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Anteriormente, vimos as grelhas...

E as placas...

‘ f 1111 lw(N/nf)

Sistemas geometricamente bem caracterizados por um plano médio, mas
comportamento tridimensional...



Cascas continuas e reticuladas
(shells & gridshells)

Estruturas de comportamento tridimensional, capazes de resistir a
flexdo e geometricamente descritas por superficies curvas



Jewel Changi Airport, Singapura.
Arg. Moshe Safdie (2016)
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Superficies de curvatura simples ou dupla:

dupla curvatura,
sinclastica

Curvatura simples

dupla curvatura,
anticlastica



- oA Casca Funicular: comportamento de membrana;

somente esforgos de tragdo e compressao
RS
¢+

Formas complexas: presenca de
momento fletor;

CURVATURAS

(Esquemas originais — Prof. Mario Franco)



Esfera Domo Geodésico Domo de Schwedler Domo Nervurado
<|® <|®
Elipsoide Paraboléide Cilindro Nervurado Cilindro Lamelar

Casca funicular Paraboldide Paraboldide Superficie de forma
Hiperbdlico Hiperbdlico livre
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Cascas — Tubo de secdo
circular sobre carga anular
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Cascas

Casca Funicular
ao carregamento
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Esquemas originais — Prof. Mdrio Franco



Casca esférica sujeita a cargas verticais
(Referéncia: Shodek, Structures)




Casca parabilica:

Mevridianos

Forgca meridional
Paralelos

For¢a circunferencial

Do estudo das membranas, recorda-se N, )

a Equagdo de Laplace-Young: R T
0

N
¢
= pr
R¢

Nota: nesta aula, as membranas serao
vistas apés as cascas!



Casca esférica sujeita a cargas verticais




Ny+ N,

Eq. Laplace:

=p. =WCOSQ
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Anel de tragdo
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Palazzetto dello Sport — 1956 — 1957
Pier Luigi Nervi, Annibale Vitellozzi
1960 Olympics







Surface area
= 33,673 sq. ft

oy
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(a) Area calculations (b) Dome during construction

Total downward load
W= 2,693,840 lbs

/—H\ -

éj 74,829 lbsﬁ b= 38°

95,776 Ibs
Force/buttress

Simplified modsl
of farces 5o
| F=121,542Ibs 74,829 Ibs
; b= 38°
- 95776 bs || 5 L o \

Angles subtended by gty - Gt
one of 36 buftresses T= 549,455 Ibs 5 g :

T=549,455 lbs =






1 =4.83Rt

e\ M, =0.294pRs
<t | M =0
M, =—0.061pR1

Exewplo: B —4m, +=020m, p=150kN/m’
N, =600kN /m; A=4.32m
M, =35,3kNm / m (¢10 cada 10cm)

M, =-T7,3kNm / m (¢ minimo)

Esquemas originais — Prof. Mdrio Franco
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Paraboldide hiperbélico

- Standing parabola—
o P compression curve

Hanging parabola—
- tension curve
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Edge ||

shears I| II

Edge beam transfers
VANEFE shell forces to the
supports
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CONSTANTINOPLE
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EVOLUTION OF GOTHIC VAULYTING
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The world's first hyperboloid structure
Viladimir Shukhov, Nizhny Novgorod, 1896



Piscina Coberta Centro Esportivo Baby Barioni - SP - 1948

icaro de Castro Mello



Palacio das Artes - SP - 1951
Oscar Niemeyer, Zenon Lotufo, Hélio Uchda, Eduardo K. de Mello



Planetario - SP - 1955
Eduardo Corona & Roberto José Goulart Tibau & Antonio Pitombo



Xochimilco Restaurant Los Manantiales, Mexico, 1957/1958
Felix Candela (Eng), Fernando Alvarez Ordéiiez; Joaquin Alvarez Orddénez (Args)






CNIT

Centre des nouvelles industries et technologies,

Paris, 1956 - 1958

Architect Robert Edouard Camelot
Jean de Mailly
Bernard Louis Zehrfuss
Engineer Nicolas Esquillan

Jean Prouvé
Consultant Pier Luigi Nervi
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TWA Terminal at JFK International Airport , New York, 1956-1963
Design engineer.  Boyd G. Anderson

Architect:; Eero Saarinen
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St. Louis Abbey (or the Priory Chapel)
Gyo Obata of Hellmuth, Obata & Kassabaum (HOK) with Pier Luigi Nervi, consultant
1962
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H. Isler, Wyss Garden Center, Suica, 1961



Heinz Isler — Blrgi Garden Center — Suicga, 1973
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Heinz Isler — Blrgi Garden Center — Suicga, 1973




H. Isler, Bruhl Sports Center , Suica, 1982



Sistema Bini
The Kallangur Shopping Center, Queensland, Australia












Palacio das Convencoes - SP - 1967
Miguel Juliano e Silva, Jorge Wilheim
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Posto Catacumba - RJ - 1968
Dilson Gestal Pereira, Waldyr Antunes Figueiredo, Paulo Roberto M. Souza, Alfredo Lemos
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Sydney Opera House (1958 — 1973)

Double thin shell ribbed ; Concept designer Jorn Utzon; Architect E. H. Farmer , Peter Hall,
David Littlemore, Lionel Todd ; Engineer: Ove Nyquist Arup



mv_q - 'I"""h.u 1y NI
"1} P —-—-—1_.-.§_|.1.Lu|| NI -

——




| 4] .
=r
£ ;'".l-'ﬂ B B g g -

i [
"rr"I--.j'ul- Faw







““m‘%rgfﬁﬁw ,@

Fariborz Sahba (canadlan archltect)






DELHI - Baha.l Temple (le 28 avril 1995)






Memorial da América Latina - SP - 1987

Oscar Niemeyer
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Museu de Arte Contemporanea - RJ - 1996

Oscar Niemeyer
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L'Oceanografic, Valencia , 2002
Félix Candela




Santiago Calatrava
Tenerife Concert Hall, 1996

Canary Islands, Spain




The all-concrete building is characterized by the dramatic sweep of its roof. Rising off the base like a
crashing wave, the roof soars to a height of 58 meters over the main auditorium before curving downward

and narrowing to a point. The building's plinth forms a public plaza covering the site and allows for changes
in grade between the different levels of the adjacent roads.
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Guggenheim Museum, Bilbao, 1997
Architect: Frank Owen Gehry









Viveiro dos hipopoétamos do zoologico de Berlim
Arq. J. Griebl (1999)

Desgin: Jorg Schlaich



Viveiro dos hipopdotamos do zoolégico de Berlim



Fiera di Milano Exhibition Centre, Milan, Italy
Massimiliano Fuksas, 2005
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Anaheim Regional Transportation Intermodal Center
Anaheim, California, 2015
HOK Architects
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Metropol Parasol
Arq. Jiirgen Mayer H. Architects (2011)
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Centro Heydar Aliyev, Azerbaijdo (2013)
Args. Zaha Hadid, Patrik Schumacher
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Arnhem Central Station, the Netherlands, 2015
Architects: UNStudio









Bosjes Chapel, Witzenberg, South Africa, 2017
Steyn Studio (UK) & TV3 Architects (SA)
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