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RESUMO

Os incéndios sdo catédstrofes acidentais que acarretam um carregamento de carga
varidvel nas estruturas. As estruturas metalicas sdo extremamente suscetiveis a esses
carregamentos, principalmente pela transformacdo dos seus indices mecanicos, que
acontecem pela agdo da carga térmica, mediante essas cargas o modulo de elasticidade se
degrada. Esse trabalho tem por objetivo fazer uma andlise de 3 porticos metalico com
diversas temperaturas variando entre os 22 °C até 1000 °C para verificar o seu
comportamento em condi¢des de incéndio, utilizando o software que baseia seus calculos
no método dos elementos finitos, SAP2000, além de monitorar o deslocamento de nos
especifico com relacao as temperaturas. Verificou-se a vulnerabilidade de perfis metalicos
a temperatura, percebendo que a depender do carregamento inicial da temperatura o portico
perde boa parte da capacidade resistente logo nas temperaturas iniciais, mas quanto maior a
folga em que o projeto foi concebido, mais carga térmica ele ird suportar, com a analise de
3 porticos com diferente caracteristicas, sendo o intervalo entre 500 °C a 600 °C considerado
um dos mais criticos devido a queda brusca do modulo de elasticidade. Foi comentado
critérios para a avaliacao de estruturas que tenham sofrido ac¢do de incéndio. Com recursos
do software, encontramos perfis mais robustos, com uma geometria que parenta maior area
da sessao transversal, para que os poOrticos consigam suportar uma carga de incéndio a

temperatura de 700 °C.

Palavras-chave: Poértico metélico; carga térmica; SAP2000; analise computacional;
degradacdo do médulo de elasticidade.



SUMARIO

1. INTRODUCAO 11
1.1 CONTEXTUALIZACAOQ ..uueeereeecrerereresesesesesssssessssssssssssesessssssssssessssssssssssesssess 11
1.2 JUSTIFICATIV A...cceeecceneccnnecssnsessassessasssssasssssassssssssssssssssssssssssssssssssssasssssassss 13
1.3 OBUJETIVOS...iereiccneeccnnccnnnecsasessassessassessasssssasesssasssssssessssssssssssssasssssasssssasssss 13
1.3.1 GERAL .cicceiiiinneeeetreccssssssnssssssscssssssssssssssscsssssssssasssssssssssssssssssssssssssssssnsasssssssssssssssnasss 13
1.3.2 ESPECIFICOS auueeiicerrreeecccssnseccssnsaecsssnssssssssnsasessssssssssssnssssssssssssssssnssssssssssssssssnsssssssanss 14
2. REVISAQO DE LITERATURA ....ucuurrerrrnnsessssssssssssssssssssssssssssssssssssssssass 15
2.1 TRANSFERENCIA DE CALOR......uueecrncnenesesesssesssessssssessssessssssessssssessses 15
2.2 PROPRIEDADES DO ACO....cccconiiiirricrcnnccssnnesssnsessnsesssssessssssssasssssasssssasssssasssssns 16
2.2.1 EXPANSAO TERMICA ...cuueierraeicrsanccssasecssnsessnsessnsessssssssasssssasssssasssssasssssasssssasasssnsssssns 16
2.2.2 DEFORMACAQ ESPECIFICA ..uuueeeeeerrereesssssssnseseessssssssssssssssesssssssssssssssssssssssssssssssssasess 17
2.2.3 TENSAO DE ENGENHARIA ...ccccrssenessscccssssssssssssssscssssssssssssssssssssssssssssssssssssssssssssssssssssss 17
2.2.4 ELASTICIDADE ...cuuuueeeeeteeeccssssssssssssssescsssssssnssssssscsssssssssasssssssssssssssssasssssssssssssssasssssssess 18
2.2.5 PLASTICIDADE ...uuueeeeeeeeeccssssssssssssssescsssssssnsssssssesssssssssasssssssssssssssssasssssssssssssssasssssssess 18
2.2.6 GRAFICO TENSAO VS. DEFORMAGAOQ ..ceceeraressascssasessassossassossasssssasssssasssssasssssassssens 19
2.2.7 MODULO DE ELASTICIDADE ....cuuttecsascossancossascsssascsssassssassssssssossasssssasssssasssssasssssasassens 20
2.2.8 PROPRIEDADES DO ACO EM ALTA TEMPERATURA ..cccceeeeeeecccsssonsasseesecccssssssansassasecs 20
2.3 ANALISE ESTRUTURAL DO PORTICO METALICO ......cvevrrrrerressessessenne 23
2.3.1 SIMULACAO COMPUTACIONAL PELO SAP2000.....ccccceeeeuuuucecceeceeeeeeneneccccccseesessesees 24
2.4 CRITERIOS DE PROJETO .uuueeeerenneencsenesssssesesssssssssssssssssessssssssssssssssssssssses 24
2.4.1 COMBINACOES DE CARREGAMENTO DE PROJETO ..ccceeeeerereeererereeeeeneneeeseeeeeneseseseaens 25
2.4.2 COEFICIENTE DE FLAMBAGEM UTILIZADA PELA AISC 360-16......cccccoovvvnnnenneence 26
2.4.3 RESISTENCIA A FORCAS AXIAIS DE TRACAO E COMPRESSAOQ .....cccorueeeeeraneeecsssnnaece 26
2.4.4 RESISTENCIA A FORCAS AXIAIS DE COMPRESSAQ ....ccccrsureecrssaneeccsssnasecsssnnsscssssnnsace 28
2.4.5 CLASSIFICACAO DE SECOES PARA FLAMBAGEM LOCAL ....cccerrrneneeeeeccccssneanaaneenees 29
2.4.6 MOMENTO FLETOR RESISTENTE DE CALCULOQ ...ueeeeeecrssaneeccssaneeccessnseeccssansescsssansene 31
2.4.7 PROJETO DE MEMBROS PARA CARGAS COMBINADAS ..cccccconssssrnsensssscssssssssssssssascss 32
2.4.8 MEMBROS DE DUPLA E SIMPLES SIMETRIA, SUJEITOS A FLEXAO, COMPRESSAO E
TRACAO AXIAL. «ecceeeeeeeeeeveecccceceessssssssscccecssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasee 33
3. MATERIAL E METODOS ....covueeueeueeressessessessessessessessessssssessssessessessessessessessassssasses 36
3.1 CONSTRUCAO ESTRUTURAL DE REFERENCIA NO SOFTWARE ........... 37
3.2 ANALISE SEM AS CARGAS TERMICAS.......ccovverrerresrersessessessssssssssessessssessesses 51
3.2.1 ANALISES INICIAIS NOS PORTICOS DESCONSIDERANDO AS CARGAS TERMICAS E AS
COMBINACOES DE CARGAL. ceeeteeerereeeeeneeeseeeeesesesesesssesssssssessssssssssssssssssssssssssssssssssssssssssssssssss 51
3.3 LANCAMENTO DAS CARGAS TERMICAS.....ouovvirererrerercscreresessssessssssessssesens 54
3.3.1 PROCESSO DE ANALISE DO SOFTWARE...ccccccereerarecsansecsassessasssssassssnsasssasssssasesssnsaes 57

3.3.2 COMBINACOES DE CARGAS PARA O DESIGN ....ccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesesesesesens 63



3.3.3 DESLOCAMENTOS MAXIMOS PERMITIDOS PELA AISC 360 E PELA NBR 8800...... 64
3.3.4 ANALISES DOS PORTICOS CONSIDERANDO AS CARGAS TERMICAS E AS
COMBINACOES DE CARGA UTILIZANDO O DESIGN DE ESTRUTURAS DE ACO DO SAP... 65

3.3.5 REACOES DE APOIO DOS PORTICOS SOB SITUACAO DE INCENDIO...cceeeerrrunnneeeeenees 74
4. RESULTADOS E DISCUSSOES..uuuuiieetiririeerenesssesessesssssesssssssssssssssssssssssssssssssssssses 77
4.1 DESLOCAMENTOS HORIZONTAIS E VERTICALIS. ......ccetttereeereeeeeeeeeeeeenenens 77
4.1.1 DESLOCAMENTOS MAXIMOS DO PORTICO EHR3....uuueeeeereeeecirrrrneeeeeeeccssssnsnsesneesens 77
4.1.2 DESLOCAMENTOS MAXIMOS DO PORTICO EGR1...uuuuueeeereeeeerrrrrneneeeeeessssssnnnesesenees 79
4.1.3 DESLOCAMENTOS MAXIMOS DO PORTICO ZSR1 ....cceeeeeeeeeerrrrrnneeereneessssonnneesseecsssns 82
4.2 PERDA DA CAPACIDADE DEVIDO A TEMPERATURA ......cccceeettereeeeeeeneenne 84
4.2.1 RELACAO (D/C) VS. TEMPERATURA PORTICO EHR3........ccccerrureercerecccnneccnsecconsencns 84
4.2.2 RELACAO (D/C) VS. TEMPERATURA PORTICO EGRl1.......cucteerrerecrrerccccaneccnnccsonnecces 86
4.2.3 RELACAO (D/C) VS. TEMPERATURA PORTICO ZSRI1 ....cccevurerreressercssnsessansessaasessns 88
4.3 DETERMINACAO DE PERFIS QUE SUPORTEM A TEMPERATURA DE
TOOOC  eeeeetteceecrssnnnsssseeecsssssossansassessssssssssnasssssssssssssssnnssssesssssssssnnansassesssssssssananssasess 90
CONCLUSOES. .....cueveererernereressesnsesessssesssssesessessssssessssassssssesssssssssssessssssesessessssssessssasssesses 94
SUGESTOES PARA TRABALHOS FUTUROS ....uouveeeeeeececeesesesesssssesesesescsssesenes 96
REFERENCIAS ...ouvceivetenerenscsesessesssesesssessssessesssesssssssssssssssessssesssssssessssessessssessssesseses 97

APENDICE A — RESULTADO DAS ANALISES DOS PORTICOS SEM CARGA DE
TEMPERATURA E COM COMBINACAO DE PROJETO. 100

APENDICE B — RESULTADOS DAS ANALISES DOS SAP DAS DO PORTICO
EHR3 COM APLICACAO DAS CARGAS DE TEMPERATURAS A E
COMBINACOES DE PROJETO. .....uuceirerrenereresesessenesesssessssessssssssssasssssssssssessssssssssens 113

APENDICE C- RESULTADOS DAS ANALISES DOS SAP DAS DO PORTICO
EGR1 COM APLICACAO DAS CARGAS DE TEMPERATURAS A E
COMBINACOES DE PROJETO. ....uueeercrrencrnescsenssesssssssssssssssssssssssssssssessssssssssseses 158

APENDICE D — RESULTADOS DAS ANALISES DOS SAP DAS DO PORTICO
ZSR1 COM APLICACAO DAS CARGAS DE TEMPERATURAS A E
COMBINACOES DE PROJETO. c..uueeeenecneescnnesssssssssssssssssssssessssssssssssssssssssssssesss 202

APENDICE E - RESULTADOS DAS ANALISES DOS SAP DO PORTICO EHR3
USANDO A DEGRADACAO DO ACO PROPOSTO POR MARTINES (1997).... 257

APENDICE F — RESULTADOS DAS ANALISES DOS SAP DO PORTICO EGR1
USANDO A DEGRADACAO DO ACO PROPOSTO POR MARTINES (1997).... 269



APENDICE G — RESULTADOS DAS ANALISES DOS SAP DO PORTICO ZSR1
USANDO A DEGRADACAO DO ACO PROPOSTO POR MARTINES (1997).... 281

APENDICE H — RESULTADOS DAS ANALISES E SUGESTAO DOS SAP PARA
PERFIS DOS PORTICOS USANDO A DEGRADACAO DO ACO NBR14323 E
TEMPERATURA DE 700 °C. 296




1. INTRODUCAO

O uso do ago esta presente em diversas formas na vida das pessoas desde a aurora da
civilizacdo, seu uso evoluiu ao longo do tempo, desde ferramentas, armas e armaduras até uso
em estruturas. Esse material possui diversas vantagens e desvantagens que serdo apresentados

nos textos a seguir.

1.1 CONTEXTUALIZACAO

A data precisa pela qual foi iniciado o uso de materiais metalicos pela humanidade nao
¢ precisa, estima-se ser mais de 6 mil anos e foi de extrema importancia para o desenvolvimento
da civilizagao (LIRA, 2018). Apds milhares de anos de aperfeicoamento dos materiais
metalicos, eles estdo presente em diversas formas dentro da civilizagdo, sendo um desses
metais, 0 aco que tem grande destaque na construcdo civil pelo mundo. Segundo (PFEIL;
PFEIL, 2021) o primeiro material siderurgico empregado na construcao civil foi uma liga ferro—
carbono conhecida como ferro fundido que em 1779 sendo empregado na construgdo de uma
ponte em arco com vao de 30 m, batizada de Coalbrookdale, que podemos ver na Figura 1,
sobre o rio Severn na Inglaterra.

Figura 1 — Ponte Coalbrookdale

o
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Fonte: Ironbridge (2022).

No Brasil, no ano de 1946 ¢ ativado o primeiro forno metalurgico da estatal a época,
Companhia Sidertrgica Nacional (CSN), com a usina localizada na cidade de Volta Redonda —

RJ e passou a produzir chapas de ago, com processo tecnoldgico apropriado e 2 anos depois,
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iniciou-se o processo de fabricacao de perfis laminados, (NEVES; CAMISASCA, 2013) e hoje
cada dia que se passa o uso de aco na construcao civil do Brasil ¢ cada vez maior. Segundo
dados de 2021 do Centro Brasileiro da Construcdo em Ag¢o (CBCA), motivado pela boa
produtividade e pelo preco do material além da capacidade de vencer grandes vaos, e muitas
vezes com pegas feita sob medida, o Brasil ¢ o 7° maior produtor de aco do mundo
(CHAMBERLAIN et al., 2013). O ago vem facilitando ainda mais a execuc¢ao de grandes obras,
como por exemplo em pontes, estagdes de transporte, arenas esportivas, obras ferroviarias,
rodoviarias, edificios industriais e comerciais, torres de transmissao, antenas e construcao
naval, tubulagdes, e outros tipos de estruturas.

As vantagens do uso do ago na construgdo civil sdo inimeras, mostrando-se ser um
material diversificado, podendo compor sozinho estruturas inteiras ou sendo utilizado de
maneira mista junto com o concreto, o0 aco esta presente em praticamente em todas as estruturas,
ja as suas desvantagens podemos citar as mais importantes como elevado custo do material se
comparado a outros métodos como concreto armado, seu transporte, que requer veiculos e mao
de obra especializados, por serem elementos pré-moldados podem ser transportados por longas
distancias mas nao alcanca lugares remotos com facilidade e a perca répida de resisténcia em
casos de incéndio (SILVA, 2012).

Durante a vida 1til de uma estrutura, ela estd sujeita a diversos fendmenos fisicos,
naturais ou ndo, como agdes do vento, dilatacdo térmica, incéndios etc. Os engenheiros
projetistas analisam esses fendOmenos para que possa tomar medidas preventivas ou formular
acOes rapidas para situagdes que podem ocorrer. Um bom exemplo de estrutura que sofre acdes
fisicas € a torre Eiffel, que ja passou inclusive por um incéndio em 2003 (BBC, 2003), outra
acdo importante ressaltar ¢ que o grande monumento por ser composto quase inteiramente de
aco sofre grande efeito de dilatagdo térmica, chegando a uma variagdo de 15 cm em relagdo a
minima e a maxima temperatura anual (adaptado de: TOUREIFFEL, 2021).

Considerando essas problemadticas abordadas nos tdpicos acima, surge um grande
problema para os engenheiros projetistas, ndo basta apenas possuirmos tecnologia em
construcado de civil se ndo existirem meios de fazermos calculos precisos e rapidos para grandes
estruturas, garantindo que a estrutura cumpra todos os critérios de projeto impostos a ela. Com
isso a crescente modernizagdo do setor de construgao, esta atrelada diretamente a construgao de
modelos de trabalho mais rapidos e precisos como por exemplo o auxilio da computacao grafica

que através de softwares desenvolvidos ou adaptados para a construcao civil, € possivel realizar
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a construgdo de estruturas em ambientes virtuais com diversos tipos de materiais e prever todas
as acOes de cargas possiveis na estrutura.

Um desses softwares profissionais mais conhecidos na area ¢ o SAP2000, que possui
diversas fun¢des apoiadas em multiplas normas de varios paises diferentes, com ele € possivel
ndo apenas desenhar estruturas, como também langar cargas, trazendo ao projetista facilidade
para modelar e dimensionar as estruturas.

Com ajuda de um software de modelagem computacional de estrutura e sabendo que o ago
¢ um dos materiais mais empregados na constru¢do civil, tanto em estruturas metéalicas quanto
em estrutura mista de concreto e ago, e que tem uma alta dilatacdo térmica gerando
deslocamentos na estrutura. Sera feito uma analise do deslocamento em relagdo a variagao de
temperatura e reagdes nos apoios e esforcos nas se¢des com intuito de verificar o

comportamento da estrutura.

1.2 JUSTIFICATIVA

Garantir a seguranca das estruturas ¢ um dos principios dos estudos de engenharia
estrutural e para se garantir isso o engenheiro deve pensar nas situagoes criticas que a estrutura
estard submetida de acordo com os pardmetros das normas vigentes, para que possam ser
tomadas medidas preventivas que o auxiliem a garantir a seguranca. Uma dessas situacdes ¢
um incéndio, que provoca um aumento consideravel de carga térmica na estrutura, mudando as
propriedades mecanicas dos elementos que a constitui, podendo fazer um elemento da estrutura
colapsar, que ao romper aumentar a tensdo na estrutura de modo geral, gerando um efeito
dominé e colocando a estrutura toda em risco de colapso completo. Esse trabalho tem por
objetivo analisar os efeitos de um possivel incéndio em poérticos, gerando resultados da analise
e seguindo os critérios de normas, comparando os resultados entre as normas e literaturas

existentes, enriquecendo o conhecimento sobre o tema.
1.3 OBJETIVOS
1.3.1 Geral
Essa Pesquisa tem por objetivo analisar as alteragdes das propriedades mecénicas de trés

porticos metalicos quando submetidos as cargas de temperaturas, simulando carga de incéndio,

fazendo uma analise computacional utilizando o software SAP2000.

13



1.3.2 Especificos

Realizar a andlise de trés porticos metalicos com formatos e cargas distintas, no
software SAP2000 sob situagdo de carga térmica (avaliando o acréscimo da carga
at¢ um estado critico da estrutura) e esfor¢os internos (verificagao
demanda/capacidade).

Analisar os efeitos da temperatura em relagdo no deslocamento, juntamente com
a perda de capacidade resistente.

Comparar a degradagcdo do ago proposto pela NBR 14323:2013 Projeto de
estruturas de aco e de estruturas mistas de aco e concreto de edificios em situagao
de incéndio, com a proposta por (MARTINES, 1997) em Sicurezza Antincendio,

em situacao critica da estrutura.
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2. REVISAO DE LITERATURA
Para realizar um trabalho com qualidade ¢ importante buscar literaturas bases com um
bom grau de conhecimento e consagradas, neste topico apresentamos as literaturas bases para

a confecgao desse trabalho.

2.1 TRANSFERENCIA DE CALOR

Segundo (KREITH et al,. 2014) “A energia sera transferida sempre que houver um
gradiente de temperatura dentro de um sistema ou cada vez que dois sistemas com diferentes
temperaturas sejam postos em contato” tal fendmeno ocorre sempre de um sistema com
temperatura maior, para um de menor temperatura e pode ocorrer de trés formas:

e Radiag¢do, onde as ondas eletromagnéticas liberadas pelo sistema de maior
energia alcangam o de menor, fazendo assim com que esse sistema ganhe energia
térmica.

e Conducao, onde dois sistemas estao em contato fisico direto e a transferéncia ¢é
dada pela transferéncia de calor entre os &tomos de compde os corpos do sistema.

e (Convecgao, que ocorre somente em fluidos através do movimento dele, gerando
atrito interno entre suas moléculas e liberando energia, em vérias formas e em
forma de calor.

A Figura 2 ilustra como o ocorre a transferéncia de calor entre sistemas com temperatura
desequilibrada.

Figura 2 — Mecanismos de Transferéncia de calor

Vi / IICond ugao

Conveccgao

Fonte: Grim, 1999.
Seguindo o principio de radiagdo provocado por um incéndio, analisaremos

primeiramente um perfil de ago, que compde 3 poérticos, monitorando seus deslocamentos
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nodais em ralagdo a diversos niveis de temperatura, iremos fazer uma andlise de poérticos
metalicos em situagdo que recebe uma carga de temperatura, onde como descrito na Figura 2,
um material combustivel ao entrar em combustdo, gera ondas de calor, as ondas sdo
representadas pelos vetores (setas) e atingem outros objetos, fazendo-os aquecer, vamos
analisar esses porticos imediatamente ao receber essas cargas térmicas e atingir as temperaturas

estudadas.

2.2 PROPRIEDADES DO ACO

O aco ¢ uma liga metalica composta entre os elementos ferro (Fe) e carbono (C) com o
teor de carbono variando entre 0,008% e 2% em massa, em relagdo ao ferro. Dentro da variacao
de carbono da liga, temos varias classificagdes de ligas de ago, como o ago de alto, médio e
baixo carbono, além de agos formados com outras ligas e elementos (TSCHIPTSCHIN, 2019).

Cada material possui propriedades e caracteristicas o que através desses espera-se que
satisfaca a condicdo de uso final, segundo (ISAIA, 2010) “as caracteristicas térmicas
influenciam na forma escolhida para o seu processamento, tendo em vista que conforme
acontece a elevagdo da temperatura do material seu modulo de elasticidade diminui facilitando

sua moldagem”.

2.2.1 Expansiao térmica

A expansao térmica de um material ¢ uma das propriedades fisicas mais importantes
para os engenheiros projetistas, em vista que ela € relacionada com o ganho e perda de volume
e expansao e retracdo linear, causando assim deslocamentos nas estruturas, e fadiga, ao fazer a
estrutura passar por um ciclo de expansao e contracao.

O coeficiente de dilatagdo térmica linear ¢ expresso pela Equagao 1:

L AL
LT —T;) Li(AT)

a, (1)
Em que:

a; = Coeficiente de dilatagdo térmica linear (°C1);

Ly = Comprimento final (mm);

L; = Comprimento inicial (mm);

T; = Temperatura final (°C);

T; = Temperatura inicial (°C).
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E o coeficiente de dilatagdao volumétrica é dada pela Equagao 2:

7 A
Vi(Tr —T;)  L;i(AT)

a, (2)
Em que:

a,, = Coeficiente de dilatagio térmica volumétrica (°C~1);

Ly = Comprimento final (mm);

L; = Comprimento inicial (mm);

T; = Temperatura final (°C);

T; = Temperatura inicial (°C).

2.2.2 Deformacio especifica

A deformagdo especifica ocorre na variagao unitaria de comprimento de um corpo a
receber uma carga axial (URUGAL, 2009) a Equacdo 3 descreve essa propriedade é:
Ly —L; AL

=T (3)

E =

Em que:

€ = Deformacao especifica (adimensional);

L = Comprimento final (mm);

L; = Comprimento inicial (mm).

Observando o sinal de € podemos definir quando o corpo sofre um alongamento o

resultado € positivo e quando o corpo sofre uma retracao, o sinal € negativo.

2.2.3 Tensao de engenharia

Umas das propriedades mecanicas mais importante para a analise dos engenheiros

projetistas ¢ a tensdo de engenharia, que ¢ dada pela Equagdo 4:

0=A—0 (4)

Em que:
o = Tensdo de engenharia (kN/mm?);
F = Carga instantanea aplicada a dire¢do perpendicular(kN);

A, = Area da segio reta de aplicagio de carga (mm?).
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Onde temos uma forca perpendicular atuando sobre uma area, com ensaios utilizando a

tensao de engenharia, podemos obter dados em relagdo a propriedades mecanicas do material,
ISAIA (2010).

2.2.4 [FElasticidade

E a propriedade mecanica que esta ligada a capacidade do corpo em voltar ao seu
tamanho original apods sofrer a retirada da carga. Quanto o material recebe uma carga e sofre
um alongamento ou compressao usamos a Equacdo 3, ao retirar essa carga o valor de € deve
ser de 0, verificando que teremos um material com comportamento eldstico, nesse trabalho,
trabalharemos com estado limite eldstico (ISAIA, 2010), a Figura 3 mostra o grafico de um
material com deformagao elastica.

Figura 3 — Deformagao elastica

G

Tensio——s

Delormacao ——

Fonte: Lawrence (1970)

2.2.5 Plasticidade

A plasticidade ¢ oposta a elasticidade, ao aplicar uma carga o corpo sofre uma
deformagdo permanente. Apesar de ndo ser utilizado no trabalho, ¢ importante citar pois
precede o estado limite de ruptura de um elemento construtivo (ISAIA, 2010).

A Figura 4 mostra a deformagao permanente ao ser retirado a tensdo atuante no corpo.
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Figura 4 — Deformac@o plastica

Tensio—=

Deformagdn —

Fonte: Lawrence (1970)

2.2.6 Grafico tensao vs. deformacao

O grafico Tensdo vs. Deformagao tipico de aco laminado a frio mostrado na Figura 5,
mostra a zona elastica até o ponto A, aonde o, ¢ a tensdo limite da zona eldstica, conhecida
também como tensdo de escoamento, do trecho A-B temos o chamado zona de patamar de
escoamento, aonde para uma mesma tensao o temos um aumento das deformagdes. Ja no ponto
U temos a tensdo maxima o0,,, que diminui gradativamente até chegar no ponto F que ¢ o ponto
de ruptura total, o grafico ¢ importante pois através dele somos capazes de conhecer pontos
importantes sobre o material, como o comportamento elastico e o escoamento (SANTOS,
2019). Na zona elastica, o material sofrer uma deformagao e volta ao seu tamanho original sem
sofrer alongamento, na zona plastica, onde o material ao sofrer uma carga de determinada
intensidade, ndo ¢ capaz de voltar ao seu tamanho original, sofrendo um alongamento. Temos
os chamados materiais ducteis, como no caso do material que deu origem ao grafico da Figura
5, que apresenta grandes deformacdes antes do rompimento, ¢ a uma determinada carga,
permanece na fase elastica, podemos citar o aco como um material dactil. Temos o material
fragil, que se rompe com pouquissima ou nenhuma deformagao plastica, como o grafico da
Figura 3, podemos citar o ferro fundido cinzento e materiais cerdmicos como materiais frageis

(DOWLING, 2017).
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Figura 5 — Grafico Tensao vs. Deformagao

Tensao
A
0]
O max.
iastica X
A Regiao plastica F
A Ruptura
Oe , B total
|
Reéiéo elastica
|
o =iarc tg(E
N0 =larc tg(E) R
Deformacao €

Fonte: Santos (2019)

2.2.7 Modulo de elasticidade

O modulo de Young ou também conhecido como modulo de elasticidade de um material
tem relacdo com a sua rigidez, quando maior o modulo de elasticidade, menos deformavel ele
¢. A Equagdo 5 que relaciona a tesdo ¢ e a deformagdo € apresentadas na Figura 5 na regido
elastica:

o
E=—
€

(5)
Em que:
E = Modulo de elasticidade (kN/mm?);

o = Tensao de engenharia (kN/mm?);

€ = Deformacao especifica (mm/mm).

2.2.8 Propriedades do aco em alta temperatura

A NBR 14323:2013, Projeto de estrutura de ago e de estruturas mista de ago e concreto
de edificios em situagdo de incéndio, trata sobre estruturas em situacdes de incéndio, onde a
incidéncia de carga térmica sobre as estruturas sao altas. Como apresentado em 2.2 ao se elevar
a temperatura de um material, temos a diminuicdo do seu moddulo de elasticidade, por

consequéncia da sua tensdo de escoamento.
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Para uma taxa de aquecimento variando entre 2 °C/mim a 50 °C/mim, a Tabela 1 fornece
valores relativos a temperatura do ago, da resisténcia ao escoamento ¢ do modulo de

elasticidade, de modo que as Equacdo 6 e 7 sdo usadas para obter os valores:

ny
k,g = = 6
v,0 fy ( )
kgo = 3 (7)

Em que:

k¢ = fator de redugéo da resisténcia ao escoamento (adimensional);
kg ¢ = fator de redu¢do do modulo de elasticidade (adimensional);
Eg = moédulo de elasticidade reduzido (kN/mm?);

fy,e = resisténcia ao escoamento reduzido (kN/mm?);

fy =resisténcia ao escoamento (kN/mm?);

E = modulo de elasticidade (kN/mm?).

A NBR 14323:2013 traz a Tabela 1, de fatores de reducdo para essas situacdes:
Tabela 1 — Fatores de reduc¢éo da elasticidade e escoamento do aco NBR 14323,

Temperatura do aco Fator de reducio da resisténcia ao Fator de reducio do

0, escoamento modulo de elasticidade
°C ko kgo

20 1,000 1,000

100 1,000 1,000

200 1,000 0,900

300 1,000 0,800

400 1,000 0,700

500 0,780 0,600

600 0,470 0,310

700 0,230 0,130

800 0,110 0,090

900 0,060 0,068

1000 0,040 0,045

1100 0,020 0,023

1200 0,000 0,000

Fonte: ABNT NBR 14323:2013

Uma literatura que usaremos para comparar a degradagcao do modulo de elasticidade do
aco em alta temperatura € o Sicurezza Antincendio (MARTINES, 1997), onde a degradacao do

aco ¢ dada pela Equacao 8:

Eo_ ., 0
E 20001n(

(8)
11600)
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Em que:
6 = Temperatura (°C)
Utilizando a Equacdo 8, construimos a Tabela 2:

Tabela 2 — Fatores de redugao da elasticidade e escoamento do aco proposto por Martines (1997)

Fator de reduciao do

Temperatura do ago modulo de elasticidade

%, Eo
E
22 0,9972
100 0,9791
200 0,9413
300 0,8846
400 0,8023
500 0,6829
600 0,5051
700 0,2256
750 0,0209

Fonte: Autor

A Figura 6 traz a comparagdo em forma de grafico da comparacao entre a NBR 14323
e Martines (1997).
Figura 6 — Gréfico comparativo entre as quedas do modulo de elasticidade do ago da NBR14323 ¢ pela

degradacao proposta por (MARTINES, 1997).
Comparacao da degradagao do mdédulo de elasticidade

1,00
0,80
0,60

Martines

0,40 —&— NBR 14323

Fator Mdédulo de Elasticidade
Ee/E

0,20

0,00
0 200 400 600 800 1000 1200

Temperatura (°C)

Fonte: Autor
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Como observado pela Figura 6, podemos perceber que entre as temperaturas pouco
acima de 100 °C e por volta dos 720 °C, Sicurezza Antincendio tem um comportamento menos
conservador em relacdo a NBR 14323, porém apds esse valor o seu mddulo de elasticidade cai

para praticamente zero.

2.3 ANALISE ESTRUTURAL DO PORTICO METALICO

O projeto estrutural tem como objetivo a concepg¢ao de uma estrutura, podendo ser final,
como por exemplo estadios ou pontes, ou servindo de esqueleto, como por exemplo residéncias
e teatros, que atenda a todas as necessidades para as quais ela serd construida, satisfazendo
principalmente condigdes de seguranca e de utilizacdo, além de econOmicas, estéticas,
ambientais, construtivas e legais (MARTHA, 1955).

A estabilidade estrutural, ¢ o equilibrio e a capacidade que a estrutura tem de suportar
esfor¢os sem ficar instavel e correr o risco de levar a estrutura ao colapso (MERIAN; et al,
2022). Sendo um fator essencial para a seguran¢a de uso da estrutura a estabilidade ¢ primordial
determinar a seguranca em situagdes em que a estrutura estd carregada com uma alta carga de
temperatura.

As situagdes que geram instabilidade sdo importantes e devem ser analisadas pelo
engenheiro estruturalista para diversos tipos de estruturas, aqui o destaque maior sdo as
estruturas de aco, que devidos aos principios fisicos do material, sofre mudanga no seu volume
com mudanga em temperaturas, alterando as suas propriedades fisicas de resisténcia, tal efeito
¢ chamado de dilatacdo térmica, aonde a carga de temperatura elevada faz com que os corpos
sofram um aumento no seu volume. O efeito contrario também existe, e ¢ chamado de contracao
térmica, onde a energia térmica do sistema € retirada.

A dilatagdo térmica e contragdao, pode acontecer diariamente como por exemplo, por
aquecimento solar ou em industrias que necessitam de energia térmica para funcionar, causando
dilatacdo e contragdo, causando fadiga na estrutura, embora seja importante citar tais aspectos,
o enfoque dessa pesquisa estd direcionado a alta carga de temperatura na estrutura e o efeito
que ela causa no perfil metalico no exato instante em que a carga esta atuando sobre o corpo
metalico.

O dimensionamento de estruturas metalicas no Brasil deve seguir as normas nacionais
e ¢ o ideal para confeccionar esse trabalho ¢ a utilizagdo da NBR 14323:2013 ¢ NBR 8800:2008,
para assegurar a integridade e funcionamento da estrutura em conformidade com o padrao
nacional, todavia como o software adotado ¢ projetado em conformidade com a norma

ANSI/AISC 360-16 -Specification for Structural Steel Buildings.
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2.3.1 Simulac¢do computacional pelo SAP2000

O SAP2000 ¢ um software baseado em elementos finitos, com interface grafica 2D e/ou
3D, orientado a objetos, que trabalha com modelagdo estrutural, analise dos mais diversos
variados tipos de problemas de engenharia, além de realizar o seu dimensionamento, dando
op¢ao ao projetista uma lista com diversas normas para trabalhar pautado na que mais for
conveniente, além de possuir uma vasta lista de materiais com possibilidade de insercao de
novos materiais através de importacdo ao ambiente do software ou criacdo, além de materiais
mas também de modificacao de diversos pardmetros de calculo, critério do projetista, a Figura
7 mostra a analise das deformag¢des de uma estrutura analisadas pelo SAP.

Figura 7 — Analise computacional de deformacao de estrutura no SAP2000
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Fonte: CSI America (2021).

2.4 CRITERIOS DE PROJETO

O projeto de uma estrutura de ago consiste em calcular as forcas e tensdes atuantes na
estrutura ao longo de todo elemento construtivo. Essa analise obtém a relacdo de cargas atuantes
da estrutura e capacidade de resisténcia pelo sistema construtivo, que deve atender a norma

vigente para garantir a seguranca da constru¢do. O SAP2000 faz uma verificagdo desses
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requisitos, por se tratar de um software, ¢ necessario garantir que o langamento das informagdes
seja correto para que nao haja falha na anélise estrutural do software.

Os resultados obtidos pelo SAP sdo exibidos em graficos e tabelas geradas por ele,
podendo ser exportada para outras plataformas. Cada elemento estrutural ¢ devidamente
identificado graficamente e tem seus resultados de anélise de modo que facilite a visualizagao
das agdes atuantes na estrutura, destacando quais elementos estao sendo mais solicitados e se
estao atuando de forma satisfatoria para seu fim previsto.

Como padrdo do pais de origem da norma, as cargas das féormulas sdo exibidas em kip—
in padrao no SAP, porém o software possui capacidade de conversdo para quaisquer unidades
de interesse e sendo assim vamos utilizar as medidas do sistema internacional de unidades (SI).

Ao langar uma estrutura no SAP, de acordo com a norma de projeto, o software é capaz
de rodar uma verificagdo e sugerir automaticamente sec¢des ideais para o projeto, podendo
escolher dentre perfis que satisfagam os requisitos do projeto ou manter o atual se satisfazer as
condi¢des a desejo do projetista.

Para projetar uma estrutura, ¢ primordial usar uma norma para dar seguranga e respaldar
o projetista de eventuais desastres, para isso, etapas de verificagdes da integridade da estrutura

devem ser seguidos.

2.4.1 Combinacdes de carregamento de projeto

A estabilidade ¢ a condicao essencial para os elementos estruturais submetidos as cargas
do projeto, para isso a estrutura deve ser projetada de modo que a resisténcia dos elementos seja
superior ou igual, as cargas majoradas atuantes na estrutura. Todavia as cargas atuantes na
estrutura ndo ocorrem simultaneamente, assim sendo sao feitas combinagdes de cargas a serem
consideradas no projeto:

DL — Carga Permanente (Dead Load);

LL — Carga Variavel (Live Load);

Para realizar os calculos de combinagdes de carga de projeto, usaremos o método dos
Estados—Limite, LRFD (Load and Resistance Factor Design) .

e 12DL+16LL
e 12DL+1,0LL

Outro método utilizado pelo SAP em conjunto com o LRFD ¢ o ASD (Allowable

Strength Design), ambos utilizados pela AISC 360-16.
e 10DL+1,0LL
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1,0 DL+ 0,75 LL

2.4.2 Coeficiente de flambagem utilizada pela AISC 360-16

Os valores tedricos do coeficiente de flambagem s6 devem ser usados caso seja

garantido a perfei¢do do engaste, caso contrario, usar os valores recomendados a favor da
seguranca, que estdo na terceira linha da Figura 8, o SAP em suas configuracdes padrao, ja

garantem os valore recomendados, a Figura 8 mostra os valores do coeficiente utilizados pelo

SAP para seus calculos de acordo com os apoios.

Figura 8 — Coeficiente de flambagem por flexao
(a) (b) (c) (d) (e) ()
L L
A linha tracejada indica a linha / ;'i I."
elastica de flambagem L\ f' !
? wfz s
Valores tedricos de Kx ou Ky 0,5 0,7 2.0 2.0
0,65 0,80 1,2 1,0 2,1 2,0

Valores recomendados

Rotacéo e translacdo impedidas

4
#,
? Rotacéo livre, translagao impedida
7

Caodigo para condicéo de apoio
Rotacéo impedida, translacgéo livre

Rotacéo e translagéo livres

Fonte: adaptado de (AISC 360-16, 2016)

2.4.3 Resisténcia a forcas axiais de tracdo e compressao
Para o dimensionamento do elemento estrutural deve—se verificar a carga estabelecida

na AISC 360-16, onde se temos a Equagao 9, resisténcia de tragdo de projeto:

Fe= &Py (9)

Em que:
P. = forca axial de trag@o de projeto (kN);

¢, = fator de resisténcia ao escoamento de tracao (adimensional);

P, = forca axial resistente a tracao (kN).
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E a resisténcia a tragdo permitida, pela Equagdo 10:

P. = P,Q, (10)

Em que:

P, = forga axial de compressao de projeto (kN);

), = fator de resisténcia ao escoamento de compressao (adimensional);

P, = forga axial resistente de compressao (kN).

E tomado como o menor valor obtido entre os estados limites de escoamento da se¢io
bruta e escoamento da se¢do liquida.

A figura 9 mostra as forcas axiais atuando no perfil:

Figura 9 — Forgas Axiais de Tragao
Axis 2

P Axis 1

Fonte: SAP2000

Para Se¢do Bruta temos a Equacao 11:

Pn=F,A, (11)
Em que:
P, = forga axial resistente de compressao (kN);
F,, = tensdo de escoamento do material (kN/mm?);
A, = area bruta da seg¢do transversal do material (mm?).
¢ = 0,90 (LRFD)
Q; = 1,67 (ASD)
Para secdo liquida a Equagao 12:
Pn=FEA, (12)

P,,= forga axial resistente de compressao (kN);
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F, =resisténcia a tracdo minima especificada (kN/mm?);

A, = érea da secdo transversal efetiva para se¢do liquida (mm?).

¢, = 0,75 (LRFD)
Q, = 2,00 (ASD)

2.4.4 Resisténcia a forcas axiais de compressao
A verificacao de resisténcia a compressao de projeto pela Equacao 13:

Fe = &cP, (13)
Em que:
P. = for¢a de compressdo de projeto (kN);
¢, = fator de resisténcia a compressao (adimensional);
P,, = forca de compressao resistente (kN).
E aresisténcia a compressao permitida na Equagao 14:
P

P =" 14
iy (14)

Em que:
P. = for¢a de compressao admissivel (kN);
. = fator de segurang¢a para compressao (adimensional);
P,, = forca de compressao resistente (kN).
Onde os fatores de resisténcia e seguranca usados nos calculos do projeto sao os
seguintes:
¢, = 0,90 (LRFD)
Q. = 1,67 (ASD)
Para elementos de compressao com se¢des compactas € ndo compactas, a resisténcia a
compressdo axial determinada pelo SAP para encontrar a capacidade resistente do perfil,

baseada no estado limite de flambagem por flexao ¢ dada pela Equacao 15:

Pn = F, A, (15)
Pn =forca de carga axial nominal (kN);
F.,. =tensdo de flambagem por flexao (kN/mm?);

A, = area bruta da seg¢do transversal do material (mm?).
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A Tensao de flambagem por flexao, Fcr, ¢ determinada pela Equagao 16:

( Fy KL E
(0,658F6>Fy, se — < 4,71 |—
T Fy

KL E

0,877Fe, se —>4,71 |—

L T Fy

Fcr =tensdo de flambagem por flexdo (kN/mm?);

Fcr = | (16)

Em que:

Fy = tensdo de escoamento do material (kN/mm?);
K = fator de comprimento efetivo (adimensional);
L = comprimento efetivo (mm);
E = modulo de elasticidade do material (kN/mm?);
r =raio de giragdo (mm);
Fe = tensdo critica de flambagem eléstica (kN/mm?), Equag¢do 17:
T°E
Fe = XL, (17)
)

2.4.5 Classificacao de secoes para flambagem local

As resisténcias para flexdo dependem da classificagdo da secdo. Como o perfil usado
para o projeto sera o perfil compacto, estudaremos a classificagdo do perfil para a verificacdo
do compacto.

A secdo compactada ¢ capaz de desenvolver a resisténcia plastica total antes que ocorra
a flambagem local.

Para uma secdo ser compacta os seguintes critérios devem ser compridos:

Para a Mesa (Flange) utilizamos a Equagao 18:

A<, (18)

Onde o valor de Ap € o critério limite, Equacao 19:

E
A, = 0,38 \/:—y (19)

A, = esbeltez limite para segdes compactas (adimensional);

Em que:

Fy = tensdo de escoamento do material (kN/mm?);
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E = modulo de elasticidade do material (kKN/mm?).

E A ¢ dado pela Equagao 20:
A= bs/2t; (20)
Em que:
by = Largura da mesa (mm);
ty = Espessura da mesa (mm).

Para a Alma (Web) a Equacgao 21:

A<, (21)

Onde o valor de Ay € o critério limite, Equagdo 22:

f E
_ 22
M =376 | (22)

= esbeltez limite para se¢des compactas (adimensional);

Em que:

Ap

Fy = tensdo de escoamento do material (kN/mm?);

E = modulo de elasticidade do material (kKN/mm?).

E X ¢ dado pela Equagao 23:

A=h/t, (23)
Em que:
h = altura da alma (mm);
t,, = espessura da alma (mm).

Os dados dos perfis podem ser visualizados nas Figuras 10 e 11 a seguir
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Figura 10 — Legenda de dimensdes para perfil |
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Fonte: SAP2000

Figura 11 — Conversoes de Eixo

2y

Fonte: SAP2000

2.4.6 Momento fletor resistente de calculo

Trataremos de flexdo simples em torno de um eixo principal, assumindo que perfil
carregado em plano paralelo a um eixo principal que passa pelo centro de cisalhamento ou
restringidos contra torgao.

A resisténcia a flexao de projeto, Equagao 24:

Mc= obMn (24)
Em que:
Mc = momento fletor solicitante de célculo a situado a ¥4 do comprimento destravado,
medido a partir da lateral esquerda (kNmm);
¢b = fator de resisténcia a flexdao (adimensional);
Mn = momento resistente a flexao necessaria (kNmm).

E a resisténcia a flexdo permitida pela Equacao 25:
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M,
M, = o, (25)
Em que:
Mc = momento fletor solicitante de calculo a situado a % do comprimento destravado,
medido a partir da lateral esquerda (kNmm);

¢b = fator de seguranga a flexdo (adimensional);
Mn = momento resistente a flexao necessaria (kNmm).
Com os valores para os fatores de resisténcia e seguranga seguintes:

¢p = 0,90 (LRFD)

Q, = 1,67 (ASD)
Ao determinar a resisténcia a flexdo em torno do eixo principal maior para qualquer

secdo e para o estado limite de flambagem lateral/tor¢do, necessario calcular um fator de

modifica¢do para diagrama de momento fletor ndo uniforme Cb pela Equacdo 26:

12,5Mmax

= <30 (26)
2,5Mmax + 3Ma + 4Mb + 3Mc

Cb

Em que:

Cb = coeficiente de flexao (adimensional);

Mmax = momento fletor maximo solicitante de calculo (kNmm);

Ma = momento fletor solicitante de célculo a situado a 4 do comprimento destravado
(kKNmm);

Mb = momento fletor solicitante de calculo em moédulo, na se¢do central do
comprimento destravado (kNmm);

Mc = momento fletor solicitante de calculo a situado a % do comprimento destravado,
medido a partir da lateral esquerda (kNmm).

Em trechos em balango entre uma se¢do com restrigao a deslocamento lateral e a tor¢ao
e a extremidade livre o valor de Cb ¢ dado pela Equacao 27:

Cb = 1,00 (27)
O SAP nao consegue detectar qual situagdo esté o trecho, isso deve ser informado pelo

usudrio, caso nao seja o valor padrao utilizado pelo SAP sera 1,00.

2.4.7 Projeto de membros para cargas combinadas

Nas se¢des anteriores tratamos apenas de um tipo de carga atuante sobre um elemento,
nos 2.2.6 e 2.2.7 vimos como as forcas de tracdo e compressao atuam sobre eles, de agora em

diante passaremos a trabalhar com as duas forcas atuando sobre o mesmo elemento.
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No célculo da relagdo demanda/capacidade (D/C), primeiro sdo calculados em cada fase
para cada membro as cargas reais atuantes no projeto. Em seguidas as capacidades de
correspondente sdo calculadas, assim a relagao D/C ¢ obtida, caso o valor de D/C>1 isso indica
a ultrapassagem do estado limite do elemento, ou seja, ndo suportard o carregamento, sendo
assim necessario um novo dimensionamento, o valor padrao ¢ D/C=1, porém o SAP define D/C
como 0,95, este limite pode ser alterado nas preferéncias do software, a partir dessa relagao,

podemos encontrar um elemento que atenda o carregamento de projeto.

2.4.8 Membros de dupla e simples simetria, sujeitos a flexdo, compressao e tracio
axial.

Vamos tratar da interacdo da forca de compressao axial e momentos fletores no nosso
perfil de dupla simetria em seus eixos, onde a combinagdo de atuagdes dessas cargas deve ser

limitada pelas expressoes, Equagdes 28, 29, 30 e 31:

Se >0, (28)
Pc
Pr 8/Mr3 Mr2
b (——4 ") <« 29
Pc + 9 (MC3 + Mc2> =10 (29)
Pr
Se —<0,2 (30)
Pc
Pr Mr3 Mr2
< 31
2Pc + (MC3 + MCZ) =10 (1)

Em que:

Pr = forca de compressao axial solicitante (kN);

Pc = forga axial de compressao resistente de projeto (kN);

Mr?2 = Momento no eixo 2-2 (kKNmm);

Mr3 = Momento no eixo 3-3 (kNmm).

As Figuras 12 e 13 mostram os pontos de atuacdo dos momentos e dos cortantes nos

perfis metalicos quanto a face de compressao:

33



Figura 12 — Momento e Cisalhamento Positivos no Plano 1-2

V2

B Face de Compresséo
Axis 2

I YR

Axis 3

V2 " Face de Tenséo

Fonte: SAP2000

Figura 13 — Momento e Cisalhamento Positivos no Plano 2-3

Axis 2 i M2 Axis 1

Face de Tensao

",

v N’B

Face de Compresséao

Axis 3

M2$

Os termos mencionados nas equagdes nos termos depende das disposigdes de projeto

Fonte: SAP2000

selecionado (LRFD ou ASD) e estao definidos da seguinte forma:
Em que:
Para projetos de acordo com as combina¢des LRFD
v Pr=TForga axial de compressio solicitante (kN);
Pc = Forga axial de compressao resistente de projeto (kN);
M, = Resisténcia a flexdo necessaria (kNmm);
M. = Resisténcia a flexdo de projeto (kKNmm);

¢c = fator de resisténcia a compressao = 0,90 (adimensional);

DN N N N

¢» = fator de resisténcia a flexdo = 0,90 (adimensional);

34



Para projetos de acordo com as combinagdes ASD
v Pr=TFor¢a axial de compressio solicitante (kN);
v Pc = Forga axial de compressao resistente de projeto (kN);
v' M, = Resisténcia a flexdo necessaria (KNmm);
v' M.= Resisténcia a flexdo de projeto (kNmm);
v Q.= fator de resisténcia a compressio = 1,67 (adimensional);
v Qv = fator de resisténcia a flexdo = 1,67 (adimensional);

Para os casos dos membros sujeitos a tragdo axial as equagdes sdo as mesmas mudando
que onde se trata compressao passa—se a tratar tragdo axial, ficando assim termos mencionados,
dependendo das disposi¢des de projeto selecionado (LRFD ou ASD) e estdo definidos da
seguinte forma:

Para projetos de acordo com as combinac¢des LRFD

v Pr=Forg¢a axial solicitante (kN);

v’ Pc = Forga axial resistente de projeto (kN);

v' M,= Resisténcia a flexdo necessaria(kNmm);

v' M.= Resisténcia a flexdo requerida (KNmm);

v' ¢c = fator de resisténcia a tensdo = (0,90 de escoamento e 0,75 de ruptura)
(adimensional).

V' ¢»= fator de resisténcia a flexdo = 0,90 (adimensional).

Para projetos de acordo com as combinagdes ASD

v Pr=Forg¢a axial solicitante (kN);

v' Pc =Forga axial admissivel (kN);

v' M,= Resisténcia a flexdo necessaria (KNmm);

v' M.= Resisténcia a flexdo admissivel (KNmm);

v Qc = fator de resisténcia a tensdo = (1,67de escoamento e¢ 2,00 de ruptura)
(adimensional);

v Qv = fator de resisténcia a flexdo = 1,67 (adimensional).
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3. MATERIAL E METODOS

Com o um software, que realiza os célculos utilizando o método dos elementos finitos,
o SAP2000, construindo trés porticos no AutoCAD, salvando em DXF e importando para o
ambiente do SAP, onde vamos realizar uma série de simulagdes, sem temperatura e com varias
temperaturas, observando os efeitos da degradagcdo do modulo de elasticidade pelo ataque da
carga térmica, realizando um langcamento gradativo de temperaturas nos porticos, realizando
uma analise com os dados e observando a transformac¢do dos indices mecanicos, € quanto a
temperatura afeta no limite de carga suportado pela estrutura, que em alguns casos pode levar
ela a deformacgdes plésticas ou a ruptura por excesso de carga, utilizando a degradagdo do
modulo de elasticidade proposto pela NBR 14323:2013, ao identificar as temperaturas criticas

com risco de colapso sera feito uma comparacdo com a degradagdo proposta por Martines,

(1997). A Figura 14 mostra o fluxograma que mostra as etapas do trabalho:

Figura 14 — Fluxograma das etapas de metodologia do trabalho.
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O fluxograma da Figura 14 mostra as agdes que esse trabalho vai seguir, através dele ¢

possivel observar as etapas que serdo detalhadas a seguir.

3.1 CONSTRUCAO ESTRUTURAL DE REFERENCIA NO SOFTWARE

Os porticos escolhidos foram retirados de literatura de (RUBERT; SHACUMANN,
1986) devido a serem porticos que ja foram trabalhados em outras literaturas do mesmo tema,
esses porticos sao mostrados na Figura 15 com a mesma nomenclatura da literatura original, as
cargas foram retiradas da literatura. O perfil adotado para os porticos sao IPE 120, perfil

escolhido por ser proximo e compativel com o dos autores citados acima.

Figura 15 — Porticos Planos (a) EHR3, (b) EGR1 e (¢) ZSR1

F1 F2
F1 F1
W S, S— |
| - N
|
<
N - [
|
& |
212 o
/s 7 7 /7 7

(a) (b)

F1 F1 F1
' '
Noe — 9 —»F2
-
R - .
L, I |, | |,
/ # 7

(c)
Fonte: Rubert e Shacumann (1986)
As cargas atuantes sobre os porticos sdo adotadas como cargas varidveis, as

consideracdes feitas sdo apresentadas na Tabela 3 a seguir e o tipo os dados do perfil na Tabela
4:
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Tabela 3 — Dados Dos Porticos

Portico F1 (kN) F2 (kN) 1 (mm) h(mm)
EHR3 112 28 1240 1170
EGR1 65 25 1240 1170
ZSR1 74 2,8 1200 1180
Fonte: adaptado de Rubert e Shacumann (1986)
Tabela 4 — Dados do Perfil de Ago
Codigo Estrutural
Perfil ‘Adotado E (Mpa) fy MPa)  f, (MPa)
IPE 120 A982Fy50 199.948 345 448
Fonte: SAP 2000
Verificacdo do perfil, dimensdes do perfil IPE 120 na Figura 16:
Figura 16 — Perfil IPE 120
N
’ <
O
%
S /
-
@\
—
4. 4mm
7154
)
¥< : VAN 1
64 mm
| |
Fonte: Autor
e Verificacdo da Mesa, usando a Equacao 18:
A<A,
5,08 <9,15 (18.a)
Mesa € compacta.
e Verificagdo da Alma, usando a Equacao 20:
A<A,
24,39<90,51 (20.a)
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Alma é compacta. Logo o perfil ¢ compacto.

Apos as verificagdes, os porticos foram replicados utilizando usando o software
AutoCAD 2019, para se utilizar a ferramenta de importagdo DXF pelo SAP, utilizando uma
layer criada e nomeada de frame, facilitando o processo pois o ambiente CAD se torna melhor
para o desenho devido a sua praticidade, mesmo que o SAP também faga o mesmo, porém de

forma menos pratica. Figuras 17, 18 ¢ 19 a seguir mostram os perfis criados no AutoCAD.

Figura 17 — Portico EHR3 desenhado em CAD e salvos em DXF.

1170 mm L

1240 mm

Fonte: Autor

Figura 18 — Portico EGR1 desenhado em CAD e salvos em DXF.

L 1170 mm L,
{ 7

—

1240 mm

Fonte: Autor
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Figura 19 — Portico ZSR1 desenhado em CAD e salvos em DXF.

1200 mm 1200 mm

1180 mm

Fonte: Autor

Ap6s o desenho das linhas dos poérticos, os projetos foram exportados com o formato
DXF para ser reconhecido pelo SAP2000, um desenho corresponde a um arquivo, no ambiente
de trabalho do SAP foram definidos os vinculos, na importagdo o eixo vertical do DXF foi
informado como eixo Y, apds a importagdo o SAP usa o eixo vertical como Z.

Agora temos que atribuir os apoios dos porticos, conforme as Figuras 20, 21 e 22, da
seguinte forma:

Assign —> Joint —> Restraints
Figura 20 — Vinculos do EHR3

S|
Restraints in Joint Local Directions
Translation 1 [ Rotation about 1
Translation 2 [] Rotation about 2
Translation 3 [] Rotation about 3

Fast Restraints

o

Fonte: Autor

40



Figura 21 — Vinculos do EGR1

E Assign Joint Restraints X
Restraints in Joint Local Directions
Translation 1 [ Rotation about 1
Translation 2 [] Rotation about 2
Translation 3 [ Rotation about 3

Fast Restraints

.

Fonte: Autor

Figura 22 — Vinculos ZSR1

E Assign Joint Restraints X
Restraints in Joint Local Directions
Translation 1 [] Rotation about 1
Translation 2 [] Rotation about 2
Translation 3 [] Rotation about 3

Fast Restraints

.

Fonte: Autor

O software possui o perfil de ago, porém temos a op¢ao de inserir qualquer material que
desejamos se soubermos suas caracteristicas, como vamos usar o perfil IPE 120, o
caminhamento para inserir um novo perfil. Define —> Section Properties —> Frame Sections
—> Import New Property —> Frame Section Property Type: Steel; I / Wide Flange —>
Procurar Euro.pro —> Abrir —> Procurar IPE 120 —> Ok—> Set —> Ok—> Ok—> Ok,

conforme a Figura 23.
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Figura 23 — Criacdo do IPE 120 no SAP

Properties Click to:
Find this property: Import New Property...
[IPE120
N - 18
Section Name [IPE120 Display Color .
Section Notes Modify/Show Notes...
Extract Data from Section Property File -
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Shear Area in 3 direction CI
; Torsional Constant CI
Jieb ticness (W) ot Moment of Inertia about 2 axis L ]
Bottom flange width (t2b) 2,064 Moment of Inertia about 3 axis :]
Bottom flange thickness ( tfb ) S300E Mass o ]
Weigh b

Material Property Modifiers

+ || Agg2Fys0 v | Set Modifiers... Cancel

Top flange width (t2)

Top flange thickness (1f) 6:300€-03

oK Cancel |

I

Fonte: Autor

Os passos para inserir o IPE 120 se repetem para cada portico.

Com o Perfil, temos que atribuir o perfil as barras dos pdrticos, desenhados: Selecione
todas as barras —> Assign —> Frame —> Frame Section —> IPE 120 —> Ok, conforme as
Figuras 24, 25 e 26.
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Figura 24 — Defini¢do das Barras EHR3

Fonte: Autor

IPE120

IPE120

A

IPE120

IPE120

B Assign Frame Sections

IPE120
None
W18x35

Figura 25 — Defini¢ao das Barras EGR1

Fonte: Autor
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Figura 26 — Defini¢do das Barras ZSR1

IPE120 IPE120
® \ 4 \ J
E Assign Frame Sections X
IPE120
None
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[ ] [ ]

Fonte: Autor

Criando as cargas de projeto: Define —> Load Patterns —>Load Patter Name: LIVE;
Type: Live; Self Weight Multiplier: 0 —> Add New Load Pattern —> Ok. As cargas devem
ficar conforma a Figura 27:

Figura 27 — Definigdo de cargas permanentes ¢ variaveis

[ Define Load Patterns x
Load Patterns Click To:
Self Weight Auto Lateral
Load Pattern Name Type Multiplier Load Pattern A L e
|DEAD | Dead i Add Copy of Load Pattern
[
LIVE Live 0 Modify Load Pattern
+
- Delete Load Pattern
Show Load Pattern Notes...

Fonte: Autor
Aplicando as cargas da Tabela 3 nos porticos, conforme as Figuras 28, 29 e 30, Assign

—> Joint Loads —> Forces:
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Figura 28 — Cargas aplicadas nos nos do portico EHR3
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Fonte: Autor
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Figura 29 —

¥

Cargas aplicadas nos nds do portico EGR1

?

Fonte: Autor
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Figura 30 — Cargas aplicadas nos nés do portico ZSR1
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Identificando os nos dos porticos: Set Display Options —> Joints —> Labels, conforme

as Figuras 31, 32 e 33:
Figura 31 — No6s EHR3

Fonte: Autor

‘2
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Figura 32 — Nos EGR1
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Fonte: Autor

Figura 33 — No6s ZSR1
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Fonte: Autor
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Identificando as barras dos poérticos, conforme as figuras 34, 35 e 36: Set Display

Options —> Frames —> Labels:
Figura 34 — Barras EHR3

@ @ 0
[(e]
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wn
¢
Fonte: Autor
Figura 35 — Barras EGR1
2
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v
- ®
To)
G o

Fonte: Autor
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Figura 36 — Barras ZSR1

Fonte: Autor
Para realizarmos a analise vamos em: Analyze —> Run Analysis —> na opc¢ao
MODAL, coloque Do Not Run —> Run now —> Done, conforme a Figura 37.

Figura 37 — Execugdo da analise dos esforcos

] set Load Cases to Run X
Click to:
N T tat Acti
CassNane ype Status chion [ Run/Do Not Run Case
DEAD Linear Static Not Run Run
LIVE Linear Static Not Run Run
Run/Do Not Run All
Delete All Results
Show Load Case Tree...
Analysis Monitor Options [] Model-Alive
O Always Show Run Now
O Never Show
(® Show After D seconds oK Cancel

Fonte: Autor
Para mostrarmos as cargas nas reagdes de apoio, apertamos: F7 —> Ok. Repetindo o

processo para cada portico, vamos ter as reacdes nos apoios exibidas em tela.
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3.2 ANALISE SEM AS CARGAS TERMICAS
Neste item apresentaremos as analises dos porticos sem as cargas térmicas, gerados pelo

SAP, para posterior comparagdo com os porticos carregados com carga térmica.

3.2.1 Analises iniciais nos porticos desconsiderando as cargas térmicas e as
combinacdes de carga.

A tabela 5 temos as reagdes nos porticos sem as cargas térmicas e combinacdes de
projeto, posteriormente utilizaremos essas cargas como referéncias para comparacao.
Tabela 5 — Reagdes dos porticos no SAP2000 antes do carregamento com carga de temperatura ¢

desconsiderando os fatores de combinacgdes.

Portico No Reacio em X (kN) Reacio em Z (kN)

1 2,64 128,49

EHR3 3 -2,64 11,51
1 -1,25 62,6

EGRI1 4 -1,25 67,4
1 -0.81 72,63

ZSR1 4 -1,17 73,99
6 0,82 75,38

Fonte: Autor

Apos serem lancgadas as cargas de projeto vamos fazer a verificagcdo do programa para
os porticos: Design —> Steel Frame Design —> Start Design.

ApOs o processo as barras que compdem o portico vao mudar a cor em uma escala que
¢ exibida na lateral da area de trabalho do SAP.

Ao solicitar o design das barras, automaticamente o SAP faz as combinagdes de cargas
de acordo LRFD e ASD e faz a verificacao da estrutura.

A Figura 38 mostra o design da estrutura de aco do portico EHR3:
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Figura 38 — Design do Pértico EHR3 pelo design da estrutura de aco SAP sem carga de temperatura.

‘2 3 4 4 3
L 2 L ]
IPE120 IPE120
< H
N 1
© o
a
09
05 0
o
N
e g "

Fonte: Autor

Ao se clicar com o botdo principal do mouse sobre uma barra e seleciona—la, clicando
com o botdo auxiliar € exibido em tela informagdes mais detalhadas sobre o design da estrutura.
Fazendo isso para a barra 6 do portico ERH3 como exemplo podemos ver as seguintes
informagdes da Figura 40, a escala de uso esta na Figura 39 e legenda na Tabela 6:

Figura 39 — Escala utilizada pelo design de estruturas de ago do SAP para mostrar a D/C da estrutura

|

que esta em analise.

Fonte: Autor

A escala apresentada na Figura 39 ¢ a escala visual utilizada pelo SAP para mostrar o
projetista as a demanda da capacidade maxima que a barra suporta de uma maneira rapida, a

Tabela 6 mostra as legendas relacionadas as cores.
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Tabela 6 — significado da legenda do design de estruturas do ago do SAP

Cores % utilizadas Significado
Cinza =0 Barra ndo utilizada, 0% da capacidade
Azul >0e=0.5 Barra utilizada até 49,9% da capacidade
Verde >0.5e=0.7 Barra utilizada entre 50% e 69,9% da capacidade
Amarelo >0.7¢=0.9 Barra utilizada entre 70% e 89,9% da capacidade
Laranja >09e<1 Barra utilizada entre 90% e 99,9% da capacidade
Vermelho >1 Barra utilizada acima de 100%, risco de colapso

Fonte: Autor

Para obter os valores exatos e mais informagdes sobre a barra, deve seguir o processo
exemplificado a Figura 40.
Figura 40 — Analise individual do Barra 6 do EHR3, onde podemos verificar a capacidade usada da

barra em RATIO na caixa de didlogo.

o
N 13
© | 5
11] [ steel Stress Check Information (AISC 360-16) X
o
Frame D S Analysis Section IPE120
Design Code AISC 360-16 Design Section IPE120 0.9
COMBO STATION /----MOMENT INTERACTION CHECK-----//-MAJ-SHR---MIN-SHR-/
1D LocC RATIO = AXL + B-MAJ + B-MIN RATIO RATIO
DSTL1 o, = 0, + 0, + : 0
DSTL1 0,29 = 0,+ 0,4+ 0 0,
. DSTL1 0,59 = 0, + 0, + 0, o0, 0.7
DSTL2 0, =0,565 + 0,112 + 0,
DSTL2 0,29 4(C) = 0,565 + 0,169 + 0, 0,
DSTL2 0,59 9(C) = 0,565 + 0,225 + 0, [
Modify/Show Overwrites Display Details for Selected ftem Display Complete Details 05
Overwrites Details Tabular Data
o
N Stylesheet: Default
o | 5
E Cancel Table Format File o

Fonte: Autor

A barra 6 foi escolhida por apresentar maior valor de demanda por capacidade como
mostrado na Figura 40.

Ao observa o valor de RATIO, temos um uso aproximado de 0,79 da barra, o que
significa que o valor estd 79% da sua capacidade limite (D/C), esse valor representa que da
forma que o portico foi construido e as cargas que estdo atuando nele, a barra que possui o
maior esforgo, estd 79% da sua capacidade méxima resistente, o valor de capacidade de cada
barra pode ser obtido ao se clicar sobre a barra e todas se encontram nos relatérios de analise

em nimeros exatos nos apéndices desse documento. Ao clicar em Details temos uma descri¢ao
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detalhada da barra selecionada, todas as descri¢des detalhadas desse e dos demais porticos dessa
se¢do encontram-se no apéndice A.
A Figura 41 mostra o design da estrutura de ago do portico EGR1:

Figura 41 — Design do Portico EGR1 pelo design da estrutura de ago do SAP sem carga de temperatura.

% : 5

IPE120

o

N

W

a

S 5
-5 PS

a

o

N

O

o

1 4
[ ] [ ]

Fonte: Autor
A Figura 42 mostra o design da estrutura de aco do portico ZSR1:
Figura 42 — Design do Portico ZSR1 pelo design da estrutura de aco SAP sem carga de temperatura.
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Fonte: Autor

3.3 LANCAMENTO DAS CARGAS TERMICAS
As cargas térmicas serdo lancadas levando em considera¢do uma situa¢do de incéndio

onde através da radiagdo a carga alcanga os porticos, conforme ilustrado nas figuras a seguir
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sera 0 modelo de simulacdo, partindo de 22 °C, depois 100 °C e acrescentando mais 100 °C

sucessivamente até os 1000 °C, as Figuras 43, 44 e 45 a seguir mostram onde as ondas de calor

vao atingir as determinadas barras dos porticos:
Figura 43 — Exemplificagdo da carga térmica em EHR3

&

o,

o

Fonte: Autor

Figura 44 — Exemplificacdo da carga térmica em EGR1

g

Fonte: Autor
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Figura 45 — Exemplificagdo da carga térmica em ZSR1

Fonte: Autor
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O lancamento de carga de temperatura no ambiente de trabalho do SAP segue a

sequéncia, verificar se os parametros do sistema estdo configurados para °C no canto inferior

direito: Assign —> Frame Loads —> Temperature —> Load Patterns: Live —> By Element:
22°C —> Ok.

Usaremos a temperatura de 22°C para exemplificar o processo de lancamento. As

Figuras 46, 47 e 48 a seguir mostra como fica os porticos apds o langamento, vale ressalta que

as cargas variaveis (Lives Loads) ja estdo lancadas e podem ser verificas clicando com botao

auxiliar do mouse no noé e conferindo em Loads.

Figura 46 — Carga térmica aplicada EHR3

Fonte: Autor
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Figura 47 — Carga térmica aplicada EGR1
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Fonte: Autor
. , . .
Figura 48 — Carga térmica aplicada ZSR1
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Fonte: Autor

3.3.1 Processo de analise do software

Para analisarmos, deveremos criar as combinagdes de cargas, e utilizaremos os valores
desses referentes a temperatura como Live Load, de inicio fazermos a andlise utilizando 3
temperaturas para exemplificar. Criando 3 Load Patterns, com os nomes de Live22C para carga
de 22 °C, Livel00C para carga de 100 °C e Live200C para carga de 200 °C e assim

sucessivamente até atingir a temperatura maxima de 1000 °C, as cargas devem ser langadas nos
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elementos que estdo sujeitos a sofrer a carga de temperatura conforme as Figuras 46, 47 ¢ 48
lancando cada carga conforme a Load Live criada.

Cada temperatura corresponderd a uma carga variavel, para podermos monitorar o
deslocamento do ponto.

Para criar as combinagdes de carga: Define —> Load Combinations —> Add New
Combo —> Ok. As combinagdes devem ficar de acordo a Figura 49 e devem ser feitas para
todos os porticos e todas as demais temperaturas.

Figura 49 — Combinagdes de cargas para os porticos

@ @ 9
IPE120 IPE120
S|
Load Combinations Click to:
[comB1_LRFD Add New Combo...
COMB2_22C_LFRD Add Copy of Combo...
8 COMB1_ASD
— COMB2_22C_ASD | Modify/Show Combo... |
COMB3_22C_ASD
L COMB1_100C_LRFD
o

COMB2_100C_LRFD H Load Combination Data X
COMB1_100C_ASD
COMB2_100C_ASD

COMB1_200C_LRFD
COMB2_200C_LRFD
COMB1_200C_ASD Load Combination Name (User-Generated) ICOMB1_22C_LFRD
COMB2_200C_ASD
Notes Modify/Show Notes...
‘ Load Combination Type Linear Add v

Options

Create Nonlinear Load Case from Load Combo

Define Combination of Load Case Results

Load Case Name Load Case Type Mode Scale Factor
DEAD v | Linear Static
[oEap JLinear Static L]
Q LIVE22C Linear Static Add
g LIVE Linear Static
Modi
L 2
o Delete
i
¢

Fonte: Autor

Para gerarmos a tabela com os resultados dos deslocamentos, que estardo disponiveis
mais a frente devido a ser realizado apo6s cada analise, primeiro deveremos analisar as cargas
de temperaturas utilizadas, e consultar a Tabela 1, para saber se haverd transformacgdo do
modulo de elasticidade, vemos que para temperatura de 200°C temos um fator de redugdo

kgo = 0,9 para o modulo de elasticidade, entdo vamos gerar a andlise para as demais
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temperaturas e apds alterar a elasticidade do material e repetir o processo, primeiro realizar a
analise com a LIVE22C habilitada, para obtermos os resultados com essa temperatura, depois
repetir o processo para as demais : Analyze —>Run Analyze —> Case Name: Modal, deixar
action: Do Not Run —> Run now —> Done —> Ok, conforme Figura 50.

Figura 50 — Inicio da Analise pelo SAP

EJ set Load Cases to Run X
Click to:
C N T Stat Acti
ate e .ype - g 0 I Run/Do Not Run Case ]
DEAD Linear Static Not Run Run
LIVE Linear Static Not Run Run
MODAL Modal Not Run Do not Run
LIVE 22C Linear Static (NotRun ~ f[Run |
LIVE 100C Linear Static Not Run Do not Run
LIVE 200C Linear Static Not Run Do Not Run
Run/Do Not Run All
Delete All Results
Show Load Case Tree...
Analysis Monitor Options [] Model-Alive
O Always Show Run Now
O Never Show
(® Show After E seconds oK Cancel

Fonte: Autor

Ao geramos a tabela com os resultados, podemos consultar os nés de interesse da nossa
analise, para monitorarmos o seu deslocamento, primeiramente vamos gerar o relatorio para as
combinagdes que ndo precisam de corre¢do do modulo de elasticidade. CTRL+T —> Select
Load Cases —> marque somente as opcdes que possuem 22C —> Ok —> marque somente a
opcdo ANALYSIS RESULTS —> Joint Output e Element Output —> Ok —> File —> Export
All Tables —> To Excel, conforme Figura 51. O processo deve ser repetido para as demais

temperaturas e se repete para todos os porticos.
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Figura 51 — Analise dos Porticos

B Choose Tables for Display X
Edit

=-[J MODEL DEFINITION (0 of 60 tables selected) Load Patterns (Model Def.)
+-0 System Data
+- Property Definitions
+-[] Load Pattern Definitions
t
+

Select Load Patterns...
4 of 4 Selected

O Other Definitions Load Cases (Results)
O Load Case Definitions

3 Select Load Cases...
+-[0 Connectivity Data
+-[0 Joint Assignments 9 of 18 Selected
+-[0 Frame Assignments
+-0 Options/Preferences Data Modify/Show Options...
+-[0 Miscellaneous Data

—-B ANALYSIS RESULTS (8 of 10 tables selected)
+-00 Run Information Options

—-Bd Joint Output

+-Bd Displacements

+-BJ Reactions

+-Bd Joint Masses
-

+-Bd Frame Output

+-Bd Objects and Elements
+- Structure Output

[] Show Unformatted

Named Sets
+-[J DESIGN DATA (0 of 9 tables selected)
Save Named Set...
OK | Cancel

Table Formats File... Current Table Formats File: Program Default

Fonte: Autor

Ao finalizar o processo, o software de planilha eletronica serd aberto com a planilha de
resultados exibidas na tela, relacionados a temperatura trabalhada, os resultados foram
armazenados e serdo exibidos mais a frente, em forma de tabela e com todas as temperaturas,
pois a sua constru¢do depende de todas as andlises, na aba Joint Displacements vemos os
deslocamentos e na aba Joint Reactions devemos procurar os nds de interesse da nossa analise
das reagdes de apoio, nas demais abas temos as outras informagdes sobre os nos. Por se tratar
de porticos planos, vamos analisar o deslocamento horizontal para barrar verticais (pilares), €
deslocamento vertical para barras horizontais (vigas), o sistema de descolamento dos nos esté

descrito na Figura 52.
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Figura 52 — Sistema de Deslocamentos dos Nos

A
¥£/

U1 U2

Global
Origin

Fonte: SAP2000

Ap0s consultar a Tabela 1, vamos alterar o modulo de elasticidade do material para a
analise com a carga térmica de 200°C e as demais, utilizando a Equagdo 7 temos a
demonstra¢ao de calculo:

kpg X E =Ey
Eyo0°c = 0,9 X 199,948 (7.a)
Eg = 179,953 KN /mm?*

Para alteramos o modulo de elasticidade do material, iremos em: Define —> Materials
—> A992Fy50 —> Add Copy Of Material —> Material Name: 200C (o nome pode ser
escolhido a vontade do operador do software); Modulus of Elasticity: 179,953 KN /mm? —>
Ok. Conforme a Figura 53.
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Figura 53 — Mudanga do modulo de elasticidade

E Material Property Data X
General Data
Material Name and Display Color 200C |
Material Type Steel
S| x Material Grade |Grade s0 1
Material Notes Modify/Show Notes...
Materials Click to:
- N Weight and Mass Units
j200C Add New Material... l )
4000Psi Weight per Unit Volume 7,697E-08 KN, mm, C v
A416Gr270 S
AQ92FyS0 Add Copy of Material... Mass per Unit Volume 7,849E-12

[ Modify/Show Material... | ot onic Property Deta

Modulus Of Elasticity, E 179,953
[[] show Advanced Properties
Coefficient Of Thermal Expansion, A 1,170E-05
OK Shear Modulus, G 69,2127

Cancel .
Other Properties For Steel Materials

Minimum Yield Stress, Fy
Minimum Tensile Stress, Fu 0,4482

Expected Yield Stress, Fye 0,3792

Ld |5 L
a w
© -
w IS

2

Expected Tensile Stress, Fue

[] switch To Advanced Property Display

Cancel

Fonte: Autor
A Tabela 7 mostra a degradagdo da elasticidade para as temperaturas trabalhadas:

Tabela 7 - Modulos de elasticidade reduzidos devido ao fator temperatura

Temperatura do aco Moddulo elasticidade corrigido % em relacdo a E inicial

°C E g (KN/mm?)

22 199,9480 100,0
100 199,9480 100,0
200 179,9532 90,0
300 159,9584 80,0
400 139,9636 70,0
500 119,9688 60,0
600 61,9839 31,0
700 25,9932 13,0
800 17,9953 9,0
900 13,5965 6,8
1000 8,9977 4,5

Fonte: Autor

Agora vamos criar um perfil IPE 120 que contenha as novas propriedades criadas, para
isso vamos em: Define —> Frame Properties —> Frame Section —> selecionar IPE 120 —>
Add Copy of Property —> Section Name: IPE 120* (nome genérico dado a todas as barras que

tiveram o médulo de elasticidade alterado) —> Material: 200C —> Ok Conforme a Figura 54.
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Figura 54 — Novo Perfil IPE 120

Properties Click to: 1

Find this property: Import New Property... —_—

[Fsect |

(peie—————————— Add New Property...

IPE120

W18X3s | Add Copy of Property...

B 1/Wide Flange Section X
Section Name IPE 120*% Display Color .
3 Section Notes Modify/Show Notes...

Extract Data from Section Property File

Dimensions Section

120,

Outside height (t3)

Top flange width (12 ) 64,

Top flange thickness ( tf) 63 3

Web thickness (tw ) 44

Bottom flange width (t2b ) Sk :':"

Bottom flange thickness (tfb ) 63

Properties

Material Property Modifiers Section Properties...
+ ||200C v Set Modifiers... Time Dependent Properties...

Fonte: Autor

Vamos atribuir o perfil aos porticos, apds este processo, mas agora colocando em Select
Load Cases somente as combinagdes que possui 200C para esse e todos os demais casos e
repetiremos o processo geragao e exportacao da tabela, o processo sera replicado para todos os

porticos e temperaturas a serem analisadas.

3.3.2 Combinagdes de cargas para o design

Agora vamos executar o design das estruturas, primeiramente, usando os perfis IPE 120
para a temperatura 22 °C a 100 °C. Selecionando os combos do LRFD e ASD para design da
estrutura: Design —> Steel Frame Design —> Selec Desig Combs; em Strength vamos colocar
todas as combinag¢des LRFD em Deflection as ASD referente primeiramente a 22°C, as outras
cargas sdo padrdes do Software ndo podendo ser alteradas —> OK, repetir o processo para 100
°C ap0s a andlise mudar o perfil para o usado na analise de 200°C e repetir o processo para as

demais temperaturas.
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Figura 55 — Exemplos para as combinagdes de carga para design de perfil

Load Combinations for Design
Select Type of Design Load Combination
Load Combination Type Strength M=
B Load Combination Data X
Design Load Combinations
[comB1_22C_LFRD |
COMB2_22C_LFRD
Load Combination Name (User-Generated) COMB1_22C_LFRD
Notes Modify/Show Notes... EaAiomove
Load Combination Type Linear Add
Options
pns
[Code-Based Design Load Combinations
Define Combination of Load Case Results
Load Case Name Load Case Type Mode Scale Factor
DEAD Linear Static 2
oea0 JLinear Static L K Cancel
LIVE22C Linear Static 16
LIVE Linear Static 16
b
Cancel

Fonte: Autor

Apos esse processo, podemos solicitar ao software que gere o design das barras.

3.3.3 Deslocamentos maximos permitidos pela AISC 360 e pela NBR 8800

Considerando os valores para o deslocamento maximo proposto pela AISC 360-16 e
pela NBR 8800 Projeto de estruturas de ago e de estruturas mistas de aco e concreto de edificios,
devemos atender os valores de deslocamento maximos para os estalos limites de servigos, temos
valor maximo para deslocamento horizontal segundo a NBR 8800, considerando o

deslocamento em relacdo do topo até a base, considerando a Equacao 32:

6p = h/300 (32)
Em que:
h = Altura do perfil (mm)

E para o deslocamento vertical, considerando uma viga de piso, Equacao 33:

6, =1/350 (33)
Em que:

[ = Comprimento do perfil (mm)
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Segundo a AISC 360-16 para o deslocamento horizontal, Equacao 34:

8, = h/300 (34)

Para o deslocamento vertical a Equagao 35:

5, =1/360 (35)

3.3.4 Anailises dos porticos considerando as cargas térmicas e as combinacdes de carga
utilizando o design de estruturas de aco do SAP

Anteriormente demonstramos como ¢ realizado o processo de andlise, doravante esse
processo serd ocultado e exibido somente o resultado visual, gerado pelo SAP, todavia vale
ressaltar que o processo segue o mesmo padrao, mudando somente os pardmetros necessarios
de acordo com as temperaturas e vamos realizar as analises de 22°C a 1000°C, as analises
detalhas para todas as barras do pértico EHR3 e todas suas temperaturas se encontram no
apéndice B.

Primeira analise sera feita no portico EHR3. As Figuras 56 e 57 representam a analise
do portico EHR3 em todas as temperaturas, utilizando o recurso design de estruturas metélicas,

do SAP.
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Figura 56 — Portico EHR3 submetido a carga térmica e analisado pelo design da estrutura de ago, temperaturas de 22° a 500°C.
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Figura 57 — Portico EHR3 submetido a carga térmica e analisado pelo design da estrutura de ago, temperaturas de 600° a 1000°C.
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Como podemos observar a barra 6 ¢ a primeira a sofrer esgotamento da capacidade
devido a alta demanda que est4d sendo submetida e as tensdes provocada pela carga térmica,
como a diminui¢ao do seu modulo de elasticidade.

A mediada que a temperatura aumenta podemos perceber que as demais barras comecam
a também a perder capacidade resistente, como o projeto foi concebido perto do seu limite
resistente, rapidamente o portico tem a sua seguranga comprometida.

Agora a andlise sera feita do portico EGR1, e os resultados detalhados desse portico se
encontra no apéndice C, as Figura 58 e 59 mostram os resultados visuais pelo design de

estruturas de aco do SAP.
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Figura 58 — Portico EGR1 submetido a carga térmica e analisado pelo design da estrutura de ago, temperaturas de 22° a 500°C.
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Figura 59 — Portico EHR3 submetido a carga térmica e analisado pelo design da estrutura de ago, temperaturas de 600° a 1000°C.
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Como podemos observar esse portico ja foi construido com um pouca mais de folga em
relagdo a sua capacidade resistente, e pode suportar até¢ uma temperatura de 500°C, mas em 600
°C devido a queda brusca do médulo de elasticidade, ja ndo se pode garantir a seguranga do
poértico. As Barras 2, 4 ¢ 5 demoram para atingirem o valor de 100% da relagao D/C.

Agora a analise sera feita do portico ZSR1, e os resultados detalhados desse portico se
encontra no apéndice D, as Figuras 60 e 61 mostram o resultado visuais da andlise feito pelo

design de estruturas de ago do SAP.
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Figura 60 — Portico ZSR1 submetido a carga térmica e analisado pelo design da estrutura de ago, temperaturas de 22° a 500°C.

f IPE2120 ¢
22 °C
E =199,9480

E em 100%

IPE120

‘2 |PE2120' '3

300 °C f

"E=159,9584
E em 80%

Fonte: Autor

4
&
IPE120
o
N
2] 53‘
a
$
4 5
IPE120 *
o
o~
a
[ )

( .2 IPE2120 '3
100 °C

. E=199,9480

“ Eem100% °

{ f IPE2120" ¢
400 °C

_:E =139,9636 _:

" Eem70%

|pE41zo f ‘ f IPE2120‘ ¢
200 °C

. E=179,9532 .

7Y Eem90% !

IPE4120 ¢ —‘ ¢ |pEz120. &
500 °C

.8 .fE=119,9688 . &

~ Eem60%

4
IPE120

4
IPE120

72



Figura 61 — Portico EGR1 submetido a carga térmica e analisado pelo design da estrutura de ago, temperaturas de 600° a 1000°C.
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O portico ZSR1 resiste até a temperatura de 500 °C como o portico anterior, porém por
sO ter as barras 1, 2 e 3 submetidas a carga de incéndio, somente essas barras ultrapassam o
limite D/C até a temperatura de 1000 °C, as demais barras 4 e 5, aumentam a quantidade de
carga suportada devido ao deslocamento das cargas das barras em incéndio resistir menos € as
demais assumirem esse suporte, podemos perceber isso devido a mudanga na coloracdo o que

mostra o aumento da relagdo D/C nessas barras.
3.3.5 Reacgoes de apoio dos porticos sob situacao de incéndio.

As Tabelas 8,9 e 10, a seguir mostram o monitoramento das rea¢des de poio dos porticos
para cada situagdo de incéndio, o REF, valor de referéncia, sdo as reagdes desconsiderando as

cargas térmicas e as combinacdes de projeto, essas cargas de referéncia sdo as mesmas que sao

encontradas nos calculos manuais que desconsideram os coeficientes de seguranca.

Tabela 8 — Reagoes de apoio para o portico para EHR3

Temperatura Reacdes n6 1 (kN) Reacoes n6 3 (kN) Soma das

°C X Z X Z reagdes (kN)
REF 2,64 128,90 -2,64 11,51 145,69
22 4,52 205,86 -4,52 18,14 224,00
100 6,09 207,35 -6,09 16,65 224,00
200 7,71 208,87 -7,71 15,13 224,00
300 8,75 209,85 -8,75 14,15 224,00
400 9,52 210,59 -9,52 13,42 224,00
500 9,91 210,95 -9,91 13,05 224,00
600 7,69 208,86 -7,69 15,14 224,00
700 5,86 207,12 -5,86 16,88 224,00
800 5,48 206,77 -5,48 17,23 224,00
900 5,27 206,57 -5,27 17,43 224,00
1000 4,95 206,27 -4,95 17,73 224,00

Fonte: Autor

Na Tabela 8, podemos observar que existe uma oscilagdo das reagdes em cada no,
acréscimo em uns e redugdo proporcional em outros, o motivo disso acontecer est4 relacionada
a perda de capacidade resistente, em que as barras aumentam a sua temperatura e seu modulo
de elasticidade cai, a relagdo D/C pode aumentar mais em uma barra do que em outra, a
depender da quantidade de carga que essa barra ja estdo suportando, porem a medida que existe
alteracdo da temperatura outras barras também passam a perder a sua capacidade resistente,
juntando com o fato das barras sofrerem expansao volumétrica, esses situagdes geram acimulos
de tensdes em algumas barras e como o comportamento ¢ gradual, ¢ normal que esses acimulos

sejam transmitido entre as barras, provocando alteracdo nas cargas das reacdes.
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Como podemos observar nas somas das reacdes nos casos carregados com temperatura
e considerando os fatores de seguranga, ndo existe acréscimo ou diminui¢do das cargas de
reacdo, apenas um deslocamento gerado pelos acimulos de tensdes, hora em um n6 de reagao,
hora em outro.

A Tabela 9 mostra as reagdes de apoio para o poértico EGRI.

Tabela 9— Reacdes de apoio para o portico para EGR1

Temperatura Reacées né 3 (kN) Reacdes no6 5 (kN) Soma das

°C X V4 X Z reacoes (kN)
REF -1,25 62,6 -1,25 67,4 130,00
22 -1,91 100,16 -2,10 107,84 204,00
100 -1,57 100,16 -2,43 107,84 204,00
200 -1,24 100,16 -2,77 107,84 204,00
300 -1,02 100,16 -2,98 107,84 204,00
400 -0,86 100,16 -3,15 107,84 204,00
500 -0,77 100,16 -3,23 107,84 204,00
600 -1,24 100,16 -2,76 107,84 204,00
700 -1,63 100,16 -2,37 107,84 204,00
800 -1,70 100,16 -2,30 107,84 204,00
900 -1,75 100,16 -2,25 107,84 204,00
1000 -1,81 100,16 -2,19 107,84 204,00

Fonte: Autor

A Tabela 9, possui variagdes nas reacdes também, porém, somente nos esforgos
horizontais, como o poértico € simétrico em relagdo ao eixo z, e as cargas axiais aplicadas sdo
iguais, mesmo com a variagdo volumétrica, o acumulo de tensdes nas reacdes verticais se
matem iguais devido a todo o elemento estd submetido as mesmas condigdes, tanto mecanicas
como o modulo de elasticidade quanto geométricas, ja as reacdes horizontais no eixo X,
podemos observar as reagdes variando, provavel fator seria a carga horizontal atuando na
estrutura e o fato da alteracdo de volume do pértico.

A Tabela 10 mostra as reagdes de apoio nos 3 nos do portico ZSR1.

Tabela 10— Reagdes de apoio para o portico para ZSR1

Reacoes n6 1 Reacdes n6 3 Reacdes n6 3 Soma das reacdes
Temperatura °C (kN) (kN) (kN) (kN)
X Z X Z X Z

REF -0.81 72,63 -1,17 73,99 -0,82 75,38 146,62

22 -1,32 115,91 -1,99 118,82 -1,22 120,52 350,72
100 -1,38 114,88 -2,21 121,03 -0,89 119,29 350,72
200 -1,39 114,00 -2,41 122,81 -0,69 118,40 350,72
300 -1,43 113,20 -2,54 124,39 -0,52 117,61 350,72
400 -1,46 112,63 -2,59 125,54 -0,43 117,03 350,72
500 -1,48 112,30 -2,56 126,19 -0,45 116,71 350,72
600 -1,04 114,43 -1,79 121,93 -1,65 118,84 350,72
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700 -0,41 116,81

800 -0,22 117,38
900 -0,11 117,73
1000 0,05 118,22

-1,01
-0,77
-0,62
-0,43

117,19
116,03
115,34
114,36

-3,07
-3,49
-3,76
-4,09

121,21
121,79
122,13
122,62

350,72
350,72
350,72
350,72

Fonte: Autor

Ja as reagdes do portico ZSR1 que possui 3 apoios, estdo na Tabela 10, onde podemos

observar que também existe variagdes de reacdes de acordo a temperatura. Observando as

Figuras 60 e 61 podemos ver que as barras 1, 2 e 3 se degradam muito rapido devido a estarem

sofrendo a¢do da temperatura, como observamos a Tabela 10, um comportamento ¢ o aumento

das reagdes no nd 3, devido a esse n6 de reagdo estd situado em uma barra que ndo perdeu

modulo de elasticidade, ele tende a resistir os esforcos das barras que estdo se deformando

devido a degradagdo da elasticidade, a medida que essas barras passam a resistir menos,

principalmente nas cargas verticais, lembrando que a as pequenas variagdes mesmo nas

temperaturas mais baixas, ocorre devido aos actimulos de tensdes devido a expansao

volumetria.
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4. RESULTADOS E DISCUSSOES

A partir das analises realizadas foram obtidos diversos dados que serao discutidos.
Dentre os dados, podemos focar nos deslocamentos verticais e horizontais monitorados de
alguns nos, além da perda de capacidade de carga em situacdo de incéndio com carregamento

nos porticos além das variagdes de cargas de reacdes em cada portico.

4.1 DESLOCAMENTOS HORIZONTAIS E VERTICAIS
Nesta se¢do vamos apresentar os deslocamentos maximos obtidos para cada porticos.
Os deslocamentos dos nos ocorrem devido a ao carregamento do portico e tendem a crescer a

medida que o mddulo de elasticidade cai, isso ocorre pois o material fica mais moldavel.

4.1.1 Deslocamentos maximos do portico EHR3

Os deslocamentos do pdrtico EHR3 foram monitorados e apresentados nesse topico, na

Figura 62 vemos um modelo deformado, gerado pelo SAP.

Figura 62 — Portico EHR3 na forma deformada, exemplificacao visual pelo SAP2000
3

Fonte: Autor

Para o portico EHR3 os deslocamentos méximos permitidos sio:
Pela NBR 8800 as Equacao 32 e 33:
6, = 3,90 mm (32.a)
6, = 3,59 mm (33.a)
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Pela AISC 360-16 as Equacao 34 e 35:
6y, = 3,90 mm (34.a)
6, = 3,44 mm (35.a)
Tabela 11 — Deslocamentos monitorados no poértico EHR3 no né 5 em relagdo ao aumento de

temperatura, deslocamento horizontal.

EHR3 Deslocamento Atende a:
°C (mm) NBR 8800 AISC 360
22 1,13 v v
100 2,34 v N
200 3,98 X X
300 5,68 X X
400 7,38 X X
500 9,13 X X
600 11,96 X X
700 17,18 X X
800 21,53 X X
900 26,03 X X
1000 33,75 X X

Fonte: Autor

Conforme observador na Tabela 11, o deslocamento esta conforme para até 100 °C, isso
¢ devido a diversos fatores como por exemplo mddulo de elasticidade 100% e expansdo térmica
para essa temperatura, porém ao atingir 200 °C vemos que o deslocamento ja nao atende o

estado limite de servico.
Tabela 12 — Deslocamentos monitorados no poértico EHR3 no n6 4 em relagdo ao aumento de

temperatura, deslocamento vertical.

EHR3 Deslocamento Atende a:
°C (mm) NBR 8800 AISC 360
22 2,83 v N
100 1,63 v v
200 0,47 v v
300 0,50 v v
400 1,45 v N
500 2,21 v v
600 1,38 v v
700 14,50 X X
800 24,20 X X
900 34,47 X X
1000 57,61 X X

Fonte: Autor
Na Tabela 12, temos o deslocamento do n6 4, que se trata de uma viga, logo seu
deslocamento monitorado foi o vertical, o que se pode observar ¢ que o deslocamento decresce

de 22 °C até 200 °C e volta cresce de 200 °C até 500 °C, porém o valor s¢ ira deixar de ser
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aceito pelas normas na casa do 700°C, todavia como observados nas analises do design de
estruturas de ago a 200 °C um trecho do pilar ja ultrapassa a demanda suportada, ndo sendo
considerado seguro.

A Figura 63 mostra o deslocamento dos dois pontos pertencentes ao portico EHR3
referente ao acréscimo das temperaturas, podemos afirmar que a em relagdo a essas
temperaturas, o que se observa ¢ que o deslocamento do n6 5 aumenta gradativamente, a do né

4 comega a ter um crescimento alto apos atingir a temperatura de 600 °C.

Figura 63 — Grafico deslocamento vs. temperatura dos nos de interesse do portico EHR3 monitorados

pelo SAP.

Deslocamento vs. Temperatura

60
50
€
£ a0 —@— Deslocamentos
9 EHR3 nond 5
:
5 30
o
o
o 20 Deslocamentos
EHR3 nondé 4
10
o i

0 200 400 600 800 1000
Temperatura (°C)

Fonte: Autor

Podemos observar um deslocamento crescente para o elemento vertical enquanto o
elemento horizontal, mantem um comportamento uniforme, oscilando entre aumento e
diminui¢do do deslocamento até os 600 °C onde passa a ter um alto crescimento do

deslocamento.

4.1.2 Deslocamentos maximos do portico EGR1

A Figura 64 mostra o portico EGR1 no seu estado deformado, e nesse topico iremos

mostrar todas as deformagdes monitoradas para esse portico.
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Figura 64 — Portico EGR1 na forma deformada, exemplificag@o visual pelo SAP2000

2

Fonte: Autor

Para o portico EGR1 os deslocamentos maximos permitidos sado:

Pela NBR 8800 Equagdo 32:

6 = 3,90 mm
Pela AISC 360-16 Equagao 34:

o0p = 3,90 mm

(32.b)

(34.b)

Para o portico EGR1 os nds monitorados estdo em um pilar onde seu deslocamento

horizontal foi monitorado e apresentado nas Tabelas 13 e 14.

Tabela 13 — Deslocamentos monitorados no poértico EGR1 no n6 3 em relagio ao aumento de

temperatura, deslocamento horizontal.

EGRI1 Deslocamento Atende a:
°C (mm) NBR 8800 AISC360
22 3,49 N4 N4
100 4,38 X X
200 5,88 X X
300 7,93 X X
400 9,37 X X
500 11,31 X X
600 17,69 X X
700 33,86 X X
800 46,50 X X
900 59,73 X X
1000 86,15 X X

Fonte: Autor
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Tabela 14 — Deslocamentos monitorados no pértico EGR1 no n6 5 em relacdo ao aumento de

temperatura, deslocamento horizontal.

EGR1 Deslocamento Atende a:
°C (mm) NBR 8800 AISC 360
22 2,16 N4 N4
100 2,67 N4 N4
200 3,55 N4 v
300 4,57 X X
400 5,60 X X
500 6,75 X X
600 10,67 X X
700 20,66 X X
800 28,46 X X
900 36,63 X X

1000 53,00 X X

Fonte: Autor

Os valores de deslocamento do n6 3 ficam fora do valor maximo permito pela NBR
8800 e AISC 360—16 na temperatura de 100 °C, como o modulo de elasticidade ndo muda para
essa temperatura, podemos associar essa mudanca, principalmente ao coeficiente de dilatagao
térmica, ou seja, ao ser projetado o engenheiro projetista ndo se atentou a um coeficiente de
seguranga para o estado limite de servi¢o para temperaturas altas, ou supos que a para o estado
limite de servico, a edificacao ndo chegaria a essa temperatura.

Os valores de deslocamento para o n6 5 somente para 300 °C ficou fora do valor maximo
permitido, vale ressalta também que o valor de deslocamento deve considerar o deslocamento
do topo da barra até a base para o estado limite de servigo, esse caso compreende o no6 3, o
monitoramento do n6 5 € estudo adicional do ponto no mesmo elemento.

Como pode ser observado na Figura 65 os valores do deslocamento sdo crescentes em

rela¢do a temperatura.
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Figura 65 — Grafico deslocamento vs. temperatura dos nos de interesse do portico EGR1 monitorados

pelo SAP.
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Fonte: Autor
Por se tratar de pontos diferente do mesmo elemento vertical o comportamento do
deslocamento em relagdo as temperaturas sdo parecidas, porém o elemento mais distante da

base do elemento sofre menor deslocamento.

4.1.3 Deslocamentos maximos do portico ZSR1

Os deslocamentos monitorados do portico ZSR1 serao exibidos aqui, a Figura 66 mostra
um modelo desse portico no seu estado deformado.

Figura 66— Portico ZSR1 na forma deformada, exemplificagdo visual pelo SAP2000

1r2 b3 ]

Figure Autor
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Para o poértico EGR1 os deslocamentos monitorados estdo na Tabela 15 e os

deslocamentos maximos permitidos sao:

Pela NBR 8800 Equagdo 32:
6 = 3,93 mm (32.c)
Pela AISC 360-16 Equagao 34:
5, = 3,93 mm (34.c)
Tabela 15 — Deslocamentos ZSR1 no n6 2
ZSR1 Deslocamento Atende a:
°C (mm) NBR 8800 AISC 360
22 2,21 v N
100 1,81 Vv v
200 1,57 Vv N4
300 1,35 v N
400 1,22 Vv v
500 1,20 Vv N4
600 2,19 v N
700 1,78 v v
800 4,76 X X
900 9,89 X X
1000 6,94 X X

Fonte: Autor

Tabela 16 — Deslocamentos ZSR1 no nd 3

ZSR1 Deslocamento Atende a:
°C (mm) NBR 8800 AISC 360
22 2,13 v N
100 4,07 X X
200 6,07 X X
300 8,10 X X
400 10,22 X X
500 12,45 X X
600 15,69 X X
700 17,52 X X
800 18,33 X X
900 18,73 X X
1000 16,75 X X

Fonte: Autor

O poértico ZSR1 tem os nos 2 e 3 com deslocamentos monitorados e apresentados nas
Tabelas 15 e 16, e para esses pilares o deslocamento maximo permitido ¢:

Analisando o valor maximo permitido com os valores das tabelas percebemos que os
valores do n6 2 estdo dentro do permitido até 700 °C, no n6 2 somente o valor para 22°C esta

dentro do deslocamento permitido pelas normas.
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Com os deslocamentos calculados pelo software mostrando a combinagdo de carga que
gera mais esfor¢os na estrutura, vamos agora ver as reagoes de cada pdrtico em relagdo a carga
de temperatura lancada na Figura 67.

Figura 67 — Grafico deslocamento vs. temperatura dos nos de interesse do portico ZSR1 monitorados

pelo SAP.
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Fonte: Autor

Analisando o comportamento do deslocamento, dos nos de interesse do portico ZSR1
percebemos que o n6 2 tem um deslocamento menor em relagdo ao no6 3, e que ele tem um
comportamento diferente dos demais graficos, o principal motivo ¢ a barra 4 e 5 que estdo

resistindo as tensdes por ndo estarem sofrendo a¢des de incéndio.

4.2 PERDA DA CAPACIDADE DEVIDO A TEMPERATURA
Agora iremos abordar a perda da capacidade de resisténcia de carga das barras devido a

degradacao do seu modulo de elasticidade ocasionado pelo aumento da temperatura.
4.2.1 Relacio (D/C) vs. temperatura portico EHR3

A barra 6 do pértico EHR3 foi escolhida, Figura 68, para ser monitorada pois foi a que
apresentou a maior relagdo D/C para uma mesma temperatura, sendo a que suportava mais

carga, foi a que tecnicamente se romperia primeiro em uma situacao de sobrecarga, podemos

ver a sua degradacdo na Figura 69 .

84



Figura 68 - Barra 3 do EHR1 que apresentou relagdo Demanda/Capacidade.
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Fonte: Autor

Figura 69 — Grafico Demanda/Capacidade (D/C) em relagdo a temperatura da barra 6 do portico EHR3

D/C (Barra 6) vs. Temperatura
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Fonte: Autor

Como observado, temos a superagdo da capacidade resistente entre as temperaturas 100
°C e 200 °C, isso também ¢ devido a temperatura de 200 °C ja possuimos uma degradagao

inicial do médulo de elasticidade. Porém ¢ dificil dizer que a estrutura colapsaria nessa ocasido
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devido aos fatores de seguranga impostos na estrutura, mas ¢ correto afirmar que a seguranga
ndo poderia ser garantida nessa situacao. Como o software nos acusou de ser a temperatura
critica para esse portico, utilizaremos o fator de redugdo proposto por Martines (1997) para as
temperaturas de 100 °C, 200 °C e 300°C (Tabela 17) para o design do SAP e comparar com a
NBR 14323.

Tabela 17 — Degradacao do IPE 120 por Martines (1997)

Moédulo elasticidade corrigido % em relacao a
Temperatura (°C) Ep (KN/mm?) ’ £ inicial
100 195,7787 97,91
200 188,2191 94,13
300 176,8643 88,46

Fonte: Autor

Ap6s a andlise os resultados estdo apresentados e comparados na Tabela 18, as analises

estdo no apéndice E.

Tabela 18 — comparagao entre D/C vs. temperatura do pdrtico EHR3, relacdo a (MARTINES, 1997) e
NBR14323

Temperatura (°C) D/C com E4 por Martines P:;:l;li;:; ﬂe;;?’
100 93,0% 90,7%
200 103,9% 100,8%
300 113,3% 112,2%

Fonte: Autor

Apesar do esperado ¢ ser a D/C ser menor devido ao modulo de elasticidade ser maior,
observamos o oposto, apesar de ser um fator decisivo, a diferenga entre as literaturas resulta em

resultados distintos, porém muitos préximos uns aos outros.

4.2.2 Relacio (D/C) vs. temperatura portico EGR1

Os resultados do design de estruturas de ago geradas pelo SAP e descobrir quais
elementos das estruturas estdo com maior uso, no caso do pértico EGR1 o resultado foi a barra
1 com maior demanda por capacidade, logo ela foi a primeira a apresentar estado critico ao
aumento da temperatura, a Figura 70 mostra a barra que mais aumentou a relacdo D/C vs.

Temperatura, e a Figura 71 mostra o grafico de aumento dessa relagao.
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Figura 70 — Barra 3 do EGR1 que apresentou relacdo Demanda/Capacidade.
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Fonte: Autor

Figura 71 — Grafico Demanda/Capacidade (D/C) em relagdo a temperatura da barra 1 do pdrtico EGR1
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Fonte: Autor

87



Pelo mesmo critério a barra 1 do EGR1 foi escolhida, porém apenas na analise visual
nao ¢ possivel observar os valores exatos, que se encontram no apéndice C, podemos observar
que esse portico, com relagdo a capacidade, tem uma boa resisténcia até a temperatura de 500°C,
vindo a exceder a relacdo D/C entre as temperaturas de 500 °C a 600 °C.

Ao analisarmos o Figura 71 vemos que a temperatura aonde a barra 1 atinge a sua
capacidade méxima fica em torno dos 600 °C, por isso vamos analisar com os dados de Martines

(1997) para as temperaturas de 500 °C, 600 °C e 700 °C (Tabela 19).

Tabela 19 — Degradagdo do IPE 120 por Martines (1997)

Temperatura (°C) Modulo elasticidade corrigido % em.r(.el:ing:ﬁo a
Eq (kN/mm?) E inicial
500 136,5495 68,29
600 100,9860 50,51
700 45,1159 22,56

Fonte: Autor
ApoOs a analise os resultados estdo apresentados e comparados Tabela 20, as anélises

estdo no apéndice E.

Tabela 20 — comparagdo entre D/C vs. temperatura do portico EGR1, relagdo a Martines (1997) e
NBR14323

Temperatura (°C) D/C com E4 por Martines Valor de Ref. Pela

NBR 14323
500 53,2% 59,1%
600 67,6% 110,0%
700 149,4% 256,0%

Fonte: Autor

O modulo de elasticidade proposto por Martines (1997) reduziu a o fator demanda por
capacidade (D/C) critico na situagao de 600 °C pela NBR 14323, para uma um valor aceito pelo
software de design, além de reduzir todos os outros valores como podemos observar na Tabela

20.

4.2.3 Relaciio (D/C) vs. temperatura portico ZSR1
Com os resultados do design de estruturas de aco geradas pelo SAP e descobrimos quais
elementos das estruturas estdo com maior uso, foi o caso da barra 3 mostrada na Figura 72, que

apresentou maior demanda por capacidade, a Figura 73 mostra o aumento da relagdo D/C vs.

Temperatura dessa barra.
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Figura 72 — Barra 3 apresentou relagdo Demanda/Capacidade, logo foi a primeira a ultrapassar essa

relacdo com o aumento da carga de temperatura, por esse motivo foi a escolhida para ser monitorada.
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Fonte: Autor

Figura 73 — Grafico Demanda/Capacidade (D/C) em relacdo a temperatura da barra 3 do pértico ZSR1
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Fonte: Autor

O comportamento da barra 3 de maior demanda do portico ZSR1 tem o comportamento
semelhante ao da Figura 71, podemos observar que a barra 3 supera D/C 100% entre 500 °C a
600°C.

Devido a essa ser considerada a temperatura critica, vamos fazer a compara¢do com o
modulo de elasticidade proposto Martines (1997) para as temperaturas de 500 °C, 600 °C e 700

°C. Por se tratar da mesma temperatura utilizadas no portico EHR1, vamos utilizar os mesmos
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valores da Tabela 19 para o moddulo de elasticidade. Os resultados das analises estdo no
apéndice G.
A Tabela 21 mostra os valores da comparacdo de Martines (1997) e a NBR 14323.

Tabela 21 — comparacdo entre D/C vs. temperatura do portico ZSR1, relacdo a Martines (1997) e
NBR14323

Temperatura (°C) D/C com E,4 por Martines P:;zl;l;:f :5:;23
500 80,0% 84.,6%
600 92,2% 137,7%
700 182,1% 298.6%

Fonte: Autor

Assim como no portico anterior, a temperatura de 600 °C passou na verifica¢do de
temperatura utilizando a equagdo de Martines (1997), e se percebeu uma grande redu¢ao nas
temperaturas de 600 °C e 700 °C embora a de 500 °C esteja com valores muitos préximos aos

obtidos com o uso da NBR 14323.

4.3 DETERMINACAO DE PERFIS QUE SUPORTEM A TEMPERATURA DE 700°C

Agora que encontramos pontos criticos nos porticos, vamos determinar os perfis que
suportariam altas temperaturas nos porticos de estudos, para isso, utilizaremos uma ferramenta
do SAP, onde vamos selecionar uma lista com diversos perfis metalicos, a lista escolhida foi os
porticos comercializados no Brasil e disponivel comercialmente pela tabela da Gerdau,
disponivel do site da empresa, escolhidos somente os compactos, como os perfis usam a ASTM
como base, eles sdo iguais, em sua maioria, com os comercializados nos EUA, para isso iremos
escolher eles na lista do software mais adiante, o tipo do aco sera o mesmo usado no IPE 120,
0 A982Fy50.

A lista dos perfis compactos comercializados pela Gerdau sdo os listados na Tabela 22:

Tabela 22 — Perfis compactos comercializados no Brasil pela Gerdau.

Bitola Mesa Alma Bitola Mesa Alma Bitola Mesa Alma
(mm x kg/m) A A (mm x kg/m) A A (mm x Kg/m) A A
W 150x 18,0 7,18 20,48 W 310x 21,0 8,86 53,25 W 410 x 60,0 6,95 46,42
W 150 x 24,0 495 1748 W 310x 23,8 7,54 48,50 W410x 67,0 6,22 40,59
W150x 29,8 (H) 8,23 17,94 W 310 x 28,3 5,73 45,20 W 410x 75,0 5,63 36,80
W 150x 37,1 (H) 6,64 14,67 W 310x 32,7 4,72 41,12 W 410 x 85,0 497 32,72
W 200x 19,3 7,85 29,31 W 310 x 38,7 8,51 46,66 W 460 x 52,0 7,04 53,21
W 200 x 22,5 6,38 27,42 W 310 x 44,5 7,41 41,00 W 460 x 60,0 5,75 50,55
W 200 x 26,6 7,92 29,34 W 310x 52,0 6,33 35,61 W 460 x 68,0 5,00 44,42
W200x 31,3 6,57 26,50 W 310 x 107 (H) 9,00 22,48 W 460 x 74,0 6,55 44,89
W200x359(H) 8,09 2590 W310x 117 (H) 8,21 20,55 W 460 x 82,0 5,97 40,81
W200x41,7(H) 7,03 21,86 W 360 x 32,9 7,47 53,10 W 460 x 89,0 5,42 38,44
W200x52,0(H) 8,10 19,85 W 360 x 39,0 5,98 4732 W 460 x 97,0 5,08 35,44
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W 200 x 59,0 (H)
W 200 x 71,0 (H)
W 200 x 86,0 (H)
W 250 x 22,3
W 250 x 25,3
W 250 x 28,4
W 250 x 32,7
W 250 x 38,5
W 250 x 44,8
W 250 x 73,0 (H)
W 250 x 80,0 (H)
W 250 x 89,0 (H)
W 250 x 101 (H)
W 250 x 115 (H)

7,22
5,92
5,07
7,39
6,07
5,10
8,02
6,56
5,69
8,94
8,17
7,40
6,56
5,86

17,32
15,80
12,06
37,97
36,10
34,38
36,03
33,27
28,95
23,33
21,36
18,82
16,87
14,87

W 360 x 44,0
W310x 21,0
W 310x 23,8
W 310 x 28,3
W 360x 51,0
W 360 x 57,8
W 360 x 64,0
W 360 x 72,0
W 360 x 79,0

W 360 x 91,0 (H)
W 360 x 101 (H)
W 360 x 110 (H)
W 360 x 122 (H)

W 410 x 38,8

8,72
8,86
7,54
5,73
7,37
6,56
7,52
6,75
6,10
7,74
6,97
6,43
5,92
7,95

44,70
53,25
48,50
45,0
42,75
38,96
37,40
33,47
30,68
30,34
27,28
2528
22,12
55,84

W 460 x 106,0
W 530 x 66,0
W 530 x 74,0
W 530 x 82,0
W 530 x 85,0
W 530 x 92,0
W 530 x 101,0
W 530 x 109,0
W 610 x 101,0
W610x 113,0
W 610 x 125,0
W 610 x 140,0
W 610 x 155,0
W 610 x 174,0

4,71
724
6,10
7,86
5,03
6,70
6,03
5,61
7,65
6,59
5,84
5,18
8,53
7,52

32,05
53,73
49,26
50,25
46,41
46,84
43,14
40,47
51,54
48,34
45,45
41,27
42,60
38,63

Fonte: Gerdau.

O procedimento para acessar a funcao:

Define —> Section Properties —> Frame Sections —> Import New Frame —>1/ Wide

Flange —> selecionar “AISC13m.pro”, selecionar todos os perfis, em material, colocar 700C

para o modulo de elasticidade a 700 °C pela NBR14323, ap6s —> Add New Property —>

Auto Select List —> selecionar todos os porticos importados —> ok —> ok.

Agora vamos atribuir a lista ao nosso portico.

Assign —> Frame Sections —> Autol (ou outro nome atribuido a lista) —> ok

Ap0s, vamos realizar a andlise da mesma forma, para a temperatura 700 °C e fazer o

design de estruturas de aco, todos os resultados de analise dessa se¢do de todos os porticos se

encontram no apéndice H.

O design sugerido pelo SAP para a temperatura de 700°C para o pértico EHR3 ficou da

seguinte forma, Figura 74:
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Figura 74 — Design sugerido pelo SAP para o portico EHR3 para suportar uma carga de temperatura de

700 °C sem risco de colapso.
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Fonte: Autor

Apos a andlise a barra que apresentou maior D/C foi a barra 6 que ficou em 94% de
capacidade maxima.

O design sugerido pelo SAP para a temperatura de 700°C para o portico EGR1 conforme
a Figura 75:
Figura 75 — Design sugerido pelo SAP para o portico EGR1 para suportar uma carga de temperatura de

700 °C sem risco de colapso.
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Fonte: Autor

Ap0s a andlise a barra que apresentou maior D/C foi a barra 1 que ficou em 66,8% de
capacidade méaxima, isso mostra que mesmo em 700 °C a estrutura ainda estdo suportando os
esforcos com folga.

O design sugerido pelo SAP para a temperatura de 700°C para o portico ZSR1 ficou
conforme a Figura 76:

Figura 76 — Design sugerido pelo SAP para o portico EGR1 para suportar uma carga de temperatura de

700 °C sem risco de colapso.
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Fonte: Autor

Ap0s a andlise a barra que apresentou maior D/C foi a barra 1 que ficou em 93,8% de
capacidade méxima, uma folga de pouco mais de 6%, a seguranca da estrutura estd garantida

até essa temperatura.
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CONCLUSOES

O presente trabalho conclui que:

O software SAP2000 mostrou-se ser uma excelente ferramenta para realizar analises e
simulagdes, com as suas andlises, observemos a degradagdo da capacidade de suporte de um
perfil metalico, em relagdo ao aumento da temperatura, mas que essa perda de capacidade esta
também muito relacionada ao uso desse perfil. Projetos que foram criados, com barras perto do
esgotamento de sua capacidade resistente, devido a uma grande demanda de projeto, estdo bem
mais suscetiveis ao colapso ja em temperaturas relativamente baixas para um incéndio, foi o
caso do portico EHR3, e quando eu trato de colapso, ndo é apenas sobre o rompimento do perfil,
mas o fato dele poder entrar no regime plastico e perder cada vez mais resisténcia a medida que
a temperatura aumenta, ndo tendo a sua segurancga garantida, podendo comprometer toda a
estrutura em uma temperatura na casa dos 200 °C, como mostrou a nossa analise no portico
EHR3, por outro lado, os porticos EGR1 e ZSR1 que foram criados com uma folga dos perfis
quanto a demanda por capacidade, se mantiveram estaveis até uma temperatura por volta dos
500 °C considerando a degradagao da elasticidade utilizada pela NBR 14323, se consideramos
a proposta por Martines (1997), esse valor aumenta para os 600 °C, coisa que ndo aconteceu
com o EHR3 em nenhuma literatura, sendo esse estudo um grande aviso para os engenheiros
projetistas na hora de fazer seus projetos, em dimensionar com folgas para imprevistos, com o
caso de um incéndio.

Outro aspecto importante observado durante as analises foi quanto ao deslocamento
crescente, esse resultado ¢ principalmente devido ao ataque do fogo ao médulo de elasticidade,
até a dilatacao térmica faz com seu volume aumente, gerando esses deslocamentos. O efeito
das cargas proveniente do uso da estrutura juntamente com a carga térmica faz com que o
deslocamento aumente, ou expandindo linearmente ou podendo fazer a pega flambar, obrigando
outras barras que nao estdo sendo atacadas pelo fogo, passem a resistir os esfor¢os das barras
que estao sofrendo degradacao do modulo de elasticidade, o portico ZSR1 foi o que apresentou
essa situacdo de maneira mais visivel, devido a ter uma parte conservada da acdo da carga
térmica, podemos perceber que as reagcdes de apoio do n6 que ndo se encontra em situagdo de
incéndio, tem os valores de reagdes crescente a partir de uma determinada temperatura, isso €
devido ao fato de estar sendo sobrecarregado com as cargas das reagdes vizinhas que estdao
recendo carga térmica. Ja os porticos EHR3 e EGR1 podemos observar que por todas as suas

barras estarem sofrendo acdo da carga térmica, as reagdes ficam oscilando entre crescente de
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crescente, devido as barras mudarem a sua relagdo D/C constantemente, além do aumento das
tensdes internas e do volume pela dilatagdo térmica, ja em temperaturas em torno dos 100 a 200
°C, o seu deslocamento ja ultrapassa os valores do estado de limite se servigo tanto do da AISC
360-16 quanto da NBR 8800, esse valor em uma situacdo de incéndio talvez ndo teria tanta
relevancia devido a propria situagdo que estd acontecendo gerar panico, e esse valor estd
relacionado ao conforte quanto ao uso, quanto ao principal motivo dele ocorrer em baixas
temperaturas seria a dilatacao térmica sofrida pelos perfis, mas para uma analise pos incéndio
se torna ainda mais essencial, devido a ter esse valor como base em um memorial de calculo, o
engenheiro que periciaria esse deslocamento pos incéndio poderia determinar se a peca entrou
no limite plastico ou permaneceu do limite elastico, valores esses que podem ser obtidos
também através se simulagdes.

Podemos comprovar que a degradacdo do aco proposta por Martines (1997) em
Sicurezza Antincendio, tem um resultado menos conservador, em temperaturas acima dos 300
°C até uns 700 °C, porém logo apds sua resisténcia cai para praticamente zero, na comparagao
das literaturas nos porticos EGR1 e ZSR1, Martines (1997) gerou um resultado melhor, onde a
seguranca dos porticos estavam garantidas até os 600 °C, em relagdo aos da NBR14323 que
consegue levar a elasticidade do material até os 1100 °C, porém com uma % da relacdo inicial
praticamente zerada. A grande transformacdo do médulo de elasticidade pela NBR 14323 ficou
comprovada na transi¢do dos 500 °C para os 600 °C, sendo esse intervalo critico, aonde o
modulo de elasticidade despenca de 60% para 31% do seu valor inicial em um intervalo de 100
°C.

E por fim, com ajuda de um recurso do SAP e com a fragilidade comprovada do perfil
IPE 120 aos 700 °C, utilizamos esse recurso que escolhe dentro uma lista pré-determinada pelo
operador do software, perfis que atenderia o pdrtico em uma situagdo de incéndio a 700 °C, ¢
importante o engenheiro projetista ter dominio das suas ferramentas de trabalho, e esse recurso

¢ uma excelente ferramenta para essa situagao.
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SUGESTOES PARA TRABALHOS FUTUROS

Esse trabalho comprovou a fragilidade de perfis metélicos em relagdo as cargas
térmicas, principalmente de estruturas projetadas no limite da capacidade resistente das pecas.
Para ampliar a pesquisa realizada aqui, recomenda-se simular um incéndio atingindo uma parte
de uma estrutura em 3D, com todas as cargas possiveis lancadas, funda¢des dimensionadas, se
possivel de alguma estrutura ja existente.

Além disso, podem ser citadas como sugestdes para trabalhos futuros, os seguintes
topicos:

e Realizar a mesma simulagdo e acdo nos mesmos porticos utilizando o aluminio
como material principal ou o concreto, que sdo recursos faceis e semelhantes de
se trabalhar no software.

e [Estudar mais profundamente as relagdes de mudancga das cargas de reagdes nos
porticos sobre situagdes de incéndio, como abrir o reitor de célculo realizadas
pelo software e acompanhar os locais da equacdo onde acontece a mudanca.

e Realizar andlises para pilares metalicos em situagdo de incéndio acompanhando
as cargas e deformacdes dos efeitos de segunda ordem.

e Comparar o presente trabalho com um trabalho futuro utilizando outra norma
utilizada pelo software, como a europeia EUROCOD 3-2005 ou outra norma de

preferéncia.
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APENDICE A — Resultado das analises dos porticos sem carga de temperatura e com

combinacio de projeto.

Figura 77 — Barra 5 do portico EHR3 sem langcamento de carga térmica.

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 5
Length: 585,

Loc : 585,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,451

SECTION CHECK

c

X Mid: 0,

Y Mid: 0,

2 Mid: 292,5

(Summary for Combo

Combo: DSTL2
Shape: IPE120
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order

AlphaPr/Pe=0,

129 Tau b=1,

and Station)

Design Type:
Frame Type:
Princpl Rot:

Column
SMF
0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

EI factor=0,8

PhiB=0,9 Phic=0,9 PhiTY=0,9 PhiTF=0,75
Phis=0,9 PhiS-RI=1, PhisT=0,9
A=1320, I133=3180000, r33=49,082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0,345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo DSTL2)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
585, -205,443 2382,505 0, -4,073 0, 0,
Relacdo Demanda/Capacidade
PMM APA RATIO (H1-1a)
D/C Rat 0,678 50,565 + 0,112 + O,
(Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 2y 1y 1, 1, 1, 1,
Minor Bending B 18 1, 1, 1, 1,
Lltb Kltb Cb
LTB Xy 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -205,443 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 2382,505 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
Vu phi*vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,073 109,213 0,037 OK
Minor Shear 0, 150,118 0, OK

C:\Users\Giovane\Desktop\TCC Revisao\analise EHR\EHR1.sdb

09/07/2022 15:39

100



Figura 78 — Barra 6 do portico EHR3 sem langamento de carga térmica.

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 6 X Mid: O, Combo: DSTL2 Design Type: Column
Length: 585, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 585, z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,451 AlphaPr/Pe=0,129 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo DSTL2)
Location Pu Mu33 Mu22 vu2 vu3 Tu
585, -205, 443 4765,009 0, -4,073 o, o,

PMM DEMAND/CAPACITY RATIO (H1l-1la)
D/C Ratio: 0,79 = 0,565 + 0,225 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending I 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB i, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -205,443 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 4765,009 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592

SHEAR CHECK

vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,073 109,213 0,037 OK
Minor Shear 0, 150,118 o, OK

CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS

Cont Pl Dbl Pl BC Ratio BC Ratio

Area Thick Major Minor

Joint Design 120,54 o, N/C N/C
C:\Users\Giovane\Desktop\TCC Reviséo\analise EHR\EHR1.sdb 09/07/2022 15:41

Fonte: Autor
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Fonte: Autor

SAP2000

Figura 79 — Barra 3 do portico EHR3 sem langamento de carga térmica.

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 3
Length: 620,

Loc : 620,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,009

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

Location
620,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Major (V2)

SECTION CHECK
Cc

X Mid: 310,
Y Mid: O,
z Mid: 1170,

Analysis: Dir
2nd Order: Ge
AlphaPr/Pe=0,

Phic=0,9
PhiS-RI=1,

133=3180000,
122=277000,
Fy=0, 345
Fu=0, 448

Pu
-4,073

PMM DEMAND/CAPACITY RATIO (H1

(Summary for Combo

Combo: DSTL2
Shape: IPE120
Class: Compact

ect Analysis
neral 2nd Order
003 Tau b=1,

PhiTY=0,9
PhisT=0,9

r33=49, 082
r22=14,486
Ry=1,1

STRESS CHECK FORCES & MOMENTS (Combo DSTL2)

Mu33
11505,495

-1b)

Mu22
0,

0,617 = 0,006 + 0,611 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN

L
2,
1,

Lltb
1,

Pu
Force
-4,073

Mu
Moment
11505,495
0,

26,243
o,

VMajor
Left
26,243

CONNECTION SHEAR FORCES FOR BEAMS

(H1-1b)
K1l K2
1, 1,
1, 1,
Kltb Cb
1, 2,158
phi*Pnc phi*Pnt
Capacity Capacity
358,21 409,549
phi*Mn phi*Mn
Capacity No LTB
18833,031 18833,031
4219,592
Vu
Force
109,213 0,24
150,118 0,
VMajor
Right
26,243

and Station)

Design Type:

Beam

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
-26,243

Bl

1,

phi*Mn
Cb=1
18807,53

phi*Vn

Capacity
OK
OK

EI factor=0,8

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
0, 0,
B2 Cm
1, 1,
1, 1,

Stress

Ratio Check

C:\Users\Giovane\Desktop\TCC Reviséo\analise EHR\EHR1.sdb
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Figura 80 — Barra 4 do portico EHR3 sem langamento de carga térmica.

Project
Job Number
Engineer

SAP2000

AISC 360-16 STEEL SECTION CHECK

(Summary for Combo and Station)

Units : KN, mm, C

Frame : 4 X Mid: 930, Combo: DSTL2 Design Type: Beam
Length: 620, Y Mid: O, Shape: IPE120 Frame Type: SMF

Loc : 0, z Mid: 1170, Class: Compact Princpl Rot: 0, degrees

Analysis: Direct Analysis
2nd Order: General 2nd Order

Provision: LRFD

D/C Limit=0, 95 Reduction: Tau-b Fixed

Fonte: Autor

AlphaPr/Py=0,009

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

Location
0,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Major (V2)

AlphaPr/Pe=0,

Phic=0,9
PhiS-RI=1,

133=3180000,
122=277000,
Fy=0, 345
Fu=0, 448

Pu
-4,073

PMM DEMAND/CAPACITY RATIO (H1

0,617 = 0,006

003 Tau b=1,

PhiTY=0,9
PhisT=0,9

r33=49, 082
r22=14,486
Ry=1,1

STRESS CHECK FORCES & MOMENTS (Combo DSTL2)

Mu33 Mu22
11505,495 o,

-1b)
+ 0,611 + O,

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
18,557

= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN

L
2,
1,

Lltb
1,

Pu
Force
-4,073

Mu
Moment
11505,495
0,

18,557
o,

VMajor
Left
18,557

CONNECTION SHEAR FORCES FOR BEAMS

(H1-1b)
K1l K2 Bl
1, 1, 1,
1; 1, i,
Kltb Cb
1, 1,667
phi*Pnc phi*pPnt
Capacity Capacity
358,21 409,549
phi*Mn phi*Mn phi*Mn
Capacity No LTB Cb=1
18833,031 18833,031 18807,53
4219,592
vu phi*Vn
Force Capacity
109,213 0,17 OK
150,118 0, OK
VMajor
Right
18,557

EI factor=0,8

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
0, 0,
B2 Cm
1, 1,
1, 1,

Stress

Ratio Check
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Figura 81 — Barra 1 do portico EGR1 sem langamento de carga térmica.

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: O, Combo: DSTL2 Design Type: Column
Length: 1170, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc i 31705 Zz Mid: 585, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,22 AlphaPr/Pe=0,251 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 Phic=0,9 PhiTY=0,9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0,9
A=1320, I133=3180000, r33=49,082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 233=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo DSTL2)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
1170, -100,164 -2337,491 0, 1,998 0, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,504 = 0,394 + 0,11 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (Hl1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending : 17 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 254,192 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2337,491 18833,031 18833,031 16463,773
Minor Moment 0); 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,998 109,213 0,018 OK
Minor Shear 0; 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 82 — Barra 2 do portico EGR1 sem langamento de carga térmica.

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: 610, Combo: DSTL2 Design Type: Beam
Length: 1220, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 1220, z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,004 AlphaPr/Pe=0,005 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo DSTL2)
Location Pu Mu33 Mu22 vu2 vu3 Tu
1220, 1,998 -2342,509 0, 3,836 0, o,

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,127 = 0,002 + 0,124 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)

Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 1,
Minor Bending i 29 1, i, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 2,278
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,998 243,826 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2342,509 18833,031 18833,031 16250,704
Minor Moment 0, 4219,592

SHEAR CHECK

vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 109,213 0,035 OK
Minor Shear 0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 83 — Barra 4 do portico EGR1 sem langamento de carga térmica.

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,237

AISC 360-16 STEEL SECTION CHECK

(Summary for Combo

Units : KN, mm, C

Frame : 4 X Mid: 1220, Combo: DSTL2
Length: 585, Y Mid: O, Shape: IPE120
Loc ) z Mid: 877,5 Class: Compact

Analysis: Direct Analysis

2nd Order:

General 2nd Order

and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Pe=0,068 Tau_b=1,

EA factor=0,8

EI factor=0,8

PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo DSTL2)
Location Pu Mu33 Mu22 vu2 vu3 Tu
0, -107,836 -2342,509 0, -2,002 o, o,
PMM DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,407 = 0,297 + 0,111 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending I 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB i, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2342,509 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,002 109,213 0,018 OK
Minor Shear 0, 150,118 0, OK
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Figura 84 — Barra 5 do portico EGR1 sem langamento de carga térmica.

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

(Summary for Combo

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,237

Analysis: Direct Analysis

Units : KN, mm, C

Frame : 5 X Mid: 1220, Combo: DSTL2
Length: 585, Y Mid: O, Shape: IPE120
Loc ) 2z Mid: 292,5 Class: Compact

2nd Order: General 2nd Order

AlphaPr/Pe=0,068 Tau_b=1,

PhiB=0, 9 Phic=0,9 PhiTY=0,9
Phis=0,9 PhiS-RI=1, PhisST=0,9
A=1320, 133=3180000, r33=49,082
J=16900, 122=277000, r22=14,486
E=199, 948 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo DSTL2)

Location
0,

Pu
-107,836

Mu33
=11717255

Mu22
0,

PMM DEMAND/CAPACITY RATIO (Hl-1la)
D/C Ratio: 0,352 = 0,297 + 0,055 + O,

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

and Station)

Design Type:

Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
-2,002

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl
Major Bending 2y 1, 1, 1,
Minor Bending 5 I 1 e T
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1171,255 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn
Status
Force Capacity
Major Shear 2,002 109,213 0,018 OK
Minor Shear 0, 150,118 0, OK

EI factor=0,8

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
o, 0,
B2 Cm
1, 1,
1; 1,

Stress

Ratio Check
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Figura 85 — Barra 1 do pértico ZSR 1sem langamento de carga térmica.

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 1 X Mid: O,
Length: 1180, Y Mid: O,
Loc : 1180, Z Mid: 590,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,255

D/C Ratio:

0,533 = 0,461 + 0O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

(Summary for Combo and Station)

Combo: DSTL2 Design Type:
Shape: IPE120 Frame Type: SMF
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,296 Tau_b=1,

EA factor=0,8

PhiB=0, 9 Phic=0,9 PhiTY=0,9 PhiTF=0,75
Phis=0,9 PhiS-RI=1, PhisST=0,9
A=1320, I33=3180000, r33=49,082 §33=53000,
J=16900, 122=277000, r22=14,486 §22=8656,25
E=199, 948 Fy=0, 345 Ry=1,1 233=60700,
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo DSTL2)
Location Pu Mu33 Mu22 Va2
1180, -116,207 -1533,232 0, 1,299
PMM DEMAND/CAPACITY RATIO  (Hl-la)

072 + 0,

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl
Major Bending 1, 1, 1, 1,
Minor Bending 5 I 1 e T
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -116,207 252,12 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1533,232 18833,031 18833,031 16421,159
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn
Status
Force Capacity
Major Shear 1,299 109,213 0,012 OK
Minor Shear 0, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl Pl BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, o, N/C N/C

Reduction: Tau-b Fixed

Column

Princpl Rot: 0, degrees

EI factor=0,8

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
o, 0,
B2 Cm
1, 0,6
1; Ly

Stress

Ratio Check
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Figura 86 — Barra 2 do portico ZSR1 sem langamento de carga térmica.

Fonte: Autor

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: 600, Combo: DSTL2 Design Type: Beam
Length: 1200, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 0, z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,003 AlphaPr/Pe=0,003 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo DSTL2)
Location Pu Mu33 Mu22 vu2 vu3 Tu
0, 1,299 1533,232 0, 2,193 0, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,083 = 0,002 + 0,081 + O,
= (1/2) (Pxr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1Db)
Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 1,
Minor Bending i 29 1, i, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 27219
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,299 247,973 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 1533,232 18833,031 18833,031 16335,931
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,193 109,213 0,02 OK
Minor Shear 0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 2,193 2,193
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Figura 87 — Barra 3 do pértico ZSR1 sem langamento de carga térmica.

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 3 X Mid: 1200,
Length: 1180, Y Mid: O,
Loc : 0, Z Mid: 590,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,26

PhiB=0, 9 Phic=0,9
Phis=0,9 PhiS-RI=1,
A=1320, 133=3180000,
J=16900, 122=277000,
E=199, 948 Fy=0, 345
RLLF=1, Fu=0, 448

Location Pu
0, -118,381

PMM DEMAND/CAPACITY RATIO (H1
D/C Ratio: 0,574 = 0,47

AXTAL FORCE & BIAXIAL MOMENT DE
Factor L
Major Bending 1,
Minor Bending

Lltb

LTB 1,

Pu

Force

Axial -118,381

Mu

Moment

Major Moment -2204,446

Minor Moment 0,
SHEAR CHECK

Status
Major Shear 1,868
Minor Shear 0,

(Summary for Combo and Station)

Combo: DSTL2 Design Type:
Shape: IPE120 Frame Type: SMF
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,302 Tau_b=1,

EA factor=0,8

STRESS CHECK FORCES & MOMENTS (Combo DSTL2)

PhiTY=0,9 PhiTF=0,75
PhisT=0,9
r33=49,082 §33=53000,
r22=14,486 §22=8656,25
Ry=1,1 z33=60700,
222=13600,
Mu33 Mu22 vu2
-2204, 446 0, -1,868

-la)
+ 0,104 + O,

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

SIGN (H1-1a)
K1l K2 Bl
1, 1, 1,
1, 1, i,
Kltb Cb
1, 1,667
phi*Pnc phi*Pnt
Capacity Capacity
252,12 409,549
phi*Mn phi*Mn phi*Mn
Capacity No LTB Cb=1
18833,031 18833,031 16421,159
4219,592
vu phi*Vn
Force Capacity
109,213 0,017 OK
150,118 0, OK

Reduction: Tau-b Fixed

EI fac

Av3=67
Av2=52
Cw=895

vu3
0,

B2

1,

Stress

Ratio

Column

Princpl Rot: 0, degrees

tor=0,8

2,

8,

242529,5
Tu
o,
Cm

0,6
1,
Check
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Figura 88 — Barra 4 do portico ZSR1 sem langamento de carga térmica.

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 1800, Combo: DSTL2 Design Type: Beam
Length: 1200, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 1200, z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,007 AlphaPr/Pe=0,008 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo DSTL2)
Location Pu Mu33 Mu22 vu2 vu3 Tu
1200, 3,168 -1548,722 0, 2,212 0, o,

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,086 = 0,004 + 0,082 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)

Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 1,
Minor Bending i 29 1, i, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 2,224
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 3,168 247,973 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1548,722 18833,031 18833,031 16335,931
Minor Moment 0, 4219,592

SHEAR CHECK

vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,212 109,213 0,02 OK
Minor Shear 0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 2,212 2,212
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Figura 89 — Barra 5 do portico ZSR1 sem langamento de carga térmica.

Fonte: Autor

Project
Job Number
SAP2000 e
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 5 X Mid: 2400, Combo: DSTL2 Design Type: Column
Length: 1180, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 0, Z Mid: 590, Class: Compact Princpl Rot: 0, degrees

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,265

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

Location
0,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Analysis: Direct Analysis
2nd Order: General 2nd Order

AlphaPr/Pe=0,307 Tau_b=1, EA factor=0,8
Phic=0,9 PhiTY=0, 9 PhiTF=0,75
PhisS-RI=1, PhisT=0, 9

I33=3180000, r33=49, 082 §33=53000,
122=277000, r22=14,486 §22=8656,25
Fy=0,345 Ry=1,1 233=60700,
Fu=0, 448 222=13600,

STRESS CHECK FORCES & MOMENTS (Combo DSTL2)

Pu Mu33 Mu22
-120,612 -1548,722 0,

PMM DEMAND/CAPACITY RATIO (Hl-1la)

0,551 = 0,478 + 0,073 + O,

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

L K1l K2

1, 1, 1,

1, 1, 1,

Lltb Kltb Cb

1, 1, 1,667

Pu phi*Pnc phi*Pnt

Force Capacity Capacity
-120,612 252,12 409,549
Mu phi*Mn phi*Mn
Moment Capacity No LTB

-1548,722 18833,031 18833,031
0, 4219,592

Vu
Force
1,312 109,213 0,012
0, 150,118 0,

vu2
-1,312

Bl

1,

phi*Mn
Cb=1
16421,159

phi*Vn

Capacity
OK
OK

Reduction: Tau-b Fixed

EI factor=0,8

Av3=67
Av2=52
Cw=895

vu3
0,

B2

1,

Stress

Ratio

2,

8,

242529,5
Tu
o,
Cm

0,6
1,
Check
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APENDICE B — Resultados das analises dos SAP das do portico EHR3 com aplicacéo

Fonte: Autor

das cargas de temperaturas a e combinacdes de projeto.

Figura 90 — Analise detalhada da barra 5 a temperatura 22 °C do EHR3

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

(Summary for Combo and Station)

Units : KN, mm, C

Frame : 5 X Mid: O, Combo: COMB1_22C_LFRD Design Type: Column
Length: 585, Y Mid: O, Shape: IPE120 Frame Type: SMF

Loc : 585, 2z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,95 2nd Order: General 2nd Order
AlphaPr/Py=0,452 AlphaPr/Pe=0,129 Tau b=1,

PhiB=0, 9 Phic=0,9 PhiTY=0, 9
Phis=0,9 PhiS-RI=1, PhisST=0, 9
2=1320, 133=3180000, r33=49,082
J=16900, 122=277000, r22=14,486
E=199, 948 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LFRD)
Location Pu Mu33 Mu22
585, -205,862 2642,421 0,

PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,691 = 0,566 + 0,125 + O,

Reduction: Tau-b Fixed
EA factor=0,8 EI factor=0,8

PhiTF=0,75
$33=53000, Av3=672,
522=8656,25 Av2=528,
2z33=60700, Cw=895242529,5
2z22=13600,
vu2 vu3 Tu
-4,517 0, o,

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Vu

Factor L K1 K2

Major Bending 2, 1, 1,

Minor Bending 1, 1 [ 1,

Lltb Kltb Cb

LTB 1, 1, 1,667

Pu phi*Pnc phi*Pnt

Force Capacity Capacity

Axial -205,862 363,513 409,549

Mu phi*Mn phi*Mn

Moment Capacity No LTB

Major Moment 2642,421 18833,031 18833,031
Minor Moment o, 4219,592

SHEAR CHECK
Status
Force
Major Shear 4,517 109,213 0,041
Minor Shear 0, 150,118 0,

Bl B2 Cm
1, 1, 1,
1, 1, Ly
phi*Mn
Cb=1
18833,031
phi*vn Stress
Capacity Ratio Check
OK
OK
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Figura 91 — Analise detalhada da barra 6 a temperatura 22 °C do EHR3

SAP2000

Project

Job Number

Engineer

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,452

AISC 360-16 STEEL SECTION CHECK

Analysis: Direct Analysis

(Summary for Combo and Station)

COMB1_22C_LFRD Design Type:

Units : KN, mm, C

Frame : 6 X Mid: O, Combo:

Length: 585, Y Mid: O, Shape: IPE120
Loc : 585, z Mid: 877,5 Class: Compact

2nd Order: General 2nd Order

AlphaPr/Pe=0,129 Tau_b=1,

PhiB=0, 9 Phic=0,9 PhiTY=0,9
Phis=0,9 PhiS-RI=1, PhisST=0,9
A=1320, 133=3180000, r33=49,082
J=16900, 122=277000, r22=14,486
E=199, 948 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LFRD)

Location Pu Mu33 Mu22
585, -205,862 5284,843 0,
PMM DEMAND/CAPACITY RATIO (Hl-1a)

D/C Ratio: 0,816 = 0,566 + 0,249 + 0,

Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
-4,517

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl
Major Bending 2y 1, 1, 1,
Minor Bending 5 I 1 e T
Lltb Kltb Cb
LTB 1, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -205,862 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 5284,843 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn
Status
Force Capacity
Major Shear 4,517 109,213 0,041 OK
Minor Shear 0, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl Pl BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 120,54 o, N/C N/C

EI factor=0,8

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
o, 0,
B2 Cm
1, 1,
1; 1,

Stress

Ratio Check
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Figura 92 — Analise detalhada da barra 3 a temperatura 22 °C do EHR3

Fonte: Autor

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 310, Combo: COMB1_22C_LFRD Design Type: Beam
Length: 620, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 620, z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,01 AlphaPr/Pe=0,003 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LFRD)
Location Pu Mu33 Mu22 vu2 vu3 Tu
620, -4,517 11245,579 0, -26,662 0, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,603 = 0,006 + 0,597 + 0O,
= (1/2) (Pxr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1 29 1, i, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 2,168
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -4,517 358,21 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 11245,579 18833,031 18833,031 18807,53
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 26,662 109,213 0,244 OK
Minor Shear 0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 26,662 26,662
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Figura 93 — Analise detalhada da barra 4 a temperatura 22 °C do EHR3

Project
Job Number
Engineer

SAP2000

AISC 360-16 STEEL SECTION CHECK

(Summary for Combo and Station)

Units : KN, mm, C

Frame : 4 X Mid: 930, Combo: COMB1_22C_LFRD Design Type: Beam
Length: 620, Y Mid: O, Shape: IPE120 Frame Type: SMF

Loc : 0, z Mid: 1170, Class: Compact Princpl Rot: 0, degrees

Provision: LRFD
D/C Limit=0,95

Analysis: Direct Analysis

2nd Order: General 2nd Order Reduction: Tau-b Fixed

Fonte: Autor

AlphaPr/Py=0,01

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

Location
0,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Major (V2)

AlphaPr/Pe=0,

Phic=0,9
PhiS-RI=1,

133=3180000,
122=277000,
Fy=0, 345
Fu=0, 448

Pu
-4,517

PMM DEMAND/CAPACITY RATIO (H1

0,603 = 0,006

003 Tau b=1,

PhiTY=0,9
PhisT=0,9

r33=49, 082
r22=14,486
Ry=1,1

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LFRD)

Mu33 Mu22
11245,579 o,

-1b)
+ 0,597 + 0O,

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
18,138

= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN

L
2,
1,

Lltb
1,

Pu
Force
-4,517

Mu
Moment
11245,579
0,

18,138
o,

VMajor
Left
18,138

CONNECTION SHEAR FORCES FOR BEAMS

(H1-1b)
K1l K2 Bl
1, 1, 1,
1; 1, i,
Kltb Cb
1, 1,667
phi*Pnc phi*pPnt
Capacity Capacity
358,21 409,549
phi*Mn phi*Mn phi*Mn
Capacity No LTB Cb=1
18833,031 18833,031 18807,53
4219,592
vu phi*Vn
Force Capacity
109,213 0,166 OK
150,118 0, OK
VMajor
Right
18,138

EI factor=0,8

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
0, 0,
B2 Cm
1, 1,
1, 1,

Stress

Ratio Check
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Figura 94 — Analise detalhada da barra 5 a temperatura 100 °C do EHR3

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 5
Length: 585,

Loc : 585,
Provision: LRFD

D/C Limit=0,95
AlphaPr/Py=0,456

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

Location
585,

D/C Ratio:

Factor

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

SECTION CHECK
(o}

X Mid: O,
Y Mid: O,
2z Mid: 292,5

(Summary for Combo and Station)

Combo:
Shape: IPE120
Class: Compact

Analysis: Direct Analysis

2nd Order:

General 2nd Order

Major Bending
Minor Bending

PMM DEMAND/CAPACITY RATIO

AXIAL FORCE & BIAXIAL MOMENT DESIGN

COMB1_100C_LRFD Design Type:

Frame Type:
Princpl Rot:

Column
SMF
0, degrees

Reduction: Tau-b Fixed

AlphaPr/Pe=0,13 Tau_b=1, EA factor=0,8 EI factor=0,8
Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis-RI=1, PhisT=0, 9
I33=3180000, r33=49,082 $33=53000, Av3=672,
I122=277000, r22=14,486 S522=8656, 25 Av2=528,
Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
Fu=0, 448 z22=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1_100C_LRFD)
Pu Mu33 Mu22 vu2 vu3 Tu
-207,348 3563,944 0, -6,092 o, o,
(H1-1a)
0,739 = 0,57 + 0,168 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
(H1-1a)
L K1l K2 Bl B2 Cm
2, 1, 1, 1, 1, 1,
1, 1, 1, 1, 1, 1,
Lltb Kltb Cb
1, 1, 1,667
Pu phi*Pnc phi*pnt
Force Capacity Capacity
-207,348 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
3563,944 18833,031 18833,031 18833,031
0, 4219,592
vu phi*Vn Stress
Force Capacity Ratio Check
6,092 109,213 0,056 OK
0, 150,118 0, OK
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Figura 95 — Analise detalhada da barra 6 a temperatura 100 °C do EHR3

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 6 X Mid: O, Combo: COMB1_100C_LRFD Design Type: Column
Length: 585, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 585, z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,456 AlphaPr/Pe=0,13 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1_100C_LRFD)
Location Pu Mu33 Mu22 Va2 vu3 Tu
585, -207,348 7127,889 0, -6,092 o, o,
PMM DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,907 = 0,57 + 0,336 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending I 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB i, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -207,348 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 7127,889 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 6,092 109,213 0,056 OK
Minor Shear 0, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl Pl BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 120,54 o, N/C N/C
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Figura 96 — Analise detalhada da barra 3 a temperatura 100 °C do EHR3

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 310, Combo: COMB1_100C_LRFD Design Type: Beam
Length: 620, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 620, z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,009 AlphaPr/Pe=0,003 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1_100C_LRFD)
Location Pu Mu33 Mu22 vu2 vu3 Tu
620, -4,073 11505,495 0, -26,243 0, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,617 = 0,006 + 0,611 + O,
= (1/2) (Pxr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1 29 1, i, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 2,158
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -4,073 358,21 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 11505, 495 18833,031 18833,031 18807,53
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 26,243 109,213 0,24 OK
Minor Shear 0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 26,662 26,662
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Figura 97 — Andlise detalhada da barra 4 a temperatura 100 °C do EHR3

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 4
Length: 620,

Loc : 0;

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,009

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

Location
0,

D/C Ratio:

SECTION CHECK
c

X Mid: 930,
Y Mid: 0,
z Mid: 1170,

(Summary for Combo and Station)

Combo: COMB1_100C_LRFD Design Type: Beam
Shape: IPE120 Frame Type: SMF
Class: Compact Princpl Rot: 0, degrees

Analysis: Direct Analysis

2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Pe=0,003 Tau_b=1, EA factor=0,8 EI factor=0,8
Phic=0,9 PhiTY=0,9 PhiTF=0,75

PhiS-RI=1, PhisST=0,9

I33=3180000, r33=49,082 $33=53000, Av3=672,
122=277000, r22=14,486 $22=8656,25 Av2=528,
Fy=0,345 Ry=1,1 z33=60700, Cw=895242529,5
Fu=0, 448 z22=13600,

Pu
-4,073

PMM DEMAND/CAPACITY RATIO (H1

0,617 = 0,006

STRESS CHECK FORCES & MOMENTS (Combo COMB1_100C_LRFD)

Mu33 Mu22 vu2 vu3 Tu
11505, 495 0, 18,557 0, o,

-1b)

+ 0,611 + O,

= (1/2) (pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 2, 1, Ly, i, 1, 1,
Minor Bending a o 1 B 1, 1, 1, 1,
Lltb Kltb Cb
LTB Ly 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -4,073 358,21 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 11505,495 18833,031 18833,031 18807,53
Minor Moment 0, 4219,592
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 18,557 109,213 6,17 OK
Minor Shear 0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 18,557 18,557
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Figura 98 — Analise detalhada da barra 5 a temperatura 200 °C do EHR3

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 5
Length: 585,
Loc : 585,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,459

SECTION CHECK
(o}

X Mid: O,
Y Mid: O,
2z Mid: 292,5

(Summary for Combo and Station)

Combo:
Shape: FSEC1
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,145 Tau_b=1,

COMB1_200C_LRFD Design Type:

Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

EI factor=0,8

PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=179,953 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1l_200C_LRFD)
Location Pu Mu33 Mu22 vu2 vu3 Tu
585, -208,873 4509,094 0, -7,708 o, o,
PMM DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,795 = 0,582 + 0,213 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending I 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -208,873 358,728 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 4509,094 18833,031 18833,031 18821,296
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 7,708 109,213 0,071 OK
Minor Shear 0, 150,118 0, OK
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Figura 99 — Analise detalhada da barra 6 a temperatura 200 °C do EHR3

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 6
Length: 585,

Loc : 585,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,459

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,

E=179,953
RLLF=1,

DESIGN MESSAGES
Error:

Location
585,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Joint Design

SECTION CHECK
(o}

X Mid: O,
Y Mid: O,
z Mid: 877,5

(Summary for Combo and Station)

Combo:
Shape: FSEC1
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,145 Tau_b=1,

AXIAL FORCE & BIAXIAL MOMENT DESIGN

PMM DEMAND/CAPACITY RATIO (Hl-1a)

COMB1_200C_LRFD Design Type:

Frame Type:

Column
SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

EI factor=0,8

Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis-RI=1, PhisT=0, 9
I33=3180000, r33=49,082 $33=53000, Av3=672,
I122=277000, r22=14,486 S522=8656, 25 Av2=528,
Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
Fu=0, 448 z22=13600,
Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo COMB1_200C_LRFD)
Pu Mu33 Mu22 vu2 vu3 Tu
-208,873 9018,188 0, -7,708 o, 0,
1,008 = 0,582 + 0,426 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
(H1-1a)
L K1l R2 Bl B2 Cm
2, 1, 1, 1, 1, 1,
1, 1, 1, 1, 1, 1,
Lltb Kltb Cb
i, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-208,873 358,728 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
S018,188 18833,031 18833,031 18821, 296
0, 4219,592
vu phi*Vn Stress
Force Capacity Ratio Check
7,708 109,213 0,071 OK
o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl Pl BC Ratio BC Ratio
Area Thick Major Minor
133,142 0, N/C N/C
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Figura 100 — Analise detalhada da barra 3 a temperatura 200 °C do EHR3

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : EN, mm,
Frame : 3
Length: 620,

Loc T 620,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,017

PhiB=0,9
Phis=0,9

A=1320,
J=16900,
E=179,953
RLLF=1,

Location
620,

D/C Ratio:

Factor

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECE
Status

Major Shear
Minor Shear

Major (V2)

RISC 360-16 STEEL SECTION CHECK

STRESS CHECK FORCES & MOMENTS

PMM DEMAND/CAPACITY RATIO

R¥TAT. FORCE & BIAXIAL MOMENT DESIGN

Major Bending
Minor Bending

o}

X Mid: 310, Combo:
Y Mid: O, Shape:
Z Mid: 1170, Class:

Analysis: Direct ARnalysis

COMB1 200C_LRFD Design Type:

FSEC1
Compact

2nd Order: General Znd Order
AlphaPr/Pe=0,006 Tau b=1,

CONNECTION SHEAR FORCES FOR BEAMS

Phic=0,% PhiTY=0,9
Phis-rRI=1, PhisT=0,9
I33=3180000, r33=49,082
I22=277000, r22=14,486
Fy=0, 345 Ry=1,1
Fu=0, 448
(Combo COMB1 200C LRFD)
Pu Mu33 Muzz
-17,708 9378,906 0,
(H1-1b)
0,509 = 0,011 + 0,498 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) +
(H1-1k)
L E1l K2
2, i, 1,
1, i, 1,
Lltb Kltb Cb
1 1, 2,265
Pu phi*Pnec phi*Pnt
Force Capacity Capacity
-17,708 352,919 409,549
Mu phi*Mn phi*Mn
Meoment Capacity No LTB
9378, 906 18833,031 18833,031
aQ, 4219,592
Force
29,673 109,213 0,272
a, 150,118 0,
VMajor VMajor
Left Right
29,673 29,673

vu

(Summary for Combo and Station)

Beam

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

833=53000,
S22=8656,25
z33=60700,
z22=13600,

Vuz
-25,673

(Mr22/Mc22)

phi*Mn
Cb=1
18656,5%2

phi*Vn

Capacity
OK
OK

EI factor=0,8

Av3=672,
AvZ=528,
Cw=885242529,5

vu3 Tu
0, 0,
B2 Cm
1 1,
1 1,
8tress
Ratio Cheack
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Figura 101 — Analise detalhada da barra 4 a temperatura 200 °C do EHR3

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : EN, mm,
Frame : 4
Length: 620,

Loc : 0

'

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,017

PhiB=0,9
Phis=0,9

A=1320,
J=16900,
E=179,953
RLLF=1,

Location
0,

D/C Ratio:

Factor

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECE
Status

Major Shear
Minor Shear

Major (V2)

STRESS CHECK FORCES & MOMENTS

PMM DEMAND/CAPACITY RATIO

Major Bending
Minor Bending

RISC 360-16 STEEL SECTION CHECK

[

X Mid: 930,
¥ Mmid: 0O,
7z Mid: 1170,

(Summary for Combo and Station)

Combo: COMB1l_200C LRFD Design Type: Beam
Shape: FSEC1 Frame Type: SMF
class: Compact Princpl Rot: 0, degrees

Analysis: Direct ARnalysis

2nd Order: General Znd Order

AlphaPr/Pe=0,

Reduction: Tau-b Fixed

00e Tau b=1, EA factor=0,8 EI factor=0,8

Phic=0,% PhiTY=0,9 PhiTF=0,75
Phis-rRI=1, PhisT=0,9
I33=3180000, r33=49,082 §33=53000, Av3=672,
I22=277000, r22=14,486 §522=8656,25 Av2=528,
Fy=0,345 Ry=1,1 z33=60700, Cw=895242529,5
Fu=0,448 z22=13600,
(Combo COMEL1 200C LRFD)
Pu Mu33 Muzz Vuz vu3 Tu
-17,708 9378,906 0, 15,127 0, 0,
(H1-1b)

0,509 = 0,011 + 0,498 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc2z)

R¥TAT. FORCE & BIAXIAL MOMENT DESIGN

L
2,
1,

Llth
1,

Pu
Force
-7,708

Mu
Moment
9378, 906
o,

15,127
o,

VMajor
Left
15,127

CONNECTION SHEAR FORCES FOR BEAMS

(H1-1k)
E1l K2 B1 B2 Cm
i, 1, 1, 1 1,
i, 1, 1, 1 1,
Kltb Cb
1, 1,667
phi*Pnec phi*Pnt
Capacity Capacity
352,919 409,549
phi*Mn phi*Mn phi*Mn
Capacity No LTB Cb=1
18833,031 18833,031 18656,5%2
4219,592
Vu phi*Vn Stress
Force Capacity Ratio Check
109,213 0,138 OR
150,118 0, OR
VMajor
Right
15,127
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Figura 102 — Analise detalhada da barra 5 a temperatura 300 °C do EHR3

Fonte: Autor

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {(Summary for Combo and Station)
Units : KN, mm, C
Frame : &5 X Mid: o0, Combo: 300C_LERFD Design Type: Column
Length: 585, Y Mid: 0, Shape: 300C Frame T : SMF
Loc : 585, Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 35 2nd Order: General 2nd Order
AlphaPr/Py=0,476 RAlphaPr/Pe=0,165 Tau b=1,

Reduction: Tau-b Fixed

ERA factor=0,8

EI factor=0,8

DhiB=0, 3 PhiC=0,9 PhiTY¥=0, 9 PhiTF=0, 75
PhiS=0,9 PhiS-RI=1, PhiST=0, 9
A=1278, 96 I133=3063128,321 1r33=48,53% §33=51052, 135 Av3=672,
J=12977,925 122=276013,597 r22=14, 691 S22=8625, 425 Av2=528,
=159, 958 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553, 8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LERFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
585, -209,851 5115,3552 0, -8,745 0, 0,
PMM DEMAND/CRPACITY RATIO (H1-1a)
D/C Ratio: 0,862 = 0,611 + 0,25 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (Hl1-1la)
Factor L K1 K2 Bl B2 Cm
Major Bending 2, 1, 1., 1. 1, 1,
Minor Bending 1 b 29 I 1 = b
Lltb Kltb Cb
LTB i i 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -208,851 343,277 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 5115,552 18160,402 18160,402 18008, 316
Minor Moment o, 4164,432
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 8,745 58,252 0,083 0K
Minor Shear o, 150,118 0; OK
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Figura 103 — Anélise detalhada da barra 6 a temperatura 300 °C do EHR3

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : € X Mid: o0, Combo: 300C_LERFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 300C Frame T : SMF
Loc : 6585, Z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,476¢ RAlphaPr/Pe=0,165 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=12577,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=159,558 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 300C_LERFD)
Location Pu Mu33 2 Va2 Va3 Tu
585, -209,851 10231,103 0, -8,745 o, 0,
P DEMAND/CRPACITY RATIO (H1-1a)
D/C Ratio: 1,112 = 0,611 + 0,501 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, I B 1,
Lltb Kltb Cb
LTB . i 1,25
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -209,851 343,277 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 10231,103 18160, 402 18160, 402 18008,31¢6
Minor Moment o, 4164,6432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 8,745 98,292 0,085 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 184,202 0, N/C K/C
C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb 07/09/2022 13.08
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Figura 104 — Anélise detalhada da barra 3 a temperatura 300 °C do EHR3

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 310, Combo: 300C_LERFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 300C Frame Type: SMF
Loc S Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,02 RlphaPr/Pe=0,008 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=12577,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=159,558 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -8,745 -10231,103 0, -30,651 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,576 = 0,013 + 0,563 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 2,244
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -8,745 337,2 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -10231,103 18160,402 181€0,402 17818,¢618
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 30,651 98,292 0,312 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 30,651 30,651
C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb 07/09/2022 13.09
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Figura 105 — Anélise detalhada da barra 4 a temperatura 300 °C do EHR3

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 530, Combo: 300C_LERFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 300C Frame T : SMF
Loc S Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,02 RlphaPr/Pe=0,008 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=12577,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=159,558 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -8,745 8772,448 0, 14,149 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,456 = 0,013 + 0,483 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -8,745 337,2 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 8772,448 18160,402 181€0,402 17818,¢618
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 14,145 98,292 0,144 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 14,145 14,149
C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb 07/09/2022 13.09
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Figura 106 — Analise detalhada da barra 5 a temperatura 400 °C do EHR3

Fonte: Autor

SAP2000

Project

Job Number

Engineer

RISC 3€0-16€ STEEL SECTION CHECK {Summary for Combo
Units : KN, mm, C

Frame : 6§ X Mid: o0, Combo: 400_LERFD
Length: &85, Y Mid: o0, Shape: 400C

Loc : 585, Z Mid: 282,5 Class: Compact

Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 55 2nd Order: General 2nd Order

AlphaPr/Py=0,478 AlphaPr/Pe=0,1839 Tau b=l,
PhiB=0,5 PhiC=0,5 PhiTY=0,5
PhiS=0,9 PhiS-RI=1, PhiST=0, 3
A=1278, 96 I33=3063128,321 r33=48,938
J=12577, 925 I122=276013,597 r22=14,691
E=139, 564 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 400_LERFD)
Location Pu Mu33 Mu22
585, -210,585 570,788 0,

PMM DEMAND/CRPACITY RATIO (H1-1a)
D/C Ratio: 0,899 = 0,626 + 0,273 + O,
= (Pr/Bc) + (B8/9) (Mr33/Mc33) +

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L K1 K2
Major Bending Z; 2; 1;
Minor Bending 1, - 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -210,58%5 336,243 396,815
Mu phi*Mn phi*Mn
Moment Capacity No LTB
Major Moment 5570,788  18160,402 18160,402

Minor Moment o, 4164,432

SHERR CHECK
Vu
Status
Force

Major Shear 9,523 98,292 0,097
Minor Shear o, 150,118 0,

and Station)

Design Type: Column

Frame Type: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EAR factor=0,8 EI factor=0,8
PhiTF=0,75

S§33=51052,13% Av3=672,
S22=8625, 425 Av2=528,
233=58532,07¢ Cw=852054553,8

222=13422,21¢6

Vu2 Va3 Tu
-9,523 0, o,
(8/9) (Mr22/Mc22)
Bl B2 Cm
1, 1, 1,
. 1, 1,
phi*Mn
Cb=1
17772,279
phi*Vn Stress
Capacity Ratio Check
OK
OK
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Figura 107 — Anélise detalhada da barra 6 a temperatura 400 °C do EHR3

SAP2000

Project
Job Number

Engineer

Units : KN, mm,
Frame : €
Length: 585,

Loc : 585,

Provision: LRFD
D/C Limit=0, 95

AISC 360-16 STEEL SECTION CHECK

c
X Mid: o0,
Y Mid: 0

Z Mid: 877,5

{Summary for Combo and Station)

Combo:
Shape:
Class:

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

400_LERFD
400C
Compact

Design Type:

Frame T

Column
: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,478 RAlphaPr/Pe=0,183 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=133, 364 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 400_LERFD)
Location Pu Mu33 2 Va2 Va3 Tu
585, -210,585 11141,577 0, -9,523 o, 0,
P DEMAND/CRPACITY RATIO (H1-1a)
D/C Ratio: 1,172 = 0,626 + 0,545 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, I B 1,
Lltb Kltb Cb
LTB . i 1,25
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -210,58% 336,243 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 11141,577 18160, 402 18160, 402 17772,279
Minor Moment o, 4164,6432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 9,523 98,292 0,097 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 210,441 0,356 N/C K/C
C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb 07/09/2022 13:33
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Figura 108 — Analise detalhada da barra 3 a temperatura 400 °C do EHR3

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0,95

AISC 36€0-16 STEEL SECTION CHECK

{Summary for Combo

Units KN, mm, C

Frame : 3 X Mid: 310, Combo: 400_LERFD
Length: €20, Y Mid: 0, Shape: 400C

Loc A Z Mid: 1170, Class: Compact

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

and Station)

Design Type:

Frame T

Beam
: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,022 AlphaPr/Pe=0,01 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 PhiC=0,9 PhiTY=0,9 PhiTF=0,75
PhiS=0, % PhiS-RI=1, PhiST=0, 9%
A=1278, %96 133=3063128,321 r33=48,339 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 S522=8625, 425 Av2=528,
E=133,564 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 400_LERFD)
Location Mu33 Mu22 Vu2 Va3 Tu
o, -9,523 -11141,577 0, -31,385 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,628 = 0,014 + 0,614 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, b I 8 I : i 1,
Minor Bending 1, 1 B8 1; 1; 1
Lltb Kltb Cb
LTB 1, 1, 2,222
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -8,523 323,445 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -11141,577 18160,402 1816€0,402 17560,123
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 31,385 98,292 0,315 OK
Minor Shear o, 150,118 0, 0K
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 31,385 31,385
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Figura 109 — Anélise detalhada da barra 4 a temperatura 400 °C do EHR3

Fonte: Autor

Project
Job Number
SAP2000 Sadined
AISC 360-1€ STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 530, Combo: 400_LERFD Design Type: Beam
Length: €20, Y Mid: 0, Shape: 400C Frame Type: SMF
Loc s 0, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 35 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,022 RAlphaPr/Pe=0,01 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,35 PhiC=0,3 PhiTY=0, 95 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,96 133=3063128,321 r33=48,939 S§33=51052,135 Av3=672,
=12577,925 122=276013,597 r22=14,651 522=8625, 425 Rv2=528,
E=139,564 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 400_LERFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
o, -9,523 8317,212 0, 13,415 o, o,
P DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,472 = 0,014 + 0,458 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, : I i, 1, . 1;
Minor Bending E b 8 1; 1z 1, 1=
Lltb Kltb Cb
LTB 1, - 1 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -9,523 323,445 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 8317,212 1816€0,402 18160,402 17560,123
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 13,415 98,292 0,136 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 13,415 13,415
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Figura 110 — Anélise detalhada da barra 5 a temperatura 500 °C do EHR3

Fonte: Autor

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : S X Mid: o0, Combo: S500_LERFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 500C Frame Type: SMF
Loc : 6585, Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order
AlphaPr/Py=0,478 AlphaPr/Pe=0,221 Tau b=l,

PhiB=0,3 PhiC=0,9 PhiT¥=0, 9
PhiS=0,3 PhiS-RI=1, PhiST=0, 9
2=1278, 96 133=3063128,321 r33=48,939
J=12577,925 122=276013,597  r22=14,651
E=119, 969 Fy=0,345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo S00_LERFD)
Location Pu Mu33 Mu22
585, -210,952 5798, 396 0,

PMM DEMAND/CAPACITY RATIO  (H1-la)
D/C Ratio: 0,929 = 0,645 + 0,284 + 0,

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L Kl K2

Major Bending 2; 1, 1,

Minor Bending ) : 2 1;

Lltb Kltb Cb

LTB : : 1,667

Pu phi*Pnc phi*Pnt

Force Capacity Capacity

Axial -210,952 327,087 396,815

Mu phi*Mn phi*Mn

Moment Capacity No LTB

Major Moment 5798,356 18160,402 181€0,402
Minor Moment o, 4164,432

SHEAR CHECK
Status
Force
Major Shear 9,912 98,292 0,101
Minor Shear o, 150,118 0,

Vu

Reduction: Tau-b Fixed

ER factor=0,8 EI factor=0,8
PhiTF=0, 75

§33=51052,13% Av3=672,
S22=8625, 425 Av2=528,
z33=58532,07¢ Cw=852054553,8

222=13422,21¢

-9,912 0,

= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

w
=
w
(3]
sep

phi*Mn
Cb=1
17455,734

phi*Vn Stress
Capacity Ratio Check
OK
OK
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Figura 111 — Anélise detalhada da barra 6 a temperatura 500 °C do EHR3

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,478

PhiB=0,3
PhiS=0,9

A=1278, 96
J=12577, 925
E=113, 969
RLLF=1,

DESIGN MESSAGES
Error:

Location
585,

D/C Ratio:

Factor

LTB

Axial

Major Moment

Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Joint Design

PMM DEMAND/CAPACITY RATIO

Major Bending
Minor Bending

AISC 36€0-16 STEEL SECTION CHECK

Units KN, mm, C

Frame : € X Mid: o,
Length: 585, Y Mid: 0,
Loc : 585, Z Mid: 877,5

{Summary for Combo

Combo: S500_LERFD
Shape: 500C
Class: Compact

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

AlphaPr/Pe=0,221

PhiC=0,9
PhiS-RI=1,

133=3063128, 321
122=276013,5397
Fy=0,345
Fu=0,448

Section overstressed

STRESS CHECK FORCES & MOMENTS (Combo S00_LERFD)
3

Pu
-210,952

(Hl1-1la)

Tau_b=1,

PhiTY=0, 9
PhiST=0, 9

r33=48, 939
r22=14, 691
Ry=1,1

Mu33 Mu22

11596, 791 0,

1,213 = 0,645 + 0,568 + O,
= (Pr/Pec) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIARXIAL MOMENT DESIGN
L

(H1-1a)
Kl
2, 1, 1,
1, 1, Lg
Lltb Kltb Cb
1, 3, 1,25
Pu prhi*Pnc phi*Pnt
Force Capacity Capacity
-210,952 327,087 356,815
Mu phi*Mn phi*Mn
Moment Capacity No LTB
11596,791 18160,402 18160,402
o, 4164,432
Vu
Force
9,912 98,292 0,101
o, 150,118 Q,

CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS

Cont Pl Dbl P1 BC Ratio
Area Thick Major
223,832 0,554 N/C

and Station)

Design Type:

Frame Type:

Column

SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiTF=0,75
§33=51052,13% Rv3=672,
S522=8625, 425 Av2=528,
233=58532,076€ Cw=852054553,8
222=13422,21¢
Vu2 Va3 Tua
-9,912 o, 0,
Bl B2 Cm
1, 1, 1,
1; 1, 1,
phi*Mn
Cb=1
17455,734
phi*Vn Stress
Capacity Ratio Check
OK
OK
BC Ratio
Minor
N/C
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Figura 112 — Anélise detalhada da barra 3 a temperatura 500 °C do EHR3

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 310, Combo: S500_LERFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 500C Frame Type: SMF
Loc S Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,022 RAlphaPr/Pe=0,012 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=119, 363 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo S00_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -9,912 -1159¢,791 0, -31,752 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,654 = 0,016 + 0,633 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 2,212
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -9,912 318,39 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -11596¢,751 18160,402 181€0,402 17215,527
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 31,752 98,292 0,323 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 31,752 31,752
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Figura 113 — Anélise detalhada da barra 4 a temperatura 500 °C do EHR3

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 530, Combo: S500_LERFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 500C Frame Type: SMF
Loc S Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,022 RAlphaPr/Pe=0,012 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=119, 363 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo S00_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -9,912 8089, 604 0, 13,048 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,461 = 0,016 + 0,445 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -9,912 318,39 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 8089, 604 18160,402 181€0,402 17215,527
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 13,048 98,292 0,133 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 13,048 13,048
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Figura 114 — Anélise detalhada da barra 5 a temperatura 600 °C do EHR3

Fonte: Autor

Project

Job Number

Engineer

SAP2000
Units : KN, mm,
Frame : S
Length: 585,

Loc : 585,

Provision: LRFD
D/C Limit=0, 95

AISC 360-16 STEEL SECTION CHECK

c

X Mid: o0, Combo:
Y Mid: o0, Shape:
Z Mid: 292,5 Class:

{Summary for Combo

€00_LERFD
€00C
Slender

and Station)

Design Type: Column
Frame Type: SMF

Princpl Rot: 0, degrees

Analysis: Direct Analysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,474 RAlphaPr/Pe=0,423 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0, 93 PhiC=0,9% PhiTY¥=0, 35 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 9
A=1278, 96 I33=3063128,321 r33=48,93% §33=51052,135 Av3=672,
J=12577,925 122=276013,5397 r22=14,6€31 522=8625, 425 Rv2=528,
E=61,584 Fy=0,345 Ry=1,1 2z33=58532,07¢6 Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo €00_LERFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
585, -208,86 4501, 014 0, -7,654 o0, 0,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,988 = 0,768 + 0,22 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending Z, s B 1 1= 1, 1
Minor Bending 1, i 1, 1 1, 1,
Lltb Kltb Cb
LTB 1, 1; 1,667
Pu phi*Pnc phi*PEnt
Force Capacity Capacity
Axial -208,86 272,07 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 4501,014 1816€0,402 181e€0,402 15523,03
Minor Moment M 4164,432
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 7,654 58,252 o0, oK
Minor Shear o, 150,118 o, OK
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Figura 115 — Analise detalhada da barra 6 a temperatura 600 °C do EHR3

Project
Job Number
SAP2000 i

AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : € X Mid: o0, Combo: €00_LERFD Design Type: Column
Length: 585, Y Mid: o0, Shape: €00C Frame Type: SMF
Loc : 6585, Z Mid: 877,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,474 RAlphaPr/Pe=0,423 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=61,384 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES

Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo €00_LERFD)

Location Pu Mu33 2 Va2 Va3 Tu

585, -208,86 9002,028 0, -7,654 o, 0,

DMM DEMAND/CAPACITY RATIO  (Hl-la)
D/C Ratio: 1,208 = 0,768 + 0,441 + O,
= (Pr/Pc) + (B/39) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (Hl-1a)
L Kl

Factor K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, 1, 1, @ 1, 1,
Lltb Kltb Cb
LTB . i 1,25
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -208,86 272,07 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 5002,028  18160,402 18160,402 15523,03
Minor Moment o, 4164,6432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 7,654 98,292 0,078 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 152,033 0, N/C K/C
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Figura 116 — Anélise detalhada da barra 3 a temperatura 600 °C do EHR3

Project
Job Number
SAP2000 Enameer
AISC 360-1€ STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 310, Combo: €00_LERFD Design Type: Beam
Length: €20, Y Mid: o0, Shape: €00C Frame Type: SMF
Loc : 620, Z Mid: 1170, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Rnalysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,017 AlphaPr/Pe=0,018 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,3 PhiC=0,3 PhiT¥=0,9 PhiTF=0,75
PhiS=0, 9 PhiS-RI=1, PhiST=0, 9
A=1278, 96 133=3063128,321 r33=48,93%9 §33=51052,135% Av3=672,
J=12577,925 122=27€013,537 r22=14,651 522=8625, 425 Rv2=528,
E=61,984 Fy=0,345 Ry=1,1 233=58532,07¢6 Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
620, -7,654 9386, 986 0, -23,66 o, o,

PMM DEMAND/CAPACITY RATIO  (H1-1b)
D/C Ratio: 0,532 = 0,015 + 0,517 + 0,
= {1/2) {Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

RXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending 2; 1, 1; 15 1,
Minor Bending : 18 1, 1; 8 I; 2
Lltb Kltb Cb
LTB 1, 1, 2,264
Pu phi*Pnc phi“Pnt
Force Capacity Capacity
Axial -7,654 260,657 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 538€, 586 18160,402 181€0,402 15135,681
Minor Moment o, 4164,432
SHEARR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 23,66 98,292 0,302 OK
Minor Shear o0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 23,66 23,66
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Figura 117 — Anélise detalhada da barra 4 a temperatura 600 °C do EHR3

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL

Units KN, mm,
Frame : 4
Length: €20,

Loc A

Provision: LRFD
D/C Limit=0, 95
AlphaPr/Py=0,017

PhiB=0,3
PhiS=0,9
A=1278, 96
J=12577, 925

E=61,984
RLLF=1,

Location
o,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment

Minor Moment

SHERR CHECK
Status

Major Shear
Minor Shear

Major (V2)

SECTION CHECK
Cc

{Summary for Combo

and Station)

X Mid: 930, Combo: €00_LERFD
Y Mid: 0, Shape: €00C
Z Mid: 1170, Class: Slender

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

Design Type:
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PMM DEMAND/CAPACITY RATIO

AXTAL FORCE & BIAXIAL MOMENT DESIGN

AlphaPr/Pe=0,018 Tau b=1,
PhiC=0,9 PhiTY=0, 9
PhiS-RI=1, PhiST=0, 9
I33=3063128,321 r33=48,53%
I122=276013,597 r22=14,691
Fy=0,345 Ry=1,1
Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo €00_LERFD)

Mu33 Mu22

-7,694  9386,986 0,

(H1-1b)
0,532 = 0,015 + 0,517 + O,

CONNECTION SHEAR FORCES FOR BEAMS

= (1/2) (Pr/Pc) + (Mr33/Mc33) +
(H1-1b)

L K1l K2

Z, 1, 1,

1, 1, 1,

Lltb Kltb Cb

1, 1, 1,667

Pu phi*Pnc phi*Pnt

Force Capacity Capacity

-7,6594 260,657 356,815

Mu phi*Mn phi*Mn

Moment Capacity No LTB

9386, 986 18160,402 18160,402
o, 4164,432

Vu
Force

15,14 98,292 0,154

o, 150,118 0,
VMajor VMajor
Left Right
15,14 15,14

PhiTF=0,75
§33=51052,13% Rv3=672,
S522=8625, 425 Av2=528,
233=58532,076€ Cw=852054553,8
222=13422,21¢
Vu2 Va3 Tu
15,14 o, o,
(Mr22/Mc22)
Bl B2 Cm
1, 1, 1,
. 1, 1,
phi*Mn
Cb=1
15135,681
phi*Vn Stress
Capacity Ratio Check
OK
0K
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Figura 118 — Anélise detalhada da barra 5 a temperatura 700 °C do EHR3

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0, 95

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo

Units : KN, mm, C

Frame : § X Mid: o0, Combo: 700_LERFD
Length: 585, Y Mid: o0, Shape: 700C

Loc : 585, Z Mid: 292,5 Class: Slender

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

and Station)

Design Type: Column
Frame Type: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0, 47 RlphaPr/Pe=1,001 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=25,553 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 700_LERFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
585, -207,116 34159,85 0, -5,84€ o, 0,
P DEMAND/CRPACITY RATIO (H1-1a)
D/C Ratio: 1,529 = 1,337 + 0,193 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, I B &
Lltb Kltb Cb
LTB . i 1,667
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -207,116 154,54 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 3415,85 15783,521 15783,521  11355,595
Minor Moment o, 3354, 4863
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,846 88,882 0,066 OK
Minor Shear o, 150,118 0, OK
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Figura 119 — Anélise detalhada da barra 5 a temperatura 700 °C do EHR3

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : € X Mid: o0, Combo: 700_LERFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 700C Frame Type: SMF
Loc : 6585, Z Mid: 877,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0, 47 RlphaPr/Pe=1,001 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=25,553 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 700_LERFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
585, -207,116 €839,701 0, -5,84€ o, 0,
P DEMAND/CRPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 1,722 = 1,337 + 0,385 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, I B 1,
Lltb Kltb Cb
LTB . i 1,25
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -207,116 154,54 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment €833,701 14154,454 15783,521  11355,595
Minor Moment o, 3354, 4863
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,846 88,882 0,066 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 130,864 0, N/C K/C
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Figura 120 — Anélise detalhada da barra 3 a temperatura 700 °C do EHR3

SAP2000

Project
Job Number

Engineer

Units : KN, mm,
Frame : 3
Length: €20,

Loc : 620,

Provision: LRFD
D/C Limit=0, 95

AISC 3€0-16 STEEL SECTION CHECK

{Summary for Combo

X Mid: 310, Combo: 700_LERFD
Y Mid: o0, Shape: 700C
Z Mid: 1170, Class: Slender

Analysis: Direct Analysis
2nd Order: General 2nd Order

and Station)

Design Type:

Beam

Frame Type: SMF

Princpl Rot:

0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,013 RAlphaPr/Pe=0,032 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0, 3 PhiC=0, 3 PhiT¥=0,9 PhiTF=0, 75
Phis=0, 9 PhiS-RI=1, PhiST=0, 9%
A=1278, 36 133=3063128,321 r33=48,93%9 §$33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 631 S522=8625, 425 RAv2=528,
E=25,553 Fy=0,345 Ry=1,1 2z33=58532,07€ Cw=852054553,8
=1, Fu=0, 448 222=13422,21¢€
STRESS CHECK FORCES & MOMENTS (Combo 700_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
€20, -5,846 104€8,15 0, -27,916 o, 0,
P DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,684 = 0,021 + 0,663 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending Z; 1, 1, : 198 I
Minor Bending : 22 » 5 o %= (2 2 %
Lltb Kltb Cb
LTB 1, 1, 2,203
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -5,84¢ 140,515 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment 10468,15 15783,521 15783,521 10402,034
Minor Moment 0 3354,463
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 27,916 88,282 0,314 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 27,916 27,3916
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Figura 121 — Analise detalhada da barra 3 a temperatura 700 °C do EHR3

Project
Job Number
SAP2000 Enomneet
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,6 C
Frame : 3 X Mid: 310, Combo: 700_LERFD Design Type: Beam
Length: €20, Y Mid: o0, Shape: 700C Frame Type: SMF
Loc 1 620, Z Mid: 1170, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, S5 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,013 AlphaPr/Pe=0,032 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0, 9 PhiC=0,9 PhiTY¥=0, 9 PhiTF=0,75
Phis=0,3 PhiS-RI=1, PhiST=0,9
A=1278, 96 I33=3063128,321 r33=48,93% §33=51052,13% Av3=672,
J=12977,925 122=276013,597 r22=14,691 $22=8625, 425 Av2=528,
E=25,993 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢€
STRESS CHECK FORCES & MOMENIS (Combo 700_LERFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
620, -5,846 10468,15 0, -27,916 0, 0,
P DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,684 = 0,021 + 0,663 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L K1 K2 Bl B2 Cm
Major Bending 2, 1, 1, Ly 1, Ay
Minor Bending 1; 2; 1, » . 1 1,
Lltb Kltb Cb
LTB 1, 1 2,203
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -5,846 140,815 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment 10468,15 15783,521 15783,521 10402,034
Minor Moment 0, 3354,463
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 27,916 88,882 0,314 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 27,916 27,916
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Figura 122 — Anélise detalhada da barra 4 a temperatura 700 °C do EHR3

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 530, Combo: 700_LERFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 700C Frame T : SMF
Loc = 0 Z Mid: 1170, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,013 RAlphaPr/Pe=0,032 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=25,553 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 700_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -5,84¢6 10468,15 0, 16,884 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,684 = 0,021 + 0,663 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; é 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -5,84¢ 140,515 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 10468,15 15783,521 15783,521 10402,034
Minor Moment o, 3354, 4863
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 16,884 88,882 0,15 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 16,884 16,884
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Figura 123 — Anélise detalhada da barra 5 a temperatura 800 °C do EHR3

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Units : KN, mm, C

Frame : S X Mid: o0,
Length: 585, Y Mid: 0,
Loc : 585, Z Mid: 292,5

Provision: LRFD
D/C Limit=0,95

AISC 360-16 STEEL SECTION CHECK

Combo:
Shape:
Class:

800_LERFD
800C
Slender

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

{Summary for Combo and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,465 RAlphaPr/Pe=1,443 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=17,955 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo £00_LERFD)
Location Pu Mu33 2 Va2 Va3 Tu
585, -206,767 3203, €15 0, -5,47¢ o, 0,
P DEMAND/CRPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 2,118 = 1,921 + 0,198 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, I B &
Lltb Kltb Cb
LTB . i 1,667
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -206,767 107,649 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 3203,615 13348,255  14414,197 8oog, s77
Minor Moment o, 25950,883
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,476 73,954 0,074 OK
Minor Shear o, 150,118 0, OK
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Figura 124 — Analise detalhada da barra 6 a temperatura 800 °C do EHR3

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 36€0-16 STEEL SECTION CHECK

{Summary for Combo

and Station)

Column

Units KN, mm, C

Frame : € X Mid: o0, Combo: 800_LERFD
Length: 585, Y Mid: 0, Shape: 800C

Loc : 585, Z Mid: 877,5 Class: Slender

Provision: LRFD
D/C Limit=0, 95

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

Design Type:
Frame Type: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,465 AlphaPr/Pe=l,6443 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0, 9 PhiC=0,9 PhiTY=0,9 PhiTF=0,75
PhiS=0, % PhiS-RI=1, PhiST=0, 9%
A=1278, 96 133=3063128,321 r33=48,339 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 S522=8625, 425 Av2=528,
E=17,955 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 800_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tua
585, -206,767 €407,231 0, -5,4786 o, 0,
P DEMAND/CAPACITY RATIO (H1.3b,H1-2)
D/C Ratio: 2,33=1,921 + 0,41 + 0,
= (Pr/Pcy)*(1.5 - 0.5%(Pr/Pcy)) + (Mr33/(Cb*Mc33))*~2 +
(Mr22/Mc22)
AXTIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3b,H1-2)
Factor L K2 Bl B2 Cm
Major Bending 2, 1, 1, : 8 I 1,
Minor Bending i; 1; a5 1 [ 1, 1;
Lltb Kltb Cb
LTB 1, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -206,76€7 107, €45 356,815
Mua phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Co=1
Major Moment €407,231  10011,221  14414,197 8008, 577
Minor Moment o, 2950,883
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,476 73,954 0,074 OK
Minor Shear o, 150,118 0, 0K
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 135,386 0, N/C N/C
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Figura 125 — Anélise detalhada da barra 3 a temperatura 800 °C do EHR3

Project
Job Number
SAP2000 S
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units KN, mm, C
Frame : 3 X Mid: 310, Combo: 800_LERFD Design Type: Beam
Length: €20, Y Mid: 0, Shape: 800C Frame T : SMF
Loc A Z Mid: 1170, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,465 AlphaPr/Pe=l,6443 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0, 9 PhiC=0,9 PhiTY=0,9 PhiTF=0,75
PhiS=0, % PhiS-RI=1, PhiST=0, 9%
A=1278, 96 133=3063128,321 r33=48,339 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 S522=8625, 425 Av2=528,
E=17,955 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo &00_LERFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
o, -5,47¢ 10684, 385 0, -27,567 o, o,
PMM DEMAND/CAPACITY RATIO (H1.3b,H1-2)
D/C Ratio: -1, =0, +0, + 0,
= (Pr/Pcy)*(1.5 - 0.5%(Pr/Pcy)) + (Mr33/(Cb*Mc33))*2 +
(Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3b,H1-2)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1; - 1 1, 1;
Minor Bending 1, : i 1, = il 1, 1,
Lltb Kltb Cb
LTB 1 1, 2,193
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -5,47¢ A 0,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 10684, 385 0, 14414,197 8008, 577
Minor Moment . o,
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,476 0, 0, OK
Minor Shear A o, 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 27,567 27,567
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Figura 126 — Anélise detalhada da barra 4 a temperatura 800 °C do EHR3

SAP2000

Project
Job Number

Engineer

Units : KN, mm,
Frame : 4
Length: 620,

Loc = 0

Provision: LRFD
D/C Limit=0,95

AISC 360-16 STEEL SECTION CHECK

c
X Mid: 930,
Y Mid: 0,

Z Mid: 1170,

{Summary for Combo and Station)

Combo:
Shape:
Class:

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

800_LERFD Design Type: Beam
800C Frame Type: SMF
Too Slender Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,465 RAlphaPr/Pe=1,443 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=17,955 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo 800_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -5,47¢ 0, 0, 17,233 o, o,
M DEMAND/CAPACITY RATIO (H1.3b,H1-2)
D/C Ratio: -1, =0, +0, +0,
= (Pr/Pcy)*(1.5 - 0.5%(Pr/Pcy)) + (Mr33/(Cb*Mc33))*2 +
(Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3b,H1-2)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 2 b 95 1z 1 15
Minor Bending & e 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Bxial -5,476 . 9,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 0, 0, 14414,197 8008,577
Minor Moment o, .
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,476 0, 0, OK
Minor Shear A o, 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 17,233 17,233
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Figura 127 — Anélise detalhada da barra 5 a temperatura 900 °C do EHR3

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 36€0-16 STEEL SECTION CHECK

{Summary for Combo

Units KN, mm, C

Frame : § X Mid: o0, Combo: 9S00_LERFD
Length: 585, Y Mid: 0, Shape: S00C

Loc : 585, Z Mid: 292,5 Class: Slender

Provision: LRFD
D/C Limit=0, 95

DESIGN MESSAGES
Error:

Location Pu
585, -206,569

P DEMAND/CAPACITY RATIO
D/C Ratio:

Factor
Major Bending 2,
Minor Bending 1;
Lltb
LTB 1,
Pu
Force
Axial -206,569
Mu
Moment
Major Moment 3080, 657
Minor Moment o,

SHEAR CHECK
Status

Major Shear 5,266
Minor Shear o,

AXIAL FORCE & BIARXIAL MOMENT DESIGN
L

Section overstressed

STRESS CHECK FORCES & MOMENTS (Combo S00_LERFD)
3

Mu33
3080, 6597

(H1.3a,Hl-1a)
2,748 = 2,54 + 0,208 + 0,
= (Pr/Pc) + (B8/%) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

L,
1,

Kltb
i,

prhi*Pnc
Capacity
81,333

phi*Mn
Capacity
9211, 455
2553,513

64,282
150,118

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

AlphaPr/Py=0,465 RlphaPr/Pe=1,503 Tau b=1,
PhiB=0, 5 PhiC=0,9 PhiTY=0, 9
PhiS=0, 9 PhiS-RI=1, PhiST=0, 9
A=1278, 56 I33=3063128,321 r33=48,53%
J=12977, 925 I122=276013,597 r22=14,691
E=13,536 Fy=0,345 Ry=1,1
RLLF=1, Fu=0, 448

Mu22
9,

(H1.3a,Hl-1a)
K2

1,
1,

Cb
1,667

phi*Pnt
Capacity
356,815

phi*Mn
¥o LIB
13142, 493

Vu

Force
0,082
9,

and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed
ER factor=0,8 EI factor=0,8

PhiTF=0, 75
§33=51052,13% Av3=eT72,
§22=8625, 425 Av2=528,
233=58532,07¢ Cw=852054553,8
222=13422,21¢
Vu2 Va3 Tua
-5,266 0, 0,
Bl B2 Cm
1, 1, 1,
1, 1, 1,
phi*Mn
Cb=1
£52¢6,876
phi*Vn Stress
Capacity Ratio Check
OK
OK
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Figura 128 — Anélise detalhada da barra 6 a temperatura 900 °C do EHR3

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0, 95
RlphaPr/Py=0, 469

PhiB=0,3
PhiS=0,9

A=1278, 96
J=12577, 925
E=13,596
RLLF=1,

DESIGN MESSAGES
Error:

Location
585,

D/C Ratio:

Factor

LTB

Axial

Major Moment

Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Joint Design

PMM DEMAND/CAPACITY RATIO

Major Bending
Minor Bending

AISC 36€0-16 STEEL SECTION CHECK

Units KN, mm, C

Frame : € X Mid: o,
Length: 585, Y Mid: 0,
Loc : 585, Z Mid: 877,5

{Summary for Combo

Combo: S00_LERFD
Shape: S00C
Class: Slender

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

RlphaPr/Pe=1, 509

PhiC=0,9
PhiS-RI=1,

133=3063128,321
I122=276013,597

Fy=0,345
Fu=0,448

STRESS CHECK FORCES & MOMENTS (Combo S00_LERFD)
3

Pu
-206,569

Tau_b=1,

PhiTY=0, 9
PhiST=0, 9

r33=48, 939
r22=14, 691
Ry=1,1

Section overstressed

Mu33 Mu22
6161,393 0,

(H1-1a)

3,333 = 2,54 + 0,793 + 0,

= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIARXIAL MOMENT DESIGN
L

Pu
Force
-206,569

Mu
Moment
€161,353
o,

5,266
o,

CONTINUITY PLATE, DOUBLER PLATE

Cont P1
Area
141,145

(H1-1a)

Kl
1, 1,
1, Lg
Kltb Cb
3, 1,25
prhi*Pnc phi*Pnt
Capacity Capacity
81,333 356,815
phi*Mn phi*Mn
Capacity No LTB
€508,594 13142,453

2553,513

Vu
Force

64,282 0,082
150,118 0,

AND BEAM/COLUMN RATIOS

Dbl P1 BC Ratio
Thick Major
0, N/C

and Station)

Design Type:

Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

PhiTF=0,75

§33=51052,13%

8§22=8625, 425

233=58532,07¢
222=13422,21¢

-5,266

phi*Mn
Cb=1
5526,876

phi*Vn
Capacity
OK
OK
BC Ratio

Minor
N/C

EI factor=0,8

Av3=672,
Av2=528,
Cw=852054553,8

Va3 Tua
o, o,
B2 Cm
1, 1,
1, 1,
Stress
Ratio Check
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Figura 129 — Anélise detalhada da barra 3 a temperatura 900 °C do EHR3

Project
Job Number
SAP2000 Enameer
AISC 360-1€ STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 310, Combo: S00_LERFD Design Type: Beam
Length: €20, Y Mid: o0, Shape: S00C Frame Type: SMF
Loc 2 Z Mid: 1170, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Rnalysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,465 AlphaPr/Pe=1,503 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,3 PhiC=0,3 PhiT¥=0,9 PhiTF=0,75
PhiS=0, 9 PhiS-RI=1, PhiST=0, 9
A=1278, 96 133=3063128,321 r33=48,93%9 §33=51052,135% Av3=672,
J=12577,925 122=27€013,5357 r22=14,651 522=8625, 425 Rv2=528,
E=13,53%6 Fy=0,345 Ry=1,1 233=58532,07¢6 Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢6
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo S00_LERFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
o, -5,266  10807,303 0, -27,363 0, o,

PMM DEMAND/CAPACITY RATIO  (Hl-la)
D/C Ratio: -1, =0, +0, +0,
= (Pr/Dc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, s 1, 1,
Minor Bending % 1 1; = "
Lltb Kltb Cb
LTB 1, 1, 2,187
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
RAxial -5,266 0, 0,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 10807,303 0, 13142,493 5526,876
Minor Moment 0; o,
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,266 0, 0, OK
Minor Shear o, o, 0, 0K
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 27,369 27,369
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Figura 130 — Anélise detalhada da barra 4 a temperatura 900 °C do EHR3

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 530, Combo: S00_LERFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: S00C Frame Type: SMF
Loc = 0 Z Mid: 1170, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,465 RAlphaPr/Pe=1,503 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=13,55%6 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo S00_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -5,266 0, 0, 17,431 o, o,
M DEMAND/CAPACITY RATIO (H1-1la)
D/C Ratio: -1, =0, +0, +0,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending Z; B 1, 1,
Minor Bending 1 2; b 195 & 1; 1
Lltb Kltb Cb
LTB 1, : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -5,266 0, 0,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment o, 0, 13142,483 5526,876
Minor Moment o, a,
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,266 0, 0, OK
Minor Shear o, 0, 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 17,431 17,431
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Figura 131 — Anélise detalhada da barra 5 a temperatura 1000 °C do EHR3

SAP2000

Project
Job Number

Engineer

Units KN, mm,
Frame : S
Length: 585,

Loc : 585,

Provision: LRFD
D/C Limit=0, 95

AISC 36€0-16 STEEL SECTION CHECK

{Summary for Combo and Station)

c

X Mid: o, Combo: 1000 LERFD Design Type: Column

Y Mid: 0, Shape: 1000C Frame T SMF

Z Mid: 292,5 Class: Slender Princpl Rot: 0, degrees

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,468 RAlphaPr/Pe=2,88 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 PhiC=0,9 PhiTY=0,9 PhiTF=0,75
PhiS=0, % PhiS-RI=1, PhiST=0, 9%
A=1278, 96 133=3063128,321 r33=48,339 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 S522=8625, 425 Av2=528,
E=8,998 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 1000_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tua
585, -20€,272 289¢,375 0, -4,951 o, 0,
P DEMAND/CAPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 4,067 = 3,832 + 0,235 + 0,
= (Pr/Pc) + (B8/%) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,H1l-1a)
Factor L K2 Bl B2 Cm
Major Bending 2, h I 1, 1, 1, 1,
Minor Bending 1; 1, 1, : 18 x i 1 Y
Lltb Kltb Cb
LTB 1, 3, 1,667
Pu prhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -206,272 53,827 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 2B896,375 €056,257 10960, 735 3657,754
Minor Moment o, 18€8,09¢6
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,951 52,295 0,095 OK
Minor Shear o, 150,118 0, OK
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Figura 132

Fonte: Autor

71 o
— Analise detalhada da barra 6 a temperatura 1000 °C do
Project
Job Number
SAP2000 Enameer
AISC 36€0-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units KN, mm, C
Frame : € X Mid: o0, Combo: 1000 LERFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 1000C Frame Type: SMF
Loc : B85, Z Mid: 877,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
RlphaPr/Py=0,468 RlphaPr/Pe=2,6 88 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0,3 PhiC=0,3 PhiT¥=0, 3 PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, 9
A=1278, 96 133=3063128,321 r33=48,933%9 §33=51052,13% Av3=672,
J=12577,925 122=27€013,537 r22=14,6651 522=8625, 425 Rv2=528,
E=8,998 Fy=0,345 Ry=1,1 233=58532,07¢6 Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 1000 _LERFD)
Location Mu33 Mu22 Va2 Va3 Tu
585, -206,272 57%2,7% 0, -4,551 0, 0,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 4,958 = 3,832 + 1,126 + 0,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, < 1, 1,
Minor Bending 1, b 1, 1, 1, 1,
Lltb Kltb Cb
LTB : X 1,28
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Bxial -206,272 53,827 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment 5732,75 4572,1%3  10960,735 3657,754
Minor Moment o, 1868,09¢6
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,951 52,295 " OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 150,34 0, N/C N/C
C:\Users\Giovane\Desktop\TCC Revisao\analise EHR\EHR1.sdb 07/09/2022 15:06

EHR3

155



Figura 133 — Analise detalhada da barra 3 a temperatura 1000 °C do EHR3

Project
Job Number
SAP2000 S
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units KN, mm, C
Frame : 3 X Mid: 310, Combo: 1000 LERFD Design Type: Beam
Length: €20, Y Mid: 0, Shape: 1000C Frame Type: SMF
Loc A Z Mid: 1170, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,468 RAlphaPr/Pe=2,88 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 PhiC=0,9 PhiTY=0,9 PhiTF=0,75
PhiS=0, % PhiS-RI=1, PhiST=0, 9%
A=1278, 96 133=3063128,321 r33=48,339 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 S522=8625, 425 Av2=528,
E=8,998 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo 1000_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -4,951 10991, 625 0, -27,072 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: -1, =0, +0, +0,
= (Pr/Pc) + (B/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, - 18 L 1, 1, 1
Minor Bending i; 1; a5 1 [ 1, 1;
Lltb Kltb Cb
LTB 1, 1, 2,175
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -4,951 0, 0,
Mua phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Co=1
Major Moment 10991, 625 0, 10960, 735 3657,754
Minor Moment o, o,
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,951 0, 0, OK
Minor Shear o, o, 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 27,072 27,072
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Figura 134 — Analise detalhada da barra 4 a temperatura 1000 °C do EHR3

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)

Units : KN, mm, C

Frame : 4 X Mid: 530, Combo: 1000 LERFD Design Type: Beam
Length: €20, Y Mid: 0, Shape: 1000C Frame T : SMF

Loc A Z Mid: 1170, Class: Too Slender Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order
AlphaPr/Py=0,468 RAlphaPr/Pe=2,88 Tau b=1,

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiB=0, 9 PhiC=0,9 PhiTY=0,9 PhiTF=0,75
PhiS=0, % PhiS-RI=1, PhiST=0, 9%
A=1278, 96 133=3063128,321 r33=48,339 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 S522=8625, 425 Av2=528,
E=8,998 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo 1000_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -4,951 0, 0, 17,728 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: -1, =0, +0, +0,
= (Pr/Pc) + (B/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, : 8 I 1,
Minor Bending i; 1; a5 1 [ 1, 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -4,951 0, 0,
Mua phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Co=1
Major Moment o, 0, 10960, 735 3657,754
Minor Moment o, o,
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,951 0, 0, OK
Minor Shear o, o, 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 17,728 17,728
C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb 07/09/2022 15:07

157



APENDICE C- Resultados das analises dos SAP das do portico EGR1 com aplicacéo

Fonte: Autor

das cargas de temperaturas a e combinacdes de projeto.

Figura 135 — Anélise detalhada da barra 1 a temperatura de 22 °C do EGR1

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Provision: LRFD
D/C Limit=0, 95
AlphaPr/Py=0,22

Units : KN, mm, C

Frame : 1 X Mid: O,

Length: 1170, Y Mid: O, Shape: IPE120
Loc : 1170, 2z Mid: 585, Class: Compact

(Summary for Combo and Station)

Combo: COMB1 _22C_LRFD Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Enalysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,251 Tau b=1,

Reduction: Tau-b Fixed
EA factor=0,8 EI factor=0,8

PhiB=0,9 Phic=0,9 PhiTY=0,9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0,9
A=1320, 133=3180000, r33=49,082 $33=53000, AvV3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199,948 Fy=0,345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMBl1_22C_LRFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
1170, -100,164 -2228,387 0, 1,905 0, 0,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,499 = 0,394 + 0,105 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1 1 1, 1; 0,6
Minor Bending 1, 1 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 254,192 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2228,387 18833,031 18833,031 16463,773
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,905 109,213 0,017 OK
Minor Shear 0, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 0, o, N/C N/C
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Figura 136 — Analise detalhada da barra 2 a temperatura de 22 °C do EGR1

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: 610, Combo: COMB1_22C_LRFD Design Type: Beam
Length: 1220, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 1220, z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,004 AlphaPr/Pe=0,005 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LRFD)
Location Pu Mu33 Mu22 vu2 vu3 Tu
1220, 1,905 -2451,613 0, 3,836 0, o,

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,133 = 0,002 + 0,13 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)

Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 1,
Minor Bending i 29 1, i, 1, 1, 1,
Lltb Kltb Cb
LTB i, 1, 2,26
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,905 243,826 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2451,613 18833,031 18833,031 16250,704
Minor Moment 0, 4219,592

SHEAR CHECK

vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 109,213 0,035 OK
Minor Shear 0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 137 — Analise detalhada da barra 4 a temperatura de 22 °C do EGR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 4
Length: 585,

Loc )

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,237

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

SECTION CHECK
(o}

X Mid: 1220,
Y Mid: O,
z Mid: 877,5

(Summary for Combo and Station)

Combo:
Shape: IPE120
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order

AlphaPr/Pe=0,

Phic=0,9
PhiS-RI=1,

133=3180000,
122=277000,
Fy=0, 345
Fu=0, 448

068 Tau b=1,

PhiTY=0,9
PhisT=0,9

r33=49, 082
r22=14,486
Ry=1,1

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LRFD)

Location Pu Mu33 Mu22
0, -107,836 -2451,613 0,
PMM DEMAND/CAPACITY RATIO (Hl-1a)

D/C Ratio: 0,412 = 0,297 + 0,116 + O,

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

COMB1_22C_LRFD Design Type:

Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
-2,095

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl
Major Bending 2y 1, 1, 1,
Minor Bending 5 I 1 e T
Lltb Kltb Cb
LTB 1, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2451,613 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn
Status
Force Capacity
Major Shear 2,095 109,213 0,019 OK
Minor Shear 0, 150,118 0, OK

EI factor=0,8

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
o, 0,
B2 Cm
1, 1,
1; 1,

Stress

Ratio Check
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Figura 138 — Analise detalhada da barra 5 a temperatura de 22 °C do EGR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 5
Length: 585,

Loc )

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,237

SECTION CHECK
(o}

X Mid: 1220,
Y Mid: O,
z Mid: 292,5

(Summary for Combo and Station)

Combo:
Shape: IPE120
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,068 Tau_b=1,

COMB1_22C_LRFD Design Type:

Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

EI factor=0,8

PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LRFD)
Location Pu Mu33 Mu22 Va2 vu3 Tu
0, -107,836 -1225,807 0, -2,095 o, o,
PMM DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,355 = 0,297 + 0,058 + 0O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, 1, 1, 1, 1; Xy
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1225,807 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,095 109,213 0,019 OK
Minor Shear 0, 150,118 0, OK
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Figura 139 — Analise detalhada da barra 1 a temperatura de 100 °C do EGR1

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: O, Combo: COMB1_100C_LRFD Design Type: Column
Length: 1170, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc i 3170, Z Mid: 585, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,22 AlphaPr/Pe=0,251 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1_100C_LRFD)
Location Pu Mu33 Mu22 vu2 vu3 Tu
1170, -100,164 -1841,563 0, 1,574 o, o,
PMM DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,481 = 0,394 + 0,087 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending I 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 254,192 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1841,563 18833,031 18833,031 16463,773
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,574 109,213 0,014 OK
Minor Shear 0, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl Pl BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, o, N/C N/C
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Figura 140 — Analise detalhada da barra 2 a temperatura de 100 °C do EGR1

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: 610, Combo: COMB1_100C_LRFD Design Type: Beam
Length: 1220, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 1220, z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,003 AlphaPr/Pe=0,004 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1_100C_LRFD)
Location Pu Mu33 Mu22 vu2 vu3 Tu
1220, 1,574 -2838,437 0, 3,836 0, o,

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,153 = 0,002 + 0,151 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)

Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 1,
Minor Bending i 29 1, i, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 2,207
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,574 243,826 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2838,437 18833,031 18833,031 16250,704
Minor Moment 0, 4219,592

SHEAR CHECK

vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 109,213 0,035 OK
Minor Shear 0, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 141 — Analise detalhada da barra 4 a temperatura de 100 °C do EGR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 4
Length: 585,

Loc )

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,237

SECTION CHECK
(o}

X Mid: 1220,
Y Mid: O,
z Mid: 877,5

(Summary for Combo and Station)

Combo:
Shape: IPE120
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,068 Tau_b=1,

COMB1_100C_LRFD Design Type:

Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

EI factor=0,8

PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1_100C_LRFD)
Location Pu Mu33 Mu22 Va2 vu3 Tu
0, -107,836 -2838,437 0, -2,426 o, o,
PMM DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,431 = 0,297 + 0,134 + 0O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending I 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB i, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2838,437 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,426 109,213 0,022 OK
Minor Shear 0, 150,118 0, OK
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Figura 142 — Anélise detalhada da barra 5 a temperatura de 100 °C do EGR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 5
Length: 585,

Loc )

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,237

SECTION CHECK
(o}

X Mid: 1220,
Y Mid: O,
z Mid: 292,5

(Summary for Combo and Station)

Combo:
Shape: IPE120
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,068 Tau_b=1,

COMB1_100C_LRFD Design Type:

Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

EI factor=0,8

PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1_100C_LRFD)
Location Pu Mu33 Mu22 Va2 vu3 Tu
0, -107,836 -1419,218 0, -2,426 o, o,
PMM DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,364 = 0,297 + 0,067 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending I 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 363,513 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1419,218 18833,031 18833,031 18833,031
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,426 109,213 0,022 OK
Minor Shear 0, 150,118 0, OK
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Figura 143 — Analise detalhada da barra 1 a temperatura de 200 °C do EGR1

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: O, Combo: COMB1_200C_LRSD Design Type: Column
Length: 1170, Y Mid: O, Shape: FSEC1 Frame Type: SMF
Loc i 3170, Z Mid: 585, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,22 AlphaPr/Pe=0,279 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 Phic=0,9 PhiTY=0, 9 PhiTF=0,75
Phis=0,9 Phis-RI=1, PhisT=0, 9
A=1320, I33=3180000, r33=49, 082 §33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=179,953 Fy=0, 345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1l_200C_LRSD)
Location Pu Mu33 Mu22 vu2 vu3 Tu
1170, -100,164 -1444,823 0, 1,235 o, o,
PMM DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,484 = 0,415 + 0,068 + 0O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending I 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 241,072 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1444,823 18833,031 18833,031 16068, 391
Minor Moment 0, 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,235 109,213 0,011 OK
Minor Shear 0, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl Pl BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, o, N/C N/C
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Figura 144 — Analise detalhada da barra 2 a temperatura de 200 °C do EGR1

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: 610, Combo: COMB1_200C_LRSD Design Type: Beam
Length: 1220, Y Mid: O, Shape: FSEC1 Frame Type: SMF
Loc : 1220, z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,003 AlphaPr/pPe=0,004 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0,9 PhiTF=0,75
Phis=0,9 PhisS-RI=1, PhisT=0,9
A=1320, 133=3180000, r33=49,082 S$33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=179,953 Fy=0, 345 Ry=1,1 233=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1l_200C_LRSD)
Location Pu Mu33 Mu22 vu2 Vu3 Tu
1220, 1,235 -3235,177 0, 3,836 0, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1Db)
D/C Ratio: 0,173 = 0,002 + 0,172 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 1,
Minor Bending 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 2,168
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,235 230,173 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3235,177 18833,031 18833,031 15833,1
Minor Moment 0; 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 109,213 0,035 OK
Minor Shear 0; 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836

Fonte: Autor
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Figura 145 — Analise detalhada da barra 4 a temperatura de 200 °C do EGR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 4
Length: 585,

Loc : 0,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,237

PhiB=0,9
Phis=0,9

A=1320,
J=16900,
E=179,953
RLLF=1,

SECTION CHECK
(o}

(Summary for Combo and Station)

X Mid: 1220, Combo: COMB1_200C_LRSD Design Type: Column

Y Mid: O, Shape: FSEC1 Frame Type: SMF

z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees
Analysis: Direct Analysis

2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Pe=0,075 Tau b=1, EA factor=0,8 EI factor=0,8
Phic=0,9 PhiTY=0,9 PhiTF=0,75

PhisS-RI=1, PhisT=0,9

I133=3180000, r33=49,082 $33=53000, Av3=672,
122=277000, r22=14,486 $22=8656,25 Av2=528,
Fy=0, 345 Ry=1,1 233=60700, Cw=895242529,5
Fu=0, 448 222=13600,

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_200C_LRSD)

Location
0,

Pu
-107,836

PMM DEMAND/CAPACITY RATIO (H1
0,453 = 0,301 + 0,153 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

D/C Ratio:

Mu33

-3235,177

-1la)

Mu22 vu2 vu3 Tu
o, -2,765 o, 0,

AXTAL FORCE & BIAXIAL MOMENT DESIGN (Hl1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending : 17 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 358,728 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3235,177 18833,031 18833,031 18821,296
Minor Moment 0); 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,765 109,213 0,025 OK
Minor Shear 0; 150,118 0, OK
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Figura 146 — Analise detalhada da barra 5 a temperatura de 200 °C do EGR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : S X Mad: 1220;
Length: 585, Y Mid: O,
Loc : 0, Zz Mid: 292,5

Location Pu
0, -107,836

PMM DEMAND/CAPACITY RATIO (H1
D/C Ratio: 0,377 = 0,301
= (Pr/Pc

AXTIAL FORCE & BIAXIAL MOMENT DE

(Summary for Combo and Station)

Combo: COMB1_200C_LRSD Design Type: Column
Shape: FSEC1 Frame Type: SMF
Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis

D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,237 AlphaPr/pPe=0,075 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9 Phic=0,9 PhiTY=0,9 PhiTF=0,75

Phis=0,9 PhisS-RI=1, PhisT=0,9

A=1320, I133=3180000, r33=49,082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 $22=8656,25 Av2=528,
E=179,953 Fy=0, 345 Ry=1,1 233=60700, Cw=895242529,5
RLLF=1, Fu=0, 448 222=13600,

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_200C_LRSD)

Mu33 Mu22 vu2 vu3 Tu

-1617,589 0, -2,765 o, 0,

-1la)

+ 0,076 + O,
) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

SIGN (H1-1a)

Factor L K1l K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending : 17 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 358,728 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1617,589 18833,031 18833,031 18821,296
Minor Moment 0); 4219,592
SHEAR CHECK
vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,765 109,213 0,025 OK
Minor Shear 0; 150,118 0, OK
C:\Users\Giovane\Desktop\UFOB\TCC\Perfis IPE120\EGR.sdb 10/07/2022 00:49

169



Figura 147 — Analise detalhada da barra 1 a temperatura de 300 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0,95

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 1 X Mid: o0,
Length: 1170, Y Mid: 0,
Loc : 1170, Z Mid: 6585,

{Summary for Combo and Station)

Combo: 300C_LRFD
Shape: 300C
Class: Compact

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

Design Type:

Frame T

Column
: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,227 RAlphaPr/Pe=0,315 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=12577,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=159,558 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFD)
Location Mu33 Mu22 Vu2 Va3 Tu
1170, -100,164 -1191,015 0, 1,018 o, o,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,509 = 0,451 + 0,058 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1, 0,6
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 222,235 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1151,015 18160,402 18160,402 14837,661
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,018 98,292 0,01 OK
Minor Shear o, 150,118 0; OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 148 — Analise detalhada da barra 2 a temperatura de 300 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €10, Combo: 300C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: 300C Frame Type: SMF
Loc @ 1220, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,002 RAlphaPr/Pe=0,003 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=12577,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=159,558 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1220, 1,018 -3488,981 0, 3,836 o, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,153 = 0,001 + 0,192 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 2,148
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,018 211,268 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -3488,3581 18160,402 181€0,402 14566, 664
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 98,292 0,038 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 149 — Analise detalhada da barra 4 a temperatura de 300 °C do EGR1

Fonte: Autor

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order
AlphaPr/Py=0,245 RlphaPr/Pe=0,085 Tau b=1,

Project
Job Number

SAP2000 S

AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)

Units : KN, mm, C

Frame : 4 X Mid: 1220, Combo: 300C_LRFD Design Type: Column

Length: 585, Y Mid: 0, Shape: 300C Frame T : SMF

Loc A Z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiB=0, 9 PhiC=0,9 PhiTY=0,9 PhiTF=0,75
PhiS=0, % PhiS-RI=1, PhiST=0, 9%
A=1278, 96 133=3063128,321 r33=48,339 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 S522=8625, 425 Av2=528,
E=159,558 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -3488,981 0, -2,982 o, o,
PMM DEMAND/CAPACITY RATIO (Hl1-1la)
D/C Ratio: 0,485 = 0,314 + 0,171 + O,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, b I 8 I : i 1,
Minor Bending 1, 1 B8 1; 1; 1
Lltb Kltb Cb
LTB 1, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,83¢ 343,277 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -3488,3B81 18160,402 18160,402 18008,31¢€
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,982 98,292 0,03 OK
Minor Shear o, 150,118 0, 0K
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Figura 150 — Analise detalhada da barra 5 a temperatura de 300 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : S X Mid: 1220, Combo: 300C_LRFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 300C Frame Type: SMF
Loc S Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees

Provision: LRFD
D/C Limit=0, 95
AlphaPr/Py=0,245

PhiB=0,3
PhiS=0,3

2=1278, 96
J=12577,925
E=159,958
RLLF=1,

Enalysis: Direct Rnalysis

2nd Order: General 2nd Order Reduction: Tau-b Fixed
RlphaPr/Pe=0,085 Tau b=1, ER factor=0,8 EI factor=0,8
PhiC=0,9 PhiT¥=0, S PhiTF=0,75

PhiS-RI=1, PhiST=0, 3

133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
Fu=0, 448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFD)

Location Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -1744,451 0, -2,982 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,4=10,314 + 0,085 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; é 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 343,277 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1744,451  18160,402 181€0,402 18008,316
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,982 98,292 0,03 OK
Minor Shear o, 150,118 0; OK
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Figura 151 — Analise detalhada da barra 1 a temperatura de 400 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0,95

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 1 X Mid: o0,
Length: 1170, Y Mid: 0,
Loc : 1170, Z Mid: 6585,

{Summary for Combo and Station)

Combo: 400C_LRFD
Shape: 400C
Class: Compact

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

Design Type:

Frame T

Column
: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,227 AlphaPr/Pe=0, 36 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=133, 364 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 400C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1170, -100,164 -899,931 0, 0,855 o, o,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,535 = 0,45 + 0,045 + 0O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1, 0,6
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 204,572 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -9599,931 18160,402 18160,402 14226,231
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,855 98,292 0,008 OK
Minor Shear o, 150,118 0; OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 152 — Analise detalhada da barra 2 a temperatura de 400 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €10, Combo: 400C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: 400C Frame Type: SMF
Loc @ 1220, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,002 RAlphaPr/Pe=0,003 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=133, 364 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 400C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1220, 0,855 -3680,0659 0, 3,836 o, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,204 = 0,001 + 0,203 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 2,035
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,855 153,076 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3680,063 18160,402 181€0,402 13523,15
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 98,292 0,038 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 153 — Analise detalhada da barra 4 a temperatura de 400 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 i

AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 1220, Combo: 400C_LRFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 400C Frame Type: SMF
Loc S Z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 RAlphaPr/Pe=0,057 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=133, 364 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (

Combo 400C_LRFD)

Location Mu33 Mu22 Vu2 Va3 Tu
o, -107,836¢ -3680,065 0, -3,145 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,501 = 0,321 + 0,18 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
1TB 1 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 336,243 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3680,065  18160,402 181€0,402 17772,27%
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,145 98,292 0,032 OK
Minor Shear o, 150,118 0; OK
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Figura 154 — Analise detalhada da barra 5 a temperatura de 400 °C do EGR1

Fonte: Autor

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order
AlphaPr/Py=0,245 AlphaPr/Pe=0,057 Tau b=1,

Project
Job Number

SAP2000 S

AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)

Units : KN, mm, C

Frame : &5 X Mid: 1220, Combo: 400C_LRFD Design Type: Column

Length: 585, Y Mid: 0, Shape: 400C Frame T : SMF

Loc A Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiB=0, 9 PhiC=0,9 PhiTY=0,9 PhiTF=0,75
PhiS=0, % PhiS-RI=1, PhiST=0, 9%
A=1278, 96 133=3063128,321 r33=48,339 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 S522=8625, 425 Av2=528,
E=133,564 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 400C_LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
o, -107,836 -1840,035 0, -3,145 o, o,
PMM DEMAND/CAPACITY RATIO (Hl1-1la)
D/C Ratio: 0,411 = 0,321 + 0,05 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, b I 8 I : i 1,
Minor Bending 1, 1 B8 1; 1; 1
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,83¢ 33¢,243 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -1840,035 18160,402 18160,402 17772,279
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,145 98,292 0,032 OK
Minor Shear o, 150,118 0, 0K
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Figura 155 — Analise detalhada da barra 1 a temperatura de 500 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0,95

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 1 X Mid: o0,
Length: 1170, Y Mid: 0,
Loc : 1170, Z Mid: 6585,

{Summary for Combo and Station)

Combo: S500C_LRFD
Shape: 500C
Class: Compact

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

Design Type:

Frame T

Column
: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,227 AlphaPr/Pe=0, 42 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=119, 363 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1170, -100,164 -504,391 0, 0,773 o, o,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,551 = 0,547 + 0,044 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1, 0,6
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 183,185 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -504,351 18160,402 18160,402 13440,835
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,773 98,292 0,008 OK
Minor Shear o, 150,118 0; OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 156 — Analise detalhada da barra 2 a temperatura de 500 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €10, Combo: S00C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: 500C Frame T : SMF
Loc @ 1220, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,002 RAlphaPr/Pe=0,004 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=119, 363 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1220, 0,773 -3775,609 0, 3,836 o, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,205 =0, + 0,208 + 0O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 1,987
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,773 171,232 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3775, €03 18160,402 181€0,402 130587,685
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 98,292 0,038 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 157 — Analise detalhada da barra 4 a temperatura de 500 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 i

AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 1220, Combo: S00C_LRFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 500C Frame Type: SMF
Loc S Z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 RAlphaPr/Pe=0,113 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=119, 363 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)

Location Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -3775,6059 0, -3,227 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,514 = 0,33 + 0,185 + 0O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; é 1, 1;
Lltb Kltb Cb
LTB : : 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 327,087 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3775,605 18160,402 18160,402 17455,734
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,227 98,292 0,033 OK
Minor Shear o, 150,118 0; OK
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Figura 158 — Analise detalhada da barra 5 a temperatura de 500 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : S X Mid: 1220, Combo: S00C_LRFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 500C Frame Type: SMF
Loc S Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees

Provision: LRFD
D/C Limit=0, 95
AlphaPr/Py=0,245

PhiB=0,3
PhiS=0,3

2=1278, 96
J=12577,925
E=119, 969
RLLF=1,

Enalysis: Direct Rnalysis

2nd Order: General 2nd Order Reduction: Tau-b Fixed
RlphaPr/Pe=0,113 Tau b=l, ER factor=0,8 EI factor=0,8
PhiC=0,9 PhiT¥=0, S PhiTF=0,75

PhiS-RI=1, PhiST=0, 3

133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
Fu=0, 448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)

Location Mu33 Mu22 Vu2 Va3 Tu
o, -107,836¢ -1887,804 0, -3,227 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,422 = 0,33 + 0,082 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; é 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 327,087 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1887,804 18160,402 18160,402 17455,734
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,227 98,292 0,033 OK
Minor Shear o, 150,118 0; OK
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Figura 159 — Analise detalhada da barra 1 a temperatura de 600 °C do EGR1

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: 0o, Combo: €00C_LRFD Design Type: Column
Length: 1170, ¥ Mid: 0, Shape: €00C Frame Type: SMF
Loc s 1170, Z Mid: 585, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,35 2nd Order: General 2nd Order Reduction: Tau-b Fixed
RlphaPr/Py=0,227 AlphaPr/Pe=0,812 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,5 PhiC=0,9 PhiTY=0, 3 PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, 9
A=1278,96 I133=3063128,321 r33=48,939 S§33=51052,13% Av3=672,
=12577,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=61,984 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
1170, -100,164 -1448,3974 0, 1,238 o, 0,
P DEMEND/CRPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 1,1 =1,029 + 0,071 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L K K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending : [ - » E # 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 97,36 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -1448,3574 14020,587 18160, 402 8412,352
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,238 98,292 0,013 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C K/C
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Figura 160 — Analise detalhada da barra 2 a temperatura de 600 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €10, Combo: €00C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: €00C Frame Type: SMF
Loc @ 1220, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,003 AlphaPr/Pe=0,011 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=61,384 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1220, 1,238 -3231,026 0, 3,836 o, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,19 = 0,002 + 0,188 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 2,176
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,238 89,543 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -3231,026 17153,777 181€0,402 7883,192
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 98,292 0,038 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 161 — Analise detalhada da barra 4 a temperatura de 600 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 S
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 1220, Combo: €00C_LRFD Design Type: Column
Length: 585, Y Mid: 0, Shape: €00C Frame Type: SMF
Loc : 0, Z Mid: 877,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,35 2nd Order: General 2nd Order Reduction: Tau-b Fixed
RlphaPr/Py=0,245 AlphaPr/Pe=0,213 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,5 PhiC=0,9 PhiTY=0, 3 PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, 9
A=1278,96 I133=3063128,321 r33=48,939 S§33=51052,13% Av3=672,
=12577,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=61,984 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
o, -107,836 -3231,026 0, -2,762 o, o,
MM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,555 = 0,396 + 0,158 + O,
= (Pr/Pc) + (B8/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending 2, s I L 1, 1, 1,
Minor Bending L : 1; # 1, 1,
Lltb Kltb Cb
1TB 1, I 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -107,836 272,07 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Co=1
Major Moment  -3231,026 18160,402 18160,402 15523,03
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,762 98,292 0,028 OK
Minor Shear o, 150,118 0, OK
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Figura 162 — Analise detalhada da barra 5 a temperatura de 600 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 i

AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : S X Mid: 1220, Combo: €00C_LRFD Design Type: Column
Length: 585, Y Mid: o0, Shape: €00C Frame Type: SMF
Loc = 0 Z Mid: 292,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 RAlphaPr/Pe=0,213 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=61,384 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (Combo 600C_LRFD)

Location Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -1€15,513 0, -2,762 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,475 = 0,356 + 0,078 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; é 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 272,07 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1€15,513 18160,402 18160,402 15523,03
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,762 98,292 0,028 OK
Minor Shear o, 150,118 0; OK
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Figura 163 — Analise detalhada da barra 1 a temperatura de 700 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: 700C_LRFD Design Type: Column
Length: 1170, Y Mid: o0, Shape: 700C Frame T : SMF
Loc : 1170, Z Mid: 6585, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,227 RAlphaPr/Pe=1,536 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=25,553 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1170, -100,164 -1502,79%% 0, 1,626 o, 0,
P DEMAND/CRPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 2,56 = 2,453 + 0,107 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1, I B 1,
Lltb Kltb Cb
LTB . i 1,667
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 40,828 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1502,759% 5879,535 15783,521 3527,721
Minor Moment o, 3354, 4863
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,626 88,882 0,018 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 120,54 0, N/C K/C
C:\Users\Giovane\Desktop\TCC Revisdo\analise EGRIEGR1.sdb 07/09/2022 20:56

Fonte: Autor

186



Figura 164 — Analise detalhada da barra 2 a temperatura de 700 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €10, Combo: 700C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: 700C Frame Type: SMF
Loc @ 1220, Z Mid: 1170, Class: Non-Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,004 RAlphaPr/Pe=0,034 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=25,553 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1220, 1,626 -2777,201 0, 3,836 o, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,376 = 0,002 + 0,374 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 2,247
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,626 37,55 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2777,201 7427,956  15783,521 3305,818
Minor Moment o, 3354, 4863
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 88,882 0,043 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 165 — Analise detalhada da barra 4 a temperatura de 700 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 i

AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 1220, Combo: 700C_LRFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 700C Frame Type: SMF
Loc S Z Mid: 877,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 RAlphaPr/Pe=0,521 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=25,553 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)

Location Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -2777,201 0, -2,374 o, o,
PMM DEMAND/CAPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 0,852 = 0,696 + 0,156 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; 1; 1, 1;
Lltb Kltb Cb
LTB : : 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 154,54 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2777,201  14154,454  15783,521  11355,535
Minor Moment o, 3354, 4863
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,374 88,882 0,027 OK
Minor Shear o, 150,118 0; OK
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Figura 166 — Analise detalhada da barra 5 a temperatura de 700 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 i

AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : S X Mid: 1220, Combo: 700C_LRFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 700C Frame Type: SMF
Loc = 0 Z Mid: 292,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 RAlphaPr/Pe=0,521 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=25,553 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)

Location Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -1388,601 0, -2,374 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,774 = 0,656 + 0,078 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1 K2 Bl B2 Cm
Major Bending a; h B 1, 1,
Minor Bending ) : 2 1; é 1, 1;
Lltb Kltb Cb
LTB : : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 154,54 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1388,601  15783,521 15783,521  11355,535
Minor Moment o, 3354, 4863
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,374 88,882 0,027 OK
Minor Shear o, 150,118 0; OK
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Figura 167 — Analise detalhada da barra 1 a temperatura de 800 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0,95

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 1 X Mid: o0,
Length: 1170, Y Mid: 0,
Loc : 1170, Z Mid: 6585,

{Summary for Combo

Combo: 800C_LRFD
Shape: 800C
Class: Slender

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,227 RAlphaPr/Pe=2,757 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=17,955 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo £00C_LRFD)
Location Pu Mu33 2 Va2 Va3 Tu
1170, -100,164  -1993,565 0, 1,704 o, 0,
P DEMAND/CRPACITY RATIO (H1.3b,H1-2)
D/C Ratio: 3,784 = 3,544 + 0,24 + 0,
= (Pr/Pcy)*(1.5 - 0.5%(Pr/Pcy)) + (Mr33/(Cb*Mc33))*2 +
(Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3b,H1-2)
Factor L K2 Bl B2 Cm
Major Bending 1, B 1, 0,6
Minor Bending 1 2; b 195 & 1; 1
Lltb Kltb Cb
LTB 1, : 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -100,164 28,265 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -1593,565 4070,413  14414,1357 2442,248
Minor Moment o, 2950,883
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,704 73,954 0,023 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 120,54 0, N/C N/C
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Figura 168 — Analise detalhada da barra 2 a temperatura de 800 °C do EGR1

Fonte: Autor

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €10, Combo: 800C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: 800C Frame Type: SMF
Loc = 0 Z Mid: 1170, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,227 RAlphaPr/Pe=2,757 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=17,955 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo 800C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, 1,704 -26B6,435 0, 3,836 o, o,
M DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: -1, =0, +0, +0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 Bl B2 Cm
Major Bending 1, B 1, 1,
Minor Bending 1 2; b 195 & 1; 1
Lltb Kltb Cb
LTB 1, : 2,277
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial 1,704 o, o,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -2686€,435 0, 14414,197 2442,248
Minor Moment o, a,
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,704 0, 0, OK
Minor Shear o, 0, 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 169 — Analise detalhada da barra 4 a temperatura de 800 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Provision: LRFD
D/C Limit=0, 95

Units : KN, mm, C

Frame : 4 X Mid: 1220, Combo:
Length: 585, Y Mid: o0, Shape:
Loc S Z Mid: 877,5 Class:

800C_LRFD
800C
Slender

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order
RlphaPr/Py=0,245 RAlphaPr/Pe=0,753 Tau b=l,

{Summary for Combo and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed
ER factor=0,8 EI factor=0,8

PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=17,955 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo £00C_LRFD)
Location Pu Mu33 2 Va2 Va3 Tu
o, -107,836 -2686€,435 0, -2,2%¢ o, 0,
P DEMAND/CRPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 1,167 = 1,002 + 0,166 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, I B &
Lltb Kltb Cb
LTB . i 1,25
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 107,649 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -2686€,435 10011,221 14414,197 8oog, s77
Minor Moment o, 25950,883
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,256 73,954 0,031 OK
Minor Shear o, 150,118 0, OK
C:\Users\Giovane\Desktop\TCC Revisdo\analise EGRIEGR1.sdb 07/09/2022 21:09

192



Figura 170 — Analise detalhada da barra 5 a temperatura de 800 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Provision: LRFD
D/C Limit=0, 95

DESIGN MESSAGES
Error: Section overstressed

D/C Ratio:

AXIAL FORCE & BIAXIAL MOMENT DESIGN
Factor L

Major Bending 2, 1,

Minor Bending : 1,

Lltb Kltb

LTB . i

Pu phi*Pnc

Force Capacity

Axial -107,836 107,649

Mu phi*Mn

Moment Capacity

Major Moment  -1343,218 13348,255

Minor Moment o, 25950,883
SHEAR CHECK

Status
Major Shear 2,256 73,954
Minor Shear o, 150,118

Units : KN, mm, C

Frame : S X Mid: 1220, Combo:
Length: 585, Y Mid: o0, Shape:
Loc = 0 Z Mid: 292,5 Class:

STRESS CHECK FORCES & MOMENTS (Combo S800C_LRFD)
33

800C_LRFD
800C
Slender

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order
RlphaPr/Py=0,245 RAlphaPr/Pe=0,753 Tau b=l,

PhiB=0,3 PhiC=0,9 PhiT¥=0, 9
PhiS=0,3 PhiS-RI=1, PhiST=0, 9
2=1278, 96 133=3063128,321 r33=48,939
J=12577,925 122=276013,597  r22=14,651
E=17,995 Fy=0,345 Ry=1,1
RLLF=1, Fu=0, 448

Location Pu Mu: 2
o, -107,83¢ -1343,218 0,
MM DEMAND/CRPACITY RATIO (H1.3a,Hl-1a)

1,085 = 1,002 + 0,083 + O,
= (Pr/Pc) + (B/39) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

(H1.3a,Hl-1a)
K2

1,
1,

cb
1,667

phi*Pnt
Capacity
396,815

phi*Mn
No LTB
14414,197

Vu

Force
0,031
9,

{Summary for Combo and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed
ER factor=0,8 EI factor=0,8

PhiTF=0, 75
§33=51052,13% Av3=672,
S22=8625, 425 Av2=528,
z33=58532,07¢ Cw=852054553,8
222=13422,21¢
Va2 Va3 Tu
-2,2%6 0, 0,
Bl B2 Cm
1, 1, 1,
B 1, 1,
phi*Mn
Cb=1
8008, 977
phi*Vn Stress
Capacity Ratio Check
OK
OK
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Figura 171 — Analise detalhada da barra 1 a temperatura de 900 °C do EGR1

SAP2000

Project
Job Number

Engineer

Units : KN, mm,
Frame : 1
Length: 1170,
Loc : 1170,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,227

PhiB=0,3
PhiS=0,3

A=1278, 96
J=12577,925

E=13,596
RLLF=1,

DESIGN MESSAGES

Location
1170,

D/C Ratio:
(Mr22/Mc22)

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment

Minor Moment

SHERR CHECK
Status

Major Shear
Minor Shear

Joint Design

AISC 360-16 STEEL SECTION CHECK

c

X Mid: o0,
Y Mid: 0,

Z Mid: 585,

{Summary for Combo

Combo:
Shape:
Class:

S00C_LRFD
s00C
Slender

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

RlphaPr/Pe=3,702

PhiC=0,9
PhiS-RI=1,

133=3063128,321
I122=276013,597

Fy=0,345
Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 9

Pu
-100,164

MM DEMAND/CRPACITY RATIO
5,479 = 4,65 + 0,783 + 0,

Tau b=1,

PhiT¥=0, 9
PhiST=0, 9

Error: Section overstressed

r33=48, 939
r22=14, €51
Ry=1,1

00C_LRFD)
Mu33 2
-2045,16 0,
(H1.3b,H1-2)

and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

ER factor=0,8 EI factor=0,8
PhiTF=0, 75

§33=51052,13% Av3=672,
S22=8625, 425 Av2=528,
z33=58532,07¢ Cw=852054553,8

222=13422,21¢

= (Pr/Pcy)*(1.5 - 0.5%(Pr/Pcy)) + (Mr33/(Cb*Mc33))*2 +

AXIRL FORCE & BIAXIAL MOMENT DESIGN
L

1,
1

’

Lltb
1,

Pu
Force
-100,164

Mu
Moment
-2045, 16
o,

1,748
o,

CONTINUITY PLATE, DOUBLER PLATE

Cont P1
Area
120,54

(H1.3b,H1-2)
K2
1, 1,
1, 1,
Kltb Cb
: 1,667
phi*Pnc phi*Pnt
Capacity Capacity
21,356 396,815
phi*Mn phi*Mn
Capacity No LTB
2302,865 13142,493

2553,513
Vu
Force

64,282 0,027
150,118 0,

2AND BEAM/COLUMN RATIOS

Dbl P1
Thick
0,

BC Ratio
Major
N/C

Va2 Va3 Tu

1,748 o, 0,

Bl B2 Cm

1, 1, 0,6

. 1, 1,
phi*Mn
Cb=1
1381,71%

phi*Vn Stress
Capacity Ratio Check

OK
OK
BC Ratio
Minor
N/C
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Figura 172 — Analise detalhada da barra 2 a temperatura de 900 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €10, Combo: S00C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: S00C Frame Type: SMF
Loc = 0 Z Mid: 1170, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,227 RAlphaPr/Pe=3,702 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=13,55%6 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, 1,748 -2634,84 0, 3,836 o, o,
M DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: -1, =0, +0, +0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 Bl B2 Cm
Major Bending 1, B 1, 1,
Minor Bending 1 2; b 195 & 1; 1
Lltb Kltb Cb
LTB 1, : 2,304
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial 1,748 o, o,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2634,84 0, 13142,483 1381,71%
Minor Moment o, a,
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,748 0, 0, OK
Minor Shear o, 0, 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836

Fonte: Autor
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Figura 173 — Analise detalhada da barra 4 a temperatura de 900 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 4 X Mid: 1220,
Length: 585, Y Mid: 0,
Loc = 0 Z Mid: 877,5

Provision: LRFD
D/C Limit=0, 95

DESIGN MESSAGES

D/C Ratio:

Factor
Major Bending 2,
Minor Bending 1,
Lltb
LTB
Pu
Force
Axial -107,836
Mu
Moment
Major Moment -2634,84
Minor Moment o,

SHEAR CHECK
Status

Major Shear 2,252
Minor Shear o,

AXIAL FORCE & BIAXIAL MOMENT DESIGN
L

{Summary for Combo and Station)

Combo:
Shape:
Class:

i,
i,

Kitb
i,

phi*Pnc
Capacity
81,333

phi*Mn
Capacity
€508,594
2553,513

64,282
150,118

S00C_LRFD
s00C
Slender

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

AlphaPr/Py=0,245 AlphaPr/Pe=0,556 Tau b=l,
PhiB=0, 9 PhiC=0,9 PhiTY=0, S
PhiS=0, 9 PhiS-RI=1, PhiST=0, 9
A=1278, 56 I133=3063128,321 r33=48,53%
J=12577,925 I122=276013,5397 r22=14,691
E=13,536 Fy=0,345 Ry=1,1
RLLF=1, Fu=0, 448

Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
Location Pu Mu33 2
o, -107,83¢ -2634,84 0,
MM DEMAND/CRPACITY RATIO (H1.3a,Hl-1a)

1,504 = 1,326 + 0,178 + O,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

(H1.3a,Hl-1a)
K2

1,
1,

cb
1,25

phi*Pnt
Capacity
396,815

phi*Mn
No LTB
13142,4593

Vu

Force
0,035
9,

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed
ER factor=0,8 EI factor=0,8

PhiTF=0, 75
§33=51052,13% Av3=672,
S22=8625, 425 Av2=528,
z33=58532,07¢ Cw=852054553,8
222=13422,21¢
Va2 Va3 Tu
-2,252 0, 0,
Bl B2 Cm
1, 1, 1,
B 1, 1,
phi*Mn
Cb=1
£52¢,876
phi*Vn Stress
Capacity Ratio Check
OK
OK

C:\Users\Giovane\Desktop\TCC Revisdo\analise EGRIEGR1.sdb

07/09/2022 21:18

196



Figura 174 — Analise detalhada da barra 5 a temperatura de 900 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : S X Mid: 1220,
Length: 585, Y Mid: 0,
Loc @ 0, Z Mid: 292,5

Provision: LRFD
D/C Limit=0, 95

DESIGN MESSAGES
Error:

Location Pu
o, -107,83¢

D/C Ratio: 1,415 = 1,326

STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
33
P DEMAND/CAPACITY RATIO (H1.

AXIAL FORCE & BIAXIAL MOMENT DESIGN
L

{Summary for Combo and Station)

Combo: S00C_LRFD Design Type: Column
Shape: S00C Frame Type: SMF
Class: Slender Princpl Rot: 0, degrees

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order
AlphaPr/Py=0,245 AlphaPr/Pe=0,556 Tau b=l,

PhiB=0,3 PhiC=0,9 PhiT¥=0, 9 PhiTF=0, 75
PhiS=0,3 PhiS-RI=1, PhiST=0, 9

2=1278, 96 133=3063128,321 r33=48,939 $33=51052, 139
J=12577,925 122=276013,597  r22=14,651 $22=8625, 425
E=13,596 Fy=0,345 Ry=1,1 233=58532, 076
RLLF=1, Fu=0, 448 222=13422,216

Section overstressed

Mu: 2 Va2
-1317, 42 0, -2,252
3a,Hl-1a)

+ 0,083 + 0,

= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

(H1.3a,Hl-1a)
K2

Factor Bl
Major Bending 2, 1, 1, 1,
Minor Bending 1, I B 1,

Lltb Kltb Cb

LTB . i 1,667

Pu rhi*Pnc phi*Pnt

Force Capacity Capacity

Axial -107,836 81,333 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1317,42 9211,459 13142,493 5526,876

Minor Moment o, 2553, 513
SHEAR CHECK
Vu phi*Vn
Status
Force Capacity

Major Shear 2,252 64,282 0,035 OK
Minor Shear o, 150,118 0, OK

Reduction: Tau-b Fixed
ER factor=0,8

EI factor=0,8

Av3=672,
RAv2=528,
Cw=852054553,8
Va3 Tu
o, o,
B2 Cm
1, 1,
1, 1,
Stress
Ratio Check
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Figura 175 — Analise detalhada da barra 1 a temperatura de 1000 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: 1000C_LRFD Design Type: Column
Length: 1170, Y Mid: o0, Shape: 1000C Frame T : SMF
Loc : 1170, Z Mid: 6585, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,227 RAlphaPr/Pe=5,554 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=8,3538 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1170, -100,164 -2122,53 0, 1,814 o, 0,
P DEMAND/CRPACITY RATIO (H1-1a)
D/C Ratio: 8,325 = 7,087 + 1,238 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1, I B 1,
Lltb Kltb Cb
LTB . i 1,667
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 14,133 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2122,53 1524,064 10960, 735 914,435
Minor Moment o, 1868,09¢6
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,814 52,295 0,035 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 120,54 0, N/C K/C
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Figura 176 — Analise detalhada da barra 2 a temperatura de 1000 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €10, Combo: 1000C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: 1000C Frame Type: SMF
Loc = 0 Z Mid: 1170, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,227 RAlphaPr/Pe=5,554 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=8,3538 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, 1,814 -2557,47 0, 3,836 o, o,
M DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: -1, =0, +0, +0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 Bl B2 Cm
Major Bending 1, B 1, 1,
Minor Bending 1 2; b 195 & 1; 1
Lltb Kltb Cb
LTB 1, : 2,358
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial 1,814 0, 0,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2557,47 0, 109€0, 735 514,435
Minor Moment o, a,
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,814 0, 0, OK
Minor Shear o, 0, 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836

Fonte: Autor
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Figura 177 — Analise detalhada da barra 4 a temperatura de 1000 °C do EGR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 4 X Mid: 1220,
Length: 585, Y Mid: 0,
Loc = 0 Z Mid: 877,5

Provision: LRFD
D/C Limit=0, 95

RlphaPr/Py=0,245 AlphaPr/Pe=1,506
PhiB=0,3 PhiC=0,9
PhiS=0,3 PhiS-RI=1,
2=1278, 96 133=3063128, 321
J=12577,925 122=276013,597
E=8,998 Fy=0,345
RLLF=1, Fu=0, 448

DESIGN MESSAGES
Error: Section overstressed

{Summary for Combo and Station)

Combo:
Shape:
Class:

Enalysis: Direct Rnalysis
2nd Order: General 2nd Order

Tau b=1

PhiTY=0
PhiST=0

r33=4s,
r22=14,
Ry=1,1

Location Pu Mu33
o, -107,83¢ -2557,47
MM DEMAND/CRPACITY RATIO (H1.3b,H1-2)

1000C_LRFD Design Type: Column
1000C Frame Type: SMF
Slender Princpl Rot: 0, degrees

.

9
)

938
[3-38

STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFD)

(=]
~

Reduction: Tau-b Fixed
ER factor=0,8 EI factor=0,8

PhiTF=0, 75
$33=51052, 139 Av3=672,
$22=8625, 425 Rv2=528,
233=58532, 076 Cw=852054553, 8
222=13422,216
Va2 Vu3 Tu
-2,186 0, 0,

D/C Ratio: 2,316 = 2,003 + 0,313 + 0,
= (Pr/Pcy)*(1.5 - 0.5%(Pr/Pcy)) + (Mr33/(Cb*Mc33))"2 +
(Mr22/Mc22)
AXIRL FORCE & BIAXIAL MOMENT DESIGN (H1.3b,H1-2)
Factor L K2 Bl B2 Cm
Major Bending Z; B 1, 1,
Minor Bending 1 2; b 195 & 1; 1
Lltb Kltb Cb
1TB 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,83¢ 53,827 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2557,47 4572,153 10960, 735 3657,754
Minor Moment o, 1868,0%6
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,186 52,295 0,042 0K
Minor Shear 0, 150,118 0, oK
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Figura 178 — Analise detalhada da barra 5 a temperatura de 1000 °C do EGR1

Project
Job Number
SAP2000 i
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : S X Mid: 1220, Combo: 1000C_LRFD Design Type: Column
Length: 585, Y Mid: o0, Shape: 1000C Frame Type: SMF
Loc @ 0, Z Mid: 292,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 RAlphaPr/Pe=1,506 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=8,3538 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
o, -107,836 -1278,735 0, -2,186 o, 0,
P DEMAND/CRPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 2,107 = 2,003 + 0,104 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending 1, I B 1,
Lltb Kltb Cb
LTB . i 1,667
Pu rhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 53,827 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1278,735 €056,257 10960, 735 3657,754
Minor Moment o, 1868,09¢6
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,186 52,295 0,042 OK
Minor Shear o, 150,118 0, OK
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APENDICE D — Resultados das analises dos SAP das do pértico ZSR1 com aplica¢io

das cargas de temperaturas a e combinacdes de projeto.

Figura 179 — Anélise detalhada da barra 1 a temperatura de 22 °C do ZSR1

Project
Job Number
SAP2000 Eromeer
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: O, Combo: COMB1l_22C LRFD Design Type: Column
Length: 1180, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 1180, 2z Mid: 590, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,255 AlphaPr/Pe=0,295 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0,9 PhiTF=0,75
Phis=0,9 PhiS-RI=1, PhisT=0,9
A=1320, I133=3180000, r33=49,082 $33=53000, Av3=672,
J=16900, 122=277000, r22=14,486 §22=8656,25 Av2=528,
E=199, 948 Fy=0,345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMB1_22C_LRFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
1180, -115,916 -1553,048 0, 1,316 0, 0,

PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,533 = 0,46 + 0,073 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L K1l K2 Bl B2 Cm
Major Bending 1, £ I 1 1, 0,6
Minor Bending Y 15 1; 1z 1y L
Lltb Kltb Cb
LTB Xy 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -115,916 252,12 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1553,048 18833,031 18833,031 16421,159
Minor Moment 0, 4219,592
SHEAR CHECK
Vu phi*vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,316 109,213 0,012 OK
Minor Shear 0, 150,118 0, OK

CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS

Cont Pl Dbl Pl BC Ratio BC Ratio

Area Thick Major Minor

Joint Design o, 0, N/C N/C
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Figura 180 — Analise detalhada da barra 2 a temperatura de 22 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 2
Length: 1200,
Loc )

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,003

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

Location
0,

D/C Ratio:

Factor

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Major (V2)

Major Bending
Minor Bending

SECTION CHECK
Cc

X Mid: 600,
Y Mid: O,
z Mid: 1180,

(Summary for Combo and Station)

Combo:
Shape: IPE120
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,003 Tau_b=1,

Phic=0,9
PhiS-RI=1,

133=3180000,
122=277000,
Fy=0, 345
Fu=0, 448

Pu
1,316

PMM DEMAND/CAPACITY RATIO (H1

0,084 = 0,002

PhiTY=0,9
PhisT=0,9

r33=49, 082
r22=14,486
Ry=1,1

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LRFD)

Mu33 Mu22
1553, 048 o,
.2,H1-1b)

+ 0,082 + O,

COMB1_22C_LRFD Design Type:

Beam

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
2,484

= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN

L
1,
1,

Lltb
1,

Pu
Force
1,316

Mu
Moment
1553,048
0,

2,484
o,

VMajor
Left
2,484

Vu

CONNECTION SHEAR FORCES FOR BEAMS

(H1.2,H1-1Db)

K1l K2

1, 1,

1, 1,

Kltb Cb

1, 2,26

phi*Pnc phi*Pnt

Capacity Capacity

247,973 409,549

phi*Mn phi*Mn

Capacity No LTB

18833,031 18833,031
4219,592

Force

109,213 0,023

150,118 0,
VMajor
Right
2,484

Bl

1,

phi*Mn
Cb=1
16335,931

Capacity
OK
OK

phi*Vn

EI factor=0,8

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
0, 0,
B2 Cm
1, 1,
1, 1,

Stress

Ratio Check
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Figura 181 — Analise detalhada da barra 3 a temperatura de 22 °C do ZSR1

Fonte: Autor

Project
Job Number
SAP2000 e
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 1200, Combo: COMB1_22C_LRFD Design Type: Column
Length: 1180, Y Mid: O, Shape: IPE120 Frame Type: SMF
Loc : 0, Z Mid: 590, Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order
AlphaPr/Py=0,261 AlphaPr/Pe=0,303 Tau b=1,

PhiB=0, 9 Phic=0,9 PhiTY=0,9
Phis=0,9 PhiS-RI=1, PhisST=0,9
A=1320, 133=3180000, r33=49,082
J=16900, 122=277000, r22=14,486
E=199, 948 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LRFD)
Location Pu Mu33 Mu22
0, -118,963 -2293,88 0,

PMM DEMAND/CAPACITY RATIO (H1l-1la)
D/C Ratio: 0,58 = 0,472 + 0,108 + O,

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L K1l K2

Major Bending 1, 1, 1,

Minor Bending 5 I 1 e

Lltb Kltb Cb

LTB 1, 1, 1,667

Pu phi*Pnc phi*Pnt

Force Capacity Capacity

Axial -118,963 252,12 409,549

Mu phi*Mn phi*Mn

Moment Capacity No LTB

Major Moment -2293,88 18833,031 18833,031
Minor Moment 0, 4219,592

SHEAR CHECK

Status
Force
Major Shear 1,944 109,213 0,018
Minor Shear 0, 150,118 0,

Reduction: Tau-b Fixed
EI factor=0,8

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
-1,944

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

Bl

1,

phi*Mn
Cb=1
16421,159

vu phi*Vn

Capacity
OK
OK

Av3=672,

Av2=528,

Cw=895242529,5

vu3 Tu
o, 0,
B2 Cm
1, 0,6
1; Ly

Stress

Ratio Check
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Figura 182 — Anélise detalhada da barra 4 a temperatura de 22 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 4
Length: 1200,
Loc : 1200,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,007

PhiB=0, 9
Phis=0,9

A=1320,
J=16900,
E=199,948
RLLF=1,

SECTION CHECK
Cc

X Mid: 1800,
Y Mid: O,
z Mid: 1180,

(Summary for Combo and Station)

Combo:
Shape: IPE120
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,009 Tau_b=1,

Phic=0,9
PhiS-RI=1,

133=3180000,
122=277000,
Fy=0, 345
Fu=0, 448

PhiTY=0,9
PhisT=0,9

r33=49, 082
r22=14,486
Ry=1,1

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LRFD)

Location
1200,

PMM DEMAND/CAPACITY RATIO

D/C Ratio:

AXIAL FORCE & BIAXIAL MOMENT DESIGN

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

CONNECTION SHEAR FORCES FOR BEAMS

Major (V2)

Pu
3,26

Mu33 Mu22

-1439,472 0,

(H1.2,H1-1b)

0,08 = 0,004 + 0,076 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

L
1,
1,

Lltb
1,

Pu
Force
3,26

Mu
Moment
-1439,472
0,

1,921
o,

VMajor
Left
1,921

Vu

(H1.2,H1-1Db)

K1l K2

1, 1,

1, 1,

Kltb Cb

1, 2,203

phi*Pnc phi*Pnt

Capacity Capacity

247,973 409,549

phi*Mn phi*Mn

Capacity No LTB

18833,031 18833,031
4219,592

Force

109,213 0,018

150,118 0,
VMajor
Right
1,921

COMB1_22C_LRFD Design Type: Beam

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
1,921

Bl

1,

phi*Mn
Cb=1
16335,931

Capacity
OK
OK

phi*Vn

EI factor=0,8

Av3=672,
Av2=528,
Cw=895242529,5
vu3 Tu
0, 0,
B2 Cm
1, 1,
1, 1,
Stress
Ratio Check
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Figura 183 — Analise detalhada da barra 5 a temperatura de 22 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 5 X Mid: 2400,

Length: 1180, Y Mid: O, Shape: IPE120
Loc ) Z Mid: 590, Class: Compact

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order
AlphaPr/Py=0,264 AlphaPr/Pe=0,306 Tau b=1,

PhiB=0, 9 Phic=0,9 PhiTY=0,9
Phis=0,9 PhiS-RI=1, PhisST=0,9
A=1320, 133=3180000, r33=49,082
J=16900, 122=277000, r22=14,486
E=199, 948 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo COMB1l_22C_LRFD)
Location Pu Mu33 Mu22
0, -120,321 -1439,472 0,

PMM DEMAND/CAPACITY RATIO (Hl-1la)
D/C Ratio: 0,545 = 0,477 + 0,068 + O,

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L K1l K2
Major Bending 1, 1, 1,
Minor Bending 5 I 1 e
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -120,321 252,12 409,549
Mu phi*Mn phi*Mn
Moment Capacity No LTB
Major Moment -1439,472 18833,031 18833,031

Minor Moment 0, 4219,592

SHEAR CHECK
Status

Force
Major Shear 1,22 109,213 0,011
Minor Shear 0, 150,118 0,

(Summary for Combo and Station)

Combo: COMB1_22C_LRFD Design Type: Column

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

§33=53000,
$22=8656,25
z33=60700,
z22=13600,

vu2
-1,22

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

Bl

1,

phi*Mn
Cb=1
16421,159

vu phi*Vn

Capacity
OK
OK

EI factor=0,8

Av3=672,
Av2=528,
Cw=895242529,5
vu3 Tu
o, 0,
B2 Cm
1, 0,6
1; Ly
Stress
Ratio Check
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Figura 184 — Analise detalhada da barra 1 a temperatura de 100 °C do ZSR1

Project
Job Number
SAP2000 Enameer
RTISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : EN, mm, C
Frame : 1 X Mid: O, Combo: COMB1_100C LRFD Design Type: Column
Length: 1180, Y Mid: O, Shape: IPE1Z0 Frame Type: SMF
Loc : 1180, Z Mid: 590, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct ARnalysis
D/C Limit=0,95 2nd Order: General 2Znd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,252 AlphaPr/Pe=0,293 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,% PhiTY=0,9 PhiTF=0,75
Phis=0,9 Phis-rRI=1, PhisT=0,9
A=1320, I33=3180000, r33=49,082 §33=53000, Av3=672,
J=16300, I22=277000, r22=14,486 §522=8656,25 Av2=528,
E=199, 948 Fy=0,345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0,448 z22=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMELl 100C LRFD)
Location Pu Mu33 Mu22 Tuz2 wu3 Tu
1180, -114,884 -1623,304 0, 1,376 0, 0,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,532 = 0,456 + 0,077 + 0,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
RXTAT, FORCE & BIAXTAL MOMENT DESIGN (H1-1a)
Factor L E1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1, 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnec phi*Pnt
Force Capacity Capacity
Axial -114,884 252,12 409,549
Mu phi*Mn phi*Mn phi*Mn
Meoment Capacity No LTB Cb=1
Major Moment -1623, 304 18833,031 18833,031 16421,159
Minor Moment a, 4219,592
SHEAR CHECE
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,376 109,213 0,013 OR
Minor Shear aQ, 150,118 0, OR
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont PL Dbl P1 BC Ratio BC Ratio
Zrea Thick Major Minor
Joint Design aQ, a, N/C N/C
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Figura 185 — Analise detalhada da barra 2 a temperatura de 100 °C do ZSR1

Fonte: Autor

Project
Job Number
SAP2000 Enameer
RTISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)

Units : EN, mm,
Frame : 2
Length: 1200,
Loc : 1200,

Provision: LRFD
D/C Limit=0,95
AlphaPr/Py=0,003

PhiB=0,9
Phis=0,9

A=1320,
J=16900,
E=159,948
RLLF=1,

Location
1200,

D/C Ratio:

PMM DEMAND/CAPACITY RATIO

[

X Mid: 600,
¥ Mmid: 0O,

Combo: COMB1_100C LRFD Design Type: Beam
Shape: IPE1Z0 Frame Type: SMF

Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees

Analysis: Direct ARnalysis

2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Pe=0,004 Tau b=1, EA factor=0,8 EI factor=0,8
Phic=0,% PhiTY=0,9 PhiTF=0,75

Phis-rRI=1, PhisT=0,9

I33=3180000, r33=49,082 §33=53000, Av3=672,
I22=277000, r22=14,486 §522=8656,25 Av2=528,
Fy=0,345 Ry=1,1 z33=60700, Cw=895242529,5
Fu=0,448 z22=13600,

STRESS CHECK FORCES & MOMENTS

Pu
1,376

(Combo COMEL1 100C LRFD)
Mu33 Muzz Vuz vu3 Tu
—-2595,395 0, 3,518 0, 0,

(H1.2,H1-1b)

0,139 = 0,002 + 0,138 + 0,

= (1/2)

(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

R¥TAT. FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)

Factor L E1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 1,
Minor Bending 1, 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 2,202
Pu phi*Pnec phi*Pnt
Force Capacity Capacity
Axial 1,376 247,973 409,549
Mu phi*Mn phi*Mn phi*Mn
Meoment Capacity No LTB Cb=1
Major Moment -2595,395 18833,031 18833,031 16335,931
Minor Moment a, 4219,592
SHEAR CHECE
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,516 109,213 0,032 OR
Minor Shear aQ, 150,118 0, OR
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,516 3,516
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Figura 186 — Analise detalhada da barra 3 a temperatura de 100 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

RISC 360-16 STEEL

Units : EN, mm,
Frame : 3
Length: 1180,
Loc : 0,

Provision: LRFD
D/C Limit=0,95

SECTION CHECEK
[

(Summary for Combo and Station)

Column

X Mid: 1200, Combo: COMB1_100C LRFD Design Type:
Y Mid: O, Shape: IPE1Z20 Frame Type: SMF
Z Mid: 590, Class: Compact

Analysis: Direct ARnalysis
2nd Order: General Znd Order

PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,603 = 0,48 + 0,123 + 0O,

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,266 AlphaPr/Pe=0,308 Tau b=1, EA factor=0,8
PhiB=0,9 Phic=0,% PhiTY=0,9 PhiTF=0,75
Phis=0,9 Phis-rRI=1, PhisT=0,9
A=1320, I33=3180000, r33=49,082 §33=53000,
J=16300, I22=277000, r22=14,486 §522=8656,25
E=199, 948 Fy=0,345 Ry=1,1 z33=60700,
RLLF=1, Fu=0,448 z22=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMELl 100C LRFD)

Location Pu Mu33 Mu22 Tuz2

0, -121,026 -2610,967 0, -2,213

= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

RXTAT, FORCE & BIAXTAL MOMENT DESIGN (H1-1a)
Factor L E1l K2 Bl
Major Bending 1, 1, 1, 1,
Minor Bending 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnec phi*Pnt
Force Capacity Capacity
Axial -121,026 252,12 409,549
Mu phi*Mn phi*Mn phi*Mn
Meoment Capacity No LTB Cb=1
Major Moment -2610, 967 18833,031 18833,031 16421,159
Minor Moment a, 4219,592
SHEAR CHECE
Vu phi*Vn
Status
Force Capacity
Major Shear 2,213 109,213 0,02 OR
Minor Shear aQ, 150,118 0, OR

EI factor=0,8

Av3=672,
AvZ=528,
Cw=885242529,5

vu3 Tu
0, 0,
B2 Cm
1, 0,6
1 1,
8tress
Ratio Cheack
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Figura 187 — Analise detalhada da barra 4 a temperatura de 100 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

RISC 360-16 STEEL SECTION CHECK

Units : EN, mm, C

Frame : 4 X Mid: 1800,

Length: 1200, Y Mid: O, Shape: IPE1Z20
Loc : 1200, Z Mid: 1180, class: Compact

Provision: LRFD Analysis: Direct ARnalysis
D/C Limit=0,95 2nd Order: General 2Znd Order
AlphaPr/Py=0,008 AlphaPr/Pe=0,00% Tau b=1,

CONNECTION SHEAR FORCES FOR BEAMS

VMajor VMajor
Left Right
Major (V2) 0,89 0,89

vu

PhiB=0,9 Phic=0,% PhiTY=0,9
Phis=0,9 Phis-rRI=1, PhisT=0,9
A=1320, I33=3180000, r33=49,082
J=16300, I22=277000, r22=14,486
E=199, 948 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0,448
STRESS CHECK FORCES & MOMENTS (Combo COMELl 100C LRFD)
Location Pu Mu33 Mu22
1200, 3,588 -1052,12% 0,
EMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,06 = 0,004 + 0,056 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) +
RXTAT, FORCE & BIAXTAL MOMENT DESIGN (H1.2,H1-1b)
Factor L E1l K2
Major Bending 1, 1, 1,
Minor Bending 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,691
Pu phi*Pnec phi*Pnt
Force Capacity Capacity
Axial 3,588 247,973 409,549
Mu phi*Mn phi*Mn
Meoment Capacity No LTB
Major Moment -1052,129 18833,031 18833,031
Minor Moment a, 4219,592
SHEAR CHECE
Status
Force
Major Shear 0,89 109,213 0,008
Minor Shear aQ, 150,118 0,

(Summary for Combo and Station)

Combo: COMB1_100C LRFD Design Type: Beam

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

833=53000,
S22=8656,25
z33=60700,
z22=13600,

Vuz
0,89

(Mr22/Mc22)

phi*Mn
Cb=1
16335,931

phi*Vn

Capacity
OK
OK

EI factor=0,8

Av3=672,
AvZ=528,
Cw=885242529,5

vu3 Tu
0, 0,
B2 Cm
1 1,
1 1,
8tress
Ratio Cheack
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Figura 188 — Analise detalhada da barra 5 a temperatura de 100 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

RISC 360-16 STEEL SECTION CHECK

(Summary for Combo and Station)

Units : EN, mm, C
Frame : 5 X Mid: 2400, Combo: COMB1_100C LRFD Design Type: Column
Length: 1180, Y Mid: O, Shape: IPE1Z0 Frame Type: SMF
Loc : 0, Z Mid: 590, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct ARnalysis
D/C Limit=0,95 2nd Order: General 2Znd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,262 AlphaPr/Pe=0,304 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,% PhiTY=0,9 PhiTF=0,75
Phis=0,9 Phis-rRI=1, PhisT=0,9
A=1320, I33=3180000, r33=49,082 §33=53000, Av3=672,
J=16300, I22=277000, r22=14,486 §522=8656,25 Av2=528,
E=199, 948 Fy=0,345 Ry=1,1 z33=60700, Cw=895242529,5
RLLF=1, Fu=0,448 z22=13600,
STRESS CHECK FORCES & MOMENTS (Combo COMELl 100C LRFD)
Location Pu Mu33 Mu22 Tuz2 wu3 Tu
0, -119,29 -1052,12% 0, -0,892 0, 0,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,523 = 0,473 + 0,05 + 0O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
RXTAT, FORCE & BIAXTAL MOMENT DESIGN (H1-1a)
Factor L E1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1, 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnec phi*Pnt
Force Capacity Capacity
Axial -119,29 252,12 409,549
Mu phi*Mn phi*Mn phi*Mn
Meoment Capacity No LTB Cb=1
Major Moment -1052,129 18833,031 18833,031 16421,159
Minor Moment a, 4219,592
SHEAR CHECE
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,892 109,213 0,008 OR
Minor Shear aQ, 150,118 0, OR

C\Users\Giovane\Desktop\UFOB\TCC\Perfis IPE120'ZSR.sdb

10/07/2022 01:27

211



Figura 189 — Analise detalhada da barra 1 a temperatura de 200 °C do ZSR1

Project
Job Number

SAP2000 Enameer

AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)

Units : KN, mm, C

Frame : 1 X Mid: O, Combo: 200 LRFD Design Type: Column
Length: 1180, Y Mid: O, Shape: IPE 120%* Frame Type: SMF

Loc : 1180, Zz Mid: 590, Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis

D/C Limit=0,95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,259 AlphaPr/Pe=0,324 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 Phic=0,9 PhiTY=0,9 PhiTF=0,75

Phis=0,9 PhisS-RI=1, PhisT=0,9

A=1278,96 I133=3063128,321 r33=48,939 $33=51052,139 Av3=672,
J=12977,925 122=276013,597 r22=14,691 S22=8625,425 Av2=528,
E=179,953 Fy=0,345 Ry=1,1 z33=58532,076 Cw=892054553,8
RLLF=1, Fu=0, 448 z22=13422,216

STRESS CHECK FORCES & MOMENTS (Combo 200 LRFD)
Location Pu Mu33 Mu22 Vu2 vu3 Tu
1180, -113,995 -1635,228 0, 1,386 o, 0,

PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,565 = 0,485 + 0,08 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXTAL FORCE & BIAXIAL MOMENT DESIGN (Hl-1a)

Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1 1 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -113,995 234,934 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1635,228 18160,402 18160,402 15276, 547
Minor Moment 0, 4164,432

SHEAR CHECK

vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,386 98,292 0,014 OK
Minor Shear 0, 150,118 0, OK

CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS

Cont Pl Dbl P1 BC Ratio BC Ratio

Area Thick Major Minor

Joint Design 0, 0, N/C N/C
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Figura 190 — Analise detalhada da barra 2 a temperatura de 200 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Provision: LRFD
D/C Limit=0,85

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo

Units : KN, m, C

Frame : 2 X Mid: 0,6 Combo: 200 LRFD
Length: 1,2 Y Mid: o0, Shape: IPE 120+
Loc P Z Mid: 1,18 Class: Compact

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

and Station)

Design Type: Beam
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,003 AlphaPr/Pe=0,004 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=0,001 I33=3,063E-06 r33=0,045% §33=5,105E-05 Av3=¢,720E-04
J=0, I122=0, r22=0,01%5 S$22=8, 625E-06 Av2=5, 280E-04
E=175953200, Fy=344737,854 Ry=1,1 233=5,853E-05 Cw=0,
RLLF=1, Fu=448155, 263 222=1,342E-05
STRESS CHECK FORCES & MOMENTS (Combo 200 LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1,2 1,386 -3, 651 0, 4,405 0, 0,
P DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,203 = 0,002 + 0,201 + O,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 & A I
Lltb Kltb Cb
LTB N 1. 2,165
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,386 230,762 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3,651 18,16 18,16 15,179
Minor Moment o, 4,164
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,405 58,292 0,045 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 4,405 4,408
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Figura 191 — Analise detalhada da barra 3 a temperatura de 200 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 3 X Mid: 1200,
Length: 1180, Y Mid: 0,
Loc : o, Z Mid: 590,

{Summary for Combo and Station)

Combo: 200 LRFD Design Type: Column
Shape: IPE 120+ Frame Type: SMF
Class: Compact Princpl Rot: 0, degrees

Provision: LRFD
D/C Limit=0,85

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,275 AlphaPr/Pe=0,345 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14,651 S§22=8625, 425 Av2=528,
E=17%,553 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 z22=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 200 LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
B -122,805 -2837,364 0, -2,405 0, 0,
P+ DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,662 = 0,523 + 0,135 + O,
= (Pr/Pc) + (B8/89) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, 0,6
Minor Bending ; 1: 1 B 1, 1,
Lltb Kltb Cb
LTB N 1. 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -122,805 234,534 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2837, 364 18160,402 18160, 402 1527¢,547
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,405 58,292 0,024 0K
Minor Shear o, 150,118 0, oK
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Figura 192 — Analise detalhada da barra 4 a temperatura de 200 °C do ZSR1

SAP2000

Project

Job Number

Engineer

Units : KN, mm,
Frame : 4
Length: 1200,
Loc : 1200,

Provision: LRFD
D/C Limit=0,85

AISC 360-16 STEEL SECTION CHECK

c

X Mid: 1800, Combo: 200 LRFD
Y Mid: o0, Shape: IPE120

Z Mid: 1180, Class: Compact

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

{Summary for Combo and Station)

Design Type: Beam
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,008 RAlphaPr/Pe=0,601 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 200 LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 3,73 -813,807 0, 4,776E-05 0, 0,
P+ DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,054 = 0,005 + 0,05 + O,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 & A I
Lltb Kltb Cb
LTB N 1. 1,008
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 3,73 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -813,807 16417,747 18833,031 16335,531
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,776E-05 109,213 0, 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 4,776E-05 4,77€E-0S
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Figura 193 — Analise detalhada da barra 5 a temperatura de 200 °C do ZSR1

SAP2000

Project

Job Number

Engineer

Units : KN, mm,
Frame : 4
Length: 1200,
Loc : 1200,

Provision: LRFD
D/C Limit=0,85

AISC 360-16 STEEL SECTION CHECK

c

X Mid: 1800, Combo: 200 LRFD
Y Mid: o0, Shape: IPE120

Z Mid: 1180, Class: Compact

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

{Summary for Combo and Station)

Design Type: Beam
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,008 RAlphaPr/Pe=0,601 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 200 LRFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 3,73 -813,807 0, 4,776E-05 0, 0,
P+ DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,054 = 0,005 + 0,05 + O,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 & A I
Lltb Kltb Cb
LTB N 1. 1,008
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 3,73 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -813,807 16417,747 18833,031 16335,531
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,776E-05 109,213 0, 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 4,776E-05 4,77€E-0S
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Figura 194 — Analise detalhada da barra 1 a temperatura de 300 °C do ZSR1

SAP2000

Project

Job Number

Engineer

Units : KN, mm,
Frame : 1
Length: 1180,
Loc : 11s0,

Provision: LRFD
D/C Limit=0,85

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo and Station)

c

X Mid: o0, Combo: 300C_LRFFD Design Type: Column

Y Mid: o0, Shape: IPE 120+ Frame Type: SMF

Z Mid: 580, Class: Compact Princpl Rot: 0, degrees

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,257 AlphaPr/Pe=0,362 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14,651 S§22=8625, 425 Av2=528,
E=153, 5358 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 z22=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1180, -113,203 -1681,073 0, 1,425 0, 0,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,557 = 0,514 + 0,082 + O,
= {(Pr/Pc) + (B8/89) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, 0,6
Minor Bending 1. = 3 & 1, p 3
Lltb Kltb Cb
LTB . 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -113,203 220,035 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1681,073 18160,402 18160, 402 14783,472
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,425 58,292 0,014 0K
Minor Shear o, 150,118 0, oK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 195 — Analise detalhada da barra 2 a temperatura de 300 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Provision: LRFD
D/C Limit=0,55

AISC 360-1€ STEEL SECTION CHECK

Units : KN, mm, C

Frame : 1 X Mid: o0,
Length: 1180, Y Mid: 0,
Loc : 1iso, Z Mid: 590,

{Summary for Combo and Station)

Column

Combo: 300C_LRFFD Design Type:
Shape: IPE 120% Frame Type: SMF
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,257 RAlphaPr/Pe=0,362 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,5 PhiC=0,5 PhiT¥=0,5 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278, 56 I33=3063128,321 r33=48, 5333 §33=51052,13% Av3=672,
J=12577,825 122=276013,5597 r22=14,651 §22=8625, 425 Av2=528,
E=159, 558 Fy=0,345 Ry=1,1 233=58532,07¢ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,216
STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFFD)
Location Mu33 Mu22 Va2 Vu3 Tu
1180, -113,203 -1681,073 0, 1,425 o, 0,
M DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,557 = 0,514 + 0,082 + O,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/39) (Mr22/Mc22)
AXTAL FORCE & BIARXIAL MOMENT DESIGN (Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1, 1; s I 1, 0,6
Minor Bending i1, - 3 : 28 1; 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -113,203 220,038 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment -1681,073  18160,402 18160,402 14783,472
Minor Moment 4164,432
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,425 98,292 0,014 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUEBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, o, N/C N/C
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Figura 196 — Analise detalhada da barra 3 a temperatura de 300 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm, C

Frame : 3 X Mid: 1200,
Length: 1180, Y Mid: 0,
Loc : 0, Z Mid: 590,

RlphaPr/Py=0,282 AlphaPr/Pe=0,

AISC 360-16¢ STEEL SECTION CHECK

Combo:
Shape:
Class:

{Summary for Combo and Station)

300C_LRFFD Design Type: Column

IPE 120%
Compact

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 55 2nd Order: General 2nd Order

397 Tau b=1,

Location Pu Mu33

0, -124,385 -2996, 916
PM DEMAND/CRPACITY RATIO (H1-1a)

D/C Ratio: 0,712 = 0,565 + 0,147 +

PhiB=0, 9 PhiC=0,3 PhiTY¥=0, 9
PhiS=0, 3 PhiS-RI=1, PhiST=0, 9
2=1278, 96 133=3063128,321 r33=48,939
J=12977, 925 122=276013,597  r22=14,651
E=159, 958 Fy=0,345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFFD)

Mu22
0,

.

= (Pr/Pc) + (B/9) (Mr33/Mc33) +

Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8 EI factor=0,8
PhiTF=0, 75

S§33=51052,13% Av3=€72,
522=8625, 425 Rv2=528,
2z33=58532, 076 Cw=852054553,8

222=13422,21¢6

g
o

Vu2
-2,54 o,

(8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN  (Hl-la)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1; Ay a1 : £ 0,6
Minor Bending : E2 1, X z 1, 5
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -124,385 220,035 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment -295¢,916 1816€0,402 181e€0,402 14783,472
Minor Moment o, 4164,432
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,54 98,292 0,026 OK
Minor Shear o, 150,118 0, OK
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Fonte: Autor

SAP2000

Figura 197 — Analise detalhada da barra 4 a temperatura de 300 °C do ZSR1

Project

Job Number

Engineer

Provision: LRFD
D/C Limit=0,55

AISC 360-1€ STEEL SECTION CHECK

Analysis: Direct Analysis
2nd Order: General 2nd Order

{Summary for Combo and Station)

Reduction: Tau-b Fixed

Beam

Units : KN, mm, C

Frame : 4 X Mid: 1800, Combo: 300C_LRFFD Design Type:

Length: 1200, ¥ Mid: 0, Shape: IPE120 Frame Type: SMF

Loc R | ¥ Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees

AlphaPr/Py=0,008 AlphaPr/Pe=0,01 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0,5 PhiC=0,5 PhiT¥=0,5 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1320, 133=3180000, r33=45,082 S§33=53000, Av3=672,
J=16500, I22=277000, r22=14,48¢ 522=865¢, 25 Av2=528,
E=1599,548 Fy=0,345 Ry=1,1 233=60700, Cw=8552428525,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFFD)
Location Mu33 Mu22 Va2 Vu3 Tu
0, 3,964 -1558,43%5 0, -0,792 0, 0,
M DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,088 = 0,005 + 0,083 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIARXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1, 1; s I 1, .
Minor Bending i1, - 3 : 28 1; 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,329
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 3,564 247,973 408,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment -1558,435  18833,031 18833,031 16335,531
Minor Moment o, 4218,55%2
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,792 109,213 0,007 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 0,792 0,752
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Figura 198 — Analise detalhada da barra 5 a temperatura de 300 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 36€0-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : &5 X Mid: 2400,
Length: 1180, Y Mid: 0,
Loc s 0, Z Mid: 590,

{Summary for Combo and Station)

Combo:
Shape:
Class:

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,35 2nd Order: General 2nd Order

300C_LRFFD Design Type: Column
IPE120 Frame Type: SMF
Compact Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,258 AlphaPr/Pe=0,3 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0, 9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0, 75
PhiS=0, 3 PhiS-RI=1, PhiST=0, 9
A=1320, 133=3180000, r33=49,082 §33=53000, Av3=672,
=16500, I22=277000, r22=14,48¢ 522=865¢,25 Av2=528,
E=19%, 548 Fy=0,345 Ry=1,1 233=60700, Cw=895242529,5
RLLF=1, Fu=0,6448 z22=13600,
STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
0, -117, 608 -608,411 0, -0,516 o, 0,
PMM DEMAND/CRPACITY RATIO (H1-1a)
D/C Ratio: 0,455 = 0,466 + 0,023 + O,
= (Pr/Pc) + (B8/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIRL FORCE & BIAXIAL MOMENT DESIGN (Hl-1la)
Factor L K1 K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending X, h 3 b £ = b 1;
Lltb Kltb Cb
LTB i, N 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -117, €08 5 408,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Co=1
Major Moment -608,411 18833,031 18833,031 16421,155
Minor Moment o, 4218,5%52
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,516 109,213 0,005 OK
Minor Shear o, 150,118 0, OK
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Figura 199 — Analise detalhada da barra 1 a temperatura de 400 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: 400C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF
Loc : 11s0, Z Mid: 580, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Rnalysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,255 AlphaPr/Pe=0,411 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14,651 S§22=8625, 425 Av2=528,
E=133, 564 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 400C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1180, -112,626 -1722,5%2 0, 1,46 0, 0,
PMM DEMAND/CAPACITY RATIO (H1-1la)
D/C Ratio: 0,641 = 0,557 + 0,084 + O,
= (Pr/Pc) + (B8/89) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, 0,6
Minor Bending 1. = 3 1; 1, p 3
Lltb Kltb Cb
LTB . 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -112,62¢ 202,258 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1722,552 18160,402 18160, 402 14165,601
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,46 58,292 0,015 0K
Minor Shear o, 150,118 0, oK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 200 — Analise detalhada da barra 2 a temperatura de 400 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Provision: LRFD
D/C Limit=0,55

AISC 360-1€ STEEL SECTION CHECK

Units : KN, mm, C

Frame : 2 X Mid: €00,
Length: 1200, Y Mid: o0,
Loc : 1200, Z Mid: 1180,

{Summary for Combo

and Station)

Combo: 400C_LRFFD Design Type: Beam
Shape: IPE 120% Frame T : SMF
Class: Compact Princpl Rot: 0, degrees

Analysis: Direct Analysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,003 RAlphaPr/Pe=0,006 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 3 PhiC=0, 9 PhiTY=0, 3 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278, 56 I133=3063128,321 r33=48,593% §33=51052,13% Av3=672,
J=12577,925 122=276013,597 r22=14,651 §22=8625, 425 Av2=528,
E=133, 564 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553, 8
RLLF=1, Fu=0, 448 z22=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 400C_LRFFD)
Location Pu Mu22 Va2 Vu3 Tu
1200, 1,46 -5206,683 0, 5,774 0, 0,
M DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,289 = 0,002 + 0,287 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, I :
Minor Bending 1, A 1; 1; 1, 1,
Lltb Kltb Cb
LTB 1, 1, 2,144
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,46 157,652 336,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment -5206,683  18160,402 18160,402 14044,36€8
Minor Moment o, 4164,432
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 5,774 98,292 0,055 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 5,774 5,774
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Figura 201 — Analise detalhada da barra 3 a temperatura de 400 °C do ZSR1

Fonte: Autor

Project
Job Number
SAP2000 Enamneer
AISC 360-1€ STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 1200, Combo: 400C_LRFFD Design Type: Column
Length: 1180, ¥ Mid: 0, Shape: IPE 120% Frame Type: SMF
Loc R | ¥ Z Mid: 590, Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,55 2nd Order: General 2nd Order
AlphaPr/Py=0,285 RAlphaPr/Pe=0,458 Tau b=l,

PhiB=0, 9 PhiC=0, 9 PhiTY=0, 5
PhiS=0, 3 PhiS-RI=1, PhiST=0, §
2=1278, 96 133=3063128,321 r33=48,939
J=12977, 925 122=276013,537  r22=14, 651
E=133, 564 Fy=0,345 Ry=1,1
RLLF=1, Fu=0,448

STRESS CHECK FORCES & MOMENTS (Combo 400C_LRFFD)
Location Pu Mu33 Mu22
0, -125,543 -3057,016 0,

M DEMAND/CRPACITY RATIO (H1-1a)
D/C Ratio: 0,77 = 0,621 + 0,15 + 0,

AXTAL FORCE & BIAXIAL MOMENT DESIGN (Hl-1a)

Reduction: Tau-b Fixed

EAR factor=0,8 EI factor=0,8
PhiTF=0,75

§33=51052,13% Av3=672,
§22=8625, 425 Av2=528,
233=58532,07¢ Cw=852054553,8

222=13422,216

g
g
o

-2,591 0,

= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/39) (Mr22/Mc22)

Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1, 1; s I 1, 0,6
Minor Bending i1, - 3 : 28 1; 1, 1,
Lltb Kltb Cb
LTB 1, 1; 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -125,543 202,258 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment -3057,016  18160,402 18160,402 14165,601
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,591 98,292 0,026 OK
Minor Shear o, 150,118 0, OK
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Figura 202 — Analise detalhada da barra 4 a temperatura de 400 °C do ZSR1

SAP2000

Project

Job Number

Engineer

Units : KN, mm, C

Frame : 4 X Mid: 1800,
Length: 1200, Y Mid: o0,
Loc 2 D, Z Mid: 1180,

Provision: LRFD
D/C Limit=0,55

AISC 360-1€ STEEL SECTION CHECK

{Summary for Combo

and Station)

Combo: 400C_LRFFD Design Type: Beam
Shape: IPE120 Frame Type: SMF
Class: Compact Princpl Rot: 0, degrees

Analysis: Direct Analysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,005 RAlphaPr/Pe=0,011 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0, 3 PhiC=0, 9 PhiTY=0, 3 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1320, 133=3180000, r33=45,082 §33=53000, Av3=672,
J=16500, I22=277000, r22=14,48¢ §22=865¢,25 Av2=528,
E=133, 348 Fy=0,345 Ry=1,1 233=60700, Cw=855242528%,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 400C_LRFFD)
Location Pu Mu22 Va2 Vu3 Tu
0, 4,051 -2149,668 0, -1,365 o, 0,
M DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,115 = 0,005 + 0,114 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, I :
Minor Bending 1, A 1; 5 % 1,
Lltb Kltb Cb
LTB 1, 1, 1,448
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 4,081 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LIB Cb=1
Major Moment -2149,668  18833,031 18833,031 16335,9531
Minor Moment o, 4218,55%2
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,369 109,213 0,013 OK
Minor Shear o, 150,118 o, 0K
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 1,363 1,369
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Figura 203 — Analise detalhada da barra 5 a temperatura de 400 °C do ZSR1

Fonte: Autor

Project
Job Number
SAP2000 Enaneet
AISC 36€0-16€ STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : S X Mid: 2400, Combo: 400C_LRFFD Design Type: Column

Length: 1180, Y Mid: o0, Shape: IPE120
Loc = Z Mid: 590, Class: Compact

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 55 2nd Order: General 2nd Order
AlphaPr/Py=0,257 RlphaPr/Pe=0,2598 Tau b=l,

Frame Type: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EAR factor=0,8

EI factor=0,8

DPhiB=0, 5 PhiC=0,9 PhiTY¥=0, 9 PhiTF=0,75
PhisS=0,9% PhiS-RI=1, PhiST=0, 9
A=1320, I133=3180000, r33=45,082 S$33=53000, Rv3=672,
J=1€500, I122=277000, r22=14,6 486 S22=865¢, 25 Rv2=528,
E=199, 5948 Fy=0,345 Ry=1,1 233=60700, Cw=8552425283,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 400C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
0, -117,031 -506,792 0, -0,425% o, o,
P DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,488 = 0,464 + 0,024 + O,
= (Pr/Pc) + (B/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, s 1, 1, 0,6
Minor Bending 1; 1 iz 1; p >
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -117,031 252,12 409,549
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -506,752 18833,031 18833,031 16421,15%
Minor Moment o, 4219,5%2
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,423 109,213 0,004 OK
Minor Shear o, 150,118 0, OK
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Figura 204 — Analise detalhada da barra 1 a temperatura de 500 °C do ZSR1

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0, 35

AISC 360-16€ STEEL SECTION CHECK

Units : KN, mm, C

Frame : 1 X Mid: o,
Length: 1180, Y Mid: 0,
Loc : 11e0, Z Mid: 590,

{Summary for Combo and Statiocn)

Column

Combo: S00C_LRFFD Design Type:
Shape: IPE 120% Frame Type: SMF
Class: Compact

Analysis: Direct Analysis
2nd Order: General 2nd Order

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,255 RAlphaPr/Pe=0,478 Tau b=l, EA factor=0,8 EI factor=0,8
DPhiB=0, 5 PhiC=0,9 PhiTY¥=0, 9 PhiTF=0,75
PhisS=0,9% PhiS-RI=1, PhiST=0, 9
A=1278, 36 I133=30€3128,321 1r33=48,53% S§33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14,€51 S522=8625, 425 Rv2=528,
E=115, 969 Fy=0,345 Ry=1,1 233=58532,07€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,216
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
1180, -112,301 -1742,037 0, 1,476 o, o,
P DEMAND/CAPACITY RATIO (Hl-1a)
D/C Ratio: 0,707 = 0,621 + 0,085 + 0,
= (Pr/Pc) + (B/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 5; 8 Ay 1y 1, 0,6
Minor Bending 1; 1, 1; 1, 1; 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -112,301 180,77 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Co=1
Major Moment -1742,037 18160,402 1816€0,402 13372,1%%
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,47¢ 98,2592 0,015 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, o, N/C N/C
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Figura 205 — Analise detalhada da barra 2 a temperatura de 500 °C do ZSR1

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0,95

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo

and Station)

Analysis: Direct Analysis
2nd Order: General 2nd Order

Units : KN, mm, C

Frame : 2 X Mid: €00, Combo: S00C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF

Loc : 1200, Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,003 RAlphaPr/Pe=0,007 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 S22=8625, 425 Av2=528,
E=119, 363 Fy=0,345 Ry=1,1 2z33=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFFD)
Location Mu33 Mu22 Vu2 Va3 Tu
1200, 1,476 -5577,044 0, 6,099 o, o,
MM DEMAND/CRPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,308 = 0,002 + 0,307 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 5, h B 1, 1,
Minor Bending ) : 2 1; é 1, 1;
Lltb Kltb Cb
LTB : : 2,112
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,476 175,976 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -5577,044  18160,402 18160,402 13234,537
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 6,099 98,292 0,062 OK
Minor Shear o, 150,118 0; OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 6,099 €,099
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Figura 206 — Analise detalhada da barra 3 a temperatura de 500 °C do ZSR1 Fonte: Autor

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,85 2nd Order: General 2nd Order
AlphaPr/Py=0,286 AlphaPr/Pe=0,538 Tau b=1l,

PhiB=0, 3 PhiC=0,9 PhiTY=0, 9
PhiS=0,9 PhiS-RI=1, PhiST=0, 5
2=1278, 96 133=3063128,321 r33=48,939
J=12577,925 122=276013,597 r22=14, 691
E=119, 963 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo S500C_LRFFD)
Location Pu Mu33 Mu22
0, -126,1%3  -3015,555 0,

P DEMAND/CAPACITY RATIO {(H1-1a)
D/C Ratio: 0,846 = 0,698 + 0,148 + 0,

AXIRL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)

Units : KN, mm, C

Frame : 3 X Mid: 1200, Combo: S00C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF

Loc : 0, Z Mid: 580, Class: Compact Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

ER factor=0,8 EI factor=0,8
PhiTF=0,75

S§33=51052,13% Av3=672,
S22=8625, 425 Av2=528,
233=58532,076 Cw=852054553,8

222=13422,21¢

-2,556 0,

o
B

= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, 0,6
Minor Bending ; 1: 1 B 1, 1,
Lltb Kltb Cb
LTB N 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -126,153 180,77 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3015,555% 18160,402 18160, 402 13372,195%
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,556 58,292 0,026 0K
Minor Shear o, 150,118 0, oK
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Fonte: Autor

SAP2000

Project

Figura 207 — Analise detalhada da barra 4 a temperatura de 500 °C do ZSR1

Job Number

Engineer

Units : KN, mm,
Frame : 4
Length: 1200,
Loc : 0,

Provision: LRFD
D/C Limit=0,85

AISC 360-16 STEEL SECTION CHECK

c
X Mid: 1800,
Y Mid: 0,

Z Mid: 1180,

Analysis: Direct

{Summary for Combo

and Station)

Combo: S00C_LRFFD Design Type: Beam

Shape: IPE120 Frame Type: SMF

Class: Compact Princpl Rot: 0, degrees
Analysis

2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,005 AlphaPr/Pe=0,011 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo S500C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
B 4,032 -2561,48% 0, -1,6394 0, 0,
P+ DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,141 = 0,005 + 0,136 + 0,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 1; 1, I
Lltb Kltb Cb
LTB N 1. 1,473
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 4,032 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -25€1,485 18833,031 18833,031 16335,531
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,654 109,213 0,016 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 1,694 1,654
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Figura 208 — Analise detalhada da barra 5 a temperatura de 500 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm, C

Frame : & X Mid: 2400,
Length: 1180, Y Mid: 0,
Loc : o, Z Mid: 590,

AlphaPr/Py=0,256 RAlphaPr/Pe=0,

AISC 360-16 STEEL SECTION CHECK

Combo:
Shape:
Class:

{Summary for Combo and Station)

S00C_LRFFD Design Type:
IPE120 Frame Type:
Compact Princpl Rot:

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order

297 Tau b=1,

Column
SMF
0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiB=0,3 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo S500C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
0, -116,706 -528,804 0, -0,448 0, 0,
P+ DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,488 = 0,463 + 0,025 + O,
= (Pr/Pc) + (B8/89) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, 0,6
Minor Bending ) 1; X; 1, . 1,
Lltb Kltb Cb
LTB : p B 1,667
Pu phi*Pnc phi*Ent
Force Capacity Capacity
Axial -116,706 252,12 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -528,804 18833,031 18833,031 16421,155
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,448 109,213 0,004 0K
Minor Shear o, 150,118 0, oK
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Figura 209 — Analise detalhada da barra 1 a temperatura de 600 °C do ZSR1

Project
Job Number

SAP2000 Engiver

AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)

Units : KN, mm, C

Frame : 1 X Mid: o0, Combo: €00C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF

Loc : 11s0, Z Mid: 580, Class: Slender Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis

D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0, 26 AlphaPr/Pe=0,544 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75

Phis=0,3 PhiS-RI=1, PhiST=0, 3

A=1278,36 I33=3063128,321 r33=48,93%9 S§33=51052,13% Av3=672,
J=12577, 925 I122=276013,597 r22=14, 651 S22=8625, 425 Av2=528,
E=¢€1,384 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢

DESIGN MESSAGES
Error: Section overstressed

STRESS CHECK FORCES & MOMENTS (Combo 600C_LRFFD)
Location Pu 33 Mu22 Vu2 Va3 Tu
1180, -114,431  -1224,6393 0, 1,038 0

~
=4

PMM DEMAND/CAPACITY RATIO  (H1.3a,Hl-la)
D/C Ratio: 1,255 = 1,196 + 0,06 + 0,
= (Pr/Bc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)

Factor L Kl K2 Bl B2 Cm
Major Bending 1; : 9 98 1. 1; 0,6
Minor Bending i, p B 1; i b 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -114,431 95,717 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1224,653 13835,56 181€0,402 8301,336
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,038 58,252 0,011 OK
Minor Shear o0, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, o, N/C N/C
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Figura 210 — Analise detalhada da barra 2 a temperatura de 600 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €00, Combo: €00C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF
Loc : 1200, Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,002 AlphaPr/Pe=0,005 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14,651 S§22=8625, 425 Av2=528,
E=61,984 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 600C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 1,038 -3538,06 0, 3,369 0, 0,
P+ DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,204 = 0,001 + 0,203 + 0O,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 1; 1, I
Lltb Kltb Cb
LTB N 1. 2,155
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,038 52,553 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3538,06 17425,505 18160, 402 B8087,258
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,963 58,292 0,04 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,969 3,969
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Figura 211 — Analise detalhada da barra 3 a temperatura de 500 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm,
Frame : 3
Length: 1180,
Loc : 0,

Provision: LRFD

AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)

c

X Mid: 1200, Combo: €00C_LRFFD Design Type: Column

Y Mid: o0, Shape: IPE 120+ Frame Type: SMF

Z Mid: 580, Class: Slender Princpl Rot: 0, degrees

Analysis: Direct Rnalysis

D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,277 AlphaPr/Pe=1,005 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14,651 S22=8625, 425 Av2=528,
E=61,984 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFFD)
Location Pu 33 Mu22 Va2 Va3 Ta
o, -121,933 -2113,179 0, =1,791 o, o,
PMM DEMAND/CAPACITY RATIO (H1.3a,Hl1-1a)
D/C Ratio: 1,377 = 1,274 + 0,103 + 0,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L K K2 Bl B2 Cm
Major Bending 1; : 9 98 1. 1; 0,6
Minor Bending i, p B 1; i b 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -121,933 95,717 35¢,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2113,17% 13835,56 181€0,402 8301, 336
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,791 58,252 0,018 OK
Minor Shear 0, 150,118 0, OK
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Figura 212 — Analise detalhada da barra 4 a temperatura de 600 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 1800, Combo: €00C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: IPE120 Frame Type: SMF
Loc : 1200, Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,006 AlphaPr/Pe=0,007 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 600C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 2,825 -1948,52% 0, 0,436 0, 0,
P DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,11 = 0,003 + 0,106 + O,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 9 1, dy dy i,
Minor Bending 1. = 3 1; 1, I
Lltb Kltb Cb
LTB : p B 1,125
Pu phi*Pnc phi*Ent
Force Capacity Capacity
Axial 2,825 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1548,525 18371,55 18833,031 16335,531
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,436 109,213 0,004 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 0,436 0,436
C:\Users\Giovane\Desktop\TCC Revisdo\analise ZSR\ZSR1.sdb 08/12/2022 20:59

Fonte: Autor

235



Figura 213 — Analise detalhada da barra 5 a temperatura de 600 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm, C

Frame : & X Mid: 2400,
Length: 1180, Y Mid: 0,
Loc : o, Z Mid: 590,

AlphaPr/Py=0,261 RAlphaPr/Pe=0,

AISC 360-16 STEEL SECTION CHECK

Combo:
Shape:
Class:

{Summary for Combo and Station)

€00C_LRFFD Design Type:
IPE120 Frame Type:
Compact Princpl Rot:

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order

303 Tau b=1,

Column
SMF
0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiB=0,3 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 600C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
0, -118,836 -1948,52% 0, -1,651 0, 0,
PMM DEMAND/CAPACITY RATIO (H1-1la)
D/C Ratio: 0,563 = 0,471 + 0,092 + O,
= {(Pr/Pc) + (B8/89) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, 0,6
Minor Bending ) 1; X; 1, . 1,
Lltb Kltb Cb
LTB : p B 1,667
Pu phi*Pnc phi*Ent
Force Capacity Capacity
Axial -118,83¢ 252,12 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1548,525 18833,031 18833,031 16421,155
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,651 109,213 0,015 0K
Minor Shear o, 150,118 0, oK
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Figura 214 — Analise detalhada da barra 1 a temperatura de 700 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF
Loc : 11s0, Z Mid: 580, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Rnalysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,265 AlphaPr/Pe=2,257 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75
PhiS=0, 3 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14, 651 S22=8625, 425 Av2=528,
E=25,553 Fy=0,345 Ry=1,1 233=58532, 076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu 33 Mu22 Va2 Va3 Ta
1180, -11¢€,805 -480,985 0, 0,408 o, o,
PMM DEMAND/CAPACITY RATIO (H1.3a,Hl1-1a)
D/C Ratio: 2,937 = 2,91 + 0,027 + 0,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1; : 9 98 1. 1; 0,6
Minor Bending i, p B 1; i b 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -11¢€,805 40,135 35¢,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -480,985 5801,9%8 15783, 547 3481,1395
Minor Moment o, 3354,471
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,408 88,882 0,005 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 215 — Analise detalhada da barra 2 a temperatura de 700 °C do ZSR1

Project
Job Number

SAP2000 Engiver

AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)

Units : KN, mm, C

Frame : 2 X Mid: €00, Combo: 700C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF

Loc : 1200, Z Mid: 1180, Class: Non-Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Rnalysis

D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,001 AlphaPr/Pe=0,008 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75

Phis=0,3 PhiS-RI=1, PhiST=0, 3

A=1278,36 I33=3063128,321 r33=48,93%9 S§33=51052,13% Av3=672,
J=12577, 925 I122=276013,597 r22=14, 651 S22=8625, 425 Av2=528,
E=25,353 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 0,408 -1433,133 0, 1,535 0, 0,

P DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,197 = 0, + 0,196 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mec33) + (Mr22/Mc22)

AXIRL FORCE & BIAXIAL MOMENT DESIGN (H1.2,Hl1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 1; 1, I
Lltb Kltb Cb
LTB N 1. 2,152
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,408 38,812 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1433,133 7298,828 15783, 547 3381, 425
Minor Moment o, 3354,471
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,555 88,882 0,018 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 1,585 1,588
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Figura 216 — Analise detalhada da barra 3 a temperatura de 700 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm,
Frame : 3
Length: 1180,
Loc : 0,

Provision: LRFD
D/C Limit=0,85
AlphaPr/Py=0,266

PhiB=0, 3
PhiS=0,9

A=1278,36
J=12577, 925

E=25,993
RLLF=1,

DESIGN MESSAGES

Location
o,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)

c

X Mid: 1200, Combo: 700C_LRFFD Design Type: Column

Y Mid: o0, Shape: IPE 120+ Frame Type: SMF

Z Mid: 580, Class: Slender Princpl Rot: 0, degrees

Analysis: Direct Rnalysis

Error: Section overstressed

P DEMRND/CRPACITY RATIO (H1.3a,Hl-1a)

Force Capacity
1,008 88,882 0,011 OK
o, 150,118 0, OK

2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Pe=2,304 Tau b=1, ER factor=0,8 EI factor=0,8
PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75
PhiS-RI=1, PhiST=0, S
I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
122=276€013,597 r22=14, 651 S22=8625, 425 Av2=528,
Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Pu 33 Mu22 Va2 Va3 Tu
-117,185 -1189,119 0, -1,008 o, o,
2,986 = 2,919 + 0,067 + O,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
L K K2 Bl B2 Cm
1; > 9 1, 1, 0,6
1 1. 1; 1; ¥ 1,
Lltb Kltb Cb
1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-117,185 40,135 35¢,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
-1189,119 5801,9%8 15783, 547 3481,1395
o, 3394,471
Vu phi*Vn Stress
Ratio Check

C:\Users\Giovane\Desktop\TCC Revisdo\analise ZSR\ZSR1.sdb

08/12/2022 21:02

239



Fonte: Autor

SAP2000

Project

Figura 217 — Anélise detalhada da barra 4 a temperatura de 700 °C do ZSR1

Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 4
Length: 1200,
Loc : 1200,

Provision: LRFD
D/C Limit=0,85
AlphaPr/Py=0,003

PhiB=0, 3
PhiS=0,9

2=1320,
J=16300,

E=139, 548
RLLF=1,

Location
1200,

D/C Ratio:

Factor
Major Bending
Minor Bending

LIB

Axial

Major Moment

Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Major (V2)

PMM DEMAND/CAPACITY RATIO

SECTION CHECK

c
X Mid: 1800,
Y Mid: 0,

Z Mid: 1180,

{Summary for Combo

and Station)

Combo: 700C_LRFFD Design Type: Beam
Shape: IPE120 Frame Type: SMF
Class: Compact Princpl Rot: 0, degrees

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

AlphaPr/Pe=0, 004

PhiC=0,9
PhiS-RI=1,

133=3180000,
122=277000,
Fy=0, 345
Fu=0, 448

Pu
1,415

Tau b=1,

PhiTY=0, 9
PhiST=0, 5

r33=49,082
r22=14,486
Ry=1,1

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)

Mu33 Mu22

-3616,292 0,

(H1.2,H1-1b)

0,154 = 0,002 + 0,192 + 0,
= {1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIRL FORCE & BIAXIAL MOMENT DESIGN

(H1.2,Hl-1b)
L K1 K2
1, 1, 1,
i; 1; X;
Lltb Kltb Cb
1, 1, 1,598
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
1,415 247,973 409,545
Mu phi*Mn phi*Mn
Moment Capacity No LTB
-36l€,252 18833,031 18833,031

o, 4219,582

Vu
Force
2,81 109,213 0,026
o, 150,118 0,

VMajor VMajor
Left Right
2,81 2,81

Reduction: Tau-b Fixed

ER factor=0,8

PhiTF=0,75

S§33=53000,
S22=86€5¢,25
233=60700,
222=13600,

phi*Mn
Cb=1
16335,531

phi*Vn
Capacity
OK
oK

EI factor=0,8

RAv3=672,
Rv2=528,
Cw=895242529, 5

Stress

Ratio Check
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Figura 218 — Analise detalhada da barra 5 a temperatura de 700 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm, C

Frame : & X Mid: 2400,
Length: 1180, Y Mid: 0,
Loc : o, Z Mid: 590,

AlphaPr/Py=0,26€ RAlphaPr/Pe=0,

PhiB=0, 3 PhiC=0,9
PhiS=0,9 PhiS-RI=1,
2=1320, 133=3180000,
J=16300, 122=277000,
E=139, 548 Fy=0, 345
RLLF=1, Fu=0, 448

Location Pu
0, -121,21

Factor L
Major Bending :
Minor Bending 1;
Lltb

LTB N

Pu

Force

Axial -121,21

Mu

Moment

Major Moment -36l€,252
Minor Moment o,

SHEAR CHECK
Status

Major Shear 3,065
Minor Shear o,

AISC 360-16 STEEL SECTION CHECK

AXIRL FORCE & BIAXIAL MOMENT DESIGN

Combo:
Shape:
Class:

{Summary for Combo and Station)

T00C_LRFFD Design Type:
IPE120 Frame Type:
Compact Princpl Rot:

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order

303 Tau b=1,

PhiTY=0, 9
PhiST=0, 5

r33=45,082
r22=14, 486

Ry=1,1

Mu33
-3€16€,252

P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,651 = 0,481 + 0,171 + 0,
= (Pr/Bc) + (B/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)

Mu22
9,

(H1-1a)
K1 K2
1, 1,
1; X;
Kltb Cb
1. 1,667
phi*Pnc phi*Ent
Capacity Capacity
252,12 409,545
phi*Mn phi*Mn
Capacity No LTB
18833,031 18833,031

4219,552
Vu
Force

109,213 0,028
150,118 0,

Column
SMF
0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiTF=0,75
§33=53000, Av3=eT72,
S22=865¢,25 Av2=528,
z33=60700, Cw=855242525,5
222=13600,
Va2 Va3 Tu
-3,065 0, 0,
B1 B2 Cm
1, 1, 0,6
1, . 1,
phi*Mn
Cb=1
16421,155
phi*Vn Stress
Capacity Ratio Check
OK
oK
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Figura 219 — Analise detalhada da barra 1 a temperatura de 800 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: 800C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF
Loc : 11s0, Z Mid: 580, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,266 AlphaPr/Pe=3,334 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14,651 S22=8625, 425 Av2=528,
E=17,95%5 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 800C_LRFFD)
Location Pu 33 Mu22 Va2 Va3 Ta
1180, -117,383 -261,921 0, 0,222 o, o,
PMM DEMAND/CAPACITY RATIO (H1.3a,Hl1-1a)
D/C Ratio: 4,24 = 4,224 + 0,016 + O,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1; : 9 98 1. 1; 0,6
Minor Bending : BS 1, 108 1 b 5 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -117,383 27,788 35¢,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -261,921 401€,703 14414,157 2410,022
Minor Moment o, 2550,883
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,222 73,554 0,003 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, o, N/C N/C
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Figura 220 — Analise detalhada da barra 2 a temperatura de 700 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €00, Combo: 800C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF
Loc : 0, Z Mid: 1180, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,266 AlphaPr/Pe=3,334 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14, 651 S22=8625, 425 Av2=528,
E=17,95%5 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo 800C_LRFFD)
Location Pu Mu22 Vu2 Va3 Tu
o, 0,222 -558,876 0, 1,017 0, 0,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: -1, =0, +0, +0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : BS 1, 1 1 % 1;
Minor Bending : B - 8 1, 1; 1; 2
Lltb Kltb Cb
LTB 1, 1, 2,044
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,222 o, 0,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -958,876 0, 14414,197 2410, 022
Minor Moment o, o,
SHEARR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,222 o, . 0K
Minor Shear o, o, 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 1,017 1,017
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Figura 221 — Analise detalhada da barra 3 a temperatura de 800 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 3 X Mid: 1200,
Length: 1180, Y Mid: 0,
Loc : o, Z Mid: 590,

Provision: LRFD
D/C Limit=0,85

{Summary for Combo and Station)

Combo: 800C_LRFFD Design Type:
Shape: IPE 120+ Frame Type:
Class: Slender Princpl Rot:

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

Column
SMF
0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,263 AlphaPr/Pe=3,256 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14,651 S22=8625, 425 Av2=528,
E=17,95%5 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 800C_LRFFD)
Location Pu 33 Mu22 Va2 Va3 Ta
o, -11€,025 -507,569 0, -0,769 o, o,
PMM DEMAND/CAPACITY RATIO (H1.3a,Hl1-1a)
D/C Ratio: 4,231 = 4,175 + 0,056 + 0,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1; : 9 98 1. 1; 0,6
Minor Bending i, p B 1; i b 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -116,029 27,788 35¢,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -507,5€9 4016,703 14414,157 2410,022
Minor Moment o, 2550,883
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,7€s 73,554 b OK
Minor Shear o0, 150,118 0, OK
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Fonte: Autor

SAP2000

Project

Figura 222 — Analise detalhada da barra 4 a temperatura de 800 °C do ZSR1

Job Number

Engineer

Units : KN, mm,
Frame : 4
Length: 1200,
Loc : 1200,

Provision: LRFD
D/C Limit=0,85

AISC 360-16 STEEL SECTION CHECK

c
X Mid: 1800,
Y Mid: 0,

Z Mid: 1180,

{Summary for Combo

and Station)

Combo: 800C_LRFFD Design Type: Beam
Shape: IPE120 Frame Type: SMF
Class: Compact Princpl Rot: 0, degrees

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,002 AlphaPr/Pe=0,003 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 800C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 0,951 -4116, 51 0, 3,328 0, 0,
P+ DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,22 = 0,001 + 0,219 + O,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 1; 1, I
Lltb Kltb Cb
LTB N 1. 1,655
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,991 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -411¢,51 18833,031 18833,031 16335,531
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,388 109,213 0,031 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,388 3,388
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Figura 223 — Analise detalhada da barra 5 a temperatura de 800 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm, C

Frame : & X Mid: 2400,
Length: 1180, Y Mid: 0,
Loc : o, Z Mid: 590,

AlphaPr/Py=0,268 RARlphaPr/Pe=0,

AISC 360-16 STEEL SECTION CHECK

Combo:
Shape:
Class:

{Summary for Combo and Station)

800C_LRFFD Design Type:
IPE120 Frame Type:
Compact Princpl Rot:

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order

31 Tau b=1,

Column
SMF
0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiB=0,3 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 800C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
0, -121,788 -4116, 51 0, -3,485 0, 0,
P+ DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,677 = 0,483 + 0,194 + O,
= (Pr/Pc) + (B8/89) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, 0,6
Minor Bending ) 1; X; 1, . 1,
Lltb Kltb Cb
LTB : p B 1,667
Pu phi*Pnc phi*Ent
Force Capacity Capacity
Axial -121,788 252,12 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -411¢,51 18833,031 18833,031 16421,155
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,489 109,213 0,032 0K
Minor Shear o, 150,118 0, oK
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Figura 224 — Analise detalhada da barra 1 a temperatura de 900 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: S00C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF
Loc : 11s0, Z Mid: 580, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,267 AlphaPr/Pe=4,6426 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75
PhiS=0, 3 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14, 651 S22=8625, 425 Av2=528,
E=13,5%6 Fy=0,345 Ry=1,1 233=58532, 076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFFD)
Location Pu 33 Mu22 Va2 Va3 Ta
1180, -117,726 -126,037 0, 0,107 o, o,
PMM DEMAND/CAPACITY RATIO (H1.3a,Hl1-1a)
D/C Ratio: 5,616 = 5,607 + 0,003 + 0O,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1; : 9 98 1. 1; 0,6
Minor Bending : BS 1, 108 1 b 5 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -117,726 20,995 35¢,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -126,037 2263,9595  13142,483 1358,395
Minor Moment o, 25853,513
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,107 ©4,282 0,002 OK
Minor Shear o, 150,118 0, 0K
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 225 — Analise detalhada da barra 2 a temperatura de 900 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €00, Combo: S00C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF
Loc : 0, Z Mid: 1180, Class: Too Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,267 AlphaPr/Pe=4,6426 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75
Phis=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 I33=3063128,321 r33=48,93%9 S§33=51052,13% Av3=672,
J=125977,925 122=276€013,597 r22=14, 651 S22=8625, 425 Av2=528,
E=13,556 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢
DESIGN MESSAGES
Error: Section is too slender -- (b/t) high
Design can not be completed for this section!
STRESS CHECK FORCES & MOMENTS (Combo 300C_LRFFD)
Location Pu Mu22 Vu2 Va3 Tu
o, 0,107 -€83,052 0, 0,674 o, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: -1, =0, +0, +0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : BS 1, 1 1 % 1;
Minor Bending 1, B 1, - , 3
Lltb Kltb Cb
LTB 1, 1, 1,504
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial 0,107 0, 0,
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -683,052 0, 13142,483 1358,39%
Minor Moment o, o,
SHEARR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,107 0, P OK
Minor Shear o, o, 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 0,674 0,674
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Figura 226 — Analise detalhada da barra 3 a temperatura de 900 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Units : KN, mm, C

Frame : 3 X Mid: 1200,
Length: 1180, Y Mid: 0,
Loc : o, Z Mid: 590,

Provision: LRFD
D/C Limit=0,85

DESIGN MESSAGES
Error: Section overstressed

Location Pu
0, -115,343

P DEMRND/CRPACITY RATIO

STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFFD)
33

-728,289 0,

{Summary for Combo and Station)

Combo: S00C_LRFFD Design Type: Column
Shape: IPE 120+ Frame Type: SMF
Class: Slender Princpl Rot: 0, degrees

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

AlphaPr/Py=0,262 AlphaPr/Pe=4,336 Tau b=l, ER factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75
Phis=0,3 PhiS-RI=1, PhiST=0, 3

A=1278,36 I133=3063128,321 r33=48, 539 S§33=51052,13%
J=12577, 925 I122=276013,597 r22=14, 651 S22=8625, 425
E=13,556 Fy=0,345 Ry=1,1 233=58532,076
RLLF=1, Fu=0,448 222=13422,21¢

Mu22 Vu2
-0,617

(H1.3b,H1-2)

Reduction: Tau-b Fixed

EI factor=0,8

RAv3=672,
Rv2=528,
Cw=892054553, 8
Vu3 Tu
o, o0,

D/C Ratio: 5,537 = 5,454 + 0,103 + 0O,
= (Pr/Pcy)*(1.5 - 0.5%(Pr/Pcy)) + (Mr33/(Cb*Mc33))~2 +
(Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3b,H1-2)
Factor L Kl K2 Bl B2 Cm
Major Bending : p 1 1; 1 p 0,6
Minor Bending 1, B 1, 1, , 3
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -115,343 20,955 356,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -728,25% 2263,995  13142,433 1358,39%
Minor Moment o, 25853,513
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,617 64,282 0,01 OK
Minor Shear 0, 150,118 0; OK
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Figura 227 — Anélise detalhada da barra 4 a temperatura de 900 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 1800, Combo: S00C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: IPE120 Frame Type: SMF
Loc : 1200, Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,002 AlphaPr/Pe=0,002 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0,448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 0,724 -4432,064 0, 3,731 0, 0,
PMM DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,23 =0, + 0,235 + 0,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 1; 1, I
Lltb Kltb Cb
LTB N 1. 1,68
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,724 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -4432,064 18833,031 18833,031 16335,531
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,731 109,213 0,034 0K
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,731 3,731
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Figura 228 — Analise detalhada da barra 5 a temperatura de 900 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm, C

Frame : & X Mid: 2400,
Length: 1180, Y Mid: 0,
Loc : o, Z Mid: 590,

AlphaPr/Py=0,268 RARlphaPr/Pe=0,

AISC 360-16 STEEL SECTION CHECK

Combo:
Shape:
Class:

{Summary for Combo and Station)

S00C_LRFFD Design Type:
IPE120 Frame Type:
Compact Princpl Rot:

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order

311 Tau b=1,

Column
SMF
0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

EI factor=0,8

PhiB=0,3 PhiC=0,3 PhiTY=0,% PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, S
A=1320, I33=3180000, r33=45,082 §33=53000, Av3=eT72,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
0, -122,131 -4432,064 0, -3,7%6 0, 0,
P+ DEMAND/CAPACITY RATIO (H1-1la)
D/C Ratio: 0,654 = 0,484 + 0,205 + O,
= (Pr/Pc) + (B8/85) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 9 1, dy dy 0,6
Minor Bending 1 1, 3 1, A 1,
Lltb Kltb Cb
LTB N 1. 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -122,131 252,12 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -4432,064 18833,031 18833,031 16421,155
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,756 109,213 0,034 0K
Minor Shear o, 150,118 0, oK
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Figura 229 — Analise detalhada da barra 1 a temperatura de 1000 °C do ZSR1

Project
Job Number
SAP2000 -
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: 1000C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE 120+ Frame Type: SMF
Loc : 11s0, Z Mid: 580, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,268 AlphaPr/Pe=6,715 Tau b=1, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75
PhiS=0, 3 PhiS-RI=1, PhiST=0, S
A=1278, 356 I33=3063128,321 r33=48,53% §33=51052,13% Av3=eT72,
J=125977,925 122=276€013,597 r22=14, 651 S22=8625, 425 Av2=528,
E=8, 538 Fy=0,345 Ry=1,1 233=58532, 076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Ta
1180, -118,216 53,758 0, -0,046 o, o,
PMM DEMAND/CAPACITY RATIO (H1.3a,Hl1-1a)
D/C Ratio: 8,512 = 8,508 + 0,004 + O,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIZXIAL MOMENT DESIGN  (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1; : 9 98 1. 1; 0,6
Minor Bending : BS 1, 108 1 b 5 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial -118,216 13,855 35¢,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 53,758 1458, 342 105€0, 735 899,005
Minor Moment o, 1868,0%9¢6
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,046 5£2,2585 0,001 OK
Minor Shear o, 150,118 0, 0K
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 230 — Analise detalhada da barra 2 a temperatura de 1000 °C do ZSR1

SAP2000

Project

Job Number

Engineer

Units : KN, mm,
Frame : 2
Length: 1200,
Loc : 0,

Provision: LRFD
D/C Limit=0,85

Location

’

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment

Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Major (V2)

P DEMAND/CRPACITY RATIO

AISC 360-16 STEEL SECTION CHECK

c
X Mid: €00,
Y Mid: 0,

Z Mid: 1180,

{Summary for Combo and Station)

Combo:
Shape:
Class:

1000C_LRFFD Design Type: Beam

IDE 120+

Frame Type: SMF

Too Slender Princpl Rot: 0, degrees

Analysis: Direct Rnalysis
2nd Order: General 2nd Order

Pu
-0,046

-1, =0, +0
= (Px/Pc)

AXIAL FORCE & BIAXIAL MOMENT DESIGN

0,046

’

VMajor
Left
0,184

Mu33
9,

(H1.3a,Hl-1a)

AlphaPr/Py=0,268 AlphaPr/Pe=6,715 Tau b=1,
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9
Phis=0,3 PhiS-RI=1, PhiST=0, 3
A=1278,36 I33=3063128,321 r33=48,93%9
J=12577, 925 I122=276013,597 r22=14, 651
E=8,9%8 Fy=0,345 Ry=1,1
RLLF=1, Fu=0,448
DESIGN MESSAGES

Error: Section is too slender -- (b/t) high

Design can not be completed for this section!

STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFFD)

Mu22
9,

Reduction: Tau-b Fixed

ER factor=0,8 EI factor=0,8
PhiTF=0,75

S§33=51052,13% Av3=672,
S22=8625, 425 Av2=528,
233=58532,076 Cw=852054553,8

222=13422,21¢

0,184 0,

. t 0,
+ (B8/9) (Mr33/Mc33) + (8/3) (Mr22/Mc22)

K1l
1,
1,

Kltb
1,

phi*Pnc
Capacity
9,

phi*Mn
Capacity

o,

o o
~

CONNECTION SHEAR FORCES FOR BEAMS

VMajor
Right
0,184

(H1.3a,H1-1a)

K2
1,
1,
Cb
1

.

phi*Pnt
Capacity

9,

phi *Mn
¥o LTB
10960, 735

Vu

Force

B1 B2 Cm
1, 1, 1,
. . 1,
phi*Mn
Cb=1
233,005
phi*Vn Stress
Capacity Ratio Check
0K
OK
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Figura 231 — Analise detalhada da barra 3 a temperatura de 1000 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Units : KN, mm,
Frame : 3
Length: 1180,
Loc : 0,

Provision: LRFD
D/C Limit=0,85
AlphaPr/Py=0,259

PhiB=0, 3
PhiS=0,9

2=1278, 96
J=12577, 925
E=g,938
RLLF=1,

DESIGN MESSAGES
Error:

Location
o,
D/C Ratio:

(Mr22/Mc22)

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

AISC 360-16 STEEL SECTION CHECK

P DEMARND/CRPACITY RATIO

AXIAL FORCE & BIAXIAL MOMENT DESIGN

{Summary for Combo and Station)

c

X Mid: 1200, Combo: 1000C_LRFFD Design Type: Column

Y Mid: o0, Shape: IPE 120+ Frame Type: SMF

Z Mid: 580, Class: Slender Princpl Rot: 0, degrees

Analysis: Direct Rnalysis
2nd Order: General 2nd Order
AlphaPr/Pe=6,496 Tau b=1,

PhiC=0,9 PhiTY=0, 9
PhiS-RI=1, PhiST=0, 5
133=3063128,321 r33=48,939
122=276013,597 r22=14, 691
Fy=0, 345 Ry=1,1
Fu=0, 448

Section overstressed

STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFFD)

Pu Mu33 Mu22
-114,362 -512,615 0,

(H1.3b,H1-2)
8,348 = 8,231 + 0,117 + O,

Reduction: Tau-b Fixed
ER factor=0,8 EI factor=0,8

PhiTF=0, 75
§33=51052, 139 Av3=672,
§22=8625, 425 Rv2=528,
233=58532, 076 Cw=892054553, 8
222=13422, 216
Vu2 Va3 Tu
-0,434 0, 0,

= (Pr/Pcy)*(1.5 - 0.5%(Pr/Pcy)) + (Mr33/(Cb*Mc33))+2 +

(H1.3b,H1-2)
L K1 K2
1, 1, 1,
i, 8 : 18
Lltb Kltb Cb
1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-114,362 13,895 356,815
Mu phi*Mn phi*Mn
Moment Capacity No LTB
-512, €15 1458, 342 10560, 735

o, 1868,0%6

Vu

Force
0,434 52,2985 0,008
0, 150,118 0;

B1 B2 Cm

1; 1, 0,6

. 1, 1,
phi*Mn
Cb=1
233,005

phi*Vn Stress
Capacity Ratio Check

0K
OK
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Figura 232 — Analise detalhada da barra 4 a temperatura de 1000 °C do ZSR1

Project
Job Number

SAP2000 Engiver

AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)

Units : KN, mm, C

Frame : 4 X Mid: 1800, Combo: 1000C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: IPE120 Frame Type: SMF

Loc : 1200, Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Rnalysis

D/C Limit=0,85 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,001 AlphaPr/Pe=0,001 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 9 PhiTF=0,75

Phis=0,3 PhiS-RI=1, PhiST=0, 3

A=1320, 133=3180000, r33=45,082 S§33=53000, Av3=672,
J=16500, I122=277000, r22=14, 486 S22=86€5¢,25 Av2=528,
E=159,548 Fy=0,345 Ry=1,1 233=60700, Cw=855242525,5
RLLF=1, Fu=0,448 222=13600,

STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 0,385 -4827,538 0, 4,221 0, 0,

P DEMAND/CAPACITY RATIO (H1.2,Hl1-1b)
D/C Ratio: 0,257 = 0, + 0,256 + 0,
= (1/2) (Pr/Pc) + (Mr33/Me33) + (Mr22/Mc22)

AXIRL FORCE & BIAXIAL MOMENT DESIGN (H1.2,Hl1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending : 1, 1, 1, 1, : 18
Minor Bending 1. = 3 1; 1, I
Lltb Kltb Cb
LTB N 1. 1,724
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,389 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -4827,538 18833,031 18833,031 16335,531
Minor Moment o, 4219,552
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,221 109,213 0,038 OK
Minor Shear o, 150,118 0, oK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 4,221 4,221
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Figura 233 — Analise detalhada da barra 5 a temperatura de 1000 °C do ZSR1

Fonte: Autor

SAP2000

Project

Job Number

Engineer

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,85 2nd Order: General 2nd Order
AlphaPr/Py=0,265 AlphaPr/Pe=0,312 Tau b=l,

PhiB=0, 3 PhiC=0,9 PhiTY=0, 9
PhiS=0,9 PhiS-RI=1, PhiST=0, 5
2=1320, 133=3180000, r33=49,082
J=16300, 122=277000, r22=14,486
E=139, 548 Fy=0, 345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 1000C_LRFFD)
Location Pu Mu33 Mu22
0, -122,621 -4827,538 0,

P DEMAND/CAPACITY RATIO {(H1-1a)
D/C Ratio: 0,714 = 0,486 + 0,228 + 0,

AXIRL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L Kl K2

Major Bending : 1, 1,

Minor Bending 1. = 3

Lltb Kltb Cb

LTB N 1. 1,667

Pu phi*Pnc phi*Pnt

Force Capacity Capacity

Axial -122,621 252,12 409,545

Mu phi*Mn phi*Mn

Moment Capacity No LTB

Major Moment -4827,538 18833,031 18833,031
Minor Moment o, 4219,552

SHEAR CHECK
Status
Force
Major Shear 4,091 109,213 0,037
Minor Shear o, 150,118 0,

Vu

AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)

Units : KN, mm, C

Frame : & X Mid: 2400, Combo: 1000C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE120 Frame Type: SMF

Loc : 0, Z Mid: 580, Class: Compact Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

ER factor=0,8 EI factor=0,8
PhiTF=0,75
S§33=53000, Av3=672,
S22=86€5¢,25 Av2=528,
233=60700, Cw=855242525,5
222=13600,
Vu2 Va3 Tu
-4,091 o, o,

= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

B1 B2 Cm
1, 1, 0,6
. 1, 1,
phi*Mn
Cb=1
16421,155
phi*Vn Stress
Capacity Ratio Check
OK
oK
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APENDICE E — Resultados das analises dos SAP do portico EHR3 usando a degradagio

do ago proposto por Martines (1997).

Figura 234 — Analise detalhada da barra 5 do portico EHR3 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 100 °C.

Fonte: Autor

Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0,95 2nd Order: General 2nd Order
AlphaPr/Py=0,47 AlphaPr/Pe=0,133 Tau b=l,

PhiB=0,3 PhiC=0,3 PhiTY=0, 9
PhiS=0,3 PhiS-RI=1, PhiST=0, 9
A=1278, 96 133=3063128,321 r33=48,939
J=12977, 925 122=276013,597  r22=14, 651
E=135,77% Fy=0,345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 100comb LRFD)
Location Pu Mu33 Mu22
85, -207,243 3498,554 0,

DMM DEMAND/CAPACITY RATIO  (H1l-la)
D/C Ratio: 0,759 = 0,588 + 0,171 + 0,

= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/3) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Vu

Factor L Kl K2
Major Bending 2, 1, - [
Minor Bending 1, o8 1;
Lltb Kltb Cb
LTB 1, 1 1,667
Pu prhi*Pnc phi*Pnt
Force Capacity Capacity
Axial -207,243 352,502 396,815
Mu phi*Mn phi*Mn
Moment Capacity No LTB
Major Moment 3498,554 18160,402 18160,402
Minor Moment o, 4164,432
SHEAR CHECK
Status
Force
Major Shear 5,98 98,252 0,061
Minor Shear o, 150,118 0,

C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb

Design Type: Column

Frame Type: SMF
Princpl Rot: 0, degrees

Project
Job Number
SAP2000 e

AISC 3€0-1€ STEEL SECTION CHECK {(Summary for Combo and Station)
Units : KN, mm, C
Frame : & X Mid: o0, Combo: 100comb LRFD
Length: 585, Y Mid: 0, Shape: 100C
Loc : 885, Z Mid: 292,5 Class: Compact

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

$33=51052,139
§22-8625, 425

233=58532, 076
222=13422, 216

Vu2
-5,38

phi*Mn
18160, 402

phi*Vn
Capacity
OK

OK

EI factor=0,8

Av3=672,

Rv2=528,

Cw=852054553,8

Vu3 Tu
0, 0,
B2 Cm
1, 1,
1, 1,

Stress

Ratio Check

02/11/2022 11:34
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Figura 235 — Analise detalhada da barra 6 do portico EHR3 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 100 °C.

SAP2000

Project
Job Number

Engineer

Units : KN, mm,
Frame : €
Length: 585,

Loc : 585,

Provision: LRFD
D/C Limit=0, 395
AlphaPr/Py=0,47

PhiB=0,3
PhiS=0,3

A=1278, 96
J=125977,925

E=195,779
RLLF=1,

Location
585,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment

Minor Moment

SHERR CHECK
Status

Major Shear
Minor Shear

Joint Design

AISC 360-16 STEEL SECTION CHECK

PMM DEMAND/CAPACITY RATIO

AXTRL FORCE & BIAXIAL MOMENT DESIGN
L

X Mid: o0, Combo: 100comb LRFD
Y Mid: 0, Shape: 100C
Z Mid: 877,5 Class: Compact

Rnalysis: Direct Analysis
2nd Order: General 2nd Order

AlphaPr/Pe=0,133 Tau _b=l,
PhiC=0, 9 PhiTY=0, 9
PhiS-RI=1, PhiST=0, 9
I133=3063128,321 r33=48,593%
I122=276013,557 r22=14,6591
Fy=0,345 Ry=1,1
Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 100comb LRFD)

Pu Mu33 Mu22
-207,243 €997, 108 0,
(H1-1a)

0,93 = 0,588 + 0,342 + 0,

{Summary for Combo and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed
EA factor=0,8 EI factor=0,8

= (Pr/Pc) + (B8/8) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

Vu

(H1-1a)
K1 K2
- : I 1,
1, 1, 1,
Lltb Kltb Cb
18 - 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-207,243 352,502 396,815
Mu phi*Mn phi*Mn
Moment Capacity No LTB
€597,108 18160,402 181€0,402
o, 4164,432
Force
5,98 98,292 0,061
o, 150,118 0,

CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS

Cont Pl Dbl P1 BC Ratio
Area Thick Major
120,54 0, N/C

C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb

PhiTF=0,75
S§33=51052,13% Av3=672,
522=8625, 425 Av2=528,
233=58532,076 Cw=852054553,8
222=13422,21¢
Vu2 Va3 Tu
-5,98 o, o,
Bl B2 Cm
1, 1, 1,
. 1, 1,
phi*Mn
Cb=1
18160,402
phi*Vn Stress
Capacity Ratio Check
OK
OK
BC Ratio
Minor
N/C

02/11/2022 11:35
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Figura 236 — Analise detalhada da barra 3 do podrtico EHR3 com degradacdo do aco proposto por
Martines (1997) para a temperatura de 100 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 3 X Mid: 310, Combo: 100comb LRFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 100C Frame Type: SMF
Loc 620, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,014 AlphaPr/Pe=0,004 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=195,77% Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 100comb LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
620, -5,98  10389,446 0, -28,043 o, 0,

PMM DEMAND/CAPACITY RATIO  (H1-1b)
D/C Ratio: 0,581 = 0,009 + 0,572 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXTRL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 2,207
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -5,98 347,355 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 10389, 44¢ 18160,402 181€0,402 18142,93
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 28,043 98,292 0,285 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 28,043 28,043
C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb 02/11/2022 11:35
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Figura 237 — Analise detalhada da barra 4 do portico EHR3 com degradacdo do aco proposto por
Martines (1997) para a temperatura de 100 °C.

Project
Job Number
Engineer

SAP2000

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo and Station)

Units : KN, mm,

Frame : 4 X Mid: 530, Combo: 100comb LRFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 100C Frame Type: SMF

Loc o 0, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees

Provision: LRFD
D/C Limit=0, 395

Rnalysis: Direct Analysis

2nd Order: General 2nd Order Reduction: Tau-b Fixed

AlphaPr/Py=0,014 AlphaPr/Pe=0,004 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=195,77% Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 100comb LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -5,98 10389, 446 0, 16,757 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,581 = 0,009 + 0,572 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -5,98 347,355 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 10389, 44¢ 18160,402 181€0,402 18142,93
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 16,757 98,292 0,17 OK
Minor Shear o, 150,118 0, OK

CONNECTION SHEAR FORCES FOR BEAMS

VMajor VMajor
Left Right
Major (V2) 16,757 16,757
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Figura 238 — Analise detalhada da barra 5 do portico EHR3 com degradacdo do aco proposto por

Martines (1997) para a temperatura de 200 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : S X Mid: o0, Combo: 200comb LRFD Design Type: Column
Length: 585, Y Mid: 0, Shape: 200C Frame Type: SMF
Loc : B85, Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,474 AlphaPr/Pe=0,135 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=188,219 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 200comb LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
585, -208,901 4526,822 0, -7,738 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,817 = 0,595 + 0,222 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -208,901 350,825 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 4526,822 18160,402 181€0,402 18160,402
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 7,738 98,292 0,079 OK
Minor Shear o, 150,118 0, OK
C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb 02/11/2022 14:18
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Figura 239 — Analise detalhada da barra 6 do portico EHR3 com degradacdo do aco proposto por

Martines (1997) para a temperatura de 200 °C.

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : €
Length: 585,

Loc : 585,

Provision: LRFD
D/C Limit=0, 395

SECTION CHECK

X Mid: o0, Combo: 200comb LRFD
Y Mid: 0, Shape: 200C
Z Mid: 877,5 Class: Compact

Rnalysis: Direct Analysis
2nd Order: General 2nd Order

{Summary for Combo and Station)

Design Type: Column
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

AlphaPr/Py=0,474 AlphaPr/Pe=0,135 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=188,219 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 200comb LRFD)
Location Pu Mu33 Mu22 Va2 Vu3 Tu
585, -208,901 9053, €43 0, -7,738 o, 0,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 1,039 = 0,595 + 0,443 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending b I : h 9 I 1. B
Lltb Kltb Cb
LTB 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -208,901 350,829 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 9053, 643 18160, 402 181€0,402 18160,402
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 7,738 98,292 0,079 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 150,388 0, N/C K/C
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Figura 240 — Analise detalhada da barra 3 do portico EHR3 com degradacdo do aco proposto por
Martines (1997) para a temperatura de 200 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 3 X Mid: 310, Combo: 200comb LRFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 200C Frame Type: SMF
Loc 620, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,018 AlphaPr/Pe=0,006 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=188,219 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 200comb LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
620, -7,738 9361,178 0, -25,701 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,527 = 0,011 + 0,515 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 2,266
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -7,738 345,544 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 93€1,178 18160,402 181€0,402 18085,805
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 28,701 98,292 0,302 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 29,701 29,701
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Figura 241 — Analise detalhada da barra 4 do portico EHR3 com degradacdo do aco proposto por
Martines (1997) para a temperatura de 200 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 4 X Mid: 530, Combo: 200comb LRFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 200C Frame Type: SMF
Loc o 0, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,018 AlphaPr/Pe=0,006 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=188,219 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 200comb LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -7,738 9361,178 0, 15,099 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,527 = 0,011 + 0,515 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -7,738 345,544 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 93€1,178 18160,402 181€0,402 18085,805
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 15,089 98,292 0,154 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 15,089 15,099
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Figura 242 — Analise detalhada da barra 5 do portico EHR3 com degradacdo do aco proposto por
Martines (1997) para a temperatura de 300 °C.

Project
Job Number
Engineer

SAP2000

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo and Station)

Units : KN, mm,

Frame : S X Mid: o0, Combo: 300C_LERFD Design Type: Column
Length: 585, Y Mid: 0, Shape: 300C Frame Type: SMF

Loc : B85, Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Rnalysis

Fonte: Autor

D/C Limit=0, 395
AlphaPr/Py=0,477

PhiB=0,3
PhiS=0,3

2=1278, 96
J=12577,925
E=176, 864
RLLF=1,

Location
585,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHERR CHECK
Status

Major Shear
Minor Shear

PMM DEMAND/CAPACITY RATIO

AXTRL FORCE & BIAXIAL MOMENT DESIGN
L

2nd Order: General 2nd Order
AlphaPr/Pe=0,145 Tau _b=l,

PhiC=0,3 PhiT¥=0, 9
PhiS-RI=1, PhiST=0, 9
133=3063128,321 r33=48,939
122=276013,597  r22=14,651
Fy=0,345 Ry=1,1
Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 300C_LERFD)

Mu33 Mu22

Pu
-210,317 5404,23 0,

(H1-1a)
0,863 = 0,604 + 0,265 + 0,

Reduction: Tau-b Fixed
EA factor=0,8 EI factor=0,8

PhiTF=0, 75
$33=51052, 139 Av3=672,
$22=8625, 425 Av2=528,
233=58532, 076 Cw=892054553, 8
222=13422,216
Va2 Vu3 Tu
-9,238 0, 0,

= (Pr/Pc) + (B8/8) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

Vu

(H1-1a)
K1 K2
- : I 1,
1, 1, 1,
Lltb Kltb Cb
18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-210,317 348,066 396,815
Mu phi*Mn phi*Mn
Moment Capacity No LTB
5404,23 18160,402 181€0,402

o, 4164,432
Force

9,238 98,292 0,094
o, 150,118 0,
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22}
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sep

phi*Mn
Cb=1
18160,402

phi*Vn Stress

Capacity Ratio Check
OK

OK
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Figura 243 — Analise detalhada da barra 6 do portico EHR3 com degradacdo do aco proposto por

Martines (1997) para a temperatura de 300 °C.

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : €
Length: 585,

Loc : 585,

Provision: LRFD
D/C Limit=0, 395

SECTION CHECK

{Summary for Combo and Station)

X Mid: o0, Combo: 300C_LERFD Design Type: Column
Y Mid: 0, Shape: 300C Frame Type: SMF
Z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees

Rnalysis: Direct Analysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

AlphaPr/Py=0,477 AlphaPr/Pe=0,145 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=176,864 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 300C_LERFD)
Location Pu Mu33 Mu22 Va2 Vu3 Tu
585, -210,317 10808, 461 0, -9,238 o, 0,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 1,133 = 0,604 + 0,523 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2, 1, 1, 1, 1, 1,
Minor Bending b I : h 9 I 1. B
Lltb Kltb Cb
LTB 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -210,317 348,066 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 10808, 461 18160, 402 181€0,402 18160,402
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 9,238 98,292 0,094 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 200,453 0,21 N/C K/C
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Figura 244 — Analise detalhada da barra 3 do portico EHR3 com degradacdo do aco proposto por
Martines (1997) para a temperatura de 300 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 3 X Mid: 310, Combo: 300C_LERFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 300C Frame Type: SMF
Loc o 0, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,021 AlphaPr/Pe=0,007 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=176,864 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
D, -9,238 -10808,461 0, -31,117 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,609 = 0,013 + 0,595 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 2,225
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -9,238 342,488 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -10808,46l1 18160,402 181€0,402 17989,633
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 31,117 98,292 0,317 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 31,117 31,117
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Figura 245 — Analise detalhada da barra 4 do portico EHR3 com degradacdo do aco proposto por
Martines (1997) para a temperatura de 300 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 4 X Mid: 530, Combo: 300C_LERFD Design Type: Beam
Length: 620, Y Mid: o0, Shape: 300C Frame Type: SMF
Loc o 0, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,021 AlphaPr/Pe=0,007 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=176,864 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 300C_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -3,238 8483,77 0, 13,683 o, 0,

PMM DEMAND/CAPACITY RATIO  (H1-1b)
D/C Ratio: 0,481 = 0,013 + 0,467 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXTRL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -9,238 342,488 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 8483,77 18160,402 181€0,402 17989,633
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 13,683 98,292 0,139 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 13,683 13,683
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APENDICE F — Resultados das analises dos SAP do pértico EGR1 usando a degradacio
do ago proposto por Martines (1997).

Figura 246 — Analise detalhada da barra 1 do portico EGR1 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 500 °C.

Project
Job Number
Engineer

SAP2000

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo and Station)

Units = , mm,

Frame : 1 X Mid: o0, Combo: 500C_LRFD Design Type: Column
Length: 1170, Y Mid: o0, Shape: 500C Frame Type: SMF

Loc 1170, Z Mid: 585, Class: Compact Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,35 2nd Order: General 2nd Order
RlphaPr/Py=0,227 AlphaPr/De=0,363 Tau b=1,

Reduction: Tau-b Fixed
EAR factor=0,8 EI factor=0,8

PhiB=0,5 PhiC=0,9 PhiT¥=0, 3 PhiTF=0,75

PhiS=0,9 PhiS-RI=1, PhiST=0, 9

A=1278, 96 133=3063128,321 1r33=48,933 §33=51052,139 Av3=672,
J=12977,925 122=276013,597  r22=14,651 §22=8625, 425 Rv2=528,
E=136,55 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,216

STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
70, -100, 164 -706, 325 0, 0,604 o,

=]

DMM DEMAND/CAPACITY RATIO  (Hl-la)
D/C Ratio: 0,532 = 0,498 + 0,035 + 0,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIARXIAL MOMENT DESIGN (H1-1la)
Factor L K1 K2 Bl B2 Cm
Major Bending 1, - 1 1, 1; 0,6
Minor Bending 1, s 85 1 1; 1, 1,
Lltb Kltb Cb
LTB 1; " 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 201,211 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -706,325 18160,402 18160,402 14106,191
Minor Moment o, 4164,432
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,604 98,292 0,006 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 0. 0, N/C N/C
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Figura 247 — Analise detalhada da barra 2 do podrtico EGR1 com degradacdo do aco proposto por
Martines (1997) para a temperatura de 500 °C.

Project
Job Number
SAP2000 -
AISC 360-1€¢ STEEL SECTION CHECK (Summary for Combo and Station)
Units = , mm,
Frame : 2 X Mid: €10, Combo: S00C_LRFD Design Type: Beam
Length: 1220, Y Mid: 0, Shape: 500C Frame Type: SMF
Loc = 1220, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,001 AlphaPr/Pe=0,002 Tau b=1l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiT¥=0, 5 PhiTF=0,75
PhiS=0, 9% PhiS-RI=1, PhiST=0, 3
A=1278, 396 I33=3063128,321 1r33=48,933 §33=51052,13% Rv3=672,
J=12577,925 122=276013,597 r22=14, 651 522=8625, 425 Av2=528,
E=136,55 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1220, 0,604 -3973, €75 0, 3,836 o, 0,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,22=0, + 0,219 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L 1 K2 Bl B2 Cm
Major Bending 1, a1, 1, : 18 1, 1,
Minor Bending 1, 3; b 15 s 1; 1;
Lltb Kltb Cb
LTB 1, 1, 1,893
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,604 189, 625 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3573,675 18160,402 18160,402 13796,509
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 98,292 0,038 OK
Minor Shear o, 150,118 0, 0K
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 248 — Analise detalhada da barra 4 do portico EGR1 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 500 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 4 X Mid: 1220, Combo: S00C_LRFD Design Type: Column
Length: 585, Y Mid: 0, Shape: 500C Frame Type: SMF
Loc o 0, Z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
RlphaPr/Py=0,245 AlphaPr/Pe=0,053 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=13¢,55 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -3973,675 0, -3,3%¢ o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,517 = 0,322 + 0,194 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; , 1, 1;
Lltb Kltb Cb
1TB 1. : 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 334,853 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3573,675 18160,402 18160,402 17724,788
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,396 98,292 0,035 OK
Minor Shear o, 150,118 0, OK
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Figura 249 — Analise detalhada da barra 5 do portico EGR1 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 500 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : S X Mid: 1220, Combo: S00C_LRFD Design Type: Column
Length: 585, Y Mid: 0, Shape: 500C Frame Type: SMF
Loc o 0, Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
RlphaPr/Py=0,245 AlphaPr/Pe=0,053 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=13¢,55 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo S00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -198€,837 0, -3,3%¢ o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,415 = 0,322 + 0,097 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 334,853 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -158€,837 18160,402 18160,402 17724,788
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,396 98,292 0,035 OK
Minor Shear o, 150,118 0, OK
C:\Users\Giovane\Desktop\TCC Revisdo\analise EGRIEGR1.sdb 02/11/2022 15:49

Fonte: Autor

272



Figura 250 — Analise detalhada da barra 1 do podrtico EGR1 com degradacdo do ago proposto por
Martines (1997) para a temperatura de 600 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 1 X Mid: o0, Combo: €00C_LRFD Design Type: Column
Length: 1170, Y Mid: 0, Shape: €00C Frame Type: SMF
Loc 1170, Z Mid: 585, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
RAlphaPr/Py=0,227 AlphaPr/Pe=0,458 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=100, 586 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1170, -100,164 -883,887 0, 0,761 o, 0,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,676 = 0,632 + 0,044 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, - B 1, 1; 0,6
Minor Bending 15 : 4 1; 1, 1, S
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 158,411 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -889,887 18160,402 18160,402 12459,343
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,761 98,292 0,008 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 251 — Analise detalhada da barra 2 do poértico EGR1 com degradacdo do ago proposto por
Martines (1997) para a temperatura de 600 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 2 X Mid: €10, Combo: €00C_LRFD Design Type: Beam
Length: 1220, Y Mid: o0, Shape: €00C Frame Type: SMF
Loc 1220, Z Mid: 1170, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,002 AlphaPr/Pe=0,004 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=100, 586 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1220, 0,761 -3790,113 0, 3,836 o, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,21 =0, + 0,209 + 0O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L l K2 Bl B2 Cm
Major Bending 1, - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
1TB 1. : 1,98
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,761 145,886 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3750,113 18160,402 181€0,402 12067,50€
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,836 98,292 0,038 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,836 3,836
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Figura 252 — Analise detalhada da barra 4 do portico EGR1 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 600 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 4 X Mid: 1220, Combo: €00C_LRFD Design Type: Column
Length: 585, Y Mid: 0, Shape: €00C Frame Type: SMF
Loc o 0, Z Mid: 877,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 AlphaPr/Pe=0,134 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=100, 586 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -37%0,113 0, -3,233 o, 0,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,527 = 0,342 + 0,186 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; , 1, 1;
Lltb Kltb Cb
1TB 1. : 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 315,415 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3750,113 18160,402 1816€0,402 17043,843
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,239 98,292 0,033 OK
Minor Shear o, 150,118 0, OK
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Figura 253 — Analise detalhada da barra 5 do portico EGR1 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 600 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : S X Mid: 1220, Combo: €00C_LRFD Design Type: Column
Length: 585, Y Mid: 0, Shape: €00C Frame Type: SMF
Loc o 0, Z Mid: 292,5 Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 AlphaPr/Pe=0,134 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=100, 586 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -1895,057 0, -3,239 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,435 = 0,342 + 0,093 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 315,415 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1855,057 18160,402 18160,402 17043,843
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,239 98,292 0,033 OK
Minor Shear o, 150,118 0, OK
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Figura 254 — Analise detalhada da barra 1 do podrtico EGR1 com degradacdo do ago proposto por
Martines (1997) para a temperatura de 700 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 1 X Mid: o0, Combo: 700C_LRFD Design Type: Column
Length: 1170, Y Mid: 0, Shape: 700C Frame Type: SMF
Loc : 1170, Z Mid: 585, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,227 AlphaPr/Pe=1,116 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=45,116 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Va2 Vu3 Tu
1170, -100,164 -1582,988 0, 1,353 o, 0,
P DEMAND/CAPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 1,454 = 1,413 + 0,081 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending L, 1, 1, 1, 1, 0,6
Minor Bending b I : h 9 I 1. A
Lltb Kltb Cb
LTB 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100,164 70,865 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -1582,988 10205,075  17418,131 €123,045
Minor Moment o, 3923,98
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,353 98,292 0,014 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C K/C
C:\Users\Giovane\Desktop\TCC Revisdo\analise EGRIEGR1.sdb 02/11/2022 16:06

Fonte: Autor

277



Fonte: Autor

SAP2000

Project
Job Number

Engineer

Units : KN, mm,
Frame : 2
Length: 1220,
Loc 1220,

Provision: LRFD
D/C Limit=0, 395
AlphaPr/Py=0,003

PhiB=0,3
PhiS=0,3

A=1278, 96
J=125977,925

E=45,116
RLLF=1,

Location
1220,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment

Minor Moment

SHERR CHECK
Status

Major Shear
Minor Shear

Major (V2)

AISC 360-16 STEEL SECTION CHECK

PMM DEMAND/CAPACITY RATIO

AXTRL FORCE & BIAXIAL MOMENT DESIGN
L

{Summary for Combo and Station)

Beam

X Mid: €10, Combo: 700C_LRFD Design Type:
Y Mid: o0, Shape: 700C Frame Type: SMF
Z Mid: 1170, Class: Non-Compact Princpl Rot:

Rnalysis: Direct Analysis
2nd Order: General 2nd Order

AlphaPr/Pe=0,016 Tau b=l,
PhiC=0, 9 PhiTY=0, 9
PhiS-RI=1, PhiST=0, 9
I133=3063128,321 r33=48,593%
I122=276013,557 r22=14,6591
Fy=0,345 Ry=1,1
Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)

Pu Mu33 Mu22
1,353 -3097,012 0,

(H1.2,H1-1b)
0,248 = 0,002 + 0,246 + 0,

0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

S§33=51052,13%
S522=8625, 425

233=58532,07¢
222=13422,21¢

= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

Vu

CONNECTION SHEAR FORCES FOR BEAMS

(H1.2,Hl1-1b)

1 K2

1, : I 1,

15 : I 1,

Lltb Kltb Cb

18 - 2,154

Pu phi*Pnc phi*Pnt

Force Capacity Capacity

1,353 65,175 396,815

Mu phi*Mn phi*Mn

Moment Capacity No LTB

-3097,012 12587,635 17418,131
o, 3523, 38

Force

3,836 98,292 0,038

o, 150,118 0,
VMajor VMajor
Left Right
3,836 3,836

C:\Users\Giovane\Desktop\TCC Revisdo\analise EGRIEGR1.sdb

phi*Mn
Cb=1
5737,88%

phi*Vn
Capacity
OK
OK

EI factor=0,8

Rv3=672,

Av2=528,

Cw=852054553,8

Va3 Tu

o, o,
B2 Cm
1, 1,
1, 1,

Stress

Ratio Check
02/11/2022 16:06

Figura 255 — Analise detalhada da barra 2 do poértico EGR1 com degradacdo do ago proposto por
Martines (1997) para a temperatura de 700 °C.
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Figura 256 — Analise detalhada da barra 4 do portico EGR1 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 700 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 4 X Mid: 1220, Combo: 700C_LRFD Design Type: Column
Length: 585, Y Mid: 0, Shape: 700C Frame Type: SMF
Loc o 0, Z Mid: 877,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 AlphaPr/Pe=0,3 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=45,116 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -3097,012 0, -2,647 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,624 = 0,466 + 0,158 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; , 1, 1;
Lltb Kltb Cb
1TB 1. : 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 231,219 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -30957,012 17418,131 17418,131  14232,398
Minor Moment o, 3523,98
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,647 98,292 0,027 OK
Minor Shear o, 150,118 0, OK
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Figura 257 — Analise detalhada da barra 5 do podrtico EGR1 com degradacdo do ago proposto por

Martines (1997) para a temperatura de 700 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : S X Mid: 1220, Combo: 700C_LRFD Design Type: Column
Length: 585, Y Mid: 0, Shape: 700C Frame Type: SMF
Loc o 0, Z Mid: 292,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,245 AlphaPr/Pe=0,3 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=45,116 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -107,836 -1548,506 0, -2,647 o, 0,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,545 = 0,466 + 0,073 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 2; - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -107,836 231,219 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1548,506 17418,131 17418,131  14232,338
Minor Moment o, 3523,98
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,647 98,292 0,027 OK
Minor Shear o, 150,118 0, OK
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APENDICE G — Resultados das analises dos SAP do pértico ZSR1 usando a degradacio
do ago proposto por Martines (1997).

Figura 258 — Analise detalhada da barra 1 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 500 °C.

Project
Job Number
Engineer

SAP2000

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo and Station)

Units : KN, m,

Frame : 1 X Mid: o0, Combo: 700C_LRFFD Design Type: Column
Length: 1,18 Y Mid: o0, Shape: IPE 120% Frame Type: SMF

Loc : 1,18 Z Mid: 0,59 Class: Slender Princpl Rot: 0, degrees

Provision: LRFD
D/C Limit=0,35

Analysis: Direct Analysis

2nd Order: General 2nd Order Reduction: Tau-b Fixed

Fonte: Autor

AlphaPr/Py=0,261

PhiB=0,5
PhiS=0,9

E=4é115900,
RLL

.

DESIGN MESSAGES
Error:

Location
1,18

D/C Ratio:

Factor

LTB
Axial
Major Moment

Minor Moment

SHERR CHECK
Status

Major Shear
Minor Shear

Joint Design

P+ DEMAND/CAPACITY RATIO

Major Bending
Minor Bending

RlphaPr/Pe=1, 304

PhiC=0,9
PhiS-RI=1,

133=3, 063E-06
122=0,

Fy=344737,854
Fu=448155, 263

Section overstressed

Tau_b=1,

PhiT¥=0, 3
PhiST=0, 9

r33=0,049
r22=0, 015
Ry=1,1

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)

Pu Mu33 Muz2
-115,122 -0,932 0,
(H1.3a,Hl-1a)

1,703 = 1,652 + 0,051 + O,
= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN
L

1, 1, 1,

x; - 1,

Lltb Kltb Cb

1, 1, 1,667

Pu prhi*Pnc phi*Pnt

Force Capacity Capacity

-115,122 €9, 669 396,815

Mu phi*Mn phi*Mn

Moment Capacity No LTB

-0,992 10,07 17,418
o, 3,924

Vu
Force
0,841 98,292 0,008
o, 150,118 0,

(H1.3a,Hl-1a)
K2

CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS

Cont Pl Dbl P1 BC Ratio
Area Thick Major
o, o, N/C
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EAR factor=0,8

PhiTF=0,75
§33=5,105E-05
5§22=8, 625E-06

233=5,853E-05
222=1,342E-05

0,841

e

phi*Mn

6,042

phi*Vn
Capacity Ra
OK
OK
BC Ratio

Minor
N/C

EI factor=0,8

Av3=6€,720E-04
Av2=5,280E-04
Cw=0,

Vu3 Tu
o, o,
B2 Cm
1 0,6
1, 1,
Stress
tio Check
08/12/2022 23:06
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Figura 259 — Analise detalhada da barra 2 do podrtico ZSR1 com degradagdo do ago proposto por

Martines (1997) para a temperatura de 500 °C.

Fonte: Autor

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 2 X Mid: €00, Combo: 700C_LRFFD Design Type: Beam
Length: 1200, Y Mid: 0, Shape: IPE 120+ Frame Type: SMF
Loc : 1200, Z Mid: 1180, Class: Non-Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,002 AlphaPr/Pe=0,01 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=45,116 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1200, 0,841 -2540,97% 0, 3,278 o, 0,
PMM DEMAND/CRPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,233 = 0,001 + 0,232 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, - B 1, 1; 1;
Minor Bending 15 : 4 1; , = 1;
Lltb Kltb Cb
LTB 18 - 2,154
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 0,841 €7,366 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Co=1
Major Moment  -2540,375 12680,144 17418,131 5886,431
Minor Moment o, 3523,98
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 3,278 98,292 0,033 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 3,278 3,278
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Figura 260 — Analise detalhada da barra 3 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 500 °C.

Project
Job Number
SAP2000 e

AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 3 X Mid: 1200, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: 0, Shape: IPE 120+ Frame Type: SMF
Loc o 0, Z Mid: 65950, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,273 AlphaPr/Pe=1,366 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=45,116 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES

Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)

Location Pu Mu33 Mu22 Vu2 Va3 Tu

o, -120,55 -1770,307 0, -1,5 o, 0,

DMM DEMAND/CAPACITY RATIO  (H1.3a,Hl-1a)
D/C Ratio: 1,821 = 1,73 + 0,09 + 0,
= (Pr/Pc) + (B/39) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)

Factor L Kl K2 Bl B2 Cm
Major Bending L, 1, 1, 1, 1, 0,6
Minor Bending b I : h 9 I 1. A
Lltb Kltb Cb
LTB 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -120,55 €9,669 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1770,307 10070,417 17418,131 €042,25
Minor Moment o, 3923,98
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1.5 98,292 0,015 OK
Minor Shear o, 150,118 0, OK
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Figura 261 — Analise detalhada da barra 4 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 500 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 4 X Mid: 1800, Combo: 700C_LRFFD Design Type: Beam
Length: 1200, Y Mid: 0, Shape: IPE120 Frame Type: SMF
Loc : 1200, Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,005 AlphaPr/Pe=0,006 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1320, 133=3180000, r33=45,082 §33=53000, Rv3=672,
J=16500, 122=277000, r22=14, 486 S22=865¢,25 Av2=528,
E=133, 348 Fy=0,345 Ry=1,1 233=60700, Cw=8552425283,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1200, 2,341 -2523,91 0, 1,128 o, o,

PMM DEMAND/CAPACITY RATIO  (H1.2,Hl-1b)
D/C Ratio: 0,137 = 0,003 + 0,134 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXTRL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending 1, - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,277
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 2,341 247,973 408,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Co=1
Major Moment -2523,51 18833,031 18833,031 16335,5931
Minor Moment o, 4219,55%2
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,128 109,213 0,01 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 1,128 1,128
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Figura 262 — Analise detalhada da barra 5 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 500 °C.

Project
Job Number
SAP2000 Eater
AISC 360-1¢ STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : § X Mid: 2400, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE120 Frame Type: SMF
Loc ¢ O; Z Mid: 590, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,55 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,263 AlphaPr/Pe=0,304 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,3 PhiTY=0, 9 PhiTF=0,75
PhiS=0,9% PhiS-RI=1, PhiST=0, 3
A=1320, I33=3180000, r33=45,082 S§33=53000, Av3=e6T72,
J=16€500, I122=277000, r22=14,486 522=865€,25 Av2=528,
E=199, 5948 Fy=0,345 Ry=1,1 233=60700, Cw=855242528%,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
o, -119,528 -2523,51 0, -2,13% o, o,
MM DEMAND/CAPACITY RATIO (H1-1la)
D/C Ratio: 0,593 = 0,474 + 0,119 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1; 3 1 o 28 1; i,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -119,528 252,12 408,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2523,51 18833,031 18833,031 16421,155
Minor Moment o, 4215,592
SHEAR CHECK
Vu phi*Un Stress
Status
Force Capacity Ratio Check
Major Shear 2,139 109,213 0,02 OK
Minor Shear o, 150,118 0, 0K
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Figura 263 — Analise detalhada da barra 1 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 600 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 1 X Mid: o0, Combo: €00C_LRFFD Design Type: Column
Length: 1180, Y Mid: 0, Shape: €00C Frame Type: SMF
Loc : 1180, Z Mid: 65950, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
RAlphaPr/Py=0,255 AlphaPr/Pe=0,565 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=100, 586 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1180, -112,346 -17%96,536 0, 1,522 0, 0,
MM DEMAND/CAPACITY RATIO  (Hl-la)
D/C Ratio: 0,808 = 0,72 + 0,088 + 0O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, - B 1, 1; 0,6
Minor Bending 15 : 4 1; 1, 1, S
Lltb Kltb Cb
LTB 18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -112, 346 155,933 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1796,536 18160,402 181€0,402 12380,576
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,522 98,292 0,015 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 264 — Analise detalhada da barra 2 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 600 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 2 X Mid: €00, Combo: €00C_LRFFD Design Type: Beam
Length: 1200, Y Mid: 0, Shape: €00C Frame Type: SMF
Loc : 1200, Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,003 AlphaPr/Pe=0,008 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=100, 586 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1200, 1,522 -54é8,483 0, 6,054 o, 0,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,303 = 0,002 + 0,301 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L l K2 Bl B2 Cm
Major Bending 1, - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 2,143
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,522 150,789 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -5468,483 18160,402 181€0,402 12224,241
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 6,054 98,292 0,062 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 6,054 €,054
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Figura 265 — Analise detalhada da barra 3 do podrtico ZSR1 com degradagdo do ago proposto por

Martines (1997) para a temperatura de 600 °C.

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL

Units : KN, mm,
Frame : 3
Length: 1180,

Loc o 0,

Provision: LRFD
D/C Limit=0, 395

SECTION CHECK

{Summary for Combo and Station)

X Mid: 1200, Combo: €00C_LRFFD Design Type: Column
Y Mid: 0, Shape: €00C Frame Type: SMF
Z Mid: 65950, Class: Compact Princpl Rot: 0, degrees

Rnalysis: Direct Analysis
2nd Order: General 2nd Order

Reduction: Tau-b Fixed

RAlphaPr/Py=0,286 AlphaPr/Pe=0,638 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Av3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=100, 586 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFFD)
Location Pu Mu33 Mu22 Va2 Vu3 Tu
, -126,103 -3391,097 0, -2,874 o, 0,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,975 = 0,809 + 0,166 + O,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending L, 1, 1, 1, 1, 0,6
Minor Bending b I : h 9 I 1. A
Lltb Kltb Cb
LTB 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -126,103 155,933 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -3391,057 18160, 402 181€0,402 12380,57€
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 2,874 98,292 0,025 OK
Minor Shear o, 150,118 0, OK
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Figura 266 — Analise detalhada da barra 4 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 600 °C.

Project
Job Number
SAP2000 e
AISC 360-1€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 4 X Mid: 1800, Combo: €00C_LRFFD Design Type: Beam
Length: 1200, Y Mid: 0, Shape: €00C Frame Type: SMF
Loc o 0, Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 395 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,01 AlphaPr/Pe=0,023 Tau _b=l, EA factor=0,8 EI factor=0,8
PhiB=0,9 PhiC=0,9 PhiTY=0, S PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 8%
A=1278,36 133=3063128,321 r33=48,33% S§33=51052,13% Rv3=672,
J=125977,925 122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=100, 586 Fy=0,345 Ry=1,1 233=58532,076 Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo €00C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, 4,396 -2077,385 0, -1,649 o, o,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,12 = 0,006 + 0,114 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L l K2 Bl B2 Cm
Major Bending 1, - B 1, 1; 1;
Minor Bending 15 : 4 1; 1, 1, 1;
Lltb Kltb Cb
LTB 18 - 1,634
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 4,356 150,789 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -2077,385 18160,402 181€0,402 12224,241
Minor Moment o, 4164,432
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,649 98,292 0,017 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 1,648 1,648
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Figura 267 — Analise detalhada da barra 5 do podrtico ZSR1 com degradagdo do ago proposto por

Martines (1997) para a temperatura de 600 °C.

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Provision: LRFD
D/C Limit=0, 395
AlphaPr/Py=0,265

PhiB=0,3
PhiS=0,3

2=1278, 96
J=12577,925
E=100, 986
RLLF=1,

Location

o,

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHERR CHECK
Status

Major Shear
Minor Shear

AISC 360-16 STEEL SECTION CHECK

PMM DEMAND/CAPACITY RATIO

AXTRL FORCE & BIAXIAL MOMENT DESIGN
L

Rnalysis: Direct Analysis
2nd Order: General 2nd Order
AlphaPr/Pe=0,551 Tau b=l,

PhiC=0,3 PhiT¥=0, 9
PhiS-RI=1, PhiST=0, 9
133=3063128,321 r33=48,939
122=276013,597  r22=14,651
Fy=0,345 Ry=1,1
Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 600C_LRFFD)

Pu Mu33 Mu22
-116,751 -98,767 0,

(H1-1a)
0,754 = 0,749 + 0,005 + O,

{Summary for Combo and Station)

Units : KN, mm, C

Frame : S X Mid: 2400, Combo: €00C_LRFFD Design Type: Column
Length: 1180, Y Mid: 0, Shape: €00C Frame Type: SMF

Loc o 0, Z Mid: 65950, Class: Compact Princpl Rot: 0, degrees

Reduction: Tau-b Fixed
EA factor=0,8 EI factor=0,8

= (Pr/Pc) + (B8/8) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

Vu

(H1-1a)
K1 K2
1. 1, 1,
1, 1, 1,
Lltb Kltb Cb
18 - 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-116,751 155,933 396,815
Mu phi*Mn phi*Mn
Moment Capacity No LTB
-98,767 18160,402 181€0,402

o, 4164,432
Force

0,084 98,292 0,001
o, 150,118 0,
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PhiTF=0,75
S§33=51052,13% Rv3=672,
522=8625, 425 Av2=528,
233=58532,076 Cw=852054553,8
222=13422,21¢
Vu2 Va3 Tu
-0,084 o, 0,
Bl B2 Cm
1, 1, 0,6
. 1, 1,
phi*Mn
Cb=1
12380,57€
phi*Vn Stress
Capacity Ratio Check
OK
OK
02/11/2022 17:11
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Figura 268 — Analise detalhada da barra 1 do pdrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 700 °C.

Project
Job Number
SAP2000 i
AISC 360-16€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: 700C Frame Type: SMF
Loc : 1180, Z Mid: 590, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 35 2nd Order: General 2nd Order Reduction: Tau-b Fixed
RAlphaPr/Py=0,255 AlphaPr/Pe=1,254 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,35 PhiC=0,9 PhiTY=0, 3 PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, 9
A=1278,96 133=3063128,321 r33=48,53% S33=51052,135 Av3=672,
J=12577,925 I122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=45,116 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
DESIGN MESSAGES
Error: Section overstressed
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 2 Va2 Va3 Tu
1180, -114,154 -1670,488 0, 1,416 o, o,
DM DEMAND/CAPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 1,724 = 1,639 + 0,085 + 0,
= (Pr/Pc) + (B/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, : I 1, 1, 1, 0,6
Minor Bending 0 i ; , i 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -114,154 €3, 669 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -1€70,488 10070,44 17418,137 6042,2¢64
Minor Moment o, 3523,982
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 1,416 98,292 0,014 OK
Minor Shear o, 150,118 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design o, 0, N/C N/C
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Figura 269 — Analise detalhada da barra 2 do pdrtico ZSR1 com degradagdo do ago proposto por

Martines (1997) para a temperatura de 700 °C.

Fonte: Autor

Project
Job Number
SAP2000 i
AISC 360-16€ STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €00, Combo: 700C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: 700C Frame Type: SMF
Loc 1200, Z Mid: 1180, Class: Non-Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 35 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,003 AlphaPr/Pe=0,017 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,35 PhiC=0,9 PhiTY=0, 3 PhiTF=0,75
PhiS=0,9 PhiS-RI=1, PhiST=0, 9
A=1278,96 133=3063128,321 r33=48,53% S33=51052,135 Av3=672,
J=12577,925 I122=276013,597 r22=14,651 522=8625, 425 Av2=528,
E=45,116 Fy=0,345 Ry=1,1 233=58532,076€ Cw=852054553,8
RLLF=1, Fu=0, 448 222=13422,21¢
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Va2 Va3 Tu
1200, 1,416 -3376,219 0, 4,206 o, 0,
P+ DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,264 = 0,002 + 0,262 + O,
= (1/2) (Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 2, 1; 1, x > 9
Minor Bending %, s 1 1 d; 1
Lltb Kltb Cb
LTB 1, : I 2,191
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 1,416 67,366 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -3376,219  12856,455 17418,137 5886, 444
Minor Moment o, 3523,982
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,206 98,292 0,043 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 4,206 4,206

C:\Users\Giovane\Desktop\TCC Revisdo\analise ZSR\ZSR1.sdb
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Figura 270 — Analise detalhada da barra 3 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 700 °C.

Project
Job Number
Engineer

SAP2000

AISC 360-16 STEEL SECTION CHECK

{Summary for Combo and Station)

Units : KN, mm, C

Frame : 3 X Mid: 1200, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: 700C Frame Type: SMF

Loc = 0, Z Mid: 590, Class: Slender Princpl Rot: 0, degrees

Provision: LRFD Analysis: Direct Rnalysis

Fonte: Autor

D/C Limit=0,35
RlphaPr/Py=0,278

PhiB=0,3
PhiS=0,3

2=1278, 96
J=12977,925
E=45,116
RLLF=1,

DESIGN MESSAGES

2nd Order: General 2nd Order

AlphaPr/Pe=1,387 Tau b=1,

PhiC=0,3 PhiT¥=0, 9
PhiS-RI=1, PhiST=0, 3
133=3063128,321 r33=48,933
122=276013,597  r22=14,651
Fy=0,345 Ry=1,1
Fu=0, 448

Error:

Section overstressed

Location
o,

D/C Ratio:

Factor

Minor Moment

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Mu33

Pu

P DEMAND/CARPACITY RATIO

AXIRL FORCE & BIAXIAL MOMENT DESIGN
L

-122,406 -2822,351 0,

(H1.3a,Hl-1a)
1,901 = 1,757 + 0,144 + 0,

Reduction: Tau-b Fixed
EA factor=0,8 EI factor=0,8

PhiTF=0,75

§33=51052,13% Av3=672,
S22=8625, 425 Av2=528,
233=58532,076 Cw=852054553,8
222=13422,21¢

= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

(H1.3a,Hl-1a)
Kl K2

Major Bending 1, 1, 1,
Minor Bending 0 i ;
Lltb Kltb Cb

LTB 1 1, 1,667
Pu phi*Pnc phi*Pnt

Force Capacity Capacity

Axial -122,406 €9, 669 356,815
Mu phi*Mn phi*Mn

Moment Capacity No LTB

Major Moment -2822,5851 10070, 44 17418,137

o, 3523, 382

Vu

SHEAR CHECK
Status
Force
Major Shear 2,352 98,292 0,024
Minor Shear o, 150,118 0,

C:\Users\Giovane\Desktop\TCC Revisdo\analise ZSR\ZSR1.sdb

Va2 Va3 Tu
-2,392 o, o,
B1 B2 Cm
1, 1, 0,6
. 1, 1,
phi*Mn
Cb=1
6042,2¢64
phi*Vn Stress
Capacity Ratio Check
OK
OK
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Figura 271 — Analise detalhada da barra 4 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 700 °C.

Project
Job Number

SAP2000 Engiveer

AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)

Units : KN, mm, C

Frame : 4 X Mid: 1800, Combo: 700C_LRFFD Design Type: Beam
Length: 1200, Y Mid: o0, Shape: 700C Frame Type: SMF

Loc : 1200, Z Mid: 1180, Class: Non-Compact Princpl Rot: 0, degrees

Provision: LRFD Rnalysis: Direct Rnalysis

D/C Limit=0, 95 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,008 RlphaPr/Pe=0,045 Tau b=1, EA factor=0,8 EI factor=0,8
PhiB=0,3 PhiC=0,3 PhiTY¥=0, 35 PhiTF=0,75

PhiS=0, 3 PhiS-RI=1, PhiST=0, 9

A=1278, 96 I133=3063128,321 1r33=48,539% §33=51052,135 Av3=672,
J=12877,925 I122=276013,537 r22=14,651 522=8625, 425 Av2=528,
E=45,116 Fy=0,345 Ry=1,1 233=58532,07€ Cw=852054553,8
RLLF=1, Fu=0,448 222=13422,21¢

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Vu3 Tu
1200, 3,808 -792,9€61 0,

©
¥
o
o

PMM DEMAND/CAPACITY RATIO  (H1.2,H1-1b)
D/C Ratio: 0,121 = 0,005 + 0,116 + O,
= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIRL FORCE & BIAXIAL MOMENT DESIGN (H1.2,Hl-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending 1, : 1 a 198 1; 1
Minor Bending 1, : 0 1, 1 1: 1
Lltb Kltb Cb
LTB i, 1, 1,163
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial 3,808 67,366 396,815
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -792,961 €843,817 17418,137 5886, 444
Minor Moment o, 3923,982
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0,2 98,292 0,002 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 0,2 0,2
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Figura 272 — Analise detalhada da barra 5 do podrtico ZSR1 com degradagdo do ago proposto por
Martines (1997) para a temperatura de 700 °C.

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK

Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 35 2nd Order: General 2nd Order
AlphaPr/Py=0,265 AlphaPr/Pe=1,344 Tau b=l,

PhiB=0,3 PhiC=0,3 PhiT¥=0, 9
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
2=1278, 96 133=3063128,321 r33=48,933
J=12977,925 122=276013,597  r22=14,651
E=45,116 Fy=0,345 Ry=1,1
RLLF=1, Fu=0, 448

DESIGN MESSAGES
Error: Section overstressed

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33

0, -118,6  -792,361 0,

PMM DEMAND/CRPACITY RATIO
D/C Ratio:

(H1.3a,Hl-1a)
1,743 = 1,702 + 0,04 + 0,

AXIRL FORCE & BIAXIAL MOMENT DESIGN
L

(H1.3a,Hl-1a)
Factor Kl K2

Major Bending 1, 1, 1,

Minor Bending 0 i ;

Lltb Kltb Cb

LTB 1 1, 1,667

Pu phi*Pnc phi*Pnt

Force Capacity Capacity

Axial -118,6 €9, 669 356,815

Mu phi*Mn phi*Mn

Moment Capacity No LTB

Major Moment -792,961 10070, 44 17418,137
Minor Moment o, 3523,982

SHERR CHECK
Status
Force
Major Shear 0,672 98,292 0,007
Minor Shear o, 150,118 0,

C:\Users\Giovane\Desktop\TCC Revisdo\analise ZSR\ZSR1.sdb

Vu

{Summary for Combo and Station)

Units : KN, mm, C

Frame : & X Mid: 2400, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: 700C Frame Type: SMF

Loc = 0, Z Mid: 590, Class: Slender Princpl Rot: 0, degrees

Reduction: Tau-b Fixed
EA factor=0,8 EI factor=0,8

= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

PhiTF=0,75
S33=51052,135 Av3=672,
522=8625, 425 Av2=528,
233=58532,076€ Cw=852054553,8
222=13422,21¢
Va2 Va3 Tu
-0,672 o, o,
B1 B2 Cm
1, 1, 0,6
. 1, 1,
phi*Mn
Cb=1
6042,2¢64
phi*Vn Stress
Capacity Ratio Check
OK
OK

05/11/2022 11:44
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APENDICE H — Resultados das analises e sugestido dos SAP para perfis dos porticos

usando a degradacio do aco NBR14323 e temperatura de 700 °C.

Figura 273 — Analise detalhada da barra 5 sugerida pelo SAP para suportar carga térmica de 700°C do

portico EHR3.

Fonte: Autor

SAP2000

Project
Job Number

Engineer

AISC 360-16é STEEL

Units : KN, mm,
Frame : S
Length: 585,
Loc : 585,

Provision: LRFD
D/C Limit=0, S5
RlphaPr/Py=0,221

PhiB=0,3
PhiS=0,9

2=3630,
J=97000,
E=25,993
RLLF=1,

SECTION CHECK

X Mid: 0, Combo: 700_LERFD
Y Mid: , Shape: W250X28.4
Z Mid: 282,5 Class: Slender

Analysis: Direct Analysis
2nd Order: General 2nd Order
RlphaPr/Pe=0,206 Tau b=l,

PhiC=0,9
PhiS-RI=1,

PhiTY=0, 3
PhiST=0,3

133=40100000, r33=105,104

122=1750000, r22=22,206
Fy=0,345 Ry=1,1
Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 700_LERFD)

Location
585,

MM DEMAND/CAPACITY RATIO

D/C Ratio:

AXTAL FORCE & BIAXIAL MOMENT DESIGN

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment
Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Mu33 Mu22

-276,026  45%582,78 o,

(Hl-1a)
0,875 = 0,445 + 0,43 + 0

3

= (Pr/Pc) + (B/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

Vu

(H1-1a)

L K1l K2
2. 1, 1,
L 1; 1,
Lltb Kltb Cb
1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-27€,02¢6 €19,975 112¢,255
Mu phi*Mn phi*Mn
Moment Capacity No LTB
45582,78  94200,282 94200,282

o, 13886,472
Force
77,919 191,914 0,406
o, 379,763 0,

C:\Users\Giovane\Deskiop\TCC Revisao\analise EHR\EHR1.sdb

{Summary for Combo and Station)

Design Type:
Frame Type:
Princpl Rot:

Column

SMF
0, degrees

Reduction: Tau-b Fixed

ER factor=0,8

PhiTF=0,75

533=309652, 51
522=35098, 033
233=354000,
222=54300,

Vu2
-77,919

phi *Mn
Cb=1
88000,548

phi*Vn
Capacity
OK

OK

EI factor=0,8

Av3=1700,
Av2=1644, 65
Cw=27745447500,

Vu3 Tu
o, o,
B2 Cm
1. 1,
1; 1,
Stress
Ratio Check

02/11/2022 21:15
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Figura 274 — Analise detalhada da barra 6 sugerida pelo SAP para suportar carga térmica de 700°C do
portico EHR3.

Project
Job Number
SAP2000 Enamneet
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : € X Mid: o0, Combo: 700_LERFD Design Type: Column
Length: 585, ¥ Mid: o0, Shape: W250X38.5 Frame Type: SMF
Loc : 585, Z Mid: 877,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Rnalysis: Direct Analysis
D/C Limit=0, S5 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,163 AlphaPr/Pe=0,063 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,3 PhiC=0, 3 PhiTY¥=0, 9 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=4310, 133=59500000, r33=110,452 533=457251, 508 Rv3=2744,
J=1€7000, 122=5870000, r22=34,57¢ 522=79863, 546 Rv2=172%,2
E=25,353 Fy=0,345 Ry=1,1 233=513000, Cw=392306683340,
RLLF=1, Fu=0, 448 222=123000,
STRESS CHECK FORCES & MOMENTS (Combo 700_LERFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
585, -275,586 91165,559 0, -77,919 o, o,

PMM DEMAND/CAPACITY RATIO  (Hl-la)
D/C Ratio: 0,94 = 0,278 + 0,662 + 0,
= (Pr/Pc) + (B/3) (Mr33/Mc33) + (8/9) (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)

Factor L Kl K2 Bl B2 Cm
Major Bending 25 1, 1, 1, 1, i,
Minor Bending 1 s 5 1. & h 1;
Lltb Kltb Cb
LTB 1, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -275,586 991,708 1523,397
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 91165,555 122341,808 122341,808 146311,173
Minor Moment o, 25545,908
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 77,919 208,977 0,373 OK
Minor Shear o, 612,983 0, OK

CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS

Cont Pl Dbl P1 BC Ratio BC Ratio

Area Thick Major Minor

Joint Design 1523,7 3,075 N/C N/C
C:\Users\Giovane\Desktop\TCC Revisdo\analise EHR\EHR1.sdb 02/11/2022 21:16
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Figura 275 — Analise detalhada da barra 3 sugerida pelo SAP para suportar carga térmica de 700°C do

portico EHR3.

Fonte: Autor

SAP2000

Project
Job Number

Engineer

Units : KN, mm,
Frame : 3
Length: €20,

Loc s 0,

Provision: LRFD
D/C Limit=0, 95
AlphaPr/Py=0,042

PhiB=0,3
PhiS=0,3

2=5320,
J=224000,
E=25,933
RLLF=1,

Location

o,

D/C Ratio:

Factor

Minor Bending

LTB

Axial

Major Moment

Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Major (V2)

AISC 360-16 STEEL SECTION CHECK

PMM DEMAND/CAPACITY RATIO

AXIAL FORCE & BIAXIAL MOMENT DESIGN

Major Bending

X Mid: 310, Combo: 700_LERFD
Y Mid: 0, Shape: W200X41.7
Z Mid: 1170, Class: Slender

Enalysis: Direct Analysis
2nd Order: General 2nd Order

AlphaPr/Pe=0,013 Tau b=l,
PhiC=0, 3 PhiTY¥=0, 9
PhiS-RI=1, PhiST=0, 3
133=40800000, r33=87,574
122=5030000, r22=41,1%%
Fy=0,345 Ry=1,1
Fu=0,448

STRESS CHECK FORCES & MOMENTS (Combo 700_LERFD)

Mu33

Pu
-77,919 -51165,559

(H1-1b)
0,924 = 0,033 + 0,831 + O,

Mu22

o,

{Summary for Combo and Station)

Design Type:
Frame Type

Beam
: SMF

Princpl Rot: 0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

S33=398048,78
S§22=108795,181
233=446000,
222=166000,

Va2
-96,386

= {1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

CONNECTION SEEAR FORCES FOR BEAMS

VMajor VMajor
Left Right
96,386 95,921

(H1-1b)

L K1 K2
2, 1, 1,
1 x; 1;
Lltb Kltb Cb
1, 1, 1,355
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-77,91% 1173,693 1650, 605
Mu phi*Mn phi*Mn
Moment Capacity No LIB
-91165,559 102359,514 102359,514

o, 32168,933

Vu
Force

96,386 273,564 0,352
o, 729,254 Q,

phi*Mn
Cb=1
138377,791

phi*Vn
Capacity
OK
OK

EI factor=0,8

Av3=3264, 667

Rv2=1484,2
Cw=84263986634,
Va3 Tu
o, o,
B2 Cm
1, 1,
1, 1;
Stress
Ratio Check
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Figura 276 — Analise detalhada da barra 1 sugerida pelo SAP para suportar carga térmica de 700°C do

portico EHR3.

SAP2000

Project
Job Number

Engineer

AISC 360-16 STEEL SECTION CHECK {Summary for Combo

Units : KN, mm,

Frame : 4 X Mid: 530, Combo: 700_LERFD
Length: €20, ¥ Mid: 0, Shape: W200X15.3
Loc s 0, Z Mid: 1170, Class: Slender

Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 55 2nd Order: General 2nd Order
AlphaPr/Py=0,091 AlphaPr/Pe=0,102 Tau b=l,

PhiB=0,3 PhiC=0,3 PhiT¥=0, 3
PhiS=0,3 PhiS-RI=1, PhiST=0, 9
2=2480, 133=16500000, r33=81, 567
J=36300, 122=1140000, r22=21, 44
E=25,953 Fy=0,345 Ry=1,1
RLLF=1, Fu=0, 448

STRESS CHECK FORCES & MOMENTS (Combo 700_LERFD)
Location Pu Mu33 Mu22
0, -77,919 -31550, 448 0,

P DEMAND/CAPACITY RATIO
D/C Ratio:

(H1-1a)
0,934 = 0,21 + 0,724 + 0,
= (Pr/Pc) + (B/9) (Mr33/Mc33) +

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2
Major Bending 25 1, 1,
Minor Bending 1 s 5 1.
Lltb Kltb Cb
LTB 1, 1, 1,668
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -77,91% 371,455 769,455
Mu phi*Mn phi*Mn
Moment Capacity No LTB
Major Moment -31550,448 38735,714  38735,714
Minor Moment o, §770,791
SHEAR CHECK
Vu
Status
Force
Major Shear 51,121 162,747 0,314
Minor Shear o, 246,087 0,
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 51,121 50,655

and Station)

Design Type: Beam
Frame Type: SMF
Princpl Rot: 0, degrees

Reduction: Tau-b Fixed
EA factor=0,8 EI factor=0,8

PhiTF=0,75
S§33=162561,57¢ Av3=1101,6
5§22=22352, 541 Av2=1185,52
233=187000, Cw=11006731462,
222=35200,
Vu2 Va3 Tu
-51,121 o, o,
(8/9) (Mr22/Mc22)
Bl B2 Cm
1, 1, 1,
. 1, 1.
phi*Mn
Cb=1
45332,451
phi*Vn Stress
Capacity Ratio Check
OK
OK
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Figura 277 — Analise detalhada da barra 1 sugerida pelo SAP para suportar carga térmica de 700°C do
portico EGRI1.

Project
Job Number
SAP2000 e~
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 1 X Mid: o0, Combo: 700C_LRFD Design Type: Column
Length: 1170, ¥ Mid: o0, Shape: W200X26.6€ Frame Type: SMF
Loc : 1170, Z Mid: 585, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 55 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,086 AlphaPr/Pe=0,162 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,3 PhiC=0, 3 PhiTY¥=0, 9 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=333%0, 133=25800000, r33=87,23%9 5§33=249275, 362 Av3=1857,567
J=T71600, 122=3320000, r22=31,255 522=435924,812 Av2=1208,88
E=25,353 Fy=0,345 Ry=1,1 233=273000, Cw=32743420614,
RLLF=1, Fu=0, 448 222=76400,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1170, -100,647 28314,525 0, -24,2 o, o,
PMM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,668 = 0,239 + 0,425 + 0,
= (Pr/Pc) + (B8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1 s 5 1. b h i;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100, 647 421,146 1051, 795
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  28314,525 58642,451  58642,451 56441,745
Minor Moment o, 12625, 265
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 24,2 165,764 0,148 OK
Minor Shear o, 414,962 0, OK
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont P1 Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 457,35 0, N/C N/C
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Figura 278 — Analise detalhada da barra 2 sugerida pelo SAP para suportar carga térmica de 700°C do

portico EGRI1.

Fonte: Autor

SAP2000

Units : KN, mm,
Frame : 2
Length: 1220,
Loc 1220,

Provision: LRFD
D/C Limit=0,95

D/C Ratio:

Factor
Major Bending
Minor Bending

LTB

Axial

Major Moment

Minor Moment

SHEAR CHECK
Status

Major Shear
Minor Shear

Major (V2)

AISC 360-16 STEEL SECTION CHECK

PMM DEMAND/CAPACITY RATIO

AXIAL FORCE & BIAXIAL MOMENT DESIGN
L

{Summary
X Mid: €10, Combo:
Y Mid: o0, Shape:
Z Mid: 1170, Class:

Enalysis: Direct Analysis

2nd Order: General 2nd Order

(H1.3a,H1-1b)
0,553 = 0,03 + 0,563 + 0,
= (1/2) (Pr/Dc) + (Mr3

CONNECTION SEEAR FORCES FOR BEAMS

VMajor VMajor
Left Right
3,353 4,315

Project

Job Number

Engineer
for Combo and Station)
700C_LRFD Design Type: Beam
W200X26.6 Frame Type: SMF
Slender Princpl Rot: 0, degrees

AlphaPr/Py=0,021 AlphaPr/Pe=0,042 Tau b=l, EA factor=0,8
PhiB=0,3 PhiC=0, 3 PhiTY¥=0, 9 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=3390, 133=25800000, r33=87,23%9 5§33=249275, 362
J=T71600, 122=3320000, r22=31,255 522=435924,812
E=25,353 Fy=0,345 Ry=1,1 233=273000,
RLLF=1, Fu=0, 448 222=76400,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Vu2
1220, -24,2 -32994,52% 0, 4,315

3/Mc33) + (Mr22/Mc22)

(H1.3a,H1-1b)

Bl

1, 1, 1, 1,

1 x; i, 1,
Lltb Kltb Cb
1, 1, 1,063
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
-24,2 401,434 1051, 795

Mu phi*Mn phi*Mn phi*Mn

Moment Capacity No LIB Cb=1

-32594,525 576593,661  58642,451  54264,474

o, 12629, 265
Vu phi*Vn
Force Capacity
4,319 165,764 0,026 OK
o, 414,962 0, OK

Reduction: Tau-b Fixed

EI factor=0,8

Av3=1857,567
Av2=1208,88

Cw=32743420614,
Va3 Tu
o, o,
B2 Cm
1, -
1, 1.
Stress
Ratio Check
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Figura 279 — Analise detalhada da barra 4 sugerida pelo SAP para suportar carga térmica de 700°C do
portico EGRI1.

Project
Job Number
SAP2000 e~
AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)
Units : KN, mm,
Frame : 4 X Mid: 1220, Combo: 700C_LRFD Design Type: Column
Length: 585, ¥ Mid: o0, Shape: W200X26.6€ Frame Type: SMF
Loc s 0, Z Mid: 877,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis
D/C Limit=0, 55 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,093 AlphaPr/Pe=0,044 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,3 PhiC=0, 3 PhiTY¥=0, 9 PhiTF=0,75
PhiS=0,3 PhiS-RI=1, PhiST=0, 3
A=333%0, 133=25800000, r33=87,23%9 5§33=249275, 362 Av3=1857,567
J=T71600, 122=3320000, r22=31,255 522=435924,812 Av2=1208,88
E=25,353 Fy=0,345 Ry=1,1 233=273000, Cw=32743420614,
RLLF=1, Fu=0, 448 222=76400,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -108,319 -32994,525 0, -28,2 o, o,

PMM DEMAND/CAPACITY RATIO  (H1-1b)
D/C Ratio: 0,645 = 0,087 + 0,563 + 0,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending 25 1, 1, 1, 1, i,
Minor Bending 1 x; 1; & 1, 1;
Lltb Kltb Cb
LTB 1, 1, 1,25
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -108,319 £24,045 1051, 795
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -32594,525 58642,451 58642,451 81915,815
Minor Moment o, 12625, 265
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 28,2 165,764 0,17 OK
Minor Shear o, 414,962 0, OK
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Figura 280 — Analise detalhada da barra 5 sugerida pelo SAP para suportar carga térmica de 700°C do
portico EGRI1.

Project
Job Number

SAP2000 Engivaer

AISC 360-16 STEEL SECTION CHECK (Summary for Combo and Station)

Units : KN, mm,

Frame : S X Mid: 1220, Combo: 700C_LRFD Design Type: Column
Length: 585, ¥ Mid: o0, Shape: W200X26.6€ Frame Type: SMF

Loc s 0, Z Mid: 292,5 Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Rnalysis

D/C Limit=0, 55 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,093 AlphaPr/Pe=0,044 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,3 PhiC=0, 3 PhiTY¥=0, 9 PhiTF=0,75

PhiS=0,3 PhiS-RI=1, PhiST=0, 3

A=3390, 133=25800000, r33=87,23%9 5§33=249275, 362 Av3=1857,567
J=T71600, 122=3320000, r22=31,255 522=435924,812 Av2=1208,88
E=25,353 Fy=0,345 Ry=1,1 233=273000, Cw=32743420614,
RLLF=1, Fu=0, 448 222=76400,

STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFD)
Location Pu Mu33 Mu22 Va2 Vu3 Tu
0, -108,783 -16497,263 0, -28,2 0, 0,

PMM DEMAND/CAPACITY RATIO  (H1-1b)
D/C Ratio: 0,368 = 0,087 + 0,281 + O,
= (1/2) (Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending 25 1, 1, 1, 1, i,
Minor Bending 1 x; 1; & 1, 1;
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -108,783 £24,045 1051, 795
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -164357,263 58642,451 58642,451 81915,815
Minor Moment o, 12625, 265
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 28,2 165,764 0,17 OK
Minor Shear o, 414,962 0, OK
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Figura 281 — Analise detalhada da barra 1 sugerida pelo SAP para suportar carga térmica de 700°C do
portico ZSR1.

Project
Job Number
SAP2000 Enameer
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 1 X Mid: o0, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: W200X15.3 Frame Type: SMF
Loc :  11s0, Z Mid: 590, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 55 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,118 RAlphaPr/Pe=0,479 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,5 PhiC=0,9 PhiTY¥=0,5 PhiTF=0,75
PhiS=0,9% PhiS-RI=1, PhiST=0,9%
A=2480, 133=16500000, r33=81, 567 S§33=162561,57¢6 Av3=1101,6
J=3€300, I122=1140000, r22=21,44 S§22=22352, 941 Av2=1185,52
E=25,953 Fy=0,345 Ry=1,1 233=187000, Cw=11006731462,
RLLF=1, Fu=0, 448 222=35200,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
1180, -100, 661 13859,031 0, -11,745 o, o,
DM DEMAND/CAPACITY RATIO (H1.3a,Hl-1a)
D/C Ratio: 0,938 = 0,62 + 0,318 + 0,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.3a,Hl-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1 h 1; b 1= ’ 1,
Lltb Kltb Cb
LTB 1; 2, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -100, 661 162,437 7€8,455
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 13858,031 33€15,707 38735, 688 20169, 424
Minor Moment o, 5770,784
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 11,745 162,747 0,072 OK
Minor Shear o, 246,087 0, 0K
CONTINUITY PLATE, DOUBLER PLATE AND BEAM/COLUMN RATIOS
Cont Pl Dbl P1 BC Ratio BC Ratio
Area Thick Major Minor
Joint Design 457,35 0, N/C N/C
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Figura 282 — Analise detalhada da barra 2 sugerida pelo SAP para suportar carga térmica de 700°C do
portico ZSR1.

Project
Job Number
SAP2000 Enaieer
AISC 360-1€ STEEL SECTION CHECK {(Summary for Combo and Station)
Units : KN, mm, C
Frame : 2 X Mid: €00, Combo: 700C_LRFFD Design Type: Beam
Length: 1200, Y Mid: 0, Shape: W200X2€.6 Frame Type: SMF
Loc : 1200, Z Mid: 1180, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,385 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,01 AlphaPr/Pe=0,02 Tau_b=1, EA factor=0,8 EI factor=0,8
PhiB=0, 9% PhiC=0,9% PhiTY¥=0, 3 PhiTF=0,75
PhiS=0,95 PhiS-RI=1, PhiST=0, 3
A=33%0, I133=25800000, r33=87,233 533=249275, 362 Av3=1857,567
J=71€00, 122=3320000, r22=31,295 S22=495924,812 Av2=1208,88
E=25,993 Fy=0,345 Ry=1,1 233=273000, Cw=32743420614,
RLLF=1, Fu=0,448 222=76400,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Va2 Vu3 Tu
1200, -11,745 -35686€,605 0, 18,64 o, 0,

Prd DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0,623 = 0,014 + 0,609 + O,
= {1/2) {(Px/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXTAL FORCE & BIAXIAL MOMENT DESIGN (H1-1b)

Factor L Kl K2 Bl B2 Cm
Major Bending . 1 1; 1y 1, 1; 0,755
Minor Bending 1; 1 1 5 v 1,
Lltb Kltb Cb
LTB 1, 1, 1,328
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -11,745 408,33 1051, 735
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -35686,605  58642,414  58642,414 55135,34
Minor Moment o, 12625,25
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 18,64 165,764 0,112 OK
Minor Shear o, 414,362 0, OK

CONNECTION SHEAR FORCES FOR BEAMS

VMajor VMajor

Left Right

Major (V2) 17,739 18,64
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Figura 283 — Analise detalhada da barra 3 sugerida pelo SAP para suportar carga térmica de 700°C do
portico ZSR1.

Project
Job Number
SAP2000 Enaieer
AISC 360-1€ STEEL SECTION CHECK {(Summary for Combo and Station)
Units : KN, mm, C
Frame : 3 X Mid: 1200, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: 0, Shape: W200X2€.6 Frame Type: SMF
Loc ¢ D; Z Mid: 590, Class: Slender Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0,385 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,129 RAlphaPr/Pe=0,247 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0, 9% PhiC=0,9% PhiTY¥=0, 3 PhiTF=0,75
PhiS=0,95 PhiS-RI=1, PhiST=0, 3
A=33%0, I133=25800000, r33=87,233 533=249275, 362 Av3=1857,567
J=71€00, 122=3320000, r22=31,295 S22=495924,812 Av2=1208,88
E=25,993 Fy=0,345 Ry=1,1 233=273000, Cw=32743420614,
RLLF=1, Fu=0,448 222=76400,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Va2 Vu3 Tu
0, -150,825 -24252,84 0, -20,587 o, o0,
P DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,73 = 0,362 + 0,368 + 0,
= (Pr/Pc) + (B/39) (Mr33/Mc33) + (8/3) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending : s : : I « 18 0,6
Minor Bending 1; 1 1 5 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -150,825 417,212 1051, 735
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment  -24292,84  58642,414  58642,414 56006,245
Minor Moment o, 12625,25
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 20,587 165,764 A OK
Minor Shear 0, 414,362 0, OK
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Figura 284 — Analise detalhada da barra 4 sugerida pelo SAP para suportar carga térmica de 700°C do
portico ZSR1.

Project
Job Number
SAP2000 Enameer
AISC 360-1€ STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : 4 X Mid: 1800, Combo: 700C_LRFFD Design Type: Beam
Length: 1200, Y Mid: 0, Shape: IPE120 Frame Type: SMF
Loc : 0; Z Mid: 1180, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD ARnalysis: Direct Analysis
D/C Limit=0,35 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,015 AlphaPr/Pe=0,023 Tau b=l, ER factor=0,8 EI factor=0,8
PhiB=0,95 PhiC=0,9 PhiTY¥=0, 35 PhiTF=0,75
PhiS=0,3% PhiS-RI=1, PhiST=0, S
A=1320, 133=3180000, r33=45,082 S§33=53000, Av3=672,
J=1€500, I22=277000, r22=14,486 S§22=865¢€, 25 Av2=528,
E=19S, 548 Fy=0,345 Ry=1,1 233=€60700, Cw=855242525,5
RLLF=1, Fu=0, 448 2z22=13600,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Mu33 Mu22 Va2 Va3 Ta
o, 8,842 -11393,765S 0, -13,784 0, 0,
PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,61¢ = 0,011 + 0,€05 + O,
= {1/2) {(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, p B8 1, o 18 1, 1,
Minor Bending 1, 1; " 1; 1; 1,
Lltb Kltb Cb
LTB 1, 1, 2,15
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Exial 8,842 247,973 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment -11353,765  18833,031 18833,031 16335,531
Minor Moment o, 4215,552
SHERR CHECK
Vu phi*VUn Stress
Status
Force Capacity Ratio Check
Major Shear 13,784 109,213 0,126 OK
Minor Shear o, 150,118 0, OK
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 13,784 13,784
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Figura 285 — Analise detalhada da barra 5 sugerida pelo SAP para suportar carga térmica de 700°C do
portico SZR1.

Project
Job Number
SAP2000 Enameer
AISC 360-16 STEEL SECTION CHECK {Summary for Combo and Station)
Units : KN, mm, C
Frame : & X Mid: 2400, Combo: 700C_LRFFD Design Type: Column
Length: 1180, Y Mid: o0, Shape: IPE120 Frame Type: SMF
Loc = 0, Z Mid: 590, Class: Compact Princpl Rot: 0, degrees
Provision: LRFD Analysis: Direct Analysis
D/C Limit=0, 55 2nd Order: General 2nd Order Reduction: Tau-b Fixed
AlphaPr/Py=0,23 AlphaPr/Pe=0,266 Tau b=l, EA factor=0,8 EI factor=0,8
PhiB=0,5 PhiC=0,9 PhiTY¥=0,5 PhiTF=0,75
PhiS=0,9% PhiS-RI=1, PhiST=0,9%
A=1320, 133=3180000, r33=49,082 S§33=53000, Av3=672,
J=1€900, 122=277000, r22=14,486 S§22=865€,25 Av2=528,
E=199,548 Fy=0,345 Ry=1,1 233=60700, Cw=855242528,5
RLLF=1, Fu=0, 448 222=13600,
STRESS CHECK FORCES & MOMENTS (Combo 700C_LRFFD)
Location Pu Mu33 Mu22 Vu2 Va3 Tu
o, -104, 616 5147,41 0, 4,362 o, o,
DM DEMAND/CAPACITY RATIO (H1-1a)
D/C Ratio: 0,658 = 0,415 + 0,243 + 0,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L Kl K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 0,6
Minor Bending 1 h 1; > 1, 1,
Lltb Kltb Cb
LTB 1; 2, 1,667
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -104, 616 252,12 409,545
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 5147,41 18833,031 18833,031 16421,155
Minor Moment o, 4218,5%2
SHERR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 4,362 108,213 0,04 OK
Minor Shear o, 150,118 0, 0K
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