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Partenon

(século V a.C. 447 e 438 a.C.)
“século de Péricles”

Dedicado a Atenea Parthenos

Arquitetos Ictinos de Mileto e Calicrates (escultor Fidias)

Genesis, 11.4

O Povo de Deus disse:

“ Vamos construir uma cidade e uma Torre
que alcance o Paraiso e deixe gravado
nosso nome na histéria antes de que
sejamos espalhados por toda a face da

Terra”







O inicio dos arranhacéus na
idade contemporanea foi em
1890 com a construcao do
edificio Wainwright
Chicago, USA.

Conhecido Escola de Chicago

Projetista
Arquiteto Louis Henry Sullivan
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Salvo Palace
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Martinelli Building

Paulo
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1928
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Altura 106 m
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Torre

Parque Central i
Caracas (”f‘ I |
Venezuela | | |

Enrique Siso y Daniel F.
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Los concretos que se usaron en su mayoria fueron
dlsenados,parﬁ 350 kgf/cm?,
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Grand Arch
La Defense
Paris
Franca 1990
fox = 60 MPa

“high-tech
style”

Centro
Empresarial
Nacoes
Unidas

Torre Norte

Sao Paulo
1998

Altura 179 m

fcx = SOMPa
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Altura 452 m
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Petronas Towers
Kuala Lumpur
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TAIPEI 101

Shangai World Financial Center

Taiwan Ch

Altura 508m
f.x = 80 MPa
record mundial
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The Taipei 101
Building

25
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The Taipei 101 Building
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September 11, 2001
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FEMA
Federal Emergency Management
Agency
www.fema.gov
NIST
National Institute of Standards and
Technology
wtc.nist.gov
Port Authority of New York
NYC Building Code
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6.000 fotos
185 fotografos
150h de video
15.000 pag. Depoimentos
17.000 ocupantes
8.500 cada (99% abaixo sairam)
93% nunca usaram escada
WTC 1> 1560; WTC 2- 599
bombeiros > 433

30
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WTC 1 - 103 min
WTC 2 - 56 min
WTC 7 - 5h
Projeto WTC 1 e 2 > 1964
> impacto boeing 707 a 960 km/h
> sem incéndio
> 1,25cm argamassa projetada > hoje é 5cm
> inovador sem ensaios
> NYC Building Code adotava 1h - hoje 3h

31

Resisténcia e Estabilidade

> medidas indicaram que o impacto do
Boeing 767-200ER acarretou vibracao
semelhante a de um terremoto de indice 2,4

> vibracao induzida teve amplitude da ordem
da metade da maxima considerada por efeito
de vento

> periodo de oscilacao equivalente ao do
edificio integro

32
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Piores Consequéncias do Impacto

> descolou protecao térmica

> comprometeu sprinkler e agua
> espalhou combustivel

> aumentou ventilacao

33

Incéndio

> temperaturas altas da ordem de 1.100°C
> combustivel queimou rapido

» carga térmica alta do prédio e do aviao
> poucas paredes para cortar propagacao
> transmissao rapida a varios pisos

>

34
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Incéndio

> temperaturas altas da ordem de 1.100°C

> combustivel queimou rapido

> carga térmica alta do prédio e do aviao

> poucas paredes para cortar propagacao

> transmissao rapida a varios pisos

> WTC 7 incéndio apés queda 7, 8, 9, 11, 12,
13, 22, 29, 30 colapso progressivo

>

35

O,

Acrobat Document

Acrobat Document
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Resisténcia a
Incéndio e
Temperaturas
Elevadas
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Figure A-6 Strength of steel at elevated temperatures (Lie 199.2.‘““9“‘

Steel Structures
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Concrete St

Temperature
752

ructures

(°F)

i isl

Avg. initial c, of "unsanded" concrete = 17.9 MPa
Avg. initial , of "sanded" concrete = 26.9 MPa

rength | |
% 200 400 600 800
Temperature (°C)
Flgure A-12 Reduction of the compressive strength of two lightweight concretes (one with natural sand) at elevated temperatures
|__(Kodur and Harmathy 2002)
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Figure A-7  Modulus of elasticity at elevated temperatures for structural steels and steel reinforcing bars (SFPE 2000)
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modulus

700
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Temperature (°C)
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Steel St;::“cs:tures

Figure A-7 Modulus of elasticity at elevated temperatures for structural steels and steel reinforcing bars (SFPE 2000).
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Concrete Structures
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Crescimento

da

Temperatura

ASTME 119

The standard time-temperature curve
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Distribuicdo da temperatura nos perfis metélicosl
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Figure A-9 Steel temperature rise due to fire exposure for unprotected steel column.
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Polivka &
Wilson
UC, 1976
Berkeley

Calmon &
Claudio
UFES,
2002
Vitoria

Bazant &
Kaplan
Northweste
m
Logman,

Distribuicao das Temperaturas

Concreto pilar 50x50 cm

1996 centr

450°C 8\@ 910°C -

700°C
50°C

450°C
450°C

250°C

20°C .

45
Distribuicdo das Temperaturas
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400 ...... —
Tem- 300
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tura
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5 10 15 20
Distancia (cm)
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Solucoes
Inovadoras
Ensaios de
Incéndio
Colapso
Progressivo
Compartimentaca

47

24



