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Why design for optimal form?
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3Walt Disney Concert Hall, Los Angeles, 2003 | Frank Gehry
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How forces (want to) flow
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Allen et al. (2010). Form and Forces
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Allen et al. (2010). Form and Forces
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Bending moment diagram

Shear force diagram
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Hool and Johnson (1918). Concrete Engineers Handbook
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16
Hool and Johnson (1918). Concrete Engineers Handbook



17Gatti Wool Factory, Rome, 1951 | Pier Luigi Nervi



18Giovanni Poleni, 1748:  Hooke’s guiding principles

“As hangs the flexible line, so but inverted will stand the rigid arch.”
Robert Hooke



19Model of  Familia Sagrada, Barcelona, 1908 | Antoni Gaudi
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21Heinz Isler
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24Filling station, Deitingen Süd, 1968 | Heinz Isler



25Los Manantinales Restaurent, Xochimilco, 1958 | Felix Candela



26Cadyl Horizontal Silo, Young, 1978 | Eladio Dieste



Graphic statics
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Varignon, 1725
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Carl Culmann 1821-1881
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Eiffel Tower, Paris, 1889 | Gustav Eiffel, Maurice Koechlin
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33Garabit Viaduct, Ruynes, 1884 | Gustav Eiffel, Maurice Koechlin, Léon Boyer



34Salginatobel Bridge, Schiers, 1930 | Robert Maillart
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Example
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Example

63

10 kN 10 kN 10 kN 10 kN 10 kN 10 kN 10 kN
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Example
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Form diagram Force polygon
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Magazzini Generali warehouse
Chiasso, Switzerland
Robert Maillart (1924)

Example
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Form diagram Force polygon
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Form diagram Force polygon



Relationship between 
form and force
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Arches
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94Mülheimer bridge, Cologne, 1951 | Wilhelm Riphahn & Fritz Leonardt



95Valtschielbach bridge, Donath, 1925 | Robert Maillart



96



97



98

Example
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Total load ≈ 450 kN (per 1m width of roof)

30 m 30 m

SW ≈ 5 kPa
Waterproofing & insulation ≈ 0.4 kPa
Services ≈ 0.2 kPa
So, DL = 5.6 kPa

LL = 0.5 kPa

ULS = 1.2DL + 1.6 LL = 7.52 kPa

9 m

16 m
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10 × 45 kN

11.5 m

11.5 m



103

Fallow = P/A
4 MPa  =  398 kN / (1000 mm × t)

So, t = 100 mm

Pok = 398 kN

10 × 45 kN
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100mm??!!



Thrust lines
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Own weight

Variable load

fmax fmin



107Salginatobel Bridge, Schiers, 1930 | Robert Maillart
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Salginatobel Bridge
Schiers, Switzerland
Robert Maillart (1930)
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Tower Bridge
London, UK
Sir Horace Jones & Sir John Wolfe Barry (1894)



112Tower Bridge, London, 1894 | Sir Horace Jones & Sir John Wolfe Barry
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Concluding remarks

115



116

Structural Engineering
= analysis of  forces
= reactive
= architectural monologue

Structural Design
= design with forces
= proactive
= dialog between architect and engineer



Thank you
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