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Deployable structures can expand and contract due to their 
geometrical, material and mechanical properties – offering  
the potential to create truly transforming environments.  
This book looks at the cutting edge of the subject, examining  
the different types of deployable structures and numerous 
design approaches.
 
Filled with photographs, models, drawings and diagrams, 
Deployable Structures is packed with inspirational ideas for 
architecture students and practitioners.
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PREFACE
This book is living proof of the intrinsic synergy that connects 
all life with architecture. I have always believed that everything 
is connected: give me any two apparently disparate elements, 
and I will find a connection between them – and architecture. 
‘Syntegration’ is a term that I propose as a portmanteau of 
‘synergetic’ and ‘integration’, and it is explained in the final  
chapter of this book.

But what does a carnivorous plant have to do with architecture? 
The research conducted on this emerging field has taken various 
interesting turns, and a curious example is a fascinating study of 
the carnivorous plant Aldrovanda vesiculosa (see p139). However, 
despite my ‘syntegric’ approach, I never expected to become  
a member of the International Carnivorous Plant Society as  
part of this journey!

From my chair I have travelled to the International Space Station, 
where ingenious masts have been used to deploy solar arrays 
effortlessly. Solar-powered satellite systems can be up to  
1 kilometre (0.6 miles) long, vast structures the size of  
London’s Regent’s Park orbiting in silence, in space.

From intricate structures floating in space to organisms  
5 millimetres (0.2 inches) small living under water, one could  
say that Deployable Structures can take you to any part of the  
Earth and beyond, quite literally. It would seem as if deployable 
structures can acquire meaning almost universally. But how can 
we travel around such vast and open coordinates with a sense 
of direction? Can any map connect such apparently disparate 
subjects? And how does that reconcile with architecture?  
The key is in ‘Geometric Syntegration’.

No one knows everything about anything, thus there is a great deal 
yet to be learned, and never more so than about the incongruous 
subject of Deployable Structures in Architecture.

Fig 1. Space Elevator,  
by Esther Rivas Adrover
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FOREWORDS
In The Seven Lamps of Architecture, written in 1849 at the height  
of the Industrial Revolution, John Ruskin drew a boundary around 
the definition of architecture that rejected the then-emerging  
steel structures as a corrosive influence on the pure principles  
of timeless static stone.

Le Corbusier exploded this definition in the early twentieth  
century, declaring the house to be a ‘machine for living’ and  
setting the scene for a new architecture that would embrace  
the emerging technologies.

In the 1960s Ron Herron of Archigram proposed the ‘Walking  
City’ and in the BBC’s 1989 television series Building Sites  
Norman Foster chose the jumbo jet as his favourite building.

With this trajectory, a book reviewing the influence of deployable 
structures on architecture seems like a natural progression. Esther 
Rivas Adrover’s opening sentence – ‘This book is living proof of the 
intrinsic synergy that connects all life with architecture’ – proposes 
an exciting new chapter in the history of the ‘Mother of the Arts’.

Within this emerging field the author proposes a classification 
of deployable structures, providing an interesting basis for a 
structured approach to thinking about the typologies that have 
been developed and illustrating clearly the potential of a  
dynamic architecture. 

Architects will find in this book many inspiring examples of 
ingenious ways of transforming structures to create a responsive, 
organic architecture. Structural engineers will be stimulated to 
equip themselves with a deeper understanding of how they can 
support the flights of fancy that will inevitably emerge from the 
architect’s imagination, as they extend their palette to incorporate 
this challenging new technology.

TIM MACFARLANE,  08 NOVEMBER 2014. 
Founder of Dewhurst Macfarlane and Partners in 1985 
Founder of Glass Light and Special Structures in 2012

Open Esther Rivas Adrover’s book and you have deployed it. 
It’s the start of a fascinating trail from folding (ori-) paper (-kami) 
to unfolding buildings. The magic of nature’s ori never fails me. 
The unfolding poppy petal conceals so much. Where do the 
creases go? The wings of a newly emerged butterfly will expand 
even when cut away from the insect’s body. What tricks is nature 
showing us that we have yet to see?

Deployment is a basic attribute of living organisms, whether as 
growth (deployment of cells) or movement (stretch out your arm  
– you are deploying it!). Perhaps this is why deployment is such  
a fascinating topic: inert mechanisms and objects become live  
and moving. The bird, and the beetle alike, can protect its wings  
by folding them away and, in its new streamlined form, invade  
new areas; while the dragonfly, which can’t fold its wings, has  
to fly and roost in open spaces. A moth can have red or yellow 
hindwings, folded beneath the forewings; when disturbed it 
deploys its camouflaging forewings and flashes bright warnings. 
And it feeds through a tube that it keeps coiled away beneath its 
head. Cunning systems of levers and joints open and close roofs 
and the mouths of fish. The elastic-powered pipe-fish can suck in  
its prey in milliseconds: now you see it … now you don’t! 

Maxwell’s Lemma tells us that the lightest (and therefore  
cheapest) structure separates compressive and tensile elements: 
the prescription for tensegrity. So we find such structures in 
outer and in inner space – satellite masts and cells use the same 
principles to keep and extend their shape. Can we learn from 
Maxwell how to deploy our resources to greater effect? Is this 
Esther Rivas Adrover’s most important message?

JULIAN VINCENT,  10  NOVEMBER 2014. 
Professor of Biomimetics at the University of Bath
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INTRODUCTION
Kinetic design and deployable structures have  
been used throughout history, but it was not until the 
beginning of the twentieth century that there was  
an emergence of thought inspired by the speed and 
technological advances of the Industrial Revolution. 
Movements such as Italian Futurism and schools such 
as the Bauhaus in Germany formed a cradle of ideas 
including kinetic principles that were explored in 
art, industrial design and architecture. These early 
explorations looked to challenge the establishment  
and its static convention, introducing the fourth 
dimension of Time as a key element of the process  
of transformation (RA 2014).

In the 1950s the aerospace industry took an interest in 
deployable structures, and today probably dominates 
the research in this field. Deployable structures have 
found many uses in this industry. Large structures such as 
satellites, telescopes, solar arrays and antennas have to  
be packaged in much smaller volumes in spacecraft,  
and once in space they are deployed.

Transportation has also been a concern for earth-bound 
applications. Today there is also strong research being 
carried out on mobile and rapidly assembled structures, 
mostly made of lightweight deployable structures, for 
adaptable building layers and for mobile or temporary 
applications, such as emergency shelters for disaster  
relief or military operations.

As this is still an emerging field, there is no single agreed 
definition of a deployable structure. These structures 

are sometimes referred to as foldable, reconfigurable, 
unfurlable, auxetic, extendible or expandable structures; 
however, they are perhaps best understood from  
these descriptions:

Deployable structures are structures capable of large 
configuration changes in an autonomous way. 

T IBERT,  2002,  P1

Such structures may pass from a ‘folded’ to an ‘erect’ 
state; and in many cases the component parts are 
connected throughout topologically, but alter their 
geometry through the process of deployment. In the 
process of deployment the initial mobility is transformed 
into a final rigidity. But that is by no means the only 
possible scheme for structural deployment. 

CALLADINE,  2001,  P64

By the application of a force at one or more points,  
it [a deployable structure] transforms in a fluid and 
controlled manner. Despite such ease of transformation, 
these structures are stable, strong and durable. 

HOBERMAN, 2004,  P72

The following is the author’s own definition, which,  
it is believed, can be applied to any deployable type:

Deployable structures can expand and/or contract due  
to their geometrical, material and mechanical properties.

It would seem that deployable structures offer great 
potential for creating truly transforming, dynamic 
experiences and environments. Their lightness and 
transportability allow them to adapt to a society that is 

INTRODUCTION
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Component Deployables and Deformable Component 
Deployables (You, 2006). These two main types have 
been used as a starting point for creating an assembly 
of typologies (including classes and subclasses) with 
potential for architecture and design. Other structural 
typologies cannot be classified within these two main 
existing types, thus other main types are created,  
Flexible Deployables and Combined Deployables. 

Generative Technique includes deployable principles 
inspired by origami and paper pleat techniques,  
and systems inspired by biological phenomenology  
(a field known as biomimetics, i.e. morphology and 
motion in animals and plants). Generative Technique 
thus contains deployable studies which have originated 
through conceptual principles and can later be 
developed with numerous structural systems.

These deployables, which have until now remained 
as isolated pieces of research, have been placed in 
an architectural context by adding examples of built 
projects and prototypes that are deployable, or contain 
deployable elements, thus illustrating the potential of 
technology transfer of deployable concepts in architecture.

The tree diagram presented on the following page 
displays the selection and classification of over thirty 
deployables and it aims to highlight the diversity (not 
quantity) of deployable approaches and to introduce  
this emerging field to the reader.

It is impossible to approach the field of deployable 
structures with a single, general concept or theory.

MIURA AND PELLEGRINO, 1999

in words, and concepts can be best understood by 
acquiring experience with those deployable objects 
themselves, rather than entangling ideas in semantics  
and sophisms.

All these unattainably vast and incongruous parameters  
in which deployable structures operate seem to have 
made the task of giving an overall view of the subject  
a difficult one.

In 1973 Frei Otto classified typologies for deployable 
roof systems. Other classifications have been developed 
based on their one- or two-dimensional structural 
elements. There is also a classification by Ariel Hanaor for 
deployable structures capable of creating an enclosure, 
based on their morphology and their kinematic behaviour 
(De Temmerman et al, 2014).

The following is a holistic classification of a selection  
of deployables that offers an introduction to the subject 
and was carried out during my postgraduate studies in 
2006 at the Oxford School of Architecture.

The principal issue that becomes apparent when 
attempting to classify deployable structures is that 
there are in fact two distinct approaches to developing 
a deployable. The first one is based on the structural 
components of the deployable mechanism: structures 
using this approach are classified under Structural 
Components. The second concentrates on movement 
and form inspired by various sources; these structures  
are described under the heading Generative Technique.

Two general types of Structural Components have 
been identified by experts in this field. These are Rigid 
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DEPLOYABLE TYPOLOGIES
We are at an early, formative stage of its development, 
where we know and understand relatively little; where 
experiments are of the essence; where there are plenty  
of surprises in store; and where we have a long way before 
we reach that remote state where ‘principles’ can be 
enunciated and the whole business reduced to a branch  
of axiomatics. 

CALLADINE,  2001,  P64

This emerging field is rapidly changing and evolving in 
unpredictable ways. Research in this subject is carried 
out in disparate scientific fields, which do not necessarily 
always meet. But equally, many deployable inventions 
come from people who are not formally carrying out 
scientific research, such as artists. It is a field where 
applications spread across unforeseeable territories 
such as medicine, aerospace, art, industrial design, 
stage design, architecture, portable architecture, 
military equipment, infrastructure, vehicle components 
and fashion. Simultaneously, there are deployable 
structures for which no application has been found. 
Beyond pragmatic applications, deployable structures 
can also have philosophical implications (explored in 
Responsiveness, p146). The nature of this subject also 
seems to lie on the border of other research lines, such 
as robotics and material science. The scale of deployable 
mechanisms can range from a few millimetres (such as a 
deployable stent graft that can open a narrowed artery 
to treat oesophageal cancer; Kuribayashi, 2004) to vast 
structures that extend over thousands of metres (such 
as solar arrays deployed in space). Furthermore, this is a 
subject where ideas emerge that are difficult to articulate 

constantly evolving and changing. Furthermore, these 
are reusable structures that make efficient use of energy, 
resources, materials and space, thus embracing the 
concept of sustainability.

Today, not only engineers and architects, but origami 
scientists, biomimetic researchers, astrophysicists, 
mathematicians, biologists, artists and others are 
studying, designing and developing applications for 
an extraordinarily vast range of deployable structures. 
This includes mechanisms that have yet to be tested in 
architectural applications and are relatively unknown 
outside their scientific field. From these, the author has 
selected a variety of deployable structures (or principles) 
believed to have potential for technology transfer into 
architecture and design. This research also includes built 
projects and prototypes that are deployable or contain 
deployable elements.

This selection of deployables has been classified in 
typologies, classes and subclasses, shown in a tree 
diagram created and used as a navigational map,  
on pages 18 –19. 

This is novel design space.
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