Thin Shell Structures

Guranter Multari, Christopher Legada, Juliana Pipola
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Washmgton Du”es ]ntemataonal Air!:)ort

Location Du”es \/irgmia

Architect: [ ero Saarinen

Date: 1958to0 1962

Airpor’c occu[:)ies 11,830 acres



L OYSTEMSFAN e EITECTIVE SFANS

e | his structure uses Simpl9
Suspencjecj Cabl@‘s

e [ hecablesare light and have high

streng’th to weight ratio small members
can be used in very |arge span. T he
lightness of the cable Provides an
expan&ecﬂ impression of space and
smootHg Cur\/ing cables which creates
structures with soft outlining.

< The roof clacﬂ&ing IS suPPor’ted bg a
single ]aycr of non—-Pre—-tensionecl

CabICS.

e The steel suspensions cables span
across the 164 ft. width and are
anchored to slanted reinforced

concrete Piers, spaccd at 10 ft. interval
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LOYSTEMOrAN e CITECTIVE SFANS
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Minimum span: 70~ 75’
A\/erage or tgPical member: 160

aximum: 1 80+
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The Sgclneg Opera [THouse
| ocation: Bennelong Foint) 59dneg NSW 2000, Australia

Da’ce: Octobc:r 20,1977
Architects: ng ( Jtzon, Ove Aru]:) (firm Arup)



2. CONSTRUCTION TIME & COST

(_onstruction time: | he Sgclneg Opera
House(Australia) was conceived and large]g built bg

Danish Architect Jom ( ltzon, opening i L)
after a long gestation that began with his competition

winning clesign n1957. Theort Macquarie | ram
DeEot) occupging the site at the time of these P]ans,

was demolished in 1958 and construction bcgan I
March i 959. ]t was built in three stages: stage ]
(1959-196%) consisted of building the upper
Podium; stage I (1963~1967) the construction of the
outer shells; stage 1 (1967-1973) interior cjesign

and construction.



http://en.wikipedia.org/wiki/Fort_Macquarie_Tram_Depot
http://en.wikipedia.org/wiki/Fort_Macquarie_Tram_Depot

2. CONSTRUCTION TIME & COST

Cost; The Opera House was Forma”g completed N
1973, having cost $102 million. 2t [HR. " Sam?
Hoare, the [Hornibrook director in chargc of the
Project) Providecl the Fo”owing a Proximations 13
197%: Stagé | Podium Civil e Civic th | td
aPProximatelg $5.5m. Stage H roof shells M.K.
Hornibrook (NSW) th | td aPProximatelg SHE P .
Stage ]” completion The Hormibrook Group
$56.5m. 5eparate contracts: stage ¢ uipment) stage
]ighting and organ $9.0m. I"ees and other costs:
$16.5m. | he original cost estimate in 1957

was £3%,500,000 <$7 mi”ion). Thc original completion
date set bg the government was 26 Januarg 1963
<Australia Daq). Tl‘:us, the Pro'ect was completecj

ten years late ancﬂ over~5u&get y more than

fourteen times.



http://en.wikipedia.org/wiki/Sydney_Opera_House
http://en.wikipedia.org/wiki/Australian_pound
http://en.wikipedia.org/wiki/Australia_Day

= -ﬁ"a-\m-qxem -

):l-g" w-" ‘h _;?.’L_. ." T

Washmgton Du”es ]ntemataonal Air!:)ort

Location Du”es \/irgmia

Architect: [ ero Saarinen

Date: 1958to0 1962

Airpor’c occu[:)ies 11,830 acres



> TLEXIBILITYOF THESYSTEMDIVERSITY

OF TORMS AVAILABLE

——Suspension bridge

l’— Cables under

Tﬂpes of structure with signi{:icant tension members

e | inearstructures

Suspension bri&ges

Dra sed cables

Cab e~staye<§ beams or trusses
Cab e trusses

Straight tensioned cables

S Three-c}imensional structures

Bicycle wheel
5D cable trusses

ﬂensegrity structures

—

ensairity structures
Surfaco—s’cressed structures
Fre~stressed membranes
Fneumatica”g stressed membranes

(arid shell

fabric structure
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§.J:lexi}:>ilit9 of the system _chvc—:rsity of forms available
= - ||y , The State Urziversitg of New

Matty S

esign ubmission ror the 2010 | an it F1enEmton
(Design Submission for th [ and Art (G
Initiative Design Competition)

“The Frism Clouc] Is minima”g invasive to its
environment and the surrounc]ing desert

ecologg, since the on]9 Point at which it l
touches the ground is at the concrete Piers,
which can be spacec] far apart. T he Prima:y

structure is a cable net that never touchcs thc

ground.” Grid shell

atthew Johnson and Jason Logan



JOhﬂ l: KCﬂﬂCdg lntcmational AiFPOI"t (The TWA Flight Center or Trans
World F]ig}nt Center}

Architect: | ero Saarinen Area: 17.6 acres

| ocation: Queens, New York ] ime: 1959-1962



+ ARCHITECTURALTINIONES AVAILADLLE

Most common finishes include: leve]mg, MR

Ty =
sl \:

1qoa’cingJ trowe]ing, stamping, stenciling)
brooming, rock salting, sealing and
1ar&ening.

nthe | WA terminal the type of concrete
finishes include: high tolerance, heavy &utg,

colorecj, exposed aggregate.
golored _oncrete “inishing
(_olored concrete Fimishing is achieved bg

acHing dges and Pigménts used to alter and
control the color of concrete. Co]orec!
concrete finishes are often combine with
s’tampe& concrete Finishing and exposcd

te concrete Finishing.
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5. CONNECTION D
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TRANS WORLD AIRLINES FLIGHT CENTER

THE CONNECTION
BETWEENTHE
STAIRS AND
SECOND FLOOKR
SLAD ARE FOURED IN
FLACE CONCRETE.
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6. QYO TEMOTRENGTHe WEAKNESSES

53stems strengths:
T he 59&169 Opera House in Australia. T hese

and other structures are more thanjust architectural
masterPieces. Theg’re works of engineering genius
that high]ight one of the field’s most imPortant
elements: a thin shell. Made Fromjust about any
material (but mostlg concrete since the 1920s), thin
shells emphasize the majestg of a structure while
ogering a wealth of support that seems inconsistent
with their thin nature. |n thin-shell structures,
aesthetic beautg and structural strength derive from
cxactlg the same source: the curved shape of the
shell. And it’s this PerFect form of marriage and
structure that makes seeing and understanding thin-
shell structures so uniquelg satisxcging.
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6. SYOTEMOSTRENGT He WEAKNLSSES

Sgstem weakness:

Since concrete is a porous material, concrete domes
often have issues with sealing. ]1C not treated,
rainwater can see through the roof and leak into the
interior of the bui cling. (On the other hand, the
seamless construction of concrete domes prevents air
from escaping, and can lead to buiic!up of
condensation on the inside of the shell. Shing]ing or
sealants are common solutions to the Problem of
exterior moisture, and dehumdifiers or ventilation can

address condensation.
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Resources:

http://en.wikipedia.org/wiki/F%C3%A9lix_Candela

spacesymmetrystructure.wordpress.com
http://cobagonzo.blogspot.com/2011/10/temporary-pavilion-structures-1.htm|
http://www.greatbuildings.com/buildings/Dulles_Airport.html

http://landartgenerator.org/blagi/archives/date/2010/09/page/?2

http://www.jaunted.com/story/2011/10/16/22910/552/travel/Inside+the+Historic+ TWA
+Flight+Center+at+New+York's+JFK+Airport

http://www.neighborhoodpreservationcenter.org/db/bb files/Trans-World-Airlines-Flight-
Center--Ground-Level-Interior.pdf



