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“A vacuum is a hell of a lot better than some of the stuff that nature replaces it with.”

Tennessee Williams, Cat on a Hot Tin Roof, 1955
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pro•to•type
noun the original or model on which something is 
based or formed;
Biology an archetype; a primitive form regarded as 
the basis of  a group
verb to create the prototype or an experimental 
model

proto-
a combining form meaning “fi rst,” “foremost,” 
“earliest form of,”used in the formation of  compound 
words 

Origin
prototypon “a fi rst or primitive form”
prototypos “original, primitive”
protos  “fi rst” + typos “impression”

/ prologue



scales of operation

The evolutionary approach to design pedagogy 
at the Design Research Lab can be referred to as 
breeding buildings. Just as a single genotype em-
bryo can result in drastically varied generations 
based on evolution and internal as well as external 
parameters, and just as a multitude of  slightly im-
proved versions of  the same cell phone enter the 
market each season, design can be seen as a process 
of  evolution which results in different versions of  
an adaptable design system.

 Owing to the small size and constrained 
layout of  the AA campus, oftentimes, London it-
self  serves as our campus, and the school building 
as our canvas. The space of  the studio serves as a 
backdrop for models and experiments. Many times, 
the students’ bodies also become mannequins for 
the models we create.

one system :: many incarnations

ProtoDesign 2.0 is the second version in the three-
year design agenda at the DRL. The studio explores 
the notion of  creating various evolving versions of  
a single prototypical architectural system, investi-
gating digital and material forms of  computational 
prototyping. Forms of  organization are developed 
to be independent of  type or context, moving to-
wards an architecture that is at once highly adaptive 
and highly specifi c.

 
 The Proto-Design agenda contests 
the notion that architecture must satisfy one of  
two extreme conditions: the highly generic or 
the highly specifi c. In our approach to design 
research, we challenge the widely-accepted norm 
that any design project must be driven exclusively 
by the external parameters of  site, context, typol-
ogy, scale and program. The opposite condition 
also exists: the use of  mass-fabrication as a means 
to produce many modular iterations of  the basic 
plan. This single-solution syndrome disallows the 
existence of  a universal system born of  its own 
inherent make-up, that can adapt to any given 
conditions, in the form of  an itinerant architec-
ture: a genotype that serves as a parent for infi -
nite mutations of  phenotypes. These generations 
share certain common characteristics that are 
global and omnipresent, and others that are local 
and resultant of  external parameters.
 
 A prototypical system is a design-based 
system that exists independent of  contextual 
and programmatic parameters. Our excessive 
dependence on context and program forces us 
to neglect other parameters like concept, agenda, 
materiality, computation and performance. Free-
dom from such constraints allows the design 
of  systems that are highly adaptable, yet highly 
specifi c. Giving a behavioral logic to the elements 
that make up architecture, in turn makes the ar-
chitecture performative and dynamic rather than 
static and close-ended, effectively eliminating the 
occurrence of  the single solution.

1 proto-design 2,0
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The ever-growing manifold demands for housing is 
the point from which we uncover the design brief. 
(See Appendix.) To address the needs of  standard-
ized housing, mass production of  precast building 
elements churns out limited variations of  houses 
from a single reusable mould, to be assembled 
onsite. The hands of  the master craftsman, that 
used to guarantee the uniqueness of  each creation 
by virtue of  human error, have disappeared from 
the fabrication process, as all houses begin look like 
slight mutations of  one another, regardless of  loca-
tion, context or cultural background. Further, the 
use of  the same cast disallows greater variability in 
the by-product.

 In the quest for novel fabrication tech-
niques, we are interested in the crafts of  pottery 
and glass-blowing, which are highly intuitive and 
almost entirely process-dependent. These crafts 
not only require highly skilled and experienced 
hands, but also design intent before and during the 
process of  fabrication, as they are constrained by 
time and thus produce results that are specifi c and 
unique. No two earthen pots look alike, and no two 
glass-blown vases can be similar. The processes of  
design and fabrication become intertwined and in-
terdependent, and occur simultaneously.

 Digital control of  the fabrication process 
has the potential for the renewal of  uniqueness and 
unpredictability in architecture, that could earlier 
only be attained by the error of  human hands.

 From this premise, we begin an explo-
ration of  different design and fabrication tech-
niques and systems, in quest for developing a fab-
rication method that would not only be precisely 
choreographed by virtue of  its high-tech digital 
control, but one that also maintains ties with the 
culture of  a place by being specifi c as well as by 
utilizing indigenous material and/or techniques.
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Air is synonymous with the concepts of  lightness, 
emptiness, nothingness. The movement of  the 
wind over sand creates subtle dunes of  different 
sizes, textures and topologies. However, over long 
periods of  time, air can also create changes in the 
strata of  the earth.

 Moreover, air is also an extremely strong 
force capable of  moving large objects. Wind in a 
storm can throw asunder objects as large as houses 
and as heavy as vehicles.

 The potential in wind to generate motion 
is used in sailboats for navigation. Air is also a po-
tent and inexhaustable source of  renewable energy. 
This energy can be harnessed and converted to 
mechanical energy. The energy genrated by air has 
been in use for centuries in various ways, including 
windmills.

 The use of  pneumatics spreads over dis-
ciplines and scales, ranging from pneumatic struc-
tures to pneumatically-controlled devices and vehi-
cles.

 The aspects of  lightness, invisibility and 
natural energy interested us to study air as a fabri-
cating agent. We were concerned with the use of  
extremely time and energy consuming techniques 
that are based on high-tech and high-end fabrica-
tion technologies. Our aim was to develop a system 
that is quick to deploy, and is embedded in indig-
enous methods and materials.

 On the basis of  these aims, we decided 
to conduct some research on the use of  air in dif-
ferent industries. The following is a documentation 
on how a database was created to study the uses 
of  air across different fi elds. Further, we materially 
explored ways of  manipulating material using posi-
tively and negatively pressured air, which could later 

be developed into a novel fabricating technique 
and applied to our research in architectural de-
sign.

a low-energy system



3

i.1 air as cast i.2 air as constituent

1 Bubblewrap being used as a reconfi gurable mould for 
vacuum-forming
2 Infl atable ball houses built by Heinz Isler in the 60s
3 Process of  casting over an infl atable scaffold
4 Structure of  metal foam containing air pockets
5 Injection of  an air balloon into materials with varying 
viscocities

21 5
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i.3 air as formative agent

Air pressure is used in the scientifi c, 
industrial, artistic and architectural 
fi elds to cast, create and confi gure 
material form. Contact with air brings 
about changes in material properties 
and structure, and can be a direct or 
indirect method of  form-fi nding and 
of  fabrication.
 A membrane fi lled with air, 
such as a balloon, becomes rigid and 
behaves like a solid object. Air bub-
bles or infl ated membranes have thus 
been used as low-energy, lightweight 
formwork to be cast upon are various 
scales.
 Air can also become a constit-
uent in a material and alter its inherent 
properties at the molecular or struc-
tural level. The addition of  air bubbles 
to different materials produces vary-
ing results.
 The blowing of  compressed 
air into or over the surface of  a mate-
rial moulds it into unpredictable forms 
that maybe planned or intuitive, tai-
lored or unique.

6 Glass-blowing by blowing of  air over the surface of  molten 
glass, in which no two results can be identical
7 Compressed air is blown into tailored and welded steel 
sheets to create lightweight furniture

 6

7
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i.4 pneumatics

1 Sailing uses wind energy to navigate
2 Strandbeest by Theo Jansen is deployed in a windy 
environment, from where it stores compressed air and later 
uses it to move
3 Sixteen Birds by Amorphic Robot Works is a series of  
sock-like membranes that infl ate and defl ate upon sensing 
movement. Motion sensors are connected to pneumatic 
controls that activate the “birds”

1

2
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Wind energy is used in many ways, 
when converted to mechanical 
energy. It is used directly to navi-
gate sailboats and indirectly to run 
windmills. Further, it can be con-
tained in an air-tight container and 
compressed to produce high pres-
sure, that, upon application, does 
work.

 What interested us about 
wind is the fact that it is not stat-
ic, but constantly in motion. This 
property can be applied to a dy-
namic architecture, that uses air 
movement, and infl ation and defl a-
tion to indirectly move objects or 
give form and subsequently alter it. 
This introduces an element of  un-
predictability, and the fi nal form is 
neither preplanned, nor predicted.

 Intelligent use of  air pres-
sure to alter form and create mo-
tion became more interesting to us 
than air that is used not solely as 
a rigidifying agent in pre-tailored 
membranes to create static infl at-
able structures.

2
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The formative potential of  air has been uti-
lized by different industries in the form of  
pneumatics. However, the use of  pneumat-
ics in the building industry seems limited to 
an indirect creation or sustenence of  form, 
such as in pneumatically-formed shells and 
pressure-maintenence systems.

 Our ambition was to study the di-
rect application of  air, such as in wind, and 
tap into its ability to change, deform and 
transform phase-changing material. We de-
cided to conduct a series of  experiments 
through which air could be used to push, 
pull, displace or deform material in order to 
create changes in topology, such as with the 
moulding of  clay on a potter’s wheel, or the 
shaping of  glass by blowing.

 The unique property of  air as a 
formative agent is that, even a minimal varia-
tion in its pressure can provide a highly pre-
cise degree of  control over the matter being 
formed. 

 The research began by surveying 
the effects of  the injection of  air into vari-
ous materials, followed by the deposition of  
material over a surface using air pressure, 
and the deformation of  a mass of  material 
to generate enclosure. Compressed air was 
blown into material in a contained environ-
ment, in order to create surface deforma-
tions, aiming to move matter to eventually 
form architecture through a that was pre-
cisely controlled and controllable, deploy-
able onsite, scalable and adaptable.

1
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positive pressure as formative agent



material

gel

foam

wax

plaster

1.1 material catalogue

resin
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air as constituent air as formative agent

injection deposition deformation

internal external

infusion

positive pressure negative pressure



1.2 deposition

plaster

wax
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deposition
 The positive pressure of  air was 
made use of  to displace and deposit ma-
terial in a closed container. The materials 
tested were wax and plaster. The resultant 
material depositions within the container 
varied in accordance with the viscosity of  
the materials. 

deformation
 Air was blown at the material, 
with the intention of  molding it in a free-
form manner, without the constraints of  
a container. The pressure of  the com-
pressed air, its direction, controlled move-
ment and the viscosity of  the tested mate-
rials, produced variations in the resulting 
models.

fabrication
 The use of  compressed air ne-
cessitated a series of  pipe networks to 
contain and transport the air. A number 
of  preliminary networks were designed, to 
control the pressure and direction of  the 
air being blown at the material, to control 
and mould it. We, thus, developed simple 
systems, with a number of  connections, 
which allowed for the adaptation of  the 
setup to a number of  varying tests. 



2.3 air as formative agent1.3 deformation

1 layer

2 layers

3 layers
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Air pressure is of  two kinds: positive and 
negative. Just as wind energy can be harnessed 
only by containing the air under a highly pres-
surized environment, air can be used as a 
formative agent by storing compressed air in 
the form of  potential energy.

 It is our belief  that the potential of  
the negative pressure of  air, on the other hand, 
has not been exploited in the fi eld of  fabrica-
tion in general, and architecture in particular. 
Vacuum acts as a suction agent to pull material 
through tubes and distribute it. The absence 
of  air may also serve as an environment in 
which materials behave differently as com-
pared to in the presence of  air. The next sec-
tion depicts our foray into experiments with 
negative pressure of  air: to pull and relocate 
material, to deform objects, and by virtue of  
its absence.

 The fi eld of  vacuumatics and its ap-
plication in defl ated pneumatic constructions 
is rather an unexplored territory. Defl atables 
are still largely undiscovered when compared 
to infl ated pneumatic constructions. 

 It is our contention that defl ated sys-
tems provide a vast opportunity to do work 
using the least amount of  material and energy. 
The creation of  negative pressure is relatively 
quick, and an entirely reversible process. Un-
like in conventional modes of  fabrication, this 
aspect of  reversibility interested us from the 
start.

 Infl ated constructions require a pre-
cise, detailed patterned membrane and pro-
duce a highly pre-determined form, whereas 
defl ated constructions have the possibility of  

2
producing a variety of  results depending upon 
the type of  construction they rely upon (as dis-
cussed at length later).

 After minor attempts in the 1970’s 
the fi eld of  defl ateables has become a major 
focus of  research in the construction industry, 
due to their lightweight capabilities. 

 As elaborated upon in ‘Defl atables’, 
‘Defl atables belong to the family of  pneumatic 
constructions. Their speciality is the structural 
use of  low- pressure. ‘ After some fundamen-
tal research projects carried out in the 1970’s, 
namely ‘Vacuumatics’ at the University of  
Belfast (Gilbert, 1970), the book ‘Pneumatic 
Structures’ (Herzog, 1977) and some inspir-
ing work carried out at the University (IL) in 
Stuttgart, this fi eld of  research stay stagnant.  
Currently, the University of  Stuttgart is re-
searching practical applications (Sobek, 2007) 
and the University of  Technology Eindhoven 
is executing a research project in this fi eld (Hu-
ijben, 2007). 

 The aim of  the following research is 
to explore this relatively unexplored territory 
in the fi eld of  pneumatic constructions. 

 A vacuum exhibits certain basic 
properties, which can be taken advantage of  
in the building industry. The absence of  air 
inhibits convection, and hence acts as a good 
thermal and sound insulating agent. 

vacuum as formative agent
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vacuum as a structural system

A vacuum within a structure can compress and stabi-
lize incoherent, non-structural material, in an airtight 
envelope. It forces two materials to bond by exerting a 
pressure difference between them. A vacuum within a 
structure generates a pre-tension force in the structure 
and increases its load bearing ability. High performance 
vacuum based structural systems can be built as long 
as the asymmetrical deformations caused by different 
loading conditions are controlled. 

qualitative aspects of vacuum constructions

The vacuum structures have the ability to fulfi ll several 
technical functions, those of, providing air and water-
tightness, insulating against heat and/or cold, regulat-
ing access of  daylight and/ or solar energy, providing 
sound insulation, providing possible provisions for 
natural ventilation and the like.  

 Vacuum technology, if  used in properly de-
signed structures, has the potential to improve the 
thermal insulation as well as the acoustic properties of  
building structures. This technology is therefore an in-
teresting and innovative possibility that could contrib-
ute to energy- savings along with improving the physi-
cal and the qualitative aspects in the building industry. 

1 Public demonstration of  vacuum as an adhesive to hold together two copper hemi-
spheres, conducted by Otto von Guericke in 1654
2 Household vacuum-cleaner
3 Soda can that imploded due to removal of  air
4 Capillary action in plants; sucking of  liquid through straw
5 Suction cups modeled on tentacles use vacuum as an adhesive
6 Food preservation in air-tight vacuum-sealed bags
7 Air extraction compresses material in space-saving bags
8 Resin infusion in boats using the suction property of  vacuum

1

2

3
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valvespressure measurement

units of pressure

psi (pound-force per sq inch)

pascal (Pa)

bar

atmosphere (atm)

plastic valve

industrial one-way valve

digitally-controlled one-way valve
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pressurevacuum equipment

manual bicycle pump

  4 bar

household vacuuming & sealing machines

  8 bar

electric vacuum compressor

  12 bar

p [
si.

ne
u]



34 / p (si.neu) AADRL v.13 MachinicControl 2.0 /



    by creating a negative pressure inside a membrane containing 
incoherent, non-structural elements, a rigid and structurally sound system can be created. this 
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For optimum performance under vacuum, 
research reveals that the aggregate should be 
lightweight, stiff  and fl exible in nature. From 
extremely pliant to quite rigid, paper is avail-
able is many forms, and meets these criteria. 
This led us to study paper and its products 
under the infl uence of  vacuum. 

 As our research priorities revolved 
around materials and techniques which can be 
used and deployed at a global scale with local 
variations, paper as an aggregate allowed us just 
that. Not only is paper in all its forms available 
worldwide with ease, it is a recyclable material 
that is in constant production. Paper is perhaps 
the most common material in everyday use. We 
believe its potentials as a lightweight, recycled 
construction material have been confi ned to a 
limited range of  possibilities in architecture, 
and can yet be exploited for still greater use in 
design.

 We studied the use of  stiff  cardboard 
tubes by Shigeru Ban, in structures that vary 
over a scale of  a single dwelling to a pavilion 
at a global scale. We were also interested in 
the shelters made of  discarded newspaper by 
artist Sumer Erek . These solutions were quite 
appealing because of  their sustainability and 
minimum ecological impact. We were intrigued 

on one hand by the low-tech nature of  paper 
and on the other by its ability of  become 
rigid and behave structurally under a set of  
defi ned conditions. Thus, we focused on the 
use of  paper in its many forms as an aggre-
gate under vacuum.
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membrane
 air-tight container
 tailoring determines global geometry
 transfer of forces

aggregate
 incoherent
 non-structural
 local interactions 
determine global geomerty

vacuum
 adhesive
 dry construction
 low-energy
 rapid actuation



material

sand

foam peanuts

ping-pong balls

paper

cardboard tubes

moulded paper

ii.1 material catalogue
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random

scaffold
multidirectional
non-uniform

self-erecting

random

geometry packing erectability reusability

sphere

circle

not possible

square

multidirectional
uniform

random

unidirectional

multidirectional

random



ii.2 vacuum & formwork
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A unique property of  defl ated structures is their ability 
to ‘freeze’ upon a formwork as an exact imprint. This 
phenomenon of  ‘freezing’, allows these structures to be 
‘molded’ in any desired form through a predetermined 
formwork. 

 Aesthetically, this also allows for the defl ated 
structures to be imprinted upon with desired textures 
upon the skin envelopes, in the process of  formation 
(vacuuming) of  these structures. The properties and 
texture of  the inner fi lling aggregate material determines 
the extent to which these structures can be precisely im-
printed upon. Granular fi ller material like sand, allows for 
fi ner, detailed texturing; however making the construction 
heavy, while, light- weight aggregate material like foam 
peanuts, might not allow for the close imprinting of  the 
desired texture.   

 A pre-patterned formwork can also be identifi ed 
as one that ‘erects’ the actual construction into its fi nal 
form and position after vacuum. One shape example is of  
the Defl ated Bridge construction at the TU Delft Univer-
sity of  Technology (Architecture). As stated in the book, 
‘Defl atables’, by the University, there are a number of  
possibilities to construct a defl ated bridge. One of  them 
that result in an ideal arch is by way of  catenary construc-
tion. At TU Delft, the defl ated bridge was erected by a 
way of  a formwork, which was a simple infl ated ‘balloon’. 
This experimental 10 meters long bridge was constructed 
with a fi ller material of  hollow plastic balls and tested 
structurally.
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ii.3 the paper family ii.3.1 shredded & crumpled paper

random shredded paper

proportioned paper strips

crumpled paper balls
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Shredded paper was placed in a vacuum 
bag and this was placed over an infl atable 
‘formwork’. Upon vacuum, we obtained a 
rigid, ‘moulded’ defl ated structure. The test 
was repeated with paper strips by varying 
the proportions, and varying the directions 
of  orientation of  the strips.

 The random arrangement of  
shredded paper proves to be the most 
sound in terms of  structure and its abil-
ity to be molded and hold form. Higher 
number of  contact points between the bits 
of  shredded paper, increases the structural 
performance of  the aggregate; makes it be-
have more like a woven fabric, with denser 
fi ber. However, this aggregate lacks the 
possibility of  control and the option of  
scalability. Crumpled paper was tested next, 
to analyze the behavior of  interlocking ag-
gregate elements, the effect of  increase in

the number of  contact points between fi ller 
aggregates, the possibility of  multiple layers 
within a single membrane.
 The irregular aggregate allows for 
better interlocking. However, in this case, 
the system loses its fl exibility, its ability to be 
moulded closely in accordance with its form-
work and retain a particular form. Structur-
ally, it proves to be weaker, when compared 
in scale with the tests of  shredded paper. 



ii.3 the paper family ii.3.2 cardboard tubes

unit height & diameter variation

packing variation

layering
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Cardboard tubes were tested to address the 
issue of  control over the fi ller aggregate, 
to study the behavior of  discrete elements 
under vacuum and to study the resultant 
packing of  the tubes within a membrane.

 These tubes, being circular in 
cross-section, could be tightly packed to 
produced rigidity from discrete elements. 
However, by virtue of  their close pack-
ing, the cardboard tubes allowed for no 
fl exibility in the geometry of  components 
upon vacuum, and hence in the fi nal form. 
As the contact points between the indi-
vidual elements are increased to allow for 
more fl exibility, the structural strength of  
the structure is reduced. 



ii.3.3 moulded paper crates

coffee trays

egg crates
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Cardboard crates were tested to analyze the 
behavior of  a three- dimensional geometric 
aggregate (other than spherical elements) 
under the infl uence of  vacuum and to study 
how an aggregate with a specifi c geometry 
performs/ deforms under vacuum. Tests 
were done with coffee cup trays and egg 
crates, which are readily available in the 
market or more often as refuse materials. 
 It was interesting to note the be-
havior of  the egg crates after defl ation. The 
inherent geometry of  the crates composed 
of  convex and concave units, induces the 
ability of  self- erection into the defl ated 
construction. Depending upon the orienta-
tion of  placement of  crates, the direction 
of  deformation of  the defl ated structure 
varies. An egg crate, thus induces the pos-
sibility of  kinetic behavior in the system, is 
structurally sound, is easily available and of-
fers a possibility of  control. It also proves 
to be a scalable option in terms of  con-
struction. 



ii.4 structural analysis

random shredded paper

proportioned paper strips

crumpled paper balls
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7.5 cm dia cardboard tubes

7.5 cm/ 5 cm dia cardboard 

coffee trays

egg-crates
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Patterning of  the external membrane provides an op-
portunity to dictate the overall three-dimensional form 
of  the system. We explored patterning in two ways: 
tailoring of  the outer periphery of  the  membrane, and 
patterning of  the internal details of  the surface, like 
pinch-points, folds and openings.

 Very early in the process, it was noted that 
while the external perimeter of  the membrane has 
an impact on the overall form and directionality of  
enclosed volumes, the internal patterning is a way of  
altering subtleties over the surface and refi ning the 
topology. A study of  minimal surfaces allowed us to 
imagine how a patterned membrane would change its 
performance from 2D to 3D.

ii.5 qualities of good aggregate
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iii / research



a recyclable architecture

Currently, the affordability of  green architec-
ture is very limited, as high initial costs make 
these practices applicable only to buildings with 
long lifespans. We are thus concerned with the 
tendency of  green buildings to be highly spe-
cifi c or highly generic, expensive, inaccessible 
and banal.  The demand for lightweight build-
ing material and evolving architecture also 
means that materials must be cheap, reusable 
and ecologically sensitive. Raw material itself  
must be lightweight and globally available, or 
easily transportable to remote areas, as well as 
easy to assemble, dismantle and reassemble, 
giving new results with each iteration.

 On average, the world consumes 
5,92,33,000 eggs a year (incredibleegg.org). 
The universal container for eggs is the egg-
crate, which is a moulded paper tray made of  
low-grade recycled paper pulp. 

 Apart from meeting all the criteria for 
good aggregate, egg crates proved to be the 
best possible choice for further explorations 
for a number of  reasons. The crates allow 
for material failure under vacuum, ie more 
compression upon loss of  air, providing maxi-
mum rigidity to the structure. Another reason 
egg-crates and other moulded waffl e-type 
geometries become interesting is that these  

crates are of  standardized size and are avail-
able globally as refuse after eggs are con-
sumed. It is material that cannot be further 
recycled. Generally, the only reuse of  these 
crates has been for their structural or ther-
mal and acoustical insulating properties, or 
for art and craft.

 Our concern with increasingly styl-
ized, expensive, yet fully disposable building 
material in common use, lead us to further 
explore the potential of  found objects as 
building material. The use and resuse of  
egg-crates opens up avenues for material 
that is perhaps not designed to be structural 
but has the potential to be reused and ap-
plied to higher purposes after their intended 
use has been fulfi lled.
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iii.1 vacuum & self-erectability

One of  the most interesting aspects of  a vacuum con-
struction is its ability to perform as a kinetic structure. 
Simple variations in its internal air pressure can gener-
ate a certain ‘muscle’ like movement, one that is capable 
of  continuously changing the form of  the structure and 
also, perceive the structure as one capable of  mobility. 

 The introduction of  pre-fabricated fi ller com-
ponents into a membrane, which is then vacuumed, 
can result in ‘molding’ and consequently ‘erecting’ the 
fi nal structure, into a desired, pre-designed three- di-
mensional form. This structure thus has an implanted 
‘memory’ of  its own, which can be manipulated by 
introduction of  air into the envelope, to suit program-
matic requirements over time and user- specifi c needs. 
To exploit the full potential of  this aspect of  defl ated 
constructions, the choice of  the fi ller aggregate mate-
rial is one of  extreme importance. This fi ller aggregate 
can either be predefi ned foldable fl at panels or geomet-
ric aggregates with an inherent behavioral property to 
self- erect into desired parametric models. 
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A study of  the inherent geometric structure of  
the egg-crates shows us that they are composed 
of  two basic types of  units arranged in a staggered 
grid. These two unit types are concave and convex. 
The relevance of  these units is clear in their effect 
on the behavior of  the crates under vacuum.

 When seen individually, it is easy to under-
stand that the close packing of  these cup-shaped 
units would result in a curved surface. However, 
when the compression of  the material of  the 
crates, which is degraded paper pulp, is taken into 
account, the crates exhibit a very specifi c behavior 
and resultant form.

 Concave units result in a concave curva-
ture, and convex units give a convex curve. This 
allowed us to explore further how changes in con-
fi guration of  individual units affected the curva-
ture and topology of  a large fi eld of  units.

 The fi rst series of  studies concentrated 
on trying to manipulate and articulate surfaces by 
changing the arrangement of  crates, coupled with 
tailoring of  the external perimeter of  the contain-
ing membrane.

pre-vacuum                post-vacuum

ii
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iii.2 inherent geometry

concave crate

convex crate



iii.3 reuse of egg-crate i
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iii.4 egg consumption

39 million / day = 3 billion / year
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Apart from meeting all the criteria for 
good aggregate, egg crates proved to be 
the best possible choice for further ex-
plorations for a number of  reasons. The 
crates allow for material failure under 
vacuum, ie more compression upon loss 
of  air, providing maximum rigidity to the 
structure.

 The inherent behavioral logic 
of  the crates was of  especial interest to 
us, as it allows for a controlled deforma-
tion of  the structure under vacuum due 
to the regular pattern of  crates and their 
interaction with one another, which is 
more predictable than other random ma-
terial, making it easier to be controlled 
and manipulated in parametric models. 
The network composition of  concave 
and convex units allows for variations 
in the degree of  deformation across the 
population of  the crates. 

 In comparison with other 
regular three-dimensional aggregate ele-
ments, the behaviour of  egg-crates under 
vacuum is two-fold: the material of  the 
egg-crates is very pliant, allowing high 
compressed, and their peculiar structure 

cally control deformation, and allow for 
some level of  mathematical predicatbil-
ity to the system. This specifi c geometry 
of  the egg crate also induces kinetic 
properties into the defl ated construc-
tion.  At a larger scale, the geometry of  
the egg crate is one that can be repli-
cated, scaled up and customized.

 Thus, we began an intense 
study of  egg-crates by varying their con-
fi guration, patterning and introducing 
external elements to gain control over 
the resultant geometry.

1 geometry
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1.1 unit configuration

100/0

90/10

80/20

70/30

60/40

50/50

1.
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circle

plus

1.2 membrane patterning
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1.1.1 unit configuration & sectional variation

68 / p (si.neu) AADRL v.13 MachinicControl 2.0 /



D E S I G N   I M P L I C A T I ON S

p [
si.

ne
u]

I ON S



70 / p (si.neu) AADRL v.13 MachinicControl 2.0 /

The choice of  aggregate varied between a range of  
linear, two-dimensional and three-dimensional com-
ponents, all from the paper family.  While the random 
confi guration of  shredded paper, allows for more fric-
tion and better packing, resulting in a higher structural 
performance, it also has certain obvious drawbacks in 
terms of  weight and scalability. Varying shapes of  fi ller 
aggregate result in higher density of  packing, resulting 
in higher fl exibility.
 
 The crumpled paper provides for higher 
number of  contact points between aggregate, however, 
losing out on the fl exibility of  the structure during 
vacuum, and hence the resultant global geometry.  Al-
though the cardboard rings reach a compac
compact state of  compression, the failure of  material 
to shrink under vacuum, reduces its ability to be de-
formed and moulded. 

1.2.1 membrane patterning
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material

latex

plastic

ETFE/ PTFE

hair straighterner

linear heat sealing machine

glue

freeform roller sealer
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1.2.2 square
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1.2.3 circle
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analog catalog: plasti c

plus

1.2.4 plus
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1.1.4 opening
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1.3 topological derivation

v 1.1
single surface/ horizontal

v 1.2
single surface/ vertical

v 1.3
connected panels

v 1.0 :: plane

v 2.0 :: vault

v 3.0 :: cylinder/ cone

v 4.0 :: torus

v 2.1
unidirectional

v 2.2
multidirectional

single-axis/ symmetrical double curvature
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evolution/ repetition aggregation/ intersection/ growth
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While on one hand the failure of  the material 
of  the egg-crates allowed for complex defor-
mations, beyond a certain point this material 
property did not allow a fi ne level of  control 
over the resultant form. The entire system 
became highly intuitive and thus, allow only 
prediction and not control over it.

 We reconized a need to introduce con-
trol elements into the system that would di-
rect or control the level of  deformation and 
allow prediction of  the outcome to some lev-
el of  accuracy. Ping-pong balls were selected 
because of  their inherent rigid, spherical and 
uniform geometry, which was accurately cal-
culable using packing logic.

 The few chapters discuss the behavior 
of  the system after the addition of  control 
elements and how they came to affect the ge-
ometry, structure and, ultimately, the fabrica-
tion technique of  the system.





While on one hand the failure of  the 
material of  the egg-crates allowed for 
complex deformations, beyond a certain 
point this material property did not allow 
a fi ne level of  control over the resultant 
form. The entire system became highly 
intuitive and thus, allow only prediction 
and not control over it.

 We reconized a need to intro-
duce control elements into the system 
that would direct or control the level 
of  deformation and allow prediction of  
the outcome to some level of  accuracy. 
Ping-pong balls were selected because 
of  their inherent rigid, spherical and 
uniform geometry, which was accurately 
calculable using packing logic.

 The few chapters discuss the 
behavior of  the system after the addi-
tion of  control elements and how they 
came to affect the geometry, structure 
and, ultimately, the fabrication technique 
of  the system. Research into vacuum 
supported structures reveals that these 
structures are usually assembled along 
with binary support mechanisms such 
as tension cables / in combination with 
infl atables/ in combination with tailored 
membranes; as elaborated upon later. 
These systems thus, function as dual 
systems. Our initial experiments with the 
combination of  patterned membrane 
and egg crates produced highly generic 

results, lacking detailed specifi city. We 
were limited by the modular geometry 
of  the crates that allowed us to work 
with limited curvatures and geometries. 
Variations in the placement of  the crates 
and their orientations did not produce 
explicit changes in the geometry of  the 
resultant structures. While the crates 
in combination with the tailored mem-
brane produced variations in the global 
geometry, they offer limited control at a 
micro- level. 

 We hence looked at ways, 
through which we could program the 
ments (material: ping pong balls), offer 
pixel based control logic. Whereas the egg 
crates and their placement control the glo-
bal geometry of  the defl ated structures, 
the pixel deposition controls the intricacies 
in form. behavior of  the egg crates and 
control the degree of  deformation in a 
more specifi c, controlled manner.  The 
simplest method to achieve this con-
trol was through the introduction of  
lightweight elements into the cavities of  
the crates.  Through this, the egg crates 
now perform as a generic substrate, to 
receive the variable control elements. In 
turn, these elements (material: ping pong 
balls), offer pixel based control logic. 
Whereas the egg crates and their place-
ment control the global geometry of  the 
defl ated structures, the pixel deposition 
controls the intricacies in form. 

2 programming matter
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2.1 control point variation
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In this dual control system, we also perceived the pos-
sibility, to introduce intelligent digital and machinic 
control, to produce prototypical models.  

 Material tests were structured to analytically 
study and note the variations produced by the variable 
control elements: the ping-pong balls, in a population 
of  the generic substrate of  egg crates.  

 Keeping the grid of  the substrate constant, 
simple tests were carried out to study the minute 
changes obtained in the geometry after vacuum by:
 Controlled row-wise deposition
 Controlled column-wise deposition
 Deposition along certain diagonal grid lines
 Pixel- based deposition

Even at a relatively smaller scale of  just two egg crates, 
variations in the ball deposition at a micro- level, pro-
duce noticeable changes in the global geometry. Row 
and column wise depositions result in varying curva-
tures in the global geometry. 

 However, in the diagonal arrangements, the 
lines of  balls, act as force lines, that guide and control 
the deformation along those specifi c lines. 

 The pixel- based models, were to us, the most 
interesting ones. The resultant deformations showed 
slight variations in the texture of  the skin, while the 
resultant geometries, were highly controlled. These 
models offer more possibility of  exploration and re-
search, as they follow certain logic, which is not always 
predictable without a digital machine. 
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2.2 programming matter catalogue

top

bottom

top

bottom

2.2.1

2.2.2
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top

bottom

top

bottom

2.2.4

2.2.5

2.2.3

top

bottom
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Looking at the system as a full-scale proto-
type led to an urge to maximize its perform-
ance. The structural aspects of  the system 
were researched. In order to make the sys-
tem behave structurally, it was viewed as 
actual construction material, and compared 
to conventional structural elements: arch, 
slab, beam.

 To increase the section and conse-
quently the span of  the elements, we began 
to stack the egg-crates into layers, thus, in a 
sense, scaling up the components. This al-
lowed us to move beyond looking at small-
size samples of  the system and begin to 
envision designing on a large scale.

 By altering the confi guration of  
the control points inside different layers of  
crates, we obtained different depth and cur-
vature of  sections. The spheres controlled 
the curvature over the surface and within 
the cross-section, creating load-bearing 
beams and arches of  varied height and 
span. 

 Further, this was followed by the 
discovery that the greater the cross-sec-
tional depth, the higher the system would 
self-erect. This allows us to envision a self-
deployable architecture that would rise into 
form without external support, but only 
due to the choreography between vacuum 
actuation and the aggregate programming.

3 performance
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3.1 self-erection process
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3.2 structural performance

span :: cross-section

2 layers

4 layers
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beam

arch

pre-vacuum

after loading forces due to loading of beam

forces due to vacuum

compression arch flexural arch

to counteract tensile forces in flexural arch

increase in section tension cable

symmetrical loading :: dead load asymmetrical loading :: live load

loading >> bending moments pb vacuum forces in structure pv >/= pb
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geometry structure form

egg crates layering control points

3.3 dual system
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geometry aggregate membrane structure

linear curved prefab        particles     air       patterned    wrinkled   tensioned    self-
supporting

p



5

3

This hypothetical section utilizes what we have learnt 
about controlling the defl atable system using the inherent 
geometry of  the egg-crate and the control points.

 While it is in the nature of  the egg-crates to curl 
under vacuum, the addition of  control points in strate-
gic cavities not only allows for greater control over the 
surface topology, but also introduces rigidity in plan, and 
can be applied to roof  and wall surfaces, and to create 
openings.

 Further stacking of  the crates gives structural 
performance, and by varying the curvature, arches and 
beams can be obtained, to be applied in load-bearing 
parts of  the building, such as the fl oor and roof.

3.4 cross-sectional variation
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2

4

1 floor panel

2 low-rise arch

3 high-rise arch

4 structural arch

5 beam





4 scaling

The full-scale prototyping of  the defl at-
able system allowed us to look at the 
system and its components as actual 
construction material. We were able to 
conduct structural and performance 
tests on the system and study sectional 
depth and variation to address struc-
tural and spatial requirements.

 However, a major drawback 
of  working in the 1:1 scale meant that 
we were physically unable to create 
large fi elds of  components for further 
research. We decided to fi nd represen-
tational units that would emulate the 
behavior of  egg-crates under vacuum. 
This search led us to discover recycled 
paper cups, which we considered a 
scaled-up version of  the egg-crate. But 
because of  the highly specifi c geometry 
of  the crates, the cups do not behave 
the same. In fact, slight variations in 
moulded egg-crates, such as stiffened 
edges and paper pulp density mean that 
different crates would behave differ-
ently.

 We thus began to vacuum form 
customized egg-crates with a high-den-

sity foam mould, modeled to emulate to 
a very close extent the existing egg-crate 
geometry. In parallel, we began to use 
our earlier simulations of  egg-crate in the 
digital realm and scale the components in 
various ways to study the deformations 
and their implications.

 Keeping with the agenda of  re-
cyclability, reusability and waste checking, 
highly customized crates or trays similar 
to the egg-crate could be moulded from 
recycled paper pulp, to allow for maxi-
mum variability from a basic prototypical 
system.

p



4.1 analogue component scaling

 coffee traysmall crate
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original crate scaled-up crate
[moulded pulp cups]

CNC milled mould  
for 1:4 crates
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4.2.1 crate variation

4.2.2 component variation
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u= unit size

4.2.3 size variation



basic cratesh= u/2h= u/3
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h= height
u= unit size

4.2.4 height variation





5 patterning

The external membrane seemingly exists as a 
passive  envelope to contain the more active 
fi ller aggregate. However, as early patterning 
tests have shown, the external shape of  the 
membrane restraints the aggregate and di-
rects forces inward, forcing the aggregate to  
alter its behaviour, and warp into forms that 
it would not otherwise take.

 The limitations of  plastic entailed 
the loss of  air pressure through leakage, 
which did not allow for extensive tailoring 
and patterning of  the membrane, or for the 
retention of  prototypes. Upon vacuum, the 
pliancy of  plastic allows the membrane to 
deform and crumple over the surface of  the 
compressed aggregate inside. This creates 
wrinkling of  the membrane and does not 
provide adherence to the aggregate. Upon 
release of  negative pressure, the sheets retain 
the memory of  shrinkage and crumpling.

 Latex, being an expandable mate-
rial, adheres to the aggregate and takes the 
defl ated form more faithfully. It has no 
memory, thus, upon release of  vacuum, it 
returns to its original state in sheets. It is 
also airtight, and allows retention of  models. 
Latex was used as a representative material, 
just as plastic, which would be replaced with 
industrial material such as PTFE (poly-tet-
ra-fl ouro-ethylene) and ETFE (ethyl-tetra-
fl ouro-ethylene).

 The next level of  research focuses 
on tailoring and patterning the membrane 
in the system, for specifi c localized effects. 
After the initial study of  primitive topolo-
gies and their fl attened patterns to study the 
erection of  a 2D pattern to a 3D form, fur-
ther patterning was tested through seams, 

slits,  darting, pinching and gathering. 

design implications

These topological variations across the sur-
face can then be programmed to produce 
responsive skins, as in animals and even 
humans, where treatments for rigidity, struc-
ture, surface water drain-off, etc, can be em-
bedded.

 Patterning studies open up a wide 
range of  possibilities to evolve performa-
tive membranes, which are multi-scalar and 
showcase multiple temporalities.

p



5.1 peripheral patterning       5.1.1 dome
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5.1.3 freeform
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5.2 internal patterning  5.2.1 darting & seams
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These studies incorporate the idea of  welding 
two layers of  the plastic membrane, by heat-seal-
ing them together; similar to seam patterning in 
sewing, where two or more layers of  fabric are 
stitched together to produce folds and tessella-
tions.
 
 Internal seams within a single mem-
brane produce multiple curvatures, within one 
surface. Internal seaming can thus control the 
topology within primary membranes. Multi-direc-
tional seams can produce fi elds of  crinkling ef-
fects across the surface of  a membrane. 

The analog research on the next page combines 
the patterning of  membrane and the geometry of  
aggregate in a series of  tests, we termed as seals. 
Cutting portions away from the egg crate and 
sealing around the edges, produces intricate ef-
fects at a micro scale. The length, width, position, 
angle and number of  seams in a panel, produces 
effects such as turning, twisting and self- enclos-
ing of  membranes.   

 A digital catalogue shows how varying 
the position of  slits and seams in a membrane 
can produce a variety of  effects such as crinkling, 
folding and tessellations. 
Seams can hence be incorporated in the design of  
a membrane, to introduce directionality, structural 
depth, openings, and ventilation in an architectur-
al prototype. 
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5.2 internal patterning  5.2.2 slits & seals

vertical parallel slits

vertical parallel slits

diagonal parallel slits
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5.2.2 slits & seals5.2 internal patterning  
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5.3 connections     

5.3.1 linear connections



5.3.2 point connections
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5.4 panelization

floor panel

connection
arm

floor panel

primary
panel

connection arm
wall panel 2

wall panel 1

connection arm to panel 2

connection arm
to panel 1
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6 reconfigurability

From the study of  connections, it was 
evident that the same panel would 
give differing results based on external 
constraints, such as plug-points. When 
plugged in certain points, the system is 
biased toward the points of  restraint, 
and release of  negative pressure, rep-
lugging and vacuuming to get another 
result allows us to imagine an ever-
changing system that can be reconfi g-
ured as desired, without the reprogram-
ming of  control elements, but only by 
extrenal changes.

 It has been noted that the sys-
tem adheres to external scaffold that it 
is contained within. This opens up the 
opportunity to explore the applicability 
of  the system either as parasitic archi-
tecture, or as interior paneling and fur-
niture that can allow for easy extension 
and expansion of  space and interior 
replanning from time to time. This gives 
the idea of  an ever-changing, non-static 
system which can evolve and adapt to 
changing requirements of  context, use, 
programme and climatic conditions.

 There are two studied in recon-

fi gurability. In the fi rst, the defl atble sys-
tem is restrained externally, connected 
to a static entity such as a vertical or 
horizontal plane. The system can be con-
nected in a single or on multiple planes. 
The connection to planes in 3D allow for 
more opportunities in space planning.
 
 The second study involves con-
necting between panels. This is a more 
dynamic study, that is internalized within 
the system. The panel that is vacuumed 
fi rst initially pulls the next panel with it, 
which affects the deformation in the next 
panel upon vacuum. This opens up the 
opportunity to explore sequential erec-
tion based on order of  application of  
vacuum to the panels. When one panel 
assists and supports the other, a kind of  
butterfl y effect is created, and each panel 
is dependent on the ones it is connected 
to and on the vacuum sequence.
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6.1 static external constraints study

effect of changing constraints on panels
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constraints and panel shape

constraints in 2D and 3D



138 / p (si.neu) AADRL v.13 MachinicControl 2.0 /

6.2 digital catalogue
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6.3 interior reconfiguration

option 1 option 2



version 1

version 2

6.4 single house, multiple reincarnations
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ing the basic parameters:

differential control point deposition
layering
peripheral patterning
internal patterning & effects
connections
restraints & reconfi gurability

 The requirement and application 
for these criteria can be evaluated in terms 
of  the following performative factors:

curvature/form
rigidity/fl exibility 
structure
cross-sectional variation
permeability/openings (light/ventilation)
networking/growth
spacemaking

What is Proto-Design?

A prototypical system is a system that exists 
independent of  contextual and program-
matic parameters. Our excessive dependence 
on context and program lead us to neglect 
other parameters like performance. Free-
dom from such constraints allows the design 
of  systems that are highly adaptable, yet itin-
erant, and create their own relevant niche in 
the fi eld of  architecture.

 Traditionally, the design process 
has always been disjoint from the construc-
tion process. Mass production of  buildings 
implied manufacture of  a limited number of  
preconceived modular units inside a factory 
and assembly on site, resulting in a very re-
petitive architecture. Digital fabrication tech-
niques can now use computation to change 
infi nite number of  parameters and result in 
highly customized designs.

 The human skin can be seen as an 
analogy for the tectonics of  the defl atable 
system. Different areas of  body are covered 
with skin cells that are globally based on the 
same genotype, but are yet phenotypes that 
have been adapted to suit their purpose in 
accordance with local conditions. The skin 
on the lips is far softer than the tougher skin 
of  the foot, which is yet softer than the nails.

 This adaptation and evolution is 
also evident in the defl atable system by vary-
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v / machinic control



This chapter deals with the concept, design 
and fabrication of  the machine itself, which 
would in turn fabricate the architecture. 
As ours is not a direct material deposition 
process, the idea of  the fabricating machine 
did not fi nd precedent in the existing digital 
fabrication technologies in use today, such 
as 3D printing or robotic stacking.

 The function of  the machine 
evolved at every stage of  our exploration 
with different aggregate types, from a pa-
per shredding/ cutting machine to a pixel-
based control point deposition machine. 
With each step, we discovered new means 
to design and control the machine. We 
used Processing to simulate the expected 
movement of  the machine and subsequent 
systemic behavior. We also used Arduino 
in conjunction with the machine in order 
to exchange messages between the physical 
machine and its digital control.

 At a later stage, the Grasshopper 
plug-in for Rhinoceros was used to create 
parametric models of  egg-crate behavior 
and provide coordinate values to control 

the CNC device.

Our initial tests focused on testing fi ller 
aggregate from the paper family, under 
vacuum. This necessitated large quanti-
ties of  different types of  paper, to be 
shredded at certain, precise proportions, 
to facilitate accurate testing. 

digitally-controlled prototyping
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v.1 pivoted arm cutter

Our initial tests focused on testing fi ller 
aggregate from the paper family, under 
vacuum. This necessitated large quantities 
of  different types of  paper, to be shredded 
at certain, precise proportions, to facilitate 
accurate testing. 

 The fi rst prototype of  the machine, 
was hence designed to shred paper to specifi c 
proportions. This prototype worked on colour 
sensors, which meant that it could easily ‘read’ 
the paper it had to shred. The sheets of  paper 
passing through this device, was printed with 
black markings at desired intervals. The pivoted 
blade of  the device was connected to an arduino, 
which controlled its movement and precisely cut 
the paper, at the black markings. 

 However, the drawback of  this machine 
was obvious. The swing moment of  the pivoted 
blade was not ideal for cutting a material like pa-
per. The best way to do that was, to slice through 
it similar to the way paper is cut manually.  

blade constant/ 
paper moving

cutting blade

sensor

cut markings

blade movement 
(radial)

148 / p (si.neu) AADRL v.13 MachinicControl 2.0 /



M A C H I N I C   C O N T R O L

t 
)

p [
si.

ne
u]

R O L

[s
i.n

eu
]



v.2 rolling cutter

This device was designed to perform as a paper 
cutter blade, through a linear movement. This 
prototype, like the previous one, was also pro-
grammed through a sensor-based system.  The 
mechanism works on the principle of  a rack and 
pinion gear system.  A small gear is connected 
to a gear, which is twice its diameter. This ratio 
increases the difference of  length between the 
back and forth movement of  the blade, which is 
connected to the gear with the greater diameter. 

 The gear system ensures, unnecessary 
blade movement, minimizing the space required 
for the actual operation of  cutting the paper.

blade moving / 
paper moving

cutting blade

sensor

cut markings

blade movement 
(linear)

rec
bla
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1 a programmable approach to design

structure, curvature & geometry

After a study of  curvature, it was dis-
covered that the initial failure of  the 
material that allows for curvature does 
not allow for structural performance 
beyond a certain point. The extreme 
compression under negative pressure 
is a limitation in terms of  perform-
ance. The introduction of  lightweight, 
rigid spherical control elements (in this 
case ping-pong balls) in the cavities of  
the egg-crate prevent compression at 
certain points in the system, and allow 
for a higher degree of  control over the 
resultant geometry of  the egg-crates. 
Variation of  rigid control points opens 
up vast potential possibilities in this 
system in terms of  structure, form and 
architecture. We call this programming 
matter, as an analogy to altering the in-
herent properties of  the material at the 
most basic level. Layering of  egg-crates 
along with the control element variation 
makes the material perform structurally, 
and also gives an opportunity to explore 
the self-erecting nature of  the system.
By tweaking the deposition of  control 
elements in various patterns, an entire 

catalogue of  houses can be developed, 
each unique and different from the rest, 
yet sharing the same DNA as its siblings. 
This allows the embedding of  informa-
tion pertaining to curvature, structure 
and performance as DNA into the algo-
rithm of  the house, so that by application 
of  a set of  rules, one is able to recreate 
the language of  architecture and adapt it 
to external parameters like climate, con-
text and use.

 Through extensive material 
and computational tests, we were able 
to extract the rules of  behaviour of  the 
system, and predict possible geometrical 
outcomes. Taking this approach a step 
further, we can apply these rules to de-
sign and achieve desired geometries. An 
automated system would follow, that 
would allow the designer to become a 
programmer and input parameters based 
on requirements.
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1.1 behavioural rules  1.1.1 row-wise deposition

row-wise deposition

column-wise deposition
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1.1.2 axial & peripheral deposition

axial/ diagonal deposition radial/ peripheral deposition
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An analysis of  surface curvatures produced by the 
defl atable system gave interesting results that were 
predictable on the basis of  control point place-
ment. As we know, the placement of  control ele-
ments prevents compression of  the egg-crates and 
reverses their original behaviour. Further studies 
suggest that the control points actually constrain 
and guide the curvature and bias it to one of  the 
two principle axes in the system.

 When both axes are positively curved, 
the resultant curvature is dome-like double cur-
vature, and is called positive Gaussian curvature. 
When one of  the axes is not curved, the resultant 
is curvature in a single-axis, called zero Gaussian 
curvature. When both axes are oppositely curved,  
a potato-chip-like double curvature surface is cre-
ated, called a hyperbolic-paraboloid. This is nega-
tive Gaussian curvature.

 In the system of  mapping surface cur-
vatures, the spectrum ranges from red to yellow, 
shades of  red signifying positive Gaussian curva-
ture, blue signifying the negative and shades of  
green and yellow showing singly-curved surfaces.

1.2 curvature analysis

positive Gaussian curvature
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negative Gaussian curvature zero Gaussian curvature

1.2.1 range of curvatures
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1.2.2 curvature analysis & control point deposition

Gaussian curvature studies that have been used in 
the design of  shell structures, allow us to determine 
to a certain degree the ball-deposition pattern that 
would result in certain generic curvature-types.

 To simplify, empty egg-crates give posi-
tive curvature, completely fi lled ones give zero 
curvature and peripheral fi lling results in negative 
curvature.

 As the fi nal deposition pattern on a large 
scale would mean dealing with zones of  deposi-
tion, rather than points or rows to create consid-
erable variation, this information can be used to 
generate patterning for zonal deposition.
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1.2.2 curvature analysis & membrane patterning
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2 the digital machine

In order to design and programme a 
machine, it is necessary to think like a 
machine. What commands would the 
machine need to understand? What 
feedback would it deliver? What proc-
ess would it follow in order to take the 
steps needed to carry out the given 
commands? What would be the trajec-
tory of  movement?

 This line of  thought, in which 
the machine is programmed to carry out 
certain functions by following a set of  
rules, occurs separately from the actual 
functions being carried out. The proc-
ess of  machinic movement and control 
is thus a more detailed one. By the use 
of  the sketching software Processing, 
we were able to generate iterations for 
the machinic movement and graphically 
indicate the steps the machine would 
take in order to carry out the functions 
assigned to it.

 Further, a set of  rules was 
developed, based on mapping of  the 
desired curvature. As the curvature 
analysis map is colour-coded, this 
colour information is translated into 

pixel-based deposition patterns, which 
becomes the machine language. For ex-
ample, if  a surface is negatively curved, 
the blue color on the curvature analysis 
mapping of  that 3D surface would be 
translated into the 2D fl attened pattern 
and the balls would be deposited around 
the periphery of  the zone in question. 
This brought us one step closer to im-
agining actual results, which would later 
be carried out by the physical machinic 
setup.
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2.1 mapping the machinic mind
// Grid-based_Dual_Aggregate_Distribution

int w, h;
ArrayList cc, cv; 
int a=50, b=50; 

void setup()
{...}

void draw()
{ for (int xcv=h/4; xcv<3*h/4; xcv+=a)
  { for (int ycv=w/4; ycv<3*w/4; ycv+=b)
    { cv.add(new Convex(ycv,xcv,b,a));
      for (int i=0; i < cv.size(); i++)
      { Convex downCrate= (Convex) cv.get(i);
        downCrate.display(); }
     }
  }
}  
  for (int xcc=0; xcc<h; xcc+=a)
  { for (int ycc=0; ycc<w; ycc+=b)
    { cc.add(new Concave(ycc,xcc,b,a));
      for (int i=0; i < cc.size(); i++) 
      { Concave upCrate= (Concave) cc.get(i);
         upCrate.display(); }
    }
  }
  
class Concave
{ int xcc, ycc;
  fl oat acc, bcc; 
  Concave(int _x, int _y, fl oat _a, fl oat _b)
  { xcc= _x; ycc= _y; acc= _a; bcc= _b; }
  void display()
  { ellipse(xcc,ycc,acc,bcc); }
}

class Convex
{ int xcv, ycv;  fl oat acv, bcv; 
  Convex(int _x, int _y, fl oat _a, fl oat _b)
  { xcv= _x; ycv= _y; acv= _a; bcv= _b; }
  void display()
  { ellipse(xcv,ycv,acv,bcv); }
}

// dynamic arrays

// setup

// loop
// as x increases
// as y increases
// add new element and place in array Convex

// get element at position i
// display element

// as x increases
// as y increases
// add new element and place in array Concave

// get element at position i
//display element

// class for fi rst type (concave) of  aggregate
// locators
// aggregate dimensions
//constructor
// locators, aggregate dimensions
// draw
// display concave aggregate element

// class for fi rst type (concave) of  aggregate
// locators
// aggregate dimensions
//constructor
// locators, aggregate dimensions
// draw
// display concave aggregate element
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frame 5.1 frame5.2 frame 5.3 frame 5.4

frame 5.5 frame 5.6 frame 5.7 frame 5.8
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2.2 machinic process    2.2.1 extracting rules

axial deposition

cross-vault

flattened pattern & deposition 
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saddle vault

flattened pattern & deposition peripheral deposition
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2.2 machinic process
 2.2.2 processing catalogue
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3 the analogue machine

This prototype establishes the con-
cept and the thinking behind the thesis 
project: programming matter. 

 This machine explores the pos-
sibility of  programming non- structural 
aggregate matter to perform not only as 
a structural element, but also one that 
can produce geometric variations in 
form. 

 As our material tests progressed, 
the machinic devices went through a se-
ries of  rethinking and redesigning. The 
binary system of  egg crates and ping-
pong balls, in our defl ated constructions, 
brought forth the need to design and 
digitally control the precise deposition 
of  the control elements in the generic 
substrate of  the crates. 
The strength of  the project lies in the 
simplicity of  the idea of  programming 
matter to create architecture, from ex-
tremely low- tech, readily available mate-
rials. For us, this opportunity of  fabricat-
ing low cost and low energy structures, 
through high- tech, precise and digital 
means is fascinating, and relatively unex-
plored. 

It establishes the fact that Rapid Pro-
totyping processes, can address a wide 
plethora of  unexplored territories: even 
those that do not deal with high-end ar-
chitecture. 

Customized CNC: Prototype 3*

The current prototype of  the physical 
machine customizes an existing CNC 
fabrication process, to produce, a series 
of  prototypical outcomes. 
The existing machine works on the sim-
ple principle of  pick and place, which is 
widely used in the food and pharmaceu-
ticals industry. Our device is composed 
of  the following components: syringes, 
suction cups, springs and connections, to 
attach the device to a CNC. The plunger 
of  the syringe is attached to the CNC, 
and its movement is in tandem with the 
movement of  the CNC along the Z- axis. 
The up –down movement of  the plung-
er, causes the suction cup attached to the 
syringe to pick and place the ping pong 
balls into the cavities of  the crates. This 
pixel-based deposition of  the ping-pong 
balls is coordinated through a series of  
digital commands, processed through a 
Grasshopper code. p [
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3.1 machinic setup

syringe

cnc

step 4.1 step 4.2

origin (ping-pong balls) substrate (crates)

step 4.3

syringe

cnc
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simulated machine trajectory

actual machine trajectory

projected machine trajectory



172 / p (si.neu) AADRL v.13 MachinicControl 2.0 /

3.1 machinic setup   

 drop lever

suction cup

vacuum compressor
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3.1 machinic setup  

roller sealing head
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3.2 fabrication

step 7.1
laying of patterned membrane 
onsite

step 7.2
arrangement of substrate (crates) 
over membrane
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step 7.3
deposition of control elements 
(spheres) based on code

step 7.4
laying and sealing of top membrane

step 7.5
deflation of system

p 

mbraneosition of control elements 
heres) based on code

laying and sealing of top mem

p 7.5
lation of system

mbrane

F A B R I C A T I O N



3.3 control loop

Limitations of  existing machine

The movement of  the CNC in the current prototype is not an op-
timum one. The stationary holder for the ping-pong balls at the 0,0 
coordinate necessitates a back and forth movement of  the CNC, for 
every pixel deposition.  An immediate solution to avoid the repetitive 
movement of  the CNC to the pick point is to design the ball holder 
as a mobile device attached to the CNC itself. 

 The single syringe serves just as a representational model 
in the entire set up. We envisage the actual deposition system to be 
composed of  a series of  multiple syringes or deposition nozzles. 
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Z13000,15000,5000;

V10.0; 

Z22000,10000,5000;

V10; 

Z22000,10000,0000;

Z22000,10000,5000;

V10.0;  

 

 

Z13000,5000,5000;

V10.0;  

 

 

Z5000,5000,5000;

V10; 

Z5000,5000,0000;

Z5000,5000,5000;

V10.0;  

 

 

Z13000,5000,5000;

V10.0;

Z26500,10000,5000;

V10; 

Z26500,10000,0000;

Z26500,10000,5000;

V10.0;  

 

 

Z13000,0000,5000;

V10.0;  

 

Z13000,5000,5000;

V10.0;  

 

 

Z5000,5000,5000;

V10; 

Z5000,5000,0000;

Z5000,5000,5000;

V10.0;  

 

 

Z13000,5000,5000;

V10.0; 

Z17450,10000,5000;

V10;

Z17450,10000,0000;

Z17450,10000,5000;

V10.0;  

 

 

Z13000,0000,5000;

V10.0;  

 

 

Z00000,00000,5000;

V10; 

Z00000,00000,0000;

Z00000,00000,5000;

V10.0;  

 

 

Z13000,0000,5000;

Z

Z

V

 

Z

V

Z

V

Z

Z

V

 

Z

V

 

Z

V

Z

Z

V

 

Z

V

Z

V

Z

Z

V

180 / p (si.neu) AADRL v.13 MachinicControl 2.0 /



M A C H I N I C   C O N T R O L

p [
si.

ne
u]

R O L

[s
i.n

eu
]

00;

0;

0;

0;

00;

000;

000;

000;

00;

000;

000;

000;

00;

Z5000,5000,0000;

Z5000,5000,5000;

V10.0;   

 

Z13000,5000,5000;

V10.0;

Z31000,5000,5000;

V10; 

Z31000,5000,0000;

Z31000,5000,5000;   

V10.0;   

 

Z13000,0000,5000;

V10.0;   

 

Z00000,00000,5000;

V10; 

Z00000,00000,0000;

Z00000,00000,5000;

V10.0;   

 

Z13000,0000,5000;

V10.0; 

Z13000,10000,5000;

V10;

Z13000,10000,0000;

Z13000,10000,5000;

V10.0;   

V10.0; 

Z22000,5000,5000;

V10; 

Z22000,5000,0000;

Z22000,5000,5000;

V10.0;   

 

Z13000,0000,5000;

V10.0;   

 

Z00000,00000,5000;

V10; 

Z00000,00000,0000;

Z00000,00000,5000;

V10.0;   

 

Z13000,0000,5000;

V10.0;

Z26500,5000,5000;

V10; 

Z26500,5000,0000;

Z26500,5000,5000;

V10.0;   

 

Z13000,5000,5000;

V10.0;   

 

Z5000,5000,5000;

V10; 

V10.0;   

 

Z13000,0000,5000;

V10.0;   

 

Z00000,00000,5000;

V10; 

Z00000,00000,0000;

Z00000,00000,5000;

V10.0;   

 

Z13000,0000,5000;

V10.0; 

Z17450,5000,5000;

V10;

Z17450,5000,0000;

Z17450,5000,5000;

V10.0;   

 

Z13000,5000,5000;

V10.0;   

 

Z5000,5000,5000;

V10; 

Z5000,5000,0000;

Z5000,5000,5000;

V10.0;   

 

Z13000,5000,5000;

V10; 

Z26500,00000,0000;

Z26500,00000,5000;

V10.0;   

 

Z00000,00000,5000;

V10; 

Z00000,00000,0000;

Z00000,00000,5000;

V10.0; 

Z31000,0000,5000;

V10;

Z31000,0000,0000;

Z31000,0000,5000;  

 

V10.0;   

 

Z13000,5000,5000;

V10.0;   

 

Z5000,5000,5000;

V10; 

Z5000,5000,0000;

Z5000,5000,5000;

V10;

Z13000,5000,0000;

Z13000,5000,5000;

V10.0; 

Z13000,0,5000;

V10.0;   

 

Z13000,5000,5000;

V10.0; 

Z17450,00000,5000;

V10;

Z17450,00000,0000;

Z17450,00000,5000;

V10.0;   

 

Z00000,00000,5000;

V10; 

Z00000,00000,0000;

Z00000,00000,5000;

V10.0;

Z22000,0,5000;

V10;

Z22000,0,0000;

Z22000,0,5000;

V10.0;   

 

Z13000,5000,5000;

V10.0;   

 

Z5000,5000,5000;

V10; 

Z5000,5000,0000;

Z5000,5000,5000;

V10.0; 

Z26500,00000,5000;

V10.0;  

 

 

Z13000,5000,5000;

V10.0; 

Z17450,00000,5000;

V10;

Z17450,00000,0000;

Z17450,00000,5000;

V10.0;  

 

 

Z00000,00000,5000;

V10; 

Z00000,00000,0000;

Z00000,00000,5000;

V10.0;

Z22000,0,5000;

V10;

Z22000,0,0000;

Z22000,0,5000;

V10.0;  

 

 

Z13000,5000,5000;

V10.0;  

 

 

Z5000,5000,5000;

V10; 

Z5000,5000,0000;

Z5000,5000,5000;
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egg-crate logistics

60%

80%
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0%

0% filled

100% filled

10 m

6 m
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vi.1 modular primitives

vault              triangle + vault        groin vault + vault           hexagons
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vi.2 paneling & assembly
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vi.3 penrose tiling
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A Penrose tiling is a non-periodic tiling generated by 
an aperiodic set of  prototiles named after Sir Roger 
Penrose, who investigated these sets in the 1970s. A 
Penrose tiling may be constructed so as to exhibit both 
refl ection symmetry and fi vefold rotational symmetry, 
as in the diagram at the right. A Penrose tiling has many 
remarkable properties, most notably:
 It is non-periodic, which means that it lacks 
any translational symmetry. More informally, a shifted 
copy will never match the original.
 It is self-similar, so the same patterns occur at 
larger and larger scales. Thus, the tiling can be obtained 
through infl ation (or defl ation) and any fi nite patch 
from the tiling occurs infi nitely many times.
 It is a quasicrystal: implemented as a physical 
structure a Penrose tiling will produce Bragg diffraction 
and its diffractogram reveals both the fi vefold symme-
try and the underlying long range order.
 Various methods to construct Penrose tilings 
have been discovered, including matching rules, substi-
tutions, cut and project schemes and coverings.
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vi.4 crate-cutting angles
The design principles are extracted from the angles 
at which the orthogonal grid of  the egg-crate can be 
sliced for minimal material wastage and limited number 
of  shapes. This principle, coupled with the minimum 
and maximum space length and areas, allowed us to 
overlap the orthogonal grid with each of  the selected 
angles and result in various polygons that contain pairs 
of  supplementary angles.

 These pairs of  angles allow for the permuta-
tion and combination of  various spaces that result in a 
repeating spatial logic that transcends scale: a hierarchy 
of  courtyards, from private to semi-open to public is 
created. The replication of  this tiling logic can result in 
a series of  interconnected units and open courtyards. 
The pairs of  angles can create smooth connection be-
tween neighboring units so that space maybe merged or 
condensed as required.

optimum angles

material wastage



vi.5 design         vi.5.1 hierarchy
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 public spaces

The optimum angles and their supplementary angles 
allow for the permutation and combination of  various 
spaces that result in a repeating spatial logic that tran-
scends scale: a hierarchy of  courtyards, from private to 
semi-open to public is created.
 The replication of  this tiling logic can result 
in a series of  interconnected units and open courtyards. 
The pairs of  angles can create smooth connection be-
tween neighboring units so that space maybe merged or 
condensed as required.
 A prototypical catalog of  mutated units based 
on the same angles shows that upon defl ation, curva-
ture is inherently embedded into the angular plan.



vi.5.2 spatial planning

10 sq m

12 sq m

12 sq m
15 sq m

9 sq m

17 sq m

16 sq m

15 sq m

wet

bed

living kitchen

bed

living

kitchen

wet

wet

wet

bed

bed

living

kitchendining

58 sq m 48 sq m 106 sq m

area distribution

progtamme

circulation
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vi.5.3 catalogue of houses
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vi.5.4 patterning

  e

curvature analysis

panelization

cutting pattern

seams & darts

crate deposition

control point deposition
layer 1

control point deposition
layer 2
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punctures & light filteration
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vii / application
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an evolving architecture

Communities are no longer permanent or con-
fi ned to one fi nite context. As the world becomes 
globalized, people are no longer defi ned by their 
geographical location, and a new class of  urban 
nomads is on the rise. The permanent nature of  ex-
isting architecture is outmoded. There is a universal 
need for buildings that can grow and change with 
time, just as humans do. We imagine a system that 
can be adapted to various scales, programmes and 
changing user requirements, allowing users to carry 
their homes with them from place to place in the 
form of  embedded information that can be applied 
to recreate their homes anywhere.

an indefinite existance 

Architecture is generally designed to be either per-
manent or temporary. In either case, it has a given 
lifespan. However, there is an undefi ned class of  
people who fall into the crevice between temporary 
and permanent. These are communities of  people 
who have been displaced for a variety of  reasons. 
They maybe victims of  natural or economic dis-
aster, refugees, migrant workers, or travellers by 
choice. This niche of  architecture has largely gone 
unaddressed in the past.

 This is an indefi nite existance, that may 
range from the span of  a few weeks to a few years. 
Oftentimes, temporary solutions fail to satisfy the 
condition. The needs of  displaced communities 
are initially immediate, and architecture must eas-

ily available, portable, rapidly deployable, light-
weight and cheap. But as the communities settles 
and continues to grow and evolve, its needs also 
change drastically. Upon settling down, the im-
mediacy is less in terms of  fabrication and relief, 
and more in terms of  upkeep. As the time of  
existance stretches, the architectural requirements 
become more qualitative: structural durability, 
light and ventilation, spatial reorganization come 
into play. Consolidating the settlement may also 
become a possibility over time, for which solu-
tions to solididy the construction maybe needed.

 A personalised, highly customised, self-
deploying environment that evolves and adapts to 
changing issues is inevitable for displaced individ-
uals today, to cater to their sense of  community 
and to validate their existance.
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         a   r   c   h   i   t   e   c   t   u   r   e  permanent architecture

 5 y          10 + y



applicati on: vacuum as formwork



freezing the temporality

Using the defl atable system as a cast to create 
a more permanent architecture, we begin to 
further navigate the ambiguous territory of  
semi-temporal architecture. Any description 
of  conventional casting processes begins 
with a mould: a rigid, constant, predefi ned 
frame that serves to give form to pliant, 
phase-changing material. Moulds gener-
ally serve to create multiple numbers of  the 
same prototype, perhaps with a few changes 
in detail. The defl atable system is as low-tech 
as clay in the hands of  a potter. Just as no 
two pieces of  pottery created on a potter’s 
wheel are alike, and no two glass-blown vases 
can be the same, no defl atable system can be 
re-actuated to give the same precise form 
except by meticulous control of  a tailored 
membrane and a highly-customized fi ller 
aggregate. In the system of  egg-crates, ping-
pong balls and vacuum, no two geometries 
are exactly the same. This fl eeting quality of  
the fi nal form can be frozen in time through 
the process of  infusion.

 Resin infusion is in common usage 
in the ship-building industry, using a single 
mould for multiple ships. The process of  in-
fusion also requires the use of  vacuum. Resin 
is pulled via negative air pressure through a 
network of  tubes over a mould, just as sap 
is pulled into plant stems by capillary action. 
Generally, this process is used to infuse an 

entire surface with uniformly-distributed 
material. However, the process has the po-
tential to create non-repetitive, customized 
solutions using a reconfi gurable mould and 
by the activation or deactivation of  different 
vacuum points over the surface. The proc-
ess then becomes highly changeable, and can 
be computed and controlled digitally. The 
phase-changing material, being liquid at the 
advent of  the process, exhibits different be-
haviour when in motion from its behaviour 
upon setting. A certain level of  control can 
be assigned to material behaviour, which al-
lows the material to fi nd its own path over 
the surface of  the mould, moving in abun-
dance where the vacuum pressure is higher, 
and diverting its path upon meeting an obsta-
cle, much like the path-fi nding of  a river. Dif-
ferential pressure points and obstacles on the 
surface of  the defl atable mould, control the 
overall geometry of  the structure, producing 
different solutions every time. The cast and 
location of  pressure points can be designed 
in order to create variations in depth, perme-
ability and topology of  the surface based on 
program, sun direction, climate and circula-
tion, among other parameters. The use of  
biodegradable resin and plastic adds another 
layer to the concept of  recyclable architec-
ture.

¬

1
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The fi rst two sets focused on solidifying the system it-
self: through casting on one hand, and moulding on the 
other. Both methods had their drawbacks.

 We referred to the work that Frank Huijben 
has done in casting concrete using vacuumatics in his 
doctoral thesis (above). However, while casting with 
plaster, our defl ated scaffold was incorporated within 
the cast, and became unretrievable. This defl ied our 
agenda towards a reconfi gurable, reusable and recycla-
ble architecture, that began and ended with the same 
raw material.

 Moulding, on the other hand, was done with 
malleable sheets of  metal. These sheets did not ad-
here faithfully to the scaffold, and thus gave outcomes 
which were sketchy. The structural performance of  this 
material as an architecture also remained doubtful to 
us.

 Consequently, we looked at the process of  
resin infusion in the boat industry, through which we 
would be able to overcome these issues.

1.1 casting
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1.2 moulding



1
2

3

4
5
6
7
8

9

1 Vacuum Bagging Films
Apply vacuum pressure over laminate

2 Resin Flow Mesh (Spacer)
Provide fl ow path for air out and resin in

3 Release Films & Peel Pipes
Release cured part

4 Pressure Sensitive Tapes
Holding vacuum manifold and materials

5 Resin Flow Channels
Provide high fl ow resin delivery

6 Sealant Tapes
Vacuum seal bag fi lm to tool

7 Tool Release Materials
Ensure cured part removal off  tool

8 Laminate/ Part

9 Connectors and Manifolds
Vacuum bag connection for vacuum & resin

Vacuum infusion is a fabrication method commonly 
used in the ship-building industry to cast hulls of  ships 
into moulds. This process uses vacuum pressure to 
drive resin into dry fi bre-reinforcement material, which 
acts as a spacer in an air-tight vacuum bag. The resin is 
pulled into tubes by transpirational pull, just as sap is 
lifted into the xylem of  plants by capillary action.
 
 Materials are laid up dry into the mould and 
the vacuum as applied before the resin is introduced. 
Once a complete vacuum is achieved, resin is sucked 
into the laminate via a network of  resin-feed tubing. 
The resin is uniformly distributed over the mould sur-
face and adheres to the spacer mesh, which is usually 
made of  fi berglass.

 In the process of  moulding, one concern is 
that a single, stable mould only provides a single out-
come. However, the defl atable system, serving as a 
reconfi gurable scaffold, has the opportunity to produce 
multiple confi gurations from the same mould.

1.3 infusion
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6.2 resin infusion setup1.3.1 resin infusion setup
jute

cane mat
plastic mesh- honeycomb/ square grid

nylon mat
fiberglass

metal mesh
cotton cloth
bubblewrap
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infusion of resin in different spacer materials
       An essential part of  the thesis thus, deals with the 
solidifi cation of  the outcomes produced by the variable 
forms of  the defl ated scaffolds. The chosen technique 
of  resin infusion was also looked upon as a method 
of  controlled deposition of  material. This precise con-
trol of  material fl ow is established through the accurate 
control and choreography of  the vacuum and the in-
fusion points and the tailoring of  the membrane (and 
distribution of  tubing network). Material tests were 
thus, done with the same intention of  understanding 
the behavior of  the material system under vacuum and 
the system dynamics with variations in vacuum and in-
fusion points. 
 Our initial studies were focused around the 
material evaluation of  the transfer medium. The den-

sity of  fi bre, the type of  fi bre – natural / man-made, 
the weave of  the fi bre affectsthe time and distribution 
of  adhesive.
 The observations from the material tests were 
as follows: The time of  infusion is relatively higher for 
fi bers with a denser weave. The denser fi bers allow for 
deeper seepage and absorption of  adhesive resulting 
in stronger structure of  infused medium.The time of  
infusion is in direct proportion to the viscosity of  ad-
hesive.
 In conclusion, glass fi breis the natural choice 
of  material (even in the ship- building industry), which 
strikes a fi ne balance between structural strength after 
infusion, ability to be moulded into the desired form 
after vacuum and the time required for infusion. 

p [
si.

ne
u]

+    vacuum point
...  resin infusion tube
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frame 1.0

frame 1.2

frame 1.3

frame 1.4

1.4 2D infusion simulation

vacuum point ::  single + constant        magnitude: 0.030
infusion point :: single + variable         particle speed: 0.100

1.4.1 infusion point variation

218 / p (si.neu) AADRL v.13 MachinicControl 2.0 /



D I G I T A L   R E S E A R C H

n

p [
si.

ne
u]

R C H

[s
i.n

eu
]



frame 2.1

frame2.3

9.4.2 multiple infusion points
fra

fra
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frame 2.2

frame 2.4

vacuum point :: single + constant          magnitude: 0.030
infusion point :: multiple + variable      particle speed: 0.100
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frame 3.1

frame 3.2

frame 3.3

frame 3.4

vacuum point: multiple + variable         magnitude: 0.030
infusion point: single + constant         particle speed: 0.100

1.4.3 variable vacuum points

fra

fra

fra

fra
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frame 4.1

frame 4.2

frame 4.3

frame 4.4

vacuum point: single/double + variable         magnitude: 0.030
infusion point: single + constant         particle speed: 0.100

1.4.4 control point introduction
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1.5 3D infusion simulation

vacuum magnitude=10.000
infusion particle speed=0.550

v 1.1 v 1.2 v 1.3 v 1.4 v 1.5 v 1.6

Using Maya as a tool for modeling, we cre-
ated speculative simulations that portray 
the physical behavior of  the resin particles 
as they move over the patterned membrane, 
encountering obstacles in the pattern.

 The movement of  particles is af-
fected by two factors: one, the location of  
the vacuum points and their proximity to one 
another, and two, the existance of  varying 
sizes of  control points and their density.
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1.5.1 homogenous

frame                    1.5.1    1.5.2           1.5.3

v 1.5

p [
si.

ne
u]



1.5.2 random patterning

frame                  2.1                 2.2                        2.3
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1.5.3 variable control points

frame                  3.1                 3.2                        3.3
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1.6 integration
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a semi-temporal architecture for the
new nomad
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ephemerality: social & urban

This ephemeral, temporal architecture can 
easily and aptly provide a solution for the new 
kind of  social urbanism that has emerged 
today. There has been a radical redefi nition 
of  the word ‘city’ and its context. A city can 
no longer be an immobile, function based, 
grid network of  spaces, as the lifestyle of  its 
inhabitants has undergone a massive transfor-
mation. Where they were once, fi xed, stable 
points around which a city was set up, they 
are now particles in fl ux, travelling across the 
globe at a frequency much higher than ever 
before.
 Cities today are witnessing a massive 
migration of  population all across the globe 
at a daily scale. This is essentially due to the 
automation of  services across the industry, 
and people are in a state of  constant move-
ment in search of  means of  livelihood. The 
inhabitants are wanderers that move across 
the planet, to exploit their ideas of  freedom. 
And this constant motion of  its inhabitants is 
exaggerated by the fact that their immediate 
environments are also under a state of  rapid 
fl ux and transformation. Their environments 
are as mobile as their thoughts right from the 
walls and ceilings of  their homes, to the juxta-
position of  their own private spaces across the 

world. These are the New Nomads. 

no-plan solution for the new nomad

The New Nomad may refer to the new class 
of  highly mobile individuals and families that 
do not confi ne their lives to a single geographi-
cal location. It may also refer to displaced 
communities: ones that relocate to areas of  
better opportunity by choice, such as rural to 
urban locales, or communities that are affected 
by seasonal change, such as yearly fl oods, and 
need to carry their homes to safer areas on a 
periodic basis.

 New nomads may be victims of  
disaster (natural or economical), who require 
quick responsive, cheap, easy-assembly archi-
tecture that is rapidly deployable on site. The 
defl atable system addresses the niche of  the 
indefi nite existence: providing possibility for 
rapid self-erecting architecture, for growth 
and adaptability of  architecture, for redesign 
and reconfi guration and for reversibility and 
rapid dismantling to obtain the original raw 
material, for easy portability and relocation in 
urban, rural or remote locales that are discon-
nected from technology. The inherent rules of  
behaviour of  the defl atable system allow for 
predictability and a Do-It-Yourself  architec-

2
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During their indefi nite lifetime, these parasitic struc-
tures can be reconfi gured to accommodate a variety 
of  programs using the same raw material. As economy 
allows, and the actual buildings are completed, these 
defl ated temporary houses can be replaced phase-wise 
by permanent building material. This type of  dry con-
struction does not alter the framework or leave any 
trace of  its presence.

 Alternately, the same concept can be applied 
to neighbourhoods where, on the basis of  economic 
status of  the owners, some plots are built upon while 
others remain abandoned, taking away from the com-
munity. A part of  these empty plots can be occupied 
by defl atable houses, while the construction process 
occurs over the rest of  the plot.

ture arises.

Under the realm of  semi-temporality, a whole range of  
possible application testing scenarios was explored:

convertible public space

It is an unavoidable issue that large cities have a large 
population of  homeless people, who may not neces-
sarily be jobless. These people go to work during the 
day and, as the may not be able to afford housing in 
high-end central zones of  the city, sleep in the public 
zones of  the city at night, such as pavements and shop 
arcades. Seen from this point of  view, the system could 
serve dual functions: street furniture or public space, 
such as a canopy, by day, and shelter for the homeless 
by night. Time-based activation of  pneumatic valves 
that allow the pressure inside the system to infl ate/de-
fl ate based on application would control the form and 
function of  the enclosure.

parasitic/ filler architecture

In times of  economic recession, many housing projects 
have been abandoned midway in the construction proc-
ess. These stand as hollow skeletons in different stages 
of  incompletion amidst the public city, and take away 
from the positive aesthetic and communal nature of  the 
city for months. In this uncertain time period, the struc-
tures could be used as framework to support parasitic 
rather than freestanding structures that can be tempo-
rarily inhabited either by the construction workers or by 
the intended habitants of  the fi nished building.
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migrant housing in extreme climatic zones

Certain geographic locations face fl ash-fl oods during 
the yearly monsoon, and the inhabitants of  indigenous 
low-rise settlements around these areas are forced to 
vacate their homes during this period every year, and 
return to rebuild a new settlement on the destroyed 
foundations of  the previous. As it is a yearly ritual, the 
act of  rebuilding as a community is a routine part of  life 
in these zones. If  clusters of  defl atable enclosures are 
deployed instead of  settlements that cannot withstand 
the fl oods, their lightweight and waterproof  prop-
erty would allow them to fl oat and remain undamaged. 
Upon return, the community can apply negative pres-
sure to the system and, with minimal effort, re-occupy 
their homes in a phase-wise resettlement process.
They would also have the opportunity to reconfi gure 
and redesign their homes every year.
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For centuries, architecture has been defi ned 
by construction material, costs and timelines. 
While advancements in technology have 
signifi cantly reduced the duration of  con-
struction, other aspects remain more or less 
the same. Buildings require immense use of  
material that is not always available on or near 
the site, and that is, upon assembly, weighty, 
sound, and meant to last. Architecture that 
has stood the test of  time is considered good 
architecture.

 With developments in infrastruc-
ture, and building standards and codes, and 
changes in use and requirements, coupled 
with the low cost of  new construction as 
opposed to refurbishment of  existing build-
ings, demolition of  buildings is becoming 
commonplace. The lifespan of  buildings has 
suddenly shrunk from centuries to decades. 
Demolition costs are high: fi nancially and 
ecologically. It takes a great deal of  money 
to bring down a building, and the process 
is laborious, producing dust that spreads to 
the air around the structure and pollutes the 
atmosphere for months. Building waste is 
generally heavy debris, a mix of  shards of  
brick, concrete, glass, wood and steel, none 
of  which are biodegradable or reusable. We 
seem to be in want of  the ephemeral quality 
that ‘good architecture’ lacks.

 The territory of  temporary struc-
tures in general, and that of  temporary 
housing in particular, is not a novel or un-
explored one. Almost exhaustive research 
has been done in this fi eld for the past few 
decades. A temporary structure may last 
from a week to a year, and may accommo-
date a variety of  changing programs. The 
only thing that remains constant is change. 
Temporary housing ranges between a pitch 
tent for a fi xed-period camping trip, to a 
refugee camp that is in use for an indefi nite 
period of  time. The priorities of  each of  
these differ with the program. For hous-
ing in disaster-affected areas, the priority is 
economy and rapid deployment. Housing 
solutions for sportspersons at the Olympics 
would prioritize infrastructure and ease of  
dismantling over cost. Further, apart from 
scenarios with well-defi ned requirements, 
there are those programs that lie somewhere 
in between temporary and permanent: no-
madic settlements with the potential of  
being founded, halfway-houses for migrant 
workers, or temporary structures for habita-
tion during the period of  construction of  a 
permanent colony: these scenarios require a 
system the fi ts between the ephemeral and 
the lasting: in an ambiguous semitemporal 
zone.
 
 What defi nes such an architecture? 



 Economy of  means as well as of  material, 
cheap and easy portability, and ease and speed of  fab-
rication are factors to be prioritized. Additionally, the 
housing solution must be as easy and quick to dismantle 
as it is to deploy. Semi-temporal architecture demands 
an effective housing solution that is performative with 
the potential for consolidation.

 Conventional building processes and the life 
of  a building begin with raw material that is processed 
to create architecture, that, upon completion of  its pur-
pose and lifespan, must be demolished to create debris 
which is non-reusable and non-biodegradable; resulting 
in a single solution and a process that goes from cra-
dle to cradle. With the defl atable system, a more cyclic 
process is achieved, that begins and ends at the same 
raw material, coming full circle from cradle to cradle.

 Mass-fabrication solutions were fi rst intro-
duced to address the growing needs of  standardized 
housing. Factory-production of  precast building ele-
ments made it possible to churn out limited variations 
of  houses from a single reusable mould, to be assem-
bled onsite. The hands of  the master craftsman, that
used to guarantee the uniqueness of  each creation, have 
disappeared from the fabrication process, as all houses 
begin look like slight mutations of  one another, regard-
less of  location, context or cultural background. Fur-
ther, the use of  the same cast disallows greater variabil-
ity in the by-product. Digital control of  the fabrication 
process has the potential for the renewal of  uniqueness 
in architecture. With the precision unimaginable by a 
human mind, machines are able to compute and cre-
ate, with a high level of  accuracy, extremely customized 
solutions for a single program. By relinquishing control 
of  the fabrication process, a degree of  unpredictability 
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is reintroduced into architectural solutions, that could 
earlier only be attained by the error of  human hands.
 
 Our aim is to create an understanding be-
tween the high-tech nature of  digitally-controlled 
fabrication processes and the low-tech, recyclable and 
reusable solution that today’s housing needs demand. 
By transferring control of  the fabrication process, we 
are not only able to create highly-adaptable architecture, 
but also architecture that is determined by material and 
use.

+

raw material

deactuation

actuation

enclosure

raw material         processed     building  demolition    debris              the end
   material

n

actuation

l

lifecycle of buildings



a recyclable architecture

This increasingly low-tech system can be transported 
to the site in the form of  stacked egg-crates and rolled 
ETFE sheets. The system can be assembled on site by 
local manual labour that lacks expertise or specialized 
technique, becoming a Do-It-Yourself  project. When 
the building completes its designated lifespan, the sys-
tem is dismantled by equally unskilled labour and re-
turns to its original form of  stackable egg-crates, ping-
pong balls and rolls of  plastic, ready to be transported 
to another site. Rarely does the cycle of  construction 
and demolition begin and end with the original material 
unprocessed. The system, thus, comes full circle from 
cradle to cradle, and is a recyclable architecture, which 
originates and ends in the same place.
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globally available raw material

The removal of  air from an air-tight membrane con-
taining an aggregate that is not only readily available in 
abundance, recycled and reusable, but also has a well-
defi ned inherent geometry, results in a self-erecting, 
lightweight and structurally performative system. This 
system is rapidly actuated simply by creating negative 
pressure inside the membrane, where vacuum becomes 
the adhesive, and just as easily dismantled by release 
of  negative pressure. Egg-crates, which are made from 
low-grade, recycled paper pulp, occur in standardized 
sizes universally. Their geometry is also standard, as it 
is tied to the size of  eggs, making the crates a globally-
available local material. The failure of  the material by 
crushing during extraction of  air becomes a positive 
feature that allows the crate to deform and take on a new 
anatomy. The grid-based geometry allows to predict, to 
a certain level of  detail, the fi nal form of  the defl ated 
structure. This form can be controlled by introduction 
of  rigid elements or control points in the cavities of  
the crate. The differential deposition of  these control 
points into affects global form, and can be used as a 
method of  programming matter, to extract multiple, 
highly-customized geometries from a single set of  raw 
materials only by changing their confi guration.
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logistics
for a single-space enclosure with 1,500 crates and 30,000 ping-pong balls, located in London

space usage for storage/transport 0.75m x 0.6m x 1.5m = 0.675 cu m (fits into small truck/ tuk-tuk)

energy consumption in construction process

    sealing machine 2h @123 W = 0.246kWh 

    vacuum 1h @ 15 atm = 8kWh

construction time    assembly 4h

    vacuum 1h

    sealing 2h

    transport time 2h

    total construction time 9h

building cost    cost of material

     crates @ £0.10/ crate = £150

     balls @ £0.08/ ball = £2,400

     plastic (approx.) £1,000

    cost of labour 

     5 labourers @ £8/h = £40

    cost of electricity

     1h @ £0.15/ kWh = £1.30

    cost of transport (carrier tuk-tuk)

     20km @ £1 / km = £85.50    

    total cost £3,676.80

k-tuk)



“The project is an interesting mix between the low-tech 
and hi-tech approach. The programming of  low-tech 
materials with numerically controlled fabrication tech-
nique […] opens up a new avenue in that kind of  
hybrid between hi-tech and low-tech.”
_ Marta Malé Alemany

“It is a wonderful project, where problems have been set 
up and decisions have been made. […] rigorous and 
solid, well thought out.  Scalability is a problem as 
material experiments have been carried out at a scale 
of  1:1. To work on a found material is an interesting 
approach, but it might not be the only way. Cardboard 
containers and other materials could be deployed, with 
the same design intent. […] very true in spirit and I 
appreciate the point where it enters the real world with 
quick deployable structures for the nomadic condition 
of  today. […] very interesting and tangible.”
_ Patrik Schumacher

“I love the concept of  defl ationary architecture.”
_ Charles Jencks

/ critique
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“… low-tech architecture but not an assemblage as 
traditional low-tech projects. […] done in a very crea-
tive way to understand low-tech architecture.  There 
are all the makings of  an effective project and there is 
structural understanding.”
_ Frederic Migayrou

“The fact that the project cannot be depicted in conven-
tional architectural drawings is an intriguing one and 
opens up a whole new level of  thinking. The question 
of  scalability should be answered through actual reali-
zation, through partnership with industries.”
_ Brett Steele

“As both the crates and the balls have highly specifi c 
functions, they can be replaced by other material sys-
tems. […] crates and balls could be an analog way to 
represent a material system that can perform at very 
different scales.”
_ Mark Burry

“Advanced simulation tools can be employed to study 
the geometry of  models: parabolic or hyperbolic sur-
faces. The project is as yet empirical in nature and can 
be pushed in this territory to mathematically under-
stand the systemic behaviour and apply to the defl ated 
envelope. This trajectory will help transform the project 
from a cheap architectural approach to a more funda-
mental building system that is technical and can be 
applied in numerous ways.”
_ Phillipe Morel

“Could the balls and the crates be a single material 
system? […] the structural and the volumetric ele-
ments could be the same.”
_ Neil Denari p

ly specifi c ifi
erial sys-
og way to g way to 
m at very very 



If  precise calculations are done, curvatures calculated, and exact 
deposition patterns are generated, then the project can transcend 
into other material systems. The plastic balls can then be replaced 
by wooden spheres or by prefabricated fi ller elements, to obtain the 
exact same results as with the crates and balls. The project thus, 
is no longer a project of  materiality, but of  geometry. 

_Phillipe Morel

“One trajectory for the scope of  applications could be addressing 
the immediate, with existent materials, which are low cost, recycla-
ble and readily available. On the other hand, the design could be 
introduced in a systemic way not just in found objects, but through 
the use of  the principles found in the system. Different trajecto-
ries can hence be adopted:  the hi-tech and boutique, or scenarios 
which employ minimal means. The project could be as simple as 
a DIY series of  instructions for the new nomad […] from the 
city (affected by the new form of  social urbanism) or nomad out 
of  need (climate induced). The new nomad is a perfect setup for 
this kind of  project. The materiality is so accessible that a system 
can be created which people can use instead of  defl atable parts. 
[…] allows for research in very different trajectories and this is 
just the beginning.”

_ Theodore Spyropolous
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critics
mark burry
is Director of  the Spatial Information Architecture 
Laboratory (SIAL), RMIT and the founding Director 
of  RMIT University’s new research initiative, the De-
sign Institute. As consultant architect to the Sagrada 
Familia in Barcelona since 1979, Mark Burry has been a 
key member of  the local design team. Professor Burry 
has received numerous awards for his contribution to 
the building industry.

neil denari
is professor at UCLA. Former Director of  SCI-ARC 
from 1997-2001 and recipient of  the Ralph Recchia 
award and the Samuel F B Morse Medal for architecture 
in 2002 from the National Accademy of  Design, New 
York, he is the principal of  NMDA, Neil M. Denari 
Architects, Inc. In 2010, he was inducted into the In-
terior Design Hall of  Fame. He is also the recipient of  
the 2005 National American Institute of  Architecture 
Award, among others.

frederic migayrou
is a philosopher and a critic of  art and architecture. He 
is the deputy director of  the Musee national d’art mod-
ern - Centre de creation industrielle - Centre Pompidou. 
As counsellor for plastic arts at the DRAC Centre in 
Orleans in 1991, he gave the FRAC Centre collection 
its orientation. He is author of  monographs on various 
architects, and has published numerous texts in cata-
logues of  architectural exhibitions. He has given many 
lectures in schools and institutes around the world.

phillipe morel 
is co-founder of  EZCT ARchitecture & Design Re-
search. He is an Adjunct Assistant Professor at the Ecole 
nationale superieure d’architecture Paris-Malaquais 
where he leads, together with Pr. Christian Girard, the 
Digital Knoledge Master 2 educational programme. His 
work and that of  his offi ce can be found in the FRAC 
Centre collections and at the Pompidou Centre.

enric ruiz-geli
studied architecture in Barcelona and in 1997 founded 
Cloud 9, an interdisciplinary architectural team in Bar-
celona, which works at the interface between architec-
ture and art, digital processes and technological mate-
rial development. He currently runs Diploma Unit 18 at 
Architectural Association. 

brett steele
is the Director of  the Architectural Association School 
of  Architecture and AA Publications. He is the founder 
and former Director of  the AADRL Design Research 
Lab, the innovative team-and-network-based MArch 
programme at the Architectural Association. He is also 
a Partner of  DAL, desArchLab, and architectural of-
fi ce in London, and has taught and lectured at schools 
throughout the world.
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appendix / i machinic control 2.0
marta male-alemany
jeroen van ameijde / daniel piker
AADRL v.13 protodesign 2.0

introduction

Continuing on the research that has started during the 
08-09 academic year, the studio will explore architec-
tural design processes incorporating novel fabrication 
methods that are itinerant, adaptive and highly spe-
cifi c. The work will investigate how both design and 
construction processes can be reengineered as they are 
becoming independent from mass produced materials, 
centralised planning or standardized software packages.
 Experiences in the studio have learned that if  
factors such as material computation, machine anatomy 
andscripted behaviours are investigated for their spe-
cifi c qualities and abilities to generate rule systems that 
can be interlinked, projects can be developed as inte-
grated solutions responding to specifi c performance 
criteria in different prototypical scenarios. This bot-
tom-up approach is combined with the development 
of  parametric computational models which negotiate 
with the top-down requirements of  programmatic in-
formation such as user-inhabitation processes and site 
characteristics including infrastructure, terrain, climate 
and weather.
 Studio projects will research how habitats 
constructed through these novel fabrication methods 
can incorporate means of  economy such as the energy 
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effi ciency of  the structure’s life cycle and its user proc-
esses, or the possibilities of  integrating several differ-
ent functionalities into composite material systems. re-
search how habitats constructed through these novel 
fabrication methods can incorporate means of  econ-
omy such as the energy effi ciency of  the structure’s 
life cycle and its user processes, or the possibilities of  
integrating several different functionalities into com-
posite material systems. The projects will speculate on 
the potential cultural and social implications of  pro-
ducing highly individualised, adaptable or ephemeral 
architectural units by developing strategies for urban or 
sub-urban scenarios where horizontal and/or vertical 
clustering addresses the need to share limited space, in-
frastructure and resources.
 A revolution is currently underway in design-
based disciplines such as industrial design, mechanical 
engineering, and many others, caused by the introduc-
tion of  digital fabrication technologies to facilitate 
prototyping processes or even general production. 
Research projects are being conducted in multidisci-
plinary fi elds but also across different scales: from the 
production of  human tissues through the printing of  
stem cells, rapid prototyping of  bone prosthetic parts, 
food printing though the use of  edible ink, 3D printing 
of  textiles, furniture and other objects, to the develop-
ment of  contour crafting technologies to print concrete 
buildings. Digital fabrication is rapidly becoming part 
of  many processes from conception to materialization 
of  physical artifacts at any scale.
 In Architecture, CNC fabrication equipment 
has given designers unprecedented means for executing 
formally challenging projects directly from the compu-

ter. Yet the impact of  digital production in Architec-
ture goes far beyond the mere production of  complex 
geometries. As CNC technologies become increasingly 
available outside the larger manufacturing industries 
and information travels at a planetary scale, the physical 
production of  design ideas is becoming distributed and 
localized. The growing number of  fabrication shops, to-
gether with an emergent and growing DIY community 
dedicated to the construction of  personal CNC equip-
ment, demonstrates that the development of  smaller, 
cheaper, faster and more versatile machines (desktop 
manufacturing, Fab@home, ReP Rap and others), is 
happening at enormous speed. Indeed, it indicates that 
the fabrication of  designed goods could soon happen 
in local fab centres or directly in people’s homes.
 The possibility of  creating mobile fabrication 
centres suggests yet another dimension: by deploying 
fabrication equipment on to a specifi c site it becomes 
possible to build in remote locations that have no in-
frastructure or for communities that are part of  social 
layers that are still disconnected from technology. While 
traditionally these challenges have been addressed with 
standardized, prefabricated solutions, mobile CNC 
equipment enables architects to think beyond the con-
straints of  these production modes. It is now possi-
ble to conceive customized prototypical architectures, 
which can be adaptable to differentiation in various in-
puts, distributed across global networks and built in dif-
ferent parts of  the world. In parallel, the ongoing shift 
towards customisation of  computational design meth-
ods through the development of  scripts and algorithms 
in the academic and research environments is impacting 
architectural practises, enabling the surpassing of  tradi



aptation of  design studies and how all its versions 
could be fabricated locally by means of  using digitally 
controlled fabrication processes. Opposing models of  
centralized production and industrial prefabrication, 
the studio will investigate prototypical solutions that 
can be erected in the different geographic locations, ad-
dressing different cultural, social and economical con-
texts, utilising specifi c ranges of  materials and support 
structures, and constructed though specifi c, custom de-
signed fabrication devices. The housing units should be 
conceived as prototypes that explore material research 
and fabrication methods that enable specifi c architec-
tural morphologies and their related uses, and also per-
form as a self-suffi cient entity and/or in collaboration 
with other similar units to confi gure a self-suffi cient 
ensemble. With this aspect in mind, special focus will 
be placed in its constituent infrastructure, and how 
its spatial deployment may directly be related with its 
production and consumption of  energy. In particular, 
the studio will investigate how the re-engineering of  
building materials or architectural systems on different 
scale (through digital fabrication processes) allows for 
a much greater integration of  different functions into 
its specifi c building elements. If  CNC tools allow for 
the distribution of  material only where is needed (much 
like the study of  Function Graded Materials in the fi eld 
of  aerospace and automotive industries), it is possible 
to choreograph the physical properties of  a building 
component throughout its cross section. For instance 
the building envelope could combine functions (ther-
mal insulation, ventilation, rain shield, communications 
and other) with structural performance, or the building 
structure could integrate the infrastructures for air dis-
tribution, water, electricity, data, etc. Addressing some 
of  the conceptual implications of  implementing local-
ised digital fabrication methods, studio projects should 
formulate a critical position on the role of  the new 
technologies within society. For example, if  the mate-
rial cost of  a housing unit is extremely cheap or easily 
recyclable, the essence or value would be in the digital 
design primarily, allowing us to consider its material 
forms only as temporary reincarnations of  a constantly 
evolving virtual system, based on an evolving produc-
tion method and constantly changing user input. These 

tional CAD tools and causing a fundamental shift in the 
architectural design process.
 Architecture is liberating itself  from limita-
tions imposed by software and is beginning to operate 
in a territory where it can control both its own digital 
design tools and the corresponding technological so-
lutions. Equally to how pre-packaged CAD platforms 
are being updated or replaced by customized scripting 
tools (open  source software), it can be predicted that 
CAM environments and CNC machines will undergo a 
similar shift and be supplanted by more open hardware 
solutions. The rapidly growing number of  digital design 
practices and their increasingly challenging production 
demands indicate that widely available and sophisticat-
ed production facilities may soon be in high demand. 
Architects should formulate a critical position on the 
status and characteristics of  digital fabrication methods 
that are currently in use and investigate the potential 
of  producing highly mobile, highly fl exible and custom-
ized fabrication apparatuses.
 The studio will take on the challenge of  re-
thinking the architectural design process for scenarios 
which involve fabrication processes that are not opti-
mized as in the current, industrial, repetitive modes of  
production but instead can be itinerant, adaptive and 
highly specifi c. The work will investigate how both de-
sign and construction processes can be completely re-
invented as we are no longer dependent on standard 
sheet or beam materials, catalogue designs by project 
developers or pre-given libraries in CAD software pack-
ages. If  we can devise machines that can produce ar-
chitectures that are shaped out of  easily transportable 
or locally harvested materials, which are malleable or 
can be cast, sintered, or printed into any confi guration, 
there will be other means of  economy informing the 
possible formal outcomes.

brief

The studio will work on prototypical scenarios for 
housing (living units), which will be developed through 
iterative stages increasing the levels of  complexity and 
control, considering both the digital generation and ad
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simultaneously virtual/actual constructions could in-
deed radically redefi ne the notion of  the prototype: one 
could constantly re-print his own house while simul-
taneously developing the design, carrying it along for 
one’s whole life, as one would move from city to city. 
Combining technologies for highly adaptable, highly 
specifi c machinic processes for architectural produc-
tion allows for re-thinking the idea of  the house as a 
‘machine for living’ (Le Corbusier) in favour of  a house 
that emerges out of  ‘machinic control’, which in the 
context of  the studio refers to an integrated design con-
cept for the generation of  possible habitats in the vir-
tual and physical world as digital fabrication allows for a 
seamless transition from one to the another.



appendix / ii teeming progressions
takbir fatima

Until very recently, I believed that it was impossible for 
teamwork to be as successful and fulfi lling as working 
solo, especially in the studio. Teamwork posed too many 
unconquerable hurdles, such as reconciling with people 
who have confl icting opinions, priorities and varying 
skill-sets which inevitably led to the most loathed con-
cept of  all: compromise. I have always been an advo-
cate of  individualism, and I had no patience for other 
people. Looking back, I realize that this self-centered 
attitude cost me quite a few successes as well as the 
chance to learn from my peers and deal with challenges 
integral to the work of  every designer.

 For an architect, design is never the end of  the 
process, perhaps only the beginning. Making one’s de-
signs a reality is the true manifestation of  an architect’s 
ability. In design lies potential; in implementation lies 
success. While design can be conceived individually, it 
takes a team of  members working together to imple-
ment it.

 This is an excerpt from something I had writ-
ten four years ago, in architecture school:

“Group work in design further hinders the learning 
process. In groups, a few students (who consider them-
selves good designers) take over and design everything 
while the rest of  the members are put to drafting, and 
never get to design anything themselves. There is no 
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learning involved, only labor.”

 My belief  was not radically shaken until a cou-
ple of  months ago, after I joined the Design Research 
Lab, and had been through two intensive workshops. 
Teamwork is an integral part of  the structure of  the 
DRL, which initially did not go down well with most 
students, who were used to working alone and receiv-
ing individual, personalized criticism on their work. The 
fi rst term was a phase of  confusion, through which dif-
ferent students experimented with different ways of  
working in these self-organized teams. The following 
are the prevailing attitudes I have observed in the stu-
dio:

“I am team leader. I must convince or force the others 
to see and agree to my point of  view.”
“It’s me against the team. I must work harder and 
progress faster in order to have my ideas implemented.”
“I am the follower. I will pick the most convincing argu-
ment and back it up. Withholding my ideas will mean 
one less voice, and less confl ict.”
“We are a team. We must not move to the next step 
without gaining full approval from each team member.”
All the above are detrimental attitudes, but ultimately, 
there is truth in each, and it is a blend of  each of  these 
techniques that will ensure successful teamwork.

culture & studio subculture

To quote the oft-repeated cliché, no man is an island. 
The contrary is also true, because no two minds think 
alike. No two people come from the exact same back-
ground, social, cultural, academic or professional, no 
two people have shared the same experiences, and even 
if  they have, no two people are affected the same way 
or learn the same things from these experiences. Every 
man is thus an island, but since no man can remain so, 
we must fi nd solutions to remain connected to each 
other and move beyond personal differences to succeed 
as a team. The DRL being the most international gradu-
ate program in the world, cultural differences are prob-
ably at the forefront of  the problems students are faced 
with in groups. Communication gaps constantly hinder 
the fl ow of  ideas, which forces us to use different ways 
to get our thoughts across. This actuates a process of  
learning to communicate via means other than the ver-
bal. The language of  architects is, after all, graphical. 
Studio culture varies from continent to continent and 
from school to school. Ways and methods of  working 
that we are used to may have to be discarded or adapted 
to suit the current studio and team. We learn to be more 
fl exible about schedule, spaces constraints and methods 
entiate between professional and personal comments. 
This is eliminated in group work, where criticism and 
feedback from juries is taken more seriously for what 
it is rather than dwelling on ambiguous comments that 



authorship

The concept of  ownership/authorship of  ideas is slow-
ly dissolving into an open-source sharing system. Ideas 
are now freely shared without remaining within the 
boundaries of  their origin. Ideas conceived by one per-
son may be further developed by another. The elimina-
tion of  a closed-loop of  ownership allows many minds 
to work on and take existing projects to different levels, 
perhaps even resulting in diverse possibilities with a sin-
gle starting point.

 While it may be diffi cult, challenging and ex-
tremely nerve-wracking, I am now an advocate of  team-
based studio work. Working with others from the same 
fi eld offers different takes on one situation, which is 
not otherwise possible for one mind to conceive. It also 
teaches self-criticism and self-evaluation, which is nec-
essary for the success of  a live project. Stepping away 
from the project, even while working alone, can offer 
fresh perspective and bring forth new problems and 
solutions. There are many real-life skills to be learned 
from teamwork, which will be useful in the professional 
arena, where working closely with inter-disciplinary 
professionals is inevitable.

could be personal.

self-evaluation

Ideas in a team must fi rst be presented to other team 
members before they are taken to the next stage. This 
ensures self-criticism and convincing presentation at 
different levels. The resulting work is more fi ne-tuned 
and comes from a solid foundation after having passed 
through many channels before being approved. The 
importance of  presentation and communication cannot 
be undermined in this process.

feedback loop

Team-based studio work facilitates learning from peers 
as a by-product of  the design process. As team mem-
bers come from different academic and professional 
backgrounds, a platform is created not only to share 
their experiences and skill-sets, but also to apply them 
into a plural, multi-layered project. This is an experience 
which cannot be obtained from peers working on dif-
ferent projects, as working on a single project together 
means that each member has the same stake in the fi nal 
outcome.
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digital fabrication     a new direction for architecture

federica capodarte

introduction

Globalization and mass production produced struc-
tures as IKEA, where everyone, in every part of  the 
world, can feel architect of  his own space. The actual 
feeling is in fact that architects give a cultural contribu-
tion to a productive and economical process. Which will 
be the future role of  the architect? Le Corbusier said “le 
standard est un produit de haute qualite” but digital fab-
rication has broken this equation, consequently the ap-
proach to the architecture is changing and his language 
is transforming. For Branko Kolarevic the capacity of  
parametric computational techniques to generate new 
design opportunities depends from designer’s abilities 
so “designer becomes an “editor” of  the generative 
potentiality of  the designed system, where the choice 
of  emergent forms is driven largely by the designer’s 
aesthetic and plastic sensibilities.”1 

 So parametric design has redefi ned the rela-
tionship between conception and representation. In-
stead digital fabrication has given to designers “the ca-
pacity to control the parameters of  material production 
and to precisely craft desired material outcomes.”2 

 Knowing the characteristics and capacities of  
digital fabrication machines allowed to the designers to 
create directly for using these and consequently to be 
more directly involved in the fabrication process. 

As Ruben Suare writes “innovative design today requires 
that the architect becomes the executioner and that the 
executioner and the manufacturers become architects.”3 
In other words this means that Digital fabrication gave 
back to the job of  architect a function that was lost with 
Modern Movement together with a new language. Dig-
ital fabrication in fact has completed the path started 
from software representation/simulation closing the 
gap between representation and realization: the proto-
types that it produces “more than merely resembles the 
construct...essentially actualize it. This means that now 
practice is empowered to shape the industry rather than 
“shopping” for available parts.”4 

 Interesting is the practice of  the group Design-
toproduction that work on the intermediate steps be-
tween digital design and fabrication to establishing spe-
cifi c algorithmic relations between the project and its 
parts. This is interesting because it is no easy scale a 
project from a small-scale prototype to real production, 
also when is thought to be realized with digital fabrica-
tion tools. It is an evolution and actualization of  the 
executive project: before the architect explained to the 
workers how build something, now he communicates 
with the machines.



evolution of the fabrication process

The evolution of  fabrication process was: handmade 
- industrial fabrication (mass production) - digital fabri-
cation (customization, proto design, digital craft). 

 The transition from a prevalent handmade 
production to industrial production happened in Eu-
rope around the middle of  1800. The diffusion of  
industrial products wasn’t received with enthusiasm 
from intellectuals and artists. The movement of  Arts 
and Crafts was born to sustain the value of  handmade 
work in opposition at the cold industrial objects. Wil-
liam Morris was one of  the main supporters. Looking 
at his production today the interesting thing is that even 
if  his design was born as anti industrial, the objects that 
Morris produced were so modern and original in com-
parison with the contemporary industrial production, 
to be considered as the fi rst germ of  modern design. 
Modern design was developed starting from Art nou-
veau with the idea of  the beautiful applied to industrial 
production. 

 From the beginning the Bauhaus had in his 
intents the idea to join together art and industry and 
fi nd in this union support for the contemporary archi-
tecture. “It would be positively wrong not to look for 
ways of  making the hard work that is gone into them 
accessible to large numbers of  people (...) we must fi nd 
ways of  duplicating some of  the articles with the help 
of  machines” 5 The purpose of  the school wasn’t the 
production, but to eliminate the division between artist 
and craftsman to build the building of  the future. So, 
even if  the experience of  the Bauhaus was short, his 
ideas have infl uenced the following architectural pro-
duction coming back to be actual, in a different way, in 
the contemporary condition. 

 In the 1950s Ervin Hauer started to develop 
his production. What I consider signifi cant about his 
work for this essay is the fact that it was born as a hand-
made production, it became an industrial fabrication 
and actually it is experienced as digital fabrication. His 
prototypes are based on the concept of  modular con-

Fig. A

Fig. B

Fig. D

Fig. C

Fig. E
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structivism. He developed structured modules which 
allow intricate and repetitive patterns. Designing these 
structures involves intensive study of  the combinatorial 
possibilities of  curvilinear and fl uidly shaped modules, 
creating an organic unity.
 
 When a number of  modules are assembled 
a new confi guration emerges. Apertures transmit and 
fi lter light generating different patterns of  shadow. 
Design 3 (fi g.A), 1952, is interesting because engineers 
called it structurally undetermined and would not touch 
it, but they didn’t say that it couldn’t be done, only that 
there were no procedures on the books for calculate its 
physical requirements. So he realized the construction 
of  the wall personally trying to have the highest light 
effect possible. It consists of  two separated continua 
that exist without touching, maintaining a distance but 
interacting and completing to form the big system. The 
structure is minimal and the interaction with the light 
maximum. 

 In Design 4 (fi g.B), 1954, he tried to obtain 
a more structural effi ciency. For doing this he devel-
oped a matrix. The result is a surface that propagates in 
all three dimension of  space, front, top and side view 
looks exactly the same. The advantages of  this system 
are a simple mould design and a high strength in each 
module. This was the fi rst of  his walls to be approved as 
structural partition for a building. The original surface 
that result was defi ned from the physicist Alan Schoen 
as a new and original contribute to the mathematics, 
and it was catalogued as Infi nite Continuous Surface 
generated from truncated octahedral. From Design 10 
(fi g.C), 1958, his production is designed to be fabricated 
by different industrial production methods and mate-
rials, and for different architectural requirements. To 
make the production and the installation practical mul-
tiple modules are clustered together. With the advent 
of  digital fabrication technologies Hauer designs be-
come easy to fabricate and mass produce in a variety of  
materials. In 2005 Heuer in collaboration with Enrique 
Rosado produced a variation of  Design 6, that was 
commissioned from an architect for a sacred building 
in 1956, producing it with digital tools. In Design 306, 
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sign 306, (fi g.D,E) the novelty is in the fact that it was 
thought to be realized with a three-axis CNC mill ma-
chine using materials as limestone or MDF for architec-
tural situations in which transparency isn’t required but 
only light modulation. 

 The same research on geometry, material 
performance and fabrication techniques we fi nd in the 
work of  Haresh Lalvani. (fi g.F) In the 1990s he began 
to develop an innovative work with computer-aided de-
sign and manufacturing. His work is based on series of  
algorithmically generated geometries. These are trans-
lated into computer models and fed into computer-
controlled machinery that marks and laser cuts sheet 
metal and readies it for folding. He worked with Milgo/
Bufkin “to fi nd a way to creating developable curved 
sheet-metal surfaces using an economical process that 
recognizes both the characteristics of  sheet metal and 
the digital capabilities of  metal fabrication.”6 From this 
work derives the AlgoRhythms project that Lalvani 
called the “Milgo experiment”. The purpose of  this 
experiment is joining together “shaping (morphology) 
and making (fabrication)”7 Interest in architecture as 
surface not mass because “mass focuses on material 
performance (strength of  material) while surface de-
pends on its geometry (strength of  form)”8 in this way 
maximize performance, discovered and mapped curved 
forms that compose “the morphological universe...
where straight lines and fl at planes are in minority”9 He 
Modulated the metal surface to obtain rigid curved sur-
faces without deform the metal. So the AlgoRhythmic 
forms are an example of  forms generated by a physi-
cal process and not from a computational one. Algo-
Rhythms derives from a computational algorithm based 
on the morphological model that he studied to defi ne 
new families of  surfaces from solid forms. Inspiration 
from biology, Morphological Genome, that is a model 
experiment for mapping other genomes. The principal 
idea is that an infi nite number of  possible forms could 
be specifi ed by a fi nite number of  morph genes. “Just 
as our genetic code permits each of  us to be unique, so 
too AlgoRhythm Technologies generates a wide range 
of  unique forms from its genetic code” 10 An example 
is his studies on the AlgoRhythm columns (fi g.G). Each 

Fig. H
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column is based on one algorithm, is fabricated from a 
unique metal sheet of  one material with a single fabrica-
tion technique. Engineer Vincent De Simone “Lalvani’s 
algorithms have given you a method where, by folding 
along perforations, the metal is never stretched.” His 
prototypes are 3-D solid models and in theory an entire 
building could be made of  load-bearing folded metal.
sharing system. Ideas are now freely shared without 
remaining within the boundaries of  their origin. Ideas 
conceived by one person may be further developed by 
another. The elimination of  a closed-loop of  owner-
ship allows many minds to work on and take existing 
projects to different levels, perhaps even resulting in 
diverse possibilities with a single starting point.

what is digital fabrication?

“Digital fabrication is a way of  making that uses digital 
data to control a fabrication process.” 11 Digital fabrica-
tion was almost developed in the 1950s by the Hungar-
ian American mathematician John von Neumann. He 
studied a mathematical model of  a self-reproducing 
machine from which comes ideas for digital computa-
tion. Digital fabrication and rapid prototyping are be-
come important tools and their use is increased to rep-
resent physically, with a strong precision, architectures 
that use freeform geometry simplify “the translation 
of  a design idea into fabrication process”12 Once the 
computer model is developed, the data are transmitted 
to computer-controlled machines that make full-scale 
parts or entire forms using a 13 variety of  materials such 
as aluminum, steel, wood, and plastics, eliminating in-
termediate steps between design and fi nal product. 

 As Lisa Iwamoto puts in evidence in her book 
“Digital Fabrications”, the types of  digital techniques 
that have emerged over the past fi fteen years are sec-
tioning, tessellating, folding, contouring, and forming. 
Computer-controlled cutting tools are based on sub-
tractive or additive processes. Subtractive techniques 
create models removing material from a solid block or 
sheet using tools as sign cutters (CNC machines with 
2.5-3-5 axis), rotating tools, high-powered lasers, jets 
of  water, beams of  atoms, and jets of  gas. Additive 

of  water, beams of  atoms, and jets of  gas. Additive 
processes form a shape building successive layers of  
material each on the previous one using techniques as 
vacuum forming, blow melding, injection melding, and 
3D printing. 

 As Neil Gershenfeld writes in his book “FAB” 
the accessibility of  micron-scale control is what allows 
all these machines to produce parts with such superb 
tolerance and fi nishes. So, as Lisa Iwamoto writes, dig-
ital fabrication has translated in computer controlled 
traditional handmade techniques given to it new com-
municative force and applications as for digital craft 
opening “a gold mine of  design opportunities for in-
vestigating the transitions between form, machine and 
material.”13 

 A consequence of  the research on complex 
geometry and computational models from a part, and 
digital fabrication techniques and technologies from an-
other, is an increasing research on materials. Therefore 
traditional materials are discovering different applica-
tions and new ways to use their properties. In addition 
to this there is the growing use of  new materials as pol-
ymers or fi breglass etc alone or in combination with tra-
ditional ones. In this way a new link between materials 
and geometry is established. I have had a direct experi-
ence of  it in the workshop that I attended at AA during 
the autumn semester, where we used a traditional tech-
nique (geometrical origami) and material (paper), and 
a laser cutter machine to simplify the foldable process 
making it easy, fast and precise to investigate complex 
geometric forms of  aggregation and transformation. 
(fi g.H) 

 Recently a different direction in the fi eld of  
architectural production has been started from the ar-
chitects Fabio Gramazio and Matthias Kohler using 
standard industrial robot capacities of  drill, rotate and 
place materials for assembling and composing.(fi g.I) 
So the robot becomes a sort of  “personal computer” 
for  construction as they defi ne it. In the experiment 
of  the three-dimensional tessellated wall units (“The 
Programmed Wall”) they have employed the precision 



of  robotic work for placing bricks using on digital data 
to communicate their placement and orientation (fi g.J). 
So a traditional material as brick is used with an innova-
tive technology that allows programming and automat-
ing his physical positioning saving time, reducing cost 
and having a product extremely precise, all thought and 
done at 1:1 scale. “If  we understand its nature and use 
it as a complementary tool to our intuition and intel-
ligence, digital technology will unleash its systematic, 
aesthetic, and poetic potential”14

conclusion: next step?

New technologies have created a method of  produc-
tion based on individual crafted solutions, as our times 
require, demonstrating the effi ciency of  customization. 
“It is no longer the system that defi nes the building 
now the building defi nes its own system”15 

 Machine as 3Dprinter, laser cutter and CNC 
have diffused quickly in last years and are used com-
monly in design industry in the fabrication process of  
innovative design. Price and dimensions are reducing 
year by year and actually it is possible buy small version 
of  these machines online and builds your own at home 
paying less of  one thousand dollars. (fi g.K) I think in 
next years these machines will become easier to buy 
and less expensive so that everyone could have one at 
home and produce what he wants customizing his pro-
duction. Looking back at the recent history most of  
the objects and tools that today we use commonly have 
had a similar developed, most banal example, personal 
computer, at the beginning big as a room and very ex-
pensive, today laptops that can be bring where we need. 
Same thing for his tools, an example is the software 
Photoshop. Today it is the basic software that everyone 
can have buying a new camera, in this way everyone at 
home can download his pictures in a computer and cut, 
touch up, correct and customize them. What I want to 
say, in a more general way, is that globalization and mass 
production have changed our way to live diffusing tools 
in the activities of  everyday. The same will happen in a 
near future with digital fabrication machines. So as to-
day we have print centres, where we can send by web-

Fig. I Fig. J
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mail draws or texts to print and go to collect them after 
few hours, in the same way I think we will have protolab 
centres and they will be common as print centres today. 

 An example on this direction is a project of  
the architects Gramazio and Kohler that join together 
modern communications and digital tools to custom-
ize design. MTable is a project for a table that costum-
ers can co-design using their cell-phone. First step is 
to choose size, dimensions, material and colour on the 
screen of  their mobile phone. Second are situating de-
formation points on the surface of  the table creating 
holes on this. Third the program on the cell phone veri-
fi es the static of  the table with the holes. In the end the 
parameters that defi ne the table are transmitted as a se-
ries of  numbers to be realized by a milling machine di-
rectly driven from the data transmitted from the phone. 
What is really interesting about this project is the fact 
that costumers are directly involved in the design, they 
have the control on the last phase of  the design, and 
consequently the feeling that they are “creating” their 
own and personal table, even if  the origin is common 
and decided by the designer. In the reality he chooses 
how much the costumer can be free to modify the origi-
nal. This proposal is closer to the future that I image, 
a client select on his iPhone some features and press 
“enter” and the day after a robot arm will assembly it. 

 Process become the node point, everyone 
produce his process. The control over the process be-
comes fundamental for architects to be in a primary po-
sition and for digital fabrication to be not only used for 
formal exploration or as a trend. Flexibility, customiza-
tion and personifi cation will be the key words.

Fig. K
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intellitecture     intelligent architecture: a debate

riddhi parakh

introduction

“Just as renaissance architecture transformed itself  into 
something ‘perspective-able’, and just as Functionalist 
architecture completely restructured itself  to become 
‘industry-able’ (and I do not mean ‘only’ an architecture 
that wants to reveal the objective, serial, abstract, me-
chanical essence of  the industrialized world), so today’s 
architecture is struggling to be ‘information-able’. It is 
struggling to incorporate within itself  the dynamic, in-
terconnected and above all interactive essence of  the 
IT based paradigm.”1 The model of  today’s emergent 
and evolutionary architecture is that it should be re-
active to developing and growing in not just a virtual 
but a real environment. All the above mentioned smart 
techniques and digital means were previously applicable 
only to easily quantifi able engineering problems, how-
ever with developing times they are now possible to be 
applied in a more complex situation related to our built 
environment. Computer modeling automated produc-
tion and sophisticated techniques of  market research 
now allow us to mass produce a variety of  styles and 
customized products. However, to achieve this what 
needs to be considered is coding of  the structural and 
spatial confi gurations to these generative algorithms 
and parametric programs, precise descriptions of  the 
confl icting criterions , rules for selection and optimi-
zation of  options and adaption of  morphological and 
metabolic processes for interaction of  built form and 

and its environment. Once these issues are resolved, 
the computer can be used not as an aid to design in 
the usual sense, but as an evolutionary and a generative 
force. Though this is still in the most primitive stage 
and the use of  computer and these smart digital means 
to their full potential needs a whole of  lot of  study and 
thorough critical understanding of  the entire process 
which very few architects and designers have yet been 
able to fully master.

parametrics & digital fabrication
 These contemporary technologies of  para-
metrics , algorithms and other digital means of  produc-
tion are clear in their objectives but perhaps blind to the 
eventual product of  the process that they are creating. 
This blindness can cause concern to those with tradi-
tional design values who take pleasure in total control. 
It can panic those who feel that what these technolo-
gies are producing might get out of  control like a com-
puter virus.2 However for some others, the conviction 
remains that harnessing of  some of  the qualities of  
the new design processes could bring about a real ad-
vancement in the build setting. It has been left largely 
to architects individually to take the risk of  performing 
experimental and innovative prototyping in an uncoor-
dinated and romantic heroic manner.3 The inevitable 
failures have been catastrophic both for the society 
and the architectural profession. Though, one of  the 
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parametrics & digital fabrication
 These contemporary technologies of  para-
metrics , algorithms and other digital means of  produc-
tion are clear in their objectives but perhaps blind to the 
eventual product of  the process that they are creating. 
This blindness can cause concern to those with tradi-
tional design values who take pleasure in total control. 
It can panic those who feel that what these technolo-
gies are producing might get out of  control like a com-
puter virus.2 However for some others, the conviction 
remains that harnessing of  some of  the qualities of  
the new design processes could bring about a real ad-
vancement in the build setting. It has been left largely 
to architects individually to take the risk of  performing 
experimental and innovative prototyping in an uncoor-
dinated and romantic heroic manner.3 The inevitable 
failures have been catastrophic both for the society 
and the architectural profession. Though, one of  the 
many differences between traditional building archi-
tecture and software architecture is that a lot of  deci-
sions about a building architecture are hard to change, 
once taken. It is very diffi cult to go back and change 
your basement, though it is possible. Both these proc-
esses described above have evident parallels with the 
way much cognizant design occurs: it is also similar to 
the way in which many vernacular archetypes and suc-
cessful prototypes have been developed and adapted 
for different sites, environments and individual require-
ments. However, in order to create an algorithmic set 
of  rules, it is fi rst necessary to develop an architectural 
concept in a generic and universal form capable of  
being expressed in a variety of  structures and spatial 
confi gurations in response to different environments. 

 Many architects already work in this way using 
personal set of  strategies which they adapt to particular 
design circumstances. Such strategies are often distinct 
and constant to the point where projects by individual 
architects are instantly recognizable. All that is required 
is that this generic approach is explicit and suffi ciently 
meticulous to be scripted. The great amount of  varia-
tions and options that parametric modeling provides us 
with, and the ability of  numerically controlled (CNC) 
machines to directly translate from computer model to 
materiality has opened a plethora of  opportunities in 
the fi eld of  architecture and design in general. It is kind 
of  speculation with digital medium and its translation 
to materiality that’s offers potential. Digital technolo-
gies do not facilitate the deployment of  materials, but 
they do initiate a reinvention of  material process, in 
that we are not just inventing architecture but a possi-
bility of  architecture. One no longer models a staircase 
but possibility of  staircase, almost possibility of  every 
staircase. In any serious system it will generate almost 
unmanageable quantity of  permutations. This shifts the 
thought most generally from typological to topological 
imagining. These technological developments are re-
introducing the possibility of  complex geometries that 
due to labour and fabrication costs have been unavail-
able for a long time.2 

 Again, no complex forms are impossible with-
out digital means. What’s interesting is that such archi-
tectures become possible within the remit of  a standard 
budget through use of  machinic and fabrication proc-
esses. However, for this to happen fl awlessly, intelligent 
engagement between the architect, engineer and fabri-
cator is a must. Use of  machines for faster construc-
tions, smarter economic construction or even novel 
methods of  construction is more than welcome. To 
have variations of  designs or elements in design with 
certain basic concepts in place is defi nitely a boon to 
the architectural industry. But the claim that is generally 
being made that just a set of  rules, a code or a script and 
a fabricating device is really capable of  building a sensi-
tive and sensible architecture, is not convincing enough.
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broadening the creative pursuit 

Frazer says that an evolutionary architecture will exhibit 
metabolism. It will enjoy a thermodynamically open 
relationship with the environment in both a metabol-
ic and socio-economic sense. It will maintain stability 
with the environment by negative feedback interactions 
and promote evolution in its employment of  positive 
feedback. It will conserve information while using the 
process of  autopoiesis, autocatalysis and emergent be-
havior to generate new forms and structures. It will be 
involved with readjusting points of  disjuncture in the 
socio economic system by operation of  positive feed-
back. This will result in signifi cant technological ad-
vances in our ability to intervene in the environment. 
Not at static picture but a dynamic picture of  becoming 
and unfolding- a direct analogy with description of  the 
natural world. However, technology is not a technique. 
A scientifi c hypothesis is not the same as the design hy-
pothesis. 4 Whenever new technologies emerge certain 
capacities are lost and others are gained, but nostalgia 
in this regard is mislaid, simply a new standard is in the 
offi ng that needs exploring. The nostalgic tendencies of  
some to return to previous era are an equally inadequate 
retort, at every stage, to current dilemma. The classics 
of  the past do not refl ect the changing demands of  the 
society, the actuality of  the construction industry or 
the urgent need for the environmentally conscientious 
buildings. So, we do not propose a return to vernacular 
forms of  building evolution, because tradition can no 
longer meet the requirements of  contemporary urban 
life. Nor can we carry on the evolutionary process by 
constructing and evaluating full size prototypes, as was 
practice in the past with construction of  Gothic cathe-
drals, for example. This would take too long and involve 
undesirable costs in terms of  both money and in case 
of  structural failure, human life. There is no reason why 
working with a digital medium does not allow one to 
pursue architectural medium in an extremely powerful, 
physical, tactile manner like never before. The digital 
means are not by physics, like buildings are. They are 
limited by imagination, by design, by organization. In 
short, they are limited by properties of  their users, not 
by their own characteristics. This medium is a necessary

instrument for architecture in this stage of  research, 
not only because of  its pragmatic aspects but also for 
its cognitive ones.5

architectural sensitivity: a qualm

Christopher Alexander in his book Landscape6, dis-
missed the use of  computers as a design aid saying that 
a digital computer is essentially the same as huge army 
of  clerks, equipped with rule books, pencil paper and 
all stupid and entirely without initiative but able to fol-
low exactly millions of  precisely defi ned operations. In 
asking how the computer might be applied to archi-
tectural design, we must therefore ask ourselves what 
problems we know of  in design that could be solved by 
such an army of  clerks. At the moment there are very 
few such problems. Diffi culty lies in handing over the 
rule book. Concern lies in the nature of  these rules and 
possibilities of  developing them in such a way that they 
do not prescribe the result or the process by which they 
evolve. Though this might seem as one extreme stand 
on the use of  digital means, and these digital systems 
might be, or rather undoubtedly are smart in terms of  
material optimization, maybe structural and at times 
spatial confi gurations too. But the question which is 
yet unanswered is that, can these means and machines 
really design the emotional experience in an architec-
tural space? Would it be really possible to achieve the 
sense of  euphoria and grandeur in a castle, peace in 
a cathedral, scale and comfort in a house and produc-
tive energy in a workspace with only these digital means 
and no human spontaneity or intervention? Human 
brain is extraordinarily good at making guesses based 
on experiences, at retrieving knowledge from the mem-
ory without need for exhaustive searches, at perceiving 
analogies and forming associations between seemingly 
unrelated terms. These aspects of  intuition perception 
and imagination are traditional creative engines for the 
architectural ideas. While model of  architectural crea-
tivity proposed by this text departs in many ways from 
the traditional model, it still relies on human skills for 
the essential fi rst step of  forming the concept. The 
prototyping, modeling testing, evaluation and evolu-
tion all use formidable power of  the computer, but the 



initial spark comes from the human creativity.7 These 
means, as we saw above are capable of  producing hun-
dred thousand solutions top all design problems, with 
variations and millions of  permutations and combina-
tions. Also they are capable of  short listing few based 
on structural, spatial, material optimization or similar 
other ‘fi tness criteria’. However, or rather thus, at times 
the choice needs to be made in terms of  emotions or 
aesthetics or some other totally personalized criteria, 
and in such a case then, can a machine really replace a 
human being?

 A digital software however smart or intelligent 
it might be, cannot be sensitive enough to understand 
emotional and socio-economic conditions in certain 
contexts. Eg: can slum rehabilitation project in a con-
gested Indian city or an articulate ornamentation of  
temple restoration in the deserts of  Rajasthan is pos-
sible with the software intelligence? In these structures, 
human brain, experience, knowledge, historical prec-
edence, sensitivity and sensibility towards the struc-
ture, the place and the people around is a must, which 
a digital device cannot understand or ‘feel’. The whole 
premise of  digital architecture comes into question 
at the use of  this one word ‘feel’ and its implications. 
Again, the argument here being put up is not to say 
that these digital means are totally useless in producing 
sensitive architecture. Not at all! But just a point needs 
to be put across that at some stage or rather at multiple 
stages in the whole process from the fi rst sketch to fi nal 
constructed outcome, human intervention is necessary 
from time to time and at various stages in the process. 8 

need for critical rethinking

Thus the potential of  this ‘intelligent architecture’ lies 
in testing out new liberties of  this practice and broad-
ening the creative mandate allowed to architects by the 
introduction of  all these new technological advances. 
The creative modes of  practice need to be rethought. 
If  we want to exploit the potential of  computers, it is 
not appropriate to do it through extension of  current 
modes of  thought but, it needs entirely reinventing 
the creative circuits through which we conceive these 
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projects. As Frazer counters Alexander’s stand about 
the army of  clerks saying that computer is not an army 
of  clerks who will thwart all the creativity with their de-
mand for precise information but are slaves of  infi nite 
power and patience. However, computers are not with-
out their dangers. They have a tendency to dull criti-
cal faculties, induce a false sense of  having optimized 
the design which maybe fundamentally ill conceived, 
produce an atmosphere where any utterance by the 
computer is regarded as having the divine signifi cance, 
distort the design process to fi t limitations of  most eas-
ily available program, distort criticism to end product 
rather than to examination of  process and concen-
trate criticism and feedback on aspects of  the problem 
which can easily be quantifi ed. Thus, ‘imaginative use’ 
in our case should mean using a computer like a genii in 
the bottle to compress evolutionary space and time so 
that complexity and emergent form are able to develop. 
The computers of  our imagination are also a source of  
inspiration- an electronic muse. Our new architecture 
should emerge on the very edge of  chaos and from this 
chaos should emerge order: order not meticulous, pe-
culiar, odd or artifi cial but order generic, typical, natu-
ral, fundamental and inevitable- the order of  life. 8 The 
perspective or the general belief  that is fl oating around 
in the global architectural scenario around the world; 
that a vast knowledge and total expertise of  new script-
ing softwares, and programming and coding languages 
can make up for the lack of  creativity and design intel-
ligence of  an architect , designer or an urban planner 
is something which defi nitely needs a reconsideration. 
Today, some architectural schools and offi ces tend to 
give out that kind of  vibe, but actually all these thought 
processes do need us to step back and critically analyse 
with a zoomed out view of  the entire current situation 
and this so-called celebrated ‘paradigm shift’ in fi eld of  
architectural design.

1 Antonino Saggio, Interactivity at the Centre of  Avant-Garde Architectural 
Research, 23.
2John Frazer,An Evolutionary Architecture, 12. 
3 op.cit ,15
4 op.cit ,12 
5 Antonino Saggio, Interactivity at the Centre of  Avant-Garde Architectural 
Research, 23.
6 Christopher Alexander, ‘The Question of  Computers in Design’, Landscapee, 
Autumn 1967, 8-12. 
7 Igor Alexander, An Introduction to Neural Computing,43
8John Frazer,An Evolutionary Architecture, 103.



man at play

The human mind loves to wander. And when a painter 
proposes an entire world that revolves around and is 
built for this very purpose – unrestricted freedom of  the 
human spirit, the project is bound to make an impact. 
And this is exactly what Constant Nieuwenhuys, did in 
the year 1956. Constant worked on this idea which was 
named New Babylon, for the next twenty years, and at 
a scale of  the entire planet. He spoke of  this city to 
be an amalgamation of  many cities that spanned across 
the entire Earth. Constant was not only an artist but a 
visionary. He thus envisioned a place where each and 
every person in this world would be freed of  worldly 
tasks by technological advancements in automation, 
and in this state man would be left to explore his basic 
instinct of  creativity and exploit the limitless potential 
of  his own imagination.

 Today, we are at a stage where advancements 
in the fi eld of  technology and automation have been 
tremendous. Unknowingly, we all have transformed into 
urban nomads. Constant’s New Babylon, could never 
materialize into a built project for obvious reasons, or 
maybe we were not ready for such a radical change in 
the way we perceive our environments. However, today, 
when the possibilities and opportunities are numerous, 
what is our notion of  radical change as architects and
urban planners, to bring about in the way our cities 

beyond a ‘constant’ utopia
poonam sardesai

function today?

 Constant was an artist, an artist who delivered 
an urban project at a humungous scale, through draw-
ings, photographs, montages, and models. So, can we 
as architects, with all the available means of  intelligent 
software and supporting hardware, now conceive cities, 
which can respond to our worlds of  virtual reality? Can 
we think beyond concepts of  ‘utopia’, and try to design 
and develop real cities to deal with real issues of  eco-
nomics, the environment, and social change and in this 
process conceive of  stimulating environments for their 
inhabitants, as well?
 
 This essay attempts to draw inspiration from 
the conceptual work of  Constant Nieuwenhuys, to un-
derstand how we as designers and planners, could func-
tion better in the midst of  this revolution of  sorts, that 
the new network culture has brought about, today.2

the city and its people

There has been a radical redefi nition of  the word ‘city’ 
and its context. A city can no longer be an immobile, 
function based, grid network of  spaces, as the lifestyle 
of  its inhabitants has undergone a massive transforma-
tion. Where they were once, fi xed, stable points around 
which a city was set up, they are now particles in fl ux,
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travelling across the globe at a frequency much higher 
than ever before. This essay by studying Constant Nieu-
wenhuys’ proposal of  The New Babylon, attempts to
explore the nomadic nature of  our current lifestyle 
and its impact on the issues of  urban planning today. 
Constant’s New Babylon strived for a Utopia (although 
Constant himself  often denied that New Babylon was 
a utopia), in which constant movement and change 
symbolized freedom. Through New Babylon, Constant 
questions the very idea of  modernist functional archi-
tecture - ‘The city is… specifi cally a place to stay,’1 and
proposes a ‘liquid architecture’ for the new city.

the provocation & the appeal

Why choose New Babylon, as a case of  study? This es-
say revolves around the underlying fact that Constant’s 
New Babylon, is an abstract premonition, which echoes 
of  today’s times and culture. ‘New Babylon is all cities 
in one city spread over the entire surface of  the Earth. 
It fl oats above the ground as its citizens fl oat above ma-
terial and physical constraints. Food, shelter, every de-
sire is fulfi lled through an automated super-infrastruc-
ture that immediately produces whatever is requested. 
Each encounter between two New Babylonians is a fi rst 
encounter.’2

 The logic behind New Babylon is where its 

appeal lies. Constant assumes that automation will 
bring about a situation of  crisis and saturation in the 
human society.

 And this crisis will force man to go beyond his 
basic survival instinct. ‘Under the infl uence of  a totally 
new productive infrastructure, the natural condition of  
homo homini lupus est, is bound to undergo a radical 
change, that eliminates existential struggle.’3

the restless & the mobile

New Babylon is essentially designed to intensify man’s 
natural desire for fun and play. In Constant’s world, the 
inhabitants are wanderers that move across the planet,
to exploit their ideas of  freedom. And this constant 
motion of  its inhabitants is exaggerated by the fact that 
their immediate environments are also under a state of
rapid fl ux and transformation. Their environments are 
as mobile as their thoughts are, right from the walls and 
ceilings of  their homes, to the juxtaposition of  spaces
across the Earth.

 New Babylon is a place where vast spaces are 
networked across the planet, to function as one. While 
Constant’s Homo Ludens is a man at play, who wanders
around the planet to fulfi ll his natural needs for creativ-
ity, this man’s planet is fully automated. Cities today, all 



over are witnessing a massive migration of  population
all across the globe at a daily scale. However, this is es-
sentially due to the automation of  services across the 
industry, and people are in a state of  constant move-
ment in search of  means of  livelihood. Therefore, we 
are all nomads, not always out of  choice but more often 
than not, out of  need. In this process, where each indi-
vidual keeps reconfi guring his physical being and psy-
chological space, he requires environments as compel-
ling as ones described in New Babylon. Unfortunately, 
however, how much time and creativity can people 
afford to invest in these transformative processes? In 
the wake of  such circumstances, where every situation 
for an individual is an action in fl ux, where do we go 
for peace and harmony, if  our living environments also 
provide for no stability?

 Constant, however, suggests that a culture 
based on mass- creativity, is the only way out of  this 
continuous cycle, where the present is the past and the 
present will be the future. Constant is not as concerned 
with ‘the long established norms, morals and social 
conventions (the thin layer of  ‘civilization’) that tie man 
down, which might as well be easily washed away, but 
he is evidently more skeptical about mankind’s ability 
to overcome his fears and need for security- in short, 
man’s ego.’4

architecture & opportunity

On the other hand, in parallel, there has been an inter-
esting development in the discourse of  architecture in 
recent times, one which might not have been explicitly
predicted before- the introduction of  intelligent soft-
ware, automation and robotics in architectural proc-
esses. What does this automation of  the architectural 
practice imply for the creative thought process of  the 
architect? How does this automation provide for the ar-
chitect to explore more his creative potential in unpre-
dicted ways to revolutionize architecture and its prod-
uct? Does this new trajectory, imply that architects have
now been vested with the power to conceive and con-
struct highly responsive environments to suit the chang-
ing needs of  time and people? In an essay written in

Clockwise from top: Paris, Barcelona, Munich, Cologne
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1960, Constant evoked the cybernetic ideas of  Norbert 
Wiener and stated that ‘town planning should address 
this ongoing automation of  life and the evolution of  
the robot.’5 The time then spent on work chores could, 
he thought, be usefully redirected towards creative play. 
Today the question arises as to whether, these urban
environments be designed, only to address the creative 
needs of  ‘man at play’ or should they also be perceived 
as environments to address man’s basic survival in-
stincts and generate means of  livelihood? As architects 
and urban planners, does our responsibility end in the 
creation of  emotionally stimulating, mentally invigorat-
ing urban environments or is that the bare minimum 
where responsive environments should actually begin 
from? Where then lies the fi ne line between an engi-
neer, an architect and a creative designer; a free thinker 
– an individual?

the potential

This micro level of  control in the computational world 
provides for freedom at the macro – level of  the city 
and its urbanism. Where in Constant’s New Babylon, 
desire is the driving force behind a new kind or urban-
ism and its three dimensional representational map; can 
the freedom offered by computational perception, be a
catalyst in a new form of  radical change in urbanism 
today?

 What happens when software overtakes and 
commands this hardware then; by both design percep-
tion and appeal? What happens when the computing 
machine takes over and makes decisions or rather pro-
vides one with numerous ‘iterations’, to choose from? 
How does it affect the culture of  the society it hopes 
to penetrate with its radical ideas? The network culture 
has brought about a certain change in the approach of  
designers towards the profession. However, how does 
the resulting architecture affect and alter its parent envi-
ronment? It is an interesting conversation this exchange 
that happens between information – programmed mat-
ter – automated space – people.

 Here, it would be apt to discuss how Constant 



reacted when presented with a similar prospect dealing 
with unrestricted creativity. For him and the COBRA, a
child’s scribbling was the ultimate epitome of  originality. 
‘The child knows of  no other law other than its spon-
taneous sensation of  life and feels no need to express 
itself ’, says Constant. The child’s free engagement with 
the world exemplifi es all of  COBRA’s favourite words: 
“vital,” “blunt,” “direct,” “immediate,” “energetic,”
“spontaneous” and “experimental.” What appears as 
uncontrolled frivolous play – whether in the child, the 
unconscious, the primitive, the insane, or the untrained 
– becomes the foundation of  the most serious transfor-
mation of  society.’6

 Can cyberspace constitute a new Situationist 
playground? ‘The spatial development must take into 
account the emotional effects that the experimental city 
will determine…’7 Constant, in his essay demanded a 
new architecture of  technology juxtaposed with the 
emotive and psychological play of  the city’s inhabit-
ants8. Today we have the kind of  computational con-
trol to go beyond Constant’s artistic idealistic concept. 
Morever, designers possess the necessary hardware to 
crystallize computational attempts. Machines and ro-
bots now provide designers, with a potential to probe 
beyond cybernetic attempts in the virtual world (eg: 
Soft Babylon, Marcos Novak).

the intelligence

What happens when a revolution takes place in the 
way an entire discipline functions? A revolution not 
triggered by political or philosophical situations, but a 
revolution demanded by technological advances in the 
fi elds of  creativity. This generation of  architects is in 
the middle of  this revolution and it will be interesting to
note what we make of  this rare opportunity, where 
the means to generate anything that the creative mind 
dreams of, are available in abundance. The 1970’s was 
also an architectural revolution of  sorts, where a whole 
generation of  radical proposals for idealized cities of  
the future, was conceived. And a part of  this novelty 
was New Babylon. The Situationist International (SI) 
was formed as a radical reform group, one that ques-

tioned and completely redefi ned the meaning of  po-
litical activism. What is interesting about Constant and 
Debord’s mode of  graphical representation of  Situ-
ationism, through a collage of  psycho geographic maps 
of  Paris, is essentially the thinking behind it. The way 
artistic notions of  nomadic creativity begin to trace and
spread roots through the existing soil of  a city’s culture, 
to feed and grow on them, to eventually engulf  and 
transform the city into a global canvas of  nomadic ac-
tivities, is phenomenal. This notion of  beginning at the 
beginning but ending at a whole new start is highly in-
triguing and enticing. Though, a point of  contradiction 
in the project was Constant’s refusal to engage the built 
environment as it already presented itself. He was unin-
terested in integrating the preexistent city into his New
Babylon schemes. As he himself  describes it, “the sec-
tors constantly change form and atmosphere according 
to the activities which are taking place there. Nobody 
can return to was before, rediscover the place as he left 
it, the image he had retained in his memory.”9

 The study of  these, bottom up emergent 
processes and techniques employed in the creation of  
‘situations’, though they later emerge as non-tolerant 
‘new worlds over a degraded city fabric’, begins to 
provide some clues on how highly intelligent compu-
tational techniques can be adapted to aid urban design. 
The challenge architects face today is not the lack of  
means to achieve the desire of  a creative mind, but to 
go beyond these very means, that are substantially un-
derutilized.

conclusion

New Babylon put into action, a string of  numerous 
projects conceived either as analogies to Constant’s no-
tions of  ‘liquid architecture’, or to demonstrate a more
practical realistic approach, designed in opposition to 
New Babylon. Where the Fun Palace by Cedric Price 
was anticipatory, while New Babylon was intended to 
be destabilizing; Marcus Novak’s Soft Babylon, was hy-
per cyberspatial and a ‘virtual’ paradox.10

 Today, Culture has reached a critical point. 
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Every single person’s life has been touched and affected 
by technology in unalterable ways. ‘In a period of  tran-
sition, like ours, the conditions of  life can change so 
rapidly that we are inclined to disbelieve in the world 
and its future. This is the attitude of  the present- beat
generation’.11 Every person leads two lives: one, that is 
real and belongs to this material world, and the other 
governed by the new network culture. The critical chal-
lenge that planners of  this generation face is to deal 
with the dual nature of  this culture and try and design 
a material world well suited for activities happening in
our virtual world.

 Now the potent question is whether this inter-
play of  the real and virtual worlds, be infl uenced by time 
and people, in such a way, that it then demonstrates the
intelligence to infl uence time and people, itself ? Are we 
capable of  producing an architecture that grows and 
perceives, that comprehends and responds, that changes
and reconfi gures, and that which eventually infl uences 
and controls? It has been over three decades since the 
fi rst true cybernetic building – the project called ‘Gen-
erator’12 was conceived in 1979. We have, however, not 
progressed beyond individual experimental projects. 
‘In the circumstances we soon will live in, architecture 
cannot be limited to designing buildings.’13 Collabora-
tive ventures are the need of  the hour, to further the 
discussion of  responsive, intelligent architecture, at an 
urban scale. A scale that works across the planet; a scale 
once envisaged by a single individual; the scale of  New 
Babylon.

return to new babylon

‘The reason that we do not seem to be able to let New 
Babylon rest is that it does not let us rest. New Ba-
bylon freshens and opens up space in our psyche for 
imagination, dreaming, and eventually political and so-
cial change. It is the very diffi culty of  New Babylon, 
the frightening demands it places on us, that have made 
it an enduring success. We may not choose to endorse 
Constant’s dream, but his example frees us to dream 
our own dreams of  better future- of  utopia’13 and be-
yond.14

1 Catherine de Zegher & Wigley Mark, The Activist Drawing,102, quoted from 
Constant, ‘On Travelling,’ Studio
International 185, no. 955 (May 1973), 228.
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6 Catherine de Zegher & Wigley Mark, The Activist Drawing,34
7 Spiller Neil, ‘Visionary Architecture’, 44, Guy Debord, ‘Report on the Con-
struction of  Situations,’ quoted in
Mark Wigley, Constant’s New Babylon
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ed in Wigley (note 3), p.131
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9 Catherine de Zegher & Wigley Mark, The Activist Drawing, 99-100, Con-
stant, New Babylon, 1965
10 Spiller Neil, ‘Visionary Architecture’
11 Wigley Mark, ‘Constant’s New Babylon’, 142
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