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I LIKE AIR STRUCTURES BECAUSE THE MAJOR STRUCTURAL ELEMENT YOU CAN BREATHE AND IT SMELLS OF VIOLETS AND YOU CAN’T DRAW IT.


Cedric Price, 1984




AIR STRUCTURES: A HISTORY


‘Pneumatics is the forming process of all living things’


GRAHAM STEVENS


Desert Cloud, 1974


Air Structures presents an eclectic survey of buildings, engineering structures, sculpture, furniture and other utilities, where the use of air is the key structural, motive or generative element. Air structures are often viewed as a niche area of the building arts, this sourcebook encourages the reader to explore their potential and the inexpensive and plentiful ‘material’ of pressurized air. Against a backdrop of environmental imperatives which, as Richard Buckminster Fuller usefully reminds us, suggest we ‘do more with less’, the examples in this book hopefully illustrate the immense structural and environmental properties of differential air pressure and the myriad artefactual possibilities.


The book is divided into three main sections. The first, ‘Air: Structures’, illustrates the primary types of inflatable structures and includes large-span (air supported) exhibition spaces, smaller (air cell and air beam) buildings and other pneumatic products, including environmental sculpture and bridges. The following section entitled ‘Air: Movement’ illustrates how air can be used to create movement and replace the heavier engineering of a piston actuator with the softer – but no less powerful – air muscle; or the air cushion technology of the Air Caster, for heavy lifting and transportation.


‘The air structure is the most efficient structural form available to date … no other type of structure has the potential of providing free-span coverage for so large an area … as the air structure is constructed of light-weight, flexible materials, it can be made easily portable and lends itself readily to the design of demountable or removable structures.’


WALTER BIRD, 1967
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Walter Bird stands atop his inflatable ‘radome’ on the Cornell Aeronautical Laboratory grounds, Buffalo, New York, 1948.
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Standard Pneumatic Environment, Graham Stevens, 1968.


The third section, ‘Air: Designing and Fabricating’, investigates how we might use air as a design tool through the study of soap-film models pioneered by Frei Otto, or use air as the forming medium in the development of products and materials such as Oskar Zieta’s Plopp stool or Dante Bini’s inflated concrete shell structures. These three sections are followed by a brief note on the basic principle and measurement of air pressure, and some biographies of key academics, engineers and architects who have contributed to the development of air structures.


Almost 50 years ago Dante Bini participated in a remarkable event held at the University of Stuttgart that was hosted by Frei Otto; the 1st International Colloquium on Pneumatic Structures (1967). The colloquium welcomed the leaders of this rapidly evolving technological art, which included Walter Bird, Victor Lundy, Heinz Isler, Dante Bini, Nikolaus Laing and Cedric Price. Walter Bird presented an overview of the field, entitled The Development of Pneumatic Structures, Past Present and Future. Bird had constructed the world’s first air-supported radar cover (or radome) in 1946 and in 1955 he established Birdair Structures to commercialize his inventions, which included pneumatic ‘bubble’ enclosures for tennis courts and swimming pools. He attracted much media attention. Birdair subsequently produced large-scale pneumatic structures (notably with architect Victor Lundy) and led this field through developments of materials and fabrication techniques.


Visual artist Graham Stevens had attended the Stuttgart event and was particularly interested in the structure and science of these new forms. Stevens began to create his own pneumatic artworks, exploring how new kinds of environmental art and enclosure could be made against the backdrop of heightened political, social and environmental awareness at the end of the 1960s. The inexpensive power and potential of air to create structure and to moderate environments suggested new modes of climatic envelopes and a redefinition of the physical interaction between architecture, occupant and environment.
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Atmosfield, St. Katharine Docks, Graham Stevens, 1970.


A more recent development of the pneumatic membrane as a building skin is the ETFE cushion. The air-filled pillows of Vector Foiltec’s Ethylene Tetrafluoroethylene (ETFE) constitute a disruptive technology that has been introduced to the construction industry by architect Ben Morris. In large-scale roof and cladding projects, glazed elements can be replaced with large ETFE cushions at a fraction of the weight and with attendant structural economies. If you extend this thinking across a large-scale housing development, then priorities for thermal insulation and heating systems can be re-ordered and you return to Buckminster Fuller’s pioneering idea of domed-over cities. (In 1950, Fuller proposed a 2-mile (3.2-km) diameter dome or ‘bubble’ over mid-Manhattan to obviate expensive heating and cooling across the city and that, he claimed, would have paid for itself in ten years.) ETFE is typically used as multi-layered inflated cushions with low air pressure. This resists the natural creep of the material and structurally stiffens the panels. The layering of the cushions can also be used to create active (deployable) internal surfaces that can control opacity or allow responsive thermal performance.


A recent development in structural pneumatics is Rolf Luchsinger and Mauro Pedretti’s Tensairity® structures (see p.74). Tensairity uses the structural efficiency of Buckminster Fuller’s tensegrity principle (separating the compressive and tensile elements) and creates a compressive component from an air beam, which is in turn resisted and reinforced by a coaxial winding of steel (tensile) cable. These new lightweight composite beams have been used as bridge structures, temporary enclosures and wide-span roofs. In Luchsinger and Pedretti’s paper outlining Tensairity’s structural principles and the field of pressure-induced stability, the technology is said to be capable of the load-bearing of a steel beam, with substantial weight reduction.
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Atmosfíeíd, St. Katharine Docks, Graham Stevens, 1970.
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Transmobile, colour experiment, Graham Stevens, 1968.


The designer Nick Crosbie (co-founder of the design company Inflate, see p.57) has been working with inflatable products and structures for over 20 years. At a recent lecture at the University of Westminster, London, Crosbie demonstrated the utility and portable qualities of the genre by inflating an entire changing room from a backpack in less than a minute. Inflate and sister company AirClad work at a range of scales, from their iconic inflatable eggcup to large-scale temporary ‘event’ buildings that can be very quickly inflated and deflated. These structures utilize a medium that provides continuous structural support across a surface (even at low pressure) as opposed to the more roughly calibrated, but ubiquitous support of beams and columns.
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Pneumatic Environment, Paris Biennale, Graham Stevens, 1971.


The UK government report Air Structures: A Survey, co-authored by architect Cedric Price and structural engineers Frank Newby and Robert Suan, was published in 1971 and still represents the most comprehensive survey of pneumatic structures and their technology. Inspired by this report, this book re-visits the world of air structures and looks at current developments, as well as some spectacular historical projects. The whiff of novelty seems to hamper, or at least limit the extent of air structures in architecture. Designers should take inspiration from the high-tech industries of the nautical and aeronautical, where constantly improved performance requirements demands new design approaches and materials technologies. Architecture and the building-enclosure businesses should be no different and – as the success of ETFE cushions has proved – innovation in the construction industry with the use of air structures is demonstrably achievable.
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