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Algumas definigoes...

Srstema:

conjunto de elementos relacionados funcionalmente,

dotado de um carater unitario, que se descreve por seu
comportamento e sua estrutura.
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Sistema EStrutural:

conjunto de elementos fisicos, relacionados funcionalmente,
dotado de um carater unitario, que se destina a manutencdo
da forma, sob a acdo de for¢as de natureza diversa.

v
o
v.‘ : &
T R
\J|‘ il = |
i‘ BN
/ " &e
i o i
Ml ! 7L |
,Jl—lf——-l(«»— SEOE. (eSS

Desenhos daptados de Edward Allen: How Buildings Work — The Natural Order of
Achitecture, 2nd Ed., Oxford University Press, 1995




Grafo: conjunto de objetos (ou vértices’) e de
relacdes entre estes objetos (ou ‘arestas’)

Diferentes representagdes geométricas
de um mesmo grafo:

Sistemas Reticulados:

Grafos em que a disposigcdo geométrica dos elementos é relevante
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Sistemas Estruturals Reticulados:

Sistemas estruturais cujos elementos composto por vértices (ou ‘nos’)
interconectados por linhas materiais que tranmitem forgas e
momentos.

Exemplo: ‘Sistemas de Forgas Centrars’
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Sistema Argurtrave

Parthenon
Argurtetos: Ictinus e Callicrates, sob a supervisdo do
escultor Phidias. Inicio da construgdo 447 AC



Museu do Amanhd
Santiago Calatrava, Rio de Janerro, 2016




Sistemas Rigidos x Sistemas Flexivers:
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(a)  Um sistema rigido, como uma viga, ndo muda drasticamente sua forma quando o
carvegamento varia
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(6) Um Sistema ‘flexivel, como um cabo, pode mudar mudar drasticamente de
forma, guando carvegamento varia

Daniel Shodek, ‘Structures’, 1992
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Classification of
basic structural
elements according
to geometry and
physical
characteristics.

Daniel Shodek,
‘Structures’,

1992



Pantogratos

-



Pantodgrafos sdo mecanismos, que podem ser
eMpregados como estrututuras:




Treligas Planas




Portico Treligado:

Saisbury Centre for Visual Arts (Norman Foster, 1974)
East Anglia University, Norwich, Inglaterra




Sainsbury Centre for Visual Arts (Norman Foster,
1974)

East Anglla Umvers:ty, NorW|ch Inglaterra



http://www.scva.org.uk/

Saimsbury Centre for Visual Arts (Norman Foster, 1974)
East Anglia University, Norwich, Inglaterra
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http://www.scva.org.uk/




Treligas, porticos, cabos e sistema Vierendeel:

Arena Corinthians, Arg. Anibal Coutinho, 2016
Cobertura: Werner Sobek
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Treligas Planas x Treligas Espacrars

Triangulo de Srerspinski

Piramide de Srerspinski
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Treligas Planas x Treligas Espacrars
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Treligas Espaciars

Catedral de Cristal, Arg. Johson Burgee, Garden Grove,
California, EUA, 1978-80

)



S

- .
i h\ .
T 3 e .
Y b i 2
- .’ ." A .‘\‘\\‘l' 2

G R







Alexander Graham Bell and the Octet Truss

A.Graham Bell
Has New Idea

In Architecture

Opening of the Tetrahedral

Tower.Seventy Feet High |
on Beinn Bhreagh. i

| ——

‘It May Become an Important '

. Factor.in Building of I

| the Future.

|

"Climaxing Bell's architectural
experiments with tetrahedral
structures was an observation
tower at Beinn Bhreagh, his
summer estate near Baddeck,
Nova Scotia. Each unit for this
tower consisted of six 4-foot
pieces of ordinary galvanized
iron pipe and four connecting
nuts; the units, themselves, were
riveted together in the field by
unskilled labor. Upon its
completion in September 1907,
the tower stood nearly 80 feet

high." ﬁ
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Michell’s Truss (~1200)

1000

a) b)

a) Michell structure (approximate rendition)
b) Similar truss structure, simplified
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<
Arvores:
Aeroporto de Stuttgart,
Architect: Gerkan, Mag, and Partners, Hamburg (1981-1991, plangjamente / construgdo) .
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Sibelius Hall
Finlandida, 2000.

Architects Kimmo Lintula and Hannu Tikka.
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Domos Geodésicos

Pavilhdo norte-americano da EXPO 1967 ( Montreal)
R. Buckminster Fuller.




Domo Geodéscro - 1Guzzini (Josep Mids, 2011)
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1Guzzing (Josep Mids, 2011)




1Guzzing (Josep Mids, 2011)
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Edificio sede da (gquzzini’ ilfuminazione 1bérica s.a.
Barcelona, 2006 (concurso) 2008 -2011 (construgdo)
Arquiteto: Josep Mias

Area: 9,000 m?

Orcamento. 12m €
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29.30. 31.

32. 33. 34.
Engravings
depicting sea ur-
chins with round
and ellipsoidal
shapes.

35, 36, 37. 38.
39. 40. Early
studv sketches
of the relation-
ship between
the overall
volume and the
courtyard.
41.42.43.

44. 45, 46.
Sectional study
sketches of the
central pillar
and enclosure.
47.48, 49. 50.
51. Sectional
drawings of the
overall project
made during
the competition
stage.

52. S3. Early
study model with
4-base geome-
try. Scale: 1:300
Material: sol-
dered wire.

54. 55. Study
model of the
volume and the
skin deforma-
tion with 4-base
geomeltry.
Scale: 1:150.
Material: sol-
dered wire.

56. Study model
of the skin grid
with 5-base
geometry-based
and the sun-
screen. Scale:
1150, Material:
soldered wire.



Estruturas ‘tensegrity’

Monument a la Forme Futile
Emmerich, 1966

“Needle Tower’’,
Keneth Snelson, 1948
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Estadio Unico Ciudad de La Plata

Roberto Ferreira & Arquitectos Asociados
Conclusdo: 2011
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“Cestos’, gridshells:

(a)
Figure 1. Basket-like structures. (a) The ~“5-dimensional quasi-periodic™ garden pavilion by Olafur Eliasson
in Holbaek, Denmark, 1998 (courtesy of Mr Eliasson). (b) The Beijing Olympic Stadium designed by
Herzog & de Meuron for the 2008 Olympic Games (taken from the Internet).

g 2006 #Pcs BASKETS

IASS SYMPOSIUM Tihor TARNAI
APCS CONFERENCE S - 5 i ;
NEW OLYMPICS Professor, Department of Structural Mechanics. Budapest University of Technology and Econontics,
NEW SHELL AND SPATIAL STRUCTURES Budapest, Mitegvetem rkp.3., H-1521 Hungary
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Estadio Olimpico de Pequim
“Bird’s Nest”
Mar¢o, 2008
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Location: Beijing, China

Broke ground: December 2003

Owner: Government of the People's Republic of China
Construction cost: ~USD $500 million

Architect: Herzog & de Meuron, ArupSport, CAG
Capacity: 80,000 / 41,000 (Olympics)



g 200008 APCS RESEARCH & DESIGN OF TWISTED BOX-SECTIONS OF PRIMARY

s e STRUCTURES FOR NATIONAL STADIUM BEINJING
APCS CONFERENGCE . . . "
NEW OLYMPICS Zhong FAN'. Y1 PENG®. Zhe WANG’, Jaru QIAN®, Zuozhou ZHAO®

NEW SHELL AND SPATIAL STRUCTURES
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Weaire-Phelan structure
(as polyhedra)

irreguiar tetrakaidecahedron | jrequiar dodecahedron
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http://www.sciencenews.org/view/access/id/34289/name/cut_series_2.jpg
http://www.sciencenews.org/view/access/id/34295/name/Arup+Martin_Saunders.jpg
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Figure 4. Architecture Elevation View
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Figure 3. Architecture Plan View

g 2008 4PCS CONSTRUCTION TECHNOLOGIES STUDY OF POLYHEDRAL SPACIAL
“ RIGID FRAME FOR NATIONAL SWIMMING CENTER
IASS SYmrPOIIUmM
v Guan-Gen ZHOU?, Yang LIU?

NEW SHELL AND SPATIAL STRUCTURES -
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Gridshell: Metropol Parasol
Jirgen Mayer H. Architects (2011)
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Centro Heydar Aliyev, Azerbaijdo (2013)
Arqgs. Zaha Hadid, Patrik Schumacher
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!w’dshell — Anaheim Regional Transportation
Intermodal Center (HOK, 2014)
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