¢n 2.2,3.1, y debird hrcerse un descard
suficiente de cada lingote para asegurar que las placas cstén libres de defect:
perjudiciales.

2.2,4,1. A menos que sa especifique otra cosa, las barras lisas y con rosca u:
dis para anclaje, se sujetardn a prucbes necdnicas y deberdn cumplir con los 1
sitos de tensidn indicados en 2,2.,4.4; los pernos con cabeza usados para propd:
tos de anciaje y todas las tuercas, cumplirdn con los requisitos de la Norma O
cinl DCH=B-37V en vigor parn <1 grado 1.

2,2.4.4, Tropiedades a la tensidn,

2.2,4.4,1. El material representadsc por los espec{menes de prucha, exceptuandi
especificado en 2.2,4.2, debv cumpliv los requisites de tinsidn especificades o
tla Tabia II.

T ABLa I

REQUISITOS DE TENSION .

*  Placas perfiles y barr

Resistancia’a !a tensidn en ka/mm? ! .

Fara perfiles en tedos los esposores ' 42 a8 33
Fary placas y barras con espésor hasta de 38.10 !

rnoinclusive. r £2 =a 50
Fara placas y barras con espesor mayor de 38.10 T

m- - t &2 E: | 53

Limite aparente de Eluencia minimo cn kgfmn? ' 23
fJargamiente en espocimen de 203.20 mm de leonglroud

1
cilibrada, minime % t 21
idargwmicnte en ospéeimen de 50.80 rm de longitud !

' 24

catibrada, mintmo %
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2.2,4,4,2, Los perfilvs manores de 6.45 em? de seccidn transversals barras q
e sewn soliras menorces de 12,70 ma de espeser o diipetro, ne necesitan sujeot
seoa prucbos fo tensién per @l fabricance,

- ok cam o e
hall LRl A E—— o mm e e g

2.204,4.3, Tara materiales mengres de 7.94 mm en’ espe:ur Outliaulc fEO ;. B0 PDu.
hacer .unz dedvccidn de 1,25 % del porcentaje di ,akargamienta cn espec {menes d
longitud calibrada de 203,20 mm espuciflecado en la Tabls II, por cada+ﬂisminu
de 0.79 mm del uvspesor o didmetro eepecificada abajo de ?.Qﬁ mme

2.2.4.0.4. Parn matdriales con espusor o dijmetre mayor da 19,05 oo se npber
hocer uma_deduccidn de 0.50 % del porcentaje de alargamlento en especimenea d
longitud calibrada de 203,20 mn, ‘cspecificado en la Tabla 'IT por cads wumefifo
3.18 mw en ¢l espesor o didmeerg especificade arriba de 19, 05 i Esf& deducc
Mo deberd exceder del 3 %, ' .
b " u L T " L1aef Mf
1.?.5.4.5. Para material’ con' espesor o diam»tro‘h1yur Az -DE.5D am,iser&ght’h
yna deduceidn de 0.30 € cn ¢l porcentaje de alarganiente en ¢specimenes de lo
tud calilirada de 50.80 um espucificndo an la Tablo II, por cada numento.de 12
@0 on ¢l espesor o Aidmetro especificado arriba de £8.90 mm, Esta deducelén n
Lird exeeder dul 3 %,

2.2.6.5%, Vropicdadis de dobladg,

2,2,64,5.1, B! espécimen de la prueba de doblade deberd sujetarse a un doblez
180% sin agrivbarse 11 parte exterior d2 1a porcidn doblada sobre un mandril,
yo didpirro debe ctener una telacidn con cl Cspesor del espécimen de aguerdo ¢
la Tabla I1I,

TABL.SL IIIL

REQUISITDS DE L. CRUEE: DE DOSLADO,

' Relacidén del didmetro d
! mandril al espesgr del
' nécimen, para placas, p
' fitles v barras,

Esposor del matorial, en mm

Hasta 19.05 ! 0.5
His de 19.05 a 25,40, inclusive. ! 1
tiis da 25,40 a 38,10, inclusive, . ' 1.5
tis de . 38.10 a 50.80, inclusive. ' 2.5
tHis de 30.80 1 3

2,2.5, Huestrog,
2.2.5,t. HNimiro de pruebas.
2..2-5.1;1- mimicaswr

2,2.5.1+1.1. {ara ncero Boessemer se hari una detemminacidn de carbeno y mang
dz cada soplads ¥ una determinacidn de cobre cuando se espoecifique scero al ¢

{
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c hardn ranbidn determinaciones 2e fdsforc y azufre a interv:los no mayeres doe 10
sonladas, debadndese repertar los resuleados de Jss detcrminnclones cfectuadas,

?‘glﬁlllz! 1-Irt.-'|ﬂb|'|-5 ’-ifri[-'."-sr

2,2.5,1.2.1. 8¢ hordn dos pruchas de tensidn y dus e dablade de cada celada o sp
plada en ¢l casg e Hespenmer, a Acnes gue ol mrterial terminade de unz colada o s
plada sen monor o 30 conelad=s, en cuye cvso serd suficiente una prueba de tensida
v unt de goblado; de cualquicr manera, si los matgeriales leminados hasta de 50.80
M un cspoeser, proveRientes d2 una sela coladn o sopleda difiercn on su Sspesor wun
ris de 9,50 mm, se debe cfvctuar una prucha de tensidn y una de doblado del motorial
=15 gruese y del mAs delpado que se lamine sin igportar el pose que represonte.

2.2,5.1.2.2. Tara ¢l material ppyor de 50,80 rm de espesor, do una soln cplade ¢

soplada y que dificre ¢n 25,40 o nds in vsposor, se hard una pruusba de tensidn y -
una O Wlobleiio del materizl s grucso y del mAs delgado que s¢ lsminz, sin impor-
Ear ¢l puso que represente,

3. METODOS DE CLUEN

.10 ara verificar que ¢l material suministtodo cumple con esta Nomma, debien se-
puirse los mitelos do pruebn indieides en las Normas Of{cinles DCN-K-179 y DON-D-
172 en vipgor,
4, AJERDICE

4,1, ntoecdyontes

ASTH - 2 = 7 - 6B,

4.2. Horphs DOH 3 consulear

LEH-B- 25 2-1966, Norma Oficial de "Requisitos generales parn la entroe-
ga de placas laminadas, prriiles, tablaestatas y bo-
£ras paAra uso €struccural.™

DCH-B-172-1968, Norma Oficial de "Métordos de prucba mecdnicos pars
productos dn acern®,

DOH-K-179-1968, Yorma Oficial de "Hitade de andlisls quinmlce para dn-_
terminar v composicldn e sceras y fundiciones®,

AR-B-377-1968., Yorma Oficia) de "Requisitos ponersles de calidad pas
to taroillas'.
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1. GENERALIDADES .
I.1. ALCANCE

Esta Norma establece los requisitos que deben cumplir los perfiles, placas y barras, -
de acero al carbono, de calidad estructural,

1.2, uS0S

i.2.1, Los perfiles, placuﬁ y barras a que se refiere esta Morma se usan en construc-
ciones remachadas, atornilladas o soldadas, de puantes y edificios v para propdsitas -
estructurales en general, Cuando e! acero se use en construcciones scldadas, ei proce
dimiento de soldadura debe ser el adecuado para el acero y el serviclo reguerido,

1.2,2, 5e deben especificar requisitos suflementarlas cuando $e ¢onsidere jmportante-

una alta tenacidad (resistencia al impacto Esto se debe apllicar sclamente cuande le@
haya especificado el comprader en la orden de compra.

2. ESPECIFICACIONES, .
2.1. ESPECIFICACIONES DEL PRODUCTO,

2.1.1. Requisitos Generales.

£} material suministrado bajo esta Norma debe cumplir con Jos reguisitos aplicables de
la Norma & 252 en vigor,

Los materiales que se usen en combinacidn con el materlal cubierto por esta Norma; ta
les como barras para anclaje, parnos, tornillos, etc, deben cumplir can ia Norma parti
cular del producto.

2.1.2., Haterijal.

El acero empleade en la fabrlcacién de los productos cubiertos por esta Norma, debe ob |
tenerse por uno 0 mids de los siguieates procesos: horne de hogar abierto, basice al =--
oxigeno u horna eléctrico. :

Requisitos Mecénicos,

1. E)} material, con excepeifn de io especificado en los incisos 2.1,3.2, y ==
.5, debe cumplir con los requisitos de tensidn indicados en la Tabla |,

-

NORMA DE PRODUELTO
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TABLA !
REQUISITOS DE TENSION ;

i
Placas, p:nari’il«zr.':aJI y barras: '
Aesistepcia a la tensidn, en kgfmm2 ! 40,6 .a 56.0

h ]

Limite de fluencia, minimo, en &gfmmz ' 25_2(51

)
Placas y harras: : -
Alargamiento en 200 mm de longltud calibrada, mlinime, en %, ° Zﬂfcl h

'
Alargamianto en 50 mm de longitud calibrada, mfnimo, en %, ! 23
Perfilas: i
Alargamiento en Eqﬂ am de longitud callbrada, minimo en %, ! ZD{C}
Alargamlento en 50 mm de longltud calibrada, minime an %. : 2]'2'?':l

'

aj Para perfiles de ala ancha con peso mayor de Sjkﬁkgfm. ls resistencia a 1a ten
sién minima debe ser de 40.6 kgfmm2 sin especificar un miximo, y el alargamient
minimo en 50 mm de longitud calibrada de 19%.

L) Ei ifmite de fiuencia minlmo, en placas de mds de 200 mm de espesar, debe sar ¢
22 .4 kg/mm?.

c) Ver inciso 2.1,3.3.

. . Z .
2.1,3.2, Los parfiles mencres de &§.45 cm™ de seccién tramsversal y las barras gue
no sean s¢leras, con espesor o didmetro menor de 12.70 mm, no necesita el fabricante
somgterlas & prueba de tensién,

2.1,3.3. Para materiales con espesor o didmetro menor de 7.9 om debe lacerse, por ca
da 0.8 mn de disminuciSn de dicha medida, una deduccidn de 1.25 % del porcentaje de -
alargamiento que. para una longitud calibrada de 200 mm, indica la tabla I,

2.1.3.%. A menos que se especifique otra eosa, las placas gue a usarse ¢omo apoyo F
ra puentes, S5e deben sujetar a pruebas mecdnicas y cumplir con los requisitos de ter
3idn indicadas en los Incises 2.1.3.0, 2.1,3.2 v 2.1,3.3.

2.1.3.%, A menos que se especifique otra cosa, no se requieren pruebas mecdnicas f
roa placas mayores de 38.10 mm de espesor que vayan a usarse como placas de apoye en
estructuras distintas a puentes; este material debe contener de 0,20 a 0,33% de cart
no en el andlisis de cuchara y, 53U compasicidn guimica, debe cumplir en cuanto a cc
tenido de fédsforo y azufre, con los requisitos de la Tabla 111, Se debe hacer un de
punte suficienta da cada {ingote para asegurar una buena caldad, ’

~2.I.3;6. Los especimenes para la prueba de doblado, deben scportar un doblez en fri
a 180 sin agrietarse en la parte exterior de la parcidn doblada, sobre un mandril -
qua tenga un didmetro con ralacién al espesor del materlai, de acuerdo con lo espocl
Ficado epn la Takla I1.
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TABLA 113

fRequisltos para la prusba de doblado.

'Aelacidn del dlémetro del
Espesor del material '‘mandril al espesor del o
min ‘pécimen para placas, perf

*files v barras{a}.

]
Hasta 19.05 ) 1/2
M4s de 19.08 hasta ..25.40 ! !
Has de 25.40 hasta 38.10 ! 1 1/2
]
Mas de 38.10 hasta 50.80 ! 2 1/2
Mds de 5Q.80 ' 3
aj Estas relaciones se aplican dnicamente para el comportamiento al doblado del espé
cimen. Este espécimen Se debe tomar siempre en direccién tongitudinalyy usuaimen
te tiene alguna preparacién en sus orillas. Cuande las placas se doblan en una =~
cperacidn de fibrica, se puede usar ua radio de doblado més liberal espescialmente
5i el eje de doblado a5 en una direccién desfavorable, (1engi tudinal). .
2.1.4, Requisitos Quimicos.

2.1
dos

.1, El resultado del andlisis de cuchara debe cumplir con los regquisitos indica-

en la Tabla iii, ¢con excepcién de lo aespecificado en &l inciso 2.1.3.5.
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TAEBLA I

REQUISITOS QUIMICDS

- - F o ¥ N =
Produc tao PEE;;IES Placas R FEe&rras ,
- 'MES e ~ '"ME5 de =-'ME5 de -~'Mis de m=*Hasta - 'Mas de --'Mis de --' M&s de
Espesores, Todos Hasta '19.05 has'38.10 has'63.50 has'iQl,b ‘' 19.05 *19,05 has*38.10 has' 101.6

]
L mm '  19.05 _ 'ta 38.10 'ts 63.50 'ta [01.6 ° ; 'ta 38,10 'ta [0l.6
i 1 ] 1 ] 1 1 3 1 i 1
Carbonc, méximo % ' 0.26 0.25 ' 0.25% t 0.2 ' 0.27 ' 0.29 ! 0.26 ! 0.27 ' 0.28 ' 0.29
1 [] 1 1 1 ] 1 ] r 1
Manganesc, % | aaem ' eme= ' 0,80 ' 0.8 ' 0.8 ' p, B * -—-- r 0RO ' Q60 ' 0.60
i 1 [ a 1 a t a ¥ a t 1 a 1 a 1 a
' ! v 1,20 Vo120 ! 1.20 ¢+ 1,20 i ' 0.0 ' 0.90 ! 0.90
1 r 1 [ ] ' 1 i 1 1
Fésforo, méximo % ' o,04 ' Q.04 ' 004 ' 004 ' OO0 * Q.04 D04 ' Q.08 ' 0,04 ' 0,04
] i ] ¢ 1 t t ] . ) ]
Azufre, maximo % ! a.05 ! ¢.05 ' 0.05 t 0,05 ! o0, ' 0,05 ! 0n.05 ! 0.05 ' 0.05 ' 0.05
1 r 1 [} ] L} ] 1 1 1
Silicio ¥ | e i TR R - 10 1T N O - N T 1t e
.‘-h' 1 » ¥ _, ] A r a ] A 1 1 1 1
1 ] 1 1 D-SD 1 u'ju 1 9-30 1 r [ r
[] 1 ] ‘ ] ] 1 1 -1 1 1
tobre, minimo % (cuando ! ' roo. ' ' ' ! ! l !
5€¢ especifigus]. ' .20 ! p.20 ' 0.20 ‘g2 ' 0,20 ' 0,20 ! g.20 °? .20 ' 0,20 ‘ 0. 20

1)  Paro perfiles con peso mayor de 63 kg/m, el.eontenido de mangancso debe ser de 0.85 a 1.35% v &! de silicio de 6.15 & -
o.30%. ¥

2.1,4.2, En el andlisis de producto (comprobocidn), el acero debe cumplir con Ios requisitos indicados en la Tabla 11 con -
las tolerancias cspecificadas en Ja Morma B 252 en vigor, con excepcidn de lo indicade en el inciso 2.1.4.3.

*.1.4.3. El Bndlisis de producte no es aplicable 2 barras perfiles o soleras de 12.7 mn y menores en espesor.

'.1.4.4, Cuando se omitan las pruebas dc tensidn, de acuerdo con lo indicado en el inciso 2.1.3.2, la conposicidn quimica de
we cumplir con lo indicado en 12 Tabla 1il ¥ termer las propiedades mecdnicas deseadas., .

*.1.5. Requisitos Suplemcntarios.
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.5.1. Los siguientes requisitos son opcionales y snlo deben aplicarse cuando asi-
5e especrfique en la orden de comgra,

2.1.5.1.1. Los productns suministrados de acuerdo con esta Norma, no deben ser de --
acero efervesgente ¢ tapado,

2,1.5.1,2Z. Los productos suministrades de acuerdo con esta Norma deben ser de acero-
calmade 2i silicio, de grano fino.

3. Mé&todos de Prueba.

3.1. Para verificar que el material suministrado cumple con esta Norma, deben seguir
se los métodos indicados en las Normas B 1 y B 172 en vigor. . :

L, Apéndice,
i
4,1, Datos para el Fedldo.

L.1.1. Las érdenes de matarial de acuerdo con esta Korma, deben incluirllns siguien-
tes datos para describirlo adecuadamente.

a) Nomero de esta Norma.

2 Nombre del material.

c) Dimensiones de la seccién transvarsal.

d) Longitud en metras.

e) Cantidad (kilogramos).

f} Excepciones a esta No:/ma,

gq) Requisitos suplementarios.

h) Certificado de calidad o pruebas {s| se requiere).

L,2. HORMAS A CONSULTAR.

- k]
B 252 1973 fequisitos generales para placas, perfiles, tablaestacas y barras, de-
acero laminiade en caliente, para uie estructural.
B 1 1970 ° Métados de andllisis quimico para determinar la composic1dh de Bceros y
fundiciones.
g 172 1570 Métodos de prueba mecdnicos para productas de acero.

3. BIBLICGRAFIA,

KSTH A 36 70



4.4, PARTICIPANTES

Altos Hornos de Héxica, 5.4,

fundidora Monterrey, S.A.

Hojalata ¥ Lamina, 5.A.

Secretaria de Obras PGbjicas

Tubacero, 5 A,

Camesa, 5.A,

-ranufacturas.ﬂétali:as Ajax, S.A,
Comisién Federal de Electricidad (H1JE)
fAceros Tepeyac, 5.A.

Instituto Hexlcanc del patrdleo

" Industria del Rierro, S.A.



Amores 33B México 12, D.F.

; ACERQ ESTRUCTURAL CON LIMITE DE

FLUENCIA MINIMO DE 29.5 hgf/mm N
¥ CON ESPESOR MAXIMO DE 12.7 wm
B 99 157!

Structural Steel With 29.5 kgf/mm?
Minimum Yielg Point =nd 12.% mm Ma
ximun Thickress, E

. GENERALIDADRES Y "oF IHIT IOMES

l.1. Generalidades

1.1.1. Alcance.

Esta Morma cubre [3s placas y barras de acero al carbono con espesor o didme
tro mengr ¢ igual a 12,7 mm, asi cows los perfiies de calidad estructural para uso
en edificios y construccicones similares, para Ser remachadas, atorn|lliadas ¢ solda
das, que se indican e¢n la Tabla A, grupc ! de la Norma B 252 en vigar.

Cuando las placas y barras cubiertas por esta Norma, 5€ usen &n construccio
nes soldadas, los procesos de soldadura empleados, deben ser los adescuados para el
Acerd v el servicio a que ze destine,

I Datos para el pedida.
Eﬁ los pedides del materfal cubierto por esta Norma, se deben indiéar los sl
guientes datgs para gescribirlg adecuadamente:
a) Himero de esta Norma. t
b) Nombre del Material (Acero estructural con Iimite de fluentlarminima des 25.5
kg f /mml) .
¢} Cangidad (kg}.
d) Dimensionas.
e} Certificado de calidad, s} se requiere,
2. CLASIFICACION ¥ FSPECITICACIONES
2.1, Especiticacion::

2.1.1. Heguisitos Oeaerales.

- E) material cubjerto por esta Norma, debe cumplir con los requisitos aplica
bles de la Horma B 252 en vigor. '

2.1.2. HMateurial.

El oacero empleado en la fabricacibén de Tas placas y las barras cubiertas por
esta Morga, debe cbtenzrse por cualguiera de los siguientes processs: horno de ho
gar acierta, bdsico <1 o-igend u horno eléctrica,

2.1.3. Quimiza:,

E1 acara debe cosnlic ton los requisitos de composicldn quimica indicados -
en Ja Tanla 1, tant.- e¢n =+ andlisis de cuchara coma en el de comprobacion, de
gcuerds a 'n escicifriada a ba Horma B 252 en vigor, en (o gue corresponda.
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P
Las barras pertil © <o leras, no £stdn sujerds o analisis de comprobacidn,
TABLA |
REQUSHTOS UIMICO .

- E;:'i;' ' T T anilisis  de Andlisls de

. e ' cichara ! comprobacidn
Carhont, marxted, 20 procionten. oo, .0, " U ' 0,31
Hanganeso, mé«<ion, oo poyfieato.... ... |40 ' i.2¢%
Fastaro, mdwimG, @m e C renti, v .n,, " [y A ! a.050
Arufron, sadsine, OB Do TiCMED, Lo .. ! n.ug ! 0.0s0
Cobre, cuando sa espesifigue, mlnira, en' '
POFCHIENTO ...ttt nrnnn.. b D. 20 ' 0.18

A e A T TR T — e - v s M A EeER g gy W IR 1 r—

2 1.4, Mecsnicas.
2.1.%. 1, Tansifna,

El materia! cubierto por esta Nerma, debe cumplir con los rEquiSItDS de ten-
5iHn indicados eL la Tabla 11, excepto lo indicado vn 2.7 .4.1.7,

2.0.5. 1.1, Los perfiles de seccisdn transversal meno- de &.45 cm?, as{ como fas &
rras que ng saan selerad, con espesor o didmetre meénor de 12,7 mm, no estén sujo-
1as a requisitos de ten3idn, .

TABLA 1] , 1

REQUISITOS DE TENSION

Reslstencia a la tension &n kgf/mmZ {espleinen longitu'
dinal de saccidn o espesar completa)... ... et H2 2 60

Limite de fiuencia, minimo, en kgf Zim® {espécimen lon-!
gitudinal de seccidn o 2spesor coupleto)...... e 29.5

Alargyamients en 203.20 am de longitud calibrada, mini-
M3, en POrcisnto, .. .....v.v..... e e R 19

2.1.4.1.2, Pard materiale: con esposor o didmetro menor de 7.94 mm, por cada dis
miouclén de 0,79 mm en el espesar o didnetro especificado por abajo de 7.94% mm, d
be hacerse "una Jdaducclan de 1.25% dul porcantaje de alargamiento en 203.20 mn de®
Inngitud calibrad: espaaificade en ta Tabls 11,

2.1.5.72,. Doblago,

Los espesineats para la proszhba Jd= goblade que representen materiai de acuerd
Cun eata Horma, diben resistic un donlado en. frio @ I1BDO can un didmecro interior
igual al sspesor 3 adidmeiry del espécimen, sin agrietarse en la parte exterlor de
la porcidén doblada. .

La relacian entre &1 didmatin del mandrii v el espesor del espécimen en Ja
pruepa de dobledo $olo es aplicable para juzger el comportamiento del espécimen o
dicho ensayo. 1 espésimen en ecta prueba, debe tomarse siempre en direcclén long
tudinal ¥y usualnente deben redondearsz 1as aristas. Cuando las placas van a soma-
terse a doblado @n una operacian de fab,icacion, debe usarse un radio de dobler -
mas grande, particularmente 30 <l «je de doolado s encuentra en direccidn desfaw
rable,



-

B 99 197)
-3 -

2.1.5.1. Quimicas.

El muestreo para |o5 andllsls de cuchara y de comprobacidn debe efectuarse de
acuerdo a lo indicado en Ta Norma B 252 en vigor.

2.1.5.2, Hecdnlcas.

Deben realizarse dos pruebas de tensidn y dos de doblado en especimenes repre
sentativos del material proveniente de cada colada de acero.

2.1.5.3, Inspeccidn,

Ei fabricante debe dar a) inspector representante de) comprador, todas las fa
cilldades razonables para satisfacerlo de que e] materfal se estd suministrando de
acuerdo com esta Norme, todas las pruebas e inspeccién {excepto el andlisis de com
probacién}, se deben efectuar en el loca! dei fabricante antes de su embarque y --
llavarse a cabo de manera tal que no interfleran innecesariamente ¢on los trabajos

de |la planta.
7
2.).5.4. HRechazo.

El material solicitado de acuerdo con esta Norma, gue no cumple con alguno de
ios requisitos especificados, debe rechazarse,

5- METODOS DE PRUEBA
3.1, Quimicas.

Los métados de anilisis para determinar la composicidén quimica dal materfal -
cubierto por esta Norma. deben ser los indicados en la Nerma B8 ) en vigor.

3.2. Meclnicas. .

Los métodos de prueba para determinar las propiedades mecdnicas del material
cubierto por esta Norma, deben ser los lndicados en }a Norma B8 172 en vigor,

L, APENDICE

.1, Antecedentes

ASTH « A - 5289 - 20

4.2, Normas a consultar

i i 1970 Métpdos de Andlisfts Quimico para determinar |a Composicidn
dge Aceros ¥ Fundiciones,

8 172 1570 Métodos de Pruebs Mecdnicos para Productos de Acero.
B 252 1968 Requisitos Generales para la Entrega de Planchas, Placas, -

Perfiles Tablaestacas y Barras de Acaro Laminados para usos
Estructurales. :
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1. CENERALIDADES

I.1. ALCANCE

Esta Norma cstablece los requisitos que deben cumplir los perfiles, placas y
barras de acere estructural de baja aleacidr y alia resistencia. Esta Norma esta
limyitadi a muaterial hasta doe 100 .60 mm on cspesor.,

1.2. U505

Los perfilaes, placas y barras a que s¢ vafiere esta Norma se usan ern cons-
trucciaones soldadas, atornilladas o remachadas como miembros estructurales
donde ¢s importante el ahorre de peso y la durabilidad. Estos aceros tiencn una

. resistencia a lia. corrosion almosfiérica del doble como minime de los aceros ey
b tructurales ul carbono cen cohre, La técnica de soldadura es de importancia fun
( damental y se presupone que ¢!l procedimiento de soldadura cumple con métodas

aprobados,

2. ESPECIFICACIONES

Z.1. ESPECIFICACIONES DE PRODUCTG
2.1.1, HRequigitos gencrales,

Ei material suministrado bajo estz2 Norma debe cumplir con los requisitos
especificados ¢n la Norma B 252 en vigor,

Ainores 338 Mcdcxico 12,

2.1.2. Material.

Fl acero debe ser fabricado por unoc o rmds de las stguientes procesos; hogar
abicrto, hdsico al oxigeno u horno eléctrico.

2.1.3. Regquisitos mecanicos.

Z2.1.3,1. E! material debe cumplir con los requisitos de resistencia a la tensidn
indicados en la Tabia I. .

NORMA DE PRODUCTQ
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TABLAL
REQUISITOS IDE TN ION
' Plaocas v harras PPerfiles el ractyralesg
JFara espe-'Para espe-"Para cipe- ' i !
] - . . : |5 T 4 av 1
soTas do SOCS M3YO EUYos Mayo GrunoerGrupolGrupﬂs
19,05 mm 'res de  -"rosde 3801 ) };" vt v 5
L ip a1
'v miengres '19.05 mm 'imme hasta! ' '
! 'hasta 38.1 '101.5 uinmm ! ' :
1 . 1 I i 1 ] r
Ruesistencia 2 la tension! ! ' ! ! ! !
minima, en kg/mm2 ' 49,2 ¢ 47.1 ' 44,3 ¢ 49,2 ' 47.1'44.3
1 t 1 1 1 1
Limite de fluencia minit ) ' . - : '
mo en kg/mm?2 v 35,2 0 3Z.3 . 29.5 ¢ 35.2 . 32.3: 29.5
' ' 1 ' 1 ' !
Alargamicnto en 200 . ) . . . .
mm de longitud calibra : T , . |
da, min., % . 188 I8 . 18 , 182} 18 , 18
' r ] 1 1 i r
Alargamiento en 50.mm * . , . . .
tle lonpitud calibrada, . \ . .
- 1 1 h
min., % S 21 21 ceme wwo= 211B)

a) Ver 2.1.3.2.

i) Para perfiles de ala ancha mayoeres de 6341 kg/m, cl alargamiento en 50 mm
de longitud calibrada, debe ser de 18% como minima,

2,1.3.2, Para material con ¢speser o didmelvo mynor de 7.9 mun dehe hacarse,
por cada 0.8 mm de disminucidn de dicha 1.0 ilda, una deduccion de 1.25% del por
cenlaje de alargamiento que, para una longitud calibirada de 200 mm, indica la Ta
bla |, i '

2.1.3.3. Los especimencs para 1a prueba de doblade, deben soportar un doblez
en frio a 1809 sin agrietarse la parte exterior de la poreidn doblada, alrededor
de un mandril cuyo didmetro debe iener una relacidn con el cspusor del espéci-
men, como se¢ indiea en la Tabla JI.

TABLA I

REQUISITOS PARA [.A PRULEBA DIZ DORLADG

Espesor del material, ' Relacién del didmetro del mandril al espe
' I ! sor del ¢snécimen
lasta 19,05 ! 1
Mayor de 19,05 hasta 25.40 ' 1 1/2

Mayaor de 25,40 hasta 38.10 ! 2



2.l Reqguisniics quimicns,

1 I-

.1.4.1, El andlisis de cuchara debe cumplir con ics recuisitas indicados en o

ra

Tahla 110
T A B LA IHi

REQUISITGCS QUIMICOS (andlisis o cuchara)

Cooiposician Y

 FLEMENTO Tipa 1 : s T
(arhbono, maximo ! g.15 ' ' .20
Manganeso, maximo ' 1,06 ' 1.35

Tasforo, mdximo { 0.15 ' 0. 04

Ausafre, maximo ‘ 0.06% ' 0.05

Cobre, minimo ' 0.20 ' i 0,20tal

{ay 5i Ins centenidos de cromo y silicio zon cada uno de 0.50% mih., no s en.
innces aplicable el reouisite de 0.20% min. de coantenide de cobre,

2.1t 40 Fnoel anidlisis de producto (comproimcidnl, ¢! acero debe cumplir con
las requisitos indicades en la Tabla [iI, con Ias tolerancias especif.cadas en la
MNorma B 252 en vifor.

2.1.4.%, El fahricante debe hacer o seleceian de los clementos de aloosion, -
~ue combinades con ¢l carbono, manpancesg, fisforo, awufre vy coire, dantro de
los Jimites especificadus en el incise 2,1.4. 1., cumpla con los requisitos nece
snriny indicados en ¢) incise 2.1.3. 1., ¥ ascpgure L resistencis o lu corrosién
aleposiérica mencionada en el inciso 1. 2; debs ademds incluir y reportar datos
wnel wnalisis de cachara para identificac asi 2 tipo de scere usado,. Los cloemen
1y e cledcicn que comunments Sc Uusan san: cromo, niguel, silicis, vanadio, L

-

iy sirconio,

2014 s, Casnda se requicra, el [abricante debe proporcionar al comprudor evl
foenciag satisinelorinsg do rasistencia do la corresidn.

Le

TODOS DE PRUEBA

oM

weraowerificar gee ol material suministrado cumpnle con esta Norma, deben
seounirse los miétpdos indicados en las Norrats Bl oy 35 172 en vigor,

S YITONN S M o
dul. DATOS HARA EL PEDIDGO

fus drdenes de material de acuerdo con esta Normaza, deben incluiTt los si-- '
g enes talos para describivlo adecuadamente:
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L) Nombre del material,
¢} Diinensiones de la seccidn transversal.
d}  Longitud en metrog,
e) Cantidad fkiﬁlugramnsi.
f} 5ise rc;quiere resistencia especial a la corrusion.
2]  Si sc splicitan requisitos especiales de soldakilidad.
h} Excepcienes a esta Norma.
1) Cartificado de calidad o pruebas, si se recuiere.
4.2, NORMAS A CDNSULTAI?,
R 11970 "Mdtodos de andlisis quiinico para determinar la composicion
Ide acercs y}undicinnes"
B 1721970 "Métodos de ﬁrueba mecdnicos para productos de acero!
B 252 1973 ' ©Requisitos generales para placas, perfiles, tablestacas y ba_

rras, de acero laminado en caliente, para usg estructural'!

4.3. RBIBLIOGRAFIA

ASTM A 242 70

4.4, PARTICIPANTES

Hojalate v La’.min‘a., 5.4,

Secretaria de Obras Pdblicas

Tubacesro, S5.A.

Fundidora Monterray, S.A.

Institutg Mexivano del Petrdleo

Aceros Tepeyac, 5.4,

Comisiaon FTederal de Electricidad {I[IE}
'.-"nl'i;-:ts Yornos de México, 5,4,

Secretaria de Recursos Hidrdulices (Depto. Ingenieria Experimental)
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1. GENZRALIDADES

1,1. ALCANCE

Esta Norma establece los reguisitos que deben cumplir los perfiles, planchas
Larras de acero de ulta rerlstencia, de calidad estructural, La resistencia a la c
rrosidn atrmosférica de este acero es de aproximadamente al dohle que la del ace.
tu estructural al carbono,

Estii Norma estd limitada a material hasta de 101. 6§ mm de 2apesor.
1.2. USGS
Los perfiles, planchas y barras a que se refiare asta Norma 8e usan en cona-

truccidn de puentes y edificios atornillados y/o remachadas y para otras propdsi
tos estructurales especiales, donde es importante ¢l ahorro en paso,

It
.

ESPECIFICACIONES

[ gt

.1, ESFPECIFICACIONES DEL PRODUCTO

[3¥)

.11, Requisitos generales,

E] material suministrado bajo esta Norma debe cumplir con los requisitos -
aplicablés de la Norma B 252 en.vigor.

La reparacién de los defectos con soldadura debe ser hecha con electrodos -
adecuvados,

2.1, 2. Material

Zl acero debe ser fabricado por uno o mia de loe siguilentes procesoca: hogar
abierto, bdsico al oxigeno u horno elécetrico,

2.t.3. Reguisitos mecidnicos.

2.1,3... Il malerial rvpresentado por la probeta, debe cumplir con los requi-
gitos de resistencia a la tension indicados en la Tabla I,

BIM12 " A TaT' Tiry ™ v v omm == =
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TADBLA I
REQUISITOS DE TENSION
' DPlanchas v Barras 'Perliles Estructurales
'Para espe 'Para espe Para espe: | ' '
'sores de  'sores mayo 'sores ma ! ! L
19.1l min y ' res de 18,1 'yores de "Grupoesa Grupo UGrupos
' menores ' mm hasta "38.1lmm 'ly 2{a}* 3(a) "4y 5 (a)
! ' 38.lmm ' hasta t ! '
_ ! ! 191.6 mm ' '
Resistencia a la ten-! ' ! r ! v
s1dn, minima en ! i ' ! ' ;
kg/mm? . vo49,2 1 47,1 1 44,3 T 49,2 1 47.1 ' 44.3
' ' : 1 1 '
Limite de fluencia ! ! r ' ' !
minimo en kg/mme ' 35.2 ' 32.3 t 29,5 * 35,2 32,3 ' 29.5
) t 1 1 -t |
1
Alargamiento en ! ! ' ' r t
200 mm de longi-- ! ! ! r ' '
rtud calibrada, mini-"' ! t ! 1 '
mo en % gl g ) 18 e 18 v 8(B) v g
J t r 1 ] [] "
Alargamiento en ! ' ' t ' i
.50 mm de longitud °* f ' ! ' '
calibrada, minimo ' ' ! ' '
en % e V21 121 P ST s

a) Ver Tabia A de Norma B 252

L) Ver 2.1.3, 2.

.cj Para perfiles de ala ancha mayores de 634 k‘g/.rn, el ajargamiento en 50,8 ram
de longitud calibrada, debe ser de 19% come minimo.

2.1.3.2. Para material representado por la-probeta, menor de 7.9 min en capesor
o didrmetro, debe hacerse una Geduccidn de 1, 25% del porcentaje de alargamiento -
especificado en la Tabla I, para una longitud calibrada de 200 mm, por cada dis -~
minucidn de 0.7% mmm a partir del espesor o didmetro especificado, abajo de 7.9 mm.

2.1.3,3, Las pronetas para la prueha de doblado, deben soportar un doblez en --
rio & 1309 sin agrictarse la parte exterior de la porcidn doblada, alrededor de un -

randril euyo didmatro debe tener una relacidn con el espesor de la probeta como se
indica en !a Tabla ML
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1AD I.a Il
RIJGCLIZITO PARA LA PRULBA DI DGELADO
Espnsor c!::-r_:c‘:-».tr:t'ial, ' Rolacion del didrietro del mandril al e g-
en mn:m ! oeror de ia probeta (a) _
asta 19.05 K I
: ' y
Mayor de 19,05 hasta 25,40 ) ' bo1/2
Mayor de 25,40 hasta 35,10 : Z
]
Mayor de 38.10 hasta 50. 80 ' 2z 172
]
Mayor de 50, 80 hasta 101, A0 ! L 3 - _
a) Estas relaciones se aplican dnicamente para el comportamiento al doblado d

la probeta, Esta proheta se debe tamar siempre on direccidn 1dﬁgitudinal ¥
uaualments tiene alguna preparacidn cn sus orillas; cuando las planchae se d
bian en una operacidn de fabricacion, ée puede usar un radio de doblado mda
liberal, espicialmente si el eje de doblado es en una direccion desfavorable’
{longitudinai).

2.1.4. Requisitos quimicos

2.1.4.4. E| andlisis de colada debe cumplir con los requisitcs indicados en la T
bla LII . '

TabBLA LI

REQUISITOS QUIMICOS

ELEMENTO - CONTENIDO, EN % _
Carboro, midximo ' 0.28
1
Mangancso ' 1.10 a L. 60
) [
Fésfaro, miximo ' 0.04
|
Azufra, maximo ! 0.05
I
Siliclio, maxime ! ) 0.30
. ' t
Cabhre minimo ' 0.20

2. 1.4.2, Enelandlisls de praducto, el acero debe cumplir con los requisitos in
sados en la Tabla HI, con las tolerancias especificadas en la Norma B 252 en vige

3,. METOLDOS DI PILBA
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4.1, DATOS TARA EL PEDIDO

Las arde:oss e material de aceerdo con esta Norma, deben incluir loa si-
puienters datos pira fezeribirlo adecuadamente:

aj Mimaro dn ecata Norma.,

b) Nornbre del raterial,

¢} Dimensiones de ia seccidn transvarsal,

d} Longitud en metros,

e} Cantif:la-:.:l {I;:ilogramna}.

f) .Requisitos adicionales o excepciones a esta Norma,
g} Certifizado de calidad o pruebas {si ae requiere),
4,2, NORMAS A CONSULTAR

B'252 1973 "lequisitos generales para placas, perfiles, tablestacas y ba--
rray de acero laminado en galiente para usa estructural®.

Bl72 1970 " Titodon de prueha mecdnicos para productes de acers”,

B 1t 1970 "Métodos de andlisis quimico para detarminar la composicién -
de aceros y fundiciones''.

4.3, LBIBLIODCRAT LA

AS5TM A 440 70

4.4, PARTICIPANTES

Secretur{s de Qbras Pihlicas

Hajalata -_.r Limina, &, 4.

Fundidora Mopinrray, 5. AL

Fundidera y corntasdosa, 5. A,

Estructaras Vubeilez, 5. AL

Centro Je lavestipacidn de Materiales (UNAM)

Institute Mexic.a-n del Petroles

Comisidn Fearowl ¢tz Electricidad






Herma Defiplciva

MORMA DE G LIODAD Aed
TUBOS CON © SIN COSTUR: DE ACE«D AL C-KEQNO,

FOUMADOS EN G/ LIENTE PAMG USOS ESTHUCTUL :LES.
B-200-1966,

1. GENEBRALIDADES ¥ DEFINICIONES

1.1, Genegralidades

l.1,t. Alcance,

lelulaly Esta Normn cubre los requisites gque deber cumplir los tubos con y sin oos
Lura, de acerpo ~1 carbono, farmados on caliente rde seccicnos cusdradag, rectanme’
res o de succivnes vspeciales pira usos estructurales en ¢onstrucclones metilicpﬁ »
roopuentes o edificios ¥ usos estrueturales en gencral.

C
o

l.1.1.2. Cuanilo se necesicen tubes con ¥y sin costura en acero al carbeno de secc Len
circular para ust-s mlsmas aplicaciones, se recomicnds el uso de tubos cubiartoes pov
Py Norma Oficial DOGN-B-I0 en wigar, los tubos cubfertos por la Horma GEfcial DGV
177 en vigor, dependicnde su eleccidn de la calidad del tubo requerida, adicionn.ie
los requisitos cspucificades ¢n eata Norma en los pArrafas 2.2,0 y 3.2,3.

1.1,2. Datos para ¢l podide,

1.1,2,1« En los pedidos de estos tubos €s necasarlo indicar los siguientes datoes,
como se¢ requicra, para deseribir adecusdamente €] material.

a) Himerp de csta Norma,

k) cantidnd fmetros ¢ ndmero de tubops),

¢) Descripcidn del material {tubos formados en calientel,

d) DProteso de fabricncidn (sin costura (Tipo 1} soldados a tope {(Tipo LI},

¢} Tamafic {dimensienes exterfores y espescr de pared),
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f} Lengttud (da f+bricnctén, mdlciples o fijos), en ;m.
g} Londicidon final.

kY Eliminncidn e robabas.

{} Cuercificacidn,

1Y Uso Final 2 tftuleo informativo.

k} Heoqulsites especinles.

1.2 Definlelencs

1.2,1. Para los efectos de esta Norma, se aplicarin las siguientes definiciones:

1.2.1.1, Tubes estructurales (structural rtubing). .

Scn les tubos destinados a ser usados como elementos estructurales o para aplicrclo-
nes mecdnicns en genernl,

2. GLASIFIC..CION ¥ ESDPECIFICACIONES L

Z.lis €laslficncion

2ul,1, Parny los efcctos de esta Norma, los tubos se clnsifican de acuards al preoceso
de fabricacidn como slgue:

TIP0 1, Con costura, formados en callenta.

TIM0 I1. 5in costura, formades en caliente,

2.2, Especificaciones

2.2.1, Hatirial,

2.241.1., El acero para la fabricecidn de estos tubos debe ser producidoa por uno o mi
do los siguientes procesos: hogar abierto, bdsico al oxigeno u horno eléetrico,

2.2,2. Composicidn quimica.

2.2‘2‘1. El acere dehe cumplir con los ruquis-ir.u!i deo cumpq:iciﬁt:. qufmiv: nnpunii-ir-n.
dos en 1a Tabla I.

gen 3,
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T B LA T,
REQUISITOS DE COHMPOSICICH QUIMIC,
Elemonto : Anﬁfisiiadu cucha- : Andlists :idzomprab1-
Carbtono, mAximo % - ' J.26 ' 0,30
Fdsforo, maximo % ' D.04 t 0.05
dzufre, pixino % ! 0.05 t 0,063
Cobre cuando ha sido especificado, ! i
ninimo % ' 0. 20 ' 0,18

2.2,3, Fabricacion.

2.2.3.1. los tubos deben ser fabricados por el procese ain castura o seldades a to-
pe ., )

2.2,4, Requisitos mucdnicos.

2.2.*’,‘.1- Rﬁquisitﬂ‘ﬁ i A IFI tﬂnsilirl-

2.2.4,1+ Los tubos deben cumplit con las propf{edades a ln tensidn nspecificadus en
In Tabln IT.

TaB LA Il

PROPIEDADES + L4y TENSION DE TUBQS DE SBCCIONES CUADRADAS, RECTANGULARES Y DE SECCIGNIS

ESPECIALES
Resistencla a la tensidn, mfn, kg/mml ﬁi (Hi o
Ltmite de Eluencia, mfn, kg/mm? 25
slavgamientes en 30.80 mo de longitud calibrada, min. % {e) _ Ei L
Alargamiento en 203.20 mm de longirud calibrada, min, % (c) 20 {b)

{n) La resistencia a ta tonsidn mixipn diebe ser de 56 kgﬁﬁuz

(b) Para marerial con espesor de pared Inferfor de 7,92 mm el valor de 2larpamicnto
en 203,20 mm cspecificada debe doducirse en 1425% por cada 0,79 mm de deducgion
del espesor de pared.

'(:} El alargamfento debe ser determinade en una fongited calfbrada de 30,80 mm 5 e
203,20 mm, a eopcidn del fabricantue.
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202.4.2.14 Todos los preductos manufacturados de ncuerdo a esta Normay deben ser so-
metidos 2 Ia prucha de doblado eén el nfmero (e pruebas indicado en 2.2.8.

2. 2.4,2, Hegquisitos de doblado.

2.2.6,2,2y Llos especimencs para la prueba de doblado deben tomarse longitudinalmente
del tube y deben sur del cspeser total de pared del material.

Los espgeinenes pueden tener los esquinas redondeadas con un radio mixime de 1.5% ma,

2.2,6,2,3. El espécimen deberd ser doblado en Frio 1809 sin mostrar grietas en el
uatericr de la-porcidn deblada, El deblado debe ser hicha alrededor de un mandril cen
un didmetro exterior que tenga una relacidn con respecto al espesor del espécimen co-
me se describen en la Tabhla IIT.

T B L oA TIL,

REQUISITOS IR LA PKUEBA DE DGBL.DQ.

' Relaciédn del diimelro de doblado cnn res

E r del cerial
spesor del ma al, mm ' pecto al espesot del espéeimens

e wer mm E e wm o mR i o mm e mm W wm mm mm Ml e mm mmm fem o v e e e ew P o e e TR e e

19,05 y menores t 172 ‘

Mayores de 19,05 o 25.40 incl- t 1

1,2.%. Manufacturza.

2.245.1, Todos los tubes deben estar libras de defectus superficiales y deben tencr
un acabado adecuado dentro de las priacticas usuales.

2.2,5.,24 Los defectus superficlalaos deben conaiderarse como perjudiclales cuanda -

tungan una profundidad que exceda del 15% del espesor de pared establecido en las Ta

Llag I¥ y V y cuandu las imperfecciones del paterial atfecten la aparlencia del mienm-

hreé gstructurzal, ¢ cuande su longitud (medida en direccion cransversal) ¥ profundidas
nt reduzean el area de la seccidén transversal total en cualquier punto.

2.2.5,3. Defeetss purjuticinles que tengan una profundidad que no excedn el 33 1/3%
dul evspesor de pared estiblacide en las “ablas IV y V pueden ser reparidos por solda-
furnh slempre que sé sujeten a las siguientes cenndlciones:

2,2,5.3.1.  Los defectos debun ser cenpletamente removidos o empare jados y Hmpiades
nasta encontrar material snno.

2,2,5.3.2, La reparacidn per scldadura, deberad ser hecha wsandn electrndos cubilertos
mriplatos,

2,2.5.3,3, El metal de la soldadura proyectadn debe ser removido por amolade para pr
dugi,; un buen acabadg.
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2.2,5,3.4, Los extremcs de les tubos estructurales, ecxceptuando otrn cosa que se -
haya especlficado, deben sar cortades a escuadra y las rebabas eliminadns a unp mini-
mo. Las rebabas pueden eliminarse en diametro exterior, interior, o ambnss como un -
requisito suplementaric, ¥ cuande se desee esta nptr1c1£n extra, deberd ser ascntwia
wn la ardan de compra,.

E.E.b. Dimensiones. . ' e = =t

2.246.1.  Tubos ustructurﬂles cuardrados.
T RV L
L2s dipensf{ones cxtoricores { a travds de los lados), el peso por'metro y el espesor
niminal de pared caleulado para tubcs estructurnles cuadrados mis usuales, estin_in-
dicadoes en la Tabkla IV, e
F

2,2.6,2. Tubos estructurales rectangulqresu

[ wu b
Las dipansiones extnriores ( a través de las lados,), el peso por metro y el cspesar
de pared caleculado para tubos estructuraies rectangularp: nis usuales, estan ilica-
dos en la Tabla V. v L e = -t

o -

2+2,6,3. Tubos estructurales de secelones éspeclales,

1
—an L
~ L S LI
L18 dimensiones y tolerancias de tubos estructurales de seccidn especial, deberin -
ser fijadas de, comdn acuerdo entre fazbricante y compradoer y asentarse en la orden de
1
cCCmpraa  m e = - - R

k

2.2.,6.4, Otres tamafos.

Tubas estructurales con ¢ sin costura formados en callente de acterde gon los requie
sitos de esta Norma y en dimensicnes diferentes n las especificadas en las Tablas IV
v V deben sapy fabrieadas por convenio previc y en este cisn las telerancias. dimensio
niles deben geor. las aisnas que aquellas mostradas en esta” Norma para tipes y tumafios
similares,

T A4 B L A IV, ! roat

DIMENSIONES MAS COMUNLES PhiRA TUBOS ESTRUCTURALES CUADR.ADOS

Tamafios exteriores dimensig, !

Peaso redrico ' Espesor nominal de pa-
nilles o través de les lados, . : rez caleulndo mm
planos mm , . . e
25,40 por  25.40 - v 1.62 v 2,61
! 2,10 - 1 ) 3.39
T, 400 b 2,79
d 4,52 ' ‘ 3,18
50.80 npor 50.80 . . * .
' P ' 5.43 ! 1,91
It [} ﬁ.{&l 1 l{l.?ﬁ
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- T BL: V. {(Continuncidn) . {
) ! 317.66 t 6,35
254,00 por 152.40 : 46 . 49 ! 7.92
' 54,81 ! 9.53
! .46 t 12.70

2.2,6.5. Longitud,

2,2.6,5,1+ Lus tubos estructurales producides en largos de fabricacidn cntre 4,88 m
16,70 mp o entre 5.76 @ a 13,40 m, en largos miltiples v en largos Fljos, el lacgn -
necesarie deberd establecurse ven 14 wrden de compra.

2.2.7. Tolerancias en las dimensiones.

2.2,7.1, Dimenslones uxtericres,

2.2,7.1,1, Lis dimensiones especificadas, medidas a travds de los lades planos on
pusiLimnes localizndas por lo menps a 50 mm, Je cualquiera de loa extremos e inclu-
yendo el m~rgen necesarlo para la concavidad y convexidad no rdebe excader las canti
dades en mis y en menss especificadas en la Tabla VI,

2-21?12. i‘QSn.

2.2.7.2.1, El peso de los tubos Lsrructur*les especificndos on las Tablas IV.-y ¥
ne deben sor menores del indicade en mas de 3,57,

312-?13- L{!I"Eitud. .

2.2,7,2.1. Cuando re han especificado tubos en longitudes fijas, las tolerancias
purmictidas sordn de acuerdn a lo especificado en la Tabla VIT.

2.2,7.4,  Kpctirud,

2.2,7.4.t, Lla variacién permisible para la rectitud de estos cubcs debe ser de 10
mm por el ndmero de metras, dvidido entcre 5,

VU
2.3.7.5, Descuadrado de tos ladus. ' -
2.2.7.53.1. Tara tubes cuadrados o rectangtlares, los ladus adyacentes pucden des

viarse de los 90° por uma tulerancia ya sca en mis o menos de 29 miximo

2,2,7.6, Torcide ' :

2,2.7.6.1, Lla variacifn para ¢l torcida o la varlacidn sobre el alineamiento axial
4z ios tubos de seceldn cuadrada, rectangular o especial, debe ser de acuerde a ln
vaspeclficadae en la Tabla VIIT. . -

2.2.7.6,2, El torcido es medido manteniende uno de los extremos planos del tubo en
«na supe=ficie plane y anncando la alrtura de la ctraz esquina en el extremo opuesto
of el misme lade plann del rtubg, enlocade sobre ‘la superficie plana,

4

'l‘fi"
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2.2.7.7. Radic de las esouinas.

2.2.7.7.1. Bl ratio de las esauinas no debe exceder de 3 veces ¢l espescer 1o
pared especificate.

T B L A VL.

TOLERAKCIAS SOBRE LAS DILENSTONCS EXTERTORES DE LOS TUBQS DE SECCION CUADRSDA,
RECTaNGULAR, O ESTECLAL.

Dimensidn exterior mixima 2 través ' Tolerancia (a) en mds ¢ en menos, mm
de los ladgs planns, om !

63,50 ¥ manores ' 0.51
Haypres de 63.50 a 88,90 incl. ' 0.64
ayores de &8,%90 a 141,30 incl, ' 0.76
Maynres da 141,30 ' 1 %

(a).- Tolerancias para la dimensicn exterior respactiva incluye las coleran--
cias para canvextidad y cencavidad,

T aBpLaA VIL

TOLERGKRETAS PaRA LOWGCITUDLS FIJas BE LOS TUBOS EN mm

'BL70 ¥y mencras " Haycres de 6.70 a

! fO13,40 m incl,

L}
, ¢n ods T oen menoe! en mds ! en menos

Tule{an ia sobre la

1 t 1
ongltu Po1z2.70 ) 8.35 1 19.05 6.35

TABL A VIII.

TOLERANCIA SODRE [l TQRCIDQ DE LOS TUBDS DE SECCIQON CUADRADA, RECTARGULAR ©
EETECTIAL.

Dimensidn extericT mayor especificada ' Hixima torsidn permitida por
mm ; carla merre, mm
L1090 ¥ manoTes ' 1,39
Mayures de 28.10 a 63.50 incl. ! 1.72
Hayares de 3,50 3 101,60 incl. * z.08
liayores de 101.60 a 152,40 incl. ' 2.42
tinycres de 152,40 a 203.20 incl. ' 2,76
idayores de 203, 20 ' 3,11

dtudg 10,
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2.2.8. Lpostren.

2.2.8.1. Exceptuandn ctra cosa que se indigue, ¢l muestreo serd heche e --
aeueridn A 1o fndlieade en los siguivntes pdrrafos.

2,2.8.2. Himero «e pruehas.
2.3.8.2.1.,  fhuimicas.
2.2.8.2,1.1. anilisis rde cuchara,

Un andlisis do cuchara feberd ser hecho de cada colade de aceroc producida
pur ¢l fabricante, Este andlisis debe ser heche fde un lingete durante el va-
ciado del acerc. La cemposicicn guimica del acero asf! feterminada Jdebe cstar
le acuvrdu a los requisices especificndos para este andlisis on la Tabla I.

2.2.8,2.1.2, andlisls ¢ eemprobacidn,

Un andlisis de comprobactdn puede ser hecho pop el comprador en tubes toermi-
nados de acucrde con esta Norma, o un andlieie puede ser hecho de la maturia
Prima en existencia, cuand. Se van a producic tubes scldades. Cuande @l and-
lisis de comprobacicn es heche, ilos muescras deben selececicnarse de eada lo-
te de 500 tubes o fraecicn, En el caso de que une de les andlisis efvctuade
en una fde las muestras no esté conforme a los requisicos especificades ¢n la
Tabla I para andlisis e comprobacidn, un nueve andlisis debe ser hecho en -
dns muestras adicicnales seleccionndas del mismo lete, cada une de les cuales
debe estar Je acuerdd. con los eequisitos cspecificados.

Z.2.8,2.). Mocdnicns,

2.2,8.2,2.1. Dus prucbas de tcnsidn y des prucbas de dablado rebern ser he-
chas en tubus represuntatives fde cada colada, sin embarge, si los tubos fa-
bricados de una wmisma colada son de diferentes e¢spesores dc pared, upa pruce
ba :le tensirn ¥ una prueha cte doblade deberdn hacorse en mUgsEraAS Tepresen-
tat{vas del cspesor mas ddelpade y el vspesor més grueso.

2,2.8.2.3, He-pruebas,

2.2.8,2,3.1, S5i el resultade de las pruebas'de tensidn y de dobiade pn Te-

sultan ernforme a lo especificado, se permitird una nupva prueba en el doble
o muestras seleccicnadas del mismo leote. En caso de gue estap nuevas prues

bis fallen e acuerdo con los requisitos establecidos de tensidn vy de do--

blads, ¢l fabricante puede elegir on Aar un cratamlento térmico ¥y somatsar -

{ns tubos a nuovas pruchas, o en clintpnar la cendicidn respunsable de la fa

1Ia hasta entontrenr que #] material cumple con los requisitos especificades.
e atra mancra ol material de la cclada sera rechazado.

2.2.%. MHarcada.

d,2.%9.1. En adicicn a las marcas especificadas en la Meorma Oficial c----a-
PaNE-139 on vipur s¢ Adebe incluir ol nombre del fabriemnte, grado, lorra y
nimer. ‘v g5t Horma.

.

e 11.
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2,2.10. Recepcidn,
2.2.10.1. Inspuccicn.

NHientras sc fabrica una orden de cumprz segln esta Norma, el compradcr polri
enviar un irnepector a la planta del producter gquien le facilitard libre accesa
a las secciones de fabrieacidn, inspeccidn y  control que i{ntervengan en ia
produccidn y despacho del material, 5i no se establece lo conlrario praviamen
tie, la tema de mucstras y prueha para la acepracion del material debe ser he-
tha en la planta del fabricante antes de su embarque, sin interferir en las o
peraciones de trabajo normales de la fabrica.

2.2.10.2. aAceptaeidn,

los tubos se aceptaran cuanrdo hayan cuoplido con todas los requisites de cs-
ta Norma ¥y cuande 12 aceptacicn del material por parte del cemprador ae hapa
con base a certificados, detas deben cumplir con lo establecido en 2,2,10,3,

2.2.10.3. Cuarnda el cemprodor solicite certificados, ! productor deberd en
trechar uno que incluya el nombre ¥ ndmero de esta Norma, el grade da acers,
los resultades de los analisie quimicos de comprobacion ¥y Ae las pruebas me-
cinicas, estableciéndese que el material entregado, cumple com le especificp
do ¢n esca Norma.

212!1(].#- RCChaZGSi

En la eventualidad de que los tubos una vez entregades y sometidos a las ope
racicnes de aplicacidn ya sca en talleres espectalizades o ¢l lugar de su a-
plicacifin, revelaren defectns perjudiciales imputables a material defectusso
v al proceso de fabricacidnm, los tubos serdn separaldos y se deberd avisar al
Fabricante para calificar dichos defectos en conjunte. Tor acuerde previo se
decldird el destino ide estos tubns,

3. HETODOS DE PRUENS.

i.1. ara las pruebas especificadas en esta Horma, se usardn los métedae Jde

prueba Jdescritos en las Hormas Oficialces DGH-E-172 y DGH-K-179 en viger,
4.  APMENDICL.

L.1. Antecedentes.

ASTH-A-501-64

4,2, Foprmas DEW o consulrar.,

BGH-B-177-1066, Herma Oftcinl de Cali-lad para “Tubos con y sin
Castura, de Acerg al Carbene, para condyccion.

DCK=B-139-2566. Norma OFicial de *Requisites Generales para Ty

bos de Acero al Carbeng, de¢ Aleaciones Ferriti
€as ¥ de Ateres avatenltices Aleados.

sy 12,
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Morma Dficial de Calidad para "Tubas con y sin
Crstura de Acerp al Carboneo para Usps Conunes,

L] o 1
Herma Oficial Jde "meétodos de Trueba MecAniceos
para Productos de Acern",

Nepma Oficial du "Métrdos de Andlists Cuimico
para Determinar la Composticidn de Aceros y --
Fundiciones', ;
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I TE CONSULTIYG NACiIONAL OFZ HNORMALIZACI
D e I HDPUSTRIA S{GERURG I C A

“REdUISITﬂS GENSRALES PARA PLANCHAS, PERF'LCS,
TABLAESTALAS Y BARRAS, DI ALERQ LAMINA3Q EL CA
LIEWYE, PARA US0 ZETRUCTURALS

B 252119?h

. GEMERALIDADES

1.1. BEFIRICIONES

i.1.1.

}

#lanchna

Para tos fines de esta Norma; es el producte planc de acero laminado en

.caliente de las sigulentes caracterlsticas:

H ]
Ancho | Espesor
en mm- | en mm
h:I De 450 hasta 2657 ' Ee § hasta 203
S % El ancho es como sale del melino {con orillas de malina).
[}
;' Las planchones para fabricar ldmina delgada, as] como i{as léminas para
o fabricar tubos, frecuentemente caen dentro de las dimensicnes de Jas planchas,
g sin embargo no deben clasificarse como tales.
=
= T.1.2, Perfiles astructurales
"y v .
v Psra Jos fines de esta Norma, son ias piezas de acerc laminadoe, cuya -
5 Torma de su seccidn transversal puade ser la de una 1, H, canal, dngula etc.,
S de acuerdo con uneg necesidad estructural, en la cual la dimensidn mayor debe
tener como minima 76 mm. -
1.1.3, Tablaestacas
Para los fines de egsta Horma, Son las piarzas de acero laminado, Cu}a -
{;,farma ]us, permite interconectarse entre si para formar una pared contfauva, -

Torma
todos’
zn=ha
ancho

cuaneo cada pieza s hincada junto a la siguiente.

RN

Rarras
.
fara los fines de esta MNorma, son las piezas de acero {lainado, cuya -
ce su Sezcidn transversal pueds ser, circular, ctedrada & hexagonzl en
|25 ameios, rectangulares (solerzs) con espesor de 5.16 mm y mayores vy
¢y 52 74 cOmo méximo; rectangulares (soleras) con espesor de 5,84 mm vy
de 152 »m nasta 203 mm, N

o

NOXMWA DE REQUISITOS GEMERALES

0N
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F.1.5. Perfiles~barra

. . —

Para jos fines de esta Narma, son !as piezas de acero lamlnado, cria - ‘
forma de su Seccidn transversal puede ser de upa |, H, Z, canal, &nqule etc,
en la cual (a dimenslén mayor debe ser menor de 76 mm.

1.2, ALCANCE

Esta Horma estabirce una serie de requisltos comunes gue, a manos que -
se especiflgue otra cosa 2n la orden de compra o en la Morma partlcular del -
producto, deben aplicarse a las planchas, perflles, tablaestacas y barras de _
acero laminado en caliente, para use estructural. En el apéndice de esta Nor
ma, se-indica la designaclén y el tftulo de lcs Normas a las cuales slrve de
compiemento esta Norma,

2. ESPECIFICAL|ONES

© d.1. ESPECIFICACYOHES DEL PRODUCTOC

2.1.1. Andlisis da cuchara

E! fabricante debe realizar un andlisis quimico para determlnar ¢l con-
tenldo de carbono, manganesa, fésforo y azufre y de cualguier otro elemente o
etementes especificados o restringidos por la NHorma particular del producto,
Dicho an%|{sls debe realizarse en muastras tomadas de acuerdo con lo indlcada
en 3.2.1. El resultado de este an&llsis debe infermarse al comprador y cum--
plir con lo especificodo en ta Morma particular del producto.

2.1.2. An&lisis de producto {comprobacidn)

El comprader puede reallzar un andllsis quimice en und muestra represen

-tativa del producto terminado. Dlcha muestra debe tomarse de acuerdo con lo

indicado en 3.2.2. El resultado de este andlisis debe estar de acuerdo con -
lo especificado en la Morma particular del producte, dentro de las toleran---
cias jndicadas en la Tabla B, €, D 6 E que fe corresponda,

Cuando se especifique un intervale en la composieldn, las determinacio-
nes de cualquier eiemente en una colfada, nc deben varlar en mds & en menos de
‘tos Ifmites especificodes. Los aceros efervescentes & Lapados se caracterl -
zan por la falta de homageneidad en su composiclén, especialmente para los -
elementos carbono, fésforo yrazufre; por lo que les {imitaciones para cstos -
elementos no deben considerarse a menos que se indique claramente una mala -
aplicacién del productao. , o

O
2,1.2,3. Tolerancias en el andiisis de comprobacidn para placas, perflles es-
tructurales y tablaestacas.

Las piaﬁchaﬁ, perflles eSthcturaTeS;? tablaestacas, de acero al carbo-
re, deben estar sujetos a las tolerancias indicadas en 1a Tabla B.

Las planchas, perfiles estructurales y tablaestacas, de aceros de alta
resistenchra ¥ dé alta resistencia y de baia aleacidn, dehen estar sujetas a -
las toleranclas indicadas en la Tabla B, en cuante a; carbono, manganesc, fds
fore, azufre, silicio y cobre {cobre dnicamente cuanda se especiflique en can-
tidades de 0.20% y mayores) y a las tolerancias de la Tabla £ pare los demds
eiementos (incluyendo al cobre cuande se especifique un Intervalo del mismo).

HE .-
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Las pltanchas, perfiies estructurales y teblaestacas, de acero aleado,
deben estar sujetos @ las toleranclas [ndicadas en la Table L.

2.1,2.2. Tolerancias en el andlisis de comprobacién para barras y perflfes-
barra, .

Las barras y perflles-barra, de acero al carbono, deben estar sujetos
a las tolerancias indicadas en la Tabla D,

Las barras y perfiles-barra, de aceros de alta resistencia y de alta
resistoncia y haja aleacidn, deben estar sujetos a las toleranclas indicadas
en ta Tebla D, en cuanto a; earbono, manganeso, fésfero, azufre, siliclo y
cobre (cobre Gnicamente cuando se especifique an cantidades de 0.20% y mayo
res) y @ las toleranclas de la Tabla E para los elementos de aleacldn {Jn--
cluyendo al cobre cuando se especifiqua un intervalo del mismo).

2.1.3, Tolerancias en las dimenslones y peso.
2.1.3.1. Planchas

Las tolerancias en las dimenslones de las planchas, deben ser las in-
dlicadas en las Tablas | a XV¥.

2.1.3.2. Perfiies estructurales

Lta tolerancia para el firea de la seccldn transversal o para el pasn,

de un perfil estructural, deba ser como mbximo de 2,5% dol brea o peso ted-

rico o especificada. L

-

Las toierancias en las dImenslones de los perflles estructurales, de-
ben ser las indicadas en Tas Tabhlas XVI & XXV.

2.1.3.3. Tablaestacas
La Eulﬂrancia en peso para una tablaestaca, debe S3er como miximo do -
2.5% del peso tedrico o especificado. La tolerancta en longitud para una -

tabiaestaca debe ser de 125 mm en mis y da 0 mm en menos, del largo espec|-
ficado, - : :

2.1.3.4, Barras y perflles=karra.

Las tolerancias en las dimensiones de las barras y perflles-barro, de
ben ser Tas Indlcadas on 1as Tablas XXVI a XXXV.

2.1.4, Acabado
2.]-“.]! EEﬂﬂrﬂl

.E¥ materlal debe estar libre de defectos perjudiciales y tener un aca
bado compatlble con una buena préctica de fabricecidn.

b, -

"
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2.(.4.2. Planchas

Las planchas pueden acondicionarse par el fabricante, aliminande los -
defectos deé 1o superficie o depresiones en cualgulera de las superficies da
ias planchas, mediante esmerllado, de manera que el &rea esmerilada gquede -
limpia, sin cambios hruseos en su contorno ¥ 8in que se disminuya el espesor
de la plancha en:

h
-

a) -His dcl F#% dal espesar nominal, cuando las planchas se ordenen.en
peso/mZ, sin que la disminuclén del espesor exceda, en nlngin caso,
de 3.8 mm,

b) Mas del espesor minime permitldo, cuando tas plenchas se ordenen -
por. espesor en mm, .

Las planchas pueden tener Imperfecclones sgbre ambas superflcles y és--
tas pueden eliminarse por cincelado, esmerllado o "arco-alre" y un posterior
depdsito de soldadura, sujetc tode esto a las sigulentes 1imitaciones:

a) El 4rea cincelada, esmerllada o tretada con ''arco-alre'' de cada su-
perficie de una plancha, no debe exceder del 2% dal drea de esa su-
perficle,

b) La disminucién del espesor del matarial resultado de la ellmlnacién
de los defectos, antes de) depSslto de soldadura, en cualquler Tu--
gar de 1a plancha, no debe exceder del 30% del espesor nominal de -
la plancha,

2.1.4.2.1. Las orillas de las planchas pueden acondiclerarse por ei fabricente
para &liminar imperfecciones superficiales, mediante cincelado, esmerllado o

Marco-alre" y un posterior depSsito de soldadura (ver Inciso 2.1.5), Antes =

“ del depésito de soldadura la profundidad de la depresidn, medlda a partir de

la orille de la plancha hacia adentro deba )Imltarse al espesor de la plancha

con una profundidad maxima de 25 mm,

2.1 .4.3. Perfiles estructurales, perflles-barra y tablaestacas.
]

Los perfiles estructurales, perfiles -barra y tablaestacas, pueden acon-
dicionarse por el fabricante, elimlnando los defectos perjudiciales de l1a su-
perficia o depresiones, medlante un esmerilado o cincelado y esmarilado, pre=-
viendo que el drea esmerilada quede iimpia, 3in camblos bruscos en su contor-
no ¥y que las depresiones abajo de la superficle de laminaclén del perfll po -
sean nayores de: . o g ore
a) 0.79 mm para materiales con e§225nr menor de 9,53 mm.

4

b) I.59 mmn para materiales con espesor de 9.53 mm hasta 50,80 mm;
c¢) 3,18 mm para materiales con espesor mayor de 50,80 mﬁ.

2:1.48.3.1. Los defectos superficiales con pnofundldad mayor a los 1fmites an=-
tes citados [a,b y ¢} pueden eliminarse por cincelado o esmerllado, y un pos=-
terior depdsito de soldadura (ver [ncise 2.1.5), sujeto todo esto a tas si---
guientes Jimitaciones:

al El #&rea total de la superflcle clncelada o esmerilada de cualquier
. pieza antpsldel depﬁﬁigq de qalgadura* ne debe exceder del] 2% dei -
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b) La disminucién del espesar del material, resultade de la elimina-
cién de Jos defectos en cualquier lugar, antes de proceder a depo
sitar la soldadiura, no dobe exceder del 30% del espesor de pared
nominal en e! lugar del defecto, ni la profundidad de !a depre---
sién, anizs de soldar, debe ser mayor de 32 mm en cealquier caso,

-~ excepto lo indicado en C.

c) La raiz de les &ngulos, de las vigas, de las cansles y las zetps;
asi como Jas almas y las ralces de las tes, pueden acondicionarse
por esm2rilado, cincelado o "arco-alre” y un pasterior depdsito -
de saldadura, Antes de depositar la scldadura debe verificarse -
que ta profundidad de la depresidn, medids desde la parte inte---
rior de la ralz, debe limitarse por los espesores del material en
la base de ia depresidn, con una profundidad mixima de 13 mm,

d) Las conexiones de las tablaestacas pueden acondlclonarse, soldan-
do {ver inciso 2.1.5), y esmerilando, para reparar o reconstruir
cualguier parte de la conexién, slempre y cuando, el &res repara-
da o reconstruida no excede del 2% del Srea total.

=
2.1.4.4, Barras w

Z2,).4.5%,4. Las barras pueden acondicionarse por el fabricante, eliminande -
.los defectos superficiaies, mediante esmerilade o clncelado o cualgquier --
otre medio, previendo que el Srea esmerilada o cincelada queds Jlimpia y que
el fres de la seccidn afectada no se reduzca en mis de las tolerancias indi
cadas en 2.}.3.5,

2.1.4%.4,2. Las imperfecciones mayores en profundidad qla las limitaciones -
indicadas en 2,1.4.4. pueden eliminarse por clncelado o esmevilado y un pos
terior depdsita de soldadura (ver inciso 2,1,5) sujeto tode esto a las si--
guientes Jimitaciones,
a) El &rea total de la superficie esmerilada o clncelads de cualquier
pieza antes de Soldar, no debe exceder del 2% del drea totai de -
la superficie de la pieza.

b} La disminucidn de la dimensién de la secciédn de una barra redonda,
cuadrada o hexagenal o la reduccidn en espesor de una salera, re-
sultada de, la eliminacién de una imperfeccién, antas del depdsito
de soldadura, no debhe exceder del G¥ de las dimensiones nominales
o espesor en el hgar donde se presente la imperfeccidn,

¢) En las orilles de las soleras la profundidad de la depresidn de -
acondiricnamienta, antes del depdsito de seldadura, debe mudirse
a partir de las orllias hacla adentro, y debe limitarse a una pro

Furdidad mdxima igual al espaser de 16 solera o a 13 mm, lo que -
sca mener,

2.1.5, Reparacidén por soidadura

2.1.5.1, Aceros al carbono y aceros de alta reslstencla y de beja oleaclén.

## 61-
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2.1.5.1.1. Todas as solladuras para aceros al carbono ¥ para aceros de alta
resistencia y de baja aleacidn deben ejecutarse por soldedores calificados,
vsande alectrodos de baje carbong, de acuerdo con las series adecuadas (ver
inciso 5.1 del apéndice}., Los electredes deben protegerse de 1a humedad du-
rante su almdcanamiento v uso,

2.1.5.1.2, El fabricante debe establecer y segulr prucedimlentns de soldadu-~
ra aprnhadn . ¥y adecuados al materizl a soldar,

2.1.5.2, Acerao aleado

2.1.5.2.1. Cuando se especifique en la orden Jde compra, para reailzar repara
tiones por soldadura, debe chtenerse antes ia aprobacién del comprador.

2.1.5.2.2, El tabricante debe establecer y seguir los procedimientos de sol-
dadura aprobados y apropiados para el materfal 2 soldar.

cuando el comprador lo especifique en ]a orden de compra, los procedimientos
deben ser aprobados por el comprador y los seldadores deben ser calificados
para recalizar dichos procedimlentos,

2.1.5.2.3, Después de {a ellmlnacién completa del defecto y antes de soldar,
la ¢cavicad debe examinarse mediante el método de Inspeccién con particulas -
magré.icas o ligquidos penetrantes, a fin de asegurarse gue la imperfeccidn -
na Side eliminada totalmente. Cuando se use la Jnspeccidn con partlculas man
néticas la cavidad debe examinarse en sentldo paralelo y normal a la longitud
de la cavidad,

2.1.5.2.4, los electrodos deben protegerse de 1a humedad durante su almacena-
mientd y uso.

2,1.5.2.5, Los electrodos y £l metal base dehen estar libres de hldrégeno -~
produzide por contamirantes tales como aceite, grasa u otros materiales orgd
nicus. E| material base debe mantenerse Seco dyrante la cperacidn de solda-
dura,

1.5.2.6. Para materiales tratados térmicamente, todas las soldaduras deben
reaiiZarse usando ¢l procese de soldadura de arco con slectrodos protegidos
6 en atmdsfera de gas lnerte var inciso 5.1., del apéndice. Llos electrodes
deben seleccionarse ce manera, que el metal depositado sea compatible con las
propicdades mfnimas dal metal] base.

E] contenido de humedad no debe exceder del nivel tolerable para el me
tal base.

Parg ¢l prosuso de gas inerte, la composlcidérn dal metal depasitado de-
ba se: compatibie con las propiedades minimas especlficadas para el metal ba
c. D5 fasti nsadns para la proteccién deben ser de calidad de soldadura,

Cuanutr las reparacliones por cualguiera de 193 dos procesos mencionados,
vayan d sei’ fratadas térmicamente, debe tenerse especial cuidado en }a selec
cidn de los eleetredus a fin de evitar aguellas composiclones gue den Fragi~
lidau como resultade del tratamlento téemlca,

4
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2.1.5.2,7. La zone afretads por el calor, en los acoros aleados templados y
revenidos, puede ser afecradn adversamente gor calor excesive © precaigntas
miento exeehiivo o ambos, Sinilarmente un precalentamiento y aplicacidn de
calor insuficiente en la suldadura para aceros aleidos templadas y reveni--
dos, pueden dar como rasuliado defcctos imdeseables; por tanto debe usarse
una combinacién adecuada de aplicacidn de calor v precaleatamiento (inciu--
yendo temperaturas de interpaso). '

2.1.5.2.8, Para material que va a ser templado y revenido despuds de la re-
paracion per soldadura, los electrodos de spldadura deben seleccionarse de
marera que la soldadura depositada, cumpla con las propiedades mecénicas Jel
netal base, después del tratamlento térmico,

2.1.5.2.9, Las reparaciones Scbre material que posteriormente vaya a ser --
tratado térmicamente, deben emaminarse despirés "Jdel tratamiento térmico. Las
reparacioney soore material que no va @ ser posteriormente, tratade térmica
mente cn la fdbrica, debe ser examinadc después de 48 horas.

En cuelquier case el &rca reparada debe examlnarse por cualquicra de
los métodps indicados en 2.1.5.2.3,

2.1.5.2.10, Lu localizacitn da las reparaciones por soldadura deben marcar=
se en la pieza terminada,

§.1.5.3. Calidad de la reparacidn por soldadura, -

Las scldaduras y las zonas adyacentes afectadas por ei calor deben es
tar sanas y likres de grietas. el metal de la scldadura debe estar totalmen
te fundido y todas las superficies y orillas 8Tn Socavacionps 0 sohremontas,
cualquicr griata visible, porosidad, falta de fusidn o socavacidén en ¢ual--
quier cordén de saldadura, debe eliminarse antes de depositar el siguiente
cordén. El metal depositado de soidadura debe sobresalir como minimo 1.6 mm

~arriba de Is superficie {aminada y el matarial sobresaliente debe climinar-
s5e por cincelado yfo esmerilado hasta nivelarlo con la superficie laamipnada
y iograr asi un buen acsvado.

2.1.5.4, tnspeccién de fas reparaciones,

Et fabricante debe mantener un programa de inspeccidén de acuverds con
lo siguiente; '

1. Las imperfeccicnes dechen removerse completamente.
2. lio deban sycederse las limitaciones establecidas en esta Norma,

1
3. Deber srquirse los procedimientos de soldadura establecidos,

L, Cuaslquier depdsito de soldadura debe ser de la calidad establecida
anteriarmente.

2.%2. ESPECIFICACICHES DEL MARCADG
2.2.1. Plan<ha=z

" CLada una de las planchas debe marcarse por estampado, troguelado o -
pintadn, v ol ndmero de la coladn, ol nombre de) fabricante c marca re--
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gistrada, Lamafio Y espescr; 3 menos Que se especifigque otra cosa, tales mor-
cas, en ¢l casa de pacuztes perfectanente asegurados, de planchas con espe--
sor de 9.52 mn {cn Las0 gue - especifique material para Ja construccidn de
puentes debe considerarse 7.93 mm en lugar de 9.52 mm) de espesor y menores,
en toedes lon tamafios y de planchas con anchos de 214.40 om ¥y menores cn to--
dos 10$ espesores, pueden marcarse por estampado o plintado de la plancha su-
perior de cado paguete o bien onotando todos los dotos en wuna tarjets o eti-
queta atada o cada paguete.

2.2.2, Perfiles estructurales y barras perfil.

Cade uno de los perfiles estructurales y barras perfil, debe marcarse
con el nimerc de cotada, tamafic de la seccidn, longitud y marcas de identifi
cacibdn de la laminacign, Ei nombre del fabricante o marca registrada debe -
marcarse con letras reaizadas a intervalos & lo Jargo de toda ia longitud, -
con excepcién de aquellos perfiles estructurales y barras perfil, pequepos,
cuya dimension mds grande de su Seccidn transversal no sobrepase de 127 nm,
qua.pueden embarcarse en atados, en ¢uyo caso pueden identificarse mediante
una tarjeta 0O etiqueta sujeta 8 cada atado,

2.2.31, Tablaestacas

Cada tablacstaca de acero al carbone debe marcarse con el nimero de co
lagi, nombre del fabricante o marca registrada,” tamafo de 1a seceidn, longi-
tud y marcas de identificacidn de ta laminacién,

2.2.4, Barras

Las barras en atados perfectamente aseguradas, deben ldentificarse ..
diante una tarjetas con los siguientes dates: nimero de la orden de compra, -
grado o especificacidn, tamano, longitud, peso del atado y ndmero de cojada,
Las barras no necosttan eStamparse con dado.

2.%. ESPECIFICACIONES DEL EMBALAJE ' :

Deben ser motivo de acuerdo previo entre fabricante y comprador.

v

3. MUESTRED R
3.1. ESPECIMENES DE PRUEDA

i. Los especimenes de prusba deben prepararse del materiai en s5u condi-=

. de entrega, cxieptoc jos especimenes para materiales tratados térmicaimen

.+ que pusden preceder: del material ya tratado térmicamente y listo para su

LS0, de piezas preporaddt con el espesor total o a 13 seccidn compieta con ~
crataniente tdrhico simiiar.

2. Los elpecimenes deben tomarse longltudinalmente ¥ a excepcidn de lo -
c. :ificado en 3.3. deben ser del espesor tetal o de la seccidn completa =
de- material tal comd se entrega. ' @t

#¥ 9.-
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.3.).3. Los especimenes deben tomarse de las almas de las vigas, canalus y ze
tas; de Tas aias de los dngules y dngulas de bulbo asl como de las almas  de
las seccignes T laminadas,

i.1.4. los cspecimencs para pruebas de tensidn v doblado de barras gquo vavan,
a usarse comg pasadores y rodillos, menores de 76 mm de didmelro, deben to--
marse de modo que el oje quade & la mitad entre el centra v la superficie.
Los especimenes para la prueba de tensidn y doblado para pesadores y.rodillos
de 76 mm y mayores en didmetro, deben tomarse de manera que e} eje quede a
25 mm de lo superficie.

Los especimenes de prueba para las plonchas deben tomarse de las esqui

[ ==1

nas de las mismas, . -t
[a—

3.2, NUMERO DE PRUEBAS

3.2.)1. Andlisis de cuchara

Se debe realizar un andlisis de cada colada de acero, en muestras toma
-das durante el vaciade de la misma.

3.2.2, Analisis de producto [comprobacidn)

5 debe realizar un anslisis en una muestra tomoda de] material termi-
nado procedente de cada colada.

3.2.3, Dekben realizarse doS pruebas de tensidn y dos de dobladn de cada colg
da y de cada grade de resistencia con las sigulentes excepciones:

a) Cuande el material terminado procedente de una colada o de un mismo
grado de resistencia, sea menor de 50 toneladas, en cuyo caso so =
considera suficiointe una prueba de tensidn y una de doblado,

b) Cuando el material terminado, con espesor.de 50.80 mm vy menor, pro-
cedente de una colada o de un misme grado de reslstencla, difiera -
9 mn o m&s en espesor, en cuyo caso se deben hacer una pruebs de -
tens{Sn v una de doblade, tanto del material mis grueso como del -
més delgado, Independientemente del peso que representen.

¢) tuando el material termlnadeo, con espesor mayor de 50.80 mm, proce-
dente de una colada o de uh mismo grado de reslstencia, difiera --
25.% mm o mas en espesor, en cuyo caso se deben hacer una prueba de
tensifn y una de deblado, tanto del material mds grueso como del -
m3s delgado, independientemente del peso que representen:

e

3.3. PREPARAC IO DE LOS ESPEC{MENES

3.3... Los especimenes para las pruebas de tensién de perfiles, saleras y -
~.anchds, con excepcibn de fas planchas de acero aleado que tengan un espe--
.o mayor de 38,10 mm, pueden maquinarse de acuerdo a la forma y dimensiones
‘ndicadas en la fig. 1 o con ambos cantos paraletos {fig. 4, Nota 2 de 1a --
sarma B 172 en vigor}.

3.3.... Los especlmenes para pruebas de tensién de mate;?hl mayor de 38.10 mm
de ezpesor o didmetre, con excepcidn de las planchas y barras de acero alea-
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dd Cur Lo VIEAn yoLr o ene passdares y rotillos podon maﬁﬂingrSELa un g5
sesor o diskelro no merer de 19,05 inm para una Iongroad de Ja Seccldn reduci

Ja ao menge e 220,00 o,

-

33,3, s -t nacimenes nars pruebss de tension pord materiales mavor Jdf .-
IE G5 mm oer e paser o didmetro, pusden manuinacse de azverdo o la formo o A4
rEALiones iuicaaas e 1o tig, 2. Los espeszimenes pive pruasbas de vensidn -

@z planchas de ace-o aleado mayores de 38,10 mm'de espesor v para barras que
8 vavan 4 e Soepge pasadaores o rodillos, daben maguinarse conforma 2 {3 -
ferma y dimensiones |nd:hadas en la fiq. 2. '

3.5.4, Con excepcidn de lo indicado en 3.3.5. v 3.3.4., los especlmencs para
pruchas de doblada de perfites, soleras y oalnnchas. dehen tener un anche mf-
nime de 3.7 wm, ambas orillas paraleias v puzden ~=r prepar2dos por Mma3guina
do, zortaucs: Teb rnizalla o cortados con yis,

3.3.5. Los ctpuclmenss pedra pruebas de oablads de planchas de acero aleado -
con espesor maynr de 19.05 rm y para cualquier otrc a2terial con espesoar g -
didmatro a3y s de 3810 mn, cxcepra lss Latras gue £z vayan 4 UsSar como pasa
dores o rodilhus, pueden maquinarte a un esnasor o didmetra no menor de ~--
15.05 mm o bién a uns seccidn transversal rectangular de 25.450 x 12,70 nm,
Cuando la prueha seg efcctita en un espécincn de cspesor reduclde, la superii-
cie de laminacicn debe quedir en la parte exterior de la parcitn deblada.

31.3.6. Los espccimenes para prueba de dablade para barras que se¢ vayan 4 usar
coma pasndores o rodillos deben téner una Seccidn transversal rectangular de
25.L % 12,7 mu, -

3.3.7. Lous lades de los especlmenes para pruetas de dablado, pueden tencr -
5% Bsquinas redondzadas o un radic no mayor de !B mm para especfmenes con
espuion au 50,80 mn y menor y mayor de 3.19 mm para especfmenes con espesor
maysr do 50.8C mm,

3.4 REPLTICION DE FRUEBAS

3.4.1, 31 cualquier espécimen de prueba muestra defectns de maquinade 0 rove
iage imparfecciones, debe descartarse y Sustltuirse por otro.

3.4.2, Si en cualquier espécimen probado a la rensidn, el porcentaje de alar
gemiaatg e5 menor que el 2specificade y/o Ya'fractura se localiza a mds de -
!9 7m del centro de la longitud ralibrada de un espécimen de 50 mn o & mds -
oe 50 mm de un espécimen de 200 mm, 5e debe repetir la prueba.

3.6.3, 50 los rﬂﬁu?taduﬁ en un espécimen probado a la tensidn se encusntran:
denira de .4 kg mm?_del walor de la resistencia a 1a ternsién especificada,
Centro de 2.70 ke/inn? <zl iimite de fluencia especificade o dentro de dos.uni
¢£ini de! porcionio ce alargamientn especifizado, 5S¢ permite reatizar otra -
arueba en un espicimen tomado al azar del mismo lote o colada, §i tas resul
sudes da erta nueva prucbe cumler con 1o especlficado, la colada o Jote de-
Lloacoptarse.

3.5.4, §i ur. espécimen someiido & la preeba de doblado falla, debico & condj

crunas de Johiler mis severas qus 1os especlificadas en la Norma particular --
CLo procucid, &8¢ uzrmite repetis la prueba,

447
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3.5.5. Las planchas de acero aleado deben cumpiir con las pruebas adicionales
especificadas en la Norma particular def productso.

3.4.6, %i un espécimen cortade con cizalla o con gas, falla debldo a las con-
dicicnes de corte, se permite realizar otra prueba, sobre un espécimen maqui-
nade.

. 3.5. CRITERIQ DE ACEPTACION

3.5.1. A menos gue Se especifique otra cosa, cualquier rachazo basado e&n e} -
andiisis de producte (comprobacién), realizado de acuerdo a !'a Norma particu-
lar gel producto, debe reportarse al fabricante dentro de los |10 dias hébiles
contados a partir del recibo de las muestras por el comprador,

3.5.2. Las muestras que representan material rechazado, dehen conservarse dos
semanas contadas a partir de la fecha del reporte de la prueba, el fabhricante
puede pedir una nyevd revisidn dentro de ese tiempo.

3.5.3. Los materiales que muestren defectes perjudiciales, posteriores a su -
aceptacidn en la fabrica, deben rechazarse notificando al fFabrlicante.

3.6. INSPECCION

E! inspector representante del comprador debe tener libre acceso, mien-
tras se esté fabricando el material objeto del contrato, a todas las partes -
de la fibrica relacionadas con la manufactura dei material ordenado. El fabri
cante debe dar al inspecter todas las facilidades razonables para satisfacerlo
de gque el material es elaborado de acuerdo con esta Horma. A menos que so es-
pacitique otra ¢osa, todas las prucbas e inspeccidn {excepto el andlisis de -
compraobacidn) deben realizarse en la f&brica, antes del embarque, de mancrs -
tal gue no interfieran con las operaciones de 1a planta.

L, METODOS DE PRUCBA
bolo COMPOSICION QUIMICA

Para verificar la composicién quimica tanto en el andlisis de cuchara -
como en ¢l de producto, se deben seguir los métodas de anfillsis indicadas en
la Nerma B 1 en vigor.

L,2. REQUISITOS DE TENSION ¥ DE DOBLADD

Para verificar los requisitos de tensidn y de doblado, se deben seguir
los nétodos de prueba indicados en la Norma B 172 en vigor,

5. APENDICE
5.1, OBSERVACFONES

Lot requisitos especificados en esta Horma son aplicbbles a las sjguien
tes HNOrmas;

B 254 "Acero Estructuyral

B 263 "Acere cstructural para locomotoras vy carros !
L]
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& 262 "Acero estruntural para barcas”

B 7?81 "Placas de arero al carbono de calidad estructural, de resisten
cia a la tensidén baja e intermedia’

§ 282 Acero estructural de baja aleacion ¥ alte rasistencia'
8 285 U"Acero estructural de alta reslstencia'
B 284 1'Acero estructural de aita resistencia y ba)s aleaclién a) mandﬂ
neso vanadio"
5.2. NORMAS A CONSULTAR

B 1 1570 'Métodos de andlisls qufmlco para determinar la composicldn-
de aceros y fundle{ones'

B172 1969 “'Métodos de prueba meclnicoc para pr&duntns de acero"

5.3. BIBLIOGRAFTA

ASTh A & 197

5.4, PARTICIPANTES
Centro de Investigacidn de Materiaies de la UNAM
Estructuras Fabriles, 5.4,
Comisi6n Federal de Eiectricidad
Iﬂltms Hornos de Méxlco, 5.A,
Instituto Mexlcano del Petrdleo
Secretarfa de Qbras Piblilcas
Fundidara ponterrey, 5, A,
hejziata y Limina, S,A,

F2oartamento del Distrito Fedearal,
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TABLA A, PERFILES ESTRUCTURALES AGRUPADOS PUOR PROPLEDADES DE TENSION
fodpgrz ool Grupa i Grups 2 Grupo 3 Grupn 4 Grupo 5 "
IR W G ¥ 343 hasta 493 |W 9 ¥ 5BL hasta 762 |W 36 X 556 hacts 1397)% 3€ % 1537 hast
W53y I3 W B% X 300 hasta 385 (W 54 x 505 hasta 61D ,
WAt X 11 hasta i52 W 0 X 251 hasta 533 (W 36 ¥ 361 hasta 536
W 46 X 90 W 89 X 213 hasts 45D |V 30 X 205 hasta b83 }
WhY X 66 hasts 127 W 61 X 173 hasta L06
o W 36 X 56 nasta 135 (W 53 X 140 hasta 361
430 % 35 hasta 147 1w 45 X 163 hasta 290
W 25 X 29 hasta 114 [ 1 % 147 hasta 244 '
W 20 X 25 hasta i22 [W 36 X 155 hasta 245
| 15 £ 22 hasta 64 W 30 X 165 hasta 26é9
W 12 ¥ k1 hasta 47 [w 25 ¥ 124 kasca 284
Wolo A 33 W 20 X 147 basta 170
5 0M Hasta 52 kg/m *tués de 52 kg/m
___________________ bt e e e e e
1S Hasta 52 kg/m M&s de 52 kg/m
s HF | Hasta 152 kg/m Mss de 152 ka/m
. estdndar fe) Hasta 31 kg/m Hés de 31 kg/m y
:3 misuelanegs (MC)[Hasta 42 kg/m Mas de 42 kg/m
s festructural y
varral, Hasta 1,3 cm Mas de 1.3 cm hasta M&s de 1.9 cm
1.9 cm
Las tes estructurales que procedan de perfiles W, M v 5 deben considerarse en el mismo grupo de perfiles esstruoctu’alas ¢

los cuales Se cortan,

I



B 252 1974
13

TABLA B. TOLERANCIA EN EL ANALISIS DE PRODUCTO PARA PLANCHAS, PERFILES DE TA
MATO ESTRUCTURAL ¥ TABLESTACAS, DE ACERD AL CARBONO Y DE ALTA RESISYENCIA ¥
BAJA ALEACION {a)

_ | Limite superjor - Tolerancias en % !
Elemento o miximo del ran-j{en mengs, iimite -] en mis, limite -
' go_especi ficado, % minimo méx i mo
Hasta Q.15 0.02 Q.03
Carbang M3z de 0,15 hasta
0.40 0.03 0.04
__________________________________________ memmmmemmmummal e ——— . —————
Hasta D.60 r 0.43 0.03
His de-0.60 hasta
langanesao 115 0.0k 0.04
Mis de 1.15 hasta
.65 F 0.05 0.05
Fosrorn 0.01G
______________________________________ L e e e e e e e P ]
Mrufre \ 0.010
Hasta 0.30 0.02 0.03
ilicio M3z de 0.30 hasta
1.00 L 0.05 0.05
------------------ L-—-———-—-———---—---—-i dar e e l"l-'wi-'—‘—--'l-—n--—-r—u--ll——-lll-——--l-——-n - - ——
Fubrt Abajo del mfnimo- =
L unicamante 0.02 -

{erd

s tolerancia en al andlisis de prolucte para elementos de aleacién dc -

aceros de aifta resistencia y baja aleacidn, ver Tabla C.

fE th, -
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TABLA C. TOLERANC{AS EN ANALIS{S DE PRODUCTG (planchas de acero aleado)
. . Limite 0 midnimo del elemento -|Tolerancias en mds del
Elemento especificade, en % limite méximo o en mes
i ros del limite minime,
en %
£arbono Hasta 0.30 D.02
Hanganeso Hasta 0.90 G.o4
M&s de 0.90 hasta 2,10 Q.95
-—"-—'——-—-"l—l-—--'-'-llﬂi-—"'-'-"'--'-"-""'---_'"'----'-'-'--!'-'"r --------- 1 ---------------------- —r
Fosfaro Phés sobre e] maximo Onitamente 0.0t
azufre Hasta 0.060 ¥ mas, maxima 5o|§$ —
mente . 0.0] -
Silicio Hasta 0.40 0.02
e Mas de 3.40 hascta 2.20 0.06
. Hasta .00 0.03%
Niquel rnés de 1.00 hasta 2.00 | D.05
£ rome Hasta 0.90 0.0
Hés de 0.90 2 2,40 0.06
Hasta a.20 0.01
Molibdeno Mas de D.20 hasta 0.4§ 0.03
Mis de 0,40 hasta 1,15 Q. 0b
b Hasta 1.00 0.03
Cobre M3s de 1,00 hasta 2,00 0.05
PRI i -ty iU SN e P
Titanio Hasta 0.10 0.0! {a)
Hasta ¢.10 0.01 (a)
Més de 0.10 hasta 0.25 0.62
vanadio Este valor se especifica fnica
mente para andlisis de compro-
bacidn. ad.0]
Boro Mo se especifican: { o
Columbia ‘Hastn 0.10 . A4 foo0.01 {8}
ircosio [HaSta 0.1s% r 0.03
................................................... be e cemccmnm e
i Erégeno Hasta 0.030 £.005
{a) Si el iatervalo minimo es 0,01 % , la toleraacia en mencs es ©,005 %.

#i (5.-
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TAALA 0. TOLERANCI!AS EN EL ANALISIS DE PROBUCTO PARA BARRAS ¥ PERFILES Biﬁhﬂ
LE ACERD AL CARBOND ¥ DE ALTA RESISTEHCIA Y BAJA ALEACION (a)

‘ Tolorancia en mis, limicted
iE lemento Limite o intervalo mdximo, en|midximo o en menos, limite-
I o minimo, en %
|Rasta 0.25 0.02
Carb .
r reenc Mas de 0.25 hasta 0,55 0.03
&_ ] Hasta 0.9¢ 0.03
| angancsoa 455 de 0.90 hasta 1,65 0.06
--------------------------------------------------------------------------- -
]Fﬁafalr Sobre el miximo Onicamente 0.008
-------------------------------------------------- | e e o
hzufro tobrr el maximo (nicamente o.qod
O O lorc e m———— e e ]
)
Eilici" Hasta 0.35 D.02
- Mis de 0,35 hasta 0,60 .05
Y e —————— | e a—mmme e m———— | e —memem e ———m——————— -
Lobre Abajo del minimo (nicamente D.02
9

fu] Las tolerancias en andlisis de producto para elementos de aleacidn de ace
.05 de alta resistencia y ba)a aleacibn, ver Tabia E.

wd

#it 16, -
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TABLA E. TOLERANCIAS EN EL ANALI515 DE PRODUCTO PARA BARRAS Y PEAFILES BARRA

JE ALTRO ALEADD

} . ] ) Tolerancia en mas defﬁlf:
Zlemento Limite o intervalo miximo, en [mite méxlmo 0 en mends
% % del limlte minimo, en %.
ve . Hasta 1,00 .03
N ques Mas de 1,00 hasta 2,00 6.05
Hasta .90 _ 0.03
- remo Has de 0.50 hasta 2.10 0.05
by oy s Hasta 0,20 0.0
ftol ibdeno Més de 0,20 hasta 0.L4G 0.02
—————————————————————————————————————————————— ey
Hasta 1.00 0.01
Cabre M&s de 1.00 hasta 2,00 0.05
--------------------------------------------------- 1r-|----n---h----—.--ﬂ-r------_
Titanio ]Haﬂta 0.10 0.01 {a)
Hastas 0.0 0.01 {a}
vanadio #ss de 0,10 hasta 0.25 0.02
Calum (o Hasta 0,10 0.01 {a)
Lircw 10 Hasta 0.15 8.03
e i ks vk B e T R e e e T e P ot rra——na=— iy R e—— [
Hitrbgeno Hasta 0.030 0.00%g
{a) 57 el intervalo minimo es 6,01 %, la tolarapcla en menos as 0,005 % .

w17~



RS oA t - I’

Dot o v ¥ ctae el Tangilo s DACTANDGULARDS ) EN RGOS DD Lhndivl IS Y COIGADNS UM CIZiil . =% =Fr -y wDrops

SOR, CUANDC SE ORDENEN  FOR ESPESOR O

S ——— - . e m———— T A r— TP

Tolerancia en mas, en el promedio del peso del lote (bl expresada en # de las pesos nomina
) para los anchos en mm Siauiences:
e, en e ) fnamores §moyares-ive Brh of b 1255 [0 215% 0oe 2438 o] be 2763 [oe 3084 3| De 3353 Joe 3638 a] b
' de 1219 Ede 1219201825 exci] a 2135- |2L38 exc1)27h3 excl] a 3084. 13353 excl] & 3658- [L267 excl) =
1524 exc] excl. owe ], excl,
5.5 excl, 6.0 7.0 8.0 8.5 10.5 12.0 14,0 16.0 18.5 | ---e-
2.4 a 7.9 exc? 6.0 6.0 7.0 8.0 8.5 10.5 12,0 4.0 16.5 19.5
7.9 2 9.5 exc! 5.0 6.0 6.0 7.0 . 8.0 B.5 10.5 12,0 15.0 17.0
.58 13.1 excl 4.5 5.0 6.0 6.0 7.0 8.0 8.5 1§.0 3.0 15.0
1.1 a 12,7 excl L.o L.g .0 6.0 £.0 7.0 8.0 9.5 11.0 13.0
2.7 a8 15.9 excl L.o 4,0 4.5 5.0 6.0 6.0 7.0 8.0 9.5 11.0
5.9 a 19.1 excl 4,0 4.0 Lo 4.5 5.0 6.0 6.0 7.0 8.0 9.0
9.1 a 25.4 excl 3.5 h.o 4.0 .o 4.5 5.0 6.0 6.0 7.0 8.0
5.%a 50.8 exc? { 3.5 3.5 4.0 L.0 .0 h.5 5.0 6.0 6.0 7.0
.0.8 3 76.2 excl 1.5 3.5 3.5 4.0 4.0 IQ.S 5.0 6.0 6.0 6.5
6.2 a 101.6 exci 3.5 ° 3.5 1 3.8 3.5 h.0 4.0 h.0 5.0 h.0 4.5
1.6 a 152.4 excl 3.0 3.0 3.0 3.0 3.0 ' 3.0 3.0 3.0 3.9 3.5
52.4 a 203.2 excl 3.0 3.0 3,0 3.0 3.0 3.0 3,0 3.0 3.0 3.0
13.2 a 254.0 excl: 3.0 3.G 3.0 2.0 3.0 3.0 3.0 3.0 3.0 3.0
.0 2 304.8 exc! 2.5 2.5 3.0 3.0 3.0 3.0 3.0 ' 3.0 3.0 3.0
4.8 a-381.0 incl 2.5 2.5 2.5 2.5 3.0 3.0 3.0 3.0 3.0 3.0
W

3 talerancia en menos en el espesor, es de 0.25 mm,

! término 'lote" se aplica a todas las planchas de cada grupo, del mismo ancho y espesor, representadas en cada embarque,

La tolerancia en sobrepeso para lotes de planchas circulares v de plantilla, es de 1,25 veces las cantidades de esta 7

?.  La tolerancia en sobrepeso para planchas aistadas, es de 1.33 veces Tas cantidades de psta Tabla.

.o La i neie €1 sobreieto para 'as planchas circular 2 plantilla, aisladas, es de 1.6%5 vezes "5 £ | lades d¢ e
Tablal?
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TABLA I}

TCLZAANCI8S EN EL ESFESOR PARA PLANCHAS RECTANGULARES, EN ANCHOS DE LAMIMACION, MA
YEAES DT 50,80 mm DE ESPESUR (aplicable dnicamente a acern aleado}

] Talerancha en mas, en mn, sobre el espesor numinal po
! r@ los anchos en mm $iguientes: _
.1 Zspesor, en m Hasta De 91L.40F De I524{ De 21 33| 0c 3048 [De 3353
; S14.L0 ja 1524 -| & 2)33-[ a 3048] a 3352- lo - mds.
i . excl exc| excl exc| exci

Mayores de 50,80 1
Ihasts 76.20 cxcl tsg | 2.38 | 298 | 3.18 [ 3.18 3.57
De 76.20 basta 101.60 I

excl . 1.98 2.38 2.78 3.i8 3. 18 3.57
e 101,00 y mayores 2.38 3.18 3.57 3.57 3.97 4.7

JI
HOTAS:

t. La tolerancia en menos sobre el espesar pominal no debe ser mayor de 0,25 am.

2., Estas telerancias se aplican inicamente cuande el espesor se mide a 9,5 me: =7
= las erillas Jongitudinales de las planchas,

3. fGuando la tolerancia en espesor se limite por la tolerancia en sobrepeso, -
[]

apliquese la Takla |.
]

W 19, ~
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N PO e PLALIRAS RECTAGHLARES . Ef ANCTDS DE LAMINATEON ¥ CORTABAS CON CIZALLA, DE §ASTA PO8R wg/uf .- zunfSu &t o

POR Pc3G (no aplicables a pcero aleado)
YT T b Ancias an el pruuedum doi peso de] ]D £, [a} expresaﬂad on % de los pESOS n01rn¢];5, para [os anchot £
- stguientes;:

Kalnl Be 1219 y|Hayores -|De 1524 a|Cc 1525 a|De 2136 a(be 2638 ofDe 2743 a[De 30M% &l 3333 ajce 3656 & D¢ LIZ

mayores (de 1219 a| 1829 cxc1]2135 exel |2638 exc)|27863 excl {3048 excl 3353 excl[365E excl|5140 exci mayc

= o oprci 162h excl ) .

IS TN 0 5.0 {45 3.0 |5.0 [3.0 [5.5 [3-0 (6.0 [3.0 [7.5,3.0 {350 [3.0 |T== [ |- =TT T

2 L 4.5 13.6 (4.5 |3.6 .5 :7.0 |5.0 13.0 |5.5 [3.0 J6.5 [3.0 ¢7.0 [3.0 |B.o (3.0 [9.0 {3.0 [--- |--- [---

4 73 1=.3 (3.9 |40 13,0 g 7.0 |4.5 |3%0 |5.0 $3.0 §5.5 |3.0 [6.0 [3.0 7.5 §3.0 {B.0 {3.0 Q.o y3.0 |--- |

E Ly o4t 3o l3.s 3500 Jhu §3.0 4.5 [3.0 |45 3.0 [5.0 |3.0 |5.5 [3.0.(6.0 13.0 |7.C {3.0 43.0 2.0 0o

(PR e rou |z ¢ 43,5 2.5 3.5 13,0 {4.0 [3.0 [4.5 [3.0 ;4.5 {20 [5.0 |3.0 [5.5 {3.0 s.ala.u 8.0 (3.0 4.0 |
2 12 §3.5 j2.5 13.3 [2.3 13.5 (5.0 [3.5 {3.0 4.0 f3.0 [h.0 §3.0 |55 §3.0 |5.0 (3.3 [5.5 13.2 |7.0 [3.0 &.0
wo 146 12.06 Je.s ji.5 |z.5 13.5 2.5 2.5 [3.0 [3.5 [3.0 {3.5 [3.0 [4.0 [3.6 J4.5 {3.0 5.0 ;3.0 (5.5 [3.0 |7.0
z 195 13,0 tz.0 |3.0 |2 0 |5.0 [2.0 {3.0 |2.0 |3.5 {2.0 {3.5 |2.5 [3.5 |2.5 {4.0 13.0 (4.5 {3.0 (6.0 3.0 [6.5
- 350 2.4 V1.5 2.0 |¢.2 {3.¢ |2.0 |3.0 )2.0 3.5 |2.0 |3.5 |2.0 |3.5 J2.5 {3.5 (3.0 4.0 |3.0 [5.5 3.8 F.n
43 o3 '2.5 [1.0 |3.0 |z.0 (3.6 |2.0 [3.0 j2.0 [3.5 {2.0 |3.5 |2.0 {3.5 (2.5 |3.5 [3.0 [3.5 [3.0 |%.0 ;3.0 (4.5
gl 797 .5 |1.0 2.5 |t.5 y2.5 [1.5 [2.5 [1.5 [2.5 [2.0 12,5 }2.0 |2.5 [Z.0 {2.5 |2.0 (2.5 ]2.0 §3.0 (2.0 |3.5
1196 lz.s [r.0 12.5 d1.g |2.5 jr.0 42,5 [1.0 [2.5 |1.0 2.5 {1.0 [2,5 1.0 }2.5 [¥.0 [2.5 41,0 f2.0 |71.0 }3.5
iT - 1594 2.5 |1.0 2.5 1i.0 |2.5 [1.0 (2.5 [1.0 l2.5 (V.0 [2.5 [).0 2.5 41,0 2.5 |0.0 12.5 41,0 2.5 1.0 3.0
3 1997 2.5 41.0 |[2.5 [i.o |2.5 jl.0 |2.5 [1.,0 ;2.5 {i.0 |2.5 |1.0 f2.5 |1.0 |2.5 41.0 (2.5 |1.0 1Z.5 1.0 |3.0
n 2360 2.0 [1.0 |2.0 [1.c {2.5 }r.0 |2.5 |t.0 [2.5 [t.0 j2.5 {f.6 |25 1.0 2.5 [r.0 |2.2 1.0 [2.5 |t.a ;2.5
7678 2.0 |r.o lz2z.0 hr.odz.c 11,0 [2.0 1.0 |2.5 |1.0 (2.5 {1.0 J2.,5 1.0 {2.5 |1.0 |2.5 (}.@ |2.5 |10 [2.5

7] térizino lote se

La tolerancia en sghrepeso para planches circulares y de plantilla, aisladas,

blz,

t

aplica a todaslas planchas de

cada

Ls tolerancia en sobrepa2so para lotes de planchas

La tolerancia en sobrepeso para planchas aisladas

grupe, del misme ancho y espesor, rapresentadas en cada embargue.

circufares y de plantilla, debe ser 1.25 veces las canlidades de esta ©

debe ser como mdximo .33 veces las cantidades de es&; Takla,

debe ser 1.66 veces las cantidadas de esta
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ANCIAS EN ANCHO ¥ LONGITUD PARA PLANCHAS DE 38,10 mm Y MENORES EN ESPESOR, CORTADAS CON CIZALLA; EN LONGITUD SOLAMENTE SE-aP
CAN A PLANCHAS DE 63.50 mm ¥ MENQRES EN ESPESOR, EN ANCHOS DE LAMINACTON

Yt

Tolerancias en m&s\®@), en mm, scbre_el! anche y la longitud, para espesores

" Dimensiones en m en mn y pesos equivalentes, en kg/m“ siguientes:
 ESPESORES:
| Hasta 9.53 excl | De 9.53 a 15.90 - | De 15.90 a 25.h40- | De 25.40 a 50.80
LONGITUD ANCHD excl J oxe ! . inel L
PES S
Hasta 75 exc! | De 75 haste 125 - | De 125 hasta 199 | De 193 hosta 398
* axcl axci ingl
a exclusive De | a exclusive | Anche Jlongitud | Ancho Longitud | Ancho Longitud {Ancho Longi tud
-— j.52 9.5 12,7 11,1 15.9 12.7 19.1 15.9 L
3.05 1.52 2,13 11.1 15.9 2,7 i7.5 15.9 22.2 19.1 25.4
’ 2.13 2. 74 12,7 19.1 15.9 22.2 19.1 254 25.4 28,6
2. 75 L . 15.9 22.2 19,1 254 l 22,2 28.6 286 31,8
P ) ——- 1.52 9.5 9.1 12.7 22,2 15.9 25.5 19.1 28 6
6.10 1.52 2.13 12.7 19,1 15.9 22.2 19,1 25.4 2.2 31.8
’ 2.13 2.74 14,3 22.2 17.5 23.8 " 20.6 28. 25.4 34.9
2. 7% -—— 15.9 25,4 15.1 28,6 22.2 31.8 2B.6 4.2
N D R B I.EE ------ 9.5 [ o5k 2.7 28.6 15.9 | 31.8 | 19.1 38,1
X 1.52 2.13 12,7 25.4 15.9 28.8 9.1 31.8 22 .2 38.1
3.14 2.13 2,74 4.3 ] 25.% 17.5 31.8 22.2 34.9 254 38, ]
2,74 S 17.5 [ 28,6 22.2 3i.8 25.4 34.9 11,8 4,5
S DR Y SN SISO RNPITSRPEPN PIPEPRRET AR SR N VRN QU T S PR .
—- 1 }.52 1.1 28.6 12.7 {,. 3.8 15.9 14.9 19.1 Lt.3
1.52 2.13 2.7 31.8 15.9 34.9 19.1 38.1 25.% b.3
12.19 2.13 2.7k 14,3 [ 31.8 18,1 34.9 22.2 18, 25,4 47.6 |
2.74 ——— 19.1 3k.9 22,2 38 25.4 b1.3 3.8 __hr.g !
R S - 1.52 1.5 | 31.8 i2,7 38, | 15.9 .3 91 [ hys
15.24 .52 2.13 12.7 34.8 15.9 3B, 19,1 h1.3 22.2 hy.6
2.13 2.74 16.9 34.9 15,1 38 22,2 1.3 25,4 L47.6
S (I R 2.1 __I___.. Gmmmum—— r---l?:l__-_Eg:l_--L---EE;Z,-+__-E1:§__+___§§;5__}-_4H§;§ ...... 31.8__1__. 47.6 ]
S | 1.52 12.7 [ hh.s 15.9 L7.6 19.1 L7.56 22.2 57.2
18,29 1.52 2,13 15.5 b 5 9.t L7.6 22,72 L35 2.4 57,2
2.13 2,74 15.9 4.5 19.1 . 47,6 22.2 47.6 28.6 57.2
2.74 22.2) 4hs t 254 50,6 1 289 | 3n2 | 31,8 1. €3.5 |




TABLA (V {COHTINUACIGK) B 25,';'97‘
D imens j OnES en m Tolurancias_en mas {“% en mm, sc¢bre el ancho vy la longitud, para esposon
] En mm y pesos cguivalentes, an kgfm% siguientes: ’
ESPESORES
Hasta 5.53 excl | De 9.53 a 15,90~ JDe 15.90 a 25.40- [De 25.40 a &
exc] excl inci
LONG I TUD ANCHO PESOS
Hasta 7% excl | De 75 hasta 125- | De 125 hasta 199 | De 199 hasta
exc| exc] incl
5 exclusive De | a exclusive Ancho Longitud [ Anche Longitud | Ancho LongitudiAncho Lon
[ i 1.52 14,3 50.8 19,1 4.0 22.2 57.2 25.4 6"
1.52 2,13 15,1 c0.8 22.2 o4, 0 25.h 7.2 28.6 &
-—— 2.13 z2.74 19.1 €0.8 22.2 4.0 25.4 £7.2 3i.8 B!
2,74 —--= | 25.h 50.8 28,6 60,13 31.8 63.5 34.9 7

-

L]

.a tolerancia en menos sobre el ancho y la longitud especificada debe ser G.4 mm.

.a tolerancia en longitud se aplica también & planchas con anche de laminacis

Jasta 63.5 mm, con excepcidn de las de acero aleado donde el espesor méximo debe ser de 4h.5 mm.

o

n hasta de 304.8 eom vy especsores mayores de 5
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TOLCRANCIAS EN ANCHO PARA PLANCHAS CON AHNCHOS DE LAMIKACION EN ROLLOS ¥ PARA PLANCHAS
CORTADAS EN TRAMOS PRODUCIDAS EM MOLINO DE TIRA

(no zplicables a acero aleada)

i
r

Ancho, an — Telarancia, en méds, en mm[
e a exclusive {a), {b) !

~~~~~ 355.6 N 1

355.6 31,8 12.7

43,8 482.6 14,3 I

533.4 609.6 17.5

£09.6 660. 4 20.6

6604 711.2 23.8

711.2 883.0 28.6

889, 0 1270 31.8

1270 1524 8 S

1524 65l hi.a i

1651 1778 44,5

1778 2032 L7.6

2‘}32 - - SU.E

No nay tolerancia aen menos para el ancho,

Esta
recartar,

TABLA VI

tolerancia no se aplica a las planchas en rolle con orillas de meling, <in

TOLERANCIA EN EL ANCHO PARA PLANCHAS EN ANCHO DE LAMINACION, HASTA DE 381 am DE ESPLSCR

Tolerancia en mas, en mom, schre al ancho [ﬂ}.

para €spAes:

res en mm y pesos equivalentes en kg/ml siguicntes:

. ESFESOQORES
Hasta --[ De 5.5 a| De 15.9 |De 25,4~ [Mayor de JHIvor do
Ancho, en  mm 9.5 excl| 15,9 -l a 26.4 la 5p.8 - |50.8 & |284.0 .
axcl exc] exc | 254 0 - |381.0 -
| incl inci
. PESDS )
Hasta 75| De 75 a | De 125 a| De 199 al Mayor de| mayor
\ excl 125 excl| 199 excl| 398 inci| 398 a -| 1992 & J
S i a exclusiva ' 1992 incl| 2938 !
20,.2 508.0 .18 3.18 4,76 6.35 9,63 12,70
SO ¢ 914 4 .76 6.35 7.94 9.53 1,11 i, 29
R 7.9% 9.53 1.1} 12,70 th.29 15,88
b piiy -

L} La :nlerancia en menos para {os anchos debe ser 3.2 mm.

M 7T
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TOLIRANC A EN EL DJAMETRO PARA PLANCHAS CIRCULARES, CORTADAS CON CIZALLA, HASTA DE
5. mm DE ESPESQR
i Tnleranc;a BN MAS {ﬂ], en mm, sowure ¢t didmactro para
i Di&metros, &M mm 108 BEpESQSES en mm siguientes:
! A 9.5  excl De 5.5 a 15.9 - r De 15.9 hasta -
De I & exclusive a excl 26,4
..... 5i7.8 &35 5.53 12,70
Brz.3 f 2133.6 7,94 i1.11 11, 26
2133.6 27413.2 9.53 12,70 15.88 I
7IhH3 .2 3302.0 °* 1401 14,29 17.46
L 33102.0  § mmeea- 12,70 15,88 19,05
3} No hay tolerancia en menos,
TAB LA _VHI’

TOLZRANC 1A EM EL DIAMETRO PARA PLANCHAS CIRCULARES CORTADAS CON SOPLETE {no aplica-
bles a acero aleada)

i . Talerancias en mds(a}, en mm, sobre el didmetro, pa;a
| dldmu.re, en  mm los vspesores en mm Siguientes:
A 25.4 |be 25.4 |De 50.8 |De 101.6]|0e 152.4] 0o 203.2
| exc | a G50.B |a 101.6 [a 152.%(a 203.2| hasta -
! de. 8 exclusive exc] exc! excl exc | ifi1,0
_——— 812.8 9.53 9.53 12,70 | 12.70 15.88 | "™19.05
E12.8 2133.6 9.53 12.70 P2.720 | 15.88 19,05 22,23
2132, 6 27h3.2 12.70 14,29 15,88 | 19,06 | 22,23 25.40
2753.2 3302,0 1z2. 70 14 .29 17.46 1 22,23 25_40 28,58
1362.0 | cmeeee 15.88 19,05 | 22.23 § 25.40 | 28,58 31.75 |

]

al = No nay telerancia en menos para el didmetro,
TABLA IX
TOLERAKNC 1A EM ANCHO ¥ LONGITUD PARA PLANCHAS RECTANGULARES, DE ACERQ ALEADGO, CORTA-
pAS CON SOPLETE
Espesor, en m Tolerancia en méﬁiﬂh. en mm, para todos
| ) anchos o longitudes especificados,
[a a. exclusiye
- 50.8 19.05
50.8 101,86 25.40
131.6 ‘ ----- 28,58

al

Legan Se requiera,

R

te a le jargo.

—

Estas tolerancias pueden tomarse todas en menos © dividirse en mds o en menos,

Las planchas con oriilas de molino pueden cortarse con soplete,

anicamen-

# M, -
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TA 8 LA X -

TOLERANC A EX ANCHQ Y LONGITUD, FPLRA PLAHCHAS REL TAHGULARES, CORTADAS COH SOPLETE
{ho aplicables a aceiu aleado)

i . bspesor, B - "Tolcrancia en masia), en mn, para tadnaj
los anchos o lougitudes especificados

{ be . a exclusive 5
- : 50.8 12.7

| 5 Ie lol.6 16,3

| [ 152.4 19.1

i 152k 203.2 22.2

. 253.2 3816 25.4

3, Zstas tolerancias pueden tomarse todas en 'menos © dividirse an mds o en menos,
el 58 requiera, t
ROTA; -85 planchas con eriilas de moline pueden cortarse con sopiete. dnicamente
a lo largo., ]

TABLA XI

VOLZRANG TAS EX EI DIAMZTRO PARA PLANCHAS CIRCIUHMARES. DE AEERD ALEADD, CORTADRAS EDH
SOPLETE

Tolerancias En'méa[a}. en mm, para las didmetros nsud
viameire, en man cificados, para los espesores, en mm (%) siguicnirs;:

A 254 lpe 25.4 |pe 50.8 |De i01.6|De 152.4|0e 283.2
: exc | a 50.8 |a 101.6 |a 152.4|2 203.2(|hasla -
be ! a axclusive exci axe | exc] exc | 381,60
_____ I G128 12,7 12,7 19,1 19,1 25.4 254
8i2.8 | 2132.6 12.7 15.9 22,2 25.4 | 28.6 318
2133.8 2743 .2 15 9 19.1 25.4 28.6 i1.8 3.9
275,z | 3302.0 2.2 25,4 28,6 31,8 | bh.S 38, |

a} Mo hay iolerancia en menos para el didmetro,

TABLA XII

TOLERALCIAS EN FLECHA [CAMBER): PARA PLANCHAS EN AMNCHOS DE [AMINACION PALL ACEANS AL
CARBONG., ALEADOS Y DE ALTA RESISTENCIA ¥ BAJA ALEACION ¥ PARA FLANCHAS RFCTANGULARES
CORTADAS CON CIZA&LLA Y CON SOPLETE DE ACEROS ALEADOS Y OF ALTA RESISTEMCIA Y EAJ“

ALEAC ION
;—ES'JESGFEEI, anm mm r PEEO, on kgfmz TfJ'EfanC.iﬂ L'n {T*Jcﬂﬂﬁ"
X Haﬁor ! » Ancho, en mm PAara espesoras y-anchol
I' c ’ nasta i Oe hasta dﬂdﬂﬁ, en N¥T, )
P N 53,8 i -—- iso Thdos 2.1°x longitud en me-
E l + Lros. :
PR 381.0 398 ¢ 2988 Hasta 762.0 A 03,1 % langitud on ome-
! . ) Lros,
i 50.8 381.0 398 2988 Mayor de 762.0 has- | 4.2 x longitud ecn me-
' ' t ta 1524.0. tros,

Flecna {canber)¥, cuando se trata de planchas, es la curvatura harizental do in
crilia, medida sobre la longitud total de la plancha en una posicidn plana.

- . . = ¥ ] .
_— - ' N | . " - W + . . PP 3
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TABLA X! - 3

[l Favind CCAMBEA), PARA PLANCHAS CORTADAS CON CIZALLA ¥ PLANCHAS BECTAHGULARES CORTARAS CON SOFLITL, DE ACSRD .
it TODOS LOS ESPESORES

JE— -— - A —

F'Ie:_f-h} I“j:ﬁim‘-‘:p Bn mR 2. I x Iﬂlng;LUd, en it

-— e T T TR e

- ———— ey —_  LET TS

TARBLA X1V

"LIAS it PLANEZA PARA PLANLHAS RE[LTANGULARES, DE ACERO AL CARBORQ, £N AKCHOS DE LAMUINACICN, CIRCULARES Y CORTADRAS CCuH PL

L T R W

2 FTaIcrancias en mn, medidas a partir de una superficie plana, para los anchos, en mm siguie
or, cn My Feso, en kgfm -
1 5]&* f“e 915 al pe 1219( De 1524%] pe 1825] De 2134 De 2438 De ??h} Op 33%3 Be 3052)
a a excl 11219 - a 1524 & 1829 a Z2I13L| o 2L3&| & 27LI| a IOLB.Y & 3555 o L2E
uss fus vy De exclusive .exc] exc | extl exc] ane exc | excl exct gnsl ]
6.4 | —--- 50 143 19. 1 £3.8 1.5 34.9 38.1 51.3 Lk, 5 h7.6 ----
9.5 5G 75 t2.7 15.9 | 23.8 28.6 3.8 3%.9 38.1 51,3 -
' 12.7 75 AN o 12.7 ML .3 15.9 15.9 19,1 22.2 25.4 8.8 31.8 . L7.A
9.0 100 143 H.1 12.7 4.3 15.9 15.5 19,1 25.4 25,4 28,6 18,1
25.4 EE) 38 1.1 12.7 T, 3 5.9 5.9 15.9 19,1 22,2 25,4 . 349
50.8 129 398 9.5 12.7 12,7 14.3 14.3 15.9 15.9 15.9 17.5 28.6
lui.b 358 727 7.9 9.5 |. 11.1 12.7 12.7 12,7 12.7 .3 15.%9 27.2
I52.4% 137 1135 2.5 11,1 12.7 12.7 14,3 14,3 15.9 19,1 22.2 22.2
203,72 1195 1594 11.1 12.7 12,7 15.5 17.5 19.1 22.2 22,2 25.h 5.4
25h.0 1594 1992 12.7 12.7 15,9 17.5 19,1 20,6 22.2 23.8 5.4 25.4
"304.8 1932 2390° 12,7 5.9 19.1 20.6 22,2 23.8 25.4 25.4 25.4 25.4
381.0 2330 2588 i5.9 19.1 20.6 22.2 23.8 | 25.4 25.4 25.% 254 25.4
[ :

:erancia en planeza en sentido longitudinal. Se considera longitud a la dimensidn mayor, la teleranciz a 'o large de tod
ngitud no debe exceder de la cantidad especificada para el ancho, en planchas hasta de 3.6 m de longitud ¢ en cuaiquier
3.6 m en planchas de meyor longitud.

Cuando la dimensidn mds larga es inferior a 914 mm, la tolerancia no debe exceder de 6.5 mm, cuando la dimensidn ma
té comprendida entre 9i% mm hasta 1829 mm, la tolerancia no debe exceder del! 75 % de la cantidad tabulada para el 2
especificado, pera en ningdn caso debe ser menor de 6.4 mm,
1

Estas tolerancias sc zplican a planzhas que tepgdn una resistencia minima a la tensién de 42 2. kgfmm o una composi:
qurmica o “urezd czomgatibles. Los limiges anotados en 12 T2bla deben incrementarse =n un S0 ' para pianchas con uni
resistencia 2 la tensién o andlisis guimico o dureza compatibtles,

. . ; heaw 17 lerancias para una ple-eza e planchas circuelat da pla-t
E- ihla v las noias correspondientes, CuUbren i | B2 P
o Pase en la diransidn w8xima de dichas pilanchas £



TABLA xv - M.
LoDV T UHD DLAREHAS 00 LR M SRTA RISESTENCIA Y SR ALIATIGY, RECHEARGULARTS CORTADAS Lo DAL, Do Lno. oo
Peadh T R DT oA AN PLARTILLA, LAn0N0RD o CALVERTE O TRAIAEAS TERMICARENTE (no aplizablon o &ouri b o)
o 1T ter s T U e ane supe ficie plau, para 1o cushos, on o aiedianie O
- Coso, on kadnd T o070 S e o Lr dzi_Eu?fl. r'#_P_t“ﬂ' P"a “S_::{JU:L”::[.Lll ‘:BlfhutL
) R e SN L0 Lo |.’_I_.a' Jo |_,.._ R |bzb; [ J_j_j,ql De _JJ Tpe 2.-"'.1 . ':-_':EI' LR
. i cnel i219 . -l a 1524l & JE2R0 & 2734} & 24L38) o 274 3 a 30481 A ansl o BaT g
s lasive] . D yxe Tusive excl ex;f exc | ang | exc | exc | exc | el l cuzl 1 TR
£.4 -—=- 50 20,6 28.6 | 3.9 ky.& cD.8 L7.2 60.3 E6.7 £9.9 l_-‘-‘—:" 1- -
9.5 50 75 9.1 23.8 28.6 4,9 Ly 5 47.6 50.8 57.2 60.3 vm——- -
E 12,7 1 75 le@ 19,1 7.2 Y 23.8 23.6 28,6 33,3 8.1 L L7.5 €9.0 1 i
i9. 1 [ 100 e E 5.9 PR ! 206 22.2 26.4 8.6 31.5 wos ohp.: r =7y
b 54 i e 198 5.9 15.1 27,2 22,2 23.8 2. b | 2te 5 31.3 } 15,1 e b
D feR 1 398 9.3 1 15.9 19.1 { 20.6 22,2 23.3 25,4 254 254 Lils 4 o3
ullb 398 5 797 ie.7 1 14.3 17,8 13,1 9.1 =N 19, 22.2 25.% 0.6 b o,
R J97 1 W3S 14.3 i7.5 i9.3 =3 21,2 22.2 231.8 225 31,8 31.8 v -g,
L2332 l 1195 ] L&D -9 | 9.1 iS.1 23.2 25.4 28,6 31.8 33.3 38.: 3. 1 3a
ER 154 0L 13 20.6 23.3 25t 23.6 51.8 31.3 3.9 38,1 284 ! i3
: Toh, 8 ’ 2ok 2330 19,1 23.8 2B 5 31.8 33.3 34.9 38.1 38.1 8.1 EEN 18,
i iBI. o | 2350 2988 ( 222 25.4 l 10,2 ) 31,3 .9 38,1 i 38.1 38, 18,1 38 34,

erarcia on plareza cn sentido Jongitudinal., Se considera longitud a ia dimensidn mayor, la tolerancia a lo largn d= :ode !
gitud ne debe exceder de la cantidad especificada para el ancho, en planchas hasta de 3.5 = de longitud o =n cwvzlguisr ira-s
m en planchas de mayer Tongitud.

Cuando la dimensida mayor es menor de 914 mm, la tolerancia no debe exceder de 9.5 mm. {uanda la dimen$idn ~ayor =25td zin
prendida entre 9i4 hasta 1829 mn, 12 tolerancia no debe exceder del 75 ¥ de la cantidad rabulada para el vncho esaccificaZc

£sta table ¥ las ancotas cubren las tolerancias en planeza para planchas girculares y d= plantilla, tamaq;ﬂ como base lz2s di
mensiones miximas de dichas planchas,

FEk 27,
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vanales

T+ T! se aplica cuarde Fes patines de las canalcos msidn in

hacia afuera,

MAY peralte (a}., - {1g"  anche ¢el no- "1 4
+ . i i tin, T d
s 5 cC I 0 H TAMARD NOMIKAL, en  am o SRS FAts
s , Arriba 3:11Aba]o dellisrina 2] ' dzzio del’ oo
: b tmbrico tedirica * w=dricp : tedrico !
" 76,2 hasta 177.8 T 2.4 1.6 2.2 3.2 |
esténdar Mayor de 177.8 hasta 355.% 3.7 2.4 LG .o
Mayor de 355.6 haste 609.6 4.8 i.2 3 4.8 o8
ok e o o L, S
161.5 2.5 b6 | 3.2 3.2
S de laainador esténdar 127.0 y I 1.6 L.¢ LD ,
152.4% hasta 703,2 3,2 2.4 £.8 h.8 . [
76.2 hasta 177.8 2.4 6 1 a2 0 32
s Mayor de  177.B hasta 355.6 [ 32 2.0 302 5.0 :
| Mayores de cs.b ] tout T "TL? T SR, :
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] TABLA XvI) - 28
Paonntns EH LS SECCTON TRANSVERSAL PARA ANGULOS DE BULBOD, TES LAMINADAS Y ZETAS (no aplicables a acemﬁleaduj
A
i \
o Y2 By
.F - - -:--:-:-:.'1‘ -X =1 '.\'I .
P b L
e to ) -
Anguic Angula de bulbo leta Te
ladp de la escuadra, debe colBcarse paralelo al eje del alma para medir el '"fuera de escuadra',
o "A' peralte, en mm ["B' ancho del patinpryn fyera|“c" des
i o longitud del ala, |de escua-|:ramien
SECC 1 DN TAMANO, en o _ en m dra en moidel alm
Arriba delfAbajo deljArribadeljAbajo del|por mn delmidxico,
Mayor de hasta tebrico | tedrico | tebSrico | tedrico et m
76" " 102 - - 3.2 2.4 0.023({5} -
ilos {a) 102 152 - - 3.2 3.2 0.023{b) -
152 - - 4.8 3.2 0.023(k) -
...................... RSy S Py SO S S UL ) S Sy S N SOy Y S
7 ’ 102 3.2 1.6 3.2 2.4 | o.023(0)| -
t!os de buibo {Peraii‘j) 102 F52 3.2 1.6 3.2 1.2 0.022({k) -
S O N .2 ) 16 | kR | 32 o) -
laminadas (Ala o patin) --- 127 2.5 1.6 3.2 3.2 0,031 275
| 127 178 2.4 1.6 | 3.2 f 3.2 0.03] 3.2
------------------------------------------------------------------ i e e N ik e e
76 102 3.2 1.6 3.2 2.4 0.023{b) -
5 102 152 3.2 1.6 3.2 3.2 0.023{b) -

tara Angules de alas desiguales, el ala <e mayor tamano deferminard su clasificaci{dn,

. 3 grados



TABLA XVl

JOLERANC IAS EN LONGITUD, PARA PERFILES ESTANDAR

B 252 1974

- 29

(no aplicabies a acero aleado)

13 Tolerancias en mm, para las longitudes en m siguientes:
] Hasta 9.4 [Mayor de 9.14/Mayor de 219 Mayor de 15.24|Mayares de -
hasta 12.19{hasta 1525 hasta 19.81 19,81
En mds|Enmexe En m&s [ Enmencs|En més EnmenasiEn mésEnmaosiEn més—'_En MEnos
Todoslos perfi= 1 5 91 g4 (191 (6.4 | 258 6412861 6.4 31,8 6.4
les esténdard, ]

TABLA XX

TOLERANCIAS EN LOS EXTREMOS FUERA DE ESCUADRA, PARA PERFILES ESTANDAR (no aplicables a
acero aleado)

PERF I

LES

TOLERANCI

AS

/igas estdndar
canailes

Angulos (a)
Anguios de buibo

Tes laminadas {a)

Zeras

Vigas ''"H'' en seccidén de Jaminacién

0.0i6 am por milimetro de peralte, -

0.023 mm por milimetro de fongitud de ladd

o |.5 grados.

0.023 mm por milimetro

grados,

0.016 mm par milimetro

0.023 mm par milimetro

longitudes de las alas.

[

de peralte o ].5 -

del patin o alma.

de la suma de [as

{u) Las tolerancias para extremos "fuera de escuadra'' se determinan

de maver longitud del perfil.

TABL

A XX

TOLERAHCTAS EN RECTITUD, PARA PERFILES ESTANDAR

{no aplicables

sobre los elementas

a8 acero aleado)

N r—p—

TOLERANCIAS,

=h mm

Flecha ({camber)

LCirvatyra

2,1 x longitud tota)l en metros.

Debide a las variaciones maximas en Ja fiexibilidad de las vi-
935 y canales estdndard, las tolerancias por curvatura deben -
sujetarse a4 un convenio entre fabricante y comprador, para {a-

seccidén individual de que se trate.

H# 30.- ‘
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TABLA XX

SLERANCIA EN LA SECCION TRANSVERSAL PARA PEAFILES DE PATIN ANCHD (no aplicables a

s acern aleado)

" "\Ih-_“-h-.‘*‘

8

; -
-y S
/\ “{“.. el

U
‘-—{:::2222:3:: :
L L
e N
— [ IIAH 1 'IBl.l T + Tr IIEII ! rlcll
‘peralte, en mm fancho del patin,| patines descen| peralte-
en ma fuera -| tra --| mixime -
I de es -] miento| en Cual-
r cuadra,| del alf quier scc
' bha , Aba mxima,f ma wmi-]1 ciddn --
AMANO DE LA SECCION, Arriba | Abajo i Arriba bajo en mn { ximo - trunﬁucgl
. dEI dﬂl dE] dE] onomm sal Ly =
7 m teSricoltedrica| tebricoitedrico . bre el -
peralte-
tedrica,
. en  mm
fasta 30L& I 3.2 3.2 5.4 4.8 a.4 4 8 fy.h
jayores oo 3048 3.2 3.2 6.4 4.8 8.0 4.8 6.4

5e mide sobre €l eje del alma
se mide paralela al patin

se mide paralala al alma

Para secciones mayores de 426 lb/pie la tolerancia méxima es de & mm,

#¥ 31~




TABL A

KX

TCLERANC A EN LONGITUDR, PARA FCHFILES a, b, DE PATIN ANCHG (no apiicabies a acero

aiaado)

Toleranrias en mn

para las longitudes en m siguicentes:

!_ rrL:ﬁ_ n PATIN Hasta 9,15 Mayores de G,15

; alat G — =
| } En méas En menos En En menos
Jigas o 510 ma y - ' .

vensres en peralte. 9.5 9.5 9.5 mm, mas 1.0 rm por cada me

" tro adicional o fraccisn. 2.5 mm
i/igas mayo-es de - f

H1L am de seralie vy |

hndaa Tas columnas. 12.7 12.7 12.7 im,m&s 1.0 mm por cada me

} 1 tro adicional o fraccitn, 12,7 may

L)

lab Cuando los perfiles de patin ancho se usen como pilotes de earga, la telerancia
gn Soangiied es de 127 mm oen mds, ¥ G mm £n menos.

{k)] L2 :iolerancia en "fuera de escuadra® en 1os axtremos de perfiles de patin ancho
es de G.016 mn por mn de peralie o ancho de patin si este es mayor que el peral

b -

TALERANC IS EN LONGITUD Y EXTREMOS FUERA DE ESCUADRA

TABLA XXl

PARA SECCIONES ESTRUCTURALES MA-

QUIHADRAS {no aplicables a acero aleado}
i i Ambos esxtramos maquinades {b) Un extremo maguinado (b)
j - l Toierancia en longi| Fuera de |Telerancias en ionngil fuera de
PERALTE, f LONGITUD tud, en  mm rsnuadra mm pscuadi
. - ! Ern  m&s En menos| 9€ los - En menos del vxi
{ wlf din ; 4.b, en cxiremos, nG mMAagqul
' i - ) mixima,- nado, er
1 ! e mm am
Cnia 915 (1,83 a 2l 0.8 0.8 | ¢.8 6.4i | 0.8
TR L —|
(=} .= .ongitod se mide a lo largo del eje de! alma. Las mediciones $e hacen eston
6z «] acern y la cinta métrica a la misma teaperatura,
(=) . % extremos Yfuera de escuadra' se miden a partir del eje del alma o a partir

Dy
.

eje del patin,
o cualquieqa de los planos no debe exceder de Ja cantidad tabulada,

ta variacién pbtewida en la medicidn de "Fuera de sscuadra®

teleranciag en longitud vy en fuera de escuadra, son aditivas,

#a 32.-
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TABLA XV - 32 -

TOLERANC IAS EN RECTITUD. PARA PERFILES DE PATIN ANCHD (no aplicables a acerc aleado)

Perfiles de patin ancho Telerancias

Flaocha {camber) y curvatura. - | mm por cada metro (a)

Fara cicrtas Secciones (b con un ancho -
de patin aproximadamente igual al peralte
{celumna), las tolecancias son las siguien

tes:

tongitudes hasta de 4 m 1 mm par cada metro parc no mis de [0 mul

] Y
Longi tudes mayores de 14 m 10 mm + {1 mm por cada metro de longitud-
que exceda de los 4 m}. J

. .
(a) La tolerancia en gurvatura pare secciones con un ancho de patin menpor de 150 em, -
es de 2 mn por cada metro de longitud, .

(b} Tolerancias aplicables solamente a las sigulentes secciones:

Oe 203 mm de peralte, con 46 kg/m y més pesadas
De 254 mm de peralte, con 73 kg/m y mids pesadas
De 305 mm de peralte, con 97 ka/m y mis pesadas
De 356 mm de peralte, con 116 kg/m y més Le5adas

fuando se especifique otra seccién para usarse como columna, las tolerancias deben fijar
se por comin acuerdo entre comprador y vendedor,

TABLA XXV

TOLERANC1AS EN LAS D IMENSIONES PARA TES Y ANGULOS CORTADOS OE OTROS PERFILES (&) (no apli
cables a acera aleado)

Paralte, en mm Telerancias en mds y en menos, en mm (b)
asta 152 exc) (vigas y canales) . 3,2
e 152 a 406 excl {vigas y canales) 4.8
e 406 a 508 excl {vigas y canales) . 6.4
e 508 a 610 exc) (vigas y canales) 7.9
FID y mayares {vigas} 9.5

{a) La telerancia en longitud para tes y dngulos producidos por corte de otra perfil,
es |a misma que la aplicable a la secccidn de ta cua) proceden estos perfiles,

1} Estas telerancias para peralte de tes o Sngulos, incluyen Jas tolerancias en pc -
ralte propias de. las vigas o canales de las cuales proceden, Deben aplicarse tan
te las tolerancias en peralte como en rectitud, propias de 135 vigas o carales de
donde se cortan estos perfiles, con excepcidn de que la tolerancia en recritud es
de 2 mn por c~ly metro de longitud.



TAB LA XVI

TOLERANCIAS EN LAS DIMENSIGHES DE LA SECCION TRANSVERSAL DE L0OS ANGULGS BARRAS ESTANDAR

(no aplicables p acero aleadn)

Talerancia en mm, en mids y en me
nos, para los espesores en mm Si-| Tolerancias en mm, &n mis-
CONGITUD DEL ALA, en mm quientes: y en menos, para la }ongi-
Has ta Mayores de| Mayores tud del ala.
4.8 4.8 hasta- de
.’ 9!5 91-5
iasta 25.4 0.20 0.25 ---- 0.79
Mayores de 25.5 hasta 50.8 0.25 0‘2.5 .30 1.19
savores de 508 a 76,2 excl 0.30 Q.38 0.38 1.59
HUTAS :
i Para 8ngulos de lados desiguales las tolerancias deben aplicarse tomindose como ba
se ei ala mads larga.
2, La tolerancia en “fuera de‘escuadra“ en cualquief direccién es de |1 ¥ grados.

TABLA_ XXVII

TOLERANCIAS EN LAS DIMENSIONES DE LA SECCION TRANSWERSAL DE LOS CANALES - BARRA ESTANDAR
(ho aplicables a acero aleado)

I Tolerancia en mm, en mdSs ¥ &n menos: Tolerancia en mm par..
: P ] Para el Para los espescres “fuera do escuadfa'’ oT A
: ard &1 pe ra el - ~ llos patines r cado. c

TAMARO DE LA CANAL . _tlos patines, por ¢
' |ralte de -} ancho de-y del alma, E: ™ St= Yde ancho del patin (@
eEn m Ja secgidn! jos pati- quientes: en mm
Res De 4.8 y | Mayores

. menores de 4.8
Hasta 38.1 0.79 0.73 0.25 - | 0.38 0.31
Mayores de 3B.7 a -
76,2 excl 1.589 1,59 0.38 0.51 g.31
{a) Para canales con ﬁeralte 15,90 mm y menores, 1a tolerancia en "fuera de escuadra’

es de §.47 mm/cm de peraite,

NOTA las mediciones de peraltes y anchos de patin se efectlan por la parte extae-

rior de los canales,

FH 3.~
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T A B LA KXV

GLERﬁhLIH Etd LAS DIHENSIDHES DE |A SECCION THHHEUERSAL DE BARRAS TE STANDAR {no
aplicables a acerg oleado)

. ;Anchc C peraTtE{hJ Espasor del patin, Espesor del alma, 'Alma Fug-
EIITI&'EF:; de Ia - \ an mm Zn mm en mm ra f:': 05 =
c . BN mm — —_—ra

1 En mas En menos En mas En menos | En més En menos |cuodrate]
5 2n fm
sta 31,6 R 1.18 0.25 0.25 0.13 g.5! 1 0,79
ayores de 31, ] .
asta 508 { 1.59 0.30 0.30 0.25 0.cl b.oi
ayor de 50.8 |
76.2 exct s 38 2.38 0.38 0.38 0.38 0.5!? 2.38

2) £t lado m&s largo de una ''te' desigual determina e] tamsfo para aplicar las taleran
cias.

b} Las mediciones tanto en ancho como en peralte se efectlan por la parte extericr.

¢} Las variaciones del alma "fuera de escuadra" a partir de la posicién real del =2je -
del! alma se miden cn ese punto.

TABLA XXIX_

OLERAMC JAS ENW LAS DIMEMSIONES DE LA SECCIQN TRANSVERSAL PARA SOLERAS DE CANTOS UIUGS ¥
REDONDEADUS {no aplicables a acero aleada)

Tolerancias en mm, en mis y en menos en el espesor pa t Tolarancia on
ra Jos espesoraes en mm Siguientes: : mm, en el ane

NCHE, ar men cha

De 5,2 |De 5.8 |De 6.4 [Hayor Hayor | Mayor | Mayor £ £

-la 5.8 la 6.4 Jhasta- jde 12.7|de 25.4]de 50.8] de noq =0

Mayor de’ bhasta excl excl (12,7 Masta f{hasta |hasta 76,2 ms menas
: 25.4 50.8 76.2 :

io2s.4 0 08| 038 0.20 ) 0.25 0 —een faee b el f 00} 0.40
254, © 508 0.18{ 0.18| o0.30 | 0.38) 0.75{ ---- ceee | 079 | 0.79
50.8 101.6 0,20 | ©.20 § (.38 o.51.] ©0.79 | 1.1% .19 1,59 | 0.7%
101 .6 1524 | o0.23 ] 0,23t 0.38 | 0.5 0.79 | 1.59 .56 { 2.38 % 1.59
1524 ,  203,2 {a) 2.38 | 0.4 0.64 | 0.79 | 1.59 {b} |[B)3.18 | 2.38{h]

3)  Las soleras de 152.4 hasta 203.2 mm en ancho y con espesor menor de 5.8 nm , no de -
ben cansiderarse comg barras de acerp al carbono, laminadas en calienteo.

5, ePara solaras mayores de 152.4% hasta 203.2 mm en ancho y ¢on espesor mayor de 76.20 mn
dece zorsultarse at fabricante para ]aﬁ_tﬂlarancias en espasor ¥ ancho,



TABLA XXX

- 35 -
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TOLERANCIAS M LAS DIMENS(OGNES DE LA SECCION TRANSYERSAL DE BARRAS REDONDAS, CUADRADAS Y
CUADRADAS CON LAS ESQUINAS REDGNDEADAS (no aplicables a acero aleado)

}amaﬁﬂi &n min Tolerancia en el tamafo, en mm | Fuera de redondg o fup
ra de cuadrado al), en
fayar  de j hasta En mis En menos i

i 7.9 0,13 0,13 0.20

7.4 ! il 0,15 0.15 Q.23
7.1 | 15.9 G.18 0,18 0.25 .
15.G i 22.2 D.20 D.20 0.30
22.2 : 25. 4 0.23 0.23 0.33
25,4 . 28.6 0.25 0.25 0.38
28.6 31.8 0.28 0.28 0.41
31.8 34,9 0,30 0.30 o. 46
3k.9 38.1 D.36 0.36 0.53
3831 50.8 0.40 0.40 0,58
50.8 63.5 0.79 0 0.58

- B3.5 83,9 1.19 0 a.89
38.9 - 114.3 1.59 0 1.17
114.3 | 139.7 1,98 0 147
139.7 165.1 3,18 0 1.78
165.1 209.6 3.97 4] 2.16
209.6 241,13 L. 76 0 2.54
41,3 254,0 6.35 0 3.05

L

fa) Fuera de redonde es 1a diferencia eantre los didmetros mdximo f minimo de 1a barrz

medidcs en fa misma seccidn transversal.

Fusra de cuadrado es la diferencia "entr.

las dos dimensiones en {a misma Sseccifin transversat de una barra cuadrada, entre -

caras opuestas.

TABLA XXxi

TOLERANCIA EN LAS OIMENSIONES DE LA SECCION TRANSVERSAL DE BARRAS HEXAGONALES (no apli-

cables a acero aleada)

Tamafios entre ados opuestas, Tolerancia en el tamano. en mm Diferencia méxima
en mm . tres mediciones{a
Mavor de t hasta En mds En menos an  mm
! 12.7 0.18 0.18 0.28
i2.7 | 25.4 0.25 0.25 0.38
204 ; 38.1 0.53 g.33 0.64
S | 50.8 0.79 0.50 0.79
R 63.5 1,15 0.50 g.19
B%.3 88.9 1.59 - 0.40 1,59
(o) 3e saliere @ 1o diferencia mayor entre dos medidas cualquiera, de ias tres posibles,

TABLA Xxxll

iWeCReNCTAS EN LAS DIMENS IOHES BE LA SECCION TRANSVERSAL DE BARRAS MEDIA CANA, OVALDS Y
OTRAS BARRAS -~ PERFIL ESPEGIALES (nu aplicables a acaro aleado}

L3S Wi:erancios en barras media cafa, dvalos y otros perfiles barra especiales, que
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TOLERANCIA EN LA RECTITUDR PARA BARRAS ¥ BARRAS -~ PERFIL
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{no aplicables a acero aleado)

Tolerancia miéxima en rectiiud

i sarras y perfiles - barra (a)

|
|

4 mm por cada metro de longitud

l

fa)

si wespyés de.fabricadas se someten 2 calentamiento.

TABLA XXXV

Las talerancias en rectitud, no se aplican & las barras laminadas en caliente, -

TOLERANC [AS EN LOMGITUD PARA BARRAS DE ACERQ AL CARBOHO, CORTADAS EN CALIENTE {no apli

cables a acero aleado){a)

haﬂaﬁa do redan: Tamafio de soileras, en mm Tolerancia en mm, en mads respecto a la-
ha; cuadrlduﬁtg ESPESOR ANCHO tongitud especificada en metros [no hay
, henagonos , en. P ! tolerancia en menos)
1 o Pe 1.52]De 3.05|De &,10]0e 9.14 Ce T2.1]
payor ! hastal Mayor § hasta | Mayor | hasta @ 3.05 &.10la §,7b%a 12.19|a 1R
I ge : I de de aexcl b excl exc} excl excl
e 254 1 e--= [ 25 B ] e-eo 76.2 ] 12,70] 19.05 | 31.75 | 4h.G5 | 57.15
| 2581 508 | 254 -t | ee 76.2 1 15.88| 25.50 § 38.10 | 50.80 } £3.50
P25k I 50,80 ----f 254 | 76,2 | 152.4 15.88{ 25,40 | 38.10 | 50.80 | 63.50
] 0.8 | i27.0 | 25.4 | ---~ | 76.2.| I152.4 | 25.40f 38.10 | AL.45 § 57.35 | €9.E5

127.0 | 254.0 et N ARGl EEL S 50.80| 63.50 [ 69.85 | 76.20 | 82,55
| : | 5.8 1 254 [ 152,4 | 203.2 | 19.05] 31,75 | 44.45 | 88,50 [101.60

25.4 76.2 | 152.4 | 203.2 31.75) b4 L4s | 50,80 | B8.90 [101.60
tras d:&m5|on:;_ - B T B 15.88] 25,40 { 38.i0 | 50.80 | £3.50
CORTE En CALICNTE

50.8 ] 127.005% 25,4 | —u- | 76,2 | ----- {a) [ 38.10 | 4,55 | 57.15 | 69.85
L127.0 } 256,01 coee ¥ eoco ) ol ] omee- () | 63.50 | 69.85 | 76.20 | 82.55
{a) Para soleras con ancho mayor de 152.4 hasta 203.2 mm y espesor mayor de 76,2 mm,

consultar al fabricante para las tolerancias en fongitud,

(b)

TOLERANC 1AL EN LONGITUD

Los tamafns y longltudes mencres,

generalmente no se cortan en caliente.

TABLA XXXV

acero aleado}{a), (b)

PARA BARRAS CORTADAS DESPUES DE ENDEREZARSE {no aplicables a

Tamafdo ¢z secciones redondas,

Jolerancia en mm, para

longi tudes an m siguientes:

vadradas. hexagonales; anchos Hasta 3.66 m Mayor de 3,66 m
de scieras y dimension mdxima :
de orras Socciones, en  mm En més En menos En mis En mengs
]
Hayor  os i hasta -
...... I 76.2 4,76 1.59 6.35 —t.55
b2 ] 152.4 6.35 1.59 9.53 .59
1824 : 203.2 9.53 1.59 12.70 1,59
. 203,z | 254.0 12.70 1.59 15,88 1.59
]
£y Para socleras con ancho mayor de 152.4 haste 203.2 mm inclusive, y espeser mayor

de 76.2 mm

—y

=y

ne», de la Tongijtud especificada,

.. consultar al fabricante para tas telerancias en Jjongitud,

2N cuyo caso se anlicra 1la cima Ada dar

#lyunas veces se requiere gue todas las tolerancias Sean en mds o todas en me -

N
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CONTROL DE LA DISTORSION,

La aplicacidn de | as reglas sigulentes ayudaré a reduct »

o controlar las distorsioneas provocadas por la soldadura,

REGLA 1 Reducir 1a fuerze afectiva de contraccidn,
REGLA I Hacer trabajer a las fuerzas de cont raccidn para
reducir la distorsidn. *

REGLA III Balancear las fuerzas de contraccidn con otras -~ -

Fuaprzas,

1.~ Parareducir la fuerza afectiva de cortraccidn, debe tenersae

et cuenta | o siguiente:

a) Evitar el uso dé soldadura en exceso.. A menor cant fdad —
de soldadura, menos calar y manor distorsidn,

b} Selecctionar la preparacién més gproplada para las unionas
atope., El empleo de pl acas de respaldo mejora la pena -
t racidn sin necesidad de calor adicional, |

<) Usé&r pocos pases, Esta r*educ:ir;ﬁ la di storsidn lateral,

d) .L.ocalizar* las soldaduras tan cerca como sag pasible del -
efa nautro, Esto reducird .la combadura longltudinal,

e) Usar cordones imtermitertes, Esto reduciré la cantidad de

CAalor.



3

IT.—-

Usar la ténica de soldar " retprocediando ", Consiste

en colocar 1o s cordones de " adelante hacia atrés ",

La segurda ragl a se 1ogra con algunas de las siguientes

recomendaciones.

2)

+

b)

c)

.=

a)

b)

Colocar las plezas por soldar giradas en direccibn contra
ria aladistorsidén, Cuando se presenta la fuerza de *cnﬂ

t raccin, 1a parte desviada quedar8 en posicién correcta,
Desalinear las partes por soldar en direccidn cort raria -
a l_a distorsién. Al aplicar la scldadura, la fuerzade —--
cortracelén jalarf alas partes ala posicidn corracta,
Aplicar pre-deformacléin corntraria a las places por medics

mecé&nicos,

El balances de 1 as fuerzas de contraccidn se puede lograr-

con alguna de las sigulentes recomendaciones.

Saguir una secuencia de pasas tal c}ue i._a fuarza da contrac—
c16n de cada uno se equ{libre.con otra en Forma simétrica,
rartiilear los cordnnes_ con una hérramierta puntiaguda, -
Esta operacitn produce una dil atacidn en t os cordones CLi &n
do estbn caliértes, ayudando ésto a contrarestar la contrac—

L]

cién,



€Yy Usar soportes mecénicos o atlesadores. Esta es une de

las Fformas més eficientas de satisfacer la regla IIl.
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CONEXIONES

La mayor parte de las especificaciones relativas a estructu-
ras de acero reconccen como medios de unidén entre unes ele-

mentos a los remaches, los teorniilos y la soldadura.

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

yen con ventaja a los remaches.

TORNILLOS

Se utilizan dos tipos de tornillos, los llamados comunes y

los de alta resistencia.

Se designan, con el nombre que les dan las normas del ASTM
para especificar sus caracteristicas gquimicas y mecéinicas,
los primeres como tornilles A307 y los de alta resistencia

coma tornilleos A325 & A490



TALL
Fa 24

Rivewn

A 307 square bead bole

A 115 high-strength bolt

Interference body balt

e - -

Fig. 18.1  Mechanlcal fasteners. {Courtesy of Bethlehem Steel Corp.)
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TORNILLOS COMUNES (A 307)

Son histfricamente, el primer medio de unién utilizado en
estructuras de acero; en la actualidad tienen una aplica-
¢idn estructural muy liﬁitada ¥a que 5u resistencia es re
ducida y no se recomiendan cuando pueden esperarse canmbiocs
de signo en los esfuerzos de las piezas que conectan o -

cuando sean de esperarse cargas dinfimicas.

En este sentido, las especificaciones del AISC fijan una
serie de casos concretos en que los ternilles A307 no de-

‘ben usarse.

-r

No-se usardn en estructuras esbeltas:

a) Que tengan ulna altura de més de 60 m,

b) Que tengan una altura entre 30 y 60 m,
cuando lz base €5 menor del 40% de 1la
altura.

¢) Que tengan una altura cualquiera si la

base mide menos del 25% de la altura.



M2a | M27 | M30 | M35 | 136 |
b | 175 | 195 | 22 |26 | 28 | 295 | 325 | 25- | 38 | <0
a CI™s 251 3 ¢ 4 a5 | as] s 5 £ |
‘Wepereoel| 196 | 219 { 277 | 346 ) 268 | 216 | 473 | 530 | 577 | sas
k ? 8 1105013 {14 15 tiz 18 Jz21 123
m m_;a_ a5 | 13 16 | w7 |1m {20 j2 {26 |28
¢ 05 | 1 1 1 1 1 i 1 1 1
5 =t L1g {24 (a0 (32 Lae [a las |50 lss
o, Lo T | Jat {2 (e J2o |3 |34 [

s Flpds 3= Unfinished Texagonal Bolis AMT, DIN 7990 {Dimensiom in
gun). (From Srahibau, Deotsches Stablbas Yerband, Cologne, 1957, p. 150,
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No se usard en estructuras que deban soportar trabes grua,

No se usaran donde halla miquinas o alguna carga viva que

‘produzca impacto o reversifin de esfuerzos.

Sin embargo, en estructuras ligeras en que los problemas
mencionados no aparecen, asi comg en conexicones de ele--
mentos secundarios tales como largueros de teche, comsti
tuyan una buena sclucidn pues son econdmicos y su manejo

y colocacién es muy simple.



TORNILLOS DE ALTA RESISTENCIA
A 325

A 490

Basan su capacidad en el hecho de que pueden ser sometidos a
una gran fuerza de tensidn controlada que aprieta firmemente

lps elementos de lg conexidn.

Las ventajas de este apriete firme se conocen desde hace -
tiempgo pero su aplicacién préctica en estructuras proviene

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

¥y en la dltima década, también en México.

A partir de 1951, las normas relativas a estos tornillos se
han modificado varias veces para poder incluir los resulta-
dos de las investigaciones que, en forma casi continua, se

han venido realizando en torno a ellos.

Los primeros tornilles de alta resistencia que se desarro-
llaron y aln los més comunmente usados son los A-325; pos
teriormente y con cbjeto de contar con capacidades aln ma-

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



aceros al carbén tratados térmicamente,

Los tornillos A3Z5 se marcan, para distinguirles, con la
leyenda; A-325 y tres lineas radiales en su cabeza; la -

tuerca tiene tres marcas espaciadas 120°.

Los tornilleos A490 se marcan con su nombre en la cabeza v

con la leyenda 2H 6 DH en la tuerca.
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Las filtimas normas reconocer J tipos distintos de tornillos

. c. . |
A325%; los ternilles tipo 1 son los originales vy cuando se -

!
solicitan simplemente tornilles A325 son los que se suminis

tran. Son los mis utilizados.

Los tornilles tipo 2 (A325) se fabrican con acero martensi-
tice de bajo carbono, para distinguirlos se marcan con 1i-

neas radiales a 60° en ver de 120° como los tipo 1,

Los tornillos A325 tipo 3 se caracterizan por tener una -
alta resistencia a la corresidn, suelen usarse Con aceros
de caracteristicas similares a elles. Se marcan con la le

yenda A325 subrayada, la tuerca se marca con el nmero 3.

En M&xico los Gnicos 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 rondanas y usar en los demds, una sola.

CARACTERISTICAS QUIMICAS Y MECANICAS.

La composicidén quimica de los tornillos de alta resisten-

cia, junto con el tratamiento térmice a que son sometldos,



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

des mecinicas requeridas.

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

Za.

Se realizan con ese fin las pruebas Brinell & Rockwell.
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TABLE1 Chemical Requiraments for Types 1 and 2 Bolts, Nuts, and Washers

Composliicn, percent .
. VWashara
Element
Type 1 Bolts Typs 2 Bolts? MNuta Guenched end Carburlzgd
Tarnperad
Carben:
Hea! analysia <30 min &15 o 0.23 i i * o
Product analysls 8.27 min i3z 0xs . ' . e
Manganesc, min; . '
Heat enalysis 0.50 L1 1.0 max -
Praduct analysls Q.47 1.67 1.5 ma:
Phesghorus, max; ’
- Heat analysis Q.40 b 0040 0420 Q.04 0 0.040
Preduct snalysis 0.048 0.048 0.1 0.050 0.050
Sulfur, max; .
Haat anrlynis 0.050 0250 0.21 0.050 0450
Product anaiysls 9.058 e aosa iaa 9.C40 0.060
Baren, min; ) - .
Hox! analysls G.N005
Product analysls . £.0005 .
“Typn 2 boty shall ke ully kiled, Ans grain vivrl )
"Tha stock usad for roanulaciuee of carburzed washers shall not conlalin over .23 pemant cardan,

33
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TABLE ? Chemical Reguirements for Type 3 Bolts, Nuls, and Washears

B [ Compaosltion, percent
Elemant Type 3 Bolist Type 2 Type 3
; A B C o E MNuts* Washers®
Carban;
Heal analysis 0.33-0.40 0.38-0.43 0.15-0.25 0.15-0 25 0.20-0.25
Producl analygls 0.31-0.42 0.36-0.50 0.14-0.268 014-0 26 0.18-02T
Mlngnno:lu:
Heat analysis 0.80-1.20 0.70-0.90 0.80-1.35 0.40-1.20 0.60+1.00 e
Ptoduc! analysis | 086124 | 067-083 | 0763139 | 036124 | 056-1.04
. Phosphorus;
Hest 3nalysin Q.04 max 0.06-0.12 0.035 mas Q.040 max 040 mazx 0.07-9.15 0040 maa
Product analysis G.Qd5 max 0.06-0.125 Q040 mas Q.45 mpx 0.045 mazx 0.07-0.155 0.045 man
Sutfur: .

Haal analysis £.050 mar 0.050 maz 0.0:40 man 0.050 max {040 max 0.050 max £.050 mas
Produci snelysis 0.055 mazx 0.055 max 0.045 max 0.035 mas, | £.045 max 0.055 masz 0.055 mas
Silicon: '
Hual analysis 0.15-0.30 0.30-0.50 415030 0.23-0.50 0.15-0.30 0.20-0 90 4.13-0.38
Producl gnllrlil. 0.13-0.32 0.25-0,55 313032 0.20-0.55 0.13-0.32 15095 0.13.0.32

Copper: .
Heat nnalysis 0.25-0.45 Q0.20-0.40 0.20-0.50 0.30-0.50 0.30-0.5¢ 0.25-0.55 0.25-0.45
Product analysis 0.22-0.45 017-0.43 0.1740.53 0.270.53 0 27-0.81 0.22-0.59 0.22.-0.48
Miched:
Haal anaiysly 0. 25-0.45 0.50-0.8% 0.25-0.5%0 0.50-0.80 0.30-0.560 1.00 mas 0.25-0.45
Praduci a_naly;l: 0.22-0.48 {.4T-0.83 0.22-0.53 047083 0.27-0.63 1.03 max 0.22-0.48
' H
Chromiom! . i
Heat analyzis 0.45-0.65 0.50-0.75 0.30-0.50 0.50-1.00 008 | DI125 0.45-3.65
Product manalysis 0.42-0.68 0.47-0.83 0.2740.53 0.45-1.08 0.55-0.9% 0.25-1.30 Q.42-0.44
Yanadium!
Heal analysis . 0.020 min ‘e
Froduct antlyeis - 0.014 min cen
Mnlyhdqnu;n: . {
Heal analysis ‘e 0.0¢ maz cus 010 max
Praducl anelysis 05T max 0.1 max
THanium: -
Heat analysis - . Q.05 max e b e
Procducl analysia
*a, B, C, D, and E arg classes af material used for Type 3 bolts. Salection ol & clesy shall be &t the optian ol the bolt manutacture:,

iHuts of warherd may #i5o ba mods of sny Gl the Above Histad bolt meteriel Classes. Selection of 1he ctess shall be 2l the aphon ot
tt 4 manufacturer, . - 1

TABLEJ Hardness Requirements for Bolt:

Hardness Humbar L _T
Boilt Size, in, Brinell Rochwel € 1 !
Mln Marx min Max _'
% to 1, inc) 241 a 2 s |
[ 1% 10 1X, incl 23 | 93 18 .31'__‘:

3.
FAPEsF 1 enctpvE |
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- TABLE 1 Chemical Requirements
t]‘._. Ladle Check
Element Analysis, Analysis,

_| percant parcent

. Catbon

¢ For sizes through 1K in. | 0.30to 048 | 0.28 1o 0.5
For size 1% in. 0.35 to 053 | 0.33 to 055

+ Phospharus, max Qo0 . Q0.045

I Sulfur, max 0G40 - 0.045

TABLE ? Hardness Requirements far Bolts’

B

Hardness Numbar,
Boll Size, in, Brinall Rochwell C
min max min max
¥ la 1% in., incl a2 31 a2 36

ESPECIF A vprivim 7
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COMPORTAMIENTO DE JUNTAS CON TORNILLOS DE ALTA RESISTENCIA

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

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

Se define una zona de comportamiento lineal (zona I) que ter-
mina en €l instafte en que se preoduce un deslizamiento de los
tornilles con carga practicamente constante (zona IT) ¥y que-
esta controlado por el didmetro del agujero, al hacer contag
to con sus bordes, el tornilic toma nuevamente carga y se -
reinicia un comportamiento nuevamente lineal {zona III0; esta
zona termina al iniciarse el comportamiento ineléstico (zona

IV) que termina.con la falla de la junta.

]
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Teniendo en cuenta el comportamientc mencionado se distinpuen
dos tipos de juntas con tornilles de alta resistencia: las -

juntas de friccifn y las juntas de aplastamiento,.

Las primeras se caracterizan por que la trasmisién de las -

fuerzas gque actfian en la conexidn se logra Gnicamente por
1 -

la friccidn que se desarrolla entre los elementos que la -

constituyen.

En estas juntas el deslizamiento entre las piezas que se -
unen no es aceptable,;, se considera gue 2l deslizamiento e-
quivaldria a la falla, si bien, los coeficientes de seguri-
dad contra el deslizamiente se aceptan pequefios pués las

consecuencias de su ocurrencia no son graves.

La magnitud de la friccidn depende de lIa fuerza de tensidn
en el tornillo y de las caracteristicas de la superficie

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

un esfuerzo permisible diferente, reconeociendo las dife--

rencias existentes en el coeficiente de friccisn.



Aungue es claro que en juntas de friccidn tos tarnilles no
trabajan a esfuerzo cortante tradicionalmente se ha venido
estableciendo un esfuerzo cortante permisible ficticio. pa
ra la determinacidn del nlmero de tornillos que se requie-
ren en una junta, esto ha permitido tratar el disefio de -
juntas <on tornitlos de friccidn ceon los mismos criterios
con que durantelmucho tiempo, se han proporcionado las jun
tas remachadas,

Las conexiones de friccibn se espe;:ifica‘n COmo necesarias
¢n todos aquellos casps én que s& esperan inversiones de
gesfuerzas y en los gue en condiciones de trabajo, el des-

lizamiento se considera indeseable, "

Hay ocasicnes en que la iflversién de esfuerzos no ocurre
y en que, al colocar los tornilles, la carga muerta los
presiona contra los lados del agujero, entonces el traba
jo de la junta puede ser por aplastamiente y por cortante
¥ se presentan entonces las conexiones llamadas de aplas-

tamiento.

5i bien, también en estas juntas, la tensidn en el torni-
110, que es la misma que en juntas de friccibn, produce

una friceién que probablemente podria tomar las carpgas de
trabajo, esta en realidad no se requiere. En estas juntas

se puede sacar ventaja de la resistencia de los tornilles,

4



Appendiy E—Allowable Shear S:rexses {n Friction-type Connections + 101

TABLE EL

I~

—m——

ALLOWARLE SHEAR STHEXSES, KH1S BANED UPON SULFACE
CONDLITION OF BOLTED FAILTS IN FRICTION TYPE CONNECTIONS

] Creersized
Standard fHoles and Long-slutied
Class| Surfuce Conditian of Holes Short-sloiled Haolex
: Bolied Parts Holes A
AL AdID A5 A480 AdZh Al
A | Clean mill scale 17.5 prdi] 150 120 125 160
B | Blost clesnel cathan 1.6 NN 2358 ) 1%.5 240
and low pllay sterl
C |Blast-cleséned quenched | 19.0 73s 16.0 M0 125 16.5
and tempered stoel
D | Hal-dip galvanized and 1.5 2o 185 230 15.0 1840
roughened®
I | Hilest-clenned, organie 9.0 6.0 150 2r0 14.5 8.0
zine rich paiol
F | Blast-cleansd, inurganic | 295 ann 2L R HE 260
Ting rich paint
G | Blost-cleoped, 29.5 na 2510 A5 20,5 6.0
metallized with ring
H |Blastcleansd, 3.0 - 25.5 K H Zl.o 6.5
metallized with
R LD T
I | Vinyl wash 165 20.4 140 | 175 | L5 14.5
* Vohurea from this tabile are ppplicatde only when they do not megeed tha lowest appropriate
allowable workjpg stretpen for bearing-Lype cunnectiong, tekig into aceount the pasilion
of threads relative (o shear planes and, if mguized. the 20% reduction due Le joint ength,
15ce Tuble 1.5.2.1.0
1A loads causing actusl siresses in excess of one-half the tatwlated alloweble sirestes are
suslaingd over g long period of Lime leg., gtaviy), alip inlo bearing may weewe, I wuch alip
wonld he severely detrimenial, theae increwmed working siréaset sre nol recommanded.

N e .
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1.5.22 Design for rivets, bolls, end threaded parts subject to fatigue loading

shall be in accordance with Appendix B, Sect. B,

TABLE 1.52.1
ALLOWARLE STRESS DN FASTENERS, K8

¥ Thresds permitted in shear Flanes.

© Tha terwile capacity of Lhe threaded partion of Bn upsct 1od, bioed pon the criss-sectional
area at its mejor thresd dinmetse, Ay, ahall be larger than the nominal body area of tha
red before upsatiing times 0,605, +

4 For A325 and A450 balts subject to Lensile fatipue Toading, see hppcndu B, Sect. B2,

* When spached by the designer, lhuthnbkdm:mﬂ.fwfmtmtypnw
baving special frying surfact conditions may be increased 1o the uppﬁuhln value Fiven
in Appendiz E.

f'Wheh beazing-type connections usd 10 aplice tenaion members have a  Tastoner pattern
whane lengih, measured parallel 1o the line of foree, exeeeds 50 Inches, tabulated values
shall be reduced by 20 percent.

t Ser Sert 156
% See Appendix A, Table 2, for values for specific ASTM ateel specifications.

! Fer limilations on use of oversized and slotted holes, sov Sect, 1.23.4.

Allowable Shear? (F. 1
Allow- Friclion-type Connections®s )
- able . Bearing-
Description of Faslener Tensionr Crversined Lype
(F,) Stapdard |and Shart- | Tung. | Connec-
aite tintied slobted tiozs
R Holes Hales Holes
AS02, Grade 1, hot-driven rivets | ~23.00 17.5¢
ASDZ, Grades 7 and 3. hot-driven
Hvels 5.0n ol
A307 bolw 0.0 L0.0%f
Threaded parle mesting the .
requirements of Secta. 1.4.1
and 144, and Ad449 bolta .
meeting the requirements of
Sact 1.4.4, when threads are
et wxcloded from shear places | G335, wea 001,
Thresded parts meeting the
raquiremenis of Secta, 1.4.1
and I4 4, st A449 boie -
Eweling tha requiremen s of
Sact. 144, when threwds are n
+  excluded from shear plansy 0.33F, wh 0.22F.5
AT balts, when threads ary not
wxcluded froes thear planes 44.04 175 15.0 125 21
AIZE bolts, when threads are
excluded from ehanr planes 4.0 17.5 15.0 12.5 .0
A490 bolts, when threads are Dol
excluded from shear planes B4t 2.0 19.0 5.0 2804
AA490 botts, when threads are .
axcludad from shear planes B4 220 196 180 40.0¢
* Stalic loading only. . '
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sobre todo si se logra gue la rosca se encuentre fuera de
los planos de corte. Con el fin de lograr é€sto en 1o posi
ble, los tornillos de alta resistencia tienen una tosca -

bastante corta.

En estructuras para puentes los tornilios en juntas de a-
plastamiento se limitan a piezas que sflo trabajan a com-
presitén a miembros secundarios, se exige ademis que en to-

dos los casos la rosca se excluya de los planos de corte.
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INSTALACION

S5ea en juntas de friccién o en juntas de aplastamiento, los
tornillos 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 tensidén del tornillo, se denomina carga de prueba y  es
normalnente alpo menor al limite de proporcionalidad  del

tarnillo.

La tensidn especificada se puede dar haciendo usec de un ip
dicador directo de tensidn o usande cualquiera de otros -
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 tornillo ¥y el giro de la tuerca.

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

a la tuerca,



METODG DEL GIRD DE LA TUERCA

Este procedimiento requiere un control de la coloracifn de
los tornillos mids simple que el anterior y €5 por ello, més

utilizado.

Consiste en términos generales, en apretar, en una primera
" etapa, todos los tornillos con una llave normal de tuercas
hasta el esfuerzo miximo de un hombre y enseguida, con una
1lave mayor, dar a la tuerca 1/2 vuelta adicional, excep--

clonalmente, el giro debe ser mayor.

Ha sido posible determinar experimentalmente la relacidn -
que existe entre la rotacibn de la tuerca ¥ el alargamien-
te ¥y la tensidn en el tornillo, con ese fin se han realiza
do una cantidad importante de pruebas, en ellas se ha ob--
servado que la resistencia a tensifn en un tornillo es me
hor cuando esta tensidn se da girando la tuerca que se da
en forma directa, e;ta es la razdn de que la carga de --
prucba se fije s&lo en un 70% de la resistencia a tensifn

directa.



METODO LRE LLAVES CALIBRADAS

Implica el a)uste frecuente de la llave con un dispositive
capaz de medir la tensifn en tornillos tipicos de la cone-
xibn, ya que el ajuste pierde precisifn con facilidad pox
gque, las condiciones de distintas juntas son muy diferentes
entre si;, se especifica que la calibracién se realice una
vez por cada dia de trabalo y por cada didmetro o lote de
tornille que se utilice, afn en el caso de que se aprieien

juntas similares.

ée exige también, cuando se usa este método, que se coulo-
que una rondana bajo la parte del tronillo que se¢ accione
con la llave, con objeto de minimizar las irregularidades
en la tensidn producida que, inevitablemente, existen al

utilizar este procedimiento,



Se observa que una vez dgdo el primer tercio de vuelta hay
unn reserva importante de deformacidn pesible adicional -
hasta la falla, esté hace que el métode no sea muy sensible
a errores relativos al apriete que dehe tener el tornille -
en.la primera etapa, al iniciarse la media vuelta pedida.
Debido a ésto, cuando se utiliza este método, no se requie
r¢ la colocacibén de ninguna rondana, excepte cuando se -
usan tornillos A490 en aurvs con esfuerzo de fluencia infe

rior & 2800 Kg/em?, caso en que se necesita una rondana, -

cualquiera que sca el método de apriete.

Con objeto de garantizar el bueﬂ comportamiento de cone--

xiohes apretadas con este método se¢ ha estudiado el efecto
de una serie de variables que intervienen en su'ejecuciﬁn.
Si ha estudiado, por ejemplo, el efecto de girar ia tuerca
en pequefios incrementos en ver de en forma continua, el -

efocto de la Jomgitud del agarre y la posicifn relativa de
tuerca y rosca. Se ha investipado, asi mismo, la posibli-

lidad del! reuso de tornillos colocados con este métoda.
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§-1% ¢ Specification for Siructural Jointy

Table 4 Nut Rotation® 4rom Snug Tight Coadition

Disposrtion gf Outer Faces ol Bolled Farts

Bolh facas narmal 1o boll axis, ar ann [age Oalh face s sloped nat I'Hou-'
normad 1o wniy and ather Tagce Lioped not Mmare than than 1: 20 irom narmal 1o balt
1: 20 (bavel waph®r nol used) ukis (trave! washers not Yawd}
BoH len gt not gutcoed bng Baolt ben gt sxcaading
B i maddrs E digmalers o0 Fod wll iwngth of balta
¥ tnchey B inches
¥ turn ot . % turn

Tie—

4 Myt ratalion iy ratalion relaces to Dolt regardless ol Lhe slement {nuf or Dait) Being Dyrnad.
Tolgrang® o (olateon: W ower o onier,

Four coai ke iheead hapyy hax Etfuciursl boity of all mig@? and langth and heavy hix
aamy-fimikhed nuts,

v
* Boft length 1% messured from undsrdide of hesd 1o axtreine snd of pemi.
L N r

—

P

E r

Una recomendacifn prictica para lograr un buen apriete
general de la junta consiste en iniciarlo en leos torni-
lios localizados en la parte mis rigida de la unién ¥
avanzar hacia los extremos libres. Jurante cl apriete
la parte que no se gira, cabeza o tuerca se sonstendré

con una llave.
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= AISC Specification (Effzetive TH1TH) . Srructural Bl Jop ool e ap ~

1.163 Long G. TADLE 116.4.2

Rivgts and A307 bolts which carry calculated siress, and the grip of which ) YALUES OF SPAGING INCREMENT O [N BBCT. LIS 4Z INCHES )
exceeds 5 dismeters, shall have their number increased 1 percent for each addi-
* tional Yg-inch in the grip. Nomira! i Slutied Holen
- Diameter Oversized Perpendieular Paralie 10 '
. 1.I64d Minimum Spacing ol;:‘":ht:}:r Holes Line ::.qu Line of Forex
. Short Skt Lang Skowr*

1.16.4,.1 The distance between centers of standard, oversized, or slotted
* fastener holes shall be not less than ¥hd " where d is the nominal diameter of the <% ' 0 ¥ 14t = Y,
fastener, inches, nor less than that required by Sect, 1.16.4.2, if applicable. ) » 0 ” -
1 . ]

1.16.4.2 Along a line of transmitied force, the distance between centers of 1% Y, o W, 1 ~ U
holes shall be nol tess than the lollowing:

* When langth of alot is less than mezimum allowable {see Table 1 23.4), C; may be reduced

1. Suandard Holea: by the difference between the maximum and actual elot lengths .
' 2PIF + di2 (1.16-1) '
where TARLE 1.16.5.1
. .. : MINIMUM £1MiE DISTANCE, INCHES
P= Lt:;r_: transmitied by ono fastener to the eritical connected part, : . (CENTER OF STANDARD HOLES TO FINiE OF CONNECTED PART)
' F. = specified minimum tenaile strength of the critical connected Meorzina! A . At Rolledt Edgen of
pare. kips per square inch , Rivet or Dokt tonenred Plates, Shapes or Hars
t = thickness of the critical connecied part, inches * Diamater {Inches} ke ar Gas Cut Edgest
2. Dversized and Slot1ied Holes: : . i, Y Y,
The distance required lor standared holes in suhparagraph 1, above, plus : :' :I'f. Ty
 the applicable inerement € in Table 1.16.4.2, but the.clear distance : ) . \ l;;, i‘
between holes shall nut be less Lthan one bolt diameter. - ) e : .fu
1'% 1 ‘ 1I;|';
1.165 Minimum Edge Distance ° o Ilffl;‘ . 2y, 15
a H N I - '
1.16.5.1 The distance frem the center of a slandard hule Lo an edge of a 1% > Lriameter 1, x [iameter :
connected part shall he not Jess than the applicalile value in Table 1.16.5.1 nor _ | *For eversized or slotted holes, see Secl. 1.16.5.1. .
the value from Sect. 1.16.5.2 or 1.16.5.3, as applicable. b Alj rdge distances in 1kis column may be reduced 1 in. when Lhe hole is ni a puint where g
'[ r ited £ 0 {ho di ) £ Lhe f the does ni:t excerd 25% of the maximum allewed strexa in Lhe element,
L1652, Aleng atine ol transmitted {orce, in the direction of Lhe Turce, . © These may ba 1%,-ib. at Lhs ends of be i i
distance frnm the center of a standard hile Lo the edge of 1he connecled part shall i ! il : NN CONNECLion Argies.

e ned Jeas than

2P{F I : TO1.18-2) TALLE 1.16.54 . '

where P. F., , and t are as defined in Sec(, 1.16.4.2. VALUES OF EDGE DISTANCE JNCHEMENT C3 IN BECT. L1634, INCHES

. - - Nomi Slotted Flol
1.i6.5.3 Al end connections holted tn the web of a beam and designed {or Nlum'ml 1 | L

bearn shear reactiun only {without use of an anatysis which scunts fur the effects or[)';m*h{ ﬂ-:nund Perpendiculer Paralle]

induced by fastener eccentricityl, the distance from the center of the nearesl " “I::}" cles b - to Edge ) to

glandard hole to Lhe end of the beam welb shall be not less than . et Short Slom Long Stota® Edge
2PufFut (1163} - PN W | w .

where P is the beam reaction, in kips, divided by the numbet of bolts, and F, and ] n " v o

¢ are as defined in Sect. 1.16.4.2. Allernatively, the requirement of Forroula o "

(1.16-3} may be waived provided the bearing siress induced by the {astener is ¥

limited to not mors than 090 | * Wb length of efok i Jess Vit Siticousm vlk wabld {see Table £.23.4), Cy may be reducad

[_Hﬂzthif_ﬁtfiﬂsw_w_m outieoumn and petual wlot beogihs :
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TABLE 4, —SUMMARY OF RESULTH

i -

T
R . Avorige ullimate
£ acimin "“1;';:" i“ | Plate thick- Average allp shear wtrafa, in
gring : T reas, o lnches corificient kips per pquire
nches l inch
i} (2} I 4] o {5) o -
(4} Lap Jolnts
O Bt o -
Ls1* 1716 a4 o a5z 7B
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OTROS TOPICOS RELATIVOS A TORNILLOS DE ALTA RESISTENCIA

AGUJEROS.- Durante bastante tiempo sSleo se aceptaron agu-
jeros exactamente 1/16" mayores que el difimetro del torni-
110, sin embargo, la necesidad de facilitar las condiciﬁ+*
nes de montaie de las estructuras atornilladas indujo a -
que 'se realizaran una extensa serie de pruebas para demos-
trar la posibilidad de utilizar agujeros con diimetros al-

go mayores sin detrimento de la resistencia,

El resultado de esas investigaciones ha conducido a que se
acepten agujeros mayoTes aunque en e€éste caso se requiere

colocar una rondana en el lado exterior de la junta.

En juntas de aplastamiente sflc se permiten agujeros ova-
lados, el lado alargado normal a la direccidén de los es-

fuerzos.



§-192 » Sporificetion for Structural Joinia

Table 1 . Washer Dimenzipns®

Biyunre of Reclanguler Bayeled
Cheular Washern Wathors for Amercan
Boft Size Slandard Baamg #hd Channaly
o Homiboal Neminel Thicknass Minimum Maan Slops o
Dutside Dlareegtir  Skiw Thicknesa | _TupsrIn
Dlamglaer of Hela Min. Max, Dimanakon Thicknans
e 1% 1342 a.00 0.1 13 a 1:4
Ya 14 iy 0.122 o137 i% He 1:6
3 1t 3, 0.2 | o1r |- 1% ¥ 1:6
H 14 i 0.13% 0.177 1% ¥ 16
1 ~l 2 14, 0135 | 0177 14 He 1:6
14 2 14 0.13& 0.117 215 e 1:6
164 % 1% 013 | 0.177 | 244 Yy 16
1M 2% 1% 0,136 0n.17z 28 Y 1:6
13% 3 1% 0.13% | .17 24 Ha 1:6
b H % 1% p.17Ex | 028
F N 24 017 | 0.28
D‘Tnzhl PD—15 D+ % 0.24» 0.3
ncl.

# Dimanglons W inchel. (Tolarafcas g1 noted o Tabie 1-A.) '
b %ig In, nominad, .
¢ 3 in. norminal,

2{c), may ba gsed. Such plternats fasteners may differ in other
dimensions from those of the specifiad bolta pnd nuots. Their In-
stallation procedure may differ from Lhoes specifiad in paragraphs . .
6ic) and 5(d} and thelr Inspection mpy differ from that specified
in Bection 6. When a difforent installatien procedure or inspec-
tlen ia ueed, it shall ba detailed in o suppleomental specification
spplying to.the alternale fastener and this epecification must be
approved by Lthe enginesr teaponsible for the deslgn of the structure.
(8} Circular woshers and square or rectangular beveled washers shali
. conform to the dimerwions in Table 1 within tolerances given In
: . Table 1-A. Beveled washers shall taper in thickness. Wasghers
ahall have no raised markings on their bearing surfaces.
Where necesgary, washers may be clipped on one side to a
point not closer than 7§ of the bolt diameler from the center of
the washer,

Tabin 1-A  Washer Dimangion Tolerantes (inches)

(— P -

Wagher Sita
Dimenuk To i b b Dver 1 )4 . '
. " Homina By Hominal ot
Siw Ind, Blre
‘MNomfnal dlametar of hale - ' ot ~0; +3y ~0 +%e
Nominal putside diftenslons - +X =My +4
Flatnesy; max, deviatien from atraight
edgn placed on cul™ side ghall not . )
Py ol 0.01%
* Burd shail not project above immedi-
ataly adjgtent washer gurface more
L than . _ b o . 005

l\.-l';'+

(ST YRTIAACE
S s O
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mostrado un comportamiento adecuado aln teniende en cuenta

posibles efectos de fatiga.

No ha ocurrido lo mismo con los tornilles A49Q cuyo galva-
‘nizado no se1permite.

En juntas de friccidn, se permite también el galvanizado
de la estructura siempre que se trate la zona de la cone-
xién ceon cepille de alambre o chorro de arena para galbani

Tar



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

el galvanizado.

DETERMINACION DE LA LONGITUD DE LOS TORNILLGS

Debe afiadirse al agarre (espesor de todo el material conec-
tado) ciertas distancias especificadas con obhjeto 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 tipo cufia 5/16"., La lon

gitud asi obtenida se cierra al cuarto de pulgada superior

mis préximo.

Por 1o que se refiere a la ejecucidn de los agujeros las -

normas recomiendain que cuande el espesor del material no es
mayor que el dismetro del tornillo mas 1/8 se puedan punzo-
nar, en caso contrario deben ser taladrados o subpunzonados

y rimados.

GALVANIZADO

Otro avance importante respectec a criterios anteriores lo
marca ¢l hecho de que se permita ahora galvanizar los tor-

nillos "A325, tras una amplia serie de prucbkas que han de-



Tabla 6

Bolt Slze, I Inches

To Oatermine Ragqurad Boll
Lehgth Add to Grip, in Inchas
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COMPGRTAMIENTO DE CONEXIONES ATORNILLADAS

Las normas del AISC consideran tres tipos bisicos de cons-
truccidn en acero permisibles. La diferencia entre ellos
radica en las caracteristicas de las conexiones que ligan

los elementos constituyentes de la estructura.

- Tipo 1. Estructuras continuas
- Tipo 2. Canexiones libres

- Tipo 3. Conexiones semivigidas

El disefio de la estructura debe ser congruente con el tipo

de conexitn utilizady y viceversa,

El uso del tipoe 3 supone gire la conexidn una capacidad de
momento conocida e intermedia entre la que proporciona la

tipo 1 y In tipo 2 {articulacifn con momento = 0],
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s20 RIVETED AND BOLTED CONNECTIONS [Chap, 18

; 1.\‘J/- Crericad

Cursign™
A ioad ™

F

;:.:.J'
L *™ 3T

Fedslion, ¢ {radans)

Fig. 18.14 Typlcal moment-ratatian curves and beam-lines.

v
.

probable that vhe major | orion of the end shear s resisted by frictinn st the
lower tee. i . :

Beam-Line Concept! The mament that will be deveioped by s particular
cognection when it is used on a beasn af a given span and lnading may be
determined from the Af-4 curve of (hal connection by using the beam-line
concepl.'t- ’

1f a beam with 2 nniformly distributed load w has equal restraining morments
Af at (he ends, 1he following relationship of end slope ¢ and £nd moment can
be derived. )

dwl 1ML

1B,
ME MEr (18.7)

¢ =

This is & linear « yuation in ¢ and Af which is easily plotied as line £in Fig.
14,14, using the {ollowing values: '

{4 =0) My m rw ! {fixed wnd mament)

o

: wil )
&M=10 iy = — simple beam end slo
{ } '#'I. 2AE] ( P pe)
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of the conneclion is maiatained. Table IT-AS5 gives a shear valye
ol 212 Lipa for cight 3£ A325-X Lelts:  for seven bolts the shear
will bhe 212 x 78 = 136 kips. ‘T'he engle thickness required for
eicht beltais 3j:°.  Intheinterest of economy this may be revised,
USIDE fapy = B = (F, ¥ L X 2], where F, i5 the allowable shgar
gtress in the angle (A36 steel) and L is the length of the angle;
buia ™ 180 + (1456 % 14} ® 2 = 03577, ora 3" angle. From
Toalle I1-B5, 473 kips iz allowed for 17 of F, = 50 kai beam web
materinl using eight fasteners.  With eeven fasteners und a web of
0.416", the permissible hearing is 473 % 0.416 X 1€ = 172 kips.
The bearing in ihe two 35" angla IABE steel) 1s not critical.

Solutipn, detnil:  Using thn 317"-233" geapges shown on the shetch for

Tatde I[-A5, Lhe connection for lhn angle legs attaching 1a the web
will require an additional edge distance of 11¢". ‘This pives a
minimum width of leg 23" + 203" 3+ 134" = 514" ar G°. A
minitawm gage for the sutstanding legs is developed as follows:

Angle thickness requircd: g
Washer thickness {web balt): "
MNut thickoess {web bolt): T4
Bolt projection (web balt): T
Iinpact wrench clearance: 13¢-
3"

A minimum leg gage of 33{s” to the first bolt allows Lolts in both
legs to be placed on the same horirontal rows and also gives suff-
cienl clearance for the impact wrench. The pfnimum edge dis-
tance per AISC Specification Table 1.16.5 is 11£* for 1{“$ bolts.
Thus, the minimum angla leg witdlh for the ouistanding leg will be
314y + 23 + 125 = Gll{g"

Since o 6 leg must be used with the web and al least 611{g" ie

speeded on the outstanding legs, use two angles 8 X 6 X M{G" ®

1+.248".  (Thissize angle is not rolled in & 35" thickness; therefore,
a 1" anple is selecten).)  The minimum inside gage that may be
usnd across the outstanding legs is 2 » (314 + 244} + s boam
webh = Gli{g*  The muximum inside gage that may be used
across the outstending legs is {2 % 8) + I{e webh — 2 (214° gage +
117 edge distancel = 927¢". The gage chosén may ba anywhere

W1axeo
ot sn
1 | .

—y—y

. hatween Lhese two values and is the option of tha detailer.

F:: | — 2 LBxExYis £ 11 2%

L Hel
L r
- i—f-—-a - -

2';‘:] Iasies| 12 zz‘ﬁ 2%' 1 [

ﬁlfu e 93

Detail for Erample ()
Angle malesial; P, o= 36 ksi
Beam malerial: F, «= 50 ksi

AMERICEK IMETITUTE OF STLEL CONSTRUCTIGN
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STIFFENFD SEATED BEAM CONNECTIONS 97

Bolted or Riveted
TABLE VI

Top angle,

" mun, 1hk,
e -;- 1 ]!,h
e

-_ -}]- {i-—h Oolignal

i localon,

%" nominal -top angle
sethack
1Y, :
Slilleners . !
titied Io bear ] ¥ spa
A [Takle ¥iIl-Ap
Yy filer
-5}“ Vi Type A Type B CTypeC
Usp full valees in Uza cnehalf vahses Use one hall values
Tabdea Vil-A and VII-B i Tekles Vil Aand VOB in Tabies Vif-A and VBB

bul bmil cz ity W
thal af ¥lagteers
through suileners of
3% maa, 050

Sliffened Seal Types

Seated conneciions should be used only wlien the beag i supported by o
Lop engle placed ny shown abeve, or jn Lhe optional location ns tndicated.

Allowable capacities in Talde ¥YII1-A ars based on allowabls bearing
using steel of ¥, = 3§ kslor F; = 50 ksi in tha stiffener angles. Capacities
of fastener groups in Table VII-B are based an siogle shear. Capacity of
the connection is based on the lesser of these 3wo valves in conjunclion with
the wob coappling value of the soppoarted bears.

Effective length of stiffener bearing is assuined 14* les.; than length
of outetanding leg.

Maximum gage in legs of stiffencrg connected lo columns ks 4347,

ASTM A307 |wils may be nzed in sentad conneclions, providing the
stipulations of AISC Specification Sect. 1.15.1.2 are chserved.

Vertical spacing of fasteners in stiffener agles may be arranged to suit
copditions, provided they conform to Secliors 1.16.4 ard 1.16.5 with respect
to mintmum pitch and minimum edge dislancoes.

Faired stiffcner angles shown in contact ey be separaled Lo accnmmo-
data column guges, but shouold not excecd 2 3¢ (k — stiffener thickness), with
a minimum apening of 17, where the & value 1= for the supperted beam {see
tulles of dimensions, Purt 1 of this Manual). £ it is not reguired to paint
tbo comnection parts, the 1° minimum may e Epnered.

To permit selection of the most ecopomical srated beam connection, tha
beam reactions should be shown on the contrmct drawinga.  If they are not
shown, 1he connections should be selected ta support half the total uniform
lead capacity shown in the beam load tabler for Lthe given shape, span, and
Mecl of the beam i question. The efact of eoneentrated loada near an end
connection must also Lo considered.

Far loads jn eavess of tabulated . copreicies it 15 pecesswry to desigo
spegiil e ted conneelinns.

FMERICAN INSTITUTE OF STLEL CONSTRUCTION
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MOMENT CONNECTIONS ¥e
Shop welded—ifield bolted

Many framing svstems are desighed as Type 1 frigid-frame] and the
conbectiuns must be designed Lo develop the inherent frame moments. The
following example illustrates the design of o moment connection that may
be used in rigid-frame construgtion and the method shown is recommended
for the tosign of such a copnection. For nomenclature, see “‘MNoment Con-
oections, Welded ", '

"

3 +
[ -y
iIno oy
1-::4:1--.—# -t b

i . .
el I‘\"_Nend ol exceed one hal] col depth
whan connection is on one sice onay, ) '

Shiimg s requited

£ i -
}ll;!ga’_::‘?‘—r ?—.-'
= ¥~Baching bar | ¥
I
1 L
4! Weld &
-.L-J'
t
\‘L- Flate 4 ", T
Baching bar

The moment is assumed 1o ba resisted by the Sange plaies shop welded
ta the column and field faslened to the beam Aanges.  The shear is assumed
to ke ttansferred to the calumn by a verties] plate shap welded to the column
aod field Mpsiened Lo the Leam web, '

AlISC
Specification
Referenca
1. Deterinine flange area reduction for fastener holes in 1.149.1
accordnoee wilh Section 1.10.1 of the Spocifieation
. . . M w1z
2. DNetermine horizental Jorce 7' = —y—
3. Design Annge plates: A, 'w %;
r
5 413 + {Area of foslencr holes (educted)
"l

4. Nelermine the number of {nsteners roquired to develop
tho hugizenlal foree in the Nanges.

No. of fuslentes w rI
[

AMERICAN INSTITUTE OF STELL CONSTAUGTIGN




& 207

SUGGESTED DETAILS Y9
Column splices
Rivetad and balted

Ereclion ¢learamns

- Ereclion pin hola .
{optional) / Non-bearing il
Ef £l -ﬂ—_—.
Cleaance i /]
- -1 i
= ?i A
il Tk ol ey -
i_—:l —¢ ] h—
W) ] +
B = ﬁ‘-- - {
}
> M —
o '
DEFTH OF 1y AND Dy BUTT PLATE
HOMIHALLY THE SAME
I Dy 1
T %
= =
¥ i Erscion . Erection
% g clearance. 4 —cinhole  Fasteners 1o develop
ga Shimag H—tidb  {optional) [l for baanng
i - required T
SlIE T [
£ E i
l--q-qh
3 i
[ i—

L D

DEPTH Dy HOMINALLY
2 IN. LESS THAN Dr

Mola: Ereclion clearance = 34 in,

AMEHICAN INSTITUTE OF STEEL CONSTRUCTION
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MOMENT CONNECTIONS 50
End plate

DESIGN EXAMPLE
I'l {ziven: A beam having an end reag.
e tion of 30 Lipa and an eod nega.
; tive moment of 1449 kip-in,
frames to & Wid x 184 column,
The beam-fo-calumn coonectiog

~ is to be an end plate t¥pe connec.
- tionusing ASTM A325 bolle F,
f1 = 3G ksi gtee] is used for the beam
= snd connectiom material. The
]

end plate is fo be shop welded 10
tha beam with ETOX X electrodes,
Thea moment has been reduced in
accordance  with  Specification
Sect. 1.5.1.4.1 for members
rigidly framed to columna.

i
JL\__-

\-::;ﬂ :;H;WW- Solution: Assuma that the centroid
wt . d

i m L of the tensile apd compressive
s on o dlang. forces 13 at the center of the

fianpes of the beam. Based on
the beam and column dimeosiors and normal gage lines, an end plate
size with bolis is selected. Assume that ithe top beolts act aa a teo connec-
tion and Lhe Lottom bolts will act in shear, but primarily serve to maointain
beam alignment.  Sings it is moreveonomicnl to fillet weld than to connect
with full peneiration butt welds, sssume that the flanges will be wealded to
the end plate with fillat welds and ithe balance of the sectlon will be welded
with 3¢y in. fillet welds, the minimum size for the thickness range of plata to
be used in the connection.

AISC
Specificalion
or Manual
A.  Beam selection: Reference
. : 1440 .
1. Nequired seciien medulusolbeam: 8 = = - ED im,¥
W16 X 40 haw a section madulus of 64.6 > B0 in.* pg. 2- 10
2 Check flange force: I
" 1440
T W A0) = ———— = A ki
T (W16 » 40) FF — o 82.9 kips

Alloweble Bange force (W16 x 40)
= 7.0 % Q503 x 24
= 84.5 kips < 929 n.g, '
G Try W16 45: 8§ = 7248 inv> &0 ine
AMERICAH !NSTITUTE OF STEEL CONSTRUCTION
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SOLDADURA

PROCIIS0S DE SOLDADURA . -

a) MANUAL (Al arco ¢léctrico con electrodo recubier

to).

b) DE ARCO SUMERGIDO (Soldadura al arce eléctrice con

electrodo sumergido).

c) SEMIAUTOMATICA DE LELECTRODD TUBULAR FLEXIBLE (Sol-
dadura al arce eléctrico y electrode con nicleo -

defundente
d] SEMIAUTOMATICA DE ARCO PROTEGIDO CON GAL.

e} ELECTRO SLAG O LELECTROGAS
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The self-shielded Aux-cored are-welding process
ta a0 outgrowth of shielded metal-arc welding, The
versatility and maneuverahility of stick electrodes in
mital welding slirmulated efforts to mechanize Lhe
shivliled metal-nre process, The thought was that if
gt way could be found for putting an eleelroele
with sellghielding characteistics in coil forn and
feeding it mechanically ta the are, welding lime lost
in changing electrodes and the material loss as elec-
tiodr stubs would be eliminated. The result of these
affurds was the development of the semiautamatic
ard full-sulomatic provesses for welding with con-
tinuoey fhux-coced lubulur gectrode wires.” Such
Fabienated wires (Fig. §.5) cotitain in their cores L
ingredients Tor Auxing and deoxidizing rocllen myetal
ated Ter geoerating shiclding gases and vapors and
g, Cveriigs.

i e Ll
PUSEL TR P Y
o 1 e L L
wmu ok g

L ‘J/?/
' e Rlel g ey veem el dl
. T

Mg gLt e T
el ni] gkl

Fig 5% PMpungeies of the sell shuclded Hue gl aic WEIL’I'I'IQ ook
The Llis bapda M0y Bi yicwtd a5 0 Cilende ou ' CONSuchign of the
U e i g wed o el netol o rebdong Futlng g sheetg
e P mt abgilernaly insate Wb eloy (il allows e conhing ol g
vtk agd hexgihe wl gl FOe  Hmt MEPTEIN ] | aul":ir.le e utlve
Pl b ety bW fhe weBduwg corieed Iroen A oo CKOY Do EhY T
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The Self-Shieldr
Flux-Cored Process

In essence, semiautomatic welding with flux-
cored electrodes is manual shielded melalare weld-
ing with an electrode many fect long instead of just
a few inches long. By the press of the trigger
completing the walding cincuit, the gperator weti
vated the ipechanism thal feeds the slectrode bo the
arc {Fig. 5-0). He uses a gun instead of an electrode
holder, but it is similarly light in weight and sasy to
maneuver. The only other major difference is that
the weld metal of the elecirode surrounds the
shielding and fluxing chemicals, rather than being
surrounded by them.

Full-automatic welding with selfshielded flux-
cored elactrodes is one step further in mechaniza-
tien = the removal of direct manual manipulation in
the utlilization of the open-are [rocess,
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i, TTPOS DE JUNTAS
a) a tope
b} traslape
c) ente
d) de esquinli

e) de borde

PIL, TIPOS DE SOLDADURAS

a) soldadura de filete
h1} penctracidén completa

b) soldadura de penetracion hz] penetracidn incompleta
c} soldadura de Lapdn

d) soldadura de ranura
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IV, POSICIONES DE LAS SOLDADURAS

it) plana
h) haorizontal
<) vertical

d) sobre cabeza
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SOLUADURAS DE FILETE

i)
a')
a?)
a®)
b}
c)
d)
e)
£)
g)
h)
i}

secciones transversules
caracteristicas

secciones aceptables

secciones inaceptables

defectos

tamano minimo de Uiletes

tamaiio miximo de soldaduras de filete
longitud de soldaduras de filete
Juntas traslapadas

retorno en extremos de tiletes

filetes en apujeros y ranuras

"resistencia de socldaduras de filete
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4/ETRUCTURAL WELDING LOLit
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Fig. 24 3—Fillers 114 in. or thicker,

Part C Details of Welded Joints

2.6 Joint Qualification

26,1 Joints mecting the following requirements are
desipnaled as pregualified:

{1} Conlormance with. the delails specified in 2.7
through 2.14 and 10.1).

{2} Usc of onc of the Mollowing welding processes in
dccordunce with the requircments of Sechions 3, 4, and
I &t applicable: shielded metal arg, submerged arc,
gas metal arc {except shurl circuiting transier) or Mua
coreed arc welding.

Jainms mecling these requirements may be used with-
oul performing the joint welding proccdure qualilics-
tion tests prescribed in 5.2 ]

2.6.1.1 The joim weclding procedure for all joints
welded by short circwiting transier pas melal arc weld-
ing {see Appendix D) shall be qualified by tests pre.
seribed in 5.2

2.6.2 loint delails may depart from the details
proscribed n 2.2 throvgh 2.14 and in 10.)3 only il the
canlracior submils Lo the Engincer his proposed joinls
und joinl welding procedures and a1 his own capense
demorsirales their adequacy in accordance with the
requirements of 5.2 of this code and their confor-
munge with applicuble provisions of Sections 3ang 4.

2.7 Details of Fillet W elds .

I
2.7.1 The details of fillet welds made by shizlded
metal are. submerped are, gas rmectal are ar Nus cored
arc weldrng 10 be wsed withoul jaint welding procedure
quahlication are iisted in 2.7.1.3 through 2.7.1.5 and

detailed 'n Fiyes, 2270 and 10.13,1.3,
2.7.1.1 The nunimum Dilion weld size, except lor

filict welds used 1 reinforee provve welds, shall be as
shown i the fulluwing Lable;

& 4

Table 2.7 =-Minlmum fillel weld wize
¥

wase Metal Thickness of Misimum Sige

Thicker Parl Juined (T) of Fillel Weld* -
in. mm in, |_.'nrn
1
T4 T bd ey )
IFACTEIfT 64<T I M6 5L singlepass
2CTLIM 12T LIv0 Lj4 & welds mus
4T 19 0ST hFA T ¥ 7 beuved

“Encepl 1hi the weld siee need nol cwveesd Lhe thicknegs of the
Hunner parl geined, Fo! this exceplioa pariwular care shoull by
lakea lo provde wlfainl prehost be casure =cld mu-dui.\
“*kiinimum nie for biddge applecativn 3716 in.

1.7.1.2 The maximum fillet wcld size permilicd
along cdges of material shall be;
(1) The thickness of the base metul, for mctal kess
than 1 /4 in, (6.4 mm) 1hick (scc Fig, 2.7.1; dewuil A).
Z1f16in. {1L& inm) less than the lhlctrm of base
metal, for metal 1 /4 in. (6.4 mm} ar mere in thick-

' ness (scc Fig. 1.1, detail 8), unless the wejd is desig-

‘nated on 1he drawing 0 be buill out 10 vhiain (ull
throat Lhick ness.

L.7.1.3 Fillet welds in holes. or slols in I.lp_jumls
may be used to transfer shear or Lo prevent buckling
or scparalion of lapped parts. These ilict welds may
overfup, subject to the provisions af 2.3.2.2. .Filix
welds in hoies or 510ts are nol Lo be considered as plug
or slol wekds,

2.7.1.4 Fillet welds may b used in :kcw Joints Lhat
have an included angle of not less than 60 degrees,
{Sce Fig. 271, detajls C and DY, !

2.7.1.% The minimum length of an intermilieni
fillet weld shall be 1-1/2 in. (38.] mm).

Dase maial 1/4
mora h Iihnchness

Baso malal losa
than 14 trich

A &
lazimurn slzw of Bl wekd along soges

D
Gaswad T-prints .
All dimansony jn inghey

Fig., 27 1—Deiaily for fillet welds. 4, -

24
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VI.

SOLDADURAS DE PENETRACION

a}
b}
c}
d)
e)
f)

5}

Caracteristicas generales

Secclones aceptables e inaceptables
Precalificacién .

Soldaduras de penetracidn completa
Soldaduras de penetracidn incompleta
Tamafta minimo en soldaduras de'ﬁenetraciﬁn
parcial "5.

Resistencia de soldaduras de penetracidn
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Alt dimanyions Ia lncher,

Y Gowge reotn of 1ainte withoul backing beTore weiding pther gide (see 4,10.8)

3 Tor albvwable variation of drmonyizes nd 1.3 4 for setkmankip tolernncey.
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VIIL.

METAJ, DE APORTACION

a)

Caracteristicas gemnerales

Clasificacién de los electrodos
Electrodos para 501Jadurﬂ manual al arco
eléctrico,

nomenclatura

papel del recubrimiento

tipos de electrodos

uso de los electrodos

Electrodos para soldadura de arco sumcrgido.



A

T

11 Tcbles 1 and @

-
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AWE Capabieal Preducing
vihenthon Typr ol Loverkhe Ealinlucbory Weldain Ty pe af Current®
- ° Foaitions Shawn~

Est SEmips— MiniM iUy TENEILE STRENGCTH oF DEROSITED METAL
IN AS-VWELDED CONDITION
60 D00 pe1 (OR HIGHER—SEE TaBLE 4}

Ef010  High ceilulese sedium F,V.0H.H dc,reverze pdanity
6011 High cellulose potassium  F,V,0H,B  xcorde, reverae polarity
Eg01Z  High titania sedium F,¥V,0H,H arordc, atraight polarity
E&0l3  High litaniz palassium F,V,O0H, B’ acorde, either polarity
E&020  High iren oxide H-Fillets ae or de, straighs pelarity
- F ae or de, either polarity
EfQ2T  Tron powder, iren qxide H.71illets a¢ gr de, straight polanty
F acorde, either polarity

ET0 Srxmrs—Aiviviy TENSILE STRENGTE or Diyosi 720 METAL
IN A5 WELDED CONMTION
40 000 pur fok RicHor—SEY TARLE )

toala Iren powder, Litania F,V.0H.H acordc, either polurity
ETHSE Low bydrogen seditm F.¥,0R0,B dt reverse polanity
E7015  Low hydrogen patassicm  F,V,0H,H  scorde, reverse polarity
EvGA Iron powder, low hvdro- F.V,08,8 stcorde, reverse polarity

ETD
ETozd Iren powder, titania E-Fillets, F  acorde, either palarity
ET028  Iron powder, low hvdro- “H-Fillets, ' acorde, reverse polarity
Ben

L The sibreamtlony F, ¥, OH, B, and K-Fillews indicate welding onmatioos (Fipe. 1 sod 2) aa
llaew:
F = Flat
W= Horizanesl
O Fllss = Horapnial Tiira
Vow Tertwal | I For slarzrides 3F16 fu. and wnder, rarenl BPF 1o and wdder Tor P
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Are-welding consumables are Lhe malerials used
up during welding, such as eleclrodes, filler rods,
fluxes, and externally applied shielding pases. With
the exception of the gases, al! of the commonly used
consumables are covered by AWS specifications. -

Twenty specifications in the AWS AS.x series
prescribe the reguirements for welding electrodes,
rods, und fluxes. This section briefly reviews some
of the importunt requirements of the A% scries,
with the intent of serving as a guide to the selection
of the proper specificatipn. When detailed infor-
mation 18 required, the actual AWS spaecification
should be consulted.

ELECTRODES, RODS, AND FLUXES

The first specification for mild sleel coyversd
~electrodes, AS5.1, was writlen in 1940. As the weld-
ng industry expanded and the number of types of
electrodes for welding steel increased, iL became
necessury to devise a system of electrode classifica-
tion to avoid confusion, The system used applics to
both the mild steel A5.1 and the luw-alloy stee!
Ad.5 specifications.

Arc-Welding Consumables

Clussthivations of mild and low-alloy steel elec-
trodes are based un up “E™ prefis and a four o
five-digit mumber. The first two digits {or three, ina
five-digit number) indicate the minimum required
tensile sirength in thousands of pounds per square
inch. For example, §0 = 60,000 psi, 70 ~ 70,000 psi,
and 100 = 100,000 pei. The next to the last digit
indicutes the welding position in which the glectradn
is capable of making satisfactory welds: 1 = all
positions — flat, horizontal, vertical, and overhead; 2
= flat and horizontal fillet welding (see Table 4.1),
The last two digits indicate the type of current to be
used and the typue of covering on the electrode (sev
Tabila 4-2).

Originally a colur identification system was
developed by the Nationsl Electrical Manolucturers
Assouiation {(NEMA) in conjunction with the Amer:-
can Welding Society to identify the electrode's
classiflicalion. This was a system of color markings
applied in a spacific relationship on the vlectrode, as
in Fig. 4-1L{a). The eglors and their significance are
listeed in Tables 4-3 and 4.4, The NEMA specification
also included the choice of imprinting the ¢lassi-
fication number on the elecirode, as in Fig. 4-1{bh].

TABLE 4.-1. AWS A5.1.69 and A5.5-69 Designations for Manual Electrodes

a. The peetia "E" desynuies arc welding slacirsoe.

£, Thir mdxL-to-last deagel g iCates posilkan:

b. The tirs) revo dugies af loos I.Jlﬂ.l:l g berd ared thg tirsc chrea digaty of Give Jdigit oumibsers ifdw s G mindmadm Lenald sioangth:

£0 000 g M m Tenssla Strangth
F0000 pu Minsmum Tensi Srangth
110,000 gsi Minetwm Tensile Sirength

All posiLions
Flag positwg aimd horvizgnial tilets

d. The witfiz (Exsenphe: EXX XX A1) indicaies Ihe appraximare atlgy 1, 1ha weld depasit:

Al - Q5% b

-B1 L e 05% Cr, O 5% Mo

el - T 1.75% Cr, 0 5% Mo

-8) ... .. 2 25% Cr, I Ma

-84 ... % Cr 0 5% Mo

-8B ... e 5% Ci, 1% Mo

-C1 e Z.5% M

-02 ... J.258% NI

-C) .. ... ..., . 1% ME 0 35% Mo 0 19%Cr
-Dlanad Q2 .. ... ... v e 025 0.45% Mo, 1L75% Mn

-G . 0 5% mn. Ni, 0 X% mev Cr, 0 1% mon, Mo, Q1% min ¥ 1%
rron, Bn lanly one element reguived)




o 1-2

Lansumabies and Macturnery

TABLE 4-2, AWS A5,7 BD Electrode Dusiynalivng
{or Covered Arc Welding Elecirodes

TRAHELE 4-3. Colur Identification for Covered
WILD-STEEL and LOW - ALLOY Steel Electrodes

Drwpgriaticn Cwirent Lavaring Typa
Exx D DL+ anly Qirganic
EXX11 AL ur DG Oiganic
EXX LT AC g1 DL~ Hulile
ExXaiy AC or DCA Hutile
Rutilg, non powder
4 4
i EX 41 AC o DG faporos, K%
EXxih DEr anly Lovw-hydrogen
ExX1G AC o DO Low-hydrogen
- Lt Byttt 10Geiy- Proweede r
. ;RUB AL w DE loppros. 26%}
CAxin AC or DC2 High inon onwla
Rutile, won powdde
® + .
b X?.-l- AC or DC loppros. S0%)
. Mimeral, won fuawelgr
Eaxd? AL ar DCT lopirox. B0%]
[RxIE AL or DO+ L owe-hydiogan, wan-pow dur

lapprox, 0%

fa}

_ Fig. 41, 18] Nauanal Elecingal Monulaciurers Assocunen color-cota
Athev] 1o wentity an elecirogte’s clessification: 1b] Armerican Weldng
SqavEry irnparent methcd.

[:'_] 11018

11014 dlf El

)

GROUP COLOR - NO COLAR o
KNID, X1, KXV, XKDE, K KIT, KR TR and 3l BO XX

Emd

Cular Ho
Lt Calor Blus Blachk Diengs
Culur
e EGOID | E7OI0G EST
Whale E60YZ E7010-A1 ECH
Browen E6D1] E7014
Graen ER020 ]
[ EBG1 E7011G 1
T tiDw ETO1%-A1 ETDi4
Black Evora
Sty E 327

GROW COLORA —SILVER

AN XK1 and KX 20 ancept EGD1] and EGOZD
Brown
Wluree
[T T E 700G
T #lone €300-al

Starting in 1964, AWS new and revised specifi.
cations for covered electrodes required the classi-
fication numbur be imprinted un the covering, usin
Fig. 4-1{b). Howaver, some cleclrodes can be mane
faclured faster Lthan the imprinting egquipment ¢
mark them and some sizes are too small te be legibly
marked with an imprint. Although AWS specifies an
imprint, the coler code is aceeplad on electrotles if
imprinting is not practical.

TABLE 4-4. Catar Identilication for Covered Low Hydrogen Low-Alloy Steel Electrodes

GRAOUF COLDA - GAEEN
KA1S KX16ard XX 18 encept EBD1S and EBD 1S
Enrd
Lutnr Mo ,
Lpal Color Biack YWhite Gt wy Briwn Viale Grwin RAed Oranga
Lo
Pt ErMIISG ETdnG E8D15G EEG E100150 E170156
_.___wmu E?05 A E9dNb-B3L E315 D1
B w1
Ly EBOS-BIL Fooi5-dl
Rroith EH015 BaL E8915 B4
v angd ErdugG E70tG E7O18 EBO16C3 EQO1EG E 1001 13 E12D16G
Tallow ETO16 a1 EToia-Ad EEN GG Ealie-nt E1001502 { E1I0165
| v ES0IBCI | €BOIS B | EBOIEBL | Q01883
Blus EIDBG ERDIBG EROIGCr | EBO1B-CY | ES0NG-RD | E90MBG E100AG YEVIMBG | E2OIRG
Vi EBQI1EB.CY B/ 1B EBD1EG-B4 EB18-Dn E1031B-[32
Giray EBO1H b4 EBJ1G-H2 EBO1A.-B2 E10018 D2
Silumr Mil-13018




Arc-Welding Consumabies

TABLE 45 aW5 AS-69 Minimum Mechanical Property and Badiographlc Requiraments
for Covered Arc-Weldeny Electrode Weld Metal

413

Tanula Elpngatian
AWS Sirengih, Yuld Poing, in 2., Radiggraphic LR TRYT
| Clagnlication man, g min, pui N, pafcanl Stundard ¥ Impact
EGO Sarim ¥
| E&Q10 62 OG0 50,000 22 Grae !l 20 Itflo ax —207F
EGQt1 62,000 50,000 22 Grade I 70 tuiy at —209F
EGD17? 67 .000 £5 000 17 Mot requared Mot ¢ e quirett
E&01]) 67 000 58 00O 17 Grade 1| Moy reguired
EEO20 52 000 B0, LG 28 Gracia 1 NG raipuisad
EGO2Y G2 (K10 b{1,000 5 Geadu 1 20 faily ar —209%F
ETO Sanm ©
E7014 17F Grada 11 oz reguired
ETD15 22 Gradu | 26 hAb g —209F
E7D16 22 Grade 20 0/l et -205%F
€7018 72.000 B0 oaa 72 Gradu | 20 fefily ar —26%%
EFD4 17 Graaw (1 Mo g
E70Q7R 22 Crade H 20 ffi ar O°F

& Ses AWS AS.1.89, Fyd 2

b For mach incraass of ok Daiceatage pednt i wlongeldon ovld (he Pnimum, e yisld poing or laosibe
it gl B ath, rpay decrease LOOWY pai T8 o ronniimoene ab GO UIE gri tod iha Londlle strength et +H Ot
BHlar tha yiald poit dar gl classifoeagons of 1he S0-aries mioept ESQ12 and E6013. For the Exdl2 and
EG0 11 chassrlications the yiwdd paont and mastke sirdngun may decfgss 13 @ muaemum al 65009 pu lor
e wenuka treaglh gtsd 33,000 gy Por (he ymid s

+ For mach incrgaka al o pactant ggu peoenr in SlONRAlRn owef IRE Manimam, fhe ywrld poinL af fentue
Miwnyth, Oor bath, mbky Deireaue | 000 poi o 8 Menemunn of 70000 pai for rhe A srcaegen and $3.000

B tar Lhe yiskd poant-

d The mxtrama [gewart value and the matrdense ligheet waluy obtaingd I the wat shghl Us Jdaregardea Tweo al
the Chras remaining *eluds Shall b gréier Than tha specifiad 20 LI wrwrgy luvel) S0d af L thres may De
Igwwwr Bt shatl por B s than 1% fiiih. The compatnd avardge wiiuk ol Lhe those 1I8maining vakaas shail
Lot 4G al 10 Or gryabyr than the 20 LMD ener gy Mvel.

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

The scope of this specification prescribes
reguirements far covered mild sieel electrodes for
shielded metal-are welding of corbon and low-alloy
steels,

The minimum mechanical property reguire-
ments are shown in Table 4.5 Radiographic stand-
ard Grade 1 has [ess and smaller porosity than (Grade
II. The actual standards are nol contained herein,
and, if a comparison is required, the standard in
AWS A5.1.69 should be used.

Standard electrode sizes and lengths are given in
Table 4-6. Not all classifications, however, are manu-
factured in all sizes.

Low-Alloy Steel Covered Arc-Welding Electrades,
AWS A5.5-69
This specification preseribes covered elecirodes
tor shielded metal-arc welding of low-alloy sLevt.
The same classificubion sysketn is used as for
mild stewl covered electrodes, with an added sutfix
that indicates the approximate chemistry of the

v

deposited weld metal (see Table 4-15.
The chemical eamposition of the deposited weld
metal i3 shown in Table 4-7. The electrcdes with the

suffix “'G" need have only one alloy shove the mini-
mum to qualify for the chemicsl oquirements.

TABLE 4-6. AWS A5.1-65 Standard Covered
ArcWelding Elecirode Sizet and Lengths

Standard Langihy lind
Caore¥ifire EBO10, ESDTY, €620
Diam. EBD12, EBDNS, E7024
bin.J E7014, ETGTH, EROZY
E701%, ET018 E7078
1114 B
5/64 Qori? .
Lpe s 12 12 I
1.8 14 14 j
6422 td 14
ne 14 19cs 14
32 14 o« 18 1a
14 18 1%
g8f16 14 iR




4. 7.4  Consumables and Machinery
TABLE 4-7, Cuppasition Feguirements of Low-&lloy Weld Metal AWE A5 5-GD
—_
Elsctind® Cumiprimit ion %)
Clagm i catign C _}_ EAn | P - l 1 M Cr Mo W
Carban-Molybdenum Stesl
—_
Eroi0-a1 QB0 aan
E7D11-A} 060 a4n
EMDI5-AT R 0G0
ETDIEAT 017 0 TH] LLRIK e | [ E7 f e 040 to 0 64
EFOIR-AY 090 0.40
EFGiG-al- a.en 040
E707 141 1.0 0.4
- Chrgmium Molybdenwem S sl T
ERJ1R B1 0 & !
£5018 81 012 090 001 Do o8n DA% 1e 065 | 0.4010 0.65 ..
ERZ15-B7L G on 050 003 | poa 100 10018 1.50 | 0401 0 ES N
EBL 16 2 a6o ] o
EBC1BH2 _1_1_12 a.4an _.‘.}LM j.m [1§: _lm o 150 “;_ﬂi““ ..
TERGTBBIL by 0.99 483 | T0Da DBG T0i1e150 | 04016065 | ...
ESGBBIL 0oL D50 630 | opa 1ol 200t 250 | DS01a120 -
TER 1 Bl 060 —
EXIER] ooz 090 03 04 a &0 2.00 10 2 50 G50 1a 1,20 .
ESC 1883 0.84
FS018 BIAL 0,05 090 | 003 | 004 080 20wz B0 | 080te1.20 e
ES01h G4l i) 090 0.03 0.04 1.14 1.75 i 2.25 04010 0.65
EBfI1G BY 007 to 015 040 w070 ooa 0.04 03010 D& .40 10 063 100 tp V.25 ons
Nichwl S1mal
£EMNG-C1 080
L Tl o1z 1.1 0.0 oQa 0.e0 20016276
i _
e a1z 1.20 vos | 004 e 300 16 176 . ]
a
it 013 vdow12s | eosa | aow o 60 08010 1.10 0.15 0.1 0.0
- Mangarra Molybd enum Sieel -
[a01% bt _ 0.6
F_Dﬂ'lﬂ-li B o012 1.261w0 §.fb 0.03 0,04 o B0 wa 425 to 0,45
1001502 (Ll >
£10m% 02 0,15 16510200 | 903 004 0.6l . 0.25 10 0.45 !
E10MmE DZ 0BG
Othar Low &Alloy Sisat
EXX 1L
Exxn.G
EXX1a4
EXX1E G . 1.00 s . 030 mun 0.50 mun Q30 min 0.20 mun 010 mun
EXXIGD
Exxia G
EFO20 LG
E1E M 0 wa GE0 10 128 0030 0030 0.80 1.A0ta 180 016 035 0.05%
E1D01R-M 0.to 87510 1,70 Lo | 0030 QLo 14010 2,10 .35 075 1a 50 0.0%
EivDra M 417 1.3 1 6D 0.030 ik s i & 1.25 10250 o 40 0.30 12055 0.6
EIZODLA M 010 1.30w225.) 00X §} 003G L 1165 te .20 0.3 w 1.50 0.30 w 055 aca

Foiple Sonlla wp dsk S0 0w ard INEHIMOM BedCarapes PHCEAT whnie ath e s weecilang.

Electrndes with the suffix WM™ will meel or be
similar Lo certatn mililiry requirgnents.

Table 4-8 shows the tensile-sirength, yield-
steength, and clongalien requiremenls. The preheat,
inberpass-temperature, and postheat brcatmenls are
nod the sime far alt electrodes, For this reason, the

complete AWS AS5.5.69 specification should be
vonsulted before eonducting any tests.

Radiographic reguirements are shown in Tabhle
4.9, Grade | has fewer and smaller porosity than
Grade 11. The radiographic standards can be found
in the specifivation.



TAELE 4-8, AWS AL 563 Tenside Strength,
Yield Strength, and Elongation Heguirements for
Al Weid-Metal Tension Test ?

¥l Elonga-
Tarhla Lieaingrh tion in 2
AWS Strangth, #t Q2 parcant in.. min,
Clagificanion mn, P wlbwat, pai Purcant
Ergi0-x . 22
EY11-X 22
E¥015.-% 5
EFO1E-X 70,000 b 0U0 25
ETOIB-X 25
E7020- % 25
EFO22.X 5
EBD10-X 19
EAO11-X 19
EBQ13- X 1B
EAOD1E.- X 63,000 g7.000 18
EAQ1E-X 13
ES08. X 1)
EBOE-C3 &5 00D ro
EBDIB C 80 000 20.000 B
ES010-X 17
EQd11-X 17
EQ013-X 14
E9OQ15-% g 00 17000 17
EQiig- X 17
ESOI8 % - 17
1 EGD1E-M 93 000 78.000 10 74
, 0,000
E10010-X 16
E10011t-X 15
E10013-X 13
E100715-X 1 0y K0 B7.000 168
El1e-X 16
__ E10018-X - 16
E10015-M 100, 0N 28,000 1o 20
1 (4 OO
Et1{M5-X
ENDE X 110 1K) 97 LX) 15
E11D18 X - '
E1t018 M 110000 08.000 ta mn
L 110,000
E12015 X
E12018.X 120,000 107 g 14
‘__E1?L'I1B-I_'__ ——
E1Z01R M 136,000 108,000 19 18
L 120,004

a Faor jhe EBONS-CZ, EAMB-CE ESOIR Wi, E100IE M,
Et107180 M, angd E1Z018 M gleciroos chiwe heationd  1ha
valugi showern are Ior pecioans Wwitdd in (he as welded
conchinaf. SEwcimang beatecd for i) SIRGr uhkedtiades Jre in
tha atruay? ralinved comadition.

TAELE 49. AWS AS5.5 69 Radiagraphic Reguirements

AWS Classilication Aadingraph Srandard

ExXilx
ExxXil
ErI2L-X

EXXI15-X
ExXXIgX
ExxI1B-x
ET0T0-X

Grale |

EXXi0.-X

Graue 1

Arc-Welding Consumables 4.1.85

Tahle 4-10 shows the impacl requirenents. The
impact tesl specimens receive the sume heat treat-
ment as the tenston test specimens.

TABLE 4-10, AWS AL.S 69 Imgact Property
A squirements

Mininium W Natch
AWE Classiticalioa frivosel Myguirgimant
EBOVB-LA
b
FRMIACA 20 1l 1 —40°F
ES(1%-D1 -
Eagig-pt
E10015.0% 20 11 /I 4¢ - GOTFE
E10015-02
E10018 D2
(=2 ERY
E + D01 8-pa
EN018-M 20 11 ot - BYOF B
E1Z0%B M
E&Q16-C1 c
ESO18CY WM/ -I8F
£8016L2 .
EBMALZ 20 i1 gt = 1009F
All other clasnfloations Nat regured

4 The antriird lowest value obtsined (Ogd ket wirh hie & s THbrfm
Mighast value shgll pe disrrgarded for 1y e, Twa ol tha
rhrad Tafsining wibkaes shall ba grester L thy yoe i fuad 3
Ithib anargy wwvnl, gre ol the theed May we loewdd Bul shaedl
et e Mt than |5 11718, Tha cormiar g IRT g wilud af Lha
mrag ramaimng valu®s shall b egosl 1o or g aler thal ths
20 1tfb anergy lnval,

AF-waldw? anpacl peaartig
g Sirvss-rdlivyadd srpact Properties.

Barg Mild Steel Elactrades and Ftuxes fosr Sub.
merged-Arc Welding, AWS A5.17.69

Since the clectrode and flux are two separate
consumable items, they are classified separately.
Electrodes are classified on the basis of chemical
compasition, as shown in Table 4-110 In the clasei-
fving system, Lthe leltter “E" indicates an electrode,
a5 in the olher classifying systems, but here the simi-
larity stops. The next letzer V'L UM, or "H"
indicates low, medium, or high-manganese, resps.
lively. The follpwing number or numbers indicate
the approximate carbon ceatent in hundredths of
one percent. [f there is a suffix "'K," this indicates a
silicon-killed steel,

Tuble 4-12 pives the standard electrode sizes and
tirlerances.
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TAHLE 4-11. AWS A5.47.65 Chemical Composition Requirements .
for Submerged-Arc Elpctrodes

Chamical Carmpogilion, percynt
Tearal
other
AWS Phes: | Cop- Ele-
Claa hicatian Caibon Mang anese Silcon Sulfur phovus | par * | mants
Low
Mangar s
Clanits
ELB 1R V1] Q30 1a 0.55 ous
=L BK 010 030 10 0.55 G101 020
EL1Z 09710015 0.35 1o 0.6D 0.05
Marctium
Masigarois
Clatns
EmsrY a 06 D80 wi1a0 |pagworn | ooas | ool | @15 | 050
Eta12 00710 0% 08510 1.25 Qo5
Ent125 001D 1S D851t01.25 015 tp 0,35
Ea13K 807 1ia QB 090 ta 1.40 04510 0,70
LM1BK 012 10 0.0 085t 1.25 01510 0,35
Hgdi
Papi g nd
Clan '
EH14 Q10w 00 1.75 10 225 D.0%

A The copper IiMit o inds@anoent of any Coppd OF aLher syilsble coanng which may e 2opling

e ol Rt rode

b Thn sletrooe conignt 005 16 .15 percant Tiimnium, 0OF (o 012 percant thiganium, and
B0S % 015 percen) lumbnam, which o peghvbes of the " Tatpl Dther Elameann™ ieguiremant.

Moiw 1 — Anufyirs ahiptl e made o0 the clgmantt (ar whoth spacilic values &8 thown e this

1alilip

H, Riwsver, The pieswnoe Gl other slgnente i ind gt in he courss ol rowllne analysis,

Turctor srialyss £l Dw osrpcd Lo duilufiming thal U 1etal Wl Thess gibar aemance b oy gresant In
wucers wf THe Norits appcifigd 1of “Tolgl Giher Edarmaniy™ 10 1he [ast catumn ol the telle.

Figiw @ = Single vglues AhDwh ard Mazimum pefceringed

Fluses are classified on the bazis of Lhe mechani-
cal properties of the weld deposit made with a
particufar =lectrode {see Table 4-13). The classifica-
tion designation given 1o & flux consists of a prefix
“F" (indicating a flux} followed by a iwo-digit
number represendalive of the teasile-strungth and
et reguirements For test welds made in aceord-
anee with the specification. This is then followed by
a set of letlers and numbers corresponding to the
classification of Lhe electrode used with the Mux.

Test welds are radiographed and musl tneet the
Grale J standard of AWS A5.1 specification,

Mt Steel Electrodes far Flux-Cared Arc-Welding,
AWE AL 2068

This specificalion prescribes reguirements for
mild steel composite electrodes for flux-cored arc
welting of mild and low-alluy sleels.

Hoctrodes are classificd an the basis of single or
multiple-pass operation, chemical composition of
the depasited weld netal, mechanical propertias,
wid whether o nob carhon dioxide is required as a
seprarate shielding gas, Table 4-14 and 4-15 show the

TABLE 4-12. AWS A5.17-6% Standard Siems
and Tolerances for Submerged-Are Elecurodas

Slendurd Ewclrodd Sz, dis., in, Yolergncy on Q1 40 2
146 10.083) BN s
SrEd (D.078), 333 18 094)] 000
|18 10128 B bO3
5422 i) 156K, 3716 (0.1BB], 7732 1021 GO0
1/4 {0 2600, 5/16 $0,312], V8 (0.375) b .

minimum mechanijcal-property requirements.

Gas-shielded flux-cored electrodes are nvailable
for welding the low-slloy high-tensile steels. Self-
shielded (lux-cored electrodes are available for
all-position welding, as in building construction,
Fabricators using or anpticipating using the flux-
cored arc-welding processes should keep in touch
with the electrode manufscturers for new or
improved electrodes not intluded in the present
specifications.

Mild Steel Eleetrodes for Gas Metal-Are Welding,
AWS AS.18.69

This specification preseribes roguirements for
mild stee] solid electrodes for gas metal-arc welding
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TABLE 4.13. AWS AS17.6% Machanical Froperty Haquiremzniy

for Submerged-Are Flua Clapyification

Y iwkd
Tanzila Strangth Elunyatian
AWSE Frux? Stiangth at 0.2% Oif. w2, Charpy V-Nuleh
Classification psi T, min, pi min, % Impact Strmnmh‘_
FEQ X XXX Mol requireg
FBL-xXNxC 52,000 20 ftfIb ar O9F
PR xKE 1@ £0,000 2 20 1tb at =209F
FRI-XXXXC 80.000 20 frfle a1 —40°F
FG4 XXX %E 20 fr/1o aL = H00F
FTO-X X X% Mot requuwnd
F71-A X nn* 71,00 20 filib ar Q7F
F22-xHx 0 to €0.000 72 20 1t at =7 F
Fraxxx K™ 05,000 20 ff it at - AR
FPa-xxxx® 20 fuin at = B0V
g Thae teicers "X X A" 24 ubed A thas Labie Liag o1 the #iecirode desigrationt
ELL ELAK, wig, lyge Tada 4 117, .
b Thae aatrems lowest value oblgned, To4ether with the dxTrwrfe highest value
obtained, shyll Se divegardd Ter thin tedt. Twd ol dhe onres feidine g vadusd
shall b grosvs ithan me specdbuny 30 B BITRIY lawal; Orow ol 1ha thiree may
bw lowsr bul sngll nog ba 1oy thoan 15 foflp. The computed avarsge valune ol (he
Ihrwa walums 1ha!l ba wOwal (0 OF greater than Lha 70 1o Wargy lewal
€ Mote that 1f & somcilig Froa alecrpds EOMDIASTHIGA Maeetd 1R dddymments of »
Qv FEX muue platy FEdTiey, thas clpasficabion alyg Mty 1he o Qu i When L
af all lower Aumbered Clas hiations in che FBA.xxux Mk Fod mmtance, &
Mun-#iactrods COMUINENCN Mawany The Faquismesty of the FBJ waun dal-
Mepdian, sleg mewts che reguirengnts gf vhe F32.xwxa, FGY aman, and FLG-
wauy clasgifleatigny Thes sopilan 0 Lhe FPX - dask wirled ailio,
d For ssth incresr of ORd GAddentage pont In slongation avii 1he Anmimem,
Ihe yield strangth or tenide pfrangih, o Both, may cSECradie 1000 pu L0
menkvum ol &0 000 PR for the walile SOAgIn and ARA00 O3 lor the vl
WEranyin.
& Farsoch incriges gl e Parcamiage paind in #lonpetian gver the muynimuom, the
vleld strengiiy gr tunsile soiogih, or boTh, mMay decreas? 100D i (o s Ml
rura of 70 000 pyi 14r the tanple sirangih and 58 000 pei fur the yisld strength.
TABLE 4-14. AWS A5 20-69 Mechanigal Property Aequirements
for Flux-Cored Arc-Welding Wald Metal?
Tansids ¥idd Strength Elongation
AWS Shialid ing Curmeni Strangth 120,75 Otha, in 1 inchas.
Clasutcation Gl and Palarity © min.) | pai miﬂ.i, P rru'n.', psi
EBOT-7 MNore OC, sirasght podarity a7 .oo0 55000 23
T EeT-l | Hom B abd ™ [T B0 obn 7z |
ETQT-1 ¥2.000 Bl 000 22
E70T.2 L0 Dc 72000 Not raguien
ETOT-3 Mo T3 00N Mot ks ed
E10T-4 MNan LT 1000 6C 000 22
. L polaity
EFOT.59 Mone 12,000 0,000 22 n
E?)T-6 Non 72,000 E0, 000 2
d .
EIT-G RO Ay, L Em B m.m:lo't 'ﬂulmd ek |
a  As-wilded mechamcwl proparDas.
B Shimlding gaies ara dedignpied o5 1000wy
CO3 = rarbon diowuds’
Novw = Ao iepacal® Shielding gas
t Pawarie pOLarily rivmang g rrcel o POLLive] LTragR I Palaricy rradng B E OO B ngEtivi.
d FAsguiremend For singie pass aMcTroces.
a  FAsguirsrwent bar molbple pays olacirgdes
t For wgch incroase ol onae peroentdge Bainl in 8longelmn gvar M S AT, BRE I REmiu e regui s

viehd MErwAGLh OF 1AM cyraile alrangth, Or boih, may decrenss 1000 psl, tor 2 masimum ced actlzn ot
TOOC pyd an @ilhar the taguicrgd MiNmMum ¢ @kl Keengih or he W@rddd sienglh, o boan,
g Wtaeiy CO: snd None ste ingica md av |he stealding gaes (or 3 gran dlpscheanon, chamid gl gnaiy bl
pads and disl asdirntlogy shall D8 Orepared vieng hgth S0 and g wnoarsa thrkding i

4.1-7
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1ABLE 4-15, AWS AB.Z0-69 Impact-Properiy
Raquirements for Flusx Cored Arc-Welding Weld Mats

I Mimimum V-Noich _\
AWS Ol s leavion Impect Aequirement * )

EI3T 5 _ W (e o - 207F
EGOT-H

EFOT-1 20 Ivib at O°F

E7OT-6

EGOT-7

E7OT-?

EVOT.3 Not required

ETOT 4

E¥OT-G

r Yha savdme avet]l value obtlalned, together with the aa-
trami highgsr vahed chisined, swhall be divragarcdes ToF Lhis
wir Twd ol tive UMS FAMansd wetull aball On gredter 1ha
M wiiciligd 20 (UL woergy larsl; one o1 The thres may b
Ipwdd Dt ihmll ngt e lass than 1B 1710, The compuied avir:
syt valug ol the {nivd vBlues chall be aqaal 10 ar greatar Lhan
thw T0 1Ml coweyy Ievel

of mild and lew-alloy steel. The electrodes are classi-
fied on the basis of their chemnical composition and
the ns-welded mechanical properties of the
depogiled weld netal {sce Tubles 4-16 and 4-17).
For the chemicul-vomposition reguirements of the
depusited weld metal, see Table 4-18,

Table 4 18 includes a Group B classilication,
entitled “Low-Alloy 5teel Electrodes.” The altn}-
additions here do not meet Lhe accepted definitiong
of mild steel. The basis for including this clasig.
calion in u mild stee) specification is that the allay
additions are for deoxidation and usability improve.
il and not for the purpose of upgrading the
mechanical properties.

Carrosion-Resisting Chromium and Chromium.
Nickel Steel Covered Welding Electrodes, AWs
A% 2.59

These electrodes are commenly called the
“'stainless™ or "rorrosion-resisling electrodes ang
are classified an the basis of the chemical compg.
silion of the deposited weld metal and usabﬂny
characteristics.

Chemical composition reguirements are shum:.
in Table 4-19. The specification does not include
tests for corrogion resistance, The depaosited wajd
metal can be expected to have the same corrosion
resislance as the base metal of the same compegi-
tion. However, due to the heat of welding or subse-
quent heat treatment, metallurgical changes can
occuy that may affect the corrosion resistance of the'

TABLE 4-16. AWS A5 1868 Mechanicsl-Property Requitements
for Gas Metal-Arc Walding Weld Metal®

1

[ . Tansila Yiwd Sirangth Elangation
AV Shwlding Current Strenglh s 02% i i,
Clmusificution Gub and Folarity © min., pei Gilwat, min, min, %
GROUP A = MILD STEEL ELECTRODES ] .
E?051 AD T
7052
ENS-J AD & GO, 9 DC
rFEyET e
E705-4 aolarry 120001 50,0008 za !
L7055 COy
E205-6
ET05 -G (LIRS not anec.
GROUP S - LOW-ALLOY STEELELECTRODES —
ErOS16 oo,y BL, reverst polanty | 72,000 5T 60,000 B! pput
E705-GB nul spec. nat wec. 12000 | eopoott yauf
GROWP & = EMISSIVE ELECTRODE
Ei0uU al g a ¢ D0, straight polacty | F2,000 © 6 oo ® z*

b wirbduo! Mo Hwd e al prrchpas Dk
b Shinlding gases gry devgnated g lolbewwy:

A = ugon, plas 1w b pecant ox ygen

Ciry = (afbon diaoxide
A« gigon

© FAgvarvd polarity meent #leciody is EOMTWE, 20SIighT polad Ty Miond eI0Crwde i negaiive,

d wWhare twd Qosde wil dekbaedd os inqurcharu BUe {that s, A0 ang CO; gnd AQ & AL Lor cleanifsgaticn of &
wircilic wleciroole, thie Clstication AL May De camducied wibng £iLmr gan.

v Mmhanical propaertive o3 duiermingd IFGHT o0 all-weid rmetel pnsion (941 Specoman.

T FO asch incokase 0 ore parcamiege Nt in $lonpe pE0 Cwer the mEmimam, the yield strength or
rafkib direngin, of both, may gecfred VL0 pai 10 8 minimem o1 70,0800 g (or the teasiis Limngin

and L8 000 p1i 130 1he yald sirengih



TABLE 4-17. AWS AS5.18-69 Impact-Proparty
Requirements for Gas Metal-Are Welding Weld Matal

a Minimum ¥-Notch
AWS Clauilication lmipsact Raquiramang @
—
ET05.2
E;gg?g 20 1tilb at =209F
ETN-1
E705-3 20 b a0%F
E705.1, ET05-4,
EF0S.5, EFQS-G, Mot ragqur ed
E705-GA

Tha sxirama IGwisl valus Sbimned, iogarhd! weirh Tha ax-
rame highett value abtsponed, swhall be diardgerded {or “Lhiy
il Twé of [he thirey rembindng valuss thall OF grémler than
the spedciilad 20 100k anargy lvel; one of (he 1hirs may be
Iwar buy shall nat ba ey then 13 It The compyied avar-
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weld and base metals. For this reason, cotrosion
tests should be made on eritical applications.

flechunical property requirements are shewn in
Fable 4-20,

The usahility of the electrodes is indicated by a
suffix to the classificution number in Table 4-20. A
suffix '*-15" indicztes the electrode is to be used
with DO reverse polariy {DO+). If the suffix is
*.16" the electrode can be used with AC o DO
reverse pelarity (DG+).

Corrosion-Resisting Chromjum and Chromium-
MNickel 5Steel Welding Rods and Bare Electrades,
AWS 5.9.59

This specification covers corrosion-resisting

0w vabua gl the thrse values shall be yqual 0o @F gyacer Than . H . H A . H )
The 20 1h/1b enerpy awels chromivm and chromium-nickel steel (stainfess
TABLE 4-18. AWS AS.18-69 Chemicai-Composition Raquirementa
for Gas Metat-Arc Walding Electrode
Chmmical Composilion, pyrcant
AWS Mun- Phay- Cheer® b Molyp® Yana® | Tia- Zicos | Adumi
Clasyificatmon l Carbon [ ganas Sllicon | phorun | Sulfyr Mickal ¥ il denum dium mikimy Alm am
GHROUP A —MILDSTEEL ELECTRODES
o007 .30
€705t to to
0.19 050
0.40 l oos | o0z 095
E705.-2 ooa ta to In [
.70 015 012 013
.06 0 &} 045 .
E?05-3 o 11 w 0.025 0.0X%
015 1.44 Q.70
oo? 0.63
EFO5-4 to o
015 D.ES
Doz 0.30 0.50
£105.5 w . o . b
Qs Q.60 090
0.O7 1,40 0.a0
ET05-6 ] 0 ta
0.1% 1.8% 1.18
e re—
Er05-G e chemical Fegu e ements B
I GROUP A — LOW-ALLOY STEEL ELECTRODES
0.07 1.60 G50 0.40
EVOS- 1B 10 14} 1o i aks 0035 0.5 10
0.1z 2.10 G.BU 0 &l
. E7Q5-GR nt chemieyl requiremants
GHOUP C = EMISSIVE ELECTROGE
0.07 0.60 0.15 i
E¥ou o Ia w N a5 J03s
015 140 0.35
MNate — Sirigla yllust show o wen MAximymg.
A For Grgupg & and C thuse wl@mMann may be pedssod bo b aeg e Imiemosaneily podod.
b For thow clasniFicamon (hare #m no champcal reguidianrs tor tha slaments st willh the #9C8p0OA that (Rere dRall De ao Gl

adrtuan of Mi, Cr, M or W,
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TABLE 4-19, AWS A5 4 £9 Chemical Heguirements for Stainlens Covered Electrode AllWeld Metal

—
' 1 M ga I Phos- !
AWS Cabon,” Chiomuum, Nk W, Mol ybdenum, Columbivm Piuy rasa, Eiheen | phovys, | Selfur, Tung#innm,
Lhaasilication (R adul] [ LS [ I L 1] uurcani Tanlsdum, parcan| porcent | pgrcant | purcant | paccent PTGkt
EIX0K 0.8 HGie 210 g0wi1d 25 o ag 0.04 ol
E30HL L D VB 10 a0 “ia .5 0.9 0.4 ool
E 3k Q15 iRl LN 1701 14.0 5 .80 0.0 [+
E NG [ I I 220wi50 120w 40 e T.Fam 100 5 o0 0 Dk 003 .
E Xk ag 20 mIEG 1201140 20wlo 25 080 0.04 003
Eng QM N 0g2BD Howa2s 2.5 0.7 owa [+ M+h ]
EMNXKHL o012 501780 00220 Lan d70w100 1.5 076 o.0i a3
EXDau 017 hGw B0 0.0 1w 22 O 28 30 2.5 0.6 03 003
£z - 1k JH Do I2D B0 105 25 0B 004 poi
168 2 1 4] 145w 1R & TS was 10 wld 15 0.50 003 Q.03
ENE Dow 17.0 200 1M 0io1480 701024 5 [t i) B.04 .03
EJTEL 004 t7.0w 00 110148 FRRLR-] 5 020 0,04 Qo3
EN? ood Q214 120 140 30ma0 van -3 2.90 a4 o0l
€3ta G 1740w 30 11.0m;m 140 20wlE Bz, min1g 25 090 0.04 Q03
- 1.00 mun,
£xmn’t G 140w 211.0 12 D10 36D 20manQ B, min 10 25 [ R F ] Q.04 D.aj
1L e .
1 [ ] [P L] 14010 17.§ AQiv 370 PR .50 0.04 oo
El47 D v 045 1801w 2.6 LDRER SN B C, mintin 5 a.po .04 0.03
1.00 mps;, !
i EJdg 4 L:I M IEQ 21D gD 100 0.6 10 0 B Q.75 12 15 a9 o 04 ao3 175w 1s
Ed41Q a1l 1Mo 135 0 &) e .o [rg=)i] 004 0.03
E430 o1g S0 widn 0 &0 10 0.90 oDd Nk ] -
k0T Qw adiodd 0 a) D ab 1 Q.54 10 431 .04 003
E RS 00 adwIbE 0+ OBRF a1 30 10 [ ] 004 0.93
ETLr o edman .40 045 e 085 1.0 0 0o 0.3
Mutr T = Anylepts Bhall e dpgly For Th shemmnie 100 winag | Spnbirirh valweE @00 BROYT N Db 1adile. I, BOwuwnr, che pril@ndd ©F Qbbgr #lemaaan o indicded in

pr Earad o1 apepfatw momlpnm, dufildr gomlyde sindik by rripde 1y vererdne o chpy 1A Beoel of Loy Q8w mlemranig. ARdd@l irgd, is NOL pddREAL In gLEdsd gf

U TF gt

Huld & — Singhy sRuAE v gry M KMoy peppan ke mecy @1 e 80 B EFm iy i ppact] HWD

Carpann tFdl L Sy foegl 40 Wop Nuara ] O 31 pemiluna
Crogmmiam dhgd! B | B« Mo b, wehpn 16 uppcriad
Tammburer ing e O TG Mg | e AN 30 gaatatend
Titsfmab thgd) iw & 1% bhga

Cippmshpllba IQ 10 4 0

'
LN ]

stecl] welding rods for use with ntamic hydrogen
and pas tungsten-are processes and bare electrodes
for use with submerged-arc and gas metel-are
welding processes,

Riuls and electrodes are classified on the basls of
the chemical composilion. The ruguirements for
soliil eleetrodes and rods are hased on the chemical
enalysis of the filler metal as manufactured. For
composite elecirodes and tods, the requirements are
based on the chemical analysis of a2 pad of undiluted
maetal made by melling the filler metal with the TIG
prowcess, using argon shieliding gas, The analysies of
cothposite electrodes and rods may also be made by
any suitable method agreed upon by the purchaser
and the supplier. Table 4-21 lsls the chemical
requirements .

Rods und elecirodes are available in a wide
variety of diamelers and spool sizes. Hods acte also
avitbalie in straight lengihs (seelable 4-22).

Welding Rods and Covered Electrodes for Welding
Last lron, AV/S AG.15.69.

This specification prescribes reguirements for
welding rods for oxyacetylene and varbon-are weld-

TABLE 4-20. AWS A5.4.69 Mechanical-Property
Requirements for $tainless Covered Elactrode

All-Weald Metat
Turmike Elengation
AWE Surength wm2in., Hari
Clastilganon min, pal My, paromnk Traalmani

E 338 B, M) a5 il
EJCBL 75,000 X na e
E 30 B 0 o N
(3 il ] B0 D043 k] e Pl
E 305M o 80,000 x nond
END B0,000 0 g
EMily B8O, 000 % gy
€ 1D BD.0O0 i) nons
Eai2 55,000 K nora
E1857 B0, (00 35 nore
ENE 75 QDG 30 ngne
EJlul, 70,00 ) oo Il
E3i? B, G} x Aol
E31B #0000 25 e
EX3 Bl (s ] Oy
ExD 75 Q00 25 L)
EM7? BO DOD xn L
E 308 100, B0D 25 REnE
E410Q 70 000 20 1
E430 ] 0,50 20 [
E ¥} B0, D0 20 L]
ES0& flnlli 1] 20 1
ETC L 0,000 o0 L a

a Epetwnen shed ba hesodtd 10 betwarn 1550 ang 1800°F I:H'
ratg ol 7 Pi (urnece COBS 81 3 1le 000 andsading 1007F
i Rr, TR HDﬂnF. ang L0l e,

B Supcimet hal b heskd 15 bataakn 1400 and 14 50%F and
haig igl @ By, Turnace COOMSd #1 & dgla NG pegceading 1ﬂ°°F
jut Bt 1a 1V0Q9F, and alrsaeled
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TABLE 4-21. AWS A5.9-69 Chemical Requiremeants far Bare Stainless Welding Rods and Electroden
o Phog-
AwS Cartytan, Thegnaum, LELLIN Mol ybannum Caburmbowam piys Huhgurina Eilican, phruus | Sl b, Tungrmn_
[wFF A TR parrent pircant pascEnl purgahl Tantidlum, peroen JeMr CB L i ey Pricane | paneiag prEien |
EF-I.:h’.‘Il:'I"r o od 115 i1 auialld w7 025 10 0 B8O 411 ga1 .
ln;mn}'-' a3 1950220 g ild vem G 2s 0% w0 62 L T-% 0] ..
ER XM -3 ] 30 ¢c 5D 1200 180 Ibtwars 0 7% 10 06D aol LR K] s
ERG 008 w0 0.15 FHowdd Hbw % 10w s 0215 io 0 BD ool 0o .
EmINZ 415 Moo A0 10% |05 B 5 oo 50 oag aa1
Elltl].lﬁli 0.08 B d04d 100143 20w g 10m3% N a0B0 s N+ nol .
ERJ16L oa3 Ie Gog 200 110w 144 Totmin Y@eds Q3% o Q& i Yial ool -
ERO1Y .08 IS S 130to 180 o4 - 1o 25 QIS ez Ohl 003 ayx win
fR1Ie D8 IRQ 1z 0D o4 0w i1 i C,omen 10 Ihals 0% to OG0 0a3 - T+h ] .
10, Maa
ERIzD" o7 PGt 210 12030 360 20w 30 A xC e 10 15 0 B0 04 4403
T maa.
EAXT o o8 18540205 S0 105 05 man ‘e Idwis 015 o 3 6D a.a3 ad) haa
ER34s ! a4 1o s F0m 11D . LI S R 10kls D I5 1o O 62 [+ N1 ] a0 e
1D s,
Enlan? 0 oIS Il 3 W omen Ln 10225 oM gGd a6 0.0l
10 g
erJag " QoY eani1] Hdmw1h Biie 9.5 W5 1n ey T |4 1325 Wit 1o Q&0 a0l Qo 175w 0B
EHAID 12 I Ga1d5 Q6 1 1) .. -] 450 1 e 4 aelx -
EH40 0% va G0 12 0a 140 a6 ad .50 ao3 aod -
LR« &1 1% % o 110 o6 . - 1. i)} =¥} | pal '
ER307 L L] 451060 oG 055 1> D B% QG 0 25 10 0 6D nai o003
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ing and covered electrodes for shielded metal-are
welding of cast irons. These filler metals ara suitable
for welding gray cast iron, malleable iron, and some

alloy cast irons. With the exception of the nickel-’

base alloys, classification is based on the-chemical
romposition of the bare welding rud and the core
wire of the cuvered eleetredes. The chemical compo-
sitipn of the nickel-base alloys EN1-CI, ENiFe-CI,
ENiCu-A, and ENICu-B is based on the composition
of the deposited weld metal (see Tuble 4.23).

Aluminum and Aluminum-Altoy Welding Reds and
Bare Electrodes, AWS AB.10-69

This specification preseribes aluminum  and
aluminum alloy welding rods for use with T1G weld-
ing and bare electrodes for use with MIG welding,

Raods and electrodes are classificd on the Dusis of
the chemical composition of the as-manufactured
filler metal {see Table 424}, Electrodes must also
meet a usability test. For elecirodes 3/32 in. and
smaller, a butt joint is weliedt in the overhead
pasition. For 1/8-in. electrodes, the weld i3 made in
‘he flat position. The welds are radiographed and
must meet an X-ray standord aviilable from AWS,
The usilbility test for rods consisis of making a bead
on it plate in the flat position with a gas Mame or

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

Copper 2nd Copper Alloy Arg-Welding Electrodes,
AWS AD.6-69

This specification covers tha requirements for
solid and stranded bore and covered copper and

TABLE 4-22. AWS AS.B-ED Standard Sizes

Diatnuter "‘_ W,

0045, 1715 (0.062], 5464 [0.07E,
3£32 10,054, /& {0 12%), 532
{0-156], 3116 (0.1 48}

0 045, 1716 (00621, %/G4 {0761,
432 10.0841, 7764 10 Y0i, 1A
i0.125), 5/32 (3.1561, 3416
(0.186}, 144 {0250

[.020, §.03%, 0.045, 116 10 053,
/64 (0.078), 332 10 Qa4 HEL
[3. 109}

0.020, 0005, 0.0, 0,035, Bods

Form

sl T Srsiel

Yoelaing rods in etraight
lngihs

Fillar met# i coils
with or v [Pt wepROrQ

Fullar matel wund an
stanged 12-in, 0.0, spoals

E e i es wainmd on
high gt ight 1172 and
{ 2-12m 40 0.0, tpooit

1 Empciroder and walding radi ol diarmetdrs R te wnd ncluding
1 O4% I, ghadl qo! wary murk than T 0001 ir0m the comuneg,
Ihamminre Jraglur than GO4T in, thell NST afy Mec than
P 3O0F i tna nomwe



TAHBLF 4-23_ AWS A5, 15-6Y% Chamical Requirements for Covered Electrodes Tor Cast Iron
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Arc-Welding Consumatides 4.1-13

TABLE 4.24 AWS A5, 10 649 Chemicsl Reguisamant Far Bare Walding Rads snd Elecirodes
for Atuminum &nd Aluminum Aloys
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TABLE 4-23. AWS AB.65-69 Chumicsl Requirsnents for Cappar ind Coppar Alloy &rc-Wekding Electrodes
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4.1-14  Consumaliles and Machinery

TARLE 4 26, AWS A5 669 Temile Strength
Reguiremanis for Coprar and Copper Alloy

Weld Metal
Taniile
AWS Suength,

Classibicatinn win, pek

ECu 25,000
ECuSi 0,000 .

ECuSn-A L

ECuSn-C 40 1K

ECuhii 50,000

ECua-1-A1 55, 000

ECunlAZ £, D00

ECuAl B £5, 000

copper-alloy arc w::ldmg electepdis for use with the
shivlded metal are, gas metal-arc, and submerged-are
welding processes, The specification s nol intended
it cover rods Used with the TIG process. Such rods
are covered In “Specification for Capper and
Copper-Alloy Welding Rods, AWS A5.7.”
Elecirodes are classified on the basis of the
chemical composition of Lhe bare electrode or core
wire fur covered eleciredes [see Table 4-25). The

TABLE 4-28. AWS AL.7-6Y Tensile-Strength Requiremanyy
for Coppear and Copper Alloy Weld Metal

Tensika Strangth, min, pti :
Coppar- T
Allay Stenl
AS Hasa [ FTT Applicahle

Classilicanon Piate Flate Procwises®

Alu 25 000 QAW, GT AW

HCuSi-A 50,000 DAW, GTAW

RCuLSn-A 35 004 N GTAW

NCuMi S0, 020 - OAW, GTAW

RECuZa-A | 50,000 40,000 DAW

RluZn-A 26,000 ) (DD CrAWY

ACuZn-C 56,000 50,000 oAw

ABCuEn-O e 60 004 AW

ACualAZ, | 65000 GTAW

ACuAlLH 70000 ‘. GTAW

s QAW = oaypcatylane walding

GT AW = pan Tungeiun-arg walding

TABLE 4 37, AWS A57 6% Chemical Aequireranis lor Copper and Coppar Alloy Welding Rody
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TABLE 4-29. AWS A5 13-70CHEMICAL REQUIREMENTS FOR SURFACING WELDING RODS

Totat
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TARLF 1 25, Advs 46,1570 CHEMICAL REQUIAREMLNTS® FUOR SURFACING ELECTHACOODES

I_ - ) Teasl
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deposiled weld metal must mect the tensile
properties shown in ‘Table 4-24, .
Covered electrodes are available in sizes from
3/32-in. through 1/4-in. Bare electrodes for MIG
welding are available in diametets from 0.035-in. to

A716-in. in a variely of spool and coil sizes,

Copper and Copper-Alloy Welding Rods, AWS
Ab.7-69

This specification covers copper and copper-
alloy welding rowus for the oxyacetylsns and gas
tungsten-arc welding processes. Rods are clugsjfied
on the hasis of the chemical eamposition of tha red
and the mechanical properties of the welded joint.

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

Surfacing Welding Rods and Etectrodes, AWS
5.13-70

Thiy specification covers the reguirements for
bare and covered surfacing welding rods for use with
oxyacelylene, gas tungsten-are, carbonare, and
atomic hydrogen welding processes. The seclion an
elecltrodes deals with covered electrodes inlended
for surfacing with the shielded metalarc welding
process. Also, some bare metalare welding
etectraiies are included.

We'dsurfacing applications are extremely diver-
sified, and, as a result, there are o great many difier-
ent brand-name products availuble, This specihi-
cation makes no attempt to classily all filler metals
suitabls for weld surfacing. Only those [ller metals
are covered that have grined some degree of indus-
trial standardizalion und for which technical data
are available.

Chemical requirements for welding rods are
given in ‘['able 4-29 und for elecirodes in Tahle 4-30.
Surfacing rods and bare electrodes are classified on
the basis of the charnical composition of the
as-manufactured produecl. Copper-base alloy covered
electrodes are classifivd on the hasis of the chemicul
composition of the core wire, All other covered
electrodes are classified on the basis of the chemical
compasition of the deposited welkl metal.

SHIELDING GASES

Shielkling gases are consumables used with the
MIG and TIG welding processes, The American
Welding Society does nul write specifications for
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gases. There are federal specifications, but the weld-
ing industry usually relies on “welding prude” to
describe the required purity,

The primary purpose of a shieiding gas is to
pratect the melten weld metal froma contamination
by the oxygen and nitrogen in air. The factors, in
addition to cost, that affect the suitahility of a gas
include the influence of the gas on the arcing and
metal-transfer ¢haracteristics during welding, w~eid
penetration, width of fusion and surface shane,
welding speed, and the tendency to undercat,
Amaong the inert gases — helium, wrgen, nson,
krypton, and Xenon — the nnly ones pleniiful
enpugh for practical use in welding are heliuin and
argon, ‘These gases provide satisfactoty shielding for
the more reactive metals, such as aluminum, mag-
nesivm, beryllium, columblum, lantalym, titapioim,
and zirconium,. -

Although pure inert gases prolzct metai 2t eny
temperature from reaction with constituents of the
ajr, they are nat suitable For wll welding applicalions.
Cantrolled guanlities of renctive grees mixod witih
inert gases imptrove the arc action and metal transfer
characteristics when welding the steels, bul such
mixtures are not used for the reactive metals,

Cxygen, nitrogen, and cerbon dioxide are reac-
tive gases. With the exception of carbun dioxide,
these gases are not gencrally used alone for are
shielding. Curbon dioxide can be used alone or
mixed with an inert gas for welding many carbon
and low-alloy steels. Oxygen is used in small quanti-
lies with one of the inert gases — wsually argon.
Mitrogen is gccasionally used alone, butb is usually
mixed with argon, a5 a shielding gas to weld copper.
The most axtensive vse of nitrogen 15 in Europe,
where helium is relatively unavaileble.

Argon and Heliurn as Shielding Gases

As noted, the inert natures of argon and helium
are not the only characteristic Lhat makes them suit-
able for gas shielding. Other charactenstics are
important and are deciding foctors in the chuics of
gus for TIG or MIG welding with specific matericls.

For a given are length and cument, ure voliape
with helium is higher than wilth argon. Because more
heat 18 produced with helium than wilth argon, |
helium is more vffective for welifing thick jnateriais,
parlicularly high-conductivity metals such ag copper
and sluminum alloys. Argon i mere suitable for
welding thin materials and those with lower heat
conductivity, especially in welding positions athor
than {lat.

The heavier a gas, tha more effeclive it {5 for ar
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shielding. Hetjum s very light; argon is about 18
times Leavier than helivm and aboul 30% heavier
than air. Whoen argon is discharged from the welding
nozzle it forms & prolective blankel over the weld
arca, while helium rises and disperses rapidly, For
this reason, higher fluw rates are generally required
with helium (or with mixtures high in helmm] than
with argon shielding.

Shape of a weld bhead and penhetration pailern
are determined, to a lazge extent, by metal-translec
characteristies which, i turn, are affected by the
shiolding gos used,

Metal is gencrally deposited either by spray
transfer or hy globulur transfer. Spray transfer
{usually the more desirabile) produces relatively deep
penetration at the center of the brad and shallow
penctration at the edpges; globular transfer produces
2 broader and shallower penetration pattern
thraughout the bead.

Argoen generally prumotes more spray transfer
thun helium and at lower current Jevels. Butk even
with argon shielding, spruy transfer vannot always
.bez achieved at usable current levels — ane of the
problems in welding ferrous metals by the gas
metal-are process,

The physics of metal Lransfer across an arce is nol
eompletely understood. In an argon atmosphere
with DCRP, the size of the metal draplet crossing
the arc decreases as the current increases. At a oriti-
cal level of current the mode of trunsfer changes
abruptly. The tip of the vlectrade becomes painled,
mietal transfers from the electrode Lo the work in B
fine spray, the arc becomes very slable, and there is
little or no spatter. Figure 4-2 Hustrates the appeas-
ance of electrode tips in variows shielding gases. A
degree of spray transfer is possible with 20% argon
and 80% helium, Here the argon has predominating
effecL because of jts higher density.

Rl i
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Fig, 4.2 Checiroda g shape, Dosd contpur, and paneifalod pallens
Teat warious Shirho iy gisss

Inert Gases with Reactive Gas Additions

Improved metal transfer, a more stable are, and
less spatter result from the addition of oxygen or
carbon dloxide to an inert shielding gas. These addij.
tions when welding carbon and low-alloy steels also
promate wetting and flow of weld metal, thys
reducing or eliminuting undercut. Effects on peneg.-
ttation and bead shape of oxygen additions apre
illustrateq in Fig. 4-2.

Noticeable change in arc action znd mefa).
transfer characteristics in gas metalare welding
result from addition of as little as 0.5% oxygen or
carbon dioxide to argon. However, 1 to 5% oxygen
it generally added. Oxygen or carbon dioxide is
seldom added to helivm or argon-helium mixtures.

Addition of B% axygen or 10 to 25% carban
dioxide to argon praduces a significant pinch Effec'l.l
with & DC, straight-polarity arc. The filler wire
tapers, the meta) transfers in the form of a fast.
moving stream of droplets, and the penetration pat-
tern approaches that of reverse polarity. At the same
time, melt-off rate is reduced considerably. With
pure argon, melt-off rate with straight polarity s
almost dauble ihat with reverse polarity, However,
most MIG welding with 2n inert gas or cart
divxide is done with DCRP (see Tahles 4-14 n,._
4-1G), Mixtures of 5% oxygen or 25% carbon
dioxide with argon are commercially available,

Because of oxidizing effects, addition of cxygen
ar carbon dioxide to argon may cause porosity in
some Jerrous metals, as well as loss of such alloying
elements as chromium, vanadium, 'aluminum,
titanjum, mangancse, and silicon. Consequently,
filler wires used with oxygen-containing shizlding
gas require additions of deoxidizers to counteract
the effects of the oxygen.

Porgsity in aluminum welds can be decreased by
adding a small percentage of chlorine to argon of
helium. For maximmum effectiveness, the chlorine
should be introduced separately through the welding
torch, Chlorine's disadvantages of being poisonqus
and corrosive discourage its widespread use. When it
i5 used, extreme caution and all applicable safety
rules should be observed.

Carbon Dioxide as a Shielding Gas

Carbon diaxide may be used as a shmldmg gas
for the MIG welding of carbon and low salloy steels.
bul sihce it is a renclive gas the eleclrodes used must
contain sufficlent deoxidizers to counteract ti
effecls aof oxygen. Recently, stainless steel elec-
trodes with high silicon have been developed for use
with argon-25% carbon dioxide mixtures.



The low cost of carbon diowide makes its use ay
a shielding gas very attractive. With the development
of better electrodes, sound weld deposits with guod
mechanical properties cun be made.

Two types of metal transfer cecur with carbon
dioxide shielding gas — globular and shortircuiling.
The spray transfer experienced with argon or argon-
oxygen mixture does not cecur. Globular transfer
produces a harsh are with excessive spatter. By
contrel of welding conditions, the short-circuiting
type of metal transfer is promoted.

To promote the short-circuiting type of tranSfer
when welding carbon and low-zlloy steels, argon is
often used as the dominant gas in a mixture, with
the carbon dicxide content cut to 20 to 30%, Other
mixtures with higher percentages ef carbon dioxide
alsg give short-circuiting teapsfer, with-ils advantages
of low penetration, all-position. capalility, and the
abilily to handle poor [fitup on light-gage material
without burnihrough.

In the short-circuiting type of trensfer, a globule
of rmolten meial collects on the end of the electrode.
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The elsctrode i3 being fed toward the work ang,
before the globute (lutiches from the end of the
gleclrode, 1t eontacts the molten crater and forms &
shart cireuit. The bigh current due to the shozt
circuit blasts the globule from the elecirode inta the
crater. An arc then forms in the gap hetwren the
crater and the tip of the electrode, which sicets
anather plobuie forming on the tip of the electiode,
This vyule of metal transfer s repeated abous 29 to
LU0) Limes per second,

Shielding Gases for T!G Welding

Either argon, helium, or 2 mixture of the twg i1
commonly used in gas tungsten.are welding. Argon
provides the advantage of easier wre starting,
smoother are action, beiler cleaning action for tee
AC wolding of gluminum and magnesiory, wsod
suporiot resistance to dratt. In addilion, argon costs
less than helivin and requires a lower are voliage for
comparable currents and are lengths.

In the manual welding of thin material, argon is
recommended because its lower arc-voltage charac-

TABLE 4.3), SHIELDING GASES AND GAS MIX TURES FOR GAS METAL-ARC WELRING
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Leristic reduees the endency for burnthrough. In
wirtical or overhead welding, this same eharacteristic
reduces the tendency fur the metal Lo sug and run!

Helium's higher arc-vollage characteristic s
desirable when welding {hick material ar metals with
high heat epnductivity anid for the high-speed mech-
anized welding of stainless-steel tubing. Mixtures of
argon and helium are used to balance the arc
charaeieristics.

Mixtures of argen or helium wilh hydrogen
provide highoer arc vollage and heat in ihe welding
region Lhan helium alone. This reactive gas, however,
can damage many metals and alloys, jncluding
aivrninum, copper, and magnesium-base materals.
Mixtures of inerl gas with hydrogen can be used in
welding anly a  few mwierials, suelh as cerlain
stainless steels and nickel alloys.

The rute &t which some melzals are juined by gas
tungsten-nre welding and the gueality of the resulting
welds are significantly alfected by gas punty. The
reactive metals partienlarly can be degraded by gas
impurities of a few hundredihs of one percent.
Copper, carben steel, and stainless steels can Lalerate
much higher levels of impurities with no adverse
affects.

Purity of commetcially available argon and

helium averages over 99.95%, and n some cases
exceeds 99.995%. Impurities in shielding gases
ususlly consist of water vapor, gil, oxygen, or nitrp.
peti — usually from sources other than tha original
gas supply., Waler vapor or almosphenc gases cap
diffuse through the hose lines, or contamihants eap
be drawn in al leaks in the lines, Tubing that is noy
susceptible to gas diffusion should be used to supply
shielding gas lor welding of malerials thal gre
sensilive to impurities.

Shielding Gases {for MIG Welding

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

Initially, only argon, helium, or a mixture of
these inert gases were used far gas metal-are welding.
Other gases were not considered, because the pri.
mary use of the gas metal-are process was for weld.
ing the more reactive metals, such as aluminum and
magnesium, which require an inert gas chield,
Toduy, however, the process is used for welding
many metals that du not require inert-gas shielding,

Carbon dioxide shielding is widely used for MIC
welding of carbon and low-alloy steels in conjunc
tion with deoxidized electrode. Its advantage over
the inert gases is its lower cost.



All are-welding processes regquire a conlinuous
supply of electrical current in sufficient amount
famperage) and of proper voltage to maintain an arc.
This current may be either alternating (AC) or direct
(DC), but it must be supplied to the welding elec-
trode through a device that enubles its precise con-
trol. Only when the welding current is carefully
controlled can the desired welding are characteristics
— and thus maximum welding efficiency — be
ohtained. The controlling device is callect a power
source ar welder. Current may be supplied to it
tram utility power lines, or developed within it by
generators of alternators driven by close-toupled
gasoline or diesel engines.

Various types of power sources provide a range
ol voltage across the welding arc from 17 — the
minimutn voltage for starting an arc ~ to approxi-
mately A5 yolts. The ecurrants supplied through the
power source may range from less than 10 amp to
1500 amp or more, the higher currents [for
automatic welding.

For efficient welding, the power source must
perrnit control of the are characteristios neciled {ur a
specific jub. [n one job, a forceful, deeply pene-
®ating are may be required, while, in mnother, a
solt, less-penetreting arc may be necessary lo avord
burnthrough. Elecitodes are designed for various
welding positions and they help compensate for
power sources that have no are characteristic adjust-
ment. The wolding process alsa dictates the type of
power source needed. Table 4-32 shows the power
source requirements for various processes,

TABLE 4-32, Power Reguirsments for Arc-Walding

Prucesses
r
Output Tyen of
Procesy Charac Ll Current Aplafiny
Sielded matal-aeg, | Varishls- AC or DC | OCSF, DCAP,
kS T L CWELER ol T, woliage* o AC
tubhrmerpad 4ro
' Flux-cored Crnstants [#] pCaE, DO HP
waltaga
Gy metal arc Canstant: oo DL R
3 vt A

"0 vome applealons, The sbmerged ¢ @rooesd Len die
conktang waliage OO,

Power Sources

CLASSIFICATION OF POWER SOURCES

Power sgurces are classified accgording io the
type of current — AC or DC -~ and accafding to
their voltage output, which may ba either viitable or
constant. A further classificatlion designates ine
method by which snergy is supplivd te the power
suurce — from a powet line directly or througn an
alectric mator, or from a gasohne or diese! ongine.

Whatever the type of power source, its matn
funttion is to supply the type of current needad for
welding. Altecnaling current divect from the power -
line goes through e transformer in AC weldens that
allows control of the current. Thus, a simple AC
welder 1s fed 230-volt single phase cument thuy sama
as B kitchen stove, and a selector switch enables the
operator to usa what AC currenl he needs for the
job = say, a 225-amp eutput for 3/16-in. elecirodes
or 180amp for 5/32in, dectrodes. & DO welder
also gives similar control of the current. Direct cur-
rent is produced from AC line power by eifher using
the tine power to run an electric motor that turns a °
DC pgenerator {on electric motor-generator et} or
running the line power through & transformer and
then a rectifier (a rectifier set), Ihrect current may
also be produced by driving a DC generatar with any
type of fuelburning engine, such as a gasoline or
diesel engine (engine-driven-generator set). A fuel-
butning engine muay 2lso be used to produce AC
current for welding by using it to drive an alternator
instead of a generator. Coinbination welders, pra-
ducing both AC and DC, are basically transformer-
rectifier sets.

Are Welding machines of all types are rated ac-
cording lo lheir curtent output st & rated voltage
arul iuty cyele. This rating is gensrally s&t Ly mants
faciurers in accordance with standards establizhed
by the Nationu! Electrical Manutacturers ASiGcii-
tion (NEMA}. These standards are esteblished on a
cotiservative bases, requiring a rsting well below Lha
maximun: overload capacity of the maching su that
it will provide safe operation eflicient!y over a lung
pericd of tima.

fLatings are given with a percentage “duty
cycle.” The duty cycle ofa walder 15 the percentage
ol & ten-minute period that a welder ¢an operate at ¢
given output current setting. For exampte, 3 a
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welder is raled 300 amp at a 60% duty cycle, it
means that the machine can he operated safely at
300-amp welding current for 6 out of cvery 10
minutes. If this duly cycte is reduced inactual oper-
ation, the maximum pernissible current is increased,
Thus, at 35% duty cycle, this same 300-amp
machine could be operated at 375 amp.

As nated previously, welders are classified as
“variable voltage” (also called constant-current) or
“conslant voltage.” A variable-voltage machine is
one ihat dclivers a current that changes only slightly
with changes in voltage. A conslant-voltage machine
is one that delivers current with the vollage rising or
dropping only slightly with changes in current
autpul,
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Figure 4-3 shows a typical oulput curve for a
variable-voltage welder. This type of output is used
Jor sulimerged-are, gas tungsten-arce, and shielded

metal-arc applicalions. Figure 4-4 shows ty pical put.
put characteristics of 2 conslant-vollage welder,
Here, the voltage in the constant-voltage curve (g)
rises sliphtly at.the Jow currents and drops al (he
high currenls. Most constant-voltage welders ape
desipned with a small downward slope, a5 in curye
{b}, and have adjustments {0 increase the downward
slope, as in curve {c). Some welders have & rising
slope, as in (d), bot this type of guiput is becoming
leys Caommon.

AC WELDERS

Transformer Welders: The bransformer weldey is
a voltage step-down transformer that changes high.
vollage, low-amperage AC input current to low-”
voltage, high-amperage AC welding current. Trans-
former welders usually operate on single-phase
power. Most AC power produced in the Uniteg
Siales is 60-hertz, and each time the polarity
chhanges the voltage goes through zero, which tends
to create an unstable condition in the arg. This
problem, however, has been solved by designi
belter transient characteristics in the welder any
betier 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 & series of taps into the secondary windings
or by a movable or saturable reactor 1o the output
circuit, The taps provide step conirol. A reactor
provides a continuous stepless control, Various
types of starters are used and some are equipped
with low-voliage contactors to reduce open-cireuit

Fig. 45 A 1ypical smisll AC transiarmad weelder for [ghl-outy and
limuried: e wice W kling



Fig.a-B, & pypical engune-driven powal WUrke DRal supples A0 ol
e fod wabing o paever 1o lights and raon.

vcltage when the machine is not gperating. Some
michines have an “arc booster' that gives an extra
surge of current for a few seconds at the start of the
are in order to get deeper penetration at the begin-
ning of the weld. Most welding transformers can be
equipped with condensers Lo improve power factor
and regduee the amount of input current used.

For the inert-gas shiefded arc wellding processes,
transformer welders are equipped with necessary
auxiliary contrals. A device is tequired with TIG
wealding to help establish and maintain the arc,

Small, inexpensive transformer welders ate
widely used in light industry, maintenance work,
and by fartners. Fipure 4-5 illustrates a typical small
{225-amp) AC welder. Rolating the switch at the
centter of the machine changes taps on Lhe secondary
coil, which, in turn, changes the weiding current,

Small welders (180-amp or less) are available to
meet Rural Electrification Administration input re-
Quirements.

Transfarmer welders raled at 600 amp or more
are used primarily for automatic welding. Availahle
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with these machines are optional azecessories re-
quired for sutomatic welding, such as line eontzc-
tors, remote current control, and DC for conirod
power. With single submerged-arc weldig, single-
phase power is used. When two AC ures are used, the
welders are connected to a thres phlie power
system to equalize the load. Theso trensfecmers
can be used with the primaries connected to the
three phase line and the secondaries fonLucive
closed delta. Each transformer omist hava a sepaiata
reactor to adjust the welding current and the phars
angle between the arc currents. The Scatt conner.
tien.can aiso be used. Two ‘transtormers with a
center tap connection oh one primacy are sonnecie:d
to a three phase power line. The unique connecuicng
belween the lwo transformers establisles Lhe props:
phase relation tbatween the ares, With two clen
traodes, it iIs necessary bo have approaimately
§0%.gut-of-phase operation to prevent interactions
between the electrodes that would produce seévere
are blow. Reactors are vsed to adjust the welding
current. Detaits of the connection can bw supplied
by the equipment manufacturer.

TABLE 3-33, Typical Harings and Dutpuls tor
AL WVariabig ¥oltage Welda s

NEMA Aating Ot s _.1
A Curram
Gurr::t Arg lg::lT: ::::
lemp} Voitags %1 .
130 25 20 0180
325 5 20 4325
254 S0 30 34-200
300 32 60 3 480
40 34 £9 £2-6C0
500 40 60 50 750
&00 a4 (3] BO£30
1000 44 a0 001750

MOle: Inlul Saw el b st @l L,

TAHLE 4-34. Typical Ratings and Outpus for
ANlrnator Weldars and Ayxiliary Power Sourees

WEMA Rating Output Engina _1
— +
Rated Ourey HP ant
Curpint e Cycta Currand Hunmbas ol Spend
{amgl Valiyge %l lamp! Typa Cylindans [ m
130 AL 25 - | el 130 Vatisble-vallags 1 10.0
100t 3500 1 JG00
228 A 35 G0+ H-2IE W arisky 8-y ltage 7 142
| 1061 | 5000 1 | 220

" wyelding guliug

W Rl S e i ukdd sy pudtlary ROwlr 300 rCE,
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Flg. -7, A& typicel indoSTtlal 1epy AL three phaye Mipul, QC outpur
satuile wohlage walder The hevy duty welders ury svarlable in 4 wide
rangu Gl Wzes, sew Table 4.36

Tuble 4.33 shows typical AC welder ratings and
cutpul cusrrents. A disadvantage of meny trans-
former welders i5 that the ocutpul current changes
with a rhange in Ine vollaga, In most shops this is
not & serious problem, but §f the power-ine vaoltage
regulation is poor, the welding may not he
salisfactory.

Alternators: AC welding current can also be
ghtained from an engine-driven alternalor, A gaso-
line engine iz usually used, and the engine-alternatar
set serves both as a portable welder and as an
auxiliary power supply, Power outpul — 115 to 230
volls AC — ean be used for lights, siull tools, or as a
standby energy source, A typreal machine s illus-
trated in Fig. 4-6, Table 4-34 shows typical alterna-
Lor ratings and outpul currents.

DC AND AC-DC WELDERS

Transfoniner-Rectifier Welders: Rectiliers for
converling AC current tu DC have been developed
la a glage of efficiency and relizbility. A resull of
‘his development has been the combinalion of a
ceclifier with a transfonmer 1o form a DC welder.
Jarious semiconducting malerials have been used in
turrent rectifiers, but, al the time af publication,
thi silicon rectifier has repluced most other types in
velding tnachines,

In puineiple, the single-phase rectifier welder 1s a

TABLE 4-35. Typical Ratings and Quipuis for
Transtormer-Ractifver Welders with Hoth
AC and B Variable-Volwage Oulputs

MNEMA Rating Qurpul Curran) o
Duty
Current Creh AC nc
lampl Valtage %) lamp) larmp)
250 30 30 an- 300 30260
300 1z £0 30-480 45-3¥5
400 kL] &0 40-600 B0-500
=00 40 EQ 50-750 15625
600 44 &G 50850 TE-150

TABLE 4-36. Typical Hatings and Qutputa for
Three-Phase Transtormer-Rectifiar Welders

MEMA Rating Ourgul Currend )
Doty oe )
Curesnl Cyrly Clrrren
{amp] Wollage e ]| lamp] Type
A0 s 60 45- TS | Varisole vobispe
200 a2 100 E0- 375 | Comtant-voliage
400 Jg EQ B0- 500 W iatHw-voltaga
400 36 BO 50- 50O | Censtentvolop
500 a0 60 75 650 | Variahle-voliags
GOO “ 100 PO 750 | Consantvoliag
|74 44 £0 S 750 Varish s voltage
ADQ 44 100 " | 1001000 | Contisnl-vatiage

transfurmer welder with a rectifier added to obtain a
DC putput. Adiustment of the welding current is
through Lthe AC section, as described for transformer
welders. The output characleristic can be either
constant or variahle voltage, Welders built especially
for gas metal-are welding have adjustments for
chunging Luth the slupe of the output curve snd the
renclance i the gireull for better performence when
welding wilth short-cireuiting teansfer.

Transformer-tectifier welders are often designed
with provisions for both AC and 1O welding. These
power sources, called combination welders, are
especially convenient for structural work where the
vertical welding is done by DC with E7018 elec-
trodes, und flat welding is done by AC with E7028
electrodes. Combination welders are also ¢canvenient
for gas tungsten-arc welding; AC is avallable for
welding aluminum, and DC is available for welding
stainless and carbon steel. Table 4-35 shows typical
ralings and outputs for combination AC-DC
trapsformer-rectifier welders.

Avgther type of transformer-rectifice welder is
the stip-down transformer, in which thres-phase AC
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Fig. 4.8, An AC.DC iranvtormer rechilus wekler geugoed lor gas
engsten-arc weklwg.

is fed to rectifier unils which, in turp, feed DC tam

single output circuil. The output can be either vari-
able or constatit voltage, bot only G is availoble
since the AC is threephuse and cannol be usetl Tor
welkding, Table 4-38 shows typical ratings anid out-
puts for three-phise transformer-rectifier welders,
See Fig. 4.7.

Making optimum use of some welding processes
Mmay require thal accessory equipment be added to
the power source. This is especially true if the
process is aulomaled. A good example §s the AC-DC
transformer.rectifier welder built for the gas tung-
Ssten-arc process, sometimes called a TIG welder, A
typical machine is shown in Fig. 4.8,

This welder can be used for any process using
AC or DO varinble voltige, but the accessories are
designed primarily for gas tungsten-are, A high-
frequency voltnge is superitnposed on the output
voltage so that the arc is established without
touching the electrode to the work. ‘I'he high freq-
tency also slabilizes the are by igmiting the 60-cycle
Cerrent each time it goes through zero. 'Vhe intensity
of the high-frequency vollage can he adjusted. The
welding current is adjusied electricatly by a smull
theoslut, and a provision is made to connecl u
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rernale current control, a:rhi:-h ¢zt Be used to com-
pensite for poor fitup or for crater filling in critical
welds. The cuzrent can be adjusted w & very low
value — some .welding is dane at less than 10 amp.
Solencid valves start and stop the flow of cuoling
waler and yas. The gus valve has an clectronic detay
s0 that gas continues to [low after the arc is extiy.
guished =~ to protect the erater and electivde vvam
oxidalion.

The transforiner-ectifier welder has the same
disativantage as the transformer welder. A change in
voitage on the transformer primary changes the
welding current. The transformer-rectifier shown in
Fig. 4.8 has line voltage counpensation to elin:inate
the problem.

BC Generators: In the direct-curren: generai. :,
an armature rotates in an electrical figld. Cutrenl f=
generated in the armature and is taken off for use
through 2 commutator. The armature is rotated
either by un electric motor or an Internal
cotnbustion engine. The speed of rotatizn of the
armature and the electrical design of the guaerator
change the output characteristics, The arc chavactur-
istics of 4 generator can be precisely contralled, This
fact lends DC welding more versaéility than AC
welding. Polarity of the electrede can be changed
with a flip of a swiltch.
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Fig. &9, Dutput fov a OC gurarsior wanicer Sang ddjuslonenty in
DBon the serwes snd shynt ligkds Ouiput cuces prodoced by adjusing
Ihe werigs Tiehd are Wown m (@), curees prDcuced by adjubting the
shwunt Freld are shown a B

The DC motur-geacratar welder is driven hy AC
utility power. [t can provide eilher variable o1 cons
stant vollage, or a sibgle unit may provide heth
types of output, The mator is usually 2 three-phesy
induction motor,

The variable-voltage type is 2 compound gener-
atar with a series field that causes the voltage to
decrease as the current s increzsed. Two adjusi-
ments can be made te change the welding cunent:

1. For a given voltage, the eutput current can
be changed by adjusting the series leld. Thes
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prnrjuces an cutpul change as shown in Fig.
4-9{a}, and is sometimes called the
“eurrent’” control.

2. For a given current control setting, the out-
put can be changed by adjusting the shunt
field. This produces an output change as
shown in Fig. 4-9{b).

Cumbining buth adjustments ean produce out-
put characteristics similar to those shown in Fig, 4-3
or 4-11. A Lypical moler-generator welder is shown
in Fig. 4-10.

DC-generatlor power sources, in genetal, have an
adjusiment that can provide an output of the type
shown in Fig. 4-11. This outpul is highly suilable far
vertical and overhead welding, where the operator
uses u whipping motion that aliernately raises ang
Towees Wy arc voltape, With the lalter charsct eristic
shown in Fig. 4-11, there is greater change in current
fur a given change in voltage then with Lthe vutput in
Fig. 4-3. Binve deposition varies wilh current, the
weldor can vary deposition and Lhereby exercize
moTe cantrol of the molten puddle with the flatter
cutput characteristic.

The constunt-vollage motor-generator welder is a
vompound generator with a series field designed to
Keel the voltage nearly constant within the current
capacity of the machine, as in Fig. 4-4(a). The slope
ol the putput curve can be changed hy an adjust-
ment in the series field, a5 in curves (b) and (e). In
sume weklers, an output shown by curve {d) can be
vbtained. Thuse welders are always used with auto-
malic or semiaulomatic wire-feeding equipment, and
the current is changed by changing the spead of the
wire feed, The arc voltage is changed Ly adjusting
the shunt fickl in the generator,

L

Fig. 4-10. A 1ypical molio geneidlon vegkdm,
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shoedcdee! g pl ar i webding

Motor-generator welders that provide both vari.
sble-voltage and constant-voltage are gaining wider
application, hecause they ¢an meet & wide range of
process requirements. Varjable voltage 'is used o
manually tack weld an assembly, and the welding is
then completed with an automatic ar semiautomatic
process using constant voltage. Table 4.37 shows
typical ratings and outputs far these maotar-
generalor wealders,

Every type of DC welder driven by an electric
molor can be duplicated with a gusoline or diess]-
engine drive. On heavy-duty machines of 204 amp
and larger, the engines are liquid cooled. Gas engines
are equipped with governors to maintain constant
engine speed and with idling devices Lo reduce the
engine speed when welding is not being done.
Machines with air-cooled engines are available for
light-duty work. '

TABLE 4-37. Typical Ratings and Quiputs for
tatar-Generator OO0 Walders

Aaling I Crulpur L
Duty Vwriship. Cunttanm-
Current Cycle Violiuga Vglosgn
lamp} Vol age %) lamp} {armp)
200 B 60 30300 -
50 0 0 A0-250
300 3z [14] 45-450 .-
300 a2 a0 60-376 (0-375
404 36 6d &0-500 .
400 36 1] 60 &0 60500
500 44 BO e g75 max
800 44 BO 100-500 1004 max
1600 44 j 60 } 1250 max




Diesel engines cost more than gasoling engines,
but the diesel has several advantages. Diesel fuet
costs less than gasoline, is less hazardous to handle,
and is consumed less rapilly. Less maintenance i3
required with diesels, and engine life is longer.

AMultiple-Quiput Power Source: A multiple-
gutput power source is o single welding machine
capable of providing welding current to several
operatars simultanegusly, The use of such machines
is limited to manua! welding where several aperator;
are working in a celatively small area. Many factors
limit the economic use of these units; when an appli-
cation appears feasibls, the esguipment manu-
tacturers should be consulted.

POINTERS ON SELECTING A POWER SOURCE

[n selecting a power source, two impartant con-
siderations are ils gutpul capacity and ils suitability
Far the partieular job.

The size or rated outpul of & macline required
for a given job depends on the thickness of the
tnetal to be welded and the amount of welding to he
done. If a conservatively rated machine, made by a
teputahle manufacturer, is purchased, the salection
can be made with confidence on that rating. There is
no need Lo buy more capacity than will be required
by the job, Be sure, however, to check the duty
cycle. Machines with o low duty cycle should be
used anly for maintenance or intermittent welding,
Continued operation of a machine beyond its rated
capacity will shorten its service Hfe. Gf course, prop-
erly made and ratad machines have large overload
capacily, which means that higher than cated amper-
zges can be wsed far shorter periods than the rated
duty cycle allows.

In selecting the type of welder, an essential
consideration is the energy source available. Motor-
generator sets are generally available for only three-
phase utility AC power, but ean be ordered to
different cycles and voltages. They are also available
for DG pawer. AC machines are generally available
for only single-phase puwer in various cycles, with
or without power factor correction in the machine.
Fortunately, in most manufucturing, the source of
Power does not present a limiting factor on the
selection of a welder. The decision can be made on
the basis of which is the most ¢fficient and economi-
cal muehine for a given job.

Where utility power service is through a JKVA
transformer on resideniial or rural lines, an indus
trial type AC welder cannut be used. Here, it is
necessary to use 8 limitedanput transfarmer welder,
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which is desizned so that no more than a specified
maximum amount of input currend {37.5 amp} can
be drawn,

The most important factor to be considered in
selecting o power sgurce is performance = what bype
maching will do the job easisst and enuble Lette
welding to be done at lower costs.

There is one beit way for every suidiey job.
Somwtimes it s AC; sometirnes it s DC. For one fob,
sensitive control may be required for wmuaimum
efficiency. For anothey, certain types of eontrofs
may be unpecessary. A welder should bLe selected,
therefory, according to the job to be don.

Tha lollowing may be used as a guide to select
the proper power source based on the type of
curtenl.

DC enly

Gas metal-arc welding
Flux-cored arc-welding
Fxx10 tvpe eleclrodes
Exx15 type electrodes
DC prefgrred
Fast freeze applications
Fast follow applications
Walding stainiess stoel
Nenferrous electrodes
Surfacing with high alloy electrodes
AC preferred
Fast fill applications
lron powder electrades except out ﬂf
positicn welding
Where are blow s a problem
AC ar DC depending on the application
Gas tungsten-are welding
Submerged-arc welding,

The smult transformer-welder shown in Fig. 46
i5 widely used on farms, in garages and srcall
machine shops, and by hobbyists. Obviously AC is
not always the best type of welding current for ench
a wide variaty of applications. However, Lhe special
electrades and accessories developed for this type of
welder mike it very versatile even though litnited to
AC wulding eurrent, In this case, the selection of the
power source is based on low cost, low power input
requirements, and versatility rather than AC or DL

If a jub is entiraly downhand in heavy plate, za
AC machine will be most efficient. If the jab Is
exclusively sheet metal welding, @ BC maching wit)
be njost cfficient. 1 the work is a combination of
jobs, invelying out-of-position welding, as well es
straight downhand work, 8 combination AC-DC
nmchine is the logical choice, These machines car be
adapled to individual job requiréments, combiting
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larger AC capacily with smaller DC capiacity, or in
" any way that is required. For most manufaciuring
situations. bolh AC wnd DU sre needed Toy maxi-
mum efficieney. The combination machine, there.
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fore, is most efficient for general purpose welding. [t
gives the weldor the apportunity to select for him-
self the type of arc and current he cun use most
elficiently for the job at hand.

Torutal auarnapre o welderl figly pesydTe pige 50 105 ook €320 plant. Now the engine driven wald g machines



Carbon and low-alloy stecls are the work-horse
materials for construction and transportation equip-
ment and for industrial and consumer products of
many types. They comprise over 90% of total stesl
production, and more cachon steel is used in
Produel manufacture than ull other metals
combined.

Sections 6.1 through 6.7 discuss the weldability
of these important malerials and the various welding
Processes that are used for joining them. Selection
and operational consideralions for each process
include details on electrodes, filler wires, welding
techniques and procedures, process variables, quatifi-
cation requirements, welding equipment, fixtures,
and other necessary informution for designers,
welding engineers, and weldurs,

Mosi steels can be welded, but satisfactory joints
cannol be produced in all grades with equal ease. A
metsl s eansidered Lo have guod weldability if it can
e welded without excessive difficulty or the need
for special and costly procedures and the weld joints
are equal in all necessary respects to a similar piece
of solid metal. Weldability varies with the grade,
chemistry, and mechanical properiies of the steel,
ant, when weld joining is to be a majar [3ctor in the
attachment of steel parts, weldability should be
Eiven proper attention in specifying and ordering
materials for the joh,

STEEL SPECIFICATION

Severa] methods are used to identify and specify
Sleels. These are based an chemistry, en mechanical
Eraperties, on an ability to meuot o standard specifi-
Cation or industry-accepted praclive, or on an ability
Lo be fubricated into a certsin type of product.

Specifying by Chemistry

A desired composition ean be produced in one
of Lhree ways: lo @ maximum limit, to a minimum
Fmit, or to an seceptlable ranyge.

For econvmical, high-speed welding of earbon.
&teel plute, the compoesition of the steel should be
within the *'preferred-unalysis” ringes indaled in
Table 6-1. If one ar more abunents varies from the

811

Weldahifity of Carbon and
Low-Alloy Steels

TABLE B-1. Praferred Anaiyses for Stecis
To Ba Arc-Welded

Eroimant Cumpositiun %) -
Prafarrad High"
Larbin 0.06 13 0.25 I
Rangarie sy 0.35 w 0.8 140
Sihwemn .10 or jesa .39 i
, Surbur 0.035 or st 008 !
PROWho s 0.030 or less 004 |

Aliticnal cars B rEGuUEd In walding of sleefs cencsiring
Wikl s n by af v slermani livied.

ranges showil, cost-increasing methods are nztially

required o produce good welding results. Thus,

steels within these ranges should be used whenever

exlensive welding is Lo be done unlegs their proper-

ties do nol mect service reguirements. Published

welding procedures generally apply to normal weld-

ing conditions and to the more common preferred- .
analysis mild steals, Low-hydrogen electrodes and

pracesses will generally itolerate a wider range of the

elemments than shown in Table 6.1. .

If the themical specification ef a steel falls out-
side of the preferred-analysis range, it is usvally not
necessary Lo use special welding procedures based an
the extremes allowed by the specification, The
chemistty of a specific heat, under averuge mill-
produclivn condilions, may be considerably bolow
the Lop limits indicated in the specification. Thus,
for maximum economy, welding procedures for any
type of stewl should be based on acioal rather than
allowed chemistry values. A mill test repord® can ho
obtgined that gives the analysis of a heat of stee
Froin this information, a welding procedury can he
established thal ensures produoction of quality weldy
at lowaest possible cost.

Standard carbon and alloy steels are identiliyg
by AIS] (Americun fron and Steel Institute), SAE

A mlll ted caport 1s ppaally brasd oo 2 Bdle eaglyeig snd b oga
avergge fof o antiea haat, Mol low-cerbon tieels Lre sbmoned Jtaeie
witely umtd becauns of Lhair eacellenl forming end datn drewirg
prauettien The analysit of & rmmed siee] vaned from the e ingo
Lo the last meet &F a wnEls head 2ad aleg 20 Lhe W0E ta Lha Llebiom
wf wosnghe ngud, Vlids, & Ml test report b 0 Averaga dnd Moult b,
iplerpoeied 43 sdch.
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TABLE G- 2. AIS] Designation
System fur Alloy Stewls
Alloy Apurarimale Allay 1
[y Conten {%)
JaAXX Mn 1 603190
e Ao O 150 30
31X CrQ 40190 Ma 0 OBD I5
4INK M1 65 700, Cr 040090, Ma 0.200 30
44X X Mo 0 45 O 6
46N X MO 0.2 00 Mo 015030
47 XX MQu0 1 20; Cr 0,35 0.66; Mo 0,160 40
ABX M Mi3dh )75 Me 020.0.30
RIXX Cr 000 O o0
B1XX Crdimi1s
ES1100 Clod, C 0115
ES2100 C1.00; Cr 3.90-1,15
GTRX Cr 080130, vu 0100 15 (min]
BEX X Wi0a00 70;Cr 0 400 60; Mo 015025
B XX Hi 040070, Cr G 40-0 5O; Me 0.20-0.30
REX X NiQ a0 8 70 Cr O 400 GO, b o 0 300 40
L g s 51180320

{Sociely of Automotive Engineers), or ASTM
{ Amurican Soviety for T'esting Maverials) designation
sysfems. In the commuonly used four-digit system of
the AISI and SAE (Talile 8-2), the last two digits
indicate the middle of the carbon range, For
example, in grade 1035, Lthe 35 represents a carlbon
range from 0,32 to 0.38%. The firsl lwo digils
tndicace these carbonsleel grades:

10%x Nonresuifurized
11xx R esulfurized
12xx Resutfurized und rephosphorized

A prefix "B indicales an acid bessemeér steel, an
“E* indicules an eleceric-furpace steel, The E steels
are usually alloy or staialess-stee] grades. Stecls with-
out a prefix designation may be produced by basic
cpen hearlh, basic oxygen, or eleelrie-furnace
maihods.

The letter “L" between Lhe second and third
digits indicates a leaded stecl. The leiter “B™ in the
same peEifion designates a horon-treated steel, The
suffix “H" refers 10 steels specially produced to
narraw chemieal and hardenability ranges.

These four-digit AlS] or SAE standard steel
- designations apply primarily to sheet, strip, and bar
products. ASTM specificutions apply to most plates
wnd structural shapes.

Some of the cammunly specified elemenls and
thedr effects on woeldabblily and olher characioristics
oof steels Tolluw:

Carlbon is the pwincipal hardening element in
rteel, As carbon cantenl increases, hardenability and
- nsile strength increase, and ductility and welda-
b ity derreasn. In stecls Lk i carban content over

0.25%, rapid cooling {from the welding temperature
may produge @ hard, brittle zone adjacent Lo the
weld. Also, if considerable carbon is picked up in
the weld puddle through adinixture [rom the metal
being welded, the weld deposit itselfl may be hard.
Addition of small amounts of elements ¢iher than
carbion can produce high tensile strengths without a
detrimental effect on weldability. In general, cathan
cantent should be low for best weldability.

Munpgunese increuses hardenability and strength,
but to a lesser extent than carbon, Properlies of
steels contathing manganese depend principally on
carbon content. Manganese content of less than
0.30% may promale inlernal porosity and cracking
in the weld bead; cracking can glso result if thei
content 1s over 0.50%,

For good weldability, the ratio of manganese to
sulfur should be at least ten 10 one. [f a steel has a
low manganese content in combination with a low
warbon content, it may not have been properly
deoxidized. In stecl, manganese cumhin&s' with
sulfur to form MnS, which 1s not harmful. However,
a steel with a low Mn/S ralio may contan sulfur ir
the form of TFeS, which ¢un cause cracking {
“hot-short™ condition} in the weld.

in general, mangancse [ncreases the rate of
carbon penetration during carburizing and is bene-
ficial to the surface finish' of carbon steels.

Sulfur jncreases the machinabilily of stesls, bul
reduces transverse ductility, impact toughness, and
weldability, Sulfur in any amount promotes hot
shortness in welding, and the tendency increases
with increased sulfur. It ¢an be tolerated up to
about 0.035% {with sufficient Mn), over 0.050% it
van cause sérious prablema. Sulfur iz also delri-
mental to surface quality in low-carbon and
luw-manganese sieels.

A common cause of poor welding quality that is
nol apparent from analyses made in the nsual way is
segregated layers of sulfur in the form of iron
suifide. These layers, which cause cracks or ether
defects at the fusion line of an arc-welded joint, can
be detected by examination of a deep-etched cross
section as illustrated in Fig. 6-1.

i ‘E-l, Sulfur segregations Dark Lines o giohed SacTion ngicaie
Myas ot hogh wifer congenirst Kn,
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Silicon is & deoxidizer that is added during the
making of steel to improve soundness. Silicon
increpses strength snd bhardness, but to o fesser
exlent than manganese. Tl is detriimentad to surface
quality, especially in the low-carbon, resulfurized
grades. [f carbon content is fairly high, silicon aggra-
vates cracking tendencies. For hest welding condi-
tiong, silicon content shoulid not exceed 0,10%, but
amounts up to 0.30% are nobt us sericus as high
sulfur or phosphorus content.

Phosphorus, in large 2mounts, increases streligth
and hardness, but reduces doectility and impact
strength, particularly in the higher-carhon grades. In
law-carbon steels, phosphorus improves machina-
bility and resistance to atmospheric corrasion.

As far a5 welding i{s concerned, phosphorus is an
impurity, and should be kept ay low as possible.
Over 0.04% makes welds brittle and increases the
tendency to cruck. Phosphorus also towers the sur-
face tension of the molten weld metal, making it
difficuit to control.

Copper improves atmospheric corosion resist-
ance when present in excess of 0.15%. [A minimum

ol 0.20% i3 usually specified for this purpose.t Masi

ciarbon steels contain some eopper as a Ytranp ele-
ment," up to wbout 0.15%. Copper content up to
about 1.50% has littie or no effect on the acetylene
ar arc-weldahilily of a steel, bul it affects forge-
weldability adversely, Copper content over 0.50%
may reduce mechanical propecties, however, if the
steel is heat-treated.

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

Specifying by Mechanical Properties

The producer of steels specified by mechanical
properties is free to alter the chemistry of the steel
{within limits) to obtain the reguired propertics.
Mechanival tests are usually specificd under vne of
these conditions: 1. Mechanical test requirements
only, with no limits on chemistry. 2. Mechanicul
test requirements, with limits on one or more
elements,

Generally, these tests have been set up according
to practices approved by the SAE (Society of Auto-
motive Engincers) or ASTM (American Society for
Testing and Materials) or to the requirements of
other authorized code-writing orguntzatioins, such oy
the ASME (American Society of Mechanical Engi-
neers) or the AP {(American Petroleun Inslitutel.

The mosl common tests are bend tests, hard ness
tests, and a series of tensile tests that evaluste
madulus af elasticity, yield strength, and Leaside
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steength. Section 1.2 discusses some of Uiese tests
and the properties they determine. Metallucgical
tests are sometimes usett (6 measun: grain size,
decarbunization, or inclusions. Other tests relating to
end-use requirements, such as bursh tesws for pres.
sure tubing, may be included in soune spaefications.

Most carbon steels are pradured to standar)
specifications established by regulating bodie. con-
cerned with public welfate and safely. The lorgssi
and most influential body of this type is the ASTM,
(rther major groups are the SAE, the ASME, the
AAR {American Assceiation of Railroads), and the
AWWA (Awmerican Water Works Association). ASTA!
sperifications are broad, covering requiremonis of
many 1ndustries. Most other groups prepare stoe!
specifications for the needs and interests of their
partiewlar industries.

Specifying by End-Product

Often more important than exuct mechanical
properties or chemnical analysis is the ability of o
steel to be fzbricated into a specific cnd product.
Fabricating operations such as welding of deeop
drawing can change Lhe as-delivered properties of a
steel, and more than one cheinical analysis or stecl-
making method can often produce a suitable
material for the product. Consecuently, many flat-
rolled steel products such as plite, sheet, and strip
are specified to have adeguate properties fer
Fabrieation into un Yidentified" and product.

A specification for an identified end product
tells the steel producer which fabrication processes
will be used, finish requirements, arut the product’s
service reguirements.

METALLURGY OF A WELD BEAD
The heat of welding brings about certain

- changes, both in the structure of the steel being

welded and in the weld metal. Some of these
changes ocour during welding: others, afler the
metal has cooled. :

During welding, the teinperature of the malten
weld] muetal reaches 3000°F or higher. A short gis-
tunce from the weld, the temperature of the plata
may be only about GO0YF. When the stee] reachus or
excepds certain critical temperatures botween tliesg
villues, changes oecur that affecl grain structure,
hardness, and strength properiies, These chapges and
the temperatures at which they occur are iflustrated
by Fig.6-2 a schematic divgramm of a section through
a wiold bead.
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The exlent of change in siruclure depends on
the maximum temperature Lo which the metal is
subjected, the length of time the lemperature is sus-
twined, the composition of the metal, and Lthe rate of
cooling, The prncipal faclor that controls Lhese
rhanges is the amounl of heat that is put into the
plale — both from preheating and (rom the welding
Process,

Cocling rate affects properties along with grain
size. Rapid couling rates produce stronger, harder,
aund less ductile steels; slow coaling rates produce
the opposile properties. With low-carbon steels, the
relativel y small differences in cooling rales in normal
nractice have negligible effects on these properties,
Howeuver, with steets of higher carbon conlents ar
thuse with appreciable amounts of alloying
elernents, the effect can be significant.

Holding the plate material at a high temperature
(above the upper eritical temperature) for a long
titne produces a structure with large grain size.
During welding, however, Lhe metal adjacent to the
weld (Zane 3 in Fig. 6.2} is at the high temperature
fur a very shotl time. The result is a slight decrease
in grain size and an incresse in strength and hard-
ness, compared with the base metal.

It multipass weld joints, each bead produces a
grain-refining action on the preceding bead as it is
reheuted, However, this refining is not Jikely to be
uniform throughoeut the joint.

CRACKING — CAUSES AND CURES

Except in some weld-surfacing operations,
cracks are considered deleterious. Cracking can
occur either in the deposited metal or in the heat.
affected zone of the base metal adjucent to the
weld, The major cause of cracking in the base meta]
or in the weld meta! is a high carbon or alloy con-
teni that increases the hardenability, High hardena.
tility, combined with a high cooling rate, produces
the brittle condition thet leeds 1o cracking. Other
causes of weld cracking are: joint restrgint 'that
produces high siresses in the weld, improper shape
of the weld bead, hydrogen pickup, and
contaminants on Lthe plale or electrode.

Factors Causing Underbead Cracking

Subsurface cracks in the base mets], under or
near the weld, are known as underbead crecks.
Underbead cracking in the heat-affected base metal
is caused by: 1. A relatively high carbon or alloy
rontent steel that 15 allowed Lo cool too repdly
[rom the wealding temperature. 2. Hydrogan pickup
during welding. '

Underbead cracking seldom ococurs with the
preferred-analysis steels {Table 6-1). With carbon
sieels above 0.35% carbon contlent and with the
luw-alloy structural-grade steels, underbead cracking
van be minimized by using a low-hydrogen welding
prucess. The problem is most severe with materials
such as the heat-treated stroctural steels having



Most of the hydrogen escapes
through the walkd inta the ar

Adjacent plate is transformed
[a austenile when heated

by welding, hydrogen s
soluble in thia region

7 *™ Thit region remains as
Cifficult tor hydrogen  fgrrite, which has no solubility
Lo Jdiffuse #ény tarther  dor hyediogen

Frg- 53 Aystenite st 3flecisd 2ona 61 a wekd has high solubity
fon hydrogan, LIDon cochi v, i hoyd rogen buddds op retsarg thal £3n
s ungel Dead rrack ng.

tensile strengths of 100,000 psi and higher. The dis-
cussions an specific steels include recommendations
for welding these moterials,

The second Ievtor that promaotss underbead
eracking — the pickup and retention of hydrogen —
is alzo influenced by the conling rale from the wald-
ing temperature, During welding, some hydrogen —
a decomposition product of maoisture from the alr,
slectrode coating, wire, flux, shielding gas, or the
surface of the plate — can dissolve into the molten
weld metal and from there into the extremely hot
{but not molten} base metal [ cooling oceurs
slowly, the process reverses, and the hydrogen has
sufficient time io escape through the wald into the
ait. But ¥ cooling Is rapid, some hydrogen may be
trapped in the heat-alfected zone next to the weld
metal, as ilustrated by Fig. 6-3. The hydrogen
absorbed and produces 8 condition of low ductility
known as hydrogen embrittiement.

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

Toe crack

L Underbead crack

FMI G4, Undarbosd of sch ing #ie] toe Cracvt esysed Dy hydrogen
pickup i beet-alieeied gone gf LY il
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that uppear on the plate surface adjacent to the weld
are called “toe cracks.”

Slower tooling (by welding slower, or by pre-
heating) allows more of the hydrogen te eseape and
helps control the problem. In addition. the use of
low-hydrogen welding materials eliminates the majer
source of hydrogen and uvsuvally eliminaces wader-
bead cracking.

Rapid cooling rates geeur when the zre stri'se
on a cold plate — at the start of a weld with no
previous weld bead to prelieat (he melal. Ths
highest coaling Tates oceur on thick plate and in
short tack welds. The elfect of weld length on ccol-
ing rate can be llustrated by the time requirea w
cool walds from 16009 to 200°F un 2 3/4-in. sleot
plate:

2.1/ weld ... .. v .., LA mis
dan.weld ... ... ... Smin
Ouinweld . ... .. .. ... 33min

A 9-n.long weld made on plate i 1071 has
about the same coaling rate as a J-in. weld on a plate
that has been preheated Lo 300°F.

Welds with large cross seclions require grestes
heat input than smatler ones. High welding euzrent
and slow travel rates reduce the rate af cooling ard
decrease the likelihood of cracking.

The Effects of Section Thickness .

In a zteel mill, Lillets are rolled into plates or
shapes while red hot. The rolled members are then
placed on finishing tables to cool. Because a thin
plate has more surface ared in proportion to ils mass
than a thick plate, it loses héat faster {by radiztion)
and cools more rapidly.

a thick plate hus the same chemistry as a thin
one, its slower cooling rate results in lower tenile
and yield strenglly, lower hardness, and higher elong-
atioil. lo very thick plates, the cooling rate moy he
50 low thut the propetties of the steel may not meet
minimum specifications. Thus, to meet specified
yield-strength levels, the mtll increases the carboa oo
alluy content of the steals that are to be rolled into
thick sections,

In welding, coaling rates of thin and thick plates
are just the opposite. Because of ths larger mass of
plate, the well area in a thick plate cools meore
rapidly than the weld arca in a thin onae. The hezi
input &t the weld urea is transfereed, by cenduction,
to the large mass of relatively cool steel, thus cool-
ing the weld area relatively rapidly. {Heat is lrans-
ferred more rapidly by conduction than by mdia-
tion.) The thin plate has less mass Lo absorl the
heal, and il cools at a slower rate. The faster cooling
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of the thicker plate produces higher tensile snd yield
strengths, higher hurdness, and lower elongation.

Welds in slructural-steel shapes and plate under
1f2-in. thick lave less tendency loward cracking
than welds in thicker plaute. In addition 1y Lhe favor-
ghle [slower) cooling rate of thinuer members, twa
uiher factor: minimize tauses of cracking:
1. Thinner plale weldments usually have a good
ratio (high} of weld throat-ta-plale  thickness.
2. Because Lhey are less rigid, thinner plales can flex
more as the weld cools, thus reducing restraint on
the weld metal.

Thicker plates and rolled seclions do not have
these advaniages. Hecause a weld cools faster oh a
Lhick member, and because the Lhick member prob-
ably has i higher carbon or alloy content, welds on a
thick section have higher strenglh snd hardness but
lower ductility than similar welds on thin plate. 1f
these properties are unacceptable, prebeating
{especially for the more critical oot passt may be
necessaty 1o reduce the cooling rale. (See Suction
3.3 for & discussion of preheating.)

Because il increases cost, preheuling should be
used only when needed. For example, a thin web to
bi: joined Lu a thick flange plate by fillet welds may
not reqtiire as much preheal as two highly restrained

132"
p e 1716+ :
I : l- o
| E ! ] | |
l N 1
{2} fi) i}
Fig. TG In o restraired ot ov ek plates Lal, all Lhirine agye sUess
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Alhavd the Glates 1o moee slaghilly duog tooling The woires Uatien del
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Fig. 7. A mglen lilal weld (ab aaris 10 soldily along 10e sidoes nexl
ta the plote (B, Sobdilicelun piocesds a8 shown in (¢ and (d],

Solid weld

thick plates joined by a multiple-pass butt weld (Fie
8-5).

The Effect of Joint Restraint

I metal-to-metal contact exists between thick
plates prior to welding, the plates cannot move —
the joint is restrained. As the weld cools and con-
tructs, all shrinkage stress must be taken up in the
weld, as illustrated in Fig. 6-6{a}. Thiz restraint may
cause the weld to crack, especially in the first pass
on the second side of the plate.

doint restruint can be minimized by previding a
space of 1/32 to 1/14 in. between the lwo members
to ellow movement during cooling. Such spaces or
gaps can be incorporaied by saveral simple means:

1. S5oft steel wire spacers may be placed
between the plates, as in Fig. 6-6(k). The
wire flattens out as the weld shrinks, as
shown in Fig. 6-6{c). [Copper wire should
not be used beceuse it may contaminate the
wold metal).

2. Rough fMame-cut edges on the plate. The
peaks of the cut edge keep the plates apart,
vet can deform and flaiten out as the weld
shrinks. '

3. Upsetting Lhe edge of the plate with a heav
center punch. Resylts are similar to those o
Lthe flame-cut edge.

Provision for o space Letween thick plales to be
welded is particularly important for fillet welds.
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Filtet Welds: A molten fillet weld staris o
solidify, or frceze, along the sides af the joint, 25 in
Fig. 6-7, because the heat is conducted to the
adjacent plite, which is at a much lower temperu-
ture. Freeging progressas inwdrd wndil the entire
weld is solid. The last material to freeze 1s that at
the center, near the surface of the weld.

Although a concave fillet weld may sppear to be
Jarger than a convex weld (Fig. 6-8), it may have less
penetrution into the welded plales anid a smaller
‘throat than the convex bead. Thus the convex weld
may be the stronger of the twy, even though it
appears Lo boe smaller,

In the past, the concave weld has been preferred
by designers bevause of the smoother stress Flow it
affers Lo resist A load on the juint. Experience has
shown, however, that single-pass cancave Billet welds
have a greater tendency to crack during couoling than
do convex welds. This disadvantage usually cut-
weighs the effect of improved stress distribution,
especially in stoels thai require special welding
proceeuros,

When o concave bead eools wund shrinks, the
outer surface is in tension and may crack. A convex
bead has considerably reduced shrinkage stresses in
the surface area, and the possibility of cracking dur-
ing cooling is slight. For multiple-pass fillet welds
only the fiest pass need be cotivex

When design cenditions require concove welds
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for smooth flow of stresses in thick plate, the first
head fusually three or more passes ae aquired)
should be slightly convex. The others are then buiit
Ut Lo the required shape,

tiroove Welds: Tlie root poss of a grogve weld in
heavy plate usually requires special welding procea.
ures, For exarmgle, the root pass on the first side of
o double-V joint is susceptible to eracking because
of the notch, a3 illustrated in Fig. 6-9(a), whichis a
crack starter. On high-quality work, this nateh is
backchipped, as in Fig. 69(h), to: 1. Remove slag
or axides from the bottom of tha groowe.
2. Remove any sinull crocks thal may have ocourred
in the ruet bead. 3. Widon the groove at the bation
s0 that the first bead of the second side 13 large
enough to resist the shrinkage that il must withstand
due to the ripidity of the joint.

The weld metal tends to shiink in alf directions
a3 1t eoals, and restrzint from the heavy platea pro-
duces tensile stresses within the weld, The et
yiclds plastically while hot to accommodate the
stresses; if the internul stresses exceed the strangth
ol the weld, it cracks, usuaily aleng the cenlarline.

The problem is greater if the plate material has
igher carbon cantent than Lhe welding #lectrode. H
tlus iz the case, tha weld metal usually picks up
addilional carbon through admixture with the base
metnl. Under such conditions, the root heud is
usuully less duetile than subsequent beads,

A coneave ot bead in o groove weld, as shawn
ite Fig. 6-1004), has the sume tendenrey toward crack-
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ing as il does in & fillel weld. lncreasing the throat
dimension of the root pass, as in Fig. 6-1{{b), helps
to prevent cracking., Electrodes and procedures
shoultd be used thal produce a convex bead shape. A
Iow-hydrogen process usually reduces cracking
neencies; if not, prehealing may be reguired.
Centerling cracking can also ocour in subsequent
rasses of a multiple-pass weld if the passes are exces-

sively wide or concave. This can be corrected by
putting down narrower, slightly convex beads, mak-
ing the weld two or more beuds v:ride, as in Fig.
6-11.

Widlh/Depth Ratio: Cracks caused by joint
restraint or material chemistry usually appear at the
fuce of the weld. In some situatlons, however,
internal cracks occur that do net reach the surface.
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These are usvaily caused by improper joint design
(narrow, deep grooves or fillets) or by misusa of a
welding prucess that can ochieve deep penelration.

[f the depth of fusion is much greater llan the
width of the weld face, the surface of the weld may
frevze before the center does. When this happens,
the shrinkage forces act on the almost-frozen center
{the strength of which i1 lawer than that of the
frozen surface) and ecan cause a cruck that does not
extend to Lhe surface. Figure 6-12(a} is illustzative.

Internal ¢racks can also be caused by improper
joint design or preparation. Results of combining
thick plate, a deep penetraling welding process, and
a 452 included angle are shown in Fig. 6-12{b). A
similar result on a Nilet weld nude with deep pene.
tration is shown in Fig. 6.13{¢). A too-small bevel,
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and arc-gouyihg o groove too nwtow for ity depih on
the econd-puss side of a double-V groove weld, can
vause the internal crack shown in Fig. 6.12{d).

Internal cracks are serious beesuse they connal
be dilected by visual inspection methods, Buat thay
can be eliminated if preventive measures are used.
Penetralion and volume of well metat deposited in
ezch pass can be controlied by regulating weldn. |
speei] and current and by using a jount design wiies
establishes rewsonable depth-of-fusion requirements,
Recomnmended ratios of widih of each individual
bead Lo depth of fusion are betwesn 1.2 to 1l and 2
to 1.

A differenl type of internnl crack oceurs in suk-
merged-ate welding when the width-1o-depth ratio i
too latge. Cragks in these goailed “bhalshipea”
welds ure especially dangerous because radivgsphic
inspection may not detect them, The widi to-depth
ratia of any individual bead should not exceed 2:1.

Lanellar cracking or tearing is illusteaved in Fig,
£-13. In (a), the shrinkage forces cn the upeight
member are perpendicular to the direction in which
the plate was rolled al the stoel mill, The inclusicies
within the plate are strung oul in the direction of
rolling. [f the shrinkage stress should become ngh
enaugh, lamellar tear might oce it by the progressive
cracking from one inclusion Lo the nexi. A way to
prevent this is illustrated in Fig. 6-13{b). Here, the
bevel has been made in the upright plate. The wald
now cuts across the inclusions, and the shoinkage
forcea are distributed, cather Lhan applied o a single
plane of inclugions.

Chservations on Factars Contributing to Gracking

Two articles'® appearing in the Welding Journg?
in 1964 summarize several of the factars confivmed
by research as contributory to weld cracking:

1. T'he contraction forees of mulliple-pass
welds tend to cause separations in the baze
matal and they genepally incrense with the
strength andfor hardenability of the fillcx
mebal and base metals. Thereluta, silta
weld metal would tend to decroase ot anly
weld metal cracks but alsg hesl-atfected
zone cracks and lamellar bearing.

[ =]

. The susceptibility to delayed cracking 1s
proportional to the hydrogen content ol the
welding atmosphere.

betrgta Cracking Uader Hindered Controchion: Compgridon af Weid-
ing Prucesss.” Trawn, Baey, otla, dod Ademi, MLT. Weidine
Jourmal- Navembae, 1964

1"“(145’“.!‘ Cruching in Niewd Beldmpnin,”’ Intermenia and Trowt,
Walding Journal, April, 1944,
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3, Creater crack sensitivity is exhibited by
high-chemistey base metal and by heavier
plale thicknesses.

4. In geoeral, vricking will indliate in U heat-
affecled zone of ihe base uwetal, excepl in
cases where the weld meial i= of higher
hardness,

B With  an opuen-are or oeven a shielded-arc
manual electrode, il con be assumed thal in
hot humid weather the are atmosphere will
conlafn more hydrogen as water vapor than
in vool, dry weather, Any tendeney to mini-
nize the impurtance of preheat, of keeping
the joint hot, or possibly of posuneat in hot
sanuner months, could be gt Lhe ool of
cracking problems on  heavy raestrained
ioints. This would hie especially true if vither
the weld maeti! or the base medal s Larden-
ible hecayse of alloy wr carbon eonlent.

Low Nl ihput with inlerruptions in the weld-
wip eyede Lends to aggoivate the problo.

CThe wolding pusition and its influence on bead
size, heal input, nnher of layers, ele., has a direet
influence ui the cacking tendency, For example,
threc-o'clock grouve welds aure more sonsitive Lo
erzching than Mlal-position groave welds.

STEELS AND WELDING RECOCMMENDATIONS

The Carbon Steels

Classiticalivn of the carbon steels is based prin-
cipally on ciurbon condent. The greps e low-
curbon (W 0.30% carbion), mediuvm-carbon (0.3 to
£.45%), und high-carbon {(more than 0.15%). The
first proun is sometimes sululivided into the very-
low-carbon steets fto 0.15%) and the mild steels
iN.15 1o 0.30%). Standard SAE compositions of
carbon steels, appicable to structural shapes, plate,
sirip, sheel, and welded tubing are listed in Table
6.3,

Mechanical properlies of hot-finished steels are
mhucnced  principally by chemicnd  compusition
(particuiarly carbon content), bul other faciors —
finishing Leinperalure, section size, and the presence
of residual elements — also affect properties. A
Afding plide, Tor exsinple, las higher Wnsite proper-
bivs and lower clopgution than a 1-1/2-in. plale of
the sime ceanposition. This resulls from the higher
fule of conling of the 3/4-in. plate fram the rolling
tanperaluee, 'I'ypical lensile properties of hot-rolled
and  cold-finished Jow-carbon steels wre listed 10
Table 6.4,

TABLE B-3 Compasitians od Carbon Steals

Sk ! Chameal Composilion Limmn (%)
M c Mn F_omax, 5 max,
1008 QDG rmaw. | 0,36 max, D L4g 0.050
100G Q08 mas, | 0.75{.40 a.0a0 0 054
HCT | G110 mex. | 0.30-0.50 0.040 Lo Rt
1010 Doad 0.30-0.60 0.0 0.050
1311 oCcaG13 0.e0-0 90 0,040 0 050
1z Qingi1s | 030060 o040 ¢ Us0
1013 01016 | os00R0 | Q040 0058
1015 0.13-018 0.30< B0 Q0D 0.0%0
1016 011018 0,640 540 0 04 0050
1017 016020 0.30-0.60 0.040 Q.05
1018 O A50 20 0 GO0 853 0 Q4] 4.0%0
imag 0150720 0.70-1.00 0048 Q.0%0
10H 0180.73 0300 60 0040 050
1021 018.0.23 0.60-0.50 0.040 D 5D
LIV ST Nl 0.70-1 O 0 04dn 0.050
1021 O M0 % 0.30-0 6D 0040 Q.0%0
102% 2z0M & J00 60 aQ4d 0 040
1024 032324008 0 50-0.9¢ 0,040 0080
1050 D250 21 | 040 (.80 D 04g Q.o50
1030 078034 | osonso | gpan o OB
jLin) 037203 0 60 & 50 a.aD a.05a
1037 " | 032038 | 070900 | oo40 a.050
1038 035043 HEM BER-H ] 0,040 005D
1038 a37.044 Q.M 00 0.040 0 a5
10450 017044 0 a0 B0 0.049 a 050
1042 040047 60080 0,040 0560
1043 Qanp4ay | Q70-1.00 0040 0.050
1044 0430%0 | 030060 0.040 0.050
1045 0.43.0%0 0 60-0.90 0.040 G050
10418 A0S0 | 070090 .040 0050
108 450,63 G.e00 30 0.040 005
1050 048.0 45 0 60-03.90 0.040 0.0%0
1053 QaEDss [ 0,70-1.60 0.040 ¢.080
1055 0.500 50 | 060050 0040 0.050
1060 0 554085 LIRS IR ] 0 Da 00%)
3001 _D.Eﬂ-ﬂ 0 0.50.0. 80 D Qdd G050
1065 UERO D | DEQ0.BO ¢.04a0 X it
1069 06507y 0.40.0.70 0 04 0050
1a7e [T ] 0.60-0.580 0040 0.0%0
1074 070 08O O S0 BO 0040 0.0%0
1075 o7 B0 | 8040870 f.ga0 G050
1078 pr208s | e3n0ea] o040 opsg |

1080 0.750 43 0.60-0 50 a 40 (el el
1044 080053 0 &0-0 50 0040 00560
b 00093 0.70-1.00 1045 0.050
1088 0800 %3 3.30-0 50 0.048 0.060
1000 085098 0 G-3-50 qgal 0,050
1095 0.90-1 03 0. 30:0 %0 0040 0050

From thw TWGU SAE Hananook. Somnm grades hays wider cpnges wliun
et gyt wbvwd 107 MTiwg tursl shovet and welded Lubing

[.ow-Carbion Steels

In generzl, steels with carbon contents ta §.30¢
are readily joined by all common arcwelding
processes, ‘These grades account for the greatest ton-
nage of steels used in welded structures. T'ypical
applications Include tanks, structural assemblies,
vessels, machine bases, earth-moving and agricultural



TABLE &-4. Typica! Minimum Machanical
Propertias atf Carbon-Sieel Bars

[ Yansia Yiald
AlSI ar Sirangth Sirangih Efongalion in
SAE Na. | Cendilan® 11000 psil | (1000 ps) 2ia, %I

100 HRA a7 26 28
' CF 53 44 20
10158 HHA 50 24 28
CF 58 47 18
1020 HRA 55 i i) Z5
CF 61 51 15
F 1025 M £& 32 25
CF G4 LT 15
1030 HA 68 -] i)
CF T4 64 12

1035 HR 12 4 ] .
CF BO &7 14
04D HA 16 42 18
CF g5 M1 12
1045 HR B2 | 45 16
CF 91 7T 12
1050 HA g 50 15
CE 1040 B4 10

* HMA = ol relled ] OF & cold flnehag
Coard Iroom ASM Mugaly Handbook, 81 Ed |, Vol 1,

equipment, and general weldments.

Steels with very low caclen conlent — to 0.13%
— are good welding steels, hut Lthey are not Lhe best
for high-speed production welding. The low carbon
content and the low mangunese content (to 0.30%)
tend to produce internal porosity. This condition is
usually corrected by medifying the welding
procedure slightly — usually by using a slower speed.
If the presence of some internal porosity has no
detrimental effecl on service requirements of the
assembly, standard high-speed welding procedures
can he uzed,

Steels with very low carhon conlent are more
ductile angd easier to form than higher-carbon steels.
They are used for applications requiring consider-
able cold forming, such as stampings or rolled or
formed shapes,

Steels with 0.15 to 0.20% carbun contenl have
excellent weldatility. They seldom require anything
beyond standard welding procedures, and they can
be welded with all types of mild-steel electrodes.
These steels should Ybe used for muximum produc-
tivn speed on assemblies gr structures that requice
extensive welding.

Steels at the upper end of the low-carhon range
— the D.25 to 0.20% carbon grades — have very good
weldability, but when one or more of the eloments
is on the high side of permissible timits, cracking can

Weldatility of Carbon and Low-Alloy Steels E.‘J‘- 1

result, particularly in fillet welds. With stightly
reduced speecls and currents, ony of the standard
electrodes can be used for these steels. In thick-
nesses Lo 516 in., standard procedures apply.

"If some of the elements — particularly carbon,
silicon, ot sulfur — are on the high side ol the limits,
surface holes may form. Reducing current and speed
minimizes this problem.

Although most welding applications of these
steels require no preheating, heavy sections {2-in. or
more) and certain joint configurulions may reguire o
preheat. Less prehealing is required when low-
hydrogen processes are used. In peneral, staels in the
0.25 tu 0.30% carbon range should be welded with
low-hydrogen electrodes or with a low-hydrogen
process if the temperature is below 5Q2F.

Medium and High-Zarhon Stesls

Because hardenzbility of steel increases with
carbon corntent, the medivm and high-carbon steels
serve where hardness, wear resistance, ar higher
strength are needed. Important uses {or medium-
carbon steels {to ¢ 45%) include wear plates, springs,
and c¢omponuents {or railrowd, agricultural, ond
earth-moving and materiels-handling equipment.

Unlortunately, the same characteristics thal
make these stecls so suitable for use 1o rugged packs
and structures make them more difficulb and eostly -
ta weld. The medium-carbon steels can be welded
successfully, however, provided proper procedures
and preheat und interpass temperatures are used.
Sometimes, postweld stress relief may be required.

The high-carban steels are almost always used in
a hardened condition. Typical applications are [ot
metalworking and woodworking tools, drills, dies,
and knives, and for abrasion-resistant parts such as
plowshires wnd scraper blades, Some farm equip-
ment 15 Buill from rerolled rail stock (0.85% O],
which is welded in the asrolled cendition, using
prehealing, interpass heating, and postweld stress
celief.

Hardness of these steels can range from dead
saft in the annealed condition to Rockwell C &5
{(with rapid gquench treatment) for the higher-carbon
grades. Although an AlIS1 1020 steel can be made a5
hard as Rec 50, hardness is very shallow. Increased
carbon content increases depth of hirdening and
maximum atlainable hardness to about Re 65,
Alloying elements increase depth of hardening bul
have little effect on maximum hardness possible.

It is advisable o make sumple weld testy to
determine cracking tendencies of steels containing
0.30% or more earhon, [ such tendencies are appar-
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ent, preheating of {the sleel may be necessary to
retard the cooling rate from the welding Lempera-
ture. Required preheat (emperalure varies with
analysis, size, and shape of the steel and with the
amount of heat input from the welding process, In
general, the higher the carbon or alloy' centent and
the thicker the place, the higher the preheatl temper-
alure newded tu provide the slow cooling rate
required Lo prevent hardening. For shap caleulalion,
a I'reheat Caleculalor — available from The Lincoln
Electre Company at a nominal cost — is & Lhandy
Lool for determining preheal reguirements afl various
thicknesses of cummon analysis steels. {See Section
d.3.}

Use of low-hydrogen processes can minimize the
degres of preheating necessary and, in 14-gage and
thinner materials, can eliminate the need for pre-
heating entirely. As & rule of thumb, preheat
teinperabures used with low.hydrogen electrodes can
be 100 La 2009F lower than those needed fur
eleclrodas other than low-hydrogen.

AWS Structural Steals

The American Welding Society does not write
specifications [ar structural steel but does recognize
neny stoels specifived hy ASTM, API, and ABS as
suitable for welded structures with the wvarious arc
welding processes. Table 6.6 shows B list of these
steels with the mechanical properly requirements
atel the proper filler metals for welding. Since the
table does not contsin the complete mechanical
property or chemical reguirements it s sugpested
L reader consult Lhe original specificalion for fur-
thoer information,

[n general, Lhese steels have maximum limits on
carbon sulfur and phosphorous. Manganese may be
specilied ag o mienge oF ina maXimum amount, $mall
smounis of other alloys may be added in order to
meet the mechanical property requirements, All the
stee’s listadd in Tabel 6-6 have satisfactary weldabil-
il characteristics but some may require special
pmoeedures or technigues, such as limited heat input
or minimum preheat and interpass temperatures.
Sorwe structoral steels are not inlended for arc
walling. For example, A440 iz intended primarily
for riveted or balted structyres, see Table 6-5.

High-Strength Law-Alloy Structural Steels

Higher mechanical properties and, wusually,
butlar eoprasion resistance ihan the structural car-
bon steels are characteristies of the high-strength
low-alloy {HSLA) steels. These improved properties
are achieved by edditions of small amounts of allay-
ing elements. Same of the HSLA types are carhan-
manganese  steels, others contain different alloy
additions, governed by requiremenls for weldability,
formability, toughness, or economy. Strength of
these sleels iz between those of slruetural carbon
sleels and the high-strength quenched-and-tempered
steels,

High-strength low-alloy ateels are usually used in
the as-rolled condition, although some are available
that require heat treatment after {obrication. These
sleels are preduced to specific mechanical-property
requirements rather than to chemical compositions.
Minirnurmn mechanical properties available in the as-
roiled condition vary among the grades and, within
most grades, with thickness. Ranges of pmpemes
available in this group of steels are:

1. Minimum yield point from 42,000 to 70,000
psi.

2. Minimum tensile strength from 60,000 to
5,000 psi,

3. Resistance 1o carrosion, classed as: equal Lo
that of carbon steels, twice that .of carbon
slerls, orf four to six times that of carbon
steals.

The HSLA steels are available in mosl com-
mercial wrought forms and are used extensivaly in
products &nd structures that require higher
strength-tu-weight ratios than the carbon structurzl
sleels nffer. Typical applications are supporls and
panels for truck badies, railway curs, mobile homes,
und other transportation eguipment; componenis
for tractors, threshers, fertilizer spreaders, and other
agricultural machinery; materials-hondling and stor-
age equipment; and buildings, bridge decks, and
similar structures. -

The high-strength low-alloy steels should not be
confused with the high-strength quenched-gnd-
tempered-alloy steels. Both groups are sold primanly
un a tragde-name basis, and they freguently share the
sume trade-name, with different letters or numbers
being used to identify each. The quenched-and-
iempered steels are full-alloy steels that are heat
treated at the mill te develop optimum properlies.
They are generally martensitic in structure, whereas
the HSLA steels are mainly fermtic steels, this is the
cjue to the metallurgical apd fabricating differences



TABRLE 6-5. Specificationts lar High-Strength
Low Alloy Steels
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Specilication

@ Practice Coverage

ASTM
A-242 42000 o BOCOO py viald-point  EOeklL wilh
NiMosphenc corroman (essiaoce equal 10 Pwice
[weigh copper] or four o more (amas that of slryc-
turyl ciibon stexls The morfe corrofin rasistant

grades are used A1 Twantharing steett.”

Cold rofled shaain Brd strip with 45000 -pei yigld
pann L) Similar in many eRaecKs o A-247,

Hot-rollad gheaty grd sirip with 30.000.gn yeld
poial; similar 1 many rrgpects ta A-242,

Intgrmediate mangenea  Steels with 42000 10
EQ 000031 yiald poinis Coppwr addition provide
nimooheric corrosion resisiance doubls that al
carbon siged. Guod ghrasion resistance, oy lair
waldabiility, LS pravgctly Tor riggied ar bolied
aroducts.

A-d7d
A d2E

AA4D

L]
A28 Manganain-yinyum stedls with 40000 Lo
S0, 000-p3i yirkd panng, Copper siling provide
Mmespheric Orrosun resistance dauble that of
carbon sreel, Lowers

tharsfore, improved weldability over A-440 stanls.

Colpymbivrnevanagdiv nitragen  grades  with  sia
yield poingg from 47 000 to 65000 py Gredes
wilh copper #dihons Jor improved simoyshenc
Corobion resstence i dvailable. Madibcyiant
high 1 colymbwm may have Eaceitenr W0w-
Lompdratlure nRtch 1oyghness whan procueed 1o
fimg-grain practice (By raller quenching or
ngemidlizimy].

A -bil Slmilar in emost vespecE Mo A-ZAT Slpeld, wscel
that & 50000 05 yigld-pOinL minimym of provded
up to 4 in hick and matarial up fo B 0. thick
ang ik covered in e gpecilicavunn. He four times
thw aimophenc carfomgeon risislance ol carbon
il

SAE [Recommanda Praciice — nul 3 $pecilicaticn)

Ja16k Cowers afl rmajor HELA types, with yisld strengthe
Irem 42000 w0 70000 pe. Unkke ASTM, SAE
gives greater a0kntipn & lormakility, Toughness,
and weekdability, Howsee?, A5 TM SpECI give wider
coverage af mill hoems sod farger  wctin
thich Nasses.

al-la

MULS-THOA Coyers HS LA itawln w bars, shapes, shaeis, slrip,

[May 3, 19631 und plates. .

Wil 3132818 Cowers carbon, alloy, and HSL A stesls lor welded

+Qet, 10, 19661 grrutlures.

manganesse and carbon

So.ree: “High-Strangtn Low- allay S iealy, Aleching Dmiga,
Poe, 17,1972

between the two types. In the as-relled condition,

fertitic steels are composed of relatively soft, ductile
“onstituents; martensitic steels have hard, brittle
-oastituents that require heal treatment to prodice
their high-strenpth properties,

Strength in the HSLA steels i3 achieved instead

g8.1-12

by refutively small amounts of 2lloying elements dis-
solved in a ferritic structure. Carbon content rarely
excends 0.28% and s usually between 0.15 and
0.28%, Manganese content ranges from 0.85 to
1.60%, depending on grade, and other atloy addi-
tions — chromium, nickel, silicon, phosphorus,
capper, vanadium, columbium, and nittogen — are
used in amounts less than one percent. Welding,
forening, and machining charackeristics of most
gredes do not differ markedly froun those of the
low-carlyon steels.

To be weldable, the high-strength steels must
have encugh ductility o avoid crucking from the
r2zpikl’ cooling inherent in welding processes. Weld.
able TISLA steals muust be sufficiuntly low in carbon,
nangunese, and all “deep-hardening” elewents Lo
ensure that appreviable amounts of martensite ara
not formed upon rapid cogling. Superior strength iy
provided by solution of the alloying elements in the
ferrite of the as-rolled steel. Corrosion resistance is
aleg ingreased in certain of the HELA steels by the
aloyiny sdditions. *

Addition of a minjmum of 0.20% ¢opper usuully
produces steels with about twice the atmospheric
corrosion resistance of strictural carban  steels
Stecls with four to aix times the atmospheric cor-
rosigr resistance of structural ecarbon steels are
obteined in muny ways, but, typically, with addis
tious of nickel and/or chromium, aften with more
than 0.10% phosphorus. These alloys are usually
used in addition te the copper.

Standard specifications or recommended prac-
tices covering the major types of HSLA steels are
available from the American Society For Testing and
Materinls, the Society of Automolive Engineers, and
the Department of Defense. These siandards are
suminurized in ‘Table §.5.

Other standardizing organizations such as the
Amuricun [nstitute of Steel Caonstruction, The
Amuerican Association of Railroads, and the Daparct-
ment of Transportation have established specifica-
tlons or practices for Lhe use of HSLA steels in
certain industries and applications.

ASTM's specifications are oriented principaily to
mill form and mechanical propertics; SAE’s Tecom-
mendid practices include, in addition, infermation
on falrication characteristics — toughness, welia-
bility, and formability,

ASTM Specifications

Five ASTM specifications cover Lthe high.
strength low-elloy structural steels. They arer A242,
Ad40, A4d41, ABT2, and AB8B. Table 6.0 lists the
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merhanical properties of these steels. Specifications
A3T4 and A3TH cover similar steels in shect and
strip form.

ASTM A242 covers HSLA sitructural steel
shapes, plates, and bars for welded, riveted, or
bolted construction. Maximum carbon content of
these steels is 0.24%; typical content is from 0.09 to
.17%. Materials produced to this specification are
intended primarily for structural! members where
light weight and durability are important.

Some praducers can supply copper bearing steels
{0.20% minimum copper} with about twice the
atmospheric corrosion resistance of vurbon stesls.
Steels meeling the general requiremenls of ASTM
A242 bul modified to give four thnes the ulmos-
phene corrosion resistance of structural steels are
alsiy available, These latter grades — sometimes
called "weathering staels™ — are used for architec-
tural angd other structural purposes where it is desiz-
2ble to avoid painting for either esthetic or
eCanomic reasons.

Welding characteristics wvary am:urdmg tu the
type of steel; producers can recommend the most
weldable material and offer welding adwee o the

condittans under which the welding will be done are
known.

ABTM A440 covers high-strength intermediate-
manganese copper-bearing HSLA steels used princip-
ally for riveted ar bolled structures. These stesls are
not generally tecommended for welding hecause of
their retatively high carbon and manganese contents.
ASTM Ad440 and jts companion, A441l, have the
same minimum mechanical properties as A242.

ASTM A440 steels have about twice the atmos-
pheric corrosion resistance of structural carbon steal
and very good abrasion resistance. The high mang-
anese content {typicatly, about 1.45%} tends te
ceuse welid melad to air harden = a condition that
may produce high stresses and cracks in the weld. 1
these stecls must be welded, careful prehealing
(higher than for Ad41) is necessary.

ASTM Ad4d1 covers the intermediate-manganase
HSLA steels that are readily weldable with proper
procedures, The specification calls for additivns of
vanadium and a lower manganese content (1.25%
maximum) than ASTM A440. Minimum mechanical
properties gre the same as AZ242 antk Ad40 steals,
except that plates and bars from 4 tn ¥-in, thick are
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covered in A441,

Atmasphoerie earrosion resistance of this steel is
approximately twice thal of structural carbon steel,
Another property of ASTM Ad41 steel is its
superior toughness at low lemperatures, Only
shapes, plates, and bars are cavered hy the specifica.
tionr, but weldable sheets and strip can be supplied
by some produrers with approximately the same
minimum mechanical projwerties.

ASTM AS7E includes six grades of high-strength
low-alloy structural stecls In shapes, plates, and bars,
These steels offer a choice of slrength levels runging
fream 42,000 ta G5,000-psi yields {Tahle 6-6). 'ro-
pristary HSLA steels of Lhis type with 70,000 and
T5,000-psi yield points are also available, Increasing
care is required For welding these sleels as strength
tevel Ingreases.

ASBTE steels are distinguished from other HSLA
steels by their columbium, vanadium, and nitrogen
content. Copper additions asbove a minimum of
0.20% may be specified for atmospheric corrosion
resistapce ahout double that of structural carbon
steels,

A supplemenlary requirement is includeg . the
specification that permits designating the specilic
alloying elements required in the steel. Examples aze
the Type 1 designation, for columbium: Type 2, Tor
vanadium; Type 3, for columbium and vinadium;
and Type 4, fur vanadium and nitrogen. Specific
crade designations must Becompany Lhis lype of
requirement,

ASTM AS5S88 provides for a steet similar in most
respects to AZ42 weathering steel, except that the
50,000-psi yield point is avaitable in thicknesses to
al teast 4 in,

SAE Specifications

High-strength low-alloy steels are also covered in

the SAE Recommended Practice J410b. This is not
a standard. Rather, it is a recommended practice —a
guide o memorandum from SAE Lo its members Lo
help standardize their engineering pruciices. SAE
J110b was wriiten lang before most of the HSLA
steels hud ASTM specifications. Jis content is more
guacral Lthan the ASTM documents, and ils intent is
Lo guide material seleclion in the light of fubrication
requirernents. Now thal ASTM has defined almost
all wf the HSLA steels in standard specifications,
SAE 4310b is seidom used as a tnulerinl specifica.
tivn. But the SAE docurnent is still valushle us a
pencral gaide to using the HSLA steels,

The SAE document addresses itself primarily to
the: specific needs of fabricators of automobiles,

TABRLE 6-7. Minimum Mechanical Properiies
for SAE J410h HSLA Steels

[ Yield
Tenuile Strangth [ Elongslion %)
Grads, Form, Sirengeth | 0.2% Offsal
and Thitk nasy 11000 psi} | (1000 psil | Z in. 8 in,
945/, C
Shaet, sirip &0 45 2 PN
Pisie, b
Te WFZin. B 45 s 18
12w ¥172 . B2 42 24 19
14210 3 in. &2 40 4 19
953 A, @, 0,0
Shanl, sirip 70 L) 2
Plate, bt
Te 172 In. m B0 22 8
1/2 1 11452 In, &7 45 L 19
1142 in. to A In. 63 L ¥ 24 19
945X+ 60 45 22 18 |
950X 65 a0 22 18
955X% M 55 '
960X 75 B0
2G5 X g0 713
| ar0x | 85 70 I

*To 38 jn. thith.
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trucks, trailers, agricultural eguipment, and alreraft.
This is why SAE J410b does not cover ihe thick
plates and heavier structural shapes. Minimum me
anical properlies of commonly used steals covered
by SAE J410b are listed in Tahle 6-7.

For mechanical-properly data on materials
thicker than those listed in the table, suppliers
should be consulted. SAE J410b high-strength low-
alloy steels may be specified as annealed, normal-
ized, or otherwise specially prepared for forming.
When this is done, mechanical properties are sgreed
upon between supplier and purchaser.

Each grade has chemical compaosition limits to
control welding characteristics in a manner similar
to ASTM designations. Table 6-8 lists relative forma-
bility, weldability. and toughness of the J410k
steels,

TABLE &6-B, Fahrication
Characteristics of SAE J410b Steels

[ . Foarmability Wald sbifiny Toughneu |
2454 Ga5A 9454
9504 [50A OEGA
Sab0 445X 3= 9508
B50R, B%0x BATX 840
Ba00 508, 850% 45X, 950X
950 B4sC . 9dsC, 860C ‘
500

Alloys sra WHied oo gecie af dacidaring s« callancs; mart form-
akig, mosl weldekite, pmd 10uUgheal &lloyy st the Top.

Sourca: Machund Oesipn. Matan Pgfarance bz, Dec. 14, 19527,



Grade 945A has excellent arc and resistance-
welding characteristics and the best formahility,
weldability, and low-temperature notch toughness.
It is available in sheels, stnip, and light plate,

Grade 945C is a cirbon-manganese steel with
sattsfactory arc-welding propurlies :f proper proced-
ures are used to prevent hardening of the weld
metal. Moderate preheat is usually required, especi-
ally for thick sections. It is similar to Grade 350C,
but has lower carbon and munganese content to
improve arc-welding characteristics, [ormability, and
low-temperature nateh boughness, at some sacerifice
in strength.

Grade 445X i3 & columbinm or vanadium-treated
carbon-mangunese steel similar to 845C except for
improved toughness and weldability.

Grade 950A has good weldalility, low-tempera.
ture noteh Leughness, and focmability. [t is normally
availabte only in sheet, strip, and light plate.

Grade 9508 has satisfaclory arc-welding proper-
ties and fatrly good lowemperslure noich
toughness and formability.

Grade 950C is a carbon.manganess steel that can
be arc welded if the cooling rate is controlled, but is
-unsuitable for resistance welding. Formability and
toughness are [air.

Grade 950D has good weldabililty and fairly
Enad formability. [ts phosphoerws content reduces its
low-temperature properties,

Grade 950X is & columbium or vanadium-treated
carbon-manganese steel similar to 950C except for
somewhat improved welding and forming properties.

Several other grades are also covered by SAE
J410b — higher-strength steels thut have reduced
formability and weldability.

Maodifications of standard SAEgrade designa-
tions are also available. For example, fuily killed
steels made to [ine-groin practice are indicated by
the suffix “K."” Thos, 845AK is a fully killed, fine-
grazin, H5LA steel with moximum ladle analysis of
0.18% carbon and a yield strength of about 45,000
psi. All grades made to K praclice may not be avail-
able from al! suppliers. This fine-grain practice is
usually specified when law-temperature nolch
toughness is impaortant.

Steels designated by the suffix “X" contain
strengthening elements, such as celumbium or
vanadium (with or without nilrogen) added singly or
in combination. These are usually made semikilled.

'Hﬂwever, killed steel may be specified by indicating
both suffixes, such as SAE 950XK.

Avatlable HSL A steel prades oftan have charae-
teristics (0 exeess of the specification minimums.

Weldabitity of Carhon and Low-Alfoy Stesfs

6.1-17

Literature from producer companies contains inlor-
mation on physico! and mechanical property ronzes
and suggested fabricating end welding practices.

High-Yield Strength Quenched-and-Temperad
Alloy Steels

The high-yield-strength quenched-anil-teinared
construclion steels are full-alloy steels that are
treated at the steel mill to develop optimum proper-
ties. Unlike conventional alloy steels, these grzdes
do nolb require additional heal treatment by the
[abricator except, in some cascs, for o steess reliel,

These stecls are generally low.carbon grades
{upper carbon limit of shout G.20%) that have
minimurg yield strengths from 30,000 to 124,000
pai.

Some high-yihd-strength grades pee also avail-
able in nbrasion-resistunt modificutions (AR stzels),
produced to a hiph harduess, Although Lthese steels
can have vield strenglhs to 173,000 psi, hardness
fup to 400 Bhn) rather than strength s thelr key
characteristic,

The high-yield-strength quenthed-and-tempered
alloy stecls are used in such widely varying applica-
tions as hoist and crane components; end, side, and
bottom plates lor ore and waste-haulage cars,
hopper cars, and gondolas; pressure hulls for sub-
marines; and components for dust-collecting equip- .
ment. The AR {obrosion-resistant) modifications are
used in applications requiring maximun resistance
to abrasive materials == in chutes, hoppers, and
dump-truck beds, for example. [n such wuses,
strength propertivs are secondary and are not
usually specified.

Cood toughness can be combined with abrasion
resistance in Lhose stecls, for use in buckets, cobivr
bars, scraper blades, and impael plates, However, the
moEt #brasioh-resistanl grades sacrifice tmpact
strenpth 1o gain maximum wear resistance.

RY Steels

An impeortant group of high-yield-strength
quenched-and-tempered slecls is Lthe HY steels. The
mast common and most available of these is HY 80,
which has a minimum yield strength of 80,600 psi.
Higherstrength grades are HY 100, HY130, HY150,
and HY180. Awaitability of HY steels with vield
strengths above 100,000 psi was limited at the time
of publication, but considerable developmant work
was being tone on these materials and avuilability
Wwas INCreasing.

HY80 s commonly available in plate form.
However, it can also be obtained in hears, channels,
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angles, and tubing. Strength and toughness of I1Y80
sleel and its abiliy o Le welded (under carefully
controlled conditions) qualify it for use in critical
applications guch as pressure hulls for submarines
and deepsubmergence research and rescue vessels,
Tha highersirength HY sleels will probably also
gualify for the same Lypes of applications afier suffi-
civnt testing has heen done to determine their
reliabilily b1 welded struclures.

Mechanical properties of these steels are
influenced by section size. Carbon content is the
principal factor that determines maximum attain-
ahhe strength. Most alloying slements make a small
contribution to strenglh, but their deminant effect
is on hardenability — which determines the maxi-
‘raum thickness or deplh of steel that can be fully
hardened on gquenching.

HY80 i+ noemally supplied to the toughness
requitemnents of MIL-5-16216. In plate 1/2 to
1-1/2-in. thick, 58 fi-lb of impact energy absurptian
is required at minws 1209F with a longitudinal
Charpy V-noleh spevimen,

A typical value for the ductile-to-brittle Lransi-
tion temperature of a 100,000-psi steel in 1/24in.
plate is minus 1B0PF, us deicrmined with both
longiludiee] and transverse Charpy V-nolch
Bputinens.

Muny of the high-yield-strength steels are avail-
alile in three or four strength or hardness levils, The
different levels are wchieved by variations in carbon
and  alloy conlent, lempering temperature, and
Lempering tirne.

In general, the 100,000-psi steels have fatigue
strengths in Lthe 50,000 to 70,000-psi mnge n rotat-
ing-bueatn tests. Migher-strength grades have higher
emlurance limits — about B0% of their Llensile
sirength.

The compressive yield strength of 100,000-ps:
steels 18 usually about the same as tensile yield
strength. Shear strength generaliy ranges from aboul
85 ta 100% of the tensile yield strength.

ASTM Specifications

Two plate specifications, ASTM A514 for
welded structures and A517 for hoilers and olher
pressure vessels, allow for the effeel of section size
on yield strength, Llensile strength, and ductility.
ASTM AB14 reguires a mintmum yield strength of
FO0,000 psi for material up to 2-1)3-in. thick, anhd
0,000 psi for mateénal from 2-1/2 to 4 in. thick.
ABTM ABL7 requires aniform yicld sirengths of
000 psi for el material up to 374-in. thick.
Hepresenlitive trade names of the A514 and AS17

TABLE §4. Representative ASTM AB14/517 Steels

Froducers Tiade Nema
Anmeo Stee Corp. £55-100
5551004
5551008
fviklehem Steel Corp, FO-1008, ACH100
AO-1008

Great Lakag Staal Corp. and
Phoerin Stedl Corp. * N-A-XTHA 100

MNA-XTRA 110

Jornws & Luyghtin Si2el Corp. Jatloy-5.100
Jalloy-5.110

United Siatis Sieel Corp. and

Lukang Sceel Coup, * T-1
T-1 Type A
T-1 Type B

"  Litwnves
stecls are given in Table 6-3,

Weldabifity

Most high-yield-strength guenched-and-tempered
alloy sieels can be welded without preheat or post-
heat, If suppliers' recommendations are followed for
controlling welding procedures, 100% jaint effi.
ciency can be cxpected in the as-welded condilion
for the 90,000 and 100,000-psi yield-strenglh
prades, )

If the heat-affected zone cools too slowly, the
beneficiol effects of the original heat treatment
{particularly natch loughness) are destroyed. This
can be caused by excessive preheal temperature,
interpass temperature, ar heat input. On the other
hond, if the heat-affected zone cools too rapidly, it
van become hard and brittle and may crack. This is
caused by insufficient preheat or interpass tempera-
ture or insufficient heat input during wehiing.
Producers' recommendations should be followed
closely.

The quenched-and-tempered steels can be
welded by the shieldded metal-arc, submerged-arc,
and gas-shieldvd-are processes. Weld cooling rates for
these processes afe relatively rapid, and mechenical
properties of the heat-affected zanes approach those
of the steel in the guenched conditipn, Reheat-
treatment, such as quenching znd tempering afler
weldiitg,'is hol recommended.

Becuuse of the desirability of relatively rapid
cooling after welding, thin sections of these maleri-
als can usually be welded without preheating. When
preheating is required, both maximum and mini-
mum Lemperatures are important. If the sections Lo
be welded are wiarm as a result of preheating and
heat input from previous welding passes, il may be
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TABLE 8- 10. Carposition of ASTA A203.469

MWicha-Stae! Plate lor Prazsure Vessals

Elumani Composiiion [X)
wid Plate ~ Trada
THichneH A B* Dt Et
Carbon, mas
Talmn 017 o1 o7 20
w4 .20 024 Q20 0.23%
4w Ein. 023 0.5 .
Manganyse, (e
Te 2 A 07 070 0.73 Q.70
2w 4 G &0 D.E0 Q.Bn 0.8
4106 n Q.BO el 0]
- —_—— s fr———
Phaipharud, Hm4x a0 .05 o.0s [+ Yok L
- - —— e - — e
Sulfur, ras 0.0 04 0.04 o
Silican [adin aamyinl 0158330 015030 | 015030 | 0.150 30
Nickn! {id's snalbytig) 210150 218350 1353758 125-37%

Cavers plate 10 8- 40, thech
T Covers Place £o e thich

necessary 1o reduce cutrent ar increase are bravel
speed for subsequent passe:, or to waik untl the
metal cools somewhat, Interpz temperature is just
as inportant as preheat temperstute and should be
santralled with the same core .

In the ASTM specificotions ABl4 and AS17
there are several grades of guenched and tempered
constructional steeis listed. Wolding procedures for
all of these steels are similar bul fio ¢na procedure is
right for sl grades. Welding procedurea are available
from the steel manufacturers. When in deubt,
consult the steel manufacturer.

The following is a general shielded metal-ar¢ pro-
cedure for one of the popular grades of guenched
and tempered constructional steels and can be usted
a5 a guide for all grades or other welding processes,

Use only low hydrogen iype eleclrodes and
usually the electrode specilied for AG14 and AB17
steels s £11018. Under some c¢onditions a lower
tensile strength electrode may be used and this will
be discussed later. Make sure ¢lectrodes sre dry.
Under normal conditions of humidity electrodes
should be returned to the drying ovens after an
expasure of four hours maximum. If the hum!idity is
high, reduce the exposure time Electrodes are
shipped in hermetically sealed containers and the
contents of any damaged container should ba
redried before using. See Table 6-14 fur drying
ternperatures.

Clean the juint thoroughly. Hemave all rust and
vale preferably by grinding. If the base metal has
been exposed to moisture, prebeal Lo drive off the
maisture. On thin sections, allow the plate o cool,
if necessary, before starting tg weld

The amount of preheat and the amount of weld-
ing heat put into the weld must be kept within
definite boundaries during the actual weiding.
Uzuelly preheating is not necessary or desirable on
thln sections but in arder to avold cracks prebeating
is necessary il:

The joints are highly restrained.
The structure is very rigid.
The weld joint is on thick sections.

Whether or not the hase metsl is preheated, it is
necessary to approximate the heat inpul before
starting to weld. The heat input in watt-seconds
{joules) per linear inch of weld is

JxEx80
v

where ! is the arc amperes, E is the arc volts, and ¥V
Is the welding speed 0 in/min. Caleulation by this
formula is only approximate beranse the heat losses
can be large. Also, there are many venables that
affect the heat distribution and the maximum tem-
perature of the base mietal at the joint but the
formula is sufficiently accurate to predict the maxi-
mum allowable heat input for a given set of
conditions.

in industey, the term “heat unit” is used and is
equnl to the watt-seconds pet linear inch of weld
divided by 1000 .*

Heat input =

A celeulntor is nr..-.]..hh fran the Doiled Statey Siecl Colporadign
tor gquiekly determining hast wnits. Alse avallable are tanies fof
maximum haset il whea welding T-1, T-1 Tyhs A, #nd T-l
Trpu B
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Meaximum suggesited heat units input for DSS
T-1 steel per linear inch of weld is shown in the
table heiow.

Suggertad Maximum Heat Unita’

Frahaat and Pinta Thick nen
I nter pam

Tempuesrots | W18~ 1547 7 172" I‘ k1 b 1“ -1 vwyr)
TORF Fil 3 ] il wiy | mny any why
O00F n 2 B il 17 any any vy
IS E 17 Fll ar [r 125 1% any oy
5008 18 216 [ 4158 7351095 16t [ any any
40G0F 13 | 19 | 4o 65 |33 127 | 165 | any

1 Eram It UWilding Heaf Input Caltulaior” by the Umited Satan 3taat
Corparation

Also see Section 3-3.

Hefore making & production weld it is recom-
mended to set up a tentative procedure and make &
test weld. The tentative procedure includes the pre-
heat, if any, interpass temperature, welding current,
voltage, and welding speed. It is important to keep
the welding cwrrent, speed and interpass tem-
perature under close control.

The following are some general rules to follow
' to promole good weld quality.

Always use stringer beads, never wide weave
bends.

Clean thorpughly 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 oxyacetylene to
back gouge.

Usnally the electredes used are the E11018 type
but lower strength electrodes may be specified
where the sitress does not require the high yield
strength of E11018. A good example is the lower
riress in the web to flange fillet welds. However, if
lownr strength electrodes are used the same limi-
tations apply as to heat input and interpass
temperature,

Low-Alloy Steels

Smaell amounis of alloying elements such as
rickel, chromium, and molybdenum can be added
to steels Lo increase strength, hardness, or toughness,
ar Lo improve resistance Lo heat, corosion, ar other
environmental factors. These improvements are
sometimes gained with little effect on weldability or
ather fabricability characterstics. Generally, how-
ver, welding of low-alloy steels requires more care-
t1] control of procedures and selection of electrodes
thun welding of the carbon steels,

Nickel Steefs

A low nickel addition (2 to 5%) greatly increases
strength and hardenability and improves the cor-
rosion resistance of a steel without a proportional
reduction in ductility or a significant effect an weld-
ability. The compositions of various thicknesses of
nickel-steel plate (ASTM A-203), used principally
Ior pressure vessels, are listed in Table 6-10.

Straight nicke! steels are used mainly for low-
temperature pressure vessels. The nickel content
significantly improves toughness and impact
strength at subzero temperaiures. Nickel is also very

effective in improving the hardenability of steels; '

heat treatment is easy because nickel lowers the
critical eogling rate necessary to produce hardening,
on quenching. .

A niclel steel containing 0.24% carbon and 2.7%
nickel can have a tensile strength (normalized and
drawn) of gver 85,000 psi; an unallayed steel would
require a carbon content of over 0.45% to be that
strong. Notch toughness of a 3-1/2% nickel sieel,
with a tensile strength of 70,000 to 85,000 psi,
would be 15 ft-lb at minus 1509F (Charpy keyho'is
test), whereas a carbon steel of that strength }wnulﬂ':i
have & notch toughness of 15 ft-lb down Lo ornly
minus 509F, ) ]

Nicke! increases hardenability for a given carbon
content. For best weldability and minimum cracking
tendency, carbon content should, of course, be low
— na mare than 0.18% if extensive welding is to be
done withoul preheat,

For specific procedures see page 6-2.54,

Chromium Steels

In the low-alloy steels, chromium increases
tensile strength, hardenability, and, to some extent,
atmaspheric corrosion resistance. Chromium stesls
with less than 0.18% carbon are readily weldable,
using proper precautions againet cracking. The
combination of chromium and higher carbon
increases hardenability and requires preheating and
sometimes postheating to prevent bnttle weld
deposits. Production welding is not recommended
for chromium steels conta2ining more than 0.30%
carbon. '

Nickel Chromium Steels

The nickel-chromium steels of the ANS! series
are no longer standard alloys but occasionally ther
i$ a need to weld these alloys, especially in mainte-
nance work. e

The addition of chromium s intended to
increase hardenability and response to heal treat-
ment for 2 given carbon content over that of the

1
L]



straight nickel low alloy steels. Also a small amount
of several alloying elements judiciously chasen may
give a greater range of hardenability plus toughness
than a larger or more costly amount of a single
allaying element.

Chromium is a potent hardening agent and it is
necessary to keep the carbon content low for welda-
bility. Thin sections of the lowest carbon 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 law-hydrogen type electrodes are
required. These electrodes must deposit weld metal
that wil! respond to the same heat treatment as the
Lase metal and match base metal properties.

The higher carbon alloys (above 40%) are not
readily welded but, if necessary, a weld can usually
be made with stainless E30% (second choice E310)
electrades. The weld will usually be tough and
ductite but the fusicn zope may be brittle. The fact
that the weld is ductile allows it to give a Little with-
" out putting too much bending in the brittle zone.
Preheat is advised. See Section 3-3.

Maolybdenum Steals

Molybdenum increases the hardenability and
high-temperature strength of low-alloy steels. The
low-alloy molybdenum steels are af threz general
types: carbon-molybdenum (AlSD 4000 series),
chromium-motybdenum (4100 series), and nickel-
molybdenum (4300, 4600, 4700, and 4800 series).

A common use of cerbon-moly and chrome-
moly steels is in high-pressure piping used at high
temperatires. These steels are usually purchased Lo
an ASTAI specificatien. Anather typical use ol the
chrome-moly alloys — usually in the form of tubing
= 15 in highly stressed aireraft parts. Weldability of
these thin-section members is good because of the
low carbon content. Low-carbon grades of these
steels (below 0.18%) can usually be welded without
preheat. The higher-carbon nickel and chromium
grades of molybdenum steels are air-hardening.

The low carbon grades (below .18%) of carbon-

moly steel can be welded much the same as mild -

steel. ET010-A1, ETO18, and ETO27-A1 electrodes
will give tensile strengths in the same range as plate
“strength in the as-welded condition, The above elec-
trodes with 5% mely will come close to
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- approximating plate properties and analvsis where

subsequent heat treatment is required. {See Preheat
Table for steels above .18% carbon.) T

When csrbon coantent of the carbon-moly alloys
is low (approximately .15%), thase steels are readily
weldable. In pressure vessols, this low carbon con-
tent is usuatly used, but in piping the earbon may be
somewhal higher, Where cerbon is above (18% pre-
heating is generally required.

Welding procedure is essentielly the same as ior
mild steel. In the case of piping, n back up ring is
recommended generally to keep the inside of tha
pipe clean. The ring if of proper design causes only
slight abstruction which is not objectionahle, in
mosl cases.

Where backing ring 15 not used, an experienced
weldor can put in a first pass with o smal! reinforce-
ment in the inside. It is important that this first pass
completely penetrate the joint so that no noleh is
left at the root of the joint.

Stress relieving is geoerully specified when the
thickness of the metal is gredter than 3/8". Tempez-
ature of 12000 — 1250VF js used with usual gra-
cedure as to time of heating {one hour per inch of
thickness} and length of pipe heated {6 times
thickness on each side of weld).

The cooling rate is fram 2002 — 250°F per hour
down to 1502 — 2002 F in which case cooling may
be done in still atr.

For the welding of the stzels mentioned herein
the use of E7010-Al electrode is recommended for
ease of welding in out-of-position work. The preheat
and post heat treatment above 1s alao required when
E7010-Al electrodes are used. Where the work can
be positioned for downhand welding or where large
welds are required in any peosition, the low hyd:ogen
electrodes can be used to advantage as they wall
reduce the preheat tempetalures 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 should be
comparable to the base metal, the regular type of
electrode, as used for welding mild steel, can be
employed with very satisfactory results. Fur joining
work of this type, EG010 electrodes are
recommended.

On tight chrome-moly tubing, E6013 electrodes
designed especially for aircraft work are often used.
These mild steel electrodes usually pick up encugh
alloy from the base metal to give the required tensile
strength in the as-welded condition. When welded
on the AIS] 4130, their normal 70,000 ta 80000
psi tensite strength is increased by pick-up of alioy
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and carbion to a satisfaclury approximation of tha
physical properties of AIS] 4130, The additionul
thickness of weld due to the usual build-up on light
gauge work makes the welded joint stronger than
the parent metal.

Cn the higher carbon aad alloy grades where
heat treated welds with properiies similar to plate
properties are necessary, spacial electrodes can be
used that will daposit the proper analysis. A low
hydrogen type electrode I3 used to reduce the ten-
dency for cracking that is quite prevalent on these
steels. Preheat and post heat treatment usually will
be required.

QOn the grades over .40% carbon where produc-
tich welding is not recommended, it is possible to
make o weld with E308 type stainless electrode or
E310 a3 a second choice, The weld will he fairly
ductile if the proper low penstirating procedure is
used; however, the fusion zone may be very brittle
depending vpon the air hardenability of the alloy,
Ireheating and slow cooling will tend to reduce this
hardness in the fusion 2ons.

Whete molybdenum is added to base metals ta
mmcrease the resistance to creep at elevated tempera-
tures, lhe elecirode deposit must have s similay
amouni of molybdenum.

LN ] k4
:7":'? _1
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The following table gives the approximate pre-
heat and interpacs temperatures for AlSI alloy steel
bare when welded with low-hydrogen type
electrades.

Apgroximate Prehoat and Interpass Tomperature
far AISI Allpy Sta=l Bars*

Peahaat and tniarpats Tempacature BF -
AlS] Sieel section thicknes, in.
To 172 172 =1 1=2
1330 50 — 450 A0 — EQG 450 - 550
1340 A00 = K f({) — &04 600 — 700
4023 100 min, 200 — 300 200 -~ 350
4028 200 = 300 250 — 350 400 — 50O
4047 400 = 500 450 — 550 500 — 600
4118 00 — 300 350 — 480 4DO — 500
4130 300 — 400 200 = 500 450 —~ S50
4140 00 — Sl GO0 — 700 &00 — 700
4150 BOD = 700 600 — TO0 BX) - TX) -
4320 200 - 300 350 — 4540 4080 = 500
4340 600 — T0G 600 — TD0 &00 — 700
4520 100 rmun. 00 - 304 350 — 350
4540 3%0 — 450 4] — 500 450 - 550
5120 100 min 200 = 300 250 — 350
8145 400 — 5040 450 — SE0 GO0 —- &0
B520 160 min 200 — 300 250 — 350
B&30 00 — 300 250 — A50 400 — 0D
BEAD 350 — 450 400 — 500 450 — 650

* Fram ASM Matsl Hendbook Yalueme &, Fighth Edlitian.

This hipeas car fas & caron siee! frame gngd tlainless 11eel hoppers YWakdos s she wir Eug Gn 1he Dame.



8.2

Welding Carbion and Low-Alloy Steels
with the Shielded Metal-Arc Precess

Most welding on steel {3 done manuslly with
shielded metal-are {stick) electrodes. Ar in any
manual process, Lthe skill and dexterity of the oper-
ator are important for quality work; but equally
important is selection of the correct type of
electrade, '

)
 CONSIOERATIONS IN ELECTRODE SELECTION

Choice of electrode is straightforward when
walding high-strength or corrosion-resistant steels.
Here, chuice is generally limited to one or two elee-
trodes designed specifically to give the correct
chemical composition tn the weld metal. But most
arc welding involves the carban and low-alloy steels
for which many different types of electrodes pro-
vide satisfactory chemical compositions in the weld
metal, From the many passibilities, the object is lo
pick an electrodde that gives the desired quality of
weld at the lowest welding cost. Usually, this means
the electrode that allows the highest welding speed
with the particular joint. To meet this objective,
eleclrodes are selected according to the design and
positioning of the joint.

Electrodes compounded to melt rapidly are
called *fast-fill" electrades, and those compounded
to solidify eapidly are called *“fast-freeze’ elee-
trodes. Some joints and welding positions teguire a

compromise between the [Fast-fill and fast-freeze
characteristics, and electrodes compounded to meet
this need are calied *fill-freeze’ electrodes. Thers
are alse electrodes which are classified as "fast
[ollow." .

The fill-freeze-follow terminology used to clas-
sify types of electrodes is alao used to designate
types of joints. Owverhead or vertical joints that
normally require fast-freeze electrodes 2re thus
termed “freeze’ joints, while flat joints and soau:
horizontal joints, where rapid deposition 15 unpor-
tant, are called “fill"" joints. Some joints, expecially
those in sheet metal, require an electrode that
permits rapid electrode travel with minimurn sKips,
and are thus called "follow" joints. The fill-freeze
electrodes usually are best suited for follow joints,
and thus, fill-freeze electrades are called fast-fullow
electrodes when the reference is ta joints requiring
fast electrode travel,

Although the terms fill,' freeze, and fill-freeze,
are straightforward as applied to electrodes, use of
these terms to describe types of joints i5 hot so
clear-cut, For exampie, some overhead “‘freeze™
joints require a fill-freeze, rathar than fest-freeze,
electrode. By the same token, a “follow' joint in
sheet metal may require a fust-freeze, rather than a
fill-freeze, electrode, The use of these terms to
identify types of jaints, and the types of electrodes

BUTT WELDS

S

Qverhead

flate aver /B in.
Filldreeze (EFIA]

Horizonal Vectical

Flate 3716 to 5/8 in.
Freazs |[EGDD, EGOIN}

TG

Flat with backup
3/B in_ and thicker:
Fill {EBQ27}T

Filat doubila beval
348 in. and thicker:
Hoot pass,
Fili-freeze |E7O18);
All ather passes,

- Fill [EGQZT}HT

Flat without backup
3/B in. and thicker:
Aoot pass,

* Fill-freece {E7010):
All ather pasiae,
Fill [EGQ2TT

tE7028 may be substibutad
Fig. & 14. Guxle to swlacion ol ¢lectrodas [or bl vekds
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recommended [or these joints, are explained in Fig.
6-14, 6-15, and 6-18, which show bult welds, fillet
welds, and sheet-metal welds, respectively.

AWS AB.1-69 15 B compiete specification for
mild-stee! electroges for shielded metal-arc welding
{see Section 4.1). Typical mechanical properties of
mild-steel deposited weld metal are given in Table
6-11.

P

A combination of letters and numhers used by
the American Welding Society to identify the
various classes of electrodes is given in Table 4-1.
For a more complete description of this system see
Section 4.1, Typical current ranges for ali AWE AG.1
electrodes is given in Table 6-12. A guide to the
application of electrodes for steels of specific ASTM

designations is presented in Tzble 6-13.

TABLE 6-11. Typical Mechanica! Propertios of Mild-Steel Deposited Weld Metal

-

Candilion ]
Ar-iVelded ShiaysAelieesd ;1 11507 F
Electrode Tenuln ¥imld Elong, in Irmpact* Tennile ¥inid Elang. in Impact"
Cimssificotion | Strangth {psil | Sorangth {pail 2 in. %) {;= 1] Swangih lpsil | Scrangth [psi} | 2 in. 1%) [ B 4]
| EED0 69, 000 iy EN003 18 R 56 101) 65 000 51,000 r; 75 b
EGO11 70,000 61000 2% 50 &5,000 51,000 a 80
E&012 12,000 £.4, 000 n 43 71,000 62000 23 A7
£6513 74,000 52,000 24 55 74,000 58,000 28
E&020 67,060 57,000 27 50
E6D27 £8,000 58,000 i 44 (1} 86,000 57.000 3 Ba
E7014 73000 57,000 24 55 73,000 &5,000 76 43
E7015 75 000 £8.000 27 90 | '
ETD16 75,000 8,000 7 ] 71.000 6, 000D a2 120
E7018 14,000 £5.000 9 80111 2,000 " 55,000 M 120
€M " 86,000 78 D00 23 s B0,000 73000 27 ]
EXO28 B5.000 78.000 28 26 13} 81,000 73000 26 BS o
* Charpy W-npich #t TOOF macept whars foted. -
(1} Charpy V-noteh 4y - JOBF,
[2) Charpy V.onatch o OYF,
TABLE &-12. Typical Currant Ranges for Electrodas
El.:tm:h l‘i}hmur Ewrranl Aanga lanp) ]
M.
Ebscirads Typs
Esdve, EBDAT EB01Z EEQ1) [ erdn] ESNI? E7O44 E7015, EFI6 ETOYR ETCl4, E702D
oC+
I - 20— 40 | 20- 40 - - - Z - -
BG4 - 25~ BO | 75— B0 - - - - - -
332 W B0 | 3~ 851 45- 80 - -~ BO-125 | 65-110 | F0-100 | 100— 145 )
142 T8 =125 B0 = 140 B0 =130 | 100 — 160 [ 125 =185 | 116 = 150 180 — 150 115 — 186 180 — 180
5412 1o —- 170 1M0~= 130 | 105 =180 | 130 - 180 | 160— 240 | 163 - 210 13 = 200 150 — 220 13"!—?50
a6 140 = 216 140 — 240 |50 =200 | 175 - 2501 10— 300 | Db =275 g0 — 255 200 - ITE ?W-—I‘E__
111z V24 = 250 F00 =10 |0 -30 [ 33— 0| 150 - 350 | TR - 140 240 — 320 260 — J40 T — MS
Ya 0 - 110 250 - 40G | 260 - 350 | 295 - 275 | 3OO0 - 420 | 31X - 415 300 — XD 35 — W00 o
b 205 - 435 |00 - 500 | 320 — 400 | 340 — 450 | 375 — 4TS5 | 0 - 400 375 —~ 475 N5 - 4710 WG = 55"

"TraMr valusd db 0T sty Jo Ihe EXQZE ¢lmanilCation,
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FILLET AND CORNER WELDS

Fillet welds ovar 10 ¢o 12 in. in length an 3/18-in. er thickar plate

ks

Flag Harizantal
Fill Firt
[EF Q2431 {EF024 )t

Fillet welds under 6 in.
in length or having
change in direction on

36 in, or thicker plate
i

N

Fug.

Inclingd Flat Inclined Yertical
Fill-1renza Fifl Fill-freeze 3418 to B/B-in. plate  Plate aver S/b-in.
{E7D 14} {EFD24Ht (E7014) Freaza Fill-freese
(EEOQ, EBOT) IEFD18]
uﬁfa
Herizontal, Verticel, Overhigad r r‘ﬂ
'
3/16 ta §/8-in. plate  Plate vver 5/8 in, j“,@
Fresza Fill-fraere /
1E&8010, EEO11) ' IE?DIB) .
Harizontal kl’"‘\
Fill-freeze
(E7014) tEFQ2HE may be substit ted

6-15, Ouide o wection of electrodey lar hillet and cormer valds

SHEET METAL JOINTS

Q

All positions
Fallow
(EBON 2, 3C; £6013, AL)

1

; ) Praserve Edge Fuse Edge

All positions All positions Ali positiong

Fraecze Follow Freeza

(EGO10, El(I:'_\I EGOTT, ALY (EBNTZ, NG E8013, Al (EGD10, OC; BEGOYE, AC)

Fig. & 18 Guule to whection of mlectroded 1ar Sherrmetal Atk
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TABLE 6-13, Recommended Elecirodes for Carhon and Low Alloy ASTM Sitesls [See Nots 10)

. ASTM Rwcommanded
Spacilication Deserpuan Gradin Elnt trodes
o Ster Flates, Shuatn, Forgings, Shapm, and Castings
PG 74 Structurs 36 000 psi Min ¥3 Notw 1
AT13.70a Faileeay rolling stock Al MNote |
A1A1.74 Structurg for ships A B C LS DAE Mot
AH,OH & EH £MN8
AVEE- T3 Sieel caplingt for struclyral uie BDal & S0 ESOA-C]
o} 50 EODA.G
105-B5 & 12095 E11018-M
A202 74w Boiter & presture vestul ALH E901EG
ATI3-748 Prassare vassel AAB E8018.CH
DEE EBD18-C2
AZCH T4a Boiler & piessurs vitsed ALBE ETOt0-A or ET0O18-A1
< EBCI18-BZ B
A7 44 Borler & pressure vesel ALB EBOIB-CI
AZIS-T4a Boiler & pressirs vedse ALRB EAMB.C3
AZIG74 Forgings, rivway N E7018 or E7028
C,DAE E8018-C3
Fa&G E90A.G
H ET10ME-M
AZ36-1 Forglngs, Tailviry A EBD1-CD '
a ERNAG .
C.DEE E1V018-M )
A242.74 High sirefgth strucioral Al E7018 or EF028, Note 3
A205-E5 Dirurm Forgings 1 Note 1
2 ETB
3 EAQ18.C
ATHEY-T4 Structura! plates AN EITR|
AJB4 T Cwbon-tilicon plates Al Note 1
ATBE-1da Flange & lushox Dlawm All Nols .
ATIS Tds Aailer plate All EE0I1B-C3
AG02-Taa Boder & Sresere vassl Al EBQIA-C3
A328.10 Siugl pillng an ET018 or ETO28
4335708 Allay Morginga E1 E73iR. A1
F12 EBOIB B3
Other graces MNela 8
A35B3-Taw L ow 1 emga EraTure CASLings LCA, LCE & LCC EXng .
L EMHB.A1
Lz EEIBL
LC3 EB01R.C2
AJDE-74 Siham-ryrbing cattings E EBQI1A-B1.
-] EBOE-H?
8&10 ESOIE B1
AJETT1 Galvarnized sheers Motes 1 A B
A JEG-12 Carpon tiey theety MHots Y
AZ22-74 Proessury vwital Forgings Cipsz | EYO1E or E7O28
Claga i1 EBDIBC3
Clam 11 ESC1B-G
Class IV E1118-M
A38Y.7qa Cr-Mobaoler plate ABBC . EB01B.B2
o EXI18-B}
A189 Taa Hiph-1emperaure Crilings c2l EBOIE B2
Cis E3OB-BI
A410-72 Prapa g vessel plate EADIBCZ
|

Continued
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TABLE 613. Recommended Etagtrodes for Carbon snd Low Alloy ASTM Steels, Cant'd. (See Nata i)

ASTM ' Asgommenasd
Spacil ation Duscrnighian Crades Elecirodes
Soeel Plates, Shaets. Forgings, Shages, ard Cazlingy
FYITRE] Flangs & 1rebgs shesl A.B.C& D ot “
E&F ETMME or §. TR0
G EdNI8-22
442473 Shewt for porcHain wndmading E70ia
Add1-F4 High-dtrangth siraciurs ANl £7018 or EVQ2E
Maw 3
Addd-T4 Fina graun plate Al EToA or EFOME
Adaq-T1 Glwarizred steef shaat A BAC Mopte | & B
AddG-12 RD&F E7010-A1
A455-T140 C-Mp pressure veasel pldle All E8018-Ca
Ad 2574 Highway bridge ca'sl'mqs 10 ET013 or ETO20
90 E3013G
A4BI-T1a Castings [ar provsase vy ice BN, 9N EEOTH-HI
A, AN, AD A N, CACN Mete 1
Bl & CQ ERQTHCIA
ALS14-Tda Cusnched & tsmperad plate Al ET1GIAM
Mpte 4 '
AS1S.T4b High temperalure hgiber plae al E7016 or € 7023
AS15-74a Lowy-T4rmperaceng prauli — 55 & &0 ' E7016 ar ET)IE
weasel pline E54 10 E7is or EBCIB-C]
AR17-Taa Quenchad & empecad plate All EifOidm
MNote 4
ABIE.T Galvanized shuets Mowx 1 & &
ADIR-T1
ALES-72 Siructural, 47 000 pgi Min. ¥5 MNow |
A5131.74 Cuenchid & tempered plate Clazi | E8018.5)
Class 7 & 2 EV1I{HEM
ABIT- 74 Presgire vessels and strugturey Class 1 ETG18 or E7O2IR
Class 3 EB01E.C
AS41-72 Prataurs vussal forging Claxt 1 E7018 or EV¥IE
Claw?, &4 EBDNACS
Clag % EROVB-8 2
Class 6 E308-B3
85471.74 Quenched & wmpaced plate 1.2432 E11018M
Molz 4
ARTD-T2 Struchural shamt & serp All Mate 1
AST2-7db Strugtural plae 47 & 4% MNute 1
o0 A 5% E7ME os ET0IE
B0 & 65 EB8-£3
E573-T4 Strucuradl plare G54 TO E7019 or E OB
ES83-74a Hwgh-strdngth siruceursl All E7DB ot E02E
MNote I
E&0G-71 High stresgth sheat Al hem 1
EEQT- 70 High -strength |owe-alloy shiat 45,50 & 55 ! Mate 1
&3 A BB E801E L]
mn ESOALG
Ea1Y-72 Cold rolled sheat AHCAD Kot 1
AG15-74a Ruinlorcamant bary a0 ) Hate §
60 ES5 G
Fi:] E1101d &
AB1G.22 Auinfgroemeny bary 50 E3giggd
&0 EHIBS
AG17-74 Reinforeemant bary 40 MHate 1
B ESME G
A OG- 74 Reintarcament bars B ES018.

ConTpaid
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TAHLE & 13. Aecommended Electrodes for Carban znd Low Alloy ASTM Steels, Cant'd. (See Mots 101

1 356 7=

ASTM Racom minded
spacilicatan Owaerigtion Grades Efecirodes
Sieel Pipr, Tubes, wnd Firtings
AB3-23 [
A106:-T4
A120-11
A135-23d
A133-T4
A179-Td
:i‘?i:: — Mild sieed o - AN Motes | snd 2
AT1a-1
AZIG-13
A253-74
ASXT]
AGHT-TI
A539-73 | l i
A 10873 High-temperature firnag 1811 ETOIE i
A0E T4 High-termparglure pipe A H,C E7018 |
A1E5 T4 Hugh- LeMgIn diure pige Cds, Cob, C55 MNota 1 . |
KL & kCF-55, RO EMMNA or EICIE I
K A KCF-65 E7018 o E7Q28
CrES, Y0 EF010-AY or EVDIE-AT |
CM7E E8018 B2 !
CM575 & CMSH D EBDTAC '
HZ 1, & 1-1/4, Cr EBMIA-BI
2 Cr E9)18-81
£151-12 Sl tu b Law-carbon Noue §
T ET010-A1 or E701B-A1
E118.13 &% Bailer tubes &
€175.13 Condensar tubns Al Mote 1
AIRT-EH Genecal sarvice hilings L& ETOE o E?DI0-A1-
AtRZ-T4 Hrgh-1empet sturs fiLtings £1 EFND AL EFDIS AT
F2.F11,F12 ES018-B2, Now 9
41849.73 Hagr-gachanger & condenaer lubes T ES01B-BI Mote 9
AZOG-TE Aufinery s1dl tubes T EAN1A-82, Now 9
A20A T3 Carbgn-maly Bailer tubes T1.Ta& Tk E?010-A1, ETD18-A1
AZ10-71 Carbon-stasl bodd e Lobes Al Mot ¥ or ETOID-41
C ETIn-A1
AZ13-74b Boter (b 12711, T13, & T ESOtR-BZ
AZ14-7d0 Corndensar b All Mot 1 .
AZ1G-74G High-1empPersiure cast firtingt WC A, WCR, WCT £7018 or ETO1B-A1 |
AZ17-TFae Mg iemparilune cast Lijongs woi EFQIC-A1
WCd EB018-Ca
wCa EsO1g8-83
523474 Wrought walding fittings WPA, wrE & wWiPC Mo 1
WP EFQI0-AT Mat?2
WP11 E&01§-B2
AR Carbon-maly boler tubes Ti. Tia, Tt EFOIGAT, Now 2
AJA3-MAE Low- temoEralisig Dipe 1486 £7018 or EBDB-C]
Adig-2d | E40tRLC2
7 Egoae
A125.744 High- temparature pipe P1 EVOIO-AT, Mo 3
Pz, P11 A P13 Eg0YE-BT -
Others Note dl
A350-74 Low temptrmiure Iitings LFt&LF2 EBQIALA -
LF3 Egd18€l
LF5 EB01H-CT
High-tamperpiure pips See AT30 A AIT18Z »

el

Lonlinusd



Shiafded Metal-Arc Process  6.2-/
TABLE 6-13. Hecommended Electrodes for Carbon and Law Alfoy ASTAY Steels, Cont'd. [Sue Note 10)
"_ ASTM Recommuendad
I Epacificntian Cascrprion ‘ Gradex Elacirontay
1 Si1=w Pipa, Tuber, and Fitungs {eontinged}
A381.71 High-gratsure pge Y15, Y42 8 Y45 MHorms i & 32
Y52 & Y56 Mo &
Y60 & YEh MNaom Sor EBOIEC3
A405TD High-temperabuie pps P4 EEDIB-g2
a420-23 i I emparatune pge Sew A203, A333,
, Ad3d4, A5
Ad21.73 Low-alloy tuba 14 2 ES0IR-CYarcTOit
A4TE-Td High Temparalure cas gas Hew A735
A4T8.7] Candensgr nybes Sew ANSD, 2175 A21],
4214, & A3
ASDD- 74 8 Siryciura muhing A HAC ErOtH & Botx 1
ALDT.74 Suructural bing E70T8 & Naw )
AS24-72a Procest piging 142 ETDI0-AY g 7018
ASSE-T] & F et wminr Deater tubws AZLEB2 EF0A, MNote 1
AB57.7] Lo s Erma
AG18-14 Struciural tubing il & e E7018
Mgte 1. Lnleks restricted by spgtlfications; use any EGOX K or EFQX X glecrrade for steal gradpy wich 80,000 o4 g tees mogile 1rang e, for

el graciay wich GO OO0 10 70,000 pai twmile irengih wis EFQEX almaurgdir

Mote 2. L E7010-5G, specially dealgred for lielcd-vwelding pips,

Naowd, U EAC18.CI1 of CE0VOAZ far bict color match on o R s ied EEral with snhaacud At osphene Cosraahon fksrtancd. Conmsult tha
vt Bppimr

Moted., ETOVE ar EAQ1EB-C] pre Prequently usad for Hllst wald

MNaw$  uUss wpecisl slaciroce deslgned far lield waldlng BLY Bipe, Grades 47 thoe X588

Mote 5, Ba notuse EEQI8 B2 far low- tempuraiore Bopllcatiarns

Natw 7, ETFD1B, EZ028 for fiflac, ar EE018 €3 for general purBowe welding, can be atdd o0 MK simgle. 1 che walfdmaent [+ 1o be arecheita:
Hom-hardared of Algh weld 1trenth i3 mquersd uie E010 B2,

Mpm H.  Dadally EGQID it mmond snilslie 10ry alectrods [of golvaniZad shewr,

Nalr 9, EMIrocs recommendstians 16r Othar sllgy 1wets may ba found In Sactions 5.1 gnae 7.2

Mate 10,

Thwis recormfnendatiant st oaed on malthing the Ientile propercies of the wald deposit and the plate, and sio the charmic st
progertiey of e welg GFpouL 40d the plate whers chamndry it imporent Slncs IV 1 impasrvible o lotkiie oll the condlpors of
wenry applicallon, Gthe! alectrpoas Man (rdvd fecaminanded Barm mey pltd B gpoifa: tary and shouig U mimad beTore (he wald.
et ol wlareed - '

FAST-FREEZE ELECTRODES

Fast-freeze electrodes are compounded to
deposit weld metal that solidifies rapidly afier being
melted by the arc, and are thus intended specifically
for welding in the vertical and overhead positions.
Although deposition rates are not as high as with
other types of electrodes, the fast-freeze type cun
also be used fur flat welding and is, thus, considered
an "all-purpose” electrode that can be used for any
weld in mild steel. However, welds made with fast-
freeze electrodes are slow and require a high degree
of operator skill. Therefore, wherever possible, work
should be positioned for downhand welding, which
permits Lhe use af fast-fill electrodes.

Fast-freezse electrodes provide deep penetration
and maximum admixture. The weld bead is flat with
distinct rippfes. Stag formation is light, and the arc is
easy to control.

Applications for fast-freeze electrodes ara:

« General-purpose fabrication and m&in-
tenance welding.

o  Vertical-up and overhead plate welds requir-
ing X-ray quality.

+ Pipe welding, -including cross-country, in-
plant, and noncritical small-diameter piping.

*» Welds Lo be made on galvanized, plaied,
painied, aor unclean surfaces.

» Joints requiring deep penetration, such zs
square-edge butt welds.

o Sheet-metal welds, including edge, corner,
and butt welds.

4

Electrode Characteristics
EGD1D: This is the basic fast-freeze electrode for



£5.2.8 Welding Carbon and Low-Alloy Steef

E'—'“E“! purpose LIC welding. Light slag and pood
wash-in permit excellent control of the arc. The
E&D10 electrode is particularly valuable for critical
put-of-position applications, such, as with pipe
welding.

EBO11: & general fasi-freeze electrode for use
with industrial AC welders, E6011 is also the pre-
ferred electirode for sheet-metal edge, comer, and
butt welds with DCSE. The electrode is also used for
vertical-down welding, and for applications reguiring
exceptionally low silicon deposit, Special grades are
available for general-purpos¢ shop use with small,
low open-circuit voltage AC welders (not suitable
for X-ray guality). E6011 is alse available in &
special grade producing little slug, that is designed
espectally for tack welding.

ET01G-AL: Thiy fast-freeze eleclrode is designed
for welding high-strength pipe, such as X52 or X586,
and for other out-of.position welding where high
strength or cantrol of alloy in the weld are import-
anl. It produces 8 T0,000-psi deposit conlaining
0.5% molybdenum. Qperation is similar to E6010.

E7010-G:This electrode 15 similar o ETOX0.AT,
but is designed specifically to avoid sny surface-hole
tendency in fill and cover-pass welds on high-
strength pipe. Special grades are available for weld-
ing all passes on X80 and X65 highsirength line
pipe.

Walding Techniques

Current and Polarity: Unless otherwise specified,
use DCRF with Exx10, and use AT with Exx1l.
Exx11 electrodes can be used on DCRP with a cur-
rend about 10% below normal AC values. Always
adjust current fur proper arc action and control of
the wold puddle.

Flat Welding: Hald an are of 1/B in. or less, or
touch the work lightly with the eleclrode tip. Move
fast engugh to stay ahead of the molten pool. Use
currents in the middle and high pertion of the range.

Yerlical Welding: Use an electroide of 3/16 in, or
crualler. Yertical-down {echnigues are used by pipes
linws and for single-pass welds on thin steel, Verti.
cal-up is used for most plate welding. Make the first
verlical-up pass with either a whipping technigue for
fillet welds, or wilth a circular motion for V-butt
jeints (Fig. 6-17}. Apply succeeding passes with a
weave, nausing slightly at the edges to insure pene-
tration and proper wash-in. Use currenls in the low
portion of the range,

Cverhead and Horizonta) Butt Welds Use an
glerirode of 3f16 In. or smaller. These welds (Fig.
t-1¥) are best matle with a series ol siringer beads,
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Fig. 517, Technque Tor verticel wakiing with Fafl-freeze sléciroges

using & technigue similar to those described for
first-pass vertical-up welds.

Sheet-Metal Edge and Butt Welds: Use DCSP
Hold sn arc of 3716 in. or more. Move as fast as
possible while maintaining good fusion. Position the
work 452 downhill for fastest welding. Use currents
in the midele range,

FAST-FILL ELECTRODES

Fast-fill electrodes are compounded Lo deposit
meta! 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 glowly;
therefore this type of electrode is not well suited for
out-of-position welds. However, a slight downhill
positioning is permissible, Joints normally con-
sidered fast-fill inelude butt, fillet, lap, and corner
welds in plale 3716 in. or thicker. These joints are
capatie of holding a large molten pool of weld metal
gs it freezes,

Arc penetration is shallow with minimum
admixture. The bead i5s smooth, free of ripples, and
flay or slightly convex. Spatter iz negligible, Slag
formation’is heavy, and the slag peels off readily.

N
&

Fig. 610, Tethaspue for owerbad Wwd horizonlal Butl wald § with
lagi-trevre slectiGdes Thes2 sweldl ae best made wilh & serias of
stringer beads.



Applications Tor fast-[ill alectrodes are:

= Production welds on plate having a thickness
of 3/16 in, or more.

» Flat and horizontal fillets, laps, and ‘deep-
groove butl welds.

» Welds on medium-carbon crack-sensitive
steel when low-hydrogen electrodes are not
available. (Preheat may be required.}

The coverings of fast-fill electrodes contain
approximately 50% iron powder. This powder
increases deposition rate by helping to contain the
arc heat at the electrode, by melting to add to
deposited weld metal, and by permitting currents
higher than those permitied by other types of
eoverings. The thick, iron-bearing covering alse
facilitates use of the drag technigue in welding.

Electroda Characteristics

E7024: This i5 & general-purpose fast-fill elec-
trode. Special grodes provide axceptionally high
deposition rates and particularly good operating
characteristics.

E&6027: Used principally for flat deep-groove
joints and for Nat and horizontal fillets, the eleg-
trode has eacellent wash-in characteristics. A friable
slag permits easy slag removal in deep grooves. This
electrode is somelimes used as an alternative to
E7024 whan X.ray quality or high notch toughness
are required.

ET020-A1: The electrode is used in place of
E6027 when a 70,000-psi strength or 0.5% molyb-
denum deposit is required.

Welding Technigues

Polarity: Use AC for highest speeds ond bast
operating characteristics. DCHP can be used, but
this type of current promotes are blow and compli-
cales control of the molten puddle.

Flat Welding: Use a2 drag technique; tip the ulec-
trode 10 to 309 in the direction of travel and make
stringer beads. Weld with the electrode tip lightly
dragging on the work 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 automatic weld, Travel rapidly, but not
too fast for good slag coverage. Stay about 174 to
3/8 in. aheud of the molten slag, as illustented in
Figure 6-19. It truvel speed is too slow, a small ball
of molten slag may form and roli ahead of the arc,
causing spatter, poor penetration, and ematic bead
thape. Optimum current usually is 5 to 10 amp
above the center of th. wwe Tor @ opiven electrude.
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Fig. 6-19. Techmuue fO LAt welds with fast Fill alecifoues Ao ifenr-
rect technicous 8 included Ion CoMmparison,

Do not exceed the center of the range if the well ir
to be of X-ray quality.

Horizontal Fillets and Laps: Point the electrode
into the joint at an angle of 462 from horizontal and
use the "“flat" technigue deseribed abave. The tip of
the electrode must touch both horizontal and yer-
tical members of the joint. If the 462 angle between
plates i= not maintained, the fillet legs will be of
different sizes. When two passes are needed, deposit
the ftirst bead mostly on the bottom plate, Te weld
the second pass hold the electrode at about 45,
fusing into the vertical plate and the first bead.
Make multipla.-pess borizontal fillets as shown in
Figure G-20. Pul the first bead in tha corner with
fairly high corrent, disregarding undercut, Doposit
the second bead on the horizontal plate, fusing inte
the first bead. Hold the electrode angle nesded to
deposit the filler beads as shown, pulting the fing
bead against the vertical plate.
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Fig. 6-20. Tachngua For mulli pags haiizonial Ll welds with fesl-
1l ebactrodes Bescts Sould be Geposd el in Chy Grgar v iated,
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Drep-Groave Butt Welds: T'o hold the large pool
of molten weld metal prodoced by fast-fill elec-
lrudes, either a backup plate, or @ siringer bead
made with a deeper-penetrating fast-freeze electrode
ts required. Depaosit fast-fill beads with a stringer
technique until a slight weave is required to obtain
fusicn of both piates. Split-weave welds are betier
than a wide wesve near the top of deep grooves.
When welding the second last pass, leave enough
room 6o that the last pass will nol excesd a 1/18-in.
puildup. A slight undercut on all but the last pass
creates no problems, because it s burmed oul with
vach succeeding pass.

FiL.L-FREEZE ELECTRODES

Fill-freeze electrodes are compounded 1o pro-
vide o compromise between fast-freeze and fast-fill
charucteristics, and thus provide medium deposilion
rates and medium penetration. Sinee they permit
wrlding 8t relatively high speed with minimal skip,
misges, and undercut, angd with minimum slag
entrapment, fill-freeze electrodes are also referred Lo
as fast-follaw elactrodes. The electrode’s charac
leristies are particularly suited to the welding of
shdet metal, and [fill-freeze clectrodes are, thus,
nften called '‘sheet-melal" electrodes. Bead
appuarance with this group of alecirodes varies fram
smooth and ripple-free 10 wavy with distinct ripples,
The fill-freeze electrodes can be used in all welding
posilions, but are most witdely used in the level or
downhili positions.

Applications for fill-freeze glectrades include:

*  Downhill fillet and lap welds.

» Irregular or shorli welds that chapge
direction ar position,

s Sheet-metal lap and fillet welds.
* Fast-fill joints having poor fitup.
* General-purpose welding in all positions.

Fast-freeze electrodes, particularly E6010 and
E6O11, eré sometimes used for sheet-metal welding
when [ast-follow electzodes zre not available, wr
whan the operator prefers faster solidification. Tech-
nigues for sheet-metal welding wilh these electrodes
are discussed jn the portion of this seetion draling
vilh fast-freeze glectrodes,

Electrode Characteristics .

LGOL2: The bhasie fill-freaze elecirode for gen-
eral-purpese and production welding, this electrode
,roctidew a mnee forcefd are thian other elocrodes in

the group. Special types are available [or improved
arc stability, minimum spatter, and easier slag
removal. Some Llypes contain iron powder in the
coatings for grealer milesge, better AC operation,
and a smoother, guieter arc. These types are
excellent for low-cumrent applications, such as
sheet-metal welding,

E6013: This electrode is used in place of E6012
for sheet-meta! welding where appearance and ease
of operation are more important than speed. AC
operation ie excellent, M is recommended for
general-purpose welding with smal! AC transformer
welding machines having low open-circuit voltage,

E7014: The electrode has highest iron-powder
cantent in the group, and thus provides highast dep-
osition {or maximum fast-fill ezpability) among the ®
fill-freeze electrodes. [t has exceptionzlly good cper-
ating characteristics and is often preferred by weld-
ors. It is frequently used for production welding on
short, irregular, ar downhill fast-fill types of joints.

Welding Techniques on Steel Piate

Polarity: Use DCSP for hest performance on . all
applications exeept when arc hlow is a problem. To
control are blow, use AC.

Downhand and Downhill: Use stringer beads for
the first pass except when poor fitup requires a
slight weave. Use either stringer or weave heads for
succeeding passes. Touch the tip of the electrode to
the work or hold an arc length of 1/B in. or less.
Move as fast as possible consistent with desired bead
size. Use currents in the middle to higher portion of
the range.

Electrode Size: Use electrodes of 3/16-in. or
sgmaller diameler for vertical and overhead welding.

Vertical-Down: Use stringer beads or a slight
weave, A drag technigue must be used with some
EG012 electrodes. Make small beads. Point the elec-
trode upward so that arc force pushes molten metal
back up the joint. Move fasi enough tg stay ahead of
the molten pool. Use currents in the higher portion
of the range.

Vertical-Up: Use 8 triangular weave, Weld a shel!
at the bottom of the joint and add layer upon layer.
Do nnt whip or take the electrode out ¢f the molten
pool. Paint the elecirode slightly upward so that arc
force helps control the puddle. Travel slow enough
to maintain the shelf without spilling. Use currents
in the lower portion of the range.

Overhead: Make stringer beads using a whipping
technique with a slight circular motion in the crater.
Do not weave. Travel fast enough to avoid spilling.
Use currents in the lower portion of Lthe range.



welding Techniques with Sheat Metal
The ability to adjust current while welding sheet

steel is valuable, particularly when fitup or muterial *

thickness varies, Motor-generslor welders equipped
with foot-operated remote current controls are
useful for this purpose.

Generally, use the highest current that does not
cause burnthrough, does not undercut, or does not
melt the edges of lap, corner, or edge welds. For fast
welding, the cperutor must stay precisely an the
juint and must travel at a uniform speed. Welding on
sheet metal, thus, requires more than average skill,
and a good weldor may need a few days of practice
when first attempting this type of weld.

For maximum welding speed, minimum distor-
tien, or for welding in the flat position, joints gener-
ally should be posilioned 45° to 75¢ downhill, Use
copper backup strips where possible ¢ decrease the
danger of burnthrough. The pracedures tables in this
handbaok assume tight fitup and adeguate clamping
or tacking. Where poor fitup is encountered:

1. Reduce current.

2. Tilt the electrode into the direction of truvel
more than normally,

d. With fasi-Fresze electrades use a small, guick
weave technigue to bridge the gap.

Depasit the entire weld in one pass using stringer
beads or a slight weuve. Drag the electrode on the
joint and stay ahead of the molten pool. Tip the
electrade well into the direction of travel so the are
force pushes Lhe weld metal back into the joint. Use
currents in the high portion of the range.

LOW-HYDROGEN ELECTRODES

Conventional welding elecirodes may not be
suitable where X-ray qualily is required, where the
hase metal has a tendency to crack, where thick
sections are to be welded, or where the base metal
has an alloy content higher than that of mild steel.
In these applications, a low-hydrogen electrode may
be required.

Low-hydrogen electrodes are available with
either fast-fill or [ill-freeze charucteristics. They are
compounded to produce dense welds of Xray qual-
Ity with excellent notch toughness and high due-
tility. Low-hydrogen electrodes reduce the danger of
underbead and microcracking on thick weldments
and on high-carbon and low-alloy steels. Preheat
requirements are less than for oller electrodes.

- Lowhydrogen electrodes ute shipped in hermet-
ally seale-! containers, witich normally can be

Saielded Mesal-Arc Process A 2-11

stored indefinitely without danger of moisture
pickup. But once the container s opened, the elec-
trodes should be used promptly or slored in a
heated cabinet. Details on electrode storage and an
redrying moisture-contaminated electrodes are
presented later in this section,

Applications for low-hydrogen ehciicdes
include:

o X.ray-quality welds o¢r welds requiriny high
mechanical praperties.

* Crack-resistant welds in medium.catbon to
high-carbon steels; welds that resist Bof-short
cracking in phosphorus steels; and welds tha:
minimize porosity in sulfur-bearing steuls.

+ Welds in thick sections or in restruined jnints
in mild end alloy steels where chrinkage
stresses might promote weld cracking.

*« \Welds in alioy steel requiring a strength oi
70,000 psi or more.

. Multiri-te-pass, vartica]: and averhesd welds in
mild stee],

Electrode Characteristics

E7018; This electrode has fill frzeze characteris-
tics and is suitatle for all-poesilion operation. Iron
powder in the electrode coating promotes rapid dep-
osition. Moderately heavy slag it easy to remave, .
{(Weld metal freezes rapidly even though slag remains
somewhat fluid.) Beads are flat or slightly convex
and have distinct ripples, with little spatter,

E7028: The electrode has fast-fill characteristics
applicable to high-production welds whera low-
hydrogen quality is required. It performs best on
flat tillets and deep-groove joints, but is alsc sulieble
for horizontal fillet and lap welds. Excellent ve-
striking qualities permit efficient skip and fack
welding.

Welding Technigues

Techniques for E7028 are the same as thos:
described for conventional Fast-fil electrodes.. How-
ever, special care should be taken to clean the slag
from every bead on multiple-pass welds to aveid alag
inctugions -that would appear on X-tay inspection.
The ensuing discussion pertains to the technigues
recommendad for ETDLB electrodes.

Palarity: Use DCRP whenever possible i the
electrode size is 5/32-in. or less. For larger elec-
trotes, use AC for best operating characteristics {pul
DCRP can also be used).

Downhand: Use low current on the firat pass, ur’
whenever it is desitable to reduce admixture with a
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bhase meta! of poor weldability. On succeeding
passes, use currents that provide best operating
characteristics. Drag the electrode lightly or hold an
arc of 1/8-in. ar less. Tlo not use 8 long are at any
time, since E7018 .eleclrodes rely principally on
molien stag for shielding. Stringer beads or small
weave passes are preferred to wide weave passes.
When starting a tiew electrode, strike the arc ahead
of the craler, move back into the cruter, and then

some slag spills, Use currents in the lower portion of
the range.

Redrying Low-Hydrogen Electrodes
Low-hydrogen electrodes must be dry if they are
to perfaorm properly. Electrodes in unopened,

TABLE E-18, Charactaristict of
Miid-Steal Coversd Electrodas®

procecd In Lhe nur_mal Fllrectmu. On AC, use cur- [ZWEASTI
rents about 10% higher than those used with DC. Elsctrods Walding Guraral
Govern travel speed by the desired bead size. Clansification | Catwgory - Charsetarisl e
Vertical: Wetd vertical-up with electrode sizes af L 50,000-p3i Minlmuym Tansils S1rungth
5432.n. or less. Use a trisngular weave for heavy EE010 Froazet Molien weld maisl lremzes Quickly;
. : . . ! | f i i
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B Y £
tional layers with a side-10-side weave, hesitating at :":ﬂ r‘;:;ﬂ:'“ e wied to ":"" il
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molten poal. Travel slowly enough to maintain the EBO12 Follow Fabar bavel wored g prallét wekds
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: N poleity povwar; rETon ar
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verfiean: Lise electrodes o -in. or smalier. welding of 1hin.gagk shes! matal in ia,
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. - . a . [L1]
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avoid spilling weld metal, but do net be alarmed if wiih OC [either polardyd oc AC powesr.
E&OXF Full Dupoyitlon rete high kinca 20w ng
coniaing shoul LU% won powdsr) prl.
mary g i Tor muitipess, deep-@r oo,
. &nd 111t weekding v ihe flal pOsition or
TABLE &-14. Procedures for howirgnid Jdlels. wling DC (Fithar
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] EBO18-M, E7O14 Fill frpaze | Higher depositlon (se 1han EGOI;
) EGO18-X, uishilg with DS [#itngy polanityl or AT
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one veetk D N0 dirscl Coniacy with warer. f ]
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Wild . :
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hermetically sealed containers remain dry indefi-
nitely in good storage conditions. Opened cans
should be stored in a cabinet at 250 to 3009F. Sup-
Plying weldars with electrodes twica a shift — at the
start of the shift and at lunch, for example — mini-
mizes the danger of moisture pickup. Return
¢lectrodes to the heated cabinet for ovemnight
storaga.

When containers are punctured or opened so
that the electrode is exposed to the air for a few
days, or when containers are stored under unusually
wel conditions, low-hydrogen electrodes pick up
moisture. The moisture, depending upon the
amount ahsorbed, impairs weld quality in the
following ways:

1. A small amount of moisturte may cause inter-
nal porasity. Detection of this porosity
requires X-ray inspection or destructive test-
ing. If the Luse metal has high hardenability,
even a smull amount of moisture can con-
tribute Lo underbead cracking,

2. A high amount of moisture causes visible
external porusity in addilion to internal
POrosity,

Fug, §-21, Dweposibon ratas tor varigys irild steel glectrodes

3. Severe maisture pickup can cause weld
eracks or underbead cracking in addition to
severe porosily,

Redrying completely restoras ability to deposit
quzlity welds. The proper redrying temperture
depends upon the type o! electrode and its condi-
tion. Drying procedures are listed in 'Vable 6-14.

SUMMARY OF ELECTRODES FORMILD STEEL

In the AWS specification AS5.1-69 there are 12
different classifications of electrodes for welding
mild stes!. Each classification has dilferent operating
chatacleristics, and a sumipary of these charue-
teristics is given in Tabtile 6-15. The depesiticn rates
for the electrodes in Table 6-15 are shown in Fig.
6-21.

ALLOY-STEEL ELECTRODES

Alloy content of the weld deposit is not critic-
ally important in the welding of common grades of
steel. As discussed in the immedistely preceding
portions of this sectign, etectrode selection for these
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TABLE 6-16. Typical Machanical Properties of AWE AS.5-69 Weld Metal

E7FU10. A1 EBE-Bi EEDMBE-IC3 EBI1R-C1 ET1018-M
Ao Walgeg
Tansile Suengih s} 15000 107 D0 86,000 B7.000 112 000
Field Suangih {pail &8 000 80,000 75,000 74 000 W12 0D
Elangaton % 0 2 ind T4 M % 22 el |
Charpy V Nowch -6l | 68w 70°F | 66 21 20%F |48 a1 =20%F | B1at ~759F | 25 ot —BOSF
Strest Aelieved 11EQPF
Tensile Suangih {psil 72,000 93 000 B 000 B4 DO 112 000+
A3.000"
¥ekd Suangth [pil 50,000 al.000 70,000 71,000 HE KN
70,000
Elgngarion (% el 2 in.} 9 0 26 4 27+
22r
Charpy ¥ Notch {118 | 68w JOOF | £S5 al JO9F (BB at =20°F | 40 at —759F | 35 s —60%F+
BS &1 MJOF

-’

Sirmes Inlbedd ot 12T59F

v Sirews cahmeag gt 10259F

steels is hased largely on whether maximum deposi-
tion rates or rapid freeze characteristics are pre-
ferred. But fur alloy steels — chosen specifically for
their high mechanical properties, superior corrosian
resistance, ot ability to withstand high temperatures

provides the specific chemical composition needed
to maintain the desired properties of the base metal
in the weld deposit. :

Ther+ are many types of electrodes available for
welding low-alloy steels, These types ara described
completely in AWS AS55, and a brief summary of

— the electrode must be ecarefully selected so that U

TABLE & 1), Recommaendsd Elscirodes for Trads Nama Stesls
{5e0 o 10 Table 6-13)
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typical electrode characteristics and applications is
presented in the following paragraphs. The chemica!
requirements of depasited weld metal are given in
Table 4-7. Typical mechaniczl properties of soine of
the weld deposits are given in Table 6-16. A guide to
the selection of electrodes for welding steels of
specific trade nanes is presented in Tahle §-17,

Except for electrodes for welding high-strength
line pipe {see Section 13.3), most electrodes for weld-
ing low-alloy steel have law-hydrogen, [lill-freeze
characteristies similar to those ol E7018 and are
suitable for all-position fabrication and repair weld-
ing. Even though these electrodes are suitable for
all-positicn welding, their operating characteristios
are quite different from those of fast-freeze elec-
trodes for the common steeis. Weld metal from
alloy-steel electrodes freezes rapully even though the
slag remains relatively fluid. Depasition rate is high,
partially because the coverings contain iron powdler,

Beads are flat or slightly convex and have dis-
tinct ripples with little spatter. The moderately
heavy slag is easy to remave.

Some of the commonly used low-alloy high-
strength electrodes include:

EED18-B2: This electrode produces a
1.25%-chromium, 0,5% molybdenum depaosit, com-
monly required for high-temperature, high-pressure
piping. It usually meets requirements of E9018-G
for some high-strength {90,000 psi tensile) staels.

E8018-C3: The clectrode conforms ta MIL
BO18-C3 and produces a weld having a tensile
strength of B0,000 psi, suitable for genaral-purpose
welding on many high-strength alloys. This type also
provides a 1%-nickel deposit for welding alloys that
are to be used al low temperatures; and which
require good notch toughness down to -B0°F, T'he
electrode is alsy wused for fillet welds an high-
Strength (110,000 psi tensile) quenched-and-
tempered steels, such as ASTM AS514 and AS17.

EB01B-C1: The type produces a 2.25%-nickel
deposit with notch toughness of 50 ft-lo al -750F
and 1s, thus,.commonly required for welding low-
lemperature alloys. Such alloys are frequently used
to fabricate storage, piping, and transporlation
equipment for liquid ammonia, propane, and other
Zases. This group of electrodes is also recommended
for the best calor mateh on unpainted corrosion-
resistant ASTM A242 steels. {Cor-Ten, Mayari-K,
and others).

E110158-M: The etectrode conformy Lo
MIL-11018-M and produces a 110,000-psi tensile
itrength needed for [ull-strength welds on
Quenched-and-tempered steels, ASTM AS514 and

Shiatded Metatl-Arc Process” 6.2-15

AS1T (T-1, 585-100, HY-80, and others)

GENERAL CONMSIDERATIONS IN WELDING

Joint Positions

As noted carlier in this section, jaint position is
often the primary factor in electrode seluclion und ia
therefore largely responsible for the speed and cost
of welding. Where passible, work should be posi-
tioned Ilat {or fastest welding speed.

Sheet-Metal Welds: In sheet steel from 10to 15
gage, welds are usually larger than needed for joint
strength. Thus, the primary cbjective is to avoid
burnthrough while welding at fast travel speads with
minimum skips and misses. Fastest speeds are
obtained with the work positioned 45 to 752 dowu-
hill. Refer to the prioy portion of this wection on
fill-freeze electrodes.

3 PER MIN, 117 PER MiM. 12" PLR MAN,
Veriizl Up Hofi rontal FLar

agé

{

— —

Fig. B-22. Varigtiond in welding speed with dilferent jownt pOE LG

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 casiest
manipulation of the electrode and allows use of
high-deposition [fast-fill electrodes. Variations in
welding speed with different joint positions are {llus-
trated in Fig, 6-22. For more information, refer to
portions of this section dealing with fast.fill elec-
trodes. If a weld is to he made in the vertical of
overhead position, refer to the discussion on
fast-freeze electrodes,

Welds on High-Carbon and Low-Alloy Steel:
These steels can ba welded most readily in the level
position. Refur to the discussion on low-hydrogen
glectrodes,

Jaint Geametry and Fitop

Joint dimensions specified in the Prooedun
Tables are chosen for fast welding speeds consistent
with weld quality. Dreparture from the tevom-
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Fig. 523 Coeietl and wworeect Devels for povod besd shape and
acequate penetration.

mended joint geometry may reduce welding speed
or cause welding problems.

Fitup must be consistent for the entire joint.
Sheet metal and must fillet and lap joinls must be
clamped tightly their entire length. Gaps or bevels
must be accurately controlled over the entire joint.
Any variaticns in a joint make it necessary for the
aperator io reduce the welding speed to avoid bum-
through and force him to make time-consuming
manipulations of tha electrodes.

Suflficient bevel is required for good Lead shape
and adequate penetration (Fig. 6-23). Insufficient
beve] prevents adequate entry of the electrode into
the joint. A deep, narrow bead also has a tendency
to crack. However, excess hevel wastes malenal.
Sullicient gap is needed for full penetration {Fig.
6-24). Excessive gap wasles metal and slows welding
speed. Either a 1/B4n, land or & backup strip is
regquired for fast welding and goed quality with
thicl plate {Fig. 6-25).

Feather-edge preparations reguire a slow custly
seal bead. However, double-V butl joints without a

« BIGHT

)
S S

-t k=132 10 1716

WRONG

— Lacks full Pameiraluon

= 148"

‘ ,_, Penetration ino bath
L) u plates and Lychud reguired
- L—3nee

. ] .
Fig. 624, Correct and incntrect gaps for pmopet penelration.

Typical speed45 #_fbr,

LG It
AVl

Fig. §-25. Proper joini geomenry 10F Inck-piate welding.

Typical speed 15 h./hr.

land are practical when the sesl bend cost is offsel
by easier edge preparation and the gap can bg
limited to about 3/32-in.

Weld seal beads on flat work with 3f164n.

.E8010 electrodes at ahout 15¢ amp DCRP. Use

1/B-in. electrode at about 0 amp DCRP for vertical,
overhead, and horizontal butt welds. Employ &
combination whipping technigue and circulating
mation in the crater. .

"When low-hydrogen seal beads are required, use
the appropriate EXX18 electrode. Weld with the
same electrode sizes and about 20 amp higher cur-
rent than recommendea for EG010, Employ stringer
bead technigue with a elight weave when needed.

Batk-gouging from the second side is needed: 1.
For X-ray gquality. 2. When Llrregular gap or poar
technique produces a poor bead. 3. When a heavy
bead 15 needed to prevent burnthrough of semi-
automatic fill beads.

Joint Cleanliness

To avoid porosity and ettain the speeds indi- °

cated in the Procedure Tahles, remove excessive
scale, rust, moisture, paint, gil, and grease from the
surface of the joints.

If paint, dirt, or rust cannot be removed — as is
sometimes the case in maintenance welding — use
E&(310 or ES011 electrodes to penetrate through the
conlaminents deeply into the base metal, Slow the
trave] speed Lo allow time for gas bubblesio boil out
of the mollen weld before it freezes.



Electrode Size

Large electrodes permit welding at high currents
and high deposition rates. Therefore, use the largest
eleclrode practical econsistept with pood weld
quality. Electrade size 'is limited by many factors,
but the most impartant considerations usually are:

1. High currents increase penetration. There-
fore, electrode size is limited on sheet metal
and with root passes where burnthrough can
occur. '

2. The muxirmum ¢lectrode size practical for
vertical and overhead walding is 3/16-in. The
5/32.in. elecirode s the maximum size for
low-hydrogen electrodas,

3. High DC eurrent increases are blow. When
arc blow is a prohlem, either use AC or limit
the current.

4. Joint dimensions sometimes lmit the elec-
" trode diameter that will fit into the joint.

Preheat and Interpass Temperatura

The use of preheat arnd minimum interpass tem-
peratures may be dictated by the eonposition of the
steel, by the thickness of the material, or by the
degree of joint restraint. Preheating may be manda-
tory if the welding is done according to s code. For
mample, the preheating requirements in the AISC

Shielded Metal-Are Process  6.2-17
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specification for structural steel buildings are show s
in Table 6-18. Other codes, such as the AWS Fuiilisg
Code D1.0-69 and the AWS Bridga Code D2.0-69,
have similar requireaments. (See Section 1.3)

TROUBLE SHOOTING

Many operuting varjables cun allect the quahty
amt appearance of the weld, The effects produced
by the most important of these variables are iflus-
trated in Fig. 6-26. Common undesirabie effects are

TABLE 6.18. MINIMUM PREHEAT AND INTERPASS TEMPERATURE. AWS D1.1-Rev. 1.73, 2-24, Table 4.2%7 (Degrees F|

WllmrTrF‘m-r.m
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Fig. 6-27. Undesirable bead sppearance caused by weld mllg.f

shown in Figs. 6-27 through 6-29. Methods for cor-
recting undesirable characteristics are discussed in
the {allowing paragraphs. Not discussed here is arc
blow, which is cavered in Section 3.2,

Weid Spatter

Spatter does not affect weld strength but does
produce a poor appesrance and increases cleahing
costs. To contrul excessive spatter:

1. Try lowering the current. Be sure the current
s within the recommended range f{ar the
_ type and size electrode {See Table 6-12.)

2, Be sure tha polarity is correct for the elec-
trode type.

'3, Try a shorter arg lenglh.

4. If the molten metal is running in front of the
arc, change the elecirode angle.

8. Walch for arc blaw,
f. Be suge the electrode is not too wet.

Undercut

Generally, the only barm from undercutting is
impaired appearance. However, undercutiing may
also impair weld strength, particularly when Lhe
weld is loaded in tension or subjected to fatigue, To
minimize undercut:

1. Reduce currenti, travel speed, ar elecirode
size until the puddie is manageable.

2. Change electrode angle so the are foree holds
the metal in the corners. Use a uniform
travel specd and avoid excessive weaving.

Al _\\
-.-'?'*ﬁ.j'g-; )

1 B2B, Undeicul i s weld The ellect 15 undescsble from e
B wtde STANDPCIAL Ang iy vekah £ The joanL.

Raugh Welding

If polarity and current are within the electmde
manufacturer's recommendations but the arc action
is rough and erratic, the electrodes may be wet. Try
electrodes from a fresh container, If the problem
occurs frequently, stme open containers of
electrodes in & heated cabmet

Porasity and Surface Holes
Most porosity is not visible, But severe porosity
can weaken the weld. The following practices

. minimize porosity:

1. Remove scale, rust, paint, moisture, or dirt
from the joint. Generally use an E6010 or
Y6011 electrode for dirty steel.

2. Keep the puddie molten for a long time, so
that gases may boil out before the metal
[reezes. |

those high in sulfu

or phosphorus should be

3. Steels very low in!cubon oI manganesg or
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welded with a low-hydrogen electrode.
Minimize admixture of base metal with weld
metal by using low currents and fast travet
speeds for less penetration.

4. Try using a shaort arc length; shost arcs are
required for low-hydrogen electrodes.

Surface holes can be avoided by many of the
practices used L& minimize porosity.

Poor Fusion .

Proper fusion exists when the weld bonds te
both walls of the joini and forms a solid bead across
the joint. Lack of fusion is often visible and must be
avoided for a sound weld. Teo correct poor [usion:

1. Tey @ higher cument and a stringer-bead
technigue,

2. Be sure the edges of the joint are clean, ar
use an E6010 or E6011 electrode.

3. If gap is excessive, provide better fitup or’

use a weave technique to fill the gap.

Shaliow Penetration

Penetration refers to the depth the weld enters
inte the base metal. For full-strength welds, pene-
tration Lo the bottom of the joint is required. To
overcome shallow penatration:

1. Try highar currents or slower travel.

2. Use small electrodes to reach intg deep,
DATTOW ZTOOVES.

1. Allow some gap (free space) at the boltom
of the joint,

Cracking

Many different types of cracks rmay occur
throughout a weld. Some are visible and some are
not. However, all cracks are polentially serious,
because they cun lead to complete fuilure of the
weld. The fullowing suggestions may help contral

Fotential cracking. Practices to minimize cracks are

shaown in Fig. 6.0,
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Waki shrink agu
crushes wire

Fig. 6-30. Factary in comrelling wekt cracking, {Hutiraied are 200y
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1 1

Most cracking is attributed to high-carbon ox
alloy content or high-sulfur content in the basec
metal. To control this type of crucking:

1. Use low-hydrogen electrades.

2, Preheat. Use high preheats for heavier plata
and rigid joints,

3. Reduce penetration by using Jow curments
and small electrodes. This reduces the

amnount of alloy added to the weld from
melted base metal. :

To control crater cracking, fill each crater befor:
breaking the arc. Use a back-stepping technique so
as to end each weld on the crater of the previous
weld.

On multiple-pass or LOllet welds, be sure the firsL
bead is of sufficient size and of flat or convex shape
to resist creeking until the later heads can be adaed
for support. To jncrease bead size, use slower travel
speed, &8 short are, or weld 5% uphill. Always
cantinue welding while the plate is hot.

Rigid parts are more prone to cracking, I pos-
sible, weld toward the unrestrained end, Lenve a
1/32-in. gup bitween plates for free shrinkage move-
ment as the weld cools. Peen each bead while it is
still hot to retieve stresses. '

For more on ¢racking, see Section 6.1.
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INTRODUCTION TO WELDING PROCEDURES

The ideal welding precedure is the onethat wil
produce mcceptable guoelity welds at the lowest
cver-all cost. So many factors nfluence the apti-
mum welding conditions that it is impossible to
write procedures for each set of conditions. [n selec-
ting & procedure, the hest approach is to study the
ir:r;:»nt:iit,iu::r:'ls of the application and then choase the
procedure that most nearly accommodates them.
The procedures given here are typical, and it may be
necessary to make adiusiments 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 quelity — that may be required.

Code-Quality Procedures

Code-quality procedures are intended to provide
the highest level of quality and appearance. To
accomplish this, conservative currents and Lravel
Spreds are recommended.

These procedures are aimed at producing welds
that will meet the reguirements of the commonly
used codes: AWS Structurzl, AISC Buildings and
Bridges, ASME Pressure Vessals, AASHO Bridges,
and others. Code-quality welds are intended to be
defect-free to the extent that they will measure up
to the nondestructive testing requirements normally
imposed by these codes. This implies crack-free,
Pressure-tight welds, with little or no porosity or
undercut,

The specific requirements of codes are so num-
¢Tous and varied that code-quality procedures may
not satisfy every detail of a specific cade. Procedure
qualification tests are recommended to confirm the
aceplability of chosen procedures.

All butt welds made to code quality are full-
Penetration, fillet welds are full-size, as requirad by
nost codes. (The theoretical throat, rather than the

Lrue throat, is used as the basis of calculating
strength.) -

Cummeruial-ﬂuality Procedures
Cummercial guality implies a level of guoality
&nd appeatunce that will meet the nominal require-

ments imposed on most of the welding done
commercially, These welds will be pressure-tight and
crack-free. They will have good appearance, and
they will meet the normal strength requirements of
the iaint.

Procedures for commercial-guality welds are not
a5 conservative ms code-guszlity procederes; speeds
and currents are generally higher. Welds imadsg
according to these procedures may heve minoy
defects that would be objectionable to the ncre
detmanding codes,

[t is recommended that appropriate tests bi
petformed to conliom the acceplability aof the
selected procedure for the application at hand price
to putting it into praduction.

Weldahiiity of Matarial

Weldability (see Section 6.1) of a stee! 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 i3 within the preferred range (see Table .
6-1} — one whose chemistry does not limit the
welding speed.

Fair weldability indicates a steel with one cr
more elements putside the preferred range or one
that contains one or more alloys. These sivels
require 8 lower welding speed or 2 mild preheat, or
both, to minimize defects such as porosity, cracking,
and undercut. '

Poor weldability steels are Lhose with compo-
sitions outside the preferred range, alloy additions,
segregations, previous heat-treatment, or 50me other
condition that makes them difficult to wald. These
steels require still lower welding speeds, preheat,
possibly a postheat, and carelul electrode selecticn
to obtain & satisfactory weld.

The addition of alloys to steel that enhance the
mechanical properties or hardenability usually have
an odverse effect on weldability, [n general, the
weldability of low-alloy steels i5 never better than
“fair,"
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Procedures Notes

In the following fillet-weld procedures, the [illet
size is always nssociated with a particular plate
thickness. This relationship is given solely for the
purpose of designing s welding procedure and does
not imply .that a certain size fillet is the only size
applicable to that plate thickness. In some aof the
procedures, the fillet size shown is larger than
necessary to meet cods requirements for the plate
thickness, In such instances, setect the proceduge for
the proper weld size and quality. 1f the thickness of
the plate being welded is appreciably graater than
that specified in the procedure, a reduction in
welding speed and current will probably be required.

The procedure data given have been developed
to provide the most economical procedures for
various applications. In $ome cases, more 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 two different
types of electraodes are given — for example, E7014
or ET024, ET0OL8 or ET0Z28. This allows a choice of
electrodes s¢ the one with the better usability
characleristics can be selected,

Shivlded Metal Arc Procedures  8.2. 23

Any procedure for a poor or fair welding quality
stegl may be used on a steel of a better weldinyg
quality.

Travel speed is given as a range. The electrode
required and the total time are based on the middle
of the range.

Unless otherwise indicated, both mem¥ers of the
joint are the same thickness,

Pounds-pf-electrotle data include all ordinary
depasition losses. These values are in terins o:
pounds of electrode needed to be purchased.

Total time Is the arc time only and does not
allow for gperating factor.

After a satisfactory welding procedure has hesrn
estahlished, all the data should be recorded and filed
tor future reference. This inlormation is invaluabiz
if the same job or a similar job occurs at a later date.
A suggested data sheet Is shown on tha oppoxite
page.

The presented procedures arc offered a3 a stork-
ing point and may require changes lo meat the
requirements of specific applicationy. Becsuse the
many vanables in design, fabrication, and erection
or assembly affect the resulis ohbtained 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 [MANUAL]

R
Positicn: FLrt
wald Quullry Laval: Commarcinl
St Weldability: Gonod
Welded From: Cne gide

12 = 10 ga
, £ - .
£ 7 >
50% Minirmum penetration
Flgte Thick nass fin.] ] D.04A 115 gl Q.060 (15 gat 0075 {14 ga) 0.105 {12 oal {0.135 {10 gl
Faiz 1 1 1 1 1
Eleciroan Chasa EGBDID Ed1) €510 EBD1D EGO10
Bize 32 18 178 532 ane
Currént furmpl QI+ A Tt ad 120 135
Arc Spesd Do frmanld 2 .26 3 -15 5 = ] 20— 24 17 — 21
Elecvods Aweg'd [ILS1) 002 44 0.0287 00262 0487 0.0695
Toral Time {hefft of weld) 000633 0.00815 0.00727 .00909 poips |
* e 1S in. gap and whip tThe glscurads.
[ =1=l ]
1
SHIELDED METAL-ARC IMANLIAL|
Pokition: Flat !
Weld Oualny Level; Comme:cigh
Srenl Weklatuhity: Good
yulded From: One glde
EIE = 10 pa
L % >
0% Minkmum pane Lralkon
,-
| Freae Thickness lin | 0.048 {15 pal 0.060 (15 gal 0075 (14 gal Q.105 112 ga) Q135 {10 gl "
Fasi T 1 1 1 1
s
Elecirods lasy £6011 EFOT1 EGO11 EE11 EBI11
L Size /33 1/8 1/8 5432 a8
|_Current famp) AC S0 100 1% 130 143
Art Spaed (in/minl 20 - 24 2B- 03 26 = 2t 24 — 28 22 - 47
| Elecirods Aeg'd (bl 00251 0 0226 0.0347 0.0627 0 0548
Total Ture [hetl of weld) 0 Dk GO 0.00ESG 000702 QO00TES 000817

T e VOB i Qap any whip R ciey i




SHIELDED METAL-ARC (MANUAL]J

Shiefded Metal Are Procedures

Positipn: Flar .

Weld Cuality Level: Coda
Steel Waldability! GQood
Wakied From: Oneside

b/ 16 - :I.u"Z { _i_

\/W

>

.

Plate Thickness {n.) 5116 378 172
Pazi 1 2 1 2R3 1 2 3
Electrode Clan ) Efd1y EGORT EGO11 E&027 E&0N EGO1Y EGD2?
Size B 5/ 32 B2 512 [TEF] 174 174
Current (ampl} AL 135 240 . 135 240 135 275 400
Arc Spewd [l fmin) 55985 12.0-14.0 5565 120040 5 5-6.5 83130 ¥O.5-12.0
Elezirode Reg'd infit} 0168 0.142 0.168 0.284 0168 Q215 0.359
Total Tirma (hrflt af weld} 00487 03641 0.07117

L]

SHIELDED METAL-ARC {MANUAL)

Powivan: Fipt

Wiald Quality Level: Code
Staeal Weldability: Gooa
Wilded From: One yida

Piate Thickoes (in.) 314 1
Paun 1 Fi -8 1 2 1-10
Elwcirads Claw EG011 ESQ1! EGQZ7 EBdI Egd11 Ega2?
Sice 6I3% 174 Via £/13 + 14 114
Curren: {ampt AC 138 175 400 115 275 440
are Spaed (infmin) 55—§5% 80~ 100 10— 11.0 b6 - 6.5 B.O - {00 1no-130
Elecirode Rea'd Mt 0.168 0.928 147 G168 a 218 284
Tutal Trme Chrf Tl of vemid ) g.122 0.183

—_—— ———

5.2-25



5 Welding Carbon and L ow-Alloy Stee!

SHIELDED METAL-ARG [MAMNUAL)

Posilion: Flat

vkt Cluplizy Level, Compre Cisl
Srapl Waldabality: Goog

Wekded Fram! Onae wule

S
{

{ Stee

backing 518"

PLgs Thick pesx {in ) . 515 e 172
Fag T 2-3 1 2-23 1 =4
Flerirods Clats E&077 E5z? EB027 EBN37 EG27 EGO2T

Liew e - 1/4 15 174 NneE 1/4
Cusrent (amp) AL _-Im 400 kv 400 300 HH
Arc Speed [l min 130960 [ 150480 | 130750 116135 | 130-15.0 | t25.14.5
Elrciroce Reg'd {1k fr) 0z o524 n22g | oga7 0228 1.00 -
Totnl Tirma {heifr of waki) LE Q0463 00805

SHIELDED METAL-ARC {MANUAL)

Pumtion: Flm
Wield Cuality Level: Commercial 200 ‘
Sirel Wedsthity: Good S8 =1" ‘r_ 7
Weldad From:, One side {
A | Steel
backin
¢ 516"

Plan# Thich nags fin,] 58 =L | 1
Pam__ 1 2 _% 1 2= 3 2-8
Etyctrode Cinns EE027 6027 EEDZ? EfEY EBD27 EGOIT

Sire _ 36 . | 114 116 1ia 15 1i4
Cuipsnit Jamp} AC _ | 400 00 A00 i v 400}
Arc Spead (i Jmin} 130150 _| 125148 130450 12 B-14.8 13.015.0 125145
Eleciroge Aeg'y [Ib/fL) 0228 1,35 o228 1 59 G 7278 37

| Tets Tumw (tudlLaf weid) 0.075% i oiaid 0.122




Shewlded Metal-Are Procedurss 8.2.27

SHIELDED METAL-ARC (MANUAL) ’
r— " . —
Paomion; Flal
el CQuality Leval; Cods
Seowl Waldakility: Good
walded Fram: Two ades . ( &0
! First pass
He-Last pass
| Plate Thicknex lin| am 142 L L1
[ Fans ] FEI 1 Zad 1 21 q
Elvctrooe Claia Ed1! E8027 EBO11 EGO27 EGO11 EG1? E6&D27 ]
L Sizw 16 0 1/4 732 174 174 1752
Current fampl AG 175 280 275 FH} 273 Y6 240
Arc Spend lin dmind o100 146175 1.049.0 11.5-15 .5 72050 __12.5-145 1131345
Elecirods Reg'd { My il G 143 ! 0.356 0zE 0480 0243 0.7858 023
Tetat Time (hrilt of weld] 0.0472 0.0526 0.0706
Bic® gouge AT pasy badore walding layr pogs.,
SHIELDED METAL-ARC [MANUAL]
Povilign: Flat -
Yweld Cuality Lvel: Code i
Stual Weldatility: Gapd
Woldmd From: Two sices L e
;\i’ “7/
. s I
T B 1 L]
: 1
T2
Plate Thickness {in,| W 1 1n 1
Pasy 1 243 A5 1 R 4=7 1 Y 4-10_|
Electrodn Class Egdlt | EG011 E6027 | EBQ1I EGgi1_| E602? EGOMT | EGOV1 | EGIR7 |
Size Eihl:) 1/4 174 1B 1/4 il a1 1 1.*4__
Currant {amgp) AL 135 275 £00 135 775 400 135 275 400 |
[ Arc Spasd [indrminl 5565 | 60100 [110-130] 5565 | 80300 |11.0-10.0]| 5665 | #0100 [ 95115 |
Electrode Aeg'd (thi 1)) 0190 G4d0 4 0728 0.190 0.400 1.45 0190 9400 | 204
| T7elal Turma {heift of oveid} t &t 0.144 am

Btk gaugs Hrar past before wemiding Lhird past. Comphem I!hir:;l path e bafors TUCIfg Gvir-



6.2-28

SHIELOED METAL-ARC (MAMNUAL)

Welding Carban and Low-Aftoy Steel

Panfion: Veriicsd down
Watd Quality Level: Conmmumgercm|
Syewl Yrelcaabily: Good
watded From: Do sic

18 = W pa

i

50% Manimum penetration

Plarn Thickara lin | 0.042 {18 pal Q060 (1B gal Q075 {14 gal Q105 {17 gal 0.135 {10 gal*
Fuas 1 1 1 1 1
Ewcirpde Class EBO10 E&O10 EE0Y0 EBD1D E&ED10

Suaw 332 1/8 18 [E] 316
Cuprant fampl DCIE) 451 76t a0 130 150
g Speed fun frmun) b~ 30 Jia- 34 27— 32 22 -7 18— 22
Ertrtigde Regd [/ fr) N 0234 0 0R1 0011y D.{478 00730
Totyl Time {hrif1 of wald} ooo7ey 0.00m05 000678 000817 0000
* Uiy 1176 v, gep w0 whio 1he #lacirode.
T Lge DCi-)

-
SHIELDED METAL-ARC [MANUAL|
Pogilven: Vartical down
Waid Quatity Level . Commaercial
Simel Waldatubity . Good
Welded From: Crm side 18— 10 ga
o iy
50% Minimum pefelration

Pigie Thack naig {mn) a.048 (18 gal 0060 (16 gal 0.07% 114 ga) 0105 {127 gat 0.135 (10 gs)!
Fiy 1 1 1 1 1
Coirode Chay B0 EEOM EGO11 EBD1 E&11

Cirn dri2 Vi3 1/8 &/ 32 6
Currdnn (amp) AC 5% 1t 115 140 155
Arc Spesd fin,/min) 73-38 289 =3 2% - a1 ri 24—
E wc rode Req'd [lhili) 00236 g g3as 00376 0.0523 O b5al
Toral Time [hef?t o welaj D O07ES 000635 000678 "0 Ma 0 DO7a5

e THTE i, G mrd ywin Vhea mlEL R




Shieided Meral-Arc Procedures

SHIELOED METAL-ARC [MANUALJ

&.2-29

FPagitian; Yerticatup
werd Quality Lewsl: Code
Sieet Weldahiliny: Good
welded From: Ona pida

AN

N 5
I{ ) l_V_I

ma".J _..I Lﬁ,”a”

Plane Thich nass [in,) 114 SI1E 38 17

Pats 1812 152 1%2 1 -3

Eléctroda Class EG00 EBC10 EGD10 EROIN i
Size 5{32 5/12 a6 g |

Current fampl DCI#H) 110 120 150 170

Arc Speed [in fmin]* 5258 JR.47Z 4853 3.8-4.2

Electrode Aeqg'd [IL/ Tt 0333 Q440 0588 0 go0

Towal Thrra {he/lt of weld) Q.00 1 Q118 0130 0362

" Flrt pase only, Very speed on 1Jcoewding gacies (0 aBtun proger watd sits,

SHIELDED METAL-ARC {MANUAL)

Position! Vrtical up
Wald Quality Levsl: Code
Steal Waldability: Goad 500
Weldad From: One pcda \(‘ w
1l -| "2 <
et
I.fa"J' _I l_._lm"
Plaia Thickneys [in] 58 Ha L
P 1 =4 1—-8 1 =10
Elecirode Class EROTH E&OID Edain
Siem M6 18 L]
)
, Cutrent famp] DCl#] 110 170 170
Arc Spead [in fminl * 38 -472 18 — 4.7 38 -42
i Eleccrade Aeq'd {Ibit} 1.48 2.04 156
. Total Tuma [hrflt of wekd) 0 2 0318 T

Ful Rk @niy. ey wsd8d o0 oyuccesding oaiees 0 Ghiain proper wald sioe



£.2-30

Weiding Marlier

and Lows Afloy Steel

SHIELDED METAL-BRC IMANUAL}

Fontion: Verucel up
Wakd Qualily Leval: Code
Sienl Walaatnhty: Fmr
Weided Feam: One audé

oS

¥E -1
}

l
T
HH"J —-—J J-—-'I.r‘E"
Plutn Thick ntes fin ) T I 12 4 1 '
| Fan 1 F 1 = 1 71 1 2—31 |
Elnetrode e EEO10 E?018 ECO10 EINME EED10 E7{18 E&01{0 ET0ME
Sirs 537 5/32 532 b5 oz - L1y B33 5/32
Cutrant lampl DC{ ¢ 160 150______ 160 160 160 .16l 150 160
Are Speed in.dmin] §.3-47 33-3% 4347 12.) 5 4.3-4.7 3z-3E" q4.3.4.7 1215
Elctrode Hlﬁ'dm'ill U'ZB‘I_ 0.341 0281 0.758 0.2/ 183 0.28% 352
| Towl Time IefiT of veeid? - o104 - 0.176 CED 0658 ]
b -’ntunt.l g only, Wary spead O duccreding pppbsd 10 OLlaim Proped weld Eize. -
+
SHIELDED METAL.ARC IMANLUAL)
Pombior. Vauee up B
Wl Cruaiity Lawel: Code 60°
Slawl Weloaihiy. Gooe
Walded From. Two wudes
g T
_INFe
]
4
34— 105 ? 1 }
] 2
=
1/8 3
&
WY ] [t
Flate Thicw negy Ginl 24 1 1-1F4 1112
Famy 1 =5 . 1 2=7 1 =7 1 2=-85 |
E.vﬂmduEllu EEOT E70B EG&U1¢4 E7018 EgO10 E7018 E6GQD Erng |
Sim LTk 532 FIET SrA2 5732 532 £432 5732
Currnt {amp] GCI+) | 140 60 | 140 V60 140 160 140 150
Are Speat {in fmink Ab-41 ___:1.1-4.9 3.5-4.1 541 3841 2.3258 3541 2.4-30
Elecirode Aea'd libift) 0 2a8D 0.900 0.240 1 B 0.240 P G340 216,
Total Toens (i1 of wald] 033 0.367 0514 0 BAS -

Guuu wua T SRE Dar ferel [onds Oom oawg@od vicie,



- e -

Shielded Meral-Arg Procedures  5.2-37
- — A
i
SHIELDED METAL-ARC (MANUALI
Pagn. Horlzonigl
Wond TQualily Lewnl: Cocda
Soeel Weida by | Far
waiged Fram: QOna side
(<]
1!-1"1 ‘5] [
- —— |——3.-’E = 34~
Plag Thicknews lin.d ve 112 S/8 va -
Pau . [ =& 1 T =7 iT | -9 i 271
Elsctrode Clasy EFO15_ E7018 E7O8 ETD14
. Size [mn.] —— T 16 aig ing _
Courrind farmp) DCI+) 230 240 290 240
Aig Spwad [in fmin} 3555 [ a595 45865 | 7ERs 45565 | 6774 5565 | E268
Electrode Aeq'd bt} 0 a57 1.35 __1.75 24}
Tertd Tima (hrfltaf wed] b.11B 0182 0.270 0.34%
SHIELDED METAL-ARC (MANULLI
Fosition: Horitamal
Wald Cuaiiry Levat: Code
Stent Weldebulity: Fasr ' v
Waeided Froom: One nige
50
IH'J 1 [
-~ [—I ~ 1-tigr
| Flute Thick ness [in} 1 1.1/4 1172 ¥ !
|+ as 1+ 7-13 | 14—19t} 2-=17 | 1B-Zar| 2-32 | 2331t
Ehlctrod« Glasw E7QI18 EJDIE ED18 EINa )
|_ Size lin} 316 132 e 1132 16 ¥i32 e -
| Cx rrent {amp] DE(+) 740 780 2439 280 40 280 240
| A1z Speet Din fmind 5-§ 5.2-6.8 55105 5761 95105 5758 36105
Electrouie FAeg'a LB/ i) b - 3m 894 482 | 122 .44 1.60
Tolal Tyrw [heifr of weld] 1 0.RZ8 714 1.00

" F rar pand Por af] thiCH neiima
T Covmr ABMEE.



65.2-32

Weiding Carbon and Low-Alloy Steel

SHIELDED METAL ARC IMANUAL)

Foubion: Holizanial

Wit Cluality Ll Carmum cial
Stenl Wylcbality: Far

Welded Fram: Twa sidas

3fq ~ 1.2
[Ee g

g
)

gs32"

Flais Thickness {in.) a4 1 ] 1-1/4 1-142
Faus 1T 1 7-6 1 F~10 -] 1 |2-10 1 212
Electipie Clazx ETONE | EzONA EYoia | E7018 ET0IE | £7018 | E701R | ETOIE

Sire IMe INE W16 INE INE 36 ane MNE
Curpal gl DC{+) 240 249 2403 240 240 1 240 _240 240
Arc Sprsd Lin fmn) 5EEE | 80910 4457 JH5105 1846 565 | 4743 [4554
Efecuiods Feq'd 1R/ 0956 1.47 2,50 1E4
Tonal Tire [hrdte al wekdi 3,133 0,230 034t 0480
FIL flvay past vide. Back gouge o ragulrie Bators walding vacono abda. »

EHIELDED METAL-aRC {MANUAL] .

Posnn: Hevortal

Weld Quality Lavel: Coda

E1eel Weltshiiing: Fair T '--1

Veided From: Jne side - 12 I

458
— b 34 = 11027

Plaia Thickneks {in,] ) afa 1 1-114 1-U%

Fass 1* 2-3 2—5 -5 2=8

Electrode Class ET018 E7DI8 E7018 E7018 E7(14

Size lin,] 16 16 =L 3418 g

Current [amp] DG} 240 240 240 244 240

Ar Spasd Lin, fminy 4.0.6.0 g9 5.10.5 80100 57-83 4.7-6.3

Electrode Reg'd (k)i 0420 0.7 1.80 192 .

Totak Timw |hrfft of wald)] o ogod 0.11B oi1rg - 0.260

" Finet pats 12 adl thics nulsms.




Shielded Matal-Arc Procedures  B.2-33
SHIELDED METAL-ARC [MANUAL)
Poaition: Dyverhaad : . I
Wald Cloatity Level, Code
Siwwl Weldphulity: Fair
Welded From, QDne side
”15"-1' - r--h"Iﬁ"
5M16 = 1" —T
LEQE) "
Plara Thickneas lin.) ! B4 /8 142 374
Fasy 1 ] 1 [ 2-3 1. [ 72-8 1 4 2-9 1 Z—11
Elictrode Clans €6010 | €7018 | c6010 | E7018 ! E6010 | E7018 | €£6010 | £7018 | E6D10 | E701R
Size 1/E 632 | Vi@ 5/33 178 T4 118 | b/32 iig 553l
Currant {amp] D+ 110 170 140 170 110 179 10 170 110 170
1 Are Speed LinJmin} 43—ai[4 =181 -4733 =173~ 47|16 - a0 4 I-&Fd1-A7 41370620
| Eigcirods Reg'd {1bFol 0155 | 032y | ooass | 0e71 | o185 | oeig | ooks | 208 | ooss [C3ve
[ Total Tirme {hriTt of weid) 0.0829 0.158 0.202 0.399 0.573

Eptit tavurd wfrer th1=-0 Bt w5 shown In tketch,



6.2-34

Welding Carbon and Low Alloy Steel

SHIELDED METAL-ARC (MANUALL

Pomtion: Fln ang horizontal
Wald Quality Laval: Commergial
Stowl Wekdabihty; Good

' 18 =100
_Fhlt Thichness [1r.] 0.048 (18 gal 0060 118 gal 0,075 (14 gal Q.105 (13 gal 0.135 (10 ga)
Fau 1 1 1 1 1
Elnciroe Cliga EB013 EGD12 EGD1Z EGDYZ EGOVZ
- Size R 1/ 5/32 RTAL-] 8
Curtent {ampl OC(=) 70 ] 149 150 200
AT Spewd {in fmn| 14 - 1B 15 —19 15 -1 20— 24 16 =20
_I_Elulrudl Aeqd ll_lgff'l:l Q.091% 0.0583 0.0848 0.0856 0.112
Towl Time {hefi1 of weld) 00125 40118 gomm 0.00910 aoim
SHIZLOED METAL-ARC {MANUAL)
3 Pogitian: Flal and hosizonial
¥eeld Quality Level; Comimeraiel
Steel Watdabillty: Good
16— 0 g4
Frata Thitk naxs {in ] 0.043 {16 gal 0.050 7156 gal 0075 (14 ga) f Q05 (13 ga) 013 (10 =a]
__Paﬂ. 1 1 1 1 1
Elecirooe Clate EEDL3 E6011 ERRTY EG5013 EGQI]
Sizn a2 1/8 532 a2 Alle
Current tampl AQ 70 106 155 180" 210
_'An:ﬁpcld fin.dmin) 14— 18 14 =18 15— 18 14— 1B 14 ~ 1B
Ewctiode Arg'd 1Ib/41} G o413 0 0415 HOSM 04z G086
F Y5 el Time (Rrift of weid) a0125 I DR o018 0.012% IED




Shiefded Motal-Are Pracadures 6.2-35

SHIELDED METAL-ARC [MANUALL

ms-tiun: Eiat
weld Qualiry Leval:Commarncial
Sl Wakdatmlily ;G orosd

14 ga — 144"

/’\ /k tu.ll' 16~

werd Sice, L {in.d . 5132 | 632 WG 116
Plata Thick nass fin ) 0.075 (1494l | 005117 gal | 0135110 gal s 1/e
Paw 1 1 1 1] 1 1 1
Elmcirads Claas ) E7074 E7024 E7074 E7024 E70% 6 £7024 EMizL
Siza 2432 /8 778 18 5/32 LY 316
_Eurrmt lampl AC -1 « 154 160 180 210 240 210
| Arc Spted {in Jrmin} 14.5-16.0 165195 165185 150165 | 160-18.0 | 1401655 | 15 6.17.5
i_Elecorody fea'd ilbfi) 0 485 0.0750 _ _aomz7 0.102 0117 D.144 0162
) Torsl Tinm thr/fE of wesd] LTI 00114 | DD4 ooz7 o117 0013 0oz

SHIELDED METAL-ARC {MANUAL]

Pasition: Fin
Ywld Qustity Leywl, Commuarcial
Stenl Waldabiting: Goad

ana~1.rz<7 .
' A\-m—:ua--
e .

¥eeld Sire, L lin} 174 14 arn . |- £/16 e

[Placs Thickness lint 5016 3/8 112
| Poss 7 1 1 1 1
Elecirods Clays E7{ri4 E7023 EI24 E7024 E7 D74

Size Wth ¥ 114 1/4 Ef16

Curreny jampl AC 275 a5 375 375 476
Are Speed (in.fminj 1401B 0 160180 170180 | 140150 Moo |

Electrode Aeg'a t!hiltl 0.1 . D20 [ 0.23 0 3:§

Toral Time iRl it ol weld) G613l LIAIRT: ooin 0138 0.1ia




a8.2-3h

Weiding Carbon snd Low-Alloy Steel

SHIELDED METAL-ARC IMANUAL) -
Fosifron: Flax
wetd Duality bevel Gornmaercind 172 = 916"
Wweklability: Good
5:’3-3{?
Wekd Sire, L lin.| 117 216 & /4
Flate Thick negs ) A a/ 344 1
[ 1 2 ¥ 2 1 7483 1 24
EwWcinde Claxs E7024 E7D24 ETOZ4 E7024a E7024 E 7434 E7024 E 7024
Siza 5/16 £15G BME 516 518 51 E Ef16 LTAl
Current [amp) AC 175 550 415 550 475 550 476 5540
Auc Speed [indmn) 1301540 | 140468 | 1301950 | 100110 | 130160 40150 | 13.0:150 ¢ 138140
EMctrods Ang'd (RN} ILE7 085 1.07 1.48
| Total Time [Reife ot wald) 0676 0.0333 | 0.11429 0.587 |
SHIELDED METAL-ARC (MANMUALI
Fosition: Flat
v id Dwalicy Level:Commercial
Sreal Waldakility: Good
cfa [T le’?
Pa s - g
weld Size, L lim,} 513z MG 14 BE 3/8
Plats Thick riess ol 316 1/4 ail18 kT 1£2
FPaza - 1 1 1 1 1
Eluctrods Class E7014 E7014 E?Q14 ET(14 ET014
I Cien b3 36 733 1/4 5/ 16
| Current lamp] AC 200 250 | 310 Ji) 450
gre Spaed lin fming 1251256 12.0-13.0 11.0-12.0 & 0-10.0 7585
tlecimode Fleq'd | 21 0 0980 0121 0,181 0,270 0375
3 rewd Tirrw [hefTo of wikg] 00154 0.0160 oo17d afIn D250 -



Shiefgad Metal-Arc Procedures

SHIELDED METAL-ARC {MANUAL}

I posiuion: Fla
| Weld Juality Level; Code
Seeel Wakdabilivy: Oood

16 - 12"

A

N3z - 387

wald Siza, L fin,) 5327 316 i/4 5411 516 B
Pigte Thick ness in,] 3118 1/4 8116 pLis) 1r2
[ 1 1 1 1 1 1 1 ]
Elacirods Clasx E6Q27 EB027 EED27 E6027 EG027 E6027 EGU2T | EXRT
Sitm 57x2 £/32 W1E 316 7132 1/d 1/4 LIL]
Cunent lampl AC 210 270 " B0 270 325 380 0 A0
| Acc Speed Linferin] 19.5-17 .0 13,5150 15.517.0 12 5.14.0 145150 14.0-15.5 11.0-12.0 8 5-10.5
[ Ellﬁmdl-ﬂﬂqrﬂ {Biit) D.11% 0146 016} 0215 Q38 4.768 0.343 QA
i Toul Time Lhesfe of wald] 0.01}1 0.0144 001271 00153 oo 00136 00474 Jo2Do
b
' E
SHIELDECQ METAL-ARC IMANLAL)
Pagition: Flat I f 1
Puld Cuainy Lavel; Coda
Sisel Weldability: Good /R~ 274"
(7 N1 wne
i /)\ /\
{_Wekd Sice, L (n.) 12 [ 9118 58 A4
| Piata Thickness inJ) 58 274 34 . .
Pt i 7 1 ] } 7&3a L 74
v Elacirode Claw _ EE6GZ7 E&602} EGO27 EcOz? EB027 EGO2Y E602Y £ 627
Siza o1 114 144 V74 114 174 144 V4
| Cumant lamp] Al 400 400 400 400 200 . 400 400 400
Are Speed fin fmint ME28 | 115136 | 11.5125 1546 Nns2ze [ 1Mo |T1ns1z5 | Wdona
~Etecriods Rea'd i) [y G936 112 1.58 i
[ Totwl Lirme thritt of welk!] 00333 a.0a17 0512 agye i

5.2-37




4

Welding Carbon and Low-Aflvy Steel

SHIELDED METAL-ARC {MANUAL)

Pomtion: Flat j
woakd Cunlity Livel: Code
gumel Weldgbibity: Pogr
e - m?
,,)\ /\_5:32 —a-
wrld Size, t fin} 532 Vi6 1 5/18 g |
[ Plate Thich nwas fin,] N6 114 5/1R 38 Ir
[ 1 ] 1 1 1 |
Elacircaia Class E?02H EIlB E7028 E7 028 E7QIE 1
Site G032 6 3/16 FiE2 174
Current [amol AC 215 260 ZBO 330 400 |
Arc Speed (in fminl 1315358 135150 11.0-12.& 10.0-12.0 RS 5.N
Elscvicdn Regd {lb ) _U. 104 D147 0.208 0.286 D43r |
Toted Time [hrifl el weld] 0.0140 oan 0.0176 oo17% 0322 | -
Frahadl Mmay La nacensary depaading an plate malene,
SHIELDED METAL-ARC (MANUAL)
Posvion: Filat
Wkt Coahity Level, Code
Steal Weldatdity: Popr
T - T
/\ /&\_5332 - 3/8"
wakd S, L 0] LT s INE 174 5118 ke fi]
Plane Thich nets fim) T 174 BIB 3/8 143
Pa 1 1 i ] 1
Eimcirode Claks e?0Aa E701B E7E EF(18 EF01R
Sie 318 ) 7132 1/4 174
'_{:HI'IEI'II larmpl AC 240 215 215 In0 T
Arc Speed Lin Smin) 1351583 130140 B.0-70.0 7080 g.068
¢ Elmcirade Rag'd [birt] 0109 0132 0,195 0272 3.408
Lrum Tima (he T of wald " p0140 | 00149 00202 00273 { C0MZ

Frofaut may Ba Aeceyiary depending o0 plare rmaterlal,



Shielded Metal-Arc Procedures &5.2.39

SHIELDED METAL-ARC (MANUAL)

Fotivan: Fla '_I' 1
wald Cunlity Leyal: Cods . }
Sieel Wnidability: Poor T a4 - I( '
., sig~
‘/- A . AT IS
e P
e ¢ : 3 > A N
Weid Size, L lin) 112 68 Ve
Flte Thichnass {in} . ' - 5/8 314 1
Fan 142 T—3a 1-4
Elactroda Clasa v ETQZH E7DZRE E?D?ﬂ_
Slzm 174 174 174
Currenl (amal AC 400 400 H00
Arc Spend {in fmin) gE—115% 40-11.10 80 =114
Etectrods Aaeq'd [iafit) Q176 1.24 1.79 .
Touw) Time (htfty ol waki] 0.0384 } fa615 (1YL
Frahmpt May ba necervary dapanding on plate mainslgl.
SHIELDED METAL-ARC [MANLIALI
Pouitign: Flat .
YWaid Quallty Leva): Code 1/
Stwel veldabillty: Poor Y =
g
< A A3 - v
' S g
~ A =7
Wi Sire, L lin 12 5/6 ] 4 |
| Plste T hickness (in,) /5 4 L
| Pau Th 7 1—d 1-5
Elvcuriode Clays E7M18 ‘ ET018 ETN3
| Siza 114 174 1/4
I Currant {amal AL . X0 350 50
Arc Spead (i fmind Ba-18 I [(EERE
| Elegirade Awy'd (g 0727 1,14 1.60
LT:II:II Tima [hrite aof weakd} I 0056% 9,114 0,121

Fratinst may ba Arceicary dapendlng an glate matariyl,



5.2-40

Welding Carbon antf Low Afloy Steef

SHIELDED METAL-ARC {(MANUALI

Paulion: Varlcy G0wn

Sopel Welgability: CGood

wald Cuality Level: Commercixl

18 =103
Prama Thicknmg [10] 0.048 {18 ga) 0060 (15 gal G075 {14 gal 0.10% (12 ga) 0,123 {10 pal
Fast 1 1 1 1 i :
ElecLrocie Claes E&D1] £6017 ESC 7 E&D12 E&012
LA 32 118 B/ 32 316 316

Current jampl 01— mn 105 154 200 210
&1L Speed (in fmin] LEr 18 =37 =1 I3 2B 21 = 74
Elqc!rqgg Rwg'd {11 0.03%4 2;9542 ﬂuna__ 0.0742 0.0830

IToial Tk LhrfEC of weld) T OGios aGtoe. 0.00570 do07as F00870

*
SHIELDED METAL-ARC (MANUAL}
Posticn: Yerlical cown
Ouehry: Commaercial
Weldabality: Good
\- L

l 18 =10

]

l Plate Thickneiy fin.} 0.048 {18 ga) 0060 {15 gal 0075 14 pal D.10% 112 gal 0,136 (10 gal
Fagt 1 1 1 t 1
Einctrooe Clans EBQ13 EEN13 Ef013 EED13 ERQ11

Siw 3132 /8 B/ 32 b2 A6
Current famp| A0 15 115 165 170 226
Arc Speed lindmin) 16= 20 17 =21 18 - 23 18— 22 18 ~ 20
Ele¢irode Rwg'd [b/ i) D.04tH 0 04g3 Y QD&BA 0836 0 0a16
A alm VimE TR/ it ef wald] FE7ERR) 0G0s | 000853 WX L] B
i




Shivided Metai-Arc Procedures 8.2-4}

SHIELDED METAL-ARC [MoNUAL)

Position: Vertieal ] . =)
weld Qualicy Level; Coda
o Sieml Weldahidlty: Good

ar

‘ : g g >l
. e
' 2115 — I NN

. af
s 5032 — 14"
' ) % )

Weid Sizm, L lin) 5/ W6 ] 14 5/16 38 172 58 314
| Fiwa Thickne lin} A71E 1/4 %18 B 173 S5 Jra 1
Pas 1 1 1 1 1 1=-2 =1 b
"EMcirogs Class EGO10 E6Q10 E6Q10 E6010 E6010 EBUIL E5010 E6010
" Sizm . £/17 316 3118 WG INE 316 TS i/6
[ Curcni tamp) DCi+) 120 150 155 155 155 160 180 164
BaC Spawd {infmin] 105 5 7481 5055 3053 2022 43a7 4347 347"
Erectrods Aeg'd ithfft) 00712 _ | o137 B! 0346 | 0514 ©.850 1.31, 153
Tatal Time {heflt of wuid} Dotezr 0.0256 0.0381 D.0635 0.0852 o147 0727 0.333
DOraction af wa'ding Doven Up Up Up Up Up Up Lip

* Firnt pasy anly, Wary 3peed onoagcoesd g P o OB promar veald e,

SHIELCED METAL-AAC IMaNUAL)

Posttion: Wertical " ) . '
Wald Quallvy Level: Coda
Siexl Waldabibity: Falr
or 4
’ S
. NN
l/ % L 18 -~ 34"

.. A
wyid Size, L [in) 36 174 815 34 112 8/8 M __'
Flata Thickneas {in} 174 5116 38 ETF] L3} 3 1
Pass 1 1 1 1" X 1—~2 1-13
Elvctiode Clast E7018 £7018 E7D18 E7ONE E¥018 Evo1s Era

Gl 1/8 1/B 118 KT 5/32 537 5/12
Current lymp) DCI+) 135 140 140) 150 150 150 150
Arc Spead [in.fmind | S489 18-4.2 2328 820 1,3-1.3 1921 1829
Elactrade Rud'd (Gt} 0.155 arn 0.371 0558 . 0525 1.41 2.1
Tl Time (hefTt of weld) 30187 Q0600 o 0833 0105 a.1s? 03251 &%

"EIr pane only. Very spied On puCCkad ng PATEEL 10 061NN BrOgEr Lia.



6,242  Welding Carbon and Low-Alloy Steel

EHIELDED METAL-ARC [MANUAL]

Paiilon: Horlzontal .
yald Quatity Lavel: Commercial -
Stranl Wealdabily: Good .
14 qa —34’]5"‘--—} r-—-
L—tu B2
weeld Slze, L lin.) ! i FE
Flaa® Thickn@ik [in | ___|ao7s 114 usl 0105 112 gal (1135 (10 gal e
M i 1 1 7 T
Elattrods Clas | ER04 E7024 E?024 E£702a E7004 ;
iz 232 1/8 178 VA B3z
Current {ampl AL 95 150 160 180 2180
Arg Spaed Ln. fmin) 14.0-16.0 160165 1B.0-18.5 145165 15.5.1E.0
Elecirode fog'd [/t 0.0495 00770 . 0.0833 016¢ | one
| Tenal Time (he/ll of weld] [T 1 00116 o0nE - — o025 o118
SHIELDED METAL-ARC [MANUAL)
Position: Hirizantal [ —]
Weid Cruality Level:Commarcial
Suml Weidabilny: Good M= ”2"-'1 .
. .
. r:‘iﬂﬂ- 38
well Size, L [in ] 316 1/4 8732 .| BAEG /A
Plate Thickness (1n.) 174 SM6 a8 112
Py ' 1 1 y 1 1 1 1
Elscirgde Clas E7024 E7024 E 7024 E7024 Ei024 E7oza |. E7O24
Siew 532 316 ine 7132 1i4 1/4 144
_Cureent lamol AC 230 270 N5 325 376 375 75
Arg Spwed lin./min] $12515.0 4 15.0-17.0 140150 [ 140180 | 1601680 130140 | 105118
£ lectroge Rer'e {ibfitl 0.150 0168  ; D@ | oNn 023 0.3 0.41
{ Total Time theifiof weldl | 00141 om2 | acia@ | oons o.0118 00148 0.0182




Ehiefded Metal-Arg Procedures

SHIELDED METAL-ARC (MANUAL)

6.2.42

Fasingn; Horiggnial
Wekd Qugkity Lavsl: Commarclal !
Sraal Waldabili by, G pod - ' ' ’
. — = v ol "
I7g 15" 4 LW'] sl 0]
l 2 —1 34 3]
R N
N ]
T N2 T Il AT
waid Sige; L Gin} 172 518 510 e
| Flata Thick ngss [in.) L Ar4 34 1
Pass . 1 FIEE 1 2&2 1 2-4 ! -5
Electrmda Class E7024 E7024 ET024 E7024 E7074 E7024 E7024 E7024
! Size 114 1/4 144 14 17 174 14 144
Cument lamp) AC 5 175 315 315 15 WE__ | are 275
Are Spaad fin/min) w5115 | Moa2g 105116 | 140460 | 105115 | 140960 | 1051156 | 120-130
EWctrocis Req'd [b71t) | 073 oqz 115 1.62
{_Tomd Tirma theffted weld! | EESS 004448 00587 ] C.0B22
N
_ SHIELDED METAL-ARC (MANUAL) .
Fositin; Horizoncat .
Wold Qumiity Leval; Coda
dtewl Weldability: Good .
. ' [5132 - ug”
Wuld Site, L lin.) 5432 . ¥ie 1/4 9/02 [ 5016 B
Flata Thechntss Lin.) AT 174 Ef1& . 34 172
Pas: 1 1 i T 1 1 1 1
Elsztrode Clax E&n? £6027 E6027 EGNRT ERDZT EGDZT Es027 EBO27
Siza 5iR £)2 B 15 70532 7132 7432 14
| Current {smp) &2, 2tn 2i0 250 260 20 ns 115 360
Arc Spawd {indmin) 145160 | 120145 | 145960 | 315925 | 140145 | 115125 | 95105 75485
Elacirode Reg'd fibiftl_ 0128 D151 0.173 0224 0241 | 0.281 0.356 0463
Toual Time (hrffr of weold) Qoian ogay oot ang? 0.G145 0.0157 Qozoo 0.02s0



6.2-44

Welding Carbon and Low-Alloy Steel

SHIELDED METAL-ARC iMANUAL}

| Positwaen: Horizonlal
Wekd Quality Level: Code
Siesl Weldability: Poor

318 — Efﬂ“,..i j_._

l—ﬁﬂ? - 518"

5

Yyeid Size, L {in,] 6/32 316 14 B{18&
Plate Thidkness lin.] 3Ne 1/4 516 k1]
P 1 1 1 ] 1 1
Eisctrode Clas 7028 ET{78 ET028 Ey028 ET024 E7028
Size B2 J'6 e Tia2 432 174

Cuwrrenl ampl AC 215 T80 200 il 335 11
&re Spang [in/mun} 125-125 11,512 .5 95105 120130 215106 11,5126
Elnctrodie Reg'd (bt " otz 0187 0235 0236 0.320 £1.330

} Tors Tirmeg Lhefll el wesld] D.O152 G.O167 !I 00200 Q0160 0.0200 Q.0167

Frahdal My bé Nadwiigry dEpanding 0 glate maisrlisl,

SHIELDED METAL-ARC (MANUALI

Poution: Horizanigl .
Waid Cualivy Leval: Code ) . N
Stee| Weldability: Foor ~ - [12-58 *-'1 r"'ﬂf*‘i ——I r-‘
‘ ’ o s
BB
s 8~ 172 ] 4 l
S
O g
i |
Pield Sirm, L finJ /8 B 12 5(8 3/4
Plage T hick ness lind) 1432 112 £i8 Al ¥ 1
Puis 1 1-2 1 =2 el 1—4
Electrode Class E7028 ET028 E7028 £7028 E7Q28 -
Size 114 FLEF] 114 1/4 174
Cuirent lainp] AC 330 a5 X650 350 - J50
Auog Spewd Lindmind 15 -A% M5~ 1951 90— 100 . g90—100 - Ep-90
[. Eleerrocde Aegtd [IB/I1] __ 04873 ., 0483 0815 1.28 1.82
L Tatal Time [hrift of weid) 0.0250 0.0333 o432 0633 0.940

Prehes! May by nEChirgry depunding on Male MALT ],

" Mgy not by flE 2B AN, @n the vartlcal leg




- - = .- . .

Shialded Metal-Arc Procedures &.2.45

SHIELDED METAL-ARC (IMANLUALJ

Pﬂ!ilinn:_Hﬂl'lrﬂnul
Vield Duality Leval; Code . . )
Srwnl Wuidability: Poor 321G~ 3;3--_...1 l_._

EEIS? - bB/1g"
T

Weld Site. t. {in.} . 6/32 Vig 114 1AL
_F'll'[l Thickness {in.) B 174 816 K
Paxs ' 1 . 1 1 1
Elvctrods Clas E?018 E7018 E7Q18 E7018
Sizn 1B a2 7132 L]
Currant (ampl AC 240 275 295 50
Arc Spawd {0 fmin} 125 =135 1a0-120 85 -95 B85 —72%
Elsztrgde Pag'd (kfiT) 0111 0.140 2,203 0.335
Total Tima [hrfft of wald) 0.0184 00174 LI R ¥ 0.0288

Prehsat i ay bs v asipey dapanding on plate MaLer|al.

- = ey -
T R o ma

f
SHIELDED METAL-ARC {MANLAL)

| Poution: Horlzenul
| Weld Qyglly Levil: Code
i Stal Waldabilicy: Poae

"'1_J"“”" B -—I F-.-:nfa'* _._I I...r*

LRI A1)

Wkt Size, L {lnd e 112 " 5/ U4

Pate Thicknees (in ] 114 5/8 I 1

Pacy 1472 1-1 1-4 1-5

Elactrode Clin E7018 ET015 E7018 E7018

_— Size 174 144 114 174 1

&r-m {ampl AC . 380 250 360 250

AT Sorad [y fmind Fi gE-T115 g8 — 105 54 -94 ih -4l

E Mctroce Raq'd 11b/1¢l 0480 . D.I85 1,18 167 )

| Total Yime {hrftt of wald] ] 00199 0.0600 00840 013 |

Frutvan may DF AeCceviary depanding on pleie maeslal ' -



6.2-46

SHIELDED METAL-ARC [MANUALL

Wefding Cartiart and Low-Allgy Steel

Fosition: Heeizontal
Warld Oupliny Leval :Commercial
Stewl Weldability: Good

|

NeE- 'Iﬂ"-i —~

[51'32 -~ g

Weid Size, L lin ) 522 316 1/4 516 | a8
Platk Thickness {in } 316 1/4 B/16 KT 142
Pags 1 1 1 1 1
Elwcircade Class E7 14 E7Q14 -E7014 ETQ14 E7014
Sire 5134 e |tz 1/4 5/18
Curreal lamp) AC 700 250 310 aro 450
Arc Spesd lircfminl 105115 | 115125 | 11.0120 20100 0.0
Eleciiode Aeg'd [IbH1) 0.128 G127 CREL _ 0270 | 0388
Toral Tire thrifl of walkd! o082 0.0157 0.0174 00211 0.0267 |




Shielded Matal-Arc Procedures 6.247
EHIELDED METAL-ARC |MANUAL} .
Posrion: Overhwmd |
wald Quality Linesl: Code .
Sreal Waldabiliry: Good '
ME=-1"
i a—1{16"" Maximum gap
2 1
™1
[51'32—- I
wald Size, L (in.} 5/32 Vi6 174 5416 28 142 818 A4
Plate Thickneis {in) -~ G 174 516 WE 152 5B 3 1
Paus 1 T 132 =3 1-E 1-10 T—15
Elecirocts Class E&A10 E&D10 EBDI1D EG010 EB1Q EBO1D E&R10 EDID
Siza 5132 Mg I T 16 e RIIT ] 316
Curreny {amp] DC{+] 130 170 . 170 170 1710 170 170 170
Arc Speed fin fmin] * 7017 8594 4853 668-7.3 8573 66513 66713 fig7.3
Electrode Req'd (bih) 0.100 0.145 0 253 368 0 532 0.545 1.48 211 |
Ll:laf T e tr af weld) 00272 00223 00348 00567 0.0820 0.145 0228 0.128 J
Cn 172 la. plate and thichker, glaca the Tirse past of aach layar on the 0p plate.
* Fint past only. Vary Apakd o0 suce weding PAIGE 3 ObIgin proRer wald B,
SHIELDED METAL-ARC (MAMNUAL)
Pasition: Crwerheasd
Waid Quality Leval: Code
Steel Weldability: Fair . " !
. 1"15—_1 l
' i ’ R—1/16" Maximum gap
2 1
Vomone |
o1 = 254
Wreld Siza, L fin.) B/ 32 k1Al 1/4 5B A8 173 5/8 3-"4___.
Flate Thickness (in.] 1B 174 EH16 i 172 5/8 14 1 1
| Pani_ 1 1 1—2 1—-3 Y =4 1—6. 1-19 1=15 |
Electiode Class E?10 E7Q13 EJO18 E7018 E7D15 E7HA ETDI8 EtO18 '
Size 5/32 [TRr] 5/32 5133 5i12 5132 5131 B
Current {ampl DC(+) 170 17¢ 170 ki) 110 [ 17a 1710 170
Arc Speed bin fmin) 10.5-11.5 12480 a.z4a.1 Rz-9.1 B50.4 107 7280 41819
Elfctrods Aeg'd (ib/N} g.107 0,156 0.277 0.4 g5i0 1.0 144 279
Tatsl Tine [heff; ol v ¥id) 00182 | 00264 ©.0483 Y] 0 0967 0172 | 0269 D.384

G0 348 in, plate and talckar placa the Hee pass of dach layser an the top gincs.

"ROapam anly, Vasy tocceeding pariar [0 SEiin propar we.a H2e.



6.2-48

Welding Carbion and Low-Affoy Sree!

SHIELDED METAL.ARC [MANUAL})

Fosition: Howizontat

Sieal Weldability: Good

Wald Quality Level :Commarcul

-[151

10 ga

| _Plate Thick ness Lin.p Q.045 (18 ga) __0.050 116 gal 0075 (14 gal GA05 113 gal 0.13% (10 uall-
Faty 1 _— 1 1 1 1 :
Electrode Clasy EBQ13 EEOT2 EENZ EBO012 ERQ12
T 332 1/B- 5] INE ANe
Current [ampl OG- 70 10% 145 200 210
Arc Spend {ir.fmin} 19=-123 21 =24 20 - 2 18 = 12 14 =13
Eloerrode Req'd it/h] 00339 Q0427 aany g1m 0134
* Total Twrw Thiiti ol wald] 000953 0.00551 0.00510 0,000 00135
SHIELDED METAL-AAC {MANUAL)
'_Puminn: Howrizomnla |
Wald Cruadity Lawel: Cornmargial
l Steel Wnldabiley: Goog
lBg-d—Eu"'IE"l rtu 5/16" )
1
| ‘weid Size, L (in] 318 114 5/18_ |
Flatk Thickness lin) 0.048 {18 pa) | 0060 (16 gal [ D075 (14 gek | D105 {12 gal | 0935 (10 gsl e 1/4 5/18
Pas 5 1 1 1 1 1 1 1
Electrogs Claxs EGO13 EEQ13 EgG013 E&Q13 EED13 ET0z4 | EFQ2d | EFQ24
Size 3532 1/8 Bf32 5734 k11 316 1132 133
[ Cunent [amp] AC L 115 160 185 216 290 360 364
_arc Spesd [in/min] 15 =18 16 = 20 16 = 20 14 = 18 13- 17 14 =17 [14=161{ 13 = 14
i‘_l_-'lectfodt. Ren'd (b1} 0.0389 00490 aneg? 0.0173 0103 0.130_ | 0211 0752
! Toinl Time {hr&cl vouka) Q.0118 TR [ E SRR 0Q1s ao1di oo1dE | 00133 | 0NES )




Shielded Metal-Arc Procedures  6.2-49
SHIELDED METAL-ARC (MANUAL)

Poution: Wartical down o
Wald Qualliy Lavel: Commeecial \
Sorad Waldabihty: Gaod / B —10m

-~ S
Plane Thick ntsa lin] G 048 & gll Q060 116 gal 0075 (14 gat 0105 [12 gal 0.13% (10 ga)
Pass . A 1 1 1 1
Elwcirode Clasa EBO1] EBD12 £6012 EGD12 ER12

Sle ETR7] /B 5/32 16 ¥1§__

Curtant {ampl DI 15 115 155 219 20
Arc Spawd lin/min] 22 =37 27 -2 1= %—-30 i1=-27
Elacirode Ang'd (thitl) Q.05 D.I-JG'-FE 00576 0.0781 00930
Toral Time [hefft of wald) 0.06817 0.006708 Q.00673 0.04728 p.aogwy

-

SHIELDED METAL-ARC IMANUAL}

Parition: Wertical down
Yould Qualivy Leval: Commerciat
Sl Weidabulbty: Good

. - —— =
Flate Thickren lin.} 0.048 {18 gal 0.060 [ 16 gal 0.075 (14 ga) 0105 112 g 0.135 110 ga|
Paul 1 1 1 i 1
Eisctrade Cluw E&ft] EGa13 ESDI3 - E60id EG213
Sire U3z 1/8 5732 R/22 £ T
| Currant famp] AC B5 125 170 175 25
fire Speed (indmin) 19-23 20 =24 91 — 26 15 — 33 15 - 20
Elnctrods Aeg'd ip/Ey 0 0358 00444 0.0546 0gsn 30922
1_Tm| Time thefIT of welg) & 00353 o oaain 0,00850 0,00952 aafit




6.2-50

Wefding Carhon and Low-Aftay Stee!

SHIELDED METAL-ARC [MANUALI

Pation: Flal

weld Cunliny Laval. Commargial
ygal Weldsbiliny; Gooa
Welded From: One ude

ALl Thic k mesaes

Al permissibie
Tar 18 and 16 ga

\')’

&m- 10

Pk Thickness [in ) 0048 (18 gal O.Dﬁnﬂﬁgal_'_ 0.025 (14 gal Q.105 117 ol 0135 (1D gt
Fess 1 1 1 1 1
Electrode Clans E&D10 E&Q10 E&D10 EGD1D EBJ10
Size 1432 178 1/8 BI32 £ L)
Currant fampl BCI—) 45 Bd B5 1140 . 154"
Aog Spred |in.fmind W -35 15 - 40 35— 40 33 -~ 28 =22
Electroge Amgd Lo/fL} Eﬂtﬂ? 0.0382 &.0200 0.04317 00508
“Toul Time The/it ol waial 000616 60533 | 200513 ' 000563 I D.00ETH
« Law DCI+ '
SHIELDED METAL-AAC (MANUALI
Position: Fiat
Wald Cuality Level: Cammercial
Sieet Weidability: Good
Walded From: One side
< )/"\—3132‘— 174
- ane— 177" N
weld Sird, L Lin } 332 1B E/32 JE 114
Fluik Thickness [in } 316 1/4 8/18 1B 12
Pass 1 1 L) 1 1
Elecirode Clits ETOa4 ETD24 E?074 Erirz4 ETO24
I Siae 7 T 7i32 7| 14
| Gurrent (amp) AC s | 75 150 360 410
&ic Speed [in fmin] 220270 [ 150230 | wWE276 | 165135 | 1417
Electrods Aag’d {infi 00750 0114 0.162 Q175 0250
. Total Tire Theff1 ol wald] O.00B20 g Do9sd O0mzs oo1 ] O30 }




Shiefdod Metd-Arc Procedures  8.2-51
SHIELDED METAL-ARC (MANUAL)
Poyition; Flan
wield Quality tavel: Commerpial .
Sredl Werdability; Good '
Weldad From: One sids <1|"Iﬁ - 38" < 1
Weld Size, L {in.) ME 14 G k) 1/2
| Plai# Thickness [in.} AE 14 5/ I8 1id
. ia_ss 1 1 L] 1 1432
Elpctroca Class ETM24 E7024 E7G24 ETO24 E7024 !
Gize 36 ik 7132 114 1/4
Currenl (gmp} AC 250 120 350 400 410
Arc Spasd [inJmun) JIG-250|/A0_ 220145 =175 |130- 160 * 15— 146
E|mctrode Rwg'd 1B/l - 0 0.131 0.168 0.240 ° 0.530 ]
Totd! Tina (hrite of wald) 0.6Ca70 Q.0300 00125 80139 0.0308
|LTo |
N ) L]
SHIELDED METAL-ARC {MANUAL}
Poitkon; Vartcal down
Wald Quality Level: Commarcial
Sreal Waldabibity! Good .
Walded From: One cide '
g
e 18- 10 ga
! Plate Thickness tin | Q048 [18 gal Q.060 (16 gal 0.075 (14 gal 0105 (17 qal { D15 (10 gad ¥
Fan 1 1 1 1 1
Elecirodr Clag EGDID EBO1D E&J10 E&D1D) EGO10)
Sile Rk 1/8 148 [k r] NG
|4
L Curreng dsmpl DC{-) £ R -4 o5 120 1703+
| Ars Speed [in Jminl” 35— 40 40 — 45 40 = 45 a7 -~ 42 33-34
Electroge Reg'd [ibd 00184 * 00278 00253 Qo438 a.0451
|_Total Time thrfl ol weid) 0005313 00047y 00341 0.00507 0.00567

=l 2N

-

»



6.2-52

Wefding Carbon and Low-Afioy Steef

SHIELDED METAL-ARC IMANUAL}

Fositign; FIst
Walg Ougptity Leval: Commencial
Stwul Weldabulity: Good

|‘~._ 18- 10p
Plate Thickness fin. ) 0048 (18gal_ | 0080 (1G9 | QOIS {14 gl 0308 |12 ga) 0.135 110 gal
Faiy _ 1 1 1 1 !
Elecirode Class "E6D10 EG010 £5010 E6D10 E6D10
Size 32 1/8 1/8 5/32 INE
Current {sng) DC[~) 2] B0 a5 1% 140
Arg Spesd biodfmun) 45 = 50 41 — a1 40 — 45 40 — 45 37 — 42
Electrode Reg'd (i) 0.mnas QQIxe 0.0263 qa93g> 00416
Total Tims (hriit af weid} 0.00421 0.00439 000471 0.00471 0.00505
SHIELDED METAL-ARC {(MANUAL!}
b Pagition: Veriical down
Weid Qo pdliy Level: Commercial - \
Srenl Waldshiliny : Good
“ 18- 10ga
Plata Thick neag {in] 0.048 18 gal 0.060 16 gal 0075 {14 gal Q.05 (12 gal 0135 N0 ql‘
[Tt 1 1 1 1 1 1 4
E Wcirogn Class EBd10 Eg01o E&010 EED0 E&OTD
Eita 3% 1/H /B 5732 316
Curranit [ampl DC{=] 55 80 BS 125 155
[“Asc Speed fn Jmin) ] 50 55 47 -~ 52 47 - 52 43— 48
Elactroda Reg'd (1b/1t) [AEFRE S 0 Q235 0 0251 o 0358 0.047%3
Yoral Time [hefit of wald} 0 D03aY 000381 v Q404 0.DGAD4 pO0aze .

.Y



Ehiatded Metal-Arc Procedures

SHYELDED METAL-ARC [MAMNUALJ

4

f_Pmian: Flal

|

vonld Oualivy Lvel: Commarciom '
Sreal Waidabalily: Good
T + 816"
| e
18 — l"l v T
] ]
—T L]
{_I Start
LhF:Iatn T bk iy 1, | "31B BB 28 112 24 1
Elacirods Clesa E?ﬂlﬂ__ E7018 E8 ET0A E7018 E£1018
Sisw 1/8 316 | 318 132 174 174
| Currant lampl AC 140 250 250 00 isn Q)
| AtcSoesd {in.fmin) .
I Erectrode faga- 00164 | 00440 | 0084z | @113 0.300 0 605
rTum Tirw* {hr] o.ooaT 4 .00500 ooz 0.0 1B D036 0.047%
Wald with oiral i tion bncd cantime g lang o3 sisg can be kapt moltan o unil the webd iy cOmplsied,
* Par wahd
T Thickngss of 1he wald may be reduced 18 B8 ineh fir AWS Subcteret Walding Cods 2.0.8.
'
* X
- -y T - - »
il

8253



6.2-54

Welding Cartion and Low-Aftoy Stee!

SHIELDED METAL-ART IMANLIAL)

Specisl Procedures for ASTM A203 and ASIT Stesls

Positian: Flat
Wrkd OQuality Lwvel: Code
Sienl Waldability: Foor )
Watded From: Two sides
~ § --{ ]-—-anﬁ“ 4
¥k i J B/ 5..'j n B"._I' 3‘,3:[
Fiate Thicknass (i) 518 38
Pmsg 1 &2 & i 1-3 4 —g" ‘
Elecirods Clail
Size 532 5/31 [ TEF] /32
Curennl fampd DHC(+| 160" 150 150 150
Arc Speed lindrmin) §=11 B—-10 B =11 B =10
Elecirode Feq'd Dintit) 0.48 0.66
| Tonal Time {hrflt of waldl 0,0844 0127
interpasy Tempersture, Max, [(9F) 150 150
Pasitipn: Fiat
Yald Quslity Lavel: Codn !
Sieel Weldahility : Poor
Welded From: Two sides "\r 150
j JNE"R
142 - 34" & i
ey m R
5132 ...I g l— I—:m 6"
Fiwte Thachress find 172 56 79
Fass 1-5 | 6-8° 1-7 | 8-=-10° t—10 } 171—-13"
Elecwoda Clasyt '
Site 532 532 w32 237 5732 532
| Currear {ama) DCi+| 150 150 160 1EQ 160 160
Arc Spaad linJJmin} T-5 B ~10 T-9 g~ 10 T—9 8-10
Erectrode Reg'd { b/} 1.4 1,73 2.25
Tetal Time (bl of weld) 0.188 0.738 0.313
Interpra Temperalure, kias. [OF] 175 200 275

' Smcond side ik pouped afer TIALL Lide (L éampleta.

1% Tabdas &3 ana 8-37,
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General Provisions/ §
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Section or Elavation
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Fig. 5=~ plication of arcow side and otier +ide cosvention.

-



‘
F
I3 % r
' ¥ Symbol
| Desired weld £ .00 ) wald ym
(A) Ucs of bock or bocking vold srrlhul {o lndlcnlu
elngio-pagy bDaclt weolu -
Nota 1 - groove wald mado beforo . - Noip 1

| Deasirad wold LLBEGHI'IQ weld ’ Symboi

1
| ['_xx A [ N
L5 T i1t

" $3/WELDING SYMBOLS

. Nota 1 - groovo watd made bofore -
wohilng othor oido /—Q—"Qinm 1
. 2

wclning athor sldo

Doslrod weld r -wm Back wold - - Symbol

[B)Un_ ci boeit or Ln:.cfnn vold.cymbael lo dndlcato
miiipo (rasa boeit wold

Note 1 - grosve vold made after NG:H;
Rvm‘din; stnor zido - _

{CYUca ol bagit of bacidng weid vialol Lo indisoto
Cind [:0Td baciting t.o;d

i
Nate t - gioovo wald mada alfter N
X\wming other siig _ /—%—Qium 1{
r ' ' ¥ .
\, o/ J J | ]
' N .
N — R ‘ H L .?

Desireu weld ‘-{'L"-"'Eaf:king viold Symbol

(D)}Vc2 of baci: o becling wold -sym:':::! 1o indicoto
muilipio paca bacidng vreld .

) {E) 3
‘ _ VR AVAN <

—‘.4,-:L-.-- Syrmibe
Doslreg woiv '

13 U2 Li Doz vt wili DTl gl 2itig

--—---1---. et ——— ——

i &3 “:\[l.ﬂl(‘ulmﬂ of buck or boihing: weld syimbok

(4



R iv

General Provid aﬁ.-.ﬂ.i‘

| |
i
|| -, '

|

]

wold !

' Saction or f
ond viaw Elavation
(A) Arrovroida .
l iy —
1

] SR
SecHon or
end viow

{B) Qihorelds

Sechon o Llayntipn
ond viewr - . . - l
(C) Dothcidon o - l

Kig. 9—Ap;tlention of hreak in arvew of welding ayirbol (Lot ¢i-proove weld;,



e

3/ WELDING SYMBOLS

11

r',-- 1

e 25:;..-:’\ R = usorg standard . . Symboi e

Desired wold -7 T i ceer
Groove vold cymibelchowing —
use o} combinud dimionoiona

A

Fig, 24—Application of ditzeusions to grouve wed svinhoks.






de estudios suUperioreas
de ingenier(ia, unam

Pmmmmmmmmm

SUPERVISION Y OINTROL LE CALIDAD

ING. BAUL GRANADOS

JULIQ, 1979






SUPERVISION DE CONSTRUCCIONES DE ACERO 1

La suparvisidn cansiste en una serle de técnicas encauzadas
a lograr que el trabajo encomendadeo a un ¢ontratista, cumpla con los regui~
sitos de calidad establecidos en el proyecto, representados por los planos es-
tructuralas, de fabricacién y de montaje, asl com> par las especificaciones

"y demds requisitos establecidos en el contrato.

Adicionalmente el supervisor puede tenar a su cargoe el con=-
trol del programa de fabricaciSn y montaje y en algunos cases se le enco — —
mienda también al control emnémlcn;mediante la revisidn da las astimacio-

nas basadas en el avance de la obra.

La falta de superyisidn en una canstruccisn, redundard en una
calidad inadecuada, que a su vez se traduce én una pérdida o disminucidén del
coeficiente de saguridad de la misma. Es decir al " ahorro " gue supuesta—
mente se tiene al prescind ir de la supervisidn, se reflejard an deflcienctas
¢constructivas, cuyas consecuencias se manifiestan durante el mismo procasa
constructive, dando lugar a modificaciones o adaptaciones al proyecto o retra
508 en el programa de construccién y posteriormeante en deficiencias enel -
funcionamients de la misma, que ean algunos casos se traducen en reparacio-
nes © gastos de mantenimients excepcionales, mientras qus an otros, pusden

dar lugar & situaclones de peligrs o inseguridad para la construccisn.



Es decir el costo de la supervisidn se puede justificar por los
beneficins gue de ella se derivan, reflejados en la calidad de una construg--
cién la que a su vez se manifiesta en el buen campartamiarl‘stu de ja misma
a le largo de su vida Gtil . Adicionalmente durante el proceso constructivo,

52 avitardn retrasos y madificaciznes que repercuten en el costo de la obra.

1
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DISTRIBUCION APROXIMADA DEL COSTO DE UNA CONSTRUCCION

DE TIPO URBANC MEDIO EN LA CIUDAD DE MEXICO ( EDIFICIO )

Excavacidn y Cimentacién 12 %
- 1 ‘
Estructura 15 (")
Instalaciones 25 %
Elevadores 3 %
Fachadas . 20 %
Acabados 27 %

TOTAL 100 %
*
™) En una construccidn Fabril o industrial, el costo de la estructura es ma-—

yor (30-43% ).

DISTRIBUCION APROXIMADA DEL COSTO DE UNA ESTRUG+URA

METALICA EN LA CIUDAD GE MEXICO.

Coste del material as %
Planos de Fabrlcacisn . ' 2 %
Fabricacisn 40 %
Trangparte y pMontaje 20 %
Suparvislén 3 %

%

TOTAL 100



CARAGTERISTICAS DE UNA BUENA SUPERVISION - +d

Una pusna supervisisn debe ser :

aj.- OPORTUNA . La actitud del supervisor debe ser preventiva mas que
correctlva, es decir antes da cada una de las etapas constructivas as

cuando debe sjercer su principal Puncisn.

b).- CONTINUA . Todas las etapas constructivas son  importantes y re—

quieren de una inspeccidn, de tiempo compleato.

c}.- ESTRICTA. E! principal ocbjetive de la supervisifn es lograr que la
construccidn se realice con apago a los planos , especificaciones y  —~
pragrama, sin embargs el supervisor debe mantenar an mente, la -
idea de que la unificacidn de sus esfierzos con los del contratista, re_

dundard en los mejoraes beneficios para la cbra.



= PROFPIETARIQ o

| ¥ ]

l=ad PROYECTISTA {DRECCION DE DBRA) ft—, - 5
t :

t ! |

| [ supervisorn }-—4

| - ¥ ' *

D CONSTRUCTOR

a) El supervisor depende del proyectista y director de la obra

—~ PROPIETARIC |=q

-{PROTECTEST#'. = RESIDENCIA (OI- '—J

RECC. DE OBRA) 1%

l

b —J  CONSTHUCTOR

-

b) El supervisor es un ouxiliar de lo residencio de lg obro

- PROPIETARIO
' 1

L. [conTrRATISTA e SuFERVISOR }—-
CIRECCION GBRA SOR I
—T 7

r——* SUPERYISION

I } H |

L JerovecTo] JconsTrRUCCION |-

¢) La supervision es siercida directamente por el propietario de la obra

# e d
— | INE0s da accion
————-= Ljngas de responsabilidad

Fig 5.1, Posiciones usuales en gue se wbica lu supcrvision durgnte lg construccion de
una obra




ETAPAS PRELIMINARES

Elaboracidn de planos de fabrilcacldn,anclas
y montaje.

Visitas al lugar de la obra para prever pro-
blarmas de almacenamiento, montaje, etc.

Elaberacién de un levantamiento para veri-
flcar poslcién de anclas o de estructura
existente st se trata de una ampl lacién.

Preparacién de probetas para veriflcacitn
de cal idad de los materlales.

CONSTRUCCIONES DE ACERO

FABRICACION

Recepcifn, almacenamiento y clasi-
ficacién del material.

Enderezado del material
Trazo

Opearaciones de corte, punzonado,
biselado.

Armado

Spldadura de taller.
Correcciocnes y reparaciones
L impileza

dMarcaje de piezas terminadas.
Pintura de taller

Estiba ¥y preparacisn para embarque

Transparte

MONTAJE

Recepcisdn, clasificacidn estiba
de las piazasg.

Ereccién de los elementos pri-
marios verticalas y conexidn -
con apoyos y anclas. {Columnasg)

Plomeo de los elarmentos verti—
cales y arriostramiento termporal.

tMontaja de elementos de cierre
{ Trabes ) y conexidn prel iminar
con ciips.

Nivelacisn y alineamients de ele
mentos horizontales y verifica--
citn del plomeo de los vertica--
les.

Soldadura da camps o colocacidn
de tornillos { segdn el caso }.

Colocaciin de accesariaos espe—
clzles como conectores de cor—
tante.

L impieza y remocién de clips vy
otros elementos.

Resanes da pintura.
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FUNCIONES DEL SUPERVISOR

A g e T S mm

Para elaporar una gula de supervisidn es necesario tener en

cuenta todas las etapas que intervienen en la construccidn, mismas que se

muest-an en la tabla adjunta. De acuards con esas etapas, se puede ela—

borar una llsta de concaptos, de acuerdo al orden en que se realiza la cons

truccisn,

COMCEPTOS

1) Pratimlnares.

a)

D)

<)

d)

e)
€3

Q)

Estudiz de planos, especificaciones, réglamentos y documentos
que acomparan al contrato.

Definicidn ante el contratista de obi igaciones y alcance de la super
visisn. Definicidn da tolerancias.

Visitas al lugar de la obra ( preferentamente &n compari{a del con-—
tratista J.

Estudio da los planss det iévu.ntamiéntc preliminar con objato de
solucionar posibles errores en la posicidn de anclas o estructura
existenta.

Aprobacifn de métodos v equlpo de fabricacién y montaje.
Muestreo y ansaye de probetas a tensién y doblado en un laborato-
ric de materiales. ‘variflicacidén de resultados de calidad de prus-

bas mecinicas.

Cal lricacidn de soldadores.
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h) Aprobacidn del programa general de obra,

i) Preparacitn de formas de comunicacién con el contratista,direc—
tor de obra, propistario, etc.

jy Apertura de una bitdcora de pbra y registro de firmas.

Fabricacidn

a) Inspeccidn visual de la apariencla y almacenamiento del materiat.
( placas, perfiles, electrodas )

b) Solicitacién de pruebas no destructivas, en case de mostrar el
materlal defectos aparentes ( grietas, hojeaduras ).

c } verificacién del acabado del material ( placas, perfiles ) después
de la operacién de enderezado ( Norma B 252 1674, D.G.N. ).

d) ver ific:acléln da cortes, biseles, agujeros y otras preparaciones,

e} Verificacidn del armads de las piezas. Preaparacidn y limpieza
de las juntas, colocacisn de placas de respaldo v de extensién,geo~-
metr{a de las piezas. Colocacisn de elementos auxiliares para
cortrel de distorsiones { prensas, cartahones, atiesadores ).
Pesicifn de las piezas para ejacutar sm.r.ldadur*as en posiclén plana
u korizontal .

£f) Inspeccifin de la soldadura de taller. Esta es una de las etapas més

importantes de la Fabricacisn y requiere un tratamiento espacial .
Sin embarga la inspeccidn visual rapresenta un aspecto impartante
de la suparvisisn y una garant{a de buengos resultados. Los puntos

mé&s importantes por veriflcar en asta etapa son:



h)

L)

H

ol

1)

m )

-1

ras. En casg necesario se removerdn por medio de un método
especial denominade " arco — alre ", consistente an la’aplicacisn
de un eiectrodo de Carbono por medio de una soldadora acoplada

a Una compresora que propordlona aire a presién y elimina el
matal de aporte de la soldadu;"a. " No es recomendable si ampleo

de soplete para esta oper_\;a.c isn.

verlficacidn de la geometrfa de las piezas después de la soldadura

y correccidn de defectos ( distorsiones 3,

verificacidn dei acabado final de las plezas. Esmerilado, relle-

rads, limpleza generat.,

verificacidn de ta plntura de taller. En algunas estructuras, la
, ol e

pintura deba c:l-.xmpl ir con especificaciones especiales de pintura,

tales como preparacisn de la supér‘ﬁcia con chorro de arena, apli

. - , .
cacidn de difarentas capas de pintura cuya composicitn qulmica

debe verficarse, asf como su espesor, cclor, textura, etc.

verificacisn del marcaje de lag piezas para su embargue de acuer
do a los planos de fabricacién v montaje y colocacién de etiqueta

o marca de aprobagcidn Final.

verificaclén del manejo, estiba y preparacién de las pilezas para el

transporte .

Control del avance de la fabricacién y elabaracién de reportes.

-



TASLA (B ) ROTAGCION DE LA TUERCA A PARTIR DE

LA CONDICION DE " APRIETE AMSTADO "

DISPOSICION DE LAS CARAS EXTERIORES DE LAS

PARTES POR ATORNILLAR

L]

AMBAS CARAS NORMALES AL EJE AMBAS CARAS INCLINADAS 1:20
DEL. TORNILO O UNA CARA NOR- CON RESPECTO AL EE DEL
MAL AL EJE v LA OTRA INCLINADA  TORNILLO ( SIN USAR RONDANAS
1:20 ( SIN USAR RONDANAS BISELA- BISELADAS ). '

DAS 3- ..

Longltud del Longitud det Para todas las longltudes de los
Tornille no torniile ma- tornillos )

mayor de 8 yor de 8§ dis-

didmetros ni metros & 8" . f . :

de 8" ) 1 '

172 vuelta T 2/3\Vuelta ‘ a/4 Vuelta

-4



EQUIPO REQUERIDO

PERMITE RECONOCER

VENTAJAS

QCULAR

Lente de aumento,
Piantilla para medir
cordones.

Regia de bolsillo.
Escantillén.

Normas de buena ejecu
cién. -

Crafectas superficiales
- grietas, porosidad,

criteres sin llenar, In

clusiones de escorta.
Alaban, cordones exi——
guos, cordones desme-
didos, cordones de con
formacidn pobre, desa
l ineamiento, presenta-
cién impropia.

Costo reducido

Fuade apl icarse mien—
tras sa ejecuta el tra-
bajo.

FParmita la sorreccisn
de los defectos.
Sefala procedimientos
arroneos.

METODOS DE ENSAYQC NO DESTRUCTIVO

RADIOGRAFICO

Unidades cormerciales para
rayDs X O gamma, para exa—
men de soldaduras, y de pie
zas fundidas o forjadas.

Pel fcutas vy instalaciones
para su pracesamiento.
Equipo para la inspeccibn
flusroscipica.

Oefectss interiores ma—
erascipicos - grietas, pors
sidad, sopladuras, inclusic
nes no metdl icas, penetra—
¢ibn incompleta de la ralz,
socavacisn, carfmbanos v
perforacién.

El ernpleo de pel (cula per—
mite la obtencisn de un do-
oumenty parmanente.
Puede observarse enla —
pantalla FluoroacSpica, para
ingpeccidn interna a costo
reducido.

PARTICULAS
MAGNETICAS

Equipo especial da ~
tipa comercial para
ensaycs.

Polvas magnéticos, en
forima seca o himeda;
puaden sar ﬂuor\esce_rl
tes para su ohsarva~-
citn bajo luz yltravio-
leta.

Excelente para reco
nocer las discontinui
dades de la superficie
- aspacialmente las
grietas en la superfi
cle. -

Es de emples mds F&
cil que la inspeccidn
radiografica.
Parmite la sansibil i~
dad regulabie,
método de costo rela
tivarmente reducido.

PEMNMETRANTE
LIQUICO

Equipos comercia-
les,que contangan
penetrantes f‘lu:me_s
cente o liquidos, vy
reveladores.
Equipo para la apli
caclin del revela-
dor. .
l_uz ultravicleta -
para el métads fluo
rescento.

Grietas en la super
ficie no visibles -
faicilpnente al ojo -
desnudo.
Excelente para --—
hallar fugas enlas
soldaduras.

Aplicable a mate-
riales magnéticos
y No magnéticos.-
De emplec Facil .
De costo reducids.

UL TRASONICO

Equipc especial de
Lipo comercial ya
sea para el Lipo de
pulsacidn-—eco 2
de transmisisn .
Grificos tipos de
referancia, para
la interpretacidn
de gréflcos de ra-
diofrecuancin o -
visuates.

Defectos en y de-
bajo de la super-
Ficie, incluyendo
aguellos demasia
do pequefiss par'-E
descubrirse par
ostro métodn,
Especial para -
descubrir defec—
tos de tipo lami-
nar debajo de 1a
superficia.

Muy sansible.
Permite la com-
probacidn de jun—
tags inaccesibles

a ia radiografla.
{

et



LIMITACIONES

OBSERVACIONES

FPuede aplicarse dnica
mente a los defectos
siperficiales.

Mo prevea registra -
permanants,

Debe congtitulr el --
primer métoda de ing
peccldn, no lmporta
cuiles sean las otras
técnicas que se exijan.
Constituye el dnico -
tips de inspaccidn —
" productihyo M.

Es responsapilidad -
primordial de todas
las personas que con—
tribuyan al {rabajo de
soldadura,

fRequiere habilidad en la se
lecgisn de angules de expo_
siczisn, 1a soldadoraa --
emplearse, ¥ la interpreta
cisn de los resultados.
Requiere medidas de segu-
ridad.

Mo rasulta, en general, -
acepiable para la inspac——
cifdn de soldaduras an dngu
lo interior. o

Muchas cbdigos requteren
el exarmen por rayss — .
Es til para la capacita——
cifn de los scldadores yla
aprobaciSn de los procedi
mientos.

A causa de su costo,debe
lirmmitarse a agquellas zonas
donde 105 métodas restan—
tes no provean la seguri--—
dad requerida.

Fueda emplearse ——
dnicameante con malte
rialas magnéticos. -
Requiare hakilidad
para descubrir e in—
tarpratar los defec-
tos o las“:'.-nﬂguraclg
nas no significativas.
Resulta de emplec di
flcil sobre las super
ficias Asperas.

Los defectos alarga-
dos paralelas at cam
po magnético podrdn
no indicar la confor-
macisn; por elle, el
campo deberd apli——
carse en dog direc—-
ciones, a o cerca do
Angulos recios entre
wl.

Fueden descubrir
se solarmente los

defectos superfi-

ciales,

Mo puede emplear
se eficazmente
con piezas calien
tes,

En reciplentes de
paredes delgadas,
revelard las fu—
gas que no podridn
determinarse con
tas pruebas neu--
méiticas usuales.
lLas condiciones
reveladoras en la
superficle { humao,
escoria ) pueden
illevar a indicacio_
nes equivocas.

Reguiere mucha
competencia in-
terpratar las
configuraciones
del tipo pulsa—
cisdn-aco.

Ma resulta FAcil
ia obtencién de
graficos de tipo
permanante ,

=l equipo de tipo
pulsacién - aco
resulta excelen-—
te para fines de
inspeccitn de las
saldaduras.

E! equip> de tipo
de transmisign
simpl ifica la in—
terpratacifn de
lag configuracic
nes, cuands se

lo puede emplear.



r

PERFILES COMPUESTOS DE TRES PLACAS SOLDADAS
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PERFILES COMPUESTOS DE TRES PLACAS SOLDADAS
Tolerancias permitidas

DESCENTRAMIENTO FEII!HITIDG PEL ALMA

e

FERALTE MNOMIMAL TOLERANCIAS PERMTIDAS en mm. ¥ Pulgadas ;
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ESPECIFICACIOMES GEMERALES PARA LA FABRICACION ¥ MONTAE
DE LA ESTRUCTURA PARA LAS TORRES DE MICROONDAS -
OE TELEFONOS DE MEXICQs 544,
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1= ALCANCE

LAS ESPECIFICACTONES CONSTRUCTIVAS SIGUIENTES SE REFIEREN -
A LOS MIEMBROS DE LA ESTRUCTURA DE ACERO. CUANDD EXISTA DUDA -
ACERCA DE LA APLICACION DE ESTAS NORMASe LA DIRECCION DE LA OBRA
TOMARA LA DECISION FINALs BASANDOSE EN CODIGOS DE CONOCIDO PREg=

TIGIO.

]
2¢= PLANOS ¥ DTROS DOCUMENTOS

ElL. CUMTRATISTA TENDRA EN LA OBRA UN LIBRO DE BITACORA EN =
QUE SE AMOTARAN LAS FECHAS DE LAS DISTINTAS ETAPAS DE LA (ONS-
TRUCCIONs AS1 COMO LAS MODIFICACICNES QUE 5E HAGAN ; LOs PLANOS
O A LAS ESPECIFICACIONES Y LA APROBACION QO RECHAZO» POR PARTE

DE LA DIRECCIONY DE LA OBRA EJECUTADA.

ADEMAS SE TENDRAM EN LA OBRA TODOS LOS DOCUMENTOS QUE ExI-
GEN LOS REGLAMENTOS VIGENTES ASI COMO LOS PLANOS ESTRUCTURALES,
ARQUITESCTONICOS ¥ DE INSTALACIONES Y Las PRESENTES ESPECIFICA~

CIONES.,

J¢= FUNCIONES DEL DIRECTOR DE LA OBRA
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EL DIRECTOR DE LA QBRA GOZARA DE PLENA AUTORIDAD PARA VELAR
POR EL CUMPLIMIENTO DE ESTAS ESPECIFICACIONES. PODRA DE JUIGAR=
LO CONVENTENTE» ORDENAR REPARACIONFS+ REFUER2GS» EJECUCICN DE ==
PRUEBAS DE CARGA O DEMOLICION Y RECGNE}RUCCION PARCIAL O TOTAL =-

DE LA OBRA 51 SE HAN VARIADC LAE_ESPECIFIC#CIDNES Q LOS PLANOS

4e= RESULTADOS DE MEDICIONES ¥ EMSAYES

LOS RESULTADOS DE TODA MEDICION Y ENSAYE QUE AQUI SE ESPE=
CIFIGIE,y SERAM COMUNICADOS A LA DIRECCILN DE LA OBRA EN UN PLA=
Z0 INFERIOR A 72 HORASe A PARTIP DEL MOUMENTD QUE SE LLEVE A CA==

BG.
Las MEDICIONES PODRAN SER VERIFICADAS POR EL DIRECTOR DE LA
QBRA 51 ESTE AS] LO JUZgh CONVENIENTE. LOS INSTRUMEMTOS 'Y PER=

SONAL QUE SE REQUIERAN pARA TALES TRABAJOS, SERAN SUMINISTRADOS

POR EL CONTRATISTA.

Se= MATERIALES

~ TODO EL MATERIAL EMPLEADO EN LA OBRA ES DEL TIPO DON-B254-

*1-
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1973 (ASTM AdG}s QUE TIENE LAS CARACTERISTICAS SIGUIENTES
"Aa= RESISTENCIA A LA TEKSIONs EN KG/CM2Z AQEG A %500
Be~ LIMITE DE FLUENCIA MINIMOs EN KG/CM2 - 2520

Cem ALARGAMIENTD MINIMO £N 200MM DE LONGITUD CALIBRADAs 0/0 20
De= ALASGAMIENTD MINIMO EN 50MM DE LONGITUD CALIBRADA» 0/0

PLACAS Y BARRAS 23

PERFILFS 21
Eo~ CUANDO SE USE SOLDADURA MANUAL CON ELECTRODO RECURIERTO LOS-
ELECTRODOS SERAN DE LAS SERIES EAOXX O ETOXX (AWS ASel O A5,5)s=
Y 51 SE EMPLEA SOLDADURA AUTOMATICA CON ELECTRODO SUMERGIDO SF -
UTILIZARAN COMBINACIONES DE ELECTRODO Y FUNDENTE FOX=EXXX G F7x
EXXX (AWS A5.17 O A5.23 ),

PUEDEN UTILIZARSE OTROS PROCESOS OE SCLDADURA SIEMPRE QUE =
ESTEN DE ACUERDO CON LAS NORMAS DE LA SOCIEDAD AMERICANA DE LA =
SCLOADURA iSTRUCTURAL WELDING CODEs AWS Dl.ls ULTIMA EDICIONY Y

QUE SEAN APROBADROS POR LA DIRECCION DFE LA OBRA.

6a= INSPECCION

EL FASRICANTE SE OBLIGA A ADMITIR EN S5U TALLERs Y EN TODOS
LOS LUGARES EN QUE SE ESTE FABRICANDS LA ESTRUCTURAy A OS5 RE~

PRESENTANTES QUE FIJE LA DIRECCION DE LA OBRA PARA LA REVISION -
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BE LOS TRABAJOS RESPECTIVOSe

LA DIRECCION DE LA OBRA PUEDE EXIGIR DEL FABRICANTE EL NUME=~
RO DE PRUEBAS FISICAS Y/0 QUIMICAS QUE SEA NECESARIO PARA GARAN=
TIZAR LA BUENA CALIDAD DEL MATERIAL EMPLFADO. '

|
LA DIRECCION DE LA OBRA PUEDE EFECTUAR PRUEBAS NO DESTRUC-

TIVASy CUANDD SEAN NECESARIAS PARA ASEGURARSE DE QUE LA ESTRUC=-
TURA WA S100 FABRICADA Y MONTADA CORRECTAMENTE. '

Tew= FABRICACION
_ ENOEREZADD DEL MATERIAL

TODO EL MATERIAL QUE VAYA A UTILIZARSE EN UNA ESTRUCTURA=-
OEBE ESTAR RECTOs CONFORME A LA ESPECIFICACION ASTM A8 O A LAS =
PRESCRIPCIONES DE ESTA ESPECIFICACIONs EXCEPTO EN LOS CAS0S EN =
QUE EN LO§ PLANOS DE PROYECTO SE INDIQUE GUE DEBE TENER FORMA ==
CURvA. CUANDQO SEA MECESARIOD EL ENDEREI!Db SE HARA EN FRIO» UTILI
ZANDO MEGIOS MECANICOSs © POR MEDIO DE LA APLICACIONS CUIBADOSA-
MENTE SUPERVISADAs DE UNA CANTIOAD LIMITADA DE CALOR APLICADC EN

. LONAS LOCALIZADAS

LA TEMPERATURA DE LAS ZONAS CALENTADASs MEDIDA POR MEDIQ DE
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PROCEDIMIENTOS ADECUADOSs KO DEBE SOBREPASAR &30 GRADOS CENTI-
GRADOS LOS MISMOS PROCEDIMIENTOS PUEDEN UTILIZARSE PARA ENDE-

REZAR MIEMBROS DISTORSIONADOS POR LA SOLDADURA.

LAS PARTES QUE SE CALIENTEN DURANTE EL ENDEREZADO DEBEN ES-
TAR SUSTANCIALMENTE LIBRES DE ESFUERZOS Y DE FUERZAS EXTERIORES
EXCEPTO LOS RESULTANTES DE METODOS MECANICOS DE ENOEREZADO QUE =
SE UTILICEN EN COMBINACION CON LA APLICACION OE CALORs

CORTES

LOS CORTES PUEDEN HACERSE CON CIZALLAe SIERRA O SOPLETE, =
ESTE DESEs DE PREFERENCIA) GUIARSE MECANICAMENTE.  LOS CORTES =~
CON SOPLETE REQUIEREN UN ACABADC LI5S0 ¥ LIBRE DE REBABASe SE AD=
MITEN MUESCAS O DEPRESIONES OCASIONALES OE NO MAS DE. 5MM DE PRQ=
Fuunlﬁlb. LAS OUE TERGAN PROFUNDIDADES MAYORES DEBEN ELIMINARSE
CON ESMERILs LOS CORTES EN ANGULCs EN ESQUINAS ENTRANTES) DEww
BEN HACERSE CON EL MAYOR RADIO.POSIBLEs NUNCA MENGCR DE 35MM.

-

CANTOS CEPILLADOS

LCS CAMTDS DE PLACAS O PERFILES CORTADOS CON CIZALLA O 5Q0=-
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PLETE NO NECESITAN CEPILLARSE» A MENOS QUE SE INOIQUE EN LJS DI-

BUJOS DE DETALLES

CONSTRUCCIONES REMACHADAS ¥ ATORNILLADAS. AGUJEROS.

EL DIAMETRC OE LOS AGUJEROS PARA PEMACHES O TORNILLOS DEBE=-
SER 1.6 MM MAYOR QUE EL DIAMETRO NOMINAL OF ESTOS. LOS AGUJE=-
ROS PUEDEN PUMZIOMARSE EN MATERIAL DE GPUESO NO IH.!‘I'DF QUE EL pTA-
METRO NOMINAL DE LOS REMACHES G TORMILLOS MAS TRES MILIMETROS, =
PERO DEBEN TALADRARSE O PLNZONARSE A UN DIAMETRO MENOR Y DESPUES

RIMARSE CULANDD EL MATERIAL ES MAS GRUESC,
EL DADC PARA LOS AGUJERDS SUBPUNIONADOS Y LA BROCA PARA LOS
SUBTALADRADDS DEBE SERs £0OMO MINIMO» 1«6 MM MENOR QUE EL DIAME=—

TRO NOMINAL DEL REMACME O TORMILLOQ.

NO SE PERMITE EL US0O DEL SCPLETE PARA MACER AGUJERDS,

CONSTRUCCION SOLDADA

PREPARACION DE SUPERFICIES i
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LAS SUPCRFICIES ¥ BORDES QUE VAYAN A SOLDARSE SERAN LIsO5s-
UNIFOPYES Y LIAPES DE MUESCAL, GRIETAS Y OTRAS DISCONTIRUIDADES-
NUE AFECTEN DESFAVNRABLEMENTE LA CALIDAL O RESISTENCIA DF LA ~-

SOLDADNIRA.

Las  SUPERFICIES EN LAs QUE SE vaya &~ DEPOLITAR SOLDADURA Y -
LAS ADYACENTES & ELLan ESTARAN TAMBIEN LIRRES DE COSTRASs ES5CO=-
Piasy OXIDDSy \lMEDNAD, GRASSy PINTURPA C CUALCUIEP MATEDIAL TXTRA-

MO QUE DIFICULTE LA SOLNRADURA U PROCHIZC! mUMDS PERIUDICTALES.

FFRPMITE QUE HAYA COSTRAS DE LAMIMANG QUE RESISTAN UN (E«

™m

5
PILLADO VIGGROSO WECHD COH CEPILLD OF ALAMBPEs LUNA CAPA ANTICO--
RROSIVA DILGADA O UN COMPUESTO PAPA SVITAR LAS SALPICADURAS DE
SOLDADLIRAy EYCEPTO KM LAS SUPERFICIEL DI TRABES 4RMANLS EN LAS
WIS SF VEYA A& WACEP SOLNADURAS ENTEE aLKA Y PATIN CON ELECTROODD
OF wAJO CONTEMIDO DE CARMONMQe EM LAS QUI MERENM SURPPLIMIRSY TODAS

LAS COSTHAS NE LAMINARD,

CLAMDO La PREPARACIOM DE POPDES 6F mMAGAE CON SOPLFETZs SSTE ==

DEARE GillAPSE MECENICAMEMTE SIEMPRE GUE SEA FPOSTHLE,

Colulallin OF LAS PIRZAS



Las PARTHY QUE SE VAN A UNIR  POR MEDIU DE SOLDALRURES DE ==
FILETE DAEARN COLQCARST Ewm Ul cunrﬁcfu THE JHTIvD CoMu SEX POS]--
BLF. Lié SEPARACIOM SNTRE ELAL PARTES MO DEBE EXCEDREP DI SMMs -
EXYCERTO CUANDO SE TRATE DL PLACAS D 7615 (311) O MAS DE GRUESO
51 NEAFUSS ff EERDVNFEZATLAS LA LEPLRRACIZN [0 PUEDE FELUCIRSE LE

HECTS2DO PARE HATISFACEFR uf TOLDRENCIA,

nr RER CASO SFE OADMITE UMA SERFARACION MAXIMA DE W'y SIEPRC
UE SF SHRLEF UNA SGLDAIMPA DE SCLLG G Uh MATERIAL DF KESPALDD =
ADECUADN @ARA EwITAP FUGAS L MITAL FLUNTIDZ. 51 LA SEPARACTON=
F5 lef" 0 PAYGORy TL TAMARC DE LA SOLPADURA DE FILETE SE AUMEN=
TARE EM UMAE CANTIOAR TGUAL # LA GEPARACION, LA SEPARACION EN=
TRE LAS SUPERFICIES D FALLs BE JUNTAS TRASLAPADAS Y ENTRE PAR-~
T0s MIC 8T vAVAN. A SOLDAR A TOPE Y LA PLACA DE RESPALDO NO DEBE

DXCEDED? DT las¥r,

gl PEQRIRE £L psSO DE RELLENDSy EXCLPTO M LOS CASOS EMN QUE
SSTIN 1HNTCANOS EN LGOS DIBUJOS & SEAN APROBADDS ESPECIALMENTE =--

nee LA 2IRECCION DE LA JBRA.

EL AJUSTE ENTRE SUPERFICIES QE CONTACTO DE JUNTAS QUE NO =
ESTEN COMPLETAMEMTE SELLACAS POR LA SOLDADURA DEBRE SER SUFICIENR=
TE PARA TMPEQRIP LA PEMETPACION DEL AGUA NRESPUES DE COLOCADA LA =

PINTURA.
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LoS MIEMERDS QUE vAN A SOLDARSE SE ALINEARAN CORRECTAMENTE.
Y SE MANTEMDRAN Fn POSICIOM HASTA COMPLETAR LA COLOCACION DE LA
SOLDANURAY POR MEDIC DE PERNDSe PRENSASs CABLES U OTROS PROCED]=
MIENTOS ADECUADRGS: O UTILIZANDO PUNTOS DE SOLDADURA. DEBEN TE=
NERSE  EN  CUFENTA LAS DEFORMACIONES Y CONTRACCIOMES QCASJONADAS

PO% LA SOLDANURA,

ALITHEAMIENTD

LOS EXTREMOS DE LAS PARTES QUE VAN A UNISSE POR  MEDIQ =
DE SOLDARUPAS A TOPE DE PENETRACION DEBEN ALINEARSE CUIDADO=-

SAMENTE .

CUAMDO LAS PARTES ESTAN RESTRINGIDAS EFECTIVAMENTE CONTRA LA
FLEXTOM OCASIOMADA POR DEFECTOS DE ALINEACIONs SE PERMITE UNA ==

EXCEMTRICIDAD QUE NO EXCEDA DEL DIEZ POR CIENTO DEL GRUESD DE LA

L3

PIEZA UMIDA wMAS DELGADAs NI OE 3IMM. LA PENDITENTE MAXIMA QUE
PUEDE DARSELE A UMA PIEZA PARA CORREGIR DEFECTOS DE ALINEACION
£8 DE 12MM EN 200MM, LAS EXCENTRICIDADES SE MIDEN ENTRE LOS =--

EJES DI LAS PARTES.
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TOLEPANCIAS FN LAS REPARACIONES

CON La EXCEPCION QUF SE SENALA EN EL PARRAFO SIGUIENTE « 51
LAS DIMENSIONES DE LAS PREPARACIONES HECHAS PARA DEPOSITAR 50L =
DAGURAS DE PENETRACIDH VARIAN DE LAS MODSTRADAS EN LOS PLANOS DE-
DETALLE £N CANTIDADES MAYORES OUE L. AS TOLERANCIAS QUE SE INDICAN
A CCNTINUACIONs DEBF AVISARSE A LA DIRECCION DE LA OBRAs QUIEN -

DECINIRA 51 SF ACEPTAN O CORRIGEN,

JUNTAS EN LAS QUE JUNTAS EN LAS QUE

MO SE TRABAJA La SE TRABAJA LA PAIZI

RALZ
W MM

CARA DE LA RAIZ DE L&
JUNT &, ¢ 1,69 =1.6 NO ESTA LIM}TADA
ABEETURA DE LA FA1Z EN ==
JUNTAS SIN PLACA DE RE Se==
PALDN. + 1ehr =lab * lebs =342
ABERTURA CE LA RA1Z EN |
JUNTAS CON PLACA DE PES=
PALDO, + Bobs =146 NG APLICABLE

AMGULO DEL DRISEL OF LA ==
JUNT A +10» =% GRADOS +10» =5 GRADOS



PUEDEN ACEPTARSLC ABERTURAS DE RAIZ MAYORESs PERO QUE NO =
EXCEDAN DT DOS VECES EL ESPESOR DE LA PARTE-MAS DELGADA O 19MMe=
SIE¥PRE QUE ANTLCS DE UNIR LAS PARTES SE CORRIJAN ESAS ABERTURAS=

POR VEDIC DE SOLDADURAs HASTA DARLES DIMEMSIONES ACEPTABLES.

PUNTD; L'E SOLDADURA
LOS PUNTOS DE SOLDADUPA ESTARAM SUJETOS A LOS MISMQS REQUI-
51705 NE CalL1NAD CUE LAS SOLDADURAS FINALESs CON LAs EXCEPCIONES
SIGUIEMTES ee L S, s
Al .
le~_  EL PRECALENTAMIENTO NO E5S_OSLIGATORIO CUANDO SE VAYAN
A DEPOSITAZ PUNTOS DE SOLDADURA DE UN SOLO PASD -QUE SERAM FUNDI-

DOS £ INCORPORADOS EM SOLDADURAS CONTINUAS DE ARCO SUMERGIDD.

(2e=  NO ES NECESARIO CORREGIR.DISCONTINUIDADES TALES COMO=
SOCAVACIOMNESs CRATERES SIN RELLENAR Y POROSIDAD-ANTES DE HACER =

L
4

LA SOLDADURA FINAL DE ARCG SUMERGIDO.
o, . - L i .
LOS PUNTOS QUE SE VAYAN A INCORPORAR EN L2 ‘SOLDADURA FINAL=-

5¢ wARAM CON ELECTRODOS QUE CUMPLAN TODOS LOS REQUISLITOS DE LAS-
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FICIO MO MECESITAN PINTARSEs Y LAS QUE VAYAN A QUEDAR AMOGADAS -
ENM CONCRETO NGO DEBENM PINTARSE. TODO L WATERIAL RESTANTE RELI=
BIRA EN EL TALLER UNA MANC DE PINTURA AHTICﬁRRDSI?AI APLICADA ==
CUTDADOSA ¢ UNIFORMEMENTE SORRE SUPERFICIES-SECAS Y LIMPIAS: POR

MEDIO DE BROCHAs PISTOLA OE AIRE+ RODILLO O INMERSIONe

£l ORJETO DE LA PINTURA DE TALLER ES FROTEGER EL ACERO Du~
RANTE 4N PERIODO DE TIEMPO CORTO» AUN CUANDO SIRVA COMO BASE PA

Ra LA PINTURA FINAL QUE SE EFECTUARA EN OBRA.

LAS SUPERFICIES QUE SEAN INACCESIBLES DESPUES DEL APMADO -~

DE LAS PIEZAS DEBREN PINTARSE ANTES.

-

TODAE LAS SUPERFICIES QUE SE ENCUENTREN A NO MAS DE 3 (M =
Sf GISTANCIA-DE LAS ZOMAS EN QUE SE DEPUSITEN SOLDADURAS DE Th=-
LLER O .DE CAMPO DEBEN ESTAR LIBRES DE MATERIALES QUE DIFICULTEN=
LA OBTENCION DE SOLDADURAS SANAS O OUE PRODUZCAN HUMOS PERJUDI=

CIALES.

CUANDD Ul ELEMENTO ESTRUCTURAL ESTE EXPUESTO A LOS AGENTES-
ATMOSFFRICOSs TODAS LAS PARTES QUE LO COMPOCNEN DEBEN SER ACCESI-

BLES OE MAMERA GUE PUEDAN LIMPIARSE Y PINTARSE.



"Re= MONTAJE

CONDICIONES GENERALES R

EL MONTAJE DEBE EFECTUARSE CON EQUIPO APROPIADOs OUE OFREZ-
"CA'LA MAYOR SEGURIDAD POSIBLE. _ DURANTE La CARGAs TRANSPORTE Y
DESCARGA DEL MATERIAL.Y aunnm%z*sg MONTAJEs SE Aaoprann@ LAS ==
PRECAUCIONES NECESARTAS PARA NO PRODUCIR DEFORMACIONES NI, [§ =--
" FUER20S EXCESIVOSs 51 A PESAR DE- fLLO ALGUNAS DE LAS PICZAS SE
MALTRATAN ¢ DEFORMAN, DEBEN SER ENDEREZADAS O REPUESTASs SEGUN
SEA EL CASO+ ANTES OE MONTARLASs PERMITIENDOSE LAS MISMAS TOLE=-

RANCIAS QUE EN TRABAJOS DE TALLER.

-

TANCLAS s -, -
- .

L J . A - T

ANTES DE INICIAR LA COLOCACION DE LA ESTRUCTURA SE REVISA-

RA'LA POSICION DE LAS ANCLASs QUE HABRAN $100 COLOCACAS PREVIA=-=

MCNTEs Y EN CASO DE.QUE HAYA DISCREPANCIAS CON RESPECTO A LAS ==

"BOSTCIONES MOSTRADAS EN PLANGS SE- TOMARAN LAS PROVIDENCIAS NECE=

SARIAS PARA CORREGIRLAS O COMPENSARLAS.

CONEXIQNES PROVISIONALES
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OE SU CAL10ADe  EN SOLDADURAS DE CAMPO SE AUMENTARA EL NUMERO-
DE PRUERAS) Y ESTAS SE EFECTUARAN EN TODAS LAS SOLDADURAS OE PE-
NETRACION EN MATERIAL'DE MAS OE DOS CENTIMETROS. DE GRUESO Y EN

UN PORCENTAJE ELEVADO DE LAS SOLDADURAS EFECTUADAS SOBRE CABEZA,

*

RECHAZO

EL MATERIAL O LA OBRA DE MAND QUE NO ESTE DE ACUERDD CON ==
LAS NORMasg INCLUTDAS EN ESTAS ESPECIEIC!C!DNE%_PUEDEH RECHAZARSE

EN CUALGUIER MOMENTO CHIRANTE LA EJECUCIOM DEL TRABAJC.

1;N5P5cc10n DE LA SOLDADURA

T -

L4 INSPECCION DE LOS TRABAJOS DE SOLDADURA SE LLEVARA A ==

' 1 + a .
CARO DE ACUERDO CON LAS NORMAS DE LA SECCION 6 DE LA ULTIMA RE=-=
VISION DEL CODIGC PARA SOLDAOURA ESTRUCTURAL DE.LA SOCIEDAD AME-

RICAMA DE LA SOLDADURA. -+

EsTAS ESPECIFICACIONES SE COMPLEMENTARAN CON LA ULTIMA Epl=-
CIOM DEL CODIGO DE PRACTICA DEL INSTITUTO AMERICANGD DE LA CONG=-
TRUCtIﬁN FN lCEﬁD {CODE OF STANOARD PRACTICE FOR STEEL BUILDINGS

AND BRIDGES» AlS(O).



Seleccidn del tipe y tamanio adecuado del electroda.

Corriente y voltaje por emplear.,

Precalentamiento si se especifica.

Limpieza de la justa antes de la colocacidn del primer cordén,
Limpieza y martilles entre la colacacién de dos cordones conse-
cutivos ( en soldaduras de varios pases ).

Limpiaza Final para r*emwer; la escoria.

verificacién de tamaiio y tongitud del cordsn.

verificacidn de presencia de defectos visuales.

Cuando se cuenta con un inspector experimentadoe la
inspeccibn visual rapresenta el mejor y més econdmico método de
inspeccildn. En ausencia de éste o como comprobacién, se emplean
otros métodos de tnspeccidn, nun-;:ue su funcifdn mas que praventiva
es correctiva. Algunos de estos métodos son;

Método de las Part{cutas Magnéticas.— Consiste en colocar limadu
ras de hierro sobre la soldadura en la que se supona existen grietas
interiores y hacer pasar una cc:r;r iente eléctrica. Las configuracio
nes que adoptan las limaduras de hierra, indicarfn a un técnico expe

rimentado , la prasancia de grietas.

KMétodo da Tinturas Penetrantes.— Se apllca una tintura sobre la

superficle de la seldadura, misma que penetrard en las gristas -=
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existerntes. Se alimina el sobrante y por medio de un material
absorpente se obtisne una cantidad de tintura que dari idea de la

profundidad de las griatas.

Método de Ultrasonido.- Consiste en el emples de un instrumen
to que eamite ondas de sonide a través del material o da una solda
dura. La varijaciSn de ia velocidad de transmisisn dal sonido,

tndicard la pr‘esenci;a de defactos internas. Este método es caro.

Método de Radiograffas.- Consiste en hacer pasar rayos X o -
rayos gama producidos por una fuente radicactiva, a través de una
goldadura, mismos que se reciben en una placa sensible que re—-
producird 1a imagen de la soldadura ¥ sus posibles defectos en for

ma de fotografia.

Esta es al métode mis comdn de inspeccidn no des-—
tructiva y s8¢ emplea en soldaduras a tope ya que en soldaduras de

Fileta sa proyectar(a también la imagen del metal base.

FPosteriormente se estudiari mas a rondo la soldadu-

ra dasde el punto de vista da la inspeccisn.

Evaluacién de los resultados de la tnspeccidn de la ssldadura. De
acuardc con los defectos datectados visualmenta 5 por maedio de ra

diograffas, se ordenardn las reparaciones requeridas a las soldady



