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En este curso llamare~os estructura a un conjunto d~ elementos canee 

_tados entre si, que tienen .por objeto transmitir un sistema de fuer= 
zas en el espacio a una base de a~oyo 6 sustentaci6n. Pnr ej~mplo, -. ' ' 

si tuviesemos· el problema de colocar un tanque de agua a cierta altu · 
ra, lo prodrlamos resolver poni:ndolo en la parte supeiior de una t~ 
rre. Esta torre tendría como función_ transmitir las ru~rzas que se= 
originen por estar el tanque en esa posición, a lB base de su~tenta
ción ( Fig. 1 a). En la Fig.- 1-b tenemos 'un m•nco de un edificio-
donde marcamos unas t·rayectorias que siguien las fuerzas desde los -
puntos de aplicación de las cargas a los apoyos. · 
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Como es.tos tenemos multitudes de ejemplos, como son torr~s para so-
portar lineas de transmisión de energía eléctr;ica, ·p_uentes para vehículos, edHi
cios industriales, auditorios, estadios, edificios oara' oficinas, -
etc. 

En cada caso existir~ una estructura con caracterlstic~s especiales 
para transmitir las direrentes acciones que se presenten. 

En este curso estudiaremos el diseño de estructuras formadas con ba
rras prim~t\cas, entendiendo por barra· al elemento que tiene una di
mensión mucho mayor que las otras dos. LBs estructuras de la figura 
1 ~st~n formadas por barras pirsm~ticas que tra~smlten distintas - -
acciones. Para el estudio de las barras conviene clasificarlas de a
cuerdo con el. tipo de acción que transmiten (Flg. 2 ), ya que su co~ 
portamiento depenrle de esta. 
Por ejemplo, en una barra sujeta a una 
puede presentar el fenómeno de pandeo, 
ta a una fuerza axial de tensión, este 
el estudio de la bBrra comprimida y el 
axial son completamente distintos. 

' 

[{/.LRZA.· 

FC/L/(ZA 

ECIE.RZA 

fuerza axial de compre~ión se 
en cambio la misma barra suje 
fenómeno no existe. Asi pues~ 
de la barra sujeta a tensión 

! 
.At10M~Nl{) . @--------tzz_EXTO~. 

·' 

Tambten se presentan casos donde act6an dos .. o m~s acciones simult~nea-
mente. La combinación m~s rrecuente en estructuras, es la flexión con 
carga axial: flexotensión y flexocompresión, las cuale~ se estudian por 
separado. · 

MIEMBROS EN TENSION.- Se considera que trabajan en tensión 6 comoresi6n axial 
los elementos estructurales siguientes: 
a)' Las barras de-armaduras triangulaalas sobre las que no_obrandirectamente

fuerzas exteriores, -excepto cuando en sus conexiones haya excentricidades 
nue produzcan.flexiones.que'-no puedan ignorarse en el diseño. 

b) ·Las celosias de columnas compuestas que formen una triangulación completa 
tal_que .~ua1quier plano perpendicular al eje de la columna corte cuando m~ 
noa,una diagonal o coincida con un montante. 

"' 



T 

r 
01!$' 

e) 
• 3 

Los ~untales y tirantes colocados para el contraventeo lateral de la 
estructura principal. 

d) .·;Tirantes. 

Al aplicar una fuerza de ten'sión axial a una barra prismática todos 
los puntos de una sección transversal cualesquiera, quedan sujetos 
~1 mismo esfue~zo T/A ( Fig. 4 a ). Al incrementar la fuerza T, el 
esfuerzo se incrementará uniformem~nte en la sección hasta alcanzar 
el valor del esfuerzo de fluencia FY, momento a partir del cual las 
deformaciones quedan sin restricción (Punto 1 Fig. 4 b). La capaci

_dad de la barra será 

T max 
A 

= A FY 
= Area de sección transversal. 

El alargamiento elástico vendrá dado por la fÓrmula : D ~ ~ ~ 

j_ 

l 
1 

1 

.1 

1 

m 
F-=T/Á 

(oJ 

-~m."": A:-FY 
;:::-/(:~. 4 

F 
T 

tj&~c=r/q' 
d~..lJ/L 

(.6) 

Si la barra tiene un agujero o algún otro tipo .de discontinuidad -
el comporta~iento varia con relación al descrito anteiormente·. Es-
tas discontinuidades causarán una concentración de esfuerzos e~ la 
sección en que se encuentran (Fig. 5 a ), motivo por el cual el tom 
portamiento en este caso será diferente al de la barra sin; disconti 
nuidades. 

Veamo~ como se comoorta una barra con un agujero susjeta a una fuer 
za de tensión axial. El esfuerzo máximo se presenta en la orilla del 
~gujerb. al~anzando un valor de aproximádamente 3 veces el valor del 
esfuer7.o promedio en la sección neta. 

3/. 
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1 (e) 

1 
T, = 'JE-IJIIJZ 

7;o i,4 n;. Fy-
(d) 

Aplicamo~ una ~uerza T que vamos incrementando ~asta qué el esfuer 
zo m6ximo alcance ei valor FY. La gr6fica esfuefio def~~m~ci6n ~u~ 
dará representada por la recta 0-1 ( Fig. 5 e ).; · af seguir increm~n 
tando la fuérza T, se alcanzarA el esfuerzo de fluencia en otros -
puntos de la secci6n transversal ( Fig, ~-e ), y la gráfica esfuer 
zo deformac16ri seguirá la curva 1.-2 ( F.ig_- 5 e ) y lás deformacio-:
nes estaran.r~stringidas por la zona elástica de la secci6n. Conti 
nuamos incrementando la fuerza T hista al~anzar el esluerzo FY en
toda la. secci6n, la _curva esfu_erzo defórmaci6n sigue hasta el punto 
3¡ apartir de este punto la pi.eza se defor~~ sin restricci6n. En -
este caso la capacida~ máxima ser6 de · · · 

T max AN ,• FY 

AN = Area neta. 

La eficiencia con qué trabaja una b.arra, su,jeta a _un siEüema d~ ca:
gas, depende de la d is t-r-1 bu e i 6n d.e es fu!'!r zo.s en e-l :J. a; . la efi~ 11;nc 1 a 
máxima se 'alcanza cuando to.da_s _las _secciones tr_ansversales estan -:
trabajando al esfuer-zo máximo permisible. E_sta si-t!JaC Vm solo se -
presenta en las barras primáticas sujetas a tensi6n axia~. 

4/. 



DISEÑO DE PIEZAS A TENSIDN. 5 
. . 

Las barras prim~ticaa suj~tas a fuerzas axiales de tensión se pueden 
dise"ar usando el cr1terio,el~st1co 6 el ~l~stico. 
En el primer caso la sección seleccionada debe tener una ~rea A tal 
~ue multiplicada por el esfuerzo permisible FP nos di una fuerz~ 
igual o_ mayor que la fuerza actuante T, esto.es : 

T < A X FP 

A > T 1 FP (I) 

En el dise"o pl~stico se debe cumplir la condición de que el área de 
1 á se ce i·ón transversal de 1 a ·barra m u 1 ti pl i cada por e 1 esfuerzo de -
fluencia FV. sea igual o mayor que la fuerza axial multiplicada por 
el factor de carga-fe, o sea 

Fe X T < A X FV 

A > fe X T/FV (II) 

El ~sfuerzo permisible generalment~ ~e fija como un porciento del es 
fuerzo de fluencia. 
Los dos mltodas de dise"o darán el mismo resultado si se cumple la -
siguiente _condición : 

fe X T /FV = T /FP 

fe = FV/FP 

EJEM~LO 1.- seleccionar, usando el criterio elástico y el pl~stico,. 
una barra plana de acero con limite de flu~ncia de 2500 Kg~~ que -- ' 
sea capaz de soport~r una carga de 50000 Kg. El_ esfuerzo permisible 
es de 0.6 FV y el factor de carga es igual a 1.67, 

Dise"o el~stico : 

A = 50000 Kg./(0.6 X 2500) = 33.3cm2 

Diseño pl~stico 

A 1.67 X 50000/2500 33.4 2 
= = cm 

Utilizando una barra 'de. 25 mm de es'pesor ·necesitamos un ancho de 

a = 33.4 2 cm 1 2.5 = 13.36 cm. 

51. 
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Si bien loa dos criterios coinciden el diseñar une barra e tensión 
axial, en el caso de una estructura no se presente este ~isma situa 
ción com~ lo veremos en el siguiente ejemplo. 

. . . . , . ' 

EJEMPLO 2.- Vamos a estudiar a continuacion el comportamiento de la 
estructura de la Fig. 6e, formada por tres barras sujetas a una car 
ga vertical P. el ~rea de la sección transversal de las barras dia= 
gonsl~~ es A1 y la de la barra centr~l es A2; el limite de fluencia 
para las tres barras es FV. 

(o) 

-
,Del diagrama de desplazamiento (Fig. 6 b) tenemos 

.02 X CDS 45° = 01 

Sustituyendo ~ 01 y 02 en función de T1 y T2 

(T2 X L)/(A2 X E) X cos:45° =' (T1 X LICDS 45°)/(A1 X E) 

Simplificando obtenemos 

. ,. , . 

T1/A1 = 
1 
2 X T2/A2 

F1 = Te/A1 Esfuerzo en las barras 1 y 3 

F2 = T2/A2 ·Esfuerzo-en la barra 2 

., 
( 1 ) 

(2) 

0) 

6/ • 
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De la ecuac16n (3) concluimos que en esta estructura, en el in~er
valo elástico, el esfuerzo en laa barras 1 y 3 vale la mitad _del 
esfuerzo en la barra 2. ~a capacidad elástica de la estructura se -
alcanza cuando el esfuerzo en la barra 2 vale FY. El valor máximo 
de la carga P con el criterio elástico lo obtenemos del equilibrio 
del nudo C (Fig. 6 a) : 

P = 2 X T1 X COS 45° + T2 (4) 

Sustituyendo los valores de T1 y T2 en función de las áreas A1 y A2, 
y del esfuerzo de fluencia FY, teridrem6s en el momento en que la -
barra central alcanza él esf~er~o FY, la carga máxima (PE) valdrá: 

PE= (2 X A1 X FY.X COS 45°)/2 + A2 X FY 

PE= (A1 X COS 45° + A2) X FY (5) 

Sin embargo. la estr~ctu~a a6n tiene capacidad de carga, debido a ~
que él esfuerzo en las barras diagonales no ha alcanzado el límite 
de fluencia. Podemos incr~mentar la carga P hasta que el esfuerzo en 
estas barras valga FY. A partir de este momento la estructura sufre 
desplazamie~tos sin restricción, seAal de que se ha alcanzado su ca
pacidad máxima de carga.(PP). Su valor lo obtendremos sustituyendo 
en la ecuación ( 4). Los valores de T1 v T3. en función de FY 

K 1 t PP!P.t: 1 PE. PP 

pp = 
pp = 

(2A1 X FY X COS 45°) + A2 X FY 
(2X A1 X COS 45° +"A2) X FY (6) 

T -- --.,----"--.z-:r 4 __ .:_ r __ r _ _:_:_¡ 
' 
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pP V .. 1 
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.. 8 
La capacidad de ca.rga de la estrüctura. es función de las áreas v lo& 
esfuerzos de fluencis de las tres barra~. Vamos a estudiar la varia
ción de las capacidades el~stica (PE) v plástica (PP) con la varia
ción de las áreas A1 v A2. 

PE = (A1 X COS 45° + A2) X FY 

K = A1/A2 

PE = (K X COS 4S0 + 1 ) X A2_ X FY 

cos 45° +\1) ' pp = (2 K X X A2 X FY 

Vamos a talcular.l~ suma_de las áreas de las secciones transversales 
(AT) de las ties barras en función de A2 v K para la máxima resl~ten 
cia plástica 

A1 - K X A2 

A2 
. o = PP/((2 K X COS 45 + 1) X FY) 

_AT = 2 X A1 + A2 

AT = (2.K + 1) X A 2 

AT · = PP X (2K + 1)/(2K X COS 45° + 1) X FY) 

AT = (PP/FY) X (2k ~ 1)/(2K_~ COS 45° + 1) 

AT = K1 X PP/FY 

Cuando.:A1 .tiende a O, K tiende a infinito tendremos 

AT = (PP/FV) (1/COS 45°) 

AT = 1;414(PP/FY) 

K1 = 1.414. 

En la fig. 7 veremos gráficamente los resultados anteriores. 

Los -valores de PE v PP coinciden cuando A1_ v A3 valen O, como era . . 1 . 
de esperarseJpues existira solamente una barra a tensión. Conforme 
aumentan los valores de A1 v A3~ aumentan PE y"PP; siendb más rápi 
do el a~mento de PP. · -

8/. 
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La relación entre PP y PE tiende a 1.0 cuando K tiende O, v tiende 
a 2.0. cuando K tiende a infinito. 

El volumen total de acero para los casos extremos será 

A = PP/FV 

Para A1 = o 

V1 = A X L 

Para A2 = o o 

V2 = 1 o 4 14 X L X 1 o 4 14 X A = 2 X A X L 

V2/V1 • A X A X L/(A X L) = 2 

A continuación vamos a estudiar el comportamiento de la estructura 
cuando el limite de fluencia de :las barras 1 y 3·. (FV.1)es d·iferent-e 
d~l limite de fluencia de la b~rra 2 (FV2). Se pueden presenta~ los 
siguientes casos· 

1 ) 

2) 

3) 

FY1 < FV2/2 

FV1 = FV2/2 

FV1 > FV2/2 

En .la .figura 8 tenemos las gráficas que describen· el comportamiento· 
de los 3 casos. 

Del estudio que hemos real-izado de esta estr'uctura podemos concluir 
lo siguiente : 

Las capacidades máximas PE y PP ser¡n iguales s6lo en el caso de que 
el esFuer~o de. fluencia de la barra 2 sea el doble del ~sfuerzo de 
fluencia en las barras 1 v 3. En los demás casos será mayor PP. La -
reserva Plástica puede estar en las barras 1 v 3 e en la barra 2 de
pendiendo de los valores relatl.~os de los límites de fluencia .fV1 y 
FV2. . . 

/ 

El valor de la reserva plástica dependerá de la= diferencia entre -
FV1 y FV2./2 : mientras mayor sea la diferencia, mayor será la reser
va plástica. 

10/. 



i) FY1 < FY2/2 

10 

pp ----~--------------~--------------~--~;=·Limite de fluencia .en 2 

Intervalo plástico 
(reserva plástica en la barra 2) 

PE Limite de fluencia en 1 v 3 

Intervalo elástico 

~--------------------~~P 
o 

(a) 
2) FV1 = FV2/2 

p 

PE, p·~~----~1~'72----~--------~------~- Limite de fluencia en 1, 2 v 3 

pp 

PE 

Interv'alo elá~tico · 

~--~--------------~--~.-n 
(b) 

3) h1 > FV2/2 

--

( 

Limite de fluencia 1 v 3 

Intervalo plástico 
(reserva plástica en las -
barras 1 v 3 ) 

Limite de fluencia en 2 

Intervalo elástico 

~~------------~------~·~ 
(e) 

•. . Fig. 8 9/ . 
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TIPOS DE MIEMBROS EN TENSION. 11 
Los distintos tipos de elementos que se utilizan para trabajar en ten
si6n los podemos clasific~r en los siguientes grupos : 

1) Cables : elementos flexibles. 

2) Barras rédondas cuadradas y planas : 
. elementos'·· poco rígidos. 

3).Secciones de perfiles simples: 
elementos rígidos 

A) Secciones armadas : elementos rígidos. 

En la Fig. 9 mostramos _alguhos de estos tipos de secciones. 
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Cables de acero. 12 
Los cables se definen como miembros flexibles a tensión formados 
por uno o mis grupos de alambres, toronee o cuerdas. Un torón es 
un arreglo de alambree colocados helicoidalmente alrededor de un 
alambre central para obtener una sección simétrica¡ y un cable ~ 
es un ~onjunto de toronee colocados también helicoidllmente alre 
d~dor d~ Un n6~leo formado, a su vez, ya sea por un. torón, por = 
otro ca~le de alambres, o por un cable de fibras. Los cables de 
alambres con n6cleo de fibras se emplean casi totalmente para ~
propósitos de izaje¡ los torone!i y cables (Fig. 9) con n6cleos -
de torones o n6cleos independientes de cables · de alam6re scin -
los· que se usan par·a aplicaciones eRtructurales, y sus propieda
des las estudiaremos a continuación. Consideraremos primerb las 
propiedades mecinicas de los alambr~s, ya que son los elementos 
con los que estin formados torones y cable.s. 

Un alambre se define como ~na extensión simple y ~ontinua de me
tal, obtenida por estirado en frie a partir de varillas de acerci 
de alto contenido de carbon laminadas en caliente y cuya composi 
ción qufmi ca :e·!i estrictamente controlada. Los alambres se recu-:: 
bren de cinc, ~a sea por el proceso de inmersión en caliente o -
por ei proceso electrolitico. Aunque pued~n ~sarse varios tipos'·· 
de acero, el mis com6n para aplicaciones estru6turales es ~r· -
alambre galvanizado para puentes, el cual también se usa para ha 
cer torones y cables para puentes. · 

En .la tabla 1 se muestran las resistencias d~ fluencia y de ten
sión, ·aif como. la elon~ación, del alambre gélvan(zado para.puen
tes. 

TABLA· 1 

Re--isteneia 

Rttubr¡. · A,njstencil mín. de Elonr•ci6n . 

mi~nto. 
Diámcho min. a la llutnCia 1 tot1J min. 

plp. tensión, OJ% de en IOplp., Cwc JC&.Icm.• u tensión pot ciento 
bajo carp 

¡\ 0.0-11 y mayores 1 S 170 J 1 2SO . 1.0 
8 Todos los diámetros 11770 JO SSO 1.0 
e Todos Jos di.lmctros 11 060 9 810 1.0 

La resistencia minima de fluencia se mide al 0.7% de elongamien
.· to bajo c~rga y el módulo de 6 elast~cidad del alambre varl~· d~--

. 1.97 X 10 hasta 2.11 X 16 Kg./cm2. Frecuentemente se especi
fica el tamaAo del alambre por un n6mero. de calibre, ~n vez del 
diimetro; el estindar ~is com6n ei el U.S. Steel Wire Gage. El -

.alambie para puentres usado en torones y cabl~s esti galvanizado 
- ~on un recubrimiento m1nimo requerido, que depende.del diimetro. 
·· El recubrimiento minimo es el del grupo A, el grupo 8 tienen un· 

recubrimiento del doble de es~esor que el'gr~óo A y el grupo C-
lo ~iene ~el triple. · 

12/. ' 
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Los torones y cables que se usan pjra .Propósitos estructurales se 
fjbr.ican a parti~ de componentes formados helicoidalmente, por lo 
que su comportamiento es algo distinto del de las varillas, barras 
de ojo, y del de los alambres individuales de que est~n hechos. -
Cuando se aplica ~na carga de tensión a un torón o a un cable, la 
elongación resultante consistir~ de (a ) un plargamiento estructu
ral ocasionado por loa aju~tea radiales y axiales de los alambres 
y torori~s bajo las·cargas, y (b) el. alargamien~o el~stico de los -
alambres. 

El alargamiento estructural varia con el n6mero de alambres por to 
rón, el n6mero de torones por cable y la longitud del tendido (paso 
de la. Hélice) de los alambres y torones. ·El alargamiento varía tam 
bién con la magnitud de la carga impuesta y con.la cantidad de fle 

·xión a que pueda estar ~ujeto el cable; consecuentemente~ puede o~ 
· eervarse,que el alargamiento estructural es eliminado gradualmente 

incrementandose el módulo de el~sticidad.del cable o .torón comple
to. 

Para aplicaciones estructurales en las cuales e~ permisibl~ una -
elongaciióri limitada bajo carg~ y dónde se requiere un. módulo de -
elisticicad estable, se logra eliminar· el ~largamiento estruct~ral 
oreestirando el cable o· torón. Esto se lleva a cabo sometiendo-di
chos elementos a una c~rga predeterminada, durante un lapso sufi-
ciente para permitir el reacomodo de las partes componente~ indivi 
duales. 

A continuación se indican los mód~los de.elasticidad necesarios para 
determinar la.defor~ación elistica de los torooes y cables preest! 
radas para puentes. 

· Torones 
To~1ones Cacre de 

de 1/2" a 2.9/16" de dlimetro 
de 2. 5 /B • y maycrres 'Oe diimetro 
3/8" a 4" de diámetr·o 

~·· . 

~-----

. Tor6ri de 37. Kn'oa 

Cable 
,.,.,.~. . . 

<FIG.: ,g, 
----- -.-. •• 1 -· 

' 
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Los torones y cable~ para puentes no t1enen un punto de fluenéia -
definido porque se manufacturan con alambre estirado en fria; por 
tantoi de manera distinta a otros tipos de miembros en tensión, la 
carga de trabajo o el esfuerzo permisible de dise~o se basa en,la 
resist~ncia mlnima de ruptura o resistencia 6ltima del cable o to
rón. Sus propiedades me.cánicas se indican en las. Ta.blas 2 y 3. 

Los cables de a~e~o se utilizan par~ cubrir grande~ 61aros com~ 
son los puentes colgantes ·y c·ubiertas para gimnasios., aud·i torios, 
·estadi~s, etc. ( Fig. 10 ). 

Debido a que en estas estructuras se puede presentar el fenómeno 
de in~stabilidad aerodlnamica ó vibraciones excesivas ~e deberán -
utilizar cables ~e preten~ado ó trabes de rigÍdez. 

Es interesante hacer notar que las estructuras colgantes tienen ~
cualidades excepcionales por .lo que respecta al factor de ieguri-
dád nominal: en las estructuras tradicionales tales co~o armaduras, 
Jeas y cascarones la seguridad ~e disminuye conforme aumenta su de 
formación, mientras que en las estructuras colgantes ocurre lo o-= 
puest6, d~bido ~ que al aum~ntar la deformación de los cables las 
fuerzas internas disminuyen. 

TABLA .2 

Propiededet mec~nlca1 de loL cablu recubier101 d~ cin:c 

Normas establecidas por la "\\'írc Rope Tcchnical Board" 

RCsistmda mfnim1 de 
Didmdro nominal ruptuu en lonC'IadaJ Pno 'P'ozimado. Álea mcJ51iea aprod· 

en pules. métrins. Rccubri- K,Jm. mada C'n cm.• 
miculo Cbsc A 

~ 5.9 0.36 0:119 
~ 10.4 0.62 0.768 
~ 16.3 0.97. 1.174 
l4 23.6 1.41 1.729 

"• . 31.7 1.90 2.328 
1 41.4. 2.48 3.0l8 
1M. 52.4 3.14 l8H 
IV. 65.5 3.9l i.805 
1~ 79.6 1.78 5.844. 
1~ 90 5.68 6.940 
ll-11 111.5 .6.71 8.192 
114 1!9.5. 7.80 9:182 

1 "' 
li8.7 8.97 10.901 

2 168.7 10.19 12.384 
2W. 190.5 . 11.50 13,997 
2!4 213.1 12.89 H.609 
2~ 236.7 100 17.351 
2~ 261.2 15.77 19.157 
2W. 287.5 17.29 11.092 
2~ 311.7 18.96 23.091 
2ra. HU 20.68 25.119 
l l7l.7 22.18 27:11l 
314 il0.8 26.78 32.508 
3~ 503.4 )1.25 l7.6!H 
¡y. 5HO.S l5.71 il.022 
1 662.1 10.18 48.956 

: 
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TABLA·· 3 
Propledade• mednlcaa de Jo1 torone• para pucn.let recublertot do 
c.inc · ....... · ;¡_ ... 
Normcu ntabltcidcu por 14 "W irl Rop• Technlcal Bomd" •:; , 

.;_' ·~· . 

' . 
Rtristtncia mínima de rupturd' 

•n tontltJdcu mltrica1 .. , 
' :--· D;tl,.,. Cleu .. ., .. Cl•u ...... 

Á••• •••tltlo:e :. ,,. --•·4- ••.: ... ,¡ .. ;,,.,. tuwl:.ti•lurU ,.,, .. , ... ,. ,.,,. ., •• d_ ... ,.., ,,,,, ,,.,. '" ¡,, .,. .. ,,, .,. '"' ., ... ,,. .. .... de .,. K1.J• .. -~· . "A" ¡,.,,..,,.,, ¡.,.,''"''· 
' !,\ 

,, ... ,( .. ¡.,.,,. 
Ct .. ,,. .. ,.. ''··· ''C"" 

··t.·. .... ,,,. ,,,.,,¡.,¡._,. ,.., .. tui•/•••• : .. ..• ... .. _.,., ,, ,., ;,;~-., .. 
•.;, l'llleriMU, ,.,,,,,.,.,, 

: ·~- •. . ,.~-- , . 
' -"~:- . 1/2 . •' 13.6 1!.2 12.9 0.97 0.77 . ' 9/16 17.2 . 16.7 16.4 I.B 0.98 ,•'"0, 

5/8 21.8 21.1 20.7 1.51 1.22 
11!16 26.! 25,5 24.9 1.83 1.17 . 
l/1 10.8 29.9 29.3 2.18 '1.76 

13/16' 16.1 15.2 H.5 2.55 2.07 
718 11.7 10.5 19.6 2.96 2.10 

15/16 50.0 17.5 -16.5 1.10 2.7~ ., 1 55.1 51.7 52.S 1.87 3.13 .. 
1 1/16 62.6 60.7 59.1 1.17 J.S3 . ' !:_ ., '.. 

1 1/8 70.8 68.7 67.2 1.90 3.96 .. '· ;'' 1 3/16 78.0 75.7 71.1 5.16 1.10 ·:· . ;.: ~ . 1 1/1 87.1 85.1 81.6 6.05 1.88 
1 .5/16 96.2 91.3 92.5 6.65 5.59 

' 1 3/8 1051 101.1 100.7 7.29 , . 5.91 .. .. ' 
1 7116 111.1 1 11.6 109.8 8.00 . 6.16· .. : 1 1/2 125.2 122.5 119.8 8.71 ' . 7.01 

-·: 1 9!16 ll6.0 lll.1 110.6 . 9.18 7.63 
1 5/8 H7.0 111.2 110.6 10.28 8.26 
1 11/16 159.7 156.0 153.3 11.03 8.90 

.:¡-, 
1 · ... 1 3/1 170.6 166.9 163.3 11.87 9.57 

lll/16 183.3 179.6 176.0 12.11 10.27 .... 
. , 1 7/8 196.0 192.3. 187.8 .Jl.61 11.00 . ,,,.. 

1 15/16 208.7 205.0 200.5 11.52 11.71· .• :· .... 
.. 2 222.3 218.6 . 215.9: 15.'18 12.50 ,t' r 

2 1/16 216.8 2H.2 229.5 16.15 13.30 '. -~-
2 1/8 HU 217.7 211.0 17.'18 11.52 

.. '-:~,_'?' 
',J ... 

... . ~; ·:~--

2 3/16 261.8 262.2 257.6 18.52 11.95 ,. ~: 
,.,,. 

·f 2 1/1 i81.2 276.7 273.1 19.61 15.83 . '.¡;: 
2 l/8 312.1 322.1. 303.0 21:81 17.63 -· ' : ·x 2 5/16 296.7 292.1 287.6 20.71 16.73 
2 . 7/16 326.6 322.1 316.6 23.03 18.57 

r>. 2 1/2 311.1 BS.7 Bl.l 21.20 19.51 .. ' •'}· 2 9/16 351.6 150.2 311.7 25.11 20.53 ·~;-.:·/ 2 . 5/8 378.1 372.9 366.1 26.65 21.51 
e~/·: . 2 11/16· 391.9 385.6 380.0 27.91 22.56 
;¡;-~.. ':· 2 3/1 110.1 101.7 397.3 29.29 23.61 }}[,.¡""-·- .. 

2 118 118.2 110.9 131.5 12.00 25.81 
~;-~~: ; 188.1 180.8 i7J.S 31.81 28.12 
~~-· . :: ·J 1/8 529.8 521.6 513.1 J7.81 30.52 
·~~t.:~:'(·· •.'' .. 

H.OO -· J 1/1. 567.0 558.8 Si9.6 1M1 

·~fi{:.· 
3 3/8. 610.5. 601.5 592.! H.07 35.59 ._, . .... . l 1/2 656.8 6-18.2 636.7 i7.92 38.29 '.' ~-- ;, 

' 3 1/8 696.7 6S6.8 67;.? 10.8-1 1L07 1····· 1 3/i 7-11.7 714.8' 722.9 . ;i,il· il.91 \.1-.; i: -....~< .-. 3 7/8 796.5 . 78-1.7 772.8 58.1 3 . -!6.92 
1 839.2 82ii.l Sl3.6 61.9-1 10.00 

,, ,,1 

~·· ;,;¡' 
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17 
Existen varios tipos de elementos para conectar los cables a lo~ apoyos 
o a otros elementos de la estructura. En la fig.11 se muestran dos tipos 
de casquillos y las mordazas-6 perros cuando'se usan abrazaderas, co"n -
las r.ecomendaciones para el uso de las .moh!azas;.. 

.. -

'.·' 

Figura 100 • 

Figura 100 h 

TABLA 81 
Número de ajuste• y características; dimensionales 

Diimetlll • · NUmera 6e ajgsta 
del abM (.spuiado loagitad C.blu Cablt de aba dolu moo"' ObserncioDIS 

le lo trdiaarios ltsisltt~cil sobr1 I'IIOrduas del cable 

dt '"" 
alma llltljliQ ,.,gaq, ... Upttll r anligiraloria 

. ' 

s. En caso de duda 
12 3 4 wbrc la Jon¡itud 

1(2 12,7 4 S 0,089 0,305 entre ajustes tomar 
S/8 IS,9 ·4 S 0,108 0,305 diámetro de) cable . 
3/4 19 4· S 0,127 0,4S7 po• 8 
7/8 22,2 S 6 0,146 0,4S7 

1 . 2S,4 .S 6 0,16S 0,609 
4 1/8 28,6 6 7 0,180 0,609 
1 1/4 31,2 6 7 0,200 0,609 
1 3/8 3S,4 6 7 0,220 0,609 
1 1/2 38,1 7 8 0,240 0,609 . ' 

38. • 
so 7 '· ' . 8 .. . •. 

.-.. 
. '· 

:.:;. 

·~ 

. ; 

~·' . : . 
1o• . : ·' 

. :·_: .~;·,\; 
¡.'_ ¡k 

'. <:~~:J.·¡_ 
., ·~ 
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El dlseRo de cablEs trabajando como rnlembros a-tensión es directo, 
se basa en la _resl3tencla m~xtma a 1~ tensión del cable utilizado, 
de acuerdo con los datos proporcionados por el fabrlcante; conoci
da la carga total que debe soportar el cable se busca en la tabla 
de resistencias del cable qtJe se va a emplear uno cuya resistencia 
sea Igual ó mayor que la carga multiplicada por el factor de segu
ridad, cuyo valor se toma entre 3 y 1, para estructuras. 

E~ impo~tante verificar el alarmaniento m8x{mo que tendrfi el cable 
y que ~ste dentro de los limites admisibles. Est~ al~rgamiento se 
calcula con la fórmula : 

o = PL/AE 

p = Carga sobre el cable 
L = Longitud del cable 
A = Are a de la sección metá1ica del cable 
E = Módulo de e 1 ás ti c.i dad del cable 

EJEMPLO 3.- Determine el diámetro necesario de un cable ~e acero -
galvanizado para puent_e que debe so.portar una carga de 50000 Kg, -
Calcule el alargamiento. mfiximo del tirante considerando qLre t~ene 
un~ longitud de 22.00 m y un mÓdulo de elasticidad de 1.5 X 10 Kg/ 
cm . Use un factor de seguridad de 4. 

Resitencia necesaria del cable 

R = 4 X 50000 = 200000 ~g. 

De la tabla 2 seleccionamos un cable de 2.1/4" de diámetro que t~~ 
ne una resistencia de 213000 Kg. El firea metfilica es de 15.61 cm • 

El alargamiento del cable sera : 

0 = (5000 X 2200)/(15.61 X 1.5 X 106 ) = 4.7 cm. 

18/ • 
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Los barros redondas y cuadrnrlas son los L?lernentos rnC.s sencillos -
utilizados para trabnjor en tellsi6n ''xial. Las barras rcdonrlHs se 
suelen utilizar con los extremos roucndos cun objeto rle ~oder ojus 
tar su tongi tud en el montaje. [n nt:rlniones se suele nurn1•ntar el -: 
di~mAtro de lbs extremos, ya sea furj,ndolos 6 ~nldar>rlo uno borra 
rt!rlonda de rnoyor di>.Jmetro, con objeto de que el 5rea nl!ta en la 
secci6n de la rosca sea iguol o un poco mayor que el Grea de la -
secci6n transversal Uonde no hay rosca. 

Si los extremas· de estas barras se conectan con soldadura es conv~ 
niente utilizar un temfllador interhledio para evitar que r,uede floja 
la barra. Las barras redondas se utilizan flora diagonales de torres, 

·para el arriostremient"o de naves industriales no muy grandes,· para 
tirantes de arcos etc. No deben usarse donde haya equipo o maquina 
r!a que transmita algGn movimiento a la estructura, ya que f~cil-~ 
mente pueden vibrar y, aparte de la molestia c¡ue esto ocasiona por 
e1 ruido, pueden fallar por fatiga. · 

Las barras planas grmeralrnente se conectan con un pasador (Fig. ·.12). 
Se ·utilizan principalmente para transmitir la carga dé un cable de 
acero a alguna parte de la estructura o a la cimP.ntaci6n. 

(oS } 
FIG. 12 

En pruehas de laboratorio se ha visto que el tipo de falla ~ue se -
puede presentar en la conexi6n con pasador es alguno de los siguie~ 
tes : 

1) Fractura de la placa en la direcci6n parale 
la al eje, en la parte posterior del perno: 
Esta falla. se presenta cuando el agujero -
queda muy cerca de la orilla (Fig. 13 a ). 

2) Falla en la secci6n neta en donde se encuen 
tra el agujero, en la direcci6n perpendicu~ 
lar al eje de la barra. 
Este tipo de falla si el área de la secci6n 
neta es igual o menor al ~rea de la secci6n 
bruta de la barra. (Fig •. '13 b). 

19i. 
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3) Falla por ,,.,11ilcn l¡wnl di,IJ! do 11 qur.\ "n ln -
parte pn,d.Prl'ur rlr~l l"'rnn, lo relncltÍn ;111-

cho a t.!~.;pt!tiiH' 1il! ln pl111:·n l!n tm1y Qrunde. -
(Fil). 13 e). 

Para lograr que la falla se produzca en la parte principal de la ba 
rra y na en las extremas, las normas y especificaciones definen 
los criterios ~ara dimensionar estos. 

t t t -. __ .., ____ _ 

(a) (b) (e) 

FHi. 13 

Secciones de perfiles simples y secciones armadas. 

Estos elementos se utilizan cuando se re~uiere un cierta grado de -
rigidez 6 cu3ndo se puede presentar una inversión de carga que cau
se que la. pieza trabaje compresión bajo ciertas condi~iones de car 
ga1 par ejemplo, .en diagonales y montantes de armaduras •. Las seccio::- · 
nes comouestas se utilizan, cuando las cargas son de mayor intensi
dad y las secciones simples no tienen la resistencia necesaria. Tam 
bHn se puede requerir una sección armada para aul)lentar la rigidez 
de la barra• Las secciones armadas se construyen ·c~n perfiles sim-
ples conectados entre si por medio de celosias, plac~s interrumpidas· 

·6 placas continuas. · 

Par~ diseAar.los elementos d~ una estructura es necesario basarnos 
en normas ó especificaciones ·r¡ue siempre están apoyadas en la expe
riencia pasada y en una grari cantidad de pruebas de laboratorio~ En 
esta forma se evita, en gran parte, que el proyectista use criterios 
erróneas nue conduzcan a estructuras antiecon6m1cas por usar facto
res de sguridad .muy grande,, ó por el contrario, r:ue buscando ecano 
mÍas mal entendidas, se Usen factores de seguridad tun bajos f!Ue ha 
gen peligrar la seguridad de la estructura. 
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21 
Los ejemplos que veremos esta'n resueltos usando las especificaciones 
del AI~ERICAN INSTI TUTE OF SH:EL CONSTRUCTIDN y las normas compleme!!_ 
tarias del flEGLAMENTO PARA LAS CONSTRUCCIONES DEL D.F. usando el -
criterio de esfuer?,OS permisibles. 

Loo miembros a tensión se deben dimensionar de tal manera que el -
esfuerzo promedio en la secci6ri no exceda nl esfuerzo ¡wrml sible que 
fija 1~ especificéci6n 6 norma, como una frncci6n •!el enfuerzo de -
fluencia 6 del de ruptura. El esfuerzo en 1~ barra se determina divl 
diendo la fuerz·a actuante entre el área total 6 el área neta efectiva, , .· 
segun proceda : 

ft = P/A 

Es conveniente orocurar reducir al mlnimo las causas que or1g1nan 
concentración de esfuerzos, especialmente en los casos de cargas va
riables con ~ran n6mero de repeticiones. Los esfuerzos provenientes 
de las concentraciones mencionadas no se suman a los esfuerzos prome 
dios. Se ha comprobado experimentalmente en pruebas llevadas h~sta ~ 
la falla, nue las zonas donde se presenta una fluencia localizada -
del material en piezas bien dise.ñadas y hien fabricadas,. no impidan 
que la· sección totnl alcnnce el llmi te de fluencifl y nue lo soiJrr!pa
se, alcanzando a desarrollar la re§istencla completa de la barra un
t•~s rJe fullas. 

~uan"do una estructura está sujeta a cargas variables qúe se repitan 
miles y a veces millones de veces, pueden aparecer grietas en el ac~ 
ro que se van. extendiendo en la sección hasta ocasionar la ruptura ~ 
de la pieza. A esta falla se llama falla por fatiga. La falla por fa 
tiga se· presenta principalmente cuando existen esfuerzos de tensi6n:
Las concentraciones de esfuerzos aumentan las susceptibilidad a fa-
llar por fatiga. Los aceros de.altas resistencias presentari una re-
sistencia a la fatiga similar al acero A 36. 

Las especificaciones AISC han introducido un enfcique que simplifica 
considerablemente el diseño de las barras sujetas a cargas repetidas. 
Se basa en el valor del intervalo de esfuerzo comprendido entre. el -
valor m~ximo y el valor ~lnimo del esfuerzo en· la sección~ El inter
valo de esfuerzo es igual a la diferencia algebraica entre los valo
res m&ximo y mlnimo del esfuerzo que se presenta en un ciclo comple
to de carga. 

El intervalo de esfuerzo permitido depende del número de ciclos y de 
las características locales de la secci6n que se revisa. En las espe 
cificaciones establecen cuatrb condiciones d~ carga de acuerdo con ~ 
el número de repeticiones, y seis categorías de esfuerzo de acuerdo 
con las características de la sección. 

21/. 



: -, . !'·" 
1.· ;; . ' 

22 

~XT~A~TC O~ LA~ ''~~P!~fff~A~JON~~ = 

PA~A -~L Of~~~C~ fA~~~~A~I~N.N MONTA_ 

d~ O~ A~~~C ~~iRU~iU~AL PA~A ~Oifl= 

~~~~" O~L AM~~~~AN IN~fliUT~ ~~ • ~ 

~T~~L ~~N~TAU~ii~N ~~QU~RIOA§_PAAA . . 

. ¡ 

1 

1 
1 

1 

-i 

1 '.( .;~__._:.... ·---··--- .:_ ....... ----·-·-~---·-··-___.....,.-------~~-::_~::--. - .. ·,.,_..-c-::-~-.:-=.:::::-::.~-:-.===-c~·=::~~:... ..• -;,. ... ·;:=.,-;.=;;7= ... ~.-- -~;........:._--··-. ~-.:__~-;~,~ 



SECCION 1.4 MATEIUALES "3' (~ 

].4.1 Anro f_o;tructural 

1.4.1.1 El mafr.ria1 que se ajuste a una de las siguic:rites especificaciones (últi
maJecha de edición) est_á aprobado para el uso bajo esta Especificación: 

Structurol Stul, ASTM A36 
Wrldrd ond Stomltss Sta/ Pipt, ASTM A53, Grade B 
Jfigh-Str<ngth Low-AIIoy Structura/ S tul, ASTM A242 
High-Sircngth Lcw-Ailoy Structura/ MangoneS~ Vanadium SJel"l, ASTM 
A441 
Cold-Form~d Welded and Stamless Cnrbon Stetl Structurnl TuhinR in 
Rounds ond Shopts, ASTM A500 
Hot-Fortw•d Weldtd and Stnmles.s Carbon S/t'tl Structural Tuhing, ASTM 
A501 
High- Yicld Strtngth Qurncl"d and Temputd Alfo y S tul Plau. Suitablt for 
Wtlding, ASTM A514 
Structurol Sur/ with 42,000 psi Mínimum Yitld Point, ASTM A529 
Hot'Rollrd Corbon S tul Shúts ond Strip, Structurol Quality, ASTM A570, 
Grades D and E 
High-Strr11gth Low-AIIoy Columbium-Vanadium Sutls of Slructural Qua
lity, ASTM A572 
High-Srrcngth Low-AIIvy Structurol Stul •·ith 50,000 p.1i Mínimum Yidd 
Poinr to 4 in. Thick, ASTM A588 . 
Suel Shn·t· and Strip, IIOi-Rtiffrd.mrJ Cold-Ut~.},·d. iiiJ!''·.\Iu·nJ.:i••. 
Alloy, wilh lmprov~d Corros ion RniJiunct·, As-~·~-. ÁóV6 
Stul Shut ond Strip, Hot-Rolltd and Cold-Rol/,d, lligh-Strm¡;th, Lvw· 
Alloy, Columbium ond/or Vanadium, ASTM A60? 
Hot-Formrd Weldrd and Stamlns High-Strtilglh Lo"·-AIIoy Slruclural 
Tubing, ASTM A618 

Los informes certificados de ensayos de fabricación de aceros, o los informes 
certificados de ensayos ejecutados por el fabricante, o un laboiatorio dC ensayo de 
acuerdo con ASTM A6 o A568, según sea aplicable, y con la especificación co
rrespo'ndiente, con_stituirán evidencia suficiente de conformidad con una de las 
normas ASTM. indicadas. Adicionalmente, el fabricante, si se le solicita, suplir:i· 
una certificación de que el acero estructu-ral suministrado cumple con los requi· 1 

sitos del grado especificado. 

1.4.1.2 Podrán ser usados ace10S no identificados. si están libres de. imperfeC
. cionés superticiales, en partes de menor importancia o en detalles sin import~
cia;·donde las propiedades tísicas estrictas del acero y su· soldabilidad, no afec
ten la resistencia de la estructura. 

~~eCION 1.5 ESrUERZOB ADMISIBLES 

1.5.1 Acero Estructural 

1.5.1.1 Tracción 

Excepto para miembros con uOión de pasador;: F 1 no excederá 0,60.F ~ 'en el 
áre~ total, ni 0,50 Fu en el área neta erectiva.• · . . 

Para miembros.con unión de pasado~: F ~ = 0,4~ F y en el área netá. •.· 

Para tracción en partes roscadas: Ver Tabla .1.5.2.. L. 
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TAHLA 1.~.2.1 

Tcn,iún AJmi,ihlc de Cnnn·.tore\, \..t:fkm~ (MPa) 

-····-·-·······- ·-----·--·-· ··----e· ····-····-··- ....... ··-··-···. ··---~----- --·-·-- ---·~ 

Rcm:.chcl 

De )C r ipc ión 
de loa 

Cvnrclvru 

A.\02, Gr;,do 1, ctJit)(';tdos en ca· 
licntc 

Remaches 
Aj02, Grados 2 y ), coloc~dos en 

Ci!licnte 

F:ctllOS A307 

Tr;tt·,·i(ln 
,i,dmi,iblc1 

<F,J 

16201 

(lj9} 

10-40. 
(100) 

141tf 
( 138) 

C'urlc ,.dmi~íhlcl (fv) 
............. ·····--·-------::-¡---·- -------·--

Uninnn Tipa Frirciónt• 
---·-------~ 

Perfora· Perfora· Pcrfura-
ri<m~l 

Nutrnillcs 
cicmu 

~h)'OTU )' 
0..-:.J¡¡du 

Ctll"las 

. 

ciones 
0..-:.hodas 
·L11r¡aÍ 

UJlÍIHlCI 
Tipo 

Apl .. ,ta
mícntoi 

mrf 
( 121) 

'"" ( 1 ~2) 

703b. r 
(69) 

-: 

' ... ~¡ 
' !J 
~ 
.i 
·Í 
·1 
j 
. 
l 

·!: 
P;,rtes fO\c;~das que cumplen los re

quisito~ de las Secciones 1.4.1 y 
1.4.4, y pernos A«9 que cum
plen los requisitos dr. la SeCción 

.. f 
·' 
'l 

1.4.4, cu<~ndo las roscas cstlin in
cluidas en los pl;¡,nos de corte' 0,)3 Fu i,c,h · 0,17 Fuh 

... 
.... ~ 

Partes roscadu que cumplen los rc
qui~itos de bu Secciones 1.4.1 y 
1.4.4, )' pernos A449 que cum
plen los rC'qui:o;.itm de la Secó6n 
1.4.4, cu:.ndo la .. ro~cas C'stlin u
cluid:u de los pLmus de corte 

. ~. 

Pernos AJ2S, cuando las roscas 
estoln íncluidou en los pLonos de 
corte 

Pernos A32S, cu<~ndo tu ro,.ca.s 
cstlin ucluidu de los p\;,onos de 
'orto 

Pernos A-490, . cu¡¡¡ndo las ro~cas 
están incluid¡¡¡~ en Jos pbno~ de 
'orto 

Pernos A490, cu¡ul<fo las ior.cas 
estiÍn excluidas dé Jos pl¡¡¡nos· de 
<arte 

a Solamcnle par¡¡¡ ca~ csti1ic.a. 

0,33 F~ a.h 

,¡m< 
()OJ) 

3090. 
(JOJ) 

)800d 
(372) 

jgood 
(372) 

1130 10~0 
(121) {IOJ) 

1230 !OlO 
(121) (10)) 

1550 . 1340 
(152) (13 1) 

1550 1340 
(151) (IJI) 

" 

o .. n fuh 

879 J<8rl 
(86) (145) 

879 - mrf 
(86). (207) 

1120 J97r! 
(110) (19)) 

1120 281rf 
(110) (276) 

b Ror.cu pennilidas cn·Jos planos de corte, 
e La capacidad de tr.teción de la parte rO!.Cada de una barra dc rol>a §Obre puesta. bill!.ada en el ;Írca de la 

secóón lr.ÚtncnaJ, Ab. en su di;imelro m¡¡¡yor de ro~ca. ~ctil mayor que el á re .. del cuerpo nomin¡¡f de 
d la barra, antes de sobreponerle la rosca muhiplic¡¡¡d¡¡ por D,60 fy. . 

Pa.ra pernos A32~ Y A490 romctidos a ratiga por t.:aiFill de tracción, ver Apfndicc B, Sección BJ. 

.. 
; 

.. 
~ 
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" ' 
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·¡ 
1 
~ e Cuando lo cspccUiquc el ingeniero, la lensión admisible d~ corte para uniones tipCI fricción. que 1cngan 

condiciones de superficie de empalme upcci.<tl, podrán incre.mcnune el "aJor aplicable dado en d 
Apindic.c E. · ' . · 
Cuando las uniones tipo apl;utamienlo, usad u para empa\m¡,¡r miembros alncción.licncn una di\pos¡.. 
ción de conectores cuya lon¡ilud, medida paraJtl¡¡menle ala linea de la futr7-'l, e: ..cede' 127 cm (50 in), 
los ..-~ores tabulilodos "crin reducido~ en un 20%. 

J ,, 
1 Ver Sección 1.5.6. . 
b Ver ApindicC A, Tabla 2, p.¡r.ra valor u especilicos de nrecilic;~ciones de: acero ASTM. 

Para liini~cioncs en el uw dC' pcrfor:acioncs mayores y ov¡¡ladas • ..-er Sección 1.23 .. 4. 

1 
' ' •• 

-~ 

l.S.6 Tensiones Causadas por Viento y Sismo 

Las tensiones ad~isibles podrán ser incre~c:ntadas en un tercio por encima de los 
valores anteriores previstos, cuando son producidas por cargas de viento o sismo. 
actuando solas o en combinación con las cargas muertas y vivas de diseño, siem
pre que la sccciOn. requerida, calc~!a~a sob_re_.e~ta base!~o ~e~ me~o-r.~ue la ::_eque:--·-

rida para el diseño por cargas muertas, vivas e impacto (si lo·hay), calculada sin el, 
tercio de incremento de la tensión, y siemprc_que las-tensiones no rcq1Jicran !:>Cr 
calculadas de otra forma•, en base a factores de reducción aplicados a las c::trgas de 
diseño combinadas. El :wmcnlo de tensión anterior no se aplica a los rangos de 
variación de tensión adrriisible previstos en el Apéndice B. 
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SECCION 1.7 MIEMBROS Y UNION~~~ ~O~WI'IPOS A VAKIACION 
REPETIDA OE TENSION (FATIGA) 

1.7.1 . Generalidades 

La fatiga. como se usa en esta Espc.cificación, s'e define como el daño que puede re
sultar en una fractura después de un número suficiente de fluctuaciones de tensión: 
El r.J.ngo de variación de tensión es definido como Ja magnitud de 'csas.nuctuacio
ncs. En el caso de inversión de tensión, el rango de variación eJe tensión será calcu
lado-como la suma numérica de las máximas tensiones repetitivas de tracción y 
compresión, o la suma de: las máximas tensiones de corte de dirección oPuesta en un 
punto dado, que resultan de las diferentes disppsiciuncs de la carga viva. 

Pocos miembros o uniones en edificios convencionales necesitan ser diseñados para 
fatiga, puesto que la maYoría de los cambios de carga en tales estructuras ocurren 
sólo un pequeño número de veces o producen sólo nuctuaciones menores de ten- . 
sión. La situación de qu~ exista la ocurrencia de la totalida·d de las cargas de diseño 

·por viento o sismo es demasiado improbable como para justificar considerdCiones 
de diseño por fatiga. Sin embargo, las vigas porta-grúas y las estructuras de sóporte 
para maquinaria y equipo a menudo están sometidas a condiciones de carga que 
producen fatiga. -' · 1 

·1.1.2· Dis<ño por Fatiga 

l..os miembros y sus uniones sometidos a cargas que producen fatiga,· serán dimen-
. : . .:~u!tes t:;:::n:t•.<.':·.s '!:t el Apéndice B. · 

SECCION 1.8 FSTABILIDAD Y R.ELACIONES DE ESBELTEZ 

1.8.4 Relaciones Máximas de Esbeltez 

La relación de esbeltez, KL/r, de miembros comprimidos no excederá de 200. 
La relación dC esbeltez, L/r, de miembros iraccionados, que no "sean barraS, prefe
riblemente no excederá: _· 

Para miembros pr<ncipales ....... ...................................... .............. 240 
Para miembros de arriostramiento 1ateral 
y otros miembros secundarios ...................................................... 300 

SECCION 1.14 AREA NETA Y AREA TOTAL 

1.14.1 Deliniciones 

El área total de un miembro en cualquier punto .se dctcr~inará sumando loS pro
ductos de) espesor y ·el ancho total de cada elemento medido en sentido nor_mal al 
eje del miembro. El área neta se determinará sustituyendo el ancho total_ por el 
ancho neto calCulado de acuerdo con las Secciones 1.14.2 a 1.14.5, inclusive. 

' r. 
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1.14.2.1 En el ct:\0 dt: urra cadena dé pcrfor;J<:ionn prolon!::r~l:t.., a tr'avé:-. de una 
parte en cu:tlquicr línea diagon:1l o zi¡;·J.;tg, el :rncho nt.:to Jc la p:uh: !'!oC obkndrá 
restando del .ancho total la su111a de los di:írnctros de todas I;J.'> pcrfur:u.:ioru:s en 
la cadena, y sumando, para cada csr:~cio entre ~,for:rcÍ(lflC~ en l:t c:tdcn:l, la 
cantidad s 2/4g 

donde 
s scpar:tL"IUil longitra.Jir.ral centro a centro ("pa:-.o") cntn: ~os pclfoLICÍoncs 

consccutiv:ts cualesquiera, mm · 
g == separación transversal centro ("gr;unil") de la, mismas do\ pcrfur:tcioncs, 

mm 

El :'u ca neta crítica, ~. de b p;u-tc cunsidt:r:Hl:u.c ubticrll.' a p:utir de la cadena 
que d~ el n11.:nur :tncho neto. 

En la dc!t.:nnin:rciún úd :.rt:i.l nda a través de snld:uluras Jc t:.p1'Jn o canal, el 
metal Je soiJaJura nu se con~idcrarú -..:'onw contr íbtry(nlc al :'trca nc.:la. · 

1.14.1.2 El ;lrt:a nda t.Jl'ctiva, A e, dl' mil'mhm.\ tr:u.:l'Ítllt:td~l.' c:trg:H.fl):-o axial
mente, donde b c1rg:t c., lr:uhJllitid;,·por p..:mu~o r..:mat:ht..'!) a¡¡;,~~·!) Jc alguno!), 

pero no por todos Jos elementos de la sección transversal del miembro•, de~rá 
calcularse: por 13. fórmula 

... --· . ----. . .. -- --· - .. ·-· ...... ·--. .. - -·· .... _ 
A,= e, A 0 

donde 
A n = área neta del miembro 
e, ::::: un coeficiente de reducción 

A menos que un codicic:nte mayor pueda ser justificado por ensayos o por otros 
criterios reconocidos•, en los cálculos se deber.'m utilizar los siguientes vaioreS 
de e,: 

t. Para pc:rliles W, M o S con anchos de ala no menores que 2/3 
de la altura, y T estmcturalcs cortadas de estos perfiks, siempre 
que la unión sea a las alas y no tenga menos de tres conec10res 
por línea en la dirección de la tensión .................................... el = 0,90 

2. Para perliles W, M o S que no cumplan las condiciones del sub-
párrafo 1, T estructurales cortadas de estos perliles, y cualquier 
otro pertil, incluyendo las secciones armadas, siempre que la 
unión no tenga menos de 3 conectores por fila en la dirección 
de la tensión .......................................................... : ........ ,.e, 0,85 

3. Para todos Jos miembros cuyas uniones tengan solaffiente 2 ca· . 
nectores por línea en la dirección de la tensión .... -..................... _C 1 :;: O, 75 

1.14.2.3 Los empalmes, cartelas y otros accesorios de uilíones remachados y 
empernados, sometidos a fuerzas de tracción serán diseñcidos en conformidad 
con las disposiciones de: la Sección 1.5.1. J. donde el área neta efectiva será 
tomada como el área net~ real, e:xcepto que, para el propósito de cálculos de 
diseño, ésta no se considerará mayor que el 85 por ciento del área total. 

1.14.3 Angulas 

Para ángulos, 'el ancho total será la suma de los anchos de lás alas menos el espe~ 
sor. El gramil para peñoraciones en alas opuestas será la suma de los gramiles 
desde la parte posterior de los ángulos menos el espesor. 

1 .14.4 Tamaño de las Perforaciones 

En el cálculo del :irea neta, se cOnsiderará el ancho de una perforación p~ra re~ 
m;..¡che o perno como 1,6 mm (1/16 in) mayor que la dimensión nominal de la 

. perforación normal a la dirección de la tensión aplicada. 

__ .:_·_,__,_ 
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1.14.5 \licrnhros l'Orl Uni1in de P:t.\ . .:ufor - 27 
Las barras de ojo scr{tn (fe t:spnor unifo1111e, ~in re-fuerzo en las pcrforttciones de 
p:1sí\dores. Deberán tener c:..~bu<-tS "círcubre~" en l<tS Clltllcs la pcrifclia de la 
cabeza. más allá. de la pcrforitción del ra-"aclor, -5ca concéntrica con la perfora· 
ción del pasador .. EI radio de tran~icilHi, entre léi c~bt:Z<-t circular y el cuerpo deJa 
barra de ojo, será igual o mayor que el di!unctro de la ca.beza. 

,, 
El ancho del cuerpo de la barra de ojo no excederá 8 veces su es re sor, y el es pe· 
sor no será menor de 12,7 mm ( 1/2 in). El i~rca ncla de la cabaa a través de la 

·perforación del pas~dor, transvcrsal·aJ eje· de la· barra· de 'ojo, no !:.Crá menor de 
1,33 ni mayor de 1,5 veces el ~rea de la sección tr;111svcrsal del cuerpo de la 
barra de ojo. El diúmctro del pas<Jdor no será nlcnor 4ue 7/8 veces el ancho del 
cuerpo de la barra de ojo. El di'ámctro de la perforación del pasador nu podrá ex· 
ceder más de 0,8 mm (1/32 in) el diámetro del pasador. Para aceros que tenga.n 
una tensión de fluencia mayor 'que 4920 kgf/cm2 (483 MPa)0 el diámetro de la 
perforación del past-tdor no excederá 5 veces el espesor de la plancha, 

En planchas unidas con pasadores, que no sean barras de ojo, la tensión de trac
Ción en et área neta, transversal al eje del miembro, no exceder'a. la tensión admi
sible estipulada en la Sección 1.5.1.1, y la tensión de apb.~stamicnto en el área 
proyectada del pas<Jdor no' excederá la tensión <ldmíSible estipulada en la Sec
ción J.5.1.5.1. El :írea neta mínima mf1s allá de la perfor;tción del pasador, para· 
lela éil eje del miembro, no sc':rá menor que 2/3 veces el área neta a traves de la 
perforación d~l pasador. 

La distancia transversal al eje de una plancha unida con pasadOr o cualquier ele
mento individual de un miembro armado, desde el bo:-de de una 'perforación para 
pasadqr al borde del miembro o elemento, no excederá 4 .veces al espesor en la 
perforación del pasador. El diámetro de la perforación del pasador no será menor 
de 1,25 veces la menor de las distancias unida el borde de la perforación del pa· 
sador al borde de una plancha unida con pasador, o de un elemento separado 
de un miembro armado en la perforación del pasador. Para miembros unidos con 
pasadores, en Jos cuales se cuente con el pasador para permitir movimiento rela~ 
tivo entre las partes unidas, cuando se está bajo la carga total, el diámetro de la 
·perforación del pasador no será mayor de 0,8 mm ( 1/32 in) que el di;imetro del 
pasador. í 

Las esquinas más allá de la perforación del pasador podrán ser cort<tdas a 45.0 del 
eje: del miembro; siempre que el área nC::ta más. allá de·la perforación del pasíidor. 
en un pla'no perpendiCular aJ de corte, no sea menor que la requerida más allá de 
la perforación dé! pasador paralelo al eje del miembro. · · 

Se podrán obViar las limitaciones de espesor,' tanto en barras de ojo como en 
planchaS unidas con pasadores, siempre que se coloquen tuercas exteriores a fin 
.de apretar las placas cqn pasadOres y planchas de relleno con un cont~cto ajusta· 
do. Cuando las ¡)lanchas estéil dispuestas de este modo, la ténsión admisible de 
aplastamiento no será mayor que la especificada en la_ S~-c~ió~·! .5. 1.5.1. 

SECCION 1.15 UNIONES 

1.15.1 Uniones Mínimas 

Las uniones que transmitan tensiOnes calcul~das, excepto para las barras de celo· 
sí as de enlace, tirantes y correas de pared, se diseñar;Jn para soportar no menos de 

2720 kgf (26,7 kN). 

1.15.2 Uniones Excéntricas 

Siempre que sea posible, los eje~ de gravedad de los miembros que concurre~ en 
un punto y estén sometidos a tel'}~ión .. axial deber.Jil inters.eclarse; de no ~e.r as1, se 
debtrá tomar en ·~-~~.nta:las ·lemioOes de flexión originadas p.or la excentncH.Jad. 

. 1 
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1.15.3 Cult'('<Jt'i/lfl de Rl'llladlt'S, Pl'IIIO\ )' ~~ld:ultuas 

Excepto para los casos que !>C dc.":rihi•:'u¡ m(t~ adt.·l:u.llc, lo .. ~·upu~dl~ '":rn:t\:h:_s. 
pernos 0 soldaduras en los cx.trcllll)S tic cualquic• n•ic,nbro qm: 1_•:111~rwtan lcllSton 

axial en esos rnic'mbiOS, tcndr;'1n sus ccntrus de gravedad en el CJC de&' a;·c_d:•ll tlcl 
·.miembro, a menos que se cunsidcrc.dcbitbrncntc ~~.cr~:to de la_ c.x.ccntnc¡~J.ad re

sultante. Excepto en los miembros sometidos? van<~c~on ~~r~.tnla de tcn~ton, tal 
como se definió en la Scccilln 1.7, no se rcqu•crc la Úl.'\pos•c•on de filetes de sol
dadura para babncear las fuerzas ;drcúcóur del cjC o eje<; neutros en uniones cxt_r~- · 
m·as de ángulos simples, ;'¡n¡;ulus úohlcs y rnic!llbiiJs Jc t~po similar. L~ cxccntnc•
dad entre los ejes de gravedad Jc tales mi~rnhros y las ltncas tic .grarntlcs ~ara sus 
uniones extrema$ rcm:u.:h;ulas 0 cmpcrn:ttbs, pudr:'t ser Úc\prcctaJa en mtc~tbtos 
cargados est;íticamcnte, pc 10 dcher(1 ser con:-.idcr:Hia en f11Í...:111bms somcttJos a 
cargas de fatiga. 

1.15.7 Unionl'S de bficmhrus a Tntt..·ciún y Compn·!)it'ul t:n Arlll:uiur:IS 

Las u~ioncs en los extremos de micmhros a tri:lcción o comprc\iún en :o maduras, 
dcbcr(1n desarrollar la fuerza rcqocrida por la Ctirga de di!-cño, pe: ro no mcnt)S ~1.c:1 
50 por ciento de la resistencia cfcctiví-l del miembro, basad~ cn el tipo Jc tcn\tnn 
que controle la ~elección del miembro. 

SECCION ~.16 MIEMBROS ARMADOS 

.-, 

1.18.3 Miembros a_Tracción 
1 

1.18.3.1 La separación longitudinal de conectores y soldaduras en filete in ter. 
mitente, que unan una plancha y uó pe ñU laminado en un miembro annado.trac
cionado, o dos planchas componenteS en contacto entre sí, no excederá 24 veces 
el espesor de la plancha más delgada ni 305 mm (12 in). La separación longitu
dinal de conectores y soldaduras intermitentes que unan dos o más perfiles en. 
contacto éntre sí en un miembrO traccionado no excederá 6!0 mm (24 in). Los 
miembroS traccio"nados constituidos por dos o m{lS perfiles o planchas separados 
unos de otros por planchas de relleno intermitentes, serán unidos entre sí en . 
estas planchas de relleno a interv"alos tales que la relación de esbeltez de cada 
uno de los. componentes entre cone~.:torcs no exceda 240. 

¡ 
1.18.3.2. Se podrán usar tanto platabanda'i como planchas de unión sin celosías 
en los .Lados abiertos de miembros armados a tf<\cción. La-; planchas de unión 
tendrán una longitud no menor que dos tercios las distancia entre las líneas de 

. conectores o soldaduras que las unan a los componentes del miembro. El espe~ 
sor de taJts planchas de unión no será menor que 1/50 de la distancia entre estas 
líneas. La separación longirudtnal de conectores o soldaduras intermitentes en 
las planclias de unión no excederá )52 m.m (6 in). La separación de las planchas 
de unión ~rá tal que la relación de esbeltez de cualquier componente en la longi
tud entre. las planchas de unión no excederá 240. 

1 

i 
1 

1 
' 

\ 



.SECCION 8 JNDICIONES DE CARGA; TIPO Y UBICACION.-DEI:··· 
J\IA TERIAL . 

En el diseño de los miembros y uniones someti~os a variación repetiti\la de tensión 
por c3rga viva. se considerará el número de ciclos de ·tensión, amplitud del rango 
de tensión esperado y el tipo y ubicación de miembros o tietalles. 

Las condiciones de carga serán clasificadas como se muestra en la Tabla B 1. 

El tipo y la ubicación del material serán clasiOcados de acuerdo a la. Tabla 82. 

• 

Condición. de Car¡a 

1 
2 
3 
4 

TABLA Bt 
Número de Ciclos de Carga 

Desde 

'()()()()& 
100000 
500000 

Sobre 2000000 
Aproximadamente equivalente a dos aplicaciones diarias durante 2.5 años . 

Hasta 

IOOOOOb 
500000< 

2()()()()()()d 

b Aproximadamente equivalente a diez aplicaciones diarias durante 2.S años. 
e Aproximadamente equivalente a cincuenLa apliCaciones diarias durante ~S años. 
d Aproximadamente equivalente a doscientas aplicacioneS diarias durante 2-' ~s. 

SECCION B2 TENSIONES·ADMISffiLES 

La tensión máxima no·excederá la tensión básica admisible e~tipulada en las Sec
ciones 1.5 y 1.6 de esta Especificación, y el rango máximo de variación de ten
sión no excedera al dado en la Tabla 83. 

... SECCION 83 DISPOSICIONES PARA CONECTORES MECANICOS 

83.1 El rango de variación de la tensión de tracción en pernos A325 o A490 
apretados correctamente no necesita ser considerado, pero la tensión m.Uima cal
culada, incluyendo la acción de palanca, no excederá los valores dados en la 
Tabla 1.5.2.1, sometida a las siguientes disposiciones: 

l. Las uniones sometidas a más de 200<Xl 'ciclOs, pero no más_ de 500000 ci
clos, de tracción directa podrán "ser diseñadas para la tensión producida por 
la suma de las cargas aplicadaS y la carga de palanca, si la carga de palanca 
no excede 10 por ciento de la carga aplicada externamente. Si la fuerza de 
palanca excede de 10 por ciento, la tensión admisibie de traCción dada en la 
Tablá 1 :s.2.1 se reducirá en un 40%, aplicable sólo a la carga externa. 

2. Las·. uniones 'sometidas a más de 500000 ciclos de tracción directa podrán 
ser diseñadas para la tensión producida por la suma de las cargas aplicadas 
y la carga de palanca, si la carga de palanca no excede S por ciénto de la 
carga aplicada externamente. Si la fuerza de palanca· excede ders por cien
to, la tensión admisible de tracción dada en la Tabla 1.5.2.1 se reducirá en 
un 50 por ciento, aplicable sólo a la carga externa. 

• 1 

' 

83.2 No se recomienda el uso de otros pernos y part'.es roscadas sometidos a car- J 

Condición 
Gene~ 

Material 
Plano 

Miembros 
Armados 

Uniones 
Fijadas 
Mecánica--
mente 

Uniones 
soldadas con 
soldaduras 
en Filete 

Soldadunu. 
en Ranura 

r . 
• 

. 

TABLA 82 

' z..;:::mero ' a... Cate¡oria j de t.n 
Situación de c!e ¡ ejemplos 

Tensióa• Termóa , ilus:r•tivoa 
/Ver i ¡Ver 

' Tab:., 8~) ~ Fi¡. 81)111 
1 

Metal buc con superficies lamin.adu o limpias TO Rcv. A i 
1 

1.2 

Metal base y metal de soldadura en-miembros siñ 1 To Rcv. i 8 ¡ ),4.,1,6 

' ap(:ndices. annados con plancha.s o peñtles unidos 1 ' por soldaduru continuas- en 111IlUra Ue penetración ¡ ' 
completa o parcial. o ~ldaduras continu•u en filete 1 

! 1 paralelas a la dirección de la tensión ;~plicacU... • 

Tensión de flexión calculada, rb• en el metal bas~ ¡ T o Rev. ' e • 7 
' 1 al pié de las soldaduras en almu o alas de vi¡a ad-
1 1 

yacentes a at1eu.dorc:s transverul~s soldados. 1 J ; 

Metal base en el extremo de piaLabu¡das sokiadas To Rcv. \ E S 
de lon¡itud pucia! que tengan ex1~mos a escuadra i 

! 
o de sección variable, con o sin solc;~aduru a truCs i de los ext~mos. 

' 
M<i>.l b..,c <nla Kccióo 1o1al d< uoion<> lipa Frie·¡ ToRev. ' 8 ! 1 
ción empernadas eon pernos de a.lt.a resistencia. ! 1 

j 1 ' exccpiO uniones .s.ometidu a in\"enión de tensión Y : junta.s ~rgaó;~s uialmente, la.s cuaJe~ inducen ' flexión t'uer.1 del plano en el material unido . .1 . 
' 

Metal base en la sección nea de otras uniones fi· ToRev. ! D S,9 
1 jadas mecánicimente - 1 

Metal en la sección neta de uniones ¡jpo aplasta· 
1 
ToRev. ; o ' 1.9 '. j ' miento empc:m_.ada.s con pernos de a ita resistetKia. 1 ! ' : 1 

Metal baJe en soldaduras intennitenlcs en filete. ToRev. : E ' ' 1 

1 1 
Me~ base en el empalme de miembros carpdos ToRn. E i 17.11.~ 
uialmente con uniones ntrema.s soldadas con sol- ' i dadura en filete. Las soldaduras..Je debcri.n colo- 1 

! ' ;:"',:) car alrededor del eje del miembro de manera deba- i 
lancear la.s tensiones de las solda.duraJ. ' ' ce J ' 
Metal de soldadura en sold;~duras en filete conti- S 1 F ! -'.l1.1á,ll 
nua.s o intermitentes, longitudinales o 1ransversaJcs. 1 ' 1 ' 
MeW ba.se y metaJ'de soldadura en empalmes sol- ToR<v. 1 8 i 10 

·dados con solcUduru '" r;anura d< penetración 1 
1 

1 complet• de panes de sección tramverul similar 

1 
esmeril;ada.t al riu, con esmerilado en la direceión l de la tensión aplicada. y con pureu de sOid~unt. 
establecida por inspección radiog.nifica o uhruóni· ¡ ' ' nka en cunformidotd con los requerimientos de.la 

1 To.bi.J 9.2.5.) de AWS 01.1-n. 

1 

i ll,ll Metal base y metal de lOidadur.a en empalmn sol- To Rcv. 9 
dados con soldaduras en ranura de pcnetrac:ión 

1 complela en transiciones de ancho o espesor, con 

1 

' soldaduras esmeriladas para proveer inclinaciones 

! - con pendiente no ma)'or de 40%, con esmerilado en 
la dirección de la tensión aplicada, y con pureza de 
soldadura establecida por in5pccción radio¡:riJic• o ·-- ' 

1 
• ultrasónica en conformidad con los requerimientos ' 

de la Tabla 9.2S.J de A WS 01.1·71. ¡ J 
' 

gas de fatiga de tracción. ~ 

to.· 83.3 Los remaches, pernos y panes roscadas sometidos a cargas cíclica~ de a "T"' slll:nLfica rango de va.nacton de tenstón de tracctón solamtnte, "Re ... ·• si¡mf:u un r&ll¡o de vanación 
- COnt podrán· Ser diseñadOS para Jas tensiones de Cono-tipa apJ:l.SI<tmieniO dadiiS en . { que tnvolucra mVel"\ton de lenstOn de traCCIÓn Ó COmprcstÓn, ''S"' lt¡l\iriU_tvl&O de \'&1\.IICIOn encone Lt"ICIU• 

\... yendo la mventón de tens1on de co.n.e. B 
la Tabla 1.5.2.', er· cuanto concierne a la resistencia a 1~ fati¡a..dcJo~ conectores J b Se proporcaonan estos e_~emplolCorno ¡utas Y no intentan uclu1rotru snuactOnCHa.r:ona~mcnte similares. 

en sí mismos. __ _L __ · __ . 
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TABLA B 2 (CONTINUACION) 

' Cluc Catcaoria 
Condición Situación ,, ,, 

Gcncna.l Tensión& Tcn~ión 

1 (Ver 
1 Tabla Bl) 

Soldaduras Mclal' base.y metal de soldado~ en empalmes ~1- ToRn. e 
en· Ranun~ dados con wldadura en ranura de penetración com· 

plcla, con o sin tr.ltlsiciones que lcn¡¡an inclinacio-
ncs no mayores de -40%, cuando no se remueve el 
refuerzo y/o la pureza de soldadura no sta estable- 1 

clda por ins~cción radioarifiu o ultrasónica en 1 

conformidad con los rcqucrim~ntos de la Tabla j 
9.25.) de AWS 01.1-77. ! 

M <tal d< ooldad"" d< ¡oldad""' '" ""'""' '"'"' ¡ T o R<v, F 
vcrs..a.l de pcnetr.tción parcial, bando en el iru 
c:rcctiva de la ¡argu~ta de la sotdadun~. o wld~u-
ru. : 

Soldaduras Meta.! base en soldaduras en tapón o en muesca. ¡ToRcv.! E 
en Tapón o 
Muescas Corte en soldaduras en lapón o en mut:sc.a. _L S F 

Accc\Orios Metal base en detalk de cualquier longitud unido 1 
por \Oidaduru en ranura sometida.J 1 car~a tnr.ns- 1 

vmal y/o longi'"dinal, m.ndo d d«all< in<Ocpol 
un radio de transición, R. de 51 mm o mayor, con 
te"rminación de la soldaduf11. esmerilada lisa: 

R2:6JOmm ToRev. B 
610mm>R2:1$2mm ToRev. e 

1 152 mm> R 2: 51 mm TcrRev. o 
MeLaJ bau en un detalle unido por sold.J.dura en n-
nura o en filete !Omctid.;u .J. c~a lon¡itudin;iJ, con 
radio de transición, SI Jo hay, menor de 5 J mm: 

51 mm :S a :s; 12 b o 102 mm To Rcv. o 
a> 11 b o 10:! mm To Rev. E 

' donde 
a .. dimensión del detalle p,aralela 1 la dirección de 

I.J. tensión _, - b • dimenlió"n del deÚI,Jlc nonnal a la dirección de 

l. 
la tensión y a la superficie del metal base 

1 

Meta.l base en un detalle de cualquier lon¡i!ud uni· 
do por wldaduru en filete o en r.Ylura de penetra-
ción parci.J.I en t.a \Jtrección p.J.r.a.lei.J. a la tensión, 1 
cuando el detalle incorpora un radio de transtción, j R. d< ji mm o m•yo•. con t<nninoción d< la ,.Id•·¡ 
dura esmc:rii.J.da li~: 

R2:6JOmm ToRev. B 
6J0mm>R:!: l$1mm ToRc:v. e 
I.S1mm>R.:!:5lmm . ¡ToRe .... o 

Me: tal ba..se en un detalle unido por soldaduras en 1 T o Rev. e 
ranura o en filete, donde la dimensión del detalle j 
paralelo a la dirección de la tensión, a, u menor 
de .SI mm 

Me: tal ba.sc de un conector de torte unido por solda· Tó Re .... e 
dadufll en lile: te. 

- Tensión d~ c;orte en el iru nominal de conc:c1ores J S F 
n<, J 

f 
Número 
de tos 

Ejemplos 
1\uitrativos 

(Ver 
(Fi¡. Bt)b 

10,11.12,13 

i 
16 i 

. \ 
11 1 

l1 

14 
1< 

1 14 

¡j 1 

!5.23,24, 
25,26 

1 

19 
19 
19 

23,24,25 

'12 

ll 

l 

TABLA B3 
Rango de Tcnsionés Admisibles Fsr, kgf/cm2 CM ?a) 

Catc:¡oría Condición de Condición de Condidón:k l Condición de 

(D< 1• Car¡a 1 Car¡a l C.ar¡.al 
1 

Car¡,¡4 

Tabla 82) F,rl Fsrl Fu) FH" 

A 4220 l.llO 1690 1690 
B 3160 1930 1210 1120 

e 1250 1]40 91< 703 1 

o 1900 1120 103 492 

E 1480 879 "l lll 
F 1030 1>44 6Jl '" 

• Se pcnnile un ranao de tensión de flexión de 344 k¡ffcm1 (MPs) a.l pie de lu solda.dura.s de atieiadoru 10 
almas o a..lu. 

Bl. 



J ' 

1 
\ 

-

l 

V 

' 

8 . " 

e) 
" 

1/ ,~ 

S .. 

- -0:: 
• 

1 

flt"" \l.l 
E}cm.p\ot llu\trativot - -

~--·- --· 



! 
32 \ 

) 

r:r-:~E;~~,-~~~k_ ~~-rrr-: ;·: ~+:rrr1 r-~: 1 ~ 1 1 
.! L1 ! 1 1 1 1 i 1 1 ! f -i . : ¡ , · 1 i i 1 1 i ! . ! ! _1 . : ¡ 
! ! 1 !~o/á.:'/"' ~~ f"J--pp h~h d~/ m/&~ .J/o yVC" se:~ ~v~~.J/'r-o- 1 : 

! _: ~_,1 /o 1 ..s:)?c:J/~-?7?-> pj:vro/ éOn.sic/t?;c,nc!u pveseuJc-rc//7,~/or 
i 1 ! LJ IJ

5 
1j

0 
1 ! 1 1 : n///o1.d<2 2ZmtTJ é-"IB")c/e> c/.;oi??e-

1

__! ! ! 1 _! j--1"'-i 1 i 1 '~;f-ro: L=,oloco 'e.s do 81'l)r>? f'~¿·)c/c?' 
1-1 ~-~!. 1 'l ·1 ¡ 1 ' ¿?5"/)f.:?.)t'J/. ' ' -! : :. :. ; l i .¡ ' 1 

. ~T: 1 , 1 1 ¡:i\: /P<:"nvcYré"'-?o:r <::>/ .b~chc:J r-><-.C.:/,:5 i . ¡ 
c,1 -: , 

2
.- ! .... 1 1 rz_ <?/? coc·lo uno- e/& ,0r Trayc.;;c:!ooo¡, 

1
0 

~-·· .' • 4 .j i . i .. ! : . o 1
C" fo//o r;os,_¿/eJ : ' ' \ ' ·. ! 

: 

131' ¡7 ·, 1 1 1 ! q L CJ.r c/;c::(~P;?of 'O: e ms o3'v~~¡ 
! ~ .:l _: ( · . :J~ . 1 • il róf S<? conJ;o'c?r;_o/? ..:i'_,;nrn _,_,-...,ay¿;-, 
! ~.-¡ 1 1 1 1 hPs r¡-vc? ~1 c/;ornc?;;?-o de h_r ::Sr-: 

l .. 

¡ ! 

' . 
: ' 

~ 1 /?//lo .J. 

1 1 

']' 1 ·¡ i 
' 1 1 ' 

Tr=ycoc/o;../0' /-4 

a,.,= 310- z('czr-3)= 260 r-n.r>? 

1 ' 

i :: Tr:,oyc?cTÓ;_o /-z-4 
1 1 ' ' . 

. -~ o~= .3/o- 3 icc,..3.)r s.s5/4~cs)r--S..:í:/;¡"1os) == 

= .:2 S 4 /'YJ .n? 

Troy;c./or/o /-2- 3 

. 0/7""-3/o- ..::J r2Z ;.3) r ,::,-s'Z/(4><6S)r .SO/r4YIOS)-, 

.=. ¿S .3 h? ,_., 

_L:/ or'chp /77/n/rr->0 corr<?.s,;oar:u::-4:' o- __ /o-./royo<"cl§'-' 
1 • - • . /-/e:> /.-2-3/ r:oor /o rol? /-o_, e/ o...-tPO'. /?""'7c- ser-o: . 

z.: mm 
-~----· ------ - --- ---- . A-'7 .::::: J>x:Zs3 =coz4-

·, 
--

1 

---- --· -- --¡ ---- -----

··--· -,----- ·-----. 
___ _1_ ___ _ 

! 

. --· -· -----

¡- r---:- -~~~-~~-----=~~~~---~~-~- ~- -~r .-: ~~~--- ---
' 1 L.---. ~~----~--- -- -- - --------~---~------ --------- ----------·------------------ ------------------·-------~--~-- ~--~------------ -----



í 
l 

3 3 . . .... -- -- ...... ·- .... ·¡ 
..... .. .... .. .. :: ... ----- ...... -- . ····· .. _j 

' ··¡-rr-TTTT-rl .. T 1··¡·¡···1··-·¡ T., .. rr··- T·-T··:-r ~--- . ¡·r 
·- -1 -: ·1·,-r;t;T_X:.;_r' · ·- · · · ~-- ·, · · · ·-·· --·¡ - ·· ·· · · -· -·- --- ·····j-~ ··]··-.--~--·¡·J · · /· -~~- 1 

- ··¡ T --~-~ -YP . T f·- ~ -¡ __ - - ---¡· .. , ., -··:·- --- ---- --+· ---- - .... T-·/¡··¡··'G4~t};J~rr· / ---j--1-- -;;· -k-1- ---· -·- - ··;:;,;.;J' ¡,r· ·. -lJ-~;L-r ·-
·r g~~¡-Jc;'¡~l;_; 1 '~'j~.;1J'f--1 - e YJ·-.. 15-rf. ó- rt'·!-'i-:;¡;1--¿-- I~Y).~·
-~- '. k __ ~(<' 1 '.T '. '1 S::..f 1 f p. +;r-J,- ~-- ~-7'-p'.¡] -~--. -'14--1-~_<?::r_·. ¡--¡- -1. J- ·-. 
~: .ld~Y11--ft4J/)4~14:1;;pt:1.rf7{R<-' ~&;j;iJ~Jop:~--
~ ~··· JI Ju)zJ,{) h 

1 
1 r f 1 Ir r 1 111+ Jr.L 

1 ..CI • j 1 1 1 . -: e -¡-; :H--!- 1--¡-¡---{ )· -1-! - 1 J 1 1 . ~~ J- --¡ . --- . T 1-- -~k----· __ ~_ __ i --TT- ·-·-
------. 1 ¡·. -----+· --------L-. -,_.:.:_:1~--,:i~~:~.: .::.:.·: __ T 1:-=·:·:r·------------_JI~r-1- ,_ ......... -- .j ..... - .L.,]:'_. -!J .J d .. ~f~-]····-------_l.J.¡. 
_ _¡__¡ ! ~ " t 1 - T . f- ¡ 1 , ~6~ ~Ji- . 1 

' • --- L .. ___ / j r 
_J. 1 _l · . r·¡-- · --1---,---- - :-T · , ......... _ _~ __ -L. ·¡1

- ¡·--r· .L, .. J.¡-·-11--· j- 1 ----~- .. L,--j-J--L·~-----------J--+1------·.¡r 
-·-¡ -1 ··--·-··¡-~--y a))_T :?zL~} l-h>Y b-J?:I;~ ee-·~-- -~-~--- ¡ ·r -~---
. ... . ,. . ... 1 - . 1 • . . ~ó . . 1 . . C' . . . . :7 ' -- 4 .... -1- 1 1 -

l. .. -1· .... f.. '¡
1 
.. J ! .. 1 !. l.. 1 J J .! . . . ! 1- .. _1 1 1 i j l. l.. 1 ..... ·¡• .. 11 . .. . 1 ' .. 

. 1 1 1 .. ' : 1 : 1 1 ! ' 1 ' 1 : ' : 1 1 1 1 1 1 1 1 1 
-·---·-·-' ___ .. ! .. o -~-v_sc."J'/<?2~/3= Z.4/rn.rn , 1 : 

J l-1 ·+ i-l-/1-lr:l-1-- -l--1-! r l r-l--1-1: ¡--¡ r-rr~ ,--·r 1 ll T 1 J~ 
1 1 1 1 1 1 j 1 : : 1 1 1 j ' 1 1 1 1 1 · ·. /' : l.-{' i ! v' ! 1 ' 1 ¡ ·'~ ·.· · . · . _ --~- ~ \•. _. ! _ : .. -· -··· . ~ : . ~- ~ ./.-',o. or~/"T?c?.X~..-??0 ~~ 

i ' ' 1 . i .• ! ; ' 1 ¡ 1 1 1 1 1 . 1 1 1 1 ' ' 1 /" ~ 
1 -..LJf~!,_ • ~ i 1 · ' r + ·:·() ·¡:· -:--·_!___ :_.;¡., · ~~= .::=Y=~<-''á._.-?e-70' ·e...r 1 

1 'J' '1 e¡/ 1 . ' '• 1 ' . 1 1 ' (._¡ 1 ' / ' • ' ' / / • ' . ;tJ 1 
.. 1 •.. ~ 11 .. 1 ..... !.. .. 1 

?, .. _f .... : .. ! .... · .. ..!..c ...... __ 
1
i ____ .. 1 !.<? ... : .I"..:J-%:.0~.:<--?/':-E"'O_( ,~_J' 

i J...J __ ' ... LL ... ~ __ c:.. •-") 1 1 : ... l .. ....i .. - 1.. 1 ! · '/.1 1· ¡· 1 1 ·1 1 1 j · '¡ 1 1 
1 1 ' . ! 1 . ' ' >,..1• 1 1 1 1 . , • • ' • ' - r--~~:-, TT ---~-r-r-¡-¡ - r--t-~~----~-~- ______ , 14 ;~¡¿ :·:-, s,..['b:-J>Jx3/.3 - - 101 -- . . j _ _L .. wr - o __ ~ - é ---- ... . -

··-: ·(ff~ --bl--,~H:--'.J.Jr.:;~-J-J---l--+L~~+++-J-¡--J- i i+f frf~ --j -++ .......... .... ... .. .. , ~, -... -'= ...... ____ ~,d. .. .!. ................. ____ ] __ ... ----- ................... ,............... . ----- . . . ""'. 
······li f· 1 !---!--!--~-- .... ¡ ... ¡ .. : .. ; ..... 1 .. -+!-- ---f--- 1 .!_¡ 1-L/---J---f·f_:__t:J .. Tj ¡:·_ 

.. 1. ¡-:- 1 ·----¡-- -7..5f!-~~ ¡-·'-----'--¡---¡TL-J-T--·-J .. ____ Lt..L-{--J- .. -1 .. . J .. J J.l ____ . . . . L __ L.c ·--·· l. _, _ _ 1.1 1 J. J .LL i.....L __ l. .... _ 
~--r~ _L_L

1 
..... ' _LL LJ. J _,_ J 

1
_,_L ____ j_l_!__ 1 _l 1.. .. 1 _i:.L , ... J J. JJ .. LJ 1. tr. _ 

--~, ++-r~rt1 f:~r~-fqr~¡- J-!Jr-ªl-~1- 1-+-1-+--1--~- -l-l-1--L ! +-+- L.J ... 1 ·+ 1-
·-¡ ¡-¡-T 1 ¿.;::::T24 Fi~/;-;1-:;.:.;T ·-¡-;;/l;rTrr rl· ,.TT+ --"·r ¡··
--~-,-~---~-~ 1""'¡·¡ 1 ;1¡·¡ J-·--¡---¡~¡·¡·f rr (f¡-¡-·--rl·r-r-r--- 1 -~-:---~-- :-,----,--- ~- :·· ,-;;.·-;- , .. , .. f-., .......... , .. ~ -, .. , ,. , . , .. ! ...... ·r-L..... -+----- .. , -
... L~--jf""'O:Y~ q_e9 Y-?¡.3. _,a; v-z~.4~ · 1 1 _1 _I ___ [ __ LL ..... !.! _ 
--!- .. j ... i·r :-J-t :~/J--- \- +-i -! --Li)· 1 ··t)zjyJ /-~ -kk)z#4b)o) ~J)--1----
., .... ; -----¡-·¡- "'r-¡ ¡- (-¡ -~-~ 2¡-,; . ¡ T--¡ '- /:; .... ~ ¡') .. ¡ --¡Yf-·-,_,_ ~-,--, .. t?.:'o/. 
__ _¡_ _____ L..L.!. .. J .. 1 _, ___ ,_ ! ....... ! __ , _ _¡_ __ , __ , ____ , ___ ; ----' ,_ :. 1 .... ! !.. ... L. , _________ LLl_, _ _¡_L_[ _ 

_ 
1 l. 1 ; E":" l. ar.>c.ho 'mJ;;;...-rna c6rr~s!"'onc/e-:'l ci. ~v~Y:L.L _! ! : · .... 

, __ ,---- ¡- F ¡----t-- i--J/éY~/:; z4a~~;.;,.;~;z-;;t.J>.j¡~~ -i:ié;-;;- ~-~~j--0¿· ¡--l · 
-rTTTT-Y1-- ¡---¡ 'TT-~f--¡·¡--¡ ¡-¡ --¡--¡-·rrr:·-r-11·--¡~-~-· ¡--:'-'--!-_! -l· 

· --rr·¡-¡··_r¡-;z;~r-o::--g-5z.21:;·-.;;¿,~6:x~:a;a~l.c.m~~ii4.e'Ci;;;;;z;_ui.z~-t~ 
· . .. . · , . Cjz;;;.tJ .' : . '· · · ',. 

' . i__.~~···----·-........J . 



'•, 

¡G oooo2'" >.o&.-::>..?¿>/.? Jof::>!::? 

f 

¡J9'"'"'J->rX r/ ro/~·~ o/2/.~/'?;? .· ~-0/.<,::.->r:~o.:;> 

, , 0/'UO_P¿;'--' o.//vp •'.0--'l""'"'"IU/ ·>'(? r>c/!J 
(7'< f" hLJf;/ ¡,_t;'C{;)/'>'(7/Y, .',O/.,;>? O <>¡.? oc/!,( 

! -' 1 ' • -• • • •i.;?A/4 
1 ' . . •• : l . ¡ 

':t-6--v-? o <=",;Oij?,O>p. ~ ooo-F/ .ov.-? o 

; h 'j?/-"'"""'O"'-"./·?c/ oÓ./o::;> o· o/..?/f. <J/.::> 

,.. 0000/ c'/.7 c-t;O~.J"u .. y r./¡'..7 07./~(7./ OV/'7 

·t..--:1/r-'~.J' C>.frc/ r..:>/-? O(.A.A';_.¡LJV:;' LJI"/ ~01 
_-:/f7c./-:J.>' o./C ::/ .-y o.-=:.•.//...,L V/? _n:.J_!J-~ S¡ (7 

C/_O/S:J. úa.,.L 
0'-( cJ¡.. ..:.-o 

o{,/vs:-/·a· 
!'> 

d 
:--:. ·o y ii> ..f'/f;;r l<:'l----, 

"e').;?' t:>6./.0J ~ 
¿; (/1'~/".../ ¿)~ & a-

p/1/A--P~'c>.? 
1.-')J'.·~f;!/_¿,J :>V J 

tS 

OC( 

-;,~ ¡; ;/ .r~J"~~F 
.-;>/_,/ Ob-'1/ I.;J_;) 

' "'.pjo·:r& 7 :;r )::::3-;,.,-,-< 
CJ'0/7//-}UO_/ 

CU!&J~,.;.~¿,.·ez-

vr> ~X~ <H> ./ /; 
aJ't¡'-ur?l'(..v r7p· 
fl.,c?):O ~p o¿l~ 
· 0,01/ ..>r:>j d .J 

UO/S'U,)~ 

"' u-7 
{oJr¡ l<.'c/1¡'/. 



1 1 1 1 ~ . 1 . 1 1 1 ... -. ' 
-.... 1 ... , .... : ........ 1 __ ¡ ___ ¡_ ___ . 1 1 1 ! 1 

1 
1 . . 1 1 1 [ ¡-·-·· .......... ¡--.. -

. • , ... 

1

. .._,_ ~-~-• ____ • _.!. . 1 1 . r 1 • • 1 ! 1 ' 1 ' 1 '-r r--·¡:---···· 

-, .. ¡ -¡--l -; =rr-·:--1 I~¡_J __ ¡ __ L_ L~= :L-~ -----¡-T-i --·¡_I_Lf.~_)_, __ j_+LI.__I i 
-· : ..... : ... ,,..J~ .. J .. LL 1 ! 1 ! 1 1 i i ¡-- . ' i 1 i ' i 1 -1 -¡--¡--1·-----,-... , ..... ¡~-,-·-'·-- , .. , .............. Lc._j ____ -' 1 i 1 1 1 

1 

···-'-; 1 1 i 1 1 í ;-¡ -·~---,----;··¡---·---·---:---
. , ..... , ........................... _1 __ , ----"..!. ..... l.. 1 1 1 ! 

_.L_J ... 
1
1 .. l! :_! _L_LL . 1 i. · i 1 1 Ti--¡· ·r 

"'-! __ L_,__
1

LJ_LLI-i ··¡ ·r T TT ¡--j-· 1 1 .1 ,1 1 1· 1 U ... j ............ 1:· .. ·~·· . ---···---, ......... 
·-,.. .. : ............. t .. , ... ,..... ____ l_~..._, . 1 1 : 1 

i 1_ 1 1 1 1 1 1 1 1 . 1 1 ... """·---·--;··-· 

l..!· : . L J~J~IJ:::TT·¡ J-·¡·¡ ·· +-·[-·r
1

· .. + -
1 

IJs! J;Jor_J 1IJ:i;I1L~1,1-i~J?Tf!0 · · .. : ! .. : .1. ' .. -' : 111 : ¡ · 1\J!.J'ou 
i 1 . ' ¡ . 1 ! __ 1 1 J . i .. J ¡-i · ¡ T i ¡-· i -~ 
: 1 . 1 1 __¡ _¡ 1 r ¡ 1 1 -¡ -~-¡ r · r_ .... · 
l. i ! 1 1 ¡-,-----~·--........ ¡--·, ---~··. . . ·1 :L. ! ..... 
' 1 ............ '1"----· _ __!_ ' -l . 1 1 1 1 1 . 

¡ ... -1----'------t--Ll._l :rTrrr ¡-· . , 1 ' ¡ 1 l 1 1 1 1 ...... r ·r ··----: ............ ... 
!-. ,_ .... ! .... -·-·---· _, __ ----· . ' l. i 1 1 

1 
1 1 

: _,_ 1 1 1 1 1 r 1 ,..~--~----1~--~·-·-' ---.. -¡-·-
·• ¡ ¡-----¡--¡ --¡~Le .... ,:· Jj _ _l,¡_ 
, , : ... l .. , ,[ __ , __ LI_I_l_L__L_! 1 1 

. ; !-1. !Li.! I __ L__l i ¡ 1 1 1 ,... ---
' ' i 1 1 i i j i ~-¡-·---..... L [__¡_ 
-.. ·-.,-"''1 --·--¡· . ¡ -·-1 . 1 j 1 .1. 1 1 1 

!I·.··H·! 11··t1Jq¡}t~~T 
riii•!JIIIrlrl ~1' -1 . 1 ! 1 1 ·¡ 1 1 1 [ ' . -~-... 

--1 -1 .. l :: -LJ) T-11-_.··-_·¡
1 

J. 
:::J¡ --¡'-T~~··.Lslli· .v.f.t~1;_[P_.·· _·· ___ -~ 
' 1 . "'!' . . . . ... 1 JJ 
-~--.-:!:-... :¡::. _: ~-:::·-F1~:_--~-~ ~-F -~~~~F ~ ... · 
. H {~,1 ~~~~··?¡Lí='·J,J·4· _L~~~l---~:: · '_J l·r -.. :::¡=:::: :~=~~_,=t:· =··¡-------
:_-¡, 1 . ·/· ~--¡--------,. + .. ~:t~--;: := . '2'''/f' ~1f F ... N' ,{ ... _1 .. t?o¡/7 YF[' . ·o ·,;.. ·L_ o· -··· 
.... ' 1 1 1 . 1 .. 1 l. 1 1 t -= 1 

¡ F O~ S''(.-/'". <?51' ~l::i/.::;:;;,:.;>:s: C>/'jVL,.--
. .. •. 1 r . ! . 1 _ 1 ! 1 ' 1 r.. -=¡ {"f/<7¿-;oo_.;-'Í =;oos;¿>x·!=' o ,;,;:_-,Ld .·-
; {--"P~Jraj! (.1~=-·-J'~cJd_:,.b:J --~' ! -~ l -
-. . .... · · .l ... ! .... J __ !_'}~ _, __ ¡ __ ! ... L. l .. 6... f::P:J, 

o u 

fr)C/0/XcN/O. 
oP 

O !fé.lF/(1 

/S' 

L-t/d='V 
: ol.:lo·sc· 

-a?<JU· o'rü¡j' 

• 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 
1 

i 

1 

1 

¡ 



1 

t>O 

·' <-/; ~ -~1 LruJ 
¡?/] / 

,/t:'rJS'IOn 

. ..Je/err;an: 
l}~o.ci~P.CG>/'0. 
o~,l /"Y)¡t.>n?.6/Ó; 

ji ~ontt:))t'/Q";, 
1 

36 

/ 

-.P.e:': 1 e:-- r:. .r, ¡/)C) 

. ¿-onc//C/oa 
~.cit.? .. COr..f.t*~~ 

_co/trS'or.n;, 
d~-""'.r¡: :t 'f 1!.. 

S/ 

- - --- •. .J. 

.Í /7<' r¿? n?. (' -'l '::1 
coryc?_V/.V:-'7 

_..z; r...; 7E= !"""~n? q 
cor9a e/~ 

~ :.?//Jeño ._ 
p 

.D/S<?ño 
o~ f1Prb 

">--c,j 1 7'- t? '? S/. O;, 

~ /. .• /1 - 1 r-.Jc,.·r:--: ¡~-o · r. LJ/J€-r.Ja: /CI ~vt:-r-

do .. //.) ¡'f-'r;or, ck vn o 'o;a>oz::/vrcr-

¡ Sú ~~;.6-d ;p.v/5-c-_ ,ove/a/ e.r r/.(i-1 ~--ceo~ 

1f'<P.rh _r?_h. O f.JJ{:/VI<'O/efeH::Je:;;./'. 
! . ¿ 6'r..:7a ;,r-'<?rP7a.or,r.r/e·/' /aoov, 
1 ..-- ' ' ' ' ~ e oy o t--/~a!. ¡ . ; .. 1-/:?.<XO ;¿, 

CoyCT C/1?- :t--/(,.J/J i j tf'OCX--'~'1. 1 

Ac"-'"v /.)09 d.:?.s-.y¡'/IJT///J~. 
. .S&c-c/o~ T .¿, .. u5-uc;/¿·ro/ 1 · l 
~/7r:C.y/:;;:¡ a kn?/ /lodq <f'/'J· e;>/ 

~o//;:; (2 /;~(?c/;-'¿;tr- t;rm/~r) 
. -- ' l : ! ! i : ' ' 

. . . : . . - ¡· ... - ;··-
1 ' 1 

oc/Ó; ékco7a <; ~oop-
, ' ' . 

8¡ 
1 

' 

1. . . ... 

1 ..r ??;> /J c.>' e /v e 

(" Ond/é./0~ .Z:· T= /0/XIOO.OOCXJ~ JOC.CO/L.¡ 

Lc-/;d/OP>• ¡¡: 

('/(?>1/c:;, 

-----

7.=/0CJ«i;,,;'c;aoor- i"aocJ ~ 
_; Jc?ooo,-'¡. 

8 

' l 
-¡ 
' ' 
1 

1 

' 

1 

1 



1 
1 • 
1 

1 1 
1 

T ; • 1 

.. 1 ' 

·. oooo:c: > c5/o.7 ilP 

1 ' 

. : / 

.. ~ . .. ,,.--

),-U~o¡"¿¡C/o 

VP 
O!f<?.r/0 

:oi'::.tos·.
-GJ?&U· QÓ~f/' 

73 J :¿¿ ]-·-
·c~jCJ/~rP~/c"c/ 

o-r J,-,r?_js-.7 
17 (p (V./ ·jJ j -:9_(7 



1 

1 

i 

1 

1 

! 

i .. 

'.~ . 

- -~ 

? 

DIV/SION DE EDUCACION CONTINUA 
FACULTAD DE INGENIER/A U.N.A.M. 

DISEÑO DE ESTRUCTURAS DE ACERO .· 

CONEXIONES ATORNILLADAS 
DISEÑO 
DESCRIPCION Y COMPORTAMIENTO 

·. ING.JOSE LUIS SANCHEZ .MARTINEZ 

NOV .1984 -·- .. 

Palacio da Mlnerfa ·. Calle de Tacuba 5 ·primer pleo Deleg. Cuauhtémoc 08000 . M6xlco, D.F. Tal.: 521-40-20 Apdo, Poatatii-22Bi 

•, : ·. . . ' 
. -'.J• 

. .. ¡ 
o 

. ·. : ~: '. . 



1 

1 

' 
1 

1 

1 . 

1 ¡ . 

1 

1 
1 

1 . 

\ . . 

CON E.X ION E S ATORNILLAD A. S 

DI S.E ~O 

' . 

. . 

! . ~ ' .. 
~-

• • ' 1 .. 1 • . . 



. ~-

' . 

DISERO DE JUNTAS iTOR~ILLADAS . 

.1.-.. ·, P,artes .Roscadas y tornillos sometidos a tensiGn.-.. 

Los tirarites de varilla ros~ada en sus extremos·i las 

ancla.s tambien roscac;las son elementos .a tensiGn utilizadas 

muy-comunmente. Para disefiarlos se requiere tener presente 

la reducci5n de Sres que implica la presencia de la zona ro~ 

cada. Las normas del AISC establecen, sin embargo, esfuer~

zos permisibles basados en el Srea nominar de la zona no.ros 

cada·. 
i ,. 

TABLE I·A. BOLTS ANO RIVETS 1 

' .•. Tension on gross (nominal) area 
. Nominal Diameter, d,ln. . . 

ASTM F, % 'k •• 1 1'• P!. 1\1 l'h 
Designation K> Atea (Based on Nominal Diameler).ln.1 

' ·0.3068 O.UI8 0.6013 0.7814 0.9940 1.227 1.485 1.767 

A307 bolts 20.0 6.1 8.8 12.0 15.7 19.9 24.5 29.7 35.3. 

A325 bolts 44.0 13.5 19.4 26.5, 34.6 43.7 54.0 65.3 17.7 

A490 bolts 54.0 16.6 23.9 32.5 42.4 53.7 66.3 80.2 95.4 

A502·1 rivets 23.0 7.1 10.2 13.8 18.1 22.9 28.2 34.2 40.6 

A502-2,3 rivets 29.0· .. 8.9. 12.8 17.4 22.8 28.8 35.6' . 43.1 51.2 

The above table lists ASTM specif\ed materials that are generally intended for. use as 
structural fasteners: . . . . 
For d~namic and fatigue loading, only A325 or A490 high-strength bolts should be 
speci ied. See AISC Spedfication. Appendtx B. Sei:t. 83. . . · 
For allowable combined shear and tension loads, se_e.AISC Specification Sed. 1.6.3. · 

-

. ·. 1 • 

TABLE I·B. THREADED FASTENERS 
Tension on gross (nominal) area 

Nominal Olameter, d, In. 

ASTM Fy F. F, •• % •• 1 1 1\0 JI/• 1\1 . I'/i 
Designation K> K> K> Area (Based on Nominal Oiameter),ln.~ 

0.3068 0,4418 0.6013 0.7814 0.9940 1.227 1.485 1.767 

A36 36 58 19.1 5.9 8.4 11.5 15.0 19.0 23.4 28.4 33.7 

A572. Gr. 50 50 65 21.5 6.6 9.5 12.9 16.9 21.4 26.4 31.9 lli.O 

A588 50 10 n.l 7.1 10.2 13.9 18.1 . 23.0 28.3 34.3 40.8 
A449· 

d:sl 92 120 39.6 12.1 17.5 23.8 31.1 - - - -
1<d:SI'Iz 81 105 34.7 - - 1·- - 34.5 42.6 51.5 61.3 

The abOve table lists ASTM specífied materials av8ilable in round bar stock that·are 
gener.ally intended for use in threaded applications such as tie rods, crOss bracing and 
similar uses. · . · · 

· The tensile capaci~ of the threaded portion of a'n upset rod shall be larger than the 
body area times O. F-,. · . . . . . · 
F~ .;, specified minimum tensile strength of the fastener material. · 
F, • 0.33F., • allowable tensile stress in thread_ed fastener. 

·.~· . ; . ' "· ' .... :·, i .. 

: \ 

··. 
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En el dimensionamiento de tornillos a iensi6~ es tmpor~ 

tante tener en cuenta 'la carga adicional a la fuerza exterior 

aplicada y 4u~ ~s debida a la flexibilidad de.las pi•zas que 

trasmiten la ~arga • los tornillos. En la sigu{ente figura -

s• puede observar la'nat~raleza de la fuerza adici~nal mencio 

nada. 
r+Q. 

b 
\ 2P 

---"'i " 
. Ytt ' 1 1 

Q • Fuerza adicional-debida 

a la flexibilidad de la 

junta -

... 

El.valor de .'la fuerza Q puede estimarse usando la. sigtiil!!!_ 

te. f6r~ula semiemp!rica para tornill~s comunes: 

.. 

Ejemplo,-

Diseñar la uni6n de la figura: 

' 
. ... ' . ·~. 

Ah • §rea· nominal ,del tornillo 

t • espesor del elemento más 

delgado en la uni6n· · 

'w a'dimensi6n tributar!a 

al tornillo·(normal al 

papel)· 

,. ' 

·.; . ' 



·' 1.. ••• . ' 

•· 

q -:.. \ r;, r H 
T 

. . ._ ." . ,, .... 
' ,. - - r --

- ·3 -

8D " .,. 
• J . ' ) 

V_// / / / -' -
./ 

¡ A / 

' /" 
- . 

'"- b 1.5 To"' 1 5 Tcl "'~ 
'.fo 50 

lo A-f. 

Si se usan tornillos de alta iesistencia A325 se reco~~ 

mienda la expresi6n siguiente (1) para el c~lculo de Q en -

vez de la presentada antes: 

a= 

Supo:iliendó tornillos de 3/4"; db • 1.9 e~; dlf • 3,61 

lOO b (db)2 
• 1083,0 

- 18 W (tf) 2 
a 34l,S 

741.S. 

7 O a ( d b )2 • 7 S 8 ,l 

+ 21 w (tf)2 • 398.4 

llS6,5 

b • ·?·O; i • 3.0<.2 tf 

y,. 7,6 e~; tf • l.S~ e*~ 

Q • 3,7S x 0,64 • 2,4 ton, 

I \S L. 

Tensi6n de cada t~rnillo • 3, 7 S+ 2.4 • 6 .1S ton. 

Capacidad del tornillo· • 2,84 x 3080 • 8.75 ton. . . . . . 

. . . . . . . . . . . 
--------~-~-----~---------------~-----------------------------. 

(l) Behavior of bolts in tee Connections 
Research series #' 32S, University of Il~inois, 1969 
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1 Revisi6n del patín.~ 
\•' ¡ Q~ ¡.L( 

--+-~--+---t 

! 
1 

1 
1 ..... 

To ... · 

~oso 

• 
tt = 

'3 .... ~-. 

721/ o ,.cb 

J. ssz. JC. , 5· z = 
·Las to.inillos de .alta resistencia se someten a .una te.!!_ 

..t 

~i6n inicial considerable al colocarse, Conviene hacer no-
.: 

tar que la mencionada tensi6n tio t(ene influencia pr,ct~ca -

notable en ia resistencia de la junta; •esto puede ilustrarse . 

. con las figuras que siguen en que se mue,stran, la. tensilin -- . 

. T¡ Ti. 
b) Tensi6n inicial y carga menor que ella: 

'. ··' . 
.. •· . .... , .. ' .... ':¡·: . ¡ 

· .. ¡. 
· .. ~' 

1 ., ·.J- .... 
.:....:~' --~--~-------'----
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. e) Tensi6n inicial y carga mayor que ella: 
;¡"{ 

u 

~/z. 

Luego los tornillos trabajar!n con u~a carga igual a -

·la tensi8n inicial o a la carga que se le' trasm.i te al traba'

jar la junta (la mayor de las dos),. 

Ejercicio.- G/Í 

40 

Del patfn inferior de una vigueta 

I15P se ~olgad:n · dos m,gulos de. -

r{~~==FlfliZ~Ft:~~¡r;::;r-~- 2'
1/z" X 2 1/z" X 

3/e" para tras 

" y,, 

mitirle una carga .de 10 Ton. 

Diseñar los cuatro tornillos de -

alta resistencia A325 que se uti

lizan en la conexi6n. 

Se ~tilizarf la siguiente expresi6n empírica: 

\ lu-o lo (J~.)~ 1 g 
L 1o ~ (c!~,)'l + .z., 

~.....; _____ , 
' .lb 1 . . 

rh ·: !f" ) 
i ,, 

. • 1 

L ~ 
\ 

IJ \J 
·'-----

¡w w, 

\ 7 S: 15 
. ' 

¡. 1 

.. ·. 

F • 10 Ton 

b • (35 - 10 ~ 1.5) ~ 23 mm, Manual 

a • (64 - 35)' • 29 mm, pag. 200 

db • 19 mm. 

tf • 10 mm. 

w • 150 mm. 

(supuesto) 

. ,, . /." . 

·"' .. 
,. 
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M2 

1. 

1 
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· En cada tornillo:. 

F' .• : + Q • 2.5 + 1.3 • 3,8 Ton. 

5 " 1 tornillo de I tiene una capacidad· de 6,1 Toa; 

~Q rM, ' 

l 1 

1 
1 

1 
1 ' F 

. 1 a.+ F 1 

1 
.. 

1 1 

t .~ b .~ 
0.... 1 1 

1 
1 

1 
1 

1 

1. 
1 

.... 

. ;-.-·, 

Q - 1.3 Ton. 

F -2.5 Ton. 

a -· 2.9 ·cm. 

b - 2.3 C111, 

CSlculo de 1110~~~tost 

Mz • Qa • -1·3 x 2,9 • -3.8 T- cin. 

tb • (Q + F) b.-: Q (a+ b)• 

• 3,8 X .2.J- i.3 X 5,2 • + 1;98 t''- cm. 

Revisi6n de eafué~ios: 

a • ~ • 
!1f¡z X 15 X 1" 

38QQ X 0,5 
1520 kg/ cm2 < O. 75 Fy. • 1897.5 

. Kg/cmz 

.- .. 

\ 
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JUNTAS DE APLASTAMIENTO 

Las fuerzas se trasmiten por aplast~miento de:los tor

nillos c9ntra los elementos que aplican dicha~ fuerzas. Los 
tornillos trabajan 

doble ~ ~6ltipl~. 
ademds a cortante que puede ser simple, -

. ---;;;\6"'''-'-: . . ··-· __ · -.- _,, __ --
~"{'¡ A~'fei • ~ • . 

:.,. _ . .:-, -¡i--¡---,----,-+ !: --:-+¡-_r:::;:-1 .. ;;;;~~-;:;ó:::.;.Y-...-¡1' -' _, i <A.r --, •• -~---.-fi ~ 

i ~ : .1 ~- ,, , ,.,- ·~ -"---- _¡ 1 ,_,_f=J;r r ~-=1 
~.:. l, 

1 
. ~. i 1 . ! ¡ . 1 .. ·' 1 

1 . ; . ¡ ¡' t.o."¡n"n:l ',,., r ,~e ¡ . --.----~ i . ! ! .! 1- . . 1 .i j 1 

o/z.i 1 ¡-¡r¡ .1 1 ~1 1 ! ; ·: J· i i ,i. ~ 

~ 
• . :· • 1 , • , + r"·"'. . , 

¡1-.. -.1 !, ·¡,1 ~· , ; . ¡ ·. : !. ·• 1 : :1; reT..::_T-11 ._1 r~'- .. ~ * f4 '~~[ 
• • 1 . ¡ ! ,. ; . . . ! : 

lt¡~{ ' . ' -F: : ( 1 1 i,.~~!_Q.~~: /Pk~#~· .: : .¡ ¡. ; ¡ 
r--;-·· : ! 1 ! . . . '¡' '/¡ 1 .1 . i . ' . ¡· 

.. ?~- 1 1 ·1 '- 1 1..r:::6.' J ! . 1 1 • 
4 

· ·_, .: _: "~"~.:;;&:t.o;a 
1 

i
1 !>' : -t 1 ' • - '-. "'[i.i . 1 • 1 ; 1 1 1 1 1-..:... ,,-_ . 1. · . · : • 1' · 1 ' L; · '* 1 • r-......:.-...,-·;--.:.._..:... __ ,~_,_-Jf!t-;-.'""-• ,-~-7-~, ~ r--¡ . 

1 
, . r "~ • "'·~ -:-¡ 

. f',A . : -1 .J. ¡ _r::.......:¡; -r'fJ' +~ 1 ' l.:~ ' A ..,. b ' . 
. · ~ .1 ~ _'-:-1_ 1 1. .. ·-r 7t ~ 1 T_T r~ ... ~~ -~- -:'(rU 

. ' :- • 1 1 

t
1 

. ·•.., .,-tl-..:....-c:-"-· -:-1 ~e:o .. ' .. a'-1Thl~ ... ~ .... ~&-..1...~:~ ... ks -~ ·· 
t ' 1 . ! ·.¡ '! ! ¡ ·: ' :· .... :·:..:;.' -~---

.. _ .. 

.. ·· 
•' 

. , .. 
'. ~~·. 1 

:,,'; 

- ;" 

' 
:) 

'. 

r· ... 
'' ,_ 

. '' ...... 

La ~alla puede presentarse por cortante, por aplasta-

miento o por ~istancia insuficiente entre centro de agujeros 

o. al borde. El disefio se basa en ls hipStesis de que las -

fuerzas actuantes s~ distribuyen por igual entre t~dos los -

tornillos que componen la junta lo que, en couexion~s usua~- . 

les, coincide bien con ios resultados obtenido-s a ia falla. - . 
Se ~eco~ienda utilizar juntas lo mSs cO~pactas posible y las 

· ··nor111as del Aisc· recomiendan reducir los .esfuerzos ·permisibl'es, .· 

eápecificsdos en un lO% si la longitud de'la zona 'atciri..Ulada. 
r. , , . ·' . , • 

' . 

l.. 

' 
,, ... 

-- ' 

. . , ... '·.:. ·. ::·~,, . , : ..•. · . . · ...... , . 
• 1, •• ,\ •• . . '. 
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excede·50", 

El esfuerzo cortante permisible es de 2109 kg/cm 2 .en ~ 

tornillos A325 cuando la• zona roscada esta fuera· de. los pla'-
. ' 

nos de corte y·un 70% de este valor en 

que aproximadamente tiene en cuenta lii 

provoca la rosca, 

caso contrario, lo --

reducci6n en §rea qu~ 

Al aplastamiento se.acepta un esfuerzo peimisible igual 

a una vez y media la resiétencia mínima a la tensi6n del mate 

rial conectado, valor para el .cual la.conexi6n"presenta un -

.comportamiento inadecuado si bien el fen6meno de aplastamie_n.:.. 

to entre tornillo y material tal como normalmente. se .concibe 

no. se. ha ob~ervado en casos reales, 

( . ,·. . 

Es pr§ctico obtener el espes~r .de las placas necesario 

para que _no. se 11resente el aplastamiento; parll cortante.sim

.~le se.te~dr!a1. 

Resistencia al apiiistamiento ~ Dt (1,5 Fu) 

. . llnz 
Resistencia a cortante simple·· ---¡--I?.v . . 

Fv • Dt (1,5 Fu) 

~ .. 
t ·• TT n Fv 

· . 4· X 1,5 Fu 

Sl Fv • 30 ksi y Fu • 58 k si 
. A325 .. A36 ,. ,·. 

t 
30' ir D·• 0,27 D - 6 58 X 

Si el. ~ru~éo de la pla~a es igual o mayor.que 0,27 

'.veces ~1 di,metro del tornillo el apl~s~amient~ no resulta

· cr!Úco, 

' .. , ·.:;· 

• :n 

.. 

.. 

·,··· 



•· .. • ... 

' 

.:, ' 

.. :·' 
')1\ ,1 ' . 

. ' 

• Eu igual forma~ en el caso de ¿ortante doble, ia placa 

central deber4 .tener un espesor no m~nor a 0.54 veces er di4 

m~tr~ del tornillo, 

Para ev.ftar la falla por distancia entre agujeros el -

'AISC 'reco~ienda una distancia m!nima a lo largo de una l!n~a 
de trasmisi6n de fuerzas dada por: 

z 
2 ·2 P D 2 X 

dist, ~ 2 -¡: D .i Fu t + 2 • 
D D 

1.63 t + 2 

en que 

D es 

t ; el 

el di4metro del pérno y 

espesor de la placa crítica en la cou~xi6n, 

cortante doble suele ser la central. 

en 

Para que 

placa.deber!a 

. 2 
rija la separaci6n de 2 1 D el espesor de la 

. . .. 
tener como m!nimo el valor siguiente: 

2 !. D • l 63 D
2 

+ D 
1 • t 2 

·· 1 D l 
2 r • 1,'6 3 "t· + 2 

2,17 t 
1.63 

., D • • t • 

.. 

1. 63 t • 0,75 D 
2,17 

La mínima dtstancia al borde est4'dada jor .la tabla 

1.16,5.1 pero no menos de la dada por la expresi6n: 

2 p \ 

. ,'Fu t. 

.. \ ... ..... 

• 



1 

1 

1 

: 

• ·'' 

Diimetro 
Pulg. (cm) 

3/4 (1,90) 

• 7/8 (2,22) 

1 (2 ,54} 

'11/,(2,86) 

1 1/~ (3.17) 

- 10 -

Resistencia de'pernos A325 en conexiones por aplastamie~ 

to, (Las roscas es tan fuera de los planos de ·corte) , 

FUERZA CORTANTE ADMISIBLE (TON) t m!n, de 
Are a Esf, Pern¡, Cortante 

X 1,33 Cofi~Ue X 1,33 
la placa 

(cm) Cf-g/cm ) ·.Simple central 
para ?t;ast, 
DO cr t1CO 

2,85 2109 6,0 8;0 12 .o 16.0 1.03 (7 1 16"). 

2109' 
1 

3,88' 8,2 10.9 16,4 21.8 1.20 ( 1/2") 

5,06 . 2109 '10,7 14,2 21,4 . 28,4 1,38 (9/16"1 

6,41 2109 13.5 18,0 . 27,0 35.9 1.55 (5/8") 

. 7.91 2109 16,7 22,2 33.4 44.9 1.72 (3/4") 

'' 

t -!D!n. de 
la placa 
centra\,f.arl 
S • 2 3 d 
. . 

1.43 (9/16") 

1.67 0.1/16") 

1,90 (3/4") 

2,15 (7/8") 

2 • 38 0.5/16") 

Aplastamiento, Resi'stencia al aplastamiento a 

+~ 
. 1 

• 

~· 
;l . " • 

* (1,5 Fu) • 87 Dt (Kips, pulg,}, 

. 2 

Resistencia al cortante ·doble .m 2 x· ' 11~ x 30 • 1511D2 

87 Dt - 15 n2 
. . t • _ill D • 0;542 D 

87 

. . . ' . 

· Si el grues'o de la placa central es igu'al o. may!?r qtie . 

0,542 veces el diSmetro del perno, el aplastamiento no es -

cr!tico. 

Co~probaci6n, Resistencia al aplastamiento de un perno 0 1". 

en placa de J/16" • 

2,54 x 1,43 x 6116 • 22215 kg • 22,2 ton >21.4 

.. 
. ! .. 

' ' '.:. 
r '-' : •• ·l 

~: :t ... ·; ( ·f .:) . ., ; . . ...... .. •·.· .: ' .· 
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TABLE 1.16.5.1 

MJNJMUM EDGE D1STANCE, INCHES 

CCENTER OF STANDARD HOLE- TO EDCE OF Co'NNECTED PART) 

.. Nominal At Rolled Edgea of .1 
At Sheared 

Rivet or Bolt Edges Pistes, Shapes or ~ars 
· Diámeter (lnchea) or Gas Cut Edgi!!sb 

'la 'la ' .... 
' 

'la J'la 'la 
'Y.· 114 1 
'la l'b' l'la 
1 1~/ IV, . 1'/a 2 l'b 
!V, 2V, l'la 

OverJV. 1 :Y4 X Diameter ' 11J4 x_Diameter 

• For overaized or alotted holea, eee Sect. 1.16.5.4.. 

b All edge distan ces in thla 001umn may be reduced %-in. when the hale is at i. point where Jtress 
does ·not exceed 25% o( the ma:i.imum allowed atresa in the elemenL 

~ These may be 1 v.:in. at the ends of beam eonnection an¡les. 

TABLE 1.16.5.4 

VALtiEs OF EDCE DISTANCE JNCREMENT Ct IN SECT. 1.16.!1.4, INCHES 

Nominal Slotted Holea 

Dituneter ;Overaized Perpendicular Párallel 
ofFutener Holes tóEdge lo 

Oncheo) 
Shorl Slot.o 

Edge. -
Long Slols" 

Oi 71a 'h• V. 
], 'la 'la 'l'.d o 

2:·1.'/, ... 'V.o 

• When length of alot is leas than maximum allowable (aee Table 1.23.4), C2 may be reduoed 
by one-half the difference between the maximum and actualalot Jengths. 

. ' 
' 

' 
" 

···--- '*. - : 

. •.! 
•.'. 

. ·.· ' . ' 
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Ejemplo: 

Cone:xi8n de una diagonal de contraventeo .(ver figuras ) 

a una columna, 

Fuerza. en la diagonal 1250 Ton, (CV + 5) 
. Cortante. do lile 

/ 

~on tornillos de 1" 

No, de tornillos 

1 

1250 ~ 44 trirnillos 28,4 

Se repartiran entre dos patines y el alma propol'ciona.! 

mente al §l'ea de cada elementar 

patines 16 pernos 

alma 12 pernos 

' 

'· 
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Separaciones 

Distancia ~!nima entre centros de agujero~ a lo largo 

' de una f!nea' de tran~misi6n de fu,erza: 

'. 
2P. D 2·x 15nD2 

sin exceder de -- +- • 
Fut 2 58t 

D; es el ·di&metro del perno y 

D +-la 
2 

t; ·el grue~o de la placa ~entral; ambos en cm, 

Ejemplo: D • 

S, In~ll!s 

S,M,D. 1,63 

1 11 t .a 9/1611 P a 
2· nD2 · · · · · 

4 x 30 • 15nD2 (cortante. doble) • • 

D2 
· D -+-t 2 1,63 X 2.54 2 

1,43 
+ 2.54 

2 • 8,62 cm2 • 3.39" · 

· VALUES OF SPACING JNCREMENT C1 IN SECT. 1.18.4.2, INCHES 

Nominal 
. Slotuc:!Holes 

Di~meter Oversii.ed Perpe~dicular Para11el t.o 
ofF as tener Holes ID Line of Force 

(lnchea) Line Or Force 
Short Slota Long Slota" 

:S'Ia ,. 'la .o 'Ita 11/,d- v •• 
1 'Ita o '4 17/¡a 

. :!:l'Je .,, o ry,, 1%<1' 

"·· • When length of elot is leas than m~zimum ~11owable (aee Ta.ble 1.23.4), C1 lnay be re~-~ced 
by the difference between the maxim.um and.actual alot lengtha. . · 

. . . 

.{ 
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JUNTAS SOMETIDAS A CARGA EXCENTRICA 

El centro de gravedad de. una junta puede definirse co

mo el centro de grav~dad de las capacidsd~s de. los tornillos. 

Si una junta estd sometida a una fuerza que pasa por -

su centro de. gravedad dicha fuerza se distribuye· e.ntre los -

tointllos pro~orcionalmente a la capa~idad de cada uno de -

ellos. 

En caso contrario se debe calcular el ef~cto de la - -

escentricidad¡.para ello la fuerza exc~ntrica se traslada-

~~diante un par de trans~orte al c•ntro de ~ra~edad de la 

junta, al efecto que se produce en los tornillos por la fuer 

za centrada se ~e afiade el que produce el par. 

El efecto del par suele establecerse como sigue: 

.En 

~rea del tornillo 1 • A1 

• 1 . . 1 . 

x, ~ 

1 
"'1(¡ 

' 

T1 ., k d¡ A1 
T a T1 sen a - T1 ...I..L .• k Yl A} 

XJ dl .. 

Tyl a T1· cos a - T1 ·xl 
dl 

a k X¡. A1 

Considerando todos los tornillos de la coneii6n • 

-¡'· .' \ . 1 ·,¡ ·. ·.· ... 
:-·~· --

1 

1 

1 
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.Y estableciendo 'las ecuaciones de equilib~io de fue~zas y de 

¡momentos. 

E T • k EA • O 
X y 

E ~y·· k EAx • a 

E M • k EAd 2
• M 

k "' 

., 
Sustituyenac el valo~ de k se tiene1 

si A 

T. • 

A e te, 

Md 
Ed2 

M. 
T • .!!L. 

X Ed2 

··-- -- -~-·--· -- --

. . . '~ . 

. ··- 1 

' ' . ~ 
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Capacidad de tornillos¡ 
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A cortante s~mple: 6 ton, 

) 

Espesor de las placas para aplastamiento no crítico en 
cortante simple: 

tmin, • 0,27 x 1,9 • 0,51 cm, 1 

Espesor de las placas·para una separaci6n entre agujeros 

de 2 1
/ 3 D 

tmin, .,·1.43 cm, 

Fuerza debida a la carga 

1. p ·. i. 

2 X 6 

Fuerza·debida al momento: 
,. 

t' 

r x1 - ti X 6 • 96 

r Y1 • 61' X 4 •144 

l: d2 .. 240 
,. 

Tx 23 4 - :r p 240 .. 0,19 p 

Ty 23 6 .. :r p 240 - 0,29 p 

T a 1(0,19 P) 1 + (0.29 P + 0,08 Pi .. ¡0,036 P 2 + 0.14 P1• .. j0,17 P1' a 0.42P 

6000 a 0,42 P P • 14285 Kg, 

'• ·¡ ¡ 

. --' 



!· 
- 22 -

Cuando los tornillos estan sometidos a tensi6n y.cortante 

en forma simultanea se utiliza una f6rmula de interacci6n que

proporciona la_tensi6n máxima que puede aplicarse a la junta

dado el cortante actuahl-e·; 

! 
La expresi6n es de'la forma: 

·Ft- = 55-1,4 · fv ~ 44 

En que Ft es el esfuerzo de tensi6n admisible en.Kips por 

pulga(ia cuadrada y'fv el esfuerzo cortante calculado. 

Para la. combinací6n de acciones permanentes y accidenta-

les las· constantes en la f6rmula se incrementan en uri 33% pero 

fv no se incrementa. 

: 

TABLE 1.6.3 
~w~LK TENsroN STRESS (F,) FOR FASTENERS 

IN BE.A.RlNG·TYPB CONNECTIONS 

. Thn!ada N ot E1cluded Threads EXcluded 
~ription of Futener from Shear Planes from Shear Planes 

-Threaded parta 

A«9 bolt.o over 1 'h-in. o.•aF. - 1.8/. :S o.aaF. 0.43F • . -·1.4(. :S 0.33F. 

diameter . 

A325 bolt.o 55 -1.8/. :S« . 55 -.1.4/. :S« 

A490 bolt.o 68- 1.8/. :S M 68 -1 .• /.· :S M 
.. 

A502 Grade 1 riveta 30- 1.3(. :S 23_ 

A502 Gr8des 2 and 3 riveia 38- 1.3/. :S 29 

A307 bolt.o 26 - 1.6(; :S 20 .. 

. ·,· ,• ... 
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JUNTAS DE FRICCION 

Aunque en estas juntas los tornillos no trabajan a corta!!_ 

te ni á aplastamiento, las especificaciones dan esfuerzos per-
, 

mísibles a cortante de modo que su diseño .se pueda tratar en -

la misma forma que eri tornillos de aplastamiento.: 

\ 

Cuando las superficies de contacto llenen los requisitos-

indicados en la tabla E-1 pueden tomarse los esfuerzos· permisf. 

bles que en ella se especifican, teniendo.como lfmite el que. 

corresponde·da ai mismo perno en una jun.ta de aplastamiento. 

' 

TABLE El 
A~WABLE SHEAR STRESSES. KSI,• BASED UPON SURFACB. 

CONDmON OF BOLTED PARTS IN FRlC'nON-TVPE CONNECT10NS 

Overaized 
Standard Holesand LonR>alotted. 

' Surface Condition _of Hales Short-slotud. Hales Class 
Bolted Parto Holea 

A325 A490 A325 A490 A325 A490 

A Clean' millacale 17.5 22.0 I5:o 19.0 12.5 16.0 
B Blut-cleaned carbon 27.5 . 34.5 23.5 ·.29.5. 19.5 ;24.0 

and Jow alloy at.eel 
e Blast-cleaned. quenched 19.0 . 23.5 16.0 20.0 13.~ •. 16.6 

and tempered steel 
o Hot-dip galvanized and 21.5 27.0 18.5 23.0 15.0 19.0 

roughened.b 
E Blast-cleaned, organic 21.0 26.0 18.0 22.0 .14.5 18.0 

z.inc'rich paint 
F · Blast-cleaned, inorganic 29.5 37.0 25.0 31.5 20.5 26.0 

:r.inc rlch paint 
G Blut-cleaned, 29.5 37.0 25.0 31.5 20.5 26.0 

~etallized with zinc .. 
H Blut-cleaned, 30.0 37.5 25.5 32_0 21.0 26.5 

metallized with .. 
aluminUm 

1 Vinylwash 16.5 20.5 . 1 14.0 17.5 11.5 ·14.5 

• Values from this tableare 'applicable only when they do noi. eJ.Ceed the l~est ~pp_rop~i~te 
· allowable' workingstresses for bearint-type connections, ta_king_in~ account ~~e pos1U0':' 
. of threads relative to ahear planes and, if requir~. the 2(')% reduction due ~ JOID~ length. 

(See Table 1.5.2.1.) . ·. . , . 
b I! loads causing _actuar at.resses in excesa of one.half ~e t.abula~ al~owable atr~ ~ 

aust.ained over a long period of time (e.g., gravity),slip mto ~':'nng n:aay ~r.lf su~~~~-~~ 
would be severely detr!~e~~!~-~-~ese inCreased Working str~ are not recommended. · 

. . . ' . . . . 

. ·,·,. 
--0 _ ... _.,_ 
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5 ·102 • AISCSpecification (Eifective 11/1/78) 

. SECTION E:I DEFINITIONS 

This S~cificatiorl ~ecogni~es nine classes óf cOmmerci~lly prac~ical sUrface·· 
conditions (Ciasses Ato 1) in frictipn-type conneétions, each having distinctive 
slip-resistant characteristics. These nine classifications, tOgether with corre
sponding recommended working values; F. , for friction-type connections &s- · 
sembled with A325 or'A490 holts in standard size holea, aré briefly identified in 
Table El. The ·several classes shall conform to the following provisions: 

l .. Clw A, B, and C surfaces shall be free of oil, paint, lacquer, or other 
coating8. Contacf surfaces for coated joints shall confonn to the ap-· 
propriats conditions as listad below. . · 

2. ' Class D, Hot-dip G&!vanized snd Roughened, shall· ha ve the contact 
surfaces scdl-ed by wire brushing or blaating after galvanizing and prior 
to assembly. · 

3. "Ciasses E and F, BlaatCieaned Zinc Rich PainÍ. shall ha ve bl~t cleaned. 
contact surfaces coated with organic or inorganic zinc· í-ich paint, aa de

. fined in tha Stsel Structures Painting Council's Paint System Specifi
. cation SSPC-PS 12.00, Guide to Zinc-Rich Coating Sy•tems . 

. 4. Cl&sses G ánd H, Blast Cleaned Metallized Zinc or Aluminum, shall have, '' · 
metal applied to the éontsct surfaces in sccordance with the American 
Weldi.Dg Society's RecommendedPractice for Metallizing with Alumi
num and Zinc for Protection of /ron and Steel, C2.2, except that sub
sequent sealing treatments, described inSection IV therein, shall not 
be used. ' · · . 

5 .. Class I, Vi.Dyl Wash, ahall have the con;.,ct audaces coated iD ~~rdance 
with the provision8 of the Steel Structures Painting Council's Pretreat~ 
ment Specification SSPC-PT 3, Baoic Zin.c Chromate-Vinyl Br.ityral 
Waohcoat. · · 

·.;.' 

SECTION E2 USE OF HIGHER WORKING STRESSES 
Subject to the approval, of the responsible engi.Deer, when the conu;ct surfaces · 

of friction;type connections assembled with A325 orA490 holts in standard size 
! · holea meet tha provisioO..of Sect. El, the allowable working valuea given iri Table 

·¡ El may be substltuted in lieu ofthose given in Table 1.5.2.1: . However, the value 
1 thus obtained shall not exceed that specified in Táble 1.5.2.1 for a bearing-type . i COnllectÍon having bolts of the aame size and th.read length .. ,. : . . . 

... ·. •... 

•'· 

.. 
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Los tornillos en juntas de fricci6n 'pueden utilizarse en 

· combinaci6n con remaches y soldadur·a,. cosa que no se· admite "-

en juntas de aplastamiento • 

. . cuando exista tensi6n además de cortante .. lose: esfuerzos . -· 
. . , ... · .. 

permisibles se multiplicaran por el factor de reducci6n · ---

(l-:-ftAh/Tb) en que fv es el. esfuerzo debido a tensiiSn y Tb :a la·

pretensi6n especificada (Tabla 1,23.5) 

TABLE 1.2:1.5 
MINIM\!M HOI.T TI•:NSION.·KII':-:M 

Bult Size, tnch~ '· A490 Buli11 ,. 
A:tz~ Bullcr. . 

•¡, 12 15 
'ls 1 

19 24 
'Y, 28 ;~;. 

'.lo :19 49 
1 51 64 

' :1!0 ' tl/11 56 ' 
.. .. 

. 11/4 71 ·to:l 
. . \. · . 1''1,. 8.~ 121 

' .. I'.J..z 10:1 .. 148 

• Equtt.l t;~ O.íO uf sl;ecitied 'minimum ten11ilt- stren~h~ uf h•:riL-.. ;liunded off ..¡,_·neare"t kip. . . ' 

: ~ 
··:.· -,, •. :· : :~. 

'' .. 
'' •. _;. :: ~\ . ·: ".l •"). . '.:·,·.<o' .. 

'. 

'¡. _,-,_ -, .• _. 
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1 

1 

i 
1 

1 
1 . 

1 

1 ' 

i 
i 
1 

Dilmetro 
pulg (í::m) 

1" (2,54) 

11/i' (2,86) 

11
/.:' (3;18) 

1 o/8" (3,49) 

1 lfz" (3,81) 

1 

- 26 

Como ejemplo se puede plantear nuevamente el de .la conexi6r. 

entre una diagonal de contraventeo y una columna, utilizanJo en 
. . ' . 

este caso t.AV!a junta de fricci6n y agujeros agrandados. 

Are a Esf, pem, · Cortante :z: 1,33 Cortante 
:z: 1,33 Separaci6n Dist.liif 

~g/cu/} (ém >. Si:mple Doble car. (cm) al borde 
(cm) 

5,01 1055 5,3 
• 7,1. 10,7 14;2 7.62 

. 6,42 . '.! 
1055 ! - 6~8" 9,0 .. 13,5 18,0. 8,58 

7,92 1055. 8,4 11,1 ,, 16,7 . 22,2 9.54 
-

'9,57 1055 10,1 13,4. 20,2 26,9 10.47. 

11.40 • 1055. 12,0 16,0 24.1 32,0 11.43 

' ' 

· ~t!mero de pe'rnos· necesar_:l:o· en cada diagonal 

Fuerza total • 1276 ton. (;l:ncluye sismo) 
:· 

' 
No. total · En cada En el . •' . ·-

• patín alma 

!ÍO 32 27 

71 25 21 

'58. 21 i7. 

48 17 14 

40 14 
.. 

12 

\ 

~- ' . ~· ·~,. . _ .. -
. . ' ., .. 

Elnlimero depern~s 
se ha calculado sb~ 
ponien~o ~b~ t~aba
ja~ en cortante_ d~ble; 
se hari distiibu!do -
entr~•·a~ines y al~as 
pioporcionalmente a sus 
llreas, · 

', . 

. · ·.; 
,, ' 

. . . . : . ;·.-~ . t ...... ·;·'. 
. :·~ -- :.-

'· 
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CONEXIONES ATORNILLADAS EN ES'l'RUCTURAS DE ACERO 

La mayor parte de las especificaciones relativas a es-
tructuras de .acero reconocen como meqios de uni6n entre sus 
elementos, a los remaches, los tornillos y la soldadura. 

Desde hace años, los primeros han ·caído en desuso y se: 
puede decir que actualmente han desaparecido ya en la pr4cti 
ca • 

. Esto se ha debido al uso creciente de la soldadura y a 

la apari·cúSn de los tornillos de alta resistencia que susti
.tuyen con.ventaja a los remaches. 

· Se utilizan dos tipos de tornillos, los· llamados comunes . . 
y los .de al.ta .resistencia. 

se desig~an, con el nombre que les dan las normas del, -
ASTM para especificar·sus·caracter!sticas-qu!micas ymec4ni,

cas,.los· primeros como tornillos A307 y los de alta resisten 
· ·· cia.como. tornillos A325 6 A490. 

TORNILLOS COMUNES (A 307) 

Son hist6ricamente, el primer medio de uni6n utilizado 
en estructuras de acero; en la actualidad.tienen una aplica
ci6n estructural muy limitada ya que su resistencia es redu
cida y no se recomiendan cuando pueden esperar~e cambios de· 
signo en·los esfuerzos de las piezas que conectan ocuando·

sean.de esperarse cargas dinámicas. 

En este sentid(), las especificaciones'del AIScfijan 
una·serie de casos concretos en·que los tornillos A-307 no._ 

·' 

~·.' 
·, ,'' ·.r. 

1 
. ' .r .. 

. ' . . ~ .r 

;•.1 
. ; ' . 
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deben usarse. 

No se usar!n para uniones entre tramos de columnas en -

estructuras esbeltas: 

al Que tengan una altura de mtls de 60 .m. 
b) Que tengan una altura entre 30 y 60 m. 

cuando la base es menor de1"40% de la altura. 
el Que tengan una altura cualquiera si la base 

mide menos'del 25% de la altura. 

No se usará en estructuras que deban soportar trabes 
grua, 

No se·usá.rán donde halla máquinas.oalguna carga viva 

que produzca impacto o reversil5n de esfuerzos. 

Sin embargo,. eri estructuras ligeras ·en que los problemas. 
mencionados. no aparecen, _as! como en. conexiones de elementos 
secundarios tales como·largueros de techo, con~tituyen una-

buena solucil5n pu~s son econl5micos y su manejo y colocaci15n -
es muy simple. 

., 
1 
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TORNILLOS DE ALTA RESISTENCIA 

A 325 

A 490 

Basan su capa~idad en el hecho de que I>ueden ser solneti 
dos a una gran fuerza de tensi6n controlada que aprieta fir
memente los elementos de la conexi6n. 

Las ventajas de este .apriete firme se conocen desde hace 
tiempo, pero su aplicaci6n práctica en estructuras proviene

de 1951 en que se publicaron las primeras normas para. regir -
su utilizaci6n. Desde entonces los tornilios .de alta resis
tencia se han venido utilizando en forma creciente en EE.UU. 
y en la .11ltima década, también en México. 

" ,, 
. ~ ' .'•, 

.. : ~· ,• ' .. 

• • 1 ~ 
;,_ j,_ .. · ... ¡ ';::, 
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A partir de 1951, las normas relativas a estos tOrnillos 

se han' modificado varias veces para poder incluir los result~ 

dos de las investigaciones que, en forma casi ·continua, se -

han venido.· realizando en torno a ellos. 

Los primeros tornillos de. al.ta resistencia que se desa
rrollaron y ailn los m.!s · comunmente usados· son los A.;,325; po~ 

teriormente y con objeto de contar con capacidades a~n mayo-

• res, se desarrollaron los A-490, ambos se obtienen dei aceros 
al carb6n tratados térmicamente. 

Los tornillos A-325 se marcan, para distinguirlos·, con 

la leyenda: A-325 y a veces con tres lineas radiales en su -
cabeza; la tuerca tiene tres marcas espaciadas 120~ 

Los tornillos A-490 se marcan con su nombre en la c~eza 
y con la leyenda 2H 6 DH en la tuerca • 

Las .tU timas normas reconocen. 3 tipos distintos de tor-

nillos A325; los tornillos tipo 1 son los originales y cuan

do se solicitan simplemente tornillos A325 son los que se su 

ministran.· Son· los. mas utilizados. 

Los tornillos tipo 2 (A325) se fabrican con acero mar-

tensitico de bajo carbono, para distinguirlos se marcan con 

lineas radiales a 60°en vez de 120°como los tipo l. 

Los tornillos A325 tipo 3 se caracterizan por tener una 

alta resistencia a la corrosi6n, suelen usarse con aceros -

de caracteristicas similares a ellos. Se marcan con la le-

yenda A325 subrayada, la tuerca se marca con el n~ero 3. 

·En México los dnicos usados en forma·extensa han sido

los tipo l. 
'~ . . ; ' 

' 1.' 
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Inicialmente los tornillos de alta resistencia consis

·dan en un tornillo, una tuerca, y dos .rondanas; actualmente. · 

las dimensiones de la cabeza Y· de la tuerca se han diseñado 

de tal forma que· se puede, en muchos casos, prescindir total 

mente de las rondanas y usar en los demás, una sola. 

CARACTERISTICAS QUIMICAS Y'MECANICAS 
'.,_ ,, 

La coniposici6n química de los tornillos" de:· alta resisten . . 
cia, junto con el tratamiento t~rmico·a que.s.on sometidos, -

les proporciona sus. características de re'sistencia; .el conte

nido de carbono y de manganeso es la variable más significati 

ya en', ~os . to¡:nillo's .. A325. En los. ~49 0 el .contenido 'de carbo

no se fija y. el elemento de alea~i6n se·deja abie~topara po-. . . 

der proporcionarpcir distintos caminos las propiedades·mecá-

nicas re;queridas. 

Aunque, cuando es posible, los tornilios deben' someter

se a un~ prueba de tensi6n para probar. su,.resistencia; a me;_ 

riudo son demasiado: ·cortos para' que .la prueba directa .de. ten-. . ~ . ' . . 

si6n se pueda realizar, se recurre entonces 
,' _,·• .. . ' . . . . . 

a controlarla-

prueba de du~eza. resis.tencia,· indirectamente a tÚlV~S de Una 
. • .',1 . • 

. ··' . 

. ~--. '. '· 

.Se realizan·con ese fin las pruebas .'Brineil 6 Rockwelt. 
~ .. , . . . ·-· 
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TA8l.E? C!wrnicr1/ Hl'quiteo;;·,,:·; i11r 1 )' 1 n~ J tillih. Nuts. an(~ Washers 

t.~ano;ar.e:s.e: 

Hoat an31ysis 
Producl enalysis 

f'l•v~¡..~l;vnr!.: 

t-t~ • .~: cna.lr:.is . 
!-'rodvct tnelysia 

5-u!ft,r. 

l-11!·'-~ andlys•' 
_Prvt<LJCI analy"i5 

1 fo_;.j\ ~ro~tly''ti~ 

r•tQd•_,..-t analys:c.. 

C(:~r1ttr: 

Heat DfHIII~'i' 
· PJoduc:t BOIIysi' -

Nid .. ol·. 
. H("a~ onelysi• 
Proch.J't an•iyala 

Chr~t\)lum: 

,.;~,e!!; onHIY!t,i' 
P;Úr... ..._¡C.t analy1-is 

Yan$dium: 
Ht!at onalysis 
p,o•Juct analy&t& · 

Mol,-bóo!num: 
Ht'at ana.ly51S 
~'Ciduct analys11 

Tit<'lnium; 
H~i!li analysi¡ 
Prvducl csnalysis 

0.90-1.20 
o.es-1 .2~ 

0.:1·10 max. 
0.045 rnex 

0.0~ mJ• 
O.f)~:_¡ mt.J.1 

o. 1 !:-- o .. "\0 

0.13-0.32 

0.25-0.45 
0.22-0.48 

9.25-0.45 
0.22~.~8 

0.4S..0.6S 
0.42-{).68 

0.70-0.90 
0.67-0.93 

0.00-0.12 
O C-6 0.125 

O 0~0 ma.x 
0.05~ ml!x 

0.30-0.50 

0.:.?5--0.!JS 

0.20-0.40 
0.17-0.43 

0.5()..0.80 

0.47·0.83 

0.50·0.75 
0.47-0.83 

0.06 max 
0.07 mox 

0.80-1.3S 
C. 76-1.39 

0.~~) rtH',). 

0.040 ;Jiñ)' 

0.040 rn:1.=: 
o.r;..s rn.u 

O. 1 ~-0.:.1'1 

O. 13-0.3/. 

0.20-0.SU 
0.17-0.53 

o.~s-o.:.a 

0.22~.Sj 

0.30-Q}j\1 

0.27-0.:>.1 

O.C'?.O min 
0.010 min 

1 

i 
1 

040-UU 
0.3G-1.2;1 

ii.G~O ("l\J.;I" 

0.!~-\ ~: \ Tl(:ll. 

~·.Ct;,¡ ntt'l. 

:1.(·7-!1 ¡¡);J_~; 

·;,.:¡;J<U ... (J 

0.2-1-'l. ~) 

íJ.5:i ·V fJO -
0.4'7--0 E.:: 

-~.!"'·!'"!. 1 ,., 

11.-j ~, . I.Ofl 

d.10 r•Fll 

0.11 i"o)i\J 

().05 rnc\ 

O.b0-1.00 
0.56-,.,0·1 

0.040 m~ J; 
OJJ-:5 r.1.:.:x 

0.04C nH!X 

o.o·:~ m.,.,. 

0.1 ~._¡,::o 
0.1:1-0.31 

0.30-0.GO 

0.27-0.&3 

o. :10 :o. t;O 

0.27-0.0 

O.t~: {l.~,O 

0.~~ ~') t:J 

' . 

o_o: .. o. ¡~~ 

0.07-0.155 

0.0:,.0 r,¡¿-¡ 

0.055 (11JI. 

o.w.o C'J 
O. 1~-0.S-5 

0.2tJ:-0.~ 

C.22 ·0.!>3 

. 1.00 r·,,-:.1 

1.C3 ffi¡}:&; 

0.30-L~5 

0.25· 1 .:iO. 

... 

1 

1 

! 

0.0..!0 :il0· 

0.045 rp;:1 1 

a. oso fT',..: ~ 

0.0~ rn:11 

0.1~-D.:\'"l 

O.IJ-0.3~ 

0.2~ ·0.-í ~ 
o:n-cu.:. 

0.2:)-0.-~:, 

O.:i'.l-0.'~ 

0.~5-0.(5 

0.0:2-C.(.-0 
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TABLE 1 Chemical Requlrements for Typos 1 and 2 Bolb,.Nuts, and Washers · --Compoaltlon, porcent 
1 

Eloment . ~ .... -; '. .. ----. -....... __ -- w .. hn 
Type 1 Bolla Typt 2 Bolla' N uta : .. Quenched and · · Ciuburizod 

Tempored 

Carbon: 
Heat a11alysli. 0.30 mln 0.15 to 0.23 ; • 1 ... ... 

' Producr anolysis · 0.27 mln 0.13 lo 0.211 ... ... ... 
1 Mangantse, rf'lin: 

Hoat analysl! 0.50 11.70 ... ... 1.00 max 
Pro>ducl analyaia 0.47 . 0.61 ... ... 1.00.ma• 

Phcsphorus, rr.ax: 
. Heat'an'*:y;¡ls · 0.040 . 0.040 0.120 0.040 0.040 

Product analyala 0.048 0.048 0.126 M50. 0.050 

Sulfur, m a•: .. 

Haát anr.lyala 0.050 0.000 0.23. 0.050 0.050 
P~oduct analyala •. 0.008 0.008 ... 0.1180 . 0.060 

Boron, min: 
Heal anal~sls ... 0.0005 .... . .. 
Product analyalo ... 0.0005 ... .. . .. . 

•Typo 2 boi!J tholl-bo fully ~llod, nn• graln oteel '· 
. . 

1The atoe k u sed tor nl~nulacture of carburfztd Wll~ln 1 n•ll not C.Oftt•ln. o~er 0.2$ peca1~t c•rtton. . . . J 
. . : . . 

. :' 33 
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Chemical Requirements 

ladle Check 
. Analysis, Analyais, 

percent · percant 

For sizes through 111 in. 0.30 to 0.48 0.2B to 0.50 
Fof size p~ in. 0.35 to 0.53 0.33 to 0.55 

. hosphorus, max 0.040 . 0.045 
ulfur, max. 0.040 0.045 

1 

• 1 P. 

Ls 
... 

TA 
1 . -· 

BLE 2 Hardness Requirements for Bolts 

Hardnaas Number. 

olt Size, in. \ Brlnell Rockwelt C 

m in mn m in max 

o t ~ in.,· i~cl 302 341 32 38 

. B 

~ 

·' 

<1,, 

• 

, .. 
,,: '. 
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COMPORTAMIENTO DE JUNTAS CON TORNILLOS DE ALTA RESISTENCIA 

El comportamiento de una junta con tornillos de alta re 
sistencia se puede visualizar mediante la observaci6n de los 

resultados de una prueba carga-deformaci6n en un especimen -

t!pico. 

se.define una zona de comportamiento lineal (zona 1) que 

termina en el instante en que se produce un deslizamiento de -

los tornillos con carga prácticamente constante (zona II) y -

que est~ controlado por el diámetro del agujero, al hacer 

contacto con sus bordes, el tornillo toma nuevamente carga y 
se reinicta: un comportamiento nuevamente .lineal (zona .III) ; -

esta zona termina al iniciarse el comportamiento inelástico -

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

\ 
Teniendo en cuenta el comportamiento mencionado se dis

tinguen dos tipos de juntas con tornillos de alta resisten--. 

cia: las juntas de fricci6n y las juntas de aplastamiento. 

Las primeras se caracterizan por que la trasmisi6n de -
' . . 

las fuerzas que actdan en la conexi6n se logra dnicamente por 

la fricci6n que se desarrolla entre los elementos que la cons 

tituyen. 

En estas juntas el deslizamiento entre las piezas que se 

unen no es aceptable¡ se considera que"é1 deslizamiento equi

valdr!a a la falla, si bien, los coeficientes de seguridad -

contra el desli~amiento.se aceptan pequeños pués las conse-

cuencias de su ocurrencia no son graves. 

La 
·si6n en 

magnitud de 

el tornillo 

la fricci6n depende de la f~erza de ten-.. 
y de las caracter!sticas de la superfi--
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cíe de los elementos que se conectan. 

IJ 

(a) 

¡·¡_._ 5-15 '1'1J111:iio <k :d:1 lni:.t~·:¡c..'i:J. (<t) Tr:::;;.\Hli~it',n de l'JrS,J pm hicriUn. y (b) Fa
ll.il \ll!..:ra dt: )J y~:n:i.·,u :id:J. 

Aunque es claro que en juntas de fricci6n los tornillos 

no trabajan a esfuerzo cortante, tradicionalmente se ha ven! 

do estableciendo un esfuerzo cortante permisible ficticio, -

· para la deterrninaci6n del ndmero de tornillos que se requie

ren en una junta, esto ha permitido tratar el diseño de jun

tas con tornillos de fricci6n con los mismos criterios con -

que durante mucho tiempo, se han proporcionado las .juntas re 
machadas. 

Las conexiones de fricci6n, se especifican como necesa-

rias en todos aquellos casos en que ·se esperan·· inversiones -

de esfuerzos y en los que en condiciones de trabajo, el des

lizamiento se considera indeseable. 

• 

Hay ocasiones en que la inversi6n .. de esfuerzos no ocurre 

y en que, al colocar los tornillos, la carga.mue~ta los pre-
~i trabajo de la siena contra los lados del agujero, entonces 

junta puede ser por aplastamiento y por cortante y se presen-

'•' ' 
. _... ..... 

. ·:. . .. 
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tan entonces las conexiones llamadas de aplastamiento. 

Si bien, tambi~n en estas juntas, la tensi6n en el tor
nillo, que es la misma que en juntas de fricci6n, produce 
una fricci6n que probablemente podr!a tomar·las cargas de 
trabajo, esta en realidad no se requiere, En estas juntas 

se puede sacar ventaja de la resistencia de los tor~illos, 
sobre todo si se logra que la rosca ~e. encuentre fuera de los 

plan~s de . .corte: con el fin de logra~ ~sto en~lo posi]:)le, 
los tornillos de alta resistencia tienen una rosca bastante -
corta. 

-. 
En estructuras para puentes.los tornillos en juntas de 

aplastamiento se limitan a piezas que s6lo trabajan a compr~ 
si6n.y a miembros secundarios, se exige adem4s que en todos 

los casos la rosca se excluya de los planos de corte. '' 

. .-... 
' 

' ! 
,¡ 

;·· 

'\ .. 
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Para mantener la fricci~n es necesario que las superfi

cies esten libres de todo elemento que la disminuya, se -
prohibe por ello, que haya aceite, pintura, oxido sÚelto, 
etc. Dada la importancia de es te hecho,' las t11 timas · normas 

reconocen nueve condiciones distintas en que se pueden encori 
trar las superficies de· .la junta y asocian a .cada una de· 

_ellas un esfuerzo permisible diferente, reconociendo -las di-

ferencias existentes en el coeficiente de fricci6n. 
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INSTALACION· 

Sea en juntas de fricci6n o en juntas de aplastamiento, 

los tornillos de alta resistencia deben colocarse de modo que 

queden sometidos a uná fuerza m!nima de tensi6n especificada. 

Esta fuerza es de aproximadamente el 70% de la resisten 

cia a tensi6n.del tornillo, se.denomina carga de prueba y es 

normalmente algo menor al l!mite de proporcionalidad del tor 

nillo. 

La tensi6n especificada se puede dar haciendo uso de un 

indicador directo de tensi6n o usando cualquiera de otros 
" . 

dos métodos que también se especifican en las normas y que -

se basan en el hecho de que la tensi6n en el tornillo se pu~ 

de relacionar con dos cantidades observables,· el alargamien

to del tornillo y el giro de la tuerca. 

El primero de estos métodos consigue la tensi6n usando 

llaves c~libradas, el segundo dando un giro especificado a -

la tuerca. 

METODO DE LLAVES CALIBRADAS 

Implica el ajuste frecuente de la llave con. un disposi~ 

tivo • capaz de medir la tensi6n en tornillos típicos de 'la 

conexi6n, ya que el ajuste pierde precisi6n córi facilidad 

porque l;;.s condiciones de di"stintas juntas son muy. diferen-

tes entre s!; s& especifica que la calibraci6n se realice -

una vez por cada d!a de trabajo y por cada diámetro o lote 

de. tornillo que se utilice, at:1n en el. caso de que se aprie-

ten juntas similares, 
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Se exige también, cuando se usa este método, que se co

loque una ·rondana bajo la parte del tornillo que se accione 

con la llave, con objeto de minimizar las irregularidades -

en la tensi6n producida que inevitablemente existen al utili 

zar este procedimiento. 
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METODO ·DEL GIRO:·DE LA TUERCA 

Este procedimiento requiere un control de la·colocaci6n 

de los tornillos más simples que el anterior y es por ello, 
más utilizado.· 

Consiste en t~rminos generales, en apretar,· en una pri

mera etapa, todos los tornillos con una llave normal de tuer 

cas hasta· el esfuerzo máx.imo de un hombre y enseguida, dar ~ 

a la tuerca 1/2 vuelta adicional; excepcionalmente, el giro 

debe ser mayor (ver tabla 4). 

Ha sido posible determinar experimentalmente la relaci6n 

que existe entre la rotaci6n de la 'tuerca y el alargamiento.:: 

y la tensi6n en el tornillo, con ese fin se han realizado -

una cantidad importante de pruebas, en ellas se ha observado 

.que la resistencia a tensi6n·en un tornillo es menor cuando 

esta tensi6n se 'da girahdo la tuerca que cuando se da en for· 

ma ·directa, esta es la raz6n de qu7 la carga de prueba se 

fije s6lo en un 70% de la resistencia a tensi6n directa. 

Se observa que una .vez dado el primer tercio de· vuelta 

· hay, una reserva importante de deformaci6n posible adicional 

hasta la falla, esto hace que el m~todo no sea muy sensib.le 

a errores relativos al apriete que debe tener el tornillo 

en 1~ primera etapa, al iniciarse la media vuelta pedida. 

Debido a ~sto, cuando se utiliza este m~todo,no se requiere 

la coloca~i6n dé ninguna rondana, excepto cuando se ~san toE_ 

nillos A490 en aceros con esfuerzo de fluencia inferior a·--

2800 kg/cm 2 , caso en que se necesita una rondana, cualquiera 

que sea el m~to<:lo de· apriete •. 

. Con ob'jeto de. garantizar el buen comportamiento de· cone · 

..... 

~.· . 

1 

·.·\., ¡,J 
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xiones apretadas con este m~todo se ha estudiado el efecto de 

·una serie de variables que intervienen en Slj ejecucH5n.. Se -

ha estudiado, por ejemplo, el efecto de girar la tuerca en -

pequeños incrementos en vez de en forma cont!nua, el efecto 

de la longitud del' agarre y la posici6n relativa .de tuerca y 

rosca. Se ha.investigado, as! mismo, la posibilidad del

reuso del torni'llo colocados con este m~ todo. 
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S·-1'96 • Speci(lCOlion (or Structural Juiuls 

Table 4 NuÚolation• from Sñug Tight Condition 

Olsposltion of Outet Facas of Bollad Parll 
--~---

9oth faces normal to bolt axis, or one f.sce 
normal to axla and other tace sloped not more than 

1: lO (bevel washer not uud) · 

8oth f•ces sloped not more 
lhan 1: ZQ·frorTa nOrrYlel tO bolt ; 
uis (bevel washera not uud) 

BoU lensth" not ex caed lng 
· 1 diameters or 

· Doll lengthll excefldinc 
8 diameters or · For ·.u lenelh of bolla 

8 inc.hu linches --
'h turn ;.) turn lA. turn 

----~----· ___ ...:_ ___ _ 
•. Nu1 rotatlon is rotat10n relat•v• to lJolt reaardlau ol thc etoment (nut or b~t) belnl turnad. 

Toleranca on rolatu)n: )D• over or under. · · · ' · · 
for COIHSe thread heavy heJC structural bolts· of aH s•Z.05 end lanath and heavy heJC 
samdmished nuti. • 

" Dolt l•nglh is m•asurod hom unclenid• ol ttead ID ••herne end ol po•nt . 

. 

. .. 

Una recomendaci6n·práctica para.lograr un 'buen apriete 

general de la junta consiste en iniciarlo en' los tornillos 

localizados en la parte más rfgida de la uni6n y avanzar -

hacia los extremos libres. Durante el apriete la parte que 

no se gira, cabeza o tuerca se sostendrá con la llave. 

·-t 

. ' 

.. -,\. 

·.' 
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OTROS TOPICOS· RELATIVOS A TORNILLOS DE ALTA RESISTENCIA 

AGUJEROS;-

Durante bastante tiempo s6lo·se· aceptaron agujeros exac 

tarnente·l/16"'mayores que el-diiÍmetrodel tornillo; sin embar 

go, la necesidad de facilitar las condiciones de montaje de 
las éstructuras 'atornilladas indujo a que' se,. r'ealizaran ~na 

extensa serie de pruebas para demostrar la posibilidad de ut.!_ 

li'Zar-"agujeros con 'diámetros algo" mayores sin detrimento de -

la :tesisteziC'ia ;· 

El resultado de esas investigaciones. ha conducido a que 

se acepten agujeros mayores aunque en e~te caso se requiere

colocar una rondana en el lado exterior de la j'unta • 

. _ ·. ' . ~ 
En juntas de aplastamiento s6lo ·se permit'en ·'agujeros ova 

lados, el lado alargado normal a la direcci6n de los esfuer-

zos. 

... 
1 --

Nor<ll;r:rl 
!·k!t <;iie, 

1 lnciH.':> 1 

;·;¡. 
';.¡ 

v, 
1 
1 

1· 1 

¡r;., 

1' ·' ]J,' .. 

.-· 1''' 

.1 
! ... · .. ,; 

' ,1 • • ,;_ 

Tallle 7 · Over;Íle 31:d Slo~ted !i:Jiés . 

tJ!,¡I(!IJIIIfl; :;;n:,r :-;,,: u.;ondrul), I•Jc.hr:<, 

('v•·,~.i: ,. 
tll>l<:•, 

l}'¡,, 

1';',, 

11/rr. 

tr,._¡ 
1 ~ p, 

l ~·¡r. 
111, '¡ to 

JI ~'Ír, 

.. ;_ 

SI" 1\ 
~~hdl•"l lloi"S 

l!i¡r. X " '" !;.';.-, ' 1 
1';/¡t, X E~ 

11/rr, ' j /¡(¡' 

1 ~l•i ' 1'/: 
1'¡'¡¡, ' l . ;~~ 
l'(¡¡; X l ~:: 

l}rr, X ¡;;, 

1 1 "'!!'. 
~:lotkd H••le·, 

1 '/ir. X l ';'¡¡~ 
t}',;, ' 1' .. _, 
Jy,~, X )}'¡.;-

11/r•; • i'!, 
1 Vtr- X )l ~-16 

\';':'r, ' ¡r,;, 
líú, > 3~-~lj 

l'~ 1 ,, !'!.' 3 ~(¡ 

' 

'· 
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DETERMINACION DE LA LONGITUD DE LOS TORNILLOS ..! 

·, 1 

Debe añadirse al agarre (espesor de todo el material 

conectado) ciertas distancias especificadas con objeto· de 

garantizar la colocaci6n correcta de los tornillos teniendo 

en cuenta las tolerancias de fabricaci6n. Estas distancias 

estan dadas-en la tabla 6. 

Adicionalmente, por cada rondana plana se debe conside-
. ' 

rar una longitud adicional de 5/32" y por cada una tipo cuña 

5/16". La_longitud as! obtenida se cierra al ctiarto.depul

gada superior m~s pr6ximo. 

Por lo q_ue· se refiere a la ejecuci6n de los agujeros las 

normas recomiendan que cuando el espesor del material no es

mayor que el -iV::,~etro del tornillo m~s 1/8" se pueden punzo

nar, en caso contrario deben ser taladrados o subpunzonados

y rimados. 

GALVANIZADO 

1 

"' '~~ 

g; 
1'. 

' 

1 •• ¡¡, :.··· q; ._. !:.•.; 
1 1 " 1 '¡:: ¡, ;, . ¡. : 1' . "" ~ ' . :' . . . ' . . ' " 
¡ . ---· - --

' 1 

1 
,. 

'" 

Otro avance importante respecto a criterios anteriores

lo marca el hecho de que-se permita ahora galvanizarl'os ter-

:.· .· 

-~---··-------~·--~--.....__..____-

1 

' 1 

1 

1 

1 
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nillos A325; tras una amplia serie de pru~bas que .han demos

trado un comportamÚ'!~to adecuado aün 'teniendo en cuenta. pos:!:_ 

bles efectos de fatiga, 

No :·ha· ocurrido· lo mismo con los tornillos A49 O cuyo ga!_ 

vanizado no se·permite. 

En juntas de friéci6n, se permite tambi~n el galvaniza

do de la estructura siempre que se trate la zona de la cone

xi~n .con c_e~illo de alambre o chorro de :arena para garantí-

. zar, la ·fricci6n adecuada, Debe cuidarse por supuesto, no -

.dañar_el galvanizado. 

.-·· 

.·1" 

. ~.co.n r ... 

L_~.·~--~--~--~------------~-~ 
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•.•••... ESFUERZO PERMISIBLE Fb POR PANDEO LATERAL ......... 

lng. Jaime Castillo va'zquaz 

HOJA 2/2 

r• 

. L 
0•r 

R= /7,172 X lO' Cb. 
F, 

S= 2. 23 5 R 

NO 
'>-:....! Fb • 0.60 F, 

· ~2 Fr o• ] F • -- ~ 
bo 3 10~570XIO"Cb J 

843,700 c. 
F••= Ld/A 0 

• En trobel l asirutricae 
eft ku c\ICI"I el éreo• 
dlll potin de eornprnkÍR 
•• 11\GJOf que el de 
tefl&iÓn1 s.;ulru ~ 
por ·Nowlndep•ndl.,.tt 
menle del votar Q e011 

rupecto o S, 

NO 

SI 
fb: 0.60 Fr 

f'• fb [1-0.0005 A·(~- 6
•
370 l] 

A, , m 

NO 

NOTAS: 

!~La relaciÓn h/t puede aumentarse hasta 

16,700 
-..:..::':':::::::ó-"'- siempre y cuando se coloquen 

fF; 
otiesodores intermedios espaciados a na -

más de 1.5 h. 

2:- A0 es el área del patín de comprl! 

sión de la viga-columna, y Aa el área de 

su alma. 

3.- El valor de c. esta dado par: 
• C• =1.75+0.05)(MofMz)+(0.3)(Mo/M21 ~ 2.3 

M, y M2 son los momentos fl~xionantes en 

los puntos de soporte lateral del tramo

en estudia. El slc;¡no de la relación ~1,/M'z 

es positivo si la viga-columna se flexiona 

en curvatura Inversa, y negativa si se -

flexiona en curvatura simple. ( M1 !f M2 ). 

4:- El valor de C• se toma igual o la

unidad en vic;¡as- columna en cantiliver o -
bien cuando el momento flexiononte dentro 

de la lonc;¡itud no contraventeoda es ma

yor que en las puntos de sopor te lo !eral. 

5:- Al valuar Fb,,, en la fÓrm.J!a de In ter.. 

acción c. se toma .igual o 0.85 si la -

estructura puede desplazarse linealmente, e 

igual o 1.0 si dicho desplazorrientC> es ttl lmPl! 

di da. 
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PANDEO LATERAL EN VlGAS·COLUMNA. { AlSC. l980, 89 ediciÓn ) 
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Sobre 

carga útil longitudes máximas en cm. 

Kg/m2 Espesor de losas. cm. 

7.& 10 12.5 15 17.5 20 
50 250 350 400 475 525 &&O 

100 225 325 375 425 475 &2& 
150 200 300 350 400 450 525 
200 17& 275 325 400 450 500 
250 200 275 350 400 450 500 
300 200 250 325 375 425 475 
350 175 250 300 350 400 450 
400 175 250 275 3&0 375 425 
450 150 225 275 325 375 400 
500 150 . 225 275 325 375 400 
550 150 225 250 300 350 375 
600 125 200 250 300 325 350 
PESO 

\g/ m• 49 65 81 98 114 130 

LOSAS STANDARD 

Existen para entrega inmediata, con un descuento especial, losas . 
standard de las siguientes características: 

. losas de lecho para sobrecarga útil da 

5.0Kg/m2 
.... 

longitud 2 
100 Kg/m 

cm. Peso Peso Espesor, 
Propio, 

Espesor, 
Propio. 

cm. Kg/m2 cm. Kg/m 2 

175 7.5 49 7.5 49 
225 7.5 49 10 65 
275 10 65 10 65 

lfi'COM BUSTIB!LI 0/\D 

Siporex es totalmente incombustible. las losas de techo han sido 
clasificadas en: Suecia, Inglaterra. Alemania. Francia, C~nadá y 
EE.UU .. según normas oficiales, como resistentes al luego. 

/J,ISLAMIENTO TERfVliCO 

El coeficiente de conductividad térmica k en las losas Siporex de 
peso volumétrico 0.5 es 0.1 K cal! °C. hr, m para fines de cálculo: 

8 

FIG.2 

FIG. 3 

FIG. 4 

FIG. 5 

FIG.6 

DE CONTINUIDAD 

ANCLA 

LOSA 

·ANCLAJE 

VIGA DE fiERRO 

BASTON DE 
CONTINUIDAD 

~ 7.5an 

,~~1 SOLERA DE 
ANCLAJE 

• 
APOYO __j 

'-!-
LOSA SIPOREX 

CLAVOS 

VARILLA CORRIDA 
·soLDADA 

··SOLDADURA 

--LARGUERO 

lcm 
~ 

~ .. ,_, ~ 1 ANCLA • l • 
CANALET.,_ 7 5l • jiOcm 

2.51Lja l 
1 1 • 

2!5cm 2cm 
CANALETA ANCLA 

• 

' . '/ 

. i ... 

.. 

; .. · 
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. 
'; ..... 

... 9 
Espesor de la losa en cm. 7.5 10 12.5 15 17.5 20 22.5 25 

K cal 
1.29 1.03 0.86 0.74 0.65 0.47 u •c. hr. rrf· 

~=====;;;=-=========:;-~_L_--L..___L___L_~___j ·. ·' 
Los v~lores U para los techos, considerando la humedad def ma- · ., .... , . · . 
terial y sin tomar en cuenta la impermeabilización son los· que se / ··\'.,' ·• 

FIG.7 

0.58 0.52 

LOSA SIPOREX ---" 

BASTON DE 
CONTINUIDAD 

ESTRIBOS 

VARILLA 
CORRIDA 

VIGA PRETENSADA-

FIG. 8 

LOSA 

FIG. 9 

CLAVOS 

LOSA SIPOREX 

FIG. 10 

LOSA SIPOREX 

~ :• . ~ 

muestran en la tabla anterior. • ,;·.;:-:··c., .. , ·. 

ABSORCION DE SONIDO 

Frecuencia ciclos 

125 500 2000 
Materiales 

Siporex aparente 0.02 0.19 ' 0.34 
Aplanado liso 0.02 0.02 0.04 
Aplanado rugoso 0.04 0.06 0.05 
Concreto aparente 0.01 0.02 0.02 
Vidrio 0.10' 0.04 0.02 

DETALLES CONSTRUCTIVOS 

ANCLAJE 

• 
Es necesario fijar las losas Sipore a los elementos de sopolte, 
mediante algún sistema de anclaje. E 1 las figures 2 al1 O se mues
tran algunos ejemplos. 

BASTONES DE CONTINUIDAD 

En las ranuras de las losas, precisamente a la ahura de los apo
yos, deberán aloja~e varillas de:~6:3 ó 7.9 mm. y de longitud apro· 
ximadamente igual a 1/3 de la longitud de la losa y como minimo 
80 cm. Estás varilla·s se introducen a presión en el mortero de re
lleno, en forma tal que queden tot.almente embebidas en el mismo 
y a 10 ó 15 mm.de profundida.d. • 

JUNTEO 

Las ranuras que quedan entre losa y losa, se rellenan con morte· 
ro de cemento y arena 11 :3). teniendo cuidado de mojar previa
m~nte la ranura y de que el mortero se coloque suficientemente . 
fluido. No debe caminarse sobre las losas antes de que fragüe 
este mortero. 
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sTf;.u(TIIP!- :•Af~·Cn TPt'!SVC~S.t'~L 
TY~[ PLMtr F'-'AI'E 
'1\WH':R OF .. WI'~TS 
W tr.:¡: E P. O,. r.• E~.- f! E ll S 
NUM~[R OF ~t.IPPO~TS 

N'.J'1BEP OF LOI\C' INGS. 6 

"26 
45 -L 

JOI~T COORDINATES 
1 OoOO lloO:l 
? 24.00 u.oo 
3 ·:l.CO 5.00 
4 24.00 5.(..0 
·5. o.oo ~.-oo 

6 -2•'•0 f<.OO 
7 4.1'10 ~'<.oo 

A -..zo .... oo 
F>.OO 
~<.oo 

11.00 
1:' .• o o 
lioOO 
HoOO 
H.oo 

1 1. 3 o 
11.30 
11.30 
11.30 
1 1. 3 e 
11.30 
1 1 • 3 o 
11.30 
1 1 • 3 o 
11.30 
11.30 

S 
S 

T 1 PO 

9 9.60 
10 1~.00 
11 14.40 
1216.>~0. 
13 19.20 
14 21.60 
15 24.00 
16 0.00 
17 2.40 
lA 4oRO 
19 7.20 
20 9.6:) 
21 12.no 
22. 14.40 
23 16.iJO 
24 19.28 
25 21..60 
26 24.00 
t~E'1·BE R PROFERTIES DD!S~AT!C 

1 T>-iRU 
3 THRU 
7 THRIJ 

17 T"'PU 
27 iHRIJ 
36 THRI 1 

~1F.'1BE P. 
1 1 
2 2 
3 3 
4 5 
5 4 
6 15 
7 5 
~ 6 
9 7 

lO H 
11 9 
12 10 
l3 11 

2 AX 0.017490 IZ 0.000349373 
6 AX Q.OCOH13 IZ 0.000062516 

16 AX 0.002296 IZ 0.000001258 
26_AX_ __ :;l_. 003096 1 z o. 0000030tih 
35 ~x o.001162 IZ o.cooooc703 
4~ AX 0.001162 IZ 0.00000045~ 

INCIDE"..CES 
3 
4 
5 

)6 
15 
26 

6 
7 
H 

9 
10 
11 
12 

27 
·l:T-. 

. ,-: · .• > 
\ ·:- .,, ' ;5 .... ~ . . . . . ~~ 

' 
'~' ' 

'' . 
' :,: . ' 

·· ..• ··-.q~\¡ 

'.· ~:: -~/~}:' 
. ,_ -.. ' :',;: 
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. J.·Q 
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H 14 15 
17 1 f, . 17 
1R 17 lH 28 19 1~ 19 
20 19 20 
21 20 21 
22 n 22 

' 23 22 n 

1 i 

24 2~ 24 
2!:> . 24 25 

1 i 
26 25 26 
27 6 17 

' 
2R 7 lH 

1 
29. K 19 
30 9 20 
::01 10 ~1 

1 32 ll ?2 
33 12 2. 3 
~4 13 24 

1" 
35 14 25 
36 16 6 
37 17 7 

[ 
3H lF .~ 

39 19 9 
40 20 lO 
41 Hl 2. 2 

1 4 ., 11 -, 
. ( ¿~ 

4' l 2 24 -44 1 3 2~ 

L 
45 14 26 
cn'-'Sl~':TS E 2100QOOü.::> '-LL 
PSULATE ALL 
LO .t. J! i·~G ¡ e rd·~ G 1\ 1-'UE"RT /1_ 

r 
JO!NT LOA!) S 
16 FORCE y -o.6H4 
17 FORCE y -1.?·6f. 
H FORCt y -1.36R 
19 Fe r-' e F. ·y---·;;. r.; 3 6 ~ 
20 FORCE y -l.36f. 
21 FOPCF y -1.36F 
22 FORCE y -1.36M 
23 FORCF y -~.36h 

24 FORCE y -1.365 
25 FORCE y -1.36H 

26 FORCE y -0.6r'4 

U:'• A. O 1 ~IG 1 I CM!GA VIVA 

JO!NT LOAD S 
1 < 
o V ."CPCF y -o. 1st 

¡ 17 FORCE y -0.3M4 

H FORCE y -0.3114 

19 FOPC!: y -0.3H4 

20 FOPCF y -'0 0 3H4 

21 FORCF y -0.3R4 

·-"---'~~~--~----·-' --· ·----·-.--·---·-----·-.-·-----·-- ·-·--··-



1 ~ 

1~ 

1 

1 
1 

'' '. 

'., 

¡ 

r 
r 
L 
[ 

2~ F:)IC:(c Y -0o3H4 

23 F0RC~ Y ~Oo3k4 

24 FCPCF Y -Oo384 
25 F0PCE Y -Oo384 
26 FORCE Y -Oo192 
LOA::>!~-:G 111 (.hPGA (:E (,PUA 

JO!r..T LO.A.DS · 
3 FOPC.~· X 6.0 
3 .FOPCE Y -!09o0 

-3 :~O~E~:T Z -27o2~ 
4 FOPCF Y. 6o0 
,, F•WCF. Y -47o0 
4 I'OT'c.''T Z 1lo75 

LQr.) 1 NC: 1 V V l Ei-JTC H'/•1' SVEPSAL 
JO! '<T LC:AJS 
16 FCRCF Y lo320 
17 FOF'CE Y 2o~40 
1M FOPCF Y 2o073 
1.9 FO~CE Y lo507 
20 FOPCF Y lo~07 

21 FORCE Y 1.507 
22 FOPCE Y 1.507 
23 Force v 1.507 
24 FODCE Y lo507 
25 FOPC• Y 1,507 
76 FSD(• y Oo7~!5 

~r·;~r~ L0/ es 
• F:J?CF. Y·1Ji':lc0F'·.: ··: -('.415 
? FCPCE Y t!'·\!=-o~v, ¡··_-(;.;?? 
3 T¡.JP 1.] '• .FO·~C~ Y \li·1IF~.~"-'. ',•/ -C.415 
5 Tw";·' :: FO?C~ Y ti!':I::-c~·-~ · ... ~ -o.377 

29 

r
.. LO•"!.D!r··::: 'J b.!;Rr.~~ t}UE"PT/· + (t-.":?3A V!VA + C-'·RGf. ~E 

covsr~E 1 loO 2 loO 3 loO 
LQh')!'i:; ·.¡¡ ChPC:A ''IJF'1Th + '1! E'JTO TRA'·'~VEQSf..L 

CO''?.!".tf:: 1 0.75 4 0.75 

I' P'O~~~~E<:.~~-;-fCTLY SPEC!F!C:Jt ::;:ECUT!ON TO PROCEEDo 

1 

1¡ 

1 

GRU6 

·.' 

, ... 

·.' 

' .. :, ~ 
:¡( 

-~------~--------·-



' ' 

[. 

L 

[_ 

1 

l 

1 

1 

! 

' .. 
. .... 

30 

:e:::====~===================================~======================= 

~.- ¡:t.•g [ R FO>CES .. 
't¡. 

;: 
'. 

I~EMllt P JOI ~:T ~.XI AL FDPC~ S-i::.I>P FQD(E 1-~0M=:NT , l 6.t<39 -0.233 -1.15 • 
1 ~ -6.r:~9 0.233 -C.Ol ~ 

2 2 6.r<~9 0.233 l. 1 5 
2 4 -f..M39 -0.233 o.o1 
3 3 ¡,. ~ 3 9 -~.233 o.n ., s -f;. ~39 0.233 :-S. 71 
4 5 6.7~.H 0.170 ~.63 

4 16 -6.7flA -o. no -.:.o 7 
5 4 6.~39 0.233 -Q. o l 
5 15 -6.~39 -0.233 o. 7l 
ó 15 f~7A~ -0.170 -o. 6 3 
6 26 -f>.71'<F 0.270 C.:J7 
7 5 e. 404 0.051 0.07 
7 6 -~·.404 -0.~51 C.04 
fl 6 -4o01P 8. on -o. a e 
R 7 --"·4-; o 1 ¡.; -0.002 0.01 
9 7 -7.5CS ~.C.CJ9 .::.oc 
9 8 7.5oc; -0.009 :J.Ol 

lO F -S.991 O.OG4 o. o Q 
10 9 s.r;·91 -o •. oo4 o.o1 
11 9 -!.~·.4~3 :;¡ (\('\'l 

• ..., .... .J -:).OC 
11 111 !1.4h~ -J.OS3 o. 00 
1 2 1::1 -1l.t .. fi3 -c.c-~3 -o. oc 
12 1 1 1:.4 H3 O.OC3 c.oo 
13 1 1 -S:.99l -0.004 -8. o 1 
13 12 ~:. '?91 a.co4 -c. oc 
14 12 -7. 509 -<).~J9 -0.01 
14 13 -:.sos C.JC9 -o. o o 
15 13 -L.·')1C, -0.002 -o. o 1 
15 14 l.-.019 0.002 o.oo 
16 14 ~~. 404 -0.051 -0.04 
1r. 1 5 -0.404 0.8.51 -0.07 
p 16 4 • .235 :).05~ ·:J.07 
17 17 -4.235 -o.:·50 0.04 
1 A 17 7.7"3ú 0.004 -e. o o 

·': ,' : 



1 
... 

r 
L 
L 

12 (),0301 0.0019 3L~. ooo1 
l3 0,03:JO o,c,n4 -G.OIJQ3 
14· 0,0300 0,0008 (),0001 
15 0,0299 ~.oooo "':'D.002A 
16 0,03:)4 0.0009 \~. 0014 
17 0,0:304 ~.':l017 --::.oooc 
1!' (),0304 o.coz1 -:¡.0001 
19 .0.0:304 0.0023 ::.oooc 
20 0.0305 0,0024 C'.COOQ ., . ·. 
21 o.r;;ns 0.0024 -o.:;co0 
?2 0,0306 0,,)022 -c.~on 

1 •.' 

23 c:.o;o7 o. 0019 -0,(;001 
24 0,0:307 0,0014 -c.CO!Jl 
25 0,0308 :),000~ -G,OC06 
26 0,0308 0,0001 o.ono 

SF'UCT\IPF I!~">CO H</1\S'Jf'>SAL T !PO ' ' . ~ 
============~===~=====~=======================~==========================·;====~~ ., 

·======================================================================~======= 

L0"~!i'0 J8! t·.!T />Y PL. F:-)':1(!: c~-~~~o 
~· .... -., F:-:;cE t·!.c·.~::::··lT 

1 1 '!.. l..i39 -'),233 -~.15 

1 3 -6.1':!39 0.2;3 -0.01 
2 l 1.919 -0.065 -0.32 
2 3 -1.~19 0,065 -o.Gb 
3 1 10",65P 2,959 31.01 
3 3 -10~.65~ -2,<;59 -1!':.21 
4 1 -1'),074 4,R44 20,Hl 
4 3 1C,i74 -2.769 -1.7 e 
5 l 117,4le. 2,!c60 2 9. 53 
5 ; -ll7o4lH -2.660 -16.23 
f l -2,426 3.457 !4.74 
6 3 2.426 -l.9Cl -l. 34 

===~===~==========================:=======·========~====~==~=====~====·====~~===== 

' • , .. 
2 
2 

JC!~JT 

2 
4 

? 
4 

.t-~\!f~L F(}f~·c:: 
f .• IJ39 

-r). B39 
],9]9 

-J,S!9 

,... "":'J':I ... . "-- .... 
-c'.233 
0.0~5. 

-O.Cé~ 

:,~o"~\:T 

1. 15 
J. o l 



1' 
1 

' [. 

r 
[" 

L 
[ 

r 
~-

L 

! 

{' .. 

3 2 47.341 
3 4 -47.~41 

4 2 -7.260 
4 4 7.260 
5 2 5éo10l 
5 4 -56.101 
6 ~ -0.315 t 

6 4 :J.J15 

' 
t1:E:.:p.~:.- .Fi'"CFS F0P ·:.rr:.e~? 

32 
9,04CJ 

-9.040 
4.105 

-2.220 
9.33'9 

-9,::!39 
3.2~4 

-l,H40· 

:?6.2H 
•.91 

l 7. 72 
-1. 9l 
37.76 

R. 92 
~4.16 

. -1.42 

.~ ' 

,. 

' ·, 

======~============================~=========~==========.===~=================== 

LGA~I'1G J.}!~-'T \XI AL FOPCE SH::AR Fr:'>CE :.·o:-.~Et·! T 
l ~ 6.~39 -0 •. 233 o. Ol •' 

1 5 -<;,R39 0.2 3 3 -o. 11 
2 3 1.919 -0.065 o. o o 
2 • -1.919 0,065 -8.20 ~ 

~ • -:1.341 -3.040 -11.·::3 - · .. ·· 

3 5 (;.341 :. C4 o· 1.91 · .. _ 

4 3 -10.874 2.769 1.78 .'. 

4 ~ 18.074 -1.524 4,65 
5 ;\ ... 411< -3. '3:?.9 -11.01 
5 5 -~.4lW 3.239 0,99 
6 3 -2.426 1.9:Jl 1.34 
f < 2.426 -0.9t? 2. 95· -

. :'-"E'13:i' c:-r;pcrs FfJ~ ···F~-'PfF 4 

-,.---·--·--

LCACl! ''G JC I •.;T n: !.L L F éJ!.' CE 5;..1::.-~~ Fc:PCE 'AC'.'E"iT 
1 5 6e 7Hr-:. .O.l7C O.b3 
1 16 -6,7&e -,0,170 -o.c7 .. , 

2 ~ 1.c;o::, 0,:)47 0.17 
2 16 -1.905 -0.047 -C.'J2 
? 5 -C:.?Oé -o.:,~3 -1.es 
? 16 :: • 3 Oé 0.5~? -O.C7 
4 ~ -<J,92:> -'J.~7é -4.40 
4' 1 L Y.925 2,845 -·J.08 -~ 
5 <. r..3k7 -C.3f,4 -l. 03 -
5 16 .-~ .• 3N7 0.3~/.o -Oel6 
~ < -2.352 -:l.37~ -2. ~ 2 -6 16 2.352 1. 4 J 5 -e .11 

======================~==·============================================·=====~ ---



. -" • 
1 

33 
LO~ C' I'!G JO P T AX!~L "::w e:: S -1:: r.r: Fr'"'CE ~-·c;-~::\T 

1 4 f-.~39 0,233 -0.01 
1 15 -6.1<39 ..:.0.233 o. 7l 
2 4 l. 919 0,065 -o. o o 
2 15 -1.919 -0.06S o.zo 
3 4' 0,341 3,01.0 2.1l3 
3 15 -o. 34) -3.040 6.28 
4 4 -7.260 2 .?20. 1.91 
4. 15 7.26C -1.0R9 3.04 
5 4 9.101 3.339 2.82 
5 15 -9.10: -3.339 7.19 

: : 6. 4 -o.:n~ 1o!:i'-O l. 42 
6 15 0.315 -0.992 2.!:12 

[ . 
,. 

v~~9f~ FOPC~S FdR ·~E!~9f~ 6 

r .... ===============================================================-==~======:==~==== ... ' 

:- '· . 

LO~DJN(. JO 1 '·IT f>Y PL FORC: S!-1[1'-R F~:::c:: '10~1 ENT 
. ·. 

1 1 5 6.7AP -0.170 -0.63 
1 26 -::.7Rk 0.170 :.07 
2 J 5 1.9(~ -c.J~7· -0.17 
2 26 -1.705 C.:)t..7 0.02 
3 1~ 0.227 -1.913 -6.07 

1 

3 26 ~':.227 1.913 -0.23 
4 15 -7.2R2 -0.365 -2.99 
4 26 i,2R2 1.610 -0.26 
5 1~ ... 921 -2.!32 -ó.H9 

[ ··. ,. 

5 26 -"..921 2.132 -c·.l4 
6 1~ -o. ;7o ~:.402 -2.72 
6 26 0.370 1.335 -:.14 

L _.............__ ______ 
~-

vE·"·BtP Ff''·'C F S F0 10 ''::-•.•nr...-p 
' .. ···-···. 7 

================================================================================ 

LOA.D!"G . .)-2': I t-.:T AXPl FC~'CE s.-¡:-r.::¡ F· .. ··--r~ .......... ·~o~-'Et\'T 

1 " C,404 0.051 0.07 .., 
1 6 -0.404 -0,0~1 G.C4 
2 5 f'·--113 0.014 c:.02 
2 6 -s.1 n -C.Ol4 ').01 
3 5 2. 4.5~ -o.c;5 -0.06 
~ ~ -2 ... t.5:; ,... "-:;¡-

..) ...... ';) -o.s·2 
4 5 -2.200 -0.149 -::>.24 
4 6 ?.200 0.149 -0.10 
5 ~ z.?n o.:::3o 0.03 
5 f. -2.C73 -0.030 0.03 
6 5 -l.34t -0.073 -e .12 
6 6 1.; 46· 0,873 -~.()4 

.: __ , ·. ' ' 



.. 
¡·-:. .. 
. . ~ 

.. ~ fl'~~'"~i3t"R FOI'CES ¡:oR "·'['·'·nfR R 

L 
·-.-! 

' ¡. 

. ¡ 

r 

.. , . 

1 . : l 
1 1 

. ·¡· 

<L 

·======~=:=====~================~===~===~=:=~~==~=~==~=====~==~=~=~===~~==· ~r= 

:l4 
LOADING JO!NT f>Xlf·L FODCE SHE~R FO"lCE ~o~~'ENT ··" 

1 6 -4.GH ().o 02 -~.e o 
. _,.. 

1 7 4.018 -o. 002 c. 01 •· ·.• .... 
,. -·~ ... : 

2 6 -1.1211 o.coo -o.oo . ,·, .···· 
-.,~ 

2 7 1 .12~ -o.ooo o.oo 
3 6 2.701< 0.086 o.o1 

( 
... 

3 7 -2.70~ -0.006 c.oo 
4 6 4,109 o. o 11 0.~3 ~ "· .. 

.4 7 _,,,109 -o. o 11 -c:.oo 
5 6 -2.438 0.009 c.oo 
5 7 2.438 -0,009 o.o1 
6 6 o.o6R o.o1o o.oz 
6 7 -C,%8 -0.010 o.oo 

9 . · .. 

=========================~=============-=============================?======-~== 

LQAl'\H.'G JC.!~:T ~x !h L FfJF'CE s...,:~'< FC"CE f·'O''E~T 

1 7 -7.509 0,009 o.oo 
1 R 7,509 -0.009 'J.Ol 
2 7 -2.107 o.coz 8.~0 

2 8 2.107 -o.cr:z -:.00 
3 7 2. ?54 -O.•J01 -c-.oo 
3 ~ -2.954 o.cc: -c.oo 
4 7 Po561 -0,014 -0.01 • 
4 " -~<.561 o.C14 -o.n 
5 L. -t.662 0.010 

~-
o.oo 

5 H 6.66{ -0,010 Q,01. 
6 7 o.7K9 -o.c-:-3 -o. o o 
f. R -C,7H9 c.co3 -o.oc 

.. .. 

===============================================~~===~==================~====== 

LOr· I:<G JCI•·.'T 1;>: PL ::-oP e:: so..:::-!\=: FC?CE i·' 0~,·. f ~ ·1·T 
1 A -s. r;;¡: o. 004 ·:·. 00 
1 9 C:. S'91 -O.DC4 C.Cl 
2 8 -2.<'0~ O.GC1 o.oo 
2 9 ?.f-104 -O.C·Ol Ce, 00 
3 p 3~20~ -0.008 c-. oc 
3 9 -~.204 :J.·:'QG -..... " ....... .... ""' ..... 

4 p l ~ •'•9R- -0.004 c.oo 
4 9 -1;,4<;"· O.CC'4 -0.01 
~ p -9~591 0.205 o.oo 

"-----'· ·-· ---·-· _. ___ · -·-------~-



í. 
'. 

1 

' 1 
't \"' 

1 

i 
··~ 

'.;. 

1 

1 

1 

l 

9. 5 91 
1.130 

-l. 130 

-CI,OC5 
-~.000 
o.ooo 

3 f' ,) D.Ol 
c.oo 

-o.oo 

--.' 

~' :! 
. " 
é·¡J: 

'-'E'-'L\Eo. Fcr,cr:~ FOI' '-~r··:>r::>· .11 ., 
====~====================================~============~============~======;~~~; 

''"i" m;r "~:u;;" '"";.;;~" "'~€~6, /:t 1 

~' 1 g :; : ~ ~; -~: ¿ ~; -g: g g t,· '~; 
.2 10 :..223 ·-o.::oo o.oo .''.fl 
3 9 3.451 -0,000 o.oo '~: 
3 10 -3,451 O,GOO -0.00 
4 9 ~3.:340 -0.004 c.co 
4 ¡o -13.340 o.oo4 -0.01 . ·,. .. 
s 9 -11.255 o.oo3 -o.oo ,, 
5 lC ·11.255 -0,003 _0.01 ,,.¿; 
6 9 1.392 -c.o2o -c.oo 
& 1c -1.392 c.coc -c.oo '· 

================~=====================~=======~=====~=================~=~===== 

LCAD!~IC: .JC· I i T 1\.Y.l AL ~,-,:) r¡:-
' , ....... 5"'1:!.? F~~CE ~,.:>:'-' =~·]T 

1 10 -11.4~~ -C.JC3 -o. 00 
1 1 1 11~4~;. O,OC3 o.oo • 
2 JO -3.223 -o.c:oo -0,00 
2 11 :.223 o.:'Jo c. e o. 
3 1 o 3.S4~ -~.e 01 -c.oo 1 
3 11 - 3. 91~,., ·e, on -G.OO 
4 lC 1?.,739 0.0~2 O,JD 
4 ll -1;.7:;9 .... "", ..... -· ........ .) ' -~.c:c • 1 

~ lO -1(',759 -C.O:'~ -C.Ol 
5 1 1 H·. 759 ~-~05 C.·:JO 
t 1~ J , S S 1 -·J. o~c- c.~c 

6 1 1 -1,f,S! "' ".-.r w' • ',) V :.J -o. oc 

'':~''''o!'P Fr>DCES F::JP •·r•:¡. cP 13 . · . . 1 

=============================~···========·====================================i 

~Ot>~PIG .JCJ:n t.YJtl FC•''·Cc S"F'-'·:=! F~'rCE . '-'.01'!:'-:T 1 

1 11 -9,<:·91 -o. oc-.4 ·-c.o¡ 
1 12 9.~91 o.co4 -:.oo 
2 11 -2.~C4 -~.CJl -o.ao 
2 12 2.-ro4 o.ocl -o.oo 

·--·-------~'-· -----·--·=---·----- --·--------~--' 



:¡ 
. '.\ '• 

., ! 
.·-·· 1 . < '! 

. ··. ! 
·,- ·¡ 

' 1 ·. 

t 
1 

·, ¡: 

;..,) 1' ... 
36 

' 11 4.195 •O,O'lO o.oo 
~ 12 -4,195 c,ooo -0,00 

4 11 17.293 O,OC4 o.o1 
4 1:? -12.293 -o,004 -o.oc 
5 11 -P,60C -0.005 -o.ol 
5 12 ~.600 Or005 -o. o o 
6 ll l. 726 o.ooo o.oo 
6 12 -l. 726 -o.ooo -c. oc ,.,, 

,,,. ,.>,\.:•' 
:·:·. ,)!" . ~ , .... 

• r., 
'· 

' 
================================================================~============ 

LOA!)H:G Jni~"-.iT r. X 1 f. L F rp e<: SHO::¡ FCRC!:: •:·o~· E el T ., .. 
1 12 -:.50? -0.009 -C.Ol " 
l 13 7,509 0,009 -o.o::: ,·,·, 

(. 

2 12 -?.1!17 -c.ooz -o. o o 1·,:· 

2 13 2.107 o. 002 -o.oo 
3 1 2 4 • '•4 6 -0,004 -o.oo .·. 
3 13 -4,446 o.oo4 -o.oo 

., 

4 12 9,761 o.oo7 0.01 
4 13 -9.761 -0.007 o. o o 
5 1:? -~.170 -o. o l7 -0.02 
5 13 ~.178 0.017 -::>.01 
~ 12 1,6Rfl -·0.001 -c.oo 
6 13 -l.63A o.oo1 -c. oc 

==============================~===============~==:=====~============~~:=~===== 

------·---.......:.._-.1---



1 ,. ' -· : '. 

1' .· .. ¡ 
·' L 

"0'1.E~T . '. LOI\'D I r~:G JOH~T .AX!~L FORCE SH:;:AR FCRCE. 3 '/ 1 ' 1 14 0.404 -().OSL -0.04 

1 
1 1 15 -0.404 0.0!>1 -o. 01 

1 ·. 
2 14 0.113 -0.014 -0.01 

'' 2 15 -o. 113 0.014 -0.02 
1 '•., 

1· 
3 14 4o952 -0 •. 114 -0.06 
3 15 -4.?52 0.114 -0.20 
4 14 1. 4 54' -0.022 -c·".O ;,;; . 4 15. -1.4 54 o.q2z -o.os 

... 5 14 ~.470 -0.179 -0.12 .. . 

5 15 -~.470 0.179 -o. 30· 
6 14 1.394 -0.055 -0.03 
6 15 -1.394 o.oss -0.09 

·:. (. .. 

. 1 , .• ·. 

. ·~ .... 

~Et-'BfR FO!~CFS FOP. '·T'(óf'l 17 ' '. 
. ·,; _•.; :· ===========================:====·============================================: 

.·. 1 

L0/10! r,c; JO li''T ~X !4L FORCE S'"IE~R FORCE •JQ;J.EN T 
1 16 4.235 0.050 0.07 
1 n -'•.235 -0.050 0.04 
2 H 1olR9 0.014 -~. 02 ¿ 17 -1.1~9 -0.014 0.01 
3 16 0.329 0.0~3 0.06 
3 17 -Ci.329 -0.033 o.o1 
4 16 -4.241 0.014 o.os 
4 17 4.241 -0.014 -0.02 
5 16 ::..754 0.099 0.16 
5 17 - ~. 7 5~ -0.099 0.07 

·-; 

1 

6 16 -0.004 O.C49 o.o 9 
6 17 G • 004· -0.049 o.o1 

: .. :., ;.. 
~>':::r:soop ForcEs FOR '·'.f'',BE!< ·18 
===================================================================~========= 

LO•'.fll'>G JO I r'.IT AXl4L FQPCE S"'FA'1 FOF:CE r~c~· E'l T 
1 17 7.734 O.OC4 -o.oo 
1 1H -7."34 -Q.OC4 :·.o 1 
2 17 2.171 0.001 -c.oo 
2 lA -2.1?1 -0.001 c.oo 
3 17 Co0A2 -0.009 -0.01 
3 11< -·J.C~2 0.009 -J. 00 
4 17 -R 0 70~ -0.021... -C.~2 
t. 11< n 0 70H C,024 -'C.03 
5 17 9.9il¡< -'D.003 -:-0.02 
5 lfl -9.9RR 0.003 o.o1 
6 17 -0.730 -::l.015 -C.02 

j t. lP o.73C ::l,Ol5 _;0.01· 

-·-----·-----



...--

38 
·. ·.¡ 

/. 

lO liD l'IG J:Jlr!T 11x 1 n FOI-CE !:il-'i:~R F"CRCE "10~ENT 

1 11< 10.211< 0,010 o. o o . ' . '~~ 
1 19 -1 D.21H -0,010 o.oz ., ; ' 

1 fj' 2,fl6fl 0,002 o.cio ·' 
1 

.2 ,1;'; 
.. 

-... 
2 19. -2,!i6A -c,ooz c.oo '' :, 

1 

·',{,_'·' ... :• 

3 lB -0.166 0.001 o. o o , .. . ;·· 
:~~; 

3 19 0.166 -0.001· -c.oo : 
4 lA -11, S4 7 -0.005 c.oo 

. ~· . 
4 19 11.647 0.005 -o. 02 : __ ?~;:' ... ~·· 
5 lb 12~921 o. a·l4 o.oo ' . .. 
5 19 -12.921 -::J,Ol4 o.oz 

. ~.:. ~ c.:; 
... •· '~:~ :i:: 

6 11< -1. 071 0,003 c.oo .... ' ... ,. . ::~ :;;:~ 
6 19 l. 071 -D,C03 -c.oo ;'.:.:· 

1 
. ~ .. 
·'' 

~l¡E'·'=?-E:\ F:>~cr::s F~)p V E~-· p. E R 20 
.,. .... 

e1'' 

,. 1 ::=====~==~=====================~==============~========================~==== 

r LW:T·c: 
1 
2 
2 
3 
3 
4 

4 

5 
5 
ó 
ó 

JO l r:T 
19 
20 
19 
20 
19 
20 
19 
20 
19 
20 
19 
2C 

t.x¡~L FCPC: 
11.713 

-1!.713 
;.zAe 

-?,2HB 
-0,414 

C,414 
-12,492 

13.492 
}t.,5A7 

-1t.,5H7 
-1. 3 34 

!.334 

SHEAR FORC=: 
0,003 

-0.003 
o. 001 

-0,001 
-0.001 

O, QOl 
-O,OQó 

0,006 
o.ooz 

-0,002 
-0.002 
o.ooz 

'~O:IENT 

-o.oo 
O, C)l 

-o.oo o.o-o 
-o.oo 
-c.oo 

o.oo 
-o.n 
-0.01 

c.o1 
-o.oo 
-c.co 

. '. 

• 

__ ,_,, 

,. 

-~ . .-\ 
. ', .·. 

===========================================================================·== 

LCt.[' I:·!G JO!ilT ~.Y.:t-L FO:>C: Si-'ELR FO'<CE vo:'ENT 
20 12.210 o. co·4 -o. ce.; -1 

1 21 -12.2!0 -0,004 0.01 
2 20 ?.427 C,001 -c.oo 
2 21 -3.427 -0,001 o.oo 
3 20 -0.563 o. 001 a.oc 
3 21 c.c6?>· •0,001 c.oo 
" 20 -14.2f.+0 -O.C84 o.ol 
4 21 14,240 0.8C4. -C.C2 
5 20 14,S·74 O,OOé -o.oo 

,1 _, 

· .. i 
' . , 

L..._--". __ ":_._~~;:__ 

;,-
':.! ' 

• . r 
-----'---'---------~-----·------~----·~-. -·----~--



1 
' 1 
1 

¡. 

5 
6 
6 

LOAD!NG 
1 
1 

21 
2~ 

2 1 

JC Ir :T 
21 
22 

-14.9i4. 
-1. ~22 

1.522 

AX!H Fo:: CE 
1?.210 

-12.2!0 

3U -o.0o6 
-o.ooo 

.o. 000 

S'-'E"AR FORCE 
-0.004 

0.004 

C.CJ2 
~.o"o 

-o. o o 

I.'Q;~E~'T 

-0.01 
o. o o 

~· .. 

. . 
' : ' 2 21 ?o427 -0.001 -o. o o 

2 22 -3.421 0.001 o.oo . ~ '' ./ 
,. " 

3 21 -o. 664 -0.001 -o. o o .., 22 ::'.(~64 0,001 -o. o o - ': í." 

4 21 -14.239 0.0:)4 o.oz 
4 22 14.239 -O.C:J4 -0.01 
5 21 14.973 -0.006 -o.oz 
5 22 -14.973 0,006 o.oo 

r 
(, 21 -1.522 o.ooo o.oo 
6 22 1.~)22 -o.ooo -o. o o 

1 
LCA:}!\C JC Ir!T A.Y.!Al FOPCE SH;::~o FCRCE '·10~'~NT 

r. ' 22 11.713 -0.003 -0.01 ... 
' 23 -11.713 0.003 c.oo - • 
2 2? 3,2HA -o.oo1 . -o.oo 
2 23 -~-.2PFl. O • COl o.oo 
3 n -0.91(1. -0.002 ·-0.00 
3 23 Cl.910 0.002 -o.oo 
4 22 -J3,M9] 0,001 c.o1 
4 23 J?.h91 -0.001 -8.01 
5 2.2 1i,O~l -c.oc? -o.oz 
5 23 -14.0'71 O,J07 o. o o 
6 22 -].f.33 -0.001 J.OO 
6 23 1.633 o.oo1 -o. o o 

=====~=====================================~========================~====·= 

UJh D HT Jc-r~.-:r A':!t.L ."J~CF s ..,r ~" FORCE !>'.QVENT 
1 ?3 1~.219 -:J. O lO -0.02 
1 24 -10.219 J.,:J!O -o.oo 
2 23 t.HfH -0.002 -o. o o 
2 24 -2,H61' J.C~2 -c.oo 

- ------ ---- -~ - -
__ .L.;... ... •---·-·,___~_· __ :.__~-~-·-----·--------·----------·-· --·-----!--- --- ----



3 23 :-1.158 10 (;. o o·~ o.oo 
3 24 1 ,15~ -c.oos ·J •. OO 
4 23 -12,443 o •. ol6 0,02 
4 24 12.443 -0.016. o.oo 
5 23 11. 92A -0.007 -:J.OZ 
5 24 -11.921:! o~oo7 o.oo 
f:, 23 -1 • (.f:, H 0.004 o. o o 

1 

6 24 !.f.f~ -c.::-.04 O. :JO 

P'Et~:>fr.> FOPCf.S FOR ''éY!'.F:< 25 

===============~========~=============;==============·======================= 

1 LOAD!':C: JO I 'lT AX! n Ft);.>(~ s~::.tt? Fn"cE :-~C~-'. EN T :.,: ' 

1 24 7.734 -G.OiJ4 -'J.Ol 
1 25 -7.734 o.C24 " ,.... ..... ... e V ... 

2 24 2.171 -0.001 -o. o o 
2 25 -2.171 o.oo1 o.oo 
3 . 24 -1.40tl -0.029 -o. Cl 

1 3 25 1o40fi 0.029 -O.C5 
4 24 -9,90A -c.o¡e c.~o 

4 25 9oS OH 0.018 -J. es 
5 24 ~.496 -0.034 -C.03 
5 25. -k. 4 9é 0.034 -C.C4 
6 24 -1.6?0 -0.016 -o.oc 
f., 25 1.630 C.Jlf. -C.03 

1 

LO~~¡ ~'G Jctn ~-.A X I f. L.. FO?CE Sr E~::¡ F\2CE MO~-~ ~;\!T 

1 z:. L..23~ -c.o5o -0.~4 

1 26 -to.2J5 0.050 -D.'J7 
2 2 ~} 1 .1 F9 -C.:Jl4 -c.al 
2 26 -:.1H9 CJ.Ol4 -C.02 
3 25 -1.652 o. 113 o.c6 
3 26 1.652 -0.113 0. 21 
4 25 -é.247 0.145 C.89 
4 26 6.247 -0.145 0.24 
5 25 3. 772 C.04H r ~" .... ,..v 

5 26 _,.772 -O.C4é' 0.11 
6 25 -!..:Ji)~- c.c¡o 0.03 
6 26 1.508 -O.C70 0.12 

·--· ----· --~-



.. 

... 

... 
·~ 
,. 

p 

[ 

[ 

1 

f 

[ 

1 
1 

' 

;-' 1 

1 LO'Dii-'G . ..:r¡·;r hXlhl F(V-J(~ S;-<!'"hR FC'CICE f.'C''S~.~r 

1 
l f:> r.102 -0.017 -o.o2 
l 17 -.6.10? Q,Ol7 -o. 02 

1 2 f, l. 712 41-0.004 -o. o o 
1 

2 17 -1.712 0,004 :-0.00 
3 (:, -0.381 0.001 ·='.00 i 

' .3 17 0.3!11 -0.001 0.00 

1 

4 6 -1<,7M0 0.025. 0.04 . 
4 17 h,780 -0~025 :l.03 

1 
5 6 7,433 -:l,C20 -0.03 
5 17 -7.43? 0.020 -0.03 

1 6 ,., -2.008 0.006 o.c¡ 
é 17 ?oOOA -O,JOó o.oo 

,''!:"5F~ FOr>(["S FOP r'E~"SCR 2H · . . . 1 

===============================·===========================7====~========;=1 

L0.~ D 1 >:G 
1 
1 
2 
2 
3 
3 

JC·I~iT 

·7 

7 
lH 

7 
JR 

7 
Jlj 

7 
1f! 

~Y!t.L FOPCE 
4,773 

r. 340 
-1.340 
-0.330 
-. 0 ;· 3.3 o 
-6.075 

6.075 
~.783 

-~.783 
-0.976 

0.975 

.S>-<!: t.~ FOf<CE 
-O.:lOti 

O,OOH 
-0.002 
o. 002 
o.ooc 

-o.oco 
0.010 

-0.010 
-0.010 

0.010 
:J,001 

-0.001 

-C.Ol 
-e. :n 
-:.oo 
-~. 00 

c.oo 
~.oo 

o.o1 
0.01 

-0.01 
-0.01 

o·. o o 
o.oo 

1 

1 

. 1 

; 1 

~====~================~==============~==~=====~============~==~============= 

LC ·' r: I'·IG .J;¡ r r.·r t X J.!, L Fo,r,C¡:: SH~~~ Fc:oCE ,,~o::Et~T 

1 H 3.4'J5 -O,:lQ6 -0.01 
1 19 -3.405. Q,006 -c·.01 
2 Q ~.~55 -O,Cl:J1 -:·.ao 
2 19 -0.9!:5 O.OC1 -0.8C 
3 ~ -0.342 c.oco o.oo .. 
3 19 o.;L2 -0. OO·: :;.:1C 
1.. P. :-1...~31 0.007 J.Ol 
4 19 ~.031 ,-0,007 0.01 
5 R '-'.OlR -0.007 -o. o 1 
5 19 -I..,C·lb O.O'J7 -C.Ol 
b p, -~.4E;9 0.800 o.oo 
6· 19 C,4f:>9 -~.:J~O C,O·:J 

'· 

; . 
:1;. f <. .. (~':· •• . • -. ·: ••. 

. . .·v , ·---"~--~--
.,.·--·-~·"---·-~·--···----------~ 



1 . 3( 

LOA C I''G JO 1 •·•T AX!IIL FO"·CE St-<Eh'< FC'<CE '~8'1Er~T 

1 9 2,045 -o.oc:; -a.oo 
1 20 -2.045 0,(103 -o.oc 
2 9 0.574: -o.ooo -o.oo 
2 20 -0.574 0,000 -:-. 00 

1 

3 9 -o.3:9 o.ooo c.oo 
3 20 0.3~9 -0.000 8.00 
4 9 -2.524 o.·) 04 <i,CO 
4 20 z. 524 -0,004 .o. 00 
5 9 ?.279 -'l.CC4 -c.oc 
5 20 -2.279 o. 0.::>4 -o. o o 
6 9 -0.359 0,000 o. o o 
6 20 0.359 -o.ooo c.oo 

==~==;==========~===================~=========~=====:======================== 

¡ 
LO~DI''G JOI~·:T AXIAL FOPCE SHóAR FC::!CE i·'Ot-' p; T 

1 10 1.:?60 -o.ooo -o. o o 
1 21 -1.360 o.oco -C·.OO 
2 10 0,3Hl -o.ooo -o.o:J 
2 21 .-C.3Hl o.aoo -C.80 
3 10 -o. 002 o.ooo :J. o o 
3 21 0,002 -o.coo c. 00 
4 10 -l,49A o.ooo v.co 
4 21 1,498 -c.ooo c. 00_ 
5 10 1.739 c.coc c.oo 
5 21 -1.73<; -o.do c.oo 1 
6 10 -0.]03 O,OCO o. o o 
6 21 0,103 -o.oco o.co 

==================~===============================~=========·:=======~~======= 

1 Lr'!l :;·r 1'·:G JC 1 ~·r ~Y.Jt·L F;;C(E' S'-i=:h.R F:.Jf-\C~ ~~~o~; E' N T 

1 11 2.S45 o.o:J3 c. oc 
1 2? -2.045 -0.003 c.oo 
2 11 0.574 o.ooo o.oo 
2 22 -').574 -o.ooc ~.80 

3 11 0.337 :J,COl :.oo 
3 22 -o. 337 -0. OCl c.oc 
4 ll -l,"Rl -0.003 -c. QO 
4 22 1.981 :),003 -c.~o 

5 ll 2.95é O,CC5 o.oo 

i . 
--~----- ' -~- ---'-------·------ ·------· -· 



L 

. ¡ 
!. 
' 

r 
r 
l 
1 

[ 

5 
6 

6-

22 
ll 

22 

-2.956. 
0.047 

-0.047 

'~E'mF~ FOf'CF.S FOR ~E'-'llEr> 33 

LOAO!I\G JO!I\T ~.xrn FOPCE: 
1 12 3.405 
1 23 -3.405 
2 12 0.955 
2 23 -0.955 
3 12 0.347 
3 23 -o. 34 7 
4 12 -3.472 
4 23 3.472 
5 12 4.708 
5 23 -4.70A 
6 12 -0.050 
6 23 o.05C 

~·'Eti.B=-r.: FORCE S FOP io'E"f:::::P 34 

LO.~Dl'IIC JC l':T AX!A.L FO!:!CE 
1 13 4.773 
1 24 -4.773 
2 13 1.340 
2 24 -1.340 
3 13 0.307 
3 24 -0.307 
4. 13 -::>.010 
4 24 :>.010 
5 •13 6.421 
5 24 ..:6.421 
6 13 -0.177 
6 24 0.177 

~E~SFR FORC~S FOR VE~BE~ 35 

-0.005 
o.ooo 

-o.ooo 

SHEAR F :)RCE 
C.OC6 

-0.006 
0.001 

-0.001 
0.001 

-0.001-
-0.006 

O.OC6 
1 0.009 
-0.009 
-o.ooo 

o.ooo 

SHE.4~ FORCE 
o. e::~ 

-0.008 
o. 002. 

-0.002 
o.ooo 

-o.ooo 
-o.oos 

o.oos 
O. Oll 

-0.011 
-o.ooo 

o.oo:; 

c.oo 
o.oo 

o.oo 

I'.O~~':NT 

0.01 
o.o1 
o.oo 
o.oo 
o.oo 
o.oo 

-o.o¡ 
-0.01 

o.o1 
o.o¡ 
o.oo 

-o.oo 

.··~0~~-ENT 

0.01 
0.01 
o.oo 

·c.oo 
-o.oo 

::.oc 
-0.01 
-0.01 

o.o1 
0.02 

-O~ DO 
o.oo 

., 

. ' 

. ' 

·.'. 

,';. 

• 

e-,,, 

,. 

=====~=======================================================~==~=~=~=====~ 

LOAfH~-!G JOH:T 
1 14 
1 25 
2 14 
2 25 

t,X!AL FOf:'CE 
6.102 

-6. 102 
l. 712 

-1.712 

SH!:AR FORCE 
0.017 

-::.011 
o.oo4 

-0.004 

VQf'ENT 
0.02 
e •. c2 
c~oo 
o. 00 

;, . ' ----------------------------·------------



. 

1 

1 

f 
1 

1 

1 

~9 

44 
3 14 o. 4 75 ... 0,004 0,01 
3 25 -0,475 -0,004 o.oo 
4 14 -6,345 -0,016 -0,02 
4 25 6o345 0.016 -0.03 
5 14 p,¿9o 0.026 o.os 
5 25 -Ro 290 -O,C26 o.n 
6 14 -C.1A2 o.ooo o.oo 
6 25 0,182 -o.ooo -o.oo 

u~~BFP FCRCES FCR ME''BEP 36 
==============;=~==============~~=~~=======================================: 

'LOAD!'!G JOI'~T AXIAL FORCE S"iEA:l FORCE :'10ME"JT 
1 16 -7,4b7 -0.003 -o.oo 
1 6 7,487 0.003 -c.oo 
2 16 -2.101 -o.ooo -o.oo 
2 6 2.101 o.ooo -o.oo 
3 16 0.423 0.003 o.oo 
3 6 -0.423 -0.003 o.oo 
4 16 10o66H o. 013 0,02 
4 6 ;_10.66A -o. o 13 C,02 
5 16 -9.166 -o.ooo 0,00 
5 6 9,166 o.ooo ;_0,00 
6 16 2.385 o.oo1 o.o1 
6 6 -2.385 -0.007 O,Ol 

~EMeER FORCES FOP ~E~EER 37 
=~=====================================================================~==== . 
LOADH'G JO I 'iT AXIIIL FORCE SHE~.~ FORCE ·~QM EN T-· 

1 l7 -~.914 -0.003 -o. o o 
1 7 ~.914 0,003 -o.oo 
2 17 -1.660 -o. 001 -o.oo 
2 7 lo660 0,001 -o.oo 
3 l7 Oo41A -o.ooo -o.oo 
3 7 -0,418 o.ooo -o.oo 
4 17 7.546 0,003 o.oo 
4 7 -7.546 -0.003 o.co 
5 17 -7.156 -o.oos -0.01 
5 7 7.156 0.005 -o. o o 
6 17 1. 224 -o.coo -o.co 
6 7 -1.224 o.ooo -o.oo 

=====================~=======~·==========================================-==: 



1 

. 

... ~ 

. ! 
' 

' 
i 

1 

r 

! 
1 

' 
• 

1 
{ 

1 

1 

.. ou.J 
45 

LCA.DPiG JOI rn AX!ftL é0"CE . S,..EAR FORCE MQi.'EI>l'T 
1 H -4.205 -0.002 -c. e o 
1 ll 4,205 o.on -o. o o 
2 1fl -1.1110 -o.ooo -o.oo 
2 11 l,lH0 o.ooo -o. o o 
3 lA 0,422' o. 0.00 o.oo 
'3 A -0,42? -o.ooo o.oo 
4 111 4,975 1),003 o.oo 
4 A -4,975 -c.oo.3 o. 00 
5 lA -4,963 -0.002 -o. o o 
5 F! 4. 963 0,002 -o.oo 
6 lA 0.577 o.ooo o. o o 
6 A -8.577 -o.ooo o.oo 

r.'EI'!>i?R FG"CF.:S FOR •:E!'8tR 39 
===========================================~================================== 

LO.A')I"~G Jo I"!T AX l AL ::cr-<CF. 
1 19 -?,52H 
1 9 2o52A 
2 19 -r..7c~ 
2 9 0,7':!9 
3 19 0.419 
" 9 -0.419 
4 19 ~.121 
4 9 -?.121 
5 19 -2.HlR 
5 9 2.~11' 
6 19 C,444 
6 9 -0,444 

SHEAR FORCE 
-0,001 

0,001 
-o.ooo 

o.ooo 
o.ooc 

-o.ooo 
0,001 

-0,001 
-0,001 

0,001 
0,ooo 

-o.ooo 

:·10~1ENT 

-o.oo 
-o.oo 
-o.oo 
-o. o o 

o.oo 
o. o o 
o.oo 

-o. o o 
-o.oo 

o.oo 
o.oo 

• 

===============================~============================================== 

' L "'\11 -- "'f.L!':. __:~¡¡ "IT r .. x¡t',L =cFC':: S-;Et.~ FC'l"CE '·10~·E'~T 
v··,..,.;. .,... 

1 20 -O.n37 -o.ooo -o. o a 
l 1~ J,~37 c.cco -c.oo 
2 20 -0.23S -o.ooo -o.oo 
2 , " 0,235 o.oco -c.oo •• 
• 20 0.424 o.coo o.oo ~ 

• 10 -0.424 -o.ooo o.oo ~ 

4 20 1.261 o.ooo o.oo 
1; ro -]. 2(.1 -o.coo o.oo 
5 20 -().~4~ -o.coo -e·, o o 
5 10 (),64F! o.ooo o. 00 ,., 2 () cr, 31 H O,()CO o.co 
6 lC -~.31f'( -o.ooo ::·.00 

, .. 



1. 
1 
; 

1 

1 

[ 

LO~:JING JC 1 '!T AX !hl :=rwcE 
1 10 -0.1"37 
1 22 ·o.rn7 
2 lo -0.23~ 
2 22 0.235 
3 10 -C.419 
3 22 0.419 
4 1C 0.5R3 
4 22 -0.~H3 
5 1() -1.491 
5 22 1.«91 
6 10 -C.191.l 
5 22 0.!90 

''!:'·13Fr FCPC!:S FOr '·':O:;·'BEP 4' 

46 

SHEhR FOPCE 
0~000 

-o.ooo 
o.ooo 

-o.ooo 
o.ooo 

-c.ooo 
-o.ooo 
.o.coo 
o. 000 

-o.::oa 
o.coo 

-c.ooo 

'10''ENT 
o. oc 
c.oo 
c. 00 
o.oo 
o.oo 
:. 00 
o.oo 

-o. o o 
o.oo 
o. o o 
o.oo 
o.oo 

:. ·.· 
·, •,'t 

==~===~=========~===~=========~=.=====================================;=;=~== 

LJI,')!''G JO 1 .,, T l•XILL F8~·cr: SH!:A~ FC'<CE r~O!·T"T 
1 11 -2.5=:~ O. OCl o.oo 
l 23 2.S2Fi -0.001 c.oo 
2 ll -0.709 o.ooo o. e o 
2 23 .~.709 -O.JOO c.oo 
3 ll -::>.419 o.ooo o. o o 
3 23 0.419 -o.ooo -o.oo 
4 11 2 • L.4 M -o.ocn -o.oo 
4 23 -2.44~ 0.001 -o. oc 
5 11 -3.657 0.002 o. e o 
5 23 3.657 ·-c.on o. oc 
6 11 -0.059 -o.oco o.oo 
E 23 0.059 O.O:JO -o. oc 

. . ¡ 

v:'~.3FP !=":"r="c:s Foc; •¡f:':.::.~? 43 
=======~================================================~=~=================: 

LC'l·4 e Jr-ie: JJH!T A>:I.'L Fcr:·c~ SH:;:AR FC~CE '·1 0'~EriT 
1 12 -4.205 0.002 o.oa 
1 2" 4.205 -D.OC2 o. o o 
2 12 -J.lH·~ o.oco o.oo 
2 24 -l.li-10 -o.ooo o.oo 
3 12 -0.424 0.(100 o.oc 
:? 24 ::'·. i. 2 L:. -c.c,oo o. 00 
4 12 "·291 -o.~n -O.C)O 
4 2" - '- •. z 91 0.002 ·-o.oo 
5 1? -~·"11 0.004 o.co 
5 24 ~. ~: l -o.r;o4 o.oo 
~ 12 r..C'64 o.oc~ c.oo 

~6 24 -o.c~l. -o.c::;o o.oo 
. 

. -------· --·--·---------·---
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1 f-- r--+-+-+-+--t-+-t-+---11--'+. -+--+---1--":='1'-'"'t ¿;[Lf-t.j-t-t--+-t- r-f---1-"t-·~'t--t-t-+-t--+-t-+-t--+-t-+-t-+--4 
f -+-+-+-!--1--lf--t--+-t-+-+- t-+-t-+-4·-- -,r-t---t--H-+-+--+-r-f-H--l--+--+ +-+- r

t-t--+---- -- -- 1--- -+-+-1---4--+--+-+--l--+-l-+--l -1--t--+-l--- - --- --t--+-r-f--t--+-+-t--t--l-+-t-r-f--h.-+1 ~ . 
1-t--i-- ---+-+-i-t--t-t--t -+-T--t- --+--t--t---1 -- -- -- --t--t-!-t-t--t--1--t--+-t-t--t--+--t-t-t--t--l 





-1-+-+--~---l- --~ 

f.- - ~- ···-1--1-- - 1-
..•.. ·-· -·- ... . -- .... ¡_ 

~E .. -~~~-~~~ 
f.- - ~....- -L+-J.-+ 

1--
¡._. -+' -1---1--...¡.___¡__.¡__ 

~ Hin9e 
d, Fic ~~~~inQe d, 

'" 
d, .,. .. 

t t t t t 
A 8 e o E 

Fu1. 9 

Cn11c 
(hA:. D} 

K --------·-----·· -····· ... ---·······-----· ···---

3 4 6 

-- ---·----- ----

A 1 1 2.6 4.9 7.í 11.1 14-.9 
/J 2 1 2.6 4.9 7. 7 11. 1 14.9 
e 1 1 2.1 3.4 4.9 6.6 8.3 
D 0.7 1 2.0 3.3 4.7 6.2 7.9 
E 0.6 1 

1 
2.0 3.3 4.6 

1 
6.0 7.6 

• From Reí. 3. 
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ICitJAL AL G~Ut:~O Ot:L 
ANGULO UTILIZADO CN 
LA DIAGONAL 

Lt':':· 
ir• 

g 

~ /~-~~ 
Ir -:::;9-i).-t> -JP li 

• 
CAJON t"O~MADO POR 
005 ANCUL05 
(AL Ct:.NTifO D~ !.05 7Aé:L~tf05. 
OC AM8A5 1 Ct..IC~DA5) 

! 

'· 

9 V \ .¡) 
?' 5 

. ·"· J 1 

¡¡- ': 'i 

~~ )(t, Hi 
11 '1 
LL. _Jj · 

~ 

, 
1 ! 

_ __¡ 

i 

1 
1 

1 

--i • .' 

1 

\ 1: 

N\ Af ~-1~-! p.. L:l 11 

' -1, 11 

l! 

"' ~ 
11 

--- j 
:::¡ 
1---
-.J 

LA5 50L.OAOUR.A6 INOICA. "'<: -~ 
~ 
/ 

VI~TA 'A-A; 
OA5 t:N LA Ct.lt:R.OA 6UPC
I?IOR. 5t:~AN LAS A415MA5 
f'A.RA LA Ct.IL"~OA tNI"t:I?ICIR. 

lts ot: 76 • 76-< 6 
AL Ct:NTI':O Ot: 
rOOA5 LA:5 OlA. 
t:;oNALt:~. 

1 ~ 1 11---~-----~--~-
CON~XION TIPO Dt: !'.101YTANT~5 Y ----'"'--"'"'- -----------------.------· "-- ---- --- ------------------· . 
DIAGON~LI:5 A CUL:,"Z"_DA 5UPL:_!!f_I0_!!_~--
1Nrt:.I?IO~ -----------

ll 
1 

1- ------1 ¡-- ~ 
¡ 

V 1 5T A 11 6-.e/ ===--· ·---- -· --

..-1' 

T\& r 

1 

1 

1 
' 

1 

1 
1 

i 
1 

1 

1 

1 

1 



1 

1 

ce 

1 

1 

1 

1 
1 
1 

r, 
1 

LUMNAl ' 1 =11 ,= 
~1 rl, J 

V~ 
1 '1 

1~ f 
1 ~,.. 

-~·"' ' ' '1 

~~H 1--·-
45° 

1 '-/ ¡-.. 

~: -~ V 

:; 

"""' ,4 
'- 1 

'"" ~,, 11 '1 
11 11. 

. 11 1¡ 11 
/ 11 1 1 11 1 1 

13S :1 :1 11 

J 
1 

l ' 
1 

1 
il~ 

1 
1 
1 -1 1 

i 

1 

t -4--

1 1 
1 

1 --- ---
' 
1 1 

' 1 
i 
: 
¡ -+-~ 

1 ' ¡ __ 
1 ' 

1 
----#--

1 

! 1 

¡ ¡ 

' .. 
' 

;¡ 

1 1 

i 
i 

PLAC-"f:5 
o.: l 

45' 11 11 11 1 
' 

11 11 1 

11 
J_ .,¡;=::====n===:;:;;===~ 
i 1 

! 1 11 1 1 

11 11 1. 
1. 11 11 ~ 

11 IL 
: 1 
¡ 1 

i 
! 
' 
1 

¡ 

1\ 
_j 1 

' ' 1 LJ58 . ...,..., 
""------- t I<J<J [• • ti . 1 

' 

'3 ol !"'LACA [l. ---- ! 
: 
; 

( 

1 
1 

COLUMNA 

1 
¡ 

CON L. X 1 O N t:. .5 · T 11""0 l E /V COLUMNA5 

PLACA Ot: 1..3 

• /11 ... 111' 

V 15 T A ?-? 



1 )~-----
. . 

_j. _________ _..._ 

1 

1 
1 

. •:.J! 

' 

1 
1 

1 

1 

1 

1 

1 

1 

j 
1 

i ___ t ___ PLAIC"' 0P~CA O~ 300 J( 13 <~!54 
!l. Ot: 16 -¡¡ 1 ¡ . M '- X ¡g )( 352 

ACUJI:R05 OVALAD05 ~~ 1 

(ea'}/Rc:),¿o~'¡ /A~ u~A. )tt> ~~-- ----1.---- /t! oc 16 

~t:5 CA.R,K;'!L ;vi /¡¡ II?Ot:l6 

Y' Ir-<', 
V / 11 ij ---~ 

y '1 ¡_ 1 
COLU tVI NA ------...J·¡__H __ .,.. __.~:L: ____ _ 

1 

i 

,, 
V 1 5 T A 11 

(- -1~ 

' 
1 . 

1 
1 

' 



'' . ~ ... 
; .. -.., ........ _;· · .... :: . . .¡ 

DIVIS/ON DE EDUCACION CONTINUA 
FACULTAD DE INGEN/ER/A U.N.A.M. 

DISENO DE ESTRUCTURAS VE ACERO 

CALCULO- DE LA ESTRUCTURA DEL EDIFICIO 
DESTINADO A OFICINAS, ll_UE SE PROYECTA 
CONSTrWIR EN LA CALLE TlBER # 66 COLONIA 
CUAUHTEMOC DE ESTA CIUDAD PROPIEDAD VE 
INMOBILIARIA ROVIM. S.A. VE C.V. 

,, 

VR. PORFIRIO BALLESTEROS 

NOV. 84 

Palacio de Mlnarla' Calle de Tacuba 5 primor piso llolag. Cuauhtémoc 06000 México. D.F. Tel.: 521·40-20 Apdo. Postal 111·2285 

--------··---------------------------~-------------·---· -·-·--· ---' 



1 

·"• ·' . 

:i 

•----- •v-•-•• ••~•v• •·-

C /'..lCULO ])E ' . ·-1"\ 

_P. ¡:_,¡ \ k_:\:.:.,CK 
E~-:. -lr~u.:: T'J P.J.:... l.:Sl E\:·1¡:\CIO 

t:>e.S\IN;o.bo 1\ OFV.:.IN~S. .1 QUE ~E '?i2ü'<:E:C TP.. 

Col~ '::.\í'.U:,?,J 1:.11 LA, C/1.'-.1.1: Tlt.é'i'~ c\r é,G, COLOIJ~ 

<::.uf>.U\{IC.\J.,OC be ES\ k C\U\lk\) V\:o\'I"C\ll-.1) DE 
••••• ¡/, _..., 
\l.j lv'D~'>1Lit>.'21F\ "KaNJ., s. 1'\. -;.,t:: c,.v .. 

_. ..::; c. o 11, e. T\2 ·,p.,. 

S..e i'fl6:ca..- ·=(") 1~1'0'1\0".o .J '~~~~e¿t o'n;c.o, 

2. CA.í'..GAS. 

u 'I:·pc < "'"-: -·_,o . .-(D .. :.\ O, vJ '=- 4 so v~J / ,,, "2. 

. 1 1 
!\ ' ·-O(No.. ~11/0.. , e . . -~ 

- ..\. \ 1.,.: 'tOlO ', IJ.l-'t,¡'-: 
11 

1\• 
'2.1 

·' 1 y-::'250 
1 

~ -:: iOO 

?..'.:. C:oe\,~·\el"~e. sic.111KO ·. e== o. o 'O 

~· ).;\ 1>:\ FEIALES 

. ~~ V 
: .. \ ~.::,.:,.r;~e1o: 1:c.? '250 '';/c(Y\2. 

; ) 1 l (' > l Vz:i 1 
'•····:'"'.::exD 0;2. \ew21't¿o: -:r," ·\'2oo :-'ccy¡"-

"J,S .~r:e.\<:> e~\íl.l:.tuv. \ . A- "1_,(;, : 

Mo:\0\o~ 'E:.=. '2. \x \¿ V1c.m1. 
11• :r·o·~·'"'' · ' - o -:o \-•-'-""" )" • -..¡ - • :..> 1 

~\uQ"'c.'o..: \lw = lL, 5 S\ Vg /c. (y, ..... 

.. "' r .1 " o¡ ve•o(\Yt~'\0()' 1" ·= Q.O ' ...._ . ./ 'íl' 

·' 

1 

'rt;, . .'.C. ___ , _ _.:__:_-"---. __ -------'---'---··----· 

~-



~?~:?\\~1~~ ® 
. 

4. 1'bt:t>.LI ±i>.C\Ok\ t:ST~lX-\U'et>.L ( 1 \U>.I-l'i. ~ r;'\'SJJ... \ 

k ! 

.. 

q.1'\ (Y\ 

1 

Coé\e 

-·--------~-

c\oxo e::.l(t.r..1um\: 
~-=- 101:>'21'()- 2(.\í:l+·IS+.IM~ 

i = 9·1-'1 íl} 

., 

--·-· -~ 



' .. · 

----------'·-" ··----------:--------

-· -·--· --·---· 

W= 4.2w1 ~ ..:\.2><450= [.89-Ton 

"\' "'<\.'2. ~ = ..1. 'L" Qso ~ \.o5 ':: 

4 : V~+f ::: : Q.c¡4 11 

. 2 
é .'!:> ""2 ·'14 >< 'j.'7q 

f(\¿"<>-:::. -'200 

\'fli.· = -4.25 1 o"'-m 
~':l. 

-'\.'2 CoLú;.\ IJ />-..S 

!Y\' = ~.'2)=- ~= Q.\l}on-rn 
~... '2. '2. 

- .-.( • o 
S.- L;.".K GAS "'\S\.·\ICAS 

1--)~~oAo .es.~-\\co 
. . 'Nl'n' 

·:.r-· ¡ = o .q s e v.J 3:._..:.. 
. 2~~•'<~• 

1 

·'Cb,"\a \ 9. \"-. f .l)e::.l<1> C:o;:,o SL "f;, vcli. 

1/'-.l,=v-.l~=- .. '1\J~ = ... -=.w~ = 5'50~, ~ ~ rr,,_.4.'2m 
tM 

~~ i -= \ \.~ 1 To" /riso 

. 
·-----~·-,---



.. ·.~. 
:;· .... ·.; 

','. 
--·--~--'-""--'-~......:.-·--~·-----· ___ ._ 

. '·. 

. VJ = 9 ~w <o: 9· \\.~\ ~ ¡o\. -i'1 To'l 
~ q . . . 

"Z__W;_ 'vi¡ = W¡ l 'n¡ = 'Nlx'~;."~ tfl+< .. -tct) 
1 

b. q Ton 

O• 50 11 

o.qq '' 

r- ,-- - oc: . -:: ·' --:.. -. 1 O><. -- f\ ~>'- - • ._.) ' .._, ., >' • -
1. \

b ,, 

-, 

}?.~\\.e-.1".~ 
0 

(5.3) 

- ~/15' lo""' ) -- -·--·- ...... 
oo::::: :¡.2'b '"" + ~:.;; --



• 

Co'-<>'-"1-l.)>..S'. Ue (¡;;.¡) 

~10 -= iAS\oo • ~-"> m ~ 1\."\'2. lo<\-<n 
2.~ '2 

11 -j T ~.~ 
í'f\<o¡, -:. 1"'2!!> lOo" ~ IY) :-

tí)~~ " (;AS \o"' Q,~"' = 

ífl •? ~ G .-'r5' .lon >< 'b·"> m : 
~~ 2 

>4 -rc ~.'? 
f!ls¡¡, = 5 :1'1 oC) x ""i rr. = 

" 

0,.'2b " 

•-¡.<14" 

4,50" 

Q.se, " 

,. 

" 

" 
\~.StO 11 

?.1 44 .. 

o s'7 ,, 
J
I a-:2-== 2~· ' 

11-~5'+ ·J . 

~------·-- -----· "----- ·-----· 

'P.B,\\Ji .. ~ 
® 

f-- -- . (i-2_) 

-------____________ : __ ......!.__.....,_ 



1 -
..... . . ,. 

); 
·-------· ~-

1-4. o?. lofl-«"1 

m;~ = '2.\\ :,. 11- •s- ~ 

!n~ "'2-11 + 11.1'2."' 

mt!> - 2.11 -\-- 10-~'2. = 
4~ -

\Y\ ·~ - 2.11 + 'j.<.b-::. 
51. -

XY\~ ~ 2-11 -\- 7-q 4 = 

"---'".\\-\- ¡:,.35-=
ffil,~ - .<. 

1'0:1 b 

1':> .'<,l> 

1'2- -\?_:, 

¡¡,·q 

1o.os 

- 11 - 'J.\\ -\-..:\50"' 
nls-¡, - · 

tZ _ ? \\--\- 2.'0'0= 
\YI~";, - -· 

" 
1\ 

11 

" 
\1 

1\ 

\1 

'2'/.oo · 

S -
I'Y\ -~ -

"" b -
1\ '1~ -

.,_ 
'(V\ s::, -= 

4 _2-,-\- q.zo = 

-4.'2r-!> + \Q.!\5 = 

1 c,.se>= 
-"r-2~ + 

-'2:,.'01 

21·-G"' 

1~.o1 

1 S. D 1::> 

1 \ . \\ 

11 

B.
'(11.-;,¡ -

\e k• ·"' \ 

\1 

" 
1\ 

,, 

\1 

" 
,, 

t'. 'C.tl.\\~t~nS 
@) 

(13-1) 

(8. '2) 

1 

i 
! 

1 

1 
1 

! 

-----·---~------------· __;__ _____ _ ------------------~---

.. 



___ ,.,. 

. ·' 

• • 1 • 

' 

..;.,__:,...____;,. _____ ~·-·--·-·-·-------·......o.--

r -13-

¡:::., = 

"\="., -

r, --

·:¡:-

~\.4~ 
----= 

o.b2 

\'O.Dl -
o./,2 

¡c;;.oB 
= 

o.~.:z 

¡\ .\1 -- -1~ -
0·~'2. 

1'"'\ 
(,.lo 1 

- :: 
o .b-¿ 

.:j\.40 11 

ge. <1 o 11 

34. 5" i. 11 

::?q. 1'5 \1 

24.'<>?. 11 

11.tl '2. 

lD· 1,/o 11 

(¡. s>) 

6.~5) 

( 1 .~3) 

(?.11) 

(2,¡,¡) 

(3.s4) 

(s.qs) 

A "c'v.o e ~ec{,.¡o ~ 

c\a"<O ~"' 9.i'l'" 
'"?~ 'f1 'o~= '2V14 e <n 

C::e'f""¿~ 'oo==- 4:z.m 

f- ('f.!) 

'-:-)E ~\\.+lb t.,': . ' 
· ~ '21.1\·\"r\bv\'2-= '1.· 2'2'··// 

" 1 
::~e·.-~ s~l~Q.rD\r-\ 'o-= -:zoo . .:.~.-. · 

\~ . 

lo '· . -----1.: 1'?.) . 

---~-----------·-------- ·-· 



.. 

Pm~ú"' c\;,Ma <k\ l.o\9"e €!1-f~"a. \Q.Il1e. 

t:,~'f (~ .. Q.52.)><'2i";?>\ 
Q.= 1 = 

.2;,st \:¡~ .e,s-"'250 > ?_oo 

C\_ .(t.., (?.~~e"' ( \'2CYY\) 

\o.. io'-0.. es oc\ecun.ó.o.. 

= 2.~8 cm (q,,,¡) 

t=. \ I'YIDY• 1'_'1\\o 0 \In<" o '3.Q. e><. \(e'Ll.. J?o\ 

-~--'---~- ·---

' : 
1 
1 

1 
! 



,, ,· '¡l. . • . ' ) • '. .,_' ;¡ 

--------:--__:_____-,-.--;...-_...:_ ______ _ 

¡; •.· 

\ l.o411~ ,,., 

~ [\.o'l) r 

?tM\6to,:>;. 
G) 

~u:: 55o(11+·5*)wJr .. ' (q.<~.z) 

~'o~t IJO.\ow> e_..., (q.{.z) 

rz.L 
e.V\-

1'5 

e~= :,.¡o¡, c."" 

f =- lo~.11 ::: 01A~ < 4o Qo?.T.,., 
í, '),.l'b 

']b: T'¡-=. ~,1'2.5'2~25~\ :G,'!>.'·"B\on 

' .. 



. . ~. 

1 

-,,, 

.,_ 

.. ! 

' . 

-~--··-

Co'e.T'E r 1 
~. ¡ 

1 

K 
1 

3.14 '" >1 
1' 2·ó'l, m ,)1 

1< ' 2.o4 ""~ 

,.{ 

l +) T e"'~'oo 
l--) C.Ocr . .-\'(e.._,oQ 

J.'""">! 
~ J,os; 

K >t 
.52«> 

·T,~+r~-~e,s- = + ¡q.sq To.-, 
~..l~ 4S0 

. 

Y1 ~ '2.'\4 " '3,¡,¡, • 

:), ::: '.2.'14 '., .. ,<\ .. 

D-e~-= q4o 
~ lh S'O 

\1 

11 

·,~.os--
~-

1'2.0 11 

\Q.e.'l - . 5 "1 o \1 
\8.56 -

3 50 " 

~-= :230 \1 

1 1 'ó .5'0 

2_,16 ~ ¡zo \1 

~ 

/ ,-o.S"' . 

-v¿A-:: ~;>< ~.:q =.{e,,>;~crn 

í;,_Q.'i.bc,-,.., 

1 +) \0:1b • ' 

u (-) 

l. ..;, '•~.:':! = 4.').1(;' co,-1" , . 
\ 7.}t. . I/_'. 

~~~-----~---C_:__;:___~_:_----~----· -----·- --·~---------



'. .· ~ 

.. ' ·'' 

:P. l'.1\bhu; 
' ® . . 

1o.- IDE:ALIZ!>C~oh¡ ;;:<¡,¡~ucTU'2A.L (loi-1Gui1uOÍi.J6L) 

to.\ ~\)ffiO~ '¡Se co••S'\&>an \o:. \'il;SrY'CS \lo.\ores. Ñ2. (5,-) Fe«. 

11

_ @ L>l'\0.. ca <~A k ~S ~2 (<>.o\ o ~s\-(0:.-\ua) 
. c¡,11J 54 "ton . 
\J'.l; -:o ¿j,2 >< -X 15 -:o\. 0\SO 

'Z . ' 

@ ~ 1 
·-· ·o-

ª' 
ffi ,, ., 

t.~ (h G> 
~ 

·-'t-
11 

~ = q,..~.'!> rn 
~ . 

~\¡~.( \0· 1) e"' (s.t) SQ. ob~~ 
~·- ,'f5><.o'2>•CJx \.5'4 . 'n/ 

_,_- o·~".:ls 

=f..:= o.ot h: 
(¡o.z) 

1 m .~·'0"' 
.:L 

@ 

m 

/os valof~ SQ(OI" ]rof· tt. 

3 ~ . 2 ,.~ (s.;) / (G.I)j:¡.¡) ~ 
.o5 

<b. 
" 

l 
(:p.) 

! . 

. - ,'. 
·- -~---·-··-··-.... ----------··-~· ·----~·----·-·-



,.,. 

!/. 

. ., 

... · 

. ... ~ 

_,....---._..:... __ . ___ ,_, .. , .. 

. \ 
'·• ; ~' 

!o.4 

•/ 

/ . 

Q,2'0 
,, 

1,14 
,, 

1 ,'lb 11 

\.1'2 " 
lA"' " 
¡,o'l " 
0·6'1 . 

\1 

0·-¿4 

s.o 
> ·'1 1 

~ .( \-~ 
¡ 

1 
., 

11 

'· .1 ~ 

\. 

¡. 

i 
i 
1 

i 
'l 
1 
l 

' 1 l,n.z,., g,oAt.:"' . j 
¡ ' i .::,. . 

. .1 

·-~--·~ ---··-~~·----~· 

. . 

- --...:.-~ ......... 



---. -------: /l·~------·. 

,,n L'\ \ :: 'J 
r'T/í) L' \:>t'ó. ~ ~ . V P . 

~>'TI) ¡.·z;~ <;'S :: "'I 
1 

_..w?li'3<ri "' H. :\"'/&A ~~·o<O) 11
61

-1-'1 

--w 7 b'tl = "J 1. r¡\<-· . ~ 
.'"'') sUó ="S -
''):::>~o''}/ "'')(1 

1> 
W7 \:Jb" .= "'f 

"":>'<.'\ = Jf 
w.? q¡_·<t. ,:. ~~ w' z:U =-a. 

i"'o oc. 1 ""!.0 w.? li50 = ~ _ 
y w :> <(.~o 1 :::Á I .. W, :> cy::;. eJ ... =-V 

(/rw"l''E/ tf."'~,,'r' (<.ldi}d'l\ 

';;'0\.1 vJ n\OU V.Cl SO~..laClJ $~ 5'0\ _ 

u,,;\~ 
-::-----)~--~--

= 

'--~-" ~ ~ . . 

\ 

¡ ... : 

f): 

) vJ?9\'0\ 
l __ _. 

1 

.J ' 

. · .. 

. 

. . ......... . ..... -._ .. ___ ._ 



1 

\¡~ ' ·~ . '~ ._ 
. J. 

·.· ... 
/r 
' 
• ,. 

.• 
1 

.;1 

) .. 

. ¡ 
l. 
' 1 . 

. ! 

' ' 

~ ~ ' .. 

. . . 

,, ... . ~" 

lv\b""e~o A~ 1 V1D \VJ- M_ .Wa. \o. Soc~ O ~ 
lx= lb,b3bC..\'\.\4 +zCibZ.~+ '!>~.q .. (~;'~+.o11-1:1s)'] . 

~ 1¡1. = ~l., B '02.-:t 1 ü.w. 

g" = ~¡,,e,s-2.11 -= '2, oS1-11 (!.J.u., 

~+•Dli 
2. 

- \'2G¡520 14 o"ooo 

Cl-:,= -¡<'\q.u:!:.. ~O'i:'.>l-14 ..-<i5'?>G..41':. ~1)11. 

' .. \ . 
·---~---'-~ 



. _ .... 
'·.;···.· .... , 

·, 

. ··. 

.. :_ :· l. 

. ': ~· . . , . 
~ ' . r, 

·----------- .. - . -' ... • - _______ .....e_ -------·--·-·· 

' 
:-~.~.\~~.'J:'-

•(' 
\O . .b 1::-::-¡ue('/¡O'S. co\uM'{)(t.& 1>~\le\ 

lx--= Ji, o3G,C.YVt4 

S: -::. 8Cj 5 CM 
3 

. 
'J. q,7q 
N= 4 '>( 1o0)( 4.2>< ~ == 5(.51\ot~ 

'" i '('(\"
3 
= ¡O.o!; crc>- m 

Sl5lO -+- \Oo56oo . ~¡ 
CS-= - 1q:<.l.l~,., lrw.'!. 

'1'2.ot. . B'15 j lm.~~~~~ 

19t>.Bs + 1, 127 ·"~ 1 -=: '", _32~.ot. ~k,_ 

e.Y\ e\ Sev,~t> \or~u~1~~;a( 
l'F \0'2~CUA'I ., 
s:-, - 1'2. o UJ.< ... 

'\') -=. 1 '2. DC, CU-1. 

. · \ r- .A .fm S ., -::f."fo Tol') 
t-\ = '::> '; ~ llfo" . 

. . rn =\·S'""\~-«\ 

S e su ·y(·, 1'1\Q. \o. e o fd áe \ (l ~~e\ ffi:\ 
. \f_,r;o" o ·n·\\:Q 

. . 



-'. ¡. ._, 

... ,.' 

. '\ 

1 ~; 

. '· . 

. ';,' 

. ' 
' : .,. 

:; 

L -~--'-' ' 

1 

2 
;, 

4 
S 

(, 

:¡. 
a· 
q 

SO% . ·:J,.i~ ¡o. \6 i o.b<\ 

o.?,'2l ":z.2 , o~<\ [ _q.>3 

5.o~ -<\.1-;. \ 10-\~-~ ob~-
0-?.'2. --{.?i . o-<A f '1.5:!> 

.o\.1:, ID-lb 0-b~ 

9:·n o.b1 ·9s:.-
~'2-'12 · --4.1~: I0-16 a.b'\ 
bl-b~ -9.2ij· o-.b'1-- -ci.s-; 
H~o O . j - ¡',z ! 2 O 

'2'2'$~= 

-~ --\\''\,\'CA ,o1 

'b ~ + 2<15.&, ¡4¡/c"'· . 
\Jc~ 24.5'1 V-.:jc,., (Co•<'~o) 

--------



,, 
_, .. 

.. · 
¡,1 ., 

.,.,. 

.. 
• 

. ·, 
• .. 

·.• 
.. 

·" .. 
:tiir .. 
.. - ~. 

·•_¡. 

¡· ,:'. 

?.t(\\\~Q.,.,,@ 

Siecét~o Com~ves~ en co\u rnfiO.'!. + ~-051< 
\O.~-

:@IT ... 
1 15CIY\ .o:ll C'>'\ 

f 

1 1 ,J . 2'Í·f;\c.rtl 

1 . :r± d ·-'= ¡,; <"> 1 
J '----,- ,. 1-- 1 

t1 2-3.30 e'" :. e7.~2c rn 
' . \ \ 

----+1--------"7 

·> <1-'lt \- ' 24 D 1 :'1,: •6 ::."' 
\~.;m _¡1 ¡ 

:¡,~;-,1~. 
~-~-

··!: 1 l 1 1 . . • ...... -))!.J .. 
L.- ¡¡ 

{---\{.~ 'i .o;11 <<n 

~-· . 'OD-~ ;)e"' > 
1 

~::a-Tos 

j 'b·3b o o.11 i 3o.-lb 
-- -i-···¡.s~,---·;;·¡--;:,;;TI<:i-

- • ' •• 1 1 . ---

. _!> ___ .<1·.11 ¡Jt.b!i ~::t~J !:_2_1:_ 
- _ _.~:._ __ : 4 ~''. ~~-'~··'' \ "'.:1'1_.\ 1·~-1 --

5 1 q,~.2t \J,j_b/ 16.11 \ 1·21 
' 8'!>·22 -14,[.1 b·l'i 1 1·'2.1- ... 

--------.-- -- ----- ------·- -------------------------
1- Je.h'- o '3;.3o,o-1"l 

-·a T56 .4,-~--~~---~-¡7~;--· 
- --1- .. \ , 9 '!,i..9t o o:-f 1 ! ~o.4 8 

ID '.44.2,1., O !~.oo¡ 3.05 

---
n' ¡,'256>-o> " 4"1 e " ::; - --"' :<¡?/ ,¿ JI» 
l>'- 2-1."Sl -. . 

rlll '-2,..., S .oS '• ""\ ~'l w} ti. )l.== ti -:.~::J -= '¡:J- •1l 

14.11 

to\ ill Lo•'-~. 
-- '5~¡,10 q zoooo . 

q - -- + _ __-:....--:--:-:..-\ HSS - ·.11 B.o:. 

'í?esv \~adoS \'~~ ~cc.'tbn 

Á= 
'í-= 

I'\4.55CO'I• 
24.-o\ e,(<' 

'i = o.oo 
11, ~sT44 e"' 4 

11= 
1~~ 

J= 

lB'<, ~5~ ,'2\ cr11 ~ 
¡q4, :w .¡,5' ""'~ 

J. .. ,= --,-- 7 . 4 

J>i -= 11. e 51· 4 o~ c.'" 
}¡;:: b2,5"bf;,05"CM~ 

l'll'f=

-~ = o.oo· 

J:¡t"' !l,8ST·4~ cm~ 
} M-: ~'21 <:;G,S' ,oS <;m • 

.J~"" +4,4Q2.4'1 crn
4 

· 

. ~¡ 

,f'\,45B-'b !"-"'-
~:s{'. 
s. \$. f(, 1¿or 

-=- ::t¡s.11 ±. ,, l'b2.45'= ·'-,., _a,ok,--j..V".fc.."' 

S. "1125/.4~_:= ::¡.l?,.oS"cw~ 
1 '1>0·'1}',_ . 

'...o ~'\u~+.~~\'<'-.·/.~-~ 
:<: \ • 1 O" C· ! 1- rt· ..,.. - ~"'- ...... ft.ll'¡,:¡ 

-~ ·;~~ ~-o··~---~-~·-~--~~.:.~~----~~~C.------------------------ , ________________ _: ___ . _ _: ___________ . __ . __ ~~~ 



----------·····-·--

Ton 

• ii.- C.it-AENIP..C.\ON 

n.\- caf'c:\Cv;R. ~~(~~\a.\ 

=r~~- \).\ 

. ' 



'\ ¡,~ [, <( 1 > ~.:') • s. \' .¡(1.111~ ')("m){¡) '1' 1'4\lc;\o(@ 

lb=: 13. 6?.:. -foY"l 
. fY11.. 

~Vi"' 13 ·~1.. = -4-. b~ 1o r:: 
.o;,:. fY1 2-

( II.Z) 

1 
·1 
' : 

~ca~""- ck'o"J..u..... o- \a. e:<wv.c.i~l'l \A'"3.:!lf\ 

. 'G'D~ j__ \.1'/~~ X~~ m) 
-+o" 

'(¡\)~ = s. eA ~"" 
1~c.{e tYie.'0\o 6.€ Q:l~ en \)~::.".o.~IY\, te(i\,)J¡(\1.~) 

·. ··· ,C,i¡> ~ 1\'-i1l, ~ 1 ~ - s M.\,;, 
b-t'-=- j,lk, io%~ 

( 
l ' . ·r· \ 

· ¡Ve~ es '"e~o' 0¡ue \\.Z) , '2. ljr>' "í'C"- q-u~ o._ 

e ~we\~oc.;;n /'{?' s.v._1ex-~~~,;e \(nc0.\ w\\1-e cocr,\Je.il<;d~ 
es es~o. \;\.e 
\\.'2 Co\:oc'\6o.¿\ c\e Co.~~ c\e. u\1 {1\o-\e de ~cc~~n 
o'rr..u\a·'\ o'e d-=- oA m 

~Q. 

1 

1 

' l ·. 

M 

71F77rtj'¡pto=lf1A.7/¡;-
~l'i\ j~Qr 1)-/·.;.-= Qo.oo.., '.\):,V>Ae ·, C; f-lc; N c. ¡-J,r ~v' \o~ 

1 

l. roi'-IY·O~ -.¡C(\o(~ lv.. (¡¡,¡) 
'61-=.0·il -ffi':;,. (;~Lo ,,o\ur{~~,ci.. su.,;j.:L) 

t&r /l!~.-=-'20 oo'M lo•11u1tJ t-e\ ~,\~.>le 
~.l., o \(Q:.i~n u;,~,~~~. ~ ~0 :,-\t:__ 

' 1 

1,\,--= \. '2.c \..\e:+ 01 
'\)-í fj% -1-0·b'b '{"' ~t Ú\. 6) 

- . -----



1 

------------·-...,----

1-a. C'\~~~~~ \o\:...\ k 1\J'i\~ e<;. 

Qt-=: ~(Do4)'2.>- ~3.'\'2. 
1~'\-=. Q.C¡ 4 Tol') (11.11) 

·1_c.~,_ c.ct~¿¡JM -(~~c~M.vJQ. ~ .ex~(a~c.. tay 
. G?-t = \T~ \)-\ r = 1\ (o.~)(:¿o,oo)• \.'2. 

0-?-=- 90.Íh \oí'l 
( 1/.'i) 

'Tl<: (\\.B) >(,l11·1) l.o_ cc\~¿~ai_ lo-b.\ es 
Q-= ~+b?~= 2/14 + ~o.ü~ 

q. = ~s.i \ooe~á~0·1io-k --- --(-\1· 1o) 

~ = ·r4s-J1ITYI 
~e-=: :)0 •t 1 

l .J, S'l CY10 
ri :=-- ·----
. f44, :;-r; 

. ' ' 
1 



1 

l 
-1 

1 ¡ 

' 1-

1 

----------·---4--------------------;----------

1\NALI S 1 S DE ED 1 F 1 C 10 R 1 Cl TI BER S ~U ro ROD 1 N -

P. BALLESTEROS DICIEMBRE 1982. 

CARC;A V lXI" 1 CAL 
; ! : ; ,- ¡ 1 ¡ ! 

1 : ¡ • 

19' ' ;~([§) 
o ~ 2. 94 Ton/m :··--
·v ~ 27 

En todas las Trabe'§·-

(1 1\I)IJC' ·- ./ 

D bn~s:_,.::_ 
18 

17 3. 3 rr 

: ' 1 ! \' • . i 1 ,1_, j_ , ,.1r8~1· 
( "_ -_._. ..!..! • .Lc..Jt_•'-'--v ---''-¡... --'.--'!!.,---'--....:<_-..__· ..1.Y ---'---'---Y , 
\.0 -- 1 :- 1 . \ .. _- --

1 . ' 7 _¡ ! . 7 1 

[1 6 __ .Sj 

( -¡ \ 

. ' . 1 ' 

; ; ;ll'..Li 
i ; 

\.!_) 

" ~) 1 

14 

: i 
i ' r 

1 . 1 ' •.:¿) r _¡ ' v 

1 --
113 

__ .. 

; ,J '¡ 

,_) ¡---
:12 
\ -

! . ·: 
\11 1 

l. 

! () 
' 

! 74 ! '"' 

5
,_,•t.i ~~~ 

23 

( 2
- ___¡__:_ __ :e_''-'----'-'---'---"'-!'-.... l ,--'1'--~ i ~} ! ( 

) 

u 1 1 

'--

1 !l 1 -
-! 0j 
,.,.,, 

9. 79 ¡() ------ --1 

¡-.- -------------------- .. ---------- ---------- ----- ·-¡ 
1'1~111' 11 111:\lil:.s 111'. l.;\ S SLl'C IO~I'S =- .: ·.:.:.;:_-::-...::..:.:..:::..::::::::::..... :.:.:.;;-;·.-.·.:.;_:·: . ...==-.::: _;,;::: . .::::::.:=:.~:;:;:::::.;:..~=-....:.::·..:.::::::.::.:- _..::;::_ :.·::·;:.::.=. 

1 1 " ' 4 ·, 

Se e· e:. """ '1\ (Fnl') 1 fc-111 ) 1':\c. dl' 1· .1 
! • X ' . - ... ··- - ·¡· . ' ~ ------~ ---- ·------·--·------- ------- ---·-· 

,Tr:l11c' 2'J0. 41 1 El, 1 t\11. 07 1. 99 
.. :.-. -··-· -~- - ~--------------------------------------- -· 

!Col. t194.55 __ 1~qz,.~:'_'!~::_1 _____ ~_._1_:1 ____ 
1 

1 :se ¡\ l.i\ 1- 1 so 

.1\0lT. ~-\ct ros 

1 

1 
1 

1 

1 

1 

1 
11 
1 1 

; 

1 

1 

'--"1-=·.::.:··-:::.·.::.· --'-'--'=--'-'· 'c.:--:cc·· .ce···:..:.·----------_-_-----------·:e·--- ---------·-·--:::~:-----_-·::.:_·····_--_------=-=--·· -_-_---:___::_·--_--=:::::.._-___ -::----- ________ ;~------:·~~----~-~--J __ , 



1 ' 

1 

1 

i 
1 

! 
' L, .. 

· ··· · · -----~ ----"------·---------:--····---··· ·---------·--- ...................... ·------------- · --~ ------------ ..... · ··.·--rii'Tr. 
/\NJ\LISIS DE I::DIFICIO RIO TIBEf\ Gqum RGDIN: Z 2 ' ... J 

P •. Bi\LUóSTEROS 111C11'r-lll!Uo 1982. 

CARGA VERT 1 CAL IU'DUC 1 Di\ + S f SMO 

CARGAS SI91ICAS 
EN TON. 

1 . 49 \ 
\ 

1 .32 

1 • 1 (J 

0.99 

o .8~ 

0.66 

0.50 

(). ~-' 

o .17 

r~r-rTTr r·: :T¡ Tl 1 ¡ 

¡ ! ¡ 1 ¡ 1 ¡ 1 ¡ i ¡ 1 t ·¡ i 

J IT 1 ¡ : l'! ; 1 l i rt ~ 

i ' ¡¡ ¡ i ¡ 
i • ¡ 1 ·¡ -- r~ 

j 1 f ' 1 i ; ( j 

CARGAS SISM!CAS 

1 . 4 ~) 

1.32 

1 ]() 

0.99 

() • 8:1 

0.66 

0.50 

0.:13 

. ·- .. , .. ---- ........ --·------ .... ----------- __________ , ________ :·--·· ---------------- -------.--------------- -----------·· --

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

' 1 



·-·! 

>• --:: 

;~ ,, .. 
,.,.·:. 

,_ .· 

·-

·. ::• ·. ;; i::'-. 
. ' 

,;, 

-~-:·i~·: 
-

,_' 

... ~-.f- ~ '·'i:~'i·;-~-}-· 
,. 

•.;...., 

.. -. · . .; '" -:-· .. _ -- \;_ ,.-

~ ~-· ~_7--~:·~. ¿~~~~~?-\';- ::7"._:_ . 
., .. - -, 

. .. -
'/' _. -~- --

-~---~~:e~:..,:..:. 7------:"- __,_ _:·.:: ·:.c._t·. ··-· ;.< __ _,: : • .-• • : ~:~~~~:..;··.~;:::~~: ~~~~ .. 

~- . ¡ • , •. _ 



. ~ ' . 

~--- . •. .:•--- -·. 

·--~------------

¡,·---. 
<C~} 

i 
1 
1 

; .. , 
! 

:,¡ .~itit1--::. ·_:~1 
tJ .. o.IIJG~ -~ 

.. .J 
:..¡ 

. -··.,- ' -·i 
-· .• :1 .r ·¡ 

"' 
• -'i-.· :¡ 

'"! 
1 

.- ~: -~-i 
.. ;~<c:{::J .. _ .. .-·: . .:_- ] 

·.- :~_~J~.: J 
¿cr§~. -~~ 

·.¡ 

' 



·-

.·<:: .. 

. , . ·:: . 
. : ·.-. 

.;;_t·_._-:: • 
;;_'~-:;.:'.; 
,_,~ ,..• .. · 
-'.:._. 

·-· ,•;" 

;-:-~;/i.,r~:• 
: :·~· 

,_,_~ ' 

~ -- .:=
~--.. : .. -

,. - •, 

· ~:i~!§~i.~~~~~;~i's}:=-- ;;~:~-~;"·;tt ~i(~:~'.:> };;~~<:~;~~if~?.;~f~::;~{i~;'k~~~? \?::'!i: '~-'~i:~~~?:t~r~:f 
. ~. 

.·•· 

~-----------·------·----------·-------'··----------' 



'·,_,_ 

'· 

.. " 

·'···-· 

.• '-

[ . . 
;; .. ""-~ ·: ,.._~··_ :,•,::. 

1 

- -,;. T~t P!."R) 
:ARF~A::.: UCi- Hj C. ¡:;;;t. f.l 

... 
"- D!STJ~!tS A PESw F~CPIO 

~ -<. 
1 ¡. 
i 
! 
¡ __ _ 
¡ .. . ¡ 
¡ .. 
l
r 
' 

·->-~l . 1 ,. . 
~ 

. j 

·" •,··-·/' ~--.-
1 

. 1.'< 
. ~· 1 . . -.. ~~- _,,- .. :;,-

• 
j 
J 
' l 
1 

\'-' ,.. '· < • - • • • 

;_~Kt:/--:~f; ~~0:- ::~--;::~-~-~r_;_;;_.N4~-~~:~~-:1:i~::~ 
:.~.--..:.--·~- . ~- '

,_,-_:¡'_,_··,_··".· •. ·.;.o·"-- '"1:¡-o·:J·, .. ,~---;-_~- ¿¡·R., ._-, .• , ::·_;-_-¡,_·.-.iz. 
'-" '-: ii.l .:..1 ' ' •. '.''-J--"\· ~·· '7·,.,_ ··)~-- -

~i.+··_: .i t:~~F.A ,3'-~?.i:J,o;,~¡ 
. . .. _.- -- ·-~.. . -t ,,_·,. ~'~.:; ~.,;-~" :· ····i"l : .. ~---, 

fE·"', . ' W-:_- --.·_· ~---~~-~~_:. ~;~---~_:_.'-~-~--:·~, .. ~.-~~-~-~--.-~:rc;,:1·~-~-;_-.A-~~ ~-.:.-.: --~ :,- :-' ru f_J 1-> .-o :.~j J.:. ( d:,;- ! • ) -:·... -~- E A¡.¡_~.;: ;.._ ET r:;u 9.R 
-- .... .._~ "l •.- ,._,_ :.- • if~-n:·-F~"-~ :;:.¡,)f.¡r¡¡:_Cfú:~/r~):;:~:LJ.-_f.fr~RA- ~~t\l_EHIO'~ 

L;. 'EAii:l'~A t..:;TCf:!OH 

LA' _&Ú.RA ;: Nrtk i ,; R. 

Li-.· _~--,_-~e_;:; t.. -N'r t::R fe; i). 

~:_f_J~~~;b:·! __ :~· . "• ··-· 
• 

~-· ---
r_;~~~i:~~~~:~ ':i];i,~~~;]t;:~~~~li.:~~?.s:n~_:}¿:;'i¡;}~~k ., ~-·'>:;~:;- ./(;~~1: '' ;!< 

··:-· -- -., <•"'. -" •. 

. ___ ..,.· 

. .. 
. -· 

-.·,:._;.._ . .. ~ ::- ';. _ .. _ 
__ ;. -, .. 

l. 

··-· 

-':. --
~ 

.. -·-.. _. _ _. 

-.-

1 
1 

,¡ 

J 
i 

-, 1 

1 

;/1::~2~ 
.. :: .f-~ 



. :;..: 

.. 
:-:.:· ... 

~,:-;-· ~ 

.~!;~ :-: 
~ 

-~ . -

... 

nAEEl, 
-._¡. ~ 

··ti.? .. ~- r~: .. 
. ~:Á~f;;~ 
B ~.-::-'~;\~. 

3AP. e;. 

',''}: 

-_: ., . 

•. 
·., ;• .. --.·.: 

-~ .:..?. G h- . ¡)_~ .~}- 1J ;;·: fo-~:,:-':;jitZfl;t; ür{ /~: ).~;:· ,t. A~ S~ r: ~~ 
··:¡;. ·-c: .. :"R;;;f :;.::sr :,1:-l:;~·H: .r~.'~:~:t-:r:o_r-l/t.)~t.-l.r~ ·t:.~úR(! 

1 S:. e¡¡,~;;.;- D<:~·'CT 1J.i'JI FD~: '=·:J't,;t:~·:¡t,f;/f1)==A !...A 3_:,.1;;~¡A . . ) :.. 
·. -j .6 ·(.j., iÚ.i~~ t>!. ST l.J;~!: h.df C·)lfT Ii¡{-TO!.¡ /H) ::-A~ t.;.: (!A Rñ;\ 

., ·~ · .. 

;-, td t:niO- ~ 
A N{~r. ir: [{ . 

/t_I'I.T·t:~lO!-':_ 

At-:r.~tÚ'Uf:(· 
A~''í·!:kFJ;<' 

. -

".\: _s-~~~~ .-_~\~-~-tAr..~-r\ o~¡ sr .. :~;n .H' ~;:-~~~i~~ ¡~{!-~-~~ ~~':.~~-~f~A _.a~·!:~-~: ~~~--~-~~K~~~ ~í· 
~.AR~_A · ._ .. ;:1'9 ~ f· 3 ~ .i: · a:~¡: 1)}.-: ·ro·~~ t O ffi t!t ( T.t;~l/fl) =-=.A XI .. [:·J.)~ R~ A~T E fU l~ R 

" .... -•· 

.. 

. B 1\?..fA_,·.. :t.(: C ~--~~A · ;; ! ; T ·U~;¡ f·) R .. C-J ttT ~;.: Ci;~H /J-1') .:;i\. L:"-. ·.s P. 'i F:A ~ 1\ !-:T.t_f(; (1 ~

·:OARP.A ..... 2·¡ -'o.f:EA v:'s"f .. -:tl-~l:.roR.:...cO-~Tl~!{·Hi':i'IH·)=i. L~ ·~p,ru·~ tarf.EP.i(l!t 
..... 

·-... --." 
-r..,::si lH \'f(Hi /M}:~,\ 

• . -~ ·-r ' • ' .. , - ' . ' " 
2 5 ;-F~-~~? ~.1.-:J)-' NI fO ~:: c-ci;T Hff"i' C·~~ !ti·> =A ;~~·~·S A~ ~:A- A·~i ¡;~ H~.~ ,;: :: ~·-~ 

~I':iT ~J~i:ros .:~·~T~;?:(T.Ór-i:/;~;_~tl ~~-·f;,~.~A· A·~Tr~io~
.cCtJT!~HT~!;/~)'~~ .. u •. E.S:i<P..~. Í."iTH:Iü'i\ 

--~ .. : 

., 

. ··. 

., 

., 

•,· 

:·: . ~ . 



'"• :-·· 
1

' ·:. 

•,t.;:>
t: 

-~·~ ~ 
>~·.L·. 

. ';-'::· 
-~.:~."~'~ . 
. ¿·-·-··· 

,· __ 
;>

. 
1l.;t 

',
·
 

-;, .·:-~ :· 
·~ 

:' ::. ·:· 

\-i-• 
' • J

, -:i 
' 

~\·\<-
/.!. (.r

. 
! ~; ,-

·: 

.)/: -;_ 

': 1.,: 
'\·:}
··\ ·' :r 

.,._, 

'J
,,!

·/' 
·' 

!
.•

'' 

!e;.t-: 

, .. . , '' 

.
)
"
 

f 

' , ·' ¡l 
::1¡ 

' ',~. 

'· 

._, , 1 
,, :~ ., .. , ! 
'·¡ 

•· y 

.. -~ ·' .. 

·' ·. ' •. 

__ ;~·;·\··-l 
·" -:.· !.' ;, 

•• • 
'
\
.
~
 

''..,-! 

.,,_ 

'·· 

; 
¡, 

'·' 
<r;;· 

•• .., 

.;:_-~; 
., "' •O. ' 
,,, " 

•'¡ 
-: 

j',. 

. '· 

;. 

,·. ;:~ 
'~¡.-

·~ 
. 

.,,, 

·. '· 

., . 

•.. '· .· 

. . 
,, 

., 
''; :·, 

. . ' 
.• ·,,.:,.t_. 

-~-~ :'" 
' 

·"· 
'.•. . , f '• 

. } {!: 
'·

,
 

-.:1 
•· 

r•.· 

·'.:-' :: .. · 
·•.· 

'.'/ 
'¡-, '} 

,'•.'-

'\.'· 
. ' . 

( 

.... ,, 

. -~ ', .t 
~: 

) ... 

'
;
'
'
 

,. 

. .. ', .·.: . ' 
·, ,· :.;; 

J
" ., .. 

-· 
• ¡ 

·~ 

,• 
:-. :i 

;; ':: : 

'
J
~
.
 

'', t\ 

'·r .•,, 

., '· 
,' 

' 
' 

--~--~<·::." .·.·. ¡_ 
¡-_;.-. 

,., 
~-~,-~ 

·~: -~·· 

;_/,:f.¡ .;J·.¡_:;\~:: .. : ... 

· . 

: ., f 

. ;,-, 
'.1·:'1 ~ ' . :· 

.... 

;_'. 

. ' 
. ·.•.1 

. :-
~ . 

. t. 
._

, . 

••• .. •.·.· 
j 

·-,J· 
-:.~ 

. 
:· 

r:.':-
'ti-

.. ·\ 
;-:~:{\}; 

.. ,_., 

.•, 
t 

,-~~ ., ~ __ ; ~' 

-~.-.:·1: 

-r~: :: . 
¡' ':·· ·. ~ 
:·· 

'''?
' 

), \ 

. :· ,. 
· "L': 

.. 
,·· 

·~·~_:__ . -f' 

'::if: 

·, 

i 1 

1 



-:..~ . 

,"-· 

¡ 
r 
1 
f. 
; . 

_·;, -. o '.: ... · 

__ .,._ ... --



r-------------~,----ce~-,-'-~------

. .. :: .. "". 

~'"; 

··':;:,. 

~~i,' __ ·.-• ~ 

. -~-
. :~;~:·-. 
- _r·~ 

r:-· .- .-. 

:;;'
·.::.~-
-~:-.. :
,.; . .-._· 

·. 

. ?~:s:~::<~ 
' 

'·--. 

-- -~- -¡,_.-

;. ... ;; ._' 
_-:~-~~/~- . 

~--~ ::--.. ":- ' ·, 

_ .... -

~-.- -·· 
:~.t-.--_~,.------:,_ .. ~ 

-:- - ,· 
~<:~-~:~-:~(~_' .... . -~~' 

. } ... ! ';• 

#-::::---~ 
~ 

. ~ !· 
_-_-... _ 

. ,-
:_-.;-1-

."·· 

.-.--·,, 
•'-·· 

• . --. • • • 
~-·-. ·-. · .. •"':;.:. 

--

-. 

':!,._'· 

-.·.,. 

?--,--

V 
V 

V 

·-V 
V 

·- -

·.-·; 

"V 
V 

,_ 

• + ·.. -- ... 

'. 

,· ... - "· 
-·· 

·.-<2.64116 

. + ._. .. ,, F.c••·•uu . 
+ .. 

1 

1 

1 



·é"~~~\~~t;;~rt~~¿:~~~;::-:;Xr}r:';~·_::_;~~::·0:·§~$;~:1~;r~~#,~ \~ 1l): ~~:~~~. 
··,-~· --~ -- ,.~ -.. ··- -:·:.-...· 
... ;· '\!~' ~ -:•- , :,.. • v· 

.;:,..;.._.~--==-- -··:· ~:---.···~:-:-~~; 

~~ .:r .< ~--~L~· ~-~~-= ... · ::...,:;~:~'.;:;.... __ : •!->:·-~..;o¡ 

.. ., 

:~~'~'~,\tc:~~~~Q~~r :, :~:·~::;,¿\ ;· :;_ .-

- ··--·-----·--------









.- -.~.. ~¿- -~ :- J-. . . ..,_ ~-· 

·-~...,. .. ,,_ "',:; -~·:L. -~·- ·.;:..~ :~ :~ .~._::_-;; ,;_ ~ .. ;:,$.,. 
... l~t.)9!_30 :. ..-... ~f-91(:"43•. ·-.· 

;- '• ... ., -- :. , -. 
~·- .- .. it~~-: .. ,. .. - - . .:: _ _.~"-· 

' -·-----------------------------·------------- --~1 



---- -------- -----------------,-

· ._!;1;~t~ ;~:;~~~\~:s"'~~:~;,~~¡~~~:~--::?~i:;~:,~:'f~~~,;~)~t~-~;-;:;,~7J~,~- , 
--. ; .. 

~--~ _.; .. -~ 
. .:: ..... - --.... = ... :::. 

• .;_; .> V ·-:~•6 ~ •. -.~. .•.' 

.-.::-.-~·; ••• ·--i-;:,;."~ ·--'=~::-..<:-~~:./:..·?~~::5 ~ : .... ~;.:;-: !';' -~ ' ... ~~ -·· 

-------------------------------------------------------- ------ -------- ---- ----



iJ~7; 
·r-~.;:~... --~ -·-·. 

J.::-· 

~-- ~;~i:.:.:;~--~tl~~i::.~~~~y~_.: _:~· ·.-. . 
"' .... r :.··. -~ ~?-·'- " . ·. __ .;-. :·~;~_. 

_.;'-, ~·· .. ' .'.:~~·;,:é""!.-.!• :',} ',;:: :"r·Ni~::; ~- ,~ ~;" ¿ ":~~~,i; ~;·~=~~- ::·; _ _:: ··~":1:·. ~.: ·.:{.:·::. i :,;, -.,.~.; -~;~- :,. •, ·-~: .~ , :! • ,>o, 0o; ''-- • ~-
._1} ·: ·.'> .;.;{.;4;cl). . •i.c;~!·-?a· . ·· !LE9k -· •!ó.~•·,~;.> 

: -~ .~[:~~~; ·_: ~-:~ ::.: J' > ::~--:_r_"· /'-(~::~~·f.-.:~-:::·_- -~· ~< ~~·-:~; . -~-- ··, ~--~~.:-{:;_{¡~:;) ~~~-:./-~-~-:~ * ~t fo.~ '~l :: !~~ ~0-~~A_f~. H- P: ¿: -~ f~-'¡~2~,-~~ -;g ~. -,~!~ l.ti A O~~ J. .. OL~~ ~--:~~--~::"~ ~!:, ... :-:· 
-tit~ENi~~ ·-t-itiYC!t_~ .. : .• .-~ ~~-:· f:-1~24-?~~~¡_~·-.- -.... ;.~·--:-~·-- - · : __ -_--_ -~~~--:,~---_-~ .. · . 
· -~~- ~ •.. ·_!~--~-,: ~<3-tR;\ :1:~-~~· ·-:\~!{~t-~t:~- :~¿~:.l~t:-~·_::~r.>·~ ~:~~-~~~~~7:~·~.;~~--·~~--::. 

·, -._ ~ . , - ~. 

·--·· 

_., ·-. 

--~.M.·.. •-
,-·: 

,, 
-.. , ·---~::; ,:, 

..,,...-

.""'- _,_ .. 

-· -.... _., 

------- -----~~~- --~---------'-··--------------~-~~----------~---------------------~---· 

1 

1 

~--- ·l . -- ·¡ 

1 
' 

:¡ 
1 



.. ~_. .• ,·· .... ~-. _¿:: 

J . 
~ ~. z~ . ... 

~-:~ -~.:~ ... .. ,~-
·-~- . 

..... ~.-:: .. ~. -~::~ ·j 



-- .... ~ 

. :,:··';:_~(fj .::;_:::~~"- ~~ ":~:·:: {~:~;i:.;ic';), .:· :15:::.!~ ;i ; . ::h}~~~:,~~\-.. 1~;:, t{;;: !lif_j5~;;~~~~;;:~~ú ;;~¿~~-t~;.;:~i;~;.~;;;:: ¡; .• :.~_ 
--~ ~ .'--· ." ,':,;, _,, -:·· .. 

: .... _. . . . . . -.:· -::·_-. 
~-~---· > .·-- ·-·- --~--;o. -:~- -~, .. • -.:,-'-? ........... ·-;.-.t"· ... '-",;--- - ---~--:~:---.:-·. ,,_ F " .. ,_ 'i ,, 'r '''"" ~,;:,~,,;-' --_,, -., .; ;; ,, , -. ' , -·:i:,tit''''' ¡¿ :c;;·:t;/f/;;:c':'::;':.~:T:'' 

~;:;¡~,¡;,~~¡r~,;~~:·- .J!fll~1'~¡¡~;;;:~.l}=J!l~~!:~;~~t;1:~:~f\[i;::}~}f:~,t¿-::(.:·;~-. -. 
·- .. --.. --

... 

,· 
-~-. 

,..__, -· ... _, __ _ 

,., ,-.313111 

:~~:¡;~~'~l:~~~§~~~f;~~-~:.-,·.~~~ :"'C;~,~;~·: --.. , .. _~ ... ,:,~-0-~·~' ~;;:~¡~ -~;~;:}~~};:~~~ :':~;::·_~}{~::,~t~:·~G;i~k-ú~~~:~":~~ ~~t;~(~~f~:~~:~ 
2~-.:.-_~_:.-.0~.:--.~E~.~~,-;_~~.~>.-;~-~~---.---.· ~--\·.~- .. ~-~· r.--:~.~-___ :..::_;;,.:.: · :.·:> :~:..- ··,_~~ -~:.::,":_Mi_rt :-T~~,- .. ~;~:~-: '""',.;,_.: t]~i!!;i!;·;·~i~~n-~sj 
--_., -. -_ ~ ;_.- ~ -.~ -~ -_,_ _:_ ~:. - .. ....---_ :-t ~- ~ ...... ~.:,;._;.: ~~t.-~-:.~-~~;M"t-~:~:.,:~:~~~t...~.-~.~~; ~~~~-;: ·!_ 

.,·. . -:.. .:~..- :··· .. : -·::-: •. -:-~" + 
-· . . .. 

~~~:~~:,Jl?:.;:_\~~~u::;·"-~:i~l¡~1,.:;;;;,~;i"·"-::::~~r-.. &~!¡:;.,,.~-·,.:~,:l:.,:·'~~i'~=-·~~:tf.~i~~¡~~-~.or ... :~.,·;;:~_; .... :,·-_~:,:: .. ¿·,_~.:,~-,/,.J .. ··-.,~f:~~{~í'í·:'!"-·~;:~-~-~~~~r;;.;,:~ti~~~iz;trt'~~:~.t= 
"":- ~ .. 

~~~-----·-- ---------------------- -· ---· ----



"-·. 

•,r_.. .-. 
-.:-:::.";. 

!! -

\. -~ ~- ._;, 

k:-· 
i . 

.. -. 

-?,.'. 

::~:g.:~-
.;_~ ·-~--

. _. ..... . ... _,~- . 

: . -
-, :"'· _,.· ·r ... 

--
~·:--r_ ~~::~.:- :';.. . __ ,· 

• •• _ _:! __ -o,_-_·--·· · ... 

. ·'"'-

-~. 



- -:-.,_·,:.,..>; 

·:_:·+-

-· ........ 

" 1 :·.-
--_ ... -

. 1 • . 

p • ·' 

1" ~l, 

·_t,:-. .•.· 
- ·.- ~-

~-- ·--.: ~ -/:-_ -·-s· . -i ·.·,-· 

.. · 

··. :: . ·_:~·-- •;: 

·, 

~.- --
1 ••· • . . ~ ~, . ,. ... 

o . ~--
', 

. ...-- -:.- -, ... 

--· 

·-----------------------



-~---== 
------~-~--~-------· . ~------ ---~- ~~--------,--

Jc1:~?': :<·~ ~.< :_ '_f!,;.;,,'~"~!Jlr~~-~--~-~;;~~\;¡~~?_:_~_?:%· 
; "--

;:_¡5-,~- •. _,, ~ 

.. · 
--.,._,, ... 
';J~~::~·--: 

,. 

:~_:¡·~-¿~;:~;-~:;!? -· ~-:~~~::,~: :.r;~ ~-¡,; 
:;; 

' . 

·,·• 
~ ~_: -

'1- .,_ .• ~_-.-·.:.-~~---.' .... ';,:_.:¡;_,;.. ~ , •.. ;.. 

.. ~ 

i;;~~~~~:ftt=~~ ;,:,:/ 
-··. 

. ..... '-·:· :.~ 
: ---+-:. 

-~ ~-···-':. ,• ~ ·' : . -



. . . 

j~~xr.~::8t~;;~ 
. '!";. 

. ·;. . -
1," ·;~·:·'···~·.: 

. ~ .. 

-------------------·------------------------



' <·'· 
. ,,_ . 
~t 
'. 

:~~~~~~~&~x;~(rrff~; :~,~~~;f~:~~~~~~~~i~s~~,~;.{~,t~~-.;.: \&r:~~i'~~;~~ifit~·~~~r~<~~~~i5' ;:~,~~~~~~1~ 
"" 



.:r-·;;;;.- _-;;:- .. :;:: -·· 
~.¡·~, !.' ·1--::~t,:..'-'; 

-:; '·. 
,._.. •• • ..... ~ ,;<- •S l ,-•... ,-~• ·-•,_"..:. 

\"& ~ ~j~~~~~~~-_,.;,.:~;~ ~.-. -:~;~- ·~>t·· ~::, ... ;_;.:;;.~ -~ ;,L ~~:!;.~_:;~--;i/;;~.·. -~: ~~ -~~- ;.-~:~~ -~~~~-:~ ~ _ .;)~;.~~-~/~-:..::·.;:~~-... · :...:.· . --~ --~::~~; . .::_ ___ . ~ 

_ . .:.. 

.:.:-).,!..,.....~~----
·. ' :.. ~ . ·' . . \'. ". '- .· ~ . ,. -· 

~-~~r:~;w:!;_:,;~;;.~j~~~~~~;-~----~~-(;:'~i-.::· ,~(~~~j~~%~,;tj~!~~ífl~1r;;;;~:¡7;:l:~!{~t~f~",;;:"' .· 
·- ~-<:.: . .:.·- :. ~:~. -. ~ : -. • -. V 

::;i2~:.~I~)rf-;;~:J·~~;;:>,q~~3·t_,· 1;~,:~r:%~!:~~2*!f'1~~;!~·=~!;~~~~;!~l~~~¡~~)J~~!~:~:,··-.·:·!··:~~~¡¡ 
.... ,. :. "'"'"··· 

-.. : 
~--·-·---· ---.------·-·------·----··--------'-'--'--'J 



§}~t~~~~:; --~--t~-
,_.•, 

-~:'i"~: >~ .. -"':::-..~:. 
': ...... , .. ·-... 

·- .· .. 
1- <· .• 

. ~--
.·,. _., 

.!' .,¡,.-"· ... -=-::' ..... --., __ ::.. __ !~'::;-- ___ , ·-· -~ .: 
. -... ... .,. ..... _. --~ ._:_,_,',: •. ; .. ·-~~~---. -.:. • .,__ ,¡ ~ " 

. .. . -.~-;_:..· 

·-• ""·""' -.-t;. 
f .• i-:: 

.. ;_- -· 
'. 

·--~-.:: 

:.· . '- ~ . . 
o:-<.·,<·:: 

• ·i:i V 
>:· _______ -<-- ---~--,'-';-.-:. :. •. -~-- :'-! -·· .. :v .. 

r,..: -'.•_,:t~. -~~---:/ ~"0~- ::. ·:: ... ~- ;~~~<;.1:.--~f~--=-; _,..~\i~~- ~· 
• : V M ; V 

·._ .. ; .\:•;'' ··-"~- ~:~<::_;~~{:·: -~-· 
• -V 
• V . 

; . o.,::~-;:~~-.?,:_:;~~:· :; f¡: -~-::~~--:i:-~:~: ~-t. ._ :;~--•-:;:~~ y:._-.:. •. , ..... : .. ~~ 

· · .. /: "t §e•~- 'iif~:JJ!til~~;; .·~~ 
.. . __ ,_ ,_.. "e:.=-~·- ·v· .. 
. ;_.--.:.:_ ... -- .. 

--·. 
!'•""': 

r -r ,-

... .,.~__,_-
__ .. ~·:::f.· 

,- . 

..> •• ·- ... -- :_.-.. ._._,__ 

-3a·.d_C~3_3 

1 

1 
1 

,1 

------~~------~---------~---~----- ------------------~ -~--------· --~--~------- ------~------- --··----------" 



... ;.., -~ 
_.:-',_.).'·' .:.- ·' _, ., .. _. 

::. ... .•. :.--
~' . __ ,_ 

-·-. 

··' ..... 
;<. :.13 '"1.! 



.,. ·-:· --···. 
··'· --

~-· -~1 ;_~ -·~·:::. .. ~:;. _:-.....;:.~; ~---" ... -: .. ~~--:~· "j~:,._...._ • .:¡..._..·~,..-;_._;:-,~~:.:.:.-:r~¡;¡,~· ..... ¡¡:.._"...,. ••• .:.:1:.:~- ·---~.;--;:.;_·:-::::~,. -~; .. .,.,.-:::~.-.~- .. 
. 4_ -.._·.-,s_: -í5 ··."L.:-:j.)2! .-: . .. -7.,914:; 1.7~1~~ll- . .:..¡..:.w.1~~2 

,,;f~~~~i7!~~~~~,~~~t!~~:r:\1I!~~~::::¡f;{:~;::;~¡:~i4~~~;cs:, 
~- . ! 

·. ~-

'1:W!:~z-~~;~~~~;;~:¡~~~:~¡;;:,;c;~.;r, <~~· j~~~;;§~*Z · :;~~~~;t!~\1;g}üt§·/~J~~:;J::: \/;; -::., ~~':-): ~'::~7 it· ·• 
.. - ~~~ 

-, .: ~~-: ·,,1~ ·-- ..... 

·~Jt~~r-:.- -:~~- .. : ·.·;_e·.~~"-:;~·' ~~=-~7-~F/-.!:¿· :·;-ij.·~i:";):'·:~~~~~·:::·-·~ ?;~'i\;·tiii.~i~i;:':·~<'1i~!!~R'0~;·.}~'e·• 



-: ~ t.' 

-.... 
~{ft• ··:.- .. 

i:~~~-.. 
rs~··_ ... ~.: 

..:. :.. . :-.·· 

1. 
.. ~ 

"· 

.- ·.: '· ~ 
... ·. 

·..._.,·,:..::. .... - •• .j- ... .... ·"" .· .. ·.:,:· ·.#. :..,_··-~.:-
...... 

·.....__:_;: --- ...... 

;:·~· ,, ~~---'" ·-~-·;;..·..,· -::;: 

E-~~-~t·;\.., ~~ "k'¡¡\·-t3_Rti: .:A:_~~--~~:r~i~-2~;-~:1' ú~;! oAD{~:¡¿·,k·u~f~::~~~--(#fSt; ~~-, _:; ~- :_ d: 

~ &~~,~~!~~(}\ ~;~!-;;,:-~,:-~(j{~!f~~~~f;~_I_r.·¡ A~~ ~~i :6;;ÍjUF~-f~,;~~'"·:--~6f ..... 
.. -. 

-~ ... 
. ...... :~;. :::.~·.i~~i;:,~:,; __ 

. : ·• 

. .. -:·-. 
-~.'....,_ ··:·· 

:- ... .. _·:; .. , .. 
., 

';• 

· .. . .. · .,· .... , ·. _., .. ~ 

~_:;::,.___.:::.....:.. _______ ~-------·-~------~-- ···------------....... - ............. _______ _.__ .................... ___ , 



.::: ... :-- ·-· . . .'; ·- ... --:: . 

.. -.r- ·.: · . 

·- ,. -. ,· - .· 

- .··· . 
~~ t~1:~~:l '!:::.··;;i·-~ ·:}! .,., 

,. 



.. 
.. .·,J . . ·. 

• .. ·.··· 

________ .__, ________ .. ________ ~-=~========= 



lf'-
~
:_>:··. 
-·~ 

·.; ... 
i.· -· 

-•: .. 

'·""· 

• ... 

';,_.r.: 

. , 
'o 

'· --~1>. 
~,.-:._ 

.. 
:> 

• '· ¡' 

-,-. 

. ~---
"· 

-· ---~=--=---.-.. ~.~~~-~· ----
-

.·,_ 

',"=' ·-' 

f1 

¡; 

!'' 

M 

; ~ . 

' . _,,:• .. 
1 ~?- _- -·. 

• • 
• • 
• 
• 
• • .. 
• • • • 
' • 
• 
• • 
• 
• 

. -·-
• .. 
• • • 
* 

• ' 

. ::.-:-·:-··-

¡¡ 

. .:. -~ 

• .. 
,_,. ,_. ... 

• • 
-~ . .-... 

'!:l ·.· 
.M ... 

;_-. 

,. 

__ :..;, 

. --. 

.... ,. •.'.• 

. :-

V 
V ·v 
V 
V 
'! 
V· 

" '1 
; 
·; 

~ 
V 
\) 
V 
V 
V 
V 
V 
V 
•; 
V 
V 
V 
V 

" ~-
li . , 
~ 
V 
V-

·. V 
. M V 

'M 
·' ,,,.,'·V o·~ . 

,v . 
. V 

V 
V 

'· 

. ' 

.: 

_..; . 

+ 
• 
+C,.::-·-
• 
' + 
+ 
• + 
• • .-,.._ 
+ 
+ 
+ 

'+· . .. -
• + 
+ 
• 

·+ 
+ 
+ 

. "'- ~. ' • ~ ... + -
+ + 
• • • •. 
~· :: ·-:"+·. '· 
+ 
• 

-~ ""- - .. =-~-: ~~---~-.;_~_,:~/:; ~ :·. 
~ ·. ;-·- ~.-. ... _, •'- -·'· ..... 

-~ . ·-¡; ,. 
·' 



-- -· _,,.: 

-, .. 

:. :;.-; .. '
:-..:~r':;'": 
~:-.- -·~- . . _,, -· 

' ,_ 

¡. 

f•, 

,. ., 

7 -)~~. 

'. 

'1 

:i 

~-: 

,. 

. ; .. 

'i ., ,. 

., 

• • 
• 
• • 

• • 
• ,. 
• • 

• • • 

• • • 
• 
• • • • 
• • • 
• 

' . 
• • 

·,' 

., 

. -...,.- .-. - ---~-.:-· '-- ,. 

'. ': .,: . -..... 
·. -:::-~.;. ~. ~ -~: .-._ : ... : ~-"''? 

·1 

'J 
V ., 
V 
V 
'J 
\' 
\' 
V 
V 
V 
V 
v. 
V 
V 

~ 
V 
'1 
V 
V 
V 
V 
V 
;¡ 

' V 
V 
V 
v 
v 
V 
V 
y 

... ;¡ 
~ './ 

~ 'J 

·" V !"! 
·.¡ ~; 

V 
·; 

' V 
V 
V 
v ., 

.V 
V· 
V 

- ....... .' 
--._~,.o =.il !"·A ·.i. 

:, ;: ·~·-: ~_: :¡~:.: 
' ;,-. .. .• 

., 

• 

e 

._ . .., 

~~-:."!-257; 

+ • • + 
+ 
+ 
+ 
• • • 
+ 
+ . . 
• -· • • • • • + 
+ 
+ 
• -· + 
+ 
+ 
+ 
+ 
• + 
+ 
• 
+ 
• • 

;¡+ . ' 

• • 
t 

• + 
• • 
+ 

,.¡ •. 
.11! .. 

~ + 

" 



l' 1' 

1) El intervalo de esfuerzo v la"severl 
dad de las entalladuras son las va
riables de' esfuerzo que' predominan -
en detalles soldados y viqas. 

2) Otras variables tales como el esfuer 
zo mlnimo, el esfuerzo promedio y eT 
esfuerzo máximo no son siqnificativa~ 
para fines de diseño. 

3) Aceros estructurales con puntos de -
fluencia que varlen entre 2500 y 7000 
kq/cm2, no presentan diferencias ~~~ 
nific~tivos para detalles soldados -
dados.v fabricados del mismo_modo. 

Para diseñar los elementos de L1na estructura es necesari~ basarnos 
en normas ó especificaciones oue siempre están apoyadas en la ex
periencia·pasada y en una gran cantidad de p~uebas de laboratorio. 
En esta forma se evita, en gran oarte, que el proyectista use cri
terios erróneos que conduzcan a estructuras antieconómicas·por - -
usar factores de seguridad muy grandes, ó por el contrario, q~e -
buscando economlas mal entendidas,· se usen factores de seguridad 
tan bajos que hagan peligrar la seguridad de la estructura. 

Los ejemplos que veremos están resueltos usando las especificacio
~ej del .AMERICAN INSTITUYE OF STEEL CONSTRUCTION y las mormas com
plementarias del REGLAMENTO PARA LAS CONSTRUCCIONES DEL D. F. usan 
do el criterio de esfuerzos permisibles. 

El diseño de piezas en tensión de acuerdo con l~s Normaj del Regla 
mento para las Construcciones del D. F. defiere· con ¡.ela.clóri al dl 
seño de acuerdo con las especificaciones del A I S C, en los sigui 
entes puntos : 

1) Esfuerzos permisibles : 

Rev(sión en la se~ción neta 

A I S C D F 

FT = O. 5 FU (sección neta. efectiva ) FT = O. 6 FY (sección neta ) 

. i 
1 

! 
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Por otra p¡3;te dependiendo del oorciento de reducción del área total y de -
las propiédades mecánicas del acero, el miembro puede fallar -
ppr fractura del área ~eta a una carga menor que la. requerida -
para la fluencia del. área total. Por este motivo _se toman como 
estados limites de rarla la fluenciia .dé la sección total ó la -
fractura de la ~ec~ión neta. · 

.2) Ar.ea neta 

A I S C 

(Area neta efectiva) 

D F 

(Area neta) 

1 
1 
1· 

Cuando una sección no se conectA a través de todos los elementos . . ' que la forman, el A I S C define una seccion ·neta efectiva qué es 
igual al área neta multiplicada oor un coeficiente de reducción.
Este .se ha determinado en base a una m~ltitud de pruebas v estu-
dios teóricos que han demostrada que, cuando una sección no s~ --

. conecta a través de todos sus elementos de manera de lograr una -
transferencia uniforme de esfuerzos, la carga de falla dividid~ -
entre el área n~ta es.~eneralmente menor que el esfuerzo de r~ot~ 
ra del acero. Esta disminución de la resistencia se debe a una -~ 
concentración de esfuerzos cortantes producida por la redistribu
ción de las fuerzas normales en la zona de conexión (Fig. ~4 b :. 

3) Relación de esb~ltez 

A I S C 

: Miémbros principal.es 240 

Miembros secundarios ?DO 

D F 

300 

300 

1 

. ' 

! 
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! 
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Las relaciones de esb~ltez para las piezas de tensí6n se fijan -
,para que tengan una ci~rta rigidez para evitar maviml.entos late~ 
ralea 6 vibraciones. Estos limites no son obl1gator1oa • 

• 

Las n6rmas 6 esp~cifitaciones que usaremos cubren los siguientes 
puntos : 

1.- Materiales 
2.- Esfuerzos permisibl~s 
3.- Cargas (impacto v fatiga) 
4.- Geometr!a ; · 

Esbeltez 
Ares de secciones tranverssles 

5.- Conexiones 
6.- Secciones armadas. 

lA continuaci6n inditamas en que sección~s de las especificaciones 
AISC v de las Normas de D. F. se cubreri estcs puntos : 

Cargas : impacto 

Materiales 

Esfuerzos admisible~ 

Cargas : fatiga 

Esbeltez 

., Aress netas 

Conexiones 

Secciones armadas 

Apéndice 8 fatiga 

A I S C 

1 • 3 

1 • 4 

1.5 

1 • 7 

1.8 

1 • 14 

1 . 15 

1 • 18 

O F 

no 

no 

10.1 

no 

2. 

2. 

5. 

4 • (no contempla 

miembros en 

tensi6n ). 

no 

24/. 
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MANUALS: THEIR ORIGIN ANO SCOPE 

(As Developed by !he T echnical Procedure Commillee, 
July, 1930, and Revised lo March, 1935) 

A rnanunJ consists of an orderly presentation _of facts on a particular 

aubjec.t, _ supple~ented by en analysis of the limita~ions and applications o( 

_ these facts. It contoins informotion useful to the aver~Re engineer in his 

everyday .work, :rBther than findings thot may be useful only occasionally 

or rarely. It is not in any sense a "standard," however; nor is it so ele· 

mentary _or so conclusive as to provide a "rule of thumb" for non-engineers. 

Furthermorc, a manual,. in distincÜon from a paper (which erp~esses 

only one pcr:'!on's observotions or opinions), is the work of o committce 

or g~oup seledcd to ossembtc ond "exprcss -information on a specific tapie. 

As oftcn· os prncf.icnble the mn_nuul committCc is undcr tl1o genural dirl•ction 

of ~no "or moro of thc Technicnt Divisions, nnd the product evolved has 

been subjected to rcview ~y the Executive Committee of that Division. 

As a step in the process o( this review, proposed manuals are often brought 

be~ore the rnernber~ of the Technical Divisions for Comment,. which may 

serve as the basis for irnprovement. When publi'Shed, each manual shows 

the names of the committce by which it wos compiled ond indicotes clcorly 

the several processcs through which it has passed in review, in order that 

lt! merit may be definitety understood. 
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The ~valuation of a considerable amount of research work has demonsti-at-
ed the applicability of plastic analysis to structural design. For the type al . 
structure to which its application is intended, plastic design results in an over- ·' 
all balanced design, and a more economical use o! material than conventional 
methods. In comparison with allowable stress (i'elastic•) design methods, 
plasticdesign is a simpler design technique. As a consequencedesigners have 
chosen the plastic desi&n mcthod for more than 2,000 structures built in the· 

Uni~~~sS~~~::t~o~~~:~Ís the applicability of plastic analysis to the design of-. ·.¡ 
structural steel beams and frames. Theoretical considerations involved in the 1 
plastic theory and in certain ·secondary design problems are presentcd .. Ex-·.-; 
perimental verification is provided, and approximations in the forro of design ·;·¡ 
guides are suggested. _ · 

In 1959, the American lnstitute of Steel Construction published a report en~ :
títle~ '"Plastic Design in Steel" which illustrales the proccdurcs of the plastlc · 
method of dcsign With specific referca1;e to building construction. It supplies' · 
information lo supplcmenl clauses in a speci!ication for plastic design. Ap-; "· 
propriate refercnce is made to this valuablc dcsign aid. Thc rec_cnt books 
which should be consulted !ora much fuller diSc'.lssion than spac_e pcrmits 
herein are Usted at the I.Jeginning of Appcndix Ul.-Rderences. 

This Commcntary is based un a series of prcli~inary re¡xlrts prcparcd íor : 1 

thc Weldin~ Rescarch Council and lhe American Society oi ·civil En¡;inecrs by -~:; 11 a research group at the Fritz Engineering Labciratory, Department oi Civil • 
Engine~ring, Lehlgh Uni\_'ersity, Bc~hlehem, Pa. The s~ff member_s at frit~ .:;. 
La.boratory included: L. S. Bcedle,. G. C. Driscol!, Jr., T. V. Galambos~ "'::~ 
R. L. Ketter, T. Kusuda, G. c. Lec, T. Lee, L. w. Lu, A. Ostapenko, and B. ·:·! 
ThÜrlimann. - The organizations that.supported the research · projccts out _"o(-'\ 
which the preliminary reports werc prepared were the following:. American_~~;{ 
Institute of Steel Construction, American Iron and Steel lnstitute, Column _.Re- . ·: 
search Council, the Department o! the Navy (Office of Naval Research, Bureau· -~
of Ships, Bureau of Yarda and Docks), and the Welding Research Council: ·.,..."*-, 

Although much of the experimental and theoretical work was perfÓrméd at_;~~~· 
Lehigh Unive_rsity, the WRC-ASCE Joint Committee has broadened this Co~-.. ,-;: 
mentary by including the resulta of research at other institutions both in th,e .~ .. ~ 
United States and abroad. The inclusion of this infOrmation and of certain un-_:; 
published data is grate!ully acknowled¡¡ed: -<~ 

The Joint Committee notes with sorrow the passing oi one of its membera, -.: 
. Jonathan Jones, Han. M. ASCEo Mr. Jones' critical review oí the manusCrlpt' >:· 
constituted a distinct contributlon to this document; · · · 

T~e Joint Committee recommends that this Manual be read carefu_lly by all ~ 

structural engineers. 
'i¡' - ' 
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Chapter 4 

GENERAL PROVISIONS 

. 4.1 INTRODUCTION 

In this chapter there will be discussed sorne of the basic conditions that 
· should be satisfied in estáblishing a plastic-design procedure. This includes 

questions regarding types o! construction, materials, structural ducti~ity 
(avoidance of brittle fracture), the yield-stress level to be u sed, the plastic 
moment, the loads and forces that would be considered as applied to the 
structure, and the.load factor._ 

In each case the suggested provision will be given first, followed by perti-

nent discussíon. 

·4.2 TYPES OF CONSTRUCTION 

The íollowing types of construction are suitable for plastic de

sigo: 

(a) Continuous beams. 
(b) Onc and two story, single: and mulli-span continuous type 

building frames. 
(e) Multi-story tier lJuildings with sidesway prevented by walls 

nnd/or diagou~l hracing. · 

Plastic design is not recommended as a substitute for allowable-stress ·de
•c .. sign for structures that are essentially pin·-connected. 1t is intended for 

structures which depend on continuity for their ability to carry the computed 

ultimate load. 
The necessary continuity may be achieved by welding, riveting, or belting. 

The backgroundan~ justification fordesign guides for tbe use o! suchconnect
ing deVices is discusSed in Chapter 8. 

4.3 'MATERIAL 

Material with the characteristicsof ASTM-A7 steel for bridges 
and buildtngs should be u sed, with _modifications, when needcd, to 
as sur e wcldability andductility a,t lowcst expected servicctempera

ture. 

It ts not the intent to specify any one steel, but to indicate that the im
portantproperty that"ls requlredof a material le ductility at servtcetempera
ture. As was shown in Ref. 3.1, many of the high-strength steels exhibit stress
strain chará.cteristlcs similar to those of ASTM-A7 steel except 'Yith a higher 
yield-stress leve l. lt is reasonable to expect that plastlc design may be ap
plied to structurcs. in whlch su eh steels are used, providing they me~t design 
gutdes· s1D7f!LF to those suggested in this Manual, but appropriate to the 

particular """rial. 
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Art. 4.5 YIELD-STRESS LEVEL 

4.4 STRUCTURAL DUCTILITY 

Fabrication pi-ocesses should be such asto retain ductility. At 
plastic-hinge locations ulliinishcd sheared edg:esand punched holesl 
in tension flanges should not be permitted. Sub-punched and reamed ¡ 
hol~s for connccting deviccs would be satisfactory if the reaming ¡" 

removes the cold-worked material. 
In dcsign 1 'triaxíal statesof tensile stress sctup by geometricall 

restraints should be.minimized. 1 

This provision together with Art. 4·.3 is intended to assure that brittle 
!rac~u.re ~ill not prevent the íormation oí a plastic hinge. The assumption oí 
ductlhty 1s an equally important aspecto! elastic design and numerous design 
assumptions rely on it. · 

In plastic design the engineer should be guided by the samc principies that 
govern the proper ~esign oí all-welded, riveted, or bolted structures designed 
by the allowa~le-stress methods, since ductility is important to both. Thus. 
thc p~oper material must be specified to mcet the appropriate service con
ditio.ns, the fabrication and workmanship mus.t meet high standards, and design. 
det:uls should be su eh that the material is as free to deform as possil.>le. (4.3"} 

With rcspect to fabrication, due to the severe cold working involved, punChed 
holcsand sheared edges should not be permitted in parts that m~ght be subject
ed to stresscs approaching the yleld stress in tension al ultimatc load, P"..:.nched 
holes would be permittcd hcre·if íollowcd by sufíicicnt rcaming to removc the 

cold-worked material. 111 Rcf. 4.2 the cffcct oC variouS edge conditions on the 
llrilllc failure oí stccl has Ucen studied. 

4.5 YIELD STRESS LEVEL 

For ASTM-A7 steel, 

Normal stress, uy = 33.0 ksi 
Shear stress, -r y= ts .. o ksi 

A yield stress level of 33.0 ksi corresponda to the minimum yield poi~t per
mitted in a mill-type acceptance test o! ASTM-A7 steeL Such a test differs 
from the test conducted in the laboratory beca use of a number of factors, one 
of the most important oí which is strain rate. An extensive investigation into 
the yleld-stress level has been conductect(4.1} using as the test specimen a' 
complete cross section of a rolled widc-Uange shape. The loading was perM 
~ormed in a manner that simulates "static" loading. By sucit a test procedure 
1twa_s possib~eto include such effcctsas diffcrcncesin wcband flangc strength, 
stram rate, and size, sine e representa ti ve cross scctionsfrom the verY small
est to the largest rolled shapcs were included in thc program. . 

According to the data availablc at that time, this invcstigation showcd t11at 
the most probable value of the yield-stress leve! is 34.1 ksi, with variations 
ranging from 24.6 ksi to 43.0 ksi. (According to the usual acceptance-type 
test, the most probable vaJue of the yield point would be 42.6 ksi). Fig. 4.-1 
shows the histogram oí thc ratio oí yield-stress lcvel determined (rom !l stul> 
column test as campa red with the yield-point value obtained in a mill-type 
acceptance test. · 
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16 GENERAL PROV!S!ONS 

While 33.0 ksi ls'the minimllm yield point pcrmittcd in acceptance tests, it 
. turns out' that it is very clase to the averag:~ basic yield-stress lcvel oí this 
· material. Thus thc factor of safety includcs thc possibility o! varialion below 

this average value, because the design is actually based on an average, nota 
mínimum. This situatiofl has always existed in design, and therclore repre
senta· no departure !ro m past pi'actice. 

4.6 PLASTIC MOMENT 

Mp=<lyZ .••.••.•• (4.1) 

ay= yield-stre~s level 

Z = plastic nl~dulus 

As pointed out in Art. 2.1, the formation of plastic hinges is of basic im
portance. to plastic dcsign. Fig. 2.3 shows the characteristic- moment-rotation 
curve of a beam under bending, and the moment at •stage 5.., shown in Figs. 2.2 
and 2.3 is called the plastic moment. It is computed according: to Eq. 4.1. 

The plastic modulus Z is a geometrical function analogous to thc section 
modulus. It is the modulus of resistance to bending of a completely yielded 
cross section and is calculated .by taking the combined statical momcnt about 
the neutral axis of the cross-sectional arcas above and below that axis. 

As Will be evidcnt in Chaptcr 5, it is frcquently observcd in tests that the 
moment·dcformation behavior is not exactly like that shown in Fig. 2.3 (!;¡ec 
Fig. 5.4, ra:r example). Bccausc oC strain-hardenlng, the rcsisting momcnt is 
greater than the value computed acCording lo Eq. 4.1; Howevcr, no prcsent 
simple thcory can· take this additional reserve in strength into account without 
undue complications·. 

For mat'eriat'.whose characteristics are not. similar to ASTM-A7 steel, but 
whichexhibits contim.ious strain-harde!Jing,it might be desirable toarrive ata 

i 
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Art. 4.7 LOADS 17 ·-" 
semi-empiriCal \"alue Cor the "'plastic hifige" moment. Studies would !1a,v 3 to 
be made on the particular material (including bending tests and tests of inde
tcrminate structures) to arrive at a suitable approximation for the pbstíc 
moment. • 

. 4.7 LOADS 

· The loads lo be provided for (allowable loads) should be !hose 1 

that are customary for the particular type of constructton. These 1 

loads are increased by a load factor to obtain an ulliniate loading.} 
Members are selected on the basis of their plastic strength to re-¡ 
sist the most critica! condition of ultimale loading. 

Pu = F Pw·... . . . . . . . • . . . . . . . . (4.2) j 

1 

in which 
F = load factor 

· Pu = ultima te load ' Pw = allowa.ble {workinrJ load 

A margin ~r safety is achieved in elastic design by the use of allowable t!ltit 
str.esses obt.."\med from a unit stress levcl- assumed to represent failure and 
wlu~h has been reduced by a "factor of safety." In plastic design safety ¡5 
:\ctucved by multiplying the givcn scrvice luads by a "load f~ctor" as discussed 
m Art. 4.8. 

The u.se of pl~stlc design. ~oes not involve any changes in the mag:ütude o! 
~he serv1ce loadmg Pw SJJecuie_d íor a given structure. The difference is that, 
m.the case of plastic desi~, membcrs are sclccted so that the slructure will 
just support the computed ultimate load Pu.· In elastic dcsign the meru.bers 
are so selected that allowable unit stresses will not be cxcccded at sen·ice 
load Pw· (As used here P ls the critical combinatlon oí given independently 
variable loads u sed as the basis for the design by either rnethod.) . 

Th~ loading conditions that would be invcstigated for buildina construction 
are; - o · 

1. Dcad load plus live !Óad. 
2. Dead load, plus Uve load, plus wind or earthquake fo.rces. 

It is assumed -that the live loading is static and proportional even for the · 
c~~racteristic fluctuations of live load found in buildings. Fo; unusual con.: 
dllwns, deflection stability would be investlgated (see Art. 6.4). 

In the destgn ?f. structures to resist the dynamic loading resulting from 
blast force~, plashc-design concepts generally are u sed. However selection 
of the loadm~ and the type of design are largely a matter of judgment :md are 
ba.sed on stu~tes.of vulnerability, consequences. of Cailure, and required radi
ahon protechon. In making the design it is necessary to consider the nature 
of the. loading, ir.creased dynamic yield strength oí the material e!fect.ive lnad 
durahon, ~istríb~tion. oC mass, effectiVe mass, and natural' period of the 
structure, as well as other factors not commonly considered in structural 
design. · 

· In designing !or earthquakes mcist building codes providefor the application 
o~ equivalent lateral statlc loada to produce a desired level oC ea:rthqu:1ke re
ststance. In conformltywithsuch practicc, the· speciíied.loads can be m.u!Uplit"d 
by a load factor lo yield des!gn ultimate loads. 

. . ,~-· -.... ·-~ 
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18 GENERAL PROVISIONS 

Concepts of plastic analysis are currently being considered for design to 
resist earthquake forces using procedures that ·take into account the elastic
plastic ·response of the structure as a function of time. He re, the variation 
and random nature oí earthquake loading require that consideration be given 
to loadingápproximations used in the design, as well asto many of the (actors 
rioted a}?ove as of importance in designing for blast !or-ces. Greater refinement 
in design procedures using these concepts must await further study. 

-4.8 LOAD FACTORS 

Dead load plus live load 
Dead load plus ·Uve load plus wind or 

earthquake !orces 

F = 1.85 

-· F = 1.40 

It should be noted that the factor o! safety implicit in aUOwable stress dc
signand the load factor used in plasticdestgn are not concernedalone with the 
possibility oí overloading. Other factors which influence the selection of an 
appropriate margin of safety are: 

l. Approx:imations and uncertatnties in the method of analysis. 
2. Quality of workmanship. 
3. _ Presence of residual stresses and stress concentrations. * 
4. Under-run in physical pi'operties oí material. 
5. Under-run of cross-sectional dimensions of membcrs. 
6. Location and intended use of struclure. 

·Depending on the type _of structur.e and its intended ·use, the importance of 
any one of. thc foregoing factors, as compared with the others, can vary some
what. One might arrive at a.preciseover-allload factor Fin cachease if suf
flcient statistical data were aVailable to weigh properly the importance oí its 
various constituent parts¡ but any resulting dcparture from current practice 
would be equally- applicablé to the allowable ·stresses speci!ied for use in 
elastic destgns. Since such statistical data are not available, it would seem 
logical to draw on the vast ex:perience gained (rom allowable stress design to 
obtain a single average value! applicable throughout the range of building con
struction. 

Such a value can be obtained by considering the plastic strength of simple 
beams in the light of the allowable stress for which these beams were pro
portioned, there being no necessity for rcquiring any greater margin oi sa!cty. 
merely because the structure is redundant. For simple beams thc load factor 
is equal to the ratio of the ultimate load Pu to the wor~ing load Pw; thus F 
equals P0 /Pw· Since here the bending moment varíes linearly with the load 

Substituting for Mp and Mw 

in which f ts the shape" factor. 

F= Pu =~ 
Pw Mw 

tJv Z tJv 
F =-"-- = "'- f 

tJw S aw 

---.-wF" 'üs factor contrtbutes to unccrtainty nato the precise stress lcvel, the dis
cussio. .rt. ~.2, 5,1, and 5,3 shows that it may not influence the ultimate load~arrylnr 
cf\p~lty '\t!Xceptlng column buckling, of co"ursc), .. 

--~--------------- - • '" ,., .1_ ••.• • • ---~--------.....2......::.· .... ::::.:· ___ _ ·-·.'··· 
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Art. 4.8 LOAD FACTORS 19 
. Since adoption o! its Standard Specification for Structural Steel for Build
mp;s by the American Insti~ute ~! .Steel Construction in 1923, and to a limited 
extent even befare that,. the baslc·auowable working stress 1·n b ·¡ct· d - _ 
- ll U 'l d S Ul mg eSl!! .. 
111. IC ni e tates has be~n 0.6 of the specified minimum unit yield streSs -;;.f 
lile steel furnished. Restated, the load factor abrn.inst thc rTUarantced - -

ll . t -1 1 
'=' mintmum 

u 1ma e capac1 y o these bearns has _not exceeded . 

F = 30, 000_~! = 33,000 psi _ -
18,000 psi ¡ 20,000 psi¡- L65 f (4.3) 

T~e formulation·of a satisfactory load factor is therefore ctependent only 
upon the determfnation ora shape factor rcpresentative of the s· 1 beams 
now in scrvice. · . - Imp e 

The va~iation of the shape f~ctor for wide-Ílang:e beams and columns; -~nd 
Cor Amencan Stand~rd b~ams 1~ shown in Fig. 4.2. For wide-flang:c shapcs 
normally ~sed as beams hsted 1n the • section economyJ:I table(4.4) the slopc 
fa~tor van es from 1.10 to 1.18 with an average value of 1.134 and a mode (most 
frcquently ohserved value) oí 1.12. For wide-flange shapes norrrially used as 
columns that appear_in the "column" tablc.S o! Re!. 4."4 the shape factor varies 
from 1.10 lo 1:23 ~lt~ an average value of-1.137 anda mode oC 1.115. The 
shap_e-facto~ distrlb'..ltton of American Standard beams is shown in. the lower 
port.io~ of r:g. 4.2. The minimuJU is 1.14 and thc maximum is 1.23, the aver
age Lemg l. J.8. 
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20 GENERAL PROVISIONS 

Table 4.1 shows severa! possible values of the load factor, depending on the 
choice of the shap~ factor. The two most reasonable· values for the load factor 
are 1.85 and 1.88. The former would seem appropriatc becausc it rept:esents 
the shapC ta:ctor that will recur rnost frequently in beams. The value 1.88 im
pliesan accuracy in our knowledge·of the general problem of safety'that is not 
justified. 

TABLE 4.1.-LOAD FACTOR FROM SHAPE FACTOR 

Shape Factor 
Factor ol Salety - Load Factor Yicld Stress+Working:_ Stress 

1.10-Minimum value 1.65 1.81 

1.12-Mode for wide,..flange 
beams 1.65 (Iill 

1.14.-Average for wide-fiange 
1.65 1.88 beams and columns 

1.18-Average for American 
Standard 1-beams 1.65 1.95 

1.23-Ma.ximum value 1.65 2.03 

In the case of graVity loading ln combination wlth wind or earlhquake !orces, 
allowable stress design specifications permit a one-third increase in comput
ed stresses. Consistent wilh this allowancc, the val u e of F for combincd dead, 
live, and wind or earthquakc loading would be (3/4) x 1.85 = 1.40. 

---------~----

Chapter 5 

VERIFICATION OF PLASTIC THEORY 

. 1.". this chapte~ it. is shown that the actual behavior of structures under t~st 
v~r1f1es the pred1chons 9f plastic .theory. In Art. 5.1 it is demonstrated_that 
structural steel exhibits the ductility assymed, and that plastic hinges will 
form and allow the.necessary redistribution of momcnt. Article 5.2 prescnts 
t~:. results of conllnuous-beam tests, and finally Art. 5.3 shows how tests· óf 
~Ib'ld trames verify plastic theory. 

5.1 BASIC CONCEPTS 

Ductility of Steel 

Fig. 5.1 shows the ten si le stress-strain curves obtained from h\-•o coupons 
cut fr.om two separa te locations oían 8 W''Z!O beam. They are typical of the 
bchavtor of ASTM-A7 steel. The steel deforms.plastically about 15 times the 
strain at the elastic limit and then commenccs to strain harden. • Although the 
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. OF ASTM-A 7 Sn:<:L(5.3) • 

, *AST~-A7 rcquirea an c,longation in 2 In. of not less than 24% nt failurC' :l1l do;1 a~ 
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22 . VERIF!CATION OF THEORY 

data is plotted well into the strain-hardening range, the strains shown are still 
considerably less than those at ultimate strength (tensile strength). The com
pressive and the tensile stress-strain relatior.ships aré quite similar. In fact 
thc properties in compression are practically identical· with those in tcnsion. 
Fig. 5.2 shows· in idealizcd form the stress-strain rela.tionships for ASTM-A7 
steel drawn according to average values obtained in h1.boratory tests. 

The Plastic Moment and thc Plastic Hingc 
Asa demonstralion that the plastic moment is attained throughplastification 

of a cross section, Fig. 5.3(a) shows a typical M-9 curve obtained írom a 
beam, a poftion of which is in pure bending. {5.1) The dotted line is the idealized 

STRESS 
(ksi) 
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FIG, 5.2.-lDI·:AUZED STIU·:SS-STllAIN llELATIONSIIIP FOH ASTM-A7 STEEL 

curve and the salid line through the circles shows the results o! a test. · The 
theoretical stress distributions (according to the simple·plastic theory) at 
dilferent stagesol bendingare shownin Fig. 5.3(b). Below these, in Fig. 5.3(c), 
are shown the -corresponding stress distributions as determined !rom .SR-4 
_gage measurements. It will be se en that plastification of the cross section 
does occur,and that the bending moment corresponding to thiscondition is the 
full plastic moment as computed from the equatton Mp = ay z. 

Although there will be inevitable minar variations Jrom the result shown in 
Fig. 5.3(a) the many tests conducted on rolled shapes indicate that most hot
rolled wide-flallge beams will develop the strength predicted by the plastic 
theory and tha~ a plastic hinge (characterized by rotation at near-constant 
moment) does actually !orm. 

To be sure, a somewhat unrealtstic loading condltion has .becn taken since 
"pure moment" is a condition not likely to be encountered in actual structures. 
Usua 11 ·~ therewill be a gradient in moment, a!3 when a singleconcentrated load 
is a d to a beam:. In sUch a case the deforrnation tends to be concentrat 

¡_· und~,~. dlC load point (the point oí maximum moment) .. ·accause the plast~. 

l__:__· ____ .. __ , __ ' _· _____ · _:._____ _ ______ ··'-~_::..:___:-_.:....:....:_:_: .... 
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Art. 5.1 BASIC CONCEPTS 23 
deíormation is more localize¡;l, the _str~in-hardening region is reached ata 
lesser deflection; consequently, the beam tends to develop a moment greater 

''00,------------------------------------------, 
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FIG, 5.3.-EXPEiliM!!:NTAL VJo;IUFICATlON OF TI! E MOMJ.;NT-cUHVATUHE 
H~LATIONSII!P AND TIIEOHETICAL AND COMPUTED 

STI\ESS lliSTIIInUTIOKS 

O! 

than the plasttc moment. Typical oí the behavior of a beam under moment 
gradient is that shown in Fig. 5.4. (5.2) The theoretical load-deflection curve 
with and without the inclusion of strain-hardening, is shown by dashed lines: 
The resultsof a test _oí su eh a beam are shown as a salid Une: Jt will.be noted 
that as a result of the strain-hardening phenomenon there is an increase in 
load-carrying capacity as the deformation continues beyond the yield level. 
Th~ decrea~e in measured reststance, which occurred aíter a large hinge ro
tahon at the center, resulted !rom local buckling of the flanges followed by 
lateral buckling. 

Thus strain-hardening improves the moment-carrying capacity ot a beam. 
Allhough it is neglectcd in thc simple plastic theory (except íor checking a 
beam lar stability against buckling) this additional resen·e stren!!lh is still 
present in· most ordinary structures, and this con tributes to ·an act'ual factor 
o! salety that is greater !han the value assumed in the simple plastic theoÍ'j::' 

Redistribution ol Moment 

·-·- 1 . ,. 
From. thc previous section it is seen that plastic hing. 

on to form at connections and at concentrated-lo3.d points. - ~-·-e- -~·:,.., : .. · "'"'' . 
.na y be de,pe~dcd 
Developmett of 
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24 VERIFICATION OF THEORY 

the plastic, moment is one of the sOurces of reSel-ve strength in structural 
steel beyond the .elastic limit. Another so urce is the redistribution oí moment 
in continuous structures. 
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2 ' CENTER DEFLECTION 
(inches) 

• 

FrG. !i.4.-LOAD VEHSUt: CENT!o:lt DEFLECTTON lmt.ATTONHIII\l 
OF l\ 14 W"38 llEAM 

In Ftg. 5.5 is shown a picture of the -rc_distributlon process-as predicted 
theorctically and as obtained expciimcntally. A test was made on a continuouS 
beam lo simula te the conditlon of third-point loadingon a fixcd-cnded span;(5.3) 
ttius experimental data was availablc to compare .wtth the thcorctlcal pre
dicUOna. Thc Uxcd~cndcd lleam and its various componcnts are ~hown in íour 
stages: 

Stage 1-at the computed elastic llmtt. 
Stage 2-after the plastic hinges have formed al the ends and the load has 

increased towards its ultimate value. 
Stage 3-when the theoi-etical ultimate load is first reached. 
_Stage 4-aftcr deformation has been continued through an arbitrary ad-

ditiánal displacement. · 

Fig. 5.5 shows (a) the loading, (b) the de!Iected shape at the lour. stages, (e) the 
moment diagram, (d) the load-deílection curve, and the momcnt-curvature re
lationship near the ends (e) and at the center (!). 

In the elastlc range (stage 1) it will be seen that the beam behaves justas 
assumed by the theory, the moment at the center betngone-hall the moment at 
the lixed ends. (Figs. 5.5(c), (e), and (!)). As the mamen! al the ends ap
proaches the yield moment, the curvature q, commences to increase more 
rapidiy; a plastic hinge begins to !orm (Fig. 5.5(e)). Because al this "hinge 
action, • the additional momentsdue to increase in load are distributed between 
the ends and the center in a different ratio beyond the clastic range than be
fare. As long as the beam is elastlc the increase in moment at the center 
Corresponding,to a load incremcnt is one-half the increase at the ends. How
ever, after á plastic hinge íorms at the C'ncts,' mo~i oi ule incfCa.Se Óf motñent 
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·accurs at th~ c_enter; the moment irlcreme!1t at· the ends iS small (Figs. 
and (!}). This JS the prqcesa known as redistribution of moment. 
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FIG. S.G.-UEDISTHIBUTION OF MOMENT /\S HEVEALED DY TEST 
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As a result ~r plasti!i~ation at thc cnds, the ll~am actually· l.>chavcs some
what more flcx1bly than befare (Fi~. 5.5(d}). At stage 2 thc clastic-moment 
c~pacity near the center is practic<llly cxhausted. It is quite e~·idcnt from 
F1g. 5.5 that substanttaiiy aU of the mamen! capacity has been absorbed by the 
lime stage 3 IS rea.ched·(ulhmate load). Beyond this, the beam simply deforma 
a~ ~ mc~hanism wtth the moment díal~ram remaining Iargely unchJ.nged, the 
pl.tstic hlllgcs at thc cnds and ccntcr rolating furthcr. · · . 

Clcar cvidencc is therefore a.vailahlc th:tt redistribution ·ar momcnt occurs 
lhrough the formatlon of plastlc hing:cs, allowing thc struct~re to rcach (and 
usuaiiy exceed) the_ theoretical ultima te load predicted by simple plastic theory. 

lncldentally, Fig. 5.5(d) 1llustrates the gradual transition lrom the elastic 
to the i~elastic range th.;l.l is tfpical for continuous stcel beams and framfS. 
Theorehcally, upon íirst loading the structure should reml.in elastic up to 
s~a_ge l. However, because of the combimttion of unknown initial stre'sS cofi~ 
dthons and discontinuities, local plastic flow takes place at a lower load lhan 
that which corresponda to stage 1. But there is no effect whatever upon the 
ulttmate load. · · 

~.2 CONT!NUOUS BEAMS 

Fig. 5·.6 sh~ws ihe ·r~sults of continuous-beam tests in which the members 
were fabricated from rolled sections. The structure and loading are shown to 
s~ale at the left. Ncxt, thc size of member (or members) is indicated.. TO the 
r1ght is a bar graph on which !s plotted the percentage of predicted ultimate 
s_trength exhibited by the test structure.· A test result plotted to the •too:f¡• 
hne shows that thc structure reached the lo:td predicted by the simple plasttc 
theory. The shadcd portian of the bar chart representa the Teserve strength 
beyond the elastic limit, since the end of the unshadcd portio:1 of cach·bar 
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~raph is the cornputcd elaStic limit (on a non-dimensional basis} and the end 
o! the shadcd portian ls the obseryed maximurn stren~h. 

Particularly rcmarkabtc' among the continuous bCam testsof Fíg. 5.6 is oñe 
dcscribed in Rcf. 1.10 and shown as the next to the last structure. In this ex
perimcnt, prior to applying the vertical load, thc ccnter s..1pport was raí sed 
until the allowable working stress was just reached, with the result that appli
cation oí the IirSt incremeilt of externa! load was, in íact, a load greater than 
allowed by the specifications. In spite of this, the computed ..:Itimate load was 
attained. The observed ultima te load in this test was within 3% 0! that of -the 
two structures shown immediately above in Fig.· 5.6. 

The continuous beains shown in Fig. 5.7 were testcd to show that members 
of otherwise inadcquate strength may be cover-plated to achievc thc desired 
load-carrying capacity. 

5.3 FRAMES 

The structure shown in· Fig. 5.8 is typical of sorne of the frames tested in 
the United Sta tes as part of the experimental verification of the plastic theory . 
The span is 40ft and the frame was fabricatcd of 12 W 36 roiled shapes. Not 
o:1ly has the con!puted uÚimate load been 'tcached at thc stage st:own in _the 
photogr:lph, but the frame has absorbed considerable additionai pbs~ic defor

. mation while sustaining a load slightly in excess of Pu. Fig. 5.9 s~ows the 
load-deilectio:'. c:..1rve for this structure. The dashed lint shows ~he predicted 
bchavior b..1.sed on theory and thc series oí open circles connect('ci by the salid 
line represents the observed behavior. This result demonstr3i.es once apin 
that inelastic· action (dueto loc_al effects) commences ata lcad considcrably 
less than the.predicted yield value. It also·shows that the ultir::ate load is not 
affected by such initial cmlditions. 

lt is of interest to note that at ultimate load the exccss of ::l.ctual deflection 
above the computed value for this frarnc was no greatcr than that.observed at 
the predicted yield load. This means that the methods íor computing suc~ de
flections are as dependabfe as the elastic deflection calculatiOI~s. 

Figs. 5.10, 5.11: 5.12, and 5.13 show íramcs tested both in thL~ Vnited Sta tes 
and abroad, and represent sorne of the structures which have-been tested to 
maximum load capacity prior to 1958. As befare, the unshaded portien of ea eh 
bar graph :-eprescnts the loading range up to the computed elastic limit. The 
shadCd portion reprCsents thc reserve strenb'ih beyond thc l'lastic'limit, thc 
cnd of that p.'lrt l>cing the observed maximum load. Goed agrpcment is oi.J-. 
served at maximum load exccpt for those cases in which strain-~ardening ac
counted fur an in crease; it is better 1 ín fact, than the a~reernent between the 
predicted load al fi~·st yield and the. observed value. ·In Fig. 5.10 testing of the 
fourlh frame was interrupted in arder that thc íifth test mig~t be carricd out 
on the same structure l.Jut' with a diffcrent proportion of horb·.cntal to vC'rtieal 
lo:1.d. 

In view of thc notable agrecment betwcen plastic theory a¡:d tr.e. results of · 
these tczts. the applica_bility of thc plastic mcthod to structural-dcsi~:1 prol.Jlcms 
invoh·ing continuous ste_el beams and frames is demonstratcd. 

. ,- '• 
. · . ._. ~. ·""~.e:- . > ,. 

_, 



28 

-----·. ---wiii~.Ji'i[ptt ... iii .... _¡;;,.,¡;;,...;:c ... ::-.. --

.. 
( 

VERIFICATION OF THEORY 

STRUCTURE, LOADIN.G 
ANO SHAPE 

~ 
5I 10 

5110 

¡¡ ¡¡; 
6 I 12.5 

¡; l 
5 I 10 

¡¡ ;¡; 
4 I 7.7 

¡¡ l 
5 t 10. 

l 
5 l 10 

l 

REFERENCE '% Of PRfOICTEO Pu . 
Hl 40 60 100 •• .. 

5.4 

;r:1 ~timolo 
hmll lood 

! 
5.4 

' .. 5.4 

1 

i 
l 5.4 

;¡, &.4 

1 

l. 5.4 

1 5.4 
1 
1 

ICALt:: d 1'§' 3'4'5'1'T't'_ 

FIG. 5,7,-SUMMARY OF BEAM TEST RESULTS SH0\\1NG CORRELATION 
WITH PREDICTIONS OF PLAST!C THEORY 

. ' 

e 
Art. 5.3 

LOAD 

(kips) 

( 

FRAMES 

FIG. 5.8.-TEST OF A :to-FT SPAN ÓABLI·: .FilAhH: 

25r-----~~--------~--~--------~ 

20 . 

15 

10 

5 

í 
1 

-/- - Predicted Yield Load 
1 
1 
1 

---t- - Ptostic Oesiqn . 
1 Workino Load 

1 (Predicled ullimole + 185) 
-t- - AISC Workino Load .f. - 1 

j (CT rnax • 20 k si) 4 -

P, 

Vertical Oelleclión Qf Apn 

00~--~--~2~-:~~--4.--~5----.6~--;7--~8~--~9---.~~=---J 
DEFLECTION (inches) 

FIG, 5,D.-LOAO VERSUS CENTER DE I''LECTIO~ DlAGitAM OF TEST 
FRAME SIIOWN IN ¡.~JG, 5,8 . . • 

i 
! . i 

i 
: 1 

- 1 

:[. 

-~-~-



' . ¡: .. 

~~ 
i 

1 

L 
1 

1 

1 
1 

' 

1 

1 

l. 

:; ' ... 

. 30 

:i 
:~ 
' 
p 

VERIFICATION OF THEORY 

Sfi/\PE REFEFlENCE 

...... 

"" 

1' !' 

. ~•n ,., ____ 

r r 
li•u 

,,._, ,.. ... _ .,-,.¡ 

oa···•'tlo' 
""'. 

·~-

••• 

••• 

••• 

... 

••• 

% N' PR(OtCTEO P~ 

eb~:;::t_j 
~rved unlmale 

lood 

•• 

1 
J<'JG. 5,10.-SUMMAHY OF FHAME Tf.ST HESULTS SHÜWING COlUtELATION 

WlTII PREDICTIONS OF Pt.ASTIC 1'111.-.:0ilY_ 

'·'. 

( 

Art. 5.3 FRAMES 

STRUCTURE, LOAOHtG,ANO SHAPE REFERENCE 'Y. OF PREDICTEO Pu 

. -
-

¡/~ 
O IOB/7"'-,.,_d,l¡Sf'i!;, 

5.7 
• • 

lo-,,""',__d
0
\¡
0
f,,,i"ioilof.1,.

1 . . 
¡¡¡ . ¡¡¡ • • 

Previously deforrn•d srructure 

5.7 

• 813 5.9 

5.8 

-.n.(Two '"") "" 5.8 

5.8 

computed elostic 
limit 

observed 
load 

FIG. 5.ll,-SUMMAHY OF FRAME TEST RESULTS SHOWING CORHELATJON 
11'11'11 PRF.DICTIONS OF PLAST!C THEORY 

... 



.\ 

.!· 
·¡ ,_ 
1 

-1 
' .¡ 

L 

l. 

¡ 

1-

1 
¡ 

32 

•. 

STRVCTURE ANO 
l.(lACWG 

• 

VERIFICATION OF THEORY 

' 

SH.APE REFERfNCt % OF PREOICTEO UL TTMA.TE LOAD 

8o4llllr. RSJ 

~--.. <oot.olloo 
-MOl) 

....... 11$.1 e_,._ 
100104 1ft 
,..,.. .. ,! --
!U,oii .. R'J 

~--· -~· ......... , 

to!ou•ttSJ 
u- ~ro-

"''" .. " ...... , 

h4oiii,.RS.I 

••• 

••• 

5.10 

~.10 

~~-- !5.11 NoiMII 
,.,,uoll 

ro 40 oo eo 

1----· 

•oo >20 

FIO, 5,12.-SUMMARY OF FRAME TEST RESULTS Sl!OWING CORRELATION 
W!Tll PREDICTIONS OF PLASTIC THEOlt Y 

~ .. - - ···--· _;.;_-. __ _ 

; 
1 

1 
' 

• • 
Art. 5.3 FRAMES 

STRUCTURE, 'LOAOJNG, ANO SHAPE REFERENCE % OF PREOICTEO· p_, 

SYF 17 5.8 

20 40 eo •o _JZfJ-JtO . . 

computed elastic 7 limif· / 

observsd ultlmate 
load 

. 

12 w ~s s.12 ~=====m~ 

o 1 t!l4!1878tl0' 
8CAU: car::•:.a:::..::.. 

FfG.· 5.1:1.-SUMMAHY OF FHAMB TEST HESULTS SJIOWING COHHELATION 
\\111'11 PltEJJJCTIONS UF I'LMiTIC TIIIWHY 

,..-. 
~-

....... 
~ .-- :~ . •·. 



.. , ·- : .·_ 

Chapter 6 

ADDITlONAL DESlGN CONSIDERATlONS 

1 
1 :. - --:Iri the apPlication of plastic theory to design, just as in the case of allowable~ 
1 stress design, there are a number of important factors whicb must be evalu-

ated. Those crinsidered in lhis chapter include shear for~!_Qmb.Y~.liJ}g_Qf 
n~ges and webs. lateral insta!Jilit1h. __ and ~_eatedloadin&- Tbe problem of 

1 . Column buckllng.j_s_t.r_eated.in .. Chap_t~r 1· The· background· o(_ research is <te
~ scribed, includíng~U!e.-1wP.Qf.1~~ITI.PJit:Lll!i.-ª"-nc!¿;_!:!,P.S o( ~.!.~~-'l.~.!i

·;.. cal analyses. ~grimenta}~~!_i2._f!j_~_g:!y_~I}1 __ !!.!!.~-~PP.!2.Ximations (or de-
!.· -srgñüse are discussed. . · · 
1 ----------------- --

1- , 6.1 SHEAR FORCE 

Statement of the Problem 
Simple plastic theory is based on the concept of the attai:unent of the full 

pl_as~ic moment at certain sections oí a structure, followed by adequate rotation 
, .. ~t.this ccinstantmoment value as the applied loadincreases. It must be recog
[~; nized,- ~oweve"r, that. the magnitude of the moment at which large in~lastlc ro-
l. tions occur is not constant under all circumstances. In calculahng the full 
n· tic moment M as ay· Z, ít is assumed that the member is stabteiñdis 
•\ sub ted .!?1':!~ be.ndinG_i__~~xial thrust and shear force are both ignored. 
i:~ mCe_pla~ti~n~es usu~lly occu_r at~~~.sitions .~~r_e shear and_3,~l~.U~e 
1 ~e presen1~ irls_o!~E-~.~9-~~-.able !9 prea~~cjlanges in the val"Jc!l 

1 

· ·· of the plast\C moments due to these causes. In most practical cases the in-
, fluence of ·sh~r forcé will be very smati:í'ñSome special cases the combined 

[

1 ~ influence Q(~he;-r_ana·axWllirüstTsTzñPQrtañf. 

Previous Reseai-ch 
1 · The effectof transverse shcar force was considered in Ref. 6.1 for the case 
r Oí a-beam .. of rectangular cross section bent about one of its a.'lli.CS of symme

try. An approximate solutíon was obtained which is valid for shear !orces 
less than a certain limít. This solution was also extended trian 1-section bent 
about the axis normal.to the web (strong axis). 

·. This iatter solution was modi!ied in Ref. 6.2. to determine a lower bound 
(whiCh is valid over the full range of shear forces) on the vah1e of the full 
plastic moment in the presence of shear forces. An upper bound on the full 

. plastic ni.oment when the shettr force has its run plastic value wasalso includ
ed. In Re(. 6.3 a semi-cmpirlcal thcory was proposcd, which is also Valid 

· ovcr the full range of .sh!'ar (orces. An uppcr _l>ound on tht value oí the full 
-plastic momcnt in lhc prcscn<"c. o! shc:tr force was prcscntcd in He!. 6.4 ft1r 
.bCams o! reCtangular and 1-section. This upper bound agrees closely with the 

l
. . lower bound of R(>f. 6.2 for large values of the shear force. Upper-bound so

, lutions were al so derlved independently{6.4, 6. 5) for a beam o( rcctangula.!_<:!2..~~ 

1

::- e.ccU'l!llli.aJI~\lllll~g.a.wl!ID'~r.ain state an<J_'!.J:!gid-p!!l~!iJ;.m.aJmi!.l,.ReCJ!& 
demonstrated the lack .of uniqueness of intéraction curves for shear and 

. ---------------~·-·--"-"" --·----~ ----- ~_..,. ___ _ 
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moment, cXplorcd bounds for a beam_of rectarigular 
posed an approximate i.nteraction formula .. . -.-

cross section, a..--rl pr_g- _ 

. ~~ .... 

~ ; -(v:Y 
in whictí 

M =-moment 

Mp = plastic moment =u y b ct2j4 

V =· applied shear force 

Yp_=aybd/2 

(6.1) 

Ref. 6. 7 gives the derivation for a g~neral expression which is •-a!id over 
the (ull range of shear and is applicable to both rectangular and I-beacis. A 
lowcr-bound solution was developed for a cantilever bcam with reclimg-.. llar 
cross section, assuming the plane stress state and allowing warping at the fixed 
enct.(6.8) This solution was modiíied for wide-flange sections includiP.g an ex-· 
treme case of shear failure. (3.1) Independcnt investigations ha\'e beer: made 
of the effect of both shear force añd axial thrust on the f'..i.ll plastic 
moment.(6.9l_6.10) The theoretical results obtained in Ref. 6.10 are in fair 
agre_ement witb experimental óbservations. 

Thcoretical Analysis · 

~1_.~gs~ P.f_í!~!~~U~J.t':!.ªl!~~~!~e~g~.Q!:_~:.§..f:?!illº-"-Ei.~r.~--_y.~~: ,,J; .. ~~~.I~!J 
.!_~g__e_ssenhals.of..the_pro.q_leltl_ ~ª'-ll_'b_~~§!lown bY. the simple example o! a Ca.nti-
lever bea~'with rectan~Jar cr~!E_~ion.~{~~ciP..fl.l~~d ·a~d-widthb."(iii.6.i). 
The followm~~~p_!:ions and limitations _are madeJ~.Jfi§-:~-@JY§L~ ·~----

1. The problem is 3-nalyzed using the assum¡)tions made in orclir~y beam 
theory as one of plane stress. · 

2. Only the elastic portian can car-ry shearing '!orces. 
3. The van Mises-Hencky yield criterion is adopted for the combined stress 

state. 
4. The fixed end is allowed to warp. 

As the external tOOcting is increased, yielding will commcncc at the fixed end 
of the beam and start to penetra te into the cross section {Fig. 6.1(a)). Exte:-nal 
and ínternalmoment and shear a:t scction S-S in Fig. 6. iea) are given Oy 

where 

. 2 
M= P (a-x) = Mp -ay !!:f . . . . . . . . . . (6.2) 

y=_ p = dM 
dx 

. b ct2 
Mp = ay 4~ (full pla~tic .. momcnt) 

(6.3) 

In order to detérmln_c the shearing strcsscs -"1'",. thc horizontal efP.!ilibrium 
of differential element dx is considered (Flg. 6.1 (b)). A beam elem('nt :thove 
a horizontal scction A-A throu¡;h lhc yiclclcd part Fig. 6.1(b} is h horil:..)::tai 
cquilibrium wilhout ariy shcaring stresscs sine e the rcsultant horizonta!forces ·~l~· 
on both faces are equal. Hcncc nn .shcari~ti slre:;:-;cH exiBt in thc ph.s~!c zoac. 

... 
. . -~ 
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·'. · Section (a) Yielded Zone 
( Shown Cross Hatched) 

..OV-' 

¡ ... 
1 . 

~ =t~tdy 
'~~ ~avi~'' 

~dx-l 

( b) 
.. 
-'\ Stress Oistribution 

on Section S -S 

Change of 
Stress Oistribution · 
in a distance dx 

FIG 6 1 -YJELDED ZONES ANO STRESS lliSTRIDUTJON IN A CANTiLEVER 
. ' ' ' BEAM OF IU:ChANGULAfl CROSS SECTION · . 

:The sheartng stresses i 0 on the neutral axis along section.B-B resist the 
1: unbalanced horizontal force, 

1 
dV = 2 "y b dy ............... (6.4) 

Horizontal equilibrium for the element above section B-B (the center lin~ 
section) requires 

1 
To b dx = dV = 2 "y b dy 

or 

T 0 =(~)(~). · · · · · · · · · · · · · · · (6.5) 

The rate of change dy/dx is oblained by dlf!erentlatlng Eq. 6.2 with respect to 
the distance along the beam, x 

dM · 2 <!Y, 
crx.=v=-;¡uybYctx_ ............. (6.6) 

. '\ 
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(6.7) . 

It is assumed that the resistance of the sectio.n will be exhausted if this shear
i:-tg stress reaches its yield value al this center Une section. Using the ven 
Mises-Hencky yield critcrfon íor yielding under pure shear 

T·¡ct-~ (68) y> e - "f'3 ......... • . • . . . . . 

The limiting value !or y is then given by Eq. 6.7 as 

-~ p . 
y- 4 b "y ............. · .. (6.9) 

Obviously this condition will first be reached at the fixed end x =-0; therefore 
!rom Eq. 6.2 · 

~ . Mps = P a = Mp - "y 3 

Rcplacing y from Eq. 6.9 gíves 

Sine e 

and 

then 

or 

9 p2 
Mps"" Mp ~-6 --

. 1 b "y 

=M - -~ p2.a2 -·-4- d2 

P 64 " b ct2 a2 y 

9 (~\ 2 ct2 Mps _ . 
64 Mp j a2 + Mp - 1 - O ••••••••• • (6.10) 

1
'·! ·V <Th-~ :,!=o~ E~. 6.1o\_:~ven8byb a 2 (.! .g z . )-\ (

6 
.. 
11

) 

1 U'--"-"-' a Mp = 9 z- l' 1 + i b a2 - 1 . \ . ' ' .• 

! where Z = b ct2/4 = plastlc modulus ol ·;~~~angula~-;,:;~-=ctlon. _l!;q._6._ll 
j ~ves _the_g,l!§lr_eJ!yelf!_tio!!2_h_!~!.W.l'i>.CÍ..!.l¡.'1_pl'!§tlc f!!ºment l!.!ps_a.§ mQ1i(i~d.l¡y 

f
¡ ~ and_!_~!.!!!le!!'•tlc mom!!>l Mp. 11 can readlly be sol ved for the para me-· 

ter a/d(lenglh ol cantllever/depth of section) for difieren! values of lhe ratio 
; Mps/Mp· The re.sult is shown in Fig. 6.2 f~r the curve marked "rectangle." 

~ ~-~_,- ·---~-~ -~~-:~~~.:..--~~¡_~_...:_ ---.. --.~-~-.~~~~¿i:;;-~;:;_:·;·:r.-;~;-~-~ ___ ;..-.. ~~~ _.;._·.:.~~:..--· _ 
. whlch replaced In Eq. 6.5 gives 

1 
. . 

:---.... ,. ': ..... . . .. - ... ~-· 
---·-·-·-·---.. -·----· ·-·-··-.. ------------~---- ·---------" ------
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\f~. The rectángubr cross secti~n of Fig. S.l(a) can be considcred as the wcb 
-plate of a wide-flange section. Eq. 6.11 still holds t~ue if the appropriate 
plastic modulus z o! the widc-flange scction is uscd when yielding due to 

- ~-..... 

i' ,._ 

lOO O 1.0 

095¡... ~=O 
- 1 A 

j Rectan;• 
0.90-

1· 

Mp1 o.as~ 
Mp 1 

1 o_aof. 

0.75~ 
j 

2.0 3.0 

1.0 

0!1 

•• 
p 

o 

4. 

f-;:0 
/ ·g 

1 . 

Note 1 Limlt below 
whlch EciG:ilcfoe's 
ñolapply ·¡¡:,¡ é:::iQ.· 
i:-o~i?~te y¡~ 
of the web in sheor. -· ...... ~-"'~--~-----

a/dw 
!.0 2.0 3.0 40 5.0 

(!.:~•n----
......__Eq.6J2 . 

' ' ' 1 
1 

1 
-'--' 

FIG, 6.2.-REDUCTION OF PLASTIC MOMENT BY SHEAR FORCE 

1:.; 
1 •. 

~~---~--: normal stresses ·has penetrated into the web of the section and i! the web 
thickness·w .is used instead of the breadth, b. 

Fig. 6.2 shov.-s tfu:!o coin~blc reduction of the full_plastic moment due to 

i. 

shéa~ !Oi-Cerar-~riOUSrauo_$_of.~ge --to~iéb~a_r~~-·~f/~ .. ;--'ñlCéiSe 
A(j x;;·o~e5Pooos to a rectan_g!..e. The dimensions are given in Fig. G.ii. 
As indicated on. tire inset sketch.q!_.f.ig~.Qn.!Y .. U~J._por!:_i_2::.?~~--~~~t~ 
Mji87Mó;;o:-65ls slwwn to th.c..l:u:ge. scalp, . 

ítls empha~..J!!a~is not aJ.llllXi~ying-c¡¡mc:it.z -~giu3on. b~t 
rathcr corre_§pond.s_ to •first y:icld in tihcar." It would thcrelore be e!}!.e,9ed 
that members tested wlder this conQ.lJ!.Q.U.W.UU1d displil.Y~~.~&tb tha,p 

;· 

l. prcdtcted bz th~!E~1.· 

{ 

For cases of t.igh shear to moment values an extrem..~.&.QJl(;b!!_a_D._~~:) 
j. velOp'Whe!_e:_'-i_t~b::e"e~n'<.n~-~re~m~o'=m=--e~n'-;t";l':s~t::.~'f.ken J?l:. thetl~~ shear prcdt:.ces full 

\ J!e_lding&~!..~7_.'web...,as in~.!~ .. .Í.!l.~.:...i-.~!!.. 

¡-:_. . Mps = Mp - i "y w ~ ~ P a . 
1 ...... _ • 

i· Vy=TyAw 

1': 
l . 

. -~~--~--:{'··J:. 

-
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Using these two relations the ratio a/dw becomcs 

ur 

~- l\ 
' h'¡, -1 Edw '\· 
\, ___ . + 4a 
- -----

V> \Sooo wd (6.12) 

:t.t!c_li_miting,cur.ve .. fQr_somvl.~1~.YJ.el~!!!g.2L_!-!I!.._~.!e .. ~..!!-~~!:--(:f:sk_6,,1U..S.hown 
in_!:.!K-:..2:..?-~ . .S.Q!!!PE~.Q.JQr ... .íij_U.Yeragc~fatio,.oL. 
- . 1 d¡ 1 

j - = 1.05 '¡· 

·ldw ·---' . 
An aEproxirn~tion to Y y based on the CO!t_d..ili~.!LOti1!lÍ.3.ielding of the Web is 

\V y= "y Av,:(~,~-~)]........... (6.13). 
--- .3 

Since Cor usual wide-flange shapes 

: ':; 1.07 
w 

there is obtained !or the maximum allowable shear force at ultimate load 
__,__...__•--'-<-<----·-----~-=:;" ..... ~._:. .. :.;;o-"f~.-··•· ·'·-•- --··• ~ ........ -;r;-n·-" 

. >·y = 18,000 w d • . • • . • • • • • • • . . . (6.14) . ..,.--· _,.__. ....................... . 
.~C.!LY J.s).I1,.PQY.U~;;tnd_.w.._.a.nd..J;la¿-;e~i.n inches.. Therefore, when-the~i- ,....._ 
mum shear !cu:ku.LI!!timat¡¡_!~!LY...i,:¡_g_~eT..!b41n-l8.0.Qm,lfoü;;dsJ.....lll.!' a; 
web cou!tL.~~...Q.t.ceQ. or Eg. 6.12 CO\JJ.Q_be u~_g_t_g_prccgc~ the modified 
plastic_..!!.!2!Pen~. Wher. Vis less than V Eg,. 6.11 is appropriatc¡ how-
ever it will be shown later that i.he implied re!4cti0n in mo.ment ca1.m.cily does 
not actu.ally~~se of stra!!!:-t.ardenin&;_ · . · 

( 
Ií. 10 addihon ta shear, an axt~L~~present, a similar method of \1 

analysis may.Jl.~I?plied. For Wlde-f!!.!;~E~_:::Ith 'li/.b~- LO and \ 
1 f¡{dw = 1.05,_~roblem has been solvedJJl.ReL· 6.1Q. F1g. §.4 shows the re-
~ a Ionsñi.p of~m[~p_tD a.@'~;r;;--a7a-;t;l~Y..~~1jhe parn~!~~L~c 

ID.itgnitude of axial load P. tr.. Flg. 6.4 Py is the ax1:tl Yi..s.!.Q_lQ_;}._{l_::jl~Jld 
'Mpm denotes_the plastic_-hingen1omcnt modified toinclude efíectOf axial com
"prcssion and shear force. The curve for a~'ll force eoual tp w.ro~ P2Py -.O, 
1s the same as that given.2.0g:__~·~ for ~Aw.._= 1.0. ~.9r cur~cs sho .. w ,'::< 
~h~ combin~c!Jiúluence 01 shea:r and axial force ~<1~1YP-~1!.9.~.2L!.h~!.atw ... s a/dw 
andP~ · . · 

In pr3;:ctice it is unlikelyth31 high Shear forcesand h!_gh.axialloadswiJ.l2~~ 
s_ur in combtnation at p§ínts wher~_p~~i.~.h!~&.~!!~J~~· !~-~~...te 
tiULC...~l.!!J~~t;~L6.4 eould be_~?~?..t!~fy a tri al dcsign t!gLJ_u:g!.W~ 
_this unusual combination. _ 

. . -; .·. 
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NORMAL 
STRESSES 

SHEARING 
STRESSES 

FIG, 6,3,-ASSUMED STRESS DISTRIDUTION IN A WIDE-FLANGE CROSS 
SECTION WADED BY SHEAR AND MOMENT 

. Experimental Correlatton 
lt is not easy to make a precise comparison between the theorétical pre

dictlons and experiments, since the erfect of shear is quite small (or~~
ílange secttons until the shear force V approaches the extreme value of shear 

. 1a.Uure Vy as given by ~q. 6.14. When Vis in the neighborhoodof V y the load
. defiection curves for beams show no appreciable horizontal porllon corre

sponding to plastic-hinge action. · Instead, it is found that the load-deílection 
or the moment-rotation curves continue .to rise fairly steadiiy and to su eh an 
ext~nt that the full plaStic moment Mp is exceeded; hence no stmrply defined 
failure- condition exists. -

However, the intersection of two tangents to the load-dcflection or momcnt
rotation curves in the elastic and plastic range provides one possible criterion 
!or evaluating experimentally the modi!ied plastic moment of the section due 
to shear force.- Beyond this value of momenl the déflcction or curvature of 
the beam increases more rapidly lhan befare. 

The ~~~!~~-~~~p.§}~ .~!tg_'Y_':!.!!! Fig:...§.-É; J!:.º-l~~!,E~-~J~ . .!.~~~!!..!I.O.m 
Ref.6-:-1a. Fi~~- is a .?:!Q..J!l_~_l}!:-~.efl~-~!!.~!1. c.~ve fE_!~-~-Il!.!!:.!!li!! -~N.sl!.th.e 

_plastic m~LP!!_!~~~~d b~-!!~~-:.!:!'· An experimental value oí Mps is ob
tained by extending the elastic portian of the moment-deflection curve lo an 
inler_section with the langeñl to this curve in the inelastic range. Prcdictions 
from Eqs. 6.11 and 6.14 are also indicated for comparison. The shear force 
_Y-_!.~th!_$ . .tas~j_.§..gr~ªt~r_!_~.!L.t~&h~l1Ge_:Eq. __ 6 . __ 1~ .would .be .üSe<C-----~-

Fig. 6.6 shows, in tabular form, a number oí tests which indicate lhe iiÚlu
ence of shear on the plastic moment. The structure and loading are shown at 
the left. Next is indicated the size of ·member and thc r;Úio 3./d where d is the 
dcpth ol the member and ·~L!~9..MI.:Y:_f:9.uJll!~\..§he_a¡._::~~iEJ)le 
~§.tlln.<;e from_!~PJ~~~.EE!.~g~~~~.2.~...!E!.~~S~l9~.~forc "a" i..§_§gme

. ~LIE!U~~rr~_.!!?~~~--th.~J~!!&1h....2..L~!L~.9.~i_y~len.!__!t;llltile.r.cr _ _t~.eªl1l.·."' To the 
right is a bar graph on which is plotted thc maximum momcnt correspondíng 
to the observed maximum load and observed rcduced plrtstic moment Mps due , 

\
·. to shear, the latter being determincd as descriUcd e:ulier; The thcoretical \ 

limit accordlng lo Eq. 6.11 or Eq. 6.12, (depending on which case _is the con- ~
trolling one) la shown by the dotted line. In the range whcre the shear force V 
is high and greater than 18,000 w d (pounds), Eq. 6.12 is used_to compute the 
limit predlcted by the theory. Flg. 6.6 shows lhnt.Jhc actual strength.o_!_thc 
str_uctUre usually_exceeds the fuiTP.iñ:Stié~nT-M.p-=Ü._th~~v_is 
~~~ tha~_!~!..o.~o-.~.~ (th!:_v_~~-which assl!El_e.LfE.!L'Y.S.l.LY.l~_Ii!,i_I}g,_yyl~ Th11 

·.~-- ..... 

1 
í 

l 
i 

1 
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..&__ 
A -w 

1.0 

~= 1.05 
w 

i.oo¡---c.---,::-,--:::=::::::::=:=;;;:¡ 

0.75 

Mpm 
1\r p 0.50 

0.25 

o 
o lO 

0.6 

-o.e 

2.0 3.0 4.0 5.0 
_Q_ 

dw 

FIG. 6.4.-MOMENT CAP:\CITY AS Jl.lODIFIED ~y THE CO!\IDINED ACTION 
OF SHE.;AH AND THRUST ON \VIDE-FLANGE CHOSS SECTION" 
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• 

excepti~~I0-~.~-~~-~ ~~o.J.~~~E....~~E..~X deíici_~nUJ.x 4%. 'Dl~l~ _ _luence o!-...)· 
sl!!_~!:l.Q!:sg_~-ªY _t_h}!.~J~_!le~lected when this condition exists. Even ~··heñtlie 
~hear for~e is greater thaii-fs;_QUO w ~J"~~.t~ti-mf~hOW_a.m9~BLE!!t.: 
'thng el a23.<:..$'-grea!~1'-~~!.1 .. ~~~~.9~~. ~X-- g;,g ·.J!:)2 .... _JL~s. ey.i_Q.en~~--h9.'}~\'.e_;: '· _tl}~ t 

e atter IS a reasonable lunit. · 
-- . WhiTe_Tt~iñigh't'aP-Peir'"'fi.O·~~ these rcsults that a more than -a~plc.Ioad factor 
e.~I~ts wlth reg-.u·d to shear force when V :5 18,000 w d, this fact cannot be 
uhhzed because of practica! limitations. A beam with purc moment, for ex
amplc, usually Uuckles when strain 7hardening commences, and thercfore can
not be counted on to support a moment greater than Mp. 

The test results on the eCfect or bcth shcar and axial forces(6.9) show a 
tendency similar to that of the bar graph in Fig. 6.6. The observed values cf 
Mpm/Mp are in good agreemcnt with thc theoretical predictionS in Fig. 6.4 

Design Approximation 
Thc cffect of shcar on thc f:.~ll plastic moment will usual!y be neg:ligÚ.llc for 

frames. High shcar and mO!llent occur in very localized zones so that strain
lmrdening will set iu qulcl<ly and, in most cases, permit the moment to.reach 
thc full plastic valuc. Thcr~fore no reduction in the plastíc momcnt M is -ie
quired for the effcct of shcar if at the ultima te load, v·is less than 18,~00·\.._. d 
pounds (Eq. 6.14). 

. . 

L .......... "' .. -·."""· ~~__,;;.._.,_..;.,. -- ........ , .. 
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J2or---~-r--~~r-----~-----r------~----, 

100 
M· 

(klp-ln) 

80 

4 

20 

( 77 k-in.) 

EQ. ( 6.14) (55 k-in) P P 

------------------1 ¡ . 417.7 1 1 
. J •. L2o·-J.-L 
Dolo token from Re f. GJG !T-5) 

{+· 1.172) 
• 

OL-----~----~----~----L-----L-----
o 0.1 Cl2 0.3 0.4 0.5 Q6 

CENTERLINE DEFLECTION (in.) 

FIG, 6,5,-DETERMINATION OF THE PLASTIC MOMENT AS MODIFIED BY 
SHEAI~, Mps~ USING THI<; TANGENT INTERSECTION METHOD 

COMBINED MOMENT AND SHEAR FORCE 

The design ís satisiactory as regards shear force V if its magni
tude at the ultimate load does·nat exceed 18,000 w d (V in pow1ds 
and w and d in inches) .. No modification of the plastic moment is 
required. 

6.2 LOCAL BUCKLING 

Statcment of the Problcm 
Rolled structurat steel wide-flange shapes are so proportioned that prema

ture local bucklirÍg will not occur for lll:embers proportioned in accordance 
with.allowable-strcss specifications .. Plastic dcsign requires that a member 
ha ve capacity to sustain sufficiently large plistic hinge rotations so that such 
hinges may form at certain sections withoiJt the occurrer.ce of inelastic insta
bility and consequent" loss af momcnt capacity. Therefore_plasiic design may 
impose more severe conditions on the local-buckling·bchavior of the platc 
elementsof structural mcmbers. Local íaaure, both oí the íl:inge and thc web, 
can be treated separatcly as platc-buckling problcms makiug use oí propcr 
boundary conditions and restraints provided·írom thc adjaccnt platc. 

Previous Rcscarch 
Th.e problcm oí elasticand inelastic buckling bclow thc yicld stress is dis

cussed in ner. 6.17. Rcf. 6.18 givcs the first application oC thc dcformatiou 
··theory (finite stress-strain relations) to the plastic plate buckling problem. 

This theory was íurther developed(6.19) and modificd.(6.20)· The·problcm of 
local f~~ngebuckling was discussed in an approximate manner in Ref. 6.21 and 
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possible limitationson "Uiidth-thickncss ratios wer(> proposcd. T~c fi.ow theory 
(incremental stress-strain fclations) has be:cn applicd- to perfectly fbt : ... ~ 
platcR.(6.22) The l:lttcr thcory <loes not campar(.' wcll with experimental re-> • 
sults. lt has bccn sug;gcoteá that.lhc dcvi:tlio:is !Jetwceu thet· ··l:'.! e:-:peri- ~ 
mcntalresults werc duc toinitial imperfct.:tio:ls.{G.23) An app!". ate mdhud 
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ADDITIONAL DESIGN CONSIDERATIONS 

for the analysis "of inelastic local buckling, considering various structural 
shapes, has tíeen proposed in Re!. 6.17. 

The results o! further study o( the stability of plates compressed beyond 
the yield point and even into the strair.-hardeníng range have been presented 
in Re!. 6.25. 

· Theóretical Analys!s 
_.. The theoreticalan3.lysis of Re!. 6.25 is ~sed on the!ollowing assumptions: 

1. The material follows an idealized stress-strain diagram (Fig. 6.7).* 
2. Yielding occurs discontinuously in slip bands such that the material is 

either elastic or strain-hardened. · · 
. 3. The material in the elaslic range is homogcneousand i sotropic, whi le in 

the strain -hardeninH ran¡;c it is homogcneous and orthotropic. 
.4. A.lirlear strain variation is assumcd as shown in .Fi¡:;:. 6.8. 
5. Yielding of a ·compressed elcmcnt starts either from both cnds simul

tanéously or from thc middlc section oí the clement. 
6. An incremental strcss-slrain relalionship is u sed. Howevcr considcr

aUon is given to lnitial imperfections oí the plate by introducing ef
fective moduli ror the strain-hardening rang;e. 

7. Interaction between plate elementsis_taken into account by a coefficient 
of restraint. 

Ass:umingthai bucklingocc_urs with~ut strain rever sal, the equilibrium con
·. · dition for a differential plate element of orthotropic material yields* * 

· .. e. 

where 

nnd 

a4w a4w a4w t ax a2w 
0 x ~ax + 2 H ax2 ay2 + 0 Y -4 = - -~- -2 

"" ay ax 

Ex 
D =---

x 1-.Vxlly 

E y 
Dy = cl--~"x'-oV,_y 

D = Vy Ex 
xy 1 - Vx "y 

Vx Ex_ 
Dyx= --

1 - Vx Vy 

2 H = Dxy + Dyx + 4 G¡ 

Gt = tangent modulus in shcar. 

(6.15) 

•In ordcr to dorlve a rationa.l platc buck.Hng equation for thc inclñs~i<; rungc lx:twccn 
thc proportlonallimil. and the polnt of strain·hn.rdening, residual strcsscs mustbc con
sidcred, llowevcr, no genenl solutlon to the problcm has bcc:n tl(!velopccl to date. Thcrc-: 
{ore nn empirlcul transition curve ha.s Uccn proposcd in H.ef. G.25. 

.. 'fhc rcndcr is reCorred to Ch:tptcr 3 (l[ ltcr. 6.49 rordi:::cussion oforthotropic ma
. tcrlal, 

~· .ZP'-""i.-. ~"' w", . . 

: / ., 
1 p 
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Table 6.1 and Figs. 6.9·and 6.10 contain solutions of v:uious limiting cases o! 
·E:q-:-6.T!C Re!s. -6 :2~aña6;25 mayileCOñsüTteai!Jr'det:Ulea" deriva tion s. 
,_,_w ________ -·--·--- -------·------· --~·····---:-------. 

riy 1 E,¡ 

' . 
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1 1 

(J· 1 1 
E 1 
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1 1 
11 !E:5¡~12Ey o . €y 

E 

FIG. 6,7.-TYPICAL IDEALIZED STH.ESS-STRAr.>o: OlAGRAM FOR ASTM 
A7-TYPE STRUC'fUHAL STEEL 

/;_7/o_ __ ._--_-_. -d'--.,7 

FIG. 6,8,-ASSUMED LINEAR STRAIN DtSTRIBUTION 
(No Strain Hevcrsal OccuN.' 

¡ The effective plate moduli 0 010 Dy, Dxy, and Gt u-ere evaluated in Ref. -;.-~~~ 1¡ 

~íor ASTM A7-typ·e stcel. Thcir values ai:e as foilows: _ 

Dx = 3,000 ksi Dxy = Vy Dx = l'x Dy = 8,100 ksi l 
Dy ::: 32,800 ksi Gt = 2,400 ~si 

It should be kcpt in ~ind that thc for'l.G_oing..2:~Prcss~~~IU.Q,PulL~! ... ~~PP.li
pble only !or AST'M-A7-type steel plates slressed to the onsel oí strain-
hardening. -*~-·----·~.-u-~-'"' 

J Ih~ E!_C?..~Q!..~~"'!.-'5!~..!oad~Q-J2.late subie cted al s~ . ..!EJ:?..~m.dJ ng .iJl_the.plane 
¡ ~e plat:_is oí P.racticalimportancc. The web e! ~--·;t\·i:l!:.-fl~_!.!g~_j)eam . ..§~_Q-
j jecte~ tio!li aXial load and ~(illl!l!J&..!!!!1El.eJlJ.~~ch..a_c;¡:;.e. _This 
¡ _p_ro~.ti))Jl~§ b_~e.n.;;!.'!.cJl~.!!JE_l;t~~~:~-"Jl!l.;uiia¡¡G;:> _ _i_? Rr.~•entcd .fo.r_ lb.e. ')l-

1 

~'!!>~YfL:'!::!:':~io o}~.El'.\!-9l~-lvj_<!e:fl~ggM!!,G!jo:>. As s!!~":D-~l'.Fi g. G, 11, 
the curves are plotted for dlfferent ratios of maxímn:n strain to yield strain, 
Em/E y· As lhe maximum strain of the eompressio:tHa.-;.ge incrénscs, the criti

i cal dr/w-ratio decreascs. 'Th~ critical val u e ~f the axial ~orce P al so decreas-
1" . '· ··c··~~f!S.,the ratlo _ _?fj.~e_.d_~P!h~tq._t~~ . .t.h~~~~css of_thc web in'=rcases. ,._. 
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46 ADDITIONAL DESIGN CONSIDERATIONS 

TABLE 6,1,-SUMMARY OF LIMITING CASES OF THE SOLUTlON OF E<}. li.lG 

W•b 
Ptote 

(F~GIO~ 

_j 

1 

Y-.!}. Simply 

Y•} S<w«lod 

a .. t-i-}[o.769AA- 0.270(D,,•D.~l + 1.112 Gt] 

J_. 1.46 
4
@; . 

d¡ JO, 

'•O Simply t. , , .
1 1

• t Sopported Oc•.• <-ftH~;-l [4.~54Ji).D; •L237to,,~Dp.) +4.943 Gt 

. 'llli 
Y•tFi1td - · t,•066J~ . 
y "T 

Simply 
Supported· 

Simply 
Supporled ~ 

/ / 
1 ; 

1 1 
/ 1 

1 1 
-------- / L ______ j/ 

-- Simply Supporled 

FIG. 6.9.-PLATE WlTll ONE EDGE FHEE SIMULA'JING ONE HALF OF 
THE FLANGE ELEMENT OF A WIDE-FLANGE SIJAPE 

'---~------ ----- --' -~· 

-~_, .. --· 
l'~'~ -~ 

¡-¡ 
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FIG. 6,10.-PLATE \\1Tll ALL Jo.:DG8S SIJ\1PLY SUI'POH.Tt:D SIMULATD\G 
TIIE \\'En PLATE OF A WIDE-FL,\XGE SH.\PE 

Experimental Correlation 
Vlbe_!L\.Elsts w~_r~~E.c!.~-~.!..~-~-tq_ch_~ck ~heJ.tt_egry_ !_o_r_~9-~~t puckliDg o!.~?I.~cte

flange shap~_s ~~-~;t-~ fo_:-tn~- ~~'!l th~ .t_!1~qx:etl_c!!.LC::~rves. ¡;<!Ve.-ª _gpg_c.L99~c;ription 
Ofthe actual beha_yior_C:~í"fij!Qg~S and~s. Fig. 6.12 ghes the' experimental 
correlation with theory for the -buckling of flange plates. Fig. 6.13 givcs the 
same comparison for the buckling of web plates. The specimens tested in this 
program(6.25);ncluded BW 24, Bw 35,10 w-21, 10 w-33, lOW 39, and 12 W 50 
shapes. 

Little experimental data is available to t;ompare with the thcory in the case 
of b€nding with axial force (Fig. 6.11). Partial correhtion nuy be found· by 
cxamining the results of som.c eorner conncction tcsts(8.4) if one accepts thc 
fact that the conditions of .these tests were somewhat dif!erent from those on 
which t.he theory is llased. This comparison is shown i!~ :wn-din~cnsionalized 
form in Fig. 6.14 where thc rotation of a. selected length cf member is plotteci 
versus.lhc dc/w-ratiofor P/Py o:: 0.10. Thc curve is obÚl.!ned by t:-~.kin~ cross
curvcs of Fig. 6.11. Test rc:mlts do not check the predi;:-_•ün!1s prcelscl;:, Uut 
thcy do indicate a large 1·otalion capacity. The 14 VF 30 sl' ... "l?e rotatcd an amount · 
less than predicted¡ on thc uther hand, the 30 w: 108 ~·ith ~reater df/w-ratio 
and a somewhat higher axial load ratio rotated much more ~hari the requircd 
amount. 

!_)csign Approxlmations 
For flange elcmcnts Fig. 6.12 shows that 1f b/t ~ 17, t.'1e::: a section ~..:r.de¡

uniform comprcssion.can be straincd to the point of strai:]-i'.ar?enir:.g beí9rc 
local buckling.iiúluen~cs its carrying capacity. 

,.· .. 
--------·-----·---
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Fig. 6.13 shows that the web· of a shape under uni!orm compression Would 
be limited to dr/w < 33 in arder to reach the onset of strain-hardening. How
ever, no such· stra_in is rieeded in a plastit;ally designed structure and it would 
be adequate to require only that the strain be able to reach the yield value. 
Thus on the basis qf Fig. 6.13 the limiting valuc would be dr/w = 41. Usi:-~g 
d/dr = 1.05, the ratio of d/w may go as high a_S 43 u~der uniform compression. 

~cr 

4or-~~-----r---ro--r--~~~~--~ 

! 

30 

20 

10 

TJ-. {loO Id, 
• VF Compression tests 
- Theoreticol Curves 
P=Coelficienl of 

Restraint 
-~L __________ _ 

o -~--- -------,-
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• . 
• 1 

40 

1 --------]' 
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50 60. 

FIG. 6.13.-RESULTS OF TESTS ON WIDE-FLANGE SHAPES SHO\\'lNG STRAIN AT 
WHICH WEB BUCKLING OCCUim.ED 

For combined bending and compression a designapproximation may be de
veloped that is based. on the results given in Fig: s.li. ThiS apprOximation 
is shown as a salid line in Fig. 6.15 and is to be compared with the theoretical 
solution shown by the dashed line. This latter solution assumcs the following 

12 ---.,-----, o 
.e. ,, f.¡.P..·ooasJ S (P. •0097~ Py 

(~·00941 Y e 1 

10 '1 ' p ' ~~ •0.0941 
!m p .\ w 

("P.::•0-06) ....... \ 
., 8 '1 \ 

\--~·0.10 . ~r,, \ 2 ~-l.. \ 

1 ; -- fd' \ 
4. l¡ .. ,, 

', ,, 
2 / 1m• Mcxomum An~le ot rctohon -i 

o • Test rtsult 

0';~.-~-~.~0~--~.~0~~--~.~0----~~ 
·w 

FIG, 6.14,-RESULTS OF TESTS ON WlDE-FLANGE SHAPES IN WHICH BOTH AXlAL 
FORCE ANO BENDING WERE PRESEÑT, (Thc dottcd lino shOws thc prcdicted wcb 

.1, .,. _ ... -...,.-..-..t.;;;'~:.: :e~·.: · .. :- .......... ~ckling curve for P/~y -~~ -~·1,~~) •. 
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50 ADDITIONAL DESIGN CONSIDERATIONS 

•elationshtps: A/Aw = 2, d/dr = 1.05, and c~ax/E y= 4.0 .. 1.'he dcsi[~n approxi-
m.ation, shown by the salid line, is . · · 

~ = 70- 100 ~· e,~ :>0.21)........... (G.JG) 

From Eq. 6.16, Íor P/Py = O, the up¡ler limit of ci/w would be 70. 
In summary, f~r use in plastic. design involving shapes of ASTM-A7-typc 

steel (ay= 33 ksi),.the followingvalues are suggestcd toassure that prematurc 
local buckling will not occur: . 

LOCAL BUCKLING OF STRUCTURAL ·sHAPES 

For I-sections, wide-flange beams or welded H-shapes of ASTM 
A 7 -type steel 

{1) Flanges Compressiondue to bending, and/or axial force 

(2) Web 

(3) Web 

!>. < 17 t:-
Uniform compression 

<!_· S43 
w 

Bending and compression 

~ = 70- 100 ~ (:, $0.27) 

a= 43 uy > 0.27) 

where b and tare the width a!ld thícknessof the flange rcspcctively, 
d denotes the section dcpth, and w is the web thickness. 

For other outstanding ílanges nnd plate stiffeners intended to be 
stable in the plastic region. 

(4) U' ¡-= 8.5 

where b' is the width of outstanding- platc clcment. 

1 

1 

For rolled shapes, a small upward varialion of thc b/t ratio to includc, for 
example, the 14 W: 30 (b/t = 17.58) would be reasonable. This secli.ou per
formed adequately under test. 

In practice,, if a selected section cannot mc¿i the above requiremcnts, a 
·differ~nt scction .may be uscd or stiHeners could be acldcd lo prcvent local 
buckling. It is fox:tunate that nearly all Tolled wide flange an<l 1-shapes are 
satisfactory with rega~d to local instability. 

6.3 LATERAL BUCKLING 

Sta temen! al the Problcm 
In arder to realize the nccessary inelastic rotations at plastic-hinf~C lo

cations~the members must have suificient lateral sup¡x>rt so tha·t lateral
torsional bucklingwi.Jl not reduce thc pla.slic rcsistinv, moment at thesc scctions 
whilc the hin ·otate. Vr'hen a mcmbcr buekles laterally it undcrgocs lateral 

1 .. 
~ 

' 
.1 
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'()() 

' ·oesign Approximalion Tteorctica!: 
Solution ' / 
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w 

F!G, 6.15.-LIMITING SLENDERNESS RATIOS FOR TIIE WEB PLATE OF \\'lOE~ 
FLANGE SHAPES U:"-mER COMBINE O BENDiNG ANO AXIAL COMPRE5S!O:'\. 

bending and twisting. Elastic regiOns of the beam rcsist this buckling through 
lateral bending stiffness ly and torsio~1al resistancc. The latter c0115ists cf 
two parts: * 

a) Resistance associatcd with St. Vcnant torsion; rtnd 
b) Resist::tnc.c associated with wa.rpi.1~~ torsion (ur eross bcndin¡;). 

A member \\•ith anadcquate combinatio:1of thcse properticswill ha ve effcctive 
reslstance to late.-al-torsional buckling. (6.26) · · 

The types of lateral support availablc in actual structurcs vary greatl:;. Fcr 
most structures, however, the points of applied loading al so constitute poi:~ts 
of lateral support. 

Prcvious Research· 
Although many studies of the lateral-torsional bu(:klin~of elastic !~~E'I!ÜJC!"'S 

ha\·c becn published, there are fe\t.' solutions availablc in the inel:!s:ic :-:t.::~e. 
It has bccn su[.!:gestcd(G.l7) that thc.cffcds or" inclastic bchador m::ty bL~ ;1-
lowcd for by delermining the most critically strcssed scction and u~il:s :t 

tangent~modulus reduCtion factor (T= Et/E = Gt/G) in thc elastic sci·..::lo¡;s. 
This praetice offcrs a simr>lc and c:-·.pC<licnt mcans of approxinuting: i!~ei:lstic 
cffccts and is ~cnerally considcred to be conscrvative. However, rccf'::l i:;
vcsti[;.ttions(6.29) ir.dic:1.tc 1hat in sume ca.scs it may be on thc unsafc ~ide. 
Hcf. 6.30 rcfers to thcsc and other approxim:ltions in connection with C:cs;f:n 
applications. In He!. 7.15it is shown thal testl'<~sulls for laterallyu:~su;)pon~..~d 
wide-flange snapes ag:rec vcry wcll with the conCcpt that the ratio betwccn :r.e 
l'l::tstie critic::tl Uucldiug strcs~ and thc actu:ll crilicat bucklin~ str.:·~s is tbc 
same in thc inelas'tic rangc for bcams and colurnns. 

This problcm has bcen studicct in dctail by considcring the eífcct of yieidbg 
(ide::l.lizect stress-strain curve) on the lateral flexura\ rigidity a::d i::Üi3l 

""Sce, for ex!lmplc, Hcf. G,2G for a {)iocussion of St. Venant torsion a::d ~~·:•r?::~¿: :or
. sion~ 

~:-

• 

·---·-~-···-~~--~--=-
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torsional ri&idity of a rectangular cross section.(6.31) This solution corre
sponds to the reduced modulus solution oí an axially loaded column. Rcf. 6.32 
pointed this out and deduced an equivalent formula on the basis of a tangent 
modulus load, assuming no unloading of the cross sectio::. 

These r_esults for pure bending Were extended to the case oí 1-beams in 
Reí. 6.33. The conclusions, however, were modified by other practica! con
siderations. ·Eventually from this work limiting critica! lengths of I.:.beams 
were presentect as a basis for design.O.l) The fundamental concept behind 
this work is a taCitreliance on thepost-buckling strength of a member te pro
vide the necessary moment resistance over a Iarge ·range oí its deformation. 

The solution· of the various cases on a systematic basis was reported in 
Ref. 6.28. This reíerence also presented a design pr.ocedure íor determini.ng 
the spacing oí lateral supports such that the members would not buckle later
ally ·beíore thc required plastic hinges had íormed. Although a simplifying 
approxi~ation has- be~n made foi- practica! use, the method still possesses 
three imidequacies: 

1) Under conditions o! loading where the moment diagram has a small gradi
ent, the procedure gives results which "are too conserva ti ve when com
pai-ed with test results. 

2) The method of design is an itera ti ve proccdure be cause of the restraining 
irúluence of adjacent segments on thc segmcnt beirig braced. 

3) One of the necessary parameters is the amount of plastic hinge rotatio;. 
requii'ed to obtain a complete re-distribution of moments corresponding 
ta·the ultimate load. Unless an assumption is made of a single given 
amount oí rotation, this would ha ve to be computed analytically and would 
th~refore complicate the design procedure. 

Theoretical Analysis 
Assuming, as in the solution to local instability Rroblems that the process 

of yield.ing of structural steel is non-homogeneous, (6. 27) the actual material 
will be in either the elastic or the strain-hardencd state. Since the material 
in each of thesc regions beha\'es in a linear homogencous manner character
ized by its appropriate moduli, it is reasonable to asst.:mc lhat the problcm 
can be reduccd, in a somewhat simpliiicd manncr, to the consideration of a. 
mcmber with a_n abrupt change_ in stiffm~ss. (6.25) In thc case oí a compictely 
strain-har.dcned mcmbcr the resislance to buckling- depe:~ds al_most cntirely 
on warping torsion instead o( on a comUination of S t. Venant torsion and lateral 
bending strength·as in the fully ehstic case. For a memb_er with partial strain
hardening, the cffecls <?f St. Vcnant torsion, mom(>nl gradicnt and end restraint 
are then consídered as modiiications of the basic solution. 

Thc basic assLimptions for thc throrctie:\1 analysis(6.28) are as follóws: 

1) The material in a member deformed beyond the elastic limiteithcr is at 
a strain leas .than the yicld slrain or has. reachcd thc strain-hardcning 
range. 

2) The distributionof thc elastie and strain-hardcningzones depcnds on thc 
magnitude and location of the ovcr-all inelastic deformation. Strain
hardcnin~ is assun~ed ·to start at the cnd o( the rnembcr at thc point of 
maxirnum rnoment and to spread írom that point. 

3) It is assumcd that the mcmbcr is initially straig:ht :!nd that no lateral or 
torslonal deilcction takcs place Ucfore buckling .. This approach lcads 
mathematically to ancigenvaluc problcm. The lowest point of bifurcation 
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of equilibrium is obtained by considcring no strain reversaL At this 
point of buckling, therefore, the linear incrcm~ntal stress-s~raiP- re
lations can be used. Thc two different zones are characte;-ized by the 
incremental ebstic and strain-hardcning moduli, respecli\"el:_.·. • 

4) A solution can be obtaincd by solving thc normal linear ct:iferc:1tial 
equations fOr both regions and matching the bouúdary conditions betwecn 
them. 

5) The cross section is restricted toan open, doubly symmet_ri::.al, thin
walled sha.pe. 

6) The cross section is idealized so that the wholc section will be co::.siCercd 
as either elastic or strain-hardened under flexure. 'The éor!.di~io:-1 of hav
ing a non-homogeneous material ovcr thc cross section is diffic:!lt to 
handle analytically since the diffcrential equations of eqt:ilib:-iurr.. wo:..~ld 
ha ve variable coefíicients .. As shown in Ref. 6.2~ this ass:Jmptio~ of an 
idealized cross section gives conservative results. 

When the lo<iding is restricted to thc case of loading in one pri:1cipal plane· 
at the boundary only. with zero axial force and zero applied forces along the
beam, the _basic equations can be re-written in .the íollowing form: 

in which 

E Cw 

GK 

E lx 

E ly 

/3 
u 

V 

z 

ct4¡J ~- ct2u 
ECw-

4
-GK +M,-

2
-=o ...... 

. dz dz2 ' dz. 

d4v 
Elx--=.0 

· dz4 

M .. ct2f3 + 2 dM5 01J. +E I ct4u = O 
~ dz2 dz d7. Y dz4 

= war.ping rigidity 

= St. Venant torsional rigidity 

= bcndiOg rigidity of thc bcam about strong axis 

= bcnding rigidity of the hcam about we:~k axis 

= angle of twist :-tbout shear center 

= d.isplacement of shear ce11ter in weak direction 

= dlsplacemcnt of shcar ccnter in stron~~ dirc-ction 

= a.xi s along thc bca m, O S z ~ ·L 

(6. 17a) 

(5.17u) 

15.!7r.) 

= applied bending: momcnt along the bcam about thc stron~ :lxi.s 

= len~h o! beam · 

The problem solved in Ref. 6.28 was a singlc-sp~n bcam with lcad applicd 
in the maximum principal plane of bcnding. Doth sirr.ply supportcd a1~d IixCct-. 
end conditions ·.~o·cre considercd. Thc simple supports, howevcr, W('l'l.! :t.ssumcd 

• Another possihlc solution would be to :m:ilyze for thc ultimatestren~h-:-ftl~c :ncm 
Ler; thl~ :;:olution, howcn·r: l.ms not bcen obt:~inc:l up lo thc prcscnl.. 

---------------- ----- ·~-~-·---~-~~-------------------·-·----·--
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to be able to resist twisting .. Part oí the beam was considered elastic and 
part strain-hardened as shown in Fig. 6·.16. For the strain-hardened portian 
(length aL) Eqs. 6.17 were· m6dified by introducing the strain.:.hardeni_ng mociu
Ü in lieu of the elastic valueS. The continuity conditions were introduced at 
the juncture of the elastic and strain-hardened portions. The eficct of moment 
gradienl is shown in Fig. 6.17 and the effcct of St. Ven:1nt torsion is shown in 
Fig. 6.18. The differential equations mentioned above were soh·ed by a nu
rnerical procedure based on finite diffcrences using the appropriate boundary 
conditions. The computations for det_ermining thc eigem·aluc for \'arious 

"Strain Hardened ~lostic 

( F~/077~.== ~~~, ) 
. ! BEAM 
' ' 1 

MOMENT DIAGRAM 

. Curvolure ot sh:irting 

·,: of Stroin Hordening 
¡ 

Actual 

A~sumcd · 
Etaslic Curvoture 

M. 
e 

i 
! CURVATURE 

_j 

; 

DIAGRAM 

L 

FIG, G,lG.-MOMENT-CUilVATUHl·; DL\GH.A.\1 FOH. /1. PAHTtALLY Yf[o;LDEll 
BEAM UNDEH l\10MENT GHADH:NT 

conditions of restraint, loading, and cxtcnt of strain-hai-dening wcrc carricd 
out on a digital computer. · 

Four series of results were obtained as follows: 

1} M-~mbe~ stmply supported at each end; 
2) Member fixed at each end; 
3) Mcmber fíxed at end z = O, simple at end z = L; 
4) Member shllpl:Y supported at cnd z =O, fixcd at end z = L. 

The basic critica! huckling length for simply .suppurted beams· under uni-, 

.form plastic moment is d~terrnined from the expression A = Lcr ~ where 
" y A, the eigenvr ·equals 11.28 and z is thc plastic modulus of thc cro_ss seclion. 

·"'(~-· F". 
: /J 

Art. 6.3 LATERAL BUCKLING 55 

Fur a widc-flant~cbeam it has Ueen shown(6.28) that ~~ 1.60 ry, there
fore Lcrlry = 18. This length is then corrcctcd for the effects of mom::ü 
!~radienl ana extent of yielding over the unbraced length of the rnember. Cor
;·cction factors are al so determined for the St. Venant torsional resista~ce of 
the member and the effect ·oc end fixity. These correction factors can be e_x
prcssed in terms of p, the ratio of the smaller to the larger end mon-..cnts. 
(Figs. 6.17 and 6.18). Final~y the critica! buckling lcngth can be cxpressed as 

in which 

Lcr = 18 Vp VaVs Vy ·~........... (6.18) 
ry JM-; 

= corre~tion factor for mamen! g:raclicnt 

"'correction factor for partial yiclding (aL) 

= correction factor for St. Vcnant torsion. 

= Correction.factor for end fixity 

= rutio of plastic momcnt lo actu.nl moment at z = O 

Experimental Cürrclation 
~-,.i·WOSpc<~iffiCil~~-¡lrovldcd wilh fixcr:l-rJIHl conditions \1y llnxin\~ in thc cnd 
scdionsuf thc memhcrswerc tc.stcdunúcr const:1nt monJcnt.(6.28 Tla·"Iixcd
l:nd" nmditiun wa~ une in whlch thc lwa111 coUld ro_talt· frccly in \he \o:ulin~ 

1.7 

1.6 

15 

1.4 
!11' 

1.3. 

1.2 

1.1 

-,f~ / Simple Supports 

" Fixed 
Supporls 

LO L------L--~--'---'---~ 
-LO -0.6 -0.2 •.0.2 • 0.6 

f=~ M o 

+LO 

FIG. 6.17.-EFFECT OF MOME~T GHADIENT AS COMPAHED TO U~IFORM· 
~IOMENT FOH LATEHAL-TOHSIONAL BUCKLI~G FOil. BEA~IS SP' 0 LY 

SUPPOHTED OH. FLXEIJ-ENUED (WAHPING TOHSION O~L~ 
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piane (strong direction) bilt rolation was prcventcd in the wcak dircctiun and 
· twisting was prevented with rcspcct to thc longitudinal aXis oí the be~ m·. Thcse 
conditions, howcvcr, werc not rcalizect in the actual test as' evidenccd Uy 
movement of ~he loading points and twisting of the c1:d supports. Thercforc, 
the values of va obtained from the test results werc considerably lower than 
values predicted by thc theoretical analysis for the fixed-end beam. 

·. Further tests were conductect(6.34) in arder to find the efícct of moment 
ratio p on the critica! buckling length of the simply supportcd beam. Four 
specimens were tested wíth moment ratios of 0.40, 0.71, 0.90 and 0.98 re
spectively. Fig. ~.19 shows a_typical_curve of moment vs, lateral rotation for 

. 1.35.r--""""-;-,.-----,------,----'---c----

1.30 

1.25 

1.20 f 
v, 

1.15 

1.10 

1.05 

1.00 
-1.0 -0.6 -02 . +0.2 ""0.6 +1.0 

FIG. 6,18,-EFFECT OF ST, VENANT TORSION (df Z/K) O~ THE CH.ITICAi BUCK
L!NG LENGTII FOR BEAMS SJMPLY SUPPORTED OR F!XED-ENDED 

p _== O. 71, together with the relation o! the moment and rotation about the strong 
axis. The inelastic angle change Ha, between load points, is computed from 
HB == Bm • Bp where O mis thc tot:ll rotation about the strong axis betwecn load 
points at the maximum test load and Op is the tot~l rotation whcn the maxi
mum"moment !irst rcachcd Mp· The term Hn is al so the portian o! thC hiu¡;c 
angle that occurs in the critlc::tl scgment betwecn load P9ints. The ratio 
Ha/(14 p) is used to express rotation on a nondimcnsional l.Jasis (whcrc Li~ 
the distance between load points and r.f>p·= Mp/(E 1) is the elastic part of the 
curva tu re at the plastlc moment). Fig. 6.19 indica tes that the test beam buckled 
laterally soon after the plastic moment was reached but that buckling did not 
prevent the plastic hinge from rotating at substantially_ constant moment. The 
observed values of Hs/(L !flp) are shown in Fig. 6.20 at the corresponding 
momcnt ratios and slenderness ratios, L/ry, -of the sections tested. The salid 
line corresponds to a value oí Hs/{L 9 ) = 3. These tests indica te that the 
design approximations outlincd below and plotted in Fig. 6. 20 give conservativf' 
results. 

r 
. '"'7 

f 
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_Qcsign Approximation . . _. 
The critica! buckling lcngth Lcr/ry is given by Eq. 6.18 as mentionf'd pre

viously and thesc correction factors can be oUtained l>y a trial and error pro
ccdureusing tablesand figures given in Re!. 6.28. For instance, thc cor!'C"ction 
factor Va for the e!fect of partial strain-h::trdening of the mcmbe-r dcpc:1ds 
upon the moment ratio p and the yielded length aL. The valuc o! a depc:1ds 
al so on thc moment ratio p and the angle o! rotation of the beam at hir.ge points. 

M, 
M, 

Ar m:uom~m lood · 

0

8m: '~"~~·1· 
H.-----,._j 

t ~~ 

r ~~· '"· r ·Alliffiihh· 
i-/-lL J.¡_j 

p·~~ •0706 
1 • 36' 

L ·<~B' 

LATERAL ROTATION 

It may be too tediolis to compute the critica l. length betwccn two adjobing 
points using many figures and tables. Thercforc, the following approxima.tions 
are made for cach corrcclion factor: 

1} Vp == 1.34 - 0.34p, ~hich approximates the curves in Fig. 6.17_. 
2) Vais assumed to be related to a only. . 
3) a is obtained !rom the moment ratio p and angle of rotation H/L 9o· 
4) Then Va can be expressed in terms of p with a "parameter of ro.tation. 

angle. A reasonable valu~ of Ha/L (¡:lp == 3 is chosen on. the basis o! 
practica! considerations. · 

5) v5 = 1.08 - 0.04 p, which approximatcs the curve labeled df Z/K = 800 
in Fig. G.18 and is bascd ón the following valucs for widc-flar:~c beams: 

-~/ ~· Al-~ d¡ ~ l-z•. ry = 1.60, Aw = 1.0, dw = 1.05 

where Ar is the area of one flange, Aw denotes web area, df is the flan~~c 
distance and dw representa thc web depth. 

6) ~ ~1.0. 

From these approximations the correction íactors (except that d"J.e to e:1d 
restraint) are simplified, and the final relationship betwcen th_e critic-:11 lcngth 
·and rnoment ratio can be cxpresscd as a straight line, 

Lcr 
- = (48 -31Jp) Vy 
ry 

(6.19) 

L __ _ .. 
~----------------~------------------------·----·-------------·-·--·--~-"~ 
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6 2 23·5 10.4 05 
· LO~*-:- -¡'Y---~--~------,1 0.8~~ 8.9 

06il 4.6 l i 
04 f !!L. 48+ '\'\ j. 

~ 
L~ j 

0.2 \ ' 
ll!n..._ _.r-- 60 - 40 f J' 
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-02 f '\ 1 

-04 48-30p '\ '¡ 
-0~ '\ 

-OS·~ \· i 
-LO _/_ ·~:------";:-----:c:---~::-----'\.:0:---~ 
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j_(_L} 
r,~., ry 

FIG. G.20,-CIUTICAL SLENimH.NESS ltA'I'[O AS A Fü:o-:CT!ON OF TI!!~ 
MOMENT llATIO FOH Lr\TE!{,\L ilUCh:Ll~G OF BEAi\IS 

The value or ·Lcrlry nccd not I.Jc Icss !han 30, sint·c the t!~cory is lmuwn lo 
be overly conscrVative whcn p > 0.6_. · 

7.) The corrcctionfac~or vh rOr · cnd rcstrainl dcpcnds on thc sliffncss oí lhc 
adjacent segments as s1own in Fig. G.21 whcrc kt is the largcr stiffncss 
and k5 the smallcr stiffncss of adjaccnt seg:mt:'nts respectively.(6.34) A 
support with ks::: O provides no majar ::..xis b<>ndin¡; rcsistancc but ctocs 
provide resistailce to twisting. The stiffness factor k is approximated !Jy 

k = 3 E lA [l _ LLA ]2 ....... , . . . . (G. 20) 
LA Acr 

where LA ls the actual length and·IA denotes the mor.1ent of inertia of 
the adjacent segment. The ter m LAcr is given by Eq. 6.19 (with Vy = 1.0) 
~or- the adjacent segment next toa plastic hingc. If the adjacent span is 
n6t next to a plastic hinge then LAcr is given by 

LAcr · 107 [ ] -- = .,-;-;;-; 1.34- 0.34pA lor O<;¡p¡ <;0.9 
. ryA f IPI . 

(6.21) 
151- 38 PA- 1,100 (p- 0.9) for. 0.9 < ¡p;<!.O 

in wh!ch 

p = moment ratio in segment being investigateC 

PA = momcnt ratio in adjacent segmcnt. 

--· -.··-. 
¡ 
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A value for r~y is obtaincd by entering Fig. 6.21 with k5 /k c.a:-.d k~ L/{.Z E I), 
where L is the actual length and 1 is the moment of inertia of ~e~~: u:1cier 
investigation. 

2 o --···---·- --~-~--'-----

1.8 ¡ 

1.6. 

' 1.4 • 
~-o-:~ --------k¡ i, '....s·? ·~ 

1.2 ~ 

'·0 /'__-~--~--~---~-~--~:---' 
o 1 o 2.0 3.0 4.0 5.0 6.0 

!.e:. ( ~ lor liled·s~pport ) 
3EI 3EI • 

FIG. 6.21.-RESTRAINT FACTOR lo"''fl CONTHWOUS BEL\~1S SEC.;~c 
INFLUENCE OF AD.JACENT SPAN ON Tl!E CIUTICAL 5PA:\" . 

Desig:n Appt·oximation for Egual E 1/L 
.For a continuous bcam with constant E I and equal unbraccd seg-;:!<:~: :.e:1.f;ths, 

the ratio 

~f=i=j: <; LO .......... . 
1
-\-Lrc-r 

(6.22) 

and the value 

~!EL!= 1- (LI~ry,;; LO . . . . . . . . . . . (6.23) 

Then V y is found from Fig. 6.21 as befare. 
Sincc the value of k l L/(3 E 1) is lcss than 1.0, as can be shown \\dt!: the áid 

of Fig. 6.21, the variation of V y versus k5 /k.Q for O< ks L/(3 E 1) <:. .C is ;¡ear
ly a straight-line function.and i~ approximated(6.34) by U1c expres_si::>:l 

Vy = 1.0 + 0.2 ~~E\ 0·9 + ~~)· . . . • . . . . . (6.24) 

Simplified Design Procedure 
Recognizing that the effect of cnd restraint, extent oí yielding, 8:. Venant 

torsion, moment gradient, required hinge rotation, and axial fc:ce .1:-e !:-~ter
related and that the ex.'lct valueof one of these parameters cannot be dt::er~üned 
without knowledgc oí the others, a practica} design approach \\"O'.:ici ':>!.>toas
signa rcpresentative val~e to t}Je restraint factor lly in lieu of t.'1o:;> :-?r:siGcr
ation of the separa te effects. From Fig. 6.21 it may be seen t:::¡o :..:· . . :'·0r:1.ge 
value of Vy is 1.25 forthe continuousbeam with constantEI anC Eq~l'.!:;hr~Ccd 
segrnent lengths. An equation developed on this basis is as folle-;:;-' 

i ' 
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Lcr =(so - 40 M~)ry, b~t not less than ~5 ry . . (6'.25) 

Eq. 6.25 .is.shown in Fig. 6.20 as a dashed line. When M/Mp = 1.0, Vy = 1.17 
and whcn M/Mp = -1.0, vy = 1.28. Such a vri.rialit:?n is reasonable because the 
correction factor Vp for the moment ratio M/Mp·increases with that ratio. 

Thus, an approx1mate value !las been established !or U1e effect of all of thc 
·correction (actors required by thc theoretical analysis. In the event the dc
signer would like to use unbraccd lengths greater than thosc indicated by this 
expression he may use the method based on the thcorCtical analysis by taking 
into account ea eh parameter individuallyand per!ormini the necessary itcration 
if he feels that thc slightly increascd allowable unbraced lcn~h which mir;ht 
result would be justified by the additional design time in volved. 

LATERAL BRACING 

1_'he · spacing of bracing in the region of plastic hinges where 
~otittion would be required may be determined from the following 
simplüied formula 

L M M 
ry :5 60 - 40 Mp lar Mp < 0.625 

M 
1 ·_!c:535 for Mp >0.625 · 

1 in which L = ;;stance betwecn bracing points 

} : ...... (6.25) 

1 

1 

ry = radius_of gy~ation in the weak direction 

M . M= end-moment ratio 
p 

To obtain somewhat grcater unbrac_cd lengths, the procedures out
lined above cari be u sed. 

The spacingofbracing in the non-yieldcd portions of the structure 
may b~ determ~ned by mcthods u sed in allowable-stress design. 

Illustrative Examples 
The design proccdure is essentially a trial-and-error method if th~ un

braced length is determined·by the consideration of lateral-torsional buckling 
or.ly. However, in practica! design the unbraccd length may be fixed by other 
structural considerations and then must be examined "for lateral-torsional 
buckling. Thc general proccdurc for invcsti~ting a given unbraccd length is: 

1) From the moment diagram find moment ·ratios for this segment and its 
adjacent unllraccd scgmcnts. 

2) Find Lcr/ry íor cach segment írom EQ. 6.19 or Eq. 6.21. 
3) Compute stlfíncsscs of the adjacent segments írom Eq. 6.20. 
4) Compute the ratio k 5/k¡ and the value kf L/(3 E 1). 
5) Find Vy from Fig. 6.21. 
6) The actual length of the segment being investtgated should be less than 

Vy Lcr-

Since the spacing of purlins and girts is usually uniform, the particular un
brace-d lei1gth that must be invcstigated in a desigri will be the onc with thc 

\ 

Art. 6.3 LATERAL BUCKLING 6 ¡_. 
Iargest' monúmt ratio ata hingc point whcrc ruttttion ·would be rcquired. Ordi
narily this mc:tr.s that thc ~racing spacing woulcl be chccked in the region oí 
formaliun of thc hrst plastic hinge. (Thc sequcm:c of hingc formation is dis
~usscd in Chapter 9). Of'course, if all Sl?l;mcnts mcet thc requircment that 
would be stipulated for a first plastic hingc location, thcn no further considcr
ation oC hinge sequence would be nccdcd. 

Example 1: Continuous Beam (Fig. 6.22). 
The example will first be workcd without any rcbrard lo svquence of hinge 

for_mation. Thc problcm will thcn be solved :lbrain on the basis that the íirst 
hingc· forms at thc ends. 

P P p !OVF21 

1 1 ¡ ' ( '•' '25 1 
\e e !D e t 

¡ • 1 • i . ¡ . i 
_.___ ~6 -·-·- 46 --·- 46 ---46 __ _, 

FIG. G.22.-TLLUSTRATIVE EXAMPL2 1 OF LATE!"'..AL BRACI.NG 

1) Considering only the effect of momcnt ratio, the critica! span is either 
BCor CD. The moment ratios are PAB == PDE = -0.5and PFC = PCD = 0.5 

2) All spans are next toa plastic hin:1e, thercforc the critica! leng:th of ea eh 
span considered as a simple beam, Vy = LO, is givcn !Jy Eq. 6.19 as 

LABcr LDEcr . 
--- = --- = 63, then LABcr = LDEcr = 78.75 m. 

ry ry 

Lsccr Lcocr -
--- = -.-- = 33, then Loccr = Lcocr = 41.25 in. 

ry 1 y 

3) Since thc.beat? is symmetrical· about point C, then kco =·o, which ~eans 
that thcr~ is no rcstraint on span FJC duc to span CD. From Eq. 6.20, 

k =~r~-(LAB)2] 3EI[ (46)2] 
AB LAn LAncr = LAI3 l- \78.75 

4) ks = kco = 0 
kf kAB 

kJ' L _ kAB LBC = O 
66 3EI- 3EI ' 

3 E 1 
= -L o.6G. kco =o 

Al3 

e 
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5) From F:_ig: 6.21, lly"' 1.13 
6) LBCcr."' 1.13 x 41.25 in. "' 46.6 In,> 46 in. (OK) 

Approaching the problem with thc added information thal !he [irst hingcs 
Iorm at ends A andE, the crilical span ls AD (and DE, by symmctry). Thcn 

k .~[1 ( Lnc)•].U1[1-( 46 \2l BC Lec - (Lodcr Loe. 41:2s} J 

Slnce the Í'esulting value is negative, knc"' O. For lhe special case of a fb:ed
end (Fig. 6.21), lly "' 1.43. Then 

(~Aalcr ~ 1.43 x 78.75 in.= 112.5 in. >46 in. (OK) 

Thus, the chosen length is satis[actory. In fact, this was cvid!!nt in stcp 2 
where it was found that (LABlcr"' 78.75 In. with Vy "'1.0. 

U the approximation or Eq. 6.25 had beer. u sed, 

Lcr "' [ 60- 40 (-0.50)] 1.25"' 100 \:'!. (OK) 

Exa.mple 11: Corner of reciangular frame (Fig. ~.23). 
The critical segment is BC. 

1) Moment rli.tlos: 

PAB = -0.05 (elastic-plastic) 

PBC = +0.75 (plastic-elastlc) 

PCD = +0.6'1 (elastic) 

2) (LAslc'r"' 48-30 (-0.05)" 49.5, (LABlcr = 76.6 in. 
'y 

(Lsc)cr - ) _ 
--- "' 30 for p > 0.6, (Lsc cr - 46 In. 

'y . 
(Lcnlcr 10'1 
--- = ~~ (1.34- 0.34 x 0.67) = 137, Len= 203 in. 

ry ,.o. 75 

3)kAB =~ [¡- L~·)•)= Wx 0.36 = ks 
LAB \75 L 

3El[ ('")') 3El kco =Leo 1- 208 =-L-x 0.92 = kf 

4) ~ = 0.39 . - . 

5) Using Eq. 6.24, 

IJy = 1.0 + 0.2 (0.92) (0.9 + 0.39} = 1.24 

6) {Lsclcr = (1.24) {4G)"' 57 In.< 60 !u. ·(cali OK) 

{l.oclcr 
Note: By:Eq .. 6.25, -¡:y-" 35, 

(LsC>cr = {35) (1.52)"' 53.2 in. 

'>-,· 

_ ..... · .. - ·::~ ~ 

·-~,.;.,:. 
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FIG, 6,23,-ILLUSTRATi'::~ EXAMPLE II~OF LATERAL BRACl:"C 

6.4 VARIABLE REPEATED LOADING 

Statement of the Prolllem 

" 

In the prcvío1.1s discl.lssions it h~l$ bcen assumed that the structurcs undcr 
consideraban wcre suhjt=cted to aH of the apphed loadsacting simu!t.:uteo1.1s!y. 

· It has l>een further aSsutncd tl1.'1t thc applled loads in crease in thclr ma[t~Jitudc 
w1tll the limit load ls reachcd. During this process ncine o! thc apptied loads 
are pcrmitted to chan¡;c thcir dlrcctions and the ratio of load magnitudes to 
eacb other remalns flxed. Such. loading is termed proportional loading. 

In practice the separatc ·londs on a structure may not s.1.tisfy thc ::onditlon 
or proportionality. Instcad, thc separ:tte loads may ch:lng-e in m:i¡.;:'lltude i:J.de
pendcntly from each other. TheJ>c non-probJV:-Iicnal loads are caHcd "variable 
rcpeated loads" !n thc lilerature. Althouc:h these loads act ¡;er..erally in a 
random manncr it is convcnicnt to assumc a cyclic p:¡.ttE'rn in discussi:J.f; !he 
problcm. 

Two modes of !allure th;¡t may re.snlt from repe:t.led loadin¡:::arc considE.'red 
in the followlng: . 

a) Fatigue and Altcrnatinll: Plastic!!Y . 
Fatigue is failure of thc matcri<ll by fracture as a resuH or repe.lted load

in¡:: en lhcstructure. In parlirul:il',failuz·e willnccurat a l'('iati\'(•Jyluw numllcr 
of cycles whcn thc repcatcd lo:~.din¡; is such th:1t yicldint: ol u'le matt•rial <JC
curs al!crn:ttely in tcnslon :md compl'Cssion al a ~h·cn rrass. s.:ctio;1. T!ii1i 
phcnomCnon is known as ~altern:\til:g plastlcily.~ Durin¡-: cach cyc'e ef lu:1d 
applicaUon p!as\lc rtow wlll takc place ;¡nd evcntu:lily wHl !ead to Irar~urc. 

FaU¡::uc within tho nmnil<:tlly clastic r:tnge is o! lit tic concern :n US\1:!1 build
ing frames. 

b) D..!.flect~ Stnb\U ty 
This typc of falhlrc ls ch:\ractcrlzed by an incre:lsc In dct:ccticn durin¡:: 

e:::ch crcle of load!n¡;, thc lncrcmcnt6ol dt'flcction l.Jdnr. in the s.;:n:cc!i:"l'Ction. 
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64 ADDITIONAL DESIGN CONSIDERATIONS 

Thls mode of failure ts termed •incremental collap!je. • The problem is tO 
determine the limlts on the loads for which these increments cea se alter a 
few_ cycles Of Ioa.d applicalion and the deflection ~ slab\Hze,;." \\1Jen a structure 
reaches this st.ate of stabilized def\ection it is s:Úd to haYe • shaken dov.m~ and 
the_ corresponding set oi loads is referred toas the ~st!tbillzing load~ or the 
•shakedown load.• The s"tructure henceiorth re~ponds to the load in a purely 

· elastic manner. 

Prev1ous Investigations 
Ref. 6.35 wa.e the !irst to recognl_ze that under variable repeated iD:lds, a 

structure may fall due to a lack of deflectlon stability. Furtber extensivc 
studt'es In lhls lield were reported in Refs. 6.36, 6.31, and 6.38. In rece~t 
years, the resulta of other analyses and expcrime!\ts have hect: pub:ishcd in 
Reís. 6.39 to 6.46. Experimental investigntions of portal Úa:nes(6.47} and 
rectangular model frames,(6.40) have \.leen conducted. 

Theorctical An.alysls 

a) Altern!l.ting Plasticity 
A conditionof a!ternating plas_ticityis.mustratcd by U:e exampleof a canti

lcver beam wtth a conccntrat.cd load acling at ilie free end (Fig. 6.24). The 
load P is assumcd at first as being a"pplicd In a downward dircction :lnd thc 
re.\>ulting moment-curv:lture rdationship at thf! built-in sectlo:: is sh01'":1 from 
(o) to (a) in Fig. 6.24: U lnstead, !he load were applied In the opposile di
rection, tbc correspcmding M-9 curve would he th.at shown in Fig. 6.24 from 
(o) to (d. U at point (a) the load P is ¡;raduaUy released and finally applied in 
the opposite dlrection, the M-ip rcl:llionship is linear for a range of moment, 
designated .as·AM1 . Thc magnitudc of t.My is less than ur at most equal to 
2 My, the precisevalue beinga funct~oaof thc rPsidual stressand the Bau!>~hin¡;D:
efíect. At point (b), yielding starts in the opposite direcllon. Finally a point 
(d) correspondlng to -Pmax la reached. To complete the cycle, as lo:~ds are 
released and tben reYerscd, the re~"UlUng bch.:lvior ll:odd be as shown by thc 
dashed Une d-e-l-a. 

Fa.ilurc due to altern:lting plasticity wlll not occur whcn ranges of moment 
values exist for wl:ich a scct\onbchavcs clastlcally rcg;lrdless of its prevlous 
loading history. As a first :lpprox:imation ;.he Bauschingcr eacct may be!~
nored :1nd th.is range oí momcnt (l!.My in Flg. 6.24) m::.:,·~ taken as 

- - ~ . AMy - 2 My - 2 ! . . . . . . . . . . . . . (6.26) 

The necessary condition for climinatin~ !he possibllity o! altcrnating plastlcit.y 
ls: 

Mp 
(M¡)max - (M¡)min S AMy = 2 f (6.27) 

where ~~l dt'notes the elasUc momPnt_vil.Jucs at a::y i;ection "i~ bcif!g lnvc~i:l
g:¡.ted. Proccdures for calculatln¡!: the 1\mlt for altcrnating plasticity in lht> 
case ot: indetcrminate structurcs may be found In Ref. l. S. 

b} Dcncction St.ab!lltY. 
As :-.oled prcvioul'ily, l.lnder repeatcd :~.ppl!.::otion e: a t•ertain scquence o! 

loads ar. \ncrcment o{ plastic dcformation In thc s:tmc scns.:> rnay occur during 
eaci:i cyc:e. The ma:t.imum load for w!~lch thes1:. incremeuts ccase alter a fcw 
cycles is ca!led the stabillzinL: (or shakcdt)wn) load. in Fi~;. 6.25 is plottcd 

.. ·.· 
~-
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L /, 1'/:~----~J 
L _;!!f:~~-~-;:J· . 

FIG. 6.24,-MOMENT-GilltVATURE RELATIONSHIP AT THE BU!LT-IN END OF A 
CANTa.EVER BE.".:>! UKDER AI.TEH:-iATc-IG PLAS7¡CITY 
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diagrammatlcally thenumber of loading cycles versus thedeflection under the 
load at the eud o! ea eh cyc!e. Whe!l. Pis equ:~l to or less than a certain criti
ca! value P 5, a set oi residual moments wiU be sct up in thc structure alter a 
few cycles durlnl!" which thc defloction approa~hes a limit valuc. All furthcr 
repetitions oí load are carried el.asucally. U p is greatC!r than P.-, the de· 
.fle~tion does not.stabillze \.lut continues to grow íor cach cyclc oí I0ad nppli· 
cation. A descrtptlon of this phenomenon may be íound in the se,•eral rc!er
cnces that pert.lin to thls article. 

It is posslble to determine mathemattcally the maximum load p
9 

for which 
the deflectlon of the structure will !inally stabilizc. Tho corldition to be ful
!illed is that at points of max1mum moment the abslllute value oi thc s-o.·iñ of 
the residt.u!.l moment M~ nl\d thc elastlc moment M produced \.ly the Ioads docs 
not exceed the full plaslic moment value Mp. In go::eral terms: 

I(M¡)r + (Mdm.txl"' Mp . . . . . . . . . . . . {6.28) 

Eq. 6.28 m:~ y be appl\crl_ to the problem shown In Fi:;. 6.2G(a) a continuous bcam 
of two cqual spans, the supports of which can take 11pwarcl an:;! downward rc
nctlons. Suppose thc load Pis first applierl at n. An clastic analysl~ would 
produce the momor.t diagram shown in l•'ig. 6.26(b) with Mn " (13/64) P L. As 
a second phase of the loadlng, twa equal loac!S applled at B and D wo1:ld gh·e 
th(.> elastlc !!IOment diagram shown In Fig. 6.2_6(c). Duc to rmy ir.cla~tlc dcfor· 
mation th.:t.t may occur undcr load, the only. possiblc sh:lpc o! the res:dual 
moment dlagrarn is that shown in Fi~. 6.26(d). 

Applylng Eq. 6.28, nnd defining lhe rcllltlual mpmant dla¡.¡;ram positl\·e as 
shown in Fi¡;. 6.26(d), the conditions l.o be satháied'arc.r.s folk,ws: 

At scctíon D: l·iji P L.¡. (M;)n[ "'Mp. . • . . . . . . • . . . . • (6.29) 

M scct\an C: [-~ P L + (Mrlcl " Mp . . . . . . . . . . (6.30) 
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No. of 

Cycles 

Deflection 

FIG, 6,25.-DIAGHA!>lM,\TlC RF.l'ltESE!'JTAT!O!\' or 
DEFLF.CTION Sl'All!LlTY ¡Sfi,\KI::UO\\'NI 

. . 
Howcver, the residual mome11tS can h:~ve only a linear varialion :tcross lbe 
span with the maximum value at C {Fig. G.26(d)} su that 

. {Mrln ~ Í (Mric . . . . . :o.:> :j 

Expressions for thc st:J.\.Jilizing·Joad Ps :ln' ullt.1.incd fruul Eqs. 6.2!l, iLJO :md 
6.3L Thus, 

'"" 
12 ('1 ) -M-. 64 PsI,- "r C- ' p 

From ihese two conditlons the stabllizing load P5 and the residual moment 
(MrlC are determined. Hcnce 

aod 

_96~- o~ Ps -19 L -S. 6 L (6.32l 

1 (Mrlc = -
19 

:..1p . . . . . . . . . . . . . . 1~.33; 

The results of thts c:alculation are .showa in Fig. 6.2'1. The elastic ma:m·~t 
dta~::ram dueto P 5 icting at B is showr! iÍl Fih- G.27(a}. The mome11t diagram 
With loads at B and D is shown in Fij!. 6.27(bl. Fi¡;. 6.27(cj is thc rcsid:~:;J 
momcnt di.agram a!ter &tabilizatlon at load p 5. Camblning Fig. 6.27(C'), ir. 
turn, with Figs. 6.27(a) and 6.27(h), one abt:l.ins the final moment diagr:un lar 
PR acting 3.t B anly (Fig. 6.2'7{d}) and at B ar.d D simultaneously (Fig. 6.27(e)). 
It !s evident that Eq. 6.28 ls satisfied. 

Accordlng to the.slmple pbstk thcory, 

-~ Pu- L (6.34) 

~-" .,,.... 

/ ' -, 
./ 
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Thus, from Eqs. 6.32 and 6.34 

{6.35) 

Eq. 6.35 indica tes that the sbbt!izin¡:; l0ad is theoreticaHy about 16% !o·.n:or 
than the ullimate load Pu in this ex.:un~¡e. 

As a check on alternating p!J.sticity, the íollowlng condition must be satis-
ficd · 

(M¡Jm."lx - (~,1¡lmin f. 2 ~" 2 My 

In thc prevlous exampÚ! at scction B 

I 
\ 

13(96 ' 39 
(Malmax"' 64 ¡g Mp) = 38 Mp 

(Malmin = -b(~ Mp)" -Ía MP 
. 4B 
(Mnlmax- (Ms)min = 3ii Mp < 2 My 

¡' ¡' 
• o ' l.¡. ~ .-L.t J. 

•• 

=€{ !o;'"'" 5pcn 
( 1 'cntinuo\JS t -l 

be o m 

1 bl Momcnt d'CQ•am 
t<>< P cclinQ ol B 
on!y. ( EIO~IIC. 

Anol~si~) 

le) Momenl dia~ram 

for ¡> octinQ ol B 
cnd .0. IEioslic 
Anclysis) 

1~1 Resid¡¡al Mom•nt 
dia~rcm alt•r 
loading p~on (el 

FIG. (i,21J.-TWO-SPA~ CO!'>Tll\tJUllS IlEAM U!-IOCH V,\lllAl-ILE 
lt~Pi:ATED I.OAlll~G (DEFU:<.;TION STAIHLITY) 

Actually, the lncn;ase in deflection for a load P< P 5 will ccue as strain
hardcnlng" scts In. A discussion"of the e!fect ol strain-hardcnlng·can be found 
cíther In Rcf. G.43 or 5.46. 

Exper~mcn~~rclar\c~ 
Experlmcnt::..l studies t:a\'e becn pcrformcd usln~tcontinuous beams and re<:

tan¡;ular framcs. An lnvestlgat!cn oí two-span <.:ontlnucus beams was reported 
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1n Re!. 6.48. Later, tests o! the same structure were made usL'lg loads applied 
at the cénter o! each span{6.45) and using ofC-center- loads to simulatc the 
wo.rst possible condition.(6.46) 

Deflection stabiltty has bcen investigatcct(ll.40) by testi::¡; .s:1131l scale 
rect.a.ngular poi-tal fraffics wlth symJut'l~kal vcrtic~ll l0ld :tlld ~orb~,Jttt:~.l 

load. Test resulta indlcatcd tlut the obscrvcd stabiliz.irlb lo::.ds '9o'crc about 
10% hlghcr than those gi\'Cn by theory. Experimenta 0!1. a senes oí trames 
subjected to variable repeated loading h:l\'e bcen made(5.47)¡!!vestigating both 
alternating plasticity and dc!lection stability phenomena... · T~st results show 

. 

Ai 
~"~~ 

~ÍMp ~M0 

(O) (IO$I<C Mome,.,! 

d'OQ•om '"'h kx::! 
ole. (IO<~se;, 
comD•~o••<>~' •·111 
sk~lc~ {el) 

lb) Elo5tic Mome~: 

dio;;¡ram •ilh 

loods ata :;>t~d D· 

(e) Residual Mi>ment 
diOQrom el ter 
slc.br~zatron at 
loads P5 

(d} F.nal Momer.t ¡j>09'"cm 
lar P5 OCiii'IQ ot 9 
only. (RnOa~·~t • 
(los tic mcmenl j 

(e) Finol Mamen! d0oQ<am 
lar Ps octinq ot a 
arv.l O .(Rnod~a! 
+ ['tsl:t mo .... erJ )" 

FIG. 6.27.-TWO-SPAN CONTJNIJOUS BEM•I OF FIG. 6.26 U~"DE!t 
STt\DILIZI!'!G LOAD P5 

t.rult the theoret!cal analysis (based on no strain-haraening) g¡ves conserva
Uve prcdictions and that ~traln-hardenlng may increas.e the stabiltzing 
load. \6.43,6.46) · · 

Al! resulta indlcated that the·e;o~:perimental valucs we:re hl~P,:er than those 
!dvet: hy thcory'. Tablea 6.2,(6.45) 6.3,(13.46) 6.4,(6.47) and 6.Sdl.40} contain a 
summary of each of thc prcvlous important obscrvallons. In these tables is 
1ndica.te<l the loading sequcnccs used in a given cyclic load test. The terms 
a "tthd fJ denote the proportlon ol a particular load applied ctl.!l'ing or:c phase oí 
a cycllc loading sequcnce. 

Rclatíonship to Deslp;n 
Practically every recen: lnvestiga.lor of Ute subject has cor.cluded that thc 

problem oí variable rcpcate_d lo:tding Ln.Ly be Llisrq:,:trded f?r buikllng fra.mt•s 

Art. 6.4 VARIABLE REPEATED LOADlNG 

TABLE 6.2.-TEST RESULTS OF n'EPLECTION STioRILITY OF Two~PA:-> 
CONT!NUOUS BSAMS 

1 e '' .r=~-... - _1_9\. 
~_:j_~mm i 

Lcads applied al m•d-span 

(P. N. 12 Belll cbout Sl10f19 O<Í:S} 
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TADI,E 6.4.-'n:ST, RESULTS OF lUCID F!\.AM<:S U:\D¡;,":{ V AR:ABLE 
IU•;PEATIW LOAD!NG 

TABLE 6.5,-TEST IIESUL TS OF UIGIO FIIAl'.U:S U!\DER \'AR!..-\BLZ 
n~;PE,\TED LOADING 

LOAOING 
CONDITJO_N 
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Uesl¡;ned !or the usual condilions oí static lon.dln¡;. Thc probabilit;· of faUure 
;.y a single ovcrloadappears to be much ¡;reatcr than the prob3.biUty or !allure 
by :tltcrnating pbslir:ty or by l::;ss of deflcction stability. 

O! particular sil':tlific:u:ce is·the fact that the ratio of live load to dcaci icad 
mu:>t be very large bc!cre the lc:~.ci-carrying ca¡.KtCity is reduced because of 
load rcpetitlons. ln nearly :111 of the tests described in this section, ext!'eme 
examples wcre chosC'n in wrJch al! of the load was considered to be Ji ve load. 
ll is unusual te !ind such extreme ioad variat!ons in building structures. The 
livc load is scldom more !.han two-tt:irrls of liw total load and usuaHy it is of 
\he arder of one-third o{ the total. 

It must be remembered that the load factor F do es not providc for pos si
Ole ovcrloads alone. It also :<ccounts for !iuch adc!itional !actors as variation 
in material propert!es, clirncnSiQns, workm:wship, fa\Jricatlon, methods of 
amtlysis, etc. 'fherefore, variation in live load alone could not properly be 
assumed to account ror thc luH Yalue o! thc f:l.clor o! sa!ety. 

The lact ha:;bcen cmpl:asiz.ect(G.4:S;that !ailurcduc toincrease or d~flection 
is a gradual proccss so th:lt :unple warnin~ o[ d:tlll~Cr is availab\e. ~hi."i im: 
plics tha.t a Iowci !oad !:actor is ::.c:ccptahlc for :·5 lhlln lhat providcd for Pu· 

Finally. the results of the most reccnt tests using rolled shapcs ha ve shown 
that the obscrvcd staiJilizing load was always greater \han thc thcorctically 
piedicted v:liue. Si~.cc thc theoretical valu~.-s of Ps are seldnm more \han 20% 
hclow PU> the practicality of thts problem loses much of its significancc. Al
though account could be taken oi Y:triahlc rcpeated loading- by u sin¡; n hicher 
load factor, such a procedur<' isnuithcr rcasonalJienor necessary forordina.ry 
!Jui\ding frnmcs. 

VAHIABL~!~~~LO."-E.:_~ 

Deílccllon stability nced not be investiiat.:d iu thc dcsi~n cf 
statically loaded buildin¡; framcs. 
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Chapter 7 
- COM~RESSIO~ MEMBERS 

i.l 1!-:"TRODUCTION · 

. · Simple plastic theOry assumcs that a membcr subjected to bending CJ.o
ments will sustain a certaln Umiting bendlng moment valo.e (the "plastiC 
moment• Mp) that is depcndenl on.ly on thc gcomelrical properties of tte 
cross !'iCCtion and the yield stress o! the stccL Vlhen this maximum mor::J.ent 
is approached, cunature increases 1ndef1n11ely anda hinge type of action oc
cura. Tbe presence of axial force tends to alter th1s situation. In thc follo-;v
ing the \'arious e!!ects of axial !orco on the behavior o! mEimbers in a rigid 
lrame will be described. . 

As toads art! applied toa rigld trame, the lndi~·idual membcrs whlch cor::~
prise thc structure are subjected to varlous combinations o[ axial thrust, end 
moments, and end restraints. In many cases in plastically dcsigned struc
turcs, thc stiffnes!:ICS of the cnd ¡:estraints do not innuence the behavior or tile 
cr¡lumn !;lecause of thc !ormation of plastic hinges. . 

For an individual .:nember whlch is subjecteJ to bcnding moments and an 
axial !orce, and which is Su{(lctenUy br,accd in the latera,J. ctirection, or a 
member which is bent about its weak axis, the modo of failure will be U1at of 
cxcessive bcnding in the plano o[ the applied moments. 

U a mcml>cr lJCnt auout the stron¡; axi.:> han insufficicnt lateral bracln~. and 
iJ a l::u¡;e dlffercnce exJsts bctwccn thc bcnding- stiffncsscs about ca eh of the 
principal axcs of the croas scction, thc memUer may bond out of thc pl:tnc o! 
the applied moments and twist at the samc time. This type of failure is called 
"latcra.l-torsional buckling.• 

An additiunal type of failurc, whirh is lxtsic:-..lly differcnt from thuse de
~rrihcd prcviously, iz:voh·cs thc strudurc as :1 wlwlc. :md may occur ,.llcn .o;idc
sway of thc structure is not prevl'nted. Thls condition is characterlzed by a 
shift o! the total structural dcformatlon pattcrn riom one thal is symmctrlcal 
to onc that ·¡s anti-symmcll"ical and is accomp:\nied Cy ;u¡ ovcr-:J.ll lateral 
displaccmenl o! the frnme. This situation will occur iu a symmctrir.al Struc
ture that is symmetrically Joadcd wheñ, ata cr-ilical ma:-:nitude of !he lo:uHm: . 
lhi:! total rcsistwce ol the structurc to lateral mo.,emcnt lleco mes zcro. The
po.ssil>Hity o! this "sidcsway .. or ~rrame• typc of JnstalJitity p!aces a re

. striction on the ranges oi applica!Jility o! the inG!vldual :ncmbcr-stre:t;;th 
solutions. 

A !urther situation may develop when the structure in questlon d!!forr>.lS 
~oriz.ontally !rom the !irst load appllcaUon, For thesc cases the horizont:ll 
d.isp1acemcnt of the co!umn top wilh respect to the Ua.se may allcr the carry
ing capacity of the individual mcm~r. Thi!l typc or action would be similar 
in nature to that limiting the maxlmum ca.rr)1ng capacity uf beam~coluruns. 
As in that. case, there would be rcached a certnin loo.ding for wh.ich the stn.:C
ture would continue to de!orm In the directlon o( initi:;J movement (•e.:otces
sh·e !lending"). 

As pointed out ln prcvious sccUons of thts :\1anual (Art. 6,3), the p:-;:,. 
blcm of rotatiou capaeity may also inHucncc H:t' desi¡;n. lt may lw n'"•"t-S
sar;- in ccrtain situations to insure a rclaUvely largo rotnthlll at m:.u-
maxlmum lo:uis. · 

In tbc !ollov."ing arUclcs, thc crlects ot IW.al force will be ¡llscus:.!t'll_ l.:N 
mcthods '>dll be outUned for thclr conllidcrallun In the dt'sl¡_::n ol onc Sh)ry :.mJ 
two-story ric:id frames. 
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COMPRESSION MEMBE!tS 

7.2 REDUCTION OF THE P:LASTIC MOMENT DUETO AXIAL THRUST 

Statement o! the Problem 
lf a membcr is subjectcd to thc comblned action of bendll1g mcr..1ent and 

axial force, U1c availablc plastic momcnt capacity is reduccd from the Ju!l 
value of Mp. toa lesser valuc that will be dcsignatcd as Mpc• Howcver, 1hc 
design proccdure may be casily mudiHcd to t;tkc this rcdul:Uon inlo account 
sinceU has bccn demonstratcd that thc a.ll·important •plastic hinge c:harac
tcrlstlc ls still retaincd at this lowcr momcnt. Bcc::~usc ihis ls a property o! 
tlle-cross section,-the value of Mpc as considcred in this articlc is lnót•pcn
dent of thc extcrnal loading and lhe slcnderness ratio, and H is immatclial 
whether the a:d.al force is in comprcssion or tension. Even though instability 
efiects are excluded, the. mcthods dcveloped here give a good approximation 
of the actual behavior ol very short compression members and of cert:l.in 

· other columns of practical proporUons, as will be shown in Art. 7.3. 

Previous neSearch 
Rcf. 7.1 is the first publishcd work on the influence of axiallhr~St o!'l thc 

momcrrt '!apacity ora short column. Mcthuds of detcrmlning M pe are ~iven l:1 
Refs. 7.2 to ?.5, 3.1 :md 1.6. 

Theorctical Analysis 
As an illustration ol the ln!lucnce Qf ::uial thrust on thc p:ast.ic MOmcnt 

_value, conslc!cr thc rectangular sedion sJwwn in Fi~. 7.1. As.sumin~. fur 
example, that thc thrust ls m::úntaincd constant and that the moment is pro
gressivcly lncreased, the moment-curvalure relationship Wtu be that shown 
non-dimenslonally in Fi¡j:. 7.1. (Thc moment is non-cUmcnsiona.lizcd !.>y di
viding it by Mp, :md the curvaturc is non-dimenSionallzed Uy dividing it lly Óy. 
thc curvalurc at the inception o! yicldin¡;.) n is assumcd hcrc lhat thc ax':ll 
torce is in compression. For pul"ppSCs o! comparlson, thc curve for na axial 
force ls shown as a d:J.Shed Une In Fi¡;. '1.1. YielcUng starts first in the outcr 
iiber of lhe compresslon sido of the mcmbcr (stress ·diugram A in Fi¡;. 7.1). 
Only aitcr n portian oi this side h~s yielded, will lhe tcnsio'n side !J..~;::in to 
yield (strcss·diagram B). 

As wns the case whcn axial force was not present, thc hln¡:¡-e conditicn cor
responda to th:tt si.tuatí.on in which thc cross section is iuiiy yielded. (Stress 
diagram O in Fig. 7.1, or as redrawn in Fig. 7~2.) However, there o;'.-ill no 
longer be cqu:tl are:t.s yieldcd in tension a.nd comprcssion as in the case of 
Jxonding without axl3l load. Thus the neutral axis no'longer coincides wi.th lhe 
centroidal axis. Hinge rotations ror the computation o! the virtual Wt:'rk per· 
!ormed by the mech:utism may sllll be assumed about thC ccntroid cf the sec
tion; the error Ior the structurNI consldercU ia this Manual is nC.gli¡,rtUle. 
For very deep built-up sections, howcver; the c!fect or thc shift of lhe neutral 
axis may not be neglectedJ7.6) - · 

The valuc oi Mpc !or any cross sectlon can be oUtainCd Irom the equations 
ol equllibrium of the interna! and externa.! forces; that iS, 

,P= fA a 'dA ........ . . .. (7.la) 

M"' jA a y dA , . . !?.lb) 

~

{ 

1 
1 

1 

1 

-· 
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Art. 7.2 REDUCED PLASTIC MOMEl>.'T 75 .• 

In Eq. 7.1 a is the stres~ ata g¡ven fibcr, ~· is the distancc oí that Hber from 
the centrotd."ll axis, dA is the dlf!ercntial arca elemcnt, and the integr:rti<Jrt ls 
performcd ovct· the entire: cross section. Eq. 7.la results in the lol:oonng 
cxprcssion Cor thc rcct:u!gular section {see Fig. 7 .2) 

Eq. 7.1b r;ives 

p 
Yo .. 2 ay b 

• b 

. (7.2) 

"-, • _v_ (d2 - 4 y2) 
- "1' 4 o ..•.......•... -.•• (7.3) 

S:.~bstituting Eq. 7.2 into Eq. 7.3, and noting that ay b d "'ay A=Py and that 

M 
p ;r•LOO\ 

1.0;-

f 
M t 
Mp 1 

1 
OSf· 

l 
' 

if=O-.. '''P 
-~ ------------- -- --

to~-2·_~o:----c;3e;.o,--,•"-o,--. 5o 6.o 

*y . . 
t'yl ¡-·~ 

SlreS$ patltms on a ¡¡-
cross section elemen! _ • . ~-
as !he mamenf increases: _ 

}J 
L~tJ t;j bJ 

® @ 4:> ~ 

~!G. 7.1.-MO~IE~T-cCRVATURE RLLATIO~-iH!P FOK RECTANGCU.R SECTtOl'O. 

' ' for no axial force present b.'lpc = Mp "'O y b d /4, the non-dlmenstonal exprc.s-

sion Ior the reduced pla.stlc momcn1 for a rectangular .scctlon is 

?r; : 1 • (~~yr . {7.-il 
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76 COMPRESSION MEMBERS 

By ll sim.Uar procesa the values of Mpc can be computed for any section, 
Equaitons follow for wlde-nange sections subjected to bending about "the 
strong and weak axes. The nomenclalure is shown on <he lnsc_t in Fi;..:. 7.3. 

Strong Axis Bendlng of Wide-Flange Sectlons:. 

Neutral axis 1n web: 

"' 1.00 

[ 0 ..... < P/Py ..... < w {d-2 t)/A] 

Neutral axis in flange: 

[w (d - 2 t) / A-....< P/Py -....< 1,00] . ." 

Weak Axis Bending oí Wlde-Flan~c Sectlons: 

Neutral a.xis In web: 

A2 (P/P ¡2 

"' l.OO - 4 d z y 
y 

[O ..... <P/Py .. < w d/A l 

Neutral axis in flange: 

[
' b t ( P \1 e P 1 --- 1-- 1 11-~ .• 

A Py/Jl Pyj 

[ w d/A ,<P/Py ..... < 1.00] 

.(7.5) 

.. (7.G) 

.. (7. 7l 

.. {7.8} 

In the above expressions Zx. Js thc plastic modulus about the· x-axis 
(strong axis) and Z). ls lhc pl:wtic modulus al>out tllc y-axis (wcó!.k axis). 

Although Eqs. 7.5 to 7.6 are glvcn in a form sultablc for dctcrminins Mpc. 
for a glvcn wldc-fl:m¡;:e section, lhcy do not readtly lndlcalc thc influcncc or· 
cross-sccUonal shape, EquatJons for slrong a.x\s bcndlng whlch rcfl~ct this 
húlucncc are given in fler. 3.1 in terms of the rallos Aj/ A.11 .• Tht:sc ~':¡u:ltions 
cont:l.ln thc _slmpllflc::ations that for wldc-flangc shapcs d/:1,.¡ and d!/d..,. are 
aOOut thc samc for all shapcs uscd as columna aud are apprr.nc.hnately e'l.ual to 
1.10 am11.05, respccllvcly. 

• In 11<'1, !l.l A¡ • rrT<':I. uf twu fi:~on¡¡t.""::l. 

Art. 7.2 

, .. , 

( 

-· REDUCED PLASTIC MOMENT. 
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FIG, ~.2.-STRE"SS PAfTERN ,\T M • Mpc. 
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COMPRESSION MEMBERS 

The non-dimensional plot of these cquations for various Ar/Aw ratios ls 

shOwn in Fig. 7.3. The corresponding cquations fór weak axis bendJng of 
wide-flange shapes are: 

Neutral axis in wcb: 

.. (7.9) 

Neutral a:ds ir. flange: 

~ ( 2 A )' l ' 1 + f 

. ('- ;,)tAY;,· ') '~*l M pe 1 

-"-) 1 --...; - \' - P,/ 
'Aw\Aw +bj lr2Ar J 

~.;)(; :.; ) p 
,_::_ !00] .. (7.10) 

Py 

FIG, 7.·1.-L"'Tt:ltACT!O!\' Cl'HVE fGR_Wt;;AI\-AXlS Df:NDING (,H' W!DE-f'J.M .. GE 

... : 

Ar:. 7.2 HEDUCED PLASTIC ~IOMEI\T 

,
' 

.\ssuming such typical valucs as w/b: 0,04 and d/dw"' 1.10, thoe e-u-ves 
shown in Fig. 7.4 are obtained for weak-a.xis bctdi!'.g, 

Fn1m Fi¡;s. 7.3 and 7.4 it is C\idcnt thnt tJ¡e> ran;;e ol t.'lc equations fo:
r.::)st \\'idc-flancc sections falls in a very narro-o,;,· ~d. This fact sim;.l!.i!Ícs 
:i!c pnJIJicnl of formul:.ttin~design rulcs{scu subscq:.:cnt sec;.ion ondc:>i~r; rC"c
om:ncnd:ttions). 

The beh:wior of widc·fbngc colulllJls subjeáed to biaxial bemling (that ís, 
'*'he re Ule applicd bending moment is not about or.c oí the 'principal axes) is 
discusscd in Reí. 7.7. 

E11perirrte:1tal Corrclation 
Fig. 7.5 shows the correlation betwecn a set o! experimental data and 

Uleory.(5.2) Ench of thc three tests was carried out on 12 W: 36 ~embers 
which wcre so short that instability was no problcm (L/r,. = 7.0), Further· 
more, flcxurc about thc weak axis was prevented by the arrangemcnt o! the 

~·o 
' T·l 

e•5.10" ~·0.55 ~·05-~ o 

o_5- ~~·~-~~-~":":··--:"-~.-o·.,',--~-,.-.o~zs ------r~:¡.·"'.-,-."'o·-~¡1·' 
········--· y " H 

Le p 

0'-----~ -~~~~-~ 
o 50 10.0 00 

FIG. 7.::..-Tt:STS ot' gcCI::NTitiCALL Y LOADEU SIIOitT COLUMNS, 

knifc ed¡:;es at the cohmm cnds, Thl¡; pcrmiltcd rot;Hion in lhc stron¡; clirec
tion only, Thc rcsults are ploUed as nondimen::>ional moment-versus-cun'ature 
{'unes to tndic:~tc thc influcnce of ax.i:J.l !cree on the red:.:ctlon of the plastic 
hi!"I¡!E' mnment. For mcmbcr T-1 the a:-c;ialloadwas zr-:-o (purr-hendin¡;). Menl· 
bcrs T -7 :tnd T -8 were loaded !Jy an ecccntrlc force, As would be l'xpcclcd, 
!he hlnge moment for T -7 and· T -B does not rl'ach the full \':llue of Y..! p. Thc 
h!ng-e condition, howevPr, was reallzcd in all ca~cs (st>e Fig, 7.51 and thc ex
pe:-imentally dctcrml:ied valuc o! M~ was clost- to tli.at prf'dicted by Eqe. 7.5 
ar . .C ?.6 (rooprcscn!cd by horrmntal dashed !im•s in Fi¡-:-. 7.51. 

To alfnrd a clcarer indication of the correbtlon b<:twecn this set cf test 
data and predlction.s, Flg, 7.6 glves the e.llpt'rime-nbll~· deternUned initi:r.l 
yield and ultimatc atrcngth values plotted on an i:;teraction d.ia¡;ram Similar 
to that dcscrlbed earli~r.• Jncludcd in th!s c~1mparison is U:e result of apure - -------------~-

•Th'! m\<-rllctlon di:tgrnm ror 1hc lhcorclk'll ulUmuiC 11\n•n¡;tl:! •H·~ eonstJI:Ch'<l l.i.Sm~ 
f:q11. 7.5 ::nd 7.G; !he lnl\hl y!dd eurn: ¡·pprc.scn\11 •1'~ •:hSii" l:mlt tvm.,utcd fr.: m H:.c 
'"tU.:Itlon G~· ~ (1'/ A) • (M/:;), . 
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COMPRESSION MEMBEIÚI 

axial load test {T·6) oí thc same croas section. Due to the presence o! 
residual stress, the elastic intcraction curve slightly overestimatcs initial 
yielding, The ultimate-load curve, on the óth.er hand, sllg:htly underestimatcs 
the capacity; this is be cause or strain -hardcming. 

Resulta o! a series of tests{7.4) on short 3 in. standard Brltish I-Beams 
are shown In Flg.- 7. 7; excellent agreeiD.ent _with thc theory is lndicated. A 
constant moment was first applied to the member and a:tial force was sub
sequently lncreased until the member had fu U y plastilied. 

p Fq 
05~ 

Ultimote 

eT-8 

FJO. 7.6,-TESTSOF ECCENTIUCALLY LOA DEO SlWRT COLUMNS. 

The cxperimenb.l evtdence shows that ror mild steel the reducUon in mo
rnent capaclty due to the presence of axial force can be dosel y pred!cted by 
the theories outllncd. 
DesiP;n Recommendatlons 

To account for the influence o! axlal force tn destgn, any of the approprl
ate equations or curves of thls section could be used. However, slnce the 
curvos !or Wide-flatlge shapes lall withln a relaUvely narrow band {see Figs. 
7.3'and 7.4), U Js posstble to obtatn simple approximate expreulon.s !or these 
croas sectlons. 

For strong-axl:¡ bendlng the lnfluence ot axial force may toe neglect&d U P 
ls le&s U1:tn 15% o! Py, wherc Py =~y A. If the a.x.lal force ls la.rger, the 

. : ~, 

··-"""" ...•.. •· 

Art. 7.2 REDUCED P us:tiC MOMEh"'T 

inte~ctlon betwecn moment and force may be expres~ as: 

Mpc=llS 
Mp . 

'lbe corresponding equat1on !or weak-axis bending ls: 

Mpo , 1.19 [1 - (.!e\ 21 
Mp Pyj J 

-.. · 

81 

.(7.:1} 

. ... (7.12) 

·. Eq. 7.12 need only be used when Pis more than 4Cil of P1• These appro'Ci.
mn.Uons yield an error oí le&s than 5%(Figs. 7.8 and 7.9). 

One way of using these interaction cquations is to find a trial section 
based on bending considerations alone and then lo adj~t thJs section by suc
cesslve corrections until the cond.itions of the lntenction equations are ful-
!illed. · 

o 
o 

--- 1 - l _ _..._....._.______.____ 

; 
1 

1 

J 

i 

1 
0.5 10 

M pe 

Mp 
FIG. 7, 7.-SHORT COLUMNS LOA DEO IN HENDlNG AND 

COMPHESSION. 

Tbus a deslgn guide may be !ormulated 1n arder to account for thc i!'Lllu
enct> of axial thrust. It must be kept in mind th:1t lnstabiUty e!lects are 
neglccted, and so these equations apply in tbe strictest sensc only to short 
columna. Calculatlons including the efiects of JnstabiUty have shown Uut thc 
atrong axis interaction equatlon (Eq. 7 .11} is alBo \-.uid !or eolumns subjectcd 
to certatn Ioading condlUons (see Art. 7.3). 

In summary, the following cquat!ons are suUab!a !or deternllning thc r~
ducUon of plasUc moment due to axial force: 

., 
• J 

·, 
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REDUCTION OF PLASTIC MOMENT CAPACITY 

Strong Axis Bendin~ Wide-Flangc Scctiuns: 

ForO ~P ~0.15Py, use Mpc=Mp 

For 0.15 Py ~ P ..... < Py, M¡¡c"' 1.is é 
Weak Axis Bending. Wide-F!angc Sc.:tion!l: 

For O ~ P ~ 0,4 Py, use !~!pe = Mp 

For 0.4 Py 4: P 4: Py,· Mpc = 1.19 [1 

Rectangular Section: 

1.0,,_--------------, 

0.5 

M oc 
M"'" p 

~'IG, 7.8.-APJ>ROX!MAT!·: lNTBRN.:TfON El}üAT<Oi' FOR. 
W:Or:-t'!.ANGE SECTION (STH.m¡c; AXIS !l!-:.'illi!'0, 

SIIO!l.'f COLUMN), 

--~ r· 
( 

ArL 7.3 BEAM-COLUMNS. 

·•v,.~ 

. ·•·' 

7.3 MOMENT-CARR\1NG CAPACJTY OF COLUMSS 

St:ttemcnt of the Problcm 

\. 
-~ •, ' 

( 

Although th~· solulions th:lt werc obtained in the precedi!l:g sectic!l re;;:c
scnt ::1. b:.tsic charactcristic of thc cross sccUon and are 'adequate Wr W::1. 
columns, they do not :tlways corres¡Jond to the loading th.at a longer col~.:r...:; 

can sustain. 
As an illustrallon of the problem, conslder the ccccntrically loa~d cc:-.::r_o:; 

ol Fi¡;:. 7 .10. As the load is incrcascd bcyond lnitlal yleiding at :::-J'ilc.~"th, 
pl:Lsti!ication progresses along ::md acros;; the column, thercbj• red!Jcin¡ lts 
resista.nce to further loading. Fig. 7.11 ahows a typlcalload-verst!S-cente:
dcflection curve for an ecccntrically loaded column. The portio~ of the c-.!rve 

p 
Py 

1 
1 

1 
1 

·! 

!'lC. 7.!1.-APl'HOXlMATJ.: INT~:liACTlOS t:(JU/ITIO:'i t'Oit 
V.IDB-I'LANG~; ~:IJo:CTION \\\"Et\K AX/1l nENDI!\G. 

Sl!OH'r COLUM:;"). 

from O toA rcprcscnts lhc column behavlor when the stresses are stiU el:!:s
tic. The portlon A - B representa thc ran¡;e ol partial yicldin¡;. FinaJlr, 11;~ 
the P-versus-yt.curve reachcs point'U. a ru-rtncr incre;¡_s~ in load ~ames 
impossible becau.se the Interna! atiffnoss o! the column is j'.lS! er'.:.!>.l;h :e :-e
sisl P a.r¡d the moment P (e+ft, ). Jt is wlth thc determll'-at¡o:l or ~hi5' cu1-
mu:n vah.:e o! p that this scctlon ls concerncd. It is evidl'nl. tb: !h~o ~y;-e e-! 
fa.Uure occurs by vlrtceof exccsslve bendlng in the pbne cfthe appl:c-i :':N~E~. 

A column wtu not faJlln thc manner just discussed if :he ~;:res-_.,; SfO~r.::c 

under co:l.Sidcralion has ma.rkedly differenl vah:es o! bEod.!...~;;: s!if!~H i::. thl: 
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two principal dtrections (a characteristlc of wlde-flange sections). lf the 
member is .subjectéd lo bending :Wout the stronger of the t~~o-o axes. and if no 
torsfonal restrafnt .at its ends or intermediate lateral restraint is pro\'ided, 
the column will twist aitd bend out of the plane of loading; in general its 
strcngth.will be toouced. This phenomenon is known as •la.teral-torswna_l 
buckllng• and fs the subject of Art. 7.5, 
· U latera!-torslonal buckling is prevented, the eccentnca!ly loaded colunm 
(or the column with end bCncling moments Jllus an axial thrust} ::::.., •r:ul" ~ni y 
aíter a certai.D amount of yielding has takt!n place. The problem i.s thereforc 
not one of stress but one of stabillty. 'I'hc point of indifferent equillbrium oc
curS when the intcrnal sUUness is just enough to resist the e:U.ernal momcnts. 
Thus lar certain colunms thc condition of !ull Ptasticity (dcfined by stress 
diagram D in Fig. 7.1) will not be reache<:l. · 

PrevioU:s Research 
An extenslve resume or the early work on cccentrically lo:tded 

containcd in seclions 9 through 12 o! Hcr. 6.17. 

p p P~. 

B 

e 

QL_ ______________ _ 

Yt 

columns is 

FTG. 7.10.-ECCENTRICA!.LY. 
LOAUED COLl'lfN. 

F!G, 7,11,-LQAD--DEFLECTION·CURVE J"'H 
~:cCE!'TfUC,\ LLY LOADED COLli).~:->. 

Recent work. h.1.s extended the investigations oí thc early ·researchers in 
this field. Solutíons to :.he problcm of ccccntrically loaded, er.d.- restr.uncd 
rect:mguiar columnswcrc presc:1ted in Rcfs. Ll and 7.8. Other invcS:.ig-.Uions 
have been made o! the problem of hin¡.::cd-cnd, as-rollcc!, wide-U:wge stecl 
columns bent :.1bout thelr majar axes.(7.9, 7.10, 7.11) . 

Parallel lo lhe efforts of the determinaUon of the strengt.>J of eccen1rically 
loadcd columns by ralional mcans, attempts to dciine empirfca.l intcraction 
cquaUons !or predJcting column strcngth ha ve been made. Amoog thcse, lhe 
most rccent and most eld.ensive work ls repcrted in Hef. 6.29 '4'hlch propases 
the intcractlon cquatfon · 

~ 1.00· .••.•••.. (7.13} 

in whlch 

P " :u.J.af load 011 the column 

·".· ,-.,. 
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Pcr maximum axial forcethe columnca.n carry if iio be!Wiing mooem- 1.8 
prcsent; lhls \'Jl"e i:r;cludes the lnfluence Or the eUective ter~ ... ~ 

Mequ "' cqulva.lent end bel:lding moment whfcll may be exp~s_sed as fcl~s: 

Mt'qu m y 0.3 r~fl 2 ... M22l + 0.4 M1 M2 

-= la.rger o! thc two ene! momento 

..... (7.14) 

= smallcr oJ the two end momentH (lhe sign of M2 ls negatfve in 
Eq. 7.14. i!·It causes-a cun'aturc opposite lo that caused by M¡) 

= the ela..stic (•Euler•) buckllng load of the column in lhe plar:eof_ the 
moments 

Mp = Iull plastic moment of the croas scction 

In case thc m:ulmum moment occurs at the end of the column, the follow
ing equation halda Ior the lntcraction beho.'ecn P and M: 

p 0.85 M¡ 
-p • --- -= 1.00 .•. (7.15) 

y Mp 

In design, both Eqs. 7.13 and 7.1;; nn:.;t be chcckcd. :-\'hichcver cqu:t:!on fur. 
nishcs the"smallcr values of Mor p ls govcrnln¡;.• 

It hasbccn shown that Eqs. 7.13 a~d 7.15 are conscrvativc ií comp:trcdwith 
résults of column tests.(6.29) · 

Besidcs thc thcoretic:ll \\'ork·on th!s toplc, many experiments bave bee:-:. 
conducted, notably'those reported in Re!s. 7.5, 7.6, 7.9, 7.12, 7.13, 7.1-i. and 
6.29. lt is lmpossible hcrn~ to oo tull justlcc to the lmmense ef!ort that has 
becn put!orth in solvin·g the various aspects of the eccentrically loaded co1urnn 
problem. Thcrefoi-e, only a Iew have been menuoñed; a more complete review 
of work done before 1950 h3.5 been Usted in Rcf, 6.17 and the most reccnt re- "'....:» 
scarch has been summarized by the Column Research Council In Re!. 7.15. C.O 
Theoretfcal Analysis . 

From the many avail::.h!e soh:ti:ms, one has becn sclccted which rcprcscnts 
most nc:J.rly the conditions that exist in a ¡ll:l.Stic:lily designed rigid framt' cr 
!he type cons!dercd in this Manu:J.l (that is, onc-stnry or twoJ-story !r:~.m.e-s). 
Thc-results of Ref. 7.10 llave bccn chosen, bt?cnuse thcy represen! a so*callcd 
•cxact"' solution (for indudi.ng the influcncc o! rcsldu:\1 stress on coh.1.run 
strenglh) and are dlrectly applicablc to columna IabricatCd Irom as-rolled 
wide-flange shapes whléb are subjected to bendlng about thelr strong axes. 

In the develop::1ent (Jf lhe __ theory, the follow:ing assumptions are m:~.de: 

a) The mc.de ot !at;u.re Will be th.at of excesstve bcnding In the pl:me ol t.'te 
moments; furthermore, this pbne ls taken to be the str:ona pl:me of t!:.e 
secUon. 

b) Lateral~torslonal buckllng is prevented. 

e) The material ls mUd, 6tJ'\lclural grade steel such as ASTM-A7 cr A~7S. 
which ls asourr.ed to possess thc ldeallzed strcss*atrain curve of f'l;;. 
2.1. 

d) Members are ortcl~y stralght, free from accidental rnd eccentrtci
tics, and are ol wtiform cross s.ecUon along thdr lcngth. 

• P.q. 7,1:; ts n rt>.'lrr'.r:l(1'r.:e:-.: c.-( E<.¡. 7.11, 
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e) PJ.a:r:e·secuáns_ beforc_bcnding rcmain plane after bcnding. 

t) Thé end slope of the deflected column is small. 

r.) The behavior of the column in the frame is the same as th::t.t oían iso
lat~d ~ember loaded with llXial force and end bendiag moments. 

Interaction curves for strong-ax:ls bending_ of a rolled wide-fiange section · 
are dcveloped in Re!. 7.10 by an Iterativo procedure. The influence of re
sidual stresses due to cooling after rolling is includ(!d in these calculations 
thus giving solutions Ior as-delivcred columna. · The particular residual 
stress p::t.ttein which· iS u sed (sce Fig. 7.12f is typical o! commonly usad wlde
flangc column sections.(7.9, 7.16, 4.1) A maxinmm compressive residual 
stress o! 0.3 cry is assumcd in the calculat!ons. 

lnt~raction curves fOr wide-flangc Scctions ·are shown in f'lgs. 7.13 and 
'7.14 ror twoloa.ding conditions. Thcse curves llave been com,PUtcd numcrically 

!or the 8 W: 31 shape; however, they represent a good approximation for any 
othcr wide-flange section. The 8 w: 31 section has bcen chosen because o! 
itB low st.ape !acto:- (í = 1.10 as compared to the averai{e value oí 1.14). 
Hcnce the curves are conservntlve for other Sections in the ratio of their 
shape !actor to 1.10. The intcractlon curves show a non-dimensional plot of 
lhe relationship betwecn lhe axial !orce .Cabscissa) and end bf!ndlng moment 

...• ,, ~"-~~"· 
~·} •• ::-21ih• ,:~jt/ '•" 

FIG, 7.12.-ASSUMF.O COOI.!NG RESIDUAl. STIIF.SS: 
1',\T1"1::JIN. . 

(ordin::t.tc) íor const:mt valucs of the slcnderncss ratio in the dlrection of 
bendlng. 

Fi¡¡:. '7.13 gives the curves Cor a loading condition in which two equal eOO 
moment.s cause the column to bcnd in single curvature; Flg. 7.14 showS the 
curves lor lhe case where ·only one end momcnt is appUed (moment ratlos of 
l. O andO, respectively). 

"A complete description 'oc the calculations necessary to obtnin these in-
.• teractlon curves is given in Rei. 7.10. Only a hrief outlinc of thc procedur'e 

la given hcre to Show how onc polnt on a eurve is obtained. For a given sec
_tion an axial force, Iength and cnd bending momenl value are assumed. The 
end slopc corresponding to this loading is computed by a m:merlcal integra
Uon procesa¡ that is, curvaturcs obtnined from the moment-curvaturediagram 
of Fig. 7.15 are inte¡;rated to givc thc dcflected shape and thus thc end slope 
oí tho colurnn. This procesa is repeated for severa! vaiU:cs oC the cnd mo
ment (length and ax:ial !orce romain!ng constant) untll an end moment versus 
end rotation curve c:m he constructed. Tho max:imum potnt on this curve 
corresponds to the h.ighest end lnoment wbich this column can support, tllus 
givtng eme wtnt on the internctlon curves of Flgs. 7.13 or 7.14. 

11-.c curves ol Flgs. 7.13 and 7.14 havo becn computed for stcel wlth a ylcld 
stress ol 33 k5L U it ls de!lircd to use these cunes ((Ir steel with a difrerent 

... - - . ··-· . 
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yleld stress leve!. an approx!mate result .cim be obtalned U the actual slen
derness ratio· or the column ls multlplied by the factQr .fiiYll'S ••here cy is 
thc yield stress o! the particular stcel (cxpr€'ssed in ksl). 

Experimental CorrelatiOn 
· Figs. 7.16 through 7.20 show the experimental correlallon of varlou!J tests· 

with the interaction curves of Figs. 7.13- and '7.14. 
Fiv;·. 7.16 ·corre! ates thc theory with tests per!ormeii on hat-shap_ed sec

Uons.(7.12) This cross scction conforms most n-:!arly to lhe assumptions made 
in the derivalion o! the interactlon curve~:> {namcly, tllat later<tl buckling can
not take place Siñce bendlng is' aUo~t thc· weilk a:ds, and yct ttie actlon of a 

P. 
Py 

-:E-

FIG. 7.13.-INTf.nACTION CURVES FOR STRO.~G AXIS BEND
. INC: OF ~1DE-nANGE SECTIO."lS.. 

.... 
o 

wlde-flange shape bent about. its strong axis is simutated). The correlatlon 
shown In Fig. 7.16 ls good.• In this figure as weU as in the !ollowing fib'llrcs, 
the continuous Une refers to the thcoretlcal curves !or tbe gi\·en eccentricitics: 
the points represented by clrcles, squares, or triangles are the e;o.:pertment:tl 
polnts. Thes!.' havc been corrected tv lncl\.1de tho tnfluence of specimen vieJJ 
stress othertllan 33 ksL In F!g. 7.16 thc cxpertme-r.tal polnts[all olighU~· n'bo\"!.' 
the lheorcllcal curves; this la as would be .Q.'(pected slnce the shape factors of 

•Th•'llf.' te!ts a!ao gtve grJod eorrelotton wlth tite JnterliCllon eq:.ation (F.q. 7.13) ru1 

lhownln 1-'tg. 6<lf Rcf. 7.12. 
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FIG. 7.14.-lNTJ.::RACTION CURVJ~S ~·on ST!lONG·AXI.S llESD!SG 
OF WIDE-FLANGE SI·:CTIONS. 
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FtG. 7.1!'1.-MOMENT-TIIRUS'Í'-CURVATURE RELATIONSHIP8 
YOR AN 8W"ll SECTION, lNCl.UOING THE 

INYLUENCE OY REStDUAL STRESS. 
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th~ hat scctions_3,re slig!ltly abovc lhoscof Widc-flange sectio!lS, ~"'d the r~id
ual stress is somcwh;rtbclow th:llassumed In thethcory (n:.tlincd here!í ~ Lli, 
1.18. and 1.25 for lhe th:-ec !lections that w~?re tcsted; ore (rr:a.x.} "~.13 -:;'i l-¡y 
measurement as :::ompared to 0.3 O'y of the thcory). 

The correlation willJ. tests rcportcd in Ref. 7.13 ls :;hown in Fig. 7.17. Thi? 
test setup was such lh:tl !he columns were essentlally pin ended with n.~pect 
lo bending in the strong dir<!ctlon, and Iix:ed cnded·ln the weak direct!;m. Tilis 
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o 50 lOO 

FlG. 7.16.~0MPARISON GF COLUMN TEST RESGLTS 'A-'!Tll TI!EORY. 

'"" ,_. 

was done by lhc use of knife l'l:lg:es placed perpcndlcutar'to tbe web. Tbe ~est 
columns usuaJly falled by latcral-torslonal buckling. U is intercstir.g to oote, 
hoWcver, th.at excePt for thc texts which fall close to the N'gioo --·ber .. íailure 
woutd have hct>n due lo •Euler ÍJUckling• in thcweak dlrection{sce dcttcl curn•) 
tht?: corrcl:llion with thcthcory wh!ch neglcctl; lalcral-torsional t<'ha\•iM is rea
aonably good. In constructlng thedotted Eulcrbuckllng curve the efft·ctive c-cl
umn length w-lthrl'spect to they-ax:is was taken asO.G times the cohun .. ,l~.: 
lhls efrcctlve lcn~th wa:~ dctermined expcrlmcntallv. 
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Thc test resulta published in Re[. 6.29 are comnared with thcorelical 
prediction~ in Fig. '1.18. The DIE profilcs, of whlch tht' test columns werc 
made, are_ geometrically similar to American wide~flangc profiles. Thc cnd 
conditions or the columns wcre esscnlially pin cnded in both principal dircc
Uons, since the end "fixturcs cansistcd of almost frictionless, hydraulicallv
seated stcel hemisphcrcs. For such ·Dnd eonditions thc lowcst possiblc r~
straint is oflered to latcral-torsional buckling. As shown in Fig. 7.18, most 
of thc test points agrce rather well with thc theory which ncglects this type of 
buckllng, evcn though !aUure was b}' lateral-torsional instability. Compari
son was made only !or the loading case where moment was applicd at one end 
cf the column. 

FIG. 7.17.-cOMPAHISO!'/ Qi-" COLU~!N TEST HESL'LTS W!Til T!!EOHY. 

Flg. 7.10 shows thc rcsults uf cxperlrncntg rcp!)rlcd !n HeL 7.14. The end 
cond~tlons here were.the S~lme lS for thc tests in Rcf. 7.13. Tho throretil;al 
::''lrrt-lal!on is quite ¡:ood. ; 

Test.!l pcrformed al :..,•hl¡:h l..'niversity n.tso conrirm thco thcoretical prcdil~~ 
tlon. Thc test resulls are comparl'd wlth thcorctlcal cun·cs in nr.. 7.20. Th!! 
~o.:..d!ng condilion, sll-ndcrtlr9!>" rn\io. and thc l"Oiumn :;;ze are indlc:J\cd in thi!l 
figure. intcrm('diatc latcr;Jli.Jrar:rs were !Jl"Ovid(.'d te prcJ•c::t latrr:~.l-torsion:Jl 
i;·;;-!dlrl~ !cXGl)J!l for tcr.t:; T-13, T-23, nnd T-2[). Tl1c hc:~tlon of :hc~L;llrflcrs 
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was dcter:nir.c.;i in accordancc with Eq. 6.25. These braces wen: a.Ceq•J;;;te for 
the prcver:tiv:~ of !:Her:~.l-torsiorr:J.l but"klln~. Gocd correlatlon !s :'I('C:J to cx:bt 
betwecn ~e:::-y and experimcnt in Fig. 7.20, cxcept for tt:st T~lJ, ~·h¡•_·h ..:·:~.s 

considerably stror:g:cr than predicted. This was :1 re:at1"1!:i7 b!V.Jd cúlumn 
with a low a.Dal !orce, and therefore its slrength should re~:~:ct thc ¡nJJuencc 
of strain~harckrJ.ng. 

Tl:c forc-;c!r.g :::omparisons of thcorywith experimental :-c.s-.:1t.s bhnw l!1at the 
intcracucr: ct:r~·es o! I-"i¡::s. 7.13 ana 7.14 can be use:! te prc:iic~ <:olli::m be
h:J.vior quite acC"J.rately, provided lateral~torslonal b-~ckling is pre\·ented. TIJC 
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spcclmcñs; :.~seC !or thc cxpcrimcnts in all but onc o! t~c t(':lt ¡::-cr;:rams wcre 
rollcd ;v-!dc~fl;m¡;e shapcs, probably contalmng a stmi:ar resldi.!~'..l stress p:~.t· 
tern to that prcsl;¡t lll thc B w- 31 sh:tpc uscd in <kri~ing lhese c:.~rn!S. The 
h:J.t ¡;ecticns Gf Rd. i.l2 had quite a di!fcrcnt residu.."t! Stl't'S~ r::ttcrn (S<!(' 
Fi;. 3 <Jf Re~. 7.!2). l!owc\"er, corrclation sc('mS t·~ l"l' , • ..,~.\i!y f,:00ri félr tiJCSC 
tests ahc. 
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Oeslgn Recommendatlons 
The lnteractlon curves shown for two loadin¡; cases for the strong axis 

bending of wide-flange shapes in Figs. 7.13 and 7.14 can be uscd dircctly in 
dcsign, As a convenJencc In interpolating, thc interaction curves have been 
reduced to approx.Jmate design cquations Uy means 'of c~.:ne fitlm¡;.{7 .10) In 
arder to arrive at simple appro."timate equations, their appl.icati011 is limited 
toO< P/Py < 0.6 and toO ...< L/r ..C 120. Thesc limits place al! practica! 
problems in plastic design wcll wilhln lhe scope of the equations,_ at least for 
bwldings one or two storles in height. 

In Order to apply the followtng design rules, the column must be ade
quately braced in the direction perpendicular.to lhe applied :noments so as-to 

p 

P, 
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f!G. 7,19.-COMPARISON OF COLUMN T!,ST RESULTS W1T!! THEORY. 

prevent latcral·torslonal lJUckllng, Thc cnds :lrC ass.::ncd torsionally re~ 
strólined by tlle beams whkh framc int() thcm. Thc ensuin¡::: discussion as
sumes that thc momentfl produce Oending about the strong axhl, as is gen
crally thc case. For wcak-axi;; bcnding thc ·use of thc suggestcd approxim:üe 
formulas woutd usualty lcad lo conscrvat1ve dcsig:ns. In UJiS case tatcrai
torslonal bucklin¡; would not be a proiJJcm. Thc abo ve dc!incd linútS of axial 
Coree :utd slendNncss rabo are avProprlate, pro\'ldcd the whulc framc is rc
str:Uned !ro m bccomlng unstaOie _by means o! r:;way-braci~, by the latl"ral 
support o[ an adjoining struclur~ of known staUllily, or by Iat•2ral stiffncss 
f;,:rnished by tbe walls, floor r.labs, and thc ro~1f. 

~·

( 
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The foregoin¡; solutions of the c;\sc wherc the morcent r:u.io is •1 (Fig. 
7.13) and O (f'ig:. 7.14)• .:-.::1y llc c:xt('nr.kd to r·ovcr all cases of -:o!:: m:; ioa.dlr.;; 
in the Iollowi~ raann.:-r: 

A colu¡~.n whtch 15 !.lcnl into dou!Jic curw1lurc (into an S·s1'-.::t~} by eq:.::tl 
end moments (moment r:ltio cqual tO -1), can !.Je thought of as t".\'o col:nnr.s o! 
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thc t}1JC showr. or: thc inset of Fi¡;. 7.1-1, whcrc !he inflcctiC'Il pell~l at ~he .:er> 
ter provi.dc.s thc moment-frcc pin joint. Thus, 1( thc slcn(kruc.s!' r:~t:o ol the 
column is UO, thc correspondint; slcndcrncss of thc cffCt'l.ivt' :'fl!U.:'!::l i..<; cr:ly 
40. In Fig. 7.14 it m:~y loe oos~:rvcU lh<11 lur alcndcrncsa rali0s r~ .. q:i:1¡;: fro:r: 

~ ~~~:~r~~:~ -=-~::~~--~~:.Y.-~1:: n:r~·~~-~1~:•'. a_I~~~:f~~~:¡~·-·:~ :.':.~~- r~~-~~-· 
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for full plasticlty {L/r • 0). Thus, In thc case· of loadin¡; producin¡; doublc 
curvature, the equation !or a 7.ero-len(!lh mcmber mily be used (Eq. 7.11) 
wilhout causing an apprcciablc error. Undcr ccrt:un conctitinns howc\·cr, this 
colurr.n may •unwind"' from its anl!sYmmctrical dcflcclion con!i¡.,-uration and 
1ail by conccntric buckling. This occurs whcn thc a:~CI:l.i force cquals the criti~ 
cal buckling load for. thc correspOnding· a.x.ially loadcd column. The !:ltrCnl(th 
of the column ag:Unst this type o! {ailure is reduccd due to yielding at thc· 
cnds where thc momenl is applicd, and thus •unwindin~,.(7.17) wiil occur be
fare thc "Eulcr"' buckling load ls rear.hed. To sa!cguard against this typc o! 
fallure, the appllcaUon o! Eq. 7.11 is limitcd. to O-..< P/Py ...( 0.0 and 
O -..< L/r ~ 100. · 

For colunms with a momcnt ratio from -l.O to C, thc equations for the 
more scvcre case could lle uscd (thal is, !ora momcnt ralio o! O). Similarly, 
the eqiiation for a momcnt ratio of 1-l.O could be used ií thc ratio rangcs !roro 
Oto 1-l.O. 

In summary, the followin¡; ¡;uidcs arco Usted for the des!¡;n oí steel widc
flange columns bent about the m::jor axis in framcs whcre sic!esw:ty 18 pre
vented: 

V.'IDE-FLANGE COLUMNS STRmiG-AXIS DENDING 

Range or AeelicaUon: 

The slcnderness ratio with rcspcct to thc ~ls o! bcndlng must be equal 
to or less than 120 and thc axial force must be cqual to or lcss than 
0.6 Py. Thc column must be adcquately supportcd laterally, and sldc

. sway must be prevented by externa} mcans. 
Cviumn EquatiOns: 

l. Ratio or end momCnts of -1.0• (Fig. 7.14) 

~: = 1.18 f -;: } ~: ~ 1.0 

2. Ratio oí end moments vary\ng from -1 toO (Fig. 7,14) 

M0 ('p) "o ~ = B - G Py , Mp -..< LO . 

(L/r) (L/r)2 
where 8 = 1.13 t 3 080 + 185,000 

G • 1 11 (L/r) - (L/r)2 
. .,. l!JO 9,000 

(L/r) 3 

1- 720,000 

...... (7.16} 

. .. (7 .17) 

3. Rallo of end moments varying from O !o+ LO (Fig, 7.13) 

Mo (P) 
MP "' 1.00 • K \Py 

wherc K =O 420 _._ (L/r) . 70 

1 =O. 770 • {L/r) -w 

-J(:)' .... 
y 1 

(L/r)2 
S,foO 

(L/r) 3 

1,160,~00 

(L/r) 3 

60G,OOO 

.(7.18) 

•For E·q. 7.JG only lhc llm!t~ of.p :llld !./r aJ,nuld \!., lx>hl't'Cn Oo(l',O.Bi'y an<l 
OC 1 r~.· H\(, 
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ln Eqs, 7.16 and 7.1'1 the quantity Mo shot:ld be taken as the Iarger of thc 
two cnd momcnts. Vah1cs of B,. G, K. and J are tabulated Jor slcnderness 
ratios of Oto 120 in Rcf. 1.3. 

7.4 B.OTATION CAPACITY 

U a !rame is to bil by the !ormation oí a mechanism, the column ends may 
be requircd ·to undergo a certain amount of inelasti.c rotation; at the same 
time th.:- rt."'tial load and end rnoments must be maint::tlned on lhis cclumn. This 
is especially true of a columrt which contains the first plastic hing-e, sincc 
Utis hinge must contínue to rotate tmtil the Iast plastic hinge of U::c trame ls 
developcd. Tite problem is thus to determine whether a eolu:r..n end can 
untlergo the nceded rotation and stiU support tl1c load:s for wPJch it waB de
signed. 

Thc rotation requircmcnt oí a particular hinge in arder to form a 
mechanism under a givcn loading comtition can be determined for any given 
column by an elastic-plast!c method.(7:18) This mcthod will be discusscd iur-
ther in Chaptcr 9. """ 

The theorv outiined in ·A:-:. 7.3 pcrmits the calculation of the end moment 
ven;us end siape curve up to the point of _ma¡¡_imuni momcni. Information from 
a st:.tdy(7.19) wiU permit the consrruction oí the full end rr:Q:ner.t versuS end 
s!one curves fo:- anv rollcd wide-flange section. A theoretical evaluation of thc 
rot3tion.capac!ly p~oblem wiH therdore bé available. 

An ev:~.luation Of the performance of coi.umns in tests shows th:ü adequ:-,tc 
rotation capacity will be exhi!Jited for the asual one-story or two-story struc
ture, provided that lateral-torsion:tl bucklin¡; of the columr:s is prcvented. 

The fol!owing facts m::1y be dcduced :tbout rot:ttion capac:!<.v from tests: 

1) In ali e! the experiments on rua-scale irames, described b Art. 5.3, thc 1 

maximum loads whic:h were sustaiilcd were at le:tst eq:.~al to the thcore
ticalloads computed on the Oasis of the simple plastic theory. It \s cvidcnt 
thercforc. that thc ends of thcse columns cxhibitcd the rot.ltion capaclty re
z·equin-d to form a mechanism. All is shown in Art. 5.3, ti1e loading and ~ 
dimensions of these frames werc of practica! porportions. ~ 

2) Obscrva!ions or the rotaüonal beh:~.¡.ior of as-roUed w¡de-fia."ll.JE' col:.m:ns 
subjected to bendmg momcnts about the stron¡; :uis wcre m.1de in Re!. 7 .20. 
The tesls were pedormed on B v-F 31 and 4 VF 13 cclur:tl"'S, which r:mgcd 
in slendcrness ratio írom 27 to 111. Most oí the co!urr.ns \1-'ere subjected 
toa constant axial load of 0.12 Py and toa num~r of di!fercnt end mo
mcnt conditions. No lateral bracing was pro\ided Uetwecn the supports for 
any oí the tests; thc prevalent modc of failure v.-as therelorc latcral
lúrsion::tl buckling. Many of thc t('sted columns exhiiJitcd a rotation capaci· 
ty o! at least twice the rotation at the Ciastic limit, the best performance 
co:-respondlng to the ca.se of unequal end moments. ln sorne instances the 
moment versus end rotation curvE' was still rising when the test waB discon-
tinul'!d. ' 

3} The resu\ts from onc of thl'! current series of tests at Lehig:h Unlverstty are 
shown ir. Fig. 7.21. Also sht,wn are the data pcrtaining to this test, The 
cun•c shows the moment-rotation relationship at thc end as the appl!ed 
moment was incrca.scd from Zt'ro to its maximum value while the :t:'i.i:ll 
load was hcld conslant. The slendcrness ratio In the dircction oí bendlng 
was r.s, ano Uw metnber wa11 braced lalercl!y acccrding to the·rulcs of Art. 

·' 

¡ 
' j. 
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6.3 (Eq. 6.25). The total rotatlon v .. as ovcr four ttmes the hypothetlcal 
elastic rotation at the maximum momcnt when the load bc~an t~ drop o!!. 
The rotationca¡)acity of this column appeús satisf:lctory. Further tests on 
laterally restrained columnshave shown that rotatian·capacity increascs as 
the axial load and slcnderness ratio dccrcase. 

From ihe discussion above, the foUowing conclusions may be drawn about 
rotaUon capacity: For one-story and two-story rigid framesthe column ends car. 
be cxpccted to supply the requlred rot.ation, providetl late.ral-torsional buck
l.ing is prevcnted (see recommendations in Art. 7.5). For the ve.ry infrequent 
cases when the axial force is hip:h (P > 0.3 Py); whcn thc "column iS very 
slcnder (L/r > 100), or when thc cqual or nearly cqual ·end moments cause 
single curvaturc delarmatio!l", lt would be approprlatc to check thc sequcncc 
oí hlnge formation. In many cases such columns would contaJn "last• hi.n¡!:cs. 
U it w~re found. that this was nct the case, one could specify a larger column 
in arder to force the hinge to occur·elsewhere flrst. 

7.5 THE INFLUENCE OF LATERAL-TORSIONAL DUCKUNG 

lf a column has sufficiently dllfcrcnt bendillg stif!nesses in its tv.-o princi
p:ll directlons and if. the externa! bending moments are applicd In thc strongcr 
direction, the column may not reach the strength implied in Art. 7.3 unlcss 
adcquate lateral braclng is provided. U wUI usually fail by latcral-torsional 
buckling befare excessivc bcnding in the plane of U10 moments is reachcd. 

This type of buckllng has becn observed by. investigalorR who ha ve con
ductetl cccentricnlly loadcd column tests on wide-ílangc sectlons where tl1e 
eccentricUy caused bending about thc strong axis.{6.29, 7.13, 7.20, 7.21) 

. For columnscf intermediatcslcnderness ratio, wh\ch usually occur in one
story or tw~-story rlgld frames, lateral-torsional buckllng does not take place 
until parts of the column havc yielded. Allhough theoretical solutions• for 
_elastic 1<!-ter<~;l-torsional IJuckling are available for a wlde range or loading 
::md end condihons, a complete solution lo \he inela:>Uc problem is still lark
ing. An inclastic solutlan has becn obtaincd for a column bcnt by cqual cnd 
rnoments which cause single cur\"ature dcformation.(7.23) Good correlation 
of thls thcory with test resulta was observcd. F\lither resc:irch is bcing 
dlrected towards the solution of other loading cases. 

Lateral-torsional bucklirig of a column whlch is locatCd in a plastlcally 
dcslgned structure may tend to exaggerate the followlng two e!fects: 

1) The maxinium strength predlcted by the theory of Art. 7.3 may not be 
fully realized. 

2) The rotatlon ca.pacity niay be impaired. · 

The greatest reduction in strength ls associated with. columna deilccted in 
single curvature by cqual end moments ll the ends of the columns are com· 
pletely unrestralned in thc weak direction.C7.23) Tests o! columna under 
cqual end momcnts causiÍlg single cun•aturc but In which almost !ull re· 

• For a summary or tllcllc seo Ctlapt<·•·~ 3 and 4 of Hcf. 6.17 lUid Rcf. 7 .15; n mol'lt 
comprchenflh'<' tl"catmcnt or thc pl'Ob!cm ls gh·,~n ¡, Hcf, 7.22. 
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straint about the weak axis w:l"s achlevect,("l.13) sh~w that 1n almost · all :n
sbnees it is posslble to reach the strengtb prodicted by the theory of A.. --t. "L3 
{see Figs. 7.17 and 7.19). The exception is whcre the axial lo:!::! !s dc;se to 
the ~Eulcr• buck.ling lo:>.d. For other lo:~.dir.g casr:s such as the one sho-.;--::. :.~ 

Fig. 7.18, lhe rcdudion of strength dueto l:l.leral-torsional bucklir.g i>ecc:ncs 
e\·en less. • · ~ 

lt may thus be concluded that for the type of columns which occur in the 
structures considered in this Manual (that Ís, col;.tmns !or which the 4Xla.i 
!orce is relativcly low), the calumn thcory rJ!. Art. 7.3 will l;ive a sa:Is
factory prediction oí column strength províded that considerable res:rai.-u of 
the colu:nn ends In lhe wcak dircctíon is p-rescnl. Commonly used base
plate and anchor-!Jolt arrangcments, and the nccessary transvcrse bea:r.s be
twcen adjacent frames at the colunm top will In general insure this. 

Thc second possible effect oi L1.tcral-torsion:U Uuckling ls to influcnce the 
rotation capatity. Sincc Ref. 7.20 shows that the rotation cap?.city may be re
duced ii the member fa.ils by Iateral.instability, it is recommended that 
latcral-torsional buckling -be prevented by suitable intermediate bracing in 
regions o! plastic bending. Until futurc research discloses a perhaps rr.orc 
libc!"al procedure, it is sur,gcsteu that \he .,;pacing o! the bracing,points tle in 
accord:L,ce wit.h the recommcudations madc in Art. 6.3 (Eq. 6.25). In 1:ase 
loading produces symmetrica.l single curvaturc, the mínimum bra.cing Cis
tancc of 35ry should be usctl throughcut the colunm lt':~h. Fig. 7.21 s!tows 
thc results of a test tn which. the latcr;1.l support spacinf: wal'> in accordancc 
with F.q. 6.25. Thc lateral support was adcquatc to prcvcnt later.:!.l-torsio::al 
lruckling fa.ilure. 

7.6 F!1AME STADILITY 

In Art. 7.3 a mcthod was presentcd by which tnc strenglli of ir.divid;¡al 
columna subjectcd lo an axial force and w bending- moments in one al its 
principal planes can be prcdicted H no latcral-torsional buckling occurs. As. 
was pointcd out In Art. 7.1, UlC maximum load which the structure as :t -..·hole 
can ca.rry may be less than thc load computcd on the baSi$ o[ thc stren¡;Ul ol 
its individual mcmbcrs il sldcsway is not pre\'l'ntcd. In Ulis case t.he possi
billty L':<ists U1at lhc framc as;;. whol~ bccor:ws unst.lblc I.Jeforc Lhe p!a:=tic 
mcchanism is formed. If lhis OCl"Urs lht- structure is said to h:t\•c ía.iiC'd by:::::.. 

· • trame insta.bility. • (,Jt 

Frame instability may manifest itsell by one of the following ~"O 

phenomena: 

1) I! a frame is subjectcd lo a combina.tion ol hcrizontal and \'t>rtica.l 
Corees, lt delorms laterally [rom thc first lo:ld application. l)le clu:-,.;e
in gcometry ma.y alter tite c:lrrying cap:lCity of the indi..-idu:tll'Clun::t,. 
since the column top ls no Ionger over the rolumn base a.-:d het:O.:{" a.:!
dltional bending moments are introd-,Jccd by the ''ertic:!..l !o:~C.,;_ Thc 
whole structure bcromcs unstable in this dc!ormed positicn r.!"..l.-h :.ikr 
thc eccentrlcally loaded beam-colu~ o! Art. 7 .3. A lcad-de!ormaticn 

•u., calculat!on o[ th~ rcdu~t!on in etrcn~b h desired, the r:tett.od3 !:lf He!.;.::~ ~:1.· 
be uscd. An ap¡¡roxlmat!on or thiB slrcnJ.."l.tl r.1:1y"bo be o!ll.aiocrl hy ~t>~ir.g lb<.• •n:f"r.~r::,..;., 
~'l:lon {Eq. 7.13). wnorc Mp !s rcplaccd by !he cr1t:cal !:nora! b-.:d.JL~ rMr.a•ct '"":ld 
Pcr IIJ thc wcak :1:1<iS LJU<:klln¡::-load. · . 
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curve is shown for Utis type of inst.abitity in Fig:. 7 .22. At a cert:l.in 
critica! loading, the structure continues to deform Wid!C'Jt a.'l increasc 
oi load. 

2) U a symmetrlcal structure'ls loaded Ur sy::.1metncai '.'Htital forres 
(Fig. 7 .22), it is posslblc that U1c framc may p:l.SS frc:n 3. syn~l!~~rrict~l, 
stablc deflection con.liguration to an unsymmetrk:U, ~.:nstah!c con4 
fignration. At .this tnstant thc total rcsistanre to an oo·c: 4alll::ttcral 
n1ovement beco mes zcro. Thc load 4deflcrtion curve is ct.:;,:ac:erized l,;y 
a shilt Crom a situalion whcre P can increase as the de!c::n:u.lcns in 4 
crease to one where large de!lcctions dcvelop ~ithout an increa.sc in 
load. This behavior is analog-ous to that of a centrally !oadt>d column, 
in which biiurcation oí equilibrium is poss!ble at a cerr:un critica! load. 

'· -.; 

F!G. '7.21.-MOMENT VERSUS END-iWTATIO~ TEST RE5L'LT.". · 

The Hrst of these phenomena. is under study./7.24) ·These·theoreticJ.! and 
experimental studies are attemptlng to estallHsh-limits of loa!lir.g and !rame 
geometry ln.whichframe tnstabllilywill not he a prolltem. They wi!l ha::e par
ticular applical!on to multi-story frames. Thls type of instabilily has ne\'er 
been observed in at~y of theprevious íull-scale !rame tests. In ;;ractlcal struc
tures additional stlífness is available due to the walls, floor slabs aad the roo!. 
Sane of the a!orementtcined full-scale frame tetats recelvcd the be!leflt cf this 
add\tlonal stlffenlllg. Neverthelcss, thcy perfor med In a sat!sfactory manner. 

1'hc scrond oí thcse eifects has llcen·undcr · exten.sive investi¡;:ation for 
structurcs whcre tite torces may be assumed to ac.l in th~ col~nua only, that 

···~-
-·~r.:-· 
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is, whe!l prirr.:¡ry bendlng effects can be ncglected (Fig. 7.2.2). A su~ e: 
this wcrk c:tn be found in Chapters_ 6 and 7 of Re!. 6.17 :md ·L"l Re!s. i.l5 a:-_d 
7.25. I_n_ s-..:ch. c:::.ses the ~cffectivc• lcnJth of thc column :.s said t;C ~e !z.
crea.scu ::.-eyona tl<:' uctual lcn;;th. Theorctically, H is possibl!: fo: ~;: eF ... c
U\'e !t;on;;th tu \':lry from K L = L/2 to K L "'""· Usu.'llly the restrti::t ::.!f¡;d 
?Y tl':e -~!fed oí walls, roo!s, :u1d !lOIJr slabs ls suUicier:t t::l prever-.! !r.t:-:-.e 
ms:..wl:.lty, the force.s nccessary to prcvent it bcing relatively smaH.(i.2t)¡ 
ne n::cst seric·.:s lnstabillty CO!~ditlon results whcn the cob:T'.n t::.ses :t:"!' 

actual! y Pln ended. U should be polnted out U1at partial base fixity, ti!::.::~ 

• 

o_ P~nt or l!'slo~r!ity 

Horizontal Def!ection 

FIG. 7.22.-TYPES OF FRAME INSTAniJ.!TY. 

even.a Small amount O[ reslstance to rotation Can reduc~ the t'f!C<:!i><.• •_,.-~ 
cor.stderably.(7.27) ' • .__ 

The loadiP..g condition for which the foregoing. discussio;:, h1JZds lt!:..._. is 
only axial. loads in thecolumns :md Httleor no bcndlng) !S scidom z:r:et ü: ¡:::~~ 
tic,~. Rigtd frames are primarly designed te support loads :;,y !:e;::;:!i.~ _¡,;:J!-:. 
rat::er th~n by compresslon. It has been shown (as discussed or: p. 225. ?:e-::. 
6.1 d tr.at !or a symmetrlc, single-story, single-hay rl.gid frnme, -:¡:::.._:·::.::. !.s 
loadcd In the beam by two cqual, vertical Corees at equal dista.n"es !:~:z. :he 
cotumn,. ~e resuJUng crltlcallo:ul ls onty sllghtly smaller th<t-"l the .:r..::±:4i 
load obtamed by placing all the loada on the rolunms, despite U1e o:-esenr' "' 
bend.af'..g. • • --

. Al lhe present _time (1961) there is nO mcthod IJy whldl inclastic rrJ~::t: t:su.
b¡lity c:mbe p:-edtcted prcclscly: Thc prob!em ishc!n¡; studied;:¡_na!yticalt:; .r.:~ 
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exPerlmcntally at severa! ln.stltutions, and it can ire e.'Cpect<.!d that sorne het
ter mcthods will be forthcomin~. E~periments are. curre::tly bci~g ron
d:.tctcd on stcel rigid ír:.ml" modcls :n Lehi!l"h Univcrsity to determine thc 
t:LT!S:C o! the·axial !orce and the slcndC'rncss r:ttio for which frame inst:llJilitr 
nccd not be considered. 

Oimension1 Before 
SdeSNQy 

Alt$r 
SodesWay 

FIG. 7.2.3.-APPROXIMATE SOLUTIO~ OF FRAME ~IABIUTY 
IN P!.ASTIC DESIGN. 

App~ximate caÚ:ulaUons show th:n írame lnstabiUty for plasUc"a.lly de
slgned structures wii; not occur H the slenderncss ratio a.nd the a:dal load 
ratio of the columns are held within the followlng Um!ts: 

2 (X) . ~~~ ') (ie') .,-: 1. oo 
Py \7~1 r 

.. (7.19) 

JustU!caUon íor thls rule may bl' 'rounci I.Jy considerin¡ thc slngle~story, 
sln¡¡le~hay !rame shown in Fi¡;. 7.23. Just lldore sidcsway takcs place, par 4 

: 
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tiatly plastificd zones mny develop at both kr>ees olthe frame. A: sdesway the 
•windward" knee unlo:u1s (that is, it becon:cs e!:J..Stic ag:ri:1) ::md fue "lecward" 
\mee Uccomcs more plastlficct due to ::. ccrrcspond!ns: !nc~ease in rotation . 
The cun·cs in Fig. 7.23 show a safe solt:tior: of this prob:em -..hcrc:in tl:is 
pla:;\.lc hiug~· is l'Cpi:.H·cct o}: ~t ~ rc:li" hin;c (rcsistu;g :-olOmL"l'lt ::c;;;le.:ted) ar:d 
thc loads are moved to thc top or the columr.s. Thc straight Une o! Eq. 7.19 
is secn to be safe whcn co:nparcd to the cur·;cs for the ::..;..1.logous fra::w for 
thc r:ltio o! le L/Tn h -~ 2.5. Partiall>aó:e fi>:lty w"~!1 il:crease Ll¡e rcsist 4 

:mcl' of thc frame considcrably .as sho~>.n r!::ce:nlly lly cxpenments on frame 
n:o<lcls at Lehig:h Universlly, whcre partial b;\sc f¡xily wan a.ccomplishcd by 
rigidly att:tching a btiam bctwccn the cnds onhe col~Jmns. ,-

. 
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8.1 lNTRODUCTION 

Chapter 8 

CONNECTIONS 

Connectionsplay a keyrole in assuring that a structureca.:J. r_each the com
putedultimate toad. Since connectionsfrequently arelocate-d a:: ?Qintsof :nv;¡. 
mum shear andmoment, thedetails mustassure thc perforr::1arxe t.'::lt !s assu:ncd 
in design. The principal requirements tor conncctions a.: e: 

1. Sulflchmt strcngth. 
2. Adequatc rotation capacity. 
3. Overall stüfncss for mair.taining thclocation o! all ¡;trun:!:o:tl units rcla

tlvc lo cach othcr. 
4. Economlcal fabrlcation. 

.Thevarious typcso! conncctionswhlch will bcdlscussedand 7>•hicha!"C typl
cal o! thusc that mlght be encountcrcd in stccl framed stn1cturcs :1re designatcd 

Q) 

® @ 

11 

¡m 
:@ 
J) ,. 

'~ 1' 
11 

Types 

""'"" 2 Beam-Column 
3 Becm-Becm 
4 Splic~ 

5 Column At·~ehoroqe 
6 Misce!l<!neous 

FIG, 8,1,-,--TYI'P.S OF CONK~:CTI0~:s 

in Flg. 8.1. Thcse include corñer co~ncclions (stralght and hau.nchec!J, beam
to-column conncctlons, beam-to-beam connectlons, splices, colamu anchor
ages, and mlsccllancous connections (purlim;, girts, and bro:.cing). 

Prlmary attcntlon ts glvcn hercl:1 to corncr connectlnns a.'1d bcam-to
column conn('ctions. Methods of :u·.alysls are b:tsed 0~1 a.ssu.'llp:1ons ol stress 
distrlbution at ultim~te load which satisfy equillbrlum but do r.ct vtolatc the 
plastlcUy conditii:m. Solutions thus constltute lower bcu::ds to c_onnection 
capaclty. Thc same principies would be appllcable, howcvt!', for !.he analysls 
oi.other connection typcs. 

102 
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Art. 8.2 STRAIGHT c;:ORNER COXNECTIONS 

6.2 STRAIGHT CORNER CONNECTIONS 

Stralght corncr conncctions are formed by directly joinlng two roUed sec· 
tions. Straight corner connertions In which the rollcd sect!ons are joi.'1ed :u 
right anglos (as at lln Fig. 8.1) are sometimcs called square cerner cc:-.nec· 
tions. Studles of the theory, design, and behavior of square corner cocr.ecrl.co:s 
may be founti in Refs. 8.1 to 8.6. The bas!c princlples of the the?ry oi ':0::1· 
"nections will be illustrated byconSidcring an unrei.rJorcedsquare corr.er r.c:::· 
nection. It is more critica! than a conncctlon in ..-bich the rnembers do ::o: JOi.:l 
at rlght angles. Fig. 8.2(a} shows the momer:t diagram for a l}"Pical rectan¡;u· 
lar framc loadcd with a unüormly distributcd load. A typícal unreinforrcd 

M 
(o) Moment Diogrom for 

Portal Frome 

[J-3} 
-y--

(b) Unreinforced Squore 
Knee 

GJ:)(:8-
~ 

~ 

11 1 il 
J.L........-:-·,.-'L 

i 
(e) Forces on Knee 

ZJ?
--~· ' .. 

¡ ¡ 
e e 

{e) Sheor Defcrmotion cf Wsb 

·~· 
D~C 

(f} Diot¡¡Onl:l! Stiffener 10 
Restroin Web Detormotion 

FIG. 8.2.-STH..-\IGIIT COR!\'F.R CON~~CTl0!-'5 

corner connection is sketched In Ftg. 8.2(b). Tht'! moment, tbrust. and sht-ar
. actln~ot on the connection are depicted In Fic- 8.2(c). 

In arr1ving ata simple analysis of the forc-es_ln a lrnee it is ll!>Su:ned _th.lt 
normal stress es caused by bendlng moment ami lhrUEt are all carrl~ in lhe 
flanges and thnt shcar stresacs are aH carried b¡ the v.·eb. ln Fi¡¡;. S.lMJ. the 
:o.ctlon of thc applied forceson the parts of th~ corner a::d of thC' ;:r.:r.rts Otl e3.th 
other are rcprescntP.d by arrows. Thc tl:':l.o;He !ore\- i.."1 the cu~e::- flsn~'2' el ll:c 
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104 CONNECTIONS 

bea.m ts carried tnto the web in shcar along line AB. In a lik.e manner, the ten
sUeforce inthe outer flange of thecolur:m iscarried through the er.dp\ate into 
thc web as a sbear along line AD. In each case, the tensile stress in the Uangc 
ts assumed to be linearly reduced from ay at the_ ('dge ol the cerner (B or D) 
to zero at the externa! éOrner (A). · • 

Theprolongationof thetr.iler flange of thcbeam carrtestwoexternal !orces: 
thc shear of lhe column and the normal force due te lx'nCi::g :md thrust in the 
beam. The rcsultant of these two forces is carri.e-d into the cerner as a shcar 
along line DC. A similar pairo! forCe components exerted on the vertical 
stillener causes sheu- along Une BC of t.he wcb. 

In considertng the effectoí the forceson ~he equüibrium and behavior of thc 
cerner connectlon,- it ls rather obvlous that an unsatisfactory condition would 
eKist if there were lnsWCictent material to carry the !orces without buckling 
or general ytelding. Assuming that the horizontal rolled section continues 
through tbc kncc, tts flanges AD and CD of Fig. 8.2(d) are sulliclent to resist 
any !orces carrfed in the membcrs outside the knee and are sclected to pré
clude local !lange buckling. The end plate AD should have the same :u-ea as 
the flange of the column. The vertical stlffener BC must h.ave su!flcicnt arca 
to carry the column compresslon nange !orce into lhe'beam web. In all cwes 
the wclds must be su!ftcicnt to transmit t.he required shear or normal force. 
Study of thc square web panel reveals that the shear (orces would tend to Jc
frirm the panel as shown In Fig. 8.2{e). 

Consldcratlon of thc equlllbrlum of thc hori7.0ntal [orces on thc portian of 
the outer flange between A-and B in. Fig. 8.2(d) will give aO exprcssion for the 
web thlckncss required lo resist shear. Accordin¡-; to thc npproltimation statcd 
earHcr lhe force In thc fl:mge is ¡;!ven by 

In whlch 

db "' depth al bcam 

T:;:; Mp 
db 

The m:txlmum WE"b shcar rcslstin¡: force betwecn A and D must not c:-.¡cc-cd 

In whlch 

w "' thickness of web 

de " depth of col~n 

Equating the ehear and ílange {orces gi\"es the required web thtckness w r= 
M 

w ._1-
r TydDde 

Accordlng totheMises yleldcrlterlonfor yieldlng-undcr pure sl:ear the limltlng 
shear yield stress Ty equals oy/['I.. Uslng thls crlterlon, the required web 
Uilekness beeemes 

,/3~ "' Oy '\¡ ~ . , . , ............. {8.1) 

Thls resulting cxpresslon for wr ls similar to that obt:.lned t:J.Rcf. 8.1. It has 
- been shown th.at the use of more cx.act analysls dot's not alter tlt!:! resulta of 

calculaUons suiJstantially ,(8.1) 

r~T._ 
' i 

1 

·:: . 

Art. 8.2 STRAIGHT CORNER CONNECTIOSS 

For most wlde~flangc, sections the wcb thickncss will be less L"w.n wp :n 
which c:ase rcirúorccme::l is rcq::ired. This may t:lke the fcrr:1 of :\ Co,;~lt::
plate whlch incrl'a.s<'s the total Uückness of the li."eh t.:~ the rcq•.:irM a:no·z,:. 
However, it is nearly :1Jways :nore practica! to prm·ide a S)"mmctrica.l ¡n:~ <:í 
diagonal stiffeners. Diagonal stilfeners act somewhat like the diagonals o! a 
truss panel1n prcventlng shca.r deformatlon. Fig. 6.2(!) shows di:J.g-::mai sti!~
eners bctween corncrs A and C of thc wcb. The diagonal stU!eners a~e :W!e ·.::~ 
resist part of the normal slresscs in the flanges. 

Dyconsldcring equllibrlumof the foreeson the top flange, the re-quiredare.l. 
of the diagonal stlffeners may be obtalned. The flange force T must be resi.st
ed by the web shear Tw and the horizontal component of the diagonal stlf!en~~ 
{orce T 5 • The magnitude of the lattcr compon('nt is given by 

T s =o y As eos 8 

In which 

As ,.. area e! a symmetrlca: pair of diagonal stUfenl'rs 

(} = angle· of diagof!al sUCfeners wlth tke horizontal (tan(] = d¡/dcl :~ 

Noting that T must. cqual Tw <- Ts thc stUiener arca is. found as C:O 

_ 1 t Mp w d0 ] . . 
~s- cos 8 Loytib - ,,.,.- : · · · · · · · · · · · · (a.:¡ 

The at•tual performam_.(' of slrair:ht rorncr c-(mm~l·llons h:\!1 b('CII studicd i:1 
severa! tes\~- ln l-'tg. tl.3 art· shown lhc rcsults of tests on four str;ü¡..:ht con
ncctions, A, K, L, and M madefrom 8B13 membcnl.(8.1) Thc momem-rotatic.a 
eurvesof thc connections arecompared wilh the momcnt-rot:ttioncurve for :L'l 

BD13 bcam as shown by the hcavy line. Of majar intercst are strC'nr;th, sti!f
ncss, and rotation capaclty. Each conncction rcached a maximum mome::.t 
greater than that of an 8813 bcam. Thc rotation of ea eh of the knee-s w-as gre:u 
cnough to be co.:sidercd ;dequ;¡,tc to alluw a s;_rurturc to form a mt•c-h:-.:ü,;r.:.. 
The initial stiífness of thc knces was approximately thc samc as that o! ;.h.c 
rolled beam, but larger rotationsoccurrcd in thcknces ata lower momcnt. be-· 
cause of residual stresscs. Howevcr thc larger rotalions WE"re not se••er~ 
enough to impair the practica! cffectiveness of thc conncctions. 

Rcsults of Ilve addittonal tests on stralght carne~ connections ar.:- gi\'en L"l 
Flg. 8.4. These tests were performed on knecs jolning severa! stzes of wide
flange be:uns.lBA) The shaded zone at Mh/My "' Mp is so m:u-ked to depict 
the range o! spread ln shape factor of thc five widE" {lange shapes that wer~ 
tcsted. These tests corúirm that thesP knces al so satisficd thc rcquireme:-:ts 
for us~ ln plastíc destgn. 
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STRAIGHT CORNER CONNECTIO!'.'S 

Web Thlckness Requirerl: 

.r'JM 
....• - ....... (8.1) 

Web StUfening: 

U tbe web af a connection is deflclent in thlckness, U may be rei'l
forccd by doublcr plates to meet thc requlremonts of Eq. 8.1 or by di
agonal stiífencrs welded to thc Ilangcs and to Uw web. The arca of a 
symmetrical pair of diagonal stülcners should be 

1n whlch 
6"' tan-1 (db/dc) 

8.3 HAUNCHES 

A ._1_[~ -w de]-- .. ,, ..... (8.2) 
R ~os O - o y lit .['J 

Ha,mches of elthcr the tapercd or the curved type are scmetlmes used to 
achlevc a pi casing appearance. Thelr use in clasllc deslgn makcs it possiblc 
to a.dapt thP scctlon o! thc haunch to follow more closcly the shape of thc mo
ment dlagram, furnlshlng approximatcly the resisting moment requtred at a 
numhcr oí given scctions with rcsulting cconomics o! material. Similar!¡, in 
plastic dcsign thc use of haunches also makes possible a redll>:tion in siz., of 
the · maln member, which may mean the diífcren(';e "bctwccn using a built-up 
member and Ustng a more cconomtcal rolled shape. Although the haunch will 
permita reductionin maln member size, it will be costly tofabricate and thus 
may offset sorne oí thC.savlngS that wlll be realized by using the smaller main 
member. 

Tests of haunched cbnncctlons dc~igncd by meihods intcnd;::d pri:narily ior 
elastlc structurcs rC!vealed that thc connections exhibited r,:ood Str('ngth, -b:.tt 
that sorne 1:1cked sufficiem: rotatlon ca~acity. Thc lack of rotatlon capacily 
wasattributed to premature lateral buckling.(B.I) Recentlydevelopecl melll!ldS 
o! ana.Iysls confirmed by tests show that plastlc hinges can function properly 
in. the haW1ch il adequate provision ls made to prcvent such b:.:ck.ling. {8. 7} 

The effectof haunches en the analyslsof a frame is te lncrease tht> nurebf'r 
of secUons át which plasUc hin¡::es máy [orm. Howcver, thc mcthods o[ an:liy-. 
sis are unchanged. Fig. 8.5 glves thc rcsults of a mechanism analysls oi a 
portal trame with haunchcs. The corrccl solulion dependa on thc load::~g and 
geometryof the structure. For the given geomctry and lo:lding thecorreet so
lutivo would be Mechanism 4 (Fig. 8.5(e)} and thc rcsu!ting moment clla¡;ram 

. (Fig. 8.S{g)) shows that the piaSticlty conditlon ls not violatcd. The rE":¡~lired 
plast!c hinge moment Mp of the main membcrS is _smaller as a !'t>Sult of us!.ng 
thehaunch"es. Al the aame t!.mc, it is neccssary that the haunch be able to ca.rry 
a moml.'nt Mh whkhis grea\t>rthanthis Mp·W.lÍle. Fromthe !1na1 momer:t Cia
gram {F:g. 8,5(~)) thc momcnt, thruSt, and shear at any cross section oi thc 
fta.rnr may be dctcrmlnf'd for purposcs of de~iWt. 

_, 

::, ~ . 
.4.-.i ~ ..... , ~·. 
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8.4 TAPERED HAUNCHES 

A sketch of l typical tape red hawtch is glvcn in Fig. 8.6. The forces to be 
consldcred in the design of the haunc:h are the momcnt, th.rust, and st.ea:- :u 
Scction 1 where the rolled section ls"joined to the haunch. Thesc wvald be dc
termined from an analysls oí the complete structure (Fir:. 8.5). 
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F!G. 11.3.-MOMEl\"T_:ROTAT!O::-. CURVES OF CO:\NECTIO!\S 

Three mainpro~lems must bcr-cnsldercd ln thedcslgn of taper.eC.haur.ehc!;. 
These are: (1) resistance to bending ln the ta?ercd portlon of thc h:t:J.r.ch, (2) 
resistance to bcal ami lateral buc;:.lir.g, :l.nd (3) she;'l.r stresses In the ".\'t"b .u1d 
flan~e íorcus in and around the corner panel BDFE {Fig. 8.6). · 

In ar.al}'Zing the tape red portJon oí tht> hau.nc.h for rcslst:wcP. to b~nd!n~. 
cr0fW scctkas perp<!ndl~""'..llar t•l thc layl•Ut ll:w o! th.~ strudurt• m~w ¡,._. ,.~,~~

sidcrcd. Thc web lhlckn~ss and flar..¡;e widlh u! thc haunch :-~re us~J:l.!!y ::::\1!-: 
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108 CONNECTIONS. 

equal to lhose o! theadjolntng rolled Section. Thl_s insures th:lt the webis able 
to carry at least as much shcar and axial force as the wtobof the rolled section. 
Changes In the rcslstance to bending znomrnt or the haunch may be controlled, 
thcre!ore, by the thickness oflhe Ilangc::; and by tbe depth of the haunch. Thc 
outcrUange is usuaUy parallel tothc layout linc and lhe innerHange makcs an 
angle' of taper (3 with the layout Une, thus defining the depthof the haunchat any 
point. At any distancc x along the haunch, the moment of resistance of the 
cToss scctlon perpendicular to thc layout Une must equal or excced the appli('d 
moment at that scction dctermined from lhe plastic analysis. 

The plastic momcnt oí reslstance of a11y cross seclion ls glven by (8. 7) 

...••..•...• (8.3) 

where Zx is the plasUc modulus at the particular secuon. Jt has becn shown 
that u the Plastlc moment ol rcslstance is adcquale at th7rollcd scction (s('c-

':'A ., 

1.~ ! 36VF Z30 

8813 
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9y 

FlG. 8.4.-Mor.a:NT-ROT,\TlU" Ct:lt\'ES FOR SIZI::·E~"FECT 
Sf;ItH·:S OF CO~!\ECTIO!\.S 

1 

" 

Uon 1, Fig. 8.6) and at thc rc·cntr:tnt corncr (scctlon 2, Flg. 8.6) thcre will 
be no necess¡ty o! chl!cklng at other sectlons alomt the haunch.(B. 7j 

In proportioning tapcrcd haunchcs, lt is desirable tl:at thc flangíls have the 
same size as the nominal dimensions o! lhe adjoining rolled section. In thls 
casr-, the flange arca prl!scnted on a cross sccticn p('rp('ndicular to the layout 
!me wou\d be diifercnt for a sloping flan¡::c :-.t angle f3 than for a íi:tngc parnllel 
to the layout llne. The cHcctlve crDl:iS scct1on would ~x_, tmsymmctrical with 
rcspect to \ts major axis wlth resultiog complexities In the calculation of the 
plastlc modulus z. 

----. 

Art. 8.4 , TAPEHED HA UN CHES 109 

In Reí. 8.7, a someWhat slmplilicdanalysis is st:¡gested to reduce th~ crim
plcxitiesof computations. As shown In Fig. 8.6, the stress i..: thc sJ•,¡:lln¡: com
prl.'ssion ftaJ1ge is assumcd to act in the dirl:ction cf thc flan;r>. To r:a!c1.:!atc, 
the mome!l~ in the _desired dlrcction, the compvncnt of f_lange force p·!r:.tll<!l te 

p . 
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(b) Mechanism 1 
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(d) Mechanism 3 

(f) Mechanism 5 
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(g) Mamen! Diagrorn for 
Mechonism 4 

F!G. ~.5.-ILLL'STR..\'ft\'f; f:XAMP!.E-,\:\,\1.\'S!S OF PQRT/, L 
FR,UH: WITI! IIAU/\CUES (h - 1./:1) 

thc layout linc mus! Lll'. ulJtaii\Cd by mul\!plyln~ t11c flant:l'! force by cu.'\ ;j, By 
inl-reasing !he arca uf thc slupln¡.: flrul¡.:t', tlw rn111poncnts of fl:lnp:c force in 
cadt ft;1n:,;e may 1.Jci·1nactc cqual, lhus provitlin1: dkl'liv<.:- .;ylllmctrv to tht• c:-c•ss 
sectloc. T~c nccCS'>ilry arca of !111~ slopint: fl.ll\¡:t' i:; · · • 

"~ Ac ros ¡t · · · · ' ' • • · · ·-.~· (8.-t) 

!ll ;o.·hirh 

Ac "'nr<!a of sloping·(comprcH:llon) fl:ulf!'C-p!alc 
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Rene e 

A8 = 2 Ac sin (z2.5° - f} ............ (8,18) 

Eq. 8.18 wUl lend to control the designo! di~••t>nal stlffeners for most curved 
haunches rather than Eq. 8.12. In the case of steeper gables (large y), lt is 
possible that Eq. 8.12 may require larger stiffeners . 

Results oí tests o! curved connections(8.8} are given in Fig. 8.8. Test 49 
was made on a specimen which had the maximwn WlSupported flange length 
recommended by Eq. 8.8 and it períorrlled very well. Test 48 was perlormed 

FIG, 8.10,-Dli\GONAI. ST!Ff'¡,:NER FORCES r:i A GABLED 
CUI!VIW IIAUNCH 

on a speclmen wlth a grcater unsupported com~esston fU.n¡e length, but wilb 
the flang:e thlckness lncreased lo reduce strain.<;. Th.ls specimen a1.so per
formed satlsfactorlly, but had somewhat Icss rotatlon capa cUy. Results o{ sorne 
earliertests shownln Ftg. 8.3 gl.vaan opportunityto obscrvethe effector racil
us oí curvatura on rotationcapaclty. ConnccUonH wtth R,. 5.5 b hadsomcwha.t 
less capal':lty. Connectton G wlth R .. 8 b had the least rotatlon capaclty, and 
might be eoll!'idered lnadequatc. Ccinncction J. ol a sHghtl~· dlfferent deslgn, 
ha.d R ~ 3.4 b. and e~lbl.ted very good rotatlon capac1ty. 
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Art. 8.6 

CURVED HAUNCHES 

Required Pl:Jslic Modulus 

Theplastic moduluslurnishedat anY pointm' theh!i.unch must beade
quate to reslst the applied moment at that point. For typlcal values of 
R andmoment gradient, thc centr:tl.an¡::le 6 lo the section controllL,g the 
thicknessof tb:eflange isabout 12°. U theweb of thehaunch ls nothlru::er 
than. the web of the.be:uri, the'thlckness or Ilangc i-[;qulred toprOvide an. 
adequate plastic modulus is givcn by · 

Lateral Buckllng 

Yrd,-,-('b.,-~w-)c--;;y¡g•4•M•,-'-w-..... 
2 

(8.13) 

TJ:lccrltlza.l U'lbraced lengthof a curvedcompresslonflange strained 
to· the point of strain-hardcning withput preinature lateral buckling !.s 
conscrvativcly cstimated as 

Lcr "' (R a)cr " 4.8 b. · ·• ' .••...•.. (8.5) 

The crlllcal unbraced len¡;th ora comprcsslon !lange m ay be lncrease-d 
by increasing lbe thickness of thc flanges . 

Cross Ik-nding 

The eífect ?l croas ben~ng on conuectlon behavlor wlll be neg:igible 
u 

1, ••• : . •••••••••• (8.16) 

DlagoiJ';,! W~b Siircencrs 
. .. ' ~ 

To reinforce the web against buckllng due to radial comprcssion in 
the curved inner fla.nge, a symmetrlcai pair of diagonal stilfeners may 
be provtdcd_ ~ving a total.~ea . . .· . :· 

. ~."-~A~ sin (2~.6° ~.f)., .. , .·, .. (8.18) 

. Fo.r s_teep pblcd 11?-U!l(:he~s the diagonal stlUÍmer thickness should also 
be_ch~c~ ~ ~C::ms of Eq. 8.12. • 

8.6 BEAM-TO-COLUMN CONNECTIOt-.'S 
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Fig. 8.11 ebows three oomrrion·types of beam-to-c'olwnn connectlons llSed: 
4 

on plann.r structures. The fuTiction or the "Top• .and "Interior• connections \a. 
to transrntt moment (nllll onl? bearu to another, the column carrying any :m ... 
balnnced moment. :rbe •sida• coMccUon transmita beam moment to the u~1Ut' 
and Iowor colum~- 'J'be c!es1gn problem is toprov1de su!ftcient stli!cning ril:i.
terl::al so that the co.~ncction wlll transmlt tha moment. Somo colu.mas Ult· 
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FIG. 8.11.-TYPESOF DEAM-TO-COLL'M:\' CON!'JECTIO:-IS 

tol 
lb! 

FIG. 8.12.-FOHCES ON llEAM-TO-<::OLUMN CONNECTIONS 
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No Stiffener HorilOfltol Sliff_, Vertical Stilfe!\er 

FIO. 8,13.-STIFFENINO OF BEAM-TO..COÚJMN CONNECTTONS 
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sturdy enough to carry !ull-moment bc;uu connectionswiL~J! stlliE-ning. Other 
colunns require stüfening of thcir webs or fla.nges to a.id i:! c:u-rybg the cal!
ccntrated forces lrom the flangcs o! thc conr.ectt'd tt>a.:ns. 

S~udies on thc design and thc behavior ol !ull mw:lent intt'rior bea::l.-to
column conneclions are rC'ported In llt!f5. 8.9 and 8.10. 

In treating problems re!ating to" bcam-to-colu=nn ccn:Jectio!ls, the case cf 
connections wilhouf stüfening w!ll be examined. a.s to !.he adequacjr cr ir:ade
::¡uacy of the connections, :md thcn sorne methoC.s of prc\·idir:g neceEs:li}· stiif· 
ening will be presented. 

Columns Withoul StUfeners 

In Fig. 8.!2(a) are shown schematically the momer.ts and rarees on a typi
ca! interior beam-to-column connection. In Fl¡;. 8.12(0), the ef!cct of a beam 
mornent on a column is shown as a couple composed oí tbe two flange !orces, 
the beam web !orces i>eing of sccondar}' importancc. Signi!icant cffects o! the 
beam ílangc forces can oc:cur in two regions in the col!!lii.n. The first region 
is the ~oluma web where yielding may be accompanieti :Jy truckling dueto tht' 
beam compre_ssion flangc force or !Jy fracture duc to the beam tension ll:tnge 
f.,rce. The second reglan is thc columñ nangc 111heÚ! bendi.'l.g may contribute 
to the fracture of welds connccling thc bcam flange to the column íla.nge. 

·0=0· ; i ~-~r'c 
"> : ''T 

~ ~ 1m 
r ; : .~ IJ _~. . 

'-zone of Possible lnitiotion 
of Fro<::ture 

FIG. 8.14.-COLUMN FLANOf: Bt:ND!NG ~ TENSION REGION 

Thf.l tensile force in the bcam· llange tends to pull lhe outstar.dlng column 
flangea as show11 In Flg. 6.14. At the toes of Ute eOiumn Hanges, nextblUty 
allows the beam andeolwnn nanges tu defr¡rm together. Howe•u•r, at th.e mlcidlc 
of the column flangc where it ls reslralncd by thc coiu:nn IJ:C'h; deformat!on is 
restrlcted and fracture- ts most llkcly to atnrt tt:eore. 
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A column withoutstHfeners must be ableto mainta.instatic cquUibrlumboth 
in regions of web yieldlng a!ld flange bending:. Stresses in the colum:J caused 
by a concentratcd beam 1\angc force wi.ll spread out as tl::ey penetratc into the 
column. llccause of this, thc intenslty of stress dccreases with deepcr pene
tration- If the spread of slressesls l.nsufficient to reducetheir intensity to the 
yield Jevelat the dcpth oí the tnse of lhe column!lange fillet (k-depth), the web 
will not be able lo provide sufficient reacth·e resistance to the beam flange 
force. Thls e!íect is most serious in tl::e regicn stressed by the bcam com· 
presslon nangc. Rational analysisof the spreadaf stress in a wide·flangcsec
Uon ls diHicult and ls usuaUy replaced by a li!lear assumption based an test 
resi.Jlts. Ref. 8.10 gives the resulls o[ severa! tests and recommends that 
the stress in the column be assumed to be distrilrJted on a 2.5:1 slope from 
the polnt oí contact to the colurr.n ·k-line.• As shown in Fig. 8.12\b), this as· 
sumptlon impllcs that the force of a beam na~e is resistcd by a lcngth of 
column web equal to {th + 5 kc} at the column •k-llne, • where lb is the bcam 
flan¡;e thlckness and kc fq lhe column fillet depth. For equilibrium, th(: re
sislancc o{ the eífectivc area of thcweb must cqual or exceed lheapphcd con
ccntrated force of the beam tt;nslon or corilpression flange. 

Column web rcsistance '"'ay wc(tb + 5 kc) ......... (8.19) 

Dcam flan¡::c force "ay Ar .... , ......... (8.20) 

whlch glvcs 

aywc(tb: 5kc) :: ayAf· ., ............ (B.21) 

In wl1lch 

wc "'. caluinn web thlckness 

Ar ""' arca af one nange oí beam 

li thecalumn webresistance is insu!íiClent tocarry the beam flangeforces, 
otiffeners must be provldcd. 

Statlc equlllbrlum in cases where.the column flan~ thickness.!s smali in· 
vol ves thc cansider:ülon o! bending in the colU!lln !lange due to the beam tension 
or coinpresslon !langa torces. The ana.Iysls is furtber complicated by the fact 
that the flange bcndlng occurs in two dlrections, both longitudinal and trans
verse to the axis al the mcmber a..s ra."! be visu.alized from Fig. 8.14. Ta salve 
the problem tt ts necessary te make as.sumptions regarding the distribution of 
the be:im. llange force on the column Unge, the extent ar the zone of bending 
in the column fia.nge, and the cffect·of the ecntr.tl {Xlrtion where thc column 
Clange jolns the column web. It may be a.ssmned that tbe !ully yiclded beam 
flan¡;c puts a line load OLi t~e column fiange. ·Por tbe beam, 

Be::.m nan~ force= ay Af ..••.•....•.. (6.22) 

The thlck cenler portian of -the colurnn liange between the cnds or the Ullets 
rnay be a.ssumed to rcslst the bcam !lange !orce with a."l axial force as if 1t 
were rlgld. Thus 

Column flange dlrect reRlsta.ece =ay f}) m .•.... , .• (8.23) 

.J ·--~ 
-~· 

. , .. ~ 

( ·. 
Art. 8.6 

in which 

m = dist::mce bctween fillet extremities of flartge of c'}h:r:r:!l 

The. re~ainir..g portien of the column f!ange resistance is d.~ to bt:!:1dir:g of the 
¡::~OJ~CtJng portian o! tbe flange, .and is affected by the projec:!ng w:d~h o! flar.ge. 
th1ckncss of flange, iength o! hne !oad, length of the zl)ne :a!fecteé b·: be~¡-; 
and strength o! the ma~erial. In gene:al, the aetlon can !Je lo'lke.d on ::;;""; 
case of plate bcndlng, w1tr, the flan~e th1ckness being the Cl~stimpor~;;..'lt ¡;M
mctric: propcrty. The force oí res1stance to the bea.-n flange line load may re 
expresse!rl by: -

~olumn flange bending resistance""' c 1 uy tc2 ..... (8.2«) 

in wn:ch 

Ct is a coefficient depending; on thc width of column and beam !langes ex
tent .of two-way hendmg, distance between column nange !illets, and t.o¡;¡- _ 
d~ry conditions. . 

. To develop thc full y!eld strength 'OÍ the beam fLange, the col~mn !ian¡;e ;e
SJstancc must be at least equal ro it: 

ay Ar =aytbm + c 1 ay tc
2 
..... ... ·.ts.::SJ 

U the column flangc resislancc is found ta be deficient, the column na11 •c · 
too thin, and st!Cfenlng is rcquired. Thls cf!ect is most se~ious in thc r:g1 

15 

strcssed by the bcam tcnsion flange. on 
In Ref · ~.10, ~11· 8.25 is evalt!:J.ted lJy mcans-Q! "yield lh:e theorv, ~ • nssU!l'l

lng a ¡¡:~te bcndu¡g mechanism which e:.."tends for a leng.th of ca"lumn flan¡::e 
.equal lo 12 te· Addlttonal assumptions of tbe relative dimensions oí beams and 
columns .are madc in such a way :lS to assure the most cor:scrvath·e result. 
From th1s cambi.nahon or.assumptions, thc calumn flangc thickness to resist 
a gtven be~m flange arca l&·Obtained as follows 

te ~ 0.4 fAc .. - .............. (8.25) 

Results of tests showed lhat connections proportioned according to Eq. a.as 
ca;rled theplastic momento! the beam satisfactorlly. F:.g. 5.15 shows lhe "C
swts. oí, tests on connectio~s desi¡;ned to meet the appropriate design crile;ia. 
The A tests are those w1thout stiffeners which sat'sfied both Eq• S 21 a-d 8.26. • • . . •. 

Columns With Stiffeners 

U lhe column web thickness satis!tes Eq. 8.21, colum:: stüfeners are r:ot 
';'CC!rled.adjacent to the beam compresslon fla.nge; U tbe col-Jn::.n flange lhick
ness satis!ies Eq. 8.26, column stiffencrs are not needed adjarer.t to th be. 
tenaian fl:lnge. lf the column proportions fall to satis!)' eithN of th~s!' cqu:ti~~ 
howe;·er, slU!cners should be prmrldi'd. 1\vu types of stilft':Jf'rs are 5 ;10u·n ¡1: 

f'¡g. 8.13, the horizontal stif!entor and the vutical stifítoní'r. Bo_th typcs 0{ 

• Y!.eltlllne thCQ!'Y IJ M upper bo..:nd pl:!.!i!lc :ma'\-s s 0 • 

plto .. uc hln¡.,"'.!fl on• a/IJumcclto forrn nlon~ tu,~ !n ~ ,¡.1,' '" ',,:::--:·-" f'~¡•bh'" l::t "~k~ 
' • • ~ Q • r ("<',:un~·· 
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124 CONNECTIONS 

stiffener may be proportloned by considering the additional amount of resist
ing force rcquircd to achieve equilibrium._ The stiffeners si"lo~d a!so be pro-
pOrtii:med to maintain stability under thctr full loa~. _ . . 

Honzontal stiffeners should pre!eral:tly be furntshcd tr1 symmctrtc:ll patrs 
opposile both bcam nanges. They should be welded to the column flan¡;e and 
web by either groove or fillet wcids. Vertical stilfeners should alsü lle fur
nished insymmetrical pairs and should be deep enoug:h to_allo"'_' th~ ~am ll:lnge 
terceto bedisperscdin thestiííener inthe samemanner 11' whtch tt tsa::.:sumed 

. io be dispersed in the w~b in Eq. 8.19. 

" 

eounns hsr NO 
8YF31 8-t:.C-9 
sw=67 .e.-z 
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FIG. 8.15.-RESULTS OP TWO-WA Y CONNECTIO~ TESTS 

Resulta of tests on conn"ecttons using both types of sti!fening are given In 
Ref. 8.10. Sorne of them are shown in Flg. 8.15. These tests and tests wlthout 
sUUening were used to help establtsh scmi.-emplrlcal metbods of declding the 
need for stilleners and lhE>proporttonlng of stllfeners to reslst thrusts of bcam 
nangcs. U-the momenl!l appllcd by thc bcams to the columns ·~ere t:nsymmctrl
cal, lh!!> same methods would ~ approprlatc. 

·,. "·• 
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Crltlc:al Parts of Connection's 

The prc_ceding analYscs.have shown that thc use oí stii!encrs may do:-pc,::d 
cither on comprcssion in the column wcb {Eq. 8.21) or on te1:S:on normal to 
the column ft:lngc {Eq. 6.2G) rcsulling from thc cnd momcnls o! U!C bcar.-:s. 
For most oí thc rolled columu scctions normally only one type of failurc nced 
be checked, dcpendini:: on the proportlons o! thli column. The scctior.s CO:l· 
trollcd by each typc of failure may be tabulated, thus simpllíying: desi¡;n. 

Eq. 8.21 states that a conn":ction will be on the vergc of nceding: stif!e:,ers 
in the compression re1-:ion i! . . 

Ar "'wc(tb ..- 5 kc) .•..... , ........ (8.27) 

From Eqs. 8.26 and 8.27 th.ls connection will or wUl not nced stlifeners L, 
the tension reglen according lo whcthcr 

te § 0.4 llwc(tb ,. 5 kc) ........... · .. (8.2Si 

th:tt IS 

§ 0.4 ~5+~ ... ...... • ••.•. (8.29} 

For all practica\ comblnations oí rullcd beams and columns that migbt tJ.<? 
uscd in this type of conncction, 

0.2 < lb/kc < 0.0 .... , •..•••... , •. (B.:JO) 

By t:lklng tbfkc :, 0.0:, it ls seen 'that thls conncction wU\ nccd stuf"!ners In thL' 
tenslon reglan lf 

te < 0.91. .... , ........ , .(8.31) 
fkc V! e 

BY taklng tbjkc:"' 0.8, it ls see~ th:tllhc-con~cclion wlll not nc~d stiffem.•rs 1n 
the tenslon reglar. lf ,, 

fkc Wc 
> 0.96 .. ' •...••..... ' .(8.32) 

Fig. 8.16shows a plato! thevalueso! tc/~!orall wlde·flangeco!C.!llJ'IS 
in the 8 in., 10 in., 12 In., and 14 In. series. It can be scen that in most cases 
thecolumn needonly bech.eckfd fo1· comprcssion. For valuesoi tcNkc V.(- Oe
tween 0.91 and 0.96 tbe need ror column slif!ening wlll depcnd on tht' beam, a:~d 
both tension and compresslon should be checked. 

Shear Stlífenlng 

When the momentil in the two beams at nn interior connectton dlf!er b)• a 
la.rge amount, tbey may cause large shcars in the column wcb, tending lo de
form the web in the same mannerll.EIIn a cerner connectlon (F!g. B.2(t>)). With 
euch an Wlbalance oí momt>nte, tllc shc3r In the web should be chcckcd a.-:d if 
nCcessary, dla¡onalst!llencrs or a doublcrplatcshould be r~ddea.{l.2) 'In Fig. 
8.17(a) the shearsand momt'nlit acttng on a typtcal connect1Ón n.rc shown. Ffg. 
8.17(b) !q a free b?dy d~agr:am of.lhe forC'PS actln¡t on thl! colmnn w('\l jt:s: t:f!
low thc top flange stifíener. Thc forcco :1-ro Y, tho horizontal sh~ar prrse:,t 
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126 CONNECTIONS 

1 the column abovc thc connecUon af!d two tensile Uange forces T¡ and Tz. 
-r"he Clange forces are obtained approximalcly by dividing the momenl in the 
respecti\'C beams by thc bcam dcpths. Thc net resulto! thcse forces must be 
resistcd by a shear stress -r acllng on an arca o! co!um!'l web equal to ~'~~c. de. 
Thus 

Assumin¡; thatTy"' ay/J"3, the required web lhickncss lo resist shear Ls 

w _:f!.._ (~ . -~ • v) ............ {8.34) 
· e -ay de db db 

when the direCtions of moments and ~hcars are as .shown in Fig. 8.17~b). U 
the actual web thiclmess of the column ts less than that ln Eq. 8.3~, dia¡;onal 

i 
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8 
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""' • J4l',U'O 
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• ?46,!&4 
• 190 .. , 

COLUMN SIZE 

FIG. 9.16.-CRITICAL PARTS OF CONNECTIONS 

LZO 

1.10 

st!Ifeners slmllnr to those In Flg. 8.2U) or woh doubler pWes ce::!!,..~ used 
to carry lhe cxcess shr.ar\ng force. The spr.cla..l case oí a •one·sl am.· 
to·co\umn conn<'ctlon \s obtalned when M¡ equals 1.ero. 

Art. 8.6 BEAM-TO-COi.UMN• 

_,. 
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(a) 

FIG, 8 .. 17a.-SHEAR-AXD MO).i.I'.'.'T O~·CON:-;"ECTION WITI! 
UNZ,:QUAL MOMENTS ON BEA~1S 

T •~ ® V (B) 1 d~:t:=~~~:;;;::;;;~ 
T 
,, ( b) 

FIG. 8.l7b.-FREE OODY DlAGRÁr.t OF FORCES ACTING 
ON TOP STIFFENER AND COLUMN WEB 

Four-Way Beam-to-Column Connections· 

Frequently addltional beams ·~ust be framed into a single jolnt on a colum!'! 
. formlng a four-way beam-to-ootumn coimection. · Two beams mil.y be framed 

into a column web elther by direct weldi:tg or by platc plus seat type of con· 
nections. When connections such as Liese are used, the qucstion has beE'n 
raised as to wht"thcr the triaxial stresses in the column web mtght cause pre
mature Iailure, or on the othér hand, ·whetber a bene!icla.l effect might be ob
tained through the partía! stiffening acti.O.'l ol the be:uns framing into the colwnn 
web. A Hmitcd number o! tests ha ve been made on four-"-ay connections. ·In 
the specimcns tested, there was no a.dverse clfect Of triaxial slresses ind.i~ 
cated.(S.IO) -

Sketche~ of the four-way connections·testro are sbown in Fig. 8.18. The 
direct·welded type, shown in Ftg. 8.t8(a} had 3. column ¡;.·eb thlckness meetin:; 
the requiremCnt of Eq. 8.21 and hence the column web requlred no rein!orce· 
ment to prevent c.rlppllng due ~ tbe forei!S applie<l to the column f_langes by th~ 
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128 CON~t:CTIONS 

beams. The addition of two more idcntlcal beams, ".ielded dircctly to th.c column 
web, appcared to sUfren theweb. In the second typeof connectlon (Fig. 8.18{b)), 
the horizonlal ¡)lates whlch servcd as top plate and se:u plate·for \he bcams 
iraming into the column web also scrved as stiífcners for the column. De
cause thc bcams fr:mitng tnto the web were not as det>p as lhoso welded to lhc 
colur.m rlanges, the I.Jottom· stüícn~r was 4 ln. away from its ldeallocaUoa. 
opposite the lower flange of the deeper beam. HO\l.·ever, the connerticn pcr-

gp 
c@:J 

(o) 

Direct Ylelded Type 

~ 
riM=fH 
~· 

(b) 

Plcte Plus Seat Type 

qp 
. (el 

Split-Tee Web-Stiffener TyPe 

FIG, 8,18.-l'YPES OF FOUR-WA Y 1!-.'TERIOR 
BEAM-TO-COLUllN CO:-;oNECTJONS 

formed·satlsfactorlly. The connection In Flg. 8.18{c) used spUt-tee aectlons 
for stUfeners In the aame way that vertical plA1es ha.d bcen used in lwo-way 
connections. The stems of lhe tees served to support both the stUfcners and 
the column web. The flanges ol the split tees served as suitable surfaces to 
which bearus could be d.irccUy weldcd to complete the ConnecUon. The pcr-
1orma:lce o! lhls conncctlon was also satlslactory. The four•way connectton 

__ • .: :~·~ :.-~:.··-:.-.~:::.>.~!::i.oJ~,-~~':"'..:.·s-~ {-..~ .. .., :---
.·. :. .. _-- ~· -·-~-_--.,_ ..... :; .. ··.·:·. ,. 
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tests or Ref. 8.10 were performed with considerable axtallúad in the colum;Js 
in ordt>r that lhe results could reflect the lr.flut'ncc o! t.'l_i.s pr:lctical loadin; 
sllu.:r.litm. Al! of thcsctests wcreperformedundcr a symrnetricalmomer:t con
dilion. &!me special probl<'msSttll remaln lo besolvcd whcnur:equal momt:nts 
aro.) introduced. · 

For the desl¡;n of four-waycon~ectlonS Rér. 8.10 recommendsthat the con
. nection ot the bc:uns to the cotumn flangc be dcsigned cxactly as in a two-way 
· <'Onncclion as U thc bearns frambg to thc column wcb were not prescnt. Test 

specimens oí tour-way conncctlons dcs1gned on thls assumption performed 
bettcr than comparable_ two-way ·connectlo_ñs. _-

BEAM-TO-~QLU~~ ~0~-N~CT~ONS {~:uns Jo~ned to Column Flan&:e;}l 

UnstUicned Columns _ · 1 

Column stUfencrs are not nt"edod adjacent to the tx>am compresslon 
flanbes if 

•Af 
tb + 5 kc · · · ·- · · · · · ·. ·' · (B.20 

Commn süífeners are nct necded actjacent tothe beam tcnsionflanges 

" 
te ~ 0.4 (Af ... , ......... {8.26) 

Column Slifíencr~ 

1 

Column stiffcncrs al poinls oi bt:ariug of beam llanges should be 
proportloned to cárry the excess of beam flange force ovcr that which 
the column wcb and nange a1·e able to carry. (Stiffeners should also 
be proporlioncd ~as nol to buckle.) 

·¡ ShCar Stiffenlng i:1 Coltimri • 

When unbalance!d momenl.~ or externa! !orCes cause shc:u- stresses 
¡ in e.-,;:cess of the column Wt>b capacity, stiffentng should be prO\·ided ior 

1 
the column. SUch stUfening may.takc thc form of dia¡:onal stüíene::J'" 

• 1 we~ doubler plates. · . · · . 
--- ----~ ---- -----

8.7 DETAILS WITH REGARD T.O WELDING 
,_ 

In butt welds, thc for-c'es :ire'carried in compression or 1ension, and are 
llmlted by thc tensile or compressivc rcsistancc ol .the b.'lse metal or we\d 
metal dependlng on whi<'h ls least. Sincc weld melalls stronger than the base 
metal normally used in any joint, the strcngthof butt \l;clds should be calculat
ed on tht> basls Or {JY' thc yield stre~gth oi ~he base metal. 

· A nominal shear stress o! 22.4 ksl was sclcctcd for fillct welds. The ha.sls 
for the 22.4,ksi stress was a load factor of 1.65 nppllrd to a lltarklng stress a( 
13.8 ks! as prcsently (1961) pc.rmHted by thc AWS code for building cOI:.struc
tion,(S.Il) ThuR the calculated shcar !:itréss ·at maxhiiUm load cxcee-dcd the 
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work.lng stress by the same ratio !.hat a normal s~ress o{ 33 ksi excccds a 
worklngstrcss of 20 ksi. Use o! thesestressesat ultimate loadresults in weld 
sizes for a simple bcam which nrc usual! y thc same as thosc which ha\'C pro\'cu 
sati¡;factory for years in allOwable stress design. 

Thc results of the tests in connections dcscribed in Refs, 8.4, 8.6, and B.8 
vci-i!lcd that thewelds dcsiti:ncd using thesc assumptionswere adequatc in that 
no wcld !aUure occurred. 

WELD STRESSES 

Butt welds may be assumed capable of developing on thcir mini
muro throat section the tensile yicld strC'ss of the ba."H' mt>tal. 

Fillet welds may Ue assumf!d lo be capable oí devC'loping at tf.ast 
the sheartng yietd stress oí the weld metal on thetr miniml!m thro:H 
section. A sa!c design value may be obtained by multiplying the \'alue 
prcsently used in atlol'i'able stress design by the ·ratio cy/o._.., where ow 
is the allowable tensUe stre:;s o! the material beir.g useO. 

8.8 'DETAILS WITH REGARD'TO nOLTING 

Boltcd joints in -pla.stic dcsi~n wlll probably h:lve their grcatt!st application 
as field jolnts for ercctlon of structurc:;. 

Hcauld be argucd thatjudicious sclcclionof thc locatiansof such joint!l wlll 
place them at points of \ow m;,mcnt so tlat the jolnts will rcmain clastic. Thc 
dcsl~;n af thc:;c jaints then cou\d be handled by convcntional elastic m<'thods. 
Howcvl'r, lt soml'times beCOIH('S :uh•autagcous lo ma]Ú.' flcld COllll<'dions :11 
poi.nts of high moment. It is thus advisalJie lo ha ve avail:tl>lc mcllmds for ¡1ro- · 
portioning bollcd joints to oev<'lop thc Iull píastic momcnfoi thc comll'l'll•d 
ml'mbers. · . . 

Two posslble approaches avallablc for full capacity 'connectionl'l art:' (1) to 
kcC'p al\ pa.rts of thf' jolnl ~f'l:tstic" al maxtmum moment, and (2)to desip:n p.orts 
of lhe joints so that {aslcncrs nnd platcs may yleld at m:uimum mamen\ atan¡; 
wllh thC> maln ml'mbers. R<'ccnt ¡;tudi<'s havc cmphasizcd lhC' latter appro:H~h. 

A llmil"d :unou:tl of rcs.,:tf<'h h:ts IJl't'll ¡~<.:rfonJll'd 011 i)(l\\t•t! jninls d,·si~ul·d . 
to dC\'dop thc fnll pl:~stic momct;t 11f heain:-;. l!d,s. B.l2 ami 8.13 ¡.:il·t· lit(' I'C· 
sults of tc!>ts ,¡f conuections usin:,: ASTM A-325 hit;h lcnsi!e llf1ltll. Tlw con-· 
ncctions tn ncL fl.12 i"lcludcd OOth be:~ m sptic.cs ami bcam-lo-colunl\1 r.(lnncc
tions and for cach ·C:tse lhe1·c wcrc c:•Útmptes with the bolts in shea1; ;1nd In 
tension. The connections in Ref.8.13wc¡·ehutt-typccC>nncctions wlth thc holtt-1 
in tcns!on, The results of thc test pro¡;:rams sho·.·• tha.t it is possil>le 10 cksi¡::n 
and íabricate !ngh tensile boltcd joints which wiH develop the full bend!ng 
strcr.gth o! a member. F!g. 8.19 gives the general layout of jolnts whtch pcr
formcd satisfactorily as reponed in Refs. 8.12 and 8.!3. 

Mcthods of an:tlysls _a.nd design are not dlscussed in detall in Rct 8.12. 
MethOt!s are discussed In Ref. 8.13, but the author stÚ;gests th:H better pro· 
:edures bascd on thc same fundamcntals e :m be c!eveloped. 

The esst<nllal features· of any :lnalysis of a fuU-:noment boltP<i connectlon 
are thc assumptlons as to the load cap:u::!ty of eacb indh·idual bolt, the m:umer 
In whlch lhe compressive components of force are to be carrled, thc locat!on 
or the neutral rucls, :md \he strenith of any dcbU material (ntllnr.s) uscd In 
forming thc joint. ll seems re:ulonable to concludc that precise solutlons for 
thc ultlm:tte strC'ngth of joints are not nccessary pro\•ided thal thf' snlutlons con~ 
stilule !owcr LX>un<ls. 
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Anexampleai theassumpUons that mJght bemade lndesigninga hlgÍI.!itrCngth · 
bolted jolnt ls given .in Rcf. 8.13 as exemplilied by Fig. 8.19{a), ll.19{c), :lnd 
8.19(f). The numb<:r a.nd locaUon o! bolts in :t. joir:t were first ;J.ii~>umeC. For 
thc bolts in tenslon, a.n "ultimate• load c:tpactty w:ts taker. in this reicrence a.s 
1.3 times the proa! load of the bolts. The shear resistancc prov!dd by ead'. 
bolt at ultlma.te load duc to trlcUOn was takcn at one-fourtb i!s inlti:tl tension. 
All structural steel parts oí the jo!nt wcre assumed to be strcsscd lo y!.el::l 
polnt. To analyze the tria! desigr., a comprcssion arca was computed s:.:!ficie::t 
to reslst \he combined reaclion of all thc "working~ bolts, that is, those on the, 

Col Butt Typl!l Moment Conne-;tion 

{b) ConvenlionÍll Moment Splice 

{d) Tee Section 
Moment Cor~neetion 

(e) Seo! ond Piole Type 

.~:-

:.~~-~~--¿:,~_l .. 
-. ---~iLr 

Se-;fion A-A 
{1) Brocket' Type 

• 

FIG, 6.19.-TYPES 01' l'LASTIC MOMENT CAfiRYIXG liiGI! TE!'OS!LE 
tlOLTED CONNECTIONS 

.tenslon slde of the neutral axis (axts·or rotatton). The bendbg moment pfc
duced by thc·caup!e madé up ot the bolt tension !orces :u~d the compresstoC 
!orce, had to equal or exceed the appUed bendlng moment. 

Rcf. 8.13 notes that piastlcally dcslgned jo1nts with high tensile bolt~ 

in tenslonrequire a smallernumber of bollsand lessfitting material thancon· 
ventlonal momcnt spllc~;s wh!ch use thc bolls only in shcar.' 

Althou¡¡:h accurntc procedurC's lcadlng to the most cconomicat snlt! c!cst:~n 
are not yct ava\lable, the result!! of rcscarch ~how that saíe iy..JltC'd jolnts c:tn 
be ~csigncd lo dcvelop th'" '!.la sU e mamen\. u~ the mf'ml'l.'rs wilh reason:tOle 
cconomy. 

.. · 
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8.1 lNTRODUCTION 

Chaptcr 8 

CONNECTlONS 

Conncctlonsplay a keyrole in assuring that a structurecan r~nch the com
putcd ultima! e load. Sine e connections frwuently are located at...QO....i!l1§.9.Lm.a;si.-~ 
mum shear andmoment. thedctails must assure lhc oertormanccthíat js assumc•l ·
i.n dcstgn. The prtnclpal rcoulrements for cpnnecqgps ate' 

l. Suutclent slrepgtb 
k..M&gy,;ne rolatlgn qnarity. 
3. Ovcrallstilfness for maintaining the location of all structural units rJilil.

·uve to each othcr. 
4. Economical fa.brtCation. 

Thcv:u-lous typesof connectlonswhich wtll bedlscussedand whi;:harc typi
calof those that mtght bef'ncountercd in stcel framl'd structures a.re designall'd 

llD 

(® ~ 

¡m 
fq> 

,@ ,, 
rt~ 

Types 

1 Corner 
2 Beom-Column 
3 Beom-Beam 
4 Splice 
5 Column Anchoroge 
6 Misi:elloneous 

FIG 8,1, TYi'ES OF CO!'\NI:CTIONS 

in Flg. 8.1. These inclu.9~!'DI'r connectlons {straight and liaunchedl. beam
to-column <;onnect!ans, beam-to-beam connections, spltccs, column anchor
!lS~ aod .miscel!aneous coo;¡ections]iñi"iTins. girts. and braclnrl: 

Prlmary attcntlon_i.§..~!L.~rJU..IJ.JLC.O.f.Qt;U9!iil~Ol9..DS_¡¡uL.b1!P.m.:19-
!:.0~.f! C_9fl!!!!.E.tl~.~~-M.c!~s_o!. anallli!!-.. ~<'. t;>a.scd on a.s"umptiqm¡ pf st;ess 
dislrH~_U.!.!.QE..!L!lltlmaJ.!..!<!...~-~hich !l!!~-~ulllhrlum but do not violate the 
plasliclty candltl2_!1~tj?_ns thu" Cq,[!§~~d~~Q.!!... 
'cap~. Thl' same prlnciple.E_,!_=oUid be applicablc. howcyerJQI_Ul.uP_;\J.y.ID~ 
.lli!!ili!::~10n trpes._ . 

!02 
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Art. 8.2 STRAIGHT·CO!U\'ER CO!\"NECTIONS '"" 8.2 STRAIGHT CORNER CONNE'cTroNS 

Straight corner connectlons are íormed by direcUy loinir.g two rolled sec
tions. Strtigh.t cerner conncclions in which tbe rolled sections are join'!-d. "'-t 
rlght angles (as at 1 In Flg. 8.1) are sometimes called square corner cor.r.ec
tlons. Stud\es of thc theory, deslgn, and behavior of squarc corner cO::t.."lectbr..s 
may be found in Refs. 8.1 lo 8.6. Thc ba.sic pri.nciples of th!' theory cf co:J
nections will be lllustrat(>d hyconsiderlng an unrcJ..""lforcedsqua:-e ccrr.er. ro::
ncction.-It is more critlcal than a connecLionin whlch the membersdo oot jci:t 
at rlght anglf's. Flg. 8.2(a) shows the momcr.t diagram for a typical rcct::...-.g-..:
lar frame Ioaded wilh a uniformly distrib:n~d load. A typlcal u;:re:.::ic~cet:. 

{o) Moment Oiogrom for 
Parlo! Frome 

QP1 
--'v-

(b) Urreinforce<j S<;uor~ 
Knee 

(d) Forces in Cerner 

' . '· lL ! !i 
~ 

(e) Forces on Knee 

;··r-l 
OLJ{ 

{e 1 Shoor Deformotion af Web 

~
,. 

1 ., 
. e ---( r) Oia..,onat Stiifener lo 

Restroin Web Oeformo!ion 

FIG, !1.2.-STRAIGHT COR.~ot CQ ... XECTlONS 

corncr conn¡>ctÍon ls sket::hcd lo Fig. 8.Úb). The moment, thrust, a.'ld !:b~a:-
acting on thc connt'ction are dc;licted in Fig. ·3.2fc). · 

In arrivin¡;- at a simple analyllt& oí the lorct!s ir;, a ~t''!, 11 ls :issumcd :.hat 
normal strenaes causcd by bcod.JnG momcnt a!:d thrust are al! carrled in >he 

-iiangefl as1d that sh('ar sÍrl'ssr.s are all carrit';j by tl~l' wcb. In Fi¡;. B.2{rtJ. the 
I'Ctlon o! the app!i,·d for<"C'Son the parts of thc cerner ando[ tl>c ¡JJrts on t':tch 
other are rcprcs<.'nted I.Jy arrows. The tc::sllt> iorc\' ln th~ outcr fl.u:p• af ti1c 

------------------~---"--·---------------------
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104 CONNECTIONS 

beam lB carrted tnto the web in shear along Ene AB. In a llke manner, the ten
sUeforce inthe outer flange of thecolumn iscarried through the endplate into 
thc web as a shear along Une AD. In each case,the tensilc ,;tress in the flange 
la assumed lo be Unca.rly reduced írom ay ;H \h(' ed¡:e o! the corn~r (B or D) 
to zcro at the external cerner (A). 

Theprolongattonof the lnncr flangc of the be:un cardes two externa! forces: 
the shear ·ar the column and the normal force due to bending and thrust in the 
beam. The resultan\ of thesc tWo rarees ls carried !nto the cerner as a shea.r 
along Hne oc. A similar pair of force romponents exerted on the vertical 
stil!ener causes shear along Une BC of the web. 

In constderlng the c!fect of the.forceson the equllibrium and behavior of the 
corner connection, it lsrather obvious that an unsatislactOry condltion would 
e::dst U there were insufficient material to carry the {orces without buckliny, 
or general yieldlng. Assuming that the horizontal rollcd section continues 
through the knee, Us ftan¡;cs AD and CD of Fig. 8.2(d)"arc sl!líicient to re~;ist 
any !orces carricd In the mcmbcrs outsid~ thc knec and are 5{'\ectcd to prc
clude local Uange buckling. Thc .cnd pl.lt~ AD should ha ve thc sanw area as 
the fiange o! the column. The vertical stilfener BC must ha ve sufficient arca 
to carry the column compresslon flanl!:r !orce into the bcam web. In all cases 

· the welds must be sufficient to transmit the required 5hcar or normal force. 
Study of the square web panel reveals that the shear !orces woula ttmd to de-
forro the panel as shown in Flg. 8.2(e). · 

Conslderation of lhe equ!llbrium o! the horlzontallorces on thc portian of 
the outer flange betwccn A and B. in Fig. 8.2(d) will givc an expression for thc 
web thlckness rcquircd to rcsist shear. Accordlng: to thc approximatioaslalcd 
earllcr the !orce In the llam;e is given by 

in whlch 

db " depth of beam 

l\~ 
T'" _Jl. 

db 

..Ilu:Jn~l!llml web sh,ear reslsting force betwe~n-A ar.d B must not excecd 

In wl:ich 

w "' t~lckness of web 

de = depth of column 

Tw;, TyWdc 

Equatlng the shcar a~d ílange {orces givcs tht' regmrcd wcb thickncss wr: 

-- . w "~ 
r Tydb~c 

According to theMises yleld qiterion for ,.lfldmgynd!."( purc s1wg tte ljmitjnq 
ahe:u yield stress '~"y egua!s !1¡.1{! lh<in"' thjs c;¡!tcr'gg thg regulr~ 
thickness become3 
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Art. 8.2 STRAIGf:IT CQJL-.;¡'ER CONNECTIONS 

diagonal Bti!feners are able to 
rcsist p~t oí !he normal stresses in thc flanges. 

Byconstdering cquilibriumof the (orccson thc top [lar:ge, the requiredar~a 
oí the diagonal stifíeners may be obtained. The llange force T must beresist

_cd by thc web shear Tw ~nd the horizontal comeoncnt of the di~gonal stii!("acr 
force T 5 . The magnltudc of the latter s-º-º!J?9ncnt ls ~-b..Y 

1 w!1ich 

A5 = ¡,rca of a symmctric.t! pair of 'liattonal stlffcnen~ 

tJ "' anglc or dia¡~nal stiffeners wlth tite horizontal (tan e = rtoidc) 

Noting that T must cqual Tw + T5 the stif!ener area is found as 

.... ·. (8.2) 

Thc actual performarcc of strai¡;ht t"orncr connections h.1!l bccn studled in 
severa! tc5ts. In Flg. t;.3 are ~hown thc rcsults of tests on u:-
nections A K L ami made 6 .1} 'The moment-rotation 
curvesof the connE>ctlons are compar<'d wlth the moment-rotation curvl' for an 
8B13 beam as shown lJy the heavy llnc. O! major intcrcst a.rt" Mrcngth, stiff
ness, and rotation capacity. Each connection reached a maximum momcnt 
greatcr th:m that of an 8Bl3 beam . 

Rcsuits o! !lvc addit_lonal tests on straight corr.er CO!J.nec~io::s :!.re ;:h·er: i.:: 
Fi~. 8.4. Thcse tests werc pcrformed oa knccs joining several si:tes of "-"ide
fhngc heams.(8.4) Tho shad("d zone at Mh/My = Mp i" so Ir.:!.r;.;M :e dt•pict 
!he r:t.'lge o( spread in ~>hap~ factoz· oí thü- fiv!'! widc fl:1.r.¡;e ·sh."l}lCS that 'A"t"'re 
t{·~tcd .. Ttwsc l('sls confirm that tlwse knccs abo satisfi<'rl :h~· rcquirem~·nts 
for ust.' in plaslic c!csign. 
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STRAIGHT CORNER CONNECTIO~ 

Wcb Th1ckness Requlrcd: 

.....•...••••. (8.1) 

. Wcb Stllfentng: 

U the web of a connection. is deficient in thtckness. it may be rel'1-
forced by doubler platea to meet the requirements of Eq. 8.1 or by di
agonal stiífeners wclded lo the !l:mges and lo the wcb. The arca of a 

•ymm•l•kM p~ o!:.~,:~~:[:~~' ~h~:,J .......... (a.2) 
ln wh:ch 

6 = tan-1 (dt/dc) 

may oifsct some of the savings that will 
memOOr. 

Tests o! haunchcd connectlons dcsigned W mcthods intttnded prlmariJy !or 
elastic structures revealed that the cmmections exhji;uted, go?d, strgm•lh hu! 
th¡u sorne !ad¡erl §pWslgpt .-gtat!gp capad!:¡. Thg bck e[ rgtatjon G3Pacuy 
wa;:¡attrltft!!ed'tgprematJ¡re t¡ugral huckllng 1a.l) Rccentlyde\•elopcd mythods 
-~ o irmed tests sbo that Iastic hi.1 en c:m • 
~~U adeguate pro\islon ts madi! to prevcnt such b;.;:ckling, 8. 7) 

The eflcctoí haunchcs on the analysisof a ír:une is lo increase thc m.:mbcr 
o! secUons at Which h1nges may form. However, the melhods of . 

condition is not violated. 
moment Mp of main members ts smaller as a r-esult of uslng 

th•ohow,i>>o•·· At t.hesame time, it ls necessarythat thehauncb be able tocarry 
a moment Mh "·hlch is greatcr than Lhls Mp-value. From the Hnai moment dia
gram (Fig .. 8.5(g}) the moment, thrust, and shear at a.r.y cro:>s secUon of the 
trame may be determlned for purposes of design. 

~...,~.--
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8.4 TAPF.RED HAUNCHES 

A sketch cf a typlcal tapercd haunch ls glvcn in Flg. S.B. The !orces to be 
considcred in the design oi the haunch are thc momc:~t, ~st. :L.'1d sl:ear at 
Scction 1 where thc roHed scclion ls jolned to the haWJch. These ~;,-o!!ld be de~ 
tcrmiried from an analysis of the complete structure {Flg. 8.~) . 
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FIG. S.3.-!IIOMEXT-ROTA TION CURVES OF CO!\XECTIOSS 

..J'~f!_e malnJ2!9~l2uonsldercd in thedcsign af taooredh."l.unc~. 
_ These are:· (1) reststance· to bcndin "in thc ta red rtion o! thc ho:unch (~. 
reslsta.ncc to local and lateral bucklln an 3 shear str sse in the w b n 
!lan e !orces In and arou11d the corncr anel BOFE , 8.6 . 

In :malyzing the tapcred portien o! the haunch for resistancc to bendi.n¡, 
croas sections pcrp<>ndlcu\ar to thc layout Une of thl' slr~cture may he con.· 
sldercd. Thc wcb thlciuless and flilngc width o! thc ba.unch are usually ruJ.Iill' 
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lOS CONNECTIONS 

equal to those of the adjoinlng rolled scctlon. This insurcs tha~ the web is able 
to carryat le-astas much shcar:tnd axial force"as.the wcbo! the rolledscction: 
Chan¡;e!' ¡;¡ the resistance to bencting momento! the haunch may be controlled, 
thcrefofe, cy the thickness of-thc flan¡;es and i:Jy thc dcpth e! thE' h:wnch. Thi.! 
outcr flange ls usual_ly parallcl to lhc layout linc and thc inner lian¡,c mnkcs an 
angle of taper fJ with thc layout Hnc, thus dcf1!:ir.g th<' depth o! t!1e h:twlchat any 
point. At any distance x along UH! h:wnch, thc momcnt of reslstanct• of thc 
cross scction perpendicular lo the l;>.yout line must ¡;oqual o:r exceed the applicd 

· moment at that scction determincd !ro m thí> plashc analysis. 
The plastíc momcnt of resistancc of any cross scclion is given by (B. 7l 

........ (B.J) 

where Zx is the plastlc mo_dulus at the paiticu!ar section. lt has been shown 
that ü the ptaStic momenl of resistanc~ is adequate at therolled sectlon (sec-

1 ,,r 

·.~ 

' '' "r 
e, 

FlG. S.-I.-M01-1E~T-HtlTATIO~ Cl:I~">F.S FOlt Sí%1::-EFFECT 
SEIUES OF l'()!>:~EC'i":Ol'\S 

" 

: .... 

tlon l._ Fig. 8.6) and at thf' r('-entrant cornei (sectlon 2, fig. 8.6), there wlll 
be ~o necesslty of check!ng a.t other r.ections along the ha~nctlJS. 7) 

In proportioning tapered haunchcs. H is desirable that the !l;mges have the 
same siw as the nominal dimensions ,,j the adjoining rolled section. In thls 
case, the !Jangc arca prcscnted on a cro5'3 sectlor. pcrper.dic~lar to the layout 
lir.e Wú~..:ld !x>dtfíerent for a stopw~ flangc at angtc·G than for a flangepara!lcl 
to thc layout linc. The effectlvf' cress section wciuld be u.~.symmetrical wilh 

. respect to ils majar axis with r.:!sultlng rom¡)te>tltles In lhc calcub.tion of thc 
plastlc. mod•J!us z. · . 

:·.·· .· _. 
. ~ . . _;.)·.,.-: .J:~ 

Art. 8.4 TAPER.ED HAlJNCHES 

In Ref. 8.7, a somewhat slmpliliedanalysis is suggested tored~ce the co~
plexillesof computations. As shown in Fig. 8.6, the stress in the s!cpi..-:g !:CO
pression !!angú is assumcd to act in the direction of the l!angc. To t':l!C'.:~;ne 
the moment in the desired Circction, the componer.! oi nangc ~orce ~r:JJ.:et te 
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(b) Mechanism 
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(d) ~hchonisrn 3 {e)· Mechonism 4 // 

(f) Mechonism 5 (g) Mornent Dioqram for 
Mecho~ism 4 

F!G. ~.5.-!!...i.L'S"TH,\TI\'E F.XAMPLF.-A:-;ALYSl~ OF P0~TAL 
f'R.\:.!E Wl'f!! l!AUNC!!l·:::; \h ., t./:1) 

the layout linc m1.1St be obtnincd by multipty!nr; the flang:e force lly cos tJ. By 
incrc;¡sln~~ !he arca of thl' s!oping flrti1ge, thc t~om¡xmcnts of flan~e !orce in 
e;¡ch flauge m ay be inade cqual ,·thus providin¡:: rCr'ecti·,-e symmctry to lhe cross 
section. The nccessary area of the slopin¡:; fian¡;e is 

Al 
Ae " cos ¡J .••••••• (8,4) 

ln wh\ch 

Ac " arca o[ !!lopin¡; (cumpresslonl flangc plalc 
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. 110 CONNECT!O:-JS 

arca of straight (tension) flar.ge plate 

an¡:;le bl!twcen slopir.~ flanp:c :tnd layout line · 

The plastic modulus at any i:iCCtton wi~l be 

In which 

b ;, width of !lange 

dx = depth oi haunch at any section x 

w = wcti_thick.ness 
lt = thickness of the str_aight (tcn.<:ion) flangc plalc 

In cases whcre the an <le J is lcss than 20Q. thc re uired incrcasc in arca 
at • B would o cct1 os ic ·" 

·_cedures wguld neg!ect such a düfcrcnce-. f.Q.r.....@ prarttcal purooscs. !?oth 

-I- i 
FIG. 8.6.-FORCES ON 'l'APF.UF.O I!AUNCH 

flapges should probab~¡g_q rgual and sil!! use the assumplinn !b;!t !he 
cross scctlon 19 symmetrlcal and that its centroid js at mid-depth. 

_ Thc ·n:sistance tg local buckljng of the flanges of tapered haunchf¡s may he. 
assured tw adhering to the recOmm(!ndatlons of Chaptc:r 6. 

Laten! l:ruckling of tape red haunches depends on the slenderness o! the com
pr!'sslon flange and on the extcnt to whlch th!' Uangc ls ylelded and straJn 
hardened. tt iB _assunied that posltive lateral support of the lru1er flanr,l"! will 
be providcd at polnts A, 13, anrl C (Fig, 8.ü). Sincc the wcb provides restra.int 
a¡:;ainst buckltngof thc about lts weak axis, the flange must buckle in lts 
strong dlrection nf :«up¡x!r\. 

~~ri~~:'.=! 
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Art. 8.4 TAPERED HAUNCHES . 111 

buckling conccpt(6.25,6.17). lt is assu:ned that tbe compression fl.:t..'lge is c .. :JI
formly stressed to ay, that the strain in the Uange just reaches e st· ami that 
the flange buckles as a pin-ended column betwetn p.:¡ints o! lateral b:-.::.c:.r.g. 
Thcse assumptions result In a critic:ll slenderness of: 

(Lcr)
2 

,.. ,2 Est 
\ rx cry 

which when solved for Lcr gives: 

...••• (8.G) 

. _!E;A 
Lcr=b•v~ ....••••.. ·····.(a.;¡ 

in which 

Lcr = critlcallength for lateral.buckling of compresslon Clange 

b = wldth of nañge 

r X = radius of gyration of rJanp:e = b/ m 
Est = strail_l~hardenin_g modl.!!'Js or stcel 

O"y "' yleld stress of stt.>el assumed in the design 

l.cr"4.8b ······:··.········· (8.8_) 

Thls expresslon neglects any restraint to buckling of!ered by adjacent portbns 
o! the fla.n¡;c or by the web. 

Frequcnlly lt wlll be found thJ.t Lcr gJVcn by Eq. 8.8 will be less than the 
valueobtaJned !romthe origina! haunch layout. In such a case, addltion:l.lpoi.nts 
of lateral support could be provlded. Also the flange thickness or the depth of 
th~ haunc:h nt Section 2 {Fig. 8.6) could be increased. Rer. 8.7 SU&!.("CS~S me:::. 
ods for accomplishing such modifications. 
· The shear stress es in the wcb and flan e !orces- around thc corner anel 

BOFE Fl , 8.6 :u-e of thc same character as those shown In Fi . 8.2 d íor a 
aguare cerner, and would rcsult In de!ormation similar to that in Fig. 3.2 e 
when the !orces exceed the shear strcngth of the panel.· The problem. re:~. y te 
examlned In more general form with the aid o! the sketch of a hau.nchcd k:nee 
of a gable bent shown in Ffg. 8.7. In this kncc, the !orces on thP panel BDF:i: 
are to be determine(!. For the most scvere loading, the cross sections BD J.:w:! 
BE wlll be fully yielded and the total arca of the flanges at thcse scctions will 
be stressed lo ay. .At the re-entrant cornee B, the inner Uanges wlll" have an 
unbalanced component al force In the direction of BF in the abscncc of a w~b 
stiffener. Thls unbalanced component of fl:lngc force would ha veto be carrit'd 
by the wcb. The web could tx- fully yieldt-d due 10 bcnd.ing stress es at ~i:Jt B. 
so it is advlsable to neglcct the carrring rapacity of the-weband furnlsh. a sy:::::.-
metrical pair oi diagonal sliffeners along FB. · 

At the outcr cornrr F, thc situaUon is sll¡:htly dll!erent because p:1.rt of t!::i' 
ll:mgc force could b(' carrled by shéar In thc wetl along Unes EF and DF tt:.:s 
reduclniJthP. coniponcnts or llangeforce to be c:~.irled by the diagonal stiffe::,•::; 
at F. For litis reason, the sclt>ctlon al diagonal stUfenCrs wlll usually !::t> !!:\.,,._ 
crned by cqulllbrlum at thc re-entrar:t corncr B. 
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112 CONNECTIONS 

The maximum possible forces in the two flan¡;es :u~d 1n the diagonal stilfener 
at cerner B are sbown in Flg. !l. 7(a). The requlred areaof the dlagonal stif!en~ 
er may De detcrmir..ed froman eq_uallonof cquilibrium cf horlzontalcomponents 
of these torces as follows: 

.. ~¡::-
2:. ,, = ay A8 cosO -ay Act cos (flt +"Y)"' ay Ac2 sin $2 :o. O ..... (8.9) 

. theñ 

1" •.!ril·ir 

Ás A, 

''el 
Ao2 

y 

' 
~¡ 

r, 

{8.10) 

r' J • ' • \ rn 
=a reo o~ et .-.::~ c0«"2-~'IO"( Óv:lt~OY./.\ ~~\ 'r~l<.'~'~<" 

•· :!1 r•:l •¡/ u 1\frl!ll/t•Jr l•·:t/l':dr nf dl:r¡•;•tnrl <~1!/lr·tr••J n 

" arca ol lmrcr rt:m¡;c o/ rall••r lraunch 

"' area oi inner llan¡;e oi colurr::n haun{'h 

= :1nglc of incllnation of rarter 

"' angle of slope of diagonal S_tllfener 

" anglc of tapcl' of r:últ•r haunch 

= uu¡¡:\,.. ,,f tn¡•••r nr ,.,.¡,,, h;uouo·h 

\01 1"1¡¡. U."l(hl lt"' m'""""'" ¡~"'"'¡,¡,. ,.,,...,.,., 011 th.· ""t••l' ,.,,..,,,,. t·' ,u,· 
1>1"'""· ¡.:.¡•llllh¡·J"'" ,,¡¡,.,,.¡,.,.,,,,,, ....... , .... , .... ," ¡¡1\'<"'' 

"y A¡ L , • .,., r 

w ~h co~ {O + .,. ) ¡ 
.['S cos2 O J cos 'Y (8.12) 

in whlch 

Atl = area ot outer !langc o! Oeam haunch 

w = web thickneEs of haunch 

dch = depth of column haunch at scctlon E~ (Fig. 8.7) 

. ' 

results 
hll.W1Cl'lcrl cerner connectlons haa gtven elt])t'rlmental 

agJ~ctng very wcll wlth the conccpts just outhned.{S.8) Moment-
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Art. 8.4 • TAPERED IIAU!'{CHES 113 . 

rotal ion curves for thesc tests are shown in Fig. 8.8. Specimens 44 and 45 wez-e 
madewith thecriticallengt.hof compr~sslon fl:lngc as giYcn by Eq. 6.8. Spec!
ffi['fl H v.·.1s not hraced against twisling :lt the'ir:¡:er cerner ~;;hil~ specimc:: 45 · 
was ?raced. Specimen 45 perfor:ned satisfactori!y ·¡,;hiie spt:Ci.'T.en 44 !luck.!ed 
bdorc it rl.':lchcd thc compulcd ultimatc loadalt!".ough it nJlib:ted considcr:tble 
post buckling strenglh. Specimens 46 and 47 had compressio::;-fl:t!J¡;c ler.;t.hs 

~ , [ w do"' ".J! EH O') 
• ... ~.< htL- Y ~e ~..¡,'"" 

FIG. 8.7,-DIAGOl'.-\L STlFFí.l\T:H. FuHC~;s IN A GABLEO T.-\PEHED EAt:!'\Cli: 

gr{'ater lhan that giv{'n hy Lq. 8.8, but were modified by increas!n¡; t~ t-.a•..:!ldt · 
depth and by increaslng lhe flange thicialesscs respccHt·el)'• Tbese !Epeci::J.er.s 
alsopcrformcd satlsfactorily In lhal tht!)' met thc rcqulremcnts st:tted í'ari!~:. 

Thc rcsutts of these tests indlqtc that sa!e ans! ¡;dggujjllg ccnío"'C!ÍQPS Ul'"' 
be m:ntc by mcettng the rer>uirem{'nts dt•rlycd by thc thsory. Ip <:urnapry •!>e 
followtni,l; suggí'Stlot~s are madc witlt rcg:.u-d toproporUoning of ta~red h.:lU.'lC"t:P<! 

ronncctlons: 
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T APERED RA UN CHES 

~uired PlasUc Modulus: 

The plástlc modulus should be checked !or ~esistance to the applied 
moment at the deep end and the shallow end oí each haunch. 

Local Buck.llnW. 

The recommendatlons of Chapter 6 sMuld be followed to assure that 
prematura local buckling of flanges wlll not O(: CUt'. 

Lateral Buckling: 

The crlttcal unbraced length oí a eompression flangc which ·may be 
strained to the point of strain-hardenlng throughout ita enHre length 
without premalure lateral buckllng is conservatively cstimated ::.s: 

Lcr '"' 4.8 b · .••..•.••.••••. (8,8) 

The critica! unbraced Iength of a com~ression flangc may be ln
creased substanUally by increasing the angle o! taper d or by lncr<!as
l.ng the thickness of the !langes. 

Diagonal Web Stlffencrs: 

To rcsist an unbalance of inner flangc !orces and rci1úorcc thc wcb 
against undue shear deformatlon, a symmctr ical pair of diagonal stif!en-
ers may be provldcd having a total arca: 1 

_Actcos(IJJ+i')- Ac2Sinf32 ( ) 
As - cos 0 .•••••• 8.10 

Diagonalstiffcncr~ should be welded lo the web and to both nangcs. 

Transverse Stlffeners: 

TransverSe stiffeners at the junctions of the tapered h:t\L'l.Ch and 
prismatic s!'ction serve lo carry thc unb:l.lance of the inncr flangc force · 
dueto the suddcn change in directlon. Mtnimum size requirements will 
usually govern the thickness. 

3.5 CURVED HAUNCHES 

( 

tn Fig. 8.9 are shown the layout and the app!..ied !orces for a typical curved 
ha une h. The haunch must be designed to wUhstand the plastic hinge moment oi 
tbe rolled section at lts eonnection to tbc haunch and any larger moment which 
develops in thc haunchcd portian as a result of the mom(>nt gradlent, 

As wlth tapered haunchcs, the three main problems to be considered In the 
design of curvcd haunchcs are: (1) res1stance to bcndlng In the haunch, (2) re
ststance to local and lateral buckllng, and (3) shear stresses in the cornc:
panel BDF"E (f''lg. 8.10). 

· .... { 

•: ... 
.-.~~ ., ;-:._ 

·"' ·:-~~--.. 
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CURVE O HA UN CHES 

The plastic moment of reslstance at any cross section x of tht! hauncll per
pendicular to tbe layout 1100 is (Fig. 8.9) 

Mpx = ay Zx . . . . . . . . • . . . . . . . . (8.3) 

As in tapered haunches, 1ncre3Sing the thtckness ol the curved flangc would 
compensate !or the reductlon in effective scctlondue to the incllnation {3 e! the 
flange and •~r·ouldmake the sectione!Icctivcly symmetricalabout its hall de;:th. 
The theoretlcally required.thickness is givcn by{8.7). , .. 

le = tt/cos {J • •••••••••••••••• {8.4al 
in which 

te = thickness of the compression flan¡;e plate 

:1 = central angle bctween point of Langency and given sectlon or knee 

For all practica! cases, thc controlilng anglc B wül be small (approximately 
1~.\ a.~ sy:::tmctry can be assumed without lncreasing thc comprcsslon fla.nge 
tbickness. Assuming symmetry, the sertion modulus al any section x ls 

Zx ~ b tt (dx · lt) + ~~ (dx - 2 t...,f •....... ~ . {S. S) 

dx = de¡;th of h:lunch a.t any sectlon (x) 

:d + R o. cos m 
R = radius of curvature o! lnner Hangc 

x=Rsinfl 

Eq. 8.5 may be substituted lnto Eq. 8.3 for Mpx and the result ('quatcd to 
Mx, the applicd moment which must llc rcslsted. So!Yin¡: for the thick:1ess cf 
the ter:sion nange gi.ves 

(8.13} 

At some station alon¡; the haunch defincd by a controlling value of the angle ;3, 
the values of dx.arn:l Mx will require a maximum flange thickness. Forvalue!' 
of tbe radlus of flange curvature and distance to the inílectlon point that wculd 
be enCO\:nteredordinarily in practice, the controlllng angle i3 has been found to 
beab:Ju11ZO.I8.7) - .. . . 

The reslstance to local buckllng of the !langes of curved !uunches may ba 
ass~re1 b¡- !ollo-Ning the rccommcndations of Chapter 6. 

Lateral stabUlly o! curved haunchcs ls dependen! upon the resistance to 
buckling of !he comprcssion flange perpendicular to the plane o! the web, P.ef, 
8, 7 corrtairis. an approxlmate solutioñ obta.lncd by analyl:ing the prohlem as 
thc buc.kling of a ~urved beam slmply supported al tlle points of tangency and 
at .the dlago:J.al sllifener. To slmplUy !he M:J.lysis the curved nangc h: con
oervattvcly assumed to have a unUorm str('sS dlstrlbtrtionover lts whol.e.area 
and !engtb. The tangeirt modulus equatlon for the b.Jckllr.g of fully str:lin
hardened ste-el platesglves the íollowlng e:cpres.sicn!o: tb.e critica! are lcnglh 
of fla.-.ge:!li. 7 .6.25) 
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124 CO!',?<ECTIONS 

sti!Jener may be proportloned by considerlng the addiUonal aniount of resist
ing force requtred lo achteve equilibrium. The stilfeners should atso be pro-
portioned to malntaln stability under their !ull load. . . . . 

Horizontal stilfeners should prelcrably bt:' furnlshed m symmctncal pa1rs 
opposite both beam Hanges. They should be welded to the column flange and 
web by etther groove or fillet wetds. Vertical stiffeners should also be fur
nished insymmetrlcal pairs and should bt>dcep enough toallow thc bcam i\ar,ge 
force to bedispcrscd In thesti.ffcner i.n thf' samemanner .in wtüch it iS assu111cd 
to be dispt>rsed in thc web in Eq. tl.l9. · 
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( 

Results of tests on c<Jnnections usln¡; both typcs of stiffcning are ;¡;iven In 
Ref. 8.10. Sorne of them are shown in Flg. 8.15. Thesc tcsts.and tests ";ithout· 
Sti!fening wcré u!<cd to hc\p cstablish scml-emplrical mrthods of dccidHlg t~c 
nced for stiífencrs :md thl' propor_tionlng of stifrcners to rcHist thrusts of bcam 
n:uigcs. u thcmomcnts applled bythc t~e:..msto thccolumns wercunsymmetrl
<:al, the samc mcthods would be ~pproprtntc. 

z 

··- -~-~-

( 
Art. B. ti BEAM~TO-COLUMN • 12.5 

Critica! Parts of Connectiona 

The preccdln¡; analyscs havc shown Umt' the use o! stUfeners may c!cper..d 
either on comprcssion in the colnmn wcb (Eq. 8.21) or on tension normitl t.o 
the column flan¡;:c (Eq. 8.26) rcsulling from the- end momcnts of the bc:ur.s. 
For most o_f thf! rolled column secUons normaily only one type of failure ::eed 
be checkC'd, depcndin¡;: on thc proportions of thc co!umn. The sections ccn
troHed by cach type of failurc m a~· be ta_buiated, thus simplilying design. 

Eq. 8.21 statcs that a connection will be on the vcrge of r,eeding stifrene~~ 
In thc compresslon region if 

.... (a.:m 

From Eqs. 8.26 anc! 8.27 this comwction wiU or w!ll not necd stllter.ers ir. 
~ho tcnslon region accordi_ng to whethcr 

.... (e.2?~ 

that is 

§ 0.4 ........ (8.29/ 

For aH practica! combinations of rollcd beams and columns that might Ce 
used in this type of conncction, 

0.2 < tu/kc < o.s ..• f ••••• (6.30) 

riy takinG" tb/kc.'"': 0.2, it.is sc<?n that this conncct!on will llE'C'd sti!Iencrs .in ~'J 
tenston reglan if 

,, 
l'kc Wc 

< 0.91. ......... •:-l .... (B.3;.} .... 
By taklng lbjkC'. = 0.8, it ls seen thal the connectlon wlH not nced sti!fe:~crs i::; 
thc tension reglon if 

> O.!IG .. ts._;;zl 

Fig. B.1li shows a plot of !he valut•s of tc/v~ w,. Ior al! wide-flanp,;E' cchm:.r.:;: 
in tht• 8 in., 10 in., 12 in., and 14 in. series. lt c:.~n Ue scen that in most c:>.:io'S 
the column needonly be chcckC'd for comprc:;sion. For valucs of tch kc \\"e t·c
tween 0.91 and 0.9ü lhe nct"d for column stiffening w\!1 dcpend on lhe bea:n, ar.d 
both tenslon and compression should be checkcd. 

Shear St!Hening_ 

When thc moments in the two bN.ms al :m i1~tcrior connectlo~ dlffcr b·; a 
largc am(lunt, thcy-may cause large shears :n lhú column WC'b, tendin¡_; to de
form the wc\.J in the samc m:umeras la a corncr conncctlun (Fi¡~. S.:!(c.l). WJ.t::: 
such a.n un\.Jalancc of momculs, the shear in the web should lw chcd,;~d. a.1d ~ 
ncccs.sary, diagonal stlifcncrs or a doublcr pl;:tcshould be ;-¡ddrct.11.2) 1:: H¡¡:. 

-8.17(a) the shea.rs and moments acting on a typical ronnection a~c show~.- Fti:. 
8.17{h) i'l a free body dlarrra1n of the forc;:os ading on the l'í'lu1111~ 11."<>1.! jc!lt ~-:'. 
low the hlp flauge stlffc-ncr. Th<) rorr.cs are\'. ;he hort:t.ololal r-.t:c.•r prPS•<>;~ 
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126 CONNECTIONS 

in lhe c:olumn above the connection and two !ensile f!J.r.ge {orces T¡ -and T2-
The fl:lngf' forces are obtained approximately by di.,.lding the moment in the 
respectiVe beams by the bcam deplhs. The nct n•sult of these forres must be 
resisted by a shcar stress T acting on :1n arca oí c~h.:mn vocl> equal to wc de· 

Thus 

"' db - \' ............. (8.33) 

Assumlng thatTy = oy/J/3, the rcquired ?~Cb thickncss lo resist. shear is 

,fJ ( M2 M¡ ) 
Wc =O y ele Tu - """'d'b - V • • - • • • •••••• (8.34) 

when the directlons or momcnls and shears are as shown in Fig. 8.17(b). If 
the actual wcb thickness o{ the column is lcss than Ulat In Eq. 8.34, diagonal· 
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FJG. 5.16.-CJUT!C:-\L ~--\RT~ OF CONJ\EC'TlOJ\S 

s!lffenC'rs similar to thoS<' i:1 }"i¡;. 8.2(!) or web doubler platcs could lx uscd 
ttJ carry thc cxccss shc:U'ir:¡; {,1rt'E.'. The spt'cial case of J. ~onr-sldC'd~ bcam
to-colt:mn ronlwrtwn \s cht:~i•wd '' hl'n M¡ rqu.:als ze~o. 

1. 
Art. a.G BEAM-TO-COLU~t:-; 

~"~ ® V r§; Tz"~ 
' db ,, 

r--

" 
,, 

--i (b) 

Four-Way ncam-to-Column Cunnect!ons 

Fn>qucntly ad~itional ll•~arnti must bt• framcd in! o a sin¡; le joint 0~ a co!tl.mn 
f~rmin~ a four-,.ay ?eam-to-column co:mt'cticn. TwC' bt':lms m:<y tx> fr:tr:h'l! 
LIIO _a C'~iUHll'l WClJ CLIIII'I'hy din•t•( Wf:idi:1¡: nr t•y pJ:::t• ¡¡bs ~C:ll l}'pt' t'f C"C:l
¡~~~liOns. V.hcu connct:!LO~t~i such as lhtSL' :J.rc '•WC'd, the qucstion h;-¡s bo·,•o: 
l:tlscd :J.s .t,u wh('[h,•¡• thc lrta¡,;ialstre:;s,•s in thl' colt!m:l wcb m1r,!lt cat.:st• prl'
m~ture. f:u,~~e-, u,r ~n lht• ot_hcr ~:J.nd, whether a tx!ncfidal efiect mi¡;ht be ül:-

. ~aucd .h~ou,t.h lh< p.trlla] ~<ttH¡•¡~¡n,_: :lctmn of the bc:~r::s fra:nin¡": ir.!o !he> n•:'lr.11. 
,w<:b. A limltl'd num[)l'r of.tcsts h:.!.\'C' bct•n n::Hll' o::. ro..:r-way :cz:ncctio;~,;. :ir; 
.he ¡;;pecim~:ns tC'stcd, thcrr was no adye:-so •'.[""!'! 0¡ •,··.·-.,-:.,¡ .,.,· .. catcd.,(8.10) ~ ~-- • - .... ,, ... scs in•il· 

~:r_ ... tf":"lcs O{ lhc four~w:t! comcrtiotiS testN 3:-C ;:hcwn b Fi~. S.!IL ·~ll•' 
dlnn-wcldr:d typt•, shown 1:1 Fig. 8.lU(aJ IL:ld a co:·J::l:O wc.>!:l :h~ci:"n.~ss :1 w<:-t~:-;,· 
thc n-qulrt:ru<:nt cf E:q. 8.21 :md hl'nCc thc t'Ciu:nr. "'"1?-b feG,'-lircci uo l'l''·:iu-··~· · 
ment toprcvl'nt crippllu~:~ dueto lhC' fore••sappliC<:l t':l tll!'ccl:.z~m n.1:¡~~-~ IJ;: :h: 
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144 DEFL'ECTlONS 

9.6 APPROXIMATE DEFLECTION AT WORKING LOAD 

u has been suggested (9.8) that an uppcr bound f~r the dcflcctlon at work
i:Jg l;ad ·may be obtaincd by dlvidlng the calcul3tcd deilecll_on at u\tlmatc loa~ 
by the load factor.-. calculations werc made to compare thJS typc of cstimat 
with calculatcd a.nd measured dcflectionsat workir::¡; load. B:lr graphs show:n¡; 
thes(' comparisons for fivc structures ara g:.ivcn _in Fig. 9.7. Each de!lectJon 
¡5 plottedas a pcrcentageof the calcula.ted ddlect:on ~ a: ultimate load. Thu.<!, 
the ddlectlcil estlmatedat worklng load is a\ways 54% of Ou when the load fa~
tOr·is 1.85. The deflection calculatcd from an elastlc analysis at t~c plastlc 
des:gn workin¡:: loadand an observcd de!lection at worklnr. load !rom a test are 
showr. where availablc. For a further compariso~l, a b.1.r showlnr. 1/360 of tht! 
span is ptotted to the same scale as _th~ deile~tions. •• 

'" 

{%) 

F=9 F." ,! 1 

......_g____. :~·~j~ .. .,,. 
20!:i.5 T-1 H 

Delerminate 1 Redundan! 

'· ill\ 
---------~-------------

fE!!-~ rl -m 
30' 20' ~o.:__. •o· 

18 w= 50 -12YF36 IOB17 aBi3 
NO TEST. T-9 T-10 

2 Redundonl 3 Rcdundon1s 6 Redundonts 

"'"G 9 1 -COMPARISON ÜF DEFLt:CTIOSS AT WOltKI:-.:G ANO ULTrMATI-; LOAI.lS 
• 

1 
• . • • WITH ESTII>L\TED WORKJ~(: LOAD IJEt'LECTIOS. 

The bar graphs showthat thc estimatc Of dc!lcctions madl' by dividlng óu by 
thC load factor is more and more in error as the num~r o! staUcall~ tndc-
terminate reacUons lncn:!ases. Wheieas thc approxlmate estimatc·1s vcry 
goc<1 for one redund:lllt, the estimate ts four times the actual deflectio~ at \1/0rk
tr.¡¡: tOad !or the structure with six redundan!~. Thls estlmate would 1mply cx
~e:>sive deflection whereas 'th(' actu:J.l deflection hcre was well bclow L/360. 
UrJortunately, no simpll' rule can be C5tabUshcd for l'Stimating how much in 
errOr the o'rtglnal calculation mlght be. Much depends on the or~er of lor
r.::auon of thl' plastic hinges. In any structure in wh.ich all plastlc hmgi!!'l form 
~ur:dtancou~ly, the estimatf! w!ll equal thc truc defler:tlon. 

• Thc mtcrscc-uon of thc dot-d::r.sh linc 0--t In Fig. 9.6 w·lt.h lhe horizontallmc ln
C:~-::ir.g ll·.e ma¡;n!tuUc of 1'._.,/l'u 111 a graph1cal rcpr .. scntaUon of th1tl upper boun•\ for 
.:~!!~::en at wnrkm~ lnarl of a single sp.1n ¡:;ahll'd fram<:, 

•• r_,":lGtl b nnt ~u~:,"<"Sl<'tl a>< "" "!'JlP-'P'·i~l<· ddlt·<"llon lunU:tllon.: !t l~ ~110\lo'n mcrr
:~ be<:-;,u~c a 1, pt"C>hab\\' of thr. sa 1nconlcr ,,( mn1;:"'tuclc ns ;1ny prnct ten\ <l<•flcc\ton \!nH
~:;! ·~c. 

l-------~--~---- ·----~------~--

A:-t. 9. 7 DEFLECTION I.JMITATIO;o.;S !4:; 

The approximate procC'dure suggested ls ·satisfactory whenever the estl
l!H'.tt>d dcfll'ctlon ca\cclatcd from thls proc.ecture dvcs :-.ot eJ~;ceeC: the ;reScr-ite:! 
deflectlon Umitatlor.. Otherwise it is necessary to resort to mere accu.-at<::
(and complicatedf methods oí calcu:alion. 

9.7 DEFLECTIONS AS A LIMITATION 

Or:.e o! the most import::tnt questlons about deflections in plastlc Ces:.gn i3 
\O"hcthl'T or not thl'y w111 constitute an undue dcsign limitation. The answcr to 
this questlon on thc basis of avaUable test results ar.d calcillations is: no. 

Admittedly, on the basis.of the fcw tests and calcuhtions for e:o-.a:n:::les 
sl':.own, it ca:mot be stated lhat aU poss!ble .:ombi:-.ations h:l\'e been :stucÜ~~
Varlatlons in load and span do ch:ingc the rE.<!atio:J.shlps. However, it is te
!ie\·ed on the basis of the studics which have ~en m:..de that the statement'!l 

LCAO 

DEFLfCT(IN 

FlG. ~.S.-l.OAD-DEFLECTIO~ R.t-:L\·iJo:-:SIIIP FOR T!!REE DlFFEUE:-.'T 
BC:AJ\l DESIG:\'S f'OH SUP?OB"l'l:-lG TIH: :),\:.lE LO,\ D. 

made hl're appli to typlcal cases ar.d also tocases wilhin the range of practi-
ca! extremes. · 

Conslder the casf shown In Flg. 9.8; (1.2) The problem ls todesign a benm 
to carry a given lóad oi1 a glven spnn. Firsl, picture the beam being desip1ed 
as simply-supported, this belng \he standard with which the saiety factor i~ 
compared in plastlc dcslgn. The rolled sectlon requlred 'OI.'OUld be an lS \'F50 
a.-:d lheload-de!lection curvewould"be as shownby CU!"\'\! 1 In Flg-. 9.8. A hori
zontal mark on the graph tndlcates the valuc of thc working load, and a ~·ertt
cal mar k lr:dlcates the deflection whlch ts equi"va!ent lo 1/360 o( ihe- sPa."1. 

:;en couslder a flxCd-endcd bcam dl'.!!:gned to car~J thl' samc load on th~ 
same spa.n accordlng to clastlc dcsir;n. Ikcause of ~he nC>t;ative moment at th.:
ltxed l'nd~. only a 16 -w: 36 would be requlred. Thc loarl-rlt'l!!'ction curve woul:\ 
be •l! givcn t>y curve n In Flg. 9.8. It is seco that :he dcfit'rtion at worklr.¡,lo<trl 
ls constdcr bly ll'SS th::r.n that of the simply-sup¡.¡ort.:od bf•:tm. · The l"!:~~tic:llly 
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DEFLECTIO~S 

deslgned beam with fixed ends would support a much gr<!ater ultimate load U::tn 
that of the simple beam. This indicates \hat, 3ithc-ugh both bcams :ll'e desi;p~cd 
fcr the same working load and both are ~sltle, ~ tht> built-in beam has an cx
cess margin of salety against u U! mate load. 

The lhird case In Flg. 9.8 lndicatcs an even more econolnical solution bY 
plastlr. design. Herc only a 14 VE 30 is rcquired. The load-deileclicn curve 
shcws that the load capacity is equal to u,:lt of thc simple bcam. Though th~ 
deflecUon at working load for case m 1s f{rcater than case n, it is consiócr:Wiy 
lesS than case 1 and would be acccptablc. ' 

9.6 ROTATION REQUIREMENTS 

In addition to thc problcm of dcOcctions in plastic dcsib'll thc rot.a:ions at 
plastic: hinges must al so be' considcrcd. For f'xamplc, In the bcam of Fig. 9.5, 
it i~ thc inelastic rotation at the lefl ¡support which allows redistrlbution of 
moments to the load point and right support of the mcmber, thereby milin¡; 
possiblc the increase In load f:-~1n points Ato D. Slmllarly, ir. any continuous 
structure, sorne rotal ion must take place al the flrst plastic hin¡;es to form, 
except in the case wherc all hingPS form simultaneously. The measure of this 
rcquired rotation is refcrred toas the hinge angle. It is of interest to deter
mine the hinge aJ¡g\c that would be rcqulred in structurcs in arder lo '..;:-mubt~ 
certain secondary dcSI¡!;n b'Uides whlch dcpend upon this function. 

The hinge angle may be calculated as part of the rlcflection cn.lculations dc>
scrit:cd in Art. 9.4. The results oínumcrous hingc an¡;lecalculaticns are pre
sented in Rci. D.J. Sorne of thcse results ha ve lx>cn usC'd in the d('!ermination 
of thc requirC"d lateral br:~.cin¡:: for·bcnding mcmbers ¡!;iven in·Art. 6.3. 

ln some cases, thc calculated hin¡;:e angle r::quired to wrm a mcchanism 
may bf:• quite largc, implying a limitation on the desig:n. However, prdctica: 
considerations suggest that almost as p,ood load carrylng capaclty may cxist 
with a rnuch lower hingc angle requircment. In Fig. 9.9 is plottcd the theo
r.elical load versus hmge rotation H at the first plastic hinge oí a two-sp:tn 
fr:une. Seven labclledpoints on the r.urvc indicatcthe formationof scv('n p\as
t!c hin¡::-es in rcachin¡: the mech:mism state. Point (7) is the hing:e anglc that 
woulct be calculatcd in 1.1 rot~tiun capacity study. Note, h('""'"evcr, U1;H at thc 
formal ion of the ncxt-to-last pla.stic hingc, point (6), the loild is 98.2%oí thc 
ma..'umum load. In arder tu attain this load, thc rcquircd rotation is only 0.54 
M¡:¡ L/{E I), or about one-third of thc amuunt calculatcd for a full mecha1~ism 
(1.::2 ;o.tp L/(E 1)). · Assurance o( rcaching·9B% o! a'pi-cdicted load, :~.long with 
a :-casonable load factor or saiety factor is generally :~.cccptcd as ¡::-ood engi
ncering practice. Thus, it is secn that thc problem ai !a!"ge requirE'd rotation 
in h1ghly redundan! structures is not as serious as mlghl first be suspcctcd. 

Experimental veri!lcatlon that a struclure may bch:wc quite satisfartorily 
even lhough 1t may not mect the fuU rotation requir;:omcnt ls ¡::-h·cn ín Re!. 5. 7. 
A test was performed on the two-span !rame cf Fig. 9.9. Although the frame 
didnot qulteattaln th~ computed uiUmate on the basls of a 40 ltsi coupon stress, 
H reached 97.4% of thls valul', orwcll In excess of an ultlmatc load based upon 

·a 33 ksi yleld pomt {FI~. 9. \0). Qbsf'rt'ations inclicated that six of the seven 
p;:~stir. h!nges were form(•c\ bcforC> latNal buckling occurred dUI.'·to th(' insta.
bllity of a lateral support which wa!l made vNy fl<'xlblc for ter.t pur¡ms('s. 
T!'!rr~ l~ evcry u:~.son to belicve lh:\l with adcquate l:~.tcra.l support thc SC\'cnth 
;¡l:l:1iic hin¡.:"l' Wf•uld ha ve- formc-d, ;u:o1 an cven grc.:lttlr lo:ld would havr lx'C'n 
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148 OEFLECTIONS 

reach~d dueto strain-hardening. For highly Indctermina~e inattispan fr.a.mcs, 
large h!nge angles may be requíred for the Iuil dc\·clcpm~nt of a mechar.i<;m. 
Howcver, [or these samc rrames th(' lo:td at the formaticon of the n€'Xt-:o-l..t~< 
hinge is almost as great as the maxlmum load, while thc rotation.:lt th.l~ i:t
stant ls substantially less, as in the case shown m I-'lb· :il.9., Ht•ncc a lower 
limlt for rotalion capacity rcqutrement, suitable for general desi,::n purpose5, 
necd no! be related to the large the?rct!cal rotations assoclatcd voith h!ghly r.:-
dundant frames. 

-. '""f 
( ( 

APPE~'DIX 1.-Sn!BOLS 

A " are.~ oí ~ross section; 

Ac "' arca of s:oplng (con:p::-ession) fl:lnge pi.ate in tape:ed cr =--.;:-ved 
hat:nch; 

= area o! inner flangc of ra.fter haunch (Fig. 6.7); 

= :uo:a oí inr.er flange Of col•Jrun haur.ch (Fi¡;. 6. 7); 

= area o! ene flan;re of wide-flange shape, Ar = b t; 

= area e! symmetrical pair of diagonal stiffeners; 

= arca oí stralght (tension) fl:tnge plate in tape red haunch; 

"' area o! outer riange .or beam haunch (Fig. 6. 7); 

A.;¡ = area o! web, -~ = w d; 

a = dist:mce from end o! ca.."ltilever to critica! section of be:ur.; 

E = beam-column interaction equ:ilion p.oef!icient; 

b = flange width; 
"' t:>readth cf recta~;;'.!!ar cr':lss scctio:-:; 

il' = wldth oí outstanding plate C"ll•ment; 

b0 = width of plate sim1.:.l:lting fio.nge element or wide-!lan¡:e sha.,e; 

Cw = warping constant; 

' 
Dx 

o, 
Dxy 

Dyx 

d .,. 
. d¡ 

"w .. 
E 

F 

= dlstance trom ::-~n~~ld :-:- cxtre:-..!e fil:Jer; 

• Ex/(1- v, >'y); 

= F.y/(I- vx vy): 
= Vy Dx; 

= Vx Dy: 

= depth oí sectlon (s-Jbscdpts b ar.d e denote beam and co\l . .:n;r.); 

"'dcpth or column haunch (Fig. 6.7): 

= dlsta.nce bctween centers of two ílangf's; 

= weh dcpth O! wide-fiange sh~?e. ~- = d ~ 2 "t; 

= depth o! haunch at section z (flgs. 8.6 and 8.9); 

= :our.g's modulus af eh.s1idty; 

"' strain-hardcning modulu!'; 

"' tangent modulus; 

= tangent mo<lulus in x-direction: 

= tangent modulus in Y·d!.rection; 

• eccentrlcity; 

"" load factor or salety; 
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SYMBOLS 

= shape ra:tor, I =. M¡/My =. Z/S; 

=·moctulus of e:asticity in shcn.r: 
= beam~coh::nr. interaction equation coefficicnt; 

= modulus of elasuc~ty in shcar at onsct of strain-hardcning;. 

= tangent modu!us ia Sl!Car; 

= horizontal rf>ac\ion or lnad; 
=·hingc a~le rcquir{'d ata plastic hin¡::c; 

= portian of hinge angle that occurs in. t.he critica! (buckling) segmeot 
cf member; 

= story he!ght; 

"momcnt of inertia{subscripts X and y denote ::ixes, subscripts b J.!lC 
- e dcnotc.bca:n and column); 

= lJ~am-coi:.:mn mtcraclion equatica cocf!ic:icnt; 

= torsion const.ant; 
= beam-column intcraction ('{!_ll::t.tion cocfhcicnt; 
= effcctive column length c(Jcffícicnt; 

= disl.1.ncc !rom !langc facc to end of fillet (subscnpl e denote,; co!
umn fillet); 

= stiflncss fictor of a bcam (subscdpls ~ and s refer lo adjacc~1t scg~ 
mcnls :md denote b.q::er ;wd smallcr st!ffncss fadors); 

·-' sp;m \['u¡.;th p.1ramd1'r; 
"'actual culmnn Jenglh; 
= distancc bctwcen points of lateral support; 

"' length o! adjacent se¡_~mcut l>ctwecn polnts of lateral support; 

= cri!ical unsupportcd lcn¡.:th for lateral bucklin~; 

-=critica! !l.'l!::;:"i.h {l:us('d un simple span) of :~.djaccnt SC[(mcnt; 

~ criti<.:;d k~:~;ti\ (Lnsl'd nn simple sp.tn) of .1djacCitt Sl~f\"I!l<•nt lsd)~ 
script i dc~:otes lur.¡;er critica\ lcng:th); 

= criticalle~th{based unshnplc span)ofadjaccnt scgmcnt {s. ·-s~:-ipt 
s denotes sho:-tcr cr'itica~ lcugth); 

= lcngth uf se¡;r.:cnt (slope~dcflcctwn cquatlons); 

= bcnding mom['nt¡ 

= equiva!ent moment for bcam-column; 

"'morneat at the haur:.ch point¡ 

= clastic mo:JH"nt at scction •¡•; 

= be11di:;g mo:nc:1t about stron¡.: axis at Z = L; 

= maJnrn~,;Jll momcnt; 

= column ene! moment (a uscful cnd moment); 
."' bcnG!r.; moment aO.)ut strong axis at Z "' O¡ 

L ____ _ 

i 
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= plasllc moment; 

= plaslic hinge moment modüied ~o include ~~e ef!eet u! a:~!.:?.! ce::::.~ 
pression; · 

= plaslic hint:c moml.'nl mudifiW to !nclude thc ~H12c~ o! ax.!ai. cor.:~ 
pression and shear fm·ce; 

"' pla~tic hinge mument n'todified tu Í!lCl\!dc the er:ect uf st.CJ.!' ~u:~"'; 
"' plastic momcnt oí rcslst.~.,Ce at section .. x• of a. h:l•.:nch; 

= residual momcnt; 

= momcnt at working (service) Íoads; 

"'.momcnt at scction "x• of haunch; 

• = momc'nt at which yiciding fh·st occurs in flcx-.:re; 

"' range of mome:nts in which ~~I~ó curvl.' is h~ear; 

= larg:er of two cnd mumcnls en a beam-col-...!mn; 

= smallcr of two cnd monwnis on a Gv:ull~co!um:t; 

= momcnts in ·~ structurí' i:i ~'Q.uilibrium witt: ;¡ -..:ni< !oJ.c!; 
= dist.ancc bctwcen lilkt cxtrcmitks uf f!an¡;:e e~ co:-~:!!::; 

= conccntratl'<l or a...¡ial load; 

= maximum lu:td_ for altL•rnati>:g plasticily; 

= c¡·i(i¡·;t!Joarl 011 :~-;iall:> lo:1rkd <'•>hllll"i 

= Eulcr IJucldin:; lo;¡d; 

= m;uimum load; 

= stubtlizing ("sh:tkedown•) lo.:td; 

= t.m~cnt mu<lulus load; 

= ullwl~llc load {thel'retic:ll); 

·" working: (scrvicc) load; 

= load on bcam whrm yicld strC'SS lC'vel is rc.:tC!lf'd in fle.xu:-e; 
" axial load corrcspondin¡: to yiC'ld stress leve!, Py = A e!,; 

" r:tdius uf curvcd haunch; 

= radius of gyration {.!'<ubscripts denote fkxural axesJ; 

= radius o{ gyration of comprcssion fL1ngc o! h.aunch :.: strc:'lg d.irt>c· 
tion; 

= section modulus, S =·l/c; 

"diSt.'lllCC' nlung !llcmbt'!·; 

"'!orce; 

= horizontal com¡xment o! dlagon.1.! stif!<'ner forct>; 

= wcb .shear {orce; 

• 
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= flangc thlckncss (subscripts e and t denote' compressi<.m (or col
umn) :md tension !J.ange); 

= shear force; 
"'vertical reaction; 

1 . . 
= 2 uy b d for rectangular Scction; 

= maxlmum allowable she:tr :orce at ultima:c lo:td; 

= displacements in x, y, ar1d z directior.s, respectivcly; 

=total distributcd load (subscripts u, w, and y dcnotc.ultimatc, work-
ing, rr.nd yield loads, rcspectn•e\y); 

= externa! work due to virtual displ:.u:cme:Jt; 

= interna! work due lo v¡rtual displ:tceml"nt; 

= distdl.>utcd load pcr unit <Jf len¡;th; 
= web tilicknesf; (su!Jscripl e dl'nOtt·s column wcH; 

"reqnircd wch tllicJ¡ncss; 

"long:itudinal coordinatc; 

= trau~vc~sc cnurdinalc; 

" ccntrr linC' dcflcction; 

= dist:mcc bctwcet(l ccntroid and nt•utr:tl axis; . M 

"plastic·modulus suiJ3cripts dcn<Jte flexura! axes, z.eo a:•); 
" pl:lsti; moctulus :lt scctwn ~x• r.:[ a haunch; 

= lateral coordinatc; 
= dist."lncc alor.g llcam; 

' = c<:'ntra\ anglc ol :~uHed flangc Uctv;ccn points of Iatcr:tl support; 
= proportion oí a ¡;:!ven lC'r.gth in strain·h:lrd('ncd statc; 
= 11\lll·dimcnsional paramcter locating tlrc position o[ a plastlc hinge; 
"'non·dinwnswr:al load ¡Mr:c:ndcr uscd in cydic lo:túinl'- studiL·s; 

= an~::Jc belween two non-par:tl\el ílanges (Fig. 8.G and 8.8); 
" coeff!cicnt of restraint; · 
"' :1::gle of twist aboÚt shear center; 
"sccond non-dimensional load parametcr used in cyclic loading 

studics; 

= angle of taper of raftcr haur.ch (Fig. 8.7); 

= an¡;!e oí taper of cotumn ha.unch (Fig. 8.7); 

= sheann¡.; strain; 
= angle of \nclinatwn of raftcr (Fig. 8.7); 

"vinu::tl dlsp!.1.cement; 
-= deílcctlon of a joint d,;e to transiation; 

= detlrctim1 (subscripts u, w, :1nd y d('n¿te dcílection at ultlmate, 
W<lrkin¡:, and yicld loarl, rcsp~~tively)¡ 

"sl¡";lin (subscrlpts {\(mote di.-ecti,n)~ 

( 

' m 

'~ 

SY!'vlBOU~ 

= cl'ilical strain al whiCh leca! bucl>ling uccurs; 

= strain at onset of strain-hal·dcn:n;; 

"'strain corrcspondh¡;: to theorctica! o:1sct a! ;:J.as:ic y:'.'ldi:-.¡:; 

= mcasurC'd anglc.clmn!J;C, rotation; 
= mech;wism anglc; 
= anglc o! slope of dia~onal stiJfencr; 

= anr.Jc of rotation at maxlmum Jo:~ct; 

1~3 

= rotation of joint A due to tr:msversc loads assumir:g simpiy suo-
portcd cnds of mcmbcr; -

~ elastic limit rotation (theoreticai); 

= POISSOII'S ratio; 

= currcclion factor· for Sl. Vcnant wrsion; 

= correction f:l~tor for exlcr:: o! yicldil1g; 

= corrcction factor fur end fixity; 

= corrcction factor for momt•nt ¡::radicnt; 

"'co..:ffidcnt of dilation for stress ir1cremcnt i!l x·dircction; 

"'codlicienl of dila\i~m for titn•s;> itr('rcr:n:nt ir: y·dircction; 

" ratio of sm.lllcr cnd momcr:t to br;.:e:- c:1d mo:ne:n for a scgm<'nt 
(-ISpSI); . - . 

= r~.uo ot cnd mom<•nts \or :ldjaccnt scgr:"lcnt; 

"'normal stress; 

= crilic:.tl \Juckling striCss; 

=residual stress (su\Jscripts re and rt denote comprcsslon and ten
siorlj; 

= alh.nvahlc (workin¡~) stJ·ess; 

= yicld-stress lc\·cl; 

= she:tr stress; 

= shear stress on neutral axis; 

" shcar yield stress; 

= rotatlon per unlt lenrrth or avcragt"! unit rotation, rurYature; 

= M~/(E I); and 

"'curv:1turc corrcsponding to first ylcld in flcxure. 

1 

1 

1 
' 
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APPEt-."Drx ll.-GLOSSARY 

Allowahlé stress design A design method which defines the Hmit of struc
turd.l usefulness as the load at which a calculatcd stress cqu~tl to tllc vield 
point of UÍe material ls Hrst attai:led <1.! any point (usually disreg:¡;ding 
local stress ralsers). 

Factor of sa!ety As used in elastic (allow<!ble stress} dcsign, lt is a f:lctor 
by which the yield stress ts dlvidcd to deterrnlne a worklng or :lllowable 
stress for the most hlghly strcssed fiber .. 

Hinge angle- Thc angle of rotation throu;;:h which ayielded segment of a beam 
must sustain its plastic momcnt value. 

Load iactor-ln plastic dcslgn, a faCtor by which thc worklng.load is rnulti
plicd to determine the ultlmatc load. This choice of terms ~erves to em
phasize the relianco upon \oad-carq•ing capacity of the str~cture rather 
than \opon stress. 

Mechanism Ar1 articulated system able to defoi'm without a Hnite increase 
In Io:ut. It is used in the .special sense that the linkage may incll!de re:ll 
hinges =.ct/ar plasttc hinges. 

Moment ratio The ratio oí the numericalty smaller end moment to the mo
ment at the opposite end oí a segment. End moments causing single curva
tu re correspond to a posltlve moment ratio while double curvature gives 
a negative moment ratio. 

l'lastlc design-A design method for continuous steel bea.rns and frames which 
-cteTiiJCs Ll-J.e limit of structural useiulness as the ~ultimate load." (The 

term, •pia.stic" comes írom the !act that the ultimate load is computed 
from a knowledge of the strength of steel in the plastic ra.nge). 

Plastlc hlnge A yielded zone whlch forms·in a structural member when the 
plastic moment is applled. The beam rotates as lf hinged, except that it ls 
restnined by the momer.t Mp. 

· Plastic modulus The modulus of resistance to bcndlng o! a completely 
. yielded cross scction. It ls the combined statlcalmoment about the r.eutral 
a.xis o! t!Je cross-sectlonal are as abovc :md below that a.xis. 

Plastic moment The rEislsting :noment of a fully-ylclded cross sectlon. 

Plasti!i~ation-Gradual penetratlon oí yield stress from the outer fiber to
wards-uie centroid oí a section under increaslng moment. Plastllication 
ls complete when the plast!c mo~ent, Mp, ls attaincd, 

ProiJortionallo:i.dlng Allloads inci-ease in"a constant iaUo, one to the other. 

Redlstrlbution of moment A process which resulta in the successtve forma
tion of plastic hinges untU the ult1mate load is reaéhed. As a result of the 
rormatton o! plastic hinges, less híghly-stressed portions of a structure 
may carry lncreased moments. 

Rotatlon capacity-The angular rotation which a given croes-secttonal shapc· 
-caiiS~at the plastlc .moment value· wlthout prior local failure. 

Shape faclor nw ratio Mp/My. or Z/5, for a r.rc>ss scctlon. 

1 ~4 

GLOSSARY 

Ultimate load or plastlc limit load The load attained when a s..:!!ici":nt m.::r.
her of yleld zones have formed to pcrrait thc structu!·e to :!ef'.!r:r. ;¡l:ls
tieally without !urtl1er inercase in load. lt is the Iar>;!!-E: :')a':! ~ !o:r·Jc::~:-~ 
will support, whcn perfect plasticily is assumed :J.r.d ·,1:hP:-:: so.:~~ !:::tc~:J:s :;; 
ínstability, str;tin-hardening and fl·acturc are ncglccte<!. · 

Yie\d momcnt In a membcr subjeet'!rl to bcnding, tl:e ::-:.c:::e:""! at ·.o.:t:ch J..-. 
outer Hber first attaius !he yicld ·stress leve\. 

Yield stress level The average stre~s duri:1g yic!di:lg ir. ~ll.e t:!:l.'::~c r~..::~ 
Jt i.s the stress determined in a tension test when the St!'J.i.;-: ;e:J.cll.es ·J.<:0.5 
in/in. 

---·-------·-----
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ESFI.ERZOS DE ELEIENTOS ESffiLCTU'IALE6 

OESPI.ES DEl LIMITE ELAST:U::O 

Por 

Porfirio Ballesteros• 

SUMARIO 

• 1 

Aceptando las hip6tesia da deforll8ci6n plana da secciones, diagrama 

idealizado esf"uarzo-deforaaci6n, e isot:ropía, Sa diJtsnoina la scuac16n gens-

ral del esfuerzo norlllll a una aacci6n t:ransvarBill de un sleamto est:ructl.a'al, 

en condiciones· ssmi-pl&sticas, concluyfndoae cámo casos particulares, las CIJ!! 

diciones pl&sticas y sl&sticaa. Se estudian diferentes posicionas de los ejes 

.coordenados con ·al prop6sito da lllimplificar las operaciones nulldricaa,· Se es 

tudian condiciones de llltilla capacidad de carga de colu-a cortes e flexD

comprasi6n no siradtrica, y vigas bajo flexi6n b:L-axial y se determinan diver

eoa gr&f"icos de interacci6n bi-exial para al di.ssño de sacciOnee de acero ea

tructural indicadas en los me.nual .. s da llllxico y Estados Unidos. 

Y ea prásents el prognna general para una secci6n cualquiera en -

NOTACION 

Ae &rea el&stica 

AfJ &rea pl&~tica 

d longitud del aje neutro a travds de la 1111cci6n 

* Profesor de la Divisi6n da Estudios Superiores de la Facultad da Ingeniería 
de la ~AII • 
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P, BALLESTEROS 

2 

excentricidades-de la carga normal con respecto a 

los ejes ·coordenados. 

abscisa al origen del eje neutro 

ordenada al origen del. eje neutro 

grado de plastificaci6n 

distancia del eje neutro a la traza de plastifica 

ci6n. 

mo1110nt,os. y productos d.e inercia del llrea elllstica 

momento flector resultante en la sección 

componentee de M respecto a loa ejes coordenados 

valor límite o último de M 

carga exúntrica 

valor límite o último de N 

momentos estllticoa del llrea el,stica respecto a 

los ejes coordenados 

momentos esWticos del llrea plútica respeat.o a _, 
los ejes coordenados 

esfuerzo en un punto (x, y) paralelo al eje z 

esfuerzo de cedenoia del ~~~aterial 

constantes 

INTRODUCCION . . 

Aceptando las bip6tesis de deformaci6n plana1, relaci6n en-

tre esfuerzo y deformaci6n idealizada, Fig. 1 y un material iao-

-. 
1 Navier, "Msu"" des legorur sur l'application de la lllfcanique" 

3d ed,, Paria 1864, edi ted by Saint-Venant. 

B 

--· 
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P, BALLESTEROS 3 • 

trópico y homog6neo. Para ·deformaciónes menores que la defo~ 

oión unitaria de fluencia e~, regir4 la Ley de Hooke, .y para d~ 

formaciones ma;rores. a la de fluenoia, el eef'ne.rzo 'para cualquier 

deforBBoi&n sertl igual al eslu.erao de fluenota o oedenoia <r:¡ • 

·rr. 
~ 

[<rJ 

o 
le.] 

L. ¿_E 0-E.- :1 

Fig. 1 Diagrama eaf'nerzo-deformaoi6n idealizado. 

. ! ··,· 

' 
3 
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Considerando una aecoi6n intermedia cualquiera m-n del el~ 

mento estructural en equilibrio mostrado en la Fig. 2. Estudi~ 

remos los esfuerzos reaoti.vos ele la poroij$n A, debidos a la OO!. 

ponente normal de la acc16n de la porci6n B. 

Fig. 2 Elemento estructural en equilibrio. 

ECUACION GENERAL DE ESFUERZOS DE FLEXION. 

En la Fig. 3 la eecci6n m-n se encuentra contenida en el 

plano (x,;y). N es la componente normal de la aooi6n de la por

ci6n B sobre la porci6n A, ;y (>lC ,€y BDII excentricidades referi-

...:.....--~----- - ------------ ------'--- ---------------------------~-~~---· --~---- --~--~ 

4 
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P, BALLESTEROS 1S 

das a un eistema coordenado cualquiera. Lae ~reae (1, 2, 3) y 

(4, 5 1 6) aa enaqantran plaatifica4aa •• decir a aafuarzoa ma

yores que el de cadencia del material, y el ~rea (1, 31 4 1 6) 

se encuentra bajo la acci6n de esfuerzos menorea al de cadencia 

y-rige la Ley de Hooke. El· eje (7-8) es el eje rieutro, recta 

de deformaciones y esfuerzos nulos. Las rectas (1-3) y (6-4) 

son paralelas al eje neutro, se encuentran a la misma distancia 

de ~ate y ae denominardn trazas de plastificaci6n, 

y N 
~-------------~~---------~----~ 

1 

Otagrama dt 

defurmaclontl unitarias 

1. 

DtagramG 

osfuerz:os 

Fig, 3 Distribuci6n de esfuerzos a flexo-compresi6n en condi
ciones elasto-pldaticaa. 

1 
1 

. i 

1 
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1 
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P, BALLESTEROS 

Segdn Navier la superficie m-n permanecerá plana despu's 

de la deformaci6n. Por lo tanto la eouaci6n de la deformaci6n 

z(x,y) será la ecuaci6n general del plano referida al sistema 

coordenado (x,y, z), y acei•rtando la proporcionalidad entre. es 

fuerzo y deformaci6n t~ndremoa como ecuaoi6n del esfUerzo en la 

regi6n (1, 3, 81 4 1 61 7); zona elástica• 

(f, = U. = K z = a x + by + e. (1) 

Y en las regiones (1, a, &) y (6, 4 1 5). zona plástica, será• 

(2) 

De las condiciones de estática se tienea 

[Cf.dA":: N 

[ <f,ydA= M.= Ne, 
A . 

(3) 

[ (f • x dA = M , : N e. 
A . 

~~----- ,,,, --•- .. ..l .•.. --••• ·-··----•·•···----' _:....._. ___ •~•------~'----~--C--·----·~----·'--·-' o-----~-·---~-
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P. BALLESTEROS 

S6lbstituyendo (1) y (2) en (3) se obtiene• 

Jcax+by+c)dA + 
A o 

J(ax+by+c)ydA + 
A o 

t~aX+ by+ e) x dA + 

f(J e dA = N 
Ap 

f(feydA =M, 
JAp 

JcrexdA=M, 
Ap 

!.. 

(4) 

utilizando la notaci&n expúesta previamente (4) se transforma 

1 . al 

r 
a. A, 

~}= 
N- ficAp 

. J:, J. a. M,- U e q, 

. I, 1,, Q, M,- (J' e q, 

(5) 

(5) es un sistema de 3 ecuaoi&nea simultáneas con 3 inc&gnitaa, 

a., b y c. Definiendo al 

A • [~:, ~: ~:] . , 
1, 1,, a, 

(6) 
a,(N-If.Ap)A, a, a,(N-IreAp) 

Ób= I,,(M,-ITcqx)a., !:le= 1., J,(M,-(f.q,) 

r, (M, -~q,) Q 1 

1 Pnrn ser consistentes con el signo de !r, definido por ecua
ci ÓD ( 2) 1 y. poder Bacnr. a <fe fuera de 1 BigDO integral e& ne CeSa 
rio establecer p~ra q, , q 1 y Ap la convención del Areaa pláatT 
cae¡ en tensión negativas, y en oomprasi&n poaitiYaB. 

7 
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P, BALLEBTEl'IOB 

la aoluci6n del aiatema (6) viene dada por 

/la a=-
/l 

b :..A!. 
ll 

1 e= -AL 
ll 

substituyendo (7) en (1) ae obtiene 

(7) 

(8) 

La ecuaci6n (8) ea la expreai6n general para determinar el ea -

fuerzo normal en el 4rea ellt4tica. 

La ecuaci.Sn del eJe neutro se obtiene de (8) para (J'o:Q. 

(O) 

La abAciaa y ordenada al origen del aietema coordenado del eJe 

neutro ae obtienen de (O) para y • O 7 z • 'o 

(lo) 

8 

.' 

( -.
/~ 

/ 
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CASOS EL.A.STICOS 

cia y se t.iene que 

Ejes cent~oidalea.- Por definici,dñ de centroide de una aecci6n 

,ea un punto tal que loa momentos es~ticoe son uuloa y en este 

caso tendremos que n =Q = O 
""' y 

11 ;t O , l 1 ~ O 

. M, ;t O y ,loa determinantes (6) se re-

. z 
lJ =A (1,,- I.I,) 

t:,. • = , A ( I •Y M • - l, M y ) 

llb= A(I.YM.y-'l,M.) 

A0 = N( l!y -1 1 11 ) 

y las ecuaciones (8) (9) y (10) se transforman a 

Üz= I.xMx -l.Mx x 
. I~y - 1. J y 

+ 

· N z 
o.yM.,..I. ~> x +e r.,M, -ly M.> y+-C 1 •Y- 1. 1 y >=o A . 

( 11) 

(13) 

-----~ -- ---- -- ---·-----------------------
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P; BALLEATEAOS 

Xc: e=-

l 2 
I I 1 N Ix V - Itly N •r- •· r x --. 1 Ye .. - --='-''--=..:;...<..--><- ( 14) 
lxrMx-IxMr A IxrMr -11 Mx A 

E,les centroidales principales,- . Corresponden a girar los ejes 

centroidales a un 'ngulo .x. tal que el producto de iJJeroia 

se anule, por lo tanto los determinantes (11) se reducen nueva-

ment.e a 

t:. = - r. Ir A 

y las ecuaciones {8) (9) y (10) ae transforman a 

.. __&~ + 
Ir 

~y f- JL 
r. A 

~X+ r, 
~y.¡.._!__ 

IX A 
=0 

(15) 

(16) 

(17) 

La forma de efectuar el giro p;r-medio del cÍrculo de Uohr 
viene expuesto en la mayoría de los textos de EsUtica y Resis
tencia de Materiales. 
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P, BALLESTEROS 

)( =- _!J_ :-.& y=-~- :-.!L (18) 
e e A e. 1 e e A e, • y 

donde r~ = _h_ r2- Ir 
y-

A A 

Ecuaciones de esfuerzos y posio16n del eje neutro en ejes 

centroidales y centroidales principales son derivadas en la ma-

yorla de los textos de Resistencia de MaterialeG no las omitimos 

por .u importancia. 

Ejes con origen de coordenadas en ·¡a tuerza N.- En este caso se 

a. ~ o a, "~- o t.iene que 

I. -t O O y loa determinantes (6) se r!. 

ducen a 

1:1 = Q 1 ( I,Q1-' Q.) _n (I Q -1 Q ) + A ( 12 
- I 1 ) 

'xy -. •r r r •. •r • Y 
6.= N ( I,Q1-1

1
Q•) 

( 19) 
6b= N ( I Q -1 Q ) 

., 1 y • 

6 = N ( 12 - I I ) e xy x y 

y las ecuaciones (8) (9) y. (10) se. transforman a 

ti 

(20) 

--~--~-~--~· 

11 
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!~y-la !y 
J.Q1-1, 1Q, 

CASOS ELASTICO-PLASTICOS Y PLASTICOS 

(21) 

(22) 

·Cierta zona de la secci6n empezar' a plástificarse y en esa 

l(rea los esfuerzos ser'n igual al de cadencia Cf e. 

Ejes centroidales principÁles respecto al 'rea ell(stica.-

En este caso se tiene que Q - Q - ~ - O 
• - y - ··Y - y el reato 

de loa· parámetros será diferente de oero y loa determinantes (11) 

se reducen a 

' 11 =- 1. 1 y A. 

A. =- l. A.( M y - (f. q y ) 

fj,b =- 1
1 

A.( M. -o-.q. ) 
(23) 

1:1. =- 1. J 1 ( N - u. AP ) 

-· ·. 
12 
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7 las ecuaciones (8) (9) 7 (10) S8 transforman a 

+ Mr- Iré 9xx 
1 y 

)( + y + N - (J. Ap = O 
A. 

y:-lL.. N-lfcAp 
• A • M • ..o;,q • 

Ejemplo.- Conaiderando una secci6n rectangular Fig. 4 a 

simple en una diracci6n, la 8CUaci6n '(24) S8 _reduce a 

(f •= M.- G".g. y 
I. 

(24) 

(25) 

(26) 

tlexi6n 

(27) 

13 
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y 

b 

- (f. 

Fig. 4 Sacci6n rectangular a flaxo-comprasi6n. 

donde a· , q =J y dA :É..( d
2
- d:) • 4 

Ap 

1 3 r.=- b d . 12 • 
. f, 

AP=JdA=O Substituyendo estos valoras en (27) para((f.) :(fe 
:r• d. 

2 Ap 

-rdeapejando se obtiene 

(28) 

(28) ea la expreai6n conocida-para al momento flaotor da seccio-

Ejes en loa cuales el eje de las x coincide con al eje neutro.-

lll l'or la convenci6n de que áreas plásticas en tanai6n son ns'!_ 
tivna, y en comprasi6n poaitivas. 

·------·· -- --·-·-- ______________ _. ______ , __ ---------- ---------------- ----------· 
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P, BALLESTEROS 

Conaiderando la aeco16n moet.rada en la Fig. IS, 1 t.oJDando el eje 

ne•t.ro oomo el •J• de lae ~, i el •J• 1 en oualqgier poaioi6n -

comenient.e. En este caso la diat.ribuci6n de eafuer~oa (1) 1 

Fig. IS Eje _neutro coincidiendo con el 
eje x , en Flexo-comprea16n 

(2) se reducen a 

lT !fe 
• = Y. y para 

lT.= lT. . para Y;, Yo 

u.:::-r. para Y~ Yo 

. , 
Compres1on 

!Jé 

. 1 . 

Ten!¡. ion 

y 
C1"= O"c

Y. 

(29) 

1:1 

.,,,' .· 

.: 1 

1 

: 1 

1 
1 

·'¡ 

. 1 

(! 
' 1 

1 

1 

1 
1 

' ! 
•. 1 

1 

" i 
" ·• 1 

; 

i 
' .1 
1 

1 

1 
.1 

1 
·.1 
• 1 

1 

1 

!1 

i 
1 

... •·)· 1 
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P, BALLESTEROS 

donde Úc ea el esfuerzo de cedencia y Y• la distancia del eje 

neutro a la traza de plasticidad, Las condicionas de eqgili-. 

brio (3) y (4) ae reducen a 

N = siT, dA + f. (f, dA (a) 
Ao Ap . 

Ney=.fa-.ydA+ fo-.ydA ( b) (30) 
Ao Ap 

Ne =Jcr xdA+J <r xdA (e) • • • . Ao Ap 

donde N ea la carga exctfntrica, e, y ey las distancias de N a 

los ejes coordenados, Ae_ y Ap denota respectivamente las 'reas 

e.lásticas y plásticas. 

SUbstituyendo (29) en (30) y despejando a e. y ey ae 11!. 

e. = '·l + Y. ql 
Q. + Y. AP 

(31) 

'· + Y. q. e =· y 
Q, y. AP + 

. ' 
--~-~-~--- ·------· - --·------~- ----- _:__·~ ::.__ --------_e,~-
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-. ' ...., •..__,' 

dollde .,_ 

A, =S: dA 
Ap 

q. =f. ydA ·~· 
Ap . 

q, =f XdA 
Ap (32) 

Q =s ydA • 
.At. 

I. =S /ttA 
A• 

I xy = J xydA 
1 

A• • 1 

l...-

El valor de la carga exclntrioa definido por (30a), puede 

N = (j • ( .9..&_ + Ap ) 
Yo . 

(33) 
. ,. 

1 
1 

Para la oonYenoi6n de eigno adoptada, N.ea una. carga de com 1 

. 1 

preei6u si es positiva. 

. . . 1 

. ---· . . ............... '.'. .. . .. .. . ____ __:..:_ .. _ ··---· --~---· ~~: __ , ____ _s .c .• ----'------'-'- -~ -'-'--•-'-'"':,.,J ___ ,._ .. _, __ ;_ ........ C-'--·-·'"·-'--··-· -·-~- - - .. 
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Para oJ caso pJ,atico, (31) llega a 

e:.lim.( I,,+y,q, 
• r, ... o Q • +- y,Ap 

1 -
1 -

(34) 

y la carga N dada por (33) tiende a la última capacidad de carga 

de la secci6n NU. y es definida por 

N.=lim. (36) 
Y.-o 

Flexi6o pura.- En el caso de Flexi6n pura Fig. a, de nuevo cona! 

dorando como eje neutro .el eje de lea x, y el· eje y en cual 

quier poaici6'u oon"f9niente ·lea condiciones de equilibrio aon 

O= f<r.dA + Jlf,dA =u.( ~r. +Ap ). 
Ae Ap e 

M.= (r¡,ydA+ ((f,ydA=U.(~+q,). 
J~ X Y. 

• p 

(38) 

Mj= _0-.xdA+ í(J,xdA: \fe ( ~:Y+q1 ). 
Ae Ap · 

donde Mx y Uy son las componentes de N respecto a loa ajea ooor-

denados. 

-· 

'18 
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·El momento flector ea dado por 

El 'ngulo de inclinaci6n de M ea dado por 

tan. e=~= 
M. 

lxx+ Y.9.!_ 
l,+y,q. 

(37) 

(38) 

Consistente con el signo de (J z definido por (29), e ea po-

aitivo cuando se mide en direcoi6n de las manecill~a del reloj, 

con respecto al eje x, y M, Ux y 1fy son positivos en la dirección 

indicada en la Fig. 6. 

EJe neutro 

- 11• 

Fig. 6 Eje neutro coincidiendo con eje x, en Flell16u bi-axial, 

19 
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l'aru la aeoción totalme11te pl~tst.jfjcadB Id tiende""-' y 

( :rr) y ( :18) se transforman en 

t a n·.1 q' 
q. 

(39) y (40) nos definen el momento último o límite de una ae 

cci6n cualquiera "bajo la acoi6n de. flexi.Sn bi-axial. 

e O N e L U S 1 O N E S 

(40) 

Utilizando las f6rmulas (34.), (.35), (39) y (40), provenien 

tea de las condiciones de e_quilibrio , cuando el eje neutro coi!!_ 

oide con el eje de las x. Se han preparado· gráficos de diseño 

límite para columnas y vigas bajo las condiciones de Flexo-com-

presi6n y flexi6n bi-axial. Es importante mencionar que en el 

caso de colunmas tendremos el valor último Nu de la carga normal 

de la coliuuna c,,.·t.a. F~" IUDboli casos se debe<"a trabajar el ele -. 

20 
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mento estructural con el factor de carga apropiado dependiendo 

este de la relacicSn de carga muerta a carga Tha, y la radae -

otcSB adecuada por esbeltez. 
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DIVISION DE EDUCACION CONTINUA 
FACULTAD DE INGENIERIA U.N.A.M. 

DISEÑO DE ESTRUCTURAS DE ACERO 

ANEXOS 

NOV. 84 

Palacio de Mlnarla Calle de Tacuba 5 primer piso Deleg. Cuauhtémoc 06000 México, D.F. Tel.: 521·40-20 Apdo. Postal M·2285 



r--
PARA ELEMENTOS 

RELACIONES ANCHO-ESPESOR 
DE MIEMBROS SUJETOS A COMPRESION 

DEBIDA A .FLEXION 
( AISC, 1960, B• ediciÓn 

8 ,b' J_ .. 

t ,.. ~ ANGULO ~ ANGULO DOBLE 
.k' ' lí·~ 

u SENCILLO CON SEPA RAOOR 

1 SECCION T 
LAMINADA 

R .:.I,06o 
1 = [F¡' 

CUBREPL ACA~. _ _;b~_¡ 
L-4-. J_ 

T -
F=-1] - 1 

1 

~ bl 

,.r 
1. 

1 .L-- ¿ 

ui· 11 
b ~COLUMNA· 
. ---, ~ COMPUESTA 

1 

UTILICESE LA SECCION NETA 

.. b 11 

ti 
f '"] ~b 

PATINES DE SECCIONES 
EN CAJO'N, CUADRADAS O 
RECTANGULARES, DE ES
PESOR UNIFORME . 

.!>. < 2,000 
1 ; /Fi 

' • 

b 

b 

b 

' ' 

1 MINIMA PARA CALCULAR EL 

¡·ESFUERZO DE COMPRESION 
1 
! 
1 

f 1' 

i 
1 

1 
1 
1 

! 

PERFCRACÍON 
DE ACCESO. 

b <:: 2,660 

=JFy' 

MAXIMAS 
DIRECTA O COMPRESION UNIFORME 

b eoo 
-<--
' = /FY 

b < 2,125 
t = (';:"" 

v Fy 

b 

b 

Fy 

rttlociÓn b 1 t en uno o más p!~cos del perfil, el diseño se horó da -

1 

1 

1 

1 
1 

! 

i 

! NOTA S1 se excede lo 

+----con~ormidad con el Apendice e de las CJtOdos espec:ficocicnes. . 
. · ING. JAIME CASTILLO VAZOUEZ ! 

______ __:_ _________ ------- ··----- ---·-·-· ---------·-------··-------· -·-----------· ---~--+-



• 
CALCULO DEL ESFUERZO CORTANTE PERMISIBLE, Fv, EN VIGAS O EN TRABES ARMADAS 

Cv = 
16' 875, 000 
Fy (h¡t) 2 

F _ _f_y_ e 
V- 2.89 V 

NO SE REQUIEREN 
ATIESA DORES 

INTERMEDIOS 

ATIESADO RES 

o 

NO Fv =0.4 Fy 

SI 2 

51 Cv = 3,675 
( h/t)[FY 

SI 
Fv = 0.4 Fy 

• EN SECCIONES LAMINAD :.S SE PUEDE 

TOMAR COMO LA PARTE /RECTA OÉL 
ALMA 

A- 260 ~ r . - ( h/1) 

SI 0rréx=3h 

amáx=A h 

SI 
K= 5.34+ccj;;¡• 

K= 4 + 5.34 
(ojh)2 

cv = 3'00,000JI-
Fy (h/1) 

Cv = ~~~0J I)!Fy' 

fL Fv = 2.89 Cv 

ING. Jaim~ Castillo VÓzque; 

'-------------------------------·------------------------~ 



ING. JAIME . CASTILLO VAZOUE Z 

!:- ESTABILIDAD DE BARDAS AISLADAS 

• 1 

1 
1 
1 

,...l.. ............ 
' ' ' ' ' ' 

c 1 •0.7~ 

c2 ~-:-o. e a 

', . ' ,. 

' .... 
··' 

II:- EDIFICIOS CON PLANTA Y ELEVACION RECTANGULARES 

t 
H· 

NOTAS 

a) Coeficientes estipulados por el Reglomento 

poro cálculo d.e presione:.. externos. 

5 

·C 1 =0.75 

c 2 =-1. 75 

c 3 =-I.O 

c 4 =- o.4o 

e~ • -0.68 

O. D. F - 76 
. . 



1 

1 
1 

1 

! 

'i 
1 

1 

1 

ING. JAIME CASTILLO VAZOUEZ 
---------------- -----·------------------- ·-- -------- ··-··-·-·----

m.~ CUBIERTAS DE ARCO CIRCULAR. 

.. - .· 
' . 

~ ~~~ x~t;,~ 

_--~~~ 

Coeficiente D 1 H ~ o. 3 

es 4(0/8)-1.75 

c7 ..:. O. 5 (O 1 8 1 -l. O 

ca 
1 

- O. 55 

... 1. 

~ 
~ 

Ct = O. 75 

c2 =-o. se 
c 3 =-1:75 

C4=-1.00 

c5 = -oAo 

o 1 H " l. o 

1.4 ( o 1 8) 

- (O 1 8)- O. 7 

-0.55 

NOTAS :o 1 Coeficientes eslipulodos por -el Re~lomento O.O.F- 76, 
poro cálculo de. presiones ex ter nos. 

b l Para 0.3 < O 1 H < 1 .. O, lntcrpÓicse linealmente. 

'. 
i 
1 

1 

jl~ ... - . -- -- -----~-~~ .-_,.,_ =--""--"'--""--""-'""""~-"'---"""'-"'--"'-"'-"""'"'-""---"'--~-"'--""'-_ ... _=""--"'--""--""--"'-""'--"'· "'"'"'-""-_,., __ .,=="""=..-' = --· ---------



. IIHl. JAIME CASTILLO VAZQUEZ. · 

r
=_---·-=---·· ~----~---==----··=-.,;;;---·--=----=---=..;...;··=-----~----------~ 

nz: :- CUBIERTA DE· ARCO CIRCULAR 
--------~--------------------

1 

¡ 
1 

.1 

1 

2 

1 1 
1 

H' 
~1 

1 

~ 
1 
1 
1 / 
)/ 

/. 

3fo:J 
~ 

t 
H' 

/ 
/ 

/ 

1 / 

. / 
/ 1 / 

... -- 5· 

NOTAS 

1 
1 
1 '11' 
1 
1 

1 
1 
1 

)... 
/ .... 

/ ' 
/ ' / .... ... ':--.. 

........ 

Sin muro (sotavento) · 

e t = o. 75 

e 2 =-1.75 

e3=-1.0 

e4 = -0.40 
, 

Preslon Interior C= 0.6 

PresiÓn Total : 

e 1 =o.75+0.6 =1.35 

C2=-1.75+0.5 =1.15 

e3=-I.O +0.6 =0.40 

c4 =-o.4oto.6 = o.2o 

"r-- Sin muro ( barlovento ) 

c
2

·=-1.75 

e 3 =- 1.00 

C4 =- 0.40 

e =- 0.68 

PresiÓn interior e= O. 8 

PresiÓn Total : 

4 C2=-1.75-0.8=-2.55 · 

C3=-1.00-0.8 =-1.90 

C4 = -0.40-0.8 =.-1.20 

c 5 =-0.68-0.8 =- t.48 

o) Coeficiente~ estipulados por el Reglamento D. O. F. - 7 6 

poro cÓic•;lo do presiones ex ternas 

1 

1 
11 

1 

1 
1 

1 
1 

¡, 
!¡ 

' 

1 ~ 
•1 'o 
'¡ 

1 

li 
,1 
1 i 

1 

1 

1 
1 

-"'-------~---.-;.._ ________ ,_..,_,.........,..~ ......................... -~...----,1¡_ 



ING. JAIME CASTILLO VAZQUEZ 

1Zo;- CUBIERTA DE DOS AGUAS 

lnclinacion 

Menor da 6!!•: 

SI D/ H ¡, O. 3 

D/H•I.O 

Mayor da 65° 

Tan 11 • 201 B 

es 

-1.75f0.03B5j!l 

0.!5 Ton!11< 0.75 

o. 7!! 

Ct = 0.75 

c2 =-1.75 

C3=~ 1.00 

CL¡=-0.40 

c 5.=-o.ss 

c7 

-1.0+0.027"' 

0.4 Ton(i)<0.75 

0.75 

1 

H' H 

·es Cg 
11 

-0.4+0.018 ~ - .0.68 

0.25Ton¡j!<0.75 -0.68 
' 

0.75 -0.68 

NOTAS a )r Coeficientes estipulados p.;r el Reglamento O. O. F. - 76 

para coiculo de presiones externas 

b) :-SI el coeficiente de empuje colculodo en cualqu;er zona 
, 

resulta menor do O. 4, en valor absoluto, se tomara 

C":!: 0.4 (el más desfavorable 

c..):- Para O. 3 < D 1 H < l. O, lnterpólase lincolmonte. 



1 N O, JAIME CASTILLO VAZOI.•F.Z 

Vb,. CUBIERTA . DE DOS AGUAS 

// 

1 
1 
1 
1 ,./ 
1 ... 1 
J.-' 

c 1 • o.-75 

c 2 =-1. 75 

c 3 =-1.0 

c 4 =-0.4o 

c0 = -o.6s 

H' 

NOTAS 

a}.:- Coeficientes estipulados por el Reglamento· 0.0. F.:- 76, 

paro c:ólc:ulo de presiones ex ternos. 
1 . 



:2Ia,..·cuBIERTA DE UN AGUA· 

( Orientado hacia barlovento ) 

4 

NOTAS: 

1 
. 1 

1 
1 
1-

..J....: , 

c 1 = o. 75 

c 2 =-1.75 

c 3 =-Lo 

c4 =- o.4o 

·c 5 =-o.6s 

ING. JAIME CASTILLO VAZQUI:Z 

H' 

a k Coeficientes estipulados por el Reglamento D. D.F. - 76, 

para 

b):- Poro 

cálculo de presiones ex ternos 

c 6 , c 7 y c 8 , ver cubiertos de dos a«;¡uos. 

1 

1 

1 
-j 



INO. JAIME CASTILLO VAZOUEZ · 

:sz:r: b :-CUBIERTA DE UN AGUA lor,en1ada hac1a sotov~cto_) .. . . . 

<:-' 
. . '" o ) ( ti < J5• ) 

. 4 

b) 

t 
H' 

NOTAS 

. / 
./ 
/ 

, 

1 
1 
1 

-1· ; 
i / 
1 ,.,."" 

J--~. 
,-'. 

/' 

/ 
/ 

.,.,., .... "' 
, 

1 
1 1 

1 
1 1 
1 . 1 1 
1 1 1 
1 1 )... 
1 1 , , .............. 
1 ..,.-" .... 
1 ,' 
' ,' 
;." 

/ 

H 
-2. 

t ' '3 -', 
' 

c 1 ~ o.75 

c 2•-1.75 

c3 =-I.OO 

c4=-o.4o 

•-0.68 

H > H, 

_ c 4 =-o.4o 

c 5 =-0.68 

c 6 =-0.68 

o):- Coeficientes estipulados por el Reglamente D. D. F.- 76, 

para cálculo de presiones externas 

b)~ -Para viento paro!~!o a las generatrices, ver techo de dos aguas. 

J..,~"""'---~----_,..,.... .... ..,..,.,.._.! .. -~~.,.,. ____ ............ ,......,..........,~--.- ----- - --- , ___ , __ ,... __ ,._,_.,. .. _ -""--"-=''"'-="'-""-"'~'~'-"'--"'""-~"""!!~"""' .... "!_,.. __ =:=:::-.¡ 



H' 

it\lJ, .;;.;.!MI.: CA~ t ILLU VA.ii..'Ul./. 

·El: a-:- CUBIERTA EN FORMA DE DIENTES DE SIERRA 

c 1 =0.75 

c2 =-1.75 

·C3:-LO 

c 4 =-0.40 

c 5 =-0.68 

c 6 =-0.68 

'NOTAS 

4 

. ' 

·::·. :· .. '· .. 
. · ... 2 

··._,< 

' / , ... 
.. . , 
' ...... 1 .. 

'< . --

2 

a):- Coeficientes estipulados por el Reglamento D. D. F. - 76, 

poro cálculo de presiones externos. 

b):- SI - es menor de! 15", en el techo del primer diente .-' 

oporeceron @ , @ ( y @) si H' es pequeña ) ; si ' es 

mayor de 15", en todo el techo del primer diente· se -

tomara e. - 0.68. 



2 

l 
H' 

ING • .JAIME CASTILLO VAZOUEZ 

E' b.-CUBIERTA EN FORMA DE DIENTES DE SIERRA 

NOTAS 

· •.. : ·•· .•.. ·', 
. . ' 1 . 

e, a o.75 
c2 •-1. 75 
c 3 • .-1. o 

c4 ·-o.4o 

c5 =- o.se 

a):- Coeficleníes estipulados por el Reglamento D. O. F. - 76, 

para ~Óiculo de presiones externos. 



• • ING, JIIIMI:: CASTILLO V/\ZQUEZ 
-·----------- --- ---- .---l 

:sz:::rrc::- CUBIERTA EN F;ORMA DE. DIENTES DE SIERRA 

NOTAS ' 

c 1 - o.75. 

c 2 "-1.75 

c 3 =-1.o 

C4 = -0.40 

c 5 • -o.Ga 

C 6 Ver cubiertas de dos aouas. 

C 7 C 7 y c8 aparecerán ( c8 no está dibujada ) 

c8 dependiendo de si L> 1.5 H' 

Cg"-0.68 

al; Coeficientes e~tipulcdos por el Rec;lcmento O.D.F. -76, 

para cálculo do presiones externas. 



• • . 
tNc;. J, CASTILLO 

GRAF'ICAS Oé COEFICIENTES Oé EMPUJE Dé VIENTO, EN TECHOS Dé -

CUBIERTA 

cG 

o. 70 

0.60 

0.40 

0.20 

o 
-0.20 

-0.40 

-0.60 

-0.80 

-1.00 

- 1.20 

-1.40 

-1.60 

-1.80 

c., 
o 

-0.10 

-0.20 

-0.80 

-0.40 

-0.60 

-0.60 

-o. ro 

-o.eo 

-o. so 

-1.00 

. -/.10 

-1.20. 

-l. !lO 

DE ARCO CIRCULAR. 

D/8 

DE; L. 
f•r Flgwra • t • 

COEFICIENTE C 6 

0,1 r- . VICNTO> 

H-D 

FIGURA • 1 • 

NOTA LOI CO~FICIENTCS SC OSruVICRON CH I,$E AL. RCGLAMCNTO D. b.l". - FS 

0./ D.2 0.!1 . 0.4 

GRAF'ICA DEL CDEFICIE/ITE C7 
V•r. f"IIIIIG • 1 • 

0.5: 
1 
l. 
1 

l 

D/8 

H 



• ' . 

• 

IN O. J. CASTILLO 

GRAI'ICAS OE COEFICIENTES DE EMPUJE OE VIE:NTO EN EL TECHO, EN ZONA 

DE BARLOVENTO, PARA CUBIERTAS DE UNA O DOS AGUAS • 

D 

H VIENTN'">,. 

~ H-D 

Flpuro "A • 

A 

0.50 ... 

0.25 

o 
-0.25 

-0.50 

-0.75 

-1.00 

-1.25 

-1.50 

-1715 

NOTAS 

1.- LM CO~FICfEI'fTE:S SC OBT&JVIC:RON CN 8ASC AL RCGLANCNTO D. D. T. - 7. 

t T a. AN~IJLO ~ CSTA DAI>O CN fiRADOS 

Ir CN CASO OC QUE CL COCFICICNTC OC CIIPIJJC CALCULADO S!A MCNOR

OUC O.<f CN VALOR ABSOLUTO, TOMCSC CL CASO IIAS DCStrAVORAIILC-. 

DC ••'! O ... fArtlc111o ~~5- lVI 

GRAFICA DEL COEF'ICIE:NTE c6 
VCR . Tlt•u• • A • 

LIA>A . ' ~ 
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VISE~O VE ESTRUCTURAS VE ACERO 

MONTAJE EVIFICIO RIO TIBER 

Ing. Manuel UM Luján 
V!t. Po!t{J.UUO BaU.uteJtOJ.> 
t ng. Peña. Ba.Uuúo.6 

NOVIEMBRE, 1984 

Palacio de Mlneria Calle de Tacuba 5 primer piso Deleg. ·cuauhtómoc 06000 México, D.F.· Tel.: 521·40-20 Apdo. Postal M-2285 
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PERFILES DESEABLES DE SOLDADURA OE FILETE 

. .. ,·. •' 

. e • CONV EXIOAO 
NO DEBER A [ XCEDUI 
·n V_ALOA [ S'fCifiCAOO 

e .,.... 

.. · 

~ ;-: ', ! . 

·.l.····' 

', .···· :,_ .. 

PERFIL ACEPTABLE OE SOLDADURA· DE; FILETE 

~ -·· . ': •. ·.:. -

'~ ' ' ' ' ' ', 
' ' 

......... 
... 

" 
' ' : 

' . 

~l.AIIAIÍ~ 
QAAOAN TA 

~¡¡~ r.uu.Ha.j 
SOCAVAOURA 

!u~ ~TANAA'Q~ 
SOBREIIIONU PI [ R Jril A 

1 UISUFICIUITI: 
CONV[IIOAQ 
EXCESIVA . -__•.INSUfiCIEMTI! 

i· 
1 

PERFILES DEFECTUOSOS DE SOLDADURA OE. FILETE 

' ·. ~ ...•... 

R•REFUERZO. 
HO 0E8ERA !XCEOfR 
fl VALOR !SP!CifiCAO_O 

PERFIL ACEPTABLE OE SOLDADURA A TOPE 

~· 

C ONY'( 11 OAO 
[lCESIVA 

PERFILES 

~ 
IOCAVAOURA 1 · IOiftlNONTA 

DEFECTUOSOS O~ SOLOAOUIIA A TOPE 

PERFILE:> DE SOLDADURA 
llUSTAo\NOO PEIHIL!S AC[PTA&l.U 
Y OEHC TUOSOS DE SOLDADURA 

L9. 

o 
o 

o 

FE 

.\ 

. . 

.OST --~ 

'-----i- . O 2 T 

.o o 



• 

f f ·' 

1 

.¡, 

~)§..;:. J&~ ~Jji) : 
,. ~-·, , ... .,1:; .. Plat~~~··.· . 462~452~· · ;2~; 

' ' 1 1 1 1 . - - - - -

. :. 

=~¡~~¡~~ ~~~~=~~) 7.6% 9.6% 15.% '· 

Fig. 11-5. Samples were deliberately prepared to show the.eÚect of 
, undercut. All ~rnples were pulled in tcns1on unoer a static load. In al! 

cases. failure occurred in the plate and not in the weld. 

Section A-A 

.. 
, ...• 

:f. t·. 

'! 

' .• ! 
-·; 
·¡ 

--~--

\ .,·\ 
.:>, 

All WELOS MACHINED FLUSH 

1/B" ((-!ft .. r:-t?-rl" •. «m5/, .. rillYl 
tnJ) E6J) tiLJ_lj ffi1j. 

12 .. 5% 18.8% 25% 31% • 
% THAOAT AEDUCTION 

. ! Fig. 11-4. Weld samples .m<Jde with .pwgtessive. degrees of tack. ot 
fusion. All welds wete m<tchin~d flush befare .tensile testing. Weld 
failure finally occulfed when the unpcnetrated throat dimension 
reached 31%, of the total joint throat. All specimens were made with 

1 •. l:in. plate.A-36 steel.and E7018 elcctrode. --· .----- __ ~:· .. 

1 
·' 

,:ig. 11-3. Weld 1 has considerable porosity, as.shown by the radio
graph linsct). Weld 2 has· no porositv. When the specimens were 
pulled, both b10kc m the platear .tlpproximately 60.100 psi. lneach 
inSUIIICC. thC ...... eld was strongcr 111an th~ pi<Jte, dcsp1tE' tlle poros1ty tn 
the one wcld. 

. ; 
. ; 
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5,L INTRODUCTION ANO HISTORICAL DEVELOPMENT 
¡ 

Welding 

Thc pro¡;css of wclding denotes thc joining of metal picc~s by hc;Hing 
lo a "plasti~ or !luid- sL.J.h.:, with or without prc;;surc. In its simplcst form, 
.. wt:lding" has bccn known and uscd for scvcral thousand ycars. Histor
ians ha ve spc~.::ulatcd that t_hc carly Egyptians may ha ve first uscd prc.ssurc
wclding about 5500 u.c. irl niaking ~.::oppt.:r pipes from shccls by O\'erl:.t.p
pi~g thc cdgcs and h;.umncring. \Vimcrton 1 has rcported that Egyptian 
art objccts dating abuul 3000 B,C havc bccn found on which gold foil 
has bccn hamrncrcJ and fu sed onto lhc bast: Coppcr. This typc of wclding, 
~.::allcd jiHgt' h't"!Jing, \\a:-. man's Jirst pro~t:ss to join pic~.:t:S of ;IH!tal to-

. gcthcr. A wdl knov.·n ca[ly e.xamplc of forgc wdLiing is thc Damascus 
sword whi¡,;h was madc byJlHging bycrs of iron with dill"crt:nl propcrtit:s. · 
lntcrcstingly, furgc wc\Jing was sullkicntly wcll <.kvclupcd anJ important 
c:nough lo thc c:arly Rom•Íns that 1hcy namcJ onc uf. thcir gods, V u lean 

. (tht: god of lii-c and nlctaiY.·urking.) to rcprcse-nl that art. In rcccnt times, 

thc ""ord vukanizing has bccn uscd in rcfcrcn~.::t: lo trcating rubbcr, with 
sulfur bul originally Y._.as uscJ.to mean "tu han.kn." Today, forgc \'w'clding 
is pra~tkally a forgollcn art in whkh thc villagt: bia~.::ksmith was the _"last 
major pra~titioner. \\"cldi;lg, as wc know it today is much mort: comPJcx 
anJ highly rdincd and thc r, . .-maindcr ofthis se~o::tii:.m will tra¡,:c some of the 
im(1ortant c .. ;cnts wh_idt havt: contributt:d · to tht: art. Spccilic welding 
pro~csscs are dist.:us~cJ in Seto:. 5.2. 

Vt:ry lilllc progrcss in wdding lcchnology had bec.:n m:.J.dc until 1877·, 
· prior to which tiii1c must of thc.: thcn :known prLH.:csscs su~.::h as forgc wt:!J

ing and braLing had bccn u sed for al lcasl 3,000' years, Thc origin of 
resistant.:~ wclding bcgan around 1):)77 whcn Proft!ssor Elihu Thompson 
bcgan a sel of expcrimenls2-' rcversing lhc polarily of lransformer coils, 

·He recci>·cd his lirsl palcnl' in I~S5 and lhe lirsl resislance butt welding 
_machinc was dcmonslraled al thc American lnslilulc Fair 2 in 1887. In 

162 
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Wclding of ~ra'-:c uussc~-- Upjohn Company Otli~:c Building Courtcsy Whitchc:Jd anJ 
Ka k~ Con:_pany, UctfllÜ. 

l8S9 Collin 2 was issucd a patenl for llash-hull wclding which hcxamc.ofÍe 
of tite illlportanl.butt wckJing prOl.:csscs . 
· Zcrncr, in JC:;.)5 introdu~.::ed thc carhun·ar~.:: wclding ·prÓccss, making 
liSt: oJ' two carbon clc~.::troUcs and N. G. Slavirw/1'~ in Russia was·thc llrst 
-to use thC nn.:tal-ar~.: process using_ uncoatcd, barc ck~.::trodcs ín ... ·JX-X~L 
Collin, working_ indcpendcntly alsn invcstigatcd tht: metal-are pro~.::c-s~ and 
was issu<d a U ,S, Pato~! in IS9.2,·- In IS89. /\, !', Strohmcycr' introduc<d 
thc t.:on~.::cpt of coatcd metal t:lt.:ctrndcs to climinatc many of thc.: .. problems 
~lsso~.::iated with the use of han.: ckctrodt:s. 

Thomas Flt::tchcr~" in IC:~O us~d a blowpipc burning hyJrogt.:n and 
oxygcn and sh~wcd that ht: ~.::ould suc~.::cssfully cut or melt metal. In 
l90J-.QJ Fouchc and Pit.:ard dcvclopcd torchcs wliich could he uscd with 
ac~tyknc and thus thc era or oxyacetyknc wclding and culling began. 

Thc pcriod bctwccrl 1903 and 1918 S41W the use ~f wciding prim;trily as 
. a m~thLld o!' repair, thc gn:atcst lmpctus oc~.::Urring during \Vorld \V;ir ·1 

(191·-l-IC:). Wdding tcchniques rro\'ed'to be cspccially adaptcd to rerair
ing ships which had bt!cn damagcd. Wintcr'tonb,i rcported that in 1 Y 17 
thcre wt:rc 103 intcrnt:d cncmy-ships alonc in the Unitcd States which were 
damagcd and lhc numbcr of pcrsÓns cmploycd ·in wclding opcraliuns rose 
from'8,000 lo 33,000 during lhc pcriod 1914 18,' 

Afler 1919,lhc use of welding.as a conslruclion and fabricalion lech-



ló~ 1\'cld •. ., 

uil¡u~ bcg:;n tu dcvdup .... ith ~~~p¡H:r-tungstcll aJJ,¡y ck~trod~.:s bl:ing llrsl 
u~cd fur s¡hH "clJing t~:..:hnilpicsb in llJ2U. Th~: periuJ 1930--?0 saw many 
impruvcnh.:nts~.r. in thc Jc .. ·ch,pmc..:nl of wdJing ma~·hincs. Thc sub
mcrgcJ-ar~.: "dding pro~.:css in whidl tht.: are is buricJ umkr a pLiwJt.:ri.!J_ 
~lu.\ \\as lirst us~.:J ..:dinnH.:rcially in 1 'JJ.;t anJ patciJli.:J in llJJ). 

TuJ;Jy that.: Jrc tH·a 50 Jitrcr~nl wdJing pro~.:csscs whi'-·h can b~o: uscd 
tu jo in va~ious n11.:tals anJ thcir allt)j'S. Thosc of parli(ular intcrcst 1':) tht: 

suu..:tural cnginccr an: dis..:usscd in Se.:. 5.2. · 

· 5.2. BASIC PROCESSES 

As ddiolcd by tht! IVt'!ding Jiwu/ho(;/.:,9 "\\'c-lding is thc procc~s of 
joining twu or more pict.:cs of matc..:rial, oflcn mctalliL·, by a localiLcd 
cualcs~..:cn~..·c or union a~..·ross an interface." Most wc:!Uing prm.:c.:sscs in
volvc hcating thc m;.~tcrial ll> be wciJcJ, Or al lc.:ast involvc cncrgy input · 
to thc.: matcrio.JI. l~hc.! hc.:at gcncration m ay bl.! c~llr.:gorizcJ al:'ClHUing to its 
sourcc: as ckctrical. chcmical, upti~..·al, mcchani~..:al, :.lnJ solid statc. llcat 
is u~cu··to mclt thc basc metal anLI lilkr matcrial in orUcr that llow <?f 
nlatcrial \\ill l)('('Uf, i.c., that fusion willt;.~kc place. In addition, hcat is 
u::,cd to incrcasc du~..:tility Sl> that plasti~..: llow ~.:an oc~.:ur cvt:n i!' mclting 
doc::, not takc.: pla~c; funhcr, hcating hdps to·rcmovc contaminating lilrns 

on thc material. . ' 
Thc most t.:ommon wciJing procc:-.scs, parlicularly for wclding stru~.:~ 

tural stccl, u.sc clcdrical cncrgy as thc hcat soun:c: tht.: mos.t l)ftcn uscd is 
thc ckdrit.: are Tht.: arl:' consists of u rclativcly largt.: currcnt d~sdwrge 
bctv.ccn ck..:trolk and ·base mataial sustaincd through a thcrmally ion
iu:d gasco~us column, c;_¡IJcd a plasma.-,~ In ~1n.: wdJing, fusion o~:~.:urs by. 
thc lluw of mataial a..:ross tht:: are, without prr.:ssurr.: bl.!ing applicJ. , 

Otht:r proc~ss~s. nut orJinarily usc.:d for stccl stru~.:turt::s, involvt.: ot_her 
(nc.:rgy sourl:'t.:S, :.md somt.: llf thüst:: pro..:csscs invO!vc thc applj~o.:ati~Hr of 
pr~~surc. cithcr in tht.: absc.:n(c.: ur prcscncc or llow of nwltcn .material. 
H~nJing. may Jlso occur by dill'usiün, whcrcin atürni..: partid~.:s intamix 
;.~~r0ss thc interface: and m~.:lting of thc base material dues not o..:..:ur. 

Thcrc are many wciJing prol:'t.:Sst::s whi~,.·h havc sp~.:ci;.~l uses for par
ticubr mctals anJ for variuus thi..:kni.:sscs. This scction cmr}hasizcs thosé 
pro~..·~ssc~ ~ hid1 ¡¡re usc.:ú in thc.: wclding. of cart?on anJ low-aiiLl)' stccl for 
buildings and briJgcs. Huwcvcr, in ordt:r lo prcscnt an idea uf the broaJ 
spc~.:trum of prv~.:csscs. a numbc.::r of tht::m are tlstcd .according to thc 
sour~..:cs of cnc:rgy for gcncrating hcat andfor inducing thc bonding 

pru...:c~s: 

(a) .Eic.:tri•al cncrgy 
l. Are wdding -~ fusion proccss; hcal fr,Hn clcctric ar•. 

¡ 

i 
1 
1 

• 

(b) 

(e) 

-~ 

2. l{csi.',l~IIH.:c wdding prcssurc piuccs~; IH;at f'ru111 rc:-.i:-:.taiH.:c to .. 
lÍi<.: llow uf curren t. 

3. lnJuCtion wdding-· fusio.n Cüillbincd with prcssun::;. hcal by 
ck .. .:'lroln ag nct ic i mi ud ion. 

4. ElcL·trn~lag ~,dding -· fusion proL"cSs whcrc multen :-:.IJg pro
viJes hcat; t.:IC..:triL" currcnl is condu...:tcd thro1Jgh thc slag with
out an are. 

Cht:miGd cncrgy 
l. Oxyacctylenc gas wclding-fusion procc:ss; hc:at fr~m acetyknc: 

bUrning in thc prcscncc of oxygcn. · 
2. Thcrmit wdding--·fusion proccss; hcat from chC!mical rc:action 

bt:t\\'t!~n a metal oxide.: :.~nd aluminum .. 

Optic;.¡\ chergy 
l. L;.¡sa-bcarn wclding---fusion process; hc;.¡t from applic<Jtion of 

a conccntratt.:d coht.:rcntlight striking thc surf;.¡ccs to be' joined. 
2. Ek~:tron-bt.:am wdding:....- fusion proct.:ss; heJt from conversion· 

· of kinctic cnagy of high vclocity clecl~ons óombarding thc 
surfal:cs to bt:: joincd. 

Mcch;.¡nil:al cnt.:rgy 
l. Fri~..:tion wclding -· pressurc proct.:ss without melting of base 

material; ht.:at gcnaatcd from friction bctwcen a stationary and 
rotating rncmbcr subjcct to high- normal 'force-on the interfJce 
to b~ joineJ. · ·· 

2. Ultrasonic wdding--prcssurc pro..:css without melting of base 
mJtcrial; hcat gcncratcd by high-frcquc:ncy.vibrating enc.:rgy. 

3. Explosion wclding---·prt!ssurc process with6ut mt.!hing of base 
matai<.~l; ht.:;.~t gcncr:JtcJ by high vclocity" impact on the inter
face rcsulting from a controllcd d'cton;.¡tion. 

(e) Sulid~Statc llonding 
One might c;.dl this catcgory n<.~tur<.~l welding, whcrciri pressure is 
·applicd and thc ¡¿mpcraturc is raised but no mclting occurs. Aftcr 
;.~ paiod of time dill"usion ":)CL"urs by <.~toms moving Jcross the orig
inal joint intt.:rface and intcrmixing 10 crt:atc .a· so lid state bond. 
Good clcan ·surfacc prcp;.~rati_Ün is important in this proccss. 

For dcsign of stcd structurc.:s, are . ....,:t.:lding,is the catcgory of proccs.ses 
which are of p;.¡rticular intt:_rcst. for so me situations involving light-g<.~ge 
stt:c_l, rcsist<.~nce \•/c\Jing m<.~y also be importan t. · 

' 
Shicldcd !\letal-Are Wclding. This is thc mÓst usual typc of wclding 
somdimes callcd· thc manual stick electrodc method. Heating is ac
complishcd by nü:;.tns of an c\cctric ;.~re bctwecn a coatcd dcctrodc and the 
matcrials bcingjoincd. Thc wdding circuit is shown in Fig. 5.2.1a. 
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Co.;tin~ on 
ckt:trudc ElccHodc wirc 

Bose metal 

(bl Shichho:1.J..;m: wdding 

Gruund Electrodtl cable 

t"l Ar~·-~~odJiu~..:ir..·u11 

Fig. 5.:!.1. Shiddcd 1\h.:l:.tl-ar~ ""dJing. 

Thc cuatcd c.:lc~trm.k is consumcd as th,; 111F.!L.d is transfcrrc:d frum thc 
· dc~trudl.! tu thc.: base: matt:rial during thc.: wdding pro~css. Thc dcctrodl! 
wirc hc~,.-~,¡mcs lillcr 111atl'rial and thc_coating is convatcd partly into. a 
:thidJing gas, p;,utly intu sl_ag. and SL>mc part is absorbed by thc wdd 
1111..:tal. Thcrt: is a wiút: varicty of coating matcrials producing ditrc~c_nt 

proportium. of gas and slag. 
Thc lf;.!llSfcr uf mcli.ll frum dc~,;trudc tu thc work bcing wddcd is in· 

du~cd by nwkcular.attraL"t_il)ll and surfa~,;c tcnsiun, without ~pplil:ation or 

prcssurc:_. Thc shidding uf thc ar~,; prcvcnts atmosphcric contamination 
of thc;:: nwltcn mt:tal in tht: are ::;trcam and in thc are pool. lt prcvents 
nitrogcn _ :.tnd uxygcn frum bcing pi~.:ked up and forming nitrides _an9 

oAidcs which may cause embrittkrnent. 
The ck~trodc cuating m ay perform tht: follo\'.·ing functions: 

(a) PruJu~cs :.t ga~~.:ous shicld, as dcscribcd abo ve. . 
_(b) lntrudu~cs othcr m<Jtcrials, such as dcoxid-iza::;, to n:line thc g_rain 

stru~lUrc uf thc wdJ metal. 
(e) PruJuccs a bbnkcl ~f slag o ver lhc mollcn pool and lhe solidilicd 

v.cld to prot~:~t it from oxygcn ~nd nitrugcn in thc air, and also 

rd<Jrds Cl.h>ling. 

Thc ckclruJc malcrial is spccilicd undcr ASTM A233, (A WS t\5.1) 
fur carbnn stcd wciJing ;~nJ AST~I t\316 (AWS A5.5) fur low alluy Slccl 
wclding. Thc strcngth anJ dcsignations are rcfcrrcd to In Chaptá ::!. Thc 
Jcsignaliuns are E60XX fur 60 ksi lcnsik suenglh, E70XX for 70 ksi 
len si le slr<nglh, ele. Tabk 5.12.1 indicalcs which coalcd eleclrodes should 
bc uScd with ca~h partkular stru~tural stecl. . 

for -'dJing high-carbon or low.-alfoy Sl<els, low hydrogen eieclrodes 
"'ilh spccial precaulions ·are rccommended, and required by AISC-1.5.3 

r 

. ' 

., 

for u:-;¡_; on t\2-t2, t\..J-ll, t\.~12, anJ ,\)i'iX stLcls. Thl! lnw-h)dr .. lg..:n dl!~·· • 

troJe is a rüd with a ~.:ari)(Jilalc of ~oda, or "lime," ~.:oating. '1 h..: 11:-c of 
this dcclrdt.k rcquiró a ditfcrLnt lcd111i4lic from thc ~dl1'.'cntional ck\:· 
trmk in th;__¡t it rcquirt:s a short ar~.: anJ proviJcs glohular-typt:, ratht:r th<J.n 

a spray-typc tran~fcr of_mc.:tal from thc ckctrodc to thc work. lltJ\~cvt:r, 

it is rcl¡uin.:d hy AISC bccausc thc as-wd¡.kd mt:ch;tnical prop!.:rtic.:s h.:t\'1..!' 

bccn founJ tu be superior tu propcrtics obtaincd using othcr typc.:s of 
ele¡,;trodc coalings. ' 

.. Thc process is lhc principal onc used for manual welding. of slccl 
structurcs. 

Gas-Shieldcd Are, \Vclding. In gas·Shit:ldcd ar~.:-wclding, fusion ot..:t..:urs 
uncta a shit:ld or Protcr.:tivc gas (incrt or reactive> by thc lieat or- a_n cb.:tric 
are bctwct:n a mt:tal t:kt.:trodc (consumahk: or non~.:onsurnabk) and ttú: 
.piccc bcing wdJc.:J. Esscntially two major proct:sscs may be: con~idt:rcd: 
thosc with a non~onsumable elcctrodc and thosc using a contínuÜúsl;: ft:d 
consumablc dl!~,;trodc. 

Gas Tungstcn-Arc \Velding (TIC). Thc gas t~ngstcn·arc wc\Jing pru~.:t:s~ 

uses a non~.:onsumahlc tungstcn dl!ctrodc which is containcd .in a holdt:r 
with a she;.1th through which the shiclding gas passcs, <.~s shown in Fi¿r. 
5.2.2. This mcthud, commonly callcd TIG (tungstc;::n incrt "gas). uscs ~m 

T ung\lcn 
electrode 

Shietding 

hg. 5.1.2. Galo rung.,tcn·an: ""cJJing. 

ioert gas, such aS argon or hdium, for thc protc~.:tion shicld. Rarcly. if 
· ever. is this mcthod uséd for wdding strut:tural stcd, though it is common 
for welding alurninum and magncsiU,m. which are bcginning lO rcct:i\'C 
widt:r structural usagc. 

Gas Melai-Arc Wclding. In lhis process lhe,.eleclrode is a continuous 
wire.lhal is fcd from a coillhrough the cleclrode holder.· The shielding, 
as in lhe TIG melhod, is enlirely from an exlernally supplied gas or gas 
mixture: . 
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()¡jl!ln.dh.tlii., Ult.:thlld·\\;IS u:.t.:d .ndr with int.:rl ~as shiL'\ditq;, ih:ll..:l.', 
th~.: 11;J11~t.: /\IJ{j (ith.:ti.Jl-ull.:fl'.gas) ha~ h!.'~;l uscJ. l<.t.:~~o. . .:tiv..: g~t:.t.:s ~Ion~.: art.: 
¡.!t.:llt.:f:dl) llUI pr;¡._·¡j~·al: th..: t.:.\o,:qHiun is e o~ {carbun Jio.\iJt.:). Tht.: USI.' or 
(J .. >: h.1:. ht.:.:,,utc.: ~.:.\lt.:ll.,l\cly ll!\t.:J flH wdding uf stt.:ds,l:itiH.;r alunt.: ur iu a 

mi,turc "ith inl.'rt ~a-'<.:s. 
ArglHI as a shii.'JJj¡¡g ~as works ror wciJing virlually al! llll.:lab; ih)\\'

(\'Cf, it i~ 111.H rt:t.:lHIHllt.:tH.kJ fur sh.:ds hc..:ausc uf its 1.:.\pcnst.: ilSH.J thc fat.:t 
that uthcr -'!JidJing ga~t:s JtH.1 gas mi\turc.:s arl.! at.:ct.:pta.hk. For \V_..:.Iding 
(afhüll ant.J SOilll.: Jow-allll)' Stl.:ds cithl!f ( J) 75 pt.:fl:Clll argon amJ 25 pc,;r
CCIH co!. or (2) 100 p~o:rt.:t.:ill col is fc.!t.:Oillllll.:ndt.:J.~ For low alloy stc.:cls 
"'·hc.rc tLwghnc.:ss is implHtant, it is rcl.:tHllmcnl.kd" tu use :.1 mixture of 60-
70 pcr~t:llt hcJiulll, 25-·JÜ pcr('C11l arg.nn, i.llld 4--5 pcrccnl CQ2· 

Thc ~hiclding gas scrvcs thc following funi.:tion~ in i.iddilion to pro
h:cting the llll>lten metal frum the almllsphcrl.!: 
- (a) Contrub thc an.: and mctal-transfci t:haractcristics. 

(h) A!l"~.:ds pcnctratiun, width offusion, an_J shapl.! ofthc.: \ .. ·cid rcgion. 
(~..:) Alkt:ts thc.: specd of wclding.. 

. ' (d} Contrl>ls u1u.kn.:uuing. 
By mi,.ing an im.·n gas w~th a rea~.:tivc gas thc are may be.: madc more 
stable and thc spattcr Juri-ng mct¡d transfcr m ay be.: rc.:duecd. Thc use or 
CÜ~ allHlC for wc)Jing. stecf is the h;asl C:\pensi._.L' prOI.."Cdure!, bc~ausc Of jts 
lo-... a (OSt for shiciJing gas, higha wciJing s¡qccd, bc.:ttc.:r joilll pc.:nctr<.~tion, 
anJ SüunJ dc.:pusits with good mcchani¡,_:al prupc.:rtics. Thc.: only disadvan

tagc i~ that it givc.:s harsh a0J cxccssivc.: spattcr. 
Thc.: dcctrL>Jc.: matcriai for wclding ~arhon stcds is an uncoatl.!d mild 

stt:d, dco.\idiLI.!d ~arb~..m m~ngancsc stccl, dl.!signatcd :\559 (A \VS t\5. U')) 

as dl!s~..·ribl.!d in Chi.lptl.!r 2.~ For \\·dding low-alloy stcd a. dcoxidizt:J low

alloy matcrial is ncccssaryj 
Tht: gas meta l-ar~ Wt:lt.iing llll:thoJ using e o~ shiclding is good for t~t: 

lowcr ...:arbon anJ luw-allo_)· stcds usually usl.!d in buildings and bridg~s. 

l 
Subnu:r¡.:cd-Arc \\'clding. ; In t_his fusion-are wdding proecss th!! ar~ is 
flOl visible bci.:aUSt: it is CUVCfCJ by a bJankct of granular, fusible matc.:riaJ, 
as Shown in Fig. 5.2.3. T~C barc metal clcctrodl.! is consumablc in thal it 

E lectrode 

S lag A ir 

\\'eld 

~BaSe! metal 

Fig. 5.2.3. Submcrgcd-ar¡; pr~Xc~. 

. . 

iS d~positcJ ¡_¡s lilkr mataial. Thc c.:nd of thc ckctrodc is k<,;pl cuntinu- ~ 

uusly :-.hidtkd by tll~.: 111olt~.:n llux o ver wilich i~ t.Jcposit~.:d a !ayer uf uu- · 
fllst:J llu.\ in its granular Cl>tlditilHl. 

·¡~¡~ llu.x., which is th~.: sp~.:cial fea t-u re of this m~.:tiHHJ, providcs a co~·cr 
which allows th~.: wdd lo he madc witllout spallcr, spark!\, ur smukc. Thc 
granul:lr tlux is laiJ u~Ually autulll:Hically. along thc scam ahc.:aJ uf th!! 
advancing ckctrodc.:. lt protct:ts thc wdd pool against thc atrnúsphcrc. 
scrvc.:s lO ckan thc wcld metal. and mudilit:s thc:: chcmit:al compusition of 
thc wdd metal. 

· · \V~Ids m;_¡dt: by thc subrnagc.:J.;_¡rc proccss are found ~o ha ve! uni
formly high qua.lity; cxhibiting good dw.:tility, hig'h imp;_¡ct sticngth, high 
d~nsity and good corrosion rcsist;_¡n¡,;~;_ tv1cch;_¡nical propcrtics of the wdd 
are: consistt:ntly as goód as thc base material. 

Thc barc-i-od· c.:lcl:tro(..ks are of mild stcc.:l dcsignatcd E6XX -or E7XX 
according to ASTM A55~ (AWS A5.!7), indicating a minimum tensik 
strl.!ngth of 60 or 70 k si, rcspectivdy. FluAcs are also ~I:.Jssiticd undcr A558 
(AWS A5.!7) and designated by a prdix F followed by a two-digit.numbcr 
i11dicating tcnsik strenglh and impact strcngth r!!4uirc.:mcnts for thc rcsuh
ing wclds. Thc eombination of llux and clcetrodc is usually dcsignatt!d 
l0gethcr, such as F7X-EXXX, whcre the lasl thrce digits classify thc 
d:.:ctrodc. 

·Thc submcrgc.:d are mcthod is commonly uscd to wcld stcd in shop 
fabrication opt:rations using automatie o_r scmiautomatic cquipmt:nt. ' 

Flux-C'ored Are \\'rlding. This is a gas mda!:arc procc.ss using llux cored 
.filler, and may be with or withoul externa! gas shiclding. For w<:lding oí 
StCI.!I USuaiJy a CÜ2 shit:Jding gas ÍS USI.!d. Jnstcad Of a COating 00 thc cit:C
trodc, whi~..:h is not fc.:asiblc for a (Ontinuously f!!d ckdrodc wire; the coat
ing material, or Jlux, is containcd in thc corc of thc dcctrodc. 

Thc.: clct:trodcs are spcdlic.:d.as a mild s.tcd typc.: E60T Or E70T und!!r 
A \VS :\5.20, and for len si k strcngths grcalcr than 70 k si m ay bo rcfcrrcd 
lu as Grades EHOT, 1:90, EIOOT, and EIIOT for lcnsilc strongth of ~O. 90, 
100 anil 110 ksi, rcspectivdy. 

~)tud Wcldirig. Thc most commonly u sed proccss of wclding a metal stud 
toa ba~c material is known as arí.: .styd wclding, an cs~cntially <.~uloma~ic 
proíxss but similar in eharadc.:ristics to manu.al shieldcd are wclding. The 
stud scrvl.!s aS the dcctrodc and an e;:lcctric are is creatcd from the end of 

.....-- th-c stud to thc platt:. Thc stud is containcd il} a gun Which controls the 
timing during the proc~.:ss. Shidding is accomplishcd by placing a ceramic 

. faruk aruund the ond of thc stud in thc gun. The gun is placed in posi
tion and th.: are is crcatod, during which time the ceramic fcrrule contains 
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th~ LLhdL.:LJ LLI..:tal. .-\ft~r a:short iu~tant ür tÍIIJ..:, tll.: gun Jri\·.:s th.: stuJ 
int,l th..: nL~.dtt:rl {hlt)l ;u¡J' til~ wdJ is ~..:unlpkt.:d ka\·ing a small llllct 
~ldliL\J th..: ~tuJ. ¡:ull p.:nctr;l\Íd/1 a..:rüss tllc ~han k uf thc stLH.i is otnain.:J 
;.w:ltlu.: \\dd i~ ..:.Hnpktcd usuall; iu kSC\ than on..: s~.:~o:uLH.l. 

0:\~a..- .. :l~ "-"•1c \\\·Id in~. This ..:arly m..:tihJJ wha.:in he al is gcncratcd 
fro111 th~.: ..:llllll~u:--.ti,nl ~,¡fa mi.\tur.: üi' ll.\ygcn :.1nd a~.:t:tylcnc has rH)W bccn 
c~~cuti~dl) r~pla .. :..:d b) ..:k'...:trÍ\." arc.wciJing,. llowcvcr tllt: oxyacclykne 
1ürd1 1~ \\ iJ.:I) u~..:J fllr ..:ulling stcd. as "di as fur hcating to carnbcr and 
tb.mc-~tr;.~ig_ht..:ll ~tcd. . 

F\)f IIIUC\l falHi..:atio'n or stcd buildings ur bridgcs, cithcr shit.:IJcd 
mctal-;..11..: wc\Jing using ..:uatcJ ck~..:trudcs is uscd for manual opaatiun, 
or thc submcrgcd ar¡; prü..:ess with barc dc~:trodcs and granular llux ts 

. u::.cd r~.)r automati¡; anJ scmiau(l)Jllatic upcrations. 

S.J. WELDABILITY OF STRUCTURAL STEEL 

Ml>st of thc ASTt\.1-spe¡,:ilkation constru~tion stccls C:Jn be weldc:d 
withuut.::.p..:~ial ~Hc¡;autions or spe~..:ial pro¡,;eJurcs. Chaptcr 2 dis~.:usscs the 
thr~~ basi~ ~,;;,¡tcgurics of stru¡,;-tural stcds: 

(.,) (.'·•rb·•¡) s·t····ls· · ·· . . . (S·· o o¡ U U V """"" ,. ........... ,,,.,.,,,.,, •• ,,,,,,,,,,,.,.,, (,:(,;, -·-

(b) lligli·slrengtli ¡,¡w-allo.>) stecls ........................... (Scc. 2.3) 
(e) lkat·trcated \u\1-alluy stecls ........................... :.(Scc. 2.4) 

Thc Jis..:ussiuu in Chaptcr 2 also indudt:s thc stcds containc.:d in thc 
variuu::. l:VIIIIll\.lld)' uscJ ckdrl)Jes. Sc¡;tion 5.12 dis¡;usst.:s thc nct:d to 
sek..:t the_ pruper dc;.:troJc w jo in a Partil.:ular graJt: ot' stcd ~111d a sum
mary of thc "m;..¡t¡;hing," cJc¡,;-trodc;:s :.md thc basc stcd is givcn in Tablé 

5.12.1. 
Thc -~\·,-1¡/abi/ily uf a ~tccl is a mcasurc of th..: easc of produc'ing a 

crad.-frcc a_nd sound st~u~..:tural jLJint. Some ,,H tbc rc;.~Jily availablc 
stru..:tur;.¡J ::.tcds are more suitcJ to \'-'clding than othcrs, anJ are discusscd 
iu Ch;Jptcr 2. \\'clding pro(cJurc::. shouiJ be bascd on a stccl's chl.!nlistry 
in;tcad uf th~..: p~bli~heJ maxin1um ·alluy cnntent sinct: must mili rur.s are;: 
usuJ.II) b.:IDw thc uw.\imum alloy limits set by its sp~.:~:ilication. Table 
5.J.l ShtJ\\S tht: iJc.:al chcmi..:al analysis of tht: carbon Stt:cls. f\·1ost mild 
skd:--. fall v.cll '' ithin this rangt=, whilc. high<!r-strc:ngth stc:ds m ay c:xct:cd 
thc ideal analysis shown in Tabk 5.3.1. · · 

\Vhen a mili prodUL:cs a run uf stt:c:l it mainti..lins.a complete! record 
of its chemi¡;al contcnt which fullows a JI sc.:ctions m;1de;: from tht: parti¡,;ular 
ingol. lf lht: dl!~ignc.:r is conct:rnc:d about tht: ch.:mistry of a pani.:u!ar 
gr.de of ·sted, he m ay roquosl a Mili .T ost Repon. Any variation in 
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TABLI: S.J. J 

Prcf~rn.:J t\naly.-.,is uf Cdrbon St~,;d IU 

------~f~u~ __ C_u~~~-' c_·l_d_~~~~-li-'t ):___ _____ _ 
1;·1.:

11
H_.

111 
,'\.uiJI~.II . l'~rc~ul H..:quiru;g 

lC!l;fc pc·r.:cul Sp..:..:1;d l ;¡ro.: 

Carlwn 0.011 0.2) O.J5 
fl.l:.lngdrli.:~J U_J) U.l\0 IAU 

. Silin..1n 0.10 ll\;_jJ. n.JO 
Sulfur O_OJ) m;,¡x 0.050 
l'hLhphuru~ O.tJJU ma:~. 0.{}40. 

chcmil:~.d content abuvt: thc ideal ,;~_tlucs may be cvaluated and spccial 
\o,.'c\Jing prol.:eJures be sct up to insurc a propcrly wcldeJjoint. 

1t shouiJ he notcJ, howcvcr, that must structural wc.:lding situations 
do ~101 ·requirc thJ caution implicd by th~ prt:~ious paragraph . 

5.4. TYPES OF JOINTS 

. Thc ty~cs of_joint~ ·u sed in structural conncctions dcpcnd on m:..~ny 
Jcs1gn consJdcrutlons, mc!uding thc sizt: and shape of thC mcmbcrs com
ing intu"thc joint, thc,; type uf loading, thc amount ofjoint arca available 
fur wd.ding, and the rdativc costs for varióus typcs uf wdds. Tht:re are 
íiv¿ basic tyJ"ics of wddcd connections although many variations and 
combinations a~e fou~1~ in practicc. Thc ti ve basic typcs are the butt, l~p·: 
tcc, corna, and t:dge JOIOLS, as shown in Fig. 5.4.1. . · 

(al Hull joinl (bl Lapjoinl 

LL ~~ 
(~:) Edgc joinl (e) T.:.: joini (J) Curna juínt 

Fig. 5.4.1. Ba~i.: typc~ of v.cldcd joinls. 

Butt Joints. The butt joint is u sed mainly lo jo in Lhe ends of flat p!ates of 
the same or ncarly the same thicknesses. The principal advantage of this 
type of joint is to eliminate tht: ccccntricity deydoped in single Jap joínts 
as sh.own in Fig. 5.4.1 b. Whcn used in conjunction with fui\ penetration 
wel~s. bun joints minimizc:: the sizt: of a· connection and are usualiy more 

• 



•1 .... ,_ • -~ -··-~-

172 \Vt:huilJ.: 

~:-.lh~li(:tll~ pka:,ing ¡]¡~¡n'buill-upjüÍIIb. Tlh:ir priih.:ip:d Jisadv;¡ntag~ li~s 
iu tlh.: fad ¡J¡._¡¡ th~ ~_·di~~~ lll h~.· '-'llllllt.'(t~d llll!Sl u:-.u:dly b~.: sp!.'~.·i:dly pr~

p;JrcJ (lh.:vch.:J, o~ gruuud llat) anli ver y can:fully ;dignt.:U _priur lO ~\·dding. 
Link aJjustm~.:nt is pussibk atH.J'tht.: pic(ó nwsl b~ cardully Lh.:tadr.:J and 

fahri .. :all.:d. A~ a r~sult. llhlSl hu u j~lÍI\lS ar¡; III<H.k in th~.: slhlp ,..-lu.:rc thc 
"'·dJing pru~.:~:ss can h~ a~o:l..'uratdy ~.:untrolkd. 

'tal (b) 

;;.· 

(¡;) 

' . 

[], 
' 

: !1 : 
(~) (d 

Lap Joints. Thc lap joint is thc most common typ¿ of joint and is u~cd 
in a largc varicty of l.:l>nnc~.:tions. -Figure 5.4.2 shows a fe:v common ap
pli~Jtions of thc lap joint. Thcre are two principal advantagcs tu using 

IJp juints: 
l. t.'cJJt! vfjilling. Piccc.S bcing joincd do not rcquiic thc prcciscncss 

in fabri..:ating as du 1hc olhcr lypcs of joinls. Thc picccs can be slightly 
· shiftcd to accomodah: minur errors_in fabrication or to make adjustm~nts 

in knglh. 

• 
2. i:'tHt' 1l_ioining. lhc ~dg~.'l of tiH.: pi~ccs hcing j~>incJ dü nv1 ncr..:d 

:-.p~.:~.·ial¡ncpiLJ;ttillll ;1nd ;u e H.'.u;dly ~.hc;ucd or li:Hill: t:lLI, J.;Lp _jiJÍilb arr..: 
r..:.'ip!.!¡_:ially adaptcd tu aú·cpling lilkl wc..:lds ~111J ~r..: thclcfo-rl.' .cqu:_.¡IJ_v \;.·di .. 
~uikJ tu _.;!¡,)p ur lit:ld \\dding. Thc piccL'S bcing j\)inl.'d art: in mo:-.t (:JSes 

.:\Lillply L·l;unpcd togcth~.:~ witlJLJlil tht: us~.: of :-.pct·ial jigs. Ot:casionally thc 
pic~..-~s ;u~ pu:-.ition..:d by a :-.m;dl llÚJnh..:r uf cr..:l..'tiun Uull:-. , .. hích· may 
cithcr be lcft in place or rcmovcJ aflcr thc wciJing is compktcd.-

A furlhcr aJvant;,.q;c uf thc Jap joint is thc case in which pbtcs of 
dilrc.:rent thickncsscs can be joincd, such· as in thc douhlc· Jap joint in 

Fig .. 5.4.2c. Thc rcadcr should cspc~ially note thc truss conncction shown 
!n Fig. 5.4.2c and ~.:onsidcr thc ditli~.:u!ty in ma~ing such a conncction by 

any othcr lype ofjoinl. 

Tcc Jo in cs. This typ~.: of joint is us~.:d tu fabrica k built up scctions suc;h 
us tt;cs. 1-1-shap~s. platc girdcrs. bcaring still'cncrs, hang~rs·, brJ~kcts. and 
in gcn~ral, picccs framing in at right angks as shown in rig. 5.4. fe.· This 
rypc ofjoiJH is cspt:..:iJIIY use fui in that it pcrmits S!.':ctions ~o be built up of 
llat platcs which <.:an bcjoin~;d by eith~.:r lillct or groov~.: wclds. 

Cornd Joints. Corna joints ar~ uscd principally to form built-up 
rcctar~gul:.u box :-;cctions su eh as u sed for columns and for bcams rcquip:d 

to rcsist high torsional forccs. 

Edge Joinls. Edgc joints are gcnerally not structural but are most fre
. qucntly ust:d tu kccp two or more platcs in a givcn pli.1ne or to 'nr-Jintain 

initial <.!lignm~nl. 
As thc rcadcr can irífa from thc prcvious discusSions, thc variations 

and combinations of thc llvc bJsic typcs 9f wclds. are virtually infinitc. 
Sincc thcrc is usually more than onc way to conncct one structí.Hal mcm
bcr 10 anolhcr, lhc designcr is lefl wilh lhe decision for sdccling lhe best 
joint (or cumbination·of joints) in each givcn situation. 

5.5 .. T'r'PES OF WEL[)S 

Thc four basic typcs of welds are the groove, fillcl, slol, and plug 

wclds as shown i~ Fig. 5.5.1. Each ba'sic IYP!' of weld has spccific advan
tagcs which determines th~ extcnt of its usagc. Thc four basic types of 

wclds and thcir variations constitutc virtually Mal! of thC strüctural wdds 
found in common practico. Bruadly spcaking, ·lhe usagc of lhc basic welds 
aro: .groove wdds, 15 pcrccnl; fillcl wdds, BO pcrccm: lhc remaining 5 
porcenl/arc madc up of lhc slol, plug, and olhcr spccial welds. 
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(d) Plug weld 

Fig. 5.5.1. Ba:.i~ t)rpes uf.~·dds. 

Crome \\'clds. The principal use of groovc wdds is to conncct structural 
mcmbcrs which are aligncd in thc samt: plane. Sincc groove;;: wclds must 
transmit thc entirc load al a particular jointthcy usually must havt! at lcast 
as good stru~.:tur;..¡l propcrtics as thc mcrnbas which they connect; in 
which case thcy m ay be rcfcrrcd to as full penctration wdds. Tháe are. 
tn;Jrl)' variations of groovt: \\clds and each is classillcd accordin"g to its 
panicular shapc. Ea eh· typc uf groovc wcld requires ·a spccilic ,edge 

prc::paration and.is namcd accordingly. · • 
Figure 5.5.2 shows the common types of groovc wclds and incticat>!S 

the cnd prt:paration:i rc4uircJ for cach. Thc sekction of th<: propcr groovt: 
wdd is dcpcrHknt on ·th<: cost of tht! cdgc pr<:paration:i and thc CO:it of 
making the wcld.· Thc linal selcction as to which typc of groove wcld to 
use must al:io con sida tht! facilities of the fabricator making tht! wdds, his 
aqility to providc thc n:quircJ cdgc preparations and whether or not the 
welding can be done on both sides. Groove welds may also be used in 

conncctions as shown in Fig. 5.5.3. 

t'illct Wclds. Filkt wclds owing lo their ovewll cconomy, eáse of fabri
cating, and adaptability are the most widcly used of all the basic welds. · 
Filkt welds olfer great lláibility to the designer since they are adaptable 
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(al Square lhJ Singk·V 

h.') Douhk bc~d · 1 fl Smgfc-U 

~-· . ·-o ..--¡__if.: __ ' OJ + 
1&1 ~ublc:·U (hl Singk·J Ci) Doublc·J 

.csz::J-·· 
(kl Flarc:·V 

hg. 5.5.2. Variatiom. of gro ove wcld .... 

/ 

Fig. 5.5.3. U:.c:s of grt>OVc wdds in tcc: jvi01~. 

toa largc varicty of conncctions, a fcw cf which wcre shown in Fig . 5.5.4. 
They gencrally rcquirc less prccision in thc "fitting up" since the plates 
bl!ing joincd can be movcd about more than groovc welds that m ay re
quire sp¡;..::ific gaps or crilical alignmcnt. This is particu[;,¡rly udvantageous 
to wt.:!Jing in thc field or in rc:aligning mcmbc:rs or conncctions that were 
fabi-icatcd within acq:ptc:d tokrances but which ~;,¡y not fit as accuratdy 
as dcsircd. In adctition, thc cdgcs of piecc:s bc:ing joined seldom nccd 
Spccial prcpar~tion such as bcvcling or sljuaring since thc edgc conditions ~ 
res4lting from thc usual ftamt: cutting or frorrl shcar cuuing procedures 
¡¡re generally adequate. 

S!ot and Plug Welds. Slot and plug wdds may be usedexclusively in. a 
connection as shown in.Figs. 5.5.1c and d, or thcy may be used in combi-

, 

• 
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(h) Pip..- .:onn.:.:tion 

TI 
(ji liuilt-up ~..:tiun~ 

(f) Bcam bcaring 
pblo.'l> 

o . 
(i) lk.un brad,cts 

nation "ith Jillct wciJs as shown in Fig. 5.5.5. A principal ust: for plug or 
slot wdds is to transmit shcar in a b.1p joint whcn tht: si Le of thc connc:ction 
li.mits thc knl.!.th ;..~vailahk for Jillct or othc:r ~Jgc wdds. Slot and plug 
wdds are also~ usdul in pn.:vcnting ove;:rlappi~g pans from buckling. 

5.6. WELDING SYMBOLS 

Bt!fon: a conncction. or joint is wddcd, t~e designa must in somc 
way be able 10 inslrucl lhe sled dolailcr and lhc fahricator as 10 lh" lypo 

í 
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Fig. 5.5.5. Slot and plug Y.dd~ in (omhinatíun with !illct wcld~. 

a:1d sizc of wcld rcquirc:d. Thc basic typcs of wclds and sorne of thcir Vari~ 
ations are: dis¡,;usst:d in Scc. 5.5. lf individual and detailcd instructions 
w.:rc net.:tkd ca~.:h timc ¡_¡ conne~.:tion ·was madc, ·thc task of providing 
dircctions for making thc joint would indc:cd be formidable. 

:Thc: nccd for a simple and yd accuratc method for communicating 
bt.:tween thc designa and fabricator gavc risc to a typc of shonhand sym· 
bols which charactcrize thc typc and sizc of weld. As a rcsult, the Amer
ican Wdding Socicty wclding symbols, shown in Fig. 5.6.1, indicate lhe 
shapc of thc wcld and its size, as· well as any spccial instructioOs. 

Ml)st of thc cümmonly made conncctions do noi rcquire. s..pecial 
ihstructions and are typically spccilicd as shown in Fig. 5.6.2. For a more 
dctaikd use of wclding symbols 1hc rcader is rcforred lo lhc AISC 
l'vlanu:tl, various publicalions of lhc American Wclding Soci"ly, and 10 
special publications. 11 

Thc readcr may fed lhat lhe numba of symbols is burdensomc. 
howc\'cr, the syslcm of dcsignaling wclds is broken down in lo a few basic 
t) ~es v·hich an: buill up to givc: a complctc set of instructions. \Vhcncver 
a partil:ular connc¡_;tion is uscd in many parts of a structur¿, it m ay only 
be ncl··..:ssary to show a ~ypical dctail as shown in Fig. 5.6.3a. Whcnc:ver 
special connt!ctions are u sed, thcy should. be dt:tailcd suil\cic:ntly to le:J.ve 
no doubt asto thc dcsigncr's intcnlions,as shown in Fig. 5.6.3b. 

In Fig. 5.6.3h thc dcsignc:r spec:iflcd that thc plug wcld be m:.1de in the 
shop and ground llush while the double bcvcl wcld connecting thc: gussc::t 
plale 10 lhe column be madc in lhc ficld .. Since 1he dcsigncr did nol 
spc:cify ''"·hert! thc til!ct wcids :.1ttaching thr..:: angh! to the gusset plate were 
to be madi!, the stcc:l fabricator would be frr..::e to makc thc dc;:cision. How· 
evcr, in.lhis panicubr delail, il would be beller lo make lhe fillel wdds in 
lhe shop since lhc plug wdd migh1 be over slrcsscd during lhc ficld ercc· 
;ion proccss. In general, thc fahricator will make as many wclds in lhe 

• 

• 



17X \hlJin~ 

0.1~,,· Wdd :i~'Hil~<Jls 
~ -----·· 

1-'luy 
a .. .:-. F 1llct O< Fiare 
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Su¡¡plementary weld symbols 

Weld aH-
Contour 

around . 
Field weld 

For other basic and 
FluYI Convex 

supplementary weld 

o symbols, see 

@ -- ~ AWS A2.0-68 

StandJ.rd loc.uion of elements of a welding symbol 

F inish symbol Groo11e angle or included 

Contour symbol angle of countersink 
lor plug welds 

Aoat opening, depth 
of f,lling for plug Length of weld in inches 

.ondslolwelds~ 

~"~ '""' -·~ Si,.ininch"~ 
F of welds 1n 111ches 

Aelerence line · ~ < 'l Weld •11 o.o,nd symbol 

Specii<Ccltion. process ~ 
Ot other reference ~ ~ 5 ·'2 ó )'} Foeld weld symbol 

- L '"' p rf./ 

f ~ !.} T ad lm.ty be omltled o ""O 
:!! :! ·;o 

wo.hen relerence Arrow connecting reference ,ine 
IS not u sed) 

to arrow side of joint (al so points 

B.s•c .... eld symOOI tO ¡¡roo~·ed member in bevel arid 

or deto~rl relerence J grooved joinU whcn there is a 
break, thus) 

Note: 
Size, weld symOOI, leng¡h of weld and s.pacing must read in that arder from left to ríght 

along !he relerence line. Neither oricntation of reference line nor lo<:ation of the fltrow alter 
this rule. 

The perpendicular leg·of ~,V, t-', 1r weld symbols muu be at lelt. 

Arrow and Other Side welds are ol the same size unless othcrwise shown. 

Svmboli opply bctween abrupl chJnges in direction of welding unless governed by the 
''all around" symbol or otherwise dimensioned. 

The~ symboh do not e,.,plícitly provide lor the case that frequently occurs in sttuctural 
work, ""here duplrcate mdtt!rral tsuch ,u stilleners) occurs on the lar si de of a web or gu~t 
plate. The l.rbricating industry hos adopted this convention; that when the billing of the 
detail materio~l disdoses thc identity of lar side with near side, the welding $hown for the 
nur side s.h.all .als.o be duplicated on the lo1r side. 

fig. 5.6.1. Standard -.dJing l>)'mbob (frum AISC ~tanual). 

,, .. :lding 17~ 

Firl,:t ··•<:~d~ GH•Uvt: ,.~eld~ S¡o(:r,;;,l !Jff•f•lf! wdJ·, -
1 

~ ~· ~ : ,1 ! 

R Fraction indic,jtiny 1~ 
~u.:~re 1)1,.111 u~d on 
pliltes up to J/8 in. 

~cwn only on on~ wcld weldcd frorn both .. when both si des are the 5idcs. Cerner wf:lds for Silffil;!, 
light !oads ... 

r------------
1 

~ .~ .e, . /""2· 
1 J 

! ... Single bcvcL 
Corner w1:ld with tx;od 

lndicatcs welds are 

~ 
wcld on the,imide lor 

intcrminent & high wength. 

~tag<Jt!rcd 2·in. long 
on 4·in. centers 

Jk+ Double bevel. 

l 

/ 
;,, 

~ 
.. ' {O Q "'r 60" -

Complete penetration tee 

Single vee welded from 
joint. Comoined groove 

one side having a 60" and fillet we1ds. Uséd lor 

bevcl and a root opening 
impact and fotigue · -Weld all around 

ol 1116 in. 
ccnnection5. 

h¡;.. 5.6.2. Cornnwn u~~~ of wdding !.)'tnbol!.. 

shop as he <.:Jq, dut.: to cconomic considcrations. Thr..:rt.:forc. it is most 
criti..:al that thc designa spr..:cify thosc wclds he wants to bcjield h'e/dt·d. 

5.7. FACTORS AFFECTING THE QUALITY OF WELDED CONNECTIONS 

PrÚ\'ic..ling .:.t s<.~tisfactory \\'clt.k:d.conncl.·tion rcquircs tht.: comh:natioñ 
of many inJiv!dual skills, bt.:ginning with tht.: adual dt.:sign or thc wc!d and 
ending with thc wclding opt.:ration. A wcll dcsigncU wciJ docs not insure 
a slfong connc~.:tion unlcss it is propcrly malle in thc shop or fidd. lt is 
thcrdOrt.: ncccssary th:.tt thc strul:tural cngin~.:d be awarc of thc factors 
thal <:tll'cctthc yuality of a wdd and design his conncctioils accordingly. 

• 

' 



UW \\' d_diu~ 

T ~-~~- '\.---v 
/ J:'U 

. (al 

li4 

(b) 

I 
1/2-in. Gusset ll 

"' 10 

E-70 
5 . (Typ) 

Shop 
weld 

Fig. 5.6.3. Typical ""clding t.lr.:lails. · 
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Propt.'r Ell'clrorlt.'s. \\'eldin¡.: Apparatus. and Pnu:'-•durl'S. Afta thc: pr~pc:r 
-t:lcl:lrt.H.k is spc:¡,:ilicJ· ll> nlat~.:h thc stcd in thc: pic~.:c:s bcing joincd as inJi
,,.-~tcJ in Se~..:. 5.12 thc: diJmcla uf thc: wdding ckl:t'rode must be sclccted. 
Th~ parti•.:ular stzc: of thc c:lcctr.odc sclc\..'teú is bast.:J un thc: sizt: of the wcl_d 
tu be m~1.k anJ on tht: output of tht: v.·dding ;.~pp;.~ratus. lt is important 
that'thc "ciJin~ ;.~pp;.~ratus bt.: c;.¡p;.~~hk uf pruviJing sullicicnt currcnt fvr 
the sit:c of clc\..'t.._rodc b..:ing u:-.ed. SirK..: most wdding m:.H.:hines h;.~vc: con
trols l'or rcducing thc .currl."nl· out puL clc\..'Uodcs smallc:r th;.¡n the maxi- · 
m u m ~.:apahility ~,;;_¡n casily be al:\..'t.Hnodatcd and s_hou!J be uscd. 

Sin..:c: thc Jcp~.lsiting of v.·cld mc:tal in metal-are wdJing is by thc 
clectrumagnctic ticiJ :.md not by gravity. the wcldcr is not limitcJ to f1at 
or hurÍLUiltJI wdding positiuns. Thc rour basic wdding positiuns are 
shoY.n in Fig. 5.7.1. Thc: dcsignc:r should avuid whcncvcr possibk thc 
ovahcad pOsition as shown in Fig. 5.7.ld, sincc it is tht: most dillicult to 
makc and control. Joints wcldcd in thc shop are usually positioncd in the 
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1 
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¡ 

1 

.\ dJing lSl 

• 

(a J Flo.t (b) lluriwnt;d 

(e) Vertical ·(d) o~crhead 

Fig. 5.7.1. U:J~il.: wdding po~itiun:.. 

:bt or horizontal positions but wdds madc in thc tlcld m<.~y ;.tSsumc any 
wclding position dcpcnding on thc oricnt:.ttion of thc cünncction. The 
d..:signcr should thcrcforc usc.: precaution in spccifying ilcld wclds. 

Proper Edge Preparation. Typical edgc prcparations providcd for groove 
wdds are shown in Fig. ?.7.2. Thc: r?ot opcning R is thc.: scpar<Üion of!Íhe 

+.____,1 1 + 
_J L Root opening fl 

(a) Bevel with fcathen:d edg¡: 

+~11---:+ 
R_JL· Land 

(e) Bc:vel with a lamJ 

(b) Bevel_ with backup plate 

Spacer 
!Removed before 
we!ding second side) 

~ 
(d) Double be~·d with a $p3cer 

1-'ig. 5.7.2. Typk;.tl cdgc prcp:.trations rur groovc wctd:.. 

pic:ccs bcing jl>.ined and is providcd for ch:ctrOde ac<.:essibility to the base 
ofajoint. Tht: smalkr t~e root opening the grCatcr must be thc angle of 
the bevel. Thc feathcrcd edgc as shown in Fig. 5.7.2a ·¡, subject lo burn· 
throu·gh unless a backup plate is provided .as .shown in Fig. 5.7.2b. 

• 
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B~~~..:kup ~trips ;.¡re úlllllilllllly u:-.cJ \\ h~n thi..! \\ddlllt! ~:-. to be LÍl)Jll.: !Jum 
vn~.: ::.iJc lln!y. Th~o.· prvbkn1 uf burn~t!Jruugh is ksscn..:J ir th~.: bcvd is pro· 
\·iJ~.:J ;.1 lanJ as slllm 11 in ¡:ig. 5.7 .2~..·. Tht.: wd.dÚ shlluld not pruviJ;; a 
tl;~o.:~up pi.Ll~o.: \\ilcn ~.i laJ,d is pi,l\'iJ~o.:d sin¡;¡; thcr~..: WlJUid he a güod pussi· 
bihl~ that a gas lhh.:i-.~.:t \\ ¡Ju!J be fvrmeJ JHi:\'t:llting a fu!J pcnctratilHl 
"dJ. 0,:\.:;~:-.Ionatly a sp•h:a, ~ts sihJWn in Fig. 5.7.2J, is providcd lo 
prcvcnt burn~through hut is guugt:J out bt,;forc th~: s~nmd sidl.' i."i \VC!Lh:d. · 

Conlrul uf Dbcortion. ,\nuthcr fa;,:tllf ;.dl'c...:ting wciJ l}Uality is shrinkagc. 
lf a ;aingk bcad is pul düwn in a continuous mann~:r on a plat~:, it will 
l.'aus~; thr.: platr.: to distort as .shown in Fig. 5.7 .3. Su'-=h distortions m ay 

Weld 

~ .. 
'Fig. 5.7.J. Di:o.LMiiun \)r pla1c. 

e;.¡sily takc plaéc unkss c:uc is cxcr...:iscd iil both the dcsign -or tht: joint 
and lhe wdding proccdurt:. ~-igurc 5.7.4 shows the r~sult of using unsym-

I I 
,,, lhl 

Puor JnL¡;n (iooJ •k~i~n 

m~tfi~..·al wclds as ..:t>mpart:J to syntnh.:trkal wdd,s. Altlwugh therc are 
many tcl.:hniqucs · availablc fur minimizing distonion, th~ must cúm
mon une is th~ú uf staggcring intcrmittt.:nt- wdds as .shuwn in Fig. 5. 7 . .S a, 
anJ thcn rct~rning to lill in thc spa¡;cs as shuwn in Fig. 5.7.5b. a typil.:al 
~r.:qucn¡,:c bcing slhlwn. For many strul.:turcs, su eh as. pi ate girders, short 
scgrncnlS of wdd {thu.ugh no.t usually regular intamiticnl wclJs) m;.¡y be 
uscd at stratcgi¡; Jl)¡;atiuns to g.ivc cnuugh strcngth to huid all pie..:cs in 
pla...:c; thl:ll, thc .:ontinuuus lin~..:s or \\'r.:ld ar~·pbccd. 

To minimit.t: shrinkagc and to insure ad~4uatc ductility, the American 
Wdding Suciety has establish"d '"commi:ndatiuns for minimum prehcal 
and intc~pass lempcratures which are summarized in Tabh! 5.7.1 (s.ce 
p. 1~4) from AISC-1.23.6. 
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(;.¡) lnili;d (b) Finiil 

Th~ 1\l!IO\\-'Íng summarizcs v.:ays of minimizing dist.ortion: 
l. Red un: thc :-;hrinkagc forct:s by 

IS.l 

{a) Using mini1!1um \vt.:ILI metal; for groov~s use no-grcat~r root 
op.:ning than lll:Cl:S.-.ary;_do not ovcrwdd. 

(h) Using as ft.:w p<-~sst:s as pussihlc. 
(e) Using propcr t:dgc prl:paratiün and lit·up. 
{d) Using inLcrmittt.:nt wcld, at k;.Jst for prcliminary connc¡,:tion. 
(e) Using backstcpping: (kpositing wcld segmcnts · loward the 

prt.:viously compktcd-wciJ; i.c., dt:positing in lht: dircction'~p
positt: to thc progrt:ss of wdding tht: joinl. 

2. -Allow for the shrinkagi: lo occur by 

• 

(a) Tirring tbe rlates so after shrinkage occurs they will_be cor- . 
rcctly alignt:d. 

(b} Using prdJ~nding of picccs. 
3. Balance shrinkagt.: forcó by 

(a) Using syn11n...try in wclding; lillcts on t:ach Si de of a· piecc: con
trihutc t.:Olllllt.:rac'ting ~ll"~..:~.:ts. 

{b} Using scaltcn.:d wdd Sl:gm~..:nts. 
{e} Using pct.:ning; str...t...:hing thc.: mt:tal by a series ·or blows. 

· (d) · Using of damps, jigs, t.: te; lhis·forccs .wcld metal lo strctch as il 
cools. 

5.8. POSSIBLE DEFECTS IN .WELDS ' 

Unkss· good wdding tc~..:hniqu~..:s and proccdurcs are uscd, a number 
of possibk d~fccts m ay n:sult rclating to discüntinuitics within the wdd. 
Somc of the more: common dd'cl.'lS ar~:: incomplc::Le fusiOn. inadcquatr.: 
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p¡,;itdratiuLJ, porus1ty, unJ~I'dilt!tJg, in~!u~ion l)r sbg. :.~nJ n:u.:ks. Ex· . 
"-lllph.:s uf lhl:St.: d~f~dS ar~.: shüWII Íll Fig. 5.X. J. 

• Lad. of 

lu\-IO!l 

. '"''on ·. lnc~n~p!Cte . . . 

- -CCrl-
r + 1 + 

Providt~d SfléCil•ed 

(b) lna•k.¡uatc p..-nctr:.stion 

Sc<JIIered 
porosity 

Jg" ..¡.~---<.>{6 
(e) 1-'oro~ity 

-(e) SI~ indu~ions 

Backup plate 

longitudinal crack 

SectionkA 

¡f) Crada 

Fig. 5.1L l.· Pos~iblc wdd dcfc~o:ts. 

Underc'ut 

d..--, ---,+ 

.r 

!' 
(d) UnJ.:r..:ulling 

Transverse crackl 

IÍlcomplctc fusion. lncorhpkt..: fusion may occur if the surfacc.:s to.. be 
;oincd ha ve not hc.:t.:n propt.:rly clc.:ancd and are coatcd with mili sea le, slag, 
oxides or othcr forc.:ign maicrials. Anothcr cause of this type of d~feci is 
thl! use of wdding e4uipmcnt of insullicicnt., currcnt. ·so that base metal 
do~s nof rcach mclting point. Too rapid·a rine of welding will also have 
the samt! t!lfcct.. • 
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l!ili \\ ddin~. 

Th~..· :-.illl[lk'.'>l ;u¡d k;L-.t 1.:.\Jll:llSi\"t.: 11\l..:thl)d ni' in:-p..:..:li~..Hl i:- rfsua! lHit i:-; 
J_~r-cnJ.:nt on ti! e- 1...\Hn¡k'LL"Jh:c ol' thc vl~~cr\'l.:r. ..\ \1. c\Jillg b~1:;~.: ~u eh· :1s 

slh)Wil in Fig. S.lJ.\a üll'~.:rs a rapid m.:ans uf ~..:hcckiug tht.: siLt.: uf tilkt 
\~ dds. 

Wlllt1•ng 

... "" 

1.&) (b) 

Fig. 5."J.I. Ch..:.:~ing. :.it~: üf lilkt \\~o:ld-.. 

h.>r more impl.Ht<.lnt structurt.:s anJ for wdds wlws~ failun: ..:ou\J_bc 
··t:at~Slrllphi~..:, !Ünn.: rigiJ insp~.:~..:tion k~..:hniqu~.:s should bt.: usc..:d. So m t.: or thc 

usdül on.:s arc· thc ultras~..Hti~..·, raJiographi..:, anJ magn~:ti.: · r~trliL'it.: 
mcthods. Tllc u/Irasunh· mcthud 11 pass.;s u\tr~llligh-rrc..:qu~.:n..:y · sound 
wavc:-. thro~1gh th.; wddmcnt. Ddccts in a panil.:u\~¡r wdJ will rdkct tht.: 
SOUIIJ W~IVCS \dlih.: a we\J \~ ithllUl Jd(:~,..·ts \~"il\ lll>l imp~.:t.k passage of lht.: 
waves. Racliographic metlwJs induJe.: tllt.: u~t.: t.)f hnth X-r~Í)S anJ gamma 
rays. In this lllt:thuJ tht: raJi~ttin~ sour~..:c is pl;.h.:cJ ;,.)[1 Olll! sitk or the wdd 
a_nJ a photllgraphi..:: plate ón thc otht.:r. This m~.:thl.HJ is ~.:.xpciL'\ivc anJ rc-
4uir.:s spt:~..:ial prc..:...::.tutiuns ht.! takcn Juc to tl)t.: h;.t1.ards of raJiation. Hvw
e~·c"r, tht; mcth\ld is rdi;thk anJ furnish~.:s a p.:rman~.:nt record. Tht.: nwg
tlt'tú· parridt• testing llll.'th~H.I uses iron pnwJcr whic:h is sprt.::.HJ around thc 
wdJeJ ar.:a aqJ pulari1.1..'d by passing an dc..:~..:trit..: c:urrent thruugh thc wciJ. 
Smalllü..::al pules will he.: formcd Jl th~: cdgt.:s of any dcfc<.:ts. and this may 

be: inlaprt.:tcd by an C:\pc.ri~.:n~..:cd obsr.:rvt.:r. ' 

5.10. ECONOMICS Of WELOED MEMBERS ANO CONNECTIONS 

Th~.:rc oue many fat.:tLHS \\ hk·h must h\! C:.\amined whc..:n ~..:onsidcr.ing 

thc uvc..:r~lll \.."L'lHh>my in \~odJed Ct.lllll\.."ctions. Sümc of the factvrs such as 
thc..: :Ulhwnt uf ek..:trode material u sed can casily bt.: computc:J whik uthcr 
ra\.'l;,.lrS lll~l)' he,; IJ1lJilgit;\c sudl as the valuc,; to be.: p\~¡..;cd un csth~.:ti~..·s. Thc 
,a~,..·tuJI·c:~..·LHH>my of wi.:!JcJ connc~..:tions must ·be vi~.:wcd from a hroaJ 
aspct.:t and in~..·ludc: thc..: uv.;rall tk:sign of tht.: structural Systc:m. 

\\'cldeJ t.:onnc:ctil.>ns ar~.: usually ncatá in appcaran...:c, providing J. kss 
dulterc:d clr~.:~:t in cuntrastto bultcd or rivctt!d connc~..:tions. Figure 5.10.1 
shows a comparison b.;twt.:t.:n a St.:t.:tion· oi' a rivt:tcd or búltcd platt.: girdt.:r 
anda sc.:tiun ora wdded plah! girdcr. Bcsidl.!'s thc ncatcr appt.:arancc uf 
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Fi~:~. 5.10.1. Cümpari.~on h~:lv.ccn plalc girllcr!>. 

IX~ 

th~.: wc!JeJ joint, we\J.:d ~..·onnt.:ctilHlS otra th.; d~:signcr ·mure frccdom to 
be inJhl\'alivc in his l.!lltirl..' J.::-;ig.n conccpl. The dc~ignc.:r is not bound Lo 
st~lnJ,trd sc..:cliL>ns hut nuy hui\J up .:tny cros.'i section h~.: fc~.:ls tu be most 
Jdv~utt;:gt..:~HIS. Simi\arly, h~.: can u:-.c tht..: bt.:st t.:onliguration tó transmit thc 
loads rrom üllt..: llll.:lllht..:r (l) ~uu)thcr. ,. 

\VdJc..:J l.:lHllh:ct_ions gl..'nt.:r.ally climinate·th~.: ncc<.l for ho\c.'\ in m.:mb~.:rs· 
C"-CCpt possibly fnr cr~.:~..:tion purposcs. Ther~.:fur!.!, tht.: probkm of dt:
termin_ing. thc minimum n~.:t scction in tt.:nsion mcmbas as dis_L·usscd in 

. Chaptcr 3 n~.:cd.nvt bt.: con~idc..:rt.:J. Sinc:t.: it is usu;i\\y· thc hoks at 01~.: cnds 
that gov¡,;rn tht.: design of a boltcd or rivctc<.l tcnsiort m~.:mbcr. a wdded 
connt.:ction wi\1 gc.:n.:ra\ly Tl..'suh in <1 m~.:mher with a·sm~dkr cross scdion. 

\Vddc..:J conne~.:tions ~..·an somc.:timc reduce lidd constructiqn co~ts by 
thc fact thJt mcmbcrs may bt.: shiftcd slightly. ti) accommodalc minor 
crrvrs in fabricating or Cfcction. Alsü, 'rncmbl:rs may be casily shortcned 
by cutting anJ rejoi¡)ing hy suit<.~hle w~.:lding a:-> wcll as kngth~.:ncd by 

· Sp!icing a pit.:..:e of thc ~ame CfllSS SI.:L'lÍOll. . 

In addition, th~.:r.; ;..¡re scvcr;.t\ dir~.:~.:t factors which influcncc thc cost 
of \.,.·..:lding. Gcnc.oralfy, wciJing lhat is pcrformeJ in thc shop i~ kss e>..
pt.:n~ivc than tield wdding. Sorne of th~ rcasons for this· ar~: availability in 
tht: shop of automatic wclding m:.tchin~.:s. a more plc:.tsant and lcss hos1ilc 
cnvironm.:nt (thc wcather), and th.: avai!i.ibility or spccii.ll jigs for ho\dif!g 
thc pkccs to bt.: \Vdd!.:d in a more favor:..~bk position. Also, work to be: 
donc can bc schedukd _for J continunus opcration whcrcas fldd welding 
mÚst oftcn wait for c:r•Ú"l!.!S and spct.:ial crct.:tion c:quiprncnt. Othc:r .opcr
ations such as thc propcr prchcating ofpicces to be wcldcd can be dillicult 
if nol impossibk_lo pe_rform in lho lidd. Oihcr factórs which influence 

• 
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\\..::idi11~'- -...:-usts ;¡r.:: 
l. <...'o.-..t ur Jl!'i.:p:tl j¡¡g !l!~ .:dgc.-.. [1) J¡¡,; wcldcú. 
1. Thc a¡uuum ui' wdJ lll:ltcri:~l rcquir.:J. 

• \\:ldi¡¡g 1 'J 1 

~- Thc ratiu nl' thc :ll'\tl:!l :..tn.: ti m.: tn ü\'t:r:.ill wdding time. 
·L Tlu.: ~1111ount ni handling rct.¡uírcd. 
5. (.J.:Ill:ralü\'t:rh(.·ad (.'llSts. 

Thc fad•HS listc_d ah,>vc are gcncral!y unkno"'ll tu th.: lk:-.ign~..:r sini.:e 
th!.! fabril:ator is usu;i!ly nol sekctnl Until Jft~.:r thc Jc:-.ign has tk"L"I! l:orn
plctcd. llow~:vt:r tht: dcsigncr must still rnakc dccisinns---- .... twuld he 
s¡)ccify short brge lilk:'t .,.,·t:lds or long smal! lilk't wc!Lb.? SlwUld he.: spccify 
hlrgc lilkt ,.,.·.:lds or gruovc wdds"! lf he decide~ to use groovc wt.:lds hl.! 
must thr,;n sclect thc propcr ~nd most_cconLHllical typc. 

In most instancr.:s thc dcsigncr is not as conccrnt:d with tht: spt:cilic 
costs o( cach' rn)e of wcld as he.: is with relutin· cost_ or thc va~iou:-. types 
and sizcs. As aid to tht: designa, Oonn(..'llyu Jcv.dopt.:d rclativc cOst 
f.XtofS rt:lating thc l:O.'il of tiJkt anJ groove wc!Js of CtlflHllOJl SÍZt:S _lO thc 
cost of a_singlr.:-pass Y~ in. filkt wcld. This work is rcproduccd "in· Tabk 
S. lO. l. Thc cost of a Spccífh: wdd C:.in b\! dt:tt:rmint:d by. Eq. 5.10.1 once; 
tht! dcsigncr c:.1n obtain thr.: locall:osts. 

Cost ofWeld = (Length ofWeld) x (Factor from Tablc 5.10.1) 

x (Local Cost) (5.10.1) 

Curren ti y (: 971 ), wclded conncctions are u sed for thc vast majority 
of shop conncctions and a sizable though not a majority of fidd con
liections. 

5.11. ~IZE ANO LENGTH LIMITATIONS FOR FILLET WELOS 

Sin ce a JI typcs of wclding involvc thc hcating of lhe metal picccs, pre
vention of too rapid a ratc of cooling is.of fun~Jmcntal importailcc to 
achieving a good wdd. lt is thcrcf"urc impcrativc to Considcr fhe c!rcct of 
thc plate thickncss on ratc of cooling. Considcr thc two extreme thick· 
ncsses of plates in Fig. 5.1 _1.1, ea eh of which has rccdvt:d a br.:aJ or tilkt 
wdd. r-.·tost o!' thc hcat cncrgy givcn olr during thc wdding prn¡_;r.:ss is 
:.~bsorb~..:d by platcs being joint:d. Tht.: thickl;r ph.tte shown in Fig. 5.ll.la 
dissipJtcs thc ht.:~il vcrtically as .wcll as horizont: . .dly whcr.cas thc thinnt:r 
plak is csscntially limitcd to a ho'rizontal dissipatiun. In othcr words, 
tht: thickt:r the plate, th~:: fi.istt:r hcat is rcmovcd from the wdding a~a. 
thcrcby lowaing thc tcmpaaturc in thc rcgi.on or thc wdd. Sin¡::.: a mini

·mum tcmpt:"raturc is rc4uircd to cause thc base metal to bt.:comt: molten, it 
is tht:rcforc nt:cl!ssary tu pruvidt:.: as a mínimum. a wcld of sulllcknt sizc: 
(a¡~J hc;H C:Ontcnt) lO prevt:nl thc pl~tlC from iemovíng thc h!!al at a fastc:f 

· ratc than it is bcing supplicd. Unkss a propc;r lt:mp~raturt: is maintaincd 
in the area being welded a lack of fusion will rcsult. 
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1\linimum Filler \\'cid Sizc. Rccl)gnit.ing thc ctr..:t.:t of platt.: thi..:kness in 
tht: ..:uoling rat.:, minimum Jilkt \vt:IJ si1cs ha ve bct.:n cstablishcd to -insurc 
fusilHl anJ tl> minimit.c di:-.tortion. T~thh.: 5.11.1 sho\\'S thc minimum·sizcs 
·oftilkt wdds dcpcnJing·lHlthc pl<.!tc thi..:kncss.:s. · 

TAIIU· 5.11.1 
(AISC-T"hk 1.17.5) 

.t\-linimum hllr.:t \\'dd SiLC.:s 
:----

~I.Jh'IJ . .I 11ud.Jh-'" ,,f 
'llud.er l',ut J,,incJ. 

~~~~·he' 

T,¡ 'f, ir11:hniH: 
lhcr 'j, hl '!: 
(h..:r 'j, hl 'f, 
lh..:r 'f, hl 1'/, 
th.:r 1'/:1~1 2'/, 
(hcr 2'f, lll tJ 
(hcr 6 

Mulimurn Si1c ,,j' hile! WeiJ, 
indi..:~ 

A..:curJing. lll th.: :\ ISC .. J.I_ 7 .5_, thc abovt: Jilkt wdd siZ;t:S :He govcrn_¡,;d 
by thc thi..:kt.:r of the l\\'0 pÍt.:CCS bt.:ing joini.!'J, C.\Cc.!pl th:.H thl.! wdd SIZC 

n~cj not t:XCI.!'I.!J tht: thickn~:ss of thl.! thinncr pil:cc: joint:d unlt:ss a ~·arga 
sib! is rc.4.uircd by cakulatcd stress. 

1\b.ximum Fillct \\'cid Si:t.c :\long Edges. Th¡,; nw.\'imum siz~.: of lilld 
\~dJ::, usr.:J allHl{the cJgr.:s of pit:ccs bcing.joined is lir_nitt:d by thl.! thick
nós ofth~: thinna pit:cc .. Thc mJximum pamittcd by AISC--1.17.6 is, as 
shu'' n in Fig.. 5.1 1.2. 

1. Ak>ng cdgcs of material lcss thJn y, ili. thick, thc maximurn siLc 
m ay ht: 1.!4U;.t\to tht: thi.:kncss of tht: material. _ 

2. Alung cJgt:s of material Y~ in.· or mur..: in thi.,;knc:ss, thc m:.L\imum 
_ ::.iLc sh; . .dl be Yu. in. kss than thl.!' thi.:kncss uf tht: mataial, unkss the wdd 
is espcci"lly <ksign"lcd un lhc dr"wings lu be buill oul lU ubt"in full· 

· throatthid;ncss. 

i 
1 

\ 

J.,, •• :.. r 

~ ... ~. = 1 - ts 
,----'-----,~_j 

L---'-----'--'· 
'"' 

<~.,,~. = nv "'"'t:cif;c 
lim!t 

ieffo:cti·,.em:-:.~ miJy 
t.oc lirnitt:d; s.t:e 
~ct Art 5.13) 

_ ____j 

(d 

f-'i!!. 5.11.2. t-.h\ímurn wcld si.tc. 

~linimum Elfccli•c Lcnglh of Fillcl Wdds. Whcn plac;ng" filie! wcld. thc 
wdda hui!Js up tht.: wt.:IJ_to its full Jim¡,;nsion as ncar thc beginni.ng of thc 
wc!d as he can. llow~.:va, thcrc is always a slighllapt.:ring oli'in th~ (cgion 
wl-n.:rC th¡; wdd is startr..:J and whr..:rc it cnJs. AISC-1.17.7_ tht:rcfort.: limits 
thc: mínimum dl'cctivc lcnglh of tillct wclds to four timr.:s their nominal 
:--i1c. 1 !' lhis ..:rit~.:rion ·¡s n~l lllt.:l, th~.: sizt: of tht: wt.:IU .sh~.!ll·bc considcreJ lo 
be onc-:-fouith uf tht.: clfc..:tivc kngth. 

'AISC-1.17.10 also rccommcnds 
practicablt: as shown in Fig. 5.11.3. 
rdt:rred lO thl.! :\lSC Spccilication. 

End returns · .. 

thr.: use of cnd retur.nS. whcnever 
For othcr limitations thc rcadelis 

=-ws= +--
.. 

Fig. 5.11.3. U!>e uf end returns. 

5.12. ALLOWABLE STRESSES 

Sincc wdds must. tr'-lnsmit thc entin: load from·_ ont: mcmber to 
anotha, wciJs mus't be siz¡,;d accordingly and hc formcd from tht:: corrc..:t 
ckctrodc matcri~t!. 

\V hile distrihution of strcsscs in Jilkt wckJs is discussc'd in. Scc. 5.14, 
it'is notcd hcr·c that tilkt wc!Js Jrc assumcJ for dcsign purposcs to trans
mit !O<.!.dS through Jhear streSS 011 thc dl'cclÍV!o! arca no ffi<.illl.!f how the 
tilkt~ are orit:ntt:d on thc structural conncction. Groove wdds transmit 
lo:.tds cxactly as.thc pit:..:t:s thl!y join. 

Thr;: rc4uir1.!d ckctrodt: material- for groove we~ds depends on thc: base 

• 
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metal in th..: lll~lldll.:r~ ;¡nd i:-. gl· . ..:-11 Í11 "l;ddc ).12.1 fur v::IÍ<ilL"> \·,cidir¡g 
_prth.:..: .... scs . .\\'IJcll thc ..:k(trod..:s .-;¡h.:(iticd in Tab!..: 5.1.2.1 are u.--...:J. lltc J.l
k}\',·;_¡blc t..:nsi~.)n, (tHnprcssi->H. ~tnd :-.llcar .... tto.-;6 on L'l)lllpktr.; pcnl:tr~ttiun 
groth'r.; v~··c!Js J.r~.: thr.; samc as for lhc bas~ 11\clJ.I, as :lLJiHIIIarizcd 1n 
Tablc 5.12.2. 

TA/11.1: 5.12.2 
(frlllll AISC Tahk 1.5.3) 

Alll>w:1bk Strr.;~..,r.;~ in (Jrom·c Wdlls ________ :~~~~~~~~-~~----~ 
T..:n~i,Jn ami ..:dll!prt:,~iur¡ p:1r~lk! 

lu ;ni:. n( :.~ny ;.·nmpktc·pcndr:ttion 
gflHJ\'C wdJ 

T cn:.Í1111 'normal lo ctl"c~.-·tivc lb roa\ 
llt' úl1Úpkll:-pcndratiun grouvc 
\\Citl 

L\Hllprc~~Íllll nurnLII In clfc~.-·tivc 
thf<l;lluf ..:lHnpktc df parti:.~l
p..:nctraiÍilli gr,Jovc wcltl 

Sh..:ar 1Jn clfct:livt: Ihr,lal uf t:umpklt:· 
and partiJI-pcnctratinn groun: 
wcld~ 

Samc a:. fur h:.~.,c mct:J! 

Samc ;_¡:-, al!ov.:..thk tcn~ik 
~Lrc~~ for b;bc mctal • 

S;_¡rnt: :b atlu\\ahl~ 
c.unprc.~~i\c :o.trn:o. for. 
b:.J_,c metal . · 

S;_¡rÍJt: a:-. ~lh¡w;_¡hlc :.hcar 
~trc!l:o. fur ha).c ntc!;,.d 

Thc <J.IIowabh: strcsses for ( 1) shcar on thc dTt.:t:tivc arca of filkt wdds. 
(2) tht.: tt.:nsitc strc;ss normal to th~ axis on thc dft.":t:tive arca of a partial 
p~nctration groovc wr.;ld; and (3) thr.; shcar strcss on thc ~tfcctive art.:a of a 
plug or slot \vc.:ld arc shown in Tablc 5.12.3 and_ are cqual to 0.3 time~ the 
clcctrodc tensik stn.:·ngth. 

Thc allowabk strcsscs on lilkt wdus (Tabk 5.12.3) have becrí signili
cant\y incrcased in thc.; llJ69 AISC Spccilic:J.tion o~cr _those previously 
uscu. For thc E60 anu E70 ckctrodcs, thc only oncs includcd in 1963 
AISC Spccific:.Ition, thc increasc.: is ahout 33 perccnt. Rcccnt tests 14 and 
reev:tluation ~)f e;__¡rJicr tl!sts h:J.vc n.:sulted in this incr¡;asc:. R~fcrcncc 14 
statcs '"in rccognition of improvt:mcnts in thc arl of wt:lding th:J.t havc 
takcn place in thc past 40 yCars, thc mor..: liberal working stress provis.ion 
-O.J times tht.: t:k:ctro(k h.:nsik str¡;ngth · <.ipp.:ars fully justilied." 

The dl'cctivc.: arcas arc discusscd in Sc.;c. 5.13 and thc; limitations on thc 
maximurn and mínimum sizc of tilld \velds are discussed in Sec. 5.11. · 

5.13. ESTABLISHING EFFECTIVE AREAS OF WELDS 

The allov-•:.tbk stresscs on the v;Jrious typcs of wc:!ds summanzea m 
ScC. 5.12 are dcpendcnt upon thcir t:J}éc'the afeas. Thc clfectivc: arc:as of 
groove or tilkt weiJs <HC considcred to be.: thc produt:t of the ejfecti~·e 

thrual dimcnsion r .. , tim~s the Jcngth of the wcld. 
Thc d1'cctivt: thro:.tt dimcnsion is bas¡;d on · thc nominal sizc and thc 

shapc üf thc.: v.·cld. Thc nüminal thro~H dimcnsion mz.~y be; thought of as 
·· ~~¡ ·oi:n•~lH ,.::,1 h o'" ,: •!Y ........ ct<':d f:tih:rc r.!nr.c_ Tho.! fnUn":.'>'Ín~· di.,.: u.._. 
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tfr,)Jll AISC J.5:.H 
.--------~---'----

l'..:llll""bt.: 
Sll<'n 

, 
lt.:.¡tlii.:J l:lc..:tr.nk" 

Shc.1r -.11<.:'" un .. ·tl(:di\C ll\.0 bi A\\'S ,.\).1, 1:{¡()_\:\ ck~..·~rudc~ 
tlll••.tl 1.11 lilkt v.ál n> .-\WS A:\.17, 1-h.\-L\X.\ llu\-
.; .. ,,lk,:. uf dJfú'\hiiL vi d.: .. :t!udc ~,.·,Hnhin:tti<~n 

":\l.tt-"hillg'' 
ll.l~..: l 

1'\l.:t.d 

r\.'iOO (ira J..:.-\ 
r\570 (iradr.: D 

;¡¡lph,·o.~thHl ,¡¡ I,J;¡J; t~·n- A \\"S r\;\ . .:'U. 1:!•0 r-X ckl·tr.IJo.;:. 
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un lht: c~rc~·livt: lhr~l.H 21.ll bi A\\'S AS.I or A5.5. E7UX.\ A.\6 
of a p;.¡fl¡;.¡l-p..:n~·tr;LIHHl ck ... ·lhlJc-. A)J llraJc U 
grúo\t: v.dd; ;.¡nJ :.hc;tr AWS A:U7, 1'"7.\-I..:XXX 1\u),- r\2.12 
:.trc:n un drc .. ·ti\'c Mea ol dcctruJc .:umhinatilln AJ7S 
a plu~ •H ~J,ll u cid. Thc AWS A5.1H, E70S-X or E7UU-l A44l 
gin~n ~trr.:~.')C~ ::.hall aho r.:k..:trnd~s ASOU Grade B 
appl} lll .. u..:h \~ot.:ld~ A\\'S A5 . .:!U, L:7UT-X r.:lr.:..:trodr.:s r\501 

·maJe ~~ttl thc ::.pe..:tlir.:J A52<J 
dc..:trüdC lln ~tcd having ,\:\70 Grade E 
a }idd .. tre::. .. grcatcr A572 (jr;.¡dc .. 
than that l>f thc ··mat .. :h- 42 \U 60 

ing" ba,r.: JllCtaL Thr.:>---'----J.----------------j-'A.:.:...S~::.'<:_ ___ ---j 
permi~~Jbk .')\re~::.. re- 24.0 bi A\\"S AS.S, UiOXX cb:trudcs r\572 Grud~: 
••ardk;) üf ck..:trudc 6' 
e Gr;.¡dr.: ~O Submcrgcd An.:, Ga.. J 

d.J.-.~•ti.;;.¡tion u~cd, .. hall Mct;d-:\r._· ur Flu.\ Curcd Are 
nut C\r.:ccd that gi.,·cn in \\'.:Id t\lr.:tal 
thc tablc for thc wca\..cr >-----f--_::_::_:.::c.:...:..:_c:::... ______ ---j ______ ---j 
··mat..:hing" ba.')c mc:tal 27.0 bi A\-.'S :\5.5, E•lU\X r.:kl,:trtJdr.: .. A5l4on:r 2V·: 

in. thiek t>cingjoincd. (jradr.: tJO Submcrged Are, Ga:. 
.\kwi-An; ur l"'lu\. Con.:d Ar..; 
Wr.:l .. lt\lr.:wl 

JO.O J.. .. i 

• lJ.O ¡. .. ¡ 

:\\\'S :\5.5, t:IUO.\X r.:k..;trudr.:s 
Grade lOO Suhmr.:rgl.'d .-\r..:. CiJs 

Mr.:(;tl-:\r..: or Flu.\ Corcd Ar..: 
\\'cid Metal 

AWS AS.S, EIIOXX dcl..'trodcs 
CiraJc JIU Suhmcrgcd Are, (~as 

Mr.:t:d-:\r..: lH FluA C .. Hcd ,\r.: 
\\'dd :'-.lct:d 

A514ovcr 2V~ 
in. thid> 

,\)l-12V.· in . 
;wd less· in 
¡t¡j,;).. !lC!!o.') 

11-!lkL-..c:IJ,.anJ p.artl.al¡'l<:n.:Lr.J.ll<lll ~r•ltliO: v.ciJ-. J•llll!ll~ th.: .:;,¡rnp•lrh:nt d..:n1..:nl~ 11! hud1-up 
IILC:lllh..·r •. Hh;h ... tl.!n~c-l•l·" eh úlllllc~·ti,lll,, 111~1) h.: Jc,l¡!llcJ -.. illwut rq:.arJ l<J th.: tc:n.i<~Ll <Jr .::nmpr.:l>· 

·)~<lll )lfo-.u\ th.:~.:.:t.;m.:nr, po~J.al!d L•' th.: .J.\¡, •Jilh.: 11cld~. · 

7Unl} lv-..·h~Jh,~ol .:k.::ih•J.:-. ,h.all he u,.:J un .-\.!-1.!, ,\-1-1 l. ASI-1. A572 anJ :\)Ss. 

SÍlln will l..:lHlSiJcr thc clfc~:tivc throat Jim¡,:nsions for ea~:h of thc basic 
typ~s llf \\ c:IJs. 

Grome "'elds. Thl: t:lfc:cli\"t: ihroat dim~:nsion of a fui! pc:nc:tration groovc. 
wcld is thc thi..:kncss of thc thinnt:r. pan joint:d as sho,~,.·n in Figs. 5.13.la 
aiu.J b. Thc c~rc~:tivc thro~H dim~nsion of singk and doubk panial
pcncir:.nillll groon: wclds is thc dt:pth or tht: groovt: c.x~:cpl in tht: cast: of 
a bcvdjoilll madc by thc manu:.d shiddcd metal-are proccss. In thc lattú 
.:ase, lhc c~rcclivc lhroal dimcnsion shall be lakcn (AISC-1.14.7) as lhc 

{ 
• t· 

r, = T1 

~--+,~-+ 
1 . 

f 

·rl < r2 

(aJ 

No gap 

(e} 

\\'ddi,.g 

r.,"' T 

~ ~ 

lb) 

r ... D- 1/s 

45" (M in) <J ". 

Id) 

~ 

Note: welds (e) & (d) made by manual shielded metal-are proceu 

Fig. 5.13.1. EITc..:tivc: thro:Jt dimc:n_..;i,ms for groovc: wdd.') (AISC-1.14.7) . 

t•n• 

+ 

depth of the gro ove icss y, in. bul cannot be kss than. VlJ6 wherc 1, is 
tht thickncs's of thc thinncr picce being joined, as shown in Fi2s. 5.13.ic 
and d. . 

Fillet Welds. Thc cn·cctive lhroat dimension of li.llcl wclds is lhc shortcsl 
dislancc from thc root lo lhc facc of th.: wcld, as shown in-Fig. 5·.13.2, 
Assuming the !illet. wdd to ha ve.: equal legs of .nominal sizc á, the eíT.:ctive 
lhroat, 1., is 0.707a. lf lhc lillcl wdd is dcsigned lo be unsymmelrical (a 
rare situalion) with unequal lcgs, as shown m Fig. 5, 13.2b, the value of 1, 

. '"" . \~ ·r~"'0.707a 

b,~_./ L<g ,;,. 

L.~ . 
l~~ - -..........__a t 

h/ 
L._J 

' (a) lb) 

fig. 5.13.2. Elfc.:tivc: throat dimcJhions for fillct wdds (cxcept by :¡ub· 
mcrgcd-:m; pro\:t:~s) . 
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1nu~t bL: \.·o~Jilput...:d frum thc.: diagrammati~.: .'ihap~; of th!.: wcld. Thc cn·cc
ti..-c thruat J1tÚt.:n~iull~ fllf lilkt wc!Js lll<tlk by thc suhmcrgcd are 
pro(C!'!S ar~.: nwJítit.:J by AISC--1.14.7 as follows: 
(;.a) hH lilkt "·ciJ:-. with thc kg sizc :c4ual to or kss than %. in., thc t:ffec

Üvc thro<Jt dimcnsion shall be takcn as c4ualto thc kg sizc a. 
(b) For tillct wdds larger than %in., the ell'cctive throal dimcnsion·shall 

be taken as thc theorctical throat dimcnsion plus 0.11 in. (i.e., 
0.707a + 0.11). 
Tabks 5.13.1 and 5.13.2 sumnurizc tht.: clfcctivc throat dimcnsions 

and thc allowablc shcar rcsistance R. of lillct welds in kips per inch 
of wcld. 

)'..:..,min-41 
Suc, in. 

y. 
y,. 
y, 
~. 
y. 
lj,. 
y, 

"'" '/. 
ly,, 
y, 

l'óüflllll.d 

S11~. in. 

y. 
~. 
y, 
~¡ .• 
y. 
¡/" 
y, 
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'/. 
''/,. 
y, 

TAHLI: 5.1 J.l 
Alluwabk Kc::.i:-.t~HH.:c of Filkt Wdds, kipsjin. 

(Mct·d ShidLkd-Ar...: Pro1.:t:ss) 

All,n•Jhl<! Sh.:;~r iu hlkl W.:IJ,, R ~, Kip\ p.::r ln..:h <lf \\.:Id 

ltlcxti\c 1 hro.Jl, r.tintmum T.:n~i!c St1cngth of\\'cld,l~i 

(AISC-1.1--'.71 00 10 . ¡.;o ;u 

o.oss 1.5') I.K6 · 2.12 2.39 
"0.132 . 2.3S 2.7S 3.1~ 3.58 
0.111 3.1~ 3.11 4.2-t 4.77 
O . .!il HS 4.ó4 5.30 5.96 
0 . .!65 4.77 5.57 6.36 .7.16 
0.309 557 6.49 7.42 05 
0.353 6.36 ~.42 -· ~.48 9 54 
0.39~ 7.16 8.35 9.S.f 10.74 
0.442 7.95 9.2M 10.61 11.93 
0.486 8.75 10.21 11.6 7 13.12 
0.530 9.5-t II.IJ 12.72 14.31 

TAULE 5.1J.:! 
Allo"-·:..~bk Rcsistan¡;c uf Fillt:l \Vdds. kipsjin. 

(Submcrgcd-Arc Pro("t:ss) 

AI],I,..Jhlc Sh.:.:Jr in hlkl W~·IJ~. R.,, 1\.ip., pcr ln,·h ,¡f\\'ciJ 

IOíl 

2.61) 
3.97 
5.30 
6.63 
7.95 
9.2S 

10.60 
11.93 

. 13.26 
14.58 
15.91 

Etlc-~-~~~.: lhru.tl /l.linimum T.:l~>il.: Str.:n~th uiWdJ, bi 

t--\ISl~ l.l--'. 7¡ "" 70 >0 90 100 

0.125 2.25 2.62 3.00 3.37 3.15 
0.1" 3.31 3.94 4.50 5.06 5.62 
0.250" 4.50 5.25 6.00 6.75 7.50 
0.312 5.62 ó.5ó 7.50 3.44 9.Jl 
O.J75 6.15 7.S7 9.ll0 10.12 11.25 
0.419 7.55 8.W 10.06 11.32 12.5!) 
0.463 8.)4 9.1) 11.12 12.51 13.90 
0.50S 9.14 \0.6ó 12.1~ 13.11 15.23 
0.552 9.93 11.59 13.25 14.90, 16.56 
0.5'>l6 IO.JJ 12.52 14.31 16.09 IH8 
0.640 11.52 IJ.44 15.36 17.2S 19.21 

110 

2 .9."! 
4.37 
H3 
7.30 
u; 
10.~1 
11.66 
13.12 
H.SS 
16.04 
17.50 

' 

ll_() 

-1.12 
6.19 
t-:.25 

10.31 
12.37 
ll.S4 
15.30 
16.15 
I!:Ul 
19.67 
21.13 

Plug and Slul \\-'chis. l~hc cll"c~tiv~.: sh~.:arlug ~fc:.t uf plug ur :-.lvt \l.dlh. 
is thcir nominal arca in thc shcaring plunt.:. Thc n.:si!">t:uiL't.: of plug or ~lut 
Wcld:-; is thc product of thc nominal cross section times thc : .. lllowable 
stress as discussed in ~ce. 5.12. 

EXAMPLE 5.13.1 

Using AISC specS. determine the dTcctivé throat dimension of a 
7
/ 10 -in. lilkt wcld produeed by (a) shicldcd metal-are proeess and (b) sub· 
mcrged-arc process. 

• 

Solution 
(a) !, 

(b) '· = 

0.707a =- 0.707(0.4375) = 0.309 in. 
0.707a + 0.11 ~ 0.707(0.4375) + 0.11 

' \ 
EXAMPLE _5.'1'3.2 

0.419 in. 

Using AISC specs. determine thc allowable shcar resist: . .mce of a 
'/,-in. fillet wcld produeed by (a) shielded metal-are proeess, and (b) sub
merged-arc pr~K"css. Assume minimum tt:nsile strength of 70 ksi. · 

Solu1ion 
(a) 1, 0.707(0.375) = 0.165 in. 

R. 0.1651 (0.3)70 = 0.265(21) 5.57 kipsjin. 
(b) 1, 0.375 in. 

R. = 0.375(21.0) = 7.87 kipsjin. !' 
The sÓiu1ion to Examples 5.13.1 and 5.13.2 may be ehecked-by re· 

ferring to Tabks 5. 13.1 and 5:13.2. 

EXAMPLE 5.13.3 

Determine the allowable 'capacity o[ a 'Y· in. diam. plug weld using
E70 electrode material. Use AISC specs. 

Solufion 

Assuming th!! wcld diamt:tt!f satisfics the limitations of AISC-1.17 .. 12 
·rdati0g to the dimcnsion of thc.: piccc.: in which thc plug wdd is m a de, 

Capacity = O.Jf,,(¡r/) 1/4) 

= 2l(r.)(0.75) 2j4 = 9.28 kips 

· l\laximum Effecth·e Fillet \\'eld Size. In Scc. 5.11 the limitations on 
m:.1 . ..:imum anú minimum fillct wcld ·sizc ;.tnd lcngth rdating to pra.ctfcal 
design cOnsi_derations wcre givcn .. Those.rcquircments rt:!atc to .the size of 
'weld that is actually placcd. Rcgarding strcngth, however, no filkt weld 
or wdds of whateva·sit:t: m ay bt: pt.:rmitted '.in .dcsign to carry a _greata 
load than p~.:rmittcd on the adjaccnt b:..tst:. m:Hcrial. 

Consider' the two lines of tillct weld transmitting thc shear V across 
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Fig. 5.1 3.3. Criti~o.ll :>c¡,;tion.'> fllr p .. _;_,.:.ibh: oJvcr:.trc:-;~ing of b;,¡s..: -material. 

scclion a-a of Fig. ·5.13.3a. Equating the capacity per in eh of !he wdd lo 
capa.:ity por inch in shear (see AISC -1.5.1.2) on !he plalc givcs. 

wdJ pl;ll< 
,--~A---:--:-:-,. 1
2a(O. 707)(0.3./;, )' = 

o..1r,,, 
0
"''"" = 2(0.707)(0.3),.) 

whcrc 11 thi~kncss of base malcrial 

O..l f~1 1 
F).1 1 

0.945 -;· 
" 

(5.13.1) 

(5.13.2) 

J. tcnsik strcnnth ~.._l_f ck~lflllk material (70 for E70 ckctrodcs) 
" e 1-: yidJ strt:SS Of hase maLÚial 

Sc~tions b--b anJ c~c will not be criti(,.:al sincc two lirics of wt.:ld 
transfcr load across two sc..:tions; maximum efl"cctjve wdd size. for·t~e 
transkr across b-b and ,._e is 

a(0.707)(0.3/,,) = O..lf~12 
FI'IJ 

am.udf = 1.89 ~ 
Ju 

(5.13.3) 

(5.13.-l) 

Considcring thc four JllklS of Fig. 5.13.Jb. scctions d-d and e-e art: 
thc santt: as Sl.!ction a-a anO Eq. 5.13.2 applics. On scctions /-/ ~nd 
g-g four tllkts ~re transfcrring load across two s.ections: 

4a(0.707)(0.3/,,) ~ 2(0.4F,)I¡ 

anJ thc rcsull is again, Eq. 5.13.2. 

EXAMPLE 5.1 3.4 

D~ll:rmillt.: thc cap<u..:ity pcr in~:h or Y. cid, R..,, tu he Lbcd i11 dcsign of 
!he llange lo wch conncction in Fig. 5.13.4. Thc platos "'" i\3& stcd 
and E70 clcclrodes are lú be used with (a) lhe shidded metal-are proccss, 
and (b) !he suhrncrged-arc process. 

_j 
.-~--------. 11/2" -F·=. -··· 

<¡. .~ "'?-
1 

}, 

• 
Fig. 5.13.4. ~.\:.lmple 5.13.4. 

Solution 

Minimum wdd sizc = am,, = '1,.,(AISC-1.17.5) 
(a) Shiddcd metal-c1rc proccss. Equation 5.13.2 applics 

a"''"" = 0.945 f~l, = 0.945 
3 ~b) = 0.4~51 

}tJ . 

0.4HS(0.3125) ~ 0.152 in. 
R.= 2(0.152)(0.707)21 = 4.51 kips/in. for2 filkls 

Evcn though a ·Y1u-in. fllh:t must bt.: pi:.H.:c.:d, its suc.:ngih in design may not 
exceed thc strcngth assuming a = 0.152 in: _,/ 

(b) Submergcd are process. Hcrc !he throal dimension may equal !he 
lcg sizc. Equatin_g wdd strc.:ngth to pi ate strt..:ngth givcs 

2(a)(21) = 0.4(36)/ 
am,.,ff. ~ 0.3411 = 0.342()'10 ) = 0.107 in. 

R.= 2(0.107)21 = 4.51 kipsfin. 

· Again, thc samc rcsult is obtaincd as in (a) sin ce" 4.51 kipsfin. is thc 
allowablc capacity of thc web plate, and is wdl bclow thc actual wdd 
capacity. 

5.14. :sTRESS DISTRIBUTION IN FILLET WELDS 

Tht.: pro~..=t.:durc.: for dt.:signing wt.:ldt.:d connt.:c:tioris uses as· criteria of 
s:.~fcty nominal strr.:ss~s in thr.: wdds. J~st as for boltcd and rivctcd con
nt.:ctions, nomin<.li strr.:ssr.:s for wdds assumed the wcld is clastic and the 
p!at.;s making up thc joint are rigi,f lf a wr.:lded joint is subjcctcd to. 
pure shcar, comprcssion. o.r tcnsion. the strc~ses in thc wclds are assumcd 
lo be uniform ovcr.lhc lenglh of !he welds. lf a weld is subjected lo pure 
mo~ent or p~re torsion. the strcsses are assudied ta' vary linear! y depend· 
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2U2 Weldin¡; 

ing un location of thc neutral axis. lf l\\'0 or more of thc prcvious dcsign 
conditi.ons cxlst simultane;:ousl)· thc strcsscs are ussumcd to be tht!ir vector 

su m. 
Ho~·cvcr, thc actual strc;:ss distribution in a wddcd conncction is com

pla cvcn in thc simpkst joint. lt must be rccognizcJ thJt the wdds and 
thc picccs bcing joincd must ddorm tog.dht:r, othawisc a scparation ·will 

occur. In addition,'tht: lrUt: strcsscs ~re altcrcd by thc cxistcnct! or residual 

strc~~cs duc to thc cooling of thc w~:lds, 'warping strcsscs arising frorn poor 
\lldd proccdurcs, and stress rdicving in thc picCcs bcingjoincd. A dctaikd 
and quantitati .. ·c: study ~f thc :.H.:tu;.II strt:sscs in , .. ·ddcd conncction is 
bcyonJ thc seo pe of this tc_xt. Howcvcr, i~ ordt:r for tht: rl!:.H.la to obtain 
an apprt:ciation for thc ~umpkxity uf tht: prubkm, a tl.:w \.':Olllmon typcs of 

joinLs will be shuwn. . . 
figure 5.14.1 shuws the typícJI shcJr dístributíun m lungítudínJI lilkt 

-
A 8 

Tens1le stress 
along bar 

A~ Oistribution of shear 

~ . ""'''" ;n wold 

-

fig. S.l4.1. Typit.:dl :,trc:~S di~.trihutirJn in a bpj11ÍIIt with longitudin.al lilkt \\C:Ids: 

wdds. Th.e actual magnitudc uf thc variatiun from points A to B will 
dt:pt:nd u pon kngth of thc: wc:Jd as wdl as thc ratio of widths of _th't! two 
platc::, bcini joincd. Figure 5.14.2 shows tht.: typical shcar distribution for 
transvcrsc tilkt wclds. Again thc magnitudc of thc: shc:..~r distributi~m will 
d~.:pcnd u pon thc rdativc width uf thc platcs and lcngth üf thc wcld. 

Thc strt::-.s distributions in tilkl ,~,-·clds ust.:d to conncct tc~,;-joints is 
!:IOI11cwhal more ctHltpkx as inJicatcd in Fig. 5_. 14.J. Duc to thr..: tcndt.:ncy 
of thc lillct to rutalc about poínt C. thc maximum tcn:-.ik strt.:s~ in thr..: 
y-Jircction, f

1
, is approximatdy 4 tímt.:s thc nominal or _average stn:ss 

!, .. ,. . . 
Jf an c~a..:t analy:-.is wcrr..: rcquir~d c~n.:h tune a connt.:dHm was t.k-

~iunr..:J." very fcw wcldcJ l..'tHHH.:..:tit>ns would he madc. In ordcr tu dimi
n;:tc thc nccd (,>r such an r..:xat:l analysis. a factor Of safcly is ·uscd lo. 

dding 203 
.. 

" \V 

3\: 1 ,, 

·~. "' •' -· ;. •• < ;.-~ ,, 
d 

8 8 
1 

Fig. 5.14 . .:!. Typi..:..1l :o.tn.":.~ di:-.trihutirJn in a lap juint v.ilh traJh\"l.:hC: tilkl v.ch.h. 

t 
f., '· A 

J1 
-

y 

(•l \bl 

Fig. 5.14.3. Typkal :,trc::.~ di:,tribulion_ in a t~e jomt with llllc:l v.cld:!o (:!oht"ar lran)\"ersc 
lú lllkt). 

arrivt: al thc allowablc nl)minal strcsscs bascd on thc manncr of ~:umput
ing lh11liill:tl stress ai1J thc dcsircd rdationship bctwccn s.crvi~..·c lnaJ and 
ultim.ttc strcngth. By.this logic. thr..: dcsigncr is ablc tu makc a rci.I.St)n
ahk analysis tHl thc hasis of nominal strcsscs and sr..:lc(,.:t appropriatcly 
:.i1.cJ wclds with Ct>hlitkn~c. Thc fal.'l that thr..: wdds wi\1 dt.:ft>rm plasti
cally aftcr yich..ling. and thus r~:distributc unusu~lly high strcsscs is 
:malng¡)\IS to thc assuJ.nptinns madc for rnws of holts as dis~..·usscd in 
Scc. 4.). 

lt wnuiJ savr..: littlc purposr..: to dt.:vch>p an ··cxal..'t" an;.¡Jysis for 

wddcd joints. sincc i_n most cnginccring _Jcsigri probkms thc lol.l~ing is 



virtually never known to that degree of prccision. However, the above 
discussion should serve. to alert the reader lo lhe true distribulion of lhe 
stres><S and should te m per his approach to 1hc design of wdded connec

tions. 

5.15. WELDS CONNECTING MEMBERS UNOER OIRECT AXIAL STRESS 

In the design of welds connecting mcmbers in purc tension or com
pression, the principal task is to insurc that the wdds are al leas! as 
strong as· the mt!mbcrs they conncct and that the connection docs no~ .in-
troduce signif!cant eccentricity of loading. · 

·GrooH· Wclds. In the case: of full-pcnetration groove welds as shown .in 
Fig. 5.5.2, the full strcngth of thc: cross sc:ctio.n is insun:d by sekcting the 
proper dc~:trodt: corrcsponding to thc base mah:rial (the material in the 
membcrs) as indi.:ated in Tabk 5.12.1. 

EXAMPLE 5.15. J 

Select thc rcquircd thickncss of the plates (A572 Grade 55) and the 
pri.>per dcctrode mah:ríal assumíng a bevd weld an~ the submergt::d-arc 

process for the member in Fig. 5.15.1. 

72k - CJITJ 
Fig. 5.15.1. b:.ample 5.15.1. 

72>. -
Solulion 

Since therc are no holcs to consider, .the nct scction is 6 in. times the 
re4uirc:d thickness, e,~. The allowablc tcnsile stress ¡.~ in the member IS 

0.6F, or 33 ksi. The rcquircd thickncss is, thcri:fore, 

T 72 O 364 . '' l,a¡d = - = -- == • 1n., use Rs ftJ x 6 
6f; 6(33) 

From Table 5.12.1, use F7X-EXXX ftux ekctrode combination anda full

pcnetr<Jlion bevel wcld. 

~8 ~F7X 

~ ... 'i=::==:::JIItt====::3+ 
E XAMPLE 5.15.2 

72k --
Rep<:ll. Example 5.15.1 using A572 Grade 65 plales and a square

gr,.)ovc wc\J wilh a zan rnot npcning. 

'elding 205 

Solulion 

72 72 
1"'~• = 6(0.6) F, 6 (0 .6)65 a 0.308 in., use Rs 'j16 x 6 

From Table 5.12:1, uso Grade 80 submerged-arc process. 

,,,. rrFSO 
~ ... 'i:::::===í·===:::3} 72k -

Note: In Examples 5.15.1 and 5.15.2 it was not ríecessary to inélude 
the length ofthc wdds as shown below sincc lhcy are 10 be made the full 
w1dth of the plates unless othcrwisc: spccified. 

~F7X or' rre<FSO 
EXAMPLE 5.15.3 

Dcte·rmine the capacity of the tee conncction shown below and detail 
·the_ propa doubk-bcvcl wcld, assuming a shicldcd metal-are process. 
Assur.w thc flange of thc lee docs not control design. 

SoluU~n 

fr 

.~;:.:W:-
¡T/2. !m 
(il) Probkm (b) Soluhon 

Fig. 5.15.2. Ex.amplc 5.15.3. 

Thc allowable ten si le force is 

T - 8(0.75)22 - 132 kips 

From Table 5.12.1, use E60 electrodes. 
Note:_ On thc basis of strcngth only, a single 3

/ 4-in. bcvcl •,:o:Jid huvc bcen 
USI.!d msh:ad.of thc doubl~-bcvcl Wl.'IJ sp1..'1.:iticd. ~~owcvcr, wclding the 
stem of thc tce from onc: s1de only may cause excessive warping and ¡0 • 

troduccs c~.:~.:c.·ntrkily into thc conncclion. 
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Fillel Wdds. The design procedure for lilkt wdds is based on the 
nominal shcar stress of the lillel wdd on the drcctive area as discussed in 
Sec. 5.13. The sdection of thc size uf the lillet wdd is bascd on the thick
nr.:ss uf thc: pit.:(.;cs bdng joincd a1ai tht: availabk lcngth ov~.:r which thc 
lilkt wdds can be m a de. Other factors such as the type ·of wdding eyuip
mcnt 'u sed,' wht:tha thc wc\ds are to be m3dt: in thc lidd or in the shup. 
and thc sizc uf othcr wdds bcing m a de will also infiuencc the sizc of lillet 
~pt:l..'ilicd. Largc filkt wdds rcquirc.: larga diamt.:tt:r ckctrodcs which in 
turn rr.:quirt: largcr and bulkia wdding cquipmcnt, · not nc~:css:.Hily t.:on
vcnicnt for ticld use. Thc must cconomil:al sizc uf lilkt wdd maJe in thc 
tidd is about ~;.0} in. Also, if a cc.:rtain sizc of lilkt wdd is u sed in adjaccnt 
arcas lo thc panicular' juint in yucstion, it is ;.¡Jvisabh: to use thc samc 
:.iLc sin.~.:c thcn thc s;.~mc ch:Ctrolh::, and wdding cquipmCnt could bt: uscd 
<Jnd thc wchkr would not havc.: to alta his procc.:dur~ to accommud~tc.: a 
larga or smalkr wdd. In additiun, inspedion of the wdds is furthcr 

:,implilic.:J. 

EXAM~LE 5.15.4 

Determine the size and kngth ofthe fillct weld for thc lop joint sho.wn 
beluw assuming thc submcrged-arc process and thc plates are A36 stcel. 

951< -

Soluti":lrt 

11..- ~X7 
8 

'f>/a'' Guuet ft. 

95k 9Sk - ---
"' 

Lr 
(a) Problem (b) Solulion 

Fig. 5.15.3. E:\ampl.: 5.15.4. 

Rderring lo Sec. 5.11, 

M:.IXimum size ""' :.¡'11 - y,a = v/11; 

Mínimum sizc = y, 

J:) 
7 

( F7X 

9Sk -

Assuming thatthc cÜnnection is tu be shopwwcldcd, use '/1 in. fillct. 
From AISC.·I.I4.7, sincc.: tht! nomin;JI sizc of tilkt wcld is over :yM in., 

thc t:lfc.:¡;tivc throal dimc.:nsion is cqual tu thc.: theorctical throat plus 

0.11 in. 
Elrcctivc throat = 0.707(0.50) + 0.1'1 ;. 0.4635 in. 

Fr11m Tahk 5.12.3 u~t.: F7X~LXXX llu.-.. t.:kdrmk t."omhlnali,,n. 

f 
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Fro·m Table 5.12.3, the capacity of y,-in. lillet weld pcr inch of 
Jength is. 

R. = (ElTcctive throat)(allowablc stress) 
= 0.4635(21.0) = 9.73 klps/in. 

Lcngth ofwdd, L., rcquircd is 

L. = ·.22.._ = <J.7ó in., use '/,-in. tille;·, 7 in. on each side. 
9.73 ( . 

Filletlcngth is "'tended to satisfy AISC- 1.17) ( par."2). 

EXAMPLE 5.15.5 . 
· Rcwork E.·wmplt.: 5.15.4 using y,-in. lillct~wclds. 

So/ution 

S!n~:c thc.: Ol..l!llinal sizc is lcss than % the full lcg dimcnsion 
uscd as thc dfcctiv!! throat dim!!nsion for submcrgcdwarc wdding. 

may be 

R. = 0.250(21.0) = 5.25 kipsjin. 

Reyd L. = 
5
9

;
5 

= 1 g.l in .. say 1 fJ in. 

Two possibk solutiuns are shown in Fig. 5.1 5.4, both of which provide 
19 in. of y,-in. tillct wclds. ' 

95k -
Lsv, 

(al 

, 1) ( F7X 
V• .. 91!2 

95k - 95k ~ 
-: 

. . \ 
Fig. 5.1SA. Solu1ions to b<~l~pk 5.15.5. 

Oh> 

, 1) ( F7X 

\ 

6 

95 -· 
-y-,~,- •( f 7X 

7 

The solution in Fig. 5.1 5.4b is preferrcd sin ce it ts more compact 
and r·cdu~:cs thc ovcrall size of th<! connc~o:til)n: 

In a great nUmbcr uf cases, mcmbers subjc~:tcd to direct axial stress 
are thcmsdvcs unsymmctrical and cause ccccntrkitics in wcldcd conncc
tions .. Consider thC anglc tcnsion mcmbcr shown in Fig. 5.15.5. wcldc:d as 
indicatcd. Thc for~:r.: T, applicd al ·some d.ist<.~.n~:c früm ·Lh!! ,,:onncction 
wiil ~ICl <.~long thc ccntruid uf thc mcmbcr as Slwwn. Th!! fürcc T will 
bc resistcd by thc fur¡;cs F1, F2 , and F1 dcvc.:il)pcd by the wciJ lincs. Thc 
forccs F1 and F3 are assumed to acl al thc top i..IIH.J bott0"1 cdgcs, rcspcc
tivcfy, of tht!. an~!lc :-ohown. The ftHCC F2 w!ll act al thc cc.:ntroid uf the 
Wl..'ld \\hi~.:h is·lnL·atcd :it dj~. Takin!-! nhllliL'IIIS ;.t),lul StllllC ¡h,int . ..f 

• 
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located on the bottom edge of the mcmbcr and considering clockwise 
momt:nts positiv~. 

T.M, = -F,d- F2dj2 + Ty = O (5.15.1) 

or 
Ty _ Fi 

F, = 
d 2 

(5.15.2) 

The force F2 is equal to the resistance of the weld per inch ·times the 
kngth of the wdd: 

F, = R.L. 

Considaing horizontal forct: cquilibrium givcs 

T.FH -. T - F, - F, - F, = 0 

Solving E4s. 5.15.1 and 5.15.4 simultancously gives 

F, = T (1 - ~) - ~2 

(5.15.3) 

(5.15.4) 

(5.15.5) 

Dcsigning the conñection shown in Fig. 5.15.5 to eliminate eccentricity 
caused by the unsymmetrieal wdd is eallcd ba/ancing the welds. The pro
ccdure for balancing the wclds m ay be! surnmarizcd aS follows: 

and 

l. Aftcr dcciding on thc propcr wcld size and ekctrodc; compute the 
force rcsistcd by thc end wdds F2 (if any) on the basis of Eq. 5.15.3. 

2. Compute F, on thc basis of Eq. 5.15.2. 
3. Compute F, on thc basis of Eq. 5.15.5, or 

F,=T-F,-F, 

4. Compute thc kngths, L. 1 and L.,, on thc basis of 

F, 
L.,·.= 

Gusset fl · 

..... :\ 
··-

R. 

F, 
LwJ ""' R. 

..., 7" 
l F, 

C.G . . { __I_... --: --d/2 

1 ··--- __j A 1 

Fi~. ~. t 5.~. 

(5.15.6) 

(5.15.7a) 

(5.15.7b) 

• 
J 
1 
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lt is noted that approximately balanced welds are desirabk however . 
unless the member is subject to repe_atcd v¡riations in streSs: balanccd 
conneetions for "single anglc, doublc aliglc, and similar lype members is 
not required" by AISC-1.15.3. 

EXAMPLE 5.1 5.6. 

Dcsign the lillet wdds to develop the full strength of the angle. shown 
in Fig. 5.15.6 minimizing the en·ect of eccentricity. Assume the gusset 
pbte does not govcrn and the shidded metal-are process is used. 

r-

Solution 

. , 

} L6x4x~ (F, •50ksi) 

~~-· 
. A • 3.61 in.:r 

.----i~,- ,--...L--=L~-.1..~ y • 1.94 in. 

Fig. 5.15.6. 
. 

Example 5.15.6. 
! 
' ; 

Using the forces as in Fig. 5.15.7, 

T = 0.6F1 A - 0.6(50)3.61 - 108.3 kips 

Minimu·m size tillet weld .= "f10 in. (Table 5.11.1) 

1\laxin:,um size tille! wcld = 'f10 in. (Fig. 5.11.:2¡ 

' Use "/10 in. fillet wcld with E70 elcetrodcs. f. 
' 

F, - ' ,. 
' 

3
3·.·. 1- ____F_,_ 1 t' - 1 __t_..1oe.Jk 

--==;;;=1~ , 1.94 
"" TI 

Fig. 5. t ~.7. 

From Eq. 5.15.3, 

-~ 

i 
\ 

F, = R. L. "/10(0.707)(21.0)6 = 2.79(6) - 16.7 kips 

'i 
From E<.¡. 5.15.2, l 

J 
108.3( 1.94) !6.7 26 6 k' 

6 - T- . ops 

' 
F, 

1 

• 



• 
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From b¡. 5.15.6 

F, = T - F, - F2 = IOK;3 - 26.6 - 16.7 

From Eqs. 5.15.7a and 5.15.7b. 

65.0 kips 

!i L., = 
R. 

26 ·6 = 9.54 in., say 10 in. 
2.79 . 

and 

L F, 65 ·0 = 23.3 in., say 24 in. 
"' = R. 2.7~ 

u~c wdds. as summarizcd in Fig. 5.15.H. though for bdtt:r c:conomy larger 
·wdds would be prcfcrrc:d to reduce conncction kngth. 

'-c;-,
1
:-"-. 17C

2
c:-
4

<. E 7 O t T y p .1 

Fig. 5.15.~. Sulutiun fur r .. ~mrk 5.15.6. 

EXAMPLE 5.15.7. 

Rowork Examplc 5.15.6 if thc wdd al tho ond of thc angk is omittod, 
and submc:rgt:d-arc proccss is uscd inslt:ad of thc shu.:kh;d metal-are 

proccss. 

Solulion . 
Agaín. try ]!1b·in. wcld on thc F, = 50 k si base matcnal. Using the 

furc';s in Fig·. 5.15.9, · 

T¡• F1 
F, = -· -

IOK. 3( I.Y4 ) - O = 35.0 kips 
6 d 2 

F, T :._ .F, - F2 IOK.3 35.0 - O .; 73.3 kips 

R. = 0',.)(21) = 3.94 kipsfin. 

35.0 K.9 in., say 9 in. 
3.94 

73.3 
L., = 3.94 

IK.65 in., say 19 in. 

The kngth uf L., rcquircs an exccsSivdy large join·t which probably is 
UIH~conl)nw.:al. Thacfort: 1t is advbabk to use a largcr s1zc tllh:t wcld. 

l 

Fig. 5.15.9. 

Try" a Y"· in. weld. 

~ • l ·, 
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EI1Cctive throat dimcnsion y,ti (sub~ncrgc:d are process) 

Thc forcc:s F, and·F3 are.: indc:pcndcnt ofthe wdld size and the new rcquircd 
kngths art! ~ · 

. ' 

"L., 

L., = 

35.0 
·y,.,(21.0) 

' 
5.33 in., ~ay 5y, in. 

l 
73 ·3 . 11 17 . 

'•! ) o = . 111., ¡,,(.1. ) 

Use welds as summarizcd in Fig. 5.15.10. 

\say 11 y, in. 

~ 

l 

&¡,6 11 v.. ;¡ ,, 
Fig. 5.15.10~. Sulutiun for Ex.ample 

5.1 S.7. ' 

' t. 
Slot and Plug Wclds. Slul and plug wclds· d<pcnd upon their shear 
strcngth in the shcaring phtnt! bctwc~n thc: pliucs bcing jo"incd. As indi· 
catl!d in Scc. 5.7. thcir prindpal us..: is in lap joints. Plug wdds are also 
-oct..:asinnally··uscd.tu lill up hules in cunncctiui.1s. such as hcam to c,JJumn 
anglc:s whcrc: tt:mporary crc:ction bults h~td hc~n pbcc:d tu align thc mcm· 
bcrs prior to wdUing. This lallcr usagc is gcncrally not cunsidcrcd to be 
structur:JI although in cena in cases, thc dcsigncr m ay considcr thc strc:ngth 
of th..:. plúg weld in dcsigning thc rc:st of thc wt::IJs in a givcn conncctiun. 
A~ a rule, plug and slnt wciJs will bt: dt:sign~:J t1> work togcthcr with o_lhc:r 
wdds, usually tillct \\'dds. in lap joints as shü\\:n in Fig. S.S.S. 

EXAMPLE 5.15.8. 

Assuming AJ6 stccl d~.:tcrminc tht: valuc Jr T"pcrmittcd by AISC on 
tht.: l'Onn¡;diun in Fig. 5.15.11. ' · 

• 
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Solution 

T -

Fig. 5.15.11. b.amplc 5.15.H. 

The resistancc per inch supplicd by thc y,-in. flllet wclds, R., is 

R. G [0.5(0.707) + O.llj(21) = 9.73 kipsfin. 

The total resistance providcd by the lillct welds 

= 10(9.73) = 97.3 kips 

The rcsistance provided by thc 1 y, plug wcld 

-- ,.(1.5)' (21.0) 37 1 k' = . lpS 
4 •. 

The value of T is equál to 

T = 97.3 + 37.1 = 134.4 kips 

Check capacity of pi ate: • 

T = 9(0.75)22 = 148.5 kips > 134.4k OK, T = 134.4 kips 

EXAMPLE 5.15.9. 

Compute the allowable capacity of the connection shown in 
5.15.12 according to AISC, assuming A572 Grade 50 steel. 

T -
l/lo 5 

~,,-"~-=5-< E 10 ITvp.l 

T -
3 11.-¡¡XB 

Fig. 5.15.12. Examplc 5.15.'J. 

Fig. 

\ 
i 
., 
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Solution 
From. Table 5.13.1, a '/ .. in. E70 fillet :weld provides 2.78 kfin. 

[('/1,)(0.707)(21 )j. The total resistance provided by the fillet welds 

= 2(5)2.78 = 27.8 kips 

The resistance providcd by the slot weld 

y. (3)(21) = 47.3 kips 

The value of T is given by 

T = 27.8 + 47.0 = 74.!Í kips 

Check capacity ofplate: 

T = 8('y,)30 = 90 kips > 74.8k; thus T - 74.8 kips. 

EXAMPLE 5.15.10. 

Dt:sign_ an cnd connection to dcvelop ti;H:: full tcnsile valuc of ·an 
C8 x 13.75 in a lap knglh of 5 inches. The 'channel of A572 Grade 50 
stecl is connccted toa :y,.-in. plate and fllkt welds are li1~1itcd to %. in~ and 
are to be made by the shicldcd metal-are process. Use AISC specitica-
tions. 

:. 
Sofulion .¡ 

. Channel capacity = P =· f;A = O.b(50)4.02 
(a) Fillet wcld. Use E70 electro des. 

1\linimum a = 'Y .. in. (AISC-1.17.5) 
f-taximum a = 0.303 - y .. = 0.24, say ~·in. 

120.5 kips 

(AISC-1.17.6) 

Whik y,-in. weld ;nust be uscd on onc end along the channel web, ')',-in. 
wcld could be used along thc llangcs. lt is beticr not to mix the fillet sizes, 
so try y, in. all around. 

i 
R. = y,(0.707)(21) = ~.71 kipsfin. 

R dL 
P 12o.s 

32
•

5
. · 

eq • = R. = 3.7T.G .· 111. 

. l . . 
Since the length all around is ·only 26 in.; adoitional capacity from fillet 
wdds in a largc slot, slot wclds, or plug wclds; is nccessary. 

(u) Slot Wcld. Try a slot weld in accordance with AISC-1.17.12. 

M in width of slot = (1 + 2.\ [rounded to n~xt odd y .. in:j 
16/ \ 

= ·0.303 + 0.3125 ~= 0.6155 

[roundcd lo •y,. in.j 
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¡ :· ; j Fig ·s_l S.'I3.~-Sulutiun1fu_r.l:.\;unpkS. i:S)O. ·- ~ ·· 

. ~~:16: ECCENTRIC, ~El~ E~' ~~~N~EC~;O~Si ,-:., t; ~:~~': . i',. •:_: 
:· : .:. ·.ii;_:·. :·;.¡j·! :)· __ J.!::_~- ;.r :¡--:~>:!", ·· -· l".: 

. Thc vúsatility and r;as'c o(\~:c!Jing'makc w·ddt:d·Conncf;.tions desirable 
. -: .. ' . . . ¡ ; ' .. ' '. ' . -·· ' ' 

·. for a v.·idc v~r!t:t y o~ u ~Jgcs .',: 1 ,n :Jc,t ~ -~:! _ rf~c~ ice·.~:-\\-~ l~cd_- ~o~ nc_clions o ften 
y~ a group of ~-r;_l~s falht::F tflJn a·s¡pgl:- wc~J:·thc, r~~_ult bc~ng that the 
wdds may be subjcctcd to ll)Orc than onc typc,of load>ng .. Exampks of 
Various typcs·or JO~di;1g :·ar;c · ;ho\~··n_--¡·r] Fig.· 5.'16.1'. ~:·As·: in: thc. case 'or ce-

. . . ' •.. ' .• 1: ' . • . ' 
ccntri,.; boltc:d connc:ctions. (Sc:c-. ;-+.7), 1t_hc :c:Xact clastic · analys'is of thc 
strc::.scs in cct:c:ntri~ wt:ldcJ:conJH:cüoils i.S-·imr)ractical: :In. Jddition .to the 
Complcx ::.lrós·di:-.tributi~H~ dis~t!SS,d in--S,c. 5.14. th'c:grcat varicty of 
po::.~ibk t:urnbin~Ü~JOS of·lo~ying 'a;14 gr~upiÍlg orl wdJs.·makcs Íl .nc~t.:S· 
sary to cvaluatc l~c i.idcgua...:; 'ora cunnc¡,;t1Ün on thc b.1~1::. of nommal 
::atrc~~c3. : , !: · ·, , , ! . !· r ' : ¡ · 

Thc general proc.:durc f~r_ in'vc::.tigating ithc:' nominal !'ltrc~s in wcld 
groups is bascd on ~thc gcnc'ral. a:->S~JJnPiinns 'Jiscu.ssc'd ·in Scc. 5.1-1 and the 
prínt..:ioks of mc...:hani...::-.: ':rhc·prnCcdl!r~, in hricf.·consish-~Jf thc following 
!:llc:p~: ·. . . ' .;, . ; ; .: ' .. ) ~ ; . . . ~ . - . 

l. E~tabli:-.h thc t:jj(:ctil·t·:thr.Jat din;cH~ion t, an¿l ~raw thc clfcdive 
cro~s ~cction of thc wcld grour. 1 .. ; · · 

2. E~tablish a¡cO~)rdinat~ s·v's'tcm: ~nd .dt.:tcrmi':c thc' ccntroid of the 
' . ' ~ ~ ' ' t . '. 

wcld gro u p.:_· 
1

_ 

t 
-· 
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(f:,) l'url' hlrJoiun 

(e) Shc_ar and bcndirÍg 

Fig: 5.1 6.1. Typt:s of eccc:ntri~; luaJing . 

3. Determinethe forccs acting on thc wdd group. 
4. Compute the -individual strcsses in thc wdds al critica! points 

rcsulting from din.:ct shcar, torsion, and momcnt. 
5. COmbine thc individual strcsscs vcctorictilly. 

The general proccdurc outlincd abo ve is illustratcd m the examples that 
follow _ 

Eccenlric Shear (Shear and Torsion). In orJcr to expand the general 
pro..:cdurC for combincd sh~.:ar and torsion, consida thc conncction shown 
ih Fig. 5.16.2a. Thc ciTcctivc cross sc~tion and thc applicd force systeln 
are shown in Fig. 5.16.2b. In dcvdoping thc proccdure thc following 
nlJL.t~ioil will be uscd: 

J .. = p 
.A 

Tr !" = 
1, 

strcss.duc to dircct shear 

stress dut! to torsional moment 

whcn.: f • r;.¡JjaJ di:-.lalll.'C fr\Hll thc ~CiltrlliJ lll pni11t of StreSS 
1,. .. polar lllolncnt of incrtia -

(5.16.1)-

(5. ¡ 6.2) 

For computing nominal strcsscs _thr,; lot'LitionJ of thc lincs of weld are de
linc{l hy cdgcs alllng \-"-'hi .. :h !he lilkts are pbl •. :cd, rathcr than lo thc ccrltcr 
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d p 

lal Conn~rlion 

(b) Hfecti~r cronttclion 

fig. 5.16.2. b:cc=ntric brackel connection. 

of lhe efTective throal. This makes lillle dilference, since the throal di
. mension is usually small. As discussed for eccenlrically loaded bolled 
connections it is convenient to use a cartesian cuordinate system and 
compute x and y components of the forces on welds. 

For the general case shown in Fig .. 5.16.2. the componcnls of slrc~s 
due to direct shear and torsion are . 

' 1 

J
.,_ Tx _ (P,e, + 1'1 t•,)x , - -

1, 1, 

whcre 1, = /, + /~ = "f./u + "f.Aj' 1 + '};/, + 2:AX
2 
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(5.16.4b) 

(5.16.5) 

In Eq. 5.16.5, .t and y refer to distances from lhe cenler of gravity of the 
weld group lo lhc ccnter of gravily of lhe individual weld segmenls. /., 
and /H rcfer to thc momcnts of inertia of the individual segments with 
respcct to thcir own ccntroidal ax:es. 

Thus, for lhc silualion of Fig. 5.16.2, Eq. 5.16.5 becomes 

1, ~ 2[ L.l(~)'] + 2!L.(I,)(p)1
J + 2[ 1'(~;)'] 

~ ~ !L.(1,)1 + 12L.(.v)' + L~l (5.16.6) 

For practica! situations, the lirslterm of Eq. 5.16.6 is neglecled bccause, 
with '~ small. ihc ter m is not significant compared. -to the other terms. 

Hcncc 

1, = _t._ il2L.(Y)1 + L~J 
6 

(5.16.7) 

Thcn, aftcr cvaluiJting thc torsional components in accordance with 
Eqs. 5.1b.4, thc x and y componentJ of the resultant stress are 

J. ~ I: -u:· 

· and thc resullant stress}; iS 
~~~~ 

¡; - v'u; >' + (/,)' 
~ v'(f; +/:'>'+_U;+/;·¡' 

(5.16.8a) 

(5.16.Kb) 

(5.16.9) 
. . 

The resultant stress¡; is considered to be a noffiinal shear stress on the 
elfcctivc throal are a of lillel welds. AISC- i .5.3 gives the allowablé values 
as discussed in Scc. 5.12. Thc safe' capacity R. of a lillel weld per inch of 
weld is 

or 

R.'~ (1,) (allowable unil stress) 
' 

H.., "" allowable unit stress 
1, 

For satisfactory safety, it is required from analysis that 

(5.16.10) 
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hH ún·e.\'liKuling strcss..:s in wcld )lrnups, sud1 as in hg. 5.1h.2. 1, 
may be computcd as illustratcd in uhtaining E4. 5.16.7. Note that thc 
throat dimcnsion 1, may he fat:_lorcd out of l·.q. 5.16.7; this may always he 
done: Following thruugh thc (omput;.ltion of stress compuncnts and oh
tainingf;.l!ne will flnd thal 1, appcars as a dcnominator n~ultiplicr in thc 
resultan! stress·¡;.· lly multiplying .1; by 1., a resultan! loaJ per in eh is 
obtaincd which may be comparcd with allowahit: R., to estahlish whcthcr 
or not safcty is adc4uatc. In othcr words, onc may frcqucntly dcsirc to 

use E4. 5.16.10 in thc form 

(5.16.1 1) 

Whcn dt•.\·i¡.:ning welds, thc throat dimcnsion 1, is frequcntly unknown 
and is lo be sOivcd for. In such cases it is usually convcnicnt \(H.:ompute 
1, assuming t, ~ 1; thus une may think ofhavingt:omputcdj;i,, thc a.:tual 
load per inch on tht:: weld group. Thus, for dcsign, it is rcquircd that 

1 > .J; 
' - allowablc stress 

(5.16.12) 

where ¡; is in hi unif.l". Or E4. 5.16.12 m ay he writtcn. 

1 > j;(l) 
, - R.., 

(5.11>.13) 

whcrc j;( 1) .. j; 1, with 1, - 1, and is in J.:. ips pt•r in eh imits. 
Treating the wclds making ur the clle~.:tivc crnss section in Fig. 5.16.2· 

as line welds (i.e., as in deriving 1'4. 5.16.7 with 1, ~ 1) and using the 
general terms h and d, as shown in Fig. 5.11>.3, E4. 5.16. 7 hecomes 

(5.16.14) 

Tahlc 5.16.1 gives 1, val u es tre<ttcd as propcrticS or lincs for othcr t:t>mmon 

weld conligurations. 

¡'·l_¡ 
r-- ----, r. 
i' 
L_ _____ ._ .,;::-

--·~·· 
Fig. 5.1 t..J. 

r-·¡ 
1 

------rl 

-_1 

f" 

j, 
1 
' 

1. 

l 
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H•u 5.16.1 
Pruperties uf Welds Trealcd L · as lllCS 

s~...:lion Se...:• ion Mvdulu' l'nhn MtJmcnt ollncuia,t, 

• • 'Aidth:d - tlepth '· 1 Í' 

~IJ 
ill'mul Ccnlcr uf Gra.,.ity 

J' d' 
S . - t, -6 12 

r•¡ 
d' 

2. 1 IJ ), 
d(.lh 1 + dl) . 

S - -J 6 

' r•1 
J. -, S hJ i, 

h(Jd' + ,:, 

rl - - 6 
-_j 

~-
d' 4M + J~ (, + d) • - 6h 2d 1 

.i' - S - t, -
4. p ' 2(h + d) 6 ll(h + d) 

d h' 
. ...J ·' - l(h - d) 

el 
h' d' Kh' + _6bd 1 + d' 

x ---- S . hd+ - t, -

1 

S. 
lh + J 6 t 2 

•• ----
2h + d 

1 
' L.r·l_j_ J' 2hd + d

1 h' M 2d + 8d' 

¡. 
+ 

)' . -- S . t, -
p~-R d 

h + 2d J t 2 

d' 
l - 2d + h 

r·r d' d)' 
J. r-o (h + 

S - hd+ - 1, . 
L. J 6 

J ,., 

K. . ~=--y--=-! J' 2hd .. d' hl + ""' d' 
¡;_ -

, -t 1.J 
.\' .. ----- t, - ---

. _¡ J 12 h • 2d 

r·-1 
• CI d' •' + ,\, 2 + d' 

S - hd ' t, -.l b 

o.•-~ .\" ' 2.,1 
. ' - ., t, -

.. . ... --· -- ·-----· .. -·· ·- ··--·---·-.. --·-···-- -··-·-----
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EXAMPLE 5.16.1 

Compute the size of fillel weld required using E70 eic<:trodes for the 
conncl:tion shown iri Fig. 5.16.4. A-ssumc thut the platc doc:s ~1ot govcrn. 

or (.;ontrul wdd sitc. 

r--:,c-B~( E 70 y 

b,t2.2''~ 
• 4·2" 15k 

... ¡..:.' ""' _.1 . tri' Att• 
4'' l-t.2'' . 

K ..J..__ ·-0 -----K 

IC.G. 

"-'--8 
j ¡-•a·· 

y 

Fig. 5.1ó.4. E~amplc: 5.16.1. 

Solution . 
The highesl stress un the wcld group will occur al pmnt A or B. The 

solutiun · will be illustrated by o;arrying 1, as a factor lb roughoul lhe 

computation. . . 
·Locat~ thc ccntroid of thc ;;mire conhguratJOn by tLiking momcnts 

about thc cdg¡; or thc· vatÍC;J.I wcld: 

i = _2_t,(6)(3) ~ U in. 
2(()1/, + ~~. 

1 t~¡' . 2j6(4¡1 1 t- 2[(
6

)'] + 216(1.2)'J + H(l.~)'} 
• !1 ' 12 
~~___./ 

1, ~ 

1, -

- 1,(313.Y) i11.' 

Thc brackcted rnulliplicr of t, in thc 1, c.\prc~~ion is thc P''•p<rty of lincs 
as fuund in Ta!>k S. lb. l . 

.-1 - 1,12(1>) .-t XI 1,(20.0¡ '4 i11. 

l; _ P, __ 1? ..• _ O 7~ k>i 
A t,( ~O)_ t, 

}: 
Tt· 
1, 

• 

1 

r; 

i 
1 

! 
.. · .Tx 
" .. T 

' 
The resultan! stress J. is 

,. 
' 

, .. 
' 

J. - - A[,~l)' + (2~45 V- . t; 

'· 

2.45 k . 
--SI 

1, 

+ 0.7~)1 3.97' . 
---.~SI 

1, 

<lding 221 • 

1t will be! apparc;:nt rrom thc;: cakulation that on<: may eilsily obtain the 
s3me numcri~.:al rcsult by ~1s:.uming t, = f. 

Usii1g E4. 5.16.12, whi.:h is mcrcly scltingf, c4ual to its maximum 
allowabk, value, 

3.97 . 
~O.Iti91n. 

21 

ll.l XY 

0
_
707 

- 0.267 in., soy~, in. 

Use Y,.-in. E70 lillct welds. 

For thc general Sl'lutio, of wdds unJc.:r eccentric oadinS as in Fig. 
5.16.4, the AISC 1\L· .• ual h"' labks, "Ecccnlric Loads on Weld Groups," 
using tht.: tcrms a~ JdincJ in fig. 5.16.5. As given hy thc ,~JSC Manual. 

¡-"l 
1xlf-r- J>=*m=O!! --{ r, • ltuootvl 

1 CG. 
1 ~+- X 

y 

h'g. :0. 16.5. Tcrmiuulll!::~" l"or AISC 
Manual, "h:~.:cntri..: Lllad~ on Wdd 

üroup~." 

! . 
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L' 
l, - 12 

k 21'( 1 + k)2 

L 

Ji - xl -
(k/)2 

L 

where 1 - length of vertical weld 
k/ Jength of horizontal wdd 
L -· 1 + 2ki • totallength of weld 

EXAMPLE 5.16.2 

Rec.:he.:k 1
1 

in Example 5.16.1 using the AISC method. 

Solvtion 
Using Eq. 5.16.15, 

J.:/ - 6 in.; 1 •. 8 in.; 

L ~ 8 + 2(6) - 20 in. 

k -
6 

- 0.75 
8 

(5.16.15) 

(5.16.16) 

(20¡' (o.7s¡'(8J'< 1 
l, - IT- 20 

+ 0 ·75 >' - 667 ;_ 352 = 315 in.' 

This agrecs within sliJe-rule erro.r to the previously computed 

313.9in' 

i 
value of 

! 

She.ar and Bending. C~mbinc::d .ihc:ar and bcnding stiessc:s are corilputt.:d 
by ve~tori-~lly adding thc nominal shc~r and bcnding stres~es. The pro·· 
c.:edure i~ illustratcd by c.:onsidaing thc brL~l.:kct shown in Fig. 5.16.6a und 
thc clfcc.:tivc.: cross ~c~tiun of tht.: wcld group shown in Fig. 5.16.6b. Figure 
5.16.7 ~how~·thc:· Vi..iriation ui' thc shci.H anJ bcnding strc.:ssr.:'i. Thc rcadc:r. 
shuuiJ note that ttic aL·tua.l maAimum shcar and bcnding slrcsses occ.:uf al 
Oilrcrcnt Ju~.:ations. llow-.:vcr. in simplifying thc computations; thc shcar 
:,trt:S3CS are a3s.umed to be nu1nin=.~lly di:,;tributcd as shown in Fig. 5.ló.7c. 

p 
Plote thickneu J r 

'·l 1·1 r'· 

[1-~--
! • ! (h) 

Fig. ~-1 b.b . . 

1 

i 

i 

1' 1r,l Í 
,,-.,:t 

~ 

Li 
' ' . (.al W.:ld gruup 
1 hom 

Fig. 5.15.0 

31 p . ) 
2vr,1. 

r· 1 

lhiiiiiH.tl 

~h,·;,r ,tn:u 
d•~•••bution 

Fig. 5.1t..7. 

~lding 2:U • 

Me M 
l"s 

Ji\llrllution 

Thc nominal shear st~ess is lhen addcd ~·t·c·túriully to th-e ma.lf.imum bend· 
ing str¡;ss. 

For this partit.:ular C<lst:· the ussumed vcrti~al shear stress from Eq. 
5.1ó.3b is 

!
; ' P, p 
,--::::¡--2 L '· . 

·and l~c: ~orizontal stress du~ l•J h.:.tding is 

! .. -. -
1 
1 

ThJ stress resultant i,, 

,\/;• 

l. 

(Pe, )(L. /2) 

[ 21,~~- >'] 

J.'- -vu;J' +u:·>' 
For thc 1\..:xural stress componen t. 1 c:quals eithcr l. Or 1,. ·whichever 

is thc a.\is f•Jr bcnding. Thc 1 valucs m<Jy be computed a!. th(: p:"opc:rtie~ of 
linc úHtligur<Jtions in a m<Jnnr.:r sin!ilar h> that uscd fo.r 1,'. For sorne C(Jffi· 
m(~::dy '.rscJ conligurations, S - .1/.'f' cxprc...:ssions are ·given in Tablc 5.16.1. 

EXAMPLE 5.16.3 
1 . 

, . Cumpulc lhc sizc of E70 tillct wcld rclJuircd for thc connc.;tion -shown 
in Fig. 5.16.Ha using shiclded mctal~arc phH.:css. Assumc that thc: column 
and br;.h.:kc.:t Jocs _,wt control. 

Solufion 

J
., 
' - ~· • 2(: ~) 1 - 0.50 k si 
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. ~lr-ll. 1--
1 

.. 
5" 

_L. - --
1 

10'' 

LJ 
.. 

Fit~:. ).I(J.Iol. b.amplc 5.1h.J 

1, 
(1)(10)1 

= M3.33 in' 
12 

Me 10(6)5 = ).60 k si 
1 KJ..l 

. v1ü.5)l + (3.6)2 = 3.64 k si for 1-in. clrcctivc throal. 

J; 3.ó4 

allowabk stress 21 

0.173 . 
Reqd a = -- = 0.244 1n. 

0.707 

Use 1,-in. E70 filie! welds. 

= 0.173in. 

Uesign ror l.ines or Weld Under l\1omt•nt. E ven when there are modera te 
rcturns al the top of lincs_of lillct wcld, an cstimate of the lcngth requircd 
m ay be obtaincd by using thC samc approach as usCd for dctcrmining the 
numbcr of bolls in a linc in Sec. 4.7. In hg. 4.7.M, R/p has units of kips 

pcr im:h and corresponds to j~ whcn 1~ is unity for welds. 

For pure mOment on o_nc linc of wcld, 

M M . ¡· 
f, - S = [! L'] k1ps 1n 

6 • 

Sin ce the maximum valuc off, is R ... , 

6M 
R.--

L~ 

or 

Re4d L. 16M 
R. 

(5.16.17) 

(5.1ó.IM) 

1ing 225 

Equalion 5.16.1M for wclds corrcspunds In E4. 4.7.22 for bolls. Since il 

is corree! only for purc momenl, R. shuuld be la k en as a reduccd value to 
ac~.:ount for direcÍ shcar. 

EXAMPLE 5.16.4 

Determine thc length L required to carry the load in Fig. 5.16.9,. using 

Y"-in. E70 fillct wdd . 

Fig. 5.1 ~.9. E11.amplc 5.16.4 . 

Solution 

Estima te L fC<juircd hy using Eq. 5.1 6.1 H: 

R. 
1
5
6 

(0.707)21 = 4.65 kipsjin. 

M= 40(4) = 160 in.-kips per 2 weld lines 

Rcqd L = /ó( I(.¡,J/2) . 
- -11111 • 4n · · 

~here a reduccd valuc of R.., has bcen uscd to account for lhe direct shear 
elfecl. The return will add additional strcngth; try L : 10 in. 

lnvcstigatc conligunHion · using weld propcrtics as lines computed 
from ?asic principies, 

2( 10)5 100 

2 
- -

21 
= 4.76 in. 

(10 + 0.5) 

Dircct shear: 

/ ' 40 . 2 00 k. ¡· 
, :::E 

20 
= . _1ps m. 

Since little direct _shcar is carried by thc rcturns, they are neglected .above. 

1, = 
21~] + 2/_(5.0 - 4.76)1 + 2(0.5)(4.76)1 

( 1 0) 1· -¡;- + 20(0:24)1 + (4.76)1 
- 190.6 in.' 
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flexure: 

.Resultan!: 

. 1 
S-y 

IY0.6 
4.76 

f, - v(2.oo¡' + (4.00¡2 

U>e· L -.!O in. 

40.0 in.' 

¡¡,() 

40 
4.0 kipsfin. 

4.4K kipsfin. < .4.65 OK 

Additional treatment of ecccntric loads on welds is to be found in 
Chaptcr 1 J on conm:ctiun~. 

PROBLEMS 

All problcms are to bt: done óH.:t.:vrding tu thc latcl!ot AISC specitk:Jtions, unkss 
othcrwi~e indicatc:d. 
.5.1. l)ctc:rmine thc: propcr pi:.Jtc: thiánc:-.~ >.~nd indica te which ones, if any, of the 

foltov.ing joints madc by thc :.uhmt:r gt:d <.~re process an::: acct.:ptablc accordi_ng 
to AlSC-1.17.2. Rdc:r to t\ !SC Manual, ''\Veldcd Joint:-." 
(<.t) Singk bevd grouvc, bun jl>Ínt, wcldt.:d frum one-Sidc. 

·(b) Single- V groove, bu u ju:nt, "'t:h.kJ une sidc with no root vpening. 
(l:) S1ngk bevd grouvc:, butt jutnt, vo~.:IJcJ from une side with a backup 

pL..ttc. 
(J} Vüublc-V gruuve; butt joinl. 

A572 Grade 65 

200k 
\ 

la) 

(<) 

Prob. S. l. 

60k 

110k 

o 

60k 

A36 

'"' 

110k 

td> 

1 

1 
i 

! 

,. 
"~·. 

·ding 227 

5.2. Determine: e~ther the pi ate thi¡;kness und wc:IJ n"Hcrial. or thc ~.:apa¡;it)' T of 
thejoint for thc: givcn conditions; assuming shiddeJ mctal-~u¡; pruccss: 
(~1) Squ~ue gro\> ve, butt joint. 
(b) Oüublc:-bcvd groovc, hutt jL)int. 
(¡;) Doublc-bc\·d gr~ol\l\'C, buu joint, wdJcd frum both sides. partial 

pcnctr;.~tion. 

(d) Single- V groovc, butt joint, wddcd fromonc :-.idc, pani:d p..:nctratiun. 
F\Jr c~tst:s (a) and {h), is tht:rc a ma.,imum thicknc~s fllf whid1 thc t) pe uf weld 

may be UsctL' Show Cfl>SS scctiun for wdd:-. in all fuur ca.~cs. (Kdcr to AISC 
·.Manual, "\\'dJcd Joint:-..") 

8 ( 

2 

2001< 

A36 
A36 

' ¡ 

1 ,, 

'1• 

~ 4·+·L' 
r· l'h t- 1" 
A572 Grade 50 A36 

(0.:1 <J> 
. · Prob. 5.2. 

5.3. -~ Determine thc capadty of thc: conncction show'n, using the .submcrgcd-arc 
1 proccs~: (a) use A3ó stcd, (b) use A572 Grade SS. Assumc: approp~iatc elec-
i trode material is to be u:-.r.:d. . . 

1 

lO 

- -

Prob. S.J. 

· 5.4. Determine the lillet welds rcquircd to devdt>p thc capadty of thc conne¡;tion 
. shown. Spccify thc pr<lper c:l~ctrodc for using thc suhmergcd·nrc proccss: 
(a) use A572 Gradc 4~ ~ted, (b) use stecl with f~ - 100 ll.s. 1 

• 
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s.s. 

5.6. 

5 
'l-.¡¡ X 10 

l'rub. 5.4. 

T -
3 'l -4 X B 

Determine thc plate thickncs~ an·d wdd. ~iLc to be -spccilic:C for the joints 
~huw~. Stah: ty¡><: ofwdd mah:rialtu be u~cú for shicldc:d rnetal·arc process. 

(a) Filh:t ~dded tccjuint; A36~t\:d. 
"(b) hllct wddcd h.tp juint; ..:omparc A36 !!oled with A572 Grade: 50. 
(c) Filkt wcl<.kd lap juint; compurc AJb <.~nd A512 Grade 5(1; wh;.~t lap dis

tan¡,;:e will givc thc bc:.tjoint'!· 

.---At--o-¡¡ . 
..._ 175k 

,,, 

r r-
1---.r-' 

60k --
(¡,;) 

601--

l'rob. 5.5. 

lhl 

" ·v 

Determine thc length of lap, wcld si le, and plate thickness of the 9-in. wide 
plittc, to obtain the must·dilcícnt joint. Use A572 Grade 5(1 stcel, a·nd the 
shicldcd mctal-an.: proccss. 

ti 

ll .. ; .. 
. ·t 

.. 

,, 

t 
l: i 

t.· { 

'· 

65k -

id.iog 229 

5.7. Dcsign·the n:inforced lap joint shown, as!'luming thc plutc:s are 7·in. wide. 
Use A36 stccl <!nd thc shiddc:d mctal·arc pr04,;ess. (Rckr t~ AISC Manual, 
"Weldcd Joints" -llTC p. 4). 

V1 v,\ 0· / 

1 

~ ""..---;::e: ====::::;;;;¡v~===:l:~.,. ~ 
---rv,.,,~. \ ..... -,.,v~.,.-

Prob. ~.7. 
1 

5.g. J Sckct a pair "of channcls and dcsign thc wdds assuming thc ~hiddcd metal· 
1 are proccss: (a) use A36 stccl, and (b) use A572 Grade 60 stccl. 

1 
2 · Channels 

i 
Prob. S.M. 

5.9.; Design lhc platc framin~ in.to thc W 
· shicldcd m~tai-:.Hc proc~::.:; is to be uscd. 

{a) U.se A57'2. Grade 4'2. ~tecl. 

(b) Use A57'2. Grade 65 stccl. 

section and thc welds, assuming 

(e) Use A572 Grade 42 slcel, with fillcl wclds instc;.¡d llfgroovc wcld. 

(d}. Use A572 Gr~Hk 65 stcel, with Jillct wdds in~h,:;.¡d llfg'wovc wcld. 
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W section 

Prub. 5.9: 

~.10. A 5 x Jy., x r~~ anglc: of A572 Grade: 50 stecl is connected by its long lc:g to 
a Ya·Ín. gusset pi ate. Dcvdop thc: fui! tensil_c: capacity of the angh: and use a 
b:.dam::cd lilld welded conm:ction cvcn though AISC spccs pcrmit neglecting 
ccccntrí~.:ity iil static load cases. The shidd<.:d metal-are process is to bt: used. 
Use thc: following arrangcrn~.:nts for thc.dcsign: 
(a) ~·a·in. wc:ld on t<)e and b:.u.:J..., with none on en d. 

· (b) ~t·_in. wdd on toe and j/.-in._ wdd un b:H.:k,_and none on en d. -

5 .. 
'l¡¡¡ 

(lrob. 5.1 O. 

5.11. Dc:sigñ a balanced CO'lllel.:lion for two 7 x 4 x Yz angles connectc:d by. their 
long Jc:gs toa '}',-in. gusset pi ate. A572 Gr:.uJe 60 steel is used and welding is 
by thc shicldc:d mc:tal-arc pru<.·css. Dctail thc joint to balance thc.: loads and 
"-lill gi~e thc: :,hortt:~l po:,:,ibk ovcrlap. 

5.12. Oc:,ign thc: welds indÍI.::Jtcd tn d~vclop thC: fui! strengl:, of the angles and 
minimiLc cl:ccntricity. U:,c thc suhrncrgcd-:Jrc wdding proccss. 

(i.!) U:,e AJ6 stcd. 

lb) Ux:A572Gradc50stc:el. 

(e) Use A572 Grade 65 >1«1. 

(d) U si: AJ6 Mcd, but omit weld on thc end ofanglcs. 

(e) lhc A572 <iri.!th: 65 ~tcd, hut ornit weld on thc cnds ofangles. 

f 
1 
1: 

' 

1 

1 
! 

! 
; 

5.13. 
¡ 

1 

).14,. 

., 

Prob. 5.12. 

1 
2·L6x4x¡ 

T -

'elding 231 

Assumc thejoint of Prob. 5.6 must be rcde'signcd to c:Jrry 125 kips. and there 
ex~sts.a possibility of sume :.u.:cil.kntal bcnding whkh .c~nnot be computed. 
Thus, lo insurc a tightcr joint a .1 Y. in. diam. pi U.!) wcld is to be uscd. Dc
tt:rminc. !he thicknc~s of ~he smallcr pi ate, the amount of h.tp. and thc wcld 
silc for thc b~:st jnint. Use t\572 Gr:u.Jc 50 str.:d, and,:Js:-.ume shich.h:d mctal
an; wdding pru..:c:-.s is to be uscd. 

• 115k -- o 9 .. 

Prob. 5.13. 

Determine thc minimum length of slot in order-to dcvcl)p the full strength 
ofa Cl2 x 20.7 v,c::Jded toa %-in. plate. Ust: the same . .izc lillct wcld ovcr 
the en tire kngt!1, and as:.ume it is to be placed by thc shicldC"d metal-are 
process. 

C12 X 20.7 

Pn.'b. 5.14. 

T -

• 
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).15. hlr thc joint shown, wh.,t is the ~hear llCT im:h of wcld, R ... , at thc must 
highly stress.c:d poinl'! (In computing thc polar momcnt of inertia, let thc 
width of the elrectivc section he unity, th~n 1, = L 1 f 12, as given i~ Table 
5.16.1.) 

A36 steel 

5.16. What is the weld siLe required for the brackct sháwn if the shieldcd metal
an.: proccss is uscd'! 

' '. 
' ' 

Proh. 5.1 6. 

-6k 

A36 steel 

5.17. For the brackct shown, find the safe capacity P bascd on the welt.L Neglect 
any returns at ends and assume the shiclded metal-an.: proccss is to bC used. 

9 .. 
>ll-w 

1'-6" 

18 

Prob. 5.17. 

~ ...... ~Tí' "''"' ' ~. ··' ' ,, • 1 ' 

. " ...... 

V DK 2.U 

j_l K. lgnoring thc cllCctuf reiUrns al thc lower end of thc connection, and _allow
ing a rcsuhant stress l)f 2.4 kips per in eh of lillet weld, what is the· rnaxirnum 
allo~ablc load J' for the given conneclion'! 

'1• 

1" 
~p 

7 

Rccompute the capacity for the connection of Prob. 5.1M, using -y •. in. fillet 
weld on ihc sides otnd .. ~t on the end. Neglect the rewrns. Assume shielded 
mctal·arc process is t_o be used and thc platcs are of A572 Grade 50 sted. 

Derive the general expression for thc required weld siLe on thc sea t. angle 
(f-.70 elcctrodcs with shieldcd ·metal·arc proccss) in terms of P. L, and ~. 
using the following assun~ptions: 

<:¿)
1 

lgnoring the relUrns at the top. 

~ Considcring an average rcturn of l.f 12. 

(e) Using a return equal to iwice the weld si1.c. 

J( ~ • 2y. in. and L - 6 in., determine using assumption (a) the weld si1e necded 
to carry a load P - JX.J kips. For thc wcld si.t:e sclected, check thc capacity 
which may be carried using allthree assumptions. 

Return 

Prnb. 5.20. 

S.ll. Determine the capacity P for the bracket shown. The wcld 1izc is s¡, in. and 
E?O electrodes are u!ted with shielded metal·arc process. Compare- answer 
with AISC Manuultwbles. 

• 
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., ,, 
ol 
1' 

11 ,, 
ol 
1' 
¡1 

.--l--11 '1• .. __ _ 
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Prob. 5.21. 

5.22. For the wcldc::d brar.::kc:t !>tluwn, lind the thc::on:tical weld saze required for 
strc:ngth íf material is AJó sh:d and E70 clectrode material is used with 
!lhicldcd metal-are pro~.:t::ss. Nc:glc;r.::t c:nd returns a( the up,Jcr and lower 
right-hand corncrs. 

5.23. 

¡--\--n .. -=-~6~"=+-6" 
11 
1 

Prob. 5.22. 

2 'l• 
(one on each f1ange) 

Determine thc lcngth L rcquired whc:n using '}'11~-in. fillet weld on 
with ~h~cldc:d metal-¡uc wclding. 

1'' flange 

l'rub. 5.2J. 

A36 steel 

' ' 

·Jing 2.35 

5.2-t. Using basic Principies, determine thc lcngth L n:quired to safcly carry thc 
40-kip load using :./1 .. -in: wdd. Assumc sted is A572 GraJc ~O and !>hiddcd 
metal-are procc:ss is to be uscd for welding. 

40k 

5 

Prob. 5.2-1. 
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• . ' DIRECTORIO DE ALUMI~OS DEL CU~SO "DISEÑO DE ESTRUCTURAS DE ACERO" li:1PARTIDO EN 
ESTA DIVISIOH DEL 26 AL 30 DE NOVIEMBRE DEL PRESENTE AÑO • 

. 1.- ALONSO TORRES RAMIRO 
AZUCAR, S.A. DE C.v.· 
SUBGERENTE DE PROYECTOS 
AV. MORE LOS No" 104 
COL. JUAREZ 
06600 MEXI CO, D.J. 
592-33-00 . 

2.- ARAIZA RODRIGUEZ JOSE LUIS 
SECRETARIA DE COMUNICACIONES Y TRANSP. 
AUXILIAR DE RESIDENTE DE CONSERVACION 

. 3.- AREAN MARTI NEZ JOSE A. 
S. C. T; 

4.- AVALA MUÑIZ ROBERTO 
GEOSISTEMAS, S.A. 
INGENIERO DE PROYECTOS 
ANICETO ORTEGA No. 1,310 ·· 
COL. DEL VALLE 
534-37-20 ext. 25 

5.- BARRERA PAREDES JESUS ALFONSO 
UNIVERSIDAD DE SONORA 
MAESTRO 
BOULEVARD LUIS ENCINAS Y CALLE ROSALES 
COL. CENTRO 
2-10-46 ext. 153 

6.- BORBON FRAi~CO JORGE Z •.. 

7.- CARBAJAL GRANADOS JOSE LUIS 
. OBRAS PUBLICAS DEL EDO. GUERRERO 
JEFE DEPTO. DE CALCULO 
PALACIO DE GOBERNACION 4o. PISO 
CHI.LPAIKINGO, GRO. 
249;-02 

8.- CASTILLO VAZQUEZ JAIME 
UNIVERSIDAD IBEROAMERICANA 
CEIHRO LAS TORRES No. 395 
COL. PRADO CHURUBUSCO 

9.- CIENFUEGOS·ALVARADO CARLOS 
ES I A, I PN PLANTEL TECA~1ACHALCO 
PROFESOR MATERIA :ESTRUCTURAS 
FUENTE DE LEONES No. 28 
COL. TECAMACHALCO 
56500 EDO. DE t1EXICO 
~pa_ 7?_ ~~. 

COLINA DE LA QliEGRADA No. 173 
COL. BULEVARES 
560.;..55-10 

ABUNDIO MARTINEZ No. 12-4 
IXMIQUILPAN, HGO • 

ROLANDO GARROS No. 197-1 · 
COL. AMPLIACIOI~ CIVIL 
DELEGACI ON VENUS TI ANO CARRANZA 
15740 MEXICO, D.F. 

AVENIDA DOCE No. 196 
COL. APOLO 
HERNOSILLO, SON. 
510-06 

PARTENON Ho. 16 
COL. LOS CEDROS 
DELEGACION COYOACAN 
671-13-93 

PARIS No. 81 
DELEGACION.GUSTAVO A. MADERO. 
07330 ME~ICO, D.F. 

ALEJANRIA No. 29 
COL. CLAVERIA 
DELEGACION AZCAPOTZALCO 
02080 MEXICO, D.F. 
527,-67-88 



10.- CRISTO PARRA EDUARDO 
HXL~I\. S.A. 
ING. DISEÑO CIVIL AV AlEADO 
AV. LOS ANGELES Y AV. MONICA 

11.- CUENCl\_ DIAZ JUAN 
UNIVERSIDAD AUTONOMA DEL EDO. MEXICO 
PROFESOR TIEMPO COMPLETO 
INSTITUTO LITERARIO No. 100 
COL •. CENTRO 
TOLUCA, EDO. DE MEXICO 

12.- CHACON GARCIA FCO. DE JESUS 
CHACON Y ASOCIADOS 
GEREfHE GEflERAL • 
ESCORIAL No. 30 AL TOS 5 
DELEGACION COYOACAN 
04800 MEXICO, D.F. 
594-75-30 

13.- DURAZO ORTIZ ARMANDO 
ESC. ING. UNIVERSIDAD DE SONORA 
BOULEVARD LUIS ENCINAS Y CALLE ROSALES 
COL. CENTRO 
HERMOSI LUO, SON. 
2-10-46 ext. 153 

14.- FLORES I•IEfWOZA JOSE 
DEPTO. DISTRITO FEDERAL 
JEFE DE OFICINA 
SAfl ANTONIO ABAD No. 231-7o. PISO 
COL. OBRERA . 
DELEGACION CUAUHTEMOC 
06800 MEXICO, D.F. 
588-37-66 . 

15.- FUENTES NAVA JAVIER 
COMISION FEDERAL DE ELECTRICIDAD 

16.- GARCIA CUEVAS TOMAS 
SECRETARIA AGRICULTURA RECURSOS HIDRAULICOS 
PROYECTISTA 
CERRADA JUAN SANCHEZ AZCONA No. 1723 
COL. DEL VALLE 
DELEGACION BENITO JUAREZ 
524-73-07 

17.- GARICA HERNANDEZ ANDRES B. 
S. C. T. 
JEFE DE PROYECTOS 
FERNANDO No. 247 
COL. ALAI~OS 
DELEGACION BENITO JUAREZ 
5~W-93-52 

18.- GONZALEZ ZEPEDA ROGELIO 
DIREC. GRAL. OBRAS MARITIMAS 
CALCULISTA - PROVIDENCIA No. 607 
COL, DEL VALLE 523~28~15 

MONTERREY 

M. MATAMOROS No. 702 
TOLUCA, EDO. DE MEXICO 
496-70 

UNIVERSIDAD No. 520-2 
COL. NARVARTE 
DELEGACION BENITO JUAREZ 
03020 MEXICO, D.F. 
594-75-30 

NO REELECCI ON No. 23 OTE 
COL. CENTRO 
HERMOSILLO, SON. 

GRAL. IGNACIO ZARAGOZA MZANA. 3 
LOTE 9 C-1 
COL. VILLA DE LAS MANZANAS 
DELEGACION COACALCO 
55700 EDO. DE MEXICO 
781-78-44 

CALLE 65 No. 42 
COL. STA. CRUZ MEYEHUALCO 
DELEGACION IZTAPALAPA 
691-01-39 

2a. COA. DE ALBERTO SALINAS MZA. 3 
LOTE 23 
COL. AVIACION CIVIL 
DELEGACION VENUSTIANO CARRANZA 
558-52-16 

FELIPE DE LA GARZA No. 163 . 
COL. JUAN ESCUTIA 
DELEGACION IZTAPALAP.A 09100 MEX. D. 



( 
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27.- LOZANO GONZALEZ JOSE PABLO: 
S. C. T. 
PROYECTISTA 
FERNANDO No. 242 
COL. ALAMOS 
DELEGACION BENITO JUAREZ 
590-93-52 

28.- MARTINEZ BREMONT MARIO A. 
CIA. LUZ Y FZA. DEL CENTRO 
TECNICO C.-20B 
TLALOC No. 90-2o. PISO 
COL. TLAXPANA 
DELEGACION MIGUEL HIDALGO 
592-37-18 

29.- MARTINEZ GARCIA JOSE CARLOS 
DIREC. GRAL. OBRAS MARITIMAS S.C.T. 
INGENIERO ESPECIALIZADO 
CALLE PROVIDEi~CIA No. 807 
COL. DEL VALLE 
DELEGACION BENITO JUAREZ 
523-28-15 

30.- ME N CHACA MENCHACA RAUL 
UNIV.ERS !DAD AUTONOMA AGUAS CAL! ENTES 
JEFE DEPTO. CONSTRUC. ESTRUCTURAS 
JARDHl DEL ESTUDIANTE flo. 1 
AGUAS CALIENTES, AGS. 
70505- ex f.. 159 

31.- MENDOZA MONROY RAUL 
CIA. LUZ Y FZA. DEL CENTRO 
!JiGENIERO CL20 ALTA 
TLALOC No. 90-2o. PISO 
COL. TLAXP ANA . 
DELEGACION .MIGUEL HWALGO 
592-37-18 . 

32.- NARVAEZ RANGEL ALFREDO 
CIA. DE LUZ Y FZA. DEL CENTRO 
INGENIERO CL-20 ALTA 
TLALOCA No. 90-2o. PISO 
COL. TLAXPANA 
DELEGACION MIGUEL HIDALGO 
592-37-18 

33.- QUirHANA PACHECO JESUS 
UNIVERSIDAD DE SONORA 
MAESTRO 
BOULEVARD LUIS ENCINAS Y CALLE .ROSALES 
COL .. CENTRO 
HERMOSILLO, SON. 
2-10-46 

MONTEALBAN No. 71 
COL. NARVARTE 
DELEGACION BENITO JUAREZ 
03020 MEXI CO, D.F. 
519-42-43 

REPUBLICAS No. 105-206 
COL. PORTALES , 
DELEGACION ·BENITO JUAREZ 
03300 MEXICO, D.F. 
672-42-57 

NIEBLA No. 166 
COL. SAN PEDRO XALPA 
DELEGACION AZCAPOTZALCO 
02710 MEXICO, D.F. 
352-22-80 

LOPEZ VELARDE No. 216-3 
AGUAS CAL! ENTES, AGS. 

AV. ANDROMEDA No. 18 
COL. JARDINES DE SATELITE 
NAUCALPAN DE JUAREZ, EDO. DE MEXICO 

JOSE MA. ROA BARCENAS No. 134-3 
COL. OBRERA 
DELEGACION CUAUHTEMOC 
06000 MEXICO, D.F. 
578-57-19 

LEOPOLDO RAMOS No. 331 
COL. BALDERRAMA 
H ERMOSI LLO, SON. 
.4-36-95 
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42.- SANTIAGO BRAVO GABRIEL 
D. G. C. O. H. D. D. F. 

· · INGENIERO RESIDENTE 
AV. PROLONG. CANAL MI RAMONTES S/N 
COL.. EJIDOS DE HUIPULCO 
DELEGACION TLALPAN 

43.- SERRAI~O SAL DAÑA MIGUEL 
S. C. T. 
JEFE DE PROYECTOS 
AV. FERNANDO No. 247 
COL. ALAMOS 
DELEGACION BENITO JUAREZ 
593-93-52 

44.~ SILVA MORALES ROBERTO 
SUPERVISORES TECIH COS CONSTRUCCIONES 
SUPERVISOR ESTRUCTURAL Y ClVI L 
PONIENTE 5 - 125 - 11 
ORI ZAB.A, VER. 

45.- SOTO GODINEZ ANDRES 
S. A. R. H. 
PROYECTISTA 
CERRADA JUAN SANCHEZ AZCONA No. 1733 

. COL. DEL VALLE 
DELEGACION BENITO JUAREZ 

. 524-73-07 

46.- TADDEI.ZAVALA EDMUNDO 
UNIVERSIDAD SONORA 
MAESTRO DE MEDIO TIEMPO 

. BOULEVARD LUIS ENCINAS Y CALLE ROSALES 
210-46 ext, 153 

47.- TAPIA ZALETA FRANCISCO 
CIA. LUZ Y FZA. DEL CENTRO, S.A. 
INGENIERO TECNICO 
MELCHOR OCAt1PO No, 171 
COL. TLAXPANA 
DELEGACION MIGUEL HIDALGO 
592-37-18 

· 48.- TOLEDANO GONZALEZ EDUARDO SAUL 
DIREC. GRAL. OBRAS MARITIMAS 
INGENIERO CIVIL 
PROVIDEI~CIA No, 807-2o. PISO 

· COL. DEL VALLE 
523-28-15 

49.- TOVAR ROJAS ROBERTO 
CONSORCIO MINERO BENITO JUAREZ 

'ENCARGADO PROYECTOS CIVILES 
TAPEIXTLES; 11ANZANILLO,' COLIMA 

FLORICULTURA No. 291 
. COL 20_.DE. NQVIOORE 
DELEGACION VENUSTIANO CARRANZA 
15300 ~1EXI CO, D.F. · 
789-96-08 

CALLE 25 No. 116 
5V210 MEXICO, D.F. 

37 PONIENTE No. 514 
PUEBLA, PUE. 
40-14-01 

ANDALUCI A No. 42-10 
COL. ALAMOS 
DELEGACION BENITO JUAREZ 

AGUSTIN MELGAR No. 16 
COL. LA HUERTA 
HERMOSILLO, SON. 
4-05-50 . 

MINA No. 210-A-204 
COL. GUERRERO 
DELEGACION CUAUHTEMOC 

4o. ANDADOR RIO SAN JAVIER No. 76-A 
COL. JORGE .NEGRETE . 
DELEGACION GUSTAVO A. MADERO 
07680 MEXICO, D.F. 

PARICUTIN No. 166-E 
COL. VELLAVISTA 
MANZANILLO, COL.- . 
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50.- VALLEJO GONZALEZ JUAN DANIEL 
CIA. DE LUZ y FZA. DEL CENTRO 
1 NG. PROYECTISTA 
TLALOC No. 90-2o. PISO . 
COL. TLAXPANA 
DELEGACION MIGUEL HIDALGO 
592-37-18 

51.-- VILLALOBOS LOPEZ JULIO 
·DIREC. GRAL. OBRAS MARI TIMAS· 

INGENIERO CALCULISTA 
PROVIDENCIA No. 807 
COL. DEL VALLE 
523-28-15 

52.- VIÑAS RODRI GUEZ JAIME 
AEROPUERTOS Y SERV. AUXILIARES 
SUPERVISOR OB.RAS 
AV. 602 No.161 
COL. SAN JUAN DE ARAGON 
571-07-21 

YALLE DE MEX1CO, No. 30 
COL. VISTA·DEL VALLE 
NAUCALPAN DE JUAREZ, EDO, DE MEX!CO 
52390 
592-37-18 

MUI TLE No. 59 
COL. VICTORIA DE LAS DEMOGRACIAS 
DELEGACION ATZCAPOTZALCO 
02810 MEXICO, D.F. 

ATZCAPOTZALCO ;No. 247 
FRAC. LA FLORIDA 
ECATEPEC DE MORELOS 
571-07-21 

. ··. 


