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eQ: Funicular line through two points

http://www.block.arch.ethz.ch/eq/drawing/view/5
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A cable’s reaction to uniformly distributed loads

Alvaro Siza, Cecil Balmond: Expo Pavillion of Portugal, Lisbon, 1998
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Approximately same length
Annähernd gleiche Länge
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eQ: Parabola vs. Catenary

http://www.block.arch.ethz.ch/eq/drawing/view/10

http://www.block.arch.ethz.ch/eq/drawing/view/10
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Case study: Golden Gate Bridge

Joseph Strauss: Golden Gate Brücke, San Francisco, 1937
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A cable’s reaction to uniformly distributed loads

Example:
Beispiel:
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Mockup eines Kabels der Golden Gate Brücke
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Mockup eines Kabels der Golden Gate Brücke
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Detail eines Kabelstrangs
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Case study: Golden Gate Bridge

P.L. Nervi: Papierfabrik Burgo, Manuta, Italien, 1962
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eQ: Golden Gate Bridge

http://www.block.arch.ethz.ch/eq/drawing/view/11

http://www.block.arch.ethz.ch/eq/drawing/view/11
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Le Corbusier: La maison de la culture, Firminy, 1965
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Alvaro Siza, Cecil Balmond: Expo Pavillion of Portugal, Lisbon, 1998
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Stiffening through prestress

eQ: Prestressing

http://www.block.arch.ethz.ch/eq/drawing/view/14

http://www.block.arch.ethz.ch/eq/drawing/view/14
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Stiffening through prestress

eQ: Complex Prestress

http://www.block.arch.ethz.ch/eq/drawing/view/12

http://www.block.arch.ethz.ch/eq/drawing/view/12
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Stiffening through prestress

Veil & Jörg Steli, Th. Zoidl, Fussgängerbrücke Bruneck, Innsbruck, 2004
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Stiffening through prestress

Sergio Musmeci, Wettbewerb für Ponte Messina, 1970
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Stiffening through prestress

Peter Rice: Parc de la villette, Paris, 1981
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Stiffening through prestress

Renzo Piano: Kansai International Airport, Osaka, 1994
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Stiffening through prestress
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Stiffening through prestress

Herzog and Partner, Schlaich Bergermann and Partner: Exhibition Center 26, Hannover, 1996
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Othmar Ammann: George Washington Bridge, New York, 1931
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Othmar Ammann: George Washington Bridge, New York, 1931



93Aussteifung mittels eines Fachwerks
Stiffening using a truss

q

A B



94Aussteifung mittels eines Fachwerks
Stiffening using a truss

Kenzo Tange: Olympic Stadium, Tokyo, 1964
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Kenzo Tange: Olympic Stadium, Tokyo, 1964
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Stiffening using a truss

Sir Horace Jones and Sir John Wolfe Barry: Tower Bridge, London, 1894
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Stiffening using a truss

eQ: Cable for non-uniformly distributed load

http://www.block.arch.ethz.ch/eq/drawing/view/15

http://www.block.arch.ethz.ch/eq/drawing/view/15
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Stiffening using a truss

eQ: Tower Bridge

http://www.block.arch.ethz.ch/eq/drawing/view/13

http://www.block.arch.ethz.ch/eq/drawing/view/13
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Overview of  stiffening schemes

Stiffening by increasing dead loads
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Aussteifung mittels eines Fachwerks
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Pneumatic membrane structures
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Static behaviour of  cable-net and membrane structures

Eero Saarinen, Ammann & Whitney: Dulles Airport, Virginia, 1962
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Static behaviour of  cable-net and membrane structures
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Static behaviour of  cable-net and membrane structures

Anatole Kopp, R. Sager: Stade de Saint-Ouen, Nanterre, 1971
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Anatole Kopp, R. Sager: Stade de Saint-Ouen, Nanterre, 1971
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Static behaviour of  cable-net and membrane structures



140

Tragwirkung von Seilnetz- und Membranstrukturen

>> Frei Ottos physische Formfindungs-Experimente

Arten von gespannten Dachkonstruktionen

Pneumatische Membranstrukturen

Seilnetz- und Membranstrukturen
Cable-net and membrane structures

Static behaviour of  cable-net and membrane structures

Frei Otto’s physical form-finding experiments

Types of  tensioned roof  systems

Pneumatic membrane structures



141Frei Ottos physische Formfindungs-Experimente
Frei Otto’s physical form-finding experiments

Frei Otto, Pritzker Preisträger 2015
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Tragwirkung von Seilnetz- und Membranstrukturen

Frei Ottos physische Formfindungs-Experimente

>> Arten von gespannten Dachkonstruktionen

Pneumatische Membranstrukturen

Seilnetz- und Membranstrukturen
Cable-net and membrane structures

Static behaviour of  cable-net and membrane structures

Frei Otto’s physical form-finding experiments

Types of  tensioned roof  systems

Pneumatic membrane structures
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Case 1: vertical forces --> name always on the right side of the force, in the center
pick text from the library!
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Position of arrowheads

Notation - Form Diagram

Notation - Force Diagram

Cremona- Construction without notation
inner forces always precise without arrowhead, 
external with an offset of 1.0 mm and with half arrow heads when internal eq is also shown

Dimensioning

Case 1: vertical forces --> name always on the right side of the force, in the center
pick text from the library!
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Step 6: Copy the perpendicular line and place it 
through the corner of the text margin which is 
more near to the dimension line. Then, move the 
text box to the dimension line keeping the center 
of the box on the first perperdicular. Then group 
the text and the dimension line.
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node numbers (Roman) (I,II, etc) from the library.
if possible, place the node number to the right of the node
also if possible below the node
otherwise use your eye.
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Arrows & Arrowheads - Lengths
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Cremona- Construction without notation
only external forces..full arrow head
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Cremona- Construction with notation
external eq..corner point of name goes to the center of the line
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Cremona- Construction with notation
internal eq..offset from inner to external 1.5 mm
Node number goes to barycenter of the triangle
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Case 2: diagonal forces --> name always in the interior of the structure. 
Corner point in the center of the arrow. 
pick text from the library!
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Point types - hinges / selected points / resulting points
A hinge is a hinge --cicrle with no hatch
A choosen geometric point is a thin black circle with grey hatch
A resulting point is black point

---> take them from the library

Free-Body diagram

In case you draw a free body diagram, make the lines of the bars manually thicker--> 0.35 mm
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Tragwirkung von Seilnetz- und Membranstrukturen

Frei Ottos physische Formfindungs-Experimente

Arten von gespannten Dachkonstruktionen

>> Pneumatische Membranstrukturen

Seilnetz- und Membranstrukturen
Cable-net and membrane structures

Static behaviour of  cable-net and membrane structures

Frei Otto’s physical form-finding experiments

Types of  tensioned roof  systems

Pneumatic membrane structures
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