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DIRECTORIO DE ASISTENTES AL CURSO DE DISEÑO DE ESTRUCTURAS DE ACERO 
( DEL 4 DE SEPTIEMBRE AL 20 DE OCTUBRE DE 1972 ) 

NOMBRE Y DIRECCION 

1 • ING. MARIO ANDRADE HERNANDEZ 
Ahuehuetes No. 33 
Co 1 • Agu 11 as 
Mexico 20, D. F. 

2. ING. BERTOLDO BAEZ BANDA 
Ramiriqui No. 1005-3 
Col. Lindavista 
México, D. F. 

3. ING. ARMANDO BECERRIL AGUIRRE 
Ave. 5 de Mayo No. 97 
México 23, D. F. 

4. 1 NG. AGUST 1 N CARDENAS BARO 
Planta Infiernillo No. 36 
Col. Electra 
Tlalnepantla, Méx. 

5. ING. MARIO ANTONIO CERVANTES Y E. 
Norte 89-A No. 476 
México 16, D. F. 

6. ING. FELIPE DE JESUS CASTILLO D. 
154 Oriente No. 295 
Col. Moctezuma 
México 9, O. F. 

7. ING. ALFONSO FERREIRO 
Cerro de Chiquihuites No. 114 
Col. Campestre Churubusco 
México, O. F. 

EMPRESA Y DIRECCION 

ANDHER Y CIA. 
Mur 111 o No. 100 
Col. Mlxcoac 
México 19, D. F. 

INSTITUTO MEXICANO DEL PETROLEO 
Av. 100 Metros 
Méx i co, O • F • 

CIA. DE LUZ Y FUERZA DEL CENTRO, S. A. 
Melchor Ocampo No. 171 
México, D. F. 

COMISION FEDERAL DE ELECTRICIDAD 
Ródano No. 14 
México 5, D. F. 

CIA. DE LUZ Y FUERZA DEL CENTRO, 
Melchor acampo No. 171-420 
México, D. F. 

ATLAS INGENIERIA, S. A. 
Homero No. 538-7o. Piso 
México, D. F. 

. 

S. A. 

EDIFICIOS Y ESTRUCTURAS INDUSTRIALES 
Calzada Xalostoc No. 3 
Fracc. lnd. Esfuerzo Nacional 
Sta. Clara, Edo. de México 

8. ING. J. ALBERTO FRONTANA 
Calle Rey Maxtla No. 386 
Col. Santo Domingo 
México 16, D. F. 

DE LA CRUZ C.A.P.F. C.E. 

... SR. ESTEBAN GALICIA LOPEZ 
Sta. Ursula No. 24 
Col. Sta. Ursula Xitla 
Tlalpan 22, D. F. 

Fresnos No. 380 
Col. Florida 
México 20, D. F • 

SECRETARIA DE OBRAS PUBLICAS 
Av. Fernando No. 268-9o. Piso 
M~xico, D. F. 
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DIRECTORIO DE ASISTENTES AL CURSO DE DISEÑO DE ESTRUCTURAS DE ACERO 
( DEL 4 DE SEPTIEMBRE AL 20 DE OCTUBRE DE 1972 ) 

NOMBRE Y DIRECCION 

10. ING. ALEJANDRO GONZALEZ DEL PLIEGO 
Sur 77 No. 4218-2 
Col. Viaducto Piedad 
México 13, D. F. 

11. ING. LUIS GONZALEZ SANCHEZ 
Calle Esterlinas No. 36 
México 9, D. F. 

12. ING. RICARDO GUTIERREZ ROJAS 
Mariano Escobedo No. 72-11 
México, O. F • 

13. ING. JUSTO LAUREANO MARQUEZ 
Colima No. 214-24 
Col. Roma 
México 7, D. F. 

14. ING. FEDERICO W. LIEBIG FRAUSTO 
Cerro de la Carbonera No. 142 
Col. Campestre Churubusco 
México 21, D. F. 

15. ING. VICTOR M. LIMA ENRIQUEZ 
La Garita Andador 9-3-1 
Col. Villa Coapa 
México 22, D. F. 

16. ING. CLAUDIO C. MERRIFIELD CASTRO 
Mar Blanco No. 93 
Méx i co, D • F • 

17. SR. JORTE MONTES DE OCA PE~A 
Unidad Legaría No. 40-C 
México 17, D. F. 

18. ING. JOSE LUIS MORENO VALDEZ 
Cu 1 i a can, S 1 n. 

EMPRESA Y DIRECCION 

CIA. DE LUZ Y FUERZA DEL CENTRO,S.A. 
Melchor Ocampo No. 171 
México 17, D. F. 

BUTLER MEXICANA, S. A. DE C. V. 
Av. San Antonio No. 256-701 
México, D. F. 

CIA. DE LUZ Y FUERZA DEL CENTRO,S.A. 
Melchor Ocampo No. 171 Ofna. 420 
México, D. F. 

CIMBRA DESLIZANTE
4 Col lma·No. 220-10 

Col. Roma 
México 7, D. F. 

S. A. 

FACULTAD DE INGENIERIA, U.N.A.M. 
Ciudad Universitaria 
México, o. F. 

ACEROS ECATEPEC, S~ A. 
Km. 19 1/2 
Carretera México-Toluca 

SECRETARIA DE OBRAS PUBLICAS 
Av. Fernando No. 268-9o. Piso 
Méx 1 co, O • F • 

ATLAS INGENIERIA, S. A. 
Homero No. 538-7o. Piso 
Col. Polanco 
Méx 1 co 5 , O • F • 

TALLERES CASTILLA, S. A. 
Carretera a Costa Rica Km. 
Cu 1 1 acan, S i n. 



DIRECTORIO DE ASISTENTES AL CURSO DE DISEÑO DE ESTRUCTURAS DE ACERO 
DEL 4 DE SEPTIEMBRE AL 20 DE OCTUBRE DE 1972 ) 

19. 

20. 
' 

NOMBRE Y DIRECCION 

ARQ. JORGE NEME DAVID 
Pitagoras No. 315-24 
Co 1 • de 1 Va 11 e 
México 12, D. F. 

ING. JOSE OCHOA ZUÑIGA 
Av. 1 PN No. 2219 4-A- 302 
Col. J. Juan de Dios Batiz 
México 14, D. F. 

21. 1 NG. V 1 CTOR PAVON RODR 1 GUEZ 
Xochicalco No. 278 
México 12, D. F. 

22. 1 NG. L. ROBERTO RIVERA !RAMOS 
Robles Dominguez No. 169-7 
Col. Industrial 
México 14, D. F. 

23. SR. JORGE ROBLES MARTINEZ 
Edif. Guelatao Desp. No. 302 
Nonoalco 3er. Sección 
México, D. F. 

24. ING. LEOPOLDO RODRIGUEZ GOMEZ 
Rastro 22 
México 22, D. F. 

25. SR. FRANCISCO TELLO AMADOR 
Moras No. 755-302 
Co 1 • de 1 Va 11 e 
México 12, D. F. 

26. SR. OSCAR VIRGILIO TORRES FERIA 
Cal le Alumnos No. 50 
Col. San Miguel Chapult. 
Méx i co, D. F • 

~27. ING. CARLOS TORRES ZALDIVAR 
Playa Picnil ingue No. 146 
Col. Ref. lztaccihuatl 
México, D. F. 

EMPRESA Y DIRECCION 

N.A. CALCULO Y ASESORIA ESTRUCTURAL, 
A. P. 
Hamburgo No. 97-102 
México. 6, O. F • 

PEMEX. 
Av. Marina Nacional No. 329 
México, D. F. 

PAR INGENIEROS Y ARQUITECTOS, S.C. 
H. Frias No. 334 
México, D. F. 

ALMACENES NACIONALES DE DEPOSITO,S.A. 
Plaza de la Constitución No. 7-3er.P. 
México, D. F. 

CONSTRUCTORA FIR, S. A. 
Edif. Guelatao Desp. No. 302 
Nonoalco Tlatelolco 3er. Sección 
México, D. F. 

POR CUENTA PROPIA 
Rastro 22 
México 22, D. F. 

CIA. DE LUZ Y FUERZA DEL CENTRO, S.A. 
Melchor Ocampo No. 171 
Col. Anahuac 

Méx i co 5 , D • F • 

SECRETARIA DE OBRAS PUBLICAS 
Av. Fernando No. 268 
Co 1 • A 1 amos 
México, D. F. 



DIRECTORIO DE ASISTENTES AL CURSO DE DISEÑO DE ESTRUCTURAS DE ACERO 
( UEL 4 DE SEPTIEMBRE AL 20 DE OCTUBRE DE 1972 ) 

NOMBRE Y DIRECCION EMPRESA Y ,DIRECCION 

28. SR. NETZAHUALCOYOTL UTRERA GOMEZ DESPACHO DR. ING. MELCHOR RODRIGUEZ 
Diagonal de San Antonio No.1002·401 Tuxpan No; 10 Despacho 803 
Méxii co, D. F. México, D. F .• 

29. SR. PEDRO VARGAS SANTILLAN 
Av. Del Taller Ret.38 C. 26 J 
Col. Jardin Balbuena 
Méx !i e o 9 , D. -F • 

DESPACHO DEL DR. 1 NG. MELCHOR RODR 1 

GUEZ CABALLERO 
Tuxpan No. 10-803 
Col. Roma 
México 7, D. F. 
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Antes de estudiar m6todos pA~a el disefto de elementos eg 

tructurales de cualquier matet• .J.al es necesario conocer el compo¡:, 

te miento mecánico de ese "'ot~~ial, para ello se recurre a menudo 

a gráficas' e·$tú'orzo ... d.eformaci6n, que~ permiten: conocer al¡unas de -

las más importontom oaraoteristicaa de e•c comportamiento. 

En el caso del acero estructural es muy' conocida la gr4-

fica ~-€ correspondiente a una probeta libre de esfuerzos resi

duales sometida a tensi6n (Ver figura N°, 1). 

Menos conocida que la gráfica anterior pero quizá mAs im

portante por ser más real, es la gráfica que ee obtiene cuando la 

probeta que se utiliza es un tramo de un perfil estructural real, 

por ejemplo una vigueta o una secci6n formada por varias placas -

soldadas (Ver, figura N°, 2). 

Puede notarse que en el segundo caao, a diferencia del 

primero, el material no se conserva elástico ~asta llegar al es-

fuerzo ~Y sino que para un valor del esfuerzo de aproximadamen

te ~~ la gráfica deja de ser recta y se convierte en una curva 

que se prolonga hasta cry valor a partir del cual la gráfica es

una linea recta horizontal. 

La diferencia entre las dos gráficas puede explicarse por 

el hecho de que en el segundo caso la probeta está sometida, an-

tes de que cargas exteriores actúen sobre ella, a un estado de e~ 

fuerzos en equilibrio, 
- J, r 

Dichos esfuerzos reciben el nombre de esfuerzos residua--. 
le~ y se pueden deber a varias causas, la m4s'importante se en--

cuentra en el proceso de fabricación del perfil. 
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Es bien sabido .que para fabricar un perfil el acero que -

:.<-lQ tl4l de .. formar se-, funde, ·se le da la- forma. requerida y. luego se-

.. ~.deja¡ en~r:Lar; _ ~1, producirse·. este enfriamiento·,;las' parttcul"as'· de-- -

acer9 -se· contraen,. si· esa contracc:l.6n se efectuara~ libremente~·no-

se produciria ningún esfuerzo, sin embargo las distintas partes -
._. Í)· :~ ··~ r. ~ '') ~ : ::_ - r, " , - ' "J ..t • .._ ~ t ~ 1 , \ ,' • • , .' : , -

del perfil no se enfrian simultáneamente,· en una vigueta por ej em 
::·):.!:,~ ;~ ... :..-··r: ""'. :~ -.~; ."'~_. "- ~~-~~ 1'' - ••• ~. ....... , • ' - ¡\ ·- ', ' • ~· ,•" 

plo, se enfrian primero los ex+,remos de los patines y al hacerlo-
":" '< : \ '-.., ::- ' r•..._ •, 1 !\ j\ ' ';- : r • - .¡ ', ~ ', ' "" • ., ~ ' l ., ' ¡' ' ' • ' ' " ~ ' 

se contraen arrastr•ando al ·material adyacente aún en estado plás-
.~ •• ~·. t -~·- ~) ! ·. '¡-"'. .... ~·~~ .. -.. • .- • • ·-

tico, después se enfrian la parte central de los patines y el 

.~almalque·tratan también de contraerse,·pero esa con~racci6~ se ve 

· parcialmenttr'-evitada -por. las. partes ya~ endurecidas; ··esto" da· lugar 

a que las fibras de estas zonas gueden con una 'longitud algo.mayor 

que la que hubieran tenido de haberse enfriado libremente y por -
:.; .!~ ..... ~ •, ~~. ~ ::.. • ) ~ :- ' ' ' ' ' • '~ J _:.. ·~ ' • 

ello quedan sometidas a un esfuerzo inicial de tensión. 
' ,-(~ ':,,.....,.,r ¡'; .. \ ';;_.. ') ~ •: ~' .... ,.J ',','r' '·~ ' ~·1 ·~-~_,;·-~ ¿·..,~:.- l'~~}·~···.;,:,}~, "~ 

~ \n ·_ :r~ · Una distribucil»n de··esfuerzos residuales· tip'ica~- para-- una-

' ' 
.. ; _', :. ·,-*,~ ~ ~ ' .. 

',- Bs fácil' mostrar· por· qué' el efecto·, de· estos ·esfuerzos ·r'e-

siduales consiste en reducir el valor del esfuerzo en el limite -
. . ' ' •' .-- .. ~. ' 

d~ proporcionalidad del material. 
.:' ,..._• -:.! ¡ • ~ • - J • : ~· :. 

1 
• ·~ 1 ~ 1 

' ' '1; "')1,. 

En las figuras números 3 y 4 se hace esto para un caso 

• ~ • : ,' V _f .. ; .) J 
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TENSION AXIAL . 

. ,..;o,, .. '"~-~,::~· _r E~.;.problema .d.e .·diseño. de piezél~ .. de·,acez:-o, a. ,tensión .se. red!:! 

-· .Q~:t. a,.,-, se;L~:c;:ci9na_r. una.~ sec.ci6n_, cono. Are~ sufic"i~nte .. para.;; soportar.: 'la 

... ;_Q.a~ga,.c;t~_-dis.eiio,. sin. exceder, -el .. esfu~r.zo·. permis_ible· a•, tensión·; :o.;,,::. 

' ' o~ ~'1..'-:~.!··.J·':.~ ,(lt~~ ~:•::--~;~J- [!_.,)•' ~~·::· ~~ • ~,~··A-! t~~ f ;,;·•·, .!';~ ;'f ~.~ ... ~,-.... -... ~],JI'~~.:.. .1,/.,"! 1 'J;,_,~\·'-.;;~' ,·~::. 

El esfuerzo permisible se obtiéne dividiendo el esfuerzo-
,_,') ~.-J,. ·>·-~~~ ~~ ·~: '\i', 'á;; .. · ·, ;~:r· ¡.!':' .. ) ... '' f~. ;,~~.) i.p,'o • l. " '\ ' •• !,: 1 ,. ",.'~ ... ··: .. ~ ;~ ;:~; ~ .. ~:.·· -1 --r~~ ;~.?' 
... en el limite de fluencia entre un coeficiente dé 1seguridad que 

' . . i 
;JJ~q·.J~t:•" J,~ó..,r \.' -,•'. , ,• 1'r ~,f 1 ~ ' l •• 1,,- ~ -. r,.-, .;"":. -,}!., ¡ ;~~~~ .,' ~ .~ ,~ .. ,~~ ... --"', ,:,'l..:-1.,, ~.',..\ , .~: .. ~;~ .... ~ 

f~ecue.~t~ente' se. fijá d~- 1~ 65 para estructuras '¡)ara eCÍif:i.Óios P!!. 
- ~··J:' ~~.~~, ¡,,' ·~·~·~_;. ~r~~~{ ·~·· 'l! ·,.-,... .... · • : ¡,·,:;;.~"- ••. ~.n . ..:, ;~ ·:.,~~~~·~ ·· .·-~ .;;.··<_:,~~·h ,\~:¡ f~:~:.i": ... "~ ¡ ·..-;,~~ 

,ro que varia de' acuerdo con las condiciones del' problemá. 

··' -.¡· ·' 5~~·; >i-0 L:~os_" miembr~s metálicos_. a tensión. más~ico~unes::' &9~-,vari·l:,las, 

•¡_,~~~les; p- perfil.e's lamin~dos, de.! e~tos"e~· _element'?-·m~·t?:'usado.~. es·,~l 

' • ' ' {' ",", ~ • - ' ' ' i '¡ ~ t \ ' ' ~..J ~,.l. t :: 1 ' • :' ~ • ~ • ~ • ,' J ' - t t l ~. 

Cuando la unión del elemento a tensi6n con otras piezas -
•"': ~ f • ~ ~ ,"" J .. ~' ~ { { • ' ~ - ~ ~ 1 ' } •:.... ~ l ' ;-, • ' } l ' T ' 

es, soldada._, ._S!fJ ,~·puede considerar el. área complet~ ;-de,.. la pieza para 

-~~e~.: cá.l9.~lo:Lde esfuerzos; cuando la conexi6n .. _~s. rem~chada o atorn! 

llada el área necesaria debe ser mayor; que la ob~.e11-i.da, ~on :¡a 

f6rmula :_ c::::r = . : , el área a~iciorw.;L. es_. n.~.pesar~a par.~ compensar 

.. '1.~:-Prese~c~a de"· los, ~gujer_os para.- los rema~h~.~·;.Q. tQ_rnitlos_. _, : . .. 

Cua~·do .. los agujeros e~tAn en una serie de' lin~as" ~o;~~:~Í¿es 
a la fuerza exterior es fácil determinar 1~- s·~~~i6~ 2 ~~--~·~.fai'i.ará y 

por tanto Éü área de huecos que deberá descontarse·. 
' - ' ~ ,__ 

• ' 'í:.:i ',, 

Sin embargo, para distribuciones de agujero~ dist;f.n~~S: ._no 

es tan simple determinar el área de falla que servirá de base pa-, 

ra los cálculos de capacidad de carga y de determinaci6n de es---

fuerzos. 

El caso tipico es el siguiente: 

.• ~. 



-'f=--'·-

En este caeo lá-~¡d~~c~~n en_ área que 

ae debe hacer puede .ser ma-yor a la -
.,/, '" tt'L~ .~1 . ~· ... ):.--: .. !1 !,./ 

que corresponde a un A01o hueco pero 

····· ·;.;menor .-que) la'7·que ~ corresponderia a 

dos. Muchos investigadores han pre-

sentado ecuaciones para calcular el-
~, t. ~- " ' \ 5'' r,, ••• ".' • •• ~ - • ._> ,' '-' ' ,,, v '· ,t v , 

ancho neto, la más usada es la si---

guientea 
,.¡ ' ~! ' • 

1 j ,.,.,. ':' -1 -~ ~ '' ·, • .!.. •, e 1' 

8 ·- 2:~-·~" ¿. 
"' ': 1 

. ' 

~' An IC:I Bn.t 
; ' ~¡. ~ .t~.~-'ll "('t '(!' .... \_ ... :,, \\ • ! '~ !) ' • ~·.:.: .... ~t. 

·-:.:;;_·~r .. ;:r .L~.~ • .:1 .. '\. "') .fll n-·- ~:~l~·_;',rl :_{·.~ ~~~-~-~:)' ::q -~~-r.~ ·~, .. ~~¿;_)~~.. 
Cuando se trate de ángulos, estos se desdoblarán idea! 

····).:-1 fi'.~ f.)' ~~ ..• :h ..... ~ ·- 1 ~ ""!0 ·. . '. t~!~ ~ -~ -. '~ ., •'; '' ~. ~ ;1·_.-<··~-l~J:;~ 

mente para trabajarlos como con placas. (Ver. Figura.N°. S). 
>.)'··~., : .. :-- ~~:.-:..,·.;~ r. •,,¡'-.. ¡ L.~ ........ r.._"'l.[_ ;:~ ... ~.:-~ or 0 '.._'tt ..... :_ ~4. o _:..,.f,)} 

La presencia de agujeros en una pieza., a tens·i6n.:·es~. ~ca!!_ 

sa d~ la, aparición en los_ puntos vecinos a ellos, de ooncentraci2 
"" '.... -:: ,. •, ;:1 ~ ~ ~ ('"j ... _ ·.;. ~- 1 '~ .{ { . " '" ,• ..... ~ 

nes de esfuerzos, 

esfuerzo promedio 
J_r~'.. ...~o ;..(,: ~~d' 

es decir, 
t', p''; 

¡¡;;;¡-' A .. 

de esfuerzos notablemente mayores al-
' . 

,, 1 : ~~ ' t ~ ~7.·· ... - ~~ :, \., / '~ 

• • J ~ • ; • 

de tales e$fuerzos es un problema complicado de.la teoria de la-
, Jvo ~( ' .. ~ ~ > • ~ .' • g) Í ;, • -

elasti~ida~, .por., ello ,para det·erminarlos se nan __ utilizado métodos 
~ ,)~'.~Ir"_.,, ,'..""- '\', ~,t ·--~~·· • .,· .. ··.'fo:....:i-J~,•.:,r:!},.·.~'r:~\ 

';•xp_~r~m~!ltale~J- que-. han permitido comprob~r 1~,~;:· r~~';l-t_~~d-~~--; ~-~-~-~f~::--

008 .en lo~.casos en que se cuenta con ellos, y-obtenerlos en las-
¡ • • \, • ' ... ' ' • ~ .. ':-... 1 ~ ~ • t ~· : ~ ... ! l" .. j. r' .: ' . ' . ~ l ; r' \ 1 ¡.~ ~3 .:~ 

ocasiqnes en que te6ricamente no se han logrado obtener. 
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En g~neral: 

... -.· ...... ~ 

_,-~.=-factor de concantraci6n de esfuerzos. 

. ' ' ¡ 

. . .',. " .---~ 
Este factor para un hueco circular en una 'placa infin! 

~ • ~ • "' '• ~ ~ 1 { \ \ •• 

tamente larga es 3, si la placa es más estrecha 'el factor dismin~ 
• ,.,,'¡ '· •.. 

ye. 

~ pesar de lo anterior y ~n el caso del acero, el pro-

cedimiento de dise~o común desprecia estas concentraciones de es-

fuerzos; la justificación de esto es que este material tiene un -

rango de comportamiento pl~stico muy amplio y por ello admite 

grandes deformaciones cuando se alcanza el esfuerzo en el limite-

de fluencia; por esto, cuando se llega al esfuerzo ~y en los 

puntos más· esforzados aumenta la deformación de toda la pieza, 
,, -.' 

manteniéndose el esfuerzo ~Y en estos puntos y aumentando en to-
• ¡ • 

dos los demás; cuando la falla sobreviene toda la sección está 

a ... 1' '~ 1 

'' ' . 
De lo anterior pueda concluirse que la resistencia má-

!! " ' • 

xima a tensión o resistencia última a tens~ón de una pieza de ac~ 
'~ O :' ~ 0 / O , 

0 ..! :... • :\ 1 - ; ~ Aol 

ro es simplemente el producto del área neta por el esfuerzo en el 

.limite de fluencia del material. . . ,, 

Lo anterior es, sin embargo, solamente cierto ·para ·ih

'diso en· que la carga no fluctúa un gran número de'· veces entre·· li

mites muy· diferentes como suele ocurrir en· estrúctura"s· ·para .'pu'en

tes, ~n gr~as o en torres, en estos casos ·1~ 1talla puede produci~ 

se por fatiga y ~a presencia de agujeros u otras causas de concea 

'' ' 
'• 

... 



"'7-~-- 1• =~- ,-,::._. ______________ ..._ __ _ 

6 

.·tr~c16q-.d~·~esf;u.~rzoa ~Qd~c~. 1 notabl,lllrntertt~ la capaci~ad de la pieza. - . 

;, :-J~~ !JliBI}JO."pu~de ,-dec~rso .en_ ClliBOEJ en qt;&e la estructuJ'~_ t,rap~ja ~ ~e!! 

per"turas _muy (.bhj ag .o· el af)er·9 tiene una composi~~6n, q~.~m;ica- 4~.§ 

favorable, ya que entonces al scero pued~ perder en parte su duc

tilidad y preaentar la falla conocida' 'como- frágil. ''-iiajo'·eét·a's . -

.circunstancias las concentraciones de esfuerzos son también causa 
:~' ~ ¡ ' - •, F :_1 1 t 1 • ' ~' : ( • • ' > ' ' ~ ' 1 

de pérdida do resistencia del miembro. 
-:-''• 2•',..•';J :·•_.,1·,•.': -.., ¡•'_L -~~, ,-~ \, . ' ~ ' '-·· ~ ' ! - ¡ ~-· - '. 1"" • 

Puede 'concluirse por ·lo· tanto que ·en ·cualquier cas·o · · -

·· uriá "tiúena· práctica dé diseilo es limitar en ·lo -pos.tbl'e 'las ·econce!! 

traoiories de ·esfuerzos. / 

Laa espeoificacionea A.I.s.c. recomiendan como esfue~ 

. ' zo'· permisible 'én 01 •área ~neta de piezas c!:!l tensión;: 

; ~ • !. -

. ;,} '. :.;:_' ;, ¡ ', ,. ~ •. : / < -~ 

. · ;_ .• J, ~~'", d~ebido a~ ndv;enimiento de a~eroa de ,gran. r,esist.e-:-ci~. a 

J,.a,,tensión .,en que eataes,en ocasiones, muy ~~m~j~nte, a F
1

,, __ s_e_,_-í.v-._Pll·c.~ 
1 . 

en laa::.(ll1;.!maa. 9,pecifioacione~ como pracauci6n·adicional, .noto-
.- ' ' ¡ • . " : 1 ' '~ ~' !.. ' ' ' ~ 

ma~ .~n· eaf~erzo permisible mayor que le mitad del corresponqiente 
- </ • J.,.., -_, 

a la re~~stencia a -la tensión. 
}' ' .... . . ' 

~ ~ \ ' <" .. ..- ' ~. , ~ : ) • "' ... ~ • ~ ,r ,~,. 
Del resultado de un gran número de investigac; iones se-

ha· concluido que el esfuerzo en secciones netas de a'guje:~os pa'ra-
> ' ' u/ .., • .._, .. 
pasadores no debe ser mayor de 

.-:Jt ' . } .. . •. . . "": ~ ~ .. -:.. '- , ': • r , - . 

Se especifica también ,de eatud~os. d~. ef.i.«?i,en_c.fa. d_e,.~~E. 

ciones netas, que esta no aa tome nunca mayor de 85% del área de-
-,,,l. 

la sección total. 
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• ' 1 :. ~ J ' La-: relaoi6n de ·esbel'l.;ez len -'piezas a tensi6n se limita 

'':':• a 240 en .. ~ínieinbros 'principal os y a 300' en secundarios '('esto' es s~lo 

·.una ·recomendación de· las ·normas y no se opltoa ·a· varillas) • .:: •:.: ·: -: 

... ': ~~.. ~: . 1 • ' , •• 

' ·.~ ~ \ 1 ' - ' :'.: 

' ' ' 1. ' • J ~ • ~ ' ) 

constituye uno du los temas más importantes de las estructuras· de-

ac~ro; nos _encontramos .por primera vez, ante el fen6meno de pandeo, 

: pr~bl~ma. caracteristico ,de este tipo de. -est~.uct_ur~s .. por -~paree?,'" -

en el disefto do la mayor parte de las piez~s que las .oonst~tuye~. 

1 •• El,elemento estructural más simple en qu~ se presenta-

osto fenómeno .es la columna, ,pieza de eje recto somet~da .a.,compre-

si6n axial, 

Consideremos una columna esbelta, de secci6n transver

sal ·constante:,·' perfectamente '·recta y sómetida a --uña carga axial 

''creciúnte¡ la carga se puede aumentar hasta· ·que 'al llegar a un'réie

terri\inado valor se presenta una . floxi6n repentina alrededor' de;-

.- ilguno1-'de los ejes principales de inercia o una torsi6n ·alrededor

del eje longitudinal de la pieza a la que sigue de inmediato· el:· -

colapso. 
- ' ,. 

Si se calcula el esfuerzo que corresponde a la carga pa-
1 ·~ú 

ra la que se inici6 la deformación, se encuentra que dicho esfuer-
... . ' ~ 

zo es menor al esfuerzo correspondiente al limite de fluencia del-
'1 -' .~_\ •• ' • .(, .. '_' .. ~ ..... f 

material 1 esto indica que la falla no ha sido un problema"de r_esi4 
• 

"tenc:.i.a" sino· de· estabilidad. 

A la carga para la .que se ha iniciado la falla se le-

designa con el nombre de carga critica y a la falla en si con el -

de falla por pandeo de la columna. 
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"· > 't·' :.~-. ' . ' . .... . - ,. ~ 

_.,,,,_Para valores de la carga axial menores que el valor de 
' . 

1~ car,ga critica la configuraci6n recta de la columna es de equil! 
''- • ' ' 1 ' • ) • ~ ' 1 ~ ·- '. 

c. 'J ' 1 

brio e~~~l?le,'-s~ _se somete a la colwnna a la acción de una pequeña-
,¡: i ~ ' • .;. 

fuerza normal al eje de la misma,-'la columna se fle~iona ligeramen-

te, pero--cuando la fuerza se retira la columna regresa a su posici6n 
• ' :. ·-· -·~ - ' ¿ ,'. 

rect~, d~. equilib,r~o. 
• • ' ~ 1 '.- 1 ' ' 

~-' '

0

4 ~- '-' .... - ~~;,._ ~;, ~-~ ~;,,,~f . ..1~ .f 

Para valores ·de'latca~ga:·anal mayores'que·.el de la .. ·,:-
~.-·. , ..•. ¡,. "' ,, 
~arga _ériti·c~ ia' co~figuraci6·n· recta es también de equilibrip, . P.~~o 

,.:.• r' ',, 1 '' ,. •;; -),• r " • 

el equ:i.l:LtJrio ··en 'éste cáso es inestable,bast·a· cualquier.zfuerza ·~~~.-

cidental, excentricidad 6 falta de homogeneidad :en el .ma~e~ial para 

que!l•:f~lla sobrevenga, la experiencia ha demostrado que no es po-
.' r ~ o • , , • , ::. • , 

sible sobrepasar la car~a:crit~~a ·~ siquiera lleg~r ~ ella sin que 
,_.. ' 1 

sobrevenga la falla porque las imperfecciones de algún tipo son in~ 

vitables. (Ver figura Cl). 

La carga critica corresponde a la· transición· de s¡uil.~

·br~o eátable a equilibrio inestable, ~sto. es, corresponde a la con 
' '• 

._- dici'ón .de .. ~quilibrio !~diferente, para ella son posibles una confi 
'. f 1 '1 • • 1 -

guración recta-de equilib~io y una configuración ligeramente defor-
r P •: ,. l •• 

• • J -

mada de equilibrio (se dice que ocurre una biformación de la posi- . 
:; • " ~ 1 1 

ción de equilibrio) y en este hecho se basa su determinación.· (Ver 
.- :. 

·' "';A, •;•,~.•~',..•! ':.:'~ 

.: La de.t~rminaci6n de la carga critica para una pieza en e§. 
' ~- •...' : '· 1 • ' • 1 ·, ~ •, 

tas~condiciones fué realizada por primera vez en 1759 por Euler que 

fué-el primer ·investigador que pens6 que ~a capacidad de una colum-
,í' • • • 1 

na podria estar controlada por un problema de inestabilidad, a 

Euler se deben los primeros estudios te6ricoa sobre el comportamieg 

to de columnas. 



El v~lor de la ca~g~ critica para una pieza dobl~e 
Í'T 211 - -articulada BfJ Ver a mC'S ·\!""-; ee puede obtener en forma simi--

lar al C&BO fll()Btf'&do y le ha llamado carga critica fwulamental- ' 80 

o de Euler, In general Pcr m 
·~nz ..JI (Ver~· figura t-3) .. ' - : "} 

(k1) 2 
' .. . ; \ 

,' >' 
'. '··: !, '. ·¡ ' ' 

La obtención de lae fórmulas anteriores se b'a·sa: en' la .\. 

hipótesis fundamental de que la columna se comporta elásticamente -

·hasta la· apari~i6n del fenómeno de. pandeo; por lo tanto dichas f6r

~ mulatJ · .. no 90n váli4B6 en columna e cortas en que se alcanza antes el-... 
' ' . 

esfuerzo correspondiente al limite de proporcionalidad q~ el eS---
-. . . ~ 

'fuerzo critico de pandeo. 
• ' ' •• '>;; • - -" 

Por lo anterior el rango de aplicaci6o ·ae U 'f6J'fllula ·.-

de luler quedará limitado por la condici6Ds 
·~'' ' Ir 

~cr G3 ~LP 

(Ver figura- N°,. C-4). 

. '·. 

•¡ -, 
'· 

' ' ' ~ ' . ' 

Muchas de las columnas que encuentran en la p~áctica-~

t.ienen relaciones de esbeltez menores que ·:la encontrada, ·es, p9r :ello 

importante estudiar el problema de pandeo en'el' rango ·de comporta~

miento enel4stico del material. 

' J ~ [ ~ ~-~ ;~ -

Dicho'problema fué atacádo por primera vez por Engeser 
~ • 1 

1 t 1 :. 

en 1889 en que publicó su teoria del módulo tangente, esta t.eo~ia-

se basa en la suposición de que para un determinado valor del es-

fuerzo, el esfuerzo critico, es posible una ·configuración. deforma

da de equilibrio y que la deformación es c'ont~olada por el módulo

de elasticidad tangente correspondiente a ese esfuerzo en cuestión. 

Esta suposición implica la aplicaci6nm la fórmula de Euler susti-

tuvendo E por Et. (Ver figura C-4). , _ ...... 



• .:-:, , F ~ .11 :: 

r' : .~ / - ~ . . , 
-l •• 

tO ... 

' ' .;, ' 

: .-.,:Dada. ;la gr,áfiqa. eafucrzo-def!orrnaei6n de un material,- -
• • • ' \~, ~ ' '-. ' ~e '';.. j~ 1' ..,.• -,_;' :"~>J._,~J ,' ._'\' 1 ~~ 

se· puede -.o.bt.Qn~J:'.,'-c;!e ,~_lla .. ~l valcH' d~l módulo t_a~gente para cualquier 
~ • - - • 1 -:.. ", •' 5' , i • ' , J • ~ a { : ¿ J -~ ._¡. ~ ~ • Ji • ! _ 1 

0 

esf.ue.r.~.o, \-.si· e~ ,_s.up.~po .CJ.1.4.~ er;w:. Cfilfuorzo .ea ~l c~:f.tico para una . co--
• , L 1 '· ~ { .! ~' ¡. ()' t J \ , ¡ ' 2' ', ¡'' 1 

lumna cdet.orm:Ln.Q.\!I':o• ·'"" ,p,.9!jo "a\'_U.oo_r .. ~.". ~6"1111;',1~.' , :· --~~. ~, ~l/;~.a -~·.">·~ 
despej.a.r ~~el .. ,vn_lor de, 1/1! que corre~Sponde al cr considerado, 

. -.·t~·~·., -;. ~ .. ~t.\_.,.:: •:_..-_\,, _ _,,I~Í~·'):~t···,»' 

Repitiendo esta operación ae pued'~n' terier"!los taat'os'·rte

cesarios para trazar una gráfica~~~~ l/~ qu9 puede_u~arse directa 
/' ..,. ' 1 ' ~- 'l,l ::- ~ " • .. ,.- ...... 

mente para diaofio. 
,-

La teoria del m6dulo tangente.se.ha deducido suponiendo 
• ... .. ~ - • • h-: .... :n: :_,. .1: ;:, 1 .·,\ 

que la columna se mantiene recta hasta que se llega a la carga cri-
..... J._~,~---~.f.~ ... -.;,,.,.o!~ ~·~~··.-! .. ~-':. , 
tica y que el m6dulo tangente es constantó' én· t'oda'· la ,;secfci~n recta 

1 • • ' , ' ~ • - ' • .. \ 

de la pieza, e ata segunda suposición implica ·qu:e ric) na'y dlsrriinuci6n 

de las de(o~maciones.en.el lado .conve~o de la pi~za cuando se p~sa-
... • "" , .¡ ' .,. : ,J ' ,_~ ! ' • -': ',) f •' ..._ • ~: ' ~ r 

de la configuraci6n rec·ea a la ligeramente deformada, esta suposi--

c:LÓ~, :.por..:'~llpú:'eato, no está justificada. :y ·ésto ·.se .. hiz<? ver casi 

tan!ente. ' \~ :¡' :. .. ·.! ' 

si"·' mfs'mo Engeser on 1895 modif,ic6) su teoria presentando 
,. 

otra· ~~ 1~: qüe llamó del m'6dulo reducido o m6dulo ·doble .. Y .. q\J:~·. ~i~~~-
'..:;:~~:-'.~-c. r-lr 1 

en cuenta el hecho do que en la, aecc:L6n .. recta. ,do la~. p_i_~z.a. :se. ~4--~p~n 

, . -dos. m6d~·lo~ de' elásticidad distintos, el módulo ta.nge~to .~.n .. 1.~ ~R~a 
:>:r) \•'.J" .~. ••) ~~~""{(' J, 

en que los esfuerzos aumentan al producirse la . .-.def.orma~i~t:l. y. :_~,l~_:m6-
"r ~.,\,,,. ~~~ .... ~ , 

· dulo ···de elast'i)cidad en la zona en que· disminuye.· (Ve~. ~-f.i~.r~ .. C-.5). 
A ' - ' 1 ... <, 

' t ,. < ·'' · · , éorilo ··para encontrar 1~ carga ,;critica ··co~ .. ·la teoria del 

módulo reducido ae ha utilizado ol mismo criterio que para deducir 

la f6rmula do Eulor, se está aceptando que no es posible ningún e4 

tado deformado de la columna para cargas menores que Por e Pr. 
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La teoria del módulo reducido fué considedrada correcta 

hast·a que e~ 1947 shanley llámó la atención ·sobre ·el·'líecho de que-

·¡~~~~rier que la ·coiu.mna permanecia recta hasta Pr constituia una·~ pa~. 
~~d~ja·; ·'en,· e-fecto para que la carga que. exista· sobre la ··columna ,,sea 

~ l _· 

ma-yor '-~~e _la calculada con la teoria del m6dulo tangente -es necesa-

rio que la pieza se deforme, pero Pt '( Pr luego· la columna :nQ::~e--~ 

p~ede -1,11~nten~r .rect.a h~st_a Pr. 
'.-

Shanley 'demostró que: 

., J '- ,'. 

a).- Pt es la máxima carga que se puede aplicar a la columna para-

que se mantenga recta. 

'' 

_b)..,;--~ 1PT puede aumentarse aumentando simultáneamente la deformaci.Ó~ 

.hasta la carga de falla. 
, ••' _, -

' 
"' 

....... S\ r, 

e).-
... ~ ::;. ,.., . . ' . , 

La carga de falla es solo ligeramente ·superior a Pi'""~'' 

~-~ La·aplicación -de la teoria del módulo tangente al ac•--
• -... • ". ~ ' , " ' .¡; : ; 

·-ro"; estructural permite trazar gráficas \lcr - L/r utilizables para-
~~ • ~. ' ~ r < 1 :,í.3 

el diseño de columnas (Ver figura C-6). . '.' \ 

La-primera parte de la curva, para relaciones de esbel-

tez altas,· se traza fácilmente utilizando 1~ _ fórmu~a de Euler, para 
- ' ' - '. l ~ . ,. ~ ,.. . ..... 

rel'aciones 'de esbeltez medias o bajas la forma_ de la, curva depende-
J ,. ' ' ~ • - • • ~ -, j • - • 

~':de· la di'stribución de esfuerzos residuales en la ,c_olumna q~e es va-
• ;~' ~- t J.,~ 

·· ri~ble de caso en caso , se ha obtenido sin emb~~g_o una curva que -
-. ..J ("' ~";_ .... ;. 

' 1 ' ~ • ¡ 

·se aproxima aceptablemente a la mayor parte ,de los casos prácticos. 
~ • l_ ·-: ¡'• 'lf_j~'¡' 

Sé ha supuesto que el materia~.s~ comporta elásticamen

te hasta un esfuerzo igual a '!'y/ 2. 

' ',, 
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En algunas ocasiones al pandeo se inicia con una to~ 

si6n de la pieza esto ea, un giro alrededor de su eje longitudi--
F\~~, ·--·~s·. ; ..... · .. f,~,~-.·.,.~~ ~ "'"·~ · .-. '· ,¡ •• ,,, • • • · , •• • • ·~{ ,¡, \ 

nal, y no 'con f lexi6n alrededor· 'dol ·eje ele menór inomer1to de iner-

' ·- ·¡ ' ~ ..... ~. ::.- • ' ' :¡, i..~ . ~'~11 ~~ ,·.t .; \: }',,'1 7 

~- ;(_J ~ .!i ,t~,.·r_' :; '\~ ¡~.~ ~ :~·:,,~ .. ~~•1,,, ·;,\t._, . _, . , _-~! 1 "' f , ~ ;",~1'.'- _,, , 1, , 

Aunque ~1 caso es poco frecuenta en columnas reale-s·,·· 

puede tener importnncie en algunos cae'os. eá~e'ci~l'~··,;, ¿¡e ·~e'ccion~s·..;··· 

abiertas delgadas. 
~' . ' 

na. en una forma similar al pandeo debido a flexi6n. Una vez 

detflrmi'nada s1e · c·o~para c·on la carga c·ritica debida a-- flexión y 

la más pequefta será la que ocurrirá primero y regirá •por)tanto·elc: 

diseño. 

'·· La ecuación general de partida .para dete'rminar la 

carga critica por torsión, equivalente a la de la elástica en el

caso de pandeo por flexión, tiene l~ forma sig{Ú,¿rité :' 

" ,, 

- GK d(S 
d~ 

-T 

K = cte. de torsión; para una sección compuesta de rectángulos 

K= 

K
1 

= cte. de alabeo, es una propiedad de la sección, para una 

,. ......... ~ 



vigueta: 
r ; ~ . ; ' ~ ... 

2 
I)' 3 .d 

4 
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Conocido el valor del momento torsionante T para un 
" r .~ ,; ": ~.: ~~ ! ';:_,Á 

se puede integrar esta e9ua.oi6n y determinar loa valo--
. ~ _ · , · ~ . · · ; : · , ~-,. ~ ..:, ;___ ~z ~-~ /~. !. o 

res· de la carga para los cuales la solución de la ecuaci6n se 

cumple, esto es, para los que es posible una configuraci6n liger~ 
~ ......... ! - • 1 • ' :'7 ; ~ " - o '.' • • ",.. 1 '\ 

mente d~formada de equilibrio • 
.., ': _, 11 L' 1 - : ·-~· ,.-_ 

Para una secci6n rectangular solo rige pandeo por 

to~si6n pa~a r~laciones 
'..' "} 

-L<0.73 b 

,_ · Para_ un ángulo, una f6rmula aproxi~a.d~ que 9a .~~. P-~!lcr., 

deo por; torsión es.t. 

_\) ct = 
E ( : )2 

. ' 2( l+)l) 
' ',-. 

' ·' - _1_ 

En el caso de una vigueta: 
·' ; ' 

Pcr = ..L.. (GK + '1T2EKA ) t J 12 

No rig~- para los perfiles usados en la pr~ctica • 
. '.• ·' .. 

'~ -~ 
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.:r:l'; :1 :- :\~ .. '·'· I:,a·s··'·especificaci_ones de A. I~ S• C •. y las· recomen~a~iones 

del Manual de· Diseñoo-d(:r-IJ.a. C.F.E. presentan fórmulas de 

tenidas directamente de la curva de: IG\.· tr~ (b .-
" 

diseñ~. ob--

.:..~7.-· -1"-:;¡: - ,~_1_.-l~'l .. _. ~:: l-.' :_. ~;. ~ .,·_ '·:.: 1 '·4~... ~· ... "'" -, ... ,, . \ 
Asi los esfuerzos permisibles están dados p~r ¡¿ f6r~~· 

~...::• • \·-: •-"1 ,: -·~f ·:;_ .: ~ •• ..... ... . .~~\·i- ~.- 'L' , -•-

la de Euler dividida entre 

-ft- y es válida hasta un 

En este caso 

para valores ~e 

. JKL 
c.s. S -,>+ r = .. 8cc· 3 

Fa = 

(KL/r) 2 

8cc3 

12;,. 2,: E 

23 (Kl/r) 2 

" 

f ' 7 ~ 
'\....¡. 

. ' ,- . ' • l 

·. 
' 

L 1- "> 

' 
" J 

J . 

c.s. varia de _i__ para _!_ = O 
3 r 

nast'a.- 23 . ' 
- - para columnas lar-12 gas. 

Para miembros secundarios con_!_ .>. 
r 

-:. ;-- ... ) ; ~ ,' .... ' ... ' . ' ) 
120 se permite-

un factor de seguridad más liberal pero se ·especifica K = 1 en todos 

los casos 
•.' 

Fas = Fa 
1 

t. 6 - 1200 r ..... ~~ -· 'r J 

-. ! 

Como resumen se puede propone.~, -~1 .. sigui en~~ ~é:t~~o de -

diseño para piezas sometidas a compresi6n axial. 

, 



:1.5 .... 

1 .. - Elegir ~1 ti!'á' de peri:il qüe ~ usará pal"á cUseóal"• lo pueden 

~'~·t::·_,oofinir ~mul.teionegs~-tales e~~ facil.id.ad de_. ~enón, fo'ft'iííi 

-·- ;'·" e§truet.uJ~>al- ·oonvcrmimri;ál_, re~sit.os · arquitect;ÓJÚ.cos.. _ : ,. 11 -.:·. 
1 

-. ,: 

t ' ' :.,, 1 :; !.~ ' .- ·:..: ' ! 

2 .. - Suponer un esfusl"zo perm1eible aproximado y calcuial" el 6J"ea 

.. :.':' -,.",·~~~~d~~ ~~eBB~ia (~ ~alo... -1· para e~ ~~Ateo es de 
~ .. .. L ~-: .r.·..__ .. a ~.~ .. z· . ·: , ~ ··- ;\( 

1000 Kt$/cm -,) -
• • r ~ • ~ 

~--~-- .... ~ .. :e ..... ,' ... 
- . ' ' ' 

4 .. - calcular las relaciones K! .. .. 
..p . .. •,\,' . ; ~ .... 1 .,. 

1<1 • longitud efec~~va de pandeo~ 
1 ' ,. 

"'· 
r - J"adio de giro· de la sección en ·1a dirección considerada .. .. 

s.- calcular el esfuerzo pei'IDisible real en función ,de .. :. 
. _, 

, .. r :..: ~ ;-:.:. ,. . -\ ' .. ~ . . .~ ~ 
kl 
r máximo. 

6.- Calcular la capa~idad de la pieza y compararla con la fuer-
,', ~ _·-.. ' ~ u ;. ~: . 

. ¡ . 

za exterior, 
,• 1 1'~. ..t t p·-¡.. ))1 

Llamaremos rx al radio de giro dado por Ix -----· ·, :, . '; " \ 

A 

Momento de inercia respecto al eje x. 

Longitud efectiva de pandeo cuando el plano de pandeo es el 

'plano 0Y (pandeo alrededor del eje x) •. ' ·~· ' 



-· ....... _____ ,, _________________ ....._._ __ ..... ____________ , ________ , .. ~ .... ~." 

. ~ ' 

,-

r 9 y-

': 

16 

Iy 
A 

IY Móm-Emto de,·inercia .respecto al eje y. 
1 ' ,, \ ,, 

,¡ ' 

1 ~ •• 

Kly Longitud efectiva de pandeo cuando el plano de pandeo es el 

plano x (Pandeo alrededor del eje y). · 

- ' f 

' ' '1 1 \' 

J 1 '1 ''r) 1 

•' j' 

-·' ¡ ,, 

'· 

-. 
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PANDEO LOCAL 

Salvo en caaoa. excepcionales todos los perfiles estructurales 

de acero se componen de elementos planos delgados,des por ello 

necesario estudiar la posibilidad, de una falla local por pan

deo de estos elementos para cargas menore.s. que ·las. que .. se ,re

queririan para hacer fallar a la columna como un conjunto.(Ver 

figura~~ C7}.'' ... · ·1' 

./ 
De hecho este problema se· presenta si la relac1pn ·ancho, a-., .7 

espesor de las placas que constituyen el perfil excede ciertos 

valC?res. 

Con objeto de definir las relaciones ancho a espesor lÍmites, 

(aquellas a partir de las cuales ocurre pandeo local), es ne

cesario considerar el comportamiento de placas sometidas a 

compresion axial. 

Supongamos una placa delgada en que la fuerza axial que la -

comprime aumenta gradualmente, para Un determinado valor de -

esta fuerza se inicia el pandeo de la placa pero, a diferencia 
./ 

de 1~ que ocurre con una columna, la ini~iaci9n:1.del pandéo no 

significa, en general, el colapso inmediato de la placa, por 

el contrario, es necesario aumentar en forma notable la carga 

para que la fal~a sobrevenga. 

Esto se debe al trabajo en dos sentidos de la placa, la de-

formación de las fibras longitudinales esta restingida por -

las transversales. 
1 1 

La resistencia de la placa mas alla de la iniciacion del fe--
1 

nomeno de pandeo depende de las características geométricas -
. 1 

de la placa y de sus condiciones de apoyo. El caso mas comun 

es el que se indica en la figura CS. 



------- ··---~-----------------------~----.· r. 
\~ 

'-, 

Como la longitud a ea mucho mayor que 1á ~la influencia en·el 
,- - \ . . 

comportamiento de la pláca de las condiciones de apoyo en los ~- ·· 

bordes ~ es· despreciable, en cambio la influencia :de las con~ 

diciones e~ los~ bordes a es fundamental, Estos apoyos· pueden·· • 
' 1 ' ...., ~ .._ " " ' ;~ \ • 

tene'r'' riará.cte!i-.ís'ticae-: muy varia bies o 'desti'e' el: ap'oyo empotrado .;._ ' 1 

1_, hasta- lac aue.ehc rá· ~~o tal de apoyo. 
·' '' ,. . 

Intere'sá, _. c-oht'o. ·en~ el· ·caso dé columnas, encontrar el. va-lo:r:- d'él: -~~' 

esfue'r~zo' ·.p'ara- el cuai son posible· a dos condi'cioneéf de equ·iJ.!ibrio', 

esto es, el esfuerzo crÍtico correspondiente a la iniciacion del 

pand~o. : · · : ~~ .. i'! ' 

' ' ' 
Se obti·ene 

r '·~· .. .' .. 

• ¡ {. 

1 1 ' 
Que se conside~validq para pandeo tanto en el rango elastico O~Q 

' ' mo en el inelastico. K depende de las condiciones de apoyo basi-

camente.(Ver figura ea) 
1 

La ecuacion es aplicable directamente para pandeo elastico con 

6; i 
1 1 

En el rango inelastico se puede usar la formula aproximada siguien 

te: 6 - ( "l'í) - \íC r ) "!<. '<" 

- - ( \j~- ~f') '\fl.f' 
Un criterio de diseno logico contra pandeo local ' consistira en con 

seguir que dicho pandeo no se presente antes que el pandeo de to

da la columna. (ver figura C9) 

El criterio de las especificaciones del.~I~S.Co es que aparezca

para esfuerzos en la columna iguales a~· 
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El proq;Lema.--~e, pandeo, local tiene una influencia de~ini ti va 

en el qisei)o d~ ,.p~rfiles troquelados de lám~na de c~librE!, lig~r.~. 
f 

0 
0 •• '• 1 0 '· \ r O • ~ 

En p.e.rfiles l~min~dos .Y en perfiles formados con pl~ca~ el pro- . 
_, '' _. i 

1 

blema: ef!lpi~z~ ':'- ser. tambien im;portante pues ca_da vez se :tiend~ .. _ 
. ' ·' .. J 

1 "' mas .. a 1~. 'l:lt.iJi_zacion. de, aceros de altas resistencias. _que_ ~~ndu~ ___ .. 
- ' ' 1 - • ' -

cen al uso de elementos delgados, de,ahi 
1 

que .ell;_ la~: ':l,l.tim~s ~s_:-: . -r 
• ' ~ , J ~ ' 1 .. 

por pr,imera vez_ expre- .. _ 
• r • "'- 1 r • -' J ! •• 

pecificaciones 4~1 A~I.s.c •. se propongan 
- ··- \ ' -- . 

sip.~~s-.: pre.c.isas, para perfiles formados co~ este tipo de elemen-. 
. - " ~... ' ' - -J 

tos:;..-.' 'r 

Veamos primero algunos aspectos relativos al diseño de perfil~,s 
1 

troquelados de lamina delgada) que son cubiertos por, las_ es~~c~~~_, .. __: 

ficaciones del A.I.S.I.,y posteriormente las normas del A.I.s.c. 

relativas al mismo tema~ 

.. ~ -, ~ .~ ) : , . · -~ r .,_ f 
' '-,! 1 ' .. ' .') 

.... · .•. ''; .:"' ~.) ' l ~ 

-·. 

1 
,¡ J •1. 

' í 

• ' ! ) 

·'' 

' ' ~· 

, .... 
'• ~ '. 

-' ' 
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~erfilea tro~uelados. 

1;. gero dol:?lados. -~n f.rio C()J1~ ci tu,y~. ·.J~~-. ra~~ d ~ la_a,. estruc-

~turo~·~ctj~~c~s cuyo objnto ea conseguir construcciones .~e'· 
• ,,, j ' ".' y ' •1, ··,, ", 

gl;_"f!n ,J.,iger.ez~ .. ap~icando los conoc~mientos .más r.~.c~ei?-t~,~ a2. 

bre c1 comp~rta~i~qto de placa~ ~e ucero. se han utili-
: -. :· i - : . ; :. 

zado ampliHnente complementando a loa perfiles rolados en-·. 

'-.gerfan'·jioco· ecón6mi.cos; muy a menudo ambos -"~tpoa ñe :per~i-

'ie·a aj)arcctin ~u ll.:l rniell\a tHltruc curo.·_] lenondo :::.;ele uno de -

ellos ')a f'unciÓn ¡:aro lu qut! ea :náo ClUG•.!'U&do. 

Loa perfiles truqueludoa ~e ob~ienen doblando en -

frio láminas delgudaa de ac~ro eotructural. 

.. 
•' .... 

1 

~1 espesor de las lA~inHs varia usualmente de ).4-

mm (No. 10) a 0.)8 mm (N· .• 28), Runque tJe pueden obtener-

pe!'fil on :ioblando láainus ha3ta de i4" de espesor .. 



...; . 
r---------------------------------------------------------------------------~------~--~-)T - - ... t ~.... ! 

~1 acuro utilizado p~ra formar perfiles estruotur~ 

~ ' ' \ ' ; 
dus en las ~s~ec:. ficaciones· .h2l~~}, A):-:)', A345 :.5. ·ALt-46 de la-

' . 
cr·re'ctér:!.st'i .·n::;. ascg1~rc.n los requi:si tos -·adecuados 

-- L • 

\le 'resi.stencia, d. u e ti J idad .Y·· soldabi liñad. ·' 

' ~ .¡ 1 , • 

c.=..al.oentc utili~ar ul metariol ~e.la manera más.efcc-. -

ti va. 

~~ continucJción se ::luegt;run algunas lia las formas -
.. ' 

:nás usuules¡ 

'. 

') ' \ ' ; 

. ' .. 



___ _:, _________ _ 
------------------------------------,, ', --------

¡~ 
22 
- ~ -

L 

~e pueden ob".;~n~~r formas ndicionnl•...lS uniendo entre 

si loa perfiles simples, para 0.llo se usa primordialmente la 

soldadura rle puntos. 

files formados en frie, rrinci¡)r,lrnen.te la Cía. Jiundidora de Fie -
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rro yAc. ~o de Wo~terrey, ~.A.,_ que :ion~ en el ~er~Hdo en ca-

libres # 10 (3o416 ~~), M 12 (2.~~7 mm) y f 14 (1.~05 m~) las-

siguie~~es . ecciones. 

e [ 

y la IJo:r¡~,a~lÍa ue ;..:anu.fnctu::-:-·~s fletáliC"-'S c.le :tlonter::-:-ey, .S.A. que 

i.;iene c;n -.!'ilibres # ¡,_ ('5.7 ilLO). 11· 6 (.:;..9.3 :nm), # 6 (4.18 c:u),-

i/ 1 O ( J ... 16 mm) y ;~o" 1 os pe r f i 1 es t3i 1 \'.Ji entes : 

[ L[ LL 



?4 
-'S 

A'.ln .1ue 1 os Jl·.'rfi 1 os J igt:roa se hon uaudo en diatin-

tus formas ·~or r:n.lctos a.:·!os, los estudios te6ricoo y las espe-
': 

cificaciones relativos a ellos son recientes. 

in~1estigaciones se· io.ici r.u·on en l!i ·dni Vt!rsidad de Cornell en-

1939 y ~as6n~oae en ellas el Instituto Americ3no del Hierro 

y el Acero (A.I • .;:).I.) pub11có on 1946 la ;orimura edi.eión de 

sus '1Especificacionca p~ra el dtseno de ~crfiles de caJibre-

ligero formados en frio 11
, estas eapecificneiones acompal~adaa-

de un "Manual de Di3eüo" ~usi0ron al alc~nce del ingeniero 

' estructural ordinario el dioeuo de esos perfiles. 

Las es1,ec1:'ic8.cionun c!el A.I.ii.I. son pa.I'a loa per-

files trO'!uel¿u~os los que la del A.I.S.G. son para los 'per!i-

les (Oledos en c:1liente-o:-dinurios. 

r,a úl tir.m edición de las especificaciones del.,..;. -

·.· 

... 
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A. I .S. I. A e ¡.·ublicó, ucompa;.¿Ddas de un cowenttJ.rio comple-

to de laa mis~as, en 1962. ~ ' . . ' ' 

Diferencias entre el dioeüo de ¡:.e:ofiJes troquelados y el-

~re· j."":'.:rfil e::; 1 ac.:ina:tos • 

. \ ·-

·r.os ¡ ..:-inc"!.pi os básicos que 1e utilL~ .,n en el di se 

·:~.o. de.•perfiles de -CL11H ·r·e lig•.-n'o son,, "e:•·'ie luego, loa 

·-m:it;;moa· ue 1.10. utili.~E~n ~n dl di.:;e:.o :-:e 1oa: •::rfiles con--

v:-ncionHles --·ol~··o8 en ·~llliente; ;;in emb~J.:-go ulgunas ca--

rvct•)rÍ~,;ticHs de loa ¡· ·i:nero:.~ n<-Jc,.n 11u~osario ciar espe- __ 

cial.ntenci6n a ciertos problemas que ~o siendo, e~ ~eneP 

ral, ·i e gre;.n irlpor~l:incin en :t,:erfiles venBdos. son, en los-

de ·.!L:libre li~·Jro, f~ndementales. 

) · t ,...,_r.-o -o,... ... a • l.u ... .!. .L vi~JJ. 

·¿uizú el m:~.:i i:nportante de esos problemas sea el-
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zon~ 1i~i tnc~e ctel perfil indc;)endicnte r.e l&s condici'on:es 

de la pieza co~~leta. 

· El heccc de ¡_¡u e l :)S i:':J:':"' '.'ileo troquelados esteo 

formados ,.,eneralmr:mtc po!' .i· ~ n=as con una relación de an~ 

diente (;1 lí:r.:.. t'J de !'l :.11~n...:ia ,:el ·11ntoria:i, el j e.ndeo ti e.--

sl;:una -~e lo::. ¡:<'. ~CHG COI!l· onontel3 c~t! lo seccióo. · ·El com -

nicindo el ~andeo locol depende de ~us condiciones de bar· -
de. 

'¡ 

~n ~le;a~ apoyados en sus bo~des, a diferencia de 

Jc .que ocurre el caso de ~andeo de colu~n¿s, la· iniciación 

;.\el ~J~n.deo no aigni fir: ·: el colupso de la ;?ll'J~a si no l1ue -

!, 
f 

.. ~J f' .. 
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:•::ede, e~~ :nuchos caQoa, aumentnr.s-~ notnhle:ne:1te lu carge 

¡_.13ra qu~ sobrfJV!mga la falla. 

en. el di:>e110 de P<~rfiles de ~.alibre ligero ;"a que s:l, _ c_o-

n::: li-?s, _e :-m:·us i ~rr'~ .¡ , e l él iniciación c'l e""! r undeo ca unr, -

tu ':O ellos p. r~ e:..>fuer:too ~uy t-eque.:os. 

pundea bHjo lv uc--

i 

ci ~:'1 de ;a:-gas que l[! co::tp'_'i ·.en, asi como la distrihuci6n 

.. ~e es.:'ul;;!r os ~~n una sección Grhnoversal de la mism~ plnca. 
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1 ' 

-' 

1 ' 

~e ha idealtz~do lu ~ln~a con unu reticula ortogo~ 

ln~ bnrra~ verti -

dic: .. o p~nd80 .::w '-"':rá ::-e:Jtriugido por las borras ho::L ontn- .' 

Po.ra un det(!r -
:!linodo ve.lor de l~! :~•l't~·a 1&. foja central se defor:-:~a y no es 



..... ,-"· 

~3paz de Lomar cargos adicionn:oa, poro las fajna laterales 

si l·lltl~en ht1Ct:!rlo y cue1q11i or inc:-c~mento en la cHrgn p:::·odu-

e~; ror ello, inc::--0mentoE1 ~te eH.'·.~~-~r..-o::; '='n las fa,jas latera -

les puro no en la central. 

laa . tlja ·¡ i::."Verales es tnl que ln r·lacn comt leta se 1ieforma 

l:.~::mas co:..·tao3 el ..:s~·u.·:r :o ~n las J.~lb:~as ldtertiles coincide-

:.1n .. 1 ~:;fu<~r~o en 01 lí1lit.t3 de flu·~ncin del m;.-.c;erial • 

.:-;s necc¡;v.cio deCi.nir cuand:J .'-' r., cono"tder .. r:·;e, en-
~ 

casos pr~c ti.~os, que 'JnH t·.J :·J~n ~s té ~:~;.•oyada t-n dos de sus -

bord~c en la ~or~n irlQ~liz~:~da ~n lo fi~ura anterior. 

Je h~ de=o3t~orlo que la pl~~a ~a comporta cumo si -



V '\ ,j ' 

d'es· ti'poiit:t'doe tie·ne un dohloz .con rie,Vle~ .;uf~cierite. 

Es r~·¡1.dente quo :uondo la pleca. on con~;ideración-

t~ono opoyo Polo on uno do nua bordee lo resistencia ~os-

terior u! ~andoo 1ue u0e deJ~rrollaroe eo mu:bo menor -

que cuando el avoyo os ~n lo~ Jos; d~ heono en e~te caso-
\: ~' { • -~ , ' ~ , r ' 

'•·· 1 . . ' :\ :.1 

' 
.r·olt;Jcionea ancho ~; •Elq:er;so:r ra~uo~eo de 30 ·-~ ~ea~~eciil, 

\ 

1, 

·' . 
'• . 

~' '-. 
-
.. ' t,;. ', ' 

a continu{lción, el alna se puede considerar apoyada en~ 
- ' :.. 

¡ 1':' . ·. 
oua doo bordes, ·~u re3itoncia posterior al pandeo as -

.'. 



--------------------~~------~------~----~~----~----~-

V 

31 
- -a-

Los petines ~ienen 
' ' ' 

:; ' l 

[ 

t.i esad..)s, 1'-~ ~a si s;,en~i<J , osttH'i or nl an ieo en ".lna forma 

t>e:-:.cil1a, ·:..~ "':;) ici~;; .. c el conc·:::pto .::e ~·ancho 8rectivo". 

La fuerza t0tol en una r. 1 ·~ ..; '1 
~"'- V. 

c'om:· ri:lido ~s igual-

al . :-!cea l. a jo la curv<J •iUe 
' f ' 1 

lt• dist "i · ucion ;le -

. , 
.:;ceClJa t~:Jn·~v.-:rsol m~l ti: ::.icada 1.--0r el -

.c:..iL:esor de la placa; .3e pueoe o:"~~!l..:.r }¡; :nls:na .fuer.·a si 
~ . 

. ' 
de r~_.e::¡pJ_:-13D la distribución real de ~~fuGrzoo ¡:or uno 

distribuci6n con esfusrzo CO!istan'te e ip;ua1 al máximo 
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e ~fuer;: e real 1 tjro di . r: ri uuido nol: re un nncbo dG la -
,, ' 

seccil)n recta de la rl.'·'b •en·.:-r que el tot;:l. 

si~~uiente ~·: r;".lr'" . ..:e ::.ue.:;trljn J.~:.; dos ~li.strP:ucione3 - ·'. 

:~e oafu..:-r~oo:; P..Juive.leate::., e:'l ellas ·.V es el ancho to-

ls~a y b2 ea ~1 ancho ~fe~tivo. 

ITTl 1 

lll 
- . -- -------CJ- - --·---·-" 

.· 

~sfuerzo de com r~si5n 0n nuficientnmente pequeLo no se 

inic1.orú el ~::~·-_c!eo locnl :1 .·or l.o tnnto el :3-nch~: total-

ta se ini.ci :-!'-~ el ;.·::~deo y el ancho efccti vo diominuye-

al au::-entar el t'~::. • uerzo !llá:dmo en la };1 ::.ca. .~ 

,.. 



Le~ especificaciones del A.I.S.I.(J¿~.2.).1.1) 

'' 

proponen la f6rm11la ::deuiente pura deterr~inar el ancho 

efe e t:. vo de ur.;J ; ·1 a ca. 

be 
t 

( 1 - 0. 1.-?5 
W/t 

rE;;.__-' 
-J -;mux 

) 

· En el d1 se.JO de cual c¡lJi er p~rfil tro:;,uel~do en 

' ' 

qu~ exit;t~ 1 es·fuer:·.os de ~~om_;)resi6n es necesario elle~· 
\~ ' 

• ' Q 

lar el ancho cfec~ivo y con Al todas las propiedades 

geoibétricus del ois:no, con ob,1eto de tener en cuenta -

la ~osible ro¿uccl6n en ~u C3fS~idarl de carga por pan-

deo' local 

' be a Ancho efe~~ivo de 18 placa. '•' 
~ ,' 'r • 

t = ~spesor de l& ~laca. 

E a m6dulo de elasticidad del acero. 

fmax = Eufuerzo má.·.iLno en la plu ca .. 

' ' 1 

' '• 
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.i::n el ~ec'··,o de JUe en perfiles troquelados. sea 

necesF: ritY re~;:._ i :~e r ese cúJ e :.~J 1), o ato e.s, en el !1echo 

de que :,-;e ten·;a en cuento el fen•)t:lcno r1e !•andeo local-

y ia resistencia 1~oo<;ert or a ln iniciación .rlel rn:i ~mo.,-. 

reside la <lifer·~ncie. ·nás i:!l~ .rrt:.:mta entre el di;.je¡.o de 

este tJi;.o C:e per!'iles ~'el :!e los _t::tn·.:'iles lo:tin&:.dos-

e-:1 ~ue e:.. _=ro'!..;:!..e~n de :.:.·;ndeo lo~al no e."i::.te. 

b) C O L ~ ~ N ~ S 

d~ pieY.os H flexocom--

presi 5n de pt.n·fil~s tr ~q:.telados, un:. VdZ Gonsirto.;·rado 

t.!l · ¡Jroblema del i-andeo local ~1ue co.:~o se ha dichv debe 

:~:te .. ¡l:'d r.vi::Jtr.:..e, :.,;e ;:-unliza ;.racticamente en lél r.1i.. 

~a ~o~ma que en el c~3o 1e rc~fiJes la1inadoa. 



1 
Se hace una distincion entre elementos no atiesados (placas -

con apoyo longitudinal solo en un lado) y elementos atiesados 

(placas con dos apoyos longitudinales) ya que , como se ha -

visto,el comportamiento posterior al pandeo es completamente-
,, ' 

l ' 

diferente en ambos casos, en el primero la resistencia poste-

rior"al·pandeo es-pequena al ,contrario de la que sucede en el 

segundo caso. 
1 

Para perfiles compuestos de elementos no atiesados la formu-

la fundamental utilizada para el diseño es la formula PL1. 
1 ', • ' • En la figura C12 se muestra graficamente esta ecuac1on as1 -

como la simplificacio~ que de la misma se hace en las especi

ficaciones. Dividiendo los valores del esfuerzo crftico,entre 

un coeficiente de seguridad se obtiene la gráfica que da los 

esfuerzos permisibles de diseño, como se ve, "el coeficiente -

de seguridad es variable para tener en cuenta que a medida --
- , 

que la relacion ancho - espesor aumenta la re~istenca pos~e-

' rmor al pandeo aumenta tambien. La ecuacion PL1 da valores de 

los esfuerzos para los cuales el pandeo se inicia, pero para 
, 

val~res de la relacion ancho-espesor de aproximadamente 30 y 

mayores la resistencia Última de la placa empieza a ser nota

blPmente mayor que la correspaondiente a la inic~aciÓn del -

pandeo. 
, 

Para angulos aislados y piezas formadas con placas de carac-

teristicas similares a ellos se aceptan esfuerzos pe~misi~les 
1 

algo menores que para los demas perfiles, con ello se tiene -

en cuenta e,l hecho de que estos perfiles se pandean por torsiÓn 

para cargas menores que las que se predicen usando la ecuacion 
, 

PL1.Bn la fiGura C13 se presentan las formulas correspondienteso 
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Para perf~les atiesados se utiliza el concepto de ancho efec-
.1 

tivo y para su determinacion se recurre a la ecuacion PL2, si 

bien..,en las especificaciones del A.I.S.I~ se hace la simplifi

,cacion de sustitu:tr \l~~ por\J'/ • 

Los conceptos vistos se utilizan en el diseño de columnas com

puestas de perfiles delgados y sometidas a compresion axial, 
, 

modificando las formulas aplicables a perfiles comunes por me-

dio de un coeficiente Q definido en la forma siguiente: 

Para perfiles con elementos no atiesados .Qs= cr~ 
G"""eo.. 

Para perfiles con elementos atiesados Qa= Aef/A 

Para perfiles con elementos atiesados y no atiesados el coefi

ciente usado es Qs.Qa. 

Veanse las expresiones que proponen las especificaciones A.I.S.I. 

en la figura 013. 

' El criterio de las ultimas especificaciones del A.I.s.o. es -

completamente similar al indicado. Se añade ademas una limita-
. , 

c~on a las dimensiones de perfiles en forma de canal y te --

para evitar el problema de pandeo por torsiÓn que puede ser -

importante en este tipo de secciones. 
, . 

Las formulas generales se presentan tamb~en en la figura 013. 
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Introducción.· 

S A/o N: 1'1.:- !.o·-\ i/,'72 ~ 

/YIFI:./1. 

MIEMBROS SUJETOS A FLEXO TENSION Y A 
. FLEXO COMPRESION 

Existen· dos enfoques usuales hacia el diseño estructural en general. El 

primero, que es el más convencional se basa en el concepto de "esfuerzo per.ml. 

sible" y en el comportamiento elástico, y el segundo que parece ser más racio-

nal y está siendo gradualmente aceptado, se basa en el "diseño plástico" y en la 

carga Última. 

La carga permisible es una fracción de la resistencia última del mie,m- . 

bro determinada sobre la base de un valor límite del esfuerzo máximo, llamado 

"esfuerzo permisible". Los esfuerzos permisibles están defi.1.idos en el código 

aplicable a cada estructura en partícular. La magnitud del esfuerzo pe::misi~le 

es una fracción del esfuerzo de fluencia, y a la relación F yiF a se le llama "Fa_s 

tor de seguridad", donde F = esfuerzo de fluencia del acero y F - esfuerzo per-y a- . 

misible. Este concepto de seguridad se basa en la suposición de que la inicia-

ción del flujo plástico marca el límite de utilidad del miembro que se trate y que 

para obtener una seguridad adecuada, la carga permisible debe ser igual ó mayor 

que la carga de diseño calculada. La carga de diseño del miE?mbro corresponde a 

las condiciones existentes bajo cargas de servicio, y se calcula usando la teoría 

elástica. 

Este método de diseño, basado en cargas de servicio, comportamiento 

elástico y esfuerzos permisibles, es ampliamente aceptado porque se desarrolló 

como parte integral del análisis racional del A. I.S. C. (American Institute of S te el 

Construction), el cual en sus especificaciones han incluido muchas reglas empíri 

cas para hacerlas prácticas. Su principal desventaja es que no suministra una -

capacidad uniforme de sobr.- ,-;::. rga para todas las partes y tipos de estructuras, y 



por lo mismo no son uniformemente económicos; sin emoargo, por ser un méto-

do ampliamente probado, protege al público y al usuario, hasta cierto punto, de 

las faltas de criterio de diseñadores sin experiencia, que pudieran originar fa-

llas estructurales si no se fijan ciertas restricciones. 

El procedimiento de diseño plástico difiere del convencional de esfuerzos 

permisibles en tres aspectos importantes: a) se utiliza_n cargas últimas en vez -

de cargas de servicio, b) las fuerzas y los momentos en los miembros sometidos 

a cargas últimas se determinan sobre una base más realista, que incluye la acciÓil 

inelástica, y e) los miembros se proporcionan de manera tal que su resistencia -

última exceda, ó cuando menos iguale a las fuerzas y momentos producidos por 

las cargas últimas. 

Para determinar las cargas últimas se consideran las cargas vivas y mue.::_ 

tas por separado, y se incre1nenta cada una de ellas según un factor distinto, para 

tomar en cuenta las condiciones de servicio más severas. Las cargas muertas, 

estimadas por medio de un diseño preliminar, no cambiará .. probablemente dura.-.-

te la vida Útil de la estructura; el factor de carga m'lA.erta debe tomar en cuenta so-

lamente desviaciones menores sobre el valor estimado, debido a varié...ciones eAl -

la densidad de los materiales, las dimensiones de los elementos es tructurá.l·::~, E;-¡, 

la naturaleza aproximada de la distribución supuesta en el ang_lisis, y en algunas 
v' 

posibles ampliaciones futuras. Una variación del 20% en el valo:;:- estimado de -

las cargas muertas es suficiente en general, para tomar en cuenta esas posibili-

ciades. Las cargas vivas, por otro lado, están sujetas a variaciones considera-

ble s; un aumento futuro, tal <;:omo un cambio en la naturaleza y densidad del trá-

fico sobre un pL<ente, ó un cambio del tipo de ocupación de un edificio puede incre-

rnentarlas de manera apreciable. Debe considerarse tambien· la posibilidad de - ·-

••• 3 1 
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concentraciones locales; por ejemplo, la concentración de' archiveros de acero 

en una cierta área de un piso de oficinas 'puede aumentar la carga viva hasta -

unos 600 kg/ cm~, siendo la carga promedio de diseño de 250 kg/ cm'-. En algu-

nos casos, pueden incluirse en el factor de carga ciertos efectos dinámicos ó de 

impácto; sin embargo, cuando estos efectos son de importancia principal, como 

._,. en los soportes para un ascensor ó para maquinaria vibratoria pesada (cribas -

de agregados, grúas viajeras, malacates, etc), deben ser objeto de una valua-

ción especial. Aunque no es necesario que el factor de carga viva tome en cuen-

ta todas las condiciones posibles, ~Í debe considerar los sistemas de carga raros 

pero probables, que se pueden presentar en una estructura y traten de destruir su 

utilidad. 

Generalmente un factor de carga comprendido entre l. 5 y 2. O como míni-

r-...... 

L~ 
mo, se considera adecuado para el caso de la carga viva; cuándo exísten otras in 

certidumbres, se especifica otro valor más alto aún. 

Otras cargas tales como las producidas por el viento y por el sismo, deben 
',, / ' 1 

estimarse tambien e incrementarse por medio de un factor de carga adecuado, para 

''' 

ser utilizadas en el diseño último. Existen ciertas combinaciones de carga que :-
,•,, 

pueden considerarse como críticas; por ejemplo, las Especificaciones AISC 1969 
1 ' 

para el diseño plástico de Edificios, establecen que las cargas últimas mínimas -
' ' ' J. ,,, ' j . ,,,,!' l'-' ' 

deben ser l. 70 veces la suma de las cargas viva y muerta, para el caso de miem-

bros en compresión axial simple, 1.85 veces la carga viva más la muerta, para -
' 1' \ oiJ 

rnarcos y pórticos continuos, y l. 40 veces la suma de las cargas viva, muerta y 

de viento ó de sismo, para cualquiera de los dos tipos anteriores. 

El concepto de que la distribución de las cargas en estructuras estáticamen-



te indeterminadas está basado en la capacidad de carga máxima de los miembros, 

es determinante para la filosofía del diseño por carga última. Esto implica que 

los m.iembros y conexiones deben diseñarse y que su capacidad de ca¡·ga debe de-

terminarse antes de que quede definida la distribución de carga Última. 

Por ejemplo, en el caso de una viga atirantada (fig. 1), es posible ;:.ropo .E_ 

cionar los miembros de la misma (tirante, viga en si y puntal) por cualquiera de 

los métodos siguientes: 

'P, = P-~ 

fig. 1. 

a) Seleccionar, mas o menos arbitrariamente, un tamaño conveniente para la vi-

ga y determinar su c:'lpacidad d~ carga P{ , trabajando sóla. El tirante tendrá 

así que soportar la carga P 2 , que es el complemento de la carga ~l~ima P', es de 

cir, P~: P' - P~ y consecuentemente el tir'ante deberá proporcionarse para c;,ue ce. 

da plásticamente a una carga igual o ligeramente mayor que Pz· 

b) Seleccionar primero el tirante y proporcionar después la viga para resistir el 

resto de la carga última, invirtiendo el proceso anterior. 

e) Decidir la proporción de la carga última que debe soportar cada elemento; por 

ejemplo, proporcionar la viga y el tirante de manera que la capacidad de cada uno 

sea la mitad de esa carga (ó bien otras proporciones). 

Este concepto de diseño ilustra claramente lo que el profesor Hardy Croas 

/ 
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' " 
llamó el concepto pragmático de la acción estructural ... Ó sea, que cuando se 

le dice a la estructura lo que deb~ hacer, esta tratará d~- hacer'io.'.. Surgen 

ahora las preguntas: ¡Podrá hacerlo?, ¿podrá hacerlo eficientemente? •& e,n que -

forma el diseñador puede determinar como conseguir que lo haga?, - La viga 

atirantada escogida para ilustrar este concepto es una estructura relativamen-

te simple, por lo que fué sencillo en este caso visualizar la naturaleza de la ac-

a 
ción estructural hasta llegar"la falla. En estructuras más complejas puede ser 

muy dificil visualizar directamente esa acción hasta el colapso, y la determin~ 

~, ción de la distribución de la carga última deja de ser más sencilla que el análi-

sis estáticamente indeterminado convencional. Sin embargo, no es más compl,L 

cada, aunque implica algunos conceptos y técnicas nuevas. 

Después de que se ha verificado la seguridad de los miembros contra la 

falla bajo cargas últimas, deben revisarse para determinar su funcionamiento ba-

jo las cargas de servicio. Esto incluye consideraciones de deformaciones, fati-

ga, respuesta dinámica, fluencia inicial y local y otras caracti..-isticas que pue-

den tener influencia en el comportamiento funcional. Por ejemplo, co;-:. ,una re-

lación grande de carga muerta a carga viva y un factor pequeño de carga viva, -

el diseño puede quedar controlado por la limitación convencional de evitar el fl!:_ 

jo plástico bajo condiciones normales de carga viva más carga muerta, en vez de 

que rija la capacidad de carga última. Deben de considerarse tambien los cambios 

de temperatura y los asentamientos en los apoyos en el grado en que afectan a -

los esfuerzos y deformaciones. 

Aunque el diseño plástico es un método racional que tiene en cuenta el -

comportamiento inelástico de la estructura, no reemplazará a los demás métodos 

de análisis y diseño. El método tiene muchas ventajas que animan a usarlo, pero 

tiene tambien algunas limitaciones. Entre las ventajas cuentan: a) posibilidad de 



determinar la capaci~ad de sobrecarga bajo condic.~ones ~e carga se,ncillas, ::.) 

uso eficiente del material, e) simplicidad de los cálculos del a.>.álisis plástico 
' ~ ... \ ' ' 

para estructuras reticulax:es sencillas, y d) diseño de detalles más econórrücos 

que reflejen el comporta~ien~o plástico~ 

Se han mencionado ya varias Hm,itaciones de la teoría plástica como UI• -

criterio para determinar la resistencia de las vigas, que consisten en su poDer -

q\+e las secciones planas antes de la deformación permanecen planas despuéE. de 
- ' ,, - ' 1 

ella. y en ignorar los esfuerzos residuales y las concentraciones locales de es-

fuerzas. Otras consideraciones importantes al valuar los criterios de resis ;:en-

cia plástica son las propiedades del material, los efectos de las fuerzas cor~u.n-

tes y normales, el pandeo lateral y local, el efecto del recubrimiento de concr.:::_ 

to, las cargas repetidas y la posibilidad de fractura frágil. Los requisitos esp~ 

ciales de diseño que toma en cuenta estas consideraciones se discutiran con de-

talle en las sesiones relativas al diseño plástico. 

Los miembros estructurales que se encuentran sometidos a una acción -

combinada de esfuerzos de flexión y esfuerzos axiales (tensión ó compresión) se 

presentan con sorprendente frecuencia en las estructuras reticulares. Por ejeJE 

1 

plo, las vigas y trabes que llegan a conectarse a las colunmas aún en la condi-

ción idealizada de articulación o apoyo libre, le producen a la columna cargas -

de compresión aplicadas excentricamente a su centroide (2n vidvcl. del m"ol io eJ-.: 

co nexiór¡, qve pueden ser un par de án~ulos. ~1 OJima. o una c;on~"l(iÓn de as.ie n-

to, 

1 e -.r-=- A-.A 
l.: 3 -; 
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Otro caso muy frecuente es el que se presenta con los miembros de ten-

sión que estando en posición horizontal se flexionan debido a su propio peso, o -

también el de cuerdas superiores de armaduras que reciben las descargas de --

los largueros de techo no solamente en los nudos de la armadura sino entre e-

llos, produciendoles una flexión adicional a una carga axial. 

El comportamiento de los miembros flexotensionados es totalmente dis-

tinto al de los miembros ílexocomprimidos, ya que mientras los primeros tien 

den a autoenderezarse, es decir, a reducir su deílexión transversal, y por lo -

tanto la excentricidad de la carga, los segundos tienden a incrementar dicha de-

flexión, aumentando con ello el brazo de palanca de la carga axial y consecuent!:_ 

mente de momento flexionante. (íig. 4-); esto origina a su vez una mayor curva-

tura en el miembro que incrementa nuevamente la deílexión, ésta al momento --

ílexionante, éste a la curvatura y así sucesivamente hasta que la pieza converge 

en su estado de equilibrio interno ó bien falla por alguno de los siguientes moti-

vos. 

p p 

r/ le \l 
~------ 4'3:- ---- --~ 

M~= ? (e+~) 

~) fle¡c;ot~nsión b) fle?(.oc.ompres)o'o 

fi~. 4 

a) Porque se exceda su capacidad para soportar momentos y fuerza axial combina 

dos, formandose una articulación plástica donde el momento es máximo. 

!.J} Por inestabilidad en el plano de flexión, debida a un exceso de momento flexi~ 

nante en dicho plano. 
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e) Por pandeo lateral debido a flexotorsión, 

d) Por pandeo elástico o inelástico debido a compresión axial respecto a un eje 

de menor resistencia. 

e) Por pandeo local. 

Todos los modos anterio¡·es deben considerar si hay o no posibilidad de -

tener desplazamientos relativos entre los extremos de los miembros en estado. 
--

En el caso de los miembros sometidos a flexión y tensión combinados, -
/'' 

pueden llegar a fallar por: 

a) Tensión excesiva a través de la sección total del miembro (fall.a por 

tensión axial) o a través de la sección neta del miembro en sus ex-

tremos. 

b) Esfuerzos excesivos de flexión y tensión combinados en la zona de 

conexión (extremos). 

A continuación comenzaremos a estudiar el comportamiento de los miem-

broa sometidos a una combinación de carga axial (tensión o compresión) y flexión., 

sus criterios y diseño y proporcionamiento, y las especificaciones que los rigen. 

- ••• 9 
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2.- Miembros a flexo tensión 

Uno de los casos más frecuentes que se tienen en las es

tructuras de acero con este tipo de miembros, es el de -

los ángulos simples a tensión. Como se sabe, este tipo 

de miembros se proporciona suponiendo que los esfuerzos 

de tensión se distribuyenuniformemente a través de su 

sección transversal, lo cual desde luego, no es cierto -

por la forma práctica en que estos ángulos se conectan -

en sus extremos (fig. 5). 

5 =t -;i 
[~4f'-·~u 44<; 

B ~ B-G _.____ 
e

1 
pv!?cle ser ::rO 

b) Cone"-i.ón -=-old ada. 

fig. 5 

Los extremos de los ángulos se remachan, atornillan o -

sueldan a placas de conexión, normalmente en uno de sus 

patínes, produciéndose con ésto en forma automática una 

excentricidad entre el punto de aplicación de la carga -

(centroide del ágnulo) y el centro de resistencia de la 

conexión. Esta excentricidad pue?e existir en dos pla-

nos simultáneamente, produciéndose así flexión bíaxial 

además de la tensión en el ángulo. 

Para poder tener una idea de la magnitud de ésta flexión, 

analicemos el siguiente ejemplo: 

Un ángulo simple de 101.6 x 76.2 x 12.7 mm. (L4"x3"x1/2") 

con extremos soldados a placas de conexión de 0.95 mm. -

(3/8") por su patín mayor, resiste una carga de tensión 

de 31000 Kg. Revísense los esfuerzos de tensión y de 

flcxi6n on loa oxtremos dol ángulo, suponiendo qua las -
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soldaduras están proporcionadas en forma tal que evitan 

la excentricidad,- paralelamente al patín mayor. El acero 

del ángulo es del tipo ASTM-A-36. Ver Fig. 6. 

\'t .S r1 
\ 1 1 t':J 

l~--·¡:-· A= 20.'36 c.m~ "-

¡ -¡ 11"='Z10.'Zcm+ 

\!0.16l: . P=~,ooo~ l'i'y = 100.7 c.m 

\a.'3s""'' '-'--~+-+~ ___... )(. r...-v- = '\.,z (.lf'l-z. 

_,_-t-"+---f----~-1 

.. 
de t:oneiC.lon fi~- 6 

Solución: 

a) esfuerzos de tensión: (suponiendo distribución unifor 
me de los esfuerzos). -

f = "31000 =- 1419 K~/cmz. < o."Fr =1SZ.0 K~/c.m"L,:, V"" 
~ '2.0.9(ó 

b) esfuerzos de flexión 

excentricidad e'IC = '2..'\1 + ~"' 0.9S = 2..585 cm. 

MH = 3~000 ,., 2. SS'=> = 801 ~El Kg- cm. 

t = 801~5 "(IO.Hó-3.'~S) = 5395 K~/cm'2 )')' fy = '2530 ~~/cm7. 
bxlll 1 OO. 7 

, 
Se ve que los esfuerzos debidos a la flexión (tensión o 

compresión) son sumamente altos, y que aún sin superpone~ 

los a los de tensión axial produciods por la carga de 

31000 Kg., exceden con mucho el esfuerzo de cedencia del 

material. Dichos esfuerzos, por supuesto no son reales, 

ya que no pueden exceder del esfuerzo de cedencia. Lo -

anterior implica que_ existe una plastificación del mate

rial cercano a las puntas de los patines no conectados -

del ángulo, en la zona de la conexi6n. Aparentemente 

este tipo de esfuerzos "locales" no son de gran importa!!_ 

cia para el A.I.S.C., quien no considera hacer ninguna

reducción en cuanto a los esfuerzos permisibles en este 

tipo de miembros; en cambio la AASHO establece que para 

considerar el efecto de la excentridad en las conexiones, 

el área a considerar el ángulo es la del patín concecta-

do más la mitad de la del patín no conectado. En 

., , 
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realidad lo que sucede es que los momentos que aparecen 

en los extremos del ágnulo producen esfuerzos mayores que 

el de cedencia del material, plastificándose esa sección 

aún para valores chicos de la carga axial. Conforme la 

carga aumenta, los extremos solamente giran "orientandose" 

el ángulo en el sentido de la carga para disminuir la 

excentricidad original de la misma (Fig. 7) lo que hace 

que en las zonas centrales del miembro~ ésta sea muy pequ~ 

ña o casi nula, y que por lo mismo el efecto de la flexión 

en estas zonas sea prácticamente nulo, produciéndose dis

tribuciones de esfuerzos muy cercanas a la uniforme. 

Cuando la carga en el miembro crece hasta que los esfueE 

zos en las zonas centrales del ángulo alcancen Fy, los -

extremos del ángulo no han fallado aún y sig~en dentro -

del rango plástico. Se ha observado prácticamente que los 

ángulos fallan en las zonas cercanas a sus extremos sol

dados bajo cargas de tensión del orden del 82% del esfuer 

zo último de tensión del material, obtenido de una probe

ta de tensión del mismo material del ángulo. 

.. f" 

De lo anterior se concluye que la práctica recomendada por 

el A.I.S.C. de utilizar la sección total del ángulo se -

justifica por el hecho de que se puede ~lcanzar la carga 

de fluencia del ángulo sin menoscabo de la resistencia -

de los extremos~ y que la pequeña deficiencia del miembro 

en su carga última respecto a la carga última teórica del 

material, resulta de poca importancia en las estructuras 

ductiles. Las provisiones del AASHO y del AREA para el -

diseño de estos elementos de un solo ángulo, consistentes 

en descontar del área total de~ ángulo, la mitad del área 

del patín no conectado, es una aproximación burda para 

tornar en cuenta la inefectividad de ese patín para resis

tir carga dentro del rango elástico del material, lo cual 

os conservador para ol onso do las estructuras cargadas -
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estaticamente. El efecto de las excentricidades del tipo 

de las discutidas anteriormente puede ser de consecuen- -

cias en el caso de miembros sometidos a frecuentes ciclos 

de variaciones de carga (tensión y compresión), por el 

fenómeno de la fatiga y la fractura frágil., Todas las 

especificaciones, sin embargo, recomiendan evitar el uso 

de ángulos simples excepto para elementos secundarios. 

El caso de otros tipos de elementos a.flexotensión puede 

atacarse, estudiando el efecto combinado de los esfuerzos 

de tensión y de flexión, por medio de la fórmula de la 

escuadría, que para este caso sería: 

f= P ± Muy + Mv U 

A lu l't' 
----- G) 

donde: Iu e Iv son los momentos principales de inercia -
de la sección 

v y u las coordenadas del punto donde se valúa 
el esfuerzo f respecto a los ejes princi
pales. 

Mu y Mv los momentos flexionantes respecto a los 
ejes principales U y V debidos a la carga 

axial P aplicada excentricamente. 

Cuando la determinación de los ejes principales de inercia 

y los momentos flexionantes respecto a ellos sea problem~ 

tica, la ecuación (1) puede referirse a un par de ejes 

centroidales x e y, como sigue: 

donde: 

P M ( Ixy·X ) -+ 
f = -¡;: = 1~1' ''J - ly -

-'l 
:: 1)1. Iy- hy 

ly ' 

~ Y.- -!L ---0 M ( '1 ·Y) 
Im't 1 ~ \.:::J 

-2. 

1 h lx- I ... y 
rny= 

l)C, 

jy.'((d~) = procluc.+-o Je inercia de le':) ~ec.c.ión 

MX y My son los momentos flexionantes respecto a 
los ejes centroidales x y y de la sección, 
producidas por la carga P aplicada excen
tricamente al centroide de la secci6n • 

• "-·" ••• 13 
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En el caso de que no se permita tener esfuerzos locales de 

cedencia bajo cargas de'trabajo, se puede utilizar un en

foque racional del problema para encontrar la carga admi

sible, por medio de la fórmula de interacción propuesta -

por el AISC. En escencia, el método consiste en limitar 

la' suma de las relaciones de los esfuerzos calculados 
' 

axiales y de flexión, entre sus respectivos esfuerzos 

permisibles,·a la unidad. Esto es: 

donde: 

+~ 
o." F'{ 

+ -·-----® 

p 
f =- es el esfuerzo axial calculado en el miembro 
~ A. 

o. <O Fy = esfuerzo axial permisible 

f.b = Mo" _.. Mv u. = esfuerzo de flexión biaxial calcu-
lo lv lado 

~ = Esfuerzo permisible a la tensión por flexión 

El método de interacción no pretende ser una solución dires 

ta al problema de diseño, sino que es menester examinar -

varias secciones tentativas hasta encontrar aquella que -

satisfaga la ecuación (3). 

Ilustremos ésto con otro ejemplo: 

Sea el mismo ángulo de 101.6 x 76.2 x 12.7 mm. del ejem

plo anterior, con la carga de tensión P aplicada en el 

punto de gramil del AISC (ver figura 8). ·Se pide obtener 

el máximo valor de la carga P para que no se excedan los 

esfuerzos combinados de los permisibles. 

Solución: Calculamos gráficamente (por simplicidad) las 

excentricidades de la carga P respecto a los ejes princi

pales U y V, así como también las coordenadas u y v del -

punto A, más esforzado 

1 A 



i:-

1 

-:,)1 

"":! 
Ql ..... ¡ 

l 

r 

Mv = ~.30 P 
Mv= o.B ? 

¡- i= 2.'\1 

¡.. 

·¡ 

1 
-2 4-

v = I."'L ,. 20.9~ = 55.01 c.m 

fig. 8 
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Tan o<.:. 0.54?. 

--· ----~ 

\ 
_j 

( acotacione~ en cm.) 

lu '= lll + I) - Iv = '210. 2 -+ 100.1 - 5S.01 = 'Z.SS. 8~ 

L.- ? 
't- p.. 

o. c. F'y 

f' = -: 

3.30 p • ~.91 + 
2 S.S. S"> 

0.0411 p 

1.0 

0.13 p 
----. 1.'35 = o. 09:,1 'P 

SS o1 

~1 ~ en K~. 

----- ® 

'~»• •• 15 
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La fórmula de interacci6n (3) dá: 

o. 0411 P + o. o~-:.1 P ~ 1.0 
o.co Fy 

uf\ acero 

. . . ~ 

P= 4.ZC.1 X '2530 = 10181 ~ 

••• P= O.(D k, = 4.Z0~ Fy 
o. \40~ 

Se vé que esta carga es considerablemente menor que la -

carga admisible por el AISC para el caso de tensión pura, 

permitiendo plástificación en sus extremos y que es 

1 

P= o.~ .. zs3o ~ zo.l3ro = 3H}59 Kg 

Para el caso de miembros en flexotensión distintos de los 

ángulos, podernos establecer los siguientes criterios.-

a) Si la flexión se presenta exclusivamente en los extre

mos, por virtud de la excentricidad de la conexión, 

despréciese ésta permitiendo que ocurra una plastifi

cación del elemento en la zona de la conexión, y disé

ñese el miembro a tensión pura. Las conexiones, sin -

embargo, deberán preever estos momentos extremos, y 

resistirlos adecuadamente {se verá en el capítulo de -

conexiones} • 

b} Si la flexión es producto de cargas transversales al -

eje del elemento, y adquiere su valor máximo fuera de 

las conexiones extremas, valúese el esfuerzo máximo 

producido por la flexión y superpóngase con el de ten

sión axial utilizando para ello la fórmula de la escua 

dria (ecuación 1} . El esfuerzo así valuado no deberá 

exceder el esfuerzo permisible a la tensión, dictado 

por las especificaciones empleadas (AISC, AREA, AASHO) 

en el caso de diseñar por esfuerzos permisibles,: o 

bien la carga de colapso del elemento a la tensión 

pura (Fult x A) deberá ser mayor que la carga de tra

oajo del elemento (f.A) multiplicado por su factor de 

carga. 

.... 
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Para valuar correctamente el efecto de la flexión combina 

da con la tensión, podemos utilizar la expresión aproxi

mada para valuar la deflexi6n total al centro del claro, 

y, 

Y= Yo ( ) 
1 +.f.. 

----CD 
Pe 

donde: Yo = deflexión al centro del claro producida por 
las cargas transversales, producida por los 
momentos extremos, o producida por ambos. 

P = Carga de tensión 

Pe = Cargacrítica de Euler en el plano de la flexión 

El término entre paréntesis tiende a disminuir la defle

xión transversal del miembro bajo la carga de tensión, y 

se puede llamar "factor de disminución" del momento al -

centro del claro. 

El momento flexionante total al centro del del claro, 

será entonces 

M= Mo-
PYo 

1 +E 
Pe 

----- ® 

donde Mo es el momento flexionante inicial al centro del 

claro, producido por las cargas transversales, por los 

momentos extremos o por ambos. 

Para el caso de un miembro recto inicialmente, sometido a 

la acción de fuerzas de tensión aplicadas excentricamente 

en sus extremos,a una distancia ~del centroide del miem

bro (fig. 4}, el esfuerzo máximo se presenta en los extr~ 

mos, ya que en otros puntos intermedios la excentricidad 

se reduce por la tendencia del miembro a autoenderezarse, 

deflexionandose hacia la línea de acción de la fuerza. 

e) Por supuesto, si el efecto del momento flexionante es pr~ 

dominante, la falla del miembro puede ocurrir por pandeo 

lateral antes de que ocurra la falla por fluencia excesi-

·.;a j_)Osterior a la plastificación en la zona de.,.}lláximo es
;:._.,.?l·zo co;nbinado. , .., 
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El AISC, establece que para el diseño de miembros a flexo

tensión, los esfuerzos combinados satisfagan la ecuación 

de interacción. 

- --·@ (MSC. 1.G-1b) 

Para las secciónes compactadas Fb = O.GG Fy proporciona -

un factor de seguridad de 1.67 a la cedencia de la fibra 

más alejada, para la secciones que tengan un factor de 

forma de 1.10 o mayor. Para evitar el pandeo lateral, el 

AISC requiere también que el esfuerzo de compresión pro

ducido por la flexión, fb , sólo, no exceda los valores -

dados por su sección 1.5.1.4. 

d) Para utilizar el criterio de capacidad última de un ele

mento flexotensionado, haremos uso de la ecuación 

Pq + Mo = 1 ------- {7) 
Py Ms 

lo cual nos permitirá determinar su resistencia en el caso 

de que no haya posibilidad de pandeo lateral por flexión, 

en función de su resistencia en dos condiciones de carga -

simple : a) tensión axial, y b) flexión simple. 

La ecuación (7) representa con precisión suficiente para -

los'fines de diseño de miembros metálicos de secciones 

I, e, H, etc., tanto la combinación de elementos mecánicos 

para la que se alcanza el límite de comportamiento elástico 

corno la combinación para la que se ocasiona la plastifica

ción total de la sección, aunque en este segundo caso es -

ligeramente conservadora. 

En la ecuación {7), las literales representan: 

Po y Mo, los valores de la fuerza de tensión y el momento 

•••• 18 
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flexionante que al actuar simultáneamente sobre la sección 

ocasionan la iniciación del flujo plástico en las fibras -

exteriores de la sección, o bien, su plastificación com- -

pleta. 

Py = AFy, fuerza de tensión axial que ocasionaría la-plas

tificación total de la sección, si no existiese el momento 

flexionan te. 

Ms = momento flexionante máximo que puede soportar la sec

ción, en ausencia de fuerza normal y en puntos de soporte 

lateral, e igual a My = SFy, cuando la sección no es com

pacta, y a Mp = XFy cuando si lo es. 

Corno se mencionó antes, los valores Po, Py, Mo y Ms se re

fieren a la "falla", es decir, por un lado, a la capacidad 

total de carga bajo cargas combinadas (po y Mo) , y por el 

otro, a la capacidad última de carga bajo cargas de tensión 

axial Py o momento flexionante Ms, separadamente. Compara

tivamente, el diseño elástico convencional (AISC) utiliza 

los esfuerzos calculados bajo cargas de trabajo (en vez de 

los esfuerzos a la carga de falla) y los compara con los 

esfuerzos permisibles (Ec. 3). 

La ecuación (7) puede traducirse a los términos empleados -

en la ec. 3, en la siguiente forma: Dividiendo numerador y de 

nominador del primer término entre el producto del área de 

la sección transversal multiplicada por el factor de segu

ridad F.S. y dividiendo numerador y denominador del segundo 

término entre el producto del módulo de' sección por el fac

tor de seguridad F.s. 

Ejemplo: 

Diseñar la cuerda inferior de una armadura para resistir 

las cargas mostradas en la Fig. 9. Por condiciones construc 

tivas de la armadura dicha cuerda deberá tener la forma de 

CJ , con dimensiones máximas de 30 cm. x 30 cm. El acero 
.... 

• • • • 19 
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a usar es ASTM A-242-68 (Fy=50000 lb/pulg. 2 = 3515 Kg/cm2). 

Utilice el criterio de esfuerzos permisibles del AISC, des

preciando la reducci6n de área por los agujeros de los tor

nillos de montaje, y el peso propio del miembro. 

,. 
170 ~ 

3.oom 

G.OOm 

(car~a~ estáticas) 

Solución: 

Diseño de acuerdo a las normas AISC. 

Para proponer una sección tentativa, se supondrá un Fa = Q.4Fy 

(para tomar en cuenta el efecto de la flexión). 

, 70 000 

0.4 X 3515 

haciendo ta = tp para el primer tanteo, 

A= '2(30+'Z,.9)ta = '3G, t~ :. ta= 
19
2~ = '\.'ZG,c.~ 

Sea t~= tp = {.'2.1 cm .::. ~" (comerc'tal) 

í(evis1ón. (t-i~. to) 

A= [4)1<.1+ 2(3o- '2.~~oi.'Zl)}~.1.1 = 115.47 

l')(· = (ao- 1.'27• Z)'\ 1.~1 -t 'Z. ('l ~ I.'Z.1 ) (~o; 1·Z1t= 
t 1 '2 

l1.'Z1 
t; T 
~ 

fi~. w 

lyy = '2. 1( 442-+ S1.13 (1~.0- 2.11 )\ Z = 
l'l 

1~BIC:. 

; r;., = i 1S.41 

...,. 

z 
cm. 

,,., 
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Se ve que los radios de giro exactos que se acaban de obtener 

che can los valores aproximados de estos que se dan en laTa.-

bla J., y que para el presente caso son: 

r ~ 0.36x30 = 10.8 cm.~ 10.94 cm. 
X 

ry= 0.45x30 = 13.5 cm. ~ 13.13 cm. 

Por lo tanto, para cálculos estimativos utilizaremos los va

lores de la Tabla J.. 

M -= ~ = 7,5 T-m 
o 8 

o; 
= 1Jil " 1 O Ks -cm. 

Suponiendo Kx ,= Ky = 0.5 (por la continuidad de la cuerda) 

K,_t:: o.sw.GOO = '21.4 
1; 10·94 

:. Pe= 13918 lt 115.47 = 
-.. (tabla <D) 

La deflexi6n inicial en el centro del claro, producida por 

la carga transversal de J.O toneladas, es: 

PL:. .<f" - 3 ~ Y. _; _ = W •A ><- <ó "J..el = o. 3B8 cm. 
o 1~2 El t'3z. .. z.1 :;o",. n.~l"% 

y el momento flexionante total en el centro del claro: 

Me~;. = 1soooo-

f _ ~C}O 2>14 
bx~ ~Zt 

170000 "0·358 
1 + 110,000 

'· "\ 4, o 8 '" 

F~.o" = o.~ Fr = e1oo K~ /cm"L = 

= 

. 
) 

Aplicando la fórmula t3l en el e . 

E.n los. e~<.rremo~: M =- ;s.o, ooo K.~-cm 

750, 000 

c.> '2.1 

F~ = Z.\0~ ~ /c.m'-

= B14 

:. l~ fórmul-. (3) d;{ 

(No 5e Ói~eñ.;~r:¡' \g celo~r~). 
-e}em plo c..ot"\ t.a = o. 9 S. cm '( 

i 

N of.d: s~ s.u~1erc. 
l¡-= 1.c:>oc:. ern. 

= 141 Z Ktj /c.m 'L 

repeh",- el 

• • • • • Z1 

-, 
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Para ilustrar el método de capacidad última de un elemento 

flexotensionado, estudiemos el mismo caso anterior, utilizan

do un factor de carga de 1.7 para las cargas axial y transver 

sal 

Tomando la sección del problema anterior como tentativa·en 

este caso, y aplicando la ecuaci6n (7). 

Py = Fy·A = 3SIS..c. llf>.A1 = aose,1 K.q 

Po = 1.1 " no ooo = 'Z.Bt;) ooo ~ 

M s = 5 • F 'í .:: '3 Z 1 • ?>S l S = 3 'Z 3 7 31 S K~ -e m (en el ~) 

Q= -z ... 9 ,.¡,'Z1 (~s.o-o.c.4) +'2.(H~ ... tzl)• I.Z7 ( 1 ~.o-t:n)= S"l.l crn'!> 
z 

L =- Z Q = 11 '?>S, 4 crl' 

K~-CM ( €VI lo'> apo"(os) 

Mo= 1.11( G:,903'24 = 113 ~;1 k.~-crn (en e\ ~ ') 

(en 1 OS ¡1 p~"( Ol ) 

Revisando la sección en el centro del claro 

'28..., 000 

4- 058 11 
+ 

En los apoyos 

1 '27S ooo 

3 ~t:¡o ~ ~ 1 

= o.11'Z. + o.~~'Z. =- 1.074 

= o.llZ +o, 31 C} = 1. 0~1 

~ 1.0 

\.O 

: . .,.--

,•, ............ 

La sección propuesta se considera satisfactoriapara un factor 

de carga de 1.7 y diseño último. 



TABLA 1 

/RADIO DE GIRO DE VARIAS SECCICNESl 
~----------y 

xlJ • · rx '" O. 2 '. 1 h 
h 
• ryc o. 2"" 

y 
r -, ~

h 
L, -l 1 

rx=O 42h 
ry=042b 

y 
1._ _r ··· 
I 1_ ~ 

rx=0.31h 
ry=O 48b 

¡.. b 4 ~ b ~ ~ b p 

-1-~~-----------1r-~·-~~==----------~ ,. b. 

_JL ry= •guol que el =-l_b_f-' 
1 1 

~ 
1 

h rx=0.40h 
t ¡,r ele dos ángulos. _f-l_ ~ 

rx=O ~7h 
ry=028b 

1 o i =-.br'- ,. 
1 h rx=025h · h 

rx=042h 

ry = H;¡uol que ol 
' de dos onoulos. 

]H[ ~ rx=0.3 1 h 

1 

• __;L___r 

¡---,.......;::::=:..---+-----l---------
1 o 1 -~ r='VH216+ h~ =-,ll>r h' 

,Hm • h H 
rx=0.39h 
ry=0.21b r -:1 ·~ t :::1 rx=031h 

' ·' L r=035Hm. -1L 1 
t---t----+--------11 ... h _. 

~ 1 i - ~. rx=O 31 
h 1j1 h' rx=O 45h -l '• rx =0.40h 

~ ry=031b h 
¡ rz=O 19 h __J L' ry=0.235b , ry=0.21b 
1 • b 3 
r--------------------~--~----------------~-=--b-~·--------------~ ... b ... 

\ 1 
1 

.. b ..1 

"L 
z 

rx =O 2 9 h 
' ry=0.32b 
h 
i r z =O 18 __!1_Z..] 

rx=0.31h 
ry=O 215b 
=b(O 2i+002s) 

[ 1 J ~ rx =O 36 h 
ry=0.45b 

rx=0.36h 
ry=0.60b 

ll , 

Jll[ ~ 

rx=038h 
ry=022b 

rx=0.39n-

lbf ~ ~;:~-~~~ ~~b¡Lr ~' rx=0.36h JI 1[ ~' rx=035h l 
s..J =b(019•002s) ~ ry=0.53b 1 1 

~,~--------------------4---------------------~-----------------------l 
1 - b .. o 29h 1 

l 1 r h ~~:o. 2' 4 b ~1 lC -~ r X= o. 3 9 h ¡-- ~, (X = o. 4 3 5 h 
1 

l t., ( =b(023•0.02s) .. b.. · ry=0.55b _j_ ry=O 25 b 

f--------------~------~----------------------+---------------------~ 
- b - - b -

--- '· -,;¡ h 
1 1 , 

1 

1 

rx=0.30h 
ry=0.17b 

rx=0.25h 
ry=0.21b 

.J [ ~ 
- b -

rx =0.4 2 h 
ry=0.32b 

rl¡r• ~- rx=0.44h 
L..JL..Jt ry=0.28b 

[ J ~ rx=0.42h 

JI[~ rx=0.42h 

1 
1 

! 

i 
·----------------------~----------------------+---------------------~1 i 
! 

¡ 

L~ -r : ~ 

rx = 0.2 1 h 
ry=O 21 b 

z ... b -' rz=O.I9h"" 

. 
1 'rx=038h 
h 
, ry=0.19b 

L ..J •¡r • 
- ..J Lb~ ~ 
r -, 

.. b -1 - [ . ~ 

rx =O 5O h 
ry=0.28b 

rx=0.39h' 
ry=0.21 b. 

- b-

- b -' 

1 'lrl ~ 
. ..J L ' 

rx=0.285h 
ry~0.37b 

rx=042h 
(y= 0.2'3 b 



Tabla 2 
{% w;SI) 'F'y = 'lS~O K~ /cm1. 

ESFUERZOS ADMISIBLES EN 
Kg/ cm2 PARA MIEMBROS 

EN COMPRESlON 

Moembro1 Princi¡Jolet y Secundorloa Miembro• Principal•• 
Miembro• Secundario• * ¡ Kl Kl 

con - no onoyor de l:lO con- de 121 a 200 can 1/r de 121 a2001 r r 

Kl Fa Kl Fa Kl F. Kl Fa Kl Fa Kl F .. Kl F. - K g/ - K g/ - K g/ - K o/ - K g/ - K g/ - K g/ ,. cm• r cm• r cm• r cmz r cm• r cm• r cm• 

1 1516 o41 13H 81 1072 121 713 161 405 121 716 161 .510 
2 1513 "2 1338 82 1064 122 702 162 400 122 709 162 506 
l 1.510 o43 1332 83 1056 123 693 ', 163 39.5 123 703 163 .503 

" 1.507 .e" 1326 84 1048 124 682 16-' 390 12-' 696 16-' 501 
S 1504 JS 1320 85 1040 125 671 16.5 386 125 689 165 o498 
6 1501 46 131.5 86 1031 126 662 166 381 126 682 166 -'9.5 
7 lo498 47 1:109 87 102-' 127 6.51 167 376 127 67ol 167 o492 
8 149ol "8 1303 88 1015 128 641 168 372 128 667 160 <189 
9 • 1491 . ol9 1297 89 1007 129 631 169 368 129 661 169 <487 

10 1488 so 1290 90 998 130 622 170 364 130 654 170 <484 
11 148ol SI 1284 91 991 131 612 171 359 131 643 171 <482 
12 loBO 52 1278 92 982 132 603 172 355 132 641 172 480 
13 1477 53 1271 93 973 133 593 173 3.51 133 635 173 <477 
1" 1473 !14 1265 94 965 13-' 585 174 347 134 629 174 475 
1.5 1"69 55 , 12!19 95 956 13.5 576 175 343 135 623 175 <473 
16 1o465 56 1252 96 948 136 567 176 339 136 617 176 o471 
17 1J61 57 12o45 97 939 137 .560 177 33.5 137 612 177 <469 
18 lo457 58 1239 98 930 138 551 178 331 138 606 178 467 
19 1453 59 1233 99 921 139 543 179 328 139 600 179 465 
20 1<149 60 1226 100 913 140 536 180 324 140 596 IBG 463 
21 14H 61 1218 101 903 141 528 181 321 141 590 181 461 
22 1440 62 1212 102 89-4 142 . 521 182 317 142 585 182 A 59-
2J 1435 63 1205 103 aa5 143 513 183 314 143 sao 183 AS6 
24 lo431 64 1198 10-' 877 14-4 506 18-4 310 IA-4 575 184 A 56 

1 
2.5 1426 65 1191 105 rJ67 1-45 499 185 307 145 .571 185 -'.H 
26 1422 66 1184 106 856 lo16 493 186 304, 146 !166 186 453 
27 Hl7 67 1177 107 849 147 486 187 300 147 562 167 451 
28 1412 68 1170 108 840 148 .eso 108 297 148 558 lBS <150 
29 1407 69 1162 109 830 l-49 <473 189 294 lo49 553 189 A49 
~o 1402 70 1155 110 821 150 <467 190 291 150 549 190 .Co47 
JI 1397 71 1 J.CB 111 811 1.51 461 191 288 151 5"5 191 -4"6 
J2 1392 72 11"0 112 1102 152 45-4 192 285 152 541 192 <445 
Jl 1387 13 1133 113 792 153 449 193 282 153 537 193 .CH 
Jol 1382 7ol 1126 114 783 1.5" 443 19-4 279 154 SH 19" A43 
3!1 1377 75 1118 115 na 155 437 195 276 155 529 195 <442 
J6 1371 76 1110 116 763 1!16 432 196 274 156 526 196 4-41 
J7 136!1 77 1103 117 753 157 <426 197 271 157 522 197 <440 
l8 1360 78 1095 118 7"3 158 420 198 268 158 520 198 <439 
39 13.5.5 79 1088 11~ 733 159 416 1V9 265 159 516 19~ 4311 •o \349 80 1080 120 723 160 410 200 262 160 513 :100 437 

• K = 1 Poro miembro• MCundarlot, 

~--------------------------------------------~-· 



T A 8 LA ~ 

Fy • zgso Kg/ao2 (4~- tc:SI) 

1 
~IEIIIROS PRINCIPALES Y SECLtiDARIOS MIEiilAOS PRINCIPALES MI El'iBROS SECLfiDAR lOS 

KL/r MENOR DE 120 Jl./r 121 • 200 Llr 121 • 200 

1::./ ..E.. KL K/ 
1 

K,! K,f 
1 

Kl 
-¡;- ti' ,. -¡;- ti' --;- -¡;-

----f-· 
1 1768 41 1545 81 1190 121 717 161 405 121 721 161 510 
2 1765 42 1538 82 1174 122 705 162 400 122 712 162 506 
3 1761 43 1531 8) 1169 123 694 163 395 123 705 163 503 
4 1757 44 1523 84 1158 124 683 164 390 124 697 164 501 
S 17S4 45 1515 85 1147 125 672 165 386 125 689 165 498 1, 

6 1749 46 1507 86 1140 126 662 166 381 126 682 166 495 . 
7 1745 47 1500 87 1126 127 651 167 376 127 674 167 492 
8 1741 48 1492 88 1115 128 641 168 37Z 128 667 168 48'l 
9 1737 49 1484 89 1105 129 631 169 368 129 661 169 487 

10 1732 so 1476 90 1093 130 622 170 364 130 6S4 170 484 

11 1128 SI 1467 91 1082 131 612 171 359 131 648 171 482 
12 1723 52 1460 92 1071 132 603 172 355 132 641 172 480 
13 1718 53 1451 93 1060 133 593 173 351 133 635 173 477 
14 1713 S4 1443 94 1048 134 585 174 347 134 629 174 475 
15 1708 55 1434 95 1037 135 576 175 343 135 623 175 473 . 
16 1702 56 1426 96 1026 136 567 176 339 136 617 176 471 
17 1698 57 1417 97 1015 137 560 177 335 137 612 177 469 
18 1692 58 1408 98 1003 138 551 178 331 138 606 178 

467 ! 19 1681 59 1400 99 991 139 543 179 328 139 600 179 465 
20 1662 60 1391 100 979 140 536 180 324 140 596 180 463 

21 1676 61 1382 101 967 141 528 181 321 141 590 181 
461 1 

22 1671 62 1373 102 956 142 521 182 317 142 585 182 459 
23 1665 63 1364 103 944 143 513 183 314 143 sao 183 458 
24 1659 64 1355 104 932 144 506 184 310 144 575 

1 
184 456 ' 

25 1653 65 1346 105 920 145 499 185 307 145 571 185 454 

26 1647 66 1337 106 907 146 493 186 304 146 566 1 186 453 
27 1640 67 1327 107 895 147 486 187 300 147 562 

1 
181 451 ' 

28 1634 68 1318 108 882 148 480 188 297 148 558 188 450 ! 
29 1626 69 1308 109 870 149 473 189 294 149 553 

1 
189 449 

JO 1621 70 1300 110 857 150 467 190 291 150 549 190 447 1 
' ¡ 

31 161 S 71 1289 111 844 151 461 191 288 151 545 191 446 1 32 1609 72 1280 112 832 152 454 192. zas 152 541 ; 192 445 
33 1602 73 1270 113 819 !53 449 

1 

193 282 • 153 537 

1 

192 444 ' 
34 1595 74 1260 114 806 154 443 194 279 !54 534 194 4<3 
JS 1588 75 1250 115 793 155 437 195 276 155 529 195 442 

36 1581 76 1240 116 780 156 432 196 274 156 526 196 441 
37 1574 

1 
77 1230 117 767 157 426 197 271 157 szz 1 197 440 

l8 1567 78 1220 118 7S4 156 420 198 268 158 520 

1 

198 439 
J9 1560 1 79 1210 119 742 159 416 199 265 159 516 191 ' 438 ' 
40 

1552 1 80 1200 IZO 729 160 ' 410 200 262 160 su zoo m¡ 
1 . 1 -



TABLA 4 
fy • 3160 Kg/an2 

"l['ll~S PRINCIPALES Y SECUNDARIOS MI E111ROS PRINCIPALES "IEHBROS SEClPiOARIOS 

KUr 1€NDR DE 120 KUr 121 • 200 llr 121 • 200 

-
1 Kl ...5.1. Kl ..('L Kl KL -E.. ,. 1 ,. ,. -¡;- -¡::- ,. ,. 
1 

1 1095 1 41 1645 81 1242 121 717 161 405 121 721 161 510 
2 1891 42 1636 82 1231 122 705 162 400 122 712 162 506 
3 18i'6 1 43 1628 83 1219 123 694 163 395 123 705 163 503 
4 1Ml 1 44 1619 84 1207 124 683 164 390 124 697 

1 
164 501 

S 1878 ' 45 1610 85 1195 125 672 165 386 125 6e:J 
1 

165 498 

6 1873 46 1601 86 1183 126 662 166 381 126 682 o 166 495 
7 1869 47 1595 87 1171 127 651 167 376 127 674 1 167 49Z 
8 1864 48 1584 88 1159 128 641 168 372 128 667 168 489 
9 1659 49 1575 89 1146 129 631 169 368 129 661 169 487 

10 1854 50 1566 90 1ll2 130 6Z2 170 364 130 654 

1 
110 484 

11 1849 SI 1527 91 1121 131 612 171 359 131 648 171 482 
12 18H 52 1548 92 1109 132 603 172 355 1JZ 641 112 480 
ll 18J9 53 1538 93 1096 133 59) 173 351 133 635 173 477 

~~ 18ll 54 15Z9 94 1080 134 585 174 347 134 629 174 475 
1 1827 55 1519 95 1070 IJS 576 175 343 135 623 175 473 

16 18l2 
1 

56 1510 96 1057 136 567 176 339 136 617 
1 

176 471 
17 1815 1 57 1500 91 1044 137 560 177 335 137 612 177 469 
18 1810 1 58 1490 98 10Jl 138 551 178 331 ll8 606 178 467 
19 1805 59 1460 99 1017 139 543 179 326 139 600 179 465 
20 1798 60 1470 100 1004 140 534 160 324 140 596 180 463 

21 1791 61 1460 101 991 141 528 181 321 141 590 181 461 
22 1785 62 1450 102 977 142 521 182 317 1 142 565 182 459 
ZJ 1778 63 1440 103 964 143 513 183 314 143 580 18J 458 
24 1772 64 1430 104 950 144 506 184 310 144 575 184 456 
25 1765 65 1420 105 937 145 499 185 307 145 571 185 454 

26 1758 1409 
o 

106 922 493 186 453 66 146 166 304 146 566 
27 1751 67 1398 107 908 147 486 187 300 147 562 187 451 
28 1744 68 ll88 108 894 148 460 188 297 148 558 188 450 
Z9 1737 69 1377 109 880 149 473 189 294 149 553 189 449 
JO 1730 70 1366 110 866 150 467 190 291 ISO 549 190 447 

31 1723 71 1356 111 851 151 461 191 288 151 545 191 446 
12 1716 72 1344 112 837 152 454 19Z 285 152 541 192 445 
33 1708 73 1334 113 822 153 449 193 282 153 537 193 444 
34 1700 74 1324 114 008 154 443 194 279 154 534 194 443 
35 1692 75 IJII 115 794 155 437 195 276 155 529 195 442 

36 1685 76 1309 116 780 156 43Z 196 274 156 526 196 441 
37 1677 77 1289 117 767 157 425 19 7 271 IH 5ZZ 197 440 
:.a 1669 78 1Z78 118 75• 158 420 198 Z68 153 520 198 439 
}9 1661 79 1266 1'9 742 1 S9 416 !99 265 159 516 !99 438 
40 165l 80 1254 zo 729 160 410 o o 262 160 Sll 200 437 



r MIEI'BROS PRINCIPAlES Y SECUNDARIOS 
JJ./r lOOR DE IZO 

' ! A:'.t KL 1 ..<'~ 
1 -;:- -¡;-- 1 -¡;-

1 2105 41 1806 : 81 1323 
2 2100 42 1796 82 IJ08 
l 2095 43 1786 83 1294 
4 2090 4-4• 1776 84 1280 
S 2085 45 1765 85 1265 

6 2080 46 1755 86 1251 
7 2074 47 1744 87 1236 
8 Z069 48 11J4 88 1221 
9 206J 49 1723 89 1206 

10 2057 so ' 1712 90 1191 

1 11 ZOSl 51 1701 91 1176 
! 12 2045 52 1690 92 1160 
1 13 2038 53 1679 93 1145 
' 14 20JZ 54 1668 94 1129 

15 2025 55 1656 95 1114 

16 2019 56 1645 96 1098 
17 2012 57 16JJ 97 1082 
18 2005 58 1621 98 1067 
19 1997 59 1609 99 1050 
20 1990 60 1597 100 1034 

21 1982 61 1585 101 1017 
22 1974 62 1573 102 1001 
23 1961 63 1561 103 984 

; 24 1959 64 1548 104 968 
\ 25 1951 65 1536 lOS 951 

26 1943 . 66 1524 106 934 
27 1935 67 1511 107 917 
28 1926 68 1498 108 900 
29 1918 69 1485 109 884 
JO 1909 70 1472 110 868 

JI 1900 71 1459 111 852 
32 IB':ll 72 1446 112 837 
J) 1882 73 1433 113 622 
34 1873 74 1420 114 808 
JS 1864 75 1405 115 794 

36 1855 76 1392 116 700 
J1 1846 17 ll79 117 767 

jH 
I8J6 18 IJ65 118 754 
1826 79 1351 ' 119 742 
1816 110 lll7 120 729 

TABLA 5 
ry • 3515 KgJan2 (so 1'.!>1) 

MIEICIR()S PRINCIPAlES 

KL/r 121 • 200 

,('./ _a_ 
r /' 

121 717 1 161 405 
122 705 1 162 400 
123 694 163 395 
124 683 164 390 
125 672 165 386 

126 662 166 381 
127 651 167 376 
128 641 168 372 
129 631 169 368 
130 622 170 364 

131 612 171 359 
132 603 172 355 
lll 593 173 351 
134 585 174 347 
ll5 576 175 343 

136 567 176 339 
137 560 177 335 
138 551 178 Jll 
139 547 179 328 
140 536 160 324 

141 528 1 181 321 
142 521 162 317 
143 513 183 314 
144 506 184 310 
145 499 185 307 

146 
4931 

186 304 
147 486 187 lOO 
148 480 188 297 
149 473 189 294 
ISO 467 190 291 

1 SI 461 191 288 
IS2 454 192 285 
153 449 193 282 
154 443 194 279 
155 437 

1 

195 276 

156 432 196 274 
157 426 197 271 
158 420 198 268 
159 416 199 265 
lEO 410 200 262 

·--· 
MW41ROS SlCUNOARIOS 

L/r 121 • 200 

.La_ -':'./ 
r ---;o 

--·-
121 721 ·~: SIJ 
122 712 16.:' ~06 
123 705 10 SOl 
124 697 164 SOl 
125 689 165 498 

126 682 166 495 
127 674 1! 1 492 
128 667 16~ 489 
129 661 10 487 
130 654 11= 484 

lll 648 171 462 
IJZ 641 11Z 480 
IJJ 635 173 4n 
134 6Z9 174 475 
135 62] 175 473 

136 617 1'6 471 
137 612 111 %9 
138 606 178 467 
139 600 179 465 
140 596 160 463 

141 590 181 461 
142 585 

1 162 ~59 
)43 580 183 ~58 
144 575 

1 
184 456 

145 571 !SS 454 

146 S66 1 166 ~5) 

147 S62 1 187 451 
148 55d 1 ·~ 

450 
149 553 

1 
189 449 1 

ISO 549 190 4H' 
' 

446 1 151 S45 191 
152 541 19l 445 
153 537 19) U4 
154 534 194 .U) 

155 529 195 «2 

156 526 196 Ul 
157 522 197 uo ¡ 
158 5ZO 198 439 1 
159 516 199 43o 
160 su 200 4J7 1 

J 



Tabla 6 

VALORES DE f't en Kg/cm2 PARA 
, ESFUERZOS COMBINADOS 

(P.Hd t-odo Fy) 

!\.lb F', !\.lb F'• !\.lb F', Klh F'~ 1\.h F'e Kl, F'e 
-- - 1--- 1--- -- ...__ 

r,, Kg /cm• rb Kg/cm• ,, Kg/cm:a 
rb 

Kg/cm• 
rb 

Kg/cml r¡, , • Ko /cm:a 

21 23774 51 4031 81 1598 111 852 141 528 171 3.59 
n 21662 52 3878 82 1.559 112 837 142 521 172 3.55 
2J 19019 53 3733 83 1522 113 822 143 513 173 351 
24 10203 54 3596 04 1486 114 808 144 506 174 347 
25 16775 55 3466 05 1451 115 794 145 499 175 343 
26 15509 56 3344 86 1417 116 780 146 493 176 339 
27 14382 57 3227 87 1385 117 767 147 486 177 335 
28 13373 58 3117 88 1354 118 754 148 480 178 331 
29 12467 59 3012 89 1324 119 742 1•9 473 179 328 
JO 11649 60 2913 90 1294 120 729 150 467 180 324 
31 10910 61 2817 91 1266 121 717 151 A61 181 321 
32 10239 62 2727 92 1239 122 705 152 454 182 317 
33 9628 63 2642 93 1212 123 694 153 449 183 31" 
34 9069 64 2560 94 1187 124 683 154 443 184 310 
35 8559 65 2481 95 1162 125 672 155 437 185 307 
36 8090 66 2407 96 1138 126 662 156 432 186 304 
37 7659 67 2336 97 1114 127 651 157 426 187 :JO O 
38 7261 68 2267 98 1092 128 641 158 420 188 297 
39 6893 69 2202 99 1069 129 631 159 416 189 294 
AO 6553 70 2140 100 1048 130 622 160 410 190 291 
41 6237 71 2080 101 1028 131 612 161 405 191 208 
42 5943 72 2023 102 1008 132 603 162 400 192 285 
43 5671 73 1968 103 989 133 59::1 163 395 193 282 
44 5415 74 1915 104 965 134 5~5 164 390 194 279 
45 5178 75 1864 105 951 135 576 165. 386 195 276 
46 .¡955 76 1815 106 934 1:16 567 166 381 196 274 
47 4747 n 1768 107 915 1:l7 560 167 377 167 270 
48 "551 78 1723 toa 900 138 551 168 372 198 268 
49 .,j367 79 1680 109 884 139 543 169 368 199 265 
so 4194 so 1638 110 868 140 536 170 364 200 262 

1 . 
10'480,000 ) F. 

( ~:b ) 2 

r 
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S-Il C \HGAS C01\CEl\TRADAS 

Tánic.llncnte, h1jo el punto ele Jplic.Jci(m ele unJ c.ngJ ronce trJda, 
el e~fncrzo en ),¡ f1br.1 es infinito. En lJ~ cstructur.Js reales no existen 
c-.~rg.¡~ concentr.Jc!Js, sino t"Sfa~ se d1~tnbuycn sobre t111J lonn ud muy 
pcqucfl.l .. 1 Jo J.ngo cid clJro ( F1g. 8-31 a). EstJs c.ngJs prod ccn csfucr
ms loc.tlc~ Jltos ele .1pLl~tamiento, '! ~ lJ distnbución de os esfuerzos 
locJks de f1e\1Ón ,. ele cortantes dif1ere consiclcrJblcment de los ,·alorcs 
Wll\ ennonalcs ;\1~¡'1 y VQ/It. PJrJ nnJ '1g.1 ele sccei 'n rectJngnLu la 
cll~tnhnca';n de esfnc.-rLos corre~pomliente .1 una cJr P locJliLada, se 
lllne~trJ en lJ f¡gur.J S-3lb. P\1cclc \USe que los e~ft rzos en una sección 
.HI~.tcentc .11 pimto ele .lplic:tción ele 1.1 c.~rg.t clifi en consJclcrablc~nente 
de 1.1 di~tn hunón con,·cnciona) ele c.-; fuer ms; J u J dista nciJ aproximada
mcntc igu.tl Jl pcrJltc de 1J 'igJ, lo~ esfuerzos c-Jics se JpcgJn muy bien 
,¡ lo~ clctcrmin.tclos por lJ teoría com cncionJl LJs concentrJ<.ioncs de es
fuer m~ dcbiclJs a CJrgJs locJics en 'igJs ele~ cción "J" pueden disminuirse 
clr.Í\tJC.llncntc mcdiJntc el uso ele atlCSJd res de cJrg.l, Jos cuJlcs trJns
miten !.1 CJrgJ conccntrJda al J)mJ por medio de cortantes distribuidos 
a lo )Jrgo de su peralte. 

(a) 

(b) 

L1~ cumhinJciones de csfucrLos e rtJntcs, fkxionantcs y de aplasta-

f. en la seCCión na l. en la sección na 

D•~lr•buc•ón de f 11 a k! largo del eje 
long,tud,nal a d1slintas prc!¡;;1d1dades de la v1ga 

Fi~. 8-31. ])¡,!rJhuuún de 
l.~ftJU/lJ\ hJ(O IJIIJ <Jrga COII· 

u nt rada. 

Flexión y carga axial coml1inados - Rango dri$lÍco 387 

-miento que ocurren en los ¡~untm aci~Jccnt~ a JJs, urgJ~. concentrad_as 
pueckn apro,inur~e como se 1lmtu en la f1g. S-3~. Ll c.ntcno ele Icnck~
\'on l\fi~cs penmte definir con ~uficicntc e\J<.!Jtud un f.1ctor e segun
d.Jd 11 contr.t )J fluenci.1 bc.1l <kl mJtc:n.d de un elemento de laca some
tido J e~ fuer ws normales y cort.1ntcs: 

donde f v es }J re~i5tencia de fluencia por tensicín d material de la placa. 
Los esfucuos de flc\ÍÓn, de JplJ~tamiento ) co antes en un elemento 
del alma ,-,uían dentro de la '1ga o trabe, y el enden del tipo de carga. 
En la Fig. 8-32 se ilustrJn \arios cJsos típi s. Las magnitudes_ -~e los 
csfuerLOS normJlcs '" cort.mtcs no pueden cterminarse con preCJswn en 
todos Jos casos, por fos efectos de~conocido éle lJ cOJ_lCentración de la carga 
y de la reclistnbución ele csfuerws en 1 postfluenc1a o en el postpandco. 
Por tJnto, solJmcnte se pueden usJr alor0.. Jpro\Ín1Jdos de cs,tos esfuer
zos p.1r.1 fmes ele di~ci'lo, con un f.1c.t de scguriclJ? _adecuJd?. En muchos 
<·a sos un factor de segunclJd de l.- puede ser ~ufJC1entc, 1mentras que en 
otro~. cuJnJo )J pl.lsticicbd rcJu lJ~ concentraciones locales de esfuerzos 
sin dJilo pcrnlJncnte, es pus1bl ..1ccptar \Jlorcs menores. 

a 

8-12 I·'LEXIú:\ Y C\HG \ \XI \L CO,IBI!\ \IJO:-; - H.\:\CO 
EL\STICO 

L1 clc:tcrmin.Jcit'm prc.u.,.t de )m L'fllu;o~ hl)o Oc\J:,n : cJJg.t .1\1,¡) 

((J)Ilbin.tc)O\, Cll cJ T.lllf::O cJ.¡o,f¡(o, 'l' (lilllJlhLI pm d du !O eJe J.t ddllllli:l· 

·, (llJll de J.¡ c.,t 1mtnr.l ~ de l.t L.ll~.l .1\l,tl P 'oh•c Lt lll.I:O,lllflHl dd JllUllllllln 
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fk,ionante M. En Ll Fig. S-33, sea l\1" el momento flc-..ionante en cual
q_uicr punto J lo !Jrgo ucl miembro, debido a las c.ugJs e:-.tcriores, despre
Cl.'llclO el efecto de la dcfiC'(ión del miembro. S1 )'es la dcflexión eventual 
de un punto cualquiera, debida al efecto combinado de la flexión v la 
c.ng:1 axial, ) _Pes la m:1gnitud de la carga de tensión (Fig. S-33a), el 
momento flcxwnante real i\f en cUJlquier punto es 

M=Mo-PY (8-46a) 

y s1 Pes la magnitud de la carga de compresión (Fig. 8-33b), el momento 
fle,ionante real 1\J en cualquier punto es 

M =lVfo+PY (8-46b) 

Puede deducirse de estas dos ecuaciones y de la Fig. 8-33 que el efecto 
de la carga de tensión es siempre d1smmuir el momento fle:-.ion.mte inicial 
l\1,, )' que el efecto de la compresión es incrementarlo. Es precisamente 
en cst_o donde radica la ~-ifcrcncia básica entre los miembros a tensión y 
los nuembros a compres10n: las cargas de tensión tienden a disminuir la 
flc-..iém en el miembro y, por lo tanto, puede despreciarse el efecto de 
la uefOrl1laCIÓn, qu_e,dan~~ dentro del lado de la segundad, mientras que las 
cargas de compreswn tienden a aumentar la flexiÓn, y el efecto de la de· 

Mo-D1agrama de 
momentos 
pumar1os 

1 1 

~ 
Py-01agrama de 

momentos 
j secundanos 

M- D12gr2ma de momentos 
totales 

(a) 

Fig. 8·33 

M o- D1agrama de 
momentos 
prima nos 

Py-01agrama de 
momentos 

5ecundanos 

M- 01agrama de momentos 
totales 

(b) 

F/(•t:ión ) carga axial cumf,inwlull 389 

flc-..IÓn puede a menudo ser el f..H_tur uít1co c¡uc dctumma la re~1~tcnna 
del Imcm bro. 

El momento 1\1
0 

se evaltü f{Inlmcnte cuando se conoce la carga, pero 
en c.unbio el \·alor Py no puede determinarse tan f.ícilmentc, )a qu:; b 
clcflc:-.ión y depeude del momento 1\J, el cual a su \ ez depende de la de-
flexión y. · 

Par:1 resohcr este problema se pueden utilizar dos métodos d1fcrentes. 
Uno es el método numénco o método de apro-..imaciones succsi\"as, y el J 
otro implica la solución de una ccuJción diferencial de la cual se puede 
eliminar una \ ariable. A continuaciÓn se bosqueja el procedimiento numé
rico para determinar los momentos y las deflc:-.ioncs: 13 

l. Supóngase una forma de la elást1ca deformada del miembro. 
2. Su bstJtúyanse los \"a lores supuestos de y en la ecuación 8-46, obte

mendo Jos primeros \"aJores de tanteo de M. 
3. Calcúlense los \'aJores de y para un número dctermmado de puntos 

a lo largo del miembro, basJndose en los primeros \aJores de tanteo de M 
encontrados en el paso 2. Para estos cálculos se pueden utilizar los méto
dos com cncionales, tales como el de las áreas de momentos, la doble 
mtegración de la ccu:Ic1ón ele la elástica, o la "viga conjugada". 

4. Comp.1rcnse los valores de )' obtenidos en el paso 3 con los supues
tos en el l. Si csíos \aJores concuerdan con bastante apro:-.imación, enton
ces la elástica supuesta originalmente es satisfactoria. Si, por el contrario, 
no concuerdan adecuadamente, el proceso deberá repetirse uhliz.ando los 
\·aJores de )' obtenidos en 3 como la nuc\'a elástica deformada supuesta. 
Se supone que en la carga axial, P, es menor que el \aJor crítico P.,, de 
modo que el proceso de ;¡pro-..imaciones sucesi\'aS con\'erge necesariamente. 

En casos snnples, los momentos y las dcfle-..iOIÍes pueden obtenerse 
mediante la soluCIÓn ele una ecuación diferenCial deducida de la Ec. 8-46a 
o de la E::-. 8--l6b, dependiendo esto de la dirección de la carga axial, ten
sión o compresión. Por ejemplo, cuando Pes compicsión, difcrennando !ví 
dos \'eccs respecto a x en la Ec. 8--l6b, se obtiene: 

d 2M d 2M 0 d2 ~ cl'v -~ =- + P-· =j¡(w) + p-· (8-47) 
dx-, dx2 dr2 dx

2 

donde f¡(w) es una función de la carga, 1gual a d~.\1./d\~. PJra eliminar 
y ele la Ec. 8--li, podemos utih1.ar la rclaoón entre y ~ ,\1 que se bJsa en 
la teoría com enCional ele la flexión: 

c/2.11 M 
J.r~ = -El 

(S-18) 

Smlltuycndo la Ec. 8-48 en la Ec. 8-17, se obtiene la ~1guicnte ccli.Jliún 

d1fcrencial: 

t/2¡\~ + !_ .\f 
de~ El 
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donde ¡ == \FID~P. LJ solnci<'m ele C\1.1 LCll.lCill!l lhfcrcnn.Jl !lUJe como 
resnltJdo la e'\presión siguiente: 

(8-50) 

donde f(w) es un.1 función de w tal que d!f(w)jdx 2 = f,(w), ~ C, y C:z 
son consrantes mlmtTicas que dependen de las conclinoncs ele borde, es 
dcm, del tipo de c.uga y del tipo de ::Jpo~os extremos. 

Es posible demostrar que cuando P es tensión, la solución de la ecua
Cion diferencial correspondiente tiene la forma 

X X 
M = C1'senh :- + C~' eosh :- + f(w) (8-51) 

J J 

donde f(w) es la misma función que se definió anteriormente y C/ y C/ 
son constantes numéricas que dependen de la carga, de las características 
de la , iga y de las condiciones de borde. Las ecuac1ones 8-30 y 8-51 son 
válidas solamente para miembros de sección trans\ ersal comtante. Para 
los miembros de sección 'ariable, la solución de la ecuación cJ¡fcrencial se 
torna difícil v en ocasiones impos1~le, por lo cual es nccesJrio utilizar el 
método de aproximaciones sucesi\'aS para obtener una solución. 

La deflexión de la \'iga puede determinarse fácilmente por medio de 
la Ec. s.;z: M - .'\1

0 y = (8-52) 
p 

Si se dibujan los diagramas de momentos !\1 y M., la diferencia entre estas 
dos cur\'aS es una medida de la deformación. La deflexión máxima Ymn 
ocurrirá donde esa diferencia de momentos sea máxima, y su posición 
puede encontrarse a menudo por obsen·ación. Si la localización de Ym•s no 
es ob\ ia, puede encontrarse analíticamente, diferenciando )' respecto a x e 
igualando a cero: es decir, 

d1¡ = !_(dM _ dMo) = .!_(1' _ l'J =O (S-53) 
dx P Jz dx P 

E~to indica que'" \'=V. en el punto de flech.1 m.J'\Jlll.l, entonces, el 
punto de mhima ckf1c,i6n puede loc:~linrse si \e tr:li.Jll 1m diagramas 
cle V,.\',.· 

Si .en unJ ~ecc.irín c.ualqnicra ~e conocen la cJrga axial ~ el momento 
fle\i(Jn;llltc cldmlo a los efectos combinaclm de la C\CUJiricicl,Jd y la~ fuer
;;¡\ lrJmH_r~:~Jc.~. ]J distnbucilm de c\fucr;os en es:1 scccic'm puede definirse 
por mediu de la ecuación 

' 1' · .1 Ir ¿, frnru• .n dt: V, H·"2,t la Ec 8 ;s. 

J 
p .\1 !/ =-+-
A 1 

E~ta fúnnnla e~ \,ílicl.! sol.11ncntc b.1jo I.J\ ~igtucnte' condiciones: 

(a) L1 fll'\i<'m tiene lng.1r con re~ pedo J un eje prineipJI. 

(S-54) 

( b) Un.1 ~c.cción pl.mJ .1ntes ele J.¡ clcform.Jcir'm pcrm.mcce plana des-..1 
pués de ella. 

(e) Los e~fucrLos est~n dentro dd límite cl~stico. 

Para una cierta condición de cJrga, la e"Xprcsión gcncr J] del momento 
. fle:-.ionJJJte est:í dada por la Ec. 8-;0 o la 8-51. El mom~nto m:himo M ... ,. 

puede obtenerse truando el diagr;~ma de momento flcx10nante ¡\f; es decir, 
'ah1:1ndo las ccncllcioncs de borde~ de carga, y substitu~enclo estos \aJores 
de C,, C~. y f(w) en la Ec. 8-50, calculando los \'aJores de M correspon· 
dientes a los distintos \aJores de :1. y !ruando e~tos \Jlores. Con objeto de 
fJcil1tar la solución de problemas sencillos, en la TablJ 8-J se dan \'aJores 
de l\1n •..• pJra los casos en que P sea de tens1ón o de compresión. En la 
Tabla 8-2 se proporcionan las e'\presiones para eh e~ y f(w) para varios 
otros c;~~os de carga, 'con fuer7.J Jxial ele compresión. 
Si M, dcfnll<lJ por la Ec. 8:50, es una función continua, el punto de 
momento m:íximo se puede obtener a p.ntir de la condición de que 
( dl\fjdx) = 0: 

dl\f J ( X X ) d 
-- =--;- e, cos-:-- e~ sen--:- + --f(w) =o 

dx 1 1 1 dx 
(8-55) 

De la t.1bla 8-2 se ,.e qne p::Jra la mJ:orÍ.J ele bs condiciones de carga 
df ( w) /dx = O, ~ para cs.1s condiciones ]\ f"' ;. ocurre en un punto x,. 
tal que 

(8·%) 

Dc\pej.mdo a sen ( x,,/j) y a cos ( x ... ij) corrc~pnJHlicntc~ a J.¡ Ec. s. S6 y 
\llh\IÍ!n~enclo c~os \,llore~ en J.¡ Fe s.:;o, \l' ohticnc 1.1 \iguicnte C'Cll.IC'ÍÓn: 

(S-S7a) 

]:¡ ('11,11 C~ f.íci] tk (',¡Jc 111.11 (011 Jm \ ,Jlt'rL"- rJc C. \ (. lJHJr" L:l J.¡ I.Jhl.l 8-2. 
Suh,tilmtJJclo lm \,llore\ 1lc \1,,;. en !.1 1 r '--:l. 1 .. ·c<kn c.lllul.H~C' los 
C\fucr;m m.Í\imm [,,;., como 

·. '· ~. r,) 
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T.oLia 8.1 lllomcnto~ má'"imo~ - Fl<':\.iÓn y c.or¡;..t .1xi.1l combinadas 

L =claro 
P = carga a'\ial - tensión o compresión 
1 = momento de mercra (constante) 
:: = tPL~/4EJ)'~ 

\'F = carga trans' ersal total sobre la 'iga 
,\f, = momento aplicado en el extremo 
1\1, = momento en el apO)O de la viga 
M,= momento en el centro del claro de la viga 

Condición de carga Tensión Compresión 

1 :'llomentos l''\trcmos M0 M. =M0 
M. =M0 

igtl.lles y opuestos 
M o M o 

M o M o M=-- M=-

;Ef vP 
• cosh z • cos z 

2. Carga transversal 1V M,=O M.=O 
¡·onrt•ntrada en el centro, 
vig:1 hhrt'ml'ntc apoyada WL tanh z WL tan: 

M=--- M=--

r • 4 % • 4 : 

• f f .. p p . 

3 Carga transversal lV WL (cosh z - 1) WL (l - cos z) concentrada en el Ct'ntro, M,=-
=senhz M.=-

viga con apoyos empotrados 4 4 zsenz 

M = WL canhz M= WL(~ r . • 4 z • 4 z 
.... a. M M~ .. p p cosh z - 1 ) 1 - cos z) • - zsenhz cosh z :senz cos z 

4 Carg:J tra;lS\'l'r.>al nr M.=O M. =0 uruform .. mrnte drstribuida 
vrga libremente apoyada WL (cosh z - 1) WL (1 - cos z) M,=- M=-

w 4 z2 cosh z • 4 z2 e os z 

4 f¡l¡;;¡¡¡¡¡¡¡¡¡¡f .. p p 

.s c .. r¡p tran-;nrsal 1V WL (z - tanh z) WL (tan z - z) 
Ulllformcrneutc d1st nbuida. ,\{, = 4 

z2 tanh z 
M,=-

z2 tan z Vlga con apu} "~empotrados 4 

w IVL (sen h.:: - z) WL (z -senz) 
~yy•-¡-;-~ M,=-

~ 2 ~cnhz 
lvf =-

z2 senz .... _ ,,,,,~~ 4 • 4 
1' ',;"M, M, p 

·-----

-

Flexión y carga r1x."al cundH·nwlus 393 

" Por lo general, los cortantes en \ 1g.1s no gubiunJn el d1s6w de los micm· 
bros; sin cmbJrgo, pueden ukubrse de la siguiente m:1ncra: el wr!Jntc 
tot.1l real V (.lificrc del cortJnte primario V~ cxact.Jmcnte en la misma 
forn1.1 c¡uc el momc,nto fle'\ionante total real .\1 difiere del 11l(¡J1leúto pri
mario J\10 • Si el cortante se dcfme como la fuerza tol:ll en d plano de 
la sección normal a la curva elástica ( Fig. 8-34), entonces, para una carga 
Jxial de compresión, difcrcnci.mdo la Ec. S-64b obtenemos .J 

(8-58) 

Esta ccuacwn ind;Gl que el cort:mte total es ma)or que el cortante 
primario V 0 en una cantidad igual a la componente del cortante producida 
por P. Para ser precisos, el \'u real es ligeramente menor que el cortante 
R" que sería calculado por métodos comcncionalcs como \'u= R1 cos 8. 
Cuando 8 es pcquciio. cos 8 está muy pró:-.imo a la mudad, y V~ se supone 

T ... bla 8-2 Coeficientes de momento - Flexión ) c..tr¡;a ·•~ial combinddas 

M = C1scn (:r/j) + C2 cos (:r/j) + f(w) 

j = V EI/P 

Carga 

MI Mz 

p-G---...,~+p 
j,· L ,j 

l\12 - M 1 cos (L/j) 

sen (L/j) 

i¡(w) 

o 

-----------------------·1------------------+--------+-----
"'o 

-!'''''''!
p 1 L •l p 

w 

~i~ 
piS L D.p 

1· ·1 

w0/[1 - cos (L/j)J 

sen (L/j) 

x <a: 
W;scn(b/j) 
sen (L/j) 

x >a: ll'jscn(a/j) 
ran (L/j) 

o 

lljscn~ 
j 

o 

o 

---------------1·----·-·--- ---·- . ----- ---- --
.r < a: _ .\f, ~-~ (h/j) 

~en (L/;) 



39 t. Ff t' 'fiL J torsión tle dgaa 

p p 

A~,Psen8\ 
p~ 

P cos 6 / \R1 cos 8 
D1agrama de R¡ sen 8~! 

fuerzas 
cortantes Fuerzas en A 
pnmanas 

D1agrama de fuerzas cortantes totales 

D1agrama de momentos totales 

Fi¡;. 8-3-t Diagr2mas de' curt:ntc ~ de momentos pJra una ,·iga·cobmna. 

igual a R~o mientras que cuando Pes grande, P(dyjdx) = P sen e no 
puede despreciarse_ DiferenciJndo la ecuación s. 50, obtenernos 

V=-=:- C1 eos:-- C2 sen:- + --dM '( X X) df(w) 
dx J J J dx 

(8-59) 

:, lr<u.mdo la eun·a de V contra :\ en esta ecuac1on, puede obtenerse el 
cliagramJ total ele cortantes pJra la \iga-columna ( F1g. 8-H). El esfuerzo 
cortante en eualguier punto de la 'iga·columna puede entonces calcularse 
en la forma conYenciona 1, como sigue: 

VQ 
j, = ¡¡; (8-60) 

La \olución com encional del problema ele !J 'iga·columna, ci.](IJ anterior
mente, de~precia las dcfonnacione\ por cortante, ele ),¡ mi~ma m.111era que 
lo hace la teoría com-cncional de la flcxic'>n. Si \e comider Jn clich,t\ cldor
mJcloncs por cortante, el problcmJ ~e wmplica y ~u \olunún ~e torna 
m~s compleja; ~in embargo, por lo gcnerJI el efecto ele Lts dcformaciOIJC"\ 
por cort:llltc no e~ de importancia. 

Lo~ cortJntc\ momento,, ddorm:Jcionc~ ~ e~fncT/m c¡uc 'e JcabJn de 
<kf11m, no ~on fnmionc~ linea k~ de b urg.1 tr.lm\ cr\,tl, en , irtud de que 
dcpcnd.m de !.1 cnga .1\J:Jl en \111.1 formJ 110 linc.JI. 1·\to \e h.1ce C\ iclcnte 
ob\cn anclo IJ\ \olmionc\ ele 1.1\ ectlauonc\ cJ¡fucmi.Jlc~. l;t\ cuJle~ lll\'O

lncr:Jn funuonc\ hipuhc'J)ica'i u trrgonomLtric.t\ ( Ec. 8-50 u 8-51 ). 
1:11 1111 \i\tuna. ;\t:íticJ!ncntc dltcrnJin,)(lo, 1.1 rc,pnc\ta a una cnga 

fr.JJJ)\Cf\J) de flc\lon C\ lmcal, par.! una c.ng.1 .J\r,Jl cktcnnin:Jcla. Por 
t t 1 . . • 1 ·:11 o, p.n.J tlJIJ UJIII JII1.1Uon e e c.ng.1\ tr.IIJ\\ cr\,Jic\, puede: m:H\e el ¡mn-
Uj)!CJ ele \11pcrpm1cic'm <:Jf f.¡ cltftrnllll.lUon de lo\ \,llore\ de .\1 \ \'~·por 

Fll'xión y t nr¡;n axial roml~<nwloJ :~1)5 

ccmiguicnte, lo~ \',llores de l.1~ dcfonn.Jtione\ ~ los <:\fuerzo\, ~iemprc y 
(ll.llHio al c~tucliar lo~ efecto~ de l.ts urg.1\ tr.lll\\Cr\alD ~e inclt1~a la tota
lidad de !.1 carga J\ial en 1.t ,.:ll11Jn<Ín del dccto de c.1da una de clla'i, 
(Olmekra<la in di\ idualmente. 

Esta solucic'Jn no e~ dem.1siJdo c!Jfícil, pero en CJmbw ~¡ rcgu1cre de 
c.ílculos tcehosos, mientr.1s guc la solucH'm aproximJda que se prc~entará 
,1 LOntinuación rcguiere una cantidJd lllll(ho menor ele dlculos ~ propor- J 
ciona rcsultJdos muy cercanos a los teóricos, ~icmpre que la forma de la 
elástica pueda apro:-.ima rse por medio de una onda senmdal simple, o de 
una padbola. La deducción de esta C( uación Jproximada se proporciona 
en los libros de texto, 1 y no se inclu~e aquí. E~tablcce que la dcformJcJón 
en un punto cualquiera de una 'iga-columna se C'xpresa aproximadJmente 
por la fórmula 

l. 
(8-61) 

Y = Yo 1 ± P/Pcr 

en donde )'u es la deflexión de la misma 'iga ~ en el mismo punto, cJlcu
Ltda por los métodos com encionales elementales, de~ preciando el efecto 
de la carga axial P, y. P" es la carga crítica de pandeo del miembro traba
jJndo como columna, la cual queda ddmicla por la fórmula de Eulcr 

(8-62) 

En esta ecuación se ma d signo mch· cuando la cJrga J\i:JI P es tensión 
y el signo menos cuando P es compre'iión. 

8-13 FLEXIóN Y CAHGA .\XI.\L CO:\lllll"\ \DOS - H \:\GO 
PL\STICO 

Los e\pcrimentos inclicJn gue en el r.mgo pl;í,tiw unJ ~ccuon plana 
pennanece plana ta m hiL·n, pero que lo~ e~ fuer t.O\ ~a no ~on proporciona
le~ a lJs deformaciones unit.ni.ts, como t.unpoco lJ di~tnlmcic'Jn ele cs
fncr;os de flc\ÍÚn lo es J ).¡ cJi,t:mci.t .11 eje nc11tro. Por cnmiguicnte, la 
Ec. 8-48, ,J\Í (01110 IJs Ecs. s.;o ~ s.;), clcj.lll ele \l'r \,ílicl.t~. ~ J.¡~ \Olucio-

.nc\ a 1.1\ C( u.JcicHlC\ cllfc.rcm i.1k\ <le'c rri.J\ en IJ ~etc 1Ú11 prc( nknt<: no 
\On .lplit.Jhk~ a l.J\ \ rg.1\ dentro del r.Jngo pJ.í,tiw. Fl mtt,ltlo 1111111~rico 13 

dc\crrto ~~~ !.1 p.íg. 335 e~ aplic1hle .1 c\IC' C.J\O con 1.1 nwdJfiu(ic'lll ele que 
!.1 rcl.Jcic'Jn entre el momeuto ~ 1.1 UIT\,lf11r.I. <J11C 'l' '''·1 en L1 p.l\O ~ p.11.1 
\,1!11.1r J.¡ ddorm.lcic'm, imlu~.l el cftclo del COil!pori.Jnncnto niLJ.l,trul 
del rn.Jtcrr.!l y el ele b cng.1 .1\1.11. F't.' wndrt JPII h.1tc pr.lt '" .llllulll: 
llllpO~Ihlc.: cJ ohtultr 1111,1 \Ohltic'nl Jl.IJ.I J.r L.tp.H HJ.¡¡) pJ.l,tJt 1 tk 1111.1 \lt 

t.rc'lll \Oilll!Hl.J J flc\ic'm ' Lll:;.l .J\1.1) tlllllhnl.ld.l' lllult.lllll' Ll tl'ol ·'c t''lc 
mt'·todo, 'lll !.1 ntrlli.IC'Jt.JII 1k 1111.1 t 1Jllljl11f.tdor.1 dJs;lf.ll. 
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Un método com·cnicntc y poderoso para determinar la resistencia de 
t.!lcs miembros es c1 de la intcracción.u El criterio general para la falla 
se cxprcsJ mediante una relación funcional en términos de 1as relaciones 
de la c.uga real a b resistencia del miembro bajo carga axial pura o bajo 
flc\i('m pura, como sigue: 

P M M P - =fl- ó - =/2- (8-63) 
P.. M,. M,. P .. 

en donde P = carga axial real, l\1 = momento flc:-.ionante max1mo que 
actúa simultáneamente con P, P" = Tcsistcncia del miembro considerado, 
cuando está sometido a carga axial pura, y 1\f, =resistencia del miembro 
considerado, cuando se somete cxclusi\ amente a flexión pura. 

La deducción de este tipo de ecuación requiere el conocimiento de la 
relación esfuerzo-deformación unitaria (o su aproximación idealizada) 
del material, la definición de la capacidad en términos de ciertos esfuerzos 
o deformaciones unitarias límites, y la solución de dos condiciones de equi· 
librio para una determinada sección transversal; es decir, 

(8-64) 

. Las deducciones de las ecuaciones de interacción se ilustrarán para varios 
casos simples dentro del rango plástico y también para el caso elástico 
general. 

1. Caso elástico general. Consideremos una socción sometida a carga 
axial P y a momento flcxionante J\J respecto a su eje de simetría. Si la 
relación esfuerzo-deformación-unitaria es lineal, 

(8-65) 

en donde f,, es el esfuerzo máximo (límite), y A v S son el área de la 
sección trans,·ersal y su módulo de sección, respectivamente. Se puede 
rccsmbir la ecuación anterior como sigue: 

l=~+~ 
Aj,. Sf,. 

o bien (8-66) 

_!_+~=l 
P,. M. 

d!Jnclc Pu = Af,. y J\1u = Sf,. son los valores "t'1ltimos" o límites de la 
:.Hga a\ial y del momento Ocxionante respcc:ti\'amente, cuando actúan 
~~~ forma \CpJrada. 

2. Seu ión recta11gular --- Caso pl(htico ideal. Comiclércsc una sección 
·nf;wglllar somdicla a la~ carga~ P y .\f, como ~e nme~tra en la F1g. 8-35. 

··-------- . ---· ~ ---~ 
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~
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Fig. 8-35 

-F1 

~F: 

e --1~ --, ~3 

Idealizando la relación-csí~erzo-dcfonnación unitaria como rígida-plástica 
(idealmente plástica), la distnbución de esfuerzos será la mostra?a en la 
figura, con esfuerzo máximo fm = (11 • Entonces, de las ecuaciones de 

equilibrio, 

JfdA = P: 

F1 - F 2 - F3 + P =O 

o puesto que F1 = Fz = f.at 

P =Fa =/,P 

JfydA =M: 

F ·a+F(~-~) -M=O 
1 3 2 2 

o, puesto que 1/2 (h-e) ==a 

( 11ét + f11cta = .1\1 = (¡11t(a +e) 

(8-67) 

(8-68) 

(8-69) 

(S-70) 

Para flexión pura, ¡\fu= f11 (tlt 2/4), y para carga a:-.i:~l pura, P .. = (,11t. 
Entonces: 

p ('i,~~:') = ~ = h ~ 2a = 1 _ 2 ~ - = 
P .. 

(8-71a) 

o bien 

1\fás aún, 

a = !(t - !..) 
h 2 P .. 

(8-7Jb) 

ó 
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~~fu ~ 4 (~) ('' ~ (l) = 4 (f,) ( 1 - ~) 
d 

Smtituycndo el valor de - obtenemos 
h 

~ = ~ (t - !..) (t - ! + L!..) = 1 - (!..)' 
Mu P. 2 2 Pu Pu 

ó 

-+- =1 M (p)a 
Mu 'Pu 

Flg. 8·36 

(8-72b) 

(8-73a) 

(8-73b) 

3. Sección \VF ideal- Caso plcístico ideal. Una scc<:i<ln "idc-Jl" tipo \VF, 
aq11i con~iclemcla, es tal, que el :irea clcl alma es despreciable comparada 
con las :írcas de los patines. Esta scc:cic'm no es ne<:esariamente ideal dt:sde 
1111 punto de \'isfa pr:ktico, sino que lo es solamente por el hecho de sinl- . 
plifit·ar la soluci<'m del problema c:onsideraclo aquí, con lo que sir\'C para 
ilmtrar la influencia de la forma de la scc:c:ic'm trans,·crsal c1i la fonna 
ele: 1:1 t't'l1at·ic'm ele intcrac:cic)n. Consielúcse dicha s<."C'cic'm ickólli~ada, mos
trad:.~ en la Fig. 8-36, sometida a 1111 momento flcxionante ~~y una carga 
a'>:ial P. lclt•Jli~ólndo la rc:lacic)n tsfnt'rzo-eldormaciün unitaria t·omo rígido 
pl:1~tic:a, y notanelo que las :íreas de los patint·s A1 ~cm ignaks, y que el 
;'¡rr;:¡ c)cJ alma 1\.,. = 0, ~e p11l'tJc: ekmo~trar e¡uc f elche St:r t<.-mic'ln )' debe 
•.u rru.:nor c¡uc f,. Entonct·s, de las t·cmelidont·s de <:qnilibrio: 

.f! dA = P: 

o hicn (R-74n) 

(8- 74/1) 

JjyciA =M: 

o bien 

Problema$ 399 

h h 
F . - + F2 ·--M= O 1 

2 2. 

(A) Ecuaci6n lineal 
1 = P/Pu + Mmu/Mu 

( B J Ecuaci6n plástica •deal 
J = CP/Pu)2 + ,\fmaJMa 

(C) Perfil "}"con alma delgadll 

(8-75a) 

(8-75b) 

Fi¡:. 8-37 Cunas de intcracc:iün, nc~iün ) C3rga axial. 

P n · · 1 3 1\1 - f .\ · la ,. para carga axial purJ, P. = 2.Nf,. ilril ex1u11 pt r , u - 11' •1 • • 

Entonces, .!.... = A' (J. - /) = ! (• - l) (8-76) 

Pu 2AJI, 2 /-. 

(8-77) 

Sumando' 

{8-7811) 

o bien 

E_ + !.. = t. O ll'l· 7Ril) 
"'• P. 

· · \\'1~ · lt"' l'1l !·1\ nnks ,\ . ~~ O t•,f:iu En ,-¡~la ele e¡ m: las Sl'l't'Hllll'~ ltpu .'. rt'.1 . '; . . : . . .• .. " '. . ·. 
entre 1a ~l·rdr\n fl't'l:mgubr y 1:1 M.'l'l'11111 ~~ 1· 1\kahi'.ul:1, la l'·'.'·.1 \~\: 1111~ 
ran·i•'tu para clidw pnfil n·al_~.·~t:u:i t:uulm·u ~·¡llrt·J.r, qllt' rqm,url.lu .1 1.1 
~l.'n·i•'111 rt'l"l:tu~>lll:n ,. a !.1 \\ 1• ult~11. . 
. 1 .. 1, lTI1:1ti•~lll'~ cic: ilrll'I,HTi••ll llliH''P""dinrl\'' :1 h" Ir~·~ l'.l'"' :111lrno· 

1 1.. ... .. -
fl'~ \l' l':l\lll'llll:lll !f:li'.lll.l' l'll ·' •¡¡;, -~·li. 



15. P.nJ lJ trJbJ del Prob. l-1. dctl.:rmuur d jngulo de torcumcnto por 
pie de long1tud. 

16. P.u.1 1.1~ '1g.1s mostr.td.Js en b Fig. P-16, : dc~prcCJ.Illdo !.1 res1~tu i:~ 
del Jlma J !.1 fk\1Ón, ddenmn.tr (d) d esfucrto nor:n.1l mj-.;¡mn c:1 los p. mes 
supcnor e mfenor, (b) el esfuerzo cortJI1te en el .1lm.1 en d .1po~o (:.ccc n :\) 
, en el centro del cl.uo (~ecc1Ón B}, (e) lJ c.ug.1 en el .111Ls.dor del ce Lro del 
cbro, y ( d)' !J \ .lfl.IC!Ón dd csfucuo cort.mte en el ,11111.1 entre J.¡s se ciones A 
y B ( trJzar el dJ.tgr.lmJ). 

17. Repetir IJs p.ntes (a), (b) y (e) del Pmb. 16, consid randa la re
sistencJJ del :lima ,1 lJ flexión. 

18. Para la nga de "m:Hiposa" que se muestrJ en la ficr P-18, y que so
portJ cortJnte y momento dcb1dos a fuen.1s IJterJlcs, dctcn mar los esfuerzos 
nonnalcs m.hmws en los p.1tines l el alma. Supóng.1sc qu la 'iga está articu-
bda en el centro del claro y empotrada en los apoyos. · 

19. Determinar los esfuerzos en los p.1tmcs : el :.' 1J de Ll 'iga del Prob. 
18, cuando ésta soporta una carga concentrada \Crtlc P = SO Kips en el cen
tro del claro. 
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9 

P a1tdeo de nzienzbros prisnzáticos, 
nzarcos y placas 

9-1 L'iTRODUCCióN 

Los miembros esbeltos que trabajan á compresión fallan por inestabili
dad (pandeo) cuando h carga axial alcanzJ un determinado \'alor crítico. 
Se dice que un sistcnlJ estructurJl o un miembro a1slado es estable cuando 
vuelve a su estado origmal después de climmar una pequei'ía acción pertur
badora (fuerza o desph7Jmiento). Bajo ciertas condiciones, el sistema no 
puede alcanzar un estado de equilibrio, ~ la perturbación causa una defor
mación de magnitud indetcrminJda. TJl cond1ción corresponde a un es· 
tado crítico del sistema ~ se conoce como pandeo. 

Considérese un miembro esbelto en compresión, articulJdo en sus ex· 
trcmos y sujeto a una CJrga axial P ~ a otrJ trJJlS\ ersal \V, que actúa a la 
mitad de su longitud ( F1g. 9-1). El comport.11mcnto de esta vigJ-columna 
en el rango cLíst1co se describe m~diantc las sigu1cntes cond1cioncs gcomé· 
tricas y de equihbrio, Ecs. 9-l y 9-2. 

y 

w 
M =-x+Py 

z 2 

La ccuac:Í(Ín el i fcrcnci.tl rc,ult.lll te es 

d 2y w 
El- + Py + - X = o 

dx2 2 

-w; 

(9-1) 

(9-2) 

(9-3) 



-
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p p 

Fig. 9-1 1 

y su solución es: 

_\ 
1 W [ sen cx:r ] 

y= lP x ~xcos (cxL/2)- J (9-4) 

. 
donde a= (P!El)''•, E es el módulo elástico del material, e I es el mo
mento de inercia de la sección transversal. 

Resulta e\'idente, de la ecuación ?-4, que cuando cos ( aLj2) es cero, la 
deformación y es infinita, aun cuando \V sea infinitcsimalmente pequeña. 
Esta condición corresponde a: 

ó 
7T!E/ 

P = Pcr = -- (9-5) 
13 

En esta forma se obtiene Ja carga crítica de pandeo Pcr para un miem
?ro esbelt~ en compresión. Este sencillo ejemplo puede utilizarse para 
dustrar ,·anos conceptos fundamenrales respecto al pandeo o inestabilidad. 

De la ecuación 9-4 se ,.e que cuando P < Pcr la dcflexión y desaparece 
al anularse la carga \V. Solamente cuando P = Pcr la deflexión y no 
desapar('('e aunque \V se haga cero, sino se vuelve indeterminada. f:ste es 
un fenómeno característico de la inestabilidad. 

Además, 'emos de la ecuación 9-4 que la relación entre y y \V no es 
lineal, en 'irtud de que y no sólo depende de \V, sino también de P. Para 
un \'alar dado de P =1=- P<r, y varía linealmente con \V, pero por ser y una 
función trigonomt:trica cie P, rápidamente tiende a infinito cuando P tien
de a Pcr· Esta no linealidad es otra característica de la inestabilidad, y es 
contraria al comportamiento, normalmente supuesto lineal, de los siste
mas estructurales, en los cuales comúnmente se supone que un pequeño 
cambio en bs condiciones de carga produce un pequefío cambio propor
Cional en los esfuerzos o desplazamientos. 

El fenómeno de inestabilidad resulta del hecho de que el cambio en 
h geometría de la estructura (deformación) inflU\ e en las condiciones de 
cqt11hbrio (Ec. ?-.] ). En cl_an:ílisis convencional de estructuras se dcspre
t:'t.l la ddorm::Joon al constdcrar las condiciones de cqt11librio. Por otra 
F_Jrte, el tomar en cuenta el cambio en la geometría de una cstmctura no 
',tctnpre conduce a la mc-<,tabilidad. Algunos si~tcmas son estables en si 
UJtno por ejemplo en ~] caso de ten~ión axial, la cual tiende siempre ; 

Pandeo plcístico de micmlnu& prismáticos •1-01 

cmlcrc;.ar un miembro sujtlo a ncxión y, por lo t.mto, la tensión nunca 
conduce a la incstJbllicbd. Por otra parte, la compresión tiende a incre
mentar la curvatura de un miembro sujeto a flexión y consecuentemente 
puede conducir a la inc~tab1lidad. . 

En los sistemas cstmcturalcs pueden presentarse vanas formas de pan
deo (inestabilidad). Una columna esbelta, tal como la examinada ante
riormente, puede fallJr por pandeo translacional, o sea por una translación 
de su sección tfansvcrsal sin cambio de forma. Algunas formas de sec
ción transversal pueden fallar por pandeo torsional, cuando la sección gira 
al mismo tiempo que se traslada respecto a su posición original, o por 
pandeo local, cuando parte de la sección transversal (generalmente una 
placa delgada) falla por mcst.1btlidad local antes de que la sección com
pleta de la columna se pandee por translación o rotación: Los sistemas 
rcticulados pueden fallar tJmbién por inestabilidad total, y a este modo 
de falla se le llama "inestabtlidad general de la estructura". En las si
guientes secciones del capítulo se estudian las cargas de pandeo correspon
dientes a algunos modos de inestabtlidad. Un tratamiento más detallado 
del pandeo de los miembros y de las estructuras de acero se puede encon
trar en otras fuentes.1

• 
2

• 
1 

9-2 PAl\'DEO PL\STICO DE ~liE:\IBllOS PRIS;\L\TICOS 
CARGADOS AXIALi'\IENTE 

La carga crítica de p:mdeo definida por la ecuación 9-5 es válida para 
miembros prismáticos rectos, idealizados mediante las siguientes hipótesis: 

(a) El material es linealmente elástico y no se excede en ningt'm caso 
el esfuerzo correspondiente a su límite de proporcionalidad. 

(b) El módulo etbtico del material es el mismo en tensión que en 
compresión. , 

(e) El material es perfectamente homogéneo e isotrópico. 
( d) El miembro es pcrfcctJmcnte recto inicialmente, y la aplicación 

de la cJrga axial es perfectamente concéntrica con el ccntroide de 
su sección trans\'ersal. 

(e) Los e:-.1 n.:mos del 1111Cm bro son .nt icul.ICioncs pet fcct.1s sin fricción, 
soportados en fo1ma tal que ~~~ .tcortamicnlo no e~! í restringido. 

(f) La sccciún del mtcmhro 110 se tncrce y sus clcmt'lllos no sufren 
pandeo local. 

(g) El miembro se encucn!r::J toi.Jlmcute hbrc de e~fuu;os rc~Hlu.1les. 
(11) Se puede ntili7.1r l.t .tprO\im.ltit'm de ddorm:-~ciou<" pu¡uci1.1S p.ua 

definir 1.I tur\.llm.t del eje ddorm;¡do lle }.¡ columna. 

Par::J nn miembro illc.tl <111110 l'\le lJ inc\Llhtll(l.Jd se ur.1c!ni;a por 
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una dcflcxión"' y igual a cero con CJrgas P que aumentan hasta el valor 
crítico P.,., y por una bifurC'dlción en el punto de carga crítica, ) a sea con y 
igual a cero o con una )'indeterminada, que satisfaga 1a solución matemá
tica. En la Fig. 9-2 se muestra esta rebción medi::mte la línea llena OAB. 
En realidad, como las condiciones (e) y ( d) no pueden satisfacerse por 
completo ni a-un con cuidado y preCisión extremos, la deflexión lateral 
crece en forma progresiva, pero tiene un incremento súbito con cargas cer
canas a P .. , lo cual se muestra por medio de la línea punteada OA'B' 
(F1g. 9-2). 

p 

o 

A 

A'/" 

1 
1 
1 
1 
1 
1 

---- B 
-~ ............... 

Fig. 9-l ._ 

.............. 
............... 

B' 

y 

Para una columna ideal. que satisfaga las hipótesis (a) hasta (h), el 
esfuerzo axial está aistribuido uniformemente sobre la sección transversal 
para todos los \'aJores de ca~ga hasta llegar a la carga crítica, y por lo tanto 
el esfuerzo crítico frr puede definirse como sigue: 

_ Pcr _ 1r
2EI _ 1r

2E 
fcr - A - L2A - (L/ri 

(9-6a)-

donde r = yJ 1 A es e1 radio de giro mínimo de la sección transversal. 
Resulta conveniente algunas \ eces expresar c<;ta ecuación en una for

ma adimensional, di,idiendo amho~ ténnino~ entre el esfuerzo de fluen
cia F 11 del material, en cuyo caso la ocuación queda: 

fcr -=- (9-6b) 

La ecuación 9-6a, conocida mualmente como fcírmula de Eulcr, en 
hon0r d<:l mJtcndtico ~uizo EnkT, quien ohtu\ o 13 e\ presión para la C:lrga 
crílic.a P., e" 17)7, ckfine el C'>fttCJIO crítico como 1111.1 fnncion ele! múdu
lo cLí>tlW _ de la rd 1cir"m rlc l'.hr.ltc.r L 1r. '1'1~ c.> .·:r tui· ti' .. ! gc<nntlr•cJ 

1 

\\ 
11 
1 
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E=2.1Xl06 kglcm2 

L/r 

Fig. 9-3 

200 

adimensional de una columna ideal. Para el caso de las columnas de ace
ro, la variación de f" con Ljr, definida por la ccuJción 9-6, se muestra en 
la figura 9-3. 

Los experimentos indican que para columnas de acero esbeltas, con va
lores de Ljr mayores de lOO ó 120, Jos resultados de los ensa~os se apegan 
notablemente a los valores obtenidos mediante la ecuación 9-6, mientras 
que para columnas más cortas, o menos e~bcltas, los resultados e-.¡pcrimcn
talcs se des\ ían de los valores ideales de pJndeo el~stico, 1 principJlmente 
porque los esfuerzos locales e'\cedcn el límite de proporcionalidJd del 
materia). 

9-3 PANDEO Ii\"EL\STICO DE J\liEl\IBfiOS PniS:\IÁTICOS 
CAfiGADOS A .. 'XIAL.:\IEJ\TE 

La ~nposición ele un comportamiento lineaiPlcnte cl.í~tico cid n1.1terial 
de tlllJ coh1mn,J J<lcJI ~<">lo e\ \,Íltda micntr.l\ el c~fucr7o uitico f,. no 
C\cccle el límite ele proportion.lll<l.ttl fp- En !.1~ column.1~ rc.tk', el mate
rial posee un di.tgr.un.J e, fuer 1.0 cldorm.Jcicíu con un.1 port i<";n e un a por 
.nnhJ del límite ele proporcJon.tlicl.HI, como lo incllt.l !.1 f¡gur.J 9--f. En un 
C'lcrto C\fncrzo f > {1, I.J pcncltcntc ele I.J cun·.1 l·,fucr ;o cldorlll.IU<.lll \e 
define por llllclio cid lll<.lclulo t.mgcntc E,, d UJ.II C\ m.í, pu¡nciJO <jllC d 
mc"lclulo lliÍCJ:JI E, h.I\.Hio en J.¡ rcl.JCIÚn linc.ll f-r. Por !.In!o. !.1 c.m_;.J crÍ·' 
liu P, r e¡nc \C h.l\,1 lll 1.1 \llpO\l( i<.lll ck llll ((llllpol!. ··cnto llllt.dmuJic 
d.í'tlco dclm.llcri.ll \,1 nn t:' ,_-¡],¡]_¡ tllilldo d L'fn~. trÍ!Ilo t\(L'k d 
li••:i!l.' dl jlrl'j)llr( l!li',IJ.d lll 
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1 

f 
Delor macr6n unrlaria 
crecrenle (cargando) 

Fig. 9-4 

Engesser, en 1889, sugirió que la carga crítica de pandeo de una colum
na cargada a::-.ialmcnte dentro del rango inelástico se puede definir por 
medio de la ecuación de Eulcr siempre y cuando se reemplace el módulo 
de elasticidad E por el módulo tangente E, que corresponda al esfuerzo 
crítico; es decir: 

(9-7) 

Esta relación se basa en la hipótesis de que la deformación de todas 
las fibras de la sección transversal está controlada por la ley (dfjdE) =E, 
o sea que no tiene lugar ninguna descarga de las fibras. Sin embargo, si la 
columna está ligeramente curvada, cualquier incremento en la curvatura 
origma un aumento del esfuerzo de compresión en el lado cóncavo y una 
disminución del mismo en el lado convexo. A la di~minución del esfuerzo 
de compresión ~n el lado conve::-.o seguirá una relación lineal esfuerzo-de
formación, micntr;;.s que al aumento del esfuerzo de compresión en el lado_ 
cúnca\O seguirá la relación no lineal (dfjde) = E,. Este concepto, pro
puesto por Considere y desarrollado por Van Karman, conduce a la lla
mada t~oría del módulo reducido, donde E1 < Er < E y el esfuerzo críti
co t .. se da por 

(9-8) 

Sh;,nlc~ ha clc.:mo~trac.lo que el c~fuC.TLO crítiw depende de las condiciones 
<.¡ I'C.: pruc.:dc.:n ;¡l pande-o, ~ que la teoría del módulo tangente fi¡a un límite 
IIrfuior del \alar real c.lc.:l <.~fuerzo crítico. Por consiguiente, la ecuación 
').-; ~c.: acepta al1ora guH:ralmcnte como la ~oluc.ic'Jn apropiada para el cs
f.;u/0 c.rítiw c.ltnlro d<.l rango IIH:l5~tico. 

L:1 e ctt3eiún de Engc:~~u (\'{ase la ecuaciÓn 9-7) L~ puede re~olvcrsc 
direct.mKnte porque E, y f1 = fcr son interdc.pendieutcs, ) f" debe cono
cerse antes de que se epcuntre E,. Se puc.:den hacer, sm embargo, varios 
tanteos dando 'a lores a f .. y obteniendo los corrcspondiCiltes de E, hasta 
que Jmbos sean consistentes y correspondan el uno al otro, basándose en 
la curva esfucrzo-ddormación específica para cada caso. Para encontrar la 
solución resulta conveniente trazar Jos valores de E, y de f en un sistema 

' coordenado: como se muestra en la figura 9-S .. 

--- Mrembro lrbre de esfuerzos residuales 
- Mrembro que conlrene esfuerzos residuales 

Deformacrón unitaria t 

(a) 

E, 
(b) 

Fig. 9-5 J\lúdulo tangente para el acero dulce. 

E 

Substituyendo los ,·aJores correspondientes de E, y de f, en la ecua
ción 9-7 pueden determinarse los valores de la relación de esbeltez L/r 
para cada caso, como 

L 

.. 
E 
u ......_ ... 

4000 

""'- 3000 
~ ..__ 
e.. 

- = 
r 

Pandeo inel~strt0----'1-----;+- Pandeo elhli~ 

Teorla 
del módulo 
tangente 

o 1 1 !___!_ __ , __ _!__ _ _j_ __ 

o 20 40 60 80 100 120 140 1&0 180 200 

Rcla:ron ce e5bellez (Ur) 

(9-9) 

Fi¡.:. 9-6 Cuna c~lmrm/rclJuÚn de nhcltc1. p.r.a wlurnnJ\ d~: au:ro l~lnH !111 1l al 
tarbono. 

., 
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y la curn del módulo tangente para c1 esfuerzo crítico en el rango inclás
tico puede trazarse como una extensión de la curva de Eulcr para el rango 
chístico, tal y como se aprecia en la figura 9-6. 

9.-t. PAJ\DEO DE i\IIE:\IBROS PRISMÁTICOS CARGADOS 
EXCÉNTRI CA.i\1 ENTE 

La naturaleza de la carga en un miembro a compresión es siempre un 
fdctor determinante en su resistencia. Rara vez sucede que las cargas sean 
concéntricas con los centroides de las secciones transversales y, además de 
las e...centricidades introducidas por la configuración geométrica de la es
tructura, e:\isten otras, llamadas excentricidades accidentales, que introdu
cen flexión en el miembro. En esta parte del libro se considera e1 caso de 
un miembro cargado excéntricamente, en el cual el plano de la flexión 
producida por la excentricidad coincide con el plano de pandeo, como se 
muestra en la Fig. 9-7. 

p 

J.. 
t-"'"'-''"""-'f-""o~ 

~ección Ira nsversal.' 

Fig. 9-7. Pandeo bajo carga excéntrica. 

~o obstante que en el caso de un miembro ideal cargado axialmente 
el pandeo puede caracterizarse por una dcflexión lateral repentina que 
ocurre cuando la carga alcanza el valor crítico, en el caso de una columna 
cargada excéntricamente la defle:\iÓn aumenta gradualmer.te conforme au
menta la carga, por lo que debe ampliarse b clcfimción de la carga crítica. 

Consideremos un miembro C)bclto en compresión, articuládo en sus 
extremos ~ cargado e\céntricamentc ( Fig. 9-7). Podemos describir el 
comportamiento de esta ,;ga-columna en c1 rango clástico como sigue: 

cq lll h brío: 

geomctrÍ3: 

por tanto: 

M.,=Pe+Py 

M --E/d2y 
z- dx2 

d!y 
El- + Py + Pe = O 

dx2 

cma ~()lución es: 

(9-10) 

(9-11) 

(9-12) 

(9-11) 
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donde a = (P ¡El)'!. La forma de la Ec. 9-13 es semejante a la de la 
Ec. 9-4, y por tanto puede concluirse que la carga crítica de pandeo, 
que corresponde a una deformación infinita, puede obtenerse haCiendo 
cos ( aL/2) = O, lo que lle\'a a P = Pcr = ;r"EljU, como en la ecua-
ción 9-5. . 

Esta solución es correcta si el esfuerzo má\imo fm debido al efecto com
binado de la carga P, la excentricidad e : la deflcxión máxima )'m ( e1~ 
x = L/2), es menor que el esfuerzo del límite de proporcionalidad del 
material, fp- Este esfuerzo fm es 

P P(e + y,.)c 
fm =A+ . [ (9-14) 

donde e es ]a distancia del eje centroidal de-la sección transversal a la fi. 
bra extrema de la misma. 

Sustituvendo )' de la ecuación 9-13 en la 9-14, se tiene " m.tx 

¡, = !.(1 + ec sec ~ {¡;) (9-15) 
m A r2 2rYAE 

Conforme P se acerca a la carga de Eulcr ;r!EJ¡L•, la contnbuci?n _del 
esfuerzo de flexión al 'alor de f," aumenta rápidamente y, por consJgmen
te, f,.. puede alcanzar el 'alar del esfuerzo en ~1 límite proporcional con 
valores rclati,·amente bajos del esfuerzo promcdw P /A. Por tanto, la va
lidez de la ecuación 9-13 para e\'aluación de la carga crítica (de 13andco) de 
un miembro cJrgado excéntricamente es mucho más limitada que para los 
miembros cargados axialmcnte. 

Con el objeto de e' aJuar en forma adecuada la carga de pandeo de un 
miembro cargado cxcéntricamenic, es necesario cons1derar el comporta
miento inclástico a esfuerzos ma~ores que c1 límite de proporcionalidad 
del material. Este problema, formulado por Von Karman, requiere deter
minar la relación existente entre la carga P y la defle\iÓn )' en el rango 
inelástico, y depende de la relación esfuerzo-dcfonn:~ción del material, de 
la esbeltez del miembro y de 1J geometría ele la sección tmlS\ersal. En 
general, requiere una solución numérica, en 'irtud de que no es facllbl::: 
una solución matcm.íllca precisa. E\I.J~ soluciones numLricas pueden en
contrarse descritas en dct:~llc en otras fnentes.1 • 2 

Para gne se pnccl.1 .1prco:u lo t¡ttc.; 'igmfJC.Ill t.1lcs soluciones, comrtlc· 
remos la cur\'a ele P contra 1.1 llcform.tción m.hnn.1 y,, t¡tte ~e mtll:'tu en 
la frgura 9-8. 

La figma muc~tra b~ rd.tcionc~ c.li;.HkfPnn.rcit\n co~'L'JHlrHlrcnk~ a , 
lln JllJl'Jl1]lfo <le ltlll"Jfllcl \UlllJJI !l.· "\lt'f\.J! \ lii.H IUI\IIC.I\ L\fUCJ/0· "' ' . 
dcfnrlll,ltJÚ!l (OIIOCilJ.J<;, C.lklllHJ.t\ \llp!JIIIllldn (0111)1! 'lll(llfO<; Cl.'l\\itO 
e n Jcl.í~t ico. 



Ymu 

Fig. 9-8. Características de pandeo A, elástico, e= O; B, elástico, e >,0; C, inelás
tJco, e == O, ) D, inclástJco, e > O. 

La _curva A corresponde a la respuesta elástica par:1 carga axial y 1a B 
a la misma respuesta elástica para carga excéntrica; ambas tienden al mis
mo \'alar de la carga crítica de pandeo (de Euler). 

La c~rva C, que corresponde _a la respuesta inelástica calculada para 
carga axial, muestra la naturaleza mestable de esta respuesta, esto.~. carga 
P decreciente con deflexión y creciente. El punto correspondiente a la 
carga, de pandeo está dado por una carga de Euler modificada, basada en 
el modulo tangente. La curva D corresponde a la respuesta inelástica calcu- · 
hda para una columna cargada excéntricamente. La rama ascendente de 
esta curva representa una condición de equilibrio estable, mientras que 
la descendente representa el equilibrio inestable. La carga crítica corres
ponde a la parte más alta de la curva, en he la respuesta estable y la in
estable. 

Al definir la carga crítica de columnas cargadas excéntricamente se ha 
.sugerido que se tome como valor crítico de la carga el primero que pro
duzca un esfuerzo en la fibra externa igual al esfuerzo de fluencia del ma
terial, calculado con base en la teoría lineal elástica. Esa carga puede 
obte~erse de la Ee. 9-15, haciendo fm igual a F11 y despejando P. 

~o es posible obte~cr u~a solución inmediata matemáticamente, ya 
qt!e la carga P es al m1smo hempo un argumento del término trigonomé
tnco de la ecuación; sin embargo, sí es posible obtener una solución 
gráfica. , 

El <.~fuerzo promedio P /A corre\pondicnte a este criterio de carga Jí. 
m1tc se define en la Ec. 9-16 y se mu~tra en la figura 9-9. 

p 

A ec' L J P +-:; sec- -
r· 2r AE 

(9-16) 

' 1 

J 
LJ c.ngJ límite P, definida por lJ. cc..u.Iuún 9-16, y la c.uga uítica pe 

p:mdeo P.r pJra una columna c..argadJ e:-.clntmamente, obtenida n;edian· 
te un aJI.ílim apropi.1do ba~ado en un comport.Imicnto inel.ístico, rcpre· 
sentan dos cnterios de disei1o b.ls1eamcnte J¡ferenks. La dlfcrenc..ia entre 
estos valores varía Jcntro de un rango muy amplw: puede se1 pequcila o 
grande, dependiendo de la forma de la sección trans\'crsal, de la esbeltez 
de la columna, de la excentricidad relati\'a de la carga y de las <.aractcrísti-
cas csfucrw-dcformación del material. ~ 

Fig. 9-9 Flucncia bajo compresión ncéntrica. 

No obstante que la llamada fórmula de la_sccantc (Ec. 9-16) puede 
ser útil para formular el criterio de disciio para miembros en compresión 
debe, sin embargo, h:1ccrse notar que las cargas obtenidas con L--ste criterio 
no están directamente relacionadas con la cJrga real de pandeo. 

9-5 11\FLUENCIA DE LOS ESFUEHZOS HESIDUALES 

LJ ct.1pa final de !J manuf.tcturJ de los pcrf1k~ tlc .1ccro bmin.Hlos en 
cJlicntc e~ l::t del enfri.1do ele los mi~mos, :.1 p.nl•r de I.Is ,Jit.ls tcmpcr,IIUJJS 
r(:quend,I~ p.n.I !Jmin.H el lingote~ d.nlc l.t fnllll.l dc'l'.Hl.l, h.1~!3 1J tnn
pcrJtura .unhientc. Como la r.!pitlcl. de cnfJLHlo dcpcmlc lkl L'"JK'SOT l1c 
la pJrtc en euc~tión, en un lklclllllll.Hlo pe• f¡( I.Jilllll.Jdo tlc c<;pcsorc<; 110 

uniformes l.Is por(ioncs dclg.td.ts ~e cnfrÍJll prnmw ~ .lp.nctcn en l'll.t'> 
C~ftiCr/O~ in!CIIlOS ele (OlllJHC\Íl.lll, lllÍLIIIr.l~ l)lll' 1.1~ Jl!liCÍlli!C<; glllC~.IS dd 
pcrf1l \C cnfrí.m .tl fnul ) tlL,.uroll.uJ L'fllcl/m 111ll'fllm de IUI\JÚn .. \ es· 
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tos esfuerzos internos debidos al cnfri:Iclo no uniforme de l3 sección se les 
conoce como csfucr70S residuales, y \arían aproximJcl3mcnte como se in
diCa en b figura 9-lOa. Los esfuerzos residuales se introducen también 
en los perfiles estructurales de acero por algun::Js operaciones de fabrica
ción, tales como las de enderezado Y las de soldadura. 

El efecto neto de los esfuerzos ;esiduales es alterar el diagrama esfuer
zo-deformación del perfil estructural, comparado con el de un espécimen 
ideal del material que lo compone. Si en lugar de probar un espécimen 
de laboratorio para determinar el diagrama esfuerzo-deformación sé utili
Z:Ira un tramo corto del perfil entero, se obtiene una curva realista, que 
incluYe el efecto de los esfuerzos residuales. Se obtiene así una curva 
que puede considerarse como una curva esfuerzo-deformación promedio, y 
Jos Yalores del módulo tangente obtenidos con ella indican la presencia de 
esfuerzos residuales así como también la variación de la resistencia de fluen
oa a través de la sección. 

Es~e efecto puede ilustrarse por la curva esfuerzo-deformación de la 
F1g. 9-1 Ob, en la cual se indica con la línea de puntos el comportamientó 
de un espécimen de prueba ordin:1rio y con la línea continua el de un 
tramo corto de columna. De esta curva se puede obtener el Ya1or adecua-

-: do para el módulo tangente Er, para toda la sección transversal. En el 
caso de que no se pueda disponer de una prueba real de un tramo corto 
de la columna, se puede suponer una distribución idealizada de los esfuer
zos residuales, como se muestra en la Fig. 9-lOa. 

Un resumen de las investigaciones realizadas sobre los esfuerzos resi
duales en Jos perfiles estructurales laminados • indica que el valor prome
dio del máximo esfuerzo residual de compresión es aproximadamente 
{rr = 0.3 F,. 

La figura 9-l I nos muestra los resultados de una investigación • en la 
cual se traz'aron cun·as de la capacidad de distintas columnas de sección 
\VF, cargadas concéntricamente. Las curvas se trnaron en la forma adi
mcnsicnal {f, r!F u) contra i.., para tres casos. El caso A corresponde al 
pandeo elástico sin el efecto de los esfuerzos residuales, el B corresponde 
al pandeo incJ.lstico rcspc(.to al eje fuerte (de nu~or resistencia), utili
zando los esfuerzos residuales mo\trados en la cktcrminaciún del compor
tamiento inethtico, ~ c1 caso C al ¡xmclco incl~stico rc~pccto al eje débil 
(de menor rc~istcncia). 

La cuna designada D en la Fig. 9-11 rcprcsUlta Jo que se ha definido 
empíricamente como' '1a resistencia bá~ica de la columna"; es una pará
bola tangente a la wna de Eulcr en el punto f" = l/2 F~, y tiene una 
tangencia horizontal en el punto ]. = O. 

E<,ta c1ma h~>ica es comcr\'aclora para el caso ele flc,ir'm rc~pccto al eje 
fnccte y lii'mcntc dd lado' de la omcgncnbd 1"" la fle<i/m al eje dib~. 

lnflr~enc:a de 1M esfuer;;os resirluales 411 

{a) 

Espéc1men ideal 
{ / M1embros Que contienen esf~erzos residuales 

1 ,_,_- --11~-C>-----.-----
1 
1 
1 
1 
1 

f, 

Deformac16n umlana 
(b) 

Fig. 9-1 O Esfmr10s rrs1d11Jks en pcrfJlcs bminJ<los. (a) D1stnbunón ele ,. J•Jt r.·,,s 
rcs1duaks supuesta en 1111 puf•! bm•nado (b) lnnucnna de lo~ c~f\l(rto~ n~:d".1h~ , 11 , 

el d1agrama c~fncr1o ddonnauc'm unitaria. 
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9-6 P:\J\DEO TORSIO~AL · 

El p.uuko prim.uio considerJdo anteriormente es producido por la 
flexión sin torcimiento, es decir, bs secciones se dcspbzan de sus posicio· 
ne~ origin:1lcs C\clmi\'.uncnte por medio de unJ transbcH'm sin rotación. 
Los miembro~ de paredes ddgadJs y secciones transversales de forma abier
ta son algunas , eres dt·bilcs a la torsión, contrariamente a los de secciones 
en cJjón o con paredes gruesas, moti\o por el cual pueden pandearse por 
torcimiento m~s que por flexión. El pandeo torsional ocurre cuando la 
rigidez torsional del miembro es apreciablemente más pequeña que su ri
gidez flcxionante.:~ 

:\dcm~s de los modos de pandeo por flexión y por torsión, algunas sec
ciones fallan en un modo rombmado de pandeo por torsión-flexión. Con-

"' ::... -.... 
~ 
o ... 
'O 
e: 

"' Q. ... 
'O 

~os 
o 
¡;; 
e: 
"' E 
-o 
"' o 
~ 

"' "' ';;; .... 

os 10 
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Curva de Euter-A 
rr 2E 

fe= (KL/r)2 

l. S 

KL _ JF: _ ¡¡;;i 
Parámetro de esbeltez._>-7 r: :V~= y P; 

~ ' '-~ 

2.0 

F.¡:. 9. l] r:ftc to de los t~fucczos rordn~lc~ en la rcsi\tcncra dc columnJs de scccrón 
dL abs andra~ ( \\'f) ( Rd. 4 ). 

l Pmweo torsioncd 1l-l9 

sidl-rcse ]a columna de sección T mostrada en la FJg. 9-12, car¡;ada a travt'S 
del centroidc de ]a sección, b cna] se supone guc se pandca IJtcralmcnte 
por flexión. A causa qe Ja fonna cunada del eje de la columna, ]a CJrga 
Ycrtical deja de ser normal a ]a sección trans,·ersal plana, y tiene una 
componente norma] y una cortante respecto a la sección. Esta componen· 
te cort:Jnte centroidal no pasa a tra\és del centro de cort:Jnte y por c~n
siguiente causa un torcimiento de la columna. Se puede YCr así que no es 
posible el pandeo lateral puro de esta sección T; esto es, la flexión lateral 
está acompa1iada de un fbrcimiento, lo cual da como resultado un modo 
de pandeo por flexotorsión. La carga crítica Pcr de dicho modo de pandeo 
es menor que la carga de Eulcr P., cr_para el pandeo lateral puro respecto 
al eje u. La diferencia entre P .. ~ P.,., u puede ser pcquelia para columnas 
largas con rigid_ez adecuada, pero p:1ra columnas torsion:1lmente débiles y 
de longitud intermedia, esta diferencia es apreciable. 

Centro de 
cortante· 

p 

y 

Fig. 9-] 2 Pandco por tOTSJ(In y nl'\um romhrn.Jdas. 

La m:1gnitud de la c.ngJ críticJ P: ... p.u.1 p.lJHlco tor~ion.I) puro pue
de dctcrmm.n~c comHkr.mdo !.1 tor~i('lJl rc\lrlli!'Hl.! comhm.Icl.J con COlll· 

prc~ión, tal tomo b c.ng.1 de Eulcr puede dt!~rmin.H~c con,akl.llltlo ):¡ 

fJc,u'm comhm.HLl con comprc~u·m. L1 dnluu 111:1 lll.llnn.IIIU dt.: P:. ,., 
on11tida .1guí. cl.1 como rc"ult.Hlo l.1 \li:;;lliullc nprc'H.lll.' 
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(9-17) 

donde '= = radio de giro pobr respecto al eje ccntroidal z 
E, G =módulo de Young y módulo al cortJnte, respectivamente 

Kb =constante de torsión-flexión- propiedad de la sccc1ón trans-
versal (ver Sec. 8-7) -

K1 =constante de rigidez torsional (ver Sec. 8-7) 
a= (EKbjGK,)'h (ver Sec. 8-7) r' 

El modo de pandeo, es decir, por flexión pura, por torsión pura, o por 
torsión y flexión combinadas. depende de la excentricidad de la carga, de 
la localización del centro de cortante y de la simetría de la sección trans
versal. Despreciando los efectos de la fluencia o del pandeo locales, un 
miembro articulado en sus extremos y sometido a carga e-<céntrica se pan
deará bajo una carga crítica P B• ya sea por flexión o por torsión, o bien por 
una combinación de ambas. La magnitud de esta carga está dada por la 
menor de las raíces de la Ec. 9-18. 

(Pcr - Pz.cr)(Pcr - PI/.Ct)(«Pcr - P •. cr) 

- Pc/[Jl.(Pcr - Pz.cr) + {J,(Pcr - P11 ,cr)] = O {9-18) 

donde P.n cr y P11, cr son las cargas críticas de Euler para pandeo respecto 
a los ejes principales x e y, respectivamente; P= cr es la carga crítica para 
pandeo torsional puro (véase Ec. 9-17); y a, ~"'' ~~~ son coeficientes que 
dependen de las propiedades geométricas de la sección transversal, da
dos por 

a; = 1 - e.,xo - el/Yo 
'•2 + x.z + Ycz 

p _ (x,- e.,)1 

z- '•z + x,z + Ycz 

P - (y.- e~~)• ,- '·1 + x.z + Ycz 

(9-19) 

!"donde e, y e11 son las excentñcidades de la carga con respecto a los ejes 
principales x e y, respectivamente; Xc, yc, son las coordenadas del centro 
de cortante con respecto a los ejes principales x e y; y X0 , Yo son las coorde
nadas de un punto característico de la forma de la sección transversal, de
finido por 

{9-20) 

Paucleo lorsional 421 

De la consideración de los siauicntcs casos especiales puede verse el 
significado de la excentricidad d; la cirga, de la locJiizaCIÓn del centro 
de cortante y de la simetría de la sección: 

Caso 1. Sección con tlos ejes de simetría, centro de cortante 

coinci.!iendo con el cenlroide 

x, = Yr =O, Xo =Yo= O, !X = t, 

Si la carga P es concéntrica, es decir, si e.r = e11 = O, entonces, de la 

Ec. 9-18, 
(9-21) 

y la carga crítica Pcr es el menor de los valores de las tres raíces P,, ero 

p" ,., p= cr; la columna falla por pandeo lateral puro, definido por la ':rga 
de' Eule;, o por torcimiento puro (Ec. 9-17). 

Cas.o 2. Sección con un eje de simetría, simétrica respecto al 

eje z 

Yc =Yo= O, 

e' 
{J, = T 2 +V X 2 

• e 

Si la carga P pasa a través del centroide, ez = e11 = O; entonces 

ot = 1, Pw =O, 
XI 

P~ = s +• 2 r. x, 

En este caso puede demostrarse que la menor de las raíces de la Ec. 9-18 
es, o bien Pcr = P11 ~··o menor que Pr a O P: ~·· 

Si la carga pasa 'a través del centro de cortinte, ez = Xc. e., = y., Y en-

tonces 
p.,= Pv =O, 

y la carga crítica Pe• es el menor de los \',tlores de l~s tres raíces P.~. ero P "· ,~, 
y P:. cr/a. Debe hacerse notar que la c:ug.t P.r. cr o Pw, cr es una carg.l Cri

tica de pandeo solamente cuando es mcn?r que P=. cr/a y el centro tk 
cortante coincide con el ccntroidc o la carga se aplicJ en el cu1tru de cor
tante. En el último de estos c.tsos, ~i x es c¡c de sunctrí.1, b c.ng.J .tplit.lll.J 
en el centro de cort.mtc es excéntric-a con respecto al e· , :. si Pw." es 
menor <¡ue P,. .,, el p.mdco no es del tipo rcpentit:o, ~inCJ 'inc OL:\Htc (Un· 
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forme aumcnt.1n l.ls deformaciones por flexión, en fomu aproximadamen
te h1pcrbólicJ, con el incremento ele c.ugJ P. 

9-7 LO;\GITUD EFECI1\"A DE LOS 1\liE,,IllROS EN 
COIHPRESióN 

En 1a deducción de lJs fórmulas ele la secante y de Eulcr se supuso que 
los extremos del miembro estaban en libertad de girJr, tal eomq lo mues
tra la Fig. 9-13a. En las estructuras reales esa condición idealizada es la 
excepción m.ís que la rcgb, puesto que los extremos por lo general están 
remachados o soldJdos a otros miembros ~. por lo mismo, restringidos 
contra la rotación. Aun cuando los miembros están articulados en sus ex
tremos, la libertad de girar existe sotuncnte respecto a uno de los ejes cie 
la sección \ ha\" fricción entre las articubcioncs v el miembro, la cual evi
ta una rota~ión ·completamente libre. La import;ncia de esta restricción al 
giro varía grandemente en las diferentes estructuras. Si, por ejemplo, 
el miembro en compresión está ligado rígidamente a elementos relativa
mente' rígidos, la condición de apO}O se acerca a la del empotramiento 
total ( F1g. 9-13b). Si est.í articulado en uno de sus D.trcmos y rígidamente 
empotrado en el-otro, se deformará como se indica en la Fig. 9-14a. Algu
nas veces, un miembro en compresión puede tener un extremo completa
mente libre, es decir, no solamente libre de girar en cualquier sentido, sino 
también de transladarse, como se muestra en lJ Fig. 9-Hb. En todos Jos 
casos, la resistencia de un miembro en compresión de longitud real L, con 
cualquier grado de restricción en sus extremos, puede compararse con la 
de un miembro biarticulado de longitud L~, de modo que el miembro equi
valente tenga la misma resistencia que el real. 

El significado físico de la longitud cqui,·alcnte se hace evidente si con-

P. V 

1 
¡;· 

¡-
L,=L L,=j Puntos de L 

_j 
rnflexrón 

~ 

------ -
p tp (a) (b) 

Fi¡:. 9-13 Lo:1g1tudcs cfcc11\as de columnas (a) columna !J¡artJlulatb y (b) tnluu1na 
crobkmcn~c empotrada. 

1 Longitud cfeclirn de los micmf,rus en cumpre~ión -~23 .. 

.... 
o 

11 
-4. 

L 
Punto de M 
inflexión 

(a) (b) 

Fig. 9-14 (a) un extremo empotrado y el otro arlicubdo, y (b) un t:'l.!rcuw cmpo· 
trado y el otro libre. 

sideramos la· forma del miembro pandeado (modo de pandeo). Como 
ejemplo. consideremos nn miembro bi:uticulado de longitud L .. y ~tro de 
longitud L = 1 ;2L., el cual está empotrado en un o. tremo pero ~1bre en 
el otro (Fig. 9-1-fb). Resulta ob\io que lJ formJ de los dos miemb~?s 
pandeados es la mi~ma y, por tanto, su cargJ crítica de pandeo es tamb1cn 
la misma. En otras palabras, la longitud "cfecti\"a" L,. de !J columna de la 
Fig. 9-1-fb es,!--, = 2L y la carga crítica de pandeo es 

7T2EI TT 2EI 
Pcr = --¡:2 = 4L2 

e 

(9-22) 

La longitud "cfectivJ" se llama también en ocasiones longitud "sin so
porte" o longitud "sin arriostrar". Esta terminología puede ser confu~a 
en vista de que la longitud cfecth a puede ser mayor o menor qu~ la diS
tancia entre apoyos, la cual es la longitud real no soportada. l\lcd~an_te el 
uso adecuado de esta longitud "cfecti\·a". la ma~or pJrte de lJs formulas 
deducidas parJ las columnas biarticuladJs pueden aplicarse a columnas 
con otras condiciones ele extremo. 

El concepto de Jonoitud "cfceti,a" está bas.tdo en gr.m parte en su 
utilizaciém en la fcírmuia de Eulcr, y su uso en otros tipos de fórmuiJs 
puede o no ser correcto. Definiendo !.1 longitud cfcctl\ .1 _de unJ colun~na 
en término~ ele su longJtud total sin soporte ~ del cocfiCJL"Jltc de fq.1C11:n 
e de sus ("'.tremo~. la carga crÍtiCa de Eukr p:H.l un miembro LOil rc~!rtC· 
ciones en ~us C'\lrcmo~ c~t.í dada por lJ sigtHcnt<.: ccu:~ción: 

(9-~3) 

Si la longitud cfcct J\"a L, ~e define como L/ \/C = K.L, la Ec. 9-2 3 se si m· 
plificJ a: 

TT~EI 
Pcr = -L2 

• 
(9-~4) 
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10-3 COLUM~AS SUJETAS A CARGA AXI.\L Y FLEXIóN 

El discilo de un miembro sujeto a compresión axial , a flexión simul
tjncls (' iga-colu~nna ~ se realiz~. por Jo gcncr JI, mcd;ante un procedi
miento de aprox_m1ac1~nes sucesl\~s, en donde se supone una sección y 
~~ re' 1sa __ a, contmuacwn su cfcch\ 1dad, mediante el criterio :::1 propia do. 
LSta rcnswn de esfuerzos y resistencias es casi siempre un problema sen
LJJlo, una vez que se ha esta b~~cido un cntcrio específico, como por 
c¡cmplo el del AlSC. La selecC'lon de una sección óptima, tanto estruc
tm~l com? cconómica~1cnte, requi_cre una ma)_Or habilidad. Se presen
t::n:111 aqm algunos mctodos aproximados de discilo, después de que se 
di~cu!a el des;¡rrollo del criterio de disei'to apropiad':>; por lo común, estos 
cntenos toman la forma de ecuaciones de interacción, las cuales se discu
tieron en términos generales en la Sec. 8-14. 

Diseño por esfuerzos permisibles. La fonna básica del criterio de 
diseño es una ecuación lineal de interacción. 

p M, - + - ~ 1.0 (10-.24) 
Pa Ma 

donde Pa y Ma son los ,-aJores permisibles de la carga axial ,, del momen
to, cuando éstos actti:m por separado, y P : ,\t. son Jos val~res de diseño 
de la carga axial y el momento flcxionante que actúan simultáneamente. 
El momento !1.-t se toma en una sección crítica y depende tanto del mo
mento flexionante primario. debido a las cargas transversales y los mo
mentos de extremo. como del momento flexionante secundario debido a 
la carga axial y a la deformación del miembro.· • 

Para disei'io. usualmente es com·enicnte escribir la Ec. 10-24 en tér
minos de los esfuerzos. como sigue: 

fa +J.,,~ J.O 
Fa F., 

(10-25) 

donde Fa es el esfuerzo pem1isJble para carga axial, Fb es el esfuerzo per
mi~Ible para flexión. y fa = P/A, f~ ... = ¡\JrfS..-. 

Se toman en cuenta dos modos de falla: la ,-erificación de la flucncia 
lo(a) en los c\trcmos arriostrados de los miembros ,. )J ,-crificación de J .. 
fl11cncia general o inestabilidad. · " 

Para tomar en cuenta la limitación por f!ucncia en una ~ccción arrios
tr::~da, donde no e~iste la contnbución de IJ flexión ~ccunc!Jria ,. donde 
];:¡ upJcidad de carga :~xial está dctcrmmada por la rcsistcnciJ de· flucncia 
P, del mJtu~al, en las E\pcC!fica~iones ,\JSC se us::~n los siguientes cs
fll(.rlos pcrnJISiblcs: 

F~ = 0.6FII \' F,, -= o (,5FN ó 0.60F_. 

Columnas ~ujl'WS a car¡;n n:cial 'll'.tión l73 

El esfuerzo Je flcxió1~ hr se toma, en los cdrci~lO~ :11 no>~ r Jdos, como 
fh..- = h = .\Iu/S, donde ~\fu es el momento flL \lUIIJIIIC prmurio en GI(ho 

~.~tremo. El entena Je d1seiio se com Icrtc en tunees en 

_L_ + fb ~ 1.0 
0.6F~ F., 

(10-:!6) 

Para tomar en cuenta la fluencia general o inestabilidad entre c~tre
mos arriostrados, el esfuerzo permisible Fa para carga axial debe tomarse ~ 
con la debida consideración de la relación de esbeltez (KL/r) y de la 
resistencia de flucnCla F 

11
, según se describiÓ en la Sec. 10-2. El esfuerzo 

permisible para fle-.;ión F b se tema como una fracción adecuada ( 0.~. o 
0.60) de la resisten na de fluencia. La definiciÓn del esfuerzo de -~~on 
fbr = Mr/Sr es algo más compleja porque depende de la evaluaC!on del 
momento M_. en la S(.cción crítica; tcóriomcnte. el valor de llf.r puede 
determinarse mediante el análisis adecuado de '\ iga-columna" discutido 
en la Sec. 8-13. Para el desarrollo de un criterio de disciio se han deducido 

fórmulas para lns casos más comunes. 
Al desarrollar estas fórmulas apro~imadas se representa al esfuerzo 

f.,r como un múltiplo o una fracción del esfuerzo de compresión por 
flex1ón primaria en la sección considerada; por ejemplo: 

Moz 
kz: = :J.fb =as (10-27). 

donde !l·for es el momento flexionante prim;:¡no en la secc1on. En ausen
cia de cargas trans\'rrsales entre los puntos de apo~ o, 1\-~vz se toma como 
el ma\or de los momentos en dichos apoyos. Cu:1ndo cx1sten Clrgas trans
\-crsal~s intermedias. se usa como M= el momento máximo entre los 

puntos de apoyo. . 
El factor de amplificación a debe tomar en cuenta el mcrcmento 

no lineal en el momento flexwnante total v en los esfuerzos corr(:<5pon
dicntcs cuando se incrcmcntJn proporc!OnJlmcnte tod:1s las cargas, a~a
lcs y de flexión tratlS\ crsal, por medio de un bctor de carga n .. St ~a 
cJrgJ axial de scn·icio es P, el incremento crítico en el momento prnnano 

ocurmá cuando la carga axial sea nP. . . . 
Consideremos una \ iga-columna bi-,uticu!Jda. con C'\ccntnndaclcs Jgt\3· 

les e en sus edremos ) una cJr¡;,a de sen icio P. de modo que el momento 
pnm.uio 1\1

0 
= Pe. La comhción crítica de di,cllo cstar.l reprc->cntada 

por 11.\f.,. cuando se incrcmcnt.1 1.1 c.ugJ ,1'\Í.ll ,I 11P; l·,tc nwmcato ocurre 
en el centro de l.t longitud ~ pucllc c.1lutl.H'L .Ipiu'\Illi.Jll.lliH:ntc. lk _un..J 
m.InLr.l similar J ]J que se utilitú p.n.J c.Jiutl.n ].¡, llLOniOlll'S .qnl'\IlliJ-

ll.t~. Ec. S-61: 
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donde Pcr es la c.uga crítica de Enlcr. El factor ( 11P /Pcr) es 

( nP) = ("P/A) = ('a,) 
Pcr Pcr/A Fe 

(10-29) 

donde fa = P/A y Fe' = (Pcr/n · A), y está dJdo por la Ec. 10.4. El 
nlfl'llcnto de disciio .1\1.,. y los esfuerzos de flexión correspondientes F b.r = 
~f .. íS .. son 

1 
Mz =a.M.= M. (10-30) 

(1 -fa/Fe') 

y 

(10-31) 

En este caso particular, cuando los momentos en los extremos son 
iguales y no existe carga transversal sobre la \'iga-columna entre los ex
tremos, el factor de amplificación es simplemente 

1 « = -~;:__-
(1 - fa/F,') 

(10-32) 

Cuando los momentos \>arían a Jo largo del miembro, el factor de 
amplificación puede escribüse como 

(10-33) 

donde el coeficiente Cm varía según la variación de momentos flexionan
ll'S a lo largo del miembro; entonces, si la columna está sujeta a mo
mentos J\1, y i\J~ en ambos extremos, de modo que M2 = ~M, y 1 > ~ 
> - 1, y se evita lJ translación de lo~ e\ tremo~. puede disci1arse para un 
momento primario equivalente C .. M, el cual es constante a lo largo de 
la columna Se han propuesto diferentes expresiones empíricas para C,.•. 
Una de ellas es 

Cm = J0.3 + 0.4/3 + 0.3{J2 (J0-34) 

P.1ra ~implificar l'Sta expresión, el AISC usa 

c .. = 0.6 + 0.4/J ~ 0.4 (10-35) 

En la Fig. 10-2 \e muestran amha~ c.:xprc.:'>iones. Cuando no ~e evita la 
lr.1mlacir'm lateral de lo~ cxtrc.:mo\ ~e hace po~ible nn modo diferente de 
p.iJHiw, por e\ta razón, d AISC pone nn límite más conservador al valor 
de C,, (Fig. 10-2), 

cm= 0.6 + 0.4p ~ 0.85 1 (10-36) 

L~>·. factores ele :llnplific:~ci~'m antuiore~ torre\ponden a \'igas-colum-
11.1~ ',111 cug.1\ tranwer~ale'> apl1tach~ c.:nlre ~~~~ e\trerno~. A continuación 

Columuns :mjetns n carga axial y flexión -1-75 

se mostrará un caso qÚc se presenta en armaduras, cuando el cordón de 
compresiún c~tá ~ujdo a cargas transversales entre lo~ nudos; se supone 
que no existe translación lateral en Jos e:-.trcmos. En la Fig. 10-3 se 
muestran las cargas de sen·icio, la configuración de la cuerda deformada 
y los diagwnas de momentos flexionantcs primario y total. Sean n el fac
tor de carga correspondiente a la condición crítica y nM... el mvmtnto 
máximo que ocurrirá en una sección correspondiente al momento máxi
mo primario J\13 • Entonces, cuando se incrementan las orgas propoício-J 
nalmcnte según el fador n: 

nJf,. = nM3 + nP • ny (10-37) 

donde ny = n)'o ( 
1 

) de la Ec. 8-61, donde P u = [:t:EJ/(KL)2
] 

1- nPjP,r 

Entonces { nP nPy) . 1--+--" 
M = a.Ma ~ [1 + nPy. JM3 = Pcr M, · .U1 

"' M3(1 - nP/Pcr) (1 - nP/Pcr) 
(10-38) 

fJ =Múltf1 

M¡ JJz 

~--~ 
Translaci6n lateral 

1mped1da en los edremos 

Translaci6n lateral r.o 
1mped1da en los utremos 

Fig. 10-2 Influencia del grad1ente de momento sobre C,.. 

El factor de amplificJcit'lll a puede expres:use cn l~nnino~ de C ... fo 
y Fe', como antes: 
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Deformaciones bajo 
carga de serviCIO 

Momento flex1onante total 

j Momento pnmario 

r.g. 10-3 Diagramas de momentos primarios y totales y configuración del miembro 
d~ formado. 

donde 
(10-40) 

Puede resumirse la determinación de las cargas permisibles AISC para 
miembros sujetos a compre)]ón y flexión combinadas, como sigue: 

(a) Los esfuerzos debido6 a carga axial P y. momento flexionan te M 
en una sección considerada se calculan de manera com encional, de modo 
que fa = P 1 A y fb = 1\tjS. Estos esfuerzos deben satisfacer una fórmula 
de interacción apropiada. 

( b) En los puntos arriostrados en el plano de flexión, la fórmula de 
interacción está dada por la Ec. 10-26. 

(e) Eri general, los cshle&zos deben satisfacer una ecuación de interac
ción de la forma: 

/,. + a. lb ~ 1.0 
Fa Fb 

(10-41) 

En esta ecuación Fa se determina como el esfuerzo permis1blc en la 
tolumna si sólo e'i~tiera la fuer la axial P. De manera si1mlar, F ~ es el 
C:\fuerzo de compres1ón debido a l.1 flexión permi~1ble si e'\i~tiera t'mica
lliUJte el momento flexionantc J\1. A contimlJtiún, se presenta una dis
Cli\Hm de la dctermmación del factor de ampllfit:Jción n. 

( d) La forma general de 11. c~tá elacla por la Ec 10-33; ~in embargo, 
CLUJJtlo {.;F.< 0.15, el f::Jctor clc amp!Jfic.Ición u debe tomarse como la 

Culun. na.~ sujeta:; a rar;;a a.\ i, 

uniel.Jd. Cu:Jnclo faiFa > O 15, el fJctor ele .!mplJficacic'Jn tlepclHie de 
b magmtud del c:sfucrLO axnl fa, de: la rclJti<Ín ele c~lxltu dcctl\a tkL/r), 
de la 'ariaCJÚn del momento fle,Ion.Jnte J lo lJrgo del miembro ~ de la 
¡::-rcscncia o ausentia de trJnslJclLll1 lJteral. P:na conditionc~ c:\petialcs, 
los valores de] coeficiente de ll10IIIel1lO equi\JJcnte C,., y los \aJoreS corres
pondientes del factor de amplificación rt pueden obtenerse de las Ecs. 
10-33, 10-35 y 10-40. ' 

Es posible l1acer una estimJción prelimin:Jr de los requisitos de. la sec
ción, basados en el criterio ele esfuerzos permisibles del AISC, mediante 
el cálculo de una carga equi\'alentc de compresión axial P .. q, correspondien
te a la combin.Ición de compresión ~ flc,ión. Entonces, el área reque
rida de la sección transversal se estima a partir de la Ec. 10-1, donde P se 
convierte en P,.q y para el dise1io prelimmar se supone el esfuerzo permi
Sible F.. La carga egui' alente se puede definir a partir de la ccu:lCIÓn de 
interacción, como sigue: 

(10-42) 

ó 

( 1 0-43) 

ó 

ó 

Af. ~fb· S x AF" < AF 
a+ F& S - a (10-44) 

P + F,. · B · :t • M / AF F& ~ a 
( 1 0-45) 

donde B = AjS es una característica gcomi·trica ele una sección dada, lla
mada "factor de flC"I.ión", clcfinicla prC\ i:Jmente en la Scc. 7--f. TJmhil·n 

(10-46) 

ó 

F,. 
p <'Q = p + X - • 8 . M 

F& 
( 10-47) 

Cu.mclo e:-.isten momento~ ne,ion.lllllS l'lll1 rC\)WCto a ,lJ111JO~ C)L'S \ e ) 
cle una columna, la c;¡rgJ C<¡ui\',Jlcntc \e com icrtc en 

P P 
F.,,. F,. 

<'Q = + Xz --B .. ""+ ::r.. -_- a •. H. 
F,,r f b> 

(10-1~) 

FJ.toncc~. 'll!)OIIlCIIrlu 1111 ,,J!ur <k F., L1 '< (<'i!.>il rl'<JilUillJ l'lllll.ld.J \t: 

COJJI·iute <.:n: 
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A = P~q (10-49) 
F .. 

Puede seleccionarse la sección económica más próxima, y verificarla pos
teriormente bajo las cargas P, Mz y M 11 combinadas. Los valores de 
B .. = A/S ... y de B11 = AjS., varían ampliamente para diferentes secciones; 
cst:ln tabubdos en el l\lanual AISC, págs. 3-13 a 3-56, para secciones tí 
picJs de columnas, y en la Fig. 7-10 se muestra una gráfica de valores 
aproximados. 

Para perfiles tipo W, los valores de Bz varían de 0.18 a 0.25, y ]os 
de B11 , de 0.4-H a 2.25, correspondiendo los valores mayores a los perfiles de 
menor ta'mailo. Como estos valores deben estimarse para un diseño preli
minar, en caso de que el diseñador no pueda hacer una estimación juiciosa 
basada en su experiencia, puede usarse para Bz un valor de 0.25 y p:ua B, 
uno de 0.75. 

Los valores de Fa ... /Fhz y de Fa 11/Fb 11 dependen de las relaciones de es
beltez, que determinan Faz y F011; para Acero A36 puede utilizarse 0.75 
como primera aproximación. Los factores de amplificación a .. y a 11 depen
den de los momentos en los extremos, del esfuerzo axial fa y de las relaciones 
de esbeltez, que determinan F .. / y Fr/; como una primera aproximación, 
pueden tomarse los \'aJores de a .. y ~ como la unidad. Sustituyendo estos 
,·alares aproximados, la Ec. 10-48 se convierte en: 

Peq = P + (1.0)(0. 75)(0.25)Mz + ( 1.0)(0. 75)(0. 75)M. 

= P + 0 2Mz + 0.6M11 (10-50) 

La expresión anterior sólo es una burda primera aproximación para 
perfiles tipo \Y:, que puede usarse únicamente cuando el disei"iador está 
incapacitado para realizar una elección más juiciosa. 

Ejemplo 10-2. Seleccionar una sección tipo W de acero A36 pa~ 
soportar las cargas mostradas (Fig. l). La columna, con una longitud de 
12 pies, forma parte de un marco continuo de un edificio de varios pisos, 
~rriostrado contra mo\'imientos laterales en el plano X·Z, pero no en el 
plano y-.:. Un análisis aproximado indicó que (KL) ... = 1.25 X 12 = 15 
pies y que (KL)11 = 12 pies. 

Solución 
Usando la Ec. 10-50: 

P.q = P + 0.2 M .. = 400 + 0.2 X 2 000 = 800 kips 
., Supongamos Fa = 19 kips/plg2 

A 
. d P,q 800 

estuna a= F,. = }"9" = 12 plg2 

Columnas sujetas a car¡;a n:rinl y flexión 1-79 

Probemos una sección 12 \'F 133 (ver AJSC, págs. l-IS) 

A= 39.11 plg2 Tz = 5.59 plg T11 = 3.16 plg 

S .. = 182.5 plg8 

12' 

Fig. 1 P = 400 J.ips, Mz1 = 2,000 k1ps-plg, M.,.2 = 1,800 kips·plg. 

Para unJ sección compacta, arriostr.tda adccuad;uncntc, F ~ = 24 kipc;
plg2. 

Verificaremos la suficiencia de una sección 12 w: 133, usJndo la Ec. 
10-42: 

p 400 . • f. =- = -- = 10.2 k•p/plg-
a A 39.11 

,. M 2000 O 1 • , l 2 J1 =- = --- = 11 "1p, p g 
b S 182.5 

(~11 = (1s x 5 ~:9) = 32.2 

( ~ L)~ = ( 1 2 X J~ ~6) = 45.5 
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F.'~ara(~Lt = 3.2.::!, ver Tabla 10-1 J Fe'= 144 kip/plg1 

1800 
C ... (,·crEq. l0-36,Jl =-

2000 
= -0.9) C,. = 0.85 

ex= {C m)/(1 - foiF.') = 0.85/(1 - 10.2/144) = 0.916 

Entonces, en la Ec. 10.42: 

fn J, 10.2 IJ.O -+ex-=--+ 0.916- = 0.544 + 0.42 = 0.964 < J.O 
Fa F, 18.77 24.0 

Usar la sección 12 W: 133; es adecuadtJ. 

Diseño plástico. El disci1o pt1stico de columnas en marcos rígidos 
puede ser efecti\o cuando se e\·ita el desplazamiento lateral mediante un 
contra\ entco diagonal, o bien por medio de la sujeción a un sistema estruc
tural que tenga bastante rigidez lateral, suministrada por muros de cor
tante o e~ementos similares. Cuando se permite el desplazamiento lateral, 
la formaciÓn de articulaciones plásticas conduce a una reducción substancial 
en la estabilidad lateral total. At'm no se ha defimdo adecu::~damente la 
cantidad de contraventco lateral requerido para evitar la inestabilidad de 
los marcos en estructuras altas de edificios con articulaciones pl:lsticas; 
por esta razón, las Espc.'Cific.aciones :\ISC de 1963 limitan la aplicación 
del dise1io pl~stico a 'igas continuas o a marcos de uno o dos pisos de 
?.ltura. 

Las co1umnas de un m:uco arriostrado pueden disei1arse para satisfa
cer una ccmción de inter.1cción de l::J forma general 

M (p) ·p)a - = H +K- + J(-
M, P11 P, 

(10-Sla~ 

En c~ta ecuación, los \"alores de H, K y J dependen de b configuración 
Je lJ_ .columna deformada ~ de las condiciones de carga, así como de su 
rclanon de esbeltez. Los ,·alores de estos coeficientes se encuentran ta
bulJdos en el Apéndice de las E\pccificaciones AlSC, p~gs. ;.6-f a ;-75; los 
,alore~ de ,\1 ~ P en la Ec. 10-;la son lo~ que se obtienen dd análisis 
pl.í\IJc.~ de.: 1111 mJrco ~njdo J urg.1 t'Jltima, IJ c.ual ~e toma c.omo la ('arga 
de 'en 1:1o muliiJ)lJcacla pur un f.1tlor de urga de 1.7, u otro ,·aJo¡ apro
j)JJtlo. Lm \alore~ de \11J ~ r. \011 l.J\ up..:udJdc.:s pl~\ticas y de CJrga 
.1\J.Jl de fltiCiltJJ de lJ \tH.ic'm, rl\pcc.ti,amente. 

l'.n.1 c.olt1mnJ~ en mJrCo\ rí:,Jclm ele uno o dm pi~os que no e~ti·n 
:>rrl!l,lr.H!u·, ]¡tu.Ilmcnlc, ~a ur;.1 de compre\HÍII elche ~er tal que 

!.. < o 5 ( 1 - .!::.) 
P. - 70r 

( 10-51 b) 

• 

Rrr¡uisilos rfp di.~l'ño Wl 

Se c~tima que dentro ele nto~ l111ntcs no se pre~cnt:u:í la im:~tJh1hdad la
tcrJl del marco. 

10--1- HEQUISITOS DE DISEÑO 

En el disclio de un miembro en compresión se conocen por lo general 
lJs cargas m:íximas y la long1tud efectiva del miembro, mientras que están 
por determinarse la forma y bs dm1ensiones de la sección trans,·ersal, así 
como las conexiones. El área de la scccion transvers:1l requerida A está 
determinada por la cargJ P o bien por la carga P,.11 , Ctllndo b compresión 
c:stá combinada con flexión, ~ el esfuerzo permisible promedio F de rela
ción A = P /F; el esfuerzo permisible F depende de la relación de esbeltez 
Ljr y de las condiciones de restricción de Jos apo~os, cantidades que no se 
conocen con prensión hasta después de determinar la forma y el tamaño 
del miembro. Por consigtucnte, la solución de este problema t.'micamente 
puede rCJiizarse por medio de aproxim::Jciones sucesivas. 

Relndán de t-sheltt·z. Con objeto de reducir el peso del miembro, t'Ste 
debe dcsarrollJr un c,fucr7o permisible promedio clc,·ado. Como el es
fuerzo permisible disminu~ e para ,·a lores altos de L/r, es deseable tener 
un \'alor mímmo de L Ir p.n J el área de la sección t r.1ns' crsJl considerada, 
siempre y cuando c~to no csll' en conflicto con otrJs consJdcrJciones ero
nómicas y de c~tab1hd:Jd. Con el \'alor de L predetcrminallo, el problema 
se reduce a la selección ele una sección pdctica con el ma)OT \alor posi
ble der. 

Por lo com\m, si b~ r.n;.1~ de compresión son sufK1cntcmcnte altas, 
puede scleccion:use un pcrf1 1 económico en un rango de 'a lores de L/r no 
mayores de 80. S1 !J, carg.1' de compresión son !JgcrJs, bs .írc.Js c:1kuladas 
para una resistenna aclccuacb son pequCJias ~ pueden Jmtific.Jrse miem
bros esbeltos, en el rango de L/r de RO a 120. ,\J mar mKmbros c~bcltos, 
deben considerJr\C los efectos de las c.ngas arcidcnt.Jlcs ~ de bs c.ng:~s de 
constmcci6n, generalmente desprcci:~dos en el an.íhsis Los tuh.Ji:1dorcs 
pueden m:~r frecuentemente los miembros de Jrno,lr.llnirnto como Jnda
dorcs, durante y dt·,pui·~ de b construcción, puctkn 'U u!Jlll.l!lt)~, tJm· 
hién, como soporte p.Ha .1lgún equipo kmpor.1l o .111\Íli.n imprn i\to; y 
cxi~te lamhJl'l1 J.¡ pmJbJlicl.Jd ele tener' 1hurionc~ en dlm. Por ol:~s r:J7.o
nes, la m:~~ori.1 de l.J~ l'\pCC'IfJr.lcHlllC' l'~tipul.m <¡tH: J.¡ rd.1non tlc <.~hL"ltcz 
L/r no debe C\rnlcr 1111 '.1lor m.ix1nH) C'Jll'C. dJ<.Hin, que 'l' tom.l pnr lo 
gcncr.1l como 200. 

'1. 
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3.- Miembros a Flexocompresión 

Por separado se están proporcionando al estudiante copias 

de parte de los capítulos 8, 9 y,lO del libro "Diseño de

E~tructuras de Acero", de Bresler, Lin y Scdlzi (Editorial 

Limusa-Wiley), que le permitirán recordar el problema bá

sico de los miembros sometidos a flexocompresi6n. Se su

giere su lectura para familiarizarlo con el resumén que a 

continuación se ofrece, y con los problemas que resolvere

mos después de éste. 

La presencia de esfuerzos residuales, la curvatura inicial 

del eje del miembro y las excentricidades de las cargas 

aplicadas respecto al eje del mismo, hacen que la resisten 

cia de un miembro cargado axialmente sea menor que la que 

teóricamente pudiera esperarse de un miembro perfectamente 

recto, sin esfuerzos residuales y cargado precisamente en 

for;:na axial. 

Una columna cargada axialmente pero que no es perfectamente 

recta, o bien que está cargada con ligeras excentricidades 

se deflexionará lateralmente conforme se incrementa la car 

ga. Timoshenko encontró que si la elastica de la columna 

deflexionada inicialmente se aproxima a la forma de una 

media onda de la curva senoide, cuya ordenada inicial al -

cento del claro (falta de rectitud) es Yo, la ordenada 

final en el mismo centro del claro, después de aplicada la 

carga axial i'· se puede valuar con la ecuaci6n 

Y = ":o ' -i J... 

\1 -
-------- (8) ., 

' . ___ , 
?e 

expresión semejante a la ecuación (4) (Hoja No. 16) vista 

anteriormente; el significado de las literales es el mismo 

que en la ec. ( 4) . 

El término entre parentesis tiende a aumentar la deflexión 

inicial, motivo por el cual se le denomina "factor de mag

nificaci6n" 6 "factor de amplificaci6n". 
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La carga crítica de Euler Pe no está limitada en este caso 

al rango elástico, sino que es un valor "teórico", aunque 
z ' 

el esfuerzo crítico de pandeo ~ exceda Fy. 
' L-a 

Si la carga que actúa en los extremos del miembro inicial

mente recto (Yo = O) se aplica con una excentricidad ~ del . . 
centroide de la sección, entonces, la deflexión total del 

miembro en su centro del claro, después de aplicar la car-

ga P es: 

Y = e sec ~- ¡-;' 
2 \j fe ------ (9) 

Del examen cuidadoso de esta expresión, se puede observar 

que co~forme P se aproxima a Pe, t crece indefinidamente,

~e~~ie~¿o a infinito. 

Los esfuerzos máximos en el miembro flexocornprimido .fm, que 

es la suma de los esfuerzos debidos a la carga axial más -

los esfuerzos producidos por el momento flexionante son: 

r = _E_+ py e 
Tm ~ l - _!:.~1+ YaC. ( t )J ------ (10) - A L ra 1 _ _e_ 

Pe 

y para un miembro inicialmente recto pero con carga excen

trica: 

P ec. 1T P ,....--,] r = - [ 1 + _ 5 ec - ,/trn A ra. 2 V R: 
- - - - - - -( 1 1) 

La carga que origina la cedencia inicial en las fibras 

exteriores de un determinado miembro dado, puede obtenerse 

de las ecuaciones (10) y (11) anteriores, substituyendo el 

valor de Fy por fill. 

Se puede demostrar que la cedencia inicial en las fibras -

exteriores se presenta cuando el esfuerzo promedio es menor 

que es esfuerzo crítico de Euler que el esfuerzo de caden

cia del material. Para un valor constante de la relación 

c/r2, los efectos de la curvatura inicial y de la excentri 

cidad accidental de la carga son similares para valores 

iguales de Yo y de ~, haciéndose prácticamente iguales en 

columnas con relaciones de esbeltez bajas e intermedias • 
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La resistencia última de una columna no se alcanza sino 

hasta que una parte de su sección transversal ha fluido 

plasticamen~e, siendo ést~ por lo tanto, un poco mayor que 

su resistenc~a a la cedencia inicial. Esta diferencia de 

resistencias,i:es pequeña para columnas de secciÓn transver

sal en forma de perfil de patines anchos (Wide flange), 

flexionados respecto a su eje de mayor resistencia, pero -

en cambio, para los perfiles sólidos de sección cuadrada o 

rectangular, la diferencia es marcada. 

Antiguamente, la fórmula de la secante (11) se utilizaba -

ampliamente en virtud de que al presuponer un valor:arbi

trario de la "excentricidad equivalente" ec/r2, de 0.25, -

para considerar la falta de rectitud inicial y la excen

tricidad accidental de la carga, y también que la resisten 

cía máxima de la columna se alcanzaba cuando fm adquiría -

el valor de fy, las cargas así calculadas se apegaban bas

tante a las cargas máximas observadas en las pruebas hechas 

con columnas en el laboratorio, sin embargo, las investi

gaciones posteriores demostraron que la influencia de los 

esfuerzos residuales en la resistencia de la columna era a 

menudo mayor aún que la de la falta de rectitud inicial 

del mismo y la excentricidad accidental de la carga. 

Conforme la carga aumenta, la suma de los esfuerzos debidos 

a la flexión y los esfuerzos de compresión debidos a la 

carga aumentan hasta alcanzar Fy en las fibras exteriores 

de la sección al centro del claro~ A la carga que produce 

esta condición se le llama Py. La relación entre la carga 

y la deflexión del miembro en el centro del claro no es una 

relación lineal aún dentro de este rango de esfuerzos elás 

ticos, en virtud del factor de magnificación ~ (ver 
\- L 

figura 11). & 
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deflex.ión 
'{ 

Si la carga en la columna sigue aumentadno más allá de Ey, 

la fluencia progresa a traves de la sección transversal 

del miembro y como la parte de éste que ya ha fluido plás

ticamente, contribuye poco a la rigidez del miembro, ésta 

rígidez va disminuyendo también. Como cada incremento en 

la deflexión lateral representa también un incremento en -

el momento flexionante y éste origina un aumento también -

enla porción del miembro que ya ha fluido plásticamente y 

éste a su vez una reducción de la rígidez del miembro, se 

puede ver que los incrementos de carga requeridos para 

producir cada incremento en la d~flexión lateral de la co

lumna, se hacen más y más pequeños cada vez reduciéndose a 

cero en la carga última. Al seguir creciendo la deflexión 

lateral de la pieza, la carga axial que puede resistir dis 

minuye, de modo que termina por fallar por inestabilidad -

originada por flexión excesiva en el plano de los momentos 

aplicados. 

En los miembros muy cortos, la carga útlima es la que causa 

la plastificación total de su sección transversal. También 

si una viga-columna se somete a flexión respecto a su eje 

de mayor resistencia y no está soportada lateralmente en -

forma adecuada, puede darse el caso que falle prematurame~ 

te por pandeo lateral torsional. 

Los esfuerzos residuale~ que.9casionan la cedencia prema-
d¡c.;.rnlnuc.Jo" 

tura y su correspondienteAde rigidez, pueden también redu-

cir tanto la carga que produce la fluencia inicial como la 

carga última de la viga-columna. Analogamente, una falta 
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C:0 r2cci -c.ud inicial que increrr1er.ca el momento flexionante 

producido por una determinada condición de carga, reduce -

ta.-to la carga que produce la fluencia inicial como la 

carga última. 

La carga de diseño para una viga columna puede basarse en 

la combinación de cargas que ocasione la cedencia inicial 

o la carga última. La determinación de cada una de estas, 

se considerará en seguida. 

Determinación de la carga que inicia la cedencia Py 

a) Método "directo" para miembros soportados lateralmente 

Como se explicó anteriormente, el momento flexionante total 

en el centro del claro de una columna inicialmente defle

xionada una ordenada Yo en ese punto, y después de que la 

carga axial se le ha aplicado, esta dado por la expresión: 

M= ?·Y 

Si reemplazamos por Y su valor según la ecuación (8), tene 

mos: 

M -:. P Yo (\ 
1 

P ) 
~- -Pe 

----· @ 

Si además, la pieza cuenta con un momento inicial ~ al 

centro del claro 1 entonces el momento flexionante total al 

centro del claro es 

py .. ( -i -~-p-) 
- Pe 

M= Mo + ----@ 

Ecuación semejante a la ecuación (5), excepto por el signo 

(-) del denominador del término entre paréntesis, lo cual 

hace que dicho término funcione como un "factor de magnifi 

cación" de la deflexión transversal de la viga, y conse

c~ence~e~te, del momento flexionante total al'centro del 
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No obstante de que el valor de la ordenada aproximada y 

calculado por la ecuación No. (8) fué derivado partiendo -

de la consideración de que la elástica deformada de la pi~ 

za era una media onda de senoide, se ha visto que el momen 

to calculado con la expresión (13) dá valores de una apro

ximación del orden 2% del momento exacto para los casos más 

comunes de carga, donde el momento máximo ocurre al centro 

del claro. 

La ecuación (13) se puede reescribir como 
o 

[ ( -'- ] M= M o 
i + 'f ?c. 

p 
1 - t{" 

- ---® 

donde \1) se define como 
1 

\,~ = Pe Yo 
4

_ 11'Z.EI Y .. - ( --·-¡ M o L" M .. --- -@ 

El esfuerzo máximo fm debido a la compresión axial y a la 

:flexión, será 

f = f_...,.M, = p + 
m A l A 

----@ 

El valor de P que hace fm igual a Fy es la carga axial que 

inicia la fluencia del miembro, Py" 

El término ~ puede valuarse numericame~~e para varias con 

diciones de carga por ejemplo, para el caso de una carga -

uniformemente distribuida ~ y extremos apoyados libremente. 

71 1 -=-":r:'/ /<=' -1 ;: O,O'Z.81 

La tabla 7, proporciona los valores de~ para distint~s

condiciones de carga transversal. 
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b) Ecuaciones de interacción 

Las especificaciones AISC 1969 establecen ecuaciones de in 

teracción p~ra el caso de la combinación de esfue~¿os de -

flexión (uniaxial o biaxial) y carga axial, que fueron de

sarrolladas a partir de los métodos descritos anteriormen

te. Las ecuaciones se han pensado para tomar en cuenta los 

posibles efectos del pandeo lateral. Cuando el esfuerzo -

axial fa es la columna es menor del 15% del esfuerzo axial 

permisible para columnas cargadas axialmente ~' es posible 

simplificar las ecuaciones de intera~ción de~preciando el 

efecto flexionante originado por la carga axial y la defle 

xión de la columna. Para mayores valores de fa, se hace -

necesario considerar ese momento secundario, en virtud de 

que el factor de magnificación 1/(1- P/Pe) no es despreci~ 

ble. 

Las ecuaciones de AISC son: 

Si h f. o.IS 
F~ 

f.;¡ +,,. .flty ..::. @ ( ALSC 1.,-z) +-- + ,,o----
F~ F~.o,. ~ 'f 

Si ~~ > O·IS 
F~ 

+b .. fJ (m,. c ... y ~lo y 
10 --.@ (AISC. t'--1) + 

( 1- ~· ) fbx 
-+ 

( 1- :~ ) flty 
¿ 

Fa 
e,. c"' 

En puntos de arriostramiento lateral, Fa=06 Fy por lo tanto, 

la ec. (11) dá 

~ 1.0 --.- @ (A1SC 1."-\ 'o) 

En estas fórmulas 

Fa = Esfuerzo axial permisible en la columna, como si solo 

existiera carga axial (v'er tablas 2, 3, 4 y 5) 

Fb = Esfuerzo -permisible de compresión debida a la flexión 

como si solamente existiera esta. (sección 1.5.1.4. -

AISC) 
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10 .:;.;:;o ooo 
F~ :. ¡ f~ = 10 480 

ooa , es el esfuerzo 
~ (''~;~ r y \ K~.l1 r 

crítico de pandeo de Euler (teírico) dividido por un fac

tor de seguridad de 2, tomado con la relación de esbeltez 

Kl correspondiente al plano de flexión que se revisa 
r 

fa = esfuerzo existente axial de compres ion ( : ) 
fb = esfuerzo existente de flexión (~) 
Cm = coeficiente cuyo valor puede tomarse como sigue: 

1.- Para miembros en compresión, sujetos a traslación lateral 

de sus uniones, CYY'I = o. SS 

2.- r. nic, ~ros en compresión con apoyos totalmente empo -

_aL~s, en marcos arriostrados contra la translación de -

~-·S ~untas, sin estar sujetos a cargas transversales entre 

.~s a~oyos en el plano de flexión: 

e""' ::. o.~ -r 0-4 ~ • ( p~r-o no ,-,enor de. o A) , donde. ~M, 
M~ ~ 

,-·s 1 a. relación del menor al mayor de los momentos extremos 

2 la porción del miembro sin arriostrar, en el plano de.

-~exión bajo consideración. M1/M2 es positiva cuando el 

_ .::.er,·.Oro se flexiona con curvatura simple, y negativa cuando 

_áq~iere curvatura doble. 

:.-. -· .~ra nliembros en compresi6n en marcos arriostrados contra 

a translación de sus juntas en el plano de carga y sujetos 

u cargas transversales entre sus apoyos, el valor de "Cm" 

?Uede determinarse por un análisis racional*; sin embargo, 

en lugar de dicho análisis, los siguientes valores pueden 

a?licarse: Para miembros éuyos extremos están empotrados 

~~ = 0.85 y Cm= 1.0 en caso contrario. 

.)
\ ,, 1 . 

.1 

L 
e, y = 1 + ~ E' c., 

- ---@ 

~_,;:¡.s tablas 7 y 8 contienen los valores de Cm para distin-

• ~s condiciones. Se sugiere al est~diante leer el comen

~rio de las especificaciones AISC, sección 1.6 pai~ una 

~jo~ comprensión de estas especif~caciones. 
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Preface 

Research completed since the last revision of the AISC Specification {or 
the Design, Fabrication and Erection o[ Structural Steel for Buildings in 1963, 
together with the publication of new ASTM specifications covering grades 
of structural steel often affording improved economy, account for the 
additions and most of the changes in this revision of the AISC Specification. 

Among the new provisions attributable to recent research are those 
covering the use of hybrid flexura! members, that is, beams and girders 
having higher strength steel in the :flanges than in the web. Also included 
are: a more rational set of work.ing stresses for :fillet welds that co:rÍsider 
the mechanical properties of both weld and base metal and cover a much 
wider strength range than heretofore; the extension of existing working 
stress provisions and geometric limitations, expressed in tenns of specified 
mínimum yield stress, to steels having a yield stress of 100 ksi; and the 
extension of plastic design rules to cover braced multi-story structures and 
steels having a yield stress up to 65 ksi. 

As in the past, in order to avoid reference to propñetary steels which 
may be available from but one source, only steels which can be identi:fied by 
ASTM specifications are listed. However, steels covered by ASTM speci
fications but subject to more costly manufacturing and inspection tech
niques than deemed essential for structures covered by this Specification 
are not listed, even though they may pro vide all of the necessary character
istics of leas expensive steels which are listed. 

Steels covered by the listed ASTM specifications which have been 
adopted since the 1963 revision of the AISC Specification have been avail
able for sorne time as proprietary products and considerable experience has 
already been acquired in their use. Also listed for the fust time are severa! 
grades of steel having Iess frequent applications in building construction, 
which have been covered by ASTM specifications for ma.ny years. Their 
inclusion is for clarification. They have proven entirely satisfactory when 
used in accordance with the provisions of the AISC Sperification. 

With the extension of plastic design to steels having a yield stress in 
excess of the previous 36 k3i Iimitation, more restrictive width-thickness 
ratios are imposed on compression elements in Sect. 2.7 than in Sect. 
1.5.1.4.1. This is because the required plastic hinge rotations in structures 
designed according to the provisions of Part 2 may be considerably greater 
than in designs executed according to the provisions ofSect. 1.5.1.4.1. The 
term compact section will continue to apply to members meeting the geo
metric limitations of Sect. 1.5.1.4.1 with respect to profile; shapes con
forming to the requirements of Sect. 2. 7 may be referred to as plastic design 
sections. 

In order to simplify design calculations, the forces, st.resses, aa,formulas 
related to them are now expressed in k.ips or kips per square in.1stead of 
pounds or pounds per square inch as in the past. 



As ur ' throughout the Specification, the term structural steel refers 
exclusivel. <> thosc items enumerated in Section 2 of the AISC Code of 
Standard Practice for Steel Buildings and Bridges, and nothing herein con
tnined is intended as n recommended practice for skylights, tire escapes, or 
other itcms not specifically enumerated in that Code. For the design of 
cold-formed stecl structural members, whose profiles contain rounded 
corners and slendcr flat elements, the provisions of the American !ron and 
Steel lnstitute Speci/ication for the Design o/ Cold-Formed Steel Structural 
Members are recommended. 

Many provisions of the Specification,~otably in the sections dealing 
with fabrication and erection practices, hav'e evolved from years of shop 
and field experience and need no further elaboration. Others are the out
growth of recent extensive research. A separate Commentary, providing 
the background for such provisions, published by the American Institute 
of Steel Construction, is available at no cost to users of the Specification. 

Milton E. Eliot, Chairman 
William C. Alsmeyer 
Stephenson B. Barnes 
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Walter E. Blessey 
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John S. Carter 
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A, 
A.., 
e 
e, 
e, 

F, 
F', 

F', 

l 

N omenclatu re 
N o minal body are a of a fastener 
Actual area of effective concrete .tlange in composite design 
Planar area of web at beam-to-column connection 
Area of compression .tlange 
Area of steel beam in composite design 
Area of reinforcing steel providing composite action at point of nega-

tiva moment 
Cross-sectional area of stiffener or pair of stiffeners 
Area of girder web 
Ratio of bolt tensile strength to tensile strength of connected part 
Coefficient used in Table 1-A 
Bending coefficient dependent up_~ moment gradient; equal to 

1.75 + 1.05 (Z:) + 0.3 (Z:Y 
Column slenderness ratio dividing elastic and inelastic buckling; equal to 

Af2;2E 
"'fp:-• except in Appendix C 

l1 

Coefficient applied to bending term in interaction formula and de-
pendent upon column curvature caused by applied moments 

Stiffness factor for primary member in a .tlat roof 
Stiffness factor of secondary member in a .tlat roof 
Ratio of "critica!" web stress, according to the linear buckling theory, 

to the shear yield stress of web material; equal to 

12(1 - v1)(hjt)2F11 

or 190 "k h/t F 11 

(See Sect. 1.10.5.2) 

Ratio of beam yield stress to column yield stress 
Ratio of column yield stress to stiffener yield stress 
Factor depending upon type of transverse stiffeners 
Modulus of elasticity of steel (29,000 kips per square inch) 
Modulus of elasticity of concrete 
Load factor in plastic design 
Axial stress permitted in the absence of bending moment 
Axial compressive stress, permitted in the absence of bending moment, 

for bracing and other secondary members 
Bending stress permitted in the absence of axial force 
Allowable bending stress in compression .tlange of plate girders as re

duced for hybrid girders or because of large web depth-to-thickness 
ratio 

Euler stress divided by factor of safety; equal to 

121r2E 

( 

AJlowauJe bearing stress '-.'. 

F11, 

14 
lp 
1, 
1, 
K 
L 
Lp 
L, 
M 
M¡ 
M, 
MD 
ML 
M,. 

M o 

Mp 
N 
N¡ 
N2 

p 
P ... 
pd 
p" 

Qa 

Q. 

R 

S 
sd" 
S, 

s,, 

Tb 
V 
VA 

Stress range 
Allowable tensile stress 
Allowable shear stress 
Specified minimum yield stress of the type of steel being used (kips per 

square inch). As used in this Specification, "yii2Id stress" denotes 
either the specified mínimum yield point (for those steels that ha ve a 
yield point) or specified mínimum yield strengllh (for those steels 
that do not have a yield point). 

Yield stress of reinforcing steel providing composite action at point of 
negative moment 

Moment of inertia of steel deck on a fiat roof 
Moment of inertia of primary member in fiat roof fmming 
Moment 'of inertia of secondary member in fiat roof framing 
Moment of inertia of transformed composite section 
Effective length factor 
Span length (feet) 
Length of primary member in a fiat roof (feet) 

. Length of secondary member in a fiat roof (feet) 
Moment (kip-feet) 
Smaller moment at end of unbraced length of bea.m-column 
Larger moment at end of unbraced length of beam-mlumn 
Moment produced by dead load 
Moment produced by Iive load 
Critica! moment that can be resisted by a plastica!Q> designed member 

in absence of axial load 
Reduced plastic moment 
Plastic moment 
Length of bearing of applied load (inches) 
Number ofshear connectors equal to Vhjq or V'h/q. as applicable 
Number of shear connectors required where closer spacing is needed 

adjacent to point of zero moment 
Applied load (kips) 

= 1.70 AFa 
= 1.92 AF'. 
Plastic axial load; equal to profile area times specffied mir. imull_l yield 

stress (kips) · 
Ratio of effective profile area of an axially loaded member to its total 

profile area 
Axial stress reduction factor where width-thickness rntio of unstiffened 

elements exceeds Iimiting value given in Sect. 1.9..11.2 
Reaction or concentrated transverse load applied to beam or girder 

(kips) 
Spacing ofsecondary members in a fiat roof (feet) 
Effective section modulus corresponding to partial romposite action 
Section modulus of steel beam used in composite design, referred to the 

bottom fiange . 
Section modulus oftransformed composite cross-sec:ftion, referred to the 

bottom ftange 
· Proof load of a high strength bolt (kips) 
Statical shear on beam (kips) 
Total horizontal shear to be resisted by connectms une\ ull com-

posite action (kips) i 

• 
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Totv1 ~orizontal shcat to be resisted by connectors in providing partial 
e<. ositc action (kips) 

Stntical shear producerl by "ultimate" load in plastic design (kips) 
Ratio of yield stress of web steel to yield stress of stiffener steel 
Clenr distance between transverse stiffeners 
Distance required nt ends of welded partiallength cover plate to de

velop stress 
Effective width of concrete slab; actual width of stiffened and un-

stiffened compression elements 
Effective width of stiffened compression element 
Flange width of rolled beam or plate girder 
Distance from neutral axis to extreme fiber of beam 
Depth of beam or girder. Also diameter of roller or rocker bearing 
Column web depth clear of fillets 
Horizontal displacement, in the direction of the span, between top and 

botton of simply supported beam at its ends 
Axial compression load on membe'F"aivided by effective area (kips per 

square inch) 
Computed axial stress 
Computed bending stress 
Specified compression strength of concrete 
Computed tensile stress 
Computed shear stress 
Shear between girder web and transverse stiffeners (kips per linear 

inch of single stiffener or pair of stiffeners) 
Transverse spacing between fastener gage linea 
Clear distance between flanges of a beam or girder 
Coefficient relating linear buckling strength of a plate to its dimensiona 

and condition of edge support. Also distance from outer face of 
fiange to web toe of fillet of rolled shape or equivalent distance on 
welded section 

Actual unbraced length (inches) 
Actual unbraced length in plane of bending (inches) 
Critica! unbraced length adjacent to plastic hinge (inches) 
Modular ratio; equal to E/Ec 
Allowable horizontal shear to be resisted by a shear connector 
Governing radius of gyration 
Radius of gyration about axis of concurrent bending 
Lesser radius of gyration 
Spacing (pitch) between successive holes in line of stress 
Girder, beam, or column web thickness 
Beam :Bange thickness at rigid beam-to-column connection 
Flange thickness 
Thickness of thinner part joined by partial penetration groove weld 
Length of channel shear connectors 
Subscript relating symbol to strong axis bending 
Subscript relating symbol to weak axis.bending 
Ratio of hybrid girder web yield stress to :Bange yield stress 
Ratio S,;s. or S.11/S, 
Poisson's ratio, may be taken as 0.3 for steel 
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SPECIFICATION FOR THE 

Design, Fabrication and Erection 
of Structural Steel for Buildings 

SECTION 1.1 PLAN S AND DRA WINGS 

1.1.1 Plans 

PART 1 

The plans (design drawings) shall show a complete design with sizes, 
sections, and the relative locations of the various memhers. Floor l~vels, 
column centers, and offsets shall be dimensioned. Plans shall be drawn to a 
scale large enough to convey the infonnation adequately. 

Plana shall indicate the type or types of construction (as defined in Sect. 
1.2) to be employed, and they shall be supplemented by such data concerning 
the assumed loada, shears, moments and axial forces to be resisted by a1l 
members and their connections, as may be required for the proper preparation 
of the shop drawings. 

Where joints are to be assembled with high strength bolts and are re
quired to resist shear between the connected parta, the plans shall indicate 
the type of connections to be provided, namely, friction or bearing. 

Camber of trusses, beam.s and girders, if required, shall be called for on 
the design drawings. 

1.1.2 Shop Drawings 

Shop drawings, giving complete infonnation necessary for the fabrication 
ofthe component parta of the structure, including the location, type and size 
of all rivets, bolts and welds, shall be prepared in advance of the actual 
fabrication. They shall clearly distinguish between shop and field rivets, 
bolts and welds. 

Shop drawings shall be made in conformity with the best modern practice 
and with due regard to speed and economy in fabrication and erection. 

1.1.3 Notations for Welding 

Note shall be made on the plans and on the shop drawings of those joints 
or groups of joints in which it is especially important that the welding sequence 
and technique of welding be carefully controlled to minimize welding 
under restraint and to avoid undue distortion. 

Weld lengths called for on the plans and on the sbop drawings shall be 
the net effective lengths. 

'·' 



Standard Symbols and Nomenclature 1.1.4 
< 

Welding symbols used on plans and shop drawings shall pr~ferably be 
the American Welding Society symbols. Other adequate welding symbols 
may be used, provided a complete explanation thereof is shown on the plana 
or drawings. 

Unless otherwise noted, the standard nomenclature contained in the 
joint AISC-SJI Standard Specifications for Open Web Steel Joists and Long
span Steel Joists, la test edition, shall be used in describing steel joists. 

SECTION 1.2 TYPES OF CONSTRUCTION 

Three basic types of construction and associated design assumptions are 
permissible under the respective conditions stated hereinafter, and each will 
govern in a specific manner the size of members and the types and strength of 
their connections. 

Type 1, commonly designated as "rigid-frame" (continuous frame), 
assumes that beam-to-column connecti~ have sufficient rigidity to hold 
virtually unchanged the original angles between intersecting members. 

Type 2, commonly designated as "simple" framing (unrestrained, free
ended), assumes that, in ~o far as gravity loading is concerned, the ends of 
beams and girders are connected for shear only, and are free to rotate under 
gravity load. 

Type 3, commonly designated as "semi-rigid framing" (partially re
strained), assumes that the connect.ons of beams and girders possess a 
dependable and known moment capacity intermediate in degree between the 
rigidity of Type 1 and the tlexibility of Type 2. 

The design of all connections shall be consistent with the assumptions as 
to type of construction called for on the design drawings. 

Type 1 construction is unconditionally permitted under this Specifica
tion. Two different methods of design are recognized. Within the limita
tions !aid down in Sect. 2.1, members of continuous frames, or continuous 
portions of frames, may be proportioned, on the basis of their maximum 
predictable strength, to resist the specified design loads multiplied by the 
prescribed load factors. Otherwise Type 1 construction shall be designed, 
within the limitations of Sect. 1.5, to resist the stre~ses produced by the 
specified design loads, assuming moment distribution in accordance with the 
elastic theory. 

Type 2 construction is permitted under this Specification, subject to the 
stipulations of the following paragraph wherever applicable. 

In tier buildings designed as Type 2 construction (that is, with beam
to-column connections other than wind connections assumed flexible under 
gravity loading) the wind moments may be distributed among selected 
joints of the frame provided that 

l. The connections and connected members have capacity to resist 
the wind moments. 

2. The girders are adequate to carry the full gravity load as "simple 
beams." 

3. The connections have adequate inelastic rotation capacity to avoid 
Ó' tress of the fasteners or welds under combined gravity and 
wind Ioading. .. 

---· ----· _ .. --.....-....... .--"'"'"'"""'"6~ - ., - ... ..., 

Type 3 (semi-rigid) wnstruction will be permitted only upon evidence 
that the connections to be used are capable of furnishing. as a mínimum, a 
predictable proportion of full end restraint. The proportioning of main 
members joined by such connections shall be predicated upon no greater 
degree of end restraint than this mínimum. · 

Types 2 and 3 construction may necessitate sorne oon-elastic but self
limiting defonnation of a structural steel part. 

SECTION 1.3 LOADS AND FORCES 

1.3.1 Dead Load 

The dead load to be assumed in design shall consist oft.he weight of steel
work and all material pennanently fastened thereto or supported thereby. 

1.3.2 Live Load 

The live load, including snow load if any, shall be that stipulated by the 
Code under which the structure is being designed or that dictated by 
the conditions involved. Snow load shall be considered as applied either to the 
entire roof area or to a portion of the roof area, and any probable arrange
ment of loads resulting in the highest stresses in the supporling member shall 
be used in the design. 

1.3.3 Impact 

For structures carrying live loads which induce impact, the assumed 
live load shall be increased sufficiently to provide for same. 

H not otherwise specified, the increase shall be: 

For supports of elevators . . . . . . . . . . . 
For traveling crane support girders and their connec-

tions ................... . 
For supports of light machinery, shaft or motor driven, 

not less than . . . . . . . . . . . . . 
For supports of reciprocating machinery or power 

driven units, not leas than. . . . . . . 
For hangers supporting tloors and balconies 

1.3.4 Crane Runway Horizontal Forces 

100 percent 

25 percent 

20 percent 

50 percent 
33 percent 

The lateral force on crane runways to provide for tbe effect of moving' 
crane trolleys shall, if not otherwise specified, be 20 percent of the sum of the 
weights of the lifted load and of the crane trolley (but exclmive of other parts 
of the crane). The force shall be assumed to be applied at the top of the rail, 
one-half on each si de of the runway, and shall be considerad as acting in either 
direction normal to the runway rail. 

The longitudinal force shall, if not otherwise specified, be taken as 10 
percent of the maximum wheelloads of the crane applied at the top of rail. 

1.3.5 Wind 

Proper provision shall be made for stresses caused by wind both during 
erection and after completion of the building. 

1.3.6 Other Forces 

Structures in localities subject to earthquakes, lmrrican• nd other 
extraordinary conditions shall be designed with due regard for such conditions. 
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1.3.7 Minimum Londs 

lri 1. .- absence of any npplicable building code requirements, the Ioads 
refcrrcd to in Scct. 1.3.1, 1.3.2, 1.3.5 and 1.3.6 above shall be not less than 
those rccomrncnded in the USA Standard Building Code Requirements for 
Minimum Dcsign Loads in Buildings and Other Structures, USASI A58.1, 
la test edit ion. 

SECTION 1.4 MATERIAL 

1.4.1 Structural Steel 

1.4.1.1 Material conforming to one of the following Iisting (la test date 
of issue) is approved for use under this Specification: 

Structural Steel, ASTM A36 
. Welded and Seamless Steel Pipe, ASTM A53, Grade B 
High-Strength Low-Alloy Structural Steel, ASTM A242 
High-Strength Low-Alloy Hot-&!l.t!.d Steel Sheet and Strip, 

ASTM A375 
High-Strength Structural Steel, ASTM A440 
High-Strength Low-Alloy Structural Manganese Vanadium Steel, 

ASJ'M A441 
Cold-Formed Welded and Seamless Carbon Steel Structural Tubing 

in Rounds and Shapes, ASTM A500 
Hot-Formed Welded and Seamless Carbon Steel Structural Tubing, 

ASTM A501 

Structural Steel with 42,000 psi Mínimum Yield Point, ASTM A529 
Hot-Rolled Carbon Steel Sheets and Strip, Structural Quality, ASTM 

A570, Grades D and E 
High-Strength Low-Alloy Columbium-Vanadium Steels o{ Structural 

Quality, ASTM A572 
High-Strength Low-Alloy Structural Steel with 50,000 psi Mínimum 

Yield Point to 4 in. Thick, ASTM A588 
High- Yield Strength Quenched and Tempered Alloy Steel Plate, 

Suitable for Welding, ASTM A514. (Quenched and tempered 
alloy steel structural shapes and seamless mechanical tubing 
meeting aii ofthe mechanical andchemic'hlrequirements of A514 
steel, except that the specified maximum tensile strength may 
be 140,000 psi for structural shapes and 145,000 psi for seamless 
mechanical tubing, shaii be considered as A514 steel.) 

Certified mili test reporta or certified reporta of tests made by the fabri
cator ora testing laboratory in accordance with ASTM A6 and the governing 
specification shaii constitute sufficient evidence of conformity with one of 
the above ASTM specifications. Additionally, the fabricator shall, if re
quested, provide an affidavit stating that the structural steel furnished meets 
the requirements of the grade specified. 

1.4.1.2 Unidentified steel, if free from surface imperfections, may be 
used for parts of minor importance, or for unimportant details, where the 
precise physical properties of the steel and its weldability would not affect 
the strength of the structure. 

1.4.2 Other Metals 

Cast steel shall conform to one of the following specifications, latest 
edition: 

Mild-to-Medium-Strength Carbon-Steel Castings {or General Applica
tion, ASTM A27, Grade 65-35 

High-Strength Steel Castings for Structural Purposes, ASTM A148, 
Grade 80-50 

Certified test reporta shall constitute sufficient evidence of conformity 
with the specifications. 

Steel forgings shall conform to one of the foiiowing specifications, la test 
edition: 

Carbon Steel Forgings for General Industrial Use, ASTM A235, 
Class C1, F and G. (Class C1 Forgings that are to be welded 
shall be ordered in accordance with Supplemental Require
ments 85 of A235.) 

Alloy Steel Forgings for General Industrial Use, ASTM A237, 
Class A 

Certified test reports shall constitute sufficient evidence of conformity 
with the specifications. 

1.4.3 Rivets 

Rivets shall conform to the provisions of the Specificntion for Structural 
Rivets ASTM A502, Grade 1 or Grade 2, latest edition: 

Manufacturer's certification shall constitute sufficient evidence of con
formity with the specifications. 

1.4.4 Bolts 

High strength steel bolts shall conform to one of the following specifica
tions, latest edition: 

High Strength Bolts for Structural Steel Joints, Including Suitable 
Nuts and Plain Hardened Washers, ASTM A325 

Quenched and Tempered Steel Bolts and Studs, ASTM A449 
Quenched and Tempered Alloy Steel Bolts for Structural Steel Joints, 

ASTM A490 

Other bolts shall conform to the Specification for Low-Carbon Steel Ex
ternally and Internally Threaded Standard Fasteners, ASTM A307, latest 
edition, hereinafter designated as A307 bolts. 

Manufacturer's certification shaii constitute sufficient evidence of con
formity with the specifications. 

1.4.5 Filler Metal for Welding 

Welding electrodes for manual shielded metal-are welding shaii conform 
to the Specification for Mild Steel Covered Are-Welding Electrodes, A WS 
A5.1, Iatest edition, or the Specification {or Low-Alloy Steel Covered Arc
WPlding Electrodes, A WS A5.5, latest edition. 

Bare electrodes and granular flux used in the submerged-arc process 
shall conform to F60 or F70 A WS-flux classifications of the Specification for 
Bare Mild Steel Electrodes and Fluxes for¡ Submerged Are Welding, A WS 
A5.17, latest edition, or the provisions of Sect. 1.17.3. 

lo(' 
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E60S or E70S elcctrodcs u.scd in thc gas metal-are process ~hall con
form to the Specification for Mild Steel Electrodes for Gas Metal-Are Welding, 
A WS A5.18, latest edition, or the provisions of Sect. 1.17.3; E60T or E70T 
electrodes uscd in the flux cored-arc process shall conform to the Specifica
tion {or Mild Steel Electrodes for Flux-eored-Arc Welding, A WS A5.20, 
latest edition, or thc provisions of Scct. 1.17.3. 

Manufacturer's certification shall constitute sufficient evidence of con
formity with the specifications. 

SECTION 1.5 ALLOWABLE STRESSES* 

Except as provided in Sects. 1.6, 1.7, 1.10, 1.11 and in Part 2, all com
ponente of the structure shall be so proportioned that the stress, in kips 
per square inch, shall not exceed the following values, except as they are 
rounded off in Appendix A. 

1.5.1 Structural Steel 

1.5.1.1 Tension 

On the net section, except at pin hales: 

F, = 0.60F11 

but not more than 0.5 times the minimum tensile strength of the steel. 
On the net section at pin hales in eyebars, pin-connected platea or built

upmembers: 
F, = 0.45F11 

For tension on threaded parta see Table 1.5.2.1. 

1.5.1.2 Shear 

On the gross section: F. = 0.40F11 
-

(The gross section of rolled and fabricated shapes may be taken as 
the product of the overall depth and the thickness of the web. See Sect. 
L10 for reduction required for thin webs. For discussion of high shear stress 
within boundaries of rigid connections of members whose webs lie in a 
common plane, see Commentary Sect. 1.5.1.2.) / 

1.5.1.3 Compression 

1.5.1.3.1 On the gross section of axially loaded compression members 
when Kljr, the largest effective slenderness ratio of any unbraced segment as 
defined in Sect. 1.8, is less than e,: 

where 

[
1 - (Kl/r) z] F 

2ecz 11 
Fa = --=------=---=~--

5 + 3(Kl/r) _ (Kl/r)3 
3 Sec seca 

e = _/27rtE 

e " Fll 

(1.5-1) 

* See endix A for tabTes of numerical values for various grades of steel corre-
sponding •v provisions of this Section. ,_ 

1.5.1.3.2 On the gross section of axially loaded compression members 
when Kl/r exceeds er: <. 

F _ 1211' 2E 
a - 23(Kljr)2 (L5-2) 

1.5.1.3.3 On the gross section of axially loaded bracing and secondary 
members, when ljr exceeds 120*: 

Fa (by Formula (1.5-1) or (L5-2)) (L
5

-S) 
Fas = l 

1.6--
200r 

1.5.1.3.4 On the gross area of plate girder stiffeners: 

Fa = 0.60F11 

1.5.1.3.5 On the web of rolled shapes at the toe oí the fillet (crippling, 
see Sect. L10.10): 

Fa = 0.75F11 

1.5.1.4 Bending 

1.5.1.4.1 Tension and compression on extreme fibers of compact hot
rolled or built-up members (except hybrid girders and members of A514 
steel) symmetrical about, and loaded in, the plane of their minor axis and 
meeting the requirements of this section: 

Fb = 0.66FII 

In order to qualify under this section a member must meet the following 
requirements: 

a. The fianges shall be continuously connected to the web or webs. 
b. The width-thickness ratio of unstiffened projecting elements of the 

compression flange, as defined in Sect. L9.1.1, shall not exceed 
52.2/VF11• • 

c. The width-thickness ratio of stiffened elements of the compression 
fiange, as defined in Sect. 1.9.2.1, shall not exceed 190/~. 

d. The depth-thickness ratio of the web or webs shall not exceed the 
val u e 

e. 

djt = 412 ( 1 - 2.33 J;) 1 VF, 

except that it need not be less than 257 ;VF;. 

(1.5-4) 

The compression fiange shall be supported laterally at intervals 
- 20,000 

not to exceed 76.0b/VF11 nor (d/A,)F" 

Except for hybrid girders and members of A514 steel, beams and girders 
(including members designed on the basis of composite action) which meet 
the requirements of sub-paragraphs a, b, e, d and e above and are con
tinuous over supports or are rigidly framed to columns by means of rivets, 

* For this case, K is taken as unity. 



( high st rcngth bolts or welds, m ay be proportioned for Ji 0 of the negativ-
mom' produccd by gravity loading which are maximum a.'. points , 
support, providcd thnt, for such members, the maximum positive moment 
shnll be incrcnscd by J 1 o of the average negative momcnts. This reduction 
shnll not npply to moments produced by loading on cantilevers. Ifthe nega
tive moment is rcsistcd by a column rigidly framed to the beam or girder, the 
Yí o reduction mny be used in proportioning the column for the combined 
axial and bending loading, provided that the stress, {11 , due to any con
current axial load on the member, does not ~xceed 0.15F •. 

1.5.1.4.2 Members (except hybrid girders and members of A514 steel) 
which m_:~t the requirements of Sect. 1.5.1.4.1 except that b 1 j2t¡, exceeds 
52.2/VFv but is less than 95.0/VF,, may be designed on the basis of an 
allowable bending stress 

Fo = F,[o.733- 0.0014 (:¿) VF,J (1.5-5í 

1.5.1.4.3 Tension and compression on extreme fibers of doublv
symmetrical I- and H-shape mem~ meeting the requirements of Se~t 
1.5.1.4.1, subparagraphs a and b, and bent about their minor axis (except 
members of A514 steel); solid round and square bars; and solid rectangular 
sections bent about their weaker axis: 

Fo = 0.75F, 

1.5.1.4.4 Tension and compression on extreme fibers of box-type 
flexura} members whose compression flange or web width-thickness ratie
does not meet the requirements of Sect. 1.5.1.4.1 but does conform to the 
requirements of Sect. 1.9 and whose compression flange is braced laterally 
at intervals not exceeding 2,500/ F, times the transverse distance out-to-out 
ofthe webs: 

Fo = O.GOF, 

1.5.1.4.5 Tension on extreme fibers of flexura} members not covered in 
Sect. 1.5.1.4.1, 1.5.1.4.2, 1.5.1.4.3 or 1.5.1.4.4: 

1.5.1.4.6a Compression on extreme fibers of flexura} members ir.
cluded under Sect. 1.5.1.4.5, having an axis of symmetry in, and loaded in, 
the plane of their web, and compression on extreme fibers of channels • be m 
about their major axis: the larger value computed by Formulas (1.5-Ga) or 
(1.5-Gb) and (1.5-7) as applicable (unless a higher value can be justified 
on the basis of a more precise analysis**), but not more than O.GOF,. 

When 

(1.5-Ga) 

* Only Formula (1.5-7) applicable to channels. 
u See Commentary Sects. 1.5.1.4.5 and 1.5.1.4.6, last two paragraphs. 

When 

(1.5-Gb} 

Or, when the compression flange is solid and approximately rectangular in 
cross-section and its area is not less than that of the tension flange 

(1.5-7) 

In the foregoing, 

l = distance between cross-sections braced against twist or lateral 
displacement of the compression flange 

rT = radius of gyration of a section comprising the compression flange 
plus one-third of the compression web area, taken about an axis 
in the plane of the web 

A 1 area of the compression flange 
C0 = 1.75 + 1.05 (M 1/M2) + 0.3 (M1/M2)2, but not more than 2.3•, 

where M 1 is the smaller and M2 the larger bending moment at the 
ends of the unbraced length, taken about the strong axis of the 
member, and where M1/M2, the ratio ofend moments, is positive 
when M 1 and M 2 have the same sign (reverse curvatura bending) 
and negative when they are of opposite signs, (single curvatura 
bending). When the bending moment at any point within an 
unbraced Iength is larger than that at both ends ofthis length, the 
value of C0 shall be taken as unity. C0 shall also be taken as 
unity in computing the value of Fox and Fou to be used in Formula 
(l.G-la). See Sect. 1.10 for further limitation in plate girder 
flange stress. 

For hybrid plate girders, Fu for Formulas (1.5-Ga) and (1.5-Gb) is the 
yield stress of the compressi9n flange. Formula (1.5-7) shall not apply to 
hybrid girders. 

1.5.1.4.6b Compression on extreme fibers of flexura! members in
cluded under Sect. 1.5.1.4.5, but are not included in Sect. 1.5.1.4.Ga: 

F0 = O.GOF11 

provided that sections bent about their major axis are braced laterally in 
the region of compression stress at intervals not exceeding 7G.Ob1/VF,. 

1.5.1.5 Bearing (on contact area) 

1.5.1.5.1 Milled surfaces, including bearing stiffeners and pins in 
reamed, drilled, or bored boles: 

Fp = 0.90FII** 

* C& can be conservatively taken as unity. For smaller values see Appendix A, 
Fig. Al, p. 5-104. 

** When parts in contact ha ve dift'erent yield stresses, F. shall be the smaller value. 
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1.5.1.5.2 Expnnsion rollers and rockers, kips per linear inch: 

F = (Fu - 13) 0_66d 
p 20 

where d is thc diametcr of roller or rocker in inchcs. 

1.5.2 Rivets, Bolts, and Threaded Parts 

1.5.2.1 Allowable tension and shcar stresses on rivets, bolts and 
threaded parts (kips per square inch of area of rivets before driving or 
unthreaded-body area of bolts and threaded parts except as noted) shall 
be as given in Table 1.5.2.1. High strength bolts required to support 
applied load by means of direct tension shall be so proportioned that their 
average tensile stress, computed on the basis of nominal bolt area and inde
pendent of any initial tightening force, will not exceed the appropriate stress 
given in Table 1.5.2.1. The applied load shall be the sum of the externa! 
load and any tension resulting from prying action produced by deformation 
of the connected parts. 

-.... 
TABLE 1.5.2.1 

Sbear (F.) 

1 Description of Fastener 
Tension Friction- Bearing- ! (F,) Type Type ¡ 

Connections Connections : 

A502, Grade 1, hot-driven 
rivets 20.0 15.0 

A502, Grade 2, hot-driven 
rivets 27.0 20.0 

1 
A307 bolts 20.01 , 10.0 
Threaded parts• of steel meet-

ing the requirements of 
Sect. 1.4.1 0.60Fu 1 0.30Fv 

A325 and A449 bolts, when 
threading is not excluded 

15 o from shear planes 40.02 15 o 
A325 and A449 bolts, when 

threading is excluded from 
shear planes 40.0 2 15.0 22 o 

A490 bolts, when threading is 
not excluded from shear 

1 
planes 54.02,4 20.0 22 5 

A490 bolts, when threading is 

1 
excluded from shear planes 54 02

•4 20.0 32.0 

( 
0.9743) 2 D . h . 

1 Applied to tensile stress area equal to 0.7854 D - -n- where 1St e maJor 

thread diameter and n is the number of threads per inch. 
• Applied to the nominal bolt area. 
a SincP the nominal area of an upset rod is less than the stress area, the former 

area wi vern. 
• Statlc loading only. 

TABLE 1.5.3 

Permiasible "Mate~ 
Kind o( Stress 

Stress 
Required Electrode• Base 

-- - --- Metal• 

Tension and Compression parallel Same as for base 
to axis of any complete penetration metal' 
groove weld 

Tension normal to effective throat S ame as allow-
oC complete-penetration groove able tensile stress 
weld for base metal1 

Compression normal to effective Same as allow-
throat of complete or partial-pene- able compressive 
tration groove weld stress for base 

metal 1 

Shear on effective throat of com- Same as allow-
plete-penetration groove weld able shear stress 

for base metal• 

Shear stress on effective• throat of 18 o ksi A WS A5.1, BtiOXX electrodes A500Grad' 
fillet weld and partial-penetration AWS A5.17, F6X-EXXX flux- A570GradE 
groove weld regardless of direction electrode comhination 
of application of load; tension nor- A WS A5.20, E6IYI' -X electrodes 
mal• to the axis on the effective 

21.0 ksi A WS A5.1 or A5.5, E70XX elec- A36 throat oC a partial-penetration 
trodes A53 Grade groove weld; and shear stress on 

AWS A5.17, F"'X-EXXX flux- A242 effective area of a plug or slot weld. 
The given stresses shall also apply electrode comhination A375 

to such welds made with the speci- AWS A5.18, E7US-X or E70U-1 A441 

fied electrode on steel having a electrodes A500Gradt 

1 yield sttess greater than that of the AWS A5.20, E70T-X electrodes A501 
A529 "matching" base metal. The per-
A570Grad~ missible stress, regardless of elec-
A572 Grac trode classification used, shall not 

42to60 sxceed that given in the table 
A588 for the weaker "matching" base 

metal being joined. 24.0 ksi A WS A5.5, ESOXX electrodes A572Gradf 
Grade 80 Submerged Are, Gas 65 

- Metal-Are or Flux Cored Are 
Weld Metal 

27.0 ksi A WS A5.5, E90XX electrodes A514 over:l 
Grade 90 Submerged Are, Gas in. thick 

Metal-Are or Flux Cored Are 
Weld Metal 

30.0 ksi A WS A5.5, EUJOXX electrodes A514 over~ 
Grade 100 Suhmerged Are, Gas in. thick 

Metal-Are m Flux Cored Are 
Weld Metal 

33.0 ksi A WS A5.5, EllO XX electrodes A514 2~ 
Grade 110 Submerged Are, Gas and lesa 

Metal-Are or Flux Cored Are thicknes~ 
Weld Metal 

1 The electrode or flux specified in Table 1.17.2 shall be used. 
1 For definition of effective throat of fillet welds and partial penetration groove welds see ~. 

1.14.7. 
1 Fillet welds and partial penetration groove welds joining the component elements of built-up n:, 

bers, such as flange-to-web connections, may be designed without regard to the tension or compres~ 
stress in these elements parallel to the axis of the welds. 

1 
• Only low-hydrogen electrodes shall be used on A242, A441, A514,. A572 anc... ..88. 



1 .5.2.2 Allownble benring stress on projected area of bolts in bea 
ty¡:. mnections and on rivets: ( 

F 11 "" 1.35Fu 

where Fu is the yield stress of the connected part. (Bearing stress is not re. 
stricted in friction-type connections assembled with A325, A449 or A491· 
bolts.) 

1.5.3 Welds 

Except as modifiE>d by the provisions of Sect. 1.7, welds shall be prc,. 
portioned to meet the stress requirements given in Table 1.5.3. 

1.5.4 Cast Steel and Steel Forgings 

Allowable stresses same as those provided in Sect. 1.5.1, where applicable. 

1.5.5 Masonry Bearing 

IíN-.he absence of Code regulations the following stresses apply: 

On sandstone and limestone. . . . F, = 0.40 ksi 
On brick in cement mortar . . . . F, = 0.25 ksi 
On the full are a of a concrete support F, = 0.25{', 
On one-third of this area . . . . . F, = 0.375{', 

where {'. is the specified compression strength of the concrete. 

1.5.6 Wind and Seismic Stresses 

Allowable stresses may be increased one-third above the values provided 
in Sect. 1.5.1, 1.5.2, 1.5.3, 1.5.4 and 1.5.5 when produced by wind or seismic 
loading, acting alone or in combination with the design dead and live loads, 
provided the required section computed on this basis is not less than that 
required for the design dead and live load and impact (if any), computed 
without the one-third stress increase. 

SECTION 1.6 COMBINED STRESSES 

1.6.1 Axial Compression and Bending 

Members subjected to both axial compression and bending stresses shall 
be proportioned to satisfy the following requirements: 

f,. + Cmzfbz + Cmufbu ~ 1 0 

F,. (1 -Á) F (1 - _b_) F ~ . 
F' bz F' bU 

IZ IU 

(1.6-1a) 

__&____ + foz + fbu ~ 1 O 
0.60Fu Foz Fbu ~ . 

(1.6-lb) 

When f,. ~ 0.15, Formula (1.6-2) may J:>¿ used in lieu of Formulas 
F,. 

(1.6-1a) and (1.6-lb) 

(1.6-2) 

In Formulas (1.6-1a), (1.6-1b), and (1.6-2) the subscr x and y, 
ombined with subscripts b, m and e, indicate the axis of bending about 
~bich a particular stress or design property applies, and . 

Fa = axial stress that would be permitted if axial force alone existed 
Fh = compressive bending stress that would be permitted if bending 

moment alone existed 

F', 
121r 2E (In the expression for F',, lb is the actual unbraced 

23(Kl0jrb) 2 length in the plane of bending and r0 is the corre
sponding radius of gyration. K is the effective 
length factor in the plane of bending. As in the case 
of Fa, F 0 and 0.6 Fu, F', may be increased one-third 
in accorda!lce with Sect. 1.5.6.) 

fa = computed axial stress 
fo = computed compressive bending stress at the point under con

sideration 
Cm = a coefficient whose value shall be taken as follows: 

l. For compression members in frames subject to joint translation 
(sidesway), Cm = 0.85. · 

2. For restrained compression members in frames braced against 
joint translation and not subject to transverse loading between 
~heir supports in the plane of bending, 

Cm = 0.6 - 0.4 M 1
, but not less than 0.4, 

M2 
where M¡f M 2 is the ratio of the smaller to larger moments at 
the ends of that portion of the member unbraced in the plane of 
bending under consideration. Mt/Mz is positive when the 
member is bent in reverse curvature and negative when it is bent 
in single curvature. 

3. For compression members in frames braced against joint trans
lation in the plane of loading and subjected to transverse load
ing between theii supports, the value of C., may be determined 
by rational analysis. However, in lieu of such analysis, the 
following values may be used: (a) for members whose ends 
are restrained, Cm = 0.85;' (b) for members whose ends are 
unrestrained, Cm = 1.0. 

1.6.2 Axial Tension and Bending 

Members subject to both axial tension and bending stresses shall be 
proportioned at all points along thelr length to satisfy the requirements of 
Fonnula (1.6-1b) where {0 is the com:•.tted bending tensilestress. However, 
the computed bending compressive stress, taken alone, shall not exceed 
the applicable value according to Sect. 1.5.1.4. 

1.6.3 Shear and Tension 

Rivets and bolts subject to combined shear and tension shall be so 
proportioned that the tension stress, in kips per square inch, produced by 
forces applied to the connected parts, shall not exceed the following: 



For A502 Grade 1 rivets . . . . . . 
Fo'r A502 Grndc 2 rivets ...... . 
For A307 bolts (npplied to stress area) 
For A325 ancl A449 bolts in bearing-

type joints . . . . . . . . . . 
For A490 bolts in bearing-type joints . 

( 

F, = 28.0 - 1.6{. ~ 20.t 
F, = 38.0 - 1.6{. ~ 27.0 
F, = 28.0 - 1.6{, ~ 20.0 

F, = 50.0 - 1.6{. ~ 40.0 
F, = 70.0 - 1.6{. ~ 54.0 

where {, the shear stress produced by the same forces, shall not exceed the 
value for shear given in Sect. 1.5.2. 

For bolts used in friction-type joints, the shear stress allowed in Sect. 
1.5.2 shal! be reduced so that: 

For A325 and A449 bolts 
For A490 bolts ..... 

F. ~ 15.0(1 - f,Ab/Tb) 
F. ~ 20.0(1 - f,Ab/Tb~ 

where /, is the average tensile stress due to a direct load applied to all of the 
bolts in a connection and Tb is the specified pretension load of the bol t. 

SECTION 1.7 MEMBERS AND CONNECTIONS SUBJECT TO 
REPEATED VARIATION OF STRESS (FATIGUE) 

1.7.1 General 

Fatigue, as used in this Specification, is defined as the damage that may 
result in fracture after a sufficient number of fluctuations of stress. Stres~ 
range is defined as the magnitude of these ftuctuations. In the case of a 
stress reversa!, stress range shall be computed as the numerical sum of 
maximum repeated tensile and compressive stresses or the sum of maximum 
shearing stresses of opposite direction at a given point, resulting from 
ditfering arrangements of live load. 

Few members or connections in conventional buildings need to be de
signed for fatigue, since most load changes in such structures occur only a 
small number of times or produce only minor stress ftuctuations. The 
occurrence of full design wind or earthquake loads is too infrequent to 
warrant consideration in fatigue design. However, crane runways and sup
porting structures for machinery and equipment are often subject to fatigue 
loading conditions. 

1.7.2 Design for Fatigue 

Membcrs and their connections, subject to fatigue loading as defined 
in Appendix B, shall be proportioned to satisfy the stress range limitations 
as provided therein.-

SECTION 1.8 STABILITY AND SLENDERNESS RATIOS 

1.8.1 General 

General stability shall be provided for the structure as a whole and for 
each compression element. · 

In determining the slenderness ratio of an axially loaded compressior 
meml except as provided in Sect. 1.5:1.3.3, the length shall be taken as i 
etfective Iength Kl and r as the corresponding radius of gyration. 

_ .... _ .. _. _ ... ...,...._.._ ¡v• ~~~oL-~~,.&.I.I&o6~ 

¡,8.2 Sidesway Prevented 

In frames where lateral stability is provided by adequate attachment to 
diagonal bracing, shear walls, an adjacent structure having adequate lateral 
stability, or to ftoor slabs or roof decks secured horizontally by walls. or 
bracing systems parallel to the plan e of the frame, and in trusses, the etfecbve 
length factor, K, for the compression members shall be taken as unity, 
un}ess analysis shows that a smaller value may be used. 

1.8.3 Sidesway Not Prevented 

In frames where lateral stability is dependent u pon the bending stitfness 
of rigidly connected beams and columna, the etfective length Kl of compres
sion members, shall be determined by a rational method and shall not be 
leas than the actual unbraced length. 

1.8.4 Maximum Ratios 

The slenderness ratio, Kl jr, of compreaaion members ahall not exceed 

200. 
The slenderneaa ratio, Kl/r, of tension members, other than rods, 

preferably should not exceed: 

For main membera . . . . . . . . '. . 

For bracing and other aecondary members 

SECTION 1.9 WIDTH-THICKNESS RATIOS 

1.9.1 Unstiffened Elements Under Compression 

240 

300 

1.9.1.1 Unstiffened (projecting) compression elements are those hav
ing one free edge parallel to the direction of compression stress. The width 
of unstiffened plates shall be taken from the free edge to the first row of 
fasteners or welda; the width of legs of anglea, channel and zee ftanges, and 
atema of tees ahall be taken as the full nominal dimension; the width of 
ftanges of 1-ahape members and teea shall be taken as one-half the full 
nominal width. The thickness of a aloping ftange shall be meaaured half
way between a free edge and the corresponding face of the web. 

1.9.1.2 Unstitfened elementa aubject to axial compression or com
presaion due to bending shall be considered as fully etfective when the ratio 
of width to thickneas is not greater than the following: 

Single-angle struts; _ 
double-angle atruta with aeparatora. . . . . . . . . 76.0/VF" 

Struta comprising double angles in contact; angles or platea 
projecting from girders, columna or other compreaaion 
membera; compression ftangea of beams; sti.ffeners on 
plate girders 

Stema of teea 

When the actual width-to-thickness ratio exceeds thes 
design stress shall be governed by the provisions of Appendix C. 

95.0/VF11 

127/vF" 

.Uues, the 



1.9.2 <;tiffcncd Elcmcnts Undcr Compression 

l ,¿,1 StifTencd compression elemE'nts are those having lateral sul
port nlong both cdges which are pnrallel to the direction of the compression 
stress. Thc width of such clements shall be taken as the distance between 
nenrest lincs of fnsteners or welds, or between the roots of the tlanges in the 
case of rolled scctions. 

1.9.2.2 StifTened elements subject to axial compression, orto uniform 
compression due to bending as in the case of the flange of a flexura!• mem
ber, shall be considered as fully efTective when the ratio of width to thickness 
is not greater than the following: 

Flanges of square and rectangular sections of uniform 
thickness . . . . . . . . . .... 

Unsupported width of cover plates perforated with a 
succession of access holes • • . . . . . . . . 

All other uniformly compressed stiffened elements. 

238/VFu 

317/Vi: 
253/VFu 

Except in the case of perforated cover platea, when the actual width
to-thickness ratio exceeds these values the design shall be governed by the 
provisions of Appendix C. 

SECTION 1.10 PLATE GIRDERS AND ROLLED BEAMS 

1.10.1 Proportions 

Riveted and welded plate girders, cover-plated beams and rolled beams 
sball in general be proportioned by the moment of inertia of the gross section. 
No deduction sball be made for snop or field rivet or bolt boles in either 
flange, except thut in cases where the reduction of the area of either flange 
by such boles, calculated in accordance with the provisions of Sect. 1.14.3, 
exceeds 15 percent of the gross flange area, the excess shall be deducted. 

Hybrid girders may be proportioned by the moment of inertia of their 
gross section, t subject to the applicable provisions in Sect. 1.10, provided 
that tbey are not required to resistan axial force greater tban 0.15Fu times 
tbe area of the gross section, where Fu is the yield stress of the flange ma
terial. To qualify as bybrid girders the flanges at any given section shall 
bave tbe same cross-sectional area and be made of the same grade of steel. 

1.10.2 Web 

The clear distance between flanges, in incbes, sball not exceed 

14,000 

VFu(Fu + 16.5) 

times tbe web tbickness, wbere Fu is tbe yield stress of tbe compression 
flange, except tbat it need not be less tban 2,000/VFu wben transverse 
stiffeners are provided, spaced not more tban 1~2 times tbe girder deptb 

• Webs of flexural members are covered by the provisions of Sects. 1.10.2 ano 
1.10.6 and are not subject to the provisions of this section. 

•• Assumes net area of plate at widest hole as basis for computing compressio•· 
stress. 

t No Iimit is placed on the web stresses produced by the applied bending momen• 
for which a hybrid girder is designed, except as provided in Sect. l. 7 and Appendix B 

1,10.3 Flanges 

Tbe tbickness of outstanding parts of flanges sball conform to ·tbe-ré~-
quirements of Sect. 1.9.1.2. · 

Flanges of welded plate girders may be varied in thickness or widtb by 
splicing a series of plates or by the use of cover plates. 

The total cross-sectional area of cover plates of riveted girders shall 
not exceed 70 percent of the total flange area. 

1.10.4 Flange Development 

Rivets, bigb strengtb bolts or welds connecting fl.ange to web, or cover 
plate to fl.ange, sball be proportioned to resist tbe total horizontal shear 
resulting from tbe bending Corees on tbe girder. The longitudinal distribution 
of these rivets, bolts or in termittent welds shall be in proportion to tbe inten
sity oftbe sbear. But the longitudinal spacing shall not exceed tbe maximum 
permitted, respectively, for compression or tension members in Sect. 1.18.2.3 or 
1.18.3.1. Additionally, rivets or welds connecting flange to web shall be pro
portioned to transmit to tbe web any loads applied directly to the flange unless 
provision is made to transmi t such loads by direct bearing. 

Partiallength cover platea shall be extended beyond the theoretical cut-off 
point and tbe extended portion sball be attached to the beam or girder by 
rivets, high strength bolts (friction-type joint), or fillet welds adequate, at 
the applicable stresses allowed in Sect. 1.5.2 or 1.5.3 or Sect. 1.7, to develop 
the cover plate's portion of tbe flexura} stresses in tbe beam or girder at the 
theoretical cut-off point. In addition, for welded cover plates, the welds 
connecting tbe cover plate termination to the beam or girder in the length 
a', defined below, shall be adequate, at tbe allowed stresses, to develop the 
cover plate's portion of the flexura! stresses in tbe beam or girder at the dis
tance a' from the end of the cover plate. * Tbe length a', measured from 
the end of the cover plate, shall be: 

l. A distance equal to tbe widtb of tbe cover plate when there is a con
tinuous weld equal to or: larger tban ~ of the plate thickness across 
the end of the plate and continued welds along botb edges of tbe 
cover plate in tbe Jength a'. 

2. A distance equal to 1 Y2 times tbe widtb of tbe cover plate when tbere 
is a continuous weld smaller tban % of the plate thickness across tbe 
end of tbe plate and continued welds along both edges of the cover 
plate in the lengtb a'. 

3. A distance equal to 2 times the width of tbe covér plate when there 
is no weld across tbe end of tbe plate but continuous welds along 
both edges ofthe cover plate in the lengtb a'. 

1.10.5 Stiffeners 

1.10.5.1 Bearing stiffeners sball be placed in pairs at unframed ends on 
tbe webs of plate girders and where required • • at points of concentrated 

* This may require the cover plate tennination to be plac:ed at a point in the 
beam or girder that has lower bending stres:3 than the stress at the theoretical cut-off 
point. 

•• For provisions governing welded plate girders, see Sect. 1.10.10. 

.. 



Jonds. Sueh s\ dfcncrs shall ha ve a close bcaring against thc flangc, or 
flan¡:cs, 1 hroug-h which thcy rcceivc their loacls or reaclions, anrl Hhall e >..Lene! 
npproxim,tlely io ihe <'clge of the flangc pintes or flnngc angles. Thcy slwll 
he dcsignerl as columns subject to the proviHions of Sect. 1.5.1, nsHuming ihc 
column Hcdion to comprise the pair of stiiTcners and a centrally Jocated 
strip of the weh whose width is equal to not more than 25 times its thickness 
nt interior stiiTeners ora wiclth cqual to not more than 12 times its thickness 
whcn the stiiTcners are Jocated at thc end of the web. The cffcctive length 
shall be taken ns not less than :~~ of the length of the stiiTeners in computing 
the ratio l/r. Only that portion of the stiiTener oulside of the flange angle 
fillet or the flange-to-web welds shall be considered effective in hearing. 

1.10.5.2 ExcC'pt as hereinafter provided, the largest average wcb 
shear, r .. in kips per square inch, computecl for nny condition of complete or 
partinlloading, shall not excecd thc value given by Formula (1.10-1). 

wherc 

c. 

k 

F, = _Fv (C) ~ 04F 
2.89 ° -...:; . V 

45,000k 1 • 1 -F-----, w 1en C, JS less t mn 0.8 
'v(hjt)2 

190 1 k . 
= --h- ~-, When C, IS more than 0.8 

jt "Fv 

4 00 5.34 1 /' • 1 . + --, w ten a rl JS css than 1.0 
(ajh)2 

5 31 4.00 1 /h . ' . + ---, w ten a JS more tr''ln 1.0 
(ajh)2 

t thickness of web, in inches 
a clear distance between transversc stiffeners, in inches 
h = clcar distance betwecn flanges, in inclJ<c3 

(1.10-1) 

Alternatively, for girders other than hybrid girclers, if intermediate 
stitTeners are provided and spaced to satisfy the provisions of Sect. 1.10.5.3 
anrl if C, ~ 1, the nllowable shear given by Formula ( ~ l0-2) may be used 
in lieu of the value giverí by Formula (1.10-1). 

F, = Fu [c.+ ~-- C, J ~ 0.4Fv 
2.89 1.15 1 + (a/h)2 

(1.10-2)"' 

1.10.5.3 Intellnecliate stitTeners are not required whcn the ratio h/t is 
less than 260 and the maximum web shear stress[, is less tha11 that pcrmitied 
by Formula (1.10-1). 

The spacing of intermedia te stiffeners, where stiffeners are required, shall 
be such that the wcb shear stress will not excecd the value for F, given by 
Formulas (1.10-1) or (1.10-2), as applicablc, and the ratio a/h shall not 

exceed ( 
260 

)
2

, nor 3.0. 
hjt 

* Form• (1.10-2) rccognizcs thc contiibution of tcnsion ficld action. For 
valucs of J., ._.ovidcd by this formula, sce Tablcs 3-36 tluough 3-100 in Appcndix A. 

, --· --~-·-• -- • .., • ._.,_ .. f'-'" 6JLA.II<.fll'ij"J - ol" LJ 

. ( 

In girclcrs designed on t he basis of tension fiel el action, the spacing be
'i.wcen stiiTcncrs at end panels nncl pancls containing largc boles shall be 

such that the smaller panel dimension, a or h, shallnot excecd 3'18tj-../¡;. 

1.10.5.4 The monwnt of incrtia of a pair of inicrmcdi;lle stiiTener&, 
or a single intermediate stiffencr, with refcrence Lo an axis in thc plane of 
thc web, shall not be lcss than (h/50)~. 

The gross aren, in square inches, of intermediate stifTeners spaced as 
required for Formula (1.10-2) (total arca, when stiffeners are furnished in 
pairs) shall be not less than that computed by Formula (1.10-3). 

1 - C, [~ - (a/h)2 J YDht 
2 h VI + (ajh) 2 

where 

Cn a, h and tare defined in Sect. 1.10.5.2 
yield stress of web steel 

y = yield stress of stifTener steel 

D = 1.0 for stiffeners furnished in pairs 
==- 1.8 for single angle stiffeners 
= 2.4 for single plate stiffeners 

(1.10-3) 

When the g:·catest shear stress [, in a panel is Jess than that p~rmi_tted by 
Formula (1.10-2) this gross arca requirement may be reduced m hke pro
portion. 

Intermcdiate stifTencrs required by Formula (1.10-2) shall be connected 
for a total shear transfer, in kips p, r linear inch of single stiffener or pair of 
stiffeners, not lcss than that ·computed by the formula 

, .. = h -v(~~Y (1.10-4) 

where F = yield strl?ss of web steel. -
Thi; shPar transfer may be reduced in the same proportion that the 

largcst-computed shcar stress[, in the adjacent panels is les~ tl:an that ~er
mitted by Formula (1.10-2). However, rivets and welds m mtermed1ate 
stiffeners which me required to transmit to the web an applied concentrated 
load or rcaction shall be proportioned for not less than the applied load or 

re~~oo. . 
Intermediate stifTeners may be stopped short of the tens!On ftange a 

distance not to exceed 4 times the web thickness, provided .bearin~ is not 
needecl to transmit a concentrated load or reaction. Whe~ s~ngle s~1ffeners 
are used they shall be attachecl to the compression ftange, 1.f 1t ~ons1sts of a 
rectangular plate, to resist any uplift tendency due to tors.wn m the plat:. 
When lateral bracing is attached toa stiffener, ora pair ofstiffeners, these, m 
turn, sh~ll be connectecl to the compression ftange to transmit 1 percent of 
the total ftange stress, unlcss the ftange is composed only of ang!C's. 

Rivets connectinc stiffeners to the girder web shall be spaced not mo.re 
than 12 inches on center. If intermittent fillet welrls are used, P-" clear dis
tan ce between welds shall not be more than 16 times the web .kness nor 

more than 10 inches. 



J.JU.6 Hcduction in Flnngc Str<'ss 

\\- l thc wch clepth-to-t hickne~s ratio cxcccds 7GO/VF0, the maximun. 
st res:-; 1 •• • he compression fl.tnge shall not cxccecl 

where 

Fo = npplicable bcnding stress given in Sed. 1.5.1 
A.,. = arca of the weh 
A 1 = arca of comprcssion flangc 

(1.10-5) 

Thc maximum stress in cither flange of a hybrid girder shall not exceed 
the valuc givcn by Formula (1.10-5) nor 

[

12 + (A"')(3a - aa)J 
F ' ~ ._, A 1 

b -...; r b 

12+2(~~) 
(1.10-6) 

where a = ratio of wcb yicld stress to flange yielcl stress. 

1.10.7 Combincd Shcar nnd Tcnsion Stress 

Platc girder wcbs, which depend u pon tcnsion field action as providecl in 
Formula (1.10-2) shnll b·:; so proportioned that bcncling tensile stress due 
to moment in thc planc of thc girdcr web, sh<· 11 not exceed 0.6Fv nor ' 

( 0.825 - 0.375 ;.) F V (1.10-7) 

whcre 

f. =- computed average web shear strcs.c; (total shear divided by wcb 
arca) _ , ,-

F. = allowable wcb shcar stress according to Formula (1.10-2) 

The allowable shcar stress in thc webs of girclers hnving A514 fianges 
and webs shall not excccd the values given by Formula (1.10-_1) if tht" 
flexura! stress in the flange, {h, exceed» 0.75F0• 

1.10.8 Spliccs 

Groovc wclclcd splices in plate girdurs ancl beams shall be compL 
penetration groove welds ancl shall develop thc full strength of the sma11ut 
spliced seclion. Other ty¡r:~; of »pliccs in cross-scctions of pinte girde1 s ancl 
in beams shall dcvelop thc strength required by thc strcsses, at the point of 
splice. 

1.10.9 Horizon ~al Forccs 

The fianges of plate girders supporting cranes or othcr moving loads 
shall be proportioned to resist the horizontal forces produced by such loads. 
(See Sect. 1.3.4.) 

1.10.10 Wcb Crippling ( 

1.10.10.1 Wt>bs of bcams and welded plate girders shall I.Jc so propor
tioncd that thc compresf>ive stress al the web toe of thc fillets, resulting from 
conccntrated londs not supportcd by bcaring stiffeners, shall not exceed the 
valuc of 0.75Fv; otherwise, bcaring stiffeners shall be provided. The 
govcrning formulas shall be: 

For interior loads, 

R 
~ 0.75Fv 

t(N + 2k) 
(1.10-8) 

For end-rcactions, 

where 

R 
~ 0.75Fv 

t(N +k) 

R = concentrated load or reaction, in kips 
t = thickness of web, in in ches 

(1.10-9) 

N = length of bearing in in ches (not less than k for end reactions) 
k = distance from outer facc of flange to web toe of fillet, in inches 

1.10.10.2 Webs of plate girders shall also be so proportioned or stiffened 
that the suw of thc compression sb csses re::;ulting from concentrated and 
distributcd loads, bearing directly on or through a flange plate, upon the 
compression cdge of the web plate, and not supported directly by bearing 
stiffencrs, sball not cxcced 

5.5 + -- -- 1ps per square me [ 
4 J 10,000 k' . h 

(ajh) 2 (h/t)2 
(1.10-10) 

when th::: flange is restrained against rotation, nor 

. [ 4 J 10,000 k" . h 2 + -- -- 1ps per square me 
(a/h)2 (h/t)2 

(1.10-11) 

whr:n thc flan¡:;c is ruL so rc::;traincd. 

Thesc stre:::.ses shall be computed as follows: 
Conccntrated loads and londs distributcd over partial length of a 
panel shall be dividcd by the produd of the web thickness and the 
girder dcpth or thc lcng th of panel in which the load is placed, which
ever is the les:Jcr panel dimenE.ion. 
Any other distributcd loading, in kips per linear inch of lenglh, 
shall be dividcd by the web thickness. 

1.10.11 Rotational Restraint at Points of Sup:Jort 

Beams, girde1s and trur.':es shall be restrained against rotation, about 
their longitudinal axis, at points of support. 



SECTl.)N 1.11 COl\'IPOSITE CONSTRUCTION 

1.11.1 Definition 

.composite construction sh~ll consist of stecl bcruns or girders supporting 
a remforccd c~ncrcte slnb, so mter-connectcd that the beam and slab ad 
together to res1st bending. When the slab extenrls on both sirles of the beru 1 
the efTedive width of the concrete tlange shall be taken as not more than 011:.~ 
fourth of thc span of the beam, anrl its efTective projcction beyonrl the erlg~ 
of the beam shall not be taken as more than one-half the clear distance to thc 
adjacent beam, nor more than eight times the slab thicknes..s. When the sial• 
is present on only one sirle of the beam, the efTective width of the concrct~ 
fiange (projection bcyonrl the beam) shall be taken as not more than on•J
twelfth of the bcrun span, nor six times its thickness, nor one-half the clec~; 
distance to the adjacent beam 

Beams totally encased 2 inches or more on their sides and soffit in 
concrete cast integrally with the slab may be assumcd to be inter-connectui 
to the concrete by natural bond, without additional anchorage, provided t h J 

top of the bcam is at least 1,!-;í inches below the top and 2 inches above U,o· 
bottom of the slab, ancl provided that the encasement has adequate mesh G. 

other reinforcing steel throughout the whole rlepth and across the soffit ,,_· 
the beam to prevent spalling of the concrete. \Vhen shear connectors a:. 
provided in accordance with Sect. 1.11.4, encasement of the beam to achic\·L 
composite action is not required. 

1.11.2 Design Assumptions 

1.11.2.1 Encnsccl beams shall be proportionecl to support unassistccl ,1;. 
dead loads appliccl prior to the hardening of the concrete (unless these ]O.!· l. 
are supported le mporarily on shoring) ancl, acting in conjunction with l . 

slab, to support all dead and live loads appli,d after hardening of the co: 
c~ete, wit hout exceeding a computed bending ~.trcss of0.66F u• where Fv is ti -
y1eld stress of the steel beam. The bending stress produced by loads aft.-~ 
the cOJ·crete has hardened shall be computed on the basis of the secti'Jt• 
properties of thc composite section. Concrete tcnsion stresses shall b2 

neglectecl. Alternatively, the steel beam alone may be proportioncd t-> 
resist unassisted the positive moment produced by all loads, live ancl clead 
using a bending stress equal to 0.76F~, in which case temporary shoring i: 
not required. 

1.11.2.2 When shear connectors are used in accordance with Scc:. 
1.11.4 the composite section shall be proportionecl to support all of the loaJ_, 
without exceeding the allowable stress prescribecl in Sect. 1.5.1.4, cven wlw"l 
the steel section is not s}•,,¡ ed during construction. 

Reinforcement pamllcl to thc beam within the effective width of th• 
slab, when anchored in accordancc with the provisions of the applicab:, 
code, may be included in computing the properties of composite scction. 
subject to negative bcnding moment, provided shear connectors are fu,.. 
nished in accordance with the requirements of Sect. 1.11.4. The sectioli 
propertics of the composite section shall be computed in accordance with 
the elastic theory. Concrete tension stresses shall be neglected. Tl·e 
compression aren of the concrete on the compression side of the neutral axi" 
shall be tr~>ated asan equivalcnt arca of steel by dividing it by the modular 
ratio n. 

In cases where it is not fcnsiblc or neccssary to provirle adequate con
nectors to salhfy the horizontal shear rcquircments for full composite 
action, thc efTcctivc scction modulus shall be determined as 

V'h 
S,11 = S, + -Vh (S, - S,J (1.11-1) 

whcre 

v~ and V'h are as defined in Sect. 1.11.4 
S, = section modulus of the steel beam referred to its bottom flange 
S,, = section modulus of the transformed composite section referred to 

its bottom fiange 

For construction without temporary shoring, the value of the section 
modulus of the transformed composite section used in stress calculations 
(referred to the bottom fiange of the stecl beam) shall not exceed 

S,, = ( 1.35 + 0.35-~:) S, (1.11-2) 

where ML is the moment caused by loads applied subsequent to the time 
when the concrete has reached 75 percent of its required strength,' M v is 
the moment caused by loads applied prior to this time, and S, is the section 
modulus of the steel beam (referred to its bottom flange). The steel beam 
alonc, supporting the loads before the concrete has hardened, shall not be 
stressed to more than the applicable bending stress given in Sect. 1.5.1. 

The actual section rnodulus of the transformecl cornposite section shall 
be used in calculating the concrete flexural cornpression stress and, for 
construction without temporary shores, this stress shall be based upon 
loading applied after the concrete has reachcd 75 percent of its required 
strength. The stress in the concrete shall not exceed 0.45{',. 

1.11.3 End Shear 

The web ancl the end connections of thc steel beam shall be designed to 
carry the total dead and Jive load. 

1.11.4 Shear Conncctors 

Except in the case of encased beams as defined in Sec~. 1.11.1, the entire 
horizontal shear át the junction of the steel beam and the concrete slab shall 
be assumcd to be transferred by shear connectors welded to the top flange of 
the beam and embedcled in thc concrete. For full composite action with 
concrete subject to flexura! compression, the total horizontal' shear to be 
resistecl between the poipt of maximum positive moment and points of zero 
moment shall be taken as the smaller value using Formulas (1.11-3) and 
(1.11-4). 

vh 0.85{',A, 

2 
(1.11-3) 

and 

vh A.F..!' 
2 

(1.11-4) 



where 

1 = specified compression strength of concrete 
A, = actual urea of effcctive concrete flange defined in Sect. 1.11.1 
A, = aren of steel beam ' 

In continuous composite beams where longitudinal reinforcing steel io 
considerad to act compositely with the steel beam in the negative moment 
regions, the total horizontal shear to be resisted by shear connectors between 
an interior support and each adjacent point of contraflexure shall be taken as 

1 

V
/ A,FII, 
"=--' 2 

(1.11-5 ¡ 

where 

A.,. = total area of longitudinal reinforcing steel at the interior support 
located within the effective flange width specified in Sect. 1.11.1 

F v = specified minimum yield stress of the longitudinal reinforcing 
ateel 

For full composite action, the number of connectors resisting the hori
zontal shear, V11, each side of the point of maximum moment, shall not be 
lesa than that determinad by the relationship V 11 /q, where q, the allowable 
shear load for one connector, is given in Table 1.11.4. Working values for 
use with concrete having aggregate not conforming to ASTM C33 and for 
connector types other than those shown in Table 1.11.4 must be established 
by a suitable test program. 

TABLE 1.11.4 

Allowable Horizontal Shear Load (q) ¡ 
-- 7 

(kips) 1 

Connector 
(Applicable only to concrete made 1 

with ASTM C33 aggregates) 

{'. (kips per square inch) 

3.0 3.5 4.0 
1 

~" diam. X 2" hooked or headed stud 5.1 5.5 5.9 
1 

""" diam. X 2~" hooked or headed stud 8.0 8.6 9.2 1 
~· diam. X 3" hooked or headed stud 11.5 12.5 13.3 ! 
~" diam. X 3~" booked or headed stud 15 6 16 8 18.0 i 
3" channel, 4.1 lb. 4.3w 4.7w 5.0w ' 

1 

f' channel, 5.4 lb. 4.6w 5.0w 5.3w 

1 
5" channel, 6. 7 lb. 4.9w 5.3w 5.6w 

w = lengtb of channel in inches. 

For incompleta composite action with concrete subject to flexura! com
pression, the horizontal shear, V'11, to be used in computing S." shall be 
taken as the product of q times the number of connectors furnished be
tween the point of maximum moment and the nearest point of zero moment. 

The connectors required each side of the point of maximum moment 
in an area of positiva bending may be uniformly distributed between that 
point and adjacent points of zero moment, except that N~, the number of 

shear connectors requircd betwecn any concentrated load in ~,_ -.t area and (: 
the nearest point of zero moment, shall be not less than that , .;rmined by 
Formula (1.11-6). 

(1.11-6) 
{J-1 

where 

M = moment (lesa than the maximum moment) at a concentrated 
load point 

N, = number of connectors required between _ point of maximum , 
moment and point of zero moment, determiued by the relation
ship V11/q or V'11/q, as applicable 

s,, s,, li l ' fJ =-or-, asapp cabe 
S, S, 

Connectors required in the region of negativa bending on a continuous 
beam may be unüormly distributed between the point ofmaximum moment 
and each point of zero moment. 

Shear connectors shall ha ve at least 1 inch of concrete cover in all direc
tions. Unless located directly over the web, the diameter of studs shall not 
be greater than 2.5 times the thickness of the flange to which they are welded. 

SECTION 1.12 SIMPLE AND CONTINUOUS SPANS 

1.12.1 Simple Spans 

· Beams, girders and trusses shall ordinarily be designad on the basis of 
simple spans whose effective length is equal to the distance between centers 
of gravity of the members to which they deliver their end reactions. 

1.12.2 End Restraint 

When designed on the assumption of full or partial end restraint, due to 
continuous, semi-continuous or cantilever action, the beams, girders and 
trusses, as well as the sections of the members to which they connect, shall be 
designad to carry Íhe shears and moments so introduced, as well as all other 
forces, without exceeding at ~ny point the unit stresses prescribed in Sect. 
1.5.1; except that sorne non-elastic but self-limiting deformation of a part of 
the connection may be permitted when this is essential to the avoidance of 
overstressing of fasteners. 

SECTION 1.13 DEFLECTIONS, VIBRATION, AND PONDING · 

1.13.1 Deftections 

Beams and girders supporting floors and roofs shall be proportioned with 
due regard to the deflection produced by the design loads. Beams and 
girders supporting plastered ceilings shall be so proportioned that the 
maximum live load deflection does not exceed !~60 of the span. 
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Benms ancl girclers supporting lnrge open tloor arcas free of partitiom 
or othcr sourccs of clamping, wherc transicnt vibration duc to pcdestrian 
traffic might not be ncceptnblc, shall be designed with duc regare! for vibra
tion. 

1.13.3 Ponding 

Unless a roof surface is provided with sufficient slope toward points of 
free drainage or adequate individual drains to prevent the accumulation of 
rain water, the roof system shall be investigated by rational analysis to 
assure stability under ponding conditions, except as follows: 

The roof system shall be considered stable and no further investigation 
will be needed if 

e, + 0.9e, ~ 0.25 and ! 4 ~ 258~/108 

where 

... 32L,L, 4 and e = 32SL, • 
e, 1071, • 1olJ, 
L

11 
.. Column spacing in direction of girder, feet (length of prirnary 

members) 
L, = Column spacing perpendicular to direction of girder, feet (lengtr. 

of secondary member) 
S = Spacing of secondary members, feet 
[

11 
= Moment of inertia for primary members, inches 4 

1, = Moment of inertia for secondary member, inches4 
] 4 = Moment of inertia of the steel deck supported on secondary 

members, inches 4 per foot 

For trusses and steel joists, the moment of inertia, 1, shall be decreasea 
15 percent when used in the above formulas. A steel deck shall be con
sidered a secondary member when it is directly supported by the primar~ 
members. 

Total bending stress due to dead loads, gravity Iive loads (if any) anci 
ponding shall not exceed O.BOFv for primary and secondary members. 
Stresses due to wind or seismic Corees need not be included in a ponding 
analysis. 

SECTION 1.14 GROSS AND NET SECTIONS 

11..14.1 Definitions 
Tbe gross section of a member at any point shall be detennined by 

summing the products of the thickness and the gross width of each element ru: 
measured normal to the axis of the member. The net section shall be deter· 
mined by substituting for the gross width the net width computed in accord· 
ance with Sects. 1.14.3 to 1.14.6,-inclusive. 

1.14.2 Application 
Unless otherwise specified, tension members shall be designed on th• 

basis of net section. Compression members shall be designed on the basis o 
gross ion. Beams and girders shall be designed in accordance witl 
Sect. 1.~..~.1. 

1.14.3 Net Section 

. In .the case of a ~hain of holes extending across a part in any diagon3l or 
z¡gzag lme, the net w1dth of the part shall be obtained by deducting from the 
gross width the su m of the diameters of all the holes in tbe chain, and adding. 
for each gage space in the chain, the quantity 

s' 
4g 

where 

s = longitudinal spacing (pitch, in inches) of any two consecutive boles 
g = transverse spacing (gage, in incbes) of tbe same two boles 

The critical net section of tbe part is obtained from tbat cbain which 
gives the least net widtb; bowever, tbe net section taken through abole shall 
in n~ case be considered as more than 85 percent of the c:orresponding ~ 
section. 

In determining the net section across plug or slot welds, tbe weld metal 
shall not be considered as adding to tbe net area . 

1.14.4 Angles ... 
For angles, the gross widtb shall be the sum of the widths of the legs less 

the thickness. The gage for boles in opposite legs sball be the sum of the 
gages from back of angles less the thickness. 

1.14.5 Size of Roles 

In computing net area the diameter of a rivet or bolt hole sball be taken 
as H-incb greater than the nominal diameter of tbe rivet or bolt. 

1.14.6 Pin-Connected Members 

Eyebars sball be of uniform thickness without reinforcement at tbe pin 
boles. • Tbey shall bave "circular" beads in wbicb the periphery of the head 
beyond tbe pin bole is concentric with the pin hole. The radius of transition 
between the circular head and tbe body of the eyebar shall be equal to or 
greater tban the diameter of the head. 

The width of the body of the eyebar shall not exceed 8 times its thickness, 
and tbe thickness shall not be less than }1-inch. The :det section of the head 
through the pin hole, transverse to the axis of tbe eyebar, sball not be less than 
1.33 nor more than 1.50 times the cross-sectional area of tbe body of the e y e
bar. The dia.meter of the pin shall not be less than ~É the width of the body 
of the eyebar. The diameter of the pin hole shall not be more than ~32-inch 
greater than the diameter of the pin. For steels having a yield stress 
greater than 70 ksi, the diameter of the pin bole shall not exceed 5 times the 
plate thickness. 

The mínimum net sectio n across the pin hole, transven;e to the axis of the 
m~mber, in pin-connected plates and built-up members sball be detennined 
at the stress allowed for su eh sections in Sect. 1.5.1.1. Tbenet section beyond 
the pin hole, parallel to the axis of the member, shall not be less tb~ % of the 
net section across the pin hole. Tbe corners beyond tbe pin hole m ay be cut 

• Members having a different thickness at the pin hole location 
"built-up." 

temted 

•.-

' ' 



at 45" ~~ the axis of the mcmbcr providcd thc nct scction bcyond the pin hol-
on a ·e perpendicular to thc cut is not less than that required beyond t, 
pin ~--- p.:trallel to the axis of the member. The parts of members built up 
at the p':·;-, hole shall be attachcd to each other by sufficient fasteners to support 
thc strE::?A delivered to them by the pin. 

Th<:: distance transversa to the axis of a pin-connected plate or any 
separa M element of a built-up member, from the edge of the pin hole to th<: 
edge of the member or element, shall not exceed 4 times the thickness at the 
pin holl':. The diameter of the pin hole shall not be less than 1.25 times thE 
smaller r,f the distances from the edge of the pin hole to the edge of a pin 
conne<:WJ plate or separated element of a built-up member at the pin hole 
The diameter of the pin hole shall not be more than }~2-inch greater thar. 
the diameter of the pin. In the case of pin-connected platea of uniform 
thickneM, tor steels having a yield stress greater than 70 ksi, the diameter 
ol the pin hole a hall not exceed 5 times the plate thickness. 

11údr:ness limitations on both eyebars and pin-connected platea may be 
waived whenever externa! nuts are provided so as to tighten pin platea and 
filler plates into snug contact. When the platea are thus contained, the 
allowable stress in bearing shall be no greater than as specified in SecL 
1.6.1.5.1. 

1.14.7 E"ective Areas of Weld Metal 
The eff'ective area of groove and fillet welds shall be considerad as the 

eft'ective length of the weld times the effective throat thickness. 
The ll'frective shearing area of plug and slot welds shall be considered aE 

the nominal cross-sectional area of the hole or slot, in the plane of the faying 
suñace. 

Tho efrective area of fillet welds in holea and slots shall be computed ac, 
abo ve Hp(;dfied for fillet welds, using t or effective length, the length of center · 
line of Uw weld through the center o f the plane through the throat. How 
ever, in the case of overlapping fillets, the effective area shall not exceed th
nominal <.Toss-sectional area of the h ole or slot, in the plane of the faying 
surface. 

Tho tlfrective length of a fillet weld ahall be the overall length of full-size 
fillet including returns. 

Tho efrcctive length of a groove weld shall be the width of the parr. 
joined. 

Tho tlfTective throat thickness of a fillet weld shall be the ahortest dis
tance frurn the root to the face of the diagrammatic weld, except that, for 
fillet wclriH made by the submerged are procesa, the effective throat thick
ness shnll be taken equal to the leg size for %-inch and smaller fillet welds, 
and ec¡uul to the theoretical throat plus 0.11-inch for fillet welds over %
inch. 

Tho cfTective throat thickness of a complete penetration groove weld 
(i.e., n grouve weld conforming to the requirements of Sect. 1.23.6) shall be 
the thickncas of the thinner part joined. 

Tho ofTcctive throat thickness of single and double partial penetration 
groovo wc~ldH shall be the depth of the groove, except that the effective throat 
thickncHII of n bevel joint made by manual shielded metal-are welding ahall 
be ! ¡í-incla lesa than the depth of the groove, and the effective throat thick-
ness of c!nch weld shall be not less than VtJG, where t, is the thickness o_ 
the thinawr part connected by the weld. 

SECTION 1.15 CONNECTIONS 
( 

1.15.1 Mínimum Connections 

Connections carrying calculated atresses, except for lacing, sag bars, 
and girts, shall be designed to support not less than 6 kips. , 

1.15.2 Eccentric Connections 

Axially stressed rnembers meeting at a point shall have their gravity 
axes intersect at a point ü practicable; ü not, provision shall be made for 
bending stresses due to the eccentricity. 

' 
1.15.3 Placement of Rivets, Bolts, and Welds 

Except as hereinafter provided, groups of rivets, bolts or welds at the 
ends of any member transmitting axial stress into that mernber shall have 
their centers of gravity on the gravity axis of the member unless provisi¿n is 
rnade for the etfect of the resulting eccentricity. Except in rnembers subject 
to repeated variation in stress, as defined in Sect. l. 7, disposition of fillet 
welds to balance the forcea about the neutral axis or axes lor end connections 

1 of single angle, double angle, and similar type members is not required. 
Eccentricity between the gravity axes of such members and the gage linea 
for their riveted or bolted end connectio~ may be neglected. 

1.15.4 Unrestrained Members 

Except as otherwise iudicated by the designer, connections of beama, 
girders or trusses shall be designed as fie:tible, and may ordinarily be propor
tioned for the reaction shears only. 

Flexible beam connections shall permit the ends of the beam to rotate 
sufficiently to accommodate ita defiection by providing for a horizontal dis
placement of the top fiange determinad as follows: 

e = 0.007d, when the bearn is designed for full uniform load and for 
live load defiection not exceeding ~~&o of the span 

= /;
0

, when the beam is designed fÓr full uniform load pro-
' ducing the stress {b at mid-span 

where 

e = the horizontal displacement of the end óf the top fiange, in the 
direction of the span, in inches 

{& = the flexura! stress in the beam at mid-span, in kips per square inch 
d = the depth of the beam, in inches 
L = the span of the beam, in feet 

1.15.5 Restrained Members 

Fasteners or welds for end connections of beams, girders and trusses not 
conforming to the requirements ofSect. 1.15.4 shall be designed for the com
bined etfect of end reaction shear and tensile or compressive stresses resulting 
from moment induced by the rigidity of the connection when the member is 
fully loaded. • 

* For a discussion of high column web shear stress opposite rigid beam connections, 
see Commentary Sect. 1.5.1.2. 

,. ... 
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When ful)y rcstraincd bcnms are framed to the flange of an 1- or H
shape column, stiffencrs shall be providcd on the column web as follows: 

Opposite the compression flange when t < CtAr 
to + 5k 

or when t ~ d. 
"5v'F, 

Opposite the tension flnnge when t1 < 0.4~ 
where 

t = thickness of web to be stiffened 

(1.15-1) 

(1.15-2) 

(1.15-3) 

k = distance from o u ter Cace oC flange to web toe o( fillet of member to 
be stiffened, iC a member is a rolled shape 

= flange thickness plus the distance to the farthest toe oC the con-
necting weld, iC a member is a welded section 

t0 =- thickness of flnnge delivering concentrated load 
t1 = thickness of flange of member to be stiffened 
A 1 = area o( flange delivering concentrated load 
d0 = column web depth clear of fillets 
e, = ratio o( beam flange yield stress to column yield stress 
c2 = ratio o( column yield stress to stiffener yield stress 

The area oí such stiffeners, A,, shall be such that 

A, ~ [C1A, - t(to + 5k) ]C2 (1.15-4) 

Their ends shall be welded to the inside face of the flange opposite the 
concentrated tensile load, so asto transfer the load from the beam flange to 
the column web. The stiffeners m ay be fitted against the inside face of the 
flange opposite the concentrated compression load. When the concentrated 
load delivered by a beam occurs on <me side only, the web stiffener need not 
exceed one-half the depth of the member, but the welding connecting it to 
the web shall be sufficient to develop FuAu. 

1.15.6 Fillers 

When rivets or bolts carrying computed stress pass through fillers 
thicker than ~~-inch, except in friction-type connections assembled with high 
strength bolts, the fillers shall be extended beyond the splice material and the 
filler extension shall be secured by enough rivets or bolts to distribute the 
total stress in the member uniformly o ver the combined section of the mem
ber and the filler, or an equivalent number of fasteners shall be included in 
the connection. . 

In welded construction, any filler %-in eh or more in thickness shall 
extend beyond the edges of the splice plate and shall be welded to the part on 
which it is fitted with sufficient weld to transmit the splice plate stress, 
applied at the surface of the filler as an eccentric load. The welds joining 
the splice plate to the filler shall be sufficient to transmit the splice plate 
stress and shall be long enough to avoid overstressing the filler along the toe 
ofthe weld. Any filler less than ~~-inch thick shall have its edges made flush 
with the edges of the splice plate and the weld size shall be the sum of the 
size ner try to carry the splice plate stress plus the thickness of the filie 
plate. 

1.15.7 Connections of Tension and Compression 
Membcrs in Trusscs 

The connections at ends of tension or compression members in trusses 
shall develop the force due to the design load, but not less than 50 percent 
of the effective strength of the member. 

1.15.8 Compression Members with Bearing Joints 

Where columna bear on bearing plates, or are finished to bear at splices, 
there shall be sufficient rivets, bolts, or welds to hold all parta securely in 
place. 

Where other compression members are finished to bear, the splice ma
terial and its riveting, bolting or welding shall be arranged to hold all parts in 
line and shall be proportioned for 50 percent of the computed'stress. 

AII of the foregoing joints shall be proportioned to resist any tension that 
would be developed by specified lateral forces acting in conjunction with 75 
percent of the calculated dead load stress and no live load. 

1.15.9 Combination of Welds 

If two or more of the general types of weld (groove, fillet, plug, slot) are 
combined in a single joint, the eft'ective capacity of each shall be separately 
computed with reference to the axis of the group, in order to determine the 
allowable capacity of the combination. 

1.15.10 Rivets and Bolts in Combination with Welds 

In new work, rivets, A307 bolts, or high strength bolts used in bearing
type connections, shall not be considered as sharing the stress in combination 
with welds. Welds, ifused, shall be provided to carry theentire stress in the 
connection. High strength bolts installed in accordance with the provisions 
of Sect. 1.16.1 as a friction-type connection prior to welding may be considered 
as sharing the stress with the welds. 

In making welded alterations to structures, existing rivets and properly 
tightened high strength bolts may be utilized for carrying stresses resulting 
from existing dead loads, and the welding need be adequate only to carry ail 
additional stress. 

1.15.11 High Strength Bolts (in Friction-Type Joints) 
in Combination with Rivets 

In new work and in making alterations, rivets and high strength bolts, 
installed in accordance with the provision's of Sect. 1.16.1 as friction-type 
connections, m ay be considered as sharing the stresses resulting from dead and 
live loada. 

1.15.12 Field Connections 

Rivets, high strength bolts or welds shall be used for the following con
nections: 

Column splices in all tier structures 200 feet or more in height. 
Column splices in tier structures 100 to 200 feet in height, iC the 

least horizontal dimension is Iess than 40 percent of the height. 
Column splices in tier structures less than 100 feet in h t, if the 

least horizontal dimension is less than 25 pereent of 1.ue height. 



Connections o( nll benms and girders to columna and of any othr 
beams and girders on which the bracing of columns is dependen. 
in structures over 125 feet in height. 

Roof-truss splices and connections of trusses to columns column 
splices, column ~racing, knee braces and crane aupports, in all 
structures carrymg cranes of over 5-ton capacity. 

Connections for supports of running machinery, or of other live 
loads which produce impact or reversa! of stress. , 

Any other connections stipulated on the design plans. 

In all other cases field connections may be made with A307 bolts. 

For the purpose of this Section, the height of a tier structure shall be taken 
as the vertical distance from the curb leve} to the highest point of the roof 
beams, in the case of flat roofs, orto the mean height of the gable, in the case of 
roofs having a rise ofmore than 2% in 12. Where the curb level has not been 
established, or where the structure does not adjoin a street, the mean level of 
the adjoining land shall be used instead of curb level. Penthouses may be 
ucluded in computing the height of structure. 

SECTION 1.16 RIVETS AND BOLTS 

1.16.1 High Strength Bolts 

Use ofhigh strength bolts shall confonn to the provisions of the Specifica
tions for Structural Joints Using ASTM A325 or A490 Bolts as approved by 
the Research Council on Riveted and Bolted Structural Joints. ASTM 
A449 bolts no greater than 1.!-2 inches in diameter may be used in lieu of 
ASTM A325 bolts, provided that a hardened washer is installed under the 
bolt head. However, nuts used with A449 bolts shall meet the require
ments of ASTM A325. 

1.16.2 EtTective Bearing Area 

The eff'ective bearing are a of rivets and bolts shall be the diameter multi
plied by the length in bearing, except that for countersunk rivets and bolts 
half the depth of the countersink shall be deducted. 

1.16.3 Long Grips 

Rivets and A307 bolts which carry calculated stress, and the grip ofwhich 
exceeds 5 diameters, shall have their number increased 1 percent for each 
additional H 6-inch in the grip. 

1.16.4 Minimum Pitch 

The minimum distance between centers of riVet and bolt boles shall be 
not less than 2% times the nominal diameter of the rivet or bolt but preferably 
not less than 3 diameters. 

1.16.5 Minimum Edge Distance 

The minimum distance from the center of a rivet or bolt hale to any edge, 
used in design or in preparation of shop drawings, shall be that given in 
Table 1.16.5. 

TABLE 1.16.5 

1 Minimum Edge Distance for 1 

Punched, Reamed or Drilled Holes 
Rivet or Bolt (Inches) ¡ Diameter 

At Rolled Edges of (lnches) At Sh~red 
Plates. Shapes or Bars Edges 
or Gas Cut Edges** 

~ ~ " ~ 1"' ~ 

" 1~ 1 
~ 1~· 1~ 

1 1"* 1~ 
1~ 2 1~ 

,. 1~" 2~ 1~ 
Over 1~ 1" X Diameter· 1M" X Diameter 

• These may be 1~-in. at the ends ofbeam connection ~- . 
•• All edge distances in this column may be reduced ~-m.. when the hole .JS at a 

point where stress does not exceed 25% of the maximum aDowed stress m the 
element. 

1.18.6 Minimum Edge Distance in Line of Stress 

1.16.6.1 In connections oftension members, wherethere ~e not more 
than two rivets in a line parallel to the direction of stress. the dtstance fr?m 
the center of the end rivet to that end of the connected part toward which 
the stress is directed shall be not less than the area of the rivet divided b?' 
the thickness of the connected part for rivets in single shear or twice th1s 
distance for rivets in double shear. 

1.16.6.2 In bearing-type connections of tension members, whe:e th:re 
are not more than two high strength bolts in a line parallel to the directiOn 
of stress, the distance from the center of the end bolt to that end of the con
nected part toward which the stress is directed shall be not ~es:, than Ab.c /t 
for single shear or 2AbCjt for double shear, where Ao IS the nommal 
cross-sectio'nal area of the bolt, t is the thickness of the connected part, and 
e is the ratio of specified minimum tensile strength of the bolt to the 
specified minimum tensile strength of the connected part. 

1.16.6.3 However, the end distance prescribed in Sects. 1..16.6.1 and 
1.16.6.2 may be decreased in such proportion as the fastener stre~s IS less tha? 
that permitted in Sect. 1.5.2, but it shall not be less than the diStance ~peci
fied in Sect. 1.16.5 and need not exceed l.Yz times the transverse spacmg of 
fasteners. 

1.16.6.4 When more than two fasteners are provided in the line of 
stress, the provisions of Sect. 1.16.5 shall govern. 

1.16.7 Maximum Edge Distance 

The maximum distance from the center of any rivet ~r bolt to .t~e 
nearest edge of parts in contact with one another shall be 12 times the thick
ness ofthe plate, but shall not exceed 6 inches. 

• 



:S.t:CTION 1.17 WELDS 

1.17.1 Wcldcr, Tackcr, nnd Wclding Opcrator Qualifications 

Wclds shull be rnadc only by wcldcrn, tackcrs, and welding operators 
who hnve been prcviously qualified by tests as prescribcd in the Code [or 
Welding in Building Construction, A WS Dl.0-69, of the American Welding 
Society to pcrform thc type of work requircd. 

1.17.2 Qunlification of Weld and Joint Dctails 

Weld grooves for complete nnd partía! penetration welds which are 
accepted without welding procedure qualification under the provisions of 
AWS D1.0-69, may be used under this specification without welding procedure qunlification. 

Joint forms, details, welding processes, or welding procedures other 
than those included in the foregoing may be employed provided they shall 
ha ve been qualified in accordance with the requirements of A WS Dl.0-69. 

The electrodes or flux specified in Table 1.17.2 shall be used in making 
complete penetration groove welds designed on the basis of the allowable 
stresses for the base metal, as provided in Table 1.5.3. The electrodes and 
Buxes as listed in Table 1.5.3 may be used in making fillet welds and 
partial penetration groove welds. 

Welding of A440 steel is not recommended. 

1.17.3 Submerged-Arc, Gas Metal-Are, and Flux Cored-Arc 
Welding of High Strength Steel 

Electrodes for use in submerged-arc, gas metal-are, and flux cored-arc 
welding listed in Tablea 1.5.3 and 1.17.2 by grade designation and not 
covered in A WS A5.17, A5.18 or A5.20, shall meet the provisions of Sec
tions 412, 417 or 418 of AWS DI.0-69, as applicable. 

1.17.4 Electroslag and Electrogas Welding 

Weld metal deposjted by the electroslag or electrogas welding process 
shall conform to the requirements of Article 422 of A WS Dl.0-69. Weld
ments of A514 steel, made by either process, shall be quenched and tem-
pered after welding. · 

1.17.5 Mínimum Size of Fillet Welds 

In joints connected only by fillet welds, the mínimum size of fillet weld 
to be used shall be as shown in Table 1.17.5. Weld size is determined by the 
thicker of the two parts joined, except that the weld size need not exceed the 
thickness of the thinner part joined unless a larger size is required by calculated stress: 

TABLE 1.17.5 
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1.L .. Haximum Effcctivc Sizc of Fillct Welds 

naximum size of n fillet weld thnt may be assumed in the design of a 
conntc'LJOn shnll be su eh thnt the stresses in the adjncent base material do not 
exceed thc values allowed in Sect. 1.5.1. The maximum size that may be 
used along edges of connected parts shnll be: 

l. Along edges of material less than X-inch thick, the maximum size 
may be equal to the thickness of the material. 

2. Along edges of material ~:í'-inch or more in thickness, the maximum 
size shall be H s-inch leas than the thickness of the material, unless the 
weld is especially designated on the drawings to be built out to ob-
tain full throat thickness. · 

1.17.7 Length of Fillet Welds 

The minimum effective Iength of a strength fillet weld shall.be · not less 
than 4 times the nominal size, or else the size of the weld shall be considered 
not to exceed one-fourth ofita effective length. 

lf longitudinal fillet welds are used alone in end connections of flat bar 
tension members, the length of each fillet weld shall be not less than the 
perpendicular distance between them. The transverse spacing of longi
tudinal fillet welds used in end connections shall not exceed 8 inches, unless 
the design otherwise prevents excessive transverse bending in the connection. 

1.17.8 lntermittent Fillet Welds 

Intermittent fillet welds may be used to transfer calcu.Iated stress across a 
joint or faying surfaces when the strength required is less than that developed 
by a continuous fillet weld of the smallest permitted size, and to join com
ponents of built-up members. The e.ffective length of any segment of inter
nüttent fillet welding shall be not less than 4 times the weld size with a míni
mum of u~ inches. 

Jl..17.9 Lap Joints 

The mínimum amount of lap on lap joints shall be 5 times the thickness 
of the thinner part joi.ned and not less than 1 inch. Lap joints joining plates 
or bars subjected to axial stress shall be fillet welded along the end of both 
lapped parts except where the deflection of the lapped parta is suffic iently 
restrained to prevent opening of the joint under maximum loading. 

1.17.10 End Returns of Fillet Welds 

Side or end fillet welds terminating at ends or sides, respectively, of parts 
or membera shall, wherever practicable, be returned continuously around the 
cornera for a distance not less than twice the nominal size of the weld. This 
provision shall apply to side and top fillet welds connecting brackets, beam 
seats and similar connections, on the plane about which bending moments are 
computed. End returns shall be indicated on the design and detall drawings. 

1.17.11 Fillet Welds in Holes and Slots. 

FiUet welds in hales or slots may be used to transmit shear in lap joints 
or to prevent the buckling or separation of lapped parts, and to join com
ponents of built-up members. Such fillet welds may overlap, subject to the 
provisions of Sect. 1.14.7. Fillet welds in boles or slots are

1
not to be con

sidered plug or slot wdds. 

• 
1.17.12 Plug anC. Slot Welds t-

Piug or slot welds may be used to transmit shear in a lap joi~t or to pre-
vent buckling of lapped parts and to join component parts of built-up mem-

bera. h h" k 
The diameter of the hales for a plug weld shall be not less than t e t 1c -

ness of the part containing it plus ~Í 6-inch, rounded to the next greater odd 
H s-inch, nor greater than 2~ times the thickness of the weld met~. 

The mínimum center-to-center spacing of plug welds s:hall be 4 times the 
diameter of the hole. . h hi k f 

The length of slot for a slot weld shall not exceed 10 tunes t .e t e ness o 
the weld. The width of the slot shall be not less than the thickn~ o~ the 
art containing it plus %6-inch, rounded to the next greater odd hs-mch, 

~or shall it be gre~ter than 2X times the thickness of the weld. The ~nds of 
th slot shall be semicircular or shall have the cornera rounded to a radms I?ot 
1CS: than the thickness of the part containing it, except those ends which 
extend to the edge of the part. . . • to 

The mínimum spacing of linea of slot welds m a ~1?n transverae 
th ir length shall be 4 times the width of the slot. The mmunum c~nter-to

e . · d" al d" ect" y line sball be 2 tunes the center spacing m a longttu m JI Ion on an _ 

length of the slot. SL • eh 1 • thi k.n ss 
The thickness of plug or slot welds in material7s-m ?r ess 10

5
L .e he. 

shall be e ual to the thickness of the material. In material over. 7s-mc m 
thick.ness,qit shall be at Ieast one-half the thickness of the matenal but not 
less than %-inch. 

SECTION 1.18 BUILT-UP MEMBERS 

1.18.1 Open Box-Type Beams and Grillages . 

Where two or- more rolled bea.ms or channels are ased _side-by-s1de to 
t'orm a flexura! member, they shall be connected together at mtervals of_ not 
more than 5 feet. Through-bolts and separators may be used, proVIded 
that in beams having a depth of 12 inches or more, no t'ewer than 2 bolts s~al~ 
b ed at each separator Iocation. When concentrated loads s:e carne r:O: one beam to the other, or distributed between the be:uns, diaphragms 
havin sufficient stiffness to distribute the load shall be nveted, bolted or 
welde~ between the beams. Where beams are exposed, they shall be seale~ 
against corrosion of interior surfaces, or spaced sufficiently far apart to perm1t 
cleaning and painting. 

1.18.2 Compression Members 

118 2 1 All parts of built-up compression members and the transverse 
spac~g ~f ~heir lines of fastenera shall meet the requirements ofSects. 1.8 and 
1.9. 

1 ¡ 8 2 2- At the ends of built-up compression members bearing on base 
late; or. ~illed surfaces, a11 components in contact with one anothe~ shall be 

p cted by rivets or bolts spaced longitudinally not mere than 4 di~etera 
conne d. al to 1 Y2 times the maxirnum width of the mem er, or 
~~a::~~~o~:t:f~se~~ving a l:ngth not less than the maximum width of the 
member. 



1.18.2.3 The longitudinal spacin¡,< for intermcdiate rivets, bolts or 
intermittent welds in built-up membcrH shall be adequate to provide for the 
transfer of calculated stress. However, whcre a component of a built-up 
compression mcmbcr consists of an outside plate, the maximum spacing shall 
not exceed the thickness of the thinner outsidc plate times 127 /V F when 
rivets are provided on all gage linea at each scction, or when inte~ittent 
welds are provided along the edgcs of the components, but this spacing shall 
not exceed 12 inches. When rivets or bolta are staggered, the maximum 
spacing on each gage line shall not excced the thickness of the thinner outsirle 

plate times 190/VF: nor 18 inches. The maximum longitudinal spacing of 
rivets, bolts or intermittent welda connecting two rolled shapes in contact 
with one another shall not exceed 24 inches. 

1.18.2.4 Compression members composed of two or more rolled shapes 
separated from one another by intermittent fillers shall be connected to one 
another at these fillers at intervals such that the slenderness ratio l/r of either 
shape, between the fasteners, does not exceed the governing slenderness ratio 
of the built-up member. The least radius of gyration r shall be used in com
puting the slenderness ratio of each component part. 

1.18.2.5 Open sides of compression members built up from plates or 
shapes shall be provided with lacing having tie platea at each end, and at 
intermediate points ü the lacing is interrupted. Tie platea shall be as near 
the ends as practicable. In main members carrying calculated stress the 
end tie platea shall ha ve a length of not less than the distance between the lines 
of rivets, bolts or welda connecting them to the components of the member. 
lntermediate tie platea shall have a length not less than one-half of this 
distance_ The thickneaa of tie platea ahall be not less than Ho of the distance 
between the linea of rivets, bolts or welds connecting them to the segmenta of 
the members. In riveted and bolted construction the pitch in tie plates 
shall be not more than 6 diameters and the tie platea shall be connected to 
each segment by at leaat three fasteners. In welded construction, the 
welding on each line connecting a tie plate ahall aggregate not less than one
third the length of the plate. 

1.18.2.6 Lacing, including flat bars, angles, channels or other shapes 
employed as lacing, shall be so spaced that the ratio ljr of the flange included 
between their connections shall not exceed the goveming ratio for the member 
as a whole. Lacing shall be proportioned to resist a shearing stress normal to 
the axis of the member equal to 2 percent of the total compressive stress in 
the member. The ratio ljr for lacing bars arranged in single systems shall ndt 
exceed 140. For double lacing this ratio shall not exceed 200. Double lacing 
bars shall be joined at their intersections. In determining the required sec
tion for lacing bars, Formula (1.5-1) or (1.5-2) ahall be used, l being taken as 
the unsupported length of the lacing bar between rivets or welds connecting 
it to the components of the built-up member for single lacing and 70 percent 
of that distance for double lacing. The inclination of lacing bars to the axis 
of the member shall preferably be not Iess than 60 degrees for single Iacing 
and 45 degrees for double lacing. When the distance between the linea of 
rivets or welds in the flanges is more than 15 inches, the lacing shall prefer-
ably be d le or be made of angles. 

( ~ 
1.18.2~·¡ The function of tie platcs and lacing may be pcrformed oy 

continuous cover pi ates pcrforatcd with a ~uccession of _access boles .. The 
width ofsuch pla tesat acccss holea, as dcfined m Sect. ~.9.2, ISass~med available 
t · ·t axial stress provided that: the width-to-thiCkness ratio conform_s to 
O reSIS , h • d" ct" f t ) tOWidth the limitations of Sect. 1.9.2; thc ratio of lengt (m Ire Ion_ o s res~ . 

of hole shall not exceed 2; the clear distance between boles m the dire~tion of 
stre83 shall be not less than the transverse distance between nearest lme~ of 
connecting rivets, bolts or welds; and the periphery of the holes at all pomts 
shall ha ve a mínimum radius of l.Y.í inches. 

1.18.3 Tension Members 

1 18 3 1 The longitudinal spacing of rivets, bolts and intermitt:nt 
fillet 'weid~ connecting a plate and a rolled shape in a built-up tens10n 
member, or two plate components in contact with on.e another, shall no~ e~~e~ 
24 times the thickness of the thinner plate nor 12 mches.. The longitu m 
spacing of rivets, bolts and intermittent welds connecting two or more .shapes 
in contact with one another in a tension member shall not exceed 24 mches. 
Tension members composed of two or more shapes or platea separated from 
one another by intermittent fillers shall be conne:ted to _one another at t~se 
fillers at intervals such that the slendemess ratio of etther component e
tween the fasteners does not exceed 240. 

1.18.3.2 Either perforated cover platea or tie plates without lacing may 
be used on the open sides of built-up tension ·members. ~e platea. shall ha ve 
a length not less than two-thirds the distance between the lines of nve~, bo!= 
or welda connecting them to the components of the member_ The thic~ 
of such tie plates shall not be leas than %o of ~he dis~ance he~;en :~:se 1t:s· 
The longitudinal spacing of rivets, bolts or mternuttent we s a te p a es 
shall not exceed 6 inches. The spacing of tie plates shall ?e s~ch t~ th: 
slenderness ratio of any component in the length between tle p ates no 
exceed 240. 

SECTION 1.19 CAMBER 

1.19.1 Trusscs and Girders 

Tru 8 of 80 feet or greater span should generally be cambered for 
. sset 1 the dead load deflection. Crane girders of 75 feet or greater 

approxuna e Y . t 1 th d d d half live span should generally be cambered for approxima e Y e ea an 
load detlection. 

1.19.2 Camber for Other Trades 

If any special camber requirements are necessary in order to bring a 
loaded inember into proper relation with the work of other trades, as for the 
attachment of runs of sash, the requirements shall be set forth on the plans 
and on the detail drawings. 

1.19.3 Erection . 

d t detailed WI"thout specified camber shall be fabncated Beams an russes hali 
80 that after erection any minor camber due to rolling or shop assembly .s . 
b d If Camber involves the erection of any member unde strammg eupwar . . . 
force, this shall be noted on the erectwn dmgram. 

& 



-~CTION 1.20 EXPANSION (. 

. ,qunte provision ahnll be made for expansion and contraction appro
priate to thc aervicc conditions of the structure. 

SECTION 1.21 COLUMN BASES 

1.21.1 Loads 

Proper provision ahall be made to transfer the column loads, and moments 
üany, to thc footings and foundations. 

1.21.2 Alignment 

Column bases ahall be set level and to correct elevation with full bearing 
on tbe masonry. 

1.21.3 Finishing 

Column bases ahall be finished in accordance with the following require
ments: 

l. Rolled steel bearing platea, 2 inches or less in thickness, may be used 
without planing, provided a satisfactory contact bearing is obtained; 
rolled steel bearing plates over 2 inches but not over 4 inches in thick
ness may be straightened by pressing; or, if presses are not available, 
by planing for all bearing surfaces (except as noted under require
ment 3 of this Section), to obtain a satisfactory contact bearing; rolled 
steel bearing platea over 4 inches in thickness shall be planed for all 
bearing surfaces (except as noted under requirement 3 of this Section). 

2. Column bases other than rolled steel bearing plates shall be planed 
for all bearing surfaces (except as noted under requirement 3 of this 
Section). 

3. · The bottom aurfaces of bearing plates and column bases whicb are 
grouted to insure full bearing contact on foundations need not be 
planed. 

SECTION 1.22 ANCHOR BOLTS 

Anchor bolts shall be designed to provide resistance to all conditions of 
tension and shear at the bases of columns, including the net tensile component3 
of any bending moments which may result from fixation or partial fixation of 
columns. 

SECTJON 1.23 FABRICATION 

1.23.1 Straightening Material 

Rolled material, before being laid off or worked, must be straight within 
the tolerances allowed by ASTM Specification A6. If straightening is neces
aary, it may be done by mechanical means or by the application of a 
limited amount of localized heat. The temperature of heated areas, as 
measured by approved mrthods, shall not exceed 1100°F for A514 steel nor 
1200°F for other steels. 
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1.23.2 Oxygen Cutting 

Oxygen cutting shall preferably be done by mrl'chine. Oxygen cut edges 
which will be aubjected to substantial stress or which are to have weld metal 
deposited on them shall be rcasonably free from gouges; occasional notches 
or gouges not more than ~{ 6 -inch deep will be permitted. Gouges 
greater than ) 16 -inch that rema in from cutting shall be removed by grinding. 
All re-entrant cornera shall be shaped notch-free to a radios of at Ieast Y.;-inch. 

1.23.3 Planing of Edges 

Planing or finishing of sheared or gas cut edges of plates or shapes will 
not be required unless specifically called for on the drawings or included in a 
stipulated edge preparation for welding. 

1.23.4 Riveted and Bolted Construction-Holes 

Holes for rivets or bolts shall be H s-inch larger than the nominal diameter 
of the rivet or bol t. If the thickness of the material ia 110t greater than the 
nominal diameter of the rivet or bolt plus H-inch, the boles may be punched. 
If the thickness of the material is greater than the nominal diameter of the 
rivet or bolt plus 78-inch, the boles shall be either drilled from the solid, or sub
punched and reamed. The die for all sub-punched boles. and the drill for all 
sub-drilled boles, shall be at least H s-inch smaller than the nominal diameter 
of the rivet or- bol t. Roles in A514 steel plates over *inch thick shall be 
drilled. 

1.23.5 Riveted and High Strength Bolted Construclion-Assembling 

All parta of riveted members shall be well pinned or bolted and rigidly 
held together while riveting. Drifting done during assembling shall not 
distort the metal or enlarge the boles. Holes that must be enlarged to admit 
the rivets or bolts shall be reamed. Poor matching of holes shall be cause for 
rejection. 

Rivets shall be driven by power riveters, of either compression or manu
ally-operated type, employing pneumatic, hydraulic or electric power. Mter 
driving they shall be t~ght and their heads shall be in full contact with the 
surface. 

Rivets shall ordinarily be hot-driven, in which case their finished heads 
shall be of approximately hemispherical shape and shall be of uniform size 
throughout the work for the same size rivet, full, neatly finished and concen
tric with the holes. Hot-driven rivets shall be heated ~orm.ly to a tem
perature not exceeding 1950° F; they shall not be driven after their tem-
perature has fallen below 1000° F. , 

Rivets may be driven cold if approved measures· are taken to prevent 
distortion of the riveted material. The requirements for hot-driven rivets 
shall apply except as modified in the Teamtive Specifications for Cold
Driven Rivets of the Industrial Fasteners Institute. 

Surfaces of high strength bolted parts in contact with the bolt head and 
nut shall not ha ve a slope of more than 1: 20 with respect toa plane normal to 
the bolt axis. Where the surface of a high strength bolted part has a slope of 
more than 1:20, a beveled washer shall be used to compensa te for the lack of 
parallelism. High strength bolted parts shall fit solidly together when assem
bled and shall not be separated by gaskets or any other interposed com
pressible materials. When assembled, all joint surfaces, including those 

• 
.-

... 



e adjaccnt to the washcrn, shall be free of scale except tight mili scale. Th~y 
shall be free of dirt, loose scale, burrn, and other defects that w~•1ld prevt:nt 
solid scating of thc parts. Contact surfaccs within friction-type joints sha!\ 
be free of oil, paint, lacqucr or galvanizing. 

All A325, A449, ancl A490 bolts shall be tightcned to a bolt tension 
not less thnn that given in Table 1.23.5. Tightening shall be done by thc 

TABLE 1.23.5 

Minimum Bolt Tension, 1 Kips 
1 

1 
BoltSize, lnches A325 and 

¡ 

A449 Bolts A490 Bolts ¡ 
1 

Ji 12 15 ¡ . "' 19 24 
~ 28 35 
~ 39 49 

1 51 64 
1~ 56 80 
IU 71 102 

1 

1~ 85 121 
IJ.i 103 148 
Over IJ.i 0.7 X T.S. 

1 

• Equal to 70 percent of specified mínimum tensile strengths of bolts, rounded of. 
to the nearest kip. 

turn-of-nut method• or with properly calibrated wrenches. Bolts tightened 
by means of a calibrated wrench shall be installed with a hardened washer 
under the nut or bolt head, whichever is the element turned in tightening 
Hardened washers are not required when bolts are tightened by the turn-of
nut method, except that hardened washers are required under the nut and 
bolt head when A490 bolts are used to connect material having a specified 
yield point less than 40 ksi and a hardened washer is required under the 
head of A449 bolts used in Iieu of A325 bolts. 

1.23.6 Welded Construction 

Surfaces to be welded shall be free from Ioose scale, slag, rust, grease, 
paint and any other foreign material except that mili scale which withstands 
vigorous wire brushing may remain. Joint surfaces shall be free from fins and 
tears. Preparation of edges by gas- cutting shall, wherever practicable, be 
done by a mechanically guided torch. 

Parts to be fillet welded shall be brought in as close contact as practicable 
and in no event shall be separated by more than ~16-inch. If the separa
tion is J-1 6 -inch or greater, the size of the fillet welds shall be increased 
by the amount- of the separation. The separation between faying sur
faces of lap joints and butt joints on a backing structure shall not 
exceed 7l6-inch. The fit of joints at contact surfaces which are not com
pletely sealed by welds, shall be close enough to exclude water after painting. 

• See Cor ntary, Sect. 1.23.5. 

Abutting parts to be butt welded shall (..Je carefully aligned. Misalign
mentil greater than %-inch shall be corrected and, in making the correction, 
the parts shall not be drawn into a sharper slope than 2 degrees G-ú-inch in 
12 inches). 

The work shall be positioned for flat welding whenever practicable. 
In assembling and joining parts of a structure or of built-up members, 

the procedure and SC']Uence of welding shall be such as will avoid needless 
distortion and minimize shrinkage stresses. Where it is impossible to avoid 
high residual stresses in the closing welds of a rigid assembly, such closing 
welds shall be made in compression ele~ents. 

In the fabrication of cover-plated beams and built-up members, all shop 
splices in each component part shall be made before such component part is 
welded to other parts of the member. Long girders or ginler sections may be 
made by shop splicing not more than three subsections, each made in accord
ance with this paragraph. 

All complete penetration groove welds made by manual welding, except 
when produced with the a id of backing material or welded in the flat position 
from both sides in square-edge material not more than 9-f s-inch thick with root 
opening not less than one-half the thickness of the thinner part joined, shall 
have the root ofthe initiallayer gouged out on the back side before welding is 
started from that side, and shall be so welded as to secure sound metal and 
complete fusion throughout the entire cross-section. Oxygen gouging shall 
not be permitted on ASTM A514 steel; all carbon deposits shall be removed 
by grinding after are gouging A514 steel. Groove welds made with use 
of a backing of the same material as the base metal shall ha ve the weld metal 
thoroughly fused with the backing material. Backing strips need not be 
removed. If required, they may be removed by gougingor gas cutting after 
welding is completed, provided no injury is done to the base metal and weld 
metal and the weld metal surface is left fiush or slightly convex with full 
throat thickness. 

Groove welds shall be terminated at the ends of a joint in a manner that 
will ensure their soundness. Where possible, this should be done by use of 
extension bars or run-off plates. Extension bars or run-off plates, if used, 
shall be removed u pon completion of the weld and the en.ds of the weld made 
smooth and flush with the abutting parts. 

Base metal shall be preheated as required to the temperature called 
for in Table 1.23.6 prior to welding, except tack welding which is to be 
remelted and incorporated into continuous submerged-arc welds. When 
base metal not otherwise required to be preheated is ata temperature be
low 32° F, it shall be preheated to at Ieast 70° F prior to tack welding or 
welding. Preheating shall bring the surface of the base metal within 3 inches 
of the point of welding to the specified preheat temperature, and this tem
perature shall be maintained as a mínimum interpass temperature while 
welding is in progresa. Minimum preheat and interpass temperatures 
shall be as specified in Table 1.23.6. Heat input for the welding of ASTM 
A514 steel should not exceed the steel producer's recommendatioru or sugges-
tions. 

Where required, intermediate layers of multiple-layer we!d.s may be 
peened with light blows from a power hammer, using a round-nose too!. 
Peening shall be done after the weld has cooled to a_ temperatu.:o::- warm to 
the hand. Care shall be exercised to prevent scaling, or fiak of weld 
and base metal from over-peening. 
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When required by the plans or specifications1 welded ass, lies shall 
be stress relieved by heat treating in accordance with tire the provisions of 
Article 310 of A WS DL0-69. 

The tcchnique of welding employed, the appearance and quality of welds 
made, and the methods used in correcting defective work shall conform to 
Section 3-Workmanship and Section 4-Technique of the Code for Welding 
in Building Construction, Dl.0-69, of the American Welding Society, 
except that the tolerance for flatness of girder webs given in Article 305 need 
not apply for statically loacred girders. 

1.23.7 Finishing 

Compression joints depending upon contact bearing shall have the 
bearing surfaces prepared to a common plane by milling, sawing or other 
suitable means. 

1.23.8 Tolerances 

1.23.8.1 Straightness 

Structural members consisting primarily of a single rolled shape sh.all• 
unless otherwise specified, be straight within the appropriate tolerances 
allowed by ASTM Specification A6 or as prescribed in the following para
graph. Built-up structural members fabricated by riveting or welding, 
unless otherwise specified, shall be straight within the tolerances allowed for 
wide flange shapes by ASTM Specification A6 or by the requirements of the 
following paragraph. 

Compression members shall not deviate from straightness by more than 
7i ooo of the axiallength between points which are to be laterally supported. 

Completed members shall be free from twists, bends, and open joints. 
Sharp kinks or bends shall be cause for rejection of material. 

1.23.8.2 Length 
A variation of ~2-inch is permissible in the overalllength of members 

with both ends finished for contact bearing as in Sect. 1.23.7. 
Members without ends finished for contact bearing. which are to be 

framed to other steel parts of the structure, may ha ve a variation from the 
detailed length not greater than H s-inch for members 30 feet or Iess in 
length, and not greater than H-inch for members over 30 feet in length. 

SECTION 1.24 SHOP PAINTING 

1.24.1 General Requirements 

Unless otherwise specified, steelwork which will be concealed by interior 
building finish need not be painted; steelwork to be encased in concrete shall 
not be painted. Unless specifically exempted, all other steelwork shall be 
given one coat of shop paint, applied thoroughly and evenly to dry surfaces 
which have been cleaned, in accordance with the following paragraph, by 
brush, spray, -roller coating, flow coating, or dipping, at ihe election of the 
fabricator . 

After inspection and approval and befo re leaving the shop, all steelwork 
specified to be painted shall be cleaned by hand-wire brushing, or by other 
methods elected by the fabricator, of loose mili scale, loose rust, weld slag or 
flux deposit, dirt and other foreign matter. Oil and grease deposits shall be 

• 
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rer"'/Y'!t! by solvent. Steelwork specified to have no shop paint shall, ~fLer 
fr~brwutJon, be cle~ned of oil or grease by solvent cleaners and be cleaned of 
d1rt !Hld other fore1gn material by thorough sweeping with a fibe b ¡ 

'l'l , 1 • • • • r rus 1. 
lC s 10p co,lt of pamt IS mtended to protect the steel for only a shorr 

perJ,,J t~f cxposure, even if it is a primer for subsequent painting to be per
forrncttl m the field by others. 

1.2'U~ Inaccessible Surfaces 

Hurfnces inaccessible after assembly shall be treated in accordance with 
Sed .. 1 .24.1 before assembly. 

l,2,t.:l Contact Surfaces 

Contact surfaces shall be cleaned in accordance with Sect. 1.24.1 before 
assemhly but shall not be painted. 

1.24.-J Finished Surfaces 

. . M_uchine ~nished surfaces sh::~ll be protected against corrosion by a rust
mtuhlltng coatmg that can be easily removed prior to erection or which h 

h 1 · · h as e nrnl' enshcs t at make removal unnecessary prior to erection. 

1.24.l'i Surfaces Adjacent to Field Welds 

t lnlcss otherwise provided, surfaces within two inches of any field weld 
loen! l11n sh?ll ?e free of materials that would prevent proper welding or 
prod111'e obJecbonable fumes while welding is being done. 

SF~CTION 1.25 ERECTION 

1.25.1 Bracing 

'l'he frame of steel skeleton bulldings shall be carried up true and 
plum!>, wi~hin the limits defi11~d in Se,_ oion 7(h) of the AISC Code of Stan
dard l'mctzce, and temporary bracing sk!.ll be introduced wherever necessarv 
to t:\l\i) care of allloads to which the structure may be subjected includin~ 
equipment and the operation of same. Such bracing shall be left 'in place as 
long :1~ may be required for safety. 

\\'herever piles ofmaterial, erection equipment or other loads are carried 
durin • .: ~·rection, proper provision shall be made to take care ofstresses result
ing fl\'m such loads. 

1.25.':2 Adequacy of Temporary Connections 

As erection progresses; the work shall be securely bolted, or welded, to 
take ;,-,;ue of all dead load, wind and erection stresses. 

1.25.~ Alignment 

No riveting, permanent bolting or welding shall be done until as much oí 
the ~iw<:ture as will be stiffened thereby has been properly aligned. 

1.25 . .lí Field Welding 

,~ · · · shop paint on surfaces adjacent to joints to be field welded shall b 
wire 1 .1ed to reduce the paint film toa mínimum. 

( 

1.25.5 Ficld Painting 

Responsibility for touch-up painting and cleaning, a<> well as for general 
painting shall be allocated in accordance with accepted local practices and 
this allocation shall be set forth explicitly in the contract. 

SECTION 1.26 QUALITY CONTROL 

1.26.1 General 

The fabricator shall provide quality control procedures to the extent 
that he deems necessary to assure that all work is performed in accordance 
with this Specification. In addition to the fabricator"s quality control 
procedures, material and workmanship at all times may be subject to in
spection by qualified inspectors representing the purchaser. lf such in
spection by representatives of the purchaser will be required, it shall be so 
stated in the information furnished to the bidders. 

1.26.2 Cooperation 

As far as possible all inspection by representatives ofthe purchaser shall 
be made at the fahricator's plant. The fabricator shall oooperate with the 
inspector, permitt: " access for inspection to all places where work is being 
done. The purcha~c·r's inspector shall so schedule his work as to provide 
the mínimum interruption to the work of the fabricator. 

1.26.3 Rcjections 

Material or workmanship not in reasonable conformance with the 
provisions of this Specifcation may be rejected at any time during the 
progress of the work. '1 he fabricator shall receive copies of all reporta 
furnished to the purchaser by the inspection agency. 

1.26.4 lnspection of Welding 

The inspection of welding shall be performed in accorrlance with .the 
provisions of Section 6 of the Code /or Welding in Building Construction, 
01.0-69, of the American Welding Society. 

When non-destructive testing is required, the process, extent, technique 
and standards of acceptance shall be clearly defined in information furnished 
to the bidders. 

1.26.5 Identification of High Strength Steel 

Steel which is usod for main components and which is required to l ' re a 
yield stress greater than 36 kips per square inch shall, at all times i11 the 
fabricator's plant, be marked to identify its ASTM Specification. Identi
fication ofsuch steel in completed members or assembliesshall be marked by 
painting the ASTM Specification designation on the piece, over any shop 
coat of paint, prior to shipment from the fabricator's plant. 

• 
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PART 2 

SECTION 2.1 SCOPE 

Subject to the ~~~itations contained herein, simple or continuous beams, 
one ?nd two-story r1g1d frames, braced multi-story rigid frames and similar 
port10ns o!' str~ctures rigid}y constructed so as to be contin~ous over at 
le~t on~ mterwr supp~rt, may be proportioned on the basis of plastic 
des1gn,. J.e., on 'th~ bas1s of their maximum strength. This strength, as 
determmed by ratlonal analysis, shall not be Iess than that required to 
support. a factored load equal to 1.7 times the given live load and dead load 
o~ 1.3 times these loads acting in conjunction with 1.3 times any specified 
wmd or earthquake forces. 

Rigid frames shall satisfy the requirements for Type 1 construction in 
th_e plane of the frame as prov~d.ed in Sect. 1.2. Type 2 construction is per
mltted for mem.bers between r1g1d frames. Connections joining a portion of 
a s~ructure des1gned on the basis of plastic behavior with a portion not 

80 
des1gned need be no more rigid than ordinary seat-and-cap angle or standard 
web connections. 

Where plastic design is used as the basis for proportioning continuous 
beams and s.truct.ural frames, the _provisions relating to allowable working 
stress, contamed m Part 1, are wa1ved. Except as modified by these rules, 
however, all other pertinent provisions of Part 1 shall govern. 

It is not recommended that crane runways be designed continuous over 
D:tt~rior vertical supports on the basis of maximum strength. However, 
r1g1d frame bents supporting crane runways may be considered as coming 
within the scope of the rules. 

SECTION 2.2 STRUCTURAL STEEL 

· Structural steel shall conform to one of the following specifications 
Iatest edition: ' 

Structural Steel, ASTM A36 
High-Strength Low-Alloy Structural Steel, ASTM A242 
High-Strength Low-Alloy Structural Manganese Vanadium Steel, 

ASTM A441 
Structural Steel with 42,000 psi Mínimum Yield Point, ASTM, A529 
High-Strength Low-Alloy Columbium- Vanadium Steels o{ Structural 

Quality, ASTM A572 
High-Strength Low-Alloy Structural Steel with 50,000 psi Míni

mum Yield Point to 4 in. Thick, ASTM A588 

• As used here, "interior support" may be taken to include a rigid frame knee 
formed by the junction of a column and a sloping or horizontal beam or girder. 

3ECTION 2.3 VERTICAL BRACING SYSTEM 

,,he 'Vertical bracing system for a plastically designcd braced 1 .i-
;tory frame shall be adequate, as deter-mined,by"a ratiGnal analysis, to: 

l. ?revent buckling of the structure under factored gravity Ioads 

2. Maintain the lateral stability of t!l.e structure, inclnding the over
turning effects of drift, under factored gravity plus factored hori
zontal loads. 

The vertical bracing system may be considered to function together 
with in-plane shear-resisting exterior and interior walls, floor slabs, and roof 
decks, if these walls, slabs, and decks are secured to the structural frames. 
The columna, girders, beams, and diagonal members, when used as the 
vertical bracing system, may be considered to comprise a vertical-cantilever, 
simply-connected truss in the analyses for frame buckling and lateral sta
bility. Axial deformation of aii members in the vertical bracing system 
shall be included in the lateral stability analysis. The axial force in these 
members, caused by factored gravity plus factored horizontal loada, shall 
not exceed 0.85P 11 , where P 11 is the product of yield stress times area of the 
member. 

Girders and beams included in the vertical bracing sysiem of a braced 
multi-story frame shall be proportioned for axial force and moment caused 
by the concurrent factored horizontal and gravity loads, in accordance with 
Formula (2.4-2), with Pcr taken as the maximum axial strength of the beam, 
based on the actual slendemess ratio between braced points in the plane of 
bending. 

SECTION 2.4 COLUMNS 

In the plane of bending of columna which would develop a plastic hinge 
at ultimate loading, the slenderness ratio ljr shall not exceed c., defined in 
Sect. 1.5.1.3. 

The maximum strength of an axially loaded compression member shall 
be taken as 

Pe? = 1.7AF4 • (2.4-1) 

where A~ is the gro::;s area of the member and F4 , as defined by Formula 
(1.5-1), is based upon the applicable slenderness ratio. • 

Members subject to combined axial load and bending moment shall be 
proportioned so as to satisfy the following interaction formulas: 

(2.4-2) 

p M - + ~ 1.0; M ~ Mp 
P 11 1.18Mp 

(2.4-3) 

• See Commentary p. 5-162. 

• 
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in which 

M maximum applied moment 
P applied axial load 
P, (23/12) AF'., where F', is as defined in Sect. 1.6.1 
C,. cocfficient defined in Scct. 1.6.1 
M,. = maximum moment that can be resisted by the member in the 

abscnce of axial load 

For columns braced in the weak direction: 

M"' =M11 

For columns unbraced in the weak direction: 

SECTION 2.5 SHEAR 

(2.4-4) 

Unless reinforced by diagonal stiffeners ora doubler plate, the webs of 
column~, beams, and girders, including arcas within the boundaries of the 
connect10ns, shall be so proportioned that 

(2.5-1) 

where Vu ~s the ~hear, in kips, that would be produced by the required fac
tored loadmg, d lS the depth of the member, and t is its web thickness. 

SECTION 2.6 WEB CRIPPLING ' 

Web stiffeners are required on a member ata point of load application 
where a plastic hinge would forro. _ 

At points on a member where the concentrated load delivered by the 
flanges of_a member framing into it would produce web crippling opposite the 
compress10n flange or high tensile stress in the connection of the tension 
flange, web stiffeners are required in accordance with the provisions of 
Sect. 1.15.5. 

SECTION 2.7 MINIMUM THICKNESS (WIDTH-THICKNESS 
RATIOS) 

The width-thickness ratio for flanges of rolled 1 or W' shapes and 
similar built-up single-web shapes that would be subjected to compression 
involving hinge rotation under ultimate Joading shall not exceed the 
following- values: 

F 11 b1/2t1 

36 8.5 
42 8.0 
45 7.4 
50 7.0 
55 6.6 
60 6.3 
65 6.0 

The thicl s of sloping flanges may be takc• as their average thickness. 

The width-thickness ratio of similarly compressed flange plates i¡ box 
sections al.d cover-plates shall not exceed 190/"VF~. For this purpqse the 
width of a cover-plate shall be taken as the distance bety¡een longitudinal 
lines of connecting rivets, high strength bo~ or welds. 

The depth-thickness ratio of webs of members subjected to plastic 
bending shall not exceed the value given by Formula (2.7-1a) or (2.7-lb), 
as applicable. 

d 257 

t= VF11 

p 
when-:::; 0.27 

p" 

p 
when- > 0.27 

p" 

SECTION 2.8 CONNECTIONS 

(2.7-1b) 

All connections, the rigidity of which is essential to the continuity 
assumed as the basis of the analysis, shall be capable of resisting the mo
ments, shears and axial loads to which they would be subjected by the full 
factored loading, or any probable partial distribution thereof. 

Comer connections (haunches), tapered or curved for architectural rea
sons, shall be so proportioned that the full plastic bending strength of the 
section adjacent to the connection can be developed, if required. 

Stiffeners shall be userl, as required, to preserve the flange continuity of 
interrupted members at their junction with other members in a continuous 
frame. Su eh stiffeners shall be placed in pairs on opposite sirles of the web of 
the member which extends continuously through the joint. 

High strength bolts, A307 bolts, rivets, and welds shall be proportioned 
to resist the Corees produced at factored load, using stresses equal to 1.7 
times those given in Part l. In general, groove welds are preferable to 
fillet welds, but their use is not mandatory. 

High strength bolts may be used in joints having painted contact 
surfaces when these joints are of such size that the slip required to produce 
bearing would not interfere with the formation, at factored loading, of the 
plastic hinges assumed in the design. 

SECTION 2.9 LATERAL BRACING 

Members shall be adequately braced to resist lateral and torsional dis
placements at the plastic hinge locations associated with the failure mecha
nism. The laterally unsupported distance, len from such braced hinge loca
tions to similarly braced adjacent points on the member or frame shall not 
exceed the value det~rmined from Formula (2.9-1a) or (2.9-1b), as appljcable. 

~ = 
1

•
375 + 25 when + 1.0 > : > -0.5 

r, F 11 11 

(2.9-1a) 

~ = 
1

•
375 

when- 0.5 > M > -1.0 
r 11 Fv lk111 

("- lb) 



whcre 
r, 
M 

M/M, 

.he radius of gyration of the member about its weak axis < 
the lesser of the moments at the ends of the unbraced seg

ment 
the end moment ratio, is positive when the segment is bent 

in reverse curvature and negative when bent in single ' 
curvature. ' 

The foregoing provisions need not apply in the region of the last hinge 
to form in the failure mechanism assumed as the basis for proportioning a 
given member, nor in members oriented with their weak axis normal to the 
plane of bending. However, in the region of the last hinge to form, and in 
regions not adjacent to a plastic hinge, the maximum distance between 
points of lateral support shall be such as to satisfy the requirements of 
Formulas (1.5-6a), (1.5-6b) or (1.5-7) as well as Formulas (1.6-la) and 
(1.6-1b) in Part 1 of this Specification. For this case the value of fa and {b 
shall be computed from the moment and axial force at factored loading, 
divided by the applicable load factor. 

Members built into a masonry wall and having their web perpendicular 
to this wall can be assumed to be laterally supported with respect to their 
weak axis of bending. 

SECTION 2.10 FABRICATION 

The provisions of Part 1 with respect to workmanship shall govern the 
fabrication of structures, or portions of structures, designed on the basis of 
maximum strength, subject to the following limitations: 

The use of sheared edges shall be avoided in locations subject to plastic 
hinge rotation at factored loading. If used they shall be finished smooth by 
grinding, chipping or planing. 

In locations subject to plastic hinge rotation at factored Ioading, holes 
for rivets or bolts in the tension area shall be sub-punched and reamed or 
drilled full size. 

APPENDIX A 
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1 

Yield Stresa - F. (ksi) 

~ 

36.0 1 42.0 
1 45.0 

Yield Stress - F • (ksi) 

50.0 1 55.0 1 
60.0 1 

65.0 1 90.0 1 100.0 

SECTION 1.5 ALLOWABLE STRESSES ' 
1.5.1.1 Tension 

; 

Tension on the nct scction, except at pin 
boles: 

F, = 0.60F. ~ 0.50Frs 22.0 25.2 27 o 1 30.0 33.0 36.0 39.0 52.5* 57.5• 

wbere FTs = minimum tensile strengtb 

Tension on tbe net section at pin boles 1 

in eyebars, pin-connected plates or 
built-up members: 

F, = 0.45F. 16.2 19.0 20.3 

i 

22.5 24.8 27.0 29.3 40.5 45.0 

1.5.1.2 Shear 1 

1 

Sbear on the gross section (see Table 3 
for reduced values for girder webs): 

F.= 0.40F. 14.5 17.0 18.0 20.0 22.0 24.0 26.0 36.0 40.0 

1.5.1.3 Compression 

1.5.1.3.1 
Compression on tbe gross section of 
axially loaded compression members 
when Kl/r is less than C,: ' 
Formula (1.5-1) 

[ 1 _ (Kl/r) s]F 

Fa= 
2C0

1 • 
!_ + 3(Kl/r) _ (Kljr)l 

Table 1-36 Table 1-42 Table 1-45 

3 se. sc.a 

Table 1-50 Table 1-55 Table 1-60 Table 1-65 Table 1-90 Table 1-100 

1 

j 
1.5.1.3.2 -

Compression on tbe gross section of 
axially loaded compression members 
when Kl/r exceeds c.: 
Formula (1.5-2) 

Fa = 12r1E Table 1-36 Table 1-42 Table 1-45 
23(Kl/r)l 

Table 1-50 Table 1-55 Table 1-60 Table 1-65 Table 1-90 Table 1-100 

1.5.1.3.3 
Compression on tbe gross section of 
axially loaded bracing and secondary 
members wben ljr exceeds 120: 
Formula (1.5-3) -
Fa, = Fa [by Formula (1.5-1) or (1.5-2) J Table 1-36 Table 1-42 

' l 
Table 1-45 

1.6--
· 200r 

Table 1-50 Table 1-55 Table 1-60 Table 1-65 Table 1-90 Table 1-100 

• Value equal to" "iO times mínimum tensile strengtb ( = 0.50FTs) 



1:.6.1.3 ~omp.c,.ion (cont'd) 

( 

YieldStress-F. (ksi) , ___ _ 
36.0 42.0 45.0 

1.5.1.3.4 1 
1 

Yield Stress- F. (ksi) 

50.0 1 55.0 1 60.0 1 65.0 1 90.0 1 100.0 

Cornpression on thc gross arca of pinte -
girder stiffcncrs: i 

' 
Fa = 0.60F. 22.0 25.2 27.0 1 

1 
30.0 33.0 36.0 39.0 54.0 60.0 

1.5.1.3.5 
Cornpression on thc wcb of rolled shapes 
at the toe or fillct: 

Fa = 0.75F, 27.0 31.5 33.8 1 37.5 41.3 45.0 48.8 67.5 75.0 

1.5.1.4 Bcnding 
1 

1.5.1.4.1 ' 
' Tension and compression for compact, 

adequately braced rnembers syrnrnetrical 
1 

about, and loaded in, the plane of their 
minor axis: 

F& = 0.66F• 24.0 28.0 29.7 1 

1 when 

33.0 36.3 39.6 42.9 - -

a. Flanges are continuously connccted 
J 

to web 

b. b¡/2t¡ ~ 52.2/ VF. 8.7 8.1 7.8 7.4 7.0 6.7 6.5 - -
i 
¡ 

c. b,jt¡ ~ 190/~ 31.7 29.3 28.3 26.9 25.6 24.5 23.6 - -

' 
d. Use Formula (1.5-4): 

djt ~ 412( 1 - 2.33 ~:) 1 ~ 68.7- 4.4{o 63.6- 3.5{0 

i 
61.4 - 3.2{o' 58.3 - 2. 1{0 55.6- 2.4{o 53.2- 2.1/o 51.1- 1.8{o - -

except that 'djt necd not be lcss than 
257/VF. 42.8 39.7 38.3 36.3 34.7 33.2 31.9 - -

e. lb ~ 16.0b1Jv'F. 12. 1b¡ 11. 76, 11.3b¡ 10. 1b¡ 10.2b¡ 9.8b¡ 9.4b¡ - -

and 

l < 20,000 556 476 444 
6 

- (d/A 1 )F. d/A¡ d/A 1 d/A¡ 

. 
364 333 308, 400 -- - -

djA 1 d/A 1 d/A¡ djA 1 



Yield Stress- F. (ksi) Yield Stress-Fu (ksi) 

36.0 1 42.0 1 45.0 50.0 55.0 60.0 65.0 90.0. 1 100.0 
1.5.1.4 Bcnding (cont'd) 

1.5.1.4.2 1 

Tension nnd compression for membcrs 
1 which mect thc rcquiremcnts of Scct. 

1.5.1.4.1 cxcept subpnrngrnph b: 

when 

52.2 b¡ --<- 8.7 8.1 7.8 VFw 2t¡ 7.4 6.5 7.0 6.7 

and 

..!!..!._ < 95.0 
15.8 2t¡ vF. 14.7 14.2 13.4 12.8 12.3 11.8 

use Formula (1.5-5): 

F6 = F, [o.733- 0.0014 (;:,) vF,] 

..--
!!!__ 
2t¡ 

.-- --
7.0 - - - - - 39.4 42.5 - -
8.0 - - 29.6 

~ 
9.0 23.7 27.3 29.2 

32.7 35.7 38.8 41.8 - -
32.2 35.2 38.1 41.0 - -

' .... 10.0 23.4 27.0 o 28.8 
Kl 11.0 23.1 26.6 28.4 
:::1 12.0 22.8 26.7 27.9 Cil 

31.7 34.6 37.5 40.3 - -
31.2 34.0 36.8 39.6 - -
30.7 33.5 36.2 - - -

> 13.0 22.5 25.8 27.5 
14.0 22.1 25.5 27.1 
15.0 22.0 - -

30.2 - - - - -
- - - - - -
- - - - - -

1.5.1.4.3 
Tension and compression for: doubly-
symmetrical I and H shape membcrs 
meeting the requirements of Sect. 

' 1.5.1.4.1, exccpt subparagraphs e, d and 
e, and bent about their minor axis l 

(except members of A514 steel); sol id 
round and square bars; and solid rec-
tangular bars bent about their weaker 
axis: 

F6 = 0.75Fu 27.0 31.5 33.8 37.5 41.3 45.0 48.8 

1.5.1.4.4 
Tension and compression for box-type 
flexura) members not included in Sect. 
1.5.1.4.1, but which meet the require-
mcnts of Scct. 1.9: 

F6 = 0.60F, 22.0 25.2 27.0 30.0 33.0 36.0 39.0 54.0 60.0 
•' 

when 
' 

~ 2500be/F, 69.4be 59.5be 55.6b. 1 
50.0be 45.5be 41. 7be 38.5be 27.é 25.0be 



. -

1 

Yield Stress- F. (ksi) 

36.0 < 
1 1 42.0 45.0 

1.5.1.4 Bcnding (cont'd) 

1.5.1.4.5 

• 
( 

- ( 
Yield Stress- F. (L.::) l 

1 
50.0 

1 55.0 1 60.0 1 65 o. 
1 90.0 

1 100.0 
¡ . 
'' 

1 
1 

Tension for flexura) mcmbcrs not covcrcd 
in Sect. 1.5.1.4.1, 1.5.1.4.2, 1.5.1.4.3 or 
1.5.1.4.4: 

F& = 0.60F. 22.0 25.2 27.0 

1.5.1.4.6a 

1 

1 ! 30.0 33.0 36.0 39.0 54.0 60.0 
1 

Compression for flexura) mcmbers in-
cludcd undcr Scct. 1.5.1.4.5, having an 
axis of symmetry in, and loadcd in, the 
plane of thcir web; compression for 
channels bcnt about their major axis: 
The largcr vnluc computed by Formula 
(1.5-6a) or (1.5-6b) and Formula (1.5-7), 
but not more thnn 

-

F& = 0.60F. 22.0 25.2 27.0 30.0 33.0 36.0 39.0 54.0 60.0 
when 

lfrr 5 ~102 X 101 XC&* 
53v'C; 49v'C; 

1 

F, 48VG;' 45-vc; 43-vc; 41-vc; 4ov'cb 34VC& 32v'C; 

When this limit is exceeded, 
use Formula (1.5-6n): 

¡'¡ [ 2 F.(l/rr)l J * 24.0 - Cl/r)l 28.0 - (l/r)! 30.0 - (l/r)' 6
= 3-1,530Xl01 XC& F. 1181Gb 867G& 756G& 

33 3 - (l/r)• 36 7 - (l/r)' 40.0 - (1/r)Z 43.3 - Q/r)Z 60 O - (1/r)! (l/r)' 
. 612G& . 506Gb 425Gb 362Gb ' 189Gb 66 ·7 - i53Cb 

unless 

l/r > ~510 X 101 X C& • 
T- F. 119v'C; 110v'C; 106~ 101v'C; 96VC& 92VC& 89v'c; 75-vc; nv'cb 

in which case, use Formula (1.5-6b): 

F& = 
170 X 103 X C& * 

(l/rr)l 

When thc compression flange is solid 
and approximatcly rectangular in cross-
section and its aren is not less than that 
of the tension flnnge, 
use Formula (1.5-7): 

F& = 
12 X 101 XC&* 

id/A¡ 
~ 

*For values of C& scc Fig. Al, p. 5-104. 



r--• 

1 
Yicld Stress- F. (k; i) 

3600 1 42 o 1 4500 ---
----·~-

1.5.1.4. Bcnding (cont'd) 

o ( 

1 Yield s~~ F. (ksi) 

1 

--

1 
5000 1 5500 1 

60 o 
1 

65 o ~'\) (! 10000 
--·--

1o5ol.4o6b 
-

Compres.sion for tlcxurnl rncrnbcrs in-

1 
cluded undcr Scct. 1.5ol.4o5, which do 
not satisfy the rcquiremcnts of Sccto 

i 1.5ol.4o6a, and which if bcnt nbout thcir 

1 
majar axis are brnccd so thnt 

/6 :5 (16oOb¡/vF.) 120 7b, 110 7b¡ 1103b¡ 
1 Fb = Oo60F. 22 o 2502 27 o 1 

1.5.1.5 Bcaring (on contact arca) 

1 

1 
1 
1 

1 
1 

1 

1 
i 
~ 

' 10o7b¡ 1002b, 90Bb_r 
1 

9o4b, SOOb1 7.6b¡ 
l 3600 1 3900 ~4 o 6000 3000 3300 i 

1.50105.1 

Bcnring an milled surfnccs, including 
bearing stiffeners nnd pins in reamcd, 
drilled, or bared hales: 

Fp = Oo90F. 3300 3800 4005 1 
1.5.1.5.2 

1 Bearing on expansian rallers and rackers: 

4905 5400 5805 81.0 9000 4500 

' 

Fp = (F•; 
13

) 0066d Oo76d 0096d 1o06d 
lo39d lo55d lo72d 2 o Mcl 2o87d lo22d 

1.5.2 Rh·cts, Balta, and Thrcadcd Parta 

1.5.2.2 

' Bearing an projccted area of balts in 
bearing-typc cannectians and an rivets: 

1 

! 

Fp = 1.35F. 4806 5607 6008 

SECTION 1.9 WIDTH-THICKNESS RATIOS 
7403 81.0 8708 121.5 13500 6705 

1.9.1 Unstiffencd Elcmcnts Under Cmnprcssion '' 

1.9.1.2 

Maximum width-to-thickness ratios for 
unstiffencd elements of: 

Single-angle struts; double-angle 
struts with separators: 

76.o;V"F~ 12 7 1107 1103 
Double-angle struts in contact; angles 
or platea projecting fram girders, col-
umns or other compress10n mcmbers, 
comprcsqion flanges of beams; stiffeners 
on plate girders: 

' 

1002 908 9o4 8.0 706 1007 

95.0/VF;, 15 8 1407 14 2 
Sterns of tees: 127/VF. 21.2 1906 1809 

. 1 
1208 1203 1108 HJ o O 905 13.4 

17 1 16.4 1508 J8 4 1207 1800 
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1 

Yield Stress- F~ (ksi) 

36.0 1 42.0 1 45.0 
1.9.2 StifTcncd Elcmcnts Undcr Comprcssion 

1 

Yicld Stress- F. (ksi) 

50.0 1 55.0 1 60.0 1 65.0 
1 90.0 

1 100.0 

1.9.2.2 1 
1 

Maximum width-to-thickncss ratios for ¡ stifTcned elements of: 
1 

Flanges of square and rectangular 1 
1 sections of uniform thickncss: 
1 

238 l 
VF. 39.7 36.7 35.5 33.7 32.1 30.7 29.5 25.1 23.8 

Unsupportcd width oC perforated covcr 
platea: 

317 

VF. 52.8 48.9 47.3 44.8 42.7 40.9 39.3 33.4 31.7 

All other unüormly compresscd 
elements: 

253 

v'F; 42.2 39.0 37.7 35.8 34.1 32.7 31.4 26.7 25.3 

---~"-SECTION 1.10 PLATE GIRDERS AND ROLLED BEAMS -~· 
,_-

1.10.1 Proportions 

-
Maximum axial force resisted by hybrid 
girders: 

P = 0.15F,A 5.4A 6.3A 6.8A 
where A = gross sectional aren 

7.5A 8.3A 9.0A 9.8A 13.5A 15.0A 

1.10.2 Wcb 
-

Mnximum clear distance between flangcs: 

14,000 

VF~(Fv + 16.5) 
t 322t 282t 266t 243t 223t 207t l92t 143t 130t 

When transverse stifl'eners are spaced 
1.5 X d or lc5s, the clear distunce be-
twccn flanges need not be less than 

2,000 
VF, t 333t 309t 29Bt 283t 270t 25St 24Bt 211t 200t 

where t = thickness of web 
F, = yield stress of compression 

flange 



' Yield Stress - F~ (ksi) 1 

1 1 

1 

36.0 42.0 45.0 50.0 1 55.0 

1.10.1) Stiffcncrs 

1.10.5.2 
Largcst uverogc web shenr, F,, by For-
muln (1.10-1) or (1.10-2), ns npplicnblc Table 3-36 Table 3-42 Table 3-45 Table 3-50 Table 3-55 

-
1.10.5.4 
Requircd gross aren of intermedia te stif-
fcncrs, by Formula (1.10-3) Table 3-36 Table 3-42 Table 3-45 Table 3-50 Table 3-55 

Intcrmedintc stiffencrs required by For-
mula (1.10-2) shnll be connected for a 
total shcar transfer not less than 

'·· = h~c;;~y 0.034h 0.043h 0.048h 0.056h 0.065h 

wherc F. = yicld stress of web steel 

1.10.7 Combined Shcnr and Tcnsion Stress . " 

Bending tensilc stress due to momcnt in 
1 thc planc of thc web shnll not exceed 

0.6Fr nor Formula (1.10-7): 
1 

1 

F& = ( 0.825 - 0.375 J.:.) F~ 1 

{./F. 1 ----
0.1 22.0 25.2 27.0 30.0 33.0 
0.2 22.0 25.2 27.0 30.0 33.0 

0.3 22.0 25.2 27.0 30.0 33.0 
r:: 0.4 22.0 25.2 27.0 30.0 33.0 
.... o 0.5 22.0 25.2 27.0 
m 0.6 22.0 25.2 27.0 
:1 

30.0 33.0 
30.0 33.0 

¡¡¡ 0.7 20.3 23.6 25.3 > 0.8 18.9 22.1 23.6 
28.1 30.9 
26.3 28.9 

0.9 17.6 20.5 21.9 24.4 26.8 
l. O 16.2 18.9 20.3 22.5 24.8 

1.10.10 Wcb Crippling 

1.10.10.1 
Bearing stiffcners are not required under 
interior concentrated loads when, 
by Formula (1.10-8) 

t(N ! 2k) :$ 0.75Fu 27.0 31.5 33.8 37.5 41.3 

or under end reactions when, by 
Formula (1.10-9) 

R 27.0 31.5 33.8 t(N + k) :$ 0.75F~ 
' 

37.5 41.3 

Yield Strf$$- F, '''-~i) 

1 60.0 1 ~~ ((j l l 

Table 3-60 1 
Tabi~ .S-65 

Table 3-60 Tabl~ S-65 

0.074h O.O.S4h 

36.0 39.0 
36.0 39.0 

36.0 39.0 
36.0 39.0 

36.0 39.0 
36.0 39,() 

33.8 36.6 
31.5 34.1 

29.3 31.7 
27.0 29.3 

1 

45.0 48.8 
,\ 

i 
,¡ 

!1 
: 

45.0 48.~ 

Appendix A § · 77 

90.0 
1 

Table 3-90 

Table 3-90 

0.136h 

54.0 
54.0 

54.0 
54.0 

54.0 
54.0 

50.6 
47.3 

43.9 
41>.5 

67 Jj 

F.7.ft 

"-

ilHI o 
--

"" 

TaiJI':! 11 -lOO 
-

Tahl~ !l -100 

0.10 Oh 

"" 

60 
6U 

60 
6U 

60 
60 
5() 
5?! 

.re 
45 

--

7& 

7"&· 
-

o 
o 
o 
o 
o 
o 
3 
t) 

8 
o 
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( 

1 

Yield Stress- F, (kBi) 

1 1 

-
'36.0 42.0 45.0 

Yicld Stress- F1 (ksi) 

50. o 1 55.0 1 60.0 l 65.0 l 90.0 l 100.0 
~ 

1 

1 

SECTION 1.11 COI\i l'OSITE CONSTHUCTION . 
·-· 

1.11.2 Dcsign Au:-.umptions 
-- ---

1 1.11.2.1 

-

Tension and comprcssion for encnscd 
composite beams bac;cd upon thc scction 
propcrtics of thc compositc scction: 

F& = 0.66F, 24.0 28.0 29.7 33.0 36.3 39.6 42.9 59.4 66.0 

Tension and comprcssion for encuscd 
compositc beums buscd upon thc scction 
propertics of thc stccl bcum alone: 

F& = 0.76F, 27.4 31.9 34.2 38.0 41.8 45.6 49.4 68.4 76.0 

SECTION 1.13 DEFLECTlONS, VIBRATION AND PONDING - - -" 
1.13.3 Ponding 

1 

Total bencling stress due to dead loads, 
1 
1 

gravity livc loads (if any) and ponding, 
for primary and scconclury members: 

F& = 0.80F, 28.8 33.6 36.0 40.0 44.0 48.0 52.0 72.0 80.0 

SECTION 1.18 BU::: .T-UP 1\lEMBEr:'; 
- -, ~-

1.18.2 Comprcssion Mcmbc¡:> 

1.18.2.3 
Maximum longitudinal spncing for inter-
mediate rivets, bolts or intermittent 
welds in built-up mcmbers having a com-
ponent consisting of an outside plate -
shall not exceed 12 in. nor 

127 
21.2t 19.6t 18.9t 

VF, t 
18.0t 17 .lt 16.4t 15.8t 13.4t 12. 1t 

where t = thickness of thinncst outsidc 
plate 

Maximum longitudinal spacin¡:; ·vhcn 
rivets or bolts are stnggcred shu!l not 
exceed 18 in. nor 

190 . Vi'~t 31. 1t 29.3t 28.3t 26.9t 25.6t 24.5t 23.6t 20.0t 19.0t 

where t = thickncss of thinnest outside 
plate 

1 -



( 

Yield Stress- FN (ksi) i 

36.0 1 42.0 1 45.0 
1 

SECTION 2.3 VERTICAL BHACING SYSTEM 
1 

Yield Stress- F, (ksi) < 
~¡ 

·1 
50.0 1 

55.0 1 60 o 1 
65.0 1 90.0 

1 
100 o 1 

j 

Mnximum nxinl force duc to fnctorcd 
1 grnvity plus fnctorcd horizontal londs 

in mcmbcrs comprising the vertical 
bracing system: 

P = 0.85F.A 30.6A 35.7A 38.3A 
1 

42.5A 46.8A 51.0A 55.3A - -
where A = gross aren of the mcmber 1 

1 

SECTION 2.4 COLUMNS 
1 

The ratio of critica! moment of a column 
without axial load and unbraced in the 
weak direction to the plastic moment of 
the column scction shnll not excced 1 nor ' 

Formula (2.4-4): 

M .. < [ 1.o7 _ (l/r.)V~] 1.07 
_ (l/rN) l. 07 - (l/r.) l. 07 - (l/rN) 1 

M~ - 3,160 527 488 

4711 
SEC'I'ION 2.5 SHEAR 

1 07 - (lfr.) 1 07 - (l!r.) 1.07 
_ (l/r.) 1 07 - (l/r,) - -

' 
. 447 . 426 408 . 392 

¡ . 

1 

Shcar in unreinforccd wcbs of columns, 
beams and girders due to factored load- ! 
ing: 
Formula (2.5-1) 

Y u = 0.55FNtd I9.8td 23.1td 24.8td 27 .5td 30.3td 33.0td 35.8td - -

wherc t = thickness of web - \ 

d = depth of membcr 

SECTION 2.7 MINIMUM Tl:liCKNESS (WIDTII-THICJ~NESS RATIOS) ,_ 

Maximum width-thickncss ratios of simi-
larly compressed flange plates in box 
scctions and cover plates: 

.!!__ < 190 
31.7 29.3 28.3 

1 t -~ 26.9 25.6 24.5 23 6 - _, 

Maximum depth-thickness ratios of webs 
of members subjected to plastic bending 
without axial load: 

When P!PN ~ 0.27, use Formula (2.7-1a): 

!!_ < 412 (1 - 1.4 .!_) p p p 

t - ~ . PN 
68.7-96 l.P. 63 6- 89.0P, 61 4- 86.0.P-; 

p p p p - ---
58 3-81.6P, 55.6 -77.8-P. 53.2-74 5¡.~ 51 1 -71.5p; 

When P/PN > 0.27, use Formula (2.7-lb): 

!!_ < 257 1 42.8 39.6 38.3 
t - v'F. 

1 

36 3 34.7 33.2 31.9 - -·· 



Yicld Stress- F. (ksi) 
--------,,------,...------1 

___ ....:.. __ a_G_o __ ~_4_2_o __ :.-,_4_5_._o_.l ·, ------------ 50 o 
SECTION 2.9 LATERAL BRACING 

Mnximum criticnl s)cndcrncss rntio, 
/,.Ir., from brnccd h in{!C locntions to 
similnrly bruccd ndjnccnt points on a 
bcnm or frnrne: 

M 
Whcn 1.0 > M

11 

> -0.5, 

use Formula (2.9-la): 

1., < 1,375 + 25 
r. - F. 

M 
Whcn -0 5 > M

11 

> -1.0, 

use Formula (2.9-lb): 

lcr < 1,375 
r, - Fu 

63.2 

38.2 

¡ ~ 1 

l; 1 
: t 

---

1 
1 

57.7 55.6 
1 

52.5 
1 

1 
1 

! 
i 

32.7 30.6 27.5 
1 
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Yield Stress- J?. (ksi) ' 
-

1 55.0 1 60.0 l 65 o 1 90.0 l 100 o 
-

50.0 47.9 46.2 - -

25.0 22.9 21.2 - -



TABLE 1-36 
AI.LOWAnLE STHESS {KSI) 

FOR COMJ'HESSION MEMB~:Hs o~· 36 KSJ SI'ECJFIED YIELIJ STRESS STEEL 

Mnin nnd Sccondnry Mcmbcrs Mnin Mcmbcrs 
Kl/r not ovcr 120 Kl/r 121 to 200 

Kl F. Kl F. Kl F. Kl F. Kl F. 
r (k si) ·¡- (ksi) r (ksi) r (ksi) r (ksi) 
-------

1 21 56 41 19 11 81 15 24 121 10.14 161 5 76 
2 21.52 42 19 03 82 15.13 122 9 99 162 5 69 
3 21 48 43 18 95 83 15 02 123 9 85 163 5.62 
4 21 44 44 18.86 84 14 90 124 9 70 164 5.55 
5 21.39 45 18.78 85 14.79 125 9.55 165 5.49 

6 21 35 46 18 70 86 14.67 126 9 41 166 5.42 
7 21 30 47 18.61 87 14 56 127 9 26 167 5 35 
8 21 25 48 18.53 88 14.44 128 9 11 168 5.29 
9 21.21 49 18.44 89 14.32 129 8.97 169 5.23 

10 21.16 50 18.35 90 14.20 130 8.84 170 5.17 

11 21.10 51 18.26 91 14 09 131 8.70 171 5 11 
12 21.05 52 18.17 92 13.97 132 8 57 172 5.05 
13 21.00 ó3 18 08 93 13 84 133 8 44 173 4.99 
14 20 95 54 17.99 94 13.72 134 8.32 174 4.93 
15 20.89 55 17.90 95 13.60 135 8.19 175 4.88 

16 20 83 56 17 81 9U 13.48 136 8 07 176 4.82 
17 20.78 57 17.71 97 13.35 137 7 96 177 477 
18 20 72 58 17 62 98 13.23 138 7 84 178 4.71 
19 20 66 59 17 53 99 13.10 139 7 73 179 4 66 
20 20.60 60 17.43 100 12.98 140 7.62 180 4 61 

21 20 54 61 17.33 101 12.85 141 7.51 181 4.56 
22 20 48 62 17.24 102 12.72 142 7 41 182 4 51 
23 20.41 63 17 14 103 12 59 143 7.30 183 4 46 
24 20.35 64 17.04 104 12 47 144 7 20 184 4 41 
25 20.28 65 16.94 105 12.33 145 7.10 185 4.36 

26 20.22 66 16.84 106 12 20 146 7.01 186 4.32 
27 20.15 67 16.74 107 12 07 147 6 91 187 4.27 
28 20.08 68 16 64 , - 11.94 148 6 82 188 4.23 
29 20.01 69 16.53 j 1_,:) 11.81 149 6.73 189 4.18 
30 19.94 70 16 43 110 11 67 150 6.64 190 4.14 

31 19.87 71 16 33 111 11.54 151 6.55 191 4 09 
32 19.80 72 16.22 112 11 40 152 6 46 192 4.05 
33 19.73 73 16 12 113 11.26 153 6.38 193 4 01 
34 19.65 74 16 01 114 11 13 154 6 30 194 3.97 
35 19.58 75 15 90 115 10.99 155 6.22 195 3.93 

36 19.50 76 15 79 116 10 85 156 6 14 196 3 89 
37 19.42 77 15 69 117 1071 157 6 06 197 3 85 
38 19 35 78 15.58 118 10 57 158 5 98 198 3 81 
39 19 27 79 15 47 119 10 43 159 5.91 199 377 
40 19. lj) 80 15.36 120 10 28 160 5 83 200 3.73 

• K taken as 1.0 for secondary members. 

Not~c = 126.1 

~ 

Sccondary Mcmbcrs• 
l/r 121 to 200 

l Fa, l Fas 
r (k si) r (ksi) 

-
121 10.19 161 7.25 
122 10 09 162 7.20 
123 10 00 163 7.16 
124 9 90 164 7 12 
125 9.80 165 7.08 

126 9.70 166 7 04 
127 9.59 167 7.00 
128 9.49 168 6 96 
129 9 40 169 6 93 
130 9.30 170 6 89 

131 9.21 171 6.85 
132 9 12 172 6.82 
133 9.03 173 6.79 
134 8.94 174 6.76 
135 8.86 175 6.73 

136 8 78 176 6 70 
137 8 70 177 6 67 
138 8 62 178 6 64 
139 8.54 179 6.61 
140 8 47 180 6.58 

141 8 39 181 6 56 
142 8.32 182 6 53 
143 8.25 183 6.51 
144 8.18 184 6 49 
145 8.12 185 6 46 

146 8.05 186 6.44 
147 7.99 187 6.42 
148 7.93 188 6.40 
149 7.87 189 6.38 
150 7.81 190 6.36 

151 7.75 191 6.35 
152 7.69 192 6.33 
153 7.64 193 6.31 
154 7.59 194 6.30 
155 7.53 195 6 28 

156 7.48 196 6 27 
157 7.43 197 6 26 
158 7.39 198-6.24 
159 7.34 199 6 23 
160 7 29 200 6.22 

-------

.~tppenatx A • :J • I!:J 

TABLE 1-42 
ALJ..OWABLE STRESS (KSI) 

FOR COMI'RESSION MEMBERS 01' 42 KSI SI'ECIFIED YJELD STRESS STEEL 

Main and Sccondary Membcrs Main Membcrs 
Kl/r not ovcr 120 _Kl/r 121 to 200 

Kl Fa Kl Fu Kl Fa Kl Fa Kl Fa 
r (ksi) r (ksi) r (ksi) r (ksi) r (ksi) 

1 25.15 41 21.98 81 16.92 121 10.20 161 5.76 
2 25 10 42 21.87 82 16.77 122 10 03 162 5.69 
3 25 05 43 21.77 83 16.62 123 9 87 163 5.62 
4 24.99 44 21.66 84 16.47 124 9. 71 164 5.55 
5 24.94 45 21.55 85 16.32 125 9.56 165 5.49 

6 24.88 46 21.44 86 16.17 126 9.41 166 5.42 
7 24.82 47 21.33 87 16.01 127 9.26 167 5.35 
8 24.76 48 21.22 88 15.86 128 9.11 168 5.29 
9 24.70 49 21.10 89 15.71 129 8 97 169 5.23 

10 24.63 50 20.99 90 15.55 130 8.84 170 5.17 

11 24.57 51 20.87 91 15.39 131 8.70 171 5.11 
12 24.50 52 20.76 92 15.23 132 8.57 172 5.05 
13 24 43 53 20.64 93 15.07 133 8.44 173 4 99 
14 24.36 54 20.52 94 14.91 134 8.32 174 4.93 
15 24.29 55 20.40 95 14.75 135 8.19 175 4 88 

16 24.2 56 20.28 96 14.59 136 8.07 176 4.82 
17 24 15 57 20.16 97 14 43 137 7 96 177 4 77 
18 24.07 58 20.03 98 14.26 138 7.84 178 4.71 
19 24.00 59 19.91 99 14.09 139 7.73 179 4.66 
20 23.92 60 19.79 100 13.93 140 7.62 180 4.61 

21 23.84 61 19.66 101 13.76 141 7.51 181 4.56 
22 23.76 62 19.53 102 13.59 142 7.41 182 4 51 
23 23.68 63 19.40 103 13.42 143 7.30 183 4 46 
24 23.59 64 19.27 104 13.25 144 7.20 184 4.41 
25 23.51 65 19.14 105 13.08 145 7.10 185 4 36 

26 23.42 66 19.01 106 12 90 146 7.01 186 4.32 
27 23.33 67 18.88 107 12.73 147 6.91 187 4.27 
28 23.24 68 18.75 108 12.55 148 6.82 188 4.23 
29 23.15 69 18.61 109 12.37 149 6 73 189 4 18 
30 23.06 70 18.48 110 12.19 150 6 64 190 4 14 

31 22 97 71 18.34 111 12.01 151 6.55 191 4 09 
32 22.88 72 18 20 112 11.83 152 6.46 192 4.05 
33 22.78 73 18.06 113 11.65 153 6.38 193 4.01 
34 22.69 74 17.92 114 11.47 154 6.30 194 3.97 
35 22.59 75 17.78 115 11.28 155 6.22 195 3.93 

36 22.49 76 17.64 116 11.10 156 6.14 196 3.89 
37 22.39 77 17.50 117 10.91 157 6.06 197 3.85 
38 22.29 78 17.35 118 10.72 158 5 98 198 3.81 
39 22 19 79 17.21 119 10 55 159 5.91 199 3.77 
40 22.08 80 17.06 120 10.37 160 5.83 200 3.73 

'----· .. 
*K taken as 1.0 for secondary members. 

Note: Ce = 116.7 

Secondary Membcrs* 
1/r 121 to 200 

l Fas l Fas 
r (ksi) r (ksi) 

121 10.25 161 7.25 
122 10.13 162 7.20 
123 10 02 163 7 16 
124 9.91 164 7.12 
125 9.80 165 7.08 

126 9.70 166 7.04 
127 9.59 167 7.00 
128 9.49 168 6.96 
129 9.40 169 6.93 
130 9.30 170 6.89 

131 9.21 171 6.85 
132 9.12 172 6.82 
133 9.03 173 6 79 
134 8 94 174 6.76 
135 8.86 175 6.73 

136 8.78 176 6.70 
137 8.70 177 6 67 
138 8.62 178 6.64 
139 8.54 179 6.61 
140 8.47 180 6.58 

141 8.39 181 6.56 
142 8.32 182 6.53 
143 8.25 183 6.51 
144 8.18 184 6.49 
145 8.12 185 6.46 

146 8.05 186 6.44 
147 7.99 187 6.42 
148 7.93 188 6.40 
149 7.87 189 6.38 
150 7.81 190 6.36 

151 7.75 191 6.35 
152 7.69 192 6 33 
153 7.64 193 6.31 
154 7.59 194 6.30 
155 7.53 195 6 28 

156 7.48 196 6.27 
157 7.43 197 6.26 
158 7.39 198 6.24 
159 7.34 199 6.23 
160 7.29 200 6.22 



TABLE 1-45 

AI.LOWARL~; STRESS (KSI) < 
•·on COMPI!~~<;SJON IIIEMBJ:HS 01' 45 KSI SI'ECIFJJ:IJ YIEI.Il STHF:SS STEEI. 

Mnin nnd Secnndnry Membern Mnin Mcmbcrs 
Kl!r nol ovcr 120 Kl/r 121 lo 2QO 

---- ------- - ----------------
Kl F. Kl F. Kl F. Kl F. K/ F. 
r (k~i) r (k~l) r (ksi) r (ksi) r (ksi) 

---------- ------
1 26 95 41 23 39 81 17 67 121 10.20 161 5 76 
2 26 89 42 23 27 82 17 51 122 10.03 162 5 69 
3 26 83 43 23 15 83 17 34 123 9 87 163 5 62 
4 26 77 44 23 03 84 17.17 124 9 71 164 5 55 
5 26 71 45 22 90 85 17 00 125 9 56 165 5.49 

6 26 64 46 22 78 86 16 82 126 9 41 166 5 42 
7 26 58 47 22 65 87 16 65 127 9 26 167 5 35 
8 26 51 48 22 53 88 16 48 128 ¡ 9 11 168 5 29 
9 26 44 49 22 40 89 16 30 129 8 97 169 5 23 

10 26.37 50 22 27 90 16 12 130 8 84 170 5.17 

11 26 30 51 22 14 91 15 95 131 8 70 171 5.11 
12 26 22 52 22 01 92 15 77 132 8 57 172 5 05 
13 26 15 53 21 88 93 15 59 133 8 44 173 4 99 
14 26.07 54 21 74 94 15 40 134 8 32 174 4 93 
15 25 99 55 21 61 95 15 22 135 8 19 175 4.88 

16 25 91 56 21 47 96 15 04 136 8 07 176 4 82 
17 25 82 57 21 33 97 14 85 137 7 96 177 4 77 
18 25 74 58 21 19 98 14 66 138 7 84 178 471 
19 25 65 59 21 05 99 14 47 139 7 73 179 4 66 
20 25 57 60 20 91 100 14 28 140 7.62 180 4 61 

21 25 48 61 20 77 101 14 09 141 7 51 181 4 56 
22 25 39 62 20 63 102 13 90 142 7 41 182 4 51 
2.! 25 29 63 20 48 103 13 71 143 7.30 183 4 46 
2<1 25.20 64 20.34 104 13 51 144 7 20 184 4 41 
25 25.11 65 20.19 105 13 32 145 7 10 185 4 36 

26 25.01 66 20 04 106 13.12 146 7.01 186 4 32 
27 24 91 67 19 89 107 12 92 147 6.91 187 4 27 
28 24 81 68 19 74 108 12 72 148 6.82 188 4 23 
29 24 71 69 19 59 109 12.52 149 673 189 4 18 
30 24.61 70 19.43 110 12 31 150 6.64 190 4.14 

31 24 50 71 19.28 111 12 11 151 6 55 191 4 09 
32 24 40 72 19.12 112 11.90 152 6 46 192 4 05 
33 24 29 73 18 97 113 11 69 153 6 38 193 4 01 
34 24 18 74 18 81 114 11 49 154 6 30 194 3 97 
35 24 07 75 18 65 115 11 29 155 6.22 195 3 93 

36 23 96 76 18 49 116 11 10 156 6 14 196 3 89 
37 23 85 77 18 33 117 10 91 157 6 06 197 3 85 
38 23 74 78 18 17 118 10 72 158 5 98 198 3 81 
39 23 62 79 18 00 119 10 55 159 5 91 199 3 77 
40 23 51 80 17 84 120 10 37 160 5.83 200 3.73 

* K taken as 1.0 for sccondary membcrs. 

Note: e, = 112.8 

Sccondary Mcmbcrs*" 
l/r 121 to 200 

1 F., l F •. 
r (ksi) r (ksi) 

121 10 25 161 7.25 
122 10 13 162 7.20 
123 10 02 163 7 16 
124 9 91 164 7.12 
125 9.80 165 7.08 

126 9.70 166 7 04 
127 9 59 167 7 00 
128 9 49 168 6 96 
129 9 40 169 6.93 
13(). 9 30 170 6.89 

131 9 21 171 6 85 
132 9.12 172 6 82 
133 9 03 173 6 79 
134 8 94 174 6 76 
135 8 86 175 6.73 

136 8 78 176 6.70 
137 8 70 177 6 67 
138 8 62 178 6 64 
139 8 54 179 6 61 
140 8 47 180 6 58 

141 8.39 181 6 56 
142 8 32 182 6.53 
143 8 25 183 6 51 
144 8.18 184 6.49 
145 8 12 185 6.46 

146 8 05 186 6 41 
147 7 99 187 6.42 
148 7 93 188 6.40 
149 7.87 189 6 38 
150 7 81 190 6.36 

151 7 75 ,191 6.35 
152 7.69 192 6 33 
153 7 64 193 6 31 
154 7 59 194 6.30 
155 '7.53 195 6 28 

156 7 48 196 6 27 
157 7 43 197 6 26 
158 7 39 198 6 24 
159 7 34 199 6 23 
160 7 29 200 6 22 

TABLE 1-50 
( 

ALLOWATII.E STHESS (KSI) 

FOR COMPHESSION MEMBJ-:RS 01' 50 KSI SPECIFIED Y!ELD STRESS STr:EL 

Main and Sccondary Membcrs Main Members 

Kl 
-r 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

Kl/r not ovcr 120 Kl/r 121 to 200 

F. Kl F. Kl F. Kl F. 
(ksi) (ksi) - (ksi) (ksi) r r r 

29.94 41 25.69 81 18 81 121 10.20 
29 87 42 25 55 82 18.61 122 10.03 
29 80 43 25 40 83 18.41 123 9.87 
29 73 44 25 26 84 18.20 124 9. 71 
29.66 45 25.11 85 17.99 125 9 56 

29 58 46 24.96 86 17.79 126 9 41 
29.50 47 24 81 87 17.58 127 9 26 
29.42 48 24.66 88 17 37 128 9.11 
29 34 49 24.51 89 17 15 129 8 97 
29.26 50 24.35 90 16.94 130 8.84 

29.17 51 24.19 91 16 72 131 8.70 
29 08 52 24.04 92 16 50 132 8 57 
28 99 53 23.88 93 16 29 133 8 44 
28.90 54 23.72 94 16.06 134 8.32 
28 80 55 23 55 95 15 84 135 8.19 

28.71 56 23.39 96 15.62 136 8 07 
28 61 57 23.22 97 15 39 137 7.96 
28.51 58 23.06 98 15 17 138 7.84 
28 40 59 22.89 99 14.94 139 7.73 
28.30 60 22.72 lOO 14 71 140 7.62 

28 19 61 22.55 101 14.47 141 7.51 
28 08 62 22.37 102 14 24 142 7.41 
27.97 63 22.20 103 14.00 143 7.30 
27.86 64 22.02 104 13.77 144 7.20 
27.75 65 21 85 105 13 53 145 7.10 

27.63 66 21.67 106 13 29 146 7.01 
27.52 67 21 49 107 13.04 147 6 91 
27 40 68 21.31 108 12 80 148 6.82 
27.28 69 21 12 109 12.57 149 6 73 
27.15 70 20.94 110 12.34 150 6.64 

27 03 71 20.75 111 12.12 151 6 55 
26 90 72 20 56 112 11.90 152 6 46 
26 77 73 20.38 113 11 69 153 6 38 
26 64 74 20 19 114 11.49 154 6 30 
26.51 75 19.99 115 11.29 155 6.22 

26.38 76 19 80 116 11.10 156 6.14 
26 25 77 19 61 117 10.91 157 6 06 
26.11 78 19.41 118 10.72 158 5.98 
25.97 79 19 21 119 10.55 159 5 91 
25.83 80 19.01 120 10.37 160 5.83 

* K taken as 1.0 for sccondary member~. 

Note: e, = 107.0 

Kl F. 
r (ksi) 

161 5.76 
162 5 69 
163 5.62 
164 5 55 
165 5.49 

166 5 42 
167 5 35 
168 5 29 
169 5 23 
170 5.17 

171 511 
172 5 05 
173 4.99 
174 4.93 
175 4.88 

176 4.82 
177 4 77 
178 4.71 
179 4 66 
180 4.61 

181 4.56 
182 4 51 
183 4.46 
184 4.41 
185 4 36 

186 4.32 
187 4 27 
188 4 23 
189 4.18 
190 4 14 

191 4 09 
192 4.05 
193 4 01 
194 3 97 
195 3 93 

196 3 89 
197 3 85 
198 3.81 
199 377 
200 3 73 

. -

Sccondary MembE!"S' 
1/r 121 to 200 

--
l F., l FL, 
T (ksi) r fb~) 

121 10.25 161 7 .:.s 
122 10 13 162 7 .::··) 
123 10.02 163 7 :3 
124 9 91 164 - . ., 

1 '---

125 9.80 165 7 c.s 

126 9.70 166 7 ('-4 

127 9 59 167 7 1:o) 

128 9 49 168 6 ~3 
129 9 40 169 6 !? 3 
130 9.30 170 6 ~.3 

131 9.21 171 6 ;~.5 

132 9.12 172 6 '=.·') 

133 9.03 173 6.7:3 
134 8.94 174 6 76 
135 8.86 175 6.73 

136 8.78 176 6 70 
137 8.70 177 6 67 
138 8.62 178 6-:-4-
139 8.54 179 6 61 
140 8.47 180 6 .. 5S 

141 8.39 181 6.56 
142 8.32 182 6 53 
143 8.25 183 6 51 
144 8.18 184 6 ~9 
145 8.12 185 6.~ 

146 8.05 186 6.+! 
147 7.99 187 6.~2 
148. 7.93 188 6.~0 
149 7.87 189 6.38 
150 7.81 190 6.36 

151 7.75 191 6.3.5 
152 7.69 192 6.33 
153 7.64 193 6 31 
154 7.59 194 6.30 
155 7.53 195 6.28 

156 7 48 196 6.27 
157 7.43 197 6 215 
158 7 39 198 6 24 
159 7 34 199 6.23 
160 7 29 200 6 22 

·-~ 
o 
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~ 
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TABLE 1-55 
AI.I.OWAIII.E l:lTI!~~<;S (KSI) 

FOil CO.MI'HESSION I'>II:MIH.I!S 01' 55 KSI SPE<..:IFIED YIELD STRESS STEF:L 

Mnin nml Scconclnry Mcmbers Mnin Mcmbcr~ Secondary Mcmbcrs* 
K 1/r not o ver 120 Kl/r 121 to 200 ljr 12i to 200 

------------------
Kl F. Kl F. Kl F. Kl F. Kl F. 1 F •• l 'F •• 

(ksi) (ksi) -- (ksi) -- (ksi) (ksi) (ksi) (ksi) r r r r r r r 
---- ------ -------- -

1 32 93 41 27 94 81 19 80 121 10.20 161 5 76 121 10 25 161 7.25 
2 32 85 42 27 78 82 19 56 122 10.03 162 5 69 122 10 13 162 7 20 
3 32 77 43 27 61 83 19 32 123 9 87 163 5 62 123 10 02 163 7.16 
4 32 69 44 27 43 84 19 08 124 9 71 164 5 55 124 9 91 164 7 12 
5 32 60 45 27 26 85 18 83 125 9.56 165 5 49 125 9 80 165 7.08 

6 32.51 46 27 08 86 18 58 126 9.41 166 5 42 126 9 70 166 7 04 
7 32 42 47 26 91 87 18 34 127 9 26 167 5 35 127 9 59 167 7.00 
8 32 33 48 26 73 88 18 08 128 9.11 168 5 29 128 9 49 168 6 96 
9 32 23 49 26 55 89 17.83 129 8 97 169 5.23 129 9.40 169 6.93 

10 32 14 50 26 36 90 17 58 130 8 84 170 5 17 130 9.30 170 6 89 

11 32 03 51 26 18 91 17 32 131 8 70 171 5.11 131 9 21 171 6 85 
12 31 93 52 25 99 92 17 06 132 8 57 172 5 05 132 9 12 172 6 82 
13 31 82 53 25 80 93 16 80 133 8 44 173 4 99 133 9 03 173 6 79 
14 31 72 54 25 61 94 16 53 134 8.32 174 4.93 134 8 94 174 6.76 
15 31.61 55 25 42 95 16 27 135 8 19 175 4 88 135 8.86 175 6.73 

16 31 49 56 25 23 96 16 00 136 8 07 176 4 82 136 8.78 176 6 70 
17 31 38,57 25 03 97 15 73 137 7 96 177 4 77 137 8 70 177 6 67 
18 31 26 58 24.83 98 15.46 138 7 84 178 4.71 138 8.62 178 6 64 
19 31 14 59 24 63 99 15.19 139 7 73 179 4 66 139 8 54 179 6 61 
20 31 02 60 24 43 100 14.91 140 7.62 180 4 61 140 8.47 180 6 Sé 

21 30 89 61 24.23 101 14 63 141 7.51 181 4 56 141 8 39 181 6 56 
22 30 76 62 24 03 102 14 35 142 7.41 182 4 51 142 8 32 182 6 5:.' 
23 30 63 63 23 82 103 14 08 143 7 30 183 4 46 143 8 25 183 6 51 
24 30 50 64 23 61 104 13 81 144 7 20 184 4.41 144 8 18 184 6.4\J 
25 30 37 65 23.40 105 13.54 145 7.10 185 4.36 145 8.12 185 6.4( 

26 30 23 66 23 19 106 13 29 146 7.01 186 4 32 146 8.05 186 6.44 
27 30.09 .67 22 98 107 13 04 147 6 91 187 4.27 147 7 99 187 6 4~ 
28 29 95 68 22 76 108 12 80 148 6 82 188 4.23 148 7 93 188 6 40 
29 29 81 69 22 54 109 12 57 149 6 73 189 4 18 149 7 87 189 6 3E 
30 29 67 70 22 33 110 12 34 150 6 64 190 4 14 150 7.81 190 6.3( 

31 29 52 71 22 11 111 12 12 151 6 55 191 4 09 151 7.75 191 6 35 
32 29 37 72 21 88 112 11 90 152 6 46 192 4 05 152 7 69 192 6 33 
33 29 22 73 21 66 113 11 69 153 6 38 193 4 01 153 7 64 193 6 31 
34 29 07 74 21 43 114 11 49 154 6 30 194 3 97 154 7.59 194 6.30 
35 28 91 75 21.21 115 11 29 155 6.22 195 3 93 155 7 53 195 6 28 

36 28 76 76 20 98 116 11 10 156 6 14 196 3 89 156 7.48 196 6 27 
37 28 60 77 20 75 117 10 91 157 6 06 197 3 85 157 7 43 197 6.26 
38 28 44 78 20 51 118 1072 158 5 98 198 3·81 158 7 39 198 6 24 
39 28 28 79 20 28 119 10 55 159 5 91 199 3 77 159 7 34 199 6 231 
40 28 11 80 20 04 120 10 37 160 5 83 200 3 73 160 7 29 200 6 22 

* K taken as 1.0 for secondary members. 

Note: = 102.0 

TA~LE 1-60 
ALLOWABLE STRESS (KSI) 

FOR COMPRESSION MEMBERS OF 60 KSI Sl'ECH'IED YIELD STRESS-STEEL 

Main and Secondary Mcmbcrs Main Mcmbers 
Kljr not over 120 Kl/r 121 to 200 

Kl F. Kl F. Kl F. Kl F. Kl F. 
- (ksi) (ksi) (ksi) (ksi) (ksi) r r r r r 

---
1 35.92 41 30 15 81 20 65 121 10.20 161 5 76 
2 35 83 42 29 95 82 20 37 122 10.03 162 5 69 
3 35.74 43 29 7fí 83 20 09 123 9 87 163 5 62 
4 35.64 44 29 55 84 19 80 124 9 71 164 5.55 
5 35.54 45 29 35 85 19 51 125 9.56 165 5 49 

6 35 44 46 29 15 86 19 22 126 9 41 166 5 42 
7 35 34 47 28.94 87 18 93 127 9 26 167 5 35 
8 35.23 48 28 73 88 18 63 128 9.11 168 5 29 
9 35 12 49 28 52 89 18 34 129 8.97 169 5 23 

10 35.01 50 28 31 90 18 04 130 8.84 170 5.17 

11 34 89 51 28 09 91 17.73 131 8 70 171 511 
12 34 77 52 27 87 92 17 43 132 8 57 172 5 05 
13 34 65 53 27 66 93 17.12 133 8 44 173 4 99 
14 34.52 54 27 43 94 16 81 134 8 32 174 4 93 
15 34 40 55 27 21 95 16 50 135 8.H 175 4 88 

16 34 27 56 26.98 96 16 19 136 8.07 176 4 82 
17 34 13 57 26 76 97 15 87 137 7.96 177 4.77 
18 34 00 58 26 53 98 15 55 138 7.84 178 4.71 
19 33 86 59 26 29 99 15 24 139 7 73 179 4 66 
20 33.71 60 26 06 100 14 93 140 7.62 180 4.61 

21 33.57 61 25 82 101 14 64 141 7.51 181 4.56 
22 33.42 62 25 58 102 14 35 142 7 41 182 4 51 
23 33.27 63 25 34 103 14 08 143 7.30 183 4.46 
24' 33.12 64 25 10 104 13 81 144 7 20 184 4.41 
25 32.96 65 24.86 105 13 54 145 7.10 185 4 36 

26 32.81 66 24.61 106 13 29 146 7.01 186 4.32 
27 32.65 67 24 36 107 13 04 147 6 91 187 4 27 
28 32.48 68 24 11 108 12 80 148 6 82 188 4.23 
29 32.32 69 23 86 109 12 57 149 6 73 189 4.18 
30 32.15 70 23 60 110 12 34 150 6 64 190 4.14 

31 31 98 71 23 34 111 12 12 151 6.55 191 409 
32 31 81 72 23 08 112 11 90 152 6 46 192 4 05 
33 31.63 73 22 82 113 11 69 153 6 38 193 4.01 
34 31 45 74 22 56 114 11 49 154 6 30 194 3 97 
35 31.28 75 22 29 115 11.29 155 6.22 195 3.93 

36 31 09 76 22 02 116 11 10 156 6 14 196 3 89 
37 30.91 77 21 75 117 10 91 157 6 06 197 3_85 
38 30.72 78 21 48 118 10 72 158 5 98 198 3_81 
39 30 53 79 21 21 119 10 55 159 5 91 199 3 77 
40 30 34 80 20 93 120 10 37 160 5 83 200 3.7.3 

* K taken as 1.0 for secondary members. 

Note: c. = 97.7 

Secondary Members* 
l/r 121 to 200 

l F., l F., 
r (ksi) r (ksi) 

121 10 25 161 7 25 
122 10 13 162 7.20 
123 10 02 163 7 16 
124 9 91 164 7 12 
125 9 80 165 7.08 

126 9 70 166 7.04 
127 9 59 167 7.00 
128 9 49 168 6.96 
129 9 40 169 6 93 
130 9 30 170 6.89 

131 9 21 171 6 85 
132 9 12 172 6 82 
133 9 03 173 6 79 
134 8 94 174 6 76 
135 8.86 175 6.73 

136 8.78 176 6 70 
137 8.70 177 6 67 
138 8 62 178 6 64 
139 8 54 179 6 61 
140 8.47 180 6.58 

141 8 39 181 6.56 
142 8 32 182 6 53 
143 8 25 183 6 51 
144 8 18 184 6 49 
145 8.12 185 6.46 

146 8 05 186 6 44 
147 7.99 187 6 42 
148 7.93 188 6.40 
149 7 87 189 6.38 
150 7.81 190 6.36 

151 7.75 191 6 35 
152 7.69 192 6 33 
153 7 64 193 6 31 
154 7.59 194 6 30 
155 7 53 195 6 28 

156 7 48 196 6 27 
157 7.43 197 6 26 
158 7.39 198 6 24 
159 7.34 199 6 23 
160 7.29 200 6 22 
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' ( TABLE 1' IJJ 

AI.I.OWAIIJ.E HTHEHS (K:-il) 

t'OH COMI'HES:-.JUN MEMIIEJL<; o~· 65 KSI SJ'ECIFIEU YJJ·,LD STHESS STEEL 

Main nnd Sccondnry Mcmbcrs Mnin Mcmhcrs 
Kl!r not ovcr 120 Kl/r 121 to 200 

--
1\l F. Kl F. Kl F. Kl F. Kl F. 
r (k si) r (k si) r (k si) -- (ksi) r r (ksi) 

------ --------- ------
1 38 90 41 32 30 81 21 36 121 10.20 161 5 76 
2 38 81 42 32 os¡ 82 21 03 122 10.03 162 5.69 
3 38.70 43 31 85 83 20 70 123 9 87 163 5 62 
4 38.59 44 31 62 1 84 20 37 124 9. 71 164 5 55 
5 38.48 45 31.39 85 20 04 125 9.56 165 5.49 

6 38 37 46 31.15 86 19 70 126 9 41 166 5.42 
7 38.25 47 30 92 87 19 36 127 9 26 167 5 35 
8 38 13 48 30 68 1 

88 19 02 128 9.11 168 5 29 
9 38.00 '49 30 43 89 18.67 129 8 97 169 5.23 

10 37 87 50 30.19 90 18 32 130 8 84 170 5.17 

11 37.74 51 29.94 91 17 97 131 8 70 171 5.11 
12 37.61 52 29 69 92 17 62 132 8 57 172 5.05 
13 37 47 53 29 44 93 17 26 133 8.44 173 4 99 
14 37.32 54 29 18 94 16 90 134 8 32 174 4 93 
15 37.18 55 28 92 95 16 55 135 8.19 175 4 88 

16 37 03 56 28.66 96 16 20 136 8 07 176 4 82 
17 36.87 57 28 40 97 15 87 137 7 96 177 477 
18 36.72 58 28.14 98 15 55 138 7 84 178 4.71 
19 36.56 59 27 87 99 15 24 139 7.73 179 4 66 
20 36.40 60 27 60 100 14.93 140 7 62 180 4 61 

21 36.23 61 27.33 101 14.64 141 7.51 181 4.56 
22 36.06 62 27.05 102 14.35 142 7.41 182 4 51 
23 35.89 63 26 78 103 14.08 143 7.30 183 4 46 
24 35.71 64 26.50 104 13.81 144 7.20 184 4 41 
25 35.54 65 26.21 105 13.54 145 7.10 185 4.36 

26 35 36 66 25 93 106 13 29 146 7 01 186 4.32 
27 35 17 67 25 64 107 13 04 147 6 91 187 4.27 
28 34.99 68 25 35 108 12 80 148 6.82 188 4 23 
29 34 80 69 25 06 109 12 57 149 6 73 189 4 18 
30 34 60 70 24.76 110 12 34 150 6.64 190 4 14 

31 34.41 71 24 47 111 12 12 151 6 55 191 4 09 
32 34 21 72 24 17 112 11 90 152 6 46 192 4 05 
33 34 01 73 23 87 113 11 69 153 6 38 193 4 01 
34 33 81 74 23 56 114 11 49 154 6 30 194 3 97 
35 33.60 75 23 25 115 11 29 155 6.22 195 3.93 

36 33 39 76 22 94 116 11.10 156 6 14 196 3 89 
37 33.18 77 22 63 117 10 91 157 6 06 197 3 85 
38 32 96 78 22 32 118 10 72 153 5 98 198 3 81 
39 32 75 79 22 00 119 10 55 159 5 91 199 3 77 
40 32.53 80 21 68 120 ·10 37 160 5 83 200 3 73 

*K taken as 1.0 for secondary mcmbcrs. 

Note: e, = 93.3 

Sccondary Membcrs"' 
l/r 121 to 200 

1 F •. l F., 
(ksi) -r r (ksi) 

121 10 25 161 7.25 
122 10 13 162 7 20 
123 10 02 163 7 16 
124 9.91 164 7.12 
125 9.80 165 7.08 

126 9 70 166 7.04 
127 9 59 167 7.00 
128 9.49 168 6 96 
129 9 40 169 6 93 
130 9.30 170 6 89 

131 9.21 171 6 85 
132 9.12 172 6 82 
133 9.03 173 6.79 
134 8 94 174 6.76 
135 8.86 175 6.73 

136 8 78 176 6 70 
137 8.70 177 6 67 
138 8 62 178 6.64 
139 8.54 179 6 61 
140 8.47 180 6 58 

141 8.39 181 6.56 
142 8 32 182 6.53 
143 8.25 183 6 51 
144 8.18 184 6.49 
145 8.12 185 6 46 

146 8 05 186 6 44 
147 7.99 187 6 42 
148 7.93 188 6.40 
149 7.87 189 6 38 
150 7.81 190 6.36 

151 7.75 191 6 35 
152 7.69 192 6 33 
153 7 64 193 6 31 
154 7 59 194 6 30 
155 7.53 195 6 28 

156 7.48 196 6 27 
157 7 43 197 6 26 
158 7 39 198 6 24 
159 7.34 199 6 23 
160 7 29 200 6.22 

TABLE 1-90 

ALLOWABLE STRESS (KSI) 

Appendtx A • 5 · 91 

FOR COMPRESSION MEMBERS OF 90 KSJ SPECIFIED YJELD SI'RESS STEEL 

Main and Sccondary Mcmbers Main Members 
Kl/r not over 120 Kl/r 121 to 200 

Kl F. Kl F. Kl F. Kl F. Kl F. 
r (psi) r (ksi) r (ksi) r (k si) r (k si) 

1 53.84 41 42.39 81 22 76 121 10.20 161 ,5 76 
2 53.68 42 42.00 82 22 21 122 10.03 162 5 69 
3 53.51 43 41 59 83 21.68 123 9.87 163 5 62 
4 53 33 44 41 19 84 21 16 124 9 71 164 5.55 
5 53.15 45 40.'78 85 20.67 125 9.56 165 5 49 

6 52 95 46 40 36 86 20 19 126 9 41 166 5 42 
7 52 75 47 39 94 87 19.73 127 9 26 167 5.35 
8 52 55 48 39.51 88 19.28 128 9.11 168 5 29 
9 52 33 49 J9 08 89 18 85 129 8 97 169 5.23 

10 52.11 50 38.65 90 18.44 130 8.84 170 5.17 

11 51 89 51 38.21 91 18 03 131 8 70 171 5.11 
12 51 65 52 37.77 92 17.64 132 8 57 172 5.05 
13 51.41 53 37.32 93 17.27 133 8.44 173 4.9_9 
14 51.17 54 36 86 94 16.90 13·1 8.32 174 4 93 
15 50.92 55 36 41 95 16.55 135 8.19 175 4.88 

16 50 66 56 35 94 96 16.20 136 8.07 176 4 82 
17 50 39 57 35.47 97 15 87 137 7.96 177 4.77 
18 50.12 58 35.00 98 15.55 138 7 84 178 4.71 
19 49.85 59 34 52 99 15 24 139 7.73 179 4 66 
20 49.56 60 34.04 100 14 93 140 7.62 180 4.61 

21 49.28 61 33.56 101 14.64 141 7.51 181 4.56 
22 48.98 62 33 06 102 14.35 142 7.41 182 4.51 
23 48.68 63 32 57 103 14 08 143 7.30 183 4 46 
24 48.38 64 32.07 104 13.81 144 7 20 184 4 41 
25 48.07 65 31.56 105 13.54 145 7 10 185 4 36 

26 47.75 66 31.05 106 13 29 146 7 01 186 4.32 
27 47.43 67 30.53 107 13 04 147 6.91 187 4 27 
28 47.10 68 30.01 108 12.80 148 6.82 188 4.23 
29 46.77 69 29.48 109 12 57 149 6.73 189 4.18 
30 46.43 70 28 95 110 12 34 150 6 64 190 4 14 

' 

31 46.09 71 28 41 111 12 12 151 6.55 191 4.09 
32 45 74 72 27.87 112 11 90 152 6 46 192 4 05 
33 45.39 73 27.32 113 11 69 153 6.38 193 4.01 
34 45 03 74 26 77 114 11.49 154 6.30 194 3 97 
35 44 67 75 26 21 115 11.29 155 6 22 195 3 93 

36 44 30 76 25.65 116 11 10 156 6 14 196 3.89 
37 43.93 77 25 08 117 10 91 157 6 06 197 3 85 
38 43 55 78 24 50 118 10 72 158 5 98 198 3 81 
39 43 17 79 23 92 119 10.55 159 5 91 199 3.77 
40 42.78 80 23 33 120 10 37 160 5.83 200 3.73 

*K taken as 1.0 for secondary membcrs. 

Note: e, = 79.8 

Secondary Membcrs* 
l/r 121 to 200 

l F •• l F., 
- (ksi) (ksi) r r 

121 10 25 161 7 25 
122 10.13 162 7.20 
123 10 02 163 7 16 
124 9 91 164 7.12 
125 9.80 165 7.08 

126 9.70 166 7.04 
127 9 59 167 7 00 
128 9 49 168 6.96 
129 9 40 169 6 93 
130 9.30 170 6 89 

131 9.21 171 6 85 
132 9.12 172 6 82 
133 9.03 173 6.79 
134 8 94 174 6 76 
135 8 86 175 6.73 

136 8.78 176 6 70 
137 8 70 177 6 67 
138 8.62 178 6 64 
139 8.54 179 6.61 
140 8 47 180 6.58 

141 8.39 181 6 56 
142 8.32 182 6 53 
143 8 25 183 6.51 
144 8 18 184 6.49 
145 8.12 185 6 46 

146 8.05 186 6.44 
147 7.99 187 6.42 
148 7.93 188 6.40 
149 7.87 189 6 38 
150 7.81 190 6 36 

151 7 75 191 6.35 
152 7.69 192 6 33 
153 7 64 193 6 31 
154 7 59 194 6.30 
155 7 53 195 6 28 

156 7.48 196 6 27 
157 7 43 197 6 26 
158 7 39 198 6.24 
159 7.34 199 6.23 
160 7.29 200 6.22 

,, 
• 

, .. 



TABLE l-100 

AI.T.OWAIILE STI!ESS (KSI) 

FOH COliii'I!ESSJON MEMIIJ:HS OF 100 KSI SI'FCJFJEJ) YJELJ) STRESS STFEI .. ' ' ' 

1 
Mnin nnrl Sccondary Memhcrs Main Memhcrs Sccondary Mcmbcrto~' 

Kl/r not ovcr 120 Kl/r 121 to 200 l/r 121 to 200 
---

K/ F. Kl F. Kl F. Kl F. Kl F. l F., 1 F •• 
r (ksi) r (ksi) r (ksi) r (ksi) r (ksi) ir (k si) r (ksi) 
----- -----

1 fi9 82 41 46 12 81 22.76 121 10.20 161 5 76 121 10 25 161 7.25 
2 59 62 42 45 64 82 22.21 122 10.03 162 5 69 122 10 13 162 7.20 
3 59 42 43 45 16 83 21 68 123 9 87 163 5.62 123 10 02 163 7.16 
4 59 21 44 44 67 84 21 16 124 9 71 164 5.55 124 9.91 164 7.12 
5 58.99 45 44 17 85 20.67 125 9 56 165 5.49 125 9.80 165 7.08 

6 58.76 46 43 67 86 20 19 126 9 41 166 5.42 126 9 70 166 7.04 
7 58.53 47 43.17 87 19.73 127 9 26 167 5 35 127 9.59 167 7.00 11 
8 58.28 48 42 65 88 19 28 128 9.11 168 5 29 128 9 49 168 6 96 
9 58 03 49 42 14 89 18 85 129 8.97 169 5.23 129 9.40 169 6 93 u:-

10 57.77 50 41 61 90 18.44 130 8.84 170 5.17 130 9.30 170 6 89 

11 57.50 51 41 08 91 18 03 131 8.70 171 5.11 131 9 21 171 6.85 
12 57.22 52 40 55 92 17 64 132 8.57 172 5.05 132 9.12 172 6 82 
13 56 93 53 40.00 93 17 27 133 8 44 173 4 99 133 9.03 173 6 79 
14 56.64 54 39.46 94 16 90 134 8.32 174 4 93 134 8.94 174 6 76 
15 56.34 55 38 90 95 16.55 135 8.19 175 4 88 135 8.86 175 6 73 

16 56.03 56 38 35 96 16 20 136 8.07 176 4.82 136 8 78 176 6 70' 
17 55 72 57 37.78 97 15.87 137 7 96 177 477 137 8 70 177 6 671 
18 55.39 58 37.21 98 15.55 138 784 178 4.71 138 8 62 178 6 64 
19 55 06 59 36.63 99 15.24 139 7 73 179 4 66 139 - 8.54 179 6.61 ¡ 
20 54.72 60 36.05 100 14 93 140 7 62 180 4.61 140 8.47 180 6.58: 

1 
1 

21 '54.38 61 35.46 101 14.64 141 7 51 181 4 56 141 8.39 181 6.561 
22 54.03 62 34.87 102 14.35 142 7 41 182 4.51 142 8.32 182 6.53 
23 53.67 63 34 26 103 14 08 143 7.30 183 4.46 143 8.25 183 6 51 
24 53 30 64 33.66 104 13 81 144 7.20 184 4.41 144 8 18 184 6.49 
25 52 93 65 33.04 105 13.54 145 7.10 185 4.36 145 8.12 185 6 46 

26 52.55 66 32 42 106 13 29 146 7 01 186 4.32 146 8 05 186 6 44 
27 52.17 67 31 80 107 13 04 147 6 91 187 4.27 147 7.99 187 6.421 
28 51 78 68 31.16 108 12.80 148 6.82 lBS 4.23 148 7 93 188 6 40 
2~l 51.38 69 30 52 109 12.57 149 673 189 4 18 149 7.87 189 6.38 1 

30 50.97 70 29 88 110 12.34 150 6 64 190 4.14 150 7.81 190 6.36-

31 50.56 71 29 22 111 12 12 151 6.55 191 4.09 151 7.75 191 6.3;, 
32 50.15 72 28 56 112 11 90 152 6 46 192 4 05 152 7.69 192 6.33 
33 49 72 73 27 90 113 11 69 153 6 38 193 4.01 153 7 64 193 6 31 
34 49 29 74 27 22 114 11 49 154 6 30 194 3 97 154 7 59 194 6 30 
35 48.86 75 26 54 115 11 29 155 6.22 195 3.93 155 7.53 195 6.28 

36 48 42 76 25 85 116 11 10 156 6 14 196 3 89 156 7.48 196 6 27 
37 47.97 77 25 19 117 10.91 157 6 06 197 3 85 157 7 43 197 6 26 
38 47.51 78 24 54 118 10.72 158 5 98 198 3.81 158 7.39 198 6.24 
39 47.05 79 23 93 119 10 55 159 5.91 199 3 77 159 7 34 199 6 23 
40 46.59 80 23 33 120 10 37 160 5 83 200 3 73 160 7.29 200 6 22 

-·-
• K taken as 1.0 for secondary members. 

Note: = 75.7 

o11.ppena1x A • :1 • ~j 

TABLE 1-A 
VALUES OF Ca 

For dctermining F. from equation F. = C.F., for all grades-of steel 

Kl/r 
e: 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

.10 

.11 

.12 

.13 

.14 

.15 

.16 

.17 

.18 

.19 

.20 

.21 

.22 

.23 

.24 

.25 

F. 
(ksi) 

33 
35 
36 
39 
40 
42 
45 

Kl/r Kl/r Kl/r ----c. c. c. c. c. c. 

.599 .26 .548 .51 .472 .76 

.597 .27 .546 .52 .469 .77 

.596 .28 .543 .53 .465 .78 

.594 .29 .540 .54 462 .79 

.593 .30 .538 .55 .458 .80 

.591 .31 .535 .56 .455 .81 

.589 .32 .532 .57 .451 .82 
,588 .33 .529 .58 .447 .83 
.586 .34 .527 .59 .444 .84 
.584 .35 .524 .60 .440 .85 

.582 .36 .521 .61 .436 .86 

.580 .37 .518 .62 .432 .87 

.578 .38 .515 .63 .428 .88 

.576 .39 .512 .64 .424 .89 

.574 .40 .509 .65 .420 .90 

.572 .41 .506 .66 .416 .91 

.570 .42 .502 .67 .412 .92 

.568 .43 .499 .68 .408 .93 

.565 .44 .496 .69 .404 .94 

.563 .45 .493 .70 .400 .95 

.561 .46 .489 .71 .396 .96 

.558 .47 .486 .72 .392 .97 

.556 .48 .483 .73 .388 .98 

.553 .49 .479 .74 .384 .99 
.379 1.00 .551 .50 .476 .75 

TABLE 1-B 

VALUES OF C, 
For use in Formulas (1.5-1), (1.5-2), and (1.5-3), 

Sect. 1.5.1.3, and in Table 1-A 
---

F. 
c. (ksi) 

131.7 46 
127.9 50 
126 1 55 
121.2 60 
119 6 65 
116.7 90 
112.8 100 
--

c. 
.375 
.371 
.366 
.362 
.357 

.353 

.348 

.344 

.339 

.335 

.330 

.325 

.321 

.316 

.311 

.306 

.301 

.296 

.291 

.286 

.281 

.276 

.271 

.266 

.261 

--
c. 

111.6 
107.0 
102.0 
97.1 
93.8 
79.8 
75.7 

.. 



TABLE 2 

VAI.u~:s OFF', (Ksr) 

For use in Formula (1 6-la), Sect. 1.6.1, for nll grades of stccl 

K l. F', Jí./,. F', ){{, f'', K t. F', K/,, F', K t. F', 
(ksi) ·- ·- (ksi) --- (ksi) -- (ksi) --- (ksi) -r, r. r. r. rb r" (ksi) 

- ----------- --------- -------
21 338.62 51 57.41 81 22.76 111 12.12 141 7.51 171 5.11 
22 :lOS 54 r)2 G5 23 82 22 21 112 11.90 142 7.41 172 5.05 
23 282 29 53 5:l 16 83 21.68 113 11.69 143 7.30 173 4.99 
24 259.26 54 51.21 84 21.16 114 11.49 144 7.20 174 4.93 
25 238.93 55 49 37 85 20 67 115 11.29 145 7.10 175 4.88 

26 220.90 56 47.62 86 20 19 116 11.10 146 7.01 176 4.82 
27 204.84 57 45 96 87 19.73 117 10.91 147 6.91 177 4.77 
28 190.47 58 44.39 88 19.28 118 10.72 148 5.82 178 4. 71 
29 177.56 59 42.90 89 18.85 119 10.55 149 6.73 179 4.66 
30 165.92 60 41.48 90 18.44 120 10.37 150 6.64 180 4.61 

31 155.39 61 40.13 91 18.03 121 10.20 151 6.55 181 4.56 
3:! 145.83 62 38.85 92 17.64 122 10.03 152 6.46 182 4.51 
33 137.13 63 37.62 93 17.27 123 9.87 153 6.38 183 4.46 
34 129. 18 64 36 46 94 16.90 124 9. 71 154 6.30 184 4.41 
35 121.90 65 35.34 95 16.55 125 9.56 155 6.22 185 4.36 

36 115.22 66 34.28 96 16.20 126 94.1 156 6.14 186 4.32 
37 109 08 67 33 27 97 15.87 127 9.26 157 6.06 187 4.27 
38 103.42 68 32.29 98 15.55 128 9.11 158 5.98 188 4.23 
39 98.18 69 31 37 99 15.24 129 8.97 159 5.91 189 4.18 
40 93.33 70 30.48 lOO 14.93 130 8.84 160 5.83 190 4.14 

41 88.83 71 29 62 101 14 64 131 8.70 161 5.76 191 4.09 
42 84.65 72 28.81 102 14.35 132 8.57 162 fi.69 192 4.05 
43 80.76 73 28 02 103 14 08 133 8.44 163 5.62 193 4.01 
44 77.13 74 27.27 104 13.81 134 8.32 164 5.55 194 3.97 
45 73.74 75 26.55 105 13.54 135 8.19 165 5.49 195 3.93 

46 70.57 76 25.85 106 13.29 136 8.07 166 5.42 196 3.89 
47 67.60 77 25.19 107 13.04 137 7.96 167 5.35 197 3.85 
48 64.81 78 24.54 108 12.80 138 7.84 168 5.29 198 3.81 
49 62.20 79 23.93 109 12 57 139 7.73 169 5.23 199 3.77 
50 59.73 1 80 23 33 110 12 34 140 7.62 170 5.17 200 3.73 ----- ---
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( TABLE 3-36 

ALLOWADI.E SIIEAR STRESS E<; (F ,) IN PLAn: GIRDEHS (KSI) 
FOH 36 KSI SPECIFIED YIELD STRESS STEEL 

(ltalic valucs indica te gros<; arca, as percent of wcb arca, requircd for pairs of 
intermedia te ~>ti!Tencrs of 36 ksi yicld stress stecl.) • 

Aspcct ratios a/h: sti!Tener spacing to web depth 

~~~ 0.5 0.6 0.7 o 8 o 9 1.0 1 2 1.4 2.0 2.5 3.0 
---- ------------ --

14.5 14.5 14.5 14.5 -- ------ -- ---
14.5 14.5 14.5 14.4 14 2 13 8 13 6 -- ------

14.5 14.5 14.0 13.4 13.0 12.6 12.4 12 2 12 o 
0.3 0.4 ------

14.5 143 13.4 12 5 12 2 11.9 11.8 116 11.3 11.1 
0.6 0.9 1.1 1.2 1 2 1.2 ----

14.5 13.9 12 8 12 3 11.9 11.6 113 11.1 109 10 3 10 o 
05 1.4 1.8 2 o 2.1 22 23 2 1 --

14.5 13.8 12.6 12 2 11.9 11 5 110 10 5 10.1 9.8 9.2 8 8 
0.9 1.8 2.5 3.1 35 3.6 3.6 3.4 3.1 -- 14 3 12.7 12.2 11.8 115 10 8 10.2 9 8 9.4 9 o 8.4 8.0 

1.1 2.1 28 4 1 4 7 4.9 4.9 4.7 4 3 3 8 ----
14.5 13 2 12 2 11.9 11.5 11.0 10 3 9.7 9.2 8.8 8.4 7.8 7 3 

0.9 2.2 32 4 5 56 59 6 o 58 5.6 50 4 4 

14.2 12.4 12.0 116 11.0 10 5 9 8 9.2 8.7 8.3 7.9 7.2 6 8 
0.3 1.9 3.2 4 8 5.9 6.7 6.9 6.8 6.6 6.3 55 4 9 

13.2 12.2 11.8 11.2 10.6 10.1 9 4 8 8 -s.3 7.9 7.5 6 8 6.3 
1.2 2 8 4.7 6 1 7 o 7.6 7 7 7.5 7.2 6 8 6.0 52 --

12.4 12 o 115 10.9 10 3 9.8 9 1 8.5 8 o 7.6 7.2 6.5 
2.1 4.1 6.0 7.2 B.O 8 4 8.3 8.1 1.7 7.3 6.3 -------- -- --s.9 ----12 3 11.8 11 2 10 6 10 1 9.6 8 3 7.7 7.3 . 6.9 

o 9 2.8 5.3 7.0 8.1 8.7 9 o 8 9 85 8.1 7.7 
87 ----

12.1 116 10.9 10.4 9 9 9.4 8 1 7.5 7.1 6.7 
1 6 4 o 6.3 7.9 8.8 9.4 9.6 9.3 8 9 8.5 B.O 

83 ------
119 11.2 10.5 10.0 9.5 9 1 7.7 7.2 
2.9 6.0 8 o 92 100 10.4 10 4 10 o 95 --------

11.5 10 8 10.3 9.7 9.3 8.8 8.1 7 5 
4 8 7.5 9.2 10.2 10.8 11 1 110 10.6 ----------

11 2 10 6 10.0 9.5 9 1 8.6 
6 2 8 6 10.1 ll.O 11.5 1I. 7 
---- --------------
11 o 10 4 9 9 9 4 8 9 8 5 
7.3 9 'íl10 8 11.6 12.0 12 1 
---- --------------
10 8 10 . ) 9 7 9.2 
82 10 2 114 12 1 --------------------------

10 7 10 1 9 6 
9 o 108 118 ----roo¡--- ----------------

105 
95 1I .2 

• 

ov 
~ 

-
14 
13 
11 

10 

8 

6 

5 

4 

4 

3 

3 

2. 

2. 

2. 

l. 

1 

l. 

Girders so proportioned that the computed shear is Iess than that given in right-hand colurr 
do not require intermediate stiffeners. 

• For single angle stiffeners, multiply by 1.8; for single plate stiffeners, multiply by 2.4. 



AI.I.OWAIILJ: SIIJ·.AI! STitUiSJ:s (f',) IN I'I.ATt; C;JJWEI!S (KSI) 

··oa 42 KHJ SJ'I.CIHI:II YIEI.U SJ'ItESS HJ'EJ-:1, 

(/taltc \'alue~ !ndicntc J.:IO"Y t~rca, ns pc1ccnt of wch urca, rcquircd for pairs of 
mtclllwdwtc :-.lllfcncrs of 42 k~i yicld blJc<.s stccl) • 

Aspt•ct rat ios ajh: stilfcncr spacing to wcb dcpth --------- ------------

o 6 o 7 o 8 0.9 1.0 1.2 1.4 1.6 1.8 2 o 2 5 3.0 ----- --- -·- --· --- -- -- --- --
o ver 

3 ---- -- --
----- ------- ---- --- ---- --· 

90 

lOO 

~ -------
] 110 

CJ :a ----- --
.... 120 17 o 
.o 
e¡¡ 

:t 130 TG5 
S 1 :& ·i4o 15 3 
o. 
e¡¡ 
'O---
.0 150 14 5 

----- --- -- ------ -- - --
17 o 17 o 

17 o 17.0 16.3 15.2 

---- ¡¡···o 16-6-1-54- 14 5 141 
0.1 Jo 

i7~o 164 1so-l4314. o 13_5_ 
o 7 J.5 2.3 

16815o 14-2- -~9 -13.5 _12:1 
Jo 2 o¡ 2.7 3 9 

154 14 3 -13-9 13:X -128- 12.6 
o 9 2 1 3 2 4.5 5.5 

145-14013-5-12 8-12.3 Ti4 
o 3 J 9 3 3 4 9 6.0 6. 7 

·iu¡!a--7 -~3--o 124· 118109 
J3 29 49 63 72 77 

14()11:3--3 -12{f 12o iT4 10 6 
22 43162 74 BJ 85 

1as Tao ·123 -i17 1T.T 10 3 
~~--~-··¡ ] 60 14 3 

:::::. J J 
-; ·11o 141-
.9 J 8 

'E l80 140 

31 56 73 83 89 92 
13-4 12-i l2 o 11'4 10 9 10 o 

4 4 

13 1 
55 

12 7 
~ -~?_1_ 
E 200 13 r. 
~ 41 
2 22o 13:'1 

ü.i 6.J 

7 2 

240 12 8 
73 

12.4 
85 

12 1 
9 5 

6 7 
12 4 

7 6 
12 o 
9.0 

117 
JO o 
11 5 
10.8 

11 9-li3 260 12 6 --
8.3 102 11.4 

11 8 11.2 280 12 4 --
9.0 

8 J 
118 
89 

11 4 
100 
11 1 
JO 9 
10 9 
11 6 
10 8 
12 1 
10 7 

9 o 9.6 9.7 
11 2 10 7 9 8 
9 7 JO J JO 2 

·10 9 10 3 9 5 
JO 7 11 o 109 
10 6 10 1 9 2 
11 4 116 114 
10 4 9 9 
J2 o 12 1 

--
10 3 9 8 
12 4 12 5 -- -----

17 o 
16 5 
14 5 
O.J 

13.7 
J 5 

13 o 
2 7 

12.0 
45 

11 3 
59 

10.7 
6.9 

10 2 
7.8 
9.9 
8 5 
9 6 
9 o 
9 3 
9 5 
9 1 
9 9 
8 8 

105 
8 5 

JO 9 
--

--

--

300 12.3 
9.6 

l1'711i ----JO 8 1J 9 12 51 ------
11 3 12 3 

17 o 
16.0 
142 
0.5 

13.4 
J 8 

12.5 
32 

11.5 
4.7 

10.7 
59 

10.1 
68 
9.7 
7.6 
9 3 
82 
9 o 
8 6 
8.7 
9.0 
8 5 
9 4 
8 1 
9.9 --

--

--

--

--

- ----· 

17.0 
17 o 17017o 17.0 16 4 
15 6 15 3 149 14.6 14.1 
14 o 138 13 5 13.3 12.3 
0.7 08 0.9 0.9 

13.1 12.9 12.5 12.1 10.3 
J 9 J 9 . J.9 J.B 

12.1 11.7 11.0 10.5 8 3 
33 3 4 3.2 29 __ ¡ 

11 o 10 6 9.9 9 4 6.9 
4 7 4 6 42 3.8 

10 2 9 8 9.1 8.5 5 8 
58 56 50 4 4 
9.6 9.2 8 4 7.9 4.9 
6 6 6.3 5.6 49 
9 2 8.7 7 9 7.3 4 2 
7 3 6.9 6.0 5.3 
8.8 8 3 7 5 6 9 3.7 
7.8 7.4 6.4 5.6 
8.4 8 o 7.2 3 2 
82 7.8 6.7 
8.2 7.7 2.9 
8 6 B.J -- -- --8 o 7 5 2.6 
89 8.3 -- ------

2.1 

---- ------
1.7 

---- ---- --
J 1.4 

-- ---- ----
1.2 

---- ---- --

----------

-
Girdcrs so pwportioncd thai the computcd shear is less than that given in right-hand column 

lo not requite intermcdiate stilfene•~·. 
• For areas of other intermcdiate stiffcncrs, multiply italic values by appropriate factor 

>clow: 

Stiffcner Steel Pairs of Single Angle Single Plate 
Grade Stiffcners Stilfcners Stiffeners 

Fv = 42 ksi l. O 1.8 2 4 
-

F. = itr i 1 2 2 1 2 8 
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TABLE 3-45 

ALLOWABJ,t; SIII~AR STHESSES (F,) IN PLATE GlROERS (KSI) 

FOR 45 KSI SPECIHEO YIELil STRESS Sl'F.EL 

(ltalic values indica te gross arca, as pcrcent of web area, rcquired for pairs of 
intermedia te slilfcncrr, of 45 ksi yicld stress sieel.) • 

Aspcct ratios a/h: stilfcner spacing to wcb depth 

1 

1.61 3.0 1 t 0.5 0.6 0.7 0.8 0.9 1.0 1 2 1.4 1.8 2.0 2.5 
--- -----------------------

50 18.0 1 ---- ---------------------- --~ 
60 18.0 18.0 18 o 18.0 18 o 17.7 1 --------
70 18.0 18.0 18.0 17.1 16 6 16.2 15.9 15 5 15.3 1 

0.1 o 2 
-------

80 18.0 17.9 16.8 15.7 15.3 15.0 14.7 14 5 14.2 13.9 1 
0.5 ¡....!!J! 1.0 J.J J 2 1.1 ---- -

90 18.0 17.2 15.9 15.3 14.9 14.5 14.1 ·13.8 13.5 12.8 12 3 1' 
0.6 J.4 J.9 2.J 2.2 2.3 2.3 2.2 

-- 1- -
100 18 o 17.0 15.5 15 1 14.8 14 2 13 6 13.0 12.5 12.1 113 10.8 

o J 1.2 2.0 2.7 3.4 3.8 3.9 3.9 3.6 3.2 -- -
110 17.4 15.5 15.1 14.7 14 2 13.3 12 6 12.0 11.5 11.0 10.2 9.7 i 

0.1 1.4 2.4 3.3 4.6 51 5.2 5.2 5.0 4.5 4.0 -
120 18.0 15.9 15 2 14.7 14.1 13.5 12 6 118 112 10.7 10.2 9.4 8.8 

1.3 2.6 3.9 51 6.1 6 4 6.3 62 5.9 5.2 4.6 
-

130 17.1 15.4 14 9 14.2 13.5 12.9 12.0 11.2 106 10.1 9 6 8.8 8.1 ' 
08 2.4 4.0 5.6 6 6 7.2 7.3 7.2 6.9 6.6 5.8 5.1 ----

140 15.9 15.1 14 5 13.7 13.0 12 4 11.5 10.8 10 1 9.6 9.1 8.2 7.6 ¡ 

J.B 3.6 5.6 6 8 7.7 8 1 8.1 79 7.5 7.1 62 54 

150 15.4 14.9 14 1 13 3 12 7 12.1 112 10 4 9 8 9.2 8.7 -----;¡-:s 7.2 ( 

0.7 2.6 5.0 68 7.9 8 6 89 8 8 84 B.O 7.6 6 6 57 --
160 15.2 14.5 13.7 13 o 12.3 11.8 10 9 10.1 9 4 8.9 8.4 7.5 3 

J.5 3.8 6.2 7.8 8 7 9 3 9.5 9.3 89 8.4 7.9 6.9 
------------- ----
170 15.0 14 2 13 4 12.7 12 1 11.5 10 6 9.8 9 2 8.6 8.1 2 

2.2 5.J 7.2 8 6 9 4 99 JO.O 9.7 9.3 8.7 8.2 
------ ----
180 14.8 13 9 13 2 12 5 119 11.3 10.4 9.6 9.0 8.4 7.9 2 

3.0 6.1 8.1 9.3 10.0 10.4 10.4 JO 1 9.6 9.0 8.5 -- ~ --------
200 14.3 13.5 12 8 12 1 115 11.0 10 .. 1 9 3 8.6 2 

1 51 7.7 9.4 10.4 11.0 11.2 11.1 106 101 1 ----------
220 13.9 13.2 12.5 11.8 11.3 10.7 9 8 9 o 1 

6.6 8.9 10.3 11.2 11.6 11 8 11.6 ll.J 
-- ----1---------

240 13.6 12.9 12 3 116 11.1 10 5 l. 
7 7 98 111 118 12 2 12 3 

--------------
260 13.4 12 7 12.1 11.5 10.9 10.4 l. 

8.6 10.5 11.6 12.3 12.6 12.6 ------ -----
280 13.2 12.6 119 11.4 

9.3 11.1 12 1 12 6 ------------------ -
300 13.1 12 4 11 8 

9.9 11.5 J2 5 
,___ --- __..--~---- --

Girders so propo1 tioned that the computed shear is less than tbat given in right-hand colur 
do not require intermediate stiffeners. 

• For arcas of other intermediate stiffeners, multiply italic values by appropriate fact 
below: 

Stiffener Steel Pairs of Single Angle Single Plate 
Grade Stiffeners Stiffeners Stiffeners 

Fv = 45 ksi 1.0 1.8 i 

Fv = 36 ksi 1 3 2 3 3 o 



TABLE :J-~0 

1 0\\'AI!I.E SIII.AH STIWSSF'l (/<',) IN I'I.ATE (;!IWI-.HS (Ksl) 
Hll< ¡,() hSI SI'FCIFII:!l YIEI.IJ STHESS SI'EEI. 

(ltalu: valucq iruf!eatc groso.; nrc.1, ns pcrcent of wcb arca, rc<¡uircd for pairs of 
intcrmcdUI(C Htiffcncn¡ of ~0 ksi yicJcJ strC<,!> stccJ.) • 

A!>pcct rutios n/h: stiffcrH'r spacing to wcb dcpth 

--------~-~---1 -r·-- 1 1 1 1 ove~¡ ¡ 
-,-5o o.s_ -~ ~~~~¡!_:__ _2~~-~-·-1-~ -~~6- ~o: 2:.0o :a-~ 2:·: 2:.0. 

--6ó ----- ---- --- -------- ---- -2cfo -ioo 2o-o 199 t9 5-18-9-186179 

-7o -- ------- 2o o 2o--o.-i!f'9 -18-o ·174· if1169166 163' 15.{ 

1 

02 04 05 06 
8o -- --- 2o.o 20 o 189 -178 ·17·u 16·:-s i6:215.9 15.1 Ts2 14.9 13.o 

1 
o 6 J J J 4 J 6 J 6 J.6 J.5 

~ -90---- 19 9lsll~ !

1
-ir~,l~-f 1~ ~ ~~! 1~ ~ -1~ ~~1~ b 1~-~ 10.3 

~:: Too -- 20 o 179
1
I?o 16 5 16-1152 -14.'4 -i3s -13 2 128 -i19 113 ---s.a 

ti 0.8 J 9 2 6 3 7 4 4 4 6 4 6 4 5 4 J 3 7 
:.2 1io 2o.o 183 -i7o 16-516-o 15-3 ·143 -134 128-12-2 1T7108 10 2 6.9 
; 0.9 2 1 3 2 4 5 5 5 5 9 5 9 5 8 5 6 5 o 4. 1 
~ 120 19-:s 11 2 T66T6o 152 14-5 135 12-7 12o 114 10 9 10 o ~ 5 8 
o 0.4 2 o 3 4 5 o 6 J 6.9 7.0 6.9 6 7 fi 4 5 6 4 9 

::; 13o,I8 o 16 s.i63 15414-6,-(4-0 12-912-1 TI4 ·wa To3 -938649 
"C. J .5 3 J 5 J 6 5 7 4 7 9 7 9 7 71 7 4 7 o 6 J 5 3 
~ 140 17 2 166 15.7 14 9 ¡;¡-2 13 5 12-5 116 109 10.3 98-88 81 ~ 
-g 0.5 2 4 4 7 6 5 7 7 8 4 8 7 8 6 8 3 7 9 7 5 6 5 5 7 
~ 150 169 16.2 T53 -14 5 138 131-i21 11-3 Tos 99 94 -84 ~---a:? 
.:..; J 4 3 6 6 o 7.6 8 6 9 2 9 4 9 2 8 8 8 3 7 9 6 8 5 9 
~ 160 16:7 15 8 -149 14.2 13.5 12 8 118 uo J.o2 -96 9180-- a:2 

' .8 2. J 4. 9 7 J 8 5 9 3 9. 8 9 9 9. 7 9 2 8 7 8 2 7. J 
~ 170 165 15 5 14.6 13.9 13.2 12 6 J.T6 107 10 o 94 ---ss ---- 2':9 
..., 2 9 6 O l B.O 9 2 JO O JO 4 JO 4 JO O 9 5 9 O 8 5 . 

~ 18o 16.2 15. 2!144 13 1 13 o 124 114!10 5 98 9':1' -86 ---- 2.c-¡ 
E 4.J 6 9 B.B 9.9 J0.5 JO 8 JO 8 JO 4 9 B 9 3 8 7 
e¡¡ -- --------- --- --- --- -- --- ---- -- -- ---

] 200 15 7 14.8 14 o 13 3 12 6 12 o 110110 2 9 4 2.1! 
~ 5.9 8.4 9 9 JO 8 JI 3 11 6 11 4 JO 9 J0.3 i 
m 220 15 3 14 4 137 13 o 124 Ii8 10 8 99 -- ---- -- -- --¡--:¡ 1 

7 3 9 5 JO 8 11 6 J2 O J2 J 11 8 11 2 i 
24o 15 o 14.2 -i35 128 T22'li6 -- -,- -------- -- 1.4-¡ 

8.3 JO 3 11 5 J2 J J2.4 J2 5 ' 
260 14.8 14ó 133 12 1 uo Tl5 -- -- -- ------ --1.2 ¡ 
___ ~ JO 9 J2 O J2 5 J2 8 J2 8 _______________ --l 
280 114 6 13 9 13 2 12 5 i 

9 8 Jl 4 J2 4 J2 9 

Girders so proport ioncd that the computcd shcar is lcss than that givcn in right-hand columr. 
do not rcquirc intcrmediatc stiffcners. 

• For areas of othcr intermediatc stiffcncrs, multiply ¡talle values by appropriate factor 
bclow: 

Stiffcner Stcel 
Grade 

Fw = 50 ksi 

Pnirs of 
Stiffencrs 

1 o 

S'ugle Anglc 
Stiffencrs 

1 8 

Single Plate 
Stiffenei'S 

2 4 
Fw = 36 ksi ~-----1 4------2-5--r-------a-3-----

TARLE 3-55 
( 

Appcndl-l· -~ • j · • 
ALLOWAUI.E :mEAR ~TI\ESSES (F,) IN PLATE GJRUErtS (K~l) .-• 

FOR 55 KS! SI'ECU"IED Y!t:LD STRESS STEEL !· 
(ltalic valucc; indica te grosc; ~rea, aq percent ~r _web arca, requir~d for pah~ ,,:· 

intermed iutc stiffencrs of 55 ks1 y1eld stres:. steel.) 

Aspcct ratios a/h: stiffencr spacing te web depth 

' l l ! 1 '" 

50~~~~~~~~¡:.:¡:. 80 :.·. :. ~¡¡,·~~ 
60 ----=-= = 22.~ 22 o 22 o. 21 3¡¡20 8 20 5¡_!~

1

-~~;, ~~-
70 -- -- 22 o 22 o 21 3 19 8 19 o \18 6\18 4118 1 \17 7 ; 1 · . " ll 

~ o.5\I....Q.2~~; ___ ,1 ~~- _ 

80---- 22 O 21 4 19.8 18 9 18 3 17.8 17 4·~17.1 16.8 16 O!¡;.-' ¡~: 
0.3 1.2 J 7 J 91~~~~1-:.'.t!_-

90-- 22 o 20 9 19.0 18 5 18.1 174 16 6 15 9:15 3 14 8 13 9¡¡;l_;l ll' 
m · J.J 1.9 26 33 3.7li~~_:j__§_ 1 __ .-:~·-
~ 100 -- 21 2 19 O 184 17.9 17 3 16 2 J53 14 6! 14 O 13 4 12 5 11 :'. S 
1i ~~~~~~~ 5.2~_!_!}_¡_·1~:
.... 110 22 o 19.2 18 5 17 9 17.1 16.3 15.2 14 3 13.6. 12.9 12 4 11.4 lll ~ {i 
-g J .5 2. 7 4 2 5.4 6.3 6 5 6.5 ~ ~ _!!__!!__ -·~_:_·_ 
~ 120 20518718117216.415614.5136112812111.6105 !~·~¡ ~ 
.... 1 1 2 6 4 5 5 9 6 9 7 5 7 6 7 4 7.1 ~ ~ ... ''_.::_, __ _ 

:5 130 190 183175 16 6 15 8' 15 o 13 9 130¡·}22\\11.5 11 o 9 9 \l ~ ¡ 4 

~ o J 2 J ~- ~ _!__J__ ~ ~ ~ ~ _!_'!_ _!__:_§__ ~ -~--·~¡-
.n 140 18 7 18.0 17 o 16 1 15 3 14 6 13 5 12 5 11 7 11 1 10.5 9 4 ~ r: i 4 

~ 1.1 3 J 5 6 7 3 ~~~__!!_!!___!!__!_E__!___!__~--''-~-~--:
.. 150 18 4li5 16 5 15 7 14 9 14 2 13 1 12 1 11.3 lO 7 10 1 8 9 1{,1 J 
~ J :9 4. 6 6. s ~ __!!__!__ __!!_!_ ~ ___!!__!_ ~ ~ ~ __!__!!_ _E~!_¡--;
~ 160 182171162153146139128118

1

110dl0.3 98 86 1
3 

:;; 2 7\ 58 7 8 9 J 9 9 JO 3 10 3 10 O 9.5t!!__!!_~__!_!_-~- _ 
~ 170 17 8 16.8 15.9 15.1 14 3 13.6 12 5 J.T6 10.8:jl0 1 9 5 2 
~ 3 9 6 8 8 6 9 8 10 4 10 8 JO 7 JO 3 ~:___!!_!__ ~ ___ _ 
E 18o 17 5 16 5 15 6 148 14 1 13 4 12 3 11 4 10.6! 9 9 9 3 2 

_g 5o 7 6 9 3 JO 3 zo 9 11 2 .!.!_!__ 10 6_10 o·~~ __ -ª 200 17 o 161 152 14 5 13 8 131 12 o 11 o j 10.2:¡ ---- 2 
m 6 7 9 o JO 4 112 !_!___!._ 11.8 11 6 .!.!_!__¡J0.4!------ ~---- --1 

220 16 6 15.7 14 9 14 2 13 5 12 9 11 8 10 8 
7 9 9 9 11.2 11 .9 J2 2 12.3 J2 o 11 4 ' __ -- ---- > -- -- --

240 16 3155147140 13 3127-- , 
1 

8.8 JO 7 11 8 J2 4 12 7 J2 7------------ ,:,_ __ 1 
2GO 16.1 15 3 14 5 13 8 13.2 12 5 

9 6 11 2 J2 2 12 8 J 3 o J3_o.:._!_ _ _:_ _ _..:. _ ___!.1_~ _ __..! __ :.---:.-

~~---~------~--~--
Girdcis so proportioned that thc computcd shear is less than that givcn in right -hnrul colt 

do not require intcnnediate stiffencrs. 
• For areas of other intermediate stiffeners, multiply italic values by approprintt> fnc 

below: 

Stiffener Steel Pairs of Single Angle Single Plat 

Grade Stiffenc1'S Stiffeners Stiffeners 
(' 

Fw = 55 ksi 1.0 1 8 2 4 

Fw = 36 ksi 1.5 2.8 3 7 



TABLE 3-60 

AI.LOWAJJLJ: !'lll:AH Hl'H! s-;u; (/?,) IN !'LATE G!!W"HS (KH!) 

H>H 60 KH! HPI:CIHFU YIELD Sl'IIEHS HTEU, 

!Ita/u· valuc'i _indicatc gro~~ 1~rcn, u~ pcrccnt of wch arca, required for pairs of 
mlcnnedralc strfTcncrs of 60 k~i yicld strcso:; stecl) • 

J Aspl'ct rutios a 111: RtifTcner spncing to weh depth 

-0 ~-~~-------~ ----~ / over-

------ --~---~--~~!~-~~ 2~.2~~ ~~~ 2 5 3.0 3 
1 40 ------
·-~ol------· ----- ------ ---- ___ __ ___ __ __ __ 24 o 
--''--!---- -- ----------- 24 o 24 o 24 o 24 o 24 o' 24 o 23.5 

6o· 24.o 24 o·24o/'231 22-:J21.8 2u 20 8 20 s 19.6-

--?o --- -- -- 24 o' 2~7 -2-22_1,20. 7- 20-:3 199 19 5 19. 3 18. 7 1~.! 16. 8 ----------------------1 0.6 J.O J.J,J.2 J.3 J.2 
80 124 o 22.4 20.7 20 3 19 6- 19.0 186 18 o 17.5 16 6 15.9 13 o 

¡:¡ ~--· ------ -------_E_!}_ J.81 2 2 2 4 2 6 2 7 2. 7 2.5 
~ 901 24.0,21 8 2o.s 19.9 19 4 18-517 5 16.7 161 15 s 14 s 13 .8 10 3 
~ ¡·-· -¡--- ----------~ _!_!_ ..!. . .!.., __ !:!....!!. 1 4.J 4 4 4 4 4.4 4.0 3.6 
-5 100124 01221120 4 19 8 19.3j18 4 17 2-16_2 __ 15 4 14.7 141-13 O }22"'"8.3 
{i _________ 

1

.Y...:!!. ~-_!L.! ___ "'!._.!___ 54 58 5.9 5.1 5.5 4.9 4 4 
~ 110,23.3 20 6 19 9 19 2 18.2 17 4116 2-15 2 14.4 13.7 13.1 11.9li1:"'69 
S ______ _ o· 5¡_2_!._ ~ __!_:!._ ~!.- _l!..:_!! __ 7. J _'!__:_!! 6 7 6.4 5 6 4. 9 
-5 120.214 20 2 19 4 18 4 17.5 16 7 15 4114.4 13 6-12 9 12.3li1:"' 10 2 58 
fr-----~~~_.!.__~~~-~~80 7.8 7.4 7.J 62 5.4 · 
"' 130 20 5 19 8 18 7 17 7 16.9 16 1 14 9 13 9 13.0 12 3 JT6 10.4 '""96 --;¡g· 
-~ ___ __ !!__!_ __ ?___!i_ -~'-L __§___~ ¡~¡_s !!__ _ ~~~--~ _§__i_ 8 o 7 6 6 6 5 7 . 
::< 140 20.2 19.3¡· 18 2 17 21' 16 4115 6 14.4 13 4 -12 5 li8112 99 "9.0 42 

.:2_ _____ .. L f¿_ _!_!_. __ f!_!_ _?_!!_ -~.:..!!__ 1 _ !!__4_ _9. 6 9.4 8. 9 8 5 8 o 6 9 6. o 

...::: 150 19 9 18 8 17 8 16 8 1 16 O 115 3 14 0 13.0 1~ 114 10.8 -9.5 8.6 3":7 

.s ___ 2 .4 --~--~-.§-~__!!__:__6_.!_q_j_!__f!__:!_~~ 8 8 8.3 1.2 6.2 
~ 16019618417416515715.013.712.711.8 11.1.104-~--32 
¡:¡ --- _!!_:!__ --6 5 __ l!.:_i_ --~ !__q___!!___ _J_q_____6_ Jo~ 10. 2 ___!!_.:!__ ___!!_:!._ ~ ~ • 
<:J 170192181,171162 154·14 713512.5116108102 --29 
~ ___ _ 4 7 ...!.:!__ _!!~ 10_?__j!_C!__E!_ !_!..:.__]_ _!_!_!!_ !0.5 JO O 9 4 8.8 . 

-g 180 18 9 17.8 16 8 16 0115 2 14 5113 3 12 2 11.4 10 6 99 ____ 2.6 
¡¡j - ~_;j_ 8. 2 ..!!..:.§_ Jo. ~- 11 2 !.!_!!.._ !_l._!!_ 10 8 Jo. 2 . 9 6 9 o 

200 18.3 17.3 16 5 15 6 14 9 14 2 13 o 11.9 11.0 --------'"TI 
7.2 9.4 J0.8 JJ 5 JJ 9 J2 J JJ 8 JJ.2 JO 6 

220 18 o 17~ 16215414.6 -13''9 127 11.7 ---------- "1.7 
8.4 J0.3 JJ 5 J2.J J2 51J2 5 J2 2 JJ.5 

-240 i77- 16 8 1s 9 15 2 144 -137 --------------1.4 
9 3 J1 o J2 o J2 6 12 8 J2 9 

260 174' 166158 15 o '14'3-¡136' -------- -- ----1.2 
9.9 11 5 12 5 13.0 J3 J J3 J 

L-.~~-__;. _ __;. _ _...!, _ __!. _ __.!._--!,_ ---~___.:___; __ , _____________ ' 

. Girders so proportioned that the computed shear is less than that givcn in right-hand colurnn 
do not rcquire interrncdiate stifTeners. 

• For areas of other intermedia_te stiffeners, rnultiply ital1c values by appropriate factor 
below: 

StifTcner Stcel Pairs of Single Angle Single Plate 
Grade StifTeners Stiffeners StifTeners --------

Fv = 60 ksi 1 o 1.8 2'4 --- -- ---
F. = ·Si 1 7 3 o 4 o 

40 --
50 
60 

--
70 

--
<1l 80 
rtJ 
<ll 
1:: --

..!<: 90 
~ :e: ..., --
.n 100 
<ll 
~ 
o 110 ..., 

..e:: ..., 
120 P. 

<ll 

"' .n 130 
<ll 
~ .. 140 

.::::. 

.t! 
<1l 150 . S ..., 
al ... 160 g¡ 
<ll 
1=: 170 ... 
<ll 

"' 1:: 
<ll 180 

éñ 

200 

220 

240 

TABLE 3-65 

ALLOWAnLE SIII~AR STRESSES (F,.) IN PLATE GIRDERS (KSI) 

FOR 65 KSI Sl'ECIFIED YIELD STRESS STEEL-

(ltalic valucs indica te gros<J arca, as percent of web area, required for pairs of 
intermedia te stiffeners of 65 ksi yield stress steel.) • 

Aspect ratios a/h: stiffener spacing to web depth 

0.5 0.6 0.7 0.8 o 9 l. O 1.2 1.4 1.6 1.8 2.0 2.5 3.0 
-- ------------------------

26.0 26 o --------------------------
26 o 26 o 26 0126 o 26 o 25 9 25.5 --------
25 2 26.0 26.0 24.0 23.2 22.7 22.3 21 9 21 6 

o J 0.4 0.4 ---- --
26.0 26.0 24.6 23.1 22 1 21.5 21.1 20.7 20.4 19.8 19 4 

0.6 J.J 1.4 1.5 1.6 J.6 J.5 --
26.0 25.6 23 3 22.2 21.6 20.9 20 3 19.4 18.7 18.2 17 1 16.4 

0.6 1.5 22 2.6 3.J 3.3 3.3 3.2 2.9 --
25.6 22.7 21 9 21.3 20 8 19 4 18.4 17.5 16.8 16.2 15.0 14 2 

J.2 2.2 2.9 4 3 4.8 5.0 5.0 4.8 4 4 39 
--------------------------
26.0 23.0 21.9 21.2 20 4 19.4 18.1 17.1 16.2 15.4 14 8 13.6 12.7 

J.3 2.6 4.0 5.2 6.J 6.4 6.3 6.2 5.9 52 4 6 
15.2114.4 24 3 22.1 21.4 20.4 19.4 18 5 17 2 16 1 13.7 12 5 11.6 

J.O 2.6 4.4 5.9 6.8 7.4 7 5 7.4 7 1 6.7 5.9 5.J ----
22 4 21.6 20.7 19.6 18 6 17.7 16 4 15 3 14.4 13.6 12 9 11.6 10.7 
02 22 42 6.J 7.3 B.J 8.5 8 4 8.1 7.7 7.3 6.4 5.6 

22.1 21.2 20.0 18 9 18.0 17.1 15.8 14.7 13 8 13.0 12.3 11.0 10.0 
1 2 3 3 58 7.4 8.4 9 o 9 3 9 J 8 7 8.3 7.8 68 5.9 

21 7 20.6 19 4 18 4 17.5 16.7 15 4 14.3 13 3 12.5 11.8 10 5 9.5 
2.1 4.9 7.J 8.5 9.3 9 8 9 9 9 6 9.2 8.7 8.2 7.1 6.1 

21.4 20.1 19.0 18 o 17.1 16.3 15.0 13 9 12 9 12.1 11.4 10.1 9.1 
3.0 6.1 8.1 9.3 JO.O JO 4 J0.4 JO J 9.6 9.0 8.5 73 63 

19.7 14 7 9':'7 --
20.9 18 6 17.7 16 8 16 o 13.6 12.6 11.8 11.1 
4.3 7.J 8.9 JO.O J0.6 10 9 JO 9 J0.4 99 9.3 8.7 7.5 

----
20.5 19.4 18.3 17 4 16.6 15.8 14 5 13.3 12.4 11.5 10.8 
5.4 B.O 9.6 J0.6 11 J 114 112 JO 7 JO J 9.5 9.0 ----

20.2 19 1 18.1 17.2 16 3 15.6 14 3 13.1 12 2 11.3 10.6 
6.3 8.7 10.2 11.J 11.5 11 7 11.5 11.0 J0.4 9.7 9.J -- ----------

19.7 18.6 17.7 16 8 16.0 15.2 13.9 12.8 
7.8 9.8 11.1 11.8 J2.2 J2 3 J2 o 11.4 ----------

19 3 18.3 17.4 16 5 15.7 15 o 13 7 12.5 
8.8 106 11.7 12 4 J2.6 J2 7 J2 3 11 7 --------------

19 o 18 1 17.2 16 3 15.5 14 8 
9.6 113 J2.3 J2.8 J3.0 J3 o 

--------------~-~~ --·----- ---

o 

--
2 

-
2 
2 

r 
-
1· 

-
1' 

-
¡ 

-
1 

: 

-
' 

- . 
. 
. 
' . 
' • 
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-

] 

-
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Girde~;, so proportioned that the computed shear is Iess than that given in right-hand coh 
do not require intermediate stiffeners . 

* For areas of other intermediate stiffeners, multiply italic values by appropriate fa• 
below: 

Stiffener Stecl Pairs of Single Angle Single Plate 1 

Grade Stiffeners Stiffeners Stiffeners 

F V = 65 ksi l. o l. 8 /42,_."'3~ ,/'' /.~ ·¡··· 
F V = 36 ksi l. 8 3 3 -" 

L_~~ ___ _J ______________ ~ ______ , 



' ( TABLE 3-90 

'OWAIII.E HIIEAH HTI!J:Hs~:s (J.'.) IN I'LATE GJI!DEI!S (KHI) 

··011 90 hSJ Sl'ECIFIEII YIEJ.O STJUo.SS STEEL 

( 

(/talu· valucH _incliculc gros¡¡ arca, 11'1 pcrccnt of wcb nrcn, rcquircd for pnirs of 
mtcrmcdllltc stitTcncn; of 90 ksi yicld stress stccl.) • 

0.5 O. 6 o 7 
1-------- ---

40 ------50 ---

---60 36.0 

o 34.4 

---
8 30 8 

05 --
9 29 9 

------e 90 34 9 30 
~ o 5 2 J 
.S 100 31.4 :ro-1 28 9 

9 3.8 
4 27 7 

..c: J 
g. 110 30 6 ~ 

Aspcct rutios a/h: stitTcncr spacing to wcb dcpth 

o 8 o 9 1 o 
--- ----
---- ---

36 o 36.0 

36.0 33 8 31.8 

31.3 30.4 29 6 
J o J 8 -- ----29 9 29.1 27 9 

J 8 28 4 o -- -----28 8 27.3 26 1 
3 6 5.2 62 

27 3 26 o 24 7 
5 7 7.0 7 8 

26 2 24 9 23 8 

1.4 
---

1 2 

36 
35 

o 36 o - ----
5 

5 
7 

1 

30 
O. 

28 6 
2.6 

26 
5 J 

243 
69 
2 9 
83 

2 

2 

33.9 

--29 7 
J.2 

27.3 
32 

24 6 
55 

22.8 
7.J 

21.4 
8 2 

20.4 

1.6 1.8 2 o 2.5 -- ---- --
36 o 36 o 36 o 36.0 -- -- ----32.8 32 o 31.4 30.7 

0.2 ---- -- --29 1 28.5 28.1 27.3 
J.5 J.6 J.7 J.6 

26.2 25.2 24.4 22.9 
3 6 3 7 3 7 3.5 

23.4 22.4 21.5 19 9 
5.6 55 53 48 

21.5 20 5 19.6 17.8 
70 6.7 6.4 56 

20.1 19.1 18 1 16.4 
B.O 7.6 7.2 6.3 

3.0 
--
36.0 --30.3 
0.3 --26 7 
J.5 

21.9 
3.2 

18 8 
4.2 

16.6 
4 9 

15.1 
5.5 

ov cr 
3 

36 
28 

u 
8 

23. 1 

17. o 

13. o 

10 3 

8. 3 

·u J.J 3 2 )----- 5 7 7 4 
:' 120 30.0 28 4 26 8 25.4 

84 90 
24.2 23 o 2 

2.0 
92 
1 2 
0.0 

19.1 18.0 17.1 15.3 14.0 6. 
9 1 8 7 82 7.8 6 7 5.9 

19,. 7 18 4 17.3 16.3 

9: _¡ 
o 7.2 8.6 9 4 99 J -- --- -- ---

;:; 
2.2 5. H 4 13.1 5. 

9 7 92 8.7 8.2 7.J 62 
8 

~ 130 29 4 ~ 6 26 1 24 8 23 6 22 5 2 o 7 19 1 17 8 --
4 ~ 3 5 6 "'------o 
6 

.::1 140 28 7 27 

E--~-~ 
g¡ 150 28.1 26 5 
E _ 6. o _!!_.!!.. 
~ 160 27.6 26 1 
,!:; 7.0 9.2 
!Q.) ------

00 170 27. 3 25 8 
7.8 9.8 

180 26.9 25 5 
8.4 10 3 ------

200 26.4 25 1 
9.4 11 J 

8 3 
25.6 
9.3 

25 2 
JO O 
24 8 
10.6 
24.5 
11J 
24.2 
11.5 
23 9 
J2.J 

9 5 102 JO 6 
24 3 231 22 o 
J0.3 10.9 112 
23 9 22.7 21 6 
J0.9 11.4 116 
23.6 22.4 21.3 
114 11.8 J2 o 
23.3 22.1 21 1 
118 J2 2 J2 3 
23 o 21 9 20 9 
J2 2 J2.5 J2 5 
22 7 21 6 20.5 
J2.7 J2 9 J2 9 

J o 6 
2 o 2 

J o 
9 8 
1.4 

J 
1 
J 
1 9 5 
J.7 
9.3 
2 o 

J 
1 
J 
1 
J 
1 
J 

9 1 
22 
8 7 
2 5 

102 9.7 
18 6 17.3 
JO 6 10.0 
18 3 
J0.9 --18 o 
112 --
17 7 
114 --17 5 
116 --
17 2 
118 

16 7 15.7 13.8 12.4 4. 9 
9.J 8.6 7.4 6 4 

16 2 15 2 13.3 119 4. 
9 4 8 8 7.6 6.6 

--------

--------

--------

-- -- ----

·-·--·· 
Girders so proportioned that thc computed shcar is less than that givcn in right-hand column 

lo not require intermcd1ate stiiTcncrs. · 

• For arcas of othcr intermediate stiffcners, multiply italic values by appropriate factor 
,e]ow: 

StiiTcncr Steel Pairs of Single Angle Single Plate 
Grade Stiffeners Stiffeners StiiTeners 

-· 
F. = 90 ksi 1 o 1 8 2 4 
F. = 36 ksi 2 5 4 5 6.0 

---
30 --
40 
50 

--
60 

"' "' 70 <U 
¡:; 

.!o: 
o :a 80 ...., 
.o 

<U 90 ~ 
o ...., 

.e: lOO ...., 
o. ., 

110 "' .o 
<U 
~ 120 

.... 

....... 130 ~ 

"' .8 ...., 140 
~ .., __ 
g¡ 150 
t: .. 
<U 

"' 160 t: 
<U 

éi3 170 

180 

--
200 

... 1"1""'' ......... , .... ~... -

TABLE 3-100 

ALI.OWADLE SJIEAR STRESSES (F.) IN PLATE GJRDERS (KSI) 

FOit 100 KSJ SPECIFII!.O YIELD STHESS S"fEEL < ... 
(ltaltc valucs indica te gro~s arca, as pcrccnt of wcb areá; ·;équircd for pairs of r 

intenncdiate stiiTencrs of 100 ksi yicld stress stecl.) • 
-

Aspect ratios a/h: stiffener spacing lo web depth 

o 
0.5 o 6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 
------ -- -- ----------------

40.0 4 ------ ------
40.0 40.0 40 o 40.0 40.0 40.0 39 5 3 ---- --

40.0 40.0 40 o 37.5 35.7 34.6 34.1 33.7 32 9 32 4 3 
0.3 0.5 0.6 o 7 ----

40.0 38 5 35.7 34.2 33.1 32.2 31.5 30.8 30.2 28.7 27.7 2 
0.5 J.4 J.B 2.0 2.J 2.2 2.3 2.J --

40 o 36 3 34 1 33 2 32 3 30.7 29.1 278:26.7 25.8 24 o 22 8 1 7 
0.7 J.7 2.5 3.5 4.2 4 5 4.5 4.4 __ , __ 4 o 3.6 

40 o 35 7 33.8 32 8 31 5 30 o 28 o 26 4 25 o 23.9 22.9 21.0 19.7 1 3 
J.2 2 5 3.8 50 6.0 6.3 63 6.J 5.9 52 4 6 

36 8 33.9 32.8 31 1 29 6 28 2 26 2 24.5 23 1 21.9 20 9 19 o 17.6 1 o 
J.2 2.8 4.7 6.J 7 o 7.6 7.7 75 7.2 68 6.0 52 ----

34.3 33 1 31 3 29.7 28 2 26.9 24.9 23.2 21.7 20.5 19.5 17.5 16 o 8 
0.6 2.6 4.9 6.7 7.8 8.5 8.8 8.7 8 4 B.O 7.5 6.5 5.7 

33.6 32.0 30.2 28.6 27.2 25 9 23 9 22 2 20.7· 19.5 18 4 16.4 14 9 6 
J.B 4.4 6 7 B.J 9.0 9.6 9.7 9.5 9.0 8.6 B.J 7.0 6.0 

33.0 31 o 29 3 27 8 26 4 25 2 23 2 21.4 20.0 18.7 17.6 15.6 14 o 5 
29 6.0 8 o 9 2 JO.O 10.4 J0.4 JO O 9 5 9.0 8.5 73 63 -----

32 1 30.2 28 6 27.1 25 8 24 6 22.6 20 9 19.4• 18.1 17 o 14 9 13.4 4 
4.5 7.3 9 o JO J JO 7 110 JO 9 JO 5 9 9 9.3 8.8 7.5 6 5 -----

31.4 29.6 28.1 26 6 25.3 24.1 22.1 20.4 
58 8.3 9.8 JO 8 11.3 11.5 11.3 JO.B ----------30 8 29.1 27.6 26.2 25.0 23 8 21.8 20.0 -
6.8 9 J J0.5 11.3 11.7 119 116 11.J 

1--- ------
30.3 28 7 27.3 25 9 24 6 23.5 21.5 19.7 
7.7 9.7 11.0 11.8 J2 J J2.2 119 11.3 

29 9 28.4 27.0 25 6 24.4 23 2 21.2 19.5 
8.4 JO 3 115 J2.J J2 4 J2.5 J2 J 11.5 -- --1--- --29 6 28.1 26 7 25 4 24.2 23 o 21 o 19.2 
9.0 JO 8 11.8 J2 4 J2 7 12 7 J2 3 J1 7 -- -----------

29.1 27.7 26 3 25.0 23.8 22 7 20.7 18.9 
9.9 11.5 J2.4 J2.9 J3.J 13 J J2 6 J2.0 

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

Girders so proportionccl th" t. the computed shcar is lcss than that givcn in right-harHl col u 
do not requirc intermcd ;de stiffeners. 

• For arcas of other intermediatc stifl'cners, multiply italic values by appropriate f:!< 
below: 

StiiTener Stecl Pairs 6f Single Angle Single Plate 
Grade StifTeners Stiffeners StiiTencrs 

F. = 100 ksi 1 o 1.8 2 4 

F. = 36 ksi 2 8 5.0 6.7 
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SECTION Bl 
( 

LOADING CONDITIONS AND TYPE AND 
LOCATION OF MATEIUAL 

In the design of members nnd connections suhjeci to repented vnriation 
of live load stress, consideraiion shall be given to lhe number of stress 
cycles, the expected range of stress, and type and location of member or 
detail. 

Loading conditions shall be classified as shown in Table Bl. 

TABLE Bl 

Loading Number of Loading Cycles 

Condition From To 

1 20,000 1 100,000' 
2 100,000 500,000 3 

3 500,000 2,000,000 4 

4 O ver 2 1 000,000 

1 Approximately equivalcnt to two applications every day for 25 years. 
2 Approximately cquivalent to ten applications every day for 25 years. 
a Approximately equivalent to fifty applications every day for 25 years. 
• Approximately cquivalcnt to two hundred applications evcry day for 25 years. 

The type and location of material shall be categorized as shown in 
Table D2. 

SECTION B2 ALLOWABLE STRESSES 

The maximum stress shall not exceed the basic allowable stress pro
vided in Sects. 1.5 and 1.6 of this Specification, and the maximum range of 
stress shall not exceecl that given in Table B3 except that, in the case of 
stress reversa! only, the value F',, given by Formula (Bl) may be used as 
the stress range for thosc categories marked with ·an asterisk j Table B2. 

F' - ( {, + fe ) F ., - {, + 0.6fe sr 
(Bl) 

where f, and fe are, respectively, calculaied tensile and compressive stresses 
considered as positive quantities, and F,, is the allowable stress range given 
in Table B3. 

'<, 

·11 



TABLE B2 
,--------- -- --¡--

1 
Stress 
Cate-

Cenernl 
S1tuntion Kind of gory Illustrative / 

Condition Stress1 (Se e Exnmple Nos. 
1 

Tnble (See Fig. B1)21 

B3) 
-------- ---------·------- -------- ------ --------Plnin Ba<:c metal with rolled 
material or clcaned surfnces. T or Rev. A 1, 2 

Built-up Ba~e metal nnd weld Rev. B*• 3 members metal in membrr~. Rcv. B 4 
without attachment-;, TorC B 3,4 
buill up of pintes or 
shapes comíectcd by 
continuous full pene-
tration groove wclds 
pnrallcl lo the direction 
of apphed stress. 

,, 

Base metal and weld T, C or Rev. ·n 4, 5, 6 
metal in members, 
without attnchments, 
built up of pintes or ,, ·~:':! 
shapes connected by 
continuous fillct wc)do; 

pnrallel to the direction 
of applied stress. 

Calculated flexura! 
stress, {,, at toe of 
welds on girder webs or 
flanges ndjacent to 
welded transverse 
stiffeners: 

When f,, ~ F./2 Tor Rev. e 7 
When [. > F./2 T or Rev. D 7 

where F, = allowable 
shear stress. 

Base metal at end of T, C or Rev. E 5 
partía! lenglh welded 

1 

cover pinte;, hnving 
square or tapcred ends, 
with or without welds 

1 

across the ends. 

1 "T" significs range in tensile stress only: "C" signifies range in compressive 
stress only; "Rev." signifie~ a range involving reversa! of tensile or compressivc 
stress; "S" signifies range in shcar including shear stress reversa!. 

2 These examplcs are provided as guide lincs and are not in tended to excludc other 
rcasonablv -'milar situations. 

1 Form Bl) appltcablc> in s1luations identified by aslerisk (*). 

e Whe1 e stress 1ever.snl is in>.·' :cd, use of A307 bolts is not recommended. 

General 
Condition 

Mechanically 
fastened 
connection<> 

Croove welds 

' 

. 

TABLE B2 (continued) z 

Situation Kind of 
Stress 1 

Base metal at net sec- T or Rev. 
tion of high-strength-
boltcd connections, ex-
cept bearing-type con-
nections subject to 
stress reversa! and 
axially loaded joints 
which induce out-of-
plane bending in con-
nected material. 

Base metal at nct sec- T or Rev. 
tion of other mechan-
ically fastenecl joints. e 

Base metal and weld T or Rev. 
metal at full penetra-
tion gro ove welded 
splices of parts of sim-
iJar cross seclion 
ground flush, with 
grinding in the direc-
tion of applied stress 
and with weld sound-
ness established by 
radio¡::raphic or ultra-
sanie inspection. 

Base metal and wcld T or Rev. 
metal at full penctla-
tion gro ove welded 
splices of rolled and 
welded sections having 
similar pro file:,, when 
welds are g10und 11ush. 

Base metal and weld T or Rev. 
mebl in or a.J jacent to 
full penetration groove 
welded splices at tran-
sitions in width or 
thickness, with welds 
ground to providc 
slopes no stceper than 
1 to 2~. with grinding 
in the direction of ap-
plied stress, and with 
weld soundness estab-
lished by radiographic 
or ultrasonic inspcction. 

Stress 
Cate-

. Illustrative gory. 
Example Nos. (Sec 
(See Fig. B1) 2 

Table 
B3) 

A 8 

B 8,9 

A 10 

B 11 

B 12,13 

.. 
'( 
~"'-

-
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'fABLE B2 (COTI(I/IU('d) TABLE B2 (continued) 
J 

------· ---¡ ----- --- ----------·- --
Stress 
Cate-

Jllustrative 
Genrrnl Situntion 

Kind of gory. 
Example Nos. Cond1li<•ll Stress 1 (Se e 

Tahle 
(Scc Fig. B1)2 

Stress ·-
Cate- Jllustrative 

General Situation 
Kind of gory. Examplc Nos. 

Condition Stress• (Se e (See Fig. B1) 2 
Table 

~'-

B3) ------- -----¡-------------- --------- ------ --
Groovewclds 

1 
Bn~e mrtnl nnd weld T e 10 

(cont'd) metal in or adjncent to / Rev. C* 10 

B3) 

Fiilet welded subject to shcar parallel 
connections to the wcld axis in com-

full penetra tion ¡;roo ve T or Rev. e 11, 12, 13 (cont'd) bination with shcar due 
weldccl sphceq, with to tlexure. 
or without tran~itions 
having slopes nogrcnter 
than 1 to 2!1, whcn 

Transverse fillet welds S G 20 
in tee joints. 

reinforcemrnt is not M iscellancous Base metal adjacent to e e 22,23,24 
removed and/or weld details short (2 in. maximum T or Rev. D 22,23,24,25 
soundness is not estab-
lished by radio¡;raphic 

length in direction of 
stress) wclded attach-

or ultrasonic inspec- ments. 
tion. 

Base metal adjacent to T, e or Rcv. E 26 
Base metal or weld T D 14 
metal in or adjacent to Rev. D* 14 

longcr fillet welded at-
tachmcnts. 

full pcnetrat10n groove 
welds in te e or cruci- Base metal at plug or T, e or Rev. 

' 
E 27 

form joints. slot welds. ,---- ----
Base metal nt details T, C or Rev. E 15 
attached by gro ove 

Shear stress on nominal S G 22 
arca of stud-typc shear 

welds subjcct to trans-
verse and/or longitu-
dinal loading. 

Weld metal of partial T or Rev. G 16 

connectors. 

Shear on plug or slot S G 27 

1 ! 
welds. 

penetration transversc 
groove welds, based on 
efTectivc throat arca of 
thc wcld or welds. 

Fillet welded Base metal at in ter- T, C or Rev. E TABLE B3 
connections mittcnt fillet wclds. 

Base metal al junction T, C or Rcv. E 17,18,19,20 
of axially loacled mem-
bcrs with fillcl welded 
end connections. 

Allowable Range of Stress, F .. (ksi) 
eategory 

Loading Loading Loading (From Loading 
Table B2) eondition 1 eondition 2 eondition 3 eondition 4 

F,. F,2 F,, F,4 
Wcldsshall be disposcd 
about the axis of the 
membcr so as to bal-
ance weld strcsses. 

Continuous or in ter- S F 5,17, 18, 
mittent longitudinal or 19,21 

Al 40 32 24 24 

B 33 25 17 15 

e 28 21 14 12 

D 24 17 10 9 

E 17 12 7 6 

F 17 14 11 9 
transversc fillet welcls G 15 12 9 8 
(except transve1 se fillct 
wclds in tec joints) ancl 
continuous fillct welds 1 

1 For A514 stcPlf' in eategory A, substitute the following values: F,., 45, 
F.,2 = 35, F .. 3 = 25 and F.," = 25. 
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APPENDIX C 

Slender Compres~ion Elements 

.np¡n.:Itut;x; o.--~tenaer Lomprcss10n .t..:lements • S- 115-. 

1 
.... 

(/ 

SECTIO • .J' Cl GENEJlAL ( 

Axially loaded members ancl flexura! members containing elements 
subject to compression ami having a width-thickncss ratio in excess of the wíf 
applicablc limit givcn in Sect. 1.9 shall be proportioned to mcet the require
ments of this Appendix. 

SECTION C2 STRESS REDUCTION FACTOR-UNSTIFFENED 
COMPRESSION ELEMENTS --."-

Exccpt as hereinafter provided, unstiffened compression elements whose 
width-thickness ratio exceeds the applicable limit given in Sect. 1.9.1.2 
sh11l be subject to a reduction factor Q,. The value of Q. shall be deter
mined by Formulas (C2-1) to (C2-6), as applicable, where b is the width of 
the unstiffened element as defined in Sect. 1.9.1.1. When such elements 
comprise thc compression flange of a ilexural member the maximum allow
able bending stress shall not exceed 0.6F~Q. nor the applicable value as 
providcd in Sect. 1.5.1.4.6. The allowable stress of axially loaded com-

. pression membcrs shall be modified by the appropriate reduction factor Q, 
as provided in Sect. C5. 

For single angles: 

When 76.0/~ < bft < 155/vF~: 

Q. = 1.340 -- 0.00447(b/t)~ (C2-1) 

When bjt ~ 155/VF:: 

Q. = 15,500/[F~(b/Wl (C2-2) 

For angles or plates projccting from columns or other compression mem
bers, and for compression flanges of girders: 

· When 95.0/VF: < (bjt) < 176/VF:: 

Q. = 1.415 - o.oo437(b/t)v'F~ 

When b/t ~ 176/VF11 : 

Q. = 20,000/[F~(bjt)2] 

For stoms of tees: 

When 12'1/VF11 < (b/t) < 176/VF~: 

Q. = 1.908 - 0.00715(bjt)yF11 

When bjt ~ 176/yF71 : 

Q. = 20,000/[F¡¡(b/t)2] 

(C2-3) 

(C2-4) 

(C2-5) 

(C2-6) 

However, the proportions of channels and tees shall in any case conform to 
the limits given in Table CL 



TABLE Cl 
Limiting Proportionq for Channcls nnd Tccs 

r-· 
Ratio of flan¡:c Ratio of flnnge 

Shapc width to profilc thickncs.'l to wcb 
dcpth or stcm thickncss 

----

Built-up or 
~o 25 

Hollcd Channels ~0.50 

Built-up Tccs ~0.50 

Rol!cd Tccs ~0.50 

SECTION C3 EFFECTIVE WIDTH-STIFFENED 
COMPRESSION ELEMENTS 

~3.0 

~2 o 

~1 25 

~1.10 

When the width-thickness ratio of a uniformly compressed stiffened 
~lemcnt (except perforatcd cover platcs) exceeds the applicablc Jimit given 
m Sect. 1.9.~.2, a rcduc:d cffectivc width, b., shall be used in computing the 
flexu~al. des1g~ propcrtJCs of the section containing the element and the 
pernHss¡bJe a~ml stress, exccpt that the ratio b,/t necd not be taken as Iess 
than the apphcable vHiue pcrmitted in Sect. 1.9.2.2. 

For the flanges of square and rectangular sections of uniform thickness: 

b. = ~a; ( 1 - (b;~~~ t) ~ b (C3-1) 

For other uniformly compressed elements: 

(C3-2) 

where 

b = actual width of a stiffened compression element as defined in 
Sect. 1.9.2.1 

t = its thickness 
f = comp1 essive stress in the elcment computed on the basis of its 

section properties as provided hereinafter. In the case of axial 
loading and fle:mre on extreme fibers, f = 0.6F vQ., except as 
otherwise providcd for wind and seismic loading 

When the allowable stresses are increased due to wind or seismic load
ing, in accordance with the provisions of Sect. 1.5.6, the effective width b 
shall be determined on the basis of O. 75 times the stress caused by wind o; 
seismic loading acting alone or in combination with the design dead and 
live loading. 

SECTION C4 DESIGN PROPERTIES 

Properties of sections shall be determined in accordancc with conven
tional methods, using the fu JI cross-section of the member except as follows: 

In cor- ·tting the moment of inertia and section modulus of flexura! 
members, 11 respect to the axis of bending under consideration, the 

effcctive wid th of stifTcned com\,rcssion clcments parallel to the axis of 
bending and having a width-thickness ratio in excess of the applicabll'l 
limit given in Sect. 1.9.2.2, rather than the actual width, shall be uscd and 
the axis of bcnding shall be locaied accordingly, excepi that, for sections 
otherwise symmeirical, the properties may conservaiively and more easily 
be computed using a corresponding effective arca on the tension side of the 
neutral axis as well. That portion of the area which is neglected in arriving 
at the cfTective arca shall be locaied at and symmetrically about the center 
line of ihe stifTened element to which it applies. 

The stress fa due to axial loading and the radius of gyration r shall be 
computcd on the basis of actual cross-sectional area. However, the allow
ablc axial stress Fa , as provided in Sect. C5, shall be subject to the form 

factor 

effective area 
actual area 

where the effective area is equal to the actual area less !(b - b,)t. 

SECTION C5 AXIALL Y LOADED COMPRESSION MEMBERS 

The allowable stress for axially loaded compression members containing 
unstifTened or stiffened elements shall not exceed: 

Q Q [ 1 
_ (Kl/r)2] F 

s a 2Cc2 U 
rC5-l) 

5 3(Kljr) (Kl/r) 3 

3 + BCc - 8Cc3 

where 

e - _¡ 27r2E 
e - ~ Q,QaFu 

when the largest effective slenderness ratio of any unbraced segment of the 
member is ]ess than Ce, nor the value given by Formula (1.5-2) or (1.5-3) 
when Kljr excceds Ce or ljr exceeds 120, as applicable. 

SECTJON C6 COMBINED AXIAL AND FLEXURAL STRESS 

In applying the provisions of Sect. 1.6 to members subject to combined 
axial and flexural stress and containing stiffened elements whose width
thickness ratio exceeds the applicable limit given in Sect. 1.9, the stresses .. , 
Fa, fbz and fbv shall be calculated on the basis of the section properties as 
provided in Sccts. C4 and C5, as applicable. The allowable bending stress, 
Fb, for members containing unstiffencd elements whose width-thickness ratio 
exceeds the applicable limit given in Seci. 1.9 shall be the smaller value, 
0.6F vQs or that provided in Sect. 1.5.1.4.6. 



. • 

Structural Stetl for Butldmgs ,~ 5. 121 
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Commentary 
ON THE SPECIFICATION FOR THE DESIGN, FABRICATION 
ANO ERECTION OF STRUCTURAL STEEL FOR B,UILDINGS 

INTRODUCTION 

In the belief that the designer can make more efficient use of the Specifica
tion ü he knows the basis for ita various provisions, this Commentary has been 
prepared. 

Many provisions, notably in the sections dealing with fabrication and 
erection practices, have evolved from years of shop and field experience and 
need no further elaboration. Attention is directed primarily to less widely 
understood measures and particularly to modifications appearing for the first 
time. Many of these are the outgrowth of extensive research which has been 
carried out in recent years. 

Part 1 of the Specification includes all of the provisions necessary for a 
working-stress design covering all three types of construction. Part 2 covers 
provisions applicable to plastic design. 

SECTION 1.2 TYPES OF CONSTRUCTION 

In order that adequate instructions can be issued to the shop and erection 
forces, the basic assumptions underlying the design must be thoroughly 
understood by all concerned. As in the earlier AISC Specification, these 
assumptions are classified under three separa te but generally recognized types 
of construction. 

For better clarity, the provisions covering tier buildings of Type 2 con
struction designed for wind loading ha ve been reworded in the current Speci
fication, but without change in intent. Justification for these provisions 
has been discussed by Sourochnikoff, * Disque * * and others. 

SECTION 1.3 LOADS AND FORCES 

The Specification does not presume to establish the loading require
ments for which structures should be ciesigned. In most cases these are 
adequately covered 1n the applicable local building codea. Where such is 
not the case, the generally recognized standards of the USA Standards 
Institute are recommended as the basis for design . 

• Sourochniko/f, B. Wind Stresses in Semi-Rigid Connections of Steel Frame
work, 1950 ASCE Transactwns. 

•• Disque, R. O. Wind Connections with Simple Framing, AISC Engineering 
Journal, Vol. 1, No. 3. 



SECTION 1.4 MATERIAL 

The 1961 eclition of the Specification provided for the use of structural · 
stecl having a spedfied minimum yield point up to, but not exceeding, 50' 
kips per square inch. The grades of structural steel now approved for use 
under the Specification, covered by ASTM standards adopted since that 
time, extend thc yield stress to 100 kips per square inch. 

A number of other ASTM specifications are also now listed, covering 
types of material having infrequent application but suitable for use under 
the Specification. 

Some of these ASTM standards specify a mínimum yield point, while 
others specify a mínimum yield strength. The term "yield stress" is used 
in the Specification as a generic term to denote either the yield point or the 
yield strength. However, the specified terms "yield point" and "yield 
stress" are used where they are uniquely applicable. 

In keeping with the inclusion of steels of severa! strength grades, a 
number of corresponding specifications for cast steel forgings and other 
appurtenant materials such as rivets, bolts, and welding electrodes are also 
included. 

When requested to do so, the fabricator must make affidavit that all 
steel specified to a yield stress in excess of 36 kips per square inch has been 
provided in accordance with the plans and Specification. 

SECTION 1.5 ALLOW ABLE STRESSES 

1.5.1. Structural Steel 

Because of the introduction of steels having various specified mínimum 
yield stresses, it is convenient to express permissible working stresses in 
terms of yield stress, Fu. 

Where provisions are given in terms of Fu together with 
numerical values, it should be noted that, throughout the Specifi
cation, all stresses including the applicable value of Fu are ex
pressed in kips per square inch. 

For ready reference, numerical values are presented in Appendix A for 
severa! of the yield stress levels represented in Sect. 1.4.1. 

1.5.1.1 Tension 

The 5/3 factor of safety with respect to yield stress used in determin
ing the basic working stress for the newer and stronger steels is the same as 
that provided since the Specification was first adopted. 

However, a further precaution has been added, applicable only at the 
net section of axially loaded members. Here a factor of safety of 2 with re
spect to specified mínimum tensile strength must also be provided. This 
latter provision, of course, would apply only to steel having a yield stress
to-tensile strength ratio 5/6 or greater. 

The working stress at the net section at pin boles is based upon re
search • an'' -xperience with eye-bars. 

• Johnsto;;,, B. G. Pin-Connected Plate Links, 1939 ASCE Transactions. 

( 

1.5.1.2 Shear 

While the shear yield stress of structural steel has been variously esti
mated as between one-half and five-eighths of the tension and compression 
yield stress and is frequently taken as F~;v/3, it will be noted that the per
missible working value is given as two-thirds the recommended basic allow
able tensile stress, substantially as it has been since the first edition of the 
AISC Specification, published in 1923. This apparent reduction in factor 
of safety is justified by th~ minor consequences of shear yielding, as com
pared with those associated- with tension and compression yielding, and by 
the effect of strain hardening. 

Th e webs of rolled shapes are all of such thickness tbat shear is seldom the 
criterion for design. However, the web shear stresses are generally high 
within the boundaries of the rigid connection of two or more members whose 
webs lie in a common plane. Such webs should be reinforced when the web 
thickness is less than 

32M 

AbcFu 

where M is the algebraic sum of clockwise and counter-clockwise moments 
(in kip-feet) applied on opposite sides of the connection boundary and Abe is 
the planar area of the connection web, expressed in square inches. This 
expression is based upon the assumption that the moment Mis resisted by a 
couple having an arm equal to 0.95db, where db is the depth of the member 
introducing the moment. Designating as de the depth ofthe member entering 
the joint more or less at right angles to it, and noting that Abe is approximately 
equal to db X d. , the minimum thickness of the web not requiring reinforce
ment can be computed from the equation 

allowable shear stress = 0.40F~ 
12M 

1.5.1.3 Compression 

1.5.1.3.1 Formulas (1.5-1) and (1.5-2) are founded upon the basic 
column strength estímate suggested by the Column Research Council. • 

1 
This estímate assumes that the upper limit of elastic buckling failure is de-
fined by an average column stress equal to one-half of yield stress. The 
slenderness ratio c. , corresponding to this limit, can be ex.pressed in terms of 
the yield stress of a given grade of structural steel as 

c.= _{2;2E 
,1Yu 

A variable factor of safety has been applied to the column strength estí
mate to obtain allowable working stresses. For very short columns this fac
tor has been taken as equal to, or only slightly greater than, that required 
for members axially loaded in tension, and can be justified by the insensi
tivity of such members to accidental eccentricities. For longer columns, 
approaching the Euler slenderness range, the factor is increased 15 per
cent, to approximately the value provided in the AISC Specification since 
it was first published 46 years ago. 

• Column Research Council Guide to Design Criteria f 
sion Members, Second Editzon, Eqs. (2.11) and (2:12). 

'vfetal Compres-

1 
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In orti o prO\ iclc a smooth tran.,ition hctwccn thc5c limiLs, the factor 
of safcty has hccn arhitr,trily clcfincd by thc algehraic equivalcnt of a quarter 
sine curve whosc nhscissas are the ratio of given Kl!r values to the limiting 
value e" nnd whosc orclinatcs vary from 5/3 when Kl/r equals Oto 23/12 
when Kl!r equals e<. Suhstituting l27r~E/23 for the previous rounded-off 
vnlue, 149,000,000, in Formula ( L5-2) affords an exact convergence with 
Formula (1.5-1). 

Tables giving the permissible stress for columns and other compression 
memhers for n numbcr of thc approved structural steels are included in 
Appendix A of the Spccification for the convenience of the designer. 

1.5.1.3.2 Formula ( 1.5-2), covering columns slender enough to fail by 
elastic buckling, is based upon a constant factor of safety of 23/12 with re
spect to the elnstic (Euler) column strength. 

1.5.1.3.3 By dividing the values obtained from Formulas (1.5-1) and 

(1.5-2) by the factor (1.6 - _l -) when l/r exceeds 120, to obtain Formula 
200r 

(1.5-3), substnntially the same allowable stresses are still recommended for 
bracing and secondary members as those formerly given by the Rankine
Gordon formula which, until1961, had been included in the AISC Specifica
tion since its first adoption. 

The more liberal working stress for this type of member was justified 
in part by the relative unimportance of such members and in part by the 
greater effectiveness of end restraint likely to be present at their ends. 

Since Formula (1.5-3) does take advantage of end restraint, the full un
braced length of the member (rather than a reduced effective length, assum
ing K < 1.0) should always be used, and the formula should be restricted to 
members which are more or less fixed against rotation and translation at 
braced points. 

1.5.1.4 Bending 

1.5.1.4.1 When flexura! members are proportioned in accordance with 
the provisions of Sects. 1.9.1.2 and 1.9.2.2 and are adequately braced to 
prevent the lateral displacement of the compression flange, they provide 
bending resistance equal at least to the product of their section modulus and 
yield stress, even when the width-thickness ratio of compressed elements of 
their profile is such that local buckling may be imminent. 

Research in plastic design has demonstrated that local buckling will not 
occur in homogeneous sections meeting the requirements of subparagraphs 
a toe, inclusive, of Sect. 1.5.1.4.1 before the full plastic moment is reached. 
Practically all VF- and I-shapes of A36 steel and a large proportion of these 
shapes having a yield stress of 50 ksi meet these provisions and are ter_med 
"compact" sections. It is obvious that the possibility of overload fatlure 
in bending of such rolled shapes must involve a higher level of stress ~o.m
puted on the basis of M /S) than members having more slender compresswn 
elements. Since the shape factor of VF- and I..beams is generally in excess 
of 1.12, the · allowable bending stress for such members has been raised 10 
percent from 0.60Fv to 0.66Fu· 

The further provision, permitting the arbitrary redistribution of 10 
percent of the moment at points of support, due to gravity loading, gives 
partial recognition to the philosophy of plastic design. Subject to the re-
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strictions provided in Sect. 1.5.1.4.1, continuous framing wnsisting of com
pact membcrs may safely be proportioned on the basis of the working stress 
provisions of Part 1 of the Specification when the moments, before redis
tribution, are determined on the basis of an elastic analysis. Fig. C 1.5.1 
illustrates the application of this provision by comparing calculated moment 
diagrama with the diagrams as altered by this provisión. 

flliiiiiiiiiiiiiiiiiiiiiiiiiiiiJ 
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A = Actual moment diagram 
B = Modified diagram corresponding to 10 percent moment reduction allowance at 

interior supports 

Fig. e 1.5.1 

In order to a::;sure maximum advantage of moment redistribution, de
signs should be executed in accordance with the rules for plastic design 
given in Part 2. However, for many cases commonly encountered, the pro
visiona of Sect. 1.5.1.4.1 afford approximately the same overall economy. 

1.5.1.4.2 Formula (1.5-5) avoids an abrupt transition. between an 
allowable bending stress of 0.66F v when the half-fiange width-to-thickness 
ratio of laterally supported compression fianges exceeds 52.2/'VF11 , and 
0.60Fv when this ratio is no more than 95.0/VFv. The assured hinge rota
tion capacity in this range is too small to permit redistribution of computed 
moment. 

1.5.1.4.3 The 25 percent increase in allowable bending stress for com
pact sections and solid rectangular bars bent about their weak axis, as well 
as for square and rectangular bars, is based upon the favorable shape factor 
present when these sections are bent about their weakest axis, and the fact 
that, in this position, they are not subject to lateral-torsional buckling. 
While the plastic bending strength of these shapes, bent in this direction, is 
considerably more than 25 percent in excess of their elastic bending strength, 
full advantage is not taken of this fact in order to provide elastic behavior 
at service loading. 



1.5.1.4.4. Box-type mcmhers are torsionally ver y stiff. • The critica! 
flexura! stress duc to lateral-torsional buckling, for thc comprcssion ftange 
of a box-typc bcam loaderl in the plane of its minor axis so asto hend about 
its major axis, can he ohtained using Formula (1.5-1) with an equivalent 
slenderness ratio, hy the expression 

( l) ~ j5.1lSr 
-;: •quío = "V Jiu 

where lis the distance between points of lateral support and Sx. lu and J are, 
respectively, the major axis section modulus, minor axis moment of inertia 
and the torsional constant of the beam cross-section. It can be shown that, 
when d < lOb and l/b < 2,5001 F¡,, the allowable compression flange stress 
indicated by the above equation will approximate 0.60Fv. Beyond this 
limit deflection rather than stress is likely to be the design criterion. 

1.5.1.4.5 and 1.5.1.4.6 The allowable bending stress for all other 
fiexural members is given as 0.60Fv, provided the compression flange is 
braced laterally at relatively close intervals U!b1 ~ 76.0/VFv)-

Members bent about their major axis and having an axis of symmetry 
in the plane of loading may be adequately braced laterally at greater ínter
vals if the maximum bending stress is reduced sufficiently to prevent pre
matura buckling of the compression flange. Mathematical expressions af
fording an exact estímate of the buckling strength of such members, which 
take into account the~ torsional rigidity about their longitudinal axis (St. 
Venant torsion) as well as the bending stiffness of their compression fiange 
between points of lateral support (warping torsion), are too complex for 
general design office use. Furthermore, their accuracy is dependent upon 
the validity of assumptions regarding restraint at points of lateral support 
and conditions of loading which, at best, can be no more than engineering 
judgments. 

The combination of Formulas (1.5-6a) or (1.5-6b) and (1.5-7) provides a 
reasonable design criterion in more convenient forro. 

As in Formula (4) of the 1963 edition of the Specification, Formulas 
(1.5-6a) and (1.5-6b) are based on the assumption that only the bending stiff
ness of the compression flange will prevent the lateral displacement of that 
element between bracing points. The new Formulas (1.5-6a) and (1.5-6b) 
differ from the earlier Formula (4) in two ways: 

l. Whereas the earlier provisions required no stress reduction when ljr 
was less than 40 (regardless ofyield stress value) and then a reduction 
to the value obtained from the parabolic expression, the new form
ulas, by increasing Fb at l = O from 0.60Fv to 2Fv/3, provides a con
tinuous stress relationship with the unbraced length when Fb is 
reduced from the maximum permissible value of 0.60Fv· 

2. Whereas the earlier single Formula (4) applied even in the range 
of elastic buckling stress (on the assumption that Formula (5) would 
govern), the replacement of Formula (4) is liberalized in this range 
by the addition of an Euler-type expression, since this assumption 
is not always correct. 

* Colum •.• (esearch Council Guide to Design Criteria for Metal Compression 
Members, Second Edltion, Sect. 4.2. 
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Fonnula (1.5-7) is a convenient approximation which assumes the pres
ence of both lateral bending resistance and St. Venant. torsional resistance. 
Due to the difference between flange and web yield strength, it is desirable 
to base the lateral buckling resistance solely on warping torsion of the flange. 
Hence, use of Formula (1.5-7) is not permitted for such members. lts agree
ment with more exact expressions for the buckling strength of intermittently 
braced flexura! members• is closest for homogeneous sections having sub
stantial resistance to St. Venant torsion, identifiable in the case of doubly
symmetrical sections by a relati vely low d /A 1 ratio.. 

For sorne sections having a compression flange area distinctly smaller 
than the tension flange area, Formula (1.5-7) may be unconservative; hence, 
its use is limited to sections whose compression flange area is at least as 
great as the tension flange. In plate girders, which usually have a much 
higher djA1 ratio than rolled 1- and VF-shapes, Formula (1.5-7) may err 
grossly on the conservativa side. For such members the larger stress per
mitted by Formula (1.5-6a) and, at times by Formula (1.5-6b), affords the 
better estímate of buckling strength. While these latter formulas under
estimate this strength somewhat because they ignore 1the St. Venant tor
sional rigidity of the profile, this rigidity for such sections is relatively 
small and the margin of overconservatism, therefore, is likewise small. 

It should be noted that Fonnula (1.5-7), like the more precise, complex 
expressions it replaces, is written for the case of elastic buckling. A transi
tion is not provided for this formula in the inelastic stress range because, 
when actual conditions of load application and variation in bending moment 
are considered, any unconservative error without it mus& be small. 

Singly-symmetrical, built-up, 1-shape members, such as sorne crane 
girders, often have an increased compression flange area in order to resist 
bending due to lateralloading action in conjunction with the verticalloads. 
Such members usually can be proportioned for the full permissible bending 
stress when that stress is produced by the combined vertical and horizontal 
loading. Where the failure mode of a singly-symmetrical I-shape member 
having a larger compression than tension flange would be by lateral buckling, 
the permissible bending stress can be obtained by using Formula (L5-6a) 
or (1.5-7). 

Through the introduction of the modifier** Cb, sorne liberalization 
in stress is permissible when there is moment gradient over the un
braced length except where, in the case of combined bending and axial com
pression, this adjustment is provided by the factor C,11 in Formula (1.6-la). 

Formulas (1.5-6a) and (1.5-6b) may be refined to include both St. 
Venant and warping torsion (thereby eliminating tbe need for Formula 
(1.5-7) by substituting a derived value for r. This equivalent radius of gyra
tion, requi•• can be obtained by equating the appropriate expression giving 
the critica! elastic bending stress for the compression flange of a beamt with 
that of an axially loaded column.t 

* Column Research Council Guide to Design Criteria lor Metal Compression 
Members, Second Edition, Eq. 4.8. 

** lbid., Eq. 4.13. 
t lbid., Eqs. (4.9c), (4.30), (4.31) or (4.32). 
t lbid., Eq. (2.2). ... 



For t' ·ase of a doubly-symmetrical 1-shape beam, 

' - 0!_! Jd2 + 0.156l7J 
r 1(/UIO - 28Z: "' [ll 

where Co is ns rlcfined in Sect. 1.5.1.4.6a, lv is the minar axis moment of 
inertia of the membcr, S, is its major axis section modulus, and 

1.5.1.5 Bearing 

1.5.1.5.1 As used throughout the Specification the terms "milled sur
face," "milled" or "milling" are intended to include surfaces which have 
been accurately sawed or finished to a true plane by any suitable means. 
The recommended bearing stress on pins is not the same as for rivets. The 
lower value, nine-tenths of the yield stress of the part containing the pin 
hole, pro vides a safeguard against instability of the plate beyond the hale, • 
which is considerably larger than a rivet hole. 

1.5.2 Rivets, Bolts, and Threaded Parts 

1.5.2.1 Tension 

As in earlier editions, permissible stresses for rivets are given in terms 
applicable to the nominal cross-sectional area of the rivet before driving. 
For greater convenience in the proportioning of high strength bolted con
nections, permissible stresses for the bolts are givenin terms applicable to their 
nominal body area, i.e., the area of the unthreaded shank. However, for 
A307 bolts (which are available in sizes up to 4 in. in diamet~r) and threaded 
parts other than high strength bolts, the allowable tensile stress is applicable 
toa stress area equal to 0.7854 [D - (0.9743/n) )2. This area (intermediate 
between gross area and area at the root of the thread) when multiplied by 
the mechanical properties of the unthreaded material, has been found to 
more closely predict the tensile strength.of larger diameter threaded parts, 
such as might be used for anchor bolts or upset rods. 

In recognition of the protection against notch effect in the threading, 
assured by the required initial tightening of high strength bolts, the Re
search Council on Riveted and Bolted Structural Joints has recommended 
a relatively higher working stress in tension for high strength bolts. 

Any additional fastener tension resulting from prying action dueto dis
tortion of the connection details should be added to the stress calculated 
directly from the applied tension in proportioning fasteners for an applied 
tensile force, using the specified working stresses. Depending upon the 
relative stiffness of the fasteners and the connection material, this prying 
action may be negligible or it may be a substantial part of the total tension 
in the fasteners. • • 

• Johnston, B. G. Pin-Connected Plate Links, 1939 ASCE Transactions. 
•• Munse, W. H. Research on Bolted Connections, 1956 ASCE Transactions, 

p. 1265. 
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1.5.2.1 Shear 

Connections which transmit load by means of shear in their fasteners 
are categorized as "friction-type" or "bearing-type". The former depend 
u pon sufficiently high clamping force to prevent slip of the connected parts. 
The latter depend upon contact of the fasteners against the sirles of their 
holes to transfer the load from one connected part to another. 

The amount of clamping force developed by shrinkage of a rivet after 
cooling and by A307 bolts is unpredictable and generally insufficient to pre
vent complete slippage at the permissible working stress. Hence riveted 
connections and connections made with A307 bolts for shear are treated as 
bearing-type. The high clamping force produced by properly tightened high 
strength bolts is sufficient to prevent slip of the connected parts when an 
equal number of these bolts are substituted for the rivets of equal size that 
would be required to transmit a given load - A325 boJts for A502 Grade 1 
rivets and A490 bolts for A502 Grade 2 rivets. 

The efficiency of threaded fasteners in resisting sbear in bearing-type 
connections is reduced when the threading extends into the shear plane 
between the connected parts. In the case of high strength bolts, two allow
able shear stress values are given: one where threading is excluded from the 
shear plane and one where it is not. Since it is not customary to control 
this feature in the case of A307 bolts, it is assumed that threading may ex
tend into the shear plane and the allowable shear value, applicable to the 
gross area, is reduced accordingly. -

1.5.2.2 Bearing 

Bearing values are provided, not as a protection to the fastener, because 
it needs no such protection, but asan index of the efficiency of net sections 
computed in accordance with Sect. 1.14.3. The same index is valid for joints 
assembled with rivets or with bolts, regardless of fastener shear strength or 
the presence or absence of threads in the bearing area. Tests of riveted 
joints• ha ve shown that the tensile strength of the connected part is not im
paired when the bearing pressure on the computed contact area of the 
fastener is as much as 27;,l times the tensile stress permitted on the net area 
of the part. In this investigation the contact (bearing) area was computed, 
according to the usual convention, as the product of nominal fastener diam
eter and thickness of the connected part. No difference was observed be
tween single-shear bearing and enclosed bearing. Based on these findings, 
the recommended working stress is the same for sing!e-shear and double
shear bearing, and approximately equal to 274 times the tensile working 
stress recommended for determining required net area. 

1.5.3 Welds 

As in the past, the allowable working stresses for statically loaded full
penetration welds are the same as those permitted for the base metal, pro
vided the mechanical properties of the electrodes used are such as to match 
or exceed those of the weakest grade of base metal being joined. 

• Jones, Jonathan Effect of Bearing Ratio on Sta tic Strength of Riveted Joints, 
1958 ASCE Transactzons. 



. In earlier editions of the AISC Specifkation, working stresses were not 
g1ven for fillet \\chis m acle with clcctrodes stronger than the E70 classifica
tion. The stre~-.cs that werc given were known to he ovcrly conservative 
for thcir rccommendcd use with E60 ami E70 classifications. Based upon 
recent tests, • t he nllowt~hle stress o~ fillet welds, deposited on "matching" 
base metal or stccl havmg mcchnmcal propertics higher than those speci
ficd for such ha~c metal, is now given in tcrms of the specifiecl tensile strcngth 
of the weld metal. 

As in the pnst, the same working value is given to a transverse as to a 
longitudinal wcld, evcn though lhc force that the former can resist is sub
stantially greatcr than that of the Iatter. In the case of tension on the 
throat of partial pcnclralion groove welds normal to their axis (more nearly 
~alagous to that of transverse than longitudinal fillets), the working stress 
lB conservatively taken the same as for fillet welds. 

When partial penetration groove welds are so disposed that they are 
stressed primarily in compression, benring, or in tension parallel to the 
longitudinal axis of the groove, they muy be proportioned to resist such 
stress at the same unit value permitted in the base metal. 

1.5.4. Cast Steel 

In keeping with the inclusion of high strength low-alloy steels, the 
Specification recognizes high strength steel castings. Allowable stresses 
are expressed in terms of the specified mínimum yield stress for castings. 

SECTION 1.6 COMBINED STRESSES 

1.6.1 Axial Compression and Bending 

The application of moment along the unbraced length of axially loaded 
members, with its attendant axial displacement in the plane of bending, 
generates a secondary moment equal to the product of resulting eccentricity 
and the applied axial load, which is not reflected in the computed stress fb· 
To provide for this added moment in the design of members subject to com
bined axial and bending stress, Formula (1.6-1a) requires that fb be ampli
fied by the factor 

1 

(t- t~) 
Depending u pon the shape of tT1e applied moment diagram (and, hence, 

the critica! location and magnitude of the induced eccentricity), this factor 
may overestimate the extent of the secondary moment. To take care of 
this condition the amplification factor is modified, as required, by a reduc
tion factor Cm. 

When bending occurs about both the x- and y-axes, the bending stress 
calculated.about each axis is adjusted by the value of Cm and F', correspond
ing to the distribution of moment and the slenderness ratio in its plane of 
bending, and is then taken as a fraction of the stress permitted for bending 
about that axis, with due regard to the unbraced length of compression 
flange where this is a factor. 

• Higgit •• , r. R. and PreecP, F. R. Proposed Working Stresses for Fillet Welds 
in Building Construction, Welding Journal Research Supplement, Oct., 1968. 
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When the computed axial stress is no grec ter than 15 percent of the 
permissible axial stress, the influence of 

e,. 

is generally small and may be neglected, as provided in Formula (1.6-2). 
However, its use in Formula (1.6-1a) is not intended to permit a value of {b 
greater than Fb when the value of C,. and fa are both small. 

Depending u pon the slenderness ratio of the given unbraced length of a 
member in the plane of bending, the combined stress computed at one or 
both ends of this length may exceed the combined stress at all intermedia te 
points where lateral displacement is created by the applied moments. The 
limiting value of the combined stress in this case is established by Formula 
(1.6-1b). 

The classification of members subject to combined axial compression and 
bending stresses is dependent upon two conditions: the stability against 
sidesway of the frame of which they are an integral part, and the presence or 
absence of transverse loading between points of support in the plane of bend
ing. Three categories and the appropriate provisions of Sect. 1.6.1 are listed 
in Table C 1.6.1.1. 

TABLE C 1.6.1.1 

Loading 
Cate- conditions 
gory (fa> 0.15F4 ) lb e,. Remarks 
--

Computed mo- ~Mt -Mp menta maxi-
mum at end; JJr 
joint translation 

1 
l& 

not prevented M2 ·1 A s 0.85 

M1 < M2; Z: negative as 

shown. Check both Formulas 
(1.6-la) & (1.6-lb) 

'---
Computed mo- ( 0.6 ::1: -t:l -M2~ menta rnaxi-

mum at end; no M2 
0.4 Z~) lb 

A 
B transverse load- s 1· ·1 ing; joint trans- but not 

lation pre- less than Check both Formulas 
vented 0.4 (1.6-la) & (1.6-lb) 

Transverse load- M2 
ing; joint trans- s 
lation prevented Using -M,~ Af11M• 

Formula -~-
e 

(1.6-lb) 
1+.¡,.&. 1. l.6 Ma .1 M a F'. 

s Check both Formulas 
Using (1.6-- ' & (1.6-lb) 

Formula 
(1.6-la) 
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Note f lb is dcfined as the computed bending stress at the point under 
consideration. In thc nhsence of transversc loading between points of sup
port, lo is computcd frotll thc largcr of thc moments at these points of sup
port. Whcn intcrmediatc trunsvcrse loading is prcscnt, the larger moment 
at one of the two supported points is used to compute lo for use in Formula 
(1.6-lb). The maximum moment betwecn points of support, however, is 
used to compute thc bcnding stress for usc,in Formula (1.6-la). 

Category A covcrs columns in framcs subject to sidesway, i.e., framcs 
which depend upon the bending stiffness of their severa! members for over
all lateral stability. For determining the value of Fa and F',, the effective 
length of such members, as discussed hereinafter under Sect. 1.8, is never 
less than the actual length, unbraced in the plane of bending, and muy be 
greater than this length. The actual length is used in computing moments. 
For this case the value of e,. can be taken as 

e,. = 1 - o.18I,./F',. 

However, under the combination of compression stress and bending stress 
most affected by the amplification factor, a value of0.15 can be substituted for 
0.181,./F',. Hence, a constant value of0.85 is recommended for e,. here. 

eategory B applies to columns not subject to transverse loading in 
frames where sidesway is prevented. For determining the value of Fa and 
F', the effective length of such members is never greater than the actual un
braced length and may be somewhat less. The actuallength is used in com
puting moments. 

For this category, the greatest eccentricity, and hence the greatest 
amplifi.cation, occurs when M1 and -M2* are numerically equal and cause 
single curvature. It is least when they are numerically equal and of a di
rection to cause reverse curvature. 

To evaluate properly the relationship between end moment and amplified 
moment, the concept of an equivalent moment, M., to be used in lieu of the 
numerically smaller end moment, has been suggested. M. can be defi.ned as 
the value of equal end moments of opposite signs which would cause failure 
at the same concurrent axial load as would the given unequal end moments. 

T~en M,/M2 can be written** in terms of ± M1/M2 as 

M, = e,. = _/o.3 (MI)2 - 0.4 (±MI) + o.3 
M 2 1 1 

M2 M2 

It has been notedt that the simpler formulation 

e,. = o.6 - o.4 ( ± ~:) ~ o.4 

affords a good approximation to this expression. When M1/M2 is greater 

* The sign convention for moments here and in Sect. 1.6 is that generally u,sed 
in frame analysis~ It should not be confused with the beam sign convention used 
in many textbooks. Moments are considered positive when acting clockwise about 
a frxed point, negative when acting counter-clockwise. 

•• Column Research Council Guide to Design Criteria for Metal Compression 
Members, p. 163. (Discussion in the Gutde uses beam sign convent10n.) 

t Austin, W. J. Strength and Design of Metal Beam-Columns, ASCE Journal 
o{ the Structural Dzvision, April, 1961. 
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than 0.5 the combined axial and bending stre<;<;; is usually •... tited by general 
yielding rather than by stability, in which case Formula (1.6-lb) would 
govern. Therefore, a tentatively selected column scction should be tested 
by both Formulas (1.6-la) and (1.6-lb). 

eategory e is exemplificd by the co~pression chord of a truss, subject 
to transverse loading between panel points. For this case the value for Cm 
can be computed using the expression 

e,.= 1 + ""~., 
F', 

where 

ao = ma~imum deflection due to transverse loading 
M o = maximum moment between supports dueto transverse loading 

Values for if¡ for severa! conditions of loading and end restraint are given in 
Table e 1.6.1.2. 

TABLE C 1.6.1.2 

Ca~ , c.. 

-~llllllllllllllllllll- o 1.0 

-f1111111111111111111~- -0.3 1- o.a::. 

\ 

-~1111111111111111111~- -0 4 1- 0.4:~. 

-f ! 
t - -0.2 ¡..:. 0.2.& 

F'. 

¡-L/2 i- -0.4 1-04 1• -f . F'• 

-~ l ~- -0.6 t-os'· 
. F'• 



, 1 

t· 

Note that F~ is govcrncd by the maximum slenderness ratio, regardless of 
thc plane of bending. F', , on th<' othcr hand, is always governed by the 
8lcnderne!'..-; r.1tio in thc planc of bcnding Thus, when ftexure is about the 
strong axis only, two di'Tcrcnt valucs of !>lcndernc::.s ratio may be rcquired in 
solving n givcn problcn . 

1.6.2 Axial Tcnsion nnd Bcnding 

Contrary to thc bchavior in compression members, axial tension tends to 
reduce thc bending stress between points of lateral support bccause the 
~ondary moment, Y. hich is the product of the deftc>ction and the axial tension, 
is opposite in scnsc to the applied moment, in<>tead of being of the same sense 
and additive, as in columns. 

1.6.3 Shear and Tension 

Tests ha ve shown • that the strength of rivets subject to combined tension 
and shear resulting from externally applied forces (in addition to existing 
interna! shrinkage stresses) can be closely defined by either (1) an ellipse, or 
(2) threc straight lines, as shown in Fig. C 1.6.3.1. 

{, = ~ v'F.• - t.• 
D 

~------------~--~ F. 
Fig. e 1.s.a.1 

In most cases the latter representation is the more simplE> of application, 
since it requires no modificatiorí of the stress reconunended for either shear or 
tension when these stresses act in conjunction, respectively, with relatively 
large coneurrent tension or shear stresses. Therefore, it is the only one given 
in Sect. 1.6.3, sin ce the inclusion of more than one method is hardly warranted. 
However, solutions based upon use of the ellipse are equally valid and should 
be allowed. Any differences in the number of fasteners required by the two 
prescriptions would be small. 

Similar interaction formulas have been derived for the other approved 
types of fasteners from ellipses constructed with major and minor axis half
lengths equal, respectively, to the tension and shear stress given in Sect. 1.5.2. 

• Higgins R. and Munse, W. H. How Much Combined Stress C!\n A Rivet 
Take? Engmeenng Neu:s-Record, Dec. 4, 1962. 

. 
SECTION 1.7 MEMBERS AND CONNECTIONS SUBJECT TO 

REPEATED VARIATION OF STRESS (FATIGUE) 

Because most members in building frames need not be designed for ' 
fatigue, the provisions covering such designs have been placed in Ap-: 
pendix B. : 

Where fatigue is a design consideration, its severity is most signifi- : 
cantly affected by the number of load applications and the magnitude of: 
the stress range. It is aggravated by the presence of stress raisers toa vary-' 
ing degree, depending on the particular detail. Consequently, when fatigue 
is of concern, all the applicable provisions of Appendix B must be satisfied. 

Members or connections subject to less than 20.000 cycles of loading! 
will not involve a fatigue condition except in the case oí repeated loading in- : 
volving large ranges of stress. For such conditions tbe admissible range of: 
stress can conservatively be taken as 17-2 times the applicable value given' 
in Table B3 for Loading Condition l. i 

Except where indicated by "C" under "Kind of Stress" in Table B2, : 
ftuctuation in stress which does not involve tensile stress is not considered ' 
a fatigue situation. 

When fabrication details involving more than one category occur at the i 
same location in a member, the stress range at that location must be limited 
to that of the most restrictive category. By locating notch-producing fabri
cation details in regions subject to a small range of stress, the need for a 
member larger than required by static loading will often be eliminated. 

The use of a constant stress range, which can be read directly from a ; 
table for a particular category and loading condition, greatly simplifies de
signa involving fatigue when compared with designs based on maximum or: 
minimum allowable stress obtained from fatigue strength formulas on the 
basis of a stress ratio. 
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The reason for this shift in design criteria is apparent when the provi
sions of Ap lix B are prescnted in the form of the familiar modified Good
man diagram oftcn uscd as a design aid in lieu of such formulas. In Fig. 
C 1.7.1 the provisions of a category "D•" detail of A36 Steel are plotted 
diagramatically in this form. With maximum stress and stress ratio as the 
governing paramctcrs, note that points A and B define substantially dif
ferent critica! maximum stress, with only slightly differcnt stress ratios. 
However, with the line en drawn parallel to the 45° boundary line repre
senting stntic loading (min = max; R = 1) the permissible range in stress 
for points A' ancl B (or any point between e and D) is the same. Only 
minor change in stress range would result had the slope of line en been 
varied somewhat from 1 on 1, as often indicated in earlier evaluations of 
fatigue test results and as indicated by the line EF. 

The allowable range of fluctuating tensile stress for Loading Condition 
3, regardless of maximum stress value, can be read on the maximum stress 
scale and is represented by the distance OC. 

This is the value F.,.3 given in Table B3. It might also be read from a 
scale plotted on the R = -1 boundary Iine, so laid off that 

stress range sea le : max stress se ale = 1: V2 

In developing the stress range values given in Table B3, published 
fatigue data and data obtained in continuing research were reviewed. In 
adopting a constant stress range basis for designs involving fatigue (in the 
interest of a simpler design procedure), it was realized that a number of 
known characteristics of fatigue strength data would not be taken into con
sideration. For example, except for A514 steel in category "A", the provi
sions do not recognize any increase in fatigue strength for the higher strength 
steels, as compared with that of A36 steel. For a particular category, this 
increased strength varies for the different steels depending upon the number 
of cycles of repeated loading. 

As a consequence, the provisions may not provide a uniform factor of 
safety for the different strength steels. However, deviations from a uniform 
factor of safety are on the conservativa side. Comparison of the fatigue 
provisions of this Specification with available test data indicate that the 
safety factors inherent in the recommended fatigue provisions are commen
surate with static stress provisions. 

In a few instances, identified by asterisks in Tahle B2, the extent of 
this conservatism warranted the liberalization provided by Formula (B1), 
which was derived from the expression for maximum permissible fatigue 
stress: 

F, 
1- mR 

where 

R = Stress ratio, having a negative value with reversa! of stress 
!ro = Maximum permissible stress when R = O 
m = Slope of a fatigue strength line as presented in a modified Good

man diagram (m ......., 0.6) 

Substituting {, for F,, F., for tro, 0.6 for m, and - (f,/t,) for R, and 
noting that F',. = t, +t., 

F', t; +t. F 
t, + 0.6t. .. (Bl) 

Since Fig. e 1.7.1 was drawn for category "D*", where Formula (Bl) 
applies when a reversa! of stress is involved, the fatigue strength lines 
(shown solid) represent the liberalization in stress range provided by For
mula (Bl) as compared with the dashed lines which would govern for cate
gory "D". 

While greater fatigue strength than indicated by the provisions of Ap
pendix B is attainable using special treatment, and is often provided in the 
case of manufactured products, the application of such treatment to as
fabricated structural steel is seldom economical. An exception is the grind
ing flush of full penetration groove welded splices which must be located 
where the alternate to the higher stress range permitted would be a sub
stantial increase in required member size. 

SEeTION 1.8 STABILITY AND SLENDERNESS RATIOS 

Considerable attention has been 'given in the tecbnicalliterature to the 
subject of "effective" column length (as contrastad with actual unbraced 
Iength) as a factor in estimating column strength. The topic is reviewed at 
sorne length in Sect. 2.8 of the Guide to Design Criteria for Metal Compression 
Members. 

Two conditions, opposite in their effect upon column strength under 
axial loading, must be considered. If enough axial load is applied to the 
columns in a frame dependent entirely upon its own bending stiffness for 
stability against sidesway, i.e., uninhibited lateral movement, as shown in 
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Fig. C 1.8.1, the "effective" length of these columns will exceed their actual 
length. On the other hand, if the same frame were braced in such a way 
that lateral movement of the tops of the columns witb respect to their bases 
(translation or sidesway) were prevented, the effective length would be less 
tban the actuallength, due to the restraint (resistance to joint rotation) pro
vided by the horizontal member. The ratio K, effective column length to 
actual unbraced length, may be greater or less than ~-0. 

• 



1'hc theorcticnl K-valucs fo~ six idealizcd conditions in which joint rota
tion and trnnslntion are either fully realizcd or non-existcnt are tabulated in 
Tablee 1.8.1. Also shown are suggested design values reconunended by the 
eolumn Rescarch eouncil for use whcn these conditions are approximated in 
actual dcsign. In ¡:¡t-neral, these suggested values are slightly higher than 
thl'ir thcoretical equivnlents, since joint fixity is seldom fully realized. 

TABLE C 1.8.1 

(a) (b) (e) (d) (e) (f) 

' ~ 12~ ~!} 
t l l 

f2 ?a ~ !J .L<W p 
1 1 1 1 1 

1 1 1 1 1 
1 1 1 1 1 1 

Buckled shape of column 1 1 1 1 1 1 
1 1 1 1 1 1 

is shown by dashed line 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 

' 1 1 1 1 
1 1 

1 1 

"'"' '7ir mr l"f 1~ t t 
Theoretical K value o 5 o 7 1 o 1 o 2 o 2.0 

Recommended design 
value when ideal condi- o 65 o 80 1 2 1 o 2 10 2 o 
tions are approximated 

4" Rotation fixed and translation fixed 

End condition code v Rotation free and translation fixed 

~ Rotation fixed and translation free 

y Rotation free and translation free 

If the column base in case (f) ofTable e 1.8.1 were truly pinned, K would 
actually exceed 2.0 for a frame such as that pictured in Fig. e 1.8.1, because 
the fiexibility of the horizontal member would prevent realization of full 
fixity at the top of the column. On the other hand, it has be en shown • that 
the restraining influence of foundations, even where these footings are de
signed only for vertical load, can be very substantial in the case of fiat-ended 
column base details with ordinary anchorage. For this condition, a design K
value of 1.5 would generally be conservative in case (f). 

While ordinarily the existence of masonry walls provides enough lateral 
support for tier building frames to prevent sidesway, the increasing use of 
light curtain wall construction and wide column spacing, for high-rise struc
tures not provided with a positive system of diagonal bracing, can en~.- te a 
situation where only the bending stiffness of the frame itself provides this 
support. 

In this case the effective length factor, K, for an unbraced length of 
column, l, is dépendent upon the amount of bending stiffness provided by 
the other in-plane members entering the joint at each end of the unbraced 

• Gala" T. V. lnftuence of Partial Base Fixity on Frame Stability, ASCE 
Joumal o{ tlk. _.ructural Diviswn, M ay, 1960. 
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segment. If the combined stiffness provided by the beams ·is sufficiently L 
small, relative to that of the unbraced column segments, Kl could exceed j 
two or more story heights. • ~ 

Severa! rational methods are available by means of which the: 
effective length of the columns in a laterally unbraced frame can be estimated 
with sufficient accuracy. These range from simple interpolation between the 1 

idealized cases shown in Table e 1.8.1 to very complex analytical procedures. ; 
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Tbe subscripts A and B reCer to 
the Jointa at the two ends oC the 
column """tion being considered 
Gisdefimdas 

¿~ 
G~--Llu 

Lu 

in wbicb. % indica tes a summation 
oC all members rigidly connected 
to that joint and lying in the plane 
in which buckling of the column 
is being cons1dered. 1 e is the 
moment of inertia and Le the 
unsupported length oC a column 
section, and 1 u is the moment of 
inertia and Lg the unsuppnrted 
length or a girder or other re
straining member. le and lg 
are takeoabout axes perpendicular 
to the plane of buckling being 
considered. 

For culumn ends suppnrted 
by but uot rigidly connected to a 
Cooting or foundstion, G is 
theoretil:ally infinity, but, unless 
actually design ed as a trua frie· 
tion free pin, may bP taken os 
"10" IDr prs e ti cal designa If 
the column end is rigidly attsched 
to a praperly designed Cooting, 
G may be taken as 1 O. Smaller 
values may be used if justified by 
anal)'lli&. 

Alignment Chart for Effective Length of Columns in Continuous Frames 

Fig. Cl.8.2 

Once a trial selection of framing members has been made, the use of the 
alignment chart in Fig. e 1.8.2 affords a fairly rapid method for determining 
suitable K-values. 

lf roof decks or fioor slabs, anchored to shear walls or vertical plane 
bracing systems, are counted upon to provide lateral support for individual 
columns in a building frame, due consideration must be given to their stiff
ness when functioning as a horizontal diaphragm. "'• 

• Bleich, F. Buckling Strength of Metal Structures, pp. 260-265. 
•• Winter, G. Lateral Bracing of Columna and Beams, A r-~r;; Journal o{ the 

Structurol Diviston, March, 1958. 
1 • 



While • ·-.nslation of the joints in the plane of a truss is inhibited and, due 
to end rcsl 1t, the effcctive length of compression membcrs might therefore 
be assumcd ns lcss than thc distance betwccn panel points, it is usual practice 
to take K as equal to 1.0, since, if all members of the truss reached their 
ultimate load capncity simultancously thc restraints at the ends of the com
pression members would disappear or, nt least, be greatly reduced. 

The slenderncss limitations recommendcd for tension members are not 
esscntial to the structural integrity of such members; they merely afford a 
degree of stiffness such that undesirable lateral movement ("slapping" or 
vibration) will be avoided. These limitations are not mandatory. 

SECTION 1.9 WIDTH-THICKNESS RATIOS 

When the width-thickness ratio of the compressed elements in a mem
ber does exceed the applicable limit specified in Sects. 1.9.1.2 or 1.9.2.2, no 
reduction in allowable stress is necessary in order to prevent local buckling. 
The design of members containing compression elements having a width
thickness ratio somewhat in excess of these limits is generally conservative 
ü the aren provided by the excessive width is ignored, as has been permitted 
in earlier editions of the Specification. 

This expediency, in the case of unstiffened elements, raises a question as 
to eccentricity between actual and admissible cross-sectional area axes, makes 
no provision for computing an "effective" section modulus, and may even 
result in unconservative design. For the infrequent situation where width
thickness ratios substantially in excess of the limits given in Sect. 1.9 are 
involved, the provisions of Appendix C afford a better design procedure. 

Formulas (C2-1) to (C2-6) are based u pon the expression • for critica! 
buckling stress for a plate having one or both edges parallel to an in-plane 
compressive force supported against lateral defiection, with or without tor
sional restraint along these edges. For this case 

,. _ k [ r'Ev;¡- J 
e - 12(1 - 11 2)(bjt)2 

(C1) 

where 7J is the ratio of the tangent modulus to the elastic modulus, Et/ E, 
and "is Poisson's ratio. The idealized value k = 0.425, assumes nothing 
more than knife-edge laterai support, applied along one edge of the un-
5tlffened element, at the mid-plane of the element providing it. Sorne in
crease in this value is warranted because of the torsional restraint pro
vided by the supporting element and because of the difference between b, 
as defined in Sect. 1.9.1.2, and the theoretical width b. 

In the interest of simplification, when V~ < 1.0 a linear formula is 
substituted for the theoretical expression. lts agreement with the latter 
may be judged by the comparison shown in Fig. C 1.9.1. 

Formula (C2-5) assumes a decrease in the torsional restraint charac
teristic of tees cut from rolled shapes, which might be expected of tees of 
quite different proportions formed by welding two plates together. 

• Column Research Council Guide to Design Criteria for Metal Compression 
Members, Sect. 3.3. 
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It has been shown * that singly-symmetrical members whose cross
section consists of elements having large width-thickness ratios may fail by 
twisting under a smaller axial load than that associated with general column 
failure. Such is not generally the case with hot-rolled shapes. To guard 
against this type of failure, particularly when relatively thin-walled mem
bers are fabricated from plates, Table C1 places an upper limit on the pro
portions permissible for channels and tees. 

With both edges parallel to the applied load supported against 
local buckling, stiffened compression elements can support a load producing 
an average stress, u e, greater than that given in the above expression for 
critica! plate buckling stress. This is true even when k is taken as 4.0, 
applicable to the case where both edges are simply supported, or a value 
between 4.0 and 6.97, applicable when sorne torsional restraint is alsp pro
vided along these edges. 

A better estímate of the compressive strength of stiffened elements, 
based upon an "effective width" concept, was first proposed by von Kar
man. • • This was la ter modified by Wintert to pro vide a transition between 
very slender elements and stockier elements shown by tests to be fully ef
fective. 

As modified, the ratio of effective width to actual width increases as 
the leve! of compressive stress applied to a stiffened element in a member 
is decreased, and takes the forro 

~e = 1.9~ [1- (b~t) ~] 
• Chajes, A. and Winter, G. Torsional Flexura! Buckling of Thin-Walled Mem

bers, ASCE Journal o{ the Structurol Diuision, August, 196ó. 
•• v. Karman, T., Sechler, E. E. and Donnell, L. H- The Strength of Thin 

Plates in Compression, 1932 ASME Tronsactions, Vol. 54. APM-54-5, p. 53. 
t Winter, G. Strength of Steel Compression Flanges,1947 ASCE Tronsactions. 



wherc f is thc lcvcl of uniformly distributcd stress to which the element 
would be subjcctcd bnsed upon the dcsign of the memher, and e is an arbi
trary constant hascd on enginccring judgment supported by observed test 
results. 

Obviously, holrling the effectivc width of a stiffened element to no 
grcater vnlue than givcn by the limits provided in Sect. 1.9.2.2 is unneces
sarily coni.crvativc when the maximum uniformly distributed design stress 
is substantially lc~s than 0.6Fv, or whcn b/t is considerably in excess of the 
limit given in Sect. 1.9.2.2. 

For the case of square ancl rectangular box sections, the sides of which, 
in their buckled condition, afford negligible torsional restraint for one an
other along their corner edges, the value of e reflected in Formula (C3-1) 
is higher than for the other case, thereby providing a slightly more conserva
tive evaluation of effective width. For cases where appreciable torsional 
restraint is provided, as for example the web of an 1-shape column, the value 
of e implicit in Formula (C3-2) is decreased slightly. As in earlier editions 
of the AISC Specification, for such cases no reduction from actual width is 
required when the width-thickness ratio does not exceed 253/VFv and, for 
greater widths, the effective width may be taken as equal to 253t/VFu· 
If the actual width-thickness is substantially greater than 253/V Fu, how
ever, a larger effective width can be obtained using Formula (C3-2) rather 
than the earlier provisions. 

In computing the section modulus of a member subject to bending, the 
area of stiffened elements parallel to the axis of bending and subject to 
compressive stress must be based upon their effective· rather than actual 
width. In computing the effective area of a member subject to axial load
ing, the effective rather than actual area of all stiffened elements must be 
used. However, the radius of gyration of the actual cross-section together 
with the form factor Qa may be used in determining the allowable axial stress. 
If the cross-section contains an unstiffened element, this allowable strec;s 
must be modified by the reduction factor Q,. 

SECTION 1.10 PLATE GIRDERS AND ROLLED BEAMS 

1.10.1 Proportions 

As in earlier editions, it is provided • that flexura! members be propor
tioned to resist bending on the basis of the moment of inertia of their gross 
cross-section, with the stipulation that holes in the flanges having an area 
in excess of 15 percent of the gross flange area must be deducted. This pro
vision is now extended to include the design of hybrid flexura! members 
whose flanges are fabricated from a stronger grade of steel than that in their 
web. As in the case of flexura! members having the same grade of steel 
throughout their cross-section, their bending strength is defined by the prod
uct of the section modulus of the gross cross-section multiplied by the 
allowable bending stress. On this basis the stress in the web, at its junc
tion with the flanges, may even exceed the yield stress of the web material, 
but under strains controlled by the elastic state of stress in the stronger 

• Lilly, '. and Carpenter, S. T. Effective Moment of Inertia of a Riveted 
Plate Girder, al40 ASCE TransacttOns. 

flanges. Numerous tests, summarized in a recent report, • ha ve shown 
that, with only minor adjustment in the basic allowable bending stress as 
provided in Formula (1.10-5), the bending strength of a hybrid member is 
predictable within the same degree of accuracy as that of a homogeneous 
one. 

1.10.2 Web 

The limiting web depth-thickness ratio, included in the 1961 edition of 
the AISC Specification to 'prevent vertical buckling of the compression 
flange into the web before attainment of yield stress in the flange due to 
flexure, may now be increased when transverse stiffeners are provided, 
spaced not more than 1H times the girder depth on centers. 

The earlier provision, which was based on an anaJysis** that placed no 
limitation on the spacing of transverse stiffeners, correlated reasonably well 
with tests performed on girders made of A 7 steel having a specified yield 
stress of 33 ksi. The more liberal provision (hjt :::; 2000/V Fu is based u pon 
more recent testst on both homogeneous and hybrid girders with flanges 
having a specified yield stress of 100 ksi and a web of similar or weaker steel. 

1.10.4 Flange Development 

If a partial length cover plate is to function as an integral part of a beam 
or girder at the theoretical cut-off point beyond which it is not needed, it 
must be developed in an extension beyond this point by enough rivets, high 
strength bolts, or welding to support its portion of the flexura! stress es (i.e., the 
stresses which the plate would have received had it been extended the full 
1 ength of the member). The cover plate force to be developed by the 
fasteners in the extension is equal to 

where 

MQ 
1 

M = Moment at beginning of extension 
Q = Statical moment of cover plate area about neutral axis of cover

plated section 
1 := Moment of inertia of cover-plated section 

When the nature of the loading is such as to produce repeated variations 
of stress, the fasteners must be proportioned in accordance with the provisions 
of Sect. l. 7. 

In the case of welded cover plates it is further provided that the amount 
of stress that may be carried by a partiallength cover plate, at a distance a' 
in from its actual end, rnay not exceed the capacity of the terminal welds 

• Design of Hybrid Steel Beams, Report of Subcommittee 1 of the Joint 
ASCE-AASHO Committee on Flexura! Members, ASCE Journal o{ the Structural 
Diuision, June, 1968. 

•• Basler, K. and Thürlimann, B. Strength of Plate Girders in Bending, ASCE 
Journal o{ the Structural Diuis10n, August, 1963. 

t Design of Hybrid Steel Beams, Report of Subcommittee 1 of the Joint 
ASCE-AASHO Committee on Flexura] Members, p. 1412, A ";; Journal o{ the 
Structural Diuision, June, 1968. 



depositcd p' 'g ita edges nnd optionnlly across its end within this distance 
a'. If the ment, computcd by equating MQ!I to the capacity of the 
welds in this dist.Hnce, is lcss than the value at thc theoretical cut-off point, 
either the size of thc wclds must be increased or the end of the cover plate must 
be extended toa point such that the momcnt on the member at the distance a' 
from the end of the cover pinte is equal to that which the terminal welds will 
support. 

1.10.5 Stilfeners 

To provide better clarity, the provisions of Sect. 1.10.5 have been re
arranged in the current edition of the Specification, but without substantive 
change of the provisions in Sect. 1.10.5 of the 1963 adoption. 

Provisions governing the design of plate girders prior to the 1961 revi
sion were based u pon the assumption that the limit of structural usefulness 
of a girder web is attained when the leve! of stress in the web reaches the 
so-called "buckling" stage. Unlike columns, however, which actually are 
on the verge of collapse as their buckling stage is approached, the panels of a 
plate girder web, bounded on all sides by the girder flanges or transversa 
stiffeners, are capable of carrying loads far in excess of their "web buckling" 
load. Upon reaching the theoretical buckling limit, very slight lateral dis
placements will have developed in the web. Nevertheless, they are of no 
structural significance because other means are still present to assist in 
resisting further loading. 

When transversa stiffeners are properly spaced and strong enough to act 
as compression struts, membrane stresses, due to shear forces greater than 
those associated with the theoretical buckling load, form diagonal tension 
fields. The resulting combination in effect provides a Pratt truss which, 
without producing yield stress in the steel, furnishes the capacity to resist 
applied shear forces unaccounted for by the linear buckling theory. 

Analytical methods based u pon this action ha ve been developed • and 
corroborated in an extensiva program of tests. • • These methods form the 
basis for Formula (1.10-2). Use of tension field action is not counted upon 
when 

or where 

a/h > 3.0 

Pending further investigation, it is not re-commended for hybrid girders. 
When the computed average shear stress in the web is less than that per

mitted by Formula (1.10-1), intermediate stiffeners are not required pro
vided the depth of girders is limited to not more than 260 times the web 
thickness. Such girders do not depend upon tension field action·. 

• Basler, K. Strength of Plate Girders in Shear, ASCE Journal of the Structural 
Division, October, 1961. 

•• Basler, K., Yen, B. T., Mueller, J. A. and Thürlimann, B. Web Buckling 
Tests on Welded Plate Girders, Welding Research Council Bulletin No. 64. 
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In order to facilitate handling during fabrication L erection, when 

intermediate stiffeners are required, the panel aspect ratio ajh is arbitrarily 
limited to not more than 

( 
260 ) 2 

h/t 

with a maximum spacing of 3 times the girder depth. 
When required, their maximum permissible longitudinal spacing is de

pendent u pon three parameters: ajh, h/t and f.. For the convenience of the 
designer, their relationship with one another is presented in Tables 3-36 
through 3-100 of Appendix A for severa! specified yield stresses covered 
by the Specification. Given the shear diagram produced by the design loads 
and a desired depth of girder, it is only necessary to select a web thickness 
(with due regard for limitations placed on h/t ratios) such that the web shear 
stress will be equal to or less than the maximum permitted value. With the 
resulting value for h/t and the computed shear stress, the required aspect 
ratio ajh can be taken directly from the table. Comparison of the web 
and stiffener material required with two or three tria) web thicknesses will 
quickly indicate the most economical combination. 

The corresponding gross area of intermediate stiffeners, given as a per
cent of the web area, is shown in italics in the column headed by the required 
aspect ratio and the line nearest to the selected hjt ratio. Stiffeners which 
will provide this area usually will be little, if any, larger than those generally 
called for. No stiffener areas are shown when the ajh and hjt ratios are small 
enough to permit a shear stress larger than O 35Fu, which is covered by 
Formula (1.10-1). For such cases tension field action is not counted upon. 

At the ends of the girder, the spacing between adjacent stiffeners is 

Iimited to ll,OOOt/Vf., to provide an "anchor" for the tension fields de
veloped in interior panels. The stiffeners bounding panels containing large 
boles likewise are required to be spaced close enough together so that the 
shear in these panels can be supported without tension field action. 

To provide adequate lateral support for the web, all stiffeners are re
quired to ha ve a moment of inertia at least equal to (h/50) 4• In many cases, 
however, this provision will be overshadowed by the new gross area. require
ment. The amount of stiffener area necessary to develop the tenswn field, 
which is dependent upon the ratios ajh and hjt, is given by Formula (1.10-3). 
Larger gross areas are required for one-sided stiffeners than for pairs of stiff
eners because of the eccentric nature of their loading. 

· The amount of shear to be transferred between web and stiffeners is not 
affected by the eccentricity of loading, and genera U y is so small that it can be 
taken care of by the minimum amount of welding or riveting that might be 
desired. The specified formula 

'·· = h ~(~~r 
affords a' conserva ti ve estima te of required shear transfer under any condi
tion of stress permitted by Formula (1.10-2). The shear transfer between 
web and stiffener due to tension field action and that due to a concentrated 
load or reaction in line with the stiffener are not additive. The stiffener 
need only be connected for the larger of the two shears. 



1.10.6 Rcduction in Flungc Stress 

In rcgions of maximum hcnding moment, a portion of a thin web may 
dcflc<:l cnough latcrally on the comprcssion sidc of the neutral axis that it 
d~1Cs not providc. thc ~ull hending rcsistance assumed in proportioning the 
g1rdcr on t he has1s of 1ls momcnt of inertin. The compression stress which 
the wch woul_d havc r~sistcd is, thcrefore, shiftcd to the compression flange. 
But thc rcbt1vc hcndmg strcngth of this flange being so much greater than 
that of lhc l:ttcrally displaced portian of the wcb, the resulting increase in 
ftange ~tress •s at most ~nly a few percent. By reducing the allowable dcsign 
stress m thc comprcsswn flange from F& to F'&, as provided in Formula 
(1.10·5), sufficient bencling capacity is provided in the ftange to compensate 
for any loss of bending strength in the web due to its lateral displacement. 

To compensate for the slight loss of bending resistance when portions 
of the web of a hybrid flexura! member are strained beyond their yield 
~tress limit, F~rmula (1.10-6) • provides for a reduced allowable ftange bend
mg stress apphc~ble to both flanges. The extent of the reduction is depend
ent upon the rat10 of web area to a flange area and the ratio of web yield 
stress to flange yield stress. 

In order to avoid a more complicated formula, the area and grade of 
steel in both flanges are required to be the same. Since any reductions in 
bending strength due to buckling of the web on the compression side of the 
neutral axis is considerably less in the case of a hybrid girder than for a 
homogeneous member having the same cross-section, it is not required that 
Formula (1.10-5) apply when the stress permitted by Formula (1.10-6) is 
less than that given for the former. 

1.10.7 Combined Shear and Tension Stress 

Unless a flexura! member is designed on the basis of tension field action 
no stress reduction is required due to the interaction of concurrent bendin~ 
and shear stress. 

lt has been shown • • that plate girder webs subject to tension field action 
can be proportioned on the basis of: 

l. Maximum permissible bending stress when the concurrent shear is 
not greater than 0.6 the full permissible value, or 

2. Full permissible shear stress when the bending stress is not more 
than % of the maximum allowable. 

Beyond these limits a linear interaction formula is provided in the 
Specification by Formula (1.10-7). 

However, because the webs of homogeneous girders of A514 steel 
loaded to their full capacity in bending develop more waviness than less 
heavily stressed girder webs of weaker grades of steel, use of tension field 
action is Iimited in the case of A514 steel webs to regions where the con
current bending stress is no more than O. 75Fb. 

* Design of Hybrid Steel Beams, Report of Subcommittee 1 of the Joint 
ASCE-AASHO Committee on Flexura! Members, ASCE Journal o[ the Structural 
Division, June, 1968. 

•• Basle - Strength of Plate Girders Under Combined Bending and Shear, 
ASCE Journ the Structural Dwtsion, October, 1961. 

( 
1.10.10 Web Crippling 

1.10.10.1 Webs of beams and girders not protected by bearing stiff
eners could fail by crippling at points of hlgh·stress concentration resulting 
from the application of concentrated loads or reactions. To guard against 
this, the stress at the toe of the flange fillet, assumed to be distributed longi
tudinally a distance no greater than the length of the bearing, plus 1 or 2 
times the k-distance of the flange, depending u pon the location of the load, is 
limited by Formula (1.10-8) or (1.10-9) to 0.75F~. 

1.10.10.2 As a safeguard against instability of relatively thin plate 
girder webs, a further limitation has been placed on theamount ofload which 
can be applied directly to the girder flange between stiffeners. Concentrated 
loads light enough to meet the provisions of Sect. 1.10.10.1 and loading ap
plied longitudinally over partial panellength are treated as if distributed by 
means of shear over the full panellength within which they occur (or the 
depth of girder if this is less than the panellength). Taken together with 
such other distributed loading as may be applied direclly to the flange, the 
total load divided by the web thickness should not exceed the stress per
mitted by Formula (1.10-10) or (1.10-11). If the flange is prevented from 
rotation about its longitudinal axis by its contact with a rigid slab, Formula 
(1.10-10) will govern; otherwise, the more conservative Formula (1.10.11) 
is applicable. 

These formulas are derived • from a consideration of the elastic buckling 
strength of the web plate subject to edge loading. The loading is resisted in 
part by column action and in part by a plate intermittently stiffened in the 
direction of applied loading. 

The formulas are likely to be over-conservative in the case of riveted 
girders, since they ignore any bending capacity the flange angles may ha ve in 
spanning between adjacent stiffeners to support the loada. 

1.10.11 Rotational Restraint at Points of Suppo:rt 

Slender beams and girders resting on top of columns and stayed later
ally only in the pláne of their top flanges may become unstable due to the 
flexibility of the column. Unless lateral support is provided for the bottom 
fl.ange, either by bracing or continuity at the beam-to-column connection, 
lateral displacement at the top of the column, accompanied by rotation of 
the beam about its longitudinal axis, may lead to collapse of the framing. 

SECTION 1.11 COMPOSITE CONSTRUCTION 

1.11.1 Definition 

When the dimensiona of a concrete slab supported on steel beams are 
such that the slab can effectively serve as the flange of' a composite T-beam, 
and the concrete and steel are adequately tied together so asto actas a unit, 
the beam can be proportioned on the assumption of composite action. 

Two cases are recognized: fully encased steel beams which depend u pon 
natural bond for interaction with the concrete and those with mechanical 
anchorage to the slab (shear connectors), which do not have to be encased. 

* B~ler, K. New Provisions for Plate Girder Design. Ap 
ceedings AISC National Enginecring Conference. 

'ix C, 1961 Pro-
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1.11.2 Df:'sign Assumptions 

Unle: 'rnporary shorcs are used, beams encased in concrete and inter-
connccted unly by means ?f natural bond must be proportioned to support 
all of thc dcad load, umlss1sted hy the concrete, plus the superimposed Iive 
load in com po-;ite action, without exceeding the allowable bending stress 
for stecl providcd in Scct. 1.5.1. 

Becausc thc complctely enc.1scd stcel scction is restrained from both 
local and la~er,d huckling, an allowahle stress of 0.66Fu rather than 0.60Fu 
can be app_hed h~re. The alternate provision, permitting a stress of 0.76Fu, 
to be used m des1gns where a fully encascd beam is proportioned to resist all 
loads unassisted, reflects a common engineering practice where it is desired to 
eliminate the calculation of composite section properties. 

In keeping with the Tentative Recommendations for the Design and Con
struction of Composite Beams and Girders for Buildings*, when shear connec
tors are used to obtain composite action, this action may be assumed, within 
certain limits, in proportioning the heam for the moments created byboth live 
and dead loads, even for unshored construction. This liberalization is based 
upon an ultimate strength concept, although the proportioning of the mem
ber is based upon the elastic section modulus of the transformed cross
section. 

In order that the maximum bending stress in the steel beam under 
service loading, will be well below the leve! of initial yielding, regardle;s of the 
ratio of live-load moment to dead-load moment, the section modulus of the 
composite cross-section, in tension at the bottom of the beam, for unshored 
construction, is limited to (1.35 + 0.35 Md MD) times the section modulus of 
the bare beam. * * 

On the other hand, the requirement that flexura! stress in the con
crete slab, due to actual composite action, be computed on the basis of 
actual transformed section modulus and limited to the generally accepted 
working stress limit, is necessary in order to avoid excessively conservative 
slab-to-beam proportions. 

Research at Lehigh Universityf has shown that, for a given beam and 
concrete slab, the increase in bending strength intermediate between no 
composite action and full composite action is directly proportional to the 
shear resistance developed between the steel and concrete, i.e., the number 
of shear connectors provided between these limits. At times it may not be 
feasible, nor even necessary, to provide full composite action. Therefore the 
Specification recognizes two conditions: full and incomplete composite ac
tion. 

For the case where the total shear (V'h) developed between steel and 
concrete each side of the point of maximum moment is less than Vh, Formula 
(1.11-1) can be used to derive an effcctive section modulus, 8.11, having a 
value less than the section modulus for fully effective composite action, 8 1,, 

but me re than that of the steel beam alone. 

* Progress Report of the Joint ASCE-ACI Cornrnittee on Composite Construc
tion, ASC,E Journal of the Structural Dwtszon, December, 1960. 

**!bid., Eq. (3). 
t Slutter, R. G. and Driscoll, G. C. Flexura! Strength of Steel-Cor¡crete Com

posite Beams, p. 91, ASCE Journal of the Structural Diutsion, April, 1965. 

( 
1.11.4 Shear Connectors 

. Based u pon tests at Lehigh University, * and a re-examination of pre
~IOusly puh!1shed test data reported by a number of investigators, more 
liberal workmg values are recommended for various types and sizes of shear 
connectors than in use prior to 1961. 

Composite beams in which the longitudinal spacing of shear connectors 
has been varied according to the intensity of statical shear, and duplicate 
beams where the required number of connectors were uniformly spaced, ha ve 
exhibited the same ultimate strength, and the same amount of detlection at 
normal working loads. Only a slight deformation in the concrete and the 
more heavily stressed shear connectors is needed to redistribute the hori
zontal shear to other less heavily stressed connectors. The important con
sideration is that the total number of connectors, eit.her side of the point 
of maximum moment, be sufficient to develop the composite action counted 
upon at that point. The provisions of the Specification are based upon this 
concept of composite action. 

The required shear connectors can generally be spaced uniformly be
tween the points of maximum and zero moment. * However, certain load
ing patterns can produce a condition where closer spacing is required over a 
part of this distance. 

Consider, for example, the case of a uniformly loaded simple beam also 
required to support two equal concentrated loads, symmetrically disposed 
about midspan, of such magnitude that the moment at the concentrated 
loads is only slightly less than the maximum moment at midspan. The 
number of shear connectors (N2) required between each end of the beam 
and the adjacent concentrated load would be only slightly less than the 
number (N¡) required between each end and midspan. 

Formula (1.11-6) is provided as a check to determine whether the 
number of connectors, N1, required to develop Mmaz would, if uniformly 
distributed, provide N2 connectors between one of the concentrated loads 
and the nearest point ofzero moment. lt is based upon the requirement that 

where 

O< M< Mma:r 

8,11 = section modulus corresponding to the mínimum amount of 
incomplete composite action required at the section sub
ject to the moment M 

V'11: Vh = N2:N1 

In computing the section modulus at points of maximum negative 
bending, reinforcement parallel to the steel beam and lying within the effec
tive width of slab may be included, provided such reinforcement is properly 
anchored beyond the region of negative moment. However, enough shear 
connectors are required to transfer, from the slab to the steel beam, one
half of the ultimate tensile strength of the reinforcement. 

* Slutter, R. G. and Driscoll, G. C. Flexura! Strength of Steel-Concrete Com
posite Beams, p. 91, ASCE Journal of the Structural Dwiswn, April1965. 
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The working val u es for various typcs of shear connectors are based u pon a 
factor of safcty of approximatcly 2.50 against thcir demonstratcd ultimate 
strength. 

Working valucs for u~ with concrete having aggregate not conforming 
to ASTM C33 and for connector types other than those shown in Table 
1.11.4 must be cstablishcd by a suitablc tc~ting program. 

The values of q in Table 1.11.4 must not be confuscd with shear connection 
values suitablc for use whcn thc rcquircd numbcr is measured by the param
eter VQ/1, whcre V is thc total shear at any given cross-section. Such a 
misusecould rcsult in providing lcss than halfthe number required by Formula 
(1.11-3), (1.11-4) or (1.11-5). 

Stud welds not located directly over the web of a beam tend to tear out 
of a thin flange before attaining their full shear-iesisting capacity. To guard 
against this contingcncy, the size of a stud not located over the beam web 
is limited to 2J 1 times the flange thickness. 

SECTION 1.13 DEFLECTIONS, VIBRATION AND PONDING 

1.13.1 Deflections 

Although deformation, rather than stress, is sometimes the criterion of 
satisfactory design, there is no single scale by which the limit of tolerable 
deftection can be defined. Where limitations on flexibility are desirable, they 
are often dictated by the nature of collateral building components, such as 
plastered walls and ceilings, rather than by considerations of human comfort 
and safety. The admissible amount of movement varíes with the type of 
component. 

Obviously, the most satisfactory solution must rest upon the sound 
judgment of qualified engineers. As a guide, but only a guide, the following 
rules are suggested: 

The depth of fully stressed beams and girders in floors should, ü practi
cable, be not less than Fu/800 times the span. If members of less depth 
are used, the unit stress in bending should be decreased in the same ratio as 
the depth is decreased from that recommended a hove. 

The depth of fully stressed roof purlins should, if practicable, be not less 
than F~/1,000 times the span, except in the case of flat roofs. 

1.13.2 Vibration 

Where human comfort is the criterion for limiting motion, as_ in the 
case of perceptible vibrations, the limit of tolerable amplitude is dependent, 
on the one hand, upon the frequency of the vibration and, on the other, the 
darnping effect provided by components of the construction. When such 
vibrations are caused by running machinery, they should be isolated by ef
fective damping devices or by the use of independent foundations. 

The depth of a steel beam supporting large open floor arcas free of par
titions or other sources of damping should not be less than >'2o of the span, 
in order to minimize perceptible transient vibration dueto pedestrian traffic. 

1.13.3 Ponding 

As used in the Specification, ponding refers to the retention of water 
due solely to the deflection of ftat roof framing. The amount of this water 
is depender ?On the flexibility of the framing. Lacking sufficient framing 
stiffness, its 1:1ccumulated weight can result in collapse of the roof. 

l 

Representing the detlected shape of the primary and critica! secondary 
member as a half-sine wave, the weight and distribution of the ponded 
water can be estimated and, from this, the contribution'that the deflection 
each of these members make to the totaf-poitding detlection can be ex
pressed* as 

[ 

1r 1r 
a 11 tl0 1 + - a, + - p(1 

4 4 
+a,)] 

1 
1r 

for the primary member, and 

for the secondary member. In these expressions !J.0 and Ó0 are, respectively, 
the primary and secondary beam deflections due to loading present at the 
initiation of ponding, a 11 = C11/(1 - C11 ), a, = C,/(1 - C11 ), and p = óa! tJ.. 
= C,/C11 

Using the above expressions for llw and Ów, the ratios llw! .10 and ów/ó0 

can be computed for any given combination of primary and secondary beam 
frarning using, respectively, the computed value of parameters CP and c. 
defined in the Specification. 

Even on the basis of unlimited elastic behavior, it is seen that the 
ponding deflections would become infinitely large unless 

'( Cp )( C, ) 4 
1 - C11 1 - c. < -; 

Since elastic behavior is not unlimited, the effective bending strength 
available in each member to resist the stress caused by ponding action is 
restricted to the difference between the yield stress of the member and the 
stress, f., produced by the total load supported by it before consideration 
of ponding is included. 

Noting that elastic deflection is directly proportional to stress, and 
providing a factor of safety of 1.25 with respect to stress dueto ponding, the 
admissible amount of ponding deflection in either the primary or critica) 
(midspan) secondary member, in terms of the applicable ratio .:lw/ .10 or 
ów/Ó0 , can be represented as (O.BFu - {0 ) /{0 • Substituting this expression 
for A .. / !J.0 and o10/o0 and combining with the foregoing expressions for .:lw 
and Ów, the relationship between critica! values for CP and C. and the 
available elastic bending strength to resist ponding is obtained. The curves 
presented in Figs. C1.13.3.1 and C1.13.3.2 are based upon this relationship. 
They constitute a design aid for use when a more exact determination of re
quired ftat roof framing stiffness is needed than given by the Specification 
provision that C11 + 0.9C, ~ 0.25. 

* Marino, F. J. Ponding of Two-W ay Roof Systems, AIS 
nal, July, 1966. 

1gineering Jour-
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Given nny cornbinntion of primary nnd sccondary framing, the stress 

index is C( utcd as 

U (
O.BFu - lo) ~ h . b 

P = , 10r t e pnmary mem er 
lo ~ 

U, = ------- , ror t e secon ary mem er (
O.BFu - lo) ~ h d b 

lo • 

where lo, in each case, is the computed l'ending stress in the member due to 
the supported loading, neglecting ponding effect. Depending upon geo
graphic location, this loading should include such amount of snow as might 
also be present, although ponding failures have occurred more frequently 
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Fig. e 1.13.3.1 
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during torrential summer rains, when the rate of precipit n exceeded the 
rate of drainage run-off and the resulting hydraulic graaíent over large 
roof areas caused substantial accumulation of water some distance from the 
ea ves. 

Given the size, spacing and span of a tentatively selected combination 
of primary and secondary beams, for example, one may enter Fig. C1.13.3.1 
at the leve! of the computed stress index, Up, determined for the primary 
beam; move horizontally to the computed C,-value ofUhe secondary beams; 
and, thence, downward to the abscissa scale. The combined stiffness of the 
primary and secondary framing is sufficient to prevent ponding if the flexi
bility constant read from this latter scale is more than the value of CP com
puted for the given primary member; if not, a stiffer primary or secondary 
beam, or combination of both, is required. 
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lf the roof framing consists of a series of equally-spaced wall-bearing 
beams, they would be considercd as secondary members, supported on an 
infinitely stifT primary member. For this case, one would en ter Fig. Cl.13.3.2. 
Thc limiting value of e, would be determined by the intercept of a hori
zontal line reprcsenting the U,-value ancl the curve for eP = O. 

The poncling clcflection contributecl by a metal deck is usually such a 
smnll part of the total ponding deflection of a roof panel, that it is sufficient 
merely to limit its moment of inertia ( per foot of width normal to its span) 
to 0.000025 times the fourth power of its span length, as provided in the 
Specification. However, the stability against ponding of a roof consisting of 
a metal roof deck of relatively slender depth-span ratio, spanning between 
beams supported directly on columns, may need to be checked. This can be 
done using Fig. Cl.13.3.1 or Cl.13.3.2 with the following computed values: 

U11 , the stress index for the supporting beam 
U, the stress index for the roof deck 
e11 , the flexibility constant for the supporting beams 
e, the flexibility constant for one foot width of the roof deck (S = 1.0) 

Since the shear rigidity of their web system is less than that of a solid 
plate, the moment of inertia of steel joists and trusses should be taken as 
somewhat less than that of their chords. 

SECTION 1.14 GROSS AND NET SECTIONS 

1.14.3 Net Section 

Tests o:o ha ve indicated that, as the ratio of net to gross section ap
proaches unity, the ultimate tensile strength of a member may be Iess than 
the product of the net section multiplied by the tensile strength of the steel 
determined by standard coupon tests. A precise evaluation of this relation
ship would depend upon such parameters as hole spacing normal to the 
applied tension force versus thickness of section, and the ductility of the 
steel. Pending further investigation, the Specification places the upper 
limit of the fully effective net section at 85 percent of the gross section. 

1.14.6 Pin-Connected Mernbers 

Forged eyebars ha ve been replaced by pin-connected plates or eyebars 
flame-cut from plates. Provisions for the proportioning of eyebars contained 
in the Specification are based upon standards evolved from long experience 
with forged eyebars. Through extensive destructive testing they have been 
found to provide balanced designs when these members are flame-cut instead 
of forged. The somewhat more conservative rules for pin-connected mem
bers of non-uniform cross-section and those not having enlarged "circular" 
heads is likewise based on the results of experimental research. ** 

* &hutz, F. W. and Newmark, N. M. The EtÉciency of Riveted Structural 
Joints, Structural Rescarch Series No. 30, Unwersity of Illinots. 

Fisher, J. W. Behavior of Fasteners and Plates With Holes, ASCE Journal 
of the Structr Diviszon, Dccember, 1965. 

•• John~.- ., B. G. Pin Connected Plate Links, 1939 ASCE Transactions. 

--- ----· _ .. _ .. _ ,..,, .-.. .............. 6"" - ., - ~..,.., 

Somewhat stockier proportions are provided for eyebars and pin
connected memLers fabricated from steel having a yield stress greater than 
70 ksi, in order to eliminate any possibility of their .. dishing" under the 
higher working stress for which they may be designed. 

1.14.7 Effective Areas of Weld Metal 

In recognition of the deeper penetration obtained by the submerged 
are process, fillet welds made by this process may be proportioned on the 
basis of an effective throat thickness somewhat greater than the perpen
dicular distance from the root to the diagrammatic weldface. For fillet welds 
of such size as to require more than a single pass, the recognized increase in 
throat thickness is held constant. · 

Provision for the use of partial penetration groove welds, which first 
appeared in the 1961 AISC Specification, has been extended to cover their 
use on both sides of a joint, in keeping with similar provisions now included 
~~A~B~~C~. . 

SECTION 1.15 CONNECTIONS 

1.15.3 Placernent of Rivets, Bolts and Welds 

Slight eccentricities between the gravity axis of single- and double-angle 
members and the center of gravity of their connecting rivets or bolts have 
long been ignored as having negligible effect upon the strength of such mem
bers. Tests • ha ve shown that similar practice is wananted in the case of 
welded members in statically loaded structures. . 

1.15.5 Restrained Mernbers 

Whether or not transverse stiffeners are required on the web of a member 
opposite the flanges of members rigidly connected to iis flanges, as in Fig. 
C1.15.5.1, depends upon the proportions of these members. Formulas 

~ 
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Fig. e 1.1s.s.1 

* Gibson, G. T. and Wake, B. T. An Investigation of Welded Connections for 
Angle Tension Members, The Welding Journal, January 1942, erican Weldmg 
Society. 



(1.15-1) nr"1 (1.15-3) are based on tests• supporting the corh:cpt that, in 
the nbscn ,f transvcrsc stiiTcncrs, the web and flange thickness of mem
ber A shoulcl be such that thcsc elcmcnts will not yield inelastically under 
concentrated forces delivered by member B and equal to the area of the 
rigidly connectcd flangc times its yield str~ss. 

Formula 11.15-4 l, giving thc requirccl arca of stiiTeners when stitfeners 
are necdcc!, is ha~cd u pon 1 he samc conccpt. 

Formula (1.15-2) limils thc t:.lendcrnc~-; ratio of an unstiiTened web of 
the supporting member, in order to avoid possibility of its buckling. 

Since thesc provisions are based upon thc maximum force that can be 
delivered by the supported membcr flanges, they obviously would be con
servative in the case of less rigidly connected members. 

1.15.6 Fillers 

The practice of securing fillers by means of additional fasteners, so that 
they are in effect an integral part of a shear-connected component, is not 
required whete a connection is designed as a friction-type joint using high 
strength bolts. In such connections the resistance to slip between filler and 
either connected part is comparable to that which would exist between these 
parts if no fill were required. 

1.15.10 Rivets and Bolts in Cornbination with Welds 

The sharing of stress between rivets and A307 bolts in a single group 
of fasteners is not recommended in new work. High strength bolts used in 
bearing-type connections should not be required to share shear stress with 
welds. High strength bolts used in friction-type connections, however, be
cause of the rigidity of the connection, may be proportioned to function in 
conjunction with welds in resisting the transfer of stress across faying sur
faces, provided the welds are made after the bolts have been tightened. 

In making alterations to existing structures it is assumed that whatever 
slip is likely to occur in riveted joints or high strength bolted, bearing-type 
joints will ha ve already taken place. Hence, in such cases the use of welding 
to resist all contemplated stresses in addition to those produced by existing 
dead load, present at the time of making the alteration, is permitted. 

SECTION 1.16 RIVETS AND BOLTS 

1.16.1 High Strength Bolts 

Earlier reference to A354 Grade BC bolts has been deleted since the 
Specification of the Research Council on Riveted and Bolted Structural 
Joints has been revised to include A490 bolts, which are better suited and 
more readily available. At the same time, provision for the use of A449 
bolts, in lieu of A325 bolts, has been added. These bolts differ from A325 
bolts only as to the size of head and conform to the high strength bolts 
originally called for in the Council's Specification• when the use of hardened 
washers under head and nut was mandatory. 

• Graham, J. D., Sherbourne, A. N., Knabbaz, R. N. and Jensen, C. D. Welded 
Interior Beam-to-Column Connections, American Institute of Steel Construction. 
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1.16.3 Long Grips 

Provisions requiring a decrease in calculated stress for rivets having long 
grips (by arbitrarily increasing the required number an amount in proportion 
to the grip length) are not required for high strength bolts. Tests* have 
demonstrated that the ultimate shearing strength of high strength bolts 
having a grip of 8 or 9 diameters is no less than that of similar bolts with 
much shorter grips. ' 

1.16.4 Mínimum Pitch 

The recommendations for mínimum pitch in the spacing of rivets and 
bolts is dictated solely by the need for driving or wrenching clearance during 
the installation of these fasteners. 

1.16.6 Mínimum Edge Distance in Line of Stress 

The requirements of this section have becn revised to provide greater 
Bexibility in their application to various combinations of fastener hardncss 
and yield stress in the connected parts. The earlier provisions, covering 
the use of A502 Grade 1 rivets in mild carbon steel, have been retained as 
the basic concept. 

SECTION 1.17 WELDS 

1.17.2 Qualification of Weld and Joint Details 

As in earlier editions, the Specification accepts without further procedure 
qualification numerous weld and joint details executed in accordance with the 
provisions of the A WS Code for Welding in Building Construction, Dl.0-69. 
Other welding procedures may be used, provided they are qualified to the 
satisfaction of the designer and the building code authority and are executed 
in accordance with the provisions of A WS Dl.0-69. 

SECTION 1.18 BUILT-UP MEMBERS 

Requirements dealing with the detailing of built-up members, which 
cannot be stated in terms of calculáted stress, are based upon judgment, tem
pered by experience. 

The longitudinal spacing of fasteners connecting components of built-up 
compression members must be so limited that buckling of segments between 
adjacent fasteners would not occur at leS.s load than that required to develop 
the ultimate strength ofthe member as a whole. However, maxirnum fastener 
spacing less than that necessary to prevent local buckling may be needed to 
ensure a close fit-up over the entire faying surface of components designed to 
be in contact with one another. 

Provisions based on this latter consideration, like those giving maximum 
spacing of stitch fasteners for separated components of built-up tension mem-

• Bendigo, R. A., Hansen, R. M. and Rumpf, J. L. Long Bolted Joints, ASCE 
Journal of the Structural Dwision, December, 1963. 
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bers, are of little structural significance. Hence, sorne latitude is warranted in 
relating them to the givcn dimensiona of a particular member. 

The provisions govcrning the proportioning of pcrforated cover plates are 
based u pon extcnsivc experimental rescarch. • 

SECTION 1.19 CAMBER 

The cumbcring of flexura! membcrs, to eliminate the appearance of 
sngging or to match the clcvation of adjacent building componcnts when the 
membcr L" loadcd, is accomplishcd in various ways In the case of trusses and 
girders the desircd curvature can be built in during asscmbly of the com
ponent parts. Within limits, rollcd bcams cnn be cold-cambered at the 
producing mili. 

The local application of heat has come into common use as a means 
of straightening or cambering beams and girclers. The method depends 
upon an ultimate shortening of the heat-affected zones. A number of such 
zones, on thc sidc of the member that would be subject to compression during 
cold-cambcring or "gagging". are heated enough to be "upset" by the re
straint prov 'ded by surrounding unheated arcas. Shortening takes place 
upon cooling. 

While the final curvature of camber produced by any of these methods 
can be controlled to a remarkable degret>, it must be realized that sorne toler
ance, to cover workmanship error and permanent change dueto handling, is 
inevitable. 

SECTION 1.20 EXPANSION 

As in the case of deflections, the satisfactory control of expansion cannot 
be reduced to a few simple rules, but must depend largely u pon the good judg
ment of qualified engineers. 

The problem is more s~rious in buildings having masonry wall enclosures 
than where the walls consist of prefabricated units. Complete divorcement 
of the framing, at widely spaced expansion joints, is generally more satisfac
tory than more frequently located devices dependent u pon the sliding of parts 
in bearing, and usually less expensive than rocker or roller expansion bearings. 

SECTION 1.23 FABRICATION 

1.23.1 Straightening Material 

The use of heat for straightening or cambering members is 'permitted for 
A514 steel, as it is for other steels. However, the maximum temperature 
permitted for such straightening is 1100°F for A514 steel, as contrasted with 
1200°F for other steels. 

1.23.5 Riveted and High Strength Bolted Construction Assembling 

Even whei1 used in bearing-type shear connections, high strength bolts 
are required to be ·tightened to their proof load in the case of A325 and 
A449 bolts, and to 0.7 of their tensile strength in the case of A490 bolts. 

• Stang, A. H. and Ja/fe, B. S. Perforated Cover Plates for Steel Columns, 
Research Paper RP1861, Natzonal Bureau of Standards. 

Structural Sterl for Buildtngs • 5 · 159 

This may be done either by the tum-of-nut method* or by a calibrated wrench. 
Since fewer fasteners and stiffer connected parts are involved than is gen
erally the case with A307 holts, the greater clamping force is recommended 
in order to ensurc solid seating of the connected parts. 

1.23.6 W elded Construction 

lnclusion of a number of grades of steel in the Spec:ification has created 
the need for a greater control of preheat and interpass temperature in welding. 
The rules given reflect present practices as indicated by the standards of the 
American Welding Society. 

SECTION 1.24 SHOP PAINTING 

The shop painting of structural steel not to be en~d in concrete is not 
mandatory. Steelwork to be covered up by the building finish will be shop 
painted only if required by the plans and job specification. The surface 
condition of steel framing disclosed by the demolition oflong-standing build
ings has been found to be unchanged from the time of its erection, except at 
isolated spots where leakage may have occurred. Where such leakage is not 
eliminated the presence or absence of a shop coat is of minor infl.uence. ** 

The Specification does not define the type of paint. to be used when a 
shop coat is required. Conditions of exposure and individual preferences 
with regard to finish paint are factors which have a bearing on the selection 
of the proper primer. Hence, a single formulation would not suffice. t 

SECTION 1.26 QUALITY CONTROL 

Starting at the producing mill, and continuing in the fabricator's plant, 
steel required to ha ve a yield stress in excess of 36 kips per square inch must 
at aii times be so marked asto identify the ASTM specification and grade to 
which it conforms. 

• See Specification for Structural Joints Using ASTM A325 Or A490 Bolts 
Research Council on Rweted and Bolted Structural Joints. 

•• Bigos, J., Smith, G. W., Ball, E. F. and Foehl, P. J. Shop Paint and Painting 
Practice, 1954 Proceedmgs AISC National Engineering Con{erencr . . 

t For a comprehensive treatment o{ the subject, see Systems • SpecificatJO.ns, 
Steel Structu:::es Painting Manual, Volume 2, publtshed by the Steel Structures Pa,.mt-

' 



SECTION 2.1 SCOPE 

Whe1. ,.rovisions for plastic design were first introduced into the AISC 
Spcdfication in 1961, their ~se was limited to one- and two-story rigid 
framcs. Howcvcr, as notcd 1n the Commentary at that time, they were not 
rull.'d out in thc case of hcam dcsign for multi-story buildings if resistance to 
lateral forces applicd to thc building was provided by means other than thc 
Lending stiffncss of thesc hcams. 

The bending strcngth of a compact flexura! member is greater than 
its _strcngth aL initial yiclding, in an amount mcasured by the shape factor¡ 
of 1ts profilc; a non-compact member (meeting the provisions of Sect. 1.9, 
but not those of Sect. 2.7), usually has little reserve strength beyond the 
elastic limit, beca use of buckling. Hence, for such members it may be said 
that the effectivc shape factor is 1.0. 

The superior bending strength of compact sections is recognized in 
Part 1 of the Specification by increasing the allowable bending stress to 
0.66F~. By the same token, the logical load factor for plastically designed 

beams is given by the equation F = _ _!'___~!_____ • (f). For such shapes listed in 
0.66Fu 

the AISC Steel Construction Manual, the variation of (f) is from 1.10 to 1.23 
with a mode of 1.12. Then the corresponding load factor must vary from 
1.67 to 1.86 with a mode of l. 70. 

Such a load factor is consistent and in better balance with that inherent 
in the allowable working stresses for tension members and deep plate girders. 
While R load factor of 1.7, comparable to the basic 5/3 factor of safety in
herent in working stress design, was specified for beams, the recommended 
load factor for frames as a whole was 1.85, pending further investigation of 
columns and frame stability problems. 

Research which has been completed since 1961 * has provided a better 
understanding of the ultima te strength of heavily loaded columns subjected 
to concurrent bending moments. Based upon this information, the load 
factor of frames has been made the same as that provided for members sub
ject only to bending. Consistent with this change, the load factor to be 
used in designing for gravity loading combined with wind or seismic loading 
has been reduced from 1.4 to 1.3. 

Based on continuing research at Lehigh University on multi-story 
framing, ** application of the Specification provisions has been extended to 
include the complete design of planar frames in high-rise buildings, provided 
they are braced to take care of any lateralloading. Systematic procedures 
for application of plastic design in proportioning the members of such frames 
have been developedt and are available in the current literature. 

• Van Kuren, R. C. and Galambos, T. V. Beam Column Experiments, ASCE 
Journal of the Structural Dwision, Apnl.l964. 

** Driscoll, G. C. et al. Plastic Design of Multi-Story Frames-Lecture Notes, 
Fritz Engineering Laboratory Report No. 273.20, Lehtgh Unwerstty, August, 1965. 

Driscoll, G. C. Lehigh Conference on Plast1c Design of Multi-Story Frames
A Summary, AISC EngineermgJournal, Apnl, 1966. 

t Plastic Design of Braced Multi-Story Steel Frames, Amencan Iron and Steel 
Institute, 1968. 

Lu, Le-Wu Design of Braced Multi-Story Frames by the Plastic Method, 
AISC Engineermg Journal, January, 1967. 
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SECTION 2.2 STRUCTURAL STEEL 

The 1961 AISC Specification limited the use of pJastic design to steels 
having a specified minimum yield point no higher than 36 ksi. Most of the 
experimental verification of provisions for plastic design contained in the 
Specification at that time had used steel of about this st.rength. 

By 1965 the applicability of such provisions, with only minor modifica
ations, to high-strength low-alloy steel furnished to a specified yield point of 
50 ksi, had been established. • With the advent of ASTM Specification 
A572 in 1966, further investigation was undertaken which indicated their 
applicability for all grades covered by that standard. •• 

On the basis of these investigations, the list of steels covered by ASTM 
standard specifications has been increased accordingly. 

SECTION 2.3 VERTICAL BRACING SYSTEM 

While resistan ce to wind and seismic loading can be provided in mod
erate height buildings by means of concrete or masonry shear walls, which 
also provide for overall frame stability at factored gravity loading, taller 
building frames must provide this resistance acting alone. This can be 
achieved in one of two ways: either by a system of bracing or by a moment
resisting frame. 

In moment resisting frames, designed in accordan«:e with the provisions 
of Part 1 of the Specification, the necessary resistance to lateral loading is 
provided by the bending- strength of the beams and c:olumns rigidly con
nected to one another. Distribution of bending moments is based upon an 
assumption of completely elastic frame behavior; column strength is based 
upon an effective unbraced length generally greater than the actual un
braced length. 

Neither of these assumptions apply in the analysis of unbraced, plasti
cally designed high-rise frames, although appropriate analytical procedures 
ha ve been proposed. t Pending further study, design of such framing more 
than two stories in height, in accordance with the provisions of Part 2 of 
the Specification, is restricted to fully-braced systems. The role and re
quirements ofsuch systemst are defined by the provisions ofSect. 2.3. 

The limitation on axial force of 0.85Pu is inserted as a simple means of 
compensating for three possible effects: ,¡ 

a) Loss ofstiffness dueto residual stress 
b) Effect of secondary moments from the vertical bracing system 
e) Lateral torsional buckling effect -

• Adams, P. F., Lay, M. G. and Galambos, T. V. Experiments on High Strength 
Steel Members, Welding Research Counctl Bulletin No. 110. 

** Plastic Design in Steel, ASCE Manual of Engineering Practice No. 41, Second 
Edition, Section 5.1. 

t Driscoll, G. C. et al. Plastic Design of Multi-Story Frames-Lecture Notes, 
Chapter 14, Fritz Engmeering Laboratory Report No. 273.20, Lehigh Universlty, 
August, 1965. 

t Lu, Le-Wu Design of Braced Multi-Story Frames by the Plastic Method, 
AISC Engineermg Journal, January, 1967. 

,¡ Plastic Design in Steel, ASCE Manual o{ Engmeering Practice No. 41, Second 
Edition, Chapter JO. 



7-

SECTION 2.4 COLUMNS 

Bnscd on rcsenrch complctcd since the previous edition of the Specifica
tion, provisions for dcsign of bcam-columns ha ve been extensively revised. 

Formulas (2.4-2) nncl (2.4-3) • will be recognized as similar in type to 
Formulas (1.6-la) ami (1.6-lh) in Part 1, exccpt that they are written in 
terms of fnctor('d lo.tds ancl momenls, inslead of allowahle strcsses at service 
loncling. As in the case of Formulas (1.6-la) ancl (1.6-lb), Pcr is computed 
on the basis of the largcr slenderncss r.ttio for any given unbraced length. • • 

A column is considcrcd to he fully braced if the slenderness ratio ljr 
betwecn the braced points is less than or equal to that specifiecl in Sect. 2.9~ 
For limiting values of llrv applicable to various yield stress steels and end 
moment ratios, see Sect. 2.9 in Appendix A. 

When the unbracecllength ratio of a mcmber bent ahout its strong axis 
exceeds the limit specified in Sect. 2.9, the rotation capacity of the member 
may be impaired, due to the combined influence of lateral and torsional 
deformation, to such an extent that plastic hinge action within the member 
cannot be countecl upon. However, if the computed value of M is small 
enough so that the limitations of Formulas (2.4-2) and (2.4-3) are met, the 
member will be strong enough to function ata joint where the required hinge 
action is provided in another member entering the joint. An assumed 
reduction in moment-resisting capacity is provided by using the value 
M,., computed from Formula (2.4-4), in Formula (2.4-2). 

Formula (2.4-4) was developed empirically on the basis of test observa
tions and provides an estímate of the critica! lateral buckling moment, in 
the absence of axial load, for the case where M 1/ M 2 = -l. O. For other 
values of M¡f M2 , adjustment is provided by using the appropriate Cm value 
as defined in Sect. 1.6.1. 

Formula (2.4-4) is to be used only in connection with Formula (2.4-2). 
Space frames containing plastically designed planar rigid frames are 

assumed to be supported against sidesway normal to these frames. Depend
ing upon other conditions of restraint, the basis for determination of proper 
values for P,, and P. and Mm, for a plastically designed column oriented to 
resist bending about its strong axis, is outlined in Tablee 2.4.1. In each case l 
is the distance between points of lateral support corresponding to r .. or ru, as 

TABLE e 2.4.1 

One- and Two-Story 
Braced Planar Frames Unbraced Planar Frames 

Pa-
l l . l Kl 

Use larger ratio, - or - •Use larger ratio, - or -
r~ rz ru r% 

P. Usel/r% 1UseKl/r% 
M,. Use l!ru Uselfru --

1 Webs of columns assumed to be in plane of frame. 

• Driscoll, G. C. et al. Plastic Design of Multi-Story Frames-Lecture Notes, Eq. 
(4.6) and Eq. (4.7), Fritz Engineering Laboratory Report No. 273.20, Lehigh University, 
August, 1965. 

•• ]bid.,. 24. 
t ]bid., p. 4.26 
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applicable. When K is inclicated, its value is governed by the provisions.of 
Sect. 1.8.3 of the Specification. Elsewhere, Kljr = l¡r. 

SECTION 2.5 SHEAR 

Using the von Mises criterion, the average stress at which an unrein
forced web would be fully yielded in pure shear can be expressed as Fvtv'3. 
It has been observed * that the plastic bending strength of an 1-shape beam 
is not appreciably reduced until shear yielding occurs over the full effective 
depth, which may be taken as the -distance between the centroids of its 
flanges (approx. 0.95 times its actual depth). Thus 

Vu = 0·~fv dt = 0.55Fvdt 

Shear stresses are generally high within the boundaries of a rigid con
nection of two or more members whose webs lie in a common plane. Assum
ing the moment +M, in Fig. e 2.5.1, expressed in kip-feet, to be resisted by a 
couple of forces at the centroid of the beam flanges, the shear, in kips, pro
duced in beam-to-column connection web abcd can be computed as 

when V Vu =0.55Fudct 

R 'd 12M eq t = 
0.95do X 0.55Fv d, 

23M 

where Aoc is the planar area abcd and Fu is expressed in kips per square inch. 

-M¡ -
-

b 
a 

~ ~ 
d e 

d. 

t.-..._ -

Fig. e 2.s.1 

* Plastic Design in Steel, ASCE Manual o{ Engineering Prcu 
Edition, Section 6.1. 

No. 41, Second 
_ .. 
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lf thc thi•·'·'less of thc weh panel is less than that given by this formula, 
the defici i mny he cumpensated by a pair of diagonal stiffeners or by a 
reinforcin~ plate in contact with ihe web panel ami welded around its 
boundary to t he culumn flanges nnd horizontal stiffcncrs. 

SEeTION 2.6 WEB eHIPPLING 

Usunlly slifl"cner:, are needed, as at ab ami de in Fig. e 2.5.1, in line with 
the tlanges of a bcam rigidly conneded io the tlange of a second member so 
located that their \\ebs lie in the same plane, in order to prevent crippling of 
the weh of the !alter opposite the compression tlange of the former. A 
stiffener may also he required opposite the tension tlange, in order to protect 
the \\eld joining ihe two tlanges; otherwise the stress in the welc! might be 
too great in the region of the heam web, dueto la e k of bending stiffness in the 
Bange to which the beam is connected. Since their design is based upon 
equating the plaslic resisting capacity of the supporting member to the plastic 
moment delivered by the supported member, Formulas (1.15-1), (1.15-2), 
(1.15-3) ancl (1.15-4) are equally applicable to allowable stress design and 
plastic design. 

When stiffeners are required, asan alternative to the usual pair of hori
zontal plates, vertical plates parallel to but separated from the web as shown 
in Fig. e 2.6.1 may prove advantageous. 

Stiffener Plates 

Fig. C2.6.1 

SEeTION 2. 7 MINIMUM THieKNESS 
(WIDTH-THieKNESS RATIOS) 

In extending the provisions for plastic design to steels having a yield 
point higher than 36 ksi, considerable research • has been required in order to 

* Plastic Design in Steel, ASCE Manual of Engineering Practice No. 41, 
Second Edition, Scctwn 6.2. 
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define limiting flange and web width-thickness ratios b ... _Jw which ample 
plastic hinge rotations could be relicd upon without reduction in the M 11 -

value dueto local buckling. 
These studies ha ve shown that the limiting width-thickness ratio is not 

exactly proportional to 1/V Fu, although the discrepancy using such a rela
tionship, within the range of yield stress presently pennitted by the Specifi
cation, is not large. Expressions including other pertinent factors are com
plex and involve use of mechanical properties that have not been clearly 
defined. Tabular values for limiting flange width-thickness ratios are given 
in the Specification for the approved grades of steel. 

No change in basic philosophy is involved in extending the earlier ex
pression for limiting web depih-thickness ratio to stronger steels. Formulas 
(2.7-la) and (2.7-lb) are derived, with minor adjustments for better correla
tion with observed test results, by multiplying Formula (25) of the 1963 
Specification by the factor v' 361 Fu , in order to cover the accepted range in 
yield point stress. Formula (2. 7-la) is identical to Formula (1.5-4) in Part 
1, except that it is written in terms of factored loads instead of allowable 
stresses at service loading. 

SECTION 2.8 CONNECTIONS 

Connections located outside of regions where hinges would ha ve formed 
at ultimate load can be treated in the same manner that similar connections 
in frames designed in accordance with the provisions of Part 1 would be 
treated. Since the moments and forces to be resisted will be those corre
sponding to the factored loading, the permissible stresses to be used in pro
portioning parts of the connections can be taken as 1.7 times those given in 
Sects. 1.5 and 1.6 of the Specification. 

The same procedure is valid in proportioning connections located in the 
region of a plastic hinge. eonnections required to resist moments and forces 
due to wind and earthquake loads combined with grality loading factored 
to 1.3, and proportioned on the basis of limiting stresses equal to l. 7 times 
those given in Sects. 1.5 and 1.6, provide a balance between frame strength 
and connection strength, provided they are adequate to resist gravity load-
ing alone, factored to l. 7. . 

The width-thickness ratio and unbraced length of all parts of the con
nection that would be subject to compression stresses in the region of a hinge 
must meet the requirements given iñ Part 2, and sheared edges and punched 
boles must not be used in portions of the connection subject to tension. 

When a haunched connection is proportioned elastically for the moments 
that would exist within its length, the continuous frame can be analyzed as a 
mechanism having a hinge at the small end of the haunch, rather than a~ the 
intersection point between connected members, * "ith sorne attendant 
economy. 

Tests** ha ve shown that splices assembled with high strength bolts are 
capable of developing the M p-value of the gross cross-section of the connected 

* Plastic Design in Steel, ASCE Manual of Engineering Practice No. 41, Second 
Edition, Chapter 8. . 1 

** Douty, R. T. and McGuzre, W. High Strength Bolted Moment Connectwns, 
ASCE Journal of the Structural Division, April, 1965. 
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part. It has also been demonstrated* thai beam-to-column connections 
involving use of we'lded or mechanically fastened fittings, instead of full 
penetration groove welds matchjng the full member cross-section, not only 
are capable of develo¡p;ing the M p-value of the member, but that the resulting 
hinge rotation can be:reversed severa] times without failure. 

SECTION 2.9 LA:'I'ERAL BRACING 

Portions of members that would be required to rotate inelastically as a 
plastic hinge, in redm:eing a continuous frame to a mechanism at ultimate 
load, need more bracing than similar parts of a continuous frame designed in 
accordance with the ~stic theory. Not only must they reach yield point at 
a load factor of l. 7, they must al so strain inelastically to pro vide the neces
sary hinge rotation. This is not true at the last hinge to form, since the 
factored load is asslllmed to have been reached when this hinge starts to 
rotate. When bend!Dng takes place about the strong axis, any 1-shape 
member tends to bnckle out of the plane of bending. It is for this 
reason that lateral brncing is needed. The same tendency exists with highly 
stressed members in elastically designed frames, and in portions of plastically 
designed frames oultside of the hinge areas, but here the problem is less 
severe since hinge :r:crtation is not involved. 

For the limited :range of steels recognized as suitable for plastic design 
in earlier editions of the Specification, lcr, the allowable unbraced length of 
compression flanges·mbject to plastic bending, was given as 

( 60 - 40 ~) ru > lcr ~ 35ru 

where M 1M P• the ratio of end moments, was considered positive only when 
the unbraced length was bent in single curvature. 

Based on researeh seeking to extend the application of plastic design to 
stronger steels, it was noted * • that this expression could be unduly conserva
tive in the region where - 0.5 < M 1M P < O. t The new provision reflects this 
and also includes a more conserva ti ve approach in the region where O < M 1M P 

< '+ l.O.f 
Both Formulas €2.9-la) and (2.9-lb) are empírica! expressions which 

closely approximate '!he suggested revisions.t 

* Popov, E. P. and Pinkney, R. B. Behavior of Stecl Building Connections Sub
jected to lnelastic Strafu::J Reversals, Bulletm Nos. 13 and 14, American !ron and Steel 
Instttute, November, 191ill. 

** Lay, M. G. ant9 Galambos, T. V. lnelastic Beams Undcr Moment Gradient, 
ASCE Journal of the S!Jluctural Division, February, 1967, p. 390. 

t In keeping with similar usage of the parameter M 1M P in Scct. 1.6 of the 
Specification, the s1gn convention•ad1'1pted in Formulas (2.9-la) and 12.9-1b) and 
used here is that gene.iálly found to be more convenient in frame analysis, namely 
that clockwisP momemt.s about a fixed point are positive and counterclockwise 
moments an ,ative.. 

t Plastic 1JL.Í1gn m Steel, ASCE Manual o[ Enginecring Pracf¡. )' No. 41, 
Second Edllwn, .~ectmn6.3. 
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Supplement No. 1 
TO THE SPECIFICATION fOR THE DESIGN, 

FABRICATION ANO ERECTION OF STRUCTURAL STEEL 
FOR BUILDINGS (Adopted February 12, 1969) 

Effective November 1, 1970 

SECTION 1.4 MATERIAL 

1.4.1 Structural Steel 

1.4.1.1 Mter the words "ASTM A514", delete the following: 

"(Quenched and tempered alloy steel structural shapes and seamless 
mechanical tubing meeting all of the mechanical and chemical requirements 
of A514 steel, except that the specified maximum tensile strength may be 
140,000 psi for structural shapes and 145,000 psi for seam.Iess mechanical 
tubing, shall be considered as A514 steel.)" 

Add to the list of approved materials: 

.. Hot-Formed Welded and Seamless High-Strength Low-Alloy Structural 
Tubing,_ ASTM A618" 

Add a new Section as follows: 
' 1 

"1.4.6 Stud Shear Connectors 

Steel stud shear connectors shall conform to the requirements of Articles 
429 and 430, Code for Welding in Building Construction, A WS Dl.0-69, of 
the American W elding Society. 

Manufacturer's certification shall constitute sufficient evidence of con
formity with specifications." 

SECTION 1.5 ALLOW ABLE STRESS ES 

1.5.1 Structural Steel 

1.~.1.3 Compression _ 
1.5.1.3.1 · Immediatel:y following the words·4 'compressior ""lembers", 

add: "whose cross-sections meet the provisions ofSect.1.9,:' 
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1.5.1.4 .uling 

1.5.1.4.1 Delete subparagraph d in its entirety and substitute the 
following: 

"d. The depth-thickness ratio of the web or webs shall not exceed the 
value given by Formulas (1.5-4a) or (1.5-4b) as applicable. 

- =--= 1 - .3 - w en - ::::.: 0.16 d 412 ( 2 3 fa ) h fa / 
t '\I'F, F, F, 

d 257 
t = '\I'F, when; > 0.16 , 

(1.5-4a) 

(1.5-4b)" 

1.5.1.4.2 Immediately following the words "of Sect. 1.5.1.4.1" add 
a comma, and immediately following the words "except that b1/2t,'' delete 
thecomma. 

Chauge fm .nula number "(1.5-5)" to "(1.5-5a)". 

1.5.1.4.3 Add a second paragraph ás follows: 

"Doubly-symmetrical 1- and H-shape members bent about their minor 
axis (except hybrid girders and members of A514 steel) meeting the require
ments of Sect. 1.5.1.4.1, subparagraph a, except where b1 j2t1 exceeds 
52.2/VF11 but is lesa than 95.0/VF11 , may be designed on the basis of an 
allowable bending stress 

F6 = F 11 [ 0.933 - 0.0035 ( ::,) v'F,] (1.5-5b)" 

1.5.1.4.6a Immediately following the words "under Sect. 1.5.1.4.5," 
add: "and meetingthe requirements ofSect. 1.9.1.2,". 

1.5.1.4.6b lmmediately following the words "under Sect. 1.5.1.4.5," 
add: "and meetingtherequirements ofSect.1.9.1.2,". 

SECTION 1.10 PLATE GIRDERS AND ROLLED BEAMS 

1.10.5 Stift'eners 

1.10.5.3 In the third paragraph, immediately following the words 
"boles shall be such that", delete: "the smaller panel dimension, a or h, 

) 

shall not exceed 3481/v'T." and substitute the words "f, does not exceed 
the value given by Formula (1.10-1)". \ 

Supplemen.t No. 1 • 5 ·'118.~..,-

SECTION 1.11 COMPOSITE CONSTRUCTION 

1.11.2 Design Assumptions 

1.11.2.2 At the beginning of the fourth paragraph, delete the words 
"For construction without temporary shoring, the value of the section 
modulus of the transformed composite section used in stress calculations 
(referred to the bottom fiange of the steel beam) shall not exceed", and sub
stitute the following: 

"For construction without temporary shoring, the bottom fiange steel 
stress may be computed from the total load moment and the actual trans
formed section modulus S,, except that the numerical value of S, so used 
shall not exceed that of Formula (1.11-2). This stress shall not exceed the 
appropriate value ofSect.1.5.1." 

SECTION 1.15 CONNECTIONS 

1.15.5 Restrained Members 

In the ñrst line of the second paragraph delete the words "fully re
strained". 

SECTION 1.23 FABRICATION 

1.23.1 Straightening Material 

Delete this subhead and the en tire text of the paragraph beginning with 
the words "Rolled material", and substitute a new subheading and paragraph 
reading as follows: 

"1.23.1 Cambering, Curving, and Straightening 

The local application of heat or mechanical means may be used to in
troduce or correct camber, curvature, and straightness. The temperature 
of heated areas, as measured by approved methods, shall not exceed ll00°F 
for A514 steel nor 1200°F for other steels." 

1.23.6 Welded Construction 

In Table 1.23.6, for thickness "To -f, incl.", in the second column under 
the heading "Welding Procesa", change "None'" to "None2 •1 ". 
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Errata LO the AISC Specificat~on 
The following corrections should be made to all copies of the 7/69 

printing of the Specification. They have already been incorporated into 
subsequent printings and all copies of tlÍe 7th Edition Manual of Steel 
Construction. · 

NOMENCLATURE 

In the d~fuution of Ce, delete: ", except in Appendix C". 

Delete the deñnition of T0 and substitute the following: 

"Specified pretension of a high strength bolt (kips)" 

SECTION 1.5 ALLOWABLE STRESSES 

1.5.3 Welds 

In Table 1.5.3, under the column headed "Kind of Stress", make the 
following corrections: -

In the fourth descriptive block, immediately following the words 
"groove weld", add: .. and partial-penetration groove weld". 

In the fifth descñptive block, immediately following the words "fillet 
weld" in the second line. delete: "and partial-penetration groove weld". 

SECTION 1.10 PLATE GIRDERS AND ROLLED BEAMS 

1.10.1 Proportions 

In the first sentence, immediately following the words "and rolled", 
add: "or welded". 

SECTION 1.15 CONNECTIONS 

1.15.5 Res~rained Members 

In the second pamgraph, delete the formula identified by the desig
nation (1.15-2) and substitute the formula 

t ~ dcVF". 
-.;;: 180 

SECTION2.9 LATERALBRACING 

In Formula (2.9-lb), immediately after "-0.5", chan¡,"e the symbol 
"'>" to .. >." y " ::>" • 

ETT'OÜJ • 5 ·118.7 

APPENDIXA 
(. 

In Table 1-65, in the bottom footnote, change the number "93.3" to 
"93.8". 

APPENDIXB 

SECTION B2 ALLOWABLE STRESSES 

In Table B2, for the General Condition "Groove welds", second Situ
ation, add the number "10" in the column headed "lllustrative Example 
Nos.". 

APPENDIXC 

SECTION C2 STRESS REDUCTION FACTOR-UNSTIFFENED 
COMPRESSION ELEMENTS 

Delete the last sentence, and substitute the following: 

"However, unstiffened elements of channels and tees whose proportions 
exceed the limits of Sect. 1.9.1.2 shall conform to the limits given in Table 
Cl." 

SECTION C5 AXIALLY LOADED COMPRESSION MEMBERS 

Change the term "Ce'' to "C'c" in both formulas and in the text. 
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SPECIFICATION FOR 

Structural Joints Using 
ASTM A325 or A490 Bolts 

Approved by Research Councll on Rlvated and Bolted Structural Jolnts of the 
Englneerlng Foundatron, September l, 1966 

Endorsad by Americen Instituto of Steel Constructlon, lnc. 
lnllgraad blf lnd11atrlal Faatanara lnatlt11ta 

(a) This specification covers the design and assembly of structural joints 
using ASTM A325 high-strength carbon steel bolts, ASTM A490 
high-strength alloy steel bolts, or equivalent fasteners, tightened to a 
specified tension. The bolts are used in boles having a nominal di
ameter slightly larger than the nominal bolt size. 

(b) Construction shall conform to an applicable existing code or specifi
cation for structures of wrought iron, carbon structural steel or 
high-strength steel, except as otherwise provided herein. 

(e) Joints required to resist shear between their connected parte are 
designated as either {riction-type or bearing-type connections. Shear 
connections subjected to stress reversa}, severa stress tluctuation, or 
where slippage would be undesirable, shall be friction-type. 

(d) The attached Commentary provides guidance in the application of 
the specification. 

2 Bolts, Nuts and Washers 

(a) Except as provided in paragraph (d) of this section, bolts, nuts and 
circular washers ü required, shall conform to requirements of the cur
rent edition of the specifications of the American Society for Testing 
and Materials for High-Strength Carbon Steel Bolts for Structural 
Steel Joints, ASTM A325, or for Quenched and Tempered Alloy 
Steel Bolts for Structural Steel Joints, ASTM A490. The designer 
shall specüy the grade of bolts to be used. 

(b) Except as provided in paragraph (d) of this section, bolt dimensiona 
shall conform to the current requirements of the American Standards 
Association for heavy hex structural bolts, ASA Standard B18.2.1. 

(e) Except as provided in paragraph (d) of this section, nut dimensiona 
sball conform to current requirements of the American Standards 
Association for heavy hex nuts, ASA Standard B18.2.2. 

(d) Other fasteners which meet the chemical composition requirements 
of ASTM specification A325 or A490 and which meet the mecbanical 
property requirements of the same specification in full-size tests and 
wbich have body diameter and bearing areas under the bead and nut. 
or their equivalent, not less than tbose provided by a bolt and nut 
of tbe same nominal dimensiona prescribed by paragraphs 2(b) and 
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Table 1 Washer Dimensionsa 

Square or Rectangular Beveled 
Circular Washers Washers for American 

Bolt Size Standard Beams and Channela 
o Nominal Nominal Thickness Minlmum Slopa or Mean Outsida Ola meter Si de Thlckness Tapar In 

Diametar of Hola M In. Max. Dimenslon Thlekness 

'ñ 1~6 1%z 0.097 0.177 1% ~6 1:6 
7á me 2Y32 0.122 0.177 1% ~6 1:6 
% 11%2 1%& 0.122 0.177 1% ,"?._;~6:;::::,... 1:6 ra 1% 1~6 0.136 0.177 1% ·- ~6~~ ~~1:6 

1 2 1~& 0.136 0.177 1% ~6 1:6 
1% 21,4 11,4 0.136 0.177 21,4 ~6 1:6 
11,4 2'-h Há 0.136 0.177 21,4 ~6 1:6 
1% 2% 1'-h 0.136 0.177 21,4 ~6 1:6 
11,~ 3 1% . 0.136 0.177 21,4 ~6 1:6 
1% 3% H's 0.178b 0.28b 
2 3% 2% 0.178b 0.2Sb 
Over 2 to 4 2D-'"h D+% 0.24• 0.34" 

in el. 

" Dimensions in inches. {Tolerances as noted In Table l·A.) 
~'ha In. nominal. 
• 'A In. nominaL 

2(c), may be u..c;ed. Such alterna"L-L fasteners may diffcr in other 
dimensiona from those of the speciñed bolts and nuts. Their in
stallation procedÍlre may differ from those specified in paragraphs 
5(c) and 5(d) and their inspection may differ from that specified 
in Section 6. When a different installation procedure or inspec
tion is used, it shall be detailed in a supplemental specification 
applying to the altemate fastener and this specification must be 
approved by the engineer responsible for the design of the structure. 

(e) Circular washers and square or rectangular beveled washers shall 
conform to the dimensiona in Table 1 within tolerances given in 
Table 1-A. Beveled washers shall taper in thickness. Washers 
shall have no raised rnarkings on their bearing surfaces. 

Where necessary, washers may be clipped on one side to a 
point not closer than ~ of the bolt diameter from the center of 
tbe wasber. 

Table 1-A Washer Dimension Tolerances (inches) 

Washer Size 

Dimenslon TolH In. Ovar lH In. 
Nominal Bolt Nominal Bolt 
-~Iza, lncl. Slze 

Nominal diameter of hole -0; +~2 -0; +Me 
Nominal outslde dlmenslons -~z; +~ -~z; +~ 
Flatness; max. deviation from straight 

edgP. placed on "cut" side shaD not 
exceed 0.01 0.015 

Burr shall not project above immedl· 
ately ad¡acent washer surface more 
than 0.01 0.015 

'~ \ ¡-< • 3 Bolted Parts 

(a) The slope of surfaces of bolted parts in contact with the bolt 
and nut shall not exceed 1 : 20 with respect to a plane normal to the 
bolt axis. Bolted parts shall fit solidly together when assembled 
and shall not be separated by gaskets or any other interposed com
pressible material. Holes may be punched, subpunched and reamed, 
or drilled, as required by the applicable code or specification and shall 
be a nominal diameter not more than H. 6 in. in excess of the nominal 
bolt diameter. 

(b) When assembled, all joint surfaces, including those adjacent to the 
bolt heads, nuts or washers, shall be free of scale, cxcept tight mili 
scale, and shall also be free of burrs, dirt and other foreign material 
that would prevent solid seating of the parta. 

(e) Contact surfaces within friction-type joints shall be free of oil, paint, 
lacquer or galvanizing. 

4 Allowable Working S~resses 

(a) Design Stresses. The allowable working stresses for A325 and A490 
bolts specified in the following paragraphs are given, respectively, for 
bridges and buildings in Table 2. As used in paragraphs (b) and (e), 
nominal bolt area is defined as the area corresponding to the nominal 
diameter of the bolt. 

Table 2 Allowable Working Stresses for Fastenersa 
1 ASTM A325 Bolts 

1 

ASTM A490 Bolta Spec1ficat•on Loadlng Condltions Paragraph Bridges Buildings Bridges 1 
Bulldlnga 

4(b) Applled tension, psi 36,000 40,000 48,00Qb 54,00()6 
4(c) Shear, psi 

l. Friction-type connec-
tion 13,500 15,000 18,000 20,000 

, 2. Beanng-type con-
nectron, shear plane 
through threads 13,500 15,000 20,000 22,500 

3. Bearing-type con-
nection, threads ex- 20,000 22,000 29,000 32,000 
cluded 

4(d) Bearing, psi• 1.22F,. 1.35F,. 1.22F,. 1.35F,. 

"The tabulated stresses, except for bearlng stress, apply to bolts used In any grade of steel, 
b Statie loadlng only. 
e F, = Specified mlnimum yleld point of the lowest strength connected part. The bearlng 

stress shall not ba more than the specif1ed minlmum tens•le strcngth of the lowest strength 
connected material. 

(b) Applied Tension. Bolts requircd to suppor~ applicd load by means 
of direct tcnsion shall be so proportioncd that thcir average tensile 
stress, computed on the basis of nominal bolt arca and indepcndent 
of any initip.l tightening force, will not excccd the approprialPJ ~trcss 
given in Table 2. The applied load shall be the sum of the cxtcrnal 
load and any tcnsion resulting from prying action produccd by de· 
formation of thc conncctcd parta. 



(e) Shear 
l. Bolts in frir:tion-type connections assembled in accordance 

with the requiremeots of paragraph 3(c) shall be proportioned on the 
basis of the appropriate stress given in Table 2. These shear stresses 
may be used to proportion high-strength bolts used in combinatlon 
with rivets'or welds designed in accordance with the provisions of the 
applicable ,code or specification. In friction-type connectiollli there 
need be no consideration of bearing, and fillers need not be "de
veloped~!' -,_ However, eccentricity of forces at short thick fillers must 
be considered. 

2. Bolts in ln!aring-type connections having thread in a plane 
of contact surfaces of the connected parts shall be proportioned on 
the basis of the appropriate stress given in Table 2. 

3. Bolts in bea.ring-type connections, where bolt threads are exo 
cluded from the shear planes of the contact surfaces between the 
connected parts, shall be proportioned on the basis of the appropriate 
stress given in Table 2. 

(d) Bearing. In bearing-type connections the computed bearing pressure, 
assumed to be distributed over an area equal to the nominal bolt dia 
ameter times the thickness of the connected part, shall not exceed 
the appropriate stress given in Table 2. 

In bearing-type connections having no more than two bolts in a 
line parallel to the direction of stress, the distance between the center 
of the nearest bolt and that end of the connected member towards 
which the pressure from the bolt is directed shall be not less than 
AC!t for single shear or 2AC/t for double shear, where A is the nomi
nal cross-sectional area of the fastener, t is the thickness of the con
nected part ande is the ratio of specified minimum tensile strengtb 
of the fastener to the specified minimum tensile strength of the con
nected part. This end distance may be proportionately less where 
the shear stress per bolt is less than that permitted in this sec
tion, but not less than 1>-2 times the bolt diameter. It need not 
exceed 1>-2 times the transverse spacing of the fasteners. 

(e) Increase in Working Stress. Increase in working stress allowed in the 
applicable code or specification may be applied to the stresses given 
in this section (see Commentary for Shear; Friction-Type Connec
tions). 

5 Installation,c 

(a) Fastener Tensio11. Each fastener shall be tightened to provide, 
when all fasteners in the joint are tight, at least the minimum 
tension shown in Table 3 for the size and grade of fastener used. 

Threaded bolts shall be tightened with properly calibrated 
wrenches or by the turn-of-nut method. If required because of bolt 
entering and wrench operation clearances, tightening by either pro
cedure may be done by turning the bolt while the nut is prevented 
from rotating. 

lmpact wrenches, ü used, shall be of adequate capacity and 
l lsufficiently supplied with air to perform the req·)ired tightening of 

- cae •lt in approximately ten seconds. • ~__J 

Table 3 Fastener Tension 

Bolt Slze, In lnches 
Mm1mum Fastener Tension• m Thousands of Pounds (klps) 

A325 Bolts A490 BoltS 

lh 12 15 
% 19 24 
% 28 35 
re 39 49 

1 51 64 
1% 56 80 
llA 71 102 
1% 85 121 

11h 103 148 

Over 13-i 0.7 X T.S. 

"Equal to 70 percent of spec•f•ed mm1mum tenslle strengths of bolts, rounded off to the nearest 
klp. 

(b) Washers. A325 fasteners meeting the provisions of Section 2 may be 
installed without hardened washers when tightening is by the turn
of-nut method. A490 bolts installed by the turn-of-nut method and 
A325 or A490 bolts tigbtened by the calibrated wrench method 
(i.e., by torque control) shall have a hardened washer under the ele
ment (nut or bolt head) turned in tightening. Two hardened washers 
shall be used with all A490 bolts used to connect material having a 
specified minimum yield point less than 40 ksi. 

Where an outer face of the bolted parts has a slope greater than 
1: 20 with respect to a plane normal to the bolt axis, a beveled 
washer shall be used to compensate for the lack of parallelism. 

(e) Calibrated Wrench Tightening. When calibrated wrenches are used 
to provide the bolt tension specified in paragraph 5(a) their setting 
shall be such asto induce a bolt tension 5% to 10% in excess of this 
value. These wrenches shall be calibrated at least once each working 
day by tightening, in a device capable of indicating actual bolt ten
sion, not less than three typical bolts of each diameter from the balta 
being installed. Power wrenches shall be adjuslcd to stall or cut
out at the selected tension. If manual torque wrenches are used the 
torque indication corresponding to the calibrating tension shall be 
noted and used in the installation of all bolts of the testcd lot. Nuta 
shall be in tightening motion when torque is measured. When using 
calibrated wrenches to install several bolts in a single joint, the wrench 
shall be returned to "touch up" bolts previously tightened, which 
may ha ve been loosened by the tightening of subsequent bolts, until 
all are tightened to the prcscribed amount. 

(d) Turn-of-Nut Tightening. Wben the turn-of-nut mcthod is uscd to 
provide the bolt tension specificd in paragraph 5(a), thcre shall first 
be enough bolts brought to a "snug tight" condition to insure that 
the parts of the joint are brought into good contact with ench other. 
Snug tight is dcfined as the tigbtncss attained by a few impacta 
of an impact •·;~rench or the full cffort of a man using an ordinary 
spud wrench. Following this initial operation, bolts shall 
placcd in any rcmaining boles in thc conncc'tic ld brought 
tightness. All bolts in the joint ~hall then be ... 

0
atcncd 

------------------------------------------ ~)----------------------------------------------~ 
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Jble 4 Nut Rotationa from Snug Tight Condition 
,, ,rvr ,.,r ~ 

01sposiilion of Outer Faces of Bolted Parts 

8oth faces normal to lllllft axos, or one fa ce 8oth faces sloped not more 
normal lo axos and other fam sloped not more than than 1: 20 from normal to bolt 

1:20 (bevel wasber not u sed) axos (bevel washers not used) 

Bolt lengthb not exceed ong 
8 doameters or 

Bol! lengthh exceeding_ 
8 d1ameters or For all length of bolts 

8inches 8inches 

1h turn %turn % turn 

a Nut rotatoon os rotatoon relatmoe to bolt regardless of the element (nut or bol!) beong turnad. 
Tolerance on rotatoon: 3Jl"· over or under. 
For coarse thread heavy llllex structural bolts of all sozes and length and heavy he11 
semo-fonoshed nuts. 

b Bolt length os measured from undersode of head to extreme end of poont. 

by the applicable amount of nut rotation specified in Table 4, witb 
tightening progressing systematically from the most rigid part of 
the joint to its free edges. During this operation there shall be no 
rotation of the pari not turned by the wrench. 

S Inspection 

(a) The Inspector shall determine that the requirements of Sections 2, 
3 and 5 of this specification are met in the work. When the cali
brated wrench method of tightening is used, the Inspector shall have 
full opportunity to witness the calibration tests prescribed in para
graph 5(c). 

(b) The Inspector shall observe the installation and tightening of bolts 
to determine that the selected tightening procedure is properly used 
and shall determine that all bolts are tightened. This inspection will 
ordinarily assure that the specified bolt tightness is attained. 

(e) When there is need for more inspection of bolt tightness than that 
provided in paragraph 6(b), the following arbitration inspection shall 
be used unless a more extensive or different procedure is specified 
in the inquiry and order for the work: 

l. The Inspector shall use an inspecting wrench which may be 
either a torque wrench or a power wrench that can be adjusted in 
accordance with the requirements of paragraph 5(c). 

2. Three bolts of the same grade, size• and condition as those 
under inspection shall be placed individually in a calibration device 
capable of indicating bolt tension. The surface under the part to be 
turned in tightening each bolt shall be Iike that under the correspond
ing part in the structure; i.e., there shall be a washer under the 
part turned if washers are so used in the structure or, if no washer is 
used, the material abutting the part turned shall be of the same 
specification as that in the structure. 

3. When the inspecting wrench is a torque wrench, each bolt 
specified in paragraph 6(c)2 shall be tightened in the calibration 
device by any convenient means to the mínimum tension specified 
for its size in paragraph 5(a). The inspccting wrcnch then shall be 

• Lcngth ma,; be ;uoy lcn~h rcprc~ntativc of bolts UbCd in thc structurc. 

' applied to the tightened bolt and the torque essary to 
nut or head 5 degrees (approximately 1 inch -- 12 inch 
the tightening directiori shall be determinad. The average 
measured in the tests of three bolts shall be taken as the job inspecting 
torque to be used in the manner specified in paragraph 6(c)5. 

4. When the inspecting wrench is a power wrench it shall be ad
justed so that it will tighten each bolt specified in paragraph 6(c)2 
to a tension at least 5 but not more than 10% greater than the 
m.inimum tension specified for its size in paragraph 5(a). This setting 
of wrench shall be taken as the job inspecting torque to be used in the 
manner specified in paragraph 6(c)5. 

5. Bolts representad by the sample prescribed in paragraph 6(c)2 
which have been tightened in the structure shall be inspected by 
applying, in the tightening direction, the inspecting wrench and its 
job inspecting torque to 10% of the bolts, but not less than two bolts, 
selected at random in each connection. If no nut or bolt head is 
turned by this application of the job inspecting torque, tbe connection 
shall be accepted as properly tightened. If any nut or bolt head is 
turned by the application of the job inspecting torque, this torque 
shall be applied to all bolts in the connection, and all bolts whose 
nut or head is turned by the job inspecting torque shall be tightened 
and re-inspected, or alternatively, the fabricator or erector, at bis 
option may re-tighten all of the bolts in the connection and then 
re-submit the connection for the specified inspection. 

COMMENTARY 

Cl Scops 

When first approved by the Research Council on Riveted and Bolted 
Structural Joints of the Engineering Foundation, January, 1951, the Specifica
tion for Assembly of Structural Joints Using High-Strength Bolts merely per
mitted the substitution of a like number of A325 high-strength bolts for hot
driven ASTM Al41 steel rivets of the same nominal diameter. It was re
quired that all contact surfaces be free of paint. As reviscd in 1954, the omis
sion was required to apply only to "joints subjected to stress reversa}, impact 
or vibration, or to cases where stress redistribution due to joint slippage would 
be undesirable." This relaxation of the earlier provision recognized the fact 
that, in a great many cases, movement of the connected parts that brings the 
bolts into bearing against the sides of their boles is in no way detrimental. 
When the nature ofthe loading-whether static or cyclic-is such that fatigue
type failure or reversa} of movement will not occur, thc high clamping force 
in the bolts provides a rigid assembly in the "slipped" position, and the shear 
strength of the high-strength bolts, when threads are cxcluded from contact 
surface shear planes, is substantially greatcr than that of hot-driven rivcta 
required to function under similar circumstances. Since allowable strcsscs as 
well as the requirements for treatment of contact surfaccs nppropriate to 
these scrvice conditions are diffcrcnt, the prC>scnt spccification T• wgni1.es two 
kinds of shear connection.q, designatcd as friction-type and l.'aring-type, re
spcctively. 
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Just how much stronger the high-strength bolts are in resisting actualshear
ng forces and what effect the higher stresses in the bolts have upon the 
trength of the connected parts have been the subjects of extensive study in 
.he bolt sizes generally used in construction sponsored by the Research Coun
:il since 1954. The results oí these studies, together with improvements in 
nstallation practices wbich are the outgrowth of extensive experience in the 
Lse of bigh-strength bolts, formed the background for the 1960 edition. The 
.962 revision reflected the results of additional researcb which had shown that 
ll'ashers may be omitted frorn A325 bolt assemblies. This revision incor
,0rates the results of research conducted since that time, especially on 
\490 bolts. 

Tbe increasing use of bigh-strength steels has created the need for bolts 
;ubstantially stronger than A325, in order to resist, with well-proportioned 
joints, the much greater forces that they support. To meet this need, a new 
A..STM standard, A490, has been developed. 

Wben provisions for the use of these bolts were included in the Speci
fication in 1964 it was required that they be tightened to their 'specified 
proof load, as was required for the installation of A325 bolts. However, 
the ratio of proof load to specified rninimurn tensile strength is approxi
mately O. 7 for A325 bolts, whereas it is 0.8 for A490 bolts. Calibration 
studies bave shown that bigb strength bolts have ultirnate load capacities 
in torqued tension which vary from about 80% to 90% of the direct tensile 
strength. 1 Hence, if mínimum strength bolts were supplied and they 
experienced tbe rnaximum reduction dueto torquing, there is a possibility 
that these bolts could not be tightened to proof load by any method of 
installation. Also, statistical studies have shown that, tightening to the 
0.8 ratio under calibrated wrench control rnay result in sorne "twist-off" 
bolt failures during installation or in sorne cases a slight arnount of under
tightening. 2 Therefore tbe required installed tension for A490 bolts has 
been reduced to 70 percent of the specified minimum tensile strength. 
For consistency, but with only rninor change, the initial tension required 
for A325 bolts has also been set at O. 7 of their specified mínimum tensile · 
strength and at the same time the values in Table 3 have been rounded off 
to the nearest kip. 

Because greater clamping force is used with A490 bolts it is required that 
hardened washers, conforming to the requirements of ASTM Specification 
A325, be installed under both the nut and bolt head when A490 bolts are 
used in steels having a yield point less than 40 ksi and under the turned 
elernent when they are used in higher-strength steels. 

C2 Bolts, Nuts and Washers 

In this edition of the specification a single type of fastener, available in 
two strengtb grades (A325 and A490) is described as a principal type but 
conditions for acceptance of other types of fasteners are provided. 

1 "Calibration of Alloy Steel Bolts," by Christopher, R. J., Kulak, G. L., and 
Fisher, J. W., Journal of the Structural Diviswn, ASCE, Vol 92, No. ST2, Proc. 
Paper 4768, Apnl, 1966, PP- 19-40. "> 

2 "The S:r- -=(ication of l\linimum Preloads for Structural Bolts," by Gill, P. J., 
Memorandu 1, G. K. N. Group Researcb Laboratory, England, 1966 (Unpub- • 
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Heavy hex structural bolts manufactured to ASTM Specification A325, 
the dimensions for which are shown in Table 5 and Figure 1, are identified 
on the top of the head by three radial lines, the legend "A325", and the 
rnanufacturer's symbol. Bolts rnanufactured to ASTM Specification A490 
are rnarked with the legend "A490" and the manufacturer's syrnbol. Heavy 
hex nuts rnanufactured to ASTM Specification A325 are identified on at 
least one face by three circumferential rnarks, or by the nurnber "2", 
"2H", "D" or "DH" and the rnanufacturer's rnark. Heavy hex nuts for 
use on A490 bolts are identified with the legend "2H" or "DH" and the 
rnanufacturer's rnark. A490 bolts rnay be used in lieu of A325 bolts if 
expedient on the basis of availability, in which case their initial tension 
need not exceed that required for A325 bolts. 

Heavy hex structural bolts have shorter thread lengths than other 
standard bolts. By rnaking the body lengtb of the bolt the control dirnension 
it has been possible to exclude the thread from all shear planes, except in the 
case of thin outside parts adjacent to the nut. Depending on the amount of 

Nominal 
bolt slze, 

D 

Manufacturer·s 
ídent•hca!lon symbol 

Manufaclurer's 
•deni•IICal•on symbol 

A325 bolts 

Nuts may be washer faced as •n faJ 
or dcuble cham!ered as '" (b¡ 

laJ (b) 

Alternate nut markmg 
"'2. ' ' D. ' · 2H" or "OH" 

A490 bo!ts 

§ :.u:~e~~!c~d 
• - . as '" (a) or 

double chamlered 
as '" (b) 

~H~ ~:H:¡ 
(a) (b) 

Fig. 1 Nut marking 
"2H" or "OH" 

Table 5 

Bolt Olmenslons, In lnches Nut Dlmenslons, In lnches 

Heavy Hex Structural Bolts 

Wldth across Height. Thread 
flats F H length 

fa %a 1 
lY!a 2%4 llA 
11.4 lo/32 lo/a m a 3%& llf2 
lo/a 39k.. P.4 
ll%a lY!a 2 
2 21-'32 2 
2%s 2~32 21,4 
2% lo/¡11 21,4 

Heavy Hax Nula 

W1dth across 1 H~l¡;ht. 
flats W H 

-----
fa 3 \t4 

lY!e 3~64 
11,4 47..f.4 

ma ':G. 
lo/a 6~ 
ll%e 
2 
~~~ 

-~ 
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>lt length ad to adjust for incremental stock lengths, the full thread may 
:tend into th ip as much as % inch for Y2 inch, Vs inch, ~ inch, Ys inch, 
\4 inch and 1~'iúch diameter bolts and as much as Y2 inch for 1 inch, 1% 
tch, and 1% inch diametel' bolts. lnclusion of sorne of the thread run-out 
tto the plane of shear is permissible. At the other extreme, care should be 
1ken to provide sufficient thread for nut tightening to keep the nut from jam
ting into the thread run-out. When the thickness of an outside part adjacent 
> the nut is less than these values it may be necessary to call for the next 
1crement of bolt length together with a sufficient number of flat circular 
rashers to insure full seating of the nut. Then the higher working value in 
near permitted in bearing-type joints can still be the basis for determining 
he number of bolts in the connection. 

In order to determine the required bolt length, the value shown in Table 6 
hould be added to the grip (that is, the total thickness of all connected ma~ 
erial, exclusive of washers}. 

Table 6 

Bolt Size, in lnches 
To Determine Required Bolt 

Length Add to Grip, In lnches 

llñ.& 

fa 
1 
llAt 
11A 
llh 
1% 
1% 
lfa 

The preceding values are generalized, with due allowance for manufac
~uring tolerances, to provide for the use of a heavy hex nut, with a "full nut" 
.vhen installed. For eacll hardened flat washer that is used, add %2 inch, 
1nd for each beveled washer add %6 inch. The length determined by the 
use of Table 6 should be adjusted to the next longer 34' inch. 

The circular washer dimensions shown in Table 1 are somewhat re
duced from those tabulated in 1962 and earlier editions. They have been 
developed on the principie that the primary function of the washer is to 
provide a non-galling surface under the part turned in tightening. As dis
cussed more fully under Section C5 of this Commentary, tests have shown 
that wasl;lers play only a minor role in distributing the pressure due to bolt 
tension. Hence, no consideration is given to this function and the minimum 
thickness for commonly used washers has been reduced by one or two gages. 
The maximum thickness is now alike for all washers up to and including 
the 1Y2 inch size, so that these washers can be produced from a single stock 
of material. 

C3 Bolted Parts 

Joints which must transmit the forces in adjacent parts by means of shear 
are divided into two categories in the current specification; [riction-type and 
bearing-type. High initial bolt tension provides worthwhile advantages, there
fore the same initial tensioning is recommended for bearing-type connections 

as for the friction-type. Among these benefits are overall joint rig. 
better stress pattern and security against nut loosening, 

C4 Allowable Working Stresses ~ 

While the provisions contained in the Council specifica'tion to a limited 
extent affect general design considerations, it is not the intent to present a 
complete design specification. Only those features influenced by the proper
ties of high-strength bolts, as distinct from other types of fasteners, are in
cluded. Working stresses applicable to bridges and to buildings (two values 
differing by about 10%) reflect the historie diffcrence in basic stress be
tween the AREA and AASHO Specifications governing bridge design and 
the AISC Specification governing the design of buildings and similar struc
tures. Except as modified by the provisions of the Council's specification, 
it is assumed that all of the applicable provisions of the standard specifica
tions under which the structure is designed will be observed. 

Tension 

The working stresses recommended are intended to apply to the calculated 
bolt load plus any tension resulting from prying action produced by deforma
tion of the connected parts. When subjected in tension to the recommended 
working value (approximately equal to two-thirds of the initial tightening 
force) high-strength bolts will experience little if any actual change in stress. 
Since the tensile strength of the A490 bolt is approximately one-third 
greater than the corresponding average value for the A325 bolt, this ratio 
has been used to set the allowable tensile stress for the A490 bolt. 

Tests 3 on properly tightened A325 bolts have demonstrated that their 
fatigue strength is not adversely affected by repeated applied tension of this 
amo un t. 

Similar studies on A490 bolts are under way. Pending completion of these 
studies the allowable working stress in tension for A490 bolts, given in Section 
4(a), is intended for static loading only and no recommendation covering cyclic 
applied loading in tension is made . 

Shear: Friction-Type Connections 

No change has been made in the recommended working value for A325 
bolts used in friction-type joints. They are, as hcretofore, given thc "shear" 
value recommcndcd in the applicable design specification for hot-driven ASTM 
A141 steel rivets of the same nominal diameter. The one-third increase in 
required tightcning tension mentioned under Tcnsion is the justification for 
the one-third increase in working stress for A490 bolts uscd in friction-type 
connections. Resistance to slip is dcpendcnt upon the amount of bolt 
clamping force and the nature of the contact sur faces in a givcn conncct ion, 
and is independent of the working stress for which the connectcd parts are 
proportioned. 

Connections having contact surfaces of unrustcd mili scalc ofTcr the least 
resistance lo slip of any unpaintcd joints; rustcd su~faccs which havc bccn 
well cleaned may provide up to two times as much rcsistance. The n•com
mended "shea.r" value using A325 bolts to conncct parts having a Rpccificd 

• "Rcscarch on BoltC'd Conncdions;• by \\'illiam 11. M un>-<', Tran.<action.•. ASCJ-:, 
Vol. 121, 19J6, pp. 1255-1266. 



· 2Ui:: • ;:;pecqu:arwn ¡or o:>rruQIUTU~, <J<nnw 

eld point of about 33 ksi. based on numerous testsH6•7 correlates witb a 
;p coefficient of 0.35. Sümilar observations have been made in tests _of 
ints of higher-strength steels. 8 While lower coefficients ha ve been observed 
sorne laboratory tests of joints having contact surfaces of tight unrusted 

ill scale or surfaces made smooth by grinding, a slip factor of 0.35 is more ' . presentative of values lik2ly to be encountered in actual construcbon. 
Applying this value to the recommended minimum bolt tension, the 

ctor of safety against slip can be computed as 

N = (D.35) (minimum bolt tension) 
(allowable shear stress) (nominal bolt area) 

(1) 

For yg inch and 1 inch A325 bolts, N equals 1.68 for bridges designed in 
:cordance with the AASHO and AREA Specifications, and 1.52 for structures 
:lsigned in accordance willh the AISC Specification. These factors of safety 
gainst slip compare with design factors of safety against yield of the con
ected parts of 1.83 and 1.67, respectively. For other sizes of A325 bolts, 
1e values of N are within 10% of those for % inch and 1 inch bolts. For 
490 bolts, the N values are approximately the same as for A325 bolts. 

Under repeated loadang the factor of safety against slip indicates the 
1argin against the conditiron where a reduced fatigue strength may develop. 
fnder static load conditioJBS it may represent the margin against a one-time 
isplacement movement, as under lateral shock or maximum wind loading, 
·hich is seldom likely to ibe reversed. A factor of safety against slip, lower 
.1an that implicit in the design stress used in proportioning the connected 
arts, is acceptable exceplt where there must not be movement under such 
verloads as may occur within the allowable design stress factor of safety. 

When the allowable .. shear" value is increased one-third for wind the 
alue of N in the above equation approaches unity. If the satisfactory per
)rroance of the structure depends upon joints which must not move, the de
igner should so proportioo these joints as to satisfy himself that the margin 
gainst slip is adequate. 

Connections of the tYJPe shown in Figure 2 (a) in which some of the bolts 
A) lose a part of their clamping force dueto applied tension, suffer no overall 
lss of frictional shear res5tance. The bolt tension produced by the moment 
> coupled with a compensating compressive force (C) on the other side of the 
.xis of bending. In a coi'Il!lection of the type shown in Figure 2(b), however, 
11 of the fasteners (B) receive applied tension which reduces the initial com
>ression at the contact suñace. If bolts are used, and slip under load cannot 

4 "High-Strength Bolts in Structural Joints: A Symposium: Slip of Joints under 
tatic Loada," by R. A. Ha:htman, D. R. Young, A. G. Chin, andE. R. Savikko 
'ransactions, ASCE, Vol. 12.0, 1955, pp. 1335-1352. 

'"Effects of Fabrication Techniques," by Desi D. Vasarhelyi, Said Y. Beano, 
tonald B. Madison, Zung-An Lu, and Umseh C. Vasishth, Transactions, ASCE, 
'ol. 126, Part 11, 1961, pp. 764-796. 

• "Static Tension Tests al Compact Bolted Joints," by Robcrt T. Foreman and 
ohn L. Rumpf, TransactioTJS, ASCE, Vol. 126, Part 11, 1961, pp. 228-254. 

7 "Long Bolted Joints," by R. A. Bendigo, R. H. Hanscn and J. L. Rumpf, ASCE 
rournal, Voi.IT6, Dccember, 1963. ) 

1 "Static TE n Tests of A440 St.ecl Joints Conncctcd dth A325 Bolts," by 
·. W. Fishcr, ' Ramseier and L. S. Beedle, Publications, IABSE, Vol. 23, 1963. 

be tolerated, the working value of the bolts in shear should be reduced in pro-
portian to the ratio of residual tension to initial tension. . 

Because bolts in {riction-type connections do not depend upon beanng 
against the sides of their hol~s, those provisions of the general design specifica
tions intended to guard against high bearing stresses, and bending of the bolt 
due to bearing, are waived. 

A 

e 

T 

Fig. 2 

Shear: Bearing-Type Connections 

In connections where the bolts may bear against the boles in the con
nected parts, the allowable stress of bolts is dependent upon the presence. or 
absence of bolt threading at the plane of contact surfaces where shearmg 
occurs. If the unthreaded shank of an A325 bolt is avaiJable to resist this 
shear at all planes where it occurs, tests6•7 ha ve shown that a shear stress equal 
to 20 ksi for bridges and 22 ksi for buildings (based on nominal fastener area) 
affords at least as large a factor of safety against high strength bolt shear 
failure as that provided in the standard design specification for rivets. On 
the other hand, it was found that failure occurs at 15% less load when thread
ing is present at one of the two shear planes of an enclosed part, and at 30% 
less.load when threads are present in both shear planes. This latter failure 
load could be expected also for single-shear joints with threads in tbe shear 
plane. Similar observations have been made from tests using ordinary bolts. 
They merely reflect the ratio of area at the root of thread to the nominal 
bolt area. The allowable shear strcsses for A325 bolts with thread in a shear 
plane (13.5 ksi for bridges and 15 ksi for buildings as shown in Table 2) are 
developed by applying the above 30% reduction to the stresscs allowed in 
unthreaded shanks. 

The shear stresses allowcd for A490 bolts in bcaring.type connections have 
been similarly dctermined from tests9.lo.u to give them at lcast as mucb 
factor of safety against failure as is provided for rivets mnde of Al41 steel. 

1 "High-Strcngth Bolts Subjccted to Combincd Tension nnd Shear," by E. 
Chesson, Jr., N. L. Faustino and W. H. Munse, ASCE Journal, Vol. 91, ST5, 
October, 1965. 

10 "Shear Strength of High Strcngth Bolts," by James J. \\t~llacrt and John)W., 
Fisher, ASCE Joumal, Vol. 91, ST3, Junc, 1965. 

11 "A490 SL¿cl Joint.s Conncctcd by A490 Bolts," by ( ::11~ H. Stcr 
John W. Fishcr, ASCE Journal, Vol. 92, ST3, June, 1966. 
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For both A325 and A490 bolts, it may be noted that no special 
lowance ¡8 for the c:ondition where a bolt in double shear has un-

ded shank in one shear plane and threaded section in the other. This 
~ea . 

1 
. 

>es not deny designers the advantage of such an analys1s. t recogruzes, 
>wever, that any use of the advantage requires knowledge of bolt placement 

1
at ¡8 not ordinarily available to designer or detailer, and that the fully 
mservative procedure is to use the lower allowable shear stress for all ~ear 
.anes when the joint detail allows bolt thread in any shear plane of the JOmt. 

Bearing 
Testst2.t3 t4 have shown that bearing pressure on rivets in double or 

ngle shear, computed on the basis of an area equ~ t~ the product of the 
art thickness and nominal rivet diameter has no s1gmficant effect on the 
.rength of the connected parts of A 7 steel when this pressure is not more 

1an 2.25 times the tensile stress applied to the net, area of these parta. lt 
ould appear that the ratr.o of fastener spacing normal_ to the I_~e of force, 
) fastener diameter, rather than unit pressure per se~ lS t?e cntlcal fact?r, 
nd that computed bearing stress is simply a convement mdex of effectlve 
et section. In consequence, no increase in allowable bearing value seems 
rarranted when high-strength bolts are substituted for rivets. In sorne 
igh-strength steels it is, however, limited by the tensile strength of the steel 
nd provision to recognize this is made in Table 2. 

When there are not more than two bolts in the line of stress and the pres
Llre from the bolt is directed toward the end of a connected part, an increru:e 

1 end distance above that required for rivets under similar circumstances, lS 

~commended. ' To insure that the end fastener will not tear out of t~e co~
ected part before the full tensile strength of the net section is at~med 1t 
as long been required that the end distance of a connec~d ~art havmg sub
tantially the same mechanical properties as the connectm? nvets be not le~ 
han the nominal area of the rivet divided by the part th1ckness and multi
·lied by the number of shears applied to the part. This rule is retained !or 
~ with high-strength bolts but the end distance is increased in proport1on 
o the ratio of bolt tensile strength to the tensile strength of the part. Above 
l Iength equal to 1 Y2 times the transverse bolt spacing, failure by rupture 
tlong the net plate section. at full fastener efficiency, is assured. 

~5 Installation 

Testst~ have shown that a hardened washer is not needed to prevent minor 
:olt relaxation resulting from the high stress concentration under the bolt head 
•r nut in connections assembled with A325 bolts. Such relaxations were less 

12 "Bearing Ratio Effect oo Sta tic Strength of Riveted Joints," by Jonathan Jones 
"ransact10ns, ASCE, Vol. 123, 1958, pp. 964-972. , 

u "The Effect of Bearing Pressure on the Sta tic Strength of Riveted Connections,' 
~ulletin No. 454, Univ. of minois, Engrg. Experiment Sta., Urbana, 111., July_195~; 

•• "EfTect of Bearing Pressures on Fatigue Strength of Riveted Connect10ns,. 
•Y E. Chesson, Jr., J. F. Parola, and W. H. Munse, Univ. of Illinois, Engrg. Expen• 
nent Sta. Bulletin No. 481, 1965. 

n "Studit::s of The Behavior of High-Strength Bolts and Bolted Joints," by E, 
:::hesson, Jr., and W, H. Munse, Univ, of Illinois Engrg. Experiment S~a. Hulletin 
:-Jo, 469, 1964. 

than 5% of the initial tension; too k place within hours of ht:>lt tightening, after ~ 
which further loss of tension was negligible; and were . tantially the samef 
with and without the use of washers. Tests1' ha ve also shown that any galling ··,. 
which may take place where nuts for A325 bolts are tightened directly against 
the connected parts is not detrimental to the static or fatigue strength of the 
joint. However, to minimize irregularity in the torque-tension ratio where 
bolts are tightened by the calibrated wrench method, a washer is still re
quired under the nut or bolt head which is turned in tightening. Otherwise, 
the use of flat circular washers is no longer required with A325 bolts. They 
are required with A490 bolts in A 7 and A36 steel parts, to reduce galling and 
brinnelling of these parts. In high-strength steel they are only required to 
prevent galling of the rotated part. 

Bolts installed by torquing can sustain additional direct tension loada 
without any apparent reduction in their ultimate strength. Because of this 
reserve strength, it is apparent that if the fastener does not fail while being 
installed, it will not fail thereafter, provided the loads to which it is subjected 
do not exceed those for which it has been designed. 

Without preference, the Council endorses both the calibrated wrench and 
the turn-Of-nut methods for bolt tightening. 

Earlier editions of the Council's specifications have listed torque values 
described as the approximate equivalent of the mínimum bolt tension specified 
for various size bolts. It was explained that these values were no more than 
observed experimental averages, and that the value to be used, both in install
ing bolts and in inspection procedures, should be that determined by the 
actual condition of the application. This point cannot be emphasized 
too much. The present specification requires that both torque and impact 
wrenches be calibrated, by means of a device capable of measuring the actual 
tension produced by a given wrench effort applied toa representatiye sample, 
when the tightening of bolts is controlled on the basis of calibrated wrench op-
eration. • · 

Hydraulic calibrating devices capable of indicating bolt tension undergo 
a slight deformation under large bolt heads. Hence the nut rotation corre
sponding toa given tension reading may be somewhat larger than it would be 
if the same bolt were tightened against a solid stecl abutment. Stated dif
ferently, the reading of the calibrating device tends to under-estimate the 
tension which a given rotation of the turned clemcnt would induce in a bolt 
in an actual joint. This should be borne in mind when using such devices to 
establish a tension-rotation relationship. 

Instead of suggesting one full turn of the nut. from a fingcr-t.ight. posi
tion,18 when tightcning is controlled by the turn-of-nut prescription, a 
somewhat smaller rotation, from a snug-tight condition, is now specified in 
Table 4. 1· 17· 18•

1' On an average, the bolt tension provided by either pre-

•• "Tightening High-Strength Bolts," by F. P. Drew, Proc. Sep. No. 786, ASCE, 
Vol. 81, August, 1955. 

17 "lnstallation and Tightcning of Hi¡;h-Strength Bolts," by E. F. Ball, J. J. Hig
gins, Transactions, ASCE, Vol. 126, 1961, pp. 797-820. 

18 "Calibration of A325 Bolts," by J. L. Rumpf nnd J. W. Fishcr, Joumal of the 
Structural Division, ASCE Vol. 89, No. ST6, Proc. Papcr 3731, Dcccmbcr, 1963, 
pp. 215-234. 

11 "Cahbration Tests of A490 High-Strcngth Bolts," by G. H. Stcrling, E. W. J. 
Troup, E. Chcsson and J. W. Fisher, ASCE Journal, Vol. 19, ST5, Oct. 1965. 
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scription is approximately the same. However, measuring the nut rota
tion from a snug-tight condition, which necessitates first drawing the 
severa! parts of the connection tightly together, has been found to produce 
more uniform bolt tension. 

Tests19 have shown that long A490 bolts require a somewhat greater
nut rotation in order to achieve the bolt tension shown in Table 3. Although 
the need does not exist with A325 bolts, the % turn provision has been applied 
to the A325 bolts as well, in the interest of uniformity in field practice. 

The percentage of bolts in a given connection which must be made snug
tiRht iñ ordor to Gotnpodt the joint will dépend upon tho EJtiffnoP of the ooveral 
connected parts and thelr lnitlal straightness. In extreme cases it may be 
necessary to snug-up bolts in all of tbe boles not used for pinning, in order 
to sea t the parts. 

After the parts are suitably drawn together, bolts are installed in any 
remaining open boles, tightened to a snug-tight condition, and all nuts are then 
rotated by the prescribed amount, after which bolts are installed in tbe boles 
originally pinned, and tightened using tbe same procedure. 

Tightening of the bolts in a joint should commence at the most rigidly 
fixed or stiffest point, and progress toward tbe free edges, both in tbe initial 
snugging up and in the final tigbtening. During tighteni~g the bolt head or 
the nut should be held by a hand wrench to prevent turning. 

C6 Inspection 

Bolts, nuts and washers are normally received with a light residual coat
ing of oil. This coating is not detrimental even to friction-type connections 
and need not be removed. 

Bolts tightened by the turn-of-nut metbod may bave the outer face of 
the nut match-marked with the protruding bolt point before final tightening, 
thus affording the inspector visual means of noting the actual nut rotation. 
Such marks can be made by the wrench operator with a crayon or dab of paint, 
after the bolts have been brought up snug tigbt. 

The sides of bolt heads and nuts tightened with an impact wrench will 
appear slightly peened and thus indicate that the wrench has been applied 
to the fastener. 

If a torque wrench is used to inspect bolts the procedure to be followed is 
described in detail in Section 6(c) of the Specification. 

Wbere no washers are used, torque readings will be relatively high and 
may vary considerably. For this case the use of a torque multiplier device 
may be necessary. 



15. FORMUL.1!: FOR RIGID FRAMFS 

1be formulz given in this section are based on Professor Kieinlogel's 
RahmenCormeln and Mehrstielige Rahmen, published by W'llhelm Emst & 
Sohn of Berlin, to whom grateful acknowledgment is made. The formule 
are applicable to frames which are symmetrical about a central Yertical 
axis, with the single excePti6n of the triangular frame. aad ÍD which cada 
member is of constant moment of inertia. 

Formulz are given for the foUowing types of rrame·: 

Single-storey Frame 

Frame l. Hingeless rectangular portal frame. 
11. Two-hinged rectangular portal frame. 

111. Híngeless gable frame with verticallep. 
IV. Two-hinged gable frame with vertical Jeas. 
V. Híngeless frame with skew c:omers. 

VI. Two-hinged frame with skew comen. 
VII. Two-hinged triangular frame. 

Multi-bay Frame 

VDL Twin Gable Frame with hinged feeL 

The loadings are so arranged that d~ snow and wind loada may be 
reproduced on aU the frames. For example, wind suction acting normal 
to the .sloping rafters of a building may be divided into horizontal and vertical 
components, for which appropriate formulz are given, although aU the signs 
must be reversed because the loadings shown in the tables act inwatds, not 
outwards as in the case of suction. Crane loada, including surge, are also 
shown in a number of the single-storey frames. 

It should be noted that, with few exceptions, the loada between node or 
panel points are uniformly distributed over the whole member. It is appre
ciated that it is normal practice to impose loads on frames through purlins_ 
side rai1s or beams. By using the coefficients in Fig. 1, however, aUow
ance can be made for many other sym~etrically placed loads on tbe cross. 
bcams of Frames 1 and n shown above, wbere tbe dift"erence in eft"ect is 
sufficient to warrant the coPI'ed.ions being made. The indeterminate B.M.s in 
the whole frame are ca1cuJated as though the loada were uniformly distributed 
over the beam being considered, and then aU are adjusted by multiplying by the 
appropriaté coefliáeot in Fig. l. It may be of interest to state wby tbae 
adjustmena. can be made. la any staticaUy indeterminate structure tho 
indetenninate IIIOIIlCidl 9IUJ dinedy with tho wlae or the followin¡ 
quantity: 

1 
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CONVERSION COEFFICIENTS FOR SYMMETRICAL LOADS 

U.D.L = W 
~!llfllll!llllllllllll!ll!lll!llllll~ 

Total /oqd ~ W 

" compl~m~nt of 2nd. d~gru 
pqrqbola 

~o~ ~ ' 
Totql load = W 

~*''**'**m iiJ 8 ~quql loqds ti 
Totql loqd = 

7 ~quql loqds 
Totq/ loqd = W 

* + i ' t * 6 ~quol /oqds 
Total loqd = W 

* * * t * S ~quol loods 
Total load= W 

+ * * * 4 ~quolloods 
Total load = W 

* i * J ~quql loqds 
Totq/ /oqd = W 

* * 2 tqualloads 

tw 
~~ ~ t~ 
~ ~ 

Total load =W 

ti~~ 
D ~ 

Total load = W 

Totol /oqd = W re .... ..,..,..,.,l ~,.,.,~.,.,!! :.-I'T'! m!l¡m~¡m~m: 

L 
r< Total load= W ,' p 1111!111 111 ~ 
~a .¡: 1J •í· o---=ll 

Fig. 1 
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FORMULtE FOR RIGID FRAMES 

Area ofthe free B.M. diagram 
El 

307 

Whcre thc loaded member is of constant cross-section, El may be ignored. 
Considcr, as an example, the case of an encastré beam of constant cross• 

section and of length L carrying a U.D.L. of W. Then the area of the free 
D.M. diagram 

WL 2L WV ..,_ x-z::s-. 
8 3 12 

If, however, W were a centtal point load, the area of the free D.M. diagram 
would be • 

WL L WV 
-x-=-4 2 8 • 

The F.E.M.s dueto the two types of Joadings are WL/12 and WL/8 respec
tively, thus demonstrating that the indeterminate moments vary with the 
area of the free B.M. diagram and proving that the indeterminate moments 
are in the proportion of 1 : 1·5. 

No rules can be laid down for the effect on the reactions of a change in 
the mode of application of the load, although mmetimes they will vary with 
the indcterminate moments. Consider a simple rectangular portal with 
hinged feet. lf a U.D.L. placed over the whole of the beam is replaced by 
a central point load of the same magnitude, then the knee moments will 
increase by 50 per cent with a corresponding increase in the horizontal 
thrusts H, while the vertical reactions V will remain the same. 

Although the foregoing remarks relating to the indetermi.nate moments 
resulting from symmctrical loads apply to all rectangular portals, the rule 
applies for asymmetricalloads imposed upon the cross-beam ofa rectangular 
portal frame with hinged feet. 'lf a vertical U.D.L. on the cross-beam is 
replaced by any vertical load of the same magnitude, then the ind.eterminate 
moments vary with the arcas of the respective free B. M. diagrams. 

No doubt readers who use the tables f(equently willlearn short cuts, but 
it is not inappropriate to mention sorne. For example, if a U.D.L. of W 
over the whole of a single-hay symmetrical frame is replaced by a U.D.L. of 
the same magnitude of W over either the lcft-hand or right-hand half of the 
frame, the horizontal thrust at the feet is unaltered. If the frame has a 
pitched roof then the ridge moments will also be unaltered. 

lt will be noted that the formulre for the load P on a single crane bracket 
are related to those for loads P on both crane brackets. Consider Fig. 2. 

_Then MA (=ME) and Mp ( ==M0 ) in Fig. 2 (b) are equal to (MA +ME) 
and (M 8 +M 0 ) respectively in Fig. 2 (a), while M e in Fig. 2 (b) is double 
the val u e oí M e in Fig. 2 (a). 

When frames have hinged feet, the moments resulting from surge loads P 
can be written down without calculation, although the frames are nominally 
statically indeterminate. The moments at both the loada and at the knees 

L 
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308 FORMULA! POR RIGID FRAMES 

Sin g/~ 
Bl'fl~lttt Lood 

Fig. 2 

Twin 
Bl'fl~lttt Looñ 

are equal to Pa, where a is the height of the point of application of the 
loads above the feet of the frame. 

The charts on pages 353 to 4 05 ha ve been prepared to assist in the design 
of rectangular frames or frames with roof pitches of 1 in S or 1 in 2·5. Re
sults for intennediate pitches may be interpolated with reasonable accuracy. 

The charts on pages 406 to419 are for two-bay portal frames with a roof 
pitch of 1 in 2·5 only. 

Arrangement of Formula! 

Each set of formulre is treated as a separate chapter.. The data required 
for each frame, together with the constants to be used in the various formulre, 
are given on the first page of each chapter. This general information is 
followed by the detailed formulre for the various loading conditions, each of 
which is illustrated by two diagrams placed side by side, the left-hand dia
gram giving a loading condition and the right-hand one giving the appro
priate B.M. and reaction diagram. It should be noted, however, that sorne 
B.M.s change their signs as the frames change their proportions. This will 
be appreciated by examining the charts. 

For simple frames, i.e. for single-hay, single-storey frames, the formulre 
for reactions immediately follow the formulre for B.M.s for each load. For 
multi-storey or multi-bay frames the formulre for B.M.s are given first in a 
group and are followed by formulre for reactions, shears and thrusts, also 
in a group. 

Considering the simple frames only, the kind of formula depends on the 
degree of indeterminacy and the shape of the frame. Auxiliary Coefficients 

• X are introduced whenever the direct expressions become complicated or for 
other reasons of expediency. 

No J:iard and fast rules can be iaid down for the nomenclature and it must 
be noted that each set of symbols and constants applies only to the particular 
frame under consideration, although, of coune, an attempt has been made 
to produce aimilarity in the types of symbols. 

4 
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FORMULJE FOR RIGID FRAMES 309 

The formulre for multi·storey or multi·bay frames may seem less compli· 
catcd tban for simple frames, but they are based on numerous constants and 
composite coefficients which must be accurately computed. 

Sign Conventions 
AU computations must be carried out algebraically, hence every quantity 

must be given its corrcct siso. Tho resulta wi11 then bo automaticaUy 
correct In sign nnd mngnitude. 

The dircction of the load or applied moment shown in the left·hand 
diagram for each load condition is considered to be positive. Ifthe direétion 
of the load or moment is reversed, the signs of all the results obtained from 
thc formul<e as printed must be reversed. 

For simple frames, the moments causing tension on the inside faces of the 
frame are considered to be positive. Upward vertical reactions and inward 
horizontal reactions are also positive. 

For multi-storey or multi-bay frames the same general rules apply to 
moments and vertical reactions. However, in the case of a two-span portal 
frame, for example, a problem arises with the central column. It is assumed 
in the formul.e that the central column belongs to the left-hand bay, so that 
if the column bends inwards towards this bay, the moment is positive. 
Similarly, in a multi-storey frame, a cross-beam is associated with the storey 
below it, tension on the lowcr face providing a positive B.M. 

Horizontal reactions at the feet of multi·storey or multi-bay frames have 
bcen given signs in the diagrams but the appropriate rules are given on the 
first page dealing with reactions in each chapter. In general it may be said 
that these thrusts bear the same sigo as the moment which they create in tho 
joint at the top of the column upon which they act. It should bo noted 
that this system is opposite to that which operates for simple frames. 

1-s':: LotJding 

A B 

Fig. 3 
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Checking Calculations for Jndeterminate Frames 
Calculations for indeterminate framcs may be checked by using sorne other 

mcthod of analysis, but it is also possible to check any frame or portion of a 
frame, such as that above thc line AB in Fig. 3 by ensuring that 

l. The three fundamental statical equations, i.e. XH =0, XY =0 and 
XM•O, have bccn satisficd and, in addition, either that 

2. The sum of the areas of the M/ El diagram above any line, such as AB, 
is zero if A and B are fully fixed; or 

3. The sum of the moments, with respect to the base AB, of the areas of 
the M/EI diagram above the line AB is zero if A and B are partially restrained 
(as shown in thc Figure) or are hinged. 

El con$Uint 
.._-+----so'----.¡ 

Singl• Bay 
Portal 

lt is of interest to note that the underlying principies in Rules 2 and 3 above 
are those used in the application of the Column Analogy method of analysis. 

As an example of Rule 2, consider the framc in Fig. 4 , whcre El is 
constant. 1 

Then the sum of the areas of the M/ El diagram, considering ti ~e legs first, is 

_! [( + 0·0736- 0·0826) X 20] _! [(- 0·0826 + 0·0893) X 26·92] 
El 2 +El 2 

-0·180 +0·180 
e:: El =O. 

Thus demonstrating that the moments calculated are correct. 

Now consider the frame in Fig. S, an example for Rule 3. 

El constant e 

+.J·7S 
ton$ 11. 

Fig. S 

-4·2S 
tona 11. 
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Thcn the sum of the moments of the areas of the M/EI diagram, working 
from A round to D, is 

I.{[3•75 X 16 2 X 16] [2 X2 X 16 16] 
E.'J 2 x 3 + 3 x2 

+ [(3•75 -~25) X 32 X 16]- [4•25
2

x 16 )(2 ~ 11} 
1 [32 ] -El )(30 + 16-12 -34) ... o 

Demonstrating again that the calculations are correct. 

. .,. 
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Frame I 

8 e 

FRAME DArA 

w pflr unit ltngtll 
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FORMUL/B POR RIGID FRAMES 

s e 
w pgrunlt 

hg/ght ~ 
H----L --+--.f 

.c;..._-_,-i-HA 

'-J.IIMA 
~ 

M,.. ... wh2[_k+3 _ 4~·+1] 
4 6N¡ N2 

Mo=wh2[_k+3 + 4k+1] 
4 6N¡ N2 

H wh(2k+J) H~- -(wh-H
0

) 
o ... 8Na ... 

a 
Constants: a1 =¡¡ 

X1 • i:p + 2h1k- 3b~(k + 1)] 

X 
3Pcka1 

J""-
N2 

wh2k 
VA"'"-Voas-

LN2 

b b¡=¡¡ 
X. Pcktz1(3a1 -2) 
2• 2Na 

M,...,. +X¡-e;c -xl) Ms- +X2+X3 

M0 - +Xa+(;c -x,) Me• +X2-X3 

.HA-Ho-;:+x1;X2 V0-2~3 V,..-P-V0 

Ma•M11 -H...a M2•M8 +Hob 

9 
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·- ---- -----~--~--------

FRAME I 

+ 

a b 
Constants: a1 = h b1 "'"li 

X - Pe (1 2b k -3bz(k 1)) X = Pcka,(3a, -2) 
a . 2N, + 1 • + 2 2N, 

MA .;..M o =Z:rt +2h,k- 3b:(k + 1)1 =2X1 

M u Pcka1(3a1 - 2) 
2

X 
s=n·"c"" N, ':" 2 

yA .. .J'o=P HA=Ho""'Pc+M,A-Ms 

Ma =MA -HAa M2""'Ms+H¡/J 

a 
Constants: a1 -= ¡; 

MA""" -Pa+X1 

M0 - +Pa-X1 

X 
3Paa1k , ... __ 

N2 

Ms=Xa 

ltfc""' -x. 
H14 = -H0 = -P 

J() 
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FORMULiB POR RIGID FRAMES 315 

MA= _Ph. 3k+l Ph 3k 
Ms=+-.-2 N2 2 N 2 

Mo""+Ph.~ Ph 3k 
Me= -2 ·w2 2 N2 

p 
VA=- Vo= _2Ms HA""' -Ho• -2 

L 
l-O '¡,~ 

8 e 
oc: 

L 
HA A+ .,. D Ho A D - -~" ~"~ ,,~N 
MA+ 'YM~15 ~:' 'ó 
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8 
lz e 

FRAME DATA 

w ptlr unitlflnglh 

8 L~ e 

FRAME 11 

Frame 11 

,, ', 

Coefficients: 

k <S /2 • !!.. 
11 L 

Nm2Jc+3 

fl4_ A 

t 
~ 

wL2 
Mmu""'T +M8 

H H Ms 
A"'" D.,.--¡¡-

'fA_ A 

t 
~ 

&tl'fJCI: 1 Kl•lnlo,el, Rlllunen/omwltt' 11. Au/ltlp Bmln-Yerill8 NIV Wllh•lm Enul & 
Sotut. 



FORMUL.IB POR RIGID FRAMES 

B e 
w pflr un/1 oc: 
h~lghl 

1-J.e---L --1---1 
D 

: 

HA ... -(wlr -H0 ) 

~ti_ A 

t 
~ 

a 
Constant: a1 - h 

Ms-~c[(3af,;l)k +l] 
Mc-~c[(3af; l)k _ 1] 

Pe 
V0 eo L V,-P-V0 

M 1 a -HAa M 2 -Pc-H,.a 

317 

ExttYXI: 'Kltlnlt16'1o RAiunenfanneln" 11. Auf/qe &rlln-'l'n'ltlg 11M Wlllrelm Enut & 
SDiul. 

13 
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• í 

• 

• 

FRAMB li 

a 
Constant: a1 = ¡¡ 

M M. Pc(3af - l)k 
s= e"'" N 

H H 
Pc-M8 

A"'" D- h 

M 8 -= -Mc=Pa H.,. =HD-P 

2Pa 
VA= -VD"" -y 

Moment at loads- ±Pa 

+ 

,._Pci 
1 e 1 

14 
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FORMULIB FOR RIGJD FRAMES 

e 
1-L/2 

L 

e 

D 
~'" 

Ph 
Ms- -Me-= +2 

Ph P 
V..c=- V0 ... - L H..c= -Ho= - 2 

b--1 

Pb vA ... L 

e 

HA A ....... 
D t 
),~,,~ 

~ 

Pab 3 
Ms=Mc=- T. 2N 

V0 .. ~ HA=H0 -= -~8 

315' 

Extract: 'Klrinlo,el, RDlunenformeiJI' IJ. Alf/lo6e Berlin-'Yerliw PDn Wl/Mim Enut & 
Sohn. 

__ /5' 



320 FRAME 111 

Coefficients: 

·k-!1 ~ ~-' l¡. 8 h 

m-1+~ 
B-3k+2 C-1 +2m 

FRAME l)ATA 

K1 -2(k + 1 +m +m2) K2 ... 2(k +~2) 

R-~C-k N1-K1K2-R2 N2-3k+B 

w per unit /ength 
lllllllllllll!llil 1111111 

M.,c •M¡¡-'!!!,. k(8 + 15~) +~(6 -~) 
16 NI 

M M wLZ k(16+15~)+~2 
.- D""" -16. NJ 

wL2 
Mc=-r-~M.,c +mM8 

wL 
VA-YBal 

Extract: • Kl~lnlog~l, Rllhmenfo,.,~ln' 11. Auf/ag• lkrlln-Vft'ltll ron Wllhelm Enut & 
~~ . 
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----T 
D.._ 

-t 

Co ta t 
•x, 'wL2 k(8 + 15~) +~(6 -~) 

ns n s: 1 = 32 • N¡ 

0 X wL2 k(l6 + 15~) + ~2 X wL2 
z=32' N1 

3 ""'32Nz 
M.,- +X¡-XJ Ms""" -X2 -X3 M 8 = +Xa +X3 Mo""" -Xz+X3 

wL2 
- •Mc=16 -~X¡-~Xz 

wL 2X3 wL X 1 +X2 VB=s --¡; v.,. ... T-VB HA=HB= h 

• Note that X1, -X~ and Me are respectively halfthe values or MA ( =-MB), Ms <-Mo) 
and Me from the prevaous set of formille wbere the wholc span was loaded. 

e t ts }(, wf2 k(9~ +4) +~(6 +~) 
ons an : 1 = 8 . Nr 

X 
wf2 k(8 + 94>)- ~2 X wfh 4B + ~ 

z =-¡-. Nr J "'"T . --¡:¡;-
MA- -X¡-X3 M 8 ... +X2 +(wf' -x3) 

o M8a -x. +X3 M 0 = +X2 - (wf' -x3) 

wf2 
Me• --¡-+~X1 +mX2 

Y11 ·-Y8·-wfh(2 +;)+~ H
8

•'!f_X¡+Xz H.c•-(wf-Hs) 
2L L 2 Ir 

11 
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322 FRAME 111 

HA= -(wh-HE) 

a b 
Constants: a1 = ii ba =¡; 

Y1 =Pc[2"'2- (1 - Jb~)k] Y2 =Pc["'C + (3a~ -l}k] 

}(, Y1Ka - YzR X YzKz- YaR X Pe B- 3(aa - ba)k 
a- 2N1 

2 "" 2N1 
3 =2· Nz 

M .. = -X1 -X3 M8 = +Xz+{~c -x3} • 

ME""' -X1 +X3 M0 = +X2 - {~e -X3} Me=-"'ie +"'X1 +mX2 

M1=M ... -HAa Mz=M8 +HEb 
V Pe- 2X3 V p y H H Pe X1 + X2 

E"" L ...... - E ...... E""2h- h 

Exlrtlcl: 'Kklnlogel, Rtlhm~riformtln' 11. Aujlog~ Ber1l-Y~rlog I'Win Wllhelm Enut & 
&lrn. 

\ 

18 
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a b 
Constants: a1 -= ¡, b1 = ¡, 

Y1 =Pc[2~2- (1 - 3b!)~] 

Y2 =Pc[~C +(3a! -l)k] 

M M Y2R- Y¡K¡ M -M Y2K2- Y1R 
..,- B""" s- o= N1 N¡ 

Me= -~Pc+M.,.)+mM8 

Y.=~o=P H H Pc+M.,.-Ms 
"" A"'" B... h 

Co ta l
. v Pa(B + 3b1k) 

ns n. AJ = Na 

M.,.- -M8 a -X1 Ms""" -M0 =PtJ-X1 Me-O 

V.,.•- Vs- -2[p' JJ ~] H..e.,., -Hs• -P 

323 

Exlrrld: "Kk~l, RlllriMIVt~rt~WIII" 11. Arlllll• Berlbt-Ym. wm Wl/Jwlm Bnut & 
Sdul. . 

o 

19 
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--' 
' t 

-· ' 
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FORMULIB FOR RIGID FRAMES 325 

Frame IV 

Coefficients: 

l h k-!.1.-
/1 8 

r, ~ ... l 
L h 

FRAME DATA 
m-1+~ 

B-2(k+1)+m C•1+2m N•B+mC 

w pflr unltlflngtll 
li 11111111111111111111111 

----T 
o" -t 

M M wL2(3 + Sm) wL2 
s• o-- 16N Mc""s +mMs 

M wL n,.-n8 ---f y_. .... v .... 2 

- •' '•'~' ' 



326 FRAMB IV 

MB -Mo"'" _wL2(3+Sm) wL2 
32N Mc•16+mMs 

yA .. 3wL 
8 

.. .ruc +m) 
Constant: X• ""J~N 

· wfh 
Ms•+X+y 

wfh 
Mo ... +X-2 

X wf 
n ... -----h 2 

wL v.--8 

Ezhwl: 'Klftn/Dpl, llllhmm/tNJMbt' 11. All/fq• Bmln-Y~,.,. WI/Mim Enrll& 
8tJIIII. 

' 
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MD
.,. _ whZ 2(B+C)+k 

8 ' N 

whZ 
Mc=-¡¡+mM0 

wh2 MD v.,.-- v ... - 2L a.- - 71 

• 

a 
Constants: a1 ... ¡, X .... Pe B+C-k(3af -1) 

2' N 
Pe 

Mc=--mX 2 

z,3 

317 
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---- ---- --- --- --- ---

FRAME IV 

a Constant: a1 • ¡¡ 

Ms•MD-Pc. ~C+k(Jaf-l) Me- -~Pc+mMs 
N 

H H Pc-Ms 
... - .- h 

Ms- -MD•Pa Mc~O 

2Pa 
HA• -Hs'""' -P v ..... - V8 • --¡; 

Moment at loads""' :t:Pa 

&INCI: 'Kkln~D,.I, ~Wurwnf.,.¡,• llo All/lt18e Bmbt-Ymtlg I'CMI Wlllwlm Eirut 4 
StJiur. . ' 
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r -, 

Mo.,.-Ph(B+C) 
2N . 

Ph v.,- -v.-- L 

" i 
<' 

1 

M8 -Ph+Mo 

M o Hs•--¡; 

e 

Ph 
Mc"'"2+mMo 

H_,._ -(P-Hs) 

329 

• ~ ~ p 
M8 • -M,• +2 Mc•O Y.,.•- Ys"'" --¡;- H.,.- -Hs• -2 

E.xtracl: 'lCklnlopl. lldtmafff1111W111' U • .4~~/~tl~e .Bmln-Yftlg Nlf WI/Mim 1!n111 • 
StiM. ' 

ZS' 



330 

... 
FRAME V 

Frame V 

Coefficients: 

k / 3 a a=¡¡·; 
e Ca=-L 

FRAME DATA 
~ ... ~· 

a 
h 

m---1+~ a 

• 

Ca =~(2 +3kv , 

C2=l +m(2+3kv 

(2ca +d1 -1) 

K, =2(ka + t) +m(l + Cv 

K2 =2k1 +~c. 

N,=KaK2-R2 R=~C2 -ka 

Bao3ka +2+dn C3=i+d1(2+kv N2 a3k1 +B+d,Cs 

wc2 
Constants: Y1 = -¡-(2C¡ +~) 

wc2 
Y2 ... ::¡-<2C2 + 1 +m) 

M M Y2K2- Y1R , 
s= s=-

Na 
wc2 

Mc-MD• l -~MA +mMs 

Y~-v, ... wc H •H r:.M .. -Ms 
.. A " a 



FORMULI'B FOR RIGID FRAMES 

• wd2 
Constants: Y3 ... 32(8c1C3 +d1k-z) 

wd wd 
Y1 =f<2cC1 + d~k-z) Y2 = 4(2cC2 + dmk-z) 

x, YaKa- Y2R 
a= 2NI 

w ¡nr unit lflngth 
1 11 '1) 1 1111 11 

Constants: Ya = wd( cC1 + dtkz} Y2 = wd( cC2 + d";,k2) 

X YtKa - Y2R X YzKz- YaR 
a"'" 2Na z= 2Na 

wdc 
M,. •M,-Xa Ms=Ms""' -Xz Mc=M0 =T -t/~Xa -mX2 

wd H H Xa+X2 v,. ... v,= 2 .. = , ... a 

331 

ExtiTICI: 'KJ•IIIIog•l, Rlllurrtnformeltt' 11. Alf/lage Bmin-Y.,flw WHI WIO..Im Enut. 
Solul. 

-z7 



332 FRAMB V 

wb2 
Constants: Y1 ... -¡-(2C1 - t/>) 

wb2 wb2 
Ya•-¡-(2C2 -I-m) Y3-wab(B+d1C3)+ T(2d1C3 +1 +da) 

o 

wab 
Ms- +Xa+T -X, 

wab 
Ms"'" +Xa- T +X, 

H,.wb _X1 +Xz H.t• -(wb-H,) 
2 a 

\ 
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wa2 wa2 wa2 
Constanta: Y1•T(2;C1 +k1) Y2 -T(2;C2 -k1) Y3 =T<B+d1C,+k,) 

Tho formule for Xa. X2 and X3 are the same as abovc. 

MA- -x.-x, M8 - +X2 +(w:
2 
-x3) 

MF= -X1 +X3 M6 .... +X2-(wt -x3) 

Me•-~~ +'X1 +mX2 +da(w:
2 
-X3) 

wa~ (wa2 ) MD= --¡-+,X1+mX2-dl 4 -x.J 
o - 2(wa2 ) wa Xa +X2 YA--Y,--L 4-X.J H,e-¡;- a u_. .. -(wa-H,) 

&tract: 'Kkln/twe4 Rlllrmlrfl'onrrelll' 11. All/lllle Jlerlilt-Yerltlg wm WUMim Enut 4 
Solrll. 
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F'RAME DArA 

FRAMB VI 

Frame VI 
Coefficients: 

/3 a 
kt = ¡; ·¡ 

a 
a• ""ii 

a ... 2a.<k• + t) + 1 

Jf!il 

H 32 
~A 

t 
~ 

C ta t X wd(2cC + dkz) 
ons n: = BN 

kz ... !l. t!. 
/ 2 1 

e 
Ct""'L 

C=aa +2+3kz 

c1wd c1wd .1\ 
Mc--8-(3d+4c)-X M 0 --¡-(4c+ .. 1 -X Mse.Ms- -a1X 

Y wd(3d+4c) r~ wd(4c+d) H H X 
.... 8L rp""' 8L ... - ,--¡¡ 

Ex~Nel: 1KI•In/ogfl, Rillurwtútlt'IIWfll' 11 • .4'4/14ge Berlbt-Ytll'lilg ..,,. Wlllrelm Enut 4 
Solur. . 

\ 
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wác 
Mc-M0 -y-X 

X 
HA-H,-¡, 

• w P~' unlt l~ngth 
CDJl] 

TI- -..,,c~----
.q 1 1 
t c-+-d-~ 

L----1 

Co ta t· X- wc2(2C +a1 + 1) ns n. 8N 

wc2 
Ms-Ms- -a¡X Mc-(1-c1)y -X 

wc2 X 
V,• 2L V..,•wc- Y., H"-H'"""7i 

• 

' 335 

· &tnld: 'K~. ~· 11. AU/Itlp &rlbt-'Ymq 'P1m WI/Mint Enut & 
ScM& 

1 
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FRAMB VI 

Co ta t X 
wb 4a(B+C)+b(2C+a1 +1) 

ns n: = g• N 

M8=wba-a1X 

Me• 'Y,.{L-c)-X 

M6 • -a1X 

M 0 •-X+'Y,.c 

X 
H,•¡ HA• -(wb-H,) 

e ta t • X wa2 2(B + C) +a1k1 ons n .... 8 . N 

wa2 
Ms=-r-a1X Ms""" -a1X 

Me""' 'Y,.{L -c)-X M0 a -X+ v,. e 

wa2 v ...... - v, ... --
2L 

X 
H,=-¡; HA- -(wa-H,) 



• •.. ,1 

FORMULJB FOR RIGID FRAMBS 

Frame Vll 

' t-----L --....,.¡ 

FRAME DATA • 

waz 
Ms---8N 

Coefficients: 

k•!!,!A N•l+k 
/¡ "• 
ti a,--L 

wb2as Ms 
H,.-Hc•-;¡ji--¡¡ 

337 

&trrld: 0 Küllllopl, IWrtttn/~~mWIII' 11, Al4/ltw• Belin-Y~r/ag wm Wl/Mim E'nfll & 
Solut. 
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FRAMB VII 

Ms=- wh2k 
8N 

whZ 
VA""-Vc=-2L 

He= -(wh-HA) 

. -



"- ,; . 

FRAMB VIII 33t 

Frame VIII 

~ t .. 

Constants: 

/ I,h 
t/J=h- X¡""

[¡S 

FRAME DATA 

N1 =-8x1 + 12(1 +r/1) + 7~2 
lnftuence Coefficients: 

-e: 

1 

2 2 +3~ x1 +2 +3t/J ~2~2 
nu=Nt nt2""nz¡=-- n22= 2N1 N1 

L, ... 2 + St/1 e, ... 6 + 7~ 
4N

1 
4N, .Vu = 2,¡,c, 

'- 2x,+2-,¡, -2t/JZ 6x,+6+t/J Ytz=-"..1. .. 2 
-z"" 4N

1 
c2 = 4N

1 
-t"'. 

n ... _1_ L' ... 1 + ,¡, e ... 3 + 2r/l r = .!. 
2Nz 2Nz 2N2 Nz 

6 +9t/l +4t/J2 +4x11 6 +3t/l +4x11 
Yu... 2Nz Y2l = 2Nz 

2x,+6+3t/l 2x,+6+9t/J+4,¡,2 
Yt4 = 2Nz Y24"" 2Nz 

<Yu + Yt4 =0·5) (y23 + Y24 =0·5) 

Composite lnftuence Coefficients: 

"• = +nu +La 
·'z"" +ntz -Lz 

sí= -L1 +n21 r1 = -nu +n2a 
s2= +L2+n22 rz= -na2+n22 

s' =L' +n r=2n 

+s, -sí L rt 
m¡= 2 = 1 -2 

Yl = Yzl +ct/J 
Y4= Y24 -ct/J 

-s2 +si L rz 
mz= 2 = z + 2 

Yu- Yz3- 2ct/J =0 

Yt4- Yz4 + 2ct/J =0 

Note.-The four raners ofequallength AB, BC, CB' and B'A' with the member number 
1 are allocated another series ofmember numbers aa:ording to tho figure on pase 341 as a 
distinguishing mark for the static values referring to these raners. 

Extnut: • Kkllflog,t, Mehr1tle/ip RD1rme11 •, Blmd 1 + 11. &rlin-Ymq ,.,,. Wlllwlm 
Enut el Solul • .. 



340 FORMUL..B FOR. RIOID FRAMES 

wL2 
MA"'"MÁ· - 4 (m1 +2c1) 

wL2 
Mc1""'MC2- -4(m2 +2cJ) 

McrreO 

M 'M' wL2+MA(l +lt/J) +Mea ....... +-¡- 2 

wh2 wh2 · 
MA ... 4. x,( -nu-n) +-y( +.Yu +.)'13) 

wh2 wh2 
MÁ"'"T. x,( -n11 +n)+T( +,Yu-.YI3) 

wh2 wh2 
Me~•-¡-. x,( +n12 -n) +T( +.Ya2 -.Ya•) 

wh2 wh2 
Mc2•4 • x,( +n12 +n) +2( +.Ya2+Ya..> 

[
wh2 wh2 ] 

Mc11 - -2 4 .x1n+2 ·Ya• 

Ms. _wh2!/I+MA(I +21/l)+Mca 
2 2 

M' M c2 + M;.(l + 2f) 
.- 2 

l. .,. 

/~ 
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FRAMB VIII 341 

wL2 wL2 
MA ""16( -s.-t -2c1-2c) M:C =16( -s1 +s' -2e1 +2c) • 

.vL2 , ¡yL2 , 
Mc1'"'16(+s2-s -2c2-le) Mcz=16(+s2+8 -2c2+2c) 

IIIL2 
Me11 ... - ,-<s' +2e) 

M 111L2 MA(l +21/J) +Mc1 M' Me2 +M.4(1 +21/J) 
B""16+ 2 B... 2 

-~_+ .... +u= , 
Constant: W1 = 'Wfh 

111/2 3111/2 
MAmT( -s1-s')+T( +e1 +e)+ W1y23 

.vf2 3wf2 
MÁ, •4( -s1 +s') +T( +c1 -e)- W1y23 

.vf2 3111/2 
Mc1.,.4( +s2 -s') +2( +e2 +e),_ W1.Y24 

111f2 3.vf2 
Mcz•:¡-< +s2+s')+2( +cz -e)+ Wa.Y24 

~2s' , 
Me11 - --2-+3.vf2e-2W1y24 

Ms- _ 3.v/2 + MA(l +21/J) +Me¡ 
4 2 

M' Me2 +M.4(l +21/J) 
B""' 2 

ExtrtU:I: • Kldtrlo~l, M'llrltl,/lp Rlllurwn', Btmd 1 + //, Berlltt-Jltrlcrg wm Wlllw/m 
Enut & So/m. 



342 FORMULJE FOR RIGID FRAMES 

wp~~ 

1 2 

e 

M , wL2( , , le "....:) 
A"" 16 +s1 +s - 1 +~ 

Me2""' ~~(-sí +s' -lez +2c) 

Constant: W1 .. wfh 

M_.= wf2( +s; -a' -le1 -le)- W¡Yu 
4 

M:, ... wf< +s; +s' -le1 +le)+ W1y23 

Me¡=- w.f2( -sí -s' -lez -le)+ W,y24 
4 

Me2"" wf< -sí +s' -2cz +le)- W¡Yz• 

wf2 
Meu"""- 2(s' +le) +2W1y24 

M wf2 +M_.(l +~)+Mea M' Mcz+MÁ(l +~) 
s--;¡- 2 s• 2 

Extrtxt: ·~. Mellntkllp RlllurteR', Blllllll+ll. llerlbt-f'm. Mil WIU..Im 
&MI • Solrlo. 

"'~ , 



FRAMB VIU 

B s' 

MA =M(+ Yu + Yu) 

M;, =M(+ Yu-Y13) 

Mc1 =M(+ Y12- Y14) 

where M=Ph 

Me2 =M(+ Y12 + Y14) Me,- -2My,~, 

Ms ... MA(I +~)+Mcl_pf 
2 

s s' 

~A' 
D~L~LJ&' 

MA""' +MY23 

M.4= -My23 

Mea""' -MY24 

Mc2""' +MY24 

M MA(I +2t/J)+Mca 
B... 2 

M' Mc2 +M.4(1 +lt/J) 
Ba 2 

-+f~--

where M=Ph 

343 

Extract: 'XIrl~tlogrl, Mrlrrlllrll~ RtJiuM11', IJDnd 1+11. Brrlllf-flmq wm Wlllwltrl 
Enrn & So/m. , , 
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FORMULA! FOR RIGID FRAMES 

MAPMÁ- -Me1 

Me~aMca• -Mez where MaPL 

Mc11"'"o 

M M' PL+MA(l+~)+Mca .- ... 4 2 

-.,.tr.,.-

M 
MA ""2( -e1 -e) 

M:.-Afc -e1 +e) 

M 
Mca""2( -ez -e) 

M 
PL MA(l +2.f¡) +Me~ 

·-4+ 2 

M' Mcz +MÁ(l +~) 
.- 2 

where M-PL 

&~t: 'KIIIItiDr-1. M•lv1tkllr- .RIJiuMit', BtwJ 1+11. &rlln-J'•IIw ,,. WI/Mim 
Emst el Solrll. 
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FRAMil VIII 345 

,._ 
+u--

._ 

8 

M 14 ... M( +.ctt/J + YJ) 

M.f ""'M(+ c1t/J- y3) where M -Ph 

M el ""M(+ Czt/1- Y4) 
Mcz""M(+czt/J+y4) Me11• -2My4 

M MA(I +2!f¡) +Mea-PI 
B""' 2 

M I Mez +M.f(l +lt/J) 
s- 2 

8' 

Constants: a1 =afh 

R1=Pba1(1 +a1)x1 L11 =Pab1(l +b1)x11 

M 14 =R1( -nu -n) +Pa( + Y11 + Yu) +L11r+Payz, 

M.f r:oR1( -n11 +n) +Pa( + y 11 -yu) -L1,r-Payz, 

Mct ... R,( +n12 -n) +Pa( + Y12- Yt4) +L11r-Pay24 

Mcz -R1( +n12 +n) +Pa( + Y12 + Yt4) -L,,r+PIIYz4 

M c11 - - 2(R1n + Pay14 - L11r + P11yz4) 

Ms-MA(I +2!f¡)+Mct_p~ 
2 

M I Mez+M.f(l +21/») 
. B.,. 2 

+ 

Extraet: 'Kklnlop, MthTII-1/p Rllllmd', lllliiJ 1+11. Bmln-YnWt/ WN1 WI/Mim 
Enut•.r• 

-



346 FORMULiB FOR RIGID FRAMES 

Constants: a1•a/h b1·b/h 
L 11 .:.Pc(l -3a~)x11 
M A = - L11r- Pcy23 
MÁ .,. + L 11r + Pcy23 

Mc1"" -L11r+Pcyz4 Mc11 •2( -Lnr+PcyJA) 
M C2 = + L11r - Pcyz4 

- M MA(1+24>)+Mcl 
B""' 2 

M' Mcz+M~(l +~) 
B"" 2 

s' 

Constants: a1 -=a/h b1 ab/h 
R1 =Pc(l -3a~)x1 

MA =R1( -nu-n) +Pe( +Yu +yu) 

MÁ =R1( -nu +n) +Pe( +Yu-Yu) 

Mcl =R1( +nu -n) +Pe( +Y1z -Y14) 

Mcz ""'R1( +nu +n) +Pe( +Y12 +Y14) 

M c11 = - 2(R1n + Pcy,4) 

Ms•MA(l +2t/>) +Mcl_p~ 
2 

M , Mcz +MÁ(i +~) 
s• 2 

&trat:t: • Kkllllogel, Melv1tkl/gl RD/uncn •, BaniJ 1 + 11. &rlút-Verq wm Wlllwlm 
Enut 4 Solr1L 

}1 
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FRAMB VIII 

Formula: for Support Reactions, Shear and Axial Fon:es. 
Nomenclature: · 

V= vertical reaction or axial force in columns. 
N= axial force in rafters or columns. 

T = shear force at ends of rafters or columns. 
Hes horizontal reactioos in colurnns. 

(a) For allloads: 

Me11 -Me¡-MC2 

Vs- Ve¡+ Vez 

v, -M ... +Me1 
a= L 

,., 

347 

Al/ tlle valuu of H and V shown tire poaltlve 

MA H,=h H Me11 
11""'/1 

The axial thrusts in the columns are: 

N,= Yo N11""" VE Nja Ví, 
The horizontal thrusts in unloaded columns are: 

Ho•Ht HEesH/1 Hí,r=Hj 
The shear forc:es in unloaded columns are: 

T, .. +H1 

(b) For vertical U.D.L. 
over the whole frame: 

Tll ... -HII Tí= -Hí 
lJ.O.L.cw per unit ltngtll 
1 1 1 1 

wL 
Yo- +V¡ +2 

wL 
Ve2- +Vz+2 

wL 
Ye~--V1 +l 

u• u WL ro--rz+2 

IIIII!IIIJIIIII!IIIIIIilllllllllllllllll 1 

A~K 
D L E L D' - --t+ +tt+ +t-

Rtactions sllown are tlloae lor totfll U.D.L. 

For vertical U.D.L. over the extreme left rafter: 

o 

3wL 
V0 .. +V1+-¡-

wL 
Vca--Y1+-¡-



348 FORMULlB FOR RIGID FRAMES 

For vertical U.D.L. over the second rafter from the left: 
wL 

Yo"" +V,+a 

3wL 
Ve1 "" -V1+T 

Tbe shear forces in the rafters foral/ vertical U.D.L.s are: 
Tu• + V0 coa 8 +H1 sin 8 TRI =Tu- W1 cos 8 

T.í11 -- Ve1 cos 8-H,sin 8 
Tu=+ Yc2 cos 8+Hj sin 8 

Th =Tíu + Wí cos 8 

TR2 =Tu- W2 cos 8 
TR2 = - Vó cos 8 - Hj sin 8 Tl.l = TR2 + W% cos 8 

where the suffix Ll refers to the left-hand end of the first rafter from tbe left, · 
Rl refers to the rigbt-hand end of the first rafter, and so on, and wber«? 
W¡, w¡, W2 and W2 are the U.D.L.s on the first, second, third and fourth 
rafters from the left. 

Tbe axial thrusts for a/1 vertical U.D.L.s are: 
N1A = + V 0 sin 8 - H1 cos 8 

Níe- + Ve1 sin 8-H1 cos 8 

N2e= + Vé1 sin 8- Hí cos 8 

N18 -N1A- W1 sin fJ 

Nís=Níe- Wí sin 8 

N2s=N2e- W2 sin 9 
N~A = + Vó sin 8 -Hj cos 8 Ní8 =Ní.,c- Wj sin 8 . 

where W¡, Wj, W2 and Wí are the U.D.L.a on the first, second, third and 
fourth rafters respectively from the Jeft. 

IJ.D.L.• w pwr unlt llwigllt (e~ Por horizontal U.D.L. L-_ _ apphed to the extreme left 

-~~~~~~~;;; 8 , rafter: ~ A ~ 
~ V0 =+V¡-2L =-Vea 

D L E L D' 
~ +- +- yC2..,+V2 .... -v¡, ,_ +t~= +t-

Hea-H1 -wf Hcz•Hí 

Tbe shear forces in the rafters are: 

Tu=+ V0 cos 9+H0 sin fJ Tu-- Vó cos 8+He2sin 8 

TRI =Tu-wfsin 8 TRz"'"Tu 
Tí "" + VD cos 9- He~ sin 9 T.í .. ;... V0 cos 9 - Hó sin fJ 

The axial thrusts are: 

.N1A"'" +V0 sin 8-H0 cos8 

N18 •N1A +wfcos 9 
N2e=- Vó sin 8 -Hez cos fJ 

N2s=Nze 
Ní-- V0 sin 8-He1 cos 9 N.í- + V0sin 8-Hj,cos fJ 

1 

· E.xtr«l: • Kkln~Dpl, Meltnllellae RDiunm '• lllllfd 1+ 11. ilerlllt-Verftw MI WU1wlm 
lirut " SoiDf. 

.... 
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FRAME VIII 34t 

(d) For horizontal U.D.L. acting to the left on the second rafter from the 
left: 

Ve2= + Vz=- v;, 
Hca"'"H1+wf 

U.D.LP w p~r unlt 11~/gllt 

A~A'. 
D L E L D' 

... + ~ . - t+ -Ut- _¿ 

The shear forces in the rafters are: 

Tíu- + V0 cos 8- Hc1 sin 9 

T.ía ... Tíu + wf sin 8 

T1 ... + V0 cos 8+H0 sin 9 

The axial thrusts are: 

N;c ... - V n sin 8 - H ca cos 9 

Nís~Níc+wfcos 8 

N1 a + V0 sin 8-H0 cos 8 

(e) For horizontal U.D.L. 
applied to extreme left 
column: 

V0 - +V¡ Ve2"" +Vz 

Y c1 - - v, v;, ... - Ya 

wh 
H0 -H1 +2 H6 -H11 

Hj,-Hj 

The shear Corees in the columns are: 

Tbe shear Corees in the rafters are: 

T1 = + V1 cos 8+TA sin 8 

Tí ... + V1 cos 8 - TA sin 8 

Tho axial thrusts in the rafters are: 

N1 .. + Y1 sin 9 - TA cos 9 

Ní•- Y1 sin 9-TA coa 9 

TR2 ~- v¡, cos 9 -H;, sin 9 

T.ízmT.íz 

Tz•- v;,cos 9+Hcz sin 9 

Nú .. + Vó sin_8- H;, cos 9 

Nú,"'"N2.4 

Nz"'"- Vó sin 9-Hcz cos 9 

Tó- -H;, 
T:.- -n;, 

Tz ... + Y2 cos 9 -r:. sin 9 

Tí-+ Y2 cos 9 +TÁ sin 9 

N2 ... + Yz sin 9 +T:. cos 9 

Ní-- Vz sin 9 +7A cos 9 

' ) 

\_ 

': 

:' 



3SO FORMULIB FOR RIGID FRAMBS 

(f) Gantry crane loads: 

8 8' 

The shear forces irÍ the column are: 

T0 - +H0 T8 - -H8 

(1) Surge loads: 

Yo• +Va 

Ye~•-Ya 

Pb 
H0 .. H1+-¡¡ 

H.ó•Hí 

T11 - +H0 -P Te= -H8 -P 
T.ó- -Hó 
r:, ... -H.ó 

(2) Bracket load on central colurnn CE: 

8 8' Vo- +Ya Ve2""' +V2 

A A' i·Ve~""'P-V1 . '' J'.ó ... - Vz 

O L -- ·t+ 

(3) Bracket load on column AD: 

8 8' 

-+--t----L --... o' 
e- -+u-- +t-

(g) For vertical point loads on the ridges: 

A f e A' 
<: 

O L 
E 

L o' - +-

- t+ +tt+ t+-
R~aétions &ltown or~ applicobl~ wh~n "-=-P1 

H0 -H1 
Pe 

Hs-H11 --¡¡ 

H.ó•Hj 

Pe 
H0 -H1--¡¡ H8 •H11 

. Hj,-Hj 

Y0 - +V1 +~ 

vCl- -V1 +~ 

Ye2- +Y2+~2 

V' y: Pz o-- a+2 
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FRAMB VIU 
Tt = + V 0 cos 8 + H 1 sin 8 N1 = + V 0 sin 8 - H1 cos 8 

Tí= - Vct cos 8- H1 sin 6~,.-_ Ní = + Vct sin 6- H, cos 6 

T2 = + V C2 cos (J + n; sin (J N 2 = + V C2 sin (J - Hí cos 8 
' / 1 -- -. / t 

Tí = - Vó cos 6 - Hj sin 8 N~ = + Vó sin tT- Hj cós 6 
(h) For horizontal point loads applied at',joints: / 

' Vo"" + Vt.-p¡!~. 

oc: 

D L E L D' 

R~actions vorg with th~ numb~r and va/u~ 
o! th~ loads 

',. 

P'sf· 
Vc2"'" +V2-L · 

Vct=- Yo 

Vó=- Vc2 

Hd=H,--P'Á -P8 

Hc1-Hj+Pí.+PÁ / 

·3SI 

Tt = + V0 cos 6 +(H1 -P14) sin 8 

Tí- ·•:Yo cos 6 -Hc1"sin'8 
T2-- V0cos 6+He2sin 8 

Tj-- Ví,cos 8-(Hj+P',.)sin 9 

N1 ... :+ V0 sin 8'-:-;(HirP-..) cos 9/ · 
- ' ~ 

N~ ~ -~ V 0 sin 8 - H ct CA~ 8 . 
N~- -Vi, sin 8- He2 coa 9 r. 1 

Nj~+ v;, sin 8 -(Hj+P',.) cos 8 

47 
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16. RIGID FRAME CHARTS 

1•4W 

TOTAL U.DL.=W 
NW 11111111111111111111111111111 

I·~W 

8 e 
}r con•tont 

"= 

NW 

:t /•OW 

1 L 
HA A -I D Ho ·--mm ~~-
AlA~ ~Mo 
~- H?z lb ~2 . 

t... o 
~ O·IW 

f5 e...; 
Rflod Momflnts to thfl right ¡ ' 

Rflod Rfloctions to thfl lflll 
~ O.BW 

" 
OoOBWL 

Cl) 

~ 0·7W 
¡::;: 
u -Ms•-Mc 

Oo07Wl.. 

~ 

~ OoiW 

' o 
~ O•SW 

~ ..... 
~ 
~ Oo4W 

+~=+Mo 

0·3W 

O·~W 

+HA-+Ho 

O·IW 

O O Oo/ 0~01J0-4CI-SH0·7 CHOol 1.0 N 1·~ l-3/otl loS 1-41_, 1 .. 1-9 H q 

VALUES OF h/L 
·, 

' ..... 
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: 

Total U.D.L==W 

NW 111111111111111 
8 e 

+f'A=+Ho: t--l/2---l 1 .. 
1 conatont ~ I·~W 

l. 1 

HA •·~~ j_ ~~~ Ho . MA~ ~MD 
l\ ~. -w-~ D 

NW 

- o-IOWL 

-M8: -
R~ad Mom~nts to ~~~~ right 

O.OIWL 

Rtad R~actlons to tht ltlt 
OoOBWL 

"Á ~ o o01WL 

-Me 
A 

" ...¡...,J. 
O·OfWI. 

_1 

+H,.-+Ho 
1\ ¡... 

~M8 
+Mo ~ 

Q-OSWL 

1'. 
r-

-Mé 
0-Q.fWL 

""" +Mo 

-+ ~ 
¡\ ro- +liJ 

- ~' 
0-JW 0.0.1WI. 

7'~ +~ 

+MA 
i/ 

+Jt.=+Ho 
r-O·IW 0.0/WL 

O O tH 0~0-J O<fO·SOf 0.1 o-8 0.1 loO N 1·.11•.1 1'4 I•S 1-4 1-1, l. 1•1 N O 

VAI.UES .OF h/L. 

(" 
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Note. ro co/culote -~ or +~ multlplv lile 
coeflicient given below 6!J h/L 

' 

\ 

8 ' 1 e 
Totol UD.L. 1 constant 

-w ~ 

L J 
A -HA j_ ~~ .+Ho 
~~-

~ ~ ~~ M o 
~ - + 

Reod Moments to lile right ~ 
Rt~od Reoctlons to the /elt ~ 

. OoiW o 
~ 1/-~ ~;..,_;- ::) ..., 

IL •- § O·eW 

4 

vO·J/2SWh 

]'-. -A(. '-
""' -M,.. ,... _, 1 

t-
0·187SWh 

()o 
1 1 _1 
+M o +Mo 

0·1 
-Me, IL 

J¿p +Ms -Me- +Ms-
o 

7+Ho 

QoiW l'f"' 
~~xL/¡,• 
+'(,x LA. 

O O 01 01 H HH tH M CHI Ool loQ /ol I.Z 1-3 '""loS Nl/·7 NI 1•1 Z.O 

VALUES OF' 11/L 

Wlt 
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~ 
Q. 

~ 
'~ 

~ 
~ 
1~t 

B 
'/11 

O· 
~ 

, 
:¡, 

O· 
Pe 

4 :¡,. O· 
Pe 

·2 o 
Pe :¡,. 

o 

Pe :¡,. 

·8 
'111 

o 
~ 

·6 o 
p e¡, 

4 
11t 

·2 o 
p e¡,. 

o 

Nottt: 
To calculatfl thtt valufls ol su-o f , e ~ multiplythrl cofllliciflnts 

T 1 constant givfln bttlow by h/L . 
- cl-b j ~-P-~ 

L D +Ho +H_. A l_j_ Rflad Momflnts to __..m' i3 ¡¡¡- thfl rlghl 
+M_. "ti ~+Mo Rflad Rttactions lo 

V. . thfl lfllt .. ~ 
1 

1 

+M o +~XL/¡, 
+Ms 

+JI.. .,+Ho 

¡.... 
¡..-

~ 
+Ms 

-Me o 
+VoXL/h 

-Me • 
~ a 

-¡M_. A(. changtts sign 
1 httrtt 

MA 
,....._ 

¡..... +M o 

+HA= +Ho 

"' 'O 
'O 

~xL/h +Ms=-Me o 
Nottr: Thtt cottllicittnl 11 
for Vo X L/t, is twictt 

~ that for M8 and Me qj 

v-M ... 

1 

0-.10o40o$0ol0o10·1JOI loON 1·1 1·3 1·41·$1·1 1·11·11/·IZ.O 

VALUES OF h/L 
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~ 
~ 
~ti 
o 'l.. 
~~ 
~~ 
en~ ( 

~~ ..... 
~~ 
O•SPc 

04Pc 

0·3Pc 

O·IPc 

0·/Pc 

o 

O·SPc 

0·4Pc 

0·3Pc 

O·IPc 

0-IPc 

o 



1·1 
Pc/lt 

1·1 
PcJit 

Pr¡,. 

' 

.... 

.. 
~ ' 

8 lJP l , Pl e 
- e 1-T j 1 constant 

1l ll L H L..~~ ~t!~ 
+AlA~ ~+MD 

~= p ~ ... p 

R~ad Momtnts to th~ right 
R~ad Rflactlons to thfl lfllt 

+.V.,.-+Mo 

1-
r-

HA- +;Ho 

+Ms-+Mc 

11.4- H0 == 4PcfJh .v.,. =Mo• Pc!J H-

_l_ 1 _l 

--1 Pe 1-- Zflro mom~nt"l 
r-

~ ,Aw _s~ 
~ 9 

lPci.J 
~i 

'- ' :y"(,=-Me-o.~ 
1 1 .YI ' • 1 1 

HIHti-StHD-7tHO.I 1-tJN 1·1 1\1 ,.., lo$ 1·•1·7 NII•IZ.O 

_1 VALUES OF lt/L 

sz 
3$7 

~ 
~d: 
~~ 
~o 

~S 
~~ 
~...:; 
§~ 

. O•SPc 

0·4Pc 

~ 
O·JPc 

o • ilC:~ 

~ 
O·ZPc 

0•/Pc 
: 

o 

0·4Pc 

~ 
D-.1Pc 

~ 

6 
b 
~ 
~ 

O.ZPc 

(J•/Pc 

o 
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1 constant Not~: 
To ca/culat~ th~ va/u~• 

e. 8 1 e_. e ol - ~ and ~ di vid~ th~ 

T co~lllcitznls givfln b~low 

1 b b!J L 
L j_ D +Ho A -HA_L 

m~-- ~~-- -HA•+HIJ•P 
~-M.-. ~+Mo -A 'D 

0•6Pit 

-~XL=+~XL ,. 

O·SP!t 

-MA-+Mo 
Q: 0·4Pit 

~ 
1/ 

~ 
6 

(/) O•:JPA • 
~ 
~ 
.....: 

0·2PA 

~ 

o§. 
~ 

-~>Ma--Me 

~ 

" 0·/Pit 
~ 

~ 

~ 0·6Pit 

'"'t 

(/) ..... O·SPA 

~ 
~ 

¡;-MA= +Mo 

o O.JIP!t 
~ 
~ o 

" r- 'O 
.... 

-~xL=+~xL 
'O 

6 
(/) O·.JPA 

~ 
• ~ 

" § 0·2Pit 
r- +Ms z:z -Me 

0•/PII 1 

Oo.J G-4 06 Ool G-1 Ooll G-1 1·0 N 1·2 1·.1 1·4/•S 1·1 ¡.11•11 1·1 1-0 

VALUES OF h/L 

'• 



Cl 

~ 

~ 
~ 
~ 

~ ..... 

~ o 
t:: ·v 
i:5 
ct 

~ 
Cl) 

~ ...... 
~ 

OoiP 

O..SP 

O·JP 

Oo/P 

1/ 
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p 
IJ f e 
/conatont 

1 
A;~ l. l D :Hp 

mij ~m , 
~-MA '-f...Jf+Mo 
-~ +Vo 

-H..=+Ho = P/2 

Not#l: 
To colculot#l tll#l volu#ls of -~ ond+ Vo 

. multipi!J tlltt CO#Iffici#lnts ginn IJ#IIow b!J 11/¿ 

R#lod Mom#lnls to 111#1 rigllt 
R#lod R#loctions to th#l l#lfl 

1 1 11 1 1 1 
1 1 1 1 1 1 1 

,-;HA•+Ho 
O·SPit 

-~x L¡¡,=+V¡,xL¡¡, 
~ 

1-' 
¡.... 

/ 

-MA +Mo O·JPit 

¡.. +Ms= -Me 

¡,. 

0·/Pit 

o o 
O 0·/ Oolo-:JG-40.S Q-10.10.BO.I 1•0 N 1•1/·J 1·4/·S 1·11·1 Nll·l 1·0 

VAI.UES OF 11/L 
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1·4W 

1-ZW 

NW 

w 

O·IW 

:t o-sw 

~ 
~ Oo1W 

!5 t.;;; 

~ O·tiW 

~ 
~ o-sw 
~ 

~ ()-4 w 
~ 
~ Oo.JW 
:) ..... 
§ 

Oo2W 

..... 
OoiW 

1 

Total U.D.L.=W 
l!llllllllllllllllllillllllllllllllllllll -e 
8 T Roo! pitch D . 

/in S 
-e: 1 conlltont 
1 L 

~~~ j_ ~~A 
~~ 
~· W/2 

~M.-
~- Wfz 

Rtlod Momrmts to lhfl r~ght 
Rflod Rfloctions to thfl lflft 

WMn hjL =0, 

MA = M8 = Me =M0 =ME =-0·0208.J.JWL 
HA=H8 =Ho=HE= /·2SW 

+Me 

' 
+HA=+ HE 

' 

~ 
OoOtiWl 

1 ~ 

~Ms--Mo 

_\' OoOSW4 
r-~ 

1 
¡.., 

,¡: 
Oo04W4 

i""' 

r- +MA•+ME 
~ 

+MA IJ \. 

1 1"-
+Me 

-Me 
~ OoOIWL 

v MA chongts rign hflrfl 
l.uc chongts rign hflrfl 



' \. 

/o4W 

NW 

w 

0·9 w 

w 

w 

w 

w 

w 

w 

w 

~ 
0·1 w 

n 
!-1-

p.-

V 

1 

L 

,\ 

+MA J 

t"-

t-

~· 
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F'or volue8 of Me, Mo 
Tolo/ U.D.L.=W ond ME ue nat cllort 
ll!l!lillii!I!IJ!I!II 

e 
lJ T Roof pitcll o 

/in S r constont 1 
HA A _l 

L 
~~Ji: ---~~-. 

~~ 
1{4 

~ME 
~ 

R~od Mom~n(s to tluz rigl}t 
R~od R~octions to th~ /~ft 

WMn hfL=O, 
M.4 =M8 =-0·0S208.J.JWL 

ll.t4 = H8 = H0 =HE = l·cSW 
~=0·812SW Ve=0·/87SW ,_ 

+VA 

+H,.-+HE 1-
"l~ ~-01WL 

-Ms 

o-OcJM 

?_Ms 1"'- o ... ./f. ·OSWl 
~ 

\ o o04WL 

1\ 
r... o ·0.1Wt 

jVE ~ 

-- F-" 

'., ;· 1 

+¡,E o 
+MA 

.... ¡..., "';f/.4 =+HE ~ 1 

. MA chong~s sign lllr~ 
1 _1 



.1 

362 

~ 

O·OcJW. ~ 

o-osw. l 

~ 

~ 

l 0.0/W. 

!' +M o 
o 

Tolo/ U.D.L.= W ror volufl:s oftM rflmoining 

111111111111111111111 Momflnl:s ond thfl Rflt1CIIOM 

- sefl pnvious chort 
e 

1J T Roo! pitch D . : 

linS • 
-e 1 conatont 
1 L 

HA.,m~ j_ · '~.HE 
~ 

~w 
V.. 

~ME 
VE 

Whfln hiL-o, 

.Vo .... ME=-+ 0·010417 WL \ 

Me = - 0·0208:J:JWL 

0·01'WL 

+Me 
+ME 
1 

1'. O·OSWL 

~Mo 

IL r-~ 

-u·; 
o 

0.04WL 

.... +ME t-t-
~~ 

r-~ 0-o.JWL 

OoOZWL 

Me 
-Me 

0.0/WL 

M0 chongts sign htrt 
Me chongfls slgn hflrfl 

o 01 02 tn CH o-s tH 0·1' o• o-p 1 ·o,., 1·2 t·.J ,.,,-s ,., 1-1' I·B ,., z-o 0 

VALIJES OF h/L 

" 
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Total --::: .... Rflad Moments 

C/.D.L~ e to the right 

•w B· Roo! pitch -~ Rflad Rflactions 
1 in S to th~ l~ft 

r constont <: 
1 

A-H 
L 

j_ l~~ m~~ ~ 

~MA 
-~ 

~ME 
+"É 

Wll"n hfL =-O, 1~ 

~-= ~ = -0·104/lWI Me = O<J4167Wf 
~ ~ 

M0 =ME=+ 0·020833WI -MA 19 
m 

w 

H.4= H8 =-0·7SW H0 = Hr + 0·2SW 

' 0.9W 
~-=- Vc=-0·037SW H L ~ 

(/' 

+ME 
'L 

19 V 4 1/ O·BW 
lh , 

lt ¡;HA 1.1. rL"'-+Ms 
~/ 1\. 

-Mo r-
0.1W 

) 

O.tlW 1" '/ ~ 

/V 
~ [/ '/ -HA 

o-sw ... ~ / '/ +HE / /'/ 

lf.. IL 2 

1 +HE 
~ [/, -lOMe L ¡,...,~ 1/1/ 

Wl 

1/ 

t-V-MA I/ , 
1/ +Ms lt_ÍME/IL IL~ 

l 

-M o 
1 / 1 

lL V -~ +~ 
1;"1/ -Ms 5" 1/ 

tHW 

l.LC 11 ..,..k-
Ms ond M o cllangfl sigm Mrfl ¡¿: 

~ ~1'1'" 1 • • • 

O O 0.1 02 O~ Oo4 O.S Otl 01 0·8 0·9 1 ·O N 1·2 I·.J 1·4 /"S 1·1 1·1 NI 1·1 z.i 
VALUES OF h,t . 



"'' 

R~ad Mom(lnts to thfl rigllt 
R~ad Reactions to th~ l~lt 

e 
TotallJ.D.L. 

'B Roof pitcll T D 
/in S -w 1 constcmt i 

~-HA 
L j_ E +HE 

-~~- ~~-

-W-MA +~ME 
.... 

1\ 

OoiW 
-HA 

""' 
-HA 

Oo8W 
_l 

/.MA 
1\ Oo.ISWit 

,, 

Oo.IWit 

o-sw 1- o-1- -MA zs~ 

0·4W O· ZWit 

-V;.=+VE 
O·.IW o ·ISWit 

+HE 
liJ 1-"' 

~-"+ME 
..... 

o-zw 

0•/W 
1 

' o +Ms ~ 
1/1 .... 

-M o .... ¡;;;; 
'.<'. 

,_ 'L: THE W: D! -Me ~~Mo -~-+VE +Ms ..L :;... .;:;+' 

r#;(DÁ y 11 

:i' A .J.oool"""' Mo cllang~s sign ll~re 

·IWit 

-Me J 
O O o-/ O.Z 011 0·40oS Qol0o1 0·80·9 /•0 N 1·21•31·4/•S 1·1 /•1/·81·1 2·0 O 

VALUES OF 11/L 
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36S 

~ c.. 
Q. 

.. 
~ ~ 

. ¡ ~ 

~ 
!5 
!...;: 

~ 

~ o 
i::: 

B Roofphch TD up lin5 
- ct-- r 2o/:¡ /constont 1 H ~- L 1~~~ ~~~ - -
~-MA ~+AlE 
+~ ~-~ 'E 

Reod MomMts lo the right 
Rflod Reoctions to thfl lflft 

~~ 
~ 
o~ 
~ 

~i 
Y)~ 
~ 
~~ 
§ 

u /·O Pe 

~ 
Q:: 

~ 
l3 
:S 
~ 

vMA 

O·,Pc 

0·8Pc 
§ 

--
1·4 
Pe/lt 

0·1Pc 

+ VE~t-
I·Z 
Pe/lt 

1>' 
V O·t1Pc 

Pe¡,_ O·SPc 
~ 

0·8 
Pt:/lt 

+ME', 
+H.4-+HE' ¡,.;' 0-4/lc 

1/ 
O·t1 
Pt:/lt 

--11\ 

"-V-
+MB 1\ .... 

0-.JPc 

~ 

0·4 
Pe/lt 

-Mo 1-

I+Mo 
0·2Pc 

O·Z 
Pt:/11 

1/ 7Mc 7MA ..... 
r,A 1 ~,' ~ 1 1 V 
'11 r- J""'t'oo+.. 

0•/Pc 

¡f 

~ ~ Mo chongfls sign heril 
• o o 

O 0·1 O.Z 0-.J 0-40-$ tH Oo1 0·80·, 1 ·0 N I·Z 1 •.J 1•4 I·S lof 1•1 1•8/•1 2·0 
VALUES OF /)/L 
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1·4 
Pc/11 

1·2 
Pc/11 

Pc/11 

0·8 
Pe¡, 

O·tJ Pe¡, 

0·4 
Pe¡, 

0·2 
Pe¡, 

v 
--

f-- -

~ 

Bwp Roof pitch o 
linS Tp~ 

- Ct-- r con•tant ---1 e ¡.-
2h/J ~ 

H. L _j_ E 1fJ 
~~~ L. m~...L 
"'MA~ ~+ME 

+~•P +~ •P 

Rflod Momflnts to thfl right 
Rflad Rtlactions to thfl lflft 

¡.,..-M..t=-Me 
1 

+H.4 =+He, 

IJ 

1 

: +Af.4=+Mc 
1 

: 
: 

'"' 
1 -Me 
1 

ll 

~ 1 
lMs=+Mo 

MA and 

1· O Pe 

o 

o 

0·7Pc 

O·IPc 

0·4Pc 

0-JPc 

O.ZPc 

-01Pc 

V ~( chanpfl sipns htrfl 
o o 

O 01 O.Z Qo.JQ-4CH Q-1 0.1 HO·I 1·0 N 1·2 1'13 1'4 /·S /•1 /•7/•8 I·IZ'O 
VALUES OF h¡Í 



1·4 
Pe/11 

Pe/11 

IL 

-

1-

1-1-

',( 
(/ 
r¡ 

~ 

BDp Roo! pltch 

T 
o 

' 
/lnS 

' 
-ct-I 1 con~tant 

1 oc: 
i q, 

1 o L H. '!L.~~ j_ j_ l~~ 
~-A!4 
~ P-~ 

'-!:+M,-
'E 

Rt!od MomMts to tht! right 
R(!ad RtZactions to tht! lflft 

/MA 

+~, 

NottZ thot M,..,Mc and M0 
11"' 

1/ 
chan_s tZ their sign~ 

IL 

V 
11 

V +Ms 1/ 
+ME 1/ ¡,.. 

¡... 
ll' 

~ 

1.1 -Mo 

+H,..= +HE 

i 
+Me 

1rMc +M,.., J "' 1 

""' r--lo..I.J 

367 

1 

0·9Pe 

o-BPe 

~ 

0·7Pe 

O·IPe 

O·SPc 

0·4Pc 

O·JPc 

0·2Pe 

0·/Pe 

~ . ..... ~ o o 
O fH O.Z NtHO.SOol 0.7 Q-80.9 1·0 1·1 1·2 1·31-4/•S 1·1 1·7 Nl/·91-0 

VALIIES OF' h/L 

.. 
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1·2 
Pe¡,. 

0·6 
Pe¡,. 

0·4 
Pe¡,. 

1-
1--

1-

-

¡ 
IJ. 

-
'f¡ 1 

-

1-

~ 

sap Roolpitcb TpCD /inS 
- c:~--:T r con•tant -.jC 1-'-

~ i 
HA • ~~ l L 

.L l~~ 
+MA~ v..= p 

~+ME 
~ 

R~od Mom~nts to th~ right 
R~od R~actions to th~ l~lt 

Not~ tllat ~, Me and Me 
chane ~ th~ir si~ns 

v-MA= -Me~ -

+HA- +He 

+M.4=+Mc, 
1\ 

+Ms-+Mo 

""" -Me' :"" ~ 

L..o!-" 

. 

1· 

o 

... ·8Pe 

0·1Pe 

O·IPc 

O·SPe 

0-4Pc 

O<JPe 

0·2Pc. 

0·/Pe 

+Me 
1 l l 

1 o o 
O 0./ tH Oo.l O.., OS tH 0.1 tHI 0-9 1·0 N 1·21" '""' /•S 1·1 /•1/•B/·11·0 

VALUES OF IJ/L 
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369 ¿. .t/ 

~ 

~roofT-p D rt r 
1 Wo~t "' 1-': 2, cons1 L 

1V,¡ A -1t.4-P j_21J!.rj_ E Hc~P 
!!!~.- ¡~.....-.. ;y-A!4 ~+Me 

_ 
14 

• : Me= o . +~ 

Rf!od Momflnts to lhfl rlght 
Rf!od Rf!octlons to tllfl lfllt 

• Q-IP 

-~- +it 
0-BP y 

0·7P 0·7Ph 

1 

0-IP 11" O·IPII 
1' 

1' 

o-sP O·SPII 

-~=+ME 
0·4P 

1/ 

o-JP 0·.1Ph 

f.Ms=-Mo 
1 

O~P O·ZPII 

' 

Q-IP 0·/Ph 

o o 
O 01 H Oo.Jo-40oStHIOo7 0-B 01 1·0 N 1·2 lo.J 1•4 I·S 1•4 /o7 I·B 1·1 Z·O 

VALUES OF' 11/L 
) 
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.!.. 

~ '8 Pitch o! roo! T-e,. D 
/in S 

I·~P 

~811 1 constant <: 
L 

-H ~:rp j_o·Bh...- E +1f¡•P 
-L.. ~~~ --.... -m~ 

I·IP ~-MA 't:ME 1, 

-~ . Mc=O ~ 

Rtod Momtnts to thfl rlght 
I·OP Rflad tqeactions to thfl lfllt 

j 

Q.. O•IP 1, 

~ lJ 

~ CHIP ¡-

~ 
....::: 

~ 

~ 0.7P ~ o ·7Pit 

~ 
-~ = +lf 

... 
O~P 

~ 
~ 

o 1' / 

... ~ 
·IPit 

~ 
O·SP o •SPit 

1 

~ 
-~ .... +Me 

1 

~ 
Oo4P o ·4Plt 

.... 
§ 

0·3P / o 

~Ms -Mo 

0-IP 

1/ 
1 tHP Oo/Pit 

o o 
O 0·/0~0-30..,0·S0of 0·7 0·80·1 1·0 N 1·~ 1·3 1•4 I·S 1•1 1·7 1·8 1·1~·0 

VALUES OF h/L 



r -e 
8 Pitch of roof 1 in S T O 

I constont <:: 

+HA A L j_ E +He 
.............. ~~ ~- ~aP/2 im........,. 

+MA ~ '-._U+Mc 
~ T R~od Momtnts to tM r1ght T ~ 

WMn 'VL = O, R~ad R~octions to thfl lflft 

M8 =Mc=Mo= O HA= Hc=2·SP 
2· SP h-.,.....,....,..-,-r-~"r"T""......:..-.-.-.-.,...,..-.-r..,..-,-.-,.-,-r-r-r-T~rr-,..,..T""T.,...,r-r-rl0·2PL 

1·1SP I-+II-+-H-+-H-+++++::J~H-+t-H-+-H-+-+-+-t-t--iH-t-t-+-t-t-t-++-t0·/4PL 

I·SP 

1·2S P Hi~~--1-l,¡'-1--1 +-+++-H-t-t-++-++-+-+-H-t-t-+t-+-l-+-t-t-+-+-H-+-t-++10·/0PL 

0·2SP 1Hf-t-+-H-+-H-+-+~oot::-i-+-t-++-t-H-+-t-t-+-+-H-+-t-+t++-t-t-H-+-t0·02Pl. 

o 

N 

11 
_l o 

O o-1 CHOo.INO·SCH0·1 0·80·91·0 1-1 1·21·31•4/·SI·~ 1·1 1·8 1-112-0 
VALUES OF h/L 

.,. 
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~ 
e 

8 Pitch ol roo! /In S T D 
I constant <: 

._A __ -:H:-:-'4-- L j_ E He 

¡~-- ~~--
~ -M.4 \..j,..Jt+MI:' 

-~ -~ -H .. -+Hc-P/2 1+~ . 
Me-O 

Wh~n h/L ~ o, 
Ms=McaMo- O 
-~-+~- O·IP 

Rflad Mom'lnls to thfl right 

Rflod Rflactlons to th,fl lflft 

1 

I·OP ~++++-+-!-HH-+-+-++-+-++-+-HH-H-++-H-t-H-++-t-+-t-t-;lJ"tbf'90•SPit 

O·IJPI-+-M++-+-!-+-JH-+-+-++-+-+-H-+-I-+-H-++-+-f-t-1-b-49-++-+-f-+-1-H0·4P/t 

O·.JPit 

0·2Pit 

1/• 
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e 
p 

Pitch of roof _..,..8 TD /in S I constant <: 

A -HA 
L 

j_ l~~ +He ~~...._... 

~-M.4 ~+Mt' -v.. . +~ 

..... 
Q. 

~ 
';.. 

~ 
:5 
~ 

R~ad Mom~nts to tht right 
R~ad R~actions to th~ l~ft 

~ 
~ 

1 1 1 -~-+Ve t-
1 - -

-;HA 1'\ 
~- Ll 

~ 
()-9P 

~ 
~ 

~ 
- V 

~ o 
1/ 

f\ 
O·BP 

~ 
::.S 

"' 1-

1/ 0·1P 
§ 

11 
¡71'!4 +He 

O·tJP 

O•SP 1/ 
S·OPf 

~ 
V 

0·4P V V V 4·0Pf 
V' ~ ¡... 

()-JP J +He -:: , lOMe 

'7 , " ~ J f"" ¡... 1" 
¡,o 

""' 
1" 

V ¡... , -MA 
o-zP Z·OPI 

-¡ ~ ¡; ~ +Me 
'7' ¡,... ~ +Ms V :/í 

l 1~ -Mo 
1;" 

I·OPf 

'I M0 changts sign htrt 1;" .c.. 
' ..... ,_ 1 o 0) 
O OoiO.Z0-30-4Q-SfH0·10-IJOo9 I·ON 1·2 1•31·41•SI•II•11·8 1·12•0 

VALUES OF' 11/L 
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.~ ~ 
...... 

Total U. D. L.= W 
IIIIIII!IIIII!IIIIIillll!llllllllllilllll 

o 

~ 
f5 t.;: 

e 
Roo! pitch . 

8 T 1 in 2·S D 
-e: lconslonl 

~ 
~ 
Q 
t.;: 
u 
~ 
c::t 

+~ A 1 L 
E tHI 

m~ m~ 
+MA~ ~+Me·· 

'J.= W/2 Ve- Wj2 

Rtad Momtnls lo lhfl righl 

~ 
t3 :::::; 
...... 

Rtad Rt~actions lo tht 1,11 
Whtn h/L=O, . 

A(.= M8 = ~ = M0 .- Me =r-O· 0208.1.1 WL 
§ HA=Hs = H0 =He= 0·62SW 

0-BW 
+Me 

CHW Q-01WL 

f!H,. =+He ..... 

o-csw 
V 

;Ms=-Mo 
o-sw ll ~ 

OoQSWL 
1"-

Y7 
11 

0-4W 0·04Wl 

H- 1/ 
1\ !""' ~MA•+Me t-

t- 1!-
O·.JW 

+MA' ~ 
0-Q.JWL 

~ 
":'..M a 

~r-.. 
-.J -Me 1/ "' "';HA=+ He 1 +Me IL. 

·'!4 changts sign h;;¡ ~ 

QoOIWL 

1\ 1 1 1 l 1 1 1 1 

,... Me changa st~n hW'tl 
o o 

O 0., o-~ 0-.10-4 OS OcJ Qo1 0·8 0·91·0 N l·llo.J 1'4 /•S /•1 /·1 NI /•9tloQ 

VALUES 01' h/L 
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315 
7t:J 

Total U.D.L. = W For valu~s of Me. Mo ~ -~ 
lilllilillili!lllll 11 and Me se~ next charl 

~ 
e 

Roof pitch 

8 T lin2·5 D 
lconstant 

~ 
L 

~~~ 1 ~.L!I ~~~ 

+M~'-1<· W+Me 
.. 

R~ad Mom~nts lo. th~ right 
"' R~ad R~actions to· tM l~ft 

~ 
f5 
" ~ 
~ 
as 
~ 

~ 
WhM h/L=O. ·-- ~ 

A(., = M8 = - O·OS20B.iJlfL 

11.4 =H8 =fb=Hc=0·62SW ~= 0-812SW '''-Yc=O·I87SW 
~ 
::S 
-.1 
§ 

_1 
-VA ,... 1 O·OBWL 

., 
- -

1' 

0·7W 
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770 CONNECTIONS 

RIGID-FRAME JOINTS 

.;:_: ALmouoa the general principies on wbicb tbe design of rigid joints is based 
- :are fairly well establisbed, the details offer considerable scope for ingenuity. 
· .: While thesejoints may be riveted, bolted or welded, the tbeory to be developed 
.··in tho following pages will, for simplicity, be largely associated with welding. 
' A variety of sections may be usod in rlsid frames, but tho most oommon 

~- are Universal Beams and Columns or built-up plate sections. 
'·-
~-Knees for Rectangular Frames 1 

:.:- : Consider a simple knee for a rectangular frame, as shown in Fig. 42 • lt 
· .does not matter, in principie, whether the cross-beam butts against the column 

·_or rests on top of it, but it is assumed that there are two sets of stiffeners, so 
.that t4e web of the joint has a rectangular frame around it. . 

,_ /Í\\ . 1 

1/ p \ 

PORTAL FRAME 

/ 
/ 

/ FORCES 
ACT/NG ON 
KNEE OF 
F'RAME 

.,. 

1 L. ~ 

. ~~c~s V 
H¡r ~~ B.M. DIAGRAM 

11""' 
: h C S.F. DIAGRAM 

,, 

Fig. 42 
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1 

At any section of a member, the stresses may be found from tho normal 
exprcssion of stress derived in the chapter on Bending and Axial Stresses:. 

' p M.uY ¡ ... -±-, 
A. fu 

where f- the stress in any fibre, 
P = the"longitudinal tfuus't (i.e. N or Hin this caso}, 
A ... the cross-sectional area of tho member. 

M u• tho B. M. at tbo section. 
y ... the distanco from the neutral axis to the libro being considered 

and l.u =the moment of inertia of the member. 
Whilst the maximum B.M. in the frame occurs at the intersection of tho 

neutral axes of the girder and column, the B.M. taken for design purposes 
can be that át the Jimits of the knee, i.e. in line with the inside flange of the 
girder or column. 

The shear stress may be found in the strictly accurate manner, giving the 
distribution shown in Fig. 43- or, in accordance with B.S. 449, by dividing 
tho shear force by the gross web area. Considering the forces applied to ~ 
the joint, if 1 

·fo and/, ... the average bending stresses in the outside and inside flanges 
respectively; 

..4.0 and ..41- the cross-sectional arcas of the outsido and inside flanges 
. respective! y; 

T0 and T1- the forces in the outside and inside flanges respectively¡ whilo 
H. and H1•the components of the horizontal or normal thrust H (or N) 

in the outside and insido fianges respectively; then 

T0 •AJo and r,, ... AJi 1: 

H.-~H and H1 =~H. 
Consequently, the girder will impose a tensile force of T.- H0 in the out· 

side : ftange and a compressivo force of T1 + H1 in the insi(\le flange at tho 
boundaries of the knee. 

The foregoing analysis is theoretical and can safely be simplified by 
assuming that the ftanges of the girder take tho whole of tho B.M. and 
transmit the -whole of the thrusts, while the web traQsmits only the shear. 

, ' M . 
Then. , T0 ... T1 =. d (where d is the deP¡th of thp girder) 

H.-AA.A .H 
o+ 1 

A, H. H,--A A . . 
o+ 1 

• 1 

In rolled sections, where the flanges are equal in size, H. -H,. 
As for the knee itself, experimental evidenco showa that there is no tensüe 

stress at the extreme comer as the load takes a direct Path across· the web. 

i: 

'· 

., 

'·'' 
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It is possible to assume, therefore, that the tensile forces in the outer ftanges 
vary unüormly from a maximum at points in line with the inside 8anpa or 
tho frame, to zero at the outside corner, as shown in Fig. 43. 

Flong~ Str~ss~$ F/ong~ and W~6 •trflafls 

Th~ kn~~ Wf/6 
t~nds lo shortrm 
along tM llnfl oc. 
Htncfl stilftnflr• 
shou/d lo/low 
this linfl 

1 

Fig. 43 

Each of the flange loads is transmitted into the knee web plato within tho 
Jengths of its sides, and this plate is the only means by which the D.M. is 
transferred from the girder to the column. Consequently, thero are heaV)' 
ahear forces in the knee. 

Considering the shear, ü , 
L • the length of the si de of the ~eb pla~ being consJdoredo 
t,:, the web thickness 1 · 

' and T- tho total thrust in the flange, 

then, the ahear per unit.length of plate • f, 
. ·,T. 

while the shear s,tress ... L x t' 

In welded knees, the load per unit length ~f fillet weld (one each aide of 
• [1 

the web plate) 1s T/2L. 
In the top edge of the web plate the thrust T is equal to T., -H.,, while in 

the bottom edge it is equal to (T1 + H1) - H, as shown in Fig. 42. But 
(T1 + H1)-H = (T1 + H1)- (H1 + H0) = T1- H., ... T.,- H.,. Therefore the shear 
forces in the top and bottom edges of the web plate are equal. Similarly, 
thoso in the outside and inside vertical edges 1~ equal. 

Hthe forces in the web tend to caus~ overstréssin,, tho web may be incroased 
in thickness or providecl with auitable stift'enOn. The normal procedure ror 
limpio kaees la to use dia¡oDal stifrenen. 

117 
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American Research on Rectangular Knces 
Much of the experimental work carried out on the knees of portal frames 

has been done in America, particularly by the American Bureau ofStandards 
and at Lehigh University. One of the more easily adaptable groups of 
formulre for rectangular web plates, attributed to Osgood, was published 
in Research Paper, R.P. 1130 (reference 4). The theory and examplo whiéb 
follow aro based on extracts from this paper. , · -

Consfder a flat rectangular plato of uniform thicknoss t, loaded by forces 
and couplea, u lbown In Pis. 44. Por equiUbrium, 

M11 - ~(2Fz, + F,) ... M, - b(2F"" + F J. 
Plat~ 

r-~===;L, thickn•s. ·-t 

..---~lf¡-x 
~=~:;;:-...J Fzg 

Mg~ Fgz 

~Fg 
1 ' 

Fig. 44 ).. 

' • ~ - ... 1 

~, 

' 

lt is required to determine the stress conditions in the platc; assumingihat 
the nctnnal stressesf. andJ;, along the ~ound~ries x-a'andy•b rcspectiwly ·
are uniforml)" varying and aJong tho· boundaries x• -a and y• -b aro 
everywhero zero. 

1 

Such a condition may be derived from the Airy StreSs Function: 

t/1 •bzXY + 1(3cJ +d.y)(a + x)y2 + 1(~b3 +b,.x)(b + y)%2. 

lt can be ahown that: . 

61 - ~~ [ M11 -a(2F q + F J- ~(M"' +M,) 1 
b. - ..!L. C•- F.lf 
~ 4abt' • 4abt 

b,.-!A[,~. .,. -z~, from which it may bo derived that: 

f.~·~b1(F.+ 3~•y)(a+x) 
f,-~1(F,.+ 3~x )<b +y) 

~ 1 

.,..,"':'.-~~[~a-G(2F_,+F,)+F,.:t+F •• y'J.. 
3~1(1-~J -3:•( 1-')] 

1 

,, 

/18 
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r_.,.-the shcar stress 

( 
m n )M 

p11 ... -(l-k-j)H- 1-k+j-1 +k-J b 
F,. .... -(1 -2p)V 

F -V-pV-~(M -Hb) ..,. p o 

nM 
F7:~~•H-JH- (1 +k-J)b 

M:~~- -(t-1-~+J-1 +k-¡}M 
M,.= -(1-2r)(M0 -Hb). 

111 

These formulm have been quoted in their original form, but the stresses 
/ 11 andJ;, wilt be negative if compressive and positive if tensile, the signs being 
opposite to those given elsewhere in this section. 

In the foregoing formutm p and r are the proportions of V and M respec
tivety, which are taken by cach flange of the column at the edge y ... b. lf a 
fiange is not wholly continuous at the knee,; as in riveted construction, it 
will transmit stress onty partially across the discontinuous section. Con
sequently, k andj are the proportions of H, and m and 11 are the proportions 
of M, which are taken by the top and bottom fianges of the beam portion 
of the knee at the edge x-a. Had there been no discontinuity, k would 
equal j and m would equal 11. It is further assumed that tho flanges carry 
no transverso shcar. 

Por a welded frame, as in Fi¡. 4S, 
M 0 ""' J'(a +A) ""'H(b +B), 

· M11 - -M(1-2n), 
F • -(t-2nH. . • :/1 p 

r 
·F •'Y-p'Y-~M0 -Hb) .,. a 

· nM 
F -H-j'H--
.~:~~ b 

M-M0 -Va 
M, .. -(M0 -Hb)(i-7,) 
F, .. -(1-7,)Y 

Arca of one flange of bcam 
1

• 

,. J .. Total sectional arca of bcam' 

Moment of inertia 1 of one flange of bcam d 
11

- Totall for the beam ' an 
p aód r ... the corresponding quantities for the column. 

, 11 

Prlnt~lpal Slresses and Greatesl Shear Stre.sses:' 
Alihough not required by B.S. 449: 1959 ¡ the principal stresses ID tho 

lmeéweb of a framo can be computed from the usual formula: 
... 

¡-'4z=J[(hi.~)2 +~]· 
Normally tho sreatest stress occun at tho illsido comer of the knee whoro 

3f• +a. y- +b. 
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The greatest shear stress in the web occurs at the point: 
b3 c3 • F, . a2 F11 • b2 

,Xco -b4' Y"""J,.• J.C. X""- 3M,' y-- 3MII t 

the maximum stress being computed from the formula: 

Vmaa = J[ ( ~r + v:y]. 
It will be seen that it is necessary to compute two sets of coefficients, first 

to obtnln the principal strcsacs, and tben to obtaln the greatest ahear atrcsa. 
Now the point where the greatest shear stress occurs is very near the centre 
of the web. Noting this fact, a Canadian engineer, Prof. D. T. Wright, has 
produced a formula for the maximum shear stress which gives results within 
about 2 per cent of the exact figures derived from Osgood s formula, viz.: 

Me ( a2t b2t) 
V ... 4abt 1 + 3Z., + 3Zb • 

where Me =M 0 -H. b - V. a = the moment of the inside comer of the framc. 
Z., ':"' the section modulus of the knee along a horizontal axis, the section 

including the vertical flanges as well as the web plate, and Z6 ... the correspond-
ing s1=ction m9dulus along a vertical axis. ,¡ 

It is often quicker to use this formula than that evolved by Osgood. 
The various formulre will be demonstrated by an example. 

Example. ,Fig. 45 shows a square knee for a recrtangular portal framo 
in whicb the flanges are 12 in.)( 1 in. in cross-section, and the web plato Ja 
40 in. x 40 in. x i in. thick. 

l--20'!.4-2o· -Az=es•;.._-----c 

W~6 lllicknes• v· • '/z• 
r-

1 

' 1 ·' ·~ 
1 .... 

SQtJARE KNEE 
rl q 

·cp 
'.1 

~ V c~n~,.~ ol "(/·· 
' in column --

,, 
i 

.16/on• t 
¡, 

1 
48tons 

ulma O,good's rormutz, 

,' 

a-b-20 iD. 
.A•88 ha. 
Y•48 tona. 

Fig. 46 1· 

t-o-s m • 
B•l24 in. 
H~36 tona. 
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Tbo proportion of the reaction V taken by each fian¡o of tho col111DD, 
Area of one flange A1 

p-Area ofwhole section ""'2A1+A., '~ 1 •• 

(whero f and w refer to fiange and web respectively) 
(12 X 1) 

... (2 x 12 x 1)+(40 x0·5) • 0'2727• 

The proportion of the moment M taken by eacb Bange 
[, 12 X 1 X 20·SZ 

r-~-
~11+ 1., 2(12 X 1 X 20·52) + (0·5 X 40~)/12 

5043 
-12,753 -0·3955. 

Tbe proportion of the thrust H taken by each flange of tho beam, 
k-) ... 0·2121 (as above for p). 

The proportion of the moment M taken by each ftange. 
m -n -0·3955 (as abq:ve for r). 

Tbo moment about the centre of gravity of tho knee wob, ,, 
M 0 • V(a+A)•H(b+B) 

-48(1·67 +7·33) 
... 432, tona ft. 

1be moment at the junction with 
1
the beam (where x •a), 

M-M0 - Va"'1432-(48 x 1•67) 

- 352 tona ft. 
F11 - -(l-2j)H .. -16~36 tons. 
F,- -(1-2p)V- -21·82 tona. 

F117 -V-pV-~(M0 -Hb) 
_ 48 -(0·2727 x48) 0.3955(432 x 12-36 x20) 

20 
- - 53·37 tons. 

nM 
F,.•H-)H--¡¡ 1 

_ 36 -(0·2727 x 36) _ 0·395S'x 352 x 12 
·¡20 

• -S1•35 tons. ' 

M.- -M(1-2m) 

- -(352 )( 12)(1 -0.7910) 
1 

• - 882·82 tons in. : ~ 
M,• -(M0 -Hb)(1-2r) 

- -(432 )( 12-36 )( 20)(1-0o7910) 

• - 932•98 tona in. r: 

.! 
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Checking for equilibrium, 

M" - a(2F"? + Fy) ... M y- b(2F,a + F J 
- 882·82- 20(- 106·73 - 21·82)"" - 932·98 - 20( -114·69 - t6·36) 

or 1688·18=1688·10, ' 

which satisfies the expression XM =0 with reasonable accuracy. 

Stresstl 
The ¡reatest ct>mpressive stresses occur at the buido corner when Jt •G, 

y-b. 
Considering the stresses at this point, · 

~ .. 4~bt{Fa+ 3~; ·Y)(a+x) 

... 1 {- 16•36 + -3x882·82x20)<20 +20) 
4 X 20 X 20 X 0•5 2{)2 

-. - 7·44 tons per sq. in. 

1, .. ~bt( F, + 3Máz' x)(b +y) 

' 1 ( -3 x932·98 x20} 
.,. 4 X 20 X 20 X 0•5 - 21 '82 + 202 <20 +20) 

í .. - 8·088 tons per sq. in. 
1 r...,':'" - 4abtflM" -a(2F".I' +F,) +F1 • X +Fa. y+O +0) 

1 
- - [- 882·82- 20( -106·7- 21·82) 4 x20 x20 xO·S . 

1 -(2.·82 x20) -(16·36 .~<20))' 
.,. - l-156 tons per sq. in. 

The shear stress has been computed as it is needed for the calcuJation of tho 
principal stresses, but this stress is not the greatest shear stress in the knee. 
This will be computed Jater. The maximum principal stress, in com· 
pression, is: 

'--'4-J[(~Y +•:,] 
_ -7·44

2
-8·088 _ J[( -7·44

2
+8·088r + HS621 _ -7·764-1·200 

., - 8·964 tons per sq. in. 

The formula evolved by Prof. Wright will be used to find the greatest sheat 
stress: 

r . 
Now , H • 

• 

M ( a2t b2t) •-= -tab, 1 +Jz. +3Z• • 
M 0 •M0 -H .b-Y. a 

•(432 x 12) -(36 x20) :.:.(48 x2d) 
• 3504 tons in. l 

z.-z6-Totall/a•l2.7S3/20 m.•. 
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3504 ( 2 X 20Z x0·5 X 20) 
V= 4 x20 x20 x0·5 1 + 3 x 12,753 

= 5·59 tons per sq. in. 

Knees for Rigid Frames witb Pitcbed Roofs 

/Z,J 

lt is quite commoa to haunch tho kaees of frames with pitched roofs, u 
shoWDID Pis. 47 , or by curvins tbo IDDer ftanse, a metbod or treatmeat to 
bo described Jater. 

a 

,, 

; ' 

' ¡.J 

'~ 

1' 

Appro:%1mat~ 

/In~ o/ n~utral el• 

Fig. 47 

H~r~ 11 has IJ~~n 
1'--1Ya:ssum~d that hall tite 

!ore~ P continu~• 
along th~ 1/ang~ 

..._..,_ .... /Jt!Jond IM IJrack~l 

There is ample experimental evidence to show that the neutral axis of 
stress in haunched knees moves towards the inside of the frame, as shown 
in Fig. 47 (a). Consequently the appro~te force in the inside flange 
may•be found by assuming that tho neutral axis occurs at tho third point 
along the diagonal from the inside flango to ~he outside comer of tbe frame. 
Al~raatively the force in the flange may ~ resolved from tbe triangle of 
ro.., ahown in Fig. 47 (a), tbe force being known that in tbe iDilde 8aD¡o 



" 

RIGID-FRAME JOINTS 119 

of the rafter. In the type of joint shown in Fig. 47 (b) it is often assumed 
that the whole of the inside flange forces are resolved into the bracket flange, 
but, as an altcrnative, it may be assumed that, say, one-half of the force con
tinues along the flange of the main membcr, as shown in the diagram. 

The stresses in knees of the type shown in Fig. 47 (a), (e) and (d) can be 
found by using Vierendeel's Tapered Beam formulz or Olander's formulm 
which are described later. See Figs. 60 and 62 • Considering the knee 
in Fig. 48 , all the sections between AA and BB, except in the hatched areas 
can bo analysed by the above formule. However, if the knee is not over
atressed elsewhere, it is very unlikely to be so in the hatcbed zones. 

8 
·~--- Zone lgnored by 

Vlerendeel's formula 

A 
A 

Fig. 48 
', 

The forccs·in thc stifTcncrs at thc limits of thc kncc 'are found by a rcsolu
tion of forces, as at point A in Fig. 47 (a) wherc S is thc appropriato stifTcncr 
force, and thc stifTcncrs and wclds are dcsigncd accordingly. Thc rcmaining 
stifl'encrs insidc the knce can be of nominal size, their primary function being 
to prevent local buckling of the web and lateral failure of the inner ftanp. 

TYPICAL lf!IDGE DETAILS 

Fig. 49 . ' 

/Z'/ 
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Ridges in Pitched Roofs 

Ridges in pitched roofs are designed in precisely the same manner as 
obtuse-angled knees. Normally they present less difficulty than knee joints 
as the angle between the rafters is very obtuse and the forces are mucb Iess 
than in knees. H joist sections are employed it may be unnecessary to add 
brackets, while in lightly loaded structures it is sufficicnt to butt weld the ends 
oC the rafters. Some typical joints are shown in Fig. 49. 

IDees wlth Curvcd F11111ges 
lt is probable that joints with curved flanges will always be the subject of 

some controversy but here it is proposed to describe and illustrate the articles 
published or research work carried out both in this country and abroad. 

It is of some interest to consider a formula, known as the Winkler-Résal 
formula, which can be used for an lnltially curved bar with paral1el ftaage&p e, 

IUCh as that ahown in Fig. SO • 
/ 

., 
Tho formula for tbo stress in any fibro of tho bar is 

' ,, 

1 
N M. M.c, r ------x-_, A r.A U ,r+ .. 1' 

where N- the normal thrust, 

and 

' A - the cross-sectional area of the bar,' 
1 
M-=the applied B.M. 

'! 

r•the initial radius of curvatrlre of the bar taken to tbo neutral axis 
N.A. of the section, 

c•the distance from the N.A. to thd fibre being considered, being 
positivo when measured away from the centro of curvature and 
negativo when measured toward~ 1 it 

U -a figure analogous to the moment ~f inertia 1 and which xnay be 
replaced by 1 whcn the value of r is greater than twic:e tbe depth 
dofthe bar. 

WhU , ia less than twice d and the section is composed or m:tanglcs. 

U•r2(2·30258rEb .log wJw2 -A), 
when tho IYDlbola haw the aignific:anco ahown in Fig. SI. 
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F/anges Kl'x 1" 
Web !8''X O ·S! 

781 

Suppose the member is of the section shown in Fig. 52 , tho propertiea 
being as follows: 

Flanges-10 in. x 1 in. Web =18 in. xO·S in. 
Area A •29 sq. in. r -30 in. (r/d•l·S). 

u-r2(2·30258rEb .log W¡/Wa-A). 
10 log 40/39 ... 0·10995 

O·S log 39/21-0·13442 
10 log 21/20 -0·21189 

Eb • log w1fw2 -0·45626 
'¡ 

Therefore, '1 

U"'" 302(2•30258 X 30 X Q-45626 - ~9) 
... 2265·53 in. 4• ,, 

It is interesting to note that tbe moment of inertia 1-10 x 203/12- 9·5 x 
18lfl2 ... 2049 in.". 

It will be observed that the general form of the stress equation resembles 
the ,normal ~ress formula, i.e. N/A ±M/Z. · 

The Winkler-Résal formula should be used for curved members when rfd 
is 1ess than ¡2·5. When this ratio exceeds 2·5, tho ~prmal formula can bo 
used with safety. l. 
~le. Considering the member shown in Fig. 52, and asaumin¡ 

tbat it ia subjected toa D.M. of 1900 tons iD., ' 
' 

• 

·' 

, / N M M. e r N . M M.,. e 
-~-,~-lTx~-A~,.~-(Tx~ 

-o-~ _1900 x 30 x -L 
30 x29 2266 30+c 

. e 
• -2·i84-2S•l60x-

30+c 

IZ~ 

. 
" 
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If values are plotted for various depths e from thc neutral axis, thc stress 
diagram shown in Fig. 53 is obtained. 

It should be noted that the Winkler-Résal formula makes suitablc allow· 
ance for the shift of thc neutral plano ofbending from thc N.A. ofthc section 
towards the inner flange. 

Normal 
dlstrl~utlon 
of str~ss 

~-'~<-N.A. 

--1 + 10·40 t--
Fig. 53 

e 
Fig. 54 

Now the change in direction of the force in the flange of a curved member 
induces radial stresses in the web which can be calculated from tho followin¡ 

· formula, due to Professor Campus of
1 
Li~ge: 1. 

•·C/Rt, (~ Fig. 54) 
whero s ... the unit radial stress, 

C ... the total Oange force, 

R = the radius of curvature of the ftange11being considered 

and '"" web thickness. 

Prófessor Magnel (reference 6) states that tho radial stress should be 
added to that due to the shear across the web. 
Th~ radial force is applied at the junction of web and ftango and causes 

cross~bending, the edges of the ftanges moving away from the centre of 
curvaturo when the flange is compressed and towards it when it ia in tension, 
as sh'own in Fig. 54 • 

• 

Outstd~ F/ong~• 

I 
e Ir ¡, 

No 1t11f~n~r• 

,. e 
r 

Unstr~sud -M +M 
bar oppli~d app/ifld 

.l~~o!~~ .!!..!_~r~otur! ol "'.flmbflra 
Fig. SS 

!' 

.. .. 
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Dr. Hans H. Bleich (reference 7) investigated the effects ofthis phenomeoon 
and produced two coefficients ., and p. (nu and, mu), the first beiog associated 
with the longitudinal stresses in the ftanges and the second the transverso 
stresses. 

H f is the mean stress derived from the Wiokler-Résal formula, then 
max.¡ .. ¡¡., and r ... " max. t. where ., and 1' havo the following values 
with respect to tho expresaion b2fRt, the symbols for whi~h aro shoWD ia 
Fig. 56 : 

·- _L·_I-b-f 

Bcw=~~u~~~~- ~ -R~~-~-d--~ 
s~r:tlon Q:j s~ction 

A Sgmbol• lor U$~ 
with " and " 
co~flicl~nts 

Ma:clmum 
Str~$$ 

Fig. 56 

Bleich's Coefficieots 

b2 o 0·1 0·2 0·3 0·4 O· S 0·6• 0·7 ifl 1¡ 

' 

•1 1·000·' 0·994 0·977 0·950 0·91S 0·878 0·8j8 0·800 -
11 o G-297 o-s8o 0·836 I·OS6 1·238 1·382 1·49S 

b2 
., 

jfj 1·0 ... 1-2 1·3 1·4 1-S 2·0r, 3·0. 

•, 0·693 0·663 0·636 G-611 OoS89 0·569 0·49S G-414 
' 

11 1·677 1-703 1-721 1-728 1-732 1·732 1-707 1'671 

11 

0·8 0·9 

0·762 0·726 

I-S77 1·636 

4·0 S·O 

G-367 G-334 

1·680 1-700 

lf the radial forces teod to lead to overstressing, the Oaoges must be braced 
either by entire web stiffeners or by small gussets, the spacing of wbich is a 
matter for engineering judgment as no rules, mathematical or empirical, 
have been derived. , , 

Sorne practical examples of curved k:nees closety11 resembling curved bars 
are shown in Figs. 57 and 58 , the latter being described in reference 8, 
as well as in other papers. 

Generally knees are not shaped like curved bars, the majority being of 
the' typo shown in Figs. 59 (a) and (b) wheré the outside 8ange ia 
atraighL Tho rapid chango of section at .the knec and the curvature of 
tho CODtro-Jino aft'oct both tho magnitudo aod tho dfstributiOD Of tho Abro ..... 

/ZB 
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Portal Kn11 
lor Bu• Garo~ 

Fig. 57 

• 1 

Portal Knt~ 
lor Bridgt , , 

Fig. 58 

• • 

1 ' 

'··_.· -. _ _ ¡·¡..,_,/'! 

/Z~ 
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(a). (IJJ 

Fig. 59 

Professor Vierendeel devised Tapered Beam formule for tho kneo ahowa 
in Fig. 60, the formule being as follows: 1 f: 

Oa aay sectioD M, 

., 

, -~-Ma0 
Jo A 1 

, P Ma1 Jl""'if+J 

,_ bl..¡.v +J.'F1 sin,¡,), 
'• 

wherof. aad ¡, - the mean stresses in the outside and inside ftanges, respectively, 
"- and a1 •the distances of tho centroids of the outaide and iDsido ftangoa. 

respectively, from the axis shown, " 
r•tho ahear stress 

;. 

1 

•' 

(' 

F/ang~ Ar~IÍ 

=Fo 

F/ang~ Art1a 
-F; 

VIERENDEEL 'S 
TAPERED BEAM 

SYI.(BOLS 
1

: 

Fig. 60 
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M, Yand P ""the bending moment, shear force and thruat at the section AA, 
b = the web thickness, 
d.,. the web depth, 

.A =bd+F,+F1cos ,¡, 
and 1 =bd3/12 +F,a,2 +F1 cos ,¡, a12. 

These formula: are logical and give reasonable results. 
Wben tbe mean Oanse stroaaea havo beeD oalculated, the maximum stresses 

may bo computad uslng Dr. H. H. Bleich's coofllclents and suJtable stlft'onera 
added where necessary. 

It should be noted that the Tapered Beam formula: can be applied to 
knees of the type shown in Fig. 47. 

,. In the U.S.A. a number of investigators have produced formule for 
curved knees, using circular sections as sho~ in Fig. 61. 

',,!•:•tL L 

[1 

Notatlon sllown ls for 8/flicll's formula 
V f= 1 /_N- .M__.Ms.x....Ll 

'Cos(J, (A rA U r+c/ 
P--=~~===9====F===~ 

C.G.of 
SKtion 

Whfln lnnflr and outflr 
flangfls an flt¡ual In 
sin, o•IJ•• 

Fig. 61 

M calcu/atfld obout 
tllls point !Jg 
Dr. F. /Jiflich. 

Exampks of 
Clrcular uctions 
Cross-sflctiontll 
ArH•A 

Osgood's formula: (reference 5) are mathematically exact but are lengthy 
and 'cumbersome for use in design and are not quoted here. 

Dr. Friedrich Bleich (reference 9) adapted the Winkler-Résal formula, 
adjusting it by multiplying the whole expression by 1/cos ,¡,. It will be noted 
from Fig. 61 that r ande are measu~ed in a 4ifferent way, but the principies 
of calculation are identical with those for Example l. 

Thé amount of work involved in using Bleich'a method is leas than with 
Osgood's method kt greater than that with

1
,a recent method (reference 10) 

duo to Harvey C. Olander, which givea reaa~blo resulta and can bo ncom
mendod for uso in desi¡n. 

• 

(' 
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Olander states that the method is simply to take circular sections that cut 
the extreme fibres at right angles, such as section AB, Fig. 62 , develop tho 
section as shown and obtain the cross-sectional area A and moment of 
inertia 1 of the developed section. Next, resolve all forces to the right of 
section AB into the values P0 and M0 about the point O, the centre of tho 
are. P 0 passes through the centre of gravity of section AB, and M 0 is tho 
moment of the forces about O. Then6 with theae values, tho stresses aro 

M t:alculattd a/Jout 
tllt C.G. 

OLANDERS FORMULAE 
1• Po :1: ME. 

A 1 
~ MoO 

v• lt ,. -¡¡¡ 

Fig. 62 
1' 1 

calculated as for an ordinary beam, except that the sbear is determined from 
M0 : The total sbear on section AB=-S=-Mofr. Thm tho unit shear along 
the section, • 

SQ M 0 Q ,.,._.., __ 
lt rlt 

wbere Q is the statical moment of tbe area ·of the section about the point 
being considtred. (Cf. British notation, v ... S .a.y/11.) 

Tbe stresses normal to tho section, ' 

\, fc,Po±M.c 
A 1 

wbere Mis the B. M. at the C.G. of the section AB. 
An example will help to explain tho method. 
Examp/e. Fig. 62 shows a curved knee joining a 16-in. x 12-in. x 110-Jb. 

B.F.B. to a 24-in. x 12-in. x·16S-Ib. B.F.B. Tbo properties of tho two 
B.F.B.s aro as foUows: 

B.F.B. Flang~ Web 1 

Thickneu Thickneu AreaA Zu 
. (In.) 

(In.) (In.) (sq. fn.) (ln.J) 

' 
16 X 12 1·00 CU5 32-35 188·53 

24•12 1·36 G-70 48·53 404·79 

•• 
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The eross-beam is ebosen to resist the B. M. in the centre of the beam and 
will be understressed at its junction with the knee. H the radius of the inner 
ftange is 48 in., then the radius will equal twiee the depth of the larger sectioo 
or three times that of the smaller section. 

lt is convenient to continue the ftange thicknesses of the smaller B.F.B. 
around the knee, i.e. to use a 12-in. x 1-in. plate. The web of the knee will 
be 0·625 in. thick, i.e. some convenient thiekness between those for the two 
B.F.B.s. 

Tbo kDee oao bo divlded loto any DWDbet or oireular sectioos. Aa, bow· 
ever, the greatest stress is situatedjust inside the knees, these areas should be 
investigated. Consequently, sections are usually chosen at lS0 or 18° 
intervals along the inside of the knee. 

H 18° intervals are used in this case, thero wi11 be six cro&S-sections to con
sider, as shown in Fig. 63 • 

. t 

• 

POATAL FRAME KNU 

1~1K 12'Jt,IIOIIJ 
B.FB ,. 

18toM Fig. 63 

" 

'1 

'1 
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lt is advisable to check that sections 1-1 and 6-6 are in order fint, beforo 
embarking upon the knee proper. 

Considering seet.ion 1-1, 

Tbeo 
' 

p.,. 18 tons. A -3Jol9 sq. in. 
M.u•ll34 tons in. Z.u-144·Sin.3, 

/•!_±Mu 
A Zu 

18 1± 1134 
-Jr.i9 m:s 
.. 6·56 or - 5·46 tons per sq. in. 

Using the normal B.S. 449 procedure for joists, the sbear stress 
load 10·5 ,_ ~~~~ 

gross web area 16 x0·55 
- 1-19 tons per sq. in. 

Considering section 6-6, the knee section shouJd be taken, as the properties 
oC tho adjoining B.P.B. are greater in magnitude than thoso for tho kneo. 

Tben 1 .)2 x 243 _11·375 x 223 
.u 12 12' 

.. 
and ' 

Tberef'oro 

and 

o -3731 in." • 
3731 . 

Z.u -u ... 311 an.3. 

A ... 2(12 x 1) +(22 x()o62S) 
-37·75 sq. in. 

¡-!.:M"Jt 
A Zu 
10·5 980 

-3f.75±311 

11 

-3·43 or -2·87 tons Per sq. in. 
14 . 

,_24 x0·625 
- 0·93 ton per sq. in. · 

ConsequentJy, the stresses at sections 1-1 and 6-6 are acceptabJe. 
Altltough Olllnder's method is quicker than sorne otber methods of anaJy

sis, a certain ainount oC time is taken calculatiog the geometrical propertiea 
of the circuJar sections. It is desirabJe to devise somo system of tabulation 
for tbe'calculations. 

Fig. o 64 shoY,. the symbols which ha ve to b~ calcuJated for each section.-

• 

r _ h_+ R_(.:..,-1 ~-;-:co~s-~.:.<) 
sin 2{1 

a•R. sin 2,¡, 
(a +b) -r. cos 2{1 

d-r .cos ,¡, 
c•t/1. r (t/1 úuadians) 

(g +e) •r. sin~. 
where IJ, R. ~ and g ~ bown quantitiea. 
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DATA FOR 
CIRCULAR SECTIONS 

Fig. 64 

1 ,, 

' . 

For values of 24> not exceeding 45° the radius r is measured along the 
column, but between 45° and 90° it is measured along the cross-beam. 
(The angle subtended by the inner flange should always be bisected in this 
way, even if the angle is acute as in the case of a frame with a pitched roof.) 

The area and moment of inertia of the • 1:~-sections traced by each circular 
section are found in the normal way, the total depth beins the are len¡th. 

For sections 2-2 and 3-3, 
Po ""' Ve cos t/> + H sin t/1 

For sections S-S and 4-4, 
M=H.y-Vc.e• 

Po -9 H cos t/> + Vb sin t/1 ,, ~ 

M= Vb • Ji-H. e. 
where y is the vertical distance between the bottom of the column and the 
C.G. of the section, x is the borizontill distance from the end of the beam to the 
C.G. ofthe section and Yc and Vb refer to the column and beam respectively.l' 

Proceeding, the relevant properties of, and the stresses in, the four sections 
inside the knee are as follows, the units being tons and inches: 

Set:tlo11 · Po A M e IJU Po±M.c 
A JJ/Ut 

'2-2 19·42 34-41 1289 ·~·33 2112 +6·26 or -H3 

', 3-3 20·38 39·S7 1400 b·46 4833 +4·41 or -3-38 

''4-4 14-31 44-88 1430 17-70 
" 

9041 +3-18 or -2-48 

• s-s 12·56 39·49 1217 13-40 4481 +3·9l or -3·36 

The complete flange stresses bave been plotted ID Fig. 65 • 
• 1 

' 
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ñnsile Srresses 

FINAL DCSIGN ·· 
AND Fl.ANGE STRESSES 

O·SS Fig. 65 

791 

The stresses given for the inner ftange presuppose that it ia properly stiff'ened 
to resist cross-bending. If unstiffened, tho atressca can be calculatecl b7 
Dr. H. H. Bleich's formulz. (See p. 783.) 

Considering section 2-2, 1 max.f--. 
" 1bo value of b2/Rt for the ftange 

• x-,·0·67 l (12 -0·625)2 1 
2 48x 1 • 

Hence · •·0.81 (by interpolation) arid Jbu.¡.l 
• 

6·26 ·o-st -7·73 tona pet;sq. in. ~ 

Now the cross-bending stress 

• 

1benl'on 

r-l'mu..f 
1' • 1·46 (by interpolation). 

r -1-46 x 7·73 
•11·29 tona per sq. in. 

1' 



792 CONNECTIONS 1~7 

As tbis exceeds the permissible stress, stiffeners are required. 

The radial stress in tbe web is greatest where the ftange stress is greatest, 
i.e. somewhere between sections 1-1 and 2-2. Taking tbe ftange stress at 
1-1 and using Campus's formula, 

. e Area X unit stress 
, .. ]f,= Rt 

12 x 1 x6·56 
• 48 x0•62S 

... 2·62 t<?ns per sq. in. 

Even ifthe shear stress at 1-1, 1·19 tons per sq. in., is added to this stress, 
the total stress is stilllow. 

Olander's method of obtaining the shea~ str~sses in tbe knee can be 
demonstrated for section 2-2. " n 

Now ,.,.MoQ •. 
rlt 

Considering Fig. 64, the value of the distance b for section 2-2 -41·65 in.R 
and the vertical distanco from Oto the bottom of the column is 66·35 in. ' 

M 0 =(10·5 x66·3S)+(18 x8) 
, .... 841 tons iri. 

Considering Fig. 66 , 
8·33 

Q m(0·62S X 8·33)l +(1 X 12 )( 8•83) 

-127·7 in.J. 

Hence, 
841 X 127•7 

~: V- 59·39 X 2112 X 0·625 

Fig. 66 -1·~7 tons per sq. in. 
This stress is low and those at other sec:tiuns 

a~c lowcr still. " 
; It foUows tbat the stiffencrs rcquired to prcvcnt cross-bcnding of the flango 

can be nominal in size. A thickness of i in. would bo suitablc. 

Valley Joints 

.The principies involved in the design of tbe Y -shaped valley joints in multi
'bay corlstruction are tbe same as tbose 
'for kn~ joints. lt is quite reason
able to 1 design the inner ftange of each 
. rafter section as though tbe joint were a 
knee, the other rafter being ignored, as 
shown in Fig. 67 • The detailing sbould 

' ' 

• 

Fig. 67 

f;•ign~s · bo as sitnple as possible. Two examples 
ti H, sbowing baunched and curved inner ftanges 

are shown in Figs. 68 and 69 (references 
. 11 and 12 respectively). 

To ~uco tbe cost of heating the bulld· 
ing or for eathetio le880DI roofs are often 

,. ¡1 

r. 
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mado of low pitch, and practical difficuJties can arise in accommodating tho 
valJey gutter. Tho problem may bo overcome as showa in Fig. 69 • the 

site ftJit!t 

., 

Fig. 69 

pitch being fairly steep at the feet of the raften and low over the central 
portian of tlie roof. 

Splke Com:t:ections 
Splice counections in rigid frames should be atranged at or near the 

"l ,¡ 

Column.Splic~ Bram Splice 

gap 

.-----. 
~ - J 
¡- -----, 
L....-----....1 

Fig. 70 

/36 
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dead-load points of contraflexure. Figs. 49 , 51 • 68 and 69 all incor· 
porate splice connections. Sorne typical joints for a column and cross· 
beam are shown in Fig. 70 , but it should be noted that it is not essential 
that joints should occur at stiffeners. Further details may be found in 
reference 13. 

Rigid Joints in Multi-storey Buildings 
Although sorne of the calculations involved In designing a joint in a multl· 

atorey building may be lengtby, the underlyin¡ principies on which the work 
la based are comparatively elementary. 

J " Loadlng diagram ~ 
p 1 

A Le f BJ 

~ B.M lkogrtllfl 

11 

11 

Fig. 71 t~... ____ _.I,L.I ____ _JII 
S. F" Dlagram 

Consider the simply supported prismatic beam shown in Fig. 71. When 
the load Pis applied, a moment Mis induced ate wbich is distributed between 
the,,portions of the beam AC and eB as shown. The reactions at the 
SUP,pOrts are: 

Now the shear in A e and CB may be obtained by calculating the slope of 
the B. M. diagram. Hence, the value of the shear ... M/L, wbicb is, of course, 
equal to tbe teactions at tbe supports A or B. 

At e the moment diagram undergoes an abrupt vertical change of moment, 
equal to M, ánd tbe corresponding shear is infinite. Tbis results from tho 
assumption that the moment is applied ata point, as drawp in Fig. 71. 

P/z 

A ~ 
•· Fig. 72 t-------:-. L --'-: ----t 

~uch the same state would result if the ~oment M were applied through 
a couple as shown in Fig. 72 . "' . 

' 1 ' 'f• however, the moment M were to be applied tbrough a couple formed 
by· two equal and opposite forces of value 'P as shown in Fig. 73 , then tbe 
change of moment at C would be less abnlpt and tho S.P. between tho two 
loada could be ealculated. 

¡: 
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Thus, y.,.Mc..t +Mcs=P(L-c). -
e L 

As before, the shcar on either side of the applied. moment would bo of 
constant value, being equal to cP/L. · 

Now it is proposed to give a practical examp~o t.~ ,de~o~s~te .~ow ~cA 
joints can be treated. . · · _ . .~ _- · 

~ ~<jP Loodlnl dltlll'tllll 
1 • 

B.M. Oiagram 

o S.F Oiagram 

Fig. 73 ' 

Example. Fig. 74 shows a portion of a rigid-fr~me building, consisting 
of,a sectio~ of girder BD and sections of two columna AB and BC; A, C and 
D :being the points of contraftexure in the ~.M. diagram for the worst con· 
di~ons of loading on this portion of the frame. 

IIOtons e• . 
T 6f0ns 

•o 
'IQ 

1~ 
8 

" rram~ 
~ OltJgrtJm 

6~ 1 
A f2stons 

l'ig. 74 

S.M. OltJgl'tJm 

lbe m~mum B.M .s at the junction of tho neu~l ues of the glrder and 
cofumns are as follows: . . , 

·" 
M se • + 360 tons in. 
M BA - - 300 tons in. 

1 Mso• -660 tona in. 

'1 ,, 

.. 
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It is not proposed to de.>ign tho columna or cross-beam. lt wi1l be 
usumed that tho sections shown in Fig. 75 are adequato. 

,. 

Fig. 7S 

Coosideriog the joint at B, tho sbear across B is calculatecl f'rom tho slopo 
of tho D.M. diagram. 

He o ce y. 315·0 +255·0 
15 

1 

-38 toos. 

Now the web thickness of a 8-io. x.S·in. x40-lb. u. c. ia ()o365in. and the 
the gross area of the web ... 8 -in. )( O· 365-io. - 2·92 sq. in. 

Therefore tbe sbear stress in the web, 

v-:.~2 ... ]3·01 tons per sq. in. 

This stress exceeds the maximum permissible shear stress of 7·0 toos per 
sq. in. A number of expedients may be adopted to iocrease tbe resistance 
to sh'ear. 

Ooe of the most common methods is to weld two rectangular platea to tho 
web of the columo. The clear web depth of a 8-in. x 8-in. x40-lb. column 
is 6· 33 in. If two plates, 6n in. wide aod i in. tbick, wt.re welded. one each 
sido of the web, as shown in Fig. 76, tben the sbear stress would bo. 

• 1 
1 38 1 

r• SxQ-S6S •5·49 tona~ sq. in.. 
,, 1 ' 

which woutd be acceptable. 

r 

,. 
1 
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Fig. 76 

1t will be noticed that two sets of stiffeners have been introduced at the 
Jevel ofthe flanges ofthe girder. These sho~ld be ofapproximately the same 
section as the girder flanges and, in this case, are made i in. thick. 

Instead of thickening up the web some kind of triangulated system oC 
stiffeners may be used, such as those shown in Fig. 77 • In such cases the 
diagonal or oblique stiffeners may supplement the strength of the web, or 
the web may be entirely ignored, when the stiffeners :rorm a truss framework 
and are designed accordingly. 1 

1 ,, 

Fig. 77 
1 r¡ 

~nother ~ethod to avoid overstressing the web of the column is to deepen 
th~ end of tbe girder or to provide brackets at the junction of the girder and 
colwnn, the object being to reduce the steep slope or the B.M. diagram, i.e. 
to reduce the shear force in the joint. Various expe~fients are shown in Fig. 
78. ' 

Open-tnÚne or Vferendeel Girders r 

Tho most obvious characteristic of open-frame ~den, somo examples of 
wbich are showa in Fig. 79 , is the completo absence¡or diagoDBl mombera in 
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b 

•, 

' 

Fig. 78 

the panels, the girders depending on the rigidity of the joints for their 
stability. 

The open-frame girder is not commonly used in Great Britain, but many 
examples exist in Europe, particularly in Belgiuin, where they are associated 
with the pioneer work and development of the late Professor Vierendeel 
after whom they are usually named. 

C[l lb cr 1 1 1 e 
1 1 1 1 1 

'1 
Vitrtndttl Girdtrs 

Fig. 79 

Although there are many Vierendeel bridges in Belgium, only one such 
bridge, for pedestrians, has been built in Great Britain. Examples in structures 
taking static loads have usually resulted from a demand for a free un· 
obstructed space where the use of diagonals has been precluded. Consea 
quen~y, Vierendeel girders can be used for cierestory Jighting in churches 
and other structures or for spanning any gap where a plato girder or truss 
wouldl be used but for the fact that tho web wruld provide aa obstrucdoa. 

,, 
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Many foreign authors ha ve devoted whole hooks to the analysis of Vieren
deel girders, but, unfortunately, the Iiterature relating to the design of joints 
is comparatively scanty. Here, it is proposed to deal with girders with 
parallel top and bottom booms. Pr9vided that the booms are parallel, 
analysis by Slope Deflection is possible but lengthy, but ifthe top and bottom 
booms are of identical section in each panel the girders may be analysed 
quickly and accurately by Naylor's application of Moment Distribution, as 

· demonstrated in Example 15 in the sectlon on that method of analysis. See 
PASO 273 

The analysis and design of a joint for a multi-storey building frame has 
just been given. Now a single-hay, multi-storey building of the type 
described in Examples 9 and 11 in the section on Moment Distribution is 
really a Vierendeel girder erected vertically, so that the principies underlying 
the design have already been described. ·"However, it is usual for the axial 
forces in the members of Vierendeel girders to be very great compared with 
those in the analogous members in building frames. 

Most of the loads applied to Vierendeel girders are applied at the ·panel 
points but sometimes the booms take compara~vely Jight loads, usually 
uniformly distributed, when a design by Moment Distribution will incor
porate the devices associated with inter-panel loading (c.f. Example 16 in 
Moment Distribution). lnter-panel loading can ~lso be treated by Slope 
Deftection. 

Formula for Joints 

Vierendeel evolved a number of formul:e for different types of joint. For 
tho 'T'-joint shown in Fig. 80, the formule resemblo tho Tapered Beam 
formula= given earlier in this section, viz. : 

Ji-!._Ma1 

Á .1 

,._ P Maz Jz-:¡+¡ 

11 

1 

' v- Jx¡w -JiF, sin,¡,, +fzF2 sin r/>z1 (usiog appropriate signa ror f. andf,) 

,A -bd+F1 cos r/>1 +F2 cos r/>z 

1 bd3 
.L 2 2 1' .. 12 1

+F1 cos .,..1a 1 +Fz cos r/>7fl2 • 
1 
¡ 

These formula: may be used for a joint in a multi-storey building where 
t~e radius·of the top flange is small so that the flange does not project abovo 
ftóor leveÍ: Normally in Vierendeel girders r/>1 =r/>2• 

This type of joint is not used in Belgium for tiridges or other structures 
talcing d)'Jiamic loading. It is the invariable practice to employ the typo 
sbown in Fig. ~ 1 , where the posts are planted on tha booms and tbe radü 
or curvature may bo as much as ono-thitd, of the panellen¡tb. 

' ' . 
' ' 

,¡¡ 

' : ... · :-, 



800 
' 

CONNECTIONS 

+r 

Fig. 80 

-N 

Sottom boom 

Fig. 81 

,.+P"' 
+V ;.J+M 

In this case the post is symmetrical about the vertical axis, and the 8ango 
· stresses dueto the moment only are: 

M 
Ji• -fz""'d(Fcost/l+bd/6)" 

M equals T times the lever arm about tbe section considered. 
At the junction of post and boom, as cos ,¡, ... o. the moment is taken by 

the web only. 
Thestressesdue to-N- -N/ A. Thevalues o(vand..4 arofoundas before. 
The B.M. diagram for a boom is drawn as sbown in Fig. 82 • Tho Unes 

between the tangent points of the post are parabolas. 
Professor Magnel of Ghe~t (referenco 6) quoted tho followiog formule for 

tho lection ahown in Fig. 8~ : , ~ ri • 

T•P3 +P1 sin., -P2 sin 1 
T. OX-M•P,. OX 
N•Pa cos.,+Pacos 1, • 

• 1 

'· ·' 



RIGID-FRAME JOINTS 

Parab•.la 
Point ol contrallezl/l'e 

~ in /Jottom bo.om 

p mnnnrullii. '..1.1.1~~" , ... ,.,.,.,~""".,.,.., .,.,..,'T'I"t::;pljii

CrOID which 

h 

Pof'tibo/a-" 

Fig. 82 

N. sin fJ + :Xcos fJ 
P¡• . 

SID (</J + 6) 

N. sin </J- OMX cos {1 -, p 1, 

z• sin(~ +B) 
M P3-T--
OX 

" 

1+71' +M ' ~ ¡, 

+N ·\:: ¡x -_, 
Wt~b thlclmts. l 

-b 
1'.1 

Fig. 83' 

801 

The member shown has straight sloping sides, but the same formula: couJd· be 
used for curved flanges aJthough Magnel stated that the formula: should not be 
used when (t/1 + 8) exceeds 90°. However, h'e quoted''experiments carried out · 
by Professor Campus in which he proved that in joia~ sucb as tbat shown in 
Fig. 81 lhe c¡itical sections were tbose in which (t/1 +" varied from O to 90•, 

Tho atressea derivecl Crom MagneJ's formule are as foUows: 

·fa-~; /a•O; •-~-.. , .. J r· btJ" 

¡ ~ 

1~ 

" . 
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"TEORIA DEL PUNZONADO Y DEL CORTE 

CON CIZALlA" 

¿Quien decide en su fábrica si se debe punzonar, taladrar, cortar 

con cizalla o con sierra? El punzonado y el corte con cizalla 

son en grado considerable los procesos menos costosos, sin embar

go, en algunas fáb~icas se necesita algo muy cercano a un decreto 

presidepcial~ para aceptar estos, métondos. Los cursos de .manejo de 

máquinas que se imparte en escuelas secundarias, escuelas técni-

cas, colegios y universidades, ~edic~n muchas horas a enseftar a -

nuestros futuros ingenieros, superintendentes y ejecutivos, como 

taladrar, fresar y cortar con sierra. Tales entrenamientos los -

hace pensar siempre en como maquinar: el metal. Pero si·l queremos_ 

obtener~ utilidades, necesitamos empézar a pensar en punzonar y 

cortar el metal. 

Un fabr1cant:e de puertas para cajas de seguridad, por V'erdadero -

accidente pr.obÓ el sistema de punzonado para hacer las perfotaci~ 

nes en las cerraduras (perforaciones:. con diámetro de 11'/16" 'a 1") 

a través de il.cero inoxidable dé~ 1/2"!: de espesor y en ac1ero rolado 

en frio C-1018 y ahorró miles á~ pesbs al af'1o, en comparacidn con 

lo que ~ataba gastando con los métodos de taladrado que hab:U. usa 

do hasta ent'onces. Su .empresa hab{a: estado taladrando estas1
: par

tes por' arios' y se habia mostrado complacida con el sistema, hasta. 

que se ~ecibiÓ un tipo equivocado de acero inoxidable que se' endu 

recia' al ser' taladrado. Era casi imposible taladrarlo 'con rapidez 

suficiente como para hacer costeabl~ el proceso, además de q~e 

los taladros se quemaban continuamente. En medio del problema 
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apareció en escena un técnico con una prensa hidraÚlica que que

ría demostrar. ProbÓ como se realizaba el trabajo de punzonado_ 

a través de aquel duro mate~ial. Los resultados fueron excelen-
, 

tes y la prensa se compro. 

Para la mayoría de ·nosotros es fácil decir .. con una mirada que"-

proceso usar, si el exito de punzonar o cortar con cizalla es -

marginal merece experimentación. Este informe tiene la inten--

ciÓn de familiarizar al escéptico con los procesos de punzonado_ 

y de corte con cizalla y ayudar a todos a comprender estos proc~ 

sos y sus limitaciones. i• 

Hay muchas operaciones - en las que se usan prensas. que se 

realizan aplicando 'los mismos principios del corte, por lo tanto, 

el comprender la teoría de este tipo de corte le permite a uno 

comprender las siguientes operaciones: 

A. Corte con cizalla. 
" 

a. Acción de cortar con dados o cuchillas. 

b. Inclinación entre dos filos cortantes. 

c. Corte logrado por medio de una herramienta para cortar -

metal y otros materiales, debido a un movimiento de acer 

camiento de dos orillas afiladas, ·que llegan a juntarse. 

B. Punzonar · 

a. Un término general que describe el proceso de cortar 'con 

troquel o dado, una perforación en una lámina o placa -

de alguna pieza. 



Per~orado es un término que se usa también para describir 

el proceso. 

b. Punzón es la parte del troquel que podría considerarse el 

"Macho" y generalmente es el miembro superior. 

c. Estampar: El proceso de cortar o sacar una pieza de"un mate---

rial con un contorno predeterminado. 

D. Recortar: Acción que consiste en realizar cortes de varias ~or 

mas en la orilla de una tira o de una pieza. 

E. Niblar: Acción de realizar un corte progresivo a gran veloci-

dad, ya sea para lograr una orilla de acabado recto o una ori--

lla ondulada. 

F. Semii...Corte: Acción de cortar a lo largo de una l:f.ne·a en ,la pie 

za de trabajo, sin producir desperdicio o pedazo de material 

que 1se separe de la pieza de 1 trabajoo 

La acción del corte éuando se trabaja 'en metal 

El material se corta como resultatlo de dos ~ilos agudos con acción -

de cerrar', ~orzando al cortante hasta su punto de ~ractura o más allá 

de su resistencia a la rotura. Hay es~uerzo tanto de tensiÓn como -

de compresión,· la parte superior está momentáneamente bajo tensión, 

mientras que el ~ondo bajo el dado o la cuchilla está bajo compre--

sión. cuando ·se pasa del 

a una pre'sión que produce 

completamente 'del metal. 

l:!.mi te eüás t'ico del material, s c._le 'somete 

la fractura 'y lo hace rompers¡( ~ 
La. Figura 1 :ilustra el es~uer: 

una parte que .. se corta o que como sucede en este caso, 



Hay tres pasos fundamentales en el corte que se muestran en la Fi

gura 2. La presión aplicada por el punzón hace que el material se 

deforme hacia la apertura del dado. cuando se excede el limite 

elástico del material, puede retirarse el punzón, pero el material 

quedará reta).ladq,. En la segunda e~apa, ,el punzón penetra en el -

material y corta hasta el punto de la fractura. 
, 

Cuando el punzon_ 

avanza (diagrama inferior) las fracturas se extienden rápidamente_ 

de cada orilla y la carga se reduce hasta la cantidad que se nece

sita para desprender el material del dado. 

La cción de cortar con cizalla produ'ce cuatro caracter!sticais inhe 

rentes que s·e encuentran tanto en el material paterno como en la -

pieza cortada (o ·punzonada). (Figura 3) •· Estas son: 

l.- Deformación plástica. ': 

2.- Banda vertical de corte bruñido. 

3.- Fractura angular. 

4.- Rebaba causada por la fractura que se inicia encima de la ori-

lla del corte. 

El grado de cada'una de las caracter!sticas arriba mencionadas, de-

pende de lo siguiente: 

l.- Espesor del material. 

2.- Tipo y dureza del material. 

3.- Espacio libre entre las cuchillas o punzón y dado. 

4.- Condición de las cuchillas o pUnzones y dados. 

·s.- Apoyo o firmeza del material a' ambos lados del corte. 

todas las condiciones dadas arriba se satisfacen, y la condición_ 

de corte no es aceptable, hay otros métodos de troquela 

pueden emplear. Uno de los métodos de acabado más comunes 

' ,, 



es usar una rima que quita una pequeHa cantidad de material, para -

eliminar el ángulo de fractura. 

DEFORMACION 

Tanto el tipo como la dureza y el espesor del material tiene efecto 

en la cantidad de deformación. Entre más suave y grueso es el mate 

rial, más se deforma. El espacio libre entre las cuchillas y el 

apoyo del material, en ambos lados del corte también tiene un gran_ 

efecto. La Figura 3 muestra una perforación que se punzona con exc~ 

so de espacio libre y puede notarse la deformación que aparece alr~ 

dedor de la superficie superior. :sostener el material casi nunca -

es problema cuando se trata de hacer una perforaciÓn1 ya que el p~ 

zón sostiene firmemente el material contra el dado y la fuerza cor--

tante sostiene el desperdicio o la pieza con firmeza contra la· cara 

del punzón. Sin embargo, al hacer un corte recto en una solera o -

barra larga es· necesario usar un sujetador para evitar que la sole-
• 

rase retuerza ante la cuchilla inferior (Figura 4). La combinación 

de los esfuerzos de tensión y compresión tal como son mostrados en 

la Figura 1, causan esta deformación. Un apoyo opuesto al sujeta-

dor produce lo~ mejores resultados. NÓtese que sin el apoyo, el m~ 

terial se''dobla antes de fracturarse y queda una impresión angular_ 

de la cuchilla en el extremo de la solera. 

PENETRACION 

La penetración~es la suma de la distancia de la deformación y de la' 

altura del bruHido vertical, tal como se ve en la Figura 5. Se ex- · 

presa como porcentaje del espesor del material y es definida como -

la distancia que el punzón debe recorrer antes de que se fracture -

8 
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el metal. El porcentaje de penetración varia según el tipo y du-

reza del material. 
, 

A medida que el material es mas duro, el por-

centaje de penetración disminuye. 

ESPACIO LIBRE 

La fractura angular y la calidad del ,cort~ de la perforación o del 

estampado, depende mucho de la cantidad de espacio libre.que hay

entre el punzón y el dado. La Figura 3 muestra el espacio libre -

as! como la distancia entre los dos filos de corte. Sin un espa-

cio libre adecuado 1 el material no se fracturará limpiamentee La 

Figura 2 muestra como hay fracturas superfores e inferiores que de 

ben encontrarse y cuando esto sucede ':se produce una perforación 

limpia1 con un consumo mínimo de esfuerzoe Cuando falta espacio -

libre se produce un defecto que se conoce como "rompimiento secun

dario", según puede verse en la Figura 6.:. Cuando no se logró que_ 

se encontraran la's dos lineas de fralctura:~ eso deja un anill6 de -

material que debe ser forzado hasta iiogr~r romperlo, con un gasto_ 

adicional de- ene'rg!a.. El grado de rompimiento secundario disminu

ye a medida que ei espacio libre aumenta hasta ~ue se llega ·al es

pacio adecuado. Las herramientas desafiladas crean el efecto de un 

espacio libre demasiado pequef'io, además ae producir rebaba. 

Un exceso de espacio libre entre lo.S filos de corte produce ·un - · 

exceso de deformación plástica, una'rebaba grande, y un ángulo 

muy alto de ·fractura como se muestra en la Figura 6. Por ld tanto 

el espacio libre adecuado puede definirse como aquel que no 'causa

rompimiento secundario.y que produce un mínimo de deformación plá~ 

tica y de rebaba. 



El espacio libre correcto varia de acuerdo con el espesor y el -

tipo de material. Como se vió antes en la Figura 5, el grado de 

penetración~o fractura depende del tipo y dureza del material. -

El espacio libre es expresado como porcentaje de espesor del ~ 

terial y deb·e ser calificado para indicar si significa espacio -

libre por lado, o espacio libre de di~etro total. Hay muchas -

opiniones sobre como representar el mejor porcentaje de 'espacio_ 

libre y la Figura 7 es una tabla que ha demostrado funcionar ba~ 

tante b~en. El espacio libre adecuado se encuen~ra mejor por m~ 

dio de pruebas prácticas. No hay fÓrmulas ni tablas que nos den 

los espacios libres exactos. 

DONDE APLICAR ESPACIOS LIBRES 

Como es· obvio cuando se estampa· o se punzona exactamente a la 

medida, debe tomarse en cuenta el espacio libre. La Fi'gura 3. es 

un buen ejemplo de mto. El dado es'más grande que el punzón en_ 

la extensión de espacio libre que se necesita para producir.una_ 

fractura li~pia. Si la perforación·se va a hacer exactamente de 

una medida, el punzón debe ser' 'de esa medida y el dado 'tiene que 

ser de un tamaffo mayor, con una diferencia que permita 11un espa-

cio libre adecuado. A la inversa, si la operación consiste en -

estampar un·disco que tiene que ser de tamaffo exacto, el dado de 

be ser de ese tamaffo y el punzón debe ser menor para permitir el 

espacio libre adecuado. 

,, 
7 
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Una perforación punzonada se encoge muy ligeramente y debe tomar

se en cuenta esto si se requiere alta precisión. La cantidad - -

varia de acuerdo con el tipo y dureza del material, pero no~l-

mente no exce'de de .002". El punzonado o estampado que se hace -

de modo cons~stente produce piezas muy exactas. 
" n 

IA VIDA DE IA HER.RAKI:ENTA 

El espacio libre tiene un efecto considerable sobre la vida de la 

herramienta. Se logra un máximo de vida para ella cuando el esp~ 

cio libre es correcto. El espacio libre insuficiente reduce con

siderablemente la1: vida de la herramienta, 'debido al resorteo11y a 
' -

la fusión en frío del material ante el punzón y el dado. Cuando 

se punzonan materiales más duros, un espac~o libre insuficiente -

crea un esfuerzo mucho mayor en el ~ilo y hace que el material se 

despostille y rompa. El seffor L. R. Allijlgham en su Informe Téc

nico ASTME #:622,; citó el caso de un troquel de estampado con--

2-1/~ de espac~J libre por lado que se rbmpiÓ después de hacer -

solo 1,000 piezas1. Una vez rectificado el troquel, el espacio li 

bre se aumentó ai 13% y se produjeron 240,000 piezas sin desgaste 

o deformación evidente en el troquel:. 

Un espacio libre excesivo tiene también un efecto adverso en1 la -

vida de la h'erramienta, debido a qué el material se extiende en -

las orillas ~de corte, y hace que los1 filos se rompan prema tU:rame!! 

te. 

Un lubricante para troqueles y herramientas de buena calidad alar 

ga considerablemente la vida del punzón y el dado. 



EL SEPARADOR O BOTADOR 

El material que se desprende o desperdicia es normalmente empuja-

· dO a través de la abertura que hay en el dado por el punzón que se 

introduce ligeramente en el dado. Esto resuelve la mitad del pr~ 

blema, pero algunas veces la parte más· dificil es separar o botar ,, 
' 

el punzón de la pieza que se perforó. 

El material se adhiere al punzón debido a las tendencias de con--
' 

tracciÓn y de fusión del material y varia en magnitud, según el -

espacio libre entre el punzón y el dado, además el tipo del mate-

rial. .!Los IllB.teriales suaves como el aluminio y el cobre son gene --
'ralmente los más dif!ciles de separar. 

La fuerza p~ra botar o separar ':puede ser tan elevada como el lo% 

de la fuerza que se necesita pa:ra pllllzonar o estampar, 'lo cual 

puede ser el caso cuando hay insuficiente espacio libre entte el 

punzÓn·y el dado. Con espacio libre excesivo, la fuerza para bo

tar o separar se reduce hasta Un 2% de la fuerza para punzonar y_ 

con espaciollibre adecuado normalmente requiere de un 3 a un 4%

de la fuerza de punzonado, siempre y cuando las orillas del punzón 

y dado 1 estéh bien afiladas. Si la acción de botar tiene lugar 

e erca de la~ orilla de la pieza·· a punzonar, la fuerza z:1ecesaria se 

rá menor, porque el metal puede ceder o doblarse ligeramente al 

liberarse del punzón. Los botadores deben ser diseñados para 

ejercer de . \m 5 a un 8% de la ··fuerza que se necesita para punzonar 
'., 

o estampar en trabajo normal. ' 

9 
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La separación del material (Figura 8) puede realizarse con una -

placa de uretano, que sostiene el material firmemente contra el 

dado o una placa botadora positiva, que es colocada a corta dis

tancia por encima del material. Con un botador positivo el mate 

rial es leva:ntado' por el punzón al subir .. éste, h~sta que el mate 

rial toca el botador y se desprende del punzón. 

Un lubricante de buena calidad para troqueles, reducirá conside

rablemente la fuerza para botar o separar especialmente cuando -

se trata de material suave, como el cobre y el aluminioa 

EFECTO DEL ESPACIO LIBRE SOBRE LAS NECESIDADES DE FUERZA Y ENER

GIA 

El espacio libre tiene efecto, o ninguno' sobre la cantidad de 

fuerza que se necesita para cortar o punzonaro Se han realizado 

muchos estudios que ap?yan esta teor!a y el resultado obtenido -

en uno de eiJ..los "se ve eh la Figura 9. Las curvas de la izquier

da y del centro representan acero suave de igual espesor cortado 

uno con espacio libre insuficiente y el otro con espacio libre -

adecuado. 

La altura de es~as dos curvas es aproximadamente la misma y· la -

curva con espacio libre insuficiente es ·la más elevada. 

NÓtese el á·rea que hay bajo las cut'vas de la izquierda y detl.. cen 

tro que represerlta las exigencias de energ!a. El espacio libre_ 

insuficiente aumenta considerablemente las exigencias de tr'a.bajo 

(7500 pulgadas-libras comparadas con 4300 pulgadas-libras) como 

resultado del rompimiento secundario. La fuerza del corte está-



presente-a través de todo el espesor del material comparada con la 

curva del centro, donde la fuerza desciende hasta aproximadamente_ 

la mitad del materialo Es perfectamente obvio en este punto, ver_ 

porque la vida de las herramientas se reduce, la herramienta reali 

za un 75% más de trabajo. 
" La curva de la derecha en la Figura 91 muestra un corte en acero -

'\ 

duro (0.90 de carbÓn). La fuerza que se necesita para lograr la-

fractura es mayor para este tipo de acero que para el acero suave, 

pero la fractura empieza más pronto y una vez que se inicia, termi 

na más rápidamente. Se trabaja menos (ver el área que está abajo_ 

de las curvas1) en el material du·ro que en el material suave. ·· 

FUERZA DE CORTE 

La fÓrmu!la. para obtener la fuerza "F" que se necesita para cortar, 

estampar: o punzonar un material dado, suponiendo que no haya viaje 

en el punzón ¡o en el troquel es:' 

FÓrmula básica de corte: Fuerza·= Area x Esfuerzo cortante 

F = LTS Para cualquier forma de corte 

F = DTS --- Para perforaciones redondos 

O sea L·= Largo de corte, en pulgadas 

T = Espesor del material en pulgadas '; 

S = Resistencia al corte del material, en libras por pulgada cuadra 

da 

D = Diámetro•en pulgadas 

La resitencia al corte del material, .es calculada en libras por pul 

gada cuadrada y para alg~os materiales puede encontrarse en la 

Figura 10. Aqu! se representa ia fuerza que se necesita para cortar 

1 1 



en dos una barra cuadrada de 1" {Figura 11). La misma regla se -

aplica a barras de diversas formas en operaciones de punzonado y_ 

estampado,· tal. como se muestra. Para. punzonar y estampar, el pe

rímetro de corte se multiplica por el espesor del material, para_ 

encontrar el ~rea. NÓtese en la Figura lO que el esfuerzo cortan 
,., 

te y de resistencia a la tensión no son la misma. Además la re--

sistencia a punto cedente no puede usarse como el esfuerzo cor'tan 

te del mismo, puesto que no son iguales. Si el esfuerzo cortante 

de un material no se dá ni se conoce, puede calcularse una simple 

prueba en una prensa hidraÚlica haciendo una·perforación. 

Se calculÓ el• tonelaje que se requiere para punzonar o estampar -

perforaciones' redondas para varios espesores y para comodidad de 

nuestros lectores, se muestra en la Figura 12. Por ejemplo, una_ 

perforación de 1/2" de diámetro punzonado a través de acero sua-

ve de 1/4" d~ espé'sor, requiere 9.8 toneladas.. La gráfica puede_ 

usarse también par·a otros materiales multiplicando el resultado -

dado en ella, por 1el factor que se ofrece·en la Figura 10, para_ 

cada material. Pór ejemplo, el factor para aluminio 6o61-T6'es-

· .58 lo que significa que su esfuerzo ''cortante es equivalente al -

58% de la que se necesita para el acero suave e Una perforación_ 

de 1/2" de d:támet!!'o hecho en aluminio 6o61-T6 de 1/4" de espesor_ 

requiere 9.8 •x .58, o sea 5.68 toneladas. Las exigencias de 1 ton~ 

laje para pe~fora9iones de más de 1" ''de diámetro pueden obterlerse 

t 
, , 

sumando los onelá.jes para dos o maS 1 'diametros, que dan comoi'to--

tal el diámetro déseado. Por ejemplo, una perforación de 1-1/2"_ 

1 2 



de diámetro a través de acero suave de 1/4" de espesor., sería el 

de 1/2" a través de 1/4", más 1" a través de 1/4", o sea -.- - -

9.8 + l9~7 = 29.5 toneladas. 

FUERZA DE CORTE CON VIAJE 

Hay muchos casos en que se realiza el corte en forma progresiva, 

lo cual reduce la fuerza que se necesita. Esto se logra escalo-
, 

nando los punzones cuando se usa mas de uno, de tal manera que -

los dos no corten al mismo tiempo, 0 afilando un ángulo al pun-

zón y dado. En ambos métodos el trabajo se realiza a través de_ 

una mayor distancia, usando menor fuérza., pero el trabajo total_ 

realizado es:1 el mismo que si no' se hubiera escalonado el punzón_ 

o si no·:se hubiera .usado el viaje. La Figura 13 ilustra tres 

punzone~., cada uno escalonado igual a la mitad del espesor del -

material. Con espacio libre adecuadb al punzonar acero suave., -

la fuerza máxima requerida seria igual a la que se necesitaría -

para un'solo' punzonado. La curva de trabajo en lo alto de la fi 

gura muestra~ la fuerza máxima que incluye además, la necea idad -

de que el volante de una prensa mecánica tiene que proporcionar_ 

tres veces más energía., lo e ta 1 pued'~ ser_ un problema en alg\mas 

prensas~ La 1 mayor parte de las prensas hidraÚlicas tiene su ca

pacidad1totafl. a lo largo de toda la barrera del pistón con sufi

ciente energía. 

Si el espacio libre del dado para hater las tres perforaciones -

fuera insuficiente., la fuerza máxima requerida seria afectada -

de manera considerable, como muestra la curva punteada. La Rece 

sidad de fuerza en un punzón debe disminuir antes de que el • 
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siguiente se ponga en contacto con el material. La Figura 9 

ilustra el problema del espacio libre insuficiente. 

Muchos cortes se realizan con una superficie plana de corte y la 

otra superficie de corte puesta en ángulo. Para evitar la defor 

maciÓn de la pieza cortada que sea (el disco o la pieza que se -

saca) si posteriormente la pieza se va a usar, el viaJe o ángulo 

de corte se hace en el dado, de otra manera en el punzón. La Fi 

gura 14 muestra un punzón y un dado paralelos, con al área co--

rrespondiente que debe ser cortada, comparada con un punzón que_ 

tiene viaje igual al espesor del material y su área de corte co

rrespondiente. El área de corte varia según la cantidad de espa 

cio libre que haya entre el punzón y el dado y esta figura mues

tra la importancia de un espacio libre adecuado. 

Un ejemplo de la.~ necesidad de un espacio libre adecuado se en--

cuentra en el caso de una prensa hidraÚlica de 30 toneladas que_ 

perfora 2" de diámetro a través de ·acerd suave de 1/4" con un 

' ti i j de 1/8" • punzon que ene v a e Sin emb~rgo con espa~io libre 

suficiente, el tonelaje requerido se acerca al tonelaje completo 

del punzón y deil dado sin viaje ( 4d toneiladas) y la prensa de 30 

toneladas no podrá hacer el trabajo·. Eri este caso debe usarse -

un dado 1/32" más grande que el purizón, para proporciona:r el es

pacio libre· adecluado. 

Hay muchas ''form&s de aplicar el viaje a una cuchilla o a un pun-
, 

zon y dado. El :sistema usado comunmente en un viaje inclinado -

de un lado hacia: el otro, normalmente a'razón de 3/8" por pie. -
, : 

La Figura 15 muestra varios metodos· de aplicar el viaje al pun--

zÓn o dado. Es importante mantener equilibrada la carga del 



, 
punzan y del dado para evitar presiones laterales sobre el pun-

zón, que harían que el punzón se apretara al golpear o entrar -

el dado. Este mismo problema también se encuentra cuando se ha 

ce una parte de una perforación en la orilla de una lámina. 

Un punzón o dado con viaje es una forma económica de extender -

la capacidad de la prensa siempre y cuando ésta posea suficien

te energía para aceptar el esfuerzo adicional. Muchas prensas_ 

mecánicas (con volante) no tienen suficiente energía para apro-
, 

vechar el viaje del punzon y dado. De hecho el viaje puede re-

ducir su capacidad, si no es adecuadamente apli~ado. 

RELACION DE IDIAMETRO A ESPESOR 

Toda cosa buena tiene sus limitaciones. El punzonado no es dife 

rente. :una limitaciÓn es que no se puede hacer perforaciones -

muy pequeftas a través de material muy grueso. Por ejemplo, una 

perforaciÓn de 1/4" de diámetro a través de acero suave de 1" -

de espesor. 'En este caso la perforación tendrÍa que ser taladra 

da, pero ¿cual es el punto lÍmite? 

La vieja regla que normalmente se aplica de que el diámetro del 

punzonado debe ser cuando menos ''igual! al espesor del material -

ha costado a·la industria injustificadamente miles de pesos. -

Un fabrican té de estructuras de :',acero hizo que el arquitecto a.!! 

mentara las especificaciones en 'el tamafto de unas perforaciones 

de 13/16" de diámetro a 15/16", para,poder hacer varios miles -

de perforacidnes en viguetas de 1" de espesor. ConsintiÓ en'pa 

garla cantidad extra que significó·comprar tornillos más gran

des, ya que eso era mucho mejor'que tener que taladrar. 

16 
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Desafortunadamente no sabía que con su prensa hidráÚlica portá-

til pod:f.a hacer perforaciones de 13/16" de diámetro a través de 

acero suave de 1" de espesor sin ningún problema. 

Cuando se consideran todos los factores que intervienen en la li 

mitación de la,relación entre espesor y diámetro, es posible lle 

gar a una nueva tabla de relaciones más realista, para aplicaci~ 

nes sin choque. 

El diámetro del punzón debe ser tal que la fuerza compresiva del 

punzón sea mayor que la fuerza requerida para perfora~. 

La fuerza·para·perforar puede encontrarse multiplicando el espe

sor del material por su esfuerzo cortante (en libras por pulgada 

-cuadrada) y multiplicando después esto por el largo del corte. 
. -

Ahora veamos como puede usarse esto para determinar si un:punzón 

resistirá·al ser usado en una prensa hidraÚlicao Los sigüientes 

factores deben'= ser considerados: · 

A= Area de la' sección transversal del punzÓn1 tal como es deter 

minada por la medida y forma (Figura 16) 

T ~ Espesor del material que es perforado 

Ss= esfuerzo cortante del material queJes perforado 

Se= Resistencia a la compresión en el punzón 

L = Largo del corte 

La resistencia•' a la compresión en .el pUnzÓn puede calcularse me-

diante la siguiente fÓrmula: 

Se = T x Ss x L 

A 



' . 

La máxima resistencia a la compresión permisible (Se) depende 

desde luego del tipo de acero pa~a herramientas del cual está 

hecho el punzón y su dureza. Un buen acero para herramientas 

endurecido al aceite y resistente al choque, resistirá una fuer-

za compresiva de 300,000 libras por pulgada cuadrada antes de 

romperse y puede usarse con margen de seguridad hasta 250,000 

libras por pulgada cuadrada (PSI) con buena vida para la herra--

mienta. 

Las curvas de la Figura 17 están basadas en estos valores de --

fuerza de punzonado y para un e•sfuerzo constante conocido (del -

material que se está perforando), la;s curvas proporcionan las re 

laciones recomendadas de espesoir a diámetro. 

La curva mostrada como una lÍnea sÓlida representa la resisten

cia a la rot·ura de ( 300,000 libras p<t>r pulgada cuadrada), la·· -

curva punteada por su parte representa el esfuerzo de trabajo -

que se recomienda usar (250,000 libras por pulgada cuadrada). -

Por ejemplo, para perforar acero suave con esfuerzo cortante de 

50,000 libras por pulgada cuadrada, la relación de espesor a 

diámetro que'se recomienda es l:..l/4"·a l", y la relación máxima 

es 1-1/2" a 1". Por lo tanto, n6 hay': peligro en hacer una perfo 

ración de 191 de diámetro a través de' acero suave de 1-1/4" de -

espesor. 

Con frecuencia se usa una relación erl.tre 1-1/4" y 1-1/2'~ a 1" -
' , para acero suave, pero la vida del punzon es menor. Una empre-

sa dedicada a estructuras, por ejemplo, hace perforaciones de -
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de 13/16" a través de vigas de ala ancha de 1-1/8" de espesor, -

usando una prensa hidraÚlica portátil de 96 toneladas. En esta 

.~lación de 1.38 a l, el punzón hace entre 200 y 500 perforacio

nes antes de fallar por fatiga. 

Tamafto mínimo de perforación 

La seganda gráfica (Figura 18) muestra el diámetro minímo de 

perforaciÓn que se puede hacer a través de un espesor dado de ma 

terial. Se ilustran tres materiales diferentes. 

Para usar la gráfica localice el espesor del material en la es-

cala vertical y·'siga horizontalmente hasta el extremo inferior -

del área sombreada, pera llegar al. material que está siendo' per

forado. De este punto de intersección, .descienda a la escala ho 

rizontal yilea directamente el diámetro m!nimo de perforación 

que se recomien4a. 

La orilla superior de las áreas sombreadas representa el prunto -

de rotura del punzón. Si se trabaja dentro de las áreas sombrea-

das eso significa una vida más corta para el punzón. Por ejem-

plo, al perforar acero suave de 3/4" de espesor, 19/3211 es'el 

diámetro m!nimo·de perforación redomendádo 1 si se usa un punzón_ 

de 1/2" de diámetro, fallará. 

Un punzón falla ·'en cualquiera de dos formas, cuando se le sobre

carga. Si 'su lÍmite de elasticidad es ligeramente excedido, el_ 

punzón se expanderá al avanzar en el material. Se necesitará 

entonces una fuerza muy grande para botar o separar el material 

y esto hará que' el punzón se rompa en la punta o debajo de la ca~ 

beza. 



< ' 
El segundo tipo de falla ocurre cuando la resistencia a la compr~ 

sión es considerablemente excedida y el punzón simplemente se pan 

dea antes de penetrar en el materialo 

Recuérdese que hemos estado hablando de punzones para perforaciÓn 

normal, tal como se usan en la mayor parte de los trabajos que se 

realizan en lámina, acero estructural o en placa. 

Hay punzones con guias especialmente (Figura 19) para perforar ma 

terial hasta de l/2" de espesor; estos ofrecen relaciones de espe 

sor a diámetro tan elevados, como de 2 á 1 en el acero suave. 

Limitaciones del punzonado 

El punzona.do puede causar distorsión. LEn algunos casos no hay •n!_ 

da que pueda h~cerse para evitarlo; pero en otros casos se pue-

den tomar medidas para reducirlo al minimo. 

Un problema c~mún es la cercania de la perforación a la orilla~

de una pieza. 11Si la perforación está demasiado cerca, hace que -

la orilla ·sufra una combadura. De preferencia debe permitirse -

dos veces ·el espesor del material, desde la orilla de la perfora

ción a la orilla de la pieza. 

Otro frecuente problema que se presenta en el trabajo sobre sole

ra es la c~rvatura producida por el purlzonado fuera del centro·.

Por ejemplo, esto sucede cuando se' hacé' una fila de perforaciones 

de 13/16" de diámetro, en centros 'de 3'\ en una solera de acero -

suave de 6" de ·ancho y de 3/4" de espestor, donde la linea 'central 

de punzonado es de 2" de cada lado. La! figura 20 muestra el ti:po 

de distorsión que se produce y las· perf:oraciones deben estar en· -

el centro,· siempre que sea posible, y J.la. solera no debe se'r dema

siado angosta. Un espacio libre insuficiente causará una mayor -

distorsión, debido a las fuerzas externas que .se producen. 
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Esta breve introducción debe estimular su mente y su imaginación 

y hacer que empi~ce a "pensar en punzonar en lugar de hacer viru 

tas". 

Las aplicaciones del trabajo de punzonar, estampar, recortar y -

niblar si se comprenden y·se usan adecuadamente, pueden aumentar 

considerablemente sus ganancias y mejorar su posición con respe~ 

toa sus competidores.· 

NarA: AGAADECEMOS A W. A. WHITNEY COR·P. Y A METAL FABRICATING 

INSTITUTE INC.,'AMBOS DE ROCKFORD, ILLINOIS, EE.UU. 

POR SU PERMISO Y COOPERACION PARA PRESENTAR ESTE ARTICU 

LO EN ESPAROL. · 
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Tensión 
~ , 
r"{~Compresion .} 
u;ensiÓ{] 

Figura 7··- Dirección de esfuerzos 
en el corte de metal. 

A. Deformación-

B. Bru~ido Vertical 

l 

J 

1. DeformaciÓn 
~plástica ---.........__.... __ _____ 

F l~ 
2. PenetraciÓn 

3. 
Fractura 

Figura 2.- Pasos en el corte del metal 
c. Fractura 

D. Rebabar· 

Espacio 
libre 

j ' 

A} 

\_D 

t 

4 ' e 
t 

1 
e 

t t 
B 

Cuchri.lla 
Sujetador -

cuchilla 
Sujetador 

Figura 3.~ Características de 
la orilla de corte Soporte 

Figura 4.- Corte sencillo de una solera plana, 
con sujetador sin apoyo posterior 
y con apoyo posterior 



Rompimiento Secundario 
Porcentaje de Penetración excesiva 
Material "p" 

% Penetración 
Aluminio 60 
Cobre 55 
Latón 50 
Bronce 25 
Acero O.lOC-Recocido 50 

-Rolado en fr:Ío 38 
Acero 0.30C - Recocido 33 

-Rolado en frio 22 
Acero al Silicio 30 Rebaba grande 
Niquel 55 

Excesivo Insuficiente 

PenetraciÓn 
e 

Figura 5.- -La penetraciÓn varia, 
según el tipo de material 

Botador de 
uretane 

Botador 
positivo 

Figura 8.- El botador de resorte, 
uretano ó el positivo separa el 
material de.1 punzón. 

Espacio libre ,, 

Figura 6.- Efecto del espacio ribre 

Porc~ntaje del espacio libre total. 
1 

Cobre ~% 
Latón ~ 
Acero Suave lQ% 

·-Aceró 0.50C 12% 
Aluminio lq% 

1 

Acero inoxidable 12% 
Figur~ 7.- Espacio libre,total, 
expresado como un porcentaje del 
,espesor del material. 

Acero suave Acero suave :Acero duro 
Espacio libre Espaciolibre Esp libre 
insuficiente adecuado ~adecuado. 

Fig~ra 9.- curva de esfuerzo que 
muestra el efecto del espacio 

libre y la dureza del material 
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Figura 10.- Esfuerzo cortante de algunos materiales, en libras 
por pulgada cuadrada 
El promedio de la resistencia a la rotura de ~os mate 
riales. 

Libras por,pulgada cuadrada 
Material 
Aluminio 

ll00-0 
ll00-Hl4 
3003-Hl4 
2024-T4 
5005-HlB 
6063-T5 
6o61-T4 
6o61-T6 
7075-T6 

Factor Esfuerzo Tensión 

Latón, laminado hoja-suave 
1/2 Duro 
Duro . 

Cobre, 1/4 Dur(¡> 
Duro 

Acero, Suave A-7 Estructural 
Placa para caldera 

Estructural A-36 
Estructural Cor-ten 

.19 

.22 

.28 

.82 

.32 

.36 

.48 
• 58 
.98 
.64 
.88 

lo20 
.50 
.70 

1.00 
1.10' 
1.20 

(ASTM: A242) l. 28 
Rolado en frío C-1018 1.20 
Roladb en Caliente C-1050 1.40 
Rolado en caliente C-1095 2.20 

Rolado en caliente C-1095 
recocido 

Inoxidable 302 recodido 
Inoxidable 304 Rolado en

frío ·· · 
Inoxidable 316 Rolado en-

1.64 
1.40 

1.40 

9,500 
11,000 
14,000 
41,000 
16,000 
1B,ooo 
24.ooo 
29,000 
49,000 
32,000 
44,000 
50,000 
25,000 
35,000 

1 50,000 
55,000 
60,000 

64,000 
60,000 
70,000 

110,000 

82,000 
70,000 

70,000 

13,000 
1B.ooo 
22,000 
68,000 
29,000 
30,000 
~'5.000 
41,000 
82,000 
46,000 
65,000 
78,000 
38,000 
50,000 
65,000 
70,000 
85,000 

90, o·oo 
85,000 

100,000 
150,000 

110,000 
90,000 

90,000 

frío · 1.40 70,000 90,000 
1. F = 'IT DI' S = 3.14 X 2 X 1/4 X 50, 000 

= 78,50ó Libras , 
o 

39.25 Toneladas 

F = LTS 

24 

1 X 1 X 50,00(. 
= 50,000 Libras , 

o 
25 Tone•ladas F = LTS 

= 4 X 1/4 X 50,000 
=:: 50,000 Libras , 

o 
.. 25 Toneladas 

F = 2 (A=+B) TS 
= 2 (2+2) X '1/4 X 50,00r 
= 100,000 Libras , 

o 
50 Toneladas 

Figura 11.- Planos de corte·para varias secciones y perforaciones 



DATOS DE INGENIERIA 

PERFORACIONES SENCILLAS 

Cuando se usa una prensa para hacer perforacio
nes sencillas se puede usar la tabla para determi
nar la presión (tonelaje) requerido para hacer di
cha perforación. Esta tabla está basada sobre ace
ro dulce de esfuerzo cortante de 50,000 P.S.I. 

EJEMPLO: Para haceruna.perforación de 15/16" 
de diámetro en acero dulce calibre lO la presión 
requerida será de l 0.0 toneladas. 

EFECTO DE VIAJE EN EL PUNZON 

El viaje en un punzón o dado reduce la pre
sión requerida para hacer una perforación. 
Consúltenos para_ mayor información. 

Todos los punzones del estilo 28XX desde 
n 1.453" de diámetro ll~van un viaje "de 1/8' .. 

como norma. 

TONELAJE REQUERIDO (Calibre de acero con su equivalente en pulgadas) 
Diámetro 

de Perforacibn 20 18 - 16 14 12 1f 1ó' 3/16 1/4 5/16 '3/8 -1/2 en Pulgadas 
.036 .048" .060 .075 .105 .120 .135 .187 .250 .312 .375 ... 500 

1/8 .35 .47 r .59 .74 1.0 1.2 1 

3/16 .53 .71 .89 1.1 1.6 1.8 2.0 2.8 
'1/4 .71 .94 1.2 1.5 2.1 2.4 2.7 3.7 4.9 
5/16 .88 1.2 d 1.5 1.9 2.6 3.0 3.3 4.6 6.2 7.8 
3/8 1.1 1.4 r 1.8 2.2 3.1 3.5 4\0 5.5 7.4 9.2 '11.1 

7¡16 1.2 1.7 2.1 2.6 3.6 4.1 4.6 6.5 8.6 10.8 r 13.0 17.2 
1/2 1.4 1.9 ·, 2.4 2.9 4.1 4.7 5.3 7.4 9.8 12.3 14.8 19.7 

9/16 1.6 2.1 2.7 3.3 4.7 5.3 6.0 8.3 11.0 13.8 16.6 22.1 
5 8 1.8 2.4 2.9 3.7 5.2 5.9 6.6 9.2 12.3 15.4 ,18.5 24.6 

11 16 1.9 2.6 3.2 4.1 5.7 6.5 7.3 10.2 13.5 16.9 '20.3 27.1 
3, '4 2.1 2.8 3.5 4.4 6.2 7.1 8.0 11.1 14.8 18.4 22.1 29.5 

13 16 2.3 3.1 3.8 4.8 6.7 7.7 8.6 12.0 16.0 20.0 24.0 32.0 
7 8 2.5 

,, 
3.3 

,, 4.1 5.2 7.2 8.3 9.3 12.9 17.2 21.5 25.8 34.4 
15 16 2.7 3.5 4.4 5.5 7.7 8,.8 1Q;O 13.8 18.5 23.0 27.7 36.9 

1 2.8 3.8 4.7 5.9 8.3 9.4 10.6 14.8 19.7 24,6 29.5 39.4 
1-1/2 4.2 

" 
5.6 - 7.0 8.8 12.3 14,.,1 1~,8 22.1 l4.4 42.9 ,,51.5 68.7 

2 5.6 7.5 9.4 11.7 16.4 18.8 21.1 29.5 39.3 49.1 58.9 78.5 
2-1/2 7.1 9.4 - 11.7 14.7 20.5 23.6 26,.4 36.8 49.1 61.4 73.6 98.2 

J 8.5 11.3 14.1 17.6" 24.6 28.2 31.7 44.2 58.9 73.6 ·88.4 118 
3-1/2 9.9 13.1 16.4 20.5 28.8 32.7 37.0 51.5 68.7 85.9 103 137 

4 11.3 15.0 18.8 23.5 32.8 37.6 42.2 58.9 78.5 98.2 "118 157 
4-'1/2 12.7 16.9 ' - ~1.2 26.4 37.0 42.4 47.5. 66.3 88.4 110 ,133 177 

5 14.1 13.7 23.5 29.3 41.1 47.1 52.8 73.6 98.2 123 '147 196 

Para material que no es de 50,000 P.S.l. de es-
1 TABLA DE FACTORES 

fuerzo cortante se usa un factor para calcular 
Ton. Esfuerzo 

Factor 
la presión requerida para perforar según la ta- TIPO DE MATERIAL P.S.I. Cortante 

P.S.l. 
bla a la derecha. -

Alum1nio (Hoja 1/2 duro) 9.5 19.000 P.S.I. 
' 

.38 -
Para' hacer 

Bronce (Hoja 1/2 duro) 17.5 35.000 P .S. l. .70 
EJEMPLO: una perforación de Cobre 1 Roi!JdO) 14.0 28.000 P.S.I. .56 
15/16" de diámetro en acero inoxidable 18-8 Acaro Dulc" 25.0 50.000 P.S.I. 1.00 
calibre 1 O (70.000 P.S.I. de esfuerzo cortante) Acero, AS'I:M-A36 30.0 60.000 P.S.I. 1.20 
la presión requerida (según la tabla) es de 10.0 

Acero, Carbón 50 35.0 70.000 P.S.I. 1.40 toneladas. El factor es de 1.4 ó 10.0 toneladas 
X 1.4 = 14.0 toneladas de presión requerida. A:cero. Estirado en Frío 30.0 60.000. P.S.I. 1.20 

Acaro lnoxitlable (18-8) 35.0 1o.ooo P.s:t - 1.40 
26 
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Figura 15.-
Varios métodos de aplicar 
el viaje a un punzón y dado. 

punzón, dado o cuchilla que. seaplica a 
perforaciones·redondas y cortes rectos. 

, 
Punzon 

Dado 

F 

1 

Punzón ----1 

Figura 16.-

Seccioh B-B 
Area(A)de la 

' • , 1' 

secCJ.on 
transversal 
del punzón 

Relación del punzón respecto 
al material que es. perf1orado. 
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Figura 17 •"- Relación del espesor del m¿terial respecto al diáme,-:

tro de punzonado para valores dadgs de esfuerzo cortante. ' 
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Diámetro de punzonado '1 
·' 
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Figura 18.- MÍnimo de diámetro de perf'Jracion que puede 
través de cierto espesor 'dado de materiale 

hacerse a 
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. ·-- .. "::.. 

Camisa superior 

Punzón 1 
Conjunto de punzón y camisa 

ca:misa inferior 

Figura 19.- Un punzón con guía para mayores relaciones de espesor 
~, , 

a diametro, apoya el p4nzon de principio a fin. 

DEMASIADO cerca 

1 DEFORMACION 

--
o o 

Perforaciones de 13/16" 
ACERO suave de 3/4" de espesor . 

Fi5ura 20.- Deformación debida a muchas perforaciones-fuera del 

e entro en solera angosta. · 



·~--- ::"",..::.--

v'Es{ue"r-zos '¡:>-ermls,6\es p.;lr~ ~ldd c!urc.s (A 1 se. 1 '1 c..'¡ ). 

TABLA 1· S'. 3 (A rsc) 

! T\ PO t:>E. E5FIJ E¡Z.Z..o 
1 
1 
' 

'Y'I~iÓn y COrnpresjÓf\ ~)(.)el\ f;;)r;>)e/~ 
ci\ eje de. cu.;l\~vier sold~dur~ de 
r~nor~ (d+ope) c:\e pe~"~etr~ción (OM-

tb'F. PEf-'M. 
(~/c ..... ?..) 

El mismo 

aue el .del 
.1 ~ 
1Yietal b:J!.e.. 

' c-r ~-~ T-<:''1'\SiÓn perpef\Jicolc,..r1'1"1e'c'\t-e. e \;) E:.\ e:;í-ue.rz.= 1 

1
1 

'{drq ~'1'\T :> ete<.-kll';l de so\cl.;.o\ur~.s de pr;'!ti'Vli~i~le d 

1 
r~nur~ ( ::l 1-c.re) Je ~ev'leh:::.cio~ (..Ovn- \~ 1ens>or'l Je\ 

i -p\e b. rneb\ bQsc: 

1 

CompresiÓn per~ndi (\)\Nrnevlh? ~ 1;¡ El e.sf-Jerz:., 1 

1 
<; ~rif':)l'\f~ ~kc.+i.¡~ de.. :so\doed-.lC.:H .le permis,b\~ ;;¡ ~ 

1 (<;!nur.d (~+-ore.) de pe'(\etr~c..iu'n Com-, b rornrresio"¡ 
1 \;\.eb. óe\,.y"~-b\ b:;¡se~ 
¡ Co(~;,.·d~ en 1 ~ 1 :;1~'"1~Y\b -efecn'IC! E"l e~tv<!rz...o 

1

' ele. :>old';>J.,..r~_s Je. (:;)f")\Jr2 (d. 1-ope) perMiSi\.:,1~ ~\ 

1 
.le per'leh~doc;, t,..ON\~\e.-1-~ o {>~cial. Co'Clre e""e\ 1 

1 ~ebl b~e 

1 C.o'l'bn\-c eY\ ~~~:)rq;;~nt~ -e~ec.hv~ 2. 

¡ de solóadur~.s de .filel-e, indep-eY'Idie>'l_ 

1 'reY"(\en\-c de l~d.rec:c.id"" ele ~p\ica.ci.;r Elec..h-odoJ Comb lna..bJ u:>V\ fvnJ~n

t-e /l..WS AS.I1, F6X- E XX 'X 

4 
¡v.eTt.l.\.. Btl.SE "Ar~t4'' 

, A,SOO &rc.clo A. 
A ¡;10 Gmclo D 

1 

de 1':) c.~ro:.. 

1 

Te\"\s\ó"" Jperpe...,dic.\.ll~n"(\ent-l;¡l eje 

d-e ~~~C.rijC.ntc.. e~e~hvc. de une.. 

.) 1 do. d\Jrc... de ro.ni.Jf"- lo.. tope) J e. 
1 rQ(\ehc.(..i.:)" pc.rc.ic.l. 

E\edrodoJ AS.1.o E GOT-)(. 

\4So 't.1,/c'rYI"'L i 'Eie2drocloJ AwS i\S.1 ó AS.S, l 
E -lo;<.:)( 

E\ec.h-od~$ co ...... k iY.Ad,:)J LOI"'' kcie 
te AVJS t\.5..11, FlX-t:XXX. 

A-3{.. 
A -5:, 0-rAd.o 'B 

A-2.4'2. 

1 
Cor+c;n!-c eV'I el a'rec. etec.hu ... c.le. 

j \JY\01. so\do.JvrDI. de -hro'n o dQ fC.fl\J("' 
Lo~ e.s~ert.o.r permis'¡~g\e.s l?r"e s~ 

espec.i\-;c,;)"' s~ ~r\ic,;)_r~n t;~I'V'bien 
q_ sol cia.clúra.s 'r.ec\..c..J (.OV\ loJ elec.
t-rodoJ inc.l¡'cc..J.oJ SObf'<a U'(\ O.(CYO 

con vn e!Ofver-z.o d.~ c.e.c\C."'(..\o._l""e..-

Electrodo.r AWS A.S.1S E70S-x 
, 1 

o e lOU-1 
Eledrodos AWS AS.'2o, t. 70T-X 

A-~lS 

A-441 
A·SOO Cl-f'c.do B 
A -?o\ 

¡..-SZ'\ -¡ 
¡:;. -510 6-rt~..L:. ~ 

A -S7Z G-rc..ccb_s 1 

4-'Z. d C.o 

1 

yo-r- '1vc. el de.l rnc:I-A..\ 'o()se "d~;n~ 
~1 es~er~o ~ermU,bl~,.,~depe~-~~~~~~~~~~~~~~~~~~~~~~~~~A~·~S~S~~~~~~~ 

:clief'lh~I"<"Cnte de le.. c.lc..S"itü:c..c..i~"" ltO~o~/cM" él<:-c.h-odos Aw~ Ar;. s .. E-80X')( A-SI'Z. &.,c.d_o G.S
1 

1 Je\ e.l~c.hodo ~m¡?lec.J.o, Y'\ O el'Ce- Aa.o S..JJV~ef'9ido Gr-ndo Bo, Arc.o 

lclerc.' Je\ ~v<! se incAico.. e.~ )c.. 1-c.l:.~ IV'I-dC.:Iic-o c.oV\ C\cJ, 0 A;U> Metz:.' 
,, r, n J , l- ~ -

'Í'o.rv.. el I'Y'ICI-t.l be..!:..: Cq-1~ \'V\¿¡;S e- \lc..o d~ 4por O.C..\or. C.OW'\ re\\eY\o 

loil e ~ JI¿ eY'>"'p\e.e. eV'\ le.. 'vV\foGI.. c\e. fv.,...c,\Qn~C.. 

t ~e u-hl.-zc.rc: e\ ele~c.io o el ~v...,cle"'tc est?eC:..·kcAc::\o e"' \o.. te., l.,\¡;.. ~. \1.'2. 
-z.. Pc.re- definic.iO::I'\ de ItA. ~c.r~c.nn... etechvc.. d~ vnc.. so\dc.. Jvre.... de .filet-e y de lc.J 

Soidv.c_lvro..J c{e (V.f1V'('1A. de. renel-rc...C...:ÓI"\ rA.rCÍt.l, Ve
1
o..H. lt\ secc.Í_;.,.. \.14.7. 

3,- Lv.s s.olda.durc..¡ de. -h\er~ y \W de rc.,V'\v'('"&oo. de reY\efi'"DI.C.\~(1 pc.rc\&..\ qve VV\(>V\ \al 

~\eY'V\e.,...+oJ ~ve -torYV'IC.Y\ V't"\ "'YYIeW\~ro C.OM~ueJ1-o 1 -fA\ei c.or'Y'o IC..J '-'='"'"'"o(.'o....,~J de.. 

P"~"'e' c.. e>-1"""""' ... te.. roci.rfA'"' J•;e¡;;c...,. n.,... i"'rof'+v.r- le.. .J•'re(c..'ó""' de\ e.rfv~n . .oc:lc. 
f-elf'IJiO;.._ o) co.......,(lr<"siÓ"" e-.'\ e.d-oJ' e\e ...... e..-.-\-0.1 _., p&\ro.leloJ CA loS E'j.:?J oe \c.J So\dc..Juro.s. 

4.- Se vh\i-zc.rct .... Sc\"""'<? ... tc. elec:l-roclo/ oe b"lo niáf'O':¡e..-.o Jok~. O.C.ef'OJ A~242.., 
A.- 441.., A·51.:1, A ·~l'Z. '/ A- S86. 



(A! se) 
: 

Proceso de soldad vfCA. 1, 'Z. 
~ 

¡ ~';d~l \-;)z s.: 
Arc.o Sv'Mer')iclo P.,rc_o md~\ic.c C/Cj~S !Arco c/rel\e"'o Je ,fu ..... Je"'k 

i 
Arco rnd~lico recu!o. , 

1 
1 

AWS A..S.\1 1\WS AS.IS ~W5 6.'20 1 1\SIM A 3C:,, A S3 &r. B., AWS A r;.r ,; AS. S 
1 

E-~oxx ;; ~;1o x-t 1 P. ~15, A ~oo 1 A Sol, AS2~, F C.x .; F ?Y. • ¡; X.)C{ t:1CS-)(..; f. 70U-I E. GO'T·X C: E lcT-~ 
1 y ASIO Gr .. JoJ Dy E. (e>Ccer\-o E.X'l<.T-Z y 
i e. XX-3) ¡ 

, AS'TM A·'241 A-441, 
1 

AWS A S.l .,; AS.f. AvJ~ AS.I1 AW5 AS.I& AWS S.2o 
1 ,; 

1 
1 A·S12 Grc..doJ 4-'Z. a. "o 1 t:>lO X>< 5 F7)( -~XXX ~?OS-X .; ElOU-1 ¿ lOT· X 
1 A5SS4- ¡ (ex Ct>í' +o E·loí·Z y 
1 ~ 

1 
E'-lOí-3) 1 

! 
i 
\ 

! 
1 

i 
1 
1-

1 

AS1M A ~1Z G.-.:..1,:) C, e; 1 AW 5 AS. S 
1 E'·8o~ ')(S 

6-rc:;.d.o F so GrCAd.::. G' 8°S Grc..cl:. ¡; BOT 

1 

Se 9er'""'1~C el uro 

S ..J '('er:o., e;. 
lw 

~ C'uoVIc\:. la.J ;o\Jc.JvrfAl H' vo.yo.,.. o. relevo,... tAe. es~e·n . .oJ, el W'le-1-c..l de. o.ro·d-c.c..·o~ ey, \o. sol-
c\c.,dur.:. ,.o clebe..-tA' c..cw,t-e""er ~r:f Je\ o.o~ porcie"'+o de vc...,..~d•o. 

'2. Vr/C..V'Ili! \a.r e!Qec . ."t Ct:~c_ioneJ AWS }) i .o-"~ 
1 

c.d-.' culo 42'Z '()C.f'CA 1 O/ rel-u•'li~ Je.\ VV~e~l Je. 
o.rodr.uo~ ~"" ;Qldc.durl\/ Je eleci-ro":¡c./ y elec~e..rco.,., o. 

3. én c.q. ... ella; jvn-1-oJ ~uc c..o""te"'~c."' Meh.\~1 Je._ d.\rhn-1-o e/fu-e.f'-c..o .,le c.ede~"~c...iV..,~ t'odro'" 

u.\.ikco.rJe. ""'o.'rerio.l Je re\lfM.o ele o.'1uel\o/ o..ce-ro.r CA.o'ío e;Fu-i>Yü=> ~e c.ede""c,.o·t:.. Jeo... 
el """~"'or <de. loJ ~ve. ew~·'("C."'\ eV\ \c. jvY\~ 

4. PMo. el cc..,¡o Je. soiJ~dun.u O.e r"Y\eh--.lu ~v<' 1-......cdt:~d..., €)Cf'-'e,.,\-oJ o. lo.... i"'1~""""'~u.c 
\?o·r ~"el o.r~ ui1ec-k>""'toJ_. e 1 Y'VIe\-c.l ele a.(lo.,-\-t~~c.,.';::;lo'\ Jeb~rC: o..cleV\0\c."J t<>""e r c.o.a...cten'r-

toccd cie rui;te.-t\t:.. a.. 1¿:, lorroJio"',., c..-I·>'V\c/tér.·ct>, y c...olorc..~·c::"' de.. fu ox:d .. cú{ ..... , se-

""'e'}V.V\t('/ C... \c./ del 't'Y'I('tt~\ \o~~ ..,\-i\i-z"',ko. S(~~V\I~ \c.J recOVVIendA~'oneJ o::le.,\ -h:::br,·-
C~wte.. .de...l c...ce.~ . 

5. el ec-1-vo.lo.r de. bc.~o 

------o--------
~ccoMe.....,d.;¡ Co'=>V\c!.Í Al.SC -po:(o.. jVY'I~c..l s-,\do.Jc.;. 

""" f...let-<:. = 4a ( ~ e.s el espe.sc.r d2l .f..il~h ¡,- lonq. M;", d~ 

¡, ll.S (A1SC.) 

rspc:so,.. de \c.. ~\.::~ce... 'N\.eJ e¡r.J-eJc... e."' '" VY\,·.;,.. r c.""'c.\i\= """:""; """'...,. de. 1c.... Solc!Do.Jo..ln... 
e""" t"" l~. cll'\0'), l'vlc.,. 

,.. ¿;¡ i-c. o .c. 3 1 "''l. h!í..;h.. '/a. .. inc\uso'"e. o ·=-t Ys" 
di' 0.(.3 .:;., 1.21 de. 1(4" a. Yz.·· o.4-s -=líe. .. 

, de l.'Z.l c. l.&¡ o Je. 'le. .. -;;¡ .3/4" o.G:.4 '/4'' 
d< \.'i.::l 10, 3.21 ele .,0'' \ :f¡'' w~ .. o.l~ 5/¡G.'' 

... e 3,,$'\ ~ c. ,_1$ de IY1 " ~ "Z i' 4. o.~s .3/¿, ,. 

¿~ ~ '3-S ().. IS'.'Z 4 .Je 'Z y" .. ;. 
,,. 

l. '21 Yz" 
'M"-'1 or o:le ~~ 2(.. tv\C.'I.o t Je. G; •• l. 5'1 o/s·· 

1 



. ' 

Cuco\ 

p 

i:S lA c~y~c.a"Jc..J de cc.r~A P pef"VY\irib\e pc..rc.. \o. 
H u+ili-zc... e.cer-=> A·~'-, y elechocioJ E-70~ .-

5o\..,cid"': 

\480,. o.?Ol ~o.8 = 5~1 ~/cm. 

C4(>o.c.\Jo.á J e \c... so\Jc..J ... rc... = 83>1 (z.o + 2 .. t~s).: 
= A 1 85-=> \kj 

E-JEMPLo 1. 

(o.\cu\-e \c.. soJJc..J..,.-~ '{"("1":\\JCriJ.o.. (>0\1'0. 

le.. CA~c..c\Jo..:{ (J~r-W'Iúibk ~e t--e"'siól'\ e"' \¿¡.. 
(f-1: 4S?o ~~fe.,...'") '( E"lechoJot E-So )(.X 

Co.r~fA (1efM\Silale Je lo. X>IJ.::. '"~o ... ,lot ... o.l~= 
= ~~4 ~~C.M 

, 
de lA Jo\JO\cl\Jr~ ~ c..orc:lo"' 

l = "Zo.l- 1.1 .:: J') CW\. 

')i!;e~e ~0. So\JaJurtA f'O.'I'"iA vt'\\r uY'l · teVISor {or.....-..o..~c ('o-r úY\e>... Ca\f\o..\ de 

:::os-- pe;AJ'-, a ........ ~ ~IAc.o.. de \.Z.1'-Io'Y\ ~ c.o"""o s<.. ..,...,v<!Zrra e"" \o. +''i"r"'. 
~¡ C.<.~:"O o-e le... CC.V\c...\ ~S A-?>'-; -el Je \o.. plo-.cA es A·24'Z. y ¡a· soiJ:>J..,_ 

r.;;. .;~ "'c.ce. c.o"" e-\ec+ro~of E:-7o)(')(. \...~ CC<~rr\c....- ~ue s~ trA""s"""\-h'ra"' cJ 

~.:!. ! iS Tot'l. , y de\..id4 c.. re~úi.rd·oJ O.l'"~u\~ec+ó nko.t, 1"' Ce."'c..\ "".,:) (>'-'de.. 

~-rf;,; ·~re..- 'fV\A
1
J .Je. \2. C""" de\1\\-ro c:l~ \o. yle..CA cl~ .\.'Z1 c.-., 



el"\? 1 ·'Zl CWI 
So \u e i.:.''f"\ .. 

1 1 Í:l esr<>sor- c\e\ &\lmc?.. Je le. [ er ¡,q '2. c..-..>-t-'21 

..,... i " 1 • í 10.VV101V\o mo..~. de\~ so\Jo..Jvr¿¡..;::. -Z --; =-::1.1\w... 
\..,. 1<:; 

D liS DO o o. 
1.. == = .,c,¡,o e""' 

(\'~ 

{o111c1 . cliSí'.;:)"'¡l.,\e = 'Z-x 1"2.-+- lc30.~ = 85 C.W'I <. 4"1-c C.W\. ,'. h"'1 <4ue. IA.o.cer 

v "" c,... e~ VI u '("e.. ~M"' G\ \o) c. r \ &.. \o V\ ~ i\-u J .f-e.. 1 r c. \.o\ k '1 '1 . .o - 'O S' : \ 4 c.""" · 

"D i M-E' V\ S'i o t"\ e J J e \ o.. f C\ \1\ .... rr, (Ver A. 1 S ( 1 . 1 l. 1 'l. J 
;o) \.'2.l+Q,S ==Z·Oíc""' 

b) '2.. 'Z o; .,... \. 'Z 7 .:. 2. S' CWI. 

L.Js-e..I'V\of z...3a c.v-... (\~''),~V\ v,r-\-vol Je cr~-~ 
lof \)vV'I?...=ll'\e,., €Sh'""u(fv("(jo.li'J J(!_ ~l:,ro'CI"\VI {'V\ 

V\" .-.JVI.-\e,.-o ""'o""' ele_ \G;,o.,.o.J .de. y'lv\.:¡o..Jo...) 

Le.. lo"' qi~~ de 1~ 'í'O. Y'\ u 'fe?.. 

11 

EJEMPl-O 4 

Dis:e~c.r e\ +c.VY'Ic.VIo Je la .Soldc..J...,r¿;. ele. .f.,lek. de. 1"- ~-\~vf""&-o. ~·,~uie"'k; el 
ac.e'("o es A-3G.. '( lo.í e\ec+.-oóor E.-70><.')(., 

( )3 ( ) 'l.. 3 l.( )"'.. 3 J = '26..;-d _ b' b+d = (-z .... IZ+zs) _ \? IZ+'ZS -;, t;;-¡'dO C.M 

s 1 ~ 2 \:¡-\- J 1 '2. z,.¡ z ..¡. 'Z S 

As~ '25-1- '2.>tl"2""' 4"1c.W\ 

f- _f._: 8ooo ~ IC.~ ~/o.-. 
1- AJ 4-~ 

r - 1 = 6 a o o x '2 s " \ z. s = 4 3 3 ¡¿-~ /e"""' 
T 'Z¡.¡- j y 5"7 S o .. 

+z ::. IX ~ 8ooo,.. '2S < \'2- Z.t\4) e 31 3 \Lc;t le.-
" .J C:75o 



e 1 er~erzo c...-=:>rt-c,""+-c +otz.,\ en A vttle : 

.fTDr =-lrf,+tz.,)'Z.+ ~z~o~-z.'-=.;t~3+~13/4- 4-33,. = b44 ~/0.,.,. 

re't ve 6 do del tlle te. e.t : 

~4-=1 :, ;;} = ----: o,,"Z c.""' 
104-G. 

S e c-.. e\ e~ d~J (Jro ~\e""""'- C\V\1-lZX''or 

Je. SoldA. d..,~ 0=-r Je +-rii-11 ..l~ 

P=ST 

5olucio'~: 

As =- '2 ('z.s + 12.)-= 7 4 cW\ 

f = 5 o o o == 1 os lL-; 1 e IIYI 
~ l4- . -j 

t -= Booo~ZI.24-)CG;-=.. ¡zs; ~¿,¡,......,.. 
· v e4z..o J 

. 
1 • 

. .. 

~~ C .. c:>\o CA"'~..o 
\eo.. 'f\()..C.-"\-'t'Y'\e~SY\c;,. 

3 \1 

~ = o.4-a c-. = \(;' 



E:JEMPLO ~ 

Det€'fYV\io'\<:. .el +o. VV~o..V..o Jel ~ilel-e el-e So\d.. ;;¡ rectu-erl e:!. o po.r o.. ref/; kr lo... cc..rÍ~ 
1~ f.;~..,ro.. Acero A·?>C. 'J p: \\ TO,.., ; 0.¡?\icAd~ (..OW'O $r.i!: I"Y')u-<"S+o.. el""\ 

i= \-ectroclo/ E·70><)<. 

~~~¡¡í 
11 COIVrt\nálo 1 u 
\ t~·· 1. 

a 
--..¡¡._ 

= 80 (.WI 

J 
C::W\ 

1 i ooo 
= 131. S ¡...._/c.,.,. so 'J 

{1ooo "Z3 _____ ,. zo; 41~. 4-
lo~G1 

a= ::-o. 41'2 cm 

.·,~ 

VtilizC~"'cL::o e\ech-oO.os t-&oxx '1 ~'ei'O AS7'L-'-~ Je..+e.-"""iwo.e el rnW'\o.\:\'0 d~ lo.. 
~oldc.duro.. r~c.¡.-.~e6c:L=- ('"'..-"' lo.. c...o"'.(",c.¡.;...,. d~ a..Sie...,+o ~e. 1~ +;'\"'1o.. 

~olvcio'~ 

S tv\= IOooo" ~.~ =-·G4oao ~·-c.m 

1SIZ4-

,d::. = '·"''""" ¡ ''1.:> ~ .7oi 

r , 

Wt~ 
§ ' " 
L 4"' ;,• 3 • o>C.;;~IC-

b 4 ... r. ·t 

l Oooo / 
--- = 4'3 '2. \¿'~ '""' 

'2 "¡o.'" 
t 2. : ~0~2. .:. /8CDO ~ /c_._ 

'2" ,o.\C. 

G:> 

,, .. 
;¡ 1:t ¡e; :\,1S' CV\'1, 

-= Jl. •. 

'" 

M=lOOOOot3,S.S= 355.::::>0 ~-CIVl 

-'-6 
5= \.9 ... . 

" 
, l1,. :C./S' F-, = 3428 Vq/c""'~; Mr = 3428• '·i ..6 

. b= .. 3 .:; S.:> o .., C.. 
--- .= 32,1 C.WI 

. , ) . . 



D:·SI?i".e el :;)Sit'\'\1--o ahes~do ele uY'I~ "iq~ cuyo.. reo..cc..i~" e$ Je -z~T. Vse 

Acero A-3[., y el.ec+roclo/ E-7c'X.)( 

... "f' ·n 
t !.! .\ ,. '1 

-¡·a·:)·"-
LhJ L 

o/2.. v 

¡-¡,-¡S 
es=:z_.S4-+ z.. =-IL-'13~ 

Lh::. z..s4+ 11·78 =- "Z.o.~z.c. ........ 

'S o l w e ~· .; "" 
Dererl"f'l' 1\~c.¡~·l"\ Jel eS()flJ-::.r- Je 1~ ~\CAo\: 

A=i:.lh 

S= li:b-.. 
:., 

~~= R( es- \t) 
r-¡-

. . . 

K+ i"\ 

A S 
= _!_-+ 

1: L~.. 

r 1 ~ 
t' '-h . 

R(es- ~) ' 
::. 

t L..," 

1 

si .f=o.c...;""1 = IS'ZD 41c.. ....... t ... R::::'2'-,oc.,;:)~, es= 11.43c.""" '1 L¡.,= Za.3'Z.c ..... 

J..-
1..-

'2.;,ooo(t;, .. 11.43- '2"'&:>.32.) 

\S z.o .. ZD. 3''" 
=1·16 c.m. 

y 

7 ., e=-- :/.Jic.IN'\ 
IG. 

d ; -.?!..".:. O .1 ~ C.M 
\G. 



R 
f = l A 'Z.4L.-

f _ ~ _ R e.s 
'z - S - o .c. Lvo¡, 

tTOT:~ = 

a=-

f2. 
-::. 

d 

- + -\ = ---z Lv +1 C:. e; 
( 

f2 )2 ( Res ) t. 1( -/ ~ 1.' 

z ,4l.v o.c. Lv 2.4 Lv 

:. Lv = 1 ~ l 'B + -/B-z..-+ "4 el'] 
1 

R. 
S= 

.::-13.11 

E:JEMPL.u 'i 

Deh•rm•AC ~~-di.,...,.eV'I!i¿"' a .áe\ hlete de. :;.oo\d;Lduf:. 

C.:."'e'1l.iv',.., de dQJ c{,....Cji.Jiat .;¡\ ::.\m;¡ ele l.;. vi')Q w;oStr~d::. 

Qe~~c:..io'.-. = 40; 

E \ed.-oO. ol E:-10XX 

· Ac.ero A-3(. 

'1 

_Jjl ®__l_.,._J. 
! ·; 1 

Acl ~ z¡~.s 
f,. o2 ~~ 

45· --1~=1-j k)( 
1 l·;t~ 
1 i ~l 
1 r 

r-9 uenJa ?C!~"~ 

e"' 1~ t-i'ljur~ 

,./_ e;. 3!; 
~=~"·35" 7 = 

4$ + 'l" (,.. 3E. 

\~ 

O·l c ...... 

e .=. 7.' 'l. - o .7 o = té' '"1 2 e """' 

J: ('26.;-c.\)
1

_ b 1 (b+cl)~ 
11. 2"!:.-+ .J 

1 1 " 

-,r--- 1 .. ¡...:; 
( 

,.i -· ¡ J =- 12.1-~<:SJ _ G.3S ((...'JS-it\~.o) = 
1 1 

1.'21"'11 (ÍÍ .35 1 
---!" -

', '1 

ll l'Z.l+ 4S 



~;;:_ .... 

r~ -
' 11 -





CHAPTER 5 

Connections-Bolted or Riveted 

THE BEAMS, GIRDERS, TRUSSES, COLUMNS and other mem
bers which form acompleted structurearedesigned to sup
port certain loads. Each of these members must transmit 
1ts load through structural joints to supporting mem
bers. For example, beams transmit loads to girders; 
g~ders transmit tributary beam loads to !russes or 
cólumns;· and finally, columns transmit their loads to 
fqotings or piers in the ground. Each member in this 
system must be provided with suitable connections to 
transfer its assigned load to other members safely, 
ec<,>nomically, and in conformance with applicable 
specifications. 

All joints require a means of fastening-either bolts, 
rivets, or welds. In addition, most structural joints re
quire detail connection material, made of angles, plates, 
or pieces of rolled beams. This chapter is primarily con
cerned with bolts and rivets, generally identified as 
fasteners. Chapter 6 will cover connections made by · 
welds. 

TYPES OF FASTENERS 

Rivets 

Rivets are manufactured to ASTM Designation A502, 
which includes carbon steel rivets, Grade 1, for general 
purposes, and carbon manganese steel rivets, Grade 2, 

Hlf¡h buiiDn (Acorn) herxl· 
os manuladUI'Ptf 

Fig. 5-/. Rioet nomenclature 

5-1 

suitable for use with high-strength carbon and high
strength low alloy structural steels. Grade 2 rivets are 
identified by the numeral 2 on the manufactured head; 
Grade 1 rivets m ay be identified by the numeral 1, or 
may be left unmarked. The characteristic button and 
countersunk heads are shown dimensioned in Manual 
Part 4. Figure 5-1 shows the appearance of the manu
factured and driven rivet heads used in structural steel 
fabrication. 

For the sake of brevity, these grades will be referred 
toas A502-l and A502-2 throughout this book. 

A307 Bolts 

These bolts, frequently termed unfinished, machine, 
plain, common, or rough bolts, are employed for shop 
and field connections wherever their use is permitted. 
Although A307 bolts are prohibited in certain major 
connections by AISC Specification Sect. 1.15.12, they 
have wide application on filler beams and in other non
critical areas. Their manufacture and testing is covered 
by ASTM A307. The dimensions ofsquare and hexagon 
heads and nuts, and countersunk heads, as well as thread 
proportions and lengths, are listed in tables on 
"Bolt Data-Threaded Fasteners", Manual Part 4. Fig
ure 5-2 gives bolt and nut nomenclature and shows the 
various heads and nuts of A307 bolts. 
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Fig. 5-2. Bolt and nut nomenclature 
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A325 and A490 Bolts 

High-strength structural bolts are used almost exclu
sivcly where fasteners are required in field connections, 
and to a considerable extent in shop connections, for all 
types of structures. They are furnished in two grades: 
ASTM A325 high-strength carbon steel bolts and 
ASTM A490 high-strength alloy steel bolts. These speci
fications cover the manufacture and testing of the bolts, 
npts, and hardened washers required for high-strength 
b~?lting. 

~ ·Whereas the A490 specification is timited to a single 
description of bolt, the A325 specifica.tion covers three 
bolt types: Type ·t bolts are made of medium carbon . 
steeJ; Type 2 bolts are generally described as being made 
of 1'ow carbon martensite steel (a material furnished 
preferentially by sorne manufacturers), and Type 3 bolts 
are made of corrosion-resistant, weathering steel that is 
compatible in this respect with ASTM A242 or A588 
steels. It should be noted that Type 1 bolts are the same 
as bolts furnished to A325 specifications prior to 1970, 
and that their use continues to be indicated for all appti-

5ee Covnr:tl Spect!ia:Mon f()r 
rv~ t¡r:7Vtf!r71t11fJ vse o! Wf:75l1er5 
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cations not specifically calling for Type 2 or 3 bolts. In 
the event an order does not stipulate a bolt type, Type 1 
bolts will be furnished, although Type 2 or Type 3 bolts 
may be substituted at the manufacturer's option, subject 
to the approval of the purchaser. Nuts and washers for 
Type 1 and 2 bolts are identical, but Type 3 bolts must 
be provided with Type 3 nuts and washers to furnish th~ 
necessary corroslon-resistant and weathering proper
ties. Since the three types of A325 bolts have the same 
mechanical properties, references to A325 bolts in this 
book will omit the type designation. 

The Specificationfor Structura/ Joints Using ASTM 
A325 or A490 Bolts, approved by the Research Council 
on Riveted and Bolted Structural Joints of the Engineer
ing Foundation, establishes bolt head, nut, and washer 
dimensions, allowable stresses, and rules for installation. 
Hereafter, in this chapter, this will be referred to as the 
"Council Specification". 

A325 and A490 bolts are distinguished from A307 
bolts by various codings, the ASTM designation, and the 
manufacturer's mark. Figure 5-3 shows the appearance 
and code markings of bigh-strength bolts. 
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Installation of A325 and A490 Bolts-High-strength 
bolts are tightened either by the calibrated wrench 
method or by the turn-of-nut method. 

In the calibrated wrench method, power wrenches 
are preset to cease turning when the selected tension 
range is reached. lf manual torque wrenches are em
ployed, the torque indication correspondins to the 
calibratlng tension ls noted and used. Accurate tighten
ing depends on a uniform resistance to nut (or bolt) 
rotation when tensioning is done by a calibrated wrench. 
Since galling or excessive friction between the turned 

:part and the material connected may render calibration 
~neffective, the Council Specification calls for a plain 
smooth hardened washer under the element turned (head 
!?r nut) for bolts tightened by this method. To prevent 
~ending of high-strength bolts, as well as galling during 
tightening, the Council Specification further stipulates 
the use of beveled washers when an outer face of joint 
material has a slope greater than 1 in 20. The type of 
beveled washer used to compensate for the slope of S
beam flanges and American Standard channel flanges, 
which have a slope in excess of 1 in 20, is shown in Fig. 
5-3. Since both bolt and washer are hardened, uniform 
resistance to rotation is achieved. 

In the turn-of-nut method, tensioning is ob
tained by tightening the bolt to a snug tight fit, and then 
rotating the nut (or bolt) a specified additional fraction 
of a turn. Since galling or friction will not affect the 
amount of tension induced, plain hardened washers are 
not required with A325 bolts tightened by this method. 
However, beveled washers will be required if the slope 
exceeds 1 in 20. 

The extremely high preloads used with the A490 
type of bolt necessitate plain hardened washers, as well 
as beveled washers when required, under the turned 
element for all methods of assembling. A second hard
ened washer must be furnished if either outer ply of 
connected material has a yield stress less than 40.0 ksi. 
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Fig. 5-4. Rivet befare and after driving 

HOLES FOR FASTENERS 

Holes for rivets and A307 bolts are made Yt' 6 -in. larger 
in diameter than the nominal size of the fastener body. 
This provides a certain amount of play in the holes, 
which compensa tes for small misalignments in hole loca
tion or assembly, and aids in the shop and field entry of 
fasteners. Hot-driven rivets will upset and substantially 
fill the holes (Fig. 5-4). A307 bolts may also be used 
with holes slotted for adjustment, provided the slot is 
perpendicular to the direction of loading. In addition, 
these bolts are customarily assembled with regular struc
tural washers placed over slots which occur in the outer 
plies of material. 

Although most boles for high-strength bolts are also 
made ~ú-in. larger in diameter than the bolt body, cer
tain conditions encountered in field erection require 
greater adjustment than this clearance can provide. Con
sequently, on the basis of extensive laboratory testing, 
the Council Specification sanctions the limited use of 
oversize holes and slots, subject to the approval of the 
designer.• 

• See the Council Specification for permissible sizes of s/ots and 
oversize holes, and rules governing the assembly of high
strength bolts infriction and bearing-type connections. 
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RIVET AND BOLT SYMBOLS 

Shop and field rivets are identified on drawings by con
ventional signs or symbols which describe the type of 
head and, should there be differences, distinguish be
tween near and far side heads. Shop bolts are likewise 
identified, except that additional notes. are required to 
specify the type, diameter, and leng'th of bolts. On detall 
drawings, the symbols for field rivets and bolts are the 
same. General or special notes on erection plans specify 
the type of field fasteners. Figure 5-5 shows conven
tional signs or symbols for rivets and bolts. 

FASTENER LOADS AND STRESSES 

An external force applied toa member is called a load. 
The interna! force in a member resisting a load is called 
a stress. 

When a fastener is required to resist a load which 
tends to stretch it in the direction of its length, as in Fig. 
5-6a, it is said to be loaded in tension; the load creates 
a tenslle stress in the fastener. 

In most structural connections, the fastener is re
quired to prevent the movement of connected material 
in a direction transverse to the length of the fastener, as 
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in Fig. 5-6b. In such cases the fastener is said _to. be 
loaded in shear. A shearing stress is created in· the 
fastener. 

Two basic types of connections are used to transmit 
shear loads. A bearing-type connection is one in which 
the fasteners bear against the sides of the holes in the 
connected material. All shear c:onnections using rivets 
or A307 bolts are bearing-type connections. U nder cer
tain conditions explained later in this chapter, high 
strength bolts are also used in bearing type connections. 
A friction-typ·e connection is one in which the fasteners 
clamp the connected parts together with an extremely 
high pressure, so that the shearing force is resisted by 
the friction between the connected parts, and not by a 
shear stress on the fasteners. Only high-strength bo/ts 
are used infriction-type connections. 

When a fastener transmits a shear load in a bearing
type connection, as in Fig. 5-6c, a bearing stress is also 
set up in the connected material. In friction-type shear 
connections, the fasteners set up compressive stresses in 
areas surrounding the bolts (Fig. 5-6d) which in turn 
induce friction between the plies of connected material. 
Bearing stresses, therefore, are not present. 

Figure 5-7 illustrates the basic functions of fasteners 
in a connection: · 

(1) An S beam suspended from a bracket supports a load 
P, which is transmitted to the bracket angles by the 
bolts marked A. Bolts A resist the downward pull 
of P; each bolt supports a share of the load, and is 
stretched in the direction of its length. These bolts 
are loaded in tension. 

(C} 

(O) 

w 
Column 

;v &am Bracket 

S-Beom 

Figure ~7 



(2) The load from bolts A passes through the two 
bracket angles and is transferred by rivets B into the 
bracket web. These rivets prevent the angles from 
moving downward and in doing so resist a shearing 
force between the contact surfaces of the angles and 
the bracket web. Rivets 8 are loaded in shear. 

(3) The rivets attaching the bracket to the ftange of the 
W column are divided into groups e and D, in 
accordance with the loads they support. The entire 
group, e + D, is affected by the downward force P, 
and each rivet is loaded in shear. But, due to the 
position and direction of P, there is set up also a 
rotating force or moment M, which tends to rotate 
the bracket in a clockwise direction, pulling the top 
away from the column and pushing the bottom 
toward it. The pull at the top of the bracket is re
sisted by the rivets in group C. Rivets C are therefore 
loaded in tension (in varying degrees) as well as in 
shear, and are said to be stressed in combi"fled shear 
and tension. Rivets D, in the lower part of the con
nection, where the bracket presses against the 
column, are stressed in shear alone. The compressive 
load is transmitted through metal-to-metal bearing 
between ~racket and column ftanges, and is not 
carried by the rivets. The diagonal line represents 
the assumed distribution of horizontal load intensity 
from top to bottom of the bracket. 

(4) Rivets E clamp the angles to the bracket web and 
thereby stiffen its bottom edge against buckling. 
When used in this way they are called stitch rivets. 
Stitch rivets carry no calculable stresses; their pri
mary function is to stitch together component parts 
to insure action of the member as a unit, rather than 
an assemblage of loose pieces. Stitch rivets are also 
employed to seal the edges of contact surfaces 
against moisture and rusting. The maximum spacing 
of fasteners for stitching or sealing purposes is 
limited by specification provisions. 

The use of fasteners is not limited to transferring 
loads to and from structural connections. Fasteners 
frequently serve to transfer calculated stresses between 
the main material elements comprising built-up mem
bers. 

Stresses 

As explaincd in Chapter 4, the term stress refers to the 
stress (mtcrnal force) per unit arca. Stresses are ex
presscd numcncally in kips per square inch (ksi). 

Computed stresses are the stresses created within a 
member by an apphed load. Allowable stresses are the 
maximum stresses permitted in a structural member by 
a design specification. 

eONNECTIONS-BOLTED OR RIVETED /5-5 

Allowable tension and shear stresses for rivets and 
bolts and allowable bearing stresses in material con
nected by rivets and b9lts are listed in the AISe Speci
fication, Sect. 1.5.2. Allowable stresses for fasteners used 
in bridge work can be found in the AASHO* Standard 
Specificationsfor Highway Bridges, and in the AREA .. 
Specifications for Steel Railway Bridges. The following 
discussion of stresses in fasteners is based on and limited 
to provisions in the AISe Specification, Manual Part 5. 
In drafting practice, the design specifications for a 
project (AISe, AASHO, AREA, or other applicable 
specification) must be used. 

The nomenclature most commonly used in computa
tions involving fasteners employs the following symbols: 

A& = Nominal body area of a fastener (cross-sec-
tional area based on nominal diameter), sq in. 

F 1 = Allowable tensile stress, ksi. 
F, = Allowable shear stress, ksi. 
F, = Allowable bearing stress, ksi. 
F11 = Specified minimum yield stress. of the type 

of steel being used, ksi. 
f, = eomputed tensile stres~. ksi. 
f, = Computed shear stress, ksi. 
/, = Computed bearing stress, ksi. 
la = Computed shear or bearing value of one 

fastener, kips. 
r, = Allowable shear or bearing value of one 

fastener, kips. 
,., = Allowable tension value of one fastener, kips. 

Shear in Rivets and A307 Bolts 

Iftwo plates are connected by a bolt as in Fig. 5-Sa, and 
equal opposing forces P act on them, the tendency of 
these plates to slide past one another along their con
tact or faying surfaces is resisted by the bolt. The bolt 
is stressed on one transverse section, X-X, identified as a 
shear plane. It is said to be Ioaded in single shear. 

In Fig. 5-Sc, the rivet shown is required to transmit 
the forces P from each of the two outside plates into the 
middle plate. In this case the rivet is stressed in two 
shear planes, Y-Y and Z-Z. Each transverse section 
transmits a load P to equalize the force 2P in the middle 
plate. This condition of loading is called double shear. 

Although single and double shear connections ac
count for most riveted and bolted joints, multiple plate 
arrangements can also involve triple and quadruple 
shear. For example, in Figs. 5-Se and 5-Sf, the plates 
are alternately placed to utilize three and four shear 
planes, with proportionate increases in the total force 
one bolt is capable of transmitting. 

• American Association o/ S tate Highway Officia/s 
•• American Rai/way Engineering Association 
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Figure 5-8 

Every fastener has a specific load capacity. If this 
capacity is exceeded by the applied load, the fastener 
will "fail". For example, if the fasteners in Figs. 5-8a 
and 5-8c did not have sufficient strength to resist the 
loads P, the plates would shear the fastener shanks as 
illustrated in Figs. 5-8b and 5-8d. 

The ability of a fastener to resist shear at any trans
verse plane is dependent on its nominal body area A& 
and its allowable stress F •. The product of these two 
quantities, F. X A&, is the allowable single shear value 
of the fastener. Twice this product, 2 (F. X A&) is the 
allowable double shear valué; three times the product, 
the allowable triple shear value, etc. For convenience, 
these allowable shear values are labeled r., which is the 
total shear load that one fastener can support in a spe· 
cific condition of shear. These shear relationships can be 
expressed by the equations: 

r, (single shear) = (F, X A&) 

r, (double shear) = 2 (F. X A&) 

Numerical values ofF. are estabtished by specifica
tion to provide an adequate margin of safety for each 
fastener type. The table in Section 1.5.2 of the AISC 
Specafication lists, in part, the following allowable shear 
stresses for bearing-type connections: 

Fastener F., ksi 

A502-l rivets 15.0 
A502-2 rivets 20.0 
A307 bolts 10.0 

Thus, a Ya-in. AS02-l rivet (A& = 0.6013 sq in.) has 
an allowable single shear value nf: 

r. = 15.0 X 0.~013 = 9.02 kips 

The same rivet has a double shear value of: 

r. = 2 (15.0 X 0.6013) = 18.04 kips 

Triple and quadruple shear values of this rivet would be, 
respectively, three and four times the single shear value. 
In a similar manner, the single and double shear values 
of a Ya-in. A502-2 rivet (F. = 20.0 ksi) would be calcu
lated as 12.03 and 24.05 kips, respectively. 

In actual structures, more than one fastener is re
quired for a connection. The draftsman must (1) deter
mine how many fasteners of a certain type and size are 
needed to support an applied load, or (2) analyze a 
connection to determine the stress in the fasteners under 
a given load. These computations are illustrated in the 
following problem: 

Example 1-Figure 5-9 represents a hanger connection 
in which a gus~et plate transmits a 60.0 kip load from a 
pair of angles into a structural channel. The gusset is 
connected to the channel by four 1-in. A502-2 rivets 
(A, = 0.7854 sq in.), and Ya-in. A307 bolts are used to 
attach the angles to the gusset. -

t"~A502-2 
l21vets 

' Gaotlps 

Figure 5-9 



Required: (a) Calculate the shear /. in the 1-in. rivets 
and com.pare with the allowable F., and (b) determine 
the number of Ys-in. bolts needed to fasten the angles 
to the gusset. 

Solution: Examination of the sketch reveals that the 
1-in. rivets are in single shear, and that the Ys·in. bolts 
are in double shear. 

(a) Each 1-in. rivet carries one-quarter of the 60.0 kip 
load, or 60.0/4 = 15.0 kips. This equal distribution of 
load to a group of fasteners is a basic assumption in the 
design of connections. 1 t is applicable when the center of 
the load, producing shear on the fastener group, passes 
through the center of gravity of the group. Each rivet is 
stressed in one shear area (single shear) of 0.7854 sq 
in. The computed stress is equal to the load divided by 
the cross-sectional area of the rivet, thus: 

f, = 15.0/0.7854 = 19.1 ksi 

This is less than the allowable stress, F, = 20.0 ksi; 
therefore the connection is satisfactory. If f, had ex
ceeded F,, a larger number of rivets would ha ve been 
required. 

(b) Each Ys-in. A307 bolt has a double shear value 
of r, = 2 (F, X A&) = 2 (10.0 X 0.6013) = 12.03 kips. 
The number of bolts required is the total load divided 
by the double shear value of one bolt, or 

60.0/12.03 = 4.99; use S bolts. 

The Manual provides tables of single and double 
shear values for each type and specification of structural 
fastener in sizes from %-in. to 0.~-in. These tables (at 
the beginning of Part 4) eliminate the step of computing 
r, using F, andA&. 

Bearing in Riveted or Bolted Shear Connections 

Any structural unit is only as strong as its weakest ele
ment. Although the fasteners in a structural joint m ay be 
strong enough internally to transmit the apptied forces, 
the joint wilt fail unless the material joined is capable of 
transmitting these forces into the fasteners. Figure 5-10 
illustrates how a thin connecting plate in a bearing-type 
shear connection might fail by a bearing or a shearing 
faiture before the full shear value or the fastener can 
become effective. 

The ability of a joint to resist this type of failure 
depends on the bearing value of the connected material. 
Figure 5-J la illustrates single shear bearing. The oppos
ing forces P act on the body of the fastener through the 
sides of the hole. The surfaces over which these forces 
are assumed to bear uniformly are the projected areas, 

bcd and efgh, shown in the cutaway view, Fig. 5-llb. 
_hese projected areas are calculated by multiplying 
the plate thickness by the nominal fastener diameter. 

CONNECTIONS-BOLTED OR RIVETED /5-7 

Figure 5-10 

Figure 5-llc illustrates double shear bearing. Princi
pies and assumptions here are the same as for single 
shear bearing. Note, however, that the amount of bear
ing pressure in the outer plates is only half or that in the 
center plate. Bearing in triple and quadruple shear 
joints is similar, the total bearing stresses being propor
tional to the forces applied to the individual plies of 
material. 

· The pressure which may be applied safely in bearing 
is not dependent on the fastener material, but rather on 
the material being fastened. Allowable bearing values 
are established by specification and are based on the 
yield stresses of the types of material connected. The 
allowable bearing stress• in the AISC Specification is: 

F, = 1.35 F, 

where F, is the allowable bearing stress and Fu is the 
specified mínimum yield stress of the connected mate
rial. Thus, for connected material of A36 steel (F, = 
36.0 ksi), F, = 1.35 X 36.0 = 48.6 ksi. 

The allowable bearing value, '•• is equal to F, multi
plied by the projected bearing area ofthe fastener. Thus, 
for a 1-in. diameter fastener bearing on a ~-in. thick 
A36 steel plate, the allowable bearing value would be 
r, = F, X fastener diameter X plate thickness = 
48.6 X 1 X ~ = 24.3 kips. 

lf a joint is made up of material having different F11 

values (for example, A36 steel conne<;ted to A572 Gr. 50 
steel), the bearing value for each type of material must 
be considered. 

In the case of countersunk head rivets and bolts, a 
special rule governs the calculation of the allowable 
bearing value. AISC Specification Sect. 1.16.2 stipulates 
that the bearing area be computed as the product of the 
nominal fastener diameter aod the length in bearing /ess 
one-half of the depth of countersink. For the standard 

• See Manual Part 5, Commentary on AISC Specijication, 
Sect. 1.5.2.2,/or background information on thisformula. 
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countersunk head dimensions given in Manual Part 4, 
this means that the effective thickness of the ply of ma
terial in which the countersink is made is less than the 
actual thickness by an amount equal to one-quarter of 
the nominal fastener diameter as shown in Fig. 5-lld. 
Because this relationship substantially reduces the effec
tive bearing area, countersinking is used only when the 
outer surface of the connected material must be free of 
all obstructions. 

There are two possible limitations to the capacity of 
a shear connection using bearing-type fasteners. One is 
the shear capacity of thefastener; the other is the bearing 

1 capacity of the connected material. Therefore, it is neces
sary to check riveted and bolted bearing-type connec
tions for both shear and bearing. The lesser value so 
obtained will determine the joint capacity. 

Example 2-In Fig. 5-9, assume that the angle and 
gusset material is %-in. thick, and that the web of the 
supporting channel is H-in. thick. All material is ASTM 
A36, for which F, = 48.6 ksi. 

Required: Compute the allowable beariog values asso
ciated with the fasteners in each group. Compare these 
with the corresponding allowable shear values of the 
fasteoers. 

(Q} 

So/ution: 

(a) The allowable bearing value of the %-in. gusset 
with respect to the Ys-in. bolts is 

'• = % X Ys X 48.6 = 15.95 kips 

The allowable double shear value of one Ys-in. A307 
bolt is 

r. = 2 (10.0 X 0.6013) = 12..03 kips 

The shear capacity of the bolts is lower; therefore shear 
determines the joint capacity. 

(b) The allowable bearing value of the %-in. gusset 
with respect to the 1-in. rivets is 

r. = % X 1 X 48.6 = 18.23 kips 

The allowable single shear value of one 1-in. A502-2 
rivet is 

'• = 20.0 X 0.7854 = 15.71 kips 

The shear capacity of the rivets is lower; therefore shear 
governs. 

No computation is made for bearing values of the 
%-in. angles or the ~-in. channel web because in each 
case the weaker part of the joint was investigated first 
and proved satisfactory. Bearing on each of the two 

(d) 

Figure 5-11 



%-in. angles can be only half of that on the enclosed 
%-m. gusset; likewise, if bearing on the %-in. gusset 
with respect to the 1-in. fasteners is safe, the Y2-in. 
channel web will provide even greater safety. Much 
computation to investigate bearing can be eliminated 
by similar reasoning. 

The shear values governed in both parts of this 
cxun1plc. Althoush thls ls rrequently the case when 
fastener sizes and specifications are suited to material 
strength and thickness, bearing capacity must be verified 
itJ a/1 connections. 

The AISC Manual can be of considerable assistance 
in solving problems involving shear and bearing rela
tifmships. Tables of fastener bearing valoes for steels of 
various Fr values, tabulated by fastener diameter and 
thickness of connected material, are given on pages fac
ing the tables of single and double shear values at the 
beginning of Manual Part 4. Thus shear and bearing 
values may be compared quickly, and the limiting value 
can be determined without computation. 

Shear in High-Strength Bolted Connections 

Friction-Type Connections-In friction-type joints the 
shear load is resisted by friction between the contact 
surfaces of the connected members, rather than by 
shear and bearing on the bolts. Friction-type joints are 
employed in connections subject to· reversa) of stress, 
severe stress ftuctuations, or where joint slippage would 
be undesirable. 

The frictional resistance required to transfer the 
shear loads depends jointly on the high clamping forces 
exerted by properly tightened bolts and the condition of 
the surfaces in contact. Consequently, specifications re
quire that aH contact surfaces, including those under 
bolt heads, nuts or washers, sha11 be in solid contact, 
free of loose mili scale, burrs, dirt, and other foreign 
matter. It is further stipulated that contact surfaces 
within the joint sha11 be free of any applied coating that 
would tend to lubricate the surfaées and so reduce their 
frictional resistance. Coatings not considered to be 
detrimental to frictional resistance include hot dip gal
vanizing inorganic zinc rich paints, and metallized zinc 
or aluminum.• 

Since friction alone transmÍts the load, no shear 
stress is set up in the bolt shank nor does the connected 
material bear against the bolt. As a result, neither the 
material specification nor the relative thicknesses of 
joint components affect the joint's resistance to shear 
and it is unnecessary to investigate the strength of such 
connections in bearing. 

• See Council Spéeification /or detal/s of application and sur
lace rrearment requiremen/8 /or these permilsible coatings. 
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The amount of frictional resistance caused by the 
clamping action of a high-strength bolt is directly re
lated to the cross-sectional (nominal body) area of the 
bolt. For this reason, connection capacities can be com
puted using equivalent values ofF., similar to the method 
used with rivets and A307 bolts. The AISC Specification 
lists equivalent allowable "shear" stresses for A325 and 
A490 bolts for friction-type connectlons shown in the 
following table: 

Fastener F., ksi 

A325 Bolts 15.0 
A490 Bolts 20.0 

As with rivets and A307 bolts, r. shear values are deter
mined by the product ofF. and A& for eacb plane in 
wbich sbear is to be resisted. 

Computations for tbe design of friction-type bigb
strengtb bolted connections follow tbe procedures 
previously outlined for rivets and A307 bolts when shear 
is tbe sole consideration. Single and double "shear" 
values of '• for bigh-strength bolts, in sizes ranging 
from %-in. to 0--2-in., are listed at the beginning of 
Manual Part 4. 

Referring to the table ofF. values for "Rivets and 
Threaded Fasteners," Manual Part 4, note that A502-l 
rivets and A325 bolts bave the same allowable 
stresses; accordingly, these two fasteners can be used 
interchangeably on a one-for-one basis. A490 bolts, with 
a higber "shear" value, are more commonly used for 
connecting members fabricated of high strength steels. 
Tbey are also used in otber cases wbere tbe more com
pact connections tbey can provide justifies tbeir greater 
cost. 

Bearing-Type Connectlons-In bearing-type joints, the 
sbear load may be resisted by tbe body of tbe bigh
strengtb bolt, bearing against tbe sides of the boles in 
tbe connected material. Tbe bigb clamping force of the 
higb-strength bolts contributes to tbe connection rigid
ity, out tbe shear load is not considered to be resisted by 
tbe friction between tbe connected parts. 

High-strengtb bolted bearing-type connections are 
used wben tbe slip between joint surfaces, necessary to 
bring the bolts into bearing in boles in the connected 
material, can be tolerated. Sucb connections are suitable 
for static loads; or for repeated loadings which do not 
involve reversa) of stress or severe stress ftuctuations. 

As with fric~ion-type joints, tbe faying surfaces must 
be brougbt into solid contact, and no loose mili scale, 
burrs, dirt or otber foreign material is permitted. How
ever, the presence of paint, oil, lacquer, or galvanizing is 
not prohibited. 
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Two strength levels are allowed for each type ofhigh
strength bolt in a bearing type connection. The AISC 
Specification lists F. values for A325 and A490 bolts in 
bearing-type connections as follows: 

F., ksi 

A B : 
1 

Fastener Threads in Threads not in 
shear plan e shear plane 

A325 Bolts 15.0* 22.0 
A490 Bolts 22.5 32.0 

Note that full advantage of bearing-type connections 
can only be realized when bolt threads are not allowed 
to cross a shear plane (column B). lf this condition is 
not complied with, the lower F. values (column A) 
must be used. 

Thread lengths on high-strength bolts are made 
shorter than those on other types of bolts for the ex
press purpose of assuring a mínimum encroachment of 
threads into the grip (total thickness of all plies of con
nected material). For the convenience of the draftsman, 
fabricators usually provide lists of bolt lengths for 
various diameters and grips, which take into account 
washer and nut thicknesses and allow for an adequate 
extension or "stick-through" of the bolt end beyond the 
nut. Lengths so determined are entirely satisfactory for 
bolts in friction-type connections. However, if it is de
sired to use the higher F. values permissible in bearing
type connections, lengths called for must be such that 
the amount of thread within the grip is less than the 
thickness of the thinnest outside joint component. 

Figure 5-12a shows a 4-ply joint in which the thread 
length extends across shear plane X-X and the entire 
bearing thickness of plate P is on the threads. The fact 
.that plane Y-Y is not crossed by the threads and plates 
M, N and O are not bearing solely on threads is gener
ally ignored. The entire joint is rated by the lower F. 
values (column A). 

Figure 5-12 

• Note that this value is the same tu for high-strength belts 111 
/riction-type connections. 

In the above situation it is possible to use the higher 
F. values (column B) provided that (l) a longer bolt is 
used, furnished with additional hardened washers if 
necessary to permit full tightening of the out (Fig. 5-
12b), or (2) the bolt is assembled as shown in Fig. 5-12c, 
with the out adjacent to the ply of material thick enough 
to keep the threads from the shear plane. lf the latter 
method ls to be used, the draftsman must glve lnstruc· 
tions to control the field assembly of bolts. 

Analysis of the strength of bearing-type high
strength bolted connections follows the same procedures 
outlined for rivets and A307 bolts, except that the 
allowable F. values are different. Single and double 
shear values of '• for high strength bolts, ·in sizes 
ranging from %-in. to U·-2-in., are listed at the beginning 
of Manual Part 4. 

Tension in Fasteners 

Permissible tension in rivets and high-strength bolts is 
measured by the product of the nominal body area, Ab, 
and the allowable tensile stress F,. Thus, the allow
able tension value r, of a fastener equals the product of 
F, X Ab. Allowable F, values for these fasteners are 
listed in the AISC Specification as follows: 

Fastener F,, ksi 

A502-l Rivets 20.0 
A502-2 Rivets 27.0 
A325 Bolts 40.0 

*A490 Bolts 54.0 

Body areas, in square inches, are based on the nominal 
body diameters of high-strength bolts, with no deduc
tion for thread depth, and on the nominal diameters of 
rivets before driving. · 

Permissible tension in A307 bolts and threaded parts 
made of the structural steels covered by AISC Specifica
tion, Sect. 1.4.1 is based on the product of the allowable 
unit tensile stress F, and a "tensile stress area" expressed 
as 

0.7854 [ D -
0

·
9
:

43J 
where D = the major thread diameter and n = the num
ber ofthreads per inch. The allowable F, values for A307 
bolts and threaded parts of the steels mentioned above 
are listed in the AISC Specification as follows: 

Fastener F,, ksi 

A307 Bolts 20.0 
Other threaded parts 0.60Fv 

• Static.loading only. 



Tensile stress areas for bolts or other threaded parts 
from ;Y.í' -in. diameter to 6-in. diameter are given in "Bolt 
Data-Threaded Fasteners" in Manual Part 4. Tension 
values for boits or other threaded parts, in the most com
monly used diameters, based on either nominal body 
areas or tensile stress areas, may be read directly from 
tables provided at the. beginning of Manual Part 4. 

Flattened or countersunk head fasteners should be 
avoided in joints where they will be stressed in tension. 
Allowable F, values are based on "full head" rivets, and 
on-bolts with hexagon heads and nuts. 

Example 3-To illustrate the basic tension relationships 
in fasteners, assume that the four fasteners shown in 
Fig. 5-13 are %-in. diameter (Ab = 0.6013 sq in.) A502-l 
rivets. Based on AISC values ofF,, find the maximum 
permissible value of P. 

Solution: The allowable value of one fastener is 

r, = 20.0 X 0.6013 

= 12.03 kips 

Since the four bolts are symmetrically placed with respect 
to the load, each is assumed to take an equal share. 
Therefore each fastener supports 34 of the load 

• P = 4r, = 4 X 12. 03 

= 48.12 kips 

These computations illustrate principies only. In prac
tice it is recommended that allowable fastener tension 
values be read direct from tables in Manual Part 4. 

Example 4-In Fig. 5-13, assume that force P equals 
120 kips. What is the computed tensile stress f, if the 
fasteners are four 1-in. diameter A325 bolts, each with 
an area of 0.7854 sq in. 7 Would such a connection be 
safe? 

Solution: Assume each fastener supports 34 of the load. 

P/4 = 120.0/4 

= 30.0 kips 

The stress per unit area is 

f, = 30.0/0.7854 

= 38. 2 k si < F, of 40. O k si 

This shows that the computed tensile stress is less than 
the allowable tensile stress. Assuming no other loading, 
the connection is safe. • 

• The effect of pr>•ing force is disregarded in these exrimples, but 
should be tmestigated in critica/ applicatiom. See section on 
"Prymg Forces", later in this chapter. 
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Figure 5-13 

Fasieners in Combined Shear and Tension 

Fasteners subjected simultaneously to shear and tension 
loads require special analysis to assure conformance to 
specifi{;ation provisions for F. and F,. Joints with this 
type of combined loading occur frequently in end con
nections of diagonal bracing members (Fig. 5-14). 

AISC Specification Sect. 1.6.3, provides interaction 
formulas establishing allowable stresses for fasteners 
subject to combined shear and tension. Therefore, in 
analyzing this type of c'onnect_ion, stresses for shear and 
tension are considered separately and are not combined 
as a single resultant force on the fastener. Since the 
formulas are based on stresses, and not on loads per 
fastener, it is necessary to express shear, tension, mo
ments of inertia, and section moduli in terms of areas 
rather than in terms of points (see Appendix page 5-A4, 
"Fastener Areas Considered"). 

Bearing-Type Connections-Reference to the Specifica
tion shows that allowable stresses for fasteners in bear
ing-type connections are limited by expressions such as: 

A502-1 Rivets: F, = 28.0 - 1.6/. ~ 20.0 

This means that the allowable tensile stress, F, is equal 
to 28.0 ksi less 1.6 X the computed shear stress/. in ksi, 
but that the result cannot be greater than 20.0 ksi. It 
should be understood that the computed/. shall not ex
ceed the allowable F. of AISC Specification Sect .. 1.5.2.1. 

Example 5-In Fig. 5-14a a diagonal force P of 90 kips 
is applied to the bracing connection, subjecting the 
Ys-in. A502-l rivets to both shear and tension Ioads. 

Required: Compute the shear and tensile stresses in 
the rivets and compare them with the allowable stresses 
permitted by the AISC Specificatlon. 

Solution: The diagonal force P of 90 kips is shown re
solved graphically into two equivalent vectors, a shear 
force P. of 45.0 kips and a tension force P, of 7~·~ kip~. ¡ • •• 

Since the load Pis acting at the center of gravity,o(the ." ,. 
rivet group, components P. and p, load the rivets uÓi~· 01 :~~ 
formly in both shear and tension. . .. ; .·' ~: ·¡ ; · ;;: ; :· ~·-) 
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(a) 

Pt • 17.9 
2uo/vfion af P info 
A- and Pt 

(b) 

Figure 5-14 

The area Ab of one rivet = 0.6013 sq in. The area of 
the group, l;Ab = lO X 0.6013 = 6.01 sq in. Then, 

¡, P. 45.0 . . 
, = l;Ab = 

6
_
01 

= 7.49 kst < F, = 15.0 kst 

r P, 17.9 . 
JI = - = - = 12.96 kst. 

l;Ab 6.01 

By the interaction formula for A502-l rivets, 

F, = 28.0 - 1.6 X 7.49 = 16.02 ksi 

Since this allowable F, = 16.02 ksi is less than the upper 
limit of 20.0 ksi and is greater than the computed J, = 
12.96 ksi, the shear-tension relationship' is compatible. 

Friction-Type Connections-lnteraction formulas for 
high-strength bolts in friction-type connections subject 
to combined loading differ from bearing-type connec
tions in that the allowable "shear': stress F. is reduced 
in value by an amount based on the computed tensile 
stress and the ratio of the fastener area to the specifi.ed 
pretension load of the bolt.• The applicable formula for 
A325 bolts, also given in AISC Specification Sect. 1.6.3, 
is expressed as 

F. ~ 15.0 (l - J, X A&/T&) 

m which A3 ts t he area of the bolt body in square inches, 
Tb is its spectfied pretension load, and it is understood 
that the computed J, shall not exceed the allowable F, 
of A ISC Spectfication Sect. 1.~.2.1. 

Example 6--In Fig. 5-14b, a diagonal force P of 90 
kips is applied to the bracing connection, subjecting the 
Ys-in. A325 bolts to both shear and tension loads. 

Required: Compute the shear and tensile stresses in the 
bolts and compare them to the allowable stresses per
mitted by the AISC Specification. 

Solution: As in Example 5, the diagonal force produces 
P, = 45.0 kips and P, = 77.9 kips. 

l;AD = 8 X 0.6013 = 4.81 sq in. 

J. = P. = 45
'
0 = 9.36 ksi 

l;Ab 4.81 

P, 17.9 . 
J, = l;Ab = 4.81 = 16.20 kst 

The specified pretension load of one :%-in. A325 bolt 
is 39• kips. By the interaction formula, 

( 
0.6013) k. 

F.~ 15.0 1 - 16.20 X~ = 11.25 SI 

Since J. = 9.36 ksi is less than the allowable shear 
stress F. = 11.25 ksi, andJ, = 16.20 ksi is less than the 
upper limit F, = 40.0 ksi, the computed values of both 
j, and J, are within Specification limits. ' 

• Values for specified pretension loads are /isted by bolt speci
fication and diameter under the heading "Minimum Fastener 
Tenslon" in Table 3 of the Counci/ Specification, Manual 
Part 5. 



Stresses in Eccentrically Loaded Fastener Groups 

Thus far in this chapter, only concentric loads on 
fastener groups have been discussed. 

Stresses in the fasteners have been treated as if the 
applied loads passed through the centers of gravity of 
the fastener groups. Each fastener was assumed to 
providé the same amou111 of resistanc:e in suppótting the 
load. The load per fastener was calculated by dividing 
the total load by the total number of fasteners. The 
direction of the resistance or reaction was assumed to be 
parallel and opposite to that of the applied load. 

However, when a load is applied eccentrically to a 
group of fasteners it does not pass through the center of 
gravity of the group. Consequently the fasteners must 
resist a twisting or rotating effect in addition to resisting 
the equalload each must take if loaded concentrically. 

F.ccentric Loading Producing Shear Only-ln this case 
it is convenient and conservative to imagine the eccen
tric load replaced by a concentric load of the same 
amount and direction passed through the group's center 
of gravity and by a moment which tends to rotate the 
(asteners about the group's center of graoity.fll 

f'igure 5-15a shows three fasteners, A, B and C, with 
load p applied at distance 1 from the center of gravity 
(c.g.) of tbe group. 

y 

'+ ~· 
K--~- X 

1-+A 
y 

(aJ 

y 

'+r j. -+l K--4-s-x 
lii 
y 
{e) 

Figure 5-15 

y 

(b} 

• For a more precise method of ana/ysis, see "Treatment of 
Ecrrntnrall)'-loaded Connertions in the AISC Manual," A/SC 
Enl(meenn}( Journal, Vol. 8, No. 2. 
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Figure 5-15b shows the same group with P applied 
at the center of gravity and moment M = PI, tending 
to rotate the group about its center of gravity. The effect 
on the three fásteneis is identical for each case. For de
termination of center of gravity of unsymmetrical fas
tener groups, refer to Appendix page 5-A2. 

lf equilibrium is to be maintnined, each of the three 
fasteners supports one-third of the load (P/3) as shown 
in Fig. 5-15c. Note that each reacting force is directed 
upward, opposing load P. Letting}i equal the reaction 
of each fastener due to the imagined concentric load, 
Ji = P/3 or, in more general terms, 

Ji = Pfn (5.1) 

where n = the number of fasteners in the group. 
Equilibrium of this system also requires that each 

fastener resist its share of the moment M. The forces 
FA, FB and Fe shown in Fig. 5-15d oppose this moment 
by reacting along lines at right angles to their respective 
lever arms, a, b and c. The moment tending to rotate 
the group about its center of gravity is balanced by the 
individual reactions applied in an opposite direction 
about the same center of gravity. 

In studying the stresses in a beam resisting bending 
moment (Chapter 4) it was noted that the bending stress 
at the neutral axis of the beam is zero, and that the in
tensity of stress varies directly as the distance from the 
neutral axis, reaching a maximum value at the outer
most fibers. 

A similar condition is assumed to exist in the case of 
eccentricalty loaded fastener groups. If there had been a 
fastener at point c.g. in Fig. 5-15d, it would have con
tributed nothing in resisting the moment force. On the 
other hand, fastener A, which is farthest from point c.g., 
will provide the greatest reaction to rotative force. If 
f, is this maximum reaction due to moment, 

FA =J, 

The reactions FB and Fe will be less than F ... and the 
forces they contribute will be directly proportional to 
the ratios bfa and cfa, respectively: 

FB = FA(bfa) = f,(bfa) 

Fe = F ... (cfa) = f,(cfa) 

The resisting moments (force times lever arm) of 
these three fasteners with respect to the center of gravity 
are: 

M s = f,.(bfa) X b = f,b 2fa 

Me= f,(c/a) X e = f,.c 2fa 
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If the term M, is assigned to the total resisting 
moment of the fastener group, then, 

M, = f,.a + f,.bt + f,.c, 
a a 

Multiplying f,.a by a[a ( = 1), to provide the same de· 
nominator for all expressions for moment, the equation 
becomes: 

or 

M, = J,.a
2 + f,.b 2 + f,.c 2 

a a a 

(
a 2 + b 2 + c2

) M, =J,. 
a 

In the above expression the sum of the squares of the 
distances from the center of gravity to each fastener in 
the group (a2 + b2 + c2) is defined as the polar moment 
of inertia, /'P. The polar moment of inertia is the same in 
any dire~tion about the pote (located at the center of 
gravity). Then, 

M,= f,.I'P/a 

To achieve equilibrium, the internal or resisting mo
ment M, must equal the external moment PI = M. 
Then, 

M,= M= f,.l'P/a 

and the moment force on the most highly stressed 
fastener is, 

f,. = Ma/I'P (5.2) 

Combiningji from Equation (5.1) andf,. from Equa
tion (5.2) graphically, by scaling force magnitudes and 
completing the force parallelogram as shown in Fig. 
5-16, produces the total resultant forcefR which fastener 
A must provide. Similar analyses for fasteners B and C 
would show that, for the forces represented vectorially 
in Fig. 5-16, fastener A has the highest combined stress 
in the group. 

However, it should be noted that, depending on the 
direction of moment and thé relative magnitudes of / 1 

andf,., the fastener most remote from the c.g. of an un
symmetrical group may not be the most highly stressed. 
A positive check can be made by the construction shown 
in Fig. 5-16. Point i is established on the X-X axis (i.e., 
thc centroidal axis perpendicular to the load) by drawing 
a linc through fastener A perpendicular to vector IR· 
The fastener most remote from point i is the most 
highly stressed. For example, if distance Bi should prove 
to be greater than Ai, Equation (5.2) would become 

f,. = Mbfi'P 

and the force parallelogram at fastener B would give the 
maximumfR· 

.. 

Figure 5-16 

Figure 5-17 

Although determining /R by the above method is 
direct, it is usually quicker to calculate /'P by tabulating 
values of l:z: and 1, as outlined in the Appendix to this 
Chapter. Furthermore, it is convenient to resolve f,. 
into its vertical and horizontal components for mathe
matical combination with ji to obtain IR· 

To illustrate this, Fig. 5-17 shows fasteners A, B and 
e located by their coordinates: ax. a,; b:z;, b,; C:z;, e,. Using 
these distances to compute lx and 1,, 

"l-l:z: = (a,) 2 + (b,) 2 + (c,) 2 

and !-/, = (ax) 2 + (bx) 2 + (c .. ) 2 

J'P can then be calculated by adding "l-lx and ~/,. 
Figure 5-17 also shows forcef,. resolved into a verti

cal componenth anda horizontal component/a. These 
forces are calculated by using Equation (5.2) thus: 

/ 2 = Ma .. [J'P and/a =· Ma,[I'P . 
The right triangle with a base of/a anda rise of(ft + h) 
can then be solved to get the single resultant, 

IR = V(J~)2 + (ft + );)2 

This resultant !R is the same as shown developed 
graphically in Fig. 5-16, and is used to compare with the 
allowable fastener shear or bearing value r ,. 



The random fastener group employed in the fore
going discussion will seldom be encountered in actual 
practice. It is a general case chosen to clarify the princi
pies involved in eccentrically loaded connections. 
Although the usual fastener pattern is symmetrica1 
about one or both axes, the calculations required are 
nevertheless time consuming. 

To expedite the analysls of eeeentrle loods on fas
tener groups, numerical coefficients have been developed 
which reduce the amount of computation required. 
Tables X through XIII, Manual Part 4, 1ist coefficients 
for severa! commonly used fastener groups. 

It has been observed that where a force produces a 
moment in the plane of the fastener group, computa
tions using the actual moment arm (/ •• ~) result in higher 
moment stresses than those obtained in laboratory 
tests. To compensate for this, empirical formulas have 
been developed which reduce the actual moment arm to 
an effective moment arm (/.u) and thereby reduce the 
moment. The amount of this reduction depends on 
(1) the fastener arrangement, i.e., in a single row or in 
two or more rows, and (2) the number of fasteners in 
any one row. Where a single row of fasteners occurs, 

l.rr = lact - e ~ ~) 
and where two or more rows occur,, 

1., = lac~ - e ~ n) 
where n = the number of fasteners in one row. 

Use of these formulas requires symmetry in the 
fastener groups. The formulas are not applicable where 
moments induce combinations of shear and tension or 
tension only in fasteners. 

In the examples that follow, calculations for stresses 
in bracket plates and tee stubs are not included, since 
such stresses were discussed in Chapter 4. 

y 

JOkips 

(i~Mral Notes. 
S~c$: AISC-lateflfedilion 
Mafr:ASrM AJG 
Shop rwe-1!1· j •" ASrM A502·1 

Frgure 5-18 
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Example 7-Using the data of Fig. 5--18, convert 
moment arm lact to l.rr and find the maximum resultant 
force IR at the extreme rivet. Compare this value with 
the allowable r. value. Solve by (a) using polar moment 
of inertia and (b) using coefficients from the Manual. 

Solution: 

(a) laot = 16 in. 

1., = lnot - e ~ n) = 16 - e ~ 6) = 12.5 in. 

lz = 4 X (1.5 2 + 4.5 2 + 7.5 2) = 315.00 in.2 

111 = 12 X (2.75 2) = 90.75 in. 2 

1, = 405.75 in. 2 

Ji = 30/12 = 2.50 kips 

Ji 
= Pl.u(az) = 30 X 12.5 X 2.75 = 

2 54 
k" 

2 1, 405.15 · tps 

30 X 12.5 X 7.5 = 
6 93 

k' 
405.75 · tps 

fa = '\}6.93 2 + (2.50 + 2.54) 2 = 8.57 kips 

Allowable '• for-Ys·in. A502-1 rivet = 9.02 kips > 8.57 
kips. Ttierefore the connection is adequate. · 

(b) Coefficients for solving the given pattern of fas
teners (two-row with 5~-in. gage) are found in Table 
XII of Manual Part 4. 

In the co1umn headed n = 6, read directly, 

e = 3.62 for '·" = 12 

and 

e= 3.18 for l.rr = 14 

The difference in l.rr is 2 and in e is 0.44. Interpolating 
for 1., = 12.5, e = 0.5/2 X 0.44 = 0.11 less than e for 
1., = 12. Then e= 3.62 - 0.11 = 3.51. 

Rearranging equation e = P/r. and substitutingfR 
for r., 

IR = P/C = 30/3.51 = 8.55 kips 

which compares closely with the 8.57 kip value resulting 
from solution (a). 

In this example there are four outermost fasteners, 
each the same distance from the center of gravity (Fig. 
5-18). Although it might seem that each of these fas
teners will be equally stressed, such is not the case. 
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so" , 

ft) -· ...... 

Figure 5-19 

Figure 5-19 shows these fasteners, labeled A, B, e and 
D, with completed force parallelograms. It should be 
noted that althoughfm and}i are of the same magnitude 
at each point, their re/ative fines of action result in greater 
values of /R for fasteners A and B than for e and D. A1-
though this difference in magnitude does not affect the 
result in solving for maximumfR in a symmetrical situa· 
tion, it must be considered if the pattern is unsymmetri· 
cal (see Appendix, Fig. 5A-5). 

Eccentric Loading Producing eombined Shear and Ten· 
sion-Figure 5-20a shows the details of a W bracket 
connected to a co1umn fiange. The eccentric load P pro
duces a moment normal (at right angles) to the plane of 
the fastener group. For this type of loading no reduction 
is permitted in the moment arm and the fulllaet is used. 
In the analysis, it is assumed that vertical shear is dis
tributed equally among all the fasteners, and the mo· 
ment is resisted by the upper fasteners loaded in tension 
and the lower part of the bracket pressed horizontally 
against the column shaft. Since both shear and tension 
are present, maximum allowable fastener stresses are 
governed by the interaction formulas'of AISC Specifica
tion Sect. 1.6.3. Their application here follows the same 
rules stated previously under the heading "Fasteners in 
Combined Shear and Tension". The vertical shear 
per fastener is determined by dividing the load by the 
fastener area times the number of fasteners in the group. 
Cases 1 and 11 describe the two principal methods gen· 
erally accepted for computing the moment capacity and 
maximum tensile stress on the outermost fasteners in a 
fastener group that is /oaded in this manner.• 
------------------------
• The effect of prying force is disregarded in these cases, but 

should he int"estigated in critica/ applicatlons. See sectlon on 
"Prying Forces" later in this chapter. 

G~nero/ Not~5 
S~c.!r: AISC-Loffl~ edtf1on 
Mon : ASTM .4~ 
Shcp bolf§ ·r~ 45TM A'F~ 

in bear1t19 ft¡~ connecf¡on 
lhr~ods excbd617' /hJm 
~ piOt?t'6. 

Figure 5-20 

Case /-In this method, it is assumed that the neutral 
axis is at the center of gravity of the group, and that 
fasteners above the axis are loaded in tension and those 
below are "loaded in compression" as shown in Fig. 
5-20b. lt is further assumed that all fasteners contribute 

,to the section modulus of the group. The tension stress 
¡, in any fastener varies directly as its vertical distance 
from the center of gravity of the group. The shear stress 
J. is assumed to be equal in each fastener. The maximum 
fastener stress occurs at the top row where the tensile 
stress is maximum. 

Analysis by Case 1 is recommendedfor high-strength 
bolts infriction- or bearing-type connections. lts use with 
rivets or A307 bolts will give conservative results. 

It should be noted that high-strength bolts infriction
type connections, /oaded as described for Case /, are 
exempt from the provisions of the interaction formulas. 
Although the friction which produces bolt "shear" is 
relaxed at the top of the bracket, it is increased at the 
bottom, and the total shear resistance of the connection 
remains virtually unchanged. For this case, the reduc
tion in allowable shear stress F. required by AISC Speci
fication Sect. 1.6.3 is not applicable. Therefore, the 
allowable shear and tension, considered separately, must 
conform to the provisions of AISC Specification Sed. 
1.5.2.1. 

Case l/-In this method, it is assumed that the neutral 
axis is located somewhat below the center of gravity of 
the fastener group. The tension stress / 1 in the upper 
fasteners varies in direct proportion to their distances 
from the neutral axis; fasteners below this axis are as
sumed to resist shear only. The compression force due 
to the moment is transmitted horizontally through a 
small area of the bracket fiange between the neutral axis 
and the bottom of the bracket as shown in Fig. 5-22d. 



Calculations for the section modulus are based on the 
fastener arcas above the neutral axis and the small com
pression arca below. The shear stress J. is assumed to 
be equal in each fastener. The maximum fastener stress 
occurs at the top row where the tensile stress is maxi
mum. The bearing stress at the bottom of the bracket 
must be checked. 

Since the strong clamping efl'ect of high-strength 
bolts Iargely precludes the assumed downward shifting 
of the neutral axis, use oJ Case /1 should be restncted to 
brackets Jastened by rivets or A307 bolts. 

Application of Case 11 is more time-consuming than 
Case 1, but results in greater load capacities for the 
bracket fasteners. The extra work involved may be 
warranted where criticalloadings or many identical con
nections are present. 

Location oJ Neutral Axis Jor Case l/-In applying the 
method of Case 11 to bracket fasteners, it is first neces
sary to locate the neutral axis. The theoretical approach 
to this is extremely complicated, a_nd it is customary to 
assume a tria! position at }-íl of the total bracket depth, 
measured upward from the bottom. In Fig. 5-21 this 
axis is indicated by line X-X. 

cq. Ttln:~ion 
vroup 

Figure 5-21 

Although sorne authorities sanction use of the entire 
flange width for bearing in the compression area, it is 
recommended that an effective ftange width W.u limited 
to 8t1 be used. In this expression, 11 is the thickness of 
bracket flange and 8 is an arbitrary constant intended 
to guard against the use of flanges too thin to evenly 
distribute the bearing forces. The formula Weu ~ 8t1 is 
applicab\e to bracket flanges made from W or S .beams, 
welded plates, or angles. Where sloping flanges are en
countered, the value of t 1 should be the average ftange 
thickness. 

Having assumcd the location of the neutral axis and 
established a width of compression zone, it is possible 
to check the eqUihbrium of fastener tension areas against 
the compression area by equating moments of areas 
about the tria\ axis. In Fig. 5-21 this equation would be 

W.u X d X d/2 ~ l;Ao X y 
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in which };A0 is the arca of all fasteners above line X-X 
and y is the distance from line X-X to the center of 
gravity of this same group. Marked differences betwcen 
tension and compression area moments may be cor
rected by adjustment of d until a reasonable equality is 
achieved. 

Example 8 (Case 1}-Using the data of Fig. 5-20a, com
pute the maximum shear and tension stresses in the ras
teners and compare these values with allowable values. 
Check the results by the applicable interaction formula 
of AISC Specification Sect. 1.6.3. (Such a check must 
always be made when A325 bolts are used in a bearing
type connection.) Assume that the moment tends to 
stress the fastener group about a neutral axis through 
its center of gravity, as shown in Fig. 5-20b. 

Solution: 
(a) Shear stress: 

J.= P/A0N, 

where 

P = Load in kips 
A0 = Area of one fastener, sq in. 
N = Total number of fasteners 

Substituting, 
70.0 

J.= O 6013 X 14 

= 8.32 ksi 

Allowable F. = 22.0 ksi > 8.32 ksi; shear stress is 
satisfactory. 

(b) Moment of inertia and section modulus: 

1., = A0};(d11)
2 (see Appendix, page 5-A4) 

4 X 3 2 36 
4 X 6 2 144 
4 X 9 2 324 
};(d11)

2 = 504 in. 2 

J., = 0.6013 X 504 = 303.1 in. 4 

S = !.,fe = 303.1/9 = 33.68 in. 3 

(e) Tension stress: 

J, = M/S = 70.0 X 15 = 31.18 ksi 
33.68 

(d) Allowable F, by interaction formula: 

F, = 50.0- 1.6J, ~ 40.0 

= 50.0 - 1.6 X 8.32 = 36.69 < 40.0 ksi 

SinceJ, = 31.18 ksi < F, = 36.69 ksi, the shear
tension relationship is compatible. 
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Had the connection in this example been of thefric
tion-type, the allowable values F, = 15.0 ksi and F1 = 
40.0 ksi, AISC Specification Sect. 1.5.2.1, are also weU 
above the/. = 8.32 andf, = 31.18 computed in steps 
(a) and (e). As ~oted in the diseussion of Case 1, the in
teraetion formula would not have applied. 

(O} 

Gene,.a/ Nofes 
5pec!r : AI5C- Laf~!lf edihcn 
Maf'l: A5TM A~g 
5hop nvef!l: j·~ A5TM A50é'·/ 

Ftm a55umpfton Co,.,.ecfion 
5f,.,ss lnfttn!ldte!l 

Case ll 
(bJ (C) (d) 

Figure 5-22 

Examplc 9 (Case 11)--Using the data of Fig. 5-22a, 
compute the maximum shefir and tension stresses in the 
fastcners and compare these with the allowable values. 
Check results by the applicable interaction formula of 
AISC Specification Sect. 1.6.3. Assume a trial neutral 
axis at _1 ~ of the bracket depth, measured upward from 
the bottom. Compute bearing stress at the bottom of 
the bracket and compare with the allowable bearing 
stress Fp from AISC Speeifieation Seet. 1.5.1.5.1. 

Solution: 

(a) Shear stress: 

f, = P/A&N 

50.0 . 
ó~6Q¡-3 X 

12 
= 6.93 < F, = 15.0 kst o.k. 

;(b) Locate neutral axis: 

First assumption (see Fig. 5-22b): 

d = U X 18 = 3 in. 

w., = 8 X 1%6 = 7.5 in. 

d 
W., X d X 2 121:1 ~Aa X JI 

7.5 X 3 X 1.5 = lO X 0.6013 X 7.5 

33.75 ~ 45.10 

.. 

This result indicates need of an upward ad
justment of the neutral axis. 

Correetion (see Fig. 5-22e): 

Assume the neutral axis to be located at a dis
tanee 3.375 in. from the bottom edge of the 
bracket. 

7.5 X 3.375 X 1.688 = lO X 0.6013 X 7.125 
42.73 ,. 42.84 

This result is reasonably close to balancing 
and the location of the neutral axis at 3.375 in. 
from the bottom will be used for subsequ'ent 
eomputations. 

(e) Moment of inertia and section modulus: 

/~ (Fastener area) = Aa~(d,) 2 (see Appendix to 
this Chapter) 

2 X 1.125 2 2.5 
2 X 4.125 2 = 34.0 
2 X 7.125 2 = 101.5 
2 X 10.125 2 = 205.0 
2 X 13.125 2 = 344.5 

~(d,)2 = 687.5 in. 2 

and 

A6~(d11) 2 = 0.6013 X 687.5 
= 413.4 in. 4 

W." X d8 

/~ (eompression area)* = ----
3 

_ 7.5 X (3.375) 3 _ 
96 

l . 
4 - 3 - . ID. 

/..,(total)= 413.4 + 96.1 = 509.5 in. 4 

Stop = I..,jc, = 509.5/13.125 = 38.8 in. 3 

Sbou = l..,/ e& = 509.5/3.375 = l S 1.0 in. 3 

• See "Properties ofGeometric Sections", Manual Part 6. 



(d) Tension stress: 

50.0 X 12 
f• = M/Stop = ----

38.8 
15.46 ksi 

(e) Allowable F, by interaction formula: 

F, = 28.0 - 1.6¡, ::;; 20.0 

= 28.0 - 1.6 X 6.93 

= 16.91 < 20.0 ksi 

Since/. = 15.46 < F. = 16.91 ksi, the shear-ten
sion relationship is compatible. 

(f) Check bearing stress at bottom of bracket: 

¡; _ M/S _ 50.0 X 12 
1> - bott - 151.0 

= 3.97 ksi < F, = 0.90 Fu = 33.0 ksi o.k. 

Secondary Loading of Fasteners in Tension-In Ex
amples 3, 4, 5, 6, 8, and 9, which illustrated fasteners 
loaded in tension alone or in tension and shear com-. 
bined, calculations were limited to proportioning 
fasteners to resist primary loading only. Actually, tensile 
stress can be created by conditions other than externally 
applied loads. These secondary conditions include( 1) pre
stress in the fastener and (2) prying force on the fastener. 

Prestress in a fastener may be caused by shrinkage, 
as when hot driven rivets cool, or by tightening of high 
strength bolts to specification requirements. Since ten
sile stresses exist in such prestressed fasteners before any 
externa) tensile load is applied, it might seem that the 
stresses resulting from the external (primary) load 
should be added to the initial prestress. However, it can 
be demonstrated that externa) tensile forces applied to 
such fasteners do not substantially affect the stresses in 
the fasteners until the externally applied load exceeds 
the initial prestress. 

Figure 5-23a shows two plates gripped by a pre
stressed bolt, with applied loads P = (P/2 + P/2) tend
ing to pull them apart. Figure 5-23b represents one-half 
of this jomt, with loads P/2 removed to show equilibrium 
of the interna! forces dueto prestress alone. T is the pre
load force, applied by the bolt head (or nut) at the upper 
surface of the plate. e (equal to n represents the com
pressive force at the faying surface in plane X-X. 

If an externa! load P, with P < T, were applied at 
plane X-X as shown in F1g. 5-23c, the compressive force 
e would be reduced by the value of P, and e = T - P. 
lf P were then increased to equal T, e = O, and the 
plates would be on the verge of separating. Since any 
further incrcase in P would cause the plates to separate 
and the bolts to stretch, the bolt load T would thereafter 
be equal to P. 
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High sfrengfh 
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Figure 5-23 

Stated briefly, this means that the bolt tension would 
not increase unless the plates separate, and this would 
not happen until the externa! load exceeded the com
pressive force between the plates. The action described 
would also apply to hot-driven rivets, since such rivets 
are prestressed due to shririking. 

In practice, load P is usually a;Jplied at sorne inter
mediate point between plane X-X and the top surface of 
the plate. Consequently, the relative resistance to distor
tion between plate and bolt becomes a factor which is 
dependent u pon the relative stiffness of the fastener and 
the connected parts. For a normally proportioned joint, 
where P < T, any increase in bolt tension can be ignored 
since the compressed area, and hence the stiffness of the 
connected parts, far exceeds the area of the fastener. 

Fasteners in a connection subject to many applica
tions of a fluctuating tensile load may fail if the tension 
so induced approaches the magnitude of the pretension 
in the fasteners resulting from shrinkage (in the case of 
rivets) or nut tightening (in the case of bolts). Since the 
amount of pretension in a rivet due to shrinkage is un
certain, high-strength bolts should be used in connec
tions subject to many repetitions of large tensile forces. 

Prying forces on fasteners in tension may be 
even more critical than prestress forces, because the 
stresses created are added to those resulting from 
externally applied loads. The prying effect can occur in 
any connection in which fasteners in tension transmit 
loads through tee flanges, the legs of angles, or by any 
other means whereby external edges of joint com
ponents act as fulcrums to pry on fasteners. The only 
generalization that can be made is that prying effects are 
the least (or even nonexistent) for members with thick 
flanges and mínimum gages for the attaching fasteners. 
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Figure 5-24 

Figure 5-24a represents a hanger connection of 
length w, which is fastened to the bottom flange of a 
supporting beam. Letting P denot~ the load per inch of 
connection length, it will be seen that the fitting resists 
a downward force, wP, by means of two bolts loaded in 
tension. From the sketch, it might appear that each bolt 
will be required to support not more than a load of 
wP/2. However, as is shown in Fig. 5-24b, load wP will 
bend the tee flange so that the outer portions, between 
the bolt lines and the edges of the tee flange, will press 
upward, an action resisted by prying forces Q. Each 
force Q is assumed to be a line load, applied near the 
edge of the tee flange, and effective uniformly over w, 
the length tributary to one bolt. Forces F are the up
ward rcactions applied by the bolts in resisting externa! 

load wP, from which it will be seen that F = wP/2. In 
order to balance the system of vertical forces, F must b~ 
increased by Q, so that the total upward reaction ap
plied by each bolt to the tee flange is F + Q. It follows 
that F + Q must not exceed r,, the value of one bolt 
in tension, or r, ~ F + Q. 

With r, and F given, the problem is to find the value 
of Q. Since Q depends on a number offactors, including 
material and fastener specifications, fastener size, and 
the geometry of the connection, it may differ appreci
ably from one connection to another. Although the 
theoretical determination of Q is highly complex, re
search• has provided empirica/ formulas which furnish 
oalues c/osely approximating test results . 

For connections using A325 bolts and A36 material: 

Q = F[ l00b(db)2 - l8w(t1)
2
] 

70a(db)2 + 21 w(t1)2 
(5.3) 

For connections using A490 bolts and A36 material: 

where 

Q = Prying force per fastener, kips 
F = Externally applied load per fastener, kips 
w = Length of flange tributary to each bolt, in. 
db = Nominal bolt diameter, in. 

(5.4) 

a = Distance from fastener line to edge of flange, 
but not more than 2t1 , in. 

11 = Thickness of angle or flangc of tee, in.** 
b = Distance from fastener line to near face of out

standing leg of angle or web of tee, less 7í 6 -in. 

Figure 5-25 represents the geometry of typical 
hanger connections, employing either tees or anglcs, 
showing the dimensions used in Equations (5.3) and 
(5.4). Note that, regardless of the actual thickness of the 
tee flange or angles selected, the lesser value, whether it 
be t1 or t/, must be used in Equations(5.3) and (5.4) and 
in the calculations for bending stress. All other variables 
will remain those of the hanger tee or angles. It will be 
observed in Fig. 5-25 that w is the length of hanger 
tributary to one transverse row of fasteners, regardless 
of the total number required for the hanger. 

In the design of a hanger connection, the given data 
will include the load, P, the size or shape description of 
the supporting member and, usually, the size and speci
fication ofthe fasteners. The gage, G, should be the míni
mum dimension permitted by clearance requirements for 

• Behavior of Bolts in Tee-Connections Subject to Prying Ac
tion, Structural Research Series No. 353, University of 1 
rrois, Sept. 1969. 

•• Use average thickness for lees with s/oping flanges. 
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entering and tightening the bolts. Data which must be 
assumed, or otherwise determined, includes a tria) sec
tion for the fitting (A36 steel) and concurrently, the 
number of fasteners and dimension w. From the given 
data and the geometry of the trial section, all variables 
are given at least tentative values and can be substituted 
in Equation (5.3) or (5.4), as applicable. 

If the resulting value of Q is such that F + Q is equal 
to or less than r, and the allowable bending stress in the 
attached ftange is not exceeded, the design is adequate. 
lf F + Q is greater than r,, or if the ftange bending stress 
is greater than Fo, adjustment of the trial section must 
be made. 

Example 10-Design a tee-section hanger connection, 
using A36 steel, to support a load of 60 kips, sus
pended from the bottom of a W36 X 230 beam. Fastem:rs 
are to be 1-in. diam. A325 high strength bolts on a 5-in. 
gage. For the W36X230 beam, t1 = 1.260 in. and the 
tension value of the 1-in. bolt = r, = 31 ;42 kips. 

Solution: 

l. Trial bolts: Considering the load of 60 kips and r, 
= 31.42 kips, it is evident that one row of two bolts 
would be sufficient only if prying action were negli
gib1e. 

Try two rows with four bolts, total. Then, 

F = 60/4 = 15.0 kips. 

2. Tri al section: In determining a tri al section it is 
convenient to use the table of hanger load capaci
ties found in Manual Part 4 under the heading 
"Hanger Type Connections". Loads P, in kips per 
linear inch, are tabulated for corresponding values 
of b and t1• Although the relationship, a = b/2, 
upon which the stress calculations are based, will 
seldom be true for available rolled sections, the P 
values are adequate for the present purpose. 

The procedure will be to estimate dimension b 
and assume a value of P from which a tri,al thick
ness t 1 will be established. Based on gage G = 5 in., 
b = % - 34 = 234 in. To arrive at a value for P, 
the tributary length w must be assumed. This was 
arbitrarily set at 5 in. which gives a total fitting 
length of lO in. Then, the load P, per linear inch = 
60/10 = 6.0 kips. In the table, on the line for b = 
234, the value of P next higher than 6.0 kips is 6.13 
kips which calls for t1 = Ys-in. 

Try a tee cut from a Wl8X85 beam. This sec
tion has a ftange width of 8Ys in., acceptable for the 
5-in. gage, and a ftange thickness t1 of 0.911 in., 
which is a little on the conservative side. Note also 
that the thickness of the supporting beam flange, 
1.260 in., is greater than the thickness of the tee, 
0.911 in. 

Figure 5-26 shows the geometry of the fitting 
with variables w, d0 , a, t1, and b converted to deci
mals for substitution in applicable Equation (5.3). 
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3. So1ve for Q by Equation (5.3): 

= 15[100 X 2.17 X l2 - 18 X 5 X 0.91 PJ 
Q 10 X 1.82 X l2 + 21 X 5 X 0.9112 

= 15 X 0.663 = 9.95 kips 

F + Q = 15 + 9.95 = 24.95 < 31.42 kips o.k. 

4. Check bending of tee ftange: 

Allowab1e Fb in tee ftange = 0.15F~ ksi (see Speci
fication Sect. 1.5.1.4.3). For A36 stee1, 
.Fb = 27 .O ksi 

[ 
b• é/7 

In the moment diagram above, 

M1 = (F + Q)b - Q(a + b) 

= (24.95 X 2.17) - (9.95 X 3.99) 

= 14.44 kip-in. 

M2 = Q X a = 9.95 X 1.82 

= 18.11 kip in. Governs 

Substituting in the ftexure formula, 

lo= Mcfl 

18.11 X (0.911/2) 
~Í2 X 5 X 0.9113 

= 26.18 < 27 .O ksi o.k. 

S. Use tee cut from WI8X85, 10 in. long with four 
1-in. diam A325 high-strength bolts on 5-in. centers 
and a 5-in. gage. 

Prying Forces-General Considerations 

Rivets and A307 bolts-Structural rivets and A307 bolts 
have long been used in hanger and bracket type connec
tions with no evident distress from prying action. This is 
due in part to the ductile nature of the fasteners and in 
part to the fact that their tension capacities are so lim
ited that connection material of moderate thickness is 
rigid enough to reduce prying action to a minimum. 
Equations similar to those for high-strength bolts are 
not available for rivets and A307 bolts. However, an 
assumed value of Q equal to F/2 will generally provide 
a conservative design. This means simply that the r 1 

value of the fastener should be equal to or greater than 
1.5 times the calculated tensile requirement for the 
fastener. 

.. -, 
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Orientati"on of hangers or brackets-Whether or not the 
we b of a hanger or tension bracket is parallel with that of 
the supporting member does not alter the procedure in 
calculating prying effect. 

l 
r 

- - wP wP 

- -
j , 

Moment brackets-In the case of a moment bracket 
attached with fasteners, prying action should be consid
ered on the pair of fasteners carrying the maximum ten
sile stress. For high-strength bolts, assume w equal to 
the fastener pitch and proceed as for a hanger connec
tion. For rivets and A307 bolts use Q = F/2 and pro
portien fasteners accordingly. 

CONNECTIONs-BOLTED OR RIVETED / 5-23 

Fasteners on four gage lines-On hangers or brackets 
with four gage lines, fasteners on the two outer lines are 
not considered to contribute to the ten sil e capacity of the 
fitting. Use only the inner lines, with a = 2t1• 

Fasteners used al fui/ tensile strength-When the full 
ten sil e strength of fasteners is needed to resist the applied 
teneion force, F, the hRnger or bra.cket ftnnge should be 
designed for twice the bending moment used in com
puting the values for P which appear in the "Hanger 
Type Connection" table in Manual Part 4. This may be 
done by entering the table at twice the b dimension and 
following across to where the P value first exceeds 
2refw. The heading of this column will be the required 11• 

When this doubled b value is beyond the Iimits of the 
table, an alternate approach is suggested, wherein the 
table is entered at the actual value of b. Proceed as be
fore to the P value first exceeding 2r1fw and increase the 
indicated t1 by 40%. Sélection of a rolled or built-up tee 
with t1 values so calculated will provide a fitting for 
which prying action need not be considered. 



"" ' ' .. 



PROBLEMS/CHAPTER 5 

Connections-Bolted or Riveted 

SHEAR IN RIVETS AND A307 BOLTS 

Problem 1-Calculate the allowable single shear values 
of the foitowing fasteners. Check answers by referring 
to tables "Rivets and Threaded Fasteners-Shear" in 
Manual Part 4. 

(a) %-in. A502-1 rivet 
(b) 1-in. A502-1 rivet 

(e) %-in. A307 bolt 
(d) 1-in. A307 bolt 

Problem 2-Calculate the allowable double shear 
values of the following faatenera. Check answers as 
for Problem 1. 

(a) ~~in. A502-1 rivet 
(b) %-in. A502-2 rivet 

(e) %-in. A307 bolt 
(d) %-in. A502-1 rivet 

Problem 3-Referring to tables "Framed Beam Connec
tions-Bolted or Riveted, Table 1" in Manual Part 4, 
check the total shear valuea shown in Tablea 1-AI 
through 1-AIO for the following connections. Use 
A502-1 rivets in the web lega and A307 bolts in the out
standing legs. 

(a) 10 rows, %-in. 
(b) 9 rows, %-in. 
(e) 8 rows, 1-in. 

(d) 7 rows, %-in. 
{e) 6 rowa, 1-in. 
(f) S rows, %'-in. 

Note: Use single and double shear valuea given in tablea 
"'Rivets and Threaded Fasteners-Shear" in Manual 
Part 4. Give values to three significant digits and indi
cate which group of fasteners governa the connection 
value. . 

Problcm 4-Refer to the hanger connection shown in 
Fig. 5-9 of the Text, with a 60 kip load. Using tablea of 
11Rivets and Threaded Fasteners-Shear" in Manual 
Part 4: 

(a) Calculate the number of 1-in. A502-1· riveta re
quired to connect the gusset plate to the back of 
the channel. 

{b) Calculate the number of 1-in. A307-bolts required 
to connect the angles to the gusset. 

(e) Draw a sketch similar to the one appearing in 
Fig. 5-9 of the Text, using the fasténen u calcu
lated in (a) and (b) above. 

BEARING IN RIVETED OR 
BOLTED SHEAR CONNECTIONS 

Problem 5-Calculate the allowable bearing value for 
the following fasteners. lndicate with an 11X" any value 
exceeding the allowable r, for double shear. Check 

l answers by referring to tables "Rivets and Threaded 
Pasteners-Bearing" in Manual Part 4. 

(a) %-in. A502-l rivet bearing on ~-in. thick ma
terial with F, = 36.0 ksi 

{b) Ys-in. A502-1 rivet bearing on "'·in. thick ma
terial with F, = 42.0 ksi 

(e) 1-in. A307 bolt bearing on ~-in. thick material 
with F, = 36.0 ksi 

(d) Ys-in. A502-2 rivet bearing on 0.437 in. thick 
material with F, = 50.0 ksi 

Note: Refer to Appendix A of AISC Specification Sect. 
1.5.2, 11Rivets, Bolts and Threaded Parts," for F, values 
corresponding to the given F, values. 

Problem 6--Refer to tables "Framed Beam Connec
tions-Bolted or Riveted, Table 1" in Manual Part 4 
and verify the total bearing values shown in Tables 1-Bl 
through 1-BIO for the following connections. Note that 
bearing values given in these tables are based on 1-in. 
thick material. 

PS-1 

(a) 2 rows of %-in. fastener& in material with F, = 
36.0 ksi 

(b) 2 rows of 1-in. fasteners 'in material with F, ""' 
36.0 ksi 

' (e) 8 rows of Ys-in. fasteners in material with F, = 
45.0 ksi 

(d) 10 rows of 1-in. fasteners in material with F, == 
36.0 ksi 

(e) 4 rows of %-in. fasteners in material with F, = 
42.0 ksi 

(f) 6 rows of Ys-in. fasteners in material with F, = 
50.0 ksi 

Note: Solve these problema by use of the basic formula 
F11 .,. 1.3SF,, where F11 is the allowable bearing stn:ss 
in ltai. Oive answen to thiee significant digits. 



PROBLEMS / CONNECTJONS-BOLTED OR RIVETED { PS-2 

Problcm 7-What thickness of A36 material (F, = 
36.0 ksi) is requfred to develop the single and double 
shcar values of the following rivets7 Give answers to 
threc decimal places, with equivalent fractional dimen
sions in sixteenths of an inch. 

(a) %-in. A502·1 rivet 
(b) Ji-in. A~02-1 rivet 

(e) :!4-in. A502·2 rivet 
(d) Ji-in. A502-2 rivet 

Problcm 8-ln Problem 4, referring to Fig. 5-9 in the 
Text, a 60.0 kip load was supported by 1-in. A502-1 
rivets connecting the gusset plate to the back of the 
channel and 1-in. A307 volts eonneeting the angles to 
the gusset pfate. Assume that the angle and the web of 
the ehannel are both Vs-in. thiek and that all material is 
A36 steel. Calculate the number of rivets and bolts re· 
quired in these eonneetions if: 

(a) The gusset plate is ~6-in. thiek 

(b) The gusset plate is U-in. thiek. 

Note: Use shear and bearing values from tables of 
"Rivets and Threaded Fasteners" in Manual Part 4. 

HIGH-STRENGTH BOLTED CONNECfiONS 

Problem 9-Calculate the allowable single "shear" 
value of the following high-strength bolts. Give answers 
to two decimal plaees. Refer to tables of "Rivets and 
Threaded Fasteners-Shear" for allowable single shear 
values corresponding to suffix letters F, N and X. 

(a) %-in. A325-F (d) ~-in. A325-N 

(b) Ji-in. A325-F (e) Ji-in. A325-X 
(e) 1-in. A490-F (f) 1-in. A490-N 

Problem 10--Refer to tables "Framed Beam Connec
tions-Bolted or Riveted, Table 1" in Manual Part 4 
and perform the ealeulations necessary to verify the 
shear or bearing values listed for the following high· 
atrength bolted eonneetions: 

(a) Shear value: 8 rows %-in. A325-F 

(b) Shcar value: 8 rows Ys-in. A325-X 

(e) Shear value: 6 rows 1-in. A490-X 

(d) Shcar value: 6 rows 1-in. A490-N 
(e) Bearing value: 8 rows %-in. A32~ in 1-in. thick 

material, F, = 36.0 ksi 
(f) Bearing value: 6 rows 1-in. A32~ in 1-in. tbick 

material, F, -= 45.0 ksi 
(g) Shear value: 4 rows %-in. A490-F 

(h) Shear value: 4 rows ~·in. A325-X 

Problem li-Using data in Fig. PS.I, eale_ulate the 
number of fasteners required to connect the t~ó 91'6-in. 
angles to the gusset plate. Use the following high· 
strength bolts: 

(a) %-in. A325-F 
(b) %·In. A32S-X 

(e) %-in. A325-N 
(d) %-in. A490-F 

Problem 12-Refer to Fig. PS.l and caleulate the number 
of fasteners required to connect the gusset plate to the 
weboftheehannel. Use the following high-strength bolts: 

(a) %-in. ~325-F 

(b) ~-in. A325-X 

(e) Ys-in. A325-N 

(d) %-in. A490-F 

Figure P5.1 

'Jl'ENSION IN FASTENERS 

Problem 13-Caleulate the allowable tension value r, of 
the following fasteners. Check answers by referring to 
tables "Rivets and Threaded Fasteners-Tension" in 
Manual Part 4. 

(a) 1-in. A502-1 rivet 

(b) 1-in. A325 bolt 

(e) l·in. A307 bolt• 

(d) 1-in. A490 bolt 

(e) 1-in. A502-2 rivet 

(f) 1-in. threaded rod, 
A36 material• 

e In calculating tension oa/Uf!l of AJ07 bolll and other threaded 
porll of oarlous F, IJQ/ues, ulf! ten~ile strf!ll arf!a tU dejined 
In A/SC Specificatlon Sect. /.J.2./ and llsted 111 the ~oe 
Manual rf!/f!~. 

·~ . ; 
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Problem 14-Refer to Fig. S-13 in the Text and change 
the number of fasteners from 4 to 6. Calculate the maxi· 
mum permissible value of load P, using the following 
fasteners: 

(a) %-in. AS02·1 rivets 
(b) %-in. A32S bolts 

(e) %·in. A307 bolts 
(d) %-in. A490 bolts 

Note: Use allowable loads from tables "Riveted and 
Threaded Fasteners-Tension" in Manual Part 4. 
For the purpose of this problem, disregard any efl'ect 
prying might have on the fasteners. 

Problem 15-Using the data given in Fig. PS.2, calcu
late tbe maximum load P, in kips, that can be supported 
by the hanger connection. Perform the following: 

2 4 4 

(a) Calculate the capacity of the rivets attaching the 
angles to the tee stem. 

(b) Calculate the capacity of the bolts attaching the 
tee flange to the supporting beam. Assume that 
prying action will increase the tensile load on the 
bolts by SO%. 

(e) Caleulate the bending eapacity of the tee flange. 
(d) Summarize the values from (a) through (e) and 

indieate the limiting value of P. 

Problem l~Using the data given in Fig. PS.3, design 
a welded built-up hanger connection whieh will permit 
use of the fasteners at their ealeulated tension values, 
exeluding the prying efl'ect. Use the method outlined in 
Cbapter S oC the Text, in the paragraph headed "Pasten· 
en used at full tensile strength". 

), 

Molft ASTM ASQ 
Bo#tl: I~AS2S 
Wtlld6' E10XK 

FipnP5.3 
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PROBLEMS / CONNECTIONS-BOL TED OR RIVETED / PS-4 

FASTENERS IN COMDINED 
SHEAR AND TENSION 

Problcm 17-Referring to Fig. P5.4, perform the follow
ing opcrations: 

(a) Cakulatc the number of bolts required to attach 
the brnelng nngle to the gusset plate. · 

(b) Calculate the number of rivets required to attach 
thc gusset plate to the connection angles. 

(e) Calculatc the number of rivets required to attach 
thc connection angles to the column flange. As
sume that prying action will increase the tensiie 
load on the rivets by 50%· 

(d) Calculate the thickness of the connection angles. 

(e) Draw a dimensioned layout of the connection, 
using a sea le of 1 ~ in. = 1 ft. Bill connection 
material and show cutting sketch for nested 
plates. 

(f) Catculate the tensile stress in the gusset plate at 
the first hole in the bracing angle. Scale gross 
width from layout. 

G/ven data: 
1 A/1 moti.· ASTM A36 

Ga•S• j"~A325-F bolts,dlagonal to 
-+---'1_.,.&¿,. • gussef. ¡·,. A502-1 rlvefs, connectlon 

ongles fo gussef ond column 
flonge. 
Spoce rlvel groups SY!""'ttrlcally 
oboul worlf polnls(wp}. 

FiF•P5.4 

ECCENTRIC CONNECTIONS
FASTENERS IN SHEAR ONLY 

Problem 18-Using the data in Fig. P5.5, find the result
ant vatues of/R atthe extreme fasteners in the following 
ways: 

(a) Solve ror maKimum/11 by the method of Eumple 
7 in Chapter 5 of the Text. 

(b) Check the answer by using the tables of eccentric 
loads on fasteners in Manual Part 4. 

(e) Make a graphical construction showing the reac
tionsf¡,/z,/h and/R al the four extreme fasteners. 
A, 8, C and D. Use scale of 1-in. equals 4 kips. 
Compare scaled values of /R for fasteners A and 
B with calculated values from (a). Check scaled 
values of /R for fasteners C and D by a mathe
matical solution. 

l-6 
P•SO.Oicip8 

D 

Figurt P5.5 

-· ... 



'\ PROBLEMS 1 CONNECTIONS-BOL TED OR RJVETED 1 PS·S 

Problem 19-Using the data in Fig. P5.6, find the re· 
sultant force/R at the extreme faste~rs in the following 
ways: 

(a) Solve for ¡, by the method of Example 7 in 
Chapter S of the Text. 

(b) Check the answer by usins the tablea of ccc:entrio 
loada on fasteners In Manual Part 4. 

1'·3 
P• 

~ 
y 111 

11 
1 

_f "\ / 1 ft') 

1 
G) r r"\ "\ r 1 

1 • 
"" rl'\ rl'\ ~ 1 " ' ~' 
.., 

r~ r~ r~ r 
1 

11 
l 

' 21_ c2L 
8 sí 3 

ECCENTRIC CONNECTIONS-FASTENERS IN 
COMBINED SHEAR ANO TENSION 

Problem 20-Using the data in Fig. P5.7 and the several 
fastener specifications listed below, calculate the 
shear and tension stresses in the top row of 
fastener& and compare these values wlth the allowable 
values. Use the interaction formulas of AISC Specifica· 
tion Sect. 1.6.3 for allowable tension values where ap· 
pJicable. Consider prying action on the fa_steners and 
check the bending stress in the tee ftange. 

(a) A325-X bolts (use Case 1 from Text Chapter 5) 

(b) A325-F bolts (use Case 1 from Text Chapter 5) 

(e) A502-l rivets (use Case 1 from Text Chapter S) 
(d) AS02-l rivets (use Case 11 from Text Chapter 5) 

P•~5.01t.ip8 

PcW/8K85 · 

ASTM A3G 
i ·~ fasfeners 

Figvr1P5.1 
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PROBLEMS/CHAPTER 6 

Connections-Welded 

STRESS ES IN CONCENTRICALL Y 
LOADED FILLET WELDS 

Problem 1-Two 6 x %6-in. bars of ASTM A36 steel 
are to be fillet welded as shown in Fig. P6.1. 

(a) Compute the size of fillet weld required, using 
E70XX electrodes. Solve by calculating the num
ber of VI 6 inches of weld size required. Draw a 
sketch and show the weld symbol. 

(b) Investigate the capacity of the bars to resist the 
· stress concentration due to weld. Check the 

answer by use of Table 6A-11 in the Appendix to 
Text Chapter 6. 

\ 

Problem 2-Two Ys-in. thick angles are to be fillet 
welded at heel and toe to the Y2-in. thick stem of a tee 
section, as shown in Fig. P6.2. _All material is ASTM 
A36 steel. 

(a) Compute the size of fillet weld required, using 
E70XX electrodes. Solve by calculating the 
number of VI 6 inches of weld size required. Draw 
a sketch and show the weld symbol. 

(b) lnvestigate the 'capacity of the tee web to resist 
the stress concentration due to weld. Check the 
answer by use of Table 6A-II in the Appendix to 
Text Chapter 6. 

Problem ~Determine the length and size of fillet 
weld required to connect the 7 x Ys-in. bar to ftange of 
column as shown in Fig. P6.3_;: Do not weld fllll width 
of bar unless required by strength. Draw skt·tch and 
show welding symbol. 

P6-1 

The bars are G in. Wldt! ond 
j in. fhic:lc1 ASTM A36 sfee/ 

Fillef weld~ 

·1 423 
Figure P6.1 

Tee nc:fion • skm ~ •fhiclt. 
ASTM A3Q B'leel 

Figure P6.2 

ASTM A3~ sfeel 
E70XX t!lec:frodt!tl 

Figure P6.3 

.. ... . 



Problem 4-Dctermine the length and size of fillet weld 
rcquircd to connect the 7 x YR-in. bar to flanges of 
column as shown in Fig. P6.4. Draw sketch and show 
welding symbot (Note: The theoretical distance of 
7ya in. between ftanges of the W8X48 may vary; see 
Rolling Tolerancea for W shapes under "Standard Mili 
Practice•• in Manual Part l. Por the purpose of thls 
problem it is assumed that the distance is 7~ in.) 

Figure P6.4 

STRESSES IN ECCENTRICALLY 
LOADED FILLET WELDS 

Problem 5-Find size of fillet weld required to connect 
the plate to the face of column in Fig. P6.5. Construct 
a force diagram at the point of maximum stress. Draw 
sketch of connection and show welding symbol. 

A - -, 
g•, 

¡, 

. 

C:tll " :- E" 
,, - .... 

~.:; 
~~ 

·-~-

\_IPL I•S•t!tf. 

ASTM A 3Q t1fe6/ 
l E 10 xr el•efro 

' 
Fígur•P6.5 

.,. 
PROBLEMS 1 CONNECTIONS-WELDED 1 P6-l 

Problem 6-Find required size of fillet weld to fasten 
the end connection angles to the beam web, based on 
data shown in Fig. P6.6. Check answer by use of tables 
"Eccentric Loads on Weld Groups" in Manual Part 4. 
Construct force diagram at point of maximum stress. 

. 2·lL -

j 3 

""1111 
11) ,, ..... 

W24r84 -=-

Enci Qeacfíon • SOkips 

ASTM A3~ gfee/ 
Welcis: E10 XX 

Figure P6.6 

Problem 7-For the connection shown• in Fig. P6.7: 

(a) Determine size of fillet welds required to connect 
the plate to the face of column, welded as shown. 
Solve by means of the eccentric load tables in 
Manual Part 4. 

(b) Calculate the required thickness of plate. 
(e) Draw a sketch of the connection. 

¡.....-_ _.:f'....;·4~---~"' 
9-
~ 

Figure P6.7 

iii 

W/41184 

ASTM A3Q trf•• 
W•ld6' E70X~ 



Problcm 8-Referring to Fig. P6.7, by welding along 
the top and bottom edges of plate in addition to the 
vertical cdges, the plate size can be decreased. 

(a) Determine the length of plate required, using the 
mínimum size fillet weld permitted by Sec:t. ' 
1.17 .S of the Spec:ification. (Sug¡estion: Try a 
plate 13 in. long.) 

1 
,.....--

. .V'v 
1 J 

2 
...--

ji'\_ 
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l ~2·8 

/ ~-2·8 
1 

Show w.ldtl on Pktn V1ow 
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PROBLEMS / CONNECTIONS-WELDED / P6-3 

(b) Calculate the required thickness of plate. 
(e) Draw a sketch of the connection. 

WELDING SYMBOLS 

Problem 9-Make a sketch of each joint shown in Fig. 
P6.8, indicating what each welding symbol means by 
addlng requlred welda, dlmenslons, and notes. 
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1 1 

1· 
2G 

·1 

1 
¡Ti 2·8 

1 / -V2·B 

Show welds on Plon V1~w 
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PROBLEMS/CHAPTER 7 

Framed and Seated Beam Connections-Bolted or Riveted 

FRAMED BEAM CONNECI'IONS (Wl4 X 34), using framing angles shop bolted to the 
ends of the beam. 

In this chapter, all beams refer to the ftoor plan in Fig. 
P7 .1, unless otherwise noted. 

Problem ·1-Select the end connections for beam A 

Problem 2-lf% -in. A307 bolts are used in place of the 
~-in. A307 bolts in Problem 1, will the samé 3-row 
connection frÓm Table 1 be adequate? 

o 
fO 

o o 
"ti -~ 

o e¡, 

1'2'0 . ,,.·o . 
Q)f:W8•48 

®w3o•loa ® W/~1136 ®ÍWIO<GO 
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11) .. -C\1 
3::: 
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' 0 W/4•34 

® W/6rc6 ® W16•26 
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(-41 J (-4#) 

'lt 'lt 0 Wl4•34 ~ G) .. .. 
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,... 
(-4tJ ' "' 3::: 3:: 

®w1Gr26 ® ® W16•26 6) 
(-4lJ (-4#) 0 W14•34 

(-4lJ 
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Connecfion of al/ beams fo be designed lo St.Jpporf 
one·hal~ fhe fofo/ uniform load capqcifr:l shown i'n 
fvble• for Al/owable l.oads m 8eomlt in AISC Manual 
of ~/ CrNisfrucfian. 
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Problcm J-Sclcct the cnd conncctions for bcnm n 
(W24 X 84), using framing anglcs shop boltcd to the ends 
of the beam. 

Problém 4-Same as Problem 3 except the reaction is 
SS kips. 

Problem S-Same as Problem 3 except wlth another • 
W24 X 84 beam framing opposite, as shown in Fig. 
P7.2. 

WSO~t/08 

Figure P7.2 

Problem 6-Same as Problem S except the supporting 
beam is W27X84 instead of W30X 108. 

Problem 7-Same as Problem S except the reactions are 
SS kips. 

Problem 8-Same as Problem 6 except the reactions are 
SS kips. 

Problem 9--Select the connection for beam C (W30X 
108) to column 4, using framing angles connected as 
shown in Fig. P7.3. Determine the gage in the web leg 
of the connection angles. 

,

325 shop bolts 

~~~~ ~1----~ WS0•/08 

A325 f'leld bolfs 

Figure P7.3 

Problem 10-Same as Problem 9 except use %· 
in. A32S bolts in a ·rriction-type connec~ion, for 
both shop and field fasteners. 

l'ruhll-m 1 t Snmc ns l'rohlcm Q cxccpt use J. N-'"· 
AJ25 bolts in a bcaring-typc conncction with threads 
cxcludcd from shcar planes, for both shop and field 
fasteners. 

Problcm 11-Same as Problem 9, exccpt use %-in. 
A325 bolts In B bearlns·type connection whh threads 
excluded from shear planes, for both shop and field 
fasteners. 

Problem 13-A W24 X 120 beam with an end reaction of 
190 kips connects toa W30X 172 girder. Select the re
quired connection, using framing angles shop riveted 
to the W24 with Ys-in. A502-1 rivets and field bolted to 
the W30 with Ys-in. A325 bolts in a friction-type connec· 
tion. Tops of beams are flush and all steel is ASTM 
A36. Determine the gages and size of angles. 

Problem 14-Same as Problem 13 except change the 
reaction to 140 kips. 

Problem 15-Design the connection for a W27X94 
beam to a WI4X 142 column, using framing angles, as 
shown in Fig. P7.4. The W27X94 is uniformly loaded 
on a 16-ft span. Main material is ASTM A572 grade 
50 steel and detail material is ASTM A36 steel. Fasten
ers are A490 bolts in bearing-type connections with 
threads excluded from shear planes, of the diameters 
called for in Fig. P7 .4. Determine the gage in the web 

11\1 
~ 
" W271t94 ~ 1--~d--f -;;;;;;:;¡::;:;;;;_ __ ....:.:.=....:,~;:_--

~ ¡·~ f'ield bolfs 
i •; shop bolfs 

Figure P7.4 

legs of the connection angles and the size of angles, 
based on fasteners lining up on the same gage lines (not 
staggered).· 

Problem 16-Same as Problem 1 S except span of 
W27 X94 beam is 20ft. 

UNSTIFFENED SEATED CONNECTIONS 

Problcm 17-Design the end connection for beam A 
(WI4X34), using a seat angle shop bolted to the web of 
the W24X94. Draw a sketch of the connection, similar 
to Fig. 7-16 in the Text. 

Problcm 18-lf %-in. instead of Ys-in. A307 bolts are 
used in the seat angle in Problem 17, will the Type E 
connection with 6 bolts be adequate? 

... 
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PROBLEMS 1 FRAMED ANO ~EATED BEAM CONNECTIONS-BOLTED OR RIVETED 1 P7·3 

Problcm 19-Dcsign the conncction of beam D (W21 X 
55) to column 4, using a seat angle .shop bolted to the 
web of the column. Draw a sketch of the connection, 
similar to Fig. 7-17(b) in the Text. 

rroblcm 20-lf %-in. instead of Ys-in. bolts are used in 
• the aeot nngle In Problem 19, wlll the Type C con

nection with 6 bolts be adequate? 

Problení 21-Design the connection of beam E (Wl6X 
36) to column 3, except add a Wl6X36 beam connect
ing at the same elevation and with the same reaction to 
the other side of the column, as shown in Fig. P7 .S. Use 

jrWB•40 
@ ---..;.W~~~G;.;.r.:;ii.:G__ W /Gw3G 

(tG'spanJ (IG'span} 

Figure P7.5 

seat angles shop fastened to the web of the column with 
}~·in. A502-l rivets. Draw a sketch of the connection, 
similar to Fig. 7-17(b) in the Text. 

Problem 22-Same as Problem 21, except change the 
reaction to ·23 kips and use %-in. AS02-1 rivets in the 
seat angle. 

Problem 23-Design the connection ofa WI6X45 beam 
to the web of a Wl2 X 65 column as shown in Fig. P7 .6, 

h--tWI2•G5 

Figure P7.6 

using unstiffened seat fastened to the column with %
in. A490 bolts in a bearing-type connection with threads 
excluded from the shear planes. The reaction is one
half the allowable uniform load for the 16-ft span. Main 
material is ASTM A572 grade 50 steel and detail ma
terial is ASTM A36 steel. Draw a sketch of the connec
tion similar to Fig. 7-17(b) in the Text. 

Problem 24-Same as Problem 23 except the WI6X45. 
is on an 18-ft span and fastener& are ~-in. A490 bolts 
in a friction-type connection. 

STIFFENED SEATED CONNECTIONS 

Problcm 25-Design the conncction of hcam 1' (W3W/. 
108) to column l, using a stiffened scatcd connection. 
Draw a sketch of the connection, similar to Fig. 7-22 
in the Text. 

Problem 2~Same as Problem 25 except change the 
reaction to 85 kips and use %~in. A325 bolts in a fric· 
tion-type connection. Draw a sketch of the connection. 

Problem 27-Design the connection of beam G (W24 X 
94) to column 6, using a stiffened seated connection. 
Draw a sketch of the connection. 

Problem 28-Same as Problem 27 except change the 
reaction to 90 kips and use 1-in. A325 bolts in a friction
type connection. Draw a sketch of the connection. 

Problem 29-Design the connection of two W24X68 
beams to the web of a W8 X 35 column 11s shown in 
Fig. P7.7, using a Type B stiffened seated connection. 
Draw a sketch of the connection. 

A3G sfeel 
¡·~ A502-l nvefs , 
Tóp oF beams· Elev. +!O·O 

Figure P7.7 

Problem 30-Same as Problem 29 except use 1-in. 
AS02-I rivets. Draw a sketch of the connection. 

Problem 31-Design the connection of two W36X 135 
beams to the web ofa WI4X87 columnas shown in Fig. 
P7 .8. Draw a sketch of the connection. 

Problem 31-Same as Problem 31, except the beams are 
W36X 1 SO and the span is 36 ft. Stiffener angles are 
AS72 grade 50 steel. 

±
/41187 

W3G~t 135 W3Gri3S 
( Spon 30') ( Spon 30') 

Top of beoms • Elev 20:0 
Goge m colvmn web • S~ in 
Moin Mafer¡o/: ASTM A572 grade SO 
Defotl M~rta/: ASrM A3G 
Fasfeners: ¡ ., A 490 bolfs in 
bt!oring fype conns. • fhread6 
t~~tt:luded f'rom sheet- planes. 

FigurtP1.8 
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PROBLEMS/CHAPTER 8 

Framed and Seated Beam Connections-Welded 

FRAMED BEAM CONNECTIONS 

In this chapter, all beams, unless otherwise noted, refer 
to the floor plan in Fig. P7 .1, Problems/Chapter 7. 

Problem 1-Select the end connections for beam A 
(WI4X34), using framing angles shop welded to the 
Wl4 with E70XX electrodes and field bolted to the sup
porting beam with %-in. A307 bolts. 

Problem 2-Same as Problem 1, except change reaction 
to 35 kips and use Ys-in. A307 bolts. 

Problem 3-Select the connection of beam H (WI6X26) 
- to beam B (W24X84), using framing angles shop 

welded to the Wl6 with E70XX electrodes and field 
bolted to the W24 with Ys-in. A307 bolts. 

Problem 4-Same as Problem 3 except change reaction 
to 29 kips and use %-in. A307 bolts. 

Problem 5-Select the connection of beam B (W24 X 84) 
to beam F (W30X 108), using framing angles shop 
welded to th'e· W24 with E70XX electrodes and field 
bolted to the W30 with %-in. A325 bolts in a friction
type connection. 

Problem (p Same as Problem s· except use ~-in. _A307 · 
bolts. '~·:·'~ · ·~- · ·; · ' · · · · 

< :¡ . ~~ ' : . ' \ 

~ ' ,. " • 1' 
• .,.,, 1,1 

Top of~feel 
of elevof1on 
nofed fhv8 
(60~0) 

Moin Moferia/: ASTM AS1Z ~50 
O.h:Ji!Mal'e,-,o/: ASTM A~ 

Pigr111 PB. 1 

( ' \ ~ 

~ ' 1 
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Problem 7-Select the connection for the W24X 100 
beams shown in Fig. P8.1, using framing angles shop 
welded to the W24 with E70XX electrodes and field 
bolted to the W36 with %-in. diameter A490 bolts in a 
bearing-type connection with threads excluded from 
shear planes. 

Problem 8-Same as Problem 7 except the span of the 
W24 X 100 beams is 22 ft. 

Problem 9-Select the connection ofbeam C (W30X 108) 
to column 4, using framing angles shop welded to the 
column with E70XX electrodes and field bolted to the 
W30 with Ys-in. A325 bolts in a bearing-type connection 
with threads in shear planes. 

Problem 10-Same as Problel)l 9 excep~ use. %-in.< 
A325 bolts in a bearing-type con~ection with threaqs; 
in shear planes, and change the size of column to. 
WI2X65. 

'' 
Problem ii -Select the connection' of beam G (W24 X: ''' 
94) to column 3, using framing angles. shop welded to 
the column with E70XX electrqd~s. ~11d field bolted to 
the W24 with Ys-in. A325 bolts in 'a f~iction-type con
nection. 

Problem 12-Same as Problem , 11 ~ except use 1-in. 
A325 bolts in a friction-type connection, with a reac
tion of 110 kips. 

Problem 13--Select the connection for the W33 X 130 
beam shown in Fig. P8.2, using framing angles ·shop · 
welded to the column with E70XX electrodes and field 
bolted to the W33 with %-in. ,diam. A490 bolts in a 
bearing-type connection with threads excluded from 
sbear planes. · . . . . · ' :· -, vr • 

Main Mofrm"ol: ASTM AS1Z Grode 50 
t»foil Mafer/aJ: ASTM A3G , .. : -:,: ;.-·J;'.···-:~.: 

,t ' 1 • :.: '- : • - l - 1 b ','; ·. '\~ 

Figur1 P8.2 , . 

. ' . ' 
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PROBLEMS / FRAMED ANO SEATED BEAM CONNECTIONS-WELDED [ P8-2. 

Hro-x4_9------~~~~-------W271194 
(24'5pcnJ 

Main M(J!eri(J/' ASTM 672 Grodt150 
Oefoil M(Jfer/a/ 1 ASTM .436 

Figur~ P8.3 

Problem 14-Select the connection for the W27X94 
shown in Fig. P8.3, using framing angles shop welded 
to the column with E70XX electrodes and field bolted 
to the W27 with %-in. diam. A490 bolts in a bearing
type connection with threads included in shear planes. 

Problem 15-Select the connection of the WI2X 14 
beam to the WI4X38 girder shown in Fig. P8.4. Use 
framing angles shop welded to the WI2X 14 and field 
welded to the Wl4X38 with E70XX electrodes. 

W/21t 14 
n:zJc 17.21< 

Al/ beams flush fop 
A3G sfee/ 

Figure P8.4 

Problem 1&---Select the connection of the WI2X27 
be a m to the WI6 X 50 girder shown in Fig. P8.5. Use 
framing angles shop welded to the Wl2 X 27 and field 
weldcd to the WI6X50 with E70XX electrodes. 

Problem 17-Select the connection of beam H (WI6X 
26) to beam B (W24X84), using framing angles shop 
wcldcd to the Wl6 and field welded to the W24X84 with 
E70XX electrodes. 

Problcm 18- Sa me as Problem 17 except the reaction is 
half the allowable uniform load for the 10-ft span. 

Problem 19-Select the connection of beam D (W21 X 
55) to column 1, using framing angles shop welded to 
the beam and field welded to the column with E70XX 
electrodes. Main material is ASTM A572 grade 50 and 
detail material is ASTM A36. 

Problem 20-Select the connection of beam B (W24 X 84) 
to beam F (W30X 108), using framing angle& shop 
welded to the W24 and field welded to the W30 with 
E70XX electrodes. Main material is ASTM A572 
grade 50 and detail material is ASTM A36. 

UNSTIFFENED SEATED CONNECTIONS 

Problem 21-Design the end connection for beam A 
(WI4X34) to beam G (W24X94), using a seat angle 
shop welded to the W24 with E70XX electrodes. Tbe 
beam is to be field bolted to the side angle with %-in. 
A307 bolts. Befare making calculations, draw ·a sketch 
to determine the space available for the seat angle. 

Problem 22-Same as Problem 21 except the reaction is 
30.0 kips. 

Problem 23-Design the connection of beam H (WI6X 
26) to beam J (W27X94), using a seat angle shop 
welded to the W27 with E70XX electrodes. The beam is 
to be field bolted to the side angle with %-in. A307 
bolts. Befare making calculations, draw a sketch to de
termine the space available for the seat angle. 

Problem 24-Same as Problem 23 except reaction is 
19.0 kips. 

Problem 25-Design the connection of beam E (Wl6X 
36) to column 2, using a seat angle shop welded to the 
column with E70 electrodes. The beam is to be field 
welded to the seat and top angles. Determine tbe 
width to which the bottom flange of the W16X36 must 
be cut and draw a sketch showing the bottom ftange 
cuts. 

W/2tt21 W12x27 
zolc zolc 

Al/ b«Jm8 fiu11h fop 
A3Q sf-eel . 

Figur• P8.5 
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Problcm 26-Same as Problem 25 except the reaction 
is 19.5 kips and the column is a Wl2X65. 

Problcm 27-Dcsign the connection or a W21 X 55 
bcam to the flangc of a WI4X87 column, using a seat 
nnglc shop wcldcd to the column with E70XX electrodes. 

• The beam is uniformly loaded on a span or 24 ft, Main 
material ls ASTM A572 grade 50 steel and detail ma
terial is ASTM A36 steel. The beam is to be field bolted 
to the seat and top angles with %-in. A307 bolts. The 
gage in the beam flanges is SY:í in. 

Problcm 28-Same as Problem 27 except the beam 
is WI6X40. Use a 3Yz-in. gage in the beam flanges. 

STIFFENED SEATED CONNECTIONS 

Problem 29-Design a two-plate wetded stiffened seat 
to connect a W24X84 beam toa WI4XI58 columnas 
shown in Fig. P8.6. The beam is to be field welded to 
the seat and top angles. Use E70XX electrodes. Draw a 
sketch of the connection similar to sketches accompany
ing examples preceding Table VIII in Manual Part 4. 

Wl4~tl5~ 
------~w~z~~-~~~s~4 ____ __ 

Gs.sk 

A8Q, sfeel 

Figure P8.6 

Problem Jo-Same as Problem 29 ext4pt the reaction 
is 85 kips. 

Figure P8.7 

Problem 31-Design a two-plate welded stiffened seat 
to connect a W21 X 55 beam to a Wl4X 103 column as 
shown in Fig. P8.7. Use E70XX electrodes. The beam 
is to be field bolted to the seat and top angles with Ys· 
in. A325 bolts. Draw a sketch of the connection similar 
to sketches accompanying examples preceding Table 
VIII in Manual Part 4. Use a 5~-in. gage in the beam 
flanges. 

Problem 32-Same as Problem 31 except reaction is 
57 kips. 

Problem 33-Design a two-plate welded stiffened seat 
to connect beam F (W30X 108) to column 2 (Fig. 
P7 .1 ), except use ASTM A572 grade 50 steel for the 
main material. Detail material is ASTM A36. The 
beam is to be bolted to the seat and top angles. Draw 
sketch of connection similar to sketches accompanying 
examples preceding Table VIII in Manual Part 4. 

Problem 34-Same as Problem 33 except tbe reaction is 
1.50 kips. 

. ' . ' 



.. . " 
IS 

SOLUTIONS/CHAPTER 5 

Connections-Bolted or Riveted 
SI-IEAR IN RIVETS AND A307 BOLTS 

Problem 1-The allowable single shear value of a 
fastener is expressed by the formular, = F, X Aa. 

(a) %-in. A502-1 rivet: r, = 15.0 X 0.4418 
= 6.63 kips 

(b) 1-in. ·A502-1 rivet: r, = 15.0 X 0.7854 

(e) %'-in. A307 bolt: 

(d) 1-in. A307 bolt: 

= 11.78 klps 

r, = 10.0 X 0.4418 
= 4.42 klps 

r, = 10.0 X 0.7854 
= 7.85 klps 

Problem 2-The allowable double shear value of & 

fastener is expressed by tbe formular, = 2(F, X A6). 

(a) ~-in. A502-1 rivet: r, = 2(1 5.0 X 0.6013) 
= 18.04 kips 

(b) ~7in. A502-2 rivet: '• = 2(20.0 X 0.6013) 
= 24.05 kips 

(e) ~-in. A307 bolt: r, = 2(10.0 X 0.6013) 
= 12.03 klps 

(d) %-in. A502-1 rivet: r, = 2(15.0 X 0.4418) 
= 13.25 klps 

Problem 3-Shear values of "Framed Beam Connec· 
tions-Bolted or Riveted, Tahle 1" in Manual Part 4 are 
verified as follows: 

(a) 10 rows of %'-in. fasteners (Table 1-AIO): 
.._. Wcb lcgs (A502-1 in D.S.): 10 X 13.25 .,. 133 klps 

Outstanding lcgs (AJ07 in S.S.): 
20 X 4.42 = 88.4 kips (govcrns) 

(b) 9 rows of %-in. fasteners (Table I-A9): 
Web legs (A502-I in D.S.): 9 X 18.04 ... 162 klps 
Outstanding legs (A307 in S.S.): 

18 X 6.01 = 108 kips (governs) 

(e) 8 rows of 1-in. fasteners (Table l-AS): 
Web legs (A502-1 in D.S.): 8 X 23.56 = i88 klps 
Outstanding legs (A307 in S.S.): 

16 X 7.85 = 126 kips (governs) 

(d) 7 rows of %-in. fasteners (Table I-A7): 
Web legs (A502-1 in D.S.): 7 X 13.25 = 92.8 klps 
Outstanding lega (A307 in S.S.): 

14 X 4.42 • 61.9 klps (govems) 

ss-u 

(e) 6 rows of 1-in. fasteners (Table I-A6): 
Web Iegs (A502-I in D.S.): 6 X 23.56 = 141 klps 
Outstanding legs (A307 in S.S.): 

12 X 7.85 = 94.2 kips (governs) 

(f) S rows of %'-in. fasteners (Table l-AS): 
Web legs (A502-I in D.S.): S X 13.25 = 66.3 klps 
Outstanding legs (A307 in S.S.): 

10 X 4.42 = 44.2 kips (governs) 

Problem 4-Refer to the hanger connection shown in 
Fig. 5-9 in the Text. Use the 60 kip load. 

(a) The required number of 1-in. A502-l rivets, based 
on the single shear value of 11.78 kips, is 60/11.78 
= 5.1 ; use 6 rivets. 

(b) The required number of 1-in. A307 bolts, based on 
the double shear value of 15.71 kips, is 60/15.71 = 
3.8; use 4 bolts. 

(e) The sketch of this connection (reqUired, but not 
shown) is the same as shown in Fig. 5-9 of the 
Text, except that 6 instead of 4 rivets will be used 
to connect the gusset plate to the channel web and 
4 instead of S bolts will be used to connect the 
angles to the gusset plate. 

BEARING IN RIVETED OR BOLTED 
SHEAR CONNECTIONS 

Problem 5-The allowable bearing value of a fastener 
is exprcssed by thc formular, = 1 X fastener diamcter 
X F,, whcrc t is thc thickncss of material and F, is the 
allowable bearing stress corresponding to the F, value 
of tbe material. 

(a) %-in. A502-1 rivet in 34-in. material, F, = 36.0 ksi: 
F, = 48.6 ksi 
r, = 0.25 X 0.1S X 48.6 = 9.11 klps 

(b) ~-in. A502-1 rivet in %-in. material, F, = 42.0 ksi: 
F. = 56.7 ksi 
r, = 0.375 X 0.875 X 56.7 = 18.6 klps (X) 

(e) 1-in. A307 bolt in 31í-in. material, F, = 36.0 ksi: 
F, - 48.6 ksi 
r, • 0.5 ~ A .O X 48.6 ... 24.3 klps (X) 
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SOLUTIONS / CONNECTIONS-BOLTED OR RIVETED { SS-l 

(d) Ys-in. A502-2 rivet in 0.437 in. matl., F, = 50 ksi: 
F, = 67.5 ksi 
r, = 0.437 X 0.875 X 67.5 = 25.8 klps (X) 

Since the table does not permit direct reading of 
the bearing on a 0.437 in. thickness, use the 
value for 1-in. thick material and multiply by 
the given thlckness to verlfy thls last r, value: 
59.1 X 0.437 = 25.8 kips o.k. 

Problcm 6-The bearing value of a connection is the 
number of fasteners X fastener diameter X material 
thickness X F,, where F, = 1.35F,. In this problem the 
material thickness is 1-in. for all cases. 

(a) 2 rows of %-in. fasteners, F, = 36.0 ksi (Table 
I-B2): 

2 X %' X 1 X 1.35 X 36.0 = 72.9 kips 

(b) 2 rows of 1-in. fasteners, F, = 36.0 ksi (Table 
I-B2): 

2 X 1 X 1 X 1.35 X 36.0 == 97.2 klps 

(e) 8 rows of Ys-in. fasteners, F, = 45.0 ksi (Table 
l-BS): 

8 X Ys X 1 X 1.35 X 45.0 = 425 klps 

(d) 10 rows of 1-in. fasteners, F, ... 36.0 ksi (Table 
1-BlO): 

1 O X 1 X 1 X 1.35 X 36.0 = 486 klps 

(e) 4 rows of %-in. fasteners, F, == 42.0 ksi (Table 
I-B4): 

4 X %' X 1 X 1.35 X 42.0 = 170 klps 

(f) 6 rows of Ys-in. fasteners, F, = 50.0 ksi (Table 
I-B6): 

6 X Ys X 1 X 1.35 X 50.0 = 354 klps 

Problcm 7-The bearing value of a fastener in material 
of a given F, value can be expressed as 1 X the bearing 
value of the fastener in a 1-in. thickness ofthat material. 
Equating this to the single shear value of the fastener, 
r, ""' 1 X bearing in l:in. material, and rearranging, 

Required 1 = . . '• 
Bearmg m 1-in. material 

results in a value of t for which the bearing vaiue of the 
given material equals the shear value of the fastener. 
Likewise, in the equation 

Required 1 = 2
'• 

Bearing in 1-in. material 

1 is the thickness of the given material whose bearing 
value will equal the double shear value of the fastener. 
Refer in Manual Part 4 to tables "Rivets and Threaded 
Pasteners-Shear" for single and double shear fastener 
values, and to tablea "Riveta and Threaded Fastener&-

Bearing" for bearing values in 1-in. thick material of 
\1 \1 

the specified P, value. 

(a) %-in. A502-1 rivet: 
Por single shear, 1 = 6.63/36.5 = 0.182 in.; 3!t 6-ln. 
For double shear, t = 13.25/36.5 == 0.3631n.; %·In. 

(b) ~-In. A502·1 rivet: 
For single shear, t == 9.02/42.5 "" O.lllln.; 1,4-ln. 
For double shear, t == 18.04/42.5 = 0.4241n.; 7,1¡ 6• 

In. 

(é) %-in. A502-2 rivet: 
Por single shear, t = 8.84/36.5 = 0.242 in.; lf.s-in. 
For double shear, t = 17.67/36.5 = 0.484 in.; l!z-in. 

(d) Ys-in. A502-2 rivet: 
Por single shear, 1 = 12.03/42.5 = 0.283 in.; Slts-in. 
For double shear, t = 24.05/42.5 = 0.566 in.; %-in. 

Problem 8-Refer to the hanger connection in Text Fig. 
5-9. Load is 60.0 kips. Angle and channel web thickness 
is ~-in. All material is A36 steel. 1-in. A502-1 rivets 
connect the gusset plate to the channel and 1-in. A307 
bolta-connect the angles to the gusset plate. 

· (a) Gusset plate is ~6-in. thick: 
Connection of gusset plate to web of channel: 

Single shear value of 1-in. rivet = 11.78 kips 
(governs) 

Bearing of 1-in. rivet on ~-in. material = 18.2 
kips 

Number of rivets required = 60/11.78 == S.l; 
use 6 rivets 

Connection of angles to gusset plate: 
Double shear value of 1-in. A307 bolt = 

15.71 kips (governs) 
Bearing of 1-in. bolt on ~6-in. material = 

21.3 kips 
Number of bolts required = 60/15.71 = 

3.8; use 4 bolts 

(b) Ousset plate is U-in. thick: 
Connection of gusset p1ate to web of channel: 
Single shear value of 1-in. rivet = 

11.78 kips (governs) 
Bearing of 1-in. rivet in ~-in. material = 

12.2 kips 
Number of rivets required = 60/11.78 ""' 

5.1 ; use 6 rivets 
Connection of angies to gusset plate: 

Double shear value of 1-in. A307 bolt = 
15.71 kips 

Bearing of 1-in. bolt on ~-in. material .,. 
12.2 kips (governs) 

Number of bolts required "" 60/12.2 -
4.92; ose 5 bolts 

.. 
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SOLUTIONS / CONNECTIONS-BOLTED OR RIVETED / SS-3 

IIIGH STRENGTH DOLTED CONNECI'IONS 

Problcm 9-The allowable single "shear" value of high 
strength bolts may be ealculated by the formula '• ... 
F, X Ao. 

(a) %-in. A325-F: 
r, = 15.0 X 0.4418.,. 6.63kips 

(b) Ys-in. A325-F: 
r, = 15.0 X 0.6013 = 9.02 klps 

(e) 1-in. A490-F: 
r, = 20.0 X 0.7854 = 15.71 kips 

(d) %-in. A325-N: 
r, := 15.0 X 0.4418 = 6.63 kips 

(e) Ys-in. A325-X: 
r, = 22.0 X 0.6013 = 13.23 klps 

(f) 1-in. A490-N: 
r, = 22.5 X 0.7854 = 17.67 kips 

Problcm 10-The values shown in the tables "Framed 
\ Beam Connections-Bolted or Rivcted, Table 1'' in 
J Manual Part 4 may be verified as follows: 

(a) Shear value, 8 rows Ys-in. A325-F: 
Outstanding legs (S.S.): 16 X 9.02 = 144 klps 
Web legs (D.S.): 8 X 18.04 = 144 klps 

(b) Shear value, 8 rows Ys-in. A3251X! 
Outstanding legs (S.S.): 16 X 13.23 = 212 klps 
Web legs (D.S.): 8 X 26.46 = 212 kips 

(e) Shear value, 6 rows 1-in. A490-X: 
Outstanding legs (S.S.): 12 X 25.13 = 302 klps 
Web legs (D.S.): 6 X 50.27 = 302 kips 

(d) Shcar va1ue, 6 rows 1-in. A490-N: 
Outstanding legs (S.S.): 12 X 17.67 = 212 kips 
Wcb legs (D.S.): 6 X 35.34 = 212 kips 

. (e) Bcaring va1ue, 8 rows Ys-in. A325 in 1-in. thick ma
terial, Fr = 36.0 ksi: 

For F, = 36.0 ksi, FP = 48.6 ksi 
Required value = ~ X Ys X 48.6 = 340 kips 

(f) Bcaring value, 6 rows 1-in. A325 in 1-in. thiek ma• 
terial. F, = 45.0 ksi: 

For Fv = 45.0 ksi, FP = 60.8 ksi 
Required value = 6 X 1 X 60.8 = 365 klps 

(g) Shear value, 4 rows %-in. A490-F: 
Outstanding legs (S.S.): 8 X 8.84 = 70.7 klps 
Web 1cgs (D.S.): 4 X 17.67 = 70.7 klps 

(h) Shear value, 4 rows %-in. A325-X: 
Outstanding legs (S.S.): 8 X 9.72 = 77.8 klps 
Web legs (D.S.): 4 X 19.44 - 77.8 klp111 

Problcm 11-The number of fasteners required to con
nect the angles to the gusset plate may be ealculated as 
follows: 

(a) %-in. A325-F: 
Double shear value of one fastener = 13.25 kips 
Number of bolts required = 70/13.25 .., 5.3; 

use 6 bolts 

(b) %-in. A325-X: 
Double shear value of one fastener = 19.44 kips 
Bearing value of one fastener on the ~ 6 -in. plate = 

11.4 kips (governs) 
Number of bolts required = 70/11.4 = 6.1; 

use 7 bolts 

(e) %-in. A325-N: 
Double shear value of one fastener = 13.25 kips 
Bearing value of one fastener on the ;{6-in. plate 

= 11.4 kips (governs) 
Number of bolts required = 70/11.4 = 6.1 ; 

use 7 bolts 

(d) %-in. A490-F: 
Double shear value of one bo1t = 17.67 kips 
Number of bolts required = 70/17.67 = 4.0; 

use 4 bolts 

Problem 12-The number of fasteners required to eon
nect the gusset plate to the ehannel web may be ealeu
lated as follows: 

(a) Ys-in. A325-F: 
Single shear value of one bolt = 9.02 kips 
Number of bolts required = 70/9.02 = 7.8; 

use 8 bolts 

(b) Ys-in. A325-X: 
Single shear value of one bolt = 13.23 kips' 
Bearing value of one bolt on the ~-in. channel 

web = 10.6 kips (gover'ns) 
Number of bolts required = 70/10.6 = 6.6; 

use 7 bolts 

(e) Ys-in. A325-N: 
Single shear value of one bolt = 9.02 kips (governs) 
Bearing value of one bolt on the ~-in. ehannel 

web = 10.6 kips 
Number of bolts required = 70/9.02 = 7.8; 

use 8 bolts 

(d) Ys-in. A490-F: 
Single shear value of one bolt = 12.03 kips 
Number of bolts required ""' 70/12.03 .,. S.8; 

use 6 bolts 
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TENSION IN FASTENERS 

Problem 13-The allowable tension value of fastenen 
may be ealculated by the formula r, = F, X A •• 

(a) 1-in. A502-1 rivet: 
,, = 20.0 X 0.7854 "" 15.71 klps 

(b) 1-ln. A325 bolt: 
r1 = 40.0 X 0.7854 = 31.42 klps 

(e) 1-in. A307 bolt: 
r, = 20.0 X 0.6057 = 12.11 kips 

(d) 1-in. A490 bolt: 
r, = 54.0 X O. 7854 = 42.41 klps 

(e) 1-in.' A502-2 rivet: 
r, = 27.0 X 0.7854 = 21.21 klps 

(f) 1-in. threaded rod, A36 material: 
r, = 22.0 X 0.6057 = 13.33 klps 

Problem 14-The maximum permissible load, P, for the 
hanger eonnection of Fig. 5-13 in the Text, using 6 

)rasteners of the types specified, may be caleulated as 
follows (the elfect of prying action is not considered): 

(a) Ys-in. A502-l rivets: 
P = 6 X 12.03 = 72.1 kips 

(b) Ys-in. A325 bo1ts: 
P = 6 X 24.05 = 144 klps 

(e) Ys-in. A307 bolts: 
P = 6 X 9.23 = 55.4 klps 

(d) Ys-in. A490 bolts: 
P = 6 X 32.47 = 195 kips 

Problem 15-Calculations used to determine the maxi
mum eapacity, P, in kips, of the given hanger connec::
tion are as follows: 

(a) Value of three Ys-in. A502-l rivets attaching the 
hanger angles to the tee stem: 

r, (D.S.) = 18.04 kips; 

r, (Bearing) = 15.9 kips; 

P = 3 X 18.04 
= 54.1 kips 

P = 3 X 15.9 
= 47.7 kips 

(b) Value of six Ys-in. A307 bolts attaching the tee to 
the supporting beam: 

From the table "Rivets -'arÍd Threaded Fast
eners-Tension" in Manual Part 4, the tensile 
capacity, r, of one sueh fastener is found to be 
9.23 kips. Using thc nomenclature for problems 
in prying action (from "Hanger Type Connee
tions" in Manual Part 4) where F and Q are, 
respectively, the externally applied load and pry· 
ing force on one bolt: 

F + Q - 9.23 kips 

But, since it is assumed that Q = O:SF: 

l.5F = 9.23 kips 

and the maximum allowable externally applied 
force F "" 6.1 S kips per bol t. The capacity of 6 bolta 
in reaiatlns the applied load in tension is 

P.., 6 X 6.15 = 36.9 klps 

Figure S5.1 

(e) In ealculating the bending capacity of the tee 
flange, the same relations are assumed for F and Q 
(see Fig. S5.1) as for the fasteners in (b) above. 
Expressing F and Q in terms of P and using the 
3-in. length of flange tributary to one bolt: 

F = P/6 (6 fasteners) 

Q = 0.5 X P/6 = P/12 
F = Q = P/6 + P/1 2 = P/4 
M 1 = (1.75 X P/4) - (3.01 X P/12) 

= 0.1867P kip-in. 

M1 = 1.26 X P/12 = 0.10SP kip-in. 
M 1 governs. 

The section modulus of a 3-in. length of tee flange is 

_ 3 X 0.6281 _ O 
197 

. 
1 S- - . m. 

6 

From the formula F& = M/S, when F& = 27.0 ksi 
(see AISC Specification, Sect. 1.5.1.4.3}, the allow
able bending moment M = 0.197 X 27.0 = 5.32 
kip-in. Equating M 1 to the allowable bending 
moment, O.t867P = 5.32 and P = 28.5 klps, the 
connection capacity produced by resistance to 
bending in the tee flange. 
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(d) Summarizing the above results: 
From (a), the capacity of the rivets in D.S. is 54.1 

kips. 
From (a), the capacity of the rivets in bearing is 

47.7 kips. . 
From (b), the capacity of the bolts in tension is 

36.9 klps. 
From (e), the capacity of the tee flange in bending 

is 28.5 kips (governs). 
The maximum capacity of the connection is P """ 

28.S klps 

v· Problem 16-Calculations for the design of the hanger 
connection are as follows: 

(a) Flangc plate thickncss: 
b (cstimatcd) = 2 in.; w = 4 in. 

Calculatcd tensile stress in one fastener 
) = 85/6 = 14.17 Jc:ips 

r1 for onc %-in. diam. A325 bolt 
= 17.67 > 14.17 kips o.k. 

For the purpose of this example, Jet r1 14.17 
kips. Then, 

2r,fw = (2 X 14.17)/4 = 7.09 kips 

Using the "altcrnate approach" (Text, Chapter 5), 
enter the table under "Hanger Type Connec
tions" (Manual, Part 4) with b = 2, and follow 
across to the value next larger than 7.09 which 
is 7.91. The column heading above 7.91 calls 
for 11 = l~fs-in. Increasing this value by 40%, 
I%6 X 1.40 = 1.31 in., or fSIÍa In. Use a flange 
plate l%s X 10 X 1'-0. 

(b) Welds: 
Mínimum weld size for IHs-in. plate = &lÍa-In. 

(AISC Specification Sect. 1.17.5). 

.Total weld length avaijable = 2 X 12 = 24 in. 

Total weld capacity = 0.928 X 5 X 24 
= 111 > 85 kips o.k. 

(e) Tee stcm thickness: 
Plate thickness necessary to develop shear from 
the paired :J.fG·in. welds is 0.42 in. (Table 6A-II 
in Appendix to Chapter 6 of the Text). Use & 

71Í s-in. plate. A rccalculation of b gives 13%2 ; 

use 2 in. as estimated. 

Note that although the tension stress in the plate 
would have requircd a thickness of 1 = 85/(12 X 22) = 
0.322 in., say %-in., it is generally considered good 
practice to_.provide a plate that will develop the full 
strength of the required welds. 

FASTENERS IN COMBINED 
SHEAR AND TENSION 

Problem 17-Using the given sketch and data, the de
sign of the bracing connection is as follows: 

(a) The number of bolts required to attach the bracing 
angle to the ¡uaset plate la p¡,, • 33.0/6.63 • 5.0; 
use ftve %-in. A~25-F bolts. 

(b) The number of rivets required to attach the gusset 
plate to the connection angfes is P/r,. 
r, in D.S. = 13.25 kips 
No. req'd for shear = 33/13.25 = 2.5 

r, in bearing in the H 6-in. plate = 11.4 kips 
No. req'd for bearing = 33/11.4 = 2.9 (governs) 

Use three %-in. A502-1 rivets. 

(e) For the attachment of thc conncction anglcs to the 
column flangc, assumc six %-in. A502-I rivcts in 
two lincs of thrcc rivcts each. Bccausc of the 
1%-in. offset between work points, it will be con
venient to use 3,Y2-in. spacing . in both legs of 
the connection angles. As shown in Fig. S5.2, the 
diagonal force, P, of 33.0 kips is resolved graph
ically into a vertical shear force of P, = 23.3 kips 
and a_horizontal tension force of P, = 23.3 kips. 
Fastener stresses are: 

P, 23.3 . 
f, = :tA& = 6 X 0.4418 = 8.79 ksl 

P, 23.3 . 
Ji = IAb = 6 X 0.4418 = 8'79 kst 

Allowable tensile stress from the interaction for
mula (AISC Specification Sect. 1.6.3) is: 

F, = 28.0 - 1.6/, ~ 20.0 
= 28.0 - (1.6 X 8.79) ~ 20.0 
= 13.9 < 20.0 ksi 

Sincef, = 8.79 ksi < F, = 15.0 ksi 
andf, = 8.79 ksi < F, = 13.9 ksi 
the fasteners are compatible in shear and tension. 

1 ncreasing the tension stress on these rivets by 50% 
to provide for the assumed prying force results in 

/e .., 8.79 X 1.5 
s 13.2 ksi < allowable F, = 13.9 ksi o.k. 

Figu" 85.2 
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(d) Assumc a trial anglc thickncss of J,-2-in. (Scc Fig. 
S5.3). Using thc nomcnclaturc for problcms in 
prying action (from "Prying Forccs" in Chapter 5 
of the Tel!.t), whcre F and Q are, respcctively, the 
applied forces and prying forces on one fastener, 
F = 23.3/6 = 3.88 kips and Q, assumed to be O.SF 
= 3.88 X 0.5 = 1.94 klps. The total bolt load is F 
+ Q = 5.82 kips. Substituting these values in the 
moment equations for M. and M •• 

M 1 = (5.82 X 2.03) - (1.94 X 3.03) = ~.93 kip-in. 
M 1 = 1.94 X 1.0 = 1.94 kip-in. 
M 1 - 5.93 kip-in. governs. 

F 

3.03 

2 

.. t Frgure S5.3 

Since these moment values are based on the forces 
applicable to one fastener, the section modulus of 
the angle leg will be calculated for 3J1 in., 
the 1ength of angle tributary to one fastener. 

3.50 X 0.51 • 
S = ------ = 0.146 m.• 

6 

The stress in bending is calculated by the formula 

fi = MfS = 5.93/0.146 
= 40.6 ksi > allowable Fb = 27.0 ksi n.g. 

Since the allowable bending stress is el!.ceeded, it 
will be necessary to redesign the connection to pro
vide a greater section modulus. This may be done 
by increasing either thc angle thickness or the 
fastener spacing, or both. For this prob1em it was 
decided to increase the angle thickness to %-in. 
The connection geometry for this thickness results 
in 11 = 0.625 in., a = 1.25 in., and b = 1.91 in. 

Recalculating momcnts, section modu1us and 
bending stress a!4 above, 

M 1 = 4.99 kip-in. (governs) 

Ms = 2.43 kip-in. 

. S = 0.228 in. 1 

fi = 4.99/0.228 ""' 21.9 < 27.0 ksi o.k. 

Use 4 x 3 x % angles. 

Since the calculations are based on a tributary 
length of ang1e of 3}1 in. on aH fasteners at
taching the ang1es to the column, a mínimum end 
edge distance of 1% in. witl be required. 

(e) For layout of connection, see Fig. SS.4. 

(f) Tensile stress in plate at the first hole in the bracing 
angle (on line A-A, Fig. SS.4): 

Scaled width of plate at A-A = 6 in. 

Net width, with one hole out, = 6 - ~ = S ~in. 
Net section = 5.125 X 0.313 = 1.60 in.•. 

Tensile stress¡, = P/A = 33.0/1.60 
- = 20.6 ksi < 
, F, ""' 22.0 ksi o.k. 

21.-d•3• i. ,J 
aot. 2' -sj c:c: 

Cu.¡.l/ng sJ:.efeh 

Figure S5.4 

.. 
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ECCENTR IC CONNECTIONS-FASTENERS 
IN SI-IEAR ONLY 

Problem 18-The resultant forces, ¡,, at the extreme 
fasteners are calculated as follows (see Fig. S5.S): 

laef 8 /1. 

~ o A () 

~ 
" Q. • 

G) .. 
---{; ~ k [)-- ~ 

' k ~ 
~ca 

.. X J( 

---{; : • 
O) 
• 
~ 

k tk 

e 8 
ax•l6 

ax•l6 

Figurt S5.5 

(a) Find maximumf,: 

1,11 = lae~ - (' ~ n) = 17 - (' ; 
7
) 

= 13 in. 

lz = 4(3 2 + 61 + 92) = 504.0 in.1 

1, = 14 X 1.51 = 31.5 in.• 
1, = 535.5 in.1 

/a = 30/14 = 2.14 kips 

,. = PI, 1_Af!~) -d 30 X_ 13 X I.S = 1 09 kips 
f1 1, 535.5 . 

Pl, 1,(ar) 30 X 13 X 9 . /a = --- - = ----- = 6.SS k1ps 
1, 53S.S 

f, = "\J/a 2 + (/a + /t)2 

= "\/6~55 2 + (2.14 + 1.09)2 

= 7.30 kips 

(b) Check maximum ¡, by use of tablcs of eccentric 
loads on fastcncrs in Manual Part 4. 

From Table XI: 

For 1, 11 = 12 and n = 7: 
Por 1, 11 = 14 and n = 7: 

e= 4.40 
e= 3.85 

Interpolating for 1.11 = 13: e= (4.40 + 3.85)/2 
= 4.125 

r, =J, = P[e = 30/4.125 = 7.27 ~ 7.30kipso.k. 

(e) Por graphical construction, see Fig. SS.6. 
Scaled values of ¡, for fasteners A and B are iden• 
tlcal with calculated maximum value of ¡, ... 7.3 
kips. 

k. 

(fi • f'zJ•I.os" ¡- -i
fz•/.09 

1 
- fifl2,/4" 

o 

Flgu•e S5.6 

Calculations for fasteners C and D: 

¡, = \j¡,t +(/a -f,)' 

= \f6.ss• + (2.14 - 1.09)' 
= 6.63 ~ 6.6 kips (as scaled) o.k. 
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Figure S5.7 

Problem 19-The resultant force at the extreme fasten· 
ers is calculated from Fig. S5.7 as follows. 

(a) Find maximumfa: 

(1 + n) (1 + 4) 1," = la.,- -2- = 15- -2-

= 12.5 in. 

ls = 8(1.52 + 4.52) = IS'O.O in. 1 

1. = 8(2.751 + 5.752) = 325.0 in.1 

1, = 505.0 in.• 

/a = 33.4/16 = 2.09 kips 

Pl,11(az) 33.4 X 12.5 X 5.75 
¡. = 1, = 505.0 

= 4.75 kips 

Pl, 1,(av) 33.4 X 12.5 X 4.S 
1• = ----¡;- = 505.0 

= 3.72 kips 

/a = 'V/a2 +(/a·+ /t)1 

= '\/3.722 + (2.09 + 4.75)1 

= 7.79 kips 

(b) Check maximum /a by use of tables of ec:centric 
loads on fasteners in Manual Part 4. 

From Table XIII: 
For 1,11 = 12 and n = 4: 
For 1, 11 = 14 and n = 4: 
lnterpolating for 1, 11 = 12.5: 

e= 4.42 
e ... 3.93 

e = 4.42 - Y-((4.42 - 3.93) 
0:::: 4.42 - 0.12 = 4.30 

'• .,. fa= P[e""' 33.4/4.30 
"" 7.77 ~:::s 7.79 kips o.k. 

K 
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Figure S5.8 
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ECCENTRIC CONNECTIONS-FASTENERS IN 
COMBINED SHEAR ANO TENSION 

Problem 20-Analysis of the bracket connection (see 
Fig. S5.8) utilizing the severa! given fastener specifica• 
tions is as follows: 

(a) %-in. A325-X bolts. Solve steps (1) through (4) 
as in Example 8 (Case 1) in Chapter S of the Text: 

(1) Shear stress: 
p 65.0 

f, = A&N = 0.6013 X 16 

= 6.76 ksi </. = 22.0 ksi o.k. 

(2) Moment of inertia and section modulus: 
ls = Ao2::(d.,)1 

4 X 1.52 = 9 
4 X 4.52 = 81 
4 X 7.52 = 225 
4 X 10.52 = 441 

2::(du)2 = 756 in. 1 

lz = 0.6013 X 756 = 455 in. 4 

S = Ir/e = 455/10.5 = 43.3 in.• 
(3) Tension stress: 

65.0 X 12 8 Ol k . ¡, = M/S = = 1 . SI 
43.3 

(Note that 1,11 = lacr for problems involving 
combined shear and tension in fasteners. 

(4) Allowable F, by the intcraction formula: 

F, = 50.0 - 1.6/, ~ 40.0 
= 50.0- (1.6 X 6.76) = 39.2 < 40.0 ksi o.k. 

Since/1 = 18.01 ksi < F, = 39.2 ksi, the shear· 
tension relationship is compatible. 

. ' 
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(S) Prying action on fasteners: 
From the nomenclature and mcthods for solv
ing prying action problems (see "Prying Forces" 
in Chapter 5 of the Text), F is defined as the 
e1lternal load on one fastener. In this problem, 
F is the tensile force on the most highly stressed 
fastener = ¡, X Aa = 18.01 X 0.6013 .,. 10.83 
kips. 

With F = 10.83 kips, w = 3 in. (fastener pitch), 
da = }i-in. and t1 = 0.911 in. given, and, from 
Fig. SS.9, a = 1.82 in. and b == 1.67 in., solve 

2 2.42 

Figure S5.9 

for Q (the prying force on one b.olt) by sub
stituting the above values in Equation (5.3) of 
Chapter 5 of the Te1lt: 

Q = 10.83 X 

[
lOO X 1.67 X 0.8752 - 18 X 3 X 0.91 JI] 
70 X 1.82 X 0.8752 + 21 X 3 X 0.911 1 

= 10.83 X 0.555 = 6.01 kips 

The total tension force on one bolt is: 
F + Q = 10.83 + 6.01 = 16.84 kips 

Allowable F, = 39.2 ksi (from the interaction 
formula) 

Allowable r, = 39.2 X 0.6013 = 23.57 kips 

Since F + Q = 16.84 kips < allowable r 1 = 
23.57 kips, the fasteners are not overstressed 
by prying action. 

·(6) Bending stress in the tee ftange: 
Substituting the values of Q and F + Q in the 
moment equations for M1 and M1 (see Pig. 
SS. JO): 

Ma = (1.67 X 16.84)- (3.49 X 6.01) 
= 7.15 kip-in. 

M.= 1.82 X 6.01 
... 10.93 kip-in. (govems) 

M¡ 

F+Q 

un 1.82 

3.49 

Figuu S5.10 

The section modulus of a 3-in. length of ftange 
is: 
S_ 3.0 X 0.9112 _ 

0415
. 1 -

6 
- . ID. 

The stress in bending is: 
f6 = M[S = 10.93/0.415 

= 26.3 ksi < allowable stress = 27.0 ksi o.k. 

(b) }i-in. A325-F bolts: The solution of this part of 
the problem is the same as for (a) above, e1lcept for 
the omission of step 4 : 

(1) Shear stress (see step 1 in part (a) above): 
f, = 6.76 ksi < F, = 15.0 ksi o.k. 

(2) Moment of inertia and section modulus (see 
step 2 in part (a) above): 

1., = 455 in.t 
S = 43.3 in.' 

(3) Tension stress (see step 3 in part (a) above): 
¡, = 18.01 ksi < F, = 40.0 ksi o.k. 

(4) High strength bolts in friction-type connections 
are exempt from the limitations on allowable 
F 1 imposed by the interaction formulas. F, re
mains 40.0 ksi 

(S) Prying action on.fastcners (see step S in part (a) 
above): 

F = 10.83 kips 
Q = 6.01 kips 
F + Q = 16.84 kips 
Allowable r, = 40.0 X 0.6013 = 24.Q5 kips 

Since F + Q = 16.84 kips < r, = 24.05 kips, 
the fasteners are not overstressed by prying 
action. 

(6) Bending in the tee ftange (see step 6 in part (a) 
above): 

le "'" 26.3 k si < allowable Fa = 27 .O k si o.k. 



SOLUTIONS / CONNECTIONS-BOLTED OR RIVETED / SS-10 

(e) Ys-in. A502-l rivcts: The invcstigation of the 
bracket conncction when Case 1 is used with 
A502-l rivets is as follows: 

(1) Shear stress (see step 1 in part (a) above): 
f, = 6. 76 k si < F, = 1 5.0 ksi o.k. 

(2) Moment or inertia and section modulus (aee 
step a-2 above): 

1., = 455 in.• 
S = 43.3 in.• 

(3) Tension stress (see step 3 of part (a) above): 
¡, = 18.01 ksi 

(4) Altowable F, by interaction formula: 

F, = 28.0 - 1.6/, ~ 20.0 
= 28.o - (1.6 x 6.76) = 11.2 < 2o.o ksi 

However,J, = 18.01 ksi > altowable F, = 17.2 
ksi, and the shear-tension relationship is not 
compatible. If the assumptions of Case 1 are 
to be used, the connection must be redesigned. 

(d) Ys-in. A502-l rivets: The investigation of the 
bracket connection when Case 11 is used witb 
AS02-1 rivets is as follows: 

(1) Shear stress (see step 1 in part (a) above): 
f, = 6.76 ksi ~ F, = 15.0 ksi o.k. 

.. "" -
• • 
r;¡ ~ 

""' -
Figure S5.11 

(2) Locate neutral axis (see Example 9 in Chapter 
S of the Text): 

First assumption: Try location ~ ofthe depth 
of the bracket from the bottom (see Fig. 
S5.ll ). 

~X 24 = 4 in. 

W, 11 = 8 X 1%a = 7.5,:in·. 

W,11 X d X d/2 = 1:AeY 
7.5 X 4 X 2 = 14 X 0.6013 X 9.5 

60 ~ 80 

This marked inequality indicates the need of an 
. _ upward adjustment of the neutral áxis. 

Correction: Move the neutral axis up 72-in. 
This will place it on the second row of rivets 
from the bottom of the bracket (see Fig. 
S5.12): 

W, 11 X d X d/2 = 1:Aey 
7.5 X 4.5 X 2.25 = 12 X 0.6013 X 10.5 

75.9 ~ 75.8 
This result is close to balancing the moments 
of area, so the corrected location of the neu
tral axis will be used in subsequenf calcula
tions. 

, ... ~ 

'O ... 
10 .. 
Q (j' 

~ 

tn ~ /. ~rd 11) 
'1:1 ~ ..:.' Y. :0 IZl .. 
~ 

Figure S5.12 

(3) Moment of inertia and section modulus: 

1., = Ae1:(d,)2 (fasteners) 

~d,)2 = 2(3 2 + 62 + 91 + 122 + 152 + 181) 

= 1638 in.1 

1., (fasteners) = 0.6013 X 1638 = 985 in.• 

. W, 11 X d' 
1., (compresston area) = 

3 
. _ 7.5 X (4.5)1 _ 

228
. • 

- 3 - tn. 

1., (total) = 985 + 228 = 1213 in.• 
S,o, = Ir{ e, = 1'213{18 = 67.4 in.1 

Seo, = lz{Co = Ül3{4.5 = 270 in.1 

(4) Tension stress (fasteners): 
65 X 12 . 

f, = MfS,o, = 
67

.
4 

= 11.57 kst 

(5) Allowable F, by the interaction formula: 

F, = 28.0 - 1.6f, ~ 20.0 
= 28.0 - 1.6 X 6.76 = 17.2 ksi < 20.0 ksi 

Sincef, = 11.57 ksi < F, = 17.2 ksi, the shear
tension relationship is compatible. 

L ' ' . 
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(6) Bearing stress at the bottom of the bracket: 
65 X 12 . 

Ir= M/S11o, = -i10- = 2.89 ks• 

Allowable F, = 0.90F, = 33.0 ksi 

Since 2.89 ksi < 33.0 ksi, bearing stress is o.k. 

(7) Prying action on rasteners: 

The externalload, F, on the most highly stressed 
rivet is: 

F = f, X A~ = 11.57 X 0.6013 = 6.96 kips 

For rivets, Q = O.SF 
= 0.5 X 6.96 = 3.48 kips 

F + Q = 6.96 + 3.48 = 10.44 kips 

Since the allowable F, = 17.2 (see step S in 
part (d) above), the allowable load per rivet, 
r1 = 17.2 X 0.6013 ""' 10.34 kips. 

Although the allowable r, = 10.34 kips is 
slightly less than the total load, F + Q = 
10.44 kips due to external and prying forces, 
the results will be acceptable. 

(8) Bending stress in the tee flange: 
Calculatins the moments Ma and M1, and the 

section modulus as in step 6 of part (a) 
above: 

Mt = (1.67 X 10.44) - (3.49 X 3.48) 
= 5.28 kip-in. 

M1 = 1.82 X 3.48 = 6.33 kip-in. (govems) 

S 
3.0 X 0.911 1 _ O 

415 
. 

1 = 6 - . 10. 

fe ""' M/S = 6.33/0.415 
= 15.3 ksi < allowable stress = 27.0 ksi 

o.k. 



SOLUTIONS/CHAPTER 6 

Connections-Welded 

STRESSES IN CONCENTRICALLY 
LOADED FILLET WELDS 

Problem 1-See Fig. S6.1. 

(a) Length avaitable for welding: 2 X 6 ""' 12 in. 
Required shear value of weld per lin. in.: 

IR = 39/12 = 3.25 kips/lin. in. 

IR= 0.928D 

D = 3.25/0.928 = 3.49 sixteenths 

Use 1,4-in. ftllet weld. 

(b) The capacity of the bars to resist stress concentration 
due to weld may be determined from the formula 
IR~ F, X t: 

F, X t = 22.0 X %6 = 6.88 kipsflin. in. 

/R = 3.25 < 6.88 kips/lin. in. o.k. 

By referring to Table 6A-II in Appendix to Chapter 6, 
it is found that a U-in. fillet weld, made with E70XX 
electrodes on one side of the bar, will not cause over
stress in tension unless the thickness of the bar is 
less than }.1 X 0.337 = 0.168 in. Hence, ~6-in. 
thickness o.k. 

E 10 XX elecfroo'tt• 
"ASrM ASG 6fNI 

Figure 86.1 

S6-1 

1 
l 3 

iD 

~e secfion ·web í•Hriclt. 
E 70XX elecfrode• 
ASrM A3G ti'IHI 

Figure 86.2 

Problem 2-See Fig. S6.2. 

(a) Length avaitable for welding: 2(6 + 3) = 18 in. 
Required shear value of weld per lin. in.: 

/R = 54/18 = 3.0 kips/lin. in. 
IR = 0.928D 
D = 3.0/0.928 = 3.2 sixteenths 

Use 1,4-in. ftllet weld. 

(b) The capacity of the tee stem to resist stress concen
tration due to weld may be determined from the 
formula/R ~ F, X t: 

F, X 1 = 14.5 X }.1 = 7.25 kips/lin. in. 

/R = 2 X 3.0 = 6.0 kips/lin. in. (welds on both sides 
of tee stem) < 7.25 kips/lin. in. o.k. 

It will be noted by reference to Table 6A-II in the 
Appendix to Chapter 6 that the mínimum thickness of 
A36 steel stressed in shear by the two U -in. welds 
(E70XX electrode) should be 0.512 in., which slightly 
exceeds the }.1-in. tee web thickness. However, the indi
cated overstress does not occur, since the U -in. welds 
are not fully loaded. This is evident from the above 
solution, in whi6:h D = 3.2, showing that a weld size 
only slightly larger than %6-in. is required. 



ASTM A3G sfftl 
E 10 XX e/ttefrodt18 

Figure S6.3 

Problem_ 3-See Fig. S6.3. 

(a) Select size of fillet: 

Mínimum size of fillet, according to Specification 
Sect. 1.17 .5, for 1 Yí s-in. material (thickness of 
column flange) is 34-in. 

Maximum size of fillet so as not to overstress ~-in. 
plate in tension is 34-in., from Table 6A-JI in Ap
pendix to Chapter 6. 

Hence, a 1/.s-in. fillet weld will be used. 

(b) Strength of weld: 

_ For %-in. fillet weld, E70XX electrodes: 

IR = 0.9280 = 0.928 X 4 = 3.71 kips/lin. in. 

(e) Length of weld required: 

1 = 32/3.71 = 8.6 

Round off to 9 In. (4%-ln. on top and bottom of 
plate.) 

Problem 4-See Fig. S6.4. 

(a) Select size of fillet weld: 

Minimum size of fillet according to Specification 
Scct. 1.17 .5 for 1 Yí 6-in. material (thickness of 
column Hange) is 34-in. 

Maximum size of fillet so as not to overstress %-in. 
bar in shear is about %s-in., from Table 6A-II in 
Appendix to Chapter 6. 

Hence, a 1/.s-in. fillet will be used, reduced in strength 
by thc proportion which the actual thickness of 
plate bears to the required thickness. 

(b) Strength of weld: 

For U-in. fillet weld: 

IR = 0.9280 = 0.928 X 4 = 3.71 kips/lin. in. 

This value of IR must be reduced in order not to 
ovcrstrcss the %-in. plate in shear. According to 
Table 6A-ll in Appendix to Chapter 6, required plate 
thickncss is 0.512 in. Hence, 

correctediR = ~:~;~ X 3.71 "" 2.72 kips{lin. in. 

SOLUTIONS l CONNECTION8-WELDED { S6-2 

8~ 

4\li· ?Í ·tlj 

3 

ASTM A3G siN/ 
E 10XK ~lec~& 

Figure S6.4 

(e) Length of weld required: 

1 = 32{2.12 = 11.8 in. 

Round off to 12 in. and use 3 in. of weld near and far 
side at both edges of bar. 

Note: Comparing the solutions of Problems 3 and 
4, it will be noted that 9 in. of U -in. fillct weld is 
required in Problem 3, and 12 in. is required in 
Problem 4, for the same force of 32 kips. This is 
because of the reduced value of the %-in. weld in 
Problem 4 in order not to overstress the 7 x Ys bar 
in shear. 

STRESSES IN ECCENTRICALLY 
LOADED FILLET WELDS 

Problem 5-See Fig. 6.5. 

Ji = ~~ = 2 ~
4

16 = 0.75 kips/lin. in. 

Pe 24 X 9 216 k. /1' · ¡,. = 2(i2f6> = 2062/6) = 2>('42:''7 = 2.53 1ps m. m. 

/R = V(/.)2 + (/m)2 = V0.752 + 2.531 

= v'0.56 + 6.40 = 2.64 kips/lin. in. 

IR 2.64 2 . h D = -- = --- = .84 s1xteent s 
0.928 0.928 

Use 3fts-in. fillet welds. 

The %s-in. fillet weld is compatible with the ~-in. 
column ftange thickness (refer to Specification Sect. 
1.17.5). 
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PolniQ), fn,• 2.53 

.! !~ 
Abov~ rorces are in 
kíps ptlr linear inch 

RxT:::tl Oíagrom 

E 10 XX elecfrod•• 
ASrM A3~ sfeel 

Figur1 ~.$ 

Investigate shear stress concentration in the ~-in. plate: 

IR~ F. X 1 

F. X t = 14.5 X 0.375 = 5.43 kips/lin. in. 

/R = 2 X 2.64 (welds b9th sides) 
= 5.28 < 5.43 kips¡lln. in. o.k. 

Note: This is a conservative analysis, as only the verti
cal force produces shear in the plate. As will be observed 
from the force diagram above, the vertical force/1 is rel
atively small compared with the horizontal force ¡, .. 
which produces tension in the plate. As theallowableten
sile stress F, = 22.0 ksi and the allowable shear stress F, 
= 14.5 ksi, it is unnecessary to investigate the tensile 
stress concentration when the shear stress investigation 
discloses no overstress. 

Problem ~See Fig. S6.6. 

Center of gravity of wéld group: 

X _ 2 X 3 X 1.5 _ 9.0 .,. O 
3 

. 
- 3 + 3 + 17.5 - 23.5 · 8 m. 

d.,. = 0.38 

d.,, = 1.50 - 0.38 = 1.12 

e= 3.50- 0.38 = 3.12 

Polar Moment of lnertia 1, of weld group: 

1 a 17 51 

1. (vert. weld) = -'- = -·- = 447 
12 12 

1. (horiz. weld) ""' 2/11(d,)1 

=- 2 X 3.0 X 8.75 .,. 459 

"XI. = 906 

1, (vert. weld) = l,(d.,.)1 = 17.5 X 0.381 = 3 

1, (horiz. weld) = {~~~; + l,.(dz,)2] 

= {:; + 3(1.12)1
] 

= 2(2.25 + 3 X 1.25) = 12 

u, = 15 

1, = 1-z + 1, = 906 + 15 = 921 in.• 

Since this 1, is for one weld group only, and there 
are two weld groups (one for each angle), the load P 
will be divided by two in subsequent calculations. 

Components: 
• 

P/2 90/2 45 l 91 k' /l' . /a = - = = - = . 1ps m. m. 
1 17.5+3+3 23.5 

,. MC., 90/2X3.12X2.62 040 k. /l' . 
Jt = -- = = . 1ps m. m. 

1, 921 

Ji MC, 90/2 X 3.12 X 8.75 l 33 k' /l' . 
1 = - = .,. . tps m. m. 

1, 921 

fR = V (/a)2 + (/a + J2)1 

= v't.33 2 + (t.9J + 0.40)' = v'1.11 + 5.34 
= 2.67 kips/lin. in. 

; 2'67 2 88 . h Requ1red D = 0.
928 

.,. • stxteent s 

Use %a·in. ftllet weld. 

. . 
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From Tahle 6A-11 in Appendix to Chapter 6, a %6-in. 
fillet wcld made with E70XX electrodes on both sides 
of an A36 beam web requires a web thickness of 0.38 
in. to avoid overstressing the base material in shear.• 
The web thickness of a W24Xf4 is 0.47 in., and is there
fore adequate. 

The above answer will be chedced, using Table XVI in 
Manual Part 4: 

al = 3.12 
kl = 3 .o 

1 = 17.5 
a = 3. 12/17. 5 = O. 18 
k= 3.0/17.5 = 0.17 

By interpolation, C = 0.89. 

D = _!_ = ~j3__ = 2.89 sixteenths 
· Cl- 0.89 X 17.5 

6 Tire use o[ Table 6A-I/ for deter~fnatfon of requfred mi11imum 
weh thiclmess "' connectfons o[ tlf.~ type res~(ts,fn a c01rseroatfrJe 
answer. As explafned In Chapter c5 ~order Welded Framed Connec
tlons, Tahle 111 In Manual Part 4 r•ay be used [or such connec
tlons. Thls tab/e shows that a mfnfl'um web tlrfcl!ness of 0.31 In. 
ls rtqulrrd for the connectlon In thl: problem. 

This is a good check of the 2.88 sixteenths com· 
puted _without the use of the eccentric load tables. 

Problem 7-See Fig. 56.7. 

(a) Determine size of fillet weld: 
Using Table XIV in Manual Part 4: 

P = 51 kips 
al= 16 
kl = 12 
1 = 24 
a = 16/24 == 0.67 
k .,. 12/24 == 0.50 

From table, b~· interpolation: 

e= o.sn 
D =·_!_ == 51 

cc,l 0.592 x 1 x 24 
= 3.6 six'eenths 

Use 1,4 in. fillet welds. 

Flange thickne!.s of Wl4X84 is %'-in. Specification 
Sect. 1.17.5 re,¡uires minimum fillet weld of U-in. 
for %-in. thickness of material. Hence, U-in. weld 
iso.k. 
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F1gure S6.7 

(b) Required thickness of plate: 

Welds: E 10XX 
ASrM A3~ sfw/ 

Review "Bending Stresses in Bracket Plates" in 
Chapter 4. Critica) section is at edge of ftange, which 
is 10 in. from center of application· of load. 

S = bcfl/.6, where b = plate thickness and 
d = plate length 

M M 6M 
Ft = S = (bd2/6) or b = Ftefl 

Substituting Fb = 22 ksi, M = SI X 10 = StO kip
in., and d = 24 in., · 

6 X 510 . . 
b = ----- = O 241 m or 1.{-•n 22 X 24 2 • • 74 • 

In order that the U -in. fillet weld does not cause 
shear overstress in the plate, the plate should be 
0.51/2 = 0.255 in. thick, according to Table 6A-II 
in Appendix to Chapter 6. This is slightly more than 
U-in. but not enough to cause significant overstress, 
especially as part of the force from the weld causes 
tensile stress in the plate instead of shear stress, as 
shown in previous problema. 

Use 1A-In. plate. 

SOLUTIONS 1 CONNECTIONs-WELDED 1 S6-S 

l. 
Figurt S6.8 

Problem 8-See Fig. S6.8. 

.1 
ASrM A3~ BfHI 
wetds: E 70XK 

(a) Determine length of pi ate required: 
Specification Sect. 1.17.5 requires a U-in. mínimum 
fillet weld for %-in. thickness of column ftange. 
Try a plate length of 13 in. and determine whether 
a U-in. weld is adequate. 

Using Table XVIII in Manual Part 4: 

P = 51 kips 
al = 16 kl = 12 
1 = 13 
a = 16/13 = 1.23 
k = 1,2/13 = 0.92 (use 0.9) 

Note: In determining the size of fillet weld from the 
tables, it is generally satisfactory to use values of either a 
or k to the nearest tenth (one decimal place). This usually 
eliminates the time-consuming operation of interpolation 
for both a and k. lf the resulting answer for size of 
fillet weld is very closc to a whole number, such as 3.9 
or 4.1, the values of e and D can be recalculated by 
using values of a and k carried out to two decimal 
places, in order to obtain a more precise answer. 

From the table, by interpolation: 

e = 1.01 

P Sl 
D = --- = -----------

CCal 1.01 X 1 X 13 

= 3.9 sixteenths or U·in. 



Although the value of D is close toa whole number, it 
is unncccssary to recalculate using k = 0.92 (instead of 
0.9), because it will be noticed that a larger value of k 
will result in a larger value of C and consequently a 
smaller value of D. 

Hence, the %-in. weld ls adequate. 

(b) Required thickness of plate: 
The critical section is at the edge of Hange, which is 
JO. in. from the center of application of the load; 
therefore, M = 51 X 10 = 510 kip-in. 

Continue to assume a plate length of 13 in. 

Using tbe formula developed in the solution to 
Problem 7, part b: 
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6M 6 X 510 
b = F&c/2 = 22 X 13, = 0.82 in 

lt is undesirable to use a plate over ~-in. thick, 
beca use a %a-in. weld would be required in accor· 
dance with Specification Sect. 1.17.5. Therefore, try 
a plate length of 14 in. Then, 

b = 6 
X 

510 = 0.71 in. 
22 X 142 

A %-in. plate 14 in. long will be used. 

WELDING SYMBOLS 

Problem 9-See Fig. S6.9. 

1 8 8 8 1 

1 
~- T11.oiba1 

1 l 1 1 1 
~ ......... 1 1 "'"' ---~ 

~;" '"" ~''' 

8 1 8 1 8 1 8 

26 

Go• 

+ jL + 
' 

Ft•ld Weld 

60 • 

.,.D f ~+ ~---60. 

~ + t Grocmd fTullh = 
-Wt 

Figu, S6.9 
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SOLUTIONS/CHAPTER 7 

Framed and Seated Beam Connections-Bolted or Riveted 

. 
' 

FRAMED .BEAM CONNECTIONS 

Problem 1-End eonneetions for beam A: 

Give11: 
WI4X34: Web tUl = 0.287 in. 
W27X94: Web t,. = 0.490 in. 
W24X94: Web tUl = 0.516 in. 
Steel: ASTM A36 
Shop and field fasteners: Ys-in. A307 bolts 
Reaction: Ya allowable uniform load for 16-ft span 

= 24.5 kips. 

Solutio11: 
Try 3 rows, Table 1, whieh is the mínimum connec• 
tion for a Wl4: 

(1) Web connection (three Ys-in. A307 bolts): 
(a) From Table 1-A3: 

Double shear value = 36.1 > 24.5 kips o.k. 
(b) Angle thickness = U-in. 
{e) From Table 1-B3: 

Bearing value = 0.287 X 128 
= 36.7 > 24.5 kips o.k. 

(2) Outstanding legs (~ix Ys-in. A307 bolts): 
(a) From Table I-A3: 

Single shcar value = 36.1 > 24.5 kips o.k. 
(b) Angle thickness = U-in. 

(e) The thickness of connection anglcs is less than 
the, thickness of web of the W24 or W27 and 
therefore govcrns bearing value. lt is not 
necessary to calculate the bearing capacity of 
fasteners, because angle thicknesses listed in 
the tables have been proportioned to be ade
quate in bearing for the given loads. 

Thc 3-row connection from Table 1 wlth 2L4 x 
31!z x 1,4 x 81!z ls satlsfactory. 

1 

S7-l 

Problem 2-End connection for beam A with %'-in. 
A307 bolts: 

Solution (student to show all steps): 
The 3-row connedion from Table 1 wlth 2L4 x Jl!z x% 
x 81/z ls adequate. 

Problem 3-End eonneetion for beam B (W24X84). 

Given: 
W24X84: Web tUl = 0.470 in. 
W30X 108: Web tUl = 0.548 in. 
Steel: ASTM A36. 
Shop and field fasteners: Ys-in. A307 bolts. 
Reaction: Ya allowable uniform load for 24-ft span 

= 65.5 kips. 

Solution: 
Examination of Table 1 shows that there are four 
connections available for a W24 beam. These are 4 
rows, 5 rows, 6 rows, and 7 rows. Based on Ys-in. 
A307 bolts in the oulstanding legs, it can be readily 
seen that the shear values of 48.1 kips and 60.2 kips 
for 4 rows and 5 rows, respeetively, are inadequate. 
Therefore, try 6 rows: 

(1) Web eonneetion (six Ys-in. A307 bolts): 
(a) From Table I-A6: 

Double shear value = 72.2 > 65.5 kips o.k. 
(b) Angle thiekness = U-in. 
(e) From Table I-B6: 

Bearing value = 0.470 X 255 
= 120 > 65.5 kips o.k. 

(2) Outstanding lcgs (twelve Ys-in. A307 bolts): 

(a) From Table I-A6: 
Single shear value = 72.2 > 65.5 ki~s o.k. 

(b) Angle thiekness = U-in: 
(e) Bearing value is o.k., sinee web thiekness of 

0.548 in. is more than the U-in. thiekness of 
eonneetion angles. 

The 6-row connection from Table 1 with 2L4 x Jl!z x 1A 
x 1 '-Sl!z ls satlsfactory. 
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Problcm 4-End connection for beam B, using reaction 
of 55 kips. 

Solution (student to show all steps): 
Thc 5-row conncction from Table 1 with 1 L4 x JY2 x lA 
x 1 '·1'% is satlsfactory. 

Problem 5-End connectlon for W24X84 (see Plg. 
S7.1). 

\ 

W30•108 

Figure S7.1 

So/ution: 
Same as Problem 3 up to the following step: 

(2) Outstanding legs (twelve Ys-in. A307 bolts): 
The bolts through the outstanding legs must sup
port the reactions from both beams (65.5 + 65.5 = 
131 kips) in double shear and In bearing on the 
W30X 108 web. 

(a) From Tablc 1-A6: 
Double shear value = 72.2 + 72.2 

= 144.4 > 131 kips o.k. 
(b) Angle thickness = U-in. 

(e) Bcaring value: 
The thickncss of the W30X 108 beam web is 
0.548 in. This is more than the combined 
thickncss of the U -in. angles connccting on 
opposite sides of the web. Therefore, the 
angle thickness governs and, as explained in 
the solution to Problem 1 and in the text, no 
calculations are necessary, as the thicknesses 
of angles listed in Tables 1 and 11 have been 
proportioned to be adequate in bearing for 
the given loads. 

(3) Transverse spacing between holes in outstandiJ1g 
legs: 

. ~ . 

The mínimum gage of boles in outstanding legs 
can be calculated as follows: 

Thickness of angle ""' %-in. 
Height of hex nut = %·in. (see "Threaded 

Fasteners
Nuts", Manual 
Part 4) 

Projection = %-in. 
Wrench clearance F = 1 Ys-in. (from "Rivets 

and · Threaded 

Total 

Fasteners
Erection Clear
ances", Manual 
Part 4) 

= 2% in. -

This requires a transverse spacing of 2% + Y2 + 2% 
= 5% in. when used with the Y2-in. web thickness of 
the W24X84. A 6-in. transverse spacing would be a 
good choice with a 2%-in. gage Ífl.4-in. outstanding 
legs of connection angles. 

The 6-row connection from Table 1 with 1L4 x 3Yz x 
lf.t x 1 '-5 will be used. 

Problem 6-Same as Problem 5, except supporting 
beam is W27X84. 

Solution: 
Same as Problem 5, except step 2(c) is as follows: 

2(c) Bearing value: 
The thickness of the W27 X 84 beam web is 0.463 
in., which is less than twice the thickness of the 
%-in. angles, and therefore governs. 

Bearing value = 2 X 0.463 X 255 
= 236 > 131 kips o.k. 

Problcm 7-Same as Problem 5, except reaction is 55 
kips. 

Solutio11 (student to show all steps): 
The 5-row connection from Table 1 with 2L4 x Jl/z x 1,4 
x 1 '·2Y2 ls satisfactory. 

Problem 8-Same as Problem 6, except reaction is 55 
kips. 

Solution (student to show all steps): 
The 5-row conncction from Table 1 wlth 2 L4 x 3Yz x 1,4 
x 1 '·lYz ls satlsfactory. 
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Problem 9-End connection of beam e to column 4. 

Gil·e11: 
W30X 108: Web IIJJ = O.S48 in. 
Stecl: ASTM A36 
Shop and field fasteners: %-in. A325-F bolts 
Reaction: ,!.1 allowable unlform load for 24-ft spa11 

= 100 kips 

Solutio11: 
Try 6 rows, Table 1: 

(1) Web connection (six %-in. A32S-F bolts): 
(a) From Table I-A6: 

Double shear value = 108 > 100 kips o.k. 
(b) Angle thickness = U -in. 
(e) Bearing not a factor in friction-type .connec· 

tions. 

(2) Outstanding legs (twelve %-in. A32S-F bolts): 
(a) From Table I-B6: 

Single shear value = 108 > 100 kips o.k. 
(b) Angle thickness = U-in. 
(e) Bearing not a factor in friction-type connec

tions. 

(3) Gage in web leg of connection angles: 
In this case it is necessary for the impact 
wrench to clear the nut and projecting shank or 
the A325 bolt through the column flange. 

Thickness of angle = U -in. 
Height of nut ""' %-in. (see A325 bolt 

specification, 
, · Manual Part S) 

Projection of shank == %'..in. 
Wrench clearance F = 1% in. (from "Rivets 

and Threaded 
Fasteners
Erection Clear
ances", Manual 
Part 4) 

Mínimum gage = 2% in. 

If the head of the bolts through the column 
fiangc wcrc placed on the outside of the column 
fiange, a smaller gage could be used, but this 
would require special instructions regarding 
placing of bolts. 

The 6-row connection from Table 1 wlth ZL4 x 4 x IJ. x 
l'·SYz ls satlsfactory. 

Problem 10-Connection of beam e (W30X 108) to 
column 4 with %-in. A325 bolts in friction-type connec
tions. 

Solution (student to show all steps): 
The 8-row connection from Table 1 with l L4 x 4 x 
1,4 x I'·Uih ls satlsfactory, 

Problem 11-Connection of beam C(W30X 108) to 
column 4 using %-in. A325 bolts, bearing-type connec
tions with threads excluded from shear planes·. 

Given: 
W30Xl08: Web tfll = O.S48 in. 
W8X48: Flange 11 = 0.683 in. 
Steel: ASTM A36 
Shop and field fasteners: %-in. A325-X bolts 
Reaction: lOO kips (from Problem 9) 

Solution: 
Try S rows, Table 1, which is the mínimum for a WJO 
member: 

(1) Web connection (five %-in. A32S-X bolts): 
(a) From Table l-AS: 

Double shear value = 132 > 100 kips o.k. 
(b) Angle thickness = %-in. 
(e) From Table l-BS: 

Bearing value = O.S48 X 213 
= 117 > 100 kips o.k. 

(2) Outstanding legs (ten %-in. A32S-X bolts): 
(a) From Table l-AS: 

Single shear value = 132 > 100 kips o.k. 
(b) Angle thickness = %-in. 
(e) Bearing is adequate as flange thickness of 

W8X48 column is 0.683 in. > %-in. angle 
th'ickness. 

The 5-row c:onnection from Table 1, using 2L 
4 x 4 x% x l'-2% is satisfactory. 

Problem 12-Connection of beam e (W30X 108) to 
column 4 with %-in. A325 bolts in bearing-type connec· 
tions with threads excluded from shear planes. 

Solution (student to show all steps): 
The 6-row c:onnection from Table 1 using lL4 x 4 x %a 
x 1'·5% ls satlsfactory. 
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Problcm 13-Conneetion of W24X 120 beam to 
W30X 172 girdet:. 

Give11: 
W24Xl20: Web 1111 = 0.556 in. 
Steel: ASTM A36 
Shop fasteners: Ya-in. AS02·1 rivets 
Field fasteners: Ys-in. AJ2!5-F bolts. 
Reaction: 190 kips 

Solulion: 
Examination of Table 1 shows that the largest eon
nection for W24 beams has 7 rows and a shear capac
ity of 126 kips, using Ys-in. A502-1 rivets. Therefore, 
procecd to Table 11 and note that the connection 
with 7 rows of A502-1 rivets has a shear eapacity of 
198 kips, which appears to be satisfactory and will be 
investigated. 

(1) Web connection (eleven Ys-in. A502-l rivets): 
(a) From Tablc II-A7: 

Double shear value = 198 > 190 kips o.k. 

(b) Angle thickness = Ya-in. 
(e) From Table II-B7: 

Bearing value = 0.556 X 468 
= 260 > 190 kips o.k. 

(2) Outstanding legs(twenty-two Ys-in. A325-F bo1ts): 
(a) From Table 11-A 7: 

Single shear value = 198 > 190 kips o.k. 

(b) Angle thickness = Ya-in. 
(e) Bearing not a factor in friction-type eonnee

tions. 

(3) Gages and size of angle: 

For web legs, use gages of 2U and 2~ in a 6-in. 
leg. 

For outstanding legs, mínimum gage is deter
mined as follows: 

With connection on only one side of the 
WJOX 172, thc: bolts can be tightened from the 
side opposite the W24X 120 and the mínimum 
gage would be: 

Thickness of angle Ya-in. 
Height of rivet head %-in. 
~ width of bolt head Ys-in. 

Mínimum gage IYs in. 
Use gages of 2Y.( and 2~ in a 6 in. leg. 

1 

The 7-row connection from Table 11 with 1L6 x 6 x % 
x l'·Blfz ls satisfactory. · 

Prohlcm 14-Connection of W24X 120 to WJOX 172 
with reaction of 140 kips. 

Solulion (student to show all steps): 
Thc 5-row conncction from Table 11 with 2L6 x 6 x 3Aa 
x 1 '-lljz is satisfactory. 

Problem 15-Conneetion of W27X94 (16-ft span) to 
ftange of Wl4X 142 column. 

' 
Given: 

W27X 102: Web 1111 = 0.490 in. 
W14X 142: Flange t1 = 1.063 in .. 
Steel: Main material A572 grade 50 (F, 

Detail material A36 
Fasteners: %-in. A490-X bolts in beam web 

SO ksi) 

Ys-in. A490-X bolts in column flange 
Reaction: ~ allowable uniform load for 16-ft span 

= 167 kips 

Solution: 
Try 6 rows, Table 1: 

(1) Web eonnection (six %-in. A490-X bolts): 
(a) From Table I-A6: 

Doub1e shear va1ue = 170 > 167 kips o.k. 

(b). Angle thickness = Yíe-in. 
(e) From Table I-B6: 

Bearing value = 0.490 X 304 
= 149 < 167 kips n.g. 

Therefore, try 7 rows. 

{d) From Table l-B7: 
Bearing value = 0.490 X 354 

= 173 > 167 kips o.k. 

(2) Outstanding legs (fourteen Ys-in. A490-X bolts): 

(a) From Table 1-A 7: 
Single shear value = 269 > 167 kips o.k. 

(b) Angle thickness = ~-in. 

(e) Note that required thickness of web legs is 
Yí s-in. Hence, investigate bearing capacity of 
outstanding leg .based on :V. s-in. thickness: 

14 X Ys X :V.s X 48.6 = 260 > 167 kips o.k. 

(3) Gage in web legs and size of angles: 
The Specification for Slructural Joints Using 
ASFM A325 or A490 Bolts requires a hardened 
washer to be used under the turned element (head 
or nut) for A490 bolts. M oreo ver, a hardened 
washer is required under head or nut if in eontact 
with stee1 having an F, 1ess than 40 ksi. 
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Figure S7.Z 

Mínimum gage g (see Fig. 57.2) is calculated as 
follows: 

Thickness of angle = ~s-in. 
" " washer = %s-in. 

Height of Ys in. diam. nut = Ys-in. , 
Projcction = }í o-in. 
Clearance for tightening %'-in. 

diam. nut = IU in. 

Mínimum gage = 3%s in. 

(Note: A smaller gage could be used if the shop 
were instructed to place the bolts through the 
column flangc with the heads on the outside of 
thc flange.) 

Referring to Table 1.16.5 in the AISC Specifica
tion, the mínimum edge distance with a %'-in. 
diameter fastener is 1 in. (to a rolled edge). 
Therefore, a 4-in. leg may be used. 

A 7-row connection from Table 1 uslng 2L6 x 4 x %e 
x 1 '-8% will be used. 

Problem 16-Connection of W27X94 (20-ft span) to 
flange of WI4X 142 column . 

• Solulion (student to show all steps): 
A 6-row conncction fFom Table 1 uslng 2L4 x 4 x 'Ae 
x 1'-5% will be used. 

UNSTIFFENED SEATED CONNECTIONS 

Problem 17-Connection of beam A (WI4X34) to 
W24 X 94 with Ys·i n. A307 bolts. 

Given: 
WI4X34: Web 1111 = %a-in. 
W24X94: Web 1111 = !1-in. 
Stcel: ASTM A36 
Fasteners: Yíí-in. A307 bolts 
Reaction: !1 allowable uniform load for 16-ft span 

... 24 . .5 kips 

So/utlon: 
, . (1) Enter Table V-C: 

(a) Shear capacity of a Type E connection with 
six Ys-in. A307 bolts = 36.1 > 24.5 kips o.k. 
It will be noted that a Type C connection has 
the same shear capacity, but there is not 
enough space available on the web of the 
W24X94 for this type of connection. 

(b) Bearing capacity is obviously o.k., as the web 
thickness of a W24X94 is ~-in. and it will 
be observed from the Table of Allowable 
Loads in Bearing for Rivets and Threaded 
Fasteners, Manual Part 4, that any thickness 
over Ys-in has a bearing capacity greater 
than the single shear value of 6.01 kips for a 
Ys-in. A307 bolt. 

(2) En ter Table V -A: 

Angle length = 8 in. 
Beam web thickness = ~s-in. 

Outstanding leg capacity for %'-in. angle thick
ness = 26.5 > 24.5 kips o.k. 

(3) En ter Table V -0: 
Opposite the Type E connection, note that the 
smallest %'-in. angle available is the 6 x 4 size. 

Detail Data (sketch required but not shown): 
Seat angle: 1 L6 x 4 x % x 8 
Side angle: 1 L3!1 x 3!1 x U x .5~ 

Problem 18-Connection of beam A (W14X34) to 
W24X94 with %-in. A307 bolts. 

Solution (student to show all steps and draw sketch): 
Use a Type E connection with six %-in. A307 bolts. 
(Detall data same as for Problem 17.) 

Problem 19-Connection of beam D (W21 X5.5) to 
column 4. 

Given: 
W21 X 55: Web 1111 = %-in. 
W8X48: Web 1111 = Va-in. 
Steel: ASTM A36 
Shop fasteners: Ys-in. A325-F bolts 
Reaction: ~ allowable uniform load for 24·ft &pan 

- 36.5 klps 

Solutlon: 
(1) Enter Table V-C: 

(a) Shear capacity of Type C connection with 
six Ys-in. A325-F bolts ""' .54.1 > 36.5 kips 
o.k. 
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(b) Bearing not a factor in friction-type connec• 
tions. 

(2) Entcr Tablc V-A: 

Anglc lcngth = 6 in. 
. Bcam wcb thickness = %-in. 
Outstanding leg capaclty for l·ln. angle thickness 
= 37.6 > 36.5 kips o.k. 

(3) En ter Tablc V-D: 

Opposite the Type C conncction, note that the 
smallest 1-in. thick angle is the 8 x 4 size. How
ever, with a 1-in. seat angle it is advisable to use 
the 9 x 4 sizc. The mínimum first gage for 
a l-1n. scat angle with Ys-in. A325 bolts is 
2Y. in. (see "Mínimum Gages in Connections 
Using A325 Bolts"). The mínimum pitch for Ya
in. fastcners allowcd by Section 1.16.4 of the 
AISC Specification is 2% in. Gages of 234, 
2%, 2% would result in only a 1-in. edge 
distance, whereas the mínimum allowed by Sect. 
1.16.5 is 1 Ys in.' Therefore, use a 9-in. leg with 
gages of2U, 2%, 2%. 

Use a Type e connection with six %-in. A325·F bolts 
and the following detail data. 

Detail Data (sketch required but not shown): 
Seat angle: 1 L9 x 4 x 1 x 6 
Top angle: 1 L4 x 3 x ~ x 6 (use gage of 1%' in 3-in. 

vertical leg) 

Problem 20-Connection of beam D (W21 X 55) to 
column 4 with %-in. A325-F bolts. 

Solutio11 (student to show all steps and draw sketch): 
Use a Typc e conncction with six %-in. A325·F bolts, 
and the samc dctail data as for Problcm 19. 

(Note: An 8 x 4 x 1 seat angle can be used with gages 
of 234, 234, 234.) 

Problem 21-eonnection of beam E (WI6X36) to 
column 3, with Wl6X36 on opposite side of column 

' web, using Ys-in. shop rivets. 

Given: 
Wl6X36: Web l111 = %6-in. 
W8X40: Web l111 = %-in. 
Steel: ASTM A36 
Shop fasteners: Ys-in. A502-t rivets 
Reaction: Y2 allowable uniform load for 16-ft span 

.,. 28.5 kips 

So/ution: 
(1) Enter Table V-C: 

(a) Shear capacity of Type B connection with 
four Ys-in. rivets = 36.1 > 28.5 kips o.k. 

(b) The rivets support the reaction from botb 
beams, which is 28.5+ 28.5 ... 57.0 klps. 

Bearing value of four Ys-in. rivets on the ~
in. column web is 

4 X 15.9 = 63.6 > 57.0 kips o.k. 

(2) Enter Table V-A: 

Angle length = 6 in. 
Beam web thickness = %6-in. 

Outstanding leg capacity for 1-in. angle thickness 
= 32.0 > 28.5 kips o.k. 

(3) Enter Table V-D: 
Opposite the Type B connection, note that the 
smallest l·in. thick angle is the 8 x 4 size. 

Use a Type B connection with four %-in. rivets and 
the following detail data. 

Detail Data (sketch required but not shown): 
Seat angle: 1 L8 x 4 x 1 x 6 (use gages of 2Y2 and 3 in 

the 8-in. leg) 

Top angle: 1 L4 x 3Y2 x U x 6 (use 234 gage in the 
3Y2-in. vertical leg) 

Problem 22-Connection of Wl6 X 36 to column 3, with 
Wl6X36 on opposite side of column web, using %-in. 
rivets. Reaction of each beam 23 kips. 

Solutiofl (student to show all steps and draw sketch): 
Use a Type B connection with four %-in. A502·1 
rivets and the following detail data. 

Detail Data: 
Seat angle: 1 L6 x 4 x %' x 6 (use gages of 1% and 3 

in the 6-in. leg) 

Top angle: 1 L4 x 3Y2 x 34 x 6 (use 234 gage in the 
3Y2-in. leg) 

Problem 23-Connection of Wl6X45 beam to web of 
WI2X65 column. 

Given: 
WI6X45: Web t111 = %-in. 
Wl2X65: Web t111 = %-in. 
Steel: Main material ASTM A572 Grade 50; 

Detail material ASTM A36 
Shop fasteners: %-in. A490-X bolts 
Reaction: Y2 allowable uniform load on 16-ft span 

., SO kips · 
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Solutlon: 
{1) Entcr Table V-C: 

(a) Shcar capacity of Type B connection with 
four %-in. A490-X bolts = S6.6 > SO kips 
o. k. 

(b) Bcaring capacity of four %' in. bolts on %-in. 
column web is 4 X 19.0 = 76.0 >SO kips o.k. 

(2) Entcr Table V-B: 
On wcb of Wl2X6S, a gage of S~ in. anda seat 
angle 8 in. long will be used; beam web thickness 
=%-in. 
Outs~anding leg capacity for 1-in. angle thickness 
= 51.7 > 50 kips o.k. 

(3) Enter Table V-D: 
Opposite the Type B connection, note that the 
smallest 1-in. thick angle available is the 8 x 4 size. 

Use a Type B connection with four %-in. A490-X 
bolts and the following detail data. Use hardened 
washers under bolt heads or nuts In contad wlth A36 
steel. 

Detail Data (sketch required but not shown): 
Seat angle: 1 L8 x 4 x 1 x 8 (use gages of 2~ and 3 in 

the 8-in. leg) 

Top angle: 1 L4 x 3 x ~ x 8 (use 1% gage in the 
3-in. verticalleg) 

Problem 24-Connection of WI6X4S beam to web of 
WI2X6S column. 

Solution (student to show all steps and draw sketch): 
Use a Type B connection with four %-In. A490-F 
bolts and the followlng detail data. 

Detail Data: 
Seat anglc: l L6 x 4 x ~ x 8 (gages of 2Y.( and 2~ in 

the 6-in. lcg) · 
Top angle: l L4 x 3 x ~ x 8 (gage of 1% in the 3-in. 

vertical lcg) 

Note: Gage of 2Y.( in seat angle is mínimum for' ~
in. thickness and ~-in. A490 bolts. The gage is calcu• 
lated as follows: 

Thickness of angle 
Fillet of 6 x 4 x ~ angle 
Y2 diam. of washer 

Mínimum gage 

~-in. 
~-in. 
~-in.• 

2~ in. 

• Hardened washer ls required uruler head of an A490 bolt 111 
contact wlth material haolng F, lessthan 40 bl. 

STIFFENED SEATED CONNECfiONS . 

Problem 25-Connection of beam F to column t. 

Gioen: 
W30X 108: Web tg = %6-in. 
W8X48: Web 1111 - %-in. 
Steel: ASTM A36 
Shop fasteners: ~-in. A32S-F bolts 
Reaction: ~ allowable uniform load for 24-ft span 

= 100 kips 

Solution: 
(1) Required length of bearing: 

From beam load tables: 

R = 1S kips 
R, = 14.8 kips/lin. in. 

Req'd length of bearing = 

3 
S 100- 1S _" . . + 14.8 - S.2 m. 

.(2) Number of fasteners required: 
(a) From Table VII-B: 

Six ~-in. A325-F bolts in one vertical row 
(in each of two stiffener angles) ha ve· a shear 
capacity of 108 > 100 kips o.k. 

(b) Bearing nota factor (friction-type connection). 

(3) Size and thickness of stiffener angles: 
From Table VII-A: 
Use stiffeners with S-in. outstanding legs, which 
furnish 5Y.( -in.length of bearing (5.2 in. required). 
Bearing capacity of two angles %-in. thick is 111 
> 100 kips o.k. 

Use a Type A connection with six %-in. A32S-F bolts 
In each stiffener, and the following detail data. 

Detail Data (sketch required but not shown): 
Seat angle: 1 L6 x 6 x% x 6 
StifTener angles: 2LS x 3 x% x 1 '·S% (S-in. OSL) 
Filler: l Bar 6 x% x 11~ 
Top angle: l L4 x 3 x ~ x 6 

Problem 26-Connection of beam F to column 1 with 
reaction of 8S kips and %-in. A32S bolts in friction-type 
connection. 

Solution (student to show all steps and draw sketch): 
Use a Type A connection with seven %-in. A325-F 
bolts in each stiffener, and the following detall data: 

Detail Data: 
Seat angle: 1 L6 x 6 x % x 6 
Stiffener angles: 2L4 x 3 x% x 1 '·8% (4-in. OSL) 
Filler: 1 Bar 6 x Ys x 1 '-2~ 
Top ang1e: 1 L4 x 3 x U x 6 



SOLUTIONS / FRAMED ANO SHATl!D llBAM t 'ONNPC I'IONS IIOLTHU (_!14 IC lVI: 11:0 L_1•H-~ 

Problcm 27-Connection of beam G to column 6. 

Given: 
W24X94: Web tUl = J-1-in. 
W8X40: Web ti/J = %-in. 
Stecl: ASTM A36 
Shop fasteners: Ys-in. A32S-F bolts 
Reaction: ~ allowable unlform load for 24·R apan 

· = 73.5 kips 

Solution: 
(1) Required length of bearing: 

From beam load tables: 
R = 71 kips 

-R 1 = 13.9 kips 
Req'd length of bearing = 

73.5 - 71 . 
3.5 + 

1 3
_
9 

= 3.7 m. 

(2) Number of fasteners required: 
(á) From Table VII-8: 

Five Yíí-in. A325-F bolts in one vertical row 
(in each of two stiffener angles) have a shear 
capacity of 90.2 > 73.5 kips o.k. 

(b) Bearing nota factor (friction-type connection). 

(3) Size and thickness of stiffener angles: 
From Table VII-A: 
Use stiffeners with 4-in. outstanding leg which 
furnishes 4~-in. length of bearing >3.7 in. re
quired. 
Bearing capacity of two angles Va-in. thick is 86.6 
> 73.5 kips o.k. 

Use a Typc A connection with five %-in. A325-F bolts 
in each stifTener, and thc following detail data. 

Detail Data (sketch required but not shown): 
Seat angle: J L6 x 6 x Va x 6 
StifTener angles: 2L4 x 3 x Va x 1 '·2% (4-in. OSL) 
Filler: 1 Bar 6 x Va x 8J,1 
Top angle: 1 l4 X 3 x% x 6 

Problcm 28-Connection of beam G to column 6 with 
reaction of 90 kips and 1-in. A325 bolts in friction-type 
connection. 

Solution (student to show all steps and draw sketch): 
Use a Typc A conncction with four 1-ln. A325-F bolts 
in cach stiffcner, and the followlng detall data. 

Detail Data: 
Seat angle: J L6 x 6 x Va x 6 
Stiffener angles: 2 L5 x 3 x ~e x 11% (S-in. OSL) 
Filler: 1 Bar 6 x Ys x S~ 
Top angle: 1 L4 x 3 x U x 6 

Problem 29-Connection of W24X68 beams to both 
si des of the web of the W8 X 35 column (use a Type B 
connection). 

Given: 
W24X68: Web t111 = Ytu-in. 
WSXJS: Web t111 • %e·in. 
Steel: ASTM A36 
Shop fasteners: Ys-in. A502-l rivets 
Reaction: 45 kips each beam 

So/ution: 
(1) Required length of bearing: 

From beam load tables: R = 55 kips 
Hence, 3J,1-in. length of bearing is adequate. 

(2) Number of fasteners required: 
(a) From Table VII-B: 

Five Ys-in. rivets in one row (in a type B 
connection) ha ve a shear capacity of 90.2/2 == 
45.1 > 45 kips o.k. 

(b) Bearing capacity: 
The rivets support the reactions from both 
beams, which is 45 + 45 = 90 kips. 
Bearing value of five Ys-in. rivets on %&·in. 
column web is 5 X 13.3 = 66.5 < 90 kips n.g. 
Number of Ys-in. rivets req'd = 90/13.3 == 6.8 

Use 7 rivets. 

(3) Size and thickness of stiffener angles: 
From Table VII-A: 
Use stiffener with 3J,1-in. outstanding leg (in ac
cordance with 3H-in. length of bearing called for 
in step l. 

Bearang capacity of one angle J-1-in. thick is 
99/2 = 49.5 > 45 kips o.k. 

Use a Type 8 connection with seven %-in. ASOl-1 · 
rivcts and the following detail data. 

Detail Data (for each si de of column web; sketch re· 
quired but not shown): 

Seat angle: 1 L6 x 4 x Ys.x 6 
Stiffener angle: 1 L3J,1 x 3 x Y2 x 1 '-8% (3J,1-in. OSL) 
Filler: l Bar 3 x Ys x 1 '-2J,1 
Top angle: 1 L4 x 3J,1 x ~(use a 2~-in. gage in the 

3 .Y:!-i n. leg) 

Note: An optional solution would be to use two stif
fener angles with 4 rivcts in each stiffener. This would 
require one less rivet (8 instcad of 9) in the connec
tion, but would require one more piece (each side 
ofcolumn web) to be fabricated and handled. Hence, 
the solution with 7 rivets in a single stiffener would 
generally be considered more economical. 
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Problcm 30-Conncction of W24X68 beams to both 
sidcs of wcb of a W8X35 column, using 1-in. A502·1 
rivcts in a Typc B connection. 

Solrttioll (student to show all steps)': 
Use a Typc B conncction with slx 1-ln. AS01·1 rlvets 
ond thc following dctail data. 

Detail Data (student to draw sketch): 
Scat angle: ll6 x 4 x % x 6 
Stiffener angle: 1 L3J,1 x 3 x Y2 x l '·5% (3~-in. OSL) 
Filler: 1 Bar 3 x% x 11% 
Top angle: 1l4 x 3% x 34 x 6 

Problem Jl-Connection of W36X 135 beams to both 
sides of web of a WI4X87 column. 

Give11: 
W36X 135: Web '"' = %-in. 
WI4X87: Web t"' = Yís·in. 
Steel: Main Material: ASTM A572 Grade 50 

Detail Material: ASTM A36 
Fasteners: %-in. A490-X bolts 
Reaction: Y2 allowable uniform load for 30-flspan 

= 
2~3 = 146.5 kips 

So/ution: 
(1) Required length of bearing! 

From beam load tables: 
R = 116 kips 
R1 = 22.4 kips 

Req'd length of bearing 

=35 146.5-116 
. + 22.4 

= 4.9 in. 

(2) Numhcr of fasteners required: 

(a) From Table VII-B: 
Four %-in. A490-X bolts in one vertical 
row (in each of two ang1es) have a shear ca· 
paci ty of 15~ > 146.5 kips o.k. 

(b) Bcaring Capacity: 
The bolts support the reaction from both 
beams, which is 146.5 + 146.5 .. 293 kips. 

Bcaring valuc of cight %-in. bo1ts on the 
YÍ6·in. column web is 8 X 25;8'.1dps • 206.4 
< 293 kips n.g, 

Number of bolts req'd = 293125.8 - 11 

Use 12 bolts 

(3) Size and thickness of stiffener angles: 

From Table VII-A: 
' 

Use stiffeners with 5-in. outstanding legs, which 
furnish 534-in. length of bearing > 4.9 in. o.k. 

Bearing capacity of two angles Y2-in. thick is 149 
> 146.5 kips o.k. 

With a column gage of 5% in., it would not be 
economical to place the stiffener angles back to 
back. The maximum permissible separation be
tween outstanding legs is 2 X (k - stiffener thick
ness) = 2% in. 

Use stiffener with 1 %'-in. gage in 3-in. 1eg, re
sulting in a separation of 2 in. 

Use a Type A connection with six %-in. A490-X 
bolts in each stiffener, and the following detail data. 

Detai/ Data (sketch required but not shown): 
Seat angle: IL6 x 6 x % x 8 
Stiffener ang1es: 2l5 x 3 x Y2 x 1 '-5% (5-in. OSL) 
Filler: 1 Bar 8 x % x 11% 
Top angle: ll4 x 3Y2 x ~ x 8 

Problem 32-Connection of W36 X 150 beams to both 
sides of the web of a W14X87 column. 

Solution (student to show atl steps): 
Use a Type A connection with six %-in. A490-X 
bolts in each stiffener, and the following detail data. 

Detail Data (student to draw sketch): 
Seat angle: 1 L6 x 6 x% x 8 
Stiffener angles: 2L5 x 3 x Yíe x 1 '·5% (5-in. OSL) 
Filler: 1 Bar 8 x% x 11Y2 
Top angle: 1L4 x 3~ x ~ x 8 
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Framed and Seated Beam Connections-Welded 

FRAMED BEAM CONNECTIONS 

Problcm t-End connections for beam A (WI4X34) 
with E70X?< clcctrodes and %-in. A307 bolts. 

,Givcn: 
WI4X34: Web 1111 = 0.287 in. 
W27X94: Wcb 1111 = 0.490 in. 
W24X94: Web tiD = 0.516in. 
Steel: ASTM A36 
Shop welds: E70XX 
Field bolts: %-in. A307 
Reaction: }1 allowable uniform load for 16-ft span 

= 24.5 kips 

Solution: 
(1) Outstanding legs: 

Refer to Table 1; try 3 rows, angles 8}1-in. long. 
(a) From Table I-A3: 

Single shear value (6 bolts) = 26.5 > 24.5 kips 
o. k. 

(b) Thickness of angles = ~-in. 

(e) Bcaring value: 
·Minimum thickness of connection angles is 
~-in., < the web thickness of either the 
W24X94 or the W27X94. Bearing value is 
thercfore o.k., as angle thicknesses in Table 1 
have been proportioned to be adequate in 
bearing. 

(2) Web legs: 
From Table 111, un~er Weld A, L = 8.).1 in. 
(a) %s-in. weld eapacity = 42.8 > 24.5 kips o.k. 
(b) Angle thickness of ~-in. o.k. for %6-in. fillet 

weld. 

(e) Min web thickness reqd = 0.28 < 0.287 o.k. 

Use 2L4 x 3 x lf.~ x 81f2 (3-in. legs against Wt4 web); 
3/as-in. welds, E70XX; six %-in. A307 field bolts. 

Problcm 2-End connections for WI4X34, reaction 35 
', kips, with E70XX electrodcs and Ys-in. A307 bolts. 

Solution: 

' ' Similar to Problem 1 (student to show all steps). 

Use: 2L4 x 3 x lf.~ x 81f2 (3-in. leg against Wt4 web); 
o/Je-ln. shop welds, E70XX; six %-in. A307 fleld bolts. 

S8-1 

Problem 3-Conneetion of beam H (Wl6X26) to beam 
B (W24X84) with E70XX electrodes and ~-in. A307 
bolts. 

Gioen: 
WI6X26: Web 1111 = 0.250 in. 
W24X84: Web 1111 = 0.470 in. 
Steel: ASTM A36 
Shop Welds: E70XX 
Field Bolts: %-in. A307 
Reaetion: }1 allowable uniform load for 12-ft span 

= 25.5 kips 

Solution: 
(1) Outstanding legs: 

Refer to Table 1; try 3 rows, angles 8Yz-in. long. 
The connection bolts through the outstanding legs 
must support the reactions from both Wl6 beams 
framing on opposite sides ofthe W24(25.5 + 25.5 
= 51.0 kips). 
(a) From Table 1-A3: 

Double shear value = 36.1 + 36.1 
= 72.2 > 51.0 kips o.k. 

(b) Angle thickness = U-in. 
(e) From Table 1-B3: 

Web thickness ofthe W24 is less than twicethe 
thickness of the eonnection angles and there· 
fore governs. 
Bearing value = 2 X 0.470 X 128 

= 120 > 51.0 kips o.k. 

(2) Web legs: 
From Table 111, under Weld A, L = 8}1 in. 
(a) Capacity of %6-in. weld = 42.8 > 25.5 kips 

o.k. 
(b) Angle thickness of ~-in. o.k. for %&·in. fillet 

weld. 
(e) Mínimum web thickness required = 0.28 > 

0.25 in. n.g. 
Therefore, reduce capacity of weld: 
0.25/0.28 X 42.8 = 38.2 > 25.5 kips o.k. 

Use 2L4 x 3 x 1,4 x 81h (3-in. legs against Wt6 
beam web); 3!a8-in. shop welds, E70XX; six 'Va-in. 
A307 fteld bolts 
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Problcm 4-Conncction of bcam H (Wl6X26), reac· 
tion 29 kips, to bcam B (W24X84) with E70XX elec· 
trodcs and %-in. A307 bolts. 

Solutio11: 
Similar to Problem 3 (student to show atl steps). 

Use: 2L4 x 3 x% x 11%; 3fts-ln.shopwelds,E70XX; 
cight %-in. A307 ficld bolts. 

Problcm 5-Conneetion of beam B (W24X84) to beam 
F (W30X 108) with E70XX electrodes and %-in. A32S 
bolts, frietion-type eonnection. 

GiVC/1,' 

W24X84: Web ti/) = 0.470 in. 
W30X 108: Web ti/) = 0.548 in. 
Steel: ASTM A36 
Shop Welds: E70XX 
Field Bolts: %-in. A325-F 
Reaction: Y2 allowable uniform load for 24-ft span 

= 65.5 kips 

Solutio11: 
(1) Outstanding legs: 

Refer to Table 1; try 5 rows, angles 1 '-2Y2 long. 
(a) From Table l-AS: 

Single shear value = 66.3 > 65.5 kips o.k. 
(b) Angle thickness = ~-in. 

(e) Bearing o.k. as web thiekness of W30 is greater 
than angle thickness (see Problem 1 above). 

(2) Web legs: 
From Table 111, under Weld A, L = 1 '·2Y2. 

(a) Capacity of %s-in. weld = 76.6 > 65.5 kips 
o.k. 

(b) Angle thickness of ~-in. o.k. for %s-in. weld. 
(e) Minimum web thickness required = 0.30 < 

0.47 in. o.k. 

Use 2 L4 x 3 x 1,4 x 1 '-2% (3-in. leg against W24 
bcam wcb); 3ft 6-in. shop welds, E70XX; ten %-in. 
A325-F field bolts. 

Problcm 6---Connection of beam B (W24X84) to beam 
F (W30X 108) with E70XX electrodes and Vs-in. A307 
bolts. ,t · 

Solution: 
Similar to Problem 5 (student to show a11 steps). 

Use 2L4 x 3 x 114 x l'·Sl!z; 3ft 6-ln. shop welds, E70XX; 
twelve %-in. A307 fleld bolts. 

J1roblcm 7-Conncction of two W24 X 100 beams on 
opposite si des of the W36 X 135, using E70XX electrodes 
and A490 bolts, bearing-type connection with threads 
excluded from the shear planes. S pan of the W24 beams 
is 18 ft. 

Giuen: 
W24X 100: Web ti/) = 0.468 in. 
W36X 135: Web ti/) = 0.598 in. 
Steel: Main material: ASTM A572 grade 50 

Detail material: ASTM A36 
Shop welds: E70XX 
Field bolts: %-in. A490-X 
Reaction: Y2 allowable uniform load for 18 ft span 

= 152 kips 

So/ution: 
• (1) Outstanding legs: 

Refer to Table 1; try 6 rows, angles 1 '-5Yz long. 
The eonnection bolts through the outstanding legs 
must support the reaetions from both W24 framing 
on opposite sides of the W36 (152 + 152 = 304 
kips). 
(a) From Table I-A6: 

Double shear value = 2 X 170 
= 340 > 304 kips o.k. 

(b) Angle thiekness = }i's·in. 
(e) From T~ble I-B6: 

As the W36 beam and the eonneetion angles 
·are different kinds of steel, the bearing value of 
eaeh will be investigated. 
Bearing value W36 web = 2 X 0.598 X 304 

= 364 > 304 kips o.k. 

Bearing value of angles = 2 X :V.s X 219 
= 192 > 152 kips o.k. 

(2) Web legs: 
From Table III, under Weld A, L = 1 '-5Yz 
(a) Capacity of%s·in. weld = 157 > 152 kipso.k. 
(b) Angle thiekness of}-1 6 -in. o. k. for% s-in. weld. 

(e) Minimum web thiekness required = 0.38 < 
0.468 in. o.k. 

Use 2L4 x 3 x 7ft 6 x 1'-Sljz (3-in. leg against W24 
beam web); Sfts-in. shop welds, E70XX; twelve %
in. A490-X ficld bolts, with 24 hardened washers•. 

• The Specijication for Structural Joints Using A325 or A490 
Bolts requires a hardened washer lo be used under tire turned 
element (head or nul) jor A490 bolts. Moreooer, a hardened 
washer ls rf!quired under the head or nul i/ In contacl with 
1teellulolng F, less than 40 ksl. 
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Problcm 8-Conncction of W24X 100 beams on oppo
site si des of W36 X 135, using E70XX electrodes und 
A490 bolts, bearing typc connection with threads ex
eludcd from shear planes. Span of W24 beams is 22 ft. 

So/u t io11: 
Similar to Problem 7 (student to show all steps). 

Use 2L4 x 3 x 7J¡s x 1'-2%(3-in.leg againstW24 web); 
S/¡ 6-in. wclds, E70XX; ten %-in. A490-X field bolts 
with 20 hardcncd washcrs (sec rootnote to Problem 7). 

Problcm 9-Connection of beam e (W30X 108) to 
Column 4 (W8X48), using E70XX eleetrodes and ~
in. A325 'field bolts, bearing-type eonnection with 
threads in shear planes. 

Given: 
W30X 108: Wcb liD = 0.548 in. 
W8X48: Flangc: 8!/s x 1Yt6-in. 
Stecl: AST M A36 
Shop welds: E70XX 
Field bolts: ~-in. A325-N 
Reaction: Yz allowable uniform load for 24-ft span 

= lOO kips 

Solution: 
(l) Web legs: 

Refer to Tablc I; try 6 rows, angles 1 '·572 long: 

(a) From Table I-A6: 
Double shear value = 108 > 100 kips o.k. 

(b) Angle thickness = 34-in. 

(e) As thc web thickness of0.548 in. is greater than 
. twice the thickness of the angles, angle thiek
ness governs and bearing is o.k. (see step l(e) of 
Problcm 1). 

(2) Outstanding legs: 

From Tab1e 111, under weld B, L = 1 '-5Y;í 

(a) Capacity of 34-in. weld = 101 > 100 kips o.k. 

(b) Angle thickncss.of !4 -in. from Tablc I-A6 must 
be increased lo % 6-in. Ü'Í 5-in. larger than size 
of fillet weld, AISC Specification Sect. 1.17.6) 

(e) Shcar capacity of connectcd material: 

Th1ckness of angles 1s less than eolumn 
flange thiekness and thcrefore governs. As 
stated in text, with E70XX welds and angles of 
steel having Fv = 36 ksi., if the angles are H6· 
m. thicker than the fillrt wcld size, the weld 
shcar per linear inch wJII not exeeed the shear 
value of the angles per linear ineh . 

Use 2 L31,4 x 3 x s¡16 x 1 '-Sl!z (3-in. lcgs against column 
Hangc); lA-In. shop welds, E70XX; slx %-In. A325-N 
field bolts. 

Prohlcm 10'-Connection of bcam e (WJOX 108) to 
W12X65 eolumn, using E70XX clcctrodcs und %-in. 
A325 ficld bolts, bearing-type eonnection with threads 
in shear planes. 

Solution: 
Similar to the solution Problem 9 (student to show all 
steps). 

Use 2L4 x 31h x 51Js x 1'-lllh (4-in. legs against 
column Hange); lA-in. shop welds, E70XX; eight 3,4-in. 
A325-N fleld bolts. 

Problem 11-Conneetion of beam G (W24X94) to 
eolumn 3 (W8 X 40), using E70XX e)ectrodes and ~-in. 
A325 bolts, friction-type connection. 

Given: 
W24X94: Web t"' = 0.516 in. 
W8X40: Flange: 8Ys x %6-in. 
Steel: ASTM A36 
Shop welds: E70XX 
FieJd bolts: ~-in. A325-F 
Reaetion: Yz allowable uniform load for 24-ft span 

= 73.5 kips 

So/ution: 
(1) Web Jegs: 

Refer to Table 1; try 5 rows, angles l '·2Yz long: 

(a) From Table I·A5: 
Double shear value = 90.2 > 73.5 kips o.k • 

(b) Angle thiekness = 34-in. 

(e) Bearing not a factor in frietion-type eonnec· 
tions. 

(2) Outstanding legs: 

From Table 111, under Wcld B, L = 1 '-2}1. 

(a) Capacity of 34 -in. weld = 76.6 > 73.5 kips o.k. 

(b) Angle thiekness of U-in. from Table l-AS 
must be inereased to % 6 -in. (H 6-in. larger than 
fillet weld size, as per AISC Speeification 
Sect. 1.17 .6). 

(e) Investigate shear capaeity of eonneeted ma
terial: 

Thickness of angles is less than eolumn flange 
thiekncss and therefore governs. Shear capacity 
of angles o.k. as explained in step 2-e of Prob· 
lem 9. 

Use 2L3l!z x 3 x &!J 8 x 1'·2% (3-in. leg against 
column Hange); lA-In. shop welds, E70XX; flve %-In. 
A325-F fleld bolts. 
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Prohlcm 12-Conncction of beam G (W24X94) to 
column 3 (W8X40), using E70XX electrodes and 1-in. 
A325 bolts, friction-type connection, with rcaction of 
110 kips. 

Sol u t ion: 
Similar to Problem 11 (student to show all steps). 
Use 2 U% x 3 x 7ft 6 x 1 '-2% (3-in. leg agalnst column 
flange); 3j8-in. shop welds, E70XX; ftve 1-in. A325-F 
fidd bolts. 

Altemate Solution: 
2 U% x 3 x 3fs x 1 '-5% (3-in. leg against column 
flange); .Sft6·in. sho.p welds, E70XX; six 1-in. A325-F 
bolts. 

This alterna te solution may be more economical than 
the previous solution, as it avoids the use of %-in. fil
let welds, which require two passes by the welder.• 

Note that it requires longer but thinner angles and an 
extra bolt. 

Problem 13-Connection of W33XI30 to WIOX49 
column, using E70XX electrodes and %-in. A490 
bolts, bearing-type connection with threads excluded 
from shear planes. 

Given: 
W33 X 130: Web /111 = 0.580 in. 
WIOX49: Flange: 10 x %6 in. 
Steel: Main material: ASTM A572 grade SO 

Dctail material: ASTM A36 
Shop welds: E70XX 
Field bolts: %-in. A490-X 
Reaction: Y2 allowable uniform load for 22-ft span 

= 203 kips 

Solution: 
(1) Web legs: 

Refer to Table 1; try 8 rows, angles 1 '·IIY21ong: 
(a) From Table l-AS: 

Double shear valúe = 226 > 203 kips o.k. 

• Refer lo .. Economy 111 Se/ectlo11 o/ Weld.J" 111 Chtlpter 6af 
textbook. 

(b) Angle thickncss = Yt6 -in. _ 
(e) As thc W33 bcam and the conne~ti~~· angles 

,are difTcrcnt kinds of stccl, the bearing value of 
cach will be invcstigatcd. 

From Tablc 1-08: 

Bearing value of W33 web - 0.580 X 405 = 
235 > 203 kips o.k. 
Bearing value of 2 angles = (2 X Yt6 ) X 292 
= 255 > 203 kips o.k. 

(2) Outstanding legs: 

1 '' 

From Table 111, under Weld B, L = 1 '-11}1. 
(a) Capacity of %-in. weld = 223 > 203 kips o.k. 

(b) Angle thickness of Yt 6 -in. o.k. for %-in. weld. 
(e) lnvestigate shear capacity of connected ma-

terial: 

Thickness of angles is less than the column 
ftange thickncss and therefore governs. Shear 
capacity of angles o.k. as explained in solution 
to Problem 9. 

Use 2L4 x 3% x 7116 x 1'-11% (4-in. leg against 
column flange); %-in. shop welds, E70XX; eight 
%-in. A490-X field bolts with 16 hardened washers. 

Alterna/e Solution: 
2L4 x 3% x Tfaa x 2'-2% (4-in. leg against column 
flange); 5ft6·in. shop welds, E70XX; nine %-in. 
A490-X field bolts with 18 hardened washers. 

Refer to comments under Alternate Solution 
to Problem 12. 

Problem 14-Connection of W27X94 to WIOX49 
column, using E70XX electrodes and %-in. 
A490 bolts, bearing-lype connection with threads 
in shear planes. 

Solution: 
Similar to Problem 13 (student to show all steps). 

- Use 2 Ul!z x 3 x% x 1 '-Sl!z (3-in. leg against column 
flange); %a-in. shop welds, E70XX; six %-in. 
A49D-N fteld bolts wlth U hardened washen, 
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Prohlcm 15-Conncction of WI2X 14 to W14X38 with 
rc<~ction of 17.2 kips, using E70XX electrodcs. 

Given: 
Wl2X 14: Wcb lil) = 0.198 in. 
WI4X38: Web IIJJ = 0.313 in. 
Stccl: ASTM A36 
Wclds: E70XX 
Reaction: 17.2 kips 

So/u 1 ion: 
(1) En ter Tablc IV and note that eithcr of the follow

ing appcars to satisfy the requirements: 
(a) L = 5 m.; Wcld A = 32.6 kips, U-in. weld; 

Wclá B = 19.5 kips, ~1' 6 -in. weld 

(b) L = 6 in.; Weld A = 29.5 kips, ~í's-in. weld; 
Wcld B = 21.7 kips, !4-in. weld 

Thc lengt h of 5 in. is slightly lcss than half the 
T-distance of 10}'8 in. for the WI2X 14. It could 
be considcred satisfactory, but in this case the 
longcr length is a better choice because the con· 
nections on both sides of the Wl4X38 tend to 
overstress the web of the Wl4. Use 6-in. 

(2) Weld A: 

(a) Capacityof~{6-in.weld = 29.5> 17.2kipso.k, 

(b) Min web /IJJ reqd = 0.27 > 0.198 in. n.g. 
Therefore reduce capacity of weld: 

0.198/0.27 X 29.5 = 21.6 > 17.2 kips o.k. 

(3) Weld B: 

(a) CapacityofU-in.weld = 21.7> 17.2kipso.k. 
(b) Check shear ca pacity of connected material: 

Shear capacity of W14X38 web = 14.5 X 1 X 
0.313 = 4.54 kips/lin. in. 

Weld shear (both sides of web) = 2 X 0.928 X 
4 = 7.42 > 4.54 kips/lin. in. n.g. 

Thcrefore, reduce capacity of weld: 4.54/7.42 
X 21.7 = 13.3 < 17.2 kips n.g. 

Hence, try a connection with length of 1 in. 

Capacity of U -in. filie( for Weld B = 28.3 kips 

Reduce capacity of weld 4.54/7.42 X 28.3 = 
17.3 > 17.2 kips o.k. 

Use 2L3 x 3 x Sfts x 7; 3ft 6-in. shop wclds (E70XX) 
_. on wcb legs; %-in. fleld welds (E70XX) on out· 

standing legs. 

Problcm 16-Connection of W12X27' to W16X50, 
with reaction of 20.0 kips, using E70XX elcctrodes. 

Solution: 
Similar to Problem 15 (studcnt to show all stcps). 

Use 2L3 x 3 x 5/te x 7; 3fts-ln. wclds (E70XX) on web 
legs; 1,4.Jn. flcld welds (E70XX) on out_standlng lep. 

Prohkm 17- --Conncction of bcam JI (WI6X26)to bcam 
D (W24XR4), using E70XX clcctrodcs. 

Give11: 
WI6X26: Wcb t,~ = 0.250 in. 
W24X84: Wcb tiJJ = 0.470 in. 
Steel: ASTM A36 
Welds: E70XX 
Reaction: Y2 allowable uniform load for 12-ft span 

= 25.5 kips 

Solution: 
(1) Enter Table IV and note that either of the follow

ing appears to satisfy the requircments: 

(a) L = 6 in.; Weld A = 39.3 kips, U-in. wetd; 
Weld B = 27.1 kips, %s-in. weld. 

(b) L = 7 in.; Weld A = 34.7 kips, Y. s-in. weld; 
Weld B = 28.3 kips, U-in. weld. 

The length of 6 in. is less than half the T-distance 
of 13%-in. for the WI6X26, so should not be 
used. Hence, try the length of 1 in. 

(2) Weld A: 
(a) Capacityof~1s-in. weld =34.7 > 25.5 kipso.k. 

(b) Minimum web thickness required = 0.27 > 
0.25 in. n.g. 

Hence, reduce capacity of weld: 0.25/0.27 X 
34.7 = 32.1 > 25.5 kips o.k. 

(3) Weld B: 
(a) Capacity of }4 -in. weld = 28.3 > 25.5 kips o. k. 

(b) Investigate shear capacity of connected· ma
terial: 
Shear capacity of W24 X 84 web = 14.5 X 1 X 
0.470 = 6.82 kips/lin. in. 
Weld shear(both sides of web) = 2 X 0.928 X 
4 = 7.42 > 6.82 kipsflin. in. n.g. 

Hence, reduce capacity ofweld: 6.82/7.42 X 28.3 
= 26.0 > 25.5 kips o.k. 

Use 2L3 x 3 x .&fte x 7; 3fte-in. shop welds (E70XX) 
on web legs; 1/.s-ln. fleld welds (E70XX) on outstand· 
lng lcgs. 

Problem 18-Connection ofbeam H (W16X26) to beam 
B (W24X84), using E70XX electrodes. Reaction based 
on 10-ft span. _, '- · 

Solution: 
Similar to Problem 17 (student to show all stepsf ·. -. -· 

Use 2L3 x 3 x %ex 8; 3ft e-in. shop welds (E70XX) on 
wcb lep; 1,4-ln. fleld welds (E70XX) on outstanding 
legs. 

~~."-1 
.... !..~ .. ~ 
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Problcm 19-Connection of beam D (W21 X 55) to 
column 1 (W8X48), using E70XX electrodes. Main ma· 
terial is ASTM A572 Grade 50 and detail material is 
ASTM A36. 

GiDell: 
W21 )(55: Web 116 - 0.375 in. 
W8X48: Flangc: SYs x ~~s-in. 
Steel: Main material: ASTM A572 grade 50 

Detail material: ASTM A36 
Welds: E70XX 
Reaction: Y2 allowable uniform load for 24-ft span 

= 50.0 kips 

Solutio11: 
(1) En ter Table IV and note that either ofthe following 

appears lo satisfy the requirements: 

(a) L = 9 in.; Weld A = 60.6 kips, ~-in. weld; 
Weld B = 53.7 kips, %s-in. weld. 

(b) L = 1 O in.; Weld A = 51.0 kips, %s-in. weld; 
Weld B = 50.5 kips, ~-in. weld. 

Length of 9 in. will be selected because it re
quires less length of weld. lt is slightly less than 
half the T-distance o( 18Y2 in. for the W21, but 
can be considered satisfactory. 

(2) Weld A: 

(a) Capacity of U -in. weld = 60.6 > 50.0 kips o.k. 

(b) Mínimum web thickness required = 0.27 in.< 
0.375 in. o.k. 

(3) Weld B: 

(a) Capacity of %s-in. weld = 53.7 > 50.0 kips 
o.k. 

(b) Investigate shear capacity of connected ma
terial. Thickness of angles is less than column 
flange thickness and therefore governs. Shear 
capacity of angles is adequate and no calcula
tions are necessary, as explained in Problem 9. 

Use 2L3 x 3 x 3/s x 9; 1,4-in. weld (E70XX) on web 
legs; siÍs-in. weld (E70XX) on outstanding legs. 

Problcm 20-Connection of beam 8 (W24 X 84) to beam 
F (W30)( 108), using E70XX electrodes. Main material 
is ASTM A572 grade 50 and detail material is-ASTM 
A36. 

Solution: 
Similar to previous problems (student to show all 
steps). 

Use 2L3 x 3 x 3/¡j x 1'-2; 1,4-ln. weld (E70XX) on web 
legs; &IÍ&·in. weld (E70XX) on outstanding legs. 

Figure S8.1 

W/41134-

Space avo¡Yable 
fOr ~af angle 

UNSTIFFENED SEATED CONNECfiONS 

Problem 21-Connection of beam A (Wl4X34) to 
beam G (W24X94). See Fig. 58.1. 

Given: 
Wl4X34: Web t .. = %s-in. 

Flange: 6% x Yt s-in. 
W24)(94: Web t16 = ,Y:!-in. 
Steel: ASTM A36 
Welds: E70XX; Field bolts: %-in. A307 
Reaction: Y:! allowable uniform load for 16-ft span 

= 24.5 kips 

Solution: 
(1) Select seat angle length: 

Beam flange is 6% in. wide. For bottom ftange 
of beam to clear weld returns, use 8% in. 

(2) From Table VI-A: 

Capacity of% -in. angle = 26.5 > 24.5 kips o.k. 

(3) From Table VI-C: 

Capacity of 6 x 4 angle with% s-in. weld = 27.3 > 
24.5 kips o.k. 

Capacity of 7 x 4 angle wit_h U-in. weld = 28.5 > 
24.5 kips o.k. 

Use 6 x 4 angle with %s-in. welds.• 

Use seat angle 6 x 4 x 3,4 x 83,4 with S/¡ s-in. welds to 
W24 and %-in. welds to Wl4; sidc anglc 4 x 3% x% 
x 6 with 3/¡s-in. welds connccting 4-in. lcg to wcb of 
W24 and two %-in. A307 bolts to Wl4; welds E70XX. 

• As a general rule, choose the connection requiring less length 
ofweld and smal/er size angle, except aooid weld.f larger than 
%s-in., as stated in text. In the case o/ unstiffened seats, the 
capacity of the supporting beam web, or column web or 
flange, to rece/ve the weld need·not be inoestigated, G.J ~x· 
plained In text. 
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Problcm 22-Samc as Problcm 21 except reaction is 30.0 
kips. Scc Fig. S8.1. 

Solut io11: 
Similar to Problem 21 (student to show all steps). 

Use Sl'nt nn~lc 7 x 4 x % x 8% with 6!J6-in. welds; 
sidc anglc 4 x 31jz x lA x 6 with 3/te·ln. welds con• 
nccting 4-in. lcg to W24 and two %-in. A307 bolts to 
W14; welds E70XX. 

Problem 23-Connection of beam H (W 16 X 26) to beam 
J (W27X9~). See Fig. S8.2. 

Fi'gu11 S8.2 

Given: 
WI6X26: Web 1111 = %-in. 

Flange: 5~ x %-in. 
W27X94: Web 1111 = ~-in. 
Steel: ASTM A36 
Welds: E70XX 
Field bolts: %-in. A307 

Spcce avallable 
For seaf tn¡le 

Reaction: ~ allowable uniform load for 12-ft span 
= 25.5 kips 

Solution: 
(1) Select seat angle length: 

Beam flange is 5~ in. wide. In order for bottom 
ftange of beam to clear weld returns, seat angle 
should be 7% in. long. 

(2) From Table VI-A: 

Bascd on a lcngth of 8 in., capacíty o( a %-in. angJe 
is 25.5 kips o.k. Therefore, use length of 8 in., in
stcad of 7Y2 in. 

(3) From Tablc VI-C: 

The }1;-in. thickness ofseat angle requires a% 8-in. 
mínimum fillet weld (Specification Sect. 1.17 .5). 
Capacity of 6 x 4 angle with %s-in. weld = 27.3 > 
25.5 kips o.k. 

Use seat angle 6 x 4 x % x 8 with S!J 6-in. welds; si de 
angle 4 x 31/z x 1A x 6 with 3/ts-in. weld connecting 
4-in. leg to web of W27 and two %-in. A307 bolts to 
W16; welds E70XX. 

Problem 24-Connection of beam H (WI6X26) to 
béam J (W27X94) if reaction is 19.0 kips. See Fig. 88.2. 

Solution: 
Similar to previous problems (student to show all 
steps). 

Use seat angle S x 3lfz x % x 7lfz with S!Js-in. welds 
to W27 and 1A-in. welds to Wl6; side angle 4 x 3lfz 
x lA x 6 with 3!J 6-in. welds connecting 4-in. leg to 
web of W27 and two %-In. A307 bolts to Wl6; welds
E70XX. 

Problem 25-Connection of beam E (Wl6X36) to 
column 2 (WIOX60). 

Given: 
WI6X36: Web /ID = 91's-in. 

Flange: 7 x ~ú-in. 
WIOX60: Web tiD = Xe-in. 

T = 7% in. 
Steel: ASTM A36 
Welds: E70XX 
Reaction: ~ allowable uniform load for 16-ft span 

= 28.5 kips 

Solution: 
(1) Select seat angle length: 

Since clear distarice T on column web is 7% in., 
use an angle length of 6 in., which will provide 
space for welding the ends of the seat angle to tbP. 
column web. 

(2) From Table VI-A: 
Capacity of l·in. angle :::s 32.0 > 28.5 kips o.k. 
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(3) From Tablc VI-C: 

Thc 1-in. anglc requires a mmamum fillet weld 
of ~ .. Í G-in. (Spccification Scct. 1.17 .5). 
Capacity of 1 x 4 anglc with Y. 0-in. weld = 35.6 
> 28.5 kips o.k. 

Howcver, 7 x 4 ang1c is not avai1ab1e in 1-in. 
thickncss, so 8 x 4 ang1e must be used. 

(4) Cutting bottom flange: 
The bottom flange of the W16X36 must be cut to 
provide space for ,wclding the toes of the flange to 
the scat anglc and also to clear the return wclds at 
the hcel of the seat anglc. The remaining flange 
must be wide enough to accommodate holes for 
temporary erection bolts. lf thcse are placed on a 
gage of 3 in. the flange should be 5 in. wide, based 
on a 1-in. edge distance (Specification Scct. 
1.16.5). This will providc sufficient spacc for the 
H-in. fillct weld connecting the beam flange to 
the scat angle, but the 5-in. flange width may not 
clcar the return welds at the heel of the seat angle. 
For this reason the end ofthe bottom flange should 
be cut at 45° for a distance of 1 in. (see Fig. S8.3). 

Use seat an~lc 8 x 4 x 1 x 6 with Sfts-in. wclds to 
column nnd W16; top an~lc 4 x 4 x 1(4 x 4 with %s-in. 
welds to column nnd heam nangc; wclds E70XX. 

Note: It is assumcd that crcction bolts are not re
qua red in the top flange; thus, the 4-in. 1ength is 
satisfactory for the top ang1e. This ang1e must be 
shipped loose and ficld welded to the column to 
permit erection of the beam. 

1 cu afd5 o 

1 
1 

ft)l --
~. ~¡¡~ 

Figure SB.J 

Prohlem 26-Same as Prob1em 25 except column is 
Wl2X65 and reaction is 19.5 kips. 

Solution: 
Similar to Problem 25 (student to show all steps). Cut 
bottom flange of beam to 6 in. to cle,ar return welds 
and provide space for wclding flange to seat angle. 
(Student to draw sketch showing holes and cuts.) 

Use scat angle 5 x Jljz x % x 4 with 6ft 6-in. welds to 
column and %-In. welds to Wl6; top angle 4 x 4 x 
% x 4 with %s-In. welds to column and beam flange; 
welds E70XX. 

Problcm 27-Connection of a W21 X 55 to the ftange of 
a W14X87 co1umn. Span of beam is 24ft. : 

Glven: 
W21 X 55: tiD = %-in. 

Flangc: 8!4 x %-in. 
W14X87: Flangc 14JA,í x 1 H n·in. 
Steel: Main 'material: ASTM A572 grade 50 

Detail material: ASTM A36 
Welds: E70XX 
Field bolts: %-in. A307 
Reaction: ~ allowable uniform load for 24-ft span 

= 50 kips. 

So/ution: 
(1) Select seat angle length: 

Column flange is 14~ in. wide and width ofbeam 
flange is 8 .!4 -in. 

The seat angle should be 10,!4 in. long in order for 
the bottom flange of the beam to clear the weld 
returns at the heel of the seat angle. 

(2) From Tab1e VI-B: 

Capacity of 1-in. ang1e = 51.7 > 50 kips o.k. 

(3) From Table VI-C: 

Thc 1-i~. anglc requircs a mínimum fillet weld of 
%r.-in. (Specification Sect. 1.17.5) 

Capacity of 9 x 4 angle with % 0-in. weld = 53.8 > 
50 kips o.k. 

(4) Design top angle connection: 

Because the top angle is field bolted to the beam, 
its length of top ang1e depends on the gage in the 
beam flange. Use 8-in. long angle 

A U-mínimum fillet weld connecting the top angle 
to the column is required by the I H 6 -in. column 
flange thickness (Specification Sect. 1.17 .5). Thus, a 
top angle %0-in. thick is required (Specification Sect. 
1.17.6). 

Use seat anglc 9 x 4 x 1 x 101,4 with siÍs-in. welds to 
column; top anglc 4 x 4 x Sft 0 x 8 with 1,4-in. welds to 
column; four %-in. A307 bolts, seat and top angles to 
bcam; E70XX welds. 

Problcm 28-Connection of a Wl6X40 to the ftange of 
a WI4X87 column. Material is ASTM A572 grade 50 
steel. Span of beam is 24 ft. 

Solution: 
Similar to Problcm 27 (student to show all stcps). 

Use seat anglc 7 x 4 x % x 9 with Sj16-ln. welds to 
column; top anglc 4 x 4 x 6ft 6 x 6 with 1,4-in. 
welds to column; four 3,4-in. A307 bolts, seat and top 
angles to beam; E70XX welds. 

,_ --- ... 
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STIFFENED SEATED CONNECTIONS 

Problcm 29-Connection of a W24X84 to web of 
WI4X IS8 column. Reaction is 6S.S kips. 

Givcn: 
W24X84: Wcb 1110 - ~-in. 

Flange: 9 x-%-in. 
Wl4X IS8: Wcb fu = %-in.; T = 11~ in. 
Steel: ASTM A36 
Welds: E70XX 
Reaction: 6S.S kips 

So/ution: 
(1) Required stifTener width W: 

Required length of bearing 

3 S 
Reaction - R 

N=.+----
Re 

3 6S.S - 64 - 3 6 . 
= .S + 12.7 - · m. 

W = 3.6 + O.S (setback) = ~.1 in. Use S in. 

(2) Length of stiffener plateL and weld size: 

(a) In order not to overload the column web in 
shear, the maximum weld size is 1 x% = %'· 
in.• 

Try a Y! r.-in. weld (mínimum permitted for 
column web). 

{b) From Table VIII: 
L of 11 in. with %s-in. weld has a capacity of 
69.4 > 6S.S kips o.k. 

(3) Thickness 1 of stiffener plate and seat plate: 
u 1 = 2 X weld size ~ beam web lu 

= 2 X Y! s = % > ~-in. o.k. 

• The wlul!e mmrber 1 is obtained by roundrng off tire more pre
CISe figure of 0.98 (see tire table in tire sectwn on "Sfl{fened 
Seated Connections", Clrapter 8 oj tire Textbook). This may 
be rounded to the wlrolc numlter l. Similarly,for connections 
on botlr s1des oj tire web, a figure of Y2 may be used instead 
of tire more precise 0.49. 

•• Tire wlrole number 2 is used lnstead oj the more precise 
figure of 2.05 (see the formula jor Min. t, "Stlffened Seated 
Connections", Chapter 8 of the Textbook and the example1 
accompanylng Table VIl/In the ManUIJ/. 

(4) Seat platc length and wclds: 
{a) Nominal U-in. weld 2 in. long is used to con

nect the beam flange to the seat plate. Note 
that a U -in. weld satisfies thc requirements of 
Specification Sect. 1.17 .S. 

(b) Mlnlmum length of scat plate 
= flange width + ( 4 X weld size) 
= 9 + (4 X Y.O = 10 in. 

Use 10 in. 

(e) Mínimum length of% s-in. weld to attach seat 
plate to column web = 2 X 0.2L = 2 X 0.2 X 
11 = 4.4 in. 
This also establishes a 4.4-in. (2.2 in. on each 
side of stiffener) mínimum length of weld to 
connect the stiffener to the seat plate. How
ever, to simplify layout and welding, the seat 
plate will be welded full length to the column 
web and the stiffener plate will be welded full 
width to the seat plate. 

(S) Top angle: 
A nominal U-in. weld will be used to connect the 
top angle to the beam flange and to the column 
web, welding only at the toes ofthe angle. This size 
weld me~ts the requirements of Specification Sect. 
l.l7.S. Angle must be %s-in. thick to accept the 
U-in. weld (Specification Sect. 1.17.6). Top ang1e 
will be made 4 in. long. 

Use: Seat plate: 5 x % x 10 
Stiffcner plate: 5 x% x 11, with %G·in. weld 
Top angle: 4 x 4 x %6 x 4, with %-in. weld 
Welds: E70XX 

Sketch required but not shown. 

Problem 30-Connection of W24 X 84 to web of 
WI4X 158 column with reaction of 8S kips. 

Solution: 
Similar to Problem 29 (student to show all steps and 
draw sketch). 

Use: Scot platc: 6 x % x 10 
Stiffcner plate: 6 x % x 1'-1, with 51tG·in. weld 
Top angle: 4 x 4 x %e x 4, with %-in. weld 
Welds: E70XX 
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Problcm 31-Conncction of W21 XSS beams framing 
on oppositc sides of a WI4X 103 column web, with re· 
action of 43 hps for each beam. 

Given: 
W21X55: Web t~ =%-in. 

Flange: 8J,i' x 31í·in. 
Wt4X 103: Wcb t,. = ~-in.; T = 11~ in. 
Stecl: ASTM A36 
Welds: E70XX; Field bolts: Ys-in. A325 
Reaction: 43 kips 

Solution: 
(l) Req~ired stitfcncr width W: 

Required length of bearing 
Reaction - R 43 - 47 

N= 3.5 + R, = 3.5 + tO.I 

= 3.5 in. (disregarding negative quantity) 

Width W = 3.5 + 0.5 (setback) = 4.0 in. Use 4 in. 

(2) Length of stiffencr plate L and weld size: 

(a) Beca use the stiffened seats frame opposite each 
othcr and the vertical welds are in line, the 
maximum E70XX weld size is limited to ~ 
times the web thickness, so as not to overstress 
column wcb in shear. 

Y2 X 3/:!-in. = U -in. Use U -in. fillet weld. 

(b) From Table VIII: 
L of 9 in. with Y.í-in. fillet weld has a capacity 
of 46.1 > 43 kips o.k. 

(3) Thickness t of stiffenel' plate and seat plate: 

1 = 2 X weld size ~ beam web 1111 

= 2 X U = Y2 > %-in. o.k. 

(4) Seat plate length and welds: 

(a) Gage in beam ftange is 5~ in.; T-distance of 
column wcb is 11 Y.í in. Seat plate will be made 
8!1 in. long. 

(b) Mínimum lcngth of U-in. weld to attach seat 
plate to column wcb = 2 X 0.2L = 3.6 in. 

This also estabÍishes a 3.6 in. (1.8 in. on each 
sidc of stiffcncr) mínimum length of weld to 
connect the stiffencr to the seat plate. How
cvcr, to simplify layout and welding, the seat 
plate will be weldcd fulllength to the column 
wcb and the stiffencr plate will be welded full 
width to the seat plate. 

Use (cach si de of column wcb): 
Scat platc: 4 x 1fz x 8ljz 
Stiffcncr platc: 4 x 1fz x 9, with 1,4-in. weld 
Top anglc: 4 x Jljz x % x 81jz, with 4·1n. leg 

boltcd for shipmcnt to column web 
Ten %-in. A325 bolts (total) 
Wclds: E70XX 
(Sketch required but not shown.) 

Problcm 32-Connection of W21 X 55 beams framing 
on opposite sidcs of a WI4X 103 column web, with a 
reaction of 57 kips for each beam. 

Solution: 
Si mi lar to Problem 31 (student to show all steps and 
draw sketch). 

Use (cach side of column web): 
Seat plate: 5 x 1fz x 8% 
Stiffener platc: 5 x 1fz x 1 'O, with %-in. weld 
Top angle: 4 x 31fz x% x 81fz, with ~In. leg bolted 

for shipment to column web 
Ten %-in. A325 bolts (total) 
Welds: E70XX 

Problem 33-Connection of beam F (W30X 108) to 
column 2 (WIOX60). Main material is ASTM A572 
grade 50 steel. 

Given: 
W30X 108: Web IUJ =. %6·in. 

Flange: 10~ x %-in. 
WIOX60: Web t~ = Yl6·in., T = 7% in. 
Steel: M a in material: ASTM A572 grade 50 

Detail material: ASTM A36 
W elds: E70XX 
Field bolts: Ys-in. A325 
Reaction: Y2 allowable uniform load for 24-ft spao 

= 137.5 kips. 

Solulion: 
(1) Required stiffener width W: 

Required length of bearing 

N = 3.5 + Reacti:~ - R 

= 3 S 137.5 - 104 = S l . . + 20.6 . tn. 

Width W = 5.1 + 0.5 (setback) = 5.6 in. Use 6 in. 

(2) Length of sliffener plate L and weld size: 

(a) In order not to Qverload the column web in 
shear, thc maximum weld size is 1.34 X YI 6 = 
0.59 or %-in. Use %6-in. fillet weld. 

(b) From Table VIII: 
L of 18 in. with % 6-in. weld has a capacity of 
137 kips, which is approximately equal to 
137.5 kips and is o.k. 

(3) Thickness t of stiffener plate and seat plate: 

1 = 2 X weld size ~ beam web l111 

= 2 X %6 = % > Hs·in. o.k. 

(4) Seat plate length and welds: 

(a) T-distance of WIOX60 column web is n~-in. 

- __ ,¿ 

J 
/ 
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(b) Mínimum length of Y. 6-in. weld to attach seal 
plate to column web is 2 X 0.2L = 2 X 0.2 X 
18 = 7.2 in. 

This rcquires a seat plate length of 7.2 + Ys = 
7.83 in. An 8-in. long seat plate will be used. 
As the T-distance is 7%' in., the plate may 
"ridc" thc fillct Ys in. at each end. This is not 
considercd objectionable. 

This also establishes the mínimum length of 
weld required to connect the stiffener to the 
seat plateas cxplained in Problems 29 and 31. 

. Note: lfthe seat pi ate had not been longenough 
to accommodate the required length of weld 
connecting it to the column, a shorter Jength of 
staffener platc L and a larger size fillet weld 
would ha ve bccn used. This would reduce the 
required length of weld between the seat plate 
and the column web. 

(e) Top and bottom beam ftanges will be cut to 6 
in. anda 3,Y:i-in. transverse gage will be used 
for the bolt holes. 

, 
--

Use 
Scat platc: 6 x% x 8 
Stiffencr pi ate: 6 x % x 1'6, with S/¡ 6-ln. weld 
Top angle: 3% x Jl/z x t¡.. x 6 (bolted ror shlp· 

ment to column web) 
Ten %-In. A32S bolts (total) 
Welds: E70XX 
Sketch required but not shown. 

Problem 34-Connection of beam F (W30X 108) to 
column 2 (WIOX60). Reaction is 150 kips. Main mate· 
rial is ASTM A572 grade 50 steel. 

Solution: 
Similar to Problem 33 (student to show all steps and 
draw sketch). 

Use: Seat plate: 7 x % x 8 

1' 

Stiffener plate: 7 x % x 1'6, wlth %-in. weld 
Top angle: 3% x 3% x lA x 6 (bolted ror shlp· 

ment to column web) 
Six %-in. A32S bolts 
Welds: E70XX 

' . 

1 
J' 

' 
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3 
76.2 

4 
101.6 

5 
127.0 

6 
152.4 

7 
177.8 

8 
203..2 

10 

12 

14 

8.48 

11.16 

11.46 

11.14 

14.88 

21.95 

IH.60 

25.h7 

22n 

29]6 

27.38 

3-123 

37.80 

52.09 

47.32 

5209 

J [~Al. TI. 

76 

76 

IC2 

102 

127 

127 

152 

152 

178 

1711 

203 

203 

30S 

30S 

VIGAS 1 PERFIL STANDARD 

1 P S 

Dimcmiona paro detallar 

PATIN LP't.loOI. DIME'HIOHES 
A.ll.dwt lsp.. Prom. DO. o\UII.t. 

~ d .... 

60 

64 

68 

n 

76 

83 

SS 

92 

92 

98 

102 

105 

118 

127 

127 

J29 

6 

6 

8 

8 

8 

8 

10 

JO 

ID 

ID 

u 

u 

1J 

1J 

14 

14 

4 

10 

5 

8 

6 

13 

6 

13 

6 

11 

8 

11 

8 

16 

10 

11 

28 

28 

32 

32 

T 

48 

48 

70 

70 

35 91 

35 91 

39 114 

39 111 

41 136 

41 136 

48 IS9 

48 159 

55 201 

55 "201 

60 2-fl 

60 247 

14 

14 

16 

16 

J8 

18 

19 

19 

21 

21 

22 

22 

25 

25 

29 

29 

.. 

38 

38 

5I 

51 

51 

5I 

51 

51 

57 

57 

57 

57 

64 

64 

64 

64 

5 

7 

5 

6 

5 

8 

5 

8 

' 
8 

6 

8 

6 

10 

7 

7 

e-;__,_,:. AGUU. 0: Yu.. 
mmll'a~ ... ,.. ... 

36 

36 

38 

38 

40 

40 

41 

41 

57 

57 

57 

57 

76 

76 

6 

6 

8 

8 

8 

8 

10 

10 

JO 

10 

11 

11 

13 

13 

14 

14 

9.5 

J2j 

J2j 

J2j 

J2j 

15.8 

15.8 

15.8 

15.8 

19.0 

19.0 

19.0 

19.0 

19.0 

19.0 

ALTOS HOilNOS DE WEXICO, S. A. 

rc..sn. 

d.~ 

t P L 

6x4 
152.4 • 101.6 

L P L 

8x4 
lOJ.la 101.4 

LP.L 

8x51/1 
;¡o.us 153.4 

tP.L 

10 x4 
%54.0. 101.6 

tP.L 

10 lt 53/1 
254.0 a 146-D 

tP L 

12x4 
)04.1 sl01.6 

tP.L 

12x 61/2 
30Us16U 

tP L 

12x8 
l04.1. 20).l 

tr L 

14x 63/4 
355.6. 171.4 

tr.L 

lh8 
)55.6. 60.1.1 

tr.L 

16x7 
406 4. 177.1 

tP.L 

18x SJ/4 
157.l. 2l.U 

LP.L 

18111}1/4 
457.la 2914 

A 

1613 
22.n 
30 45 

1903 
24 71 
2858 

32.26 
37.93 

21.1!7 
28.38 
3213 
.1619 

39.93 
47 42 
55 03 

2671 
JU5 
.16.25 
41J4 

5142 
58.1!3 
6!!32 

75.94 
85 42 
94.90 

56.84 
6452 
n06 
81.h1 
91.03 

100.511 

6!!.32 
7594 
8542 
94.84 

121.29 
132.64 
14599 
16109 

lft206 
19909 
21619 

148 
152 
159 

201 
203 
206 

203 
206 

251 
254 
157 
260 

251 
256 
159 

302 
30S 
309 
313 

301 
307 
311 

303 
306 
309 

352 
356 
359 

347 
35J 
354 

403 
406 
409 
m 
454 
457 
461 
465 

461 
465 
469 

VlCAS 1 PERFU. RECTASGULAR 

1 P R 

Propocd..dc:s paro du<ño 

PATIN urrsoa d 
Al 

Ejl X X 
Ancbo ÜjX"))I f•C Al. ... .-. 

• d 

100 
102 
102 

100 
102 
102 

133 
133 

100 
102 
J02 
J02 

J46 
146 
J47 

JOJ 
J02 
102 
102 

165 
J66 
167 

203 
204 
205 

171 
J71 
tn 
203 
204 
205 

m 
178 
179 
J80 

22J 
222 
22.! 
224 

2911 
29'> 
301 

4.9 
7.1 

10.3 

51 
65 
8.0 

7.8 
9.h 

51 
6.8 
84 

JOO 

86 
109 
12 7 

57 
6.1! 
89 

JO 8 

!01 
11.8 
JJ.7 

JJI 
146 
J63 

97 
115 
13.0 

134 
15.1 
!6J 

J0.9 
12.7 
14.3 
15.9 

114 
191 
211 
231 

211 
231 
251 

4.3 302 
5.8 2.09 
6.6 .15J 

4.3 3.87 
5.8 306 
61 2.52 

5.8 1.96 
6.3 1.61 

4.6 4.83 
58 3.66 
61 2.99 
6 4 2.55 

61 J.99 
64 1.61 
7.3 139 

51 525 
5.8 453 
61 340 
6.6 2.84 

61 1.81 
6J J57 
7J 1.36 

75 1.14 
B.S 1 03 
91 0.92 

6.9 2.12 
7.3 J.BI 
7.9 1.6J 

7.8 JlS 
86 114 
94 103 

7.6 2.09 
7.1! 179 
RJI 11.0 
9.6 1.+1 

101 !IR 
111 1 ().~ 
121 o~~ 
13.4 090 

130 073 
141 0&7 
151 01·2 

616 
903 

1319 

12M2 
16+1 
1998 

2343 
2880 

2160 
2%4 
3405 
4004 

4424 
55+1 
6547 

3671 
43S3 
5415 
64~1 

8495 
9923 

IIM7 

12907 
J4600 
J6420 

12053 
14117 
160.16 

17\56 
201:\l 
225lo2 

IS576 
2H57 
2Hi9 
271-;(J 

43529 
Nl~S 
5J5Lo() 
5<1517 

83 
119 
165 

127 
162 
J93 

231 
279 

tn 
226 
265 
308 

352 
432 
505 

243 
2-"6 
350 
414 

558 
645 
752 

850 
953 

1060 

M5 
795 
!!95 

1027 
1150 
1275 

923 
1055 
11116 
1322 

1917 
2100 
23!2 
255~ 

3021 
.HU 
j(o('G 

ALTOS HOI~OS DE MEXICO, S. A ~ 

~ 

617 
630 
653 

K lO 
815 
8.35 

853 
8J1 

9.96 
10.03 
10.2'! 
1052 

1052 
1082 
1089 

11 71 
11 SI 
1222 
12.47 

12.85 
12.9!! 
130ft 

1303 
13 08 
1315 

14.50 
1480 
14.90 

14 7!! 
1411.~ 

149!! 

164M 
16RJ 
1687 
Jb97 

IS95 
IQOI 
1915 
19.2.1 

IQ 55 
IQ(,.~ 

19il! 

1 

78.6 
1201 
179.8 

82B 
109.0 
U7.3 

r-9.7 
353J 

83.6 
1161 
143.6 
J744 

4037 
52:! .S 
6326 

93.6 
1161 
1527 
139.3 

690.9 
8241 
9S64 

1835 
20Xl 
2.347 

728 
MS6 

1023 

Ui7 
2135 
23Q3 

Q20 
1103 
1170 
1+18 

ElE Y· Y 

J5 
23 
35 

16 
21 
27 

42 
52 

17 
23 
28 
34 

55 
n 
85 

18 
23 
30 
37 

84 
100 
118 

180 
203 
229 

85 
103 
120 

IHS 
209 
234 

103 
125 
143 
lb! 

264 
293 
jjJ 
J(,Q 

5i7 
6-12 
iU1I 

2.21 
2.30 
2.43 

208 
2.10 
2.J9 

195 
2.02 
2.11 
2.19 

317 
3.32 
340 

1.!!7 
193 
205 
2.U 

3.65 
3]4 
.!.80 

4.92 
492 
497 

3.SS 
370 
37!! 

480 
4 \S 
4.8i 

J.C.~ 

3 Q1 
.!.'lb 
391 

4QO 
495 
5 03 
501 

• 



d •• 

LP L 

6:1:4 
JSl a JOl 

LP L 

8x4 
203 X IDZ 

LP L 

8 x51/4 
20ls ID 

LP.L 

10x4 
lS4. lOl 

LP L 

10 X 53/4 

~·146 

LP L 

I2x 4 
JOIJ a 102 

LP L 

12x 61/2 
305 a 165 

LP L 

12 x8 
305. 2QJ 

LP.L 

J4 X @/4 
356. 171 

LP.L 

lh8 
356 .. 2Dl 

LP.L 

16x7 
406. 1'71 

LP.L 

18 X gl/4 
07. l2l 

LP L 

18x Ul/4 
157. 2SII 

16 

12J 
17.9 
23.8 

H9 
19.4 
22.4 

253 
29.8 

17.1 
22.4 
253 
283 

313 
373 
432 

209 
24.6 
283 
32.11 

403 
462 
531 

59.6 
61l 
745 

441 
501 
56.6 

64.1 
715 
79.0 

53.6 
59.6 
61l 
145 

954 
JQ.l3 
114 7 
1261 

H3.0 
1565 
170.0 

d 

H9 
152 
159 

200 
203 
206 

203 
206 

251 
2S4 
257 
260 

251 
256 
259 

302 
30S 
308 
311 

3(H 

308 
3JJ 

30S 
30S 
3JI 

352 
356 
359 

346 
349 
356 

403 
406 
409 
413 

<. 454 
- 457 

460 
. 467 

460 
467 
470 

102 
102 
102 

102 
102 
102 

JlJ 
U3 

102 
102 
HIZ 
102 

146 
146 
146 

HIZ 
102 
102 
102 

165 
165 
168 

203 
203 
206 

m 
171 
m 
203 
203 
203 

178 
178 
178 
181 

222 
222 
222 
Z25 

298 
298 
302 

VIGAS 1 PERFIL RECTANCULAI. 

IPR 

Dimtns.ioncs y..ra drtatlar 

5 
6 

JO 

5 
6 
8 

a 
10 

5 
6 
8 

JO 

8 
u 
13 

6 
6 

JO 
11 

10 
ll 
14 

u 
14 
16 

JO 
11 
lJ 

lJ 
14 
17 

JI 
lJ 
J4 
16 

17 
19 
21 
.M 

21 
.M 
25 

5 
6 
6 

5 
6 
6 

6 
6 

18 
18 
18 

18 
18 
18 

63 
63 

5 48 
6 48 
6 48 
6 18 

6 70 
6 70 
8 69 

6 48 
6 48 

JO 46 
JI 15 

10 77 
11 77 
11 77 

8 97 
8 97 

lO 98 

6 82 
8 81 
8 81 

8 97 
8 97 

JO 96 

8 85 
8 85 

JO 84 
JO 85 

JO 106 
JI 105 
13 104 
13 106 

13 112 
14 112 
16 143 

@ 

DISTANCI41 

T kl 

127 
m 
125 

174 
175 
174 

171 
172 

225 
226 
225 
226 

219 
218 
219 

274 
273 
274 
273 

264 
264 
264 

247 
245 
247 

310 
310 
3JJ 

2l!8 
289 
290 

359 
356 
359 
359 

390 
391 
390 
391 

390 
391 
390 

JI 
14 
17 

J3 
14 
16 

16 
17 

lJ 
14 
16 
17 

16 
19 
20 

14 
16 
17 
19 

21 
22 
24 

29 
30 
32 

21 
23 
24 

29 
30 
33 

22 
25 
25 
27 

32 
33 
35 
311 

35 
38 
40 

JO 
11 
11 

JO 
11 
11 

JI 
JI 

JO 
JI 
JI 
JI 

JI 
JI 
11 

JO 
11 
JI 
JI 

lJ 
lJ 
lJ 

19 
19 
21 

14 
14 
14 

19 
19 
21 

14 
14 
14 
14 

19 
19 
21 
21 

21 
21 
22 

•• 
51 
51 
57 

51 
51 
51 

51 
57 

5 
5 
5 

S 
5 
S 

S 
5 

51 S 
51 S 
51 5 
57 S 

57 S 
57 S 
57 6 

51 S 
SI S 
57 S 
57 S 

57 S 
57 S 
57 S 

63 6 
63 6 
63 6 
57 S 
63 6 
63 6 

63 6 
63 6 
63 6 

63 6 
63 6 
63 6 
63 6 

70 6 
70 8 
70 R 
70 R 

76 8 
76 JO 
76 JO 

CJ.AVIL 

• 
57 
57 
57 

57 
57 
57 

70 
70 

57 
57 
57 
57 

70 
70 
70 

57 
57 
57 
57 

89 
89 
89 

140 
140 
140 

89 
89 
89 

140 
140 
140 

89 
89 
89 
89 

140 
140 
140 
140 

140 
140 
140 

AL TOS HORNOS DE MEXJCO, L A. 

VIGAS T PERFIL R[CTANCIJLAJl 

(Scmo "'" 1 p<ñd rcrungular) 

TPJI. 

L-

,-!r -1~-.. ,, . . . . -~_¡ 
--.-~-AL----P-UO----A-R_U __ P_DUL __ n ____ P_A_nN-----~----------------E-J_E __ X_X ______________ E_J_E_Y_·¿Y~-- t 

Ancho Eapa.or A.1.M.A d 
d.. b d "' 

Rr/m unt 

T.P.L 635 806 
3x4 895 1138 

76.ls 101.6 16.90 1522 

' T P R. 7.45 95) 
4x4 970 1235 

101.6 • 101.6 1120 H.29 

T p R. 1265 1613 
4 X 51/4 H.90 18.96 

101.6 • Ul.J 

T.P L 855 

5 1120 
X 4 1265 

127.0. 101.6 1415 

T P R. 1565 
5 X 53/4 18.65 
1270. 1460 2160 

T P.L 1045 
6x4 1230 

152.1. 101.6 14 15 
16.40 

T p L 2015 
6 X 6 1/2 2310 

1521. 165 1 26 85 

T P.L 2980 
6x8 3355 

1521 .203.2 37 25 

TPL 2235 
7 X @/4 2535 
1n.a. 171.1 2S30 

T P.R. 3205 
7x8 3575 

1n.a. 2D3.2 3950 

T P.R. 261i0 
8x7 2980 

20!.2. m .a 3355 
3725 

T P R. 47.70 
9 X 83/4 5215 

228.6 • 2ll.2 57 35 
6335 

T p R 7150 
9 X 113/4 7~25 
225.6 .298. 85 00 

1093 
14 19 
1606 
1809 

1996 
23 71 
27.51 

1335 
15 67 
1812 
20.87 

2511 
2941 
3416 

3797 
42.71 
47.45 

2842 
3226 
3603 

4080 
4551 
5029 

3416 
~797 

4271 
47.42 

6064 
(,632 
7299 
W.54 

9103 
99S4 
10~09 

74 100 
76 102 
79 102 

100 100 
101 102 
103 102 

101 133 
103 133 

125 
127 
128 
130 

125 
128 
129 

151 
152 
154 
156 

IS2 
IS3 
IS5 

151 
153 
154 

176 
178 
179 

173 
175 
m 
201 
2D3 
204 
206 

227 
22ll 
230 
232 

230 
232 
234 

100 
102 
102 
102 

146 
146 
147 

101 
102 
102 
102 

165 
166 
167 

203 
204 
205 

171 
171 
172 

203 
20-l 
205 

m 
!7K 
179 
lliO 

221 
222 
223 
224 

29H 
299 
lOI 

ALTOS UORP...OS DE Mf-JCJCO, S. A. 

4.9 
7.1 

103 

52 
65 
80 

7.8 
9.6 

52 
6.8 
84 

lOO 

H.6 
109 
12.7 

57 
68 
R.9 

10.8 

102 
11.8 
131 

131 
14.6 
163 

'J.7 
115 
13.0 

134 
15 1 
16.7 

10.9 
12.7 
143 
15.9 

174 
191 
211 
231 

211 
231 
252 

43 172 
SR 13D 
6.6 12.D 

43 232 
5.8 17.4 
62 16.6 

5.8 174 
63 16.4 

37 4 
541 
69.0 

89.4 
12il7 
136.9 

133.6 
1523 

4.6 27.4 172.7 
5.8 211 2272 
6.1 21.1 252.6 
64 205 2i'M.H 

61 20.6 262.6 
6. 4 20.0 2963 
13 171 34R.ll 

51 29.11 3204 
5.!1 261 3754 
61 253 4245 
6.6 23 7 4!;6.9 

61 249 4745 
67 228 541.0 
71 20.1 636J! 

75 203 5993 
85 17.9 6909 
94 16 4 77gJ 

6.9 251 790R 
73 2H 87H2 
79 22.6 97H.J 

7 8 222 924.0 
R.6 204 1036 
94 IR R 1152 

76 265 1m 
7.11 261 1381 
HH 233 1573 
9.6 214 1756 

102 222 2572 
111 205 2H34 
12.1 191 3134 
114 174 3512 

130 177 3S50 
141 165 390~ 
!SI 15.5 {?i'O 

~ 

~ 

<m• 

65 
9.1 

11 

11 
16 
17 

16 
18 

19 
24 
26 

211 

26 
29 
33 

29 
34 
38 
12 

39 
44 
SI 

48 
55 
62 

SR 
63 
69 

65 
73 
RJ 

83 
R7 
99 

110 

144 
15R 
173 
195 

191 
209 
227 

21S 162 
2 IR 170 
2.13 1 70 

3.07 2.43 
312 261 
309 254 

2.H7 2 u 
2.84 2.10 

3911 
3911 
396 
393 

3.63 
353 
3.5S 

4.87 
490 
4!15 
4K2 

4.29 
429 
431 

396 
4.03 
406 

5.211 
520 
520 

4.74 
477 
477 

612 
601 
607 
6.09 

foSO 
652 
655 
loii;J 

b14 
~.27 

1>.27 

312 
347 
335 
325 

2.69 
259 
2.66 

4 47 
4 47 
424 
4.14 

307 
309 
320 

274 
287 
297 

403 
3.93 
3.96 

337 
3 42 
350 

4.K2 
462 
4 74 
41i0 

490 
497 
505 
520 

4 52 
41o2 
4(,9 

393 
601 
l!9.9 

41.4 
545 
6IL6 

139.H 
176.11 

41.6 
58.0 
71.8 
H72 

201.11 
2642 
3163 

46.11 
580 
763 
94.6 

345.4 
412.0 
495.3 

915.7 
1040 
1173 

364D 
443.0 
Sll5 

931U 
1065 
11911 

460.0 
5515 
6.150 
724D 

)46.1 
1633 
JS44 
21\'.~ 

H03 
NJ7 
SJJQ 

7.H 221 
11 230 
17 2.43 

K3 208 
10 2.10 
13 2.19 

21 2.94 
26 J.04 

H3 
11 
11 
17 

27 
36 
12 

9.3 
11 
15 
18 

41 
49 
59 

90 
101 
114 

12 
51 
60 

92 
104 
117 

51 
62 
71 
liO 

132 
146 
lto5 
1~5 

2"' 
m 
354 

1.95 
202 
2.11 
2.19 

317 
332 
340 

\.87 
1.93 
205 
2.11 

3.65 
314 
3.80 

4.92 
492 
497 

3.511 
3.70 
3JII 

4.80 
4.85 
4.117 

3.68 
3.111 
31!6 
3.91 

490 
495 
503 
SOl 

(,1\K 

(193 
7 01 

17 

.. 



PlRFD. T PESO 

16 x7 
5960 

16x7 
67.10 

16x7 
74.50 

18x8% 
95.40 

18x8% 
1043 

18x8% 
114.7 

18x8% 
t26.7 

18x 11% 
14300 

18x 11% 
156.50 

18x11% 
170.00 

J2 

B-17.11 
8-2046 
8-27.90 

a. 11.11 
8-2046 
8-27.90 

8-17.11 
8-2046 
8-27.90 

8-1711 
8-2046 
8-27.90 

8-1711 
8-2046 
8-27.90 

8-1711 
8-20-!6 
8-27.90 

8-1711 
8-2046 
8-2790 

8-1711 
8-2046 
8-2790 

8-1711 
8-2046 
8-27.QO 

8-1711 
8-20-!6 
8-27QO 

SECCION COMPUESTA 

VIGA I PERFIL RECTANGl1LAR CON CANAL PERFIL STANDARD 

l' IPR-CPS 

PROPIEDADES P.\R.\ DISERO 

! 1 E X X 

1 1 
S>m-S>•-

J' ,. 
ICa/m cm• cm-- vns cm:l 

76.71 '11.62 244 H 1051 1404 15.81 
HO.IJ6 1111.85 24S70 1051 1467 15.63 
117.50 UU6 25710 1050 15~ 15 19 

Sf.21 llll'1.10 2737!1 1183 
117.56 U133 271l68 1183 
95.00 UIIJH 2S7l14 1182 

1541 15.99 
1606 15 82 
1738 15.43 

91.61 11652 30535 1318 1683 1619 
~ 96 W.i5 31062 1318 1750 16 04 
102~ W.26 32056 131R 1!\87 15 69 

11251 t-a.97 4SOI3 1916 2359 1833 
115.116 W.lO 4S767 1916 2443 18.20 
123.30 156.71 50232 1916 2618 17.90 

121 41 ISU2 52657 2102 2550 IH 47 
124.76 ~.55 53H6 2102 2635 IS36 
1.12211 lfill.()(. 54993 2102 2813 18 09 

131.111 191·1 5lll6.~ 2325 2779 18 66 
us t6 m 'lO 59199 2326 2866 18.56 
142.60 tll.41 GOS40 2326 3050 1831 

HJJII 111U7 64505 2564 3022 18 79 
147 16 lJ7 00 65379 2565 3110 18 70 
15·f1.0 ~1 '·7117 25(.6 3298 18 48 

J(,(J 11 m.J4 7-1639 3017 34~ 19.14 
J(J .¡¡; 'BJ.Qi 75516 3016 3584 19 06 
t7ll.'lll m 4M nm l014 3n6 18 85 

173M m.J7 K220K 3311 3793 19.30 
lit..% ll5.00 K3125 3311 3AA5 19.22 
IK4.~ ZJUI K4973 330X ~Rl 19 04 

tK711 '1!11.111 mm 3(,(J6 4093 19 44 
)'l(Hii !il.JII 90Rn 3(,()6 4JR7 1937 
JQ?.QO MJ,J 92SI2 J(JJ; 43S6 1911 

E 11 T Y 

1 1 
11•-SI•.. .. 

~ cm11 cm11 

al 

-
2311 4324 384 235 6.66 1114 29.61 
23 65 4743 409 263 6 82 1158 29.61 
24 48 5610 457 323 7.10 U.26 29.61 

2314 
2355 
2435 

2316 
2355 
2432 

2505 
2544 
2611 

2505 
25 42 
2616 

2510 
25 45 
2615 

2516 
25 48 
2615 

24 74 
25 03 
25.64 

24 R3 
2511 
25 (JI 

24 91 
25.20 
25.74 

4557 410 244 652 11 10 29.71 
4993 437 273 6.70 11 42 29.71 
5902 4H9 334 6.99 1206 29.71 

4790 436 254 6 41 
5242 -!64 283 659 
6186 520 345 6.89 

10.98 29.80 
11.28 29.80 
11 89 29.80 

6364 502 331 6.67 12 67 31.88 
6ll46 529 361 6 82 12 93 31.88 
7H66 5H4 427 7.08 U 46 31.88 

6i50 535 348 6.61 
7245 563 37!1 6 76 
R2Q5 621 445 703 

12 61 31.97 
12.85 31.97 
1336 31.97 

7219 575 369 656 1254 32 07 
m8 605 400 6 70 12.n 32.07 
HSJO 664 468 6.97 1315 32.07 

n11 61R 391 6.50 12.48 32.19 
R24S 649 423 6.64 12.70 . 32.19 
9361 711 491 6.90 13 15 32.19 

12215 761 616 774 1605 35.87 
12747 7R4 649 7.83 1615 35.87 
IJRQ() R33 723 7.99 16 66 35.87 

ll267 R2R 664 7 75 
mll M52 698 7 R3 
149S3 903 m 7.99 

1602 35.97 
16.20 35 97 
1659 3597 

14329 893 713 776 1604 36.12 
14SM4 917 747 7 84 16.22 3612 
¡r.oq2 969 R23 7 99 16.59 36 12 

ALTOS HORNOS DE MEXJCO, S. A. 

3 

4 

SECCION CO~lPUESTA 

DOS CANALES PERFIL STANDARD 

)( 2CPS 0 2 CPS 

PROPIEDADES PARA niSE.~O 

SEcx:JON ][ [] 
Propo<d>da de lo S«t>6.o EJE X-X [ 1 E 1'·1' 

dab ,. Asa 

mm 'J'.Ura. cm• - ..... ..... -
76.2x 71.6 12.20 1536 
76.2x 761 14 88 18 84 
76.2x 81.1 17 86 22.58 

76.2x n 9 12.20 t536 
76.2x 82 4 14 88 18 84 
76.2x 87.4 17 86 22 58 

76.2x 81 1 12.20 1536 
76.2x 85 6 14 88 18 84 
76.2x 90.6 17.86 2258 

76.2.101 6 12.20 1536 
761x101.6 14 88 18 84 
76.2xl016 17.56 2258 

76.2xl041 12.20 1536 
76.2xl061 1488 IRíH 
76.2xl093 1786 2258 

761xl270 12.20 1536 
761.!27.0 14SS 1884 
76.2xl270 1786 22.5H 

101 6x 80.3 16 OS 20 12 
101.6• 87.3 215S 2736 

101 6x 86 6 16 OS 20 12 
101.6x 93 6 21.5R 2736 

I016x 89.8 1608 2012 
101 6x 96 8 21.58 2736 

101.6x101.6 1608 2012 
101.6x1016 21.5S 2736 

1016xl27 O 16 OS 20 12 
IOI6xl270 215S 2736 

1331 
1498 
174 8 

1331 
149.8 
174 8 

1331 
149.8 
174.8 

1332 
149.8 
174.8 

1331 
149.8 
174 H 

1331 
149.11 
174H 

3164 
374.6 

3164 
374.6 

3164 
374.6 

3164 
374.6 

3164 
3746 

35.0 2 95 
393 2.82 
45.9 2.78 

350 295 
393 282 
45 9 2.7!1 

350 295 
393 2112 
45.9 2.78 

350 295 
393 2.82 
45 9 2.78 

35 o 295 
39.3 2M2 
45 9 2 7l1 

35 o 2.95 
3Y3 2.1!2 
45.9 2.7d 

623 3.97 
737 3 70 

623 397 
73 7 3 70 

623 3 97 
73J j 70 

62.3 3.97 
73 7 3.70 

623 3.97 
73 7 3.7ú 

35.9 
444 
567 

483 
59.6 
75.6 

55J 
6S8 
869 

S41 
741 

71 o 
970 

Sil 
1107 

1016xl329 !60S 2012 3164 623 397 316.4 
1016xl341 21.58 2736 3746 73 7 3 70 3i46 

101 6x15H 16 OS 20 12 316 4 f•23 3 97 
1016x15H 21 58 2736 374(, 737 3 70 

10.0 153 
11 7 1.54 
14.0 1.58 

12.4 IJ7 
145 1.7!1 
173 1.83 

13 7 1.90 
161 1.91 
191 1.96 

255 2.95 
283 282 
32 o 2.78 

H5 1.64 
170 1.65 

16 4 1.88 
20.7 l.l!9 

tRI 200 
22.9 2 01 

00 
00 
o .o 
6.3 
6.3 
6.3 

95 
9.5 
9.5 

32.7 
29.9 
28.0 

00 
00 

6.3 
6.3 

9.5 
95 

47 6 3 "6 52 5 
558 3711 469 

Al TCS HORNOS DE Mf..XICO, S A. 

[] 
EJE y.y 

<m< cm> 

1097 30.6 
156.6 411 
213.6 52.7 

257.6 50J 
3163 623 
370.8 73.0 

436.9 68.8 
5361 84 4 
631.4 994 

189.3 471 
316.3 n.4 

333.9 65.8 
45.5.3 S96 

5661 SQl 
nu t21.4 

2.67 
2.88 
308 

409 
410 
405 

533 
534 
519 

307 
340 

407 
408 

5.30 
531 

0.0 
00 
o .o 

3(10 
25..5 
20..5 

554 
50.9 
45.9 

o .o 
o .o 

86122 113.3 655 72 1 
1175 6 IS41 6.56 6H 

11 
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6 

SECCION COMPUESTA 

DOS C.-1.!\ALES PERFIL STANDARD 

][ ZCPS (] 2CPS 

PROPIED~DES PARA DISF~O 

SECCION ][ [] 
Prof'lr<lado dC' la '5«oóa 

el • 1» Peso Ana 
K&Jm ~ c::tDS 

127 Ox BR 9 19 9-1 25.16 
127 Ox 95.8 26 78 33.9t 

1270x 952 1994 2S.ló 
127 Oxl02.1 26 78 33.9t 

127 Ox 98.4 19.94 25.16 
127 Oxl053 26 78 33.91 

1270.1270 19.94 25.16 
127 Ox 127 o 26 78 33.91 

1270xl52.4 1994 25.16 
1270.152.4 26 78 33.9t 

1270.159.7 19.94 251S 
127<hl6]) 2678 33.9-

127 Cxln 8 19.94 25J6 
m ax m .s 26 78 33_9; 

1524x 975 2HO 30.84 
1524xl033 3126 39.6l 
152.4xl09.6 38 70 49.11> 

1524xl03.8 2440 30.Sf 
1524xl096 3126 39.62 
152. 4> 115.9 38.70 49 16 

152 M070 24 40 30.8; 
152 4xll2 8 3126 39.6l 
152 4xll91 38.70 4911> 

152.4xl52 4 24 -'0 30-~ 
1524xl52.4 3126 39Q 
152.4xl52 4 3R 70 49.16 

152 4xm.8 24 40 30 Sf 
152 <xm R 3126 39.6l 
1524xlnR 3no 49.16 

152 4xJR6 4 
152 4xiK73 
1524xJS~O 

152 4x2032 
152 4x2032 
152 4x2032 

24 40 30H 
3126 391.2 
38 70 4916 

24 40 30.RI 
3126 39.Q 
3R 70 4916 

EJE X·X 

cm< cm• 

616 o 97.0 4.95 
732.6 115.4 4 65 

616 o 97 o 4.95 
732.6 115 4 4.65 

6160 970 4.95 
732.6 115 4 4 65 

616.0 97.0 4.95 
732.6 115.4 1.65 

6160 97.D 4.95 
732.6 115.1 4.65 

616 o 97 o 4.95 
732.6 115.4 4 65 

(,J60 97.0 4.95 
732.6 115.4 4.65 

10822 142 o 5.94 
1257 o 165 o 5.64 
14402 1590 su 
1 Oli22 142.0 5 94 
12570 1650 564 
14-402 1890 5.41 

IORU 142.0 5.94 
12570 1650 564 
1~2 1890 541 

10'!22 142.D 5.94 
1257.0 165.D 5.64 
1~2 I~.D 5.11 

101.22 142.0 5.94 
1257.0 165.D 5.64 
14402 1!!9.D 5.41 

IO~U 
12570 
1Hú2 

1o>i22 
12570 
14-102 

1420 
)(,5o 
1R90 

H2.D 
1b5.D 
1X9.11 

594 
5r.4 
5 41 

5.94 
5/.4 
H1 

805 
1063 

1032 
1364 

116.6 
1543 

6160 
732.6 

112.0 
1363 
1n2 

1407 
172.0 
2230 

157.7 
193.1 
2500 

][ 
E 1 E y.y 

181 179 
222 1n 

211 2.02 
261 2.00 

231 2.15 
293 2.13 

n1 4.94 
911 4.64 

230 191 
26.4 1 85 
32.4 1 90 

271 2.11 
31.4 208 
385 2.13 

295 226 
342 221 
42.0 225 

IOR22 1162 5.92 
1257 o 1342 5.63 
14402 1532 5.11 

[] 
E 1 E y.y 

oo 2984 671 
00 4M54 1014 

63 
63 

95 
95 

70.9 
65.1 

696.9 109.7 
945.8 1490 

1064 1 139.6 
14-42.6 189 4 

15143 1703 
2048.9 2305 

00 4485 92.D 
00 673.8 1304 
00 941.9 171 9 

63 
63 
63 

95 
95 
95 

H8.8 
84.0 
711.4 

1280 4 168 o 
16705 2192 
2042.1 2r.HO 

18232 2050 
2373.6 267 o 
7!Xl7.9 327.1 

21r.s 6 242.6 
32(}44 3154 
1932 4 3H71 

344 
378 

526 
5.28 

650 
652 

776 
717 

3.81 
413 
438 

6.44 
6.49 
645 

769 
7.74 
7.69 

O.D 
O.D 

38J 
312 

635 
56.6 

88.9 
82.0 

0.0 
0.0 
o .o 

54.9 
49.1 
42.11 

Hll.3 
745 
(.112 

R94 1057 
R99 9'19 
R 96 93.6 

ALTOS IIOR,:os DE ME.XICO, S. 4. 

7 

8 

4-
SECCION COMPUESTA 

DOS CANALES PERFIL STANDARD 

)[ 2CPS [) 2 CPS ·idJJ 
PROPIEDADES PARA DISEJQO. " 

SECCION ][ [] 
Propltdadn de Ll S«o6n EJE X·X 

dab Pc:so Asm 
R&fm un• 

JnSxl062 2916 3678 17564 1976 691 
m 8xlll5 36 46 4610 20062 22S 6 658 
m 8xll6 8 43 90 55 74 2256 o 253 8 638 

177 Bx115 7 291b 36 78 1756 4 197 6 6 91 
l n Sx 1 21 O 36 46 4620 20062 225 6 658 
J77Sxl263 43.90 5574 22560 2538 638 

msxll89 29.16 3678 17564 1976 691 
1n 8x124.2 36 46 4620 20061 22S 6 658 
1 n Sd295 43.90 55.74 2256 o 253.8 638 

1n sx1n.s 29.16 36.7s 1756.4 197.6 6.91 
m 8xm 8 36 46 46.20 20062 225.6 658 
1nsxm.s 43.90 5574 22560 253.8 638 

m 8x2032 2916 36 78 1756.4 J97.6 6.91 
m Sx203.2 36 46 41"r.20 20062 225.6 658 
177 8x2032 43 90 55 74 225(, o 253.8 638 

m8x2B.2 2916 3678 17564 197.6 691 
In Sx2127 36 46 46.20 2006.2 225.6 658 
m .s..zl32 43.90 55.74 2256 o 253.8 63S 

msx228.6 2916 36.7~ 17564 197.6 6.91 
m Sx22S 6 36 46 46.20 20062 225.6 658 
m Sx22S.6 43.90 55.74 22560 253 8 638 

2032xlH.8 3422 ~336 26-"S 8 264.6 7 M7 
2032xll9.0 4092 Sli!S 2"~2 2'l32 759 
2032xl2!14 55W 70M4 3637.8 3580 716 

2032x !24.3 3422 4336 2688.8 264.6 7 ti7 
2032x 1285 40 92 51 8~ 2%02 2932 7 59 
2031xl37.9 55 80 70.&1 3637.8 3580 7.16 

2032xl275 3422 4336 26."8 8 2(.-16 7.87 
2032xl311 40.92 51 M8 29:'0.2 2932 759 
2032xH11 5580 70H4 3637.8 3550 7.16 

2!r32x2032 3422 43Y, 26.<;8.8 264.6 7 Z1 
2032x2032 4092 51 gg 29802 2932 759 
2032x2032 55 80 70 84 3637.8 358 o 7.16 

2032x2192 3422 43.36 26RS M 2(.-16 7 K7 
2032x2390 4092 51.SH 29);112 2911 759 
2U32x239 4 55.80 70 ll-1 36.!7 ti 35S O 716 

2032x22S.6 3422 43.36 26.~8.8 264.6 7E1 
2032x228.6 4092 51.bS 2'1Ml.l 2'13.2 759 
2031x22S.6 55 SO 70 84 3M7.8 358 O 7.16 

203.2x254.0 3422 41.36 21.'!11 S 2(.4.6 7Zl 
2031x254 O 40 92 51 K~ 2'lh0.2 2'l3.2 7 59 
2032x254 o 55 r«1 7n H4 31..17 H 15~ n 7 u. 

Al TOS HOR,:os DE MEXIOO. 5 4. 

1537 
1866 
2212 
210.9 
2572 
3063 

233.9 
285.6 
340.6 

17564 
::'('(>62 
22560 

2019 
22'l5 
3155 

m3 
3l11 
420.9 

3004 
344.0 
465.6 

][ 
EJE y.y 

28.9 2.04 
335 201 
37.9 1.99 

365 239 
425 2.36 
485 234 
393 2.52 
46 o 2.48 
52.6 2.47 

164.8 6.91 
!SU lr59 
211.5 6.36 

351 2 16 
3S.6 210 
~91 2 JI 

43.8 250 
48 4 2.~5 

61.0 244 

471 21·1 
522 25M 
UiO 2 56 

[] 
E 1 E Y·Y 

·- -
00 6436 1212 418 
o o 916 o 164.4 4 45 
o o 1229.8 210.6 00 

95 
9.5 
9.5 

12.7 
12.7 
12.7 

JU7.0 
IOlD 
96.6 

21444 2411 7.64 
271 1.1 305 o 7 66 
3267.8 367.6 765 

ZW33 285.8 8 89 
31.1J7.9 361.1 8 91 
42n5 m 1 s76 

.!7509 330.8 JO H 
47i3.6 417.7 JO 17 
57565 503 7 10 16 

O U X98.8 156.6 455 
00 11900 2000 4 79 
1> u 1QJ5.6 29S 4 520 

9.5 
9.5 
95 

12.1 
12.1 
12.1 

33S26 332.9 8JI3 
40~~H 4024 8!!.'1 
55;Qs 5-153 Sll-1 

](,<;¡! 8 22•3 7 M8 124~~ 
2'l500 2494 75H 1200 
3637.8 lll39 716 IJI.D 

H!>'ll, 
5;2u 
72:.'117 
s.,;¡, 5 
,,;J; ~ 
•t)\111, 

1011'1 
10 ll 
10()l 

1H5 
11 ~lj 

IUS 

0.0 
O.D 
O.D 

71.6 
66.3 
61.0 

97.0 
911 
F64 

122.4 
117.1 
111.8 

00 
00 
00 

113.!1 
J(r<l(, 

ltl12 

1392 
P50 
1:'5 (, 

15 



SECOO~ PLACAS 

d a b Duncn,t.tODO 

3 
76 • 102 

4 
102 • 102 

S 
127 • 127 

6 
152 • IS2 

36 

89:16 
89K6 
89. 6 
89xl0 
89.10 
S9d0 
89.13 
89lc13 
89KH 

89. 6 
89x6 
89. 8 
89. 8 
89.10 
89.10 
89.13 
89.13 

114• 6 
114• 6 
114• S 
ll4x 8 
IHxiO 
ll4xl0 
114<13 
1Hxl3 

140x 6 
HOx 6 
HOx 6 
140x 8 
HOx 8 
140x 8 
140xl0 
140xl0 
140xl0 
140xl3 
140xl3 
140xl3 
H0xl6 
140xl6 
140x16 

SECCION COMPUESTA 

DOS CANALES PERFIL STANDARD Y DOS PLACAS SOLDADAS 

2105 
23.73 
26.71 
25.48 
2810 
31.13 
29.91 
3259 
35.57 

24.93 
3043 
27.16 
32.66 
29.36 
34 86 
33.78 
39.28 

3132 
3816 
3416 
41.00 
37.112 
43.86 
4271 
49.95 

38.32 
4518 
52Ji2 
41.110 
4866 
5610 
45.27 
52.13 
59.57 
52.23 
5909 
G65l 
5919 
G605 
73.49 

Tato! 

'"" 

2666 
3014 
33 88 
32.36 
35.84 
3958 
37.96 
4144 
45JS 

3142 
38.66 
3418 
41.42 
37U 
44.36 
42.72 
49.96 

3968 
4S 46 
4324 
5202 
4706 
55 84 
5420 
62.98 

4S54 
5732 
66!16 
52.94 
61.72 
7126 
57HJ 
6638 
7592 
6(,J4 
7512 
8466 
7;24 
8402 
~351'• 

0 2 CPS 

PROPIEDADES PARA DIS~ 

E 1 E X. :1 

S 

""' -
325.9 
3425 
3675 
446.1 
462J 
4"ólJ 
57SJ 
5953 
6203 

645.9 
704J 
738.6 
7968 
842.4 
900.6 

10532 
1111 4 

1262.0 
137~.6 
14373 
1553.9 
1637.6 
li542 
2030.8 
2147.4 

21981 
2372.9 
2556.1 
2503.7 
26785 
28617 
2837.9 
3012.7 
31959 
34984 
36732 
38564 
4215 o 
43~9.8 

4573.0 

73.4 
n.1 
82.8 
937 
972 

1025 
113.9 
1112 
122.1 

113.1 
1233 
126.0 
1360 
139J 
149.4 
165.9 
1750 

180.8 
1975 
2013 
217.f 
2243 
240.l 
2665 
281.8 

2G64 
287.6 
309.8 
297J 
3185 
3403 
331.1 
3515 
372.9 
3935 
4132 
433.8 
457.6 
476.6 
4%5 

350 
337 
3.29 
3.71 
359 
352 
3.90 
3.79 
3.71 

453 
4.27 
4.65 
439 
475 
451 
4.97 
4.72 

5.64 
5.34 
576 
547 
590 
5.61 
612 
584 

672 
644 
618 
689 
659 
6.34 
7 01 
674 
650 
7.27 
6.99 
675 
749 
7.23 
7.29 

E 1 E y.y 

' 
'""' -
332 
391 
445 
369 
428 
482 
406 
465 
520 

408 
530 
427 
548 
445 
567 
483 
604 

854 
1103 
893 

1142 
932 

1181 
1010 
1259 

1569 
1959 
2331 
1641 
2031 
2402 
1713 
2103 
2474 
1857 
2248 
2619 
2003 
2366 
2761 

65 
n 
88 
73 
84 
95 
80 
92 

102 

80 
104 

84 
108 
88 

112 
95 

119 

134 
174 
141 
180. 
147 
186 
!59 
198 

206 
251 
306 
215 
267 
315 
225 
276 
325 
244 
295 
344 
266 
311 
363 

354 
3.61 
3.64 
3.38 
3.45 
3.49 
3.27 
335 
3.39 

3.60 
3JO 
354 
3.63 
346 
358 
3.36 
3.48 

4.64 
4.67 
454 
4.69 
4.45 
4.60 
450 
4.47 

5.68 
5.84 
5.90 
558 
572 
5.81 
5.45 
563 
571 
5.29 
547 
556 
520 
531 
544 

.... 

UJ 
11.6 
13.4 
12.2 
14.1 
12.8 
155 
13.9 

15.5 
14.1 
163 
14.8 
172 
15.5 
18.8 
16.9 

18.1 
16.7 
15.9 
19.0 
17.6 
16.6 
20.0 
18.4 
173 
21.8 
20.0 
18J 
231 
21J 
201 

AL TOS JIOR;t..OS DE MDCICO, 1 A. 

SECCION COMPUESTA 

DOS CANALES PERFIL STANDARD Y DOS PLACAS SOLDADAS 

7 
178 • 178 

8 
203 • 20) 

l65x 6 
165x 6 
165• 6 
165• 8 
l65x 8 
165• 8 
165x!O 
165x!O 
165xl0 
165xl3 
165xl3 
165xl3 
165x16 
165zl6 
165zl6 
165x19 
165xl9 
165xl9 

190z 6 
190z 6 
190z 6 
190z b 
1901. 6 
190z 8 
!\IOdO 
190zl0 
190zl0 
190zl3 
190zl3 
190zl3 
190x16 
190zl6 
190zl6 
190zl9 
190zl9 
190xl9 

Totol 
4/m 

45.60 
52.90 
60.34 
4972 
57.02 
64-16 
53 82 
6112 
6856 
62.04 
69.34 
7678 
7076 
n56 
8500 
7848 
85 78 
9322 

5320 
5990 
74 78 
57.94 
64.64 
7952 
62.6M 
(.938 
8426 
72.16 
78!16 
93 74 
SI G6 
88.36 

10324 
91.14 
9784 

11272 

AL TOS HORNOS DE MFJUC:O, S A. 

0 2CPS 

l'llüi'IEDAIJES PARA DIS~O 

T...S 

~7 '"' 6716 
76 70 
6300 
72.44 
81.96 
682~ 
n66 
K720 
7H72 
SH.I4 
9768 
:l!/20 
9562 

10816 
9968 

10910 
118.64 

ú756 
j(,()S 

9504 
7360 
l\212 

10108 
79Có 
H~ 18 

10714 
9274 

10026 
11922 
103'\4 
11216 
13132 
115~ 

124.46 
143.42 

35343 
3i841 
4033.9 
4019.3 
42691 
1518.9 
4518.5 
47663 
5018.1 
55574 
58072 
6057.0 
661':8.3 
ú918.1 
7lú7.9 
7846 8 
8096.6 
8346.4 

5346.7 
51137.9 
6..'95J 
(,(IJJ o 
11352.2 
iOIO.O 
úi"'S 4 
jzy,'9.6 
77474 
K25~9 

~550 1 
9207.9 
9'140.5 

102.117 
)().\,'195 

116401 
11931.3 
125'19.1 

E 1 ~ X· X 

3712 
397.4 
423j 
4152 
441.0 
466.8 
459.1 
4845 
509.9 
S47.0 
571.6 
5962 
6363 
6601 
683.9 
7272 
7503 
m5 

4955 
522.5 
583 4 
5535 
5801 
6402 
611.9 
638.1 
ú973 
722.5 
74KO 
W55 
8460 
KiOJ 
9261 
%52 
9893 

1043.9 

782 
151 
7.25 
7.99 
768 
7.43 
815 
7.84 
756 
840 
812 
7.b7 
864 
8.37 
8.15 
886 
SHJ 
8.40 

8.89 
860 
813 
908 
880 
833 
924 
896 
850 
944 
913 
8J9 
978 
955 
910 

UlOI 
9:;9 
936 

-
2620 
3187 
3743 
2740 
3306 
3Bb3 
285Q 
3425 
3981 
3096 
3663 
4220 
3333 
3900 
4457 
3573 
4139 
-1696 

4114 
4X20 
6271 
4297 
5004 
6454 
44!>0 
51!16 
66.16 
4b46 
5552 
7003 
5210 
5916 
731..7 
5578 
~~ 
nH 

6" 
-.t 

.Lª: !~ 1 : 
1 

E 1 E y.y 

295 
356 
421 
306 
372 
436 
322 
385 
448 
348 
412 
475 
375 
438 
501 
402 
466 
528 

405 
474 
617 
423 
492 
635 
441 
510 
653 
4n 
546 
6..'19 
513 
562 
725 
549 
6IR 

'"' 

6J4 
689 
6.99 
660 
6J6 
6.86 
647 
665 
675 
6.27 
646 
658 
612 
6.29 
642 
5.98 
616 
6::19 

780 
796 
812 
7.64 
7J!IJ 
soo 
150 
767 
786 
7.23 
7 45 
767 
709 
7J.6 
150 
694 
710 
734 

21.9 
19.4 
18.4 
21.9 
203 
192 
22.9 
213 
20.0 
24.9 
23.0 
21.6 
27.0 
24,9 
232 
29.1 
26.6 
24.8 

233 
22.D 
204 
24.5 
23.1 
212 
251 
241 
21.9 
27.8 
26.0 
23.6 
295 
28.1 
254 
323 
30.1 
27.0 



VIGAS 1 PERFIL RECTANGUJ.Aa 

$ 
,6 

t 
'liiG.\S 1 PERFn. STANDARD 

IPR 

l IPS 
M&dalo PUotico d 

1 
M&dulo Pl6otlco 

,, . 
Acuo A36 1)=2536 k¡/cm• 

y 

• 
Amo A36fy=2536 Lr./<m" PERFIL .... J.toduJ. Momento Es,.,.. Es ro« 

y PIW"* p¡.,, .... ,_ AJ ... 
dü 

PUF1L 
,_ M6<1ulo M o menta E.:;r..w Espoor Pula , ~ ... J:&/ .. z. ... - u Too (J:D ""'""" 

d•• 
rw- FU""" l'nla Almo 

r.l¡ , """ J:&/m Zcocm> nlTtlfl cm rfcm111. .......... 6" X 4" 12.7 92.0 233.0 4.9 4.3 

152.4 S 101.6 17.9 13600 345.0 7J 5.8 
23.8 190.0 482.0 10.3 6.6 

3 76.2" 59.2 848 3U 79.0 6.6 4.3 8" X 4" 14.9 136.0 345.0 Sl 4.3 

76.2z 63.7 Jll6 373 95.6 6.6 &.9 
203.2 S 101.6 19.4 186.8 474.0 6.5 5.8 

22.4 1:12.9 565.0 8.0 62 

8"xS~" 25.3 258.9 656.0 7.8 5.8 

4 101.6z 67.6 11.46 57.3 1454 7.4 4.8 203.2. 133.4 29.11 312.9 793.0 9.6 6J 

iOih 71.0 14.14 65.5 1662 7.4 8J lO" X 4" 17J 1862 472.0 52 4.6 

2540 S 101.6 22.4 2622 665.0 6.8 5.8 
25.3 31H.B m.o 8.4 6J 

5 127.0• 762 1488 913 2323 8J 5.3 
28.3 353.9 897.0 10.0 6.4 

12i.Os 83.4 21.95 1212 307.5 8J 12.5 10"x5~" 31.3 394.9 1001.0 8.6 6J 

254.0 1 H6.1 37.3 483.8 1227.0 10.9 6.4 
432 568.6 IH2.11 12.7 7.3 

6 152.4. su 18611 137.6 349J 9J 5J 12"x 4" 20.9 326.o !!26.0 S:J 5J 

1524 S 905 25&1 172J 436.3 9l 1!.8 304.8 1 101.6 24.6 337.5 856.0 6.8 5.8 
28.3 -1064 1031.0 8.9 6J 
32.8 ~81.7 1221.0 10.8 6.6 

7 177.11 S 93.0 ZU7 195.0 494.5 10.0 6.3 12"x6~" 40.3 622.7 1579.0 102 6J 

177Jia 98.11 29.76 236.0 5984 10.0 11.4 
3018 S 165.) 462 721.0 1828.0 11.8 6.7 

53.7 8-12.3 2136.0 133 7:1 

12" X 8" 59.6 943.9 2394.0 13J 7.5 

8 203.2 S 101.6 27.38 267J 677.4 10.8 6.9 304.8 1 203.2 b71 1063.5 2697.0 14.6 8.5 

203.2 S 105.6 34.23 314.6 797.9 10.8 !U 
74.5 1189:1 3017.0 16.3 9.4 

14" 11: 6~" 44:1 i7l.B 1957.0 9:1 6.9 

355.6 1 171.4 507 b"930 Z265.0 11.5 7.3 

10 254 ()S 1184 37.80 458.8 1163.6 12.5 7.9 
56.6 1007.8 2556.0 13.0 7.9 

254 o 1 125.6 52.09 576.8 1462.8 12.5 15J 14"x8" 641 1142.1 28960 13.4 7.8 

3556 S 20J.2 71.5 12864 3262.0 15.1 8.6 
79.0 1427.3 36200 16:1 9.4 

12 304.8" 127.11 47.32 6813 !728.8 13.8 8.9 16" X 7" 53.6 UH71 26550 10.9 7.6 

304.11x 129.11 52.09 727.6 IK45J 13.8 10.9 406.4 1 177.8 59.6 1191.3 3021.0 123 7.8 
671 1343.7 340S.O 143 8.8 
74.5 15190 3852.0 15.9 9.6 

18"x8~" 954 2159.8 54770 174 102 

457.2 • 222.2 104.3 23i12 (,()13.0 19.1 IU 
114.7 26301 !.C.iO.O 211 12l 
126.7 2910.3 mo.o 2lJ 134 

IS"x 11~" 143.0 !375.7 ~561.0 ?11 13.0 

457.2 S 298.4 156.5 3il1.6 QH20 231 14.1 
liD O 41(.2J 10302.0 1S2 15.1 

~ 
ALT\lS IIOR~OS DE MEXICO. S A ® 39 

A@P ALTOS JIORNOS DE MEJUC:O, S. 4. 



CAPACIDAD DE CARGA EN COLUMNAS 

Una pu:za cstrW:tural obclta su¡eta a romprcsión se le Dama Columna. 

Ll f:ill• pnoapal ea una Columna DC\IIT< por flambco a un ofuerzo uniuno mfenor al csfuerm de ru¡>
!ura dd m• len al y depende de la rtbcón de c.sbcha que es la razón en1re b longnud efecllva de flambco 
de J. Colwnn• y el roeLa de ¡;no mÍ:IimO dc l• ICCOCIIL 
Los ~abl:u dc csfuerms penrusiblcs p:ra Columnas cargadas Ul•lmenle se alcularon variando !:a n:laci6o 
de c:o.bcl!o:z. de 1 a 250 y de •cuerda CXJD las SJgwen!c:s fórmulas: , 

Rd•aón de obch<1 = K --\'-

K=Factor long~tud cfecllva de flambc:o, L=Long~tud enln: apoyoo, r=Radlo de gua. 

En donde 

lp=Esfuerm penruSible ro K/crn" para argo :W:al pura 

K + =E..!xl!a efectiva dc la cclumDII 

C S =CucLc1cnu: de ><gundod = + 
E=M&lub de Ebsticu!.d del ac.cro 

100 
ALTOS JIOR""OS Ol. Mf.JC.ICO. L ~ 

7 
Lo. f.crorcs de fle>~Ón Bx y By que apar<e<n en las Tahl•s de C.pmd•d de corga prop:>mona una ayuda 
para el cálculo de columnas con carg.:u comb.nad.u dr momento flc:r.•on:.ntc y arga aa1al 

El momcn1o flcx1onantc \.C' muhsplica por ti factor de flcx1ón Rx Ó By drpcnd1cndo !.1 el momento actúa 
en el c¡c X-X ó en d CJC' Y-Y, par.a uansformarlo en u~a carga axaal P" y sum:n-sc a b carga axaal P. La 
suma total de P+P• ptrm1tc calcul~r una sccc•Ón prchm•nar que puede comuhane en bs Tabla. 

La sclecc•Ón final se puede hacer uundo las ssguicntC'S f6rmulas: 

Para flex1ón con rcspecto al qe X-X. 

Cu•ndo rp / fp ~ 0.15 

P + P' = P + [ Bx Mx G :x J] =C.rgo tabubd• requerida. 

Cu•ndo rp/fp ~ 0.15 

P + P' = P + [Bx Mx Cmx {_ ff Pb•) ( _u_ 2) ] =C.rga 10!>ulada ~ucnda. 
\_ • u- P (KL) 

[ Bx Mx (~~ ]=Carg•!abuJ.da requerida. P+P'=P (.!L_' + 
~6 fy) 

P.ua Dc.x1Ón con rapccro al CJC' Y~Y, susr.uwr los tÚmmos corrnpondJcnlcs en las ecu;xjono .:mtcnores.. 

P=C.rgo :W:al 

P'=C.rg• ax1al <qUJv>lcme =Mx Bx ó My By 

B• =_.A_ = Arra de J. S<'CC!Ón 
S• ~lódulo de sewón eJe X-X 

B = ..A_ = Are~ de la S("C{"tÓD 

y Sy Módulo de S«.CJÓn eJC Y-Y 

Mx y My=Momen!D flexionanle 

rp=Esfuerzo U1al alcuJ..do = + 
fp=EsfuerUJ perm11Jdo en compres1Ón u1al según tabla. 

fbx=Esluerm de flex1ón pc.rrm!Jdo =060 fy 

Cmx=Codic1en!e cuyo valor puede conside....., como 11guc: 

a) P.ara m1embros en comproJÓn 'UJCIOS a tr.llbcJÓn btcr2l dt sus uruoncs Cm=O.BS.. 

b) Para mJcmbros en compro•Ón con :apo)OS totalmente cmpou:ados en m:.ucos arriO'I.lr:JdOI contn. la 
transJac.ón de sus JUOIU1 sm ot:u su¡ctos 3 c.arg3s u;~.nncnaln. cnlrc sus :apo)OS en el pUno de 0CD6D: 

M 
Cm=O 6 + 0.~, (Pero no menor que O 4) donde M ¡1 M 

2
cs J. rrlanón dd mcnnr .:ol ma)or dc loa 

l 

momcntcx cxt.TC'mos de la poraón dd m1cmbro :un arnosuar en el pb.no de flcx1Ón h..:¡n consJdcnción. 
M

1
/ M.zcs ~1t1va cuando el mu·mbro se flr).Jona con cunatura 51mplc y ntg<1U\21 cuac.lo .o~dquicrc cur

V3!Ura doble. 

e) Par.;a m1cmbros en compro1Ón en marcos .unostndos ron1ra b tr.3nshoún de ~us ¡un! .u en el plano 
de c.arga y SUJC'tOS a arg.u (1.2IOS\C'r'S.3)es tnuc !oUS ~ro) m.. el \al(lf Jr • Cm"" ruC"\lc Jclc;.m•n.anc por UD 

an~lms r;c¡on¡J; s1n cmb¡rgo. rn lug:u de dzcho ¡n~lms., los SIJ;Uitnln \.3.lora pueden a¡~rw: 

Para m.Jcmbros cuyos currmos e:sdn cmpotr:sdos Cm::O S5 y Cm::::::l 00, tn c.uo conu.aua.. 

A•= 1o.s z 10' b 2 Ay= 1o.s. 10' 11
2 

lx e ly=~{omcnto de lnC'raa Jr b s.«CJÓn St'F"Jn E1c X-X ó E1c Y-Y. 

' 



ESF\JF.RZOS PER\IISJBLF.S p; COLU\INAS OE ~CFRO - KG¡CM• 
(i 

D~LlRZOS PERMISIBLES EN COLUMNAS DE ACERO- KG¡CM• 

~f1cmbros pnnCJp:.~le. ) IC'cund; 1os con rtlac~on de nbtllcz de 121 a 150 

M1cmbr01 punu~\n ) s«und~nos con rclanón de c)btht:r. de 1 a 120 

lK L/r ~ 120) 
K L/r > 120 

:OS 250 

L¡r T1J'O fl[ ACEI.O 1../r ACLJI.O L/r ACI:KO 

L/• TIPO DE ACl.AO L/• T1PO D[. ACER.O 1../r 11iO DE ACI:KO 

A-7 Al6 AH 55 A7 Al6 AH 55 A-7 A-l6 AH 55 
A-7 Al6 AH !S A7 A]6-,UIJJ A.7 A·36 AH5' 

121.0 7020 7H2 7172 1660 381.0 211.0 235.8 

1 o 13926 15188 2319.8 -o o m u 13~62 19688 MI O 1009.1 1073.8 13952 

20 13Q()J !SitiO 23H3 -c.o 123~2 1340.5 1956.9 820 10023 1065.9 137112 
1220 6933 7!H.O 705.5 167.0 376.5 2120 233.6 

30 13~7.5 15131 230S7 -u o !2l3J 133-1.7 19-1-1.9 830 995.5 1057.9 !3612 
1230 65t6 693.8 69-1.0 1650 372Jl 213Jl 231.4 

-10 IJS-19 15101 23029 -1-1.0 J22K3 13289 19328 R-10 988.6 J!H9.9 J34<1Jl 
12-1.0 675 8 683.5 6529 I69Jl 367.6 214Jl 2293 

50 u m 15070 2.'%.'1 ~o 12232 1323.0 1920.5 sso 9!!1.7 I!Ht.B !326.7 
125.0 6670 673.1 6niJ 170Jl 3633 215.0 WJ 

b.O 1379-1 !503M 22907 -16.0 12181 1317.1 19081 860 974.7 J033J !3093 
1260 6581 662.6 6614 171 o 3591 216IJ 215.1 

70 13766 1500.5 22&-13 -170 1212 9 1311.1 IS'IS 6 87.0 %7.7 1025.5 l291J 
1270 &;92 651.0 651 o tnO 354.9 211.0 223IJ 

80 13i3 7 14972 2277J -ISO 1207.7 13050 IKRJO 88 o 9607 10173 1274IJ 
1280 6402 640.9 640.9 1730 350.8 218.0 220.9 

90 13707 1493 M 2271 o -190 1202.4 1298.9 18702 890 953.6 1009.0 J25b.l 
129.0 6312 631.0 631.0 174IJ 3-16.8 219.0 218.9 

100 J36i.7 14903 226-11 500 1197.1 1292.7 1857.3 900 9-164 1000.6 12l8J 
1300 6221 62JJ 62JJ 175.0 3429 220IJ 216.9 

11.0 136-16 J4);b 7 22569 51 o 1191 8 J2ll6.5 18-1-13 910 9392 9922 1220.0 
1310 613.0 611.9 611.9 176IJ 339.0 221.0 215.0 

120 1361-1 14Kl 1 2249.6 520 11~63 12!!02 !Rll 1 92.0 9320 983.11 1201J 
132.0 602.6 602.6 602.6 tn.D 3352 222IJ 213J 

130 135M 1 1-179.3 22422 530 liSO 9 1273.8 1817.11 930 924.7 975.3 11R3.3 
1330 593.6 593.6 593.6 1780 331.4 2230 211.1 

140 1354 8 1475.5 223-1.5 540 1Ji54 1267.-1 JR!H.-1 9-10 917.4 966J llb-1.8 
1340 58-1.8 584 8 584.8 179.0 327J 224.0 209.3 

150 1351.5 1471 6 22267 550 1169.8 1261.0 1790.9 950 910.0 9581 1146.1 
1350 5761 576.1 5761 180.0 324.1 215.0 207.4 

lb O 134~ o 1-1677 221~ 7 560 JJb-1.::! 125-1.5 1m2 960 902.6 9-194 11272 
1360 567.7 5677 567:J 161.0 320.5 2260 205.6 

170 1344.5 1-163.6 2210.6 570 115R 6 12-17.9 1763 4 97.0 8951 9-10.7 IJOK2 
137.0 5591 559.4 559 4 1620 317.0 2270 203.8 

IXO 1341 o 1459.5 2202.3 58 o 1152.9 12-113 1749.5 980 8H7.6 931.9 10l!9.1 
138 o 5514 5514 5514 1830 313.5 228.0 202.0 

190 13374 14554 2193.8 590 1147 1 1234.6 17355 990 RMJ 1 9231 IOtMl 
1390 5434 543 4 5434 IS-1.0 3101 2290 2002 

200 1333 7 1451 1 21~52 600 JHIJ 1227.8 17213 1000 M72! 9142 10504 
1400 535J 535 7 535J 1850 306.8 2300 198.5 

21 o 133(1 o H-16.8 21764 61 o 1135.5 1221.0 17070 101.0 ~JI 9053 1030.8 
141 o 5281 5281 5281 1860 303.5 2310 1968 

220 13261 14-124 2167.4 620 1129.6 121-12 1692.6 1020 857.1 R963 10111 
1420 520.7 520:J 520J 1870 300.3 232Jl 1951 

230 1322.3 1437.9 2158.3 630 1123.7 1207.3 I671U 1030 R49 4 XK72 9!!9.7 
1430 513.5 513.5 513.5 ISSO 2971 2330 1934 

2-10 13JR -1 14334 21490 64.0 1117.7 1200.3 16634 J!HO H-11.6 K78.1 970.R 
IHO 506-1 5064 5064 1890 293.9 2340 191.8 

250 13JH 1428.8 2139.6 650 1111.7 1193.3 IMR.6 1050 R33 8 R68.9 952.4 
1450 4994 4994 4994 1900 290.9 2350 190J 

260 13104 14241 2130.0 66.0 1105.6 111162 1633.7 1060 R259 859.7 934.5 
1-160 4926 -192.6 492.6 191.0 287.8 2360 188.5 

270 1306.3 1419.4 21202 670 !099.5 1Ji91 16187 1070 RISO 8504 917.1 
147.0 455.9 485.9 485.9 1920 28-1.8 237.0 186.9 

2!10 1302.1 HH6 21104 6.~0 )(1933 11n.D 1603.5 lOSO 8100 8111 9002 
HRO 1794 1794 -1794 1930 281.9 238.0 185.4 

290 ¡.:.79 14ú97 2100.3 690 JOS71 116-IJ t5AAJ 1090 !!020 R31.7 883.8 
H90 173.0 473IJ 4730 19-10 2790 2390 183.8 

300 J: ., 7 140-18 2CRO 1 700 10809 1157 4 1572.9 1100 7939 8222 R67.R 
1500 -1667 466J 466:J 1950 2761 240.0 1823 

31 o 1>•3 13998 2ú79.R 71 ~ 107-16 1150.1 15573 1110 785.8 812.7 8522 
151 o 4(,().5 160.5 460.5 1960 27B 241/) 180.8 

32 o 12X50 139-17 2069J 7: (, .0682 11-12 7 1541.7 1120 m.6 80:>1 1137.1 
152.0 454.5 454.5 454.5 1970 270.6 2420 1793 

33 o 12!!0 5 131!9.5 2lJ587 730 1061.8 11353 1525.9 113.0 7694 793.5 822.3 
1530 4-18.5 H8.5 -1-18.5 1'180 267.8 243.0 m.s 

3-10 12760 13!\-13 204RO 7-1 o !0554 1127.R 15100 114 o 7612 783.8 807.9 
1540 -1427 4-12.7 -142J 1990 2651 2440 1764 

350 1271.5 13791 20371 750 !048.9 11202 14940 115.0 7529 n4o 794.0 
1550 437.0 437.0 437IJ 2000 2h2.5 2450 174.9 

360 12f~9 13737 2026.0 760 10424 1112.6 1-1n.s 1160 7-14.5 7642 7!!03 
1560 431.5 431.5 431.5 201.0 259.9 2460 173.5 

370 1262.3 136H 2014.8 n.o !035.8 11050 1461.6 1170 736.1 7544 ib7.D 
1570 42{,0 -1260 4260 202.0 257J 2470 Jnt 

3110 12576 131..29 2003.5 /80 10292 10973 14-152 1180 727.6 7H4 754.1 
1580 {?0.6 420.6 420.6 2030 254.8 248 o 

39.0 1252.8 13574 19921 790 10226 1089.5 1428.6 1190 7191 7344 741.25 
1590 -1153 4153 415.3 

l70:J 
2!HO 251.5 2490 1694 

400 J2;S.O 1351.8 19'!0.5 800 10159 108JJ 1412.0 !200 710.6 no 7292 
1600 4102 4102 4102 2050 2-19.9 2500 lt\SO 
J(,J o 4051 405.1 4051 ~.o 247.4 
trolO 4001 4001 -lOO 1 ~07.0 245/) 
tr.lu 31152 3952 >1152 2080 242 7 
J(.-1 o 3"04 390 4 3904 20'10 240 4 
J(,5 o 3~5 7 3857 lR57 2100 2.\RI 

1 102 A~ ALTO~ JlüK,_OS Dt MEXIOO. "- A-
AlTOS IIOR'OS Df ).lf.XICO. L A. @ llll 



6 

4 
152.4 

101.6 

8 
1 

51/4 
103.2 

133.4 

10 

53/4 
254 o 

1460 

!Ol 

50 
100 
150 
200 
150 
300 
350 
400 
450 

50 
100 
150 
lOO 
150 
300 
350 
400 
450 
500 
550 
600 

50 
100 
150 
200 
150 
300 
350 
400 
450 
500 
550 
600 
6SO 

CAPACIDAD DE CARCA EN TONELADAS 

alLUMNAS 1 PERFIL RECTANGULAJt 

1 P R 

1..' TIPO ~ A.\U:.C' 

A 7 ~J6 AH 55 

.\ =ll&.l~cm' 
P=12 ;o lh= o.J'l4 

By= LO.-;Q 

22.6 2H ru 34 9 
452 1~7 113 309 
,,¡q 17.ó ·1~'1 259 
Q¡,15 15.2 11&.1 19~ 

113 1 124 121! 13.2 
135 7 9.2 '1.2 9.2 
15>4 b.N 4>.11 6~ 

1SI O 5.2 5.2 5.2 

A =3226cm' 
P=25.30 B>= O 140 

By= 0.170 

170 434 47.2 713 
34 o 41.2 14 7 bid 
510 3~1 11.5 5G.5 
1>~0 353 37M 51.7 
'50 31.7 336 4-2h 

ll12 o 27 6 2l!.9 32.5 
1190 23.2 23.7 239 
1361 JK3 JH3 183 
153 1 14.5 H.5 145 
1701 11.7 UJ 117 
1~7.1 9J 9.7 9.7 

·' =3993 cm• 
P=3130 fu= O 113 

Bj= 0.730 

15~ 539 5!1.6 88.7 
31.5 51.4 55 R R2.R 
473 484 523 75.5 
631 44.!1 -111.2 670 
iM.9 -10.9 43.5 57 1 
946 36 4 3~ 4 46.0 

1104 31.b 327 34.4 
121·2 21.1 263 263 
1120 20K 20~ 208 
157.7 J6Q llo9 169 
1735 13Y 139 139 
1'93 11 7 liJ 11 7 

L¡r T1f'O DE ACFRO 

A' A 36 AH 55 

A =2277 cm' 
P=l7 'lO llx= O 191 

lly= 0990 

219 30.2 329 494 
139 2l!O .!03 140 
1>58 25.2 270 373 
h7 i 21 9 23.2 29 1 

10% IM 1 18M 19.9 
131.6 13M 138 13M 
153.5 JO 1 10 1 10 1 
1754 7.l! 7K 7M 
1974 61 61 61 

A =3793 cm• 
P=2980 llx= 0136 

By= 0.730 

164 511 55.b 84.0 
329 1R.6 52 7 78.1 
493 15.5 192 70.8 
65 M 42.0 45 1 62.1 
~2.2 3KO 404 521 
98.7 33.5 35 1 40.8 

1151 2R.5 293 30.0 
lll.b 23.0 23 o 23.0 
HRO !Kl 18.2 18.2 
1&4.5 H7 H7 14J 
180 9 122 12.2 12.2 
197 4 102 102 102 

A =47 42 cm' 
P=37.30 B•= O 110 

By= OIUJ 

151 641 
301 (,)3 
45.2 5K O 
(JJ.2 541 
753 49.6 
904 14.8 

1054 394 
120.5 33.5 
135.5 271 
150.6 22.0 
11,5 7 IR 1 
11<07 15.2 
195.!1 13 o 
~ 

~ 

69 K 105.6 
11.>.6 991 
62 7 91 o 
5K 1 Hl.5 
53 o 70.6 
473 584 
41 o 148 
341 343 
271 27.1 
220 220 
181 IR 1 
152 15.2 
1!0 130 

l.lr nro or ACDlO 

Ai Al6 AHS~ 

l\ =3045cm' 
P=23 80 Bx= O ltl5 

By= 0.1170 

20.6 
41.2 
61.7 
823 

102.9 
123.5 
H40 
ICM.b 
!R5.2 

40.5 
37.!1 
34 .¡ 
30.5 
25.9 
207 
15.4 
11M 
93 

-14.1 
41.0 
370 
32.4 
27.0 
21.0 
154 
11.8 
93 

664 
599 
51.7 
41.11 
302 
21.0 
15.4 
11.11 
93 

A =5503cm• 
P=43.20 Bx= O 109 

By= o¡,so 

147 744 
29 4 713 
441 67.6 
5K M 63.2 
73.5 5~.2 

KK.2 528 
1029 16M 
117.6 402 
132 4 33.0 
1471 11>7 
)/,JJI 22.1 
171>5 IR.6 
!912 158 

Rl O 1227 
77.5 1154 
731 1063 
!>M.O 95.6 
1>23 R35 
559 69!~ 

4K 9 54.5 
412 41J 
33 o 33.0 
267 21>1 
221 221 
1K.6 IK.6 
15.11 15.11 

ALTOS IIOR,OS DL MEXICO. 1 A. 

CAPACIDAD DE CARGA EN TONELADAS 

12 

61/2 
304.8 

S 

165.1 

12 

8 
304.8 

S 

203.2 

COLUMNAS: PERFIL RECTANGULAR 

1 P R 

L/r TIPO DE ACI.RO 

A7 AJ6 AH55 

.~ -=51 42 cm' 
P=40.30 B>= 0092 

By= 0.610 

100 27 4 
150 411 
200 54 8 
250 6.~.5 

300 ~2.2 

350 • 95 9 
400 1096 
450 1233 
500 137 o 
550 ISO 7 
600 164 4 
650 !iR! 
700 191.8 
750 

671 
639 
(JJ.2 
561 
51.5 
16.5 
11 o 
351 
28.8 
23R 
200 
170 
147 

72.9 IQK R 
69.2 1012 
64 9 92.2 
(JJ! K21 
547 707 
48 9 581 
42.5 150 
355 355 
2K.l! 25.11 
23 8 23.8 
20.0 200 
17.0 170 
14 7 141 

A =7594cm• 
P=59.6 Bx= OO:l9 

lly= 0420 

100 103 101.2 IWI IIS7 
ISO 30.5 9K 1 1(1(,.5 1583 
200 40 7 94.5 1024 149 K 
150 so K 'lO.b 9n Hol 
300 61 o S6.2 92 7 1291 
350 711 R15 X73 liRI 
400 '1J 76.5 K! 4 105.6 
450 ~1 5 71 1 75 1 92.0 
500 M 6 653 683 773 
550 111 ~ 59.2 61 1 1>3 K 
600 !22 o 52.7 53.5 53.6 
650 132 1 45 7 45 7 451 
;oo 1423 39 4 39 4 394 
750 1524 343 3U 343 
600 11·2 6 30.2 302 301 
850 172.11 2o 7 :z¡, 7 26.7 
900 !R2 9 23 R 23.11 23.!1 
950 193 1 214 2! 4 21 4 

L/r TIPO DE ACEJtO 

A7 AJ6 AH55 

l\ =58.113 cm• 
P=-=46.20 llx= 0091 

By= 0.590 

26 8 76.9 R3.6 124.8 
40.2 73.4 79.5 116 4 
53 6 693 74 7 106.5 
67 o 64 7 69 4 95.2 
80 4 59.6 634 82.6 
93.11 54.0 57 o 6M1 

107.2 48.0 49.9 53 7 
120.6 41.5 42.2 424 
134.0 34.4 34 4 34.4 
H7 .5 28 4 2K ~ 25.4 
160.9 23.9 23.9 239 
1743 203 203 203 
IK71 175 175 175 

A =R542 cm• 
P=6710 llx= 0090 

By= 0420 

203 113 K 
30.5 1103 
407 1063 
SOR 1019 
1>10 970 
ill 917 
~IJ 860 
915 799 

101.6 73.5 
111.11 1-6.6 
1220 593 
1321 51 4 
1423 143 
!52 4 ~% 

11>.26 339 
172.11 300 
!S29 :?f,R 
1931 2H 

1238 1&>4 
119' lií! 1 
115.2 168.5 
1100 1577 
1043 145.R 
%2 132.K 
91.5 1181 
MH 103.5 
76.ll 87.0 
6.~.11 71.11 
Wl (>(13 
514 51 4 
H3 H3 
;,q, ~'t(l 

3H 33q 
300 300 
26 ~ 21> K 
2H 2H 

A 1 TU~ 11011. 'lt,Jl'S IJE MLXJCO, S A. 

IJ• nro DE AC:UO 

A 7 A J6 AH-5" 

A ==6832uu• 
P=53 70 B•=-= O.D91 

By= 0.580 

26.2 89.5 
39 4 85.5 
52.5 Ml.9 
65.6 75 7 
7R 7 70.0 
919 63 7 

1050 570 
IIR 1 19.6 
1312 41 7 
HH 344 
157.5 2K9 
170.6 2H 
183 7 213 
1969 185 

97.2 145.4 
92.6 135.8 
H72 1241 
Mil 112.0 
74.6 97.9 
673 ~23 

594 651 
SOJI 514 
41] 411 
34 4 34.4 
25.9 28.9 
2H 24.6 
213 213 
185 185 

A ~90cm• 
1'=74.50 ll•= 0090 

ll)= 0410 

201 121>.5 
301 122 7 
40.2 11h3 
S03 113.5 
(JJ 4 1D:41 
70 4 102.3 
Ml.5 Q(,) 

90.5 h"14 
100.6 1\14 
110.7 74.8 
1207 66R 
130 R 5~4 

1408 501 
1S09 4H 
)(,)O 3' 5 
1710 341 
m 1 304 
1911 27J 

137.7 2073 
133.2 19!!2 
12h.2 1871 
122.5 175 9 
1163 162.9 
109.5 14R.6 
1023 1332 
945 116.6 
&>2 911.6 
77 4 R1.4 
6.~0 1·'1.4 
5R.3 5KJ 
SOl 502 
HK 43.11 
;, 5 1'.5 
34 1 341 
304 304 
27J 27J 

luS 

' 



t--! -l 
CAPACIDAD DE CARGA EN TONELADAS lO 

1 ~T ' 

.~I 
DATOS PARA DETALLE DE COLUMNAS FOR\fADAS POR 2 CANALES 

COLUMNAS 1 PERFIL RECTANGULAR UNID~S CON PLACAS I)'.TERRUMPIDAS SOLD.U>AS, 

.1 .. IPil o 2CPS 

DATOS PARA DETALL\11 
Dl\t[,o:;Jos Alnuo L/• T'tro Dl. ACF.I.O L/• TIPO DE ACERO L/• 11FO DE ACEitO 

A-7 A·J6 AH-55 A-7 A 36 AH-SS A-7 A 36 AJ'-!15 Damm.sa6a Pl•w &tn-ma P!aao lnlam<d>a 
d • b A 1 p.,. A e: 

Da! m. 
D !'no E.pnor WL 

A =81.61 cm• A =Ql03 cm• A =1005Kcm• U citano en..rn. T.,.,._ 
P=6-410 Ba= 0.079 P=il50 Bx= 0079 P=79.0 B><= 0.079 

By= 0.440 By= 0.440 By= 0430 a .-

14 100 2JJl 108.6 )18.1 17l.7 20.6 121.2 131.9 19K.4 205 133.9 1-15.7 219.3 
76xl02 S9 127 057 H9 76 675 034 6.3 

200 ~17 101.2 109.6 160.0 ~1.2 113.1 122.4 1790 411 125.0 1354 197.9 76x127 114 
X 250 521 %.8 1M~ 149.3 515 1081 1168 1671 513 119-7 1291 IK5.1 127 072 114 76 675 o .u 6.3 

300 1>25 91.9 988 1375 61.9 102.9 110.6 1543 616 113.9 122.4 170.8 

8 350 72.9 !!bJ 92.7 1246 721 97.1 1039 1401 71.9 1075 115.0 155.3 102xl02 S9 152 0.68 S9 102 750 0.-45 6.3 13 r"~..!L 400 ~33 su 861 110.6 82.5 90.9 967 124 7 821 1001 107.1 138.4 

01 355.6 450 937 750 79.1 954 928 84.3 889 1081 92.4 93.4 98.6 120.1 I02xl27 114 152 087 114 102 750 Cl58 6.3 13 500 1M2 68.6 715 790 1031 nJ 807 899 1027 851 895 1001 
550 114.6 61.7 635 65.3 1134 69.7 719 743 112.9 n.4 799 82.8 102xl52 140 152 1.07 201.2 
600 125.0 5H >-t9 548 123.7 618 625 625 1231 681 69.6 69..6 140 102 750 0..7l 6.3 13 ~b~;r 
650 135.4 46.7 46.7 46.7 134.0 531 531 531 1335 59.3 59.3 59.3 127xl27 114 178 1.01 700 145.8 40.3 403 40.3 1443 459 45 9 45 9 1437 51.1 su su 114 127 875 0.72 6.3 13 
750 1562 35J 351 351 1546 400 400 40.0 1540 445 445 445 

127xl52 800 1667 30.8 308 308 16-4.9 35.1 351 35.1 16-4.3 391 39.1 39.1 140 178 125 140 127 875 a.R9 6.l 13 
850 m 1 27.3 273 273 1753 31.1 311 311 1745 341 34.7 34.7 
900 IH75 2-1.4 244 24.4 !SS 6 27.8 278 1.7.8 184.8 30.9 309 ,~.9 127xl78 165 178 H7 165 127 875 UIS 6.3 J3 950 197.9 21.9 21.9 219 195.9 2~.9 24 9 24 9 1951 27.8 27.8 r.s 

152xl52 140 203 144 1-10 152 900 )(17 6.3 16 
A =IS206cm' A =19909c:m• A =21619cm• 152xl7!1 165 203 P=H300 Bx= OIX>O P=l5650 Bx= 0()(,() P=17000 Rx= OIX>O 1.6!1 165 152 900 1.211i 6.3 16 
By= 0.320 By= 0310 By= 0310 152x203 190 203 193 190 152 900 H5 6.3 16 

18 100 145 2463 2683 4061 IH 2694 2934 4441 143 292.1 318Jl 4K2.6 178x17!1 165 229 2.36 165 17!1 975 200 29.1 2361 256.6 3823 2:\.9 2585 280~ 41K 4 285 2KI.O 3053 455J l.Sf 1.9 16 
X 250 363 230t 249 8 3681 361 2521 2734 4031 357 2742 2974 43KJI 178x203 190 229 2.72 300 43.6 224.0 242.~ 352.8 433 2451 265 4 >FI65 42 S 266.8 2AAJI 421.0 190 m 975 212 7.9 16 

113/4 350 50.9 217.1 234 4 3361 505 237.11 256 7 3685 499 258.9 279.6 401.1 
178x229 400 5R 1 209.1 225 R 3181 577 22911 2~75 3491 571 250.4 269.7 3RI.O 216 229 308 216 178 975 2.41 1.9 16 

451.2 450 654 201.9 216.7 2990 (.-19 2214 2377 32M 4 6-41 241.4 2591 359.0 
500 727 1937 20il 27K7 721 212.5 2273 3065 713 2319 24R 1 335.6 203x203 190 254 302 190 203 1050 2.-Q 1.9 19 

298.4 550 799 IK50 IY70 2571 7Q4 2031 2163 2R32 785 221JI 2365 310Jl 
600 Ki.1 1759 IS64 2345 N'J(J 1931 2()49 25~.6 85 6 211.3 2241 284.6 203x229 216 254 343 216 203 1050 2.7-f 650 945 )(/,4 17)3 2104 93 X IS2.9 1Q2 K 2126 92.1 2003 211 4 2569 7.9 19 
700 101.1 15<'L4 lh3.6 IS5 O 101 o 1722 1X01 2051 99.9 IR8.9 IY79 2277 201x254 241 254 3Rl 241 i50 IL"90 1460 1514 1609 10~1 I(,()Q llo70 1785 1070 176.9 1839 198.3 203 1050 3D.5 7.9 19 
800 1163 135.1 13~6 1414 115 4 1491 1531 1569 1141 16-43 1692 17U 
850 1235 123.8 1253 1251 1227 1369 13RR ll90 1213 151.3 1538 1544 
900 BO~ lll9 1117 lll.7 1299 1241 1239 1239 1284 1371 137.7 1371 
950 BXl 1!103 1003 100.3 1371 1111 lll1 1111 1355 123.6 123.6 123.6 

1000 1453 905 'i05 905 1443 ][()~ IOJ 4 100~ 142 7 1115 lll5 1115 
1050 152.6 821 821 811 1515 911 911 911 I49Jl 1012 1011 1012 
1100 1599 74R 74 K 74 8 15K 7 R3.0 ~3 o 83 o 1569 921 921 921 
1150 1672 ~~-4 (.~4 684 ' 1659 759 75 9 759 16-4.1 843 R43 RU 
1200 1744 r,2JI (,2 8 62.8 1731 69.7 697 697 1712 n5 n5 ns 
1250 1~1 7 579 57.9 579 1C:04 643 643 6-4.3 1783 714 71-1 71.4 
1300 1~90 535 535 535 1~7 6 5H 59 4 594 IR5.4 66.0 (6.0 (Jii.O 
1350 1'«.2 49.6 49.6 49.6 !94)! 551 551 551 192.6 612 611 612 
1-100 199.7 5fL9 51i9 SfL9 
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~~ CAPACIDAD DE CARGA EN TONI:.LADAS 

CAPACIDAD DE CARGA EN TONELADAS 

[]] 
COLUMNAS 00.\IPUESTAS DOS CANALES PERfiL STAl'<l>ARD 

[) 2CPS 
COLI.JMI'AS CO\IPUESTAS DOS CANALES PERFIL STANDARD 

[] 2 e P s 

D,mcraloOG Alrun 1./r 111'0 11E ACUO 1./r 'rU'O DE ACERO L/r 11PO DE ACUO 
.... , A-36 AHSS ... , A :lo AH5S .... , A36 AH·" D1mczwóa .Airura 1./r 11PO DE .ACEilO 1./r TIPO DE ACEilO 

P<>O IOW = 12.20 P= total = 14 88 Pero total= 17.86 A·7 A36 AH·" A7 A36 AH" 

.-\ra totzl = 15.36 Arca total = 18 84 Arta total= 22.58 

2 e r s 50 18.6 33.8 17.7 25.3 Zl.S ~1.5 180 303 33.0 ~91 
PC>O total = 19.94 Pcw total = 26.78 

20.6 ll4 Arca total = 25 16 A rc2 totol = 33.94 
100 312 19.4 n.o 30.9 35.5 23.9 25.9 38.3 360 28.6 31.0 45.8 

3 150 55.8 17.9 19.3 Zl3 532 222 24.0 342 54.0 r 26.5 28.6 40.8 2eP& 50 14.5 34.0 371 561 132 461 502 76.0 
200 74.3 162 17.3 231 70.9 203 211 294 71.9 24.1 25.8 34.8 100 291 32.6 35.5 52.8 26.5 444 483 72.1 

76.2 250 92.9 142 15.0 182 SM1 ISO 19.1 23.8 899 214 22.6 28.0 5 150 436 310 33.5 481 39.7 42.4 45.9 673 
300 111.5 12.0 12.4 130 1064 15.5 16.1 17.5 107.9 183 19.0 20.4 200 5R 1 290 312 44.0 52.9 ~.1 433 611 

c=O 350 1301 9.5 9.5 9.5 1241 12.7 12.9 128 125.9 1~.9 15.0 15.0 127.0 250 n1 268 28.6 38.5 (.61 37.5 ~02 55.4 
400 148.7 73 7.3 13 1418 9.8 9.8 9.8 143.9 11.5 11.5 11.5 300 M72 243 25.8 32.4 794 34.6 36.9 483 
450 1673 5.8 5.8 5.8 159.6 7.8 7.8 7.8 161.9 9.0 9.0 9.0 •=0 350 1017 216 226 25.6 92.6 31.5 332 40.4 
500 185.9 4.7 4.1 4:1 In3 6J 63 63 179.9 13 73 13 -100 1163 181 192 19.5 105 8 2R 1 292 31.8 
550 195.0 52 52 52 197.8 6.1 6.1 6.1 450 1308 15.5 15 4 15 ~ 1190 244 24.9 25J 

500 1453 12.5 12.5 12.5 1323 204 204 204 
Pao ual = 16 08 Poo total = 2158 550 159 9 103 10.3 10.3 145.5 16.8 16.8 16.8 
Area taza!= 20.U .\rea total = 27.36 600 17H 81 81 8.7 158 7 14J 14.1 14J 

2CP& so 163 27.1 295 44.6 141 37.0 403 61.0 
650 189.0 7.4 74 7.4 1720 12.1 12.1 IU 

100 32.6 25.8 280 41.5 294 35.5 38.5 57.4 
700 1852 104 104 10.4 

4 150 48.9 242 262 371 441 33.6 36.3 52..8 
750 198.4 91 9.1 9.1 

200 651 22.3 24.D 33.1 58.8 31.4 33.8 47.6 
101.6 250 814 202 21.5 27.9 73.5 29.0 31.0 415 Poo tot.I = 19.94 Pno M•l = 26.78 

300 971 17.9 18.8 22.0 882 262 27.8 343 A re• tot•l = 25.16 A reo tu tal = 33.94 
c=O 350 1140 153 15.8 163 1029 233 243 27J ze P& 50 

400 1303 12.5 12.4 12.4 117.6 200 20.5 20.8 
101 344 37.5 56.9 108 463 505 763 

450 1-\6.6 9.8 9.8 9.8 132 4 16.4 16.4 16.4 
lOO 202 33.5 36.5 5-4.9 21.5 45.1 49.0 731 

500 162.9 s.o 80 80 147.1 13.3 133 13.3 5 150 30.3 32.5 353 52.5 32.3 43.6 47.3 iOJ 

550 179.2 6.6 6.6 6.6 161.8 11.0 n.o 11.0 
200 404 314 34t 491 u o 419 453 66.0 

600 Q195.4 55 55 5.5 176.5 9.2 92 92 
127.0 250 50.5 30.1 324 46.6 53.8 39.9 43.1 61J 

650 191.2 7.9 7.9 7.9 
300 60.6 28.6 30.8 43.1 ~.S 37.8 40.6 56.2 

b=l27.0 350 70] 271 29.0 393 75.3 35.5 38.0 50.6 

Poo lGIOI = 1608 P= total = 2158 
400 ROS .254 27.1 35.2 86.0 331 35.1 44.4 

luea taal = 20 12 Area total= 27.36 
450 90.9 23.6 25U 301 96.8 304 32.0 37.8 
500 101 o 21.8 22.8 25.9 107.5 27.6 287 30.8 

2 e rs 50 12.6 27.4 29.8 452 13.5 37.1 40.4 612 550 1111 19.7 204 21.4 1183 24.6 252 25.5 
lOO 252 26.4 2S] 430 27.0 351 38.8 58.0 600 1212 17.6 17.9 ISO 1290 21.4 214 21.4 

4 150 37.8 253 27.~ 404 40.5 34.1 36.9 54.0 - 650 ll13 153 153 153 1398 182 182 18.2 
200 50.4 24.0 260 373 54.1 32.2 341 49.3 700 H14 b2 132 132 150.5 15.7 151 151 

101.6 250 63.0 22.6 24.3 33.8 67.6 30.0 32.1 441 750 151.5 11.5 11.5 11.5 161.3 13.7 131 131 
300 75.6 210 22.5 29.9 811 Zl.6 29.4 38J 800 11>1 6 101 101 101 1720 12.0 120 12.0 

b=101.6 350 882 19J 20.4 25.6 946 25.0 26.3 31.6 850 171.7 90 90 90 IIQ 8 10.7 101 101 
-100 100.8 17.4 183 20.8 IOR 1 22.1 230 24.6 900 IRI.S RO so ~o 193.5 9.5 9.5 9.5 
450 113.4 15.4 15.9 16.4 121.6 19.1 19.4 19.4 !ISO 191.9 7.2 72 72 
500 125.9 13J 13.3 133 1351 151 15] 15j 
550 138.5 11.11 11.0 11.0 148.6 13.0 13.0 B.O 
600 151.1 92 92 92 1612 10.9 10.9 10.9 
650 163j 7!J 7.9 7.9 J73j 9.3 9.3 9.3 
700- 176.3 65 6.8 6.8 1892 8.0 8.0 8.0 
750 11!8.9 59 5.9 5.9 

10~ ~ ALTOS IIOR.'-OS 0[ MEXICO. L A 
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! ~:-¡ CA PACIDA O TONELADAS 
CAPACIDAD DE CARCA EN TONELADAS []] DE CARCA EN 

[]J COl! \1'- \~ Cll\trt BIAS DOS CASALF.S PERFIL STANDARD 
COLUMNAS CO~IPUESTAS DO~ CANALF.S PEilfiL STANDARD 

[] lCPS 
[] z e P s 

Dunend6a Ahun L{w Tll'O DE ACEJIO L/r nPO DE ACD.O 1./r nPO DE ACEJIO 1 
DLrncu•IIÓa Ahwo L/r nPO DE ACEJIO L/r TIPO DE ACEJIO L/r TIPO DE ACEJIO A·7 A·.l6 AH-55 A·7 A·.l6 AH-55 A-7 A·.l6 AH5: 

A·7 A·.l6 .UI-'5 A·7 AJ6 AH 55 A·7 A·.l6 AH 55 

Peso toral = 29 16 p...., toral = l&.46 Peso total = 43.90 
i'eso total = 38.70 Peso toul = 2~ -10 Peso tot.al = 31.26 Arca total = 36 78 Arca toral = 4t12ll Arca tutal = 55.7~ 

Arc.o rora) = 30 8-1 Arc.otot.al=3962 Arca total = 49.16 ZC PS 100 23.9 485 527 791 225 612 665 999 21J 7H 80.6 1212 

ZCPI 50 131 ~1.9 ~5.6 691 12.1 53.9 587 891 11.4 67.0 73.0 1108 
150 35.9 -166 50.5 74.6 33 7 590 64.0 9t8 31.9 716 n.s 1154 

100 261 -10~ 43.9 65.6 2U 52.2 567 850 22.8 650 70.7 106.2 7 200 47S 4H ~8 o 69.3 ~9 56.5 611 88.8 42.6 689 7~5 108 7 

6 150 jQ.4 3.q.6 H.B 61.3 36~ 501 ~.3 801 3U 62.7 680 100.5 
250 59.8 H. O 45.2 63~ 56.2 53 7 579 S20 53.2 658 709 101.2 

200 525 36.5 39.~ 56.3 ~8.5 17.7 51.6 7U 45.7 60.0 648 940 
In .a 300 71.8 39.3 421 56.8 67.4 507 ~J 7-1.5 638 624 67.0 929 

1~2.1 250 651; ~2 367 50.6 60.7 451 48.5 67.8 57.1 56.9 61.3 86.6 
]50 83.7 364 387 49.6 787 474 50.5 66.3 745 587 627 838 

300 ;l .. , 31.6 33.7 ~2 n.s 42.1 450 606 68.5 53.6 57.4 78.5 
e= O 100 953 33.3 35.0 417 899 43.8 46.3 57.3 85.1 ~7 580 73 8 

c=O J50 91.9 28.8 304 37.1 850 389 41.3 52.6 79.9 50.0 53.2 69.5 
450 107.7 299 311 33.3 1011 399 418 475 957 504 530 631 

100 1050 25.7 26.8 294 97.1 35 4 37.2 438 91.3 46.1 48.6 597 
500 119.6 26.3 268 270 112 4 358 36.9 18.~ 1064 45.9 47.7 51.7 

450 1181 22.4 22.9 2.U 109.2 31.7 32.9 3~9 102.7 41.9 437 48.9 
S50 UL6 22.3 22.3 22.3 123.6 314 31.8 31.8 1170 41 o 42.0 42.7 

500 131.2 188 188 18.8 1214 27.7 282 282 1142 37.4 38.5 39.6 
600 H35 18 7 18 7 18.7 134.8 267 267 16:7 1277 35.9 35.9 35.9 

550 144.4 155 15.5 15.5 133.5 23.3 23J 23J 125.6 32.5 32.8 32.7 
650 1555 160 160 160 1461 227 227 22.7 13!1.3 30.6 306 30.6 

600 )57.5 131 Ul 131 1456 19.6 19.6 19.6 IJ70 27.5 27.5 ZJ.5 
700 1675 138 138 138 157.3 !96 !9.6 19.6 1489 26 4 264 264 

650 1706 111 11.1 11.1 157.8 16.7 167 167 148 4 23.4 234 23.4 
750 179_-f 120 120 120 16.~.5 17.1 17.1 171 1596 230 230 230 

700 18.17 9.6 9.6 9.6 1699 14.4 144 144 159.8 202 202 202 
800 191.-1 105 105 105 179R )50 150 150 170.2 202 202 20.2 

750 196.9 8.4 84 9.4 1!12.0 12.6 126 126 171.2 17.6 17.6 17.6 
850 191 o 13.3 13.3 U.3 1809 179 179 179 

800 194.2 11.0 110 110 1826 15.5 15.5 15.5 
900 191.! 160 160 160 

850 1941 U.7 Jlj 13.7 Ptso toral = 29 16 Peso toral = l&.46 Peso rotal = H 90 
Arca toral = 36 78 .\rca rotal= 46.20 Arca rora! = 55.74 

Peso total = 24 40 Peso roul = 31.26 Peso toul = 38 70 ZC PS 100 H.S ~2 

Arca total = 30.84 Arca toul = 39 62 Are::~ total = 49 16 
49 8 P'!.l 15.2 624 680 1112.8 )5.7 75.2 81.9 121.8 

150 21.7 48 S 531 798 228 611 66.5 99.8 235 736 800 1200 

ZC PS 50 8.~ 42.3 -161 70.2 8.9 ~J 59.2 900 9.2 67.3 734 111.6 7 700 ~ 477 519 nJ 304 597 648 96.4 31J 71 H n9 1157 

100 168 41.5 45.2 68.2 177 53.2 '579 87J 185 658 71.7 1081 250 36.Z 466 50.5 744 3M O 581 630 92.6 39.2 69 S 756 1109 

6 150 25J ~Q.5 ~o 659 26.6 51.8 56.3 8-1.2 27.7 64.1 69.6 103.9 177.8 JOO 4H 453 490 71.3 456 564 61.0 884 
a 

470 67.6 731 1056 

200 337 39 4 42.7 63J 355 503 545 80.5 37.0 621 67J 991 350 50J 439 474 680 53.2 54.5 5M8 IIJ.9 ~9 65.2 703 99.9 

152.4 250 42.1 38.2 ~IJ 60J 44.3 486 52.6 764 46.2 59.8 64.7 93.7 b=In.B 100 57!} 424 45 7 644 608 52.5 56.5 iliO 627 62.7 674 93 8 

300 50.5 368 39.8 57.1 53:2 46.7 504 119 55.5 57.4 61.8 87.7 450 65J -109 43.9 606 ó.q 4 504 540 73.8 705 601 643 87.2 

b=152.4 350 589 j5 4 381 53.6 62.1 44.7 481 670 64.7 ~7 58.8 81.3 500 72.-f 39.2 419 565 760 4M2 514 6!..3 78.4 57.2 61.0 SOl 

100 67J 33.8 36J 49.8 70.9 42.6 45.6 61.8 73.9 519 55.5 74J S50 79.1> 375 3Q9 52.2 S36 45 M 4H.7 &H 86.2 543 575 728 

450 75.8 32.2 344 457 79.8 -103 42.9 561 113.2 48.9 51.9 668 600 R6.8 356 378 476 91.2 433 45 8 56.2 940 511 53.9 649 

500 8-1.2 30.5 32J 41.4 88 7 379 401 500 9H 457 48.2 58.7 650 94.1 33.7 35.5 42.8 QSH 407 427 -19.h 1019 47 8 500 56.5 

550 926 28.6 302 367 97.5 35.3 371 43.5 1017 42.3 ~2 50.0 700 1013 31.7 33.2 37.7 1Cio 4 ISO 39.6 -1!.9 10Q.7 ~H -160 48 6 

600 101 o 267 27.9 31.8 1064 32.6 339 368 1109 38.7 400 42.0 750 10R5 296 307 328 IHO 35.2 362 113 117.1i 40H 41 7 424 

650 1094 2~ 6 255 ZJO 115.2 297 306 313 1201 34.9 35.5 35.8 800 115.'1 27.5 28.2 2~H 1216 32.2 327 JZS 1:5 4 370 37J 37.2 

700 JI7S 22.5 230 231 1241 267 270 270 1294 309 30.8 308 850 123.0 25.2 25.5 255 1292 291 291 1'11 BJ.2 330 ll o 330 

750 J26J 202 2JJ 20.3 133 o 23.5 23.5 23.5 138.6 26.9 26.9 26.9 900 l.l02 lis 228 228 131• M 259 259 2>.9 1411 294 29.4 294 

800 1~7 17.9 179 17.9 141.8 20.7 207 207 147.9 23.6 23.6 236 950 13i5 204 204 204 IH~ 23J 233 .!U 14S9 264 2r. ~ 26-' 

850 1431 15 8 158 15.8 150.7 18.3 18J ISJ 1571 20.9 20.9 209 1000 HH IH 18 4 18 ~ m o 21 o 21 o. !1 o 15(,7 23R 23M 23M 

900 1515 141 141 141 1596 163 16J 16J 1664 187 187 18.7 1050 1520 tc.7 167 167 15Q(, JQ 1 19.1 191 164.6 21.6 21.h 216 

950 1599 127 12.7 127 1684 147 147 14] 1756 167 167 167 1100 15Q2 151 15.2 15.2 ·ll·11 17~ 174 17.4 1724 197 197 JQ7 

1000 16.H 114 114 114 tnJ 13.2 13.2 13.2 184.8 151 151 151 1150 ll•M 139 139 139 174 S 15 Q 15Q (jQ I<;()J 1~ o 1~0 ISO 

1050 1768 10 4 10 4 104 186.2 120 120 120 1941 13.7 137 13.7 1200 173.7 12~ 11R 12 S IMH 146 IH 1-1.6 JS,q 1(,.5 165 16.5 

1100 IH5.2 94 94 94 1950 109 109 10.9 1250 1>10.'1 liS 11~ 11~ 1'~111 IH ll4 lH J<I)Q 15 2 15.2 15.2 

1150 193.h 8.6 8.6 8.6. uoo l'l.q JOQ 109 109 l9ih 12 4 IH 12.4 

® 
IJ50 1<15~ 101 101 101 

~ 
ALTOS HORl'OS DE WEXICO, S. A.. 

ALTOS tiOR ~M DE "EXICO. 5.- \ 111 

110 ~A 
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r-~~ CAP.\CIDAD DE CARCA EN TONELADAS 

!J JI_r tJ] 
CAPACIDAD DE CARGA EN TONELADAS 

COll'MI'.\S CO\fPUESTAS DOS CANALES PFRFIL STANDARD 

[] 2 e P s COLUMNAS COMPUESTAS DOS CANALES PERFU. STANDARD 

1 z e P s 
1 ' 

~~~ 'o' 
A.hun L/r TIPO DE ACERO 1./r nP0 DE ACERO 1.1• T1i'O DE ACf.IIO 

¡.=-; 
O.mm..OD 

A·7 A lo .... ., A·7 Alli AH U A7 A·lli AH" Ot~IÓQ A han L/r 111'0 DE ACERO L/r T1PO DE ACDO ~ L/r T1i'O DE ACERO 
A·7 A·lli AH·" A-7 A•lli All·" A·7 A·lli AH-55 

Poo roul = }1.22 Peso 10ral = -10 92 Peso roul = 55.80 
Arta roul = 43.36 Arca rora! = 5l.llll Arta rora! = 70~ Peso rora! = 2HO Peso roral = JJ.26 Peso roul = 38 70 

100 no 57..5 62..5 9-10 209 69.0 751 1110 I<JJ 9-17 11130 1552 Arta roul = JO K~ A r<a rora! = 19.62 Arc.a rora! = 49 16 JCPS 
ISO llO 555 60.3 ~9.3 31.3 (j(j.lj n.s 1077 2:19 920 9'1'J 14~.9 JCPS so 2H 407 4-IJ 66..5 239 522 56.8 852 23..5 64.9 706 105.9 
200 +lO 53.3 576 83S 418 1>4.3 69.6 1017 3.~5 ~~.~ 9 96.3 141..5 100 467 374 40.5 586 47 H 47.9 517 747 46.9 59.6 64.5 932 8 2SO 54Q 507 547 777 522 61..5 Co64 9-1.9 4~2 X55 9H 1312 6 ISO 701 33.3 35 7 48.5 71.8 42.4 45.3 612 70.4 530 567 77JJ 
300 659 4SO 515 i09 62.6 5~ 4 62~ ~7.3 ;7.~ Kl 7 ~~.~o 1241 200 93.5 284 JOO 362 957 359 37J +1.9 93.9 451 47.6 57.4 

201.1 ]50 76.9 +l9 47.9 C.H 731 551 5:!9 791 b74 777 K3J 1142 152.4 250 ll6H 227 23.3 237 119.6 28.3 289 291 117 4 360 36.9 37..5 
400 87.9 41J +ll 55.3 X3..5 51..5 547 101 771 73.1 ~2 103.5 lOO 1402 16.5 165 16..5 143.5 202 202 20.2 140.8 260 260 260 

c=O 450 9S9 3S2 -101 46.5 9.1.9 47.6 502 loO .S :llo7 M7 72.ll 919 •=6.3 350 1636 12.1 121 121 167..5 14.8 14.ll 14.8 164.3 191 191 191 
500 1099 J-1.5 357 377 IOH 43..5 454 500 '.K1_l r .. L~ r.7JJ 794 400 11!69 9.3 9.3 9.3 1914 11.4 11.4 114 187.8 14.6 14.6 14.5 
550 1209 JO .S 310 31.2 IIH 391 -102 4U ¡()(,O 5~..5 609 roli2 
600 131.9 262 262 262 1.15.3 3-1.5 34ft 3H 115(, 530 5H 55 7 
650 1429 21.3 22.3 2!.3 1357 29.6 291• 29.6 125.2 471 41..5 47.4 Peso roral = 24.40 Poo !Dfal = 31.26 Peso roral = 38 70 
700 153 S 192 192 192 ¡.;61 25.5 255 255 1.149 -109 .¡()Q .1(),9 Art3 ror3l = JO~ Ara 101ol = 39& Arc.a rorol = 4916 
750 11>4 S 16~ IGK 168 1566 222 222 22.2 IH..5 !5.t. 35.t. 35J, .ZCPS 50 221 409 44..5 G6S 22.5 525 S7.1 157 16711 19.5 19.5 19..5 1541 31.3 31.3 31.! 221 65.2 70.9 106.5 800 Ji) 8 H7 H7 147 100 442 37.8 409 59.5 45 o 48.5 524 761 m.s 17.3 17.3 17.! 163~ 277 1:17 1:17 44.2 60.3 65.3 949 850 lil68 130 130 130 6 150 66.4 340 36.5 502 67.6 434 46.6 638 664 
900 1'17 .~ 11.6 116 116 1~7 9 15 4 15 4 15 4 17H 2H 2H 2H 5U 582 800 

19SJ 13.8 13.8 l.lR 1~30 22.2 222 222 200 ii.U 29.5 312 390 901 J'/.5 39.6 -190 HU 471 49.8 622 950 152.4 250 110.6 24.3 252 26 5 112.6 J0.6 31.6 32.8 1'127 200 200 201 110.6 388 -101 422 1000 300 U27 184 18 4 18 4 13)1 228 22.9 22.8 1327 29.3 29.3 29.3 
e=9.5 l50 1)49 13.5 135 13.5 157J 16.7 16.7 16.7 154.9 21.5 21.5 21.5 

Peso ror3l = 34.22 Peso rut1l = -10 92 l'cso lul3l = 55.llo.J 400 m o IOJ 10.3 10.3 1802 12.8 12.8 U .S m o 16.5 16.5 16.5 
.-\reo ror1l = 51 X~ .\rca Mol = 70 K4 

450 1991 H2 8.2 H2 1991 130 130 IJJ) .\rta rOL1l = 4Jj(, 

J e P s 100 12i 5~9 642 97.3 131 70~ 7ó 7 116J 140 w.o 104.5 15~.! Peso rorol = 24 40 Peso rora! = 3126 Peso rorol = 3SJO 
150 191 5~0 631 951 19.~ 69.2 75.3 113.5 2119 942 102.5 !SU A rt3 total = JO 8-1 Arta toul = J9Q Arta rorol = 49.16 
200 254 569 61.9 926 264 67.9 73 8 110.3 1]9 92.3 1002 149..5 

e= 88.8 e= 84.00 8 250 JI.' 55 M w.s '19.~ 329 Co64 721 IO(o 8 34 ') 901 97J l+l4 e= 784 

lOO 3.H 545 591 Kr.8 ]Q.5 649 70J 103.0 419 ~7.8 950 IJ87 JC PS 50 M4 42.3 461 102 8.9 54.3 592 900 92 67.3 734 111.6 
201.1 ]50 44.5 532 57.5 83.6 461 632 r.~.J 9:l9 4~9 M52 92.1 132.r· 100 ]6M 41.5 452 682 177 532 57.9 87.3 18.5 c.58 717 1081 

400 50$ 517 55.8 ~1 52 7 61.3 162 9-1.5 559 ~.5 AA9 1260 
6 

150 Z>J -10.5 +lO 659 26.6 51.8 56.3 IIU 1:17 641 696 1039 
b=20J.2 450 5i2 502 541 ib 4 5QJ 59 4 639 898 lol.ll i97 85.6 1190 200 Jj 7 394 42.7 63.3 35 5 50.3 54.5 Sl.5 37 o 62.1 67.3 991 

500 63.5 4S.6 522 724 r.5.9 5H 616 ~4 9 (,9J! 7ó.t. 82.1 lll.6 250 421 382 41.3 60.3 44.3 486 52.6 76.4 462 59.8 64J 937 
550 b9'1 4/)Q 50.2 68.3 n.s 55.3 591 796 76.8 73.5 784 103.X 152.4 lOO 50.5 368 39.8 571 532 467 50.~ 719 55.5 57 4 618 87J 
600 76.2 451 482 639 79.1 53.0 56.5 741 ~J H 701 74.5 95.5 l50 5~9 354 38 1 53 6 C.Zl +lJ 48.1 670 647 54J 58 8 81.3 
658 R2h 43.3 460 59.3 85.6 507 53~ lol!.J 90.8 666 704 AA7 n:=r¡ 400 b7J 33.8 36.3 49.8 709 426 45.6 618 739 51.9 55.5 74.3 
700 S-~9 414 HS 54.5 922 48.3 509 621 978 630 (/,2 77.5 450 7H 322 34 4 45 7 798 -10.3 42.9 561 83.2 48 9 51.9 66.8 
750 95J 39.4 41 4 49 4 98.8 45 7 480 557 104 7 592 617 67.X 500 K42 JO .S 32.3 414 MM 7 37.9 -10.1 500 924 45J 482 58 7 
800 1017 37.3 390 +ll 1054 431 +lQ 49C 1117 552 571 59(, 550 926 ll!6 J02 367 97.5 35.3 371 tl.5 101 7 42.3 +l2 500 
850 10~0 351 36.5 390 112.0 40.3 41 7 434 118 7 511 522 51 M 600 1010 267 1:19 318 1064 32.6 33.9 368 110.9 387 -lOO 42.0 
900 11H 329 33.8 348 11~.6 37.5 38.3 38 7 125 7 4loM 472 471 650 IO'H 246 25 5 1JO 1152 297 J0.6 31.3 1201 349 35.5 35.8 
950 1207 30.5 311 312 1252 }15 }IR 34 K 132 7 42.3 42.3 42.3 700 117 K 22.5 230 23.3 1241 267 1JO 7JJ) 1294 J0.9 J08 308 

1000 lnl 2~ 1 282 282 131 S 314 314 314 1397 381 3M 1 3M 1 750 12rd 202 20.3 20.3 1330 23.5 23.5 235 138 6 269 26.9 269 
1050 133 4 256 25 6 25.6 13MJ 285 21!5 28 5 1466 34.t. 346 34.t. 800 134 7 179 179 179 141M 207 20.7 207 147 9 236 236 236 
1100 139~ 23.3 23.3 ZJJ l+l9 259 259 25 9 153 G 315 31 5 !1.5 850 1431 15M 15M 15 S 1507 18J 18.3 18.3 1571 209 20.9 20.9 
1150 1-161 21.3 21.3 21J 151 5 23 7 237 237 1(,()6 28 R 28M 2l'R 900 151.5 141 141 141 1596 16.3 16.3 16.3 166 4 IS 7 18 7 18 7 
1200 !52 5 196 196 196 ISH 21.8 21.8 21M ¡r,7 6 265 26.5 265 950 1599 127 12 7 12 7 16.H 147 14.7 H7 lñ6 16 7 167 lb 7 
1250 15~K ISO ISO ISO 11>17 201 201 201 1746 2H 2H 2H 1000 ¡r,~ 4 114 114 114 m.J 132 132 U2 184 ~ 151 151 151 
1300 lt,S1 167 167 167 171.3 IR 6 18 6 1% 1816 226 226 22.6 1050 17ó~ 104 104 104 IS61 120 120 12.0 19-11 137 137 137 
1350 1;1 5 15 5 15.5 15 5 1779 172 172 171 !S. U 20 9 209 20.9 1100 1~51 94 94 94 19:i0 109 109 109 
1400 1779 IH 144 144 IR45 160 160 160 195 5 19.5 19.5 19.5 liSO 19H, MJ, R.6 8.6 
1450 1,41 134 134 IH 191 o 149 14.9 !49 
1500 1<¡(11, 12.5 12 5 )2 5 197.6 139 IJQ 139 

:.... 
1550 1970 117 117 117 

~ 112 
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TONELAD"AS 

J[J 
CAPACIDAD DE CARCA IS 

e=...~~-==~ r CAPACIDAD DE CARCA EN 
_._!. ___ 

l \· 
COLUMNAS COMPIIESTAS DE 2 CANALES STANDARD \TI_ l. COLUMNAS CO\IPUESTAS DOS CANALf.S PERFIL STAI'o'DARD Y 2 PLACAS SOLDADAS 

~ 
I o ...._ L 

L'O:C. i ~e=~ 2 e P s 2 e P s 
L ~ CARCA !N TON!LAn,u L....._j t 1 

-¡--

Ll• TIPO DE ACEllO Ll• T1I'O DE ACUO 
Dlmm>.So Ahu.ra Ll• TilO DE ACERO Ll• 11PO DE ACDO T1I'O DE ACUO L/• Tli'O ~ 4CD.O 

[)¡~,Jo 
..,.... L/• A-7 Al6 AH-55 A-7 Al6 AJU5 

A·7 ... 7 Al6 AH5S A-]6 AH·" A·7 A·l6 AH·» A-7 A·l6 .lH-55 

Peso total 4092 Pcsotoul 55.80 Peso nom1nal = 6 JO K¡¡s. Peso nommal = 7 +1 KD. Pc!iO nomuul = ~; ~C.D. Peso wul = J.ll2 Aru 10tal = 70.84 
Aru 1oul = 43.36 Aoca 10t>l = ~1 8ll Peso toral = 21 05 K¡¡s Pe<o tola( = 2J 73 KI!L Peso total = 2:u-¡ K.,. 

JIJ.6 194 94.6 tOJO 1.552 Arca 1ou.l = 26 66 cm• Arca IOtal = 30.14 cm• Area toul = 33.:_..; cm.• 
19.5 693 7H 

lC PS 50 190 5SO 631 ~· 38.8 ss.s 963 1413 chb 50 143 361 393 59.5 HR 408 +14 672 
JS9 65.0 704 103.4 

8 100 J~O 54.5 591 86.9 
6-13 90.5 581 81.6 87.9 12J.8 100 286 J.l7 377 561 ?17 390 42.4 61.) Ul 45.8 4~3 i5.4 

502 541 764 5S.4 59.7 150 429 32.9 35.6 51.9 +1.5 37.0 400 51.1 30.4 43.8 ~.5 70:1 ¡;o 57.0 77.5 73.1 780 102.9 3x4 451 4Sl 640 77.8 53.5 570 751 200 571 30.9 JJ3 47.0 593 34.5 372 52.2 45.6 41.4 4-fj' 64.8 
:..:3.2 200 760 

913 463 48:1 572 96.9 63.5 66:1 78.6 250 714 286 30.6 41.4 14.2 318 .!-lO 45.4 60.8 38.5 ~14 5:'!.0 
•=12.7 no ~1 39 4 41.5 49.6 

400 !163 52.6 53.9 550 7hJ02 300 857 260 27.6 351 890 287 304 J1.9 76.0 353 ;¡j 50.1 116 7 3S3 393 
300 114.1 330 34 o 35 o 

?1.4 135.7 40.4 404 404 JSO 1000 233 24.4 280 103.9 254 26.5 293 912 31 b 33.5 H1 
257 257 257 1362 ?14 ?1.4 iOO JIU 202 20.8 214 118 7 218 222 22.5 106.4 27.9 J50 1331 22.5 22.5 1550 .30.9 30.9 30.9 PI 6 •89 ]51.!) 31.4 
197 197 J9J 155 6 22.5 4SO !2H.6 16.9 169 16.9 133.5 177 177 17.1 121.6 23.6 24.0 2U 

iOO 152.1 
1751 178 178 178 !7H 24.5 24.5 24.5 500 142.9 137 U7 137 1484 14.4 144 IU 1368 19.0 J9IJ 19.0 

!56 15.6 15.6 4SO 1711 
194.6 '44 144 144 1938 !9.8 19.8 19.8 550 1571 113 113 113 1632 119 119 11-' 1520 IH 15.• 154 

500 1901 12.6 12.6 12.6 600 !n4 9.5 9.5 9.5 1780 10.0 10.0 10.0 1672 12.7 127 127 

Peso total 55.80 
6SO 1857 8.1 81 8.1 192.9 8.5 8.5 8.S 182.4 IOJ 10.7 IOJ 

Poo toul- 40.92 700 2000 7.0 7.0 7.0 197.6 9J 91 91 
Pao total= 3422 

Aru 10ral = 51.88 Ara IOW = 70 84 
Asea total = 43.36 e= 111.0 

c=l24.9 • = !20.0 Peso nommal = 610 K11> Peso nommal = 7.44 K20- Peso nommal = S!i: ~ 

1.!2 704 767 1163 140 960 104.5 1583 Peso total = 25 48 K .es Peso rotal = 28 10 K20- P= rot>l = 31 1.i Kot<. 

lCPS 100 127 5S9 6-11 913 
1103 27.9 9ZJ 1001 149.5 An:a toral= 32.36 cm' An:a rotal = 35 84 cm' Area tou.l = 3;5,;; .:rn.• 

254 56.9 61.9 92.6 264 67.9 7.! 8 
200 

329 G64 n1 !068 J.l9 90.1 91:1 1441 chb so 14.8 438 17j 72.1 14.5 48.5 528 80.0 143 53.6 55.4 88.4 
250 JI S 55 8 60.5 S98 41.9 87.8 950 1387 100 29.6 41.9 45.5 67.8 290 46.5 sos 7).} 287 514 55.9 ~33 

8 s-1.5 591 868 39.5 6-1.9 703 1030 ISO +1.4 397 42.9 62.4 43.5 441 47.8 69.5 430 48 8 )'_9 i7.D 
300 381 48.9 852 921 132.6 3x4 57.5 836 461 632 683 9S9 200 592 37.1 39.9 561 580 413 +1.5 62.7 573 45.8 4Q3 IEJ 

2032 !50 44.5 5.!2 
61.3 662 94.5 55.9 82.5 88.9 !26.0 250 no 342 36.5 48.9 72.5 381 408 55.0 716 42.4 613 

sos 51.7 55.8 801 527 119.0 
15.4 

iOO 63.9 898 62.8 79j 85.6 7hl02 300 88.8 309 327 408 87.0 J.l7 36.8 46.J 860 38.6 40.9 51.9 
SOl 541 764 593 594 

nl='7 450 571 
659 571 61.6 849 o9.ll 76.6 82.1 111.6 JSO 103.6 274 286 31.7 1014 30.9 3ZJ 36.6 1003 345 36.1 .tt.; 

63.5 48.6 521 72.4 400 1183 23.5 240 243 1159 267 27.4 2811 114.6 29.9 30.S 31.6 500 553 59.1 79.6 768 73.5 7l!.4 103.8 PI 10 • 89 
69.9 46.9 501 683 n.5 450 1331 192 192 192 1304 222 221 22.1 128.9 250 25.J 250 

550 74.1 83.8 70.1 74.5 ~.5 

762 451 482 63.9 791 530 56.5 
867 500 147.9 15.5 15.5 !55 1+19 17.9 17.9 17.9 1433 202 211.2 :m 

600 856 S07 53 8 683 908 66.6 704 5SO 1627 12.8 128 12.8 159 4 14.8 148 14.8 157.6 167 16.7 15..7 
650 82.6 433 460 593 

S0.9 621 978 630 661 77.5 600 177.5 108 10.8 10.8 173.9 12.4 12 4 12.4 171.9 14.1 14.1 HJ 
438 54.5 92.2 483 

700 88.9 41.4 55 7 104J 592 61.7 67.8 650 !9ZJ 92 92 92 1884 106 10.6 10.6 1862 12.0 I2.D 120 
~J 39 4 414 494 9S8 45 7 480 

59.6 700 200.6 .103 103 103 
750 1117 552 57.1 

373 390 +11 !054 431 +19 49.0 
800 1017 417 434 118 7 511 52l 52.8 

36.5 390 1120 403 
850 10~0 35.1 383 38 7 1257 46.8 171 47.1 Peso nom1nal = 610 K .es P..a nom1nal = 7 44 KJ!'L Peso nommal = ~-"3 ~-

IIH 329 33.8 34.8 118 6 37.5 
42J 42J 423 Peso toral = 29 91 Kgs. Peso total = 32 59 KI!L Peso total = 35.5"'" K.~r., 900 J.l.8 34 8 132.7 

1207 30.5 311 311 1251 J.l.5 381 .. n:a toral = 37.96 cm' An:a rora(= 41 H cm• Arca total= ~5.1' ~.· 
~ 314 314 31 4 1397 38.1 381 

281 282 282 1318 34.6 1000 1271 
1383 28 5 285 2S5 1466 34.6 J.l.6 d•b 50 !53 51.3 55.!! 84.5 14.9 560 610 9ZJ 147 611 l:bb J(l)j 

1050 llJ 4 25.6 25.6 256 1536 31.5 31.5 31.5 lOO 306 490 532 79.1 29.9 53.7 583 86.1 ?1.5 5S.6 63.6 '}ol.j 
259 25.9 25.9 

1398 2J3 2JJ 2J3 1+19 
288 28.8 28.8 150 45.9 463 500 n.5 +18 SO.B s-19 79.1 fl_¡ 55.5 6/:1.0 ~72 

1100 2J7 237 !606 3x4 213 21J 213 151.5 2J7 26.5 200 611 431 463 6-17 597 474 51 o 71.5 590 51.8 55_-' :':'A 
liSO H61 '21 8 21 8 1676 26.5 26.5 47.8 

152.5 196 19.6 196 1581 21.8 24.4 244 250 76.5 39.5 42.1 55 8 74.6 436 46.6 621 73.7 5JJ ~-· 1200 16-17 201 201 201 1746 24.4 76 •102 300 917 35.5 374 45 8 89.6 394 41.6 51.1 ll!l.5 433 45-' );'2 
12SO 15R ~ !RO 180 180 

18 6 181.6 22.6 226 22.6 350 !07.0 311 323 348 104.5 34J 362 399 IO.!l 383 40~ +1.5 
167 17JJ !86 18 6 

uoo 1652 16 7 167 188.5 209 20.9 20.9 400 1223 262 266 26.6 1194 297 303 30.5 liSO 32.9 33.6 34.1 
177.9 171 172 172 Plll•89 

ll50 171.5 15 5 15.5 15.5 
160 195.5 19.5 !9.5 !9.5 4SO 137.6 21 o 210 210 1343 241 241 24J 1327 269 21>..9 :::,.9 

Jn.9 IH 14 4 144 1845 160 160 500 152.9 170 17.0 17.0 1493 19.5 19.5 19.S 147.5 21.8 213 !!.S 
liGO 

134 1910 14.9 14.9 14.9 sso 16111 141 141 141 1642 161 161 16.1 1621 180 JS.O 15.0 
1842 134 134 1450 

12.5 12.5 197.6 139 139 139 600 183.5 11.8 118 liS 1791 13.6 136 13.6 1770 151 15.1 15.1 
1500 1906 12.5 650 !9S 8 10.1 JO 1 101 1940 11.6 '1.6 11.6 1917 129 12.9 12.9 

15SO 1971' 117 11.7 117 
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.. r-~-; 
CAPACIDAD DE CARCA 

CAPACIDAD DE CARCA ~/Í 
,_-f]l COLUMNAS CO\IPUESTAS DE 2 CASALFS STANDARD 

COLUMNAS COMPUESTAS DE 2 CANALES STANDARD 

l2J Y 2 PLACAS SOLDADAS 
Y l PLACAS SOLDADAS 

•1 il_ _j_ o 2 e P s o 2 e P s !f= 1 • 

,-~~ CARCA 1" TONELADAS 
CARGA EN TONKLADAI ~ 

Dunc·tu...l.a Alhln L/• TIPO DE. ACEJlO Lb TIPO DE ACEI.O 
Duncn.l6o .u.... L/r TIPO DE ACD.O L/r TIPO DE ACD.O ' A·7 A·l6 AH'' A·7 A·l6 AH-n A·7 A·l6 AH-U .&:t A·l6 AH-U 

Pno nonunll = 8 ().1 Kl:'- Pno numrnll = 10 79 K~:> 
Pno nominal = 997 KJtS Peso nomrnal = 13.39 K JI'. 

Pcw lolll = 2~ Q3 K~s Peso tola! =JO H KJtS. 
Peso total = 3132 KJI"L Peso total = 38 16 K¡cs. 

ArcliOtal = ll ~2 cm' :\roa total = 38 66 cm' 
Arta total = 39.63 cm' A roa tobl = 48.46 an• 

d•• 200 Hl 18.9 530 712 128 59.8 64.8 94.1 
d•• 50 U9 ~26 -16.~ iOJ 13.5 52.5 571 86.6 

100 ll-~ ~1 o ~.5 1>6~ llO 50.5 5U 820 
250 53.9 467 50.3 71] 53.5 511 61.6 87.8 

150 ~1 7 390 ~u 616 ~.5 ~82 522 76.3 sxs 300 64.7 ~2 17.5 65.6 642 541 58.1 80.5 

4x4 lOO 556 367 3Q.5 561 541 ~H 490 69.8 
350 751 11.5 ~.3 590 74.9 50.9 54.3 72.5 

250 b9~ 341 36.5 ~q 7 676 424 154 6lJ 
400 862 38.6 41 o 51.8 857 17.1 502 63.8 

127 •127 
102. 102 lOO 83.3 312 331 ~2.6 811 390 11.5 53.9 

450 'TI.D 35.5 37.3 +I.D 964 13.6 15.9 54.3 

350 972 281 295 l-17 9H 35.3 172 ~.6 
500 107.8 322 33.5 35.9 !07J 39.6 112 44.4 

PI h89 400 1111 2-17 25.5 267 1081 liJ 32.5 34.7 
PI 6a114 550 118.5 287 29.3 297 117.8 35.4 362 36] 

450 1250 21 o 212 211 1216 269 271 ll.4 
600 129.3 24.9 24.9 24.9 128.5 308 30.8 30.8 

500 138.9 171 171 171 1351 222 222 222 
650 1~1 212 212 212 !392 26.3 263 211.3 

550 152.8 141 141 141 14q6 18 4 18.4 18.1 
700 150.9 183 18.3 18.3 149.9 226 22.6 22.6 

600 1667 11.9 119 119 1622 IH 151 !54 
750 161.6 159 15.9 15.9 160.6 197 197 !9] 

650 1806 101 JO! JO! 175 7 132 132 U2 
800 Jn4 140 140 140 !71.3 17.3 17.3 17.3 

700 J9H 8.7 87 8] 1892 11.3 11.3 11.3 
850 1832 124 12 4 12.4 1820 15 4 154 15.4 
900 1~0 111 111 111 192 7 137 13.7 UJ 

Pe.«> nomr nll = 8 ().1 K¡:s Peso no m mal = JO 79 Kit'-
Poo nomuul = 9'TI K¡¡s Peso no m mal = 13.39 K~t~-

Peso total = 29.36 KJtS Pc.<O tOill = 34 86 KJtS. 
Pc.so total = 37 02 K¡¡s Peso total = 43 86 K¡¡s. 

A~• 1oul = 3712 cm• \ru tota.l = +t36 cm• 
Aru tot;al = 47.()6 an• A~a total= 558-1 an• 

dab 200 +19 57.6 62.3 904 43.5 688 744 108.3 
dzb 50 14.5 503 547 82.8 HO liOI 65.5 992 

100 ~.9 482 5H 780 27.9 57.8 62.8 93] 
250 562 54.8 59.0 83.5 5-4.3 65.5 70] 100.5 

ISO 43 ~ 45.7 19.5 72.1 ~·9 550 59.5 86.9 sxs 300 674 516 554 75.9 652 620 66.6 91.9 

4x4 200 Si S 429 461 651 55 9 51] 55.7 78.9 
350 78.7 4S2 51.4 67.5 761 582 621 825 

250 72.3 396 42 4 571 698 ~~o 514 69.9 
400 89.9 +1.6 472 584 870 541 57.3 72.2 

102. 102 300 867 360 382 48_' 838 439 46] 59.8 
127 •127 450 1011 ~7 42.6 484 'T/.8 497 521 61.0 

350 1011 321 336 182 'T/8 39.5 41.4 48.5 
500 112.4 365 37.6 39.1 108.7 ~.9 46.6 49.6 

PI 10 z 8? 400 1156 278 285 29:1 lll7 34.6 358 37.3 
PI 10 a 114 550 143.6 32.0 32.4 32.3 119.6 399 ~] 4I.D 

450 1301 231 230 23t 125.7 29.3 29.5 29.5 
600 1348 272 272 l12 1304 34.5 34.5 34.5 

500 1~.5 18 7 187 18 7 1397 23.9 23.9 23.9 
650 146.1 231 232 232 HIJ 291 294 29.4 

550 1590 15 4 15 4 15 4 153.6 l9J 19.7 19] 
700 157.3 200 200 20C 1522 .25.3 .25.3 .251 

600 17H 130 130 130 167.6 16.6 16.6 16.6 
750 1685 174 174 17.< 1630 221 22.1 22.1 

6W 187.9 110 110 110 1816 141 14.1 141 
800 1798 153 153 15.3 1739 19.4 19.4 19.4 

700 195.5 lU 122 122 
850 191.0 U5 13.5 13.5 1~.8 112 172 172 
900 1957 15.3 15.3 15.3 

Peso nominal = 8 ().1 K¡¡s Peso nommal = JO 79 KJtS 
Peso nominal = 9 'TI KJtS Peso nonunal = UJ9 KJtS 

Pc.so toul = 33 78 K¡¡s. Peso tolll = 3918 K¡¡s 
!'eso tOtll = 42 n KJtS. Peso total = 49.95 KJI"L 

Aroa total= 4272cm' Ar<-1 total= 4996cm• 
Ar<a totll = S-420 cm' Arca total = 62 98 an• 

dalt 200 +1.4 66.5 71.9 1().1.5 +17 71.1 834 1212 
dzb 50 14.9 578 62.9 952 JH 61] 73 7 lll.5 

100 29.8 55.3 601 894 2~7 64.9 70.5 1051 
250 556 63.3 682 967 55.9 734 791 112.D 

4x4 150 +1.6 524 566 82.3 431 61.6 667 'ni sxs 300 1>67 597 64.1 880 671 692 742 101.9 

200 595 ~H 9 526 738 575 57.8 621 87.8 
350 n8 55 9 596 78.6 7~.3 647 690 90] 

250 744 45 o 481 6B 71.8 5H 572 712 
400 889 517 54R 682 89.5 59.9 63.3 78.6 

102. 101 300 89.3 ~7 ~JO 53.5 862 ~8.6 51.6 65.3 
127• 127 450 1000 47.3 496 570 1007 546 572 65.3 

350 J(}-12 35.9 37.5 41.3 1006 ~3.4 45 4 51.9 
500 1111 ~26 +10 461 111.9 49J 507 52.9 

PIJ3z89 400 1190 307 314 317 1149 37.6 38] 397 
PI U a 114 550 1222 37.5 Jgo 381 1230 431 437 13.7 

450 133 9 250 250 250 129.3 31.4 314 31.4 
600 JllJ 320 320 320 1342 36] 36.7 36] 

500 1488 203 20.3 20.3 1437 25.4 .25.4 .25.4 
650 1+1 ~ 27.3 27.3 27.3 1454 31.3 31.3 31.3 

550 1637 16 7 167 167 !58 o 21 o 21 o 21 o 
700 1556 23.5 23.5 23.5 1566 27.0 27.D 27!J 

600 1786 Hl 141 Hl 172 4 17.6 17.6 17.6 
750 166 7 205 20.5 205 167 8 !3.5 23.5 23.5 

650 1935 120 120 120 11168 150 150 IS.D 
800 1718 IRO 180 180 1790 206 20.6 20.6 

~ 
d50 1889 160 160 160 IQQ2 18.3 18.3 18.3 

Y-101 900 2000 142 142 142 

m 
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CAPACIDAD DE CARCA 
CAPACIDAD DE CARGA 

LJ~ 1 
·---

t ~ J 

-, CO!l"t"'AS CC>MrL'f.5T.\S DE 2 CA 'IALF..S STANDARD 
COLUMSAS CO\IPUESTAS DE 2 CANALES STANDARD r-e:]-, Y 2 PUCAS SOlDADAS 

Y Z PL.\CAS SOLDAD.\li 1 ~ ' 1 : - ~ ¡· 
1 ' .... :;!' "- ~ .1'-- o ZCPS o z e P s ~-~1=:1~ ·_..___! 

CAIGA IN TONELADAS 
CAIGA IN TONELADAS 

O... <O .... Al""' Ll• 111'0 DE ACUO Ll• TlJO DE ACUO Ll• T1P0 DE ACEIO 
Duncru~ Airan L¡, T1PO DE ACUO Ll• TlJO DE ACDD Ll• - TV'O DE ACUO A-7 A-36 AH-55 A-7 A-36 AH-55 A•7 A-36 AH-55 

"'"" A-7 A36 AH-5S A-7 A-36 AJI.5S 11.-7 A-36 AH 55 

Pe-o nomon>! = 12.20 K~t> PC>O nom•n•l = 15 63 K~t> Peso nomm•l - 1935 K~t> P<><> nommJI = 12.20 K~t> Peso nommal = 15.63 K2•- Peso nom1nJI = 1935 K~t>. PC>O toul = 3832 K~t> P= t~tal = 45 18 K~t> Pe><> totJI = 5262 KI[S. 
Peso toul = 4527 K~t> Puo toul = 52 U K!!s. P= toul = 59.57 K~t> An:• wul = 43.54 cm' Are• roul = 5732 cm• Are• tolJI = 66 !16 cm' Arca rot>l = 57.60 cm • Are• tolJI = 6638cm• Ar02 tot.1l = 75 92 cm' 

d•b zoo 35.2 6Jj 669 98.8 341 731 793 1173 339 854 92.6 1371 dab 200 367 n.ll 7M9 1163 35.5 !1-13 914 llt\1 350 96.6 104 7 154 7 250 -HO 59.6 64.5 93.8 42 8 70.8 766 1117 424 827 89.5 130.6 250 459 701 759 1100 -l-44 Ml4 MMI L."! O 43.8 934 101 o. 147.0 300 su 57 4 619 884 514 6.~1 73.6 105.5 508 79H MI 123.5 
6x6 300 55 o 674 n~o 1031 533 7M3 14-1.5 IA1.5 525 89.9 97.0 138.5 6x6 l'O hl b 55 o 591 82.5 599 65.5 704 988 593 766 M24 115.8 350 frl1 6-13 6111 957 621 749 H06 IU1 613 861 926 1293 100 704 524 561 761 61!.5 62.5 670 91.5 67 8 731 78.5 107.5 400 73 4 610 651 M7.6 71 o 713 763 IQH 701 821 ~79 1194 152ai~Z 7Q1 ~96 52 8 691 n1 59 4 633 83.11 763 69.6 743 98.5 152 • 152 450 M26 57.5 611 7M9 7119 67.5 719 93.11 78.8 nM H2 9 108 7 

1;4 
500 ~~.~o -16.6 ~9 ~ 61 8 ~6 560 59.5 75.5 847 65 8 69.8 89.0 500 917 53 M 56 M 69.5 ~>!K 6H 671 lll6 K76 731 n.s 913 l;o ""~ •35 45, 5~ o 9U 52.5 553 666 931 617 65.1 7M.9 P1 !Osl10 600 1101 45 7 473 49 9 1(1(,6 54.5 567 bi4 105.1 633 65.9 n1 

PI 6 1 110 
600 IU5 6 -10.2 ~19 ~57 102.7 43 8 51 o 57 o 1017 57.5 601 630 700 12H4 367 367 367 W3 -H7 451 <5.1 122.6 523 530 530 6~0 IIH 36S 37 9 13.9 IIIJ 44.9 -164 43.6 1101 530 54.9 57.11 800 1-16 H 231 281 281 IH1 3U 345 34.5 1-101 406 40.6 -10.6 700 1231 331 336 33 6 1199 -103 41.6 419 118 6 483 ~9 4 ~9.9 900 11·5 1 221 221 221 1599 273 273 273 1576 321 32! 321 750 !32.0 2Q1 2Q.l 291 1284 36.5 36.5 36.5 127 1 433 434 434 1000 IM3.5 180 180 180 Jnh 221 221 22.1 1751 260 260 260 800 1-10~ 257 257 25] 1370 321 321 321 1356 381 381 3~1 1050 IY2 7 163 163 163 IS65 200 200 L'J.O 133.9 236 236 23.6 aso H9.6 228 228 228 145.5 28.4 '28 4 28~ 1-H 1 33.8 33.l! 33.8 1100 195 ~ IHJ 183 !3.3 1926 21.5 215 215 900 158.5 203 203 203 15-H 253 253 253 152.5 301 301 302 
950 1673 181 \81 181 \62 7 22.7 22.7 227 161 o 271 271 271 

1000 1761 16 4 164 16 4 1711 20.5 20.5 20.5 169.5 244 244 244 Peso nom1nal = 12.20 Ksn Pe"' nom1 nJI = 15 6j K~t> Poo nommal = 1935 Ksn 1050 ISH 14.9 149 14.9 1798 18.6 18.6 18.6 1780 221 222 221 Pao ro<>l = 52.23 Ksn Peso toral = 59 09 Ksn Pao tot:ll = 66.53 Ksn 186 ~ 201 201 201 Are:~ roc:~.l = 66.34 cm' Area roul = i5 12 cm• An:o tor>l = 34 66 cm• 1100 193 7 13.6 136 136 13H 170 170 170 
liSO 196.9 !55 15.5 15.5 (1}4.9 18.5 18.5 18.5 dlb 200 37.l! 83.5 905 1331 366 950 103 o m.ll 360 1073 1164 1716 250 473 304 869 1256 ~57 91.7 99! lill 450 1036 112.1 1627 Pew nommal = !935 K~t> 6x6 300 567 no H2 9 1173 54.l! MHO 941! llt7 54.0 996 107 4 152 9 Pe<e nom1nJI = 12.20 Kit' Peso nommal = 15 63 Ks:> 350 6h2 733 78.6 1083 640 84 o 901 125.0 629 951 102.3 1421 Peso to••l = ~1 "" h.cs Poo rotal = 4H 66 Ksn Peso rotll = 56 10 Kit' 

400 7>6 693 740 98 5 731 797 X 51 11-lS 719 90.5 968 130.6 Arc.J. tDtJl = 5: ':...., 'T' Are;~ roul = 61.72 cm• Area to<>l = 7116 cm' u;¡ 1 152 450 K5! 651 691 88 o 823 751 799 1031 309 855 910 1131 bi 1 i28 1074 35.0 78.5 851 125 3 34 4 90.8 93.5 1457 500 1}4.5 606 639 7ó 7 9\ 4 704 743 91.1 89.9 801 348 1050 
d1b 200 35 8 

119.6 430 37.9 951 B8.6 PI 1J 1 140 600 1134 50~ 524 541 1097 59 3 ó20 65.6 107.9 687 i\J 763 2SO -H.~ 64.8 701 101'S H7 759 821 
1127 516 347 914 1309 700 1323 39.8 39.~ 39 R \280 481 4M2 -1111 1259 55 8 561 561 

300 53S 623 671 957 524 73.1 789 

6x6 601 M\J 874 122.5 800 1511 30.5 305 30.5 !-163 36.9 369 36.9 143.9 429 429 42.9 
350 617 59.6 640 891 611 700 753 1051 

60.6 31.9 699 66.8 71.5 971 688 n.6 831 1134 900 1701 24 1 241 2" 1 164.5 291 291 29.1 161.9 33 9 33.9 33.9 4011 717 567 
88.5 n.s 73.6 78.5 103J 1000 1890 19.5 19.5 19.5 182 8 236 23.6 23.6 179.9 27.5 27.5 27.5 

152 1152 45U H06 53.6 570 741 78.7 633 674 
531 65.9 874 59.6 631 793 !161 69.5 737 933 1050 19M.5 177 17.7 177 1920 214 21.4 Zl.4 133.8 24.9 249 24.9 500 S9.6 503 

694 94.7 650 68.5 821 11110 197.8 227 227 22J 550 986 -168 491 57.1 961 55.7 53.5 P1 8. 140 
1049 51.5 53 7 539 1033 604 63\ 101 600 107.5 431 -l-4.8 481 

650 116.5 391 -10.1 41 o 1136 471 436 501 l\l.9 55.5 513 59 JI 
P<><> nommal = 12.20 K~t> Pe<O nom1nal = 15 63 K~t>. Pao norrunal = 1935 K~t>. 1205 504 513 51.5 700 1254 351 35 4 353 1224 42.6 431 433 

Peso total = 59 !9 K~t> Poo total~ 66 05 K~t> P= total = 73 49 K~t>. 1291 44.9 -l-4.9 +1.9 750 1344 303 303 308 1311 37.8 37.7 377 
Area roral = 751~ cm' An:a totJI = 84 02 e::>' Area total = 93.56 cm' 800 143 4 170 170 170 1399 331 331 331 IJ7j 39.5 39.5 39.5 

850 ISZJ 240 24 o 240 148 6 293 293 293 1463 350 350 350 d•b 280 3M5 1}45 1024 1501 377 1053 1147 11>'1.7 368 1181 1281 188 8 261 261 261 154.9 311 311 311 250 4M 1 909 981 141 7 471 1019 1101 1591 460 1140 1233 17M6 
900 ló!J 21 ~ 214 21 4 1573 
950 1703 \91 191 191 1661 23.5 235 235 \63.5 230 230 230 

6x6 lOO 577 H69 936 \320 56.5 976 1051 1~ 551 1094 1179 167 4 174 R 211 211 211 17:!1 253 253 253 350 673 M26 HH 6 121.5 659 930 998 IJ74 643 104 4 1121 1551 
1000 1791 173 173 173 

191 19.1 191 130.7 229 229 229 400 769 7XO M31 1101 753 880 93.9 125.1 73.5 991 105.9 142.0 
1050 1!\)!1 15 7 157 15 7 IR3.6 

1923 17.5 17.5 17.5 1893 209 209 20.9 152. !52 450 M .S 731 ns 978 Mi 7 82.7 H77 1119 X27 934 991 127.8 
1100 1971 143 143 143 

197.9 191 !9.1 19.1 500 961 678 714 84.6 1}41 no 811 '11.6 9\.9 873 92\ 112.6 
1150 

PI 16 • 140 600 115 4 564 58 o 593 1130 647 «:.7 18.1 1103 741 767 W8 700 1346 436 436 436 ll18 508 508 511.11 \287 593 593 593 800 \53 R 3H 33.4 JH 1507 38.9 389 1!.9 1471 45 4 45.4 454 900 1731 264 26 4 264 169.5 30.7 307 JDj 1654 359 359 359 1000 1923 2\4 21 ~ 21 4 IR.~J 249 249 R9 1338 291 291 291 1050 1977 22/o 226 22./i 1930 264 264 26.4 
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·,~t;:; l CAPACIDAD DE CARGA 

COLUMNAS COMPUESTAS DE 2 CANALES STANDARD CAPACIDAD DE CARGA --· ·/ _., 
~ ~ . Y 2 PLACAS SOLDADAS COLUMNAS COMPUESTAS DE 2 CANALES 5rANDARD , -N-: 
f~~- o Y 2 PLACAS SOLDADAS 

2 e P s _LJ_ 
CA a CA !N TON!LADAI o 2 e P s 21 

1 '---L-..: 
CAI.GA EN TONELADAS 

th....,.,.!o Aln>n L/r 1'V'O DE ACEllO L/r 1'V'O DE ACEllO L/r 1'V'O DE ACUO 

ID cm ... , ... )6 AH !S 
,._, 

A·J6 AH-" t.-7 AJ6 AH 55 DlmcnwSa Alrun L/r TlPO DE ACEliO L/r 1'V'O DE ACEI!O L/r T1P0 DE Acno ...... A·7 AJ6 AH-" A-7 A·J6 AH-» t.-7 A-l& AH 15 

P«a nomrnol = H5S 1\.gs Pno nomrnJI = IS1j Kgs Pts<> nomrnol '-= 21.95 K¡¡s. 
Pno torJI = ~51\0 "-11'· Pe10 total == 52 90 K~• Peso tot>l :-:: 603~ KIZ'- Peso nomrnol = 1458 KIZ' Peso nomrnol = IR2J K21- PC>O nomrnJI = 21..95 K2s 
ArcJtot>l = 57 74 cm' Arn tot>l = 67 16 cm' Are• totJI = 76 70 =' Peso tot•l = 62 04 K~Z> Peso tot•l = 6934 K,. P= IOIJ 1 = 76_¡, K2• 

d•b 200 ~7 7~.8 811 120.9 290 r11 9-17 1411 286 997 IOS3 1615 Are• totJI = 7!172 cm' ArutotJI = !!.~ 14 cm' A~~ tot;~;l = 91L~ cm• 

300 H5 708 766 IIIJ H5 82.7 895 ll02 42.9 9-1.7 1024 H93 d•b 200 Jl.9 1011 1099 16JO JI O IIJ7 1234 l.l!l.4 304 1261 IJ71 203 ~ 

7x7 400 593 661 n1 1000 581 274 RJ4 1175 512 liS M 956 U51 300 47.8 952 1028 H84 464 1072 1159 16711 ~5.6 1191 12X.9 1'<6 9 
500 7U 609 651 870 72.6 n.s 765 1030 71.5 821 87.9 JIM9 400 638 HR 1 9-1.6 1312 619 99.b 1071 1~3 608 1111 1195 )67 1 
600 ~9.0 SS 1 583 725 rll 650 689 867 ~S JI 749 794 1007 7x7 500 797 801 X53 1115 274 911 972 liD 760 1019 !OH IH4 

17h 178 700 10.1.9 4S 7 50.8 562 1016 57.8 605 685 1001 669 700 804 600 957 71J 750 892 929 Rl6 861 1GI.5 912 916 9G.' IIR 9 
800 118 7 ~17 42.6 430 1161 500 SIJ 523 IIH 5M 1 59.8 615 17&.178 700 1116 615 635 663 1084 712 739 71.8 106.~ >0.4 Xj.7 90.ó 

~ ~" 165 900 BU 340 3~0 34 o 130.b 41.4 41J 41J 128.8 48.6 48.b 48.6 800 127.6 507 508 50R 1;1..!8 597 604 liU 1216 r.~ 1 692 6H 
1000 HH 275 27.5 275 H51 J35 JJ5 3U HJI 393 j93 393 PI IJ • 165 900 1435 401 401 401 1393 477 41J .fJJ 13611 54.8 54$ 548 
1100 1632 22S 22R 22H 159 7 27.7 277 277 157 4 32.5 32.5 325 1000 1595 325 325 325 !54 8 386 38.6 19.6 1520 H4 H,.; H4 
1200 li'l!O 191 191 191 17U 232 231 232 1717 273 273 273 1100 175 4 269 21i9 26.9 1703 319 31.9 ru 1671 367 367 367 
uoo 1929 163 163 163 ll!!l7 )9.8 )9.11 198 1860 233 233 233 1200 1914 226 226 226 185 8 21i8 26.8 l&M 182.4 30.~ JOJ• 30M 
1400 2003 20.1 20.1 201 uoo 197.6 263 2i>3 21>.3 

Peo normnJI =- 1453 KIZ' rno nonuml = 1813 KKS. Peso nomrnal = 21.95 KIZ' Peso nomrnol = H5R K21 Peso nomrnJI = 1813 ~ Peso nomrnJI = 21.95 Ko:s 
Peso tot>l = 49 i2 KIZ' Peso toul = 5102 K2• Peso lDtJI = 64 46 K~Z>. Peso rotJI = 70 76 KIZ' Peso !O!> 1 = n 56 K¡:, Peso cutJ.I = X5 ce K t"' 
Arca tot•l = 63 00 cm' Are• toul = 72.H cm' Arca toral= 81 96 =' • A= total= 89.20 cm' Are:~ torJI = 9ll62 cm' Arel total = lOS.lE.t cm:. 

d•b 200 303 814 881 1315 29.b 939 1019 15114 29.1 1064 1156 172.1 d•b 200 327 114 4 12H 18~0 JJM 1269 1377 2!ll.~ •311 139~ 151"' 11H 
300 4S5 769 83.2 1207 444 R89 961 1397 436 I~H 1091 ISS9 300 490 107.3 IIS9 1669 <7 7 119.3 1289 llllo.l -167 1314 1'20 2055 
400 60.6 n1 271 1079 591 !131 89 4 1256 581 9-15 1017 143J 7x7 400 65~ 990 1063 H66 636 1105 IIM7 161.7 623 1220 Ul.l 1~2.7 7x7 500 758 65 8 701 934 74 o 765 Rl7 1095 72.7 371 933 1253 500 81 7 ~9ó 953 J2j 4 795 1006 1071 1:.11 27.9 111 4 liS~ ];(,(, 

600 90.9 591 62.6 no 8S.8 692 733 913 872 792 !139 105.6 600 980 791 831 971 95~ 895 942 112J 9J5 99.7 10) ¡ L'71 
17hl78 700 1051 520 541 588 1036 611 63.9 709 101.7 704 737 8..13 178.178 700 IIH 676 696 n6 IIU n3 7'19 816 1090 ~~ 900 9;5 

800 1212 441 44.9 450 11M3 525 53 7 543 1163 608 62.4 63.6 800 1307 549 54 8 548 1272 639 640 6UJ 12H> 725 733 731 
PI S. 165 900 ).t6~ 356 35.6 3H U31 42.9 42.9 ~2.9 1308 504 503 503 PI 16 • 165 900 H71 H3 H3 43J H31 506 506 51!.6 1401 57.1! 51R 51X 

1000 1515 22!.8 288 22!.8 147.9 348 348 348 1453 -!07 407 407 1000 16H 351 351 351 1590 41 o 41 o uo 15511 46.~ 46K 46 K 
1100 166.7 23.8 23.8 23.8 162.7 28~ 287 287 159.9 337 33 7 33 7 1100 1797 290 ~o ~o 17H 339 33.9 1!.9 1713 3.~ 7 3H 337 
1200 181.8 200 200 200 tn5 241 241 241 1744 283 283 283 1200 1961 2H 2H 24 4 190M 2R5 2U :M !,;()9 32.5 325 32.5 
1300 MO 17.1 171 171 !92.3 20.6 20.6 20.6 1890 241 241 2U 

Pe<0 nomrnJI = H58 KKS Pe"' nomrnol = 1813 Ki:L Pe<o nom1nJI = 11 95 ~!{'\ 
Peso nominal = 1458 KIZ' Peso nomrnJI = 182J K2 Peso nomirul = 21.95 K2 Peso totJI = iR 43 K es Pc<o totJI = 85 7'1 K.:<. Peso ror· 1 = 932Z ¡.;,. 

Peso total = 53 82 K¡¡s. Puo toral = 61 12 K11: Peso wul = 6856 K11: Arca touJ = 996Scm• Arco totol = 109 10 cm' Arc1 wul = 11~ 6-t cm• 
Are• toral = 6824 cm' Arcotoul = 77.b6 cm• Are:~ tot>l = r7 .20 cm• 

d•b 200 3H 1275 1383 2048 J25 HO.O 1520 253 JI H 15ló 1ó5 i 245 Q 

dzb 200 30.9 8SO 956 142 o 301 1005 1091 161J 296 1130 1227 1827 300 501 1193 12K 8 IR5 O 4S 7 13H H20 2015 477 IH5 1551 :!:U 9 

300 464 8..10 898 12'1.9 451 YSO 1027 1491 444 1069 1157 16-'ll 400 669 1097 1177 1616 649 1214 1303 1~0 636 1329 142.~ I'IS 1 
400 61.8 n2 8..10 1157 r.o1 XS.b 953 1336 593 99.9 1075 1511 7x7 500 836 9R H 1050 IH7 Kll 1100 1171 12.0 795 121 o 12~9 ](,~ 6 

7x7 500 273 70.6 753 9'15 752 Hl4 R6.9 115.8 7H 92.0 983 131.6 600 1003 867 909 1041 974 97.4 1023 1:!Uil 95~ !Oii 11!3 1351 
600 92.7 633 667 811 902 7H 27.6 959 8ll9 RJ2 881 1097 1781178 700 1171 13 4 752 764 1136 8..14 859 8i7 IIIJ 930 0(, 1 lOO lo 

178. 178 700 10s1 552 513 611 1053 64.6 673 73.6 1037 73.6 76.8 851 800 IJH 585 585 5R 5 m9 680 679 fi1.9 1272 i69 J'70 770 
800 123.6 463 46.9 46? 1203 55 o 560 563 1185 631 645 652 PI 19 • 165 900 1505 462 462 462 1461 53 7 53 7 il.7 H31 60X (,()~ ¡IJS 

PI 10 • 165 900 1391 370 370 371! IJ53 445 445 H_j 1333 "-' 515 515 1000 1671 37 4 37 ~ 37 ~ 1623 ~35 435 ill !59.0 193 .;<JJ 493 
1000 154 6 300 300 300 1504 31\.1 361 361 H81 417 4IJ 41J 1100 1839 309 309 309 17~ 6 35 9 J59 3i9 17~9 ~7 -IOi 40i 
1100 1700 24 K l48 2~ ~ 165 4 ~.8 ~H ~8 1630 34.5 34.5 345 12011 2007 260 2/iO 260 194~ 302 302 P2 ]'l.1M J42 ~.p l-11 
1200 1~55 208 208 :!().~ 1805 250 250 250 tn.8 ~o ~o ~o 

1300 2009 17J 17.7 177 1955 21J 21J 21J 1926 24.7 24 7 2U 

121 AL TOS HORNOS DE Mt:JOCO, S. .l. 
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CAPACIDAD DE CARGA J---L--1 1 ,-: ...._. . CAPACIDAD DE CARGA :st 'f-o (·~;::.-,- COLUMNAS COMPUESTAS DE 2 CANALES STANDARD 

..t.. ;¡ i COll'\I'A~ CO\IPUfSTAS DE Z CANALES STANDARD 
Y 2 PLACAS SOLDADAS 

,, - ¡• Y l PLACAS SOLDADAS 

o 2CPS 
11 6. ..... ~--1. o ~CPS r-¡ 1 

C).lGA IN TONELADAS ~ ---.i- ..... CAlCA IN TONELADAS 

t'•mmuóa IJrun L/r TlPO DE ACEitO L/r TlPO DE ACD.O L/r T1P0 DE ACEJI.O ..,.""" ..... Abon L/r TlPO DE ACU.O L/r TDO DE ACUO L/r TlPO DE ACUO mao A·7 A·.M AH-" A·7 A·.M AS" A·7 A-.M AH-5S 
A·7 AJ6 AH" A-7 AJ6 AH-SS A-7 A-J6 AH-SS 

Peso nommal = 1711 K¡rs. Peso nommal = 20 46 ~ Poo nom1nal = 27 '1J K¡rs. 
PN' numnul = Ji 11 t\._~ rc'<J numu1o~l = 2U ..Jl, 1\...:~ p.,., num1nJI = Z7 qJJ K~· Peso total = 72.16 K¡rs Peso toral = 78 86 Kl'- Peso toral = 93 7~ K¡rs 

rC'"U tuuf := 5t2U 1\.t.:"' I'C" ... , w:.tl = 5'141J h. t.:' 1'•"'""·•1= n7liK"' Aru total = 9274 cm• Ara total = 100.26 cm" An:a toul = 119.22 cm• 
.\rC'.IIuttl = (,jjt, cm' .\rcJ tut.d = 7tdJ:i '"'' .\n:-.atuto~l = '1504 cm• 

dab 200 21J 1209 Ul4 1961 268 1311 142.4 2t2B 261 1562 1698 2539 
dab 200 151· 'l~j 'ltd 1-1-1.1 251 !Ulll I!J:17 lvZ7 2Ho 115 1 111.0 203.!1 lOO 415 1151 12M 1821 403 1250 1354 198.3 391 1494 1618 2374 

lOO ;,,5 14.~ 919 li51 17J '15 ~ 103'1 15!~ 11.~ 12011 1101 !91J, gxg 400 553 1084 1168 1657 537 1181 1273 181.4 522 141.4 152.6 2181 
400 51J 'IH NtS l!H 50.1 Yl(l 'ISJ Hll ~YJ n;J 12.LI tn5 500 691 1008 lOSO 1471 671 1101 1182 1622 652 1324 1422 1963 gxs 500 MI ñ5 ~11 1123 Cl!.l'4 ~5Jo ~20 IZ7Y <>IJ• lOit. 1157 llol 5 600 83.0 924 982 l2b3 1!05 1015 1081 HOJ 182 122.6 1307 1719 
600 j{ •• "' ;o o 7~.7 e¡., y 7H 7'1J, ~511 11.1.2 7.!9 I!IH 107J 14.!7 ZOJ • 201 700 968 832 874 1031 910 920 970 116.9 91J 111.8 1181 144.9 

!IIJ. !IIJ 700 ~7 1.41 b1H ~o ~79 731 n5 970 ~1 ~!5 ~1 IZH 800 110.7 132 757 795 107 4 81 7 8-19 9U 1GU 1001 IOH 1151 
80U 111!6 j7J, t.OZ !oH 10.15 1/ol ,.~2 7'12 'IS5 ~~o H~1 lll2Jo PI U a 190 900 12~5 623 629 62.8 1208 70.6 718 72.1 1173 874 89.6 '1J9 

PI 6 • 190 900 IIH 50i 521 51J tul 5S5 WJ (,,2.5 IIUK 7H n~ ~u 1000 1383 509 509 509 1341 58.4 58 4 S8.4 1304 738 73.6 73.6 
1000 1~1 Hl 431 H1 l.!'c. 503 507 501. 1211 c.5n lo5 ~ c.5x 1100 1521 42.1 421 421 147.7 483 483 48.3 1-134 609 609 60.9 
1100 HIO .!57 .!57 ;s 1 13.~.2 H.ll ~1 ~ ~1 ~ l.l5 5 5H 5-H ~4 1200 1660 353' 353 353 1611 40.6 40.6 40li 1565 511 511 511 
1209 15L~ 300 300 300 150 S 1~.1 .!51 351 H7K ~57 ~57 ~57 uoo 179.8 301 301 301 1745 34.6 34.6 }4.6 1695 43.6 43.6 43 6 
1300 ltlo 7 255 25 5 25.5 I!.IJ ji)() 3011 300 IWI ~~y j~Y 3H9 1400 193.6 260 26.0 260 1879 298 29.8 29.8 1825 376 37.6 37.6 
1400 INS nu 220 120 Ji'S'I 25 ~ 25< 25' 17H jj{, jjJ, 3JJ, 1500 195.6 32.7 32.7 32.7 
1500 19!3 1'11 N.2 191 ~~~-4 225 22 5 22; IX47 2Y1 2Y2 291 
1600 1970 257 257 257 

PNJ numm..1l- 27QO 1\.L"\ 
P~ nomm.ll = 1711 Kit' P~o nommal = 20 ~6 K.,. Peso nommal = 27 '1J Kit' 

rt'O numantl = 1711 1\...:" Pc .. o nom11 ¡) = 20 4/, 1\.).!''i Peso toul = 81 66 K~s Peso total = KRJb K.,. Pero total = 10314 "-"" 
P<'<l M •l =Si~ K.:- Pc .. u UH 1l = M (,4 1\.J.!" p..._, tural = 7" 52 K~' An:a toral = 103 8-1 cm' Arca total = 11236 cm' Arca total = 13132 cm• 
.\rc.l toral= i4 t.O cmR -\rcJ rotal= :-1112 cm' Arc.ltot.tl = 101 O~ erra• 

dab 200 282 1352 1468 2190 215 1466 1592 1511 267 1718 1867 2790 
d•b 200 2b1 %~ JC)U lxo7 25 lo IU7~ 1171 li5J 250 1.!2~ 1+15 216J 300 42.3 1285 1391 202.9 41J 1.!96 1511 2209 400 1639 tn.6 2601 

300 j9J 92.1 9Q)I lll· ~ .).~5 lll3 1 111.!1 lhl 2 .!7 5 1.!74 UH 1012 400 56.~ 120.7 1300 1840 551 1314 141 7 201.1 533 IR9 1671 23R1 
400 s:.~ ~i1 9-H 1.!15 51J 97.~ 1055 151.2 5110 121 O 1307 IX7.M gxg 500 705 1119 1198 1625 639 1223 1310 178J 567 1+17 1552 2133 sxs 500 bH ~1 7 ~76 1209 ~1 91 X ~5 l.llo5 ¡,z s 113 9 IZH 170~ 600 846 1022 1085 1385 826 1122 1192 1S1J so o 1335 1-121 IS5.5 
j\()0 illo.S i55 MJ.5 105.!1 iht) '51 '1JK 1::01 750 101>1 IUJ 1511 20h!IIJ 700 98.7 916 961 111 7 964 1011 1063 125.8 933 1212 1277 1~.6 

ZOhZOl 700 9ltl t.~~ 727 ~90 ~.,, 7 779 riH 102 1 H75 97 5 IO.!J 12'17 800 112.8 SOl 826 85.6 1102 891 922 972 !OóJ 107.8 1121 1712 
800 10.7 61.6 h-'1 i05 lO !lo 701 732 H20 1000 HH1 92A 1062 PI 16 • 190 900 1269 675 67.7 677 m o 760 769 76.8 1200 933 951 95.8 

PI S. 190 900 lli.ll 5.!7 55 o 55 7 115 ~ bl.b 633 h" K 1125 1ll1 1107 H39 1000 141.0 ~.8 ~8 ~8 137.7 622 622 622 1333 nh nh n.6 
1000 1.!09 ~u ~51 ~51 1~1 52~ 52 5 515 1250 lo7.~ t.XI 679 1100 155.1 453 453 453 1515 514 514 5L4 1-16.7 6H 6-11 6-11 
1100 l+-10 37J 373 373 IHO ~H ~j ~ H~ 1.!7.5 561 Sol 561 1200 1693 381 381 381 1653 432 432 412 1600 539 539 5l9 
1200 157.1 31J 313 313 153.11 36~ 36~ l6~ 1500 471 ~72 472 1300 1834 32.4 32.4 32.4 1791 36.11 36.8 36.8 1733 459 439 45 9 
1300 );'02 267 Zoi :6 7 lbbJ 31 o 31 o 11 o 162 5 ~1 402 401 1400 1975 280 280 280 192.8 317 31J liJ 186.7 39.6 396 39.6 
1400 J~l2 230 230 230 1795 Z6JI 26M 26~ 1750 34 7 34 7 347 1500 2000 }45 34.5 3U 
1500 l'lt>J 21JO 200 200 192.3 23J 23J 23J IX75 302 302 301 
IEOO '. 2000 Zf, 5 265 lb 5 

Pc\0 nom1n.1l - 20 ~¡ K2\ PC"'' nom1n ,1- l:llX> KllS Peso nomsnal = 1711 K~s Pc:so nomtn3l = 20 46 K~ZL Poo nommal = 27 'lO K2<. 
Peso nomt~l === li 11 K e:" Peso tot>l = 91 14 K¡:s Peso toral = 97 S~ K~ZL Peso rotal = 112 n 1\.IZ'-

Pc:-utoral =62MK¡:s P'"'o torol = v9J~ K11s P= tu~"l = H41ó K¡rs An:a total = 115 ~cm' .\reJ totJI = 12M6 cm' Arca total = 143 42 cm' 
.-\rr.1 tot.al = ;q66cm' .\n.a tur:~l = 1\X Hl cm' .\rca rotJI = 107 14 cm• 

dab 200 2l!R 1506 163 6 W8 2ll1 162 o 17~0 1!J2.S 212 IH73 2035 3039 
dab zoo 267 10.2 1131 1691 261 1156 1256 IH7.ll 25~ 1-107 1529 22K9 lOO 431 1429 1~6 2..?53 4ZJ 15-10 1667 2U3 409 17~ ~ 1931 lllZ 7 

JOO -f/JO 995 107 7c 157 ~ 391 1105 1197 1756 3~1 un 1460 114.5 400 57.6 134 o 1+11 203 5 56J 1447 155 9 220J ~5 1632 1~14 ::579 
400 5!! ~o 1013 1+-1.5 521 10.1· 112h 1613 509 127 S 13~0 197.!1 gxg 500 no 1239 1325 17M 7 704 BH 1437 195.C bSI 136 R 16:10 2298 gxg 500 (",., i RiJI ~1 129~ 651 9~0 1051 1452 636 1200 12-H 17ll9 600 1!65 1127 119 5 1509 M45 122.7 1.!02 16(;1 Hl7 14H 1531 19S ~ 
600 '"lO ~10 1'1>2 112.5 7K1 90i 966 1271 71o: 111.5 1190 157-A 203• 203 700 1009 1004 105 1 1199 986 1100 115 4 1341 954 1302 1370 16H 

201 z ZOJ 700 <,jj 735 775 93.8 913 HZ 7 K73 1072 K91 1021 IOR 1 IIU 800 1153 S71 895 916 1127 961 9Q1 1029 109.0 1151 1193 126.8 
800 J(J¡j' 6H 6~.0 7.!5 I!HJ HO n1 851 1018 920 %3 IOX.M 

PI 19 • 190 900 1297 n5 nA n4 126 S Sil 813 SIJ 1226 987 1001 1001 
PI 10 • 190 900 t:~OO 56.6 577 5q 1113 6-17 lfi1 672 1145 Hll H.l5 H5.H 1000 1+11 586 5H 6 586 1408 659 659 b59 1361 811 811 811 

1000 lhJ 47.0 HO ~70 130~ 5H ~5 ~u 1272 694 695 b95 1100 15S.5 48 5 485 485 1549 5H ~~ 5H 1499 671 b71 671 
1100 J.;l, i 3~9 3~9 3S 9 PH 450 ~50 450 1399 574 5H 5i.4 1200 tn9 407 40.7 -107 ló90 45 7 457 -ISJ I6U 563 563 563 
1200 ]11'10 .!2.7 32 7 327 1565 37 ~ 37.!1 37R 152 7 4RJ ~8J 4K3 uoo 1873 347 347 347 lR.ll 390 390 }Q.D tnl 480 48 o ~so 

IJOO li.U ZiS ]].M 27K 1~95 .!22 322 U2 1654 411 411 ~11 1400 1972 336 336 lli 1'1J7 414 414 ~14 

1400 ¡w,7 240 2~ o 2ll. IKZ 5 ]JH 27K 21H 1781 355 355 35.5 
JSOO ]'íl(¡ 209 20.9 209 IY5.6 2~1 2~1 242 l'lOJI 309 .l09 300 

® ~ AL TOS HORNOS DE loiEXJCO, S. A. 125 

124 ~ 
ALTOS HCRNOS DE ME.XICO. S. A-
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5~4.1 
----+-

1110 

lO -(-4) 
-----" • 3.~o - 4.o = 

<... G.o _, 

<:. l. o .. ' ., 

.·. c:..orreda 

1 • c,.<;o 
.: 5.445 T-""" 

8 
M .... = 
p = 9S í t~::. '5 ,4-, \ , 

+~= 
-2..0 • 1 o 5 

158 k1/CWI"l. = \99') 
;, f~y= '2B~~ ~km, (P'dr~ "rr~".:= c..o.li' ,í~l::,b 1) 
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fb = 6 .,4clS .10 
7Cj~ \<.~ /cm 

l. 
:. 

'1 <DBi 
~ f~ = 414S ~~ /,""\, (P~f~ ~ r so.l, T~b\01. 1) - ~ ~ 
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" t="b'f= o.lsF.1 (A1SC. tS.~.4.3)= 2213 "'1/c~1. 

C,.,y= 1 +~ ~ 'P = o .. Cw.o. ::: (Ver ~~b\~ 1) 
F~Y "' 

o.4o8. ..¡.. o.5o; .. IS-e, + .:= 0 .4-oS-+ o.oq" + .o.4~1 ;:.o,qc;¡ <l.o.·.-
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SC.4 ') ( ;G.4·') 

\- 4\AS, 1"\4 \- tiiZ' Z'ZI1 

(1'\), p~r~ f"evís::a."' aaUc.icn::a.\me'f'\\-c. er"' -El ;;;a.po'\c super;oY" 

5C:.4· \ + 
1'110 

í'}:O ---"Z'Z.I~ 
0 .~\C) + o.o'\8 +o. 35~ = 0 ,¡-¡ 5 <. 1 . .,::) : • • ....--
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soldaduras están proporcionadas en forma tal que evitan 

la excentricidad, paralelamente al patín mayor. El acero 

del ángulo es del tipo ASTM-A-36. Ver Fig. 6. 

\..S r1 
"\ 1 1 

t.J' 
J.. ~ 

de conel(.lon fi~- 6 

Solución: 

a) esfuerzos de tensión: (suponiendo distribución unifor 
me de los esfuerzos). -

f = '31000 =- i419 Kg /cmz. < o. a, Fr = 1~2.0 Kg. /c.m~.,:. ,-
t 20,9" 

b) esfuerzos de flexión 

e"Kc.entrici dad elC a '2. .11 + ~" 0.9S = z. 58 5 c.m. 

Mn = 3\000 )1. z. ss~ = e o~ ~5 Kg- cm. 

fb = 8013S 1( (l.<o'Z..-2.11):. 4~8S K~/cm-z ,.)' fy = 1530 K~/cm-z. 
X )l. 1 OO. '7 

Se vé que los esfuerzos debidos a la flexión (tensión o 

compresión) son sumamente altos, y que aún sin superpone~ 

los a los de tensión axial produciods por la carga de 

31000 Kg., exceden con mucho el esfuerzo de cedencia del 

material. Dichos esfuerzos, por supuesto no son reales, 

ya que no pueden exceder del esfuerzo de cedencia. Lo -

anterior implica que existe una plastificación del mate

rial cercano a las puntas de los patines no conectados -

del ángulo, en la zona de la conexión. Aparentemente 

este tipo de esfuerzos "locales" no son de gran importa_!! 

cia para el A.r.s.c., quien no considera hacer ninguna·

reducción en cuanto a los esfuerzos permisibles en este 

tipo de miembros; en cambio la AASHO establece que para 

considerar el efecto de la excentridad en las conexiones, 

el área a considerar el ángulo es la-del patín concecta

do más la mitad de la del patín no conectado. En 
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~-Es{uer-zos '?-erm•S•6\es p,;)r2 
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1 

'DE. ESFIJ Ei'Z..Z.c. 
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in order to Jimit damage to the supcrstructure. Some building codcs spccify the 
dcsign axial force in these members as JO pcrcent of the g1cater of thc vertical 
forccs acting on each of the two footings connected thcreby. Since it is thc 
lighter of the two footings that should be forced to move essentially as the 
heavier one, and not vice versa, the axial force should probably be, in any case, 
a fraction of the smáller load. 

On cohesive ground the danger of the phenomcnon we have rcfcrrcd to is 
unlikcly. Oftcn no tie girdcrs are requircd in thc foundation. In so me conditions, 
though, there is danger that cracks may open in the soil. To minimize thc prob
ability of crack formation under the building, it is advisable in thcse cases to 
use tie girders or other means oftension reinforcement. The amount ofreinforcc
ment required is cssentially independent of the verticalloads transmitted to the 
ground even when the soil has an important angle of internal friction. This 
paradoxical situation results from the function of the reinforcement. The func
tion is not to maintain an integral found.ation while the subjacent ground is
displaced laterally by cracking but to change the direction of cracks in the sur
rounding ground so that they circumvent the structure. For the same reason 
the amount of relnforcement required m ay be a small fraction of the tension that 
the soil would resist before cracking. lt is also an increasing function of the 
variability of this strength in the direction of the reinforcement. The authors are 
unaware of satisfactory criteria for deciding on the amount of reinforcement 
that should be provided in order to divert the ground's cracks. 

15.12 The Choice of a Structural Solution 

The optimum structural solution is dictated by economic and architectural 
considerations and depends markedly on the seismicity of-the site. 

Sorne materials behave in a distinctly more favorable way than others under 
the action of repeated alternating loads. Yet by designing the latter materials 
according to more conservative criteria it is possible, sometimes, to arrive at a 
solution involving lower capital investment without a comparable increase in the 
expected actualized cost of failure. On the other hand, architectural advantages 
m ay favor choice ofthe first material.· Commercially oriented arguments favoring 
one material over _another, even when supported by test results, should not 
always be taken at face value. 

A structural solution that is optimum when designing without regard for 
earthquakes does not necessarily remain even acceptable when one designs 
to withstand intensive ground motions. For example, architectural demands 
may lead the structural engineer to favor shallow floor systems, perhaps flat 
plates, when he dcsigns a tall building for modest earthquakes or decides to 
ignore these phenomena. If he designs to resist strong ground motions, he will 
try to convince the architect that _conccssions are in ordcr; otherwise he will 
produce a very flexible structure req'uiring wide gaps with nonstructural elements 

and hcnce a special treatment. And if he does not provide the gaps, frcquent 
cracking of walls, as in Fig. 15.23, is sure to occur, and wide separations will 
be required with respect to property lines. The columns will have huge scctions 
in the first severa! stories, since thcir lowest points of contraflexure may be two 
or three stories above ground level and thc effects of vertical loads will greatly 
magnify those of lateral forces, and special provisions will also be necded for 
windows, piping fixtures, and so on. 

A lcss obvious dcpendence of the optimum solutlon on the design intensities 
concerns the matter of concentration of rigidity. Take a moment-resisting frame 
as shown in Fig. 15.24a. If we do not design to resist earthquakes, there will 
rarcly be a reason for supplying it with cross bracing, other than to resist wind 
pressures and to reduce the probability of overall buckling. 

If we design for mild shocks, an arrangcment of braces as in Fig. 15.24b 
may be adequate and architectural requircments may make it difficult to choose 
a dilferent arrangcment. lt is true that ovcrturning moment will induce axial 
compression in one of the columns at the sides of the pancls that contain the 
braces, and it will induce tension in the other column. But the compression will 
be sufficiently small comparcd with the compression induced by gravity loads 
alone that its presence may not even alter the column's design, and the tension 
will surely not surpass the gravity-load compression. 

If we design for higher earthquake intensities these considerations will not 
apply, and there will be a distinct advantage to distributing the cross braces 

J' 

Figure 15.23. Typical cracks in partitions. Aftcr Este1•a, 
Dlaz de Cosslo, and Elorduy (1968). 
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Figure 15.24. DiiTerent structural solutions for frame with and 
without diagonal braces: 
(a) For no earthquakcs or very strong earthquakes 
(b) For mild earthquakes 

(e) and (d) For moderate and strong earthquakcs. 

Chap. 15 

as in Fig. 15.24c, oras in d, so as to make a large numberofcolumns participate 
in resisting the overturning moments, simultaneously lengthening the cffective 
moment arm. Both measures will alleviate conditions in the foundation and also 
increase the structure's rigidity, perhaps making it unnecessary to take special 
provisions to protect nonstructural elements. 

Design for even stronger earthquakes may lead us to dispense with braces 
altogether, reverting to Fig. 15.24a. The choice might be due to architectural 
limitations that prevent us from adopting a solution such as those in Fig. 15.24c 
and d, forcing us to a solution similar to the now very objectionable one in Fig. 
1 5.24b. lt might also follow from the importance of ductility under the new 
conditions of design and the awkwardncss of large-scction braces and heavy 
details. 

As a second example, consider the building rcprescntcd in the plan vicw in 
Fig. 15.25a. If the ratio of height to least dimcnsion of the base is small or the 
dcsign intensity is low, this arrangemcnt of shear walls may be good. We must, 
in this cá~e, take into account the deformations of the floor systems in thcir 
own pla'n_és and dcsign these systems and the central transvcrse frames accord
ingly. For' slender buildings dcsigned to resist strong earthquakcs thc arrange
mcnt will no longer be desirable. Concentration of ovcrturning momcnts in thc 
tw<> · '!ar walls will cause considerable difficulty in thc dcsign of the found n 
-t, __ event uplift and exccssive contact pressurcs-and of the corner col u m .. ~-
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to take importan! vertical tension and compression. A prefcrable solution is 
illustrated in Fig. 15.25b, in which shear walls have becn distributed along the 
cntirc plan. Should there be architectural objcctions to this alternative, or 
should the building be vcry slender and we wished to dcsign for exceedingly 
high intcnsities, it is likely that the total omission of shear walls would prove 
advantagcous. 

The dcsirability to limit the vertical forces induccd by ovcrturning momcnts, , 
couplcd with architcctural rcstrictions on shcar walls and cross bracing, will 
oftcn suggcst an arrangement of cither these walls or these braccs distributcd 
in diffcrent bays and different vertical planes from one story to the next. The 
advantages of incrcased lateral stiffness and of reduced vertical forccs more than 
compcnsate for the addition:~J strcsscs that appcar in the floor systcms in their 
capacity as horizontal diaphragms as well as in their work as parts of thc wall or 
bracing systcms. 

Figure 15.26 illustrates another situation' in which the earthquake intcnsitics 
that onc wishcs to resist influcnce the choice of a structural solution. Suppose 
that architectural limitations permitted thc distribution of columns shown in 
Fig. 1 5.26a. If we do not design for sizeable lateral forces or if the building is 
rclatively short, the most economical arrangcment for a reinforced concrete 
frame is probably as schematized in this figure. Here we take advantage of the 
intcrmcdiate column and make the beam of vniform depth throughout. Fcr 
intermediate building heights and earthquake intcnsities, whethcr we use a stecl 
ora concrete frame, it is preferable to adopta variable beam depth (Fig. 15.26b). 
This obviates high concentrations of bending moments and shears in the 
shorter spans and in the contiguous members. And in the case of tall buildings 
designcd for high seismic intensities, it is even bctter to omit altogether the 
col umn that causes the disparity in spans (Fig. 15.26c). ' 

E·--r-·-·¡·-¡-·-·¡--3 
·-i ! ·-t·-·t-· 
.-J._._ .-J._-·___._·-. J¡__. 

o) plan 

E
·-r·-·¡-·-¡-·-r·~ 
·--+=+-·-t: r-· _ _j_ ___ L- --d.- o 

b) plan 

Figure 15.25. Two diiTcrcnt arrangcmcnts of shcar walls: 
(a) For mild carlhquakcs and short buildings 
(b) For slrong carthquakcs or modera! 'all 

buildings. 
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plan a) 
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elevotion b) 

plan e) 

Figura 15.26. Different structural solutions for 
building with uneven spans. 
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Contemporary trends in architecture employ a number of structural details 
of Jesign for which satisfactory criteria are still lacking. Typical among them 
is tlle use of cccentric beam-column connections (Fig. 1 5.27), whether in con
cr:.te or in stcel. There are numerous examples of local failures of these connec
tions during carthquakcs (Rosenblueth, Marsa), and Hiriart, 1958), which show 
tlt:1t ignoring the eccentricity produces seriously obje~tionable designs. 

So me structural solutions in reinforccd concrete seem ideally suited for certain 
L:llldin6s, cxcept that thcy call for cxcccdingly high ductdity factors in a few 
;;.lr'Jctural mcmbers. Sometimcs this happens with the combination of shear 

Sec. 15.12 

plan 

column 

elevolion 
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Figure 15.27. Ecccntric beam-column connection. 

walls and frames that may be entirely satisfactory except for the ductility de
mand at the beams that are directly connected to the walls in their own plane. 
The situation may be taken care of by designing these beams in reinforced con
crete with sufficient confinement through the use of closcly spaccd lateral rein
forcement and very careful detailing, or by replacing these beams with stcel 
mcmbers. If confined concrete is chosen, it may be justificd to hide the bcams 
so that spalling at regions of large strains will not be visible following a strong 
earthquake. If steel is preferred and earthquakes of long duration are expected, 
the rcgions near the supports may require spccial stiffeners to preven! likelihood 
of the type of failure under repeated loads that we described in Section 1 3.6.2. 

Another example is found in staircase ramps. Very often there is an advantage 
in replacing thcm with stccl members that carry prccast steps. 

In many building codes we still find a relic whose origin and meaning are 
difficult to undcrstand-the dcmand that the structure be designed so that it 
"move as a unit." Presumably this requires dcsign of horizontal diaphragms 
satisfying compatibility. Codcs frcquently spccify also that budJings of ir regular 
plants (say, E,/, L, and U shapcs) be providcd with constructiL~'l joints-
e~sentially expansion joints-so asto ~ivide !he m into rectangular UIHLS. 
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Obviously, horizontal diaphragms should be dcsigncd to withstand the 
forccs that, according to rational analysis, will act on them, consistently with 
those acting in the vertical resisting elements. And if this is done, it will often 
be found uneconomical to divide the plan into regularly shaped units. The 
dccision should proceed from a comparative study of alterna te solutions. Again 
the optimum will be found to depcnd on the intcnsity of earthquakes that the 
building is expected to resist without serious damage.' 

For cxample, thc nnrrow band betwcen axcs A nnd B and betwcen 1 and 2 
in Fig. 15.28 will be called upon to rcsist small strcsscs (axial, shcaring, and 
bending) if this structure is designcd for smalllateral forccs. Horizontal bending 
may beco me quite high if we design for modera te intensitics, making it dcsirable 
to add a bcam at evcry floor a1ong axis 4 bctween A and B. For higher design 
intensities we shall probab1y find it convenient to do without the added beam, 
introduce a wide expansion joint between A and B, as shown by the dashed 
1ines in the figure, and canti1ever the floor from both A and B toward this joint. 

Figure 15.29 represents a solution commonly used for one- and two-story 
school buildings in tropical and scmitropical countrics. When the possibility 
of strong earthquakes is remote, this arrangement may be desirable because of 
its functional assets. However, when the structure is called upon to resist strong 
ground motions in the longitudinal direction, the solution has severe drawbacks. 
The least of these líes in the torsion induced by the difference in stiffnesses 
between axes A and B, because transverse walls and partitions usually have 
ample strength and rigidity lo resist it. 

2 3 4 

( 
1 

plon 

Figure 15.28. Stranglcd slab. 
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wlndows 

;1{ }3 ;a: ti¡ 

cross section 

plan 

Figure 15.29. Typical school building in tropical country. 

The chief disadvantages of this typc of structure are: (1) the stiffncss of axis 
B is of a highcr order of magnitude than that of axis A and hcnce is subjcclcd 
practically to the cntire longitudinal force; (2) unlcss the columns in axis B are 
designed to resist extremely high shears, their strength in shear will be much 
smaller than that in flexure, so that they are likely to fail in shear, which involves 
an undesirably low ductility; (3) the incrcased stiffness in the longitudinal dircc
tion, relative to a solution in which the curtain walls would not participate 
in resisting horizontal motion, subjects structures of this type, rcsting on firm 
ground, to considerably greater spectral accelerations. Failure of columns of 
axis B in diagonal tension is practically inevitable during a strong earthquake. 
The literature abounds in examples of this sort (Rosenblueth and Prince, 1965). 
This is tragic because schools normally belong lo this type of structure, and 
the cost of preventing this sorl of failure, by making lhe curtain walls inde
pendent of the frames for horizontal molion, is quite low. 

A similar situation arises in hot climates when the central longitudinal parti
tions are interrupted near the top slab to allow cross ventilation (Fig. 1 5.30). 
Countless cases of failures of the row of columns having interrupted partitions 
in structures of this lype are found in the literature (Esteva and Nieto, 1967; 
Esteva, Rascón, and Gutiérrez, 1969). 

Thcse situations usually rcsult from wishful thinking, which leads to assume 
that structural elements-in thcse cxamples the curtain walls and central 

1 partitions-rcgardcd as nonstructural during the design stage, will not partakc 
!- ~f sthructural action fd

1
uring 1 ~n ear

1
thquake. The same fallacy is rcspons¡hfe 

10r t e appcarance o arge 01agona cracks al the corncrs of.. e framcs 1hat 
endose unreinforccd masonry walls (Fig. 15.31). r 
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Figure 15.30. Interruption of partition for ventilation 
in hot climates. 

f•gure 15.31. Cracking of reinfo~ced concrete frame due to its 
interaction with infilling wall panel. A/ter Esteva and 
Nieto (1967). 

Ch·-' 15 

The number of examples could extehd indefinitely to show that dogmatic 
postures are untenable in the election of optimum structural solutions. Such 
matters as regional seismicity, local soil conditions, local economic situation, and 
architectural requirements determine the choice of solutions that are apparcntly 
objectionable when judged in the frame of a diffcrent sct of circumstances. 

Unprejudiced experience is valuable in lending orders of magnitude to such 
terms as "tall," "slender," and "intcnse," which we have uscd with vagucness 
in the foregoing paragraphs, as these orders change from site to site. Such 
cxpcriencc is also of use in pointing out particularly vulnerable spots in somc 
structural solutions that would othcrwise be judgcd optimistically. This applies 
to conncctions bctwcen bcams and shear w;:¡lls, for cxample. Bascd on :;;pcricnce 
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\"ÍI i1 thc construction difliculties that X-bracing presenl!> at joints rather than 
'' :th rcgard to the increase in ductility (at the expense of rigidity) it seems that an 
, ··~~¡,¡ccr will lean toward the use of A-braces instead (Fig. 15.32b vs. a). 

Thcre has been _ sustained interest in solutions that may drastically reduce 
•:.~ •I ';quake stresses, throughout the structure (see Matsushita a·nd Izumi, 1969). 
·¡ ,,. f:rst analytical attempts in this dircction advocatcd what bccame known as 
th>! "llcxiblc first story" (Green, 1935). It was contended that a sufficicntly ftcxi
¡,;,~ fi rst story would so lengthen a building's natural pcriods of vibration that it 
11 0u id reduce the base shear, and hcnce all stresses in the supcrstructure, lo 
~'13•1d1cantly lower values than is possible with more conventional slructural 
$Oltttions. Im

1

portant savings would ensue. In ordcr to prevent excessive sway 
ll•itkr wind and mild earth'quakes, a "fuse" would be provided, consistin¡: ror 
..: ,Jmple of brittle and weak, hollow tite partitions. These would fail unccr a 
,,trrJng shock. 

o) 

b) 

F1gure 15.32. Two typcs of braccs: 
(a) X-br;Jccs 
(b) A-braces. 

\--::} 
----·'-:~ 
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Biot (1943) showcd that the first story would have to be impracticably flexible 
to achieve a significant economy in higher stories. Typically, in a 20-story 
building a 10-fold increase in the flexibility of the first story will reduce stresscs 
at all highcr elevations by no more than about 30 percent. The so1ution is evt:n 
less eiTcctive than might seem at first, since the 1arge dcflections of the fu~~ 

column lor upper stories 

ground !loor system 

Figure 15.33. Use of hollow basement-columns. 
After Matsushita and /zumi (1965). 
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7-- ploy lor upper story columns 

L ba;emenl columns fe.< corouod floor onlr 

F1gure 15.34. Use of doublc systcm of columns. 
Aftcr Matsu~hita amllzumi (1965). 

Soc. 15.12 CHOICE OF A STRUCTURAL SOLUTION !;29 

story bring about large story moments due to the action of gravity forccs. 
A more practica! version of the same so1ution was proposcd at a latcr date 

(Matsushita and Izumi, 1965). In it the bascment columns are holJow and quite 
1 :g1d; thcy endose very flexible columns that carry the whole supcrstJIICt ure. 
In this way it is simple to limit the ground-slab displacemcnts, giving risc to 
IHhncar behavior of thc systcm (Fig. 15.33). A variation of this solution is sho·.m 
in Fig. 15.34. Dcspite the improvement there is still the mattcr ofincreascd sto.y 
n1umcnts in thc flexible columns. 

Other proposals similarly oriented employ the use of soft pads undcr the 
l',lscment or ground-story columns [(Fig. 15.35) Joshi (1960)], thc use of rolJ,'rs 
[( l ·,g. 15.36) González-Flores (1964)], and the adoption of suspended supp01 ts 
((i:ig. 15.37) Garza-Tamez (1968)]. Sorne of these so1utions are patcntccl. The 
],1st two mentioned have bcen proposcd in conjunction with dashpots tcmlin~ to 
reduce dcflections. To the authors' knowledge no major applications of any of 
ILI!se a1ternatives have bcen attempted. 

osolatonv material 

Figure 15.35. Use of rubbcr pads for partial isolation from 
earthquake motions. After Joshi (1960). 
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column for uppor 
stor1n 

suspended support 

pedestal 

foundallon 

Figure 15.37. Suspended supports. Alter Garza-Tamez (1968). 

15. 13 Structural Synthesis 

Chap. 15 

A very promising approach to earthquake-resistant design of buildings lies 
in structural synthesis ("direct design"). At least two important steps have been 
made in this direction. One consists of fixing allowable story drifts in a mulli
story building and using a computer program that, iteratively, selects story 
shear stiiTnesses so that the envelope of the drift!' produced by a given family 
of earthquake records is no more and no less than the allowable values (Matsu
shita and Jzumi, 1965). Thus far-the method has only been applied in the range 
of linear behavior. 

The second contribution is applicable to single-story buildings of reinforced 
concrete. Through the use of graphs, it directly furnishes the required column 
scctions and n:inforccment given the dcsign spectrum, the mass of the building, 
its height, the allowable drift, the allowable ductility factor, the concrete 
strcngth, and the yield-point stress of the reinforcemenl (Borges, 1965). 



• . ,_ 
--- ) , 
~J 
; _: ~: ,, 
' t 
J 

J 
\ 


