
CASE STUDY 5_TERUNOBU FUJIMORI

Another example of an architect whose understanding of wood’s biological proper-
� es is u� lized in his buildings is architecture historian-turned designer, Terunobu Fu-
jimori.  Fujimori’s background tending to forests in his youth, as well as his extensive 
knowledge base of applica� ons of materials in all types of historical and contempo-
rary buildings led to his desire to create a completely unique concept of architecture.   
His treatment of materials, therefore, is a merger of ancient vernacular techniques 
as well as playful new architectural forms.  In his Coal House, he uses charred ce-
dar boards with a crackled texture from burning.  This ancient Japanese technique 
seals the wood against rain and rot from insects.   It is rarely seen in contemporary 
buildings because it is highly labor intensive and considered primi� ve.  “No edu-
cated architect would use this material,” says Fujimori in an ar� cle for the New York 
Times.    Fujimori creates his architectural models by carving tree stumps into ab-
stract shapes.  His small group of interior  nish volunteers he calls the Jomon Com-
pany, named a� er the Neolithic period of Japanese history and the primi� ve tools 
they used that give Fujimori’s buildings a rough, handmade feel.  Although Fujimori 
dismisses any no� on that his buildings are eco-conscious, the concepts and feelings 
of primal shelter that are apparent in his buildings all come from working with and 
understanding nature and what it has to off er us.   

Fugimori’s curiousity to understand materials extends beyond wood.  He has studied 
the use of mud and adobe in the American Southwest and Mali as well as the shel-
ters created in the Caves of Lascaux in France.  His approach is to  rst explore what 
the maximum poten� al of the material could be (as is o� en present in vernacular 
architecture).   A� er a clear idea of what a material is capable of, he applies these 
ancient techniques in ways that can bene t his contemporary architectural ideas.  

CASE STUDY 6_ACHIM MENGES > WORK PRESENTED AT 
ACADIA 2009 CHICAGO

Achim Menges’ work is centered on the idea that once one is able to understand 
wood’s complex material makeup and behavior, its biological nature can be seen 
as advantageous rather than de cient.  While the construc� on industry’s a�  tude 
towards wood has manifested in the form of a� empts to control its living behaviors 
(decay, shrinkage and swelling and checks/splits) Menges works in the opposite di-
rec� on, working with these behaviors to create architectural projects which literally 
seem to come alive.  His use of Computa� on Design allows the computer’s capacity 
to break down wood’s complex behaviors in the design process.  “In Computa� onal 
Design, form is not de ned through a sequence of drawing or modeling procedures 
but generated through parametric rule-based processes. The ensuing externaliza� on 
of the interrela� on between algorithmic processing of informa� on and resusltant 
form genera� on permits the systema� c dis� nc� on between process, informa� on 
and form.  Hence, any speci c shape can be understood as resul� ng from the inter-
ac� on of system-intrinsic informa� on and external in uences within a  morphoge-
ne� c process.”

In his projects, Menges creates a database of in-depth informa� on about the par� c-
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Architecture is born out of the shrewd alignment of concept and 
matter. The product of what Louis Kahn termed “the measurable and 
the unmeasurable,” architecture is the fulfillment of a spatial premise 
by way of material substance.1 Throughout history, architecture has 
been shaped by the continual transformation of material technologies 
and application methods. Its course of development is inseparable 
from the shifting terrain of technology and its social effects. This 
intrinsic alignment with change—whether from a welcoming or 
critical perspective—makes architecture an inherently disruptive act.
 In his assessment of the architectural canon, historian 
Richard Weston states that “the bias has been towards those 
[buildings] that were innovative—stylistically, technically or 
programmatically—and especially those that significantly affected 
the course of architecture.”2 On one hand, new products and 
processes have transformed architecture by enabling alternative 
construction techniques and novel spatial possibilities. On the other 
hand, architecture’s utilization of materials in unexpected ways has 
demonstrated its capacity to inspire new growth in construction-
related industries as well as empower social transformation. Both 
tendencies demonstrate the extent to which the disruptive application 
of materials has been vital to the advancement of architecture.
 The term disruptive application is based on the notion of 
disruptive technology—an expression coined by Clayton Christensen 
to describe the unexpected displacement of an old technology by a 
new one.3 Disruptive technologies exhibit competitive advantages 
over so-called sustaining technologies that offer small, incremental 
growth. Although initially novel and unproven, disruptive 
technologies have the potential to supersede existing technologies 
rapidly. Light emitting diode (LED) lighting is one example of a 
disruptive technology, which has quickly emerged as a durable, low-
energy alternative to many types of incandescent and fluorescent 
lighting.
 In a similar way, a disruptive application is an unexpected 
replacement of a conventional design or fabrication practice with a 
new one. An application may also be considered disruptive in method in

tro
du

ct
io

n
as well as result. However, disruptive technology generally concerns 
a product in commercial terms, while a disruptive application 
considers a more complex system or physical assembly—such as a 
building—as well as its larger cultural and environmental context. 
Disruptive applications may employ disruptive technologies, or they 
may exhibit unanticipated uses of conventional technologies. Both 
disruptive technologies and applications are defined by the fulfillment 
of the unexpected: an aberration or mutation that upsets and 
displaces the status quo within conventional systems of praxis.
 With the explosion of new materials and technologies 
available for building construction, it is critical that architects 
confront this broadening palette in order to understand the 
implications for future design applications. Moreover, the growing 
awareness of energy and material resource scarcity, global warming, 
and other environmental concerns has brought unprecedented 
change to how we relate to the physical environment, requiring 
us to re-assess conventional methods of material selection and 
implementation.
 Material Strategies—a graduate-level seminar taught at the 
University of Minnesota School of Architecture—presents a new set 
of strategies for material approaches based on issues related to global 
material and resource flows, technological trajectories, and potential 
sociocultural effects. The student essays in this book were written in 
2009-2010, and feature investigations in material theory, building 
technology, and the role of material selection in the design process.
 The material analyses presented herein speak to multiple 
dimensions important to architectural research and scholarship—
such as technique, theory, aesthetics, and environmental 
performance—as opposed to the more typical approach in which 
preference is given to only one aspect. In this way, the book is 
intended to educate and inspire a broad audience regarding the 
fundamental importance of—and methods inherent in—pursuing 
material innovation in architecture.

—Blaine Brownell, assistant professor of Architecture

1. Louis I. Kahn described the 
“measurable and the unmeasurable” 
in a talk to students at the School of 
Architecture, ETH, Zurich, February 
12, 1969, reprinted as “Silence and 
Light—Louis I Kahn at ETH 1969” in 
Heinz Ronner, Sharad Jhaveri, Louis I. 
Kahn: Complete Work 1935-1974, 2nd 
edition (Basel: Birkhäuser, 1987), 6.

2. Richard Weston, Key Buildings of the 
Twentieth Century (New York: W. W. 
Norton & Company, 2004), 11-12.

3. See Clayton M. Christensen, The 
Innovator’s Dilemma (New York: 
Harper Collins Publishers, 2003).
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Plastics seem to be as common today as the fabrics that make up 
everyday clothing. They are used in common, everyday items and 
seem to have become since essential for daily routine. They are 
seen from cars to children’s toys and from manufacturing plants to 
supporting the functions of failing human organs. Their applications 
in architecture is very much part of this stream of common use. 
Plastics are used on all scales of building and on many different 
building types. However, the projects in this case study propose a 
particular way of using these common materials that causes one to 
rethink this material’s relationship to architecture. Several projects 
will be presented that deal with an attitude toward plastics that make 
it possible to consider an architecture that is easily changeable, easily 
transformable, or even transportable. These ideas apply also to fabric 
as well. This case study presents projects that highlight the lightness 
of materials, their durability, and their malleability as unique 
qualities that make them prime candidates for propelling a vision of 
architecture that is quite unlike the norm. 
 This case study focuses on strategic uses of polycarbonate 
materials, (plastic) and fabric materials as avenues for disruption in 
architecture. What I mean by this is that, the projects presented, takes 
a particular attitude toward these two materials that allow for rather 
uncommon ideas about architecture and built spaces to be injected 
into the body of conversations currently ongoing in the architecture.  
These ideas are simply this; that through plastics and fabrics 
architects can begin to realize projects that can easily be re-clad or 
given a face lift or a new identity altogether, as well as projects that 
can be deconstructed and relocated as needed with almost limitless 
scale, because these materials are lightweight, easily formed and Pl
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Dior Omotesando. SANAA. Tokyo, 
Japan. 2003.
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shaped. Consider the following projects that use’s plastics intended to 
be installed and removed, to articulate both facade and space. 
 Completed in 2003 in Tokyo, Japan by SANAA, Dior’s new 
boutique boldly displays vertical plastic strips that make the surfaces 
of the fully glazed and rigid box appears soft and fluid. The building 
is a tall eight story structure with varying floor heights “completely 
clad with a glazed double skin, with undulated surface of removable 
acrylic panels shielded by very thin white bands printed with 
serigraphy”. (Abitrae: Pirone,  pg. 81) The glazing runs from floor 
to floor, with a butt-joint detail connecting one pane of glass to its 
neighbor. This allows for an uninterrupted surface of glass that is fully 
transparent. Behind this are the removable strips of acrylic panels 
that transform this clear glass faced into what seem like a facade 
of draping dress or some soft material. The quality of the acrylic 
material and its ability to transmit light sets this building apart from 
all other building around it both during the day and at night. 
 What I want to emphasize in this particular project is the fact 
that the acrylic panels in this building are removable. This means that 
they can be replaced easily. One can relate this attitude toward the 
plastic, to that of the exterior glazing. The acrylic panels are intended 
to be removable, while the glass is fixed. There is another project that 
follows this same attitude toward the very same material in a slightly 
different condition.
 Office for Subversive Architecture’s (OSA) Kunsthulle LPL in 
Liverpool, England was a temporary structure that was constructed 
on the rooftop of an old “blade factory”. This structure is a temporary 
space that was intended to house a series of talks and lectures on top 
of the blade factory. The construction is a light steel frame that rises 
diagonally up from the roof and overhangs a few feet pass the front of 
the old factory. From this frame is hung a series of tall vertical strips 
of clear and colored acrylic. Around the perimeter of the frame hangs 
the white translucent acrylic panels, and inside hangs red translucent 
acrylic panels, which creates another space inside the perimeter. 
The acrylic panels are hung from the top, with metal attached to the 
bottom so there is some movement of the acrylic panels but they 

quickly return to their vertical orientation. The acrylic panels in 
this project are not said to be removable however, since the whole 
structure was temporary, one can assume that the panels could have 
been designed to be removable. A more accurate explanation for 
why the acrylic panels could be removable is the fact that they are 
not connected, or fixed to the floor. Instead they simply hover just 
above the floor of the roof. Unlike the Dior building, this project is 
not thermally enclosed. However, what I want to emphasize is the 
similarity in the treatment of acrylic in both cases. In both cases this 
material is handled as if it has no permanence, or expected to be 
taken down or replaced.  
 These two projects set up a very basic idea or attitude 
toward this particular plastic material. In both cases they seem to 
be conveyed as temporary. They are accepted as removable and are 
used in strong connection with facades and enclosure. I present 
these two projects together because they use the same material in 
strikingly similar manner. This sets up a relationship between plastic 
and glass and how the two relate to facades. In the Dior project, the 
glass is used only to achieve thermal enclosure, and great care was 
taken with the detailing of the glass to make sure that it disappears. 
With the disappearance of the glass facade, great care was taken with 
the acrylic, via the subtle undulating surfaces, to make it present 
and define the facade. When thermal enclosure is not required, as 
in the case of the OSA project in Liverpool acrylic is expressed very 
differently. The material is now used singularly, in articulating the 
facade and spaces inside. I am using these two projects to say that 
whether used in a temporary building or in a permanent building, the 
treatment of this plastic material seems to suggest the temporal. The 
next set of projects engages the issues presented above, and also adds 
further possibilities that begin to point the way toward a disruptive 
applications of plastics in architecture.  
 Zaha Hadid’s mobile pavilion is a project which employs 
similar attitudes toward plastic as the previously mentioned projects, 
and reveals another possibility offered by plastic, and in this case, 
includes fabric. This project is a pavilion designed to house artwork 
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skin system.

 

Kunsthulle LPL. OSA. Liverpool, 
England. 2006.

 

Detail of Acrylic Panels at Floor.
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commissioned by the French fashion label Chanel. The fashion 
label in 2007, “commissioned twenty internationally acclaimed 
artists to find inspiration for new works of art in its signature purse”. 
(pawlitschko, pg. 450) This pavilion then, houses the artworks 
designed by these artists. In an article in volume 48 of detail 
magazine’s 2008 edition, Roland Pawlitschko explains:

...On the one hand, [the pavilion’s] whirl surrounds and atrium covered 
with an ETFE cushion, and is a temporary and, when necessary, also 
air-conditioned building which must be dismantled and made ready 
for transport repeatedly and with the utmost speed. Its individual 
components were thus precisely calibrated to the dimensions of a 
standard shipping container and already optimized with respect to form 
and seam pattern in the design phase, informed by virtual packing. 
And on the other hand, the doubly curved facade is not clad in delicate 
glass panels, but in core-insulated fiberglass elements, which are both 
lightweight and durable, and were fabricated in Great Britain (as 
opposed to the formed glass from China). On the exterior they are 
coated with pearl-white, high-gloss lacquer.

Pawlitschko reveals that this pavilion is fully enclosed with an ETFE 
covered atrium, and this enclosed space, can be air-conditioned 
if needed. This means that however the wall or enclosure of this 
constructed, it provides a thermal barrier. The core insulated 
fiberglass cladding provides this thermal enclosure, but also while 
very efficiently covering the complex surfaces that define the form 
of this pavilion. Also, there is preference here for fiberglass for its 
durability over the delicacy and the fragility of glass. It is important to 
note that the entire pavilion is 95 feet by 147.5 feet; a total of 2,296.5 
square feet, with an 82 square-foot cloak room, and about 19.5 feet 
high with the floor height raised to 3 feet. While the curvilinear 
surfaces of the outside are covered with fiberglass, the curvilinear 
surfaces on the inside are covered with white fabric. All of this is 
designed to be disassembled, transported in standard shipping 
containers and reassembled elsewhere. The curved steel structural 

members of the pavilion are about 7 feet wide, and all of the structure 
can be assembled in just about one week. There is a court-yard of 
about 419 square feet which, together with the two pieces of the 
pavilion massing, creates one whole.
 What is remarkable about this pavilion is that as large as it 
is, it is able to travel around the world primarily because it is made 
of very light-weight components of plastic, steel and fabric. Yet it 
meets most of the key practical requirements of architecture. The 
first is that it is fully enclosed. This is not an open air structure. Even 
more importantly, it can be thermally insulated when necessary, as 
mentioned before. This is one of the key ideas that strengthen the 
disruptive nature of the use of plastics in this project. This pavilion 
is really a building that can be disassembled, transported, and re-
assembled in another location. What is perhaps more remarkable is 
how such complex forms and surfaces, can be so easily handled. I did 
not find information regarding the process of making and forming 
the fiberglass panels for such complex forms, however, I know how 
strong fiberglass is, and how easy it is to manipulate the material to fit 
different shapes. 

 

 

 

Chanel Mobile Art Pavilion. Zaha 
Hadid Architects, Arup, Architen 
Landrell.

 Chanel Mobile Art Pavilion, atrium with ETFE pillows.
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 Back in the summer of 2002, I purchased a “shin guard” 
made of fiberglass. It is a sports product for soccer that inserts in-
front of the shin, inside the player’s socks to protect from the high 
impact of kicking into the shin. In the package the shin guard was 
just a flat shape that was slightly cushioned with some foam materials. 
The instructions were very simple; dip the material in water, and wear 
it as you would when playing for about thirty minutes. When I took 
it off after wearing the wet shin guard for thirty minutes, I found that 
it had formed and hardened perfectly to the shape of my shin. It was 
as soft as a piece fabric, and thirty minutes later, it was the hardest 
shin guard I had ever used. I’m using this illustration to say that it 
is possible that the process used for forming the complex double 
curvature of the fiberglass panes for the Chanel pavilion may very 
well be as easy for the manufacturing plant, as it was for me in my 
parent’s living room. 
 This project illustrates a very disruptive application of plastic 
and fabric in architecture, by creating  a pavilion that is thermally 
enclosed, very complex in form, and is able to moved all over the 
globe. Some of the cities along the pavilion’s route include Hong 
Kong, Tokyo, New York, Los Angeles, Moscow, London and Paris. 
The Chanel pavilion makes it plausible to rethink conventional 
attitudes toward temporary structures. I am convinced that this 
pavilion makes possible the idea of an architecture that begins 
to point toward a very new way of seeing and thinking about 
architecture and its relationship to the rest of the globe. There are 
other projects that by comparison can be treated in many ways like 
the Chanel pavilion because of the materials used in these projects, 
and also their cultural context.  
 The Olympics is a worldwide event for which cities build new 
stadiums, every time the event is hosted. The stadiums are often made 
to be monumental icons for whatever city it is hosting the games, 
yet there have been cases where after the games, these stadiums are 
abandoned and the area where the enormous development happened 
is left unused. This was the case in the Athens Olympics, where 
Santiago Calatrava’s Olympic city was left without use after the games. 

Similarly, the world cup soccer event which takes place every four 
years is a sporting event on a similar scale, and boasts stadiums of 
similar grandeur, for the short duration of the tournament. In recent 
years, structures for the world-cup soccer have incorporated a heavy 
use of fabric for cladding. As a matter of fact, my research revealed a 
great deal of stadiums that are membrane structures. Their program 
is such that they do not need to be fully enclosed, but when they need 
to be, even in the case of retractable roofs, fabric has proven very 
appropriate for its light weight, durability, and ability to diffuse light 
into the arena. What I would like to emphasize is that the two major 
events are few and far in between, and the increase in the use of 
fabrics in stadiums suggests that they are better hosted by structures 
that are no less grand, but also temporary, such that when necessary, 
these structures can be relocated or stored away.  In the year 2012, 
Populous (formally HOK sports) is planning their Olympic stadium 
in London, England to suggest this idea. The stadium, which is due 
to be completed in the summer of 2011, is located on a sort of island, 
just south of the Olympic park. The stadium seats 80,000 spectators, 
and is very lightly surrounded by a circular structural frame made 
of cylindrical tubes. This very light composition of a stadium is 
wrapped in very large sheets of fabric with printed images. The lower 
portion of the stadium is intended to be permanent, holding 25,000 
spectators. The rest of the upper tiers of seating which adds 55,000 
more seats to the stadium are made of light weight steel frames, and 
are intended to be detached and relocated after the games, returning 
the stadium to a smaller scale for the local community. What is 
even more interesting in this project is that much of the supporting 
spaces for the stadium are located in several “pods” that are clustered 
outside of the stadium. They are grouped in clusters which include 
spectator services, refreshments, and merchandise outlets. In this 
way, the stadium seems to be reduced to only what is needed.  
In the Dior building, OSA’s temporary structure, and the Chanel 
pavilion, all plastic and fabric materials involved in these projects 
are actually designed to detach, or hint at the idea that they are not 
fixed permanently. This Olympic venue also takes this attitude toward 

 

 

2012 Olympic stadium. Populous. 
London, England. 2011.

Layers of permanent seating, 
temporary seating, fabric wrap, and 
exterior structural frame.
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much of the program of the stadium, and uses fabric in this case to 
wrap all these temporary elements to bring them into a coherent 
whole. Without the fabric that wraps and covers the stadium, all 
that will be left are the concrete and steel frame of the seating, and 
the perimeter frame that makes up the wall of the stadium. Even 
though there are limitations in open air structures, such as the length 
of time one can inhabit their space, or even what programs they 
can accommodate, however, the Chanel pavilion suggests that even 
the housing that is provided for the athletes can be temporary and 
climate controlled. Again, these are the disruptive nature of these 
material applications. The use of plastics and fabrics in the above 
projects disrupts conventional ideas about what temporary structures 
can be. It interferes even with the idea of iconic structures.
 Because of the cultural importance of sports and the 
Olympics, if venues for the event continue to further the ideas 
employed for the upcoming Olympics, the idea of an iconic Olympic 
stadiums may radically transformed. These monumental structures 
could become just temporary icons and perhaps be lost in the 
memory of spectators after the games are over and the venues 
disappear. Or their iconic status may become elevated, if they end up 
as structures that are not completely redesigned every year, but are 
designed to function for a series of games, with little modifications 
to reflect host nations, and begin to travel the world. This could very 
well raise Olympic structure perhaps to cult status even. Like the 
world cup trophy which must be won by a nation three times in order 
for it to be retired. As a result, the world cup trophy has be redesigned 
only once since the games started so long ago, and it has become the 
single most coveted piece of hardware in all of soccer (football).    
 In recent years, world cup soccer has also embraced stadiums 
that use fabric extensively in their design. In the upcoming world 
cup in South Africa, about three new stadiums under construction 
uses fabric extensively, making these permanent structure appear 
temporary, with their tent-like appearance. These stadiums, which 
include the Green Point stadium in Cape Town, South Africa by 
GMP architects, Louis Karol and Point Architects, which is wrapped 

at the perimeter and on the inside ceiling with woven PVC fabric, 
Moses Mabhida Stadium in the Kwazulu-Natal province of Durban 
South Africa, by GMP architects, Von Gerkan, with Marg and 
Partner, which is partially covered with PTFE coated fabric, and the 
Nelson Mandela stadium in Nelson Mandela bay/ Port Elizabeth 
which holds 48,000 spectators are all built specifically for this world 
cup event.  I mention these projects mostly because of their scale and 
the fact that they are intended to be permanent, yet employ fabric 
wrap and cover. 
 In 2002, the world cup hosted in Korea and Japan boasted a 
grand stadium that is in every way designed for the fabric that wraps 
it and sets it apart from the stadiums mentioned above. The Pusan 
stadium in Pusan, South Korea which was completed in 2001 is a 
large dome-like structure fully covered with PTFE fabric. Architen 
Landrell Associates, who specializes in tensile structures, reports this 
project as being “a collaboration of several European companies. As 
they note, “the stadium incorporates 393,701 square feet of PTFE-
coated glass fiber to provide cover for 55,982 spectators below”. 
Because of their expertise with large scale tensile structure, Architen 
was in charge of “engineering and detailing the fabric membrane” 

 

Pusan Stadium. Pusan, South Korea. 
Architen Landrell Associates. 2001.

 

Detail of fabric connection to column 
at base.
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cover. They report that “all the fabric membrane details and 
adjustment junctions were engineered and forwarded to local steel 
firms for construction. Over 120 fabric biaxial tests were undertaken 
to allow suitable compensation for the multiple batches of PTFE 
fabric used in the roof ”. By the time the fabric pieces were brought to 
the site, all builders had to do was tension them into the structural 
frame.  
 I mention these stadiums to suggest that in their use of fabric, 
they are not too far from the idea of their being temporary even 
though they are monumental. After all, they are built for an event that 
only last about one month.  
 The architects Massimiliano and Doriana Fuksas, and 
Bernard Tschumi have completed projects that are part of the Zenith 
Concert hall effort in France. These are a series of entertainment 
venues for primarily musical concerts, and other cultural events 
initiated by the French Ministry of Culture in conjunction with 
regional governments in 1984. Since then, 16 zenith venues have 
been constructed. The Fuksases have completed two venues; one in 
Amiens, France in 2003, which is clad with a PVC membrane, and 
another in Strasbourg, France which is wrapped with a silicone-
coated fiberglass membrane that is fireproofed. I have not found an 
actual detail of how this cladding is put together however, Suzanne 
Stephens reports in 2008 edition of architectural record, that the 
fiberglass membrane “...is composed of 40 pieces of fabric, with each 
seam of the panel electrically welded, then bracketed and bolted to 
the ring”. (pg. 102) The ring in this case is one a series of oval steel 

rings that slightly offset in different directions, and define the form 
of the building. She reveals that the sharp creases that strengthen the 
facade profile are the result of intermediary cables which further hold 
the fabric in place.  The entire arena is a concrete core of seating that 
is wrapped in fabric. This strategy is repeated in the venue in Amiens, 
France, and also by Bernard Tschumi in Limoges, France. In all three 
venues, the lobby spaces are located below the seating and inside 
the membrane enclosure. In Bernard Tschumi’s case, his 350 foot 
diameter arena is wrapped with a light arrangement of wood frame 
and clear Polycarbonate sheets. 
 I note the zenith venues because although they do not 
directly set out to design a temporary structure, however, I contend 
that in Isolating the structure and skin from the core seating of the 
main hall, they suggest that the core can be constructed differently, 
perhaps like the 2012 Olympic stadium with steel frame seating and 
the option of disassembly and relocation. Because of the lightness 
of fiberglass and polycarbonate materials, the zenith venues are able 
to simply wrap areas with light structural frames that support these 
plastics and membranes.
 The disruptive nature of plastic materials and fabrics lies in 
their lightness, durability and malleability. Their lightness ensures 
that their structural demands are not burdensome. Since fabrics are 
generally strong in tension, their subsequent structure only needs to 
hold it to whatever form that it is required to mold to. The durability 
of plastics and fabrics, combined with their lightness, makes it 
possible for them to be shipped easily without concern with damage. 

 

Zenith Music Hall. Strasbourg, 
France. Massimiliano Fuksas. 2008.

 

Zenith Music Hall. Strasbourg, 
France. Massimiliano Fuksas. 2008, 
detail of cladding.

 

Zenith Music Hall. Amiens, France. 
Massimiliano Fuksas. 2003.

 

Zenith Music Hall. Limoges, France. 
Bernard Tschumi Architects. 2007.
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Their malleability is such that they can be easily fitted to any form 
and surface. 
 In his book, “Membrane structures” Klaus-Michael Koch 
presents a wide range of fabric materials and their capabilities. He 
lists coated and non coated fiberglass and PTFE fabrics as the general 
categories of the material. He goes on to provide great detail about 
coated PTFE fabrics and fiberglass fabrics and their many variety 
and properties. Through the process of coating, PTFE and fiberglass 
fabrics can be engineered to provide Printability, thermal insulation, 
acoustic insulation, flame retardation, resistance to UV light, 
greater life span, weather resistance, resistance to chemicals, Light 
transmission, reflection and absorption, increased tensile strength, 
and the ability to self clean. He documents several connection 
strategies such as welding, sewing, jointing, tacking and adhesion and 
provide example of many different types of membranes from fabrics 
to foils.
 I have much confidence that the very near future has in 
stored a radical change in the types of buildings that are made. With 
the lesser demand of structural load that plastics and fabrics allow, 
buildings are only a few years away from being able to be packages, 
like the Chanel pavilion, or simply framed and wrapped like the 
zenith concert halls. One can only imagine how architecture will be 
affected when thin sheets of transparent or translucent fabrics and 
films are able to adequately insulate, and create climate controlled 
space. I only wonder how wall will be designed and detailed when 
one single material is able to act as water barrier, thermal barrier, 
fireproofing, and as a finish surface. PTFE coated fiberglass fabrics 
are able to withstand some of the toughest environments, with little 
ware and tear. It seems plastics and fabrics may very well transform 
architecture quite literally, into skin and bones, able come be pulled 
apart, moved, and re-assembled.
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The evolution of architecture is directly influenced by innovations in
glassmaking technology. By definition one must introduce something 
new to spark innovation. However, Innovation alone is not what 
we strive for. It is successful innovation that disrupts1 a material’s 
trajectory. While the architect is given credit, it is the glassmaker 
who serves as the catalyst for material disruption. This paper will 
discuss the glassmaker’s influence on architecture from antiquity to 
contemporary works.
 Although glass was first discovered in BC 2,000 it wasn’t for 
another 2,000 years that it found its way into architecture. Traces can 
first be seen in Pompeii, Italy at the Bath Houses of the 1st century 
(Wigginton 12). Once introduced as an architectural material it not 
only disrupted its own path but also the path of architecture. While 
the introduction of glass had less influence on architecture of warmer 
Mediterranean climates, the architecture of cooler oceanic climates 
was significantly altered. It is therefore clear why glass production 
accelerated in Northern Europe. The 11th century Gothic cathedral 
is the first example of an architecture dependent on glass, “The 
large openings suggested by the idea of ‘frame’ implicit in Gothic 
architecture would have been impossible without the creation of 
a membrane to keep the weather out” (Wigginton 14). Given the 
mammoth size of Gothic openings, the primary limitation of pre 
18th century glass as an architectural material was the size at which it 
could be produced. Such size limitations were solved by the
glassmaker through the development of stained glass windows. Not 
only did the glassmaker solve an architectural dilemma but also 
became a storyteller, “The walls of churches and cathedrals became 
narrators of biblical and local cultures” (Elkadi 7).ar
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to keep the weather out” (Wigginton 14).  Given the mammoth size of gothic 

openings, the primary limitation of pre 18th century glass as an architectural material 

1 Disrupt: To interrupt normal course of (Merriam-Webster).  

Figure 1 Reproduction of 1st 
century Roman glass.

Figure 2 Glassmaking of the 
Gothic age.

Figure 3 Stained glass of the 
14th century, York Minster.

Reproduction of 1st century Roman 
glass.
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 The dawn of the 18th century introduced a new method 
of glass manufacturing for the first time in over 1,500 years. Under 
pressure of the French government Bernard Perrot developed the 
cast plate method in 1688 (Melchior 54). Although the required 
grinding and polishing of cast plate glass was prohibitively expensive, 
its superior quality attracted wealthy clients such as Christopher 
Wren. The cast plate windows at Wren’s 1896 wing of Hampton Court 
served as billboards for his social status2. James Watt’s industrial 
steam engine of 1781 automated the grinding and the steam engine, 
1sm of plate glass cost £10,000; by 1850 the price dropped to less than 
£1 (Wigginton 271). With the decline in the price of cast plate glass, 
the material began to be used in excess. This trend was accelerated 
by James Hartley’s refinement of the cast glass method in 1840 
(Douglass 151). Hartley’s refinement introduced a roller to flatten 
molten glass, effectively reducing its thickness. Further accelerating 
the production of flat glass, England repealed its glass tax in 1845 
(Dowell 289). It is no coincidence that these events were followed 
by the design and construction of Joseph Paxton’s Crystal Palace in 
18513. Just as Christopher Wren’s glazed façade was a symbol of his 
social status, England’s Crystal Palace served as a symbol of national 
identity. The Crystal Palace sparked an international fascination with 
glass in architecture. It was in 1904 when Belgian Glassmaker Emile 
Fourcault introduced a method of vertically drawing viscous molten 
glass through a series of rollers (Douglass 153). For the first time 
in the history of glassmaking the Fourcault method allowed for the 
production of a continuous sheet of glass. This came at a time in the 
wake of the second industrial revolution when productivity was at the 
center of attention. In 1920 Ford Motors further refined the Fourcault 
method by combining grinding, polishing and trimming into a 
seamless production line process (Wigginton 55). It wasn’t until
1935 that Pilkington developed a similar production line process 
for architectural plate glass (Utterback 114). Pilkington’s continuous 
plate glass method allowed for mass production and defined glass as a 
ubiquitous architectural material.
 In 1951 Alastair Pilkington revolutionized the glassmaking 

process with the introduction of the float glass method. The float 
method fulfilled the aspirations glass manufacturers had been seeking 
for the last several centuries; a glass that was thin, large, cheap, 
quickly produced and free of impurities. In this sense glass innovators 
began to view plate glass as a raw material to pioneer secondary 
processes such as heat treated tempered glass, multi-pane glass, low-E 
glass, fritted glass and laminated structural glass. Such secondary 
processes as heat toughened glass enabled Norman Foster to create 
a self supporting structural glass panes hung under tension in his 
Willis Faber & Dumas building of 1975 (Guedes 285). The Willis 
Faber & Dumas building was a small scale realization of Mies Van 
Der Rohe’s model glass tower of 1922. Although the building may not 
meet the environmental demands of today its deep plan and green 
roof were environmentally progressive at the time (Weston 166). 
One important shortcoming of the Willis Faber & Dumas building 
as an energy conscious design was its single pane envelope. The glass 
manufacturers’ answer to this issue was double-glazed windows. 
Double-glazed, or insulated glass, is one of the many secondary 
manufacturing processes that followed the introduction of
Pilkington’s float glass method. Introduced commercially in the 
1960s it nearly replaced all single pane window production in the US 
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Cast plate glassmaking of the 18th 
century.

Hampton Court of 1896, London, 
England.

was the size at which it could be produced.  Such size limitations were solved by the 

glassmaker through the development of stained glass windows.  Not only did the 

glassmaker solve an architectural dilemma but also became a storyteller, “The walls of 

churches and cathedrals became narrators of biblical and local cultures” (Elkadi 7).    

The dawn of the 18th century introduced a new method of glass manufacturing 

for the first time in over 1,500 years.  Under pressure of the French government 

Bernard Perrot developed the cast plate method in 1688 (Melchior 54).  Although the 

required grinding and polishing of cast plate glass was prohibitively expensive, its 

superior quality attracted wealthy clients such as Christopher Wren.  The cast plate 

windows at Wren’s 1896 wing of Hampton Court served as billboards for his social 

status2.  James Watt’s industrial steam engine of 1781 automated the grinding and the 

steam engine, 1sm of plate glass cost £10,000; by 1850 the price dropped to less than 

£1 (Wigginton 271).  With the decline in the price of cast plate glass, the material 

began to be used in excess.  This trend was accelerated by James Hartley’s refinement 

of the cast glass method in 1840 (Douglass 151).  Hartley’s refinement introduced a 

roller to flatten molten glass, effectively reducing its thickness.  Further accelerating 

the production of flat glass, England repealed its glass tax in 1845 (Dowell 289).  It is 

no coincidence that these events were followed by the design and construction of 

Joseph Paxton’s Crystal Palace in 18513.  Just as Christopher Wren’s glazed façade was 

a symbol of his social status, England’s Crystal Palace served as a symbol of national 

2 Eighty-four 75cm x 25cm panels cost Wren £386,400 (Wigginton 28). 
3 James Hartley won the bid for the Crystal Palace with his patent rolled plate method (Wigginton 41).  

Figure 4 Cast plate glassmaking 
of the 18th century.

Figure 5 Hampton Court of 1896, 
London, England.

Figure 6 The Crystal Palace of 
1851, Hyde Park, London.
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Foster and Partners, Willis Faber & 
Dumas building, Ipswich, UK, 1975.

Pre mid-20th century rolled glass.

Present-day float glass bed.

identity.  The Crystal Palace sparked an international fascination with glass in 

architecture.  It was in 1904 when Belgian Glassmaker Emile Fourcault introduced a 

method of vertically drawing viscous molten glass through a series of rollers (Douglass 

153).  For the first time in the history of glassmaking the Fourcault method allowed for 

the production of a continuous sheet of glass.  This came at a time in the wake of the 

second industrial revolution when productivity was at the center of attention.  In 1920 

Ford Motors further refined the Fourcault method by combining grinding, polishing 

and trimming into a seamless production line process (Wigginton 55).  It wasn’t until 

1935 that Pilkington developed a similar production line process for architectural plate 

glass (Utterback 114).  Pilkington’s continuous plate glass method allowed for mass 

production and defined glass as a ubiquitous architectural material.   

In 1951 Alastair Pilkington revolutionized the glassmaking process with the 

introduction of the float glass method.  The float method fulfilled the aspirations glass 

manufacturers had been seeking for the last several centuries; a glass that was thin, 

large, cheap, quickly produced and free of impurities.  In this sense glass innovators 

began to view plate glass as a raw material to pioneer secondary processes such as 

heat treated tempered glass, multi‐pane glass, low‐E glass, fritted glass and laminated 

structural glass.  Such secondary processes as heat toughened glass enabled Norman 

Foster to create a self supporting structural glass panes hung under tension in his 

Willis Faber & Dumas building of 1975 (Guedes 285).  The Willis Faber & Dumas 

building was a small scale realization of Mies Van Der Rohe’s model glass tower of 

1922.  Although the building may not meet the environmental demands of today its 

Figure 7 Pre mid-20th century 
rolled glass.

Figure 8 Present-day float glass 
bed.

Figure 9 Mies Van Der Rohe’s 
model glass tower of 1922.

Figure 10 Willis Faber &Dumas 
Building of 1975, Ipswich, 
England.
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structural glass.  Such secondary processes as heat toughened glass enabled Norman 

Foster to create a self supporting structural glass panes hung under tension in his 

Willis Faber & Dumas building of 1975 (Guedes 285).  The Willis Faber & Dumas 

building was a small scale realization of Mies Van Der Rohe’s model glass tower of 

1922.  Although the building may not meet the environmental demands of today its 

Figure 7 Pre mid-20th century 
rolled glass.

Figure 8 Present-day float glass 
bed.

Figure 9 Mies Van Der Rohe’s 
model glass tower of 1922.

Figure 10 Willis Faber &Dumas 
Building of 1975, Ipswich, 
England.
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(Harly 91). Although this new development was praised by advocates 
of green design, historical preservationists preferred the original 
aesthetic of plate glass windows. In a 1996 article from Historic
Preservation magazine on the restoration of Chicago’s Reliance 
building, Gunny Harboe expresses his concern about double-glazed 
windows, “In order to make the building marketable and save energy 
the decision was made to install insulated, inoperable double-glazed 
panes. The appearance is troubling to someone who knew the 
building before the restoration” (Dean 80). Pilkington’s answer to this 
dilemma was Spacia, marketed as “the world’s first commercialized 
vacuum glazing product,” at 6 mm thick it has the appearance of 
single pane glass but performs as well as standard double pane glass 
(Pilkington 48). Yet another answer to energy efficient window glass 
is Pilkington’s Profilit, a channeled glazing system with translucent 
infill. Profilit glass is currently being marketed with aerogel4 infill for 
superior energy performance (TPG).
 While it is the glassmaker whose innovations inform 
architecture, it is the will of the architect to interpret the glassmaker’s 
intentions. One example is Frank Lloyd Wright’s use of glass tubing 
at the SC Johnson Wax building in 1939 (Lipman 111). It is highly 
doubtful that when the Libbey Glass Company invented glass tubing 
in 1912 that they expected it ever be used as a wall (Wigginton 295). 
The history of glassmaking in architecture can be thought of as a 
tree whose roots are defined by pre mid-20th century techniques, 
whose trunk is defined by the float process and whose branches are 
defined by innovative applications of glass in architecture. With 
every innovation, a new branch sprouts. While the glassmaker is the 
catalyst for innovation, it is the synergy between the glassmaker and 
architect that fuels the advancement of glassmaking technologies.

Notes

1 Disrupt: To interrupt normal course of (Merriam-Webster).
2 Eighty-four 75cm x 25cm panels cost Wren £386,400 (Wigginton 28).
3 James Hartley won the bid for the Crystal Palace with his patent rolled plate method 
(Wigginton 41).
4 Aerogels have a very high insulation value of R-9.6 per inch (Cabot).
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4 Aerogels have a very high insulation value of R-9.6 per inch (Cabot). 

Figure 13 Pilkington’s Profilit 
glass with aerogel infill.

Figure 13 Standard double-glazed 
insulated window.

Figure 13 Pilkington Spacia 
vacuum insulated window.
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All material groups contain representatives along varying ends of a 
spectrum. These outliers often approximate and occasionally take 
over the role of materials in other groups in their vicinity. No other 
material group has such a non-linear spectrum of variance, nor does 
any other group infringe on others with such accidental voracity 
than that of ceramics and concrete. Additionally, its ability to be 
vastly manipulated before and after pouring makes the ceramics/
concrete group perhaps most available to digital intervention through 
aggregation, formwork, or initial input.
 It will be important here to illustrate that though the 
differences between masonry and poured concrete can and should be 
taken into account, they share enough important characteristics for 
both to participate in a single conceptual exercise pursued herein. In 
defining a sort of framework in which to categorize the many, often 
fringe examples of the ways in which ceramics and concrete are used, 
one can focus on the two axes of simplicity or complexity of either 
the input unit or the aggregation of that unit. For example, one can 
imagine a common brick wall laid by a mason as having a very simple 
input unit (the brick) and a very simple aggregation (stacking). Of 
course both of these could be more simple, considering that we 
could qualify the mounding (aggregation) of mud (input unit) if we 
wanted to, but for the purposes of this paper, the masonry wall will 
be the simplest considered. Bricklaying is also a nice example to start 
with because it has subtly moved toward complexity in aggregation 
through the ancient invention of pattern bonds (English, Flemish, 
American, Running, Common, Stack) as well as the continued 
complexity of the input, which today has a complexity of ingredients 
and manufacture not found in ancient brick.th
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 One set of designers have disrupted the traditional use of 
this material group through the means of complex aggregation. 
Uruguayan engineer, Eladio Dieste, is perhaps the most striking 
example of pushing the standard brick to its limits through the 
overlaying of mathematical and structural principles into their 
assemblage. In the Church of Christ the Worker (1960) at Atlántida, 
Uruguay, Dieste demonstrates that when brick is stacked in an 
extremely precise, calculated manner, a remarkably thin wall can rise 
surprisingly high off the ground and hold up an equally surprising 
amount of weight through the simple use of alternating sinusoidal 
waves, one of the most simple concepts in contemporary physics. 
Importantly, Dieste relied on the use of “reinforced masonry”, 
making the simple categorization sought in this paper slightly more 
complex, but in construction and perception, re-categorization is not 
necessary. In all his designs, Dieste pursued simplification through 
conceptual rigor. He believed that, “what is called simplicity is often 
unjustified oversimplification and economy usually refers to money 
and its movements.” Instead, he argued for use of the brick that fully 
engendered the forces at work within it. If a building could contain 
an amount of space and use half the material, Dieste considered it 
a success not only for its reduced cost but because the builder had 
come that much closer to approximating the true value of the input 
material. In the words of Remo Pedreschi in his book on the man, 
Dieste seemed to have asked Kahn’s infamous question to the brick 
a little differently; “What do you want to be in the 20th century, and 
how can I help?” This methodology led not only to his sinusoidal 
investigations, but also to an exploration of the catenary arch similar 
to Gaudi’s own investigations at Sagrada Familia through concrete.
 Contemporary examples of the complex aggregation of 
brick can be found most strikingly in the work of Gramazio and  
Kohler in collaboration with ETH Zurich. In one prime example, 
the Gantenbein Winery, we see what is possible with contemporary 
programming and robotics. A singular “supergraphic” is the main  
underlay and driver of the computer program which controls 
a  robotic brick-laying arm. The panels were laid brick by brick 
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off-site by the robotic arm and later brought onto site and hoisted 
into place. The result both from a distance and from within is the 
visual representation of a stack of ten foot wide grapes manifested 
entirely through the very precise turning or spacing of each brick 
according to the program. In this instance, the technology is shown 
as a demonstration, and it is clear that this initial trial represents the 
infancy of a means of building with much more opportunity ahead. 
At Gantenbein, the foundational parameter is “dumb” in that it does 
not relate to any level of performance, whether structural, climactic, 
acoustic, etc. The experiment nevertheless instills excitement for the 
day that more impacting parameters may be inserted early in the 
design process.
 One additionally wonders about the potential portability 
of this technology, and in fact it has attained mobility through ETH 
Zurich’s R.O.B. program, which has already been used to construct 
the Pike Loop installation project on site in Manhattan. The same 
robotic arm used for three years of study at the university was simply 
put on the back of a low bed truck and is now able to make objects 
and structures of infinite length due to its ability to roll forward 
and recalibrate to its new location. Through experimentation with 
mortars and construction techniques, ETH Zurich is pushing the 
boundaries of the role that a pile of bricks can play. As in all scientific 

experiments, an initial reduction of variables is necessary at the 
outset in order to isolate the foundational characteristics of what 
is being studied. From this point the experiment can be expanded 
with the newfound information collected, set as the new givens in 
continued experimentation. For ETH, this meant starting off with 
the humble brick and block of wood in order to better understand 
the abilities and limitations of their process, but they now seem to 
be poised to continue in the expansion of their experiment to other 
inputs.
 On the other side of the coin are those builders which have 
focused entirely on the complexity of the unit not only through 
composition but form as well. The new high performance concretes 
such as Ductal have made possible not only unheard of spans through 
dramatically improved bending strengths, but have also allowed a 
thinness never before seen in concrete. Due to the material’s high 
level of resiliency, strength, and low comparative cost, it has begun to 
be substituted for materials in other genres, such as stainless steel, as 
a cladding material.
 Though this represents a striking improvement of the 
material through composition, others find strength in form. Erwin 
Hauer ‘discovered’ the strength of the complex curve, hypar, or what 
he calls ‘saddle surface’ through trial and error, never knowing that 
mathematicians had discovered the same concept through calculation 
six years earlier. A few years after that, however, NASA was denied 
a patent on a particular type of mathematical surface because Hauer 
had already beaten them to it, entirely through intuition. In 2003 
Enrique Rosado began to rekindle the work of Erwin Hauer, and 
chose to do so with contemporary technology. After re-opening 
Erwin Hauer Studios, Rosado focused on the digitization of Hauer’s 
former designs as well as those never manifested. In their first 
experimentation with CNC routing one of his designs out of MDF, 
Hauer concluded that the process was “insanely expensive” but 
well worth the effort and cost because it is what was necessary to 
move his designs into a new era of comprehension and fabrication. 
Though to Hauer digitization represents a worthwhile dead end, how 
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this data could potentially be used from this point onward should 
be of great interest to present day designers. Was this experiment 
only a transcription, like an recording an old LP digitally so it can 
be listened to on alternate devices, or will its digitization open up 
new opportunities of exploration through more creative means 
of interpretation and re-presentation? When each input unit is 
understood and able to be manipulated in this new way, could the 
aggregation of the parts become more complex than a simple stacking 
method in order to further emphasize the original effect, or to 
achieve an entirely new effect?
 When considering how poured concrete fits into this 
framework of unit and aggregation, it is important to realize that 
masonry is only an explosion of a singular formwork into smaller 
bits. The minimal conceptual jump from work like Erwin Hauer’s 
cmu’s aggregated to form a wall over to Frank Lloyd Wright’s lilipad 
columns forming a ceiling in the Johnson Wax building demonstrates 
that these are not two entirely separate realms, but that a spectrum 
exists throughout the middle-ground as well. Wright does make 
a delineation between brick (that which passes through the kiln) 
and concrete (conglomerate) in his writings, but in the end their 
similarities outweigh their differences. Though his comments on 
concrete are much less flattering, calling the material at some points 
a mongrel material and an “insensate brute used to imitate others”, 
he links the two categories by their ineffectiveness at finding any 
one true voice. And though Wright believes that he studied under 
the ultimate master of the genre, Louis Sullivan, Wright says of terra 
cotta (brick) that, “No sense of form has developed among us that 
can be called creative – adapted to that material”, the same issue to 
continually plague concrete. Thus it is worthwhile to discuss at this 
point the evolution of poured concrete design, and how a complexity 
in formwork to create the unit, as well as a complexity in the 
structural or spatial characteristics of the aggregation of such units, 
can be viewed through the same filter as the one set up for traditional 
masonry above.
 Though Candela, Nervi, Isler and Maillart’s work with thin 

shell concrete is much more akin to Dieste’s work with bricks, and an 
argument could be made that they were simply working with smaller 
input units (suspended grains of sand, cement, and aggregate) and 
that their contribution has therefore been more on the aggregation 
side, it is a valuable intellectual exercise to consider their masterpieces 
as input units themselves, all waiting to be intelligently aggregated. 
In this way we honor the fullness of the role that the input unit has to 
play in this exercise. By doing this we are also able to imagine more 
clearly the potentiality of a work occupying the fourth quadrant in 
which complexity in both input and aggregation is represented. Like 
Hauer, these men experimented with the shape of concrete structures 
in order to merge firmness and delight through the most simple and  
graceful use of one material. Like their earthen counterparts, poured 
concrete has had a number of surface treatments applied to them 
either in the act of pouring or after they had cured. Acid washes, 
surface retarders, and textured formwork have all been traditionally 
used on concrete in order to alter its aesthetics. Occasionally, as in the 
case of exposed aggregate or texturing on horizontal surfaces, these 
aesthetic interventions have a pragmatic counterpart like added grip 
in slippery conditions or ease of cleaning. One contemporary surface 
treatment helps water sheet off the surface of the concrete, avoiding 
staining, while another treatment absorbs Carbon Monoxide from 
the air. These manipulations all represent, in the exercise of this 
paper, an improvement of the individual unit through new methods 
of formation or surface treatment.
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 As discussed, a proper physical representation of both 
complexity in the input unit as well as its aggregation has not been 
found by this author. Though the development of either the input 
unit or aggregation represented thus far is certainly worthy of 
acclaim, one can’t help but wonder if a development representing 
both sides could become much more than the sum of its parts. It is 
clear that digital technology will have a role to play in bringing this 
concept to fruition, and that in fact those participating in these early 
experiments seem to be poised to explore for the first time the union 
of smart input and smart aggregation. Parametric design is beginning 
to introduce real world inputs and applications into the designs 
driven by it, rather than simply experiments that provide proof of 
concept. Soon these inputs will become more complex and more 
plentiful, and it is easy to imagine a day when both manipulation 
of the individual part as well as how the parts comes together will 
be vital tools in performance based parametric design. What is 
more imaginable is the vast and vital role that the material group of 
ceramics and concrete will play in bringing these designs to fruition. 
It is through experimentation that these ideas can become manifest, 
and it is therefore important to briefly discuss where these ideas are 
taking root presently.
 In presenting ETH Zurich’s technology and application at 
the Acadia conference, one professor from the university remarked 
at how inexpensive the technology is for their university to afford. 
Though funding for these types of experiments is given to those 
who ask for it, it is an interesting prospect to consider what would 
happen if every university had the same opportunity to change how 
buildings are constructed in full scale without such strict economic 
barriers as those in place at this and other American universities. 
Many architects have voiced their concern over the timidity of the 
occupation to put forth energy and money into the fringes of the 
profession, and architectural education represents the most exciting 
opportunity to invest in that fringe work. As Frank Lloyd Wright once 
said, “The architect, by profession, is a conservative of conservatives”. 
What better place to explore these fringes then, than in an 
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educational setting, before the confines of economy and decorum of 
the working world halter such exploration? If this exploration is to 
take place at the university level, the separation between disciplines 
must be further eroded. Both the realm of architecture and the realm 
of engineering have a role to play in development of both the input 
unit and its aggregation. Practicality aggregated through art is just as 
worthy a destination as art compiled through practicality. Candela 
warned against the “scientizing” of design as much as he refuted the 
characterization of his artful engineering as architecture. Mark West 
and the work being done at the University of Manitoba are defining 
an approach to poured concrete that is both form and function, both 
mathematics and art. Though this approach is catered more toward 
the individual unit, the group has begun to look at how architecture 
and engineering can both influence how these parts become a whole 
as well.
 It is the entirety of the thing that must be considered at 
any scale of building. Ervin Hauer created a masterpiece with each 
concrete masonry unit he conceived, but it was the aggregation 
of these units, while perfectly simple, that brought them to life; 
“Continuity and potential infinity have been at the very center of my 
sculpture from early on”. With our new-found abilities of fabrication 
of the part and construction of the whole, we may, through careful 
contemplation, approach nearer the ideals that Frank Lloyd Wright 
put forth when he noted that the “product should therefore be nearer 
man’s desire… His creation is seen in it. What he has sensed of the 
story of his creation he has put into it.”

Gramazio & Kohler Architecture and 
Urbanism with Bearth & Deplazes 
Architekten, Gantenbein Winery, 
Fläsch, Switzerland, 2006. Robot-
driven production of brick panels.
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Since its inception as “roughly hewn sheets of transparent rock”1, 
mankind has been speculating and dreaming about the possibility 
of constructing an Edenic domain defined entirely by glass. At 
the beginning of the twentieth century these speculations and 
dreams began to be pursued in earnest with the publication of 
Glass Architecture (1914) by Paul Scheerbart, a renowned German 
philosopher, artist, poet, and author. In this widely published 
book Scheerbart discussed “the potential for glass to challenge the 
transformation of materiality and to provide a new paradigm”2 for 
the architectural profession, demanding “nothing less than a total 
redefinition of the nature and function of architecture”3. Nearly a 
century later, Brent Richards, a renowned English architect and 
design professor, provided a much-needed update on the progress 
of mankind’s earnest pursuit of these edenic domains with the 
publication of New Glass Architecture (2006). In this popular book 
Richards discusses how glass as a building material has continued to 
evolve into the “high quality, adaptable, vitrified…material that today, 
in our modern built environment, we take for granted”4.
 Even as mankind has begun to take these evolving glass 
materials for granted, however, it has also continued to express 
a strong desire and demand for increasingly more transparent 
building envelopes. Recent trends in the architectural profession have 
begun to shift the focus of building designs away from the creation 
of “solid forms, shells, envelopes and the engineered language of 
structure”, and towards building designs that incorporate aspects of 
“depth, discovery, mystery and shadow, to be truly multisensory…
[and] a multifaceted experience of the metaphysical”5. In New Glass 
Architecture, Richards elaborates on the potential for glass and Pu
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translucent materials to accomplish many of these shifting goals:

Glass and translucent materials do not necessarily open up the 
architecture to reveal space. Instead they adopt an ambiguous stance 
and demonstrate the autonomy of the cladding to the whole. With the 
increasing focus on surface, the nature of the material becomes the 
key focus of the architectural enquiry; and the materiality the basis for 
conceptualizing the desired appearance of the material, its aesthetic and 
tactile qualities, its colour, texture and sensorial characteristics.6

Unfortunately, before architects, engineers, and designers can 
begin to fully explore the “materiality” of glass in terms of its 
“appearance”, “aesthetic and tactile qualities”, “colour, texture and 
sensorial characteristics”, several fundamental structural issues and 
performance concerns pertaining to glass as a building material must 
first be resolved. Fortunately, a variety of architects, engineers, and 
designers have already begun to respond to this somewhat daunting 
challenge with, just focusing on one example, the Delft University 
of Technology in the Netherlands, forming a “research cluster” 
specifically created to explore the development of an “unbreakable, 
structural, transparent material called Zappi”7. The Glass and 
Transparency Research Group at the Delft University of Technology 
then provides the title of this research paper, which serves to frame 
and focus the following investigation into the pursuit of Zappi, the 
pursuit of an architectural construct composed entirely of glass.

Glass as Facade
During the first eighty years of the twentieth century, glass as a 
building material continued to slowly evolve towards the ultimate 
goal of making Zappi architecture possible, with architects, engineers, 
and designers focusing a significant portion of their efforts on 
potential applications for glass as a building material on the exterior 
facades of a variety of innovative structures and experimental 
projects. At the Werkbund Exhibition in Cologne, Germany (1914), 
Bruno Taut unveiled his Glashaus project incorporating glass bricks 
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contained within a concrete shell and a “prismatic dome with a 
double skin of glass”8. Along with the building itself, Taut published 
“Fourteen Aphorisms on Glass” and described the project as “both 
a refutation of materialism and a model for a new, non-materialistic 
architecture”9. More than three decades later Philip Johnson 
constructed his Glass House project in New Caanan, Connecticut 
(1949), describing the project as being defined not by its walls, but 
by its views10. Technological advances and evolving glass materials 
allowed Johnson to expand upon the “non-materialistic architecture” 
envisioned by Taut at the beginning of the century, and replace 
the thicker, more opaque and translucent glass brick materials 
employed in the Glashaus project with much more expansive and 
transparent quarter-inch thick glass panes contained within a much 
more minimal structural steel frame and mullion system11. Less 
than three decades later, Foster + Partners constructed the Willis 
Faber & Dumas Headquarters project in Ipswich, United Kingdom 
(1975), proudly expressing their desire to push the limits of existing 
glass technology even further than Johnson with a “mullion-free 
solar-tinted-glass curtain wall…suspended from a continuous 
clamping strip at roof level…[employing] internal glass fins to 
provide wind bracing”12. Technological advances and evolving glass 
materials allowed Foster + Partners to expand upon the design 
concepts envisioned by Johnson in the middle of the century, and 
replace the structural steel frames and mullions employed in the 
Glass House project with an entirely mullion-free and continuous 
exterior glass curtain wall system. Thus during the period from 1914 
to 1975, glass as a building material progressed and evolved from a 
contained modular element (the glass bricks of the Glashaus project), 
to a contained surface or plane (the glass walls of the Glass House 
project), to an expansive and continuous envelope or skin (the glass 
curtain wall of the Willis Faber & Dumas Headquarters project).

Glass as Structure
With glass as a building material having evolved sufficiently to 
dominate and envelop entire exterior facades, architects, engineers, Bruno Taut, Glasshaus, Cologne, 

Germany, 1914.
Foster and Partners, Willis Faber & 
Dumas building, Ipswich, UK, 1975.

Philip Johnson, Glass House, New 
Canaan, Connecticut, 1949.
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and designers in the last two decades of the twentieth century and 
continuing on into the twenty-first century courageously embarked 
upon the next step in the quest for Zappi architecture by beginning 
to explore and examine the more difficult task of determining the 
potential for glass to function in a structural capacity. As a testament 
to the continuing dedication and dogged persistence of their efforts, 
this relatively short period of time has witnessed the successful 
development by architects, engineers, and designers of: “new glass-
supporting systems such as suspended glazing, patch fittings, planar 
systems, point fixings with tension cables, glazed nets and cable 
lattice facades, and…load bearing glass walls”13 and the successful 
development by manufacturers of new sealant methods employing 
“rubber, neoprene, and silicone”14 for these new glass structural 
systems. This period of time has also witnessed the transition of 
glass as a building material from annealed glass materials to “heat-
strengthened and toughened” glass materials to “laminated glass and 
inter-layered glass” materials15.

Glass as Structural Load-Bearing Wall
In an attempt to determine the potential for glass to function in 
a structural capacity, several architects, engineers, and designers 
began to investigate the potential for the application of glass as a 
building material in structural load-bearing walls. At the turn of 
the twenty-first century Gerard Kruunenberg began construction 
on the Laminata Glass House project in Leerdam, Netherlands 
(2002), considered by many to be a “bold experiment employing 
glass sheets structurally”16 and, in my opinion, representing one of 
the most successful explorations and demonstrations of the strong 
potential for glass as a building material in this type of application. 
At Leerdam, technological advances and evolving glass materials 
allowed Kruunenberg to adhere more than 10,000 individual layers 
of one-centimeter thick laminated glass sheets to form a series of 
structural load-bearing walls throughout the house ranging between 
twenty centimeters and two meters in total thickness17. Referring 
to the continuing dedication and dogged persistence of architects, 

engineers, and designers during this period of time, Kruunenberg 
describes “the lengthy four-and-a-half year research, development 
and construction programme…caused by the difficulty in finding 
a suitable glue with which to bond the sheets of glass”18. In the end, 
however, Kruunenberg was able to succeed in demonstrating the 
strong potential for glass as a building material to function in a 
structural capacity, with the laminated glass sheets of the Laminata 
Glass House project creating structural load-bearing walls containing 
a structural tolerance even greater than similarly sized concrete 
walls19. As Brent Richards comments, the Laminata Glass House 
project “totally redefines the use of glass as a building material, and as 
a result represents an architectural revolution”20.

Glass as Structural Framing System
In addition to exploring applications in structural load-bearing 
walls, several architects, engineers, and designers also began to 
investigate the potential for glass to function in a structural capacity 
by applying glass as a building material in structural framing systems. 
A collaboration between the architectural firm Design Antenna and 
the engineering firm Dewhurst Macfarlane and Partners resulted in 
the construction of the Broadfield House Glass Museum project in 
Kingswinford, United Kingdom (1994), regarded as a “significant 
technical feat in contemporary glass engineering” that is still 
considered by many to be the largest structure in the world built 
entirely of glass21 and, in my opinion, represents one of the most 
successful explorations and demonstrations of the strong potential for 
glass as a building material in this type of application. Technological 
advances and evolving glass materials allowed Design Antenna to 
employ structural glass columns, beams, and roof panels throughout 
the structure as well as a structural glass lintel “constructed from ten 
separate pieces of glass”22 to provide support over the main entrance 
to the glass pavilion. These technological advances also allowed the 
design to completely eliminate the need for any metal connections 
between the various glass elements with the integration of “mortis 
and tendon joints” bonded together using a silicone sealant method23. 

Kruunenberg Architects, Laminata 
Glass House, Leerdam, The 
Netherlands, 2002.

Detail of laminated glass.
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The Broadfield House Glass Museum project relied upon “simple 
beams and columns” and “edge bearing connections”24 to successfully 
demonstrate the strong potential for glass as a building material to 
function in a structural capacity.

Glass as Structural Detail & Component
Besides these structural load-bearing walls and structural framing 
systems, several architects, engineers, and designers also began to 
investigate the potential for the application of glass as a building 
material in a variety of additional structural components. At the 
Tokyo International Forum in Japan, a collaboration between the 

architectural firm Rafael Vinoly Architects and the engineering 
firm Dewhurst Macfarlane and Partners led to the construction 
of the Yurakucho Canopy project (1996), which was used as an 
opportunity to investigate the potential for bolted glass beams and 
“hole-bearing connections” in glass materials25. As “the world’s 
largest freestanding glass structure”, the project features a 10.6 meter 
long cantilevered glass canopy composed of four “component glass 
beams” joined by stainless steel pins at their middle and end points 
to form an arch26. The Yurakucho Canopy project strongly succeeded 
in demonstrating the potential for glass materials to function in a 
structural capacity, producing a cantilevered glass beam canopy that, 
since its completion, has withstood two typhoons and an earthquake 
registering a six on the Richter scale27.
 Ten years later, a collaboration between the architectural 
firm Bohlin Cywinski Jackson and the engineer Eckersley O’Callahan 
produced the Apple Store Fifth Avenue project in New York (2006), 
featuring a thirty-two foot structural glass entrance cube, a circular 
glass staircase, and a transparent glass elevator that Bohlin Cywinski 
Jackson describes as a “bold architectural statement”28. The store is 
considered to be the retail chain’s “most architecturally innovative 
store”29 and successfully demonstrates the potential indirect benefits 
of glass structural details and components, with Apple attributing 
these details and components to the store’s being recently named one 
of the most popular shopping destinations in the world.
 During this same year, a collaboration between the 
architectural firm van Gerkan Marg und Partner and the engineering 
firm Schlaich Bergermann und Partner unveiled “a new type of cable-
structure façade using glass connectors”30 at the Lehrter Bahnhof 
project in Berlin, Germany (2006). The architectural firm described 
the project as “demonstrating the use of structural glass in an entirely 
new dimension”31. Relying upon an intensive research, development, 
and testing period extending several years prior to the actual 
construction of the project and involving a series of “finite-element 
calculations”, the Lehrter Bahnhof project successfully demonstrates 
the strong potential for glass as a building material to function in 

Dewhurst Macfarlane and 
Partners, Yurakucho Canopy, Tokyo 
International Forum, 1996.

Bohlin Cywinski Jackson, Apple Store 
Fifth Avenue, New York, 2006.

Design Antenna, The Broadfield 
House Glass Museum, Kingswinford, 
UK, 1994.
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a structural capacity by producing a series of new glass connectors 
capable of withstanding up to 70 kips32. Thus, during the period from 
1975 through today, glass as a building material rapidly progressed 
and evolved in terms of its ability to function in a structural capacity, 
successfully demonstrating this new structural capacity in a variety 
of applications including: structural load-bearing walls, structural 
framing systems, and structural details and component systems.

Glass as a Research Focus
Finally, in addition to these attempts to apply technological advances 
and evolving glass materials to various architectural projects, a 
number of separate research groups have also been formed during 
this period of time and begun to investigate potential future 
developments in the glass industry, including: new manufacturing 
processes for glass materials, new strengthening additives and 
formulas for glass materials, and new biological models for glass 
materials.
 As mentioned earlier, the Delft University of Technology in
Delft, Netherlands, has formed a “research cluster” specifically 
created to explore the development of an “unbreakable, structural, 
transparent material called Zappi”33. The Glass and Transparency 
Research Group is attempting to “increase the design possibilities 
for transparent structures” and “produce transparent building 
components…with predictable and safe failure behavior”34. Their 
research includes the development of glass columns, glass beams, 
welded glass connections, etc.
 At the Harvard School of Engineering and Applied Sciences 
in Cambridge, Massachusetts, Professor Joanna Aizenberg is 
examining the sea sponge E. aspergillum, more commonly known as 
the glass sponge, which “employs complex structural arrangements” 
that produce the strongest glass material currently known to man35. 
The glass sponge is also capable of producing these extremely 
strong glass materials at lower temperatures, even as low as room 
temperature36. If mankind can gain an understanding of how to 
replicate these processes, glass materials have the potential to become 
not only much stronger but also much cheaper to manufacture.

Concluding Thoughts and Remarks
Since its inception as “roughly hewn sheets of transparent rock”37, 
mankind has been speculating and dreaming about the possibility 
of constructing an Edenic domain defined entirely by glass, the 
possibility of constructing Zappi architecture. In the last century 
this pursuit of an architectural construct composed entirely of glass 

Gerkan Marg und Partner, Lehrter 
Bahnhof, Berlin, 2006.
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function in a structural capacity, successfully demonstrating this 
new structural capacity in a variety of applications including: 
structural load-bearing walls, structural framing systems, and 
structural details and component systems. 

Glass as Research Foci 

Finally, in addition to these attempts to apply technological 
advances and evolving glass materials to various architectural 
projects, a number of separate research groups have also been 
formed during this period of time and begun to investigate 
potential future developments in the glass industry, including: 
new manufacturing processes for glass materials, new 
strengthening additives and formulas for glass materials, and 
new biological models for glass materials.   

As mentioned earlier, the Delft University of Technology in 
Delft, Netherlands, has formed a “research cluster” specifically 
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Glass and Transparency Research 
Group, detail of structural glass 
connection.
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has witnessed a number of significant advances, achievements, and 
progress towards this ultimate goal. Once a number of fundamental 
structural issues and performance concerns pertaining to glass as a 
building material are successfully resolved, architects, engineers, and 
designers will be free to explore the “materiality” of glass in terms of 
its “appearance”, “aesthetic and tactile qualities”, “colour, texture and 
sensorial characteristics” that Brent Richards so strongly advocates in 
New Glass Architecture.
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The most sustainable option an architect can provide for his or 
her client is to not build a building at all. Buildings, unfortunately, 
have a tendency to be exorbitantly wasteful. In the United States, 
buildings consume up to 39% of the nation’s total energy and 68% 
of its electricity2. A significant portion of this energy is caused by 
the unresponsiveness of buildings to their immediate environments. 
For too long, architects have sealed building envelopes in a closed 
circulation of conditioned air. What if that same mechanical system 
of forced air were used to efficiently respond to the building’s natural 
elements outside the building? In order to maximize the efficiency 
of building performance, buildings themselves must both rapidly 
respond to changes in the building’s microclimate while minimizing 
the quantity of materials, construction time, and transportation 
distance. Inflatable, pneumatic structures represent a potential 
maximization of architectural efficiency. Airchitecture is the search 
for the ultimate efficiency of material usage, building performance, 
and building responsiveness. As society continues to move towards 
a hyper-modernist lifestyle centered on efficiency, speed, and 
impermanence, the impermanence of inflatable architecture which 
has often been seen as a weakness may become its greatest asset. 
 Air is so ubiquitous that its material properties and their 
effects on the built environment are often overlooked. While 
seemingly immaterial, air is actually fairly substantial. In a room 
19 feet long, 14 feet wide and 8 feet high, there are approximately 
1.6x10^27 molecules collectively weighing about 160 pounds3. 
Granted, there is a lot of empty space between the molecules, yet this 
gives air a set of distinct material properties.  Air is a comprehensible 
fluid which conforms to the shape of its container while also 

“Eventually, you’ll be sitting on an elastic column of air.” 
-Marcel Breuer, 19261

Earth’s Atmospheric Envelope
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expanding to fill the container. Since gas molecules are so far apart 
from each, they do no transfer heat well, giving them an excellent 
insulation value. Hollow-core masonry walls have shown how even 
one to two inch air gaps can improve the thermal performance of 
building envelopes dramatically. Lastly, since air is everywhere, there 
are no transportation or material costs. It is equally available to all, 
and, for these reasons, air is the definition of a democratic, “open-
source”, and renewable building material. 
 The vast flexibility and array of possibilities for air-structures 
have made it an ideal material to experiment with utopian visions of 
the future. One particularly relevant early example is Buckminster 
Fuller’s proposed vision for enclosing downtown New York City in 
an inflatable bubble two miles in diameter and one mile high . The 
inflatable skin was used in order to enclose the most space with the 
least amount of material. Fuller’s intention was to thermally enclose 
New York, expressing the potential of inflatable architecture to extend 
the built environment’s controlled envelope out into the atmosphere. 
Although poetic in its simplicity, an undertaking of this magnitude 
would in fact prove to be prohibitively complex, not to mention 
potentially dystopian.
 Although extreme, Buckminster Fuller’s proposal magnifies 
one of the major difficulties of using air as a building material: the 
design its inflatable container. There are three primary components 
of inflatable architecture: pressure, structural form, and a membrane. 
Inflatables can either be sustained by ambient-air low-pressure 
systems (10 to 100 kp/m2) or forced-air high-pressure systems (2,000 
to 70,000 kp/m2)v. Depending on the stability of the geometric form 
and its type of pressure (negative or positive), inflatables can either be 
self-supported without any additional structure, or they can require 
additional point and linear supports. Finally, the membrane, or skin, 
of pneumatic architecture has taken various forms throughout its 
technological advances. 
 The membrane for the first pneumatic architectural patent, 
Frederick Lanchester’s field hospital in 1917, was composed of a 
fabric tent. Without poles or conventional structure, the fabric was to 
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Inflatable New York City, Buckminster 
Fuller, 1962

Field Hospital
Frederick Lanchester, 1917

be inflated and supported by low air pressure which entered by means 
of air locks. Fabric membranes were often difficult to inflate since 
they were sewn together; however, airtight thermoplastics opened 
new possibilities for inflatable design. Although not specifically 
designed to be used for inflatable structures, the introductions of 
polymers such as vinyl (PVC), polyurethanes, nylon, and teflon in 
near the 1930’s and 1940’s allowed inflatable structures to be lighter, 
thinner, more resilient, and tightly sealed . Without the innovation 
of plastics, inflatable architecture would have been limited by the 
capabilities of fabric skins. 
 One of the most intriguing innovations in inflatable 
architecture skins have developed in their coatings and finishing. 
Coatings can dramatically alter the properties of the plastics 
they cover, including fire-retardant properties, translucency, and 
insulation values. For example, vinyl coatings, which are typically 
applied to nylon and polyester inflatable skins, can increase weather 
protection, air retention, mildew resistance, and tensile strength . The 
fabrics, coatings, and finishing of inflatable products all contribute to 
their successful operation and performance. 
 However, the rise of plastics manufacturing has come with 
an increased burden on the environment. The notion of sustainable 
plastics almost seems like an oxymoron, yet several technological 
advances have disrupted this trend in inflatable architecture. One 
crucial step to ensuring the performance of inflatables during the 
production process is the joint design. While fabric skins were 
inefficiently sewn together, most manufacturers now use radio 
frequency (RF) applied heat-welding to adhere thermoplastic panels 
to one-another. Innovative coatings can now adapt most plastics to 
RF heat-welding, while retaining the full strength of the base material 
and the integrity and properties of the coatings. Genesis Plastics 
Welding™ specializes in RF welding of thermoplastic products, 
employing its own proprietary RF sealing technology, ecoGenesis, 
which allows the welding of polyethylene, polypropylene and nearly 
any low-loss polymer in any combination of film, foam, woven fabric 
and nonwovens . This technology allows for the replacement of PVC 
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Lifecube Shelter
Lifecube Inc., 2009

Portable Fresh Air Bay
Strata Safety Products, 2009

and polyurethane with more sustainable phthalate-free plastics for 
inflatable membranes. By manufacturing with phthalate-free plastics, 
companies can decrease their carbon footprint and promote healthier 
manufacturing practices.
 As plastics and their manufacturing processes become more 
sustainable, the ecological benefits of inflatable architecture make 
it an extremely efficient sustainable design solution. With a self-
supporting structure and lightweight footprint, inflatables require 
fewer materials and mechanical parts than traditional buildings. Of 
the materials used, innovations in recyclable plastic fabrics, water-
based coatings, and low-energy fans and blowers will reduce each 
project’s embodied and expended energy.  Material transportation 
and storage, another large consumer of energy, is minimized because 
inflatable structures pack tightly, taking up very little volume during 
transportation. The extremely portable nature of inflatables has 
also made them ideal for temporary, reusable structures.  Designs 
emphasizing the lightweight, compact, and rapidly loadable and 
deployable qualities of inflatables have expanded their application to 
the design of emergency-response shelters.
 One example of an inflatable emergency-response shelter 
is the Lifecube shelter, designed to serve as emergency shelter for 
disaster victims. The inflatable structure is stored as a 50-inch cube 
and deployed in six minutes or fewer into a chamber that rises 10 
feet and sits atop a 49-square-foot floor. It is a complete package 
containing survival supplies for five days which can be airdropped 
and inflated in the most remote locations. The airframe structure uses 
nylons and polyesters made from post-consumer recycled plastics 
featuring coatings made of vinyl, polyurethane and neoprene to aid in 
the shelter’s weather resistance and tensile strength.
 Inflatables have also been designed for emergency mining 
collapses. The Portable Fresh Air Bay is a completely powerless, 
inflatable refuge chamber that deploys rapidly to provide 96 hours 
of breathable air to miners trapped underground airtight shelters for 
mine safety. The shelters, which are 5 feet high by 10 feet wide and 16 
to 45 feet long, are inflated out of a steel box that continuously pumps 

Metrodome Teflon Roof Collapse, 
2010

enough breathable air into the chamber to inflate the structure. 
Although often designed to go where no other structures can, the 
performance benefits of inflatables seen in emergency-response 
shelters have also begun to emerge in more prominent applications 
such as building facades.
 Although there is an alluring appeal to use inflatables for 
large, permanent structures to span great distances with a minimal 
amount of material, reliance on constant air pressure as the primary 
structure can result in catastrophic failures. The greater potential 
value of using inflatables long-term lies in performance enhancing 
additions to more permanent structures and spaces. Technological 
advances in plastic composition and digital fabrication processes 
have lead to innovative uses of inflatable structures as a low-energy 
alternative to improving a building envelope’s solar control, insulation 
value, and acoustic performance. Potentially priming a new era of 
sustainability in plastics and building performance, a number of 
examples showcase how inflatables are used not as entire structures, 
but as a primary component of a building’s environmentally 
responsive envelope.
 The inflatable air envelope of the Media TIC building 
designed by Cloud 9, is a noteworthy example of how inflatable 
architecture can be used to enhance a building envelope’s 
performance. Located under the hot Barcelona sun, shading the 
internal office spaces from direct sunlight on the on the south-east 
and south-west facades was a primary concern.  This drove the 
application of inflatable etheylene tetrafluoroethylene (ETFE) skins 
in a triangular steel frame. Each inflatable cushion was embedded 
with a sunlight sensor reading the heat and angle of the sun. Each 
cushion automatically responds to the sensor by inflating or deflating 
its three layers. The three layers are arranged like a diaphragm, 
with the first layer being transparent and the middle and last layers 
having imprinted reverse-pattern shading designs. When inflated, the 
reverse patterns form a single opaque layer shading the interior. On 
the south-west façade, the inflatable panels contain a combination of 
nitrogen and oil, which creates a cloudy mist making the panels semi-

Media TIC Building
Inflatable Panel Sections
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opaque when heated by the sunlight. 
 The performance and sustainability advantages of using 
an inflatable envelope over traditional materials are clear in Media 
TIC. The ETFE skin maximizes the envelope’s performance while 
minimizing the amount of material. ETFE is an ultra-thin (200 μm 
thick), ultra-light (350 g/m2) hybrid plastic material with tremendous 
solar shading properties. The facades achieved a sun-filtering factor of 
0.20 and an ultra violet coefficient of 85% . Media TIC’s high degree 
of material efficiency and precisely automated controls were only 
possible with the use of digital design tools. The facades gather and 
process information about their continuously changing environment, 
and the façade’s response to this information is enabled by the flexible 
nature the ETFE inflatable. As opposed to traditional climate control 
systems moderating the affects of the solar heat gain after it has 
entered the building, the Media TIC façade manages solar isolation 
and thermal insulation by circulating air between the chambers of 
its façade. The use of inflatable facades on the building’s envelope is 
projected to reduce the building’s carbon emissions by 37% . 
 In a similar application of inflatable envelopes, Giant 
Inflatables designed an inflatable wall for the shopping center 
Federation Square in Melbourne, Australia. The design intent was 
to close the entrance atrium area during the winter months in order 
to reduce heating loads and increase retail traffic . However, the 
inflatable façade was not the first proposal. Earlier designs using 
traditional materials were deemed unacceptably immobile, expensive, 
heavy, and slow. An initially proposed fold-away structural glass 
door system was bid over-budget and was scheduled to require 26 
days to install. In search for a more flexible solution, Giant Inflatables 
proposed an inflatable wall consisting of self-supporting, multi-
cellular transparent PVC panels. The panels themselves are arranged 
in a geodesic dome-like geometry, reminiscent of the building’s 
angular geometries. When finished, the project came in significantly 
under budget and was installed in an astounding, unheard of nine 
hours. The wall’s enclosure of the atrium makes the space more user-
friendly year-round, which has been supported by retail sales figures. 

Media TIC Building
Cloud 9, 2010

Federation Square
Giant Inflatables, 2009

Since its installation, retail traffic has increased during the winter 
months and energy costs and noise levels have been reduced. Again, 
the inflatable façade’s combination of flexible mobility with excellent 
energy, shading, and acoustic performance cannot be matched by 
traditional brick, mortar, and glass designs.
 Beyond an envelope’s energy performance, inflatable 
structures like Patton co.’s air columns can improve the impact-
resistance of buildings from severe weather. Nearly 100 feet long and 
12 inches in diameter, these vinyl-coated, polyester inflatable columns 
serve as an alternative to installing impact-resistant glass on high-
rise buildings in hurricane prone regions. When attached to screens 
along the corners of buildings, wind velocity can be drastically cut 
from 150 mph to 15 mph. This example highlights how the mobility 
and performance of air structures could be used to reconsider the 
fixed permanence of building envelopes. Instead, envelopes could 
be designed to be as variable as the natural environments they 
exist within. Rather than ignoring the hourly, weekly, or yearly 
environmental patterns, a single inflatable envelope (or composition 
of several) could be capable of both sensing and responding to 
specific weather or environmental changes.  
 On the other hand, instead of responding to changing 
environmental conditions, Airclad inflatable prefab units use 
inflatable structures to respond to the occupant’s changing spatial 
needs. These temporary or even permanently inflated rooms expand 
the inhabitable envelope of the residence. Easily transportable and 
using far fewer materials than traditional home additions, Airclads 
capitalize on the light-weight footprint of inflatables. The main core 
is comprised of wood and steel trusses, which support an outside 
panel covered in a membrane which available in options ranging 
from Clear ETFE to silicon glass . These panels inflate to a constant 
pressure and are regulated with a silent fan that runs only when the 
pressure drops. After its usefulness has expired, every material used 
in each Airclad can be recycled. Compared to traditional residential 
additions, these units offer greater flexibility during its use and life-
cycle sustainability after its use. 

Air Columns
Patton Co., 2010

AirClad Prefab Unit
AirClad Ltd, 2009
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 While the environmental and technological benefits of 
inflatable architecture could be appealing enough to usher in a 
new era of ultra-efficient sustainable buildings, some may yet 
consider the temporary nature of inflatables to be a fatal flaw.  In a 
bricks and mortar society valuing the fixed and the unresponsive, 
this may be true. However, in a society predicated on efficiency, 
speed, and responsiveness, this once fatal flaw may yet prove to 
be its greatest advantage. As the contemporary world continues 
towards interconnectedness in the age of information, lifestyles are 
compressed into more rapidly varying moments. One can only expect 
that architecture must become more flexible to suit contemporary 
lifestyles in a constant flux. Being able to deflate, pack, and carry 
your shelter wherever you go may seem nomadic, but it could be 
an extremely valuable and liberating option for those with lifestyles 
on the move. As technology continues to evolve in the world of 
inflatables, so will the markets and opportunities for their application 
in our daily lives.
 Buckminster Fuller envisioned inflatable architecture’s ability 
to extend the built environment’s control beyond its ordinary limits; 
however, his vision did not predict that highly-efficient adaptability 
of building envelopes would command a more prominent role in 
modern society than his proposal’s permanent, immutable stasis. 
The digital age and its corresponding information gathering and 
processing technologies would have been hardly conceivable even 
for such a visionary, yet its impact has been tremendous. Inflatable 
architecture is one of the few building typologies which can nearly 
immediately alter its shape, color, transparency, and temperature to 
respond to the highly sophisticated environmental data that buildings 
have begun to collect. By minimizing the actual material substances 
involved in building yet maximizing the building’s performance 
through intelligent, efficient skin technologies, the most sustainable 
option an architect can provide for his or her client may one day be a 
work of Airchitecture.

Inflatable Display
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Brick masonry is hardly a new building material. It is one of the 
oldest building materials, dating back over 4500 years. Although 
there is an incredibly diverse range of ceramic bricks available, 
neither the material nor the manufacturing process has changed 
significantly throughout that history. Therefore, architectural 
disruptions using brick have rarely been materially disruptive, but 
rather culturally disruptive in its practical application.
 Within the history of brick use, the industrial revolution is 
one of the moments where technology played a disruptive role in 
brick manufacturing, however, this disruption affected materials 
across the board, most notably steel and glass. Industrialization 
created a period of mass production and regularity that considerably 
altered our ability to construct buildings taller, faster, and cheaper. 
Architects struggled during the early periods of industrialization 
to understand the role of these material innovations, leading many 
to experiment in a search for material honesty. Unfortunately, this  
industrial system has evolved into buildings as mass produced  
commodities where economic material choices and construction 
conventions shape our everyday buildings into disposable, 
homogeneous, and soulless architecture. Brick has been abused in 
these instant buildings in an attempt to superficially recreate the soul 
and unique qualities found in historic brick buildings.
 As we progress through the next century, materials will play 
an increasingly significant role in architecture as we address the 
important environmental and cultural circumstances of our time. 
Given the environmental resource challenges as well as a cultural 
longing for place and identity, materials and craft will fill the void 
found in many buildings today.Ce
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 Brick specifically will be an important material in the 
next century. It has the ability to play many roles as is evident 
through its long history of use, always finding applications even 
with technological, environmental and cultural shifts over that 
time. Within our contemporary context, technological advances in 
other performative materials have changed the way we design wall 
assemblies. This has allowed architects a freedom from the structural 
and performative functions of materials to rethink expected qualities. 
As will be evident in the following progression of contemporary 
case studies, this freedom is allowing designers to explore broader 
environmental and cultural circumstances and disrupt our historic 
associations and expectations within brick architecture.

Attraction to Brick
Brick is a material that has endured a long history of use and will 
continue to play an important and prominent role in architecture 
and the built environment in the future. The reason for this is 
not simply because it is a material that can be produced easily in 
any environment, or because it’s often an affordable option given 
familiarity with brick construction techniques, but primarily because 
it’s a material that is distinctly human. Brick originated at a human 
scale, accommodating human construction techniques but also 
creating walls and texture that we can understand and relate to. Made 
from natural materials, brick has grown to represent warmth and 
durability. It is a universally accepted building material that we have 
an inherent understanding of and nostalgic association for. Within 
western civilizations, this attachment is clearly evident in contextual 
zoning codes and regulations that often prescribe brick as the only 
acceptable building material within certain historic neighborhoods.

Brick and Architects
Although brick has had a continual presence and broad cultural 
acceptance throughout its history, within the architectural 
community brick has fallen in and out of acceptability as architects 
have grappled with the technological, environmental and cultural 

circumstance of their time. Starting early on in the industrial 
revolution, it was Karl Friedrich Schinkel who was interested in 
finding the appropriate application of industrialized brick and is often 
cited as the architect responsible for establishing brick as a distinctly 
modern material. His Bauakademie, or Building Academy, built in 
1836, was technologically and culturally disruptive. In fill panels of 
exposed, raw brick expressed structural innovations that eventually 
lead to skeletal frame buildings. Bauakademie also solidified exposed 
brick as the acceptable material for multi-storied factory buildings 
in Prussia and England throughout the rest of the 19th century. 
(Association for the Promotion of Karl Friedrich Schinkel’s Academy 
of Architecture, n.d.).
 This lasted until International Style modernism questioned 
the role of brick as an appropriate modern material. International 
Style, primarily interested in finding the appropriate expression of 
industrial materials, primarily steel and glass, caused brick to fall 
out of popularity. The departure from this style was first found in 
Alvar Aalto’s Baker House, a student resident building at MIT. It 
was a reaction against the technical and functional purity of the 
International Style, and with it Aalto introduced romanticism back 
into architecture, primarily through his use of brick. The Baker 
House used rough clinker bricks along a sensuously curved wall to 
enliven the surface with irregular and unique textural qualities and 
reestablished brick as an important contemporary material. (Bowen, 
2003)

Design Opportunities
There are architects who realized that brick can be aggregated in 
infinite ways to achieve a variety of surface effects. It was Aalto’s 
search to discover harmonious blends of natural materials that 
lead him to experiment with brick. (Fazio, 2009) In his summer 
house in Finland, he experimented with brick patterns, colors, and 
pointing techniques to better grasp the textural opportunities and 
aged qualities possible with brick (Design Museum, 2002). There 
are also contemporary architects that are beginning to master the 
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into architecture, primarily through his use of brick. The Baker House used rough clinker bricks along a 
sensuously curved wall to enliven the surface with irregular and unique textural qualities and reestablished 
brick as an important contemporary material. (Bowen, 2003) 
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There are architects who realized that brick can be aggregated in infinite ways to achieve a variety of surface 
effects. It was Aalto’s search to discover harmonious blends of natural materials that lead him to experiment 
with brick. (Fazio, 2009) In his summer house in Finland, he experimented with brick patterns, colors, and 
pointing techniques to better grasp the textural opportunities and aged qualities possible with brick (Design 
Museum, 2002). There are also contemporary architects that are beginning to master the many reads that a 
brick wall can have. David Chipperfield has recently worked on two different buildings that illustrate his 
clear understanding of the surface effects possible. The first is his Neues Museum restoration, just completed 
in early 2009 after 10 years of construction. Here Chipperfield replicates the original 1-meter thick brick 
wall construction out of salvaged local bricks. The result is a gentle reconstruction and intervention, using 
subtle rendering on the new, prominently expressing the original brick construction (Schittich, 2009). In 
Chipperfield’s Gallery Am Kupfergraben in Berlin, using the same material, he creates a much more modern 
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and monolithic effect. Here the brick reads as long, uninterrupted infill panels within a concrete skeletal 
frame. The texture is subdued using a colored lime mortar for the pointing as well as a slurry coat over the 
face of the brick. This gives the surface a much more lightweight and consistent expression but allows soft 
textural variation to bring the wall to life (Galeriegebaude in Berlin, 2009). As more designers delve further 
into the possibilities of surface expression, richer and more interesting application opportunities will be 
discovered. 

Alvar Aalto Experimental House, 1953

David Chipperfield, Gallery Am Kupfergraben, 2006

David Chipperfield, Neues Museum, 2009

Alvar Aalto, Experimental House, 
1953
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many reads that a brick wall can have. David Chipperfield has 
recently worked on two different buildings that illustrate his clear 
understanding of the surface effects possible. The first is his Neues 
Museum restoration, just completed in early 2009 after 10 years 
of construction. Here Chipperfield replicates the original 1-meter 
thick brick wall construction out of salvaged local bricks. The result 
is a gentle reconstruction and intervention, using subtle rendering 
on the new, prominently expressing the original brick construction 
(Schittich, 2009). In Chipperfield’s Gallery Am Kupfergraben in 
Berlin, using the same material, he creates a much more modern and 
monolithic effect. Here the brick reads as long, uninterrupted infill 
panels within a concrete skeletal frame. The texture is subdued using 
a colored lime mortar for the pointing as well as a slurry coat over the 
face of the brick. This gives the surface a much more lightweight and 
consistent expression but allows soft textural variation to bring the 
wall to life (Galeriegebaude in Berlin, 2009). As more designers delve 
further into the possibilities of surface expression, richer and more 
interesting application opportunities will be discovered.

Contemporary Circumstances: Technological
As seen during the industrial revolution, the technological advances 
that changed the application of brick have less to do with brick 
material and more to do with the introduction of other building 
materials and techniques. Currently the most disruptive technology 
affecting the use of brick is the layered wall. As exterior thermal 
and moisture enclosures have stricter performance requirements, 
wall assemblies have become more sophisticated using a variety of 
materials to achieve the many performative requirements. With this 
development, solid walls are less practical. In the late 1980’s, Renzo 
Piano was one of the first to begin exploring what this meant in terms 
of brick and ceramic buildings. Not wanting to abandon the desirable 
characteristics of brick such as it’s warmth, scale, and cultural 
significance, Piano embraced this separation of wall functions in 
projects like the IRCAM and the Rue de Meaux Housing project. In 
those projects, Piano used thin, non-load bearing terracotta panels 

simply as an aesthetic rain screen, relying on subsequent layers to 
provide the thermal enclosure. (Kaltenback, 2009) As opposed to 
previous generations where material honesty was a conceptual driver, 
this layered mix of materials has freed architects to experiment 
with the ornamental characteristics of materials, blending together 
Aalto’s interest in texture and Piano’s acceptance of contemporary 
construction.

Environmental
This freedom allows for much broader exploration and 
experimentation within the architectural community. Instead of 
addressing only the technological meaning of materials, architects 
are beginning to address the broader environmental and cultural 
circumstance faced by our generation. A major opportunity with 
brick is its ability to be re-used. Within our current environmental 
context, we have to begin addressing the limitations of material 
resources and conventional construction methods. As oil resources 
diminish, human labor will become the most feasible and affordable 
construction resource, as seen in developing countries where 
energy and fossil fuels are less available. Furthermore, mining raw 
materials will become more resource intensive and expensive to 
extract, making materials that can be reclaimed and re-used a much 
more viable and relevant future option. In this vein, bricks are 
suited particularly well thanks to their modularity, human scale and 
durability; they can be salvaged and reassembled without extensive 
investment of costly resources. This environmental situation has 
inspired many architects to revisit traditional construction techniques 
and explore the re-use possibilities of materials.
 In addition to David Chipperfield, who as referenced earlier, 
has made extensive use of reclaimed bricks in his designs, Wang 
Shu of Amateur Architecture Studio has also been exploring these 
ideas. Unconcerned that brick is acting as a purely decorative façade, 
Wang Shu draws on both traditional construction techniques and 
salvaged materials to create the unique material assembly at his 
Ningbo Museum. Creating a cultural monument in a new Chinese 
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Contemporary Circumstances: Technological, Environmental and Cultural 
Technological

As seen during the industrial revolution, the technological advances that changed the application of brick 
have less to do with brick material and more to do with the introduction of other building materials and 
techniques. Currently the most disruptive technology affecting the use of brick is the layered wall. As 
exterior thermal and moisture enclosures have stricter performance requirements, wall assemblies have 
become more sophisticated using a variety of materials to achieve the many performative requirements. 
With this development, solid walls are less practical. In the late 1980’s, Renzo Piano was one of the first 
to begin exploring what this meant in terms of brick and ceramic buildings. Not wanting to abandon the 
desirable characteristics of brick such as it’s warmth, scale, and cultural significance, Piano embraced this 
separation of wall functions in projects like the IRCAM and the Rue de Meaux Housing project. In those 
projects, Piano used thin, non-load bearing terracotta panels simply as an aesthetic rain screen, relying on 
subsequent layers to provide the thermal enclosure. (Kaltenback, 2009) As opposed to previous generations 
where material honesty was a conceptual driver, this layered mix of materials has freed architects to 
experiment with the ornamental characteristics of materials, blending together Aalto’s interest in texture and 
Piano’s acceptance of contemporary construction.  

Piano, IRCAM, 1990 Piano, Rue de Meaux Housing, 1991

Renzo Piano, Rue de Meaux 
Housing, 1991
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development where culture does not exist yet, Shu draws on a 
vernacular construction technique, called wa pan, that enables the 
assembly of a mixture of salvaged bricks, stones and tiles, some dating 
back over 1,500 years. (McGentrick, 2009)
 Other examples of these explorations are seen in Jun Aoki’s 
Amori Museum, where white painted brick masses hover over 
earthen trenches. The earthen trench walls are constructed using 
a method adapted from traditional construction techniques, using 
local ground materials to form permanent walls. Salvaged materials 
can also be found in the Nursing School in Niort, designed by Herve’ 

Beaudouin et Benoit Engel. Here, limestone walls are constructed of 
salvaged, unsorted stone bricks from demolition sites.
 Salvaged materials, as opposed to refined industrial bricks, 
bring a unique texture and character to these surfaces. This not only 
addresses our issue of limited resources, but by using materials and 
techniques with a history of their own, it builds on cultural identity 
and helps to create meaning, place and cultural continuity.

Cultural
Technological advances in construction methods have freed 
architect’s to explore our current environmental circumstances 
resulting in a reconnection with the past. While this has been a 
significant development, the most disruptive outcome of this freedom 
has been the challenge to our cultural associations and expectations 
with brick.
 Due to the proliferation of instant, mass-produced, everyday 
buildings, we are losing our cultural identity and meaning. Because 
of this, we cling to historic buildings, as they are representative of a 
time when our identity had a strong and deep material presence. As 
brick was used in many of these historic buildings, the material has 
become a symbol for the quality and craft that has been lost in most 
of our conventional buildings today. This attachment has pushed 
many government-regulating agencies to specify the use of brick 
within historic urban districts. This can often result in meaningless 
application of panelized brick products. But this limitation can 
also be rather fruitful. In some cases, these material mandates have 
pushed architects to explore the creative possibilities within a limited 
palette and there are several substantial architectural works within 
the past few years that have resulted from the pairing of historical 
sites and innovative brickwork. The following are several examples 
where designers have rethought brick’s potential and broken from 
historic cultural expectations.
 Shop Architects’ 290 Mulberry project in New York City, 
still under construction, came about by working within material 
constraints. Located within a historic neighborhood, the contextual 

Amateur Architecture Studio, Ningbo 
Historical Museum, Ningbo, China, 
2009.

Jun Aoki & Associates, Aomori 
Museum of Art, Aomori, Japan, 
2006.

8

Herve’ Beaudouin et Benoit Engel Architects, Nursing School, 2009

Herve’ Beaudouin et Benoit Engel Architects, Nursing School, 2009

Herve’ Beaudouin et Benoit Engel 
Architects, Nursing School, 2009, 
detail.
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zoning regulations dictated a “predominantly masonry” façade (Shop, 
2009). This requirement fostered an innovation in the application 
of the material. Using conventional, panelized brick construction, 
Shop has reinterpreted historic brick by exploiting conventional 
construction to create and unique, undulating façade. To achieve this 
they utilized new CAD technologies to both design and fabricate the 
brick façade. (Archipreneur, 2009)
 In a similar situation, Fink + Jocher also exploited the 
mandated material to create a modern interpretation of articulated 
brick in their design of the NUWOG Headquarters in Neu-Ulm 
Germany. Using four different brick profiles, and color matching 
mortar, the texture of the bricks are emphasized as opposed to 
the bond pattern. Simple, geometric moves articulate the surface, 
bringing the wall to life through light and shadow as was often 
done with historic brick articulation, but done now with a distinctly 
modern feel. (Wohn- und Geschaftshaus in Neu-Ulm, 2009)
 Studio Gang, a firm known for their innovative material use, 
has rethought the typical application of brick in Chicago’s residential 
construction. In Gang’s Brick-Weave House, brick is no longer 
expressed as a thick solid wall with punched windows, but rather 
a thin, brick veil. (Gonchar, 2009) This brick façade is completely 
separated from the thermal barrier, a floor to ceiling window wall, 
and acts as a freestanding screen, providing privacy with a delicate 
presence rather than stark boundary as traditionally employed.
 Dematerialization of the brick wall, as seen in the Brick-
weave House, can also be found is other culturally symbolic buildings 
such as the Columba Museum by Peter Zumthor and the future 
Tate Modern Expansion by Herzog and de Meuron. While these 
buildings are substantial and lasting, they challenge the traditional 
solid brick wall. These projects rethink brick construction and our 
assumptions of what brick should be by thinning the brick layer and 
using patterned openings to created a sense of lightness that allows 
the buildings to read differently from day to night. The results flip 
our expectations, creating a much more ephemeral experience than 
previously associated with brick construction.

 At Columba, Zumthor had no choice but to grappled with 
historic brick as the Museum is built directly on top of a ruined 
Roman church and graveyard. Zumthor’s use of brick successfully 
navigates between historic context and modern structural and 
material disruptions. The result is a massive brick façade with a 
lightweight, deceptively simple, ephemeral reading. This is achieved 
using both construction that allows light, air and sound to filter 
through the walls as well as a custom designed brick and mortar 
pattern that creates a fine grained surface, helping to diminish the 
overall massiveness of the wall (Woodman, 2007). Zumthor also 
uses double-faced walls to conceal the thermal and structural layers 
of the building, allowing only the material characteristics to be 

SHoP Architects, 290 Mulberry 
Street, New York

Peter Zumthor, Columba Museum, 
2007, detail

Peter Zumthor, Columba Museum, 
2007, street view
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expressed. (Kaltenback, 2009) Although the Columba bricks are 
gray and contrast with the original brick, they do not clash with the 
existing. Rather their height is designed so that the new wall can 
build seamlessly from its historic base. This project clearly illustrates 
the difference between our traditional cultural association with 
what brick has been and what brick can be when materially and 
structurally rethought.
 Finally, a project to look forward to is Herzog and de 
Meuron’s Tate Modern expansion. Originally conceived as a cast 
glass pyramid, city permissions and the museum curator pushed for 
the building to expand using the same brick as the historic Bankside 
Power Station that the Tate Modern currently inhabits. Working 
within this material preference, Herzog and de Meuron reworked the 
façade creating a perforated brick lattice that will materially blend 
with the existing during the day and transform into an ephemeral, 
glowing box at night. (London SE1 website team, 2009) The 
expansion will be constructed by 2012 and is an exciting evolution in 
the culturally disruptive use of brick.

Conclusion
Brick is fundamentally the same as it has always been in scale and 
material composition. What is unique is our time and circumstance. 
Circumstances change through history and brick has been along for 
the ride longer than almost any other manufactured material. It has 
found meaningful and appropriate uses throughout that history, and 
the 21st century will be no different. Our cultural expectations have 
begun to be disrupted as seen in many of the case studies shown 
here. It is exciting to think about how brick can surprise us over next 
hundred years as designers further challenge our expectations.
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“Acoustics” is derived from the Greek word akouein, meaning “to 
hear.”  It is an area of science that deals with sound, including its 
generation, transmission, analysis, and perception.1    Since the time 
of the ancient Greeks, music and performance have been an integral 
part of human life. As they have evolved over hundreds of years, so 
has the necessity for new types of acoustic environments that respond 
to changing styles and trends of performance.  In recent years, a 
rapidly evolving palette of acoustic materials and applications has 
added a new level of perfection to the realm of acoustics, allowing 
performance spaces to deal with increasingly complex issues of 
sound.  The continuing exploration and success of these new acoustic 
materials is largely made possible by the rapid growth of computer 
modeling software over the last few decades.   
 “Auralization” is now much more within the designer’s 
reach, as the acoustic properties of a space, and the performance 
criteria of a particular acoustic material can be digitally visualized 
and manipulated far before construction.2  In some instances, 
auralization technologies have led to applications of materials that 
have never before been associated with acoustic performance.  With 
the aid of advanced computer simulations, Sigyn Concert Hall in 
Turku, Finland, and Marienkirche Concert Hall in Neubrandenberg, 
Germany, were able to use glass as a highly successful acoustic 
material.
 This paper will discuss an evolving history of acoustically 
tuned environments, from the times of the Ancient Greeks and 
Romans, to some of today’s most sophisticated, technology driven 
constructs.  The role of the architect, alongside these advances, will be 
a key area of discussion. 

70 71



The History of Acoustics

Greeks and Romans (650 BC-AD 400)
The earliest forms of meeting places were probably no more than 
conveniently situated open spaces existing within the natural 
world.  As the need arose to address larger groups of people for 
entertainment, military, or political purposes, concentric circles 
became a way of bringing the greatest number of people closest to a 
central area.  Seating arrangements became defined by vocal patterns 
and developed naturally, as people located themselves in areas with 
the best audibility.  Earth and stone steps were constructed to arrange 
the audience in a semi-circle around the speaker.3  Constructed at an 
angle of 30-35 degrees, these steep steps allowed for optimal views 
as well as a shorter path for direct sound, with little interference.  In 
many instances, the addition of ceramic sounding vases within the 
walls increased reverberation and further aided in amplifying the 
space.4

Early Christian/Romanesque/Gothic Periods (400-1400)
In the following centuries, elements of acoustic design shifted to 
comply with the need for the performance of religious prayers and 
music within the church.  Massive volumes of space in cathedral 
towers and domes led to large reverberation times.  Spoken prayers 
in such spaces would run together and become somewhat lyrical.  
Over time, some of the spoken prayers evolved into chants, which are 
common in many services today.
 St. Mark’s Cathedral in Venice contains marble domes 
decorated with tile mosaics, which create a considerable reverberation 
time.  Each dome is shaped slightly differently, and therefore affects 
sound in a unique way.  One dome is said to produce brassy tones, 
while the opposite dome produces silver tones. Many composers used 
to create pieces for specific cathedrals, in order to take advantage of 
such acoustical nuances of the space.5 
 

Second century AD roman theater in 
Bosra, Syria

http://www.flickr.com/photos/
seier/1486152056/

Interior dome structure at St. Mark’s 
Cathedral in Venice, Italy

http://www.bbc.co.uk/radio4/makingofmusic/
galleries/1572/9/
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s Renaissance/Baroque Periods (1400-1750) 
As towns continued to develop, public entertainment became less 
religious in its focus.  With an outpouring of art, theater construction 
began, stemming from a need for rooms where voices could be 
better articulated.6  In the Baroque period, as plays and musical 
performances became more sophisticated, there was an introduction 
of mechanized stage equipment.  The movement of props began 
introducing a high level of background noise into the performance 
realm.  Around the same time, many existing churches desired better 
clarity of spoken word in services, and were modified.  The addition 
of hanging drapes were utilized to absorb sound, and seating was 
relocated closer to the pulpit.7

Classical/Romantic Period (1750-1900)
The Classical and Romantic  periods introduced musical 
instruments with increased loudness.  They could now be heard 
by larger audiences, and as a result music halls grew in size.  With 
the construction of larger rooms came difficulties with excessive 
reverberation time.  In combination with increasing disturbances 
from mechanized stage equipment, there was now a growing 
incentive to address the room’s acoustical behavior.  In the years to 
follow, room shapes and materials arose organically in response to 
increasing demands for better sounding spaces.8

Beginnings of Modern Acoustics (19th – 20th Century) 
In the late 19th and early 20th century, the theoretical beginnings 
of architectural acoustics were started by W.C. Sabine, a professor at 
Harvard University.  Sabine set out to discover the reasons behind the 
difficulties in understanding speech in Harvard auditorium spaces.  
Upon completion of his work, he had developed the first theory of 
sound absorption of materials, and a formula for the reverberation 
time in rooms.  In 1900, he helped with the planning of the Boston 
Symphony Hall.  The Hall utilized a “shoebox” form, with heavy 
plaster construction and a deeply coffered ceiling in order to create a 
reverberation time of 1.8 seconds.9
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Shoebox Form
Sabine, and his newly found formula for reverberation time, 
highlighted the success of the shoebox concert hall form.  In the 
years to follow, the form became highly replicated and refined.  In 
a modern shoebox concert hall, the audience is arranged further 
back from the orchestra platform, in a narrow rectangular plan. The 
floor is relatively flat in order to expose the sound reflecting side 
walls to the audience, and to ensure strong lateral reflections to the 
listeners.  The rear wall is typically left exposed to provide enveloping 
reflections. With the addition of a narrow balcony space, “cue-ball” 
reflections help to compensate for room height. The upper two thirds 
of the room become generally sound diffusing, with increasing 
surface modulation with height.  Modulation varies in size to ensure 
sound is diffused over a wide frequency range, and to create a 
warmer and richer reverberation in the space.  These conditions work 
together in order to create a rich, intimate and enveloping sound, 
uniformly across the room.10

 Throughout the 20th century, aspects of room acoustics, 
including  form, noise and vibration control, as well as development 
of effective acoustic materials have continued to improve.  A burst 
of new acoustic materials has emerged in the last 15-20 years, 
alongside technological advancements such as auralization, which are 
continuously revolutionizing acoustic treatments. 

Auralization
Auralization is the technique of creating sounds from data, which 
can stem from measurements or computer simulations. In the past, 
acousticians have relied on charts and plots to display predicted 
responses. Auralization adds another dimension, allowing the 
designer to listen to the data.11  A computer model is built numerically 
from corner points and plane surfaces that are given material data, 
including absorption and diffusion.  Several sound sources are then 
inserted.  Tens of thousands of sound rays are sent from the sources, 
and each of these is traced for the duration of the reverberation time. 
Of the emitted rays, those which hit a receiver position are extracted.  

Diagram showing multiple concert 
hall forms.  The shoebox is claimed 
to be the most acoustically 
successful.

Long, Architectural Acoustics, 659.
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s The entire hall, including every seat location, can be computed and 
analyzed in just 6 to 12 hours.12

Case Study: Sigyn Concert Hall, Turku, Finland
For most of the 20th century, the accepted solution to distributing 
sound waves was to use directed reflections.  Walls and other 
surfaces were positioned such that sound would be reflected in a 
desired direction. The most obvious indication of this can be seen 
in the shaping of performance hall ceilings.  By the later part of the 
century, however, research in hall acoustics, supplemented with early 
computer technologies, had shown  that the most important qualities 
in a desirable sound field include creating diffuse, or well mixed 
sound that first reaches the listener’s ears from the sides of the space.13  
With the design and construction of the Sigyn Hall by LPR Architects 
(1992-1994), this international trend arrived in Finland. 
 Sigyn Hall is part of the Turku Conservatory of Music, 
a renovated shipyard and rope factory.  The 400-seat recital hall 
introduced the newly accepted notion of the sound field, with walls 
constructed of glass.  The acoustics of the room were designed, for 
the first time, entirely with a computer.  The primary goal set for the 
acoustical design was to create strong lateral sound in a diffuse field, 
with no directed reflections.  In the process of planning, the computer 
calculations guided both acoustic and architectural solutions.14

Sigyn Hall: Glass side-wall 

http://www.turunkonservatorio.fi/?id=6&sid=15

Sigyn Hall: Seating arrangement, 
and cylindrical metal tube diffusers 
along the side-walls.

http://www.turunkonservatorio.fi/?id=6&sid=15
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 The primary acoustic concern of glass is its smoothness.  The 
design utilized a high amount of detailing and variation within the 
walls in order to avoid flutters, or repetitive echoes caused by parallel 
reflecting surfaces.  These strategies also helped to ensure a high 
amount of diffusiveness on its surfaces.15 Another concerning aspect 
was the low-frequency absorption character of glass.  Compared 
to more solid materials, such as concrete and brick, glass is a plate-
type material, with a thickness of 4 to 10 mm, and therefore has 
considerably higher absorption at bass frequencies.  It is however 
possible for glass constructions to reduce the sound transmission, if 
there are enough layers and wide enough air gaps between the layers.  
Computer simulations aided in obtaining and optimizing the correct 
amount of layers, as well as the individual thicknesses of the glass 
panels.16

 The Sigyn Hall has the basic form of a shoebox.  The glass 
side-walls are folded to form “accordion” pleats, and are fitted 
with horizontal shelves and cylindrical metal tube diffusers.  The 
surfaces facing the stage offer early response reflections back to the 
performers, and the horizontal shelves reflect upward directed waves 
back down towards the audience.  In order to serve the performers, 
the stage was fitted with an array of overhead “clouds” and movable 
side-wall elements.  The convex clouds, in addition to supporting 
performers hearing on the stage, act as a bass diffractor.  The side-
walls can be used to adjust the stage width depending on the size of 
the orchestra.  All of this elaboration was done hand in hand with 
computer simulations in order to tweak and maximize the acoustical 
performance of the glass enclosure.17

 Measurements conducted in the completed hall showed that 
the design goals were met exceptionally well.  The balance between 
reverberation and clarity matched the digitally measured results, 
and the tone of the hall is warm, as designed and predicted.  The 
prediction for the bass reverberation was also successful, meaning 
that the acoustical data for the glass panel layers (6mm + 2mm + 
10mm acoustic-laminated) were reliable.  The glass type used seemed 
to be an even more suitable wall material than many common panel 

Sigyn Hall: Close up view of glass 
side-wall and horizontal glass 
shelves

http://www.ark-lpr.fi/
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s materials with high absorption at low frequencies.18

Case Study: Marienkirche Concert Hall, Neubrandenburg, 
Germany
At the end of WWII, St. Mary’s Medieval Gothic Cathedral in 
Neubrandenburg was in ruins.  The roof and interior of the church 
were completely destroyed, and only the outer walls remained.  In the 
1980’s, it was announced the church would become a concert hall, 
and restoration of the outer walls began.19

 The design of the hall did not begin until 1996, by Architects 
Pekka Salminen and Heikki Viherkoski. It was designed to serve as a 
multipurpose space, with an emphasis on classical symphony music.  
A high level of transparency was desired, in order to maintain the 
character of the restored cathedral.  To accommodate multipurpose 
use, the 1200-seat, shoebox shaped concert hall has a curtain which 
can be lowered in front of the stage, turning the front of the hall 
into a 300-seat auditorium. The initial proportions of the space were 
acoustically promising; a rectangular shape 21 meters wide, and 18 
meters high, with inherent diffusion. However, the acoustical design 

Marienkirche Concert Hall: New 
glass construction over existing 
windows and glass “clouds” over 
stage (top right)

http://www.terasrakenneyhdistys.fi/
terasrakennelehti/csm4-01-5.htm

Marienkirch Concert Hall:  Diffuse 
light from transulcent ceiling enters 
into the interior spaces.  Details 
seems to hover in the space as they 
avoid contact with the side walls.

http://www.terasrakenneyhdistys.fi/
terasrakennelehti/csm4-01-5.htm
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became very complex with the restriction of not being able to touch 
the restored side-walls.20

 A reverberation time of 2.1 seconds was set as a goal.  Other 
design objectives were to moderate bass reverberation, and to create 
strong spaciousness and lateral sound.  Initial computer simulations 
showed that a certain amount of mid-frequency absorption would be 
needed to reduce the volume of the space.  There was also a need for 
elements to enhance early lateral reflections to the audience, as well 
reflections back to the orchestra.
 The hall became a combination of old brick walls and 
windows, joined with modern glass and steel.  The design added 
an array of glass clouds above the stage, as well as glass reflector 
panels beside the stage and side-wall cornices. The back wall, also 
constructed of glass, was to have large-scale diffusing properties.  Not 
unlike the walls of Sigyn Hall, the back wall utilizes folded accordion 
pleats.  Pekka and Viherkoski wanted to enable diffuse light to enter 
the space from above,  and created a ceiling of glass.  The ceiling 
utilizes glass pyramids with slightly varying sizes and heights based 
on specific computer calculations.
 A considerable design problem arose with noise coming 
from the exterior of the building.  It was not possible to acoustically 
reinforce the outer walls due to the restrictions set in place, so the 
solution was to add  an extra glass layer in front of the old windows 
and doors.  The addition, as predicted by auralization simulations, 
successfully reduced the sound coefficient by 60 db.21

The Future of Architectural Acoustics
The two case studies suggest a high level of dependence on 
auralization to create desired architectural and acoustic solutions.  
Based on current trends, auralization will continue to become 
even more integrated into a building’s design process.  Advances in 
architectural modeling software, allowing users to conduct virtual 
walkthroughs of spaces, will continue to push improvements in 
acoustical modeling software.  There are currently several major 
companies worldwide that are working to further the use and 

Marienkirch Concert Hall: Glass 
reflector panels

http://www.terasrakenneyhdistys.fi/
terasrakennelehti/csm4-01-5.htm

Example auralization of Sigyn Hall 
using Odeon software.  Red boxes 
display sound sources, green boxes 
display sound recievers.

http://www.tml.tkk.fi/~ktlokki/Sinfrec/sinfrec.
html
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s development of auralization technologies.  These companies include 
CATT-Acoustic in Sweden, Odeon in Denmark, and Bose Corp. in 
the United States. 
 Pat Brown, president and owner of audio education firm 
Syn-Aud-Con, says, “Today’s powerful computer processors allow 
auralization calculations to be produced in a fraction of the time that 
it took just a few years ago.  A recent CATT-Acoustic innovation now 
allows the virtual listener to wander around a room while listening to 
the sound system.”22

 The increasing reliance on auralization software has made 
it easy to overlook the fact that, in the recent past, acoustical design 
of concert halls was regarded largely as an art form.  The outcome of 
acoustic spaces was highly reliant on the experienced architect and 
acoustician’s design knowledge and intuition.  Recently however, 
it has lost much of its mystique, and has instead become a set of 
generally known rules and numbers that can be calculated.23  In 
addition, the architect’s range of design possibilities is continuously 
narrowing, as the computer now draws attention to what can and 
cannot be drawn in an acceptable concert hall.
 Another trend apparent from the case studies is that 
materials have started to lose their meaning.  When computer 
simulations can take a material like glass and acoustically optimize 
it by folding, layering and stacking it in countless ways, it seems to 
lose its essence.  In many regards, digital tools have already reached a 
level of sophistication where they have overcome material properties 
all together.  Traditional materials such as wood and heavy plaster, 
with inherent acoustic properties, as well as carefully studied and 
calculated diffusing and absorbing materials of the last few decades, 
now seem to be in jeopardy of being surpassed by just about any 
material that undergoes computer optimization and extensive 
auralization testing.

Concluding Thoughts
In the past, the art of performance and architectural acoustics, by 
simultaneously informing each other, have evolved naturally.  The 
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Greeks and Romans created a way for thousands of people to come 
together and hear from great distances; the towering domes of the 
ancient basilicas created a distinct musical style; and modern studies 
of acoustics introduced forms and materials that have responded to 
louder instruments, larger orchestras, and an increasing need for 
better audibility.
 Auralization seems to be the current phase in this 
evolutionary process. The qualities that will continue to make up the 
best concert halls in the world greatly depend on what the future of 
musical composition and performance will become.  As of yet, this 
future is unwritten, but there are many valid questions to consider.  
In the years to come, with a demand for even more sophisticated 
acoustic technologies, how will musical composition and 
performance, and their acoustically tuned architectural environments 
continue to evolve together?  Will the highly precise methods of 
measuring, calculating, and prescribing sound inhibit the growth of 
new compositions of music?   And will new methods of auralization 
become so advanced that the architect’s role, once highly regarded 
and desired, become lost all together?
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Since the beginning of architectural building, humans have always 
seen the potential of wood as a construction material. In almost 
every ancient civilization where trees were a plentiful resource, 
wood elements are seen in their architecture. Its ability to span 
distances easily with only a few points of attachment was essential 
in pre-industrial societies, especially for roof applications. Many 
vernacular buildings from areas with even very few tree resources 
used wood members for their roofs. This is apparent because it is the 
only element of the otherwise stone and adobe construction that it is 
missing due to decay over time. Wood is easily harvested and readily 
available in most places of the world. Most importantly, it grows. 
And this growth can be observed by humans, giving the idea that it 
is a dependable and constantly renewable resource. There becomes 
a connection between the life cycle of a tree and the life of a human 
being because, unlike any other material, its creation in nature occurs 
along an observable scale for human life. Trees are among the world’s 
oldest known living organisms, so their growth and extremely long 
life is both understandable to us and also somewhat unworldly and 
authoritative. All of this sets wood apart from any other material 
because, wood is recognizable as a piece of the living world that 
surrounds us. Our use of wood should reflect these biological 
characteristics.
 Contrary to building materials specifically designed and 
produced to satisfy the needs of architects and engineers, wood 
evolves as a functional tissue of trees. In this way, wood differs 
from most building materials in that it is naturally grown. It has, 
therefore, a significantly different material makeup and structure 
when compared to most industrially produced materials. Upon close Bi
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examination, wood could be described as a natural fiber system with 
different material characteristics and related behavior in different 
directions relative to the main grain and orientation. Wood is also 
hygroscopic, which means it absorbs and releases moisture in the 
environment and these changes can cause differential dimensional 
changes. Throughout architectural history, these complex, changing 
biological properties of wood have been seen as problematic and 
disadvantageous compared to the more homogeneous, impervious 
and stable industrially produced materials. In recent history, uses 
of wood, especially in timber construction are filled with attempts 
to compensate for its supposed deficiency, ranging from special 
construction techniques to the development of industrial wood 
products that seek to stabilize the material.
 One may argue that the form of all materials used for 
building construction is subject to the processes they encounter 
during the various stages of their life, whether this be extraction from 
their natural formation in the earth, manufacturing process, shipping, 
construction process and recycling/waste process. All of these factors 
contribute to variations in size, thickness and appearance of the 
finished material (board, brick, slab, panel). The size and shape of a 
brick is often recalled for the understanding of a material to which 
humans are personally connected because of its sizing to the human 
hand for ease of construction. On the other side of the spectrum, the 
form of a giant, poured-in-place slab of concrete may be considered 
to be less related to the human because the method of construction 
is not immediately apparent. In this way, the forms of some materials 
lend themselves to a deeper feeling of human connectedness. 
With most materials, however, the only devise we have to become 
connected to a non-living object, such as stone, earth or minerals, is 
its shape. We feel some sense of connection to the size of a hardened 
piece of earth because we can visualize a human hand picking it up. If 
humans are able to become so connected with a non-living material 
through its shape that may explain the much greater nostalgia over a 
material that was actually once alive: wood.
 When attempting to answer the age-old question “what 

does a material want to be?” it is important to consider all stages 
of its life cycle. In the same way that Life Cycle Analysis is applied 
to materials to track their carbon outputs over all phases of their 
lives, possibly this same method could be applied to materials to 
determine the most appropriate form for all stages. Each stage of 
material life demands that it conform to different requirements. 
This suggests that there will have to be a compromise between the 
materials, as they would manifest themselves ideally in each situation. 
One cannot look at how the material will be formed by its structural 
properties, shipping methods, or manufacturing alone. All phases 
must be passed through eventually and the form should be influenced 
equally by all parts. Wood introduces an entirely new factor and 
classification because it is living. It has biological properties that 
can be used to the builders benefit if the organic compounds are 
understood and controlled. For example, a check in a timber log may 
be compared to a crack in a piece of stone. However, in the stone the 
crack is permanent, caused by stresses that cannot be undone. The 
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  Protec� on against rot and insects (chemical treatment)

 g 7. natural state

 g 8. manufacture

 g 9. shipping

 g 10. lumber

 g 11. construc� on

shipping,  construc� on process and recycling/waste process.  All of these factors 
contribute to varia� ons in size, thickness and appearance of the  nished material 
(board, brick, slab, pane...).  The size and shape of a brick is o� en recalled for the 
understanding of a material to which humans are personally connected because 
of its sizing to the human hand for ease of construc� on.  On the other side of the 
spectrum, the form of a giant, poured-in-place slab of concrete may be considered 
to be less related to the human because the method of construc� on is not immedi-
ately apparent. In this way, the forms of some materials lend themselves to a deeper 
feeling of human connectedness.  With most materials, however, the only devise we 
have to become connected to a non-living object, such as stone, earth or minerals, is 
its shape.  We feel some sense of connec� on to the size of a hardened piece of earth 
because we can visualize a human hand picking it up.  If humans are able to become 
so connected with a non-living material through its shape that may explain the much 
greater nostalgia over a material that was actually once alive: wood.  

When a� emp� ng to answer the age-old ques� on “what does a material want to 
be?” it is important to consider all stages of its life cycle.  In the same way that Life 
Cycle Analysis is applied to materials to track their carbon outputs over all phases 
of their lives, possibly this same method could be applied to materials to determine 
the most appropriate form for all stages.  Each stage of material life demands that 
it conform to diff erent requirements.  This suggests that there will have to be a 
compromise between the materials, as they would manifest themselves ideally in 
each situa� on.  One cannot look at how the material will be formed by its structural 
proper� es, shipping methods, or manufacturing alone.  All phases must be passed 
through eventually and the form should be in uenced equally by all parts.  Wood 
introduces an en� rely new factor and classi ca� on because it is living.  It has biologi-
cal proper� es that can be used to the builders bene t if the organic compounds are 
understood and controlled.  For example, a check in a � mber log may be compared 
to a crack in a piece of stone.  However, in the stone the crack is permanent, caused 
by stresses that cannot be undone. The check in the wood is caused by drying stress-
es and this condi� on is en� rely reversible if the wood is kept at a proper humidity 
and temperature, or if dried properly for its new loca� on in the  rst place.  Wood’s 
biological nature allows it to form and reform depending on various clima� c chang-

When considering wood speci cally one must  rst determine what all of the phases of its life are:

Natural State:  Tree 
Living/Non:  Living
Extrac� on:  Timber harves� ng
Manufacture:  Saw mill
  head saw (scans for most economical cuts)
  debarking
  cut into appropriate sized lumber
  dryed in a wood kiln
  planed
   nished (sanding)
Shipping: Limita� on of truck dimensions
  Stacked
Construc� on: Consistent dimensions
  Straight lumber allows to easy joining
Waste:   Not a determining factor
Reuse:  Not a determining factor
  Thickness is determined by structural requirements
  Sized the human dwelling (human scale) 
Usable Life: Considera� ons of swelling and shrinking
  Protec� on against rot and insects (chemical treatment)

 g 7. natural state

 g 8. manufacture

 g 9. shipping

 g 10. lumber

 g 11. construc� on

shipping,  construc� on process and recycling/waste process.  All of these factors 
contribute to varia� ons in size, thickness and appearance of the  nished material 
(board, brick, slab, pane...).  The size and shape of a brick is o� en recalled for the 
understanding of a material to which humans are personally connected because 
of its sizing to the human hand for ease of construc� on.  On the other side of the 
spectrum, the form of a giant, poured-in-place slab of concrete may be considered 
to be less related to the human because the method of construc� on is not immedi-
ately apparent. In this way, the forms of some materials lend themselves to a deeper 
feeling of human connectedness.  With most materials, however, the only devise we 
have to become connected to a non-living object, such as stone, earth or minerals, is 
its shape.  We feel some sense of connec� on to the size of a hardened piece of earth 
because we can visualize a human hand picking it up.  If humans are able to become 
so connected with a non-living material through its shape that may explain the much 
greater nostalgia over a material that was actually once alive: wood.  

When a� emp� ng to answer the age-old ques� on “what does a material want to 
be?” it is important to consider all stages of its life cycle.  In the same way that Life 
Cycle Analysis is applied to materials to track their carbon outputs over all phases 
of their lives, possibly this same method could be applied to materials to determine 
the most appropriate form for all stages.  Each stage of material life demands that 
it conform to diff erent requirements.  This suggests that there will have to be a 
compromise between the materials, as they would manifest themselves ideally in 
each situa� on.  One cannot look at how the material will be formed by its structural 
proper� es, shipping methods, or manufacturing alone.  All phases must be passed 
through eventually and the form should be in uenced equally by all parts.  Wood 
introduces an en� rely new factor and classi ca� on because it is living.  It has biologi-
cal proper� es that can be used to the builders bene t if the organic compounds are 
understood and controlled.  For example, a check in a � mber log may be compared 
to a crack in a piece of stone.  However, in the stone the crack is permanent, caused 
by stresses that cannot be undone. The check in the wood is caused by drying stress-
es and this condi� on is en� rely reversible if the wood is kept at a proper humidity 
and temperature, or if dried properly for its new loca� on in the  rst place.  Wood’s 
biological nature allows it to form and reform depending on various clima� c chang-

When considering wood speci cally one must  rst determine what all of the phases of its life are:

Natural State:  Tree 
Living/Non:  Living
Extrac� on:  Timber harves� ng
Manufacture:  Saw mill
  head saw (scans for most economical cuts)
  debarking
  cut into appropriate sized lumber
  dryed in a wood kiln
  planed
   nished (sanding)
Shipping: Limita� on of truck dimensions
  Stacked
Construc� on: Consistent dimensions
  Straight lumber allows to easy joining
Waste:   Not a determining factor
Reuse:  Not a determining factor
  Thickness is determined by structural requirements
  Sized the human dwelling (human scale) 
Usable Life: Considera� ons of swelling and shrinking
  Protec� on against rot and insects (chemical treatment)

 g 7. natural state

 g 8. manufacture

 g 9. shipping

 g 10. lumber

 g 11. construc� on

shipping,  construc� on process and recycling/waste process.  All of these factors 
contribute to varia� ons in size, thickness and appearance of the  nished material 
(board, brick, slab, pane...).  The size and shape of a brick is o� en recalled for the 
understanding of a material to which humans are personally connected because 
of its sizing to the human hand for ease of construc� on.  On the other side of the 
spectrum, the form of a giant, poured-in-place slab of concrete may be considered 
to be less related to the human because the method of construc� on is not immedi-
ately apparent. In this way, the forms of some materials lend themselves to a deeper 
feeling of human connectedness.  With most materials, however, the only devise we 
have to become connected to a non-living object, such as stone, earth or minerals, is 
its shape.  We feel some sense of connec� on to the size of a hardened piece of earth 
because we can visualize a human hand picking it up.  If humans are able to become 
so connected with a non-living material through its shape that may explain the much 
greater nostalgia over a material that was actually once alive: wood.  

When a� emp� ng to answer the age-old ques� on “what does a material want to 
be?” it is important to consider all stages of its life cycle.  In the same way that Life 
Cycle Analysis is applied to materials to track their carbon outputs over all phases 
of their lives, possibly this same method could be applied to materials to determine 
the most appropriate form for all stages.  Each stage of material life demands that 
it conform to diff erent requirements.  This suggests that there will have to be a 
compromise between the materials, as they would manifest themselves ideally in 
each situa� on.  One cannot look at how the material will be formed by its structural 
proper� es, shipping methods, or manufacturing alone.  All phases must be passed 
through eventually and the form should be in uenced equally by all parts.  Wood 
introduces an en� rely new factor and classi ca� on because it is living.  It has biologi-
cal proper� es that can be used to the builders bene t if the organic compounds are 
understood and controlled.  For example, a check in a � mber log may be compared 
to a crack in a piece of stone.  However, in the stone the crack is permanent, caused 
by stresses that cannot be undone. The check in the wood is caused by drying stress-
es and this condi� on is en� rely reversible if the wood is kept at a proper humidity 
and temperature, or if dried properly for its new loca� on in the  rst place.  Wood’s 
biological nature allows it to form and reform depending on various clima� c chang-

When considering wood speci cally one must  rst determine what all of the phases of its life are:

Natural State:  Tree 
Living/Non:  Living
Extrac� on:  Timber harves� ng
Manufacture:  Saw mill
  head saw (scans for most economical cuts)
  debarking
  cut into appropriate sized lumber
  dryed in a wood kiln
  planed
   nished (sanding)
Shipping: Limita� on of truck dimensions
  Stacked
Construc� on: Consistent dimensions
  Straight lumber allows to easy joining
Waste:   Not a determining factor
Reuse:  Not a determining factor
  Thickness is determined by structural requirements
  Sized the human dwelling (human scale) 
Usable Life: Considera� ons of swelling and shrinking
  Protec� on against rot and insects (chemical treatment)

 g 7. natural state

 g 8. manufacture

 g 9. shipping

 g 10. lumber

 g 11. construc� on

Wood processing

Shipping

Inventory

Balsa wood section

84 85



check in the wood is caused by drying stresses and this condition 
is entirely reversible if the wood is kept at a proper humidity and 
temperature, or if dried properly for its new location in the first place. 
Wood’s biological nature allows it to form and reform depending on 
various climatic changes. Some may consider this abnormality or 
unpredictability to be a flaw, but with a thorough understanding of 
the material, there is great potential in working with the living nature 
of wood in buildings.
 In the remainder of this paper, I will discuss various examples 
of buildings which do or do not take advantage of the biological 
characteristics of wood, formally and functionally. The various levels 
of success achieved by six different architects will be described in the 
following case studies; 1-Relaxation Park (Toyo Ito), 2-Net Forest
(Tezuka Architects), 3- House of Sweden, 4-Roald Gunderson work 
with whole trees, 5-the work of Fujimori and lastly, 6-Achim Menges 
projects of “Performative Wood.” Each project approaches the use of 
wood as a primary material in their work in different ways, and the 
various approaches ultimately determine how successfully wood is 
used as a building material for each.

Toyo Ito, Torrevieja Relaxation Park
There have been many recent examples of architectural projects 
which attempt to use wood to create unexpected, curvilinear forms 
using regularly sized board lumber. Relaxation Park, a project 
designed by Toyo Ito in Torrevieja Spain, is an example. The proposal 
is to recreate a gently sloping landscape which resembles sand 
dunes and is in harmony with the surrounding scenery. The project, 
designed for relaxation, is dotted with spa facilities that relate to the 
contours of the land. The snail shell shaped buildings all have the 
same structural system and serve as a restaurant, information center 
and an open air pool.
 Located in a resort town in Spain on the east coast of the 
Mediterranean Sea, Torrevieja has year round sunshine and a 
population that expands rapidly during the summer months. It is 
located next to two iconic lakes, one of which has a unique pink color 

which transforms with the time of day. The effect is possibly caused 
by high salt concentrations and bacteria in the water. Therapeutic 
mud from this lake draws crowds seeking a spa getaway. Much 
development has occurred in this area that is undesirable; therefore 
new projects such as this relaxation park are intended to create an 
improved urban condition. 
 The curves of the forms follow the landscape and in cross 
section, the ratio of the ellipse was derived from the length of the 
major axis. The spiral weaves together five steel rods linked by timber 
joists which span 4.5-5.5 meters creating the external form of the 
shell. Although, the structural system is simple, it must rely on a very 
precise mathematical system to give the appearance of an organic 
curving form which is actually made up of very regular geometric 
pieces (lumber). The irony in this process is that the material used 
actually is an organic material in the first place. The milling process 
the material goes through forms the wood into regular board lumber 
during this manufacturing, and, in this project’s case, the boards 
are placed according to a mathematical equation to recreate the 
appearance of a very organic structure. However, the curving forms 
are only truly perceived that way when seen at a distance. As soon as 
a viewer is inside the structure, it is clear how clean, and precise each 
member of the structure actually is.

Tezuka Architects, Net Forest
This project is a children’s climbing structure, and the intention here 
is to maintain a sense that children are playing outside despite a 
partial enclosure. Net Forest is a 350 square meter space and takes 
the form of an inverted birds nest as large sections of Douglas fir 
are stacked to produce equally large gaps between the timbers. This 
creates something of a birds nest of interlocking mega-twigs, no 
steel reinforcement is used except for in base, a mixture of cutting 
edge and historic techniques were adopted, with CNC machines and 
timber pegs used to create fixings between each of the 580 planks.
 The architects liken the structure to a forest clearing, which 
would have been the ideal setting for the artwork, “we wanted to 

Toyo Ito, Torrevieja Relaxation Park, 
Torrevieja, Spain

Tezuka Architects, Net Forest, 
Hakone, Japan

Bi
ol

og
ic

al
 U

nd
er

st
an

di
ng

 in
 A

rc
hi

te
ct

ur
e

86 87



create an ambiguous boundary, like a forest or the notional space 
created by campfire at night.”
 The conceptual ideas present in the architect’s mind for 
this project clearly indicate that there is a desire to replicate nature. 
The goal of creating an ambiguous space brings to mind the space 
defined by the canopy of a tree, unrestricted, but nevertheless 
defined by its qualities of filtered light. The irony is clear in these 
statements when keeping in mind that the material used does, in 
fact, come from nature originally. The materials have clearly been 
disconnected from their origins enough when manufactured into 
timbers that there becomes a perceived need to recreate natural forms 
with the wood. Tezuka Architects do accomplish these ideas but in 
a somewhat forced and manufactured way because the wood form 
used (dimensional lumber) is so disconnected from the organic and 
irregular forms used to create a bird’s nest or the leaves of a canopy. 
Any other material could have been used to accomplish the same 
goal in this case. Wood was perhaps chosen because of its biological 
characteristics, however, it isn’t used in a way that exemplifies these 
characteristics, rather, and the project severely downplays them.

Wingardh Architects, House of Sweden
The House of Sweden, completed in 2006 by Swedish architects Gert 
Wingardh and Tomas Hansen, serves as the Swedish Embassy and 
also comprises offices and upscale apartments. As described in a 
recent article on the Archinect blog, “It is a physical representation 
of Swedish values such as openness, transparency and democracy; 
House of Sweden is the flagship of Swedish public diplomacy in the
United States.” The design employs building materials and systems 
used in Sweden to showcase the country’s resources. It is a largely 
glass exterior façade interspersed with a framework of wood. While 
appearing to be made entirely of wood, the process of using six panes 
of glass, alternately layered with computer generated images, allowed 
for the typical Scandinavian bleached-wooden appearance to be 
accomplished in the humid DC environment. The encasement of 
glass gives the building a sense of transparency intended to represent 

openness. The interior has extensive wooden components as well with 
large day lighting windows to enable the space to flood with light. The 
building has been awarded Sweden’s most prestigious architecture 
award; the Kasper Salin Prize. The award is a demonstration of 
quality and incorporation of the native and inspiring country’s 
best resources. “The ideal of speaking two languages but finding a 
common element of openness not only between nature and man, but 
between two nations and mankind himself is defined in this design.”
 In this project, as in the previous two, Wingardh Architects 
exhibit a strong desire to create a natural looking material. Rather 
than conveying an organic form from the veneered panels, the form 
of the building is very rectilinear, allowing the wood panels (and 
replicas) to place a focus on the grain and texture of the material 
rather than the form itself. In this case, wood could not be replaced 
by another material and accomplish the same idea, as is different 
from the previous examples. The entire concept behind-despite the 
presence of-this application of wood is to show its texture, and it 

Wingardh Architects, House of 
Sweden, Washington, DC
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accomplishes this even with the use of the interspersed glass panels. 
The finished building convoys the softness and organic qualities of 
wood and even allows the material to be seen in a different way than 
it is in nature. The veneer panels accentuate the grain pattern due to 
the way they are cut, and make the subtle, uneven textures of nature 
even more apparent.

Roald Gundersen
On the other end of the spectrum, Roald Gundersen incorporates 
whole trees into his architecture as the primary structural elements. 
Referred to as a forester architect, Gundersen uses small diameter 
trees which were passed over by loggers and slowly bends and prunes 
them over several years to implement them in his structures. Because 
a curve is stronger than a straight line, a single arch formed from a 
bent tree can laterally brace a building in all directions. This idea is 
backed by research from the Forest Products laboratory in Madison 
in that a whole, un-milled tree can support 50 percent more weight 
than the largest piece of lumber milled from the same tree. His firm, 
Whole Tree Architecture and Construction creates residences and 
greenhouses which give the feel of being in a forest with a goal being 
to spread the understanding of the value of whole trees as a building 
resource. “As people begin to see forest as a resource, they may begin 
to take care of them rather than cutting them down to make room for 
cornfields or pastures. And the forests keep giving back.”
 Gundersen’s uses wood in a way which maximizes its 
biological potential. By connecting one tree into the crook of another 
tree, the problem of weak joints is remedied. “The crook of a tree has 
been time-tested by environmental conditions for 200 million years.” 
By understanding what the properties of wood are as a whole tree 
versus as milled lumber, the potential for high strength members of 
wood was clear. The interior of the buildings give off the same organic 
feelings that one may experience in an actual forest, the power 
and size of the trees has a lasting power even as it is utilized in the 
building.

Terunobu Fujimori
Another example of an architect whose understanding of wood’s 
biological properties is utilized in his buildings is architecture 
historian-turned designer, Terunobu Fujimori. Fujimori’s background 
tending to forests in his youth, as well as his extensive knowledge 
base of applications of materials in all types of historical and 
contemporary buildings led to his desire to create a completely 
unique concept of architecture. His treatment of materials, therefore, 
is a merger of ancient vernacular techniques as well as playful 
new architectural forms. In his Coal House, he uses charred cedar 
boards with a crackled texture from burning. This ancient Japanese 
technique seals the wood against rain and rot from insects. It is 
rarely seen in contemporary buildings because it is highly labor 
intensive and considered primitive. “No educated architect would 
use this material,” says Fujimori in an article for The New York Times. 
Fujimori creates his architectural models by carving tree stumps 
into abstract shapes. His small group of interior finish volunteers 
he calls the Jomon Company, named after the Neolithic period of 
Japanese history and the primitive tools they used that give Fujimori’s 
buildings a rough, handmade feel. Although Fujimori dismisses any 
notion that his buildings are eco-conscious, the concepts and feelings 
of primal shelter that are apparent in his buildings all come from 
working with and understanding nature and what it has to offer us.
 Fujimori’s curiosity to understand materials extends beyond 
wood. He has studied the use of mud and adobe in the American 
Southwest and Mali as well as the shelters created in the Caves of 
Lascaux in France. His approach is to first explore what the maximum 
potential of the material could be (as is often present in vernacular 
architecture). After a clear idea of what a material is capable of, 
he applies these ancient techniques in ways that can benefit his 
contemporary architectural ideas.

Achim Menges
Achim Menges’ work is centered on the idea that once one is able 
to understand wood’s complex material makeup and behavior, its 

Roald Gundersen, residence showing 
the use of whole trees as structure

Terunobu Fujimori, Coal House, 
Tokyo, Japan
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biological nature can be seen as advantageous rather than deficient. 
While the construction industry’s attitude towards wood has 
manifested in the form of attempts to control its living behaviors 
(decay, shrinkage and swelling and checks/splits) Menges works 
in the opposite direction, working with these behaviors to create 
architectural projects which literally seem to come alive. His use of 
Computation Design allows the computer’s capacity to break down 
wood’s complex behaviors in the design process. “In Computational
Design, form is not defined through a sequence of drawing or 
modeling procedures but generated through parametric rule-based 
processes. The ensuing externalization of the interrelation between 
algorithmic processing of information and resultant form generation 
permits the systematic distinction between process, information 
and form. Hence, any specific shape can be understood as resulting 
from the interaction of system-intrinsic information and external 
influences within a morphogenetic process.”
 In his projects, Menges creates a database of in-depth 
information about the particular wood to be used in the project. A 
thorough understanding of the wood’s properties allows its behavior 
to be predicted by computer modeling.
 A project entitled “Performative Wood: Integral 
Computational Design for Timber Constructions” was presented at 
the 2009 ACADIA conference in Chicago. The experiment involved 
exploiting the hygroscopic characteristics of wood by using thin 
pieces of maple veneer which bent along the tangential axis when 
the humidity levels changed. As humidity levels change, bound 
water content in wood affects the shrinkage and swelling of the 
thin veneer piece to the point where it would peel upwards on the 
corners due to the changing tangential stresses. These thin veneers 
became small elements within the wall creating an assembly of 
the moisture sensitive pieces attached to a substructure. When an 
increase of moisture content is triggered by a rising level of relative 
humidity causes the swelling of the veneer elements. The veneers 
expand primarily in the tangential plan orthogonal to the grain and 
causes a shape change as the elements curl up, creating an opening 

for ventilation. A number of test cycles verified that the movement 
created by moisture absorption is fully reversible and the shift from 
a fully closed to fully open state takes less than twenty seconds when 
there is a significant increase in relative humidity.
 In this way, the wood elements serve as sensors to the 
environment as well as control the porosity of the wall, introducing 
opportunity for ventilation. This experiment demonstrates the high 
level of integration of form, structure and material capacity present 
in wood. By taking advantage of the opportunities presented by living 
and changing material behaviors, it is possible to build elements 
which react to their environments just as they would in a natural 
state. This innovation in design methodology is based on a thorough 
investigation of the material anatomy and resultant characteristics.
 From these examples, there is clearly a range in the utilization 
of wood when considering its biological characteristics. The use of 
natural behaviors of wood in each project is somewhat related to each 
particular architect’s background in wood properties. It is critically 
important that as architects, we understand and question the 
materials we are using. When attempting to create an “organic” form, 
the use of 2 x 4 milled lumber is quite contradictory to the end goal. 
On the other extreme, explorations beginning with a curiosity for the 
material properties, as Achim Menges demonstrates, have resulted 
in extraordinary advancements of our understanding of wood as 
designers. It is advancements such as these that can improve our use 
of materials.

The Symphony of Wood
The discussion of House of Sweden brings up another, related topic of 
use of veneer woods and even fake wood in architectural applications. 
The extensive use of veneers for aesthetic purposes extends far 
beyond the design/construction world. Examples of faux wood are 
plentiful in almost every manufacturing industry imaginable.
Faux wood prints on clothing, faux wood candles, faux wood dishes, 
faux wood on cars, for bags, faux wood as inspiration for patterning, 
cell phone cases, wood typefaces, the list goes on and on. There is 

CASE STUDY 5_TERUNOBU FUJIMORI

Another example of an architect whose understanding of wood’s biological proper-
� es is u� lized in his buildings is architecture historian-turned designer, Terunobu Fu-
jimori.  Fujimori’s background tending to forests in his youth, as well as his extensive 
knowledge base of applica� ons of materials in all types of historical and contempo-
rary buildings led to his desire to create a completely unique concept of architecture.   
His treatment of materials, therefore, is a merger of ancient vernacular techniques 
as well as playful new architectural forms.  In his Coal House, he uses charred ce-
dar boards with a crackled texture from burning.  This ancient Japanese technique 
seals the wood against rain and rot from insects.   It is rarely seen in contemporary 
buildings because it is highly labor intensive and considered primi� ve.  “No edu-
cated architect would use this material,” says Fujimori in an ar� cle for the New York 
Times.    Fujimori creates his architectural models by carving tree stumps into ab-
stract shapes.  His small group of interior  nish volunteers he calls the Jomon Com-
pany, named a� er the Neolithic period of Japanese history and the primi� ve tools 
they used that give Fujimori’s buildings a rough, handmade feel.  Although Fujimori 
dismisses any no� on that his buildings are eco-conscious, the concepts and feelings 
of primal shelter that are apparent in his buildings all come from working with and 
understanding nature and what it has to off er us.   

Fugimori’s curiousity to understand materials extends beyond wood.  He has studied 
the use of mud and adobe in the American Southwest and Mali as well as the shel-
ters created in the Caves of Lascaux in France.  His approach is to  rst explore what 
the maximum poten� al of the material could be (as is o� en present in vernacular 
architecture).   A� er a clear idea of what a material is capable of, he applies these 
ancient techniques in ways that can bene t his contemporary architectural ideas.  

CASE STUDY 6_ACHIM MENGES > WORK PRESENTED AT 
ACADIA 2009 CHICAGO

Achim Menges’ work is centered on the idea that once one is able to understand 
wood’s complex material makeup and behavior, its biological nature can be seen 
as advantageous rather than de cient.  While the construc� on industry’s a�  tude 
towards wood has manifested in the form of a� empts to control its living behaviors 
(decay, shrinkage and swelling and checks/splits) Menges works in the opposite di-
rec� on, working with these behaviors to create architectural projects which literally 
seem to come alive.  His use of Computa� on Design allows the computer’s capacity 
to break down wood’s complex behaviors in the design process.  “In Computa� onal 
Design, form is not de ned through a sequence of drawing or modeling procedures 
but generated through parametric rule-based processes. The ensuing externaliza� on 
of the interrela� on between algorithmic processing of informa� on and resusltant 
form genera� on permits the systema� c dis� nc� on between process, informa� on 
and form.  Hence, any speci c shape can be understood as resul� ng from the inter-
ac� on of system-intrinsic informa� on and external in uences within a  morphoge-
ne� c process.”

In his projects, Menges creates a database of in-depth informa� on about the par� c-

 g 22.charred siding

 g 23. natural burnt tree

 g 24. charring process

 g 25. prototype wallAchim Menges, prototype wall

them on deeper levels than we are consciously aware.  We get certain feelings when 
entering spaces with diff erent material applica� ons.  On some level, we all generally 
agree that spaces “feel” a certain way whether it be the “brutal” or “cold” feeling we 
get from stark concrete spaces, or the “airy” feeling of glass -encased rooms.  Spaces 
that contain wood as a building material are o� en described as “warm,” “cozy,” 
“in� mate” or “so� ” environments.  It is interes� ng, however to  nd that we can get 
these same feelings simply from the appearance of wood pa� erns, no ma� er how 
unconvincing.  Our nostalgia for wood may be explained because, on some level, we 
are aware that the material was once a living organism.  We can see the decay of 
wood over � me and its organic proper� es become even more evident.  

An eloquent humanist, as well as one of the great architects and designers of the 
20th century, Alvar Aalto is an example of a designer who helped pave the way for 
our modern use of wood in architecture, placing emphasis on “organic” geometry; 
supple, natural materials; and respect for human feeling.  The Finnish Pavilion in 
1939 was an “organic exhibi� on” exploi� ng the material for its interac� on with 
form, light and cinema in what he described as a “symphony of wood.”  His approach 
was strongly in uenced by nature and the Finnish landscape of lakes and forests. In 
Alvar Aalto’s architecture, wood has an important role symbolically and as a mate-
rial. Aalto emphasized the biological characteris� cs of wood and its rela� onship with 
people and nature in various diff erent contexts in his architecture. The ease with 
which wood can be worked, its pleasantness to the touch, its warmth and its poten-
� al for taking diff erent  nishes were important to him. In contrast to ra� onalist steel 
and concrete building, Aalto’s architecture emphasizes so�  values that are close to 
nature; people are taken into account in all his designs. 

As we look towards a future in which a deeper understanding of wood’s biological 
structure creates innova� ng new material applica� ons it is important to remember 
the vision architects such as Aalto had when hypothesizing about the possibili� es of 
design which come from understanding the natural world.   “Nature,” he wrote, “is 
a symbol of freedom... If we base our technical plans primarily on nature we have 
a chance to ensure that the course of development is once again in a direc� on in 
which our everyday work and all its forms will increase freedom rather than decrease 
it.” 

 g 27. faux wood belts

 g 28. cell phone cover

 g 29. faux wood paneling

 g 30. wood pa� erning

 g 31. faux wood lighters

Faux wood paneling
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clearly something about the texture of wood that we particularly 
identify with as humans. What is it about materials that makes them 
attractive to us? I would argue it is the connection we have with 
them on deeper levels than we are consciously aware. We get certain 
feelings when entering spaces with different material applications. 
On some level, we all generally agree that spaces “feel” a certain way 
whether it be the “brutal” or “cold” feeling we get from stark concrete 
spaces, or the “airy” feeling of glass-encased rooms. Spaces that 
contain wood as a building material are often described as “warm,” 
“cozy,” “intimate” or “soft” environments. It is interesting, however to 
find that we can get these same feelings simply from the appearance 
of wood patterns, no matter how unconvincing. Our nostalgia for 
wood may be explained because, on some level, we are aware that the 
material was once a living organism. We can see the decay of wood 
over time and its organic properties become even more evident.
 An eloquent humanist, as well as one of the great architects 
and designers of the 20th century, Alvar Aalto is an example of a 
designer who helped pave the way for our modern use of wood in 
architecture, placing emphasis on “organic” geometry; supple, natural 
materials; and respect for human feeling. The Finnish Pavilion in
1939 was an “organic exhibition” exploiting the material for its 
interaction with form, light and cinema in what he described as 
a “symphony of wood.” His approach was strongly influenced by 
nature and the Finnish landscape of lakes and forests. In Alvar Aalto’s 
architecture, wood has an important role symbolically and as a 
material. Aalto emphasized the biological characteristics of wood and 
its relationship with people and nature in various different contexts 
in his architecture. The ease with which wood can be worked, its 
pleasantness to the touch, its warmth and its potential for taking 
different finishes were important to him. In contrast to rationalist 
steel and concrete building, Aalto’s architecture emphasizes soft 
values that are close to nature; people are taken into account in all his 
designs.
 As we look towards a future in which a deeper understanding 
of wood’s biological structure creates innovating new material 

applications it is important to remember the vision architects such as 
Aalto had when hypothesizing about the possibilities of design which 
come from understanding the natural world. “Nature,” he wrote, “is
a symbol of freedom... If we base our technical plans primarily on 
nature we have a chance to ensure that the course of development 
is once again in a direction in which our everyday work and all its 
forms will increase freedom rather than decrease it.”
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The first “gridshell” structure was developed in the late 1800’s by 
Russian Vladimir Shukhov, it was a tensile steel structure developed 
to provide maximum open floor space for a steel factory. Although 
there is virtually no documentation for how the structural form was 
derived, it was the initial exploration into a structural system that 
would not be further explored until years later. The most significant 
aspect of gridshell constructions is the concept that the strength 
arises from the geometry of the form, not necessarily the material 
used for construction. The Multihalle Mannheim, designed by Frei 
Otto with the aid of the engineering firm Buro Happold in 1975 is 
the most celebrated modern example of a timber gridshell, while 
the Japan Pavilion from the Hanover Expo 2000 by Shigeru Ban 
(with consultant Frei Otto) showcases the range of material selection 
for this type of structure. These two examples showcase two of the 
previous innovations in gridshell structures that impacted the design 
developed for the Weald and Downland Open Air Museums outdoor 
storage facility designed by Edward Cullinan Architects.
 Frei Otto, at the Institute for Lightweight Structures in 
Stuttgart, produced a series of experimental structures for large 
spans. This work resulted in the Mannheim gridshell of 1975.1  The 
shell is a single layer mat, meaning it is composed of a single grid of 
perpendicular timber laths. The gridshell allows for a very large span 
of open space, and is very well lit due to the enclosure of transparent 
film. Buro Happold chairman Michael Dickson was heavily involved 
in this project, and his expertise was tapped for the Downland 
Gridshell. After working on the Multihalle, it was understood that a 
single-layer gridshell has inherent properties built into that limit the 
extent of the form because the members that form it must be so thick Multihalle Mannheim, 1975

Interior view of space, highlighting 
gridshell structure and natural light 
(opposite).
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that they resist bending.. He developed this challenge into a double 
layer gridshell system that incorporates two layers of much thinner 
elements into the Downland Gridshell.2

 Shigeru Ban utilized a gridshell for his design for the Japan 
Pavilion at the Hanover Expo 2000. One of the paramount interests 
of the team was to make the design extremely sustainable, they did 
this by implementing recycled and recyclable materials for the major 
components of the building. As the principal material, paper tubes 
were used for the basic structure and tied at the joints with strips 
of cloth, and a special ‘paper honeycomb’ was employed to give 
the required stiffness to the end walls.3 This innovative use of the 
gridshell exemplifies its ability to create a very strong structure from 
a network of small, weak elements. In this system, the whole truly is 
stronger than the sum of its parts. The design team for the Weald and 
Downland implemented this idea into the project by exploring the 
minimal structural members necessary to still create a strong, durable 
network.
 The Weald and Downland project arose from the need for 
more storage for the open air museum’s growing collection of tools 
and historic building elements. By 1995, the museum was spending 
£30,000 per year on external storage solutions, so the board elected 
to move forward with an invitation to four architects to propose a 
new conservation center.4 The practical brief for the project was quite 
loose, simply calling for 2 spaces or buildings: one being a climate 
controlled storage facility, the other a large open workspace that 
could double for exhibitions.5

 The two trajectories taken by the design teams were to 
create a carefully authentic reproduction of a similar building to 
one found within the open air museum itself, or in the case of 
Cullinan, a structure that incorporates the ideas of traditional timber 
construction, but throws them into the context of the modern world.6 
The approach of the design team reflects the initial intentions of 
the founder of the museum – Christopher Zeuner: “to maintain 
timber craft knowledge, but also to demonstrate how such deep and 
hard-won understanding might inform modern ways of building. 

St
ro

ng
er

 th
an

 th
e 

W
ea

ke
st

 L
in

k

Japan Pavilion, 2000; Detail showing 
network of paper tubes with cloth 
strips for structure.

The beauty of the design of the Conservation Centre is that it 
couples this philosophy with innovation in modern methods.”7 It 
extends the lineage of the historic buildings into the 21st century 
by incorporating new materials and design ideas into a memorable, 
sustainable workspace.8  As Hugh Pearman reviewed the building 
upon its opening: “As very few buildings ever manage, this one shows 
you exactly how it works. It is high-tech in the true sense, as opposed 
to workaday industrial chic. It creaks gently and almost constantly 
as it warms and cools in the sun and wind. It is this that makes you 
feel that it is living and breathing.”9 To have built a superficial ‘old-
looking’ barn here would have been a poor attempt at replicating the 
art of timber craft, while authentically building a new facility with 
historic techniques would have suggested that timber construction 
has no place to go in the future. The team was able to successfully 
demonstrate the direct lineage of the historic buildings in the 
museum into the 21st century in a thoughtful design by pushing the 
limits of the material, but respecting the inherent qualities of it as 
well.

Completed Project, 2001.
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 As mentioned, the gridshell form was chosen because it 
represents an addition to the lineage shared with the historical 
buildings in the open air museum. It is a timber building that was 
designed with advanced computer technologies and expert craftsmen. 
“The organic form is due primarily to the stiffness requirement for 
the shape of a gridshell, composed of a series of continuous curves. 
The structure is based on straight lines, criss-crossed to form a grid 
plane… Rotating joints are formed at each crossing point that allow 
the sheet to concertina, and even more unusually, to warp, forming 
any variety of combination of three-dimensional curvatures – limited 
only by the bending capacity of the material.”10 It wasn’t intended 
to be a landmark building by the design team; however the entity 
that financed the project, the Heritage Lottery Fund, wanted to 
make a statement with their first new-build project.11  The structural 
engineers at Buro Happold, who worked with Frei Otto on the 
Multihalle Mannheim, had perfected a new method for developing 
gridshells, called ‘dynamic relaxation,’ a computerized technique 
in which a virtual mat of weights, joined by springs, is set within 
the digital boundaries.12  The system generates elegant and natural 
shapes almost automatically, so it is up to the designer to adjust the 
final form to meet their aesthetic and programmatic needs. “What 
differentiates the grid shell at Weald & Downland from previous 
designs is that the tools no longer define what’s possible – instead 
their potential is explored and modifications are made to meet 
designer demand.”13 Again, by using the mentality of historic timber 
construction and using the best tool for the job, the team was able to 
leverage a very sophisticated computer modelling technique to push 
the boundaries of the structure in a safe and cost-effective digital 
environment.
 To achieve the tight radii required for the gridshell, a mixture 
of materials was required. To achieve sustainability benchmarks, 
the team attempted to use exclusively local materials. Oak was used 
green for the gridshell where suppleness was important, but dry 
for lamination into the round-section catenary arches that form 
the awnings of the building.14  Because of limitations in availability 
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Design team testing full scale 
mockup of small portion of gridshell 
before full building construction

of consistent quality oak members for the gridshell structure, the 
structural members had to come from Normandy, France – although 
still only 60 miles away.15 However, because this wood was of such 
high quality, it didn’t require any chemical treatment to be applied 
before use. To ensure durability for the long lengths of single 
members in the ribbon roof, the design team used fir. They were able 
to utilize red cedar from the immediate site for the cladding.
 Sustainability was a major focus in the development of the 
Downland Gridshell. Aside from choosing locally grown wood for 
the structure and cladding, the team also focused on building with 
short sections of timber that were glued to one another to form 
long structural members.16 This allowed them to use a much higher 
percentage of wood from the tree. The team also utilized several 
strategies to improve the thermal performance and reduce the carbon 
footprint of the building. The site itself presents the building with 
a unique opportunity to conserve energy used for heat. The site 
consists of a chalk bed that serves as a thermal mass and insulating 
element. Earth tubes draw air into the building through this chalk 
bed, naturally stabilizing the air temperature as it enters.17 This system 
provides the lower level base structure with an level of thermal 
efficiency that only a simple domestic boiler is required to maintain 
a comfortable temperature all winter long.18 Auxiliary heaters are 
required in the upper level exhibition space, partly because it was 
initially intended to only be used in the summer, however during 
construction the client requested that it function in the winter as 
well. As a measure to improve on this additional heating system, heat 
and power are locally controlled and only used in rooms during use. 
Abundant natural light reduces the reliance on artificial light systems, 
and there is a direct solar collection system that pre-heats the water 
for the in-floor heat system. Because of the use of the chalk bed as 
a thermal mass for the building, the only insulation in the building 
is on the upper level of the building. Rainwater collection devices 
collect water from the building to be used for most of the gray water 
in the facility.19

 Traditionally, gridshell structures have been covered with 

Installing cladding. Note that 
gridshell remains visible to interior 
after cladding is installed.
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translucent fabrics – in fact it is often this specific reason that the 
gridshell is chosen – but at the Weald and Downland they have 
elected to clad the structure with Red Cedar planks. There are several 
reasons for this decision. One of the primary drivers for this is 
likely the fact that this is one of the first permanent timber gridshell 
buildings.  Most gridshell structures are temporary or occasional use 
exhibition halls that are only required to perform for a short time or 
during certain times of the year. This relieves these structures of such 
burdens as thermal performance and proper weather sealing. The 
Downland gridshell not only has consistent and permanent program 
associated with it, but it holds museum artifacts that require at least 
some degree of control over moisture level and thermal conditions. 
The team considered fabric and metal, but deemed that there wasn’t 
much choice –“timber seemed to be the spirit of the project and Ted 
[Cullinan] was adamant from the start that [it should be used].”20 This  
decision could be considered a compromise of the elegant structural 
system being overpowered by a pragmatic need for thermal control, 
however it is more than a simple loss of clarity. Ultimately, it adds to 
the mystique of the project, it gives the structure a natural aesthetic 
to fit into the context of the site, and it punctuates the beauty of the 
gridshell structure by creating a moment of surprise upon entry into 
the space, where it still reveals its essential order and form.21

 A significant material disruption implemented in this project 
is the utilization of ‘improved timber.’ In this process, a carpenter 
marks the defects in short strips of the green oak for the structure 
with a special pen. A computerized finger-jointing machine is able 
to sense these marks and remove the bad sections – which disappear 
between perfect machine-made joints.22 The process allows a weak, 
inconsistent material to be homogenized. The method is the result 
of years of research by Cullinan, starting with work for furniture-
maker John Makepeace investigating ways to utilize small sections 
of timber together to perform structurally. The interest – and need 
– for this research was based on the pragmatic issue of Britain’s loss 
of forest during WWII. The original need arose from this past event; 
however the value of the British forestry industry today relies on the 

Proprietary bracket developed for 
Downland Gridshell. This bracket 
allows the top and bottom layers 
to remain loose during the forming 
process, then be tightened.

Detail of joint in improved timber, 
connection between short members.

St
ro

ng
er

 th
an

 th
e 

W
ea

ke
st

 L
in

k commercial use of timber that doesn’t require years to mature.23

 This building is the first double layer gridshell in UK. The 
concept for a double layer gridshell was originally developed by 
project consultant firm Buro Happold after work on the Multihalle 
Mannheim. During construction of this project, current chairman 
Michael Dickson realized that a fundamental concern of constructing 
these large span structures was the limitation presented by a single 
layer structure. To get sufficient spans to cover the space, the 
members had to be so think that they weren’t able to be formed 
into a tight enough radius to form the roof all the way down to the 
ground structure. The solution to this problem is an elegant bracket 
that allows a double layer shell to be formed flat, locking the two 
middle layers in place to hold the grid position, while the top and 
bottom members can slide to form the curve. Essentially it allows 
the same strength to be achieved around a tighter radius by using 
two members with half the cross-sectional area.24 Although this 
system greatly improved the predictability of system performance 
and the assembly process, each lathe still had to be placed by hand, 
and clamped with over 1000 of these custom design steel brackets – 
which are now patented and have been attributed to the increased 
application of gridshell structures since the Downland Gridshell.25

 Perhaps the most significant disruption this project has 
had on the architectural community is the assembly method 
implemented. This building is the first gridshell structure in the 
world to be constructed from the top down.26  Previously, gridshell 
structures have been constructed by arranging the gridmat on the 
ground and raising it up either from below with jacks or from above 
with a crane.27 These methods both produce concentrated loads 
that lead to great stress on the material and considerable breakage 
– the Multihalle Mannheim had 60% breakage.28  The top-down 
construction method reduces the amount of material lost due to 
breakage by pre-calculating the process and applying stress to the 
elements slowly. Thanks to this method, of the 10,000 elements in 
the Downland Gridshell structure only 145 were broken during 
construction.29  The way this unique design process was completed 

Over 9 months, scaffolding is slowly 
removed to form gridshell

Detail of temporary support system
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was through an intense collaborative effort between the design team, 
the construction team – Green Oak Carpentry Company – and the 
scaffolding company Peri. Specialized scaffolding was erected using 
a combination of fixed and adjustable elements. A computer model 
of the gridshell was used to determine the arrangement of the forest 
of supports for the scaffolding.30 Once the scaffolding was erected, a 
full floor was laid on top to lay out the grid lattice. The lathes were 
arranged on a one meter grid, and the specially developed brackets 
were installed and partially tightened. Once the grid was fully laid 
out, the carpenters lowered the shell over the lattice during a nine 
month period. This innovative process was made possible by the 
communication between all members of the construction process, 
from the architects to the engineers to the carpenters.
 Essentially, the project was built using a medieval artisan-
craftsman relationship model between the designers and carpenters. 
The relationship between the computer model of the structure’s 
form and performance, and the craft of site foreman Steve Corbett 
and the eight carpenters from the Green Oak Carpentry Company 
was crucial to the erection of the grid.31 Although the team had very 
specific, precise instructions as to how to adjust the supports and 
remove the scaffolding based on the projections of the computer 
model produced by Buro Happold, the engineers gave the carpenters 
experience precedence in the assessment of stress on the lathes 
as they bent to form the final structure.32 The gridshell is the total 
integration of modern technology with traditional craftsmanship.33 
The unique approach of incorporating the carpenter into the detail 
design of the structure allowed for a successful, dynamic project that 
ensured clear communication between designer and carpenter, as 
well as ingraining a level of trust between parties.34 This intensely 
collaborative approach is a fantastic example for other design teams 
to emulate. By leveraging the expertise of each team member, the 
team can maximize the potential opportunities within the project. 
More problems can be identified sooner, and more creative solutions 
to those problems can be identified, before expensive change orders 
must be issued when they arise in the field.
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View of scaffolding from ground 
during construction.

PERI Multiprop scaffolding

 As mentioned earlier, the scaffolding played a significant role 
in the construction of this building, playing a more central role than 
in typical construction methods. The design would not be possible 
without the specific scaffolding system provided by Peri. According 
to Peri: “The scaffolding comprised of the PERI UP Rosett modular 
system, PERI MULTIPROP aluminium slab props and PERI GT 24 
formwork girders; all together an economical solution that allowed 
the carpenters – rather unfamiliar with scaffolding – to erect and 
alter the scaffolding themselves beside their usual work of erecting 
the wooden shell.”35  This illustrates yet another point of collaboration 
between the design team, the carpenters, and this time the scaffolding 
contractor. The system was developed and chosen to be efficient, 
adaptable, and easy to operate for the carpenters, avoiding the cost 
and effort of a separate scaffolding crew on site.
 Although designed by Glenn Howell Architects, the 
Savill pavilion is the spiritual continuation and refinement of the 
processes and techniques first explored in the Downland Gridshell. 
Constructed by the same firm – Green Oak Carpentry – and again 
engineered by Buro Happold,36 the design employs the same steel pin 
connection, as well as the same double layered wood grid. Another 
significant technique carried forward is the top-down construction 
method, which is allowed by the same scaffolding mechanism found 
at the Downland. Although this building is structurally different from 
the Downland in that the gridshell itself does not come down to the 
ground to provide the vertical structure, similarities are certainly 
very evident in the form of the roof structure that is in this case lifted 
off the ground on columns. This structure yet again builds upon the 
work before it, by harnessing the advancements made at downland, 
and raising it up on stilts, furthering exploring new challenges.
 Some involved in the project have stated that: “[since] skilled 
labor is no longer cheap, a structure that requires so little labor has 
its advantages.”37 While it can be argued that this project is labor 
intensive, with many small adjustments constantly being made, the 
fact remains that the core structure was built exclusively by just eight 
carpenters over nine months, this is considerably more efficient 

Completed oak lathes ready to be 
installed in gridshell.

Interior view of finished building. 
Note visibility of structure, as well as 
heating units hanging from ceiling.
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than a traditionally built structure would have been. The Downland 
Gridshell made several innovations in how timber construction is 
designed and constructed in the modern world. The dedication of the 
construction team from design to construction has provided a model 
for how future structures of this type may be designed and built, 
and according to the lead contractor for the project, the theoretical 
potential for this model of construction and design process is 
limitless.38 The greater contribution to the design and construction 
community that this project has allowed is the Timberbuild 
Network. This network has brought together the interests and 
research from several organizations: the Weald and Downland 
team, the Flimwell (another gridshell project in the UK) team, and 
larger scale organizations such as the Forestry Commission and 
TRADA (Timber Research & Development Agency), as well as the 
University of Brighton.39  This network has been working to improve 
the confidence in the timber community and create a platform for 
sharing research between these various organizations.
 The Weald and Downland Museum’s gridshell structure 
is rooted in a history of other gridshell structures that have each 
been innovative in their own unique way. This system that relies 
on geometry of small, weak elements as a generator for structural 
stability is not new, but it remains uncommon. By implementing 
several disruptive strategies into the design, the team of Edward 
Cullinan Architects, Buro Happold, and the construction team of 
Green Oak Carpentry created a unique and efficient way to enclose 
large volumes of space. While it would not be desirable for gridshells 
to suddenly become the default design for all building programs, 
this project proves that they can effectively be utilized for certain 
types of spaces, and programs, and there is an exciting future in this 
typology as more architects advance this system with more innovative 
assembly procedures and non-traditional material implementations 
that the Downland Gridshell has been instrumental in pushing 
forward.
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Interior view of exhibition space.
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Metal has been used throughout history for human-scaled artifacts 
such as coins, jewelry, and weaponry because of its precious and rare 
qualities as well as properties such as reflectivity, patina, strength 
and durability. At the building scale, metals are chosen for these 
same qualities. This paper focuses on the use of metal in exterior 
wall systems in various methods of layering to create a sense of 
ambiguity, mystery, and awe creating a blurring of the public exterior 
and interior spaces. Some buildings use metal screen to express 
the interior spaces of the building, whereas others use solid metal 
cladding that does not offer an understanding of wall thickness or 
interior spaces, but rather occupies the landscape, reflecting the 
surroundings.
 In 1986, Toyo Ito explored the potential for architecture to 
transform from exerting a uniform physical presence during the day 
to becoming immaterial at night in his design for the Tower of Winds 
in Yokohama. The 21 meter tall building encloses a ventilation and 
water storage system for an underground retail mall over an existing 
tower. Perforated aluminum panels wrap the tall cylinder which is 
clad with mirrored plates to reflect light. Although the aluminum is 
perforated, the Tower of Winds expresses its prominence as a tall, 
seemingly opaque building during the day.
 After sunset, the Tower of Winds comes alive. Over 1,200 
mini lamps and 12 white neon lights fill the wall cavity. In addition, 
thirty flood lights are computer-operated to produce intense light 
patterns on the surface of the building. The light patterns reflect the 
“‘natural’ phenomena such as ambient noise and the movement of 
wind around the tower” (Bentkowska, 27). The perforated aluminum 
panels are the means through which the building’s immateriality is am
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Toyo Ito, Tower of Winds, Yokohama, 
Japan, 1986
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expressed at night. The lights dance vertically through the building 
in response to city activity and natural movement of wind. The 
transformation from a materially manifest object during the day 
to a transparent fusion of light at night is what Toyo Ito refers to as 
“fictional” architecture (Bentkowska 28).
 The use of perforated aluminum panels in conjunction with a 
highly controlled, dynamic lighting system created a social disruption 
in architecture. Maffei (2001) writes:

The ambiguity of these simple and neutral forms which grow complex 
is a confirmation of [Ito’s] rejection of a single interpretation. The 
simplicity of the building’s form is not intended to make it easier to 
understand, but to create a neutral base on which various installations 
produce a complex object that is continually changing. We should not 
see these projects as futuristic ‘styles’ but as objective interpretations of a 
simulated city. (p. 14)

Ito makes visible the dynamic forces and movements of the city 
within the cavity of the walls of this utilitarian building. In essence, 
the wall cavity is the architecture, rather than the space created 
within. The building stands as an active backdrop for city life in 
Yokohama, Japan.
 In a similar vein, Leers Weinzapfel Associates won a 
competition to house a new chiller plant on the University of 
Pennsylvania campus near the Schuylkill River and adjacent athletic 
fields. The optimal location for the new chiller plant existed right in 
the heart of campus, and thereby posed a critical design challenge 
for this utilitarian building. Leers Weinzapfel Associates proposed 
a design in which the chiller is raised on a base within an elliptical 
double wall system. The interior wall is a glazed curtain wall, while 
the exterior wall consists of perforated, corrugated stainless steel 
sheets set approximately 18’ from the interior wall. The depth of this 
wall creates a sense of mystery for passersby as the interior spaces 
are somewhat obscured by the stainless steel sheets. It also serves to 
prevent access into the chiller plant.

 The 18 gauge roll-formed stainless steel sheets are both 
perforated and corrugated, and span a height of 60 feet (Bell, 2006). 
The stainless steel panels contain custom perforations to create a 40% 
void surface (Bell, 2006). Expansion joints exist at only four places in 
order to create a uniform façade.
 During the day, the chiller is a massive translucent machine 
situated in the landscape so as not to disturb athletic games occurring 
nearby. It also serves as an entrance into campus since it is one of the 
first buildings one sees upon crossing the river.

By day, depending on the angle of the sun, the plant appears in 
ghostlike profile behind the screen and its web of supporting steel—or 
it can disappear, except for its rooftop chillers, behind what looks like 
a shadow-dappled solid wall. At night, fixtures ringing the top of the 
enclosure project a halo of light, under which the structure’s brightly 
colored pipes and tanks are visible.
(http://archrecord.construction.com/features/BwarAwards/
archives/01chiller.asp)

Similar to the Tower of Winds, the Module VII Chiller Plant 
transforms from a massive physical presence during the day to an 
ephemeral play of light at night. Interestingly, the contents of the 
building behind the screen are masked during the day as the sun 
moves along the corrugated panels. At night, however, the entire 
building is lit from within, illuminating the system of pipes within 
the solid light of the highly reflective exterior scrim of stainless 
steel. It is important to understand the varying degrees of depth 
and transparency allotted through the use of perforated, corrugated 
stainless steel and natural and artificial light. This building is a 
socially disruptive use of a material due to the ephemeral qualities 
and prominence of a utilitarian building type as it serves as a 
celebrated backdrop to the University of Pennsylvania.
 The Guggenheim Museum in Bilbao, Spain, designed by  
Frank Gehry, opened in 1997. This building is more sculptural than 
building-like. Solid titanium sheets drape the amorphous forms 
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Leers Weinzapfel Associates, Chiller 
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facade detail at night
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of the museum, offering limited understanding of the depth of the 
exterior wall and the spaces enclosed within. The titanium sheets 
can be naturally bent or mechanically pressed. Gehry’s office utilized 
CATIA software to generate the forms, intricate steel framing, and 
masonry cutting in order to realize the dynamic forms desired. The 
exterior reads largely as a skin system like scales of a snake connected 
together.
 Originally, Gehry wanted to use lead copper for its reflective 
properties, but this material was rejected because of human health 
concerns. Gehry’s use of titanium was one of the first examples of 
titanium used on the building scale. The process for selecting and 
refining titanium had global reaches. Mined in Australia, the titanium 
was then sent to France for smelting, Pittsburgh for lamination, 
and cleaning in the UK. It was finally laid on site by an Italian firm 
Permasteelisa (Mendini & Zunino, 1998, 138).
 The titanium panels are highly reflective and polished. 
Therefore, they reflect the surrounding buildings and the Nervion 

River. The Guggenheim Museum is a sculptural structure containing 
sculpture and other artwork on the inside. The undulating forms 
seem to emerge effortlessly from the center of the building, 
intertwining with itself. The exterior gives no indication of how the 
building is supported. It reads as an organic and light amalgamation 
of forms. The exterior surfaces accomplish two things. First, they 
mask the intricate structural components beneath the skin in order 
to create awe and wonder. Passersby are not aware of the varying wall 
thicknesses or the numerous layers within the exterior walls. The wall 
system is comprised of an open steel frame that creates the dynamic 
forms of the building, followed by a series of “densely woven steel 
rods,” 2 mm thick galvanized steel sheets, which lie directly beneath 
the waterproof skin of .38 mm-thick titanium panels (Mendini & 
Zunino 1998, 138). Approximately 35,000 titanium panels make up 
the relatively smooth exterior facade.
 Secondly, they reflect the dynamic diurnal and seasonal 
changes in the sky and river. Shadows dance across the surface 
throughout the day, the river shimmers on the surface as sun hits 
the flowing waters, and at sunset, the building reflects the glowing 
oranges and reds of the sky. For as much as the Guggenheim is an 
entity in and of itself, it also serves as an important interface between 
water and sky.
 Socially, the Guggenheim transforms the place of art in 
society. One source states that the Guggenheim Museum is “a 
monument of art that also signals a definitive repositioning of art at 
the centre of the stage” (Mendini & Zunino, 1998, 132). This museum 
addresses the universal appreciation and experience of art - that art 
appeals to everybody.
 In 2002, the Sudwestemetall Reutlingen opened in 
Reutlingen, Germany. Designed by Allman Sattler Wappner 
Architeckten, the series of three buildings comprise a regional office 
and training center for metalworkers. The dense campus is set in a 
residential, commercial, and light industrial setting. The architects 
wanted to respond to familiar building forms in an unconventional 
manner. Stainless steel sheets wrap the walls, roof, and ground of the 

Frank Gehry, The Guggenheim 
Museum, Bilbao, Spain, 1997.

Frank Gehry, The Guggenheim 
Museum, Bilbao, Spain, 1997. 
Facade detail.
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buildings. The sheets do not have individual expansion joints; rather 
there is a 50 mm wide expansion joint on each side of the buildings in 
order to create a seamless, flush façade. The 4 mm thick stainless steel 
sheets are bead-blasted and the lower 3 meter high plinth contain 
square stainless steel sheets that are laser cut into ornamental leaf 
designs. Similar leaf patterns extend to the ground pavers.
 The exterior wall is a double wall system with an interior 
glazed curtain wall. The exterior stainless steel panels are attached 
to stainless steel frames. The solid panels, laser-cut panels, and 
sun shades are flush along the exterior surface. This consistent 
treatment of the surface creates an ambiguity regarding the depth 
of the wall beyond. “The tactile and visual qualities of the resulting 
surfaces seem unfamiliar: the material adopts the colors of the sky 
and surroundings, reflecting them and lending the outer skin an 
intangible depth” (Detail 813). The unfamiliarity of the buildings 
create a mystery to the private program contained within the 
undifferentiated walls. The patterned pavers on the ground surface 
differentiate the building’s public spaces from private interior spaces.
As a whole, the campus of three buildings and exterior spaces exist 
unto themselves amidst the surrounding masonry and timber 
buildings.
 These buildings are intended to be experienced from 
the exterior. The stainless steel exteriors reflect the changing sky 
conditions, causing the buildings to stand as foreign objects in a 
familiar context. Entrance into these buildings is discouraged by the 
use of the bright and reflective stainless steel surfaces. This social 
disruption is denoted by the application of a metallic material applied 
uniformly across all surfaces in contrast to the nearby traditional 
masonry buildings.
 Herzog & de Meuron’s design for the de Young Museum 
in San Francisco manipulated perforated copper panels by creating 
dimples with extreme precision. Digital images of foliage in the 
nearby Golden Gate Park are superimposed on the copper sheets. 
The design intention was to create an exterior informed by the 
surroundings that will transform over time. Originally, Herzog & de 

Meuron selected a local redwood siding for the exterior cladding. 
This option was thrown out because of cost and maintenance. Then 
the architects started experimenting exclusively with copper for its 
aging patina. Herzog & de Meuron began exploring the use of a 
copper mesh to create a soft facade, but then their design involved 
into a more regimented and protective exterior (Ketcham et al 2005).
The evolution spanned from “glass, copper, and redwood siding, to 
open copper mesh, to embossed copper panels, to perforated copper 
panels, and, finally, to copper panels that are both dimpled and 
perforated.” (Ketcham et al 92)
 Once the architects decided to use dimpled and perforated 
copper panels, they experimented in their studio by studying the 
effects of embossing, perforating, and even dimpling with mallets. 
After this exploration, they collaborated with A. Zahner Company 
from Kansas City to mass produce the digitally fabricated copper 
panels.
 From a distance, the de Young Museum appears to be clad 
in copper armor. Up close, however, the complex relationships of 
the perforations and dimples create a unique understanding of the 
exterior facade as well as the interior spaces. The large stair tower 
contains a porous facade in order to highlight the movement and 
circulation within. This abstract blurring of interior and exterior 
spaces is apparent by the ways the building is read at different scales.

Across every elevation, the designers left certain areas of the copper 
surface smooth, rendered others bumpy or dimpled, and breached 
yet others with perforations (or with a combination of the above), 
enhancing the material’s propensity to oxidize—and do so with poetic 
unevenness. Herzog anticipates that the mature patina, which may take 
a decade to develop, will not acquire a uniform Statue of Liberty cast, 
but multiple shades of green dappled with browns and black that blend 
with the surrounding trees.
(http://archrecord.construction.com/projects/portfolio/
archives/0511deYoung.asp)

Allman Sattler Wappner Architeckten, 
Sudwestemetall Reutlingen, 
Reutlingen, Germany, 2002.

Interior view at ground level.

Herzog & de Meuron, M. H. de Young 
Memorial Museum, San Francisco, 
2005.

Detail of exterior cladding.

Am
bi

gu
ity

 a
nd

 P
or

os
ity

114 115



Thus far, this paper has explored how metal can be used for varying 
degrees of transparency and has the ability to blur the understanding 
of interior spaces from the exterior. Marcelo Alvarenga used a steel 
mesh in a different application in his 2008 design for the Coven Store 
in Sao Paolo, Brazil. Similar to previous examples, the Coven Store 
contains a double wall system. Unlike previous examples, however, 
the double wall system of the Coven Store is used for different 
reasons.
 This retail store sells knit clothing designed by Coven, a 
Brazilian knitwear company. The building reveres the contained 
articles of clothing as individual works of art. For this reason, the 
store is treated as a display case for the high-end clothing displayed 
within. An existing two-story building was painted blue and wrapped 
in a protective porous cloak of steel mesh that is in a woven pattern. 
The metal mesh is generously offset from the interior building, and 
lights within the cavity illuminate the precious blue box from above 
and below. The metal mesh informs visitors to respect and revere the 
clothing on display within and prevents them from directly engaging 
with the private interior spaces.
 The metal mesh is punctured by a large display window 
that provides a connection to the interior space in a very controlled 
manner. The façade effectively layers three spaces. The outermost 
light and porous knit steel mesh provides a protective covering 
around the interior building on all sides. The mesh extends below the 
ground level to imply that the inner contents are completely wrapped. 
The second layer is the venerated blue box, which stands prominently 
within the steel cage in a mysterious manner. The first two layers 
disappear, however, when punctured by the glazed display window 
containing glimpses of the clothing inside, complemented by the 
warm, soft lighting.
 The application of a highly porous steel mesh in this design 
is socially disruptive because it is set within the traditional Lourdes 
district of Belo Horizonte. The literal translation of knitwear into 
a metallic mesh introduced a new role for metal as not simply an 
expressive cladding material, but rather as a means of advertising 

the type of clothing to be found within. Furthermore, this light and 
ephemeral material appears to emerge from the ground and elegantly 
reveal the Coven brand. Furthermore, the steel mesh cage serves 
as a buffer zone between visitors and the interior. These degrees of 
separation distinguish the Coven store from nearby fashion designers 
by creating a sense of mystery, enticing passersby to scope it out. 
Once visitors decide to enter the building, they must traverse a long 
and narrow path alongside an uninterrupted steel mesh with the 
blue box illuminated behind. The treatment of the steel mesh along 
this façade expresses protection to a greater degree than veneration. 
This façade is much darker than the front façade because the interior 
spaces do not puncture the exterior mesh, and this façade is notably 
longer and the path narrower than the front display. The length and 
darkness of this façade reveals that the same steel mesh embodies the 
ability to delicately embrace yet rigidly protect the precious contents 
within the blue box.
 Unlike the Coven Store that used steel mesh to create 
intrigue and mystery about the interior spaces, Herzog & de Meuron 
used steel’s structural capacities to create a highly porous structure 
revealing the interiors of the Beijing National Stadium for the 2008 
Olympics. Herzog & de Meuron are commonly known for their 
disruptive uses of metal as skin, but for this design, they expressed 
a desire to create similar disruptions without the use of an exterior 
skin. Instead, a series of crisscrossed steel columns create the frame 
supporting the retractable roof of the stadium. Although several 
vertical members were needed in order to satisfy the structural 
demands of the building, they become lost in the array of diagonal 
steel members intersecting in a nest-like array. Herzog stated their 
design interests were in “‘complexity and ornamentation, but of the 
kind you would find on a Gothic cathedral, where the structure and 
ornamentation are the same” (Pasternack, 2008).
 Three structural systems comprise the exterior array in 
order to support the 332 m long span of the retractable roof. The 
primary structure consists of “24 butterfly-shaped truss columns” 
that are radially offset from the center of the inner oval (Cobb 

Marcelo Alvarenga, Coven Store, Sao 
Paulo, Brazil, 2008.

Herzog & de Meuron, Beijing 
National Stadium, Beijing, China, 
2008.
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2008 p. 47). These structural elements are made of “box section 
chords up to 1.2 m x 1.2 m” (Cobb 2008 47). The columns and 
trusses were welded together in pieces in order to create the desired 
curved and intersecting members. Like Gehry, Herzog & de 
Meuron modeled the Beijing National Stadium in CATIA in order 
to determine the appropriate size and placement of steel members. 
The implementation of this software enabled the built design to be a 
precise and exact replication of the original design.
 The disruption of this project is within the application of 
steel members, both structural and non-structural, that mimics 
Chinese ceramics (archrecord). This prompted the architects to 
regard prominent steel members as malleable and delicate. This 
building creates a sense of awe as visitors walk next to and through 
the towering intertwining array of steel. Since the building is devoid 
of exterior weather barriers on the outermost edge, it provides an 
opportunity for the layering of interior spaces to be visible from the 
exterior. The interior includes a red concrete structure for seating. 
Since the red concrete oval is visible from the exterior, it creates a 
greater degree of porosity and interaction with the public realm. The 
space between the steel structure and the concrete seating platform 
is the main public concourse. The experience of walking within the 
structure of a building blurs the distinction between interior and 
exterior, as well as public and private spaces.
 This paper explores the use of metal skins and exterior 
building systems in order to address the degrees of porosity and 
depth provided by the treatment of various metals. As buildings 
become more porous, they inherently have a greater dialogue 
between interior and exterior spaces. Some buildings desire to have 
extroverted facades that reflect only the surroundings; whereas other 
buildings desire to have facades that create mystery through the 
layering of exterior walls and interior spaces. A major component 
to the understanding of all of these buildings is the use of light, 
both natural and artificial. In these projects, metal was selected for 
its reflective properties and its ability to create highly transparent 
surfaces.

References

Administration Building in Reutlingen. (2003). Detail. 43(7-8), 812-816.

Ballard Bell, V. (2006). Materials for design. New York: Princeton Architectural Press.

Brensing, C. (2005). Full Metal Jacket. Architectural Review. 218(1304), 62-64.

Business Week/Architectural Record Awards 2001 Winner. (2001). Architectural Record. 
Retrieved from http://archrecord.construction.com/features/BwarAwards/archives/01chiller.asp

Cobb, F. (2008). Dissecting the bird’s nest. Architect’s Journal. 227(17), 44-47.

Fulvio, I. (1998). Two cities for two museums. Abitare. 371, 123-125.

Gregory, R. (2005). Full Metal Jacket. Architectural Review. 218(1304), 46-60.

Ketcham, D., Corbett, M., Schwarzer, M., and Betsky, A. (2005). The de Young in the 21st 
century: a museum by Herzog & de Meuron. San Francisco: Fine Arts Museums of San 
Francisco.

Maffei, A. (2001). Toyo Ito. Milano: Electa, 14, 66-71.

Mendini, A., Zunino, M. (1998). Frank O. Gehry a Bilbao: Guggenheim museum. Abitare. 371, 
126-145.

Pasternack, A. (2008). Herzog & de Meuron creates an icon that reaches beyond the Olympics. 
Architectural Record. Retrieved from http://archrecord.construction.com/projects/portfolio/
archives/0807nationalstadium-1.asp

Toyo Ito: Blurring architecture. October (2000). Suermondt-Ludwig-Museum Aachen. 50-59. 

Toyo Ito. (1995). El Croquis. 71, 50-55.

Herzog & de Meuron, Beijing 
National Stadium, Beijing, China, 
2008.

Am
bi

gu
ity

 a
nd

 P
or

os
ity

118 119



What do you want plastic to do for you?
 In June 2008 BMW unveiled the GINA (Geometry and 
functions In “N” Adaptations) Light Visionary Model. It was a 
concept car wrapped with a polyurethane-coated Lycra skin – 
designer Chris Bangle characterized it as a “jumpsuit” unzipped in 
two hours (Naughton 11). The form could be customized according 
to the owner’s wishes – dispensing with “the need for complex 
mechanical features (GINA).” Translucent skin hides the brake lights. 
In touting the innovative skin and the use of rapid manufacturing 
technologies to produce the structure of their concept car, BMW 
touted its commitment to sustainability, both in terms of using 
the least amount of resources and employee well-being (Neff, 
“GINA”). GINA is emblematic both of plastic’s immense utility, 
and its potential to act in unexpected manners. GINA is disruptive 
in that it took perhaps the most common use of plastic - that of a 
wrapper – and applied it in novel way. A plastic wrap applied to an 
automobile’s steel skeleton resulted in a more sculptural car with 
sensuous, smooth, almost lifelike skin. Plastic can be, among many 
other things, the casing on our cell phone, the wrapping around our 
pot roast or garbage, an Iron Man action figure, a novelty cup from a 
baseball game, and a weather barrier sheltering us from the elements. 
For those with more prurient interests, it can be your girlfriend – 
instead of spending thousands of dollars on a GINA, you can spend 
thousands of dollars on a… “Gina.” You can make it up and even Pl
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play video games with it… among other things (Laslocky, “Woman”). 
The movie Lars and the Real Girl made romantic comedy out of this 
phenomenon. Plastic is an ubiquitous alien material derived from 
petroleum – itself a natural material even though we don’t think of 
it as such. Its ubiquity is not a virtue: the Surfrider Foundation, an 
organization devoted to cleaning the ocean’s waters and beaches, 
launched a guerilla marketing campaign in the summer of 2008 
with images depicting the breadth of garbage left behind – wrapped 
in plastic. One ad informs us that plastic doesn’t degrade like other 
materials degrade; rather it breaks down into particles and is eaten 
by aquatic life, becoming part of the food chain. Another ad expands 
on that grim claim: in some areas of the Pacific Ocean, those plastic 
particles outnumber plankton six to one. That’s a monstrous problem: 
on December 20, 2009 the Sydney Morning Herald reported that an 
Australian filmmaker – Richard Pain – plans to swim from Japan to 
the United States in 2011, plowing through the Great Pacific Garbage 
Patch – a six meter (19.69 feet) deep island of plastic garbage the size 
of Texas – on his way. The fact that he plans to do so in an oversized 
recycled plastic bottle to shield himself from the toxic environs of 
the Patch adds a layer of either irony or ecologically-minded gallows 
humor to the proceedings (“Message in a Bottle”).
 So what, then, are the architectural implications of the 
ubiquity of plastics? Plastic has no natural form save whatever we 
give it. Appropriation of industrial technologies such as BMW’s Light 
Visionary Model tantalizes; what fashion designer wouldn’t want a 
building whose skin is reflective of that season’s line? An obvious 
architectural analogue to GINA would be the Zenith Music Hall, 
designed by Massimiliano and Doriana Fuksas in Strasbourg, France. 
Plastic can blur the line between architecture and sculpture and 
can, through contrivance and speculation on the part of the user, be 
considered “biomimetic.” For example, Nio Architecten’s Bus Station 
Hoofddorp, built at the fore court of Hoofddorp’s Spaarne Hospital, is 
the world’s largest structure made of synthetic materials. Composed 
of polystyrene foam with sprayed on polyester skin, budgetary 
concerns made this construction method possible – that is, it couldn’t 

have built conventionally to achieve that particular form. Reviews 
characterized it “…like being in an enormous sculpture, or perhaps 
being in the belly of whale after entering its mouth (“Stretching a 
Point” 38).” Its architect Maurice Nio was similarly ambiguous about 
its form, either referring to it as a form that simply found itself, or 
perhaps a stone that had been subject to processes of weathering 
for some time (Nio 28). On the other hand, Lars Spuybroek’s 
Tommy – a ceramic container designed for the Cor Unum Company 
which makes earthenware items – was explicitly conceived of as “a 
premature organism,” disturbing and even monstrous but at the same 
moment “just as moving as a baby,” begging to be cared for with its 
soft form and bright, joyful yellow color (Spuybroek 74).
 While those two particular examples are compelling, and 
effectively blur the line between architecture and sculpture, their 
performative qualities do not extend far beyond their forms. Other 
works exploit plastic’s ability to act as a wrapper responding to site 
forces. A low-tech, modern castle for a modern Sleeping Beauty, 
R&Sie(n)’s Spidernethewood is a two story concrete block house 
sitting in the French countryside wrapped in plastic netting to create 
a labyrinth through which to experience the house. Polypropylene 
nets weave through the site into the interior of the floor plan of the 
home and back out, forming labyrinthine “wind tunnels,” enclosing 
the swimming pool – the home’s main feature –accessed only from 
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outside (Chaise 38). Prefiguring the building’s ruin, the nets hold 
back a site designed to bury the house within 5 years (Sterling 
123). Using the Marquis de Sade’s castle as a backdrop, nArchitect’s 
Windshape accentuates its site and its natural forces with similar 
dramatic flair. Commissioned by the Savannah College of Art and 
Design and erected over the course of five weeks, Windshape imitates 
the behavior of the windswept agricultural fields that characterize 
the Provence region of France. It is installed in the highest point of 
Lacoste, a city on a hill composed of heavy brown-tan stone. Plastic 
rods mounted on staggered bases form tripods, connected with 
aluminum joints and woven together with polypropylene (PPL) 
string composing two levels of leaf like shapes (Slessor 70). With 
the tubes acting in compression and the string acting in tension – 
which was varied in each structure - the delicate structure bows and 
sways in the wind like flora and fauna in the countryside (Slessor 
70). The multimedia D-Tower, by Lars Spuybroek’s firm NOX and 
artist Q.S. Serafijn, responds to different site forces with the help of 
Web technology. With the goal of making “real and operational” 
art, NOX designed the structure, while Serafijn created a website 
and a survey to gauge the emotional makeup of the community of 
Doetinchem, Netherlands. The survey creates a virtual landscape 
which is translated into emotional color data which lights the glass-
fiber reinforced epoxy structure. The structure itself was inspired 
by writings of Frei Otto - turning a sphere into a vertical structure 
– as well as the integral structure and surface of Gothic architecture 
(Spuybroek 158). The form, resembling an inverted shopping bag, 
stands in compression with no substructure (Spuybroek 160).
 Speaking of spherical structures, designer/theorist/inventor 
Buckminster Fuller’s geodesic domes are, ostensibly, examples of 
biomimetic design: the structure of his geodesic domes grew out of 
his search for a natural geometry (Krause Lichtenstein 276). This 
geometry can be found in many other places, such as the skeletal 
structures of radiolarians, protein shells, diatoms, the eyes of flies 
and structures inside the human cornea. The icosohedral structure 
of protein shells was discovered by Donald Caspar and Aaron Klug 

in 1962; they won a Nobel Prize for their work twenty years later 
(Krause Lichtenstein 454). In 1985 a Nobel Prize was awarded to 
Harry Kroto, Richard Smalley, and R.F. Curl for their discovery of 
an allotrope of carbon – a stable, tetrahedral structure of 60 carbon 
atoms known henceforth as the “Fullerene.” However, geodesic domes 
– and the geodesic concept as a whole – were a confluence of many 
different forces, not just biomimesis. Improving housing for society 
as a whole was a lifelong pursuit of Fuller’s, and the geodesic dome 
was the product of a quarter-century of research into redefining the 
nature and structure of the house. Furthermore, as a lifelong sailor 
and former naval midshipman in World War I, Buckminster Fuller 
sought to synthesize architectural design with industrial technology. 
He thought that the house and the car and the ship all existed in the 
same technological continuum (Nye 93).
 In May 1953 Architectural Forum heralded Fuller’s first 
architectural commission – the Ford Rotunda in Dearborn, Michigan 
– with the article, “Bucky Fuller Finds a Client (Krause Lichtenstein 
359).” The article extolled the virtues of its design: it was light - a 
conventional steel dome would have weighed one hundred and sixty 
tons and Fuller’s aluminum and plastic structure weighed only eight 
and a half. The ninety-three foot diameter structure only weighed two 
and half pounds per square foot, compared to fifty pounds per square 
foot with a steel structure (“Bucky Fuller” 109). Its pure geometric 
form was photogenic, reflecting its industrial context and its client: 
a logic of prefabrication prevailed. 19,680 aluminum struts – each 
ranging from 29” to 35” long and cut in the factory to tolerances of 
.005” – were all fabricated off site and coded for assembly (“Bucky 
Fuller” 109). These struts were assembled into larger octahedral 
structures, which were then assembled into 2 ½” deep trusses. Each 
truss weighed approximately sixty-five pounds and could easily 
be carried by one man. Those trusses were attached to aluminum 
channels, which formed rings as the building was built from the 
top down and slowly jacked up on a hydraulic central mast (“Bucky 
Fuller” 109). The entire assembly process took only thirty days.
 It was the lightness of the dome’s structure, the easy 
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transportability of components, and the alacrity of assembly – not 
the biomimesis – that got the attention of the US military. Fuller’s 
Geodesic Rigid Radome was a distillation of the geodesic dome 
concept executed at a smaller scale. Cladding and structure became 
integral as the plastic panels were bolted to the structure (Gough 
130). The plastic panels unified structure and skin, and made the 
radome incredibly strong, despite its relative lightness. It could 
withstand a 200 mph wind, despite weighing only 1,200 pounds. The 
radome, easily deliverable to any location along the Defense Early 
Warning (DEW) Line – running from the northwest coast of Alaska 
to Baffin Island, stood sentinel against Soviet attacks on the United 
States and Canada. The plastic panels provided shelter from the 
extreme cold, and the geodesic dome provided the maximum area of 
sky for the radar to scan (Leslie 166). The multifunctionality of these 
Cold War icons became a central feature in the 1959 show at New 
York’s Museum of Modern Art (MOMA) entitled Three Structures 
by Buckminster Fuller which featured not only the Geodesic Rigid 
Radome but other Fuller concepts such as the Octet Truss and the 
Tensegrity Mast (Gough 128). The radome was repurposed as a 
backdrop for a fashion shoot for Town and Country magazine, it was 
the workshop for Swiss performance artist Jean Tinguely to create her 
Homage to New York, and it was considered as a screen for Charles 
and Ray Eames’s film Glimpses of the USA – already screened on a 
geodesic dome in Russia (Gough 132). The geodesic dome concept 

was further distilled with the Fly’s Eye Monohex Dome. In Fuller’s 
technological continuum, he viewed humans and their homes 
becoming increasingly mobile a la the train or the ship; he wanted a 
fully functional house that could be deliverable by helicopter but cost 
no more than a family automobile, and – deliverable by helicopter 
–could move with them (Nye 94). With a twenty-six foot diameter 
and made from hard plastic, it potentially could have accommodated 
two floors. Heating and cooling were regulated by double –thickness 
walls. It was a domestic application of Fuller’s ethos of “doing more 
with less”: it had potential to live off the grid, harvesting power from 
both the sun and the wind, collect rainwater in a cistern, and recycle 
waste as methane gas (Nye 94).
 Fuller’s thinking knew no scale. His mathematical 
abstractions worked equally effectively at both the scale of the carbon 
molecule and the scale of the major American city. Plastic was 
integral due to its high strength-to-weight ratio. And while plastic 
could act as a rigid skin sheathing radar stations from harsh Arctic 
climates, it also lent itself to composite uses that produced highly 
responsive surfaces. The Montreal Expo Dome – commissioned by 
the U.S. Information Agency and built in 1967 – was clad with one 
thousand nine hundred transparent acrylic panels that enclosed the 
structure, and were articulated with triangular curtains that, with 
the aid of a computer program opened and closed, controlling the 
amount of light let into the dome. Here Fuller explicitly talks of 
biomimesis:

You saw there were curtains that could articulate by photosynthesis 
and so forth, could let light in and out. It is possible, as our own human 
skin, all of our pores, all of the cells organize so that some are photo-
sensitive and some are sound sensitive, and they’re heat-sensitive, and it 
would be perfectly possible to create a geodesic of a very high frequency 
where each of these pores could be circular tangencies of the same size… 
the whole thing could articulate just as sensitively as a human being’s 
skin. (Krause Lichtenstein 428)
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Proposing geodesic domes at the urban scale, Fuller’s Old Man River 
Project was his proposal for rethinking the urban form of East St. 
Louis. The proposal called for the urban infrastructure to be razed 
and reconfigured in favor of a two-mile diameter dome enclosing 
a cylindrical structure with fifty terraces integrating housing, 
greenery and amenities. By Fuller’s thinking, the dome was the more 
efficient and effective solution: the dome provided shelter against the 
elements and a perpetually comfortable climate. Air conditioning 
became economically viable due to economies of scale (Nye 96). 
Fuller envisioned these light, plastic-clad structures deployed all 
over the world acting not just as housings for radar equipment 
and exhibitions, but also fantastical applications such as hidden 
underwater submarine bases, cities on the moon, even floating cities 
– as geodesic domes grew in diameter the structure lightened in 
relation to the air it contained (Krause Lichtenstein 435) Buckminster 
Fuller believed that the universe was structured as a tetrahedral 
sphere; if science fiction writer’s Freeman Dyson’s eponymous sphere 
– which was a sphere completely enclosing a star and the whole 
interior surface was a gargantuan solar panel – were to ever be built, 
the most efficient model would be Fuller’s Dome.
 Looking at the example of the Montreal Expo dome and its 
responsive plastic skin, one can consider the Philadelphia firm Kieran 
Timberlake intellectual heirs to Buckminster Fuller. Like Fuller, they 
draw inspiration from industrial processes, to leverage technology 
in pursuit of higher-performance building enclosures. Also like 
Fuller – they wish to do more with less, to increase the efficiency 
of the construction process. SmartWrap technology uses plastic to 
integrate building components into a responsive skin assembly that 
could be installed much faster than the time it takes to build a wall 
(Zöe 109). The first iteration of SmartWrap – erected at the Cooper 
Union National Design Museum as part of the Solos exhibit in 
2003 – was a transparent combination of polyester and polyethylene 
terephtalate (PET) film that integrated “smart materials” such as 
photovoltaic panels to collect and store solar energy, organic light-
emitting diodes (OLEDS) for light and aerogels to provide thermal 

insulation (Ritter 140). Potentially, the phase change materials could 
store from 5 to 14 times more heat per volume than water, masonry 
or stone (“Smartwrap” 35). SmartWrap was further developed in their 
Cellophane House, designed for the “Home Delivery” exhibition at 
the New York Museum of Modern Art (MOMA) in 2008. Cellophane 
House incorporated the next generation of SmartWrap on the 
east and west facades of the building. In this iteration OLEDs and 
phase change materials were dispensed with and only integrated 
photovoltaic panels. Next Generation SmartWrap is composed out 
of an environmentally friendly PET, and the Cellophane House 
incorporates a translucent PET stair (Jacobs 108). In fact, combined 
with the premanufactured off-the-shelf aluminum structure, 90% of 
the Cellophane House can be recycled and/or reconfigured on a new 
site. Finally, the Cellophane House utilized plastic’s toughness as well 
– James Timberlake estimated that the four layers of PET in the walls 
would be able to withstand a 100 mph wind (Stacey, “Wraps”).
 The potential recyclability of Cellophane House posits 
one more important disruptive potential in the world of plastics: 
making plastics better and more ecologically effective. Which 
is ironic, considering that plastic was originally derived from 
cellulose. Henry Ford even designed the GINA of 1941 – a prototype 
soy-derived-plastic car (Currey 113). Today plastic is extremely 
available, extremely durable, and extremely slow to degrade. But 
only 12% of plastic is recycled – the rest sits in landfills or nature 
where it eventually becomes part of our food chain (Currey 112). 
We’re indirectly eating our soda bottles and our action figures. 
William McDonough in his book Cradle to Cradle looks at our 
disposable culture and how we make things. The ubiquitous alien 
material comprising our shirts and our soda bottles is composed 
of, among other things, antimony, which causes cancer in humans 
(McDonough 37). With material resources dwindling – especially 
including petroleum – we must question why plastic is made this way. 
McDonough proposes the idea of “technical nutrients,” and advocates 
making plastics more eco-effective by changing their structure to 
make them more “natural” compositionally; that is, changing the 
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molecular structure of the plastic and the way plastic is made in order 
to make it either recyclable and/or derived from natural structures. 
So were we to carelessly dispose of our soda bottle it would not harm 
the natural nutrient stream – it could even help it. McDonough, with 
his partner Michael Braungart and their firm McDonough Braungart 
Design Chemistry (MBDC) look to redesign our built environment 
with these in mind. The Mirra Chair – designed for Herman Miller, 
is a modest example. The plastic in the Mirra Chair can potentially be 
reused 200 times without a loss of performance – first as a chair, then 
perhaps as a building component (Beylerian 143). Target Corporation 
had similar ideas in mind with their redesigned shopping carts, 
with all of its components able to be recycled (Varda). Lounge MS, 
designed by Vaillo + Irigary, is a nightclub with a recycled plastic 
wrapper. That “wrapper” is recycled plastic tubes made to resemble 
reeds. The reeds wrap an open interior; spaces are articulated by 
materials on the floor and ceiling. We are meant to view the plastic 
tube façade “not as a new entity, but reforested” with “a new species” 
introduced to the area (Saieh, “Lounge MS”).

 A parallel development of more recyclable plastics are 
bioplastics – plastics derived from natural sources such as corn, 
beans, sugarcane, or even chicken feathers (Currey 113). Bioplastics 
are potentially extremely eco-effective: instead of taking centuries to 
break down, bioplastics only take months to degrade, and the next 
crop of plants sequesters carbon, enriching the soil and keeping it out 
of the atmosphere (Currey 113). At this point, the most widespread 
use of bioplastics are, appropriately enough, disposable items such 
as packaging – wrappers – and disposable wipes (Currey 113). 
However, it is slowly making its way into architectural applications. 
The Japanese company Unitika makes Terramac, a product line of 
building components such as under-floor adjusters and joint blocks 
(“Housing and Construction Materials”). However, bioplastic is not 
without problems. Its quick degradability makes it quite a bit less 
durable then its petrol-based cousins. Adding strengthening fibers 
to it tarnishes its appearance. The technological infrastructure at 
this point cannot adequately recycle them, so they contaminate the 
current recycling stream (Currey 113). It costs more to make – 20% 
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more than polyester – which does not help in a market where petrol-
based plastics have a 70 year head start (Currey 142). Finally, there is 
a moral issue: is it a good use of corn, beans, and sugarcane to make 
disposable packaging when it can be grown for food?
 Why can’t we do both? Are progress and technological 
advancement mutually exclusive?
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The world of technical textiles is constantly evolving and introducing 
new methods and techniques for implementing the latest material 
advancements into the highest levels of technological applications. 
While there have been some attempts made to incorporate these 
materials into architectural applications, none have been significantly 
accepted yet. It would seem that while other industries have found 
ways of rationalizing these fabrics in their mainstream processes 
through performative gains, architects have struggled to find similar 
ways of putting these fabrics to use in their large scale building 
applications. Perhaps this is because none have been disruptive 
enough to generate the interest required for such evolutionary leaps. 
The potential is there and waiting, all that is required is for someone 
to ask the right question: How can the performance justify the 
expense?
 In the world of textiles, those defined as technical textiles are 
high performance, purely functional, and precisely engineered fabrics 
whose aesthetic qualities are secondary to performance, if of any 
concern at all. While many people may find beauty in the patterns 
of weaves that begin to define the fabrics decorative qualities, it is 
only by coincidence.1 Carbon fibre textiles are comprised of “High 
strength, high modulus carbon fibres about 5– 6 mm in diameter 
and consist of small crystallites of ‘turbostratic’ graphite, one of 
the allotropic forms of carbon. The graphite structure consists of 
hexagonal layers, in which the bonding is covalent and strong and 
there are weak van der Waal forces  between the layers.”2 These 
fibres are then braided into more manageable yarns and then woven 
through specific weave patterns into rolls of fabric. 
 The typical method of construction with carbon fibre fabrics Carbon Fibre plain weave pattern
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as substrate in epoxy matrix

Carbon Fibre strand against larger 
human hair

uses the fabric as a substrate in a composite material system. “The 
greatest advantage of composite materials is strength and stiffness 
combined with lightness. By choosing an appropriate combination 
of reinforcement and matrix material, manufacturers can produce 
properties that exactly fit the requirements for a particular structure 
for a particular purpose”.3 “Composite materials are formed by 
combining two or more materials that have quite different properties. 
The different materials work together to give the composite unique 
properties, but within the composite you can easily tell the different 
materials apart – they do not dissolve or blend into each other. 
One material (the matrix or binder) surrounds and binds together 
a cluster of fibres or fragments of a much stronger material (the 
reinforcement). In many thin structures with complex shapes, such 
as curved panels, the composite structure is built up by applying 
sheets of woven fibre reinforcement, saturated with the plastic matrix 
material, over an appropriately shaped base mould. When the panel 
has been built to an appropriate thickness, the matrix material is then 
cured.”4 
 “Although composite materials had been known in various 
forms throughout the history of mankind, the history of modern 
composites probably began in 1937 when salesmen from the Owens 
Corning Fiberglass Company began to sell fiberglass to interested 
parties around the United States.”5 Not surprisingly “The pace of 
composite development, already fast, was accelerated during World 
War II.”6 and “Some of the war-oriented applications were converted 
directly to commercial applications such as fiberglass reinforced 
polyester boats.”7 The technological developments of fiberglass slowly 
diffused into many other industries as innovators found new ways 
to apply the material. “Not until the 1980s did the rest of the world 
become more familiar with the existence and potential uses of these 
fibers and textiles, which resulted in exceptional growth in the field.”8 
Until then they had mostly been “contained within the small markets 
of aerospace and military.”9 What may been been the most disruptive 
civilian application of the time was by “Edward S. Van Dusen, [who] 
began making carbon-fiber composite racing shells in the 1970s. 

Top: C-Bench
Middle: Z5 Chair
Bottom: Stella sculpture

The critical factor in shell design is the stiffness-to-weight ratio”10 
and for his boats “the competitive advantage was so clear that the 
legislators of international rowing established [a] minimum weight 
for single shells.”11 “Today, the composites marketplace is widespread. 
As reported recently by the SPI Composites Institute, the largest 
market is still in transportation (31%), but construction (19.7%), 
marine (12.4%), electrical/electronic equipment (9.9%), consumer 
(5.8%), and appliance/business equipment are also large markets. The 
aircraft/aerospace market represents only 0.8% which is surprising in 
light of its importance in the origins of composites.”12 
 Recently there have been some designers using carbon fibre 
technologies for making furniture and large scale sculptural pieces, 
but they still may be falling short of expectations. One of these 
people is Peter Donders who sells a piece called the C-Bench. It is 
constructed by by “twisting a single string of carbon fiber around 
a form that was then removed. The resulting structure is airy yet 
incredibly strong” and sells for $34,000.13 Contrasting the open 
structure of the C-Bench is the Z5 chair by Giovanni Pagnotta which 
expresses quite dramatically just how thin a structural member made 
of carbon fibre composites can be. His chair is almost functional 
origami, as it’s nearly paper thin plate folds back and forth to provide 
the seat area. Artist Frank Stella expresses his sculptures in yet 
another expression of the materials abilities - by creating large, almost 
inflated looking forms that seem to hover above the ground. By 
making the skins of these sculptures so incredibly thin with carbon 
fibre monocoque units, he is able to lift them up with seemingly 
impossibly thin supports. It is rather tricky the way that one would 
expect these pieces to be heavy to the point of immobile by hiding the 
section like he does, instead of displaying it. While neighboring the 
architectural profession, these pieces are still not part of a building. 
Once more, they are arguably shallow in the scope of disruptive 
applications. As a technical textile, carbon fibre is by definition a 
strictly performative material that should first improve and perhaps 
beautify later. These examples, while beautiful, do not make for a 
better chair. They aren’t any more comfortable or functional than 
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most other pieces - what they are is simply pretty. And that beauty 
comes with a heavy price tag to boot, which begs the question of how 
justifiable the novelty is for the price? 
 Large scale infrastructural applications of carbon fibre have 
seen some successes. Most of those explorations have utilized the 
corrosion resistant finish and outstanding tensile strength of the 
material as a reinforcing for concrete composite systems. Recent 
studies have begun verifying just how effective the material can be for 
this purpose. One such study concluded that carbon fibre reinforced 
polymers used in reinforced concrete parking slabs were actually 
exceeding the expected durability and strength tests conducted. 
“From the microstructural and chemical analyses, it can be concluded 
that the integrity of the CFRP material after 8 years in service is 
outstanding. This supports the high expectations of a very long life of 
such CFRP reinforced structures under severe service conditions.”14 
Another example is that of bridges utilizing the fibres for reinforcing 
concrete in Maine where the Neal bridge, nicknamed the bridge-
in-a-backpack, was recently completed with carbon fibre reinforced 
concrete arches that span the length of the bridge. These tubes allow 
the construction process to be completed in a fraction of the time 
and cost of traditional building methods.15 It does seem especially 
beneficial in bridge construction to use a material that won’t corrode 
the way that steel does when used near water sources, however it 
also seems like such a shame that in both situations the beauty of the 
material is hidden from sight and no one would be the wiser that it 
were there without construction photos to prove it.
 Moving into the architectural applications of carbon fibre, 
one must first consider the larger conceptual ideas that are embodied 
in the material. “Textile-based building concepts range from flexible 
skeletons and meshwork skins to structures that move and respond 
to their occupants. These structures replace traditional views of 
solid, gravity-bound building with an interwoven, floating new 
world.”16 This structural concept can be seen on the skin of Foster 
and Partners’ tower for the Swiss Re Headquarters in London. While 
not made of a fabric or composite system, it acts in the way that a 
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Woven structure and skin of 
Foster and Partners’ Swiss Re 
Headquarters building in London

One of the Neal bridge’s 35’ arches 
being lifted by only two people.

Lateral forces study on Swiss Re 
Headquarters building

woven fabric might - the dichotomies of compression and tension 
are blurred which allows the building to respond to lateral forces 
in ways that were previously unimaginable.17 Architect Toshiko 
Mori explains how the segway from product design to architecture 
can actually be beneficial to building technology. “I work with boat 
builders a lot, because boats such as America’s Cup boat, the boat’s 
hull is all fiber, carbon fiber, fiberglass Kevlar. And interesting thing, 
of its easy, because they construct a shape.  And they work with 
nautical engineers in terms of resisting the forces of water when 
they’re sailing. But forces against boats go sideways, lateral force, 
which is same force as wind forces or hurricane forces that we have 
to deal with.  So when you translate into a formula, you can quantify 
it a similar way.  It could be water, it could be wind, it could be 
earthquake, it could be gravity.  So one can translate the calculations 
they do for boat building to structural engineering fairly easily.  They 
can exchange files.”18 
 This is how the textiles can perform better than traditional 
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architectural materials and methods. By acknowledging how it has 
benefited other industries, that can begin to inform it’s potentials 
in architecture. A new method of building that is made possible 
with these new technologies. “A prime criterion for engineering 
is the concept of efficiency. Heavy materials naturally tend to take 
more energy to transport and form than lightweight materials, but 
for much of human history they seemed efficient because the only 
forces that they had to serve were the downward-directed forces 
of compression and gravity. It is a relatively simple matter to work 
with gravity using unskilled labor by piling one heavy block on 
top of another. However, traditional masonry buildings are quite 
vulnerable to shifting and buckling forces. Ancient history is marked 
by a succession of catastrophes in which entire cities were destroyed 
by earthquakes and floods. The challenge of building an effective 
structure dramatically increases when considering the lateral and 
upward-pulling pressures from wind and earthquakes, because these 
forces are much more complex than compression in the way they 
behave. These factors require tension, and masonry is extremely 
inefficient in handling tension. 
 On the other hand, tensile forces can easily be handled by 
thin, continuous strands of resilient material. To deal with complex 
back-and-forth waves of forces, a lattice of long strands applied in 
opposite directions can be used. Confronting the pull of upward-
lifting wind and the twisting, buckling forces of gravity has required 
a change in engineering practice. The force of tension, which 
previously played only a minor role in architecture, has become just 
as significant as compression”19

 As we develop stronger understandings of the way that 
buildings behave, through technological abilities to model more 
and more complex scenarios, we should then be using new material 
technologies as well. “In a textile… every fiber has an integral role 
in maintaining structure, each as important as its neighbor.”20 It 
is important to understand this idea when applying the material 
to architectural solutions - at every scale the fabric is working 
holistically. Right now, in fact it is the resins that are holding carbon 

Carbon Tower proposal by Peter 
Testa

fibre technologies back. “The matrix material is the Achilles’ heel 
of the composite system and limits the fibre from exhibiting its 
full potential in terms of laminate properties. The matrix performs 
a number of functions among which are stabilizing the fibre in 
compression (providing lateral support), translating the fibre 
properties into the laminate, minimizing damage due to impact by 
exhibiting plastic deformation.”21 
 Perhaps the best example of an architecturally disruptive 
application of carbon fibre is Peter Testa’s proposed design for a 
textile composite structured tower. “His 40-story circular office 
tower would be constructed - knitted, if you will - of carbon fiber 
and composites in an eco-friendly process that Testa believes would 
save massive amounts of energy. Robots would create, shape and 
cure strands of carbon fiber on site in a process called pultrusion, 
which he argues is no more complicated than fabrication of the 
fiberglass ladders commonly available at home-improvement 
stores.”22 Originally proposed in 2003 his design has yet to see the 
beginning of construction phases, but that really seems to make it 
that much more disruptive - a project of this scale has never been 
done before and some of the structural theories that it would be able 
to explore through the materials, are still unproven in the minds of 
code officials. It doesn’t seem at all unrealistic that just going through 
proper channels of approval could take a couple of decades before it 
would be allowed to be built. Which is so unfortunate because if the 
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technology is available it should be applicable. 
 The Carbon Tower that Testa proposes is such an excellent 
example of how disruptive forms of carbon fibre technologies 
could be applied in architecture because it touches on each of the 
key ingredients of the material. It is performance first. In fact, 
many of the building components are performing multiple roles. 
The external ramp system circulates people as well as air through 
the structure, while providing resistance to forces of torque from 
building loads.23 It uses less material than other structural systems 
which is made possible by the composites high strength to weight 
ratio. Less material means that could also be less environmentally 
impactive. The floor plates are held in place by a woven helical system 
of columns, and the columns are spaced by the floor plates. Each 
unit of the building is separate, yet symbiotically dependent on each 
of the other systems. “The building is literally woven and braided 
together.”24 Which addresses another key element, the system of 
weaving being addressed at multiple scales. This structural solution 
of interwoven members behaves as a complete system. This will allow 
it to be reactive when there are forces beyond gravity acting on the 
building. 
 How do we justify the expense of new materials in 
construction projects? While being nice to look at can often be 
the driving force behind many simpler material applications in 
architectural assemblies, it won’t be enough when the costs are as 
high as those embedded in the current technologies of technical 
textiles and more specifically carbon fibres. However, if the materials 
allow you to make buildings that are stronger, faster, and safer than 
anything else available it seems like they might be worth considering. 
Better buildings are what architecture is supposed to be trying to 
achieve. We now know more about building behavior than ever and it 
seems irresponsible to continue practicing in the same manners as we 
historically have if there is no recognition for what could be next. The 
buildings of tomorrow will be better than they are today, we just have 
to justify the expense. 

Notes

1. McQuaid, Matilda, and Philip Beesley. Extreme textiles: designing for high performance. 
New York: Smithsonian Cooper-Hewitt, National Design Museum :, 2005. 11
2. Soutis, C. “Recent advances in building with composites.” Plastics,    Rubber & Composites 
38, no. 9/10 (December 2009): 359-366. Academic Search Premier, EBSCOhost (accessed 
November 17, 2010). 359
3. Ellyard, David. “Composite materials-Key text.” Home - Australian Academy of Science . 
http://www.science.org.au/nova/059/059key.htm (accessed November 21, 2010).
4. Ibid
5. Strong, Dr. Brent. “History of Composite Materials.” Dr. Strong’s Articles. strong.groups.
et.byu.net/pages/articles/articles/history.pdf (accessed November 29, 2010). 1
6. Ibid, 3
7. Ibid, 5
8. McQuaid, Extreme Textiles, 13
9. Ibid, 13
10. McQuaid, Extreme Textiles, 39
11. Ibid 43
12. Strong, History of Composite Materials, 8
13. “Carbon Fiber C-Bench by Peter Donders | HomeKlondike.com - Home Interior, 
Architecture and Decorating.” Homeklondike.com! Home Interior, Architecture and 
Decorating. http://homeklondike.com/2010/10/25/carbon-fiber-c-bench-by-peter-donders/ 
(accessed November 21, 2010).
14. A. Wiseman, et al. “Durability and structural performance of carbon fibre reinforced 
polymer - reinforced concrete parking garage slabs.” Canadian Journal of Civil Engineering 36, 
no. 4 (April 2009): 617-627. Academic Search Premier, EBSCOhost (accessed December 21, 
2010). 625
15. Kleiman, Allison. “The Hybrid of Bridges and Carbon Fiber | Carbon Fiber Gear.” Carbon 
Fiber Gear: Carbon Fiber is the New Black. http://www.carbonfibergear.com/the-hybrid-of-
bridges-and-carbon-fiber/ (accessed November 18, 2010).
16. McQuaid, Extreme Textiles, 103
17. Ibid, 106-108
18. Mori, Toshiko, “Weaving and Technology Transfer,” OnInnovation, Visionaries thinking out 
loud, http://www.oninnovation.org/videos/detail.aspx?video=1222&title=Weaving%20And%20
Technnology%20Transfer.
19. McQuaid, Extreme Textiles, 108-109
20. Ibid, 109
21. Soutis, “Recent advances in building with composites.” 360
22. Hales, Linda. “When Textiles Go to Extremes (washingtonpost.com).” Washington Post - 
Politics, National, World & D.C. Area News and Headlines - washingtonpost.com. http://www.
washingtonpost.com/wp-dyn/articles/A56477-2005Apr15.html (accessed December 1, 2010).
23. McQuaid, Extreme Textiles, 112
24. Ibid, 115-116

142 143



Metals, as surface or structure, are generators of space. They play a 
role in nearly every strain of modernization in architecture. They 
define complete geographies of work, production and political life. 
Non-architectural metals delivered in automobiles, and hard goods in 
the United States and world-wide have all been sourced as the engines 
of the sprawling late twentieth century city in all of its forms. Metals 
are intrinsic to the profession. They are carriers of architectural 
meaning, yet they are often buried or hidden or shoved aside to make 
room for more socially glamorous materials such as glass and plastics. 
Given their lengthy history with our endeavor to soar higher and 
span longer distances, they have seldom come out from behind their 
facade to act as both structure and skin as one entity. Metals have 
conceptualized architectural and economic metaphors of material 
strength and elastic quality, of economic destiny, and social strife 
and renewal. Yet it is the architectural metaphors and the facts of 
frame and enclosure--steel as structural frame and metals as surface 
enclosure and curtain wall--which have been most predominant in 
architectural discourse, that to a large degree have been presented as 
free from wider usage.
 In the United States, steel’s architectural history is often 
geographically substantiated in Chicago architectural history. The 
separation of surface and structure from load bearing mediums 
produced new office buildings, new curtain walls, and new forms of 
assembly. The formation and subsequent rise of mighty economic 
machines prior to and during World War II re-distributed metals on 
a global scale and introduced them to a hungry market that was eager 
to participate. From the outset of steel’s rapid rise in the 1940’s, elastic 
limits were being set for metals within markets but also for labor and M
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a deep investment in the value and sourcing of material against new 
financial territories and new methods of construction.
 The structural frame, the backbone of speed and organization 
of construction, was modeled either for end-use or against 
benchmarks of production; there were overt needs to build fast, and 
to build expansive spaces. This new sense of scale was enough to 
fascinate architects and engineers yet it also caused trepidation in a 
society with weak knees as new benchmarks were met at breakneck 
pace. In the wake of its realization a counter movement of tighter 
enclosure, and a more finite scale was desired. Space needed to be 
constrained and in that regard the expansive limits of steel and metals 
became less thrilling. They tended to retreat within the wall.
 For most of the last century the automobile industry 
deployed metals in greater quantities than architecture or building. In 
terms of distribution, construction steel usage was highest between 
1955 and 1965. Today, plastic production per capita in the United 
States exceeds that of steel. Metals are indeed still everywhere, but 
the architectural and engineering histories that sustained them and 
lodge them in our imagination—the reality of what material was in 
the highest forms of architecture that we hold valuable—have never 
fully engaged the real-time logics of finance and political action that 
drove the modernization of all aspects of our lives. One could say that 
metals, steel in particular, created modern space.
 The efficiencies of construction and engineering that 
produced new forms of architectural and subsequently social space 
were material engineering innovations often coupled with known 
forms of architectural language. The column, beam, wall, etc. reached 
commanding levels in spanning potential, of lightness, of speed of 
construction, but the material science that lies behind these new 
metals has rarely been correlated to the parallel engineering of new 
forms of social space and architectural thought has persistently 
struggled to respond to the sprawling yet still material world of the 
post war city.
 When discussing structural skin, it is hard not to venture into 
the mighty past of the industrial era. Paxton’s Crystal Palace marked 

a moment in history for metal and architecture. It employed 3300 
columns and 2220 girders which were prefabricated from molded 
cast iron. Paxton’s Crystal Palace set the tone for iron buildings 
for the next 50 years. The Eiffel Tower was also a building made of 
wrought iron open lattice. The tower was 984 ft. And this was the era 
when steel, in grand fashion of the industrial revolution, displayed 
itself proudly for all to see. Iron and steel truly had the most radical 
influence on architecture. The skeletal structural frame effectively 
liberated buildings from the inhibitions of the load bearing wall. But 
as society moved away from the showy nature of fancy metalwork, 
the material moved over to allow room for other industrial materials 
that needed to share the palette.
 As the curtain wall grew in popularity, and the machine 
aesthetic took off, Ludwig Mies van der Rohe attempted to make his 
building’s mullions look as if they were structural members when in 
fact, they were over sized ‘H’ shapes that did little for added structural 
support.
 The Centre Pompidou in 1977 made quite a splash when it 
was first built. It is, almost jokingly, a building that is turned inside 
out. The skeletal structure clings to itself as if to hide the fabulous 
spaces inside. Although, not technically a skin system, the exo 
skeleton of Pompidou rekindled the way in which architects looked at 
the possibilities of what the material could do. Often pared with glass 
or other metals, the structural nature of the Pompidou façade sparked 
a sensation.
 Diagonal 80 represents a merging of technology and steel 
structural framing that must not go without mentioning. This 
building is not technically a structural skin system, but the ideas are 
so rich that it almost fits the description.
 The structural system consists of four main groups of 
components: a bearer system linked to its tension and geometry; 
the exhibition system for product display; the HVAC; and the outer 
skin, a conventional metal enclosure system without a substructure. 
This suite of four families of components is governed by a common 
geometric system that defines the spatial outcomes.
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Gustave Eiffel, Eiffel Tower, Paris, 
1889.

Renzo Piano and Richard Rogers, 
Centre Georges Pompidou, Paris, 
1977.
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 The system uses a ‘Y’ shaped piece of steel that forms 
hexagonal shaped grids, adapting to the variable spans and its 
different positions. Through a differentiation process, the initial piece 
turns into the columns for three floors, the beams for the roof and 
the floors below, the stairs, the props for the awnings outside and the 
connecting items between floors.
 Vertically, the items interconnect at the top, merging and 
interlacing to gain stiffness while becoming lighter below, resting on 
the smallest possible number of points on the ground. In the case of 
the horizontal members, they are sub stressed below to bear the load 
of the structure, and where exposed in the exterior, they support the 
tensed canvas. The same summation logic is applied to the vertical 
members -upright beams- that enclose the stairs and the voids that 
arise as a deformation of the slab geometry.
 The geometry is a combination of triangulations, beams 
and bifurcated columns, with linear units that selectively stiffen the 
bearer system. The horizontal beams bridge the decreasing width of 
the site in a single span and bifurcate when they reach the perimeter 
of the building. The aim is to rescue lightweight three-dimension 
structures from oblivion and use them in applications that go beyond 
lightweight roofs and enclosures, recovering the role of a space 
configurator for the bearer system: space equals structure.
 The Qingpu Bridge attempts to provide a room over the 
water for both sides to come to and meet rather than just acting as 
an engineering device that solves a communication problem. The 
faces of both the roof and deck are covered with wooden skins. The 
contrast with the exposed steel profiles makes the structure appear 
lighter. Furthermore, the sloped ceiling serves as a large reflector 
for an artificial lighting system that is embedded into the handrails. 
During the day as well, the inner surfaces will trap the glittering 
reflections of the sun on the water.
 Learning from the bridges of the great water town of 
ZhuJiaJiao, or those from the delicate gardens in Suzhou, CA-Design 
decided to link both sides of the 50 meters wide river with a bent 
path. The bent axis responds to different access conditions and 

visually adapts to the surroundings. Their strategy of borrowing from 
local historical references and other variables of the site, together with 
the objective of revealing the structural performance of the bridge, 
helped generate the final form of the project.
 The load-span relation recommended the use of the metal 
truss. In order to resist the strong torsion stress associated with the 
support-less winding shape of the bridge, CA-Design activated the 
structure of its distorted volume using an abstracted dia-grid which 
related to the contrasting character of both sides of the river. This fact 
is emphasized via designing asymmetric constraints for the structure. 
The elevation of the bridge adapts itself to the resulting asymmetric 
diagram of bending momentum. Trying to minimize the amount of 
different steel sections, they designed a pattern that becomes denser 
according to the diagram of shear stress.
 The highlight of this notion of structural skin, coupled with 
computational algorithms, is the CCTV Tower in Beijing China by 
OMA. Rather than unifying the facade with a repetitive system of 
mullions and steelwork, OMA analyzed the physical loads on the 
building and started to beef up the areas where stresses were higher 
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CA-Design, Qingpu Pedestrian 
Bridge, Shanghai, 2008.

OMA, CCTV, Beijing, 2008.

AMID (Cero9) Architects, Diagonal 
80, Madrid, 2010.
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and removing them where the stresses were non-existent.
 As technology advances, and clients and architects thinking 
and willingness to push certain aspects of a project grow, and 
become strengthened by those willing to take risks, these systems 
will be further developed that might possibly start to integrate more 
systems... perhaps to the point where the wall becomes so carved 
out, that MEP systems will follow form. In my opinion OMA has 
invigorated the practice of incorporating structure with skin. A 
majority of their projects in the past decade have also brought the 
practice of stripping away unnecessary structural elements from 
mundane practices of building tall buildings. Through the use of 
parametrics and algorithmic modeling software, OMA has been able 
to provide adequate sizing to areas of a building where they are most 
needed and strip them away where they aren’t. This practice, in itself, 
has created interesting patterns within the façade system as witnessed 
in the CCTV tower in Beijing, China. The structural elements appear 
to bind the building together as if it were being tied up. Visually, the 
structural elements seem chaotic, but upon examining the building’s 
unique form and seeing where the structural forces are, the façade 
comes alive.
 Another OMA project, The Seattle Central Library, is an 
amazing model of structural skin, let alone an amazing civic space. 
This building redefines the library as an institution no longer 
exclusively dedicated to the book, but as an information store where 
all potent forms of media—new and old—are presented equally and 
legibly. In an age where information can be accessed anywhere, it is 
the culmination of all media and, more importantly, the curatorship 
of their content and how it traverses the space that makes the library 
vital.
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My first experience with death in Venice came on a gray overcast 
day in late March. The vaporetto, pulling away from the Fondamente 
Nouve station, lurched out into the windy lagoon. On the horizon, half 
hidden behind the fog lay a thin, stark profile. As the boat neared, a 
tremendous brick wall emerged. Ornamented with bits of marble, it 
stood firm like a castle wall at the edge of an enormous moat. Behind, a 
forest of cypress trees rose up promising a secret garden hidden behind 
its walls. Here was the metaphor generations of Venetians had aspired 
for, a place to bury their dead in a paradise otherwise unattainable 
on the mainland. This is a fitting tribute to a city so heavily rooted in 
illusion. Venice conspires to disorient you with its labyrinth of canals 
and small pedestrian streets; twisting corridors so narrow the buildings 
are at times only a few feet apart. The edge between building and water 
blurs to the point where palazzi quite literally appear to float atop the 
water, with nary a foundation in sight. In Venice, buildings do not 
spring from the earth because in Venice, the earth does not exist. It is 
a city, without solid ground, ever changing – from the tidal ebbs to the 
persistent restorations. No wonder then so many Venetians wanted an 
island of refuge, a peaceful space unmarred by the modifications of the 
living.

Light well in new burial campi
(image: author’s photograph)
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It is hard to overstate the significance of death to the city of Venice. 
In life, the residents navigate a unique environment somewhere 
between land and water, a relationship that does not change in death. 
For centuries, Venetians have carried on the same symbolic ritual. 
The body, is transported onto a specially made funerary gondola 
where it slowly makes its final journey, winding through the canals 
and eventually out across the lagoon to the Isola di San Michele. The 
path heavily dependent on the family’s wealth and social status as 
more important dignitaries are carried down the Grand Canal while 
the common man is delivered via the shortest accessible route. Upon 
arriving the island immediately transcends the typical routine of 
the mainland; gondoliers, tourists, cheap pizzas, and photographs. 
Instead it evokes the awareness of the departed by creating a 
sanctuary away from the chaos of the living. Yet even here we see the 
mark of the living.

One Sunday I watched the shops along Fondamente Nuove. They were 
crowded by elderly widows in large dark shawls buying bouquets of 
flowers – their figures swallowed up by pots of huge chrysanthemums, 
rumpled white, yellow, and pink. Together they huddle close on the 
short ride, disembarking in front of Emiliani chapel, and filing quickly 
into the arms of San Michele to find their respective grave. The living 
have done their duty. They return to the vaporetto, satisfied. Perhaps 
the dead are too.

The island is divided into three distinct religious sects: Catholics, 
Greek Orthodox, and Protestants – the Jews have their own cemetery 
on nearby Lido. In striking contrast to the beautifully tended Catholic 
garden of graves, the Orthodox and Protestant areas lie in almost 
atmospheric decay. Moss covered tombstones, some cracked, lean 
at abrupt angles; keeled over in parody to those whose deaths they 
commemorate. But regardless of religious affiliation all tombs are 
subjected to the same complex burial system that has evolved over 
centuries. Families pay according to a sliding scale of prices to have 
their bodies placed in one of three main locations. The lowest is the 
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Cypress trees behind San Michele’s 
wall. (image: author’s photograph)

Entrance to campo commune
(image: author’s photograph)

Campo commune
(image: author’s photograph)

Family Locuolo
(image: author’s photograph)

San Michele Ossuary
(image: author’s photograph)

campo commune, a grassy field directly inside the cemetery where 
the bodies are allowed to decompose for only ten years after which 
they are disinterred. Wealthier families can afford their dead to be 
buried in the more expensive campo paggante, where bodies are 
allowed to remain undisturbed for 20 years. Finally, the wealthiest 
citizens can opt to lease a loculo, one of the numerous “shelving 
units” that form impassive blocks arranged in strong geometrical 
patterns around the cemetery for upwards of 50 years. What happens 
to corpses after internment relies heavily on the financial status of 
the surviving family members. Because of the immense sense of 
pride, almost duty, attached to the notion of burial in San Michele, 
re-internment is available and preferred. For a fee the remains are 
transferred to small metal boxes for permanent storage in smaller 
quarters while the remains of those who chose not to pay are 
disposed of in the nearby ossuary. But this hierarchal burial system 
has begun to falter recently due to a decidedly modern problem. The 
growth in antibiotic usage has led to traces of chemicals that linger 
in bodies long after death and lead to an increase in the amount of 
time required for mineralization and decomposition. In addition, 
the rising water level of the lagoon further saturates the soil, thus 
inhibiting the bacteria from doing their work. Because of this it has 
become unsafe for bodies to be disinterred and consequently space 
for new burials on San Michele is quickly disappearing. This has 
forced some Venetians to begin the abhorrent notion of burying their 
dead in the nearby town of Mestre, along the coast of the lagoon but 
definitively on solid ground.
 In order to reduce unrest and maintain civic pride, a new 
solution was required. By the late 1990s, the Comunitá di Venezia 
already had plans under way to expand the cemetery. However since 
this was planned to be handled as a municipal works project, any real 
architectural presence was essentially removed. The mayor of Venice, 
sensing the potential for public outrage at this casual attitude towards 
the sacred island, stopped the process from proceeding and instead 
proposed the idea of an international architectural competition. 
Approximately 150 offices from around the world submitted CVs, out 
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Funerary gondola (image: unknown)

Entrance to San Michele as seen from mainland
(image: author’s photograph)
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Light well in new burial wall
(image: ni[do], via Flickr)

of which only eight were shortlisted and invited to develop proposals. 
Not surprisingly, half of the finalists were Italian while the rest were 
from other European countries.  
 Enter David Chipperfield. His design, as described by project 
architect Giuseppe Zampieri, hoped to “create a series of more 
intimate spaces in the complex of new buildings, a set of courtyards 
that suggest an urban density where pedestrian access is compressed.” 
This would seem to adopt the vernacular Venetian urban design plan 
where typically a cluster of buildings is organized around a courtyard 
space known as a campo. These campi are not simply organizational 
nodes, but also serve as the primary social spaces for the living city 
so it seems logical to mimic this spatial arrangement in death. An 
additional concept arose out of an initial observation by Chipperfield 
that over the 400 years of development the romantic exterior image 
now contrasts starkly with the internal municipal character. Within 
the walls it is easy to imagine oneself in any Italian cemetery as 
the height of the walls deprives visitors to views of the lagoon and 
its uniquely beautiful setting. Furthermore, the original cemetery 
contains disproportionately large spaces where any sense of human 
scale is diminished; even the iconic cypress trees rise 30 to 40 feet 
above the ground plain. Walking through the cemetery recalls not the 
unplanned intimacy of the living city, but rather the prescribed nature 
of a traditional necropolis, where rows of graves lay stoically across 
immense spaces and efficiency, not atmosphere, is the premium.
 The new addition is comprised of two phases. The first, a 
75,000 square foot space comprising of an estimated 8,941 tombs, is 
built upon the existing sacca to the northeast. Saccas are, in essence, 
the building blocks of the city; artificial islands. They are formed 
through a simple, yet lengthy process that, depending on the size 
of the sacca, can take anywhere from five to thirty or more years to 
complete. The canals of the city are frequently dredged in order to 
maintain a consistent depth. This procedure collects literally tons of 
sand, silt, and clay which is then deposited in a cordoned off location 
within the lagoon. Repeated hundreds of times over, the sediment 
compresses and hardens to the point where slowly a land mass 
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Site plan of original cemetery with both additions
(image: Marco De Michelis)
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David Chipperfield’s conceptual 
sketch. (image: David Chipperfield 
architects)

emerges from the water. The current cemetery actually sits on what 
was two saccas, San Michele and San Cristoforo, however spatial 
needs forced Venetians to construct one large island. The tombs are 
comprised of small tectonic volumes of space, hollowed out to create 
the form of the campi.
 The courtyard is then colonnaded and contains a variety of 
vegetation and water making them pleasant places in which to walk 
and sit. Intentionally more intimate than the original cemetery’s 
courtyards, they are grouped together in blocks of three or four. This 
repetitive flow of external spaces and internal courtyards carries a 
distinctively urban quality, as opposed to the pastoral nature of the 
original cemetery, that feels quite similar to that of the living city. All 
the courts differ slightly in size, function, and details; as Chipperfield 
suggests, you might know the courtyard where your mother is buried 
by its lemon trees and copper door. Together with the burial campi, 
a chapel and crematorium round out the programmatic pieces of the 
first stage. Already a striking difference from the original cemetery is 
created by this formal solution. Rather than internment, corpses are 
buried above ground in the concrete walls surrounding each campi. 
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Inside one of the new burial campi
(image: author’s photograph)
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Inside one of the new burial campi
(image: sketchitaly, via Flickr)

While, as Chipperfield has suggested, this relationship between form 
and space is an ode to the Venetian vernacular, in truth the solution is 
driven largely by a major technical complexity that arose from the site 
itself. 
 While the first phase is situated atop the existing sacca, 
the second phase sits on a newly formed island. However, evolving 
industrial processes, especially from the glass making factories of 
Murano, have added new toxins to the silt and clay that make up 
the majority of the new sacca. This, combined with the modern 
antibiotic chemicals seeping from decaying corpses creates an 
extremely dangerous mixture that threatened any human presence on 
the island. Therefore, Chipperfield designed the new addition not to 
inter bodies, but instead to hold bodies above ground in sealed tombs 
eliminating the risk of toxins intermixing. This solution provided 
new opportunities for Chipperfield: “The purpose [of the project] is 
the organization of burial walls, and I turn that into a sort of spatial 
experience [by] making courtyards. When you walk into these 
courtyards, you find secret and secluded places. The outside of these 
volumes form small alleys—like in Venice.”
 The second phase, much larger in scale at almost 550,000 ft2 
and with a further 16,040 tombs, is physically separated from San 
Michele by a small 45 foot wide rio, contains the larger open, garden-
like spaces that will provide vistas back towards the city. Recalling his 
initial observation that the Napoleonic walls screen visitors off from 
the views of the lagoon, Chipperfield’s intention was that these will 
help reconnect visitors to the lagoon.
 These park-like lower gardens step down to the water and 
band the upper gardens that lie within the enclosed campi. Thus, 
the lower gardens act as an important transitional space between 
the island’s interior and the lagoon, affording views both of San 
Michele and its watery setting. In order to accommodate more 
burial space the tomb buildings in this phase are three stories, rather 
than the single story structures of the first phase. However despite 
this discrepancy, the two types of buildings are designed to relate 
physically and through the construction of a bridge as well as similar 

Entrance to new burial campi
(image: Daniel Clements)

materials.
 The primary building material Chipperfield chose for 
his addition is concrete. The columns are site cast and finished so 
smoothly they seem to remove any evidence of the human hand 
while the walls are block with nearly invisible mortar joints. They are 
further clad in basalt and marmorino, creating an additional level 
of distinction between courtyards. Finally marble headstones are 
attached to the walls adding a final level of refinement. The material 
palate seems oddly chosen, given his stated goal of creating spaces 
recognizable to Venetians. Formally, the campi can be understood, 
but when the addition is examined through the lens of the material, 
cracks emerge in the concept. In the living city, campi are formed, 
altered, and rebuilt constantly over centuries to address current 
needs. This results in spaces with virtually no regularities. Instead 
bricks jut out randomly leading to misshapen walls and irregular 
forms. But in the new addition, each edge is crisp and unnaturally 
polished. The burial walls, composed of masonry, do not ebb and 
flow. Rather, the units stood perfectly still as if mechanically held. The 
mortar could barely be seen, like all traces of the human hand had 
been erased. And the columns were polished to a sheen unmatched 
by any marble of the living city. Together they looked stagnant, 
lifeless. Even the water in the nearby cisterns remained unnaturally 
smooth, reflecting the sky like a mirror. On one hand, here existed 
the peaceful serenity sought after by generations of Venetians in a 
setting far more familiar than that of the original cemetery, yet if 
Chipperfield’s intention was to create spaces more indicative of the 
living city, why did he use such unfamiliar materials and in such an 
unfamiliar manner?
 Perhaps this could be credited to a reoccurring issue in 
contemporary Venetian architecture. For the past century, new 
construction in Venice has remained relatively safe, both in form 
and material. The vast majority of new buildings hearken back 
directly to the Renaissance heart of the city. And largely they have 
been accepted, or at least not so different so as to cause negative 
feedback. But this was one of the first major projects done by a world 
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Entrance to new burial campi
(image: author’s photograph)

renowned architect. Therefore leading up to the design there was 
some trepidation about the form the cemetery would take. In 2008 
Santiago Calatrava opened a fourth bridge across the Grand Canal 
to much criticism about its formal and material incompatibility with 
the surrounding Renaissance buildings. As Chipperfield stated in an 
interview just after the opening, “There was anxiety at one point that 
this would be ‘modern’ architecture, [but] because it has cloisters, 
courtyards, and alleys, it’s a repertoire of Venice. Everyone wants to 
talk about architectural style, [but] I don’t think the fundamental 
experience of Venice is only based on architectural style. It’s also 
atmosphere.”

Stepping inside the concrete walls that surrounded the courtyard, only 
the sunlight moved. The thin rays crept slowly across the cold stone 
touching each headstone as if to acknowledge its memory. I sat next to 
a small cistern. It, like everything else in the space, seemed dead. I could 
see a perfectly formed reflection of the sky overhead in the still water. It 
was entirely unfamiliar and yet oddly comforting. The quiet was unlike 
anything I had experienced in the city. There was a definite peace that 
could not be found amongst the cries of gondoliers and fishmongers. 
It may have been a cemetery, but it just have well could have been 
a garden. I felt completely alone within the walls, a secret courtyard 
hidden within the lagoon. Here was the original intention of Isola di 
San Michele, re-imagined in concrete.

Still water in courtyard cistern
(image: author’s photograph)
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Interior of burial campi
(image: eunkyung lee, via Flickr)
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We have valued glass for its transparency, strength and durability. 
Since the industrial revolution, knowledge and processing of glass 
has increased while on a mission to achieve clear and precise panes 
of glass. Through advances in purification of glass we have sought 
immaterial, complete transparency as a sort of material fetish. The 
automotive field has demanded precisely formed, clear glass for 
both safety and performance which drove the research towards 
transparency. With the development of float glass and the ability to 
carefully control the chemical composition, glass achieved a high 
level of ‘purity’ in the mid 1900s. Almost as soon as this was achieved, 
it was realized that solar gains made the use of purely transparent 
glass inefficient and different methods for blocking light and heat 
from being transmitted through glass have since been engineered. 
Despite the technical performance, the demand for glass to become 
immaterial neglected the reflective and refractive properties that will 
keep glass from invisibility.
 Many different techniques have enabled glass to act as a 
translucent boundary between public and private, inside and outside. 
The architectural design process is able to begin at the idea of an 
entirely glass building and proceed by layering materials to achieve 
specific translucency or opacity, as opposed to the archaic notion 
of carving away solid material to provide opening or transparency. 
Many new glass products have entered the market and technologies 
have enabled large panes of glass to be bent, colored, printed, and 
laminated in order to achieve controlled, translucent or opaque 
properties to glass. Glass provides a palate of options to create the 
spectrum between material and immaterial, translucent and opaque, 
flatness and depth. Architects have since explored the ephemeral and Gl
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translucent qualities of glass that challenge existing definitions of 
space and boundary.
 In application of these technologies, there exists a fine 
line between superficial ornamentation and space making. Some 
architects have reacted to the ability to create surface image or 
pattern as a reflection of an image based society which may prove to 
be lasting, but many would consider a trend. There are others who 
attempt to create qualities of illusion and depth in an otherwise thin, 
planar surface. Many of the glass technologies are not breakthrough; 
however, it is in their application that new ideas about spatial effects 
and cultural or social notions are beginning to redefine the way that 
glass is used in buildings today. Within the milieu of available glass 
products and techniques, a trajectory is beginning to emerge that 
blends the performative and ephemeral.

Historic Glass Precedents
The Crystal Palace (Joseph Paxton, London, 1851) inspired the all 
glass building, previously thought of as greenhouse, and was the first 
of many steel and glass buildings that followed, especially in the mid 
to late 1900s. The invention of plate glass allowed the Crystal Palace 
to be assembled from pre-fabricated parts in three months time. 
The concept of ‘shopping’ as an experience was also new; the ‘Great 
Exhibition’ attendants experienced this new atmosphere of light from 
all sides. Culturally, this building symbolized both a technological 
advancement and a cultural inflection point.
 As glass technology developed in the 20th century, it fed 
an obsession to produce a clear, uncolored sheet of glass. The 
modernist movement fed off of this material obsession in its goal 
of transparency in program and separation of structure and skin. 
There were multiple reasons why this goal was never fully achieved 
including the reflective properties of glass and solar gain. Because a 
purely transparent skin became impractical, along with performance 
needs, highly controlled ‘impurities’ began to be added back into the 
purified glass to adjust the tint, color, opacity or reflectivity.
 The Seagram Building (Mies van der Rohe, New York, 1954-

8) and the Lever House (S.O.M., New York, 1951-2) are the earliest 
examples of tinted glass for heat absorption. Initially performance 
based, the design decisions soon became aesthetic with Mies 
using a rare material of Selenium to give the glass a bronze hue to 
complement the structure. In the end, the reflectivity of the glass 
objectifies the building during the day as a solid mass, but also creates 
dramatic color effects depending on the sun angle.1 The experiment 
of modernism has shown us that glass cannot provide a perfectly 
transparent material and the temporal effects of sunlight and glass 
cannot be avoided.

Curved Glass
Curved or bent glass is not new technology. Most people have seen a 
demonstration of glass being blown or sculpted and have knowledge 
that as a molten material, glass wants to flow, curve and bend as 
the forces of gravity guide it. Recently there have been several 
architectural projects that have used curved glass in a much more 
precise way where sheets of float glass are heated and allowed to bend 
by their own weight into complex shapes determined by the mold. 
Cold bending and twisting processes have also been developed to 
create some of the difficult geometries. Technological disruption can 
be seen in the ability of precision molding and bending to be dictated 
from complex geometry or even parametrically designed surfaces. 
Limitations for this technology include the size of the glass sheet as 
well as the minimum feature size on any mold. Culturally, however, 
the following precedents suggest disruption in their application 
as building facade and partition and celebrate both the purity and 
precision of the engineered glass and its ability to act as a lens to 
distort and obscure views.
 James Carpenter refers to SANAA’s (Sejima and Nishizawa) 
understanding of glass as a “non-neutral surface ... transparent, 
translucent, or nearly opaque.”2 Their work with glass has evolved 
through several projects including the 21 st Century Museum of 
Contemporary Art in Kanazawa, Japan, and Onishi Hall, Gumma, 
Japan. Their first project in the U.S. is the Glass Pavilion (2007) at 
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Joseph Paxton, The Crystal Palace, 
London, 1851.

Mies van der Rohe, proposed Glass 
Skyscraper for Berlin.

SANAA, 21st Century Museum of 
Contemporary Art, Kanazawa, Japan, 
2006.
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the Toledo Art Museum in Toledo, Ohio. The museum consists of 
glass ‘rooms’ contained within an exterior glass envelope. Structure 
is minimal with slender steel columns and a thin steel roof plane, 
almost to the point where the curving glass panels appear structural. 
SANAA’s intent of transparency in program is clearly stated3 where 
not only the physical aspect of transparency is used but also the 
understanding of the spatial organization and relationships become 
clear. “The most important reason why we use glass is to clarify 
our idea [of the organization]” in an interview.4 Because of the 
multiplicity of reflections, highlights and shadows, there is a blurring 
of boundary and program. Not only the ability to see into an adjacent 
room but the inability to clearly see the glass partition as an object 
adds a sense of illusion to the experience of the space. Also, the 
intentional uninhabitable gaps between sheets of glass heightens the 
perception of the glass itself by distorting views through, and instead 
acting as a display for play of reflections.
 SANAA’s unbuilt Flower House is perhaps a culmination 
of their use of glass as a non-neutral surface. In the Flower House 

SANAA has a unique take on the iconic glass house; because the glass 
is curved and layered, they knew that it wouldn’t be transparent, but 
rather opaque.5

 The Conde Nast Cafeteria, designed by Frank Gehry (2000) 
also makes use of curved glass panels as partitions surrounding 
clusters of booths. Richards describes the panes as “creat[ing] 
reflective transparency that engenders a sense of privacy and 
seclusion.”6 The laminated panels (22 mm thick) were all different 
geometries, digitally modeled and then crafted by a Californian 
automotive glass manufacturer. Steel ball joints were specifically 
designed for the suspended panels to avoid cracking.
 In Herzog & de Meuron’s Prada Store in Tokyo, Japan (2003) 
curved glass panels are set into the structural grid, alternating 
between concave and convex and flat. The intent of the building is 
to change the “concept and function of shopping” which is literally 
transformed from the notion of purely transparent shop windows as 
a means of advertising to the street, to an intentional obscuring of the 
merchandise by creating reflections and distortions in those curved 
panels.7 In the photographs of the building, it seems successful in its 
ability to merge the act of shopping with an urban experience where 
views of merchandise and the city are juxtaposed and distorted on the 
curved glass panes.

Opaque Glass
Several recent projects have taken an alternative route to the sculpted 
translucency of SANAA and Gehry where glass no longer mediates 
the views between two spaces but becomes something to look at, 
instead of through. Spatial effects and a sense of depth can be seen in 
these projects, despite their opacity.
 House Q, designed by Vaillo + Irigaray, (2004) is a study 
in adaptation. Glass, in this example, is used as a rain screen over 
opaque concrete allowing one way viewing only. A black and white 
image is printed on the glass, magnified and abstracted blades of 
grass, in order to blend with the landscape of the adjacent golf 
course.8 The success of the building’s ability to disappear into the 
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SANAA, The Glass Pavilion, Toledo 
Museum of Art, Ohio, 2006.

Frank Gehry, Condé Nast Cafeteria, 
New York, 2000.

Herzog & de Meuron, Prada 
Omotesando, Tokyo, 2004.

Vaillo + Irigaray, House Q, Navarra, 
Spain, 2004.
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landscape is not remarkable and the use of glass as a rain screen over 
an opaque wall could be seen as a wasteful, improper use of glass. 
The fact that this use of glass seems absurd also gives it potential as a 
disruptive application of the material.
 The Contemporary Art Museum of Castilla and León 
(MUSAC,) by Mansilla + Tuñón, (León, Spain 2004) takes another 
one way approach with its glass façade. Along the main entrance 
and corresponding exterior courtyard, the glass curtain wall panels 
have used pigmented lamination to create an opaque façade. In 
using glass panels, reflectivity is preserved which adds depth to the 
façade as reflections play across the courtyard. There also appears 
to be a certain amount of depth to the individual panels, hinting at 
the potential translucency, but once again intently obscuring the 
view beyond. Grossman’s critique offers that, “the past is interpreted 
through the lens of modernity, and presented as if on an enormous 
computer display.”9

Performative Glass
Glass is also used as a substrate to integrate more advanced 
technology; where the previous category saw the one way view of 
a façade as suggestive of a display screen, these projects seek to 

become an active display. The following two projects show how the 
standard technologies of lamination and fritting are integrated with 
other technologies to create disruptive applications for glass. Current 
environmental factors are drivers for these applications and our 
increasingly technological abilities allow new innovations in this area. 
These applications suggest future uses of glass as a return to a neutral 
substrate for other technologies to be integrated with buildings in 
order to address ecological issues.
 Designed for the 2008 Beijing Olympics, (Simone Giostra 
& Partners working with Arup, Schuco and Sunways) GreenPix is a 
zero energy media wall, acting as a light filtration system during the 
day and a giant projection screen at night. The façade is comprised of 
about 2,300 LEDs and 6,000 photovoltaic (PV) cells laminated into 
24,000 square feet of glass. The PV cells collect enough electricity 
during the day to power the LEDs at night, but are also opaque and 
therefore specifically applied in areas where it is desired to block 
sunlight from the interior of the building. Giostra said of the façade, 
“Its more symbolic than pragmatic. Of course, we could use the 
energy for more useful systems of the building. But we decided that 
perhaps it is more important to give an ethical sense to the project- 
that it is truly independent and self-supporting.”10 The system is 
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Mansilla + Tuñón, The Contemporary 
Art Museum of Castilla and León 
(MUSAC), León, Spain, 2004.

Simone Giostra & Partners, 
GreenPix, Beijing, 2008.
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therefore dependent on outside conditions during the daytime which 
might affect the performances at night. The success in this project lies 
in its integration over such a large scale. The ability of new trends in 
media display and art to be integrated into a shading system as well 
as self-powering allow this façade system to become more than just a 
billboard.
 The Adaptive Building Initiative is a joint venture between 
Buro Happold Ltd. and Hoberman Associates Inc. founded in 2008, 
“dedicated to designing a new generation of buildings that optimize 
their configuration in real time by responding to environmental 
changes.“11 One of the projects to come out of the collaboration 
is Adaptive Fritting. The prototype, as presented at the ACADIA 
2009 conference, incorporates 5 panes of acrylic, each with the 
same, somewhat disperse, frit pattern. As the panes are rotated 
independently, the frit patterns overlay to produce anywhere from 
about 20% to 95% coverage. The motor controlling the translation of 
the individual panes can then be programmed to respond to many 
different stimuli including environmental and programmatic factors. 
The solution to the problem of conflicting needs for solar control 
is extremely elegant in its simplicity as well as the ever changing 
patterns of frit and depth of the multilayered system. This technology 
(not merely the prototype, but more sophisticated material 
applications) integrates building performance with uniquely changing 
spatial qualities, which is disruptive in that the state of the system 
can be both automated or user controlled. The disruption here takes 
the  standard, static technology of glass frit and combines it with a 
mechanical adaptive technique (often used in large scale applications 
such as stadium roofs).

Conclusions
The artistic or aesthetic value in many of these precedents is 
subjective and difficult to quantify, especially the opaque glass 
projects that challenge the inherent value of glass as a transparent 
material. Perhaps the application of opaque glass as a rain screen will 
promote a new use of glass where it is less about purely visual effects 

but rather acts as a performing layer of the wall dealing with heat 
or other issues. The curved glass precedents are mainly critiqued on 
ingenuity in application can be analyzed for cultural disruptiveness, 
as the Prada Store challenges the experience of shopping and 
SANAA’s Glass Museum challenges the visual nature of partition. 
The third category of performative systems has the most potential for 
a future trajectory. There is a need for ecologically adaptive systems 
which will drive these disruptive applications to a more widespread 
use as well as motivation to study the performance of many of the 
other existing techniques for modulating the glass pane or plane.
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Hoberman, POLA Ginza adaptive 
facade, Tokyo, 2009.

Hoberman, Adaptive Fritting 
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“Our survival depends on recreating communities whose members 
feel responsible of their actions and for each other, respect the natural 
environment we have been born into, and understand the unity of all 
life. It appears that ancient communities were based on such respect 
and understanding. The soft forms of their buildings were expressions 
of this spirit. Fabric structures, with their gentle forms obeying a higher 
order, offer a small step in this daring process of moving forward into 
the past.”1

—Horst Berger

Space and Form have always been the foci in architecture, but 
today with the advances in technology and computer software, 
materiality has become an essential catalyst that offers solutions for 
contemporary architecture. One of  the most intimate materials to 
the human body is fabric; it has always been the primary shelter for 
humans starting from clothes to tensile structures. Together with 
light steel structures and cable supports, membranes play an essential 
role in creating the skin for structures. While most of the buildings 
are compression structures, tensile structure provides another way to 
construct buildings using light materials and membranes depending 
on forces of tension rather than gravity and weight. From nomadic 
tensile structures to high performance polymers, form plays an 
important role in how fabrics function. This paper will investigate 
the different forms of tensile structures and how form affects their 
performance creating new trajectories for fabric applications. 
Through the work of Horst Berger and PTW architects in their 
projects “The Hajj Terminal in Jeddah” and “The Water Cube Aqua 
Center in Beijing”, I will try to identify and show how form and 
choice of material affects the performance of both buildings using 
two different applications of fabric in two different climates.
 Due to the ability of tensile structures to cover large spans, 
they have been associated with the construction of gathering spaces 
and public facilities, where tensile structures can be used for either a 
temporary structure or a permanent structure. Temporary structures 
1 Horst Berger, Light Structures, Structures of Light:The Art and Engineering of Tensile 
Architecture, (Basel; Boston : Birkhäuser,1996. ),181.
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are commonly used for religious events, entertainment such as circus, 
and for social events such as receiving condolences or weddings. 
Other temporary structures used for army housing and temporary 
disaster housing. However, tensile structures are famous for their 
permanent structures that are used in airports, halls and to cover 
sports facilities, such as stadiums and aqua centers.
 There is a wide scope for the applications of fabric. In some 
cases, fabric acts as one holistic system where it offers both the roof 
and the cladding systems in one structural element. In other cases, 
it becomes one element in a building—for example, when used as a 
shading device. Fabrics are better in terms of cost efficiency when 
compared to glass. Although it requires maintenance, fabric can cover 
larger spans than other compression structural systems and is more 
economical.
 One of the greatest benefits of tensile membranes is their 
ability to become transparent or translucent, as well as the possibility 
of using different coatings in order to improve their properties—
especially abrasion resistance and water absorption. Woven fabric 
using the appropriate coating allows 10% of light to be transmitted 
through it. This provides a very comfortable level of illumination 
which reduces the need for artificial lighting and saves energy in a 
lot of projects. In addition to that, the high reflectivity of the tensile 
membranes enhances the lighting systems especially by night and 
creates an aesthetic effect. This natural diffused light is allowed, but 
with reduced heat load and with the least absorption of solar energy. 

History of Early Tensile Structures
One might think that tensile structures comprise a new form of 
building technologies, but fabric was used as a construction material 
thousands of years ago. In some areas, even before compression 
structures were known tension structures were a primary form of 
building structures. Where no building materials were available, tents 
were used to shield people from weather and wild animals. Due to the 
ease of construction and flexibility, tents were constructed where a 
nomadic form of life existed. Although the tent is the primitive form 
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from the way it deals with the climate changes. 
 In cold climate areas such as Siberia and Iceland, tents were 
made from animal skins and large bones or tree branches if found. 
Since building materials at that time were biodegradable materials, 
it is hard to trace how specifically these tents were made. In other 
regions such as Russia and Mongolia, yurts were built as a different 
form of shelters, were designed as a circular lattice wall frame with a 
felted wool covering made from horsehair and sheep’s wool. The roof 
had a circular opening to exhaust smoke from the ceiling. 
 Among the best known are the American teepees which 
were formed as a conical shape with an oval ground. The teepee was 
constructed from a double layer liner and a cover to maintain thermal 
insulation. The original teepees were made from animal skin wrapped 
around the structure; later woven fabrics were used to construct 
recent teepees. With the teepee facing winds, the aerodynamic shape 
of the oval base and the cone form act together to reduce the force 
of airflow on the structure. In addition, it has door flaps to exhaust 
smoke that act as vents too. 
 Not only in cold climates were tents used, but also in hot 
climates. In the Middle East, black tents were weaved from black goat 
hair. The woven membrane shaded the tent and allowed air to cool 
the covered space. During the day, the black color absorbed infrared 
rays and prevented its penetration to the covered space which 
maintains temperature difference of about 30 degrees between inside 
and outside. While at cold nights the fabric released the stored heat 
to maintain a warm weather inside the tent. The woven fabric was 
also designed to shelter from rain, so in humid days the fabric swells 
and block out rain. The black fabric was structured using ropes and 
which were anchored on stakes. Not all early tensile structures were 
buildings, sailboats, air balloons, bridges and even early airplanes all 
used fabric in different ways and inspired architects later. 2

2 E. M. Hatton, The Tent Book. (Boston; Houghton Mifflin Company,1979). 3-5,61-69,82-
89,101-108.
Horst Berger. Light Structures, Structures of Light: the Art and Engineering of Tensile Architecture. 
(Basel; Boston : Birkhäuser,1996), 17-22.

Ancient tent and Tipi , 
Hatton. The Tent Book.
(Boston; Houghton Mifflin 
Company,1979),4,67.
Yurt,yurtastic.wordpress.com, http://
yurtastic.wordpress.com.
Badouin tent,Living in a badouin 
tent,http://blog.lib.umn.edu/
elmoi001/architecture/2008/03/
living_in_a_bedouin_tent.html.
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Pioneers of Tensile Structures and Early Forms
In their search for form, Vladimere Shukhov was one of the early 
pioneers who studied the free form and tried to implement it in 
his early eight thin-shell structures pavilions for the All-Russia 
Exhibition in Nizhny Novgorod of 1896. In his early work, Shukhov 
studied the hyperboloid structures and the lattice shell structures, 
in parallel with tensile structures and built his first double curvature 
lattice steel shell and first steel tensile structure. Shukhov not only 
was the first to develop light weight structures and structural free 
plans, but he also provided mathematical analysis for his work. His 
work remained a master piece and inspired a lot of architects later.3

Despite all precedents, fabric architecture was not recognized until 
after the World War II. Frei Otto was inspired by Shukhov and was 
one of the first to leave simple geometric solutions to investigate 
free forms in order to respond to complex planning and structural 
requirements. Otto’s success lies in his study of the self-forming 
processes of nature such as soap bubbles, crystals, plants, animal life, 
and branching systems. He discovered that a natural object creates 
forms that are efficient and use minimum of materials. In 1967, Otto 
3 Shukhov Tower Foundation. Vladimir Grigorievich Shukhov. www.shukhov.org.  http://www.
shukhov.org/shukhov.html 

The world’s first double curvature 
lattice steel Shell, Vladimir Shukhov, 
Nizhny Novgorod, 1897
The world’s first steel tensile 
structure,  Vladimir Shukhov , Nizhny 
Novgorod, 1896
www.arkinet.com
http://www.arkinet.com/articles/
vladimir-shukhov                                                                       

created his famous German pavilion which inspired a lot of designers 
and inspired his Olympic stadium project in Munich later. Due to 
the lack of technological advances in the fabric industry at the time, 
Otto was not able to find strong enough fabric to withstand the 
tension required for such a structure. As an alternative, he decided to 
design a network of interconnected cables to form the structure and 
suspended a fabric membrane below the cable net.4

Although Otto published a lot of studies about pneumatic structures, 
Walter Bird was first to put the idea into practice. Bird used low 
curvatures and high strength cables but they faced mechanical 
problems of deflations. In 1948, Bird was assigned by the army to 
develop thin non-metallic shelters, avoiding interference with the 
radar signal. Bird and his team achieved the construction of a 15m 
diameter pneumatic dome, as a prototype for a series he called 
“Radomes”.5

4 Menges. Frei Otto, Bodo Rasch:Finding Form.(Deutscher Werkbund Bayern,Frie Otto und 
Bodo Rasch.1995).93-99 
5 R.E. Shaeffer. Tensioned fabric structures: a practical introduction .(American Society of Civil 
Engineers. 1996.)1-4.

German PavillionExpo 67, Frei Otto, 
Montreal, 1967
www.westland.net
http://www.westland.net/expo67/
map-docs/germany.htm
                                                                    

Fa
br

ic
 A

rc
hi

te
ct

ur
e

180 181



Form and Fabric
In order to understand how tensile membranes are structured it is 
important to identify the basic shapes of tensile structures. Tension 
structures are present in two primary shapes, anticlastic structures 
with two double curvatures in opposite directions, and synclastic 
structures with two double curvatures in the same direction. The 
anticlastic structures are present in a variety of free forms such as 
hyperbolic paraboloid, the cone and the  arched vault form, while the 
inflatable structures are synclastic forms. 
 Those four forms present the basic forms to establish a 
fabric structure. Other forms are derivatives of these basic forms 
either multiples or combinations of more than one form. In order to 
understand the difference between each form it is important to define 
the basic forms first. The cones are forms that are tent like structures 
and  either have fixed edge or cable edges around the parameters with 

 Radomes, A 15m diameter 
pneumatic dome, Walter Bird ,1948.
 R.E. Shaeffer , Tensioned fabric 
structures: a practical introduction 
.(American Society of Civil Engineers. 
1996.)1-4.
                                                                    

variations in height. The arched vault is constructed of parallel and 
crossed arches. On the other hand, the hyperbolic paraboloids are 
crossed arches of two opposing high points that sustain the loads and 
two opposing low points that resist wind. While inflatable structures 
depend on constant air pressure that provide its curvature form. 
Each form differs structurally and in performance, but in all cases 
pretension structures are used to maintain the form of the membrane. 
In case of anticlastic surfaces the membrane remains stabilized as 
long as the loading or prestressing tension forces are in equilibrium. 
While synclastic surfaces are stabilized when the membrane tension 
forces are in equilibrium with the internal pressure tension forces.6

Types of Fabric
Not only does form affect the performance of fabrics but also the 
type of material used. There are three basic external fabric types most 
commonly used in tensile fabric structures. The first one is the PVC 
(polyvinyl chloride) coated polyester which is the least expensive 
and has a life span that reaches up to 20 years. The second well 

6 Ashikur Rahman Joarder, and Kaniz Sultana Sathi. “Fabric for our buildings: A possibility”. 
The Daily Star Journal. Vol. 5 Num 539. Fri. December 02, 2005. http://www.thedailystar.
net/2005/12/02/d512021902103.htm

Different forms of tensile structures 
http://www.formfinder.at/main/
structures/typology-finder/                     
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known material is the silicon coated glass, and finally Teflon coated 
glass P.T.F.E. (poly tetra fluro ethylene) which has a higher tensile 
strength than PVC coated polyester, but is slightly more brittle. 
Other structures make use of ETFE films, either as single layer or in 
air cushioned form, which are inflated to provide good insulation 
properties and solar control when inflated under different pressure 
and also it has an aesthetic effect.
 As technology advances, other composite polymers are 
developed creating more responsive and efficient materials. Other 
new developed materials are light fabrics with trapped aerogel layer 
in between. For example, Tensotherm™ with Nanogel®, a registered 
material developed by Bridair incorporate, the material offers 
the same architectural aesthetics of PTFE fiberglass tensile fabric 
membrane, but with the added benefit of a light insulation layer that 
traps air to prevent heat loss and solar heat gain. This layer of aerogel, 
has an air content of 95 percent, making it the lightest solid material 
in the world. Auxetics are another developed materials, when 
stretched they become thicker in the direction perpendicular to the 
exerted force. One type of it is Zetix™, a registered material developed 
by Auxetics Ltd, which is designed to be used for military defense 
applications to protect against explosions. With all the advances in 
fabrics, one can expect in the future a lighter, more sustainable, and 
more resilient tensile membranes that can enhance the performance 
of buildings, secure it and save energy.

Case Studies
I chose the Hajj Terminal project and the Water Cube Project because 
both represent two completely different applications of tensile 
structures. With the openness of the Hajj Terminal in a hot climate 
and the use of the traditional tent structure supported in tension, 
a cultural dialogue is created within the context. On the other 
hand, the spectacle appearance of the water cube with its enclosed 
inflated sustainable envelope in a colder climate struggling to find 
that cultural relevance. Both buildings considered environmental 
solutions and used recent materials to enhance the performance 

of the buildings, but with different approaches. Through the use 
of tensile structures, both buildings created an aesthetic notion of 
revealing structure.

Hajj Terminal
“The absence of weight, the mixture of material with widely different 
properties, the non-linear behavior of the structure, and the large 
surfaces being dragged through the air, all combined to dampen any 
dynamic build-up.”7

 The Hajj terminal building in Jeddah was designed of 
multiples of conical form tents to host 700,000 pilgrims on the 
Hajj season to their way to Mecca. In 1977, the New York office of 
Skidmore, Owings &Merrill was asked to design the new terminal; 
later Horst Berger was asked to join the team as he was able to 
mathematically study and to determine the shape of tensioned 
structures. The area of the terminal is about 5.4 million square feet 
with 210 conical tent structure distributed in 10 modules each has 21 
tent units. While the structure is supported by 150 ft. pylon of tubular 
steel that is located between tents on a unit grid of 150 ft. in between. 
7 Horst Berger, . Light structures, Structures of Light: The Art and Engineering of Tensile 
Architecture. (Basel; Boston: Birkhäuser,1996.). 81

The Hajj Terminal, Owings and 
Merrill, 1977.Horst Berger. Light 
structures, Structures of Light: 
The Art and Engineering of Tensile 
Architecture. (Basel; Boston: 
Birkhäuser,1996.)76                    Fa
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Each tent is suspended by four cables from the top of the pylons and 
has an edge cable to stabilize it and to transfer the loads to the pylons 
and to the foundation.8

 With such a huge size of a project, tensile structure was 
the most practical solution to cover that area. Due to the high 
temperature of the region, the tents were designed to protect against 
the heat and the sun rays. Berger used PTFE coated glass fiber fabric 
that reflects 70% of the sun’s heat and radiates it out during the night. 
Because of the high temperature in Jeddah, any typical concrete 
or metal structure would heat up and would require mechanical 
ventilation that costs a fortune to cool that space. In this notion, the 
coated fiber glass kept the temperature underneath the structure less 
than that of the ambient air.
 The efficiency of the system is clearly seen in simple technical 
issues that saved a lot of energy and money by using tensile structures 
in this climate. Due to the translucency of the fabric, electrical 
lighting is eliminated, in addition at night the fabric reflects the 
electrical lights which enhances the aesthetics of the structure. 
Mechanical fans are used to ventilate the space and circulate the air 
between the pylons, while exhaust fans were used to exhaust smoke 
from buses.
 This project resonates with the Mina Tent City in Mecca, 
which is another stage in the Hajj rituals journey. The Tent City 
was built to accommodate the pilgrims during the hajj. Unlike the 
Hajj Terminal, the city is a temporary relocatable structure that is 
constructed during hajj time and then demolished to leave an open 
event space. With its white squared tents the city becomes another 
traditional stop in the journey. The city was designed by SL, Rasch in 
1998 with PTFE coated glass fabric to cover an Area of 5,000,000m². 
With both projects located in the same area the designers gave 
presence to the urban area through their choice of material and form 
and proved that the original tent form is still a valid solution in hot 
climates.
 The choice of fabric structure in this area not only provided 
8 Horst Berger. Light structures, Structures of Light: The Art and Engineering of Tensile 
Architecture. (Basel; Boston: Birkhäuser,1996.).77 

a practical and efficient solution in this region but also creates 
an analogy that symbolizes the traditional building materials in 
that region and creates an expression of the cultural ideals of the 
inhabitants. The tent as the shelter and as means of transportation is 
rooted in the nomadic desert life of the ancestors. The tents as form 
of shelter take them through a journey in the past, where pilgrims 
start their hajj rituals with. The repeated square tents recall a memory 
of the old city, while the white fiber glass presents the purity of the 
desert and the holiness of the journey.

Water Cube Aqua Center
Water Cube project is designed by the Australian architects PTW 
in collaboration with ARUP. The project is located in Beijing and 
was built to host the 2008 Olympic games. The aquatic center has a 
capacity of 17,000 seats and covers an area of 70,000 m2.
 The building consists of a block of ETFE bubble like 
shape. The ETFE (Ethyle tetra flouro ethylene) air filled cushions 
is a tough and abrasion resistance material used as an insulation 
material. ETFE became famous after the Eden project designed 
by Nicholas Grimshaw designed in the United Kingdom. In this 

Mina Tent City, Mecca, Sl Rasch, 
1998,Saudi Arabia, 
Google earth courtesy of Hightex, 
www.hightexworld.com
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project, Grimshaw wanted to create something new to amaze the 
future generations. The project consisted of 3 biomes that promotes 
relationship between people and plants in order to educate visitors 
about the environment. Because of the intriguing form and the 
creative use of material the project became a tourist attraction.
 In addition, the ETFE’s proved its strength, transparency 
and durability and has spread fast as a building material.9 With the 
same conceptual approach, ETFE was used to cover the Water Cube 
Center to create that intriguing experience Although the design is 
transparent and modern, the designers claimed that it symbolizes 
the traditional Chinese square houses, which in my point of view 
is a contemporary design far from traditional Chinese houses. The 
notion of revealing the structure and the openness of the envelope 
makes it part of the contemporary architecture in China. The use of 
the transparent material and the unrepeated pattern of the bubble 
symbolizes the advances in technology, while the traditional Chinese 
square house remains detached that context.

9 Kenny Bissegger. The Eden Project. www.caa.uidaho.edu.Spring 2006. 
http://www.caa.uidaho.edu/arch504ukgreenarch/CaseStudies/EdenProject1.pdf 

Water Cube Aqua Center,PTW 
architects,2008, Jeff Barbian. 
”Olympics featuretop-to-bottom 
membrane structures”. Fabric 
Architecture. Roseville, MN: 
Industrial Fabrics Association 
International. Vol.no.20 (May/
June,2008).42

Eden Project, UK, Nicholas 
Grimshaw.  http://en.wikipedia.
org/wiki/File:Eden_project.JPG, last 
modified on 25 January 2010

The building consists of a 3 layer shells where the cells are arranged 
in between, which makes each steel component of a different size. 
The infinite array of the translucent fabric is created by welding 
22,000 steel sections of different sizes together with spherical nodes 
to produce more than 100,000 m2 of transparent ETFE envelope to 
become the world’s largest ETFE building. However each individual 
bubble is connected to a pump connection to maintain the pressure 
inside the cushions. The designed roof allows harvesting water and 
uses around 80% of it to pool backwash system.10

This form of inflated cushions allows controlling solar absorption by 
adjusting the pressure between ETFE layers. In this notion one can 
easily create a green house effect and trap solar energy for later use. 
The trapped solar energy in this project was used to reheat the pool 
and the interior. “We’ve considered the impact of solar rays hitting 
the building and capturing the energy created by the solar rays and 
reusing that within the building. The energy savings may be second to 
none in the world.”11

 The designers succeeded in developing a sustainable 
approach to the building and implemented it through the use of 
material and the design of the envelope. The cell arrangement of 
the soap bubbles created a three layered envelope that ventilated the 
space and controlled the solar gain during the day. The ETFE allowed 
the building to perform efficiently compared to glass. Glass could 

10 Jeff Barbian.”Olympics feature top-to-bottom membrane structures”. Fabric Architecture. 
Roseville, MN: Industrial Fabrics Association International. Vol.no.20 (May/June,2008).41 
11 Jeff Barbian. ”Olympics feature top-to-bottom membrane structures”. Fabric Architecture. 
Roseville, MN: Industrial Fabrics Association International. Vol.no.20 (May/June,2008).43 

The performance of the  envelope 
Jeff Barbian,”Olympics featuretop-
to-bottom membrane structures”. 
Fabric Architecture. Roseville, 
MN: Industrial Fabrics Association 
International. Vol.no.20 (May/
June,2008).40
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have allowed more light and heat absorption. In dealing with water 
the roofs were designed to allow water harvesting and to recycle it 
back to the system. 
 Since the early ages, certain forms of tensile structures were 
associated with different regions of certain climates. This proves 
that the performance of tensile structures depends on the form and 
choice of material. With advances in technology, materials became 
an inspiring element in design that compliments form. It enhances 
creativity and provides energy and time efficient solutions. On the 
other hand, each geometrical form creates a new opportunity for the 
material and opens a new trajectory for discovery. Both discussed 
buildings succeeded in addressing technical aspects and performance 
issues through the use of different forms. The Hajj terminal project 
respected the cultural context and created efficient energy solution 
with the minimal material and cost, while the Water Cube presented 
how the advances in materials can open new environmental 
trajectories through the use of tensile structure. However, with new 
trajectories comes limitations that define the role of tensile structures 
in the future. The question is “could light membranes withstand 
severe weather in cold climates?” The failure of the ETFE Metrodome 
stadium in Minnesota in December 2010 due to a severe snow storm 
raised a lot of questions about certain materials such as ETFE. In this 
notion, limitations and  conceptual approaches of tensile structures 
needs to be revisited in order to be able to define where technology is 
going and if it could be applied successfully in various climates.
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Cross-laminated timber is the next step in the evolution of 
engineered wood buildings systems and has the potential to become 
a versatile and environmentally responsible building material for 
future development.  The Stadthaus (German for “town house”) is a 
residential apartment building in the Murray Grove neighborhood of 
London, England.  It was designed by Waugh Thistleton Architects, 
structurally engineered by Techniker Ltd., and built using cross-
laminated timber panels produced by the Austrian company KLH.  
At nine-stories tall, the Stadthaus is the tallest modern wooden 
structured load-bearing building in the world; it is a great example 
of a building designed to capitalize on the advantages of an emerging 
material.

A Brief History of Engineered Wood
The core principle of engineered wood construction, the lamination 
of small pieces of wood to create a product that is more than the sum 
of its parts, is not a new idea. German and English architects and 
engineers made significant advances in laminated wood processes 
during the 18th and 19th centuries but the capability to produce these 
new materials wasn’t streamlined enough for widespread use until 
the early 20th century (Muller, 2000).  It was the industrialization 
of material production in the first half of the 20th century that 
really brought engineered wood into the future.  The innovations of 
this era are responsible for the production processes used to make 
contemporary glue-laminated beams and the development of other 
engineered wood materials like plywood (Muller, 2000).
 Plywood came of age in the United States in the 1940s due 
to technological advances and required production volumes brought 

Exterior Photo of Stadthaus 
Credit: trada.co.uk
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on by WWII.  It was declared an essential war material and the U.S. 
Government took control of production facilities, increasing their 
output volumes and efficiency of production to meet wartime needs.  
At this time there were about 30 war-time plywood production 
mills that were producing 1.2 and 1.8 billion square feet annually.  
Plywood was a vital part of the war effort in nearly every division of 
the military.  The Army built plywood barracks to house infantrymen 
because the material was so fast and easy to work with.  The Navy 
built PT patrol boats out of the material (PT is rumored to stand 
for Plywood Torpedo) that were notoriously light, fast, and easy to 
repair.  The U.S. Air Force not only built plywood gliders that were 
used for reconnaissance missions, but the British Royal Air Force 
even built light bombers and spy planes like the Mosquito out of 
plywood because of blockades restricting imports of other materials 
(APA Wood, 2010).  Also notable are the experiments in bent wood 
processes done by Charles and Ray Eames for the U.S. military in the 
late 1930’s and early 1940s.  The Eames’ were hired by the military 
to investigate plywood forming for the construction of leg splints to 
be used by sailors, and in aircraft seats to be used in fighter planes, 
where light weight and long-term comfort are key issues (Kirkham, 
1995).

Cross-Laminated Timber Panels
Cross-laminated timber panels are the direct successor to modern 
plywood and glue laminated beams but they can be realized on a 
gigantic scale.  Cross-laminated timber panels are formed using 
planed boards 1” thick x 5”-7” wide and are laid-up and glued using 
formaldehyde-free adhesive in a vacuum press.  The press alternates 
layers, each new layer at 90 degrees to the last, creating panels that 
are from 3 to 11 layers thick (Open Energy, 2010).  The panels are 
used as large wall, floor, and roof elements, and are pre-manufactured 
with openings for doors, windows, and building services.  KLH 
manufactures three grades: “non-visual quality, industrial visual 
quality and domestic quality for living spaces” (KLH, 2010).  In the 
UK, KLH offers panels up to 14m long and 2.95m wide, with size only 
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r really limited by the ability to transport the panel after fabrication 
(Trada, 2010).  There is significant interest in bringing this technology 
to North America, a production facility is planned in Whitefish, MT, 
but there are not currently any examples of cross-laminated timber 
panel construction in the United States as building codes strictly 
regulate wooden construction (Wood Awards, 2010).
 Fire protection is a serious issue in any building but is 
an especially important concern when considering a nine-story 
residential building made of wood.  Many people fear the idea of 
living in a tower that is structurally supported by a combustible 
material, something that can actually become the fuel for a fire.  
Wood is obviously a combustible material, as opposed to concrete or 
steel which are not directly combustible, but without realizing how 
susceptible these non-combustible materials are to the heat that is 
created by a burning building full of other types of fuel, it is hard to 
fully understand the implications of fire performance of any material.  
When actual testing was done on the cross-laminated timber panels 
(or CLT panels) used in the Stadthaus project, “the CLT structure 
comfortably achieved the required fire resistance” (Trada, 2010). 
“The structural engineer allowed for charring to achieve 60-minutes 
fire resistance and achieved 90-minutes fire resistance by adding 
plasterboard” (Trada 2010).
 One of the main benefits of the CLT system is the speed 
of the building assembly process.  The Stadthaus structure was 
assembled in just 9 weeks with only 5 people on site, each working 
only 3 days per week.  The panels were craned into place and 
were able to be mostly assembled with cordless drills and corner 
brackets since all of the openings had been pre-cut.  In practice, the 
construction process with CLT panels is much like building with 
pre-cast concrete; in Australia they are even referred to as “tilt up 
timber” or “pre-cast timber” panels.  One architect visiting the site 
during construction is said to have described the timber panels 
as “like concrete but better”(NZ Wood, 2010).  The total cost per 
square foot is even about the same between CLT panels and concrete 
construction; the main difference is in the distribution of the costs 

Floor Panel Installation
Credit: trada.co.uk

Wall Panel Installation
Credit: trada.co.uk
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throughout the project, because of all the planning required, CLT 
is more front-loaded with expenses in design and production (NZ 
Wood, 2010).  Sub-contractors, like plumbers and electricians who 
were working in the building after the structure was complete, were 
also able to work more quickly and efficiently than in traditional 
construction.  Many of the passageways and mechanical chases being 
designed into the panel was helpful, as well as the relatively forgiving 
nature of wood compared to steel or concrete (NZWood, 2010).

Sustainability Considerations
As mentioned in the previous section, CLT panel construction 
operates very similarly to pre-cast concrete construction, but without 
the concrete, and without all of the environmental concerns that 
come along with concrete.  This fact has the potential to redefine 
the way that buildings use energy and the way that materials for 
construction are acquired and processed.  As buildings are becoming 
more disposable, a renewable resource like timber that can be farmed 
and controlled is far more desirable that finite mineral resources like 
concrete that must be mined and heavily processed.  Also unlike 
concrete, CLT panels can be disassembled and recycled at the end 
of their service life.  Once a CLT building can no longer perform 
its intended function, the modular nature of a panelized system 
allows for repairs or modifications to be made relatively easily.  The 
separation of mechanical, electrical, and plumbing systems from the 
wall system allows remodels and repurposing to be done with relative 
ease and provides for future flexibility in layout and function (Open 
Energy, 2010).
 Wood, if grown sustainably and engineered using non-toxic 
glues, is a completely renewable resource. Timber absorbs carbon 
from the atmosphere throughout its growing life and sequesters 
that carbon until it decays.  The wooden fabric of the Stadthaus 
tower stores over 188 tons of carbon.  Additionally, by not using 
a reinforced concrete frame, another 124 tons of carbon were 
never produced and therefore never enter the atmosphere.  This is 
equivalent to 21 years of carbon emissions from a building of this 

size, or 210 years at the current requirement of “10% renewable” for 
new buildings in the city of London (Wood Awards, 2010).  Cross-
laminated timber panels have a relatively low carbon footprint and 
are considered to be a rather “green” building material.  This is 
figured by comparing the system to similarly performing structural 
systems and taking into consideration the embodied energy of all the 
components of the systems (Open Energy, 2010).
 The cross-laminated timber panel as a thermal envelope, 
being a solid but air-filled surface, when combined with rigid 
insulation, wood cladding, and taped plasterboard, is actually rather 
effective as an insulator and mitigator of drafts.  That said, CLT wall 
systems are breathable and resistant to mold growth and when paired 
with high functioning mechanical and air management systems, and 
produce an indoor environment that encourages occupant health.  

Stadthaus Wall Section
Credit: blogyarq.blogspot.com

Exterior Wall of Stadthaus
Credit: trada.co.uk
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Additionally, the CLT panel system is a simple composite that is only 
comprised of two materials, wood and non-toxic/non-off-gassing 
glue; unlike some foams and other panelized systems, they do not 
introduce any additional toxins into the air (Open Energy, 2010).
 The sheer volume of renewable materials used in this project, 
combined with the fact that the building is better insulated and more 
airtight than the London building codes require, moved the local 
building department to allow a variance from the ‘Merton’ rule which 
normally requires at least 10% of the volume of energy consumed 
by a building to be generated onsite.  Because of this allowance, the 
building was able to avoid hosting an in-house power plant in its 
basement and was able to use most of its roof space as an outdoor 
space for residents.  The building does however have a modest 
photovoltaic array on the roof that powers lights in common areas 
and other operational requirements (Trada, 2010).

Application of CLT in the Stadthaus Project
Designed by Waugh Thistleton Architects, the Stadthaus building was 
constructed in Hackeney, a historic borough of London England, in 
early 2009.  It is a nine-story, 29 unit, high-rise residential building 
built of cross-laminated timber panels and set on a one-story concrete 
foundation.  The apartments are laid-out in a “honeycomb” pattern 
and arranged around centralized wooden elevator and stair cores.  
The arrangement of the cores, as well as the locations of solid interior 
load-bearing walls, help the building to be resistant to progressive 
collapse.  This arrangement also increases the building’s acoustic 
performance by isolating sound in the same way that a traditional 
load-bearing building would (Trada, 2010).
 While it would have been possible to use CLT panels in the 
construction of the walls for the ground floor, the decision was made 
to use reinforced concrete instead.  The designers and engineers 
realized that one of the main weaknesses of wood is its susceptibility 
to moisture and it would be wise to keep the timber as far from the 
ground as possible.  Not only would a concrete first floor help with 
damp proofing the timber components, but it would provide an 

Exterior Photo of Stadthaus Credit: 
blog.emap.com

obvious separation between the program of the first level and the 
separate program of the eight upper levels (Trada, 2010).
 The panels were fabricated in the order they would be 
used, delivered to the site, and craned into position immediately 
so as to avoid storing them and risking damage.  This construction 
method proved to be so efficient that the structural system was 
fully assembled in only 9 weeks.  Scaffolding was not required since 
the building was built up one floor at a time using a “platform” 
construction method where each story is built upon the preceding 
story.  The panels were secured with special angled plates and screws 
making assembly a relatively low-tech process that does not require 
a large amount of skilled labor.  The building was designed with 
stresses on the material in mind and has a certain level of redundancy 
built in to its support system.  Even so, some areas were outfitted with 
additional fasteners to help distribute the stresses more evenly and 
prevent the possibility of progressive collapse (Trada, 2010).
 Since the main program of the Stadthaus is residential, 
acoustic isolation was an important factor in designing the building.  
Sound transfers through surfaces much in the same way that heat 
does, so most steps taken to acoustically insulate a building will 
also serve to thermally insulate it.  The hollow wall cavities in most 
traditional wood framed buildings do little to stop sound infiltration 
and can make living in a high-density environment extremely 
frustrating.  The use of CLT wall panels as load-bearing demising 
walls between the units takes advantage of the fact that they are 
constructed of solid timber and serves to raise the acoustic and 
thermal performance characteristics of the building to levels above 
those required by codes (Trada, 2010).
 The increased cost in materials that came with the design, 
planning, and orchestration necessary to build a project like this out 
of CLT as opposed to concrete was justified by the drastic decrease in 
on site construction time, a total of only 49 weeks for CLT compared 
to 72 weeks for concrete.  The CLT construction tolerances achieved 
were half the 10 mm expected with concrete which not only added 
to airtightness of the envelope but also helped with interior build out 

Interior view of Stadthaus looking up
Credit: blog.emap.com

Stadthaus Apartment Exterior Wall
Credit: cttmadera.cl

Stadthaus Level 5 Plan
Credit: cttmadera.cl
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and exterior cladding application (Trada, 2010).
 The installation of mechanical and other building systems 
was relatively straightforward with most cables and pipes able to be 
fixed directly to the timber panels and covered with plasterboard that 
was elevated to clear the conduit by steel hat-channel.  Some conduit 
was able to be recessed into the panels due to KLH’s employment of 
a CNC router that could cut out the chases.  With more experience 
and better planning in the future, the installation of building systems 
could become even more integrated into the design process and speed 
the installation further (Trada, 2010).
 The fact that the building is located in a well-populated 
historic neighborhood makes CLT construction a great choice 
because of its short construction time and relatively low impact on 
surrounding buildings (Trada, 2010).  One challenge that could 
arise in a densely populated neighborhood would be navigating the 
delivery truck and crane around existing buildings.  Still, the reduced 
project time and lack of need for on site storage are potentially 
enough to outweigh these difficulties.

Future Trajectories
Building regulations in Europe, Japan and the United States 
prohibiting large-scale wood construction have meant there are not 
many precedents for this type of structural scheme. Finland only 
allows no more than three stories in timber buildings; Austria, the 
home country of CLT technology, even prohibits timber housing 
above five floors. Thankfully, with the success of the Stadthaus, the 
engineering methods pioneered by Waugh Thistleton and Techniker 
Ltd. are now being added to UK building codes. For the moment, the 
UK remains home to the tallest cross-laminated timber panel high-
rise in the world, (Wood Awards, 2010).  Hopefully, that will soon 
change.
 The continued development of environmentally responsible 
wood-based building systems, like cross-laminated timber panels, 
is vital if humanity is going to continue building and expanding 
our cities.  Systems like CLT, constructed using renewable timber 

Isometric Rendering of Stadthaus 
Credit: trada.co.uk

resources that are grown in a sustainable way and designed with 
efficiency in mind, are perhaps a way to begin to mitigate some of 
the destructive effects that common building practices and popular 
materials are having on our environment.  One of the major hurdles 
to popularizing new building systems is the inflexibility of building 
codes in most developed countries.  The UK is showing some 
progress in this area with the approval of the Stadthaus building 
but projects of this kind are still rare in most places.  If new systems 
are supported by the building codes of more countries in Europe, 
Japan, and the United States, more architects will be trained to design 
with them and will specify them on more projects.  If building with 
renewable materials was be as easy and cost-effective as building with 
traditional materials, and potentially much less time consuming, their 
use could become a very positive trend.
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The widespread development of plastics has made a permanent 
impression on our natural and built environments in more ways 
than one. For decades, design projects have been introducing plastic 
into their material palette at a variety of scales. At the transition 
of one scale to the next, I will argue that a social threshold exists 
whereby the user responds to the material in a different and unique 
way. Between Product and Architecture is a collection of works that 
implement the use of plastic from projects purposefully selected 
at different scales, with examples ranging from a pair of shoes to 
a stadium and many studies in-between. The social acceptance of 
plastic as an architectural material is inherently linked to the scale by 
which the user interacts with it.
 If the gradient of scales was simply divided into six 
categories: a shoe, a furnishing, a wall, a room, a home, and a 
building; arguably, the items made entirely of plastic exist more 
successfully at the smaller scale and one could call them ‘products.’ 
When transitioning into the larger scaled projects, a home and a 
building, i.e. ‘architecture’, the success of the application of plastic 
is seemingly dependent on its respectful relationship with other 
materials. The most interesting studies, however, may exist at the crux 
of these two labels, when the line between product and architecture 
becomes blurred. The visual and physical properties of plastic, 
together with its manufacturing processes, elevate this material into a 
unique position to facilitate the union of product and architecture.
 Many architects appreciate an occasional shift in scale 
throughout their careers. Zaha Hadid is among them and one scale 
she shifts to is the shoe. Appreciating designer shoes herself, she 
contributes to this industry with a pair of plastic shoes that are Pl
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reminiscent of the form and movement evident in her architecture. 
The singularity of the material creates a monolithic attitude, despite 
the actual size of the pieces. While form is very driven by function in 
this example, the shoe can almost be disguised as sculpture, and as 
such, exist independently of scale.
 There is little to question about Hadid’s choice of material. 
The shoes are made entirely of plastic; the material’s formal and 
flexible freedom is a convincing match for such a project. The 
singular material palette is justified by the singular function of the 
design, as well as the size of the application; as a result, plastic can 
marry the design intent with the physical realization of the object 
with very little compromise.
 The next project is a selection of furnishings inside a 
hairdressing salon, named Clear, in Barcelona, Spain. The selections 
were designed by Jordi Yaya Tur-Coloco Design and showcase a blend 
of soft lines and distinctly curved shapes. This collection highlights 
the ductility of plastic and its ability to be molded into virtually 
any shape. At this scale, the structure, form and aesthetics are all 
accomplished by the plastic itself; although there is an interesting 
relationship happing in these examples with plastic and the other 
materials which are integrated into the pieces. The front counter 
houses a computer screen, but includes it seamlessly into the rest of 
the form. The pieces in the back of the salon, where the customers sit, 
are self contained units from the chair itself, to a platform beneath, 
to a vertical wall housing the mirror; again, all being accomplished 
without seems. Even with the added function of these pieces and 
the increase in size, in comparison to the shoes, the project still uses 
plastic in a convincing manner, simply for no other reason than the 
fact that it would be difficult to accomplish these things through 
other materials. Furthermore, the issue of inhabitation is distinctly 
different with this project and the last, in comparison to the ones 
which will follow. The inhabitation of a shoe or a chair is a more 
temporal and isolated experience, and as a result, one might feel more 
comfortable using such products, even if the material is unfamiliar. 
At this scale, products are more contributors to environments than 

they are dictators; i.e. users can be more selective on when and how 
they will be used.
 The project exemplifying the scale of the wall is one designed 
by Greg Lynn Form and is called the Blobwall. A distinct transition 
is made with this project, in comparison to the two mentioned 
previously, with regard to modular composition versus the 
monolithic composition. The same material attitude which influenced 
the shoe and the chair is explored in the wall, but in the example of 
the wall, it is multiplied to create a whole which is larger than the 
sum of its parts. The part, as it attempts to redefine ‘the brick,’ is a 
tri-lobed hollow shape which is mass produced through rotational 
molding. This manufacturing process, particularly with its mass 
production capabilities, is one of many that have been adapted to the 
specific qualities of plastic. The wall’s variety of color and form is very 
much characteristic of the capabilities of plastic. Again, this example 
showcases a project that would be difficult to realize with a material 
that did not possess both the ductility and rigidity of plastic. The wall 
is comprised of the same material throughout, although variation can 
be seen in the individual forms of the blob units, as well as in their 
colors.
 The scale of the wall is approaching a size of an object which 
can begin to define space, or in some cases, enclose space. As a 
result, a user’s notion of inhabitation, in this example, is closer to the 
perceived notions of architecture than the previous two examples. In 
the scale of the wall, there is a unique combination of temporality and  
permanence. There is a significant investment of time and resources 
in the construction and deconstruction of the wall, which gives it 
a sense of permanence. However, the piece is still perceived as an 
installation, and consequently can be considered very temporary in 
nature.
 With these characteristics, the kind of social acceptance 
evoked by the wall is dependant upon its location. It is seemingly 
more suited to exist in a museum gallery than a domestic 
environment, where the user’s interaction with it is, again, more 
temporal in nature, especially when considering its minimal 
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Zaha Hadid, Melissa Shoes

 Many architects appreciate an occasional shift in scale throughout their careers.  Zaha 

Hadid is among them and one scale she shifts to is the shoe.  Appreciating designer shoes herself, 

she contributes to this industry with a pair of 

plastic shoes that are reminiscent of the form and 

movement evident in her architecture.  The singularity of the material creates a monolithic 

attitude, despite the actual size of the pieces.  While form is very driven by function in this 

example, the shoe can almost be disguised as sculpture, and as such, exist independently of scale.   

 There is little to question about Hadid’s choice of material.  The shoes are made entirely 

of plastic; the material’s formal and flexible freedom is a convincing match for such a project. 

The singular material palette is justified by the singular function of the design, as well as the size 

of the application; as a result, plastic can marry the design intent with the physical realization of 

the object with very little compromise. 

 The next project is a selection of furnishings inside a hairdressing salon, named Clear, in 

Barcelona, Spain. The selections were 

designed by Jordi Yaya Tur-Coloco Design 

and showcase a blend of soft lines and 

distinctly curved shapes.  

This collection highlights the ductility of 

plastic and its ability to be molded into 

virtually any shape.  At this scale, the 

structure, form and aesthetics are all 

accomplished by the plastic itself; although 

there is an interesting relationship happing 

in these examples with plastic and the other 

materials which are integrated into the pieces. The front counter houses a computer screen, but Jordi Yaya Tur-Coloco Design, Clear, 
Barcelona, Spain

Greg Lynn Form, Blobwall
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functional characteristics. No matter what the surroundings, this 
system remains strongly inscribed by the characteristics of a product 
rather than of architecture; however, the blurring between the two, 
one could argue, marks its beginnings within this category.
 The project chosen to be investigated at the scale of the room 
is named Xile and was designed for the furniture fair in Kortrijk, 
Belgium by Mats Karlsson. Constructed in Autumn 2006, the concept 
of this entry was to be a flexible tunnel which could be located inside 
or outside. Wherever it was located, it was to instantly define an 
enclosed space by merely expanding and contracting to whatever 
length was desired. The structure has a folded plate logic which wraps 
the entire perimeter, and the construction of these plates is the very 
thing that gives the room its flexible properties. Even at this scale, the 
fact that the structure is made entirely of a single material still makes 
sense in terms of its functionality and simplicity of program. This  
tunnel has a scaleless quality inherent to it which could be related 
to its program (or lack thereof). Acting as an object which permits 
passage from one place to another, this structure could essentially 
accommodate a child passing on his or her hands and knees or a train 

passing at high speeds in the exact same way. Changing the diameter 
of the tube, does not necessarily change the logic of the construction. 
The tunnel creates space by connecting space, and the quality of 
a  program like this is that people would more than likely not be 
stationary inside of it, and if they were, it would be for a minimal 
amount of time.
 These program and scale characteristics all reinforce the fact 
that this structure makes a good argument for keeping its simple 
material palette. While plastic is the primary physical material, the 
structure has a unique collaboration with light. The two together, 
make a dynamic effect which makes the space very inviting to pass 
through.
 Another project at the scale of the room is the Tea House by 
Kengo Kuma, installed in the gardens at the Museum fur Angewandte 
in Frankfurt, Germany in 2005. This structure is, in a very similar 
way to the previous example, also convincing as a primarily singular 
material environment. The pneumatic structural logic demands the 
simple material palette, and the combination of the plastic with the 
natural and artificial lighting makes a small space inviting to spend 
time in.
 The two examples at the scale of the room showcase the 
juxtaposition of product and architecture in a way that doesn’t 
compromise the strengths of either. As inhabitable objects, the two 
structures simultaneously provide a dynamic spatial experience 
and follow an efficient logic of development and implementation. 
The role of plastic plays a pivotal factor in these two projects being 
successful and convincing as product architecture, both in the way it 
is employed as a structural and visually dynamic material and how it 
is used creatively in each instance.
 Moving up to the scale of the home brings an interesting shift 
in the social acceptance of an all plastic environment. In contrast to 
the examples seen up to this point, which convincingly implement 
monochromatic environments or objects, the home is a scale, and 
even more importantly a program, which needs very skilled attention 
brought to its material composition. More often than not, a domestic 
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Mats Karlsson, Xile, Kortrijk, 
Belgium, 2006.

Kengo Kuma, Tea House, Museum 
fur Angewandte, Frankfurt, Germany, 
2005.
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environment made of all one material, particularly of plastic, is a 
much less comfortable place than an environment that has a blend of 
multiple materials. Because of this, and other factors which will come 
up in the examples to follow, I would argue that it is at this scale that 
plastic has its most disruptive applications.
 The first example in this category is the Monsanto House 
of the Future designed by Albert Dietz in 1957 and showcased in 
Disneyland, California. Designed and marketed as the home of the 
future, this structure was to announce the possibilities of plastics, and 
the role this material had in the futures of every American family. 
Four symmetrical bays were comprised of fiber reinforced plastic 
and housed the bedroom, bathroom, and living spaces necessitated 
by the typical American family. The components were marketed 
as customizable parts that could be assembled in a variety of ways 
to meet the specific needs of your own family. It was not just the 
structure which employed plastics, but the furniture, appliances, 
lighting, and virtually every other part of the house followed suit. 
And the result was not as much a home as it was a theme park 
attraction.

 Intended to be marketed and mass produced for families 
across America, the design intent was rooted in the logic of 
product architecture. The fact that the design did not end up being 
mass produced as it was intended to be, means something in this 
combination of material, form, and program was not fitting together 
right in the minds of Americans. It seems clear that a material like 
plastic can be easily overexposed in a domestic environment, and 
architectural history is littered with examples just like this, where 
mass produced homes do not end up fulfilling their promises.
 With the exception of the social disruptions of this project, 
the material chosen was convincing in terms of accomplishing what 
the designers were intending. With its impressive strength, and 
efficient fabrication processes, the plastic did not disappoint.
As a result, this project showcases the possibilities of this material 
advancing the ideas of product architecture as entire homes, or 
portions of homes; but to sell the idea past a prototypical installation, 
this type of process, at this scale, could benefit from exploring the 
possibilities of plastic in combination with other materials.
 The second example at the scale of the home is the Naked 
House designed by Shigeru Ban in 2000 which is located in Kawagoe, 
Japan. This home, like the last example, employs plastic in non-
conventional ways in the domestic environment. One significant 
difference with the Naked House, though, is the fact that the plastic 
is used in combination with other materials, and as a result, could 
be considered not as overbearing as the Monsanto. The construction 
utilizes timber frame studs acting as bearing walls with cavities for 
insulation in between; therefore, the assembly logic of the home 
is not unlike traditional American residential construction. The 
weatherproof layer on the outside of the home consists of corrugated, 
glass fiber-reinforced plastic panels. The layer on the inside is formed 
by a nylon membrane which is detachable for cleaning. The insulating 
layer in between consist of 500 plastic bags filled with synthetic fibers 
which are impregnated with a fire retardant.
 The unusualness of the wall material assemblies is matched 
by the unusualness of the floor plan. The home is essentially a one 
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Albert Dietz, Monsanto House of the 
Future, Anaheim, CA, 1957.

Shigeru Ban, Naked House, Saitama, 
Japan, 2000.
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room layout with moveable boxes made out of cardboard which are 
set on rollers, and can be placed anywhere in the house dependant 
on the changing needs of the family. The home was designed with as  
minimal privacy as possible for this family of five, and that itself is a 
disruption on the domestic environment.
 The degree of social acceptance that this house holds over 
the Monsanto house of the future, is perhaps only judged by the fact 
that is was designed for the needs of one particular family and not as 
a ‘one size fits all’ design for the entire American public. If this one 
design was meant to serve more than one family, the Naked House 
could very well also be considered a not so successful implementation 
of plastic in the domestic environment. To achieve the mass – 
produced efficiency of product architecture for a domestic project 
will forever be a conflicting agenda. For a product architecture 
approach to be successful at this scale, it means the home will be a 
much less personal space, and will assume that one environment will 
reflect the individual tastes of many families. Regardless, plastic can 
play a convincing role as an architectural material at this scale, but 
maybe less in a product architecture approach, and perhaps more in 
a custom, case by case approach, especially when considering a very 
personal program like a home.
 The sixth and final category will address that of a building 
scale. The Beijing National Aquatics Center was designed by PTW 
and was built for the swimming and diving competitions of the 2008 
summer Olympics. Over 4,000 bubbles, made of ETFE, clad this steel 
space frame on its roof and all sides. The bubbles measure only .2 mm 
in total thickness. The successful implementation of plastic at this 
scale can be attributed to its combination with other materials and 
the formal and structural performances it achieves with such minimal 
thickness. To resemble bubbles, and have those bubbles be a weather 
envelope for a large structure, takes a unique material; and plastic, 
in this particular installation, is showcasing something that may be 
virtually impossible for all other materials.
 There could be two scales considered in this building 
happening simultaneously, one at the bubble, and one at the entire 

building envelope. The bubbles are designed and manufactured as 
products in and of themselves, and then plugged into a larger system. 
The shear number of them warrants a highly efficient manufacturing 
system just for use in this one building. The use of plastic at this 
scale is impressive as an individual unit, and more impressive as an 
aggregated façade. To consider the product as component of a larger 
architectural system is perhaps the most successful way to think 
about product architecture at these larger scales.
 In conclusion, the quality of plastic lends it to be an effective 
material in product design, architectural design, and almost 
everything in between. Plastic’s successful implementation is largely 
due to a convincing and respectful relationship with other materials; 
and this seemingly becomes more critical as the scale of the projects 
increase in size. Plastic’s successful implementation as product 
architecture is also linked to the size of the project, and seemingly 
exists more successfully at the smaller scales.
 At all scales, architects and designers appreciate the physical 
capabilities, visual effects, and unique manufacturing processes that 
are inherent to plastic, and what these things can accomplish in their 
design statements. It will always be a material that invites a response 
from those who witness or interact with it, especially as it is used in 
unfamiliar or disruptive circumstances.
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Introduction
Wood differs from most construction materials in that it is 
naturally grown biological tissue. As such, wood displays significant 
differentiation in its material and structural characteristics as 
compared to most industrially produced, isotropic materials. Wood 
may be described as an orthotropic natural fiber system. It displays 
independent material and structural characteristics, and their related 
behavior, in the direction of three mutually perpendicular axes 
relative to the main grain orientation of the system. Additionally, 
wood is hygroscopic resulting from its differentiated internal 
capillary structure; it absorbs and releases moisture in exchange with 
the environment. These fluctuations cause differential dimensional 
changes.1 
 Throughout architectural history, the inherent heterogeneity 
of wood as seen through its material and structural characteristics 
has largely been understood as a deficiency by designers and the 
related construction industries.2 The differential material composition 
presented problems in standardization and interchangeability. 
However, recent advances in computational design and analysis 
tools have the ability to recognize and utilize the differentiated and 
heterogeneous material compositions inherent in wood as a point 
of departure for design considerations and as a major capacity 
rather than a deficiency.3 This paper examines wood construction 
throughout history as it relates to the heterogeneous and anisotropic 
material composition and speculates on the future of wood in design 
through an analysis of three design projects. 

Heterogeneity and Wood Composition
Contrary to building materials specifically designed to satisfy the 
needs of the construction industry, wood evolved as a functional 
tissue of a naturally grown biological system: the tree. The resulting 
differentiated material composition accounts for most of the inherent 
material and structural properties of wood. In order to understand 
the trajectory of wood construction throughout history, it is critical 
to recognize the heterogeneous composition and orthotropic 
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Tree cut-away illustration indicating 
the molecular composition.
(Forestry Products Laboratory 2010)

characteristics resulting from the growth layers in a tree, as well as the 
orientation of the individual wood cells.4 
 Despite their diversity in material and structural properties, 
all trees share certain characteristics.5 They are vascular, perennial 
plants capable of secondary thickening by adding yearly growth 
to previously grown wood layers. Growth in wood happens in the 
cambium, a thin layer of living cells between the bark and the inner 
stem structure of sapwood and heartwood. Cambial cells have very 
thin primary cell walls and divide lengthwise during the growing 
season. Following the cell division, one of the two newly formed cells 
becomes yet another cambial mother cell while the other matures 
into either a bark cell or more likely, if formed towards the interior 
of the cambium, a new wood cell. At the conclusion of the cell 
development, the inner surface of the thin primary cell wall develops 
a stronger, secondary cell wall consisting of long-chain cellulose 
molecules, mainly oriented in the direction of the long axis of the 
cells.6 This orientation accounts for many of the basic material and 
mechanical properties of wood.7 
 Although there is consistency in the growth patterns, the cell 
structure of softwoods differs considerably from that of hardwoods, 
which are believed to have evolved much later than softwoods.8 
Softwoods are comprised of a relatively simple structure with a wood 
volume consisting of more than ninety-percent tracheids; fiber-like 
cells accomplishing both support and conduction requirements that 
are arranged parallel to the stem axis and have a length to diameter 
ration of more than one-hundred. In contrast, hardwoods evolved a 
range of specialized cells to accomplish the functional requirements 
of support and conduction. These include open-ended vessel 
elements for conduction as well as smaller diameter close-ended 
fiber cells that mainly contribute to the strength of wood. For both 
softwood and hardwood, the structure, distribution and orientation 
of cells are the determining factors for the orthotropic, structural, and 
hygroscopic characteristics of the respective wood.9

Graded 2” nominal standardized 
lumber

History of Anisotropic Material Characteristics:
Mechanical Age
In contemporary architecture, the orthotropic and hygroscopic 
properties of wood resulting from the naturally grown biological 
cellular structure are traditionally seen as deficiencies and 
disadvantageous in comparison with more homogenous and stable, 
industrially produced building materials.10 Although a general 
understanding of the differential properties of wood through an 
awareness of the material composition is necessary in any approach 
to wood construction: wood tensile and compressive strength is 
significantly greater in the direction with the grain, shear strength 
is greater across the grain; this understanding has largely been 
employed to counterbalance its differential material behavior.11 The 
more recent history of wood construction, that of the last century, has 
been concerned with processes of mechanization and standardization 
and is marked by attempts compensating for the supposed deficiency 
of wood, ranging from manufacturing and construction techniques 
to the development of industrial wood products that seek to 
homogenize the material properties.12

 The recent history of wood production, design and 
construction has been concerned with processes of mechanization 
and subsequently, standardization. This is expressed clearly by 
the idea of interchangeability in timber construction through 
the standardization and mechanization of wood production into 
consistent profiles for construction as seen through nominal and 
dimensional lumber; and the standardization of wood construction 
techniques as seen through the common framing systems first 
of balloon frame construction and subsequently platform frame 
construction.13 
 However, unlike so many other materials, especially 
those used in the construction industry, because it is naturally 
grown biological tissue, timber cannot be manufactured to a 
particular specification.14 The standardization of measurements, 
and subsequent tolerances, through the interchangeability of 
elements in wood construction does not yet mean that wood as a 
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Common wood “defects.” 

Homogenized and interchangeable 
OSB composite wood panel.

material is standardized. The natural growth of wood results with 
unforeseeable characteristics such as knots, splits, and twists; and as 
discussed previously, even the distribution of cells at the molecular 
composition of wood can produce remarkably disparate performance 
characteristics within the same species. Additionally, manufacturing 
and preparation processes can initiate discontinuities or defects, 
particularly the processes of seasoning, or the controlled method of 
reducing the moisture content in wood members, in which shrinkage 
stress can cause distortions such as bowing, cupping, or crooking.15

 The concept of interchangeability not only requires consistent 
and standardized measurements, but also the correspondence of all 
visual and mechanical characteristics. Thus, all wood is graded either 
for structural strength and stiffness or for its aesthetics, depending 
on intended use. The grade is an industry-wide standard and allows 
for discrimination among different characteristics and an economical 
selection for use. All properties in wood resisting standard 
classification are called wood defects16, although they may have 
performed positive and necessary functions as part of the naturally 
grown biological system. 
 Consequently, the principles of standardization and 
interchangeability in wood design and construction have resulted 
in a move towards the homogenization of the composition of 
wood as seen in the composite panel and billet derived engineered 
wood products. It is interesting to note that engineered composite 
wood board more consequently enabled the realization of the idea 
of interchangeable parts than the standardization of lumber.17 In 
these cases, wood has been divided into smaller and smaller parts, 
which adhered together into a new material organization, attempt 
to balance the mechanical and visual properties of its constituent 
parts. This often improves the mechanical characteristics in one or 
more directions by cross laminating, or altogether removing, the 
orientation of the grain from the natural biological system; however, 
many engineered wood products are characterized by negative 
effects in consideration to the hygroscopic properties of wood. 
Regardless, the new homogenous wood products are now completely 

Pre mechanical age wood selection

Irregular regularity of timber and 
seeming randomness of construction 
pre mechanical age. 

interchangeable as the properties of wood become predictable, 
controllable, and standardized.18 

Pre Mechanical Age
Prior to the mechanization of wood industry production processes 
and the standardization of design and construction, the wood 
building industry utilized the capacity of the material composition 
of wood. The orthotropic composition of wood, specifically the fiber 
growth direction and the heterogeneity of visual and mechanical 
properties, determined the production and implementation processes 
for the wood. Wooden members were selected, designed, produced 
and implemented related to the specific material characteristics 
and composition of the individual constituent elements of a wood 
project. Thus, regardless of the similarities of measurement, location, 
or function of wooden elements, they were rarely interchangeable.19 
In the case of the wood design and construction industry pre-
mechanization and standardization, wood members containing 
elements that would be deemed as defects by contemporary 
standards: bends, crotches, and twists; were integrated into the 
design and construction as well as often much more valuable for their 
potential placement and function. 
 Wooden elements non-interchangeability during this era 
required individual production stemming from visual judgment and 
the integration of natural features. This constituted a characteristic 
‘irregular regularity’ and seeming randomness in the appearance of 
timber construction.20 

Information Age
More recently, within the last decade, there has been an introduction 
of automation into the design, production, and construction in 
the wood industry. Automation separates itself from the concepts 
of mechanization and standardization by the incorporation of 
information into the disparate industry processes; and can be 
understood as a literal description of computer aided design 
with computer aided manufacturing (CAD/CAM). This period is 
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Centre Pompidou Metz Museum 
designed by Shigeru Ban

characterized by concepts of mass-customization as it opposes the 
standardization of the mechanical-age.
 The information-age can be conceived of as a break with the 
interchangeability and homogenization tenets of the mechanical-age 
because two parts no longer have to be identical and interchangeable; 
however, wood design and construction is based on the same 
absolute measurements and tolerances that are the foundation of 
interchangeability and standardization of the machine-age. 
 This can be readily seen in the Center Pompidou Metz facility 
designed by Shigeru Ban. In this case, parts are sized and graded 
to specific functions and locations, and even bent so the material 
composition of the individual members follow the functional 
requirements of the individual constituent elements, through 
incorporating intelligences into the production and implementation 
processes. This can be seen as a break with homogeneity, but simply 
builds on the general understanding of the differential properties of 
wood through an awareness of the material composition stated above 
and fails to employ the complex material composition and behavior 
inherent in the heterogeneity of wood as an advantage rather than a 
deficiency. In fact, the constituent wooden elements are engineered 
through lamination to maintain homogeneity in composition and 
inconsequence heterogeneous characteristics, or defects. 
 Although the information-age has incorporated material 
intelligences into the design and production processes, it has yet to 
fully realize the potential relationship between heterogeneous and 
orthotropic material composition of wood and those processes. The 
information-age, and the inherent computation and automation, 
has the potential to reintroduce both visual and mechanical 
characteristics of the orthotropic wood composition into wood 
design and construction.21

Materialization: Incorporation of Differentiated Material 
Composition into Design
The project developed by David Newton and Joe Kellner, called 
Metapatch22, explores the possibility of utilizing the orthotropic Steffen Reichert’s Responsive 

Surface Structure

characteristics of wood to construct a material system consisting of 
uniform elements that can be deployed to achieve variable yet stable 
structural configurations with complex curvature through a vast 
array of local actuations. A specific interest in the project is to the 
differential in modulus of elasticity related to the orientation of the 
wood grain, or stiffness fifteen times greater in the direction parallel 
to the grain in comparison to perpendicular.23 
 The constituent elements for this project are remarkably 
simple: two small rectangular patches attached at opposite 
corners and actuated by bolts at the others. The differential elastic 
deformation of wood under the influence of an external force 
produces a variable shape dependent upon the orientation of the 
wood grain of each individual patch in the connected patches. If the 
grain orientation is changed in one or both patches in the system, 
changes in the bending behavior and resulting element geometry 
occur. The variability of bending of the individual patch systems 
results with a complex curvature that produces a stable structural 
system. 24

 A project Developed by Steffen Reichert, called Responsive 
Surface Structure25, utilizes the inherent moisture absorption and 
desorption characteristics of wood, or the hygroscopic properties, 
and aims at employing the related dimensional changes as a means 
of embedding humidity sensor, actuator, and regulating element into 
a single, simple component.26 The constituent elements of the larger 
system are comprised of a moisture-responsive wood veneer attached 
to a load-bearing, foldable substructure. The dynamic moisture 
content of the local environment triggers a deformation of the wood 
veneer in an expansion of the material relating the molecular fiber 
orientation and opens up a gap between the substructure and veneer, 
resulting in different degrees of porosity. 
 A project developed by Jian Ming Huang, titled Performative 
Timber Grid Shell27, explores a synthesis of the previous two projects 
by integrating inherent material composition strategies to develop 
a complex and stable structure as well as a climate-responsive 
surface structure. In this case, computational design processes were 
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Jian Ming Huang’s Performative 
Timber Grid Shell

employed to explore the materials mechanical elasticity capacity as 
well as dimensional deformations as it relates to different scales of 
constituent parts within the materially determined limits.

Conclusion
In contemporary architecture, the inherent heterogeneity of 
wood as seen through its orthotropic and hygroscopic material 
and structural characteristics has largely been understood as a 
deficiency by designers and the related construction industries. 
As was demonstrated, during the last century the differential 
material composition presented problems in standardization and 
interchangeability fundamental to the mechanization of processes. 
This was a break with the historical use of wood, which utilized the 
capacities of the heterogeneous material composition during the 
production, design and construction processes. More recently, we 
have seen the potential for computation and automation to realize 
the ability for mass customization in the wood industry but still fail 
to fully realize the potential relationship between heterogeneous 
and orthotropic material composition of wood and the processes 
of production, design and construction as an advantage and 
not a deficiency. Through a series of simple design projects, this 
relationship was explored and demonstrates the potential inherent in 
a design approach that utilizes the particular material characteristics 
as fundamental points of departure towards design and construction. 
 However, there is potential for further development of the 
relationship between material composition and the processes of 
design and production. One obvious goal may be the comprehensive 
integrations of material simulation applications developed for the 
engineering industry with design tools in order to receive more 
precise feedback.28 The three design projects demonstrating the 
potential of an embedded material intelligence in the design process 
all generalize the material properties including composition and 
uniform fiber direction when the reality is, even within species, vast 
discrepancies of material properties occur. However, the technology 
and applications for recognition and analysis of individual wood 

elements exists – making this a realistic goal as opposed to a mere 
vision.
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Architecture, by its nature, is an extremely complex discipline that 
encompasses a wide array of practical and theoretical demands. 
Buildings must, of course, stand up. They must be waterproof, 
provide adequate shelter from heat and cold, and meet various legal 
thresholds for safety and usability.  
 Beyond the demands of pure practicality, though, buildings 
represent something far less tangible.  They are the physical 
embodiment of a creative process.  They elucidate a society’s values 
and aspirations.  They can challenge cultural norms and capture 
the imaginations of their users.  They propose ways of inhabiting 
space, of living in the world. At a certain level, they are an inquiry - a 
fundamental and public search for an architect’s personal ideal.
 Architecture is a fusion of the practical and the theoretical.  
Without being grounded in practical reality, the most dynamic 
concept is doomed to a life on the drawing board.  Materials, 
and their strategies of use, offer a potentially seamless method of 
connecting the practical and theoretical. 
 In a 1999 paper entitled Consuming Sweets – The Work 
of Architecture in the Age of Selection Among Manufacturer’s 
Manufactured Differences, James O’Brien makes the case that the job 
of architects in the age of material catalogues such as Sweets is to act 
as a sort of shopper, culling the variety of materials offered within in 
a conscientious way that need not adhere to restrictions imposed on 
them by the manufacturer.  
 O’Brien’s story of a condominium conversion that uses 
industrial shelving as a space-creating opportunity is a compelling 
one.  But I am more interested in the underlying point – that 
architects, besieged with a selection of materials as vast as that 
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offered in Sweets Catalogue, have too often resorted to uncritical 
acceptance of the manufacturer’s demands1. (I might add that, in the 
decade since his paper was written, the variety of potential materials 
architects must choose from has only gotten larger) Lacking expertise 
in the highly-engineered and carefully manufactured systems which 
they specify, architects are too often forced to design without material 
considerations in mind, only populating their ideas with materials 
in an ex post facto manner, after the design phase of a project is 
complete. Too often, the off-the-shelf solution becomes the easiest 
one.
 This is a serious problem with contemporary architectural 
practice - it limits the architect’s creativity during the design process 
and leads to buildings whose material realization actually works 
against the designer’s conceptualization.  Materials become simply 
another problem to solve, somewhere along the road between the 
design phase of a project and the final punch list.  
 In his paper, O’Brien offers one potential solution to this 
issue –architects should understand the materials offered within 
Sweets Catalogue from a critical perspective that goes beyond meek 
acceptance of manufacturer’s specifications.  Although this is an 
intriguing assertion, as designed by O’Brien, it is an excessively 
complicated one.  O’Brien and his team understood the properties 
of the industrial shelving in a way that it became a critical part of 
their design process.  However, in order to actually use said shelving, 
they had to engage in deceptive rigmarole2 that would encourage the 
manufacturer to allow the product to be used in a residential setting.  
This is hardly a practical – or desirable – process for many architects 
(or clients) to engage in.
 However, O’Brien’s mindset is useful, if applied more 
simply.  At a basic level, he is arguing for critical understanding of, 
and engagement with, material properties during the course of the 
design process. For this reason, I have been interested in studying 
the work of architects for the ways in which material strategies are 
engaged critically so that they are both informed, and informed by, 
their theoretical concepts.  There are, of course, many architects that 
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National Assembly, exterior

approach design with the fundamental realities of material properties 
in mind.  I would, in fact, argue that any good architect must at some 
level be informed by material use.  For this paper, I will focus on two 
whose work clearly ties together material strategies with theoretical 
concepts: Louis Kahn and SANAA.
 In this paper, I will examine one building by each of them 
that works to create a symbiotic relationship between material and 
concept: for Kahn, the National Assembly Hall in Dhaka, Bangladesh; 
for SANAA, the Zollervein School of Management and Design in 
Essen, Germany.  Each of these buildings is structured and clad 
primarily in concrete.  Each encompasses larger theoretical ideas 
that form the basis of the architect’s design inquiry across their body 
of work.  Some of these ideas, as I will expand upon later, actually 
conflict directly with one another.
 For me, this conflict is the most important point of this 
paper.  Materials, despite being governed by purely practical 
physical forces and methods of construction, can be the source 
of practically infinite creative impulses.  In the hands of good 
architects, they record and communicate attitudes toward, ideas 
about, and perceptions of space in a way that transcends the limits 
of the physical.  When considered as part of design, they are an 
indispensable aspect of the architect’s inquiry that whose physical 
limitations create opportunities for uniqueness. This paper is a study 
of how material properties can inform design, and ultimately, an 
argument that doing so is a fundamental aspect of good architecture.

Kahn: The National Assembly, Dhaka, Bangladesh

And if you think of Brick, for instance,
and you say to Brick,
“What do you want Brick?”
And Brick says to you
“I like an Arch.”
And if you say to Brick
“Look, arches are expensive,

224 225



National Assembly, location within 
Dhaka

and I can use a concrete lentil over you.
What do you think of that?” What do you think of that?”
“Brick?”
Brick says:
“... I like an Arch””

Over the course of a dozen years in the 1960’s, Louis Kahn was 
involved in the project to design a new capitol complex in East 
Pakistan – later Bangladesh.  This project is among the most 
celebrated of his career, and is a pure manifestation of many of his 
spatial ideas.  Indeed, this project it is an almost willful application of 
Kahn’s political views3, centered on the implementation of democracy 
and the importance of platonic forms in creating an aesthetic that 
responds to the ideals of truth and justice that lie behind democracy 
as a political system.  The fact that it is an uncompromised part of 
Kahn’s body of work makes this project an ideal place to understand 
his attitude toward the application of material strategies as a part of 
the design process.
 In Modern Architecture and the History of Concrete, Jean-
Louis Cohen discusses the history of concrete in the context of early 
modernism.  What he discerns in this material is a dual philosophy 
regarding its use – concrete can be used both for “expressionist 
heroism” or “monotonous mass production”4.  At the National 
Assembly, Kahn fully engaged both.  The process of construction – 
cast-in-place concrete pours layered upward in five-foot increments 
- was chosen for its simplicity in a relatively primitive country.  In 
the finished project, these monotonous pours agglomerated into 
seemingly monolithic volumes that are fully intended to evoke the 
expressionist heroism that Cohen describes.
 In this context, it is useful to more fully unpack Kahn’s quote 
from the beginning of this section.  It describes a kind of dialogue 
with material reality that Kahn engages with, where the architect does 
not impose his will on the material, but works with its properties 
in order to create something that the material wants to be. The 
constraints of the material do not limit the creative impulse, rather, 

Construction photo, National 
Assembly

National Assembly, interior 
circulation between main 
programmatic masses

National Assembly, floor plan

they become opportunities for critical thought that push the material 
beyond its simplest, most straightforward application.  This attitude 
is no different from that which O’Brien advocates – the architect, by 
understanding the processes of construction and implementation, 
keeps an open eye for the opportunities the material provides to be 
creative. 
 In this regard, Kahn took a limitation of both site and 
circumstance – a primitive country whose construction processes 
required extensive use of manual labor – and used them as an 
opportunity.  The kind of intricate detailing of concrete that might 
have been possible in another location was out of the question for 
this project, but this was not a constraint for Kahn.  The rough-hewn, 
manually laborious process of construction became an invitation 
to think about monumentality, of giant forms bathed in light, of 
the timelessness of a wall designed to age imperfectly, and a spatial 
hierarchy that works within a construct of large volumes.  The 

M
at

er
ia

ls
 a

s 
De

si
gn

226 227



Pisa Cathedral complex, sketch by 
Louis Kahn.  Note the rendering of 
the intricately carved facades as 
singular masses.

outward expression of the building became a matter of sculpture 
– of arranging these volumes in order to express its singularity as 
an important building within the city and to Bangladeshi national 
identity. 
 The salient point here is that in the National Assembly, 
material reality becomes indistinguishable from conceptual thought.  
The ideas that form the foundation of Kahn’s work - monumentality, 
timelessness, light, and hierarchy - all begin to emerge and work 
together from a material understanding that focuses on the 
fundamental characteristics, opportunities, and limitations of 
concrete construction. 
 It will be useful, then, to look at a specific design decision 
within the National Assembly complex to see how this intersection 
of material and conceptual thought manifested itself in this building.  
Begin with an analysis of the plan: even without an image of the 
building itself, the singularity of the individual concrete masses is 
apparent.  Arranged around the central Assembly Hall, various blocks 
of secondary program are housed individually within these masses.  
Critically, these blocks do not communicate with one another, 
except for in a few instances that invariably house circulation – they 
are intended to read as inwardly-focusing, autonomous blocks of 
program.
 Let us unpack the ramifications of that decision.  Suppose, for 
a moment, that Kahn had chosen to arrange the blocks in a similar 
manner, but with clear visual connections to the rest of the building 
– both between one another and from the main circulation space.  It 
is possible to imagine them separate, but rendered as concrete frames 
open to the rest of the building instead of individual masses.  It might 
even have been desirable to do so, given the building’s social and 
political context. A symbolically transparent connection between a 
newly democratic public and the institutions that serve them would 
have been created.
 Potentialities aside, Kahn chose to enclose his programmatic 
blocks, only allowing circulation spaces to communicate with the 
public corridor outside.  This is, I believe, a moment where material 

Zollervein School - exterior  with 
context

Zollervein School - elevation

strategy intersected with and informed conceptual thought.  The 
material reality that formed the basis of the decision to render 
the buildings as individual blocks also informed the (possibly 
counterintuitive) decision to isolate them from the public sphere.  
 In his larger body of work, Kahn may be best known (or 
at least, most easily remembered) for a conceptual idea that was, at 
its essence, an organizational strategy.  The idea of creating a clear 
distinction between servant and served spaces is one that can be 
easily read and understood, especially in plan.  What should be added 
to this discussion is that the power of Kahn’s work does not come 
from the simple fact that servant and served spaces are separated 
in plan.  Rather, it is the way in which that separation is physically 
constructed that makes buildings such as the National Assembly 
special – the decisions as to how to render that physical separation 
are ones that can only be made with material properties in mind.
  
SANAA
The Zollervein School of Design, located adjacent to the site of a 
UNESCO-protected former industrial complex in Essen, Germany, is 
a project that, though outwardly very different from Kahn’s National 
Assembly, can be similarly interpreted.  Like the National Assembly, 
the School of Design can be seen as a study in material properties, 
where those properties become a way of conceptualizing design 
decisions.  
 Like Kahn, SANAA (composed of a partnership between 
Kazuyo Sejima and Ryue Nishizawa) is an office with a distinct 
conceptual framework that is explored across a large body of work.  
Most of their work can be understood as an exploration of surface 
– the assertion being that the perception of space lies purely in the 
perception of the surfaces that compose the outermost layer of a 
material.5 In order to charge those surfaces, Sejima and Nishizawa 
work towards reducing them to their least perceptible extent – down 
to a single line in plan, or a single pane of glass in projects such as the 
Toledo Glass Pavilion.
 Of important note, before discussing the project in detail, 
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Zollervein School, first and third floor 
plan

is that the concrete used by SANAA is a very different material than 
the one Kahn used in Dhaka.  In The Material without a History, 
Adrian Forty discusses the cultural rejection of concrete as used by 
the modernists in the 1960’s and 70’s6.  The reaction of the concrete 
industry to this rejection was to change the formula of the material 
itself, in order to make it denser, smoother, and less prone to the 
imperfections that characterized the material as used by high 
Modernists like Le Corbusier.  
 At the Zollervein School, SANAA uses a panelized concrete 
system that is lighter, thinner, and smoother than anything that Kahn 
could have imagined.  In this case, then, the properties of the material 
seem to mesh perfectly with broader conceptual notions of a light 
and thin definition of space.   However, a careful look at the building 
reveals a deeper connection – the desire for an immaterial definition 
of space is the starting point for a much deeper material inquiry.
 A feature of the Zollervein School that may seem too obvious 
to mention is the fact that it is a relatively tall building.  From a 
practical perspective, this creates many demands on the building 
that resist SANAA’s tendency to pare down structure and service 
spaces to the point that they become all but invisible.7  At Zollervein, 
it becomes immediately necessary to think of both horizontal 
circulation and lateral loads when designing the building.  
 In a manner that is somewhat similar to Kahn’s treatment 
of programmatic masses at Dhaka, SANAA chooses to render these 
vertical circulation spaces and lateral structural elements as solid 
concrete masses that define the experience of each floor.  Within 
the regular square of each plan, three masses are randomly placed 
towards, but not on, the periphery of the building, allowing usable 
space to flow around and between them.  
 The basic formal similarities that these masses share with 
their counterparts at Dhaka end when the experience of the space 
is considered.  Contrasted with the almost heroic definition of void 
space as something that happens between massive solids at Dhaka, 
the Zollervein School maintains a loose, anti-hierarchical, and multi-
layered definition of space.

 Just as Dhaka’s void spaces between masses are a product of 
deliberate design that places material considerations at the forefront, 
SANAA makes a series of specific design decisions that tie material 
strategies and conceptual ideas together indistinguishably. Here, the 
concrete masses are not read as singular objects – rather, they are 
placed in a field that can be read as a continuous surface between 
floor, wall, and ceiling.  Also, the joints in the concrete are laid out in 
order to coincide with these three masses – vertical elements happen 
within the pattern created by the floor and ceiling.  By denying their 
independence, SANAA denies the ability of these concrete masses to 
overpower the space.  
 Furthermore, the treatment of the wall contributes to the 
loose definition of space.  Where floor, wall, and ceiling can be read 
as a single continuous surface, the exterior walls are punctuated on 
one end with a large number of individual openings that break this 
surface.  As opposed to opening up this surface and rendering the 
opening as a single large curtain wall, this treatment accentuates the 
fact that the surface is indeed being interrupted - in many ways, it is 
being disintegrated – as it moves toward the corner of the building.  
Pulling this surface apart while allowing its continuity to exist in a 
greatly diminished form ties the space together – now floor, ceiling, 
interior mass, and exterior wall all read as a continuous.  Again, no 

Zollervein School, first floor
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material treatment in the building can be read as independent from 
this dominant surface, which greatly plays down the bulky concrete 
masses housing vertical circulation.
 There are many other moments within this building that 
could be pointed to within a similar theoretical construct, such as 
the roof garden or the glass-partitioned classrooms that operate 
independently of the dominant concrete definition of space.  In the 
interest of saving space, a synthesizing conclusion is perhaps more 
appropriate.  In the Zollervein School of Design,  SANAA treats 
materials with every bit of the care shown by Kahn at the National 
Assembly, but for precisely opposite ends.  Here, an immaterial, loose 
definition of space is created through deliberate and careful handling 
of material properties.

Conclusion
The contrast that is created here is an important one.  In the hands of 
two different architects operating within two different material and 
spatial (not to mention political and cultural) constructs, the same 
material is rendered in practically opposite ways.
 For me, this is an important, and liberating, contradiction.  
What it means is that it is entirely possible for architects to use the 
properties of materials themselves to think through – and enhance – 
conceptual ideas.  The simple inquiry – how can I think about space 
made of concrete? – is the starting point for an investigation that 
can take a multitude of physical forms.  For Kahn, it is an invitation 
to think of monumentality.  For SANAA, it is an invitation to think 
about immateriality.  For any number of architects in between, it is an 
invitation to a way of thinking about space in potentially innovative 
ways.  
 In an era where architects are confronted with a practically 
infinite array of materials, it is important to point out that what this 
paper proposes is not a simplification of the material palette, or a 
back-to-basics approach towards their use.  Monumentally-rendered 
concrete worked for Kahn in a specific time and place; it would miss 
the point to claim that such a use is today more appropriate than any 

of the many other materials on the market today.
 What I hope this paper reinforces is the underlying point of 
O’Brien’s article, Consuming Sweets.  The choice of material usage 
should be a critical part of every architect’s design inquiry.  It is 
vital for architects to understand that every material they choose – 
from the most primitive concrete to the most advanced plastic – is 
something that is loaded with charged properties that can inform 
basic spatial concepts that are too often considered independently of 
material strategies. 

Notes

1  See O’Brien, pg 33
2  See O’Brien, pg 26
3  See Cohen, pg 24
4  See Perez, pg 35
5  See Forty, pg 38
6  See Perez, pg 38
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Frank Lloyd Wright’s Jacob’s House [1936] disrupted the material 
application of wood; while not a new material or a particularly 
modern one, its expressive application as an interior and exterior 
“wallpaper” helped define wood as a live material capable of defining 
the space it encloses. Wright’s appreciation of wood’s natural fabric 
brought it out from beneath cladding to become what he coined 
“organic” wrapping, visible and of the earth.

We can never make the sense of relationship between exterior, interior 
and environment close enough… [Jacobs House] is hungry for the 
ground, lives by it, becoming an integral feature of it.1

Wright sought to articulate the Jacobs House springing unimpeded 
from the ground; he achieved this through his bold application of 
inlaid horizontal bands of wood over the structure’s facades, walls, 
ceilings and floors. By eliminating the foundation, the Jacobs House’s 
wood exterior seemingly fuses as an elemental part of its site and 
while Wright’s use of wood may sound romantic or theoretical, it was 
relevant to the material properties of the modern era.
 Wright employed wood to create structures appear natural, 
yet the way he composed his wood surfaces was new, streamlined 
and contrasting to the natural conditions of the material itself. His 
modernist peers, Mies van der Rohe, Le Corbusier and Gropius 
were not interested in wood, but rater concrete, steel and glass; 
their buildings were modern in their simple dematerialization or 
elimination of seemingly unnecessary material. These buildings were 
transparent or heavy, skyscrapers or residences, but consistent in 
their application of material as linear, unfussy and clean. While the li
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properties of wood are inherently conflicting with those of steel or 
glass, its application in manufactured 2 x 4’s evokes the same rational 
character of the popular modernist materials; many of his fellow 
architects refuted the power of wood for its aesthetics in its natural 
state, yet Wright celebrated it as a material that could be fabricated to 
be streamlined, yet still maintain a warm and pleasing appearance. In 
this way, wood allowed Wright to strike a balance between modern 
lines and traditional aesthetic of “home” in the Jacob’s House.
 Wright’s articulation of wood as modern allowed the material 
to evolve to become not just wood cladding, but a material capable 
of creating structure and skin, consistency and pattern. The clarity 
of the exposed wood-wrapping in the Jacob’s House set a precedent 
for wood to be used for framing space and eventually, ambiguous 
sculpture. Wood as an unexpected modern surface treatment 
has transformed into a material capable of defining or blurring 
architectural performance with material expression.
 While Wright used other natural materials of clay brick and 
stone to support his wood-wrapped exterior, the modern residences 
the Jacob’s House inspired focused primarily on wood’s visual effects 
as the primary material. The intended reading of these modern 
houses is not for them to be necessarily “natural” or of the earth, 
but rather separate from site through patterned, repetitive facades. 
The evolution of the Jacob’s House to its contemporary precedents is 
articulated in the comparative analysis of the Trojan House [2009] 
by Jackson Clements Burrows in Melbourne, Australia, the Private 
House [2008] by Gramazio and Kohler in Riedikon, Switzerland, and 
the Herringbone House [2006] by in Alison Brooks Architects in 
London, England.
 The Trojan House, of the three, is the most in keeping with 
Wright’s intended application of wood. The house builds from its 
site, without foundation, to become an oversized cantilever. The 
sequencing of the house from the ground-up is articulated by 
continuous, horizontal strips of wood wrapping small and large 
rectilinear boxes. Broken only by sliding, glass doors, the skin covers 
the house’s windows and seamlessly transitions from wall surface to 

roof. While wood cladding is normally static and inert, at the Trojan 
House, it amplifies the movement of the form it defines, through its 
variance in color and reading as light, yet monumental, material.
 The Trojan House, defined by its monumental application of 
wood, introduces material patterning to the exterior not only through 
repetitive, horizontal stacking, but too by the elimination of the 
material to create a punched design of circular holes at the edge of the 
house’s cantilever. This removal of material to introduce another layer 
of design onto the facade articulates the wood surface as a continuous 
plane rather than a compilation of like parts. In this way, the material 
is being used as concrete would: as a continuous solid. The Trojan 
House’s surface is wrapped in wood, not concrete, to accentuate its 
structure’s lightness, yet because the surface reads as a solid object, 
the wood that comprises it almost dissolves or dematerializes into the 
form it expresses.
 Gramazio and Kohler’s Private House presents a playful, 
ambiguous counter-argument to the Trojan House. Its façade’s three-
hundred and fifty vertical strips of wood comprise a screen that is 
purposely pulled away from the building to reveal it as separate from 
the structure, which is of both heavy concrete and delicate glass. 
Instead of appearing as continuous material like at the Trojan House, 
the individual bands of wood defining the edge of the Private House 
appear as parts within a whole, fragile and confused in purpose. 
While Wright included wood insets of darker color between his 
wood boards at the Jacob’s House to accentuate individual boards, 
Gramazio and Kohler placed space between the Private House’s wood 
pieces to reveal the transparent skin behind them—in this way, the 
wood screen is read as a part of a skin system, not the skin itself. 
The wood pieces are viewed by their narrow edges, emphasizing 
their thinness and relationship to the other modern materials of the 
façade. The strips, placed vertically, reorient the application of wood 
away from the horizontal; while this move aligns with the “natural” 
direction of trees, it contrasts Wright’s articulation of the ideal wood 
façade springing from its horizon. Because the wood pieces of the 
Private House do not touch and are in stark contrast with their 
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Jackson Clements Burrows, Trojan 
House, Melbourne, Australia, 2009. 

Gramazio and Kohler, Private House, 
Riedikon, Switzerland, 2008.

Alison Brooks Architects, 
Herringbone House, London, UK, 
2006.

Frank Lloyd Wright, Jacobs House, 
Madison, WI, 1936. Exterior detail.
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concrete base, glass background and steel roof, they appear unnatural, 
manufactured and wholly inorganic, used for linear rhythm rather 
than their inherent material properties. These wood strips, in their 
ubiquity, slender stature and lack of structural might, reduce the 
significance of their material to pattern.
 The Herringbone House may be seen as a culmination of 
the modern use of wood as material patterning for artistic ends. The 
house has a continuous, monolithic, wood façade like the Trojan 
House, yet abstracted wood patterning like the Gramazio and 
Kohler’s Private House. While it is the wood’s material properties that 
allows for the contrast of color and texture that comprises the house’s 
herringbone pattern, the quality of wood is subservient to the design, 
for from a distance, it is the alternation of horizontal bands of light 
and dark that is read from the overall composition, not the quality 
of the individual diagonal wood strips that comprises it. While the 
Herringbone House delivers a compelling visual statement, its use 
of wood for purely aesthetic play, skin deep, may be undermining 
the material’s physical strength and capacity to be both pattern and 
structure.
 The superficial application of wood at the Trojan House, 
Private House and Herringbone House begs the following questions: 
how should wood be displayed, what application is the most “true” 
to its properties or convincing of its artistic capacities? Is it best 
used for structure or sculpture? Should its patterning be “natural” 
or abstracted? Is it a material to display and celebrate, or cover and 
mask?
 Peter Zumthor’s Swiss Sound Box, or Swiss Pavilion, shown 
at the Hanover Expo in Germany in 2000, resolves many of the above 
questions through its structure’s beautiful, patterned facades layered 
in space to create perspective out of simple “unit” pieces of fabricated 
lumber.
 Unlike the three previous projects, Zumthor’s application 
of repetitive wood pieces establishes a material continuity between 
exterior and interior spaces. Like Wright, Zumthor’s building reads 
as a wrapping of material as means to blur what is in and out, right 

or left, up or down. Zumthor expounds Wright’s work by allowing 
the density of the wood boundaries in the Swiss Sound Box to 
create perception and define space. Where Wright expressed wood 
abstractly as a continuation of horizontal land along a singular axis, 
Zumthor applied wood in a series of linear halls which stop and 
start three-dimensionally to allow the viewer physical experience 
with the material itself. In this way, the viewer is engaged within 
Zumthor’s large scale wood sculpture that is also structural and 
honest to the manufactured dimensions of the 2 x 4’s that comprise 
it. Zumthor’s wood sculpture goes beyond surface treatment and 
reveals the physical forces acting on its walls; instead of separating the 
Swiss Sound Box’s structure from its cladding, Zumthor exposes its 
structure as cladding itself, illustrating beauty through assembly.
 Zumthor’s Swiss Sound Box exhibits the experiential 
properties of wood through forcing its inhabitants to get lost in its 
layered pin-wheel organization. Through addition, the individual 
2 x 4’s that comprise both structure and skin create ambiguity and 
degrees of spatial separation. The multiple pieces of interlocked, 

Alison Brooks Architects, 
Herringbone House, London, UK, 
2006. Detail.

Peter Zumthor, Swiss Pavilion, 
Hanover Expo, Germany, 2000.

Aerial view.
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stacked 2 x 4’s blur, screen, separate and amplify space.
 Likewise, Kengo Kuma’s Bamboo House [2002] in Beijing, 
China creates a layered, continuation of interior and exterior spaces 
through a delicate repetition of vertical bamboo pieces. The wood, 
like at the Swiss Sound Box, directs the house’s inhabitants to where 
they can and cannot enter as well as creates visual ambiguity in the 
sheer likeness of each bamboo strip and expanded visibility to layered 
screens in the distance. While Zumthor laid 2 x 4’s flat on top of 
another to establish weight, boundaries and opacity, Kuma separates 
thin strips to create interior and exterior walls, ceilings, overhangs 
and floor planes that evoke lightness and an airy relationship of 
material to landscape in both view and penetration. While acting as 
screens, Kuma’s wood surfaces act wholly different than those that 
comprise Gramazio and Kohler’s Private House; while the Private 
House employs wood as surface screens in sharp opposition to the 
concrete and glass structure behind them, Kuma uses his seemingly 
fragile screens as structure themselves, masking where and how 
forces are directed through the bamboo. By dematerializing the 
spaces the bamboo screens define through eliminating unnecessary 
materials, as early modernists did with glass and steel, Kuma created 
architecture that is both inside and out, and of the land. Yet, the 
material Kuma kept and exposed—bamboo—is considerate to the 
cultural ritual spaces that it bounds, for it holds intrinsic value to the 
inhabitants of the Bamboo House.
 In contrast, 3SIX0 Architects in Boston, Massachusetts 
continued space not through the layering of wood pieces within 
a whole in STIX Restaurant [2008], but rather through a literal 
wrapping of a pre-existing, stone space with a continuous wood 
laminate. The monolithic inset defined the bounds of the restaurant’s 
interior space through ubiquitous wood imitation; the inherent 
qualities of wood as fragile, organic, textured and varied in color are 
refuted by the sculpture’s plasticity, smoothness, minimal seams and 
evenness of color. Instead of dematerializing space, as Kuma achieved 
in the Bamboo House, 3SIX0 Architect’s STIX Restaurant wraps 
space through false, excessive material. While the wood laminated 

sculpture “springs” from the ground to define space, its unnatural 
materiality and literal wrapping would likely displease Wright, who 
sought a more abstract expression of wood as the originator of space.
 On the other hand, PLASMA Studio’s Hotel Strata [2007] 
in Sesto, Italy would likely excite Wright. Hotel Strata’s façade 
is comprised of wood strips that shape space in reference to its 
surrounding topography. The building’s artistic composition and 
structure are ambiguous and blurred through the clever joining of 
interior and exterior spaces under its expanding and contracting 
wood façade. While, like STIX Restaurant, Hotel Strata defines 
space through wrapping its physical boundaries with wood, it does 
so through the buildup of individual pieces, which illustrates the 
inherent properties of the material. While the hotel’s wood-wrap 
bends and curves to reference land, it does so through varied lengths 
of individual wood members that comprise horizontal screens at each 
of the building’s three levels; rather than forcing the material to fit a 
predetermined form, the properties of wood emerge as the creator of 
form.
 The composition creates horizontal patterning of wood in 
contrast with glass openings; the effect is unlike the clarity exhibited 
in the Jacob’s House’s use of wood as an appliqué to an existing 
structure. Hotel Strata’s structure and sculpture are blurred, so too 
are its indoor and outdoor spaces and their stop and start points 
in relationship to topography. Light and shadow enter and define 
the spaces the wood sculpture intentionally exposes to generate 
movement and action out of material that is manufactured as 
stagnant, similar strips. The architecture of Hotel Strata creates varied 
and consistently unique experiences with its landscape through its 
layered, expressive use of wood as a means to wrap the properties of 
surrounding nature within its building envelope.

By bending the block I forced the slats into a new form that contrasts 
with the original arrangement. That which is solid turns partly 
transparent, that which is strictly geometrical, organic.2

Kengo Kuma & Associates, Great 
(Bamboo) Wall, Beijing, 2002.

3SIX0, STIX restaurant, Boston, 
Massachusetts, 2008.

PLASMA Studio, Hotel Strata, Sesto, 
Italy, 2007.

Exterior facade detail.
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The influence of Wright’s wood-wrapping culminates in the 
effectively disruptive application of wood at WISA Wooden Design 
Hotel by Pieta-Linda Auttila [2009] in Helsinki, Finland. Here a burst 
of energy is created in the hotel’s center through the transition of 
inert planked wood into a billowed expansion of curvilinear wood 
strips. WISA Wooden Design Hotel illustrates wood as a material that 
can create a consistent or unexpected façade, an opaque boundary 
or an intermittent screen between indoor and outdoor, private and 
public conditions. The hotel as a simple, long tube swells and breaks 
apart at its center through the elimination of wood planking and the 
extension of space by the pushing of wood. Made of Finnish pine, 
spruce and birch, the hotel manipulates the malleable properties of 
its wood’s specific capacities—the pine comprises the curvilinear 
atrium and acts as a trellis for an exterior courtyard at the center 
due to its greater flexibility, while the strength of the spruce and 
birch is exploited as bearing walls and floors for the hotel’s two 
rooms at the sides. Auttila expresses interest in fusing load-bearing 
timber construction with interior décor through exhibiting wood’s 
versatility; the flexibility of wood, recognized in relationship to its 
strength, creates a building which exemplifies the rich range of the 
material.
 Like Wright’s Jacob’s House, the WISA Wooden Design 
Hotel appears to grow and extend from its natural surroundings. 
Modern restriction of material allows wood to dominate and exhibit 
its contrasting properties within a single structure, which formally, 
Auttila likens to the movement of the sea:

In the beginning was the roaring sea. Powerful waves lifted from the 
depths a wooden block, already darkened by sea water, and threw it 
against a rock. The force of the blow broke the wood in the middle.3

Auttila was able to make wood look as though it was manipulated by 
water— fluid, in motion and of the earth. The WISA Wooden Design 
Hotel activates wood’s live properties to skillfully extrude Wright’s 
theoretical desires of the material to become of its surroundings into 

a sculptural exhibition of wood’s strength and refinement. The vitality 
of the material is exhibited in its ability to reminisce the formal 
character of water through its solid, grained surfaces and its integrity 
is inferred by its lack of dependence on any other material. The 
quality of wood as a solid wall or expressive screen is demonstrated 
in the effortless exchange between the two conditions at the hotel and 
in the spaces the material wraps. The building’s woods—Finnish pine, 
spruce and birch—as collaborators of structure and sculpture, are 
clarified through light and shadow as warm and pleasing, validating 
Wright’s expression of the material as both natural and modern.
 There is a comfort level associated with wood; primarily 
used for residential buildings as either siding or framing, when 
treated as a live material, able to bend, screen, carry or sculpt, 
it suddenly becomes disruptive, though its intrinsic properties 
are capable of creating much more than static structure. Used in 
a way another material has been used—concrete, glass or even 
plastic—the perception of what wood truly is becomes distorted 
or positively expanded. Frank Lloyd Wright introduced wood in 
modern architecture as a material capable of carrying a building; 
exposed, wood can define space, relate architecture to its landscape 

Pieta-Linda Auttila, WISA Wooden 
Design Hotel, Helsinki, Finland, 
2009.

Exterior view and cladding detail.
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and accentuate the relationship of interior and exterior surfaces—the 
Jacob’s House proved this in 1936 and in 2009, Pieta-Linda Auttila’s 
WISA Wooden Design Hotel did as well.
 The outlook of wood’s application is dynamic and innovative, 
counter to the common perception of wood as old, stagnant or 
“figured out.” If Auttila’s work is any indication, wood façades and 
their structures will continue to combine to become sculptural 
expressions of patterned, wrapped and connective spaces. The value 
of wood is to expand, take on both architectural performance and 
artistic statement through becoming visible; its vitality as a live 
material will no longer be disruptive, but rather celebrated (making 
Wright a greater visionary than even he anticipated).

Notes

1 Frank Lloyd Wright. “Frank Lloyd Wright”, TheArchitectural Forum, January, 1948, Vol 88 
Number 1. p 71.

2 Sajeh 2009.

3 Ibid.
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As a building material, wood has been used in the construction 
of architecture for thousands of years. Utilized by ancient cultures 
to create temporary structural shelters from the natural elements, 
the over arching premise of wood as structure has remained fairly 
constant throughout its long history. However, as our understanding 
of its material properties have evolved, wood has begun to be used 
in ways that challenge its previously accepted roles in architecture. 
From typical practices of heavy timber construction emerged 
the Balloon Frame assembly method in the early 19th century. 
Optimization of this method brought about the technique of light 
frame wood construction that is most prevalent today, Platform 
Framing. Through optimization of the structural potential of wood, 
we are now capable of pushing wood beyond its previous structural 
limits. Along with an ever expanding structural potential, wood has 
also become increasingly capable of disrupting the typical spatial 
relationships that exist in architecture. All four of the projects that 
are presented in this research, Thorncrown Chapel (1980), Sclera 
Pavilion (2008), Mannheim Multihalle (1975), and Final Wooden 
House (2008) present unique perspectives regarding the notion 
of disruptive applications of wood in architecture. As a combined 
body of work, these four projects seek to present wood in two 
capacities. Firstly, it is minimized in such a way that transforms it 
into impossibly light filigree that utilizes porosity and perspective to 
challenge our understanding of spatial boundary. Secondly, wood 
is used structurally in ways that challenge the typical construction 
conventions that are utilized in the majority of the present day 
architectural applications of wood.
 Thorncrown Chapel, designed by Fay Jones in 1980 for st
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a private client in Eureka Springs, Arkansas, was disruptive in its 
application of wood in terms of both its construction technique and 
its spatial logic. Designed to nestle into a densely forested site on the 
side of a slope in the Ozark Mountains, the chapel was engineered to 
become one with its site.1 To achieve this union, Fay decided to use a 
minimal material palette of indigenous pine and stone. As part of an 
effort to minimally disturb the site during construction, Fay insisted 
that the building be constructed without the use of “heavy earth 
moving equipment or massive construction materials.”2 Consequently, 
all of the pine that was used in the construction of the chapel was 
small enough that it could be hand-carried through the forest by no 
more than two men. Jones’ effort to embrace the site as an integral 
part of the architecture was a radical idea as opposed to a large 
percentage of buildings that simply use their sites as a means to an 
end. Many buildings tend to focus inward towards their architectural 
program, but Jones saw the site as equally important to the program 
of the chapel as the interior space itself.
 After all of the materials were gathered together onsite, 
each of the twenty-two wooden trusses was hand assembled on the 
floor of the chapel and individually raised into place. The result of 
this design and construction technique was a network of radically 
thin structural elements, acting together to define a single space. 
As part of Fay’s concept to blend the building into the surrounding 
context, he employed the use of 425 windows, over 6000 square feet 
of glass infilled between the trusses, as the only skin of the building 
other than the roof. The product of the glazed walls and the treelike 
wooden trusses was a space that began to blend the boundary 
between interior and exterior. The network of 2 x pine trusses thus 
became an abstracted continuation of the network of trees that 
directly surrounded the chapel. Fay Jones described the spatial 
ambiguity of the chapel by saying:

There are a lot of these transitional areas where you’re trying to string 
out these inside-outside relationships in a horizontal way. In these 
areas, there can be no typical openings; there must be an extension of 

ceiling materials from inside to outside…without interruption.3

Depending on one’s location and perspective inside the building, the 
wooden trusses can either fade away into the surrounding forest or 
become a series of densely layered elements that serve to create a very 
distinct spatial boundary. In this way, Jones challenges the way in 
which architectural space is often bounded by solid walls. Rather than 
creating a space that can only be read in one distinct way, Jones leaves 
the issue of spatial enclosure up to the occupant’s understanding of 
the chapel as it relates to its surrounding context.
 In much the same way, Sclera Pavilion, designed by David 
Adjaye for the London Design Festival in 2008, mediates space by 
allowing each occupant to understand the pavilion in a unique way 
based on their own unique vantage point. Accordingly, the pavilion 
was given the name, “Sclera,” which to Adjaye meant a “space from 
my viewpoint”. “Sclera” originally comes from the medical term for 
the outer enclosure of the eye.4 In an interview with Icon Magazine, 
Adjaye states that the pavilion was specifically inspired by his interest 
in the phenomenon called parallax.

I’ve explored parallax, when…object shifts [as] you move. I’m interested 
by this idea of opaque and porous space. I’m fascinated by spaces that 
are transparent from one perspective, and opaque from another.5

As one strategy for creating this type of constantly changing visual 
environment, Adjaye designed the pavilion as a circular space nested 
within an ellipse of 370 densely spaced vertical pieces of dimensional 
lumber.6 As one moves about the space, the wood members overlap 
to reveal or block lines of sight through the porous “walls”. In 
addition to mediating visual connectivity, the porosity of the wooden 
walls also serves to filter light into the interior space. The pavilion’s 
ceiling works in a very similar way to Thorncrown Chapel’s wooden 
trusses in the way that space is bound vertically. When viewed from 
a glancing angle, the 910 hanging wooden members merge into a 
horizontal field of overlapping pieces that form a very distinct spatial 
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edge. However, as an occupant begins to look upward, they become 
aware of the individual components that comprise the ceiling and 
the spaces between those pieces. The pavilion space then begins to 
bleed through the ceiling as if looking up the through the canopy of a 
forest.
 In much the same way that Thorncrown Chapel’s spatial 
ambiguity was disruptive because of our typical understanding of 
architectural enclosure and boundary, Sclera Pavilion’s porosity plays 
a game with our mind’s perception of where space begins and ends. 
This phenomenon continues to disrupt our typical understanding of 
space, even though it had been done 30 years before at Thorncrown 
Chapel, because this kind of porous surface never really caught 
on as a widespread architectural strategy. As digital fabrication 
methods have begun to take a prominent role in architectural 
design in the past five to ten years, other material categories like 
metal and ceramics are beginning to utilize porosity to disrupt our 
understanding of space in much the same way that these two projects 
have done. In addition to spatial disruptions, Sclera Pavilion’s light 
filtering qualities challenge the way we typically understand a wall 

assembly and its openings. Instead of creating large openings in the 
“walls” or ceiling of the pavilion to allow in light, the entire wooden 
structure surrounding the space has been transformed into a single 
light filtering source. This dematerialization of the wall has also been 
popularized recently in other material categories as well. As spatial 
disruptions of this kind become more and more commonplace with 
the increased use of digital fabrication methods, the effects that 
spaces like Thorncrown Chapel and Sclera Pavilion have on us will 
inevitably become less and less powerful.
 As a final note about Sclera’s disruptive potential, it is 
significant to mention Adjaye’s adamancy that the pavilion be made 
entirely out of a specific species of wood, American Tulipwood. 
The primary reason behind this design decision stems from the 
increasing awareness of issues of sustainability in the last ten years. 
Tulipwood is a renewable hardwood that is rarely specified due to 
its unpredictable color variance.7 By choosing this wood, Adjaye is 
making a statement that aesthetic perfection should not be the reason 
architects make decisions that further the use of materials that are not 
environmentally responsible. He argues that we should be able to find 
equal beauty in the fact that a material is a sustainable alternative. 
Environmental disruptions like this example are particularly powerful 
at this moment because of the sustainable consciousness that we as a 
society are moving into. Had Fay Jones specified Tulipwood for the 
Thorncrown Chapel, it is likely that it would not have been seen as 
disruptive because sustainability was not as prevalent an issue in the 
1980’s.
 Though radically different than the previous two projects, 
the Mannheim Multihalle was disruptive in terms of both its 
technological and social applications of wood. The massive wooden 
gridshell structure was designed by Carlfried Mutschel and Partners 
as well as Frei Otto for the German Federal Garden Exhibition of 
1975. Technologically, the development of a gridshell structure was 
extremely far ahead of its time. Designed primarily by hand because 
structural software was not yet advanced enough to accurately 
calculate the forces acting within such an irregular shape, Otto 
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and Frei Otto, Mannheim Multihalle, 
German Federal Garden Exhibition, 
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derived the form of the wooden gridshell through an iterative process 
of meticulously modeling an inverted tensile model of the roof.8 
The final product was a form that existed in tensile equilibrium. By 
inverting this shape, Otto was able to create a gridshell structure 
that acted entirely in compression. The thickness of the gridshell, 
originally designed to consist of two 5 cm layers of lath bolted 
together, responded directly to the bending modulus of the wood 
lath. At a total thickness of 10 cm, the wood was able to bend enough 
to achieve the desired curvature but the engineers could not attain 
the structural stability necessary to support the large pavilion. As 
a solution, two 10 cm thick gridshells were designed to nest inside 
one another and be bolted together in order to form a structure that 
measured a total thickness of 20 cm. The brilliance of this type of 
structural innovation was that the two-way double curvature of the 
wood lath system allowed for a free span of 85 m. If the engineers had 
attempted to use any type of conventional two-way structural system, 
the individual members would have had to have been astronomically 
larger to achieve anywhere near a comparable span.
 The use of wood as the material of choice for this project was 
essential to its thinness because the natural properties inherent in an 
anisotropic material allow it to utilize its grain direction for stability. 
Other materials like metal, plastic and ceramics are isotropic and 
therefore cannot exploit this natural structural potential as a means to 
provide additional necessary support. The spatial possibilities created 
by this new structural system were also extremely disruptive because 
the occupants of the building were able to visually understand exactly 
how thin the structural membrane actually was. A space that large 
had never before been enclosed by such a thin membrane. This new 
structural system transformed the already thin members into another 
form of impossibly light filigree like the applications of wood at 
Thorncrown Chapel and Sclera Pavilion.
 For Otto, “work on natural constructions was part of a 
rational form-finding process following natural laws, but it was 
also part of a larger vision directed at a peaceful and free society 
in harmony with itself and nature.”9 In the pursuit of lightweight 

construction like the gridshell at the Mannheim Multihalle, wooden 
architecture proved that it could be both technologically and 
socially disruptive. Otto saw lightweight construction as more than 
“minimizing mass, materials, and energy, but [also as] building 
adaptably, changeably and thus ephemerally.”10 The use of wood in 
lightweight construction is particularly compelling because of its 
natural temporality. As a direct response against “Official National 
Socialist architecture”, which used monumentality to connote 
permanence, Otto saw lightweight construction as liberation from 
the social constraints of the Nazi ideals.11 If seen today, out of 
the context of mid 20th century Germany, Otto’s architecture is 
largely understood as a formal set of material explorations. Today, 
European society has changed in a way that drastically reduces the 
social implications of his wooden architecture, but the technological 
disruptions created by his gridshell at Mannheim can still be read, 
even 35 years after the fact.
 The final project in which I have found notable disruptive 
applications of wood is the Final Wooden House by Sou Fujimoto, 
completed in 2008 in Kumamoto, Kyushu, Japan. The use of wood as 
the primary material for the project was specified early in the projects 
inception as part of the competition’s guidelines. However, Fujimoto 
pushed the use of wood even further by creating a space bounded 
entirely by one formal material expression; horizontally stacked cedar 
blocks. In describing the concept for the wooden house, he said:

Wood is amazingly versatile. Due to its versatility, wood is used in 
conventional wooden architecture by intentionally differentiating it. Not 
just in structures such as columns and beams – it can also be used in 
everything else from foundations, exterior walls, interior walls, ceiling, 
flooring, insulation, furniture, stairs to window frames.12

Fujimoto saw the exclusive use of one undifferentiated form of 
wood throughout the entire building as an inversion of versatility. 
If these blocks of wood could be used as the sole material for the 
project, perhaps the space inside the cube could become a sort of 
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Kumamoto, Japan, 2008. Design 
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primal space, one that transcends the idea of architecture and simply 
becomes a “place for humans.”13 He was specifically catering to the 
human connection that exists between man and nature. There exists 
something in the warmth of a material that was once alive that we as 
humans can connect to. In an effort to return to a simpler existence, 
Fujimoto sought to appeal to this connection through the use of a 
natural material like wood.
 In addition to the phenomenological connection that 
humans have with wood’s biological properties, the cedar blocks used 
in the Final Wooden House are sized to specifically reference the 
scale of the human body. The resulting geometry, a 350 mm square 
cross section, helps us to further relate to the material and the scale of 
the spaces it creates. As a spatial concept for the building, there are no 
defined rooms within the cube. Rather, a fluid transition exists from 
one space to another. This modified version of the free plan is a form 
of disruptive practice that has become increasingly popular since the 
rise of modernism. It is particularly disruptive in this case because 
spatial definition in an intimate space like a house is necessary to 
preserving psychological comfort.
 As a final note, Fujimoto’s Final Wooden House was also 
culturally disruptive in its reapplication of wood as a primary 
building material. Traditional Japanese architecture has deep 
rooted connections to wooden construction materials. In recent 
years, with technological advancements and material explorations, 
many Japanese architects have moved away from the use of wood 
and begun to explore other more high-tech materials like concrete 
and plastics. Fujimoto’s return to wood signifies a return to a 
traditional Japanese understanding of material sensitivity and spatial 
connectivity.
 As a final note, Fujimoto’s Final Wooden House was also 
culturally disruptive in its reapplication of wood as a primary 
building material. Traditional Japanese architecture has deep 
rooted connections to wooden construction materials. In recent 
years, with technological advancements and material explorations, 
many Japanese architects have moved away from the use of wood 

and begun to explore other more high-tech materials like concrete 
and plastics. Fujimoto’s return to wood signifies a return to a 
traditional Japanese understanding of material sensitivity and spatial 
connectivity.
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Concrete may be one of the few materials that has a highly disruptive 
and lasting effect. Natural concrete has always been used in a 
disruptive way because of its unnatural composition and a textural 
expression that does not exist in any natural environment. Now 
concrete has transformed people’s perception of it by trying to 
accommodate and assimilate itself with other architectural elements 
in a different way, in order to change our experience of what it is. 
To understand this transformation, concrete has to be perceived by 
means of the technological, social, and environmental disruptions 
that result.
 There is an inherent understanding of concrete as an 
expression of texture that is brutal and massive, as well as a grayish 
color that is the appearance of a bleak institution. This understanding 
has changed in recent decades with works ranging from the Sainte 
Marie De La Tourette by La Corbusier to Zaha Hadid’s Zaragoza 
bridge in Spain, as well as other projects like the Teacher Training 
College in Phnom Penh by Vann Molyvann. Concrete has received 
a new appreciation among architects as a way to express the sensual 
presence of elements like light, color, etc. The introduction of other 
elements as part of concrete has a drastic effect on our understanding 
of concrete and how it should be perceived. It remains to be seen 
how effective this new function of concrete will affect our constantly 
changing urban environment.
 Concrete seems to be one of the construction materials 
that has evolved in its technological application and ever 
changing prescription of use. As stated in an article by Jean Louis 
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Cohen, concrete is “still open to an infinite number of creative 
interpretations.” (p32) The technical application of concrete has 
already changed from what it used to be. It has transformed to render 
layers of expressions and experiences. It is through these layers that 
concrete today has become more technically influential than ins the 
past.
 The layered expression can be seen in The Sainte Marie De La  
Tourette built in 1953 in a valley near Lyon, France, and designed by 
Le Corbusier. He used concrete in the brutalist sense, but there is also 
a unique expression in the way that concrete is integrated with other 
elements like light, paint and texture to transform our experience 
of the space. This look is achieved by the technical expression of 
texture in concrete and also in the way that light rakes the walls 
through open slits to create an overlay expression that is different 
and continually changing. The interplay of light and concrete alters 
the space and the way that people see concrete. Furthermore, color is 
also used with the light to further stress the textural experience of the 
concrete in space, and to create a uniquely personal experience for 
the human inhabitants of the space.

 The Lecture building at the Institute of Language built 
in 1972 in Phnom Penh, Cambodia by Vann Molyvann features 
important applications in concrete. The material is used to highlight 
the porosity of the building, and light gives emphasis on the spatial 
volume and luminosity of the hall and lecture room. The modular 
concrete screen wall is designed to create a perception that is more 
about how concrete emphasizes light, and accents this filtered light 
quality. In this building, concrete is used not as a material but more 
to emphasize the strength and porosity of the wall. The concrete is 
even painted white to minimize textural impacts. In many ways, 
concrete is used in the building to allow light to perform an optimal 
function. (Helen, 3) Even the vertical concrete louvers are designed 
in a layered fashion to bring in more natural light while blocking the 
view to outside distractions, while at the same time minimizing visual 
noise and blending into the background. Each space is lit perfectly to 
compliment its use and the materials work together to compliment 
each aspect of the building without being overbearing. (Helen, 4)
 The Slit House built by Eastern Design Office in an old 
Suburb of Tokyo creates a new understanding of the relationship 
between light and concrete. It makes us more sensitive to light and 
appreciate light differently. The home has long slits that run along 
a 22 centimeter thick wall, making the interior space open, while 
providing sufficient privacy. The slits allow natural light to activate 
strategic areas of the house during the course of the day. These 
create a new perception of light-filled space. In the design, concrete 
is manipulated to create interesting light patterns and effects. The 
interior space receives more light and also has a high interior 
lamination that is very different then most Japanese architecture, 
where the internal space is supposed to be dark, private, and away 
from the public eye. The light entering the slits varies its appearance 
and continually changes according to weather, season and time. 
In the way concrete plays with light, there is a social perception of 
concrete being unveiled to allow the experience of memory unfold. 
(Eastern Design Office Web site) In every respect, concrete in this 
architecture is used to strengthen our experience of light. Where the 

Le Corbusier, Sainte Marie de la 
Tourette, Lyon, France, 1953.
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concrete modules recede into the background, the greater the light 
intensity and more interesting the patterns become.
 The technical application of concrete has greatly influenced 
how concrete in recent decades is perceived by both the design 
profession as well as the public at large. In the past, concrete was 
interpreted as an unfriendly material, and now many see that “the 
more interesting works in concrete are often those that recognize 
concrete’s ambiguous nature.”(Adrian, 44) Architects and designers 
throughout history have tried many methods and technical 
applications to use concrete in an expressive way, but concrete has 
failed, and has worked best as an ambiguous material in a supporting 
roll. In Cambodia, concrete is almost always painted over with 
a white compound in order to minimize its visual appearance, 
especially in any building of a more intimate scale—as expressed in 
the article “The House that Vann Molyvann Built,” which describes 
a lecture room and teaching complex that are designed to fit a small 
group of students. (Ross, 5)
 Today, concrete is greatly influencing society and the social 
connections between classes, especially in countries like Cambodia. 
Concrete is cross-continental and cross-cultural in the way it is 
used today. As Mackechnie stated in an article, “Concrete has a 
long track record of contributing toward the development of many 
aspects of modern civilization.” (53) Concrete popularity is vast 
and “it also constitutes a fundamental building material of non-
European, non-North American, and non-Japanese modernization 
campaigns.”(Cohen, 30)As a result of this global popularity, the use 
of concrete is becoming more systematic and unconscious. This rote 
application of concrete has led to many social disruptions in the 
urban landscape and many uninteresting buildings and developments 
in our built environment. A notable impact is in the way concrete 
is currently being used for everything and anything that requires a 
hard surface. (Cohen, 30) It might be the result of the versatility of 
concrete, which many people have come to see as the leading factor 
in the way it has become a material of great social influence.
 The main Teacher training college built in 1972 in Phnom 

Penh, Cambodia by Vann Molyvann, expresses this new social 
influence and also highlights the value of concrete for an urban 
expression in the new modern Cambodia. Concrete used in this 
building assumes a brutal expression of the institutional form, 
which exists in many American institutional buildings. However, 
Cambodian-style decorations and motifs accommodate this modern 
aesthetic while complimenting the architectural features that are 
socially accepted and appreciated by many Khmer people. Concrete 
is used as a connecting element in an ambiguous way, as a back drop 
for other interesting architectural elements. The composition of 
brutalist form is softened by the interplay of Khmer artistic touches 
like screens. The presence of water in surrounding ponds enhances a 
more sensible and human scale to the institution. Concrete also helps 
integrate all of the wildly different buildings in the Institute through 
its form. Each floor overhangs the one below, giving the building 
incredible weight, and creating strong shadow lines. In many ways 
this is possible because concrete is one of the most versatile materials 
in the construction world. (Adrian 41)

Vann Molyvann, Foreign Language 
Institute, Phnom Penh, Cambodia, 
1972.

Vann Molyvann, Teachers’ Training 
College, Phnom Penh, Cambodia, 
1972.
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 The social impact of concrete is quite different between 
societies like Cambodia and the United States. Concrete has changed 
in the architectural expression, but it is still in many respects more 
about utilitarian ease. As Mackechnie discussed in his article, 
concrete is used primarily for convenience. (55) Cambodia’s 
construction industry has also come to see concrete in this way, 
although there are still large dividing perceptions regarding concrete’s 
meaning in Cambodia. Concrete is understood in the larger country 
as being related to status. The building material in many parts of 
Cambodia is related to wealthy individuals because concrete is seen as 
a state of permanence, while wood construction built by the majority 
of the population of Cambodia is temporary, and many Cambodians 
seek to find more permanent shelter in which to live. (Ross, 11)
 Concrete has a large impact on the environment, both 
in the scale of its use as well as the relatively huge CO2 emissions 
released from concrete mix. According to an article “Rethinking the 
Material World” by Alexis madrigal, there are correlations between 
the weight of concrete and the amount of carbon dioxide released 
into the atmosphere by weight of concrete used. (p166) Even though 
the trend has not drastically changed around the world, there are 
many architectural designs that have tried to be more sustainable and 
maximize usability. Concrete is also used to enhance natural elements 
like light and ventilation. Architects can readapt the design and shape 
to allow concrete to take environmental factors into consideration. 
The durability of concrete also plays an important role in how it 
can be sustainable. The relatively inert and stable nature of concrete 
makes the material durable and cost effective in most environments. 
(Mackechnie, 54)
 The Zaragoza Bridge built in 2008 in Spain by Zaha Hadid 
and Patrik Schumacher is covered by 29,000 triangular shingles of 
concrete reinforced with glass fibers. These shingles are designed to 
allow for natural ventilation and natural light to filter into the interior. 
(Brown, 12) The triangular concrete skin is created with the ideas of 
porosity and flexibility. The concrete in this building functions as a 
filter that acts to absorb natural element like rain and heat but also 

allows another elements like light to enhance the experience.
 The O-14 Tower built in 2008 in Dubai, United Arab 
Emirates, and designed by Jesse Reiser and Nanako Umemoto, 
features a concrete shell that addresses both the question of how to 
build in the desert and produce sustainable benefits. It responds to 
the climate by creating thermal mass, and its porosity produces a 
chimney effect and cool air is pulled up and between the concrete and 
glass, resulting in a 30 percent reduction in cooling costs. (Jesse, 10) 
The concrete is designed in a way to accommodate the arid climate of 
the dessert by using the essential element of concrete mass to provide 
the latent effect of cooling for the building.
 The Olympic Stadium built in 1964 in Phnom Penh, 
Cambodia by Vann Molyvann has bleachers that are open to the 
outside, and light filters in from the evenly spaced slots between 
them. The effect during the day of these softly glowing verticals 
and the points of light at the seating areas is quite spectacular. The 
openings between the bleachers also allow for air to circulate and 
ventilate the internal space. The pores take advantage of the cross 
ventilation to create a more comfortable inhabitable space for sport 

Concrete construction in Cambodia.

Zaha Hadid Architects, Zaragoza 
Bridge Pavilion, Zaragoza, Spain, 
2008.

Reiser + Umemoto, 0-14 Tower, 
Dubai, UAE, 2010.

Vann Molyvann, Olympic Stadium, 
Phnom Penh, Cambodia, 1964.
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viewing. (Ross, 1) The complex also uses the mass of concrete to cool 
the building.
 The environmental impact of concrete can be viewed in 
different ways. The versatility of concrete and the way concrete today 
is being used have become more sustainable through adaptability.
Because concrete is used in an accommodating way and without 
textural emphasis, it is easier to apply sustainable treatments to it. 
Concrete can be light and airy and sustainable in the way it can use 
less energy and utilize all natural elements to its benefit.
 In conclusion, concrete has many significant influences on 
our built environment—more significant than many other materials 
introduced into our constructed world. Concrete today has made 
itself more assimilating, accommodating and ambiguous in form and 
texture. When concrete is expressed in true form, it is mostly done so 
to express not just itself but to highlight other architectural elements 
for it to be perceived in a more acceptable means. The influence of 
concrete has affected many aspects of the built environment. The 
technological application has produced a new understanding of 
concrete as a material that is trying to be more compromising and 
versatile in order for it to be accepted. The social viability of concrete 
is positioning concrete in a dichotomous state between social 
acceptance and a tool of social separation. Concrete will continue to 
be detrimental to the environment as long as concrete continues to 
be composed of cement, but it is the durability and other sustainable 
factors of concrete that will give it environmental acceptability if it 
is applied in the right ways and continues to be used according to 
sustainable parameters.
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Architecture acts not only as a mirror of society but also as a means 
of generating paradigmatic shifts in our understanding of ourselves 
and our place in the world. The selection of materials, despite often 
entering the equation late in the design process, is potentially the 
most critical point of the process in terms of the translation of 
theoretical posits into physical form. The following case studies 
examine metal in a variety of applications as a theoretical agent.
 How do we relate with our surroundings? This topic is larger 
than architecture, and certainly larger than metal. The diversity 
of metal’s application in architecture allows for an ever-changing 
discussion about humanity’s relationship with the natural world. 
This relationship tends to change, as it ought to, with the fluctuating 
zeitgeist. In the middle of the 20th century, architecture embodied 
a binary notion of man’s relationship with nature. But recent built 
work shows how dramatically wider the spectrum has broadened 
when it comes to possible theoretical stances. Metal is not the only 
material with which architecture can relate to its surroundings; 
buildings always inherently relate to their surroundings, but, as a 
single material, metal presents the most diverse array of relationships, 
allowing for a more successful and more critical trajectory of 
responses on this timeless issue. Each of the buildings discussed serve 
to represent a potential theoretical stance in its manifest form with 
metal at the forefront of this manifestation.
 In 1951, Ludwig Mies van der Rohe completed The  
Farnsworth House in Plano, Illinois. The project, despite several 
practical shortcomings, stands as an exemplar of the pure, rational 
design thinking that was advanced by High Modernism. As an 
architectural statement, though, it cannot be described in isolation lu
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Tezuka Architects, Echigo-
Matsunoyama Museum of Natural 
Science, Tokamachi, Japan, 2003. 
Detail of window frame.

266 267



from its context. The Farnsworth House establishes a clear, didactic 
relationship between the building proper and the surrounding site: 
first, through the apparent contrast between designed perfection and 
imperfect nature, and second, the perceptual relationship of nature 
framed by architecture, made possible by the unadulterated steel 
structure. In the application for its historical landmark status, the 
conceptual legacy of The Farnsworth House is described as such:

The dominance of a single, geometric form in a pastoral setting, with 
a complete exclusion of extraneous elements normally associated with 
habitation, reinforces the architect’s statement about the potential 
of a building to express “dwelling” in its simplest essence. With its 
emphatically planar floors and roof suspended on the widely-spaced, 
steel columns, the one-story house appears to float above the ground, 
infinitely extending the figurative space of the hovering planes into the 
surrounding site.1

The Farnsworth House became the accepted archetype for the 
dialogue between architecture and its context, at least for the next 
several decades. This dialogue, however, proved eventually to be 
limiting, inaccurate, or oppressive enough to be challenged. And 
metal became the catalyst with which to challenge it.
 Contemporary architectural trends—at least when it comes 
to the materially-manifested relationship between architecture and 
its context—really began in the early 1990s. Completed in 1993, The 
Weisman Art Museum, designed by Frank Gehry on the University of 
Minnesota Twin Cities Campus, was in retrospect a paradigm shift. 
The application of titanium sheet metal employed on the west façade 
also catalyzed an enduring career trajectory for Gehry. The Weisman 
Art Museum’s literature describes the building as “a lighthouse or 
a beacon sitting high above the river. Its faceted stainless-steel west 
façade can be viewed as a continuation of the craggy river bluffs.”2 
This imitation of natural forms, made manifest by the organic metal 
building profile sits in sharp contrast with the Platonic Farnsworth 
House. Beyond the superficial formal qualities, The Weisman allows 
for deeper levels of connections with its context. The west façade’s 
dynamic qualities literally reflect the dynamic nature of its site:

The giant sculpture that is its west side changes constantly with the 
weather and time of day. Stainless-steel panels break up and reflect 
light, giving the building energy and movement. On a bright day the 
building is iridescent, sparkling in the sunlight like the river below. At 
sunset, the west side is on fire blazing with the reflection of the setting 
sun. At night it becomes a twinkling star, catching headlights of passing 
cars and the colored lights of downtown.3

The reciprocal relationship between The Weisman and its context, as 
well as the legacy of this notion, cannot be understated. The dynamic 
or communicative façade soon became a fundamental characteristic 
of architectural thought and designs.
 Before designing world-renowned buildings, Jacques Herzog 
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Frank Gehry, Weisman Art Museum, 
Minneapolis, 1993.

Facade detail at night.
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& Pierre de Meuron conceived a design for a rail switch tower in 
their hometown of Basel, Switzerland in 1997. The SSB Signal Box 
Auf dem Wolf employs a unique cladding design of copper strips that 
are “twisted at certain places to admit daylight,” generating visually 
dynamic louvered façades.4 This particular aesthetic actually began 
on functional grounds: “The special effects of the façade result from 
slightly twisted copper plates shielding the signaling electronics 
from electromagnetic interference.”5 Thus, the building relates to its 
surroundings on multiple levels through its skin—via electromagnetic 
protection, light and shadow manipulation, and shifting visual 
porosity. Beyond making a utilitarian building beautiful, this design 
exemplifies how a particular conceptual basis can inform material 
decisions, which then merge as an architectural expression. In this 
case, the result is a building that does more than simply fulfill its 
function: it generates a dialogue between an otherwise unremarkable 
structure and the mesmerized public.
 Several years later, after Herzog & de Meuron had reached 
international fame, they were selected to design a new facility for the 
de Young Museum in San Francisco, California. Completed in 2005, 
not only is it an award-winning piece of architecture, it provides a 
tale of a design process that began with art, architects, and citizens, 
and ended with metal. What became the largest copper-clad building 
in the world was not necessarily destined as such. The material and 
its application was the result of months of design and public process. 
Initially, the concept for the museum was based to a large degree 
on its natural setting in Golden Gate Park. The architects had the 
intention “to play out a larger definition of the natural that involved 
not only materials but processes.”6 During the public debate process, 
the choice for exterior material vacillated from California redwood, 
to copper mesh, and eventually to copper panels. Copper was selected 
for both its aesthetic appearance and its durability. Initially, the public 
was not convinced:

Arguments were made against the final copper solution, as being 
‘unnatural’ in the park—even though copper is a natural material that 

would turn green over time and blend in the with the surrounding 
forest.7

Once copper was selected, the designers began altering the material 
at various scales to achieve diversity within a monolithic surface. The 
perforated and embossed copper panels ultimately employed were 
designed through an extensive in-house analog mock-up process, but 
the pattern itself was achieved through a decidedly digital process:

Pixelated photographs of the tree canopy in the park were used as 
a point of departure for the design of the museum’s copper skin. A 
computer program transformed the images into an abstract pattern of 
dimples, bumps, and perforations.8

Herzog & de Meuron, SSB Signal 
Box, Basel, Switzerland, 1997. 
Facade detail.

Herzog & de Meuron, M. H. de Young 
Memorial Museum, San Francisco, 
2005.
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Unfortunately, this superficial superimposition of the ‘natural’ onto 
the building façade diminishes the power of the material itself as a 
natural element and process. Still, the de Young provides a strong 
example of how a design process began with a conceptual idea, was 
translated into a material, and then translated into physical form. 
In theory, it was metal that allowed this translation from concept to 
constructed building to not lose any of its richness or depth.
 Sean Godsell’s Weekend House in Victoria, Australia, also 
completed in 1997, is another example of a design that is borne out 
of its relationship with its surroundings. Not only does the house 
itself appear monochromatic since its structure and skin are both 
pre-oxidized steel, but it merges with its site, also both structurally 
and chromatically. Metal allows for both the literal cantilever out of 
the hillside as well as the “natural” appearance of the building surface. 
Given its analogous program and scale, the Weekend House presents 
a clear juxtaposition to The Farnsworth House.
 Building upon this fused dialog between building and nature 
is Tom Kundig’s Delta Shelter. Set in rural Eastern Washington, this 
getaway home, completed in 2002, is finished with untreated steel 
allowing it to age naturally. The material quality of the house enriches 
the relationship between the inhabitable space and its surroundings. 
In fact, the façades are made up of large, sliding industrial shutters, 
achieving a dynamic interface between the interior and exterior.
 In Amsterdam, Steven Holl’s Sarphatistraat is an experiment 
of material and light. Completed in 2000, this small addition to an 
existing brick structure it covered with striking, teal-colored metal 
panels. The choice of pre-patinated, perforated copper as a skin 
provides the building with a conceptual diaphragm between the 
interior and exterior environments, pushing the notion of envelope 
beyond mere enclosure. Here, the dialogue between building and 
environment exists as an array of possibilities: transparent, filtered, 
opaque—each of which change diurnally. Holl’s decision to use pre-
aged metal is an intriguing one since it negates the beautiful, slow 
evolution that copper naturally undergoes. This may have something 
to do with the level of control that the architect desired over the 

material. Or, potentially, it is more akin to desiring pair of worn-in 
pair of jeans. Whatever the specific reason for the aged look, it is 
clear that the Weekend House, Delta Shelter, and Sarphatistraat each 
exhibit compelling conceptual ideas that would not be possible with 
the pure material quality of High Modernism.
 Over the last couple decades, the Los Angeles-based firm 
Morphosis, led by Thom Mayne, has designed buildings that employ 
metal as a means to reflect a substantial variety of conceptual points 
of departure. Their designs reflect the notion that the Modernist 
purity of both concept and form has given way to a more complex, 
polycentric view of society and reality. Mayne’s assertion that he is 
“interested in conflict and confrontation” shows how far architecture 
has diverged since the 1950s.9 In an LA Times article on Mayne, the 
author writes:

His buildings, often cloaked in canted or folded metal screens, giving 
them a dramatic silver-gray cast, have a muscular presence. They use 
fragmented forms to express the anomie of contemporary life and of 
sprawling, centerless Los Angeles in particular...10

Sean Godsell, Weekend House, 
Victoria, Australia, 1997.

Steven Holl, Sarphatistraat 
Offices, Amsterdam, The 
Netherlands, 2000.

Morphosis, 41 Cooper Square, 
New York, 2009. Facade detail.
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In order to reflect this contemporary worldview, metal tends to 
be Morphosis’ material of choice, from the corrugated siding at 
Diamond Ranch High School near Los Angeles to panels of metal 
screen at the Cooper Union Building on Manhattan completed in 
2009. The Cooper Union Building, despite much criticism as ‘alien’ 
or ‘inappropriate’, provides a superior example of the use of metal 
to develop a theoretical concept. According to The Wall Street 
Journal, “It begs the difficult questions of creativity, continuity and 
contrast implicit in an intricately layered social, cultural and aesthetic 
reality.”11 For Mayne, the metal mesh is an a priori starting point 
from which relationships with surroundings buildings are framed 
or reflected along the façade. The overall form and quality of the 
façade is derived directly from metal, yet the material itself is not 
overbearing. There is something appropriately urban about how 
Morphosis employs metal. In many ways, the skin of the Cooper 
Union Building eludes straightforward classification, personifying the 
complexity and ambiguity that is characteristic of urban life.
 Toyo Ito’s Za Koenji Public Theater falls under yet another 
conceptual category. The theater, also completed in 2009, declares 
itself in contrast with its architectural surroundings, in this case 
an urban setting in Tokyo; yet it seems to stumble upon a more 
intangible quality of the neighborhood. The building, in both form 
and material character, does not go unnoticed by passersby. But 
it also is difficult to deem the design inappropriate. Throughout 
his career, Ito’s work has tended to focus on how the primary 
architectural concept manifests itself at the scale of the wall and 
the overall form. When it comes to the Za Koenji Theater, The 
Architectural Review states:

Ito likens the building to ‘a tent cabin’, and has developed the steel plate, 
reinforced concrete construction technique…for both walls and roof; 
a technique that essentially uses steel plate as permanent shuttering/
reinforcement, with large steel templates cut to form the profile of walls, 
floors and roof, rather like cloth panels from a tailor’s fabric pattern. 
Concrete is then cast against and/or around the steel plate, providing 

a composition of sufficient stability and sound insulation, while 
maintaining a relatively thin cross-sectional depth. [S]teel is exposed, 
with 12 mm steel plate on roof and 9 mm on walls, finished with a satin 
fluororesin coating.12

The ultimate form and quality of the Za Koenji Theater does not fall 
under a typological category; rather, the employment of metal in this 
decidedly fastidious method allows the building to define itself as an 
urban object—static in physical character, but most likely varying in  
its visceral evocation.
 Establishing itself at one extreme of the conceptual 
spectrum  is the Echigo-Matsunoyama Museum of Natural Science 
in Tokamachi, Japan, designed by Tezuka Architects in 2003. 
Clad in welded, weatherproof Cor-ten steel plates the building is 
designed to resist the pressure of the region’s extreme snow loads. 
Moreover, “thermal expansion in the steel plates is accounted for 
with sliders at the foundations.”13 On a seasonal time scale, visitors 
can literally inhabit the snow from within the building, while the 
building itself expands and contracts with seasonal temperature 

Toyo Ito & Associates, Architects, Za 
Koenji Public Theater, Tokyo, Japan, 
2009. Interior and aerial views.
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changes. On a longer-term time frame, “the passing of time will no 
doubt leave its mark on the panels,” as the surface of the building 
will get increasingly vandalized by Mother Nature.14 In this case, 
the paradigm is almost completely opposite that of The Farnsworth 
House:

The purpose of the architecture here, rather than its function, is to 
craft a confrontation with the world. You go there to experience the 
intensity of nature and the fragility of your human body in this vaguely 
threatening firmament of semi-wilderness.15

The Echigo-Matsunoyama Museum presents the clearest and 
most extreme paradigm shift from High Modernism. It declares 
architecture as potentially integrated with natural processes, and its 
users as selfconsciously contained by nature, not separate from it.
 Mies van der Rohe’s perception of the world, as exhibited 
in The Farnsworth House, is now history. As architects, we have 
by and large moved beyond an over-simplified and logo-centric 
understanding of reality. It is not an overstatement to say that metal 
was the lead actor in this shift being translated from the cerebral 
to the physical environment. Today, metal has yet to desiccate its 
potential. It is not a coincidence that metal is a popular material for 
contemporary architects. The material that in many ways represented 
The Machine Age has evolved to represent a wide spectrum of 
cultural connotations. Not only is metal flexible conceptually, it is 
not nearly as limiting as other materials in its range of applications. 
It can leave a building looking like an alien spacecraft, or conversely 
appear to merge with its natural context. Metal can literally reflect its 
surroundings or be absorbed by them. Or it can act as a metaphorical 
canvas, aperture, or filter, acting as the manifestation of a conceptual 
dialogue between habitable space and the peripheral environment. 
Regardless, the sheer range of the material as a conceptual tool makes 
is easy to see why it has become so ubiquitous in contemporary 
design. For those disheartened by the superficial or thoughtless 
application of materials in our physical environment, the examined 

projects offer ample optimism for an architecture whose physical 
characteristics are matched by the robustness of their theoretical 
foundations.
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The majority of modern and contemporary architecture is designed 
to look best on the day it opens. Corbusier’s Villa Savoye requires a 
crisp, white coating so that it is read with a focus on the form of the 
building—the pilotis and the horizontal windows—not the material 
character.  Like most of Gehry’s buildings clad in metal skins, the 
Weisman Art Museum must be routinely cleaned to maintain its 
opening-day gleam. A dull, water-streaked building is not nearly 
as impressive as a glittering gem shining above the Mississippi. The 
IIT campus in Chicago is a good place to observe Mies buildings of 
nearly identical designs, some newly restored and some requiring 
maintenance.  While a restored Mies building resonates a machined 
precision and industrial efficiency, its aged and unrestored twin 
appears cheap and dingy. The only difference between them is that 
one has degraded due to exposure to the elements, and one has had 
the effects of time turned back for the moment. 
 When we speak generally of time and its effect on buildings, 
we are often speaking about the effect of oxidation. The browning 
flesh of an apple, the greening of copper, and graying cedar are all 
cases of oxidation. Fire is an instance of a rapid oxidation process, 
while previous examples take more time. Oxidation is traditionally 
defined as the reaction of oxygen with materials, but technically is 
the loss of one electron when one or more materials (not necessarily 
oxygen) interact. In the case of buildings exposed to the elements, the 
surrounding air is seeking free radicals in the building material with 
which to bond. In a steel building, the result of this bonding is rust, 
the material resulting from a chemical reaction. The earth’s crust, a 
boundary between the metallic core and the oxidizing atmosphere, 
is the place where materials collide and oxidation occurs.1 The only 

We can view architecture “as a material organization that regulates and 
brings order to energy flows; and, simultaneously and inseparably, as an 
energetic organization that stabilizes and maintains material forms”
—Luis Fernández-Galiano, Architecture Discovers Fire

Yakisugi (charred cedar)

Cor-ten Steel
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n thing preventing a completely oxidized planet is photosynthesis, 
which combines water, minerals, and carbon dioxide (with the aid of 
sunlight) to produce oxygen and organic compounds.2

 Designing in the narrow margin between earth and sky, 
architects are in a continuous battle against the process of oxidation, 
a process which begins to wear away on the buildings as soon as the 
materials are exposed to the elements. In this battle against decay, 
the common response is to fight back by creating barriers between 
oxidizing agents and free radicals with a thin layer of an impervious 
material. In the case of fruit, its own waxy skin prevents rapid 
browning of its flesh. For steel and wood, a coat of paint, wax or 
plastic is often used.3 However, there is another approach, one that 
makes the oxidation process visible and comprehensible instead of 
hiding materials beneath layers of seemingly-impenetrable materials. 
 These two responses to oxidation can be understood through 
architectural historian Terunobu Fujimori’s definitions of the Red and 
White Schools. The White School (or International Style) described 
in the projects by Mies, Corbusier, and Gehry above, is architecture 
“concerned solely with material forms, cold and intangible, situated 
beyond time.”4 While White School buildings are often a mental 
exercise in form and function more or less separate from the natural 
world, I would argue that Red School buildings see themselves as 
a part of nature and play by nature’s rules, paying attention to the 
particular milieu where they are located. While the White School 
ignores or combats energy flows in material selection and detailing, 
the Red School seeks to understand, organize and control energy 
flows. The Red School approach is less a fearful reaction to decay and 
more a harmonious response to natural processes. 
 Materials have the ability to form their own protective 
coatings which can be taken advantage of in architectural 
applications, but this requires a thicker material and (usually) more 
time and effort than an artificial skin. In the push for thinner and 
thinner material applications—dematerialization championed by 
the White School—a thin artificial skin often wins out over a thicker 
skin formed through the encouragement of natural processes. While 

an approach to the use of building materials alone does not define 
the Red School, I would like to stretch the definition to consider 
taking advantage of natural material processes, not just properties, a 
distinctly Red School material strategy.
 I am particularly interested in the processes of controlled 
oxidation, which lends an aged quality to buildings but in actuality 
prolongs their longevity. This, I believe, is a disruptive material 
application as it challenges the presumption that architecture exists 
beyond time while leading to a rich materiality in architecture. Two 
projects, in very different times and locations, demonstrate a solid 
appreciation for and use of oxidation in material applications, one in 
fire and wood, and another in rust and steel. In his Yakisugi House, 
built in Japan in 2007, Terunobu Fujimori chars cedar planks in a 
traditional Japanese method to produce dark black cladding. Fujimori 
considers his work part of the Red School, and I would place much 
of the work of Eero Saarinen in this school as well. At the John Deere 
& Company Headquarters, completed in 1963 in Moline, Illinois, 
Saarinen chose Cor-ten steel, a rapidly-oxidizing metal developed for 
railroads, and used it in its first architectural application. Oxidation 
is typically a process that architects and clients go to great lengths 
and expense to prevent. In both of these cases, however, encouraging 
this natural reaction to occur ends up creating a protective layer that 
prolongs further decay. This protective layer is embedded within the 
piece of material itself, the rapidly-aged material protecting the new 
material beneath. Understanding and embracing oxidation instead of 
fighting it leads to rich and compelling architecture, which deserves 
further exploration.

John Deere Headquarters, Eero Saarinen with John Dinkeloo
Cor-ten steel was developed by the United States Steel Corporation 
in 1933 for use by railroads. It is a group of steel alloys which 
eliminates the need for painting as it forms a stable layer of rust after 
several years of exposure to weather.5 While a carefully-formulated 
composite designed to rust in a particular way, it nonetheless takes 
advantage of the natural process of rusting in order to form its own 
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protective barrier against further decay. If it is scratched or damaged, 
Cor-ten is able to self-heal and form more rust, protecting the metal 
beneath. The John Deere Headquarters, designed by Eero Saarinen 
and completed in 1963, represents the first architectural use of Cor-
ten steel. In this project, Saarinen did a phenomenal job of studying 
the physical and aesthetic properties of the material and allowing 
them to influence the design. 
 Eero Saarinen was particularly adept at understanding 
the desires of the client as well as the properties of the building 
material with which he was working. It is as difficult to imagine the 
TWA terminal built of anything but concrete as it is to imagine the 
John Deere headquarters built of anything but Cor-ten. This deep 
appreciation and enhancement of the intrinsic qualities of a material 
is something to be respected and emulated. Originally, however, 
Saarinen’s design was for an inverted pyramid of concrete on top 
of a hill. After a strong negative response from the client, Saarinen 

John Deere Headquarters, showing 
landscaping by Sasaki & Associates

redesigned the project as a metal building nestled in a valley. Metal 
was important to capture the industrial and mechanical aspects of the 
company. Saarinen’s partner, John Dinkeloo, looked into common 
corrosion-resistant metals like stainless steel and aluminum as 
potential building materials. However, he found Cor-ten steel to be 
more economical and suggested its use for the building, an important 
development in the design, as “neither [of the other options] would 
have had the visible strength and immediate impact of the material 
that he chose.”6 The material itself holds connotations of old farm 
equipment as well as a “new kind of industrial building, both refined 
and appropriate” with a “rugged intensity.”7 Cor-ten steel was able 
to capture the spirit of both the mechanized progressiveness of the 
company and the nostalgic, natural farm setting in which their 
machines were designed to operate.
 Using Cor-ten in an architectural application was both 
risky and rewarding. Testing was required to see how the material 
would weather, and John Deere engineers who had spent their 
careers working to prevent rust were uneasy about working in a 
rusty building. The rural location, however, was the key to the ability 
to use exposed steel, as no concrete or asbestos were required for 
fire protection of nearby buildings.8 The site and landscape were 
also important in the reading of the building as a natural, pastoral 
structure, with preserved large trees framing the building and being 
framed by the interior steelwork. The character of the color and 
texture of the steel were important “to merge interior and exterior, 
[as] Saarinen needed the Cor-ten to blend with the trees,” and the 
presence of the trees was crucial so he could “finish the building’s 
stark interiors with framed foliage.”9 The material choice of steel 
influenced many details throughout the building as well. Also 
essential to this interior and exterior blending was the alignment of 
structural members with the windows so the curtain wall seemed to 
disappear.10 As a result of his skillful application of Cor-ten,“Saarinen 
managed to create a completely new kind of glass-walled building—
one that was truly sculptural without using curved elements—and to 
tie it to the landscape in a way few buildings had ever been before, Details in Cor-ten
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or have since.”11 It is interesting to consider just how much the use 
of Cor-ten influenced the possibility of this building to be tied to the 
landscape and reflect the aesthetics of the John Deere Company so 
completely.
 Saarinen was described as a “client’s architect…He possessed 
an unusual ability to learn from his clients, to teach them, and to 
create dynamic, mutually satisfying relationships with them.”12 
Saarinen was also a “material’s architect,” learning from the material 
and creating a dynamic relationship between the material and the 
design. Saarinen sought to understand the properties of Cor-ten 
and propel it to do something it had never done before. Perhaps this 
appreciation for material properties and harnessing of the process 
of oxidation is what lead to the timeless quality of the building, 
confirmed by the bestowment of the AIA 25-year award in 1993. 
McQuade agrees that “there is a depth of feeling in Deere which 
makes it much less transitory than most modern architecture,”13 and 
I believe this stability is partially because the Cor-ten is a resilient 
material which doesn’t depend on opening-day perfection to retain 
beauty. In fact, Cor-ten only improves its character with age. This 
oxidation process, a slow burning of the material, gives the building 
skin a life of its own.

Cor-ten facade

Yakisugi House, Terunobu Fujimori
While it is smaller and needs less explanation than the John Deere 
Headquarters, Fujimori’s use of charred cedar in his Yakisugi House 
provides an interesting counterpoint to the highly-engineered Cor-
ten. The use of charred cedar (yakisugi) in Japanese construction is 
not new. It has been practiced for centuries by farmers and fishermen 
in villages in the central Kansai region of Japan.14 Historically used to 
prevent rotting, the layer of char creates a natural barrier to further 
oxidation, working in a similar way to a fire ring burned around a 
house. Because the ring is pre-burned, the free radicals are removed 
and oxidizing agents, with no opportunity to oxidize, cannot access 
the free radicals beneath the surface. 
 Yakisugi is not typically specified by architects and carries 
a distinctly rustic and practical connotation, which is precisely why 
Fujimori chose to use it. Fujimori seeks to build in an International 
Vernacular which often employs low-tech, tactile, and colloquial 
visible material strategies. Charred cedar is an approach to cladding 

Yakisugi House
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that makes practical sense, but it also carries strong connotations. 
Burnt wood is typically viewed as evidence of destruction, especially 
when it is cladding a home. However, the pairing of the yakisugi with 
white plaster helps the building to read not as a burned house, but 
as an intentional use of dark black and bright white materials, which 
combine for a strong graphic and almost cartoonish appearance. 
 Fujimori used the Neolithic cave as a key design inspiration.15 
This is clear in the cave-like opening of the living/dining space to 
the outside, but also in the emphasis on fire throughout the project, 
a primal element. Prominent in the main living space is a hearth, 
surrounded by a white plaster wall and pieces of charred wood. 
Viewed at dusk, the hearth has a strong relationship to the charred 
cedar which frames it. The relationship between charred wood 
as cladding and the prominence of the fireplace evokes the early 
dilemma of whether to use wood for fire or for shelter.16 It seems 
Fujimori here has chosen to do both, and in using similar materials, 
links the concept of shelter and warmth.
 The charring of wooden planks does not preserve the 
material indefinitely in a hermetic seal, but it does prolong the 
life of the wood until its inevitable decay.  As an added benefit, 
the material can still be biodegraded, perhaps even serving as soil 
in which to grow another cedar. This completes a natural cycle 
uncomplicated by paint or petroleum products which Fernandez 
describes as “a continuous process in which both construction 
materials and energetic substances…decompose and regenerate.”17 It 
is critical to continue to discover similar ways to prolong the useful 
life of materials while working within natural cycles of creation and 
destruction.

Focus on process, not product
The use of Cor-ten in the John Deere Headquarters and charred 
cedar in the Yakisugi House demonstrates an awareness of natural 
processes of decay and a harnessing of these properties to prolong the 
life of building materials. While the exterior materials at first appear 

Looking through main window, where 
the backside of the charred cedar 
planks is revealed

Night view reveals the hearth within 
the charred wood home
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Yakisugi & plaster detail

degraded, in actuality they are more resilient than the static materials 
specified by architects of the White School. These buildings provide 
two excellent case studies of ways of allowing cladding materials 
to work with nature instead of against it. To accomplish this, both 
employed prototyping and testing.
 It is important to draw the distinction between yakisugi and 
Cor-ten, which are intentionally aged, and other materials which 
are made to appear aged. This is common in the “shabby chic” style, 
which saw the height of its popularity in the late 1990s. Distressing 
new wood, painting it with crackle paint, and painting fake rust onto 
metal is categorically different from actually harness the process of 
aging to work for the preservation of the building. In the John Deere 
Headquarters and Yakisugi House, natural processes are understood 
and taken advantage of. This appreciation of patina, whether real or 
replicated, is interesting in the current case of Cor-ten steel itself, 
which is not recommended for architectural applications anymore. 
This is due to the possibility of corrosion if the steel is applied to 
thinly or detailing allows water to pool in addition to the unintended 
effects of rust staining nearby sidewalks or other building materials.18  
As an alternate option, the company which invented Cor-ten 
recommends a type of steel painted to look indistinguishable from 
Cor-ten. If this seems wrong, it is because the essence of Cor-ten 
as a material is not its appearance, but the fact of its self-preserving 
rusting. 
 A strength of both the John Deere Headquarters and 
the Yakisugi House is that they display an understanding of the 
relationship of degradation of energy to the degradation of matter.19 

They do not need to look shiny and new to be beautiful. Rather, their 
awareness of degradation and their preparation for it through pre-
aging makes them timeless and intriguing. Through their projects 
described above, Saarinen and Fujimori demonstrate a view of 
architecture as a process rather than a final product. This viewpoint is 
critical if we ever hope to design truly sustainable buildings.

Cor-ten staining on bricks
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Architects write and talk about their work a lot, though it seems 
it is rare to find an architect who accurately categorizes his or her 
own work.   Architects themselves as well as critics and theorists 
often place work into two categories in terms of material use and 
application.  The first being one that showcases new technologies and 
techniques with an attitude that is interested in mechanized assembly 
and digital technologies when possible.  The second is closely related 
to the vernacular, to sustainability, local materials, living off of the 
land (Guy, 142).
 While these two trajectories are at times quite distinct, 
there are important points in architectural history when both come 

“Good design can create strength from weakness.”
 —Shigeru Ban

Shigeru Ban, Centre Pompidou in 
Metz, France.
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together to showcase a distinct attitude towards architecture and 
material strategies.
 When discussed, these two material trajectories of work are 
typically categorized as being separate and distinct.  While this may 
be the case at times, it is when the two trajectories merge that very 
interesting results are produced (Gissen, 15).
 Throughout history there are many architectural examples 
of work being placed into these two categories.  The first material 
trajectory can be represented by Joseph Paxton’s Crystal Palace and 
Mies van der Rohe’s Seagram’s building, while the second can be seen 
in John Ruskin’s writings and Frank Lloyd Wright’s Taliesin West.  
 More fascinating though, are the projects that defy 
categorization into one of the two material trajectories.  Charles 
and Ray Eames’ Eames’ House uses ideas about mechanized 
assembly along with sustainability and   locally sourced materials.  
Buckminster Fuller created his geodesic domes to take advantage of 
new technologies and create an ecological new form of architecture.  
When the two material trajectories pair together innovative ideas 
about the future and architecture develop in unforeseen ways.  For a 
more detailed analysis of the two trajectories over time, when they are 
distinct and when they come together, see the timeline to the left.
 In contemporary work, both trajectories can still be seen 
in distinct forms.  The Dominus Winery  designed by Herzog and 
de Meuron and built in 1996 is a building that can be placed in the 
second trajectory, “The building’s ‘skin’ is made of modular gabions 
of wire mesh ‘containing’ masses of locally quarried stone of different 
shapes and sizes - a technology commonly used in river engineering 
- made rigid by a metal structure, also modular, on the interior” 
(Matthews)  The architects were careful  to consider the relationship 
of the building to the wine, the relation between the land and  the 
layout of the vineyard.  The materials served this purpose by firmly 
anchoring the building to the land.  
 At the same time, Gehry is building the Guggenheim in 
Bilbao using sophisticated computer technologies.  The curves on 
the building were designed to appear random. The architect has been 
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s quoted as saying that “the randomness of the curves are designed to 
catch the light” (James). Because of their mathematical complexity, 
the sinuous curves were designed using a three dimensional design 
software, which allowed designs and calculations that, years earlier, 
had not been possible.  Built of limestone, glass and titanium, the 
museum used 33,000 pieces of titanium half a millimeter thick, each 
with a unique form suited to its location.  This clearly falls into the 
first trajectory in terms of its material strategy.
 More recently many architects have begun developing 
systems that bring the two material trajectories together.  Architects 
that are able to think both about sustainability and the availability of 
materials while considering new technologies and the development 
of material strategies are able to push the envelope and bring forth an 
architecture that is both innovative and unexpected.
 While many architects claim, in their writings and speeches, 
to fold concepts from both trajectories into their work, it is rare 
to find architecture that does it seamlessly and in an innovative 
manner.  Rather than just rhetoric, architecture that can blend ideas 
of sustainability with new material technologies elevates practice of 
architecture.
 Shigeru Ban has shown a unique ability to bridge the two 
material strategies with innovative architecture that considers 
material needs in terms of availability and practicality.  Careful 
material selection paired with new assembly techniques creates an 
architecture that elevates materials within the built form.  
 Ban is also quite careful about the way his discusses his work.  
While his projects often address needs surrounding sustainability or 
take advantage of new technologies and innovative ideas, he resists 
the placement of his work into definable categories.  In this way, he is 
able to continue to refine his architectural ideas and move in a fluid 
way between the two material trajectories in addition to exploring 
other architectural principles. 
 Questioning the concepts of both sustainability and 
technology, Shigeru Ban is motivated more by appropriateness than 
the ideas of green architecture or newfangled materials.  Quoted 

The Dominus Winery uses modular 
gabions filled with locally quarried 
stone as the exterior cladding 
system.

Designed using sophisticated 
software, the Guggenheim Museum 
in Bilbao clearly represents the first 
material trajectory.
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as saying, “Actually, I never invent anything new. I just use existing 
models differently” (Brownell, 73).   Ban is always looking for 
novel ways to use standard materials that exploits their structural 
characteristics. 
 Take for example his Naked House designed for a three 
generation family in Japan.  Inspired by nearby greenhouses, Ban 
utilized corrugated plastic panels affixed to a wooden structure as the 
walls.  For insulation, Ban chose plastic bags designed to ship fruit 
filled with polyurethane foam.  This combination of materials creates 
a unique quality of light within the home that fills the space with soft, 
diffuse sunlight throughout the day (Kawagoe).
 What makes the Naked House one that follows both 
material trajectories?  The volume of material used within the home 
is quite small considering the size of the space and programmatic 
needs.  Additionally, Ban uses plastic bags, an available material, as 
insulation.  Doing so achieves two ends: first it insulates the interior 
spaces and second it manipulates the light quality to achieve an 
atmosphere that was desired by both the architect and the client. New 
material techniques and a consideration for the volume of material 
place this home within both material trajectories. 
 Within the Naked House, Ban is careful to make materials do 
more than one job.  The plastic bags insulate and enhance the light 
quality.  The panels clad the interior and exterior and create a blank 
palate that facilitates the lifestyle intended by the home.  Materials are 
not wasted; instead they are utilized in more than one way making a 
move towards sustainability that enhances the architecture.  As Ban 
describes, “ I just try as much as possible to make simple structures 
and cost-efficient buildings, so I have to minimize the use of 
materials and not waste them, whether I am designing permanent or 
temporary structures” (Clyne, 1).
 Clearly, Ban’s paper tube architecture is an example of a 
moment in which both material trajectories come together. For his 
Paper Log Houses in Kobe, Japan, Ban sought a material that would 
not only facilitate quick and simple building techniques but also be 
beautiful for those impacted by crisis.  The paper tubes were available 
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s in multiple sizes and easily transportable to the site due to their light 
weight (Ban, 74). Through exploration, Ban was able to develop a 
method of construction using the tubes that had never before been 
tried.  Shigeru Ban’s method of architecture is simple; to create 
structures that challenge the modern concept of materiality. 
 Ban chooses to use simple recyclable material to create 
structures of magnificence.  The combination of new techniques with 
a readily available material creates a simple and beautiful structure 
that functions well in disaster situations.  As Ban explains, “Even 
in disaster areas, I want to create beautiful buildings. This is what it 
means to build a monument for common people. And this is what I 
would like to continue doing as an architect” (Design Boom).
 While in Kobe other materials were used, Shigeru Ban’s 
design for the Hanover Messe consisted primarily of paper.  Materials 
were carefully selected not only for their ability to create structure 
for the pavilion, but also for their ability to recycled or reused after 
disassembly.  The building was 89m long and 42m wide and the 
span of the carrying construction was 35 meters and consisted of 

Shigeru Ban’s paper tube 
architecture uses a material 
traditionally thought of as weak to do 
structural work.  

The Naked House uses corrugated 
plastic panels with plastic bags 
sandwiched inside as the cladding 
material.
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bent beams of 12, 5 centimeters thick pressed paper. The roof was 
a membrane of textile and paper synthetics.  Environment was the 
Hanover Expo’s theme and the concept of the Japan Pavilion was 
to create a structure whose materials could be recycled when it was 
dismantled. Ban designed a curvy paper tunnel supported by a matrix 
of recycled paper tubes, to make the construction as low-tech as 
possible; the joints were affixed with tape.  While the construction 
was low-tech the research and development within the structural 
system was anything but.  
 Along with engineer Frei Otto, Ban conducted material tests 
that included creating an inverted model to determine stress loads.  
The realization that cardboard tubes could be made at essentially 
limitless lengths, Ban was able to further develop structural plans 
that allowed for node-less construction and assembly. As Ban 
describes, “depending on the way you use them, even weak materials 
can be appropriate to make a strong building” (Brownell, 80). 
Curving members formed from the natural structural forces upon 
the extremely long tubes.  Using both new technological analyses 
and abundant paper tubes, Ban is once again able to bring the two 
trajectories together, not by forcing either issue, but by carefully 
considering the program, the materials available and the natural 
structural elements.  
 By utilizing a material that traditionally was not considered 
as one that could carry loads over long structural spans, Ban 
challenges traditional material ideas.  As he describes, “People always 
want to develop stronger materials, but we can construct a building 
with weak materials so that it meets architectural regulations. I 
believe the strength of a material has nothing to do with the strength 
of a building. Even a paper tube structure can be made to withstand 
an earthquake that a concrete building cannot outlive. The durability 
of a building has nothing to do with the durability of a material. It 
really depends on whether people love architecture or not” (Brownell, 
73)
 While Ban uses materials in a sustainable and innovative 
manner he prefers to remain uncategorized as a green architect, 
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s “Although Ban has become an icon for advocates of ‘green’ and 
‘eco-friendly’ architecture, his intention behind his work is slightly 
different. It’s more an ideology against waste. It’s and about tackling 
problems with a sense of humor” (Design Boom).  Even when 
speaking about his new and innovative techniques, Ban refuses to 
be considered a high tech architect, “I’m not interested in so-called 
high-tech architecture, because high-tech is like a drug. If you take 
a drug, you simply want more and more... High-tech materials and 
special details are not really necessary. I’m interested in using normal 
materials because I think this is a very original way of thinking” 
(Brownell, 73).
 With his design for Centre Pompidou in Metz, France, Ban 
most certainly used high tech software to create his woven lattice 
structure.  While the inspiration for the structure was primitive, a 
Chinese straw hat, the methods used to create the structure were 
anything but. Measuring 8,000 square-meters (86,114-square-foot) 
the roof is constructed using wooden beams with a cross section 
of 14 x 44 centimeters (5.5 x 17.3 inches). 18,000 running meters 
(59,055 feet) of them had to be individually CNC fabricated to braid 
the structure.  The company designtoproduction created reference 
geometry of the roof and provided the timber construction company 
with the necessary CAD tools to efficiently define detail and produce 
nearly 1,800 double curved wooden glulam segments (Scheurer, 
90).  By taking the inspiration of a low tech textile and pairing it 
with sophisticated software and a larger scale material, Ban is able to 
utilize the inherent strengths, both physical and aesthetic, to create 
a form that redefines a material use.  Sustainability and the   second 
trajectory are not as clear as the first trajectory in this project, but by 
exploiting the structural capacity of the glulam beams, Ban reduces 
material use and creates the desired form with less.
 While economy in material use is important, Ban stresses 
that his architecture encompasses many important concepts as he 
described in a 2003 interview, “His primary concerns are structural 
lightness and efficiency; spatial and visual transparency; the 
dissolution of the boundaries between interior and exterior space, ... 
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and economical means of construction” (Design Boom).
 While Ban embraces the advantages of new technology, he 
remains skeptical as to its importance in the future, “Although the 
computer is really an important tool for us right now, I think the 
advance in technology won’t make architecture better even after one 
hundred years” (Brownell, 78).  Moving from the idea of very high 
tech construction to low tech, Ban’s Nomadic Museum uses shipping 
containers as the primary wall material.  The walls of the Nomadic 
Museum were constructed with 148 steel cargo containers while the 
columns and roof structure were constructed using recycled content 
paper tubes.  The pathway through the exhibit utilizes recycled 
scaffold planking (Kelly, 34). Clearly, it seems, this project would fall 
into the second material trajectory.  Using available materials that are 
best suited for the application of a museum that can be transported 
and reassembled, Ban creates an architecture that not only houses 
a collection but presents a perspective on architecture as a vehicle 
for what is housed inside.  While efficiency and sustainability drove 
many of the material choices, the building is responsive to the needs 
of the program.
 Material volume was considered in the designing of the 
Curtain Wall House.  Traditionally an architectural curtain wall is an 
outer skin that covers the building without performing a structural 
function. The curtain wall effectively hangs from the main load-
bearing structure.  The Curtain Wall House redefines the concept 
of the curtain wall throughout the use of material.   The curtain is 
an architectural element associated with traditional Japanese design 
elements such as shoji screens and fusuma, the doors common in 
traditional Japanese houses. Shigeru Ban uses a simple solution 
for the exterior cladding of the home: a curtain which serves both 
architectural and artistic purposes. It operates for ventilation, is 
aesthetically interesting and dramatically allows the natural flow of 
air. The interior and exterior can be merged into one comfortable 
space for the people, giving rise to some experiences within the 
habitat that are very difficult to achieve within a city (MOMA).   
 With his ability to resist definition while still working at the 

1,800 double curved wooden glulam 
segments make up the lattice roof of 
Centre Pompidou in Metz, France.

The Nomadic Museum utilizes steel 
cargo shipping containers and paper 
tube structural members.
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The Curtain Wall House completely changes the notion of material in exterior cladding.
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forefront of material design, Shigeru Ban is an excellent example of 
an architect who can seamlessly merge the two material trajectories 
in contemporary architecture.  
 Ban has developed a way of working that is thoughtful about 
all aspects of a project.  With a willingness to think about problems 
in non-traditional ways, Ban is able to utilize materials to their fullest 
capabilities which creates innovative and new ways of working in 
addition to saving materials and reducing waste.  
 The two material trajectories discussed above represent 
general concepts surrounding architecture to day.  On one hand 
there is an obsession with the shiny, fast and new technologies that 
are being constantly developed.  On the other hand, there has been a 
global awakening to the need for architecture to be more responsive 
and sensitive to the global environmental crisis.  While many 
architects talk about using new technologies to create a sustainable 
environment, few are as successful as Shigeru Ban in achieving that 
kind of fusion.  Interestingly, Ban prefers to not place his work in 
either category.  Instead, he aims to design thoughtful and beautiful 
architecture than can serve people and make the world a better place, 
“Even in disaster areas, as an architect I want to create beautiful 
things. I want to move people and improve people’s lives.  If I did not 
feel this way, it would be impossible to create meaningful architecture 
and to make a contribution to society at the same time” (McQuaid, 
13).  Ban serves as an excellent model for merging the two trajectories 
in a thoughtful manner that results in innovative and exciting 
architecture.
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Sitting on the bedrock of a Minnesota island this summer it 
struck me that the great stone surface held a certain indefinable 
characteristic for the area, something that created an identity for the 
place yet went beyond it. (a.) Each square inch of stone, carefully 
tells the story of millions of years of Mother Nature’s work.  Water, 
temperature, and the life of our planet are all visible here.  I began to 
ruminate on what parallels might exist in architecture and how they 
could relate to the story of the ancient bedrock and its origins. 
 Concrete, sand, gravel, and earth are the material offspring 
of bedrock and all of the various architectural forms they have taken 
in the past seemed suitable for the initial comparison. Since the turn 
of the century concrete has represented one of the most plastic of 
building materials next to clay and has proven to be remarkable in 
recording an endless array of textures. 
 Two provocative projects the Bruder Klaus Field Chapel 
(hereafter, the Chapel) by the Swiss architect Peter Zumthor and a 
small house named the “Truffle”  by the Spanish architect Antón 
García Abril of Studio Ensemble tell a story similar to the Minnesota 
bedrock.  By introducing heat in the form of fire and fauna in the 
case of the truffle, two constructive agents integral to the building 
process were harnessed by the architects.  The use of fire and animals 
has seldom if ever been seen before in such a direct application. 
The introduction of these rare constructive agents is remarkable 
and because it creates two divergent approaches to the ideation and 

…[art] should create as independently as nature, organized and 
organizing, produce living works that are complete in themselves and 
moved, not by an alien mechanism like a clock, but by an inner power, 
like the solar system. It was in this way that Prometheus imitated 
nature, when he formed man from earthly clay and vitalised him with a 
ray stolen from the sun; a myth which provides us with such a beautiful 
example. (1.)
—Hans-Georg Gadamer

(a.) Rainy Lake bedrock and algae 
pool. Photo courtesy of the author.

(b.) Close up photo of a wall 
constructed from béton brut.
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(c.) Bruder Klaus Field Chapel from 
approach.

construction of buildings within the contemporary architectural 
canon. Arguably these projects reaffirms architectures stature within 
the pantheon of fine arts through their embracing of experimentation 
and rigorous investigation of simplified forms. As we will see the 
expressive capacity of concrete to engage the human bodies haptic 
and olfactory senses is explored to a fantastic end.

 In the paragraphs that follow I will attempt to define a 
region of thought through which to consider these projects and their 
meaning. It is my hope that once such a region is demarcated that 
it may give rise to a more profound and timeless understanding of 
nature and origins of our architecture.

(d.) The Truffle.

Concrete
Concrete, earth, clay, and minerals, these things have always been 
here, before the arrival man and surely they will be here when we are 
gone. They make up the superstructure of world. Though no exact 
date can be defined, we know that since ancient Rome, the knowledge 
of mixing minerals with water that would harden hydraulically was 
available and employed broadly. (1.) Near the turn of the last century 
architects such as Auguste Perret, Allison and Peter Smithson, and 
Le Corbusier pioneered the use of béton brut which translates from 
French to English as “raw concrete”. Béton brut swiftly become one of 
the most important material contributions to the modern movement. 
(b.) and through the work of these architects it expanded upon the 
ancient traditions of stereotomic form making through advancements 
at the micro scale.  The principle of suction and advancements in 
chemistry established a far broader range of plasticity and thus a 
greater capacity for form generation. A significant characteristic that 
shaped the béton brut and most likely how it received its name is the 
rough formwork used in its making. Concrete is cast against rough 
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sawn wooden boards or shuttering and once this is removed the 
hardened liquid stone retains the imprint of the woods grain. Though 
architects such as Le Corbusier relied heavily on this technique as a 
pragmatic way of shaping buildings, it grew beyond practicality into 
an aesthetic that has since become synonymous with the era and 
brutalism. The applications of raw concrete went beyond architecture 
to be employed in transportation systems and infrastructure projects. 
The world we live in today can hardly be imagined devoid of it. The 
ubiquitousness of raw concrete thus emphasizes the unique and 
extraordinary ways in which Zumthor and García Abril have found 
it possible to elevate the material. Through the process of making a 
story is told and and each approach can be framed as disruptive.

Settings
The Chapel is located in Wachendorf Eifel, a rural township 
approximately 15 kilometers west of the city of Nuremberg in the 
German state of Bavaria. The surrounding landscape is part of the 
countries central grain belt and is scattered with vistas stretching 
across verdant green and golden wheat fields, changing color in 
rhythm with the seasons. The Truffle is located on the Costa Da 
Morte, or “Death Coast” in western Spain, named for its rocky 
shoreline and lack of harborage.  The Truffle is directly exposed to 
the Atlantic Ocean, set back from the edge of a tall cliff it funnels the 
vastness of the sea and its ever-changing mirror of water inward.  

Commonalities & Scale
As previously stated both buildings are composed almost exclusively 
of cementitious material and were constructed using highly 
unorthodox building methods. The Chapel was built by using a 
hybrid technique that exists between rammed earth and lift pouring.  
The Truffle uses traditional lifts pours and relies upon the earth and 
hay for support.  Both architects capitalize on concretes ability to 
register the course markings of organic materials that differ from 
common wooden shuttering. A progression occurs through the use 
of hay and logs in the shaping of these buildings while carrying on 

the modernist tradition of béton brut. The Chapel conceived of in the 
tradition of a pilgrimage chapel just as Le Corbusiers Chapelle Notre-
dame-de-haut, Ronchamp was in 1955, receives visitors throughout 
the year. The chapel is consists of approximately 30 square meters 
of occupiable area and from the exterior stands as a tall irregular 
pentagonal monolith reaching a datum height of 12 meters.  The 
Truffle is a small private retreat for one or two people and though it 
is close in area to the chapel at 25 square meters it differs in height 
terminating at an elevation of approximately 4.5 meters.  
 Below, Peter Zumthor provides us with a thoughtful and 
detailed description of the Chapel, how it was made the people who 
took part in the process. (3.)

The field Chapel dedicated to the Swiss Saint Nicholas von der Flüe 
(1417-1487), known as Brother Klaus, was commissioned by the 
farmer Herman-Josef Scheidtweiler and his wife Trudel and was largely 
constructed by them, with help of friends, acquaintances and craftsmen 
on one of their fields above the village.
 The interior of the Chapel is shaped by 112 tree trunks. The 
trees were felled in the town forest of Bad Münstereifel. Under the 
direction of master carpenter Markus Reßmann, helpers stacked the 
trunks on a concrete slab in the field to form a tepee-like construction. 
The body of the chapel was erected around the wooden tepee in 50-cm-
thick layers of rammed concrete, consisting of river gravel, reddish 
yellow sand from the Rhiem pit in Erp and White cement. The layers 
were poured one per day for 24 days between the end of October 2005 
and September 2006.  Friends and acquaintances of the Scheidtweiler 
family, forming so-called ramming teams for each of the 24 days, 
worked under the guidance of the master builder Alexander Mahlberg 
and foreman Hans Joachim Engler. In the fall of 2006, a shouldering 
fire was maintained for three weeks inside the wooden tepee, now clad 
entirely in concrete.  The fire dried out the tree trunks, causing some of 
them to come loose. All of the wood was then removed mechanically. 
After a concrete floor with a specified gradient had been poured, 
Miroslav Stransky and his wife Dagmar, who run a fine art foundry, 
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added a floor of poured lead about 2 cm thick. On site, they slowly 
melted four tons of recycled tin-lead alloyed with antimony (6%) in a 
crucible and ladled it onto the floor by hand.
 The metalwork, the main door, the sand containers for the 
candles and the sacred vessels were made by master locksmith Willi 
Müller and by Michael Hamacher. Markus Reßmann made the bench 
out of one solid piece of linden wood and Miroslav Stransky cast the 
diagram for meditation in bronze after the meditation wheel of Brother 
Klaus. The over 300 holes left in the concrete by the shuttering ties are 
filled with crystal plugs of mouth-blown glass from the Eisch Glassworks 
in Frauenau. Swiss artist Hans Josephsohn sculpted the bronze head. 
The architect of the Chapel is Peter Zumthor, supported by Rainer 
Weitchies, Michael Hemmi, Frank Furrer, Pavlina Lucasand Rosa 
Goncalves. The engineers were Jürg Buchli and Claus Jung.
—8th May 2007

From Zumthor’s description one can now imagine the building 
and consider how it differs from other more typical buildings.  In 
comparison Antón García Abril describes the Truffle and its making 
with poetry and precision. (4.)

The Truffle is a piece of nature built with the earth, full of air. A space 
within a stone, it sits on the ground and blends with the territory. 
It camouflages by emulating the process of mineral formation in its 
structure, and integrates with the natural environment, complying with 
its laws.
 We made a hole in the ground, piling up on its perimeter the 
topsoil removed, and we obtained a retaining dike without mechanical 
consistency. Then, we materialized the air building a volume with 
hay bales and flooded the space between the earth and the built air to 
solidify it. The poured mass concrete wrapped the air and protected 
itself with the ground. Time passed and we removed the earth 
discovering an amorphous mass.
 The earth and the concrete exchanged their properties. The 
land provided the concrete with its texture and color, its form and its 

essence, and concrete gave the earth its strength and internal structure. 
But what we had created was not yet architecture, we had fabricated a 
stone.
 We made a few cuts using quarry machinery to explore its 
core and discovered its mass inside built with hay, now compressed 
by the hydrostatic pressure exerted by concrete on the flimsy vegetable 
structure. To empty the interior, the calf Paulina arrived, and enjoyed 
the 50m3 of the nicest food, from which she nourished for a year until 
she left her habitat, already as an adult and weighing 300 kilos. She 
had eaten the interior volume, and space appeared for the first time, 
restoring the architectural condition of the truffle after having been a 
shelter for the animal and the vegetable mass for a long time.
 The architecture surprised us. It was the ambiguity between 
the natural and the built, the complex materiality that the same 
constructive element – the mass unreinforced concrete – could 
provide the small architectural space with at different scales. From the 
amorphous texture of the exterior to the violent incision of a cut that 
reveals its architectural vocation, leading to the fluid expression of the 
interior solidification of concrete. This dense materiality, which gives the 
vertical walls a rusticated scale, comes from the size of the bales, and 
contrasts with the continuous liquidity of the ceiling that evokes the sea, 
petrified in the lintel of the spatial frame that faces the sublime Atlantic 
Ocean: its horizon highlighted as the only tense line within the interior 
space.
 To provide the space with all the comfort and the living 
conditions needed in architecture, we took Le Corbusier’s Cabanon 
at Roquebrune-Cap-Martin as our motif, recreating its program 
and dimensions. The Truffle is the “Cabanon of Béton”, a reference 
that makes it an enjoyable living space in nature that has inspired 
and subdued us.  And the lesson we learnt is the uncertainty that 
led us in the desire to build with our own hands, a piece of nature, a 
contemplative space, a little poem.

One important similarity that can be extracted from these 
descriptions is that both Zumthor and García Abril envisioned the 

Or
ig

in
al

 P
ro

ce
ss

308 309



(e.) Clearing in the forest. Drawing by 
Celia Liu

construction process as a stacking of horizontal layers of cement and 
aggregate around an inner core of organic matter, tree trunks and hay 
bales respectively.

Origins
The Chapel core was formed in an organic plan, a void within a 
mass defined by a dotted line of tree’s leaning inward.  This core was 
removed with the aid of fire.  Vitruvius wrote eloquently in the first 
century on the importance of fire in defining the origin of dwelling. 
(5.)

(f.) section through the Bruder Klaus 
Field Chapel.

(g.) section through the Truffle.

Therefore it was the discovery of fire that originally gave rise to the 
coming together of men, to the deliberative assembly, and to social 
intercourse. And so, as they kept coming together in greater numbers 
into one place, finding themselves naturally gifted beyond the other 
animals in not being obliged to walk with faces to the ground, but 
upright and gazing upon the splendor of the starry firmament, and also 
in being able to do with ease whatever they chose with their hands and 
fingers, they began in that first assembly to construct shelters. Some 
made them of green boughs, others dug caves on mountain sides, and 
some, in imitation of the nests of swallows and the way they built, made 
places of refuge out of mud and twigs.

The Truffle, a hut constructed from mud and twigs has an interior 
shaped by the appetite a cow exemplifies the process of addition and 
subtraction, paired down two steps in the construction sequence. 
The association of animals with human architecture is not nearly 
as common as that of fire. To that point it is worth mentioning that 
animals are more often thought of as pests than allies in architecture 
and rodents living in wall cavities or wasps nesting in the eaves 
eaves have been but a few examples that continue to deter animals 
from buildings. By ross-referencing the drawing by Celia Liu 
(e.) with figures (f.) and (g.) the primitive origins of each project 
emerges.  In the original room of the forest, was it fire that cleared 
the space or animals, or both? Perhaps it was people?  The nascent 
fundamentals are present in all three figures; mass, void, vegetation, 
fire, and life.  From these fundamental elements we derive volume 
and then through human interpretation volume becomes shelter and 
architecture.  

Control and Experimentation
Perhaps it is obvious that both projects engage openly with chance 
in the process of making and that chance is most commonly 
obliterated from the modern architects approach to building in effort 
to minimize aging, damage, and building failure. In the Chapel the 
selection of the logs, the species, the aggregate for the concrete, its 
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suction ratio, the burn time of the wood, the smell, how the logs 
were laid up, there spacing to create the inner form work, if the 
they were wet or green or dry, all of these factors and many more 
played a critical role in the end result.  In the case of the Truffle the 
positioning of the hay bales, there number and breadth, the depth 
of the initial excavation, hydrostatic pressure, the macro texture and 
micro mineral content of the soil as form work, its angle of repose 
surrounding each pour, how wet things were and the rate at which 
they dried must have also been but just a few of the considerations 
or variables that went into shaping the space.  What becomes most 
apparent in both cases is a willingness to experiment with the process 
and to relinquish some control over the result in aims of achieving an 
otherwise none replicable artifact.  The modulation of forces in both 
buildings construction broadens the tolerances of traditional craft 
reaching back further into its history to time when tools were were 
more primitive rendering courser results. 

Other Works
When we examine both Zumthor and García Abril’s foci in other 
works we find that they consistently deal with process and craft often 
revolving around the development of surfaces. 
 Zumthor obesses over surface in his work and in a rich 
variety of materials.  The Kunsthaus Bregenz of 1997 forms a 
monolithic reticulated block of frosted glass, while the Thermal Baths 
at Vals from the previous year express a surface of maximum density 
through the repetitive stacking of thin quartzite slabs.  
 Younger and not as well known, García Abril’s work along 
with his partners at Studio Ensemble focus more on the creation of 
surface from larger elements as in the case of the Music Studies center 
of 2002 that uses massive blocks of quarry stone to create a fortress 
for sound.  García Abril’s acclaimed Hemeroscopium House of 2005 
lifted the elemental approach to surface and its use in architecture to 
new heights where gigantic concrete girders reminiscent of bridge 
components came together to form a new kind of dwelling. In context 
with these other works perhaps the Chapel and Truffle appear tamer 

and less agitating, but never the less continue to represent a major 
departure from contemporary concrete working methodology that 
has typically maintained an attitude toward a critical path, favoring 
economy and production.  This is not to say that matters of budget 
and time were disregarded by the architects.  Rather ingeniously, 
both architects were able to find alternative critical paths through 
an inversion of the complex management practices of modern 
construction and the equally complex assemblies that match these 
practices of building. The scale and program of the two buildings 
were also well suited for working with small groups of people who 
could focus on progressing, refining, and experimenting with a few 
materials.  

Minimalism 
Most well-known for high grade abstract spaces, minimalism has 
gained significant aesthetic prowess since the art revolution of 
1960’s.  In minimalism one might identify a sense of quiet unease or 
conversely a peaceful resolve when confronted with the clean clean 
white surfaces. For myself, and I imagine others who are touched 
my the chaos of modern media, minimalism evokes feelings of 
tranquility and clarity.  These spartan spaces, notable characterized by 
unencumbered intersecting planes with a focus on finely appointed 
connections are a prevalent modus operandi of many a contemporary 
architect. Arguably the great white spaces of architects such as 
Alvaro Siza, Richard Meyer, and John Pawson set the stage for a 
contemporary discourse on the topics of solidity and surface. Should 
such a discourse manifest, The Bruder Klaus Field Chapel and The 
Truffle would offer resistance and opposition to the clean and austere.  
At one and the same time these projects are able to integrate into a 
minimalist tradition through process and material and trump much 
of the complex assemblies required by other architects to create 
such deceptively simple spaces. Like a plutonic solid or a Chinese 
philosophers’ stone the Chapel and Truffle become disruptive 
within the tradition by raising the grit of surface to an uncommon 
end.  In my own assessment, the inner walls of both projects recover 
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(h.) Fluted Collumns of the 
Parthenon in Athens

(i.) Fluted interior surface of the 
Brother Klaus Field Chapel.

the rigorous plasticity and depth of Michelangelo’s facades while 
reformulating and abstracting ancient surfaces such as lodge pole 
timber constructions from the Americas and the stereotomic turf 
embankments of Northern Europe.

Historical Motifs and Themes
The Chapel and the Truffle share several classical motifs and 
themes.  Both buildings have an oculus. In the chapel the oculus 
is oriented along the vertical axis and in the Truffle it assumes the 
horizontal.  Mimicking the view from Le Corbusiers desk in the 
Cabanon at Roquebrune-Cap-Martin, the Truffle’s oculus points 
to the sea, however it cannot breathe in the fresh sea air through 
its fixed and angled window.  (d.)  One can only assume that this 
fixing of the window was intended to protect the occupant(s) from 
stormy weather.  Both Cabanon share striated facades at different 
scales and directions, Le Corbusiers on the vertical with tightly 
spaced rough sawn wooden logs, and García Abril’s with three large 
horizontal protrusions registering the top of each concrete pour.  In 
the Chapel the vertical axis of the oculus is hard not to compare to 
the Parntheon.  Two poignant motifs can be drawn from these tall 
open spaces and their surfaces. From classical architectural order the 
treatment of a columns shaft is echoed in the scalloped hemispherical 
fluting of the Chapels walls. fig. (h.) (i.) From this treatment one 
could imagine the chapel as an inversion and distortion of the 
classical column, where the solid surrounding walls become the 
structural support metaphorically holding up a framed image of the 
sky.  I imagine the way this fluting meets the oculus also dramatizes 
the effects of sunlight entering the space.  

The Haptic and Olfactory
Most difficult to write about and far easier to experience is the 
physical presence of these buildings, their smells, and the effect this 
must have on one’s perception.  I can only infer from research that the 
thick solid walls of both projects would instill a sense of protection 
in the visitor.  The routine warming and cooling of the buildings 

thermal mass from the sun alone would also surely have some kind 
of effect on the interior temperature.  On warmer days the residual 
smell left behind by the smoke and decomposing hay might become 
overwhelming or at worst evoke intense memories transposing them 
onto the experience of the buildings.
 In conclusion I have found the Bother Klaus Field Chapel 
and and the Truffle to be disruptive in that they were created as poetic 
statements on our species capacity to build.  By working slowly with 
a material as simple as concrete each project was able to reinterpreted 
and build upon history while incorporating nontraditional elements 
and rare modes of perception.
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CASE STUDY 5_TERUNOBU FUJIMORI

Another example of an architect whose understanding of wood’s biological proper-
� es is u� lized in his buildings is architecture historian-turned designer, Terunobu Fu-
jimori.  Fujimori’s background tending to forests in his youth, as well as his extensive 
knowledge base of applica� ons of materials in all types of historical and contempo-
rary buildings led to his desire to create a completely unique concept of architecture.   
His treatment of materials, therefore, is a merger of ancient vernacular techniques 
as well as playful new architectural forms.  In his Coal House, he uses charred ce-
dar boards with a crackled texture from burning.  This ancient Japanese technique 
seals the wood against rain and rot from insects.   It is rarely seen in contemporary 
buildings because it is highly labor intensive and considered primi� ve.  “No edu-
cated architect would use this material,” says Fujimori in an ar� cle for the New York 
Times.    Fujimori creates his architectural models by carving tree stumps into ab-
stract shapes.  His small group of interior  nish volunteers he calls the Jomon Com-
pany, named a� er the Neolithic period of Japanese history and the primi� ve tools 
they used that give Fujimori’s buildings a rough, handmade feel.  Although Fujimori 
dismisses any no� on that his buildings are eco-conscious, the concepts and feelings 
of primal shelter that are apparent in his buildings all come from working with and 
understanding nature and what it has to off er us.   

Fugimori’s curiousity to understand materials extends beyond wood.  He has studied 
the use of mud and adobe in the American Southwest and Mali as well as the shel-
ters created in the Caves of Lascaux in France.  His approach is to  rst explore what 
the maximum poten� al of the material could be (as is o� en present in vernacular 
architecture).   A� er a clear idea of what a material is capable of, he applies these 
ancient techniques in ways that can bene t his contemporary architectural ideas.  

CASE STUDY 6_ACHIM MENGES > WORK PRESENTED AT 
ACADIA 2009 CHICAGO

Achim Menges’ work is centered on the idea that once one is able to understand 
wood’s complex material makeup and behavior, its biological nature can be seen 
as advantageous rather than de cient.  While the construc� on industry’s a�  tude 
towards wood has manifested in the form of a� empts to control its living behaviors 
(decay, shrinkage and swelling and checks/splits) Menges works in the opposite di-
rec� on, working with these behaviors to create architectural projects which literally 
seem to come alive.  His use of Computa� on Design allows the computer’s capacity 
to break down wood’s complex behaviors in the design process.  “In Computa� onal 
Design, form is not de ned through a sequence of drawing or modeling procedures 
but generated through parametric rule-based processes. The ensuing externaliza� on 
of the interrela� on between algorithmic processing of informa� on and resusltant 
form genera� on permits the systema� c dis� nc� on between process, informa� on 
and form.  Hence, any speci c shape can be understood as resul� ng from the inter-
ac� on of system-intrinsic informa� on and external in uences within a  morphoge-
ne� c process.”

In his projects, Menges creates a database of in-depth informa� on about the par� c-
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