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Manifested in form is an investigation of the current states of both the product and the processes 
of digital design in architecture. This licentiate thesis is a part of an ongoing PhD research study 
started in December 2009.

   The subject of this licentiate thesis is in the field of experimental digital design and production 
of architecture. As this field has grown and matured, architectural discipline has been confronted 
with radical shifts in the processes of formation and the appearance of products. The formal aspects 
of architecture have been pushed to incorporate utilitarian aspects. This research highlights and 
investigates the tension between processes and formal appearance, utility and the aesthetic. It states 
that intensification of these relationships is not due solely to the advent of digital technology: it has 
also originated from ontological shifts within the discourses of form and formation. It identifies 
which changes in these relationships result from the shift caused by advances in technology and 
which are due to ontological shifts. Within this field, it identifies certain ontological shifts which 
are aligned with digital techniques and describes the methods of design. 

   The investigation uses ornament as an agent of the formal aspect, structure and construction as 
agents of utilitarian aspects and prototype as an agent of processes and product. This research unveils 
the ornament of the twenty-first century as a result of either methods of formal response to utility 
and/or methods of the digital construction of form. Thus, the ornament of the twenty-first century 
is an important part of the process rather than a non-essential element applied 
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This licentiate thesis is a stepping stone of the ongoing 
PhD research started on 20th December 2009. It is not 
considered as a finished project but instead as a work-
ing prototype. When I revised the contents of this thesis I 
found that the context of this research is not a result of the 
past two years but of a great long span of my life from the 
time I discovered myself. The greatest impact has been in 
the last eleven years where I have been a nomad, roam-
ing from one architecture university to another, from one 
country to another. During this long journey, living the 
life of people from different cultures, I have learnt far 
more than any school could teach. So, I find that there is 
a huge list of people to whom I am greatly indebted, a list 
that, perhaps, is too long to be fully included here. How-
ever, similar to the contents of this thesis in which I had to 
kill some of my darlings and keep others, I would like to 
mention some of my colleagues and friends. 

To imagine and combine the various arenas of knowl-
edge so fundamentally that it changes a culture is the 
greatest achievement that an architect can aim for I would 
first like to thank Kristina L Nilsson, my main advisor, for 
giving me the opportunity to carry out this research and 
allow me to go on a journey skirting the edge of normal 
subject disciplines. Likewise, I would also like to thank 
my co-advisor, Helena Johnsson, for her input to the re-
search from the point of view of her own discipline which, 
in many ways, has helped me to direct my research so 
that is accessible to a broader audience than just architects 
and artists. Thank you, Kristina and Helena, for under-
standing that I could not do what I do not believe in, as 
the research requires a great deal of passion.

I would very much like to thank Phil Ayres from CITA 
(Centre for Information Technology and Architecture) at 
The Royal Danish Academy of Fine Arts, School of Ar-
chitecture, for accepting my invitation to be an opponent 
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rial?” that I decided to kill my darlings and narrow down 
my thoughts within one coherent thesis. Warm thanks 
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searcher in the digital design field of architecture would 
have never been made possible without the foundation 
that was built during my Masters at the design studios 
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rika Karlsson and Jonas Runberger. Ulrika, thank you for 
putting me in a highly articulated environment of digi-
tal design and thank you for pushing me to develop my 
digital skills. You were the one who gave me the courage 
to believe in my work by saying that I am very skilled 
and talented; you have been a great mentor. Jonas, who 
I am in great debt to, has been a mentor, colleague and 
a friend; you have initiated a great international envi-
ronment in the school of architecture. By taking me and 
other students to the AA London School of Architecture, 
Arup, KPF, Foster and partners etc. you have not only 
enlarged our vision, but also elevated your students to 
an international level. Thank you for opening up a world 
of innovations and for supporting me at every stage of 
decision-making. This research is greatly influenced by 
your thoughts and visions about the field of digital de-
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sign. I also want to thank Tim Ansty, Director of Research 
at KTH and Marcelyn Gow, both of whom helped me to 
formulate a research proposal in 2008 – 2009, which was 
originally meant for a PhD position at the KTH School of 
Architecture but was not granted. This research evolved 
from the thoughts gathered in that proposal. 

At work, I have shared three homes beside Architec-
ture research group: the first, the division of Mining and 
Geotechnical Engineering, the second, the division of 
Structure and Construction Engineering and the third, the 
division of Wood Science and Engineering where I have 
spent a good deal of time with fellow colleagues. From 
the first division, I would like to thank Pooya Vahdati for 
the great amount of time he spent on the CFD simula-
tions of the projects presented in this research. Pooya, 
thanks for all your explanations, unconditional teaching 
and help. From the second division, I would like to thank 
Giuseppe Caprolu for his initial help with the FEM simu-
lation. Giuseppe, you saved me when the crucial dead-
line of my paper submission loomed. From the same divi-
sion, I would like to thank Gustav Jansson for sharing his 
thoughts and ideas as an engineer and patiently listening 
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helping me out every time I was stuck with the system, 
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Introduction

Architectural design values make up an important part of 
what influences designers when they make decisions at 
different levels of design. Hence, the formation of form as 
a  whole and its parts is also greatly influenced by these 
values. Over the last few decades, architectural values 
seem to have revolved around the minimisation of dam-
age to the natural environment through the reduction of 
the amount of material used, the amount of energy con-
sumed, the use of climate control etc. 

Today, the experiment with the formation of form is 
carried out within a digital environment. Within these 
virtual environments, the software acts as more than just 
a tool to help represent and integrate various disciplines 
into the design processes. Weather, changing light condi-
tions, wind direction etc. can all be data inputs and be 
used to change and tweak the design in order to incorpo-
rate factors such as climate in the early design processes. 

On the other hand, the technological innovation of 
production techniques and the spread of consumer fab-
rication technology (such as computerised milling ma-
chines, cutting machines and 3-D printers) have enabled 
the extraction of these forms from the digital environ-
ment to a physical one. Prototyping in particular has thus 
become an essential part of decision-making in digital 
design processes. It has now become an important and 
effective technique that helps collaborative teams to iden-
tify high-risk areas during the early stages and to validate 
products.  

Confronted with a series of technological innovations 
(from the development of design software to production 
techniques) there has been a profound change in the pro-
cess of formation in architecture. The adaptation of new 
tools in design, engineering and production has opened 
up a collaborative design procedure and new importance 
to the conception and early designs stages. In academia, 

many projects, such as the ITKE Research Pavilion 2010, 
are carried out where a single parameter, in this case ma-
terial properties, become the design driver from the very 
early project phases (Figure 1). However, in practice, ap-
propriate design proposals cannot be generated through 
single parameter optimisation. For example, the BMW 
Welt project, instead of utilizing a generic structural type 
to improve the form, regarded improvement as a balance 
of multiple architectural and structural requirements 
(Figure 2). As noted by Wolf D. Prix, “a building need not 
necessarily follow its basic layout and structure. Rather, 
the “roof” has taken on a new meaning, new significance 
in modern architecture.” (Wolf D.Prix, 2007)

Despite the type of single parameters (structure, wind 
direction, lighting etc.) that are chosen in academic proj-
ects or multiple parameters involved in the practical 
design process, most of the products of these processes 
share common characteristics, such as: 
• The artefact is built out of heterogeneous parts or sub-
parts
• The artefact contains smooth transitions between het-
erogeneous sub-parts
• The configuration of the form of the artefact expresses 
an organized complexity
• There is no trace of the hermetic Euclidean geometric 
figures  
• There is no trace of the role of order and proportion as 
described by platonic beliefs
• Most of these artefacts are ornamental as a whole or are 
highly decorative in their formal appearance 
• The geometry seems to take precedence over the deco-
rative aspect 
• In many cases, the physical construction of the artefact 
does not follow the geometric guidelines 
• The built artefact is the frozen configuration of a con-

Introduction
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tinuous series of forms
Many of these projects are claimed to be shaped by 

their intended performance1. For example, the character-
istics of a material should influence the form it is used 
for. Thus, a material must not be used as a substitute for 
another, as this subverts the material’s “true” properties 
and it is “cheating” the onlooker. Despite the sort of in-
tended performance involved in the design processes, 
these projects share a common aesthetic language that is 
dramatically different from the traditional one. Changes 
in aesthetic styles and expressions2  have been, and still 
are, both synchronic and diachronic. However, this new 
aesthetic vocabulary has been formed by the use of ‘re-
sources and forces’, by which I mean that values are 
organized and encouraged to act in a concerted way to 
achieve a particular objective. 

1. Here performance is defined as the behaviour that an architectural artefact 
should exhibit. 

2. Our understanding of Expressionism comes from DELEUZE, G. 1990. 
Expressionism in philosophy: Spinoza. “The paradox is that at once 
‘the expressed’ does not exist outside of the expression and yet bears 
no resemblance to it, but is essentially related to what expresses itself as 
distinct from the expression itself.” and also: “Without the reduction, it 
would be impossible for Deleuze to return to the surface, in other words, 
to the sensible, to the appearances, to the phenomena, to the plane of 
immanence. As in all phenomenology, Deleuze’s return to the surface 
does not imply the complete elimination of the difference between appear-
ance and essence; instead, as Hyppolite would say, there is sense within 
the sensible. As Deleuze says, “sense is the characteristic discovery 
of transcendental philosophy . . . it replaces the old metaphysical Es-
sences”… According to Deleuze, “restores the rights of immanence,” 
frees immanence from being immanent to something other than itself, and 
turns phenomenology into “a radical empiricism.” LAWLOR, L. 1998. 
The end of phenomenology: expressionism in Deleuze and Merleau-Ponty. 
Continental Philosophy Review, 31, 15-34.

Introduction

Figure 1 
ICD/ITKE Research Pavilion 2010, Inst. for Computational Design (Prof. A. 
Menges), Inst. of Building Structures & Structural Design (Prof. J. Knippers)

Figure 2  
BMW Welt Munich, Germany 
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Thesis Statements and Objectives 
A series of technological innovations confront architecture 
with a paradigm shift3 . Digitalisation of design, engineer-
ing and manufacturing medium are profoundly changing 
the architectural design processes. A digital design field 
has grown academically and is maturing through prac-
tice. One of the properties of the digital design field is 
that it allows data inputs in the early design processes, 
enabling a collaborative and performance-driven design 
procedure. The collaboration in such design processes 
can be heavily influenced by design intention. When a 
few people play a game, especially if they come from dif-
ferent disciplines, this interaction requires understanding 
of the intention and specific rules of the game. 

The shift that the digital design field of architecture is 
facing runs deeper than just the processes. It occurs in the 
actual meaning and notion of the artefacts themselves. It 
creates a different environment and model of collabora-
tion than those that currently dominate.

In this shift, there has been a profound change in the 
process of formation in architecture in which the topol-
ogy, form and structure of architecture has been pushed 
to incorporate factors such as climate, manufacture, pro-
gram, acoustics etc. Thus, the tension between the formal 
and utilitarian aspects of architecture has increased.
• Formal aspects imply the appearance of the form and 
the language used to create them. They are a way that 
architecture describes itself. (Internal)
• Utilitarian aspects imply usefulness, being able to per-
form functions and are the way architecture draws atten-
tion to the context. (External)

The increase of this tension alone is not the only rea-
son behind the common language in the aesthetic and for-
mal appearance of the products of digital design process-
es. The formal aspects of a product are highly influenced 

by the techniques offered by the design and production 
medium. Thus, the methods of using digital design are 
highly technical but encouraged, organized and focused 
on a particular objective. This objective has its root in 
the ontological shifts and, together with technical devel-
opments in digital design, creates a new product value, 
which is a move from an object-oriented discipline to a 
logic-oriented discipline. 

Moreover, digital techniques as ‘resources and forces’, 
are organized and encouraged to act in a concerted way 
to achieve a particular objective (modes of carrying de-
sign). These mainstream design modes have their roots 
within the ontological shifts.
• Technique implies the method offered by a technology.
• Mode implies the way or manner in which something 
(technique or technology) is experienced and is used.

This research explores the extent to which these shifts 
within the processes and product’s formal aspects are 
technological and to what extent they are ontological. 
Moreover, it speculates about the reduction in effort facili-
tated by these technical developments. These are sought 
through: 
• Following the growth of digital culture through the his-
tory of architectural design 
• Identifying and addressing the ontological shifts and 
the digital design techniques. 
• Assessing the processes and the produced artefact itself.

Scopes and Focus 
This research seeks to find the tension between processes 
and product, utility and aesthetic, of products within the 
field of digital design. Therefore, analyses of techniques 
and modes of design are carried out and target the digital 
design processes that drive physical production. 

The exploration of the research has been narrowed to 
the field of digital design and production in architecture. 

In contrast to the current tendency in digital design to 
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drive the design using single parameters, a design driven 
by multiple parameters is tested. The research is bounded 
by the overall performance of the architectural project 
following on from negotiating and balancing a complex 
network of many parameters, rather than just one. An ap-
propriate design proposal cannot be generated through 
single parameter optimisation, such as just a climatic op-
timisation of form. Also, the processes are non-linear and 
must be relevant to the objective of this thesis. 

Research Questions
To fulfil these objectives, the following research questions 
were used as tools to drive the research: 

Within Objective 1:
• The shift in processes due to recent technological ad-
vances has not led to a topological shift in the building 
industry. Why has the shift in processes due to recent 
technological advances has been followed by a product 
topological shift in architecture? What were the influen-
tial factors within architecture? 

Within Objective 2:
• What are the techniques used in digital design process-
es in architecture? How are they related to the growth of 
digital culture in architecture?

Within Objective 3:
• Why does the appearance of the product resulting from 
digital design processes share a common aesthetic lan-
guage despite the type or number of parameters (struc-
ture, wind direction, lighting etc.) that drive the forma-
tion processes?
• What are the influences that affect the common aesthet-
ic style currently seen in architectural production using 
digital design? Thus, what is the relationship between the 
appearance and the processes involved in producing an 
artefact? 
• In a model of the processes that generate a product us-

ing multiple parameter optimisations, what are the prin-
ciples involved in the formation of the product that do 
not rely on isolated creation and what principles are re-
lated to technological automation?

Mind the Gaps
Due to the current array of digital tools used in archi-

tectural design and on the production lines of the build-
ing industry (particularly in the building prefabrication 
industry), there has been much discussion about collab-
orative design. A lack of collaboration has been blamed 
on both the production line and architecture disciplines 
for not being integrated and for not having a similar de-
sign-to-production-line process like the car and aerospace 
industries. In a comprehensive study of building manu-
facturing methods and architectural design, Kieran and 
Timberlake (2004) found a lack of integration between 
the design and manufacturing methods used within the 
current building industry. Whilst blaming architects for 
ignoring current technology and processes, the authors 
described the success achieved by the car, shipbuilding 
and aerospace industries in integrating the design into 
their assembly methods and suggested a re-evaluation 
of basic design and methods of construction used in the 
building industry by using the current information tech-
nology tools. 

Willems (2004) wrote that one should not make a di-
rect comparison of car design and manufacturing pro-
cesses to building production. For him, buildings are not 
technically but socially and spatially more complex than 
cars. Others, such as Cassinello (2008), merely see the 
problem as being that architectural practice has become 
addicted to traditional craft construction and therefore it 
must abandon this in order to find ways for rationaliza-

3. According to Thomas Kuhn, a paradigm shift is a change in the basic as-
sumptions, or paradigms within the ruling theory of science. Read further 
KUHN, T. S. 1996. The structure of scientific revolutions, University of 
Chicago press.

Introduction
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tion, industrialization and prefabrication. Most of these 
studies were focused on the manufacturing process and 
attempted to include architectural practice into the chain. 
On the other hand, development of the building informa-
tion modelling system (BIM)4  has accelerated the studies 
of interdisciplinary and collaborative design processes. 
However, Runberger (2012) emphasised that in archi-
tecture, the design processes and data management ap-
proach to development must be related to the discourses 
of architecture and the concepts that drive design. Thus, 
the discourses on architecture are dependent on the tech-
nologies employed within the design processes. Howev-
er, these discourses could be an influential factor and a 
driving force for the development of tools.  

Research Contribution 
In the architecture discipline, the spread of digital tech-
nologies has emphasised the need for process-oriented 
and cross-disciplinary design approaches. There have 
been many studies devoted to this need, such as research 
into form generation by computing material behaviour, 
development of integral design processes, algorithmic 
design, fabrication-driven design, development of per-
formance-driven design for performative built environ-
ments and development of an interdisciplinary approach 
in collaboration with structural engineers (examples of 
this include the projects and research carried out by Prof. 
Achim Menges, Michael Ulrich Hensel, Michael Wein-
stock from the ICD Stuttgart university).5

Though the focus is still on the importance of the pro-
cesses, this research describes the relationship between 
the product’s appearance and the processes used. It high-
lights the common techniques involved in the design pro-
cesses that are not dependent on the sort of parameters 
(such as material behaviour, sunlight direction etc.) used 
for formation processes. These techniques are highly de-
pendent on the way that information is used within the 
digital environment to begin with, much as a pot or a 

table are dependent on the clay or the wood chosen at the 
start of the production process. This digital information 
and its use precede the formation of the artefact and is 
part of the construction of the design itself.

In the book Architecture in the Digital Age: Design 
and manufacturing, Kolarevic (2005a) has gathered a 
series of practical projects, describing how the new fab-
rication tools and design tools enabled the production 
of smooth, performative and non-standard products in 
architecture. In this research, the inherent techniques of 
these new fabrication tools and design tools are scruti-
nised to define the inherent technical aspects of the tools 
that leads to generation of a common language in the ap-
pearance of the architectural product. Further, the current 
way in which designs evolve is discussed within a larger 
socio-economical context.

Furthermore, this research is intended to give disci-
plines that interact with architectural design a better un-
derstanding of the trends in the development of digital 
tools suited to use in architecture. The growth of the digi-
tal design field in architectural practice has opened up a 
discussion about collaborative projects between engineers 
and architects. As ‘digital’ is a property of the digital de-
sign field, this allows data inputs in the early design pro-
cesses, leading to a collaborative and performance-driven 
design procedure. Thus, the way of managing data and 
integrating them into the collaborative system is heavily 
influenced by design intention. Collaboration, like play, 
is a co-operative activity in which the involved parties 
take the shared risk of exploration (see Gibson and Swan-
wick (1987)). Similarly, the collaboration that is intended 
to stimulate discourses in architecture cannot be fruitful 
by just bringing together the relevant building disciplines 
into the game, without them knowing the rules or the in-
tention of that game. The contemporary digital design in 
architecture is targeted at a specific objective, which may 
play an important role in the processes used and their 
outcomes. 
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4. Further discussion of BIM is given in the section “Computer trajectories 
in architecture”.

5. http://www.architektur.uni-stuttgart.de/. See the projects carried out by 
Mette Ramsgard Thomsen for the CITA (Centre for Information Technolo-
gy and Architecture) in The Royal Danish Academy of Fine Arts, Schools 
of Architecture. More can be seen in The Institute for Advanced Architec-
ture of Catalonia (Iaac), and ETH Zurich Departement Architecture. 

6.  Definition of Artifact from Oxford English Dictionary (Draft version Sept. 
2011)

7.  By looking into the functional and purposeful aspects of artefacts, Simon 
(1969) highlighted the relationship between the following three terms to be 
considered during the design: purpose or goal, the character of the artefact 
and the environment in which the artefact performs, to achieve its purpose. 
He considered the artefact’s environment as a “mould” and the 
artefact itself as a kind of “interface” between an “inner” environ-
ment, which is the substance and organization of the artefact itself and an 
“outer” environment which are the surroundings in which it operates.

Research Recognition  
Research can be carried out in a variety of ways, depend-
ing on the nature of the discipline. In his book, The Sci-
ences of the Artificial (1969), Herbert Simon said that 
there was a difference between the science of design and 
the natural sciences, in that the science of design focuses 
on how things ought to be rather than how they are. Thus, 
the method used for designing an artefact differs from 
that used to study existing phenomena. Sculptures, cars, 
buildings, urban blocks and even prototypes are artefacts 
at various scales. The term ‘artefact’ is understood to mean 
“an object made or modified by human workmanship, as 
opposed to one formed by natural processes”.6 From the 
point of view of Simon (1969), artefacts are designed by a 
kind of engineer or designer who is concerned with how 
things ought to be in order to reach goals and to function.

To design an artefact, Simon drew our attention to 
the importance of the environment in which the artefact 
is going to perform .7 This environment, that he called 
“mould”, is the important phenomenon in the study in 
the sciences of design that can be observed and docu-
mented. Since the mould dictates the direction a design 
can develop in, the probability that the artefact produced 
is responsive to and in harmony with its environment is 
increased.

 However, “A deeper understanding of how represen-
tations are created and how they contribute to the solu-
tion of problems will become an essential components in 
the future theory of design” (Simon, 1969). Thus the tools 
through which one observes and documents the compo-
nent of the mould may also have a big impact on the de-
sign and research of those tools. 

To illustrate this phenomenon, look at Figure 3(a). The 
artist is contemplating the object and drawing it accord-
ing to a prescribed method. He uses the grid as a tool to 
view the woman compartmentalised into squares, so that 
each square can be methodically understood and then 
recorded on the gridded drawing paper. In Figure 3 (b) 
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Figure 3 
Albrecht Durer (1471 – 1528) Woodcut “Draftsman Drawing a Woman”, Gra-
phische Sammlung Albertina, Vienna (top). Albrecht Durer Woodcut, modified 
by Mania Aghaei Meibodi (middle and bottom)

b

c
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and (c), although the artist is going to design and make a 
human-like sculpture, he has no human to copy or study. 
The artist approaches the sculpting of a human form by 
considering the constraints.  In this situation, the results 
of the artist will be dependent on the way in which he ob-
served the moulds and the way he integrates his observa-
tion into the creation process. The way of documenting an 
observation varies depending at what medium he uses.

Despite the aforementioned differences, in both cases 
the observer and the designer have made a theoretical as-
sumption. For example, in this case, the human eye can 
see objects in the empirical realm reliably and this fact can 
be dependably documented by means of graphic projec-
tions; the way the person is doing it is methodological 
(Groat and Wang, 2002).

Furthermore, the creation of artefacts involves the 
subjective mind of the designer in the way she/he docu-
ments, observes and enables a system for interaction be-
tween the data describing the mould and what is to be 
created. At the design stage, specifically the designer her-
self/himself becomes a tool for knowledge production.

Contexts and Modes of Producing Knowledge 
Simon (1969) pointed out that it has traditionally been the 
task of science schools and other disciplines to describe 
how things are and how they work whilst it has been the 
task of professional schools to teach how to design and 
make things. This brings us to an investigation of what 
knowledge is, along with how and in what context it is 
gained and produced. The two activities of study and 
practice have had a love/hate relationship. There was 
a time that study was the domain of the scientist and 
it was more highly regarded by society than making 
things, which was the domain of the craftsmen. Later, it 
was understood that learning and producing knowledge 
does not happen only through study but can also occur 
through practice and manufacture. A craftsman, by di-
rectly making things, learns and creates knowledge in 

a very different way to a mathematician who is dealing 
with abstract concepts and numbers. One of the impor-
tant aims of this thesis is to highlight the change in the 
relationship between these two ways of gaining knowl-
edge as a consequence of the way digital culture is prac-
ticed in architecture, in that design (contemplation)  and 
manufacture, using contemporary digital tools, can occur 
simultaneously.8 In this research, the two ways of produc-
ing knowledge, design and manufacture, are integrated 
in knowledge production. One of the aims of this research 
has been to shed light on the new relationship between 
science, manufacture and designing that has emerged 
due to computer technology.

Knowledge can be produced in different ways, at dif-
ferent levels and in different contexts. Different methods 
of knowledge production will affect not only the sort 
of knowledge produced but also the chosen context in 
which it is pursued. Through observation, Gibbons (1994) 
introduced a new method of knowledge production. This 
new method, which he named “Mode 2”, is transdici-
plinary and is produced in a socio-economical context. 
This mode does not replace the traditional mode (Mode 
1), in which knowledge is discipline-based and gener-
ated within a primarily cognitive context and is mono or 
multi disciplinary, but is different in nearly every aspect. 
Mode 2 knowledge production is carried out in a non-
hierarchical, heterogeneously organized form, which is 
essentially transient and is not institutionalised primar-
ily within university structures (Gibbons, 1994).9 Knowl-
edge produced through computational design, modelling 
and technological production is related to this mode of 
knowledge production and is produced within dynamic 
and flexible contexts. The knowledge productions in this 
research take place beyond the context of the university 
and takes place in online social networks, industry, spe-
cial research hubs and individual exploration in various 
contexts.

Introduction



19

8. Study of descriptive theory and analysis can be very intellectual although 
in design it has generally appeared to be more intellectually soft, intuitive 
and “cookbooky”.

9. After the Second World War, knowledge production has not only 
increased in universities but also expanded in industries, companies, 
governmental institution and research institutions. The increase in potential 
knowledge producers and the increase in demand for special knowledge 
has led to the emergence of this new mode (Mode 2) of knowledge pro-
duction. Moreover, the new technologies are necessary but not sufficient 
alone for knowledge production. See the chapter Evolution of Knowledge 
Production, GIBBONS, M. 1994. The new production of knowledge: The 
dynamics of science and research in contemporary societies, Sage Publica-
tions Ltd.

10. This is supported with reference to the previous section, “Context and 
methods of producing knowledge”. 

11. Exploration of architecture research through writing, design and manu-
facture is encouraged by other architecture schools. See, for example, 
the MPhil/PhD Architectural Design programme at Bartlett:  http://www.
bartlett.ucl.ac.uk/architecture/programmes/mphil-phd/mphil-phd-architectur-
al-design

Modes of Research  
On the whole, research views the digital design field of 
architecture in an interdisciplinary context with collabo-
rating fields such as structural and environmental en-
gineering, construction, industrial design, biology and 
computer science. The different context and modes that 
I guide the research through have been important in for-
mulating the research. I have used my previous specula-
tive and artistic experience gained at architecture schools 
(the latest one being KTH school of architecture) and 
combined it with technical experience gained through in-
teraction with timber construction, building information 
modelling, and mechanical engineering research groups 
(Luleå University of Technology). Both of these contexts 
have different approaches and conditions that shape the 
future of digital design practice. The Computer Trajec-
tory in Design section is a reflection of these different ap-
proaches based on the different approaches of the disci-
plines involved. 

The research project will use the synthesis of modes 
of production that a design project entails. Therefore, the 
research is driven by design and “making” (“making” de-
rives from the Greek  “tekne”). The architectural design 
project is regarded as a site for experimentation. Over 
the last fifteen years, there has been considerable debate 
internationally about the question of research by design. 
To understand what is meant by this, the definition put 
forward in Christopher Frayling’s (1993) paper ‘Research 
into Art and Design’ is particularly helpful. He stated that 
design research can be categorized in three ways, being 
either ‘for’ design, ‘into’ design, or ‘through’ design. In 
relation to architecture, landscape architecture and spa-
tial planning, research ‘for’ design is concerned with 
applications, for example research into materials and 
energy, ‘into’ design might include investigations into 
histories and theories of architecture, landscape architec-
ture or spatial planning, or into design methods, whereas 
‘through’ design describes work where the procedure of 

design itself constitutes the methodology through which 
knowledge or insights are obtained (Formas, 2006). In this 
research, the latest research through design is expanded 
through manufacture. Thus, “through’ design and manu-
facture describes work where the procedure of design and 
manufacture themselves constitutes the methodology 
through which knowledge or insights are obtained.10 This 
encourages the development of architectural research 
through the combination of designing, manufacture and 
writing. It is hoped that the exploration of these modes 
of research has served as a reference for future research 
in design.11

Through research by design and manufacture, principles 
are sought that link the methods of research and a form-
giving, experimental design practice. The research into 
design and manufacture is carried out using Mode 2 and 
is built up around digital and physical modelling, pro-
totyping, moulds and mock-ups, drawings, theoretical 
surveys, writing articles, mapping and experiments in 
practice, industries and teaching.

Teaching has been an integral part of this research. 
A design studio was designed and taught in by myself, 
where the exploration and introduction of digital design 
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methodology, various production methods, collaboration 
between teams, discussions during the progression and 
reviews of the project were all documented using notes, 
pictures and videos. The integration of educational de-
sign studios into the research is not without precedence. 
Runberger (2012) noted that in Harvard’s “Project on 
the City”, led by Rem Koolhass from 1996 – 2000, the fo-
cus was on research conducted by students. In 1997, the 
Architectural Association Design Research Laboratory 
(AADRL) in London offered a team-based masters degree 
in which the design is developed through research based 
on open experimentation using new design and fabrica-
tion technologies as a foundation. Runberger (2012) him-
self, in his thesis “Architectural Prototypes”, placed a re-
search agenda into the design studio. 

It is appropriate to mention that though the design 
studio was an integral part of this research, due to the 
time constraints of each educational semester, certain 
techniques and methodologies were introduced into the 
studio. Thus the projects carried out in the studio itself 
were enhanced and influenced using information exter-
nal to it. An example of this is the use of CFD and FEM 
simulations in the design processes of the multifunctional 
pavilion. 

Moreover, there is a wide range of material used in 
the production of architectural knowledge. Architectural 
findings and approaches are facilitated through draw-
ings, diagrams, modelling, video-making etc. It is through 
these media that architecture is conceived and developed. 
However, all these media are different but yet must be 
able to be transferable between themselves. In this re-
search, both analogue and digital processes are used and 
the way in which they mediate the stages within the pro-
cesses explored. It is these methods that also interface the 
research to the audience. This research aims to show how 
new technology enables transdisciplinary ideas and how 
it can contribute to our future environment.

The Mapping
This research is from one viewpoint, built up around 
pieces of literature, quotes, notes, discussions and digital 
images relevant to the topic. Mapping creates the foun-
dation for the research. Through this operation, existing 
work is linked to the experiments carried out in the re-
search. Mapping can be a transformative agent in archi-
tectural practice. It situates the research to both individu-
als and organizations. The first chapter, “Computer and 
Architecture”, describes a mapping of historical events. 
In this research, mapping has taken place at various lev-
els. In the chapter, “Processes | Appendix II”, it has taken 
place through digital modelling and analysis, which is a 
mapping of the process in action.

Digital Modelling and Analysis 
In research by design and manufacture, modelling is the ac-
tion of making three-dimensional models. This type of 
action involves an active thought process. Through mod-
elling, the form is shaped. Modelling can take place in a 
physical or digital environment. When it happens in a 
physical environment, the material behaviour directly in-
fluences the manufacturing processes: when it happens 
in a digital environment, what is learnt may be very dif-
ferent, because the digital environment is free of physi-
cal laws such as gravity. Also, the type of tools used for 
digital modelling will determine how things are done and 
thus the type of experience achieved. For instance, in this 
research, the digital modelling was carried out through 
scripting and designing sets of algorithm. This meant that 
the manufacture was determined more by thoughtful de-
sign than by physical prototyping. The whole experiment, 
from the design to the testing, was carried out using algo-
rithms and calculus. Meaning make and experiment the 
form through use of calculus. Thus, there emerged a dif-
ferent way to design architectural forms using a process 
of calculation and collaboration.12 Using computer-based 
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modelling in the research further allowed for collabora-
tive creation, in which various actors were involved in the 
manufacture.

In research by design and manufacture, working through 
the design and manufacture means an active contempla-
tion, an iterative loop between designing and testing, a 
reflection of the production of material evidence in its 
various forms. Digital analysis is one of the ways to as-
sess the material produced. The analysis complements 
the modelling in a digital environment of the form’s reali-
sation in the physical world.

Prototyping
 Through prototyping and actual building, architectural 
research can physically explore or examine the design 
ideas. The prototype has the potential to be a simula-
tion as well as a test. In this research, prototyping is an 
integral and important part of the research development, 
analyses and as a communication tool between the disci-
plines involved. 

Prototyping as a type of research is further intended to 
increase the impact and accessibility of the research work 
to the greater public, meaning that it could be accessible 
to people outside academia, in particular practitioners. A 
physical object complements academic work with some-
thing that is more easily shared and understood by ev-
eryone. This does not necessarily mean that  a prototype 
would ensure that the research could appear in popular 
science publications, but rather that the work might make 
a transition to media other than the written word. Spe-
cifically, this could mean combining an academic paper 
with the manufacture and presentation of the product 
and process in exhibitions, installations and maybe in-
clude a photo session. I am interested in my position as a 
researcher, in how one can make an impact on society and 
the research community. On the other hand, prototyping 
reveals the positions of current digital design and produc-
tion trajectories in architecture in terms of conflict and/or 

12. In regard to computer-based media for creation, see PICON, A. & 
PONTE, A. 2003. Architecture, Science, Technology, and the Virtual 
Realm. Architecture and the sciences: exchanging metaphors. Princeton 
Architectural Pr.

13. Conflict is understood as unresolved situations (emotionally invested or 
not) and Intersection is understood as different views and streams of inter-
est that meet.

intersections.13 Thus, through scale prototyping, the re-
search is not only conceived and developed but also com-
municated to a broader audience physically: it becomes a 
physical product for communication. The chapter “Pro-
cesses | Appendix II” is a description of the prototyping 
methods of research. Also, in the following chapters, the 
use of prototyping shows how the practice of digital me-
dia in architecture enables new materiality and possibili-
ties for ornaments and tectonics in architecture. 

The Drawing and Diagramming
 Being both speculative and descriptive, the architec-

tural drawings, diagrams and models hold the potential 
for being analytic as well as propositional. While the 
modelling and prototyping allows for active contempla-
tion, the drawings and diagrams allow for reflection and 
initial suggestions. However, since the research commit-
tee unfortunately required the completed research to be 
presented in a written, two-dimensional way rather than 
through other modes of communication (for example, 
video only), perhaps what I see in this thesis is a sort of 
drawing or diagram of the actual project.

Reading Instruction 
This licentiate thesis book consists of two intertwine 

parts:  the contexts and the appendixes. The appendixes 
are the research papers, which were carried out in se-
quence. It is recommended to either read all the appendi-
ces before reading the monograph or read the appendixes 
when they are referred to. 
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Just like machines in the industrial age, the computer 
technology of the information age is changing the way we 
design, manufacture and construct buildings (Kolarevic, 
2003d). However, the products of the contemporary built 
environment seem to fall into two dichotomies. There are 
those that follow a trabeated construction system, using 
a mainly post and beam method and those that follow a 
more complex or curvilinear language. The use of com-
puter technology in design seems to lean towards dif-
ferent trajectories and intentions. To better understand 
this, this chapter briefly describes the development of the 
computer in society through the paths it has taken within 
design.

Computers and Architecture

Information Society 
The emergence of digital culture in the second industrial 
revolution (at the end of the nineteenth and beginning 
of the twentieth centuries) was in response to the crises 
of the information society that itself emerged out of in-
dustrialization (Landes, 2003). While the first industrial 
revolution was based around iron, steam technologies 
and textile production, the second industrial revolution 
centred around steel, railroads, electricity, chemicals and 
communication technologies such as the telegraph and 
radio. Society was eventually confronted with the prob-
lem of management and organization of data, from time 
charts to customer files. The mechanisation of computing 
was perhaps the most important invention of the time. 
The architecture of the computer, at that time the size of 
a room, was: memory in which the data and the program 
were both stored, a central processing unit and a control 
unit (Figure 4).

Computers and Architecture

Figure 4 
Giant Brains, 1949--the First Popular Book-Length Introduction to the Computer (left). To the right is ENIAC: the Giant Brain, the first electronic computer made.
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As a result of this, the development of the computer was 
more directed towards storing, processing, sharing and 
managing data rather than graphical visualization. This 
can even be seen in the architecture of the first commer-
cial laptop of the time, in comparison to the ones used to-
day (Figure 5). It was not until 1963 that Ivan Sutherland’s 
Sketchpad program clearly showed that computers could 
be used for drafting and modelling (Kalay, 2004). As he 
called it, the Graphical Communications System was a 
graphical way of communicating (Figure 6).  It has been 
a major step in the evolution of computer aided drawing 
and drafting (CADD) leading to the use of computers to 
assist in the generation of blueprint-type data and draw-
ings that can replace paper and pencil.

The Evolution of Computer-aided Design 
The initial development of computer-aided design (CAD) 
was carried out by the aircraft and automotive indus-
tries. This development was concerned with 3D surface 
construction and Numerical Control (NC) programming, 
which went far beyond CADD. It opened up the use of 
computers as modelling tools, capable of storing accu-
rate 3D volumetric descriptions of designed artefacts, 
along with their non-graphic attributes and allowing for 
analysis, simulation and fabrication processes as well as 
graphical representation (Bedworth et al., 1991). The de-
velopment effectively created the ability to interactively 
improve design. Now, there are several different types of 
CAD systems, all of which are operated differently and 
offer different methods of virtual construction.
CAD may be used to design curves and figures in two-
dimensional (2D) space; or curves, surfaces and solids 
as three-dimensional (3D) objects (Farin and Hoschek, 
2002). CAD is used in many areas such as the automo-
tive, shipbuilding and aerospace industries, industrial 
and architectural design and many more. Beginning in 
the 1980s, CAD programs significantly reduced the need 

for draftsmen, especially in small to medium-sized com-
panies. It is also used throughout the engineering process 
from conceptual design and layout of products, through 
strength and dynamic analysis of assemblies to definition 
of manufacturing methods of components.

Computers and Architecture

Figure 5 
The first commercially successful portable microcomputer, released on April 
3, 1981 by Osborne Computer Corporation. It had a tiny 5 inch display 
screen and used floppy disk drives. The software bundled with it showed the 
importance of data management, data-based communication etc. rather than 
graphical abilities in society.

Figure 6 
Sketchpads, A Man-Machine Graphical Communications System.



24

Computer Trajectories in Architecture
The use of computers in architecture follows various 
trajectories. The following three trajectories are adapted 
and developed from Runberger’s (2012) identification of 
trajectories within digital design.14 Each trajectory is pre-
sented as a development of computer tools in relation to 
intentions, values and discussions. However, presenting 
these trajectories as separate paths is not intended to sep-
arate their development, but to highlight that the differ-
ences in values of each trajectory lead to a very different 
approach in tool development. Furthermore, this style of 
presentation serves to highlight the direction, which this 
research has taken in relation to the development of com-
puter technology.

The first trajectory is the use of computers for the 
digital representation of the building process in order to 
facilitate exchange and use of information in a digital for-

mat. This line of development has been presented under 
different names: “Building Information Modelling/ BIM” 
by Autodesk, “Virtual Building/ VB” by Graphisoft, and 
“Integrated Project Models/ IPM” by Bentley Systems. 
The overall objective of this trajectory has been “to con-
trol the flow of information in a more rational way, to im-
prove efficient communication and facilitate a change of 
the overall construction process” (Runberger, 2011). An 
important aspect of CAD development in this trajectory 
has been to allow architects and engineers to store large 
numbers of datasets ‘within’ the building model. Krygiel 
and Nies (2008) defined BIM as “ the creation and use of 
coordinated, consistent, computable information about a 
building project in design—parametric information used 
for design decision making, production of high-quality 
construction documents, prediction of building perfor-
mance, cost estimating, and construction planning”. The 
idea of this trajectory without a doubt has its root in the 
“crises of control” of information society from the second 

Computers and Architecture

Figure 7 
This is one of NCC building project 
that was designed using Autodesk 
Revit Architecture 2011. The option 
bar seen in the far left is an inter-
face toolbar that allows parametric 
relationships to be defined between 
parts of the design. In the middle is the 
plan and far right is the representation 
of the 3d model of the project. The 3d 
model represents the common prod-
uct’s topology of the first trajectory.
Illustration by Gustav Jansson . 
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industrial revolution. Thus, it is aimed at managing, pro-
cessing and sharing information.

One of the first instances of CAD development aligned 
with this trajectory is ArchiCAD, introduced between 
1982 – 1987 by Graphisoft. Another, Revit, was developed 
between 1997 – 2000 by Revit Technology Corporation. 
For architecture, this trajectory started with ArchiCad in 
the 1980s. In almost all the architecture schools, 2D CAD 
drawing and ArchiCad was taught in computer classes 
parallel with the design studios; however, hardly any 
students used the computer for their design. The typical 
problem for architecture students using the CAD prod-
uct described as part of this trajectory, is the rigid pre-
defined 3D objects that are used to create walls, floors, 
roofs, structure, windows, doors and other objects. These 
3D objects all followed the post and beam system of in-
dustrial building production.

The software developed for BIM was the first to main-
tain the geometric consistency and integrity of the build-
ing model in spite of any changes or modifications that 
may have been made to it later. This capability is known 
as parametric modelling. In this kind of software, the 
objects are defined as parametric objects consisting of a 
series of geometric definitions and their associated data 
and rules. In addition, these geometric definitions are in-
tegrated non-redundantly and do not allow for inconsis-
tencies between the model and its associated dataset. This 
means that any changes made directly to the model will 
result in an equivalent change to the dataset associated 
with the model (Eastman et al., 2008). (See Figure 7)

The second trajectory is the integration of computer 
technologies within architectural design processes that 
emerged in the 1990s. Initially, the boundaries and po-
tential of CAD programs were studied and pushed to ex-
plore new architectural forms and effects in terms of their 
formation processes. The start of this trajectory is con-
sidered to be the creation of the paperless studio in Co-

lumbia where the design studio was immersed in digital 
technologies. Columbia’s school of architecture was the 
first to notice the inefficiency of having computer classes 
as a separate entity from design studios and was the first 
to fully integrate digital technology into its architecture 
studio. “Initially, CAD courses did little more than facili-
tate the production of architectural drawings and did not 
have much impact on the all–important Design Sequence. 
By the early 1990s, remarkable advancements in two com-
mercial 3–D modelling software packages, Alias/Wave-
front and Softimage, offered revolutionary possibilities 
for architectural design” (Columbia-interactive).15 

The use of Alias & Softimage in the film industry to 
create the complex 3D special effects attracted the ar-
chitects of the time.16 This software offered “toolsets, in-
cluding NURBS (Non–Uniform Rational Basis Splines), 
which allowed designers to model accurately forms with 
complex 3-D curvatures and surfaces, and 3-D Booleans, 
which permitted 3-D addition and subtraction of space, a 
process that resembles modelling clay” (Columbia-inter-
active).17 Exploring and testing the limitation of this soft-
ware is where “a radically different kind of architecture 
emerged. Designs from the first few years of the paper-
less studio often look like the permutations of an amoeba 
and feature complex, amorphous geometry that is not 
reducible to the elementary forms of traditional design 

14. For the purpose of his thesis, Runberger (RUNBERGER, J. 2012. 
Architectural Prototypes II: Reformations, Speculations and Strategies in 
the Digital Design Field. KTH.) defines three trajectories within digital 
design. 1 - integration of CAD into construction workflow; 2 - interest in 
exploring the new technology in to architectural form; 3 - interest in the 
computational processes and the way they change our way to analyzing, 
generating and producing architecture.

15. Alias/Wavefront was initially developed for the automobile industry to 
model complex car parts. 

16. See the water effects in the movie The Abyss (1989), which were created 
with Alias. The dinosaurs in the movie Jurassic Park (1993) were created 
with SoftImage.

17. The natural aptitude of NURBS and elements of these kind of software 
enabled a clay-like modelling. NURBS will be described later in this 
thesis. See page 45.

Computers and Architecture
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such as cubes and spheres” (Columbia-interactive). Much 
of the CAD software like Maya18 and Rhinoceros that are 
used in architecture schools today have been developed 
aligned with this trajectory rather than the first trajectory. 
Today, this line of development, the integration of com-
putational technology into the formation processes, has 
several branches focused on a variety of subjects. Fabrica-
tion-driven design in architecture can be seen as a part of 
this trajectory, as the interest is in integrating digital fabri-
cation tools into design processes to explore architectural 
potential. (see Figure 8)

The third trajectory, which is rooted in a cybernetic 
approach, is defined by Runberger (2012) as “an interest 
in computational processes, and the way they can change 
our way to analyze, generate and produce architecture”. 
In 1948, the term “cybernetic” was defined by Norbert 
Wiener as “the science of control and communications in 
the animal and the machine”. An example of such a con-

trol and communication system can be seen in humans. 
When lifting a piece of broken glass, in order for the hand 
to pick this up without hurting itself, the lifting force 
used is regulated through a communication and control 
feedback loop between the brain and the sensitive nerves 
of the fingers. Cybernetic is therefore a transdisciplinary 
approach to exploring the regulatory system, its struc-
tures, constraints and potential to optimize such actions. 
The computer aided engineering (CAE)19 analytical and 
simulation software that is aimed for optimization is cat-
egorized as belonging to this trajectory.20 Simulation, for 
example, “is the imitation of the operation of a real-world 
process or system over time (Banks et al., 2001). The act 
of simulating something first requires that a model be de-
veloped; this model represents the key characteristics or 
behaviours of the selected physical or abstract system or 
process. The model represents the system itself, whereas 
the simulation represents the operation of the system over 
time.”21 Contemporary projects in architecture involving 

Computers and Architecture

Figure 8 
The EFW visitor centre project by 
Hamia Aghaiemeybodi using the 
Rhinoceros and Grasshopper plug-in 
software. This is an example of the 
projects carried out within the second  
trajectory. Parameters are assigned 
to the relative geometry. However, the 
software does not include the para-
metric predefined objects like Revit. 
The parametric association is created 
by the designer themselves. Top left, 
top right, bottom left, bottom right are 
respectively top view, perspective view, 
elevation and elevation of the model.
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artificial intelligence, optimization, complex adaptive 
systems, cellular automaton, simulation, patterns and 
organization, genetic algorithms, swarm intelligence and 
self-organizing systems can be categorized as belonging 
to this trajectory. Concepts like learning, adaption, emer-
gence, communication, efficacy and interconnectivity are 
also connected to this trajectory. The use of the comput-
er in this trajectory has been mostly for optimization of 
structure, form, material and behaviours. This trajectory 
include questions such as, How do humans relate to a 
computer-generated environment? How do they adapt to 
increasingly artificial surroundings or vice versa?

Over the last decade, many ideas, such as the interest 
in form-finding using CAD, have blurred the dichotomy 
between the second and third trajectories. In a number of 
projects, we see that, instead of using the constraints and 
forces to analyse the form, the constraints and forces are 

18. Alias is the forerunner of today’s Maya
19. The finite element method (FEM) for material behaviour and Computa-

tional Fluid Dynamics (CFD) for fluid and gas behaviours are examples of 
this kind of CAE software 

20. “Cybernetic” itself is part of an optimization system.
21.  Wikipedia entry for “Simulation”, accessed 26 August 2012
22. See, for example, the hanging chain that Gaudi used in the scale model of 

the Colonia Guell to calculate structural forces. See also Frei Otto’s use 
of soap film models to design his tensile structures. 

23. Over the last two years of being in technical school, I have been in many 
meetings that were intended to create the groundwork for collaboration 
between existing architecture, engineering and BIM divisions. I think there 
is a lack of clarification between the values and the aims of each group in 
order to make a stable foundation. 

modelled with a role set (regulatory system) to create the 
form. The interest in these simulation-driven designs can 
be traced to the interest of designers in the natural form 
or process of optimization or the natural relevant work of 
pre-digital architects such as Antoni Gaudí or Frei Otto. 
(See Figure 9)

Within the collaboration framework, if any collabora-
tion aims to work between these trajectories, understand-
ing of the value of each trajectory and the aim of the col-
laboration is of importance; otherwise, the collaboration 
may not be successful . Thus, the collaboration between 
architects and engineers within each of these trajecto-
ries does not necessarily follow the same pattern as the 
other. The research carried out in this licentiate thesis has 
its foundation in the second trajectory and is influenced 
by the third trajectory. Thus, the studies, analyses and 
agenda being addressed in this research are intended to 
enhance the future of both the technological and archi-
tectural development of the second trajectory. This is not 
to overlook CAD development in the first trajectory but 
rather to focus on the design sequence and the tools that 
enhance it.  As noted by Runberger (2012) “…Digital de-
sign processes, data management and a prototypical ap-
proach to development must be related to the discourses 
of architecture and the concept that drive design” and 
“discourses of architecture are dependent on the technol-
ogies employed within design and processes.”

Computers and Architecture

Figure 9 
Hanging chain modeling using VB.NET and ROBOT by Steve Lewis. This is 
This is an example of the projects carried out within the third  trajectory. 
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The Formative Years 

“ Computers per se do not impose shape, nor do they ar-
ticulate aesthetic preferences. One can use computers to 
design boxes or folds, indifferently.” 

 Mario Carpo (2004)

Digital design processes within the second trajectory have 
often been characterised by experimentation. The second 
trajectory, although from an experimental perspective, 
has generally favoured forms. It appears to produce forms 
that are in complete contrast with modern architecture. 
This contrast is shown by Aghaiemeybodi’s (2012) pro-
posal for a socio-technological hub in Stockholm (Figure 
10), in which a curvilinear structure and a volumetrically 
gridded beam and column structure coexist symbolically. 
Whilst the first symbolizes the product of digitally pro-
duced architecture, the second symbolizes the product of 

modern architecture.  However, technology and digital 
design processes alone do not seem to be the only reason 
(accelerator) for the curvilinear and smooth appearance/ 
characteristic of these forms.

In the formative years of digital culture in architec-
ture, many developments have overlapped, sowing the 
seeds for the current preference of architectural form and 
formation towards a particular characteristic and type of 
behaviour/ performance. These developments vary from 
philosophical, mathematical and technological develop-
ments to the direction taken at the frontiers of architecture 
at the beginning of the 1990s. Above all, the postmodern 
turning point and formalist dimension of the time have 
deeply influenced the direction of digital culture in archi-
tecture (Picon, 2010a).

The Formative Years 

Figure 10 
Digital design and Alteration: the establishment of a socio-technological hub by Hamia Aghaiemeybodi (2012). Top left shows the rendering of the proposal for a 
socio-technological hub. Top right shows an impression of the new curvilinear structure. Top centre is the current modern building. Bottom right is a section where 
old meets new (the meeting point between the old building and the new structure).
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24. VENTURI, R. 1965. Complexity and Contradiction in Architecture: Selec-
tions from a Forthcoming Book. Perspecta, 17-56. “This small house has 
the following characteristics in its composition: it contains things within 
things in plan: an interior multiplicity distorted to fit its rigid bounds and 
forced to accommodate its exterior symmetry. It contains things behind 
things in elevation: an interior multiplicity appropriate for a house protrud-
ing beyond the parapets of its two parallel walls, and manifesting itself in 
the irregular positions of its windows. The front is different from the back: 
the complex roof configurations are continuous in the back; they form vio-
lent juxtapositions in the front elevation. Its interior partitions are essen-
tially rectangular in their relationships, but they compromise into diagonals 
and segments at difficult places of circulation and entry. The composition 
inside and out employs what I would call almost equal combinations of 
these elements. The stairway to the upper bedroom is a residual space 
formed by the more important and specific spatial needs around it on each 
side. The segmental wood-trim pediment is an ornament that contrasts with 
the diagonal roof configurations and increases the scale of the entrance 
and makes the stucco wall less plastic. For the sake of economy, the plan 
minimizes purely circulation space.”

Struggle for Unity 
Deconstructive architecture following after postmodern-
ism was defragmented and heterogeneous in its appear-
ance (Figure 11). Picon (2010b) put it this way: “Form was 
meant to express the conflicting logic of its time”. I would, 
however, like to add that this juxtaposition was not nec-
essarily in the form but also in the spatial organizations, 
specific relationships between shape and functions, pro-
gram, structure and mechanical equipment etc.24

The interest of deconstructive architecture in complex-
ity and contradiction while keeping the idea of the whole 
was perhaps a reaction, but not necessarily a contradic-
tory one, to the modern approach to the purification of 
form. Venturi (1977) expressed it thus: “I like forms that 
are impure rather than “pure,” compromising rather than 
“clean,” distorted rather than “straightforward,” ambigu-
ous rather than “articulated,” allusive rather than simple, 
perverse rather than impersonal, accommodating rather 
than excluding. I prefer “both-and” to “either-or,” black 
and white, and sometimes gray, to black or white. Con-
tradictory relationships express tension and give vitality. 
A valid architecture evokes many levels of meaning; its 
space and its elements become readable and workable in 
several ways at once. But architecture of complexity and 
contradiction has a special obligation toward the whole: 
its truth must be in its totality or its implications of total-
ity. It must embody the sort of unity Cleanth Brooks de-
scribed in poetry: ‘A unity [not] of the sort to be achieved 
by the reduction and simplification appropriate to an 
algebraic formula. It is a positive unity, not negative: it 
represents not a residue but an achieved harmony.’ More 
is not less.”

The deconstructive chapter of architecture, despite the 
way it manifested itself in the physical building, under-
lined principles and reactions. The fight of deconstructive 
architecture for embracing “in between”, evoking “mean-
ings”, obligating “the whole”, evoking “complexity in 
construction and composition”, creating “a unity [not] of 

the sort to be achieved by the reduction and simplifica-
tion” reveals a reaction to the dramatic change of indus-
trialisation and its impact on the meaning and inherent 
properties of architecture. 

The Formative Years 

Figure 11 
Frank Gehry’s Santa Monica house, 1977 by Frank O. Gehry, is one of the 
examples of the ways context has been mindful of conflicting geometries, 
materials, styles, histories and programs. Photo by Craig Scott



30

The loss of unity in building can be exemplified in the 
separation of the structural load from the wall. Lighten-
ing the walls to form a frame and skin is evident in the 
work of modern architects. The best example is Le Cor-
busier’s illustration of his Dom-Ino House drawn in 1914 
(Figure 12). His illustration showed a new type of con-
struction and design framework. Dom-Ino’s three flat 
floor slabs, supported by six slim columns and linked by 
a cantilevered concrete stair (Davies, 2005) established a 
basic frame, independent of the room layout or cladding. 
It showed a system for prefabricated low cost housing 
(Walker, 2009). It was low cost in the sense that these units 
would be mass produced and lined up on site like domi-
noes, ready to be filled up with walls, standard doors and 
windows which gave flexibility to the users to define the 
spaces later. Thus, replacing the load bearing walls with 
reinforced concrete columns, freed the wall, the surface 
and the skin of the architecture.

The freedom that was achieved by the elimination 
of the load bearing wall was not celebrative to Reyner 
Banham. He argued that such an approach reduces the 
wall to the level of infill in the interstices of the frame, 
without mass or substance so that the advantages of mass 
and substance, thermal capacity, heat insulation, visual 
privacy and sound insulation, had all been abandoned. 

Thus, it simply dematerialized the building envelope and 
simplified the membrane between the inside and the out-
side (Banham, 1984). On the other hand, what more is left 
for architecture to do?

Folding Episode
It was not the principle of deconstructive architecture but 
the application of it in a violent manifestation that was not 
desired that called for New Architecture25. This new archi-
tecture was to take form through the concept of “Fold”. 
This concept was offered as a solution to the formal ap-
plication of complexity and conflict and was understood, 
sometimes literally, but more often as a metaphor, that 
characterised a whole range of architectural production 
(Picon, 2010b). The concept of folding in architecture was 
first presented in the essay “Unfolding Events” by Eisen-
man (1991) but was itself borrowed from the philosopher 
Gilles Deleuze. In this essay, Eisenman (1991) presented 
the concept of folding not as a form but as an event. 

The concept of folding is borrowed from Deleuze’s 
book “Le Pli: Leibniz et le baroque” (“The Fold: Leibniz 
and the Baroque”) written in 1988. In this book, Deleuze, 
amongst many other things, wove and unified Leib-
niz’s ideas of expression of the baroque in art, theory of 
monads, mathematical differentiation, the infinitesimal 
calculus and the law of continuity, theory of compossibil-
ity, the difference between perception and apperception, 
the range and meaning of the pre-established harmony, 
into one coherent book. “Deleuze’s project in The Fold 
is predominantly oriented by Leibniz’s insistence on the 
metaphysical importance of mathematical speculation” 
(Duffy, 2010).26 In his study of Fold, Deleuze’s focus is 
predominantly on a reconstruction of Leibniz’s meta-
physics, the role of the infinitesimal calculus and the law 
of continuity. The fold was a way to envisage complexity 
in terms other than those of discontinuity and frontal col-
lision. These ideas were theorised in the Architectural de-
sign (AD) issue, “Folding in architecture” (Lynn, 1993b). 

The Formative Years 

Figure 12 
Illustration of Dom-Ino
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This issue of the AD is known to have influenced the later 
topological and technological developments and leaning 
towards curvilinear and foldable forms. Also “The new 
avant-garde that evolved out of it came to be known as 
“topological” and was regarded as the quintessential ar-
chitectural embodiment of technologies that were boom-
ing at the time” (Carpo, 2004).

The chapter of folding in architecture was a fashion 
that emerged out of the philosophical and mathematical 
revolution of the time. More importantly, it was a reac-
tion to the late 1980s deconstructive approach toward the 
complexity and contradictions of the time.27 In “Folding 
in architecture”, Greg Lynn (1993b) noted that:

 “for the last two decades, beginning with Robert Ven-
turi’s complexity and construction in architecture,… ar-
chitects have been primarily concerned with the produc-
tion of heterogeneous, fragmented, and conflicting formal 
systems. These differences between diverse physical, cul-
tural and social contexts in formal conflicts… a diagonal 
dialogue between building and its context has become an 
emblem for the contradictions within contemporary cul-
ture… the most paradigmatic architecture of the last ten 
years.” (Lynn, 1993b)

Conflict and contradiction or unity and reconstruction 
were two architecture responses of the time to “complex, 
disparate, differentiated, and heterogeneous cultural and 
formal contexts”. In his essay “Architectural curvilinear”, 
Lynn (1993) offered smoothness as another alternative to 
the architectural response to escape dialectically opposed 
strategy. He described this alternative: 

 “Pliancy allows architecture to become involved in 
complexity through flexibility…. Pliancy implies first an 
internal flexibility and seconds a dependence on exter-
nal forces for self-definition…. If there is a single effect in 
architecture by folding, it will be the ability to integrate 

25. See KIPNIS, J. 1990. Nolo Contendere. Assemblage, 54-57, KIPNIS, 
J. 1993. Towards a new architecture. Folding in architecture. London: 
Academy Editions.

26. Some aspects of Leibniz’s metaphysics (such as the definition of a 
monad; the theory of compossibility;  the difference between percep-
tion and apperception; and the range and meaning of the pre-established 
harmony) that Deleuze undertakes to clarify in this way, has have been 
studied by DUFFY, S. 2010. Deleuze, Leibniz and Projective Geometry 
in the Fold. Angelaki: Journal of Theoretical Humanities, 15, 129-147. 
Deleuze sees Leibniz as the philosopher of the Baroque … of the pleat/
fold, of curves and twisting surfaces, and the world of things folded in 
draperies, tresses tessellated fabrics, domestic architecture that bends upper 
and lower levels etc.

27. A reaction and reflex to the new society that had to deal with the relation-
ships between human, nature and the artificial environment.

unrelated elements within new continuous mixture…. 
Folding employs neither agitation nor evisceration but a 
supple layering…these strata are compressed by external 
forces into more or less continuous layers within which 
heterogeneous deposits are still intact in varying degrees 
of intensity… disparate elements can be incorporated in 
smooth mixtures through various manipulations includ-
ing fulling…pliant systems are capable of engendering 

The Formative Years 

Figure 13 
Illustration of Folding in Architecture, issued by AD.
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unpredicted connection with contextual, cultural, prag-
matic, structural and economic contingencies by vicissi-
tude.” (Lynn, 1993)

The computer was marginal in Lynn’s support of 
continuity, smooth transitions, curvilinearity in architec-
ture, the Deleuzian concept of fold, topological geometry, 
morphology, morphogenesis, Thom’s catastrophe theory 
etc.28 Even so, these mathematical and metaphysical find-
ings of Leibniz, Thom’s catastrophe theory and many 
other developments of the time were the interwoven 
components in various developments in contemporary 
computation discourses. One could say that the use of 
the computer in the direction taken by the pioneers of the 
second trajectory is, from one perspective, instrumental. 
For example, the works that were assigned as “blob”29 by 
Lynn promoted a new architecture of biomorphic forms.30 
However, by the mid-1990s and onwards, the computer 
became an essential tool for the exploration of these con-
cepts in architecture.

The broad use of the computer together with folding, 
which was the dominant topic of research, revolutionised 
the way of generating architecture. A huge rift emerged 
between conceptual design and the documentation re-
quired for construction. “The earlier works often looked 
like the permutations of an amoeba and feature complex, 
amorphous geometry that was not really rationalized 
geometrically” (Columbia-interactive). Thus, much of the 
early work in this trajectory has either been visualization 
or formal speculation. Many of the practitioners in the 
paperless studio could not see themselves in the  build-
ing industry and have therefore continued their careers in 
other industries like film.31

Closing the Technical Gap | Appendix I 
In these formative years, many topics that were devel-
oped at the beginning of the folding period dropped 
away whilst others thrived. Carpo (2004) saw this drop 

out as an event of sorts based on Darwinian selections 
within which the merging of computerised design, con-
struction and fabrication brought about formal and eco-
nomical potentials.

The later advents of computer technology in design, 
production and engineering have changed the landscape 
for the earlier (previously described) architectural experi-
ments in form and the formation of form. The availability 
and accessibility of consumer CNC machines in architec-
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Figure 3 A simpli�ed schematic illustration of CAD/CAM system
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Figure 14 (a) 
(Top )- A simplified schematic illustration of a manually controlled machine
(Middle)- A simplified schematic illustration of an NC machine adapted from 
Levary (1995)
(Bottom)- A simplified schematic illustration of CAD/CAM system
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28. However, Lynn has briefly mentioned the computer technology used in 
defence and the Hollywood film industry in his essay: LYNN, G. 1993a. 
Architectural curvilinearity: the folded, the pliant and the supple. AD 
Profile, 102, 8-15.

29. Blob is an acronym for “binary large object”. See  LYNN, G. 1998. 
Fold, bodies and blobs: collected essays. Recherche, 67, 02. Also, LYNN, 
G. & FOLDS, B. 1995. Blobs. Journal of Philosophy and the Visual Arts, 
special issue on Complexity: Architecture/Art/Philosophy, 6, 39-44.

30. This is also very influenced by the Deleuzian faculty of thought. Deleuze, 
while he differentiated between organic and inorganic, pushed the inor-
ganic towards organic; see DELEUZE, G. 1993. The Fold-Leibniz and the 
Baroque: The Pleats of Matter. Architectural Design, 17-21. Perhaps this is 
not a strange phenomena, since technological development itself has shown 
tendencies towards organic evolution. For this, see KELLY, K. 2010. 
What technology wants, Viking Pr.

31. See, for example, the interview with Joseph Kosinski on the 5D Confer-
ence: Narrating Space Pt 4. http://vimeo.com/9261902; date of access 
21/2/2012

32. See Appendix I. In paper 1, theoretically the gap between conception and 
realisation is proved to be closed. However, in Appendix II, when the 
theory is in put into practice, this gap in communication seems not to 
have a straightforward solution, but one that requires trial and error. I will 
return to this issue later.

ture schools and architecture practices, along with the 
geometrical advent and development of certain design 
software packages have moved the landscape of archi-
tectural design from production of amoeba-like forms to 
rationalisable and producible forms. 

In Appendix I (Aghaei Meibodi, 2011), in the chapter 
moving towards information age (Aghaei Meibodi, 2011), 
I have described the continuous development of con-
struction tools from hand tools to machine, machine to 
Numerical Controlled (NC) machines and NC machines 
to computer numerical control (CNC) machines. She has 
also described how these machines are capable of com-
municating directly with CAD software (figure 14 (a)); 
and that this communication is a flow of information in 
the form of digital data ( figure 14 (b));32 Thus, a fluent 
system from conception to production has been created, 
which is known as computer-aided design/computer-
aided manufacturing (CAD/CAM).

In the chapter called Transactions from the Digital 
World to the Physical World in the same Appendix it is 
shown that today we have managed to establish com-
munication between the virtual and physical worlds 
through various tools. Examples such as CNC cutting, 
milling, forming, adding/printing and 3D scanners are 
given. However, it must be added that this communica-

tion link does not necessarily lead to a reduction in the 
gap between the disciplines but a reduction in the gap be-
tween virtual reality and physical reality. Consequently, 
this development has also increased the amount of data 
that needs to be integrated at the design stage. 

In the AD issue Closing the Gap, from 2009, it was 
promised that BIM would revolutionise contemporary 
design practice by closing the gap between conceptual 
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Figure 14 (b) 
Communication is a flow of 
information in the form of 
digital data
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design and the documentation required for construction. 
The description of the “contemporary design practice”, 
its agenda and its direction, which is a subject I will return 
to in the next chapter, was not openly addressed in this 
issue of AD. However, BIM itself is marginal to this re-
search, but I found it helpful to present the diagram pro-
posed in this issue for repositioning the role of architects 
in relation to the rest of the parties involved (Figure 15). 
Clearly shown in this diagram, besides the collaborative 
parties, is the reengagement of architects to a larger set 
of disciplines. Though not directly addressed in the issue 
of AD, from the project presented, two things were clear: 

1- “Contemporary digital design practice” in archi-
tecture is directed towards non-standard production. 

2- There is too much information that makes up 
decision-making in digital design processes.

The proposed communication diagram between the 
disciplines is necessary for non-standard architectural 
design.33 However, communication does not necessary 
means a closing of the gap. I would still like to argue that 
in the larger context of the building industry, the gap is 
not closed but widened. There is basically a huge gap in 
the understanding of ontological perspectives between 
the involved disciplines. Thus, one must mind not only 
the technical gap but also the ontological gaps. From that, 

33. The non-standard product and the new role of architecture being shown in 
this issue may need to be studied from the point of view of socio-political 
and power relationships between the disciplines, meaning that whatever 
party is involved in the business owns the power. This type of power ex-
emplifies this type of the production. See, for example, Gilles Deleuze’s 
1992 essay Postscript on the Societies of Control, which focuses on his 
concept of objectile and argues that the newer modulatory mode of power 
replaced the disciplinary mode of power identified by Michel Foucault. 
The products of the machine are both the form of control and the indi-
vidual (creating disciplines).
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the working model for each discipline is a different entity, 
even though it is communicable through digital data. The 
information loops between various models and architec-
tural design models are not always straightforward but 
based on trial and error.

The Formative Years 

Figure 15a 
Diagram showing the architectural design in a collaborative process the 
traditionally. Reproduced from the original collaboration diagram by GRO 
Architects published in AD,  2008

Figure 15b 
Diagram showing the collaboration scenario that is become possible through 
the use of  Information modelling in architectural practice. Reproduced from 
the original diagram of collaboration by GRO Architects published in AD,  
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Ontological Shifts and Digital Design Techniques

Previously, it has been shown that through the concept of 
folding, a new formal approach towards complexity and 
contradiction emerged, in which the curvilinear appear-
ance formally replaced the violent appearance of build-
ings. The creation of form as a shape out of a composition 
or reduction of rigid Euclidean geometry was replaced by 
the generation of form through non-Euclidean geometry. 
I describe this shift as a shift of grammar and vocabulary 
within the subject of form and formation (a shift of for-
mal approaches) in which the use of Euclidean geometry 
was eventually replaced with non-Euclidean geometry 
such as NURBS curves and NURBS surfaces and topol-
ogy (Figure 16).34 In digital design, this new grammar and 
vocabulary was further used within a new ontology. This 
ontology has a non-formal approach and deals with other 
ways of generating form, such as manipulation of data 
and scripting, rather than manipulation of form.

Even though the computer became an essential tool 
for exploration, it has not been the only reason for the di-
rection taken by the digital design field in architecture. 
Behind all the given reasons for this direction lies a very 
important desire: the desire to give an individual char-
acter to each product and singularise it. This desire has 
always been in the soul of the design discipline. However, 
the way of achieving this desire is changing. Among the 
many topics and concepts that thrive as a result of the ar-
chitectural folding episode, some are speeding up the cre-
ation of truly singular products, which are now becom-
ing truly possible using current CAD software. There has 
been an overlap between the technological potential and 
philosophical understanding of the world, which enhanc-
es the current direction of digital design in architecture. 
In relation to digital design techniques, the following 
relevant concepts are investigated and identified. I have 
found these concepts to be a shifts within the design on-

tology of the digital design field of architecture. For each 
concept, the relevant digital technique is presented and 
described to highlight their alignment.

Ontological Shift and Digital Design Techniques

Figure 16 
The shift from using the Euclidean geometry (top) to using the non-Euclidean 
geometry such as NURBS curves and NURBS surfaces and topology

Topological deformation Blob
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Euclidian geometry
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34. In architecture the shift of grammar and vocabulary within the subject of 
form and formation started with “blob”, an acronym for “binary large 
object”. Blob is an amorphous chunk of data.

From the Mould to Modulation
To manufacture bricks, rough clay is poured into a mould, 
which imposes the geometrical form onto the rough clay. 
The preparation of clay and the construction of the mould 
is an active mediation between matter and form. The 
mould is constructed using certain material, prepared in 
a certain way to allow the removal of the clay when it 
has dried and has certain geometry. To create a form, it 
is necessary to construct such a defined mould, prepared 
in such a fashion, with such a kind of material. Similarly, 
clay is subjected to preparation. It must be mixed with a 
certain amount of water so as not to be too loose or too 
hard in order to be able to embrace the contours of the 
mould into which it is poured. If one wants to achieve 
many different forms of bricks economically, then the 
mould would have to be flexible or elastic. To Deleuze 
(1992a), “molding amounts to modulating in a definite 
way” and “a modulator is a continues temporal mold… 
modulating is molding in a continuous and perpetually 
variable fashion….. The new status of the object no lon-
ger refers its condition to a spatial mold – in other words, 
to a relation of form-matter - but to a temporal modula-
tion that implies as much the beginnings of a continuous 
variation of matter as a continuous development of form. 
” (Deleuze and Conley, 1992a)

Parametric Technique
The ontological shift from mould to modulation within 
Deleuze’s philosophy is aligned with the digital design 
parametric technique. Monedero (2000) defined paramet-
ric design as the creation of an object using a set of pa-
rameters that defines the geometric relationships between 
elements of the design. It is a method of linking dimen-
sions and variables to geometry in such a way that when 
the values change, the shape changes as well (Figure 17). 
Parametric technique enables a flexible, modifiable, de-

formable and reactive type of modelling. In such associa-
tive geometric modelling, a collection of mutually con-
nected elements has the ability to update itself according 
to modifications made to neighbouring elements (Ucar, 
2006). 

In digital architecture generally, parametric tech-
niques are not only bounded by a consistent relationship 
between objects but also with relationships between the 
objects and external parameters such as prevailing wind, 
direct sunlight, snow drifting etc. Commonly, such de-
signs that associate the variation of external features and 
dynamic forces present at the intended construction site 
to the associative geometry of the intended building are 
also understood as performative-driven designs. Using a 
parametric modelling system, the information related to 
these features and forces are stored as variables assigned 
to a parameter that directs the formation of the object. 
By doing so, either different configurations of the same 
object, or completely different objects, are created (Ko-
larevic, 2003b). 

The parametric technique in the digital design field 
can be characterised as a technique for the strengthening 
of relationships. This strengthening occurs within geo-
metrical elements (internally) and between geometrical 
elements and the outside world (externally). The levels in 
which the system of relationships occur can be compared 
to the preparation of clay (internal) and the preparation of 

Ontological Shift and Digital Design Techniques
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Figure 17 
Bottom figure shows the algorithm/logic behind the variant form generation of a tower type. The top figure shows the variant forms of the logic shown below. In 
this algorithm, the number of floors, footprint and position of each floor on that footprint is variable. Within this logic, parameters are assigned to the geometric 
elements, which strengthen the relationship between the building elements. Thus, any change in the variants will impact the overall form of the tower. In this figure, 
wind drives the objectile/logic behaviour.
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the mould in relation to the clay (external). 

From Object to Objectile
Modulating is moulding in a continuous and perpetually 
variable fashion, such that the logic used to generate one 
single object could be used to produce several objects in 
the same family (Figure 18). Deleuze (1992a) explored the 
idea of a change in the status of the object and called the 
new object “objectile”.35 “The new status of the object no 
longer refers its condition to a spatial mould – in other 
words, to a relation of form-matter - but to a temporal 
modulation that implies as much the beginnings of a con-
tinuous variation of matter as a continuous development 
of form”. This is better explained in the question of what 
is going to be the value of production in the technologi-
cal society, the object or the logic of objects/objectile. For 
example, in Figure 18, the formula or the algorithm that 
generates the curves is F(x) = A*Sin(Bx). The curves cre-
ated are the event, the algorithm is the objectile/ logic, 
variables A and B are the modulators and x is the moment 
in a given event. So the objectile is modulated or tuned 
by the variables (A and B). The objectile here refers both 
to a continuous variation of matter as well as a continu-
ous development of form. The modulation intervenes as a 
condition of closing, limiting, stopping of expansion and 
direction of mediation.36 “As Bernard Cache has demon-
strated this is a very modern concept of the technologi-
cal object: it refers neither to the beginnings of the indus-
trial era nor to the idea of the standard that still upheld 
a semblance of essence and imposed a law of constancy 
(‘the object produced by and for the masses’), but to our 
current state of things, where fluctuation of the norm re-
places the permanence of a law; where the object assumes 
a place in a continuum by variation. … Can we not af-
firm that modulation is what Leibniz is defining when 
he states that the law of series posits curves as ‘the trace 
of the same line’ in a continuous movement, continually 

touched by the curves of their convergence? His is not 
only a temporal but also a qualitative conception of the 
object, to the extent that sounds and colours are flexible 

35. Designer Bernard Cache employed the term ‘objectile’ into his practice 
in 1958. By using mathematical functions, he produces feasible non-
standard products. See his website: www.archilab.org/public/1999/artistes/
obje01en.htm

36. It is important to point out that Deleuze’s suggestion is not limited to 
architectural form and object production but also to modulatory mode of 
power. For example, the products of the machine are both the form of 
control and each individual. See, for example, Gilles Deleuze’s 1992 
essay Postscript on the Societies of Control, which focuses on his concept 
of objectile and argues that the newer modulatory mode of power replaced 
the disciplinary mode of power that was identified by Michel Foucault.

Ontological Shift and Digital Design Techniques

Figure 18 
Top figure illustrates  F(x) = A*Sin(Bx), when B is in flux. (Variable B) 
Bottom figure illustrates F(x) = A*Sin(Bx), when A is in flux. (Variable A)
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and taken in modulation. The object here is manneristic, 
not essentializing: it becomes an event.” (Deleuze and 
Conley, 1992b)

Algorithmic Technique
The concept of objectile can be aligned and driven through 
the algorithmic technique within the digital design field. 
In the practice of contemporary digital design, algorith-
mic technique has been understood in a both formal and 
logistic way. “Instead of modelling an external form, de-
signers articulate and internal generative logic, which 
then produces, in an automatic fashion a range of possi-
bilities from which designer could choose an appropriate 
formal position for the future development” (Kolarevic, 
2003a). These internal generative logics/ algorithms are 
basically the Deleuzian objectile, which contain the pa-
rameters (modulator) for variation  (Figure 17).37 

An algorithm is a specific method to create a mathe-
matical process to solve problems and can be a simple in-
struction for calculating a function. It can be a hand writ-
ten process e.g. set of equations, or a digital process or 
processor. According to Leach (2011), in the field of digital 
architecture, algorithmic technique refers to: 

“The use of scripting language that allows the design-
er to step beyond the limitation of the user interface, and 
to design through the direct manipulation not of form but 
of code.” (Leach, 2011)

 An important aspect of algorithm design is creating 
an algorithm that has an efficient run time. It is important 
to understand that ‘algorithmic techniques are based on 
the use of code while parametric techniques are based on 
the manipulation of form’ (Leach, 2011). In many cases 
the parametric technique is embedded within algorithmic 
technique. 

Driving Force and Product’s Behavior  
Deleuze (1992b) notes that “the object here is manneris-
tic, not essentializing: it becomes an event” (1992b). This 
means that the product becomes an event, which performs 
as a result of certain driving forces. So, if there are forces 
acting on the modulators of an objectile, the modulators 
are then triggers, defined to bring about a suitable event/
object. Thus, the question is what triggers the modulator 
and what sort of behaviour is expected from the object?

In architecture, the driving force behind behaviour can 
come from different sources and be of different natures; 
this invisible field of force can be climate, material, body, 
vision, light etc that constitute the context of the project. 
According to Lynn (1999b), “the context of design be-
comes an active abstract space that directs from within a 
current of forces that can be stored as information in the 
shape of form”. “Architectural form, in other words, is 
not only a manifestation of its internal, parameter-driven 
relational logics, but also has to engage and respond to 
dynamic often, variable influences from its environmen-
tal and socio-economical context”(Kolarevic, 2003c).

“Contemporary digital designers strive to gener-
ate their projects in a way consistent with the new real-
ity, with its continuous fields and forces that generate 
motion. Form, in this approach, is not to appear as de-
termined from outside, like a figure cast in a mould. It 
should rather be shaped by those often invisible fields 
and forces that constitute the true context of the project” 
(Picon, 2010d). One must perhaps ask how do these con-
tinuous fields and forces which exhibit different natures 
change the forms? At what levels are they deforming and 
leading the formation? Is it in the overall form; is it at the 
level of texture and skin? How does this affect the input 
of disciplines involved in the process?

On the other hand, one of the reasons that parametric 
design in architecture is associated and resembles curvi-
linear and folded forms is due to the Deluzian expression 
of the world as a fold within a fold through mathemati-

Ontological Shift and Digital Design Techniques
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37. See the definition of parametric and algorithmic techniques in AGHAEI 
MEIBODI, M. 2011. Technological Advances in Design and Construction: 
Bridging the Gap between the Conception Stage and the Manufacturing 
Process. In: PATRICIOS, N. & ALIFRAGKIS, S. (eds.) Annual Interna-
tional Conference on Construction, ATINER. Athens Greece. Appendix/
paper1

38. Recently this understanding has been changing in architectural schools too. 
We see much of the work produced with the brand of parametricism that 
does not bound to curvilinearity.

Ontological Shift and Digital Design Techniques
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When there is more than one force motivating a design, 
different models may have to be developed. To study the 
processes used in a design affected by many parameters, 
the design and production of a multifunctional pavilion 
prototype  was carried out.39 In appendix II, the process-
es in synthesizing the digital design model, engineering 
models and production methods are described [see ap-
pendix II].

This section, together with appendix II, presents the it-
erative approaches for form or geometrical development 
when a design is developed with many driving forces. 
Multiple motives design processes are aspired rather than 
a single motive optimum, in which geometry and forma-
tion is driven by more than one motive. In this context, 

formation is iterative and occurs across many levels. Ap-
propriate models for each iteration are developed. 

From the design to the production of the multifunc-
tional pavilion prototype, we decided to be guided by the 
following ideas: 1- material properties; 2 - wind interac-
tion; 3 - human body; 4 - human vision. To allow all these 
different ideas to be incorporated into the design model, 
the design workflow for the pavilion was broken into dif-
ferent parts (Figure 19): 
• Design model for overall design and issues such as hu-
man movement, vision control etc. 
• Overall solid model for wind analyses.40

• Detailed surface model for material analyses.
• Detailed model for fabrication & physical prototyping.

Rhino-Grasshoper
-design 
-visualization
-Fabrication documents

Rhino-Grasshopper
Parametric Solid model

Rhino-Grasshopper
Parametric planner 
Surface model with 

Rhino-Grasshopper
Parametric detail model 

CFD simulation

Overall form
Overall form 

and
pattern reconstruction

pattern reconstruction

Abaques ANSYS 
FEM simulation

Fabrication lab
physical prototyping 
material testing

Iterated parts

39. Read appendix II, paper: AGHAEI MEIBODI, M. & AGHAIEMEY-
BODI, H. 2012a. Synergies between Computational Design, Computational 
Engineering  and  Prototyping. Embedding different perspectives in the 

generative computational process of form finding.“form[in]formation”, 

The XVI SIGraDi Conference, Fortaleza, Brazil, 2012.
40.    …the type of model being solid or surface. This varies in each project 

depending on the design method and the engineering tools used for inte-
gration with design tools. 

Processes | Appendix II

Figure 19 
Top is a diagram illustrating 
different parts that the design 
workflow for the pavilion was 
broken into. On right is the il-
lustration of the multifunctional 
pavilion physical prototype (in 
center) and the multi param-
eters driving forces involved in 
the design processes.
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The design workflow was shown to be non-linear. 
The process between each force model and design model 
was iterative and based on trial and error. In this case, 
the communication between the design software and the 
CFD software needed a lot of programming, which was 
not within the common architect’s abilities. 
Even the fabrication process was not a straightforward 
one. Prototyping was an important part of the project as 
its feedback enabled us to develop an accurate FEM mod-
el and design model. In response to the statement by Ko-
larevic (2005b) that “With the use of digital technologies, 
the design information is the construction information“, I 
should say that design information is not necessarily the 
same information that is used for fabrication, or structur-
al and environmental analyses. In most of the cases, dif-
ferent models for each are developed where these models 
can be linked together and within a loop interact and af-
fect decision-making during the design.  
The levels at which deformations are influenced by other 
forces (such as material strength or climate) are basically 
a design issue and are dependent on decision-making at 
the design stage, meaning that they are not totally objec-
tive or emergent from the software. In the pavilion proj-
ect, the decision was made at a very early design stage 
that the overall form would be determined by climatic 
considerations and the texture, in combination with the 
overall form, would be determined by material proper-
ties. The level of decision-making through collaboration 
between the designers and the respective engineers in 
this case is influenced by the early decisions made dur-
ing design. Since every architecture project has specific 
criteria, there is no optimal fixed solution and degree of 
collaboration.

Becoming and Constructing
The integration of forces into the creation of form, which 
has been important in digital design practice, is inspired 
by nature. The idea of the form and its changes becoming 

products of the dynamic action of forces, was proposed 
by Lynn (1999a) and borrowed from Thompson’s propo-
sition (1917) in which he argued that the form in nature 
and the changes of form are due to the action of forces. 
This basically means that the form of an object is a dia-
gram of forces. 

When designing the pavilion, at first glance it seemed 
that our interest in the mechanism of forces and their 
development was replacing the importance of construc-
tion (construction in the traditional sense) and building 
techniques. An object made from curves and surfaces was 
designed and the modulators (parameters) of that object 
were triggered by the forces assigned to them. The way 
in which form was determined had nothing to do with 
the traditional construction of brick components such 
as an arch, or composition of components into a certain 
geometrical form that produces an equilibrium state for 
the material composition. It seemed that the digital real-
ization for the physical reality was directed towards the 
design of material composition in collaboration with the 
overall form. 

On closer inspection, one cannot fail to see that the 
forces do not construct the form or textures, they only 
form the constructed object. To understand this, we can 
ask what is the first element that these forces come into 
contact with in the first place? How is the form construct-
ed digitally, in other words, what is the relationship be-
tween the parts and the whole or vice versa? How differ-
ent is the construction of form in the digital and physical 
world in which the forces resulting from physical laws 
affect the steps taken in the construction of form?

The Precedent 
In a physical experiment, we normally have a primary el-
ement such as a knitted surface, chain or anything which 
we can impose forces on, to make a form (Figure 20). Sim-
ilarly, in the digital world, there are basic elements (such 
as a digital surface, solid etc.) that can be worked with. 

Processes | Appendix II
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On the other hand, if I gave a person three different 
basic elements of, say, rope, clay and stone and asked that 
person to create one object from each of them, not only 
would the final products differ from each other, but also 
the process of designing them would have been very dif-
ferent. To construct a shape using rope, one can use weav-
ing and hanging techniques, using clay one may use de-
formation and additive methods to create the object and 
using the stone one might use cutting and reduction in 
order to create the form. Though in CAD software one 
does not have the materiality in that sense, using curves 
to construct an object will affect the design process and, 
later, the final product. 

Surface in Digital Design of Architecture
In contemporary digital design practice in architecture, 
most of the time parametric and non-uniform rational 
basis spline (NURBS) modelling software is used for pro-
ducing the important initial information about the build-
ing. Examples of this include Dongdaemun Design Plaza 
and Park (DDP), designed by Zaha Hadid Architects Ltd 
and Samoo Architects and Engineers. A Rhino software 
model was used as the main master model and as that 
model changed, the Computer Aided Three-dimensional 
Interactive Application (CATIA) model had to be rebuilt 
(Kwon et al., 2009).41 Software such as Rhino is commonly 
used by architecture schools and offices. 

In the digital world, elements, like NURBS curves, are 
analogous to the strings that are used to construct or as-
semble the surface shown in (Figure 20). The non-materi-
al digital surface is defined by networks of NURBS curves 
or point clouds that are continuous (Figure 21). 

Control point

UV Isocurve

Control Polygon

41. The Rhino model contains building skin, floor slabs, interior walls, core, 
columns, stairs, windows and landscape. Structural, mechanical, electrical 
and plumbing objects were modelled using Revit Structure and Revit MEP.

Processes | Appendix II

Figure 20 
Diagrid Mesh Deformations by Christopher Connock. It is “a form finding 
study using a tensile diagrid mesh of elastic cords. The deformation of the grid 
and its implied surface are recorded from deferent views

Figure 21 
An illustration of NURBS surface and its inherent properties 
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NURBS (Non-Uniform Rational Basis Spline) is a 
mathematical model used in computer graphics for gen-
erating and representing curves and surfaces. It can ac-
curately describe any shape from a simple 2-D line, circle, 
arc, or curve to the most complex 3-D organic free-form 
surface or solid. NURBS offers great flexibility and preci-
sion for handling both analytic (surfaces defined by com-
mon mathematical formulae) and modelled shapes. The 
NURBS surfaces are not only capable of overall deforma-
tion, they are also deformable within their texture. Chang-
ing the spacing in the V and U directions can change the 
number of grids, thus changing the density of the texture 
(Figure 21).

Because of their flexibility and accuracy, NURBS 
curves and surfaces are a common basic element of con-
temporary digital design field in architecture. This could 
be one of the reasons that many contemporary products 
of the digital design practice are surface-like42. Most of the 
contemporary architecture of post-modernism is charac-
terised by a surface or surfaces, accentuated with differ-
ent patterns or geometries. Indeed, in the digital design 
processes, we are working with surfaces (Figure 22). 
However, these surfaces are similar to nets and they have 
constraints and guidelines for their design.

Looking at the projects and design processes from the 
D&M design studio43, the importance of the surface and 
geometrical componential design can be seen. Figure 23 
shows the analyses from one of the student’s project in 
the design studio. The student explains: 

 “The tree construction is based on the opposite prin-
ciple to how it works in nature. Instead of thinking of a 
tree growing from the bottom up, we worked in reverse, 
from top to bottom. This principle was inspired by a pro-
totype created with laces hanging down from transparent 
paper. The branch growth starts with the same grid sys-
tem that holds the panels and then grows down, located 
on several radial grids placed beneath the panels at dif-
ferent heights. The branch system is designed to change 
parametrically depending on the main factor load. The 
parameters for each tree are: height between each branch 
level, the number of branches and the width. The configu-
ration of branches can be modified depending on the sur-
face it supports.”

Processes | Appendix II

Figure 22 
Undulating side walk in Toronto, Canada (right). Undulating Roof of Southern Cross Station, Melbourne Docklands, Victoria, Australia (left).
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42. See, for example, the book LIAROPOULOS-LEGENDRE, G. 2003. Ijp: 
The Book of Surfaces, [published to Coincide with an Exhibition Held 
at the Architectural Association Form 17-26 March 2003]. The author 
takes the reader from simple matrices and parametric surfaces to their 
architectural implications. The Ijp in the title of the book refers to ‘the 
row index i and the column index j’ and from the designation ‘p, for 
point’, which refers to the points on a parametric surface, determined by 
functions of independent variables (parameters).

43. D&M design studio is the Design and Making studio, designed and taught 
at by myself and Hamia Aghaiemeybodi, in the Lulea University of 
Technology.

Processes | Appendix II

Figure 23 
Project designed and produced by students Emma Berggren, Jonas 
Haraldsson & Susanne Segerstein

Bottom up approach

Top Down approach
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In many small-scale projects, the surface is accentuat-
ed with geometrical components. Thus, the geometry, as 
with the action of construction, is not lost in the contem-
porary architecture but is applied at a different level. Ge-
ometry has been scaled down in the contemporary digital 
project; it plays the role of a texture rather than a whole 
form (Figure 24).

U

V

(Ux,Vx)

In practice, form is not driven by a single force and the 
finding of pure form or optimisation is not ideal. Thus 
depending on the design and the problems in the design 
stage based on discussions between involved disciplines, 
the forces are assigned to the modulator of the surface, 
surface isocurves (NURBS curves), UV point, its patterns 
or components. So, based on the association given in the 
early design stage between the engineering analytical 
software and design, the pattern, overall form or geome-
try in the digital software unfolds and adapts its function 
to local requirements (Figure 25). Thus, the form and its 
inherent properties are articulated.

The case study of the multifunctional pavilion was a 
tool to explore the creation and negotiation of form and 
geometry of texture within a network of different driving 
forces. In this case, the CFD and FEM models that were 
developed were looped as a cybernetic approach to the 
iteration of the overall form and geometry of texture. On 
the other hand, the feedback from the physical prototyp-
ing and fabrication was manually input into the FEM and 
geometric models. In such an approach, the level (overall 
form or texture or...) at which iteration occurs depends on 
the geometrical parameters assigned to that part of the 
design stage. Hence the decisions made in the early de-
sign stages are of great importance (Figure 26).

Processes | Appendix II

Figure 24 
Accentuation of digital surface through componential deformations and ag-
gregations 
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Figure 25 
The diagram is illustrating the sequences 
of pattern application on surface, iteration 
process of the overall form and geometry 
of texture through driving forces. The cre-
ation of elementary form and geometry of 
texture is before their negotiation through 
driving forces.
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Figure 26 
The diagram is illustrating the process of 
iteration of the overall form and geometry 
of texture through driving forces in the 
multifunctional pavilion project. In this 
project the overall form is iterated through 
three driving forces while the texture is 
iterated through two driving forces. 
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Constructing the Digital Artefact for the 
Physical World 

Construction of the digital artefact does not have to 
follow the rules of geometry because the digital environ-
ment does not obey physical laws such as gravity and the 
surfaces and components in the digital design software 
do not weigh as they do in the physical world. One could 
also say that the construction is performed within a digi-
tal environment and all that is left to do in the physical 
world is the assemblage and not the construction. Digital 
construction of artefacts is less constrained. However, a 
digitally constructed artefact is intended for a physical 
world and so many factors such as building techniques 
and material are considered by designers in the process of 
creation. In this regard, Picon noted that “… the computer 
indeed allows, as initially expected, to articulate intimate-
ly conception and realization, while at the same time it 
creates a striking distance between architectural imagery 
and the reality of building techniques…” This reposition-
ing of construction does not mean that digital architects 
can design and build anything. Indeed, the production of 
a digital artefact is guided by the fabrication techniques, 
which limit and guide the digital construction.44 Con-
struction, for instance in the case of the pavilion, was car-
ried out at a different level to the traditional one, but the 
style and method of digital construction was influenced 
and guided by the following factors:
• Production technology 
• Material properties
• Assembly techniques
• Transport limitation for the size of the component

Summary and Reflections 
It has been shown that the form is not found through 

discovering the most efficient use of the forces acting on 
it, as in nature, but by iterating and changing the already 
constructed and prepared form. In the case of the mul-

tifunctional pavilion, the overall geometry of the digital 
artefact produced is well adapted to the local climate 
conditions because its overall form is guided by feedback 
from fluid dynamic analyses. Similarly, the way in which 
the structure bends and twists has been improved by us-
ing feedback from structural analyses to help guide the 
overall form and density of texture.

The digital surfaces and their inherent properties are 
presented as an important working material in this pro-
cess. The digital artefact developed still incorporates the 
morphology of the initial surface whilst driven by design 
parameters. When the development of the digital artefact 
is determined by the physical production, the fabrication 
constraints and limitations become design guidelines. 
Thus, the articulation and accentuation of the surface is 
highly influenced by the feedback from physical proto-
types.

Appendix II describes how the probability of success-
fully turning a digital artefact into a physical artefact is 
increased by understanding the requirements of CNC 
fabrication techniques and the constraints originating 
from material properties, components parts and geom-
etry. This paper describes how these requirements of the 
physical world are becoming the driving forces in design 
processes and that in collaborative design processes, the 
design actors become an integrated node within a net-
work of multiple requirements, all of which have to be 
balanced.

44. See, for example, the techniques described by IWAMOTO, L. 2009. 
Digital Fabrications: Architectural and Material Techniques, Princeton 
Architectural Press.

Processes | Appendix II
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The Product and Processes | Appendix III

The product of digital deign field of architecture seems 
not to have any relation to the propriety of traditional 
architectural hierarchies, proportions, rules and perfec-
tions.45 In most cases, the response of architecture to driv-
ing forces can be seen in the figurative forms and accentu-
ated surfaces.46

Instead, architectural surfaces have turned into areas 
of intense spatial complexity and material animation of 
the industrial production technologies, in performative, 
symbolic and aesthetic ways. It seems that contemporary 
architecture tends to express the tension between repre-
sentation and techniques. A technique that, on the one 
hand, relates to the industrial means of production and 
industrial material, on the other relates to the structure 
of the surface and geometrical construction in the digital 
world. However, this is not particularly strange since the 
contemporary industrial and production systems (CAD/
CAM and CNC manufacturing) are a recurrent theme 
woven through the design processes.

The Technical Ornament 
The ornament of the contemporary architecture is techni-
cal, by which I mean, it is influenced or can emerge from 
the techniques offered by fabrication and design tech-
nologies. In projects such as the BANQ restaurant (Fig-
ure 27), the ornament has been extracted from the math-
ematics defining the surface and then undergone a certain 
amount of evolution in accordance with techniques of-
fered by production technology. In the BANQ restaurant 
project, one can clearly see the methods of extraction of 
the segment or contouring of the digital surface, though 
in accordance and synchronised with the techniques of-
fered by fabrication technologies and material properties 
(planer wood sections). 

The Product and Processes | Appendix III
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Whereas Projects such as the BANQ restaurant are 
cases in which the produced ornament has been guided 
and driven by fabrication technology, projects such as the 
temporary installation for the Cologne furniture fair by 
Lynn are cases in which the produced ornament is a by-
product of fabrication technology (Figure 28).

In the case of Lynn’s installation, “The process of con-
verting a spline mesh surface into a tool path can generate 

45. The order and proportion have always played an important role in archi-
tecture.  See, for example, KRUFT, H. W. 1994. A history of architectural 
theory: from Vitruvius to the present, Princeton Architectural Press. Pages 
73-93. The platonic believes in rules and proportion in baroque architec-
ture. 

46.   See, for example, the Gherkin (formerly Swiss -Re) building, London, 
UK by Norman Foster and Partners Architects. Specifically For more on 
the surface accentuation, see Responsive Surface Structure I 2006-07, 
by  Steffen Reichert, Department of Form Generation and Materialisation 
(Prof. Achim Menges), ICD University Stuttgart.

47. AGHAEI MEIBODI, M. & AGHAIEMEYBODI, H. The Synergy between 
Structure & Ornament; A Reflection on the Practice of Tectonic in the 
Digital and Physical Worlds.  “Digital Physicality | Physical Digitality” 
, The 30th International Conference on Education and research in Com-
puter Aided Architectural Design in Europe (eCAADe), 2012b Prague, 
Czech Republic.

a corrugated or corduroy-like pattern of tooling artefacts 
on surfaces…the decoration emerges from both the de-
sign of spline surfaces” digitally and the “conversion into 
a continuous tool path” for the CNC milling machine in 
the physical world (Lynn and Leach, 2004). However, it is 
important to understand the differences in the role of or-
nament in the design processes when ornamentation can 
occur either as a by-product or through careful design. 
This is further discussed in the Appendix III (see Appen-
dix III).47

The Product and Processes | Appendix III

Figure 27 
BANQ restaurant 2006-2008 (left/a), photo by John Horner; exploded per-
spective of the BANQ restaurant project by Office dA Architects (above/b)

Figure 28 
A temporary installation for the Cologne furniture fair (Lynn & Leach, 2004) 
in which the form is created with a 5-axis router with a large diameter cutting 
tool
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The Pattern 
Traditionally, ornament did not cover the entire building 
and façade. It has had a strong relationship to the origin, 
power, meaning and links to ancient sacrificial ritual and 
myth . The arrangment of ornament in relation to the rest 
of building’s element (order) played an important role in 
the meaning of ornament itself. The product of the digi-
tal design trajectory seems to be over-ornamented. The 
ornament covers the whole and sometimes the form of 
building itself becomes an ornament. It seems that the 
patterning which traditionally was categorised as a type 
of ornamentation is now becoming a common ornamen-
tal language for the products of contemporary digital 
design. It appears that patterns more than factors, such 
as climatic forces or location, have guided and helped to 
orientate the design. The notion of pattern seems to have 
taken on a different meaning and importance.

This is due to the transition from one mode of think-
ing about nature to another. In architecture, traditionally 
the way of considering nature was through its geometry, 
proportions and relative appearance, while today it is 
through the mechanism behind and responsible for its 
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Figure 29 
Right is the picture of  Airspace Tokyo façade in Tokyo, designed by San Francisco-based architect Thom Faulders and developed in collaboration with digital 
technologist Sean Ahlquist of proces2. The top right picture is an example of Voronoi pattern in nature (photo by author). The top middle images is an example of 
Voronoi pattern (by author). Down right is photo: image of Voronoi Shelf, by Marc Newson, White Carrara Marble, Gagosian Gallery, NY 200. 
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48. In regard to meaning and myth of ornament read : HERSEY, G. L. 1988. 
The lost meaning of classical architecture: speculations on ornament from 
Vitruvius to Venturi, The MIT Press.

49. Another example of this method is the Civic Sports Center and 2013 
National Games Arena, Shenyang by Emergent.

appearance. It is no coincidence that many contempo-
rary works from the digital design trajectory are alike. It 
is the magic of an algorithm or the objectile that is cre-
ated or learned through mimicking the mechanism of na-
ture, which allows the production of much variation of 
a single type. An example of this is a Voronoi algorithm, 
which has been used in many projects of different scales. 
A Voronoi pattern is a special kind of decomposition of 
a given surface, determined by distances to a specified 
family of subsets in the given surface; this idea is seen 
in nature (Figure 29). This mechanism is learned, then is 
communicated and documented through the use of cal-
culus. Thus, the mode of thinking about it today uses cal-
culus rather than geometry. It is not a coincidence that 
the bold façade designed by Thom Faulders and the Vor-
onoi Shelf by Marc Newson share the same look, aesthetic 
language and expression. They have both used the same 
logic, grammar and rules but have different tones. Whilst 
one stays as a surface, the other is given depth (a thick 
surface). 

Surface and Depth 
The use of surface and depth in architecture is metaphor-
ic. It is a figure of architecture in which a meaning is ap-
plied to a certain arrangement of its inherent properties. 
In informal language, the word “surface” means shallow 
and lacking intellectual insight, over-simplified and de-
scribes an insignificant observation. Thus, to ensure intel-
lectual meaning, the discourses of architecture have al-
ways hesitated to produce topological arrangements that 
are unrelated to the surfaces with which they interact. 

The struggle to move beyond the surface and embrace 
depth appears at different levels of digital design field of 
architecture. In many cases, the patterns applied to the 
digital surface have been forced to take a responsibility 
beyond the visual. Sometimes the pattern is articulated 
and accentuated to act as a structure and gradually be-
comes a membrane and returns to being a pattern again. 

For instance, the Voronoi pattern in the San Francisco Bus 
Terminal project by Bin Lu and Joongsik Yang at the Sci-
Arc has undergone gradual transformation from a pat-
tern to the structure, openings and membrane.49 For the 
same reasons, sometimes, the patterns are communicated 
and forced to be texture, perhaps because texture is as-
sociated with depth and materiality and is tactile rather 
than abstract.

The Ornament and Structure 
It is perhaps this primacy of the surface that has called 
for the different interplay between architectural inherent 
properties such as ornament and structure.

The primary function of ornament is visual. The in-
terplay and dependency between ornament and structure 
has always been an important part of architecture. Tradi-
tionally, ornament gave meaning to structure by adorn-
ing it. In the reordering of the interplay between structure 
and ornament through the modern movement of the in-
tellectual society, structure subsumed ornament. The lack 
of ornamentation was a sign of intellectual strength (Loos 
and Opel, 1998). This post-Ruskinian interpretation of or-
nament as something ‘applied’ grouped the structure and 
ornament into disciplines. In contrast, Alberti referred to 
the column as being the principle ‘ornament’ in architec-
ture, but then went on to ask “what is a row of columns 
other than a wall with a series of holes cut in it?” (Alberti 
and Bartoli, 1986). For Alberti, ornament is a much broad-
er concept than a concept of cosmetic and shallow sur-
face, which masks a defect on someone’s body, or grooms 
another part to make it more attractive. Alberti sees or-
nament as “the material of building or design, either in 
its natural condition or with human labour applied to it 
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– that is, it is material intrinsically attractive or impressed 
in some way by the human hand and brain. His objective 
is not to answer this human question, which smacks too 
much of subjectivity, but rather to provide beauty with a 
more solid or absolute underpinning” (Mallgrave, 2010). 
Currently, beauty, with a more solid or absolute under-
pinning rather than subjectivity, is one of the recurrent 
themes woven through digital design processes. Influ-
enced by the Deleuzian lens of reciprocal presupposi-
tion50, digital design processes are at the stage where the 
ornament is always becoming structure and structure 
always becoming ornament.51 Thus, the design processes 
are again back to being traditional and non-disciplinary, 
in which the interplay between structure and ornament 
is seemingly integral. The operative system of contempo-
rary digital production technology is also potent for such 
orientation. This issue is explored through the prototyp-
ing of the multifunctional pavilion by the author.52

Constructive Aspect 
In digital design processes, ornament is a working ma-
terial intrinsic in the processes. Indeed, ornament and 
hence pattern may have a constructive role. The other 
way of looking at ornament is from the componential and 
modular point of view. A component can be defined at 
different levels and is understood as a part that is popu-
lated and assembled to create a whole (Figure 30). A se-
ries of components that are designed for a project are not 
only capable of assemblage within a system but are also 
capable of deformation within themselves. The particular 
texture of the digital surface in this case derives from the 
structure of the assembled components, their particular 
articulation and density.

Becoming Structure
The tendency to break away from disciplinary moulds 

was not only found in the construction processes and or-

der of ornaments but also in the distinction between what 
is structural and what is ornamental. As the small com-
ponents were designed, in order to distribute the dead 
load of the pavilion, it was felt that the whole texture of 
the form was becoming structural. The opportunity to use 
FEM analysis software to calculate the equilibrium state 
in regard to material properties and to use a CNC ma-
chine to manufacture 1728 joints of different sizes and di-
mensions to handle the dead load, meant a potential new 
load dispersal pattern. This new pattern was achieved, 
not through socially defined structural elements such as 
columns and beams, but through an understanding of the 
material, then a structuring of the material into a hexago-
nal pattern of components and finally an adjustment of 
the components’ relationship to each other and their rela-
tionship to the whole form. 

We have to continue asking ourselves, what is struc-
ture? Why do we attempt to perceive reinforced concrete 
as a structural material but a reinforced concrete column 
as a structure? In the online Cambridge dictionary, the 
definition of structure is given as the way in which the 
parts of a system or object are arranged or organised.53 
Thus, the notion of structure is not a thing, but a quality: 
it is the quality of being organised. This quality could be 
a natural property of the material and/or it could be ar-
ranged by human intervention using one or several ma-
terials.

Our attempt to understand material and structure at 
different levels returns to the notion of materiality and 
the way we construct material culture in society. In other 
words, it depends on the conceptual perspective or a the-
ory of material culture that is socially constructed. About 
this, Picon (2010c) asserted that before industrialisation, 
man “lived in a world in which there was first of all no 
clear-cut demarcation line between the inorganic and the 
organic, or between a level of organisation characteristic 
of material and a more structural level….. Materials are 
socially and culturally constructed at various levels”. He 
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50. See the discussion of “reciprocal presupposition” which an understand-
ing of the different BETWEEN THE SEEN AND THE SAID in GOOD-
CHILD, P. 1996. Deleuze and Guattari: An introduction to the politics of 
desire, Sage Publications Ltd. Page 109

51. This idea has developed through my personal conversations with Neil 
Leach. In these, Leach has described the origin of the relationship between 
structure and ornament. He notes “we can now get back to the original 
meaning of ornament through a Deleuzian lens of reciprocal presupposi-
tion, where ornament is always becoming structure and structure always 
becoming ornament.”

52. See appendix 3, AGHAEI MEIBODI, M. & AGHAIEMEYBODI, H. The 
Synergy between Structure & Ornament; A Reflection on the Practice of 
Tectonic in the Digital and Physical Worlds.  “Digital Physicality | Physi-
cal Digitality” , The 30th International Conference on Education and 
research in Computer Aided Architectural Design in Europe (eCAADe), 
2012b Prague, Czech Republic.

53.  Access date 12th of August 2012
54. There is a difference between variation and variety. The former means a 

change or difference in condition, amount, or level, typically with certain 
limits; the latter means the quality or state of being different or diverse.

further suggested that with the direction taken in digital 
design today “we are probably returning to a conception 
closer to pre-industrial with all the researchers on com-
posites and smart materials and the tendency to solve 
more and more problems at the level of material design 
rather than structural design”.

The fusion of the processes of ornamentation and 
structuration in this experiment resulted in a non-disci-
plinarian product. A unity between the whole and parts 
occurred in a way that one could not say which parts are 
ornament and which are structure.

Summary and reflections
This section, together with appendix III, has described the 
link between processes and a product’s representation. It 
aims to emphasise that the aesthetic aspect of design is 
intrinsic to the design processes. By describing the meth-
ods of creating and developing ornament, whether they 
are methods of developing a surface or a by-product of 
technology, we have highlighted that the current orna-
mental product does not carry the same ideas of power, 
meaning, myth etc. as traditional ones did. Therefore, we 
questioned what does the ornament have to say beyond 
attractiveness? Though it drives the design processes, its 
exaggeration within the product may be able to bring 
about a different result. The tendency to create variations54 
of artefacts from the logic of a pattern must be considered 
within the broader frame of the technological world. It 
has the potential for bringing aesthetic to the masses, en-
abling the singularity for more than one person, leaving a 
signature within a coherence of series rather than one etc. 
This potential offers a different model of economy to the 
current one of production and consumption. 

The intricate relationship between ornamentation and 
structuration presented in appendix III, on the one hand 
points out the relationship between matter and form ar-
chitecturally and offers a different model of harmony, 
proportion and synthesis to the traditional one, but on the 

other hand, refers to the possibility for change in the cur-
rent social hierarchical model and the role of a freeman 
(free thinker). Our way of creating an artefact has a direct 
relationship to how the social model is structured, be it 
hierarchical or through some other model.
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Figure 30 
Illustration series of components, which are capable of deformation within 
themselves (bottom) and their aggregation scenario for the Cell Tales  facade 
(top) project by myself  and Margit Weiss 2007
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In the chapter “Computers and architecture”, the use of 
CAD in design is described as following three trajectories:

• The use of CAD as a digital representation of the build-
ing process to control the flow of information in a ratio-
nal way, improve efficient communication and facilitate a 
change in the overall construction process.
• The use of CAD as a tool that impacts the design se-
quences for exploration of form and architectural effect 
through formation processes 
• The use of CAD as a tool that impacts how we analyse, 
generate and produce architecture

This research focuses and elaborates on mainly the 
second trajectory and partially on the third trajectory. It 
situates and highlights the tension between processes and 
formal appearance, utility and aesthetic.

This research describes how the confrontation of the 
contemporary architectural discipline with the radical 
shift in topology and processes of generating form is not 
due solely to the advent of digital technology. Through 
the chapter, “Formative years”, the idea is presented 
that there were other shifts that were seeds for the de-
velopment of the digital design field in architecture. I see 
these shifts as ontological within the discourses of form 
and formation. These ontological shifts are found to be 
the main reason behind the topological shift within the 
digital design field of architecture. The ontological shifts 
identified within this research are: 

• Object to objectile 
• Module to modulator 
• An increase in the importance of direct formal respons-
es to the utilitarian driving force behind behaviour. 
• Euclidean geometry (sphere, cube, pyramid etc.) to non-

Reflections

Euclidean geometry (NURBS, B-spline, topology etc.)

Through using digital design techniques and an exam-
ination of the current theories, I identified that certain dig-
ital techniques, that opened up a range of opportunities 
in digital design, are aligned with the ontological shifts 
of the late 20th century. These techniques are identified as 
parametric and algorithmic, which are respectively asso-
ciated with the Gilles Deleuze’s concepts of Modulation 
and Objectile. These two techniques are identified as not 
essential parts in the topological and formal shift that has 
occurred since the advent of digital design in architecture. 
With the same techniques one can design a box or a fold. 
Similarly, for the tools, as noted by Carpo (2004) “ Com-
puters per se do not impose shape, nor do they articulate 
aesthetic preferences”.

Within the ontological factors, the driving force be-
hind behaviour is coupled with the principles of so called 
performance-driven design. The concept of the driving 
force and behaviour seems to be an influential factor in 
the topological and formal changes that the digital design 
field has been facing, in particular ‘behaviour’, which is a 
product’s way of responding towards one or more forces. 
This can be seen as pushing architecture to incorporate 
utility through formal aspects, meaning that the form and 
its inherent properties are pushed to optimise, behave 
and improve under the influence of associated motives. 
The parametric technique, though, is not a reason for the 
topological shift but it is a necessary mechanism that in-
tensifies the relationship between the driving force and 
behaviour.

I have described how the parametric technique is al-
located internally and externally. Internally, it intensifies 
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the relationships within the building element (formal as-
pects). Externally, it intensifies the relationships between 
the building and the outside world (intensifying the rela-
tionships between the formal and utility aspects). Thus, 
there is an increase in the number of techniques offered 
by digital technology as a result of the ontological shifts, 
which enable an intensification of the relationships with-
in formal aspects and between the formal and utilitarian 
aspects of architecture. 

The ontological shifts are found to have emerged from 
a metaphysical treatise by Gilles Deleuze, a mathematical 
and scientific exploration of the time. It is characterised 
within and presented through a folding period in archi-
tecture. This folding period is seen as a reaction to the de-
constructive approach of the violent appearance of build-
ings in response to the complexities and contradictions 
of the time. I see this as a reaction to the modes of formal 
response to utility. The alternative concept of “fold”, as a 
solution to complexities and contradictions, has been in-
terpreted literally although more usually, it has been seen 
as a metaphor for architectural production (formally) of 
the time. The formal approach to curvilinear design was a 
way of avoiding the violent appearance.

Therefore, even with the technological advent of 
CAD/CAM and BIM systems closing the technical gap 
between architects and engineers, there are still ontologi-
cal gaps that allude to a different set of processes of col-
laboration and building production, different from the 
one that currently dominates. 

Grouping parametric/algorithmic techniques within 
the objectile/modulation ontology, I have stated that 
there is an underlying logic behind the digital design pro-
cesses. This logic is observed to have the ability of creat-
ing a different product value to the current one. The new 
product value is one in which a single logic/algorithm 

can create a variety of products of the same type. Thus, 
a type can be allocated to a specific logic/algorithm and 
from that variations can emerge. In this model, the para-
metric and algorithmic techniques are essential methods, 
which do not rely on the isolated artistic creation.

Throughout the process of producing the experimen-
tal multifunctional pavilion project, it has been described 
how the driving forces behind the behaviour, though an 
influential factor in the formation process, does not con-
struct the form but triggers the elementary constructed 
artefact. It shapes the constructed artefact at different lev-
els (overall, componential etc.) depending on decisions 
made at the early design stage. 

I have described how production techniques, mate-
rial processing techniques and the digital objects (NURBS 
surfaces, curves etc.) are all influential factors in the 
methods of digital construction. The virtual surface and 
geometry in the digital environment are found to influ-
ence the modes of the digital construction of form. The 
techniques offered by the fabrication tools are found to 
guide and constrain the creation of design using digital 
design processes. Thus, all these leave telltale marks on 
the appearance of the final products. This is described 
and explored through the concept of technical ornament. 
The ways of progressing a design have become so techni-
cal that, in most cases, the ornamental appearance of the 
product animates/shouts out/expresses the conglomera-
tion of methods used to develop a design in response to 
the techniques offered by the tools. 

From the experimental multifunctional pavilion proj-
ect, it is found that the formation stage starts when the 
results from the engineering software being used are in-
corporated into the constructed form and then iteratively 
deforms it. Thus, the free form’s desired behaviour is in-
fluenced and improved. In this experiment, the iteration 
of form and its inherent properties by each of the driving 
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forces has been sequential55 and involved much decision-
making to the extent that each driving force influenced 
the formation. We changed the form using the wind as 
the driving force first, then gravity. The result may have 
been different if we had iterated using the driving forces 
the other way round. 

Further, it is described how digital tools and digital 
fabrication tools constrain the range of form and varia-
tion possible. In particular, when the product is destined 
for physical realisation, the fabrication and material con-
straints become the most important force driving the de-
sign and form. Thus, the form is trapped within the con-
straints of the physical world.

In appendix III, there is a discussion of how the meth-
ods of applying digital design processes reduce the typol-
ogy of the constituent parts of architecture. As  (Aghaei 
Meibodi and Aghaiemeybodi, 2012b) noted, “Digital 
technology, perhaps, enables production of ornaments 
that are understood to be not a separate entity from struc-
ture but an inherent part of it. In other words, the repre-
sentation corresponds to the performative aspects of the 
structure and vice versa… This interactive relationship 
between aesthetic and performative aspects of a struc-
ture, developed with digital technology, in a way, can re-
duce the typology of constituent parts of architecture.”. 
However, this approach is at risk of leading the product 
towards an over-decorative and monotone architecture.

Reviewing the findings of appendices II and III and 
the relevant chapters of these appendices, I have found 
that, apart from digital design and production tech-
niques, there is one more aspect that leads to a highly 
mono-decorative and mono-ornamental appearance of a 
product. That aspect is a lack of systems correlation, or 
one could say, digital design in architecture has been ap-
plied to a single system rather than multiple systems. In 
the description of the multifunctional pavilion project, it 

has been shown that the system of components and sur-
face that formed the design had the ability to change its 
use through formal transformation. By changing the den-
sity and thickness of the hexagonal system, the surface 
was forced to take structural responsibility. However, in 
practice, a project consists of multiple systems (such as a 
ventilation system, a structural system and a circulation 
system etc.). Therefore, instead of a formal differentiation 
from a single system, we deal with differentiation within 
systems and cross-correlated differentiations between 
different systems of a project. Overall, the over-decora-
tive and mono-ornamentation product of digital design 
processes in architecture can be analysed as a lack of sys-
tems cross-correlation. I see this as a problem that, if left 
unsolved, could pose a risk of total segregation between 
digital design practice and the rest of the disciplines in-
volved in the production of buildings. More importantly, 
if the multi-system aspect of a project is not understood, 
the products of the digital design field may stay at the 
level of say, the façade, and be totally separated from the 
rest of a building’s systems.

Finally, when it comes to formation, one cannot fail 
to see that naturally-occurring forms have not been de-
signed but are based on growth and adaptation. In prac-
tice, we do not produce a formally grown built environ-
ment. Using the current digital design processes, we are 
dependent on the information that already exists in the 
standard surfaces or elements in the digital environment. 
Thus, there is a need for further study of the possible 
ways of using the information already existing in the 
digital environment to control, condition and limit how 
forces affect the form.

Nature was found to be a model of the contemporary 
digital design path, as it has always been connected with 
architecture. The methods of digital design processes re-
late to the transition in the way of observing nature and 
mimicking it. Once, nature was understood through ge-
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ometry, thus we constructed our world based on the lan-
guage of geometry. Later, we started to picture proportion 
in nature, for example the Vitruvius man drawing, and 
thus implemented it in design processes. Today, digital 
design reads nature through the use of calculus and al-
gorithms. For instance, one mode of understanding and 
reconstructing a nautilus is through a visible sphere or 
spiral, whilst another mode is through the use of calcu-
lus, or an algorithm that generates the geometry (Figure 
31). Thus, the methods of constructing form using digital 
design processes have evolved from geometry to algo-
rithms.

55. What I mean is: forces were used to iterate the form. However, these driv-
ing forces came from different aspects of nature, for example wind was 
one, gravity another. The form was shaped first to respond to wind, then 
gravity. The decision of which driving force should iterate the form first 
was made at the design stage.

Further Research 
It has been shown through analysis of the processes and 
the way in which constituent parts are interrelated or 
arranged (topological), that there is a tendency to break 
away from disciplinary moulds. There is a tendency to 
change the levels of material organisation, construction 
within the digital design processes and the mobilisation 
of the cultural dimensions of the building industry. On the 
other hand, the choice of what to design (type of targeted 
artefact) influences the processes that enable the creation 
of it. Thus, the use and technical advances of fabrication 
tools in digital design in architecture has enabled a dif-
ferent approach to materiality than the current stream 
of building industry practices where there is a focus on 
things that have already been made (like predefined col-
umns, walls etc.), rather than on creating new material 
processes. Thus, the question arises of whether the digital 
design field, in the long term, is going to invest in the new 
line of industrial production for its product or whether 
there is interest in modifying the current production line 
to enable an integrated production process. On the other 
hand, the form of artefact belongs to the order of the ex-
pressible and answers the conditions of the transmission 
of that order, which supposes social hierarchy; thus, I see 
two possible models of social order that current digital 
design may position itself in. In Figure 32, the models are 
shown in extreme scenarios with the last two models be-
ing the road that this trajectory may take.

In relation to formation processes, driving forces were 
used to iterate the form. However, these driving forces 
came from different aspects of nature, for example wind 
was one, gravity another. The form was shaped first to 
respond to wind, then gravity. The decision of which 
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Illustration of visible spiral and curves geometry as a mode of observing and 
reconstructing nautilus form
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FormAlgorithm Material MaterMaterialMater driving force should iterate the form first was made at 
the design stage. This raises the question of whether it is 
possible to iterate a form using multiple different driv-
ing forces simultaneously rather than in series. In other 
words, how is it possible to negotiate the form between 
multiple constraints that have different natures at once or 
through one set of iterations? This may need a study of 
genetic and evolutionary algorithms, which has yet to be 
carried out within this field of research.

In relation to technical ornament, the formal aspects of 
the product of the digital design field have been shown to 
be highly influenced by the techniques offered by fabrica-
tion and design technologies. Therefore, I am concerned 
whether architecture can be reduced to technological 
processes. If it cannot, what can be injected into these 
processes to move the product beyond the technological 
one? On the other hand, how does the intrinsically orna-
mented product of this path cope with the current society 
that is in the throes of change? In other words, how does 
the unchanging product of this path fulfil the needs of a 
rapidly changing high speed society?

I have shown that there is a lack of systems correlation 
within the processes of digital design. There is a need for 
further study of cross-correlated systems. How can vari-
ous systems be introduced within digital processes? How 
will the formal deformation work following such an ap-
proach? 

In the experimental multifunctional pavilion project, 
the tendency to break away from disciplinary moulds 
was seen in the processes and the way in which constitu-
ent parts were interrelated or arranged (formal and topo-
logical). Some notable breaks from disciplinary moulds 
were:  Construction processes , order of ornaments and-
distinction between what is structural and what is not

As described by Picon (2010c), within architectural 
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Figure 32 
The first: the active character of the matter and the passive character of form 
suppose a social hierarchy of building contractors over architects.
The second: the active character of the form and the passive character of the 
matter suppose a social hierarchy of architect over the producer. 
The third: the active character of the algorithm and passive character of form 
and matter supposes the same social hierarchy as the second.
The fourth: the active character of the algorithm and matter, which supposes a 
cross-correlated social order. The algorithmic and parametric techniques have 
potential to conditionalise the form and matter. 
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digital design processes there is an attempt to change the 
levels of material organisation, construction and to mobil-
ise the cultural dimensions of the building industry. Thus, 
it creates a different materiality and material value than 
that of the current constructed one. 

Materiality is about the understanding of material in 
a social context. Materiality goes beyond the materials 
(such as clay) themselves and is about other materials, 
people, the site, their work and social significance. In oth-
er words, there is, on the one hand, the processed-based 
world of material, which exists regardless of any actions, 
thoughts and socio-political perspectives. Here, we are 
dealing with raw materials and their properties. On the 
other hand, there is the processed-based significance that 
materials have in relation to people and socio-political re-
lationships. The concept of materiality considers subject-
object relationships, beyond the raw materiality of mate-
rials. It basically considers why a certain kind of material 
and their properties becomes important to people (Tilley, 
1999). Why have we chosen a certain type of steel in mak-
ing reinforced concrete and not other kinds and types? 
The answer is probably because this sort of steel was ac-
cessible, was able to be processed using the technology 
of the time, it was environmentally friendly, not many 
people were allergic to it and many other reasons. 

There are many factors and dimensions to be consid-
ered when developing new materiality. This means that 
as new materials and production methods are tested and 
developed, the architectural industry must consider im-
portant aspects such as accessibility and usage, along 
with many other factors. The outcome of these delibera-
tions will determine who the ultimate users of the new 
material or process will be and where the architectural 
discipline sits within the other disciplines involved.

  
New materiality relies on technical and social-political 

factors. The danger of focusing too much on the mecha-
nism of forces and construction in nature that affect for-

mation, which mostly involves natural processes, is to 
forget what is the subject of this new materiality.56 By pos-
ing this question, I am not against new materiality but am 
trying to evoke awareness that if there is no understand-
ing of the social aspect of the new materiality, then ev-
erything may be reduced to technological processes. So, 
what is the potential of this new materiality? Knappett 
(2007) pointed out that when one writes about material-
ity, one is: 
• attempting “to develop a general theoretical and con-
ceptual perspective or a theory of material culture in a 
material world” 
• considering “the manner in which the materiality or 
properties of things, always in flux, are differentially ex-
perienced in different places and landscapes and social 
and historical contexts” 
• concerning “ourselves with the recursive relationship 
between people and things and the material world in 
which they are both embedded” 
• addressing the “affordances and constraints that things 
in relation to media, such as the weather, offer people and 
why some properties of things rather than others come to 
have significance in their lives”

As designers designing the new materiality, we may 
ask the question in reverse: what theoretical concept and 
perspective are we creating, what kind of experience are 
we going to create with such materiality etc.? How does 
the shaping of material in this new form, or not shaping 
material at all, supposed to help and improve human so-
ciety? Finally, I suggest that there should be intellectual 
debates about the meaning and significance of material 
culture or general attempts to theorize material forms 
that are developed in the current digital trajectory before 
trying to systematically diagram collaborative processes.

56. I am aware that originally, in the development of folding in architecture, 
one of the main forces involved in the formation of form was the human 
body and motion through space, but it seems that this consideration is 
becoming less fashionable as projects evolve and integrate the forces into 
their design.
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Throughout all stages of civilization, tools have resulted 
from successive development, providing people with 
“essential freedom” (Jeanneret-Gris, 2007). Understand-
ing the development of new tools sets the boundaries to 
what is possible and what is not. Whilst machine tools 
enables the production of objects that are exact copies of 
each other, hand tools enable creation of unique objects 
(Giedion, 2007).

As production tools have become mechanized prod-
ucts have become homogenized. In the course of indus-
trialization, production tools have become mechanized; 
therefore the production of many objects now takes place 
in factories. Similarly, the production of a building, its 
component parts or units, have moved from taking place 
on-site to off-site, in a factory; this method of production 
is termed the “prefabrication”. In which the component 
parts, units or modules of a building are manufactured 
somewhere else, then transferred to the construction site 
for the final assembly.

Prefabricate as its syllabuses “pre“ and “fabricate,” 
suggest means construct or manufacture before in time 
and place. The particular circumstances of the 20th cen-
tury being the development of new materials and new 
technologies (pluming, HVAC being heating, ventilation, 
and air-condition), urgent need for low cost lodging that 
could be constructed speedily, lack of specialist and local 
technicians, and the desire for a high standard and mod-
ern life in the wake of the war, made a ground for new ap-
proach to the design and construction of the house based 
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Mania Aghaei Meibodi
1Lulea University of Technology, Sweden
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on prefabrication.
Since its inception, the prefabrication building indus-

try has operated without architectural guide (Davies, 
2005). In his book The Prefabricated Home, Davies ex-
plores the links between prefabrication and the archi-
tectural profession. He by presenting examples like Le 
Corbusier’’s machine-like Citrohan House, Frank Lloyd 
Wright’s organic Usonian Houses, and Buckminster Full-
er’’s aircraft-inspired Dymaxion and Wichita Houses, 
highlights not only how the modern architects embraced 
the machine aesthetic of industrial materials and produc-
tion techniques but also how their visions and design 
have failed to be realized in the lack of economical con-
cerns. Further Davies counterpoints these with commer-
cial efforts such as AIROH, General Houses, Lustron, and 
Frameform, which have been more successful in the mar-
ketplace and eventually drive the production line.

A building, which is the product that results from the 
conversion of raw materials, was historically produced 
under basic activities of design together with engineer-
ing and construction. The limitations imposed by the 
machines used to fabricate components with a time con-
strain, have meant that the buildings produced by this 
industry have been simplified in both their construction 
and design. Parameters such as site characteristics, con-
tinuity and variation that are considered important by 
architects (Spuybroe, 2009) have not been the concern of 
the industry either. A gap has developed between archi-
tecture and building manufacture that can be interpreted 
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as a rift between the act of conception of a building and its 
actual production. “Conception” is used in this paper to 
mean the action of forming an idea of the way a building 
will look, perform and mean.

Similar to machine tool the digital tool offers degree of 
freedom and affects the product it makes. The develop-
ment of digital technologies has enabled many industries 
such as car manufacturers, aerospace and shipbuilding, to 
work around the limitations of machines. They have em-
braced the idea of integrating the conception of the prod-
uct by designers into the manufacturing process. Their 
products, though highly complex, do have a variety of 
shapes and functions and performs perfectly in the envi-
ronments in which they are used. A comprehensive study 
by Kieran and Timberlake (2004) of new materials, sys-
tems, assemblies and technologies used in such industries 
aimed to elevate architecture to a new level. At the same 
time, Woudhuysen and Abley (2004), whilst researching 
why construction methods appeared underdeveloped, 
argued that the construction industry has to embrace 
new technologies and manufacturing methods. Seeking 
better craftsmanship, quality and design, the two fields 
of architecture and manufacturing will face a regressive 
future if there is no change to their current design, supply 
and construction techniques (Wouldhuysen, Kieran, & 
Timberlake, 2010). Many noteworthy authors have stud-
ied the impact and evolution of the new technologies on 
the two disciplines. However, there have been very few 
authors, Kolarevic (2003a) being an example, who have 
described the new path that the conception and construc-
tion of prefabricated buildings might take by using the 
new digital technologies.

This paper will show the capability of these digital 
technologies, coupled with their increasing use within 
the architectural design world. Further it presents the vi-
sion of architectural profession of the future use of these 
new technologies and where those visions have failed to 
materialize. Finally, it will speculate on new directions 

in the prefabrication and how architects today are rede-
fining the sustainable building of tomorrow. The aim is 
to reduce the gap between the conception and the real-
ization of prefabricated buildings by giving a better un-
derstanding of the architectural profession way of using 
these tools to their counterpart profession. In this paper, 
I suggest that the building industry should embrace the 
production of more complex, asymmetric buildings than 
it currently produces, since current technologies allow the 
production of the complex and nonstandard building to 
be as economic as symmetrical one. Popularity of such 
prefabricated buildings had been because of the econom-
ic advantage (Armstrong, 2009) afforded to them by the 
use of machine tools, in respond to the needs and particu-
lar circumstances of 20th century. However as the needs, 
abilities and circumstance of contemporary society has 
changed this advantage may no longer exist.

Moving towards the Information Age
In the industrial age, machines enabled mass production. 
Current technology has brought variation to the products. 
As Kolarevic (2003a) noted: ‘the Information Age, just like 
the Industrial Age before, is challenging not only how 
we design buildings, but also how we manufacture and 
construct them’. The development of tools at each stage 
of civilization produced products specific to that stage. 
The Crystal Palace, designed by Paxton in 1851 during 
the industrial age, reflects the characteristics of machine 
production while the Guggenheim Museum, designed 
by Gehry in 1997, reveals the characteristics of computer-
controlled machine tools in the Information Age. As tools 
change, so their operation requires a different degree of 
physical and mental input from their human operators.

From Hand Tools to Machines
Traditionally, humans have used hand tools to process 
raw materials in order to create artefacts. The use of such 
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tools can be physically demanding and time-consuming. 
To produce good quality items often requires a high de-
gree of skill and knowledge of techniques such as join-
ing, cutting, forming and finishing. Artefacts produced in 
this way are, however, unique as the craftsmanship varies 
from person to person.

Replacing hand tools with mechanized, machine 
tools reduces the physical requirements of the work for 
the operator; it also reduces repetitive actions (Schindler, 
2007). A machine tool is defined as a device that uses en-
ergy to substitute repetitive physical human operations 
(Schindler, 2007). Using a manually controlled machine 
tool requires a skilful operator who, by processing in-
formation, manually operates the machine. Thus, the 
machine must be correctly set up following the manufac-
turing specifications of the product being made, and the 
operator must be able to interpret the engineering draw-
ing of the product (Levary, 1995).

Evolution of the Machine through Numerical Control 
Technology
There is a great deal of manual intervention required to 
use a manually controlled machine. The operator is re-
quired to intervene at almost every stage of the process 
(Figure 1). Numerical Control (NC) technology was de-
veloped in the 1950s to attempt to eliminate the effect 
of variations in the skill of different operators using and 
setting the machine to manufacture a specific product, as 
well as to increase manufacturing accuracy and minimize 
production time (Levary, 1995). This technology ‘controls 
the operation of machines automatically by means of 
symbols or numbers rather than by the manual turning of 
wheels and pulling of knobs’ (Levary, 1995). A simplified 
diagram of an NC mechanism as used in a machine tool 
is shown in Figure 2.
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Machine Control Unit, meaning that a computer controls the movement of the 
cutting tool and the work pieces. Thus, CNC technology is as cost effective at 
producing one-off pieces as it is at producing large numbers of the same piece.  

CNC technology has enhanced most of the manufacturing processes being 
used currently. Such developments transform information, in this case 
transforming design information into the Part Program required to drive a 
CNC machine, and thus changing the human interaction with the process from 
physical to mental.  

 
Figure 2. A simplified Schematic Illustration of an NC Machine adapted from 
Levary (1995) 

 
 
Computers in Architecture 
 

The origins of the use of computers in design are not as clear as they are in 
manufacturing. The first use of computers in architectural world was with the 
arrival of Computer Aided Design Drafting (CADD) (Seletsky, 2005). It has 
been seen as a progressive step up from manual drafting, but was mainly a 
replacement of ‘one representational methodology for another’ (Seletsky, 
2005). There is a more significant transformation in the architectural design 
world now taking place as electronic drafting evolves into Computer Aided 
Design (CAD) software. This was initially developed in the 1960s by the 
aircraft and automotive industries for use in the area of 3D surface construction 
and NC programming.  

CAD does more than just drafting: it aids the whole design process by 
using computers as modelling tools which are capable of storing accurate 3D-
volumetric descriptions of designs along with their non-graphical attributes, as 
well as allowing for analysis, simulation, and fabrication processes coupled 
with graphical representation (Bedworth, Henderson, & Wolfe, 1991). Using 
CAD, a designer can interactively improve their design, based on the results of 
analyses performed by the computer. Therefore, in the design world, it is not 
considered to be a representation tool but a performative one.  
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Interaction between Software and Hardware 
 

The introduction of computers into both the design and the production 
processes has helped to improve productivity. Such a system is referred to as a 
computer aided design and computer aided manufacturing (CAD/CAM) system 
(Harp, 1985). In CAD/CAM, the software converts the design produced by 
CAD software into instructions that control machinery, such as a cutting tool 
(Figure 3). CAD/CAM systems have been adapted by other manufacturing 
industries such as the car industry and shipbuilding for use in the production of 
complex products (Corser, 2010). The advances in these technologies and the 
advantages they convey to their operator have taken the subjects of 
architectural debates in new directions. These technologies enable curvilinear 
and more complex geometric forms to be designed, manufactured and 
assembled more easily and more cost-effectively than using traditional 
construction technologies (Kolarevic, 2003c) 

 
Figure 3. A Simplified Schematic Illustration of CAD/CAM System 

 
 

 
 
Digital Architecture and the Conception 
 

The use of CAD technology in architecture world has led to emergence of 
varies trajectories and the new field of so-called digital architecture. According 
to Hatzellis (2006), ‘Digital Architecture has emerged from technological 
appropriation’. In this field, computer modelling, software and simulations 
combined with the imagination of the user are used to design and construct a 
building. CAD technology performs complex calculations that architects 
otherwise find difficult to do, and allows a diverse range of complex forms to 
be created easily (Hatzellis, 2006). Runberger (2011) notes three emerging 
trajectories with in this field: 1) Integration of CAD into construction workflow 
in order to describe building parts in a more intelligent way and increase 
production consideration in the design process, 2) interest in exploring the 
potential of new technology for architectural form which has a common ground 
with contemporary expression in architecture partly based on technologies for 
design support and fabrication, 3) interest in computational processes and the 
way they can change our way to analyze generate and produce architecture. 
The first trajectory has originally emerged out of employment of CAD by 
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tions that control machinery, such as a cutting tool (Figure 
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The use of CAD technology in architecture world has led 
to emergence of varies trajectories and the new field of so-
called digital architecture. According to Hatzellis (2006), 
‘Digital Architecture has emerged from technological ap-
propriation’. In this field, computer modelling, software 
and simulations combined with the imagination of the 
user are used to design and construct a building. CAD 
technology performs complex calculations that architects 
otherwise find difficult to do, and allows a diverse range of 
complex forms to be created easily (Hatzellis, 2006). Run-
berger (2011) notes three emerging trajectories with in this 
field: 1) Integration of CAD into construction workflow in 
order to describe building parts in a more intelligent way 
and increase production consideration in the design pro-
cess, 2) interest in exploring the potential of new technol-
ogy for architectural form which has a common ground 
with contemporary expression in architecture partly 
based on technologies for design support and fabrication, 
3) interest in computational processes and the way they 
can change our way to analyze generate and produce ar-
chitecture. The first trajectory has originally emerged out 
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of employment of CAD by product developers, manag-
ers and constructors. This trajectory leads to the topic of-
ten referred to as Building Information Modelling (BIM), 
which is well beyond the scope of this paper. The second 
and third are ongoing trajectories that have been emerged 
from employment of CAD by architects and designers. In 
many cases they are found together seamlessly or associ-
ated to each other. The former is however the key to this 
paper; in particular in regards to the emergent technolo-
gies for design support and fabrication.

Within these trajectories certain design techniques are 
employed. Leach (2011) believes that contemporary use of 
CAD by architects have led to emergence of two distinct 
techniques of parametric and algorithmic in design. Em-
ployment of these techniques in design stage has opened 
a new field of possibilities for architectural practice.

Parametric Technique
Monedero (2000) defines parametric design as the cre-
ation of an object using a set of parameters that defines 
the geometric relationships between elements of the de-
sign. It is a method of linking dimensions and variables to 
geometry in such a way that when the values change, the 
shape changes as well. Parametric design enables a flex-
ible, modifiable, deformable and reactive type of model-
ling. In such associative geometric modelling, a collection 
of mutually connected elements has the ability to update 
itself according to modifications made to neighbouring 
elements (Ucar, 2006).
In digital architecture definition of parametric is not only 
bounded with consistent relationship between objects but 
also with such relationship between the objects and the 
external parameters such (prevailing wind, direct sun 
light, snow draft, etc). Therefore a design that associates 
the variation of external features and dynamic forces of 
the relative site, to the associative geometry of the intend-
ed building, is also defined as a parametric design. Using 
a parametric modelling system, the information related to 

these features and forces are stored in variables assigned 
to a parameter that direct the formation of the object. 
By doing so, either different configurations of the same 
object, or completely different objects, are created (Ko-
larevic, 2003b). Parametric design has a strong ground-
ing in contemporary architecture. This design technique 
enables the architect to examine a range of designs that 
take into account various variables like environmental 
one, simply by altering parameters. This makes digital 
architecture, which uses computers as its main tool, an 
ideal test bed. In this system, the parameters are defined 
but not the shapes.

The best example of such geometric association is the 
massive curved roof of the International Terminal at Wa-
terloo Station in London, designed by the firm of archi-
tects, Nicholas Grimshaw and Partners. The curve, which 
gradually expands towards the station end, consists of 36 
dimensionally different but identically modelled arches 
(Szalapaj, 2001). Because of the asymmetrical geometry of 
the platform, the structure of the roof gradually rises on 
one side and gradually declines on the other side along 
the building. The main parametric relationships here de-
scribed the structural form of the roof, in which the span 
and curvatures of individual arches were related. These 
relationships in turn determined the dimensions and to-
pology of the trusses. The construction of the complex and 
variable size and shape of each arch was possible because 
of the application of structural analysis CAD techniques 
and the ability to calculate parametric relationships.

Algorithmic Technique
Algorithm is a specific method to create a mathematical 
process in solving problems. An algorithm is simple in-
struction for calculating a function. It can be a hand writ-
ten process, e.g. set of equations, or a digital process or 
processor. According to Leach (2011), in the field of digital 
architecture, algorithmic technique refers to:
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‘The use of scripting language that allows the designer to 
step beyond the limitation of the user interface, and to design 
through the direct manipulation not of form but of code.’

An important aspect of algorithm design is creating 
an algorithm that has an efficient run time. It is important 
to understand that ‘algorithmic techniques are based on 
the use of code while parametric techniques are based on 
the manipulation of form’ (Leach, 2011). In many cases 
the parametric technique is embedded within algorithmic 
technique.

Using these tools and methods, digital architect is able 
to take account of environmental influences rather than 
simply defining a final shape. Kolarevic (2003b) notes that 
‘for the first time in history, architects are designing not 
the specific shape of the building but a set of principle…’. 
Digital architecture is directed towards a form-finding 
technique. CAD has enabled a test ground for architec-
tural design stage through integration of the information. 
However, Sevaldson (1999) noted that:

‘Mostly the computers serve as an aid to speed up and ra-
tionalise the workflow, reduce errors or to monitor logistics, 
while the way designers work in principal stays unchanged. 
Still we like to think of the computer as a qualitative aid to the 
design process.’

Architectural form has to engage and respond to 
dynamic influences from environmental and socio-eco-
nomic forces (Kolarevic, 2003b). The architect Greg Lynn 
has contributed crucial new ideas and techniques to the 
adaptation of design methods to the new technology. To 
him, the abstract space of design is conceived as “an en-
vironment of force and motion rather than as a neutral 
vacuum” (Lynn, 1999).

Finally using the parametric and algorithmic tech-
niques enables a higher degree and relatively more pre-
cise influence of quantitative and measurable parameters 
in the formation of conception and eventually architec-

tural form. Design is a complex process that involves the 
consideration of both quantitative parameters (geometri-
cal properties of the site, orientation, views, prevailing 
winds, noise pollution factors, construction restrictions, 
building programmed requirements, budgetary restric-
tions, fabrication requirements, material properties, etc) 
and qualitative parameters (cultural context, political 
will, social needs, aesthetic prototypical references, etc). 
The non-measurable/qualitative factors are as important 
as the measurable one in the conceptualization and gen-
eration of architectural form. Therefore it is important to 
emphasize that using digital tools does not and must not 
put aside the qualitative aspect of architecture. These as-
pects are involved in the design process through archi-
tect’s cognition as they have been previously.

Rebirth the Complexity in Digital Architecture
When the abstract space of design is conceived as an en-
vironment of force, it embraces information and eventu-
ally becomes more complicated, interwoven and com-
plex. Digital tools allow the integration of large amount 
of information with the design, enabling the production 
of complex forms. Some view such complexity as a prob-
lem, however Hatzellis (2006) argued that complexity is 
a part of digital design and gives it meaning. He further 
noted that the theory of complexity goes beyond it being 
just the opposite of simplicity and drawing on previous 
work that examined the link between beauty, complexity 
and performativity noted that:

‘Prior to the digital age, simplicity was desirable as it was 
easier to calculate without errors. This is no longer the case as 
computers allow, within a certain range, extreme complexity in 
the areas of formulation, calculation and construction.’

An example of complexity in terms of the conceptu-
alization of a building is an Eskimo igloo. Eskimos, out 
of sheer necessity, have had to optimize the shape of an 
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igloo so that it performs in the environment in which it is 
used. The igloo is complex in its form and construction. 
Relationships between architectural forms and their envi-
ronment such as is seen with the igloo, have been lost in 
the course of industrialization and modern design (Fitch 
& Bobenhausen, 1999). This is due to particular circum-
stances of the 20th century being: 1- needs, for the low 
cost lodging that could be constructed speedily, and the 
high standard and modern life in the wake of the war, 
2- abilities, for assembling and machining that led to cer-
tain production methods, 3- new materials that enabled 
long span construction and invention of new technolo-
gies (pluming, HVAC being heating, ventilation, and 
air-condition). In the circumstances of the 20th century, 
reduction of complexity was desired. Likewise today’s 
circumstances such as need for energy saving, ability to 
integrate varies information into design and direct link 
of CAD/CAM via digital technologies, new material, and 
etc, enable reintroduction of complexity into architecture.

Within digital architecture, complexity appears at dif-
ferent stages, to different degrees and in different kind. 
In relation to digital design and construction complexity 
appears in: 1- the process, when handling the increased 
amount of information and as knowledge is integrated 
between the environmental designs, structural design, 
and architectural design, materialization, and fabrication 
and construction stages, and 2- in the physical body of 
architecture, being creation of complex and curvilinear 
surfaces by architects.

The complexity of the information and the power of 
CAD technology maybe one of the reasons that architects 
create complex and curvilinear surfaces but not the ulti-
mate one. Except architecture forms, many contemporary 
products that surround us, from a toothbrush to a mobile 
phone to a car characteristically have smooth, rounded 
corners (Kolarevic, 2003b). In addition Complex forms in 
architecture are not any new ideas. Before the CAD and 
CAM technology, the design and realization of complex 

forms were by finding methods for physical form. Pio-
neer architects have manage to design and realize their 
complex and free forms, like Gaudí by hanging chain 
models (Collins, 1960) and Frei Otto (Nerdinger, 2005) 
by observing soap bubbles. Many Engineers such as Fe-
lix Candela and Heinz Isler (Chilton, 2000; Nordenson & 
Candela, 2008) were able to realize their curvilinear forms 
by implying geometrical knowledge over modern mate-
rial, in this case concrete. Due to the communication gap 
between design tools and production tools, the produc-
tion of these complex forms were singularly and costly.

Transactions from the Digital World to the 
Physical World
The digital information embedded in CAD models can 
be translated into control data that can directly drive the 
CNC machinery used for the fabrication and construction 
of a product (Figure 4). Kolarevic (2003c) presented the 
following four fabrication techniques that use this type of 
technology to realize digitally-generated, complex, geo-
metrical objects.

Cutting Techniques
Cutting techniques are used in two-dimensional fabrica-
tion and involve the movement of the cutting tool in two 
axes in relation to the work piece, which can be a sheet of 
material for example. Different technologies exist for dif-
ferent cutting techniques; techniques vary with the ma-
terial to be cut. Technologies, such as laser cutting and 
electronic discharge machining, are based on the use of 
thermal energy to cut and so melt or burn the material in 
order to cut it. Technologies for smoother cutting, such 
as water jet cutting, punching and blanking, die cutting, 
and glass scoring are mechanically based techniques and 
it is erosion, therefore, that cuts the material. Rarely used 
in architecture, photochemical machining is a chemically 
based cutting technique.
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Subtractive Techniques
Subtractive techniques are used in three-dimensional fab-
rication. They involve the reduction and removal of mate-
rial from a solid block. These techniques use a variety of 
chemical, thermal and mechanical technologies.

The most common technology used in the architectur-
al world is the CNC milling router, which is a mechani-
cally based technology. It uses a combination of drilling, 
turning and grinding to remove material. The milling 
machine is axially constrained. Milling of a solid in three-
axes is an extension of two-dimensional cutting but with 
the ability to move in the Z direction. The range of shapes 
that can be produced by this type of machine is limited, as 
it cannot produce the undercuts shown in (Figure 5). For 
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Figure 5. Undercuts (Kolarevic, 2003c)  

 
 
The CNC milling machine has been widely used in the architectural world. 

The best example is the Walt Disney Concert Hall in Los Angeles. It consists 
of stone panels that are geometrically double curved. These panels were CNC 
milled in Italy, then shipped to Los Angeles to be assembled on a steel frame at 
the site. 

 
Formative Techniques  

Formative fabrication shapes material by deformation or reshaping using 
mechanical forces, applying heat or steam, and moulding the material in order 
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The CNC milling machine has been widely used in the 
architectural world. The best example is the Walt Disney 
Concert Hall in Los Angeles. It consists of stone panels 
that are geometrically double curved. These panels were 
CNC milled in Italy, then shipped to Los Angeles to be 
assembled on a steel frame at the site.

Formative Techniques
Formative fabrication shapes material by deformation 
or reshaping using mechanical forces, applying heat or 
steam, and moulding the material in order to achieve the 
desired form. There are many CNC machines that can be 
used for formative fabrication. Dependent on the material 
that is being shaped, there are machines that assist steam 
bending, simple wood lamination, composite wood lam-
ination and the shaping of molten glass and plastics. A 
comprehensive study of the technologies used in forma-
tive techniques has been presented by Thompson (2007).
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Additive Techniques
Additive fabrication is the formation of an object by add-
ing material, layer by layer. It is referred to as solid free-
form fabrication, layer-by-layer manufacturing, and rap-
id prototyping. The methods used for this technique are 
based on light, heat or chemical reactions. There are many 
different technologies that exist such as Stereolithography 
(SLA), Selective Laser Sintering (SLS), 3D Printing (3DP), 
Fused Deposition Modelling (FDM) and Multi-Jet Man-
ufacture (MJM). However, due to the expensive equip-
ment, time-consuming production and limitations in the 
sizes of the object that can be produced, this technique 
has limited applications in the field of building design 
and manufacture. There is a relatively new additive tech-
nology called “Contour Crafting” that has been invented 
and patented by Behrokh Khoshnevis of the University 
of Southern California, which allows rapid layer-by-layer 
pouring of concrete for use in full-scale building projects.

Transactions from the Physical World to the 
Digital World
The four techniques presented by Kolarevic (2003c) en-
able the translation of a digital object into a physical 
one. By using three-dimensional scanning techniques, 
it is possible to construct, or “reverse engineer”, a digi-
tal model from its physical counterpart (Figure 6(A)). A 
few architects, such as Frank Gehry, use this technique to 
translate the physical geometry of a building to a digital 
representation. By doing so, different transformations can 
be applied to the digital representation that would not be 
possible with the actual building.

By scanning a physical object, point clouds can be cre-
ated in the digital environment, which can be converted 
to an approximation of the real geometry. This technique 
enables the collection of data from the specific construc-
tion site and supports the conceptual framework with 
real-world data (Figure 6(A)(B)(C)). There are various 

types of three-dimensional laser scanners, with their use 
depending on the type of object being scanned.

Digital Fabrication and Complexity
In the Information Age, the ability to link the digital and 
physical worlds has radically reconfigured the relation-
ship between conception and manufacture.

In the architectural world, the introduction of consum-
er CNC routers and laser cutters, together with 3D print-
ers has enabled rapid prototyping of the complex geome-
tries encountered in architectural design (Scheurer, 2008).

Complex forms are built up of non-standard geom-
etries and contain a large number of non-standard parts 
(Figure 6 (E)). These parts are embedded with digital data 
that can be read by CNC machines (Figure 4). Scheurer 
(2008) noted that development of CNC machines has 
made it possible to fabricate individual parts at nearly 
the same cost as if they were mass produced (Figure 4). 
However, he argued that when scaling up these complex 
forms to life-size, their production using existing CAM 
systems is not appropriate. According to Scheurer (2008) , 
it is sometimes more efficient to use a custom-built CAM 
system and tailor-made fabrication for this kind of geom-
etry.

Scheurer (2010) believes that current technology has 
shifted the complexity of the process away from the ma-
chining of material and towards the processing of infor-
mation. Although parametric and algorithmic design 
makes it easier for an architect to handle complexity, it 
does not reduce the degree of complexity from the project. 
Scheurer (2010) argued that within parametric and algo-
rithmic design modelling the same degree of complexity 
is defined but in a different language. Instead of strug-
gling with a set of drawings, the designers are forced to 
create a clever algorithm, which requires a high degree of 
thought.
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Figure 6. Collecting Geometric Data of Site through 3D Scanner (A). Creation 
of the Site Geometry as Point Clouds in Digital World (B). Resembling 
collected Data such as Orientation, Views, prevailing Winds, Noise Pollution, 
Daylight and etc in Digital World to support the Conceptual Framework with 
Real-world Data (C). Generation of form based on the Precedent Inputs from 
Architect’s Cognition and the collected Data (D). In Addition, Step (D) 
Presents the Possibility for Geometrical Adjustment in the Design Process in 
Favours of previously defined Parameters for Geometry of Form. Rationalizing 
the Form for Prefabrication (E) 
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Discussion and Conclusion
The development of machine tools led to the creation of 
mass-produced objects that are exact copies of each other, 
because subsequent changes in design required human 
intervention and were time-consuming. Machine tools 
evolved into computer-controlled devices, thus eliminat-
ing manual intervention during the production process. 
As a result, parts with different shapes could be produced 
almost as cost-effectively as standard ones. In addition, 
the use of computers during the design stage enabled in-
formation, in the form of digital data, to be transferred 
between design tools and manufacturing machines.

Use of CAD technology in architecture has pushed the 
boundary of conceptualization towards the use of real-
world data, and this has led to unexpected complexity. 
The parametric-algorithmic design method has enabled 
a diverse range of concepts to be tested and has led to 
derivation of plausible forms (Figure 6(d)).

Ability of CAD to integrate large amounts of data into 
a design has led to the use of complex geometric parts in 
buildings. The production of these parts is now as rapid 
and cost-effective as that of standardized parts as a result 
of the use of CNC fabrication technology.

Data embedded in geometries from CAD systems can 
now be used to control directly CNC machines (Figure 
4). Other data about condition of site can be inputted 
and varied by the designer to test how geometry of parts 
that they have designed is affected (Figure 6(d)). There-
fore, Limitations in the manufacturing of a product have 
moved from the hardware to the software that creates the 
machine data and handles the data transfer. Tailor-made 
or custom fabrication has become more cost-efficient in 
the production of buildings that have complex geometric 
forms.

It is now no longer necessary to limit a design to 
simple shapes. The technological advances in CAD and 
CAM systems have allowed products to be varied, be 
highly specialized and have high performativity whilst 

also being able to be manufactured cost-effectively. The 
new digital architects have found this new technology 
profoundly important for the creation and realization 
of high quality buildings. The quantity of information 
that has to be handled and processed has increased as 
these tools have evolved. Therefore, in order to be able 
to produce complex geometric parts as effectively and as 
economically as simple, symmetrical parts, it is suggested 
that more study on the handling and processing of such 
information is undertaken. It is also necessary to under-
line and highlight the degrees and kinds of complexities 
within the process.
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Introduction
The process of creating architecture involves many con-
straints. Throughout history, these constraints have in-
fluenced the design and can be a driving force for deci-
sion-making. Cook (2004) has described how, throughout 
history, man-made forms have been influenced by materi-
als, ability and need. All the following factors play an ac-
tive role in the creation of architecture: what we can find 
around ourselves to use as building material; our ability 
to build with that material, predict its performance in the 
real world, communicate an idea; our reasons for need-
ing a building ranging from a safe shelter to something of 
utility or beauty.

Apart from changes in social needs and materials, 
the digital revolution of the last 20 years has specifical-
ly changed our ability to generate and construct virtual 
forms (digital construction). The development of comput-

Synergies between Computational Design, Computational Engineering & Prototyping 
Embedding different perspectives in the generative computational process of form finding

Mania Aghaei Meibodi, Hamia Aghaiemeybodi2.
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Abstract
This paper describes the process from design through to production of a Multi-functional Pavilion using a synthesis of contempo-
rary digital design, engineering and production methods. The range of architectural applications that might use these contempo-
rary digital tools for design, engineering and manufacturing are explored. In this experimental project, we have combined the use 
of computational engineering and physical prototyping with the generative computational design process. This is to enhance the 
process of generating forms whose material compositions correspond to environmental and structural responsibilities, while they 
are economically manufactured with the help of digital fabrication tools.* By presenting and analysing the whole process, we show 
how to translate simulations into architectural components and overall building shapes as well as how to fabricate complex forms 
economically. Further, we analyze the accuracy of the digital model compared to its physical counterpart.
Keywords: generative computational process; digital fabrication; constraints; parametric algorithmic technique; prototyping; form 
finding.

er aided design (CAD) and computer aided engineering 
(CAE) has not only enabled us to predict the performance 
of form in the physical world, but, by enabling us to feed 
the outputs from CAE into the CAD process, has also in-
fluenced the generation of form centred on the behaviour 
of material in the physical world and its constraints. At 
the same time, digital fabrication/computer aided manu-
facturing (CAM) has become a true counterpoint to CAD 
in architecture. This relationship has enabled the precise 
realization of complex buildings and the instant proto-
typing of their parts within the design process. Such a 
convergence between CAD/CAM technologies has led to 
a symbiotic relationship between the digital and physical 
world. 

Combinations of digital tools spanning the building 
disciplines offer a comprehensive new approach to the 
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design of buildings and the built environment. This ap-
proach places form finding above form making, where 
the generation of form is driven by simulation and perfor-
mance. The so-called performance-based approach in de-
sign has created many paradigms. In this broad context, 
the design is driven by constrains that are either purely 
technical (structural, thermal, acoustic etc.) or non- tech-
nical (spatial, aesthetical, social, cultural etc). Most of the 
developing paradigms have a linear optimal solution 
based on one constraint such as a structurally optimal so-
lution whilst the synthesised use of digital technologies 
offers a comprehensive approach that considers many 
aspects of the design of our built environment. As noted 
by Kolarevic (2005), “the digital technologies of qualita-
tive and quantitative performance-based design blur the 
distinction between geometry, analysis, appearance and 
performance”. Although different performance-driven 
paradigms are used separately, they unavoidably origi-
nate from and influence each other. Since every architec-
ture project has specific criteria, “there is no optimal fixed 
solution once and for all”, as the criteria changes over 
time (Rahim, 2005).  

The designing and prototyping of the Multi-functional 
Pavilion is an experimental project to study the genera-
tion of form through instant non-linear feedback achieved 
from different perspectives (such as usability, structure, 
fabrication, climate, economic, material etc.). Constraints 
played active roles both in the design and the realization 
of this project and became a driving force for decision-
making. Some constrains such as usability, harsh climate, 
available material and production technology were inte-
gral to an evolving architectural expression of the project.

Constraints and challenges
In this project, the spatial articulation and structural sys-
tem has emerged in response to the usability framework, 
climatic characteristics of the site, available production 
technology and affordable material.

a. The usability framework guided the design of a 
pavilion that enables relaxation (sitting, lying down, lean-
ing or standing) throughout the whole year.

b. The site is located in the city of Luleå, north of 
Sweden, a place characterized by extreme seasonal cli-
mate changes. The extremes of rain, sun, wind, day length 
and temperature in different seasons, especially winter 
and summer, are important climate factors that affect how 
people use the outdoors. 

c. The available production technology was a com-
puter numerical controlled (CNC) laser-cutting machine. 

d. The potential choice of materials was Masonite 
3.2 mm and 7.00 mm thick, hard density (HD) Masonite 
5.00 mm thick and plywood 6.00 mm thick. These materi-
als met the criteria for budget and ability to machine. 

Spatial articulation and structural system 
The 3.0 m wide, 7.0 m long and 2.6 m high pavilion 
emerged out of nested hexagon cells with triangular joints 
on a double curved surface. Providing an enclosed space, 
part of the hexagonal structure is lifted from the ground to 
form a free-spanning shell (Figure 1). Arranged to shield 
from the north-easterly wind, it touches the ground and 
is covered by glass panels (Figure 2). To provide seating, 
the structure curls inwards (Figure 2). In contrast to this, 
the other end of the hexagonal structure narrows so as to 
protect itself from the wind and is concaved to provide a 
surface to lay down on (Figure 1).

The hexagonal structural system of the pavilion is de-
rived from the honeycomb structure as seen in nature so 
as to yield the most economical use of material. Since the 
material used (Masonite) has poor compression and shear 
properties, nesting it in the hexagonal pattern improves 
these properties across the whole structure. The hexago-
nal tiles produce a surface with minimal surface area. A 
honeycomb shape structure in nature provides a structure 
with minimal density and achieves relatively high out-of-
plane compression and shear properties. Therefore, the 
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Spatial Diagram 
The study of users’ behaviour in winter and summer showed that they would like to be exposed 
to direct sunlight in both seasons. They would also like to have fresh air in all climates but do 
not mind temperature differences; however, they did not want to experience the wind 
blowing through the structure. Based on this, two spatial properties were drawn (Figure 3): 
enclosed but porous and exposed. A curve was drawn, which turned into one of the initial 
elements of the design (Figure 4). 
 

Figure 1 
Elevation drawing of the Multi-functional Pavilion, 
showing its uses 

 

Figure 2 
Digital rendering of the  Multi-functional Pavilion 
with a hexagonal wood structure and partial glazing   
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Structural system 
The structural system is based on plates and joints and emerged out of material and 
technological constraints. These constraints were treated as quantitative data to create a 
bounding box for the design. Masonite has poor material properties such as tensile and 
compressive strength (Figure 5). This led to the omission of long span components and the 
introduction of cellular components and a secondary structural system (joints) (Figure 5). 

 
 

Figure 4 
 Initial curves drawn to visualize the enclosed and 
exposed spaces 

 

Figure 5 
Hexagonal components based on panel and joint 
system of the Multi-functional Pavilion 

 

Figure 3 
Initial diagrams showing the enclosed space as 
porous (left) and exposed (right) 
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kind of structure that has the geometry of a honey-
comb allows the smallest quantity of material to be 
used whilst achieving minimal weight and minimal 
material cost.

Spatial Diagram
The study of users’ behaviour in winter and summer 
showed that they would like to be exposed to direct 
sunlight in both seasons. They would also like to 

have fresh air in all climates but do not mind temperature 
differences; however, they did not want to experience the 
wind blowing through the structure. Based on this, two 
spatial properties were drawn (Figure 3): enclosed but 
porous and exposed. A curve was drawn, which turned 
into one of the initial elements of the design (Figure 4).
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Structural system
The structural system is based on plates and joints and 
emerged out of material and technological constraints. 
These constraints were treated as quantitative data to cre-
ate a bounding box for the design. Masonite has poor ma-
terial properties such as tensile and compressive strength 
(Figure 5). This led to the omission of long span compo-
nents and the introduction of cellular components and a 
secondary structural system (joints) (Figure 5).

Production technique and technology
The production of the fabricated kits was highly depen-
dent on the use of the available computer numerical 
controlled (CNC) laser-cutting machine. This machine is 
used for two-dimensional fabrication and involves the 
movement of the cutting tool in two axes in relation to 
the work piece, which can be a sheet of material. Laser 
cutting uses heat to cut the material by melting or burn-
ing. Various parameters such as the unevenness of the 
work piece (Figure 6) and cutting table led to inconsistent 
cutting of the material. This increased the possible errors 
in the intersections between the joints and the plates. To 
compensate for this, plastic bands were introduced in the 
detailing (Figure 7). 

Material selection process 
The specification of the cutting machine together with 
the budget determined the boundary conditions for the 
choice of material. Based on the budget, four different 
types of materials, Masonite 3.2 mm and 7.00 mm thick, 
hard density (HD) Masonite 5.00 mm thick and plywood 
6.00 mm thick, were tested in the fabrication lab. These 
materials came in sheets of a specific size and with differ-
ent thicknesses. To cut them, the laser had to be operated 
at a particular power and speed. In order to measure the 
time of cutting, the laser power was kept constant and the 
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fabrication and involves the movement of the cutting tool in two axes in relation to the work 
piece, which can be a sheet of material. Laser cutting uses heat to cut the material by melting or 
burning. Various parameters such as the unevenness of the work piece (Figure 6) and cutting 
table led to inconsistent cutting of the material. This increased the possible errors in the 
intersections between the joints and the plates. To compensate for this, plastic bands were 
introduced in the detailing (Figure 7).  
 

                  
Material selection process  
The specification of the cutting machine together with the budget determined the boundary 
conditions for the choice of material. Based on the budget, four different types of materials, 
Masonite 3.2 mm and 7.00 mm thick, hard density (HD) Masonite 5.00 mm thick and plywood 
6.00 mm thick, were tested in the fabrication lab. These materials came in sheets of a specific 
size and with different thicknesses. To cut them, the laser had to be operated at a particular 
power and speed. In order to measure the time of cutting, the laser power was kept constant and 
the cutting speed optimized in relation to the thickness of the material. Based on the result of 

Figure 7 
Introduction of plastic bands into the detailing of the 
interconnection of joints and plates.  

 

Figure 6 
Unevenness of Masonite sheets due to moisture in the air  
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these preliminary analyses and the short timeframe, Masonite 3.2 mm thick was chosen as a 
suitable material (Figure 8).  

 
Fabrication and construction process 
The fabrication process, the simultaneous assembly of the pavilion’s components and the 
construction of the scaled prototype were all done off-site (Figure 9). The laser-cutting machine 
allowed the fabrication of 2976 geometrically different parts, 1248 plates and 1728 joints. These 
kits were cut out of 122 Masonite sheets measuring 3.2 x 800 x 1100 mm. Within one run, each 
part was cut out and the associative numbers that identified the plates and joints were marked on 
them (Figure 10). The total cutting time was about 48 hours (Figure 11). Despite the frequent 
maintenance of the machine, its performance decreased gradually and it took more time to cut the 
sheets in the later stages (Figure 12). As opposed to the relatively quick fabrication process, the 
assembly was labour-intensive and time-consuming, unexpectedly requiring scaffolding. If 

Figure 8 
 A chart showing the time taken to cut each material using a CNC laser-cutting 
machine.    

 any piece was broken or mislaid, the only way to replace it was to re-fabricate it. It took 50 hours 
for 3 people to assemble the parts.   

                  
 
 
 
 
 

Figure 10 
Optimized nesting of the joints and plates inside a 
Masonite sheet (top). Engraved numbers identifying 
each plates and joints (bottom). 

 
 

Figure 9 
The scaled prototype being produced off-site 
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Figure 10 
Optimized nesting of the joints and plates inside a 
Masonite sheet (top). Engraved numbers identifying 
each plates and joints (bottom). 
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cutting speed optimized in relation to the thickness of the 
material. Based on the result of these preliminary analy-
ses and the short timeframe, Masonite 3.2 mm thick was 
chosen as a suitable material (Figure 8). 

Fabrication and construction process
The fabrication process, the simultaneous assembly of the 
pavilion’s components and the construction of the scaled 
prototype were all done off-site (Figure 9). The laser-cut-
ting machine allowed the fabrication of 2976 geometri-
cally different parts, 1248 plates and 1728 joints. These 
kits were cut out of 122 Masonite sheets measuring 3.2 
x 800 x 1100 mm. Within one run, each part was cut out 
and the associative numbers that identified the plates and 
joints were marked on them (Figure 10). The total cutting 
time was about 48 hours (Figure 11). Despite the frequent 
maintenance of the machine, its performance decreased 
gradually and it took more time to cut the sheets in the 
later stages (Figure 12). As opposed to the relatively quick 
fabrication process, the assembly was labour-intensive 
and time-consuming, unexpectedly requiring scaffolding. 
If any piece was broken or mislaid, the only way to re-
place it was to re-fabricate it. It took 50 hours for 3 people 
to assemble the parts.
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Figure 11 
A diagram showing a gradual increase in the cutting time of the sheets. 

 
 
. 
 

Figure 12 
A diagram showing the total cutting time for the sheets. 
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Form finding and geometrical analyses 
To consider the measurable constraints in the form find-
ing process, the parametric algorithmic design software 
was linked to structural and environmental solvers. Mea-
surable parameters, such as the geometric properties of 
the site, orientation, views, construction restrictions, bud-
get restrictions, fabrication restrictions, material proper-
ties, structural load, prevailing winds etc. were translated 
into an algorithm (Figure 13) and were connected to basic 
elements of form such as curves. In parallel to this, the 
qualitative parameters, such as cultural context, social 
needs, aesthetic prototypical references etc. were consid-
ered by the designers at the formation stage. One of the 
advantages of using a parametric-based operation is that 
the feedback received from analytical software (such as 
a structural analysis) can be assigned to each of the pa-
rameters concerned with the geometry; when feedback 
creates changes, all the parameters can be manipulated 
whilst constraints and dependencies between geometri-
cal elements are maintained. The resulting dynamic mod-
els are able to respond to changes and offer a degree of 

 
 

Based on an understanding of form, forces and material not as separate elements, but rather as 
complex interrelations that are embedded in and explored through integral generative processes, 
the following models were created: 

 
Design Model – Geometric Model 
In this model, the overall form and geometry of the structural components are derived from the 
defined variables. The variables are adjusted and redefined, based on data derived from 
simulation models and physical prototyping. Parameters of the overall form and geometry (such 
as length and height of the curves, angle of the joints etc.) are linked to these variables. This 
model was created using the Grasshopper plug-in for Rhinoceros software and is divided into 
two integrated parts:  

(i)Parametric Algorithmic Model of overall form - Volumetric Model 
In this part, an algorithm was designed that generated four NURBS curves (Figure 14). Pairs of 
curves were lofted together forming freeform surfaces (Figure 15). The edges of the two surfaces 
were then lofted together to create a solid. The relationships between these curves defined the 
thickness, width, length, height and, consequently, the shape of the pavilion. These parameters 
could change in relation to the variables assigned to them.  

Figure 13 
A parametric algorithm, showing the influences of data feedback from CFD analyses on the geometry of the pavilion. 

c 
flexibility and coordination.
Based on an understanding of form, forces and material 
not as separate elements, but rather as complex interrela-
tions that are embedded in and explored through integral 
generative processes, the following models were created:

Design Model – Geometric Model
In this model, the overall form and geometry of the struc-
tural components are derived from the defined variables. 
The variables are adjusted and redefined, based on data 
derived from simulation models and physical prototyp-
ing. Parameters of the overall form and geometry (such 
as length and height of the curves, angle of the joints etc.) 
are linked to these variables. This model was created us-
ing the Grasshopper plug-in for Rhinoceros software and 
is divided into two integrated parts: 
(i)Parametric Algorithmic Model of overall form - Volu-
metric Model
In this part, an algorithm was designed that generated 
four NURBS curves (Figure 14). Pairs of curves were loft-
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    (ii) Parametric Algorithmic Model of the Structural System 
In this part, an algorithm was defined to generate the geometry and structural details of the 
components (Figure 16). The hexagonal components were made out of plates and joints. The 
feedback from the prototyping and structural analyses model (FEM) created the framework for 
the type, location and quantity of joints. These two models also defined the width and length of 
the plates.  
 

Figure 15 
Generation of NURBS surface in Grasshopper from 
the NURBS curves  

 

Figure 14 
Four NURBS curves, generated using the  
Grasshopper plug-in for Rhinoceros  
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The structural components were positioned on the two lofted surfaces (Figure 17). This model 

was further exported as a surface to the structural analyses model (FEM) to calculate the 
structural behaviour of the object. The overall forms derived were exported as a solid and 
input into the CFD simulation model to measure the wind behaviour. Finally, the design model 
defined the unrolled geometry of the joints, the panels and all the intersection points.  

 

Figure 16 
 Parametric algorithms defining the hexagonal pattern on the surface and the geometry of the plates.  

 

Figure 17 
Positioning of the structural components over the lofted surface and directing the components towards a focus point 
(left). Componential system of panels and joints (right). 

 Componentioal   
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ed together forming freeform surfaces (Figure 15). The 
edges of the two surfaces were then lofted together to 
create a solid. The relationships between these curves 
defined the thickness, width, length, height and, con-
sequently, the shape of the pavilion. These parameters 
could change in relation to the variables assigned to 
them. 
(ii) Parametric Algorithmic Model of the Structural Sys-
tem
In this part, an algorithm was defined to generate the 
geometry and structural details of the components (Fig-
ure 16). The hexagonal components were made out of 
plates and joints. The feedback from the prototyping and 

structural analyses model (FEM) created the framework 
for the type, location and quantity of joints. These two 
models also defined the width and length of the plates. 

The structural components were positioned on the 
two lofted surfaces (Figure 17). This model was further 
exported as a surface to the structural analyses model 
(FEM) to calculate the structural behaviour of the object. 
The overall forms derived were exported as a solid and 
input into the CFD simulation model to measure the wind 
behaviour. Finally, the design model defined the unrolled 
geometry of the joints, the panels and all the intersection 
points.
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Figure 17 
Positioning of the structural components over the lofted surface and directing the components towards a focus point 
(left). Componential system of panels and joints (right). 

 Componentioal   
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Simulation Model (CFD) - Analytical Model 
This model represents the information regarding the be-
haviour of the fluid dynamics within the site when the 
different designs are generated. With this model, we 
analyzed the behaviour of wind within and around the 
pavilion, as well as the wind pressure over the surfaces. 
These data are necessary because they set the framework 
for physical characteristics such as where the structure 
should be enclosed or open, solid or hollow, tall or short, 
wide or narrow, smooth or sharp and where to put the 
glass panels. 

The important part in this model is to define the wind 
behaviour in relation to the geometry to further enhance 
the form. A wind tunnel was designed and different wind 
velocity was modelled using ANSYS Fluent. The simula-
tion was run and the behaviour of wind was studied in 
the XZ and XY planes (Figures 18 & 19).

The final model (Figures 20) evolved from the primary 
models (Figures 21) to control the wind flow. While the 
first model allowed the wind to pass through the struc-
ture, the final one diverted the wind away from the inte-
rior.  However, in all the prototypes, when wind hit their 
corners its speed increased to about 9.5m/s.

The wind pressure over the structure was studied 
(Figure 22 & 23). However, compared with the structural 
load, pressure was not a major factor affecting the form 
finding.

Simulation Model (FEM) - Analytical Model
While the geometry of the design model produced feed-
back about the range of designs possible based on the 
constraints, it gave no information about deformations 
due to dead load. When it comes to physical balance and 
deformation of material due to dead load, this model is 
only an abstract. Using FEM simulation modelling, infor-
mation regarding the equilibrium of shape was discov-
ered and input into the design model.

The FEM analysis was carried out using computer 
aided engineering (CAE) softwareAbaqus, running in 
both Standard and Explicit modes. When importing from 
the CAD to the CAE environment, the 3D digital model 
was not recognized as a single entity but as many sepa-
rate parts. In order to calculate the dead load, the relation-
ships between these parts had to be defined in the CAE 
model. To avoid defining the relationship between plates 
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Simulation Model (CFD) - Analytical Model  
This model represents the information regarding the behaviour of the fluid dynamics within the 
site when the different designs are generated. With this model, we analyzed the behaviour of 
wind within and around the pavilion, as well as the wind pressure over the surfaces. These data 
are necessary because they set the framework for physical characteristics such as where the 
structure should be enclosed or open, solid or hollow, tall or short, wide or narrow, smooth or 
sharp and where to put the glass panels.  
The important part in this model is to define the wind behaviour in relation to the geometry to 
further enhance the form. A wind tunnel was designed and different wind velocity was modelled 
using ANSYS Fluent. The simulation was run and the behaviour of wind was studied in the XZ 
and XY planes (Figures 18 & 19).   
 

            
 
The final model (Figures 20) evolved from the primary models (Figures 21) to control the wind 
flow. While the first model allowed the wind to pass through the structure, the final one 
diverted the wind away from the interior.  However, in all the prototypes, when wind hit their 
corners its speed increased to about 9.5m/s. 

Figure 19 
Behaviour of the wind when interacting with the geometry 
is simulated and analyzed in the XZ plane. 

 

Figure 18 
Behaviour of the wind when interacting with the geometry 
is simulated and analyzed in the XY plane.  

 
 

        
 
The wind pressure over the structure was studied (Figure 22 & 23). However, compared with the 
structural load, pressure was not a major factor affecting the form finding. 

Figure 20 
The wind velocity increases at the side of the shape but is 
diverted away from the interior.  

 

Figure 21 
The wind velocity increases at the side and end of the shape 
and blows through the shape. 
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Simulation Model (FEM) - Analytical Model 
While the geometry of the design model produced feedback about the range of designs possible 
based on the constraints, it gave no information about deformations due to dead load. When it 
comes to physical balance and deformation of material due to dead load, this model is only an 
abstract. Using FEM simulation modelling, information regarding the equilibrium of shape was 
discovered and input into the design model. 
 

The FEM analysis was carried out using computer aided engineering (CAE) softwareAbaqus, 
running in both Standard and Explicit modes. When importing from the CAD to the CAE 
environment, the 3D digital model was not recognized as a single entity but as many separate 
parts. In order to calculate the dead load, the relationships between these parts had to be defined 
in the CAE model. To avoid defining the relationship between plates and joints manually, a 
script was written. This automation accelerated the process of linking the CAE and design 
models. 

The Pre-processing or modelling stage used CAD software with the output then imported to 
the CAE software. Since the parts were cut from a sheet with even thickness, the input file to the 
CAE software could be specified as a collection of surfaces rather than as a solid. In the 

Figure 23 
The average wind pressure over the surface is -23 Pa 

Figure 22 
The average wind pressure over the surface is 10 Pa 

processing or finite element analysis stage, specialists’ knowledge of material properties, 
constraints and mesh properties were needed to setup the analyses. The final Post-processing or 
report generation stage, image and animation were also dependent on specialists’ knowledge 
in order to understand the analyses. The results from the FEM analyses (Figure 24) were further 
interpreted and translated to define the boundary of the variables assigned to parameters of the 
geometry.  
 

 
Economy model and prototyping  
The economy model produced feedback about the material and labour cost of each possible 
design (Figure 25). This model was directly linked to the design model and was fed with data 
collected from physical prototyping. Different material thickness had to be tested in order to 
achieve the required physical strength (Figure 26). Though the thickness change of the 

Figure 24 
The images report from FEM analyses. Clockwise from top left: this image shows the material properties defined and 
gravity implemented; this image shows the behaviour of the structure when the job is complete; this image shows the 
material’s tendency to sag; this image shows the pattern of deformation .    

pressure over the surface is -23 Pa 

a 

pressure over the surface is -23 Pa 

pressure over the surface is -23 Pa 

pressure over the surface is -23 Pa 

pressure over the surface is -23 Pa 

pressure over the surface is -23 Pa 
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and joints manually, a script was written. This automa-
tion accelerated the process of linking the CAE and de-
sign models.

The Pre-processing or modelling stage used CAD soft-
ware with the output then imported to the CAE software. 
Since the parts were cut from a sheet with even thick-
ness, the input file to the CAE software could be speci-
fied as a collection of surfaces rather than as a solid. In 
the processing or finite element analysis stage, specialists’ 
knowledge of material properties, constraints and mesh 
properties were needed to setup the analyses. The final 
Post-processing or report generation stage, image and an-
imation were also dependent on specialists’ knowledge 
in order to understand the analyses. The results from the 
FEM analyses (Figure 24) were further interpreted and 
translated to define the boundary of the variables as-
signed to parameters of the geometry. 

Economy model and prototyping 
The economy model produced feedback about the 

material and labour cost of each possible design (Figure 
25). This model was directly linked to the design model 
and was fed with data collected from physical prototyp-
ing. Different material thickness had to be tested in or-
der to achieve the required physical strength (Figure 
26). Though the thickness change of the material could 
strengthen the structure, it led to changes in the cost pre-
diction. The economy model made it possible to obtain 
real-time feedback of the cost (Figure 25). In many cases, 
design decisions had to be changed and re-thought based 
on the results of the physical prototyping (Figure 27).

material could strengthen the structure, it led to changes in the cost prediction. The economy 
model made it possible to obtain real-time feedback of the cost (Figure 25). In many cases, 
design decisions had to be changed and re-thought based on the results of the physical 
prototyping (Figure 27). 
 

 

                  
 
Point cloud model: Verification of digital modelling through reverse engineering  
In this model, a point cloud of the built prototype was created in a digital environment using 
full-scale scanning (Figure 27) thus allowing an understanding of the precision of the design 
and FEM models and where they disagreed with the built artefact (Figure 28).   

Figure 25 
Algorithm, calculating material cost simultaneously throughout the design iterations.  

Figure 27 
Changes in design of the joints as a result of its poor 
structural performance.   

 

Figure 26 
 Material thicknesses were changed to achieve 
minimum acceptable  structural strength.  
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Point cloud model: Verification of digital modelling 
through reverse engineering 
In this model, a point cloud of the built prototype was 
created in a digital environment using full-scale scanning 
(Figure 27) thus allowing an understanding of the preci-
sion of the design and FEM models and where they dis-
agreed with the built artefact (Figure 28).  

Three spheres were set up in the scanning site as a ref-
erence. The 3D scanner created a point cloud of geomet-
ric samples on the surface of the physical model. These 
points were then used to extrapolate the shape of the built 
prototype (reconstruction process). Because a single scan 
does not produce a complete model of the prototype, 
multiple scans from many different angles were required 
to obtain information about all sides of the built pavil-
ion. These scans had to be brought to a common reference 
system (alignment process), and then merged to create a 
complete model. To create a usable digital model out of 
these data points, specialized reverse engineering soft-
ware was used. Constructing a polygon mesh created a 
relatively precise digital model. This digital model has 
minor difference from the physical one, since the created 
data points were within a few millimetres tolerance.  

The reverse engineering of the built prototype pro-
vided the critical link between the approximated geomet-
ric model and the FEM analysis model. It also enabled 
the documentation and representation of the pavilion’s 
structural performance over a long time, helping to show 
things such as the shape changes resulting from creep 
and relaxation of the structure. For example, based on 
the point cloud model, the width, length and height of 
the pavilion respectively were 3.00 x 7.00 x 2.60 metres 
whilst the digital model in the Rhinoceros software was 
designed to be 2.75 x 6.5 x 3.0 metres. The digitalization of 
the real-world pavilion was of vital importance for qual-
ity assurance.

Comparisons 
The comparison of the previously described models and 
prototype can be summarized as follows: 

Comparison between Point Cloud Model & Physical 
Prototype
The point cloud model did not contain any features other 
than vertices, which are defined by X, Y, and Z coordi-
nates. Since the accuracy of the representation of the 
points in the 3D model depends on the type of 3D laser 
scanner, the points were represented with minor devia-
tions from the external surface of the prototype. More-
over, the accuracy of the reconstructed surface depends 
on the technique used to reconstruct the surface, using 
polygon, triangle mesh or NURBS surfaces. Minor de-
viations between the point cloud model and the physical 
prototype were expected. Even with minor deviations, 
the point cloud model served its purpose for this project. 

Comparison between Design Model & Point Cloud 
Model
The design model did not contain features beyond the 
geometric description of each plate and the joints. It 
lacked additional parameters such as sagging due to the 
weight of the overall structure, relaxation of the wood 
due to exposure to humidity as well as the effects of ad-
ditional deformation of the panels and joints when com-
bined together. All of these aspects affected the overall 
geometry.

Since the current modelling software for design does 
not take into account physical laws, the observed devia-
tion between the point cloud model and the design model 
was expected. However, the self-calibrating nature of the 
hexagonal system compensates for these minor differenc-
es. Dealing with material systems might require redefin-
ing tolerances.
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Comparisons  
The comparison of the previously described models and prototype can be summarized as follows:  
 

Figure 28 
Full-scale scanning (top left and right). A point cloud model in CAD environment (bottom right). Comparison between point 
cloud model and design model (bottom left).  
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Comparison between Simulation Model & Point Cloud 
Model
The FEM model encompassed the information about 
how the weight of the overall structure caused sagging. 
However, this model yielded no information about the 
relaxation of wood due to exposure to humidity. A mi-
nor deviation between the FEM and point cloud models 
was observed. This is due to: (1) simplification of the FEM 
model because of the limitations of the software when 
processing large numbers of non-identical geometries 
e.g. the geometry of the joints when exported to FEM was 
simplified and the plastic strip connections within each of 
the joints and panels were not accounted for; (2) the high 
number of parameters that exist in the physical world 
such as humidity which are not accounted for within the 
FEM model. Moreover, to speed up the simulation, the 
meshing of each of the plates and joints was simplified 
and reduced. 

Comparison between Economy Model and Final Cost 
The cost predicted by the economy model for the material 
for the joints and plates was exact. It excluded the cost of 
errors such as cutting the joints or planes that were sub-
sequently lost or broken. Indeed, the cost for the unex-
pected scaffolding required during the construction was 
very high and missing from the budget algorithm. The 
calculated cost for human resources during the fabrica-
tion phase was way below the real cost. This was due to 
the cost calculation being based on the time taken for the 
initial test cutting of one Masonite board without con-
sidering the degradation in machine performance when 
running it for a long time and the minor difference in 
the number of pieces cut from each Masonite board. As 
shown in Figure 12, as time passed, the cutting took lon-
ger.

Comparison between Initial Prototypes of Components 
and Full-Scale Prototype
The initial prototypes of just a few cells joined together 
(Figure 5) helped to determine the size of the interconnec-
tion cuts between joints and plates. However, the behav-
iour of the material was different between the initial and 
final prototypes due to their weight differences (Figure 9).

Simulation Model (FEM) with Physical Model 
The initial plan was to test the reaction of the physical 
prototype to wind in a wind tunnel, but since the proto-
type in this paper was built to test the equilibrium of the 
object and the material properties, the glass panels were 
not added due to the cost. Therefore, the behaviour of the 
structure to the wind was not studied in the real-world, 
so no comparison was made. However, the simulation 
model had some influence on the form finding. 

Conclusion
The Multi-functional Pavilion project was a successful 
platform on which to test the integration of environmen-
tal and structural constraints into one body of architec-
ture through the choice of materials. It proved that an 
integrative computational design method was a suc-
cessful approach to reaching the goal. Material and fluid 
behaviours were efficiently predicted by the FEM and 
CFD models respectively and influenced the generation 
of form of the design model through defined variables 
within algorithms.

The development of algorithms that contain variables 
and parameters allowed for direct integration of the geo-
metric data at the design stage with the necessary envi-
ronment and structural simulation feedback data. The 
development of a parametric algorithm within the geo-
metric model allowed the preparation of data for CNC 
manufacturing throughout the entire process. This gener-
ative process, combined with the use of CNC fabrication 
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technology used for timber construction, allowed the pro-
duction of four comparable models: the Design Model, 
the two Simulation Models and the Economy Model of 
the built pavilion itself.

The synthesis of material with environmental and 
structural performance data used for form finding enables 
the design and realization of complex structures. The 
digital techniques and technologies enable an economic 
and efficient use of material to create components  using a 
simple system. This project shows how different perspec-
tives can be combined through modern computer-based 
design and calculation methods and lead to unique and 
contextual architectural characteristics.

This project shows that current digital design environ-
ments do not function comprehensively, since they do not 
cover parameters outside the formation of the geometric 
design, such as material property, dynamic forces, gravity 
etc. Therefore, for a project to be realizable in the physical 
world, there is a need for integration of different disci-
plines in a project. Finally, this project shows that scale 
prototyping is necessary to evaluate the digital design 
and assure continuity through the interpretation, transla-
tion and fabrication processes.
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IntroductIon 
In architecture, computer technology has created 
the opportunity of working more closely with topol-
ogy along with the “ability to control fabrication dig-
itally, to drive cutting, bending and assembling, to 
simulate and optimize material performance, to con-
trol geometry with precision” (Penn, 2011). This has 
led to the emergence of new techniques and a para-
digm shift: “…others believe that we are witnessing 
a “topological turn” amounting to a digital paradigm 
shift in architecture history…” (Markussen, 2008). 

In this paradigm shift, much of the contempo-
rary research has focused on the processes and the 
use of digital tools for enhancing the efficiency of 
the architecture in its intended role. Often, the mate-
rial, the structure and the form need to fulfil a specif-

ic role, in areas such as acoustics, climate change and 
construction processes. Examples of such projects 
can be found in “Performative Architecture: Beyond 
Instrumentality”, edited by Kolarevic and Malkawi 
(2005). What is interesting in these projects is the 
attention given to aspects of efficiency and process 
coupled with the lack of attention that the aesthetic 
received. The discussion of aesthetic, ornament and 
decoration in architecture has become somewhat 
taboo.

In particular trajectory of digital design and 
fabrication, many projects whose purpose was to 
accomplish a task (such as material and structural 
performance) share a similar aesthetic and artistic 
expression through the way constituent parts of the 
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artefact are interrelated or arranged (topology). If we 
surmise that the use of digital technology enhances 
performability and efficiency aspects of architecture 
as well as the aesthetic, then what potential do these 
tools offer for previously separate constituent parts 
of architecture? How are the constituent parts of 
architecture interrelated or arranged? In particular, 
what is the potential for the relationship between 
the previously distinct categories of “structure” and 
“ornament” in architecture? What are the challenges 
in managing this relationship when the process of 
creation is carried out in both a material and non-
material world? Does the forging of this relationship 
take place only in a digital world? How does this re-
lationship offered by technology actually become 
manifest in the produced artefacts? What is the 
potential for developing architectural features, lan-
guage and expression, in regard to structural and 
ornamental aspects, when using digital technology 
in the design process? What is the relationship be-
tween the physical representation of an artefact and 
the digital processes that created it?

This paper contributes to this debate by examin-
ing an experimental design as a case study. An ex-
perimental design was studied on the basis that it is 
not possible to understand the impact of a tool used 
to create something unless it is examined whilst ac-
tually being used. 

tectonIc practIce aS a creatIon 
proceSS 
One cannot avoid the topic of tectonics when the 
study of an artefact is developed on the one hand 
due to its application and on the other hand due to 
its conformity to notion of art. This is especially true 
if the study draws attention due to the technological 
changes involved. The term “tectonic” refers to ob-
jects, without distinguishing between the fields of 
art and technology or the processes used to create 
these objects (Schmidt, 2007). The word originates 
from the Greek word tekton, meaning “carpenter 
and builder”, that derives from the root tek-, mean-
ing, “to make”. Later, as the role of “tektone” was 
given to a master builder, or “arkitekton”, the term 

evolved to refer to an aesthetic rather than technical 
aspects of their work. In this paper tectonic means, 
“to make” and is understood to be a way of gain-
ing or producing knowledge. With the introduction 
of digital technology, Leach (2004) and many other 
authors touched upon this topic and introduced a 
combination of the two, termed “digital tectonic”, in 
which tectonics is practiced digitally. Schmidt (2007) 
and others view digital tools as merely transforming 
the way tectonics is practiced. In this case, tectonic 
practise deals only with physical material whilst 
Leach’s perspective is that digital information forms 
the material for digital tectonics. This is a matter of 
how one views the word tectonic. From our point of 
view, tectonics is not bound to material, because the 
origin of the word tectonic itself does not link to ma-
terial. From this point of view, it is important which 
medium the practice of tectonics (“making”) is tak-
ing place through and for what purpose. If the aim of 
“making” through a digital medium is the production 
of a physical artefact (which is the case in this paper) 
then it is important to understand how this “making” 
(tectonic) in the digital world is synchronized with 
the “making” (tectonic) in the physical world. It is also 
important to understand whether the techniques 
used in the digital world are in anyway constrained 
by the techniques used in the physical world. How 
does the combination of the physical and digital 
worlds improve the process of “making”? 

Digital Technology and ornament 
In his conversation with Leach on “The Struc-

ture of Ornament”, Lynn viewed ornament from two 
different perspectives, either as an applied decora-
tion or “fused interacting processes” (Lynn & Leach, 
2004). His interest in ornament comes primarily from 
the method of crafting surfaces using CNC technol-
ogy [FIGURE 1]. “I try to exploit the tooling artefacts 
that the CNC machines leave on formwork and ob-
jects. This gives a highly decorative effect”, Lynn said. 
He further noted that “The process of converting a 
spline mesh surface into a tool path can generate 
a corrugated or corduroy-like pattern of tooling ar-
tefacts on surfaces…the decoration emerges from 

both the design of spline surfaces” digitally and 
the “conversion into a continuous tool path” for the 
physical world. In this case, Lynn stated that orna-
ment “is not applied but intrinsic to the shape and 
mathematics of the surface, and in this way the orna-
ment accentuates the formal qualities of the surface”. 
Further he claims if ornament is seen as “fused inter-
acting processes (if it is though intricately)” it can ac-
centuate structural form. Leach expanded this topic 
by surmising that if ornament can accentuate struc-
tural form, structure itself can be seen to contribute 
to the ornamental. Lynn added that previously dis-
tinct categories of ornament and structure “would 
have to open themselves up with some lack or defi-
ciency to then allow the other term to reorganize it 
internally. So it is not just the expansion of structure 
into the field of ornament or ornament becoming 
structural, but rather dependency on collaboration 
that transforms each category in some unforeseen 
and unprecedented way”.

Ornament and structure 
Throughout history, ornaments have had various 
relationships with structure and were introduced at 
different stages of construction. In the post and lin-
tel principle of classical architecture, ornament was 
a separate entity and was an applied decorative. In 
the new structural principle of the gothic architec-
ture to achieve light, ornament was a visual part of 
the structural system and was introduced as part of 
the construction process. In the modern era, the in-
dustrial revolution neglected ornament [FIGURE 2]. 
In the history of western architecture, the closest re-
lationship between structure and ornament relating 
to expression in architecture can be seen in the vault 
and ribs of a gothic church. 

Robert Willis described the gothic ribbed vault 
thus: “ the ribs are the principle features, and the 
surface of the vault subordinate“ (Willis, 1910). For 
many years, it was generally accepted that gothic 
ribs played a predominantly structural role. How-

Figure 1  

A temporary installation 

for the Cologne furniture 

firm (Lynn & Leach, 2004) in 

which the foam are formed 

by a 5 axis router with a large 

diameter cutting tool (right). 

Illustration of cutting tools 
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artefact are interrelated or arranged (topology). If we 
surmise that the use of digital technology enhances 
performability and efficiency aspects of architecture 
as well as the aesthetic, then what potential do these 
tools offer for previously separate constituent parts 
of architecture? How are the constituent parts of 
architecture interrelated or arranged? In particular, 
what is the potential for the relationship between 
the previously distinct categories of “structure” and 
“ornament” in architecture? What are the challenges 
in managing this relationship when the process of 
creation is carried out in both a material and non-
material world? Does the forging of this relationship 
take place only in a digital world? How does this re-
lationship offered by technology actually become 
manifest in the produced artefacts? What is the 
potential for developing architectural features, lan-
guage and expression, in regard to structural and 
ornamental aspects, when using digital technology 
in the design process? What is the relationship be-
tween the physical representation of an artefact and 
the digital processes that created it?

This paper contributes to this debate by examin-
ing an experimental design as a case study. An ex-
perimental design was studied on the basis that it is 
not possible to understand the impact of a tool used 
to create something unless it is examined whilst ac-
tually being used. 

tectonIc practIce aS a creatIon 
proceSS 
One cannot avoid the topic of tectonics when the 
study of an artefact is developed on the one hand 
due to its application and on the other hand due to 
its conformity to notion of art. This is especially true 
if the study draws attention due to the technological 
changes involved. The term “tectonic” refers to ob-
jects, without distinguishing between the fields of 
art and technology or the processes used to create 
these objects (Schmidt, 2007). The word originates 
from the Greek word tekton, meaning “carpenter 
and builder”, that derives from the root tek-, mean-
ing, “to make”. Later, as the role of “tektone” was 
given to a master builder, or “arkitekton”, the term 

evolved to refer to an aesthetic rather than technical 
aspects of their work. In this paper tectonic means, 
“to make” and is understood to be a way of gain-
ing or producing knowledge. With the introduction 
of digital technology, Leach (2004) and many other 
authors touched upon this topic and introduced a 
combination of the two, termed “digital tectonic”, in 
which tectonics is practiced digitally. Schmidt (2007) 
and others view digital tools as merely transforming 
the way tectonics is practiced. In this case, tectonic 
practise deals only with physical material whilst 
Leach’s perspective is that digital information forms 
the material for digital tectonics. This is a matter of 
how one views the word tectonic. From our point of 
view, tectonics is not bound to material, because the 
origin of the word tectonic itself does not link to ma-
terial. From this point of view, it is important which 
medium the practice of tectonics (“making”) is tak-
ing place through and for what purpose. If the aim of 
“making” through a digital medium is the production 
of a physical artefact (which is the case in this paper) 
then it is important to understand how this “making” 
(tectonic) in the digital world is synchronized with 
the “making” (tectonic) in the physical world. It is also 
important to understand whether the techniques 
used in the digital world are in anyway constrained 
by the techniques used in the physical world. How 
does the combination of the physical and digital 
worlds improve the process of “making”? 

Digital Technology and ornament 
In his conversation with Leach on “The Struc-

ture of Ornament”, Lynn viewed ornament from two 
different perspectives, either as an applied decora-
tion or “fused interacting processes” (Lynn & Leach, 
2004). His interest in ornament comes primarily from 
the method of crafting surfaces using CNC technol-
ogy [FIGURE 1]. “I try to exploit the tooling artefacts 
that the CNC machines leave on formwork and ob-
jects. This gives a highly decorative effect”, Lynn said. 
He further noted that “The process of converting a 
spline mesh surface into a tool path can generate 
a corrugated or corduroy-like pattern of tooling ar-
tefacts on surfaces…the decoration emerges from 

both the design of spline surfaces” digitally and 
the “conversion into a continuous tool path” for the 
physical world. In this case, Lynn stated that orna-
ment “is not applied but intrinsic to the shape and 
mathematics of the surface, and in this way the orna-
ment accentuates the formal qualities of the surface”. 
Further he claims if ornament is seen as “fused inter-
acting processes (if it is though intricately)” it can ac-
centuate structural form. Leach expanded this topic 
by surmising that if ornament can accentuate struc-
tural form, structure itself can be seen to contribute 
to the ornamental. Lynn added that previously dis-
tinct categories of ornament and structure “would 
have to open themselves up with some lack or defi-
ciency to then allow the other term to reorganize it 
internally. So it is not just the expansion of structure 
into the field of ornament or ornament becoming 
structural, but rather dependency on collaboration 
that transforms each category in some unforeseen 
and unprecedented way”.

Ornament and structure 
Throughout history, ornaments have had various 
relationships with structure and were introduced at 
different stages of construction. In the post and lin-
tel principle of classical architecture, ornament was 
a separate entity and was an applied decorative. In 
the new structural principle of the gothic architec-
ture to achieve light, ornament was a visual part of 
the structural system and was introduced as part of 
the construction process. In the modern era, the in-
dustrial revolution neglected ornament [FIGURE 2]. 
In the history of western architecture, the closest re-
lationship between structure and ornament relating 
to expression in architecture can be seen in the vault 
and ribs of a gothic church. 

Robert Willis described the gothic ribbed vault 
thus: “ the ribs are the principle features, and the 
surface of the vault subordinate“ (Willis, 1910). For 
many years, it was generally accepted that gothic 
ribs played a predominantly structural role. How-
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ever, disagreements between structural theorists 
regarding the constructional and structural role of 
these ribs led to further studies. Through these stud-
ies, the ribs have been shown to lack structural func-
tion within the complete vault system. The rib was 
originally assumed to strengthen the vaulting, but, 
by 1300, its non-structural nature was well under-
stood (Alexander, Mark, & Abel, 1977). However, the 
constructional and aesthetic aspects of the ribs take 
on a greater importance than their structural func-
tion (Alexander et al., 1977). The ribs in the gothic 
vaults have contributed to the process of “making”, 
the construction and the geometrical orientation 
of those vaults. When the last stone of the vault is 
placed and the centring is taken away, the role of the 
ribs are shown to be just ornament and the vaults 
play the principle role of carrying the weight.

Minding the gaps 
In the digital approach discussed by Lynn, the or-
nament, as seen from the perspective of fused in-
teracting processes, is, however, extracted from 
the mathematics defining the surface in the digital 
environment and does not play a role in the digital 
or physical construction of the artefact. The form is 
defined and the ornament is extracted from it; thus 
the ornament could also be seen as an applied orna-
mentation or a customisable by-product. In the ex-
ample of gothic ribs and vaults, the ornament (ribs) 
determines the form and shape of the vault by being 
involved in the physical construction process. In oth-
er words, ornament is part of the decision-making in 
the making process (tectonic). An important part of 

this making is the construction and the way of put-
ting the constituent parts together. How does the 
making of ornament and structure take place in the 
digital world where physical laws (such as gravity) 
and materiality are absent? To what extent do the 
tools that are used to synchronize the digital world 
with the physical world play a role in determining 
this relationship? What challenges arise as a result of 
the synchronization between the digital design and 
the physical construction?

Experimental case study: the Multi-func-
tional pavilion 
The examination of the relationships between orna-
ment (aesthetic), structure (performance), tectonic 
(processes and methods) and tools (techniques and 
technology) has been carried out through the de-
sign and production of a Multi-functional pavilion. 
Based on the questions we had in mind, the nature 
of the site (in Lulea city, North Sweden) and user be-
haviour across the seasons, we listed the qualities 
that the pavilion must have: 1 - the pavilion should 
be expressive of the technology of its time; 2 - the 
ornamental, structural and constructional aspects 
must have an intricate relationship with its form; 3 
- it should explore singular structural and ornamen-
tation principles; 4 - it should be made economically, 
with available material and using only one type of 
fabrication technique with CNC technology; 5 - its 
width, length and height should not exceed 4.0 x 
10.0 x 3.0 metres respectively and not be smaller 
than 1.0 x 6.0 x 2.6 metres; 6 - it should be a place 
to sit or lie, usable throughout all the seasons; 7 - 

gorithms and linked to the geometric and the 
diagrammatic models.

•	 A structure analytical model linked to the geo-
metric model (Abaqus FEM analysis software). 

•	 A computation fluid dynamic (CFD) model 
linked to the geometric model (ANSYS-CFD)

•	 An empirical matrix of material behaviour cre-
ated experimentally and linked to the structural 
analyses model and diagrammatic models (Ex-
cel).

Detailed descriptions of the interaction between 
these models are beyond the scope of this paper and 
can be found in the complementary paper written 
by (Aghaei Meibodi & Aghaiemeybodi, 2012).

Ornamental representation and machin-
ing technology
Using a two-axis (CNC) cutter led to a particular 
method of realising the digital geometric design. 
The CNC laser cutter is based on digital technology. 
The two-axis machine only enables perpendicular 
cutting of material sheets. Knowing this, contouring, 
tessellating and sectioning/egg crate were consid-
ered as techniques to use in constructing the digital 
geometry. The product of each technique had dif-
ferent potential to reveal the relationship between 
structure and ornament. Distribution and conver-
gence of structural loads through each of these tech-
niques led to a particular ornamental representation 
in the product [FIGURE 5]. Since we only wanted to 
use one type of fabrication technique and CNC tech-
nology, techniques such as moulding with a CNC 
cutter and thermoforming were not options. Model-
ling with cardboard was helpful to manifest the or-
namental and structural relationship offered by the 
CNC cutter in the product. However modelling with 
cardboard proved unhelpful when scaling up the 
project. The scale prototyping and understanding 
of the material behaviour was crucial, as it would be 
revealing what is actually possible, economical and 
feasible to create.

in all seasons, it must allow penetration of sunlight 
through its skin; it must not be totally enclosed and 
allow circulation of fresh air; 8 - it should protect the 
user from the wind and snow.

The result was a full-scale prototype of the in-
tended pavilion with a width, length and height of 
3.0 x 7.0 x 2.6 metres respectively [FIGURE 3]. The 
budget meant that the prototype was not built with 
the glass panels, which are shown in the digital mod-
el [FIGURE 4]. These glass panels were designed to 
prevent wind flow through the pavilion. Their loca-
tion was based on results from wind simulation. The 
pavilion is built out of 2976 geometrically different 
plates and joints using 3.2 mm Masonite; these ele-
ments are nested in the form of a hexagonal struc-
ture, forming a snail shell. One end of the structure 
gently turns inwards, touching the ground, to create 
an enclosed space and seating area. The other end 
merges with the landscape and site topology to cre-
ate an area to lie on. 

Network of connections 
A network of connections between design intention 
(diagrams), geometric realisation, structural analy-
ses, cost and fabrication layout was created digitally. 
Based on prototyping and machining, an empirical 
matrix was created to collect data about material 
behaviour, constraints of fabrication, machining and 
construction. Since this empirical matrix was based 
on observation and experience, the empirical data 
were interpreted by the design group and then 
translated into a diagram that showed the geomet-
ric realisation. These empirical data were also used to 
estimate inputs for the structural analyses. The net-

Figure 3  

Prototype of the pavilion 

Figure 4  

Digital model of the pavilion 

work consisted of the following models:
•	 A geometric model that was determined by 

sets of algorithms (Grasshopper-Rhino).
•	 A diagrammatic model, fed by design intention 

and empirical data collected in the physical 
world (modelled in Grasshopper-Rhino).

•	 A financial model defined by sets of algorithms 
connected to the geometric and fabrication 
models (modelled in Grasshopper-Rhino).

•	 A digital fabrication model, driven by sets of al-
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ever, disagreements between structural theorists 
regarding the constructional and structural role of 
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tion within the complete vault system. The rib was 
originally assumed to strengthen the vaulting, but, 
by 1300, its non-structural nature was well under-
stood (Alexander, Mark, & Abel, 1977). However, the 
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tion (Alexander et al., 1977). The ribs in the gothic 
vaults have contributed to the process of “making”, 
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ribs are shown to be just ornament and the vaults 
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•	 A computation fluid dynamic (CFD) model 
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ated experimentally and linked to the structural 
analyses model and diagrammatic models (Ex-
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Detailed descriptions of the interaction between 
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tessellating and sectioning/egg crate were consid-
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in the product [FIGURE 5]. Since we only wanted to 
use one type of fabrication technique and CNC tech-
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ling with cardboard was helpful to manifest the or-
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budget meant that the prototype was not built with 
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el [FIGURE 4]. These glass panels were designed to 
prevent wind flow through the pavilion. Their loca-
tion was based on results from wind simulation. The 
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ments are nested in the form of a hexagonal struc-
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world (modelled in Grasshopper-Rhino).

•	 A financial model defined by sets of algorithms 
connected to the geometric and fabrication 
models (modelled in Grasshopper-Rhino).

•	 A digital fabrication model, driven by sets of al-
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Material complexity, technology and 
technique 
Due to the limitations of the CNC cutter, the budget 
and the short time frame, 3.2 mm 
thick Masonite was chosen as a suitable material 
[FIGURE 6]. Masonite is produced in sheets of a cer-
tain size and with different thicknesses. It is a type 
of hardboard made of steam-cooked and pressure-
moulded wood fibres. Being a composite wood pan-
el, Masonite has very poor compression and shear 
properties when compared to timber. Needless to 
say, when compared to other composite wood panel 
material, Masonite has a high bending strength, ten-
sile strength, density and stability due to the use of 
long fibres in its production.

Masonite plates were judged too weak to span 
a large distance like a beam; therefore, they had to 
be either laid over each other in pieces creating a 
massive structure, attached together as a long span 
beam using lamination or cut in pieces and nested 
using triangular or hexagonal patterns. Layering, 
lamination and triangular pattern methods were 
costly due to the amount of material needed. There-
fore, after some digital geometric construction and 
costing, they were omitted.

The hexagonal pattern was chosen because the 

circumference of a hexagon uses the least amount of 
material to tile a surface. This arrangement had to be 
used in a way that satisfied the structural and orna-
mental aspects of the intended artefact. By compar-
ing the design with those found in nature, it was dis-
covered that a honeycomb shape is the best match 
for the material constraints of this project. A honey-
combed structure in nature provides a structure with 
minimal density and achieves relatively high out-of-
plane compression and shear properties. This would 
strengthen the tension and compression properties 
of the overall structure. Structures that have honey-
comb geometry minimize the amount of material 
used thus achieving minimal weight and minimal 
material cost. Based on the machine technology and 
material properties, flat plates and flat joints were 
used in our geometrical realisation.

Digital realisation
Based on the programmatic framework, an elemen-
tary (“sketchy”) surface was developed within the 
digital environment, as a diagram of form. The in-
herent UV grid of the digital surface of the pavilion 
was further augmented with the inner tessellation 
of the hexagon, which can be seen as a cell system. 
The smaller the cells, the greater the tessellation 

and thus, the greater the ornamentation effect on 
the surface. The tessellation aims to manifest infi-
nite visual pattern configurations of the surface. This 
mathematical tessellation approach to texture cre-
ates tactility in the surfaces. 

Prototyping and aspects of representation 
Once the design abstract (brief ) was decided on, al-
ternating between the digital design and the proto-
type was essential. An important example of this was 
the jointing, which was at first to have curved sides 
but through prototyping found to be too weak to 
support the whole weight of the structure, especially 
when more than 20 plates were nested [FIGURE 7]. 
So the edges were straightened in the digital model 
to allow a tight fit. In parallel, experiments with dif-
ferent joining methods were carried out to find a 
stable solution. Eventually, it was discovered that 
putting joints at each corner gave the structure a lot 
of stiffness and reduced sag [FIGURE 8]. The physical 
limitations of the material and equipment had the 
biggest effect on design decisions.

Structural, constructional and ornamental 
aspects 
The “sketchy” surface that was developed in the digi-
tal environment, as a diagram of form, was further 
realised based on the process logic of structuration 
and ornamentation. The componential system of 
joints and plates could be nested in a hexagonal 
pattern on the UV of the digital surface, creating a 
physical textured surface. This gave tactile quality 
to the surface and mimicked a woven fabric. To en-
hance the structural aspects, the arrangement and 
packing density of the components were adjusted. 
In order to achieve a physical equilibrium, the nested 
components were adjusted and adapted to transfer 
and bear loads thus enabling sitting and lying on 
the structure. To improve the balance of the struc-
ture, the digital tessellation at the two ends of the 
object was thickened. To support the whole weight, 
particular areas were thickened, extruded, or made 
shallower. The structural strength of the geometry 
was repeatedly simulated using FEM engineering 
software [FIGURE 9]. However, this feedback was 
only a rough estimation of the structural behaviour 
in the physical world since many parameters were 
missing from the digital environment.

Particular areas of the texturing were identified 
and thickened to maintain the balance of the pavil-
ion and act as the main load bearing areas. These 
sets of zones, whose margins formed an essential 
line of the structure, are neatly camouflaged with 
the ornamental and textural quality of the surface 
[FIGURE 10]. There are no beams or columns in a 
conventional sense, no wall and no roof. “In” is “out” 
and “out” is “in”.

To aid construction on-site, the Masonite plates 
were joined together and assembled in zones [FIG-
URE 11]. These areas were identified, using an al-
gorithm, based on the tension and compression of 
each area in relation to the whole. Another algo-
rithm was written to place the necessary scaffolding. 
It was surprising to find how difficult assembling the 
structure was with a lack of the bigger components 
or a secondary structure that could embrace each 
cluster of components.      

Figure 6  

A chart presenting the time 

used to cut each material via 

two-axis CNC-laser cutter

Figure 7  

Prototyping of joints 

Figure 8  

Arrangement of joints and 

plates

Figure 5  

From left tessellating, contou-

ring and sectioning/egg crate 

techniques. Cardboard models 

by students: Segerstein, Ha-
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when more than 20 plates were nested [FIGURE 7]. 
So the edges were straightened in the digital model 
to allow a tight fit. In parallel, experiments with dif-
ferent joining methods were carried out to find a 
stable solution. Eventually, it was discovered that 
putting joints at each corner gave the structure a lot 
of stiffness and reduced sag [FIGURE 8]. The physical 
limitations of the material and equipment had the 
biggest effect on design decisions.

Structural, constructional and ornamental 
aspects 
The “sketchy” surface that was developed in the digi-
tal environment, as a diagram of form, was further 
realised based on the process logic of structuration 
and ornamentation. The componential system of 
joints and plates could be nested in a hexagonal 
pattern on the UV of the digital surface, creating a 
physical textured surface. This gave tactile quality 
to the surface and mimicked a woven fabric. To en-
hance the structural aspects, the arrangement and 
packing density of the components were adjusted. 
In order to achieve a physical equilibrium, the nested 
components were adjusted and adapted to transfer 
and bear loads thus enabling sitting and lying on 
the structure. To improve the balance of the struc-
ture, the digital tessellation at the two ends of the 
object was thickened. To support the whole weight, 
particular areas were thickened, extruded, or made 
shallower. The structural strength of the geometry 
was repeatedly simulated using FEM engineering 
software [FIGURE 9]. However, this feedback was 
only a rough estimation of the structural behaviour 
in the physical world since many parameters were 
missing from the digital environment.

Particular areas of the texturing were identified 
and thickened to maintain the balance of the pavil-
ion and act as the main load bearing areas. These 
sets of zones, whose margins formed an essential 
line of the structure, are neatly camouflaged with 
the ornamental and textural quality of the surface 
[FIGURE 10]. There are no beams or columns in a 
conventional sense, no wall and no roof. “In” is “out” 
and “out” is “in”.

To aid construction on-site, the Masonite plates 
were joined together and assembled in zones [FIG-
URE 11]. These areas were identified, using an al-
gorithm, based on the tension and compression of 
each area in relation to the whole. Another algo-
rithm was written to place the necessary scaffolding. 
It was surprising to find how difficult assembling the 
structure was with a lack of the bigger components 
or a secondary structure that could embrace each 
cluster of components.      

Figure 6  

A chart presenting the time 

used to cut each material via 

two-axis CNC-laser cutter

Figure 7  

Prototyping of joints 

Figure 8  

Arrangement of joints and 

plates

Figure 5  

From left tessellating, contou-

ring and sectioning/egg crate 

techniques. Cardboard models 

by students: Segerstein, Ha-

raldsson and Lundgren.

Appendix III 



114

phySIcal and dIgItal tectonIcS
The tectonic approaches in the digital and physical 
world were rather different. The digital ornamental 
and structuration activities on the pavilion includ-
ed the mathematics of the surface (based on UV), 
consideration of orders and series, creating plates 
without thickness, marking of the joints and nest-
ing of the plates on a digital NURBS surface. Some 
of these digital elements were never meant to be 
actually built, but were constructed digitally to aid 
the digital tectonics. The double curved surface, for 
example, was only used to help with the digital con-
struction of the hexagons. Thus, this surface did not 
exist in the physical world but supported the physi-
cal tectonic. The physical tectonic required the use of 
secondary structures that embraced the hexagonal 
components in clusters and helped with the con-
struction. However, this was not done in this project 
and made assembly harder than necessary. The do-
main of information such as the mathematics of the 
surface is not important in the physical construction 
but is the main working area for the digital tectonic 
(digital data). These digital data are treated different-
ly depending on the type of fabrication technology. 
Using a CNC cutter, as was the case with the pavilion, 
led to specific approaches and techniques of testing 
the digital data relating to the surface. The two-axis 
CNC cutter is fed with data that represent the X and 
Y axes on a plane surface. Knowing this, we treated 
the digital surface by extracting UV data from it to 
enable the construction of the hexagonal pattern. If 
we were to use a CNC router, or a 3D printer instead 
of the CNC cutter, the way of treating the surface 
and the type of physical material would be different 

too. This shows that the techniques and methods of 
digital mathematical construction are very depend-
ent on the physical material and methods of fabrica-
tion in relation to the fabrication tools. The tectonic, 
as a making process in the digital world was totally 
different from the physical one. But the tectonic of 
the digital world was influenced by the techniques 
determined by the type of digital fabrication tool 
(synchronizer).

Structure and ornament fused into one 
body 
Just as Lynn observed, in this experiment the orna-
ment accentuates the formal qualities of the digi-
tal surface. By just looking, one can say how it was 
digitally constructed, as the pattern follows the way 
the rows are defined on the UV surface [FIGURE 3]. 
The surface of the artefact is intricately responding 
to the structure of its form. Its structural and orna-
mental features are seamless. This results from a 
fused interaction of ornament and structure in the 
process of creation. The depth of such fusion is not 
only dependent on technological development, but 
also on the methods and techniques used to realise 
the digital construction, economic factors and mate-
rial behaviours. 

dIScuSSIon 
New technology makes it easier and more possible 
to fuse performative and aesthetic aspects into one 
physical body. If one does not have a predefined 
definition of ornament as an applied decoration 
then the process of structuration can be the process 
of ornamentation too. Digital technology, perhaps, 
enables production of ornaments that are under-
stood to be not a separate entity from structure but 
an inherent part of it. In other words, the represen-
tation corresponds to the performative aspects of 
the structure and vice versa. This is not a new phe-
nomenon, but as digital technologies improve it be-
comes easier for this fusion to occur. This interactive 
relationship between aesthetic and performative as-
pects of a structure, developed with digital technol-
ogy, in a way, can reduce the typology of constituent 
parts of architecture.

With regard to aesthetic aspects, architecture 
can benefit from digital tools by changing the con-
cept of plastic, continuous architecture to ornamen-
tal continuous architecture, whilst being economic. 
However, if designers do not achieve the control 
over the digital tool, use of digital tools in this direc-
tion can lead to production of over-decorative and 
monotone architecture. With regard to the architec-
tural features, perhaps the terms wall, column, ceil-

ing and floor could be rethought of as components 
rather than elements. Since digital technologies 
enable ornamentation to be incorporated into the 
early design and production processes, it enables 
the ornamental features to be part of the decision-
making. This early incorporation helps the fusion of 
ornamentation with the process of structuration.

This case study challenges the profession, ques-
tioning the traditional notion of tectonic when it is 
not carried out in the material world but is intended 
for physical production. It touches upon the effect 
that digital tools have on the interrelation, formation 
and arrangement of the constituent parts of archi-
tecture (the performative and aesthetic ones). This 
might trigger the possibility in the development of 
a new culture of aesthetic. Because there are fewer 
constraints on the digital world than the physical 
one, the process of making is less interrupted. How-
ever, if it is to be realised physically then the methods 
of creating the design in the digital tectonic should 
be greatly determined by the techniques afforded 
by the synchronizers (digital fabrication tools). 

One very important part of making (tectonic 
practice) is the way information or material is con-
structed and connected. Currently, the tectonic prac-
tice intending to create a physical artefact, cannot 
fully take place in the digital world because the prin-
ciple of tectonic in a digital environment via current 
design tools does not fully correspond to the one in 
the physical world. Perhaps it can never fully corre-
spond, but the tectonic process in the digital world 
should be carried out with full awareness of the me-
dium and the synchronizers. Architecture consisten-
cy has always relied on the tectonic and constructive 
principles; however, there are new ways to explore 
through the synergies produced by computer aided 
architectural design and manufacture. This brings 
opportunities for new forms of ornamentation, with 
an interaction between it and the performability of 
the structure. 

Figure 10  

Image illustrating the textual 

quality of the surface

Figure 11  

Components are assembled 

in zones

Figure 9  

Sitting areas were thickened 

while the hanging part is 

made shallower (a), FEM 

structure analyses (b), and 

digital articulation (c)
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that intensification of these relationships is not due solely to the advent of digital technology: it has 
also originated from ontological shifts within the discourses of form and formation. It identifies 
which changes in these relationships result from the shift caused by advances in technology and 
which are due to ontological shifts. Within this field, it identifies certain ontological shifts which 
are aligned with digital techniques and describes the methods of design. 

   The investigation uses ornament as an agent of the formal aspect, structure and construction as 
agents of utilitarian aspects and prototype as an agent of processes and product. This research unveils 
the ornament of the twenty-first century as a result of either methods of formal response to utility 
and/or methods of the digital construction of form. Thus, the ornament of the twenty-first century 
is an important part of the process rather than a non-essential element applied 
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