Diretrizes para calculo
de Cb (coeficiente de
distribuicao de
momentos)

Curso de /D/cg/'e e Citoaly de Lstraturas metilicas



A norma permite adotar o
coeficiente de distribuicdo e
momentos (Cb) com valor 1,0

paAra fodos 0s CAsos...

Porém, algumas vezes & Ufil
calcular o Cb para garantir
economia...

Esse cdlculo deve ser feito
manualmente em alguns

softwares
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Lembrando gue:

M,
a) My, =—P para lilp

¥ ai
A=k | M
b) Mg, :ﬂ[M’PE—{M’PlE -M,) d } < ¥ para A, <A<,
Tal }“r_}k’p l-:ral
M
c) M, = M < parah>h,
r:Illlal Tal

As Notas relacionadas a Tabela G.1 s3o as seguintes:

13817 2
Nh, = : 1+ 1+727'C"‘;31
r. JB, I,

C,7'El, 2
M, =" ’J&[I+O,O39Jg’“}

° I’h I}' w
onde:

(f—a 7

b=
EJ

I(d-t

C,.= ’( f} , para secoes |
4
3 2
c. = t,(b,—05¢ ) (d—1t.) | 3(b, —0.5t ), +2(d—1,)z, . para segdes U
12 6(b, —0,5¢,)t; +(d —1.)t,,
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Exemplo de calculo de Cb

Exemplo 1: Considere uma viga bi apoiada sujeita a
uma carga distribuida conforme a figura. Nado hd
nenhuma contencado lateral, ou seja: Lb = L = 6000mm
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Exemplo de calculo de Cb

Cb

12,5. Myjqy

T 2,5. My, + 3. M, + 4. My + 3. M,

"H‘-—H_—E'DD n \

2 3\
4

onde:

M ax € o valor do momento fletor maximo solicitante de calculo, em médulo, no comprimento destravado;

M, & o valor do momento fletor solicitante de calculo, em médulo, na segdo situada a um guarto do

1500 mm

comprimento destravado, medido a partir da extremidade da esquerda;

Mg & o valor do momento fletor solicitante de calculo, em moédulo, na segio central do comprimento

destravado;

M. @ o valor do momento fletor solicitante de calculo, em mddulo, na secao situada a trés quartos do

comprimento destravado, medido a partir da extremidade da esquerda;
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Exemplo de calculo de Cb

12,5. Myax 12,5 % 450
Ch

= 2,5 Mygy + 3. M, + 4. Mg + 3. M, Ch

N 2,5x450 +3 %338+ 4 %450 + 3 * 338

= 1,14

1500 mm\ 1500 mm 1500 mm
33\
P

onde:

M ax € o valor do momento fletor maximo solicitante de calculo, em médulo, no comprimento destravado;

M, & o valor do momento fletor solicitante de calculo, em médulo, na segdo situada a um guarto do
comprimento destravado, medido a partir da extremidade da esquerda;

Mg & o valor do momento fletor solicitante de calculo, em moédulo, na segio central do comprimento
destravado;

M. @ o valor do momento fletor solicitante de calculo, em mddulo, na secao situada a trés quartos do
comprimento destravado, medido a partir da extremidade da esquerda;
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Exemplo de calculo de Cb

Exemplo 2: Considere uma viga bi apoiada sujeita a
uma carga distribuida conforme a figura. Existe 1
travamento localizado no centro da viga

LT

IRRRRRRRRARRRRA

IRARRRRRRRERAA

LT

N

== 750 mm

750 mm

HHH%HHH
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Exemplo de calculo de Cb
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Exemplo de calculo de Cb

12,5. Myjax 12,5 * 450

Ch Cb

T 25. My, + 3. M, + 4 My + 3. M, = 1,30

N 2,5%450 + 3 %197 +4 %338 + 3 x 422

Curso de /Dﬁg/éta e Citealy do Lstraturas metlilioas




Exemplo de calculo de Cb

Exemplo 3: Considere uma viga bi apoiada sujeita a
uma carga distribuida conforme a figura. Existem 3
travamentos equidistantes

n

[T11

1l

L1

1.00 kN'm
375 mm —a7s m%‘ mm —1— 375 mm — 275 mm

lléfﬁllllllLllllLl!g%%llllllllllllll
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Exemplo de calculo de Cb

Cdlculo do primeiro trecho

197 375 mm —— 375 mm —— 375 mm —— 375 mm —— 375 mm —— 375 mm —| : : : :
273

B 12,5 * 338
~ 25%338+4+3%x105+4 %197 +3 %274

Cb

= 1,52
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Exemplo de calculo de Cb

Cdlculo do segundo trecho

87375 mm —— 375 mm —— 375 mm —— 375 mm —— 375 mm —— 375 mm — : : : :
277

33\?\‘42‘2—&%‘—_——
12,5 * 450

Cb

= =1
2,5% 450+ 3 %387 +4 %422 + 3 443 06
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Exemplo de calculo de Cb

Exemplo 3: Considere uma viga Bi engastadas sujeita a
uma carga distribuida conforme a figura. Existem 3
travamentos equidistantes

117

11

11

TR

11

11

TG

mm —— 375 mj?ﬁ mm —— 373 mm 375 mm

— 375 mm]

@ummmmm

Curso de /D/ég/'eta e Citealy do Lstraturas metlilioas




Exemplo de calculo de Cb

0%

3 150
mm

12,5 % 300

Cb = 2,05

T 25%300+3+%195+4+103 + 3 26
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Exemplo de calculo de Cb

%)

3 130
mm

12,5 % 150

Cb = 1,20

T 25%150+3%87 + 4+ 122 + 3 * 143
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Excecao

Em caso de haver uma mesa com travamento continuo,
(Embutida em lgjes, por exemplo) o procedimento a se
adotar é:

a) quando a mesa com contencdo lateral continua estiver tracionada em pelo menos uma extremidade
do comprimento destravado:

M M
c,=300-22 8 My
3IM, 3(M,+M,)

onde:

My é o valor do maior momento fletor solicitante de calculo, tomado com sinal negativo, que comprime a
mesa livre nas extremidades do comprimento destravado;

M, é o valor do momento fletor solicitante de calculo na outra extremidade do comprimento destravado.
Se esse momento comprimir a mesa livre, deve ser tomado com sinal negativo nos segundo
e terceiro termos da equagdo. Se fracionar a mesa livre, deve ser tomado com sinal positivo
no segundo termo da equacio e igual a zero no terceiro termo;

M5 & o momento fletor solicitante de calculo na segdo central do comprimento destravado, com sinal
positivo se tracionar a mesa livre e sinal negativo se tracionar a mesa com contengao lateral continua.

b} em trechos com momento nulo nas extremidades, submetidos a uma forga transversal uniformemente
distribuida, com apenas a mesa tracionada contida continuamente contra deslocamento lateral:

C, =200
c) em todos os outros casos:
C, =100

Ma verificagio a FLT, deve-se tomar como momento fletor solicitante de calculo o maior momento gque comprime
a mesa livre. No caso da alinea a), por exemplo, esse momento & M.
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Exemplo de calculo de Cb

Exemplo 4: Considere uma viga Bi engastadas sujeita a
uma carga distribuida conforme a figura. Existem 3
tfravamentos equidistantes e a mesa superior estd
confida completamente por uma lgje

1.00 kKN/m 1.00 kN/m 1.00 kN/m 1.00 KN/m 1.00 kN/m 1.00 KN/m 1.00 kN/m 1.00 KN/m 1.00 kN/m

L

L

L

[T

L

L

llw\mMlMlMH@HMMMMM

— 375 mm —

— 375 mm —

— 379 mm —

— 375 mj?ﬁ mm —

— 375 mm —

— 375 mm —j

— 375 mm
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Exemplo de calculo de Cb

b — 300 2M1 8.M2
- 3M0 3(MO + M1)
2.38 8.(—103)
Cb = 3,00 — =1,95

3.(—=300) 3(—300 + 38)
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Exemplo de calculo de Cb

300 300

— 375 mm —— 375 mm —— 375 mm 373 mm

Esse caso ndo se engquadra em nenhum dos itens

Portanto Cb = 1,0 para esse frecho, porém ndo usaremos
esse momento fletor para o cdlculo mas sim o Maior
momento fletor que comprime a mesa livre, como é
orientado pelo texto:

Na verificagdo a FLT, deve-se tomar como momento fletor solicitante de calculo o maior momento que comprime
a mesa livre. No caso da alinea a), por exemplo, esse momento é M.
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TABELAS Cb

AISC Table 3-1. Values of C,

For simply supported beams

Lateral Bracing
Load Along Span Cs Ly
x | "
l None li 1.32 1 L
l I At Load Points Yo7 % 67 % L/2
l l None \f l1.14 ! i L
. N T
I l At Load Points ¥167 5100 “167 | L/3
I -
] | | | ] None ¥ 712 X L
At Load Points f1.67 141141 ig.sﬁ L/4
None L
OOV TERTEVRVEURTARS 114
At Centerline 130 % 130 1L L/2

X = Brace Point.
Note That Beam Must Be Braced at Supports.
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TABELAS Cb

C, Values for Different Load Cases

AISC Equation F1-1

wL2/40 w240 wlL24 wlLiM2
wL10 M | | M \/ w12
PLI4
Cs=1.18 C, =1.00 Cy=1.32 Co=114 C, =1.18 c, =123
2
wlL24 wlL2/24 PLME PLI1E PL/24 7pLi24 PLI24 L wliM2 wl2/24
) e | T
iz 3PLIE B;__T__,
Cy=1.22 €y =1.25 Co=1.47 Co=1.16 c, =1.21 C,=1.23
wlL216 wL2i16 PL/M2 PLM2 PLI1G PLME wlLi12 wL12
wL216 I: I:vd" 13PL/24 t 0
M 0 PLIE
C,=1.32 C,=1.67 C,=1.56 C, =117 ¢, =1.26 Cp=1.26
2 2 2 2
wLi12 | wnz PLI8 PLB | pus oLe PL8 L' WLZ s
A=A | o | N4 | A= b
w2 PLI8
c,=238 €, =207 C,=192 Cy =124 C, =2.08 C. =161
wL#10 wiLZ0 | PLIG PLI6 PLI6 PLIE | wLi4 wLE12 wL2H2
wL240 B%A
M
€, =3.00 C,=227 C,=2.08 C,=1.32 €, =3.00 C,=238
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EXERCICIO 03

2500mm

2500mm

Utilize Perfis W, H ou HP Acominas ASTM A572GR50. Assuma ligacao articulada entre a
viga V1 e os pilares P2 e P3. Assuma também que os pilares P2 e P3 permanecem

~

EDIO DE MAJORACAO = 1,47

7z
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indeslocaveis durante o carregamento. As cargas ja foram devidamente majoradas na

combinacao mais desfavoravel. ADOTAR COEFICIENTE M



Bitola Ap Ar Bitola Ap Ar

W 150 x 13,0 42,38 132,32|HP 310 x 110,0 (H) | 42,38| 156,47
W 150 x 18,0 42,38 152,26{W 310 x 117,0 (H) 42,38| 157,55
W 150 x 22,5 (H) 42,38| 140,05|HP 310 x 125,0 (H) | 42,38] 169,63
W 150 x 24,0 42,38| 184,70|W 360 x 32,9 42,38| 120,93
W 150 x 29,8 (H) 42,38| 163,10|W 360 x 39,0 42,38| 124,32
W 150 x 37,1 (H) 42,38] 191,55|W 360 x 44,0 42,38| 120,21
W 200 x 15,0 42,38| 123,48|W 360 x 51,0 42,38| 122,63
W 200 x 19,3 42,38| 134,02|W 360 x 57,8 42,38| 126,63
W 200 x 22,5 42,38| 138,81|W 360 x 64,0 42,38| 127,30
W 200 x 26,6 42,38] 133,04|W 360 x 72,0 42,38| 132,95
W 200 x 31,3 42,38| 142,84|W 360 x 79,0 42,38] 139,01
W 200 x 35,9 (H) 42,38 142,11|{W 360 x 91,0 (H) 42,38| 135,19
W 200 x 41,7 (H) 42,38 157,08|W 360 x 101,0 (H) 42,38| 143,44
W 200 x 46,1 (H) 42,38 147,26|W 360 x 110,0 (H) 42,38| 150,25
W 200 x 52,0 (H) 42,38 161,64|W 360 x 122,0 (H) 42,38| 160,42
HP 200 x 53,0 (H) 42,38 167,68|W 410 x 38,8 42,38 79,20
W 200 x 59,0 (H) 42,38| 176,62|W 410 x 46,1 42,38| 122,36
W 200 x 71,0 (H) 42,38| 203,07|W 410 x 53,0 42,38| 120,32
W 200 x 86,0 (H) 42,38| 241,29|W 410 x 60,0 42,38] 121,79
W 250 x 17,9 42,38| 123,13|W 410 x 67,0 42,38| 126,17
W 250 x 22,3 42,38| 128,25|W 410 x 75,0 42,38| 130,76
W 250 x 25,3 42,38| 130,49|W 410 x 85,0 42,38| 137,15
W 250 x 28,4 42,38| 135,06|W 460 x 52,0 42,38| 121,78
W 250 x 32,7 42,38| 125,74|W 460 x 60,0 42,38| 123,45
W 250 x 38,5 42,38| 132,62|W 460 x 68,0 42,38| 127,40
W 250 x 44,8 42,38| 141,91|W 460 x 74,0 42,38| 123,47
HP 250 x 62,0 (H) 42,38| 140,58|W 460 x 82,0 42,38] 126,59
W 250 x 73,0 (H) 42,38| 148,68|W 460 x 89,0 42,38] 129,98
W 250 x 80,0 (H) 42,38] 157,91|W 460 x 97,0 42,38| 133,68
HP 250 x 85,0 (H) 42,38 170,45|W 460 x 106,0 42,38| 138,71
W 250 x 89,0 (H) 42,38 170,78|W 530 x 66,0 42,38| 123,60
W 250 x 101,0 (H) | 42,38] 188,07|W 530 x 72,0 42,38| 120,15
W 250 x 115,0 (H) | 42,38] 208,43|W 530 x 74,0 42,38| 124,94
W 310 x 21,0 42,38| 123,53|W 530 x 82,0 42,38] 120,54
W 310 x 23,8 42,38| 125,18|W 530 x 85,0 42,38| 127,12
W 310 x 28,3 42,38] 126,58|W 530 x 92,0 42,38| 122,58
W 310 x 32,7 42,38| 130,93|W 530 x 101,0 42,38| 125,54
W 310 x 38,7 42,38 119,25({W 530 x 109,0 42,38| 127,89
W 310 x 44,5 42,38| 123,55|W 610 x 101,0 42,38| 120,77
W 310 x 52,0 42,38| 130,76|{W 610 x 113,0 42,38| 122,43
HP 310 x 79,0 (H) 42,38| 130,73|W 610 x 125,0 42,38| 124,66
HP 310 x 93,0 (H) 42,38| 141,97|W 610 x 140,0 42,38| 128,58
W 310 x 97,0 (H) 42,38| 139,83|W 610 x 155,0 42,38| 120,68
W 310 x 107,0 (H) | 42,38 148,17|W 610 x 174,0 42,38| 124,54

Ay e Arcalculados com E = 20000 kN /cm?
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EXERCICIO 03

ARRRRAARARRRRRANRARRRNNARAR RN AR RR RN RN AR R AR RO ARRRROAAR!
VAN

15384

ch — 12,5. My ax
~ 2,5.Mygx +3. My + 4. Mg + 3. M,
12,5.15384
Cb 1,30

~ 2515284 + 3.8038 + 4.15384 + 3.8038
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EXERCICIO 03

Verificacao Flambagem Lateral com Torcao(FLT) - Tentativa com Perfil W410X53

Bitola Ap Ar Bitola Ap Ar
Lb 5 0 0 W 150 x 13,0 42,38] 132,32|HP 310 x 110,0 (H) | 42,38] 156,47
_ _ W 150 x 18,0 42,38] 152,26]W 310 x 117,0 (H) | 42,38] 157,55
= = 1 3 0,2 O /’{p - 4‘2,3 8 /11- = 1 2 0;3 2 W 150 x 22,5 (H) | 42,38] 140,05|HP 310 x 125,0 (H) | 42,38] 169,63
T’y 3,84 W 150 x 24,0 42,38] 184,70]W 360 x 32,9 42,38] 120,93
W 150 x 29,8 (H) | 42,38 163,10]W 360 x 39,0 42,38 124,32
W 150 x 37,1 (H) | 42,38] 191,55|W 360 x 44,0 42,38] 120,21
W 200 x 15,0 42,38 123,48]W 360 x 51,0 42,38] 122,63
W 200 x 19,3 42,38] 134,02]W 360 x 57,8 42,38| 126,63
Ad otar Eq .C W 200 x 22,5 42,38| 138,81|W 360 x 64,0 42,38 127,30
W 200 x 26,6 42,38 133,04]W 360 x 72,0 42,38] 132,95
W 200 x 31,3 42,38 142,84]W 360 x 79,0 42,38] 139,01
W 200 x 35,9 (H) | 42,38] 142,11]W 360 x 91,0 (H) | 42,38] 13519
W 200 x 41,7 (H) | 42,38] 157,08|W 360 x 101,0 (H) | 42,38] 14344
. 1,30.7%.20500.1009 (387194 1+ 0039 23,38.5007 — 26210 k W 200 x 46,1 (H) | 42,38] 147,26]W 360 x 110,0 (H) | 42,38] 150,25
My = 5002 . 1009 ° (1+0, 387194 ) = N.cm W 200 x 52,0 (H) | 42,38] 161,64|W 360 x 122,0 (H) | 42,38] 160,42
HP 200 x 53,0 (H) | 42,38] 167,68|W 410 x 38,8 2,38 79,20
W 200 x 59,0 (H) | 42,38] 176,62 7 232] 12236
Mcr 26210 W 200 x 71,0 (H) | 42,38] 203,07jW 410 x 53,0 42,38] 120,32
MRd,FLT =——=——7"=23827kN.cm > 15384 kNcm W 200 x 86,0 (H) | 42,38] 241,29|W 410 x 60,0 42,38| 121,79
1,1 1,1 W 250 x 17,9 42,38] 123,13|W 410 x 67,0 42,38] 126,17
VIGA APROVADA 64%(PODEMOS TENTAR BAIXAR) W 250 x 22,3 42,38| 128,25|W 410 x 75,0 42,38] 130,76
W 250 x 25,3 42,38] 130,49]W 410 x 85,0 42,38] 137,15
W 250 x 28,4 42,38] 135,06]W 460 x 52,0 42,38] 121,78
W 250 x 32,7 42,38 125,74]W 460 x 60,0 42,38] 123,45
W 250 x 38,5 42,38] 132,62|W 460 x 68,0 42,38 127,40
W 250 x 44,8 42,38] 141,91|W 460 x 74,0 42,38] 12347
HP 250 x 62,0 (H) | 42,38] 140,58|W 460 x 82,0 42,38] 126,59
W 250 x 73,0 (H) | 42,38 148,68|W 460 x 89,0 42,38] 129,98
W 250 x 80,0 (H) | 42,38] 157,91|W 460 x 97,0 42,38] 133,68
HP 250 x 85,0 (H) | 42,38] 170,45|W 460 x 106,0 42,38] 13871
W 250 x 89,0 (H) | 42,38] 170,78|W 530 x 66,0 42,38] 123,60
W 250 x 101,0 (H) | 42,38] 188,07|W 530 x 72,0 42,38] 120,15
W 250 x 115,0 (H) | 42,38] 208,43|W 530 x 74,0 42,38] 124,94
W 310 x 21,0 42,38] 123,53]W 530 x 82,0 42,38] 120,54
W 310 x 23,8 42,38] 125,18]W 530 x 85,0 2,38 127,12
W 310 x 28,3 42,38] 126,58]W 530 x 92,0 42,38] 122,58
W 310 x 32,7 42,38] 130,93]W 530 x 101,0 42,38] 125,54
W 310 x 38,7 42,38] 119,25|W 530 x 109,0 42,38] 127,89
W 310 x 44,5 42,38| 123,55|W 610 x 101,0 42,38] 120,77
W 310 x 52,0 42,38] 130,76]W 610 x 113,0 42,38 122,43
HP 310 x 79,0 (H) | 42,38] 130,73|W 610 x 125,0 42,38] 124,66
HP 310 x 93,0 (H) | 42,38] 141,97|W 610 x 140,0 42,38] 12858
W 310 x 97,0 (H) | 42,38] 139,83|W 610 x 155,0 42,38] 120,68
W 310 x 107,0 (H) | 42,38] 148,17|W 610 x 174,0 42,38 124,54
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EXERCICIO 03

Verificacao Flambagem Lateral com Torcao(FLT) - Tentativa com Perfil W360X51

Lb 500
ry 3,87

=129,19 A, =4238 A, =122,63

Adotar Eq. C

_ 1,30.7%.20500.968 (284994 L0030 ZHES5002
er = 5002 968 (1T 0039 =504 ) = ’ em
Mcr  23725,30
Mrapir = 77 = — - = 21568,43 kN.cm > 15384 kNem

VIGA APROVADA 71%
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Bitola Ap Ar Bitola Ap Ar

W 150 x 13,0 42,38 132,32|HP 310 x 110,0 (H) | 42,38] 156,47
W 150 x 18,0 42,38 152,26|W 310 x 117,0 (H) | 42,38] 157,55
W 150 x 22,5 (H) 42,38 140,05|HP 310 x 125,0 (H) | 42,38] 169,63
W 150 x 24,0 42,38] 184,70|W 360 x 32,9 42,38 120,93
W 150 x 29,8 (H) 42,38] 163,10|W 360 x 39,0 42,38] 124,32
W 150 x 37,1 (H) 42,38 191,55 0 42381 12021
W 200 x 15,0 42,38 123,48JW 360 x 51,0 42,38| 122,63
W 200 x 19,3 42,38 134,02|W 360 x 57,8 42,38| 126,63
W 200 x 22,5 42,38 138,81|W 360 x 64,0 42,38| 127,30
W 200 x 26,6 42,38 133,04|W 360 x 72,0 42,38 132,95
W 200 x 31,3 42,38] 142,84|W 360 x 79,0 42,38 139,01
W 200 x 35,9 (H) 42,38 142,11|W 360 x 91,0 (H) 42,38| 135,19
W 200 x 41,7 (H) 42,38 157,08|W 360 x 101,0 (H) [ 42,38] 143,44
W 200 x 46,1 (H) 42,38 147,26]W 360 x 110,0 (H) | 42,38] 150,25
W 200 x 52,0 (H) 42,38 161,64|W 360 x 122,0 (H) | 42,38] 160,42
HP 200 x 53,0 (H) [ 42,38] 167,68/W 410 x 38,8 42,38] 79,20
W 200 x 59,0 (H) 42,38 176,62|W 410 x 46,1 42,38 122,36
W 200 x 71,0 (H) 42,38] 203,07|W 410 x 53,0 42,38 120,32
W 200 x 86,0 (H) 42,38 241,29]W 410 x 60,0 42,38 121,79
W 250 x 17,9 42,38 123,13|W 410 x 67,0 42,38| 126,17
W 250 x 22,3 42,38] 128,25|W 410 x 75,0 42,38 130,76
W 250 x 25,3 42,38 130,49|W 410 x 85,0 42,38 137,15
W 250 x 28,4 42,38 135,06|W 460 x 52,0 42,38 121,78
W 250 x 32,7 42,38 125,74]W 460 x 60,0 42,38| 123,45
W 250 x 38,5 42,38 132,62|W 460 x 68,0 42,38 127,40
W 250 x 44,8 42,38 141,91|W 460 x 74,0 42,38| 123,47
HP 250 x 62,0 (H) [ 42,38] 140,58|W 460 x 82,0 42,38 126,59
W 250 x 73,0 (H) 42,38 148,68|W 460 x 89,0 42,38 129,98
W 250 x 80,0 (H) 42,38 157,91|W 460 x 97,0 42,38| 133,68
HP 250 x 85,0 (H) [ 42,38] 170,45|W 460 x 106,0 42,38| 138,71
W 250 x 89,0 (H) 42,38 170,78|W 530 x 66,0 42,38| 123,60
W 250 x 101,0 (H) [ 42,38] 188,07|W 530 x 72,0 42,38 120,15
W 250 x 115,0 (H) [ 42,38] 208,43|W 530 x 74,0 42,38| 124,94
W 310 x 21,0 42,38 123,53|W 530 x 82,0 42,38 120,54
W 310 x 23,8 42,38 125,18|W 530 x 85,0 42,38 127,12
W 310 x 28,3 42,38 126,58|W 530 x 92,0 42,38 122,58
W 310 x 32,7 42,38 130,93|W 530 x 101,0 42,38 125,54
W 310 x 38,7 42,38 119,25|W 530 x 109,0 42,38 127,89
W 310 x 44,5 42,38 123,55|W 610 x 101,0 42,38 120,77
W 310 x 52,0 42,38 130,76]W 610 x 113,0 42,38 122,43
HP 310 x 79,0 (H) [ 42,38] 130,73|W 610 x 125,0 42,38 124,66
HP 310 x 93,0 (H) [ 42,38] 141,97|W 610 x 140,0 42,38 128,58
W 310 x 97,0 (H) 42,38 139,83|W 610 x 155,0 42,38 120,68
W 310 x 107,0 (H) | 42,38 148,17|W 610 x 174,0 42,38 124,54




Forca Cortante
Combinacao de
Esforcos
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Forca Cortante
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For¢ca cortante resistente de
calculo:

Para perfis |, H e U fletidos em relacao ao eixo de maior inércia

Passo 01: Comparar esbeltez da alma com dois limites (inferior e superior)

h
A=—
tw
k,.E
N 0,60.Aw. Fy Ap = 1,10. 5 v Ap 0,60.Aw.Fy
Ra =11 y Ra =3 11
[ I
&
’é
;
g - Aw =d.tw , _
e |
& 5+
"i 31
g (a.";h)
| i T

1. =137 kv E
T Y . Fy

para todos os outros casos

Viag = 1,24.(
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M

A

).

.. . 260
5.0 para almas sem enrijecedores transversais, para % >3 ou para % > [ }

0,60. Aw. Fy

1,1

(h/t)

W



For¢ca cortante resistente de
calculo:

Calculo da espessura minima do enrijecedor

N

b
\ Para ASTM A36 m <16

b E
? < 0,56 F_ :":, b
-
y 7 Para ASTM AS572 GRS0  — < 13,65

N

o b

ottt

b

Curso de /Dﬁg/éto e Citealy do Lstraturas metlilioas



Esforcos Combinados

A norma exige que apos a verificacao dos esforcos isolados, facamos a verificacao dos
perfis sujeitos a esforcos combinados

5.5.1 Barras submetidas a momentos fletores, forga axial e forgas cortantes

5511 Em 5.5.1.2 é apresentada a condicio a ser atendida pelas barras submetidas aos efeitos combinados
de forca axial e momento fletor, carregadas de forma que n&o ocorra torcdo. Em 5.5.1.3 é apresentada a condicéo
a ser atendida por essas barras para o efeito das forcas cortantes.

N
a) para —2 >02 b) para Nsq < 0.2
VRa Ngq 1
M M
Nsa E[ x84 4 35‘1]5110 N | Mesa , Mysa ||
Npg 9\ Mygqg Mz 2 Ny Mypg Mg o
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Exercicio Proposto 1

O portico da figura deve receber uma carga pontual de 15t no centro da viga.
Admitindo que a flecha maxima admissivel para este equipamento seja 15mm,
determine se o pértico esta aprovado.

Dados: Viga = W250X44,8, Pilares = W150X37,1 — ASTM A572GR50

Considerar a base articulada. Altura 2,5m, vao livre: 4m

A 4
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Passo 1: Lancar no ftool sem majoracao para calculo de ELS

TT Ftool - Two-Dimensi

File Optiens Display

onal Frame Analysis Tool: untitled.ftl

- x

DEeE&®

)

Load Case/Combination: Single Case ~

AI AP < 80a i

Editing Mode| Creation [ ]

T e 1L 25—

With mouse left buttan enter first line pt; Mid button + CTRL => Keyboard.

N &

o X B[E].

<

L e eoe R

CITTTITITTIIT I TTI T D e LTI ITTITTITTITITILT]

S opml B
z

Uniform Loading

BT

B B

Direction
Global
[OLocal

os[___ ool
an[oasluum

>
Grid [ 2000]mm ¥ 1250[mm [JSnap
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Passo 1: Lancar no ftool sem majoracao para calculo de ELS

TT Ftool - Two-Dimensional Frame Analysis Teol: Portice.ftl — x
File Options Display
D dE ] Load Case/Combination: Single Case ~

AT A A ¥Ia

E Loadt

Irain

Deformed Factor:

48.9

= R T

Displ./rotat. at local pos.: x = 67 mm L = 2000 mm - Dx: -0.00 mm Dy: -9.48 mm Rz: 0.0 deg

Sw|_ ol

SIHET « N w

<

2500 mm

120 6N

12.0 kN

e jﬁ

mm

v

Member
Displacements and Rotations

Init:
Dx 0.00 mm
Dy: -9.50 mm
Rz 0.0 deg

End:
Dx: -D.02 mm
Dy: -0.19 mm
Rz 0.3 deg

Max. Transv.
Displ.:

250 mm

At local pos: 0 mm
Member length: 2000 mm

Define a reasonable
step value to get
results along member.

I

[ 7955 mm v 4110[mm || x:3249mm | ¥:1037mm

Flecha na viga: 9,50mm < 15mm OK

>
(Forid x| 2000]mm v:[ 1250 mm [Jsnap
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Passo 2: Lancar no ftool com majoracgao para calculo de ELU

T Ftool - Two-Dimensional Frame Analysis Tool: Portico.ftl - X

File Options Display

DEed&E® oca Load Case &/Combination: : Single Case

RIasH [dlemaim Editing Mode]_selection | v = T
Stepz Ofmm [ v

& ~ Nodal Loading

/ 3

. R B

Ld P

x 0.58 kN/m § | 0.58 kNim P Dol

— By -22500kN

g VLLLTLLLLLLCEL LD E e LD LLLL DL LD DL

[BEL W 2 2 @@

>
Grid X 2000/mem V:| 1250/ mm []Snap

PP da viga: = 1,25 x 0,448 = 0,56 kN/m
SC=1,5x150 =225 kN pontual
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Passo 2: Lancar no ftool com majoracgao para calculo de ELU

T Ftool - Two-Dimensional Frame Analysis Tool: Portico ft - X
File Options Display
= m oo Load Case/Combination: Single Cace
e d& g
RIasH [@/&Ta Bending Moment] 38 kNcm Fmm ] NN T e iR~
Select a point on a member to get bending moment result. Step:[ Ofmm e
[z - Nodal Loading
Y ELU: PONTUAL v
. BN
L R
e -
X Fx 00 kN
n 4858 4858 i
o Mz: 0 khem
o f o
2 2
& &
< <t
17754
E
€
o
3
2
&
@
@ 19.4 K 19.4 kN
Q
& £ 4
2 - | 4000 mm =
= = b=
= v
— < >
—
B k| e036/mm e[ 4151)mm || x:5086mm | v: 1660mm |Heid x| 2000]mmv:[ 1250/mm Csnap

Momento Fletor maximo na viga: 17754 kN.cm
Momento Fletor Maximo no pilar: 4858 kN.cm
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Passo 2: Lancar no ftool com majoracgao para calculo de ELU

TT Ftool - Two-Dimensional Frame Analysis Tosl: Portico.ftl

- X
File Options Display
DS d & K1 Load Case/Combination: Single Case v
B I AF~HA M Mol § ol ShearForce| D2kN  Fimm [ ] =l ¢|>€'|'5 ==
Select 5 point on 3 member to get shear force result, step Ofmm o
[z ~ Nodal Loading
- ELU: PONTUAL v
. il
Ld
g 1136 1125 @ o=
X Fx 00 kN
— e 250 kN
£ Mz 0 kNem
25 EEER
£
£ < o
o @ @
g = 2
2
&
= - <
@ 19.4 kN 19.4 kN
Q
& £ £
& = | 4000 mm =
= = =
= v
=< N
=|
B h 2036/mm e[ 4151|mm || x:4800mm | v:339mm Hoid %[ 2000]mm v: 1250]mm T snap

Cortante maxima na viga: 113,6 kN
Cortante Maxima no Pilar: 19,4 kN
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Passo 2: Lancar no ftool com majoracgao para calculo de ELU

TT Ftool - Two-Dimensional Frame Analysis Tool: Portico.ftl - %
File Options Display
e & R Load CasefCombination: Single Case
AIAsFA @D Aoial Force] kN v NEA=ERO T
Step:[ Ofm [ v
[N " Nodal Loading
s ELU: PONTUAL ~
. =] B
b ¢
iz
x i 0/kN
— Py 225 0/kN
8 M 0 khem
19.4 19.4
E o o
(=1 il (]
=] = =
2 ; ;
&
=]
@ 19.4 kN 19.4 kN
Qa
@ Z Z
Q - T 4000 mm %’I
= b b=
—| < >
=
55 b 2036lmm e[ 151)mm | [x:4717mm | v: 1466mm |Haria %[ 2000[mm v:[1250{mm Jsnap

Axial na viga: 19,4 kN COMPRESSAO
Axial no Pilar: 113,6 kN COMPRESSAO
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TABELA DE BITOLAS

Massa t

| ESPESSURA
¥ & Area
mm cm’
138

r-

ESBELTEZ

BITOLA

cm cm cm in x Ib/ft
W150x 13,0 130 148 100 43 49 18 166 635 858 618 964 82 164 222 255 2,60 172 10,20 2749 4181 067 W6Ex85
W150x 18,0 180 153 102 58 71 | 139 | 119 | 234 939 1228 634 1394 126 247 2,32 385 2,69 434 7,18 2048 6.683 0,69 W6 x12
W150x 22,5 (H) 25 152 152 58 66 139 119 290 1229 1617 651 1796 387 509 3,65 779 410 475 11,52 20,48 20417 088 W6x15
W150x 24,0 240 160 102 66 103 139 115 315 1384 1730 663 1976 183 359 241 55,8 273 11,08 495 17,48 10.206 0,69 W6x16
: 295 66 9 8 418 388 4730 2598 £77 o47e e 758 380 4908 448 4008 823 i7ag 0077 gag
371 19 478 2244 2770 685 3135 707 918 3,84 1404 422 20,58 6,64 14,67 39.930 0,91 W6 x 25
X g 9 0 9, 05 30, B,20 S 87 174 Z,H 213 2,5 2.3 m X h x
W200x19.3 193 203 102 58 65 190 | 170 | 251 1686 1661 819 1906 116 227 214 359 2,59 4,02 785 2931 11.098 079 wsax13
W200x225 25 206 102 62 80 19 170 290 2029 1970 837 2255 142 279 222 439 263 6,18 6,38 27.42 13.868 079 wsgx15
W 200 x 26,6 266 207 133 | 58 84 190 | 170 | 342 2611 2523 873 2823 330 496 3,10 76,3 354 7,65 792 2934 32477 0,92 W8x18
W200x313 313 210 134 64 102 190 170 403 3168 3017 886 3386 410 612 319 94,0 3,60 12,59 6,57 26,50 40822 093 weax21
W 200 x 35,9 (H) 359 201 165 62 102 181 | 161 | 457 3437 3420 867 3792 764 926 409 1410 450 1451 8,09 25,90 69.502 1,03 W8x24
W200x 41,7 (H) 417 205 166 72 18 181 157 535 4114 4014 877 4486 901 1085 410 1657 453 23,19 7.03 21,86 83948 104 Wgx28
W 200 x 46,1 (H) 461 203 203 72 110 181 161 586 4543 4476 881 4953 1535 1512 512 2295 5,58 22,01 923 2236 141342 1,19 W8x31
W200x 52,0 (H) 520 206 204 79 126 181 157 669 5298 5144 890 5725 1784 1749 516 265,8 561 3334 8,10 1985 166.710 1,19 W8x35
HP 200 x 53,0 (H) 530 204 207 113 113 181 | 161 681 4977 4880 855 5513 1673 161,7 4,96 2486 557 31,93 9,16 1428 155.075 1,20 HP 8 x 36
W200x 59,0 (H) 500 210 205 91 142 182 158 760 6140 5848 899 6559 2041 1991 518 3030 5,64 47,69 1722 1732 195418 120 Weax40
W200x71,0(H) 710 216 206 102 174 181 161 910 7660 7092 917 8032 2537 2463 5,28 3745 5,70 81,66 5,92 15,80 249976 122 W8x48
W200x 86,0 (H) 860 222 209 130 206 181 157 1109 9498 8557 926 9842 3139 3004 532 4587 577 142,19 5,07 12,06 317844 123 We8x58
W200x 1000 (H)* 1000 229 210 145 237 182 158 1271 | 11355 9917 945 11522 3664 3490 5,37 5334 5,80 212,61 443 10,87 385.454 125 W 8 x 67
W250x 17,9 179 251 101 48 53 240 220 231 2291 1826 99 2110 a1 181 1,99 288 248 254 953 4592 13735 0388 W10x 12
W250x223 223 254 102 58 69 240 | 220 | 289 2939 2314 1009 2677 123 241 2,06 384 254 477 7.39 3797 18.629 0,89 W10x 15
W250x25.3 253 257 102 61 84 240 220 326 3473 2702 1031 3111 149 293 2,14 464 2,58 7,06 6,07 36,10 22955 089 W10x 17
W250x28 4 284 260 102 @ 64 100 240 | 220 | 366 4046 3112 1051 3573 178 348 2,20 549 2,62 10,34 5,10 3438 27636 0,90 W10x 19
W250x327 327 258 146 61 91 240 220 421 4937 3827 1083 4285 473 648 335 99,7 3,86 10,44 8,02 36.03 73.104 1,07 W10x22
5 388 262 147 B8 112 240 250 | 4of | @0e7 4> 4 1108 =473 god 208 348 1241 | 203 1783 558 3327 93240 103
W250x 44 8 448 266 148 76 130 240 220 576 7158 5382 1115 6063 704 951 3.50 146.4 3,96 27,14 5,69 28.95 112.398 1,09 W 10x 30
HP 250 x 62,0 (H) 620 246 256 | 105 107 225 | 201 | 79,6 8728 7096 1047 7905 2995 2340 6,13 3578 6,89 33,46 11,96 19,10 414130 147 HP 10 x 42
W250x73,0(H) 730 253 254 86 142 225 201 927 11257 8899 1102 9833 3880 3055 6,47 4631 7,01 56,94 894 2333 552.900 148 W10x49
W 250 x 80,0 (H) 800 25 255 94 156 225 201 1019 @ 12550 9805 11,10 10887 4313 3383 6,51 5131 7,04 75,02 8,17 2136 622878 149 W 10 x 54
HP 250 x 85,0 (H) 850 254 260 144 144 225 201 1085 12280 9669 1064 10932 4225 3250 624 4996 7,00 82,07 9,03 1397 605.403 150 HP 10 x 57
W 250 x 89,0 (H) 890 260 256 107 173 | 225 201 1139 | 14237 @ 10951 11,18 12244 4841 3782 6,52 5743 7,06 102,81 7.40 18,82 712.351 1,50 W 10 x 60
W250x 101,0 (H) 1010 264 257 119 196 225 201 1287 16352 12388 11,27 13950 5549 4318 6,57 656,3 7,10 147,70 6,56 16,87 828.031 151 W10x68
W 250 x 115,0 (H) 150 269 259 135 221 225 | 201 | 1461 | 18920 @ 14067 1138 15974 6405 49456 6,62 752,7 7,16 212,00 5,86 14,87 975.265 153 W10x77
W250x 131,0(H* 1310 275 261 154 251 225 193 1678 22243 16177 M51 18556 7448 5707 6,66 8707 721 321,06 520 1252 1161225 154 W10x88
W250x 1490 (H)* 1490 282 263 173 284 225 193 | 1905 | 26027 @ 18459 1169 21375 8624 6558 6,73 1001,7 727 462,06 463 1117 1384436 155 W10 x 100
W250x 167,0 (H)* 1670 289 265 192 318 225 193 2140 30110 20837 11,86 24353 9880 7457 6,79 1140,2 733 644,95 4,17 1007 18631156 157 W10 x 112
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Passo 3: Verificar pilar quanto aos ELU

PERFIL W150X37,1 ASTM A572GR50
VERIFICACAO A COMPRESSAO SIMPLES

Verificagao da Esbeltez:

y) _ KLy y) —1’0'250—3649<200 0K
T * 685 T
y) _ Ky Ly y) —1’0'250—65 10 < 200 OK
Yo * 384 7

Calcular fator de redugao para flambagem local Q:

Esbeltez da alma:

b d b . E b
—=— =1467 —lim =1,49. |+ —lim = 1,49
t tw t B t

Qa=1,00
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Esbeltez da mesa:

b
b—(Tf)—664 Diim=0g6 |&= b,
F tf = 0, t 0. F, ?llm=0,56
Qs =1,00
Q = Qa.Qs = 1,00
Calcular fator de redug¢ao X para flambagem Global:
_ mE.Ix _ 7%.20500.2244
Nex = (kx.Lx)®>  (1,0.250)2 7264,35kN
n2.E.ly  m220500.707
= = 2288,72kN

N,. = =
¢ (ky.Ly)? (1,0.250)?

Ty = erz + 1%+ x* +y* =+/6,85% + 3,84* = 7,85cm

2 2
T .E.CVZV + 6., T .20500.39;)30 +7700.20,58
o — (KsLs) _ (1,0.250) = 4669,21 kN
Ez = (10)? - (7,85)% - ’
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20500
34,5

13,65



Q.Ag.Fy 1.47,8.34,5
Ag = |[—Z < = = 0,85
0 j Ne 2288,72 ’

5.3.3 Fator de reducgéo 7y

5.3.31 O fator de reducéo associado a resisténcia & compresséo, ¥, € dado por:

L2
_para A, <1.5: % =0,658"7

-para Ay >15: = sz?

0

¥ = 0,658%85° = 0,739

x-Q.Ag.F, 0,739.1.47,8.34,5
1,1 B 1,1

N rq = = 1107,89 kN < 113,6 OK
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VERIFICACAO A FORCA CORTANTE

Para perfis |, H e U fletidos em relacao ao eixo de maior inércia
Passo 01: Comparar esbeltez da alma com dois limites (inferior e superior)

h
A=—
tw
2
Vo, = LOUAWEY Ap = 1,10. o B v M 060.Aw.Fy Ar =1,37. k. E Vra = 1,24. (@> 260 Aw. By
[ 5 |
J? 260 ’
g 5,0 para almas sem enrijecedores transversais, para % =3 ou para % > [ (h” J
/ w
ﬁ < Aw =d.tw -
e i
;’?, 5+ - , para todos os outros casos
? (aﬁ,-'h)*
&
| & T
h 162-2.11,6 s 0,60.Aw. Fy
= = =17,13 Ra 1,1
tw 8,1

Kk E 520500 _ 0,60.15,4.0,81.34,5
A, = 1,10. f 25 =110, / e =59,95> 1614 Vpy = o = 234,74 kN
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VERIFICACAO AO MOMENTO FLETOR

Verificagao Flambagem Lateral com Tor¢ao(FLT)

Lb 250 E 20500
— 384 = 6510 4, =176 T =1,76 34 = 4290 - calular Ar
ry ) y !
As Notas relacionadas & Tabela G.1 s&o as seguintes:
_ (345 -03345).277 _ e

' 20500.20,58 ! R 2

M =5 EEI" \'I%LH 0.039‘2_‘[%}
_ 1,38.4/707.20,58 { { 27.39930.0,01582_19597 onde:
"= 38420,58.0,0158 | 707 - (f, -0, )7

A=""%7
C, =I"{d_rr)2. para secoes |

c. = t. (b, —0.5¢ y(d—t,) | 3(b,—0.5¢ )t +2(d—t.)t, |, para secdes U
12 6(b; — 0.5t )t +(d —1.)t,. |
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VERIFICACAO AO MOMENTO FLETOR

Como o FLT deve ser calculado pela equagao B, podemos calcular o Coeficiente de Distribuicao de Momentos Cb, ou
adotar 1 de forma conservadora

TT Ftool - Two-Dimensional Frsme Analysis Took: Portico ft| - X
File Options Display
D dE S Load Case/Combination: Single Case
|
SIasm Heoaimw R L=
Select a point on a member to get bending moment result, Step: Ofmm i
Iy " Nodal Loading
Y ELL: PONTUAL ~
* fal g
hd 2!
#H
x 2 ) kN
1858 1858 i —
Y e - Mz 0 kNem
oo I e
3 b2
< =T
——— M=36435
’
£
E
S M=2429
&
M=1214,5

19.4 kN 19.4 kN

4000 mm

113

| [ (ool eR. 3|
|

BN §
f1afp kN §<‘A>

v

= I::mm\f:mm X 5086mm | V:1660mm M Grid X:mmV:mmD;ap
12,5.M 12,5.4858
Cb = T Cb = = 1,67
2,5. My 0 + 3. M, + 4. My + 3. M 2,5.4858 + 3.1214,5 + 4.2429 + 3.3643,5
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VERIFICACAO AO MOMENTO FLETOR

C, Values for Different Load Cases

AISC Equation F1-1

wlL2/40 w240 wlL24 wlLiM2
s || SCZ o
PL/4
C., =1.18 cb=1'u“ cb=1'32 ch= 1.14 ch =1.18 ch =1.23
wL24 w24 PL/16 PL/16 PLI24 40 o, PLI24 wL216 w212 w224
e | T
w2 3PLHE k—:—
C, =1.22 Cu=1.25 Cyp=1.47 C,=1.16 €, =1.21 C,=1.23
wlL?/16 wL16 PL/2 PLM2 PLHE PLAE | wL12 wL312
wL2M16 13PL/24 0
M k— 0 PLI6 ~ —~
C, =1.32 C,=1867 Cp,=1.56 C, =147 c, =1.26 C,=1.26
wl2i12 wLi12 PL/8 PL/8 PUS PLI3 wLZ/8 wL12 L2124
W
2 N ﬂ 5PL/24
C,=238 C, = 2_1-;.""l W2 C,=1.92 Cy=1.24 C, =2.08 C,=1.61
wL3/10 wLz0 | PLI6 PLIG PL/6 PLIE wL2/4 wL2i12 wLi12
b wL240 d N _PLs A
M
C, =3.00 C,=2.27 C,=2.08 C,=1.32 C, =3.00 C,=238
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M'pg o
a) My, = , ,para A= hp
ial

VERIFICACAO AO MOMENTO FLETOR

G
v

i al

L—h M, W .
lMPé -(M,, _M’I}} £ | <, para b, <L =],
L —h v

T P i al

b) M, =

Mrd,FLT é obtido pela equacao B LM, M
¢) My =—5< "% paad>h,

r|-"ral .I.,a]

1,67 ( 65,10—42,90

Rd,FLT= 11 313,5.34,5 —(313,5.34,5 —(0,7.34,5.277)).195,97_42,90)=15512 kN.cm

Verificagao Flambagem local da Mesa (FLM)

b — br = 6,64 E 20500 5
t 2tf A, = 0,38 F_y = 0,38 345 = 9,26 — calcular pela equacao a)

Verificagao Flambagem Local da Alma (FLA)

n_d 14,67 A 3,76 £ 3,76 20509 91,62 lcul [ 3
_—— = - — — -
W tw ) P , F, ) 345 ) calcular pela equacgao a)

My Z,.F, 313,5.345
Mrapim =77 =1 =711

= 9832,50 kN.cm
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VERIFICACAO QUANTO A COMBINACAO DE ESFORCOS

] N
a) para Sd =02 b) para 5d <0,2
Nra Ngg
Ngg , 8 Mx,Sd+M3:5d <10 Nsg Mx,Sd_i_M};Sd <10
Npa 9\ Mypy Mg 2Npg | Mypg Mgy )
Noa _ 1136 _ 5 10<0,20
Np; 1107,89 ’

113,6 ( 4858

2110789 T 9832’5> = 0,55 < 1 PERFIL APROVADO
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Passo 3: Verificar Viga quanto aos ELU

PERFIL W250X44,8 ASTM A572GR50
VERIFICACAO A COMPRESSAO SIMPLES

Verificagao da Esbeltez:

A, = K L 1. = 10400 _ 3587 < 200 0K
¥ * 1115 7

A, = Ky-Ly 1. = 10400 _ 114,28 < 200 0K
Yo *7 350 7

Calcular fator de redugao para flambagem local Q:

Esbeltez da alma:

b d b . E b
—=—=12895 —lim =1,49. |+ —lim = 1,49
t tw t B t

Qa=1,00
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Esbeltez da mesa:

b
b—(Tf)—569 Diim=0g6 |&= b,
F tf =9, t 0. F, ?llm=0,56
Qs =1,00
0 = Qa. Qs = 1,00

Calcular fator de redug¢ao X para flambagem Global:

n®.E.Ix m.20500.7158

N.. = = = 9052kN
¢ (kx.Lx)? (1,0.400)?

N = n®.E.ly _m%.20500.704 800 24N
" (ky.Ly)? (1,0.400)2 7

Ty = erz + 1%+ x* +y* =/11,15? + 3,57 = 11,69cm

nZ.E.CW LG m%.20500.112398
_ (I{ZLZ)2 it _ (1,0.400)2
B (1)? B (11,69)2

+ 7700.27,14
NEz

= 2569,29 kN
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20500
34,5

13,65



_ |Q.Ag.Fy  |1.57,6.345
AO_] Ne 890,24 =149

5.3.3 Fator de reducgéo 7y

5.3.31 O fator de reducéo associado a resisténcia & compresséo, ¥, € dado por:

L2
_para A, <1.5: % =0,658"7

-para Ay >15: = sz?

0

¥ = 0,65814%" = 0,39

x-Q.Ag.F, 0,39.1.57,6.34,5
1,1 B 1,1

N rq = = 704,5 kN < 19,4 OK
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VERIFICACAO A FORCA CORTANTE

Para perfis |, H e U fletidos em relacao ao eixo de maior inércia
Passo 01: Comparar esbeltez da alma com dois limites (inferior e superior)

h
A=—
tw
2
y = Oe0-Aw Fy - f 2, = 1,10, o B v M 060 AW Fy L3, =137 k. E Vea = 1,24. (@> 260 Aw. By
[ 5 |
J? 260 ’
g 5,0 para almas sem enrijecedores transversais, para % =3 ou para % > [ (h” J
/ w
ﬁ < Aw =d.tw -
e i
? 5+ - , para todos os outros casos
? (aﬁ,-'h)*
&
| & T
h 266—2.13 s 0,60.Aw. Fy
= = = 31,57 Ra 1,1
tw 7,6

~0,60.26,6.0,76.34,5

Ap = 1,10. |75 =110, /5'2°5°° =5995>3157 RiT 11 = 380 kN
Fy 34,5
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VERIFICACAO AO MOMENTO FLETOR

Verificagao Flambagem Lateral com Tor¢ao(FLT)

Lb 00 E 20500
— 3 = 114,28 /1p =1,76 T =1,76 34 = 42,90 - calular Ar
ry ) y !
As Notas relacionadas & Tabela G.1 s&o as seguintes:
. .18 J | [Ta7c Bt
o (345 —03345).5382 _ .. oSt e
20500.27,14 ’ vy [ :
M= EE‘T-" |I$L1+o.039%}
1,38.4/704.27,14 27.112398.0,0233% onde:
T 3,5.27,14.0,0233']1 \/ 704 = 14492 (f, o, )7
B = EJ
C, =I"{d_rr)2. para secoes |

c. = t. (b, —0.5¢ y(d—t,) | 3(b,—0.5¢ )t +2(d—t.)t, |, para secdes U
12 6(b; — 0.5t )t +(d —1.)t,. |
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VERIFICACAO AO MOMENTO FLETOR

Como o FLT deve ser calculado pela equagao B, podemos calcular o Coeficiente de Distribuicao de Momentos Cb, ou
adotar 1 de forma conservadora

0.56 KN/m 0.56 KN/m 0.56 KN/m 0.56 KN/m

,fgsmummiuumuuuﬁ

2 2
9 9
= 6476 5476 =

17754

ch = 12,5 . Myax ch— 12,5.17754
2,5 Mgy + 3.My + 4. Mg + 3. Mg © 2,5.17754 + 3.6476 + 4.17754 + 3.6476

= 1,44
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VERIFICACAO AO MOMENTO FLETOR

C, Values for Different Load Cases

AISC Equation F1-1

wlL2/40 w240 wlL24 wlLiM2
ws || <z o
PLi4
=1.18 Gy =1.00 Co =1.32 Co=1.14 C, =1.18 C, =123
wL¥24 w24 PLI16 PLI24 40 o, PLI24 wLZ16 w212 w24
i [ E— "V" N
2 3IPLI6 k—:—
C, =1.22 Cp=1.26 C, = 1.47 C,=1.16 Cy =1.21 C,=1.23
wlL?16 wL2/16 PLI12 PLA2 PLIE PLME | wLiM2 wL12
wlL2/16 I: I:va" 13PL/24 0
M o PL/6 ~ g
Ch =1.32 Ch=1.57 cb=1aﬁa ch=1'17 ch =126 C,=1.26
w212 wl12 PL/8 PL/8 PL8 PL/8 wL2/8 wlL212 wLii24
N wiize " \ N 1 5PLI24
PLI8 \ / ~— Bcd
C,=238 C,=2 1;\" W2 C,=1.92 Cy=1.24 C, =2.08 C, =1.61
wlL210 wL210 " PL/& PL& PL/& PLIE wlL/4 wlL212 wlL212
b wL/40 A N _PUs A L@A
M
Cy=3.00 C,=227 C,=2.08 C,=1.32 C. =3.00 =238
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M'pg o
a) My, = ,para A= hp
¥
ial

VERIFICACAO AO MOMENTO FLETOR

G
v

i al

L—h M, .
lMpé -(M,, —M’I}} £ | <, para b, <L =],
L — ) v

T P i al

b) M, =

Mrd,FLT é obtido pela equacao B M. M,
€) My,,=—"==< ?p para b=k,

1,44 114,28-42,90\ _
Rd,FLT= H'(606'3'34'5 —(606,3.34,5 —(0,7.34,5.538,2)).144,92_42,90)—20128,72 kN.cm

Verificagao Flambagem local da Mesa (FLM)

b_Dbf _ 49 E 20500 )
t 2tf A, = 0,38 F_y = 0,38 345 = 9,26 — calcular pela equacao a)

Verificagao Flambagem Local da Alma (FLA)

n_d 28,95 4 3,76 i 3,76 20509 91,62 lcul [ a
_—— = - — — -
W tw ) P , F, ) 345 ) calcular pela equacgao a)

My Z,.F, 6063.345
Mrapim =77 =1 =711

= 20917,35 kN.cm
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VERIFICACAO QUANTO A COMBINACAO DE ESFORCOS

a) para —= >(),2 b) para N <0,2
‘MR.E!- ‘MRE!-
Ngy +§ M&Sd_l_My:Sd <10 Ny N M&Sd_i_M}-:sa <10
Npg 9\ Mypy Mgy 2Npy | Mgy M g4 |
Nsa 194 5015 <020
Npy 130699 ’

19,4 ( 17754

2.704.5 + 20128,72) = 0,89 <1 PERFIL APROVADO COM Cb
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AUTOMACAO DE CALCULO
PLANILHA

Dimensionamento de Perfis | e H Laminados Padrao Agominas

Listar Perfis que atendem

Resultado 89,7%
Esforgos e Distancias w 250 X 44,8 - Perfil Peso %

Lx (mm) 4000 d(mm) 266|Wx(cm?®) 538,2 \(cm) 11,15 W 310 x 38,7 38,70 | 99,31%
Ly (mm) 4000 bf{mm) 148|Wy(cm?) 95 1| ry(cm) 35 W 360 x 44,0 4400 | 83,22%
N(kN) 19,4 d'(mm) 220|Zx(cm?) 606,3] Area(cm?) 57 6 W 310x 44,5 4450 | 85,42%
Wx(kN) 0 twimm) 7,6|Zy(cm?) 146,4 |hoftw 28,9 |Limite: 36,3 Compacta W 250 x 44,8 44,80 | 94,95%
Vy(kN) 1136 tfi{mm) 13|Ix(cmd4) 7158|b/tf 5,7 |Limite: 13,7 25,1 Compacta W 200 x 46,1 (H) 46,10 | 89,90%
Mx(kN.cm) 17754 h{mm) 240|ly(cm4) 704 |Peso (kg/m) 448 W 410 x 461 46,10 | 88,30%
My(kN.cm) 0 W 360 x 51,0 51,00 | 71,67%
kx 1 1. Verificagéo da Esbeltez do perfil W 200 x 52,0 (H) 52,00 | 77,77%
ky 1|kz 1 Limite Real 57,1% W 310 x 52,0 52,00 | 71,75%
d (mm) 0|Cb 1,44 200 W 460 x 52,0 52,00 | 75,05%
Lb (mm) 4000 200 HP 200 x 53,0 (H) | 53,00 | 81,06%
WMaterial W 410 x 53,0 53,00 | 65,66%
ASTM AS7T2GR50 2. Resisténcia a tragéo W 360 x 57,8 57,80 | 63,15%
Fy (kN/icm?) | 345 Nrd(kM) [Nsd(kN) |Status % Coef. 5 W 200 x 59,0 (H) 59,00 | 67,95%
N.A 0 N.A 1.1 W 410 x 60,0 60,00 | 56,59%
W 460 x 60,0 60,00 | 61,88%
3. Resisténcia & Compresséo HP 250 x 62,0 (H) 62,00 | 65,81%
Dados para Calculo de NRd Nrd(kN) |Nsd(kN) |Status % Coef. 5 W 360 x 64,0 64,00 | 51,15%
Q 1,00 710 19 4 1.1 W 530 x 66,0 66,00 | 57,03%
Nex(kN) 9051,6 | r0(cm) 11,7 W 410 x 67,0 67,00 | 49,71%
Ney(kN) 8902 |Nez(kN) 2570,87 4. Resisténcia & Flexgo eixo X-X W 460 x 68,0 68,00 | 52,05%
AD 1,49 Mrd (ki cm) |Msd(kn.cm) | Status % Coef. S W 200x 71,0 (H) | 71,00 | 55,42%
X 0,393 20108 | 17754 88,3 11 W 360 x 72,0 72,00 | 45,41%
W530x 72,0 72,00 | 45,83%
Esbeltez Limite FLA X-X Esbeltez Limite FLA Y-Y 5. Resisténcia & Flexéo eixo Y-Y bef 254 W 250 x 73,0 (H) 73,00 | 49,23%
helma 31,58 Aalma 31,58 [mrages.cm) [Msagen.cm) [Status [ % Coef. S ly 703,3 W 460 x 74,0 74,00 | 42,42%

- T naac [P a7 an | YT ~ T wia T4 [T 240 A Enn . 740 24 00 40 non
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AUTOMACAO DE CALCULO
VISUAL METAL (Nao Considera o Chb)

}g] | Laminada — >
Identificacao
Perfil [W 250 x 44.8 bt
[+=
Dimenzdes y ﬂ;
Ag KB cm  Wx h38.? cm®
d 266 mm
P 448 kgf/m Wy 951 cm? B = R
by 7.6 mm
Ix 7158 cm' Zx| 6063 cm?
bf 148 mm

704 - 1464 cm® I I
Iy cm £y C b

IT 27.14 cm*

tfliﬂmm

Perfil indicado para elementos sujeitos
& flewdo composta [Ex.: vigasz)

o ] 1 51 3 S BN SR S K
Reszultados
Compr. Flambagem Solicitagies Rd[Nd] |-531 6b kM Okl
Lflx 400 cm || Nd |-19.4 kN Rd(vd) [345.24 kN |Ok!
Lfly IW cm ¥d 1136 kM Rd[Mdx] |1BEEIEL1I] kM.cm |N&o Okl
Mdx |[17754 Rd{Mdy] (0,00 ;
00 em x kN.cm [Mdy]) kM.cm

Mdy |0.00 kMN.cm| | Rd{Md+Nd] |1,33 ¢=1 |N&o Okl

...............................

Calcular || Maiz Leve | Relatanio | v I]k|
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AUTOMACAO DE CALCULO — CYPECAD METALICAS 3D

m Flambagem lateral x
z z ()
&y Rﬁ ¥
%
gl T Ly
B0 | B,205| B210| =20 B2

Disténcia entre travamentos Dl m
Coeficiente de 1.000

B0 | B205| B210) BusED BT
g | | [B=f| f== | o=t
Disténcia entre travamentos Dl m
Coeficiente de 1.000

Fator de modificagdo para o momento criico Ch

i

& Flambagem lateral *

Ig y sZ
k %
T

ﬂvzﬂ Bv=0-5 ﬂv=20 ﬂv=? Lbz?
| v B 35 o5

Coeficiente de momentos

B0 B,205 B,20 B7| L2
= b 5] o8

Coeficiente de momertos

Fator de medificacdo para o momento critico Ch

s gt e e o)

gt b P

-
X Y

=t
Comprmerta | 4] m

——
Compinerto 4] m

X =y
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AUTOMACAO DE CALCULO — CYPECAD METALICAS 3D

& Flecha Limite (N2/N3)

&g X

. |
X Y
[] Flecha méaxima absoluta xy
[] Flecha méaxima absoluta xz
(] Flecha ativa absoluta xy

[[] Plecha ativa absoluta xz

[+] Flecha méxima relativa xy
OLs250 @®L/s300 OL/400 OLs500 OL/?

[] Flecha méxima relativa xz
OLs250 @®L/s300 OLA400 OLs500 OLA?

] Plecha ativa relativa xy

(] Plecha ativa relativa xz
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AUTOMACAO DE CALCULO — CYPECAD METALICAS 3D

RELATORIO COMPLETO NA AREA DO
ALUNO - PAG 37 a 95

C: Barra N2/N5 -2 m
Layer : padréo
W 250 x 44 8 (A-572 345MPa)

¥ Aprov. de resisténcia - 93.34 %

¥ Aprov. de flecha I70.70 %

€) Clique para obter uma tabela com o coeficiente de
aproveitamento para cada um dos perfis da série

Peso do Portico:

W150X37,1 =5m =37,1 x5 = 185,5kg
W250X44,8 =4m =44,8 x 4 = 179,2kg

Peso Total = 364,7 kg
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AUTOMACAO DE CALCULO — CYPECAD METALICAS 3D

() Utiizando perfis da séfe superiores ao atual
(@) Utilizando todos os perfis da série

[+] Verfiicar as baras

] Considerar a dimens&o finita dos nés
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AUTOMACAO DE CALCULO — CYPECAD METALICAS 3D

Peso Total = 290,5 kg (-20%)
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