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CURSO DE CAPACITACION
TECNICAS MODERNAS PARA LA CONSTRUCCION DE PUENTES

AGUASCALIENTES, AGS.
JUNIO 19,20,21, 1996

PROGRAMA

ANTECEDENTES:

La ingenieria mexicana ha tenido que aplicar recientemente técnicas avanzadas para la
construccién de grandes puentes en plazos muy cortos. Dada la dinamica que se observa en
el desarrollo tecnoldgico de la ingenieria de puentes, se hace necesario que los ingenieros
involucrados en estas obras conozcan periddicamente los avances obtenidos.

OBJETIVO:

Que los asistentes conozcan las técnicas de vanguardia que se han aplicado en la
construccion de grandes puentes de México y que comprendan que el éxito en la aplicacion
de esas técnicas se fundamenta en la adecuada interelacién entre los diferentes actores de
las obras: Proyectistas, Constructores y Supervisores,

DIRIGIDO A:

Tt

Ingenieros y técnicos que participan en los estudios, -el proyecto, la construccion y la
supervision de puentes. : '

AREAS TEMATICAS:

I) Generalidades

Importancia de la Residencia
Importancia de la Supervision
Importancia del Proyecto



Viernes 23

9:00 A 10:00

10:00 A 11:00

11:00 A 11:30

11:30 A 12:30

19:30 A 13:30

13:30 A 14:30

14:30 A 15:00

£ Y L

15:00 A 15:30

15:30

L

Comportamiento de apoyos y juntas de
dilatacion

Ing. Juan Pedro Ize Malaise
Freyssinet, de México, S.A. de C.V.”_

Puentes empujados de estructura '
mixta{ Acero-Concreto)

Ing. Oscar Alcaraz Lafarga
Fréyssinet, de México. S.A. de C.V.

RECESO

Control gedfnétrico de puentes atirantados
Ing. Hugo Alberto Aivarez Solis
Structl_xres,b de México, S.A.de C.V.

Sistema para dar continuidad en campo

- a tableros de vigas libremente apoyadas.

Ing. Jean Robidet De Menou SO

Tedibor, S.A. L,

Puente “Quetzalapa”

Ing. Jorge Arreola Aguilar

Arreozabal Ingenieros y Constructores, S.A de C.V.

Importancia del proyecto en la aplicacién
de Técnicas innovadoras de construccion
Ing. Carlos Alvarez Guillen _

Subdirector de Estructuras

Direccion General de Carreteras Federales

CLAUSURA _
Ing. Ariel Jesus Peniche Diaz -
Dlrector General del Centro'S.C.T. Aguascahentes

COMIDA



PROGRAMA:
Miércoles 19

8:00 A 10:00 Registro de Participantes

10:00 A 10:30 Inauguracién
Ing. Ariel Jesus Peniche Diaz
Director General del Centro 3.C.T. Aguascalientes

10:30 A 11:30 PRESENTACION
Ing. Ambrosio Rosales Bautista
Director de Obras de la Direccion General
de Carreteras Federales ‘
Responsabilidades de la Residenciaen la aplicacion
de Técnicas modemas de construccion.

11:30 A 12:30 Construccion de un puente aplicari(io

- __clementos prefabricados

Ing! René Carranza Aubry
Servicios Preesforzados S.A.

12:30 A 13:00 RECESO

13:00 A 14:00 Supervision externa de puentes
Ing. Francisco Ponce Cordoba
Ingenieria y Administracion Racional

14:00 A 16:00  COMIDA

16:00 A 17:00 Puentes empujados .
Ing. Juan Manuel Garcia Chavez
Supervision Especializada Técnica de Obras, S.A. de C.V:

17:00 A 18:00 Soldadura en puentes
Nommas: Ing. Benito Garcia Jiménez
Defectos Comunes: Ing. Benito Toledano Olivares
Recomendaciones: [ng. Pio Quinto Juarez Gonzilez
Direccion General de Servicios Técnicos (8§.C.T)



Jueves 20

9:30 A 10:30

10:30 A 11:30

11:30 A 12:00

12:00 A 13:00

13:00 A 14:00

14:00 A 16:00

[6:00 A 17:00

17:00 A 19:00

Apovos y juntas de dilatacion
Ing. Sergio Arjona Prieto de ta Torre
Director General Avro-Construcciones S.A. de C.V.

Apoyos v Juntas de Dilatacion
Ing. Arturo Villasefior Martinez
Ing. Juan Cuatecon::l Rodriguez
Mexpresa, S.A de C.V.

RECESO

" Puente “Papaloapan”

Ing. Arturo Villasefior Martinez
[ng. Juan Cuatecontzi Rodriguez |
Mexpresa, S.A de C.V.

Sistemas de preesfuerzo, apoyos y
juntas de dilatacién '

Arq. Victor Hoyos Parrao S
DSL-Dywydag '

COMIDA

Problemas de soldadura en grandes
puentes metalicos

Ing. Femando Fossas Requena
Comec, S.A. de C.V.

Puentes atirantados ,
Ing. Adolfo Sdnchez Sanchez .
Servicios de Ingenieria para Puentes



Viernes 23

9:00 A 10:00

10:00 A 11:00

11:00 A 11:30

11:30 A 12:30

19:30 A 13:30

13:30 A 14:30

14:30 A 15:00

15:00 A 15:30

15:30

Comportamiento de apoyos v juntas de
dilatacion

Ing. Juan Pedro lze Malaise
Freyssinet, de México, S.A. de C.V.

Puentes empujados de estructura
mixta(Acero-Concreto)

Ing. Oscar Alcaraz Lafarga
Freyssinet, de México, S.A. de C.V.

RECESO

Control geométﬁco de puentes atirantados
Ing. Hugo Alberto Alvdrez Solis
Structures, de México, S.A. de C.V.

Sistema para dar continuidad en campo
a tableros de vigas libremente apoyadas
Ing. Jean Robidet De Menou

Tedibor, S.A.

—

44 L3 ]
Puente “Quetzalapa o

" Ing. Jorge Arrecla Aguilar

Arreozabal Ingenieros y Constructores, S AdeC. V.

Importancia del proyecto en la aplicacion
de Técnicas innovadoras de construccion
Ing. Carlos Alvarez Guiltlen

Subdirector de Estructuras

Direccion General de Carreteras Federales

CLAUSURA
Ing. Ariel Jesis Peniche Diaz
Director General del Centro S.C.T. Aguascalientes

COMIDA



ADOLFO
SANCHEZ S.

Ingenierv Civil




En 1977 sefdetermino construlr en México dos puentes de grandss
dimensiones con superestructura suspendida mediante cables rec-
tos, denominada "atirantada", uno de ellos sobre el Rio Coatza-
coalcos y 21 otro sobre el Rio Pénuco, frente a la ciudad de --
Tampico.,

Como esta tecnologfa era hasta ese momentc desconocida en nuas-
tro Pafs, se realizd una serie de investigaciones sobre el par-
ticular para poder estar en condiciones de reatizar 10s proyec-

tos y llevar a cabo su construccién.,

Fué entonces cuandc empecé a hacer una recopilacién de datos al
respecto, dando como resultado el presente trabajo, actualizado
al afo de 1993, para presentarse en un Seminario sobre Puentes
Atirantados gue organizé el Ministerio de Obras Piblicas de la
Repiblica de Colombia, en la ciudad de Manizales.

De 1963 a la fecha se encuentran en construccidn nuevos puentas
citdndose, por ejemplo, el Glebe [sland, en Australia con un --
tramg principal de 345 m; el Zaltbommel sobre el Rfo Waal,:.2n -
Holanda con un tramo principal de 256 m. y el puente sobra el -
Rio Lezer, en Espafa, con un tramo principal de 124 m. Los --
tres con superestructura de concreto y el Oltimg,con unak}rqul-

Sy

tectura muy singular.

En este mismo perfodo se terminaron, entre otros, en México-el
Puente Papaloapan sobre e} Rfo del mismo nombre, con superes--<:
tructura de concreto, siendo su tramo principal de 203 m. y, en .
Francia, el Puente Iroise sobre el Rfo Elorn, también con supe-
restructura de concreto y tramo principal de 400 m. y el Puente

Normandfa, que con su claro principal de 856 m. establece un -- ;
nuevo récord,.

Junio 20 de 1996

Ing. Adolfo Sdnchez Sénchez

A
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PUENTES ATIRANTADEOS

Para hacer referencia a los puentes atirantados, hay gue mencio
nar que 2stos son sélo una de tantés estructuras en las que su
establlidad puede resolverse mediante la utilizacién de cables
rectos, proporclonando 4poyo 4 un sistema de vigas maestras pa-
ra lograr grandes superficies cubiertas, edificios suspendidos,
plataformas, estacionamiantos, pasarelas peatonales, etc. Sin
embargo, es en lo0s puent2s donde su realizaci1dn es mds-especta-
cular por la magnitud de sus claros y los procedimientos cons--
tructivos que esta tscnoliogfa ha desarrollade en forma acelera-
da en los Cltimos afos.

Debido a su elemantal concepcidén, la construccién de puentes ---
suspendidos por elementos rectos sujetos a tensién, -se remonta
a los tiempos mds antiguos de la humanidad, sin emba%go, su de-
~sarrollo racional comenzd realmente en los iniclos del siglo --
XVIIIL, habiéndose"légrado un avance signtficativo hasta princi-
nios del siglo XIX en que con motivo de dos accldentes importan
tes se detuvo este desarrollo; el colapso del puente Pryburg en
Gran Bretafa en 1818, debido a oscllaciones por el viento y al
derrumbe del puente sobre el Rio Saale en 1824, en Alemania, --
provocado por la aplicacién de una sobrecarga dindmica produci-
da por una muchedumbre para cbservar una regata.

Estos accidentes fueron causados por insuficiencia tecnoldgica
en los apoyos y concextones del atirantamiento, compuesto. por -
barras y cadenas con propledades mecdnicas pobres y adicional--
mente a que los tirantes no se-ponianlen tensidn por efecto del
peso propio, lo que producfa al sistema de plso deformaciones -
excesivas hasta que el tirante perdfa la flexibilidad originada
por Su gran catenaria iniciral.

Un informe de Navier, cientifico francés, quien estudid estos -
accidentes 3 mediados del siglo pasado, origind que durante --



PUENTE PRYBURG ' COLAPSADO EN 1818

PUENTE RIO -SAALE o C~OL APSADN BN 1R7 A



Jng . iGo 3dos no se realizaran obras de estas caracter{sticas.

Fué Roebling el que reanudd la construccidn de este tipo de pusn
tes en los Estados Unidos. =n 1845 realizéd uno sobre 2] -
Ohio y en 1855 otro para ferraocarril sobre el Rio Nidgara conr un
claro de 250 m, utilizando para la suspensién de los dos tercics
laterales del clarc principal, cables rectcs y uno curvo para el
tercio central. Aplicando los resultados obtenidos, en 1883 s=2

concluye la construcci16n del Puente Brooklyn en la ciudad de New
York, obra que 2 la fecha se encuentria en operacién con un claro
principal de 486 m.

A principlos de la década de los cincuentas y ante la necesidad
de recénstruir los puentes destrozados durante la Segunda gue--
rra Mundial, especiaimente en Alemania, se restablecid la aplicsa
cién de 10s puentes atirantados, aprovechahdo la disponibilidad
de materiales de mejor calidad, como los alambres, cables y pla-
cas de acero de altas propiedades mecdnicas y los avances =n [z
técnica de la construccidn de elementos metdlicos soldados, mt;.
grando estructuras ortotrdpicas.

. Al construirse en Suectia en el ano de 1955 el Puente Strdmsund -
con un tramo central de 182 m y dos laterales de 75 m con tabla-
ro metdlico, se inicia la era moderna de los puentes suspendidos
por cables rectos. En los afos subsecuentes, Alemania cconstruye
varios de este tipo sobre el Rio Rhin y a partir de la déczda =22
los sesentas empieza a deneraiizarse su aplicacifn en var:os ---
pafses de Europa, fundamentalmente con tablero metédlico.

En 1962 se construye en América el primer puente con esta t=2cno-
logfa, con tablero de concreto. Corresponde a Venezuela el orit-
vilegio de realizar el fantdstico Puente de Maracaibo, que 2n su
estructura principal tiene 5 tramos de 235 m.

Los Estados Unidos construyen en 1977 su primer puente atiranti-
do moderno en el Estado de Washington, para cruzar el Rfo Calun-



bia, entrz las poblaciones da Rasco y Kennewlick, ¢€On un clary --
principal de 299m y tablerc de concreto, uttilzando elementos --

prefabricados.

En 1983 Zspafa pone en operactiédn el Puente Ing. Carlos Ferndndez
Casado, sobre el embalse Barrios de Luna, con un tablerc de con-
creto de dnicamente 2.30 m de peralte vy un claro principal de --
440 m; este puénte. per sus caracterfsticas, ocupd durante 8 ---
afncs el primer lugar en el mundo.

México inaugura el 17 de octubre de 1984 su primer puente atiran
tado, que con sus 288 m de claro y tablero de concreto ocupa el
7% lugar mundial y se yergue majestuoso con su inigualable belle
‘za sobre el Rio Coatzacoalcos.

Al ponerse en servicio en 1986, en Vancouver, Canadd, el Puente
Annacis, construfido con tablero de acero y sistema de piso de --
concreto, con un tramo principal de 465 m, se establecid un nue-
vo record. '

De la investigacidn realizada en el afo de 1988 para conocer las
caracterfsticas de los puentes atirantados construidos en diver-
sos pafses del mundo, se obtuvieron datos 1nteresantes, primero,
gue el ndmero aproximado de obras de este tipo, construidas en -
un lapso de 33 afios (1955 a 1988) en 32 paises, era de 130: 44 --
con tablero de concreto y 86 de dcero.

Los pafses que habfan realizado un mayor ndmeroc eran Jap6n y Ale
mania, con 48 y 23, respectivamente, lo que significa un 37% y
un 18% del total. Respecto al-material utilizado en el tablero,
Alemania sélo contaba con 2 de concreto y Jap6n con 14.

Se tiene conocimiento que en los Gltimos 5 afios se han construf-
do del orden de 38 y se encuentran en proceso algunos otros, des

tacando 2 en Francia y uno en Inglaterra.



Los pafses 2 mis obras realizaron en este periodo son: Méxic
con 11, J:._.» 8 y Francia 5. De los construi{dcs en México desta
cdan el Puente Tamp1ico con un trame principal d2 360 m, superes—?
tructursy metdlica y atirantamiento axtial y el Pusnte Mezcala, --
que tiene tres tramos atirantados, dos de 311 m y uno de 299. -
La prla mds alta tiene 165 m de altura y su pildn 77 m. La su--
perestructura es de vigas metdlicas con losa de concreto y el --
atirantamiento estd dispuesto lateralmente.

De las obras realizadas en Jap- , 2 e<-:7’gcCc2an nuevos records. -
Con estructura metdlica, & Pue -2 Ts i, Con o un claro de  ---
510 m, un &ancho de 29 m y atirantamiento axtial; la altura de la

pila-pilén es de 172 m. Con estructura de concreto, el Puente -
Iguchf, con un claro de 490 m, su atirantamiento es lateral, su
ancho es de 24 m y la pila-pilén tiene 119 m. Qtro puente impor
tante es el Yokohama, con un claro de 460 m y 40 m de ancho, es-
td resuelto a la manera de los puentes colgantes, mediante una

armadura que permite el trdnsito de vehfcules por la parte sup
rios y a través de ella. Su atirantamiento es lateral y la pila
pilédn tiene 172 m de altura.

Ce los puentes en construccién dastaca z. que se realiza en la -
desembocadura del Rio Sena, en Normandia, con una longitud total
2181 m., Su tramo principal estableceré un ndmero record con ---
856 m. La superestruétura es de concreto, con excepnclén de 816m
de la parte central del tramo principal que es de acero. &l ati
rantamiento es lateral, dispuestc en medio abanico. La pila-pi-
16n tendrd una altura de 210 m.

Los puentes que ocupan [os primeros Iygares por la magnitud de -
su claro principal se relacionan en las dos hojas sigulentes y -
en las subsecuentes se presenta una relaci16n de los puentes que
existen en el mundo, segin la investigacidn realizada.
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PUENTES QUE OCUPAN LOS PRIMEROS LUGARES EN EL MUNDO
POR LA MAGNITUD DE SU CLARO PRINCIPAL

NOMBRE CLARO
MAX [ MO
TABLERO DE ACERO

1. TSURUMI 510 M.
2. HIGASHI KOBE SUIRO 485 M.
3. ANNACIS (ALEX FRASER) 455 M.
4.  YOKOHAMA 460 M.
5. CHAQO PHYA 450 M.
6. HITSUISHI E IWAKURO 120 M.
7. NEIKONISHI 406 M.
8. NAGOYA 405 M.
9. SAINT NAZAIRE 404
10. RANDE 400 M.
11. LULING ' 172 M.
12. FLENE DUSSELDORF 368 M.
13. TJORN ' 166 M.
14. TAMPICO 360 M.
14. YAMATO 354 M,
15. NOVI SAD 151 M.
16. JINDO 344 M,
17. LOWER YARRA

MELBOURNE

WEST GATE 136 M.
18. ZARATE BRAZO 330 M

LARGO
19. KOHLBRAND HOCH 325 M.

HAMBURGO
20. FARO 290 M,

PAIS ARO DE
CONSTRUCC ION
JAPON 1990
JAPON 1988
CANADA 1986
" JAPON 1985
TAILANDIA 1987
JAPON 1987
JAPCN 1989
JAPON 1985
FRANCIA 1975
ESPANA 1977
ESTADOS UNIDOS 1983
ALEMANIA 1983
SUECTA 1882
MEXICO 1988
JAPON 1982
YUGOSLAVIA 1981
JAPGON 1984
AUSTRALIA 1974
ARGENTINA 1975
ALEMANIA 1974
DINAMARCA 1985



NOMBRE CLARO PALS ANO DE
MAXIMO CONSTRUCCION
TABLERO DE CONCRETO
1. [GUCHI 490 M. JAPON 1991
2. BARRIOS DE LUNA 440 M. ESPARA 1983
3. SUNSHINE SKYWAY 366 M. ESTADOS UNIDOS 1987
4. POSACAS ENCARNACION 330 M. ARGENTINA 1988
5. BROTONNE : 320 M. FRANCIA 1977
6. PASCO KENNEWICK 299 n. ESTADOS UNIDOS 1977
7. COATZACOALCOS 288 M. MEXICO 1984
8. WADI KUF 282 M. LIBIA 1972
9. FERNANDO REIG 276 M. ESPARA 1987
10. EAST HUNTINGTON 274 M. ESTADOS UNIDOS 1985
11. WAAL BEI TIEL 267 M. HOLANDA 1974
12. CHACO CORRIENTES 245 M. ARGENTINA 1973
13. COOPER S. CAROLINA 245 M, ESTADOS UNIDOS 1930
14. MARACAIBO 235 M. VENEZUELA 1962
15. SHANDONG 220 M. CHINA 1981

PUENTES QUE OCUPAN LOS PRIMEROS LUGARES EN EL MUNDO

POR LA MAGNITUD DE SU CLARO PRINCIPAL
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PUENTES ATIRANTADOS CON TABLERQ METALICO

CLAROS

NOMBRE PRINCIPALES (M) ANO PAIS
STROMSUND 75-183- 75 1955 SUECIA
BUCHENAVER 13- 59- 13 1956 ALEMANIA
THEODOR HEUSS 200 1958 ALEMANIA
REHIN DUSSELDORF 108-260-108 1959 ALEMANIA
SEVERINS COLONIA 302-151 1959 ALEMANIA
* 128 1960 JAPON
NORDERELBE HAMBURGO 64-172- 54 1963 ALEMANIA
JULICHERSTR DUSSELDORF 32- 99- 32 1963 ALEMANIA
REKIN LEVERKUSEN 50-280- 50 1965 ALEMANIA
USK RIVER 68-150- 68 1965 INGLATERRA
REHIN MAXAU 175-116 1966 ALEMANIA
BET MAYA KOBE 69-139 1966 JAPON
WYE ZUGE SEVERN 85-253- 85 1966 . [NGLATERRA
REHIN BONN FRIEDRICH EBERT 120-280-120 1967 ALEMANIA
REHIN RESS KALKAR 104-255-104 1967 ALEMANIA
BATMAN 215 , 1967 AUSTRALIA
ONOMISHI HIROSHINA 85-215- 85 1968 JAPON
HARMSENBRUG ROTTERDAM 109- 47 1968 HOLANLA
MASSENA PARIS 81-161- 81 1969 FRANCIA
LUDWIGSHAFEN 141-138 1969 ALEMANIA
LABLANC MONTREAL 90-241- 90 1969 CANADA
REHIN DUSSELDORF Il KNIE 320-194 1969 ALEMANIA
REHIN DUISBURG NEUENKAMP 93-350- 93 1970 ALEMANIA
TOYOSATO 0SAKA 80-216- 80 1970 JAPON
GOLEKOPPERBRUG 70-180- 70 1971 HOLANDA
KAMATSUGAWA TOKIO 60-160- 60 1971 JAPON
ERSKINE 110-305-110 1971 ESCOCIA
* 160 ' 1972  JAPON
DONAU BRATISLAVA 73-303 1972 CHECOESLOVAGUIA
REHIN MANNHEIM 288-125 1972 ALEMANIA
DONAU HAINBURG 138-228 1972 AUSTRIA
DONAU LINZ 1 192-215 1972 AUSTRIA
REHIN OBERKASSEL 257-206 1973 ALEMANIA
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PUENTES ATIRANTADOS CON TABLERO METALICO

CLAROS

NOMBRE PRINCIPALES (M) ARO PALS
DONAU DEGGENAU 290-145 - 1974 ALEMANIA
LOWER YARRA MELBOURNEL
WEST GATE 144-336-144 1974 AUSTRALIA
REHIN SPEYER 275-181 1974 ALEMANIA
KOHLBRAND HOCH HAMBURGO 97-325- 97 1974 ALEMANIA
FRANKLINSTRADEN DUSSELDORF  42-125- 42 1974  ALEMANIA
* 40- 40 1974  JAPON
ZARATE BRAZO LARGO 110-330-110 1975 :GENTINA
SUEHIRO 110-250-110 1975  1PON
* 100-240-100 1975 . APON
KAMOME 91-240- 91 1975  JAPON
* 54- 83- 54 1975 JAPON
SAINT NAZAIRE 158-404-158 1975 FRANCIA
* 200 1976 JAPON
* 179 1976 JAPON
* 165 1976  JAPON
* 103 1976 JAPON
EWIJK 270 1976  HOLANDA
* 90-220- 90 1976 JAPON
RANDE 147-400-147 1977 ESPANA
* 144 1977  JAPON
ARNO 71-206- 71 1977 ITALILA
SAVE BELGRADO 50-254- 50 1978 YUGOESLAVIA
* 80- 40 1978 JAPON
BYBRUA 82-185 1978
ALBERT GANAL 210 1978 BELGICA
NOVI SAD 60-351- 60 1981 YUGOESLAVIA
WILLEMS 270 1981 HOLANDA
* 127 1982  JAPON
TJORN 124-366-124 1982 SUECIA
* 150-22 1982 JAPON
YAMATO 149-""5-149 1982 JAPON
FLEHE DUSSELDORF 39-.:3 1983 ALEMANIA
LULING 155-372-155 1983 ESTADOS UNIDO
* 280 1984 JAPON
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PUENTES ATIRANTADOS CON TABLERO METALICO

CLAROS
NOMBRE PRINCIPALES (M) ARO PAILS
FLO3ZR FRANKFURT 42-106 1984 ALEMANIA
JINDO 70-344- 70 1984  JAPON
* 100- 58 1984  JAPON
PENANG 107-225-107 1984 MALASIA
ADHAMIYAH 183-121 1984
MUNA 60-222-60 1584
NAGOYA 175-405-175 1985 JAPON
CHAD PHYA 6§1-450- 61 1985 TAILANDIA
[GUROJIMA ARMADURA (DOBLE) 185-420-185 1985  JAPON
FARO ’ 120-290-120 1985 DINAMARCA
x 153- 22 1985  JaPON
AKKAR 76- 76 1985 INDIA
*- 45- 45 1985  JAPCN
ANNACIS VANCOUVER 183-465-183 1986 CANADA
AJIRIVER 120-350-120 1987  JAPON
TAMPICO .70-360-70 1988 MEXICO
QUINCY 134-274-134 1988 E3TADOS UNIDOS
"HIGASHI KOBE SUIRO 485 1988 JAPON
YASAKA 90-240-90 1989  JAPON
184 1989  FRANCIA
SAMBRE 108 1989 BELGICA
WEIRTON STEUBENIVILLE 250-210 1989 ESTADOS UNIDOS
101-250-101 1989  JAPON
SECOND HOOGHLY 183-465-183 1990 INDIA
TSURUMI 510 1990 JAPON
ZALTBOMMEL 256 1990 PAISES BAJOS
METKONISHI 406 1991  JAPON
LA BARQUETA - 1991 ESPARA
ROJO GOMEZ 21- 53- 21 1991  MEXICO
CANAL SAN JUAN 20- 52- 20 1991  MEXICO
TELECOMUNICACIONES 18- 50- 18 1991  MEXICO
CRISOSTOMO BONILLA 20- 52 -20 1991 MEXICO



PUENTES
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ATIRANTADOS CON TABLERO METALICO

CLAROS )
NOMBRE PRINCIPALES (M) . ANO PAIS
REPUSLICA FEIDERAL 18- 50 - 18 1991  MEXICO
AMADOR SALAZAR 22- 54 - 22 1991 MEXICO
YOKOHAMA 200-460 -200 1992  JAPON
MEZCALA 299.311-311 1993 MEXICO
EL ZAPOTE 176- 52 1993  MEXICO
EL CANON 95-16% 1993 MEXICO
SEVERN 456 EN CONS- INGLATERRA
TRUCCION
NORMANDIA 856 EN CONS- FRANCIA
TRUCCION

* El nombre de esta estructura no se tiene en

1dioma espanol,

ya que los datos se obtuvieron de publicaciones en jagonés.
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CLAROS

NOMBRE PRINCIPALES (M) ANO PALS
MARACAIRO 95-235- 95 1962 VENEZUZLA
DNJEPR KIEY 66-144- 66 1965 RUSTA
POLCEVERA GENOQVA 86-208- 86 1967 ITALIA
ANSA DE LA MAGLINA 82~ 53 1967 ITALIA
ANGOSTURA 1969 VENEZUZLA
MAIN HOCHST 90-115 1972 ALEMANTA
WADI KUF 97-282- 97 1972 LIBIA
CHACO CORRIENTES 163-245-163 1973 ARGENTINA
MAGDALENA 50-140- 50 1974 COLOMBIA
WAAL BEI TIEL 95-267- 95 1974 HOLANDA
DANUBIO VIENA 56-119- 56 1975 - AUSTRIA
* - 104 1976 JAPON
CARPINETO 50-181- 50 1977 ITALIA
BROTONNE 143-320-143 1977 FRANCIA
KWANG FU 64-134-134- 67 ~1977 TATWAN
PASCO KENNEWICK 124-299-124 1977 ESTADOS UNIDOS
TUBERIA 130 1977 ARGENTINA
* 97 1978 JAPON
EBRO 32-146 1978 ESPARA
* 46- 85- 46 1979 JAPON
* 120 1979 JAPON
GANTER 127-174-127 1979 SUTZA
* 128 1980 JAPON
SHANDONG 94-220- 94 1981 CHINA
* 64 1981 JAPON
* 176 1981 JAPON
* 28- 57 1981 JAPON
DONAU METTEN 145- 68 1981 ALEMANIA
* 94-220- 94 1982 JAPON
* 52-200 1982 JAPON
* 30- 52 1982 JAPON
NISHIKIGAOKA 1983 JAPON
BARRIOS DE LUNA 101-440-101 " 1983 ESPARA
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* El nombre de estas estructuras no se tiene an

ya que los datos se obtuvieron de publicaciones en japonés.

CLAROS
NOMBRE - PRINCIPALES (M) ARO PALS

EIME I KAN 67- 49 1984  JAPON
COATZACOALCOS 112-288-112 1984  MEXICO
POSADAS ENCARNACION 115-330-115 1985  ARGENTINA
EAST HUNTINGTON W.VIRGINIA 274-185 1985  ESTADOS UNIDOS
DIEPOLDSAU RHINE 40- 97- 40 1985  SUIZA
. 86 1986  JAPC
* 74 1986  JAPO:
SUNSHINE SKYWAY TAMPA 147-366-147 1987  ESTADOS UNIDOS
FERNANDO REIG 276 1987 ESPANA
JAMES VIRGINIA 192 1987  ESTADGS UNIDOS
THE NECHES TEXAS 85-195- 85 1589  ESTADOS UNIDOS
. WANDRE 168 1989 BELGICA
COOPER S. CAROLINA 45-245-45 1990  ESTADOS UNIDOS
[GUCHI 490 1930  JAPON
BORGONA 152 1990  FRANCIA .

- 1950  FRANCIA
AOMORI - 1990 JAPON
MARTIRES DE GRENOBLE 120 1991 FRANCIA

- 1991 ESPARA
BIDOUZE 134 1991 FRANC I A
ALZATE 130-130 1991 BELGICA
ARA DE PORTIMAQ 256 1991 PORTUGAL
RO GUADIANA 324 1992  ESPANA
MACAU-TAIPEK 112-112-112 1992  HONG-KONG
QUETZALAPA 105-213-105 1993  MEXICO
RIO ELORN 400 EN CONS-  FRANCIA

- TRUCCION

idioma espaaol,
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PAISES QUE TIENEN CONSTRUIBOS PUENTES ATIRANTADOS

1978

PAIS NUMERO CLARO MAXIMO ARO DE CONSTRUCCION
ALEMANIA 23 59 A 368 1956 A 1981
ARGENT INA 4 130 A 330 1973 A 1985
AUSTRALIA 2 215 A 336 1967 A 1974
AUSTRIA 3 119 A 228 1972 A 1975
BELGICA 4 210 1978 A 1991
CANADA 2 241 A 465 1969 A 1986
CHECOESLOVAQUIA 1 303 1972
CHINA 1 220 1981
COLOMBIA 1 140 1974
DINAMARCA 1 290 1985
ESCOCIA 1 305 1971
ESPANA 7 146 A 440 1977 A 1991
ESTADOS UNIDCS 9 192 A 372 1977 A 1989
FRANCIA 8 161 A 404 1969 A 1991
HOLANDA 5 109 A 270 1968 A 1981
HONG-KONG 1 112 | 1992
INDIA 2 76 A 465 1985 A 1990
INGLATERRA 2 150 A 253 - 1965 A 1966
[TALIA 4 82 A 208 1967 A 1977
JAPON 52 40 A 510 1960 A 1992
LIBIA 1 282 1972
MALASIA 1 225 11984
MEXICO 12 52 A 360 1984 A 1993
PORTUGAL 1 | 256 1991
RUSIA 1 144 1965
SUECIA 2 183 A 366 1955 A 1982
SULZA 2 97 A 174 1979 A 1985
TAILANDIA 1 450 1985
TAIWAN 1 134 1977
VENEZUELA 2 240 1962 A 1969
YUGOESLAVIA 2 254 A 351 1978 A 1981
0TROS PAISES 4 183 A 256 A 1990



ey

Adicilanalmente a 10s puentes, se tiene informacidn de 3us 2axig--
ten més de 50 pasarelas peatonales atirantadas; en estas obras -
Japén también ha construido un porcentaje muy importanza,

Para analizar cémo fué el desarrollc de los puentes atiranmtados
en los dltimos 38 afos, se presenta en una grdfica el ndmero de
ellos y el afo en que se tarmind su construccidn.

Ce 1955 @ 1965 el crecimiento promedio anual fué de 1.2:; en los-
siguientes 8 afos, aumentd a 3.5 y de 1973 a 1978 zumentd hasta
7.2, en los dos siguientes afos se presentd un ligero descenso
en la tasa de crecimiento, pero de 1980 a 1986 nuevamente 2 .can-
z46 un valor de 7.2. La pred:iccidén para el ado 2000 es de 5.7.

Por 1o que respecta al crecimiento, tomando en cuenta el mate---
rial que inteqgra el tablero, se observa que para el caso de ace-
ro, el crecimiento promedio anual en los 10 primercs anos fué d

1. De 1965 a 1973 de 3.2, de 1973 a 1978 de 5, de 1978 z 1983 .
bajd a 1.6, pero de 1983 a 1985 aumentd hasta 7.5. La predic--
cidn para 2000 es de 3.3.

Para los puentes con tableros de concreto, de 1962 a 1376 la EP'
sa de crecimiento fué de 0.85, de 1976 a 1985 aumentd a 2.8 y [a
prediccién para 2000 serd del orden de 2.4.

Para conocer cudntos metros de puente se construyeron en proos
dio por afo, considerando dnicamente la parte atirantada, se « -
presenté en una grdfica la suma de las longitudes de las estruc-

turas realizadas desde 1955 a la fecha.

De esta grdfica se desprende que en 165 primergs 10 aifos, el pro
medio anual fué de 822 m; de 1310 m/afo para el perfodo de 1965

a 1973; 2732 m/afic de 1973 a 1977, de 1977 a 1980 se redujo nota
blemente a 804 m/afio, pero de 1980 a 1984 se incrementd hasta --
2323/afio y en 1985 alcanzé el valor midximo de 5120/ado. La pre.
diccién para el lapso 1993 a 2000 es de 1943/aido.



PASARELAS ATIRANTADAS PARA PEATONES

LONGITUD

e -

LONGITUDES DE

NOMBRE TOTAL (M) TRAMOS (M) ANO PAIS
brussels 58 36.4-21.6 1958 ALEMANIA
SCHILLER STREZT 92.8  £8.6-22.2 1961 ALEMANIA
BIRS - BASEL 50.0 1962 SUIZA
* 76.2  18.5-39.7-18.0 1963  JAPON
HAMBURG 92.2  17.1-54.3-20.8 1963 ALEMANIA
CANAL DU CENTRE 134.0  67.0-67.0 1966 BELGICA
BALLY CASTLE " 63.5  21.4-20.7-21.4 1967
* 217,0  57-102-57 1968 JAPON
* 86.4  37.8-37.8 1969  JAPON
BOURSE 105.1  31.6-73.5 1969 FRANCIA
* 50.0  30-20 1969 JAPON
* 173.0  48-77-48. 1970 JAPON
* ) 101.0  24-53-24 1970 JAPON
* 59.0  27-32 1970  JAPON
BARWON 192.1  54.9-82.3-54.9 1972  AUSTRALIA
BASSIN DU COMMERCE 70.0 1972  FRANCIA
MOUNT STREET 71.2  35.6-35.6 1972 AUSTRALIA
VILLINGEN 97.5  31.0-66.5 1973  ALEMANIA
* ' 69.0  43-26 1973 JAPON
DIE KIRCH 65.0  15.0-50.0 1974  LUXEMBURGO
* 80.0  40-40 1974  JAPON
PLAZA DE LAS GLORIAS
CATALANAS 97.0 15.0-50.0 1974 ESPANA
TILFF 71.5  19.0-52.5 1975 BELGICA
* 102.0  26-53-26 1975 JAPON
NECKAR CENTER 252.5  56.5-139.0-56.5 1975 ALEMANIA
DE LA PAZ 127.0  21-86-21 1976 ESPARA
* 55.0  55.0 1977  JAPON
* 129.0  96.6-32,5 1878 JAPON
* 80.0  40-40 1978  JAPON
* 129.0  87-41 1978  JAPON
MEYLAN 119.0  20.0-79.0-20.0 1979  FRANCIA
* 73.0 43-29 1979  JAPON
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PASARELAS ATIRANTADAS PARA PEATONES

LONGITUDES DE

* El nombre de estas estructuras no se tiene en

idioma espafo,

ya que los datos se obtuvieron de varias publicaciones en ja-

ponés.

NOMBRE TOTAL (M) TRAMOS (M) ANO PAIS
* 49.0 25-24 1980 JAPON
* 74 .0 17-38-17 1980 JAPON
* 90.0 24-22-24 1380 JAPON
* 80.5 64.0-16.5 1381  JAPON
* 64.0 43-21 1981  JAPON
* 80.0 63-17 1981 JAPON
* 136.0 34-67-34 1981  JAPON
J* 35.C 57-28 1651 JAPON
* 80.0 49-30 - JAPQM
* 83.0 14-53-16 15=_  JAPON
* 41.0 41.0 1983 JAPON
LYON 1983 FRANCIA
* 120.90 40-80 1984 JAPON
* 77.0 50-27 1984 JAPON
* 63.0 27-9-27 1984 JAPON
* 46.0 46.0 1984 JAPON
* 101.0 44-57 1985 JAPON
* . 168.0 28-90-50 1885 JAPON
POPLAR 45 1992 INGLATERRA



" NUMERO DE PUENTES ATIRANTADOS

2ooﬂ

150 -

100 ~

50 -

GRAFICA DE CRECIMIENTO DE PUENTES ATIRANTADOS

Total de puentes

Tablero metalico

T 1 T 1 3 T
1960 1965 1970 (R g} 1280 1935 1990 1595

ANO DE TERMINACION DE CONSTRUCCION

2000

gl



LONGITUD DE LA PARTE ATIRANTADA
-MILES DE METROS

704

65

60

554

50+

304

25

20-1

"RAFICA DE LONGITUDES DE PUENTES ATIRANTADOS

1455

1960

T T T T I I
1965 1970 1575 1580 1985 1530

ANO DE TERMINACION DE CONSTRUCCION

L9

2000



- 20 -

Con estos resultados se concluye que la tasa de crecimientc =

iy
|

los puentzs atirantados en los dltimos 20 ados ha si1do orict:

(@)

3.
menta constante y la ldngitud nromedio construida tuvo 1n¢reTzn-
tos importantes hasta llegar en 1930 a ur méximo, lo qus signifl
ca cue |a magnitud de los claros ha crecido en forma considerz--
ble.

Los elementos relevantes para la definicién del proyecio de un -
puente atirantado son los tirantes, la pila-pilén y el tablero.
Estds tres elementos estdn correlacionados y sus caractaristicas
gecmétricas y mecdnicdas dependen en gran parte de la configura--
c1én del sistema de at:irantamiento. Es convenlente hacer men---
cifn de lcs aspectcs que tntervienen para su eleccién.

TIRANTES

Longitudinalmente, los tirantes pueden disponerse en tres posi--
ctones: en abanico, cuando todos los tirantes convergen en el --
vértice del pilén, - soluciédn apllcada en [os puentes Severin, -
Zadrate Brazo Largo, Pasco Kennewick, entre otros - en semiabénl
co si los tirantes se distribuyen regularmente en la parfte supe-
rior del-p1lén. Esta disposicién, poco diferente de [a anterior,
ofrece la ventaja de facilitar la continuidad o el énclajé en el
pilén, como ocurre en los Puentes de Brotonne, Coatzacoalcos, --
Bonn, etc.; en arpa, cuando todos los tirantes son paralelos. -
Esta disposicién disminuye los riesgos de inestabilidad eldstica
del p116n por la distribuci1én de los tirantes en toda su altura,
lo que permite simplificactones constructivas importantes, debi-
do a que conservan un mismo d&nqulo de i1ncidencia. Con esta for-
ma se resolvieron la mayorfa de los puentes sbbre el Rio Rhin, -
en las proximidades de la ciudad de Dudsseldorf.

Transversalmente, los tirantes pueden disponerse contenidos en -
un plano situado en el eje del tablero, denomindndose suspensidn
axial; o en dos planos laterales, paralelos o convergentes, solu
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Los pilones pueden quedar constituldos por una estructura m
ca, como &3 el caso d=l Puentz Kohlbrand, o por elementos

cratg reforzado.

TABLERO

La definiciédn de la secciédn transversal del tablero depende tim-
bién de la configuraci1én del atirantamiento, influyendo ademds -
en forma importante el nimerc de tirantes y s1 el tablero es d2
concreto, metélice o mixto, procurando lograr que éste sea lo --
mas ligero posible, per¢ garantizando su estabilidad aerodindmi
ca y su facilidad de construccifn,

S1 el atirintamiento es axial, la secci6n cerrada es la méds ofi-
clente, debiendo tener un peralte suflcien;e para obtener la ri-
.gidez torsionmal necesaria. Sl el atirantamiento es lateral, el
efecto de torsién se reduce notablemente; la seccibén puede ser -
dbierta y su peralte minimo. -

En general, en los puentes con tablero métélico se ha venido ---
usando un ndmero reducido de tirantes, como es el caso de los --
Puentes Erskine, Harmsenbrug, Mannneim. Esto produce una fle---
x16n general considerable } flexicnes locales entre los puntos -
de suspensi16dn, que generan momentcs flexionantes 1mportantes pa-
ra las cargas permanentes y méviles, 1o que motiva que los table
ros requleran de grandes peraltes.

Asimismo, en los primeros puentes con tablero de concreto tam---
bién se dispuso de un nimero minimo de tirantes. Morandi, en el
Puente de Maracaibo Gnicamente colocé dos tirantes para un claro
de 235 m. Con esta misma tecnologfa se construyeron varias ----
obras muy similares en su concepcidén: los Puentes Wadi Kuf, Pol-
cevera y Chaco Corrientes.-

A través del tiempo, el nUmero de tirantes se ha venido aumentan
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do, por las ventajas que éstoreprssanta, sobre todo para el caso
de los tableros de concretd donde o ideal es :alocar un tirante
por cada dovela, con lo cual se rzduce notablenante la esheltez
y el peso del tablero, sobre todo si el atirantzimientn es late--
ral. Con esto se reduce pradcticamente a cero !ia flexién local,
al equiliibrarse el efecto d=2 las cargas de pesc propio con la --
componente vertical de la tensidn del tirante y guedar comprimi-
da la seccién por efecto de la componente horizontal, lo que le
prcporciona capacidad para la flexi16n general, Jue en este caso
resuita minima por la rigidez del conjunto. Sin embargc, esta
soluci16n no es prdactica ni econémica, ya que lz longitud conve-
niente de cada dovela s de 3 & 4 metros, ya s=2a coladas en el -
lugar o precoladas. Ademés la gran cantidad dz tirantes hace el
efecto de una “vela" para la acci18n del viento transversal. EI
equilibrio de este oroblema c¢onduce a colocar lss tirantes entre
7 y 10 metros. Otra ventaja de utilizar un atirantamiento mdlti
ple es el manejar cables de baja capacidad, con lo cual se puede
simplificar los procedimientos constructivos y uniformizar los -

dispositivos de apclaje.

Lo anterior también tiere validez cuando.se utilizan tableros me
tdlicos, principalments s1 la losa es de conc¢reto, como es el cCa
so del Puente de Anassis o del Puente Higashi Kobe Suiro, que --
tiene uh tablero de armadura, de forma similar a la de los puen-
tes.suspendidos por cables curvos.

Con esta nueva morfologia, las expectativas para resolver claros
mayores es muy factible. Ya se ha realizado un anteproyectc pa-
ra un puente en el estrecho de Messina, con un claro de 1300 m.

Los elementos mds importantes del sistema de atirantamiento de -
una estructura, son los cables. ©DOe ellos depende la estabiiidad
de la obra, sin embargo, por sus condiciones de operacifn estdn

muy expuestos a los efectos de fatiga y de corrosién. Para ele-
gir el tipo “e -ible que garantice la mayor seguridad es necesa-
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rio conocer con detalle las caracteristicas y el ¢omportamlento -
de‘todas sus nartes juz |0 1ntegran, Esto significa ta realiza--
ci1én de estudios especilales y de un nimero importante de pruebas
y ensayes de laborator:io. ' '

Los conceptos que requieren una atencidn especial son: la forma
y tipo del acero, caracter{sticas del sistema de anclaje, capaci-
dad de resistencia estdtica y a la fatiga del conjunto, procedi--
miento de proteccién contra la corrosién, formacién, manejo, colo
cacidn y puesta en tensién de los cables, comportamiento dinémico
por efecto de las cargas va1les, principalmente las de viento vy
la sustitucidn de los cables.

El acero se ha venido proporcignando por medio de alambres arma--
dos "cable cerrade® y alambres o torones paralelos, con resisten-
cia a la ruptura entre 160 y 190 kg/mm2, bajo grado de relaja----
cibén, poco suscept151e @ la corrosidn y una capacidad dtil, deter
minada por un esfuerzo midximo con valor del 45% del esfuerzo de -
ruptura y para una gccidén dindmica de 2 millones de ciclos con un
rango de variac&én de 16 a 20 xg/mm2. Los cables formados por --
alambres o torones paralelos tienen un mejor comportamiento elds-
tico, por presentar un médulo de eiasticidad bien definldq.

-La capacidad del cable a la fatiga depende fundamentalmente de la
forma de fijacién del acero en los disposttivos de anclaje y de -
la amplitud de variacién de sus esfuerzos, la cual se comprueba
realizando ensayes de laboratarios.

Los dispositivos de anclaje m=ds utilizados son los desarrollados
por BBR para alambres de 7 mm de di1d4metro, en sus versiones BBRV,
DINA y HiAm. La empresa i1nglesa British Rope fabricé con alam---
bres galvanizados de 7 mm los cables y sus anclajes para el puen-
te de Anassis.

--Para torones de 15 mm de didmetro, Freyssinet Internacional y la
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empresa espafiola Centro de Trabajos Técnicos han desarrcilado an
clajes para los cables usados en los puentes de Broteonne, Rande,

Coatzacoalcos y Barrios de Luna, 2ntre otLras.

En la mayoria de los anciajes los alambres o los tcrones presen--
tan una desviacidén dentro del cuerpo de éste y para fijarlos se -
usa una3 resing dura, en algunos casos mezcléndole pequeias esfe--
ras de metal o relleno de zinc. En otros se ha colocado dentro -
del cuerpo del anclaje una resina blanda como protecci1dn contra -
la corrosidén. En la cabeza del anclaje la fijacidn se logra por
medio d2 botones en el -caso de los alambres y por cufdas para los
torones.

En los primercs puentes atirantados modernos se utilizaron cables
cerrados, protegiéndolos por medioc de pintura Gnicamente, 1o que
resultd.insuficiente, si1endo necesarlo sustituir varios de ellos.
En el Puente Kohlbrand, a los 6 afos de haberse terminado se cam-
bi1aron todos los cables.

La protecciédn que mds garantia ha ofrecido, es el uso de tubos de
acero o polietileno como ducto y la inyeccién de una lechada de -
cementc. La duracidén de los tubos de polietileno esté gérantlzg
da por 20 anos, tiempo que tienen 10s primeros que se usaron, pe-
ro se estima que puede llegar hasta 40 6 50 afos, si su manejo es
" adecuado durante su transporte, colocacifén e inyeccién, Este ti-
po de ductos presenta gran facilidad para su colocacidn y permite
prefabricar los rables. Los tubos de acero requieren de una pro-
tecc16n con pintura, su colocacién es lenta y dificil, sobre todo
cuando los cables son de gran longitud.

Ultimamente se han realizado pruebas cdn resultados muy satisfac-
torios para utilizar cera en lugar de lechada de cemento, mate---
rial que presenta ventajas y garantiza una meijor proteccién. La
aplicaci6n de este nrocedimiento de proteccibn se inicié a fines

del ano de 1987 en un puente construfido en Bélgica y se uti1l129
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en los tirantes del puente Tampico.

Las Enpresas fabricantes de acerd para cables estéan produciendo
torones protegidos individualmente por un recubrimlente & base
de cera y forrados con polietileno.

El efecto dindmico en los cables tambi1én es muy -importante, es-
pectalmente pnor el ‘compeortamiento aerodindmict, que puede lle-
gar a ser peligrosc para puentes con pocos wirdntes y gran cla-
re 4l producierse cscilaciones con una frecuencia que llegue --
hasta la resonancia. Para un sistema de atirantamiento milti--
ple 13 poeibilidad de inestabilidad es muy reducida, por la 1n-
terferencia de la diferente frecuencia de oscilacidn de lgs ca-

bles.

Otro problema dindmico es la oscilacién de los mismoes cables, -
como ocurrid en algunos del puente Brotonne, donde fué necesa--
rio instalar snbre el tablero un sistema de amortiguadores. E£En
otros puentes se han usado amortiguadores a base de neoprsno.

En el disefo de la estructura y la eleccidn de '10s cables <cebe
preverse la sustitucién de &sto, por motivos, entre ctros, de -
posibies accidentes de trédnsito o deterioro debido & corrcsién.
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cuadrada {4 200 kg/cm’, aproximadamente), puede ulilizarse
en todas 135 posiciones {el 1 corresponde a electrodos adecua
dos para ser empleados en cualquier posicidn, plana, horizon.
tal, vertical © sobre cabeza), y requiere el uso de corriente
continua con polandad invertida, es decir, e! electrodo debe
ser el polo positivo en el circuito, v el metai base el negativo.

Los efectrodos Exx15 Exx16, Exx18 y Exx28 (as/ como los
Exxx15 Exxx16, etc } son de bajo contenido de hidrogeno, ya
que su recubnmiento tiene Muy pOCos componentes que con-
tengan ese elemento, 10 Que ocasiona que en la atmosfera del
arco existan solo trazas de hidrdgeno o de humedad.

3.2 Eleccion del tipo de electrodo

Los electrodos que se utidlicen en empalmes de vanllas deben
proporcionar un metal de aportacién que tenga propiedades
tisicas semejantes a las de la varitla; debe ponerse especial aten-
c1dn en 1os esfuerzos de fluencia y de ruptura en tension y en
fa ductilidad, ex'presada en porcentaje de alargamiento,

El primer paso en 13 eleccidn del Lipo de electrodo se basa en la
resistencia gue debe tener el empahme, 13 que es funcion de la

esistencia de la varilla y de los requisitos del codigo que se
es1e empleando.

De acuerdo con las normas del Instituto Americano del Con
creto (AC1), se considera que un empalme soldado es ciento
por ciento eficiente cuando resiste, antes de romperse, una
tensign igual o mayor que la correspondiente al 125 por ciento
del estuerzo de fluencia especificado para la varilla; en cambio,
otras normas (por ejemplo, las contenidas en el Manual de
disefo de obras civiles de la Comisién Federal de Electricidad)
exigen que !os empalmes hechos con soldadura resistan, en
tens1on, por 1o menos el ciento por ciento de 12 resistencia a la
tension minima especificada para el tipo de varilla utilizado

Por ejemplo, si se van a empalmar varillas ASTM AB15-68
grado 60, con limite de fiuencia minimo de 4 220 kg/cm?® v
resistencia a la ruptura, en tensidn, no menor de 6330
kg/cm’, por medio de una soldadura a tope de penetracion
completa, debe usarse un electrodo de alguno de los tipos
siguientes: '

Normas ACL. El metal depositado debe tener una resistencia
minima de 4 220 x 1.25 = 5275 kg/cm?, de manera que se
utilizard un electrodo E BOxx, que proporciona unasoldadura
con resistencia de 80ksi = 5 600 kg/cm’ , o mayor.

Manual de disefio de obras civiles de la CFE, Se debe utilizar

-

un elecirado E90xx, con el que se obliene metal de aportacion

que resiste, a la ruptura, no menos de 5 300 kg/cm’, aproxi
madamente

En general, se recomienda el empleo de electrodos de bajo
cantenido de hidrogeno {seres Exx15, 16, 18y 28, y Exxx15,
16, 1B y 28), entre ellos, son sspecialmente convenientes los
de fas clases Exx18.28B v Exxx18-28, y3 que el hierro en polvo
contenido en su recubrimiento facilita la ejecucidn de Ia junta
y aumenta la velocidad de retleng

Las caracteristicas del electrodo deben ser las apropiadas al
tipo de miquina de soldar que se vava a emplear.

"3 3 Tipos de varillas y electrodos aplicables

En 1a tabla 1 se indican los electrodos que deben usarse para
soldar, en uniones a tope con penetracion completa, 1os diver-
sos Lpos de varillas contenidos en las normas de la ASTM. En

su eleccion se han seguido 1os dos criterips mencionados en
32
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CE USO Y CONTROL DE LOS ELECTRODOS

al Se deben almacenar los electrodos en las cajas en que los

entrega el fabricante, v deben conservarse en un lugar seco vy
hmpo.

b) Se deben manejar con el cuidado necesario para evitar que
se maltraten o se contaminen con basura, aceite, agua v otras
materias extrafias. Deben tomarse las precauciones necesarias
para eilg, tanto cuando aun estan en sus envases originales
como cuando se han sacado de los mismos.

¢} En e} momenlo en que se usa un electrodo, su recubrimien-
to debe estar completamente seco. Los electrodos que se
saquen de envases sellades herméticamente deben utilizarse
dentro de un periodo no mayor de cuatro horas, contadas 2
partir del instante en que se abre el paquete. Los electrodos
que no se usen dentro de ese lapso de tiempo, 105 que estén
aimacenados en paquetes no sellados herméticamente, 0 los
que hayan estado expuestos durante mis de una hora 3 una
atmdsfera con humedad relativa de 75 por ciento o mavyor,
deberin secarse en hornos adecuados durante una a tres horas,
2 temperaturas comprendidas entre 230 y 260°C, antes de ser
JtHizados. Si un electrodo que ha sido secado como se indica
en ef pdrrafo anterior no se usa dentro de las cuatro horas
siguientes, debe volverse a secar anles de usarse,
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TABLA 2. TEMPERATURAS MINIMAS DE PRECALERTAMIENT O _

COMNTENIDO -
DEC yMn en ELECTRODOY TRATAMIENTO TERMICQ REQUERIDCL
porcentaje
No se requiere precalentamiento, exceplo
C. hasta 0.30 . cuando la temperatura de ias vanilas es
Mn. hasta 0.60 Cualquiera mencr de°—10°c: en ese caso, se precalen
tardn 3 40 C,
Cualquiera Las varillas se precalentardn a 40° C.

Cde.313035
Mn, hasta 0.90

De bajo contenido de hidrogeno

No se requiere precalentamiento, excepto
cvando §a temperatura de tas wvarillas es
menor de ~10°C; en ese caso, se precaien:
tardn a 40°C.

C,de0.36a040
Mn, hasta 1.30

De bajo contenido de hudrogeno

Las variltas se precalentaran a 95°C,

C.de0.4120.50
Mn, hasta 1.30

De bajo contenido de hidrdgeno

Las varillas se precalentardn a 200°C,

d J

(1) Estas tempersiuras minimss deben conservarse durante todo el proceso de colocscién de la soldadura, es decir, el metal de aportacion
»a depositade y el metal bage adyacente deben estar n una tempersturs no menor que la indicads ol iniciar Is colocscion de cordaones

RCEesIVOS,

(1) La resistencia del elecirodo se fijard de acuerdo con la 1abla |,

La longitud de & tona precalentada seri de tres (3} didmetros a cade lado de I3 ;unta, como minimo,

- | 1 1

SECCION a-A

o
e

<+ -,

Fig !

Se desecharidn los electrodos cuyo recubrimiento se haya mojado.

d} La entrega de ios electrodos a fos soldadores debe hacerla
Gnicamente personal autorizado que lleve un control cuida-
doso de las condiciones de almacenamiento, manejo y uso.

5. PRECALENTAMIENTO

El precalentamiento es fa aplicacién de calor para elevar la
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_‘b’ Gorganto

SECCION B8-8B

temperatura de las varillas en la vecindad de la zona donde se
depositard la soldadura; tiene por objeto reducir la diferencia
de temperatura entre el metal de aportacibén y el metal base
adyacente, para disminuir 18 velocidad de cn_friamiumo de la
junta; de esta manera se reduce |a magnitud de los esfuerzos
focalizados que pueden ocasionar grietas en |as soldaduras o en
el metal base inmedgiato a ellas, y se ayuds a evitar la torma.
cion de jreas duras y {rigiles.




Soldoduros\

Varilias auxiliares

Soldoduras

Varila principal
SECCION 8-8

3/4" max,

i

3
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Varillas cuxlllcres) B —b
Garganto
45¢
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{
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5.1 Temperatura de precalentamiento

Se fija de acuerdo con la tabta 2, en funcidn dela composicion
quimnica de las varillas vy del tipo de electrodo.

5.2 Métodos de aplicacién del calor
El calor puede aplicarse utilizando un soplete oxiacetilénico

provisto de una boquilla especial o por resistencia al paso de
una cornente eléctrica.

53 Amplitud de la zona que debe precalentarse en
soldaduras a tope

Se precalentaran 1os extremos de las dos varillas que se vayan a
soldar, en una longitud no menor de tres didmetros a cada 'ado
de la junta.

5.4 Medicion de la temperatura

Las lemperaturas se miden por medio de crayones indicadores
o de pirometros de contacto.

SECCION a-A4
Similar pora {¢)

Fug 2

6. CONTROL DEL ENFRIAMIENTO -

No debe aceierarse el enfriamiento de las soldaduras por nin
goun método, por lo que quedan terminantemente prohibidas
las operaciones de cualquier tipo tendientes a ese fin Ademas,
las juntas terminadas deben protegerse contra factores no
intencionales que puedan ocasionar un enfriamiento acelerado
{por ejemplo, deben recubrirse con asbesto u otro material
semejante cuando existe la posibilidad de que llueva antes de
que |as juntas se hayan enfriado por completo, 0 cuando que-
dan sometidas a vientos de alguna importancial

7. TIPOS DE JUNTAS

Pueden empalmarse las varilias de refuerzo por medro de solda-
duras de filete o de soldaduras a tope, de penetracién com-
pleta.

7.1 Uniones con soldaduras de filete

Este tipo de uniones puede hacerse trastapando la dos vanlias

y soldandolas entre si, 0 colocando una frente 8 18 Otra v
utilizando un elemento adicional pare trasmitir los estuerzos

o



a) Cuando 'a union se efectua trastapando las vanillas, la solda-
dura debe depositarse, de ser posible, por ambos lados de la
aris1a de contaclo, pero se aceptan las uniones con soldadura
ce un solo 1ao. cuando el otro no es accesible Este tipo de
unan e adecuado umcamente para varilias de pequerio didgme-
1ro. no mayores det No 5 {fig 1).

o) El etemento auxihiar utihizado para unir dos vanllas no tras
1apaaas puede ser o1ra vanila o un par de varillas, una placa o
un angulo {9 2) Su resistencia debe ser 1qual 0 mayor que la
oe las varitlas gue se ¢stan empalmando

¢y Las juntas excentricas {comg 1a de 1a fig 1 soldada por un
soto lada, 12 de la fig 2a con una sola vanlla tateral, o ladela
fig 2b) deben evitarse siempre gque sea posible y. en caso de
ubilizarse, depe tenerse en cuenta en el disedo el efecto des
favorabte de la excentricidad Se prohibe su uso en estructuras
qQue vayan a quedar sometidas a un numero grande de ciclos de
carga, en las que |3 falla por fatiga sea una posibilidad.

dl Cuando se unen dos vanllas del mismo didmetro, de alguna
de tas maneras mostradas en las tigs 1 y 23, el tamafo nominal
de 1a soldadura es el radio de la varilla; s las dos varillas tienen

didmetros diferentes, el tamafio nominal es el menor de los dos
ragos.

-Si se emplean las uniones de tas figs 2b o 2c, el tamafo nomi
nal de la soldadura es también el radio de 1a varilla.

e) En cualquiera de fos casos anteriores, la dimension real de fa

garganta del filete de soldadura debe ser igual 0 mayor que 3/4
del tamano nominal.

1) Se wtilizaran los electrodos indicados en 1a tabla 1, vy los

esfuerzos de disefo serdn tos especificados para soldadurat de
filete,

7.2 Uniones a tope con soldaduras de penetracion

Se prefiere este tipo de uniones a las realizadas con soldadurs
de filete, excepto en varillas de didmetro muy pequefo. Se
recomienda su empleo para varillas del No 8 0 mayores, y en
todos los casos en que determinados requisitos de cotocacion
impidan o dificulten el uso de traslapes.

7.2.1 Preparaciones de las extremos de las varillas

Pars permitir una colocacidn adecuasds del metal de aports
c:dn, que debe rellenar totalmente |3 seccidn transversal de la
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pinta. es necesarig biselar 10s extremos de las varillas de aloguna
de las maneras indicadas en la fig 3

Las preparaciones al vy b} se emplean normalmente en vanibias
que se sueldan en posicidn horizontal, v las ¢) y d} para varillas
en cosicion vertcal,

Las preparaciones mostradas en ia fig 3 pueden utilizarse sin
emplear placas u otros elementos de respaldo, umcamente en
los casos en que el soidador tenqa acceso comodo a todo el
perimetro de !a varilla, cuando debs depositarse el metal de
aportacion por un solo lado de la junta, se empleara alguno de
los elementos de respaldo ingicados enla fig 2

B. MANO DE OBRA

8.1 Soldadores

Todos los soldadores que se utilicen para soldar varillas debe
ran haher sido calificados previamente en examenes que repro:
duzcan, con la mayor hidelidad posible, 1as condiciones en las
que se efectuara e! trabajo

. —sdf

N\ a8

7 N b

. . R.
PERFIL ACEPTABLE

Gorgonta insuficiente

. .
Socavacion excesiva

Fig 4. Perfiles inaceprahies

ty

8.2 Condiciones en las que no debe soldarse

No se efectuara mingqun trabajo de soldadura cuando la tempe
rafura ambiente sea menor de —10°C. cuando las superficieg
por soldar estén humedas 0 expuestas 3 flyvia, grantto, neve o
vientos intensos, ni 'cua'ndo los sbldadores tengan que trabajar
en condiciones inclementes

8.3 Preparacion y limpisza del material

al Las superficies por soldar y las adacentes a ellas, hasta &
€m 3 uvno vy Otro lado de la junta, deben estar ‘impras. $n
escamas de laminado y bibres de oxido, pintura, grasa, cemento
o cualquier otro material extraiio. Se permite ta presencia de
escamas de laminaco que resistan un cepiltado vigoroso con
cepitlo de alambre. asi como una ligera capa de aceite secador
o de recubrimiento antioxidante

bl Las superficies en las que se vaya a depositar |3 soldadura.
en juntas a tope con penetracion completa, deben sar isas vy
unsformes. sin irregularidades, rebabas, desgarraduras grietss u

.

Ef refuerzo R no debe
ser magyor de 3 mm

Convexidad excesiva

| ii;i

Traoslape
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otros defectos que afecten desfavorablemente la calidad o re
sistencia de |3 soldadura.

<) Los cortes necesarios para preparar los biseles pueden hacer-
se con soplele oxacetiénico o con seguela; cuando se utilice
sog.ete debe eliminarse 1a escoria producida’ por el corte, vy el
acabado final de las superficies en las que se vaya a depositar la

soldadury debe ser semejante al que se obtiene en cortes con’

sequeta £n caso de ser netesario, 105 cortes con soplete se
corregirdn con segueta, esmeril ¢ maquinéndolos.

8.4 Colocacion de las partes por soldar

3} Los detalies y 1a secuela de elaboracidn de las juntas se
planearin'de manera que se tenga siempre acceso comodo a las

superficies en las que se depositard la soldadura. ¥ que esta

. pueda colocarse en todos 10s casos en 13 posicion mds favorable
posible.

b} Las partes por unir y los eiementos auxiliares, cuando estos
existan deben alinearse adecuadamente para reducir {as excer
tricidades a un minimo.

¢} Cuando se utilicen soldaduras de filete, las dos varillas o la
variita y {a placa de empalme deben colocarse en un contacto
tan completo como sea posible. La separacion entre las dos
partes que van a recibir el corddn no debe ser mayor de 5 mm
ni de un cuarto del diametro de |a varilla; si la reparacion es de
1.5 mm o mayor, el tamafio de |a soldadura debe aumentarse
en etd misma cantidad.

d) En uniones a tope las varillas deben alinearse perfectamente,
antes de empezar a depositar 1a soldadurs, de manera que coin-
cidan los ejes de los tramos por unir. Es muy importante que
las aristas de los biseles coincidan exactamente, tantc en tama-
Ao como en alineamiento.

e} El desaiineamiento miaximo permisible es |1a décima parte
del didmetro de la menor de las varitlas, sin exceder 3 mm. Al
corregir faftas de alineamiento que estén fuesra de ese limite,

las varitlas se torceran de maners que su pendiénte no sea
mayor de 1/24, ' )

f) Ung vez presentadas las varillas que se van a soldar, las
dimensiones de los biseles y las separaciones entre ellas no
deben diferir de las indicadas en las figs 3 vy 7 en cantidades
mayores que las siguientes:

394

Juntas no trabaja-
das por la raiz

Juntas trabajadas
por fa rai2

! Caradelaraiz +1.5mm

sin hmitacion
2. Abertura de la
raiz en juntas sin
placa de respaldo -
3. Abertura de la
raiz en juntas con
placa de respaldo

+15mm -3 mm

+6mm. —15mm -
4. Anzilo que for-

m.  las superh-

cie* »ntre las que

se colocard |a sol-

dadura +5° +10° - 5°

9. PERFILES DE LAS SOLDADURAS

Las soldaduras de penetracion deben hacerse con un pequefo
refuerzo, excepto cuando se especifique |G contrang La aitura
del refuerzo no debe ser mayor de 3 mm, v 13 transicion entr
1a superficie de las varillas vy ta zona de didmetro maximo de |
soldadura debe ser graduai.

En 13 fig 4 se muestran 105 perfiles de juntas aceptables e
inaceptables.

10. CALIDAD DE LAS SOLDADURAS

a) Debe haber fusién completa entre el metal de aporiacidn y
e metal base, 3si como entre los diferentes cordones de soids-
dura.

b) Los criteres se rellenarin hasta completar {3 seccibn tram-
versal especificada de la soidadura,

c} La profundidad de una socavacién no serd nuncs mayor de
0.25 mm cuando su direccion sea transversal a la de los esfer-
zos primarios en la parte socavada, ni mayor de 0 8 mm cusn-
do su direccion sea paralels 8 13 de #s0s esfuerzos prmeanos.

d) No se aceptardn uniones en las que |s soldadura estéd trasis
pada sobre |8 varilla.

e} La suma de 1os didmetros de 10s poros visibles en o super-
ficie de I3 soldadurs no debe ser mayorde @ mmen cotin 1 %
cm lineales de soldadura.




f) Las uniones no deben presentar grietas en el metal base nien
el depos:tado; la presencia de grietas de cualquier Lipo e Mot
vo suficiente para que 12 unidn sea rechazada.

g) Las soldaduras serdn inaceptables si tienen porosidad (es
decir, bolsas de gases u Otros vacios similares, de tipo globuiar)
o defectos de fusidn (inclusiones de escoria, fusién incompileta,
penetracion inadecuada u otros defectos semejantes), si:

1 Existen defectos individuales cuya dimensidn méxima es de
19 mm o mayor.

2. Existen defectos individuales, con dimension mixima de 2.5
mm o mas, que es mayor de 2/3 de fa garganta efecliva de ia
soldadura, o que estdn situados a una distancia de! extremo de
la scldadura mencr de tres veces su dimensidn mayor.

3. En cualquier longitud de seis veces el tamafio del corddn
hay un grupo de defectos en linea, con dimensiones Maximas
de 2.5 mm o mayores, y la suma de las dimensiones miximas
de todos eilos es mayor gue el grueso efectivo de fa junta o que
el tamafio de ia soldadura. Si 1a longitud que se examina es
menor de seis veces el tamaio de la soldadura, fa suma permi-
sible de las dimensiones miximas de los defectos disminuira
proporcionalmente.

4 E! espacio entre dos defectos consecutivos que tengan una
dimension méxima de 2.5 mm ¢ mayor es menor de tres veces
la dimensidon mas grande del mayor de los dos.

% Enxisten defectos individuales con dimensién méxima menor
de 2.5 mm, pero la suma de sus dimensiones miximas excede )
cm en cualquier tramo de soldadura de 2.5 em de longitud.

11. CORRECCIONES

Con autorizacion, por escrito, del director de 1a obra, pueden
corregirse uniones que contengan soldaduras no satisfactorias,
© que indiquén mano de obra de poca calidad; se utilizard para
ello alguno de 1os procedimientos que se enumeran a continua-
cron,

a) Las soldaduras o el metal base defectuosos, se corregirdn
sustituyendo la soldadura completa, o como sigue:

1. Traslape o convexidad excesiva, suprimiendo el exceso de
meta! de aportacion,

2. Concavidad excesiva, criteres, soldaduras de tamafio menor
que el especificado y socavacidn, limpiando y depositando
metal de aportacién adicional.

3. Porosidad o inclustones de escoria excesivas y fus:an (deom.
pieta, quitando las porciones defectuosas y volviendo a soldar,

4. Grietas en la soldadura o en el metal base, determinando la
extension de la grieta, qurtando el metal agrietado y 2 5 cm de
metal sano mas alld de cada extremo de la grieta, v volviendo a
soldar.

b) La remocidon def metal de aportacion, o de porciones del
metal base, puede hacerse con esmerid o ranurando con arco-
aire; en cualquier caso, deben tomarse |las precauciones nece.

sarias para no dafar (3 soidadura restante o el metal base

adyacente, Las zonas defectuosas de soidadura se removerdn
con cuidado para no quitar porctones importantes de metal
base.

¢} El metal de aportacién adicional necesario para compensar
deficiencias en tamaiio, se depositard con un electrodo de me-
nor diametro que el empleado al hacer 1a soldadura original, y
de no mas de 5/32 pulg. Las superficies se limpiardn cuida.
dosamente antes de soldar,

d} Las varillas que hayan quedado ensambladas rnadecuada-
mente, s& cortaran y se volverdn a soldar.

-1

e) Los elementos que se deformen durante !a‘colocacion de la
soldadura, se enderezardn por medios mecanicos sin in'fsacto o

mediante {a aplicacibén, cuidadosamente supervisada, de una

cantidad limitada de calor 'ocalizado. La temperatura de las
dreas calentadas no pasard de seiscientos (600) grados centi.
grados, y las partes que s5e calienten estaran practicamente
libres de esfuerzos y de cargas exteriores; se exceptuan 10s
producidos por medios mecanicos utilizados en conmuncién
con el calor.

12. PROCEDIMIENTOS PARA LA EJECUCION DE
SOLDADURAS A TOPE, DE PENETRACION COM.
PLETA

En las uniones a tope debe lograrse penetracién completa en ta
seccion soldada, es decir, el metal de aportacidn debe fundirse
perfectamente con las caras de las varilias que se estdn empal.
mando en 1a totalidad del érea de su seccion transversal.

La penetracidbn completa puede lograrse de alguna de las dos
maneras siguientes: ‘

12.1 Soldaduras sin respaldo
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Este tipo de uniones pusde hacerse Unicamentes Cudndo e tie- - -
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Fig 3

296

a) Varillos en posicién horizontai

b) Varillas en posicidn verticol

ne acceso libre a todo el perimetro de las varillas, o que con
frecuencia sucede solo en las mesas de armado Cuando se
emplea este procedimiento, deben utd zarse elementos de enta
ce provisionales que permitan alinear las variltas y conservarlas
alineadas durante {a colocacion del metal de aportacién: los
elementos de enlace serdn mecanicos, y se prohibe el empleo
de puntos de soldadura para fijarlos a las varillas

En la ejecucién de las soldaduras de penetracién completa sin
respaldo se satisfardn los siguientes reqursitos

al La secuela de colocacidon de los cordones necesarios para
rellenar par completo la junta, serd similar 31 1a indicada en el
detalle correspondiente de 1a 19 5.

b} Antes de colocar cada nuevo corddn de scidadura, se impra
rin cuidadosamente los cordones anteriores suprimiends 1oda
la escoria y cualquier otro material extrafo.

¢} En todas las soldaduras de penetracidn debe ranyrarse la
raiz de |a soldadura que se depositd primero, antes de empezar
a sofdar por el segundo lado: la ranura, que debe tener '3
profundidad necesaria para descubrir metal sano y limpio, vy el
ancho adecuado para permitir la colocacidon correcta del nyevo
metat de aportacidn, puede hacerse con esmerit 0 con ar
{tig 6).

d) En uniones con preparacién en V, 1a secuela de colocacion
de los cordones serd similar a 1a de un lado de las uniones en
doble V.

e) Las secuelas indicadas son aplicables a junias en varillas de
cualquier didmetro; el numero total de cordones serd el apro-
piado en cada caso.

f} Siempre que sea posible, al soldar juntas que requieran mas
de cuatro cordones en cada lado, se relienardn primero de tres
cuartos a siete octavos del primer tado, se hard después la
soldadura completa del sequndo lado v, por Gltimo, se term.
nard el primero.

g) Es convenients soldar varias varillas al mismo tiempo (de
seis 3 ocho, coma méximo} con objeto de permitir que cada
corddn se enfrie antes de depositar el siguiente, para evitar un
calentamiento excesivo de las juntas, que Dodria provocar una
disminucidn indeseable de su ductilidad, desde luego, deben
respetarse (as tempaeraturas indicadas en |a tabla 2.

h) Los tres o0 cuatro primeros cordones se depositarin con
electrodo de 1/8 o 3/16 pulg de didmetro; en los cordones
siguientes del primer lado pueden utlizarse electrodos mas



Ronura que
se hace con
esmeril o
arco-aire

Fig » Preparacion de la rarz de la junta antes de empezar g 10idar por el
gy lado

qruesos, pero en los tres o cuatro primeros corgones de! segun
do lado se volveran a usar electirodos de 1/8 o 3/16 pulg; la
soldadura se completard con electrodos de mayor didmetro

12.2 Soldaduras con respaldo

En las obras se presentan con frecuencia casos en los que um-
camernte se tiene acceso 3 un 1ado de 13 junta por el que debe
depositarse, por consiguiente, todo el metal de aportacion;
cuando 530 sucede no se pueden emplear los procedimientos
descritos anteriormente,

Este problema se presenta en columnas muy armadas, en las
que el gran nimero de varillas impide 1a colocacion de soida-
dura por el lado interior de la junta, en contratrabes de cimen-
tacton, donde solo se puede trabajar por amiba y, con menos
trecuencia, en trabes de superestructura. En todos estos casos
hay que empiear un elemento de respaldo que evite la nece-
sidad de soldar por el tado posterior de las variltas.

Cuando se efectien soldaduras de penetracidn cormpleta con
respaldo, deben cumplirse las condiciones siguientes:

al Comg etemento de respaldo se puede utilizar una placa de
acero o de cobre. doblada en “"media cafa’”’, de § mm de
eSpPesOr MINIMO, 0 un dnguio de acero estructural, también de
grueso mimmo de § mm (hg 7). La placa doblada puede sush
tuirse por medio tubo de diameatro adecuado.

b) Cuando se emplee como respaldo una placa dobladz de
acerp, el primer cordodn se depositara de manera que se obten-
ga fusion completa enire I3 soldadura vy 1a placa en 1002 Ia
I0Na en que ambas esten en contacio

¢) Si se emplea dngulo de respaldo cs necesarip rellenar con
metal de aportacion el hueco Que queda entre 1a raiz de I3
junta v el borde interior del anguio, Ja dificultad en obtener un
relleno correcto hace que sea mas recomendable el empleg de
la placa dobtada en med:a cafa

d} Si el respaldo es ge p'aca de cobre, puede quitarse despues
de colocar los primeros cordones, para utihizario en o1ra junta

e} El respaldo se ut:liza tambtvén para fijar y alinear correc
tamente las varilas que se van a soldar, lo que se logra con la
ayuda de medios mecancos de sujecion, y no utilizando pun
tos o cordones de soldadura.

fl No es necesario guitar los respaldas de aceré, perc puede
hacerse si se desea, siempre que se ulihicen procedimigntos que
no ocasionen ningun dafio en la junta Si se dejan 1as placas o
angulos de respaldo, debe considerarse que no contribuyen a
aumentar ta resistencta de |3 junta, pues su finalidad es perms
tir ta colocacién correcta de la soldadura v no retorzar el
empalme.

gl La secuela de colocacion de los cordones necesarios para
rellenar la junta sera analoga a l1a Gue se emplea en empaimes
sin respaldo con preparacidn en V sencilla, y se tomaran las
mismas medidas refat'vas 3 la limpieza de 1a junta

h} Es también recomendable soldar vanas varlias simuitanea
mente, por 13s razones indicadas en 12.1 g

1) LOS tres 0 cuatro prurieros cordones $e 0epositdaran ¢on elec
trodos, de 1/8 o 3/16 puylg de didmetro. excepio en e caso
descrito en 13.d.3; en los restantes pueden usarse electrodgs
Més gruesos.

13. RECOMENDACIONES GENERALES

al La soldadura debe depositarse en posicion plana siempie
que es10 sea posible.
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“Media cafa”

Ploco de respaido de
6 mm , doblada en

Anguio de
respaldo de
emm

Q[

A %
L—_—|-._T...._dl..)l"'

Angulo o ploca curva de respaldo
Fig 7. Junras con placa o dnguio de respaldo

b} La clasificacion y el tamafo del electrodo, 1a longitud del
arco, el voltaje y el amperaje deben ser los adecuados al grueso
de las varillas, tipo de preparacidn, posicibn en que se depos-
tard la soldadura y demds circunstancias relativas al trabajo que
se esté efectuando.

¢) Se admiten las tolerancias siguientes con respecto a los valo-
res tedricos correspondientes al tipo de electrodo y junta que
se esté efectuando:

Amperaje t 10 %
Voitaje t 7%
Velocidad de avance $10%

d) Los didmetros miximos de los electrodos serdn los si-
quientes:

1. 5/16 pulg para todas las soldaduras hechas en posicidn pla-
na, 3 excepcidn de 103 cordones depositados an la raiz da la
junta {cordones de fondeo).

2. 1/4 pulg pars soldaduras de filete depositadas en posicidén
horizontal.

3. /4 pulg pars cordones de raiz de soldaduras de filete he-
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chas en posicion plana y de soldaduras de penetracion hechas
en posicidn plana con respaldo y abertura de rajz de 6 mm o
mdas.

4, 5/32 pulg para soldaduras hechas con electrodos Exx14,
Exxx14 y de bajo contenido de hidrdgeno, en posiciones verti-
cal o sobre cabezs.

5. 3/16 pulg para cordones de fondeo en soldaduras de pe
retracidn y pars todas las soldaduras no incluidas en los pun-
tos 1 ad.

d) El grueso méximo de los cordones colocados después del de
raiz en soldaduras de filete, y el de todos los cordones en
soldaduras de penetracion, serd: .

1. 1/4 pulg pars cordones de fondeo de soldaduras de penetra-
con,

2. 1/8 pulg para los cordones restantes de soldaduras hechas en
pasicidn plana.

3. /18 pulg para Ios cordones restantes de soldaduras hechas
o posicidn horizontal, verticat o sobre cabeza.

E! tamafio minimo de los cordones de fondeo serd el necesario
para evitar que se agrieten al enfriarse.



el Los tamafos masximos de soidaduyras de filete gue pueden
depositarse en un s0io paso son.

1 3/8 puig en posicion plana.
2. 5/16 puig en posiciones horizontal y sobre cabeza.
3 1/2 pulg £n posicién vertical.

f) En ningln caso se permite encender ef arco contra las vari-
llas que se van a soldar.

g} Queda prohibido el empleo de !a soldadura para mantener

en posiciGn correcta las varillas, ya sean longitudinales o estri-
bos. :

14. INSPECCION Y CONTROL DE CALIDAD
14.1 Aspectos generales

La inspeccion constituye un2 parte importante del programa
de operaciones requendo para la obtencion de soldaduras satis
factorias. Su objeto es asegurarse de que se estin cumpliendo
todos los requisitos aplicables a un trabajo, y que las solda-
duras satisfacen las condiciones establecidas en las especifi-
caciones y en los planos constructivos; ¢l método més efectivo
y adecuado para lograr ese objetivo consiste en establecer des:
de un principio condiciones que aseguren una supervision
conveniente por parte del constructor, y una inspeccion sufi-
ciente para comprobar si esa supervision se mantiene durante
todo el trabajo vy si a través de ella se logrs una mano de obra
satisfactoria que produzca los resultados deseados,

En ningin caso se debe esperar 3 que las soldaduras esten
terminadas para revisarias y reparar las incorrectas, ya que es
mejor evitar la apancion de defectos que dejar que estos se
presenten y tratar de descubririos y corregirlos después, |o que
ademas puede ser dificil o aun imposible, en algunos casos.

Por consigurente, la inspeccion se debe iniciar antes de comen
zarse los empalmes entre varillas, proseguirse durante todo e
uempo que dure el trabajo, y concluirse cuando este este ter
minado.

En primer término se debe comprobar si el acero de refuerto
que se va a emplear en |2 estructura es el indicado en los planos
y especificaciones de provecto, y si sus caracteristicas de solda
biiidad permiten obtener juntas correctas; para esto se necev:ls
conocer la composicion quimica de 1as varillas, como se man
ciona en 2.1, Ademas, se debe comprobar también que todon
los soldadores que van a intervenir en el trabajo estén cahvh-

cados para desarrollar correctamente las actividades que les
han 5:1d0 asignadas, vy que el equipo Gue utilizardn es &l adecua
do y estd en condiciones correctas de operacion

Antes de empezar 3 soidar se deben revisar las caras y bordes
de las partes en que se va a colocar soldadura, para delerminar
s+ no existen defectos inaceptables, v §) 1as preparaciones de las
juntas son correctas en dngulo de inchinacion de los biseles,
abertura de la raiz, etc lesta parte de |a supervison es basica,
sobre todo en soldaduras a tope en varilias gruesas, ya que no
se puede lograr la penetracidon completa deseada, independien.
temente de la habiidad del sotdador, electroda empleado, etc,
s exasten deficiencias en las preparaciones que impidan el acce-
w del metal de aportacion a todo el espesor de la junta); se
revisard también 1a limpieza de 13s 20nas en que se depositard
la soldadura y el alineamiento de las varillas que se van a
empalmar, asi como los dispositivos empleados para mantener-
las en posicidn

Los procesos que se van 8 ytilizar en 10s diferentes ‘tipos de
juntas seran también objeto de una revisidn antes de iniciar et
trabajo, para comprobar que estan de acuerdo con estas reco-
mendaciones; se vigilard continuamente que los electrodos
empleados sean t0$ correctos {tentendo en cuenta su didmetro,
ta resistencia deseada de la junta, la posicidn en Que deberd
depositarse 3 soldadura, etc), v que las caracteristicas de la
cornente [amperaje, voltaie, polaridad} y la velocidad de coto-
cacibn de los cordones sean las adecuadas.

Evidentemente no es posible, ni necesario, que el inspector
revise personalmente cada uno de los cordones de “todas !as
juntas; deberd limitarse 3 determinado porcentaje de elias,
representativo de todas las demds y realizadas por diversos
operarios, con objeto de comprobar su habitidad; !a responsa.
bilidad final de a calidad de todas las uniones es del construe:

tor, quien deberd contar con una supervision adecuada dentro

de su organizacion,

Terrminadas las juntas de una zona, y antes de que se coloque
¢! concreto en ella, debe hacerse una inspeccion final, la gque se
lleva a cabo visuzimente y se completa con otros meétodos,
destructivos y no destructivos.

Ouranie i3 inspeccion visual final se determinan los factores
sguienties.

1. Ahneamiento de las varillas en que se hayan efectuado _

empaimes soldados.

1. Conformidad con los requisitos de las recomendaciones y
planos de construccion -referentes 8 dimensiones, distribucion,
tarmaio, contorng y continuidad de 1as soldaduras.
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3 Apanencsa de 13s soldaduras.

4 0Delecros superficiales, tales como grietas, poros, crateres,
socavacion, etc. {Aunque una soldadura con defectos internos
de importantia puede, en S}gunas ocasiones, presentar una
apariencia exterior aceptable, esta es, en 13 mayor parte de los
casos. una buena indicacidn de que la soldadura se ha hecho
correctamente.)

Ei objetive final de todos los métodos de inspeccidn es descu-
brir errores o defectos que puedan afectar desfavorablemente
el comportarmiento de las juntas, por consiguiente, la inspec-
cion debe ser precedida por una hmpieza adecuada que elimine
la escoria y cualquier otrg material que oculte, 1otal o parcial-
mente, 1a superficie de 1a soldadura (esto es aplicable no sola-
mente a la soldadura terminada, sino a todas las etapas del
proceso que se deseen inspeccionarl. La {impieza debe efec:
tuarse de manera que no oculte informacidon gue puede ser
vital, ya que si se hace sin cuidado pueden taparse pequefias
grietas y otros defectos similares, haciéndolos invisibles desde
el exterior. '

La inspeccion radiografica y las pruebas destructivas de tensién
se emplean con éxito en el control de ia calidad de los empal-
mes soldados de varillas, pero no constituyen un sustituto
aceptable de 13 supervisidn e inspeccion visuales durante |a
colocacion de la soldadurs y demds operaciones relacionadas
con ella, efectuadas a través de todo el proceso.

Es05 métodos son especiaimente convenientes para determinar
la calidad final de algunos empalmes, escogidos de manera que
sean representatives del resto, (0 que permite comprobar si por
medio de 1a inspeccidn visual se han obtenido los resultados
deseados. Por consiguiente, la radiograffa y las pruebas des.
tructivas no deben emplearse nunca aisladamente, sing como
un complemento de 13 inspeccidn visual vy del control mante
nidos a través de 1odas las etapas.

Para que Ja utilidad de la supervisidn sea méximas, debe llevarse
un control de las uniones efectuadas por cads operario, de
maners que sea posible seftalarie a cads uno de ¢llos los errores
que haya cometido.

14.2 Secuela detallada del proceso de inspeccion

14.2.1 Aspectos generales

El inspector debe asegurarse de que todos os pasos necesarios
para |a obtencion de 105 empalmes soldados s# lieven a cabo de

acyerdo con est3s recomendaciones Para etlo se le propor
cionardn planos en los que se muestre el tamado, longitud, 1po
y colocacion de todas las soldaduras, y se le notificard, por
adelantado y con tiempo suficiente, cuando se piensa iniciar
cada una de las etapas del armado de 12 estructura.

14.2.2 Inspeccién de materiales

El inspector debe asegurarse de que todos l0s materiales utih
zados (varillas, electrodos, placas de respaldo, etc} cumplan los
requisitos iImpuestos por estas recomendaciones y por los pla
nos y especificaciones de construccion.

14.2.3 Inspeccidn del equipo y de los procedimientos de solda-
do

El inspector revisard el equipo que se va 3 utilizar para hacer
tas soldaduras de 12 obra, con objeto de cerciorarse de que esld
en condiciones adecuadas de operacion, Revisard también los
tipoi de juntas que se van a emplear y los procedimientos para
efectuartas, fos que deberdn estar de acuerdo con estas reco
mendaciones.

14.2.4 Inspeccidin de las calificaciones de los operarios

Las operaciones de soldado serin desempefiadas Unicamente
por personal calificado. El inspector presenciard fas pruebas de
calificacién de cada uno de los operarios, o comprobard que
cada uno de ellos ha demostrado su capacidad previamente,
bajo otra supervisidn aceptab. -

El inspector puede pedir 13 recalificacion de un operario cual-
quiers si su trabajo es de calidad inferior a |a requerida por
estas recomendacion#s, o si ha dejado de trabajar durante mis
de tres meses en el proceso para el que estd calificado.

14.2.5 Inspeccidn del trabsjo

Durante la colocacidn y soidado de las varillas de refuerzo de
la est'ructura, y antes de que se sutorice el colado del concreto,
el inspector debe asegurarse de que se satisfacen los puntes
siguientes:

a) Las holguras, biseles, alineaciones, etc, son los indicados en
estas recomendaciones para cada tipo de junta. '

b) Los temafios. longitudes y posiciones de todas [as soida
dures cumplen (83 condiciones impuestas por estas recomen
daciones y por las especificaciones y planas de comstruccion



¢) No se ha suprimido mi afadido minguna soldadurz sin (2
debida aprobacion

d} Solamente se estan empleando procedimientos aceptados
por estas recomendaciones

el Los electrodos se estan utilizando Unicamente en las pos:-

cones y con el upo de corriente v polaridad para los que estan
especificados

f} Los operarios utilizan 1as técnicas adecuadas

g) Todas las soldaduras terminadas tremen caracterisiicas co-
rrectas. para cerciorarse de que se cumple este punto, el inspec
tor debe medir ol tamafio y el contorno de las soldaduras con
dispositivos adecuados, y lievar a cabo una inspeccron visual
cuidadosa, con ayuda de lentes de aumento, tlurminacion pode-
rosa o cualqurer otro elemento que le pueds ser util,

ht Durante ios trabajos de supervisién, el inspector identificara
con marcas facimente visibles todas las partes o juntas que
fequieran correcrones O sustitucidn, y volvera a marcarlas cuan
do las haya aceptado

14 2.6 Obligaciones def contratista ‘

r
El contratista satrsfard todas las indicaciones que le haga el
inspeclor para cofregir una mano de obra inadecuada, y repa-
rar y sustituir todas las soldaduras gue no cumplan los requisi
tos de estas recomendaciones o de los planos y especificaciones
de construccion, '

S una soldadura defectuosa o las operaciones ilevadas a cabo
para removerla dadan 1as varillas de tal manera que dejen de ser
capaces de desempenar eficientemente su papel dentro de la
estructura, el contratista debera sustituir el matenal dafiado o
compensar sus dehciencias siguiends aigon procedimiento
autornzago.

14 2.7 Inspeccidn radiogrifica

Cuando se desee complementar 13 inspeccion visual por medio
de radiografias, en los planos y especificaciones de construc
cion se indicard el nGmero o porcentaje de juntas que deberan
radiografiarse, pero no se sefalard sy posicion; el inspector
escogerd las uniones en las gue se tomaran las radiografias.

En estructuras especiales, o en zonas criticas de estrugluras

ardinarias, puede especificarse que se radiografie un porcentaje.

elevado, 0 aun ia totalidad, de las uniones soldadass a tope,

b

pero en general nO se tomaran radiografias de masde undiez o
quince por ciento de 1as juntas

14.2 8 Pruebas destructivas

Las radiografias sancionan en general 1a saridad de 1as juntas a
tope entre vanillas, pero no garantizan que su comportamiento
bajo carga serd salistactor:0. ya Que no propore:onan mnguna
wmformacion sobre posibles cambros desfavorables en la estruc:
tura cristahina del acero debidos. fundamentatmente. a ciclos
térmicos snadecuados originados por el proceso de colovacion
de ta soldadura o por el enfriamiento posterior hasta |a tempe.
ratura ambiente, ademas, con cierta frecuencia se forman
microfisuras en planos paraletos a ta superficie de fos biseies,
las que no quedan registradas en las piacas radiogralicas, a
causa de su orientacion.

"Todo esto ocasiona gue, para terminar 13 inspeccion de fas

uniones soldadas en 1as varillas de refuerzo de una obra, vy para
llevar un control de calidad completo, sea necesario remover
de 1a obra un Cierto numero de juntas y someterlas a pruebas
de tensidn. hasta 1a ruptura, en una magquina de ensaye, estas
pruebas pueden.complementarse con estudios metalograficos

-

La obtencion de los especimenes para las pruebas destructivas
de tension debe llevarse a cabo en forma continua durante
todo & proceso de construccion, y no debe autornizarse nnngun'
colado sin que s& conoican previamente los reswitados obte-
mdos en las pruebas efectuadas en juntas de 13 zona que se
desee colar, C

Se consideraran naceptables todas las uninnes ¢n las que la
fractura se presente en la soldadura, o en i3 zona nmedi8ta 2
ella, bajo una carga menar que la correspondiente al 125 por
ciento del esfuerzo de fluencia de la varila o al crento por
ciento de su resistencia 2 |a tension, sequn 1as especihicaciones
generales que se esién utibzando, o cuando la fractura se pre-
sente bajo una carga mayor, pero la ductiidad det e1pécimen,
med.da en porcentaje de la longitud inicial y correspondsente a
la fractura, disminuya a menos de |os dos tercios de la espec:
ficada para la varilla, 0 a menos del cuatro por ciento

Los especimzones deben ser representativos de [s totairdad de
las juntas efectuadas en la obra, y se escogen de las uniones
que, de acuerdo con la inspeccidn visual, tienen mas probs-
bilidades de resultar dafectuosas. En esas condiciones wuele ser
suficiente un niumero de pruebas destructivas comprend:do
entre el cinco y diez por ciento del total de |as uniones, sun-
que en casos especiales puede ser' recomendable entaydr un
porcentaje mis elevado.

01
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A) CLASIFICACION DE EI.ECTﬁ0b05

Debiue a que en nuestro pais no se tienen normas propias para la sol-
dadura de fierro y acero, ha sido necesario integrar las presentes tomando
las normas americanas A. W. S, (SOCIEDAD AMERICANA DE SOLDADURA)-
que son las méas difundidas en México, se consultaron las normas A. S, T.
M. (SOCIEDAD AMERICANA DE PRUEBA DE MATERIALES; Las especificacio
nes D, 1. N. (DEUTSCHE INDUSTRIE NORM) El manual S. O. P. {SECRE -
TARIA DE OBRAS PUBLICAS) A. S. M E.; S. A.; A. P. I,

Desde luego no ser& posible exponer todo hasta el Gltimo detalle de ca
da una de las normas. En algunos casos serd necesario consultar las pu-
blicaciones originales, -

NORMA A. W. S,

En lo referente a electrodos para fierro y acero se aplican dos normas;

una de ellas para fierro dulce no aleado y la otra para aceros de baja alea-
cién,

ta.- La norma A. W. S. 5. 1.- 64T equivalente a la
A.5.T.M. A233-64 (Wmild steel covered are -
Welding electrodes”) se refiere a los elec---
trodos, més usados, incluyendo los de bajo --
hidrégeno, siempre y cuando no tengan --
ningun aleante en especial.

2.- La norma A.W.S. A5.5-64T equivalente a las A.S.
T.M. A316-64T ("Low alloy steel cavered are -
Welding electrodes").

Ambas normas se componen de cuatro 4 cinco cifras que indican el ti-
po de electrodo, su uso, sus aplicaciones en posicién y algunos datos mas.

En el caso de electrodos para aceros aleados segin A. W. S. se-
agrega un Indice ( letra y nimero ) que da la clave para el tipo -
de aleante principal. Lo més sobresaliente es que Jas dos primeras
cifras, ( vy en caso de numeracién de cinco cifras, las tres primeras)
indican la resistencia minima en miles de libras por pulgada cuadra
da que estd garantizada en el material depositado.



9.- SOLDADURA ELECTRICA

DEFINICION

Es el proceso mediante el cual se unen dos 6 mas elementos por fun-
cién generado por un arco eléctrico y con material de aportacién.

Siendo bastante extensa la aplicacién de este proceso y habiéndose -
escrito gran cantidad de volUmenes, hemos tratado de generalizar sus nor

mas con el objeto de lograr su facil y rapida aplicacién a nuestros proble_:—

mas .

El presente capitulo se ha dividido en los siguientes incisos.

A)
B)
C)
D)
E)
F)
G)
H)

CLASIFICACION DE ELECTRODOS
SIMBOLOS DE SOLDADURA
COMPORTAMIENTO DE LOS MATERIALES
EFECTOS DEL VOLTAJE Y AMPERAIJE
PREPARACION DE LOS MATERIALES
SOLDADURAS DE TOPE

SOLDADURAS DE FILETE

DEFECTOS DE LAS SOLDADURAS.
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En la

A W. S, 5,1.=- 64T
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siguiente tabla aparecen las caracteristicas mds -

importantes de este tipo de electrodos. Conviene hacer notar =

para el uso de esta tabla, que la polaridad directa es con el =
electrodo al polo negarivo, y la invertida (indirecta) con el =
electrodo al polo positivo.
Otra cosa importante es que pars una aplicacién satisfac-
toria en posicidén vertical, de ninguna manera incluye que el =
electrodo en cuestién se pueda soldar en direccidén descendente.
Cuple plenamente con los requisitos de la norma A, W, 5, un =-
electrodo que permite soldar en direccidén de abajo hacia arriba,

No, 1

TABLA ‘
. SERIE E- 60 CON RESISTENCIA MINIMA DE 60,000 L.B./PULG.a !
CLASIFICACION TIFO DE : POSICION DE COVHTENTE PCLARIDAD
A.W.S. REVESTIMIENTO APLICACION
CELULOSICO PLANA=VERT. . , ,
E - £0Ql0 SODICO HORIZ. S .CAB DI“FCTA INVLRT.
E - 6011 CELULOSICO POT. IGUAL /L = ALTERNA INVEAT.
0 SUDIO FOT. 6010 DIREOTA
E - 6012 TITANIO/SCDIOQ ICUAL 6010 DIRLITA AMEAS
SCDIO/POTASIO _
E - 6013 TITANIO/FUTASIO IGUAL 6010 AMBAS AMBAS
E - 6020 0X. FIERRO- PLANA=VERT. AMBAS AMBAS
E - 6030 OX. FIERKO FLANA-VERT AMBAS e AMBAS
POLVO FILKRO
] » A 2
SERIE E =70 CON RESIGTHENCTIA MINIMA DE 70,000 L.B./PULG.
E - 701k TITARIO POLY. FE 1GUAL 6010 AMBAS AMBAS
E -~ 7015 BAJC HIPROG.SOLIO 1GIAL 6010 DIRECTA INVERT.
E = 7016 BAJO HILKOG. FOT. IGUAL 6010 AHBAS INVERT.
E - 7018 BAJO HIDROG.
POLVO DE FIZRRO IGUAL 6010 AMBAS [NVERT.
& - 7024 Polvo FE,~ TITANIO| PLANA- HEGRIZ, AMBAS ANBAS
,E - 7028 BAJA WIDROGENG _ '
POLVO DE F1ERARO PLANA- MORIZ. AMBAS INVERT.

carea
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iparte de los datos de la tabla No. 1 que es para facilitar
la seireccidn del electrodo y que mds bien tiene caracter informa
tivo sin ser de &plicacidén rigurosa (exce,to cuando lo especifi:
que el cliente) si existen requisitos que se refieren a la cai--

dad del material depositado y estos datos pueden observarse en -
la siguiente tabla,

REJUISITOS DE CALIDLAD
TIPC DE = RESISTENa RESISTENCIA |JLIMITE ALARY IMPAQ TEM:

ELECTRCDO  |LBS/PULGS | KG/cm. ELAST. |M.% [KPM/ | PRUZ o i
E - 6010 * | 62,000 50,000 22 3.;m' -30°ct .
E -~ 6011 <« | 62,000 50,000 | 22 {3.5 | -30°C| 1I
E - 6012 * | 67,000 55,000 17 [
E- 6013 67,000 55,000 1?7 11
E - 6020 * | 62,000 50,000 25 I
E - 6027 * | 62,000 50,000 25 13.5
E - 7014 72,000 60,000 17
E - 7015 72,000 60,000 22 13.5.
E - 7016 22,000 60,000 22 | 3.5
E - 7018 22,000 60,000 22 |3.5 J
E - 7024 72,000 60,000 1?7
, B - 7028 72,000 60,000 22 | 3.5

TABLA No. 2

NOTA: o
Las pruebas de impacto se efectlan a Temp. bajo O C.

La calidad de radiografia "“I" gsignifica un miximo de 15 peoros
de 1.5 mm. ¢n cuda 6" de deposito.

La calidad de radiowratia "II" significa un miximo de 10 po-
ros de 1/16" husta $/64" en cuda 6'" de deposito.

Los electrodos con asterisco no tienen especificacidn quimica,
El % midximo de anislisis ~uinmico para los yue no tienen asteris
co es: Manguneso 1,295; Silicio 0,90; Cromo 0.20; Niquel 0.30.
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Ly norma A.W., S. especifica ademds que los electrodcs de
3/32" & 1/8 no requieren pruebas fisicas siempre que las demis
medidas estén aprobadas y cumplan con los datos requeridos.

La razén es que los electrodos delgados siempre propor-=-
cionan datos fisicos de mejor calidad por un fendémento metalur-
gico llamado "REFINACION DEL GRANO'" y ademds es de suponerse que
los electrodos de 3/32" seran usados en ldminas delgadas y traba
Jos donde la resistencia es de una importancia secundaria. -

Tocdoa los datos mencionados se refieren al material depo-
sitade puro y en su estado tal y como se ha depositado. Este -
detalle 8i es de mucha importancia por que un tratamiento térmi-
co posterior muy usual y riguroso como son los calentamientos =--
que se hacen soportar a las piezas para enderezar puede alterar-
por completo las caracteristicas del metal depositado.

Si’ se observan las caracteristicas y datos fisicos de los
diferentes electrodos no encuentra uno diferencias notables en-
tre un tipo de electrode y otro. Lo que pasa es ‘que la norma -
A.W.S. y A.S. T M, no se preatan mucho para difererclar en =
detalle a un electrodo de otro, La diferencia principal 1la en-=-
cuentra uno en la aplicacién, la forma de soldar, y también en =
datos fisicos, como el bajo contenido de hidrogeno, que no se ==
reflejan muy claramente en eatas normas.

Se recomienda entonces que cuando sea necesario seleccio-
nar un electrodo en especial para determinado tritajo se consuls
ten las guias del fabricante de electrodos.

Es muy importante saber que los niimeros ..e se toman en =
cuenta para definir la resistencia a la traccién no solo detinen
esta, ya que si se consulta el standar A. ¥, 5, ze obtienen da-
tos como su resistenciaz al .impacto, &su alargamir:‘to, su limite -
elastico, etc., etc.

Los significades de la numeracién A W, S. tomando ceovmao =
ejemplo una soldadura que conste de cuatro cifras, son los si--
guientes: ' o

&



E - 6010
E = Soldadura eléctrica ( al arco)
60 = Resistencia minima a la traceidn.
1-= Posibilidad de aplicacidn.
% 0 = Yipo de penetracidn de la soldadura.

Los dos primeros nimeros multipl:

1a resistencia de la soldadura.

i06 por mi
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nos dan

El significado del pentltimo nimero nos indica la posi-
cion en que se puede scldar, como hay varias pesicionrs habrd-
varios nimeros que deberdn interpretarse de la siguinrte forma:

II“" Para
nan Solo
548l1e

ll3l' .

El significado
cién,’

toda posicidn.

para posicién horizontal y pluna.

soldable en posicion plana.

del Gltimo numero nos indica la pencira-

El tipo de corriente y la polaridad, también en estn --

caso Se encontraran diferentes cifras las cuales deberan inter

pretarse como sigue:

ULTIMO| FENETRACION O TIPO DE TIFO DE PO-
NUMERO | REVESTIMIELT CORRIEZNTE |, prr.n

0 ALTA PENETRACION CONTINUA | INVERTIDA

1 ALTA PENETRACION AMBAS INVERTIDA

2 MEDIA FENETRACION AMBAS DIKECTA

3 LIGERA BEN:LT. AMBAS DIRYCTA

4 MEDIA FENET.

S BAJO HIDRCSZNO JONTIHRUA INVIRTIDA

6 BAJG HIDRGGENG TOHTIHTA INVERTIDA

7 BAJO HILRCSULO SCNPTA L LHVERTIDA

8 C/FOLVO H1:RO TONTTNA
L L ]
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En ocasiones ademis de las cuatro cifras que hemos menciona-
do hay otras cifras con letras adicionales que indican su contg
nido de aleaciones y se deben interpretar:

NUM, Y L:ZITRA

SIGNIFICADO

B1
.C1
D1

Al
al
al
Y

B4
c3
Be

CONTIENE MOLIBDENO

CONTIENE MOLIEDENO

CONTIENE NIQUEL _

CONTIENE MANGANESOs MOLIBDENO

ELECTRODOS NO CLASIFICALOS )
CLASIFICACION MILITAR ( GERLRALMENTE FARA
SOLDAR ACEROS DE GRAKO ¥INO Y EXTRAFILC)

Todos los electrodos gue tengan recubrimientoode bhajo hidrogeno
se secarin en hornos a una temperatura de 232 C a 260° ~ o -
lo menos en un lapso no menor de 2 horas.

los hornos,

Los electrodos se pueden almarenar ung vez retirades de -

pero con la condicidn que el luyar de almicenamien-

te no tenga una temperatura menor de 121 C.

Los electrodus que no se usen durante un término ¢v » lo-
ras después de haberlos retirado de un horno de secudo & ie - -
almacenamicento deberdn ser secudos en los hornos ante: ¢ u.ip-

S€.

Na deberdn usarse electrodos que se hayan mojad..

?
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. , .
TIPO DE SOLDADU & J§0LDA= OLDA
“COR—CHA TEFORDURA -| DURA |ENRASA

RA DE LAS PIEZAS
DON  FLAN——RANU L 2 .fy [E caM aLRE-| Do
recr. |l v IBiseL] v g (B&"Yipo DEDOR

QBH\/[/\HPUGO“

LOCALIZACION DE SOLDADURAS

LADO MAS CERCANO LADDO MAS LEJARNO AMBOS LADOS
Vease No= Soldadura Angulo abarcado Dimensidn Sueldz=5e o
ta No.S. de Campo, Longitud al recz :dor
. Dimensiédn del cor-~
dén
A : ., : LY \/ : j li N I £ eyf
— L. ﬁ

Enrase Dimensid Scparncién Vease =~ Desplazéae Pano don
Dimensidn en la rafz- Hta. Noj si va alter los co

dimensién 5 nada. dones

NOTAS:

1,- E1 lado de la junta para el cual sefiala la flecha es el -
lado mds cercano y el lado opuesto a este es el mds lejano,

2.- Las soldaduras del lado mds cercano y del lau: mds lejano
se haridn del mismo tamaiic a menos que se indique de otra munera,

3.~ Los simbolos se aplican: Entre dos camblos bruzcos en la-
direccién de 1la soldadura 6 en la extensién de la indicacién de -
soldadura por medio de un sombreado, 6 todo a lo largo de la 1li--
nea, en donde se marcan las dimensiones excepto cuando se usa el -
simbolo de todo alrededor, o

4 ,- Todus las soldaduras scrén continuus y de las dimensicies
que se hayan aceptado. 5! no se indica de otra manera.

S.- La cola de la flezha se usa pura anotar especificnciones -
6 cualquier otra referencia (se puede omitir cuando no se hace nin-
guna referencia)

6.- Cuando se .sa el simbolo para soldadura en ranura, bisel -
5 en V. ta flecha u-herd indicar con un quiebre bien marcado hacla
la pieza que serd “:selada, (hkn los car0s en que claramentz se ve
cusl es la pieza por biselur, puele omitirse el quiebre de la fle

cha.)
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7.- Las dimensiones de las soldaduras, de los incrementos y
de los espaciamentos se indicardn en milimetros,

! Q

8.- Para instrucciones mds detalladas en el uso de estos -

s{mbolos, recurrase al manual de

soldadura &, W, S.

Con el objeto de hacer comprensibles los simbolos de solda-~
dura a cualquier nivel, se tratard de determinar todos los elemen-
tos que intervienen en dicha simbologia y se pondrdn ejemplos es-
quematicos para lograr nuestro objetivo.

El simbolo bdsico es una flecha sobre la cual se habrin de
colocar otros simbolos y todos los datos necesarios para la reali

- & 2
zacidon integra del proceso.

LOCALIZACION STAKDARD DE LOS ELEMENTOS CEL UIMBOLO

FARA SOLDAR

SIMBCOLO DE ACABADO
SIMBOLO DE CCNTOQRMHO

ABERTURA DE LA RAIZ

FARA SOLDADURAS DE £

TAFON TAM. O FUERZA A

FARA SOLDADURAS DE

RESISTENTIA i

ESPECIF. LA2O
¥ R

FPROCESCS
U OTRA REFEREGCIA\\\

ot
3
3
§

ANGULL DE LA PREPARACION

LONGITOED OELL CORDCN

PASO ( SEPARMION DE CENIRO
A CENTRU) DE LA SOLDADURA

FUEDE OMITIRSE -z/// LROO
CUANDO NO HAYA R — CERCAND
FIRENCTAS A A FiECHA
N
'S

SIMBOLO DE SQLDADULA
REFESENCI DE DETALLE

[ 3]
FxXal

-S0LDAD DE CALDO

SIMBOLO DL SoLDABUAM
TODO ALRECKDOR

__MUMEKC DE SOLBADURAS
DE TAPON.

La flecha erstd formada

(

e

de tres

PUNTA CUERPO

partes principales que son:

AN
-——/ COLA 5.
-

Generalmente todas las roeflerencias
cuerpo de la flecha.

de soldadura se dibujun en ]
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La punta de la flecha seifiala donde se efectuard una sol-
dadura; pero el lugar exacto queda determinado depeniendo de la
posicién del simbolo en el cuerpo de la flecha de acuerdo con -
las siguientes condicicnes:

l.,- La soldadura que se desea realizar en el lado mids -
cercano a la punta de la flecha, se indicard colocando el sime
bolo de soldadura debajo del cuerpo de la flecha,

EJEMPLOS .

Nomenclatura en cordones de
filete llamados tombien de
esquina, en T, de rincon etc.

AREA DL . &

SAaa: omy,
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SOLDADURA
DESEADA

) U

_
/
ACT R
SOLDADURA
DESEADA L_
NOMENCLATURA

SOLDADURA O MATERIAL

'DE AFCRTACION '-Eicq;__:i:jcouronﬂo. CORChA O KEBCKUEA
BISEL O CHA-
B FLAN

RAIZ DE LA LULDADMWA
LHOMHRO SEPARACION
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2.- Las soldaduras que se desen realizar del lado opuesto
donde sefala la punta de la flecha, se indicardn colocando el -
simbolo de la soldadura arriba del cuerpo de la flecha.

EJEMPLOS

N

I ,/ 1

SOLTALUKAS DEMLADAS,
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3.- Para soldaduras en ambos lados de la junta, deberin
colocarse los simbolos de la soldadura arriba y abajo del cuer
po de la flecha. i -

/ Rt
' EJEMFLOS :_-[__L_-j L

3k

P

i

4.~ Las referencias, especificaciones, jrocesas, etc., =
deberdn anotarse en la cola de la flecha, uin sabargo generlmen
te se omite, como en los ejemples que hemos dudcn,

fo-z‘ 835/ \



../6‘1

5.=- Las soldaduras que se extienden completamente alrede~
dor de una junta deben indicarse en el quiebre de la flecha como-
e jndira an el siguiente ejemplo:

4 N
Vo N 7/

6.~ Las soldaduras de campo (soldaduras que no se hacen -
en el taller) deberan indicarse por medio de un circulo negro =
anoluado en el quiebre de la flecha:

bisel & "J" sim-
iempre en el -=-
.a el lado izguier

7.=- En el caso de soldaduras de fil=at=
ple, el simbolo de la soldadura debe coloce-s-
cateto perpendicular al cuerpo de 1la flecha n.

do.

N N

o
*

L
{
\

CATETO PLRPENDISULAR:
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8.- Cuando se indiqguen soldaduras a tope con preparacién .
en bisel & en V en un solo miembro, se cuidaréd cue la punta de la
flecha indique claramente el miembro que Jebera biselarse, median
te el uso de auiebes como se ilustra a ccntinuiciédn. -

K7
i K -

9.,- Toda la informacién correspondiente, detperd consig-
narse para ser leida de i1zquierda & derccia y en el orden con--
venido segin dibujo de la pag.

EJEMFLO

- J80 . /50 ..

aldadirus de ti1lete. Las cimenstione:; d.' cor-
urie a la 12:ui-rda del sirbolo; cuunuc - -u -
tumi ién l1a lonsitud deberd hacerse & 1. & re-

En las
dén deberan anc
necegario anota
cha del simbolo,!
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1C.- En casos especiales como lo son las scldaduras con ¢,
tetos desiguales, el tamafic se anotard entre parentesis a la - -
izquierda del simbolo., Respecto a la orientacidén del filete, lae
indicaciones se haran sobre el dibujo directamente, Ejemplo:

7 (6x/2)
ﬁ Fl
(é x10) { . %

11.~ En el caso de soldaduras a tope con preparacién,.-
en lo que se refiere a tamano,longitud de la soldadura ver las -
instrucciones.del inciso No., 9: en lo referente a la abertura '-
S scparacidén de la raf{z y el dngulo de la preparacion deberdn -
anotarse dentro del simbolo de soldadura como se indica a conti-
nuacxon.

/N

N

“

7
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C) .= COMPORTAMIENTO CE LOS MATEKIALLS

Para que se tenga una ligera ides del comportamiento
de los aceros al ser soldados, es necesario conocer los efectos -
de los elementos mids comunes de la susodicha soldabilidad.

I.- CARBOHNO

-

"s el miAg potente endurecedor., S5i el contenido del
carbono es a. .o (oda de 0.25%) en un descenso rapido de la tempe-
ratura de la soldadura, puede endurecer y tener fuerte tendencia

a la fractura. Si se incrementa el contenido de carbono (arriba-
de 1.2%) se aumenta la resistencia a la tensidén pero de sacrifica
la soldabilidad, En general podemos decir que el contenido de -

carbono debe mantenerse tan bajo como sea posible para obtener op
timos resultados al soldar,

II.- SILICIO

Es adicionado al acero para procducir solidez. Cuando
se usa en grandes porcentaies (junto con porclentos altos de Mane.
ganeso) se.incrementa la resistencia a la tersién. Junto con - -
contenido alt- de carbono se predispone mds a la fractura.

ITII.- MANGANESO

Incrementar la dureza y la resistencia a la tensidn
y arriba de 0.60% (con alto contenido de carbono) crece su posi-
bili{dad a la porosidad y a la fractura,El manganeso entre el - -
0.,20% y 0.30% y azi:re arriba de 0.034% dan ua acero fras1l » -
tdcil de fracturarse,
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IV.- AZUFRE

Deberd mantenerse abajo de 0.035% y como miximo 0,05%
arriba de estos porcentajes se incrementa el efecto quebradi
zo en caliente con lo cual la soldadura depositada tiende a-
fracturarse.

V.- FOSFORO

Es clagific-do generalmente como una impureza que di-
ficulta grandemente las operaciones de scldadura y por lo tan
to deberd mantenerse tan bajo como sea positle, Arribas de -
0.04% tiende a hacer quebradizas las soldaduras, baja la ten-
5i0n superficial del metal de la soldadura lfquida, hacierdo
még dificil su control. Otros elementos como el nitroseno, el
cromo el molibdeno y el vanadio afectan las caracteristicas =

de la soldadura y el princlpal cambio es un incremento en la-
dureza,

*

VI.=- HIDRCGENO

El hidrogenoc es causa de diversos fenomenos, algunus
de los cuales conducen a defectos que son causa de rechazos,-
tales como microgrietas internas. También puede dar origen -
a formacidén de sopladuras en el metal fundido y produce poros
grandes que se conocen con el nombre de "ojos de pescado"

La influencia del hidrojgenn en la formacién de poros
se manifiesta sobre todo con electrodos de revestimiento de
elevado potencial de hidro.eno, tales como celulosicos y los
que estin himedos no importando que sean de bajo hidroseno;
la atmosfera himeda puede ser también causa de porosidades,

VII.~ HITRGLNO

La presencia del nitrogeno en los aceros asodifica con-
siderablemente sus propicvdades mecdnicas, aumenta lus propiecdi
des de resistencia a la deformaciédn, aumenta su fragilidad, l=o
torna mds duro.
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ViIl.- OXIGELOQ

El efecto del oxirreno alservido sobre la soldadura varia
considerablemente, segin que se halle disuelto 6 en forma de - -
inclusionea.

Disuelto obra directamente sobre las caracteristicas de
resistenclia y dureza, las cuales disminuyen considerablemente,

En forma de inclusiones de oxido de fierro (Fe() actua -
sobre la compacidad de la unién y como cons- uencia disminuyen -
todas las propiedades mecdnica.

D.- EFECTOS DEL VOLTAJE Y AMPERAJE

La corriente, voltaje y velocidad ccncue se desplaza el
electrodo, son las variables mds importantes en la técnica de -
la soldadura, depenie casi completamente de nu ucleccidn propia
y control; por esta razdn el operador deberéd conocer ccmo uafecto
cada variable la accién Je la soldadura y cambins gue debe hacer si son
requeridoes.

Usando un mismo tipo de junta, materiul, vlectreidos y con
trolando dos de las tres variables Se encontrardn los sijulent=s
resultados:

S
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#5% corriente 1is bajo refuerzo
insuficiente y baja penetracion

25% corriente mds alto; excesivo
refuerzo, demasiada penetracién l

e - A }.”__-_

¢5% voltaje mds bajo, resultado:
exceasivo refuerzo ul fondo de la
soldadura, tiene fracturas inter
nas por el enfriamiento del cen=
tro.

|

25% de voltaje mém aulto, i'oco
refuerzo, excesivo material fus:d l

nado.

5% velocidud mis lenta, Mucho -
alambre depositado por unidud le
longitud, zona de fusidn amplia-
y potremente formuda

2%% velocidad mas alta. LFoco alamur:
depositudo por unidad de lon,ttud,

El1 fondo de la soldadura tiene ;oo = ’
refucvrza,.
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La corriente, el voltaje del arco y la velocidad de -
avance en las soldaduras, serd tal que en cada pasada, el me
tal depositado y el metal base adyacente se funsionen comgle
tamente, sin que se formen rebordes ni socavaciones indebi-=-
dos.

La corriente mdxima gue se emplee para cualquier pasa-
da que fusione las dos caras de la ranura en una soldadura -
serd de 600 amperes, excepto en las pasadas sobre la super--

ficie del metal base que se podrdn hacer empleando corriente
mayores. :

A continuacidn se dan las tolerancias de estas varian-

tea:
orriente ra 1d
Corrie .pa. soldar t 104
Voltaje de Arco * 3
- {0
Velocidad de Avance S+
-~ 10%

Tanto la profundidad de fusioén como ¢l wnicho total de
fusidén en cualuuier punto de un solo cordér ¢ :usida de sol-
dadura, no excederda del ancho de la cara del cordén & jasada.

AvARIELCIA SULERFICIAL DE LAS SOLUALLIRAS.
= - - —r -

)

A » b kY #}

—
|
']

PN

Correcta BuJo, Fxcesiva™ hajo Y Excesivs Bajo Atlh
Atpera e Voltuje Voltiaje Vels Velecrdad
Cidad

——
= -
-

' e e
s Lo e gl "l it

A

e
L v

-

-
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E.- PREPARACICON DE LOS MATERIALES

Las superficies por soldar, deberdn estar tersas, unifor-
mes y libres de rebabas, escoria, desgarraduras, melladuras y
otros defectos que resten calidad a las soldaduras como 46xido

grasas, humedad, pintura, etc., & cualquier otro material gue
interfiera con la soldadura. .

La - :paracion de las juntas (bisales) deber&n hacerse cc
soplet :iado mecanicamente y evitar ' miximo las melladur-
Se pro- iré eliminar la escoria y el ..do de las dreas ady
centes . la soldadura de preferencia . esmeril.

las juntas deberdn alinearse cuidadosamente, se perwmitir
como mdximo una discrepancia lateral de 10% del espesqr de la-
pieza méds delgada, pero en ningiln caso serd mayor de 3.2 mm.

Las juntas biseladas no deberdn apartarse de las siguientes
tolerancias:

< °
x4 A
| \\
- ! prad ‘]
]
A AT
=S

Si en la separacidn de la base hay placa de respaldo la to-
lerancia serd de + 3, - 1 mm.

Los puntos de scldadura oue han servido para el armudo y -
que vayan a ser incorporados al corddén, deberdn estar libres -
de escoria, Oxido & porous:dades y el soldaior debe vigilar qgue-
se fundan totalmente con la soldadura deficitiva,
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En juhtas a tope con preparacidn es necesario colocar pla-
cas en los extremos de la soliadura para evitar las porosidades
causada por electrodos himedos. Una vez terminada la soldadura
quitar estas placas y esmerilar a ras.

—Es indispensakble:
* Iniciar y terminar el arco,
/// siempre en las placas de -

prolongacidén de los extres
mos .

[ I L

Todas las soldaduras a tope (excepto a. .:llas que*se hagan
con placa de retencidn) se les quitard la base de la soldadura
inicial con arcoaire, cincel neumitico & eumeril, hasta encon-
trar material sano.

Se deberd tomar en cuenta cuando se indique soldadura en -
bisel, que estd deberid ser de penetracidn ccmjleta en Lodos los
casos; por lo mismo deberd hacerse cuidadosamcnte los biseles -
de jando un hombro maximo de 2 mm. y la sepuricidén ertre los - -
elementos por soldar serd de 2 mm. como minimo.

F.- SOLDADURAS A TOPE

Soldaduras de seccidn irregular que se aplican sobrv piezas
nue descansan agroximadamente en el mismo plano. En general se
disefian para tener una resistencia igual a la del maetal huse, =
por 1o ;ue suele buscarse una penetracién completa.

Cuando las piezas por unirse tienen espesor menor de 1,767 -
es posible conseguir penetracién completa con la dnica ;recducidn
de sepurar las piezas entre si, peroc no mds de 3 mm.,, . ugar =--

electrodos de alta penetracion & soldadura automitici,



oo /7h

Cuando el espesor de las piezas sobre pase de 3/8" es in-
dispensable una preparaciédn en las orillas de las placas por-
soldar que permita el acceso de la soldadura; los tipos de --
Preparacidn son variadisimos, nosotros solo mencionaremos V"

simple y Doble "V", esta iltima se conoce también como prepa=-
racidn en "X",

—c—— o]

VT SIMPLE V" DOBLE & X
TOLERANCIA EN PREPARACIONES .
2 mw
o~
. ‘_‘ 5 g‘

L N B
PR SR 2
-f-h-in_ [____H e —eaan . .

Los biseles asi como los hombros deberdn ser tersos, sin
melladuras y deberd eliminarse la escoria antes de soldar.

54 en la separacidn de la base hay placa de respaldo, la
tolerancia sera + 3 mm. = 1 mm..

TOLLIAWCTA N DESALINEANIERTO:

En espesores hasta 19 mm. se permite 2 mm. de desalinca-
miento,

En espesores arriba de 19 mm. se permite 3} mm. de desali-
neamiento.

.- Las piezas yue vuayan a soldarse a tope, deberan alirear
se de tal manera que no se tenga una discrepancia lateral mixi-
ma igual &l 10% del espesor de la parte & pieza mas delgada, --
paro en ningin cuso geri mayor de 3.2 mm.

I[I.=- Frocurar efectuar siempre estex soldaduras en posicidn
plana.
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III.- A todas las soldaduras a tope (excepto que se indi=-
que otra cosa) se les quitard la base de la soldadura con cin
cel neumitico, esmeril & arcoaire, hasta encontrar material ea
no y soldar, -

1V.~ Todas las soldaduras de ranura, deberdn inicliurse y -
terminarse en placas de prolongacién con el objeto de eliminar
porosidades por electrodos frics & himedos.

b -
T LA H D 2
. .

A ‘.’-’;."J‘- S 74774

Estas placas deberdn quitarse una vez terminada la solda-
dura, rematar los cantos con soldadura y e-merilar lus rebabas
que hayan quedado.

V.- Las soldaduras a tope se dejardn con un refuerzo lige=-
ro (excepto si se indica otra cosa) cuyas tolerancias varianr-
de acuerdoc al espesor de) material por soldarse.

M. o

En placas menores de 12.7 mm., de espesor se toler: I mm.
En placas de 12.7 haota &%.4% mm., de espesor ee tolera . .5 mm,
En placas arriba de 25.4 mm. de espesor se tolera 3.0 nm.

£5
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SOLLADURAS A TOPE DEFECTUQSAS

Eaear T Biery e

) AE SO CEITIS A L LB G AR Pt d Pl PR
FI s A AT

En el caso No, 1, colocar otro corddn para dar el esfuerzo
necesario, las soldaduras escasag no tienen tolerancia en menos.,

En el caso No. 2 reparar las socavaciocnes con un electrodo
delgado, procurando no aumentar el refuerzo mds de lo recomendado.

En el caso No. 3, esmerilar el reborde 6§ desvanecerlo con =-

arcoaire, Deberd vigilarse el voltaje para evitar este tipo de -
defecto.

y el de aportaciédn., Todos los crateres se llenardn hasta comple

VI.- Debera haber una completa fusidén entre el metal base'
tar la seccidn transversal total de la soldadura,

ViI.- En casos de defecto de porosidad 6 falta de fusidn -
ver grafica de limitaciones en pigina No. 81.

VIII.- Las socavaciones permisibles en este tipo de juntas
serdn las siguientes:

0.25 mm., de profundidad cuando su direccidn sea trangver -
sal al esfuerzo principal en la parte que esta socavada.

0.80 mm. de profundidad cuando su direccidén sea paralela -
al esfuerzo principal en la parte socavada.

Sin embargo debe evitarse al miximo este defecto pura lo -
cual es necesario vigilur la regul.cidn de la mdquins y lu posi--
cion del electrcdo.
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IX.~- Cuando se efectuen soldaduras que requieran varias =
pasadas, el soldador esta obligado a limpiar perfectamente bien=-
los cordones antes de subsecuentes pasadas.

X.= Se recomienda tener cuidado especial en las soldaduras
que serén radiografiadas:

a).= Vigilar que las superficies a soldar estén libres
de escoria, rebabas, grasa, aceite, oxidos & cual
n1er otro material que pueda interferir er 1 cg

‘ad de la soldadura,

b).= npiar perfectamente bien los cordones an de =
.2positar nuevos cordones,

c)e=~ Iniciar y terminar el arco fuera del tratajo en -
placas de prolongacién. ‘

d).- No usar electrodos_himedns aotre todo si son de -
la serie E= 70 xx

Usar de preferencia electrgdoa secadns en horno » que ten-
gan una temperatura minima de 121 C &é en el dltimo de los casos-
secar la soldadura pssandole el calor de un saplete sin acercarlo
mds de 12". ’ : :

Xl.=- Es recomendable antea de efectuar u:ra soldadura e’ ~¢c--
tuar una predeformacidn para contrarrestar la deforgacion de u -
soldadura.

DEFORMACION JiCGkiiAL PREDEFOR! "CIOGN ANTES Lz o]
20 a 3¢
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G.- SOLDADURAS DE FILETE

Soldaduras de seccidn triangular que se aplican generalmente
sobre juntas que forman un &ngulo recto., Se conocen también con -
los nombres de: Soldadura de rincon, en escuina 6 en T.

I.- Las soldaduras de filete tendrdn una dimensién midxima -
tal que no exceda del espesor del miembro més delgado (A menos que
se especifique otra cosa)

e ook Frr% [ orwcnston mivime —

SE. DE EL FILETE EN MM,

HASTA 12.7 INCLUSIVE [ 4.8

ARRIBA DE 12,7 HASTA 19.1 6ok )

ARRIBA DE 19.1 HASTA 38.1 7.9

ARRIBA DE 38.1 HASTA 57.1 9.5

ARRIBA DE 57.1 HASTA 152, 12,7 .
ARKIBA DE 152 ° 15.9 '

Si la soldadura se hace de una dimensidn mis pequena de la -
recomendada en la tabla, es probable que se produzcan egrietumicen--
tos debidos al endurecimiento en la zona afectada por el calor crea
do y un rdpido enfriamiento 0 debide a una desproporcionada condi--

cidén de sujecidn del material grueso.

II.~ Cuando se suelde orillas 6 esguinas de material, el cor .
dén deberd ser iguil que el espesor mias delgado, PpProcurando jue no

queden aristas vivas entre el corddn y el material .

= T L
| ' -

|

!

-
[]

L

r
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IIT.- Las soldaduras de filete que soportan una fuerza de
tensién que no es paralela al eje de la soldadura & rue estdn -
proporcionadas para resistir esfuerzos repetidos v1brac10n) no-
se terminardn en las esquinas de las partes & miembros, sino que
se terminaran en forma continua con una vuelta de tamafio completo
alrededor de la esquina y por una longitud igual a 2 veces el ta
‘mafic de la soldadura.

Generalmente estos datos se omiten en los planos poryue =
se piensa que ya Son conocidos de todos.

v

IV.~ Las juntas en filete diagonales (esviajadas) ya sea -
porque asi lo pida el cliente & que se haga asi para evitar dis--
torsiones posteriores, no deberan tener una separacidn mayor de -

3.2 mm.
! .
t MAximo-3.2 mm. - :S)';H;ximo 3.2 mm.
—— - - .-._.-._.—..-‘.-l Xl -,__‘__._'.-
S — ._...__...'l.\.-._.._ l-""'"
] .

V.- Todas las soldaduras de filete, debcrdn aicparse lo
mas posible a las siguientes caracteristicas geometricus,

: Secciédn
Critica

e convex pdad

. JAx L :
El corddén convexo s«ri acejtable siempre que la convexidad “ho ..u

mayor del produste del tausfo del filete expresado en am. por el
factor 0,1 sumado a 0.76 e jemplo:
S = 80,1 x 8 « 0.6 2C :.C = .8 « .?6; C =z 1.6 mm.

P
Secaidn Critica RO Lerd myar o Lae
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" SOLDAULURAS DOE FILLTE DEFECTUOSAS

2
1 4 5
~ '_"1 _— a—
N
A -
I r\?EL DY WO S N L Y i N

Seccidn critica . Convexidad Con Con . Ca;qo' :
insuficiente Excesiva Socavacién Reborde nsulicien

En el caso Mo, 1, colocar un cordén con electrodos delga-
dog para dar el refuerzo necesario.

En el caso No. 2, rebajar con esmeril o arcoaire, use reco
mienda zl soldar para evitar este defecto vigile su corriente y
la velocidod del electrodo.

En el caso Mo, 3, ver tolerancia en socavacidén, usi se ex-
cede eutad, colocar un corddn con electrodo delgade on la purte =
dafiada. Se recomicnda al soldar vigilar su corriente, la josi
cion del electrodo, ver que el material de aportacién se repa'
bien.

En el caso No. 5, se ha producido este defecto por mala =
reparticidn del material de aportacién & bien por mala pesicibn-
del electrodo, colocar un corddn con electrodo delgado en la --
porcidn escasa.

¥I.= TCLLRALCIA EN SCCAVACION

Las socavaciones no excederdn de 0,25 mm. de protun';dtad
cuando su direccidn es transversal al esfuerzo principal en Ja-
parte socavada‘(generalante trabes) ?

La socavacidn po excederd de 0.8 mm. de profurndidad cu.n
do su ditreccidn sca paralela al esfuerzo principal en lu parte-
socavuda ‘generslmente columnas) 7

£1 es jouible posicionar lus piezas para obtener un cure
dén plana.
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VII.- TOLERANCIA EN FOROSILAD Y FALTA DE FUSION

La suma de Ja= Aimensiones midximas de los defectos de po
rosidad y falta de fusién que sean menores de 1.6 mm. en su =~
dimensién médxima no excederd 9.5 mm. en cualguier centrimetro
lineal de soldadura

LIMITACIONES EN DEFECTOS DE FORCSIDAD Y DE FUSICH,

-]
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neH .- Espacio libre minim)‘permitido entre orillas
de defectos de porosidad é de fusidn en mm.

(Gobierna el mds grande de los defectos adyacen
tes)

a),= Fara determinar el tamafio mdximo del defecte permi-
tido en cualjuier junta 6 en el espesor de la secc:dn critica
de la soldadura: Proyectese horizontalmente "A"™ hunta "H',

b)e= lura determinar sl espacio libre wminim: p roitido -
entre orillus de defectos de cualquier tamaflo: bro;y. ctese "B"
verticalmente hasta 2",
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VIII.- El1 tamaifio mdximo de soldadura de filete que se - -
permitird hacer en una sola pasada, serd de 7.9 mm. excepto pa-
ra las soldaduress en posicibn vertical ascendente, en las cua=--
les se permitird un tamafio mdximo de 12.7 tm.

IX.- Cuando se suelde en posicidén vertical el avance de =
todas las pasadas sera hacia arriba, cuando sea necesario escu=-
rrir un cordén ( de arriba hacia abajo) se deben seleccionar --
electrodos cuya fundente no interfiera en el procesc,

X.- Cuando se efectuen cordones en serie (Uno :ncima de =

otro) se deberi remover la escoria totalmente antes de depositar
cordones adicionales,

XI.- En placas 6 perfiles cuyo espesor sea de una pulgada
& mayor, se deberd precalentar antes de scldar para redudir las
ceniracciones, .

oLa temperatura de precalentamiento no deberd exceder de =
'33.50°C cuando se usen electrodos de bajo hidrogeno.

Cuando se usen electrodos E - 60 xx la temperatura de pre
calentamiento no deberd exceder de 65.50 C

XII.- Para juntas en T, en éngulo & esquina, las partes a
unirse se pondran en contacto tan cercano como Bes posible pero

en ningun caso se aceptarin s8i se encuentran separaciones de -
mds de 4 mm.

$i la separucidn entre las piezas a soldar es de 2 mm. bas
tard con soldar normalamente.

Si la separacion entre las piezas a soldar es mayor de 2 mm.
deberd incrementarse el curddén en una cantidad igual a la sepa-
racidén, Ejemplo:

-—-l [neremento
dol courddn
Separacidn igual u lu

a Miximo % mm, porcidn des

pegada.,
. »
N \
.

JULTA TRUNDCA ' JUNTA DESFEGADA .
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INTRODUCTION

This guide has five major objectives:

I. To provide a description and understanding of the corrosion process as it
applies to metals (particularly steel), in terms relevant to the specifier,

designer, and material consultant;
I1. To provide a description of the hot dip galvanizing process;

III. To provide an understanding of how hot dip gaivanizing provides

corrosion protection;

IV. To point out the many advantages of hot dip galvanizing for corrosion

protection, and;

V. To demonstrate the appropriate use of hot dip galvanizing for corrosion
protection by providing technical information and examples of applications
and industries where it has been and continues to be regularly and

successfully applied.

The American Galvanizers Association (AGA) has developed a variety of publications
that deal with specific technical and economic issues relating to the use of galvanizing
to protect steel from corrosion. These publications cover the topics discussed here in
much greater detail. Where appropnate, the AGA publication providing additional
relevant information will be identified. These publications may be obtained by contacting

the AGA or your local galvanizer.

Amencan Galvanizers Association 1
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“ORROSION

CORROSION:
WHAT AND WHY

hen people are asked, “What is ¢orrosion?”,
the answers received will vary greatlvbased

upon the perspective of the individual re-

sponding. The average person on the street
would ltkely answer, *Corrosion is rust.” This is a reason-
able response, but scientists who study -orrosion might
answer in terms of complex chemical and physical proc-
esses, and econemists might sum up corrosion in dollars:
$222 illion of corrosion-related costs in the United States
in 1989.

'CONCERN ABOUT CORROSION

Astudy conducted in 1975 by Battelle Columbus Laborato-
ries (BCL) for the National Bureau of Standards estimated

that in 1973, the cost of metal corrosion to the U.S. economy

was 4.2% of the gross national product. In the judgment of

BCL. 15% of this cost could have been saved through the ap-

plication of existing, proven technology. Similar studies

The Cost of Corrosion:
| f ¥ / é-Dollur Cost
b - - o= Safety
= Product Life

= Loss of Specified
Performance

[EPOITS B+ ol R ke Svirpr

conducted for other industrialized nations produced com-

parable estimates of the cost of corrosion.

Based on the ageing of our infrastructure an estimated
4.2% of the current annual GNP continue: approximate
the yearly cost of corrosion. Applyingthe ' studvtothe
19893 GNP, the estimated cost of metalcorr:  :ntothe U S,
economy was a staggering 3222 billion. Further, the

application of existing and proven corrosion control tech-

nologies, suias hot dip galvanizing, could have resulted

in a net 1989 savings of $33.3 billion.

—

METAL AND ALLOY CORROSION '

[n order to understand how galvamizing pre 2cts steel from

corrosion, it is important to first unders 1 corrosion.

Metal corrosion 1s generally defined as “+  indesirable
deterioration of a metal or alloy, i.e., anir.  action of the

metal with its environment that adversely affects the

The cost of
corrosion is
equal

to building 550
New York
World Trade
Centers every
year!

$222 billion

Amencan Gaivanizers Assocaton 2
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ORROSION

properties of the metal.”

This definition does not address the specific typesor causes
of corrosion. Later in this discussion, it will be useful to
make this definition more specific to the process of corro-

sion of steel and iron.

THE CORROSION PROCESS

Metals are rarely found in their pure state. They are

almost always found in chemical combination with one or
ore nonmetallic elements. Ore is generally an oxidized

form of metal.

Significant energy must be input to reduce the ore to a pure
metal. This energy can be applied via metallurgical or
chemical means. Additional energy may also be input in
the form of cold working, or casting required to transform
the pure metal into a working shape. Corrosion can be
; viewed as the tendency for a metal produced and shaped as
‘ aresult of substantial energy input, torevert toits natural,
,I lower energy state. From a thermodynamic perspective,
the tendency to decrease in energy is the main driving force

for the corrosion of metals.

Corrosion of metals is an electrochemical process. That s,
metal corrosion reactions normally invoive both chemical
reactions and the flow of électrons. Abasicelectrochemical
reaction that drives the corrosion of metals is galvanic cor-

rogion. In a galvanic cell, current is generated internatly
i

by physical and chemical reactions occurring among the

components of the cell.

Galvanic Corrosion
There are two primary types of galvanic cells which cause

corrosior}: thebimetallic couple, and the concentration cell.

A bimetallic couple {See Figure 1) is like a battery consist-
ing of twodissimilar metalsimmersed in an electrolvte. 'An
electric current (flow of electrons) is generated when the
two electrodes are connected by an external continuous

metallic path.

Aconcentration cell consists of an ancde and cathode of the
same metal or alloy and a return current; path. The
electromotive force is provided by a difference 1in concentra-

tion of the solutions contacting the metal(s).

In a galvanic cell, there are four elements which are neces-
sary for corrosion to occur:

A. An Anode - thisis the electrode where the anode

reaction(s) generates electrons. Corrosion oc-
> e e ——————————

curs at the anode.

B. A Cathode - this is the electrode which receives

electrons. The cathode is protected from corro-

sion.

C. An Electrolyte - this is the conductor through
which ion current is carried. Electrolytes in-
clude water solutions of acids, bases, and salts.

D. A Return Current Path-

this 15 a metallic .

T hy

*
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Figure 1 Figure 2
BIMETALLIC COUPLE ARRANGEMENT OF METALS
IN GALVANIC SERIES
Any one of these -
CONVENTIONAL N CORRODED END and alloys will thec ¥
g Anodic or less noble corroae wile offer
CURRENT Magnasium orotection o any ¢
P R 2ing which 15 lower in i+ 33,
EXTERNAL urmnum 50 long as ooth are
ELECTRONS I CIRCUIT ELECTRONS Caggétl’m electrically conneciz..
+ - Lead In actual practice. ’
o .
however, 2inc 15 by far the
Nickel L .
Brass most effective in this respect.
Bronzes
CATHODE — — ANQDE Copper
Nickel-Cooper Alloys
Stainless Steels {passive)
' Silver
Gold
| Platinum
PROTECTED END
ELECTROLYTE Cathodic or most noble

pathway connecting the anode to the cathode. [t1s

often the underlying metal.

These four factors contribute to the basis of corrosion and
corrosion prevention. Removing any one of these factors
bill stop the current flow and corrosion will not oceur. Sub-
istituting a different metal for the anode or cathode may
cause the direction of the current to reverse, resulting in a

change as to which electrode experiences corrosion.

[t is possible to construct a table of metals and alloys histed
n decreasing order of electrical activity (See Figure 2

fetals nearer the top of the table are often referred to as
i

t
1
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less nobl- metals and have a greater tendency to lose less

electron: -an the more noble metals found lower on the

fist.

CORROSION OF STEEL

The actual corrosion process which takes place on a piece

uf bare mild steel is very complex due to factors such as:

*» Variations in the composition/structures of the

steel

* Presence of impurities due to the higher instance

of recycled steel

* Uneven internal stress

* Presence of a non-uniform environment




FOHROSION ' '

\J

[tis very easy for microscopic areas of the exposed rnet.;ai to
become relatively anodic or cathodic. A large number of
such areas can develop in a small section of the exposed
metat. Further, it is highly possible that several different
types of galvanic corrosion cells are present in the same

small area of the actively corroding piece of steel.

As the corrosion process progresses, the electrolyte may
change due to materials dissolving in or precipitating from
the solution. Further, corrosion products might tend to
build up on certain areas of the metal. These corrosion

products do not occupy the same position in the given

galvanic series as the metallic component of their constitu-

ent element. Astime goes by, there may be a change in the
location of relatively cathodic and anodic areas. and previ-
ous]y' urnicorroded areas of the metal are attacked and
corrode. As Figure 3 indicates, this will eventually result

in uniform corrosion of the area.

The rate at which metals corrode is controlled by factors
such as:
* The electrical potential and resistance between
ancdic and cathodic areas
* pH of the electrolyte
* Temperature

* Humidity

Figure 3. Changes in cathodic and 2ncug1c areas

Amencan Galvanizers Association §
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GALVANIZING FOR
CORROSION PROTECTION

ot dip galvanizing is the process of applying French chemist, Sorel, obtained a patent for a means of
n a zinc coating to fabricated iron or steel coatingironwithzincafter firstcleaningit with 9 sulfune

material by immersing the material in a acad and fluxing it with ammonium chiornde. A Briush

bath consisting primarily of molten zinc. patent for a similar process was granted in 1837, Bv 135§,

the British galvanizing industry was using 10.000 tons of

zinc a year for the protection of steel.

Galvanizing: A factory

contro”ed meta”urg’cal Galvanizing can be found 1n almost every major applica- |
comb’naﬁon Of zinc and tion and industry where iron or mild steel is used. The
stee’ that prov"des corrosion utilities, chemical process, pulp and paper. automntive,
res’stance "n a Wlde vanety and transportation industries, to name just a few have
of en V"ronmentS. historically made extensive use of galvanizing fur curr ;.
control. They continue to do so today.

Provides cathodic protec-

ﬁon' The Zinc sacrifices itself The Brooklvn Bridge. The original galignizm: ol
to protect the base steel. cables in- ledn the late IE07 i o3 e

The process is described in more detail later in this guide,
"but the process is inherently simple. The simplicity of
, the galvanizing process is a distinct advantage to

! other methods of providing corrosion protection.

i

HISTORY OF GALVANIZING

The recorded history of galvanizing goes back to 1742

when a French chemist named Melouin described, in a

\ . . . . -
rm—rtrey Bingrbiast Busger MYA 1N 1T

présentation to the French Royal Academy, a method of

coating iron by dipping it in molten zinc. In 1836 another
|

| Amencan Galvanizers Associaton 6
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For over 140 years, galvanizing has had a proven
history of commercial success as a method of corro-
sion protection in a myriad of applications world-

wide.

METHODS OF PROTECTING IRON AND STEEL

Barrier Protection is perhaps the oldest and widest used
method of corrosion protection. It acts by isolating the
metal from the electrolytes in the env-iroﬁment. Twoimpor-
tant properties of barrier protection are adhesion to the
base metal and abrasion resistance. Paint is one example

of a barrier protection.

Cathodic Protection is an equally important method for

preventing corrosion. Cathodic protection requires chang-

ing an element of the corrosion circuit, introducing a new -

corrosion element, and insuring that the base metal be-

comes the cathodic element of the circuit.

GALVANIZING

Barrier protection
and
Cathodiic profection

Galvanizing provides excellent barrier protection

as weil as cathodic protection.

There are two major variations on the cathodic protection
method of corrosion protection. The first is called the im-
pressed current method. In this method an external
current source 1s used to impress a cathodic charge on all
the iron or steel to be protected. While such systems
generally do not use a great deal of electricity, they often

are very expensive to install.

The other form of cathodic protection is called the sacrifi-
cial anode method. Find a metal or alloy that s anodicto |
the metal to be protected. Place that metal in the circuit
and it will become the anode. The protected metal becomes ,
the cathode and does not corrode. The anode corrodes,
thereby providing the desired sacrificial protection. In
nearly all electrolytes encountered in everyday use zinc s
anodic to iron and steel. Thus the galvaruzed coating pro-
vides cathodic corrosion protection as well as barrier pro-

tection.

GALVANIZING PROCESS

There are three basic elements to the galvanizing process

{See Figure 4). These are:

* Surface Preparation,
* Galvanizing, and

* [nspection.

Amencan Gatvamzers Associaton 7
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Surface Preparation

Surface preparation is the most important step in the

application of any coating. In most instances, where a
coating fails before the end of its expected service life it is

due to incorrect or inadequate surface preparation.

With galvanizing, the surface preparation process

contains its own built-in means of quality assurance

and quality control in that zinc will simply not react

with a steel surface that is not perfectly clean. Any

failures or inadequacies in surface preparation will be
immediately apparent when the steel is withdrawn from
the molten zinc and uncoated areas remain, and immediate

corrective action is taken.

Conversely, a barrier coating applied by brush or spray to
an inadequately prepared surface can pass initial inspec-
tion but fail on the job weeks, months or even years later,

before the end of the expected service life of the coating.

Hot dip galvanizing is a factory-applied coating, and \

tion as well as coating application falls with the gal-

as such, primary responsibility for surface prepara. (

vanizer.

Field painting or other field-applied systems of corrosion
protection may involve the use of different subcontracu’

and/or work groups to prepare the surface for coating an

then to apply the coating to the surface. This can result in

problems in coordinating activities resulting in costly and

Caustic .
Cleaning .-ﬁdEt.‘w w;‘Hﬂ
woter

L

Figure 4
GALVANIZING
Surface Preparation Galvanizing Inspection
Caoling

Molten (a:Tgannng

R;‘:-;mg Flux Zine

©O) g%g Pickiing ‘ Saluton K. Bath

1NSI -
A—-A bath cf:(h|ufe Su hutic

or mTric uud To remouyy

5cale rusT mlow ‘J‘UIC Sur F'acc.

'K-S\IIJ")?C‘WC!, !,(‘JJCJ ""c A 1ur-‘+‘v

Ame Galvanizers Assocration, 8
-‘ﬁ‘:.} ijn [l ’}\
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time consuming delays, errors, and disputes concerning re-
sponsibility and financial liability. Once a job has been
delivered and accepted at the galvanizer's plant, there is
one point of responsibility for ensuring that the material
leaves the plant properly galvanized, and that point of

responsibility is the galvanizer.

Fluxing - Fluxing is the final surface preparation step in

the galvanizing process. Fluxing removes oxides and pre-

vents further oxides from forming on the surface of the
n'Ietal prior togalvanizing and promotes bonding of the zinc
tothesteeloriron surface. The method for applying the flux
depends upon whether the particular galvamizing plant

uses the wet or dry gafvanizmg process.

Surface preparation for galvanizing typically consists of |

three steps:
* Caustic Cleaning,
e Acid Pickling, and

* Fluxing

Caustic Cleaning - A hot alkali solution is often used to

remove organic contaminants like dirt, paint markings,

grease and oil from the metal surface. Epoxies, vinyls, as-

phalt or welding slag must be removed by gnt blasting,

sand blasting, or other mechanical means before galvaniz-

ing. Removal of these materials is usually the responsibil-

ity of the fabricator.
-________.—-—-'_'_'—_

Pickling - Scale and rust are normally removed from the

Steel surface by pickling in a dilute solution of hot sulfuric

acid or ambient temperature hydrochloric acid.

Surface preparation can also be accomplished usin gabrasive

cleaning as an alternative toor in conjunction withchemical
cleaning. Abrasive cleaning is a process whereby sand,
metallic shot, or grit is propelled against tﬁq steel matenal

by air blasts or rapidly rotating wheels.

In the dry galvanizing process (See Figure 4), the steel or

" iron materials are dipped or “prefluxed” in,an aqueous

solution of zinc ammonium chloride. The matenal 1s then

thoroughly dried prior to immersion in molten zinc. In the

_wet galvanizing process, a blanket of molten zinc amme-

nium chloride is used. This flux layer is floated on top of the
molten zinc. The iron or steel that is being galvanized

passes through the flux on its way into the molten zine.

Galvanizing

American Galvanizers Association 9

-y



[ e ¥
/RoTECTION
1

\

Galvanizing Additional relevant__sﬁii_r_:galg_c_ls are provided by the

————

In this step, the matenal is completely immersed in a bath " Canadian Standards Association (CSA) and the

consisting of a minimum of 98% pure molten zinc. Thebath American Association of State Highway and Trans.
chemistry is specified by the American Society of Testinz  portation Officials (AASHTO), ASTM standards cover
" - B e

and Materials in Standard A 123. Thebs htemperature - E:‘"F’thing from_ ~e mihimum required coating thick-

s

maintained at about 850 degrees Fahrer -eit. ne--as for vario. -ategories ol galvanized items to the

—— i

- ' composition of the zinc metal used in the process.
__—--"--.-.___'_.—.

[

Fabricated items are immersed in the bath long enocugh to
reach bath temperature. The articles are slowly with- These testing methods and fnterpretation of results are
drawn from the galvanizing bath, and the excess zinc is covered in “Inspection of Products Hot Dip Galvanized
removed by draining, vibrating, and/or centrifuging. After Fabrication,” published by the AGA and availajg

from the AGA or your local galvanizer. This booklet

The chemical reactions that result in tﬁe formation and cludes the “Visual Inspection Guide” and displays full
structure of the galvanized coating continue after the color, close-up photographs.

articles are withdrawn from the bath as long as these

articles are near the bath temperature.- The articles are

cooled in either water or cold air immediately after with-

drawal from the bath. : Inspection of galvanizing 1s simple
and reliable in the shop and in the field

Inspection
The most important method of inspection for gaivanized
articles is visual. A variety of simple physical and labora-
tory tests may be performed for:

* Thickness,

* Uniformity of the Coating,

* Adherence of the Coating, and

* Appearance.
Products are galvanized according to the long estab-
lished, well accepted, and approved standards of the
American Society for Testing and Materials (ASTM).

Amencan Galvamzers Association 10
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PROPERTIES OF GALVANIZED COATINGS

Figure 5

Adhesion

Appfication

Availabilty

Bona to Steel
Cathodic Protection
Cu}lng

Celwery
Zege Pratection

Inspection

Mantenance
Meallurgical Band

Photocnemicaliy
Sensitve

Prep to Paim

Transponation

Tubular Structures

VOCs

GALVANIZING
Several Kpsi
Works onty on Adequately
Prepared Suriaces

365 Days a Year

Excellent

Yes

None Required

Shart Turnaround Time
Equal fo Protectran cn
Cther Suraces
Measurable. Predictable,
Aehaple. Simple

titte. f any

Yes

No

Wash Surface Clean

Registant to Abrasion

Inside and Quiside
Protection

None

PAINT

7 - Vanes

nagequate Surface
Freparation Can Leaa 'o

Paint Failures in Fied

Depencs on Weatrer ana
Humidity Conaitiors

7. Vanes
No
Up to 28 Days

Can Be Lengtheneq oy
Weather Delays

Thins at Edges

Unrehabie, Tims
Cansuming, Quahty Cant
be Determined

Panodic Repainting

Ne

Pogsible

Gnt Blast 10 SSPC 68 o
14 and Contain

Soft Coating Can Scraten

No Inside Corrosion
Protection

?-Vanes

The Metaliurgical Bond
' Galvanizing forms a metallurgical bond between the l‘
: coating and underlying steel or iron. Galvanizing ;
. creates a barrier that is a part or extension of the'
- metal itself. During galvarﬁzing, the molten zinc reactsg

with the surface of the steel or iron article ur{dergoing gal--

. vanizing to form a series of zinc¢/iron alloys. Figure 6is a,

, photomicrograph of a cross section of a galvanized steelf

|
i! coating.
Figure 6 shows a typical galvanized coating consisting of

three alloy layers and a layer of metallic zinc. Moving from

the underlying metal surface outward, these are:

Figure 6

Photomicrograph of Galvanized Coating

Eta layer 100% Zn
70 DPN hardness

Zeta layer 94% Zn 6% Fe
179 DPN hardness

Deita layer 90% Zn 10% Fe
244 DPN hardness

<" Gammalayer 75% Zn 25% Fe

Base stee!
159 DPN hardness

Amencan Galvamzers Association 11
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* The thin Gamma layer composed of an alloy
that i1s 73% zinc and 25% iron,

* The Delta layer composed of an alloy that is
90% zinc and 10% iron,

* The Zeta layer composed of an ailoy that is
94% zinc and 6% iron, and

* The outer Eta layer that is composed of zinc.

Below the name of each layer in Figure 6 appears its
respective Diamond Pyramid Number (DPN).The DPNisa
progressive measure of hardness(i.e.,the .higher the num-
ber the greater the hardness). Typically, the Gamma,
Zeta and Delta layers are harder than the underly-
ing steel. The hardness of these inner layers pro-
vides exceptional protection against coating dam-
age through abrasion. The alayer of the galvanized
coating is quite ductile, providing the galvanized coat-

ing with good resistance to damage by abrasion.

The galvanized coating is adherent to the underlying steel
on the order of several thousand pounds per square (psi)
inch. Other coatings typically offer adhesion rated at

several hundred psi at best,

These three factors, hardness, ductility :nd adher-
ence combine to provide the galvani. .d coating
withunmatched protection against damagebyrough

handling during transportation to and/or at the job

site as well as on the job. The toughness of the galva-
nized coating is extremely important since barrier protec-
tion from corrosion is dependent upon the integrity of the
coating. Other coatings darge easily during shipment or
through rough handling or the job site. Experts wil]
argue that all organic forms of barrier protect: ,
(such as paint) must be permeable to some degr o,
Correctly applied galvanized coatings are imperme.-
able.

. Figure 7. Rust undercuts scratched paiy
PAINT ON STEEL ‘

ThiS 15 what hapoens at & s¢ratsh an
painted steel The exposed sieelccrrodes
ana forms a pocaet 51 -ust ZJecause 25t
1S MUCh mMore voluminous nan sieat ¢
pocketsweils Thishits ine paintilm fran
the metalsurtace 10 form anlsiar Soir e
cancsion ot 2nd he Dlisler senhiue lo
Jrow

Figure 8. Zinc protects base steel even when scratched

GALVANIZED STEEL
This 15 what happens at a scratch cn
galvanized steel, The zinc coaling
sacnfices rself slowty bv gaivanc

A A acuen to protect ine dase steet Ths
-—  sacrificial aclien continues as Ieng as
any Zinc remaing in the immeiate area.

IoC 12T v AROOEY
Ex9OSED STEEL
§ #QTECTED

J
STEE. 3ASE 1 CAP-OCE)

Amencan Galvamzers Associanon 12



If the coating is physically damaged. the galvanizing will
continue to provide cathodic protection to the exposed
steel. If individual areas of underlying steel or iron of
length and/or width of as much as 1/4” become exposed. the
surrounding zinc will provide these areas with cathodic

protection for as long as the coating tasts.

Figure 7 shows how corrosion will begin and immediately
progress at a scratch or gap in a paint coating, Figure 3
shows how corrosion will be prevented at a scratch or gap

in a zinc coating.’

' The galvanizing process naturally produces coatings that
are at least as thick at the corners and edges as the coating
on the rest of the article. Ascoating damage is most likely
to occur at the edges, this is where added protection 13
needed most. Brush- or spray-applied coatings have a
natural tendency to thin at the corners and edges. Figure
9is a photomicrograph that shows a cross sectionof an edge

of a galvanized piece of steel.

Because the galvanizing process involves total im-
mersion of the material, it is a complete process: all
surfaces are coated. Galvanizing provides both out-
sidé and inside protection for hollow structures.
Conversely, hollow structures that are painted have no

corrosion protection on the inside.

Theinspection process for galvanizeditemsissimple,

fast and requires minimal labor. This is important be-

Figure 9. Full corner protection provided

cause the inspection process required to assure the quality
of many brush- and spray-applied coatings is highly tabor

intensive and uses expensive skilled labor.

Galvanizing continues at the factory under any
weather or humidity conditions. Most brush- and
~prav-applied coatings are dependent upon proper weather
and humidity conditions for correct application. The de-
pendence of most brush- or spray- applied corrosion sys-
tems upon proper weather and humidity conditions often

translates into costly construction delays at the job site,

The galvanizer's ability to work in any tyvpe of weather
dllows a higher degree of assurance of on-time delivery.

Working under these circumstances, galvanizing can be,,

Amencan Gaivamzers Assocanon 13
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completed with short lead and turnaround times. A very important. The amount of silicon and phosphorus
turnaround time of two or three days for galvaniz- present in the steel strongly influences the thickness and
ing is common, and a week is standard. appearance of the galvanized coating. A silicon level of

0.04¢% or greater or a phosphorus level of 0.004% or gre

in the steel will general!* -esult in thick cc...ings con:
ing pnmanly of zinc-ir:  alloys. The coating thickn
curve shownin Figure ' :lates the effect of silicon in:

base steel to the thickness of the zinc coating. The carbon,

sulfur, and manganese content of the steel also may have

a muner effect on the galvanized coating thickness.

Certain steel compositions tend to accelerate the growth ’
e

On time delwery  zinc-iron alloy layers. This may result in a finish

Coating Thickness

ASTM specifications establisr 5iinimum standards for

43TM STANDARDS RELATING TO HOT DIP GALVANIZED MATERIALS

an glmwm-mlorancmotboﬁmmm Coanngs r o arg $'e
S

thickness of galvanized coatings on various categories of - S Pracn e erermarer 1w Do Geanted
Siruchura Stem Procucts ang Procsaure for Detecung £7or ma—ent

items. By the nature of the galvanizing process, the mini-

N [IRY] Standard Spsatcabon for Zinc Coanng (Hal $io) an 11on ana S'ew “ardwary
mum standards specified by ASTM are routinely exceeded
by galvanizers. Factors influencing the thickness and ap- ‘. Stancar Sacommences Prichts for Satequanarg Agaes! Aarasge g
Drsiomon Dunng Hal Do Gan LA of St Alsamties
pearance of the galvanized coating include: - ance Pracae o cang Pt vty B s et
* Chemical camposition of the steel,
ays [N Surand Spachezaondy for Zne Codied (Gavamzed: Stes 3903 ‘or Zoncew
¢ Steel surface condition, A roumen
* Cold working of steel prior to galvanizing, ‘. S 2208 for Aacrer of Damaged ot 00 Gavanzes s
* Bath immersion time,
: LI | g 1 for Magsunng Caanng Thouess By Magrenc e >
* Bath withdrawal rate, and g . scTomagrenc) Text keom

. .
Steel cooling rate SANAC(AN STANDARDS A~ 3TION STANDARDS

AEATNG TG ROTDIPGAL. L IING

. - Hot O Galvamzng of frequiany Shaoed Arhcey

The chemical composition of the steel being galvanized 13
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galvanized coating consisting entirely of a zinc-iron alloy.
Instead of the shiny spangled appearance, the galvanized
coating will have a dark gray, matte finish. This dark gray,
matte galvanized coating will provide as much corrosion
protection as a galvanized coating having the common

spangled appearance.

As the galvanizing reaction is a diffusion process, higher
zinc bath temperatures and longer immersion times will
generally produce somewhat heavier alloy layers. Like all
diffusion processes, however, the reaction proceeds rapidly
at first and then slows as layers grow and become thicker.
Continued immersion beyond a certain time will have little
incremental effect. In galvanizing of silicon bearing steels

containing more than 0.04% silicon, the diffusion process

Figure 10

EFFECT OF SILICON
ON COATING THICKNESS

COATING THICKNESS CURVE

50

Zinc Thickness  tmeew

% Stlicon in the Steel

significantly changes. Figure 10 shows the relative effect

of the increased silicon.

The thickness ofthe outer pure zinclayeris largely depend-

ent upon the rate of withdrawal from the zincbath Arapid

rate of withdrawal causes an article to carry out more zinc

and generally resuits in a thicker coating.

ASTM and CSA specifications and inspection standards for
galvanizing recognize that variations inhérently occur in

both coating thickness and compositions. Thickness speci-

fications are stated in both average terms and as a mini-# "

mum for any individual article tested. Further. coating
thickness measures must be taken at several points on

each inspected article to comply with ASTM A {23,

Amencan Galvanmizers Associahon 15
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ESIGN

DESIGN OF PRODUCTS
FOR GALVANIZING

orrosion prevention mustbeginonthedraw-
ing board. This is true regardless of the

system selected. The specification of galva-

nizing as the means of corrosion prevention
fora particula: »roduct has minimal design
limitations. Certain practices nould be followed in design-
ing structures for effective and safe galvanizing. These
practices are easily applied and in most cases are routine

methods used to ensure maximum corrosion protection.

Most ferrous materials are suitable for galvanizing. These
include: cast iron, malleable iron, cast steels, hot rolled
steels and cold rolled steels. Structural steel shapes, in-
clﬁding those of high strength, low alloy materials may be
hot dip galvanized after fabrication to obtain the long
lasting protection afforded by the zinc coating. The most
satisfactory way to ensure the safe, effective and
economic galvanizing of your articles is for the
designer, fabricator and galvanizer to work together

before the product is manufactured.

SIZES, SHAPES AND DIMENSIONS

[ron and steel articles to be galvanized after fabrication
range from small pieces of hardware to large welded steel
assemblies or castings weighing s~veral tons. Galvanizing
kettles up to 40 feet long are av  ble in most industrial
areas. It is common to find ket - approaching 80 feet.
Through the processes of doubl- 1d dipping (for articles

too deep or too long to fit in the galvanizer’s kettle) or pro-

gressive dipping (generally for large cylindncal objects
with a width exceeding that of the kettle), 1t is possible for
the galvanizer to process articles that exceed the dimen-
sions of his kettle.

Examples of double-end dipping and progressive dipping
are shown in Figure 11. If you have a question regarding
the galvanizability of a product, contact your locai gal-

vanizer or the AGA.

DOUBLE-END DIPPING

Amencan Gaivamizers Association 16
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MECHANICAL PROPERTIES

According to studies by the BNF Metals Technology Centre
inthe United Kingdomias well as numerous other national
and international studies), hot dip galvamzing produces
no significant changes in the mechanical properties of the
structural steels commonly used throughout the world.
The underlying steel in the galvanized article ischemically

and metallurgically equivalent to the uncoated steel.

OTHER DESIGN CONSIDERATIONS

Galvanizing requires that cleaning solutions and molten
zine flow into, over, through, and out of the fabricated

articte. Designs that inhibit the flow may cause problems.

Filling and vent holes must be provided to prevent pickling
or other cleaning bath fluids from becomiﬁg trapped in an
article. It is best to avoid narrow gaps between plates,
overlapping surfaces, and back to back angles and chan-
nels. When overlapping or contacting surfaces cannot be

avoided, all edges should be completely sealed by welding.

A book, “The Design of Products to be Hot Dip Galvanized
After Fabrication,” is available from the AGA or your local
galvanizer. In addition to covering all the essential consid-
erations for proper design and providing specific technical
specifications and details, many illustrations demonstrate

both proper and improper design practices.

Welding

When welded items are galvanized, both the cleanliness of
the weld area after'welding and the metallic composition of
the weld itself affect galvanizing quality and appearance.
Some welding techniques that lead to satisfactory results
include:

» Use of an uncoated electrode where possible

* Thorough removal of all welding flux residues

if a coated electrode is used

* A welding process that produces essentially no
slag

'® & submerged arc method for heavy weldments

* Selection of welding rods providing a deposited
weld that is composed of as close to the same
materials as the parent metal as possible and,

* Avoidance of welding rods which are high in

silicon.

" Procedures are simple and
well established for
field welding

galvanized steel."”

Gregory Sytch Jr., President
G.T.I. Welding
Linden, New Jersey
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Materials which have been galvanized may be welded
easily and satisfactorily by allcommon welding tech-

niques. The American Welding Society has produced a

book which details all aspects ~fwelding galvanized items.

In general, anything thatcar .elded before galv.: zing
can be welded with relative fter galvanizing.  opy
of the AWS book is availab .m the AGA or yo. :ocal
galvanizer.

Bolting

Hot dip galvanizing is a well established and widely used

process for coating mechanical fasteners and welded joints.

BOLT TENSION CHART
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BOLT TENSION

Figure 12

The prime mechanical fasteners used for making field con- - .

nections 1n steei are bolts which conform to ASTM and CSA
standards. Bolted galvanized structural joints can be
designed for both bearing and friction type connections.
Galvanized joints of this type have a long and outstanding
performance history. A wide variety of structures have
been built using hot dip galvanized steel and connected

using galvanized steel bolts.

Figure 12 shows a representative chart for bolt tension of
galvanized versus black bolts. Alubricated galvanized bolt
can develop greater joint tension than that of a black bolt.
A book “Bolted Galvanized Structural Joints” is available
from the AGA.  our local galvanizer. It gives additional
informationon - characteristics and advantages of bolted
galvanized structures, and offers comment on bolting pro-

cedures.

Painting Galvanized Steel

Galvanized articles are easily and successfully painted.
The two factors critical to success are proper postgal-
vanizing surface preparation and proper paint system se-

lection.

Galvanized steel might be painted for a number reasons:
aesthetics, safety marking, and the desire for even longer

lasting protection.

A corrosion protection system consisting simply of galva-
nicing provides very long term, cost-effective corrosion
protection. Often the expected service life of the galvanized
coating actually exceeds the design life of the structuret s

used to protect. However, a duplex system, one consisting

Amencan Galvanizers Assoc:anen 18
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vides more complete and detailed information about du-
plex systems. In addition to providing a wealth of technical
details, advice and a discussion of the suitability of a
number of different types of paints for application after

galvanizing, this publication alsopresents anumber of spe-

Environmental Compliance

The United States Environmental Protection Agency
{EPA), in addition to many state and local environ-
mental protection agencies. has established restrictions
governing volatile organic compounds (VOCs). Many

brush- and spray-applied corrosion protection systems

cific applications and color photographs of duplex systems.
‘ contain VOCs and are thus subject to this regulation.

_The galvanized coating contains no VOCs and is

compliant with these regulations.

GALVANIZING 1
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of properly selected and applied paint over galvanizing,
greatly extends the period that effective corrosion protec-
tion is provided. A useful rule of thumb is that a duplex
system will provide effective corrosion protection for one
and one half times the service life of the sum of the service
lives of the individual systems. For exémple, suppose that

= expected service life of the galvanized ceating in a
particular environment is 35 yearsli and that the expected

service life of the paint system is 10 years. The expected

servicelifeofthe duplex system willbe 67.5 yearsir.e..1.5(35

*+10)). While such duplex systems will often have a pre-
mium first cost, they are usually the lowest life-cycle cost
solution. They may be the only feasible solution for struc-
tures in aggressive environments where later in-service

painting is extremely difficult or impossible.

The synergy of duplex systems in c;)rrosion protec-
tion stems from three known factors:

¢ The paint film extends the life of the galva-
nized coating by providing ad;iitional barmer
protection to the zinc layers.

* An underlying layer of zinc tends to prolong
the life of a paint coating by preventing an
underlying layer of corrosion from developing.

* The corrosion products of zinc and its alloys
further retard paint coating damage by sealing
cracks and pores in paint films.

Some galvanizers do have facilities to shop-apply paint
coatings after galvanizing. The specifier shouldcheck with

the galvanizer to determine if these facilities are available.

Duplex system on ornamenta /e

When the design life of a fabricated item does exceed the
service life of the galvanized coating without a duplex
svstem, the initial galvanized coating can make sub-
sequent corrosion protection by brush- or spray-ap-
plied ;:;aint systems much simpler and less expen-
sive. When a paint-based .corrosion protection system
reaches the end of its service life, abrasive blasting or
grinding back to white steel is frequently necessary in
order to repaint. Preparation of a previously galvanized
surface for a properly selected paint-based system of corro-

sion protection is normally much simpler.

A publication, “Painting Galvanized Structural Ste-” " s

avatlable from the AGA or your local galvanizer. 1. -
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ECONOMICS OF GALVANIZING

ECONOMIC ANALYSIS

steel surface that has been blasted to Steel Structures
Painting Council specification SP 10. According to a bi-

annual coating economics survey published by the Na-

———

s shown throughout this book, any exposed

steel must be protect.e‘d to ensure an effec-

tive service life. Depending on the corrosion

expert, the cost of corrosion protection for a

structure will range from 0.5% - 5 07 of the

cost of the project. In exceptional cases, where a large
amount of lightweight steel is exposed to corrosive attack,

the corrosion protection system may represent a much

more significant part of the project budget.

‘ c"t‘mff wa(j?
P

Looking at the two primary corrosion protection systems,

First Cost

galvanizing and paint?it is necessary to define the specifi-
cations foreach so that a reasonable cost comparison can be
conducted. The galvaﬁized material would normally be
specified to ASTM A 123. This calls for up to 2.3 ounces of

zinc per square foot ofsteeﬁFor purposes of this discussion,

1t 1s assumed that there are 250 square feet of steel surface

tional Association of Corrosion Engineers (1990), the esti-

mated cast for shop application of this paint system ranges

from 3345 - 3689 per ton.

These numbers indicate that galvanizing faiis in the low

end ofthe range of cost for the paint system. The difference

in cost between the two systems is relatively insignifcant

when compared to the total project cost.

Life-Cycle Cost

Based on a moderate exposure to corrosive elements in the

atmosphere, the galvanized system will have a projected

life {to 5% surface rust) in excess of 40 years. The paint_

system, based on the same NACE report, w1ll require re-
painting in approximately 11 years. Therefore, when de-
signing a structure with an anticipated life of 40 years, it 1s
necessary toinclude future costs of repainting as part of the

total corrosion protection costs.

per ton. Therefore, the g_alvanizigcost should be approxi-
mately $370 - $480 per ton. KX

-A“high performance” paint system that is frequently speci-
fied in competition with galvanizing consists of an inor-
ganic zinc primer, a high-build epoxy intermediate coat,
and a polyurethane topcoat. This “high performance” syvs-

tem, in order to function properly, must be applied over a

Maintenance painting consumes a significant and escalat-
ing portion of operating and maintenance budgets. As
more focus is pfaced on controlling maintenance costs, a
reliable, low maintenance corrosion system is required.
The life-cycle cost of a corrosion protection system can be
estimated by using commonly accepted economic formu-

las.
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The Cost Per Square Foot

Per Year Theory of Value

The current method for evaluating any coating systemis to
determine its cost in dollars per square foo* -er year 6\'er
the life of the structure. Concern withthe:  ofcorrosion
protection per square foot of steel has attr. i significant
tention among specifiers, engineers, an«.  rrosion con-
.itants. The cost per square foot per yearm :-hod seeks to
‘nimize costs by analyzing all cost components including

.rst cost and operating and maintenance costs. An eco-

—_
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svstem must be examined in detail for possible additional

costs and savings.

Galvanizing's Advantage as a

Capitalized Expenditure

(enerally accepted accounting practices for building main-
tenance dictate that maintenance painting be taken as an
operating expense. The expenses of galvanizing can be

capitalized because these expenses generally occur during

construction. Under this accounting practice. galvanizing

nomic analysis that includes both initial costs and future
maintenance costs should be used to select the most eco-
nomic protective coating system. It is important to empha-

size that in constructing a comparison on costs. each

does not compete for precious operating dollars.

Galvanizing vs. Painting: By the Numbers

The chart compares the costs of galvanizing with the costs of painting. The conclusion: Galvanizing is a clear

financial winner.

The Leaside Bridge, owned by Metropolitan Toronto. extends 1300 feet over the Don Valley Parkway at Millwood
Road. and was originally built in 1927 using painted structural steel.

In 1969, it was dectded that the bridge would be widened from four to six lanes. When bids were tendered, three

different approaches were solicited:

Option 1. Blast clean and paint all structural steel (specified as blast clean, zinc rich primer and 2-coat vinyl).

Initial Cost: $294,000

Option 2. Galvanize new steel in the expansion, and b!.
t1.e. same paint specifications as above). Initial Cost:

. clean and repaint the bridge's original steel in the field
~230,000

Option 3. Galvanize the new steel and zinc metallize the onginal steel. Initial Cost: $271,000

Amencan Galvamzers Association 22
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Other Cost Factors Associated With
Other Methods of Cotrosion Control
There are a multitude of cost elements that are typically
not.included in an economic analysis:
! & The cost of surface preparation in the field when
repainting )
* The cost of environmental compliance tn the field
when repainting
* The cost of containment systems

* The cost of materials disposal

. The cost of weather delays’
* The cost of insurance, and other unknown, un-

controllable factors.

These factors may cause the cost of repainting to
accelerate well beyond the projected cost as determined
by the economic analysis. As a case in point. the state of
Ohio Department of Transportation has projected a 43%

Increase in maintenance painting costs in one year,

Galvanizing require's little, if any, maintenance in com-
parison to the maintenance demands of paint systems.
When all the elements in the economic analysis are in-
cluded, it will be obvious that galvanizing has the lowest

life-cycle costs. “Because today's capital expenditures

make the bed that the company must Lie 1a tomorrow, =

today's decisions must be based on definite assumptions as

to what tomorrow will be like.”

The choice made was galvanizing the new steel and
repainting the original steel, Option 2, the lowest
initial cost option. After 20yearsinservice,in Toronto's
moderately industrial atmosphere, all the steel galva-
nized is in excellent condition. Readingstakenin May
1988 showed a coating thickness of at least 7 muls of

zinc. This ensures a further maintenance-free life of
over 50 years for all galvanized steel on the Leaside
Bridge. Galvanizing the new structural steel on the
Leaside Bridge saves the cost of repainting every 10 -
12 years.

The sidebar chart shows the cumulative estimated
future costs for maintaining the structure in 1969
dollars. The cost for the galvanized structure goes up
little if any during the 80 year time period. but the
cumnulative dollars for the paint option grow rapidly.

Amencan Gavarzers Assocaton 23°

The galvanizing saves money on the first cost, and savings
increase as the age of the structure increases,
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CORROSION RESISTANCE OF
GALVANIZED COATINGS

alvanized coatings have a long commercial
histery under a large number of environ-

mental conditions. The corrosion resistance

of zinc coatings varies greatly with the envi-
ronment in which they serve. In general, within the range
of most commeonly encountered environments, the gaiva-

nized coating corrodes at a r'ate between 1/10 and 1/30 that

The predictability of the lifetime of a barrier coating 1s
important for planning and financing required mainte-

nance. Measurements of the actual rate of consumption of

the galvamzed coating during the first few years of service

e

of exposed steel (See Figure 13).
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often provide good data for projecting remaining life unt;

fir-t maintenance. In fact, these estimates will be some-

what conservative under most conditions. Due to the build

up of zinc corrosion products, which, in many environ-
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ments, are adherent and fairly insoluble, the corrosion rate

may tend to slow. Thus to the extent that the rate of

corrosion tends to depart from a constant, it will tend to
I ————— . B e ]

slow in many environments as time progresses. Therefore,

estimates of service life until first maintenance of a galva-

nized coating based upon measurements taken during the

P ESISTANCE
\ —

first few years of service will often tend to be conservative.

e

Environments in which galvanized steel and iron are com-
monly used include: outdoor atmospheres, indoor atmos-
pheres. hundreds of different- chemicals, fresh water. sea
water, soils, concrete, and contact with other metals. Again,
because of the long length of time galvanizing has been in
use for corrosion protection, a wealth of real-world, long-
term exposure data about the behavior of zinc coatings in

a wide variety of environments is available.

ATMOSPHERIC CONDITIONS

Zincoxide is the initial corrosion product of zincin relatively

drv air. This is formed by a reaction between the zinc and
it

atmospheric oxvgen. In the presence of moisture, this 1s

converted to zinc hydroxide. The zinc hydroxxde further

reacts with carbon dioxide to form zinc carbonate. The zinc

carbonate film is tightly adherent, relatively insoluble and

is probably primarily responsible for the excellent and long

lasting corrosion protection provided by the galvanized

coating in most atmospheric environments.

ASTM Committee A0S (Metallic Coated Iron and Steel
Product\s)‘ and GO1 (Corrosion of Metals) and other organi-

GALVANIZING SERVICE
AREAS

Atmospheric

* Soils

Fresh Water

-

Salt Water

+ Concrete

« Chemicals
zations have been collecting continuous records -f the
behavior of zinc coatings under various categone~ ol aimas-

pheric conditions since at least 1926. These atmu-phenc
exposure tests have been conducted throughout the wurid
to obtain corrosion rate data for zinc exposed in v arous at-
mospheres. Precise comparison of the corrosion behaswor of
the galvanized coating in various atmosphenc environ-
ments in influenced by many factors. Such factorsinclude
the prevailing wind direction, type and density of currasive

fumes and pollutants, amount of sea spray number of

‘wetting and drying cycles, and the duration of exposuresio

moisture, Although there hasbeen considerable spread n
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Figure 14
LIFE OF PROTECTION VS. THICKNESS OF ZINC
AND TYPE OF ATMOSPHERE
* Service Life is defined as the time to 5% rusting of the steel surface.
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observed corrosion rates. even under the most severe con-
ditions, actual observed rates rarely exceed 0.3 mils per
vear. [tis also worthwhile to note that when exposed 1n-
doors, the life of the galvanized coating will be at least two
to three times that which might be expected with outdoor

exposure in the same respective environment.

Figure 14 is a plot of the thickness of the galvanized coating
against the expected service life of the coating under
outdoor exposure conditions. The expected service life is
defined as the life until 5% of the surface is showing red iron
rust. At this stage, it is unlikely that the underlying steel
oriron has been weakened or the integrity of the structures
protected by the galvanized coating otherwise compro-
mised through corrosion. Enough ofthe galvanized coating
remains to provide a good substrate for implementation of
an appropriately selected brush- or spray-applied corro-
sion protection system 1f disassembly for regalvanizing s
not a feasible solution.

Exposure atmospheres may be divided intosix types. These

are:

Heavy Industrial Atmospheres- These contain

general industrial emissions like sulfurous gases,

corrosive mists and fumes released from chemical
A ———— e B

plants and refineries. The most aggressive condi-

tions are often found in places of intense industrial

activity where the coating is frequently wetted by

rain. snow, and other forms_of condensation. In

these areas, sulfur compounds can combine with

atmosphe:'ic motsture to convert the normally
adherent and insoluble zinc carbonates into zinc
sulfite and zinc sulfate. These sulfur compounds
are water soluble and adhere poorivtothe zincsur-
face. They are removed by rain with relative ease,
exposing a fresh zinc surface to additional corro-
sion. In general, zinc dissipates more when ex-
posed to this type of environment than any other
atmospheric environment. Still, the steel corrodes
far more slowly in this type of environment when

protected by zinc than when just bare steel is used.

Moderately Industrial Atmospheres - T-hese
environments are similar to those of heavy' indus-
trial atmospheric environments but from the stand-
point of corrosion, are not quite as aggressive. The
amount of emissions in the air may be somewhat
lower than that of heavy industrial environments
and/or the type of emissions may be less aggres-
sive. Most city or urban area atmospheres are clas-

sified as moderately industrial.

Suburban Atmospheres - These atmospheres
are generally less corrosive than moderately in-
dustrial areas and, as the termsuggests, are found
in the largely residential, perimeter communities

of urban or city areas.

Temperate Marine Atmospheres - The
length of service life of the galvamzed coating in

marine environments is influenced by proximity
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to the coastline and prevai;ing wind direction and CHEMICAL AND LIQUID ENVIRONMENTS

intensity. In marine air, chlorides from sea spray

can react with the normally protective, initial cor- pH of the Solution

rosion products to form soluble zine chlorides. A primary factor governing the corrosion behavior of the

When these chlorides are washed away, fresh zinc  galvanized coating in liquid chemical environments is the

is exposed to corrosion. Nevertheless, temperate pH ofthe solution. Galvanizing performs well in solutions

marine atmospheres are usually less corrosive than of pH above 4.0 and below 13.0(See Figure 151. Thisshould

suburban atmospheres. not be considered a hard and fast rule, however, because
such factors as agitation, aeration, temperature, pelariza-

Tropical Marine Atmospheres - These envi- tion, and the presence of inhibitors may also change the

ronments are similar-to temperate marine-atmos-— rate of corrosion-Withinthe pHrangeof about4:0t0 13.0,
pheres except they are found in warmer climates. a protective film forms on the zinc surface and the galy,

Possibly because many tropical areas are found nized coating protects the steel by slowing corrosion t

relatively far removed from heavy industrial or verylowrate. The exact chemical composition of the protec-
even moderately industrial areas, tropical marine tivefilmissomewhat dependent upon the specific chemical
climates tend to be somewhat less corrosive than environment.

temperate marine climates. Figure 15

Rural Atmospheres - These are usually the least (E:ZF;E:JSIO:NPSI? ;lINC

aggressive of the six atmospheric types. Thisis pri- 1

marily due to the relatively low level of suifur and

other emissions found in such environments.
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Since many liquids fall within the pH range of 4.0 -
13.0. galvanized steel containers are widely used in storing
and transporting many chemical solutions. Information
concerning the specific corrosion behavior of zing 1n more

than 600 chemical environments is presented in a pubiica-

tion “Zinc: Its Corrosion Resistance”. available from the ’

AGA or your local galvanizer. Figure 16 shows an abbre-
viated list of some commonly used chemicats that have

been successfully stored in galvanized containers.

Figure 18

SOME CHEMICALS WHICH HAVE BEEN
SUCCESSFULLY STORED IN GALVANIZED CONTAINERS
Hydrocarbons Nitrites (cyanides) Butyl butyrate Amines and Amine Salts
Benzene (benzoie) Ciphenylacetonitrile sooutyrate Pyndine
Taluene (tolucle) o-chioropenzglycyanioe caproate Pyrrohaine
Xylene (xylole) Esters propionate Methylpiperazine
Cyclohexena Aliyl  butyrate succinate Dicarpethoxypiperazing
Petroleum ethers iy caproate titanate 1-benzhydryi-4-methyloiperazine
Heavy naphtha formate Propyl butyrate 2.4-chaming-5-(4-chidrprenyl-6)
Sglvent napntha proplonate 1scbutyrate ethylpynimidine
Alcohols Ethyl  butyrate caproate Hydroxyethylmorohohne
Methyl parafynal sobutyrate formate {hydroxyethyldiethylenimideoxide)
{methy! pentynol) caproate propionate p-amingbenzenesuiphonylguanidine
Marpnolingiscpropanal caprylate 150- henzoate Butylamine cleate
Glycerol {glycern) propionate Butyl butyrata Piperazine hydrochlonde
Halides succinale caproate manghydrate
Caroen ietrachionde Amyl butyrate Isg- benzoate Carbethoxypigerazine
Amyl bromide sobutyrate Propyl caproate hyarocnlonde (dry)
Butyl bromide caproate formate Amides
Butyl chlonde caprylate propionate Formamide
Cyclohexyt hromide Methyl butyrate Cyclonexyl butyrate Dimethylformamide
Etnyl bromide caproate " and other unspecified titanates  Miscellaneous
Propyl oromide propionate Phenols Glucose (hquid)
Propy! cnlgnde succinate Phenol Benziligeneacetone
Trimethylene promide Benzyl butyrate Cresols (methylphenols) p-chlorbenzephenone

{1.3-dibromopropane} scbutyrate Xylencls (dimethylphenals) Sodium azobenzenesuiphonate
Bromobenzeng propionate Biphenol {dihydroxybiphenyl} Melamine resin solutions
Chlorobenzene succinate 2.4-dichlorophenol Crude cascarz exiract
Aroclors & Pyroclors Octyl butyrate p-chigro-o-cresol Creosote

{chiorobipnenyls) caproate hloroxylenols Chiloroflourocarnons
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Fresh Water

Galvanizing is successfully used to protect steel in fresh
water exposure. “Fresh water” is used loosely here to refer
to all forms of water, except sea water. Fresh water may be
classified acco: :ing to its origin or application. Included
are hot and cold domestic, industrial, river, lake, and canal
waters. Corrosion of zine in fresh water is a complex

process that is controlled largely by the impurities found in

the water. Even rain water contains oxygen, nitrogen, car-

bon dioxide, and other dissolved gases in addition to dust

and smoke particles.

Ground water carries microorganisms, eroded soil, decaying
vegetation, &issolved salts of calcium, magnesium, iron,
and mangan se and  -:pended colloidal matter. All of
these substa:. '2s ant er factors such as pH, tempera-
ture,and motionaffer  2structure and compositionofthe
corrosion products tormed on the exposed zinc surface.
Relatively small differences in fresh water content or con-
ditions can produce relatively substantial changés in corro-
sion products and rate. Thus, there is no simple rule or set

of rules governing the corrosion rate of zinc in fresh water,

Water with relativel~ high free oxygen or carbon dioxide
content is more corr - = than water containing less of
these gases. Hard wa- much less corrosive toward zine
than soft water. Un nditions of moderate or high
water hardness, a na' -:ale of insoluble salts tends to

form on the galvanize :ace, These combine with zinc to

, — g oy
C1S5
\
CORROSION OF ZINC COATED STEEL
IN SELECTED NATURAL FRESH WATERS
Location and water | Type of Zing Type ot Agitatien | Corrasion rate
test Mil-year
Gannlane Cana Jore | imermediate Immersien Siagran B>
Tr2ticdl fash water
Ganrtaxe Cana Zone | Intermediate Immersicn Slagram i
Triocal osh wler
Pagre Miquel iocrs Special g grade | Imimarsicn _ i
237373 Fresn aale
Foarg, Mguel iocks hyn grade Immarsion _ i3
Parama Fresh adter
Padic Maguel iocks Irtermeaate Immersion _ s
—1 F3Mama-Fresn watet —— o
Pagrg Miguer locks Select Irmersion _ 155
23rama Fresh water
Pagro Migued focas Prime Western Immersion _ 13
Pa~ama Feesh water
At walet 3% ore Immersion Lap | St ]
~argress 7 571German)
Rrver waier s ung -mmevsion Lab | Sty 1R
Haraness 7 6°iGerman)
Figure 17

form a protective barrier of calcium carbonate and basic

zinc carbonate. Figure 17 indicates the service life of galva-

nmized steel in various waters.

Sea Water

Galvanized coatings provide considerable protection to
steel wnen immersed in sea water and exposed to salt
spray. The factors that influence the corrosion of zinc in

fresh water also apply to sea water. However, 1t is the dir
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solved salts {primarily sulfides and chlorides) in sea water
that are the principal determinants of the corrosion behav-
ior of zinc immersed in sea water. Given the high level of
chloride in sea water, a very high rate of zinc corrosion
might be expected. However, the presence of magnesium
and chloride ions in sea water have a strong inhlbitmg
effect on zinc corrosion in this tvpe of environment. One
should be very skeptical of accelerated laboratory test re-
sults that sometimes use a simple sodium chloride (NaCl
solution to “simulate” the effects of sea water exposure on
galvanized steel. Real world results may differ signifi-

cantly from accelerated laboratory tests.

Soils
More than 200 different types of soils have been identified
and are categorized according to -t'exture. color, and natural
drainage. Coarse textured soils, like gravel and sand,
permit free circulation of air and the process of corrosion
may closely resemble atmospheric corrt.)sion. Clay and silt
soils have a fine texture and hold water resulting 1n poor
aeration and drainage. The corrosion process in such soils

may resemble the corrosion process in water.

The National Bureau of Standards has conducted an ex-
tensive research program on the corrosion of metals n
soils. Some of their research on galvanized steel pipe dates
back to 1924. The results shown in Figure 18 are based on
studies started in 1937 using 1 1/2" (38mm) steel pipe with

a 3 oz. per square foot (5.3 mil) zinc coating. The table

PESISTANCE ' ST
_ =t . }

shows annual metal loss in ounces per square foot in a
number of soils tested. Data collected (but no_t‘displa_ved
here} also show that the galvanized coating will prevent
pitting of steel in soil, just as it does under'a;tmospheric
exposure, and that even ininstances where the z1n¢ coating
was completely consumed, the corrosion of the underlying
steel was much less than that of bare steel specimens ex-

posed under identical conditions.

Figure I8

CORROSION OF GALVANIZED STEEL PIPE

IN CONTACT WITH A VARIETY OF SQILS
Nominal weight of coating - 3 oz/sg ft
(915g/m? of exposed area (a)
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{a) This 1s weight of coating on one side of the pipe 10255 1{305g )
15 equivalent 1o approximately 1 72 mil (43.7 um) thickness of ccaling
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Concrete tially longer service life when galvanized rebar is

+ Concrete is an extremely complex material. The use of used, as opposed to bare steel rebar. Additional
various types of concrete 1n construction has made the studies are available through the AGA or your local
chemical, physical, and mechanical properties of concrete, galvanizer.
and its relationship to metals, a topic of ongoing study.

Steel wire or reinforcing bars are often embedded in con- The bond strength between galvanized rebar and

crete to provide added strength.('FOf T(Vl 5.C ’/73 concrete is excellent. It often takes slightly longer to

develop than the bond between bare rebar and concrete but

Rebar can be galvanized to retard corrosion. Galvanized thebond betwéen galvanized rebar and concrete is, accord-

rebar provides barrier and sacrificial protection for__ing to.laboratow,and,ﬁeld-tests.-in-factfw_

the reinforcing steel. As the corrosion products of zinc  bond between basre rebar and concrete (See Figure 191

are much less voluminous than those of steel, the cracking,

delamination and spalling cycle is eliminated or, at least Information about the uses of and behavior of galvanized
et e

reduced. - Laboratory data support and fieid test re- reinforcement in concrete can be found in "Galvanized

sults confirm that reinforced concrete structures Reinforcement for Concrete - II”, available from the AGA

exposed to aggressive environments have a substan- or your local galvanizer.

_400 tons of galvanized rebar protect this bricige deck on

the Schuylkill River Expressway in Philadelphia Figure 19
SOND STRENGTH TO CONCRETE
BLACK VS. GALVANIZED REINFORCING STEEL
= 1660 Study A Study B Study C
2
2 800
3
4
& sw0
E 400
s
]
ar
& 00
0
1 3 12 1 3 12 1 3 12
Months of Curing
st::or:(:v'r"w _ Black Hll Garvanizea
J

Amarcan Galvantzers Association 32



COMPARISON OF EPOXY COATED

AND HOT DIP GALVANIZED REINFORCING

COMMENT EPOXY COATED HOT DIP GALVANIZED
1. Earliest use 1677 Early 1300's
2. Regquires care in handling Yes No
3. Can be dragged on ground No Yes
4. MUST be touched up Yes No
5. Has barrier protection Yes Yes
6. Has cathodic protection No Yes
—=&| 7. Bond strength to cancrete Pgar Excellent
8. UV Resistance Questionable Good
9. After fabrication application Oithicult Simple
10. Widely used Yes Yes
t1. Cost Comparable * Comparable
12, Lead time ¥ 3 weeks 1-3 days
13. Avallability of coating for other embedded items | Scarce Readily available

* Epoxy prices vary widely throughout U.S. and Canada ara wide vanations should be expected. .

Other Metals

Where zinc comes in contact with another metal under
atmospheric or aqueous conditions, the potential for corro-
sion through a bimetallic couple exists. The extent of the
corrosion will depend upon the position of the other metal

relative to the zinc in the galvanic series.

If an installation requires contact between galvanized

matenals and copper or brass. in a moist or humid en-

vironment, rapid corrosion may occur. Even run-off water

from copper or brass surfaceggan contain enough dissolved
copper to cause rapid corrosion. Ifthe use of copperorbrass

in contact with galvanized items is unavoidable, precau-

tions should be taken to prevent electrical contact between -

the two metals. Joint faces should be insulated with non-

conducting gaskets and connections should be made with -
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Figure

ADDITIONAL CORROSION OF ZINC AND GALVANIZED STEEL
RESULTING FROM CONTACT WITH OTHER METALS

ENVIRONMENT

ATMOSPHERIC IMMERSED -

METAL IN CONTACT RURAL INDUSTRIAL UABAN MARINE FRESH | SEA WATER
WATER

Alyminum and aluminum alloys Q 32 Ota1 1 T2
Aluminurm Bronzes and sIicon Drorzes Qto 1to2 1102 2103
Brasses :ncluding fugh tensilg (HT) dbrass Ot 3 Ota2 tta2 2103
fmanganesa bronza)
Cadmum o a} 0 o] o]
Castirons Ota 1 ‘ 1102 1to2 2to3
Castiren {austamtic) Qto! N 1to2 12 tw3
Chromium Ote 1 tio 2 o2 1t 2 2103
Ccppar Oto1 Ta 2 twe2 tta2 2ta3d
Cupre-nickals [sR{- | J'o " t1o2 tw2 203
Sold ©w 1) it 2 (Mo 2l 11wo2) (210
Gunmetais phesphor bronzes and tin bronzaes Ot 1 to 1to2 203
Lead o Qo Gto 1 Oto 2 {Cto 2)
Magnesium and magnasium aloys o] bl o] Q 9
Nickel Qe 1 1to2 112 2103
Nickel copper aitays Ote 1 1 112 1te2 2103
Nicket-chramum-iron alteys {0t y) £ty (102} {1ta2) {11t 3}
Nickel-crromium-moiyedenum alloys {Ota 1) 1y 1to2) {1ta2) {110 3
Nickel sivers Qo1 ! 1102 Tw2 1103
Platinum Qto 1) 1o it 2) {(1tc2) {2 1o 3}
Rhgdium (Ota 1) e (1to2) t1te2) (210 3)
Stiver (Ota 1) 1o {1102y {110a2) {2 to 3)
Solders nard Qw1 ' 1o 2 two2 2t0 3
Solders soft Q Q a Q [}
Stainiess steel (austanitic and other grades Otot Q'a - - Oto1 Clo2 tw2
containing approximataely 18% chramiurm)
Stainiess stegt (martensitic grades containing Qtot Ja ot G2 tw2
approximately 13% chromium)
Steels {carbon and low allay) Gtot 1 - 112 192 1102
Tin aQ Qo 1 - 1 102
Tiamum ang ttamurn ailloys (@to 1) i - (1t 2) (Oto 2} (13

Key 0 Zinc and galvanized steel wilt suffer edther no addibonal corrasion o 2 e oW 2=+ «ery SagNt addiianal corrosion, usually olerabie in service
1 Zinc and gaivanized steel will suffer siight ar moderate adadiional Zae-<sar as¢™ = 3y D8 '(eranle In SGMe Crcumsiances.
2 Zinc and galvanized steel may sulfer fairly severe additonat corrosicr inG drorect .4 measures will usually be necessary.
3 Zinc and gaivanized steet may sulfer severe acaiional corrosion ara '“e 127 act s ouc @ avonded.

General notes  Ratings in brackets are based on very imiteg evidence 237G “e-ce ¢ +55 e~&r ‘Tan other values shown, The table s in terms of adciicnal

corrosion and ihe symeol 0 shoulg Aot De taken to imply that the metdis = 1277 3" “ead ¢ X2 echon under all conditions ol exposure

Source’ Bntish Standards Ilasitution pp. 6484 1973 Table 23.
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insulating grommet type fasteners. The design should in-
sure that water is not recirculated and that water flows '
from the galvanized surface towards the copper or brass

surface and not the reverse.

Under atmospheric conditions of moderate to mild humid-

ity, contact between a galvanized surface and aluminumor .

stainless steel is unlikely to cause substantial incremental

corrosion. However, under very humid conditions, the gal-
A —————

- vanized surface may require electrical isolation through

, the use of painting or joining compounds.

~ The galvanic behavior of galvanized coatings in contact
with various metals in atmospheric and immersion envi-

ronments is summarized in Figure 20.
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APPLICATIONS
1 Y

PRACTICAL USES OF
GALVANIZED STEEL

orrosion of exposed stee] has been shown to * Water and Waste Water Treatment

C be a major problem. Galvanizing has been * Buildings

shown to be a solution to the problem. The

* Agmculture and Food Processing
previous chapters have explained the corro- ¢ Petrochemical and Chemical

sion process, how galvanized coatings pre- * Pulp and Paper
vent corrosion, how galvanized coatings are produced, and * Original Equipment Manufacturiﬁg
how well they stand up to corrosion. The remainder of this
book is dedicated to the demonstration of galvanizing in

specific, real-world applications.

benefits of galvanizing, a list of actual and potential uses of

Specific applications that will be reviewed are:
* Bridges and Highways
 » Power Generation, Transmission, and Distribution

* Transportation available from the AGA or your local galvanizer.
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In each area, there will be a description of the specif‘zc

galvanizing, and photographs of current applications.
Additional detailed information on the use of galvarzing

for corrosion protection in these and other applications is
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BRIDGES AND HIGHWAYS

' Steel has and will continue to dominate the bridge market
as the principal construction material. Its strength to
veight ratio is unmu” 1ed by any alternative material.
steel] does however h.  one significant problem in bridge

applications: corrosic . Steel is constantly exposed to
weather, deicing chemicals, and atmospheric pollutants
and must be protected. Galvanizing has been successfully
. used in preventing corrosion in bridges since the mid-
; 1800s. Since the early 1960s, galvanizing has been used to
protect all structural and miscellaneous components of

Bridges.

An early well-known application for galvanizing is the

support cables for the Brooklyn Bridge. Ga' -izing has

provided corrosion protection in these cables 1ore than
100 years. Although thisis probably the olde: .splication
of galvanizing in the bridge industry, ther .ire tens of

thousands of other applications througheout North Amer-
ica. The state of Ohio alone has more than 100 bridges that
are fully galvanized, i.e., all structural and miscellaneous
components of the bridge are hot dip galvanized. Fully
galvanized bridges are located throughout Canada, Michi-
gan, Kentucky, Illinois, Connecticut, Indiana, and in the

salt-laden atmosphere of Bermuda. From simple culvert

bridges, to highway guardrail, to pedestrian ~ -passes.’
light poles and sign posts, galvanizing yroven it
ability to successfully protect steel from ¢ -1onin thy

aggressive atmosphere of bridges and highways. Galvaniz-

APPLECATIONS
A 1

ingis competitive in initial cost and will significantly mini-

mize future maintenance costs.

When maintenance is required on a galvanized structure

ttypically 20 - 30 vears afterinstallation). th-- 1untenance

—

ment., The

Lo

procedure is less expen::ve and eas

galvanized surface requires only w -nin. e a perfect

base for future paint applications, Biastin_ with its atten-
' e e

dant problems is not required. The galvanized surface1s an

excellent base for future paint systems extending the an-

ticipated life of the paint system by 1 1/2 - 2 times.

Bridges up toa 900 feet long have been fully galvanized. Th.
first known fully galvanized bridge in North America was

built in Quebec, Canada: the 400 foot Lizotte Bridge.

Galvanizing has provided cost-effective corrosion protec-

tion and maintenance-free service for the Lizotte Bridge

Jince 1963. The Kinki ExpresswayinJapanisal 1/2 mile,

100 foot wide bridge utilizing 3000 tons of galvanized steel

for long-term corrosion protection. The Schuytkill Ex-

Dpressway in Philadelphia utilizes galvanized reinforcing

steel in its decks.

The following list gives an idea of a few of the thousands of
bridge and highway applications of galvanizing. [t repre-
sents actual, tried, tested, and proven applications in use
-hroughout North America. Galvanizing is the workhorse
‘oating in the bridge and highway corrosion prevention
market. Its unique advantages offer significant proven

cost-effective corrosion protection.
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Bridges and Highways

Bridge Super Structure
Anchor Bolts
Anti-Suicide Rail

Base Plates

Bearing Assemblies
Bearing Plates

Bolts

Box Rail

Bridge Rail

Cable Connectors
Cables

Channel Shear Connectors
Cross-Bracing

Curb Angles
Diaphrams

End Dams

Expansion Dams
Finger Joint Expansion Dams
Flooring Grid

Floor Gratings

Girders

Guardrail

Guardrail Posts
Inspection Catwalks
Jersey Barrier Embedments
Light Poles

Pipe Supports

Pipe Railing

Piping

Pot Bearings
Pour-In-Place Forms
Reinforcing Splice Clips
Reinforcing Steel
“Scippers and Drains
Shear Studs

Sign Supports

Signal Light Poles
Spiral Shear Connectors
Splice Plates

Steel Divider Barrier
Stringers

Trench Drains

Bridge Sub Structure
Access Doors

Bin-Type Retaining Walls
Bolts

Catwalks

Drainage Supports
Drainage Systems
Driven Pilings

Fencing

Ground Anchors
Ladders

Pier Pilings

Reinforcing Splice Clips
Reinforcing Steel
Retaining Walls

Sheet Piling

Sign Supports

Temporary Bridges

Complete "Bailey Bridge” Structures

Insert Moduies

Highways

Anchor Bolts
Anti-Suicide Rail

Base Plates

Box Rail

Breakaways

Culverts

Curb Angles

Delineators

Fencing

Gates

Guardrail

Guardrail Posts

Jersey Barmer Embedments
Light Poles

Overhead Sign Supports
Pedestrian Overpass Bridge
Pipe Railing
Reinforcing Steel
Scuppers and Drains
Sign Supports

Signal Supports

Signal Light Poles
Sound Barrmiers

Steel Divider Barrers
Trench Drains

Galvanized Sound Barrier

Fullv Galvanized Lizotte Bridge
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POWER GENERATION, TRANSMISSION,
AND DISTRIBUTION

Galvanizing has seen common use in the power industry
for over 50 years. The galvanized lattice tower or galva-
nized substation structure has been in use by the Tennes-
see Valley Authority since the mid-1930s. At the ClJirnch
River substation completed in 1936, galvanizing has pro-
vided complete corrosion protection of all steel structures.
A recent inspection indicated first maintenance would be
required in the year 2015. This means the Tennessee
* Valley Authority will have 70 years of service withno main-
tenance costs. The galvanized substation has been the
standard in the power industry. Galvanizing has proved to
be the maintenance-free coating. Power companies are

now looking at regalvanizing of substations as a cost-effec-

tive means of future corrosion protection.

Hydroelectric power generation requires that steel be
protected from the corrosive attack of water. Dam gates,
trash racks, trash booms, and related equipment all must
be made of steel. Galvanizing of these structures has been
regularly utilized with excellent results. Galvanizing has
been shown to provide long-term protection for steel when
exposed to fresh water. Small hydro projects must operate
unattended for long perods of time. It is essential that the
operators have confidence that the steel used in construc-

tion be reliably protected from corrosion.

In cogeneration applications, most companies are striving

APPUCATIONS
1

to control maintenance costs. Galvanizing of conveyors,
support steel, and other exposed steel structures makes
good economic sense. With the demonstrated 40+ year life
of galvanizing in these applications, it is possible that no
maintenance will be required during the design life of

many of these cogeneration facilities.

Thousands of galvanized transmission towers are installed

every year because they have proved themselves tobe a re-
liable, durable, and cost-effective way to transmit pawer,
Galvanized towers built in the 1940s are still serving
utility companies as effectively as the day they were ﬁr‘
installed.

In aiternate energy production where maintenance costs
must be minimized, galvanizing has seen extensive use.
Poles supporting wind turbines have been galvanized. The
support steel for photovoltaic cells and solar hot water

systems are regularly galvanized to minimize the future

cost of maintaining the facility.

When maintenance is finally required, the galvanized
surface is one that is simple and easy to prepare for regal-
vanizing or painting. The list on the next page gives a
sample of known applications of galvanizing in the power
industry. Each item has been consistently and successfully
used over the last 50 years. This list shows the most

common uses of galvanizing in the power industry.
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Power Generation

Buildings

Beams

Brick Ties

Brick Ledges
Coiumns

Dock Levelers
Equipment Supports
Girts

HVAC Supports
Lintels

Overhead Cranes
Purlins

Relieving Angles
Roof Hatches
Struetural Steel

Yard Equipment
Bollards

Bridges

Catwalks

Coal Handling Equipment
Conveyor Supports
Corner Guards
Cranes

Fencing

Flagpole

Gates

Guardrail
Guardrail Posts
Hopper Structures
Ladders
Mechanical Screens
Pipe Supports

Pipe Bridges
Railings
Reinforcing Steel
Sheet Piling

Sign Supports
Steel Stairs

Steel Grating
Trench Covers
Truck Scale

Truck Lifts

Valve Stands

T Y

Power Transmission and
Distribution

Anchor Bolts
Bollards ,
Concrete Embedded Reinforcement
Electrical Boxes
Equipment Supports
Faraday Cages
Fasteners

Fencing

Gates

Handrail

Ladders

Lattice Towers
Light Poles

Light Brackets

Pole Arms

Posts

Sign Supports

Steel Stairways
Transmission Poles
Tubular Towers
Walkways

QOther Power Generation
{Natural Gas, Hydroelectric, Solar,
Wind) ’

Anchor Bolts

Equipment Supports

Fencing

Fish Ladders

Flood Control Gates

Flow Restrictors

Gas Turbine Skids

Generator Housings
Generator Support Platforms
Light Poles

Penstock

Platforms

Railings

Reinforcing Steel

Sheet Piling

Solar Panel Backs and Supports
Solar Control Boxes

Tower Ladders

Tower Supports

Trash Racks and Booms
Wind Mull Towers

Galianized steel i1n substation

- 1y '

3 Gl R

-

“

Galvanized transmission tower

Galvanized structural panels
for solar energy
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TRANSPORTATION
(Rail, Rapid Transit, Marine, Air)

"Hot dip galvanizing has durability. Really lasts a long
time without maintenance” stated an engineering man-

ager from the Bay Area Rapid Transit system.

Hot dip galvanizing has been shown to be a cost-effective
corrosion protection system in many areas of the North
American transportation industry. Recent analyses has
shown the first cost of galvanizing to be cost competitive

with a high performance three coat paint system.

In 1963 in Galveston, Texas, a salt water marina conasist-
ing of four structures, each 945 feet long was constructed
with galvanized steel. At the 20th anniversary, inspection
showed that the zinc coating thickness was well above
minimum thickness requirements. The majority of the
steel columns are 11" to 40" above salt water and are all

subject to wind-blown salt spray.

Sacramento, California is completing its light rail transit
system, [t is believed to be the least expensive per mile
system, built with U.S. federal funds. The low initial cost
was aided by the use of over 900 tons of galvanized steel

power distribution poles.

In the 1970s when Logan International Airport expanded
1”5 parking, galvanized reinforcing was specified for all
poured concrete in the new parking deck. In 1990 at

Philadelphia’s International Airport, galvanized reinforc-

A PPL “ATIONS

ingwasusedinthe rampsofthe new parking terminal. The
designer of the Philadelphia project, when asked for an
opinion of galvanizing, stated, “it’s the most cost-effective,

quality-assured product that ! can use.”

[n Vancouver, British Columb! 1, the transit system
extensive use of galvanizing :~ its new rail car-wast
facility. Electrification equipment, retaining walls, tr

guide hardware, and pedestrain overpasses were all ga.

nized.

Even fun transit is often galvanized as can be seen at
Disneyland's Splash Mountain™ amusement ride. In th’
nde, all steel structures exposed to the weather and th

water was specified for gaivanizing by the Disney [magi-

neering group.

Boston's Massachussetts Bay Transportation Authority
(MBTA) has made extensive use of duplex (galvanizing
with a topcoat) systems in its various transit stations. The
MBTA insisted on galvanizing for long-term protection of
steel and also wanted a color to match station color coding.
The duplex system provides the long-term protection of

galvanizing with the aesthetics of a topcoat.

The list on the next page includes selected applications in
this industry. By its nature, transportation systems in-
clude targe amounts of exposed steel that require corrosion
protection. Galvanizing has been shown to be cost-effective

1n the transportation industry.
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Galvanized steel has been used exten-
sitelv throughout Vancourer's
light rapid transit svstem

Transportation ] ‘ Ornamental Fencing
{Rail, Rapid Transit, Marine, Air) Ornamental Steel

Advertising Shelters
Anchor Bolts

Anchorage Clips

Baggage Conveyor Supports
Ballast Stops

Bearing Plates

Benches

Bicycle Racks

Bollards

Brick Ties

Brick Ledges

Building Trim

Bulk Heads

Cable Trays

Canopy Supports
Catenaries

Catwalks

'Crash Barriers

Curb Angles

Decorative Emblem Supports
Dock Bumpers

Drain Pipes

Drains

Edge Angles

Electrical Panels

Electrical Boxes

Electrical Substation Framing
Exterior Stairs

Exterior Stairway Systems
Fencing

Flagpole

Floor Grating
Fountain Accessories
(Gang Planks
Guide Rail

Hand Rails
Handicap Rail
Hangers

Ladders

Leveling Plates
Light Poles

Light Fixtures
Lightning Rods
Lintels

Manhole Covers
Map/Sign Supports
Mesh

Pilings
Pipe Sleeves
Post and Chain Fence

Pre-Engineered Building Exteriors

Precast Hardware
Railings

Reinforcing Steel
Relieving Angies

Roof Hatches

Scuppers

Signal Structures
Signal Equipment
Signal Bridges

Sound Barrners

Stair Tread

Structural Support Steel
Tie Toe Plates

Trash Containers

Tree Guards

Tree Grates

Tunnel Liners

Utility Covers

Utility Grates

Vehicle Washing Equipment
Walkway Structures
Window Wall Supports
Window Washing Rails

Parking garage with 100%
of structural steel galvanized

Galvantzed components serve
San Francisco Bayv Area
Rapid Tranait svstem
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WATER AND WASTE WATER TREATMENT

In 1938, Baitimore's Black River Waste Treatment Plant
was opened with galvanized weirs in settling tanks. The
same weirs are still in operation 50 years later. The galva-
nized filter trickling system installed in 1950 has also

enjoyed virtual maintenance-free service.

Waste water facilities and water treatment facilities have
several significant corrosion potentials. Steel is often
immersed in potable or effluent water, subject to splashing
and fumes from tanks, exposed to acids and caustics, nor-
mally exposed to the weather, extreme moisture, and
humidity. Steel in this service must have a long-term
reliable, corrosion protection system. Galvanizing has

been shown in actual field applications to provide superior

protection to all steel, structural and sub-structural items.

As maore sophisticated treatment facilities are developed.
galvanizing will see significantly greater service. Com.
posting of sludge 1s now becoming a routine part of the
treatment procedure. Galvanizing in actual field applhica-
tions has been shown to effectively combat the high mots-
ture conditions present in these facilities. In Portland.
Maine,a ful".
the 1870s.

in as good ..

galvanized composting building was built in
roperating engineer has described it as being
~ape today as it was when it was built. The
entire stee! -.mework of the composting building was

galvanized ...cluding columns, beams, purlins, and girts.

Reinforcing steel has been used successfully in concrete
digester tanks. In 1962, the Point Loma Sewage Treat-
ment Facility in San Diégo started up 4 digesters of 4
million gallons each. Subsequent inspections have shown
galvamized reinforcing to be performing exceptionally well.
One company alo..e in the 1980s had completed over 170

concrete tanks using galvanized reinforcing.

Galvanized railings totalling as much as 5 miles in"some
plants have been used due to the cost-effectiveness of both
mitial installation and long-term application. Galvanized
railings are simple to maintain, long-lasting, and m‘
effective. [nitial installations of galvanized railings ha¥
been shown to save 30% or more of the cost of other railing

svstems.

Field maintenance of galvanized materials is simple. The
galvanized item can be field welded without zinc removal
with effective repairs made by three different methods. If
there s damage to gaivanized coatings, repair can be made
hy z1nc sticks, zinc-rich paint, or zinc metallizing. Painting
of galvanized steel in the field to allow for safety color
marking has been successfully applied using several differ-
ent paint systems. For detail on painting of galvanized

steel. contact the AGA or your local galvanizer

The lhist on the next page shows a variety of galvanized
items currently being used in water and waste water treat-
ment facilities. [t_represents only a partial listing of *

items that could and should be galvanized in this indust.
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Water and Waste Water Treatment
Aeration Tanks
Aerators

Anchor Bolts

Angles

Basin Wear Plates
Beams

Boilards

Brick Ledges

Brick Ties

Bridges

Catwalks

Channel Iron
Columns

Composting Equipment
Composting Conveyors
Conduit

Conveyor Supports
Dock Levelers
Embedded Frames
Fencing

Flagpole

Floor Gratings

Floor Plates

Gates

Girts

Grit Chambers
Guardrail

Guardrail Posts

Guide Rail

HVAC Platforms
Ladders

Light Poles

Lintels

Mechanical Screens
Moving Structures
Overhead Bridge Cranes
Overhead Trusses
Pipe Bridges

Pipe Supports

Piping Hangers

Piping Rods

Precast Veneer Hardware
Purlins

Reinforcing Steel
Relieving Angles

Scum Baffle

Scum Well

Skimmer

APPL!CATIONS '
[ )

Steel Stairs

Steel Doors

Steel Column Beams
Steel Retaining Walls
Steel Frames

Steel Grating
Structural Steei
Transmission Towers
Truck Scale

Valve Stands

Weirs

Galvanized grating and handrad

Galvanized hy=e « omerts
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: APPLICATIONS
_l A ¥

BUILDINGS

From the 100 story skyscraper to the underground parking
garage, buildings have many applications for galvanizing.
Allbuildings have certain common elements, They must be
structurally sound, they must be functional for their in-
tended purpose, and they must look nice. Galvanizingcan

ssist in providing all three requirements.

Galvanized steel is often found in HVAC support equip-
ment. Itis found in beams and columns in pre-engineered
buildings. It maybe found inlintels and masonry supports
in brick buildings, and is frequently found in balcony and
. handicap railings.

Galvanizing’s protection against corrosion ensures that
the specifier's design will have the full strength of the struc-
ture's materials. Galvanizing has beenused toenhancethe
aesthetic appeal of many buildings. In the newly refur-
bished Union Station in Washington, D.C., galvanized
panels adorn the walls of the Food Court as lighting

fixtures and signs.

The exposed trusswork of the Baltimore-Washington Inter-
national Airport is protected for decades to come by the use
of hot dip galvanizing. Here the material received a duplex
coating to provide long-term protection and aesthetic ap-

peal.

Galvanizing minimizes_costly building repairs which re-

that must be replaced m.y put an office out of use for weeks
at a time. By galvanizing lintels, replacement during the

life of the building will not be required.

The underground parking garage is a particularly hostile
atmosphere to steel. It is damp and subject to automotive
fumes. Unprotected steel will not last. Galvan:zed steel
has performed for 3Q years or more with no maintenance

Galvanized reinforcing steel is extensively used in building
structures such as parking garages, swimming poois. and
other building structures. At the U.S. Department of

Housing and Urban Development’s headquarters building

n ‘-"-ishington, D.C., allreinforcing steel less than 2 mches'
frc  1e surface is hot dip galvanized in accordance with
ASTLIA 123,

The handsome exterior of the IBM Data Processing Divi-
sion headquar:2rs at White Plains, New York 1s protected
by hot dip gaivanized reinforcing bar embedded in the
precast concrete panels. Reinforcing steel used in the
refurbishing of the seating sections of Wngley Field in
Chicago was specified to be hot dip galvanized to prevent
detenoration caused by continuous exposure to the ¢le-

ments.

The following list gives an example of the mulutude of
applications of galvanizing in building structures The
combined advantages of cost  ectiveness and durabibty
make galvanizing an excelle: choice in providing curro-

sion protection of steel in building structures

duce the functionality of the building to its owner. A lintel

Amencan Galvanizers Associabon 46



Buildings

Anchor Bolts
Anchoring Clips
Architectural Panels
Attachment Devices
Atrium Supports
Balcony Rails

Beams

Benches

Bicycle Racks
Bleacher Supports
Brick Ties

Brick Ledges
Building System Frames
Canopy Supports
Catwalks

Columns

Crash Barriers

Curb Angles

Drain Pipes

Drains

Embedments
Equipment Screens
Fascia Support Steel
Fencing

Fire Escapes

Flag Poles

Foot Bridges
Fountain Accessories
Garage Support Steel
Gates

Girts

Grating

Handicap Railings
Hatches

HVAC Supports
Integrated Steel Anchors
Ladders

Leveling Plates
Light Poles

Light Fixtures
Lightning Rods
Lintels

Louvers

Manhole Covers
Metal Sculptures
Ornamental Steel
Pipe Bollards

Pipe Hangers
Playground Equipment

APPUCATIONS S e
‘ ——m m e re————

Post and Chain Fence
Precast Hardware
Purlins

Railings

Relieving Angles
Roof Trusses
Scuppers

Security Gates

Sign Posts

Stadium Seating
Stair Stringers

Sun Screens

Trash Containers
Tree Guards

Tree Grates : .
Trellises -
Utility Covers '

Window Washing Rails
Window Wall Supports

The White House has patnted
galvanized steel security gates

Duplex system used on
ornamental steel fence

oy
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APPLICATIONS
A Y

AGRICULTURE AND FOOD PROCESSING

Ralston Purina estimates the use of hot dip galvanizing in
their processing plants at 200 -700 tons per year. In 1988,
Coors used 100 tons of hot dip galvanized steel for their
plants. In 1988, H.J. Heinz Corporation used 250 tons in

a tomato ketchup plant.

Food processing includes a wide variety of exposure condi-
tions. From the cold, damp refrigeration rooms to the
steamy, hot processing rooms, galvanizing provides a wide

variety of solutions to corrosicn 1n this industry.

A recent.survey by BC Incorporated cites specifiers’ rea-
sons for using hot dip galvanizing in the food processing in-
dustry. The advantages of galvanizing cited include “long
hfe, water and moisture resistant, resistant tointermittent
washdowns with sanitizers and chemical cleaners.” Also
cited were “provides durable surface, prevents rapid oxida-
tion, and resists fumes that emanate from clean-in-place

systems.”

Galvanizing has found use in recent projects by Fluor-
Daniel Corporation including instant potato processing,

bakeries, frozen food plants, and warehouses.

In 1983 in Homer, Alaska, the city built a fish packing
plant. All structural steel, conveyor system framewaork,
ladders, and other exposed steel were hot dip galvanized.

When inspected in the late 1980s, the coating thickness in

all cases exceeded the ASTM thickness requirements.

By its nature, the agricultural industry represents a large
Whether it be

buildings or equipment, all require corrosion protection. A

consumer of steel 1tems used outdoors.

well-known application of galvanizing in the agricultural
industry isirrigation systems. Here the steel is constantly
wet and must have extended life to maintain the low cost

of production of agricultural products.

Watering troughs, animal pens, trailers, fencing, and light
poles are among other common applications in this ﬁel:‘
Agway Corporation has made use of galvanizing in grain

hoppers, conveyors, elevators, and mixing equipment.

The agri-business is very cost competitive. Galvanmizing
can provide substantial long-term maintenance cost reduc-
tionssothat producers and processors can keep production
costs low. Hot dip galvanizing is becoming widely accepted
as one of the best forms of corrosion protection because it

helps farmers avoid costly repair and maintenance bills.

The following list provides proven ideas for use of galvaniz-
ing in the agricultural and food processing industry. All
itemns listed are taken from known successful, cost-effective
apphications. Galvanizing plants are located in every re-
gion of North America. Should you desire assis 1ce in
vour specific application, contact AGA or your L il gal-

vanizer.
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APPLICATIONS
1

Agriculture and Food Processing
Building Structures

Conveyor Casing

Electrical Conduits

Equipment Hooks

Equipment Supports

Farm Implements

Farm Buildings

Fasteners

Feeding Equipment

Fencing

Gates

Grain Hoppers

Grain Conveyors

Grain Mixing Equipment
Grain Elevators

Grain Drying Equipment
Grating

Growing Racks

High Speed Freezing Equipment
Irrigation Equipment
Light Poles

Meat Conveyors

Panels o

Power Take Off Shifts
Pre-Engineered Buildings
Processing Equipment
Railings

Refrigeration Brackets
Refrigeration Shelves
Side Frames

Silo extraction equipment
Slotted Floors

Stanchions

Steel Bands

Substation Structures
Supporting Structures
Tractor Parts

Trailers

Transmission Poles

Truss Plates

Vegetable Washing Machine
Veterinary Equipment
Waste Conveyor Systems
Waste Handling Equipment Pumps
Watering Troughs

Wheel Tractor Hubs

Window Frames

Galvanized shipptng and
receiring racks

=3

kS
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APPLICATIONS
7\

PETROCHEMICAL AND CHEMICAL

In a 1986 report, a 28 year ol-d exterior pipe r-ack structure
was reported to have a galvanized coating thickness rang-
ingfrom 5.2t0 6.9 mils. This indicates the 1958 installation
will probably last another 60 years before serious mainte-
nance is required. The galvanized structure is located in

Texas City, Texas and is still in excellent condition.

Celanese Corpoaration decided to use galvanized structural
steel in 1956 in their new poivethylene plant at Deer Park,
Texas. Their decision was based on predictions of low cost
and long-term performance. Surveys conducted in subse-
7 duent years showed that the ﬁ}édictions were not only cor-
rect, but were conservative. The original estimate in this
=xtremely harsh atmosphere only an: cipated a 15 year
iife. Atthe 20 year mark, the measured anticipated life was

still in excess of 15 years.

A current report on hot dip galvanizing in this industry
shows plants such as Dow Chemical’'s Freeport, Texas
plant using hot dip galvanizing for 80% of all steel struc-
tures. Similarly, Union Carbide's Texas City, Texas plant
also reports over 80% of its structures are hot dip galva-
nized. The chemical industry has extensively used hot dip
galvanizing as a primer under epoxy or vinyl topcoats in
high corrosion environments. One operation commented
“lwe} will galvanize anything that can be galvanized.” It
has proven to be cost effecti\{e. Some specifiers are quoting

30 years life expectancy for galvanized steel.

Offshore platforms frequently make use of galvanizing in
areas such as grating, handrail, exterior skin of living
quarters, and other structures. Often, these galvanized
parts are coated with epoxy and urethane to significantly
increase the anticipated life of the coating system. Major
r-easons cited by specifiers for selecting galvanizing are

*durability, low life cycle cost.”

Galvanizing’s ability to handle a large range of pH values
as well as withstand a wide range of temperatures make it

of particular value to the chemical industry. Few availabl
coatings are capable of performing wellinsuch adiverse se‘

of atmospheric conditions.

The following page has a list of known, successful applica-
tions of galvanizing in the chemical and petrochemical
industry. It shows the diversity of applications and the
wide-ranging ability of the galvanizer to produce the re-

quired product.
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Petrochemical and Chemical
Ambient Temperature Ducts
Anchor Bolts ’
Beams

Belt Guards

Cathodic Protection Rectifiers
Catwalks

Checkered Plate
Cogeneration Equipment
Columns

Conveyor Systems

Cooling Tower Structure
Crane Supports

Cross Bracing

Decks

Drain Pipes

Drive Piling

Electrical Conduits
Electrical Cable Ducts
Embedded [tems

Equipment Screens
Equipment Guards
Fasteners

Fencing

Fire Extinguishing Equipment
Flare Towers

Flat Plates

Girts

Gratings

Hand Rail

Heat Exchanger Tubing
Ladders :
Marne Terminal Structures
Off-Shore Structures
Outside Switch Gear Frames
Pipe Ways

Pipe Supports

Pipe Racks

Pipe Bridges

Platforms

Precipitator Structure
Prefab Building Structures
Process Piping

Process Equipment Skids
Process Vessels

Purlins

Railings

Safety Equipment

mDPLICATIONS

Sag Rods

Scuppers

Stairways
Stringers
Transmission Poles
Walkways

Waste Water Treatment Equipment

Galvanized walkways and railings
provide long-term service
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PULP AND PAPER

The pulp and paper industry sees itself as having the most
aggressive, hostile atmosphere to steel in any industry in
North America. It uses a wide variety of chemicals and by
its nature uses a large quantity of water. Hot dip galvaniz-
ing has performed well in this environment. Itis now well
accepted and widely used by most pulp and paper compa-
nies. In-depth testing by the zinc industry conducted at six
Canadian operations has conclusively proven that galva-
nizing performs exceptionally well in a}lmost every area of

the pulp and paper plant.

In 1967, the Crown Zellerbach Corporation built the Wauna
Millin Clatskanie, Oregon. An inspection conducted in the
late 1980s revealed that 3 1/2 - + .'2 mils of zinc coating
remained in most areas. In the lime kiln area, heavy lime
deposits had to be scraped away to evaluate the galvanized
steel underneath. The galvanizing was in excellent condi-

tion showing little if any deterioration,

Westvaco currently uses up to 2000 tons per year of galva-
nized steel for plant upgrades. Boise Cascade has been
consistently using 250 tans or more for plant maintenance.
Willamette Industries used over 10,000 tons of hot dip
galvanized steel in the late 1980s. Union Camp indicates
over 80% of all structural steel is hot dip galvanized.

Temple-Eastex used 900 tons for one boiler plant in 1986.

Because ofthe extensive researchon galvanized coatings in

the pulp and papertndustry, the application of galvanizing
in these operations is a well-refined technique. The No-
randa research study on serviceability of zinc coatings in

the pulp and paper industry is available ur ruest from

AGA.

Possible applicat:ons of galvanizing inth.. > and paper
industry are numerous. The list include . aere are only
highlights. Cogeneration plants, waste water treatment
plants, chemical processing plants, transportation facili-
ties, railroads, buildings, hydroelectric power are all in-
volved in each and every pulp and paper plant. For t'
reason, the list accompanving each section of this book

apply to this industry.

Onthe following page is a brief recap of some of the known

“applications of galvanizing in the pulp and paper industry.

For a complete list, review the applications list in each

sectton of this book.
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Pulp and Paper

Anchor Bolts

Benches

Bleach Plant Structures

Boiler Recovery Structures

Bollards
Bolts

Brick Ledges N

Brick Ties

Cabie Tensioning Clips
Cabile Trays

Canopy Supports
Catwalks

Conduit Bridges
Conveyor Supports
Conveyor Assemblies
Crane Support Steel
Cranes

Cross Braces

Curbing Angles

Dam Gates

Dock Levelers

Drain Pipes

Drive Piling

Electrical Penetration Seals
Electrical Conduits
Elevated Tank Platforms
Equipment Screens
Equipment Bridges
Fencing

Fire Extinguisher Piping
Fire Escapes

Fish Ladders

Flag Poles

Floor Seals

Floor Support Steel
Footbridges

Gas Substations

Gates

Girts

Gratings

Guardrail

Hand Rails

Handicap Rails
Hangers

Hatch Covers

HVAC Support Steel
Kick-Plates

ﬁPPLICANONs
K

Leveling Plates

Lighting Towers

Lightning Rods

Lime Kiln Structural Steel
Lintels

Louvers

Manhole Covers
Microwave Towers
Non-Insulated Pipe Bridges
Pipe Sleeves

Pipe Bridges

Pipe Stanchions

Plates

Platforms

Pollution Control Structures
Power Substations

Power Distrnibution Towers
Power Line Tran-mission Towers
Pre-Engineered Structures

"Purlins

Reinforcing Mesh

Reinforcing Steel

Relieving Angles

Roof Hatches

Safety Railings

Safety Guards

Safety Cages

Scale Equipment

Screen Room 3tructural Steel
Scuppers

Sheet Piling

Sign Supports

Stack Supports

Stair Stningers

Stairwayvs

Steel Pipe

Structural Steel

Tank Supports

Trash Containers

Trash Racks

Trench Edgnyg

Tunnel Liners

Utility Covers

Vehicle Washing Equipment
Waste Water Dige~ters Support
Steel

Window Washing Ruils

Wood Yard Convesor Structures

Galvanized bader plant
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ORIGINAL EQUIPMENT MANUFACTURING

There is a renewed emphasis on the part of consumers for
improved quality in manufactured products. The manu-
facturer is staking its reputation on the total quality of the
product. Manufacturers incorporating galvanized compo-
nents in their ﬁr;ished products have successfull_\; pro-
moted their use of galvanizing as a major advantage over
competitive products. OEMsdemand high quality, durabie
coatings that meet customer requirements for durability

and long life.

OEM applications of galvanizing vary widely. OEMs
include a heat exchanger coil manufacturer in Californ:a,
an amusement ride manufacturer in New Hampshire, a
light pole producer in Nebraska, a boat trailer manufac-
turer in Florida, or a bolt manufacturer in Illinois. Each
manufacturer has similar requirements in that the prod-
uct must perform to acceptable standards without the

worry of corrosion.

Amusement rides such 1s the log-flume ride at Six Flag Of
America are fully-galvanized by the designer/manufac-
turer. This allows the engineer designing the company’s
product to be assured of structural soundness over the life
ofthe product. Amanufacturer of microwave transmisst.
antennas galvanizes he supp¢ -t ring for tne antenna-

_' that maintenance on top of the t.."ver on top o the mount

be kept to a minimum.

APPLICA'lONS

The galvamzed garbage can may well be the best known
galvanized product 1n the world. Since the 1800s, galva-
nized garbage cans have been serving the North American
consuming public. The boat tratler requinng repeated
immersion in fresh or sa‘t water has been shown to last

longer when hot dip galvanized after fabrication.

Some applications for galvanizing in the OEM market rely
on other characteristics of the zinc coating. A manufac-
turer of television transmission systems uses galvamzing

toimprove the signal output. Hot dip galvanized nails have

long been used in the roofing business as the best p0551bi
nail for holding down a wide variety of roofing systems.

A manufacturer of shelf systems for commercial walk-in
coolers uses galvanizingto protect the brackets and shelves
from premature rusting. This cold, damp atmosphere has
proved destructive to a wide variety of other corrosion
protection materials. Security gates used to protect many
of the nation’s important facilities have been galvanized to
ensure the strength of the steel. In Washington, D.C. the

White House is surrounded by galvanized security gates.

The list on the next page represents just a few of the known
QEM galvanized products. Because of their umque nature,
OEM products may require assistance in design and plan-
ming. [f you require assist~"ce in the application of galva-

nizing, contact the AGA ur local galvanizer.
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Original Equipment Manufacturing
Amusement Rides
Antennas

Bicvele Racks

Boat Anchors

Boat Stabilizers

Boat Trailers

Bolts

Buckets

Cable Drums

Cable Trays

Car Parts

Cellar Doors

Conduit .
Cooling Tower Parts
Dock Hardware

Dock Levelers
Dumpsters

Electrical Enclosures
Fencing

Flag Poles -

Frames

Garbage Cans

Grating

Guardrail

Handrail

Hardware Items
Industnal Trolley Caster Frames
Light Brackets

Light Duty Vehicle Ramps
Light Poles

Microwave Mounts
Nails

Net Reels

Park Benches

Picnic Table Frames
Pipe Hangars

Portable Building Frames
Refrigeration Brackets
Refrigeration Shelves
Scaffolding

Scales

Security Cage Frames
Security Gates

Spiral Staircases
Towers

Trailer Door Hardware
Trash Receptacles

Truck Parts
Truck Wheels
Utility Trailers
Wheelbarrows

Galvanized support
part for jloating dock

Galvanized ke Lt rower

Disney's Spiash \Mlou~iqin™
uttitzes galvgniovar vel
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AGA SERVICES TO
THE SPECIFICATION COMMUNITY

he American Galvanizers Association{AGA)

is the trade association representing the

America. Some 150 member companies are

e e i en,
experts in the produ.tion of galvanized
product providing superior corrosior: control. Customers
include architects, engineers, steel.fabricators, and other
specifiers and designers of public works projects, industrial

facilities, commercial construction, and manufacturing.

AGA is committed to serving the specifying and engineer-

ing community by providing technical marketing services. -

The AGA maijntains a toll free number, 1-800-HOT-SPEC
(1-800-468-7732), to provide help to specifiers in determin-

galvanizing industry throughout North

ing the best use of galvanizing in a project. Additicnal free
assistance is given in understanding and writing high

quality specifications for the use of galvanizing.

The AGA program is geared tothe needs of the specification
community by providing technical information on galva-
nizing and its corrosion resistance. The AGA maintains an
inventory of some 50 publications available free of charge
to specifiers. AGA also conducts free seminars and educa-
tional workshops throughout North America. AGA zerv.
i1ces alsoincludedissemination of technical and product ap-
plication information covering a wide range ofapphcat:ori
and industries including industry specific technical paper

and case studies.
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The material in this publication has been developed to provide accurate and authoritative information regarding iron

and stee] products hot dip g.alvanized after fabrication and is based on recognized engineering principles and inspection
practices. This matenal is for general information only and is not intended as a substitute for competent professional
examination and verification as to accuracy, suitability and/or applicability. The publication of the material contained
herein is not intended as a representation or warranty on the part of the American Galvanizers Association, Inc. Anyore

making use of this information assumes all liability ansing from such use.
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QESISTANCE

COMPARISON OF EPOXY COATED
AND HOT DIP GALVANIZED REINFORCING
COMMENT EPOXY COATED HOT DIP GALVANIZED
1. Earliest use 1977 Early 1900's
2. Reguires care in handling Yes No
3. Can be dragged on ground No Yes
4, MUST be touched up Yes No
5. Has parner protection Yes Yes
6. Has cathodic protection No Yes
'——9 7. Bond strength to concrete | Pdor Excellent
8. UV Resistance Questionabie Good
9. After fabncation appiication Difticut Simple
10. Widely used Yes Yes
11. Cost Comparable * Comparable
12. Lead time P 3 weeks 1-3 days
13. Availability of coating for other embedded items | Scarce Readily available
' Epexy pnces vary widely throughout U.S. and Canada and wide vanatons should be expected.

Other Metals

Where zinc comes in contact with another metal under
atrmospheric or aqueous conditions, the potential for corro-
sion through a bimetallic couple exists. The extent of the
corrosion will depend upon the position of the other metal
relative to the zinc in the galvanic series.

./’ an installation requires contact between galvanized

materials and copper or brass, in a moist or humid en-

vironment, rapid corrosion may occur. Even run-off water

from copper or bras;rfaces can contain enough dissolved
copper tocause rapid corrosion. Ifthe use gigopperorbrass

in contact with galvanized items is unavoidable. precau-

tions should be taken to prevent electrical contact between

the two metals. Joint faces should be insulated with non-

conducting gaskets and connections should be made with

Amencan Gaivanizers Associaton 33
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How Important s Porosity?

vormally, porosity if it should esist is not a problem.
because each void is spherical. It does not represent
1 notch. Even with w slight loss in section because of
the voud. its spherical shape allows a smooth flow of
stress around the void without anv measurable loss in
strength.

Tests have shown that a weld can contain a large
amount of porosity without materiallv changing the
tensile or impact strength and ductility of the weld.
This porosity could amount in total volume to a void
equal to 7% of the weld's cross-section without impair-
mg the jount’s performance.

The ASME Boiler and Pressure Vessel Code. Sec-
tion VIIL and X, wall allow porosity in a weld to the
extent shown on charts incorporated into the Code.
These charts consider size, distribution, and alignment
ot voids, versus plate thickness.

The AWS Building Code will allow a slight poros-
ity if well dispersed in the weld. This is defined as “gas
pockets and any similar generally globular type voids.”

The AWS Bridge Specification allows some poros-
itv. For porosity above {3’ in void size, a table shows
rmimmurn clearance between voids and maximum size
ot void for any given plate thickness.

5. DESIGN FOR WELDING
A designer must know the fundamental differences be-

tween welding and other assembly methods if he is to
detail economical welded members. If a welded girder,

[UmA—
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Introduction to Weided Construction / 1.1-5

FIG. 7 Weld metal in
well-designed joints
demonstrate much
greater ductility than
would be required in any
type of structures.

for example, were constructed with multiple cover
plates, the cost would be excessive. The use of only
one flange plate with a reasonable number of butt
welded splices. at points where the plate thickne‘
can be reduced. is usually adequate and also give
improved fatigue resistance.

The selection of a connecting system should be
made at the design level; for some tvpes of structures,
may even influence the architectural concept itself.

FIG. 8 Many contemporary structures ore using exposed steel framing as port of the
artistic scheme. Welding provides the unencumbered simplicity of form essential to
the modern look in architecture, typified in this showcasa building.



bar or strongback is pulled up against the misaligned
plates by driving steel wedges between the bar and
attached yokes. An altermate method (lower sketch)
involves the welding of bolts to the misaligned plate
and then drawing the plate up against the strongback
by tightening up on the bolts.

4. RUN-OFF TABS OR EXTENSION BARS

I e P

s

Butt joints of stress carrving members should, where
possible, be_welded with some tvpe of run-off bar

attached to the ends of the joint to make it easier to
obtain good quality weld metal at the ends.

In general the bar should have a similar joint
preparation to that being welded; gouging or chipping
. may be used to provide the depth of groove. For auto-
matic welding, the bars should have sufficient width
to support the flux used during welding. These bars
are usually removed after welding.

A flat run-off bar may not give proper support for

weld metal to keep the top corners of the plate from -

melting back at the ends; Figure 10(a). If the bars
were placed high enough for this, they would be above
the groove of the joint and would interfere with proper
welding at the ends; the welding wire {if automatic
welding) would have to drop down into the groove at
the start and climb out at the other end very quickly,
undoubtedly sticking; Figure 10(b).

Field Welding of Bridges / 4.14-5

{b)

(e)
FIGURE 10

sides of the welded joint at the ends as ielding pro-
gresses and requires special effort on the part of the
welding operator to build these ends up.

The s of run-off bars illustrated in Figure 11

The Hat run-off bar in Figure 10{c) for manual would give the proper equivalent joint detail at the
welding does not give proper support or maintain the ends, -
Gouge out

FIGURE 11
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SECTION 4.8

Shear Attachments for
Composite Construction—Building

1. BASIC REQUIREMENTS

The concrete floor may be attached to the top flanges
of the steel girders or beams by the use of suitable
shear connectors. These allow the slab to act with the
steel and form a composite beam having greater
strength and rigidity.

The concrete slab becomes part of the compression
flange of this composite element. As a result, the neutral
axis of the section will shift upward, making the bot-
tom flange of the beam more effective in tension. By
such an arrangement, beam cross-sections and weight
can be reduced. Since the concrete already serves as
part of the floor, the the only additional cost will be
the shear connectors.

The types of shear connectors in use today take
various shapes and sizes. Some typical ones are shown
in Figure L

In addition to transmitting the horizontal shear
forces from the slab into the steel beam making both
beam and slab act as a unit, the shear connector pro-
vides anchorage for the slab. This prevents any
tendency for it to separate from the beam. While pro-
viding for these functions, connector placement must
not present difficulty in the subsequent placing of
reinforcing rods for the concrete slab.

Because of lower shop costs and better conditions.

FIG. 1 Representation of five common fypes of shear <on-
nectors welded to top flange of steel girder to anchor an

overlayer of concrete. Only short portions of connecton

are sketched.

it is more econcmical to install these connectors in the
shop. However, this may be offset by the possibility of
damage to them dunng shipping, and by the difficuity
presented to walking along the top fanges during
erection before the slab is poured. For the latter
reasons, there is a growing trend toward field installa-
tion of connectors.

The previous AISC Specifications had no informa-
tion on the use of shear attachments for use in com-
posite construction. If shear attachments were to be
used, AASHO allowables were followed. These requre
the use of rather long formulas to determine the indi-
vidual factor of safety to be used on the connector.
[t also made a difference whether the beam was to be
shored or not shored during the placing of the con-
crete foor.

Factor of Safety

The new AISC Specifications recognize the use of shear
attachments and, as a result of recent research on this
subject, has taken a more liberal stand on this. The
design work has been greatly reduced, and no longer
1s 1t necessary to compute the factor of safety. A more
liberal factor of safety is now included in the shear
connection formulas. The use of shoring is no longer
a factor in the design caleulations of the connector,
sunce it has heen found that the ultimate load carrying

Channel



SECTION 4.14

Field Welding of Bridges

1. 8UTT JOINTS

[n butt groove welding the ends of flange plates. some
thought should be given to the proper tvpe of joint.
[ and U joints require the least amount of weld metal;
however, these joint types generally require the plates
to be prepared bv planing or milling which is impracti-
cal in most structural fabricating shops. This limits the
preparation to lame beveling, giving a V joint.

In the V joint. less weld metal is necessary as the
included angle is decreased. However, as this angle
decreases, the root opening must be increased in order
to get the electrode down into the joint and produce
a sound weld at the root of the joint. Obviousiv, the
one tends to offset the other slightly in respect to the
amount of weld metal needed. On thicker plates, the
joint with the smaller included angle and larger root
opening, requires the least weld metal.

If a backing strap is used, any amount of root
opening within reason can be tolerated, and all of the
welding must be done on the same side; in other words,
u single-V joint. If a backing strap is not employed, this
root opening must be held to about %”. This enables
the root pass to bridge the gap and not fall through.
The welding may be done on one side only, single-V;
or it mav be done on both sides, double V. In either
case, the joint is back-gouged from the opposite side
to the root before depositing additional weld metal on
the other side. This will insure sound metal throughout
the entire joint.

Single-V joints may be acceptable if the plates
are not too thick; for thicker plates, double-V joints
are preferred since they require less weld metal.
Remember that a single-V joint will produce more
angular distortion. This increases rapidly as the flange
thickness increases. '

Shop Splicing

Shop splices in flange and web plates should be ma
before the girder is_fitted together and welded, pro-
viding the resulting sections are not lo
to_handle. These shop splices do not have to be in a
single plane, but are placed where they are most con-
venient, or where a transition in section is desired.

In the shop, flange: plates can be tumed over
easily as welding progresses, so that on thicker plates
double-V joints would be used. They require the least

amount of weld metal and the welding is balanced so

there should be no_angular distortigp. On wider plates,

perhaps 2’ to 3’, semi-automatic and full automatic
submerged-arc welding equipment is frequently used.

Field Splicing

Field splices usually are located on a sincle plane.

Staggering the butt welds of fanges and webs will not

mmprove performance of the girder. It is much easier
to prepare the joints and maintain proper fit-up by
flame-cutting and beveling when all are located in the
same plane. See Figure 2. There is an advantage to
having extended the fillet welds of flanges to the web
ull the way to the verv end of the girder. This provides
hetter support when the fanges are clamped together
tor temporary support during erection.

Most welding sequences for field splices of beams
and girders are based on the following general outhne

Manpal - Mlat Manual - flat Manuai - Piat
60* 45
3 . 3 .
VAR| VY,
43640/ | *2780/. | %2120/
Manva/ - Flat Marual- Flat Manual - Flat

¢ /8./0/t.
Marug/ -Filat

Aulormat.c "ot
Manrug: - Figt,

L™
]

*342/m

3025/ | %13.25/n.

Ladwr § Overheoad @ 7698 per hour
Magrue/ Downhard - [ron powder £-6024 )5 amps b 4O\ P ¢ a/0a
el Ovarseod - low hydrogen iron pomder E-40/8

180 amps & 30% OF s B/

Sems - Akomatic - Mat 500 amps & 60% OF v o0/e
FIG. 1 Relotiva cost of flange butt weids

4.14-1

il



2.12-12 / Load and Stress Analysis

N

A’D,

United Airlines hangar at San Fron.
cisco features double-cantilevered
roof over areas inte which large jet
aircraft are wheeled, nosing up to
the 3-story inner “core’’ for servic.
ing. Center girder section holt ‘ot
left) is completely shop wel'ded.‘
Large plate girders like this one are
stiffened to prevent web buckling
due to edge compression. Cantilev-
erad welded plate girders weigh
125 tons. ‘
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4.1-30 / Girder-Related Design

Accass holes cut in girder web must be reinfarced. In regions of high bending moment,
flanges must extend far enough beyond web opening to effectively transfer forces into
main web of girder. Semi-automatic welding, with self-shielding cored electrode wire,
is used here in attoching reinforcements at double the speed of manual welding.



Welded Plate Girders for Bridges / 4.3-9

TABLE 4—Allowable Fatigue Strengths

} 8urT Of Groove Welds i i
s in Butt Joint
WELD omnts
100,000 400,000 2,060.060
CYCLES CYCLES CYCLES
¢
3
J UTT WELD s = 13,000 0w | = 17000 pw | _ 15200 pss
< r IN TENSICN L _ X P— 7K 1 — 3K
! cstoro exeeed 13000 csd 5
:’ I,_.j BUTT WELD ¢ — 18,600 pui c — 18,000 pu ¢ = 13,000 pw
> IN CCMPRESSICN | — K 1 — 08K b— K
‘aot to extesd p) 2—
(a) Straight-line transition in width Where:

‘p) 13 the allowanle compressive stress for the
member nvolved,

BuTT

MINIMUM

————— ‘bending stress or bending momenh
MaXrUM

vl b

B

(b) Curved transition in width

FIG. 11 Method of transition in width affects

weld’s allowable fatigue values.
.groove welds.

The usual method of flame cutting a bevel in the
preparation of a welded joiunt 15 to cut down through
the surface of the plate at the proper angle. Because
of the wide angle needed for this transition in thick-
ness. it is often better to fame-cut back from the edge
of the plate after the flange plate has been cut to
length. See Figure 10.

When the transition is made in width, the end of
the wider flange is cut back at an angle, again with
the flame-cutting torch. There is no problem in cutting
in this manner, and any slope may be used; many times
L in 12, but usually a maximum slope of 1 in 4. Often
this taper may extend back for several feet.

Generally, it 1s felt that the straight-line transition
in width 1s sufficient, and in the case of fatigue loading
the allowable fatigue values for butt groove welds in
tension or compression are used. See Figure 11. If a
curve tangent to the edge of the narrow flange at the
‘point of termination 1s used, it may be assumed the
fanges have equal widths. Thus, for equal plate thick-
nesses and with the weld reinforcement removed, the
butt groove weld may be assigned the same allowable
stress as the flange plate, under any condition of fatigue
~ ding,

Studies_at the University of Illinois have jndicat
= slight advantage in making a transition in width

rather than i thickness. This advantage undoubtedly
would be greater if the transition in width were made
more gradual, however, both methods are sound and
acceptable. Fatigue values for these transitions are
found 1in Figure 12,

Allowable Fotigue Strengths :

Groove welds in butt joints of equal plate thick-
ness, if the reinforcement is fnished smooth with the
surface, may be allowed the same fatigue strength
under any type of fatigue loading as the base metal.
For plates of unequal thickness where the transition
slope ts not greater than 1 in 2'%, the formulas found in
Table 4 may be used.

Type of transition

_ o0 =0
of flange section N=100,000 ~ | N*2000000~
. |
| z
[ 1| 34600as| /8,500ps

A
" 3

transition in thickness

+
4 P
5 34.900 | 19,500
' = .
[N 5 4

transition in width

FIG. 12 Making a transition in flange width
rather than thickness has a slight advantege
in fatigue strength.
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Longitudingt stiffener

Focia side of
girder 1s clean

FIG. 2 Placing longitudinal stiffeners =3
on outside of girder and fr rransverse ’
stiffeners inside saves fabricating fime. N Y
— AN - -
. -

_Heips To Complasalt wer-
piny for ntata de 0n
21¢ udt a£ A o4 a)

Longitudinal sniffensr

- Longitudinel and
transverse shffeners
do not intersect
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(b) Langitudingl stiffeners on outside of girder

from the compression fAange. Its moment of inertia
shall not be less than—

[ = do te? (2.4 ;" — 0.13)

w

These stiffeners do not necessarily have to be con- -
tinucus, but may be cut where they intersect transverse
intermediate stiffeners if they lie on the same side of
the web.

5. BEARING STIFFENERS

Transverse stiffeners shall be used over the end bearings
or along the length of the girder where concentrated
loads must be carried, and shall be designed to transmit
the reactions to-the web. They shall extend as nearly
as practicable to the outer edge of the Hange, but not
to exceed 12 times their thickness. (AASHO 1.6.17)
Some bridges have longitudinal stiffeners on the
inside of the girders, others on the outside. If the longi-
tudinal stiffeners are on the inside, along with the
transverse stiffeners, it leaves the outside of the girder
smooth; ¥igure 2(a). This, of course, means the longi-

tudinal suffener must be cut into short lengths and
then inserted between the transverse stiffeners. This
results in increased welding time and production costs.

-Some states have used longitudinal stiffeners on

the outside and transverse on the inside; Figure (b

This method saves on fabricating Eme and also allows
the use of automatic welding techniques to join the
longitudinal stiffeners to the girder web, thereby sub-
standally increasing welding speed.

6. WELDING OF STIFFENERS

AASHO (2.10.32) will allow the welding of suffeners
or attachments transverse to a tension flange if the
bending stress is 73% or less than the allowable.

AWS Bridge (225 ¢) will allow the welding of
suffeners or attachments transverse to a tension Sange
if the bending stress in the flange is held to within those
of the fatigue formulas (1}, (3), or (3} for the welding
of attachments by fillet welds; see Section 2.9, Table |

Figure 3 illustrates the effect of transverse attach-
ments welded to a plate when tested from tension to
an equal compression (K = —1).*

* “Fatigue Tests of Welded Joints in Structural Steel Plates”
Bull. 327, University of Illinows, 1941,



