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1. ESPECIFICACOES GERAIS
1.1. Objetivo

Este documento foi elaborado para apresentar a memoéria de calculo da

estrutura metalica do poco inglés do Bloco C do TRF.

1.2. Descricao do Edificio
A estrutura é composta por vigas metalicas de sustentacdo de grade de piso
para apoio de equipamentos e estrutura superior com grade de fechamento..

2. NORMAS
* ANSI/AISC 360-2005 — Specification for structural steel buildings — LRFD;
* NBR 6120:1980 — Cargas para Calculos de Estruturas de Edificacdes;
* NBR 6123:1988 — Forcas devidas ao vento em edificacoes;
+ NBR 8800:2008 — Projeto de estruturas de aco e de estruturas mistas de
aco e concreto de edificios;
* NBR 14762:2010- Dimensionamento de estruturas de aco constituidas por

perfis formados a frio.

3. SOFTWARES UTILIZADOS
« STRAP v.2015 — Analise e Dimensionamento.

» Planilhas para dimensionamento de elementos especificos.

4. ESPEFICACOES DOS MATERIAIS

4.1. Perfis Formados a Frio e Barra @
e Aco A-36 250Mpa.

4.2. Perfis | Laminados
e Aco ASTM A572-Gr.50 345Mpa, Perfis “I” de vigas.

4.2.1 Chapas
e Aco A-36 250Mpa,
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4.2.2 Parafusos
Parafuso sextavado ASTM A325 tipo 1, com acabamento galvanizado, de alta

resisténcia de aco-liga temperado e revenido, para ligacdes em estruturas de aco,
dimensdes: ANSI - ASBME B 18.2.6, rosca: ANSI — ASBME B 1.1, tenséo de tracao
minima: 84,4 Kgf/mm2, tensdo de escoamento minima: 64,7 Kgf/mmz2, tensdo de
cisalhamento: 60% da tensao de tragéo, dureza: 25 a 34HRC.

Na impossibilidade de testar o parafuso, devera ser realizado o ensaio de

tracdo completo em corpo-de- prova usinado.

4.2.3 Porcas

Porcas sextavadas, ASTM A 563 grau DH, composicdo: Aco médio Carbono
ao Boro, dureza: 24 a 38HRC.

4.2.4 Arruelas
Arruelas F 436 — tipo 1.

5. CARREGAMETOS

5.1. Cargas Permanentes (CP)

- PPE - Peso Préprio da estrutura metalica: calculado automaticamente pelo
software

- PP_GRADES - Peso Proprio das Grade = 30 kg/m?2

5.2. Acoes Variaveis (SC)
- SC_PISO - Utilizagao (Carga Acidental — CA): 300 kg/m?
- SC_EQUIP - Equipamentos (Carga Acidental — CA): 500 kg/m?
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5.3. Numeracgao dos carregamentos

Ne DESCRICAO

1 PP

2 PP_GRADES

3 SC_PISO

4 EQUIPAMENTOS

6. COMBINACOES
As combinagdes foram elaboradas conforme as orientagdes da NBR 8800,

utilizando os coeficientes apresentados nas tabelas abaixo:

Tabela 1 — Valores dos coeficientes de ponderaciio das agdes Y =Tn Yo

Agides permanentes (Yz) *°

Diretas
Peso proprio de
. . estruturas Peso proprio de -
Combinagdes Peso préprio Peso moldadas no clementos Peso proprio
dpe P proprio de local e de construtivas de elementos | Indiretas
estruturas elementos - o construtives
estruturas ré construtivas industrializados em geral e
metalicas pre- . L com adigdes ng
moldadas | industrializados in foco equipamentos
& EMpuxos
permanentes
1,25 1,30 1,35 1.40 1,50 1,20
Mormais
(1,00} (1,00} {1.00) {1.00) (1,00} (0}
Especiais ou 1,15 1,20 1,25 1.30 1,40 1,20
de construgio (1,00} (1,00} (1.00) {1.00) {1.00) [
1,10 1,15 1.15 1.20 1,30 o
Excepcionais
(1,00} (1,00} {1.00) {1.00) {1.00) (o

Agbes variaveis (yq) >

Acbes Demais aghes varidveis,
Efeito da temperatura ® Agao do vento g " incluindo as decorrentes
truncadas -
do uso & ocupagio
Mormais 1,20 140 1.20 1,50
Especiais ou

de construgio 1,00 1.20 1,10 1,30
Excepcionais 1,00 1,00 1,00 1.00

Os valores entre parénteses comes| aos cosficientes para as agles permanentes favordweis 3 seguranga; ages vardveis
& excepoionais favordveis 3 seguranca ndc devem ser incluidas nas combinagdes.

0 efeito de temperatura citado ndo mclui o gerade por equipamentes, o qual deve ser considerado agdo decorrente do uso & ocupagao
da edificagdo.

Nas combinagdes nomais, as acdes permanentes dirstas que ndo sdo favoriveis 3 seguranca podem, opcionalments, ser consideradas
todas agrupadas, com coeficiente de pnnderaq.au igual a 1,35 qua\dn as aqﬂes varidveis decomentes do uso & ocupago furem

supenares a § kMNim®, ou 1.40 quando isso n3o ccomer. Mas combinagdes especiars ou de construgdo, os coeficentes de ponderagio s3o
respectivamente 1, e 1,30, & nas combinagdes excepcionais, 1.15 2120,

Mas cnntnagees nommais, se as agdes permanentes dirstas que ndo s3o favordveis 3 seguranca forem agrupadas, as agdes vardveis
que n3o s3o favordveis 3 seguranga podem, opcionalments, ser consideradas também todas agrupadas, com cosficients de pon:lem-:an
igual a 1.50 quando as agles variaveis decorrentes do uso e ocupag3o forem superiores a § kMim®. ou 1.40 quando isso ndo ocomrer
[mesmo nesse caso, o efeito da temperatuwra pode ser considerado iscladamente, com o seu prégrio coefidente de pnnderaq.au}
Mas mnﬂxnal;:ues especiais ou de construg3o, os cosficientes de ponderagio s3o respectivamentz 1,30 & 1,20, e nas combinages
excepscionais, sempre 1,00.

Agles truncadas sdo consideradas agbes variaweis cuja distribuigio de maximos & truncada por um dispesitive fisico, de modo gue
o valor dessa agdo ndo possa superar o Fmite comespondente. O coeficients de ponderagdo mostrado nesta Tabela se aplica a este
vaborfimite.
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7]
Agdes Li
v | Wt | oyt
Locais em que ndo hé predominéncia de pesos e de
equipamentos gue permanecem fixos por longos periodos 0.5 0.4 0,3
Agdes de tempo, nem de elevadas concentragies de pessoas =
variaveis - . .
Locais em que ha predominancia de pesos e de
causadas pelo 3 .
uso & equipamentos que permanscem ﬁxosupor longos permcdos 0.7 0.6 0.4
ocupacio de tempo, ou de elevadas concentragdes de pessoas
Bibliotecas, arquivos, depdsitos, oficinas e garagens e
. 0,8 0,7 0,6
sobrecargas em coberturas (ver B.5.1)
Vento Pressdo dindmica do vento nas estruturas em geral 0.6 0,3 0
A - - PR
Temperatura Varagoes uniformes de temperatura em relacao a meédia 06 05 03
anual local
Cargas Passarelas de pedestres 0.6 0.4 0,3
mm.'eus. 8 SEus Yigas de rolamento de pontes rolantes 1,0 0,8 0,5
efeitos
dindmicos Pilares & outros elementos ou subestruturas que suportam
h 0,7 0,6 0.4
vigas de rolamento de pontes rolantes

Ver aineac)de 4.7.5.3.

Edificagfes residenciais de acesso restito.

Edificagbes comerciais, de escritorios & de acesso publico.
Para estado-limite de fadiga (ver Anexo K}, usar Wy igual a 1,0,

Para combinagdes excepcionais onde 3 agdo principal for sismo, admite-se adotar para Wy o valor zero.

Combinagdes Raras de Servigo
As combinagdes para o estado limite de servico foram adotadas como raras

para se avaliar o pior caso de deslocamentos da estrutura.

Z?’gG +Q+Z‘//1ij
j=2

6.2. Combinacées Ultimas Normais

2796 +}“q1Q+ZZ’1]l//0]QJ
j=

6.3. Numeracao das Combinacoes

N° | COMBINACAO |CARREGAMENTO (N°) * COEFICIENTE DE
PONDERACAO

1 | CP(ELS) 1*1,00 +2%1,00 -

2 | CP+SC(ELS) 1*1,00 +2*1,00 +3*1,00 +4*1,00

3 | CP(ELV) 1*1,25 +2%1,40 -

4 | CP+SC(ELVL) 1*1,25 +2%1,40 +3%1,50 +4*1,00
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1. ANALISE ESTRUTURAL
O modelo de calculo foi criado a partir de um sistema unifilar de barras e nos

no software STRAP, mostrado a seguir:
Para as imagens a seguir, os elementos sdo representados de acordo com a

simbologia padrao de andlise estrutural:

Linhas — Barras
Pontos — N6s

Circulos — Rétulas de momento fletor.

7.1. Modelo de Calculo — Barras por Propriedade

4500

TR T 5x1305=6525

Figura 1 - Vista 3D — UNIFILAR STRAP

7.2. Deslocamento da Estrutura

Os deslocamentos da estrutura sao limitados em L/350.
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7.3. Numeragao dos Noés

6—'—'_ ''''' T 5x1305=6525

Figura 2 — Vista 3D — NUMERACAO DOS NOS

7.4. Numeracgao das Barras

o T 5%1305-6525

Figura 3 — Vista 3D — NUMERAGAO DAS BARRAS

8. RESULTADOS DA ANALISE ESTRUTURAL

9.1 Deslocamentos Verticais
Os deslocamentos verticais da estrutura sdo limitados em L/350.
Consultar a planilha de deslocamentos nodais para conferimento dos valores

em todos os elementos da estrutura no sentido gravitacional.
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MAX. DESLOCAMENTOS (Unids: cm)

N6 X1 X2 X3 X4 X5 X6
N6 max |0.0000000{ 0.0000000( 0.0000000| 0.0000000| 0.0000000( 0.0000000
1 0 0 0 0 0 0
N6 max |0.0000000{ 0.0000000( 0.0000000| 0.0000000| 0.0000000( 0.0000000
2 0 0 0 0 0 0
N6 max |0.0000000{ 0.0000000( 0.0000000| 0.0000000| 0.0000000( 0.0000000
3 0 0 0 0 0 0
N6 max |0.0000000{ 0.0000000( 0.0000000| 0.0000000| 0.0000000( 0.0000000
4 0 0 0 0 0 0
N6 méx [0.0000000] 0.0000000| 0.0000000| 0.0000000] 0.0000000| 0.0000000
5 0 0 0 0 0 0
N6 méx  [0.0000000] 0.0000000| 0.0000000| 0.0000000| 0.0000000| 0.0000000
6 0 0 0 0 0 0
N6 méx [0.0000000] 0.0000000| 0.0000000| 0.0000000] 0.0000000| 0.0000000
7 0 0 0 0 0 0
N6 méx  [0.0000000] 0.0000000| 0.0000000| 0.0000000| 0.0000000| 0.0000000
8 0 0 0 0 0 0
N6 max [0.0000000{ 0.0000000( 0.0000000{ 0.0000000( 0.0000000( 0.0000000
9 0 0 0 0 0 0
N6 max [0.0000000{ 0.0000000( 0.0000000{ 0.0000000( 0.0000000( 0.0000000
10 0 0 0 0 0 0
N6 max [0.0000000{ 0.0000000( 0.0000000( 0.0000000( 0.0000000( 0.0000000
11 0 0 0 0 0 0
N6 max [0.0000000{ 0.0000000( 0.0000000{ 0.0000000( 0.0000000( 0.0000000
12 0 0 0 0 0 0
N6 méx [0.0000000] 0.0000000| 0.0000000| 0.0000000| 0.0000000| 0.0000000
13 0 0 0 0 0 0
N6 méx  [0.0000000] 0.0000000| 0.0000000| 0.0000000| 0.0000000| 0.0000000
14 0 0 0 0 0 0
N6 max |0.0000000{ 0.0000000( 0.0000000| 0.0000000| 0.0000000( 0.0000000
15 0 0 0 0 0 0
N6 max |0.0000000{ 0.0000000( 0.0000000| 0.0000000| 0.0000000( 0.0000000
16 0 0 0 0 0 0
N6 max [0.0000000{ 0.0000000( 0.0000000{ 0.0000000( 0.0000000( 0.0000000
17 0 0 0 0 0 0
N6 max [0.0000000{ 0.0000000( 0.0000000{ 0.0000000( 0.0000000( 0.0000000
18 0 0 0 0 0 0
N6 max [0.0000000{ 0.0000000( 0.0000000{ 0.0000000( 0.0000000( 0.0000000
19 0 0 0 0 0 0
N6 max [0.0000000{ 0.0000000( 0.0000000{ 0.0000000( 0.0000000( 0.0000000
20 0 0 0 0 0 0
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N6 méx |0.0000000| 0.0000000| -0.7167293| 0.0027324| 0.0000000/ 0.0000000
21 0 0 2 2 2 0
N6 méx |0.0000000| 0.0000000| -0.8137078| 0.0030804| -0.0000006| 0.0000000
22 0 0 2 2 2 0
N6 méx |0.0000000| 0.0000000| -0.6152853| 0.0023291| -0.0000006| 0.0000000
23 0 0 2 2 2 0
N6 méx |0.0000000{ 0.0000000| -0.3735581| 0.0014238| -0.0000001| 0.0000000
24 0 0 2 2 2 0
N6 méx |0.0000000{ 0.0000000| -0.7167303| -0.0027324| 0.0000000| 0.0000000
25 0 0 2 2 2 0
N6 méx |0.0000000| 0.0000000| -0.8140018| -0.0030769| -0.0000006/ 0.0000000
26 0 0 2 2 2 0
N6 méx |0.0000000| 0.0000000| -0.6155130| -0.0023265| -0.0000006| 0.0000000
27 0 0 2 2 2 0
N6 méax |0.0000000{ 0.0000000| -0.3736968| -0.0014222| -0.0000001| 0.0000000
28 0 0 2 2 2 0
N6 méax |0.0000000{ 0.0000000| -0.0568369| 0.0055384| 0.0000000{ 0.0000000
29 0 0 2 2 2 0
N6 méax |0.0000000{ 0.0000000| -0.0646169| 0.0062410| -0.0000006/ 0.0000000
30 0 0 2 2 2 0
N6 méax |0.0000000{ 0.0000000| -0.0488648| 0.0047197| -0.0000006/ 0.0000000
31 0 0 2 2 2 0
N6 méx |0.0000000| 0.0000000| -0.0296377| 0.0028883| -0.0000001| 0.0000000
32 0 0 2 2 2 0
N6 méx |0.0000000| 0.0000000| -0.0568371| -0.0055384| 0.0000000/ 0.0000000
33 0 0 2 2 2 0
N6 méx |0.0000000| 0.0000000| -0.0646097| -0.0062404| -0.0000006| 0.0000000
34 0 0 2 2 2 0
N6 méx |0.0000000| 0.0000000| -0.0488621| -0.0047194| -0.0000006/ 0.0000000
35 0 0 2 2 2 0
N6 méx |0.0000000{ 0.0000000| -0.0296361| -0.0028881| -0.0000001| 0.0000000
36 0 0 2 2 2 0

9.2 Reacgoes de Apoio

Os valores das reacg0es de apoio estdo em funcéo dos eixos de coordenadas

global da estrutura.
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REACOES (Unids: tf, tfrmetro)
né cmb X1 X2 X3 X4 X5 X6
1 Max 0.000 0.000 0.841 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.090 0.000 0.000 0.000
Comb 1 1 1 1 1 1
2 Max 0.000 0.000 1.636 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.135 0.000 0.000 0.000
Comb 1 1 1 1 1 1
3 Max 0.000 0.000 1.636 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.135 0.000 0.000 0.000
Comb 1 1 1 1 1 1
4 Max 0.000 0.000 1.636 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.135 0.000 0.000 0.000
Comb 1 1 1 1 1 1
5 Max 0.000 0.000 1.636 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.135 0.000 0.000 0.000
Comb 1 1 1 1 1 1
6 Max 0.000 0.000 0.841 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.090 0.000 0.000 0.000
Comb 1 1 1 1 1 1
7 Max 0.000 0.000 0.841 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.090 0.000 0.000 0.000
Comb 1 1 1 1 1 1
8 Max 0.000 0.000 1.636 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.135 0.000 0.000 0.000
Comb 1 1 1 1 1 1
9 Méax 0.000 0.000 1.636 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.135 0.000 0.000 0.000
Comb 1 1 1 1 1 1
10 Méax 0.000 0.000 1.636 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.135 0.000 0.000 0.000
Comb 1 1 1 1 1 1
11 Max 0.000 0.000 1.636 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.135 0.000 0.000 0.000
Comb 1 1 1 1 1 1
12 Max 0.000 0.000 0.841 0.000 0.000 0.000
Comb 1 1 2 1 1 1
Min 0.000 0.000 0.090 0.000 0.000 0.000
Comb 1 1 1 1 1 1
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13 Méax 0.000 0.000 1.165 0.000 0.000 0.000
Comb 1 1 2 1 2 1
Min 0.000 0.000 0.264 0.000 0.000 0.000
Comb 1 1 1 1 1 1
14 Max 0.000 0.000 2.291 0.000 0.000 0.000
Comb 1 1 2 1 2 1
Min 0.000 0.000 0.490 0.000 0.000 0.000
Comb 1 1 1 2 1 1
15 Méax 0.000 0.000 1.732 0.000 0.000 0.000
Comb 1 1 2 1 2 1
Min 0.000 0.000 0.381 0.000 0.000 0.000
Comb 1 1 1 2 1 1
16 Max 0.000 0.000 0.605 0.000 0.000 0.000
Comb 1 1 2 1 2 1
Min 0.000 0.000 0.155 0.000 0.000 0.000
Comb 1 1 1 2 1 1
17 Méax 0.000 0.000 1.165 0.000 0.000 0.000
Comb 1 1 2 1 2 1
Min 0.000 0.000 0.264 0.000 0.000 0.000
Comb 1 1 1 1 1 1
18 Max 0.000 0.000 2.291 0.000 0.000 0.000
Comb 1 1 2 2 2 1
Min 0.000 0.000 0.490 0.000 0.000 0.000
Comb 1 1 1 1 1 1
19 Max 0.000 0.000 1.732 0.000 0.000 0.000
Comb 1 1 2 2 2 1
Min 0.000 0.000 0.381 0.000 0.000 0.000
Comb 1 1 1 1 1 1
20 Max 0.000 0.000 0.605 0.000 0.000 0.000
Comb 1 1 2 2 2 1
Min 0.000 0.000 0.155 0.000 0.000 0.000
Comb 1 1 1 1 1 1
9.3
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9.4 Esforgos nas Barras

MAX. RESULTADOS (Unids: tf, tfmetro)
Barra Axial V2 V3 MT M2 M3
1 Max 0.000 0.000 0.885 0.000 0.088 0.000
Comb. 1 1 4 4 4 1
Min 0.000 0.000 0.153 0.000 0.000 0.000
Comb. 1 1 1 1 3 1
2 Max 0.000 0.000 2.549 0.000 0.255 0.000
Comb. 1 1 4 4 4 1
Min 0.000 0.000 0.379 0.000 0.000 0.000
Comb. 1 1 1 1 4 1
3 Méax 0.000 0.000 0.019 0.000 0.916 0.000
Comb. 1 1 3 4 4 1
Min 0.000 0.000 -0.019 0.000 0.161 0.000
Comb. 1 1 4 1 1 1
4 Méax 0.000 0.000 3.377 0.000 0.337 0.000
Comb. 1 1 4 4 4 1
Min 0.000 0.000 0.488 0.000 0.000 0.000
Comb. 1 1 1 1 4 1
5 Max 0.000 0.000 1.713 0.000 0.171 0.000
Comb. 1 1 4 4 4 1
Min 0.000 0.000 0.262 0.000 0.000 0.000
Comb. 1 1 1 1 1 1
6 Max 0.000 0.000 -0.087 0.000 0.909 0.000
Comb. 1 1 1 4 4 1
Min 0.000 0.000 -0.590 0.000 0.015 0.000
Comb. 1 1 4 1 1 1
7 Max 0.000 0.000 1.245 0.000 1.432 0.000
Comb. 1 1 4 1 4 1
Min 0.000 0.000 -1.245 0.000 0.000 0.000
Comb. 1 1 4 1 1 1
8 Max 0.000 0.000 2.434 0.000 2.799 0.000
Comb. 1 1 4 1 4 1
Min 0.000 0.000 -2.434 0.000 0.000 0.000
Comb. 1 1 4 1 1 1
9 Max 0.000 0.000 2.434 0.000 2.799 0.000
Comb. 1 1 4 1 4 1
Min 0.000 0.000 -2.434 0.000 0.000 0.000
Comb. 1 1 4 1 1 1
10 Max 0.000 0.000 2.434 0.000 2.799 0.000
Comb. 1 1 4 1 4 1
Min 0.000 0.000 -2.434 0.000 0.000 0.000
Comb. 1 1 4 1 1 1
11 Max 0.000 0.000 1.245 0.000 1.432 0.000
Comb. 1 1 4 1 4 1
Min 0.000 0.000 -1.245 0.000 0.000 0.000
Comb. 1 1 4 1 1 1
12 Max 0.000 0.000 2.434 0.000 2.799 0.000
Comb. 1 1 4 1 4 1
Min 0.000 0.000 -2.434 0.000 0.000 0.000
Comb. 1 1 4 1 1 1
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13 Max 0.000 0.000 0.590 0.000 0.909 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 0.087 0.000 0.015 0.000

Comb. 1 1 1 1 1 1

14 Max 0.000 0.000 1.670 0.000 2.621 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 0.234 0.000 0.038 0.000

Comb. 1 1 1 1 1 1

15 Max 0.000 0.000 2.206 0.000 3.472 0.000
Comb. 1 1 4 1 4 1

Min 0.000 0.000 0.306 0.000 0.049 0.000

Comb. 1 1 1 4 1 1

16 Max 0.000 0.000 1.126 0.000 1.760 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 0.160 0.000 0.026 0.000

Comb. 1 1 1 1 1 1

17 Max 0.000 0.000 -0.153 0.000 0.088 0.000
Comb. 1 1 1 1 4 1

Min 0.000 0.000 -0.885 0.000 0.000 0.000

Comb. 1 1 4 4 3 1

19 Max 0.000 0.000 1.072 0.000 0.699 0.000
Comb. 1 1 4 1 4 1

Min 0.000 0.000 -1.072 0.000 0.000 0.000

Comb. 1 1 4 4 1 1

20 Max 0.000 0.000 1.072 0.000 0.699 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 -1.072 0.000 0.000 0.000

Comb. 1 1 4 1 1 1

21 Max 0.000 0.000 0.536 0.000 0.175 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 -0.536 0.000 0.000 0.000

Comb. 1 1 4 1 1 1

22 Max 0.000 0.000 1.072 0.000 0.700 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 -1.072 0.000 0.000 0.000

Comb. 1 1 4 1 3 1

23 Max 0.000 0.000 1.072 0.000 0.700 0.000
Comb. 1 1 4 1 4 1

Min 0.000 0.000 -1.072 0.000 0.000 0.000

Comb. 1 1 4 4 1 1

24 Max 0.000 0.000 0.536 0.000 0.175 0.000
Comb. 1 1 4 1 4 1

Min 0.000 0.000 -0.536 0.000 0.000 0.000

Comb. 1 1 4 4 1 1

25 Max 0.000 0.000 0.022 0.000 2.628 0.000
Comb. 1 1 3 4 4 1

Min 0.000 0.000 -0.022 0.000 0.397 0.000

Comb. 1 1 4 1 1 1
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26 Max 0.000 0.000 -0.234 0.000 2.620 0.000
Comb. 1 1 1 4 4 1

Min 0.000 0.000 -1.671 0.000 0.038 0.000

Comb. 1 1 4 1 1 1

27 Max 0.000 0.000 0.022 0.000 3.479 0.000
Comb. 1 1 3 4 4 1

Min 0.000 0.000 -0.022 0.000 0.511 0.000

Comb. 1 1 4 1 1 1

28 Max 0.000 0.000 -0.307 0.000 3.471 0.000
Comb. 1 1 1 4 4 1

Min 0.000 0.000 -2.207 0.000 0.049 0.000

Comb. 1 1 4 1 1 1

29 Max 0.000 0.000 0.019 0.000 1.767 0.000
Comb. 1 1 3 1 4 1

Min 0.000 0.000 -0.019 0.000 0.275 0.000

Comb. 1 1 4 4 1 1

30 Max 0.000 0.000 -0.160 0.000 1.760 0.000
Comb. 1 1 1 1 4 1

Min 0.000 0.000 -1.126 0.000 0.026 0.000

Comb. 1 1 4 4 1 1

31 Max 0.000 0.000 0.584 0.000 0.381 0.000
Comb. 1 1 4 1 4 1

Min 0.000 0.000 -0.584 0.000 0.000 0.000

Comb. 1 1 4 4 1 1

32 Max 0.000 0.000 0.584 0.000 0.381 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 -0.584 0.000 0.000 0.000

Comb. 1 1 4 1 1 1

33 Max 0.000 0.000 0.292 0.000 0.095 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 -0.292 0.000 0.000 0.000

Comb. 1 1 4 1 1 1

34 Max 0.000 0.000 0.584 0.000 0.381 0.000
Comb. 1 1 4 4 4 1

Min 0.000 0.000 -0.582 0.000 0.000 0.000

Comb. 1 1 4 1 1 1

35 Max 0.000 0.000 0.582 0.000 0.381 0.000
Comb. 1 1 4 1 4 1

Min 0.000 0.000 -0.584 0.000 0.000 0.000

Comb. 1 1 4 4 1 1

36 Max 0.000 0.000 0.292 0.000 0.095 0.000
Comb. 1 1 4 1 4 1

Min 0.000 0.000 -0.292 0.000 0.000 0.000

Comb. 1 1 4 4 1 1

37 Max 0.000 0.000 -0.379 0.000 0.255 0.000
Comb. 1 1 1 1 4 1

Min 0.000 0.000 -2.549 0.000 0.000 0.000

Comb. 1 1 4 4 3 1
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MAX. RESULTADOS (Unids: tf, tf'metro)

Barra Axial V2 V3 MT M2 M3
38 Max 0.000 0.000 -0.488 0.000 0.338 0.000
Comb. 1 1 1 1 4 1
Min 0.000 0.000 -3.377 0.000 0.000 0.000
Comb. 1 1 4 4 3 1
39 Max 0.000 0.000 -0.262 0.000 0.171 0.000
Comb. 1 1 1 1 4 1
Min 0.000 0.000 -1.712 0.000 0.000 0.000
Comb. 1 1 4 4 1 1
* Maximo 0.000 0.000 3.377 0.000 3.479 0.000
Barra 1 1 4 33 27 1
Comb. 1 1 4 4 4 1
* Minimo 0.000 0.000 -3.377 0.000 0.000 0.000
Barra 1 1 38 36 22 1
Comb. 1 1 4 4 3 1

10 DIMENSIONAMENTO DA ESTRUTURA

Levando em consideracdo todas as premissas de norma, lancamento
estrutural, carregamentos e condi¢cdes de apoio, foi obtido o resultado apresentado
no item a seguir.

Qualquer alteracéo devera ser comunicada ao responsavel técnico.

A Tabela a seguir apresenta todas propriedades de acordo com o as figuras

apresentadas no item 7.1.

TABELA DE PROPRIEDADES (unidades - cm.)

PROPRIEDADE N.1 - W200x19.3

A=0.2510E+02 12=0.1686E+04 13=0.1153E+03  J=0.3060E+01 SF2=0.450
Material = 1 - STEE Perimetro=80.240 SF3=0.441
h2=10.200 h3=20.300 e2=5.100 e3=10.150
W 200x19.3

PROPRIEDADE N.2 - W250x22.3

A=0.2890E+02 12=0.2939E+04 13=0.1224E+03 J=0.3724E+01 SF2=0.496
Material =1 - STEE Perimetro=90.440 SF3=0.407
h2=10.200 h3=25.400 e2=5.100 e3=12.700
W 250x22.3

PROPRIEDADE N.3 - Ue#150x60x20#3.04

A=0.8816E+01 12=0.3010E+03 13=0.4242E+02  J=0.2626E+00 SF2=0.500
Material = 1 - STEE Perimetro=58.610 SF3=0.500
h2=6.000 h3=15.000 €2=4.080 €3=7.500

Ue# 150x60x20#3.04
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10.1 Capacidade das Barras
A capacidade das barras é a relacdo entre o esfor¢co solicitante e o esforgo
resistente de cada elemento. Sd / Rd apresentado em percentual, com cores como

na tabela abaixo:

Cor Capacidade Cor Capacidade

— o ¥ 5 |60 |% — |90 |= 5 |102 |%
60 |% a |70 |% — 102 |% a |10 |%

— |70 |% a g}; —— 110 | % a Eﬁz
80 |% a |90 |% —— 125 |% & |999 |%

10.2 Capacidade a Esforgos (Axial + Momento)
M
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10.4 Capacidade a Deformacgao

4509

10.5 Resultados de dimensionamento
Resultados para a barra mais solicitada:

| X2 (Eixo maior)

Barra: 4 10
9 I
} 4 60 |
RESTRICOES DADOS de CALCULO
- Secdes - Werificar -Kx=1.00 - Ky =1.00
-Aco Tipo: MR250 - Esbeltez adm. - 200 (compr.) 240 (trac.)

- Flecha admissivel  © 1/350
- Fator Redutor de Area Tracionada :1.00
- Sistema : Deslocavel

TRAVAMENTOS INTERMEDIARIOS

L= 230

Torcdo-Lat| +-

Compressao Y

Secdo: W 200x19.3

lx= 1686.00 ly= 115.27cm4 Wplx= 182.6 Wply = 35.41cm3 Area = 2510
hw= 203.00 bf= 102.00mm tw= 580 tf= 6.50mm
J= 3.06 Cw= 10000.0cmb

COMBINACAO de CALCULC= 2

Diagrama de Momentos M2
0.00 0.00

1.88

Momentos nos trav. intermediarios:
1.88
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Max. Forca AXIAL= 0.00 (trac.) Max. Forca CORTANTE= 164
ICLASSIFICACAO DA SECAQ: ** COMPACTA **=
Relacdo Limite: Comp. MNao-Compacta Esbelto -axial
hit= 33.28 < 106.3 161.2 421 (fy=250.0 R= 0.000)
bit= 7.85 < 10.7 28.3 15.8
CALCULC EQUACAO FATORES VALORES RESULT
Cortante V3 VsdNVrk < 1 Aw = 1177 Vsd = 164
5.4.311a Vrd=0_6"Ty"Aw/1_1 Vrd = 16.06 0.10
Momento M2 Msd Z = 182862 Msd = 1.88
(G.2.1a) <1.00 Mrd = 415 0.45
sem FLT Mrd
Deformacao def. def. =
<1.00 0.01230 0.94
L /350
Flambagem Msd Lb = 2.30 Msd = 1.88
Lateral <1.00 Lp = 1.07 Mrd = 415 0.45
com Torcao Mrd Lr = 333 Mr = 291
G.21b Cb = 1.3 Mp = 457
Segmento critico de 0.00 a 2.30 na mesa +z
Momentos na extr. do se?menlo: 000e 188 |
PROPRIEDADE 01
— | X2 (Eixo maior)
Barra: 14 18
4, 15, 27, |
28, 38 l 460 |
RESTRICOES DADOS de CALCULO
- Secdes - Werificar -Kx=1.00 -Ky=1.00
- Aco Tipo: MR250 - Esbeltez adm. : 200 (compr.) 240 (trac.)
- Flecha admissivel - 1/350

- Fator Redutor de Area Tracionada :1.00
- Sistema : Deslocavel
TRAVAMENTOS INTERMEDIARIOS

L= 0.10 1.53 3.06 4.49
Torcdo-Lat| +- +- +- +-
Compressao Y Y Y Y

Secdo: W 250x22. 3

Ix= 2939.00 ly= 122 43cmd Wplx= 257.6 Wply = 37.91cm3 Area = 28.90
hw= 25400 bf= 102.00mm tw= 5.80 tf= 6.90mm
J= 372 Cw= 16000.0cm6

COMBINACAO de CALCULO=2

Diagrama de Momentos M2

0.00 0.00
236
Momentos nos trav. intermediarios:
023 235 236 024
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Max. Forca AXIAL = 0.00 {trac.) Max. Forca CORTANTE= 229
ICLASSIFICACAO DA SECAO: ** COMPACTA / ESBELTA =
Relacdo Limite:  Comp. N&o-Compacta Esbelto -axial
hit= 42.24 < 106.3 161.2 421 (fy=250.0 R= 0.000)
bi= 7.29 < 10.7 28.3 15.8
CALCULO EQUACAO FATORES VALORES |RESULT
Cortante V3 Vsd/Tk < 1 Aw = 1473 Vsd = 229
54.311a Vrd=0.6"Ty*Aw/1.1 Vrd = 20.09 0.11
Momento M2 Msd Z = 25757 Msd = 2.36
(G.2.1a) <1.00 Mrd = 585 0.40
sem FLT Mrd
Deformacao def. def. =
=1.00 0.00932 0.
L /330
Flambagem Msd Lb = 1.53 Msd = 236
Lateral =1.00 Lp = 1.02 Mrd = 531 0.44
com Torcao Mrd Lr = 3.04 Mr = 405
G.21b Cb = 1.00 Mp = 644
Segmento critico de 1.53 a 3.06 na mesa +Z
Momentos na extr. do se?menloz 235e 236 |

PROPRIEDADE 02

e | X2 (Eixo maior)
Barra: 25 26

22 |
} 2 61 |
RESTRIC@ES DADOS de CALCULO
I Secbes - Verificar -Kx=1.00 -Ky=1.00
L Aco Tipo: MR250 - Esbeltez adm. : 200 (compr.) 240 (trac.)
- Flecha admissivel - 1/350

- Didmetro dos furos na alma : 0.0 {(mm)
- Sistema : Deslocavel

‘ Seco: Ue# 150x60x20#3.04 ‘

X= 300.98 ly= 42.42cmd Welx= 40.13 Wely = 10.40cm3 Area = 8.82
h = 15000 b= 60.00mm t= 304 r= 3.04mm

J= 026 Cw= 212507cm6

e0x= -47.68 e0y= 0.00mm jx= 83.06 jy= 0.00mm

‘ COMBINACAQ de CALCULO=4 ‘

Diagrama de Momentos M2
0.00 0.00

0.70
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Max. Forca AXIAL = 0.00 (frac.) Max Forca CORTANTE= 1.07
CALCULO EQUACAD FATORES VALORES RESULT
V3 Shear Vu/(gvvn)< 1.00 v = 095 Vvu = 107
(C3.2.1-2) Vn=0.60"Fy*h*t h*t = 419 Vn = 629 0.18
M2 Moment Mu Se = 4013 Mu = 0.70
(C31.1-1) <1.00 Fy = 30881 Mn = 124 0.59
$b*Mn ob = 095
M2 Moment V{ Mu ® o (Vu ) Mu = 070
and Shear { 1+ } < 1.00 Vu = 107 062
(C3.3.2-1) (b*™Mn ) (ev*Vn )
Deflection defl. lxe = 300.98
— <1.00 lye = 4242 defl = 0.75
L/ 350 0.00558
Lateral Sc = 4013 Mu = 0.70
Torsional Mu Sf = 4013 Mn = 098
Buckling <1.00 Le = 2861 Mc = 098
(C31.21-1) ob*Mn Cb = 1.14 Me = 1.19 0.79
ot = 1563 My = 124
oey= 1449
gex= 10130
@b = 090 ro = 785
Critical Segment from 0.00 to 2.61 on +z flange
Segment End Moments: | 0.00and 0.00
I
Combined Mux Muy Mux = 0.70
Stresses + < 1.00 Mnx = 098 0.79
ab*Mnx ab*Mny Muy = 0.00
(C5.2.2-3) | Mny = 028

PROPRIEDADE 03

10.6 Ligacgoes
10.6.1 Ligagao propriedade 01 — W200x19,3

'

Beam: W200X19.3 - A572M-345
Moment: O N-mm
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Shear: 450,x107°2 N
Axial Force: O N

*khkkkkkkkk A” Welds Are E48XX *kkkkkkkkk

Left Side Beam
Shear Connection Using Clip Angle(s):

Clip Angles: 2L76X76X4.8 X 151 mm
Angle Material: A36M

Support Side Connection: 3 E48XX Fillet Welds
Effective Thickness of Support Material: 45 mm
Beam Side Connection: 2 Bolts M19 A325M-N -STD

Bolt Holes on Beam Web: 21 mm Vert. X 21 mm Horiz.
Bolt Holes on Angles: 21 mm Vert. X 21 mm Horiz.
Beam Web Thickness: 5,8 mm

Beam Web Height: 167 mm

Beam Setback: 10 mm

Loading:
Vertical Shear, V = 450,x10"2 N
Axial Load, H=0N
Resultant, R = (VA2 + H"2)"0.5 = ((450,x1072)"2 + (0)"2)"0.5 = 450,x10"2 N

Check Clearances:
Beam Web Clear Height = 167 >_ 151 mm (OK)
Column Flange Width = 405 > 163,8 mm (OK)

Support Side Weld: 3 E48XX

Angle Thickness = 4,8 mm
Support Thickness = 45 mm

Minimum Weld =5 mm
Weld Size = 5 mm
Maximum Weld =5 mm
Weld Size =5 mm

Weld Design Strength (One Line), @Rn:

= 152.7*c1*w*L/(1+12.96*e"2/L"2)"0.5
=152.7*1*3*151 /(1 + 12.96 * 76”2 /151"2)"0.5
=334,2x10"2 N
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Reduction Factor for Support Thickness, Rt:

= 1.6973*fy*ts/((WL+WR)*E)

=1.6973 * 250 * 45/((3 + 0)*480)

=13,26 >_ 1 No Reduction, Design Strength (One Line) = 334,2x10"2 N

Weld Design Strength = 668,5x1072 > 450,x10"2 N (OK)

Beam Side Bolts: 2 Bolts - M19 A325M-N -STD
Spacing, s = 75 >_ Minimum Spacing = 50,667 mm (OK)

Distance to Horizontal Edge, ev:
=38 > 32 mm (OK)

Distance to Vertical Edge, eh:
=26 >_ 26 mm (OK)

Gage on Angle Leg in Beam Web:
=50 >_ 32 mm (OK)

Design Shear Strength of Bolts:
= 2*N*(@rn) = 2*2 * 701,7x10"2 = 280,7x10"3 >_ 450,x10"2 N (OK)

Bolt Bearing on Angles:

Bearing Strength/Bolt/Thickness Using Bolt Edge Dist. = Fbe
=0.75*Fu*(e-i)

=0.75*400 * (38 -0)

= 114,x10"2 N/mm << 0.75* 2.4*Fu*d = 136,8x1072 N/mm

Bearing Strength/Bolt/Thickness Using Bolt Spacing = Fbs
=0.75*Fu*(s-d/2-i)

=0.75*400* (75-19/2 -0)

=196,5x1072 N/mm, Use 0.75* 2.4*Fu*d = 136,8x10"2 N/mm

Design Bearing Strength = 2*(Fbe + Fbs*(n-1))*t
= 2*(114,x10"2 + 136,8x10"2 * (2 - 1)) * 4,8
= 240,8x10”3 >_ 450,x10"2 N (OK)

Bolt Bearing on Beam Web:

Bearing Strength/Bolt/Thickness Using Bolt Spacing = Fbs
=0.75*Fu*(s-d/2-i)

=0.75*450* (75-19/2 -0)

= 221,1x1072 N/mm, Use 0.75* 2.4*Fu*d = 153,9x1072 N/mm

Design Bearing Strength = Fbs * n * t

=153,9x10"2 *2 *5,8

=178,5x10"3 >_ 450,x10"2 N (OK)
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Design Shear Strength of the Beam:

Design Shear Rupture Strength, @Rn
= (d - n*(dh+02))*tw*0.75*0.6*Fu
=(203-2*23)*5,8*0.75*0.6 * 450
=184,4x10"3 N

Design Shear Yield Strength:

h=167 mm t=58mm A=1177 mm”"2 Fy = 345 N/mm”2
a >>> h (No stiffeners)

h/t = 167/5,8 = 28,793
h/t = 28,793 <_ 1096/Fy™0.5 = 59,007

Vn = 0.6*Fy*A
=0.6 * 345 * 1177
=243,7x10"3 N
@Vn = 0.9*243,7x10"3 = 219,3x10"3 N

Beam Shear Strength = Min(@Rn, @Vn) = 184,4x10"3 >_ 450,x10"2 N (OK)

Design Shear Strength of Angle(s):

Shear Yielding Design Strength:

Gross Area, Ag = L*t = 151 * 4,8 = 724,8 mm”2

@Rn = 2*0.54*Ag*Fy = 2 * 0.54 * 724,8 * 250 = 195,7x10"3 > 450,x10"2 N (OK)
Shear Rupture Design Strength:

Net Area on Beam Side Leg, An:
= (L-n*(dh+02))*t = (151 - 2 * (21+02))* 4,8 = 0 mm"2

An =504 mm”"2

@Rn = 2*0.45*An*Fu = 2* 0.45 * 504 * 400 = 181,4x10"3 >_ 450,x10"2 N (OK)
Block Shear Strength of Beamside Leg of One Angle:

Gross Length with Tension resistance, Lgt = Lh = 26 mm

Net Length with Tension resistance, Lnt
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= Lgt - (dh+02)/2 = 26 - 23/ 2 = 14,5 mm

Gross Length with Shear resistance, Lgv
=(n-1)*s+Lv
=(2-1)*75+38=113 mm

Net Length with Shear resistance, Lnv
=Lgv - (n - 0.5)*(dv+02)

=113 - (2 - 0.5)*23)

=78,5mm

Lnt << 0.6*Lnv

@Rn = 0.75*(0.6*Fu*Lnv + Fy*Lgt)*t

= 0.75*(0.6* 400 * 78,5 + 250 * 26) * 4,8
=912,2x1072 > 225,x10"2 N (OK)

10.6.2 Ligagao propriedade 02 — W250x22,3

Beam: W250X22.3 - A572M-345
Moment: O N-mm
Shear: 450,x1072 N
Axial Force: O N

kkkkkkkkkk A" Welds Are E48XX *kkkkkkkkk
Left Side Beam
Shear Connection Using Clip Angle(s):
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Clip Angles: 2L76X76X4.8 X 151 mm
Angle Material: A36M

Support Side Connection: 3 E48XX Fillet Welds
Effective Thickness of Support Material: 45 mm
Beam Side Connection: 2 Bolts M19 A325M-N -STD

Bolt Holes on Beam Web: 21 mm Vert. X 21 mm Horiz.
Bolt Holes on Angles: 21 mm Vert. X 21 mm Horiz.
Beam Web Thickness: 5,8 mm

Beam Web Height: 218 mm

Beam Setback: 10 mm

Loading:
Vertical Shear, V = 450,x10"2 N
Axial Load, H=0N
Resultant, R = (V"2 + H"2)"0.5 = ((450,x1072)"2 + (0)"2)"0.5 = 450,x10"2 N

Check Clearances:
Beam Web Clear Height = 218 > 151 mm (OK)
Column Flange Width = 405 >_ 163,8 mm (OK)

Support Side Weld: 3 E48XX

Angle Thickness = 4,8 mm
Support Thickness = 45 mm

Minimum Weld =5 mm
Weld Size = 5 mm
Maximum Weld =5 mm
Weld Size =5 mm

Weld Design Strength (One Line), @Rn:

= 152.7*c1*w*L/(1+12.96*e/2/L"2)"0.5
=152.7*1*3*151 /(1 + 12.96 * 76”2 /15172)"0.5
= 334,2x10"2 N

Reduction Factor for Support Thickness, Rt:

= 1.6973*fy*ts/((wL+WR)*E)

=1.6973 * 250 * 45/((3 + 0)*480)

= 13,26 >_ 1 No Reduction, Design Strength (One Line) = 334,2x10"2 N

Weld Design Strength = 668,5x1072 > 450,x10"2 N (OK)

Beam Side Bolts: 2 Bolts - M19 A325M-N -STD
Spacing, s = 75 >_ Minimum Spacing = 50,667 mm (OK)
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Distance to Horizontal Edge, ev:
=38 >_32 mm (OK)

Distance to Vertical Edge, eh:
=26 >_26 mm (OK)

Gage on Angle Leg in Beam Web:
=50 >_32 mm (OK)

Design Shear Strength of Bolts:
= 2*N*(@rn) = 2*2 * 701,7x1072 = 280,7x10"3 >_ 450,x10"2 N (OK)

Bolt Bearing on Angles:

Bearing Strength/Bolt/Thickness Using Bolt Edge Dist. = Fbe
=0.75*Fu*(e-i)

=0.75*400 * (38 -0)

=114,x107"2 N/mm << 0.75* 2.4*Fu*d = 136,8x1072 N/mm

Bearing Strength/Bolt/Thickness Using Bolt Spacing = Fbs
=0.75*Fu*(s-d/2-i)

=0.75*400* (75-19/2 -0)

= 196,5x1072 N/mm, Use 0.75* 2.4*Fu*d = 136,8x1072 N/mm

Design Bearing Strength = 2*(Fbe + Fbs*(n-1))*t
= 2*%(114,x10"2 + 136,8x10"2 * (2 - 1)) * 4,8
= 240,8x10"3 >_ 450,x1072 N (OK)

Bolt Bearing on Beam Web:

Bearing Strength/Bolt/Thickness Using Bolt Spacing = Fbs
=0.75*Fu*(s-d/2-i)

=0.75*450* (75-19/2 -0)

=221,1x107"2 N/mm, Use 0.75* 2.4*Fu*d = 153,9x1072 N/mm

Design Bearing Strength = Fbs * n * t
= 153,9x10"2 * 2 * 5,8
= 178,5x10"3 >_ 450,x1072 N (OK)

Design Shear Strength of the Beam:

Design Shear Rupture Strength, @Rn
= (d - n*(dh+02))*tw*0.75*0.6*Fu
=(254-2*23)*5,8*0.75*0.6 * 450
= 244,3x10"3 N
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Design Shear Yield Strength:

h=218 mm t=58mm A=1473 mm”"2 Fy =345 N/mm”2
a >>> h (No stiffeners)

h/t = 218/5,8 = 37,586
h/t = 37,586 <_ 1096/Fy™0.5 = 59,007

Vn = 0.6*Fy*A
= 0.6 * 345 * 1473
= 305,x10"3 N
@Vn = 0.9*305,x10"3 = 274,5x10"3 N

Beam Shear Strength = Min(@Rn, @Vn) = 244,3x10"3 >_ 450,x10"2 N (OK)

Design Shear Strength of Angle(s):

Shear Yielding Design Strength:

Gross Area, Ag = L*t =151 * 4,8 = 724,8 mm”"2

@Rn = 2*0.54*Ag*Fy = 2 * 0.54 * 724,8 * 250 = 195,7x10"3 >_ 450,x1072 N (OK)
Shear Rupture Design Strength:

Net Area on Beam Side Leg, An:
= (L-n*(dh+02))*t = (151 - 2 * (21+02))* 4,8 = 0 mm"2

An =504 mm”~2

@Rn = 2*0.45*An*Fu = 2* 0.45 * 504 * 400 = 181,4x10"3 >_ 450,x10"2 N (OK)
Block Shear Strength of Beamside Leg of One Angle:

Gross Length with Tension resistance, Lgt = Lh =26 mm

Net Length with Tension resistance, Lnt
= Lgt- (dh+02)/2 =26 -23/2=14,5mm

Gross Length with Shear resistance, Lgv
=(n-1)*s+ Lv
=(2-1)*75+38=113 mm

Net Length with Shear resistance, Lnv

=Lgv - (n - 0.5)*(dv+02)

=113-(2-0.5)*23)
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=78,5mm

Lnt << 0.6*Lnv

@Rn = 0.75%(0.6*Fu*Lnv + Fy*Lgt)*t

= 0.75*(0.6* 400 * 78,5 + 250 * 26) * 4,8
=912,2x1072 > 225,x10"2 N (OK)

10.6.3 Ligagao propriedade 03 — UE150X60X20X3,00

Beam Connection to Girder
Girder: W250X22.3

Beam: UE150X60X20X3,00 — A36
Moment: O N-mm

Shear: 110x10"2 N

Axial Force: O N

*kkkkkkkkk A” Welds Are E48XX *kkkkkkkkk

Left Side Beam
Shear Connection Using One Plate:

Plate: 120 mm X 95 mm X 4,76 mm

Plate Material: A36M

Beam Setback: 25 mm
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Bolts: (2) M12.7 A325M-N -STD

Bolt Holes on Beam Web: 0 mm Vert. X 0 mm Horiz.
Bolt Holes on Plate: 14,7 mm Vert. X 14,7 mm Horiz.
Weld: 5" E48XX Fillet Weld, both sides of PL.

Loading:
Vertical Shear, V =110,x10"2 N
Axial Load, H=0N
Resultant, Ru = (VA2 + H"2)"0.5 = ((110,x1072)"2 + (0)"2)"0.5 = 110,x10"2 N

Check Bolt Spacing and Edge Distance:
Spacing, s = 60 >_ Minimum Spacing = 33,867 mm (OK)

Distance to Horiz. Edge of PL, ev:
=30 >_28 mm (OK)

Bolt Strength:

Distance from Weld Line to Bolt Line, a = 65 >_ 65 mm (OK)
Distance from Weld Line to Bolt Line, a = 65 <_ 75 mm (OK)
Load Eccentricity for Bolts, eb:

Assume Flexible Support
eb = Max(Abs(25*(n-1)-a),a)
= Max(Abs(25*(2 - 1) - 65), 65)
=65 mm

Bolt Group Strength Coefficient for Eccentric Load:

Number of Bolts = 2, Spacing = 60 mm, C = 0,8226

Bolt Group Design Strength = C*Fv = 0,8226 * 313,5x10"2 = 257,9x10"2 >
110,x1072 N (OK)

Design Shear Strength of the Beam:

Block Shear:

Net Length with Tension resistance, Lnt
= |h-6 - (dh+02)/2 =34 -2 /2 =33 mm

Gross Length with Tension resistance, Lgt = 1h-6 = 34 mm

Net Length with Shear resistance, Lnv
= ((n - 21)*(s - (dv+02)) + Lv - (dv+02)/2)
=((2-1)*(60-2)+30-2/2)

=87 mm
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Gross Length with Shear resistance, Lgv
=(n-1)*s+Lv
=(2-1)*60+30=90 mm

Lnt << 0.6*Lnv
@Rn = 0.75*(0.6*Fu*Lnv + Fy*Lgt)*tw
= 0.75*%(0.6* 450 * 87 + 345 * 34) * 8,1
=214,x10"3 N

Design Shear Yield Strength:

h=120mm t=8,1mm A=1191 mm”"2 Fy =345 N/mm”2
a >>> h (No stiffeners)

h/t =120/8,1 = 14,815
h/t = 14,815 <_ 1096/Fy™0.5 = 59,007

Vn = 0.6*Fy*A
= 0.6 * 345 * 1191
= 246,5x10"3 N

@Vn = 0.9*246,5x10"3 = 221,8x10"3 N
Beam Shear Strength = Min(@Rn, @Vn) = 214,x10”3 >_ 110,x10"2 N (OK)
Coped Beam Web Strength:

Top Cope Length = 48,1 mm
Top Cope Depth = 15 mm
Bottom Cope Length = 0 mm
Bottom Cope Depth =0 mm
c =48,1 mm
e=73,1mm
hO =147 mm
d =162 mm

c/h0 <_ 1, k = 2.2%(h0/c)*1.65
= 2.2 * (147/48,1)*1.65
= 13,898

cd<_1,f=2*c/d
=2*48,1/162
=0,5938

@Fbc = 162700**k*(tw/h0)"2

=162700 * 0,5938 * 13,898 * (8,1/147)"2

= 4077 N/mm”2
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Buckling Strength = @Fbc * Snet/e
=4077 * 473,9x10"2 / 73,1
= 264,3x10" >_110,x1072 N (OK)

Local Web Flexural Yielding, @bMn/e:
= 0.9*Fy*Snet/e = 0.9 * 345 * 473,9x10"2 / 73,1
=201,3x1073 >_ 110,x1072 N (OK)

Design Shear Strength of the Plate:
Shear Rupture Design Strength:

@RN =0.75*0.6 * Fu * (L - n * (dh+02)) * t
= 0.45 * 400 * (120 - 2 * 16,7) * 4,76
= 742,x10"2 >_ 110,x10"2 N (OK)

Shear Yielding Design Strength:

@Rn = (0.9 * 0.6 * Fy * L) *t
= (0.54 * 250 * 120) * 4,76
= 771,1x10"2 >_ 110,x1072 N (OK)

Block Shear Rupture Design Strength:

Net Area with Tension Resistance, Ant
=(Lh-(dh+2)/2)*t
=(30-(14,7+2)/2)*4,76

=103 mm~2

Net Area with Shear Resistance, Anv
=(L-Lv-(N-0.5)*(dv+2)*t
=(120-30-(2-0.5) * (14,7 + 2)) * 4,76
= 309,2 mm”~2

Gross Area with Tension Resistance, Agt
=Lh*t=30%*4,76 = 142,8 mm”2

Gross Area with Shear Resistance, Agv
= (L-Lv)*t = (120 - 30) * 4,76 = 428,4 mm"2

Ant << 0.6*Anv

@Rn = 2*0.75* (0.6 * Fu * Anv + Fy * Agt)
= 0.75* (0.6 * 400 * 309,2 + 250 * 142,8)
=824,2x1072 > 110,x10"2 N (OK)
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Bolt Bearing on Plate:

Bearing Strength/Bolt/Thickness Using Bolt Edge Dist. = Fbe
=0.75*Fu*(e-i)

=0.75*400* (30-0)

= 9000 N/mm << 0.75* 2.4*Fu*d = 9144 N/mm

Bearing Strength/Bolt/Thickness Using Bolt Spacing = Fbs
=0.75*Fu*(s-d/2-i)

=0.75*400 * (60 - 12,7/2 - 0)

= 161,x10"2 N/mm, Use 0.75* 2.4*Fu*d = 9144 N/mm

Bearing Design Strength = (Fbe + Fbs * (n - 1)) *t * ef
= (9000 + 9144 * (2-1)) *4,76 * 0,4113
= 355,2x1072 > 110,x10"2 N (OK)

Bolt Bearing on Beam Web:

Bearing Strength/Bolt/Thickness Using Bolt Spacing = Fbs
=0.75*Fu*(s-d/2-i)

=0.75*450 * (60 - 12,7/2 - 0)

= 181,1x1072 N/mm, Use 0.75* 2.4*Fu*d = 102,9x1072 N/mm

Bearing Strength/Bolt/Thickness Using Bolt Edge Dist. = Fbe
=0.75*Fu*(e-i)

=0.75*450* (30 -0)

=101,3x1072 N/mm << 0.75* 2.4*Fu*d = 102,9x10"2 N/mm

Bearing Design Strength = (Fbe + Fbs*(n-1))*t*ef
=(101,3x10"2 + 102,9x10"2 * (0 - 1)) * 8,1 * 0,4113
=680,x10"2 > 110,x10"2 N (OK)

Weld Design Strength:
Minimum Weld Size = 3 <_ 5 mm (OK)

Load Eccentricity on Weld, ew = a+eb = 65+65 =130 mm
Weld Strength Coefficient, C = 98,008

Weld Design Strength=C*L* w
= 98,008 * 120 * 5
=588,x10"2 > 110,x10"2 N (OK)
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