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Abstract

The design of shell structures has been the object of investigations for decades
characterised by the necessity to optimize the form for efficient and cost-effective
structures, either by using analytical methods or graphical methods. However, the
importance of optimizing the design process has been acknowledged only partially in
the architecture practice especially regarding shell structures. The use of parametric
modelling is paving the way for new approaches that can improve the design process in
terms of structural performance, geometrical rationalization and realization; the
definition of design workflows by parametric approaches contributes to deliver

structurally and geometrically optimized outcomes.

This thesis addresses the development of design workflows related to shell structures,
covering geometrical, structural and realization aspects. Such workflows are
implemented in a parametric environment and they are described in a step-by step
process in order to foster their application amongst students and professionals. The
scope is to provide practical guidelines in the design of shell structure by means of
parametric tools in order to promote its use within architecture practice. The work
covers different aspects of the processes, starting from geometrical considerations, form-
finding, planarization, structural analysis and optimisation by Genetic Algorithms. The
primary scope of the design process is to allow the realization of the structures,
developing strategies that can simplify this phase. This is particularly crucial for shells
since they present many challenges in the realization process given their geometrical
features in terms of curvature and supports as well as the use of massive formworks to
erect them. In the second part of this dissertation, two designs of shell structures have
been carried out with the common purpose to minimize formwork for the construction.
Digital fabrication techniques have been implemented in order to realize scaled models
for the first project and a full-scale model for the second project. In both cases, it was
possible to optimize the realization phase and minimize supporting structures by
developing ad-hoc connection systems. Digital fabrication reveals to be an efficient tool

to evaluate, analyse and test structures with different scales, being able to provide



immediate feedbacks of the structures and representing a powerful medium thanks to its

high interoperability with parametric tools.

Keywords: digital fabrication, shell-optimisation, parametric design, workflows
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CHAPTER 1 INTRODUCTION

1. Introduction

The first chapter provides a general overview of the topics discussed in the next
chapters, focusing on core principles of the design of shell structures and
highlighting the approach taken in this thesis. In addition, aims and objectives
linked to research methodologies are discussed with the aim to contextualise the

study and describe its limitations. Finally, the structure of the thesis is described.

1.1 Historical background

Shell structures can be defined and categorized according to their geometry,
structural efficiency, and their aesthetics. They can be defined as curved surfaces
in which one dimension is smaller than the other two. Shell structures have been
largely used in the architecture scenario since antiquity for their aesthetical
qualities combined with an efficient structural form. The earliest examples of
shell structure date back to the third millennium B.C., and they were discovered
in Egypt and Mesopotamia (Dahmen and Ochsendorf, 2012). Curved
structures allow covering large spans in a harmonious way by exploiting
structural peculiarities. By definition, thanks to the curvature they carry
membrane loads providing a state of equilibrium, but their structural definition
is instead delicate and directly connected to several parameters: a small
irregularity in the design may cause buckling and compromise the stability. An
appropriate design and definition of the supports allow shells to work by
membrane actions. History is the proof of how a correct design process is crucial
for the durability of these shapes. In the last 5000 years or so, many civilisations

contributed to the further development of vaulted constructions to such an
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extent that it became one of the most widely structural systems. This structural

system has undergone a long process of evolution since its origin.

Trilithon made up of overlapping blocks, laid with a slight protrusion and
converging at the top was used in Egypt and Mesopotamia, Romans used
arches and vaults extensively, developing the pointed arch and then increasing
stiffness in their structure by using the opus caementicium technique. In the
Middle Ages, the vault system was less resistant and it relied mainly on the
supports. Indeed, while Medieval architects’ static system relied on the
supporting structure of the aisles to ensure the stability of the main nave, in the
Renaissance there was a re-discovery of Roman forms and domes became the
most used curved structure, to the extent that S. Maria del Fiore dome became
the symbol of this historical period (Tomasoni, 2007). It was realised by a
technique, which allowed the structure to be free-standing during the
construction, consisting of two overlapping domes connected by ribs and
masonry chains, which reproduce exactly the meridians and parallels evolution.
The masonry technique adopted “herringbone” pattern courses, whose
arrangement interlocks the bricks, and as a result, the dome was built without
using framework.

Similarities with these key-principles can be found in the “Catalan” vault used
by R. Guastavino and A. Gaudi at the beginning of the 20" century. In this
historical period, the importance of the early design phases to optimize the shape
and therefore efficient structures with a minimum amount of material started
to be acknowledged. Until this point, one of the main components in the design
was provided by the realization of buildings whose stability relied on the size
and mass of their elements.

An “optimisation” of the shape intended to be harmonious in the proportions,
without compromising structural efficiency, was considered crucial in the

design process of shell structures. Therefore, techniques such as form-finding
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were used in the earliest design. The first examples of form-finding dates back
to the 17" century with the catenary arch by Robert Hooke, who expressed it
with a straightforward concept in a form of anagram, successively interpreted

as:

"Ut pendet continuum flexile, sic stabit contiguum rigidum inversum”, or, "As hangs

a flexible cable so, inverted, stand the touching pieces of an arch.” (Hooke, 1675).

The catenary arch as intended by Robert Hooke exploits the great advantages
provided by its shape, which under self-weight represents an efficient structural
form. The thrust line, representing the path of the resulting forces, need to be
within the thickness in order to guarantee stability. This has a very close
connection, with the basic principles of graphic statics. Indeed, Hooke’s
hanging chain represents the thrust line (Heyman, 1997), which allows to detect

the equilibrium state of the arch.

This principle found its main formulation in graphical methods such as graphic

statics, which was developed in its first complete version by Karl Culmann at

ETH in Zurich in 1866 (Culmann, 1866).

This powerful methodology paired with innovative building techniques like
Catalan vaulting allowed a wide diffusion of shell architectures in this historical
period: Guastavino was able to build, based on graphic statics principles,
impressive vaults that are resistant with the minimum thickness and minimising
bending stresses throughout the United States. His construction method was
based on setting the tiles into three herringbone-pattern courses with a sandwich
of thin layers of Portland cement (Dahmen et al., 2012). He built approximately
1000 buildings in North America between 1881 and 1962. Moreover, physical
methods represented by the use of scaled models involving hanging chains also
presented efficient solutions in the design phase, as Gaudi proved. A hanging

chain in the shape of catenary represents a stable configuration since its inverted
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position is in equilibrium with compression forces. The catenary arch was one
of Gaudi’s most emblematic geometrical forms, which he realized by exploiting

the strengths of such geometry.

Masonry has played a key role until the first half of the 20" century providing
a large contribution in shell architecture and taking advantage of its great
compression resistance. This was due to the great ability to exploit the
advantages of this material by realizing compression structures. However, in the
second half of the 20" century, the modus operandi changed approach in favour
of materials that are strong in both compression and in tension, such as
reinforced concrete and/or reinforced masonry, and graphical methods were
replaced by analytical methods. As a result, a new era of thin shells emerged,
with authors such as Candela, Isler, Dieste and Otto being the pioneers of this

€ra.

Different reasons have contributed to the increased adoption of shell structures
during the 20" century. The use of reinforcement, first allowed building lighter
shell covering the same large spans. Moreover, economy of the realization
intended as optimisation of the costs and material was crucial in this
development. Most of the designed shells relied on analytical methods, which
provided good tools to predict stresses. In the 20" century, the approach to the
design of shell structures relied mainly on mathematical methods to predict
buckling and displacements. Moreover, mathematical methods based on
geometric rules were used to obtain well-known geometrical shapes, such as the
Candela’s hyperbolic paraboloids (Billington, 2010), and were easy to realize
since generated by straight lines. Form-finding techniques developed by Isler
(Chilton, 2012) and Otto (Liddell, 2015) have proved the importance to use
physical models in order to define double curvature surfaces. Another main
factor regards the great knowledge and expertise in materials like concrete or

bricks with steel reinforcement, which were used generously in the second half
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of the 20* century. For instance, Dieste was a master in the use of reinforced
bricks and pre-stressing methods to withstand tensions in an efficient way

(Ochsendorf, 1999).

This historical analysis in the shell design can help to understand how shell
designs have been processed according to their historical and architectural
contextualization. In the contemporary age, the critical evaluation of the past
techniques can provide the great privilege to absorb the right knowledge to
design shell structures, understanding the advantages that can be exploited

during the design process.

Burt unfortunately, as a general rule, the design of shell structures has been for a
long time driven by the desire to pursue specific objectives in terms of formal
aspects rather than by secking optimal structural solutions based on the
understanding of their behaviour and the intrinsic advantages. This led to a
misbehaviour that in technical terms it translates into expensive projects with
structural inefficiency. The knowledge of the “form” and the importance of the
boundary conditions represent essential requirements for a correct design.
Nowadays architects and designers have become aware of their importance in
the design process and the development of computational modelling has
allowed to translate the traditional techniques into powerful digital tools. This
led to a reborn interest in shell structure, which goes beyond the limitation

dictated by the past.

In the contemporary scenario, the design of shell structures by means of new
digital tools guarantees a high level of effectiveness and interoperability
delivering successful outcomes. All these important contributions are
implemented within a parametric modelling background, which has radically
changed the way of designing, improving the efficiency of the process. Projects

like the Armadillo Vault at the Venice Architecture Biennale 2016 (Block et al.,
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2016), the Mapungubwe Interpretation Center located in Limpopo, South
Africa (Lépez et al., 2016) or the Landesgartenschau Exhibition Hall in
Stuttgart, Germany (Menges et al., 2015) represent the cutting-edge of the
innovation where the traditional techniques have been brought to life combined
with the latest developments in digital computation and digital fabrication.
Over the last few decades, the design process in architecture has experienced
outstanding advancements: complex structural systems can be realized without
comprising structural efficiency and exploiting innovations in fabrication
techniques. Operations in the design process, such as form-finding, structural
optimisation, rationalization of free-form surfaces (whose definitions will be
provided in the literature review chapter) allow to reach a high level of quality
in the projects that delivers a most enduring architecture with minimal

intervention of special maintenance.

It is fundamental for designers to find appropriate forms according to their
boundary conditions, otherwise there is a likely risk to create astonishing

architecture but with serious structural disadvantages.

The interest in shell structures has been accelerated by the developments carried
out by several research groups that in the last decades have made available digital
tools able to investigate and optimize the design for shell structures. These
important innovations have contributed to a “digital revolution” where the
search of optimisation in the shape taking into account structural requirements
and fabrication requirements has become a priority. The Armadillo Vault
provides a clear insight of a design approach based on the geometry whereas the
Landesgartenschau Exhibition Hall exploits digital computation to produce an
efficient panelization of the structure with planar elements and connections
realized through digital fabrication techniques. Further investigation and study
about the latest innovations in design and fabrication are carried out in the next

sections in order to give a clear explanation of the potentialities in
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computational design that have to be used in the shell design to such an extent

as to replace traditional modelling,

1.2 Problem definition and thesis contribution

Nowadays, the use of shell structures is a small portion of contemporary
architecture compared to other structural forms. This is extremely true in the
case of shells working in compression. In the contemporary architecture
scenario, a design process implemented by considering structural and realization
requirements does not represent common practice for the main reason that there
is a lack of knowledge, a lack of design guidance in the use of optimisation
strategies in the professional practice. In the research and academic activity,
many promising projects like the aforementioned ones have been carried out
but they still represent a challenge since they require a considerable amount of
economic resources and high level of expertise. Many innovations in the
investigation of geometrical aspects of the shell structures have been achieved,
however their practical implementation with software largely used by architects
and engineers has not been covered yet, with the consequence to have a

disconnected flow of information between academia and practice.

In order to design efficient shell structures it is fundamental that a renewed
awareness, dictated by the lessons of the past and supported by new and
powerful digital tools, is raised through the knowledge and its implementation
in the digital computation, leading to simplified and informed processes that

aim to optimize the outcomes in terms of structural efficiency and realization.

Although this approach is still non-dominant, it is necessary for architects and
designers to change their approach where the formal aspects are functions of the

structural behaviour of the shell. In the next chapters, design guidance has been
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provided by the use of optimisation strategies in the design of shell structures in

order to overcome a wide range of problems.

This thesis addresses the definition of workflows within the design process of
shell structures aiming to support their use in architecture practice by
straightforward and simplified approaches. In particular, the investigation of the
main issues related to shell design such as geometrical rationalization,
planarization, structural efficiency and realization, has been carried out by
making use of parametric tools largely used among professionals. In particular,
their realization through basic digital fabrication techniques represents one of

the main priorities in the design process.

In the first part, an in-depth survey regarding the influence of geometrical
parameters within the design process has been carried out. Moreover, the role
of the constraints in the design process has been defined to formulate important
observations in the research of improved design solutions, with a particular
focus on the rationalization and planarization. The parameters involved in the
design process represent the key elements to fulfil requirements in terms of

structural efficiency and fabrication.

Successively, such investigation of the design parameters has been implemented
by a comparative structural analysis of the several design outcomes to formulate
final considerations of their influence in terms of structural efficiency. The
investigation has progressed with a focus on structural optimisation with the
aim to improve the design of asymmetrical shells by means of heuristic search
method such as Genetic Algorithms; geometrical subdivision and height of the
structures have been parametrized according to structural goals. Hence, the
study of a range of different cases has allowed to analyse a significant amount of
boundary conditions and design parameters, providing an exhaustive

formulation of the guidelines in the shell design from a digital perspective. In
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the last part, the realization of two cases studies by using basic digital fabrication
techniques have provided feedback regarding their structural behaviour and
proved to be an efficient tool both for the evaluation and for the assembling
process. In particular, by developing two different connection systems, two
different approaches have been taken: on the one side, a scaled model approach
has been used as mean of analysis in order to understand strengths and
weaknesses of the shell, on the other side a full-scale structure has been realized

by adopting minimum formwork in the assembling process.

1.3 Research questions

As stated in the problem definition, the design process of shell structures still
presents many challenges especially when contextualised in the professional

practice. At this stage, the following research questions can be formulated:

1 How structural informed and geometrical-aware processes can be

integrated in the architectural design?

The importance of a structural informed and geometrical aware processes in the
early design phases will be demonstrated and justified in order to increase
efficiency of shells. In detail, the implementation of structural form-finding
techniques and geometrical operations of discretization and planarization in the
architecture practice can provide remarkable contribution in the quality of the
projects from a structural and geometrical perspectives, but they still represents
a challenge in delivering successful outcomes. Therefore, the integration of such
an approach within the design process needs to be promoted by acknowledging
its potentialities in the practice and making use of intuitive and powerful

resources.



CHAPTER 1 INTRODUCTION

1 Can parametric strategies related to design and fabrication for
curvilinear structures be implemented within the professional

architectural practice?

The main condition to promote parametric strategies is by providing design
guidance that link the academic findings with the professional activity. Such
indications if implemented in open source software can contribute effectively to
raise awareness in the contemporary scenario and shorten the distance between
academia and practice. Parametric strategies include also digital fabrication
techniques to be used in the realization phase, leading to a further control of the
process and a stronger connection between design and production. Digital
fabrication techniques that do not require highly customized setups represent

an efficient tool in the architecture scenario for scaled and real scale prototypes.

1.4 Research aims and objectives

The principal aim of the research is to develop straightforward guidance for the
design of digitally fabricated shell structures, creating a bridge between
theoretical principle and practical applications to promote parametric

workflows for architecture practice. The principal research objectives are:

1. To identify weaknesses in the past and current procedures used to design
shell structures;
2. To gain understanding of the current state of the art regarding;
i. the evolution of parametric modelling in the architecture practice;
ii. the role of the form-finding in the design process;
iii. the definition of structural optimisation process with its different

classifications;

10
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iv.

ii.

iil.

iv.

the potential of the digital fabrication techniques highlighting how they
might be used for the evaluation and realization of shell structures.
To develop digital workflows for shell structures, intended to be digitally

fabricated, within Grasshopper® environment that allows us to:

. identify the main parameters that govern the design process of shell

structures, in order to fulfil structural and fabrication targets;

establish the influence of constraints applied in the early phase of the design
process in order to optimize the solutions;

explore different subdivisions and define their potential on asymmetrical
shells;

structurally optimize shell structures with a minimum intervention on the

shape by supporting the use of Genetic Algorithms;

. assess the feasibility of adopting subdivisions and understanding their

relationship with the structural performance.
To explore the potentialities of basic digital fabrication techniques which do
not require customized setups and to develop systems with minimum

formwork.

1.5 Scope and limitations

This work considers the design of shell structures for the development of a full

workflow that includes design and fabrication phases from conceptual design,

to geometrical and structural performance optimisation, to digital fabrication.

It takes into account:

an investigation of mesh subdivisions techniques, constraints for form-finding

and planarization involved in the digital workflow;

a range of geometrical requirements (e.g. clear spans, heights, the number, size

and location of opening);

a range of different support conditions;

11
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a range of static vertical and lateral load combinations;

a range of geometrical subdivision to carry out a rationalization of the shell.

At this stage of the research, some limitations were necessary and they regard
some structural considerations, since the structural analysis and computational
structural modelling do not form the focus of the research described in this

thesis:

materials working in compression without the use of reinforcement have been
considered;

load conditions have been estimated in a simplified approach given the focus of
such a research, however the definition of their values and directions lie within
the admissibility bounds with the goal to generate tensile stresses in the material;
seismic conditions have not been object of investigation in the structural

analysis.
1.6 Thesis structure

This thesis is divided into 5 chapters and one appendix.

The first chapter concerns the introduction, aimed to provide a general
contextualisation and recall important remarks regarding the historical
evolution of shell structure and the identification of aims, objectives and

research methodology.

The second chapter is a review of the literature, which is fundamental to provide
an introduction of the subjects that are discussed next. In detail, an evaluation
of the design approaches has been carried out, highlighting the innovations of
parametric modelling and the translation of past methodologies into new digital
tools; the literature review includes a critical analysis of the form-finding
techniques, representing a key part in the design phase. The optimisation

processes, aimed to improve structural efficiency, are integrated in the

12
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architecture practice and they have been analysed with a focus on Genetic
Algorithms. Moreover, geometrical aspects have been discussed to outline the
strict connection with improved design outcomes. In the last part of the
literature review, the digital fabrication techniques have been examined related
to contemporary architecture cases to comprehend the enormous potentialities

that digital process is giving to architects and designers.

The third chapter involves the core investigation of this work: firstly, a study
regarding the design parameters has been carried out to provide useful insights
for the process; being aware of the influence of the parameters involved in the
design process makes it possible to generate more efficient processes. Secondly,
a parametric workflow is defined in the case of the symmetrical shell, addressing
issues such as planarization and rationalization. This part is fundamental for the
next steps regarding the generation of a physical prototype by using 3D printing
technique. The digital process has been elaborated also by considering other
aspects: starting from an investigation of the polygonal subdivision, a
comparative analysis of hexagonal and Voronoi subdivision has been carried
out, through Genetic Algorithms (GA). In this way, the importance of a
heuristic approach is identified and such results are evaluated with Finite
Element Analysis. A further validation of the potentialities of GA has been done
through the application on one of Heinz Isler’s unrealized projects taken as
starting reference, with the aim to redesign it without the use of reinforcement

and improve the structural behaviour.

Finally, the proposed processes have been analysed and validated through the
digital fabrication of a series of 3D printed prototypes in the fourth chapter.
The fabrication of such models facilitates investigation of the requirements that
are essential for an efficient realization, highlighting potential issues in terms of

stability. Furthermore, the development of a connection system minimized the

13
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use of formwork during assembly in the full-scale model. The prototypes have

been realized through 3D printing and successively assembled.

The fifth chapter presents the conclusions providing the contributions of this

research and the recommendation for future work.

An appendix at the end of the thesis addresses the design workflow from a
technical perspective, aiming to provide guidance in the digital computation.
For such a purpose, a step-by-step approach has been taken according to the
main topics covered in this work in order to guide the reader from the beginning

to the end of the processes.
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2 Literature review
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2.1 Design process fundamentals

2.1.1 Introduction

The necessary condition at the base of architecture is its visual representation.
Its representation is fundamental to allow its realization, based on a transfer of

information, details and knowledge, which allows architecture to exist.

Drawing is the link between ideas and their materialisation. The first definition
dates back to 350 BC with the mathematician Euclid of Alexandria, who
defined a system to describe geometry by the use of axioms and theorems.
Indeed, Euclidean geometry represents the basis of any representations and even

today digital tools are based on these assumptions.

Any 3D object can be described with orthogonal projections by 2D operations
according to a system of coordinates x, y, z (Fig. 2.1): orthogonal projections
technique was developed by Gaspard Monge at the Ecole Polytechnique in Paris
(Carreiro and Pinto, 2013): since then, Descriptive Geometry has represented
any 2D and 3D object providing a sense of depth by the combined use of

axonometric projections and shadows on the drawings.
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Figure 2.1 Orthographic projection example taken from Géometrie Déscriptive (Monge, 1799)

In architecture, the orthogonal projections represent a fundamental part in the

design process.

The design process allows the materialisation of architecture through different
stages: it is a process that begins with the concept and arrives at the realization
of a structure. It is possible only by dividing the whole process into phases, each
of which presents proposals and solutions with different grades of complexity
and details. In a conventional approach, the design process employs 2D
drawings such as plan, sections and elevation views to define structurally the
building and axonometric and perspective views to articulate the space in three
dimensions. The design process can be considered as an additive process, where
the architect/designer acts directly on the geometry, “adding” information on

different levels.

Until the second half of the 20" century, the sketching of accurately scale
drawings by hand was the only practice to design in architecture. It is in 1963

that this physical mean starts to be digitalised. The first appearance of a
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Computer Aided Design (CAD) changes the way of understanding the design

process.

The development of intuitive, fast and powerful software as described in the
next sections determined a radical change in the perception of the design
process. From then, the diffusion of CAD software was unprecedented to such

an extent that nowadays, they represent the foundation for architecture training.

2.1.2 Parametric modelling

Over a considerable length of time, architects and engineers have dealt with a
huge variety of classical forms defined by geometrical rules in orthogonal
systems. This has led to an extensive production of architecture but at the same
time with no remarkable variations in terms of formal aspects. Shell structures
are generally double curvature surfaces. Approaching complex and free-form
shapes by using conventional approaches would prove to be a time consuming
and intricate process. Where shapes are not determined by geometrical and

mathematical principles, their representation might become an issue.

Parametric modelling may be a powerful approach for the design of shell
structures: a process regulated by the use of parameters and their relationships
represents a good approach to manage complex architecture not attributable to
forms already established but characterized by a significant amount of artistic
freedom. A parametric approach, when applied in architecture, affects the
shapes of structures by variating parameters and defining relationships between

them.

The term parametric has its primordial origin in mathematics. In a general
context, a parametric equation is based on parameters and variables that can be
modified in order to get results that can satisfy specific goals. A catenary arch,

for instance, is defined on a parametric equation:
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Where, 0 £'Qis the hyperbolic cosine function, G and @ are the Cartesian

coordinates and Mis the parameter, and as d')changes its numeric value, than the

scale of the arch is affected (Weisstein, MathWorld).

A parametric design is based indeed on parameters; and they can be of any kind

according to the requirements imposed in the process.

A parametric system has a very clear structure in order of being defined as such,
and it is composed of input variables, an equation, a rule and a solution, so that
a wide range of solutions can be created through the manipulations of the input.
In architecture, the manipulation of parameters and variables can provide
multiple versions of the same starting geometry by simply interacting with few
parameters in the system. The application of parametric thinking in architecture
is not a contemporary innovation, but it existed before the digitalization of such
approaches (Peteinarelis and Yiannoudes, 2018). Gaudi is considered one of the
pioneers of parametric approach, especially for arches and double curvature
geometries (Fig. 2.2). For the development of catenary arches, he used strings
and weights to simulate the shape of the catenary, which is stable under its self-

weight. Its inverted position provides a shape working in compression

(Mazanek, 2016).
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Figure 2.2 Parametric model for Colonia Guell from Antoni Gaudi (available from arch2o.com)

Gaudi applied this “parametric” approach to develop many of his projects (Fig.

2.3), and among them, the Sagrada Familia is probably the most widely known.
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Figure 2.3 Hanging model of Sagrada Familia

Simulating parametric modelling in a physical way is a laborious approach since
every change and modification requires a re-computation of the whole system
and its correctness in building the model requires a great ability and knowledge

of its functionality.

However, it finds its first definition in a digital context with the expression
“Architettura Parametrica” by Luigi Moretti (1971), who defined the
fundamental correlation between Parametric architecture as the relations
between parameters. His research findings were shown at the 12 Milan
Triennial in 1960 with a series of models for stadiums for soccer, tennis and
swimming (Fig. 2.4). In that exhibition, he focused on the importance of the
relationship between the parameters and how it is fundamental to process this
paradigm with computers that enables designing the connections. By using an
IBM 610 computer, he is considered to be the first architect able to control

parametric equations through digital computation (Davis, 2013)
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Figure 2.4 A model of the stadium composed of 19 parameters by Luigi Moretti during the exhibition of Milan
Triennial in 1960 (Bucci and Mulazzani, 2002)

It was a logical consequence that, with the advent of computers, parametric
modelling increased in popularity. As a result, the digitalisation of architecture
brought to a new way of intending architecture with many positive implications

but also some negative effects.

Its impact has been so strong to such an extent that some architects consider it
as a movement, or an architectural style. Patrick Schumacher in (2008) used the
term “Parametricism” to define the style typical of the contemporary age (Fig.
2.5). In detail, his vision of “Parametricism” is founded on concepts like fluidity,
adaptability, complexity, variability and it relies on the use of algorithms and
equations. What is considered rigid and repetitive is abandoned, while
dynamicity in the shapes, smoothness and variations is encouraged.
Schumacher's vision of architecture reflects many works realized in the last
decades where the project is seen as a challenging mission to obtain bold

structures.

However, parametric architecture is intended as architectonic style, therefore

with its own features, may turn into self-referencing architecture, disconnecting
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itself from the context and its functions. Parametric should be the methodology

rather than the style that sometimes may give forced directions.

This revolutionary approach is providing new solutions in the architecture
scenario but at the same time it may become too ambitious towards architecture.
The idea to associate to parametric architecture a style comprised of formal
expressions may give forced directions: it is not always fundamental to reach a
high complexity in the formal aspects of the projects neglecting what is
considered “standard” or traditional. Architecture includes a wide range of
aspects in its materialisation and in some cases it does not need to be intricate.
It is necessary to consider parametricism as an innovative and powerful style
that needs to be contextualised and used in a wise way. Although the results are
quite fascinating and attractive to architects and designers, parametric is an
important tool that is able to optimize projects from various perspectives, not
necessarily implying the design of bold structures and complex geometries. The
importance of this approach lies also in a more optimized workflow that allows
analysis of structural behaviour, environmental impacts, and management of
the time and costs of the production phases at the same time, so that any

adjustments in the design phase do not compromise the results.
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Figure 2.5 Examples of parametric architecture: a) Zaha Hadid Architects, Kartal-Pendik
Masterplan, Istanbul, Turkey, 2006 (available from patrikschumacher.com); b) project of a new
neighbourhood named Rublyovo-Arkhangelskoye in the west of Moscow (available from

fyingarchitecture.com)
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