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WHAT IS A SHELL?
Structural introduction
Advantages and disadvantages

BRIEF HISTORY OF SHELLS

FORM FINDING OF SHELLS
Methods of past and present
Physical testing/experiments
Heinz Isler
Frei Otto

CONTEMOPORARY INSPIRATIONAL RESULTS

CHALLENGES OF FORM FINDING
Techniques



WHAT IS A SHELL?
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Bus garage, Kelenfold (. Menyhard, J. Padanyi Gulyas 1941)
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THE PAPER
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TYPE OF SHELLS

ELLIPTIC HYPERBOLIC PARABOLIC FREE-FORM




OF SHELLS

FILMS - MEMBRANE SHELLS - SHELLS

FAILURE OF MEMBARNE SHELLS
BUCKLING - ROLE OF BENDING STIFFNESS
‘HONESTY OF HANGING CLOTH MODELS’

AREAS MOST AFFECTED BY BUCKILNG: EDGES, HOLES



OF SHELLS

SUPPORTS

EQUILIBRIUM IS SEARCHED FOR
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SHELL GEOMETRY
FUNICULAR SHELLS,

domical vault
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BRIEF HISTORY OF SHELLS
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Banhnthof Stuttgart (F. Otto 1997)




FORMFINDING, INTUITION
mathematical models model building

ANTONI GAUDI

GERMAN scHOOL ROBERT MAILLART

E. TORROJA
P . NERVI
HUNGARIAN SCHOOL
= CANDELA HEINZ ISLER
FREI OTTO

SANTIAGO CALATRAVA
CECIL BALMOND

JURG CONZETT
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PERIODIZATION

1920

® 2 2 2 @ @& & &» @ & @ @& ° o @0 @° @

1950

Zeiss-Dywidag (D)

(Dischinger-Finsterwader)

F. Otto (FRG/D)
H.lsler (CH)

F. Candela (MX)
PL.Nenvi (I)






A statikus merészsége

(Hoch Istvan rajza(
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Salt warehouse, Kazincbarcika (M. Gnadig 1952)
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SeElalAl Kirke, Oslo (Lund+Slaatto,Borring+Rognerud1966)




FORM FINDING OF SHELLS



EFFECTIVE FORMS
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Pavillon Sicli, Geneve (H. IS -Hiloerer
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Pavillon Sicli, perspective view+hanging models for form finding



lce sculptures/hanging cloth models (H. Isler)
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MATERIAL




DOUBLE CURVATURE + STIFFNESS

Naturtheather Grotzingen, formwork edge + Garden centre, Wyss (H. Isler, 1961)



FORCE FLOW ;
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REINFORCEMENT
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Naturtheather Grotzingen (H. Isler, M. Balz 1977)
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OPTIMIZATION - POST-PROCESSING
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SHELLS OF TODAY
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Rolex Leamning Centre, Lausanne ( SANAA, SAPS, Bollinger & Grohmann et al. 2000)



Rolex Leaming Centre, Lausanne ( SANAA, SAPS, Bollinger & Grohmann et al. 2000)
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Pavillon Sicli, route des Acacias 45, -
1227 Acacias. Genéve.
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Summer theater, Szczecin, PL ( Flanagan Lawrence, 2018)



Acoustic Shells, Littlehampton, UK
( Flanagan Lawrence, 2014)




FORM FINDING



LIMITS




SUITABLE EQUIPMENT




NOTE THE CRITICAL AREAS




GOOD ENGINEERING SENSE

a) dead load - catenary (2D) b) hidrostatic load (3D)



MEASURING THE MODEL

3D ZEPHYR,
MEASURE 3D

SCANNSD



REFINING YOUR MODEL - OPTIMIZATION, POST-PROCESSING
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There are two types: one Is about to solely imitate the form, which was
originally an adequate answer to a specific problem. The result is a
structure, that formally closely resembles the original — not completely,
since there was a natural desire in the designer to be original - but
lacks 1ts meaning, hence it becomes superfluous and even formally
iIncomplete. The other designer understands and re-evaluates the
original setting and implements itaccording to the given circumstances.
The thus created structures are not only efficient, but without any further
effort they take on a new and aesthetical form.
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