Forca Cortante
Flexo Compressao
Flexo Tracao

Curso de /D/og/'eb‘a e Cilealy de Lstratuwras metitioas - [awrma Noite 72 Som 2077



Forca Cortante
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Forca cortante resistente de

calculo:

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

Passo 01: Comparar esbeltez da alma com dois limites (inferior e superior)
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Forca cortante resistente de
calculo:

Calculo da espessura minima do enrijecedor

N

b
N\ Para ASTM A36 7 <16

S )

b
Para ASTM A572 GR50 7 < 13,65

T T T

N

b
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Forca cortante resistente de
calculo:

5435 Secbes |, He U fletidas em relagio ao eixo perpendicular as mesas

Em secdes | e H duplamente simétricas e se¢des U monossimétricas fletidas em relagio ao eixo central de inércia
perpendicular s mesas (eixo de menor momento de inércia), a forca cortante resistente de calculo, Frq, € dada
pelo mesmo procedimento apresentado em 5.4.3.1.1, com k. igual a 1,2, /& igual & metade da largura das mesas
nas secbes | e H (b¢2) e igual a largura total das mesas nas secdes U (bs) e £ igual & espessura média das

mesas (f5). A forga cortante V}, € determinada conforme 5.4.3.1.2, com:

Aw =2 ‘bf Ig

P PP PR P A A AT HA A 5.431.2 Aforga cortante correspondente & plastificacdo da alma por cisalhamento é dada por:

sz =0,604, f:.
Nessa equacéo, A € a area efetiva de cisalhamento, que deve ser tomada igual a:

A‘w = dfw
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Forca cortante resistente de
calculo:

54.3.2 Secgdes tubulares retangulares e caixio

Em secles tubulares retangulares e caix&o fletidas em relacdo a um eixo central de inércia, a forca cortante

resistente de calculo, Vg4, € dada pelo mesmo procedimento apresentado em 5.4.3.1.1, com k. igual a 5,0, /4 igual
a altura da parte plana das almas nas secdes tubulares retangulares e igual & distancia entre as faces internas
das mesas nas secdes caixao e [, igual & espessura de uma das almas (as duas almas devem ter a mesma

espessura). A forga cortante V5, € determinada conforme 5.4.3.1.2, com:

AW = zhr“’

< 5.431.2 Aforga cortante correspondente & plastificacdo da alma por cisalhamento é dada por:

Vo = 0,604, f,

Nessa equacéo, A € a area efetiva de cisalhamento, que deve ser tomada igual a:

A‘w = dfw
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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

5.5.1.1 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 formalgue n&o ocorra t{:-r{;ﬁa Em 5.5.1.3 € apresentada a condi¢éo
a ser atendida por essas barras para o efeito das forcas cortantes.

a) para Sd =0,2 b) para Ngy <02
Rd - ’
M M.
NR.CI 9 Mx,Rd Mde ZNM Mthd Mr.Rd -
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Exercicio Proposto 1

Dimensionar as vigas do mezanino em estrutura de aco abaixo — Uso: Escritérios

3000 |, 3000 3000 |
r->A
P4 vy3 P V3 P1 V3 P
S o S o
n| > > | > | ‘;'

| —

-

P4 | V3

V3

P2

2500

Dados:

Laje Nervurada H12: 237kg/m

Contrapiso: 2cm

Parede: Blocos furados 14cm + reboco 1cm em cada face

" —
S R

Solda de contorno (todas
as pecas)

Base engastada

L->A
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Exercicio Proposto 1

Faremos o dimensionamento de cima para baixo, iniciando pelas vigas V1, V2 e V3

Calculo da Viga V1:
Cargas atuantes:

Permanentes:

Plaje = 237kg/m2 X 3m = 711kg/m = 7,11 kN/m
Pcontrapiso = 21 kN/m3x 0,02m = 0,42 kN/m2 x 3m = 1,26 kN/m
Peso préprio da viga: Estimativa de 32kg/m = 0,32kN/m

Variaveis:

Sobrecarga de Projeto: 2kN/m? x 3m = 6kN/m
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Exercicio Proposto 1

Calculo da Viga V1:

Combinacoes:

ELS:

PP +SC=7,11+1,26 + 0,32 + 6,0 = 14,69kN/m

E.L.U:

1,4PP + 1,5 = 1,4x(7,11+1,26+0,32) + 1,5x(6,0) = 21,16 kN/m
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Exercicio Proposto 1

Calculo da Viga V1:
Pré dimensionamento:

ELS: flecha maxima admissivel = L/350
Fmax = 5000/350 = 14,28mm ou 1,43 cm

q.L* ; q.L* 0,1469.500% 0,1469.500*
X =

= Ix = Ix = = 815,6cm*
384.E.Ix 384.E. Fmax X = 384.20500.1,43 384.20500.1,43

Fmax =

ELU: Vamos selecionar obrigatoriamente secao compacta (Nao calcularemos FLT devido
a contencao da mesa no concreto)

_q.L* 0,2116.5007

Mgq 12 12 = 4408,33 kN.cm
Zx.Fy Zx.34,5
rd = 11 4408,33 = 11 Zx = 140,55cm®

Curso de /Oﬁg/'ez‘o e Cilealy do Lstraturas melilicas - [wma Note 7° Sem 2077



Exercicio Proposto 1

TABELA DE BITOLAS

| Exoxx | = ExXovy |

BITOLA Lt . Z Z, MESA-7, [ALMA -7, C. BITOLA
ElEIEERIEEE
W150x 13,0 130 148 100 43 49 138 118 166 635 858 6,18 964 82 16,4 222 255 2,60 1,72 10,20 27,49 4.181 0,67 WEx8S5
W 150 x 18,0 180 | 153 102 | 58 71 139 119 234 939 1228 | 634 1394 126 247 2,32 385 2,69 434 7,18 20,48 6.683 0,69 W6 x 12
W 150 x 225 (H) 225 152 152 58 66 139 1189 200 1229 1617 651 1796 387 509 3,65 779 410 475 11,52 2048 20417 088 W6x15
W 150 x 24.0 240 160 102 66 103 139 15 315 1384 | 1730 663 1976 183 359 2.41 55.8 273 11,08 495 17,48 10.206 0,69 W6 x 16
W 150 x 29,8 (H) 298 157 153 68 93 138 18 385 1739 2215 672 2475 556 728 3,80 108 418 10,95 823 17,94 30277 0,90 W6x20
W 150 x 37,1 (H) 371 162 154 81 11,6 139 119 | 478 2244 | 2770 685 3135 707 918 3,34 1404 | 422 20,58 6,64 14,67 39.930 0,91 W B x 25
W200 x 150 150200 10043 57 190 170 194 _ 1305 1305 820 1478 ] &7 174 212 273 255 205 [o62 ] 3944 8222 0.77 Wax 10
W200x19,3 193 203 102 58 65 190 170 251 1686 | 1661 | 8,19 1906 16 27 2,14 359 2,59 4,02 7,85 28,31 11.008 0,79 Wax13
W200x225 225 206 102 62 80 190 170 290 2029 1970 837 2255 142 279 222 439 263 6,18 638 27,42 13868 0,79 Wax15
W 200 x 26.6 266 207 133 58 84 190 170 342 261 2523 | 873 2823 330 496 3,10 76.3 3,54 7.65 7.92 29,34 32.477 0,92 W3x18
W200x31.3 31,3 210 134 64 102 180 170 403 3168 3017 886 3386 410 61.2 3,19 94,0 3,60 12,59 B.57 26,50 40822 093 wax21
VW 200 x 35,9 (H) 359 201 165 62 102 181 161 457 = 3437 | 3420 86T 3792 764 926 4,09 141,0 | 4,50 14,51 8,09 25,90 69.502 1,03 W3 x24
W 200 x 41,7 (H) 417 205 166 72 11,8 181 157 535 4114 4014 B87F7 4486 801 1085 4,10 1657 4,53 23,19 7.03 21,86 83.948 1,04 WBx28
W 200 x 46,1 (H) 461 | 203 | 203 72 11,0 181 161 | 586 & 4543 | 4476 | 881 4953 | 1535 1512 512 2295 | 558 22,01 9,23 2236 | 141342 | 1,18 W8 x31
W 200 x 52,0 (H) 520 206 204 79 126 181 157 669 5208 5144 890 5725 1784 1749 516 2658 561 3334 810 1985 166710 1,19 Wax35
HP 200 x 53,0 (H) 530 | 204 | 207 113 11,3 181 161 | 681 4977 | 4880 | 855 5513 | 1673 1617 | 496 2436 | 557 3193 9.16 1428 | 155075 | 120 HP 8 x 36
W 200 x 59.0 (H) 590 210 205 91 142 182 158 760 6140 5843 899 6559 2041 1991 518 3030 564 47,69 122 1732 195418 120 W x40
W200x71,0 (H) 71,0 | 216 206 102 174 181 161 910 7660 | 7092 917 8032 | 2537 | 2463 | 528 3745 | 570 81,66 592 15,50 = 249.976 | 122 W 3 x 45
W 200 x 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  317.844 123 WBx58
W200x 100,0 (H)* 1000 | 229 | 210 145 237 182 | 158 | 1271 | 11355 | 9917 | 945 11522 3664 349,0 5,37 533.4 5,30 212,61 443 10,87 385.454 1,25 W 3 x67
W250x17.9 179 251 101 48 53 240 220 231 2201 1826 996 2110 91 18,1 1,99 288 248 254 953 4592 13735 0388 W10 x 12
W250x22.3 223 | 254 | 102 58 69 | 240 | 220 | 289 & 2939 | 2314 1009 2677 123 241 2,06 384 254 477 7.39 37,97 18,629 0,39 W 10 x 15
W 250 %253 253 257 102 61 84 240 220 326 3473 2702 1031 311 149 293 214 46.4 2,58 7.06 B.07 36,10 22955 0,89 W10 x 17
W 250 x 28.4 284 260 102 64 100 240 220 366 4046 | 3112 1051 3573 178 3435 2,20 549 2,62 10,34 5,10 34,38 27.636 0,90 W10 x 19
W250x327 327 258 146 61 91 240 220 421 4937 3827 1083 4285 473 648 3,35 99,7 3,36 10,44 802 36,03 73.104 1,07 W10 x22
W 250 x 38,5 385 262 147 66 11,2 240 220 | 496 = 6057 | 4624 11,05 5178 594 80,8 3,46 1241 3,93 1763 6,56 33,27 93.242 1,08 W 10 % 26
W 250 x 44.8 443 266 148 76 130 240 220 576 7158 5382 11,15 6063 704 951 3,50 1464 396 27,14 569 2895 112398 1,09 W10 x 30
HP 250 % 62,0 (H) 620 | 246 256 105 107 225 201 796 8728 | 7096 1047 7905 | 2995 | 2340 | 613 3578 | 639 33,46 11,96 1910 | 414130 | 147 HP 10 x 42
W 250 % 73,0 (H) 730 253 254 86 142 225 201 927 11257 8899 11,02 9833 3880 3055 647 4631 7.01 56,94 894 2333 552900 148 W10 x 49
W 250 x 80,0 (H) 80,0 256 255 94 156 225 201 101,9 12550 & 9805 11,10 10887 | 4313 | 3383 | 651 513,1 7,04 75,02 817 2136 = 622878 149 W 10 x 54
HP 250x 85,0 (H) 850 254 260 144 144 225 201 1085 12280 9669 10,64 10932 4225 3250 624 4996 7,00 82,07 8,03 13,97 605403 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 | 706 | 102,81 7,40 18,82 | 712351 | 150 W 10 x 60
W 250 x 101,0 (H) 1010 264 257 119 196 225 201 1287 16352 12388 1127 13950 5549 4318 657 6563 7,10 147,70 656 16,87  828.031 151 W10 x 68
W 250 x 115,0 {H) 1150 | 269 | 258 | 135 221 225 201 1461 | 18920 @ 14067 1133 15974 | 6405 | 4946 | 662 7527 | 716 | 212,00 5,86 1487 | 975265 | 153 W 10 % 77
W250x 131,0 (H)* 1310 275 261 154 251 225 193 1678 22243 16177 1151 18556 7448 5707 6,66 8707 721 321,06 5.20 12,52 1161225 154 W10 x 88
W 250 149,0 (H) * 1490 | 282 | 263 17,3 284 225 193 1905 | 26027 18459 11,69 21375 8624 6558 | 673 | 10017 727 | 462,06 463 11,17 | 1384436 155 W 10x 100
W250 167,0 (H)* 1670 289 265 192 31,8 225 193 2140 30110 20837 11,86 24353 9880 7457 679 11402 733 64495 417 10,07 1.631.156 1,57 W 10x 112
W310x21,0 210 303 101 51 57 282 272 272 3776 | 2492 11,77 2919 93 19,5 1,90 314 2,42 3,27 8,86 53,25 21.628 0,98 W12 x 14
W310x23.8 238 305 101 56 67 202 272 307 4346 2850 11,89 3332 116 229 1,94 369 245 4,65 7.54 4850 25594 0,99 W12x 16
W310x 28,3 283 | 309 102 60 89 291 271 | 365 5500 | 3560 1228 4120 158 31,0 2,08 49,4 2,55 8,14 573 4520 35.441 1,00 W12 % 19
W310x327 327 33 102 66 108 291 271 421 6570 4198 1249 4853 192 376 213 59.8 258 1291 472 41,12 43612 1,00 W12x22
W310x 38,7 387 310 165 58 97 291 271 497 581 5536 13,14 6154 727 88.1 3,82 1349 | 438 13,20 8,51 4666 163728 | 125 W 12 x 26
W310x 44,5 445 313 166 66 11,2 291 271 572 9997 6385 1322 7128 855 1030 387 1580 441 19,90 7.41 4100 194433 126 W12 x 30
W310x 52,0 520 317 167 7.6 132 281 271 670 11909 | 7514 (1333 8425 | 1026 1229 | 391 188,8 | 4,45 31,81 6,33 3561 | 236422 | 127 W12 % 35
HP 310x79,0 (H) 790 299 306 110 11,0 277 245 100,0 16316 1091,3 1277 12101 5258 3437 725 5254 820 46,72 13,91 2227 1089258 177  HP12x53
HP 310 93,0 (H) 930 | 303 | 308 13,1 131 277 245 1192 19682 | 12091 1285 14503 | 6387 | 4147 | 7,32 6355 | 826 77,33 11,76 18,69 | 1340320 1,78 HP 12 x 63
W310x 97,0 (H) 970 308 305 99 154 277 245 1236 22284 14470 1343 15942 7286 4778 768 7250 838 92,12 890 2477 1558682 179 W12x 85
W 310 x 107.0 (H) 107.0 | 311 306 109 17.0 277 245 1364 | 24839 15973 1349 17682 8123 | 5309 | 772 306.1 5,41 122,68 9,00 2248 | 1754271 1.30 W12 % 72
HP 310x110,0 (H) 10,0 308 310 154 155 277 245 1410 23703 15391 12,97 17306 7707 4973 7,39 7637 833 12566 10,00 1591 1.646.104 1,80 HP 12x74
W 310 x 117,0 {H) 17,0 | 314 307 11,9 187 277 245 1498 | 27563 17556 13,56 19526 = 9024 @ 5879 | 776 8931 8,44 | 161,61 8,21 20,55 = 1.965850 1,80 W12 % 79
HP 310x125.0 (H) 1250 312 312 174 174 277 245 1590 27076 17356 13,05 19633 8823 5656 7,45 8706 838 17798 897 1409 1911029 181 HP 12 84
W310x 129,0 (H)* 1290 @ 318 308 131 206 277 @ 245 | 1654 | 30819 | 19383 1365 21676 & 10039 651,9 7,79 9912 8,48 214,66 7.48 1869 | 2218146 181 W12 x 87
HP 310x 132 (H) 1320 314 313 183 183 277 245 1675 28731 18300 13,10 20755 9371 5088 748 9224 341 20679 855 13,41 2044445 1382 HP 12 x 89
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Exercicio Proposto 1

O perfil W200X15,00 seria excelente, porém nao atende ao requisito de secao plastica

b
— =9,62 (tabela) E 20500
Ap = 0,38 [— = 0,38 = 9,26
2tf p=" /Fy ’ / 34,5

Podemos fazer uma verificacdo para ver se passa, considerando mesa semi-compacta

E
Ar = 0,83\/(Fy e

Mr = (Fy — or).Wx

Mr = (34,5 — 0,3.34,5).130,5

20500 Mr = 3151,57 kN.cm
Ar = 0,83 = 24,18
(34,5—-0,3.34,5) Mpl = Zx.Fy = 34,5.147,9 = 5102,55 kN.cm
A —Ap 9,62 — 9,26
Mpl — (Mpl — Mr). 5102,55 — (5102,55 — 3157,57).(so—o——o5~-
Mrd = bt~ (v - 1r) (’”_’17’) Mrd = — : (24'18 _9'26) = 4596,01 kN.cm

é maior que 4408,33 kN.cm, portanto perfil passa
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Exercicio Proposto 1

Calculo da Viga V1:

Flecha atuante

0,1469.500%
384.20500.1305

Fmax = = 0,89cm (8,9mm) Nao sera necessario contraflecha
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Exercicio Proposto 1

Calculo da Viga V2:

Cargas atuantes:

Permanentes:

Plaje = 237kg/m? X 1,5m = 355,5kg/m = 3,55 kN/m
Pcontrapiso = 21 kN/m3x 0,02m = 0,42 kN/m? x 1,5m = 0,63 kN/m
Peso préprio da viga: Estimativa de 15kg/m = 0,15kN/m

Variaveis:

Sobrecarga de Projeto: 2kN/m? x 1,5m = 3kN/m
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Exercicio Proposto 1

Calculo da Viga V2:

Combinacoes:

ELS:

PP +SC =3,55+0,63 +0,15 + 3,0 = 7,33kN/m

E.L.U:

1,4PP + 1,5 = 1,4x(3,55+0,63+0,15) + 1,5%(3,0) = 10,56 kN/m
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Exercicio Proposto 1

Calculo da Viga V2:
Pré dimensionamento:

ELS: flecha maxima admissivel = L/350
Fmax = 5000/350 = 14,28mm ou 1,43 cm

q.L* q.L* 0,0733.500% Ix = 406,97cm*

384.E1x ' * T 384 EFmax X 38420500143

Fmax =

ELU: Vamos selecionar obrigatoriamente secao compacta (Nao calcularemos FLT devido
a contencao da mesa no concreto)

_q.L* 0,1056.5007

Mgy 1 T = 2200 kN.cm
Zx.Fy 2200 Zx.34,5 z 70 14cm®
= = x =170,14cm
T 11 1,1
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Exercicio Proposto 1

TABELA DE BITOLAS

ESPESSURA
BITOLA : r | A MESA-7, [ALMA -7, C. BITOLA
mm x kg/m EE r It cm® in x Ibift
2,60 1,72 4.181 0,67 WEx8S5
W 150 x 18,0 , , . ] \ , ) , 2,69 4,34 7,18 20,48 6.683 0,69 W6 x 12
W 150 x 225 (H) 225 152 152 58 66 139 1189 200 1229 1617 651 1796 387 509 3,65 779 410 475 11,52 2048 20417 088 W6x15
W 150 x 24.0 240 160 102 66 103 139 15 315 1384 | 1730 663 1976 183 359 2.41 55.8 273 11,08 495 17,48 10.206 0,69 W6 x 16
W 150 x 29,8 (H) 298 157 153 68 93 138 18 385 1739 2215 672 2475 556 728 3,80 108 418 10,95 823 17,94 30277 0,90 W6x20
W 150 x 37,1 (H) 37,1 162 154 81 11,6 139 119 | 478 2244 | 2770 685 3135 707 918 3,34 1404 | 422 20,58 6,64 14,67 39.930 0,91 W B x 25
W200x15,0 150 200 100 43 52 190 170 194 1305 1305 820 1479 87 17.4 212 273 255 2,05 862 39,44 8222 0.77 Wax10
W200x19,3 193 203 102 58 65 190 170 251 1686 | 1661 | 8,19 1906 16 27 2,14 359 2,58 4,02 7,85 28,31 11.098 0,79 Wax13
W200x225 225 206 102 62 80 190 170 290 2029 1970 837 2255 142 279 222 439 263 6,18 638 27,42 13868 0,79 Wax15
W 200 x 26.6 266 207 133 58 84 190 170 342 261 2523 | 873 2823 330 496 3,10 76.3 3,54 7.65 7.92 29,34 32.477 0,92 W3x18
W200x31.3 31,3 210 134 64 102 180 170 403 3168 3017 886 3386 410 61.2 3,19 94,0 3,60 12,59 B.57 26,50 40822 093 wax21
VW 200 x 35,9 (H) 359 201 165 62 102 181 161 457 = 3437 | 3420 86T 3792 764 926 4,09 141,0 | 4,50 14,51 8,09 25,90 69.502 1,03 W3 x24
W 200 x 41,7 (H) 417 205 166 72 11,8 181 157 535 4114 4014 B87F7 4486 801 1085 4,10 1657 4,53 23,19 7.03 21,86 83.948 1,04 WBx28
W 200 x 46,1 (H) 461 | 203 | 203 72 11,0 181 161 | 586 & 4543 | 4476 | 881 4953 | 1535 1512 512 2295 | 558 2201 9,23 2236 | 141.342 | 1,19 W8 x31
W 200 x 52,0 (H) 520 206 204 79 126 181 157 669 5208 5144 890 5725 1784 1749 516 2658 561 3334 810 1985 166710 1,19 Wax35
HP 200 x 53,0 (H) 530 | 204 | 207 113 11,3 181 161 | 681 4977 | 4880 | 855 5513 | 1673 1617 | 496 2436 | 557 3193 9.16 1428 | 155075 | 120 HP 8 x 36
W 200 x 59.0 (H) 590 210 205 91 142 182 158 760 6140 5843 899 6559 2041 1991 518 3030 564 47,69 122 1732 195418 120 W x40
W200x71,0 (H) 71,0 | 216 206 102 174 181 161 910 7660 | 7092 917 8032 | 2537 | 2463 | 528 3745 | 570 81,66 592 15,80 249976 122 W 3 x 45
W 200 x 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  317.844 123 WBx58
W200x 100,0 (H)* 1000 | 229 | 210 145 237 182 | 158 | 1271 | 11355 | 9917 | 945 11522 3664 349,0 5,37 533.4 5,30 212,61 443 10,87 385.454 1,25 W 3 x67
W250x17.9 17,9 251 101 48 53 240 220 231 2201 1826 996 2110 a1 18,1 1,99 288 2,48 254 953 4592 13735 0388 W10 x 12
W250x22.3 223 254 102 58 69 240 220 289 | 2939 | 2314 1009 2677 123 241 2,06 384 254 477 7.39 37,97 18,629 0,39 W 10 x 15
W 250 %253 253 257 102 61 84 240 220 326 3473 2702 1031 311 149 293 2,14 46,4 2,58 7.06 B.07 36,10 22955 0,89 W10 x 17
W 250 x 28.4 284 260 102 64 100 240 220 366 4046 | 3112 1051 3573 178 3435 2,20 549 2,62 10,34 5,10 34,38 27.636 0,90 W10 x 19
W250x327 327 258 146 61 91 240 220 421 4937 3827 1083 4285 473 648 335 99,7 3,86 10,44 802 36,03 73.104 1,07 W10 x22
W 250 x 38,5 385 262 147 66 11,2 240 220 | 496 = 6057 | 4624 11,05 5178 594 80,8 3,46 1241 3,93 1763 6,56 33,27 93.242 1,08 W 10 % 26
W 250 x 44.8 448 266 148 76 130 240 220 576 7158 5382 11,15 6063 704 951 3,50 1464 396 27,14 569 2895 112398 1,09 W10 x 30
HP 250 % 62,0 (H) 620 246 256 105 107 225 201 796 | 8728 7096 1047 7905 | 2995 @ 2340 613 3578 639 33,46 11,96 1910 | 414130 | 147 HP 10 x 42
W 250 % 73,0 (H) 730 253 254 86 142 225 201 927 1257 8899 11,02 9833 3880 3055 647 4631 7.01 56,94 894 2333 552900 148 W10 x 49
W 250 x 80,0 (H) 80,0 256 255 94 156 225 201 101,9 12550 & 9805 11,10 10887 | 4313 | 3383 | 651 513,1 7,04 75,02 817 2136 622878 149 W 10 x 54
HP 250x 85,0 (H) 850 254 260 144 144 225 201 1085 12280 9669 10,64 10932 4225 3250 624 4996 7,00 82,07 8,03 13,97 605403 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 | 706 | 102,81 7,40 18,82 712351 | 1,50 W 10 x 60
W 250 x 101,0 (H) 1010 264 257 119 196 225 201 1287 16352 12388 11,27 13950 5549  431,8  657 6563 7,10 147,70 656 16,87  828.031 151 W10 x 68
W 250 x 115,0 {H) 1150 269 259 135 221 225 201 1461 13920 | 14067 1133 15974 6405 @ 4945 6,62 7527 | 716 | 212,00 5,86 1487 | 975265 | 153 W 10 % 77
W250x 131,0 (H)* 1310 275 261 154 251 225 193 1678 22243 16177 1151 18556 7448 5707 6,66 8707 721 321,06 5.20 12,52 1161225 154 W10 x 88
W 250 149,0 (H) * 1490 | 282 | 263 17,3 284 225 193 1905 | 26027 18459 11,69 21375 8624 6558 | 673 | 10017 727 | 462,06 463 11,17 | 1384436 155 W 10x 100
W250 167,0 (H)* 1670 289 265 192 31,8 225 193 2140 30110 20837 11,86 24353 9880 7457 679 11402 733 64495 417 10,07 1.631.156 1,57 W 10x 112
W310x21,0 210 303 101 51 57 282 272 272 3776 | 2492 11,77 2919 93 19,5 1,90 314 2,42 3,27 8,86 53,25 21.628 0,98 W12 x 14
W310x23.8 238 305 101 56 67 202 272 307 4346 2850 11,89 3332 116 229 1,94 369 245 4,65 7.54 4850 25594 0,99 W12x 16
W310x 28,3 283 | 309 102 60 89 291 271 | 365 5500 | 3560 1228 4120 158 31,0 2,08 49,4 2,55 3,14 573 45,20 35.441 1,00 W12 % 19
W310x327 327 33 102 66 108 291 271 421 6570 4198 1249 4853 192 376 213 59,8 258 1291 472 41,12 43612 1,00 W12x22
W310x 38,7 387 310 165 58 97 291 271 497 581 5536 13,14 6154 727 88.1 3,82 1349 | 438 1320 8,51 4666  163.728 125 W 12 x 26
W310x 44,5 445 313 166 66 11,2 291 271 572 9997 6385 1322 7128 855 1030 387 1580 441 19,90 7.41 4100 194433 126 W12 x 30
W310x 52,0 520 317 167 7.6 132 281 271 670 11909 | 7514 (1333 8425 | 1026 1229 | 391 188,8 | 4,45 31,81 6,33 3561 | 236422 127 W12 % 35
HP 310x79,0 (H) 790 299 306 110 11,0 277 245 100,0 16316 1091,3 1277 12101 5258 3437 725 5254 820 46,72 13,91 2227 1089258 177  HP12x53
HP 310 93,0 (H) 93,0 303 308 131 131 277 245 1192 | 19682 12991 12,85 14503 | 6387 | 4147 7,32 6355 | 826 77,33 11,76 1869  1.340.320 178 HP 12 x 63
W310x 97,0 (H) 970 308 305 99 154 277 245 1236 22284 14470 1343 15942 7286 4778 768 7250 838 92,12 890 2477 1558682 179 W12x 85
W30 % 107,0 (H) 107.0 | 311 306 109 17.0 277 245 1364 | 24839 15973 1349 17682 8123 | 5309 | 772 306.1 5,41 122,68 9,00 2248 | 1754271 1380 W12 % 72
HP 310x110,0 (H) 10,0 308 310 154 155 277 245 1410 23703 15391 12,97 17306 7707 4973 7,39 7637 833 12566 10,00 1591 1.646.104 1,80 HP 12x74
W 310 x 117,0 {H) 17,0 | 314 307 11,9 187 277 245 1498 | 27563 17556 13,56 19526 = 9024 @ 5879 | 776 8931 844 | 16161 8,21 20,55 @ 1.965.950 1,80 W12 % 79
HP 310x125.0 (H) 1250 312 312 174 174 277 245 1590 27076 17356 13,05 19633 8823 5656 7,45 8706 838 17798 897 1409 1911029 181 HP 12 84
W310x 129,0 (H)* 1290 @ 318 308 131 206 277 @ 245 | 1654 | 30819 | 19383 1365 21676 & 10039 651,9 7,79 9912 8,48 214,66 7.48 1869 | 2218146 181 W12 x 87
HP 310x 132 (H) 1320 314 313 183 183 277 245 1675 2873 13300 13,10 20755 9371 5988 748 9224 341 20679 855 13,41 2044445 1382 HP 12 x 89
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Exercicio Proposto 1

O perfil W150X13 seria excelente, porém nao atende ao requisito de secao plastica

b
— = 10,20 (tabela) E 20500
Ap = 0,38 [— = 0,38 = 9,26
2tf p="5 /Fy ’ / 34,5

Podemos fazer uma verificacdo para ver se passa, considerando mesa semi-compacta

E
Ar = 0,83\/(Fy e

Mr = (Fy — or).Wx

Mr = (34,5 — 0,3.34,5).85,8

20500 Mr = 2072,07 kN.cm
Ar = 0,83 = 24,18
(34,5—-0,3.34,5) Mpl = Zx.Fy = 34,5.96,4 = 3325,8 kN.cm
A —2Ap 10,20 — 9,26
Mpl — (Mpl — Mr). 3325,8 —(3325,8 —2072,07). | 55—+
Mrd = bt~ (v - 1r) (’”_’17’) Mrd = ( — : (24'18 _9'26) = 2951,64 kN.cm

é maior que 2200 kN.cm, portanto perfil passa
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Exercicio Proposto 1

Calculo da Viga V4.

Flecha atuante

0,0733.500%
384.20500.635

Fmax = =0,91cm (9,1mm)  Nao sera necessario contraflecha
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Exercicio Proposto 1

Calculo da Viga V4:

Cargas atuantes:

Permanentes:

Plaje = 237kg/m? X 1,5m = 355,5kg/m = 3,55 kN/m

Pparede = 13kN/m3x 0,14m x 2,5m = 4,55 kN/m

Preboco = 21kN/m3x 0,01m x 2 x 2,5m = 1,05 kN/m

Pcontrapiso = 21 kN/m3x 0,02m = 0,42 kN/m? x 1,5m = 0,63 kN/m
Peso préprio da viga: Estimativa de 15kg/m = 0,15kN/m

Variaveis:

Sobrecarga de Projeto: 2kN/m? x 1,5m = 3kN/m
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Exercicio Proposto 1

Calculo da Viga V4.

Combinacoes:

ELS:

PP +SC= 3,55 +4,55+1,05 + 0,63 + 0,15 + 3,0 = 12,93kN/m

E.L.U:

1,4PP + 1,5 = 1,4x(3,55+4,55+1,05+4,55+0,63+0,15) + 1,5x(3,0) = 18,40 kN/m
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Exercicio Proposto 1

Calculo da Viga V4.
Pré dimensionamento:

ELS: flecha maxima admissivel = L/350
Fmax = 5000/350 = 14,28 mm ou 1,43 cm (Menor que 15mm)

q.L* q.L* 0,1293.500% Ix = 717,88 cm*
= 1% =
384.E. Ix X = 384.E Fmax X = 384.20500.1,43

Fmax =

ELU: Vamos selecionar obrigatoriamente secao compacta (Nao calcularemos FLT devido
a contencao da mesa no concreto)

_q.L* 0,1840.5007

My == > = 383333 kN.cm
Zx.Fy 383333 = 2X3M0 gz _122.22
= = X = )
rd 1,1 ’ 1,1
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Exercicio Proposto 1

TABELA DE BITOLAS

| Exoxx | = ExXovy |

BITOLA Lt . Z Z, MESA-7, [ALMA -7, C. BITOLA
ElEIEERIEEE
W150x 13,0 148 100 43 49 138 118 166 635 858 6,18 964 82 16,4 222 255 2,60 1,72 10,20 27,49 4.181 0,67 WEx8S5
W 150 x 18,0 153 102 | 58 71 139 119 | 234 939 1228 | 634 1394 126 247 2,32 385 2,69 4,34 7,18 20,48 6.683 0,69 W6 x 12
W 150 x 225 (H) 225 152 152 58 66 139 1189 200 1229 1617 651 1796 387 509 3,65 779 410 475 11,52 2048 20417 088 W6x15
W 150 x 24.0 240 160 102 66 103 139 15 315 1384 | 1730 663 1976 183 359 2.41 55.8 273 11,08 495 17,48 10.206 0,69 W6 x 16
W 150 x 29,8 (H) 298 157 153 68 93 138 18 385 1739 2215 672 2475 556 728 3,80 108 418 10,95 823 17,94 30277 0,90 W6x20
W 150 x 37,1 (H) 371 162 154 81 11,6 139 119 | 478 2244 | 2770 685 3135 707 918 3,34 1404 | 422 20,58 6,64 14,67 39.930 0,91 W B x 25
X 15, . A X - " 87 174 212 27.3 2,55 2,05 39,44 8222 0.77 WBx 10
W200x19,3 193 | 203 102 | 58 65 190 | 170 251 | 1686 | 1661 | 8,19 1906 16 27 2,14 359 2,59 4,02 7,85 28,31 11.098 0,79 Wax13
W200x225 225 206 102 62 80 190 170 290 2029 1970 837 2255 142 279 222 439 263 6,18 638 27,42 13868 0,79 Wax15
W 200 x 26.6 266 207 133 58 84 190 170 342 261 2523 | 873 2823 330 496 3,10 76.3 3,54 7.65 7.92 29,34 32.477 0,92 W3x18
W200x31.3 31,3 210 134 64 102 180 170 403 3168 3017 886 3386 410 61.2 3,19 94,0 3,60 12,59 B.57 26,50 40822 093 wax21
VW 200 x 35,9 (H) 359 201 165 62 102 181 161 457 = 3437 | 3420 86T 3792 764 926 4,09 141,0 | 4,50 14,51 8,09 25,90 69.502 1,03 W3 x24
W 200 x 41,7 (H) 417 205 166 72 11,8 181 157 535 4114 4014 B87F7 4486 801 1085 4,10 1657 4,53 23,19 7.03 21,86 83.948 1,04 WBx28
W 200 x 46,1 (H) 461 | 203 | 203 72 11,0 181 161 | 586 & 4543 | 4476 | 881 4953 | 1535 1512 512 2295 | 558 2201 9,23 2236 | 141.342 | 1,19 W8 x31
W 200 x 52,0 (H) 520 206 204 79 126 181 157 669 5208 5144 890 5725 1784 1749 516 2658 561 3334 810 1985 166710 1,19 Wax35
HP 200 x 53,0 (H) 530 | 204 | 207 113 11,3 181 161 | 681 4977 | 4880 | 855 5513 | 1673 1617 | 496 2436 | 557 3193 9.16 1428 | 155075 | 120 HP 8 x 36
W 200 x 59.0 (H) 590 210 205 91 142 182 158 760 6140 5843 899 6559 2041 1991 518 3030 564 47,69 122 1732 195418 120 W x40
W200x71,0 (H) 71,0 | 216 206 102 174 181 161 910 7660 | 7092 917 8032 | 2537 | 2463 | 528 3745 | 570 81,66 592 15,80 249976 122 W 3 x 45
W 200 x 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  317.844 123 WBx58
W200x 100,0 (H)* 1000 | 229 | 210 145 237 182 | 158 | 1271 | 11355 | 9917 | 945 11522 3664 349,0 5,37 533.4 5,30 212,61 443 10,87 385.454 1,25 W 3 x67
W250x17.9 17,9 251 101 48 53 240 220 231 2201 1826 996 2110 91 18,1 1,99 288 248 254 953 4592 13735 0388 W10 x 12
W250x22.3 223 | 254 | 102 58 69 | 240 | 220 | 289 & 2939 | 2314 1009 2677 123 241 2,06 384 254 477 7.39 37,97 18,629 0,39 W 10 x 15
W 250 %253 253 257 102 61 84 240 220 326 3473 2702 1031 311 149 293 214 46.4 2,58 7.06 B.07 36,10 22955 0,89 W10 x 17
W 250 x 28.4 284 260 102 64 100 240 220 366 4046 | 3112 1051 3573 178 3435 2,20 549 2,62 10,34 5,10 34,38 27.636 0,90 W10 x 19
W250x327 327 258 146 61 91 240 220 421 4937 3827 1083 4285 473 648 3,35 99,7 3,36 10,44 802 36,03 73.104 1,07 W10 x22
W 250 x 38,5 385 262 147 66 11,2 240 220 | 496 = 6057 | 4624 11,05 5178 594 80,8 3,46 1241 3,93 1763 6,56 33,27 93.242 1,08 W 10 % 26
W 250 x 44.8 448 266 148 76 130 240 220 576 7158 5382 11,15 6063 704 951 3,50 1464 396 27,14 569 2895 112398 1,09 W10 x 30
HP 250 % 62,0 (H) 620 246 256 105 107 225 201 796 | 8728 7096 1047 7905 | 2995 @ 2340 613 3578 | 639 33,46 11,96 1910 | 414130 | 147 HP 10 x 42
W 250 % 73,0 (H) 730 253 254 86 142 225 201 927 1257 8899 11,02 9833 3880 3055 647 4631 7.01 56,94 894 2333 552900 148 W10 x 49
W 250 x 80,0 (H) 80,0 256 255 94 156 225 201 101,9 12550 & 9805 11,10 10887 | 4313 | 3383 | 651 513,1 7,04 75,02 817 2136 622878 149 W 10 x 54
HP 250x 85,0 (H) 850 254 260 144 144 225 201 1085 12280 9669 10,64 10932 4225 3250 624 4996 7,00 82,07 8,03 13,97 605403 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 | 706 | 102,81 7,40 18,82 712351 | 1,50 W 10 x 60
W 250 x 101,0 (H) 1010 264 257 119 196 225 201 1287 16352 12388 11,27 13950 5549  431,8  657 6563 7,10 147,70 656 16,87  828.031 151 W10 x 68
W 250 x 115,0 {H) 1150 269 259 135 221 225 201 1461 13920 | 14067 1133 15974 6405 @ 4945 6,62 7527 | 716 | 212,00 5,86 1487 | 975265 | 153 W 10 % 77
W250x 131,0 (H)* 1310 275 261 154 251 225 193 1678 22243 16177 1151 18556 7448 5707 6,66 8707 721 321,06 5.20 12,52 1161225 154 W10 x 88
W 250 149,0 (H) * 1490 | 282 | 263 17,3 284 225 193 1905 | 26027 18459 11,69 21375 8624 6558 | 673 | 10017 727 | 462,06 463 11,17 | 1384436 155 W 10x 100
W250 167,0 (H)* 1670 289 265 192 31,8 225 193 2140 30110 20837 11,86 24353 9880 7457 679 11402 733 64495 417 10,07 1.631.156 1,57 W 10x 112
W310x21,0 210 303 101 51 57 282 272 272 3776 | 2492 11,77 2919 93 19,5 1,90 314 2,42 3,27 8,86 53,25 21.628 0,98 W12 x 14
W310x23.8 238 305 101 56 67 202 272 307 4346 2850 11,89 3332 116 229 1,94 369 245 4,65 7.54 4850 25594 0,99 W12x 16
W310x 28,3 283 | 309 102 60 89 291 271 | 365 5500 | 3560 1228 4120 158 31,0 2,08 49,4 2,55 3,14 573 4520 35.441 1,00 W12 % 19
W310x327 327 33 102 66 108 291 271 421 6570 4198 1249 4853 192 376 213 59.8 258 1291 472 41,12 43612 1,00 W12x22
W310x 38,7 387 310 165 58 97 291 271 497 581 5536 13,14 6154 727 88.1 3,82 1349 | 438 1320 8,51 4666  163.728 125 W 12 x 26
W310x 44,5 445 313 166 66 11,2 291 271 572 9997 6385 1322 7128 855 1030 387 1580 441 19,90 7.41 4100 194433 126 W12 x 30
W310x 52,0 520 317 167 7.6 132 281 271 670 11909 | 7514 (1333 8425 | 1026 1229 | 391 188,8 | 4,45 31,81 6,33 3561 | 236422 127 W12 % 35
HP 310x79,0 (H) 790 299 306 110 11,0 277 245 100,0 16316 1091,3 1277 12101 5258 3437 725 5254 820 46,72 13,91 2227 1089258 177  HP12x53
HP 310 93,0 (H) 930 | 303 | 308 13,1 131 277 245 1192 19682 | 12091 1285 14503 | 6387 | 4147 | 7,32 6355 | 826 77,33 11,76 1869  1.340.320 178 HP 12 x 63
W310x 97,0 (H) 970 308 305 99 154 277 245 1236 22284 14470 1343 15942 7286 4778 768 7250 838 92,12 890 2477 1558682 179 W12x 85
W 310 x 107.0 (H) 107.0 | 311 306 109 17.0 277 245 1364 | 24839 15973 1349 17682 8123 | 5309 | 772 306.1 5,41 122,68 9,00 2248 | 1754271 1380 W12 % 72
HP 310x110,0 (H) 10,0 308 310 154 155 277 245 1410 23703 15391 12,97 17306 7707 4973 7,39 7637 833 12566 10,00 1591 1.646.104 1,80 HP 12x74
W 310 x 117,0 {H) 17,0 | 314 307 11,9 187 277 245 1498 | 27563 17556 13,56 19526 = 9024 @ 5879 | 776 8931 844 | 16161 8,21 20,55 @ 1.965.950 1,80 W12 % 79
HP 310x125.0 (H) 1250 312 312 174 174 277 245 1590 27076 17356 13,05 19633 8823 5656 7,45 8706 838 17798 897 1409 1911029 181 HP 12 84
W310x 129,0 (H)* 1290 @ 318 308 131 206 277 @ 245 | 1654 | 30819 | 19383 1365 21676 & 10039 651,9 7,79 9912 8,48 214,66 7.48 1869 | 2218146 181 W12 x 87
HP 310x 132 (H) 1320 314 313 183 183 277 245 1675 28731 18300 13,10 20755 9371 5088 748 9224 341 20679 855 13,41 2044445 1382 HP 12 x 89
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Exercicio Proposto 1

Ja conhecemos a resisténcia do Perfil W200X15 nas condi¢cOes de vao e engastamento,
nao sera necessario recalcular

Mrd = 4596 > 3833,33

Flecha atuante

0,1293.500%
384.20500.1305

Fmax =

=0,78cm (7,8mm) Nao sera necessario contraflecha
Atende ao requisito da norma
de flecha maxima de 15mm
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Exercicio Proposto 1

Calculo da Viga V3:

Cargas atuantes:

Permanentes:

Plaje = Totalmente suportada pelas vigas V1, V2 e V4
Pparede = 13kN/m3 x 0,14m x 2,5m = 4,55 kN/m

Preboco = 21kN/m3x 0,01m x 2 x 2,5m = 1,05 kN/m
Pcontrapiso = Totalmente suportada pelas vigas V1, V2 e V4
Peso préprio da viga: Estimativa de 15kg/m = 0,15kN/m

Variaveis:

Sobrecarga de Projeto: Totalmente suportada pelas vigas V1, V2 e V4
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Exercicio Proposto 1

Calculo da Viga V3:

Combinacoes:

ELS:

PP + SC=4,55+1,05 + 0,15 = 5,75kN/m

E.L.U:

1,4PP + 1,5 = 1,4x(5,75) + 1,5x(0) = 8,05 kN/m
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Exercicio Proposto 1

Calculo da Viga V3:
Pré dimensionamento:

ELS: flecha maxima admissivel = L/350
Fmax = 3000/350 = 8,57mm ou 0,857 cm (Menor que 15mm)

q.L* q.L* 0,0575.300% Ix = 69,03cm*
= — 4%
384.E. Ix X = 384.E Fmax * = 384.20500.0,857

Fmax =

ELU: Vamos selecionar obrigatoriamente secao compacta (Nao calcularemos FLT devido
a contencao da mesa no concreto)

_gq.L* 0,0805.3007

Mgy 1 1 = 603,75 kN.cm
Zx.F Zx.34,5 _Zx.25 _
=7 = 603,75 = === Zx = 19,25 (A572Gr50) 603,75 =—7-  Zx = 26,56(A36)
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Exercicio Proposto 1

TABELA DE BITOLAS

BITOLA
mm x kg/m

MESA-7, [ALMA-Z, C BITOLA
cm® in x Ibift
N 150 %130 130 148 100 43 49 ; R 6. 4181 0,67 WExES
W150x 18,0 18,0 153 | 102 58 71 138 119 234 939 122.8 6,34 1394 126 247 232 385 2,69 4,34 7.18 20,48 6.683 0,69 Wex12

ESPESSURA i EXOY-Y ESBELTEZ
: T Z = =
2,60 1,72

W 150 x 225 (H) 225 152 152 58 66 139 1189 200 1229 1617 651 1796 387 509 3,65 779 410 475 11,52 2048 20417 088 W6x15
W 150 x 24.0 240 160 102 66 103 139 15 315 1384 | 1730 663 1976 183 359 2.41 55.8 273 11,08 495 17,48 10.206 0,69 W6 x 16
W 150 x 29,8 (H) 298 157 153 68 93 138 18 385 1739 2215 672 2475 556 728 3,80 108 418 10,95 823 17,94 30277 0,90 W6x20
W 150 x 37,1 (H) 37,1 162 154 81 11,6 139 119 | 478 2244 | 2770 685 3135 707 918 3,34 1404 | 422 20,58 6,64 14,67 39.930 0,91 W B x 25
W200x15,0 150 200 100 43 52 190 170 194 1305 1305 820 1479 87 17.4 212 273 255 2,05 862 39,44 8222 0.77 Wax10
W200x19,3 193 203 102 58 65 190 170 251 1686 | 1661 | 8,19 1906 16 27 2,14 359 2,58 4,02 7,85 28,31 11.098 0,79 Wax13
W200x225 225 206 102 62 80 190 170 290 2029 1970 837 2255 142 279 222 439 263 6,18 638 27,42 13868 0,79 Wax15
W 200 x 26.6 266 207 133 58 84 190 170 342 261 2523 | 873 2823 330 496 3,10 76.3 3,54 7.65 7.92 29,34 32.477 0,92 W3x18
W200x31.3 31,3 210 134 64 102 180 170 403 3168 3017 886 3386 410 61.2 3,19 94,0 3,60 12,59 B.57 26,50 40822 093 wax21
VW 200 x 35,9 (H) 359 201 165 62 102 181 161 457 = 3437 | 3420 86T 3792 764 926 4,09 141,0 | 4,50 14,51 8,09 25,90 69.502 1,03 W3 x24
W 200 x 41,7 (H) 417 205 166 72 11,8 181 157 535 4114 4014 B87F7 4486 801 1085 4,10 1657 4,53 23,19 7.03 21,86 83.948 1,04 WBx28
W 200 x 46,1 (H) 461 | 203 | 203 72 11,0 181 161 | 586 & 4543 | 4476 | 881 4953 | 1535 1512 512 2295 | 558 2201 9,23 2236 | 141.342 | 1,19 W8 x31
W 200 x 52,0 (H) 520 206 204 79 126 181 157 669 5208 5144 890 5725 1784 1749 516 2658 561 3334 810 1985 166710 1,19 Wax35
HP 200 x 53,0 (H) 530 | 204 | 207 113 11,3 181 161 | 681 4977 | 4880 | 855 5513 | 1673 1617 | 496 2436 | 557 3193 9.16 1428 | 155075 | 120 HP 8 x 36
W 200 x 59.0 (H) 590 210 205 91 142 182 158 760 6140 5843 899 6559 2041 1991 518 3030 564 47,69 122 1732 195418 120 W x40
W200x71,0 (H) 71,0 | 216 206 102 174 181 161 910 7660 | 7092 917 8032 | 2537 | 2463 | 528 3745 | 570 81,66 592 15,80 249976 122 W 3 x 45
W 200 x 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  317.844 123 WBx58
W200x 100,0 (H)* 1000 | 229 | 210 145 237 182 | 158 | 1271 | 11355 | 9917 | 945 11522 3664 349,0 5,37 533.4 5,30 212,61 443 10,87 385.454 1,25 W 3 x67
W250x17.9 17,9 251 101 48 53 240 220 231 2201 1826 996 2110 a1 18,1 1,99 288 2,48 254 953 4592 13735 0388 W10 x 12
W250x22.3 223 254 102 58 69 240 220 289 | 2939 | 2314 1009 2677 123 241 2,06 384 254 477 7.39 37,97 18,629 0,39 W 10 x 15
W 250 %253 253 257 102 61 84 240 220 326 3473 2702 1031 311 149 293 2,14 46,4 2,58 7.06 B.07 36,10 22955 0,89 W10 x 17
W 250 x 28.4 284 260 102 64 100 240 220 366 4046 | 3112 1051 3573 178 3435 2,20 549 2,62 10,34 5,10 34,38 27.636 0,90 W10 x 19
W250x327 327 258 146 61 91 240 220 421 4937 3827 1083 4285 473 648 335 99,7 3,86 10,44 802 36,03 73.104 1,07 W10 x22
W 250 x 38,5 385 262 147 66 11,2 240 220 | 496 = 6057 | 4624 11,05 5178 594 80,8 3,46 1241 3,93 1763 6,56 33,27 93.242 1,08 W 10 % 26
W 250 x 44.8 448 266 148 76 130 240 220 576 7158 5382 11,15 6063 704 951 3,50 1464 396 27,14 569 2895 112398 1,09 W10 x 30
HP 250 % 62,0 (H) 620 246 256 105 107 225 201 796 | 8728 7096 1047 7905 | 2995 @ 2340 613 3578 639 33,46 11,96 1910 | 414130 | 147 HP 10 x 42
W 250 % 73,0 (H) 730 253 254 86 142 225 201 927 1257 8899 11,02 9833 3880 3055 647 4631 7.01 56,94 894 2333 552900 148 W10 x 49
W 250 x 80,0 (H) 80,0 256 255 94 156 225 201 101,9 12550 & 9805 11,10 10887 | 4313 | 3383 | 651 513,1 7,04 75,02 817 2136 622878 149 W 10 x 54
HP 250x 85,0 (H) 850 254 260 144 144 225 201 1085 12280 9669 10,64 10932 4225 3250 624 4996 7,00 82,07 8,03 13,97 605403 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 | 706 | 102,81 7,40 18,82 712351 | 1,50 W 10 x 60
W 250 x 101,0 (H) 1010 264 257 119 196 225 201 1287 16352 12388 11,27 13950 5549  431,8  657 6563 7,10 147,70 656 16,87  828.031 151 W10 x 68
W 250 x 115,0 {H) 1150 269 259 135 221 225 201 1461 13920 | 14067 1133 15974 6405 @ 4945 6,62 7527 | 716 | 212,00 5,86 1487 | 975265 | 153 W 10 % 77
W250x 131,0 (H)* 1310 275 261 154 251 225 193 1678 22243 16177 1151 18556 7448 5707 6,66 8707 721 321,06 5.20 12,52 1161225 154 W10 x 88
W 250 149,0 (H) * 1490 | 282 | 263 17,3 284 225 193 1905 | 26027 18459 11,69 21375 8624 6558 | 673 | 10017 727 | 462,06 463 11,17 | 1384436 155 W 10x 100
W250 167,0 (H)* 1670 289 265 192 31,8 225 193 2140 30110 20837 11,86 24353 9880 7457 679 11402 733 64495 417 10,07 1.631.156 1,57 W 10x 112
W310x21,0 210 303 101 51 57 282 272 272 3776 | 2492 11,77 2919 93 19,5 1,90 314 2,42 3,27 8,86 53,25 21.628 0,98 W12 x 14
W310x23.8 238 305 101 56 67 202 272 307 4346 2850 11,89 3332 116 229 1,94 369 245 4,65 7.54 4850 25594 0,99 W12x 16
W310x 28,3 283 | 309 102 60 89 291 271 | 365 5500 | 3560 1228 4120 158 31,0 2,08 49,4 2,55 3,14 573 4520 35.441 1,00 W12 % 19
W310x327 327 33 102 66 108 291 271 421 6570 4198 1249 4853 192 376 213 59,8 258 1291 472 41,12 43612 1,00 W12x22
W310x 38,7 387 310 165 58 97 291 271 497 581 5536 13,14 6154 727 88.1 3,82 1349 | 438 1320 8,51 4666  163.728 125 W 12 x 26
W310x 44,5 445 313 166 66 11,2 291 271 572 9997 6385 1322 7128 855 1030 387 1580 441 19,90 7.41 4100 194433 126 W12 x 30
W310x 52,0 520 317 167 7.6 132 281 271 670 11909 | 7514 (1333 8425 | 1026 1229 | 391 188,8 | 4,45 31,81 6,33 3561 | 236422 127 W12 % 35
HP 310x79,0 (H) 790 299 306 110 11,0 277 245 100,0 16316 1091,3 1277 12101 5258 3437 725 5254 820 46,72 13,91 2227 1089258 177  HP12x53
HP 310 93,0 (H) 93,0 303 308 131 131 277 245 1192 | 19682 12991 12,85 14503 | 6387 | 4147 7,32 6355 | 826 77,33 11,76 1869  1.340.320 178 HP 12 x 63
W310x 97,0 (H) 970 308 305 99 154 277 245 1236 22284 14470 1343 15942 7286 4778 768 7250 838 92,12 890 2477 1558682 179 W12x 85
W30 % 107,0 (H) 107.0 | 311 306 109 17.0 277 245 1364 | 24839 15973 1349 17682 8123 | 5309 | 772 306.1 5,41 122,68 9,00 2248 | 1754271 1380 W12 % 72
HP 310x110,0 (H) 10,0 308 310 154 155 277 245 1410 23703 15391 12,97 17306 7707 4973 7,39 7637 833 12566 10,00 1591 1.646.104 1,80 HP 12x74
W 310 x 117,0 {H) 17,0 | 314 307 11,9 187 277 245 1498 | 27563 17556 13,56 19526 = 9024 @ 5879 | 776 8931 844 | 16161 8,21 20,55 @ 1.965.950 1,80 W12 % 79
HP 310x125.0 (H) 1250 312 312 174 174 277 245 1590 27076 17356 13,05 19633 8823 5656 7,45 8706 838 17798 897 1409 1911029 181 HP 12 84
W310x 129,0 (H)* 1290 @ 318 308 131 206 277 @ 245 | 1654 | 30819 | 19383 1365 21676 & 10039 651,9 7,79 9912 8,48 214,66 7.48 1869 | 2218146 181 W12 x 87
HP 310x 132 (H) 1320 314 313 183 183 277 245 1675 2873 13300 13,10 20755 9371 5988 748 9224 341 20679 855 13,41 2044445 1382 HP 12 x 89
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Exercicio Proposto 1

Sabemos que o Perfil W150X13,0 passa com folga nas verificacOes

Mrd = 2951,64 > 603,75

Flecha atuante

Nao serd necessario contraflecha
= 0,093 (0,93mm) Atende ao requisito da norma
de flecha maxima de 15mm

0,0575.300%
384.20500.635

Fmax =

Poderiamos tentar um perfil U laminado mais leve
Porém existe uma disposi¢ao construtiva incompativel:

Portanto selecionaremos o Perfil W150X13
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Exercicio Proposto 1

Mas, para saber qual perfil U laminado seria adequado, do ponto de vista da resisténcia
apenas:

Como nas tabelas geralmente nao se encontra o Zx para U laminado segue a férmula:

bt

1
N

L
= = H

b

Zx = (of .tf.(d = tf) + (). - 2tf)?

e
[ Jtw

Vamos tentar o perfil U laminado 3" na primeira alma

0,432
Zx = (3,58.0,69(7,62 — 0,69) ) + ( ).(3,58 —2.0,69)% = 17,64cm® < 26,56

N3o atende... Para valer a pena precisa ter peso menor que 13 kg/m
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Exercicio Proposto 1

Vamos tentar o U 4” X 7,95kg/m (primeira alma)

tw

Zx = (bf .tf.(d —tf)) + (T) (d — 2tf)?

)

7
Zx = (4,01.0,75(10,16 — 0,75) ) + ( ).(4,01 —2.0,75)% = 29,02cm® > 26,56

Ix = 159,5 > 69,03 OK ATENDE A INERCIA

Verificacao da secao:

20500
FLM: — bf — 4,01 = 5,34 OK! Ap = 0,38 = 10,88
tf 0,75 25
FLA: d—2.tf 10,16 —2.0,75 20500
' A= = = 18,94 OK! — —
w 0,457 Ap = 3,76 oF 107,67
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Exercicio Proposto 1

Flecha atuante:

0,0575.300%

Fmax = ————— = 0,37cm = 3,7mm OK N3ao serd necessario contraflecha
384.20500.159,5
Zx.Fy 29,02. 25
rd = 11 M4 = 11 = 659,54 kN.cm > 603,75 OK PERFIL APROVADO

Peso da parte superior do mezanino:

Hipotese 1

W200X15 =3 x 5m = 15m x 15kg/m = 225kg

W150X13 = (1 X 5m)+6x3m = 23m x 13kg/m = 299 kg
————————————————————————————————————————————————————————————— 524 kg / 45m? = 11,64 kg/m?

Hipotese 2

W200X15 =3 x 5m = 15m x 15kg/m = 225kg

W150X13 = (1 X 5m = 5m x 13kg/m = 65 kg

U4’’X7,95 = (6 x 3m) = 18m x 7,95 kg/m = 143,1
————————————————————————————————————————————————————————————— 433,10kg / 45m? = 9,62 kg/m? (-18%)
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Exercicio Proposto 2

Dimensionar as vigas do mezanino em estrutura de aco abaixo — Uso: Escritérios

5000 |, 5000 5000 |
r->A
P4 vy3 P V3 P1 V3 P
s Ml i L
~ > > | > | ‘;'

| —

-

P4 | V3

V3

P2

3500

Dados:

Laje Nervurada H16: 350kg/m

Contrapiso: 2cm

Parede: Blocos furados 14cm + reboco 1cm em cada face

" —
S R

Solda de contorno (todas
as pecas)

Base engastada

L->A
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