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‘Unfortunately, many people continue to see trees 
mostly as a source of wood, which faces an 
unsustainable and growing demand. This, added to 
destructive agriculture practices, leads to the 
disappearance of forests all around the globe, the 
replacement of “non-productive” species by fast 
growing tree species and the impoverishment of tree 
diversity.

We have known for some time how many mammals, 
birds and amphibians, and which species in these 
groups, will be lost forever without conservation 
measures. Now, at last, we also know how many tree 
species face extinction, where they are located and 
what can be done to reverse the trend. The shocking 
reality is that 30% of all tree species are under threat in 
the wild.’GTA
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Frei Otto 1925 - 2015 Ted Happold 1930 - 1996

Ian Liddell 1938



D'Arcy Wentworth Thompson 

On Growth and Form 1917





In 1675 Robert Hooke wrote: As hangs the flexible line, so but inverted will stand the rigid arch 

Cripta de la Colònia Güell 1918 Antoni Gaudí 





The laths were made up in the Poppensieker factory into lengths of 30 to 40 m by finger jointing.  



CDC 6600. Base model price $6,891,300 - equivalent to $50 million today



Multihalle Mannheim 1974 Carlfried Mutschler + Partners, Frei Otto, Ove Arup & Partners (Ted Happold, Ian Liddell)



Downland Gridshell 2002 

Buro Happold, Cullinan Studio,     
The Green Oak Carpentry Company





Savill Building 2006 

Buro Happold, Howells,                  
The Green Oak Carpentry Company



British Museum  2000     Foster + Partners      Buro Happold       Waagner-Biro











Sischka, J., Brown, S., Handel, E. and Zenkner, G. (2001), Die Überdachung des Great Court im British 
Museum in London. Stahlbau, 70: 492-502. https://doi.org/10.1002/stab.200101690

Waagner Biro, Vienna



Waagner Biro, Vienna



Waagner Biro, Vienna



MERO (MEngeringhausen ROhrbauseise ) Würzburg, Germany
Max Mengeringhausen  1903 – 1988



Ronan Point progressive collapse 1968
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Green & Zerna Theoretical Elasticity



Cathédrale éphémère - actively bent 
fibreglass tubes  

T/E/S/S + Laboratoire Navier de l'Ecole 
Nationale des Ponts et Chaussées



Portcullis House 2001   Hopkins Architects   Arup





Netherlands Maritime Museum 2011 Ney + Partners

Classification of gridshell 
structures 

• Grid topology - quadrilaterals, 
triangles etc. 

• Actively bent members that cross 
or individual members that are 
connected to nodes 

• Single or double-layer 

• Material - steel, timber, masonry 
etc. 

• Gladding material - glass, ETFE 
foil, timber shingles, metal sheet 
etc.

Eden Project Anthony Hunt Associates, Grimshaw 2000

Rose window Cathédrale de Meaux







The Iron Bridge 1781 Thomas Farnolls Pritchard and Abraham Darby III



Pont de la Mariée near 
Guillaumes in the 
Alpes-Maritimes1923




