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1. INTRODUCCION

FANALCA, una organizacion Colombiana diversificada, desde nuestra
fundacion en 1958, hemos trabajado para contribuir al desarrollo del
pais, atendiendo los sectores de transporte, servicio publico, textil,
financiero y metalmecanico.

Desde 1975 fabricamos tubos soldados con el mejor acero del mercado,
construyendo un negocio basado en la calidad y el respaldo,
convirtiéndonos en uno de los principales fabricantes de la industria.

Nuestros tubos son fabricados a partir de ldamina cortada en flejes, la
cual es sometida a un proceso de formado a través de una serie de
rodillos y sus bordes se fusionan en un tratamiento especial de
soldadura por induccién de alta frecuencia. El largo final se obtiene con
un sistema de corte con sierra controlado por un PLC. Contamos con
maquinaria de alta tecnologia, que unida a un estricto control de
procesos, nos permite ofrecer un producto de excelente calidad, con
acabado perfecto en corte y soldadura, garantizando asi la mas alta
confiabilidad.

Implementamos un sistema integrado de gestién de calidad que nos
permite certificarnos en:

X 1509001 (Sistema de gestion de calidad).

X OHSAS 18001 (Sistema de gestién en seguridad
y salud en el trabajo).

X 150 14001 (Sistema de gestion ambiental).

Nuestro gran interés es contribuir al crecimiento de nuestros clientes y
por ende al del pais, fortaleciéndonos con un amplio portafolio de
productos, diversidad en referencias y calibres, para continuar
atendiendo las necesidades de los sectores de construccién pesada,
liviana y de transformacién industrial. Buscamos siempre cumplir con las
expectativas de nuestros clientes con disponibilidad, altos estandares
de calidad y servicio.

Fanalca =

Contamos con una fuerza de ventas experta y especializada con sede en
las principales ciudades del pais y cobertura en la mayoria de los
territorios, por medio de la cual brindamos la mejor atencién, asesoria y
servicio a los canales mayorista, minorista e industrial.

Gracias a nuestros productos, nuestro talento humano, nuestra calidad,
nuestros proyectos, nuestro servicio y nuestro compromiso, dia a dia
nos posicionamos como una de las principales fabricas de tubos y
perfiles en Colombia.

FANALCA consciente de la importancia de brindar herramientas que
faciliten y ayuden al desarrollo, calidad, conocimiento, mejoramiento y
buenas practicas de la construccién en acero, presenta su manual
técnico de disefo para tuberia estructural, el cual servird de apoyo a
profesionales, ingenieros, calculistas, arquitectos, constructores,
fabricantes de estructuras metdlicas y estudiantes de ingenieria y
arquitectura.

Las tablas, graficas y valores consignados en el presente manual son
vélidos uUnicamente para los tubos estructurales FANALCA, cuyas
propiedades fisicas, geométricas y mecdnicas son propias de su proceso
productivo y del material utilizado en la fabricacién.

Los resultados contenidos en este documento han sido realizados con
base en el método de los Factores de Carga y Resistencia de las normas
AISI-LRFD 2007-Cold Formed Steel Design Manual y Reglamento
Colombiano de Construccion Sismoresistente NSR-10; y por tal motivo
los calculos realizados deben ser revisados y aprobados por un
profesional idéneo en la materia.

Cali, Marzo de 2018.
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2. NORMAS Y PROCEDIMIENTOS DE FABRICACION

Los Tubos Estructurales FANALCA son fabricados en [dmina de acero HR
Estructural (HR-E), para aplicaciones con alta exigencia mecanica y usos
especiales con especificaciones definidas. Son utilizados en bodegas,
cubiertas, cornisas, cerchas, columnas, escaleras, mezanines, edificios,
estructuras para levantamiento de muros, fabricacion de contenedores,
estructuras de carrocerias, puentes peatonales y vehiculares, y
estructuras metalicas en general.

Los tubosFANALCA se fabrican mediante un proceso comiunmente

denominado "proceso de ERW" Electric Resistance Welding o soldadura

por resistencia eléctrica). Las bobinas de acero laminado en caliente se
cortan en el ancho apropiado y se introducen en un laminador de tubos
que prepara los bordes para su soldadura y luego utiliza una serie de
rodillos para laminar en frio el acero plano y transformarlo en un tubo
cilindrico (circular). Una vez que el acero plano toma la forma de un tubo
cilindrico, se sueldan entre si los bordes. La soldadura es por resistencia
eléctrica creada mediante la induccidn de alta frecuencia y la resistencia
eléctrica natural del acero para calentar los bordes de la tira de acero.
Los rodillos utilizan presién para juntar los bordes de la placa de acero
casi fundido y formar una unién metaldrgica. A medida que el acero se
comprime y se crea la unién, el exceso de acero produce un corddn de
soldadura tanto dentro como fuera del tubo. El cordén externo se
elimina para que la terminacién de la parte exterior quede lisa.
Posteriormente el tubo se enfria y pasa por una serie de estaciones de
compresion que le dan su forma definitiva, ya sea redonda, cuadrada o
rectangular.

Finalmente, el tubo se corta en la longitud deseada. En este punto, el
tubo se transporta a una mesa donde se agrupan los perfiles de similar
tamano y longitud, que luego se cargan en camiones para la entrega o
se envian al sitio de almacenamiento.

Si bien existen varias normas ASTM para la produccién de tubos, el
proceso de fabricacion denominado ERW, es el mas utilizado para la
produccién de tubos bajo la norma A500 de ASTM, (Especificacion para
tubos estructurales de acero al carbono conformados en frio,

electrosoldados y con costura, de forma circular y no circular). Esta
norma describe los procesos de fabricacién, pedido de productos
terminados y determinacion de calidad del producto. La norma A500 de
ASTM también describe los requisitos relativos a las propiedades
guimicas y mecanicas del producto terminado, asi como las tolerancias
permitidas en el producto y las pruebas de control de calidad
requeridas. Adicionalmente, la norma A500 de ASTM exige la realizacion
de dos pruebas destructivas: la prueba de resistencia a la traccién y la
prueba de aplastamiento.

El AISC (American Institute of Steel Cosntruction), en su 14a Edicion del
Steel Construction Manual del afio 2.010, en su ultima actualizacién
presenta una nueva norma de ASTM, la A1085, Especificacion para HSS
(Hollow Structural Section) - Perfiles Estructurales Huecos, de acero al
carbono conformados en frio, publicada en abril de 2013.

Esta nueva norma A1085 de ASTM fue desarrollada para mejorar el nivel
de rendimiento de los HSS utilizados en la construccién, en especial en
aquellas estructuras que estan sujetas a cargas dinamicas y sismicas.
Esto incluye puentes y edificios en zonas sismicas. FANALCA apoya el
desarrollo de esta nueva norma en nuestro pais, porque considera que
se trata de una mejora muy necesaria para la fabricacion de los HSS, la
cual debe quedar consignada en la préxima version de la NSR (18-19).
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ESPECIFICACIONES TECNICAS

Norma de fabricacion:
NTC 4526 — ASTM A500 Grado C.

Pruebas de producto:

Abocardado - Norma Técnica Colombiana NTC 103.

Aplastamiento - Norma Técnica Colombiana NTC 42.

Acero segiin norma:

ASTM A1011 SS Gr.50, ASTM A572 Gr.50, ASTM A1011 HSLAS Gr.50,
ASTM A1018 Gr.50 Clase 1 u otras normas contempladas en la NTC 4526.

Tolerancias:
Longitud:
+13mm -6mm para tubos < 6.7m
+25mm -6mm para tubos > a 6.7m.
Dimension:
XRedondos: +0.0075 De, si De > 50mm. +0.005mm De, si De < 50mm.
Xcuadrados: 1.5 mm.

XRectangulares: +1.5 mm (medido sobre el lado mayor).
De = Diametro exterior

Espesor:
+0.1t, t= espesor especificado.

Longitud estandar:
6.0 metros / Para medidas especiales consulte a su coordinador de
ventas.

PROPIEDADES

Composicion Quimica

Elemento % Maximo
Carbono (C) 0.27%
Manganeso (Mn) 1.40%
Fésforo (P) 0.045%
Azufre (S) 0.045%

Tipos de tubo

Redondos

Esfuerzo de Fluencia F,

MPa - (psi)

317.2 - (46,000)

Esfuerzo Ultimo F,

MPa - (psi)

427.5 - (62,000)

Fanalca =

Elongacion
Minima en 2" (%)

21

Cuadrados 'y
Rectangulares

345 - (50,000)

427.5-(62,000)

21
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3. REQUISITOS GENERALES DE DISENO Y CONSTRUCCION SEGUN NSR-10

PROPIEDADES DE LAS SECCIONES

Las propiedades de las secciones tubulares como son area transversal,
momento de inercia, médulo de seccién, radio de giro, etc., fueron
obtenidas de acuerdo a las normaAlSI - LRFD 2007 (American Iron
and Steel Institute- Cold Formed Steel Design Manual), y NSR-10 Titulo
F, Capitulo F.4 “Estructuras de Acero con Perfiles de Lamina Formada en
Frio"

RESISTENCIA MIEMBROS EN TENSI6N
Para miembros en tensién cargados axialmente, la resistencia nominal a
tension ¢,T , debe determinarse asi:

a) Para Fluencia en la Seccién Bruta
T=AF
n gy
$=0.90
Donde:
T = resistencia nominal del miembro cuando se carga a tension axial
¢,= coeficiente de resistencia para tension
Ag= area bruta o completa de la seccion transversal
F = esfuerzo de fluencia de disefio (50 ksi, 35.15kg/mm?, 345Mpa)

b) Para Rotura en la Seccion Neta Lejos de la Conexiéon
Tn=AnFu
$=0.75
Donde:
T = resistencia nominal del miembro cuando se carga a tension axial
¢,= coeficiente de resistencia para tension
A = area neta de la seccion transversal
F = resistencia a tension (65 ksi, 45.69 kg/mm?, 448 Mpa)

Nota: Para el caso deFANALCA, la resistencia a tensiéon de las tablas de
disefo se obtuvieron para fluencia en la seccion bruta y ¢,=0.90.

RESISTENCIA MIEMBROS A FLEXI6N
La resistencia nominal a Flexion, M, se calcularg, bien sea a partir de la
base del punto de iniciacion de la fluencia en la seccion efectiva

(Procedimiento1) o sobre la base de la capacidad de reserva inelastica
(Procedimiento 2), segun sea aplicable:

Para secciones con aletas a compresién rigidizadas o parcialmente
rigidizadas, ¢,=0.95
Para secciones con aletas a compresion no rigidizadas, ¢,=0.90

Procedimiento |- Basado en la iniciacién de fluencia - La resistencia
nominal a flexion, M, para el momento de fluencia se calculara de
acuerdo con la siguiente ecuacion:

M =S F
n ey

Si la longitud no arriostrada lateralmente del miembro o elemento es
menoroigualal .

_ 03607
[ F S

yeur

EGJI,

F = esfuerzo de fluencia de disefio (50 ksi, 35.15 kg/mm?2, 345 Mpa)

S, = modulo elastico de la seccion efectiva, calculado considerando la
fibra extrema en compresion o tension al alcanzar el esfuerzo Fy.

S,= modulo elastico de la seccion completa no reducida respecto a la
fibra extrema en compresion

C, = coeficiente de Flexion dependiente del Gradiente de Momento
(C,=1.0)

J = constante Torsional de Saint-Venant de la Seccién Tubular

G = médulo de Cortante del Acero

E = médulo de Elasticidad del Acero

Iy= momento de Inercia de la Seccién Completa no Reducida Alrededor
de su eje Centroidal paralelo al alma.
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Procedimiento Il- Basado en la capacidad de reserva ineldstica — Se
permite utilizar la capacidad de reserva inelastica a flexion cuando se
cumplan las siguientes condiciones:
1. El miembro no estd sujeto a torsidbn o a pandeo lateral o
flexo-torsional.
2. El efecto del formado en frio no se tiene en cuenta para la
determinacién del punto de fluencia Fy.
3. Larelacion entre la altura de la zona a compresidn y su espesor
no excedeA,.
4. Lafuerza de corte no excede 0.6F veces eldreadelalma ,para
elementos rigidizados 6 wt para elementos no rigidizados.

5. Eldangulo entre cualquier alma y la vertical no excede 30 Grados.

La resistencia nominal a flexion, M, no debe exceder 1.25Fy
determinado de acuerdo con el procedimiento 1, ni el momento que
causa la deformacién unitaria maxima de compresién igual a Ce, (Nose
limita la deformacién unitaria maxima para la tensién).

Donde:
h=altura plana del alma
t= espesor del acero base del elemento
e= deformacién unitaria en la fluencia = F/E
w=ancho plano del elemento
E= mddulo de elasticidad del acero
A=w/t
Cy= factor de determinacion unitaria a compresion, determinado asi:

a. Elementos en compresion rigidizados sin rigidizadores

intermedios
Cy =3.0 paraw/t<A,
/t) =\
C =32 % parah, <w/t<A,
7‘-2 - 7"1

Cy = 1.0 cuando w/t = }\2

Fanalca =

Elementos en compresidn no rigidizados

Para elementos en compresién no rigidizados, G se calculard como

sigue:
i. Elementos en compresién no rigidizados bajo gradiente de
esfuerzo causando compresion en un borde longitudinal y
tensién en el otro borde longitudinal:

Cy =3.0 cuando A< )\3
¢, =32 [0 =)/ = 1)), cuando h, <h <,
Cy =1.0cuando A = 7\4

Donde:

A,=0.43

A,=0.673(1+¥)

W=|f /|, f, y f, esfuerzos de compresion f >f,

ii. Elementos en compresidn no rigidizados bajo gradiente de
esfuerzo que cause compresion en ambos bordes
longitudinales:

C =10

y

iii. Elementos no rigidizados bajo compresién uniforme:
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RESISTENCIA AL PANDEO LATERAL TORSIONAL DE MIEMBROS DE
SECCION TUBULAR CERRADA (CUADRADA Y RECTANGULAR)

Para miembros en cajon cerrados o secciones tubulares cerradas la
resistencia nominal a flexiéon, M , se determinara como sigue:

Mn=SCFC

Donde:
S, = modulo elastico de la seccion efectiva calculado con respecto a la
fibra extrema en compresion sometida a un esfuerzo F .

F_se determina asi:

Para Fe > 2.78Fy
M.,:Ser

Cuando el segmento del miembro o elemento no estd sujeto a pandeo
lateral torsional para momentos menores o iguales a M,. La resistencia
de disefio a flexién se determinara asi:

10 10F
Para2.78F >F >056F ; F="—"F |1 z
y e y C 9 y

" 36F,
ParaF, < 0.56Fy ; F=F,

Donde:
F, = esfuerzo de fluencia de disefio.
F. = esfuerzo critico elastico de pandeo lateral torsional

Cr o
Fe :Ki EGJ]y

yEyE s

K= coeficiente de longitud efectiva respecto al eje y.
L= longitud efectiva del elemento respecto al eje y.

Fanalca =

RESISTENCIA A FLEXION DE MIEMBROS DE SECCION TUBULAR
CILINDRICA CERRADA (REDONDOS)

Para miembros de seccién tubular cilindrica cerrada que tienen una
relacion didmetro exterior a espesor de pared, D/t, no mayor a 0.441 E/F,,
la resistencia nominal a flexién, M , se calculara como sigue:

Mn:Fch
$,=0.95

ParaD/t < O.O714E/Fy
F.=1 .25Fy

Para 0.0714E/Fy <D/t<0.31 8E/Fy

E/F
F.={0.970+0.020 Y F
D/t Y

Para 0.31 8E/Fy <D/t<0441 E/Fy
F.=0.328E/(D/t)

Donde:

D = didmetro externo del tubo cilindrico

t = espesor

F. = esfuerzo critico de pandeo flector

S, = modulo elastico de la seccién transversal completa no reducida
respecto a la fibra extrema en compresion
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RESISTENCIA AL CORTE

La resistencia nominal a cortante, V , se calculara como sigue:

Vn = AWFV
$,=0.95
h Ek

Para — =
t F

y

v

F =0.60F
v y

Ek Ek
v h v
Para 7}) < % <1.51 ]

. 0.60. [Ek, F,
Y (WD)

/Ek
Para %>1.51 FV
y

. n’Ek,
V1201 ) (hiy

=0.904Ek, /(h/t)’

Donde:
V_=resistencia nominal al corte
A, =area del elemento alma = ht

h = altura de la porcién plana del alma medida a lo largo de su plano

t = espesor del alma
F, = esfuerzo nominal de corte
E = mddulo de elasticidad del acero

k, = coeficiente de pandeo al corte igual a 5.34 para almas sin reforzar

M = relacién de poisson

Fanalca =

RESISTENCIA MIEMBROS EN COMPRESION
La resistencia de disefio a carga axial nominal de compresion, se
calculara asi:

Pn = Aan
¢, =0.85

Donde:

A_=area efectiva calculada con el esfuerzo F.
F debe determinarse asi:

Para). < 1.5 ; F, =(0.658%) F,

0.877
Parah > 15 ; F, =[ 22 }Fy
Donde
=
c Fe

F. = es el valor minimo del esfuerzo de pandeo flector elastico, de
pandeo torsional y de pandeo flexo-torsional
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ESFUERZOS COMBINADOS

FLEXION Y CORTANTE COMBINADOS

2 2

M, + v, <1.0 Para vigas con almas no reforzadas
q)eron q)vVn

Donde:

M_ = resistencia nominal cuando solo se considera flexion

M, = resistencia requerida a flexion

M_ = resistencia nominal a flexion alrededor del eje centroidal x

V, = resistencia requerida a cortante
V_=resistencia nominal cuando solo se considera cortante

CARGA AXIAL DE COMPRESION Y FLEXION COMBINADAS

u

+
q)c})n ¢anxa’x (I)anya’y

c,,M
by ol Zwlo g

P Mux M“y

u

+ +
¢ P q)anx q)any

c” no

<1.0

Cuando P /¢ P_<0.15, puede utilizarse la siguiente ecuacion:

P M M

u ux uy <1 O

+ +
q)an q)anx q)any

Donde:

P, = resistencia requerida bajo compresion axial

M, Muy = resistencias requeridas a flexién con respecto a los ejes
centroidales de la seccién efectiva.

P_=resistencia nominal axial

P_, = resistencia axial nominal determinada con F_= Fy (En las tablas es
el valor para KL=0).

Fanalca =

M, M = resistencias nominales a flexién con respecto a los ejes
centroidales de la seccion.

1/a, 1/a = coeficientes de mayoraciéon = 1/(1-(P /¢ P,))
P.=mEl /(K L)

I, = momento de inercia de la seccion transversal completa sin reducir
respecto al eje de flexion

L, = longitud real no arriostrada en el plano de flexion

K, = coeficiente de longitud efectiva

C.v Cmy = 0.85 para miembros en compresion de porticos sometidos a
desplazamientos laterales.

C., = 06-04(M /M), donde M,/M, es la relacion entre el momento
menory el momento mayor en los extremos de la porcién no arriostrada
del miembro en el plano de flexién.

COMBINACIONES DE CARGA

Las estructuras de acero, sus componentes y su cimentacion deben
disenarse de tal manera que sus resistencias de disefio sean iguales o
excedan los efectos producidos por las cargas mayoradas en las
siguientes combinaciones de carga:

12D+ 1.6L+0.5(,6G6L)
12D+ 1.6(L,6GGL) + (L6 0.8W)
12D+ 1.6W + 1.0L +0.5(L, 6 G6 L)
1.2D + 1.0E + 1.0L

0.9D + 1.6W

0.9D + 1.0E

D = Carga Muerta

L = Carga Viva debida al uso y ocupacién de la edificacion
L, = Carga Viva sobre cubierta

G = Carga debida a lluvia y granizo

W = Carga de viento

E = Fuerza debida al sismo.

L. = Carga de empozamiento de agua.
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4. TUBERIA HSS HOLLOW STRUCTURAL SECTIONS (SECCIONES ESTRUCTURALES HUECAS)

En la industria del Acero, el término "HSS" significa perfiles estructurales v La tuberia cuadrada (HSS) requiere menor cantidad de acero en su

huecos (por sus siglas en inglés Hollow Structural Sections). La mayoria
de los HSS son de corte circular, cuadrado o rectangular. El uso de HSS ha
aumentado considerablemente porque su flexibilidad se adapta muy
bien a los disefios innovadores.

Usos

Los HSS se utilizan en la construccion de edificios, reforzamientos
(riostras), puentes, sefales de transito, barreras de seguridad, torres
transmisién de energia eléctrica, puentes grua y plataformas petroleras.
También se utilizan para la fabricacion de automoéviles, equipos de
construccién, maquinaria agricola, muebles de oficina y estanterias de
almacén.

Beneficios

v Resistencia: Los tubos HSS tienen wuna alta relacion
Resistencia/Peso generando rentabilidad, excelente resistencia a
la compresion y torsion.

v Apariencia: Tienen un aspecto agradable y uniforme que se
adapta muy bien al disefio de proyectos que requieren una
funcién dual: estructural y estética. Facilita el mantenimientoy la
limpieza.

v Uniformidad: Por ser formados en frio otorga una tolerancia
dimensional precisa en tamafio y geometria, incluyendo caras
planas, redondez en sus bordes, rectitud a todo lo largo del
elemento y espesor uniforme que le permiten pintarse, soldarse y
perforarse con facilidad.

v Facilidad de Fabricaciéon: Los HSS pueden ser facilmente
doblados, curvados y perforados.

v Resistencia al Fuego: Las columnas rellenas de concreto
aumentan su resistencia frente a la exposicion al fuego.

v Eficiencia: Con tubos HSS ASTM A1085 se tienen estructuras mas
livianas y eficientes que las disefiadas con tubos fabricados bajo
Norma ASTM A 500 Grado C, proporcionando una reduccién
significativa en peso, fabricaciéon, montaje y fletes.
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estructura, lo que permitird que sea fuerte, segura y a la vez mas ligera
que con cualquier otro componente. Resiste el fuego, la resequedad, la
humedad, no se contrae, enrosca, cuartea, hincha o deforma. Su interior
puede ser llenado con concreto.

CONSIDERACIONES ASTM A 500 GRADOS C ASTM A 1085

Cold-Formed Welded &

Alcance Cold-Formed Welded
Seamless
Perimetro Maximo 88"(2235 mm) 88”(2235 mm)
. 0.148"<t<0.875"
Rango Espesor t<0-875"(22.22 mm) 3.76 mm<t<22.22 mm
Esfuerzo de Redondo 46 ksi min Todas las 50 ksi min
Fluencia Cuadrad eometrias
rel::?ca:\zucl)a)ll' 50 ksi min g 70 ksi min
Esfuerzo CRe(;on(;jo 62 ksi min g-le-?)(rj’r?;tllfjigs 65 ksi min
I+ uadradoy A
Ultimo rectangular 62 ksi min
" 0% %
Tolerancia en peso N/A -3.5%
Radio Esquinas t<0.40”(10.16 mm) 1.6ta3.0t
(Cuadradoy r<3t
rectangular t>0.40"(10.16 mm) 1.8ta 3.0t




Beneficios de las nuevas especificaciones ASTM A1085

v

v

Se ajusta la tolerancia en espesor y se limita el valor del esfuerzo
de fluencia a un minimo de 50 ksi para todas las geometrias.
Tolerancias de espesores de pared mas ajustadas y se adiciona
una tolerancia en peso, lo que significa que se puede utilizar el
espesor total para disefio en secciones tipo HSS. Esto quieres decir
que no es necesario reducir el espesor nominal por 0.93 como se
prescribe en ASTM A500 Grado C, para disefio de elementos y
conexiones.

Mayor area admisible para disefio y un minimo valor de esfuerzo
de fluencia especificado, significa que los HSS son mas eficientes
y econémicos.
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5. COLUMNAS TUBULARES DE ACERO RELLENAS DE CONCRETO

INTRODUCCION

Los perfiles tubulares de acero rellenos de concreto se utilizan
principalmente en columnas. El uso de concreto como relleno al interior
de la seccién proporciona una mayor capacidad de soportar carga sin
aumentar las dimensiones externas. La resistencia frente al fuego puede
verse incrementada considerablemente con el concreto si se le
incorpora la armadura o refuerzo adecuado.

Dado que la estructura de acero es visible, permite un disefo esbelto y
arquitecténicamente atractivo. El perfil tubular no sélo actia como
encofrado o formaleta para el concreto, sino que también garantiza que
el ensamble, montaje y proceso de construccion no sufra retrasos
debido al tiempo de fraguado y endurecimiento del concreto.

Las columnas llamadas mixtas o compuestas las cuales estan
conformadas por acero y concreto, y en especial aquellas de secciones
tubulares de acero rellenas de concreto presentan una serie de ventajas
constructivas y econdmicas, las cuales son valoradas por arquitectos,
ingenieros calculistas y constructores, ya que con este tipo de columnas
se pueden definir proyectos de una manera mas rapida, sencilla y
eficiente.

Aunque estas columnas han sido mas utilizadas en paises como Japén,
Estado Unidos y Espafa, ya es comun en nuestro medio visualizar
proyectos con este tipo de columnas, debido no solo a las exigencias de
las Normas Colombianas de Construccién Sismoresistente, sino a sus
mayores bondades, lo que hace que cobren mayor relevancia en la
construccién de edificios para oficinas, vivienda, centro comerciales y en
especial en las grandes superficies, donde debido a su alta resistencia
permiten desarrollar cerchas de gran magnitud y longitud
disminuyendo de estd manera la cantidad de columnas.
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GEOMETRIAS O SECCIONES TRANSVERSALES TIPO

Las secciones tubulares rellenas de concreto mas utilizadas en la
construccién de columnas compuestas son las redondas, rectangulares
y cuadradas.

Columnas compuestas tubulares

*Los puntos representan concreto

En estas columnas se busca aprovechar al maximo la sumatoria de las
ventajas de cada uno de los materiales que la conforman, logrando asi
una solucion constructiva ideal para construccién, con las exigencias
que actualmente nos demandan las normas de disefo y fabricacion.

Las bondades de cada uno de los componentes se describen a
continuacién:

Perfil Tubular de Acero
Estructural

Concreto Columna Compuesta

Alta Resistencia Alta Rigidez
Alta Ductilidad Resistente al Fuego
Buena Resistencia a Tension Durable
Liviano Buena Resistencia a la Compresion

“Sumatoria Sinergias de
Materiales y Propiedades”

Fanalca =

VENTAJAS

v

Las columnas tubulares de acero rellenas de concreto tienen
mayor ductilidad que las de solo concreto reforzado, debido al
alto confinamiento del concreto y la alta resistencia al pandeo
local. Se aprovechan al maximo las bondades de ambos
materiales.

Estructuralmente las columnas disefiadas con secciones tubulares
de acero rellenas de concreto son mas livianas, entre un 22% y
40%, dependiendo de la zona de amenaza sismica y el tipo de
seccién tubular, que si se disefaran con secciones tubulares de
acero sin rellenar.

Constructivamente las secciones tubulares de acero eliminan el
uso de formaleta y del acero de refuerzo en algunos casos, lo cual
aumenta la velocidad de ejecucién, disminuyendo los costos de
construccién.

El concreto utilizado como relleno aumenta la resistencia frente al
fuego y a la corrosién, lo que se ve reflejado econdmicamente
debido a la disminucién en el uso de la proteccidn pasiva o activa
al fuego (pinturas y aspersores de agua) y pintura anticorrosiva, la
que se aplicaria solo al exterior de la columna.

El concreto utilizado como relleno proporciona a los perfiles
tubulares de acero mayor rigidez, disminuyendo de esta manera
las derivas de la edificacion. De igual manera este concreto
aumenta la capacidad de carga frente a efectos sismicos.

Permite obtener columnas mas esbeltas y estéticas sin
disminucion en la capacidad de carga, esto gracias a la reduccion
de la seccién de la columna. Ademds generan mayor superficie o
area util en la planta del edificio, gracias a la disminucién de las
secciones, comparada con las columnas que se obtendrian si se
utilizara concreto reforzado.
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v Las conexiones, uniones o nudos de la estructura ya estdn

resueltos, debido a las avanzadas técnicas de construccién en
acero, lo que permite la posibilidad de prefabricacién de
elementos de conexién en taller con un ensamble rapido y
sencillo en obra.

No se requiere quitar formaleta o encofrado y tampoco es
necesario esperar a que el concreto fragiie o endurezca para
retirar la misma, lo cual impacta directamente el tiempo de
ejecucién del proyecto.

RECOMENDACIONES
v Se deben dejar pequenas perforaciones de ventilacién en las

paredes de la seccién tubular con el fin de disminuir las presiones
internas durante la fundicién del concreto y en caso de incendios
evitar la presién de vapor generada por la presencia de fuego.
Estas perforaciones casi siempre van en los extremos de la
columna y en un punto intermedio de la misma. El didametro de
estas perforaciones debe ser menor a 20 mm.

v Antes de fundir el concreto, el interior de la seccion tubular debe

estar libre de agua y otros agentes o impurezas.

La seccién transversal del perfil tubular utilizado como columna
no debe ser inferior a 200 mm bien sea de didmetro o ancho en el
caso de seccidn cuadrada o rectangular, esto con el fin de facilitar
la instalacion del concreto y colocacion del acero de refuerzo
cuando exista.

Se recomienda concreto con resistencia mayor o igual a 28 MPa
(4,000 psi), con gravilla fina no mayor a 2" (12.7 mm). Se permite
el uso de plastificantes o fluidificantes siempre que estos no
genere corrosion al interior de seccién tubular de acero.

Fanalca =

v Se debe garantizar que el acero y concreto trabajen en conjunto,
para lo cual se hace necesario la utilizacién de “conectores de
cortante’.

Adherencia Conector

por friccion . de cortante .
Seccion Seccion

tubular tubular
/ de acero / de acero
H A

concreto

Adherencia y conectores de cortante acero - concreto

DETALLES CONSTRUCTIVOS

T
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Figura 1 Figura 2

Figura1: Sistema de Conexién Viga-Columna propuesto en la investigacion de Wu et dl (2.004)
Figura2: Detalle de Conexién empernada viga-columna. Sistema PRM con columnas tubulares rellenas de
concreto. Proyecto San Cayetano. Fuente Tecmo S.A.
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29mm Dia. bolt

75?,/ (typ.) A490
I=
— —
12mm 12mm
12mEZO1 8
W24x62 EEEEEEE =
-=zzz:z3p
Structural Tube
406x406x12 Tees, cut from
E7018 W24x146

(typ) 12 —T
Hg ] ;‘ 381 1nm

378 mm

Figura3: Detalle de conexion Viga-Columna

APLICACIONES

v
v

v

<

€ € £ £ K

Grandes superficies

Edificios o bodegas industriales con potencial importante de
presentarse fuego

Edificios para parqueaderos

Edificios de gran altura para uso residencial, institucional,
comercial, oficinas

Edificios industriales tipo bodegas y centros de acopio
Estructuras para ascensores

Reforzamiento de estructuras

Columnas hincadas para pilotes

Estructuras de soporte para fachadas

Mezzanines, cubiertas, hangares etc.

Pilas o pilares de puentes vehiculares

Aplicaciones en grandes superficies
y mezzanines
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CLASIFICACION SECCIONES TUBULARES RELLENAS DE CONCRETO

Para compresién, las secciones tubulares rellenas de concreto se
clasifican como compactas, no compactas y esbeltas, de acuerdo a la
siguiente tabla:

Relaciones ancho/espesor limites para elementos de acero

comprimidos en miembros compuestos sujetos a compresién axial.

Descripcion del Relacion A Compacto/ (A No Compacto/ Méximo Ejemplo
elemento ancho / espesor o compacto Esbelto Permitido

Paredes de ¢

secciones £ = =

tuburales

rectangulares b/t 2.26 F_y 3.00 F—y 5.00 E

de espesor

uniforme

Secciones

tubulares D/t 0.15E 0.19E 0.31E

redondas Fy Fy Fy

CONSIDERACIONES

v El drea transversal de la seccién de acero deberd ser por lo
menos el 1% del drea total de la seccién compuesta.

v Los tubos compuestos rellenos deberan ser clasficados para
pandeo local conforme a la tabla anteriormente expuesta.

v En la obtencién de las tablas no se consideran barras de acero

de refuerzo.

Resistencia a Compresion

La resistencia a compresion ¢_P_ para tubos rellenos de concreto
caragados axialmente debera ser determinada para el estado limite de
pandeo por flexion basado en la esbeltez de la columna como se
describe a continuacién:

$.=0.75

P
a) Cuando —— < 2.25
P,

P, =P, [o. 65851’?]

Fanalca =

Ppo
b) Cuando >2.25
P,
P, = 0.877P,

donde
Pic = FyA, +0.85f' A,

P, = m?(El ;) /(KL)?
El;; = E I, + C3E,I,

C:=0.6+2 A4 <0.9
LA VI N e

A_= area de concreto

A= area de la seccién de acero

E.= modulo de elasticidad del concreto

E.= modulo de elasticidad del acero

F = limite fluencia del acero

f' = resistencia a la compresion del concreto
|_=momento de inercia de la seccion de concreto
| =momento de inercia de la seccion de acero
K = factor de longitud efectiva

L = longitud no arriostrada del elemento

P = resistencia de disefio a compresion

P_= carga critica de pandeo elastico

= rigidez efectiva de la seccién compuesta
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i) para secciones compactas

P =Py
Donde

PM -_— Fyd’ +62f'c14c

C, =0.85 para secciones rectangulares y 0.95 para secciones redondas.

ii) para secciones no compactas

P,—-P
Pno =P _#(1_%)2
T (e -2p)°
Donde

Py, =F,A; +0.7f' A,
iii) para secciones esbeltas
Ppo = FepAs + 0.7 A,

donde
a) para secciones rectangulares rellenas de concreto

b) para secciones redondas rellenas de concreto

“=

0.72F,
. mﬁ

B
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Diametro Nominal / Diametro (mm)

TUBO REDONDO HR ESTRUCTURAL FANALCA
COLUMNAS RELLENAS DE CONCRETO

RESISTENCIA A COMPRESION SECCION COMPUESTA
¢P, (kg) donde ¢ =0.75

Fanalca =

f'c=3 ksi (2.1 kgf/mm?)
Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

ESPESOR (mm) 3.00 4.00 5.00 6.00 3.00 4.00 4.50 5.00 6.00 4.00 6.00 5.00 9.00 10.00
PESO (kg/m) 8.23 10.88 13.48 16.03 9.17 12.13 13.59 15.04 17.90 16.21 24.02 26.4 58.62 77.41

0 41,496 49,876 58,100 66,168 48,088 57,460 62,088 66,676 75,735 84,738 109,460 140,238 | 273,590 | 368,892

100 41,473 49,850 58,069 66,132 48,067 57,435 62,061 66,647 75,703 84,716 109,434 140,216 | 273,564 | 368,867

200 41,406 49,770 57,977 66,027 48,003 57,361 61,981 66,562 75,605 84,652 109,353 140,153 | 273,488 | 368,793

300 41,293 49,638 57,824 65,851 47,896 57,236 61,848 66,420 75,443 84,545 109,219 140,048 | 273,360 | 368,670

400 41,136 49,454 57,610 65,605 47,747 57,063 61,662 66,221 75,216 84,395 109,032 139,900 | 273,181 368,498

500 40,935 49,218 57,335 65,291 47,555 56,841 61,424 65,966 74,925 84,202 108,792 139,711 272,951 368,277

600 40,691 48,931 57,002 64,909 47,323 56,570 61,134 65,656 74,572 83,968 108,499 139,480 | 272,671 368,006

700 40,405 48,594 56,611 64,460 47,049 56,252 60,793 65,292 74,156 83,691 108,155 139,208 | 272,340 | 367,687

800 40,076 48,208 56,163 63,946 46,736 55,888 60,402 64,874 73,679 83,373 107,758 138,894 | 271,958 | 367,319

900 39,707 47,775 55,659 63,369 46,383 55,478 59,962 64,403 73,142 83,014 107,310 138,539 | 271,526 | 366,902

1,000 39,299 47,295 55,102 62,730 45,992 55,022 59,474 63,881 72,547 82,615 106,812 138,144 | 271,044 | 366,437

’é‘ 1,100 38,853 46,770 54,492 62,031 45,563 54,524 58,939 63,310 71,894 82,176 106,264 137,708 | 270,513 | 365,924

£ 1,200 38,370 46,202 53,832 61,274 45,099 53,983 58,359 62,689 71,186 81,698 105,667 137,233 | 269,932 | 365,362

- 1,300 37,851 45,592 53,124 60,463 44,599 53,401 57,734 62,022 70,425 81,182 105,022 136,718 | 269,302 | 364,753

| 1,400 37,299 44,943 52,370 59,598 44,065 52,780 57,068 61,309 69,612 80,627 104,330 136,164 | 268,623 | 364,096

X 1,500 36,716 44 255 51,571 58,683 43,500 52,120 56,360 60,552 68,748 80,036 103,592 135571 | 267,896 | 363,391

© 1,600 36,102 43,532 50,731 57,720 42,903 51,424 55,614 59,754 67,838 79,409 102,808 134,941 | 267,121 362,640

2 1,700 35,459 42775 49,852 56,713 42,276 50,694 54,830 58,916 66,882 78,747 101,980 134272 | 266,298 | 361,842

© 1,800 34,791 41,987 48,936 55,664 41,622 49,931 54,011 58,039 65,882 78,051 101,110 133,567 | 265,428 | 360,997

Q@ 1,900 34,097 41,170 47,986 54,576 40,941 49,136 53,158 57,127 64,842 77,322 100,198 132,826 | 264,512 | 360,106

L 2,000 33,382 40,325 47,005 53,452 40,235 48,312 52,274 56,181 63,763 76,561 99,245 132,049 | 263,549 | 359,170

o 2,100 32,645 39,456 45,995 52,295 39,507 47,461 51,360 55,204 62,648 75,768 98,254 131,238 | 262,541 358,188

2 2,200 31,891 38,565 44,959 51,109 38,757 46,585 50,419 54,196 61,500 74,946 97,225 130,392 | 261,488 | 357,161

> 2,300 31,119 37,653 43,900 49,897 37,987 45,685 49,452 53,162 60,321 74,096 96,159 129,512 | 260,390 | 356,089

c 2,400 30,334 36,725 42,820 48,661 37,200 44,763 48,462 52,103 59,113 73,217 95,058 128,600 | 259,249 | 354,974

o 2,500 29,536 35,781 41,723 47 406 36,396 43,822 47 452 51,021 57,880 72,313 93,924 127,655 | 258,064 | 353,814

= 2,600 28,728 34,824 40,611 46,133 35,578 42,864 46,422 49,919 56,624 71,383 92,758 126,680 | 256,837 | 352,611

2,700 27,911 33,857 39,486 44 847 34,747 41,891 45,376 48,799 55,348 70,430 91,562 125,674 | 255567 | 351,366

2,800 27,089 32,882 38,352 43,550 33,906 40,904 44,315 47,664 54,054 69,454 90,337 124,639 | 254,257 | 350,078

2,900 26,262 31,901 37,211 42,246 33,055 39,905 43,242 46,514 52,745 68,457 89,085 123,575 | 252,906 | 348,748

3,000 25,432 30,916 36,066 40,936 32,197 38,897 42,158 45,354 51,423 67,440 87,807 122,483 | 251,515 | 347,377

3,100 24,602 29,930 34,919 39,626 31,334 37,882 41,066 44,185 50,091 66,404 86,505 121,365 | 250,085 | 345,965

3,200 23,773 28,944 33,773 38,316 30,466 36,862 39,968 43,009 48,751 65,351 85,180 120,220 | 248,616 | 344,512

3,300 22,947 27,962 32,630 37,010 29,596 35,837 38,866 41,829 47,407 64,282 83,835 119,051 247,110 | 343,020

3,400 22,126 26,984 31,492 35,710 28,725 34,811 37,762 40,646 46,060 63,199 82,470 117,857 | 245567 | 341,489

3,500 21,311 26,012 30,361 34,420 27,855 33,786 36,658 39,463 44,713 62,102 81,088 116,640 | 243,989 | 339,920

3,600 20,503 25,049 29,241 33,140 26,988 32,762 35,555 38,281 43,368 60,993 79,691 115,401 242375 | 338,312

3,700 19,705 24,096 28,131 31,874 26,124 31,741 34,456 37,103 42,027 59,874 78,278 114,141 240,726 | 336,667

3,800 18,917 23,154 27,035 30,624 25,265 30,726 33,363 35,930 40,693 58,746 76,854 112,861 239,045 | 334,985

3,900 18,141 22,226 25,955 29,391 24,412 29,717 32,276 34,765 39,367 57,609 75,418 111,561 237,330 | 333,267

4,000 17,378 21,312 24,891 28,178 23,568 28,716 31,197 33,609 38,052 56,466 73,973 110,243 | 235584 | 331,514

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
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Diametro Nominal / Diametro (mm)

TUBO REDONDO HR ESTRUCTURAL FANALCA
COLUMNAS RELLENAS DE CONCRETO

RESISTENCIA A COMPRESION SECCION COMPUESTA
¢ P (kg) donde ¢ =0.75

6

Fanalca =

9

f'c=3 ksi (2.1 kgf/mm?)
Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

ESPESOR (mm) 3.00 4.00 5.00 6.00 3.00 4.00 4.50 5.00 6.00 4.00 6.00 5.00 9.00 10.00
PESO (kg/m) 8.23 10.88 13.48 16.03 9.17 12.13 13.59 15.04 17.90 16.21 24.02 26.4 58.62 77.41
4,100 16,629 | 20414 | 23,845 | 26987 | 22,732 | 27,725 | 30,129 | 32,463 | 36,749 | 55318 | 72,520 | 108,909 | 233,807 | 329,726
4,200 15873 | 19,533 | 22,820 | 25818 | 21,906 | 26,746 | 29,072 | 31,330 | 35460 | 54,1656 | 71,060 | 107,557 | 232,000 | 327,904
4,300 15144 | 18,632 | 21,771 | 24,621 21,092 | 25778 | 28,029 | 30210 | 34,187 | 53,000 | 69,596 | 106,191 | 230,164 | 326,048
4,400 14,463 | 17,795 | 20,793 | 23,514 | 20,290 | 24,824 | 26,999 | 29,106 | 32,931 51,852 | 68,129 | 104,811 | 228,300 | 324,159
4,500 13,827 | 17,013 | 19,879 | 22,481 19,500 | 23,884 | 25985 | 28,017 | 31,694 | 50695 | 66,660 | 103,417 | 226408 | 322239
4,600 13,233 | 16,281 19,024 | 21514 | 18,715 | 22,960 | 24,988 | 26,947 | 30477 | 49,538 | 65191 | 102,011 | 224491 | 320,287
4,700 12,676 | 15596 | 18,223 | 20,608 | 17,928 | 22,025 | 23,986 | 25877 | 29,255 | 48382 | 63,723 | 100,594 | 222,548 | 318,304
4,800 12,153 | 14,953 | 17,472 | 19,769 | 17,188 | 21,117 | 22,997 | 24,810 | 28,048 | 47,230 | 62,257 | 99,167 | 220580 | 316,291
4,900 11,662 14,349 | 16,766 | 18,960 | 16494 | 20,264 | 22,068 | 23,808 | 26,915 | 46,082 | 60,796 | 97,731 | 218,589 | 314,249
5,000 11,200 13,781 16,102 | 18,210 | 15,841 19461 | 21,194 | 22,865 | 25849 | 44,939 | 59,339 | 96,286 | 216,576 | 312,179
5,100 10,765 | 13,245 | 15477 | 17,502 15226 | 18,705 | 20,371 | 21,977 | 24,846 | 43802 | 57,889 | 94,835 | 214,540 | 310,080
5,200 10,355 | 12,741 14,887 | 16,836 | 14,646 | 17,093 | 19,595 | 21,140 | 23899 | 42,673 | 56447 | 93,377 | 212,485 | 307,955
— 5,300 9,968 12,265 | 14,331 | 16,206 | 14,098 | 17,320 | 18,862 | 20,350 | 23,006 | 41,551 | 55014 | 91,914 | 210,409 | 305804
£ 5,400 9,602 11,8156 | 13,805 | 15612 13,581 16,685 | 18,170 | 19,603 | 22,162 | 40,438 | 53,501 90,447 | 208315 | 303,627
(S 5,500 9,256 11,389_| 13,307 | 15049 | 13,092 | 16,084 | 17,516 | 18,897 | 21,363 | 39,335 | 52,180 | 88,976 | 206,204 | 301,425
=~ 5,600 8,929 10,986 | 12,836 | 14,517 | 12,628 | 15514 | 16,896 | 18,228 | 20,607 | 38,243 | 50,780 | 87,503 | 204,075 | 299,199
2' 5,700 8,618 10,604 | 12,390 | 14,012 12,189 | 14975 | 16,308 | 17,594 | 19,890 | 37,162 | 49,394 | 86,028 | 201,931 | 296,950
© 5,800 1,772 | 14463 | 15750 | 16,992 | 19,210 | 36,093 | 48,022 | 84,553 | 199,772 | 294,679
S 5,900 1,377 | 13977 | 15,221 16,421 | 18,565 | 35038 | 46,666 | 83,078 | 197,599 | 292,386
= 6,000 11,001 13,515 | 14,718 | 15879 | 17,951 33,996 | 45325 | 81,604 | 195413 | 290,071
o 6,100 10,643 | 13075 | 14239 | 15362 | 17,367 | 32949 | 44,002 | 80133 | 193215 | 287,737
b 6,200 10,302 | 12657 | 13,784 | 14,871 16,811 31,895 | 42,696 | 78,664 | 191,006 | 285384
- 6,300 9,978 12,258 | 13350 | 14402 | 16,282 | 30,890 | 41,334 | 77,199 | 188,788 | 283,012
3 6,400 29,932 | 40052 | 75738 | 186,560 | 280,622
= 6,500 29019 | 38,829 | 74,283 | 184,324 | 278,215
= 6,600 28146 | 37,662 | 72,834 | 182,080 | 275792
o 6,700 27,312 | 36,546 | 71,391 | 179,830 | 273,354
- 6,800 26515 | 35479 | 69,956 | 177,575 | 270,901
6,900 25752 | 34458 | 68530 | 175316 | 268434
7,000 25021 | 33480 | 67,112 | 173,053 | 265954
7,100 24321 | 32544 | 65703 | 170,787 | 263462
7,200 23650 | 31646 | 64,305 | 168,519 | 260,959
7,300 23,007 | 30,785 | 62,918 | 166,250 | 258444
7,400 22,389 | 29959 | 61542 | 163,981 | 255920
7,500 21,796 | 29,165 | 60,179 | 161,713 | 253,386
7,600 21206 | 28403 | 58827 | 159,447 | 250844
7,700 20,679 | 27,670 | 57,489 | 157,183 | 248,295
7,800 20,152 | 26965 | 56,164 | 154,922 | 245738
7,900 19,645 | 26,287 | 54,854 | 152,665 | 243,176
8,000 19,157 | 25633 | 53478 | 150,412 | 240,608

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
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Fanalca =

f'c=3 ksi (2.1 kgf/mm?)
TUBO CUADRADO HR ESTRUCTURAL FANALCA Fy=50 ksi (35.15 kgf/mm?)

gOLEMI\cleS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION F'65 ksi (45,69 kgf/mm?)
P (kg)- b =075 v

Dimensién Nominal (mm) 90x90 00x100

ESPESOR (mm) 3.00 4.00 5.00 6.00 3.00 4.00 4.50 5.00 6.00
PESO (kg/m) 8.01 10.48 12.84 15.1 8.96 11.73 13.08 14.41 16.98
0 35978 | 43482 | 50,556 | 57,201 41535 | 50,039 | 54,130 | 58,114 | 65,760
100 35955 | 43454 | 50,523 | 57,162 | 41513 | 50,013 | 54,102 | 58,083 | 65724
200 35886 | 43369 | 50422 | 57,044 | 41448 | 49,935 | 54017 | 57,991 | 65617
300 35,771 43,229 | 50,255 | 56,849 | 41,341 49806 | 53,875 | 57,837 | 65438
400 35,611 43,034 | 50,021 | 56,576 | 41,190 | 49625 | 53678 | 57,623 | 65,189
500 35406 | 42,784 | 49,723 | 56,227 | 40998 | 49,394 | 53,425 | 57,348 | 64,870
600 35,158 | 42,481 49,360 | 55804 | 40,764 | 49,112 53,118 | 57,014 | 64482
700 34,866 | 42125 | 48,935 | 55308 | 40489 | 48782 | 52,757 | 56,622 | 64,026
800 34,533 | 41718 | 48,450 | 54,741 40175 | 48,403 | 52343 | 56,173 | 63,505
900 34,159 | 41262 | 47,905 | 54,105 | 39,821 47,978 | 51,879 | 55668 | 62919
1,000 33,745 | 40,758 | 47,304 | 53,404 39,429 | 47,507 | 51,364 | 55110 | 62,270

1,100 33,205 | 40,208 | 46,648 | 52,639 39,001 46,991 50,801 54,499 | 61,561
1,200 32,808 | 39615 | 45940 | 51,814 38,537 | 46433 | 50192 | 53,837 | 60,793
1,300 32,286 | 38979 | 45182 | 50,931 38,039 | 45834 | 49,538 | 53,128 | 59,970
1,400 31,733 | 38304 | 44,379 | 49,995 | 37,509 | 45196 | 48842 | 52372 | 59,094
1,500 31,149 | 37,503 | 43,531 | 49,009 36,947 | 44520 | 48104 | 51572 | 58,166

1,600 30,536 | 36,846 | 42,643 | 47.977 36,356 | 43809 | 47,328 | 50,730 | 57,191

1,700 29,807 | 36,068 | 41,717 | 46,901 35738 | 43065 | 46,516 | 49,849 | 56,171
1,800 29235 | 35261 40,758 | 45,787 35003 | 42289 | 45670 | 48931 | 55109
1,900 28,550 | 34427 | 39,767 | 44,638 34,424 | 41484 | 44792 | 47,979 | 54,008
— 2,000 27,845 | 33570 | 38,749 | 43.458 33,733 | 40652 | 43,885 | 46,996 | 52,872
£ 2,100 27,124 | 32,691 37,707 | 42,251 33,021 39,796 | 42,951 45985 | 51,703
2,200 26,387 | 31,794 | 36,644 | 41,021 32,291 38917 | 41,993 | 44,947 | 50,504
é 2,300 25637 | 30882 | 35564 | 39,772 31,544 | 38018 | 41,013 | 43,886 | 49,280
2,400 24,877 | 29958 | 34,470 | 38,509 30,782 | 37,101 40,015 | 42,804 | 48,033
- 2,500 24,108 | 29,023 | 33365 | 37,234 30,007 | 36169 | 38,999 | 41705 | 46,766
x4 2,600 23,333 | 28,081 32252 | 35952 | 20222 | 35223 | 37,970 | 40,591 | 45483
© 2,700 22554 | 27,135 | 31,135 | 34,667 28,427 | 34267 | 36929 | 39465 | 44,188
> 2,800 21,773 | 26,187 | 30,017 | 33,381 27,625 | 33302 | 35878 | 38,330 | 42,882
- 2,900 20993 | 25239 | 28,901 | 32,099 26,818 | 32330 | 34822 | 37,187 | 41,569
[5] 3,000 20214 | 24294 | 27,789 | 30824 | 26,008 | 31,355 | 33,760 | 36,040 | 40,253
.,,d_’ 3,100 19439 | 23,354 | 26,684 | 29,559 25196 | 30377 | 32,697 | 34,892 | 38936
7] 3,200 18,670 | 22,421 25590 | 28,307 24,383 | 29399 | 31634 | 33744 | 37,621
3,300 17909 | 21,498 | 24,507 | 27,071 23573 | 28423 | 30574 | 32600 | 36,311
© 3,400 17,157 | 20,587 | 23,439 | 25853 | 22,766 | 27,451 29518 | 31,461 | 35008
3 3,500 16415 | 19,688 | 22,388 | 24,657 21,963 | 26485 | 28469 | 30329 | 33715
—_ 3,600 15685 | 18,804 | 21,356 | 23,483 21,167 | 25526 | 27,428 | 29207 | 32435
o 3,700 14968 | 17,937 | 20,344 | 22,334 20,378 | 24576 | 26,397 | 28,097 | 31,169
< 3,800 14,266 | 17,088 | 19,327 | 21,167 19,598 | 23,637 | 25379 | 27,001 | 29,920
3 3,900 13554 | 16,224 | 18,349 | 20,095 18,829 | 22,711 24,374 | 25919 | 28,689
4,000 12,885 | 15423 | 17,443 | 19,103 18,071 21,798 | 23385 | 24,855 | 27.479
4,100 12,264 | 14,680 | 16,602 | 18,182 17,325 | 20,900 | 22,412 | 23809 | 26292

4,200 11,687 13989 | 15,821 17,327 16,593 | 20,018 | 21457 | 22782 | 25,091
4,300 11,150 13,346 | 15,094 | 16,530 15853 | 19,127 | 20,486 | 21,733 | 23938
4,400 10649 | 12,746 | 14,416 | 15787 15140 | 18,267 | 19,565 | 20,756 | 22,862
4,500 10,181 12,186 | 13,782 | 15,094 14475 | 17,464 | 18,705 | 19,844 | 21857
4,600 9,743 11,662 13,189 | 14,444 13852 | 16,713 | 17,901 18,991 | 20917
4,700 9,333 11,171 12,634 | 13,836 13269 | 16,010 | 17,147 | 18191 | 20037
4,800 8,948 10,710 | 12,113 [ 13,266 12,722 | 15,349 | 16,440 | 17,441 19,211
4,900 8,586 10278 | 11624 | 12,730 12,208 | 14,729 | 15776 | 16,736 | 18435
5,000 8,246 9,871 11,163 | 12,226 11,725 14,146 | 15,151 16,074 | 17,705
5,100 7,926 9,487 10,730 | 11,751 11,269 13597 | 14,563 | 15449 | 17,017
5,200 7,624 9,126 10,321 11,303 10,840 | 13,079 | 14,008 | 14,861 16.369
5,300 7,339 8,785 9,935 10,881 10435 | 12,590 | 13,485 | 14,305 | 15757
5,400 7,070 8,462 9,571 10,482 10,052 | 12,128 | 12,990 | 13,781 15,179
5,500 6,815 8,158 9,226 10,104 9,690 11,691 12522 | 13,284 | 14,632
5,600 6,574 7,869 8,899 9,746 9,347 11,277 12,079 | 12,814 | 14,114
5,700 6,345 7,595 8,590 9,407 9,022 10,885 | 11,658 12,368 | 13623
5,800 6.128 7,335 8,296 9,086 8,713 10,513 | 11,260 11,945 | 13,157
5,900 5,922 7,089 8,017 8,780 8,420 10,160 | 10,881 11,544 | 12,715
6,000 5,727 6,855 7,752 8,490 8,142 9,824 10522 | 11,162 | 12,295
OTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
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TUBO CUADRADO HR ESTRUCTURAL FANALCA

COLUMNAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION

6P (kg)-b,=0.75

Fanalca =

f'c=3 ksi (2.1 kgf/mm?)
Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Dimension Nominal (mm) 120x120 135x135 150x150 200x200 220x220 250x250 300x300

ESPESOR (mm) 4.00 4.00 6.00 4.00 6.00 5.00 7.00 7.00 9.00 8.00 9.00 10.00 10.00 12.00
PESO (kg/m) 14.14 16.13 23.82 18.12 26.40 30.11 41.43 46.16 58.54 59.93 66.47 73.34 89.04 105.61
0 63,961 75,108 97,834 86,860 112,588 148,485 183,362 208,666 245,828 270,436 291,805 312,744 399,754 450,352
100 63,938 75,086 97,806 86,839 112,562 148,465 183,338 208,643 245,802 270,414 291,781 312,718 399,731 450,326
200 63,868 75,022 97,721 86,779 112,484 148,407 183,267 208,576 245,723 270,346 291,708 312,640 399,661 450,248
300 63,754 74,915 97,581 86,678 112,354 148,310 183,148 208,464 245,591 270,234 291,587 312,510 399,546 450,118
400 63,593 74,765 97,385 86,537 112,173 148,174 182,982 208,308 245,406 270,077 291,418 312,329 399,385 449,936
500 63,387 74,573 97,133 86,357 111,940 147,999 182,768 208,107 245,169 269,875 291,200 312,095 399,178 449,702
600 63,136 74,340 96,827 86,136 111,656 147,785 182,508 207,861 244,879 269,628 290,934 311,810 398,925 449,417
700 62,841 74,064 96,465 85,876 111,322 147,534 182,201 207,571 244,538 269,337 290,621 311,473 398,626 449,080

800 62,502 73,748 96,050 85,578 110,937 147,244 181,847 207,238 244,144 269,002 290,259 311,085 398,281 448,691
—_ 900 62,121 73,391 95,582 85,240 110,502 146,916 181,446 206,860 243,698 268,622 289,850 310,646 397,891 448,252
E 1,000 61,697 72,993 95,061 84,865 110,019 146,550 181,000 206,439 243,202 268,199 289,393 310,156 397,456 447,760
E 1,100 61,232 72,557 94,489 84,452 109,487 146,147 180,507 205,974 242,653 267,731 288,889 309,615 396,975 447,218
- 1,200 60,726 72,082 93,867 84,002 108,907 145,707 179,970 205,466 242,055 267,220 288,339 309,024 396,449 446,625
| 1,300 60,182 71,570 93,194 83,515 108,280 145,230 179,387 204,916 241,406 266,666 287,741 308,383 395,878 445,981
N 1,400 59,599 71,020 92,474 82,993 107,608 144,716 178,761 204,323 240,706 266,068 287,097 307,692 395,262 445,287
1,500 58,980 70,434 91,706 82,436 106,890 144,167 178,090 203,689 239,958 265,428 286,407 306,951 394,602 444,542
g 1,600 58,325 69,814 90,893 81,844 106,128 143,582 177,375 203,012 239,160 264,745 285,671 306,161 393,897 443,747
] 1,700 57,635 69,159 90,034 81,219 105,322 142,961 176,618 202,295 238,314 264,020 284,890 305,323 393,148 442,903
[S) 1,800 56,913 68,471 89,133 80,561 104,475 142,307 175,818 201,536 237,419 263,254 284,064 304,436 392,356 442,010
“d_) 1,900 56,159 67,752 88,190 79,872 103,586 141,618 174,977 200,738 236,478 262,446 283,193 303,502 391,520 441,067
11] 2,000 55,375 67,001 87,207 79,151 102,658 140,895 174,094 199,900 235,489 261,597 282,278 302,520 390,640 440,075
Lo} 2,100 54,563 66,222 86,185 78,401 101,691 140,139 173,171 199,022 234,454 260,707 281,319 301,491 389,718 439,035
- 2,200 53,724 65,414 85,126 77,621 100,686 139,351 172,208 198,106 233,374 259,778 280,317 300,415 388,753 437,947
= 2,300 52,860 64,579 84,032 76,814 99,646 138,531 171,206 197,152 232,248 258,808 279,272 299,294 387,746 436,811
(=] 2,400 51,973 63,718 82,905 75,980 98,571 137,679 170,166 196,160 231,079 257,800 278,185 298,127 386,697 435,628
g 2,500 51,063 62,833 81,745 75,120 97,462 136,797 169,088 195,132 229,865 256,752 277,056 296,916 385,606 434,398
=1 2,600 50,133 61,924 80,555 74,235 96,321 135,885 167,974 194,067 228,609 255,667 275,886 295,660 384,474 433,121
2,700 49,185 60,994 79,337 73,326 95,150 134,944 166,823 192,966 227,312 254,544 274,675 294,361 383,301 431,799
2,800 48,220 60,044 78,093 72,395 93,950 133,974 165,638 191,831 225,973 253,383 273,425 293,018 382,087 430,430
2,900 47,240 59,075 76,824 71,443 92,722 132,976 164,418 190,661 224,593 252,186 272,134 291,634 380,834 429,017
3,000 46,246 58,088 75,532 70,470 91,468 131,951 163,165 189,458 223,174 250,953 270,805 290,207 379,540 427,559
3,100 45,240 57,085 74,219 69,479 90,189 130,899 161,880 188,222 221,717 249,685 269,438 288,740 378,208 426,056
3,200 44,225 56,067 72,887 68,469 88,887 129,822 160,563 186,954 220,221 248,381 268,033 287,232 376,837 424,510

3,300 43,201 55,036 71,537 67,443 87,563 128,719 159,215 185,655 218,689 247,043 266,591 285,685 375,427 422,921
3,400 42,171 53,994 70,173 66,401 86,219 127,593 157,838 184,325 217,121 245,672 265,113 284,099 373,980 421,289
3,500 41,135 52,940 68,795 65,345 84,857 126,444 156,432 182,966 215,517 244,268 263,599 282,475 372,495 419,614
3,600 40,096 51,878 67,405 64,276 83,477 125,271 154,999 181,577 213,880 242,831 262,051 280,813 370,974 417,899
3,700 39,055 50,808 66,005 63,195 82,082 124,078 153,538 180,161 212,209 241,363 260,468 279,114 369,416 416,142
3,800 38,014 49,731 64,597 62,103 80,674 122,863 152,052 178,717 210,506 239,864 258,852 277,380 367,822 414,345
3,900 36,974 48,650 63,183 61,002 79,252 121,628 150,542 177,246 208,772 238,334 257,203 275,611 366,192 412,508

4,000 35,936 47,565 61,764 59,893 77,820 120,374 149,008 175,750 207,008 236,775 255,523 273,808 364,528 410,631
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TUBO CUADRADO HR ESTRUCTURAL FANALCA

COLUMNAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION
¢ P, (k) - b, =0.75

Fanalca =

f'c=3 ksi (2.1 kgf/mm?)
Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Dimensién Nominal (mm) 120x120 135x135 150x150 200x200 220x220 250x250 300x300
ESPESOR (mm) 4.00 4.00 6.00 4.00 6.00 5.00 7.00 7.00 9.00 8.00 9.00 10.00 10.00 12.00
PESO (kg/m) 14.14 16.13 23.82 18.12 26.40 30.11 41.43 46.16 58.54 59.93 66.47 73.34 89.04 105.61
4,100 34,902 46,477 60,343 58,776 76,379 119,102 147,451 174,229 205,215 235,187 253,811 271,971 362,830 408,716
4,200 33,874 45,389 58,920 57,654 74,929 117,812 145,872 172,685 203,393 233,571 252,069 270,101 361,098 406,763
4,300 32,852 44,301 57,498 56,526 73,473 116,506 144,274 171,117 201,544 231,928 250,297 268,200 359,333 404,773
4,400 31,838 43,214 56,078 55,395 72,013 115,184 142,655 169,527 199,670 230,257 248,497 266,268 357,535 402,746
4,500 30,833 42,130 54,661 54,261 70,548 113,847 141,018 167,916 197,770 228,561 246,668 264,306 355,705 400,683
4,600 29,839 41,049 53,250 53,126 69,082 112,496 139,364 166,285 195,846 226,840 244,812 262,315 353,844 398,584
4,700 28,856 39,973 51,845 51,991 67,615 111,132 137,694 164,634 193,899 225,094 242,930 260,296 351,952 396,451
4,800 27,884 38,904 50,448 50,856 66,148 109,756 136,008 162,964 191,930 223,324 241,023 258,249 350,029 394,283
4,900 26,927 37,841 49,061 49,722 64,683 108,368 134,308 161,277 189,941 221,532 239,090 256,176 348,077 392,082
5,000 25,983 36,786 47,685 48,592 63,222 106,970 132,595 159,673 187,932 219,717 237,134 254,077 346,096 389,849
5,100 25,054 35,741 46,320 47,465 61,765 105,562 130,870 157,853 185,904 217,881 235,155 251,953 344,087 387,583
. 5,200 24,097 34,705 44,969 46,342 60,314 104,146 129,134 156,118 183,858 216,025 233,154 249,806 342,050 385,286
E 5,300 23,196 33,680 43,632 45,226 58,870 102,721 127,387 154,369 181,796 214,149 231,131 247,636 339,985 382,958
E 5,400 22,345 32,667 42,310 44,115 57,433 101,289 125,632 152,607 179,718 212,253 229,088 245,443 337,894 380,601
-— 5,500 21,539 31,666 41,005 43,012 56,006 99,851 123,869 150,833 177,626 210,340 227,025 243,230 335,778 378,215
i | 5,600 20,777 30,678 39,717 41,917 54,590 98,408 122,099 149,047 175,521 208,409 224,943 240,997 333,636 375,800
e 5,700 20,054 29,704 38,448 40,831 53,184 96,960 120,323 147,251 173,403 206,462 222,844 238,745 331,469 373,357
5,800 19,369 28,704 37,136 39,754 51,791 95,508 118,542 145,445 171,274 204,499 220,727 236,474 329,279 370,887
g 5,900 18,718 27,739 35,888 38,688 50,411 94,054 116,757 143,631 169,135 202,521 218,595 234,186 327,065 368,392
- 6,000 18,099 26,822 34,701 37,633 49,045 92,597 114,970 141,808 166,987 200,528 216,447 231,881 324,829 365,870
8 6,100 17,511 25,950 33,573 36,590 47,694 91,139 113,180 139,979 164,830 198,523 214,284 229,562 322,571 363,325
Y 6,200 16,950 25,120 32,499 35,559 46,359 89,680 111,389 138,144 162,667 196,504 212,108 227,227 320,292 360,755
[TF] 6,300 16,416 24,329 31,475 34,541 45,040 88,222 109,598 136,304 160,497 194,474 209,919 224,879 317,992 358,162
© 6,400 15,907 23,574 30,499 33,503 43,710 86,764 107,808 134,459 158,322 192,433 207,719 222,518 315,672 355,546
3 6,500 15,422 22,855 29,568 32,480 42,375 85,308 106,020 132,611 156,143 190,382 205,507 220,146 313,333 352,909
.a 6,600 14,958 22,167 28,679 31,504 41,101 83,855 104,234 130,760 153,961 188,321 203,285 217,762 310,975 350,252
= 6,700 14,515 21,510 27,829 30,570 39,883 82,405 102,452 128,907 151,777 186,252 201,054 215,369 308,600 347,574
3 6,800 14,091 20,882 27,017 29,678 38,719 80,958 100,674 127,054 149,592 184,175 198,814 212,966 306,208 344,876
6,900 13,686 20,282 26,239 28,824 37,605 79,516 98,902 125,200 147,407 182,090 196,566 210,555 303,798 342,161
7,000 13,297 19,706 25,495 28,006 36,538 78,080 97,135 123,346 145,222 180,000 194,312 208,137 301,374 339,427
7,100 12,925 19,155 24,782 27,223 35,516 76,649 95,375 121,494 143,039 177,903 192,052 205,712 298,934 336,676
7,200 12,569 18,627 24,098 26,472 34,536 75,225 93,623 119,645 140,859 175,802 189,786 203,282 296,479 333,909
7,300 12,227 18,120 23,443 25,752 33,597 73,807 91,880 117,798 138,682 173,697 187,516 200,848 294,011 331,127
7,400 11,899 17,633 22,813 25,060 32,695 72,398 90,145 115,954 136,509 171,589 185,243 198,409 291,530 328,330
7,500 11,583 17,166 22,209 24,396 31,829 70,996 88,420 114,115 134,341 169,478 182,966 195,968 289,036 325,519
7,600 11,281 16,718 21,628 23,759 30,997 69,604 86,706 112,281 132,180 167,365 180,688 193,524 286,531 322,695
7,700 10,990 16,286 21,070 23,146 30,197 68,221 85,002 110,453 130,025 165,251 178,408 191,079 284,015 319,858
7,800 10,710 15,871 20,533 22,556 29,427 66,848 83,311 108,631 127,878 163,137 176,128 188,634 281,488 317,010
7,900 10,440 15,472 20,017 21,988 28,687 65,485 81,632 106,817 125,739 161,023 173,849 186,189 278,952 314,150
8,000 10,181 15,088 19,520 21,442 27,974 64,134 79,966 105,010 123,610 158,910 171,570 183,745 276,406 311,281

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
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TUBO RECTANGULAR HR ESTRUCTURAL FANALCA

COLUMNAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION

oP_(kg) - b = 0.75

Fanalca =

Dimensién Nominal (mm) 150x100 200x100 250x100 250x150 300x100 350x150 400x200
ESPESOR (mm) 4.00 6.00 4.00 6.00 5.00 5.00 5.00 7.00 7.00 9.00
PESO (kg/m) 14.87 21.69 18.01 26.40 26.35 30.11 30.11 41.10 52.42 80.60

0 66,769 87,493 83,498 109,227 115,809 145,124 135,040 169,917 235,193 360,366

100 66,736 87,450 83,459 109,176 115,756 145,093 134,980 169,841 235,146 360,324

200 66,639 87,320 83,343 109,022 115,600 145,000 134,801 169,613 235,003 360,198

300 66,478 87,105 83,149 108,767 115,339 144,844 134,504 169,234 234,765 359,989

400 66,253 86,803 82,877 108,410 114,976 144,627 134,088 168,704 234,433 359,697

500 65,964 86,417 82,530 107,954 114,510 144,349 133,555 168,026 234,006 359,321

600 65,613 85,948 82,108 107,398 113,943 144,009 132,907 167,201 233,485 358,862

700 65,201 85,397 81,611 106,746 113,276 143,609 132,145 166,230 232,872 358,320

800 64,728 84,765 81,042 105,998 112,512 143,149 131,271 165,118 232,166 357,696

900 64,197 84,055 80,402 105,156 111,652 142,629 130,287 163,866 231,368 356,990

1,000 63,608 83,268 79,693 104,223 110,699 142,050 129,197 162,478 230,480 356,203

= 1,100 62,964 82,407 78,916 103,202 109,655 141,412 128,003 160,958 229,502 355,335

€ 1,200 62,265 81,474 78,074 102,095 108,523 140,718 126,707 159,309 228,436 354,387

g 1,300 61,515 80,472 77,169 100,905 107,306 139,967 125,314 157,536 227,283 353,359

| 1,400 60,715 79,404 76,203 99,636 106,006 139,160 123,826 155,644 226,044 352,253

X 1,500 59,867 78,272 75,179 98,290 104,628 138,299 122,248 153,636 224,720 351,068

© 1,600 58,974 77,080 74,099 96,872 103,175 137,384 120,583 151,519 223,314 349,806

2 1,700 58,038 75,832 72,968 95,384 101,650 136,416 118,835 149,297 221,828 348,467

t; 1,800 57,061 74,529 71,786 93,832 100,057 135,398 117,010 146,976 220,261 347,053

“G_J 1,900 56,046 73,177 70,558 92,218 98,400 134,330 115,110 144,562 218,618 345,564

L 2,000 54,996 71,777 69,286 90,547 96,684 133,213 113,142 142,060 216,898 344,002

T 2,100 53,914 70,335 67,973 88,822 94,912 132,048 111,108 139,476 215,105 342,367

B 2,200 52,801 68,854 66,623 87,049 93,088 130,838 109,015 136,817 213,241 340,661

5-) 2,300 51,661 67,338 65,239 85,232 91,217 129,584 106,867 134,089 211,307 338,885

= 2,400 50,497 65,789 63,824 83,374 89,303 128,286 104,668 131,297 209,306 337,039

3 2,500 49,311 64,213 62,382 81,480 87,350 126,948 102,424 128,448 207,240 335,126

2,600 48,107 62,612 60,915 79,555 85,362 125,569 100,139 125,549 205,111 333,146

2,700 46,886 60,991 59,428 77,602 83,345 124,152 97,819 122,605 202,922 331,101

2,800 45,652 59,353 57,923 75,626 81,302 122,699 95,468 119,623 200,676 328,992

2,900 44,408 57,702 56,403 73,632 79,238 121,211 93,091 116,610 198,373 326,821

3,000 43,155 56,041 54,872 71,623 77,156 119,689 90,693 113,570 196,018 324,588

3,100 41,897 54,374 53,332 69,603 75,061 118,136 88,279 110,511 193,612 322,296

3,200 40,637 52,705 51,788 67,577 72,958 116,553 85,853 107,438 191,158 319,946

3,300 39,376 51,036 50,241 65,548 70,849 114,943 83,419 104,357 188,659 317,539

3,400 38,117 49,371 48,695 63,521 68,739 113,306 80,983 101,273 186,118 315,077

3,500 36,863 47,713 47,153 61,499 66,632 111,644 78,549 98,193 183,536 312,561

3,600 35,615 46,066 45,617 59,485 64,531 109,960 76,121 95,121 180,917 309,993

3,700 34,376 44,431 44,089 57,483 62,440 108,255 73,702 92,063 178,263 307,375

3,800 33,149 42,812 42,574 55,497 60,362 106,530 71,297 89,023 175,577 304,709

3,900 31,934 41,211 41,071 53,529 58,301 104,788 68,910 86,007 172,861 301,995

4,000 30,733 39,630 39,585 51,582 56,259 103,031 66,543 83,018 170,118 299,236
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f'c=3 ksi (2.1 kgf/mm?)
Fy:50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)




TUBO RECTANGULAR HR ESTRUCTURAL FANALCA

COLUMNAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION

oP (kg) - b = 0.75

Fanalca =

Dimension Nominal (mm) 150x100 200x100 250x100  250x150 300x100 350x150  400x200
ESPESOR (mm) 4.00 6.00 4.00 6.00 5.00 5.00 5.00 7.00 7.00 9.00
PESO (kg/m) 14.87 21.69 18.01 26.40 26.35 30.11 30.11 41.10 52.42 80.60

4,100 29,550 38,073 38,118 49,660 54,240 101,260 64,201 80,062 167,351 296,433

4,200 28,384 36,540 36,670 47,764 52,246 99,476 61,887 77,142 164,563 293,588

4,300 27,238 35,035 35,244 45,898 50,280 97,682 59,603 74,262 161,755 290,703

4,400 26,113 33,514 33,843 44,063 48,345 95,879 57,353 71,425 158,931 287,780

4,500 24,959 32,041 32,447 42,225 46,442 94,070 55,139 68,635 156,093 284,819

4,600 23,885 30,663 31,051 40,409 44,522 92,255 52,964 65,845 153,244 281,824

4,700 22,880 29,372 29,744 38,708 42 647 90,436 50,731 63,073 150,386 278,795

4,800 21,936 28,161 28,517 37,112 40,889 88,615 48,639 60,473 147,521 275,735

4,900 21,050 27,023 27,365 35,612 39,237 86,794 46,674 58,029 144,652 272,645

5,000 20,216 25,953 26,282 34,202 37,683 84,974 44,826 55,731 141,782 269,527

5,100 19,431 24,945 25,261 32,874 36,220 83,156 43,085 53,567 138,913 266,383

5,200 18,691 23,995 24,299 31,622 34,840 81,342 41,444 51,627 136,046 263,214

5,300 17,993 23,098 23,391 30,440 33,538 79,534 39,895 49,601 133,185 260,023

E 5,400 17,332 22,251 22,532 29,323 32,307 77,733 38,431 47,781 130,331 256,811
£ 5,500 16,708 21,449 21,720 28,266 31,143 75,940 37,046 46,059 127,486 253,579
- 5,600 16,116 20,690 20,952 27,266 30,041 74,156 35,735 44,429 124,653 250,330
- 5,700 15,556 19,970 20,223 26,317 28,996 72,384 34,492 42,884 121,834 247,065
X 5,800 15,024 19,288 19,532 25,418 28,005 70,623 33,313 41,418 119,030 243,786
© 5,900 14,519 18,639 18,875 24,563 27,064 68,876 32,193 40,025 116,244 240,494
-E 6,000 14,039 18,023 18,251 23,751 26,169 67,143 31,129 38,702 113,477 237,192
8 6,100 13,583 17,437 17,658 22,979 25,318 65,426 30,117 37,444 110,731 233,881
Hu] 6,200 13,148 16,879 17,093 22,244 24,508 63,726 29,153 36,246 108,008 230,563
- 6,300 12,734 16,348 16,554 21,543 23,736 62,043 28,235 35,104 105,309 227,239
s 6,400 12,339 15,841 16,041 20,875 23,000 60,379 27,360 34,016 102,636 223,911
'E-, 6,500 11,962 15,357 15,551 20,238 22,298 58,734 26,524 32,977 99,990 220,580
c 6,600 11,603 14,895 15,084 19,629 21,627 57,110 25,727 31,985 97,373 217,248
3 6,700 11,259 14,454 14,637 19,048 20,986 55,427 24,964 31,038 94,786 213,917
6,800 10,930 14,032 14,209 18,492 20,374 53,809 24,235 30,132 92,231 210,588

6,900 10,616 13,628 13,801 17,959 19,787 52,260 23,538 29,265 89,570 207,263

7,000 10,315 13,241 13,409 17,450 19,226 50,778 22,870 28,434 87,030 203,942

7,100 10,026 12,871 13,034 16,962 18,688 49,358 22,231 27,639 84,595 200,629

7,200 9,749 12,516 12,674 16,494 18,173 47,996 21,617 26,877 82,262 197,323

7,300 9,484 12,176 12,330 16,045 17,678 46,690 21,029 26,145 80,023 194,027

7,400 9,230 11,849 11,999 15,615 17,204 45,437 20,465 25,444 77,875 190,741

7,500 8,985 11,535 11,681 15,201 16,748 44,233 19,923 24,770 75,812 187,468

7,600 8,750 11,233 11,375 14,804 16,310 43,077 19,402 24,122 73,830 184,208

7,700 8,524 10,943 11,082 14,422 15,889 41,965 18,901 23,500 71,925 180,962

7,800 8,307 10,665 10,800 14,054 15,485 40,896 18,420 22,901 70,093 177,733

7,900 8,098 10,396 10,528 13,701 15,095 39,867 17,956 22,325 68,330 174,520

8,000 7,897 10,266 13,360 14,720 38,877 17,510 21,770 66,632 171,326

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL=KXLX/(rX/ry).
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f'c=3 ksi (2.1 kgf/mm?)
Fy:SO ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)




TUBO REDONDO HR ESTRUCTURAL FANALCA
COLUMNAS RELLENAS DE CONCRETO

RESISTENCIA A COMPRESION SECCION COMPUESTA
¢ P, (kg) donde ¢ =0.75

Fanalca =

f'c=4 ksi (2.81 kgf/mm?)
Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Diametro Nominal / Diametro (mm) 4/114.3 57 /127 6/168.3 8/219.1 10/273.1 12/323.9
ESPESOR (mm) 3.00 4.00 5.00 6.00 3.00 4.00 4.50 5.00 6.00 4.00 6.00 5.00 9.00 10.00
PESO (kg/m) 8.23 10.88 13.48 16.03 9.17 12.13 13.59 15.04 17.90 16.21 24.02 26.4 58.62 77.41

0 46,110 54,321 62,379 70,285 53,848 63,031 67,565 72,061 80,938 94,844 119,068 | 157,434 | 299,181 | 357,046

100 46,083 54,291 62,345 70,246 53,822 63,002 67,535 72,029 80,902 94,818 119,037 | 157,408 | 299,151 | 357,011

200 46,003 54,199 62,241 70,129 53,745 62,915 67,442 71,931 80,793 94,740 118,945 | 157,332 | 299,062 | 356,907

300 45,869 54,047 62,068 69,934 53,616 62,770 67,289 71,769 80,611 94,610 118,791 157,204 | 298,914 | 356,733

400 45,682 53,835 61,828 69,662 53,435 62,568 67,075 71,543 80,358 94,429 118,575 | 157,025 | 298,706 | 356,490

500 45,442 53,563 61,519 69,315 53,205 62,309 66,801 71,254 80,033 94,197 118,299 | 156,796 | 298,440 | 356,178

600 45,151 53,233 61,144 68,892 52,924 61,994 66,468 70,901 79,638 93,914 117,963 | 156,516 | 298,114 | 355,797

700 44,810 52,845 60,704 68,396 52,595 61,623 66,076 70,487 79,174 93,581 117,567 | 156,186 | 297,730 | 355,347

800 44,420 52,401 60,201 67,828 52,217 61,198 65,626 70,012 78,641 93,198 117,111 155,805 | 297,287 | 354,828

900 43,981 51,902 59,635 67,190 51,792 60,721 65,121 69,478 78,042 92,766 116,596 | 155,376 | 296,786 | 354,242

=y 1,000 43,496 51,351 59,009 66,485 51,321 60,191 64,560 68,885 77,378 92,285 116,024 | 154,897 | 296,228 | 353,587

£ 1,100 42,966 50,748 58,324 65,713 50,806 59,611 63,947 68,237 76,651 91,756 115,395 | 154,369 | 295,611 | 352,865

£ 1,200 42,393 50,096 57,584 64,878 50,247 58,982 63,281 67,533 75,862 91,181 114,710 | 153,794 | 294,937 | 352,076

=~ 1,300 41,779 49,396 56,790 63,983 49,647 58,307 62,565 66,776 75,013 90,560 113,969 | 153,170 | 294,207 | 351,220

2' 1,400 41,126 48,652 55,944 63,030 49,007 57,585 61,802 65,968 74,108 89,893 113,175 | 152,500 | 293,420 | 350,298
1,500 40,436 47,865 55,050 62,022 48,328 56,820 60,992 65,112 73,147 89,183 112,329 | 151,783 | 292,577 | 349,311

g 1,600 39,711 47,038 54,110 60,963 47,614 56,014 60,137 64,208 72,134 88,430 111,430 | 151,021 | 291,679 | 348,259

= 1,700 38,954 46,173 53,127 59,855 46,864 55,168 59,241 63,261 71,072 87,636 110,482 | 150,213 | 290,726 | 347,142

(%] 1,800 38,166 45,273 52,104 58,701 46,083 54,285 58,306 62,270 69,961 86,801 109,485 | 149,361 | 289,718 | 345,961

.,,d_’ 1,900 37,351 44,341 51,044 57,507 45,270 53,367 57,332 61,241 68,807 85,927 108,441 148,466 | 288,657 | 344,717
Ll 2,000 36,510 43,379 49,951 56,273 44,430 52,416 56,324 60,174 67,610 85,015 107,352 | 147,529 | 287,542 | 343,411

ko] 2,100 35,647 42,390 48,826 55,005 43,563 51,435 55,283 59,072 66,375 84,067 106,218 | 146,549 | 286,375 | 342,043

=} 2,200 34,764 41,377 47,673 53,706 42,672 50,425 54,212 57,938 65,103 83,085 105,042 | 145,529 | 285,156 | 340,615

= 2,300 33,863 40,343 46,496 52,380 41,759 49,390 53,114 56,775 63,798 82,068 103,825 | 144,469 | 283,886 | 339,126

g’ 2,400 32,946 39,291 45,298 51,029 40,826 48,331 51,990 55,585 62,464 81,020 102,569 | 143,370 | 282,565 | 337,578

) 2,500 32,018 38,223 44,082 49,658 39,876 47,251 50,844 54,371 61,102 79,942 101,276 | 142,233 | 281,195 | 335,972

-l 2,600 31,079 37,142 42,850 48,270 38,910 46,153 49,678 53,135 59,716 78,834 99,947 141,060 | 279,776 | 334,308

2,700 30,132 36,052 41,607 46,869 37,931 45,039 48,495 51,881 58,309 77,700 98,584 139,850 | 278,309 | 332,588

2,800 29,180 34,954 40,355 45,458 36,942 43,912 47,296 50,611 56,885 76,540 97,190 138,606 | 276,795 | 330,812

2,900 28,226 33,851 39,097 44,040 35,943 42,773 46,086 49,327 55,445 75,356 95,766 137,329 | 275,234 | 328,982

3,000 27,270 32,746 37,837 42,619 34,938 41,625 44,865 48,033 53,992 74,150 94,314 136,019 | 273,628 | 327,098

3,100 26,316 31,642 36,576 41,199 33,929 40,471 43,637 46,730 52,531 72,923 92,836 134,678 | 271,978 | 325,161

3,200 25,366 30,541 35,318 39,781 32,917 39,312 42,404 45,422 51,063 71,677 91,334 133,306 | 270,283 | 323,174

3,300 24,422 29,444 34,066 38,369 31,904 38,151 41,169 44,111 49,592 70,414 89,809 131,906 | 268,546 | 321,135

3,400 23,486 28,356 32,821 36,967 30,893 36,991 39,933 42,798 48,120 69,136 88,265 130,478 | 266,767 | 319,048

3,500 22,559 27,276 31,587 35,576 29,886 35,833 38,699 41,488 46,649 67,843 86,702 129,024 | 264,947 | 316,912

3,600 21,643 26,209 30,365 34,199 28,883 34,679 37,469 40,181 45,183 66,539 85,122 127,544 | 263,088 | 314,730

3,700 20,741 25,155 29,158 32,839 27,887 33,531 36,245 38,881 43,723 65,223 83,528 126,040 | 261,190 | 312,501

3,800 19,852 24,116 27,969 31,498 26,900 32,392 35,029 37,588 42,273 63,899 81,921 124,514 | 259,254 | 310,228

3,900 18,980 23,094 26,797 30,179 25,922 31,262 33,823 36,306 40,834 62,568 80,304 122,966 | 257,281 | 307,912

4,000 18,125 22,090 25,647 28,882 24,957 30,144 32,629 35,036 39,408 61,230 78,678 121,398 | 255,273 | 305,553

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

MANUAL DE DISENO TUBOS ESTRUCTURALES - FANALCA - 33




TUBO REDONDO HR ESTRUCTURAL FANALCA
COLUMNAS RELLENAS DE CONCRETO

RESISTENCIA A COMPRESION SECCION COMPUESTA
¢ P (kg) donde ¢ =0.75

Fanalca =

f'c=4 ksi (2.81 kgf/mm?)
Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Diametro Nominal / Diametro (mm) 4 6 68 8 9 0 9
ESPESOR (mm) 3.00 4.00 5.00 6.00 3.00 4.00 4.50 5.00 6.00 4.00 6.00 5.00 9.00 10.00
PESO (kg/m) 8.23 10.88 13.48 16.03 9.17 12.13 13.59 15.04 17.90 16.21 24.02 26.4 58.62 77.41

4,100 17,253 21,093 24,518 27,611 24,004 29,039 31,449 33,780 37,998 59,889 77,045 119,811 253,230 | 303,153

4,200 16,441 20,100 23,367 26,313 23,065 27,949 30,284 32,540 36,605 58,545 75,407 118,206 | 251,154 | 300,714

4,300 15,685 19,176 22,293 25,103 22,142 26,875 29,135 31,317 35,232 57,199 73,765 116,585 | 249,045 | 298,236

4,400 14,980 18,315 21,291 23,975 21,235 25,818 28,004 30,113 33,880 55,855 72,122 114,949 | 246,905 | 295,721

4,500 14,322 17,510 20,355 22,921 20,308 24,780 26,893 28,929 32,551 54,511 70,478 113,299 | 244,735 | 293,171

4,600 13,706 16,757 19,480 21,936 19,435 23,717 25,764 27,736 31,214 53,171 68,837 111,636 | 242,535 | 290,585

4,700 13,129 16,051 18,660 21,012 18,617 22,718 24,680 26,568 29,899 51,836 67,199 109,962 | 240,308 | 287,967

4,800 12,588 15,389 17,890 20,146 17,849 21,782 23,662 25,473 28,667 50,507 65,566 108,278 | 238,054 | 285,316

4,900 12,079 14,768 17,167 19,332 17,128 20,902 22,706 24,444 27,509 49,184 63,940 106,585 | 235,775 | 282,635

5,000 11,601 14,183 16,488 18,566 16,450 20,074 21,807 23,476 26,419 47,871 62,321 104,885 | 233,470 | 279,924

5,100 11,150 13,632 15,847 17,845 15,811 19,294 20,960 22,564 25,393 46,566 60,712 103,178 | 231,143 | 277,186

— 5,200 10,726 13,113 15,244 17,166 15,209 18,559 20,162 21,705 24,426 45,273 59,114 101,466 | 228,793 | 274,421
E 5,300 10,325 12,623 14,674 16,524 14,640 17,866 19,408 20,893 23,513 43,991 57,529 99,750 226,423 | 271,630
E 5,400 9,946 12,159 14,135 15,918 14,103 17,210 18,696 20,127 22,650 42,723 55,957 98,031 224,032 | 268,816
- 5,500 9,588 11,721 13,626 15,344 13,595 16,590 18,022 19,401 21,834 41,468 54,399 96,310 221,623 | 265,979
| 5,600 9,248 11,306 13,144 14,801 13,113 16,003 17,384 18,715 21,061 40,228 52,858 94,589 219,196 | 263,120
N 5,700 8,927 10,913 12,687 14,286 12,657 15,446 16,780 18,064 20,329 39,004 51,333 92,868 216,753 | 260,242
© 5,800 8,621 10,540 12,253 13,798 12,225 14,918 16,206 17,446 19,634 37,796 49,827 91,149 214,294 | 257,345
> 5,900 8,332 10,186 11,841 13,334 11,814 14,417 15,661 16,860 18,974 36,569 48,340 89,433 211,821 254,431
E= 6,000 8,056 9,849 11,450 12,893 11,423 13,940 15,144 16,303 18,347 35,360 46,873 87,721 209,336 | 251,501
8 6,100 7,794 9,529 11,077 12,474 11,052 13,487 14,651 15,772 17,750 34,210 45,358 86,013 206,838 | 248,556
"'u] 6,200 7,545 9,224 10,723 12,075 10,698 13,055 14,182 15,268 17,182 33,115 43,907 84,312 204,330 | 245,598
6,300 7,307 8,933 10,385 | 11,695 10,361 12,644 | 13,736 | 14,787 | 16,641 32,072 | 42,524 | 82617 | 201,812 | 242,628

'g 6,400 7,087 8,656 10,063 | 11,332 | 10,040 | 12,252 | 13,310 | 14,328 | 16,125 | 31,078 | 41,205 | 80,030 | 199,285 | 239,647
= 6,500 6,864 8,392 9,756 10,986 9,733 11,878 12,903 13,891 15,633 30,129 39,947 79,251 196,751 | 236,657
o) 6,600 6,658 8,140 9,463 10,656 9,441 11,521 12,515 13,473 15,163 29,223 38,746 77,582 194,211 233,658
c 6,700 6,461 7,899 9,182 10,340 9,161 11,179 12,145 13,074 14,713 28,357 37,598 75,924 191,666 | 230,653
3 6,800 6,272 7,668 8,914 10,038 8,894 10,853 11,790 12,692 14,284 27,529 36,500 74,277 189,116 | 227,642
6,900 6,092 7,447 8,658 9,749 8,638 10,541 11,451 12,327 13,873 26,737 35,450 72,642 186,564 | 224,626

7,000 5,919 7,236 8,412 9,473 8,393 10,242 11,126 11,977 13,479 25,979 34,444 71,020 184,009 | 221,608

7,100 5,753 7,034 8,177 9,208 8,158 9,955 10,815 11,642 13,102 25,252 33,481 69,412 181,453 | 218,587

7,200 5,595 6,840 7,951 8,954 7,933 9,681 10,516 11,321 12,741 24,555 32,557 67,818 178,897 | 215,565

7,300 5,442 6,654 7,735 8,710 7,717 9,417 10,230 11,013 12,394 23,887 31,672 66,239 176,343 | 212,544

7,400 5,296 6,475 7,527 8,476 7,510 9,164 9,956 10,717 12,061 23,246 30,821 64,676 173,790 | 209,525

7,500 5,156 6,303 7,328 8,252 7,311 8,922 9,692 10,434 11,742 22,630 30,005 63,129 171,240 | 206,508

7,600 5,021 6,139 7,136 8,036 7,120 8,688 9,439 10,161 11,435 22,039 29,220 61,599 168,694 | 203,495

7,700 4,892 5,980 6,952 6,936 8,464 9,195 9,899 11,140 21,470 28,466 59,996 166,153 | 200,487

7,800 4,767 5,828 6,759 8,249 8,961 9,646 10,856 20,923 27,741 58,468 163,618 | 197,484

7,900 6,589 8,041 8,735 9,404 10,583 20,397 27,043 56,997 161,090 | 194,489

8,000 6,426 7,841 8,518 9,170 10,320 19,890 26,371 55,581 158,569 | 191,503

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
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Fanalca =

f'c=4 ksi (2.81 kgf/mm?)

TUBO CUADRADO HR ESTRUCTURAL FANALCA i F =50 ksi (35.15 kgf/mm?)

gOLlI.(JMl\(IbAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION Fy=65 ksi (45.69 kgf/mm?)
P _(kg)-$,=0.75 u

Dimensién Nominal (mm) 90x90 00x100

ESPESOR (mm) 3.00 4.00 5.00 6.00 3.00 4.00 4.50 5.00 6.00
PESO (kg/m) 8.01 10.48 12.84 15.1 8.96 11.73 13.08 14.41 16.98
0 39,136 46,487 53,412 59,911 45,490 53,825 57,832 61,732 69,213
100 39,109 46,456 53,376 59,868 45,465 53,795 57,800 61,698 69,174
200 39,030 46,362 53,265 59,741 45,390 53,708 57,706 61,596 69,058
300 38,899 46,206 53,082 59,530 45,265 53,562 57,548 61,427 68,863
400 38,715 45,988 52,827 59,236 45,091 53,359 57,328 61,190 68,592
500 38,480 45,710 52,501 58,860 44,868 53,098 57,047 60,887 68,245
600 38,195 45,372 52,105 58,404 44,597 52,782 56,705 60,519 67,824
700 37,862 44,976 51,640 57,869 44,278 52,410 56,303 60,087 67,329
800 37,480 44,524 51,110 57,258 43,914 51,985 55,843 59,592 66,762
900 37,052 44,016 50,515 56,573 43,504 51,506 55,327 59,036 66,126
1,000 36,579 43,456 49,859 55,818 43,051 50,977 54,755 58,420 65,422
1,100 36,064 42,844 49,143 54,994 42,556 50,399 54,130 57,748 64,652
1,200 35,508 42,185 48,371 54,106 42,020 49,773 53,453 57,020 63,820
1,300 34,914 41,480 47,545 53,158 41,445 49,101 52,728 56,239 62,927
1,400 34,283 40,731 46,669 52,152 40,833 48,386 51,955 55,408 61,977
1,500 33,617 39,942 45,747 51,092 40,186 47,629 51,138 54,5629 60,972
1,600 32,921 39,116 44,781 49,984 39,505 46,833 50,278 53,605 59,917
1,700 32,195 38,255 43,775 48,830 38,793 46,001 49,379 52,638 58,813
1,800 31,443 37,363 42,732 47,635 38,052 45,134 48,443 51,632 57,664
1,900 30,667 36,442 41,657 46,404 37,284 44,235 47,473 50,589 56,475
—_ 2,000 29,869 35,496 40,554 45,141 36,491 43,308 46,472 49,513 55,247
E 2,100 29,053 34,528 39,425 43,850 35,676 42,353 45,441 48,406 53,986
E 2,200 28,222 33,541 38,275 42,536 34,841 41,375 44,386 47,271 52,693
- 2,300 27,377 32,538 37,107 41,203 33,988 40,375 43,307 46,113 51,374
2,400 26,521 31,523 35,925 39,855 33,119 39,357 42,208 44,933 50,031
~ 2,500 25,658 30,498 34,734 38,497 32,236 38,323 41,092 43,735 48,669
x 2,600 24,789 29,467 33,535 37,132 31,343 37,275 39,962 42,522 47,290
(1] 2,700 23,917 28,432 32,333 35,765 30,441 36,216 38,821 41,297 45,899
> 2,800 23,045 27,397 31,132 34,400 29,532 35,150 37,671 40,064 44,498
:.: 2,900 22,174 26,364 29,934 33,040 28,619 34,078 36,515 38,824 43,092
Q 3,000 21,308 25,335 28,742 31,689 27,703 33,002 35,356 37,581 41,683
e 3,100 20,448 24,314 27,560 30,350 26,788 31,926 34,196 36,338 40,275
Iu 3,200 19,596 23,303 26,390 29,027 25,874 30,851 33,038 35,097 38,870
3,300 18,754 22,303 25,235 27,722 24,963 29,780 31,885 33,861 37,472

© 3,400 17,924 21,318 24,097 26,438 24,059 28,715 30,738 32,633 36,084
=] 3,500 17,108 20,349 22,979 25178 23,161 27,658 29,600 31,415 34,708
:= 3,600 16,307 19,397 21,883 23,944 22,272 26,611 28,473 30,208 33,347
()} 3,700 15,522 18,465 20,800 22,700 21,394 25,576 27,359 29,017 32,003
c 3,800 14,727 17,522 19,719 21,521 20,528 24,555 26,260 27,841 30,679
o 3,900 13,982 16,635 18,721 20,432 19,675 23,548 25,177 26,683 29,376
J 4,000 13,291 15,814 17,797 19,423 18,837 22,559 24,113 25,546 28,098
4,100 12,651 15,052 16,939 18,487 18,015 21,587 23,068 24,430 26,824

4,200 12,056 14,343 16,142 17,617 17,178 20,607 22,010 23,294 25,562

4,300 11,501 13,684 15,400 16,807 16,389 19,660 20,999 22,224 24,386

4,400 10,985 13,069 14,708 16,052 15,652 18,777 20,055 21,225 23,291
4,500 10,502 12,495 14,062 15,346 14,964 17,951 19,174 20,292 22,267
4,600 10,050 11,957 13,457 14,686 14,321 17,179 18,349 19,419 21,309

4,700 9,627 11,454 12,890 14,068 13,718 16,456 17,577 18,602 20,412

4,800 9,230 10,982 12,359 13,488 13,152 15,778 16,852 17,835 19,571

4,900 8,857 10,538 11,860 12,943 12,621 15,140 16,171 17,114 18,780

5,000 8,506 10,121 11,390 12,431 12,121 14,541 15,531 16,437 18,036

5,100 8,176 9,728 10,948 11,948 11,650 13,976 14,928 15,798 17,336

5,200 7,865 9,357 10,531 11,493 11,207 13,444 14,359 15,196 16,676

5,300 7,571 9,007 10,137 11,063 10,788 12,941 13,822 14,628 16,052

5,400 7,293 8,677 9,765 10,657 10,392 12,466 13,315 14,092 15,463

5,500 7,030 8,364 9413 10,273 10,017 12,017 12,835 13,584 14,906
5,600 6,781 8,068 9,080 9,910 9,663 11,592 12,381 13,103 14,378

5,700 6,545 7,788 8,764 9,565 9,327 11,188 11,950 12,647 13,878

5,800 6,322 7,521 8,465 9,238 9,008 10,806 11,542 12,215 13,404

5,900 6,109 7,269 8,180 8,927 8,705 10,443 11,154 11,804 12,953
6,000 5,907 7,028 7,910 8,632 8,417 10,098 10,785 11,414 12,525

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.




Fanalca =

TUBO CUADRADO HR ESTRUCTURAL FANALCA fe=dksi (281 kgf/mmZ)
COLUMNAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION F,=50ksi (35.15 kgl/mm’)
B F =65 ksi (45.69 kgf/mm?)
— u
o.P (kg)- b =0.75
Dimension Nominal (mm) 120x120 135x135 150x150 200x200 220x220 250x250 300x300
ESPESOR (mm) 4.00 4.00 6.00 4.00 6.00 5.00 7.00 7.00 9.00 8.00 9.00 10.00 10.00 12.00
PESO (kg/m) 14.14 16.13 23.82 18.12 26.40 30.11 41.43 46.16 58.54 59.93 66.47 73.34 89.04 105.61
0 69,548 82,303 104,565 95,865 121,076 164,629 198,816 227,634 264,046 294,919 315,888 336,404 434,842 484,422
100 69,469 82,229 104,471 95,794 120,988 164,559 198,734 227,557 263,957 294,841 315,860 336,375 434,815 484,392
200 69,337 82,104 104,315 95,675 120,842 164,444 198,599 227,428 263,809 294,712 315,778 336,287 434,736 484,305
300 69,153 81,931 104,096 95,510 120,638 164,283 198,409 227,248 263,602 294,531 315,640 336,141 434,604 484,158
400 68,917 81,708 103,816 95,297 120,376 164,076 198,166 227,016 263,336 294,298 315,447 335,936 434,419 483,954
500 68,629 81,436 103,474 95,038 120,057 163,823 197,869 226,733 263,010 294,015 315,200 335,673 434,181 483,691
600 68,291 81,116 103,072 94,733 119,680 163,525 197,518 226,399 262,627 293,679 314,897 335,352 433,891 483,370
700 67,903 80,749 102,609 94,382 119,248 163,182 197,114 226,014 262,185 293,293 314,541 334,974 433,548 482,990
800 67,466 80,335 102,088 93,986 118,759 162,793 196,657 225,579 261,684 292,856 314,129 334,537 433,153 482,553
—_ 900 66,981 79,874 101,508 93,545 118,215 162,361 196,148 225,094 261,127 292,368 313,664 334,043 432,705 482,058
E 1,000 66,448 79,368 100,871 93,060 117,617 161,884 195,587 224,559 260,511 291,829 313,145 333,491 432,206 481,505
E 1,100 65,870 78,817 100,178 92,532 116,965 161,363 194,974 223,974 259,839 291,241 312,572 332,883 431,654 480,895
- 1,200 65,247 78,223 99,430 91,961 116,261 160,798 194,310 223,340 259,111 290,603 311,945 332,218 431,051 480,227
| 1,300 64,581 77,587 98,629 91,349 115,505 160,191 193,596 222,657 258,326 289,915 311,266 331,496 430,397 479,503
! 1,400 63,874 76,909 97,775 90,696 114,699 159,542 192,831 221,926 257,486 289,178 310,534 330,719 429,691 478,722
© 1,500 63,126 76,190 96,871 90,003 113,843 158,850 192,017 221,148 256,591 288,392 309,749 329,886 428,934 477,884
S 1,600 62,339 75,433 95,917 89,271 112,939 158,117 191,154 220,322 255,642 287,558 308,913 328,998 428,126 476,990
- 1,700 61,515 74,639 94,916 88,501 111,988 157,344 190,244 219,449 254,639 286,676 308,025 328,055 427,268 476,041
(8] 1,800 60,657 73,807 93,869 87,694 110,992 156,530 189,286 218,531 253,583 285,747 307,086 327,058 426,360 475,035
2 1,900 59,764 72,941 92,778 86,852 109,951 155,677 188,281 217,567 252,474 284,770 306,097 326,007 425,402 473,975
Ll 2,000 58,841 72,042 91,645 85,975 108,868 154,785 187,231 216,558 251,314 283,748 305,057 324,903 424,394 472,860
b o 2,100 57,887 71,110 90,472 85,066 107,743 153,855 186,135 215,505 250,104 282,679 303,968 323,747 423,338 471,691
= 2,200 56,906 70,148 89,260 84,124 106,578 152,888 184,996 214,408 248,843 281,565 302,830 322,539 422,233 470,468
b 2,300 55,898 69,158 88,011 83,151 105,375 151,885 183,813 213,268 247,533 280,406 301,644 321,279 421,079 469,191
(=) 2,400 54,867 68,140 86,728 82,149 104,135 150,846 182,588 212,087 246,174 279,202 300,410 319,969 419,878 467,861
g 2,500 53,814 67,096 85,412 81,119 102,860 149,771 181,322 210,864 244,768 277,955 299,129 318,608 418,629 466,479
| 2,600 52,741 66,028 84,066 80,062 101,551 148,663 180,016 209,601 243,315 276,665 297,801 317,198 417,333 465,044
2,700 51,650 64,938 82,691 78,979 100,211 147,522 178,670 208,298 241,817 275,333 296,428 315,740 415,990 463,558
2,800 50,544 63,828 81,290 77,873 98,841 146,349 177,286 206,956 240,273 273,959 295,009 314,233 414,601 462,021
2,900 49,423 62,698 79,865 76,745 97,442 145,144 175,864 205,577 238,687 272,544 293,546 312,679 413,167 460,433
3,000 48,291 61,551 78,418 75,595 96,017 143,908 174,406 204,160 237,057 271,089 292,039 311,079 411,688 458,796
3,100 47,149 60,389 76,951 74,426 94,567 142,644 172,914 202,707 235,385 269,594 290,490 309,433 410,164 457,109
3,200 45,998 59,212 75,467 73,238 93,093 141,350 171,387 201,218 233,673 268,061 288,898 307,743 408,596 455,373
3,300 44,842 58,024 73,966 72,034 91,599 140,030 169,827 199,696 231,921 266,489 287,265 306,008 406,984 453,589
3,400 43,682 56,825 72,452 70,814 90,085 138,682 168,236 198,140 230,131 264,880 285,591 304,230 405,330 451,757
3,500 42,519 55,617 70,927 69,581 88,553 137,309 166,614 196,551 228,303 263,235 283,877 302,410 403,633 449,879
3,600 41,356 54,401 69,391 68,335 87,005 135,912 164,962 194,931 226,439 261,554 282,125 300,549 401,895 447,954
3,700 40,194 53,180 67,849 67,079 85,443 134,491 163,283 193,281 224,539 259,838 280,334 298,647 400,115 445,984
3,800 39,035 51,955 66,301 65,813 83,868 133,048 161,576 191,601 222,606 258,088 278,506 296,706 398,295 443,968
3,900 37,881 50,728 64,749 64,539 82,283 131,583 159,844 189,892 220,639 256,305 276,642 294,725 396,434 441,908
4,000 36,732 49,499 63,196 63,258 80,689 130,098 158,087 188,157 218,641 254,489 274,742 292,708 394,535 439,805

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
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Fanalca =

TUBO CUADRADO HR ESTRUCTURAL FANALCA fle=4ksi (281 kgf/mm?)
Fy=50 ksi (35.15 kgf/mm?)

COLUMNAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION F'=65 ksi (45,69 kgf/mm?)
o.P (kg)- .= 0.75 u

Dimensién Nominal (mm)  JEPIY P 135x135 200x200 220x220 250x250 300x300
ESPESOR (mm) 4.00 4.00 6.00 4.00 6.00 5.00 7.00 7.00 9.00 8.00 9.00 10.00 10.00 12.00

PESO (kg/m) 1414 16.13 23.82 18.12 26.40 30.11 41.43 46.16 58.54 59.93 66.47 73.34 89.04 105.61
4,100 35502 | 48,272 61,643 61,972 79,087 128,594 156,307 186,394 216,612 252,642 272,808 290,653 392,597 437,659

4,200 34,461 47,046 60,093 60,682 77,480 127,072 154,504 184,607 214,554 250,764 270,840 288,563 390,621 435,471

4,300 33,340 | 45,823 58,546 59,390 75,869 125,532 152,681 182,795 212,468 248,857 268,840 286,438 388,607 433,241

4,400 32,232 | 44,605 57,005 58,096 74,255 123,976 150,838 180,960 210,354 246,921 266,808 284,279 386,557 430,971

4,500 31,136_| 43,394 55,471 56,803 72,640 122,405 148,977 179,102 208,215 244,957 264,745 282,087 384,471 428,661

4,600 30,055 | 42,189 53,946 55,510 71,027 120,821 147,098 177,224 206,052 242,965 262,652 279,864 382,350 426,312

4,700 28,990 | 40,993 52,431 54,221 69,415 119,223 145,204 175,325 203,865 240,948 260,530 277,609 380,194 423,924

4,800 27,941 39,807 50,929 52,935 67,808 117,614 143,295 173,408 201,656 238,906 258,380 275,325 378,005 421,499

4,900 26,884 38,632 49,440 51,654 66,205 115,993 141,372 171,472 199,426 236,839 256,203 273,013 375,782 419,037

5,000 25,841 37,469 47,965 50,379 64,610 114,363 139,437 169,520 197,176 234,749 254,000 270,672 373,527 416,539

5100 24,856 | 36,319 46,507 49,111 63,022 112,725 137,491 167,552 194,908 232,636 251,773 268,305 371,241 414,006

— 5,200 23,927 | 35,183 45,066 47,851 61,444 111,078 135,535 165,569 192,623 230,502 249,521 265,913 368,923 411,439
£ 5,300 23,049 | 34,062 43,644 46,601 59,876 109,425 133,571 163,573 190,322 228,348 247,246 263,496 366,576 408,839
£ 5,400 22219 | 32,957 42,241 45,361 58,320 107,767 131,599 161,564 188,006 226,174 244,949 261,056 364,199 406,205
= 5,500 21,432 31,841 40,859 44,132 56,777 106,104 129,621 159,543 185,677 223,981 242,632 258,593 361,793 403,540
_ 5,600 20,687 | 30,733 39,425 42915 55,248 104,437 127,638 157,513 183,335 221,771 240,294 256,109 359,360 400,844
5% 5,700 19,080 | 29,683 38,077 41,711 53,734 102,767 125,650 155,472 180,983 219,544 237,937 253,604 356,900 398,118
- 5,800 19,308 | 28,685 36,797 40,521 52,237 101,096 123,660 153,424 178,620 217,301 235563 251,081 354,413 395,363
S 5,900 18,670 | 27,737 35,581 39,345 50,757 99,425 121,669 151,368 176,248 215,043 233,171 248,539 351,901 392,579
=] 6,000 18,063 | 26,835 34,424 38,184 49,295 97,753 119,676 149,305 173,869 212,772 230,763 245,980 349,364 389,768
8 6,100 17,485 | 25,976 33,322 37,004 47,852 96,083 117,685 147,238 171,484 210,487 228,341 243 406 346,804 386,930
. 6,200 16,934 | 25158 32,273 35,838 46,367 94,415 115,694 145,166 169,093 208,191 225,904 240,816 344,220 384,067
w 6,300 16,409 | 24378 31,272 34,727 44,929 92,749 113,707 143,091 166,698 205,883 223,455 238,212 341,614 381,179
T 6,400 15008 | 23,634 30,317 33,667 43,557 91,088 111,723 141,013 164,300 203,565 220,993 235,596 338,987 378,266
2 6,500 15430 | 22,923 29,405 32,654 42,247 89,431 109,744 138,934 161,900 201,238 218,521 232,968 336,338 375,331
o)) 6,600 14,972 | 22244 28,534 31,687 40,996 87,780 107,770 136,855 159,500 198,903 216,038 230,329 333,670 372,373
c 6,700 14,535 | 21,594 27,701 30,762 39,799 86,135 105,803 134,776 157,100 196,560 213,546 227,680 330,983 369,395
3 6,800 14,117 20,973 26,904 29,876 38,653 84,497 103,843 132,699 154,701 194,211 211,047 225,023 328,278 366,395
6,900 13,717 | 20,378 26,141 29,029 37,557 82,868 101,892 130,624 152,304 191,856 208,540 222,358 325,555 363,376

7,000 13,333 19,808 25,410 28,217 36,506 81,246 99,951 128,553 149,911 189,497 206,027 219,686 322,815 360,339

7,100 12,965 19,262 24,709 27,439 35,499 79,635 98,020 126,485 147,523 187,133 203,509 217,009 320,060 357,284

7,200 12,612 18,738 24,036 26,692 34,534 78,033 96,099 124,423 145,140 184,767 200,986 214,327 317,289 354,212

7,300 12,274 18,235 23,391 25,976 33,606 76,442 94,191 122,367 142,763 182,399 198,460 211,642 314,505 351,123

7,400 11,949 17,751 22,772 25,287 32,716 74,863 92,295 120,317 140,394 180,029 195,932 208,953 311,706 348,020

7,500 11,636 17,287 22,176 24,626 31,861 73,296 90,413 118,275 138,033 177,659 193,402 206,263 308,896 344,903

7,600 11,336 16,841 21,604 23,991 31,039 71,741 88,545 116,241 135,681 175,289 190,872 203,573 306,073 341,772

7,700 11,047 16,412 21,054 23,380 30,248 70,200 86,692 114,216 133,339 172,921 188,341 200,882 303,239 338,629

7,800 10,769 15,999 20,524 22,792 29,487 68,672 84,855 112,201 131,009 170,555 185,812 198,193 300,395 335,474

7,900 10,502 15,602 20,014 22,225 28,755 67,159 83,034 110,197 128,690 168,191 183,285 195,505 297,541 332,308

8,000 180,761 192,820 294,679 329,133

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

MANUAL DE DISENO TUBOS ESTRUCTURALES - FANALCA - 37




Fanalca =

TUBO RECTANGULAR HR ESTRUCTURAL FANALCA fle=4ksi (281 kgf/mm?)
Fy=50 ksi (35.15 kgf/mm?)

COLUMNAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION F'=65 ki (45.69 kgf/mm?)
o.P (kg)- .= 0.75 u

Dimensién Nominal (mm) 150x100 200x100 250x100 250x150 300x100 350x150
ESPESOR (mm) 4.00 6.00 4.00 6.00 5.00 5.00 5.00 7.00 7.00
PESO (kg/m) 14.87 21.69 18.01 26.40 26.35 30.11 30.11 41.10 52.42 80.60
0 72,616 92,919 91,407 116,624 125,477 160,170 146,725 180,916 255,649 391,485
100 72,579 92,871 91,362 116,567 125,417 160,133 146,656 180,832 255,594 391,437
200 72,467 92,727 91,226 116,395 125,238 160,023 146,450 180,578 255,430 391,292
300 72,281 92,489 91,000 116,110 124,939 159,840 146,107 180,156 255,156 391,052
400 72,023 92,156 90,684 115,712 124,523 159,585 145,628 179,566 254,773 390,716
500 71,691 91,729 90,280 115,202 123,989 159,256 145,015 178,811 254,282 390,283
600 71,288 91,211 89,788 114,583 123,340 158,856 144,269 177,893 253,682 389,756
700 70,814 90,602 89,211 113,854 122,577 158,384 143,392 176,813 252,976 389,134
800 70,272 89,904 88,549 113,020 121,703 157,841 142,387 175,576 252,163 388,417
900 69,662 89,120 87,805 112,081 120,720 157,229 141,256 174,184 251,246 387,606
1,000 68,986 88,251 86,981 111,041 119,631 156,547 140,003 172,641 250,224 386,701
= 1,100 68,248 87,301 86,079 109,904 118,438 155,796 138,631 170,952 249,099 385,704
E 1,200 67,447 86,273 85,102 108,671 117,145 154,978 137,143 169,121 247,874 384,615
é 1,300 66,588 85,168 84,053 107,346 115,756 154,094 135,545 167,154 246,548 383,434
| 1,400 65,673 83,992 82,934 105,934 114,275 153,145 133,839 165,054 245,124 382,164
X 1,500 64,704 82,746 81,749 104,438 112,704 152,132 132,031 162,828 243,604 380,804
[+ 1,600 63,683 81,434 80,501 102,862 111,050 151,057 130,125 160,482 241,990 379,355
Z 1,700 62,615 80,061 79,193 101,210 109,315 149,921 128,127 158,021 240,283 377,819
'.6 1,800 61,501 78,630 77,830 99,488 107,504 148,725 126,041 155,453 238,486 376,197
e 1,900 60,345 77,145 76,413 97,698 105,623 147,471 123,873 152,783 236,601 374,489
18] 2,000 59,151 75,610 74,949 95,847 103,676 146,161 121,628 150,019 234,630 372,698
© 2,100 57,920 74,029 73,439 93,939 101,668 144,796 119,311 147,167 232,576 370,824
3 2,200 56,657 72,407 71,888 91,978 99,603 143,378 116,929 144,234 230,441 368,869
a 2,300 55,365 70,747 70,301 89,970 97,487 141,909 114,487 141,227 228,227 366,833
c 2,400 54,047 69,054 68,680 87,920 95,325 140,391 111,991 138,153 225,938 364,720
3 2,500 52,706 67,332 67,030 85,832 93,123 138,826 109,447 135,020 223,576 362,529
2,600 51,345 65,585 65,354 83,712 90,884 137,215 106,860 131,834 221,144 360,263
2,700 49,969 63,818 63,658 81,563 88,614 135,561 104,237 128,603 218,644 357,923
2,800 48,579 62,035 61,944 79,392 86,319 133,866 101,583 125,334 216,080 355,511
2,900 47,180 60,239 60,216 77,204 84,003 132,131 98,903 122,033 213,454 353,028
3,000 45,774 58,435 58,478 75,001 81,672 130,359 96,204 118,709 210,770 350,477
3,100 44,365 56,626 56,734 72,791 79,329 128,552 93,491 115,366 208,030 347,858
3,200 42,954 54,817 54,988 70,576 76,980 126,712 90,769 112,013 205,238 345,174
3,300 41,547 53,012 53,242 68,361 74,629 124,842 88,043 108,656 202,397 342,427
3,400 40,143 51,212 51,501 66,151 72,281 122,942 85,320 105,300 199,509 339,617
3,500 38,748 49,423 49,767 63,950 69,940 121,016 82,603 101,953 196,578 336,748
3,600 37,363 47,648 48,044 61,761 67,610 119,066 79,898 98,620 193,607 333,822
3,700 35,990 45,889 46,335 59,589 65,296 117,094 77,209 95,306 190,599 330,839
3,800 34,632 44,149 44,642 57,436 63,001 115,101 74,540 92,018 187,558 327,802
3,900 33,292 42,431 42,968 55,307 60,728 113,091 71,896 88,760 184,486 324,714
4,000 31,970 40,738 41,316 53,205 58,482 111,065 69,281 85,537 181,386 321,575

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL:KXL/(r/ry).
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TUBO RECTANGULAR HR ESTRUCTURAL FANALCA
COLUMNAS RELLENAS DE CONCRETO - RESISTENCIA A COMPRESION

oP_(kg) - b = 0.75

Fanalca =

f'c=4 ksi (2.81 kgf/mm?)
F,=50ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Dimensiéon Nominal (mm) 150x100 200x100 250x100 250x150 300x100 350x150 400x200
ESPESOR (mm) 4.00 6.00 4.00 6.00 5.00 5.00 5.00 7.00 7.00 9.00
PESO (kg/m) 14.87 21.69 18.01 26.40 26.35 30.11 30.11 41.10 52.42 80.60
4,100 30,670 39,073 39,688 51,133 56,265 109,026 66,699 82,354 178,262 318,388
4,200 29,392 37,437 38,086 49,093 54,080 106,974 64,152 79,215 175,116 315,156
4,300 28,116 35,794 36,513 47,088 51,931 104,914 61,645 76,124 171,953 311,880
4,400 26,852 34,186 34,920 45,081 49,819 102,846 59,181 73,086 168,774 308,561
4,500 25,672 32,683 33,385 43,100 47,671 100,773 56,710 70,046 165,583 305,203
4,600 24,568 31,278 31,950 41,246 45,620 98,696 54,272 67,034 162,382 301,808
4,700 23,534 29,961 30,605 39,510 43,700 96,618 51,987 64,212 159,175 298,376
4,800 22,563 28,726 29,343 37,881 41,898 94,540 49,843 61,564 155,965 294,912
4,900 21,652 27,565 28,157 36,350 40,205 92,465 47,829 59,077 152,753 291,416
5,000 20,794 26,473 27,042 34,911 38,613 90,394 45,935 56,738 149,544 287,890
5,100 19,987 25,445 25,992 33,555 37,114 88,329 44,152 54,534 146,339 284,337
5,200 19,226 24,476 25,002 32,277 35,700 86,271 42,470 52,457 143,142 280,759
. 5,300 18,507 23,561 24,067 31,070 34,366 84,223 40,882 50,496 139,954 277,158
E 5,400 17,828 22,697 23,184 29,930 33,105 82,186 39,382 48,643 136,779 273,536
E 5,500 17,185 21,879 22,349 28,852 31,912 80,161 37,963 46,891 133,618 269,894
~ 5,600 16,577 21,104 21,558 27,831 30,782 78,151 36,619 45,231 130,474 266,236
2' 5,700 16,001 20,370 20,808 26,863 29,712 76,156 35,346 43,658 127,350 262,563
© 5,800 15,454 19,674 20,097 25,944 28,696 74,178 34,138 42,165 124,247 258,877
> 5,900 14,934 19,013 19,421 25,072 27,731 72,219 32,990 40,748 121,168 255,179
:'3 6,000 14,441 18,384 18,779 24,244 26,815 70,279 31,900 39,401 118,115 251,473
“q_) 6,100 13,971 17,787 18,169 23,455 25,943 68,360 30,862 38,120 115,089 247,760
w 6,200 13,524 17,217 17,587 22,705 25,113 66,462 29,875 36,900 112,092 244,041
L o] 6,300 13,098 16,675 17,033 21,990 24,322 64,588 28,934 35,738 109,127 240,319
B 6,400 12,692 16,158 16,505 21,308 23,568 62,738 28,037 34,630 106,194 236,596
a 6,500 12,304 15,665 16,001 20,657 22,848 60,814 27,181 33,573 103,296 232,873
c 6,600 11,934 15,194 15,5620 20,036 22,161 58,985 26,363 32,563 100,434 229,153
3 6,700 11,581 14,744 15,060 19,442 21,504 57,237 25,582 31,598 97,464 225,436
6,800 11,243 14,313 14,621 18,875 20,877 55,566 24,835 30,676 94,618 221,725
6,900 10,919 13,901 14,200 18,332 20,276 53,967 24,121 29,793 91,895 218,022
7,000 10,609 13,507 13,797 17,812 19,701 52,436 23,436 28,948 89,289 214,327
7,100 10,313 13,129 13,411 17,313 19,150 50,969 22,781 28,138 86,791 210,644
7,200 10,028 12,767 13,041 16,836 18,621 49,563 22,152 27,362 84,397 206,973
7,300 9,755 12,420 12,686 16,378 18,115 48,215 21,550 26,617 82,101 203,316
7,400 9,493 12,086 12,346 15,938 17,628 46,921 20,971 25,903 79,897 199,674
7,500 9,242 11,766 12,019 15,516 17,161 45,678 20,416 25,217 77,780 196,050
7,600 9,000 11,458 11,705 15,110 16,713 44,484 19,882 24,558 75,747 192,443
7,700 8,768 11,163 11,403 14,720 16,281 43,336 19,369 23,924 73,792 188,857
7,800 8,545 10,878 11,112 14,345 15,867 42,232 18,876 23,314 71,912 185,292
7,900 8,330 10,605 10,832 13,984 15,468 41,169 18,401 22,728 70,103 181,750
8,000 8,123 10,563 13,637 15,083 40,146 17,944 22,163 68,362 178,232

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL=KXLX/(rX/ry).
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.TUBOS REDONDOS FANALCA

&1 . PROPIEDADES GEOMETRICAS

Fanalca =

sz?nna? DEQFSO EEFQ?;:%) Es(pmersno)r e Pes(?(g;l;%))r €01 Area (cm?) I (cm#) S (cm3) Z (cm3) r (cm) J (cm4)
1/4 1.66" 42.24
12 1.9" 48.26
2 2.36" 59.9
2112 2.875" 73.02 3,00 5,18 6,60 40,52 11,10 14,72 2,48 81,04
4,00 6,81 8,67 51,82 14,19 19,08 2,44 103,64
5,00 8,39 10,68 62,13 17,02 23,18 2,41 124,25
6,00 9,92 12,63 71,50 19,58 27,02 2,38 143,00
2,00 4,29 5,46 51,57 11,60 15,11 3,07 103,14
2,50 5,33 6,79 63,37 14,26 18,67 3,06 126,75
3 35 88.9 3,00 6,36 8,10 74,76 16,82 22,15 3,04 149,53
4,00 8,38 10,67 96,34 21,67 28,85 3,00 192,68
5,00 10,35 13,18 116,37 26,18 35,24 2,97 232,75
6,00 12,27 15,63 134,94 30,36 41,31 2,94 269,88
2,00 4,29 5,46 51,57 11,60 15,11 3,07 103,14
2,50 6,89 8,78 137,26 24,02 31,25 3,95 274,52
4 45" 14.3 3,00 8,23 10,49 162,55 28,44 37,17 3,94 325,10
4,00 10,88 13,86 211,07 36,93 48,69 3,90 422,13
5,00 13,48 17,17 256,92 44,96 59,77 3,87 513,84
6,00 16,03 20,41 300,21 52,53 70,45 3,83 600,42
2,50 7,68 9,78 189,53 29,85 38,76 4,40 379,06
3,00 9,17 11,69 224,75 35,39 46,14 4,39 449,50
3,50 10,66 13,58 259,11 40,80 53,40 4,37 518,21
5" 127,00 4,00 12,13 15,46 292,61 46,08 60,54 4,35 585,23
4,50 13,59 17,32 325,29 51,23 67,56 4,33 650,57
5,00 15,04 19,16 357,14 56,24 74,46 4,32 714,28
6,00 17,90 22,81 418,44 65,90 87,92 4,28 836,88
6 6.625" 168.3 4,00 16,21 20,65 697,09 82,84 108,00 5,81 1394,18
6,00 24,02 30,59 1008,69 119,87 158,12 5,74 2017,39
8 8.625" 219.1 5,00 26,40 33,63 1928,04 176,00 229,24 7,57 3856,09
10 10.75" 2731 9,00 58,62 74,67 6517,96 477,33 627,98 9,34 13035,92
12 12.75" 323.9 10,00 77,41 98,61 12158,34 750,75 985,67 11,10 24316,68

MANUAL DE DISENO TUBOS ESTRUCTURALES - FANALCA - 43




3 TUBO REDONDO HR ESTRUCTURAL FANALCA

¥ ¢ P (kg) donde ¢ =0.85

T RESISTENCIA A COMPRESION

Fanalca =

Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Diametro Nominal/Didmetro (mm) 11/4142.24 11/2/48.26 2/59.9

ESPESOR (mm) 1.50 2.00 2.50 3.00 4.00 1.50 2.00 2.50 3.00 4.00 1.50 2.00 2.50 3.00 4.00
PESO (kg/m) 1.51 1.98 2.45 2.90 3.77 1.73 2.28 2.82 3.35 4.37 2.16 2.86 3.54 4.21 HI5il
0 5,736 7,554 9,325 11,050 14,357 6,584 8,684 10,738 12,745 16,617 8,229 10,878 13,480 16,035 21,004
100 5,736 7,554 9,325 11,050 14,357 6,584 8,684 10,738 12,745 16,617 8,229 10,878 13,480 16,035 21,004
200 5,716 7,527 9,291 11,008 14,301 6,566 8,661 10,708 12,709 16,568 8,215 10,859 13,456 16,006 20,965
300 5,656 7,446 9,189 10,884 14,132 6,514 8,590 10,619 12,601 16,422 8,172 10,802 13,385 15,920 20,849
400 5,557 7,313 9,021 10,681 13,855 6,427 8,474 10,472 12,423 16,181 8,103 10,709 13,267 15,777 20,656
500 5,422 7,131 8,791 10,402 13,477 6,308 8,313 10,270 12,178 15,849 8,006 10,579 13,104 15,580 20,389
600 5,253 6,904 8,504 10,055 13,006 6,158 8,112 10,016 11,871 15,432 7,884 10,415 12,897 15,330 20,051
700 5,054 6,636 8,166 9,646 12,452 5,980 7,872 9,714 11,506 14,938 7,737 10,217 12,648 15,030 19,645
800 4,828 6,332 7,784 9,184 11,828 5,776 7,598 9,369 11,088 14,374 7,567 9,989 12,361 14,683 19,176
900 4,580 5,999 7,365 8,678 11,147 5,549 7,294 8,986 10,626 13,750 7,375 9,732 12,037 14,292 18,649
1,000 4,314 5,643 6,918 8,139 10,422 5,303 6,963 8,571 10,125 13,075 7,164 9,448 11,681 13,862 18,069
1,100 4,035 5,270 6,450 7,576 9,668 5,040 6,612 8,129 9,593 12,360 6,935 9,141 11,295 13,396 17,442
1,200 3,748 4,886 5,969 6,998 8,898 4,766 6,244 7,668 9,037 11,615 6,690 8,814 10,883 12,900 16,775
= 1,300 3,457 4,497 5,484 6,417 8,124 4,482 5,864 7,192 8,465 10,851 6,432 8,468 10,450 12,378 16,073
£ 1,400 3,166 4,110 5,001 5,839 7,359 4,192 5,478 6,709 7,885 10,077 6,163 8,108 9,998 11,834 15,343
é 1,500 2,879 3,729 4,527 5,273 6,614 3,900 5,089 6,223 7,303 9,303 5,885 7,736 9,532 11,273 14,592
1,600 2,600 3,360 4,068 4,726 5,898 3,610 4,702 5,740 6,725 8,538 5,600 7,355 9,055 10,700 13,827
2' 1,700 2,331 3,005 3,627 4,198 5,206 3,323 4,321 5,266 6,158 7,789 5,311 6,969 8,572 10,120 13,053
1,800 2,071 2,664 3,213 3,718 4,612 3,043 3,949 4,804 5,607 7,064 5,020 6,581 8,086 9,537 12,276
‘>“ 1,900 1,848 2,377 2,866 3,317 4,113 2,771 3,590 4,358 5,076 6,360 4,728 6,192 7,601 8,956 11,503
B 2,000 1,658 2,133 2,572 2,977 3,692 2,506 3,239 3,923 4,561 5,709 4,438 5,806 7,120 8,379 10,739
(5} 2,100 1,497 1,925 2,321 2,687 3,332 2,262 2,923 3,540 4,116 5,152 4,152 5,425 6,645 7,812 9,988
qq;, 2,200 1,357 1,746 2,105 2,437 3,022 2,052 2,651 3,211 3,734 4,673 3,870 5,052 6,181 7,257 9,256
1] 2,300 1,237 1,591 1,918 2,220 2,754 1,869 2,416 2,926 3,402 4,258 3,596 4,688 5,728 6,717 8,545
he} 2,400 1,132 1,456 1,755 2,031 2,519 1,710 2,210 2,677 3,113 3,896 3,330 4,335 5,290 6,189 7,843
E 2,500 1,039 1,337 1,612 1,866 2,314 1,571 2,030 2,459 2,859 3,578 3,066 3,986 4,858 5,684 7,203
57 2,600 958 1,232 1,485 1,719 2,132 1,448 1,871 2,266 2,634 3,297 2,826 3,674 4,477 5,238 6,638
c 2,700 886 1,139 1,373 1,590 1,972 1,339 1,729 2,095 2,436 3,049 2,613 3,397 4,140 4,843 6,138
(e} 2,800 821 1,056 1,274 1,474 1,828 1,241 1,604 1,943 2,259 2,827 2,423 3,150 3,839 4,491 5,691
- 2,900 764 982 1,184 1,371 1,700 1,154 1,491 1,806 2,100 2,629 2,253 2,929 3,569 4,176 5,292
3,000 1,076 1,390 1,684 1,958 2,450 2,100 2,730 3,327 3,893 4,933

3,100 1,005 1,299 1,673 1,830 2,290 1,962 2,551 3,109 3,638 4,610

3,200 942 1,217 1,474 1,713 2,144 1,838 2,389 2,912 3,407 4,317

3,300 884 1,142 1,383 1,608 2,012 1,725 2,242 2,733 3,197 4,052

3,400 831 1,074 1,300 1,512 1,622 2,108 2,570 3,006 3,810

3,500 1,528 1,986 2,421 2,832 3,589

3,600 1,442 1,874 2,284 2,673 3,387

3,700 1,363 1,772 2,159 2,526 3,201

3,800 1,290 1,677 2,044 2,392 3,031

3,900 1,223 1,590 1,938 2,267 2,873

4,000 1,161 1,510 1,840 2,153 2,728

4,100 1,104 1,435 1,749 2,046 2,593

4,200 1,051 1,366 1,665 1,948

Rdfbsl\l/lsn-liﬁg-cng? 5&:‘50)_(505"‘ 79 101 122 142 175 104 135 163 190 238 164 213 260 304 385
RESE—IF&S;{\QLESOSION 6,073 7,998 9,874 11,700 15,202 6,971 9,195 11,370 13,494 17,595 8,713 11,517 14,273 16,978 22,240

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

d)CPno = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)
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Fanalca =

Fy=50 ksi (35.15 kgf/mm?)

N TUBO REDONDO HR ESTRUCTURAL FANALCA F =65 ksi (45.69 kgf/mm?)

RESISTENCIA A COMPRESION
¢ P (kg) donde ¢ =0.85

Diametro Nominal/Diametro (mm 21/2/ 73.02 3/88.9

ESPESOR (mm) 1.50 2.00 2.50 3.00 4.00 5.00 4.00 2.00 2.50 3.00 4.00 5.00 6.00
PESO (kg/m) 2.65 B315) 4.35 5.18 6.81 8.39 9.92 4.29 5.33 6.36 8.38 10.35 12.27
0 10,070 13,333 16,549 19,718 25,916 31,925 37,747 16,313 20,274 24,188 31,876 39,376 46,687
100 10,070 13,333 16,549 19,718 25,916 31,925 37,747 16,313 20,274 24,188 31,876 39,376 46,687
200 10,059 13,318 16,530 19,695 25,884 31,885 37,698 16,301 20,259 24,169 31,850 39,343 46,648
300 10,024 13,272 16,472 19,625 25,789 31,765 37,553 16,263 20,211 24,112 31,773 39,245 46,530
400 9,967 13,195 16,375 19,508 25,632 31,566 37,311 16,200 20,132 24,017 31,645 39,083 46,333
500 9,888 13,088 16,241 19,346 25,413 31,290 36,975 16,113 20,022 23,884 31,466 38,858 46,060
—_ 600 9,787 12,953 16,071 19,140 25,135 30,938 36,548 16,001 19,882 23,715 31,237 38,569 45,710
S 700 9,665 12,789 15,864 18,891 24,799 30,513 36,033 15,865 19,711 23,509 30,961 38,220 45,287
é 800 9,522 12,598 15,624 18,601 24,408 30,019 35,433 15,707 19,512 23,269 30,637 37,811 44,791
_ 900 9,360 12,381 15,352 18,272 23,965 29,458 34,754 15,525 19,284 22,994 30,267 37,344 44,226
a 1,000 9,180 12,140 15,048 17,906 23,472 28,836 33,999 15,322 19,029 22,687 29,854 36,823 43,595
© 1,100 8,983 11,875 14,716 17,506 22,933 28,156 33,176 15,099 18,749 22,348 29,398 36,248 42,899
2> 1,200 8,770 11,590 14,358 17,074 22,351 27,422 32,288 14,855 18,443 21,980 28,903 35,624 42,144
"5 1,300 8,543 11,286 13,976 16,613 21,731 26,641 31,344 14,593 18,114 21,584 28,370 34,952 41,332
“4_’ 1,400 8,303 10,964 13,571 16,126 21,077 25,817 30,348 14,314 17,763 21,161 27,802 34,237 40,466
L 1,500 8,050 10,626 13,148 15,616 20,393 24,956 29,309 14,018 17,392 20,714 27,201 33,480 39,552
T 1,600 7,788 10,275 12,708 15,087 19,682 24,063 28,232 13,707 17,002 20,244 26,570 32,686 38,594
B 1,700 7,517 9,913 12,254 14,540 18,950 23,144 27,124 13,382 16,594 19,753 25,912 31,858 37,594
S 1,800 7,239 9,541 11,788 13,980 18,200 22,204 25,993 13,045 16,171 19,244 25,229 31,000 36,559
< 1,900 6,956 9,162 11,314 13,410 17,438 21,249 24,845 12,696 15,734 18,718 24,524 30,115 35,492
3 2,000 6,668 8,778 10,833 12,832 16,667 20,283 23,686 12,338 15,285 18,178 23,801 29,207 34,398
2,100 6,377 8,391 10,348 12,250 15,890 19,313 22,523 11,971 14,826 17,626 23,062 28,280 33,282
2,200 6,085 8,002 9,862 11,667 15,113 18,344 21,362 11,598 14,358 17,063 22,309 27,336 32,147
2,300 5,794 7,613 9,377 11,085 14,339 17,379 20,209 11,218 13,883 16,493 21,546 26,381 30,998
2,400 5,504 7,226 8,894 10,507 13,571 16,424 19,068 10,834 13,403 15,916 20,776 25,416 29,840
2,500 5,216 6,844 8,417 9,936 12,813 15,482 17,946 10,447 12,919 15,335 20,000 24,447 28,677
2,600 4,932 6,466 7,946 9,373 12,068 14,557 16,846 10,059 12,433 14,751 19,223 23,475 27,512
2,700 4,653 6,095 7,485 8,821 11,339 13,654 15,772 9,669 11,947 14,168 18,446 22,505 26,350
2,800 4,380 5,733 7,033 8,282 10,627 12,774 14,729 9,281 11,461 13,586 17,671 21,540 25,194
2,900 4,113 5,379 6,593 7,757 9,923 11,896 13,691 8,894 10,978 13,008 16,902 20,581 24,049
3,000 3,848 5,026 6,154 7,233 9,250 11,090 12,763 8,511 10,500 12,434 16,140 19,633 22,916

Rdfbsl\l/lsn-liﬁg—cr#)‘ f‘dfl}:%)%of,N 238 322 394 463 593 710 818 477 595 702 905 1,093 1,267
RES;:—IF&S@QI&SOSION 10,663 14,118 17,523 20,878 27,440 33,803 39,967 17,273 21,467 25,611 33,751 41,692 49,434

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
d)CPno = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)
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% TUBO REDONDO HR ESTRUCTURAL FANALCA

RESISTENCIA A COMPRESION
¢ P, (kg) donde ¢ =0.85

Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Fanalca =

Diametro Nominal/Diametro (mm) 21/2/ 73.02 3/88.9

ESPESOR (mm) 1.50 2.00 2.50 3.00 4.00 5.00 4.00 2.00 2.50 3.00 4.00 5.00 6.00
PESO (kg/m) 2.65 380) 4.35 5.18 6.81 8.39 9.92 4.29 5.33 6.36 8.38 10.35 12.27
3,100 3,596 4,696 5,750 6,758 8,644 10,363 11,926 8,131 10,026 11,867 15,388 18,698 21,800
3,200 3,368 4,398 5,385 6,329 8,095 9,705 11,169 7,756 9,559 11,308 14,647 17,777 20,704
3,300 3,161 4,128 5,054 5,940 7,597 9,108 10,482 7,387 9,099 10,758 13,919 16,874 19,629
3,400 2,972 3,881 4,752 5,585 7,144 8,564 9,856 7,025 8,648 10,218 13,205 15,990 18,578
3,500 2,800 3,656 4,477 5,262 6,730 8,068 9,285 6,670 8,206 9,691 12,509 15,109 17,520
3,600 2,642 3,450 4,225 4,965 6,350 7,614 8,762 6,318 7,765 9,160 11,804 14,258 16,533
3,700 2,497 3,261 3,993 4,693 6,003 7,196 8,282 5,972 7,339 8,658 11,157 13,477 15,627
— 3,800 2,364 3,088 3,780 4,443 5,683 6,813 7,840 5,654 6,948 8,197 10,562 12,759 14,794
= 3,900 2,241 2,927 3,584 4,212 5,387 6,459 7,433 5,360 6,587 7,771 10,014 12,096 14,026
1= 4,000 2,128 2,779 3,402 3,999 5,115 6,132 7,057 5,089 6,254 7,378 9,507 11,484 13,316
~ 4,100 2,023 2,642 3,234 3,802 4,862 5,829 6,708 4,837 5,945 7,013 9,037 10,917 12,658
2' 4,200 1,925 2,514 3,079 3,618 4,628 5,548 6,385 4,604 5,658 6,675 8,602 10,390 12,048
p 4,300 1,835 2,396 2,934 3,448 4,410 5,287 6,085 4,388 5,392 6,361 8,197 9,902 11,481
> 4,400 1,750 2,286 2,799 3,290 4,207 5,044 5,805 4,186 5,144 6,069 7,820 9,446 10,954
"03 4,500 1,672 2,183 2,673 3,142 4,018 4,817 5,544 3,998 4,913 5,796 7,469 9,022 10,461
Q 4,600 1,598 2,087 2,556 3,004 3,842 4,606 5,300 3,822 4,697 5,541 7,141 8,625 10,002
"u] 4,700 1,529 1,998 2,446 2,875 3,676 4,408 5,072 3,658 4,495 5,303 6,833 8,254 9,571
o] 4,800 1,465 1,913 2,343 2,754 3,522 4,222 4,859 3,504 4,306 5,080 6,546 7,907 9,168
3 4,900 1,405 1,835 2,246 2,640 3,376 4,048 4,659 3,359 4,128 4,870 6,276 7,581 8,790
i) 5,000 1,348 1,760 2,155 2,533 3,240 3,884 3,224 3,962 4,674 6,022 7,275 8,435
c 5,100 1,295 1,691 2,070 2,433 3,096 3,805 4,488 5,784 6,987 8,101
3 5,200 1,244 1,625 2,976 3,657 4,314 5,559 6,715 7,787
5,300 2,862 3,518 4,150 5,347 6,459 7,490

5,400 2,755 3,386 3,995 5,148 6,218 7,210

5,500 2,654 3,262 3,848 4,959 5,990 6,946

5,600 2,559 3,144 3,709 4,780 5,774 6,695

5,700 2,468 3,033 3,578 4,611 5,570 6,458

5,800 2,382 2,928 3,454 4,450 5,376 6,234

5,900 2,301 2,827 3,336 4,298 5,192 6,021

6,000 2,223 2,732 3,224 4,154 5,018 5,818

qusl\llls;T(Eg-cnIS f\d'::;%xb%N 238 322 394 463 593 710 818 477 595 702 905 1,093 1,267
RESE¥F&$6QI{ESOSION 10,663 14,118 17,523 20,878 27,440 33,803 39,967 17,273 21,467 25,611 33,751 41,692 49,434

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
¢_P__ = Resistencia axial nominal determinada con F =F
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k™ TUBO REDONDO HR ESTRUCTURAL FANALCA

Y RESISTENCIA A COMPRESION
¢ P, (kg) donde ¢ =0.85

Fanalca =

Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Diametro Nominal/Didmetro (mm) 4/114.3 5"/127.0 6/168.3 8/219.1 10/2731 12/323.9
ESPESOR (mm) 2.00 2.50 3.00 4.00 5.00 6.00 2.50 3.00 4.00 4.50 5.00 6.00 4.00 6.00 5.00 9.00 10.00
PESO (kg/m) 554 6.89 8.23 10.88 | 1348 | 16.03 7.68 917 1213 | 1359 | 1504 | 1790 | 1621 | 24.02 264 5862 | 77.41

0 21,082 | 26,235 | 31,341 | 41412 | 51,006 | 60,092 | 29,215 | 34,917 | 46,181 | 51,742 | 57,256 | 68,144 | 61,677 | 91,300 | 100,469 | 223,061 | 294,569

100 21,082 | 26,235 | 31,341 | 41412 | 51,296 | 60,092 | 29,215 | 34,917 | 46,181 | 51,742 | 57,256 | 68,144 | 61,677 | 91,300 | 100,469 | 223,061 | 294,589

200 21,072 | 26,222 | 31,326 | 41,392 | 51,271 | 60,062 | 29,204 | 34,904 | 46,163 | 51,722 | 57,234 | 68,117 | 61,664 | 91,369 | 100456 | 223,042 | 204,571

300 21,043 | 26,186 | 31,282 | 41,333 | 51,196 | 60,871 | 29,171 | 34,864 | 46,109 | 51,661 | 57,167 | 68,036 | 61,624 | 91,309 | 100,417 | 222,986 | 294,519

400 20,994 | 26,125 | 31,208 | 41,234 | 51,071 | 60,720 | 29,116 | 34,798 | 46,020 | 51,561 | 57,055 | 67,901 | 61,557 | 91,207 | 100,353 | 202,893 | 294,432

500 20,926 | 26,039 | 31,105 | 41,096 | 50,897 | 60,509 | 29,039 | 34,705 | 45896 | 51,421 | 56,898 | 67,712 | 61464 | 91,066 | 100,264 | 202,762 | 294,310

600 20,839 | 25930 | 30974 | 40918 | 50,674 | 60,239 | 28,041 | 34,587 | 45737 | 51,241 | 56,698 | 67,469 | 61,344 | 90,885 | 100,149 | 202,594 | 204,153

700 20,733 | 25797 | 30,813 | 40,703 | 50402 | 59,011 | 28,821 | 34,443 | 45543 | 51,022 | 56,454 | 67,174 | 61,199 | 90,663 | 100,008 | 222,389 | 293,961

800 20,608 | 25641 | 30,625 | 40450 | 50,083 | 59,525 | 28,680 | 34,273 | 45315 | 50,765 | 56,167 | 66,827 | 61,027 | 90,402 | 99,843 | 222,147 | 293,734

_ 900 20,466 | 25461 | 30,409 | 40,160 | 49,718 | 59,083 | 28518 | 34,078 | 45054 | 50,470 | 55837 | 66429 | 60,829 | 90,102 | 99,652 | 221,868 | 293,473

= 1,000 20,305 | 25260 | 30,166 | 39,834 | 49,307 | 58,586 | 28,336 | 33,859 | 44,759 | 50,137 | 55467 | 65981 | 60,605 | 89,763 | 99,436 | 221,553 | 293,178

£ 1,100 20,127 | 25037 | 29,897 | 39472 | 48,851 | 58,036 | 28,134 | 33,615 | 44,432 | 49,768 | 55055 | 65484 | 60,356 | 89,386 | 99,196 | 221,200 | 202,848

- 1,200 19,932 | 24,792 | 29,603 | 39,076 | 48,353 | 57,433 | 27,912 | 33,348 | 44,073 | 49,363 | 54,603 | 64,938 | 60,083 | 88971 | 98,931 | 220,812 | 292,483

- 1,300 19721 | 24,507 | 29,283 | 38,647 | 47.813 | 56,781 | 27,671 | 33,058 | 43,684 | 48923 | 54,113 | 64,346 | 59,784 | 88518 | 98,641 | 220,387 | 292,085

X 1,400 19494 | 24,242 | 28940 | 38,187 | 47,233 | 56,080 | 27,412 | 32,745 | 43,264 | 48450 | 53585 | 63,709 | 59462 | 88,020 | 98,327 | 219,926 | 291,652

© 1,500 19251 | 23,938 | 28,574 | 37,605 | 46,614 | 55332 | 27,134 | 32411 | 42,816 | 47,043 | 53,021 | 63027 | 59,115 | 87,504 | 97,989 | 219,429 | 291,186

> 1,600 18,094 | 23,616 | 28,186 | 37,174 | 45959 | 54,541 | 26,830 | 32056 | 42,339 | 47,406 | 52,422 | 62,303 | 58,745 | 86943 | 97,628 | 218,897 | 290,685

= 1,700 18723 | 23,276 | 27,777 | 36,625 | 45,268 | 53,707 | 26,527 | 31,681 | 41,836 | 46,837 | 51,788 | 61,539 | 58,352 | 86,348 | 97,243 | 218,320 | 290,152

o 1,800 18439 | 22,920 | 27,348 | 36,050 | 44,545 | 52,834 | 26,199 | 31,86 | 41,306 | 46,240 | 51,123 | 60,735 | 57,037 | 85718 | 96,834 | 217,727 | 289,584

2 1,900 18,143 | 22,548 | 26,000 | 35449 | 43,790 | 51,923 | 25856 | 30,873 | 40,752 | 45614 | 50,426 | 59,895 | 57,499 | 85056 | 96,403 | 217,090 | 288,984

L 2,000 17,834 | 22,161 | 26,435 | 34,826 | 43,006 | 50,077 | 25498 | 30442 | 40,174 | 44,963 | 49,700 | 59,018 | 57,041 | 84,361 | 95,949 | 216,418 | 288,351

] 2,100 17515 | 21,761 | 25053 | 34,180 | 42,195 | 49,099 | 25126 | 29994 | 39574 | 44,286 | 48,045 | 58,109 | 56,561 | 83635 | 95474 | 215712 | 287,685

S 2,200 17,185 | 21,348 | 25456 | 33,514 | 41,358 | 48,990 | 24,740 | 29,530 | 38,952 | 43585 | 48,165 | 57,168 | 56,061 | 82,878 | 94976 | 214,973 | 286,987

= 2,300 16,846 | 20,923 | 24945 | 32,830 | 40499 | 47,955 | 24,342 | 29052 | 38,311 | 42,862 | 47,360 | 56,197 | 55542 | 82,092 | 94457 | 214,200 | 286,256

(=] 2,400 16,499 | 20487 | 24,422 | 32,128 | 30,619 | 46,894 | 23933 | 28550 | 37,652 | 42,118 | 46,531 | 55199 | 55003 | 81,277 | 93,916 | 213,394 | 285493

c 2,500 16,143 | 20,042 | 23,886 | 31,412 | 38,720 | 45812 | 23513 | 28,054 | 36975 | 41,355 | 45682 | 54,175 | 54,447 | 80434 | 93,355 | 212,556 | 284,699

5 2,600 15781 | 19,588 | 23,341 | 30,682 | 37,805 | 44,710 | 23082 | 27,536 | 36,282 | 40574 | 44,812 | 53128 | 53,872 | 79565 | 92,774 | 211,686 | 283,873

2,700 15412 | 19,127 | 22,786 | 29,940 | 36,875 | 43,501 | 22,643 | 27,008 | 35575 | 39,777 | 43,925 | 52,060 | 53,281 | 78,671 | 92,173 | 210,784 | 283,016

2,800 15,038 | 18,659 | 22,224 | 20188 | 35933 | 42,458 | 22,195 | 26460 | 34,854 | 38,965 | 43,022 | 50072 | 52,673 | 77,752 | 91552 | 209,850 | 282,128

2,900 14,660 | 18,185 | 21,655 | 28,428 | 34,980 | 41,314 | 21,739 | 25922 | 34,122 | 38,140 | 42,104 | 49,868 | 52,049 | 76,810 | 90,912 | 208,886 | 281,210

3,000 14,278 | 17,707 | 21,081 | 27,661 | 34,020 | 40,160 | 21,277 | 25367 | 33,380 | 37,304 | 41,173 | 48,748 | 51411 | 75845 | 90,254 | 207,891 | 280,261

3,100 13,893 | 17,225 | 20,502 | 26,889 | 33,054 | 39,000 | 20,809 | 24,804 | 32628 | 36458 | 40,232 | 47,616 | 50,758 | 74,860 | 89,578 | 206,866 | 279,282

3,200 13,506 | 16,741 | 19921 | 26,113 | 32,084 | 37,836 | 20,336 | 24,236 | 31,869 | 35603 | 39,281 | 46,473 | 50,093 | 73,854 | 88,884 | 205,812 | 278,274

3,300 13,117 | 16,255 | 19,338 | 25,335 | 31,112 | 36,670 | 19,850 | 23,663 | 31,103 | 34,741 | 38,323 | 45322 | 49,414 | 72,830 | 88,173 | 204,720 | 277,237

3,400 12,728 | 15769 | 18,754 | 24,557 | 30,140 | 35504 | 19,378 | 23,085 | 30,333 | 33,873 | 37,358 | 44,163 | 48,724 | 71,788 | 87,445 | 203,618 | 276,171

3,500 12,339 | 15283 | 18,171 | 23,780 | 20,170 | 34,342 | 18,895 | 22505 | 29,558 | 33,002 | 36,390 | 43,000 | 48,022 | 70,730 | 86,701 | 202,479 | 275076

3,600 1,950 | 14,798 | 17,589 | 23,006 | 28,204 | 33,184 | 18,410 | 21923 | 28,782 | 32,128 | 35418 | 41,835 | 47,310 | 69,656 | 85942 | 201,312 | 273,953

3,700 1,564 | 14,314 | 17,010 | 22,235 | 27,243 | 32,034 | 17,923 | 21,339 | 28,004 | 31,252 | 34,446 | 40,668 | 46,588 | 68,568 | 85168 | 200,119 | 272,802

3,800 1,179 | 13,834 | 16,434 | 21,470 | 26,289 | 30,893 | 17.437 | 20,756 | 27,025 | 30,377 | 33,474 | 39503 | 45858 | 67,467 | 84,379 | 198,899 | 271,624

3,900 10,797 | 13,358 | 15863 | 20,711 | 25,343 | 29,763 | 16,951 | 20,172 | 26,449 | 29,504 | 32,504 | 38,340 | 45119 | 66,355 | 83,576 | 197,654 | 270,419

4,000 10419 | 12,885 | 15298 | 19,960 | 24,408 | 28,646 | 16466 | 19591 | 25674 | 28,633 | 31,537 | 37,182 | 44,373 | 65232 | 82,759 | 196,383 | 269,187
quj\hsf(ﬁgcmﬁ f\d':::%)_(!c,%N 763 982 1187 | 1542 | 1876 | 2193 | 1,195 | 1470 | 1923 | 2138 | 2348 | 2751 | 3445 | 5002 | 7256 | 19916 | 31,327

RESISTENCIA A TENSIGN

22,322 | 27,778 | 33,184 | 43848 | 54,314 | 64,580 | 30,933 | 36,971 | 48,897 | 54,786 | 60,624 | 72,153 | 65305 | 96,766 | 106,378 |236,182 | 311,918

T, (kg) - $,=0.90

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

¢ P, = Resistencia axial nominal determinada con F =F (Valor con KL =0)
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Fanalca =

Nt TUBO REDONDO HR ESTRUCTURAL FANALCA F,=50ksi (35.15 kgf/mm?)
o f ' F =65 ksi (45.69 kgf/mm?)

j i '*  RESISTENCIA A COMPRESION
¢P_(kg) donde ¢ _=0.85

Diametro Nominal/Diametro (mm) 4/114.3 5" /127.0 6/168.3 8/219.1 10/273.1 12/323.9
ESPESOR (mm) 2.00 2.50 3.00 4.00 5.00 6.00 2.50 3.00 4.00 4.50 5.00 6.00 4.00 6.00 5.00 9.00 10.00
PESO (kg/m) 5.54 6.89 8.23 10.88 13.48 16.03 7.68 9.17 12.13 13.59 15.04 17.90 16.21 24.02 26.4 58.62 77.41
4,100 10,044 12,418 14,738 19,217 23,484 27,543 15,983 19,011 24,903 27,767 30,575 36,031 43,621 64,099 81,930 195,088 | 267,929
4,200 9,674 11,957 14,186 18,485 22,574 26,456 15,502 18,435 24,137 26,905 29,620 34,887 42,863 62,959 81,088 193,769 | 266,646
4,300 9,309 11,502 13,641 17,763 21,677 25,388 15,025 17,863 23,376 26,050 28,671 33,752 42,099 61,811 80,235 192,427 | 265,337
4,400 8,950 11,054 13,105 17,053 20,796 24,338 14,551 17,295 22,621 25,203 27,731 32,629 41,332 60,657 79,370 191,062 | 264,003
4,500 8,596 10,613 12,579 16,356 19,918 23,274 14,081 16,733 21,874 24,364 26,801 31,518 40,561 59,498 78,495 189,675 | 262,645
4,600 8,249 10,173 12,048 15,644 19,042 22,251 13,617 16,176 21,135 23,535 25,882 30,420 39,787 58,336 77,609 188,267 | 261,263
4,700 7,892 9,736 11,530 14,971 18,223 21,294 13,157 15,627 20,406 22,717 24,975 29,337 39,010 57,171 76,714 186,838 | 259,857
4,800 7,560 9,326 11,044 14,341 17,456 20,398 12,704 15,084 19,686 21,909 24,081 28,270 38,233 56,004 75,810 185,388 | 258,428
4,900 7,248 8,941 10,589 13,749 16,736 19,557 12,257 14,549 18,978 21,114 23,200 27,221 37,455 54,837 74,897 183,919 | 256,977
5,000 6,955 8,580 10,161 13,194 16,060 18,767 11,817 14,023 18,280 20,333 22,335 26,157 36,676 53,671 73,977 182,431 | 255,504
5,100 6,680 8,240 9,759 12,671 15,424 18,023 11,379 13,493 17,567 19,529 21,441 25,121 35,899 52,506 73,049 180,925 | 254,008
—_ 5,200 6,421 7,920 9,380 12,179 14,825 17,323 10,937 12,969 16,885 18,770 20,608 24,146 35,122 51,343 72,114 179,401 | 252,492
E 5,300 6,176 7,619 9,022 11,715 14,261 16,664 10,520 12,475 16,242 18,055 19,823 23,226 34,348 50,184 71,174 177,860 | 250,955
E 5,400 5,945 7,334 8,685 11,278 13,728 16,041 10,127 12,009 15,635 17,381 19,082 22,358 33,576 49,029 70,227 176,303 | 249,397
~ 5,500 5,727 7,065 8,366 10,864 13,224 15,452 9,755 11,568 15,061 16,743 18,382 21,537 32,807 47,880 69,276 174,730 | 247,820
= 5,600 5,521 6,810 8,065 10,472 12,747 14,895 9,404 11,151 14,518 16,139 17,720 20,761 32,042 46,737 68,320 173,143 | 246,224
N 5,700 5,325 6,569 7,780 10,102 12,296 14,368 9,071 10,757 14,004 15,568 17,093 20,027 31,281 45,601 67,360 171,541 | 244,609
© 5,800 5,140 6,341 7,509 9,750 11,869 13,868 8,756 10,382 13,517 15,027 16,498 19,330 30,525 44,473 66,396 169,925 | 242,976
> 5,900 4,964 6,124 7,252 9,417 11,463 13,394 8,456 10,028 13,055 14,513 15,934 18,669 29,775 43,353 65,430 168,296 | 241,325
- 6.000 4,797 5,918 7,009 9,100 11,078 12,944 8,172 9,690 12,616 14,025 15,399 18,042 29,030 42,243 64,461 166,655 | 239,657
(%] 6,100 7,902 9,370 12,199 13,562 14,890 17,445 28,292 41,143 63,491 165,003 | 237,972
& 6,200 7,645 9,065 11,803 13,121 14,405 16,878 27,560 40,055 62,519 163,339 | 236,271
Ll 6.300 7,400 8,775 11,425 12,701 13,945 16,338 26,836 38,977 61,546 161,665 | 234,554
o} 6,400 7,167 8,499 11,065 12,301 13,505 15,823 26,119 37,912 60,573 159,982 | 232,823
5 6,500 6,945 8,235 10,722 11,919 13,087 15,333 25,411 36,859 59,600 158,290 | 231,076
o 6,600 6,733 7,984 10,395 11,555 12,687 14,865 24,711 35,820 58,628 156,589 | 229,316
(=] 6,700 6,530 7,744 10,082 11,208 12,305 14,418 24,008 34,739 57,657 154,880 | 227,542
c 6,800 6,337 7,514 9,783 10,876 11,941 13,990 23,296 33,710 56,688 153,165 | 225,755
o 6,900 6,152 7,295 9,498 10,558 11,592 13,582 22,616 32,726 55,720 151,443 | 223,955
- 7,000 5,975 7,085 9,225 10,255 11,259 13,191 21,966 31,784 54,756 149,715 | 222,143
7,100 21,342 30,882 53,794 147,983 | 220,320
7,200 20,745 30,019 52,836 146,246 | 218,486
7,300 20,173 29,191 51,881 144,505 | 216,642
7,400 19,624 28,396 50,931 142,761 | 214,787
7,500 19,098 27,634 49,985 141,014 | 212,924
7,600 18,592 26,902 49,045 139,265 | 211,051
7,700 18,106 26,199 48,110 137,515 | 209,170
7,800 17,638 25,523 47,180 135,765 | 207,281
7,900 17,189 24,872 46,257 134,014 | 205,385
8,000 16,757 24,247 45,341 132,263 | 203,483
Rdfbsl\lllsn-liﬁg-cn!s f\dl)::;ong)sN 763 982 1,187 1,542 1,876 2,193 1,195 1,470 1,923 2,138 2,348 2,751 3,445 5,002 7,256 19,916 31,327
RESE;FH(S)U:\QI&[:OSION 22,322 27,778 33,184 43,848 54,314 64,580 30,933 36,971 48,897 54,786 60,624 72,153 65,305 96,766 | 106,378 | 236,182 | 311,918

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
d)ano = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)
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y

- TUBOS CUADRADOS FANALCA
. PROPIEDADES GEOMETRICAS

| X

Dimension Ext.| Dimension| Espesor e =1 Sx=8 Zx=Z -
e oty | Ext At | ooy heorecsoym | Area em?) | 0y | Timey | Temsy R0 em)] J(em?)
1,50 1,68 214 471 247 2,91 148 752
2,00 2.19 2.78 5,95 312 372 1,46 9,68
112 x1 172 | 38,1 x 38,1250 2,67 3,40 7,04 369 746 7,44 11,66
3,00 3,12 3,98 7,99 4,19 513 1,42 13,46
4,00 3.06 5.04 9,56 5.02 6,25 7,38 16,53
1,50 1,77 2,25 5,49 275 322 1,56 875
2,00 231 2.04 6.95 3.48 213 1.54 11,28
20 x40 |25 2,82 3,59 8.25 712 7,97 1,52 13,61
x 3,00 3,30 4,21 9,39 4,70 572 1,49 15,75
4,00 2.0 5.35 11,29 5.65 7,01 1,45 19,44
5,00 4,99 6,36 12,79 6,39 8,02 1,42 22,31
1,50 2.24 2,85 11,07 4.43 5.15 1.7 17.42
2,00 2.93 3,74 14,16 5,66 6,66 1,95 22,63
2,50 3,60 4,59 16,98 6,79 8,07 1,92 27,53
50x50 [ 3,00 425 5.41 19.54 7.81 9,39 7.90 32.13
4,00 545 6,95 23,95 9,58 11,73 1,86 20,42
5.00 6.56 8.36 27.57 11,03 13.70 7,82 47,46
5,00 7.56 9,63 3055 | 1222 1532 7,78 53.23
1,50 2.71 345 19,53 6,51 753 238 30,48
2.00 356 454 25.16 8.39 9,79 2.35 39,79
60 x60 250 7.39 559 3038 | 1013 | 1193 2.33 48,66
3,00 5,19 5,61 35,20 | 11,73 13,95 2,31 57,00
4,00 6.71 855 4377 | 1459 | 17.64 2.6 72.64
5,00 8,13 10,36 | 51,02 17,01 20,88 PIp 86,42
2,00 419 534 40,74 11,64 13,52 2,76 63,96
2,50 5.7 6,59 49,44 14,13 16.54 2.74 78,49
70x70 300 6,13 7,81 57,60 16,46 19,42 2,72 92,42
4,00 7.97 10,15 | 7234 | 2067 | 2476 267 118,52
5,00 9,70 12.36 | 8516 | 24,33 | 2956 2,63 142,21
6.00 11,33 1443 | 9627 | 27.51 33.83 2.58 163,49
2,00 7,50 5,74 50,50 13.47 15,61 2.7 79,05
2,50 5,56 7,00 61,42 16,38 19,12 294 97.13
75x75 |30 6.60 841 71,690 1912 | 2249 2.92 114,54
4,00 8,59 10,95 | 9040 | 24,11 28,76 2,87 147,32
5,00 10,48 13.36 | 106,86 | 28,50 | 3446 2.83 177.35
6,00 12.27 1563 | 12126 | 3234 | 3958 279 | 20462
2,50 6,74 8,59 108,59 | 2413 | 28,00 3,56 170,26
3.00 8.01 1021 | 127.35 | 2830 | 3304 353 20142
90x90 [ 4,00 10,48 13,35 | 162,14 | 36,03 | 42,58 349 | 260,80
5.00 12.84 16.36 | 19346 | 4299 | 5141 344 316.26
5,00 15.10 1903 | 22158 | 4924 | 5954 339 | 367.76
2,00 6,07 7.74 123,02 | 2460 | 2830 3,99 190,54
2,50 7.53 9,59 150,66 | 30.13 | 34,86 3.96 235.21
3,00 8.96 41 | 17712 | 3542 | 41.21 304 278.68
100 x 100 4,00 1,73 1495 | 22657 | 4531 53,30 3,89 | 362,01
4.50 13.08 16.67 | 24963 | 49.93 | 59.04 387 | 40187
5,00 14,41 18,36 | 271,63 | 5433 | 64,59 385 | 44052
5,00 16,98 | 21,63 | 31257 | 62,51 75.10 3.80 514.16
T20x120] 4,00 14.25 18,15 | 40249 | 6708 | 7833 771 636,57
135 x 135|400 16,13 | 20,55 | 581,02 | 86,21 | 10025 | 532 915,06
5,00 2358 | 3003 | 82082 | 12160 | 14372 | 523 | 1320,30
150 x 150|400 18,01 2205 | 808,03 | 107,74 | 12487 | 503 | 126476
5,00 2640 | 3363 | 147,01 | 15203 | 17988 | 584 | 1832:69
200 x 200|500 3011 3836 | 247062 | 24106 | 27887 | 703 | 3763.30
7,00 4143 | 52,78 | 323851 | 32385 | 37883 | 7,83 | 513513
220 x 220|700 4583 | 58.38 | 4367,50 | 397.05 | 46283 | 8,65 | 089147
9,00 57,09 | 73,87 | 5407,64 | 491,60 | 578,81 8,56 | 8652,22
8,00 50.50 | 7579 | 7319.13 | 58553 | 68267 | 9.83 | 1155186
250 x 250 [ 9,00 6647 | 8467 | 809878 | 647.00 | 758.74 | 9.78 | 1286153
10,00 | 73,34 | 9342 | 8850,35 | 708,08 | 832,79 | 973 | 14141,09
300x300| 10.00 | 89.04 | 113,42 | 15722,30| 1048,16 | 122386 | 11,77 | 24866.11
300x300| 1200 | 10561 | 134,53 | 1835209 122347 | 1439,07 | 11,68 | 29322,97
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! - 1. TUBO CUADRADO HR ESTRUCTURAL FANALCA
- " RESISTENCIA A COMPRESION

I ! ¢ P (kg) donde ¢ =0.85

Fanalca =

Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Dimension Nominal (mm) 38.1x38.1 40x40 50x50
ESPESOR (mm) 150 | 200 | 250 | 300 | 400 | 150 | 200 | 250 | 300 | 400 | 500 | 150 | 200 | 250 | 300 | 400 | 500 | 600
PESO (ke/m) 168 | 219 | 267 | 342 | 396 | 177 | 231 282 | 330 | 420 | 4909 | 224 | 2903 | 360 | 425 | 545 | 656 | 7.56
0 6238 | 8054 | 9739 292 | 14.003 | 6,579 | 8508 | 10306 | 11.973 | 14,011 | 17.304 | 8.371 | 10.808 | 13.204 | 15558 | 10602 | 23.299 | 26.380
100 6217 | 8026 | 0703 | 11.247 | 13.940 | 6.559 | 8481 | 10.272 | 11.931 | 14.852 | 17.242 | 8355 | 10.877 | 13.067 | 15.525 | 19.647 | 23.240 | 26.304
200 6.154 | 7.941 | 0505 | 11.116 | 13.753 | 6499 | 8.401 | 10.170 | 11.806 | 14.676 | 16.999 | 8.308 | 10,813 | 13.186 | 15.427 | 19.512 | 23.063 | 26.075
300 6.051 | 7.802 | 0418 | 10899 | 13.446 | 6400 | 8268 | 10.002 | 11.601 | 14.387 | 16.603 | 8.220 | 10.707 | 13.053 | 15265 | 19.289 | 22.772 | 25699
400 5909 | 7.611 | 9176 | 10604 | 13.027 | 6.265 | 8086 | 9,771 | 11.320 | 13.992 | 16.063 | 8.120 | 10561 | 12.868 | 15.041 | 18.982 | 22.370 | 25.182
500 5732 | 7.372 | 8875 | 10235 | 12509 | 6.095 | 7.858 | 9.483 | 10,968 | 13.501 | 15.304 | 7.981 | 10.375 | 12.634 | 14.758 | 18.504 | 21.863 | 24532
600 5503 | 7.091 | 8519 | 0802 | 11.903 | 5894 | 7.588 | 9.142 | 10.553 | 12.923 | 14.615 | 7.816 | 10.153 | 12.355 | 14.419 | 18.130 | 21.260 | 23.760
700 5285 | 6.772 | 8117 | 0314 | 11.204 | 56656 | 7.280 | 8754 | 10.083 | 12.272 | 13.744 | 7.624 | 0896 | 12.032 | 14.029 | 17.597 | 20.568 | 22.880
800 5003 | 6422 | 7677 | 8780 | 10489 | 5412 | 6941 | 8328 | 9,566 | 11.562 | 12.804 | 7.409 | 9.608 670 | 13.502 | 17.001 | 19.798 | 21.904
900 4743 | 6048 | 7007 | 8213 | 9714 | 5138 | 6576 | 7.869 | 9.012 | 10,806 | 11.816 | 7.173 | 9.092 273 | 13.112 | 16,351 | 18.960 | 20.848
—_ 000 | 4447 | 5654 | 6.715 | 7.622 | 8916 | 4849 | 6190 | 7.386 | 8431 | 10.020 | 10.802 | 6.917 | 8951 | 10.845 | 12597 | 15.653 | 18.065 | 19.728
£ 1100 | 4142 | 5250 | 6211 | 7.018 | 8109 | 4548 | 5790 | 6.887 | 7.833 | 9217 | 9782 | 6.646 | 8589 | 10391 | 12.050 | 14.916 | 17.125 | 18.561
£ 1200 | 3.832 | 4839 | 5702 | 6411 | 7310 | 4240 | 5381 | 6379 | 7.026 | 8412 | 8775 | 6361 | 8208 | 9916 | 11.479 | 14.149 | 16.152 | 17.361
£ 1300 | 3522 | 4430 | 5196 | 5811 | 6520 | 3.028 | 4970 | 5870 | 6619 | 7.616 | 7.797 | 6064 | 7.814 | 9424 | 10889 | 13.360 | 15.156 | 16.145
- 400 | 3.214 | 4026 | 4700 | 5226 | 5780 | 3618 | 4561 | 5365 | 6021 | 6841 | 6.864 | 5760 | 7.410 | 8920 | 10285 | 12557 | 14.150 | 14.926
v 500 | 2.914 | 3634 | 4200 | 4663 | 5060 | 3311 | 4150 | 4871 | 5439 | 6096 | 5983 | 5450 | 6999 | 8408 | 9674 | 11.749 | 13.143 | 13.720
600 | 2624 | 3256 | 3.757 | 4119 | 4448 | 3012 | 3.768 | 4393 | 4878 | 5378 | 5259 | 5137 | 6584 | 7.894 | 9.6 0.942 | 12146 | 12.538
© 700 | 2342 | 2892 | 3328 | 3649 | 3.040 | 2724 | 3.393 | 3.930 | 4.336 | 4764 | 4658 | 4824 | 6170 | 7.381 | 845 0.143 | 11,168 | 11.392
2 800 | 2,089 | 2579 | 2968 | 3255 | 3514 | 2443 | 3.030 | 3505 | 3.868 | 4249 | 4.155 | 4512 | 5759 | 6.873 | 7.849 | 9360 | 10217 | 10.291
T 900 875 | 2315 | 2664 | 2021 | 3154 | 2192 | 2.719 | 3.146 | 3471 | 3814 | 3729 | 4205 | 5355 | 6375 | 7.059 | 8598 | 9209 | 9232
o 2.000 692 | 2089 | 2404 | 2636 | 2846 979 | 2454 | 2830 | 3133 | 3442 | 3365 | 3.903 | 4959 | 5888 | 6.686 | 7.862 | 8403 | 8332
“ 2.100 535 | 1895 | 2181 | 2.391 | 2582 795 | 2206 | 2575 | 2842 | 3122 | 3053 | 3610 | 4575 | 5417 | 6131 | 7.140 | 7.622 | 7.557
L 2.200 398 | 1727 | 1987 | 2179 | 2.352 635 | 2028 | 2.346 | 2580 | 2845 | 2781 | 3.325 | 4199 | 4952 | 5588 | 6506 | 6.945 | 6.886
- 2300 | 1279 | 1580 | 1818 | 1993 | 2.152 496 | 1856 | 2147 | 2369 | 2603 | 2545 | 3.045 | 3.842 | 4531 | 5113 | 5953 | 6354 | 6,300
= 2400 | 1.175 | 1451 670 | 1.831 977 374 | 1.704 972 | 2176 | 2390 | 2337 | 2.797 | 3528 | 4161 | 4695 | 5467 | 5835 | 5786
= 2.500 083 | 1.337 | 1530 | 1687 | 1.822 266 | 1.571 817 | 2005 | 2203 | 2154 | 2577 | 3.252 | 3.835 | 4327 | 5038 | 5378 | 5.332
o 2,600 001 236 | 1423 | 1560 | 1.684 A7 452 | 1680 | 1.854 | 2.037 2.383 | 3.006 | 3546 | 4.001 | 4658 | 4972 | 4930
c 2.700 928 146 | 1319 | 1447 086 | 1347 | 1558 | 1719 | 1.889 2210 | 2788 | 3288 | 3.710 | 4320 | 4611 | 4572
o 2.800 863 066 | 1.227 010 | 1252 | 1.449 | 1598 2055 | 2592 | 3057 | 3.450 | 4017 | 4287 | 4.251
~ 2.900 805 941 167 | 1.350 915 | 2417 | 2850 | 3.216 | 3.744 | 3.997 | 3.963
3.000 879 091 1790 | 2258 | 2663 | 3005 | 3.499 | 3735 | 3.703
3100 1676 | 2115 | 2494 | 2814 | 3277 | 3498 | 3.468
3.200 1573 | 1085 | 2341 | 2641 | 3.075 | 3282 | 325
3.300 479 | 1.866 | 2001 | 2484 | 2.892 | 3,087
3.400 394 | 1758 | 2073 | 2.340 | 2.724 | 2.908
3,500 315 | 1650 | 1957 | 2.008 | 2.57
3.600 243 | 1.568 | 1.849 | 2.087 | 2430
3.700 77 | 1485 | 1751 | 1.976
3.800 116 407
3.900 059
e EANY(E&GQ)F 2095 79 98 12 123 133 88 109 126 139 153 150 143 181 213 241 280 299 206
OV, (k6) - 62005 1502 | 1923 | 2304 | 2645 | 3206 | 1623 | 2083 | 2505 | 2885 | 3527 | 3008 | 2224 | 2,885 | 3507 | 4088 | 5130 | 6011 | 6252
RESSTENG N0 TC86"N | 6605 | 8528 | 10312 | 11956 | 14827 | 6966 | 9009 | 10,013 | 12677 | 15789 | 18343 | 8,864 | 11540 | 14,076 | 16,473 | 20,850 | 24,670 | 27,932
Lu (m) 194 | 195 | 196 | 198 | 200 | 203 | 205 | 206 | 207 | 210 | 212 | 253 | 255 | 256 | 257 | 260 | 262 | 265

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

¢ano = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)
L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca =

{7 TUBOCUADRADO HR ESTRUCTURAL FANALCA
1 7" RESISTENCIA A COMPRESION

F,=50ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

t s d)an (kg) donde d)c—0.85
Dimension Nominal (mm) 60x60 70x70 75x75
ESPESOR (mm) 1.50 2.00 2.50 3.00 4.00 5.00 2.00 2.50 3.00 4.00 5.00 6.00 2.00 2.50 3.00 4.00 5.00 6.00
PESO (kg/m) 2.71 3.56 4.39 5.19 6.71 8.13 4.19 5.17 6.13 7.97 9.70 11.33 4.50 5.56 6.60 8.59 10.48 12.27
0 9,783 13,289 16,282 19,144 24,472 29,275 15,679 19,270 22,729 29,253 35,250 40,721 16,857 20,764 24,522 31,643 38,238 44,307
100 9,773 13,271 16,260 19,117 24,435 29,227 15,664 19,251 22,706 29,222 35,210 40,672 16,846 20,746 24,500 31,614 38,201 44,262
200 9,745 13,218 16,193 19,036 24,325 29,086 15,618 19,193 22,637 29,128 35,092 40,526 16,814 20,693 24,436 31,527 38,091 44,126
— 300 9,697 13,130 16,082 18,902 24,143 28,851 15,543 19,099 22,522 28,973 34,894 40,283 16,747 20,604 24,329 31,383 37,908 43,902
E 400 9,631 13,007 15,928 18,715 23,890 28,526 15,438 18,967 22,363 28,758 34,620 39,945 16,649 20,481 24,181 31,183 37,653 43,589
500 9,546 12,851 15,732 18,479 23,569 28,113 15,304 18,798 22,160 28,483 34,270 39,515 16,524 20,324 23,991 30,927 37,328 43,191
g 600 9,443 12,664 15,496 18,194 23,181 27,617 15,141 18,595 21,914 28,151 33,848 38,995 16,372 20,133 23,761 30,617 36,935 42,709
700 9,322 12,445 15,221 17,862 22,732 27,042 14,952 18,357 21,627 27,764 33,355 38,390 16,194 19,910 23,493 30,255 36,475 42,146
I~ 800 9,184 12,198 14,911 17,487 22,225 26,393 14,736 18,086 21,301 27,324 32,796 37,703 15,991 19,656 23,186 29,842 35,952 41,506
N4 900 9,030 11,923 14,567 17,072 21,663 25,676 14,495 17,784 20,937 26,833 32,173 36,940 15,765 19,372 22,844 29,381 35,368 40,793
1+ 1,000 8,860 11,624 14,191 16,620 21,053 24,899 14,231 17,452 20,538 26,295 31,491 36,105 15,516 19,059 22,467 28,874 34,726 40,009
_2 1,100 8,675 11,302 13,787 16,133 20,398 24,066 13,944 17,093 20,105 25,713 30,754 35,204 15,244 18,719 22,058 28,324 34,031 39,161
-t 1,200 8,423 10,959 13,358 15,617 19,703 23,186 13,637 16,708 19,642 25,090 29,966 34,243 14,953 18,354 21,619 27,734 33,285 38,253
8 1,300 8,152 10,599 12,907 15,075 18,976 22,267 13,310 16,299 19,150 24,431 29,133 33,228 14,643 17,965 21,151 27,106 32,493 37,290
Y 1,400 7,870 10,223 12,437 14,510 18,220 21,314 12,967 15,869 18,633 23,738 28,259 32,166 14,314 17,555 20,658 26,444 31,659 36,277
L 1,500 7,578 9,833 11,951 13,927 17,442 20,337 12,607 15,420 18,093 23,015 27,350 31,063 13,970 17,124 20,140 25,751 30,787 35,219
b e} 1,600 7,277 9,434 11,452 13,330 16,647 19,341 12,234 14,953 17,533 22,267 26,410 29,925 13,611 16,675 19,601 25,031 29,881 34,123
5 1,700 6,971 9,026 10,945 12,722 15,840 18,335 11,849 14,472 16,957 21,498 25,446 28,760 13,240 16,211 19,043 24,286 28,946 32,993
= 1,800 6,659 8,613 10,430 12,108 15,027 17,325 11,454 13,979 16,365 20,710 24,461 27,574 12,856 15,732 18,469 23,520 27,986 31,836
(e)] 1,900 6,346 8,197 9,913 11,491 14,213 16,317 11,051 13,476 15,763 19,910 23,461 26,374 12,463 15,241 17,881 22,736 27,006 30,656
c 2,000 6,031 7,780 9,396 10,874 13,403 15,319 10,641 12,965 15,152 19,099 22,452 25,164 12,062 14,740 17,281 21,939 26,011 29,461
o 2,100 5,716 7,365 8,881 10,262 12,601 14,335 10,226 12,449 14,535 18,282 21,437 23,953 11,654 14,232 16,672 21,130 25,003 28,254
-l 2,200 5,405 6,953 8,371 9,657 11,811 13,371 9,809 11,930 13,915 17,463 20,422 22,745 11,241 13,717 16,057 20,315 23,989 27,041
2,300 5,096 6,547 7,869 9,061 11,038 12,431 9,391 11,410 13,294 16,645 19,412 21,546 10,824 13,198 15,437 19,495 22,971 25,828
2,400 4,793 6,147 7,377 8,479 10,284 11,520 8,972 10,891 12,676 15,832 18,410 20,362 10,405 12,678 14,815 18,673 21,954 24,619
2,500 4,496 5,757 6,897 7,911 9,553 10,619 8,556 10,375 12,062 15,026 17,420 19,196 9,986 12,157 14,193 17,854 20,942 23,418
2,600 4,207 5,377 6,430 7,352 8,829 9,818 8,144 9,864 11,454 14,231 16,446 18,053 9,568 11,637 13,574 17,040 19,938 22,231
2,700 3,922 5,000 5,965 6,818 8,187 9,104 7,736 9,359 10,855 13,450 15,492 16,938 9,151 11,121 12,959 16,232 18,946 21,061
2,800 3,647 4,649 5,546 6,339 7,612 8,465 7,335 8,863 10,266 12,684 14,560 15,845 8,739 10,609 12,350 15,435 17,968 19,912
2,900 3,399 4,334 5,170 5,910 7,096 7,892 6,940 8,376 9,690 11,936 13,642 14,771 8,330 10,103 11,749 14,650 17,008 18,787
3,000 3,177 4,050 4,831 5,622 6,631 7,374 6,555 7,901 9,127 11,194 12,748 13,802 7,928 9,605 11,158 13,880 16,068 17,689
¢T,\E/|il=sq;l; EA:%I(G_Q)F !.gb)%ags 207 270 322 368 442 492 377 454 523 640 729 789 437 528 610 752 864 945
ﬁfﬁiﬁ;ﬁ,ﬁf&sﬁ&gg&f 2,825 3,687 4,508 5,290 6,733 8,015 4,488 5,510 6,492 8,336 10,019 11,061 4,729 5,811 6,853 8,816 10,620 12,263
RESISTENCIA A TENSI6N
&.T, (kg) - $,=0.90 10,762 14,070 17,240 20,270 25,912 30,997 16,601 20,403 24,066 30,973 37,324 43,117 17,867 21,985 25,964 33,504 40,487 46,913
Lu (m) 3.03 3.04 3.06 3.07 3.09 3.12 3.54 3.56 3.57 3.59 3.62 3.64 3.79 3.81 3.82 3.84 3.87 3.89

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
¢ano = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)
L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca =

—— BO CUADRADO HR ESTRUCTUR c F =50 ksi (35.15 kgf/mm?)
. TU UADRADO HR ESTRUCTURAL FANALCA F'=65 ksi (45.69 kgf/mm?)

- e RESISTENCIA A COMPRESION
I | cban (kg) donde ¢c=0.85

Dimensién Nominal (mm) 60x60 70x70 75x75
ESPESOR (mm) 150 2.00 2.50 3.00 4.00 5.00 2.00 2.50 3.00 4.00 5.00 6.00 2.00 2.50 3.00 4.00 5.00 6.00
PESO (kg/m) 271 3.56 439 5.19 6.71 B.13 419 517 6.13 7.97 970 | 1133|450 556 6.60 859 | 1048 | 1227
3.100 2975 | 3793 | 4525 | 5172 | 6210 | 6906 | 6179 | 7430 | 8564 | 10483 | 11,939 | 12,926 | 7.532 | 9116 | 10578 | 15.126 | 15151 | 16.589
3.200 2792 | 3559 | 4246 | 4854 | 5828 | 6481 | 5800 | 6973 | 8037 | 9838 | 11.004 | 12131 | 7.144 | 8638 | 10011 | 12.390 | 14,229 | 15.568
: 625 , , 5 5. , 545 55 55 25 5 , 765 : , , , :
3,300 2.62 3347 | 3993 | 4.564 480 | 6.0 454 | 6557 | 7557 | 9251 | 10536 | 11.407 | 676 8.170 | 9448 | 11648 | 13.380 | 14,639
, a7 15 , , 5 5.7 5 a7 | 7. 715 925 7 , 7. , 97 , 7
3.400 2473 | 3153 | 3,762 | 4.209 163 41 138 | 6.1 19 | 871 9.925 | 10.746 | 6384 698 | 8900 | 10973 | 12.604 | 13.790
5 334 975 , 057 87 5. , 5. 7 , , , , 7. , 355 , ,
3,500 2.33 29 3550 | 40 4872 418 | 4848 820 | 6718 | 8224 | 0366 | 10141 | 6.004 264 | 8399 | 103 11.894 | 13,014
— 3,600 2006 | 2812 | 3355 | 3835 | 4605 | 5121 | 4583 | 5510 | 6350 | 7773 | 8853 | 0585 | 5604 | 6866 | 7.939 | 0788 | 11243 | 12,301
£ 3.700 2088 | 2662 | 3176 | 3630 | 4350 | 4848 | 4338 | 5016 | 6011 | 7359 | 8381 | 9074 | 5391 | 6500 | 7515 | 0266 | 10.643 | 11.645
= 3,800 1980 | 2524 | 3,011 | 3442 | 4133 | 4596 | 4113 | 4945 | 5609 | 6977 | 7945 | 8603 | 5111 | 6162 | 7125 | 8785 | 10090 | 11.040
£ 3,900 1880 | 2396 | 2,850 | 3268 | 3924 | 4363 | 3905 | 4694 | 5411 | 6623 | 7545 | 8d67 | 4852 | 5850 | 6764 | 8340 | 9580 | 10481
4,000 1787 | 2278 | 2718 | 3106 | 3730 | 4148 | 3712 | 4463 | 5144 | 6296 | 7471 | 7.764 | 4612 | 5561 | 6430 | 7.928 | 9107 | 9.963
v 4.100 1701 | 2168 | 2587 | 2957 | 3550 | 3948 | 3533 | 4248 | 4896 | 5993 | 6825 | 7.390 | 4390 | 5294 | 6120 | 7.546 | 8668 | 9483
4.200 1621 | 2066 | 2465 | 2817 | 3383 | 3762 | 3367 | 4048 | 4665 | 5711 | 6504 | 7.042 | 4184 | 5044 | 5833 | 7.191 | 8260 | 9.037
© 4.300 1546 | 1971 | 2352 | 2688 | 3228 | 3589 | 3212 | 3862 | 4451 | 5449 | 6205 | 6718 | 3991 | 4813 | 5564 | 6861 | 7.880 | 8622
2 4.400 1477 | 1883 | 2246 | 2567 | 3083 3068 | 3688 | 4251 | 5204 | 5926 | 6416 | 3812 | 4596 | 5314 | 6552 | 7506 | 8234
= 4,500 1412 | 1800 | 2,147 | 2454 2933 | 3526 | 4064 | 4975 | 5666 | 6134 | 3644 | 4394 | 5081 | 6264 | 7.195 | 7872
o 4,600 1351 | 1722 | 2055 2807 | 3374 | 3889 | 4761 | 5422 | 5871 | 3488 | 4005 | 4862 | 5995 | 6886 | 7.534
= 4.700 1294 2689 | 3232 | 3726 | 4561 | 5194 | 5623 | 3341 | 4028 | 4658 | 5742 | 659 | 7.217
1T} 4.800 2578 | 3099 | 3572 | 4373 | 4980 | 5392 | 3208 | 3862 | 4466 | 5506 | 6.324 | 6919
o 4.900 2474 | 2974 | 3428 | 4196 | 4779 | 5174 | 3074 | 3706 | 4285 | 5283 | 6.069 | 6640
S 5,000 2376 | 2856 | 3202 | 4030 | 4589 | 4960 | 2952 | 3550 | 4115 | 5074 | 5828 | 6377
= 5.100 2283 | 2745 | 3164 | 3873 | 44t 2837 | 3421 | 3956 | 4877 | 5602 | 6.120
o 5.200 219 | 2641 | 3044 | 372 2729 | 3291 | 3805 | 4691 | 5389 | 589%
c 5,300 2114 | 2542 | 2930 2627 | 3168 | 3663 | 4516 | 5187 | 5675
o 5.400 2037 | 2.449 2531 | 3052 | 3528 | 4350 | 4997 | 5467
- 5,500 2440 | 2942 | 3401 | 4193 | 4817
5,600 2353 | 2837 | 3281 | 4045
5,700 2271 | 2739 | 3167
5,800 2.194 | 2645
5,900 2.120
6,000
SN g 6 005 | 207 270 322 368 442 492 377 454 523 640 729 789 437 528 610 752 864 945
=M,
R A SORTE 2825 | 3687 | 4508 | 5290 | 6733 | 8015 | 4488 | 5510 | 6492 | 8336 | 10019 | 11061 | 4729 | 5811 | 6853 | 8816 | 10620 | 12,263
oV, =0V, (kg) - ¢,20.95
RESISTENCIA A TENSION
6T, (kg) - $,0.90 10762 | 14070 | 17,240 | 20270 | 25912 | 30997 | 16601 | 20403 | 24066 | 30973 | 37,324 | 43117 | 17867 | 21,985 | 25964 | 33504 | 40487 | 46913
Lu (m) 3.03 3.04 3.06 3.07 3.09 3.12 354 356 357 359 362 364 379 381 382 3.84 387 3.89

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
d)ano = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)
L, =Méxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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{ 1. TUBO CUADRADO HR ESTRUCTURAL FANALCA

RESISTENCIA A COMPRESION

| _ ¢P_(kg) donde ¢ _=0.85

Fanalca =

Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Dimensiéon Nominal (mm) 90x90 100x100
ESPESOR (mm) 2.00 2.50 3.00 4.00 5.00 6.00 2.00 2.50 3.00 4.00 4.50 5.00 6.00
PESO (kg/m) 5.45 6.74 8.01 10.48 12.84 15.1 6.07 7.53 8.96 11.73 13.08 14.41 16.98
0 18,252 25,245 29,899 38,813 47,201 55,063 18,914 27,175 33,485 43,594 48,451 53,177 62,233
100 18,244 25,230 29,882 38,790 47,171 55,026 18,908 27,165 33,469 43,572 48,427 53,150 62,200
200 18,222 25,186 29,828 38,718 47,080 54,915 18,890 27,136 33,421 43,508 48,354 53,069 62,102
300 18,184 25,113 29,740 38,599 46,930 54,732 18,859 27,089 33,341 43,401 48,233 52,934 61,938
400 18,132 25,010 29,616 38,432 46,720 54,476 18,817 27,022 33,230 43,252 48,065 52,745 61,710
—_ 500 18,065 24,879 29,458 38,220 46,451 54,149 18,763 26,936 33,088 43,061 47,849 52,504 61,417
E 600 17,983 24,719 29,266 37,961 46,124 53,752 18,697 26,832 32,915 42,828 47,586 52,211 61,062
E 700 17,887 24,532 29,041 37,658 45,742 53,287 18,620 26,708 32,711 42,555 47,278 51,867 60,644
~ 800 17,776 24,318 28,783 37,312 45,304 52,755 18,530 26,567 32,478 42,242 46,924 51,472 60,166
| 900 17,652 24,077 28,493 36,923 44,813 52,158 18,430 26,407 32,216 41,890 46,527 51,029 59,628
X 1,000 17,513 23,811 28,173 36,493 44,270 51,500 18,318 26,230 31,925 41,500 46,087 50,538 59,033
© 1,100 17,362 23,521 27,823 36,023 43,678 50,781 18,194 26,035 31,607 41,074 45,605 50,000 58,382
-‘E 1,200 17,196 23,206 27,445 35,516 43,039 50,006 18,060 25,822 31,263 40,612 45,083 49,418 57,678
3] 1,300 17,018 22,869 27,040 34,973 42,355 49,176 17,915 25,593 30,892 40,115 44,523 48,794 56,922
“q_) 1,400 16,827 22,511 26,609 34,396 41,628 48,296 17,760 25,346 30,497 39,585 43,925 48,128 56,116
11| 1,500 16,624 22,133 26,154 33,786 40,862 47,368 17,594 25,084 30,078 39,025 43,293 47,422 55,263
e} 1,600 16,410 21,735 25,676 33,146 40,058 46,396 17,419 24,806 29,637 38,434 42,626 46,680 54,366
B 1,700 16,183 21,320 25177 32,479 39,219 45,383 17,234 24,512 29,174 37,815 41,928 45,903 53,427
5., 1,800 15,946 20,888 24,659 31,785 38,349 44,333 17,039 24,204 28,691 37,169 41,200 45,092 52,449
[ 1,900 15,698 20,441 24,122 31,069 37,450 43,249 16,835 23,829 28,189 36,498 40,445 44,251 51,435
o 2,000 15,440 19,980 23,569 30,330 36,526 42,135 16,622 23,396 27,670 35,804 39,663 43,381 50,387
- 2,100 15,172 19,506 23,001 29,573 35,578 40,995 16,400 22,950 27,134 35,089 38,858 42,485 49,308
2,200 14,895 19,022 22,420 28,800 34,611 39,833 16,171 22,491 26,583 34,355 38,031 41,565 48,201
2,300 14,610 18,528 21,828 28,012 33,627 38,652 15,933 22,020 26,019 33,602 37,184 40,624 47,070
2,400 14,316 18,026 21,226 27,212 32,629 37,455 15,688 21,540 25,442 32,834 36,320 39,664 45,916
2,500 14,014 17,516 20,616 26,402 31,620 36,247 15,436 21,049 24,855 32,052 35,440 38,687 44,744
2,600 13,706 17,002 20,000 25,585 30,603 35,032 15,177 20,551 24,257 31,257 34,547 37,695 43,555
2,700 13,390 16,483 19,380 24,762 29,581 33,811 14,911 20,046 23,652 30,452 33,643 36,692 42,353
2,800 13,032 15,961 18,756 23,937 28,556 32,590 14,640 19,534 23,040 29,639 32,730 35,679 41,141
2,900 12,612 15,438 18,131 23,110 27,531 31,371 14,362 19,018 22,422 28,819 31,810 34,659 39,922
3,000 12,191 14,914 17,506 22,284 26,510 30,157 14,079 18,498 21,800 27,995 30,885 33,634 38,698
¢T’s|nsxl=s<l->l; I,\EA:"E&Q';)F Li)ilg gs 602 783 912 1,142 1,335 1,492 719 958 1,147 1,446 1,581 1,705 1,924
'},ﬁiﬂﬁf:ﬂgﬁgﬁ’g& 5,931 7,314 8,656 11,221 13,625 15,870 6,733 8,316 9,858 12,824 14,247 15,629 18,274
RESISTENCIA A TENSI6N
¢T, (kg) - $,=0.90 21,663 26,730 31,658 41,097 49,978 58,302 24,194 29,894 35,454 46,158 51,301 56,305 65,894
Lu (m) 4.54 4.55 4.57 4.59 4.62 4.64 5.04 5.05 5.07 5.09 5.10 5.12 5.14

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
¢an0 = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)
L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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[ . TUBO CUADRADO HR ESTRUCTURAL FANALCA

RESISTENCIA A COMPRESION

{ ¢an (kg) donde ¢C=0.85

Dimension Nominal (mm)

Fanalca =

Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

90x90 100x100

ESPESOR (mm) 2.00 2.50 3.00 4.00 5.00 6.00 2.00 2.50 3.00 4.00 4.50 5.00 6.00
PESO (kg/m) 545 6.74 8.01 1048 12.84 15.1 6.07 7.53 8.96 11.73 13.08 14.41 16.98
3100 | 11770 | 14,392 [ 16,882 | 21462 | 25493 | 28,951 | 13792 | 17,976 | 21,175 | 27167 | 29,956 | 32,605 | 37.471
3200 | 11,351 | 13871 | 16,261 | 20644 | 24484 | 27,756 | 13499 | 17.452 | 20,548 | 26,337 | 29,027 | 31,576 | 36,246
3300 | 10935 [ 13354 | 15644 | 19833 | 23485 | 26575 | 13,202 | 16,927 | 19,921 | 25508 | 28,098 | 30,549 | 35023
3400 | 10521 | 12,841 | 15033 | 19031 | 22,498 | 25410 | 12902 | 16,402 | 19,295 | 24681 | 27172 | 29524 | 33,806
3500 | 10112 | 12333 | 14429 | 18238 | 21524 | 24264 | 12,597 | 15879 | 18,670 | 23,857 | 26,250 | 28,506 | 32,597
3,600 9707 | 11831 [ 13832 [ 17457 | 20567 | 23,138 | 12,290 | 15358 | 18,048 | 23,038 | 25334 | 27,494 | 31,397
3,700 9308 | 11,337 [ 13244 | 16689 | 19626 | 22,036 | 11,980 | 14,840 | 17.431 | 22,225 | 24,425 | 26,491 | 30,211
= 3,800 8915 | 10850 | 12666 | 15935 | 18,705 | 20923 | 11,667 | 14,327 | 16,819 | 21,420 | 23,525 | 25499 | 29,038
= 3.900 8529 | 10373 [ 12099 [ 15196 [ 17771 | 19,864 | 11,299 | 13818 | 16212 | 20,623 | 22,636 | 24,519 | 27,881
E 4,000 8,150 9.904 | 11,532 | 14443 | 16893 | 18,883 | 10,893 | 13,314 | 15613 | 19,837 | 21,759 | 23,552 | 26,742
4 4,100 7,766 9427 | 10977 | 13747 | 16079 | 17974 | 10492 | 12,817 | 15021 | 19,062 | 20,895 | 22,601 | 25623
< 4,200 7.400 8983 | 10460 | 13100 | 15323 | 17,128 | 10,097 | 12,327 | 14,438 | 18,299 | 20,045 | 21,666 | 24,524
© 4,300 7,060 8,570 9979 | 12498 | 14618 | 16,340 | 9707 | 11,844 | 13,865 | 17549 | 19.210 | 20,749 | 23,403
> 4,400 6.743 8,185 9,531 11,936 | 13,961 | 15606 | 9324 | 11,370 | 13,301 | 16,796 | 18,361 | 19,808 | 22,352
b 4,500 6.447 7,825 9112 [ 11412 [ 13348 | 14920 | 8947 | 10894 | 12,728 | 16,058 | 17,554 | 18,938 | 21,369
) 4,600 6,169 7,489 8720 | 10921 | 12774 | 14,279 | 8561 10425 | 12,181 | 15367 | 16,799 | 18,123 | 20450
e 4,700 5,910 7173 8353 | 10461 | 12236 | 13,677 | 8,201 9.986 | 11,668 | 14,720 | 16,092 | 17,360 | 19,589
- 4,800 5,666 6.878 8009 [ 10030 [ 11,731 [ 13113 | 7,863 9575 | 11,187 | 14113 | 15428 | 16,645 | 18,782
S 4,900 5437 6,600 7,685 9625 | 11,257 | 12584 | 7,545 9188 | 10,735 | 13543 | 14,805 | 15972 | 18,023
= 5,000 5,222 6.338 7,381 9243 | 10812 | 12,085 | 7.246 8824 | 10310 | 13007 | 14219 | 15340 | 17,309
= 5,100 5,019 6,092 7,094 8884 | 10392 | 11616 | 6,965 8,481 9.909 [ 12502 | 13666 | 14,744 | 16,637
o 5200 4,828 5,860 6.824 8,546 9.99% [ 11,174 | 6699 8,158 9532 | 12025 | 13146 | 14,182 | 16,003
- 5,300 4,647 5,641 6.569 8,227 9622 | 10756 | 6.449 7,853 9176 | 11,576 | 12,654 | 13,652 | 15405
5,400 4477 5434 6.328 7,925 9269 | 10361 | 6212 7,565 8839 | 11151 | 12190 | 13,151 | 14,840
5,500 4,316 5238 6.100 7,639 8.935 9.988 5,989 7,293 8520 | 10749 | 11,751 | 12,677 | 14,305
5,600 4,163 5,053 5,884 7,369 8,619 9.634 5,777 7,034 8219 | 10369 | 11,335 | 12,229 | 13,799
5700 4,018 4,877 5679 7113 8,319 9,299 5,576 6.790 7933 | 10008 | 10941 [ 11,803 | 13319
5,800 3,881 4,710 5485 6.869 8.035 8,981 5,385 6.558 7,662 9666 | 10,567 | 11,400 | 12,864
5.900 3,750 4,552 5,301 6.638 7,765 8,680 5,204 6.337 7,404 9,341 10212 | 11,017 | 12,431
6.000 3,626 4,402 5125 6.419 7,508 8,393 5,032 6,128 7,160 9.032 9874 | 10653 | 12,020
¢'§,\'§|S'=Sd;: E,rn‘y‘f;g_’:n;‘ _"5?'385 602 783 912 1,142 1,335 1,492 719 958 1,147 1,446 1,581 1,705 1,924
'},E\/S'Eﬁ/Nf(ﬂg‘)Ag ones 5,931 7,314 8656 | 11221 | 13625 | 15870 | 6,733 8,316 9858 | 12,824 | 14247 | 15629 | 18274
RESISTENCIA A TENSIGN
T, (kg) - $,=0.90 21,663 | 26,730 | 31,658 | 41,097 | 49978 | 58,302 | 24,194 | 29,894 | 35454 | 46,158 | 51,301 | 56,305 | 65894
Lu (m) 454 455 4.57 459 4.62 464 5.04 5.05 5.07 5.09 5.10 5.12 5.14

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
¢_P_ =Resistencia axial nominal determinada con Fn:Fy (Valor con KL =0)
L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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' . TUBOCUADRADO HR ESTRUCTURAL FANALCA
- " RESISTENCIA A COMPRESION

. : ¢ P, (kg) donde ¢ =0.85

Fanalca =

Fy=50 ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

Dimension Nominal (mm) 135x135 200x200 220x220 250x250 300x300
ESPESOR (mm) 4.00 4.00 6.00 4.00 6.00 5.00 7.00 7.00 9.00 8.00 9.00 10.00 10.00 12.00

PESO (kg/m) 14.14 16.13 23.82 18.12 26.40 30.11 41.43 46.16 58.54 59.93 66.47 73.34 89.04 105.61

0 52,580 59,751 86,038 66,921 96,794 110,178 152,661 169,392 212,408 219,881 244,675 268,871 328,626 387,174

100 52,562 59,735 86,014 66,907 96,772 110,168 152,642 169,376 212,386 219,864 244,656 268,850 328,608 387,153

200 52,509 59,688 85,942 66,865 96,708 110,138 152,586 169,325 212,320 219,813 244,598 268,785 328,555 387,089

300 52,421 59,609 85,823 66,794 96,601 110,088 152,493 169,240 212,210 219,728 244,502 268,678 328,466 386,981

400 52,297 59,500 85,656 66,696 96,451 110,018 152,363 169,122 212,057 219,609 244,368 268,528 328,342 386,832

500 52,138 59,359 85,442 66,569 96,259 109,928 152,195 168,970 211,860 219,456 244,195 268,336 328,183 386,639

600 51,945 59,187 85,181 66,415 96,025 109,818 151,991 168,784 211,619 219,269 243,985 268,101 327,988 386,404

700 51,717 58,985 84,873 66,232 95,749 109,688 151,749 168,565 211,335 219,049 243,736 267,823 327,757 386,126

S 800 51,456 58,752 84,520 66,023 95,432 109,538 151,471 168,313 211,008 218,795 243,449 267,503 327,492 385,805
E 900 51,162 58,490 84,121 65,786 95,073 109,368 151,157 168,027 210,638 218,507 243,124 267,141 327,191 385,442
1,000 50,835 58,198 83,678 65,523 94,674 109,179 150,806 167,708 210,225 218,186 242,761 266,736 326,856 385,037

E 1,100 50,475 57,877 83,191 65,233 94,235 108,970 150,419 167,357 209,769 217,831 242,361 266,290 326,485 384,590
~ 1,200 50,085 57,527 82,660 64,917 93,756 108,742 149,997 166,973 209,272 217,444 241,924 265,802 326,080 384,100
- 1,300 49,664 57,150 82,087 64,575 93,238 108,494 149,539 166,556 208,732 217,023 241,449 265,273 325,640 383,569
x 1,400 49,213 56,745 81,473 64,208 92,683 108,227 149,046 166,107 208,151 216,570 240,938 264,703 325,165 382,996
© 1,500 48,734 56,313 80,819 63,816 92,089 107,941 148,518 165,627 207,528 216,084 240,390 264,092 324,656 382,382
> 1,600 48,226 55,855 80,125 63,400 91,460 107,635 147,957 165,115 206,865 215,566 239,805 263,440 324,113 381,726
=] 1,700 47,692 55,372 79,393 62,959 90,794 107,311 147,361 164,571 206,161 215,016 239,184 262,748 323,536 381,030
O 1,800 47,132 54,864 78,624 62,496 90,093 106,967 146,732 163,997 205,417 214,434 238,528 262,016 322,924 380,292
52 1,900 46,547 54,332 77,819 62,009 89,358 106,605 146,069 163,391 204,633 213,821 237,836 261,244 322,280 379,514
11 2,000 45,938 53,777 76,980 61,501 88,589 106,225 145,374 162,756 203,811 213,176 237,108 260,433 321,601 378,696
b o} 2,100 45,306 53,200 76,107 60,970 87,789 105,826 144,647 162,091 202,949 212,501 236,346 259,584 320,890 377,837
=] 2,200 44,653 52,601 75,202 60,419 86,957 105,409 143,889 161,396 202,050 211,794 235,549 258,695 320,145 376,939
- 2,300 43,980 51,981 74,267 59,848 86,095 104,973 143,099 160,672 201,113 211,058 234,718 257,769 319,368 376,001
(o)) 2,400 43,288 51,341 73,302 59,257 85,203 104,520 142,279 159,919 200,139 210,291 233,853 256,805 318,558 375,024
= 2,500 42,577 50,683 72,310 58,647 84,284 104,049 141,429 159,138 199,129 209,495 232,955 255,804 317,716 374,008
o 2,600 41,851 50,007 71,292 58,019 83,338 103,435 140,550 158,329 198,082 208,669 232,024 254,766 316,842 372,954
-l 2,700 41,108 49,314 70,249 57,373 82,365 102,790 139,642 157,493 197,001 207,815 231,060 253,692 315,936 371,861
2,800 40,352 48,605 69,182 56,710 81,368 102,124 138,707 156,630 195,885 206,932 230,064 252,582 314,999 370,731

2,900 39,583 47,881 68,094 56,032 80,348 101,439 137,743 155,740 194,735 206,021 229,037 251,437 314,031 369,563

3,000 38,802 47,143 66,986 55,338 79,305 100,734 136,753 154,825 193,552 205,082 227,978 250,258 313,031 368,358

3,100 38,011 46,391 65,859 54,630 78,241 100,011 135,737 153,884 192,336 204,115 226,888 249,044 312,001 367,116

3,200 37,211 45,628 64,715 53,908 77,157 99,269 134,695 152,919 191,089 203,122 225,769 247,796 310,941 365,838

3,300 36,404 44,854 63,556 53,173 76,055 98,510 133,629 151,929 189,810 202,102 224,619 246,516 309,852 364,524

3,400 35,589 44,069 62,383 52,426 74,935 97,733 132,539 150,915 188,501 201,057 223,440 245,203 308,732 363,175

3,500 34,770 43,276 61,197 51,667 73,798 96,940 131,425 149,878 187,162 199,986 222,233 243,858 307,584 361,790

3,600 33,946 42,474 60,000 50,898 72,647 96,130 130,289 148,819 185,795 198,889 220,997 242,481 306,406 360,371

3,700 33,120 41,665 58,795 50,120 71,483 95,305 129,132 147,737 184,399 197,768 219,733 241,075 305,200 358,918

3,800 32,292 40,851 57,581 49,332 70,305 94,464 127,953 146,634 182,976 196,623 218,443 239,638 303,966 357,431

3,900 31,463 40,031 56,361 48,537 69,117 93,609 126,754 145,510 181,527 195,455 217,126 238,171 302,704 355,910

4,000 30,635 39,206 55,136 47,734 67,918 92,739 125,535 144,366 180,051 194,263 215,783 236,676 301,415 354,357

SRS (Ko-m) 6085 | 2119 | 2745 | 3741 | 3450 | 4758 | 7663 | 10194 | 12584 | 15262 | 18551 | 20348 | 22030 | 33,113 | 38,067
'},ﬁ?ﬂiﬂﬁ,’i‘(’,{g‘)’_‘&gﬂg 14,748 | 17,152 | 24,766 | 19557 | 28373 | 34064 | 46567 | 51,056 | 62036 | 65402 | 72856 | 80,150 | 97,783 | 115416
R TN 2000 1®N | 55,673 | 63,266 | 91099 | 70858 | 102487 | 118624 | 161,641 | 179,357 | 224,902 | 232,816 | 259,068 | 284,687 | 347,957 | 409,949

Lu (m) 609 | 684 | 689 | 7.59 7.64 10.11 10.16 11.16 11.21 1268 | 1270 12.73 1522 | 1527

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
¢_P__ = Resistencia axial nominal determinada con F.=F, (Valor con KL =10)
L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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T 1 TUBO CUADRADO HR ESTRUCTURAL FANALCA
RESISTENCIA A COMPRESION

PPN

Fanalca =

F,=50ksi (35.15 kgf/mm?)
F =65 ksi (45.69 kgf/mm?)

e ¢P_ (kg) donde ¢ _=0.85
Dimension Nominal (mm) 135x135 150x150 200x200 220x220 250x250 300x300

ESPESOR (mm) 4.00 4.00 6.00 4.00 6.00 5.00 7.00 7.00 9.00 8.00 9.00 10.00 10.00 12.00

PESO (kg/m) 14.14 16.13 23.82 18.12 26.40 30.11 41.43 46.16 58.54 59.93 66.47 73.34 89.04 105.61

4,100 29,800 38,379 53,908 46,924 66,711 01,856 124,298 143,203 178,551 193,048 214,415 235,153 300,099 352,172

4,200 28,985 37,549 52,678 46,109 65,496 90,960 123,043 142,020 177,027 191,812 213,021 233,602 298,757 351,155

4,300 28,165 36,718 51,447 45,288 64,275 90,051 121,771 140,819 175,480 190,554 211,604 232,025 297,388 349,507

4,400 27,350 35,886 50,217 44,464 63,049 89,130 120,483 139,600 173,910 189,274 210,163 230,421 295,994 347,827

4,500 26,540 35,055 48,990 43,636 61,818 88,198 119,179 138,364 172,318 187,975 208,699 228,792 294,574 346,118

4,600 25,737 34,225 47,765 42,806 60,585 87,255 117,860 137,112 170,706 186,655 207,213 227,139 293,130 344,379

4,700 24,942 33,397 46,546 41,973 59,350 86,302 116,527 135,844 169,074 185,316 205,705 225,461 291,661 342,611

4,800 24,154 32,572 45,332 41,139 58,115 85,338 115,182 134,561 167,423 183,958 204,176 223,760 290,168 340,814

4,900 23,376 31,750 44,126 40,305 56,880 84,366 113,824 133,263 165,754 182,581 202,627 222,037 288,651 338,989

5,000 22,608 30,933 42,927 39,471 55,647 83,385 112,454 131,951 164,068 181,187 201,057 220,292 287,112 337,136

5,100 21,850 30,121 41,738 38,638 54,416 82,396 111,074 130,626 162,365 179,776 199,469 218,525 285,550 335,256

—_ 5,200 21,103 29,315 40,559 37,807 53,189 81,400 109,684 129,289 160,647 178,348 197,862 216,738 283,965 333,350
E 5,300 20,351 28,516 39,392 36,978 51,967 80,396 108,285 127,940 158,914 176,904 196,237 214,932 282,359 331,418

E 5,400 19,604 27,724 38,237 36,152 50,750 79,386 106,877 126,579 157,167 175,444 194,595 213,106 280,732 329,461
~— 5,500 18,898 26,939 37,096 35,329 49,540 78,371 105,462 125,208 155,408 173,970 192,936 211,263 279,084 327,479
| 5,600 18,229 26,163 35,968 34,511 48,337 77,350 104,041 123,827 153,636 172,481 191,261 209,402 277,415 325,473
! 5,700 17,595 25,396 34,855 33,697 47,143 76,324 102,613 122,437 151,853 170,979 189,571 207,524 275,727 323,444
5,800 16,994 24,638 33,758 32,888 45,957 75,294 101,180 121,038 150,060 169,463 187,867 205,630 274,019 321,391

g 5,900 16,422 23,891 32,622 32,086 44,782 74,261 99,743 119,631 148,258 167,935 186,149 203,722 272,293 319,316
] 6,000 15,879 23,135 31,544 31,289 43,618 73,224 98,302 118,217 146,447 166,395 184,417 201,798 270,548 317,220
(8] 6,100 15,363 22,383 30,518 30,500 42,464 72,185 96,859 116,797 144,628 164,844 182,673 199,861 268,786 315,102
qd_’ 6,200 14,872 21,667 29,541 29,718 41,324 71,144 95,413 115,370 142,802 163,281 180,917 197,911 267,006 312,964
1T 6,300 14,403 20,984 28,611 28,944 40,196 70,101 93,966 113,938 140,970 161,709 179,149 195,949 265,209 310,806
S 6,400 13,957 20,334 27,724 28,178 39,081 69,057 92,518 112,502 139,133 160,126 177,371 193,975 263,396 308,629
= 6,500 13,530 19,713 26,878 27,421 37,980 68,013 91,070 111,061 137,291 158,535 175,583 191,991 261,566 306,433
= 6,600 13,124 19,120 26,069 26,672 36,837 66,968 89,623 109,617 135,446 156,935 173,786 189,997 259,722 304,218
o 6,700 12,735 18,553 25,297 25,913 35,746 65,924 88,177 108,170 133,598 155,328 171,980 187,993 257,863 301,987

g 6,800 12,363 18,012 24,558 25,156 34,702 64,881 86,734 106,720 131,748 153,712 170,166 185,981 255,989 299,739
| 6,900 12,007 17,494 23,852 24,432 33,703 63,840 85,293 105,270 129,897 152,091 168,345 183,961 254,102 297,474
7,000 11,667 16,997 23,175 23,739 32,747 62,800 83,856 103,818 128,045 150,463 166,518 181,934 252,201 295,194

7,100 11,340 16,522 22,527 23,075 31,831 61,762 82,422 102,365 126,194 148,829 164,684 179,900 250,287 292,899

7,200 11,027 16,066 21,905 22,439 30,953 60,728 80,994 100,913 124,344 147,190 162,845 177,861 248,361 290,590

7,300 10,727 15,629 21,309 21,828 30,111 59,696 79,570 99,462 122,495 145,547 161,001 175,817 246,423 288,266

7,400 10,439 15,209 20,737 21,242 29,303 58,669 78,153 98,012 120,649 143,900 159,153 173,769 244,474 285,930

7,500 10,163 14,806 20,188 20,680 28,527 57,645 76,742 96,563 118,807 142,250 157,301 171,718 242,514 283,582

7,600 9,897 14,419 19,660 20,139 27,781 56,626 75,338 95,117 116,968 140,596 155,447 169,663 240,544 281,221

7,700 9,642 14,047 19,153 19,619 27,064 55,612 73,942 93,674 115,134 138,941 153,590 167,607 238,564 278,849

7,800 9,396 13,689 18,665 19,119 26,374 54,603 72,554 92,235 113,305 137,283 151,732 165,548 236,575 276,467

7,900 9,160 13,345 18,195 18,638 25,711 53,599 71,174 90,799 111,483 135,625 149,872 163,490 234,577 274,075

8,000 8,932 13,014 17,743 18,175 25,072 52,602 69,804 89,368 109,667 133,965 148,012 161,431 232,571 271,673

SR, (Kom) 6085 | 2,119 | 2745 | 3741 | 3450 | 4758 | 7663 | 10194 | 12584 | 15262 | 18551 | 20348 | 22,030 | 33,113 | 38,067
BV oV (ko) - 62005 | 14.748 | 17152 | 24766 | 19857 | 28373 | 34064 | 46567 | 51086 | 62036 | 65402 | 72856 | 80,150 | 97,783 | 115416
RES'foNg'f‘ ’:JOE_g'SbN 55673 | 63,266 | 91,000 | 70,858 | 102,487 | 118,624 | 161,641 | 179,357 | 224,902 | 232,816 | 259,068 | 284,687 | 347,957 | 409,949

Lu (m) 609 | 684 | 689 | 759 7.64 10.11 10.16 11.16 11.21 1268 | 1270 12.73 1522 | 1527

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.
d)ano = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)
L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca

\\n”

A X
1 Dé';?fgi'gn Es(pnt:smc;r e Te;iz?kglm) Area (cm2) Iy (cm4) ly(cm4) Sx(cm3) Sy (cm3) Zy(cm3) Zy(cm3) re(cm) ry(cm) J (cm#4)
- [ - 1,50 1,77 2,25 7,54 3,42 3,02 2,28 3,70 2,60 1,83 1,23 7,60
2,00 2,31 2,94 9,55 4,31 3,82 2,87 4,74 3,33 1,80 1,21 9,77
030 2,50 2,82 3,59 11,33 5,08 4,53 3,39 5,70 3,98 1,78 1,19 11,74
S0x 3,00 3,30 4,21 12,90 5,77 5,16 3,85 6,57 4,58 1,75 1,17 13,53
4,00 4,20 5,35 15,47 6,91 6,19 4,61 8,05 5,58 1,70 1,14 16,53
5,00 4,99 6,36 17,40 7,86 6,96 5,24 9,20 6,34 1,65 1,11 18,77
1,50 2,00 2,55 9,30 6,61 3,72 3,30 4,42 3,80 1,91 1,61 12,26
2,00 2,62 3,34 11,86 8,40 4,74 4,20 5,70 4,89 1,88 1,59 15,86
50 x 40 2,50 3,21 4,09 14,15 10,01 5,66 5,00 6,89 5,90 1,86 1,56 19,22
3,00 3,77 4,81 16,22 11,45 6,49 5,73 7,98 6,83 1,84 1,54 22,34
4,00 4,83 6,15 19,71 13,89 7,88 6,95 9,89 8,45 1,79 1,50 27,82
5,00 5,77 7,36 22,48 15,87 8,99 7,94 11,45 9,77 1,75 1,47 32,30
1,50 2,24 2,85 14,39 7,72 4,80 3,86 5,77 4,38 2,25 1,65 15,97
2,00 2,93 3,74 18,43 9,84 6,14 4,92 7,47 5,65 2,22 1,62 20,70
60 x 40 2,50 3,60 4,59 22,10 11,77 7,37 5,88 9,06 6,84 2,19 1,60 25,14
3,00 4,25 5,41 25,45 13,51 8,48 6,75 10,53 7,94 2,17 1,58 29,28
4,00 5,45 6,95 31,20 16,50 10,40 8,25 13,16 9,89 2,12 1,54 36,67
5,00 6,56 8,36 35,86 18,96 11,95 9,48 15,38 11,52 2,07 1,51 42,85
1,50 2,57 3,27 24,73 8,47 6,51 4,46 8,02 4,97 2,75 1,61 20,30
2,00 3,37 4,30 31,81 10,83 8,37 5,70 10,42 6,44 2,72 1,59 26,33
2,50 4,15 5,29 38,35 12,97 10,09 6,83 12,68 7,81 2,69 1,57 31,99
76 x 38 3,00 4,90 6,25 44,36 14,92 11,67 7,85 14,80 9,09 2,66 1,55 37,29
4,00 6,33 8,07 54,91 18,30 14,45 9,63 18,66 11,38 2,61 1,51 46,78
5,00 7,66 9,76 63,63 21,12 16,74 11,12 21,99 13,34 2,55 1,47 54,79
6,00 8,88 11,31 70,74 23,55 18,62 12,39 24,83 14,96 2,50 1,44 61,32
1,50 2,71 3,45 28,99 9,94 7,25 4,97 8,93 5,53 2,90 1,70 23,77
2,00 3,56 4,54 37,37 12,74 9,34 6,37 11,61 7,17 2,87 1,68 30,88
2,50 4,39 5,59 45,14 15,29 11,28 7,64 14,15 8,72 2,84 1,65 37,58
80 x 40 3,00 5,19 6,61 52,32 17,62 13,08 8,81 16,54 10,16 2,81 1,63 43,88
4,00 6,71 8,55 65,01 21,70 16,25 10,85 20,91 12,77 2,76 1,59 55,24
5,00 8,13 10,36 75,64 25,12 18,91 12,56 24,74 15,02 2,70 1,56 64,97
6,00 9,45 12,03 84,42 28,06 21,11 14,03 28,03 16,92 2,65 1,53 73,07
2,00 3,88 4,94 43,46 21,08 10,86 8,43 13,17 9,54 2,97 2,07 45,31
2,50 4,78 6,09 52,65 25,45 13,16 10,18 16,08 11,64 2,94 2,04 55,40
80 x 50 3,00 5,66 7,21 61,22 29,49 15,30 11,80 18,85 13,62 2,91 2,02 65,00
4,00 7,34 9,35 76,57 36,68 19,14 14,67 23,95 17,25 2,86 1,98 82,70
5,00 8,91 11,36 89,72 42,82 22,43 17,13 28,49 20,45 2,81 1,94 98,40
6,00 10,39 13,23 100,88 48,09 25,22 19,23 32,47 23,24 2,76 1,91 112,08
1,50 3,18 4,05 44,68 18,13 9,93 7,25 12,06 8,06 3,32 2,12 40,87
2,00 4,19 5,34 57,89 23,38 12,86 9,35 15,74 10,50 3,29 2,09 53,37
2,50 5,17 6,59 70,30 28,27 15,62 11,31 19,25 12,82 3,27 2,07 65,30
90 x 50 3,00 6,13 7,81 81,92 32,81 18,20 13,12 22,60 15,03 3,24 2,05 76,67
4,00 7,97 10,15 102,93 40,92 22,87 16,37 28,82 19,09 3,18 2,01 97,70
5,00 9,70 12,36 121,13 47,90 26,92 19,16 34,41 22,70 3,13 1,97 116,47
6,00 11,33 14,43 136,76 53,93 30,39 21,57 39,38 25,88 3,08 1,93 132,94
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-~ PROPIEDADES GEOMETRICAS

——  TUBOS RECTANGULARES FANALCA

Fanalca =

Dér;f%(lgn Es(pne"sT%r e Teéf”i?:z?kg/m) Area (cm2) Iy (cm#) ly(cm#) Sx(cm?3) Sy (cm3) Zy(cm3) Zy(cm3) re(cm) ry(cm) J (cm#)
‘ 1,50 3,18 4,05 50,50 12,17 10,10 6,08 12,68 6,69 3,53 1,73 31,90
. 2,00 4,19 5,34 65,39 15,63 13,08 7,81 16,54 8,69 3,50 1,71 41,47
2,50 5,17 6,59 79,35 18,81 15,87 9,41 20,23 10,59 3,47 1,69 50,52
100 x 40 3,00 6,13 7,81 92,41 21,74 18,48 10,87 23,75 12,38 3,44 1,67 59,05
4,00 7,97 10,15 115,91 26,91 23,18 13,45 30,26 15,65 3,38 1,63 74,53
5,00 9,70 12,36 136,13 31,29 27,23 15,64 36,09 18,52 3,32 1,59 87,92
6,00 11,33 14,43 153,31 35,06 30,66 17,53 41,26 21,00 3,26 1,56 99,26
2,00 4,50 5,74 75,00 25,69 15,00 10,27 18,50 11,46 3,62 2,12 61,59
2,50 5,56 7,09 91,24 31,09 18,25 12,44 22,67 14,01 3,59 2,09 75,39
100 x 50 3,00 6,60 8,41 106,53 36,13 21,31 14,45 26,66 16,44 3,56 2,07 88,56
4,00 8,59 10,95 134,36 45,17 26,87 18,07 34,10 20,93 3,50 2,03 112,99
5,00 10,48 13,36 158,72 52,98 31,74 21,19 40,84 24,95 3,45 1,99 134,87
6,00 12,27 15,63 179,85 59,77 35,97 23,91 46,90 28,52 154,20
110x 70
2,00 5,45 6,94 131,93 45,35 21,99 15,12 27,00 16,75 4,36 2,56 107,88
2,50 6,74 8,59 161,26 55,19 26,88 18,40 33,20 20,56 4,33 2,53 132,57
120 x 60 3,00 8,01 10,21 189,19 64,47 31,53 21,49 39,18 24,21 4,30 2,51 156,34
4,00 10,48 13,35 240,96 81,46 40,16 27,15 50,49 31,08 4,25 2,47 201,12
5,00 12,84 16,36 287,51 96,52 47,92 32,17 60,95 37,38 4,19 2,43 242,23
109,87 279,67
130 x 50
2,00 6,07 7,74 207,54 37,21 27,67 14,89 35,35 16,26 5,18 2,19 104,24
2,50 7,53 9,59 254,11 45,21 33,88 18,08 43,52 19,95 5,15 2,17 127,74
150 x 50 3,00 8,96 11,41 298,62 52,72 39,82 21,09 51,43 23,49 5,12 2,15 150,22
4,00 11,73 14,95 381,61 66,38 50,88 26,55 66,47 30,13 5,05 2,11 192,14
5,00 14,41 18,36 456,82 78,40 60,91 31,36 80,48 36,20 4,99 2,07 230,05
6,00 16,98 21,63 524,57 88,99 69,94 35,60 93,48 41,72 4,92 2,03 263,99
150x100 4,00 14,87 18,95 594,82 318,78 79,31 63,76 95,67 72,50 5,60 4,10 661,63
6,00 21,69 27,63 835,79 445,29 111,44 89,06 136,68 103,30 5,50 4,01 948,34
160x65 3,40 11,41 14,54 456,15 111,58 57,02 34,33 72,15 38,32 5,60 2,77 295,13
180x65 4,00 14,56 18,55 709,39 142,56 78,82 43,87 101,25 49,11 6,18 2,77 396,41
200x70 4,00 16,13 20,55 969,39 185,73 96,94 53,07 124,52 59,08 6,87 3,01 519,82
6,00 23,58 30,03 1.365,58 256,49 136,56 73,28 178,35 83,75 6,74 2,92 734,49
200%100 4,00 18,01 22,95 1.199,92 411,00 119,99 82,20 148,04 91,70 7,23 4,23 985,38
6,00 26,40 33,63 1.704,41 578,01 170,44 115,60 213,27 131,50 7,12 4,15 1.417,03
250x100 5,00 26,18 33,36 2.554,29 610,38 204,34 122,08 258,51 135,84 8,75 4,28 1.620,11
250x150 5,00 30,11 38,36 3.304,71 1.508,48 264,38 201,13 319,76 225,48 9,28 6,27 3.284,54
300x100 5,00 30,11 38,36 4.065,75 723,30 271,05 144,66 348,15 159,59 10,30 4,34 2.043,80
7,00 41,43 52,78 5.457,68 956,25 363,85 191,25 472,62 215,04 10,17 4,26 2.746,92
350x150 7,00 52,42 66,78 10.224,39 2.734,06 584,25 364,54 733,37 405,79 12,37 6,40 7.044,94
400x200 9,00 80,60 102,67 21.308,57 7.279,85 1.065,43 727,99 1.319,09 816,15 14,41 8,42 17.553,73
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Fanalca =

F,=50ksi (35.15 kgf/mm?)

Yy
- RESISTENCIAACOMPRESION F 5 i 45,69 g
- . p—
¢P_(kg) donde ¢ =0.85
T
Dimensién Nominal (mm) 50x30 50x40 60x40
ESPESOR (mm) 1.50 2.00 2.50 3.00 4.00 5.00 150 2,00 2.50 3.00 4.00 5.00 1.50 2.00 2.50 3.00 4.00 5.00
PESO (kg/m) 77 231 282 3.30 4.20 4.99 2.00 262 3.21 .77 483 5.7 2.24 293 3.60 425 545 6.56
0 6565 | 8467 | 100242 | 11,881 | 14747 | 17,067 | 7452 | 9662 | 11,736 | 13,673 | 17,136 | 200556 | 8189 | 10857 | 13230 | 15466 | 19,528 | 23,043
100 6523 | 8424 | 10187 | 11,812 | 14,646 | 16917 | 7430 | 9634 | 11,700 | 13,629 | 17,075 | 19969 | 8170 | 10,827 | 13191 | 15419 | 19461 | 22,054
200 6428 | 8204 | 10021 | 11,608 | 14,348 | 16473 | 7367 | 9548 | 11,591 | 13496 | 16,889 | 19715 | 8113 | 10,735 | 13,075 | 15277 | 19,264 | 22,689
300 6272 | 8083 | 9752 | 11275 | 13863 | 15759 | 7,62 | 9406 | 11412 | 13278 | 16582 | 19,299 | 8018 | 10,584 | 12,884 | 15044 | 18,940 | 22,254
400 6061 | 7797 | 9387 | 10825 | 13213 | 14811 | 7117 | 9212 | 11,166 | 12,978 | 16,163 | 18730 | 7.888 | 10,376 | 12621 | 14,724 | 18,495 | 21,660
500 5799 | 7444 | 8937 | 100273 | 12421 | 13676 | 6936 | 8968 | 10868 | 12602 | 15640 | 18,024 | 7723 | 101156 | 12201 | 14,322 | 17,938 | 20918
600 5494 | 7083 | 8417 | 9637 | 11517 | 124056 | 6,720 | 8679 | 10492 | 12158 | 15023 | 17,197 | 7526 | 09,804 | 11,899 | 13,846 | 17,280 | 20,047
= 700 5155 | 6577 | 7841 | 8935 | 10533 | 11,05 | 6474 | 8349 | 10,076 | 11,653 | 14,325 | 16,268 | 7,209 | 09449 | 11452 | 13,304 | 16,533 | 19,064
S 800 4789 | 6088 | 7205 | 8189 | 0502 | 9,679 | 6202 | 7983 | 9617 | 11,006 | 13560 | 15256 | 7,007 | 9,056 | 10957 | 12,704 | 15712 | 17,989
€ 900 4406 | 5577 | 6586 | 7418 | 8455 | 8326 | 5906 | 7,589 | 9,121 | 10497 | 12742 | 14,190 | 6,689 | 8630 | 10421 | 12,057 | 14,830 | 16,844
— 1,000 4014 | 5057 | 5938 | 6642 | 7421 | 7,035 | 5593 | 7,170 | 8597 | 0866 | 11,886 | 13,084 | 6,350 | 8178 | 9854 | 11,373 | 13,903 | 15,650
- 1,100 3621 | 4538 | 5206 | 5879 | 6424 | 5842 | 5266 | 6735 | 8053 | 9218 | 11,007 | 11,961 | 5996 | 7705 | 09263 | 10662 | 12946 | 14429
X 1,200 3235 | 4081 | 4671 | 5143 | 5474 | 4909 | 4930 | 6289 | 7497 | 8547 | 10,119 | 10842 | 5680 | 7219 | 8656 | 9935 | 11,973 | 13,201
© 1,300 2862 | 3543 | 4076 | 4438 | 4664 | 4183 | 4588 | 5837 | 6936 | 7877 | 0234 | o744 | 5268 | 6725 | 8041 | 9,200 | 10,998 | 11,984
S 1,400 2503 | 3076 | 3518 | 3827 | 4022 | 3607 | 4246 | 5385 | 6377 | 7213 | 8366 | 8683 | 4884 | 6220 | 7426 | 8467 | 10,034 | 10,795
= 1,500 2181 | 2680 | 3065 | 3333 | 3508 | 3,142 | 3907 | 4939 | 5826 | 6562 | 7524 | 7,660 | 4511 | 5738 | 6818 | 7745 | 09,003 | 0649
o 1,600 1917 | 2,35 | 2694 | 2,930 | 3,079 | 2761 | 3676 | 4508 | 5291 | 5930 | 6717 | 6733 | 4144 | 525 | 6,223 | 7,041 | 8184 | 8540
K 1,700 1698 | 2086 | 2386 | 2595 | 2,727 | 2446 | 3252 | 4,081 | 4774 | 5322 | 5949 | 5964 | 3,787 | 4,786 | 5647 | 6,362 | 7,301 | 7565
w 1,800 1514 | 1,861 | 2,128 | 2,316 | 2433 | 2182 | 2041 | 38670 | 4272 | 4747 | 5307 | 5320 | 3441 | 4334 | 5088 | 5700 | 6512 | 6748
1,900 1350 | 1670 | 1910 | 2078 | 2,184 2641 | 3004 | 3834 | 4261 | 4763 | 4774 | 3108 | 3895 | 4566 | 5116 | 5845 | 6,056
1= 2,000 1227 | 1507 | 1724 | 1875 | 1971 2383 | 2973 | 3460 | 3845 | 4208 | 4309 | 2801 | 3515 | 4121 | 4617 | 5215 | 5466
= 2,100 1113 | 1,367 | 1,664 | 1,701 2162 | 2696 | 3139 | 3488 | 3899 | 3908 | 2540 | 3188 | 3738 | 4188 | 4785 | 4958
D 2,200 1014 | 1246 | 1425 | 1,550 1970 | 2457 | 2,860 | 3,178 | 3552 | 3561 | 2,314 | 2,006 | 3406 | 3,816 | 4,359 | 4517
c 2,300 027 1,140 | 1,304 1802 | 2248 | 2617 | 2,007 | 3250 | 3268 | 2,118 | 2,658 | 3,116 | 3491 | 3,989 | 4,133
) 2,400 852 165 | 2,064 | 2403 | 2670 | 2985 | 2992 | 1,945 | 2441 | 2862 | 3,207 | 3,663 | 3,79
= 2,500 1525 | 1008 | 2215 | 2461 | 2,751 | 2758 | 1,792 | 2,050 | 2,637 | 2,956 | 3,376 | 3498
2,600 1410 | 1,750 | 2,048 | 2275 | 2543 | 2560 | 1,657 | 2,080 | 2438 | 2,732 | 3,121 | 3234
2,700 1308 | 1631 | 1,899 | 2,110 | 2,358 1537 | 1,920 | 2061 | 2,534 | 2,894 | 2999
2,800 1216 | 1517 | 1766 | 1962 | 2,193 1429 | 1,798 | 2,108 | 2,356 | 2,691
2,900 1134 | 1414 | 1646 | 1,829 1332 | 1,672 | 1960 | 2196 | 2,509
3,000 1059 | 1321 | 1538 1245 | 1562 | 1,832 | 2,052
3,100 992 1,037 1166 | 1,463 | 1,715
3,200 931 1004 | 1373
RES I o) 2 =0 o8N 96 118 136 149 185 210 119 149 173 193 241 278 154 194 228 256 320 373
RN (o) - 095 66 67 99 115 137 154 98 126 151 173 212 242 116 149 179 206 253 291
R o o605 TE 1142 | 1442 | 1302 | 1683 | 1924 | 2004 | 1623 | 2084 | 2505 | 285 | 3527 | 4007 | 1623 | 2084 | 2505 | 285 | 3527 | 4,007
RESY, ko) 6605 = 2344 | 3045 | 3306 | 4088 | 5130 | 6011 | 2224 | 2885 | 3507 | 4088 | 5130 | 6011 | 2825 | 3687 | 4508 | 520 | 6733 | 8015
RS TG 286N 6,941 | 8965 | 10845 | 12580 | 15615 | 18,071 | 7,890 | 10231 | 12427 | 14478 | 18,146 | 21,235 | 8839 | 11496 | 14008 | 16376 | 20676 | 24,398
Lu (m) 153 155 1.56 157 160 1.62 203 205 2.06 2,07 210 212 203 205 2.06 207 210 212

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL=KXLX/(rX/ry).

¢ano = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)

L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca =

F,=50 ksi (35.15 kgf/mm?)

Yy
. TUBO RECTANGULAR HR ESTRUCT’URAL FANALCA F =65 ksi (45.69 kgf/mm?)
-~~~ RESISTENCIA A COMPRESION
- . pa—
¢P_(kg) donde ¢ _=0.85
o——
Dimensién Nominal (mm) 76x38 80x40 80x50
ESPESOR (mm) 150 | 200 | 250 300 | 400 5.00 6.00 150 | 2.00 250 | 300 | 400 500 | 600 | 2.00 250 | 300 | 400 500 | 6.00
PESO (kg/m) 257 | 337 | 415 | 490 | 633 7.66 888 2.71 356 | 439 | 519 | 671 813 | 945 388 | 478 | 566 7.34 891 | 1039
0 8460 | 12510 | 15321 | 17,976 | 22,874 | 27,206 | 31,030 | 8730 | 12,065 | 16218 | 19,051 | 24,308 | 29,018 | 33,181 | 14,145 | 17,776 | 20,936 | 26,862 | 32,062 | 37,136
100 8450 | 12479 | 15275 | 17,919 | 22,794 | 27,119 | 30,889 | 8712 | 12936 | 16,174 | 18,997 | 24,233 | 28019 | 33,052 | 14,124 | 17,744 | 20,898 | 26,810 | 32,195 | 37,051
200 8392 | 12384 | 15135 | 17,748 | 22557 | 26,803 | 30,469 | 8,659 | 12,850 | 16,04 8836 | 24,010 | 28,624 | 32,666 | 14,062 | 17,650 | 20,784 | 26,654 | 31993 | 36,798
300 8206 | 12,202 | 14,905 | 17,468 | 22,167 | 26,283 | 29,782 | 8570 | 12,709 | 15,824 | 18,571 | 23,642 | 28,138 | 32,034 | 13,960 | 17,493 | 20,594 | 26,395 | 31,660 | 36,380
400 8,164 953 | 14,500 | 17,083 | 21632 | 25573 | 28847 | 8448 | 12514 | 15523 | 18,006 | 23,137 | 27.472 | 31,169 | 13,817 | 17,277 | 20,332 | 26,038 | 31,198 | 35,803
500 7,997 640 | 14,194 | 16,601 | 20064 | 24,687 | 27,687 | 8,294 | 12266 | 15146 | 17,747 | 22,503 | 26,638 | 30,090 | 13,635 | 17,008 | 20,000 | 25,585 | 30,615 | 35,074
600 7,797 268 | 13,724 | 16,030 | 20,175 | 23647 | 26,332 | 8,108 970 | 14,697 | 17,201 | 21,752 | 25,654 | 28,823 | 13416 | 16,673 | 19,601 | 25,042 | 29,918 | 34,203
700 7,567 | 10,845 | 13,189 | 15380 | 19,280 | 22473 | 24,816 | 7,89 627 | 14,184 | 16,678 | 20,897 | 24,537 | 27,394 | 13,162 | 16,292 | 19,140 | 24416 | 29,113 | 33,002
800 7310 | 10375 | 12,507 | 14,663 | 18,297 | 21,192 | 23,176 | 7,655 (186 | 13,614 | 15,888 | 19,051 | 23,300 | 25833 | 12,873 | 15863 | 18,622 | 23712 | 28212 | 32,083
900 7,028 | 9,868 959 | 13,891 | 17,244 | 19,827 | 21447 | 7,391 | 10,695 | 12,995 | 15,140 | 18,932 | 21,992 | 24,171 | 12,553 | 15,390 | 18,051 | 22,940 | 27,225 | 30,860
— 000 6,725 | 9,330 284 | 13,076 | 16,138 | 18,406 | 19,667 | 7,107 | 10,171 | 12,337 | 14,345 | 17,853 | 20,607 | 22,440 | 12,181 | 14,879 | 17,434 | 22106 | 26,162 | 29,548
= 1100 6,406 | 8,770 | 10,582 | 12,230 | 14,998 | 16954 | 17,871 | 6805 | 9622 | 11,649 | 13,515 | 16,733 | 19,178 | 20,671 746 | 14,333 | 16,777 | 21,219 | 25,085 | 28,164
200 6,070 | 8195 | 0863 | 11,367 | 13,842 | 15494 | 16,091 | 6488 | 9054 | 10,939 | 12,66 5587 | 17,726 | 18,892 287 | 13,759 | 16,085 | 20,289 | 23,857 | 26,72
] 300 5704 | 7612 | 9137 | 10,498 | 12,686 | 14,049 | 14,357 | 6159 | 8475 | 10216 | 11,794 | 14429 | 16,272 | 17,132 | 10,809 | 13,160 | 15,366 | 19,324 | 20,639 | 25237
- 400 537 7,030 | 8413 | 0633 | 11,545 | 12640 | 12,604 | 5821 | 7,892 | 9489 | 10,925 | 13,276 | 14,836 | 15415 | 10,315 | 12,543 | 14,625 | 18,334 | 21,393 | 23,727
- 500 5013 | 6454 | 7,698 | 8784 | 10435 | 11,084 | 11,101 | 5477 | 7,309 | 8765 | 10,062 | 12,139 | 13,434 | 13,762 | 9,810 912 | 13869 | 17,326 | 20,132 | 22,205
¥ ,600 4629 | 5890 | 7,002 | 7,959 | 9365 | 9972 | 9757 | 5129 | 6,734 | 8053 | 9,215 | 11,082 | 12,081 | 12,164 | 9,007 273 | 13,104 | 16,310 | 18,865 | 20,686
700 4213 | 5344 | 6330 | 7,165 | 8320 | 8833 | 8642 | 478 6,172 | 7,358 | 8,391 | 0963 | 10,768 | 10,775 | 8,781 | 10,630 | 12,336 | 15294 | 17,605 | 19,184
g 800 3813 | 4814 | 5675 | 6399 | 7420 | 7879 | 7,709 | 4424 | 5627 | 6686 | 7,508 | 8924 | 0606 | 9611 | 8265 | 9989 | 11,570 | 14,286 | 16,359 | 17,709
2= 900 3426 | 4,320 | 5003 | 5743 | 6668 | 7,072 | 6919 | 4025 | 5007 | 6030 | 6827 | 8009 | 8620 | 8626 | 7,752 | 9,352 | 10,813 | 13,292 | 15,139 | 16,273
o 2,000 3092 | 3899 | 4507 | 5183 | 6017 | 6362 | 6244 | 3635 | 4600 | 5442 | 6162 | 7,008 | 7,780 | 7,785 | 7,046 | 8726 | 10,068 | 12,319 | 13,950 | 14,885
@ 2,100 2,804 | 3537 | 4169 | 4701 | 5458 | 5780 | 5664 | 3207 | 4,172 | 4,936 | 5589 | 6556 | 7,056 | 7,06 6749 | 8112 | 0340 | 11,373 | 12,802 | 13,524
- 2,200 2555 | 3,200 | 3799 | 4084 | 4973 | 5275 | 5160 | 3004 | 3,801 | 4498 | 5092 | 5974 | 6430 | 6434 | 6265 | 7,514 | 8633 | 10453 | 11,674 | 12,323
1T 2,300 2338 | 2048 | 3476 | 3919 | 4550 | 4806 | 4721 | 2749 | 3478 | 4115 | 4659 | 5465 | 5883 | 5886 | 5795 | 6936 | 737 | 9,564 | 10,681 | 11,274
S 2,400 2,147 | 2708 | 3192 | 3509 | 4179 | 4432 | 4336 | 2524 | 3194 | 3,779 | 4279 | 5020 | 5403 | 5406 | 5330 | 6,368 | 7,89 | 8783 | 9,809 | 10,354
5 2,500 979 | 2495 | 2942 | 3,317 | 3851 | 4085 | 3996 | 2,327 | 20944 | 3483 | 3,044 | 4626 | 4979 | 4982 | 4913 | 5869 | 6718 | 8095 | 0040 | 9543
i 2,600 829 | 2307 | 2,720 | 3,067 | 356 3,776 2,151 | 2722 | 3200 | 3,646 | 4277 | 4603 | 4606 | 4542 | 5426 | 6211 | 7,484 | 8356 | 8,823
D 2,700 696 | 2,139 | 2522 | 2844 | 3,302 | 3502 995 | 2524 | 2086 | 3381 | 3,066 | 4269 | 4272 | 4212 | 5031 | 5759 | 6940 | 7,750 | 8,181
c 2,800 577 989 | 2,345 | 2644 | 3070 855 | 2,347 | 2777 | 3144 | 3688 | 3,969 3916 | 4,678 | 5355 | 6453 | 7,07 | 7,607
o 2,900 470 855 | 2,186 | 2466 729 | 2,188 | 2588 | 2,931 | 3438 | 3,700 3651 | 4361 | 4992 | 6016 | 6,718 | 7,092
3 3,000 374 733 | 2043 | 2,304 616 | 2044 | 2419 | 2739 | 3212 3411 | 4075 | 4665 | 5621 | 6278 | 6627
3,100 287 623 513 915 | 2265 | 2,565 3,195 | 3817 | 4369 | 5265 | 5879 | 6206
3,200 208 420 797 | 2,126 | 2407 2998 | 3,582 | 4100 | 4941 | 5518 | 5804
3,300 335 690 2819 | 3,368 | 3855 | 4,646 | 5188 | 5477
3,400 2656 | 3,173 | 3632 | 4377 | 4888 | 5159
3,500 2506 | 2,994 | 3427 | 4,130 | 4612 | 4,869
3,600 2369 | 2830 | 3,240 | 3,004 | 4,360
3,700 2243 | 2679 | 3,067 | 3696 | 4,127
3,800 2,126 | 2,540 | 2,908 | 3,504
3,900 2019 | 2411 | 2,760
4,000 1,919 | 2202
4,100 1,826
RESISTENCIAA FLERIN 210 266 315 357 447 525 580 234 297 354 403 495 583 659 350 419 481 584 694 789
§,M, (kg-m) -
ML (ko m) .0.68 121 174 209 241 297 343 374 132 192 231 268 331 384 426 254 309 360 450 528 595
R oo TE 1503 | 1,924 | 2304 | 2645 | 3,206 | 3607 | 3366 | 1503 | 1924 | 2304 | 2645 | 3206 | 3,607 | 3847 | 2,725 | 3,306 | 3,847 | 4809 | 5610 | 6252
ROV oy omoes ™ | 3787 | 4969 | 6111 | 7214 | 9207 | 11221 | 12503 | 3907 | 5130 | 6312 | 7454 | 9618 | 11622 | 13465 | 5130 | 6312 | 7454 | 9618 | 11622 | 13465
AT () 000" | 10168 | 13,268 | 16,223 | 19,033 | 24,220 | 28,827 | 32856 | 10737 | 14,027 | 17,472 | 2072 | 25738 | 30,725 | 35133 | 15336 | 18,821 | 22,168 | 28443 | 34,160 | 39,321
Lu (m) 1.93 1.95 1.96 197 | 200 2.02 205 | 203 205 | 206 | 207 210 212 | 215 255 | 256 | 257 2,60 262 | 265

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL=KXLX/(rX/ry).

¢ano = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)

L, = Méxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca =

vy
. Fy=50 ksi (35.15 kgf/mm?)
TUBO RECTANGULAR HR ESTRUCTURAL FANALCA F =65 ksi (45.69 kgf/mm?)

n LJ ' RESISTENCIA A COMPRESION
¢ P (kg) donde ¢ =0.85
J—

Dimension Nominal (mm) 90x50 00x40 00x50

ESPESOR (mm) 1,50 2,00 2,50 3,00 4,00 5,00 6,00 1,50 2,00 2,50 3,00 4,00 2,00 2,50 3,00 4,00 5,00 6,00
PESO (kg/m) 3,18 4,19 5,17 6,13 7,97 9,70 11,33 3,18 4,19 5,17 6,13 7,97 4,50 5,56 6,60 8,59 10,48 12,27
0 9.773 14.575 19.270 22.729 29.253 35.250 40.721 9.005 13.711 18.741 22.729 29.253 14.906 20.234 24.522 31.643 38.238 44.307

100 9.760 14.555 19.236 22.689 29.198 35.179 40.633 8.988 13.684 18.701 22.668 29.168 14.886 20.206 24.479 31.585 38.163 44.213

200 9.721 14.495 19.137 22.568 29.033 34.967 40.367 8.938 13.603 18.582 22.486 28.917 14.827 20.121 24.352 31.412 37.940 43.935

300 9.657 14.395 18.972 22.368 28.761 34.616 39.928 8.853 13.469 18.384 22.186 28.503 14.730 19.980 24.142 31.125 37.571 43.474

400 9.568 14.256 18.744 22.092 28.384 34.130 39.322 8.737 13.283 18.112 21.773 27.933 14.594 19.784 23.851 30.728 37.060 42.838

500 9.455 14.079 18.455 21.742 27.906 33.516 38.557 8.590 13.047 17.766 21.253 27.216 14.421 19.535 23.482 30.225 36.413 42.033

600 9.319 13.866 18.107 21.321 27.333 32.781 37.641 8.413 12.765 17.352 20.634 26.366 14.212 19.234 23.039 29.621 35.638 41.070

700 9.160 13.617 17.705 20.834 26.672 31.932 36.587 8.208 12.439 16.872 19.926 25.395 13.970 18.883 22.525 28.923 34.743 39.960

800 8.980 13.336 17.251 20.286 25.928 30.980 35.407 7.979 12.072 16.316 19.139 24.319 13.694 18.486 21.947 28.138 33.739 38.717

900 8.781 13.024 16.752 19.683 25.110 29.935 34.116 7.726 11.669 15.611 18.285 23.155 13.388 18.045 21.310 27.274 32.635 37.355

1.000 8.563 12.683 16.210 19.030 24.227 28.809 32.729 7.454 11.233 14.859 17.376 21.919 13.054 17.539 20.620 26.340 31.445 35.889
1.100 8.328 12.316 15.633 18.333 23.286 27.614 31.261 7.163 10.768 14.069 16.423 20.630 12.694 16.928 19.883 25.345 30.179 34.335
1.200 8.079 11.924 15.023 17.599 22.298 26.362 29.729 6.858 10.279 13.253 15.439 19.305 12.310 16.283 19.107 24.298 28.852 32.711
1.300 7.816 11.512 14.388 16.834 21.272 25.065 28.149 6.540 9.771 12.419 14.436 17.961 11.906 15.610 18.296 23.209 27.475 31.032
1.400 7.541 11.081 13.732 16.046 20.216 23.736 26.536 6.213 9.247 11.577 13.426 16.615 11.482 14.915 17.460 22.088 26.061 29.316
1.500 7.257 10.634 13.060 15.240 19.141 22.387 24.907 5.880 8.712 10.736 12.420 15.281 11.043 14.202 16.604 20.944 24.624 27.578
1.600 6.964 10.175 12.379 14.424 18.054 21.030 23.276 5.542 8.170 9.905 11.428 13.973 10.591 13.478 15.736 19.786 23.176 25.834
1.700 6.665 9.636 11.692 13.602 16.965 19.675 21.657 5.203 7.568 9.091 10.459 12.704 10.127 12.748 14.861 18.624 21.727 24.099

1.800 6.361 9.084 11.006 12.782 15.882 18.334 20.062 4.865 6.929 8.300 9.521 11.483 9.656 12.017 13.987 17.466 20.289 22.386
1.900 6.054 8.535 10.324 11.969 14.812 17.015 18.504 4.530 6.312 7.539 8.605 10.306 9.179 11.289 13.118 16.320 18.873 20.707
2.000 5.746 7.992 9.651 11.168 13.762 15.727 16.993 4.192 5.708 6.802 7.766 9.301 8.699 10.570 12.261 15.194 17.487 19.073
2.100 5.438 7.459 8.990 10.384 12.739 14.479 15.513 3.878 5.178 6.170 7.044 8.437 8.164 9.863 11.420 14.093 16.139 17.495
2.200 5.131 6.938 8.346 9.620 11.747 13.250 14.135 3.597 4.718 5.622 6.418 7.687 7.606 9.173 10.600 13.024 14.826 15.947
2.300 4.827 6.431 7.722 8.881 10.768 12.123 12.932 3.346 4.316 5.144 5.872 7.033 7.063 8.502 9.805 11.971 13.565 14.590
2.400 4.525 5.931 7.103 8.154 9.889 11.134 11.877 3.113 3.964 4.724 5.393 6.459 6.532 7.839 9.018 10.995 12.458 13.400

2.500 4.226 5.466 6.547 7.514 9.114 10.261 10.946 2.869 3.653 4.354 4.970 5.953 6.020 7.224 8.311 10.133 11.482 12.349
2.600 3.950 5.054 6.053 6.948 8.426 9.487 10.120 2.652 3.378 4.025 4.595 5.504 5.566 6.679 7.684 9.368 10.615 11.418

Longitud Efectiva KL (mm)

2.700 3.663 4.686 5.613 6.442 7.814 8.797 9.384 2.460 3.132 3.732 4.261 5.104 5.161 6.194 7.126 8.687 9.844 10.588
2.800 3.406 4.358 5.219 5.990 7.265 8.180 8.726 2.287 2.912 3.471 3.962 4.746 4.799 5.759 6.626 8.078 9.153 9.845
2.900 3.175 4.062 4.865 5.584 6.773 7.625 8.135 2.132 2.715 3.235 3.694 4.424 4.474 5.369 6.177 7.530 8.533 9.178
3.000 2.967 3.796 4.546 5.218 6.329 7.126 7.601 1.992 2.537 3.023 3.452 4.134 4.180 5.017 5.772 7.036 7.973 8.576
3.100 2.779 3.555 4.258 4.887 5.927 6.673 7.119 1.866 2.376 2.831 3.232 3.872 3.915 4.698 5.405 6.590 7.467 8.032
3.200 2.608 3.336 3.996 4.586 5.563 6.263 6.681 1.751 2.230 2.657 3.034 3.674 4.409 5.073 6.184 7.008 7.537
3.300 2.452 3.137 3.757 4.313 5.231 5.889 6.282 1.647 2.097 2.499 3.455 4.146 4.770 5.815 6.589 7.088
3.400 2.310 2.955 3.539 4.063 4.927 5.548 5.918 1.551 1.975 3.255 3.906 4.494 5.478 6.208 6.677
3.500 2.180 2.789 3.340 3.834 4.650 5.235 5.585 3.071 3.686 4.240 5.170 5.858 6.301
3.600 2.060 2.636 3.157 3.624 4.395 4.948 5.279 2.903 3.484 4.008 4.886 5.537 5.956
3.700 1.951 2.495 2.989 3.431 4.161 4.684 2.748 3.298 3.794 4.626 5.242 5.638
3.800 1.849 2.366 2.833 3.252 3.945 4.441 2.605 3.127 3.597 4.386 4.969
3.900 1.756 2.246 2.690 3.088 3.745 2.474 2.969 3.415 4.164
4.000 1.669 2.135 2.557 2.935 2.351 2.822 3.247
4.100 1.589 2.032 2.434 2.238 2.686 3.090
4.200 1.514 2.133

RESISTENCIAAFLEXION| 35, | 415 | 490 | 575 | 703 | 836 | 954 | 320 | 421 505 | 581 708 | 485 | 585 | 675 | 831 987 | 1.131

My (kg-m) -$,=0.95
RESISTENCIAAFLEXION| 4 o5 | 269 | 345 | 402 | 504 | 593 | ee8 | 142 | 212 | 284 | 332 | 413 | 280 | 375 | 443 | 558 | es57 | 742
Moy (kg-m) - $,=0.95
RESISTENCIA A CORTE

Vo (KG) - $,=0.95 2104 | 2.725 | 3.306 | 3.847 | 4.809 | 5610 | 6.252 | 1.503 | 1.924 | 2.304 | 2.645 | 3.206 | 2.725 | 3.306 | 3.847 | 4.809 | 5.610 | 6.252
RESISTENCIA A CORTE
$uVry (k9) - $,=0.95

4.508 | 5.931 7.314 | 8.656 | 11.221 | 13.626 | 15.870 | 5.061 | 6.733 | 8.316 | 9.858 | 12.824 | 6.733 | 8.316 | 9.858 | 12.824 | 15.629 | 18.274

RESISTENCIA A TENSION
0uT+ (Kg) - 6=0.90 12.660 | 16.601 | 20.403 | 24.066 | 30.973 | 37.324 | 43.117 | 12.660 | 16.601 | 20.403 | 24.066 | 30.973 | 17.867 | 21.985 | 25.964 | 33.504 | 40.487 | 46.913
Lu (m) 2,53 2,55 2,56 2,57 2,60 2,62 2,65 2,03 2,05 2,06 2,07 2,10 2,55 2,56 2,57 2,60 2,62 2,65

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL=KXLX/(rX/ry).

d)anO = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)

L, =Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca =

F =50 ksi (35.15 kgf/mm?)

’ y
RESISTENCIA A COMPRESION F =65 i 4509 k)
4 “ ¢P_ (kg) donde ¢ =0.85
- L]
Dimensién Nominal (mm) 110x70 120x60 130x50
ESPESOR (mm) 2.00 2.50 3.00 4.00 5.00 6.00 2.00 2.50 3.00 4.00 5.00 6.00 2.00 2.50 3.00 4.00 5.00 6.00
PESO (kg/m) 5.45 6.74 8.01 10.48 12.84 | 15.10 5.45 6.74 8.01 10.48 12.84 | 15.10 5.45 6.74 8.01 10.48 12.84 | 15.10
0 17550 | 23.774 | 29,809 | 38,813 | 47,201 | 55063 | 16,577 | 22,725 | 29,138 | 38813 | 47.001 | 55063 | 15560 | 21,598 | 28,019 | 38,813 | 47,201 | 55063
100 17,546 | 23,757 | 29,873 | 38,777 | 47,155 | 55006 | 16,562 | 22,704 | 29,100 | 38,766 | 47.140 | 54,988 | 15540 | 21,571 | 27.982 | 38,746 | 47,115 | 54,955
200 17,509 | 23,705 | 29,793 | 38,669 | 47,018 | 54,838 | 16,518 | 22,641 | 29,004 | 38,624 | 46959 | 54,764 | 15484 | 21,491 | 27,872 | 38,546 | 46,857 | 54,634
. 300 17,448 | 23618 | 29,660 | 38,490 | 46,790 | 54,560 | 16444 | 22537 | 28,883 | 38,388 | 46,658 | 54,394 | 15301 | 21,357 | 27.689 | 38,014 | 46,430 | 54,103
= 400 17362 | 23497 | 29475 | 38240 | 46,473 | 54,172 | 16,342 | 22,391 | 28,686 | 38,060 | 46,239 | 53,879 | 15262 | 21,171 | 27,435 | 37,755 | 45839 | 53,369
500 17,250 | 23,343 | 29,239 | 37,921 | 46,068 | 53,677 | 16211 | 22,005 | 28435 | 37,642 | 45707 | 53,224 | 15008 | 20,934 | 2711 | 37,172 | 45090 | 52,439
€ 500 17119 | 23,155 | 28952 | 37,535 | 45578 | 53,078 | 16,052 | 21,980 | 28,130 | 37,138 | 45065 | 52435 | 14,899 | 20,648 | 26,720 | 36,472 | 44,191 | 51,324
= 700 16,963 | 22,936 | 28,618 | 37,083 | 45006 | 52,379 | 15867 | 21,716 | 27.774 | 36551 | 44,317 | 51,517 | 14,668 | 20,315 | 26,265 | 35662 | 43,152 | 50,038
= 800 16,784 | 22,685 | 28,037 | 36,569 | 44,355 | 51,584 | 15655 | 21,415 | 27,368 | 35886 | 43470 | 50,478 | 14,405 | 19,936 | 25,748 | 34,749 | 41,983 | 48593
X 900 16,584 | 22,403 | 27,811 | 35996 | 43,628 | 50,607 | 15419 | 21,080 | 26,914 | 35146 | 42,530 | 49,326 | 14,113 | 19,516 | 25,173 | 33,743 | 40,696 | 47,007
© 1,000 | 16,363 | 22,003 | 27,342 | 35365 | 42,830 | 49,725 | 15159 | 20,710 | 26415 | 34,337 | 41,502 | 48,060 | 13,794 | 19055 | 24,544 | 32,653 | 39,305 | 45,94
> 1100 | 16,123 | 21,754 | 26,834 | 34,680 | 41964 | 48671 | 14,877 | 20309 | 25873 | 33,464 | 40,396 | 46,717 | 13,449 | 18,558 | 23,865 | 31480 | 37,823 | 43474
=] 1200 | 15863 | 21,388 | 26,287 | 33,046 | 41,037 | 47543 | 14,574 | 19,878 | 25256 | 32,534 | 39,218 | 45280 | 13,081 | 18,028 | 23,140 | 30,262 | 36,64 | 41,565
o 1.300 | 15585 | 20,098 | 25706 | 33,165 | 40052 | 46,346 | 14,252 | 19,419 | 24526 | 31,553 | 37,977 | 43,769 | 12,603 | 17468 | 22,373 | 28,982 | 34,641 | 39,584
Q 1,400 | 15291 | 20,583 | 25,093 | 32,343 | 39,014 | 45088 | 13,911 | 18934 | 23,762 | 30,526 | 36,680 | 42,192 | 12,086 | 16,881 | 21,570 | 27,661 | 32,971 | 37,551
1] 1500 | 14,981 | 20,146 | 24451 | 31,482 | 37.930 | 43,774 | 13555 | 18,426 | 22,968 | 29,460 | 35337 | 40,563 | 11,863 | 16,070 | 20,669 | 26,308 | 31,266 | 35484
S 1,600 | 14,656 | 19,688 | 23,782 | 30,586 | 36,804 | 42412 | 13,183 | 17,897 | 22,148 | 28,362 | 33,955 | 38,800 | 11,427 | 15640 | 19,644 | 24,936 | 29541 | 33,399
S 1700 | 14,318 | 19,211 | 23,091 | 29.661 | 35643 | 41,008 | 12,799 | 17,349 | 21,308 | 27,238 | 32,543 | 37,185 | 10079 | 14,993 | 18,609 | 23,553 | 27.810 | 31,315
- 1.800 | 13,967 | 18,717 | 22,380 | 28,711 | 34450 | 39570 | 12403 | 16,784 | 20451 | 26,094 | 31,110 | 35459 | 10,523 | 14,334 | 17,570 | 22,171 | 26,084 | 29,246
o)) 1.000 | 13,605 | 18,207 | 21,651 | 27.739 | 33,234 | 38,105 | 11,097 | 16,05 | 19,583 | 24,937 | 29,664 | 33,721 | 10,061 | 13,665 | 16,585 | 20,797 | 24,376 | 27,207
c 2.000 | 13,234 | 17,683 | 20,909 | 26,751 | 31,998 | 36,620 | 11,583 | 15,614 | 18,708 | 23,774 | 28,212 | 31,081 | 9594 | 12,989 | 15510 | 19,442 | 22,696 | 25212
o 2100 | 12,854 | 17,145 | 20157 | 25749 | 30,748 | 35120 | 11,162 | 15,014 | 17,830 | 22,609 | 26,762 | 30,249 | 925 | 12,311 | 14,501 | 18,112 | 21,055 | 23.272
- 2200 | 12,467 | 16,510 | 19,396 | 24,739 | 29489 | 33,613 | 10,737 | 14,406 | 16,954 | 21,448 | 25322 | 28533 | 8,657 | 11629 | 13513 | 16,814 | 19,461 | 21,384
2300 | 12,073 | 15871 | 18,631 | 23,725 | 28,227 | 32,106 | 10,308 | 13,755 | 16,083 | 20,297 | 23897 | 26,841 | 8,190 | 10,821 | 12,551 | 15,556 | 17,892 | 19.565
2400 | 11675 | 15220 | 17.865 | 22,710 | 26,967 | 30,603 | 9,877 | 13,032 | 15221 | 19,161 | 22495 | 25181 | 7.727 | 10,036 | 11,612 | 14,311 | 16,432 | 17,968
2500 | 1,273 | 14589 | 17,009 | 21,697 | 25713 | 20112 | 9446 | 12,319 | 14,371 | 18,045 | 21121 | 23559 | 7,259 | 9.258 | 10,702 | 13,189 | 15144 | 16,559
2600 | 10,868 | 13,950 | 16,337 | 20,692 | 24,460 | 27,637 | 9.016 | 11,619 | 13,537 | 16,951 | 19.779 | 21,983 | 6,817 | 8560 | 9,894 | 12,194 | 14,001 | 15310
2700 | 10,462 | 13,316 | 15581 | 19.696 | 23,241 | 26,183 | 8,588 | 10,933 | 12,722 | 15885 | 18475 | 20412 | 6414 | 7,937 | 9175 | 11,308 | 12,983 | 14,197
2,800 | 10,055 | 12,689 | 14,833 | 18,713 | 22,031 | 24,755 | 8,163 | 10,264 | 11,927 | 14,829 | 17,176 | 18,980 | 6,045 | 7,381 8531 | 10514 | 12,072 | 13,201
2900 | 9,649 | 12,070 | 14,096 | 17,747 | 20844 | 23,357 | 7.739 | 9509 | 11,133 | 13,824 | 16,012 | 17,603 | 5707 | 6,880 | 7.953 | 9,802 | 11,254 | 12.306
3.000 | 9244 | 11,461 | 13372 | 16,799 | 19,682 | 21,093 | 7.316 | 8969 | 10,403 | 12,918 | 14,962 | 16,533 | 5334 | 6429 | 7.432 | 9,159 | 10,516 | 11,500
REf',aT'(E"éCrL‘; A¢F'_-Ex'°N 701 851 991 1,241 1,451 1,694 716 868 1,010 1,263 1,497 1,730 721 874 1,016 1,268 1,506 1,739
b__nx
R, (R -0 95 445 599 746 952 | 1,138 | 1,306 375 511 649 844 | 1004 | 1,147 305 418 535 719 850 964
R e oG I8 TE 4328 | 5310 | 6252 | 8015 | 9618 | 11081 | 3527 | 4308 | 5049 | 6412 | 7614 | 8656 | 2725 | 3306 | 3847 | 4809 | 5610 | 6252
RES:\S,T'E(EE'_A(,,A:%%?TE 7,534 9317 | 11061 | 14427 | 17633 | 20679 | 8336 | 10,319 | 12263 | 16,030 | 19,637 | 23,083 | 8998 | 11,321 | 13465 | 17.633 | 21,640 | 25488
RES'SF E(Ng)".“ﬁ TENSYN [ 21663 | 26730 | 31658 | 41007 | 49978 | 58302 | 21,663 | 26730 | 31658 | 41,007 | 40978 | 58302 | 21663 | 26,730 | 31,658 | 41007 | 40978 | 58302
Lu (m) 3.54 3.56 357 359 362 364 3.04 3.06 3.07 3.09 312 314 255 2.56 257 2.60 262 265

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL:KXLJ(rer).

(1)C .o = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)

L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca =

F,=50ksi (35.15 kgf/mm?)

Yy
- RESISTENCIAACOMPRESION F =65 1 4569 kgfmm)
- . pa—
¢ P (kg) donde ¢ =0.85
o
Dimensién Nominal (mm) 110x70 120x60 130x50
ESPESOR (mm) 2.00 2.50 3.00 4.00 5.00 6.00 2.00 2.50 3.00 4.00 5.00 6.00 2.00 2.50 3.00 4.00 5.00 6.00
PESO (kg/m) 545 6.74 8.01 1048 | 1284 | 1510 | 545 6.74 8.01 1048 | 1284 | 1510 | 545 6.74 8.01 1048 | 1284 | 1510
3100 | 8841 | 10864 | 12.662 | 15872 | 18549 | 20625 | 6926 | 8400 | 9743 | 12098 | 14012 | 15484 | 4995 | 6021 | 6960 | 8578 | 9849 | 10.770
3200 | 8443 | 10279 | 11968 | 14,952 | 17409 | 19.356 | 6.519 | 7.883 | 9,143 | 11,353 | 13,150 | 14531 | 4688 | 5651 | 6532 | 8050 | 9,243 | 10.107
3300 | 8006 | 9608 | T.272 | 14,000 | 16370 | 18,201 | 6130 | 7413 | 8598 | 10,676 | 12,365 | 13,664 | 4408 | 5313 | 6142 | 7,569 | 8,601 | 9,504
3400 | 7540 | 9136 | 10618 | 13245 | 15421 | 17.146 | 5775 | 6983 | 8099 | 10,057 | 11.649 | 12872 | 4153 | 5005 | 5786 | 7431 | 8.188 | 8953
3500 | 7.115 | 8621 | 10,000 | 12,499 | 14553 | 16,180 | 5449 | 6590 | 7,643 | 9490 | 10993 | 12,147 | 3019 | 4724 | 5460 | 6729 | 7,726 | 8449
—_ 3600 | 6725 | 8149 | 9471 | 11,814 | 13,755 | 15204 | 5151 | 6209 | 7.024 | 8971 | 10300 | 1482 | 3704 | 4465 | 5161 | 6360 | 7,303 | 7,986
- 3700 | 6367 | 7.714 | 8966 | 11184 | 13.022 | 14478 | 4876 | 5897 | 6839 | 8492 | 9836 | 10860 | 3506 | 4227 | 4886 | 6021 | 6914 | 7,560
= 3800 | 6036 | 7314 | 8501 | 10,603 | 12346 | 13,726 | 4623 | 5590 | 6484 | 8051 | 9325 | 10305 | 3324 | 4007 | 4632 | 5709 | 6555 | 7,167
£ 3900 | 5730 | 6944 | 8070 | 10,006 | 11,721 | 13,031 | 4389 | 5307 | 6,15 | 7.644 | 8853 | 9783 | 3.156 | 3.804 | 4,397 | 5420 | 6,223
4000 | 5448 | 6601 | 7,672 | 9569 | T.142 | 12,388 | 4172 | 5045 | 5852 | 7,266 | 8416 | 9.300 | 3000 | 3,616 | 4180 | 5152
2' 4100 | 5185 | 6283 | 7,02 | 9108 | 10,605 | 11,791 | 3071 | 4,802 | 5570 | 6016 | 8011 | 8852 | 285 | 3442 | 3979 | 4,904
4200 | 4941 | 5087 | 6950 | 8680 | 10106 | T.236 | 3.784 | 4576 | 5308 | 6501 | 7.634 | 8435 | 2721 | 3,280 | 3792
© 4300 | 4714 | 5712 | 6639 | 8281 | 9641 | 10720 | 3610 | 4366 | 5064 | 6288 | 7.083 | 8048 | 2,59
2 4400 | 4502 | 5455 | 6340 | 7909 | 9,008 | 10236 | 3448 | 4,170 | 4836 | 6005 | 6,95 | 7,686
= 4500 | 4304 | 5215 | 6.062 | 7.561 | 8803 | 9788 | 3296 | 3.986 | 4,624 | 5741 | 6:650 | 7.348
@ 4600 | 4119 | 4991 | 5801 | 7236 | 8425 | 9367 | 5.155 | 3,815 | 4425 | 5494 | 6364 | 7.032
- 4700 | 3946 | 4781 | 5557 | 6931 | 8070 | 8073 | 3022 | 3,654 | 4238 | 5263 | 6,09%
w 4800 | 3783 | 4584 | 5328 | 6645 | 7.737 | 8603 | 2897 | 3504 | 4.064 | 5046
° 4900 | 3630 | 4399 | 5112 | 6377 | 7425 | 8255 | 2,780 | 3,362 | 3,900
=! 5000 | 3486 | 4224 | 4910 | 6124 | 7431 | 7928 | 2670 | 3,229
= 5100 | 3351 | 4060 | 4719 | 5887 | 6858 | 7,00
o 5200 | 3223 | 3906 | 4540 | 5662 | 6593 | 7,330
c 5300 | 3103 | 3760 | 4,370 | 5451 | 6346 | 7,56
° 5400 | 2989 | 3620 | 4209 | 5251 | 6.114
-l 5500 | 2881 | 3491 | 4,058 | 5061
5600 | 2779 | 3368 | 3,914 | 4882
5700 | _2.683 | 3,051 | 3.778
5800 | 2591
5,900
6,000
R o) ATLEGION 701 851 991 1,241 1,451 1,694 716 868 1,010 1,263 1,497 1,730 721 874 1,016 1,268 1,506 1,739
b " nx b M
R (R 095 445 599 746 952 | 1138 | 1306 375 511 649 844 | 1004 | 1,147 305 418 535 719 850 964
R o] oGO8 TE 4328 | 5310 | 6252 | 8015 | 9618 | 11081 | 3527 | 4308 | 5049 | 6412 | 7614 | 8656 | 2725 | 3306 | 3847 | 4809 | 5610 | 6252
Ry (R o0on = | 7534 | 317 | 11081 | 14427 | 17633 | 20679 | 8336 | 10319 | 12263 | 16030 | 19637 | 23083 | 8998 | 11321 | 13465 | 17633 | 21640 | 25488
RESETENG 2o 586" [ 21863 | 26730 | 31658 | 41007 | 40078 | 58302 | 21663 | 26730 | 31,858 | 41007 | 49978 | 58302 | 21663 | 26730 | 31658 | 41,007 | do.978 | 58,302
Lu (m) 354 356 357 359 362 364 3.04 3.06 3.07 3.09 3.12 314 255 256 257 2,60 2,62 265

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL=KXLX/(rX/ry).

d)ano = Resistencia axial nominal determinada con Fn=Fy (Valor con KL =0)

L, = Méxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca =

’ F,=50 ksi (35.15 kgf/mm?)
TUBO RECTANGULAR HR ESTRUCTURAL FANALCA F'=65 ksi (45.69 kgf/mm?)

- RESISTENCIA A COMPRESION
= “ ¢.P_(kg) donde ¢ =0.85

Dimensién Nominal (mm) 0x50 0x100 60x6 80x6 00x70 00x100 0x100 0x150 00x100 0x150  400x200
ESPESOR (mm) 2.00 2.50 3.00 4.00 5.00 6.00 4.00 6.00 3.40 4.00 4.00 6.00 4.00 6.00 5.00 5.00 5.00 7.00 7.00 9.00
PESO (kg/m) 6.07 7,53 596 .73 441 16.98 1487 | 2160 | 134 | 1445 | 1643 | 2358 | 1801 | 2640 | 2635 | 3041 | 3041 | 4110 | 5242 | 8060
0 15,835 22,167 29,057 43,561 53,177 62233 | 65512 | 80160 | 37,465 | 49935 | 62454 | 87,330 | 59,624 | 98,086 | 856904 | 100,632 | 88,668 | 145005 | 172,142 | 280,848
100 15,817 22,141 29,021 43,500 53,082 62116 | 55491 | 80422 | 7432 | 49,807 | 52420 | 87,064 | 59605 | 98044 | 85666 | 100617 | 88,642 | 145047 | 172118 | 280824
200 16,762 22,062 28914 43,302 52,800 61765 | 65428 | 80011 | 37,000 | 49783 | 62321 | 67,024 | 59546 | 97,916 | 85585 | 100,571 | 88,563 | 144,006 | 172,044 | 280,753
300 16,671 21932 28,735 42,039 52,333 61,185 | 55322 | 79,624 | 37.168 | 49,593 | 52155 | 86,642 | 59447 | 07,705 | 85449 | 100494 | 88,432 | 144,670 | 171922 | 260633
400 15,545 21,750 26,488 42.437 51,687 60,382 | 55155 | 79,5656 | 36938 | 49,320 | 51924 | 86,11 | 59,310 | 67,409 | 850260 | 100,386 | 88,248 | 144,340 | 171,750 | 280467
500 15,385 21519 28,172 41,799 50,867 59,065 | 54937 | 79232 | 36,644 | 48991 | 51628 | 85432 | 59,133 | 07,030 | 85017 | 100248 | 88013 | 143.918 | 171530 | 280.262
— 600 1,190 21,280 27,790 41,033 49,883 58,145 | 64672 | 78827 | 36,087 | 48581 | 51268 | 84610 | 58919 | 96,568 | 84721 | 100079 | 87726 | 143402 | 171261 | 279,990
= 700 14,964 20014 27,346 40,146 48,745 56,736 | 64361 | 78,352 | 35870 | 48100 | 50846 | 83649 | 58,666 | 96,026 | 84,372 | 09,880 | 67388 | 142,796 | 170,044 | 279,681
800 14,708 20,544 26,841 39,146 47,463 55152 | 54003 | 77.806 | 35395 | 47.551 | 50364 | 82563 | 58,375 | 95404 | 83,071 | 99,650 | 87,000 | 142098 | 170578 | 279325
= 900 14,422 20,133 26,279 38,043 46,052 53,411 | 53601 | 77193 | 34863 | 46,036 | 49.622 | 81320 | 58,048 | 94,704 | 83520 | 99,391 | 86,562 | 141,312 | 170165 | 278,922
E 1,000 1,110 10,683 25,664 36,847 44,524 51,530 | 53155 | 76513 | 34277 | 46256 | 49223 | 70982 | 57.684 | 93,08 | 83017 | 09,102 | 86075 | 140.437 | 169705 | 278472
1 1,100 13,772 19,197 25,000 35,568 42,804 49,527 | 62666 | 75768 | 33,640 | 45515 | 48568 | 78519 | 57.84 | 93,077 | 82465 | 08783 | 85540 | 139476 | 169,197 | 277.975
1200 13.412 18677 24,291 34,218 41,177 47,425 | 62136 | 74961 | 32,054 | 44716 | 47,860 | 76947 | 56,849 | 92,154 | 81,865 | 08436 | 84958 | 138430 | 168,642 | 277.432
X 1300 13,031 18,128 23,540 2811 39,389 45238 | 51566 | 74,004 | 32,000 | 43862 | 47,102 | 75275 | 56,381 | 91,162 | 81,217 | 98,059 | 84329 | 137,302 | 168,042 | 276,843
© 1,400 12,632 17,552 22,754 31,354 37,544 42,990 | 50957 | 73.168 | 31451 | 42955 | 4696 | 73,500 | 55878 | 90102 | 80,522 | 97,654 | 83,655 | 136,091 | 167,395 | 276,208
S 1500 12,217 16,953 21935 29,862 35,660 40,701 | 50311 | 72,187 | 30639 | 42000 | 45444 | 71,650 | 55343 | 88977 | 79.782 | 97,001 | 82,938 | 134,802 | 166,703 | 275527
= 1600 11,788 16,334 21,088 28,345 33,749 38,388 | 49630 | 71152 | 29,793 | 41000 | 44549 | 69733 | 54,777 | 87,790 | 78999 | 06759 | 8277 | 133.436 | 165967 | 274,801
7] 1700 11,348 15,699 20219 26,815 31,628 36,070 | 48915 | 70067 | 28,915 | 39959 | 43614 | 67739 | 54,180 | 86,544 | 78,172 | 96,271 | 81375 | 131,095 | 165186 | 274,031
o 1800 10,899 15,050 19,332 25,283 29,910 33764 | 48168 | 68,935 | 28,008 | 38879 | 42642 | 650687 | 53554 | 850242 | 77,305 | 95755 | 80532 | 130481 | 164362 | 273,216
- 1900 10,443 14,391 18,430 23,758 28,008 31487 | 47,390 | 67.757 | 27.077 | 37.765 | 41636 | 63585 | 52899 | 83886 | 76,398 | 95213 | 79.651 | 128,898 | 163,495 | 272356
1T} 2,000 9982 13,725 17519 22,250 26,134 29252 | 46584 | 66538 | 26,125 | 36621 | 40599 | 61442 | 52217 | 82481 | 75452 | odead | 78731 | 127.246 | 162586 | 271453
2,100 9,520 13,055 16,539 20,768 24,208 27,074 | 45752 | 65280 | 25155 | 35450 | 39534 | 59267 | 51509 | 81,009 | 74460 | 94,050 | 77.776 | 125530 | 161636 | 270,507
© 2,200 9,057 12,384 15,440 19,319 22,512 24064 | 44895 | 63986 | 24,166 | 34096 | 38443 | 67.008 | 50777 | 79533 | 73452 | 03431 | 76787 | 123752 | 160644 | 269,518
=] 2300 8,595 1,715 14,367 17,911 20,783 22,881 | 44015 | 62659 | 22,073 | 32649 | 37,331 | 64855 | 50,020 | 77,998 | 72401 | 92787 | 75764 | 121,015 | 159613 | 268,486
= 2,400 8,136 1,051 13,327 16,522 19,081 21,014 | 4314 | 61,303 | 2179 | 310204 | 36199 | 52635 | 49242 | 76426 | 71,318 | 92120 | 74,709 | 120020 | 158,543 | 267413
(2] 2,500 7676 10377 12,285 15,227 17,585 10366 | 42.195 | 59.920 | 20622 | 29.765 | 35052 | 50416 | 48442 | 74821 | 70204 | otd2s | 73,605 | 118.072 | 157.434 | 266208
c 2,600 7227 9,738 11,368 14,078 16,258 17.905 | 41250 | 58514 | 19472 | 28.338 | 33,891 | 48,206 | 47,622 | 73186 | 60.063 | 90714 | 72,513 | 116,073 | 156287 | 265.142
o 2,700 6,817 9,100 10,541 13,054 15,076 16,603 | 40,308 | 57.087 | 18345 | 26027 | 32719 | 46,012 | 46,784 | 71525 | 67.894 | 89.977 | 71,374 | 114026 | 155104 | 263945
=l 2,800 6,442 8,461 9,802 12,139 14,019 15439 | 39,345 | 55644 | 17,44 | 25538 | 31581 | 43,840 | 45929 | 69841 | 66,700 | 89219 | 70,210 | 111,934 | 153,885 | 262,709
2900 6,008 7,888 9,137 11,316 13,069 14392 | 38,371 | 54186 | 16,162 | 24,173 | 30336 | 41698 | 45058 | 68,137 | 65484 | 88439 | 69,023 | 109405 | 152,632 | 261433
3,000 5781 7,371 8,538 10574 12,212 13449 | 37.088 | 52718 | 15103 | 22.838 | 28,910 | 39,500 | 44,172 | 66418 | 64245 | 87639 | 67.814 | 106792 | 151344 | 260118
3,100 5,488 6.903 7,90 9,903 11,437 12595 | 36.008 | 51242 | 14144 | 21534 | 27504 | 37,503 | 43273 | 64686 | 62.987 | 86.819 | 66,585 | 104.155 | 150024 | 258.766
3,200 5217 6.478 7,504 9,204 10,733 11,820 | 35404 | 49760 | 13274 | 20223 | 26,124 | 35502 | 42,362 | 62,944 | 61711 | 85980 | 65338 | 101,501 | 148,671 | 257.376
3300 4,965 6,002 7,056 8,739 10,092 1,115 | 34406 | 48277 | 12481 | 10016 | 24772 | 33488 | 41440 | 61197 | 60419 | 85122 | 64074 | 98833 | 147,087 | 255948
3,400 4,731 5738 6,647 8,232 9,508 10471 | 33407 | 46794 | 11758 | 17914 | 23437 | 31,5647 | 40509 | 59446 | 50112 | 84247 | 62795 | 96,157 | 145874 | 254485
3,500 4,484 5415 6.273 7,769 8972 9,881 32408 | 45315 | 11,086 | 16005 | 22,117 | 20770 | 39570 | 57,695 | 57792 | 83354 | 61503 | 03476 | 144,431 | 252,985
3,600 4,238 5,119 5920 7343 8480 9339 31412 | 43841 | 10488 | 15079 | 20906 | 28,139 | 38625 | 550948 | 50461 | 82444 | 60,199 | 90,795 | 142,960 | 251,451
3,700 4,012 4,846 5613 6952 8,028 8841 30419 | 42376 | 0920 | 15127 | 19791 | 26630 | 37673 | 54206 | 55121 | 81519 | 68.886 | 88.120 | 141462 | 249,882
3,800 3,804 4,504 5322 6501 7611 8382 20432 | 20922 | 0413 | 14341 | 18763 | 26265 | 36717 | 52473 | 53773 | 80,578 | 57,563 | 85453 | 139.930 | 248.280
3900 3611 4,361 5,062 6,257 7,226 7958 28452 | 39480 | 8,036 | 13,615 | 17,813 | 23,076 | 35758 | 50752 | 62419 | 79,623 | 56,004 | 82,798 | 138,390 | 246,645
4,000 3433 4,146 4,803 5948 6,869 27481 | 36055 | 8495 | 12043 | 16,933 | 22793 | 34,797 | 49044 | 51,060 | 78,655 | 54,900 | 80161 | 136817 | 244977
RN kom) 24 2005 901 1,005 1277 1,604 1,904 2,208 2563 | 3407 | 1682 | 2519 | 3113 | 4316 | sse2 | 5403 | 658t | sses | s7e2 | 1573 | 18843 | 34308
R A LN 316 438 566 826 079 1412 1978 | 281 865 | 126 | 1421 | 2808 [ 2220 | ses0 | s267 | sast | sas3 | sse2 | 9750 | 20828
M, =0
el 2,725 3,306 3,847 4,809 5610 6252 | 12824 | 18274 | 5614 | 7213 | so1s | 11061 | 12824 | 18274 | 15620 | 25648 | 15620 | 20108 | 34224 | 59151
ROV, (k) 2005 8,998 13,325 15,870 20,839 25,648 30297 | 20830 | 30207 | 19280 | 25648 | 28854 | 42319 | 28854 | 42319 | 45685 | 45685 | 55704 | 76308 | 90,329 | 131,286
R T 000 24,104 29,804 35,454 46,158 56,305 e5804 | 58812 | sas7s | 41954 | 57547 | 63674 | e2467 | 71466 | 103856 103757 | 119575 | 119575 |163504 [207,703 | 319,000
Lu (m) 255 256 257 2.60 262 265 509 514 3.08 334 359 364 509 5.14 5.12 7561 5.12 5.7 766 | 1021

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL=KXLX/(rX/ry).

¢ano = Resistencia axial nominal determinada con Fnsz (Valor con KL =0)

L, = Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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Fanalca =

Fy=50 ksi (35.15 kgf/mm?)

4 TUBO RECTANGULAR HR ESTRUCTURAL FANALCA F,=65 ksi (45.69 kgf/mm?)

-~ RESISTENCIA A COMPRESION

- L] —
¢ P (kg) donde ¢ =0.85
m——
Dimensién Nominal (mm) 0x50 0x100 60x6 80x6 00x70 00x100 0x100 0 0 00x100 0 0 400x200
ESPESOR (mm) 2.00 2.50 3.00 4.00 5.00 6.00 4.00 6.00 3.40 4.00 4.00 6.00 4.00 6.00 5.00 5.00 5.00 7.00 7.00 9.00
PESO (kg/m) 6.07 7.53 8.96 11.73 14.41 16.98 14.87 21.69 11.34 14.45 16.13 23.58 18.01 26.40 26.35 30.11 30.11 41.10 52.42 80.60
4,100 3,267 3,946 4,571 5,661 26,519 36,646 8,086 12,319 16,118 21,694 33,792 47,353 49,698 77,673 53,562 77,544 135,222 243,278
4,200 3,114 3,761 4,356 25,568 35,257 7,705 11,740 15,359 20,674 32,657 45,681 48,110 76,679 52,221 74,951 133,605 241,547
4,300 2,970 3,588 24,630 33,889 7,351 11,200 14,653 19,723 31,534 44,029 46,489 75,673 50,879 72,385 131,967 239,787
4,400 23,705 32,543 7,021 10,697 13,995 18,837 30,425 42,401 44,886 74,656 49,538 69,850 130,310 237,997
4,500 22,795 31,206 6,712 10,227 13,380 18,009 29,331 40,797 43,303 73,629 48,198 67,349 128,634 236,179
4,600 21,901 29,864 6,424 9,787 12,804 17,234 28,252 39,220 41,743 72,592 46,862 64,883 126,941 234,333
4,700 20,986 28,607 6,153 9,375 12,265 16,509 27,191 37,625 40,206 71,546 45,529 62,457 125,231 232,459
4,800 20,120 27,427 5,899 8,988 11,759 15,828 26,127 36,073 38,695 70,493 44,203 60,038 123,506 230,559
4,900 19,307 26,319 5,661 8,625 11,284 15,189 25,072 34,616 37,148 69,432 42,883 57,612 121,767 228,634
5,000 18,543 25,277 5,437 8,284 10,837 14,587 24,079 33,245 35,677 68,364 41,507 55,331 120,014 226,683
5,100 17,823 24,296 7,962 10,417 14,021 23,144 31,954 34,291 67,290 40,200 53,182 118,250 224,709
E 5,200 17,144 23,370 7,659 10,020 13,487 22,262 30,737 32,985 66,210 38,953 51,156 116,474 222,711
E 5,300 16,503 22,497 7,372 9,645 12,983 21,430 29,588 31,752 65,126 37,761 49,244 114,688 220,690
~— 5,400 15,897 21,671 7,102 9,291 12,506 20,644 28,502 30,587 64,038 36,399 47,437 112,893 218,648
| 5,500 15,325 20,890 6,846 8957 12,056 19,900 27,475 29,485 62,946 35,087 45,728 111,090 216,585
5,600 14,782 20,151 8,640 11,629 19,196 26,503 28,441 61,851 33,845 44,109 109,280 214,502
! 5,700 14,268 19,450 8,339 11,224 18,528 25,581 27,452 60,754 32,668 42,575 107,463 212,400
o 5,800 13,780 18,785 8,054 17,895 24,706 26,514 59,656 31,551 41,120 105,642 210,279
> 5,900 13,317 18,154 7,783 17,293 23,876 25,622 58,556 30,491 39,738 103,816 208,140
= 6,000 12,877 17,554 16,721 23,087 24,775 57,457 29,483 38,424 101,988 205,984
)
(8] 6,100 12,458 16,983 16,178 22,336 23,970 56,247 28,524 37,175 100,157 203,812
m 6,200 12,060 16,439 15,660 21,621 23,203 54,966 27,612 35,985 98,180 201,624
qm- 6,300 11,680 15,922 15,167 20,940 22,472 53,694 26,742 34,852 95,994 199,308
6,400 11,318 15,428 14,697 20,291 21,775 52,432 25913 33,771 93,822 196,689
© 6,500 10,972 14,957 14,248 19,672 21,110 51,180 25,122 32,740 91,667 194,063
= 6,600 13,819 19,080 20,476 49,939 24,366 31,755 89,629 191,433
.‘.: 6,700 13410 18,515 19,869 48,710 23,644 30,815 87,409 188,799
m 6,800 13,018 17,974 19,289 47,494 22,954 29,915 85,308 186,162
c 6,900 12,644 17,457 18,734 46,291 22,293 29,054 83,228 183,524
o 7,000 12,285 16,962 18,202 45,101 21,661 28,230 81,170 | 180,886
—I 7,100 11,942 16,487 17,693 43,899 21,055 27,440 79,134 178,248
7,200 11,612 16,033 17,205 42,688 20,474 26,683 77,121 175,613
7,300 11,296 15,596 16,737 41,527 19,917 25,957 75,028 172,980
7,400 10,993 15,178 16,288 40,412 19,383 25,260 73,014 170,351
7,500 10,702 14,776 15,856 39,342 18,869 24,591 71,080 167,728
7,600 10,422 14,389 15,442 38,313 18,376 23,948 69,222 165,110
7,700 10,153 14,018 15,043 37,324 17,902 23,330 67,435 162,499
7,800 9,894 13,661 14,660 36,373 17,446 22,736 65,717 159,896
7,900 9,645 13,317 14,291 35,458 17,007 22,164 64,064 157,302
8,000 9,406 12,986 13,936 34,578 16,584 21,614 62,473 154,718
R e s LN 901 1,095 1,277 1,604 1,904 2208 | 2553 | 3497 | 1682 | 2519 | 3,113 | 4316 | 3882 | 5403 | 6581 | 8585 | 8762 | 11,573 | 18,843 | 34,308
R e T L ioN 316 438 566 826 979 1,112 1,978 | 2,811 865 | 1,246 | 1421 | 2308 | 2,220 | 3,650 | 3,267 | 5451 | 3453 | 5562 | 9,759 | 20,828
el eyl 2,725 3,306 3,847 4,809 5,610 6252 | 12,824 | 18274 | 5614 | 7213 | 8015 | 11,061 | 12,824 | 18,274 | 15629 | 25,648 | 15,629 | 20,198 | 34,224 | 59,151
R s o on T 8,998 13325 | 15870 | 20,839 | 25648 | 30,297 | 20,839 | 30,207 | 19,239 | 25,648 | 28,854 | 42,319 | 28,854 | 42,319 | 45,685 | 45,685 | 55,704 | 76,303 | 90,329 [ 131,286
R T A Tsoo N | 24194 | 29,804 35454 | 46,158 | 56,305 | 65894 | 58812 | 84,875 | 41,954 | 57,547 | 63,874 | 92,467 | 71,466 | 103,856 | 103,757 | 119,575 | 119,575 | 163,504 | 207,793 | 319,090
Lu (m) 255 2.56 257 2.60 2.62 2,65 509 | 514 | 308 | 334 | 359 | 364 | 509 | 514 | 512 | 761 512 | 517 | 766 | 10.21

NOTA: Los anteriores valores contemplan cargas con relaciones de esbeltez KL/r< 200.

Para encontrar la carga axial con respecto al eje x, se encuentra un longitud equivalente KL=K L /(r,/r ).

¢_P__ =Resistencia axial nominal determinada con F.=F, (Valor con KL =0)

L, =Maxima longitud sin soporte lateral para secciones cerradas tipo cajon, usadas como vigas sujetas a flexion alrededor del eje x-x.
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7. DETALLES CONSBUCTIVOS

=

B
[ [

Unién sin rigidizar entre viga de seccion en |y columna de perfil CHS o RHS

Fanalca =

Union de perfiles CHS con bridas atornilladas

-
[ S A\ PR A\

- Y b

i -
; Aterpillos e s"k%g J!%qns

*Q} e ¢] ,{i} e I

ZZZZ 0 4$»
- &

Configuraciones con cuatro y 8 tornillos

Uniones entre perfiles RHS con bridas atornilladas
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Soldadura a lo largo de
un RHS en las cuatro esquinas
con longitud de la soldadura>b |

Recorte para
facilitar el
atornillado

Plancha (funda)
de relleno si se
requiere

a) Empalme a simple cortadura b) Empalme a cortadura modificada

Figuras A tornilladas con cartelas

Igunos ejemplos del uniones a

Figuras Uniones atornilladas para apoyos de vigas celosia.

Casquillo para
facilitar el montaje

Fanalca =

‘
i
[
I
|

Casquillo de IPE o HE

Alternative location
of splice in plate

Possible to field
weld to eliminate
upper shimming;
if so, eliminate
underside weld

As an alternative, cut
silhouette of HSS
out of a single plate

[+~— continuous HSS

Single plate connection
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top diaphragm plate

shim
(as required)

Fanalca =

3sides

weld both side: 79

if required

1

1

shear — .
plate !
1

U

W- shape

shim (as required)

bottom diaphragm plate

/HSS column

/— shear plate
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8. EJEMPLOS DE DISENO

EJEMPLO 1

Disefar la columna cuadrada mas liviana, para soportar una carga P
mayorada axial concéntrica de 50Ton. La longitud efectiva KL del
elemento es de 3.50m.

R/ Revisando las tablas de disefio de resistencia a la compresién, para
tubos cuadrados, con KL=3500 mm, se obtienen las siguientes
alternativas:

- Tubo cuadrado de 135x135x6.00 mm  ¢:P,=61.20 Ton > P,=50 Ton “Cumple”
- Tubo cuadrado de 150x150%4.00 mm §.P,=51.67 Ton>P,=50Ton “Cumple”
- Tubo cuadrado de 150x150%6.00 mm ¢.P,=73.80 Ton > P,=50 Ton “Cumple”
- Tubo cuadrado de 200x200x5.00 mm P, =96.94 Ton > P,=50 Ton “Cumple”

Seleccionar el Tubo Cuadrado de 150x150x4.00mm (Peso=18.12kg/ml).

EJEMPLO 2

Disefar una columna rectangular de 200x100 mm, para soportar una

carga Pumayorada axial concéntrica de 35 Ton, si la longitud efectiva,

KL, del elemento respecto al eje y es de 4.10 m y la longitud efectiva,
K L, respecto al eje x es de 6.50 m.

R/ Revisando las tablas de disefio de resistencia a la compresién, para el
tubo rectangular de 200x100 mm se tienen las siguientes alternativas:

Con KL = KvLy =4100mm:

- Tubo rectangular de 200x100x4.00mm
- Tubo rectangular de 200x100x6.00mm

$.P,=33.79Ton < P,=35Ton “No Cumple”
§.P,=47.35Ton > P;=35Ton “Cumple”

Para el eje x se obtiene una longitud equivalente dividiendo KL por la
relacion entre radios de giro asi:

Tubo rectangular200x100x4.00 mm

Fanalca =

La longitud equivalente KL = 6500/1,71 = 3800 mm
ConKL=K L =3800 mm:

- Tubo rectangular de 200x100x4.00mm ¢.P, = 36.71Ton > P,=35Ton “Cumple”

- Tubo rectangular de 200x100x6.00mm

Aunque el Tubo de 200x100x4.00mm cumple respecto al eje x, no
cumple respecto al eje y, por tal motivo seleccionar el tubo
rectangular de 200x100x6.00 mm. (Pes0=26.40 kg/m).

EJEMPLO 3

Disefar una correa de seccidn rectangular, para soportar una carga viva
de 50kg/m?y una carga muerta de 30 kg/m?. La longitud de la correa es
de 7.50 my la separacién de la misma es de 1.90m. Inicialmente se
analizard como primera opcion el tubo rectangular 200x100x4.00 mm.
Suponer la correa simplemente apoyada.

Carga Ultima w,, = 1.2D + 1.6L,
wy, = 1.2(30 kg/m?) + 1.6(50 kg/m?*) = 116 kg/m*

Carga Ultima sobre la correa wy,. = w,, X Separacién correa

k k
Wie = 1161“1—9'2 x 1.90m = 220;3
Wye X 12
Mu - ?ICB
220 kg/m x (7.50m)?
M, = 9/ ] ( ) = 1,547 kg-m < ¢p,M,, = 3,882 kg- m "Cumple”
wuc X !
==
220 kg/m x 7.50
y, = 220ka/ D~ 825 kg < by = 28854 kg "Cumple”
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REVISION DE DEFLEXIONES

Maxima permitida 6< L/360 = 7500mm/360 = 20.8mm

5 Wylt
384 EI

5 2, . 4
5= 50kg/rr110 1.9mz (7.5m) ——.1000 = 16mm < 20.8mm “cumple
3842.04-10"° kg/m*-1.199-10° m*

"

Se puede observar, que aunque la correa esta sobre especificada en
cuanto a la Flexién y Cortante, no sucede lo mismo cuando se revisan
las deflexiones. Si se hace el mismo ejercicio con el Tubo Rectangular
de 200x70x4.00mm la deflexion que se obtiene es de 19.8mm, la cual
cumple.

Para el Tubo Rectangular de 200x100x4.00mm el Lu es de 5.09m, por
tal motivo se debe colocar una riostra intermedia a la correa. En el caso
del Tubo Rectangular de 200x70x4.00mm se tiene un Lu de 3.59m,
entonces colocar dos riostras intermedias.
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Calidad y respaldo que marcan la diferencia

Planta y Oficina Principal:
Calle 13 No. 31 A -80 Urbanizacién Acopi Yumbo

PBX: (572) 6515300 ext. 561 Tels. directos: (572) 6515251 - 6515282
Cel: 3108388514 /320 7558224 /312 7773125

www.tubosyperfilesfanalca.com - e-mail: tubosyperfiles@fanalca.com.co
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