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ABSTRACT

Being an abstract system that translates and
reconstructs the real phenomena, map had a
long history of recording and interpreting the
data. Practiced with different techniques in
different periods and contexts, it has always
been considered as a preeminent way of
collecting, organizing and representing the
data. However, map also inherits the potential
of representing more than the reality and
denotes new and unacknowledged conditions,
which initiate the use of maps as generative
tools that mediate between real and possible
configurations.

Advances in technology and the use of
digital design tools initiated a radical shift in
communication and mapping techniques,
which enabled to acquire, interpret and
use complex data. Defining a shift in the
conventional  mapping  practices,  this
contemporary approach of working with
big and complex data engages with what
is ‘unknown’, ‘invisible’ or ‘discreet’. This
shift necessitates the acknowledgement of
alternative ways of examining and conveying
information as well as its visualization.
‘Datascapes’ are considered as multilayered
and multidimensional representations of
complex data, which not only represent the
data visually or numerically, but also inherit a
particular ‘eidetic argument’. Since they hold
the data in an interpretative manner, they
stimulate the designer’s creativity and opens
up new grounds for explorations. However,
datascapes are not static representations
confined  with the two dimensional
representation medium, rather may be
configured and represented in various forms,
which can be updated simultaneously and

970_block 5: a future based on technology

result in ephemeral maps of complex matters.
These maps can represent the ever-changing
relations and ever-expanding data, and can be
used to map the visible and invisible data of
the contemporary city.

KEYWORDS

Mapping; datascape; representation.

INTRODUCTION

Being an abstract system that translates and
reconstructs the real phenomena, map had a
long history of recording and interpreting the
data. Practiced with different techniques in
different periods and contexts, it has always
been considered as a preeminent way of
collecting, organizing and representing the
data. Besides its conceptualization as a visual
instrument (Corner, 2011) for annotating and
exposing the information in an organized
and readable manner, map is also embraced
as a tool for reading the visible or invisible
information.

Although associated mostly with the graphical
representation of a city, maps are also used for
understanding things, conditions, processes
or events (Harley and Woodward, 1987), which
facilitates their use as tools rather than mere
graphical representations. Going beyond the
reproduction of a bird eye view of the city that
provide layers of geographical information,
maps help to understand the complexity of
the urban conditions and provide different
layers of data. Mapping practices that achieve
the graphical integrity and consistency of data
interpretation enable the understanding of



existing relations and realities of the situation/
site/event/processes through various layers
of information sets.

However, a map also inherits the potential
of representing more than the reality
and denotes new and unacknowledged
conditions, which initiate the use of maps as
generative tools that mediate between real
and possible configurations. James Corner
identifies mapping as a creative activity, which
both reveals and realizes the hidden potential
through uncovering realities, even the unseen
or unimagined ones (Corner, 2011). Practices
that consider the map as a creative tool for
reading and understanding the conditions,
rather than an operational tool of measuring
or defining the existing conditions has the
potential of activating new readings. Corner
differentiates these two approaches and in
reference to the statements of Gilles Deleuze
and Felix Guattari, he labels the maps that
reproduce the already known and visible as
tracings (Corner 2011). In his main reference
for this differentiation Deleuze and Guattari
states that: ‘What distinguishes the map from
the tracing is that it is entirely oriented toward
an experimentation in contact with the real.
The map does not reproduce an unconscious
closed in upon itself; it constructs the
unconscious’ (Deleuze and Guattari, 2004)
Therefore, in order to reveal the potential
of the map and to use it as a productive
instrument, it is necessary to go beyond the
routine of collecting, recording, assembling
and representing the visible conditions and
to appreciate the reading of the invisibles.
Overcoming the limitations of the tracings
and activating the new readings that reveal
the invisibles enrich the mapping practices
and expose the potential of a map as an
operational and creative instrument.

1. CONTEMPORARY DRIVES

Advances in technology and the use
of digital design tools also support the

conceptualization of the map as a creative
instrument, which embraces and exposes
the invisibles in mapping practices. The
radical shifts in communication and mapping
techniques, as well as increased capabilities of
gathering, storing and processing information
enabled to acquire, interpret and use complex
data. Altering the conventional mapping
practices, this contemporary approach of
working with big and complex data engages
with what is ‘unknown’, ‘invisible’ or ‘discreet’.
This shift necessitates the acknowledgement
of alternative ways of collecting, processing
and conveying information as well as its
visualization.

Computers and their variances are embedded
the in all aspects of our lives in the recent
years as a consequence of the miniaturization
of the computer hardware, maximization of
computational and storing capabilities of
computers, expansion of network capacities,
as well as the development of communication
manners. Urban environments are occupied
with  data collectors, processors and
archives, where huge amount of data is made
accessible and visible to the society and the
designers. Immersed with these abilities, the
contemporary city gains the ability of storing
and sharing its data through various layers.
Massive amount of data is stored, processed
and conveyed continuously since the cities
are generating new and fresh data in an
increasing speed and variety. The complex
and big data accessed and processed by
the advanced use of technology should be
mapped to reveal the multidimensional view
of the cities, either visible or invisible.
However, reconceptualization of mapping can
be defined both as a revised practice, which
is diversified with huge amount of data entry,
and also can be considered as an instrument
for dealing with the massive data exceeding
the limits of human cognition and perception.
This paper specifically focuses on the
practices where mapping is used as a way of
visualizing and understanding data. Through
questioning how the data-driven mapping
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practices of the recent years changed our
definition, understanding and visualization of
the city, it is aimed to discuss whether or how
they differ from the conventional mapping
practices. Considering the conventional
and contemporary mapping practices, it is
possible to assert that all mapping practices
are defined though a process of gathering
and interpreting objective or subjective data.
However, the contemporary practices that
are dependent more on the digital tools and
computational capabilities of humans and
devices can be asserted to provide deeper
insights to the city and the actors involved in
it.

The amount of available and operational
data defines a dramatic shift in how humans
understand, define and visualize the cities.
However, changes defined through the use
of data are not only in city scale and has
affected all sections of the life, as data has
become the ‘de facto standard through which
the world is ordered and understood’ (Boyd
and Crawford, 2012). The current tendency
of understanding the world (cities, science,
business etc.) and human through the data
-mainly through the big and incomprehensible
amount of data- necessitates the extension of
humans perceptive and cognitive capabilities,
which results in significant changes in the
society. Although the increasing tendency for
rendering the world through numbers is an
ever-present debate (Scott, 1998), the scale
of current data sets defines a radical change
in the society and hence should be handled
with a different mind set. Witnessing the
difficulties of dealing with the complex and big
data necessitates the adoption of a new mind
set and instrumental approach, since the
conventional approaches will not be effective
in dealing with the multidimensionality of the
large data sets.

With a specific emphasis on the city
mapping practices, it can be stated that
gathering, processing and visualizing the
multidimensional and huge amount of
data gathered and processed with the
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contemporary tools and models enables
to focus on which was not visible in the
conventional maps. During the recent years,
it is aimed to work with the unacknowledged
features of the city and introduce them as
another layer of the multidimensional maps
defined through the use of technological
advances (Amoroso, 2015). However, such an
approach to expose the city with its visible and
invisible features necessitates an alternative
mapping technique. Since these maps are
not expected to only document the existing
but also bring the invisible information
to the forefront and make it visible, they
should be open to unpredicted readings and
interpretations (Amoroso, 2015). Hence, they
should be structured different than the static
and flat conventional maps and should be
flexible enough to gather new data, host its
interaction with other data sets and sustain
its visualization.

Making use of technological advances and
new modes of visualization, alternative
readings can be provided through the
integration of large sets of data, which in turn
can also be embraced to understand these
data sets. Therefore, attaining the flexibility
of the map gains importance, when the
continuous input from the city and its actors
are considered. Since the data provided by
and within the city is continuously changing
and this change can be recognized, gathered,
recorded by the technological habitat of the
city, the mapping is also altered continuously
and is never finalized. The maps defined
through the computational tools and
processes can represent the ever-changing
relations and ever-expanding data, and can be
used to map the visible and invisible data of
the contemporary city.



2. AN ALTERNATIVE MAPPING_Naked City

The search for mapping the invisible features
of the city or studying with unsteady and
ever changing data is not specific to the
contemporary approaches of the digital world.
Rather, there have been various attempts of
mapping the invisible, unstable, subjective and
ever changing information. These maps were
also questioning the available techniques
of mapping and were proposing ways of
widening the visual perspective to be able to
visualize and manage information. A specific
example of this search, which is also consider
by many references as a critical shift in the
history of mapping, is the concept of psycho-
geographic mapping studied by Guy Debord.

Guy Debord was a key figure of Situationist
International, which was an interdisciplinary
organization active in Europe in the mid-
20th century attempting to return the map to
everyday life and to the unexplored, repressed
topographies of the city (Corner,2011). Debord
defined psychogeography as: “the study
of the specific effects of the geographical
environment..on the emotions and behavior
of individuals” (Debord, 2008) and made a
series of studies on the Paris map, which were
not mere representations of the cityscape.

THE NAKED CITY

LLUSTRATION DE L'NYPOTHESE DES PLAQUES %
TOURNANTES EN PSYCHOGEQGRAPHIUE N

Rather, Debord's studies were reflecting the
subjective inputs such as perceptions and
desires of the human. The Naked City map
was produced in 1957 by Debord through
taking nineteen sections from the original
map of Paris, which were reassembled in a
subjective manner considering the experience
and the desires of the human. Defining this
work as a construct that creates a synthesis
between the existing conditions and the
human experience, Debord also added red
arrows to the map (printed in black ink), which
illustrate the “spontaneous turns of direction”
between the fragments (McDonough, 1994).
The fragments and the turns are all defined
according to the personal experience of
Debord when he wandered along the streets
and alleys of the city, defining his own path
through turning here and there (McDonough,
1994). Therefore, the arrows together with the
fragments- reflect the desires and experience
of the human through the city. The produced
map is an ephemeral, subjective and
personalized one, where the invisible desires
and experience of the human is brought forth
and opened up new discussions on different
aspects of the city ranging from politics to
perception.

\ N
oy t
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Figure 1. The Naked City map produced by Guy Debord. (1957)
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3. DATASCAPES

Guy Debord’s approach of considering the
fluidity of the city and bringing forth its
unknown features dependent on the personal
and subjective inputs, initiated the studies
that aim to define a deep awareness of the
unquantifiable and immaterial qualities of
the city. James Corner defines this approach
as a creative one and outlines mapping as
a process of a strategic and imaginative
drawing-out of relational structures, rather
than an indiscriminate listing and inventorying
of conditions as in a tracing, table or chart
(Corner, 2011).

Considering the complexity of the city and the
relationship between the city, citizens and the
society, the maps are expected to represent
the dynamic relationships of the city. For
that reason, they are structured to collect,
interpret and represent the subjective inputs
and experimental data through its multiple
layers, besides the objectively constructed
data through numeric and quantitative values.
In this approach, maps are conceptualized as
creative processes, which enable to collect,
process and represent various types of data.
One significant development that initiated
a radical shift in mapping processes and
supported their definition as creative
processes is the advances in technology
and the use of digital design tools, which
enabled to acquire, interpret and use complex
data. Over the past few decades, maps
have been re-conceptualized to support
the creative processes through using the
advantages provided with the digital media
and computational abilities. Their further
development can be asserted to initiate new
techniques and definitions of mapping and
widened the capabilities of the designer to
investigate and interpret the urban data.
Defining a shift in the conventional mapping
practices, this contemporary approach
of working with big and complex data
engages with what is ‘unknown’, ‘invisible’
or ‘'discreet’. These ‘new’ maps, which enable
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the representation of the invisibles of the city
through the multilayered data, are considered
as alternative approaches that re--vision and
rethink the mapping and urbanism of the
contemporary city (Amoroso, 2010).

This shift necessitates the acknowledgement
of alternative ways of examining and
conveying information as well as its
visualization. ‘Datascapes’ are considered
as multilayered and  multidimensional
representations of complex data, which not
only represent the data visually or numerically,
but also inherit the potential of influencing the
mapping and design processes (Lootsma,
1999). Therefore, datascapes hold the
potential to go beyond statistical descriptions
and serve as creative grounds for designers.
James Corner describes datascapes as
representing "objectively” constituted data
through numbers, quantities or facts in
knowingly selective ways to construct or
suggest new spatial formations (Corner,
1998). He differentiates datascapes from the
quantitative maps and states that ‘they are
designed not only to reveal the spatial effects
of various shaping (eg, regulatory, zoning,
legal, economic, and logistical rules and
conditions), but also to construct a particular
eidetic argument" (Corner, 1999). Questioning
the quantitative and creative potentials of
mapping, the term eidetic is used by Corner
to discuss the works that represent and
mimic the reality and the ones triggering the
creativity. He defines eidetic as referring "to
a mental conception that may be picturable,
but may be equally acoustic, tactile, cognitive,
or intuitive" which is "unlike purely retinal
impressions of pictures, eidetic images
contain a broad range of ideas that lie at the
core of processes of creativity" (Corner, 1998)
Through point out the potential of eidetic
conditions to engender, unfold and participate
in emergent realities, Corner underlines their
stimulating power for creativity.

Referring to WJ. T. Mitchell's comparison
of a picture and an image, where the
difference between a specific kind of visual



representation (the 'pictorial" image) and
an image (verbal, acoustic, mental images)
were discussed, Corner identifies the maps
as images holding eidetic arguments
(Corner, 1999). Through these arguments,
the designer can both represent the reality
and also reformulate given conditions,
which may lead to new interpretations
and innovative solutions (Corner, 1999).
Since these eidetic arguments facilitate the
subjective inputs introduced of the designer,
they enable and welcome alternative reading
and interpretations of the conditions. With
this potential, they differ from the mere visual
representations of quantitative maps and
enable the imaging of data in instrumental
ways (Corner, 1999).

Use of digital medium also affected its
instrumental use and enabled multi-layered
and continuous data input, which enable to
render complexinterrelations andinteractions.
They are not static representations confined
with the two-dimensional representation
medium, rather may be configured and
represented in various forms. They can
represent the ever-changing relations and
ever-expanding data, which can be updated
simultaneously and result in ephemeral maps

of complex matters. They also hold the data
in an interpretative manner, which stimulate
the designer’s creativity, enable they future
readings and open up new grounds for
explorations.

In the late 1990's, when the influences of
the shifts defined through the use of digital
medium and increased computational
capabilities were asking for reassessment
of the tools and approaches in use, Dutch
architectural firm MVRDV questioned the
conventional  mapping  processes  and
experimented on datascaping. Their approach
to map the urban phenomena through
datascaping was a provocative one, which
extended the definition of mapping through
the use of digital medium. In their publication
Metacity/Datatown, ~MVRDV  questioned
the contemporary conditions of the city and
the inadequateness of the ways used by
designers to understand the data provided
by the city that exceeds the perception and
comprehension of the human. Considering
a fictional and extreme scenario, where the
current population of the Netherlands was
multiplied to increase the data produced by
the city, they studied data of the city and /
city as data. Through using the qualitative

Figure 2 (left). One large red cube is created measuring over one and half kilometers on edge to represent a massive

volume that would contain all the inhabitants of Datatown.

Figure 3 (right). Landscaped datascapes, created by waste emerge as hills and mountainous forms, which create

a new landscape.
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(visual approaches) to signify the quantitative
(numerical data) data, MVRDV studied the
scenario in two scales where Metacity relates
to the whole world and Datatown relates
to the Netherlands (Amoroso, 2010). The
data gathered through the analysis of the
spatial, social and economic consequences
of the proposed population was studied both
numerically and visually (Amoroso, 2010).
Statistical analysis and use of numerical
expressions were considered as essential
tools to grasp the complexity of the data
available, document and process it. However,
the visual expression of these numeric values
to attain a comprehensible form that abstracts
the multiple layers of data in a powerful and
yet informative way and also stimulates the
creativity of the process. The visual images
produced in Metacity/Datatown project can
be considered as eidetic arguments, which
initiate future scenarios of the city through
imaging the statistical data in visual form. In
this respect they are differentiated from the
conventional maps, which picture the reality
through representations.

Considering the uncanny relationship of the
maps with real, where they are defined to be
abstractions, that initiate new conditions and
reading, datascapes provided by MVRDV can
also be regarded as maps (Amoroso, 2010).
Through considering the extreme scenarios
producing complex and multidimensional
data, these datascapes deal enable to
translate the changing conditions and make
future reflections on the urban situations.
Processed digitally, these datascapes both
reflect the reality and also define an uncanny
relationship with the real, which liberates the
designer to make predictions, speculations
and new readings.

With the increased computational capacity
of the twenty first century, map designers
also integrated subjective and experience
based data, which can be considered as
a consequence of the conception of city
as a multi-layered entity. Rooted from the
experience based maps of Situationists, the
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contemporary maps have the potential of
being datascapes representing not only the
visibles and invisibles of the city as a physical
object, but also consider it as a complex and
emergent system generated through dynamic
relations (Urry, 2005). In this system, the data
of the human also gains importance, since
they are one of the actors of these dynamic
relations. These mapping practices --that
consider the experiences of the humans and
consider the data provided by them within the
multiple layers of the map- inherit the potential
of providing new readings of the city. They
enable to draw the invisibles of the city and
explore its immaterial and embodied data.
One significant example of these experimental
maps is produced by Eric Fischer, which
visualizes the relationship between the
social media posts and the location of
the author. Introducing Geotagger's World
Atlas project, Fischer aims to uncover how
people interact with the cities and uses geo-
tagged photographs of the cities or tweets in
social media. Focusing on a specific period,
Fischer attains a huge amount of data to
be visualized, which provided the invisible
interaction patterns and new data layers of
the cityscapes.

Such practices enable to draw the invisibles
of the city and explore its immaterial data,
which focuses on the relationship between
the individual and the city. These subjective
mapping practices can also be considered
as datascapes, since the datascape holds
the flexibility of holding any kind of related
with geography, sociology, economy, traffic or
personal inputs. They highlight the subjective
input from the human and investigate the
relationship between the human and the
space through analyzing the subjective
aspects related with space (emotions,
memories,  personal  experiences  etc.)
(Perkins, 2009). These practices benefit from
the visual power of the mapping to abstract
and comprehend the data, communicate
with the designer/reader and to initiate new
readings of the relations. The data provided



Figure 4 (left). The map visualizes the tweets of residents in Istanbul (identified with blue spots) and out-of-towners,

namely the tourists (identified with red spots).

Figure 5 (right). The map visualizes the photographs shared by of residents in Istanbul (identified with blue spots)
and out-of-towners, namely the tourists (identified with red spots), where yellow one might be either.

by the subjective definition may reveal
the invisible relations, evoke unexpected
readings and produce visual images
triggering the creative processes of mapping.
This aim of investigating the relationship
between the human and the city, recalls the
psychogeographic maps of Situationists,
where it is possible to trace the similarities
between these two approaches and define the
datascapes including subjective data inputs
as arrays of these psychogeographic maps.

With all types of data input the maps turns
out to be multilayered and represent the
collective invisibles of the society. Since
the data becomes available and accessible
with the advances in technology, its use
in various phases of design and decision-
making processes increase significantly.
This change in the state of data enabled to
map the geospatial data collected from the
users, which diversifies the subjective inputs
to the datascape and also shift the scale of
the data set drastically. Compared to the
psychogeographic maps of Situationists,
where one or a limited number of subjective
data were mapped, contemporaray studies
hold the potential of gathering, analyzing

and visualizing data provided from various
subjects.

An up-to-date example of this approach is
provided by Bits'n Bricks office where location
mining and web scraping were used to gather
data in urban scale for Istanbul. Collecting
the publicly avaliable data retrieved from
the urban sources they collected the data of
the shared images by tourists (through their
Flickr accounts) in Istanbul and tried to map
the attraction points (Bits'n Bricks) They also
provided an association between the routes
provided by mobile map applications and the
attraction point-instagram post maps (Figure
6). The produced maps read the geospatial
data and provide insight on the visibles and
invisibles of the city.
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Figure 6. Mapping the attraction points for tourists in Istanbul, through processing the data provided by shared

photographs.

CONCLUSION

Contemporary mapping practices that make
use of the advances of the technology enable
to gather, process, and visualize huge amount
of data, where the ubiquitous data production
feeds the dataset simultaneously and
continuously. In line with the developments
in the technology, changing lifestyles also
motivates us to produce and share the data
and hence become a part of the big data
pool. Continuous update of the data sets to
be considered in mapping also changes the
validity of the mapping, since it evolves with
the data input. Their short-term validity can
be considered as an important shift, since the
arguments and representations expire rapidly.
These shifts in the definition and use of
data necessitate the reconsideration of
conventional mapping techniques to respond
to these changes. Although alternative
mapping techniques have been applied
throughout the history, the experienced shifts
request a different mindset and processes to
be use in mapping practices.

In order to develop a new approach that may
enable to understand how the city functions
in line with its citizens, the conventional
mapping practices should be updated to hold
multiple layers of information; including the
unexplored, speculative and subjective ones.
These multi-layered studies necessitate going
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beyond being mere visual representations
of the existing realities and trigger creative
processes and initiate interpretations of the
data sets. However, the gathered data from
the collective and multiple sources are usually
raw data, which has to be filtered, organized,
categorized and read, which requires an
interdisciplinary group of expertise. Therefore,
mapping cannot be an individual practice but
should be considered as a process guided by
a group of experts.
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ABSTRACT

Urban unities of sustainable development
may act as transformers of knowledge and
technological advancement achieving thus
improved social, working and living conditions
to their inhabitants. A representative case
study of such development refers to the
design proposals made in Spring Semester
2017, in the frame of the design studio with an
emphasis on technology in the 6th semester
of undergraduate studies in Architecture at
the University of Cyprus. The design objectives
referred to the regeneration of a unified core of
Nicosia through the creation of flexible building
units of industrial research and technological
development, envisioned to act as urban
transformers and interaction nodes with
the local and global communities of labour,
research and production. The presently existing
decentralization of the city, as well as the
diversity of social groups, lack of production,
labour and green areas within the city core
have so far led to unfavourable conditions
with regard to a respective sustainable
urban, architectural and social development
of the old city centre. Nine design proposals
presented in the current paper refer to timely
variant activations of the city core bridge
connections with the new city areas, aiming at
the transformation of the city core into a smart
urban area. The building units are expected to
provide flexible and multi-use spaces, where
different researchers may work at different
time periods. Pedagogically, of equal high
importance was the design requirement for the
proposed buildings to comprise symbolically
prototypes of technological development of
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respective activities and tectonic structures,
while displaying the interrelated areas of
function, construction and energy efficiency.
The study further demonstrates that different
activation scenarios of the buildings and
the interactions with the city-core flows of
activities are possible.

KEYWORDS

Urban regeneration; smart cities; urban
and building transformability; architectural
technology; integrated architectural design.

INTRODUCTION

Smart cities have become a landmark in urban
planning. They are the result of knowledge-
intensive and creative strategies aiming at
enhancing the socio-economic, ecological,
logistic and competitive urban performance.
Smart cities are based on a promising
mixture of human capital (e.g. skilled labour
force), infrastructural capital (e.g. high-tech
communication facilities), social capital (e.g.
intense and open network linkages) and
entrepreneurial capital (e.g. creative and risk-
taking business activities).

Central paradigm of urban transformations to
smart regions is the provision of innovation
through networking. The key driving force
of technological and economic progress
essentially depends on cooperation and
interaction between firms and different
scientific  and societal institutions. Such
cooperation forms and the associated



personnel and information technological
interaction are generally termed “network”
(Sydow, 1992), primarily based on the concept
of local or regional sustainable developments
of so-called regional milieux (Lapple, 2007).
The latter can be described as spatial
production and actor systems characterised
by collective learning processes. For urban
development processes, milieux are primarily
amplifiers of the city life and productivity.
These can generate synergies and thus
strengthen regional innovative resources
(Lapple, 1994). In this frame, innovation
processes are enhanced by local and global
cooperation activities among individual
research and development institutions and
by the specific embedding of operations in
the common urban context.

Research and development institutional
knowledge-exchange links are important
for increasing a city’s knowledge economy
(Acworth, 2008). In this framework, local
proximity and geographic clusters have
been important determinants in creating
innovative cities, since knowledge and
production are generated and realized more
efficiently via local proximity and clustering
(Audretsch and Feldman, 1996; Audretsch,
2002). These knowledge-production clusters
(spaces) enhance the innovativeness of a
region. Thus, such urban areas form local
spatial foundations for knowledge and local
production activities to flourish by bringing
out the importance of knowledge- and skills-
based activities, knowledge exchange, and
spillovers in urban localities (Olcay and Bulu,
2016).

In parallel, the global economy has shifted
from an industrial, goods-centered one
to an innovation, service-centered one.
This occurred gradually as innovative
technologies, methods, and concepts
evolved over time (Davenport et al.,, 2006).
In today’s innovation economy, new value is
created through knowledge and intellectual
capital and new entrepreneurships are the
main drivers of wealth and economic growth,

as opposed to the solely traditional physical
assets and owners of the industrial economy.
While rapid technological developments
and increased globalization have forced
the economic activity of traditional
industries to move to low-cost countries, as
Audretsch (2002) suggests, knowledge and
innovation are less likely to be transferred
across geographical spaces; on the
contrary, they concentrate geographically,
forming innovation districts and spaces,
and eventually turn into innovative cities.
Yigitcanlar et al. (2008a) call these urban
innovation spaces ‘knowledge community
precincts’, mostly referring to place-centered
knowledge and innovation clusters. These
clusters comprise high-tech manufacturing
of  knowledge-intensive industrial and
business sectors existing in a mix of urban
life and culture within central urban locations
(Yigitcanlar et al, 2008b). Along these
lines, Kline and Rosenberg (1986) define
the chain-linked model consisting of basic
scientific research, product and process
development, and commercialization as the
three fundamental stages of the innovation
process, where innovation can be initiated at
any stage with inputs from internal stages
and spillovers. The development of formal
relations between research and development
with urban unities results in mutual benefits.
In reflecting upon the approach of embedding
research and development unities within
an existing urban context, a representative
case study refers to the design proposals
made in Spring Semester 2017, in the frame
of the design studio with an emphasis
on technology in the 6th semester of
undergraduate studies in Architecture at the
University of Cyprus. The design objectives
referred to the holistic regeneration of a
unified core of Nicosia through the creation
of flexible building units of industrial research
and technological development, envisioned
to act as urban transformers and interaction
nodes with the local and global communities
of labor, research and production. In the
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following section, the city core of Nicosia
will be briefly described. Subsequently, nine
building proposals, a possible scenario
of individual building units’ activation and
interaction with each other and the city core
will be briefly presented.

1. NICOSIA CITY CORE

The walled city of Nicosia is an example of
medieval town planning, and dates back to the
Venetian period (1489-1571). During this time,
of major concern was the entity of the urban
form rather than the internal structure: the city’s
Renaissance walls with their 11 bastions and
three gates were built to consolidate the town,
which had revealed a dispersed character. In
this frame, the city core has ten connection links
to the new city. The walled city has an area of
approximately 200 ha, and comprises the oldest
part of the city, symbolizing the geographical
and historical significance of Nicosia and
Cyprus as a whole. The city core was declared

a conservation area within the Nicosia Master
Plan in 1989.

Today, Nicosia faces serious and complex
problemsthatarelargely caused by the existence
of the dividing line, which has contributed to
boosting development to the south and the
region, and to the general downgrading of
the walled city and the wider area of the city
centre and the suburb areas along the dead
zone. In these areas, there is a degradation of
the quality of life and the urban environment,
economic stagnation and population decrease.
The initial concentration of services, commerce,
administration and other core activities in the
city centre encouraged the development of a
radial road network that functionally results
from the existence of a single employment
center. Dispersal of employment opportunities
and residential areas to wider areas followed in
the last decades.

The design of building units of Industrial
Research and Technological Development
for the Nicosia Core in the Spring Semester
2016-17 aims at the holistic regeneration of a
unified core of Nicosia. It is proposed that the

Figure 1. Nicosia city core with bridge connections to new city and corresponding building units
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city core transforms into a smart wider urban
area with time variant activation of nine bridge
connections with the new city of Nicosia
through the addition of “temporary” in each
case, building units of industrial research and
technological development (Fig. 1). In principle,
the buildings comprise nodal points of research
and technological development in the wider
area of south-east Mediterranean, whereas the
core of the buildings supports the areas within
the city core.

2. BUILDING UNITS

The buildings units’ proposals have been
developed on the basis of an integrated
architectural design approach, ie. the
development of the respective areas of the
building morphology, structure, construction
and environmental/energy design (Phocas,
2017). In an initial stage the proposed urban
space, the functional zones of each building
and the structure have been investigated.
With  the development of a general
morphology of individual elements or the
entire building, the formulation of an abstract
design concept and the coordination
between construction, function and form

have been pursued. The architectural design
has been further developed according to
the functional disposition, the structure and
the building envelope. Subsequently, the
energy efficiency of the building has been
investigated. The final stage of development
consists of the construction design of the
proposed elements and systems in detail.
The building units have a total area of
2000 m? and they are expected to provide
flexible and multi-use spaces, where
different researchers may work at different
time periods. In all cases, of equal high
importance is the design requirement for the
proposed buildings to comprise symbolically
a prototype of technological development
of contemporary structures, or and of their
internal special functional character, at
aesthetic and morphological level, and while
displaying the interrelated areas of function,
construction and energy efficiency.

The building unit at Archbishop Makarios
B bridge is directly positioned on the moat
level of the city walls connecting the old with
the new city. It consists of a tall skeleton
structure acting as an outrigger system, with
the prefabricated units of private and public
usages plugged into (Fig. 2). A central atrium
hosts vertically the exhibition of the building,

Figure 2. Building unit at Archbishop Makarios B
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and all functional levels are accessed on
the periphery of this open space through a
ramp. Thus, the building develops vertically
at the specific site.The building complex
shown in Fig. 3 is positioned on both sides
of the Dorou Loizou bridge. The building
sections are interconnected at the moat level
of the city walls underneath, through public
spaces. At the street level, the building offers
on both sides a window of related exhibits.
On the level above, private and semi-public
research spaces are accommodated. The
building complex forms a gate for the main
commercial circulation vain to the old city
core.

The building at Solomou square extends from
the moat level of the city walls over the level of
the square in six floors (Fig. 4). The semi- and
public areas of the center are distributed over
the height, whereas the private areas are only
visible by the public. The structural disposition
enables openings at the floor levels, so that
the functions are interrelated throughout the
building. The circulation is achieved through a
ramp on the periphery. A glass envelope with
integrated adjustable sun-protection elements
enlightens the appearance of the building.
hus, the building acts like a showcase of its
contents and activities in attracting the public
flows within from the main bus stations at the

site.

Figure 3. Building unit at Dorou Loizou

Figure 4. Building unit at Solomou Square
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The building at the Pafos Gate consists of two
main sections that are connected through a
corridor over the street leading to the old city
(Fig. 5). The north section hosts the entrance
of the complex and a glassed exhibition
space. The first floor hosts the private and
semi-public research spaces accessible
by the visitors. The fagade panel openings
adjust to the functional requirements of the
corresponding spaces.

The building units at Sarayonu are positioned
at the moat level of the city walls (Fig. 6). The
main building section is situated below the
street level, and extends on one side of the

moat. Deployable units adjust through their
size, structure and envelope elements to the
functional disposition of the program. In this
case the building primarily conveys open and
closed spaces within the landscape at the
moat level.

Figure 5. Building unit at Pafos Gate

Figure 6. Building unit at Sarayonu
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The building unit at Kerynia Gate bridges
two opposite sides of the city walls with the
connecting street to the old city extending
underneath (Fig. 7). The public functions
are distributed within a main glazed open
space. The private spaces are contained in
prefabricated lightweight units plugged into
the main structure on the back longitudinal
side facing the new city. The building acts
as a gate to the old city exhibiting the public
activities within the old city area.

The building unit at Saracoglu Myd develops
along the main connecting street to the old
city (Fig. 8). A unified space is placed below
the street, containing public spaces. The
private spaces are placed on the upper levels
of the complex. Three cores with vertical
circulation elements connect the cantilever
functional units above the street level. The
latter consists of truss tubes connected to
the cores. The building complex is primarily
envisioned to activate the urban area at the
moat level of the old city.

Figure 7. Building unit at Kerynia Gate

Figure 8. Building unit at Saracoglu Myd
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The building unit at Sehit Huseyin Ruso is
positioned on the street connecting both
city sides, and it transforms the area to a
pedestrian zone (Fig. 9). The building is
developed in two autonomous sections
interconnected at the street level. Each
section consists of a mega truss tube,
hosting two main functional levels. The
public functions are mainly concentrated at
the ground level, while the private ones, at
the levels above. Thus, the building acts as a
passageway at the site.

The building core unit at King George B is
grounded at the moat level of the city walls on
one side of the connecting street, and it extends
over three levels. The building core hosts
the exhibition of the center and the vertical
circulation elements. The semi-public areas
are hosted in prefabricated units positioned at
street level and above, and the private research
areas, within the main cantilever above the
street. The building bridges the street, whereas
a steel staircase connects the main cantilever
with the park underneath. The building
disposes a gate to the old city core (Fig. 10).

Figure 9. Building unit at Sehit Huseyin Ruso

Figure 10. Building unit at King George B
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2.1. Urban activation scenarios

The development of the building units has
been based on modularity, light-weight and
mass-fabrication to -customization of the
components. The buildings' articulation
derives from the context of the site and
favors a high degree of flexibility of the
units’ composition. At the same time, the
proposals support sharing and networking
of functions among different building units
within the city grid and by extension, with
local urban areas. Different urban activation
scenarios may emerge according to the
building units realized at different bridge
connections to the old city. A case example
is shown in Fig. 11, whereas four buildings
are activated at a specific time, comprising
further a corresponding urban network of
research and development within the Nicosia
city core. Based on such urban activation
scenarios, the old city life and productivity
are enhanced. In parallel respective
circulation paths, labour, open space and
green areas of the city are developed.
Further related developments within the old
city core are expected to arise due to further
urban activations through different buildings’
realization and interaction.

CONCLUSION

The current paper has presented design
proposals of flexible building units of industrial
research and technological development
for the city core of Nicosia. In view of the
current situation of the city centre, primarily
characterized by a degradation of the quality
of life and the urban environment, economic
stagnation and population decrease, the units
are envisioned to act as urban transformers
and interaction nodes with the local and global
communities of labour, researchand production.
At the building level, aspects of modularity,
light-weight and mass-customization favor the
achievement of flexibility for an effective time-
dependent interaction of the units at a global
and local level, especially within the specific
urban context. The architecture developed,
provides a particular vision of the future of the
area while relying on contemporary technology,
and supports  flexibility, transformability
and adaptability in macro and micro-scale.
By extension, embedding research and
development institutions within the walled
city of Nicosia may further enhance its
regeneration and sustainable development.
Further investigations of the proposals refer
to the socio-economic impact of mixed

usages introduction at the urban scale and the
application of technology for the achievement
of a sustainable regeneration of the old city
core.

Figure 11. Urban activation scenario through operation of four building units (Dorou Loizou, Sarayonu, Saracoglu
Myd, King George B): Main urban circulation axes, usages and connection areas along the city walls moat
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ABSTRACT

As the appearance of robots become
more prominent in the built environment,
architects face the challenge of exploring
design opportunities for their integration.
While such a synthesis involves an interest
in technological systems and kinetics, it
also importantly involves alternative ways of
occupying space. This paper outlines the role
architectural robotics play in the advancement
of the human condition by proposing novel
ways of living with and within the machine.
Through a critical review of architecture's
relationship to the machine paired with the
outline of an experimental pedagogy, the
intent is to uncover ways for equipping a
future generation of architects, not only
capable of realizing environments embedded
with feedback and dynamism, but also adept
in envisioning the design of a better world.

KEYWORDS

Robots; humanism; pedagogy; occupation;
feedback.

INTRODUCTION

Like the language of machines that inspired
Le Corbusier a century ago, advances in
artificial intelligence and robotics have raised
questions regarding how these technologies
change the way we both design and inhabit
space. Thus, contemporary architects
are inevitably faced with the challenge of
rethinking the creative and technological
limits of the discipline. Greg Lynn stresses the
need for such developments, when he writes:
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Rather than merely outfitting buildings with
technology [and..] rather than implanting
empty boxes with artificial intelligence or
retrofitting our cities for driverless vehicles,
architects should [.] integrate large scale
robotics into buildings and urbanism at the
very inception of their creative and critical
processes [..] to realize not just dynamism
and interactivity, but envision new kinds of
spaces and structures with a technological
integrity that challenges the static status quo.
(Lynn 2016, 16).

From this provocation a set of key questions
arise asking, how might we, as architects,
become active participants in exploring ways
robotic technologies are integrated into the
built environment and what are the spatial
implications and architectural ideas that
might emerge from their integration?

The architectural robot legacy, in both
its historical and contemporary context,
provides a framework for the pedagogical
experiment, outlined in this paper, entitled,
the Robot Project. Taking heed to Beatriz
Colomnia’s call for radical pedagogies, which
“shake foundations, disturbing assumptions
rather than reinforcing and disseminating
them,” (2012) the Robot Project seeks to
address transformations brought on by new
technologies and an information culture.
The project recognizes that emerging fields
today are exploring the use computers and
automation of robots in the home (domotics),
in cities (urbotics), and on land (orbotics)
(Somalvico 31). While Bill Gates forecasts
“a robot in every home” (Somalvico 31), the
former dean of architecture at MIT, William
Mitchell, envisions homes not as “machines
for living” but “as robots for living in” (Kapadia



2010, 48-53). It asks, will a future generation
of practicing architects be prepared to address
these  emerging  disciplinary ~ concerns?
Similarly to Walter Gropius's description of
industrialization as a "purifying agency' liberating
architecture from outmoded technological as
well as aesthetic values" (Picon 2014, 58-59)
during modernism, the Robot Project recognizes
that technological innovation can likewise be a
driver for epistemological changes, which forces
designers to think differently.

1. THE ARCHITECTURAL ROBOT LEGACY
1.1. A Machine for Living in

Importantly, the Robot Project is grounded in
a much larger historical and contemporary
context as defined through the longstanding
relationship between architecture and the
machine. In Le Corbusier's Towards a New
Architecture, he envisioned a new world derived
from industrialization and his infamous quote,
“a house is a machine for living in” first appears.
Corbusier situates the quote in the context of
the airplane imploring that engineers define
the problem of “wishing to fly like a bird” and in
response “invent a flying machine” (1986, 113).
He then questions how might we, as architects,
define and solve the problem of the house.
Despite the abundant reference to the machine,
its application in modernism focused primarily
on style rather than interest in the machine as
an instrument. However, 1960's architectural
discourse focused on the integration of the
machine as way to explore how it mightinfluence
both the conceptualization and inhabitation of
space from domestic to urban scale.

Post war thinkers like Reyner Banham called
for “a restored interest in technology in terms of
instrumentality” (Perry 2012, 74). For instance, in
Banham's “Anatomy of Dwelling” in collaboration
with  Frangois Dallegret, he exposes the
relationship between technology and domestic
life by pointing out that the house is so full of
mechanical and electrical services that the

instrumentation alone could provide shelter.
These drawings acted as a provocation to
architects to take a serious approach to
technology. Banham also presented these
ideas at the 1966 International Dialogue of
Experimental Architecture (IDEA). The Radical
Pedagogy archive describes Banham's talk
stating:

He concluded by asking whether the architect
of the future would still find him or herself
involved in the “enclosure business” or would
instead have turned towards environmental
conditioning systems of the type being
developed for the space program, from life
support suits, to telecommunications helmets
and food “shots.” (Buckley).

Banham's statement assumed that existing
trends in technology would grow and
urged architects to look at technological
advancements as a precursor for working
through the potential impacts on the
discipline (Perry 2012, 74). Such early ideas
of technological extrapolation focused on
adaptable architecture and transformation
of space as seen in the designs from many
of those 1966 IDEA attendees such as
Cedric Price, Archigram, and Yona Friedman.
These key players conducted technological
experiments that pushed boundaries in
architecture and drove resultant ideas
regarding ways of living.

Of course, the most notable project for
the concept of a reconfiguring building
embedded with responsivity was the Fun
Palace (1959-1961) proposed by Cedric
Price in collaboration with Joan Littlewood,
John Frazer, and cyberneticist, Gordon Pask.
The Fun Palace proposed a flexible and
transformable building able to accommodate
a variety of occupation possibilities. The
building system included a user interface
for reconfiguration along with the ability
to autonomously suggest new spatial
configurations whenever it would “get bored”
with common arrangements. Price believed
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providing spatial flexibility was the best way
to consider a building’s users and he argued
that new technology “should both serve the
public and further human freedom” (Ways of
Being Political 2013).

1.2. Architectural Robots a Humanist Project

While the robot legacy in architecture
reveals a trend, which exists primarily under
a humanist agenda, by striving to explore
alternative ways of occupying space in order
to enhance the relationship between people
and their environments. The exploration of
technologically optimistic design practices
suggest the line between social activism and
a technological agenda is not so distinct. For
instance, Buckminster Fuller, saw technology
as “a means to redesign society” (Picon 2014,
56). His designs for the Dymaxion house and
car "were not only [..] meant to revolutionize
the building industry, transportation and
everyday life; they were also intended to
pave the way for a radically different future
in which men would roam free on the surface
of the globe, live everywhere and fully take
advantage of their intellectual capacities”
(Picon 2014, 56). In the Potteries Thinkbelt
project, Cedric price also appropriated
mobility as a means to distribute knowledge.
He proposed to occupy a railway system in
order to transport and disperse knowledge
with the cars behaving as mobile teaching
units in addition to “inflatable lecture theaters,
foldout desks, and information carrels” in
order to provide a means of distributing,
sharing, and cultivating knowledge outside
of the static campus model (Changing of the
Avant-Garde 2002).

Urban narratives for softer architecture of
the 1960's suggested a liberation from the
status quo through flexibility and choice as a
means to facilitate density and the expansion
of the city. Yona Friedman explored human
centered design problems in his project Ville
Spatiale, providing an urban infrastructure
that supported flexible rearrangement, as
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a way of having occupants give meaning to
their environment through the freedom of
individual choice. While Friedman's proposal
involved complexity of motion through
reconfiguration, the project’'s focus was to
promote the discussion of urban growth
by providing the “fundamental right to self-
expression of individuals” (Ville Spatiale).
Archigram'’s work provides multiple examples
of the integration of various scale robots
through the lens of fiction as a way to
promote discussion that could lead to change
especially different from the ever growing
means of suburban life. For instance, their
prototype for a house of the future in their
exhibition titled, Living 7990, included a room
with two robots to accommodate moveable
services and change various states of walls,
ceilings, floors, and furniture. Looking at an
urban scale, Archigram's proposal for Walking
City envisioned an intelligent infrastructure
intended to freely roam the world making
decisions about where to move based on
resources and production capabilities.
Such robotic interventions of the 60's from
Friedman to Archigram suggest the capacity
for resilient response to natural disaster and
also promote an agenda for open boarders in
which cities effectively relocate in support of
vitality and equal access to resources for all
of humanity. In response to skepticism about
Archigram'’s ideas and their relationship to the
"human factor” Hans Hollein describes both
the social and political agenda behind the
work when he writes, “Their ideas are always
for people, for a better life for people” (Cook
1999, 6). As Hollein points out in Archigram'’s
work, the architectural robot in its legacy
interrogates both practice and culture by
exploring novel ways of living with technology
and each other.

While Archigram used fiction as a means to
deflect questions of actualization, other key
players like Nicholas Negroponte founder
of the Architecture Machine Group (which
later became the MIT Media Lab) sought
to realize context responsive buildings.



Negroponte describes the group’s vision of
‘a man-made environment that responds
to and is ‘meaningful’ for him or her” (1975,
ii), suggesting responsivity could provide
additional significance to the built world. He
also describes the goal of "humanism through
intelligent machines” (1970, 7) and the desire
to “conjure a world where buildings are [..]
animate, thinking, and emotive beings, which
actively house and protect us physically as
well as psychologically” (Beaumont 2015).
Negroponte's experiments sought not only to
promote alliances between architecture and
computation, but also strove to find ways to
advance the human condition by promoting
a symbiosis between man, machine, and the
built world.

1.3. The Speed of Society

In  contemporary research and design
practices, architects have been looking for
ways to deal with dynamics and spatial
reconfiguration. In projects such as, OMA's
Maison Bordeaux in France (1998), Greg Lynn's
RV Prototype House designed for the Bienniale
Interieur (2012), Axel Kilian's Flexing Room
exhibited at the Seoul Biennale of Architecture
and Urbanism (2017), and the Hyberbody
Group at the Delft University of Technology's
projects Musclebody and Muscle Towers
(2006), there is a commonality of exploring
ways to reconfigure space based on the user
needs and/or interaction. In fact, Michael Fox,
author of Interactive Architecture, coined the
term ‘robotecture’, which explores "human
and environmental interaction and behaviors,
embedded computational infrastructures,
kinetic and mechanical systems and physical
control mechanisms" (2009).

Elizabeth Diller, in an interview about the use
of moving parts in their practice, explains,
“It's not the movement that is important. It's
the speed of its responsiveness to the needs
of the artist” (Davidson 2016, 59). In this
statement she explains the necessity of the
artist to not limit ideas or the actualization

of ideas. Such freedom within architecture
provides a means for the discipline to evolve
to the growing needs of occupants within a
digital age. In an interview with Sidewalk Lab
regarding the development of the Shed along
the High Line in New York, Diller describes that
society is moving so quickly and it is essential
that the architect's work try to respond to
the shifting needs of society and the need to
create an architecture which is both supple
and distinct (Jaffe 2019).

2. ARCHITECTURAL ROBOT PEDAGOGY
2.1. Epistemological Change

Within  the context of the historical
and contemporary practices involving
architectural robots comes a need for a
complementary idea about robot pedagogies.
Beatriz Colomnia urges for experimental
pedagogies in architectural education when
writes, “As schools appear to increasingly
favor professionalization, they seem to
drown in self-imposed bureaucratic oversight,
suffocating any possibility for the emergence
of experimental practices and failures”
(Colomnia 2012). By looking back to the
educational experiments of the 60's and
70's, she reminds us of the epistemological
changes resulting from pedagogical practices
that support a willingness to walk into the
unknown. This kind of epistemological
change, which forces designers to challenge,
question, and rethink, is most important
consequence of the subsequently outlined
Robot Project, at least for now.

2.2. Methodology

Instead of amplifying anxieties about
conditions of alienation produced by advanced
technologies and machines, the Robot Project
draws on the history of humanistic concerns
seen in the architectural robot legacy and
looks for ways that living with and within
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the machine permits discovery of newfound
intimacies between ourselves, each other, and
the world around us. The Robot Project was
part of a course, of approximately seventy
architecture students, that aims to rethink
current pedagogies for computational design.
Itimagines a space of learning that integrates
craft and speculation, criticality and creativity,
and innovation and social consciousness
through production of architectural robots.

Drawing on the definition of a robot,
which involves complexity of motion and
programmability, paired with the essential
qualities  of architecture (i.e, space,
occupation, light, experience, etc) the
project asks students to combine these two
characteristics in order to both design and
build a working prototype of an architectural
robot. Due to the scale and nature of the class
(i.e., large scale and conducted outside of the
studio setting), the project encouraged self-
guided intellectual play through prototyping
and workshops in physical computing. For
instance, the first workshop was a two hour
long design charrette in which the students,
working in groups of two, were given a small
DC motor and wired battery pack and told to

make an object that propels itself forward
with materials that are found, recycled,
reappropriated, etc. Additional workshops
topics included introduction to programming,
the basics of physical computing, actuators,
sensing, and mechanisms. The project
methodology focused on hands on making
and prototyping in parallel with modeling in
order to see problems related to geometry,
materiality, and fabrication. The students
also explored historical and contemporary
examples of architectural robots to help
inform and promote discussion around their
own creative narratives.

One of the resulting designs revisited
Archigram’'s Walking City project through
the lens of Theo Jasen's Strandbeast using
a linkage configuration to both support and
accentuate the performative nature of their
robot's walking motion (Figure 1). Other
student groups envisioned designs for the
autonomous cars which separately housed
a movie theater, gym, and library in order to
provide programmatic amenities during the
commute (Figure 2 and 3). Another group
sought to explore the use of real time news
data to filter out key terms related to gun

Figure 1. Image of revisited Archigram’s Walking City robot through the lens of Theo Jasen's Strandbeast. Source:

(Rachel Dickey 2079)
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Figure 2. Public library and that roams the city providing access to wifi and distributing knowledge. Source: (Rachel
2019)

Figure 3. Top left: Autonomous car with 3D cinema display. Top Right: Robot uses real-time news data as input
and expands and contracts based on the occurrence of key words related to gun violence. Bottom Left: Robot
that reflects signals and remains unseen to other technologies. Bottom right: Expansion robot that temporarily
protrudes outward and claims public space for events. Source: (Rachel Dickey 2079)
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violence such that their robot would change
shape in order visualize conflict in public
space and provide a place where conflict is
exposed, debated, and transformed (Figure 3).
Inspired by Bauhaus pedagogies which
included event, performance, and cultural
play space, and in lieu of traditional formal
design review, the students organized a
concluding event and performance of their
thirty-nine  uniquely designed, fabricated,
and programmed robots that strut their
computational prowess while walking, rolling,
even dancing down a fifty foot long catwalk
in their final exam time debut. Driven by
Bluetooth technology, and designed and
actualized through physical computing and
digital fabrication, these robots dared to excite
and challenge ideas about the contemporary
discourse and discipline of architecture.
Evolving from the inherent interest in objects
that move, the event also acted as a way to
invoke curiosity about the work from faculty
and students alike.

Rethinking the culture of design, making,
and presentation, the students organized the
arrangement of the runway space, designated
a DJ to play each robot’s theme music during
their runway walk, and nominated a series
of commentators to actively describe each
robot during the runway debut. Some of the
descriptions, prepared by each group, read
like a detailed high fashion garment summary,
while others read like a World Wrestling
Federation commencing narrative. Both
the project and related event draw a finer
line between rigor and play. Similar to the
motivations of the Bauhaus, as described by
teacher, Johannes Itten when he writes, “Play
becomes celebration; celebration becomes
work; work becomes play" (Loewenberg 2012,
22). Like Itten's desciption the Robot Project
and corresponding event try to encourage
a design culture of fostering both critical
thinking and creativity and provide a play
space for responding to a world embedded
with technology.
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2.3. Takeaways

While a primary objective for the Robot Project
was to introduce students to computational
thinking and adaptive architecture, other
architectural problems arose during the
project. Students had to consider how to
integrate mechanical systems by including
their micro-controller, network of motors,
gears, power supply, etc. Many for the first
time, were exposed to working with integrated
systems and specifications in order to
understand the basic information related to
their actuators, such as ratings, voltages,
torque, etc. Additionally the students directly
engaged in fabrication problems through
both physical and digital prototyping, in which
they had to consider material tolerances and
material properties such as bending radi,
elasticity, and even the coefficient of friction in
order to get enough resistance for movement.
Thus, the project constraints stemmed from
the design problem of making an operational
robot relative to their larger narratives
regarding transformation of space.

As growing emphasis on information
and integrated technologies in the built
environment place a new set of requirements
on architects, the students were also provided
with the opportunity to explore alternatives
to previously determined conditions and
embrace both quantitative and qualitative
characteristics of dynamic systems. The
explicit goals for the project seek to explore the
boundary between robotics and architecture
and promote creativity at their intersection
by encouraging novelty with intention. It also
strives to introduce students to critical ways
of thinking about technological integration in
architecture. While the project operated under
these objectives, the course also took on a
transformation from its traditional pedagogy
which shifted focus from the application of
computation in design for the generation of
new formal languages to the appropriation of



computation as a means for thinking about
integrating feedback in architecture.

The difference in shifting focus on
computation as formal language to a means of
understanding feedback relates to what Theo
Spuyroploous, calls “the shift in preoccupation
from building as object to building as
system” (2011, 425). Early digital architects
found interest in this notion of feedback
not only related to production of design,
but also integrated into the performance of
architecture. For instance, Kas Oosterhuis
explored shape changing structures using
real time content to accommodate changing
use over time in the Trans-Ports Multimodal
Pavilion (2000). The nodes of the pavilion
would change position to allow the overall
surface to shift in form. Oosterhuis describes
early revelations regarding an adaptable
and shifting architecture when they were
fabricating the Waterpavilion (1997) with NOX:

We realized that CNC production machines do
not read drawings but process data instead.
So we decided to produce data which were
directly used by the algorithms running the
machines. It was the birth of deep parametric
design to production. [..] This triggered me
to think of architecture as a dynamic system,
not only in the design phase where everything
is still moldable, but also in its behavior as a
built structure. (Oosterhuis 2017)

Through the lens of the parametric model,
Oosterhuis suggested a mindset in which
parametric animation does not stop, instead
architecture itself could be set of parameters
in motion guided by feedback. In other
words there was an interest in not limiting
architecture to “a static representation of a
dynamic process” (Perry 2012, 73), but instead
allowing the process to inform a flexible
architecture. Thus early digital architects
caught up in formal possibilities, like the
modernist interest in the machine relative
to stylistic concerns, lost sight of its origins,

which Oosterhuis explains showed interest in
the integration of contingency in architecture.
Another important lesson from the class was
the consideration of time and speed relative
to the built environment. Most students chose
to think of architectural robots purely as a
means for producing dynamic buildings and
spaces and few considered how their robots
situated in space change human behavior
and activate space differently which is also
inherently architectural. Overall the course
placed emphasis on design ideas actualized
through prototyping rather than efficiency
or  optimization.  Future  development
of the project and course could include
interdisciplinary ~ collaboration  between
engineers and architects in order to advance
kinematic components, while also exploring
ways to enhance, define, and accommodate
spatial needs. The hope of the Robot Project
is to generate a new generation of architects
that are able to realize architecture as a
system, but also equipped in conceiving of
novel spaces, environments, and experiences.

CONCLUSION

Skeptics may well wonder: Why complicate
our buildings with robotics? We'd be the first
to agree, for example, that buildings should
employ windows, not air conditioning and
artificial lighting, to make the most of daylight
and natural heating and cooling. Still, who
would deny that electric lighting and central
heating extend the usability of our buildings?
We see architectural robotics the same way,
as potentially extending and enhancing the
use and usability of our built environments.
(Gross 2012, 32)

The rapid changes brought on by an
information based society and the complexity
that exists within negotiating systems
and forms relative to varying needs of
the occupant have generated a desire for
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dynamism and indeterminacy which greatly
contrasts with the traditional architectural
ideals of determinacy and permanency
(Bhatia 2012, 216). The architectural robot
legacy and project outlined looks outside
the “static status quo’ and instead envisions
the integration of computation in design as
a means for examining feedback directly
related to human factors, which could evolve
to include flexibility of use and unique forms
of experience.

While automation of robots in the built
environment is already being discussed
by engineers and specialist in human
computer interaction, current trends sum
up an automated architecture to no more
than a ‘disembodied voice” with voice
control systems or “a world of scaffolds and
screens” (Kilian 2018, 233; Young 2016, 130).
Conversely if we revisit Corbusier’s expression
and really explore what is might be like to live
with or within the machine, opportunities arise
for novel spaces and structures that address
human needs and ways living, perhaps even
needs we never even knew we had or ways
of living we have yet to explore. If we, as
architects want to be leaders in the discourse
and practice of determining the advancement
of the built world, then we must carefully
reconsider the machine for living and imagine
a new set of possibilities for exploring the
integration of feedback and responsivity into
the built world.
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ABSTRACT

Digitally controlled machines and rapid
solidification mixtures are allowing to
execute  buildings  through  3D-printed

construction with a reduction of resources,
waste, time and manpower. Moreover, this
technology provides a direct flow from
design to execution. However, the general
characteristics of buildings made with
this technology have not been confirmed
yet. This work aims to identify features
of architectural design with 3D-printed
construction through material tests, study of
cases and digital models, with the purpose
of guiding the building development. Printing
proofs show the execution of elements with
rough textures, rounded corners and limited
ranges. The cases analyzed demonstrate the
emergence of a variety of buildings executed
with different equipment which share some
construction conditions. Digital modeling
of 3D-printed buildings offers opportunities
of analysis and optimization, especially
regarding curved walls, as well as the
integration of fabrication design and control.
The sinuosity of printed walls becomes a
preview of the innovative spatial features that
this technology is able to provide. This review
reveals novel operational and perceptual
conditions of 3D-printed architecture that
indicate possible evolution in the roles of
design and buildings in the city.
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INTRODUCTION

Digital control of machines and the fast
hardening capacity of certain materials has
promoted the emergence of new 3D-printing
technologies. These technologies have
allowed executing individual constructive
elements or entire buildings (Labonnote et al.
2016; Delgado Camacho et al. 2018) that can
reduce consumption of resources, waste,
time and manpower in the construction
industry, while providing higher accuracy
and digital integration between design and
execution. This leads to examine what
would be the appropriate characteristics
of buildings made with this technology.
Therefore, this work aims to identify specific
features of 3D-printed architectural design
through the study of material tests, cases
executed and digital models in order to boost
the development and experimentation with
this new technology.

3D-printed construction is an additive
manufacturing (AM) process based on
the deposition of a fast-solidifying fluid
material that allows executing human-
scaled elements (Craveiro et al. 2019). This
deposition consists in the extrusion of a
mixture pumped to reach a nozzle that is
vertically attached whether to a 3 DoF gantry
system or to a 6 DoF robotic arm. In some



Figure 1. Printed construction experiments with a Kuka120 R2500 robot. Source (Authors 2020).

occasions, there is an additional control,
feed or pushing device in the final section
of this system. The material pumping must
synchronize with the movement speed
of the nozzle, which is controlled by the
gantry system or the robotic arm through
digital programming of the deposition
trajectory. This trajectory is determined from
a geometrical model and usually divided
in horizontal paths that define successive
layers of material extrusion.

At the Universidad del Bio-Bio (Concepcion,
Chile) initial printing proofs were first
performed with a small experimental gantry
system (1 x 0.6 x 1.2 m) and a mobile deposit
of 9 liters. Nowadays, more advanced
experiments are being carried out using a
Kuka120 R2500 robot with an action radio
of 2.5 m, along with a concrete pump of 120
liters to build wall sections, columns and free-
form pieces (Fig. 1). These proofs have made
it possible to test cementitious mixture, to
define procedure for printing proofs, and to
identify construction features that have been
found to be coherent with other experiences
worldwide (Bos et al. 2016; Ghaffar, Corker,
and Fan 2018; Ma, Wang, and Ju 2018).

1. THE CORNER ISSUE AND OTHER
PECULIARITIES OF 3D-PRINTED
CONSTRUCTION

When using 3D printers with fused deposition
modeling (FDM), extrusion feed rates are
proportional to the lengths of linear segments
usually employed. However, in Computational
Numeric Control (CNC) machines velocities
does not remain constant during the path
defined. At the beginning of each segment,
the devices must accelerate until a constant
speed is reached, and then must decelerate
when approaching a change of direction. As
aresult, an excess of material is deposited in
those zones where the trajectory’s geometry
abruptly changes (Ertay, Yuen, and Altintas
2018). This issue is also known as ‘overshot
corners’. Through a correct calibration of the
speed, acceleration and over-acceleration
(jerk) parameters of each axis, the flow rate
or extrusion multiplier, and other parameters
that can be configured through software,
clean edges can be achieved, but there are
also machine vibration.

In 3D-printed construction, the Contour
Crafting (CC) method incorporates 4 DoF
(TX, TY, TZ and RZ), where controlling the
rotation of the nozzle during the printing
process, to keep a tangential direction.
However, in certain moments, the nozzle
must stop or slow down the extrusion while
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rotates and pushes the material from the
opposite edge and this technique tends to
create bulges around the corners. Therefore,
the nozzle must reduce the flow rate when
approaching a corner, and that reduction
depends on the corner's angle (Khoshnevis
et al. 2006). In rectangular extrusion nozzles
another known effect is the torsion of mortar
cords in corners. To avoid this torsion, the
nozzle's direction must remain tangent to the
deposition trajectory in synchrony with the
tangential speed and the material pumping
pressure. These parameters are directly
related to the viscosity of the cementitious
mixture (Bos et al. 2016).

Other effects are attributable to the
electromechanical configuration of 3D
printers or 4 DoF machines. Acceleration
and deceleration ramps are necessary to
break the inertia of the motors that are part
of the pumping and/or extrusion devices.
These configurations do not allow printing
right angles because of the deceleration of
the printer before reaching the corner. This
results in an enlargement of material in
the outer part of the arc (gap) and an over-
accumulation in the inner arc of the corner
(Fig. 2). Therefore, it becomes necessary to
use a curvature radio in the edges to achieve
an homogenous deposition of material
(Borg Costanzi et al. 2018). Similar than fillet
procedure in digital drawing of corners to
execute regular trajectories.

Another printing issue is the cumulative
angular error in corners of CC systems with
4 DoF. The nozzle must reach the required
rotation in the last segment of a line when it
passes through a corner. When the nozzle's
rotation speed is too low to finish the rotation
within that segment, an angular error arises
that the system tries to correct in the next
corner. These errors accumulate layer after
layer, especially in short segments with
great curvature radios (Xu et al. 2019). More
effects, such as the lack of material at the
beginning of a deposition trajectory occur
because of the delay between the start of
material pumping, the material's inertia in
the interior of the hose, and the deposition
movement. The effect of this discoordination
increases in trajectories starting and ending
in an orthogonal vertex, where they produce
whether an excess or a lack of material (i.e.
bulge or gap).

A different approach to this ‘corner issue’
in 3D-printed construction is presented
in the CONPrint3D® (Krause et al. 2018;
Mechtcherine et al. 2019), which consists
in the use of a nozzle especially designed
to end straight trajectories with no direction
changes, combined with the overlap of cords
with a rectangular section. This approach
implies a discrete cut (true-false) of the
monolithic cords in an alternate way avoiding
continuous control of the extrusion flow rate.
When approaching a corner, the pumping is
abruptly stopped, then the rotation and new

Figure 2. Material deposition in corners with different curvature radios. Source (Authors 2020).
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positioning is performed, and the pumping
is started again to continue with the next
straight segment. Thus, the overlap and gap
effects in corners that arise from continuous
rotation (RZ) in conventional CC systems
with 4 DoF are avoided.

The use of robots with 6 DoF in 3D-printed
construction can avoid the continuous flow
rate and material pressure control in pumping
equipment. The robot-based continuous
welding technologies used in automotive
industry allow the robot's end-effector to
describe trajectories with continuous speed.
This process only requires coordinating the
start and stop via programming code. The
use of conventional slicing programs for
FDM that are usually applied in 3D-printed
construction  experiments to  generate
straight segments in G-code can be replaced
with parametric control tools such asHAL
or KUKA|prc , which already integrate
continuous trajectories, lines, continuous
arcs and splines.

Aside from the ‘corner issue’ here described,
there are several phenomena that occur
during the printing process. Since the
printing material is deposited as a horizontal
cord through the nozzle (which is usually
circular), both a transversal expansion and
a vertical reduction are produced because of
the setting process and its own cumulative
weight of material. As a consequence, an
adjustment between the design dimensions,
nozzle measurements and magnitudes

of the deposited cord must be made, as
well as a reduction in the horizontal joints
between cords is produced making a rough
texture in the elements’ faces. The cord’s
dimensions depend on the nozzle's size,
mixture density, air humidity, flow rate, print
speed, opening time, and initial setting time.
These dimensions must be supervised in the
execution to estimate the modifications in
the design to be printed and the trajectory
that allow adapting to these phenomena.
When the printing path completes each lap,
it is necessary to change the position of the
nozzle in height, and this jump’ produces a
bulge similar to that of the aforementioned
‘corner issue’. Thus, it becomes advisable to
generate printing paths that follow a spiral
form to avoid bulging when completing
each lap. These spirals must grow the
height of one cord in each lap minus the
height adjustments due to the setting and
cumulative weight effects. The early setting
time of the mixture must be regulated to
resist the weight of the subsequent layers
without major dimensional alterations.
The spiral trajectory, equipment range
and material feeding establish maximum
magnitudes for the printed elements to
keep that slope progression. Therefore,
sections and sequences of execution must
be established according to the machines
position and material load capacity.

The vertical sequence of cords is prone to
overturn, especially in straight sections of

1=\
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Figure 3. Perimeter printing proofs of a reinforced structural element. Source (Authors 2020).
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the element, thereby making it advisable to
use ample curves or transversal sections
in the design. Interior reticulates also
collaborate in supporting the element once
executed and act as partial fillings. Additional
proofs have been performed with an UR5
robot to print constructive elements with
inner reinforcing steel bars (Fig. 3) aiming
to determine strategies to move the robotic
arm along the perimeter without interfering
with them. However, this requires to apply
the extruded mixture with an angle of the
nozzle that allows avoiding clashes between
the tool and the printed element, which can
be predicted in the path programming using
HAL, KUKA|prc or similar software. Also, this
inclination of the nozzle generates greater
accelerations both in concave and convex
corners. These difficulties make also is
preferable to design elements with rounded
or curved edges.

2. ARCHITECTURAL EXAMPLES OF
3D-PRINTED CONSTRUCTION

The aforementioned preference of curved
shapes has been also present in several
examples of 3D-printed buildings worldwide
(Perkins and Skitmore 2015; Hager, Golonka,
and Putanowicz 2016; Tay et al. 2017). By
September 2019, the authors identified 68
experiences in different countries, through
a review of websites and scientific papers.
These experiences were made by enterprises,
universities and/or national programs, and
mostly destined to experiment with this new
technology and to present examples of what
it has to offer. From a small refuge in Milano
in 2010, a hotel in Philippines and an office
in Dubai in 2016, a house in Russia in 2017,
an emergency dwelling in Texas, an energy
efficient house in Nantes and another one
in Valencia in 2018, 3D-printed construction
is spreading at a fast pace. In Latin America
seven initiatives have been registered: a
dwellings prefabrication company and three
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universities in Chile, and diverse enterprises
in Colombia, Brazil and Argentina.

Most of these initiatives have appeared in the
last four years, combining printed elements
with other conventional components. 66%
of them were executed with gantry systems
and 18% with robots, and the vast majority
with cementitious mixtures. The WinSun
company in China exposed up this date fifteen
buildings made with 3D-printed construction,
some of them with several storeys, dwelling
groups, or urban furniture, but without
details on the components and processes
used. Cybe (Netherlands), ApisCor (Russia),
Printhuset (Denmark), and the Engineering
Corps of the US Army presented printed
buildings, and even designs, equipment and
mixtures to sale. Besides, several institutions
have participated in NASA competitions
focused on extra-terrestrial construction.
The buildings presented are generally little
houses or pavilions around 50 m2, with one
floor and some common characteristics such
as use of 3d-printed construction mostly
in walls with rounded corners and ample
curves. These designs use whether filled
single-cord or hollow envelope with parallel
cords. The visible texture is covered in some
cases, and complemented with decorative
vegetation, doors, windows and installations.
Windows and doors are usually scarce and
narrow, and roofs use a different constructive
system, whether in wood, metal or concrete
slabs. Speed and low cost are frequently
highlighted as the main advantages, as well
as waste reduction, higher safety and design
versatility.

In the latest months, a big building printed in
Dubai by ApisCor has been presented, using
straight and circular walls. Also, the NASA
contest for extra-terrestrial construction
showed proposals based on vertical shapes
with conical roofs and scarce openings (Fig.
4). Besides, a sinuous design for a dwelling
has been executed in Morocco by the Spanish
company BeMore3D in the Solar Decathlon
Africa contest, as well as a second pavilion



Figure 4. Examples of 3D-printed construction; office building in Dubai (left); constructions in NASA contest (right).

Sources:

(https://www.apis-cor.com/,  https./spectrum.ieee.org/tech-talk/aerospace/space-flight/3d-printers-

could-build-future-homes-on-mars, photographer Tracy Staedter)

by the US Army. The companies COBOD and
Cybe are executing buildings in different
cities of Europe and Asia, and developing
equipment and commercial organizations.
In their constructions, modular walls with
inner reinforcements and services have been
observed.

3. BIM MODELING OF
ARCHITECTURE

3D-PRINTED

The control of 3D-printed construction
requires digital modeling, then some studies
have devoted on testing BIM for design
and planning printed buildings (Lim et al.
2016; Davtalab, Kazemian, and Khoshnevis
2018). The digital management allows also
to analysis constructive conditions like
shape optimization. For example, curved
partitions provides greater stability against
lateral forces than straight (Kounadis and
Papadopoulos 2016; Lagomarsino 2015;
Liu et al. 2018). Like 3D-printed construction
can execute any shape, and in particular
curved envelopes, this attribute can reduce
material consumption, as well as to decrease
environmental impact, manpower needs,
waste and transport.

A geometrical analysis was developed by the
authors through parametric programming
in BIM for the configuration of a 40x20m
rectangular enclosure by generating 1,600

randomized alternative solutions of straight
and curved walls (Martinez-Rocamora et al,
2020). Considering similar overturning limit
force for a straight wall 30cm-thick, and
different curved walls with the same projected
length but lower thickness depending on the
curvature angle. However, it is worth noticing
that using curved walls modifies the built-up
surface of the enclosure, reducing it with an
inner arc and increasing with an outer arc,
besides increasing the effective length. In
contrast, highly reduced thicknesses are not
buildable and do not provide the required
noise and thermal insulation. Thus, several
factors must be compensated by combining
several wall types in a same enclosure or
building. Based on the estimation of volume,
time and cost as resources for the execution
of each solution, it was possible to evaluate
their cost-efficiency. The programming
allows identifying the most efficient
designs to reduce the options that the
architect should evaluate from an aesthetic
viewpoint according to the spatial and
formal expressiveness (Fig. 5). In the shown
example, the design with the lowest time
of construction presents more pronounced
curvatures, while the solution with lowest
consumption of material shows soft curves
in all its sides. The combined analysis
throws a solution with strong curvatures in
the extreme sides and soft curves in its long
sides. Thus, the architectural solution can
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Figure 5. Renders of the best solutions in BIM analysis of envelope with 3D-printed walls in terms of material
consumption (A), execution time (B), and economic cost (C). Source (Authors 2020).

consider whether an operational efficiency or
economic reduction, with a more functional
or expressive design, according to the
activity or the building location.

Another initiative derived from the study
of 3d-printed curved walls was a practical
exercise in BIM with architecture, civil
engineering and  building  engineering
students. It was anintensive and collaborative
work of integrated design where the
students develop a project for an automotive
exhibition hall in a site next to a main road
with 3d-printed curved walls (Fig. 6, left).
This work included building design, budget
and energy consumption estimations, as
well as architectural visualization, structural

and construction details (Garcia-Alvarado et
al, 2020). The project was developed during
two meetings and four collaborative work
sessions of three hours each. Despite some
differences among the participants occurred
during collective work, it was possible
to complete the design with the proper
documentation and relevant architectural
proposal consistent with 3D printing of
curved walls.

In addition, experimentation with definition
of 3D printing elements like families in BIM
has been carried out. These elements were
parameterized according to the analysis
conditions, and exporting code for 3D
printing through KUKA|prc in Dynamo (Fig.

Figure 6. Excerpts of Design Exercise (left), 3D-printing programming in BIM (right). Source (Authors 2020).
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6, right). In this case, families were defined
for the repertoire of curved walls with angle
and thickness variations, as well as material
consumption. Also execution toolpaths
were defined according to the equipment
and concrete pump ranges, thus allowing to
program printing trajectories for 80x40x20cm
elements. These trajectories follow a helical
tour adapted to the estimated dimensions
for the printing cord, its vertical setting, and
lateral displacement. The programming is
usually generated from the volume section
of the element by controlling the parameters
of the trajectory according to the total length,
corners’ radio and the available volume of
material, and subsequently the G-code for
the robot is exported by KUKA|prc. With
the robotic arm’s control panel, the position
of the element, direction of the trajectory,
height adjustments and stops of the printing
process are calibrated.

These  experiences  demonstrate  the
potential that BIM modeling offers for
managing an architectural project based on
3D-printed construction, regarding the study
and development of technological features
with greater effectiveness. It also shows
the singular expressiveness of 3D-printed
architecture through the use of sinuous
forms to accommodate interior spaces and
innovative exterior appearance.

4. DISCUSSION

Printing constructive elements requires
planning and executing a trajectory of
deposition  considering the  machine
capacity, range and constraints in corners.
This technique produces rounded edges
and textured surfaces. Besides, the building
procedure promote curved walls, which
can be optimized, integrated and controlled
through digital modeling and fabrication.
Thus, the design of 3D-printed buildings
requires establishing sizes of rooms
according to the central measurements of
the spaces (see Fig. 7, left) and subsequently
determine detailed tool-paths for walls
and corners, which must be preferably
rounded. Therefore, architectural work must
establish the occupation and magnitude of
spaces within an integrated analysis and
management of construction process, apart
from to establish the envelope according the
equipment available and deposition strategy,
with convex edges that could difficult the
fitting of furniture but promote the interiority
of activities and a fluid perception of
surfaces.

The horizontal and sinuous configuration
of 3D-printed buildings also provides a
combined appearance of technological

innovation and ancestral stability (Fig. 7,
right), with curve walls and rounded corners
that dilute the visual awareness of edges,

Figure 7. Drawing of conventional and 3D-printed buildings (left) and 3d-printed models (right). Source (Authors

2020).
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thus privileging the expression of settled
and continuous volumes. The perceptual
extension of the faces prolongs the contours
and dissolves limits, linking adjacent spaces
and activities. Combined with technological
and  cultural  meanings, architecture
associated to 3D-printed construction
promotes new social relationships, and the
design are pushed to functional organization
that must articulate technical procedures
and expressive capacities of buildings and
their urban possibilities.

CONCLUSION

The various proofs, designs and examples
built with 3d-printed construction to date
present novel architectural features. Material
deposition produces rough textures in the
building elements, with rounded corners
and limited sections. Digital modeling allows
integrating and optimizing construction,
especially with varied and curved shapes.
Buildings executed mostly have 3d-printed
long and winding walls combined with
conventional roofing elements, windows,
installations  and coverings. These
conditions express an incipient architectural
development oriented to an integrated
management of design and execution
focused on operational control and functional
organization. But also, sinuous forms in
buildings allow dedicating inner spaces
to diverse activities and new expressions.
Hence, this work provides a novel and initial
review of architectural design with 3d-printed
construction that suggests an emerging
landscape of the architectural work and the
cities’ built tissue.
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ABSTRACT

In the last twenty years, society has witnessed
complex humanitarian emergencies caused
by radical atmospheric phenomena or sudden
political changes with warlike consequences
that have produced exceptional movements
and resettlement of affected citizens. These
emerging circumstances have hit especially
hard the most disadvantaged sectors of
the population. Needs for land preparation
and fast small and large scale housing
construction have emerged in order to
accommodate those affected in the short or
medium term.

In adverse environments, these needs require
the generation of diligent architectural
structures. In order to fulfill their objectives,
these agile and versatile skeletons must be
executed at local level, involving the citizenry
and using as much autochtonous materials
as posible. Capacities ans skills of the
locals must be focused on four fundamental
concepts:  self-construction,  portability,
sustainability and reuse.

This study traces an introduction to the state
of play regarding these diligent architectural
studies. It exposes the problem of creating a
model which responds by means of folding
structures or dismountable ones, to the needs
of each emergeny situation. Qualities such as
versatility, adaptability to the problem, basic
functionalities and conditioning factors are
analyzed.

KEYWORDS

Deployable structures; removable structures;
sustainability; self-construction; reuse.
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INTRODUCTION

Since the 1990s there has been a growing
interest not only in providing rapid
accommodation for people who lose or
have to leave their homes for a variety
of reasons. But there is also an interest
in making these habitats as safe, useful,
flexible, reusable and sustainable as possible.
Each location and each town has a certain
and very specific idiosyncrasy which makes it
unique. The shelter models implemented must
be capable of responding to these needs with
structural systems that are flexible enough to
be able to adapt to different lifestyles, multiple
locations and climatic conditions, with the
use of sustainable and reusable materials.
The present study aims to establish an
approach to the needs that each emergency
situation requires, the most appropriate type of
accommodationineachcaseandwhichmodels
of structure can offer a better response, without
forgetting the needs of the individual and the
sustainability of the system, i.e. its life cycle.

1. SUSTAINABILITY OF COLOR

After the Second World War, due to advances
in technology, improved infrastructure and
new communication systems at a global
level, a movement of aid and collaboration
among countries in case of humanitarian
disasters and war began to be generated.
After the Rwandan genocide in 1994, one of the
largest population migrations of that decade
took place and ths Sphere Project emerged.
During that conflict, significant coordination
failures among the different humanitarian



organizations that went to the area to help
were observed and the success of those
missions was meaningfully reduced. The
aforementioned project was launched in 1997
with the aim of improving coordination among
humanitarian organizations and of establishing
common operating protocols for them all.
The goal of the Sphere Project is to establish
common principles and minimum quality
standards in the event of having to act
in any type of humanitarian emergency.
These minimum standards are reflected
in its "Humanitarian Charter and Minimum
Standards in  Humanitarian  Response”,
which is regularly updated and revised.
As the fundamental philosophy of the project,
we can read in its Humanitarian Charter
‘[...] the right to live with dignity: the right to
receive humanitarian aid and the right to
protection and security” These rights are
complemented by minimum  standards
covering the needs for: water, sanitation and
hygiene promotion; food security and nutrition;
shelter, settlements and non-food items;
and health services. The present work will
focus on this need for shelter and settlement.
Two of the main causes behind the need of
generating new housing are natural disasters
and warlike conflicts, and both cases have
different origins and needs that condition the
type of response. Aspects such as the volume
of population to be rehoused, the urgency
with which the accommodation is needed,
the assembly times, the duration of the stay,
the model of population to be housed (family
or individual nuclei), the lifestyle in the area
(more or less rural), the climatic conditions
of the area and the natural resources of
the area determine the shelter model.
Broadly speaking, we can establish two
strategies that will condition the model of
refuge to be implemented as a response to this
need for new accommodation. The first one
would consist of trying to maintain and respect
the existing housing model by readapting it
reconstructingitandimprovingitandthe second

one would consist of standardized models
or exported from other areas (Davis, 1978).
Another important aspect to take into account
when considering an efficient shelter design is
the time factor. Up to 6 months we talk about
emergency aid or what we could callimmediate
survival; after that time we find ourselves with
humanitarian aid or post-disaster rehabilitation;
and if the situation lasts for years we are facing
a humanitarian action that would imply the
reconstruction of the area (Ros Garcia 2015).
Any analysis of these issues shows
that immediate relief, rehabilitation and
reconstruction, although they are distinct

phases, constantly interfere with each
other, and immediate decisions taken
a few days after the disaster usually

influence long-term events (Davis, 1978).

2. METHODOLOGY

The bibliographical references shown in part 6
have been used for the drafting of this article, as
well as consultations on specialized websites
and search engines. Internet searches have
been used mainly to extend and update the
information on those interesting projects
described in the books and whose description
was too short, but interesting to extend in
order to be able to go deeper into the subject.

3. DISCUSSION

In order to draw conclusions about the best
shelters for each context, it is necessary to
know which emergency accommodation
solutions can be considered. The goal of the
current work is, firstly, to analyse as many
different models as possible from different
points of view, namely: type of assembly,
compactness of the system, reuse possibilities
and structural system; and, secondly, to
establish a classification of the different models
employed in order to analyuse pros and cons,
establishing then the suitability of each system
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in each situation. For this reason, models
implemented since the 1970s to the present
have been studied, both used in the field and in
the prototype phase or still under study. After
the analysis a classification according to the
constructive and structural features of the
shelter models studied will be established.

3.1. Compact units

Compact units are already manufactured
products, completely autonomous which
do need no or very little assembly. They
do not respond to any specific structural
system. These models of refuge usually
respond to rigid configurations that
clash with the forms of traditional
architecture of the place and use
materials not always available in the
area. Hence, it is a kind of model that
has some acceptance as immediate
accommodation but little success as
a habitat in the medium or long term.

Dymaxion deployment unit

The Dymaxion Deployment Unit (DDU), or
Dymaxion House, was created by Buckminster
Fuller in 1940 to house American soldiers
deployed around the world during World
War Il. It is a circular structure of about 6 m
in diameter made of corrugated steel that

resembles a silo. The dome shaped roof has
perforations acting as windows and an upper
ventilation hole. The interior is insulated
and finished with wooden panels (fig. 1).
This structural model was the germ of the
“modern igloos”, minimal constructions
intended for housing and, later, of the
geodesic dome (1948). The “modern igloos”
were domes with an octagonal structural
matrix that provided stability to the whole
using a minimum amount of material.
However, they were barely accepted as a
shelter due to the rigidity of their shape.

Western Germany Red Cross polyurethane igloo
Polyurethane igloos were used by the Western
Germany Red Cross in 1972 as shelters
after the Masaya earthquake in Nicaragua.
It could be assembled in two hours, but it
took more than 148 hours to occupy the first
one as the right location could not be found.
Of the 500 units assembled, only 30% were
finally occupied because the model did not
meet the living needs of the population.

CMAX System

The CMAX System is a prototype designed by
Nicolds Garcia Mayor in 2001 (fig. 2) which,
according to the official website, consists
of a housing module with a rigid central
structure, built in polypropylene, aluminium
and polyester fabric; and two wings made
with a flexible material that, when unfolded,
quadruple their size. This kind of shelter can

Figure 1. Dymaxion deployment unit. Library of

Figure 2. Cmax System housing shelter (Garcia Mayor

Congress: US. Farm Security Administration
2013)

(Daderot 2011)

1016.block 5: a future based on technology



withstand strong winds, is waterproof and
easy to transport, as it is light and foldable
and can be raised above the ground on a
set of legs. It can host up to ten peoplele.
With the adequate tools it can be assembled

and secured in about eleven minutes.
3.2. Deployable structures
Deployable structures usually involve

some mechanization and the use of their
own materials. These structures are quick
to assemble since joints are scare because
the whole model is frequently solvid with
membranes, curved sheets, domes or
vaults. Models based on deployable
structures display many possibilities for
configuring the space beneath and around
them. They are easy to be transported
because of their reduced weight. They can
be expanded or contracted because of
their geometric, material and mechanical
properties, turning them into meaningfully
changeable elements with the possibility
of constantly evolving and adapting
to the architecture of the area where
they are implemented (Rivas, 2015).

UNHCR Lightweight emergency tent

Tents are the most widely used system
when it comes to generating new
emergency accommodation. That fact
responds to their economy, speed of
assembly and versatility. On the contrary,
these models do not always respond
correctly to the climatic conditions of the
area and have a very limited durability
without the possibility of reuse after
their lifespan. The most basic model
consists of a double-flight tent with a
central support and side braces that
provide rigidity to the canvas. There are
multiple variations and extensions of this
model which even considers a model
resolved with a dome. As a remarkable
example, the UNHCR model was initially
used in 2002 and is still in service.

Concrete Canvas Shelter

Commonly known with their acronym CCS,
Concrete Canvas Shelters are constructed
with CC13 concrete canvas, bonded to
the outer surface of a plastic interior. The
first step of the building process consists
of inflating it. Once it has reached its final
size and shape, it is hydrated with water
and after twenty-four hours, it becomes
a rigid structure ready for use. This
typology generates curved structures of
thin concrete wals which are both robust
and lightweight. Concrete canvas shelter
units can be coupled and arranged in
series to generate sets of structures. The
first prototype was developed in 2003
and is currently a registered system.

Weaving home

This prototype designed in 2013 by the
architect Abeer Seikaly, re-examines the
traditional architectural concept of field
shelters by creating a technical, structural
fabric which expands to protect but
also contracts for later mobility while
providing the comforts of contemporary
living such as heat, running water,
electricity, storage and many other.

3.3. Detachable structures

Detachable structures encompass all those
structures which must be mounted entirely
on site and require a much longer and
demanding process to be finally assembled.
In turn, this system has greater versatility
making possible the use of local materials.
Detachable structures display a much larger
variety of structural models which range from
framed systems with gabled or curved roofs
to systems based on vaults or domes. The
main purpose of a detachable structure is to
be able to achieve more and better results
with the smallest amount of resources as
possible. This cathegory also aims to adapt
the system proposed to provide answers
to the specific needs of the area to be
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intervened considering local resources and
means. Therefore, detachable structures
will be built with the minimum amount of
what is available at a certain moments and
by means of self-constructing, generating
a universal system which allows new
constructions to be adapted to the traditional
models of existing housing (Ban, 2011).

Paper-Log-House

This currently used model was designed by
ShigeruBanin 1995. Itis atemporary shelter
made of cardboard tubes waterproofed
by means of transparent polyurethane
and filled with newspaper sheets. The
plywood floor is supported by sand-

loaded beer crates, while walls and roof
posts are formed by the aforementioned
assembled tubes, thus securing the canvas

Figure 3. Paper-Log-House in Kobe

Figure 4. Paper-Log-House in Cebu
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roof (fig. 3). The constructions is quickly
recyclable, easy to transport and store,
and quick and easy to assemble by the
future occupants. Actually a unit can be
built within ten hours, being fully reusable
after its lifespan. It is a system which has
been widely accepted and used in various
emergencies, adapting it to the specific
climate and materials of each area (fig. 4).

House elemental tecnopanel

This prototype designed by Chilean architect
Alejandro Arevena in 2010 consists of a
modular, mountable housing unit designed
to meet housing needs during the floods
which in that period affected his country. Its
most remarkable characteristic is that, once
assembled by three people in just one day,
it can be both used as a permanent housing
or as a temporary dwelling and then reused.
It is based on an elemental prefabricated kit
mostly based on structural insulated panels,
SIP, which are self-supporting and made with
a high-density polystyrene rigid foam core.
More information on this system can be found
in its official website: www.elementalchile.cl.

Superadobe sandbag shelters

Sandbag shelters are dome and vault shaped
constructions  which combine traditional
architecture with new materials. Designed by
Nader Khaliliin 1995 they are still in use. Sacks
filled with soil are compressed with a hand
rammer and distributed following a circular
pattern. A barbed wire is placed in the joints to
prevent sandbags from moving and to provide
stiffness to earthquakes (fig. 5). The system
is completed with cement, lime or asht to add
even more stability (Rivas 2015). This system
was used for the fist time as a shelter in 1995
at the Baninajar Camp in Khuzestan, Iran. It
was one of the results of applied research
at the California Institute for Architecture
and Earth Art, also know as the Cal-Earth
Institute, founded by Nader Khalili in 1991.



Project VEM

This prototype was produced in 2017 by
the Rebirth Inhabit Research Group of the
CEU San Pablo University in Madrid, Spain.
Architectural models builf after the VEM
prototype can be completely dismantled.
They are formed by a tubular structure
in metallic allow, a light panelling on its
horizontal base and a reinforced double
layer textile envelope. It presents important
architectural advantages when comparent to
other current types of emergency housing,
such as assembly easiness since it can be
assembled by just two people in two hours,
airborne, greater adaptability of seating
and an extendable capacity system. VEM
prototype versatility makes possible to adapt
each unit to new locations and materials.

- .

Figure 5. Figure 5: Superadobe sandbag shelters in
Djiboutiin 20712

CONCLUSION

When we are faced with a natural disaster,
we are dealing with a population that is
deeply rooted in the area and reluctant to
leave their home no matter how destroyed
it is, who prefer emergency accommodation
in locations close to where they live
rather than in remote camps, as all their
possessions are there. In these cases,
where what is lost is the home they live in,
they look for a temporary shelter that can
provide and allow for the lifestyle they are
used to, a refuge that, if necessary, can
end up becoming their permanent home.
On the other hand, when we are facing
migration due to war, the needs are different.
People leave their homes and there is no
feeling of attachment to the area. The new
accommodation is seen as something
temporary. The main purpose will be to return
totheoriginalhome or find a new one. Inthese
cases there is more freedom to establish the
location of the shelters, it is possible to make
a better forecast of the volume of people to
be housed and the system does not need
to be based so much on local models and
allows the use of materials from the area.
From this we conclude that any study
on the provision of housing, shelter or
new habitat should start with an analysis
of what is needed in that particular
community, to make housing that has a
relationship to local cultural patterns and not
consider it as a minor issue (Davis, 1978).
Therefore, in many cases the success of the
model to be used depends, not so much on
the goodness of the model itself, but on an
adequate tuning between the model and
the concrete use it is intended for. Thus, we
see that forms of housing or shelters that
completely ignore the cultural customs of
the occupants can become a failure. And the
same goes for universal solutions if they are
not used in the right context. On the other
hand, providing a shelter while recognizing
cultural issues and trying to use appropriate

the architect and the city_1019



and safe construction techniques has
been more widely accepted (Davis, 1978).
Analyzing different systems used as
emergency accommodation in recent years
we can establish a classification of them
from a constructive and structural point of
view and assess in which situations each
model has been more appropriate. We find
compact units, completely autonomous and
ready to start working immediately as they do
not require assembly; but with little capacity
for modification and adaptation to different
locations. So a priori it is a model suitable for
short stays, emergency aid, and in temporary
locations with no intention of becoming
permanent. Secondly, we have the models
of deployable structures, quick to assemble
and with a greater flexibility, which allow the
intervention of the users as regards their
final shape and the use of materials to adapt
it to their needs. Finally, we have the case of
dismountable structures which need a longer
execution time as they have to be assembled
entirely on site, which in turn gives the
system greater versatility, allowing the use
of materials from the area and facilitating
self-construction and reuse of the system.
Deployable structures and dismountable or
detachable structures, due to their versatility,
are more suitable solutions for location in
areas where there is a strong tradition and
which are considered as long term stays,
humanitarian aid or post- disaster, and which
can end up becoming definitive as they are
adaptable, reusable and self- constructed.
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ABSTRACT

The introduction of Lean Construction
standards into the AEC Industry has changed
the way that the professional approach the
different problems. BIM and Hybrid Digital
Twins are new high demanded technologies
that improve the efficiency of the industry’s
procedures as they allow new and faster
methodologies.  Optimization algorithms
are often used in combination with these
techniques to improve the result at several
points of the design phase, including the
structural project. The optimization can
be done using different criteria, like the
economy, sustainability, energy consumption
or constructability or a combination among
them. While there exist exact formulas to
quantify some of these criteria there is not a
universal one to quantify the constructability.
In this article, we establish the key points to
create a constructability criterion for each
structural project and explore its efficiency.
The way to quantify the constructability
depends on the structural design and
element to be optimized and as there is not
an exact formula to quantify the different
factors that influence it have been defined
and their combinations explored for a certain
structural problem: optimization of a concrete
beam. With this, we are able to quantify the
easiness to build a certain structural project
and reduce the building time and crew cost
and create a way to improve the structural
design. This exposed method can then be
expanded to different structural elements.

1022 block 5: a future based on technology

KEYWORDS

BIM;  digital  twins;
optimization algorithms.

constructability;

INTRODUCTION

The  Architecture,  Engineering  and
Construction Industry (AEC Industry) has
been one of the most static industries
in the world and has been reluctant to
changes, in the last years this tendency
is starting to change. The introduction
of powerful informatic tools creates a
new environment where automatized
tools can be developed for several tasks
(Eastman et al. 2011). These tools allow the
professionals to improve their productivity
and quality of the project and at the same
time have more control over it and are
based upon management improvements.
Some of the management improvements
to the industry are led by the increase
in the usage of Building Information
Modelling  (BIM)  Environments  (Volk,
Stengel, y Schultmann 2014) and Digital
Twins (Chinesta et al. 2019). Both provide
great advantages for the professionals as
they are able to handle a lot of parameters
and work with them simultaneously.
Allowing the AEC Industry to introduce the
different Lean Construction (LC) precepts
effectively and improve the sustainability
of the project. The adoption of the two
different environments is an evolution to
traditional methodologies and by using
them the professionals are able to reduce
the risk of errors during the project, achieve



better accuracy through the design phase
or their management capabilities. There
is also utility when working in cloud-
based servers (Jiao et al. 2013) with
several people operating at the same
time in the same model with coordinated
modifications and improvements
which are natural in both of them.
There are a lot of differences among both
of the previously stated environments. On
one side, BIM is hard to define term as it
includes three concepts: a product, the
digital file where the model of the project
is stored, the specific type of software
and the methodology used to create the
model (Eastman et al. 2011) («Frequently
Asked Questions About the National BIM
Standard-United States™ | National BIM
Standard - United States» 2016). BIM, in
reality, is a mix between the three concepts
is an n-dimensional matrix of the project’s
data where the user can define and relate
new dimensions and variables between
them, this set of dimensions is the digital
model of the project that is developed on
a BIM software and to properly use it the
methodology has to be used. On the other
side, Digital Twins are one step ahead of
the BIM environments in terms of project
management. They do not only work
during the design phase but also during
the life cycle of the building. A Digital Twin
is a virtual model for a certain procedure,
product or service which is continuously
being updated with new input from the
real object on the world. For the AEC
Industry, it consists of a digital model of
the building itself which is being updated

through sensors from the building.
This model can be used to visualize,
analyze, simulate and plan everything

on the building (Chinesta et al. 2019).
As seeneachoneofthemhasitsadvantages
and its uses. BIM works better in the
design and construction phase allowing
the professionals to optimize results and
procedures and Digital Twins are better

managing variations and modifications
through the life cycle of the building.
The environments by themselves are only a
frameworktocontroltheprojectandvisualize
its different aspects simultaneously. They
are a completely new methodology that is
starting to change the way that the AEC
is working. But by themselves, they are
only able to control, show and manage
parameters. To fully take advantage
of the environments these parameters
have to be analyzed in conjunction with
each other. For this purpose, the Building
Performance Tools (BPS Tools) are used,
as they are able to take the parameters
stored in the digital environments and use
them for several tasks. A lot of BPS Tools
have been developed through the last ten
years to improve sustainability (Chong,
Lee, y Wang 2017) (Lu et al. 2017), reduce
CO, emissions (Chen y Luo 2014), waste
reduction (Akinade et al. 2015), optimize
structural  design  (Fernandez-Mora vy
Yepes 2017), among other purposes.
A large group pf BPS Tools are focused on
the design aspect of the project, helping the
professionals to make decisions or even
designing some elements by themselves,
like structural elements. These design
tools are based upon design restrictions
(structural analysis and requirements) and
design criteria like economy, sustainability,
energy consumption or others. These
design restrictions or directives can
also be introduced into an optimization
algorithm that is able to find an optimal
design for the problem. In (Diao, Kato, y
Hiyama 2011) we can find an example
that uses a BPS Tool to optimize the
CO, emissions for structural design.
One of these criteria that can influence the
design of a structural element and improve
itis the constructability. The constructability
or buildability of a certain structural
element measures its aptitude to be built.
So, it is a measure of the easiness to build
a certain element. Lower constructability
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measurements allow easier structures
to be built and easier structures are more
economical. It also reduces the number of
mistakes occurring during the execution,
because error appearance is directly
related to the complexity of the element
(Shrivastava, Chaurasia, y Saxena 2017).
The term constructability is usually
referred to several aspects at the same
time. First, the extent to which the design
parameters facilitate the construction of
the element while achieving the building
requirements. Second, the effective and
time integration of construction knowledge
into the conceptual planning and field
operations. Third, to balance the different
environmental constraints, project goals and
building performance. It is not an universally
measurable criteria as different factor
interact in a different way for each case.
In this paper, we aim to define a way
to measure the constructability of an
element and be able to compare it among

other similar ones. This mathematical
model to measure the constructability
can then be wused in a multicriteria
sep3 .f
c Lc

.

Figure 1. Geometrical parameters of a concrete beam
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optimization  algorithm  complementing
other criteria and help the professionals
to achieve an overall better design.

1. METHODOLOGY
1.1. Case Study

Per the definition above, the constructability
is a criterion that has to be defined for each
specific problem. So, in this problem, we will
not find a universal definition to measure
it, but a methodology to define it for every
structural case, which will need further study.
In this paper, the case study is a concrete
beam with rebars on both faces and
transversal reinforcement. We use a fixed
span of five meters and loads according to
residential use, without any particularity that
may alter the design there are constraints for
both, bendingand movements ateachending.
We assume that when measuring the
constructability the design has been already
validated and it is enough to resist the efforts
on the beam. The constructability criteria will

n2
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not check any design restriction, including
those regarding the buildability itself as
rebar disposition, assuming that they are
sufficient for their structural requirements.

1.2. Parameter Definition

Fig. 1 contains the geometrical parameters
of the beam. Its dimension is defined by
two parameters, width (w) and height (h), in
combination with the fixed span they define
the external dimensions of the element. The
distance between the face of the element
and the rebar is defined by the cover (c)
parameter. To define the rebar a total of
six parameters have been used, three for

the diameter of the different rebars: one
for the diameter of the rebar in the bottom
side of the beam (D1), a second for the
diameter of the rebar in the top side (D2)
and a third one (D3) for the transversal rebar.
And three more to determine the number
for each of the reinforcements: bottom
rebar (n1), top rebar (n2) and the distance
between the transversal rebars (sep3).
Constructability is not only related to the
geometrical definition of the beam, but
there are also other factors that can affect
it. The weight of the different materials
has to be taken into account through its
density with two more parameters also
the relationship with the other elements in

Table of parameters

Parameter

Measurement

Geometrical parameters

Width (w) Centimeters
Height (h) Centimeters
Cover (c) Centimeters
Bottom-side diameter (D1) Millimeters
Top-side diameter (D2) Milimeters
Transversal diameter (D3) Millimeters

Number of bars in the bottom (n1)

Direct amount

Number of bars in the top (n2)

Direct amount

Spacing between transversal bars
(sep3)

Centimeters

Non-geometrical parameters

Concrete density

Kilonewton per cubic meter

Steel density

Kilonewton per cubic meter

Concrete consistency

Slump test

Rebar homogeneity

Mean value of the rebar diameter

Type of beam

h equal/greater than span thickness

Formwork

Square meters

Type of construction

On-site/Precast

Table 1. Parameters defining the case study
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contact and if it is needed the formwork and
its size. The consistency of the concrete is
another factor directly related. On-site or
precast construction can also be a key factor
because the parameters interact differently
between them. Or the homogeneity of
the rebar  reinforcement  understood
as the use of rebars of similar sizes.
There are also factors external to the element
itself such as the experience of the working
crew, time of the day or weather that can
affect the constructability of the element. In
this paper, this is not taken into account, as
our goal is to create a mathematical model
able to handle the criteria for further use in
the design stage. These parameters can't
be known prior to the execution and are
independent of design changes and they
can introduce noise in the model that will not
improve it as they are nor design dependants.
A total of 16 parameters have been
used to define the constructability of a
beam. Table 1 summarizes the different
parameters and the units utilized to
measure them. Some parameters are
not measurable and describe certain
characteristics of the element. To be
able to compare and combine the factors
into one criterion it is necessary to unify
and categorize them. For this, a survey
has been conducted among several
AEC professionals, including architects,
engineers and constructors asking for
a hierarchy among the parameters.

2. RESULTS
2.1. Parameter Definition

The survey asked different professionals to
sort the parameters in order of relevance
for the constructability of a beam. With
this approach, we can create a hierarchy
for the parameters and determine their
importance. The results of the survey are
shown in Figures 1 and 2. The first one
shows box-plots of the results showing
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the dispersion in the importance of the
parameter for the different professionals
tend to prioritize different variables when
designing the structural elements, this
dispersion has to be taken into account to
weigh the importance of each parameter.
From Figure 2 we can gather the parameters
into three different main groups regarding
the importance. These clusters have been
shown in the figure with the colored lines.
The first group consists of two parameters,
height and type of construction, both of them
are related to the relationship of the beam
with their environment, their mean values
oscillate between one and four. The second
group contains all the parameters regarding
both rebars and type of beam. The third and
last group covers the rest of the parameters,
these group also has the biggest deviations
in the box-plot diagram, so different
professionals give different attention to them.
During the survey, the professionals were
also asked about other parameters that were
not taken into account in the research. Some
of the professionals suggested the size of
the arid as a parameter to be added. After
further study, this has been discarded, as its
effects are taken into account considering
the number of rebars and the consistency
of the concrete. There is also the fact that in
some areas the size of the arid is determined
by the availability and not chosen by the
professional, so it can be considered an
external factor instead of a parameter.
From this survey, we can extract a
hierarchy based upon the experience of
the professionals and how they evaluate
the constructability in a concrete beam
and then establish a way to measure
it. Figure 3 shows the correspondence
between the mean value and the standard
deviation for each parameter. A parameter
with lower mean has been given more
importance by the respondents and a
lower standard deviation implies more
agreement among the professionals in
the importance of a certain parameter.
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2.2. Hierarchy for constructability

From the figure, we can see a tendency
between the mean and the deviation,
parameters with more importance are also
important for most of the interviewees in
almost a linear regression. This phenomenon
is more accused in the first group of
parameters and defines two sets of clusters
encircled in the figure, there is a parameter
outside of this phenomenon “steel density”
which has been considered by most of
professionals as the least valuable one.
The parameter which has been given more
importance is the “type of construction”.
The first cluster is the one with higher
importance and it will be considered in that
way when considering the constructability
analysis, either way, the second cluster is
also relevant and influential even if it has
less impact on the criterion. The “steel
density” parameter has been unfavored by
most of the professionals given its position,
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for this reason, we are going to discard it
as its influence can be explained through
other parameters that have a bigger impact
on the whole environment. The “type of
construction” parameter has been proved to
have a lot of influence on the constructability
and after analyzing the data its two values
cannot be compared between them, so it
is going to be considered as an external
factor to achieve a more accurate result.

3. DISCUSSION
3.1. Units of measurement

After sorting the parameters and weighing
them we are in need to establish a
measurement  system.  Typically, an
optimization criterion can be quantified
using a certain unit, like currency when
studying the economic aspect, the mass of
carbon dioxide emitted during production



or watts consumed among others for
sustainability, but this cannot be done with
the constructability as different units are
taken into account. When assessing the
constructability every parameter hasits own
unit and some of them are discrete variables
dependent on the amount of something,
like rebars placed. These quantifications
cannot be mixed in a direct way as it will
create inconsistency in the measurement.
There are two possibilities to unify the
parameters in an indirect way: currency
value and working time, both related to
the efficiency of the working crew. Both
of them can assess constructability in an
indirect way. The economic value is usually
also taken into account when using a
multicriteria optimization algorithm, but it
is hard to completely take into account the
prize for the working crew exactly as can
overload the computer with data or create
inaccuracies due to too many factors taken
into account. Other possibilities based on
discrete quantitative indirect approaches
can be used to evaluate the constructability
as working crew time but it is hard to define.

3.2. Quantifying the constructability

From the survey results and the cluster
analysis, we can confirm that there are
factors which influence more than others
The hierarchy shows which of them need
more weight than the rest, we can also
estimate that thefirst clusterisroughly twice
as important as the second, because their
total mean values differ in that proportion.
Optimization algorithms tend to overload
the computer creating a huge population
that must be handled and analyzed at
the same time. Computational time is a
determining factor in them and adjusting
the methodology to evaluate the criteria
is crucial. Depending on the research it is
possible that it is beneficial to reduce the
accuracy to favor the computational time.
Through this paper, we have seen that

constructability is not universal, either by
the perception of the professionals or the
units that can be measured. We are going
to define several methods to quantify
the constructability in a concrete beam,
allowing us to adjust the computational
cost to the necessities. The different
proposed methods are sorted from
lower to higher computational cost and
data needed to perform the analysis.

- Number of rebar reinforcements:
The most influential parameters in the
constructability are the rebars. The raw
number of them is directly related to its
constructability. An element with more
rebars will need a bigger resource investment
to be built as it gains complexity. So,
the element with fewer rebars has more
constructability than the rest. This criterion
can be exposed by the following formula:

sep3
C; =nl+n2 +T

-Number of rebar reinforcements modified:
Considering not only the rebar number but the
difference in diameter among them creating
and adding the height of the element into the
criteria a more accurate scale can be obtained.
This takes into account all the parameters
existent in the first cluster and weighs them
based upon its importance. The formula is the
following:

sep3
C2=h-(n1-D1+n2»D2+T-D3

This formula does not have any direct physical
meaning but weighs the criteria following
the intended parameters. Larger values for
the parameters reduce the constructability
of the element. Each rebar is weighed by its
diameter, as thicker rebars are harder to be
placed, in the same way, the height increases
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the constructability as it lowers showing
the negative effect of it. It is also low in
computational cost and considers the most
influential parameters.

-Working time invested

As previously discussed, one of the most
accurate values for the constructability is the
time spent by the working crew to build the
element. This criterion quantifies the number
of hours needed to accomplish it and takes into
account the different considered factors and
interactions between the defined parameters.
The standard amount of time for each of the
considered operations differs from country
to country, but there are databases where an
accurate estimation can be obtained. This
criterion is split into different sections.

C3q = [(h- W+ cov)] - t3,

The first section takes into account the time
spent in shaping the element or how its
external shape and contour factors affects
the time spent. The parameter t3a measures
the time spent to position the element in the
building measures in m?/h.

sep3
C3p = [Ohom * (nl -D1+n2-D2 +T- D3) - (con.)] - tap

Homogeneity (opom) =

i=1

0 —2)em. - 1.1

Values for consistency (con): Ez : 3;”": igg
(based on the slump test results) cm. .
(10 — 15)cm. - 0.95

(16 — 20)cm. - 0.90

The second section quantifies the amount of
time spent to put the rebars into theright place
and distribute them consistently. It takes into
account the loss of time due to using different
rebar sizes and its difficulty in a placement
through the homogeneity of them and also
the amount of time spent when dumping
the concrete in the cast and its interaction
with the rebars. The parameter t3b considers
the time spent to develop all these tasks.
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if h = slab height
Cse=(L-w) - ta

if h > slab height
C3c=[(l-w) +2-(l-(h—slab height))] - t3,

Thethird and last section takes into account the
time spent in the construction of the formwork
and it varies depending on if the element has
a higher height than the one in the slab that
it is in. The parameter t, measures the hours
spent to build the formwork expressed in m?/h.
With these three sections we can define the
constructability criterion like the following:

C3 = C3q + C3p + C3¢

-Working time simplified

A simplified version to quantify the working
crew time can be done assuming a relationship
between the steel weight in the section of the
element. The parameter t4 measures the mean
value to build a certain section based on this
assumption and is obtained through databases
and increased gradually as the amount of steel
increases. With this simplification, we can
quantify the constructability with the following
formula.

€= [((Z mei(%) n]) otee)/ (- w)] t

i=1



CONCLUSION

The AEC Industry has a tendency to
automation and improving the procedures by
using digital tools such as BIM environments
and Digital Twins. For this several BPS Tools
are in development to analyze the building
requirements and improve, and optimization
algorithms are being used in connection with
them to help the professionals to achieve
better designs.

In this paper, we have explored the parameters
necessary to define a new criterion, the
constructability for a specific structural
problem, a concrete beam. By using a survey
a hierarchy among the different parameters
has been created and discovered two sets of
parameters This methodology can be used
to define the same criterion for a different
structural element.

Using this previous survey, four distinct ways
to measure the constructability have been
defined and their strong and weak points
explored to adjust the accuracy of the criterion
to the optimization purpose where it is going
to be used.

Future Research

The model presented in this paper is not a fully
developed model, as we have assumed some
simplifications. The different mathematical
models for the constructability that have
been proposed can be refined taking into
account more parameters and will achieve a
more accurate result, probably at the cost of
more computation time. Further research is
required to create a mathematical model able
to handle a discrete approach for the rebar
disposition, including the analysis of each
diameter and position individually.

A comparison among the results obtained
with the four definitions for constructability in
this paper can be done and tested with real
results to properly adjust the mathematical
models. This comparison of results will show

the ideal cases of optimization for each of the
four models.

Also, the movement of the crew along the
whole building site and the position of the
element itself can be taken into account, to
assist the constructability for the complete
structure and not to each of the elements
or the reduction of trims in the rebars to
optimize not only the working time but also
to reduce the waste. Further study is required
to be able to mix both types of construction,
usually, precast elements tend to have better
constructability because the process has
a higher level of automation, but this is not
always true for simpler elements and the
different interaction between the parameters
has to be taken into account.
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ABSTRACT

The history of architecture and urban
planning tells of white cities, whose
chromatic characteristic derives from the use
of local resources (stone, lime) and which
unconsciously responded to principles of
environmental sustainability. During the first
half of the twentieth century, some European
countries undertook economic and social
policies aimed at the agricultural development
of the territories and a consequent
repopulation of the countryside. Especially in
the south of Spain, numerous white-colored
cities were founded.

Global warming issues call into question the
current organization of the city, which must
renew itself and create comfortable and
compatible living conditions with long-term
development. Today the importance of coloris
reaffirmed in the possibility of re-establishing
the contemporary city according to principles
of environmental and economic sustainability.
In the field of architectural design, one of the
central aspects to consider is the amount
of energy that buildings need to cool down,
and the amount of heat they emit into
the atmosphere. Especially in areas with
warm climates, the energy consumption
of a building is determined by its thermal
insulation properties, which mainly depend on
the material and color of the external surfaces.
The use of white color allows to reduce the
heat absorbed by buildings, with lower energy
consumption and emissions; furthermore, the
amount of heat re-emitted in the atmosphere
is reduced, with the possibility of decrease the
urban heat island effect.

This simple chromatic principle of architecture
can be extended to the urban scale thanks to
a wide range of products and technologies, so
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that some cities have already undertaken a
chromatic conversion.

The contribution tells the idea of a sustainable
white city and, starting from examples of built
architecture, it defines the possible principles,
materials, techniques and technologies
available for the design of architecture and
the contemporary city.

KEYWORDS
Architecture; design; tradition; innovation;
color.

1. TRADITION AND CONTINUITY OF THE
WHITE COLOR

The origins of the use of white in architecture
and the arts are distant and difficult to trace,
related to primordial values and ancient
ideals such as the sacred and purity, which
give this particular color an almost universal
meaning (Zammerini 2014). The history
of architecture and urban planning tells
of ancient white cities, whose chromatic
characteristic derives from the use of local
resources (stone, lime), a traditional practice
that has above all hygienic reasons but which,
almost unconsciously, responds to principles
of environmental sustainability. In fact, in the
thinking of vernacular architects, the holistic
conception of the project is completely
synergistic with the methods and materials
available. The practice of whitewashing
the walls of buildings spread throughout
the Mediterranean area mainly during the
eighteenth century, thanks to the hygienic
properties of lime; at the same time, the white
coating protects the masonry, decreases



solar radiation and improves the thermal
conditions of the buildings. For these reasons,
for centuries white color can be considered
one of the characteristics of Mediterranean
architecture and cities, which also corresponds
to a spatial principle based on the construction
of elementary and compact volumes - another
principle of economy that also has the effect
of reducing the exposed surfaces - the
adoption of shaded patios and courtyards,
and the creation of a few and measured
openings, which allow lighting without heating.
But the color white is also strongly linked to
classical culture: for many centuries (and until
the early 19th) the idea that Greek sculpture
and architecture were white, idealized in the
monochrome of Parian marble, resisted. In the
eighteenth century, the tales of the Grand Tours
and the passion for antiquities emphasize a
mythical ideal of Greek art that Johann Joachim
Winckelmann encoded in “noble simplicity and
quiet grandeur” in which white enhances the
beauty and perfection of forms (Winckelmann
1994, 117). Despite Winckelmann's historical
reconstructions then turn out to be erroneous,
these aesthetic theories are followed by
most of the neoclassicals, influencing the
plastic arts and architecture for a long time
up to the present day (Collins 1970, 111-116).
In the revolution wrought by the Modern
Movement, white is the background of a page
on which to write a new story: it expresses
the cleanliness of the surfaces (to which
the absence of ornament and the need
for hygiene refer), the purity of forms and
principles, the concepts of abstraction and
denaturalization of volumes and materials’.
Subsequently, the events of white in some
cases are directly linked to the nationalist
ideals of the ideologically similar governments
of Italy, Spain and Portugal, where a new trend
arises that leads to the study and recovery of
popular building traditions, to the interest in
spontaneous and anonymous architecture.
This trend will have its peak, at the height

of its diffusion, in the famous Bernard
Rudofsky's Architecture Without Architects
exhibition at the MoMA in New York and in
the homonymous book published in 1964.
In Spain, during the first half of the
twentieth century, as part of a program for
the repopulation of rural areas (initiative
common to many nations), the color white
asserted itself as a particular character in
the architecture of newly founded Ccities.
In this context, white experiences a great
diffusion as a common feature of the various
colonizations, predominant in these neo-
popular architectures, which certainly refer
to the elements of traditional architecture of
southern Spain, but which starting from these
introduce interesting linguistic innovations, so
much so that it can be considered a pioneering
experience on the theme of the rural house
and on urban planning (Centellas Soler
2009). Among the many works of interest,
those by José Luis Ferndndez del Amo and
Alejandro De la Sota stand out. The projects
of the pueblos extend the chromatic principle
of white to the entire new settlement and,
thanks to the sensitivity of their designers,
they become bearers of the architectural
concerns of the time, certainly extendable
to the rest of European culture but, by their
nature, referable to the specificity of contexts.
This architecture built with reduced economic
resources, with essential and humble tools
(both design and technical-construction),
rediscovers the true spirit of necessity that
guides the highest forms of the art of building.
A pioneering and experimental experience,
capable of influencing the development of
architectural and urban research from the
twentieth century up to contemporaneity.
So, the history of the white color in architecture
is clearly linked to the history of construction
materials, techniques and technologies that, as
they evolve, contribute to the creation of forms,
styles, movements and trends. The events of
white architecture - and not only of it - cannot

' On the issues of color in modern architecture, a relevant contribution is that of Cramer Ned, ‘It was never white, anyway”, in
Architecture n. 88, 88-91. On the same theme, an analysis of the context of modernity is provided by Juan Serra Lluch, “Il mito del
colore bianco nel Movimento Modernd’, in Disegnare: Idee Immagini n. 41, 66-77.
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be separated from the cultural evolution in the
succession of theepochs, fromthe specificity of
the places, from the psychological meaning, as
they cannot be understood without considering
the technological progress of the architecture.
Today, new materials and innovative
techniques allow to think about further
applications of the color white in architecture
- combining spatial research and sustainable
thinking - potentially extendable, thanks to
a wide variety of solutions, to the entire city.

2. SUSTAINABILITY OF COLOR
2.1. Physical factors

Global warming issues call into question
the current organization of the city, which
must renew itself and create comfortable
and compatible living conditions with long-
term development. Today the importance
of color is reaffirmed in the possibility of re-
establishing the contemporary city according
to principles of environmental and economic
sustainability (De Marco, Margagliotta 2018).
In the field of architectural design, one of the
central aspects to consider is the amount of
energy that buildings need to cool down, and the
amount of heat they emit into the atmosphere.
Especially in areas with warm climates, the
energy consumption of a building is determined
by its thermal insulation properties, which
also depend on the material and color of the
external surfaces. The use of white color allows
to reduce the heat absorbed by buildings, with
lower energy consumption and emissions;
furthermore, the amount of heat re-emitted in
the atmosphere is reduced, with the possibility
of decrease the urban heat island effect.
In fact, regardless of the material and
construction technique chosen for each
architecture, the use of white offers some
advantages for the sustainability of buildings.
It can be said, in fact, that white is the greenest
color in architecture, both for the exterior and
the interior of the building (Lechner 2015, 120).
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The physical properties of the color white make
it particularly efficient from an energy point of
view and therefore sustainable. If we are to
consider temperatures, the most sensitive
surfaces to the absorption of sunlight are the
ceilings. The greater reflection of light rays
causes, forexample, that white ceilings heat half
of black ones. This characteristic is quantifiable
through solar reflection, also known as albedo,
that is, a parameter that measures the capacity
of a surface to reflect solar radiation. An albedo
equal to 0 (zero) indicates a surface that does
not reflect sunlight and, therefore, absorbs it
in its entirety, with a consequent increase in
temperature; conversely, an albedo value of 1
(one) indicates that sunlight is fully reflected.
Table 1 indicates the albedo values for some
surfaces commonly used in construction, of
which it is observed that the white color has an
albedo that varies from 0.5 to 0.9 (50% - 90%
solar reflection), depending on the roughness
surface and cleanliness. The so-called cool
roofs are precisely the roofs that remain cool,
or rather less warm, than traditional roofs.
Especially in hot climates, paying attention to
these aspects of construction can significantly
reduce building overheating, resulting in lower
costs to cool it down. At the same time, the
widespread use of cool roofs can affect the
urban scale for the reduction of the already
mentioned heat island effect. Even on vertical
surfaces, the white color reduces heat, two-
thirds less comparedto a black wall. If appliedin
buildings arranged in narrow streets, the white
color increases the diffusion of natural light
on the lower floors. In general, opaque white
surfaces can be considered more sustainable
than glazed ones, even if they are protected
with sunscreens or shading elements. These
briefly enumerated principles could be applied
to the project of architectures more suitable to
the climate and, ultimately, more sustainable;
In any case, to more accurately quantify the
reduction in temperatures, it is necessary to
evaluate not only the color of the material,
but also its thermal transmittance properties.



Building surface % Albedo
White paint 50-90
Highly reflective roof 60-70
Colored paint 10-40
Brick and stone 10-40
Concrete 10-40
Red/brown tile roof 10-40
Grass 20-30
Trees 10-20
Corrugated roof 10-20
Tar and gravel roof 5-20
Asphalt paving 5-20

Table 1. Albedo of typical building surfaces (Lechner
20175)

2.2. Space and perception

According to some studies on human
response to the color of its environment,
white should not be chosen as the color of
a space where people stay for a long time,
such as offices or classrooms (Birren 1978;
Mahnke 1996). This observation is not based
on aesthetic but ergonomic reasons: the use
of white - which has the highest light reflection
factor of all other colors - associated with
high levels of illumination (natural or artificial)
and glossy and reflective finishes, it can
produce glare and, consequently, a decrease
in environmental comfort, causing visual,
mental and emotional fatigue. In fact, to adapt
to very bright environments, the eye muscles
continuously act to reduce the opening of the
pupil, with the consequent rapid tiredness.
If the chromatic component confers a
particular dimension in the architecture, this is
even more true if the color is white (Cage 1993).
In fact, white has the ability to minimize solar
radiation (with the clear advantages previously
described), improve the perception of shapes,

expand spaces, enhance the play of light
and shadow; in contemporary architecture,
the use of white can refer to ideologies and
specific spatial and linguistic investigations.
According to design choices, today more than
ever materials are projects in themselves
(Deplazes 2013); in addition to building the
architecture, the material qualify the space with
its perceptual qualities (opacity-transparency,
smoothness-porosity, temperature), so that
even color must be considered an architectural
material. The higher performance demands in
contemporary buildings determine a constant
drive to implement product quality and improve
traditional techniques. These requests also
lead to the adoption of materials that have
been tested in other scientific fields and then,
in some cases, conduce to the definition of
exclusive materials for a special work, which
canthenbeextended forawider production. But
the sustainability of architecture does not only
concern the energy performance of a building
or a set of these. A profoundly sustainable
thought must also consider the influence of the
project on the landscape (urban and otherwise),
its correspondence to the cultural context and
the relationship with the construction and living
traditions. White architecture, in this sense,
refers to universal values capable of adapting
to the different conditions of the places.

3. APPLICATIONS FOR ARCHITECTURE
AND THE CITY

This simple chromatic principle very present
in the architecture of individual buildings may
be extended to the urban scale thanks to a
wide range of products and technologies,
so much so that some cities have already
undertaken a  chromatic  reconversion,
intervening on the space and on the existing
buildings, as a first step towards a profound
change in the paradigms of building and
urban design. Below some realizations are
analyzed, chosen to represent the principles
of white in architecture and which, thanks
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to the qualities they emanate, allow the
specification of the range of products
available for the sustainability of white, by
relating their uses and the possibilities they
offer to the different design purposes of
architectures. It is then made up of a catalog
of solutions, materials, techniques and
technologies available for the architectural
project and the contemporary city.

3.1. Conversion of existing places

For the intervention on existing buildings
(especially for refurbishment and renovation
of buildings with shape constraints) an
important contribution to the use of white
in architecture comes from water-repellent
and self-cleaning paints, which can also have
insulating properties. A particular case is
that of the liquid ceramic insulation that Elisa
Valero Ramos has used for the construction
of her own studio on a small plot in the
center of Granada (Fig. 1). The availability of
only 3.60 meters of depth, has led to reduce
the thickness of the wall towards the street
through the use of this special insulation, put
into work as a simple painting. Composed of
spherical microgranules of special ceramic,
the liquid insulation uniformly covers any
surface, forming a continuous, flexible and
crack-free layer, which in a thickness of less
than 1 mm provides insulation equivalent
to 10 centimeters of polystyrene. From the
point of view of the project, the use of white
inserts the building into the chromatic and
material continuity of its surroundings and,
in other respects, adequately insulates it.
As for the sustainable conversion of
horizontal surfaces, flat or sloping roofs,
the aforementioned cool roof technology
includes a wide range of high solar
reflectance paints that can reduce the
surface temperature up to 30 °C. With regard
to circulation spaces, however, the market
offers a range of high-performance water-

based sealants, directly applicable to existing
surfaces (including asphalt) as a normal
waterproofing product. The white color and
the high reflectivity - although they reduce
their effectiveness if not cleaned - allow to
significantly reduce the surface temperature
and consequently that of the environment,
also increasing the night visibility of
the streets without

producing glare?.

Figure 1. Elisa Valero Ramos studio in Calle Belén,
Granada.

2 In 2019, the city of Los Angeles began testing this particular technology on 15 stretches of road.
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3.2. Design of new spaces

For the external horizontal surfaces (car
parks, secondary roads, paths and pedestrian
areas or green ways), there are interesting
applications of white draining concrete,
as in the case of Italcementi ilab center
in Bergamo, designed by Richard Meier
(Fig. 2). The building - also entirely white
thanks to the use of a special photocatalytic
concrete - is part of a large natural park,
accessible by walkways, ramps and outdoor
spaces made of white draining concrete.
This technology, thanks to the special mix-
design, allows to safeguard the aquifers and,
thanks to a high albedo, reach significantly
lower temperatures than asphaltic floors,
with the possibility of reducing the heat
island effect typical of metropolitan areas.
Regarding the building envelope, plaster still
represents the most widespread technique
for white architecture, due to its low costs
and ease of application, especially for small-
scaleinterventions (Reichel, Hochberg, Képke
2007). However, to achieve the performance
required for current architecture, the
plasters acquire increasingly high insulating
and  breathable properties, obtaining
interesting characteristics of durability and
sustainability. One of the most interesting
technologies applied to renderings is
photocatalytic, which today is also being used
in other finishing materials for architecture
(such as the previously mentioned white
concrete). In fact, the photocatalytic plaster
is particularly white and shiny due to the
presence of titanium dioxide (TiO,); This
chemical compound makes the plaster
active, decomposing the microorganisms
present in the air: with a process similar
to the chlorophyll photosynthesis, air and
light oxidize polluting substances and
fine particles, forming harmless residues.
These compounds are washed away by
the rain, thus obtaining anti-pollutant,
antibacterial and self-cleaning properties.
With a greater durability, the photocatalytic

plaster also allows to prolong its chromatic
characteristics  and  consequently  the
physical effectiveness of its whiteness.
The use of ceramics in architecture dates
back to an ancient tradition, particularly
widespread in countries and cultures with
Arab influence. In its contemporary use,
the ceramic material is renewed, so that
some elements - today available in large
sizes and reduced thicknesses - can be
designed according to specific needs. Some
producers also manufacture ceramic pieces
with photocatalytic characteristics (also in
this case with the use of titanium dioxide)
that endow the surfaces with antibacterial,
anti-pollution, anti-odor and self-cleaning
properties. Among the examples of
contemporary applications, always in the
context of white architecture, the rental
housing building in Goéjar designed by Elisa
Valero stands out (Fig. 3), which on the
exterior, both on the facades and on the roof,
is clad with alveolar ceramic: stoneware
pieces traversed inside by alveoli thatimprove
insulation; Research for sustainability has
also led to the use of an enamel that is
characterized by its capacity to capture CO,.

Figure 2. Italcementi i.lab in Begamo, by Richard Meier.
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Figure 3. Housing building in Gdjar, by Elisa Valero. Figure 4. Balint house in Valencia, by Fran Silvestre.

Figure 5. EDP Headquarters in Lisbon, by Aires Mateus.
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To remain in the context of Mediterranean
architecture, the Balint house project by Fran
Silvestre Arquitectos studio in Valencia is also
interesting (Fig. 4). The white cladding of the
unusual curvilinear geometry is made with
solid surface - a technology widely used for
the construction of countertops and sanitary
accessories, due to its hygienic properties and
the absence of joints. The elliptical and shiny
house appears as a monolithic sculptural piece,
endowed with a continuous ventilated fagade,
which also covers the curved roof in continuity.
Among the contemporary applications of white
concrete coatings, the technology of glass
fiber reinforced panels (Glassfiber Reinforced
Concrete - GRC) is widespread. Present in the
architectural field for decades, recent research
has improved the characteristics of GRC -
greater mechanical resistance and extreme
lightness - and has acquired the possibility of
prefabricating elements with different shapes
and sizes. These technical characteristics,
together with the aesthetic qualities, have
made GRC panels widely used in white
architecture, especially in large-scale projects
with complex geometry. The architects Aires
Mateus Associados, who often render their
small houses white, also used GRC technology
in the project of the new headquarters of
the electric company EDP in Lisbon, on the
banks of the Tagus (Fig. 5): the large building
consists of two tall glass blocks whose steel
structure is clad with special GRC elements.
Oriented to the southwest, these white ribbons
run along the facades and cover the square
between the blocks, setting the rhythm of the
entire composition and solving, with a single
expressive gesture, the entire project. The GRC
elements act as sunscreens and protect spaces
from excessive radiation, varying their size
according to the internals, while the diagonal
orientation generates a transparency effect
that changes in relation to the position of the
observer. White, often conceived as an opaque,
full and static material, thanks to GRC panels,
can express dynamic shapes and combine in
an innovative way with transparency and light.

In the historical context of Berlin's Museum
Island, David Chipperfield has recently
completed a long series of interventions
with the James Simon Galerie (Fig. 6). While
exposed concrete is widely used in the
interiors of the building, the exterior parts
are characterized by architectural elements
deduced by the neighboring constructions of
Schinkel and Stler, made of Engineered stone,
a composite material made of stone fragments
(in this case limestone and sandstone) joined
by a resin. This technology - used above all
for the construction of kitchen and bathroom
countertops - makes it possible to use the
residues from stone treatment and produce
elements of large sizes and limited thickness.
Finally, some less common materials in
contemporary construction are mentioned,
which are nevertheless the object of interesting
research: fabrics, membranes and translucent
polycarbonates, which come to architecture
through technological transfer (as in the case
of  polytetrafluoroethylene,  commercially
known as Teflon) and they come to define new
poetics that no longer root the building to the
earth (and to history) but are projected towards
new concepts of duration and dissolving forms.
An example is the experimental house at Meme
Meadows Center, built by Kengo Kuma, which
uses a layer of transparent membranes to
provide thermalinsulation suitable for the harsh
winters of northern Japan (Fig. 7). If the large
sloping roof, as well as the larch wood structure,
is derived from the traditional constructions
of the region (the chise, home of the Ainu
population), the construction is completed with
the use of technologically advanced materials.
The outer membrane is a polyester cloth
painted with fluorocarbon (colorless substance
with high hydrophobic properties), the inner
thermal insulation is made of polyester fiber
obtained from recycled polyethylene (PET)
bottles, while the removable inner membrane
is made of polyester cloth. fiberglass.
Therefore, the use of transparent plastic
materials defines a semi-opaque white volume,
capable of being passed through by light.
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Figure 6. James Simon Galerie in Berlin, by David Chipperfield.

Figure 7. Meme Meadows experimental house, by Kengo Kuma.
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CONCLUSION

Today, also due to the recent vicissitudes
linked to the pandemic unfortunately
still  underway, culture, economy and
society have returned to discuss the city,
its population density, its morphological
characteristics and the quality of life of its
inhabitants: in other words, we have returned
to talk about the sustainability of urban living.
The proposal for the displacement of the
population from the city for the rediscovery
of life in the countryside, supported by
some internationally renowned designers,
nevertheless appears as an initiative which,
if not controlled, could have disastrous
effects on the territory. It is useful, however,
to return to reflect on the city, first of all on
how to intervene on the existing, to make it
more responsive to the future vision of living;
secondly, on the design of new buildings,
public and private spaces. It is from this
perspective that color can be rediscovered
as an elementary principle of sustainability,
as the constructive wisdom of traditional
Mediterranean architecture reminds us.
Nevertheless, the sustainability of white does
not only concern the surface (or the skin)
of the city, but implicitly includes principles
of essentiality and economy for the living
space which, consequently, influence
people’s lifestyles. The sustainable principle
of white would thus represent an initiative
of rapid feasibility and immediate results,
albeit aware that probably, a sustainable
model for the city of the future must
address much more complex problems.
Extending these principles to the urban
scale, then, does not mean wrapping the
metropolis with a veil of homogeneous,
indifferent candor; on the contrary, as
demonstrated by the different architectural
solutions mentioned above, there are
different ways in which white can be used,
in the most suitable forms also in relation to
particular contexts. From this point of view,
white in architecture is not a simple color but

instead represents a spatial principle, with
technical and technological implications.
“Sustainable design has also become a new
marketing strategy both among designers
and developers” - claims Juhani Pallasmaa
(2010, 34) - describing the trend that favors
the proliferation of projects that superficially
tackle the issue of sustainability, for example,
by adorning condominiums with vegetation
but without actually intervening on the quality
of the living space. Arisk, that of decorativism,
which in some cases also affects white
architecture since, unfortunately, the current
sustainability assessment system does not
promote environmental policies and truly
ecological thoughts. In any case, the search
for sustainability must be approached
from a holistic point of view, which cannot
ignore formal qualities: “aesthetics is the
mother of ethics”, argues the poet and Nobel
Joseph Brodsky, for which sustainability
in architecture it will find, together with
its own aesthetic, its ethical principles.

the architect and the city_1043



REFERENCES

Birren, F. 1978. Color and Human response.
New York: John Wiley and Sons.

Cage, J. 1993. Color y Cultura. La practica y
el significado del color de la Antigliedad a
la abstraccion. Madrid: Ediciones Siruela.

Centellas Soler, M. 2009. Los pueblos de
colonizacion en Almeria: arquitectura y
desarrollo para una nueva agricultura.
Almeria: Colegio Oficial de Arquitectos
de Almeria.

Collins, P. 1970. Los ideales de la arquitectura
moderna. Su evolucion (1750-1950).
Barcelona: Gustavo Gili.

De Marco, P, MargagliottaA.2018. Il progetto
del bianco e la materia dell'architettura /
The design of white and the architecture
matter”, in TECHNE vol. 16,113-121.

Deplazes, A. (ed) 2013. Constructing
Architecture.  Materials,  Processes,
Structures. A handbook.  Basel:
Birkhauser, Basel.

Lechner, N. 2015. Heating, cooling, lighting.
Sustainable  Design ~ Methods  for
Architects, Hoboken: Wiley.

Mahnke, F. H. 1996. Color, Environment and
Human Response. New York: John Wiley
& Sons.

Pallasmaa, J. 2010. “Towards a New
Metaphor”, in Balzani M., Marzot N,
Architetture per un territorio sostenibile.
Citta e paesaggio tra innovazione
tecnologica e tradizione. Ginevra-Milano:
Skira.

Reichel, A., Hochberg, A., Kopke, C. 2007.
Detail Praxis. Enlucidos, revocos, pinturas
y recubrimientos. Barcelona: Gustavo
Gili.

Winckelmann, J. J. 1994. Historia del arte en
la antigliedad. Barcelona: Editorial Iberia.

Zammerini, M. 2014. Il mito del bianco in
architettura, Macerata: Quodlibet.

1044 block 5: a future based on technology






PAPER #5.08

MACROCRITERIA FOR COMPILING DATA ON CO2 EMISSIONS IN BUILDING MATERIALS

UNDER EPD, EN, ISO; CATALOG -IVE.

Begoiia Serrano Lanzarote? César Emmanuel Arguedas Garro®

alnstituto Valenciano de la Edificacion, Valencia, Spain
®Universitat Politecnica de Valencia, Valencia, Spain

ABSTRACT

The objective is to carry out a macro-
classification and qualification criteria for the
selection of useful data on CO2 emissions
in building materials, to be compiled in
material databases. It is determined that
CO2 emission data are necessary in building
technology when selecting a material in
relation to environmental impact (Hypothesis
1), the classification of emission data is
useful for retrofitting, designing or building
systems, for example in facades (Hypothesis
2).

Methodology. The data on CO2 emissions
were classified in a representative sample
of 829 materials studied from the Catalogue
of building solutions, from the Construction
Database of the Instituto Valenciano de
Edificacion-IVE, Annex I Thermal and
acoustic insulation (2019), Valencia, Spain
; Analyzing the environmental statements
of existing products (EPD) with data on
the global warming potential GWP [kg CO2
eq), the information was qualified with 3
evaluation points: 1) use of UNE-EN 15804:
1.00 point, 2) use of EN SO 14025: 1.00 point,
3) EPD and data on current dates: 1.00 point;
being for the IVE catalogue: 0.00 to <2.00
(Not useful); > 3.00 (Useful). The results of
the qualification and the obtaining of 3 points
provided useful emissions data according to:
a) GWP [kg CO2 eq], b) EPD, Standard and
ISO, ¢) current public data.

Conclusions. From the sample of 829
materials in the IVE's catalogue database,
about 214 EPD of materials were found in the
market, with useful data of CO2 emissions
according to European Union regulations;
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information to be compiled regarding the
environmental impact of the material.

KEYWORDS

Emissions; materials; embedded; carbon;
energy.

INTRODUCTION

The scope of this study is to identify the
criteria for compiling data on CO2 emissions,
to be considered within the information
of the catalogue of constructive solutions
(Construction Database 2079) developed by
the Valencia Institute of Building-IVE and
successive editions (2020), providing specific
data, in the building materials applicable in
facades, envelopes, thermal capacity and
their impact at the time of selecting the
material, in relation to nearly zero-energy
buildings and knowledge of embodied
carbon. The purpose is to establish criteria
for the evaluation of GHG data in relation to
building material databases.

The comparison and selection of the
data is obtained from specific criteria of
Environmental Product Declarations- EPD(s),
according of the ISO regulations (ISQ, I. 14020
2000), the data of CO2 emissions, were
identified according to the standard (UNE-
EN 15804 2012) and (EN ISO 14025 2010),
through which data were obtained, coming
from processes of calculation of emissions,
in which the organizations or product
companies, indicate data of GHG, according
to the global warming potential GWP [kg CO2



eq]. The data of CO2 emissions reported in
the EPD(s), are varied, so the classification
and qualification of the information was
established, to determine its usefulness
for the (Construction Database 2019) of the
Valencia Institute of Building - IVE.

This study is based on a compilation of CO2
data developed in the Environmental Product
Declarations; the EPD(s) are regulated

from the International Organization for
Standardization -ISO(s) (Murphy, Yates
2009), European Union standards and

technical sheets; the research defined the
hypothesis in the use of a macro-compilation
criterion, to demonstrate the usefulness of
the data based on the calculations of GHG
emissions.

1. DESCRIPTION OF THE CASE STUDY IN
CONTEXT

1.1. Embodied carbon and CO2 emissions
(energy matrix, production of EPD(s))

The life cycle of materials, as well as
embedded energy, identifies the relationship
between the energy production matrix and
the production process of a material, where
the impact of the carbon emissions of a
material is also related to the energy matrix
on which its production system is based.
In the case of countries where the energy
matrix is based on fossil fuel sources, the
result not only implies a building material
based on fossil fuels, but also a production of
this material with high CO2 emissions, also
establishing an increase in the embodied
energy. The energy matrix on which the
industry depends on a building material and
the use of materials, links it to low or high
emissions, the data on energy consumption
in the process of producing a material, are
reflected in the cycle of the embedded energy
and identified in the EPD(s) according to (ISG,
1. 74020 2000), (UNE-EN 15804 2012) and (EN
1SO 14025 2010).

In the international sphere, countries such
as Costa Rica (ICE Group promotes national
electromobility with the presentation of a
new fleet, consulted on May 1, 2019, https://
presidencia.go.cr), Iceland, Norway, Portugal,
identify successful cases in which the energy
matrix is reaching 99% or 100% of production
based on renewable energy, it is an
achievement of locally produced stationary
energy where the objective of carbon
neutrality is a success. Another similar
case occurs with Uruguay and Lesotho,
which also have around 100% of energy
production based on renewable energies;
according to (Clarke 2017), the case of
Iceland is also identified, as an example for
the industrialized countries of the planet, for
producing clean energy, where stationary
energy is 99% renewable energy.

The energy consumption for the elaboration
of a building product evidenced in the EPD(s)
(ISO, 1. 14020 2000), is associated with
the energy matrix on which its production
depends, it implies emissions according to
the energy used and the Life Cycle. Building
materials have CO2 data, which in the case
of Spain are in turn equivalent in emissions
from energy use, such as Natural Gas, Diesel
emissions, G. Generator, Diesel and Gasoline
emissions, Fugitive and Process Emissions,
Emissions from Electrical Energy, according
to (Greenhouse Gas Emissions Report 2076).
The knowledge of CO2 data is related to
sustainable design, the lack of production
of materials with emissions data generates
a problem in contemporary design that aims
to reduce the environmental impact of a
construction.

1.2. Standard(s) and 1SO(s), GHG emissions
and criteria for the calculation of CO2 eq

The objective of a low-carbon global economy,
seeks to establish criteria and methods for the
analysis of the carbon footprint, which allows
to establish common policies and regulations
that are unified in a homogeneous way,
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standards in the European Union establish
unified criteria (UNE-EN 15804 2012); in the
case of Spain, some management policies
were those of the Royal Decree 163/2014,
of March 14, relating to the registration of
the carbon footprint, compensation and
absorption of carbon dioxide projects,
published in the BOE on 29 March 2014 (Royal
Decree-Law 2014).

The calculation of the carbon footprint
after the effect of greenhouse gases has
involved both organizations and the building
sector, in the case of the European Union,
the standards (UNE-EN [SO 14064-1 2012),
(UNE-EN ISO 14064-2 2012), (UNE-EN I1SO
14064-3 2012), have evolved towards an
improvement in the calculation of greenhouse
gases. According to the standard (UNE-EN
1SO 14064-2 2072) GHG are understood to be
gaseous compounds in the atmosphere, both
natural and anthropogenic, that retain and
emit radiation at wavelengths, which occur in
the spectrum of infrared radiation emitted by
the planet's surface, clouds and atmospheric
layer (UNE-EN 1SO 14064-2 2012).

According to the standard (UNE-EN ISO
14064-2 2072), in point “5.8 