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Foreword
This project proceeds from the potential of 3D
printing to build homes in leftover spaces of the
densifying city center of Rotterdam following the
large influx of urban dwellers. Here the focus
lies on the application of renewable plastics
and exploiting the architectural potential of 3D
printing. An advantage of this additive process
is its architectural freedom. At the same time
plastic materials enable modification of material
properties through additives. The developments in
the field of 3D printing and robotics are promising,
however the technology still has a long way to
go. This does not mean that method, material
and machine have to be reinvented entirely. By
looking at existing techniques and combining
them with new methods, it is possible to expand
our understanding of these new technologies.
The research focuses on the materiality of plastic
through 3D printing and the analogy with painting.
Exploration of painting techniques presents
possible improvements on the existing 3D printing
method, where architecture can be as painting.
The design of the house reveals the opportunities
of linking brush strokes and material blending
techniques for a new building method. Through
the design it forms a new architectural vocabulary
and leftover spaces spread around the city
become an unexplored canvas full of new housing
potential.

7

1. The architectural potential
1.1. Problem statement

Rapidly increasing urbanization leads to a growing need for housing in dense cities.
Raw material resources are running out and space for housing is becoming scarce,
therefore we need to redefine unused, leftover space and decrease the usage of
raw material in housing construction.
Current construction methods are labor, cost and time intensive and account
for a significant amount of raw material waste. Prefabrication methods have
tried to solve some of these problems often making architecture monotone and
standardized. 3D printing could be a solution in solving these problems. The
technology, however, still needs a lot of improvement before it can be used for
architecture that works in a circular economy. An extensive explanation can be
found in the appendix.

1.2. Research question

How can 3D printing houses with bio plastic give new meaning to complex leftover
spaces in times of depleting material resources and spatial scarcity?

1.3. Location

As the problem statement and research question already imply, the location could
be in any complex leftover space in a densifying urban settlement. As a case site
the design will be the Boomgaardhof intersection with the Oude Binnenweg in
Rotterdam. The following chapters present the potential of 3D printing for building
construction. The results from chapter 1, 2 and 3 will be put into the context of
the case study location in Rotterdam in the final chapter “4. The city as the canvas”.
Through this it will become clear how 3D printing can position itself within the field
of architecture.

How can 3D printing houses with
bio plastic give new meaning to
complex leftover spaces in times of
depleting material resources and
spatial scarcity?
8

1. Rotterdam center
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1.4. Positioning the architect

3D printing may lead to a new way of designing and in that way on site construction
problems will be avoided. This would result in synergetic designs based on
conscious, ethical decisions. With that I will research how the computer will have a
guiding role throughout the design process, regarding the fact that architects need
to consider the total context and envision a coherent design before making the
digital input. In that sense the continuing division of labor in the building process
will end when architects return to be craftsmen, regaining responsibility of every
detail and quality of the end product. As Greg Pasquarelli states, only the architect
can translate multiple factors such as feasibility, costs, structural design and built
results into high quality, sustainable products (Walker, Linder et al. 2010). The sociotechnical developments lead to repositioning the architect in the design process.
The question is whether the revolution will contribute to making synergetic designs
based on a better understanding of the available materials, technologies and
tools prior to making the digital input or if this will cause the architect to distance
itself even more from the physical outcome. The research focuses on how using
3D printing for building construction can lead to a transformation of the parties
involved during the process and their position. This chapter presents observations
made during the biannual event InDeSem ’15 with this years theme re.Craft. The
International Design Seminar revolved around the possible impact of emerging
fabrication technologies in the architectural practice. Personal interviews with
participating students, lecturers and tutors reveal current trends in thought on
how these new digital fabrication methods will influence the architectural practice.
Workshop set up
63 Students; 43 international and 20 Dutch students. The students were divided in
different chairs as shown in figure 3. All students were able to use analog crafting
methods such as clay and sowing machines and digital methods such as 3D printers
and a laser-cutting machine. Three robotic arms have been made available for the
Hyperbody group. Each robot arm had a specific function, there was the robot arm
holding a marker, the CNC milling arm and the wire cutting arm. During the week
observations were made by comparing comments at the beginning and end of the
week and the physical design results.

2. Workshop setup and robotic lab
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How do digital fabrication methods
influence the design process and
product of the architect?
11

1.4.1.

Hypothesis

Digital method
Within 15 years digital fabrication methods will offer the possibility to make
complex and customized architecture with a maximum design freedom against
minor costs in construction. This is a motivating aspect that we can already see in
several design styles emerging from digital craft. Although the technology offers
full customization many designs will resemble each other in the shape of blobs or
biomimetic structures. This is caused by the students’ frame of reference, design
trends and the desire to make complex structures and forms. Most resemblance
will occur between students who share nationality and/or academic background
influenced by their tutors’ design vision and epistemological background. The role
of the architect will be redefined in such a way that he or she does not only works
with conceptual design, but also focuses on controlling the process, facilitating the
emergence of bottom-up design processes. The bottom-up process will respond
in each new situation according to its distinctive traits. In this case each student
will have the same context and the same assignment to work with. The design
will be affected by the use of digital design software and fabrication methods in
such a way that ornament, material and structure become unified in the façade
design and the detail design. The focus on the make-ability and the use of digital
design software will lead to a loss of spatial quality and a neglect of the spatial
atmosphere in terms of scale, use and practicality.

hypothesize
& evaluate
Interiors & Formstudies
20 students
5 groups

design
vision

+

3D printing
& clay

+

context

=

design
1:1

Hyperbody
22 students
5 groups

design
vision

+

robotic arm

+

context

=

design
1:1

Buckylab
21 students
3 groups

design
vision

+

3D print +
handcraft

+

context

=

design
1:1

63 students

13 visions

3. Workshop set up scheme
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3 methods

1 context

13 designs
4. Group presentations of concept
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Analog method
With the analog methods, such as claying and handcraft, the design process will
be iterative, as the students modify the shape of the material to come to a final
composition. The students will then start from the material, working with the
materials’ physical constraints. Similarly to digital craft, the used material semiotics
is the base of the design. The models will focus on small scale ornament.
Comparing the analog with the digital
In both the analog as the digital method the mind configures an idea, which is
translated into a physical form. Thus analog craft and digital craft only differ in the
sense that in the latter case the idea is first translated into a digital file and in the
former case the idea is translated into a form by physical reshaping of the material.
But as both methods facilitate iterative design processes, due to rapid prototyping
techniques, they are in immediate contact with the form, turning away from
the immateriality of industrialized standardized architecture. Digital fabrication
methods can also be described as rapid crafting methods. The choice of either
the analog or the digital method is based on subjective aesthetic preferences but
also on ones personal ability to apply the method in an adequate way. During
judging of the final designs, those which are based on exploration and evaluation
of the available fabrication methods during the design process will be preferred
as the advantages and disadvantages of each material are carefully studied and
considered.

5. 3D print lab
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1.4.2.

Observations

Digital method
Initially, the availability of digital fabrication methods influenced the design
process in such a way that students first needed to learn more about the methods
themselves. Therefore the first days the 10 groups of Buckylab and Formstudies &
Interiors were mostly working with analog methods such as claying, cutting foam
and wood to make conceptual models. The laser cutter was primarily used to make
models of the context on 1:100 and 1:500. Some students who did work with 3D
printing, realized in an earlier stage that 3D printing could accelerate their design
process. But in the end many students did not use the 3D printers at all or only
used it for the final prototype. Their was a clear distinction between students who
already had an idea in their head and tried to make it with the materials at hand,
and others who started from the available materials and tools and tried to work
with it. Overall their was a tendency for students who already new how to work with
the 3D printer and the digital modeling software such as Grasshopper, would take
up that task. The other students would focus on laser cutting, claying models or
preparing presentational drawings. The three Hyperbody groups, who focused on
working with the robotic arms started working in Grasshopper form the beginning,
each group got an assigned concept to work with and had a clear goal of working
with the robotic arms. This meant that the students were mainly working on the
digital file to send to the robot arms. The design would not be about the end result
but about designing the process in Grasshopper. The actual making was therefore
postponed to the end of the week.
The largest gap between the design concepts and the final results revealed itself in
the process of scaling up. Students would turn to small 3D printed prototypes or
larger analog models. The Hyperbody products were styrofoam blocks of 30x40x15
cm with cutouts and a robotically made drawing, see figure 6 and 9.
Analog method
The analog method still played a large role in the design process for students in
the Formstudies + Interiors and Buckylab group. Only the Hyperbody groups did
not use analog methods. For the other groups the analog methods such as claying
and drawing were applied in the conceptual phase. One group even stuck to it for
the end product due to the materiality of clay that fit well with their preordained
design idea.
Comparing the analog with the digital
Overall, for all groups the week represented a learning experience to use digital
fabrication methods in the future. Many did not know how to work with the digital
methods and therefore had to spend time on this or turned to more familiar analog
methods or laser-cutting. Students who were skeptical at first saw a potential in a
regained value for aesthetics and ornament, which would become feasible through
digital fabrication. Especially in the Formstudies + Interiors and Buckylab chairs,
students got inspired and dove into the subject and searched for qualities inherent
in the method and the material. These qualities were found in the layering technique
of 3D printing to use it for example as steps for stairs, integrating design, structure
and ornament or rapid prototyping for iterative design processes. One group saw
a quality in the support structure that needed to be printed and how this could
become part of the design to improve printing speed and save material. Others
were interested in the make-ability of simple joints to make complex structures
16

6. Hyperbody

7. Formstudies & Interiors

8. Buckylab
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to facilitate changing and moving environments. One of these focused on 3D
scanning façade textures and printing the contra-form, in this way connections
could be made without having to intervene in existing structures. What was visible
throughout the week of intensive workshops and inspiring lectures was primarily
to have fun and think creatively.
To conclude, all groups had their own take on the design assignment and the
available technologies, some ignored fabrication methods they did not want to
work with in order to address the contextual issues, others were focused on the
potential of the material and tools, others tried to work with the digital fabrication
methods but in the end felt limited by its possibilities, and some saw this limitation
as an opportunity to design with it. In the end the project that worked with the
potential of the available materials and tools was rated as best project. All in
all, it cannot be said that the digital fabrication methods will revolutionize the
architectural practice in that sense that it will become the best method to work
with. For each case, all available tools will need to be evaluated according to its
architectural potential. In that sense it would be valuable for further research to map
out current developments of new technologies and break down the advantages,
disadvantages and challenges in applying these technologies in architecture.
Personal reflection
The robotic arm with the marker presented an interesting phenomenon but it did
not seem necessary to use this technique for the 2D drawing, which could also
have been printed with a plotter. Therefore, this method presented some analogy
between the Ultimakers that were working on an XYZ coordination plane. Here the
discrepancy between the technology and the material becomes visible. To be able
to draw or paint in 3D space would require more research in the field of material
science. As with 3D printers the plastic material starts sagging due to the rheology
of the material. This could be one of the reasons some students turned to claying in
order to make their needed structure and others focused on the support structure
that was needed for 3D printing on an XYZ coordination plane. Opportunities for
programming could be the possibility to 3D scan the hand and translate that into
– scaled up – movements of the robotic arm. For material science the task lies
in improving the strength and hardening process of the fluid material. Mx3D has
already started developments towards this. This project will be further discussed
in relation to other developments in the field on page 42.
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9. Drawing based on an algorithm

10.

Integrated support structure

11.

Contraform
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‘I am the creator of the artist’

- Leonel Moura

‘Its all about having fun’

- Kathrin Dörfler [Gramazio & Kohler]

‘The architect will be the one who
guides the process’

- Moritz Dörstelmann

12.
Discussion InDeSem 2015, from left to right: Kathrin Dörfler, Sina Mostafavi, Henriette Bier,
Moritz Dörstelmann and Xavier de Kestelier.
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2. Exploring the architectural
language through materiality
This chapter describes how the architectural language is further explored through
the materialization of plastic in fused deposition modeling. This is done through
form studies printed by a fused deposition modeling printer, on an XYZ coordination
plane of the Ultimaker and Prusa using bio plastic PLA as material for filament. In
order to position the form studies within a theoretical framework, thoughts on
materiality by architects and philosophers are presented. Observations on the
form studies bring us to make comparisons with other additive manufacturing
methods such as brick laying, concrete pouring, clay throwing and painting.

2.1.

Theoretical framework

The form studies focus on the materiality as a means to explore the architectural
language. It is an attempt to locate the architectural discourse of digital fabrication,
and specifically 3D printing, within a framework where a conscious use of
resources enables a new aesthetics. Architects such as Neil Leach see the potential
in form-finding through optimization. He was inspired by the philosophers Deleuze
and Guattari, who saw a shift in architectural design from a broadly aesthetic
perspective, which imposes form on building materials according to design idea,
towards a structural perspective that tends to allow forms to emerge according to
certain programmatic requirements (Leach 2009). Other architects, such as Peter
Zumthor, focus on the specific use of a material and what it means in a specific
architectural context by determining the rules that govern it (Zumthor 2006).
Some architects such as Steven Holl argue against the use of synthetic materials.
He claims buildings lose their plasticity and their connection with the language
and wisdom of the body, and that the loss of tectonic logic results in flat, sharp,
immaterial surfaces. He mentions that materials of today, such as synthetic
materials, present their unyielding surfaces to the eye without conveying anything
of their materials essence (Hill 2006). However according to Zumthor, a things’
essence is its internal necessity, laws ordering its nature. The formstudies aim to
investigate these laws and how the design comes into being through the digital file.
During printing of the form studies the behavior of the material - its rheology - and
the technology - the layering technique - will be carefully studied. In that way it
becomes possible to find the due of plastic to establish what the 3D printer needs
to be able to do. The essence of plastic could be found in the capacity to embody
all shapes and spatial experiences, but the form studies have yet to prove this.

2.1.1.

A new aesthetics

Material properties
Digital tools available can help bridge the gap between design, materiality and
manufacture. New design skills through digital tools increase one’s capacity to enter
into novel assemblages. For 3D printing with bio-plastic the tool used to shape the
material is strongly related to the material behavior (Veen 2014). Arnoud van der
Veen graduated on the structural feasibility of 3D printing buildings with polymers.
He recommended research on design application in order to determine where
development in material science and engineering is needed. At this moment, 3D
printing methods, inherit structural limitations guiding design possibilities. The use
of 3D printed bio plastic is relatively new. Currently, it is largely applied in rapid
prototyping and product design. In construction it can only be used as a mold for
concrete in order to live up to structural and mechanical requirements of building
regulations (Veen 2014). However, extensive research is being done in order to
make bio plastic structurally and mechanically equipped for architectural purposes.
On top of that current and future development improving the recyclability of bio
plastic will pave a way for new architectural processes reducing its ecological
footprint by reducing raw material consumption and its embodied energy (Spanjer
and Wijk 2014). This gives bio plastic as a construction material a large advantage
over traditional materials.
Continuous exploration
In this case the material properties have to be considered during the application
of the computer when it is converting the digital file into a three dimensional
format in order to direct the 3D printer with more precision. The research
therefore searches for the language of integration of a three-dimensional digital
file into a programmed aesthetics. The novelty of this material application calls
for continuous exploration on the aesthetic language in architectural design. This
language or identity can be inherent to the material properties. Where the material
properties sustain certain constraints; these constraints give the material its
identity and provide formal possibilities, guiding creativity into certain directions
(McCullough 1996).

‘In stead of starting from the
conception of the end result we
proceed from investigating the
material.’
- Superuse Studio
22
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Complexity
With the emergence of digital fabrication, complexity is no longer intrinsically
valuable. Therefore it is important to know what gives form it’s meaning when
employing these new tools (Scott 2014). When the inherent possibilities become
clear through empirical research by continuous exploration of form its architectural
quality can be determined. By freeing ourselves of existing architectural typologies
the essence of the material behavior can be explored. As Susanne Pietsch
mentioned in her lecture at the International Design Seminar ’15; ‘all manufacturable
objects can be reduced to basic geometries.’ The form studies start from these simple
geometries, which can then be transformed by changing the connectivity as shown
in figure 15.
Enclosure
The geometries need to relate to an architectural motive to be able to put them
in relation to the subject. History has shown that architects and architectural
theorists tend to define architectural ideas into elements. In 1851 Gottfried
Semper turns to a classification of primordial forms that generate architecture
into four elements: the enclosure, the roof, the hearth and the mound. A more
recent theory on the elements of architecture was written by Rem Koolhaas for the
Venice Architecture Bienale in 2014, where he denotes modern components of
architecture as the fundamental elements, many of which are a result of industrial
production (Koolhaas 2014). As fused deposition modelling moves away from the
elementary classification of industrial components the architectural formation can
better relate to Sempers theory of primordial forms.. According to Semper the
enclosure can be seen as the base of architectonic elements, when the surrounding
wall is considered as the first element of antique architecture (Semper 1989). The
form studies start from the conception of the enclosure. In paragraph “4.1.1. The
elements of architecture” on page 136 the theory of elements of both Semper
and Koolhaas will be used as a tool find how the new building method will redefine
the notion of architectural elements.

enclosure

13.

hearth

Diagrams
The diagrams used in the form study scheme (figure 15) do not suggest a specific
function, they merely represent the enclosure of a space as explained. This
allows study on the meaning between spatial relation and the material. It frees
the outcome of traditional connotations, making it possible to find new aesthetic
meaning. As Superuse Studio says: ‘if the available resources and the possibility of
generated added value are not utilized it equals not only material loss but a loss of
employment as well. Research and material come first and after that the focus turns to
form. In that way you create an optimally functioning design, and that is what is found
aesthetically pleasing. In stead of starting from the conception of the end result we
proceed from investigating the material.’

mound

Gottfried Sempers four elements of architecture, 1851
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wall

ceiling

roof

door

window
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ramp
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roof

The digital model
A core characteristic of 3D printing is the use of a digital model, which inherits
all properties for the materialization of the final design. Through digital models
based on algorithms continuous exploration becomes possible in a short period of
time. The final outcome and the drawing become closely interrelated through the
digital file. The idea is that the variety of geometries can be generated through an
algorithm. Each geometry gives the enclosure its architectural value as it defines a
new spatiality. In order to make comparable simulations the designs will be made
in a boundary box in the shape of the Cartesian cube in Euclidiean space. This
enables recognition of the emergent forms in relation to their size and boundary
(Milani 2009). On the one hand, the designer can determine the relationship
with the physical outcome and how he/she can give shape to a certain mass
(Wijsenbeek 1974). On the other hand, it challenges realistic representations of
material behavior and the speed of modeling. The models will be tested by putting
them next to people of scale 1:50 and 1:100 . The forms enclose a space within the
boundary cube of 3.5 x 3.5 x 3.5 m on scale 1:50 and a space of 7 x 7 x 7 m on scale
1:100. In that way the scale of the layers, the materiality and the spatial experience
can be put in relation to the human body.

balcony

Rem Koolhaas’ fifteen elements of architecture, 2014
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2.1.2.

Immateriality vs. materiality

The form studies will be made in Rhino with the Grasshopper plug-in, as it offers
most options for flexibility and overseeing the complexity of shapes. The computer
software works with mathematical code, which shapes the form and content of the
volume. The digital file, containing the output of an algorithm, works independently
from the material of which it will be made later on. The designer can analyze the
abstract properties, the visual association that arises, the role of color and how a
suggestion of space comes into existence. The precision of digital drawings enable
interpretation to understand the spatial elements in terms of the digital language
of architecture.

connectivity

enclosure

linear

sinuate

serrate

scalloped

convex hull

cube

In this study architectonic ideas are translated to simple geometries. The geometries
are selected according to variation in form and a random choice. However, for
future studies and a more extensive exploration the architectonic qualities are
‘chosen’ by genetic algorithms based on their optimum volume/weight ratio this
generates an output within a space of possibilities. When performing studies based
on algorithms the input will not be based solely on material efficiency but also on
spatial quality, in that way the design becomes more aesthetically durable, where
the specific guides the generic. Nonetheless, both options enable exploration of
the materialization of the 3D printed digital output. Some complex outputs will
not be possible to print with contemporary printers, but will reveal the needed
development of the material or the method. In the next paragraph the printed
enclosures will be analyzed, classified and rated in terms of their aesthetics, utility
and strength and the formal characteristic will be put in relation to the layering
method and the material. The investigations explore where and how aesthetic
experience becomes part of a driving force of the research process in scientific
innovation (Eco 1976).

spherical

hemisphere

polyhedron

parallelepiped

cylinder

truncated cone

ﬂipped cone

geometry

cone

pyramid

hyperbolic

double curved
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Guiding scheme for form studies
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2.2.

Materialisation of plastic through fused deposition modeling

2.2.1.

Hypothesis

By freeing ourselves of existing architectural typologies the essence of the materials’
aesthetic in terms of architectural design can be explored. Digital tools available
help bridge the gap between design, materiality and manufacture (Gray 2010). The
essence of plastic is the capacity to embody all shapes and spatial experiences.
This capacity provides sustainable solutions for architectural designs to be
made of this material in order to answer contextual issues regarding the needs
of future life patterns. The relation between space and matter becomes unified
in the printed output. The mono-material models represent future possibilities
for architectural design through 3D printing with PLA. The models will result in a
diversified architectural language of animate geometries that embraces the linear
and non-linear, both Cartesian and post-Einsteinian geometry are encompassed
by it (Balmond 2002). The bounding box defines the limited space and results in
generic solutions fitting area.
The fact that all models are made out of one material makes it possible to mix
colors and blend elements together without losing their recyclability, resulting
in ornamental surfaces and smooth intersections. The generated 1:100 and 1:50
models show that the quality of the materialization of space with 3D printing
and PLA lies in the making of complex, unique, smooth and continuous surfaces.
Typically, roof, wall and floor elements become unidentifiable. The printed models
will introduce new modes of utilization, perception and construction of space
that cannot be imagined based on existing typologies, methods and materials.
The observations on aesthetics, utility and structure will be unrelated to the
observations on materiality. Providing a clear view on the discrepancy between
form and materiality. Only when materiality lies at the core of the aesthetics,
structure and utility the designs becomes synergetic and aesthetically durable.

2.2.2.

Observations

After the first test runs on a scale of 1:100 it became clear the research should
be done on a scale of 1:50 to be able to say more about the materialization in
relation to the human body. Now specific observations will be made regarding the
structure, utility, aesthetics and materialization.
Subsequently, general observations will be made comparing the scale of the model
as 1:50 and 1:100 model and comparing the digital with the physical.

16.
28

Tryouts form study 1:100
29

17.
30

Composition of form studies
31

Object specific observations

Linear hyperbolic

Cube sine

Double curved sine

Cube linear

Cylinder sine

Cone linear

Structure: As the hyperbola already inherits structural properties the form is relatively strong,
however this would be even beter if the material would have been deposited in the direction
of the hyperbolic form.
Utility: Especially the bottom area can be utilized for daily use.
Aesthetics: Spacious, vertical
Materialisation: The material was deposited at a fast pace, therefore leaving inaccuracies in
closing of the perimeters of the wall and creating an interesting soft texture generated by a
flowing movement of the printer head.

Structure: The cuvature has certain structural capacity.
Utility: The curved surface
Aesthetics: Intimate, shared
Materialisation: The horizontal surfaces are printed in a lower quality, this could be due to the
need of support structure or a needed increased thickness of the walls’ perimeters.

Structure: The sine on a curved surface loses its structure due to the layering technique.
Utility: As a vertical wall instead of horizontal
Aesthetics: Tactile, vertical
Materialisation: The material was deposited at a fast pace, therefore leaving inaccuracies in
closing of the perimeters of the wall and creating an interesting soft texture.
32

Structure: The sine adds value to the existing cube structure.
Utility: Wall build up
Aesthetics: Spacious, vertical, horizontal, tactile
Materialisation: The layering technique is used to its full potential in this simple extrusion
following a curved surface horizontally.

Structure: The form does not contribute to structural capacity.
Utility: Wall build up, floor, room, brise,
Aesthetics: Monumental
Materialisation: Due to thin perimeter setting the backside became a see through wall. Printer
setting gave line-like texture to the linear sides.

Structure: The perimeter settings were set at 3 mm making the wall solid and stable.
Utility: Cover, roof.
Aesthetics: Solid, vertical, centred
Materialisation: The material was deposited at a slow pace making a clean surface. The curved
surface generated continuous natural movements.
33

Hemisphere serrate

Structure: Strong structure due to serrate in combination with curve.
Utility: Passage
Aesthetics: Intimate, awkward.
Materialisation: The top perimeters seem to show some inaccuracies imposed by the method
or sliced digital file.

Pyramid scalloped

Structure: The scalloping connectivity makes the structure more stable.
Utility: Scalloping defines multiple spaces for use.
Aesthetics: Intimate, shared
Materialisation: Physical model resembles the input.

Cone serrate

Structure: Serrate improves the structural capacity.
Utility: Wall texture or interior floor structure.
Aesthetics: Sacred, vertical
Materialisation: The printed double curved surface creates an interesting transformation in
the texture. The material has the capacity to imitate textile and natural textures.
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Double curved linear

Structure: Curved structure creates unstable ground.
Utility: Double functions can be given to curving side, where wall become roof and roof
becomes floor.
Aesthetics: Spacious, vertical
Materialisation: Intricate making of double curved surface. Support structure presents
different way of printing and dealing with building up of structure.

Pyramid linear

Structure: Primary tent like structure
Utility: Room, place to gather
Aesthetics: Intimate, shared, introvert
Materialisation: The surface is printed in a low quality due to the fast printer settings creating
a natural look and feel.

Cube convex hull

Structure: The strange shape does not contribute to the structure
Utility: The shape does not contribute to the utility of the shape due to its rotated corners.
Aesthetics: Intimate, awkward
Materialisation: The straight angles make up a solid object. The printing method fulfills its
purpose due to the complex connections of the hull.
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18.
36

Zoom in materialisation
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Overall observations
The materialization of the models can be observed on the level of the digital input,
scale, printer settings, inherent properties of the printer and material behavior. By
observing each level a first step towards determining the architectural language
and potential can be observed.
Digital file
The render of the digital files presents the possible outcome of the print to the
viewer, before it will be printed. However, the file does not show the material build
up of the printed files. In the slicer program, the slicing build up can be revealed
but it does not show in the digital file. Printing the file is therefore needed in order
to make justified observations on the materiality.
Scale
By comparing the prints on a 1:50 and 1:100 scale, the effect of the resolution can
be observed when scaling up for 1:1 printing. Used resolutions were 0.32 mm. On
a 1:50 scale this means the printed object would be built up of layers of 160 mm
and 320 mm on a 1:100, see figure 20.
When considering the design objective regarding designing in limited space, the
space that is defined in the 1:50 models present a more intimate character. The
space becomes a room of 7 m2 around the body. The design objective is to make
a space between 10 – 20 m2 within the perimeters of the leftover space defined in
chapter “4. The city as the canvas”. The next runs should be printed on a 1:50 scale
representing a space of 10 – 20 m2.

1:100 to 1:1
19.
38

Zoom in materialisation

20.

1:50 to 1:1

Real size scaled up printer resolution
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Printer settings
Each print took between 1 – 4 hours depending on the settings of the wall perimeter
thickness, support structure and printing speeds. Higher printing speeds resulted
in inaccurate deposition of the PLA, but gave the model an interesting feel as if it
was made more intuitively. This setting could be applied in building layers that do
not need precision such as the inside of a wall or building element that are used
inside which do not need to be water resistant. A lower printer speed created solid
smooth surfaces, good for exterior use. Low perimeter settings caused curved
surfaces to not fully join on the top layer. In the printer settings one could already
identify the build up of the wall, its interior structure and the different functional
layers it should have. An observation that was made during the research in the
InDeSem week also revealed the possibility to predefine the support structure in
order to make prints go faster and use less material.
Printer inherent properties
Some printers gave the model an extra texture, which was not defined by the
digital file nor the printer settings. This can be observed in the linear cube model.
It could be that this is a programming setting made by the printer developers. In
order to have full control of the printed outcome it is of importance to control
the entire making process of the machine. The XYZ coordination plane causes
limitations in the forms that can be made and its structural properties. The forms
that were best printed with the horizontal layering method were the simple
extrusions and double curved surfaces. In these cases the aesthetics, utility and
structure were coherent with the used method and thus the materialisation. In
some cases the form inherited a structural capacity, which was diminished by the
layering methods. For further studies it would be best to print in the direction of
the structural property. A recommendation for new printing methods would be the
possibility to print into 3D space. Mx3D is already working with robotic arms being
able to print into air working with a fast hardening resin as explained on page 42.
This shows that it is necessary to develop a plastic material with different or better
properties than the proposed material of PLA.

Material behavior
The material behavior is largely inherent in the PLA’s rheological properties defining
the needed extrusion temperature, the temperature of the printable surface and
the hardening time. All studies where performed with white or gray PLA using
one extruder. Dual or multiple extrusion could accelerate the printing process as
described in appendix “A. Technology”. Gravitational forces cause 3D printed PLA
to sag when it is not supported. When letting the printer go its course the printer
starts dripping. The rheology of the material could in that sense be compared to
paint and the printing technique to painting techniques. The layering technique
could be compared to brick laying. The comparisons will be further explored in the
next chapter.

21.

2.2.3.

Comparing 3D printing with other additive processes

Recommendations

3D printing needs improvement in its limitations of size and resolution. This can
be done by designing a printer head, which can change its shape, textures and
resolutions, which can be incorporated and adapted during the print. The printer
would then inherit a toolbox of different printer heads as printing options. Through
programming the printer knows which printerhead to use for which building
part. The material, PLA currently does not inherit enough loadbearing capacities.
Developments could go towards blending materials during printing by dripping
drops of PLA with different capacities. In that way the strong PLA does not need to
be used for the entire structure, but will only be applied were needed. Inspiration for
this can be taken from the conventional 2D deposition of paint such as pointillism.
Chapter “3. From 3D printing to 3D painting” further investigates improvements
in 3D printing for architecture inspired by painting. Here the exploration procedes
from the conception of a hypothetical material and the properties it should obtain.

How can painting techniques
improve 3D printing methods for
architecture?
40
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2.3. Comparing additive manufacturing methods

While analyzing the new building method of FDM we can compare it to traditional
additive building methods, such as clay and bricklaying. Louis Kahn describes the
phenomenology of brick as follows: “the brick wants to become a vault, but this
metamorphosis takes place through the mimesis of our own body.” (Holl, Pallasmaa
et al. 1994) However, with the emergence of digital fabrications architects and
researchers have been exploring new possibilities the technologies have to offer.
The robot or the 3D printer becomes an extention of our own body, which enables
new forms to emerge guided by our imagination and machines’ capabilities and
limitations.
The firm MX3D founded by Joris Laarman has been working on freeing 3D printing
of structural limitations caused by the horizontal layering technique in their
Resin project. Designers Petr Novikov and Sasa Jokic rethought the process and
envisioned a printer, which could move its head freely through space. The robot
arm, called Mataerial, deposited a special thermoset polymer resin, which hardens
in midair (Verbruggen 2009).

22.

Matearial

23.

Remote Material Deposition

24.

Filament winding

This does not mean that method, material and machine need to be reinvented
in its entirety. Combining new methods with traditional building methods, even
give promising results regarding new aesthetics and improvement of the building
process. Gramazio & Kohler have performed research on bricklaying with a drone
following a programmed path, called Flight Assembled Architecture (Dörstelmann
2015). The same firm worked on another technique to make a stationary robot,
which can throw material, Remote Material Deposition. The project focused on
throwing clay, due to the viscosity of the material an incorporated digital feedback
system was needed. In that way the system could determine where to throw
the next clay. Future research will focus on other materials such as concrete
(Sinneswandel 2015).
At the University of Stuttgart developments are being made towards robotically
fabricated fiber composite building components. The research addresses the need
to use robotic fabrication in order to use the fiber composite material to its full
potential (Dörfler 2015).
These developments merely represent a portion of what will become possible
through digital fabrication for large scale structures. The firms present a variation
of possible applications, such as throwing, flying, winding and depositing material
in mid air. All are trying to work with current limitations and finding possible
solutions to increase design freedom, creativity and structure.
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3. From 3D printing to 3D
painting
One of the main conclusions that came from the research on the materialization of
3D printed bio plastic was the similarity with painting techniques. When comparing
3D printing methods with painting, resemblance can be found on the level of
mixing and blending techniques, stroke and brush types, layering technique and
arm and hand movement. While keeping in mind developments as described in
the previous chapter, this chapter further investigates the analogy, to know how
painting techniques can improve 3D printing methods for architecture.

3.1. Hypothesis

This part of the research starts from the hypothesis that painting techniques can
improve 3D printing methods for architecture on the level building technology,
architectural language and form freedom.
Where painters and sculptors deal with the physical outcome directly, architects
experience a discrepancy between the drawing and the physical outcome, due to
the size and scale of architectural constructions. Now, with the revolution in digital
manufacturing it will be possible to link two-dimensional painting techniques
directly to three-dimensional painting techniques to make architecture. Where the
painting is the design as well as the building. Where the city becomes the canvas.

3.1.1. Building technology

Painting techniques will improve 3D printing through pointillist printing, by
extruding plastic with a variety of additives, the needed properties can be printed
exactly in the place where it is needed. This means that for example corners,
cantilevers and attachment nodes will be printed entirely with the strongest plastic.
When moving more outwards to part that require less strength the density of the
points with stronger plastic can decrease. As a gradient the strong plastic will blend
with the weaker plastic. This is an example for blending structural properties but
this can also be applied for other properties such as color, water resistance and
fire resistance.

3.1.2. Architectural language

Brick laying has been a building method for over 5000 years now. The layering
technique of 3D printing is relatively new. To accelerate our understanding of
this technique, the similarity between the two-dimensional layering technique
can be of great help when looking at the artistic styles. Painting styles range from
impressionistic to realistic to abstract. Each method has its specific manner of
holding and moving the brush, mixing colors and composition. Each style inherits
different qualities regarding the ability to make detail, expression and form. The
different qualities can be linked to needed qualities of different building parts. For
example expressionistic painting, with big gestures or even throwing of paint, can
be compared with large overarching structures which such a way an be 3D painted
in mid air, in one go. By carefully selecting the coherent method with the function
or needed aesthetic of the building element the needed 3D painting methods can
be determined, revealing the needed requirements of the material. Assuming a
material can be developed with the required rheological properties the analogy can
be taken a step further. By 3D scanning the movement of the designer the machine
can imitate the movement and scale this up. The architect can then design in a 1:50
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model moving his hand and telling the machine what to do. But also on a 1:1 scale,
movements of the arm and the hand indicate a boundary which can be translated
into a physical ‘room’ (Gargaretas 2014).

3.1.3. Form freedom

3D printing promises to increase form freedom for architects. At this moment
however, architects are restrained to the size of the printer, the printer bed, the
size and shape of the nozzle and the printing speed. Using robotic arms could free
us of constraints regarding size and horizontal layering. The analogy between the
paintbrush and the printer nozzle, will function as an inspiration to nozzle shape.
The nozzle could be designed and developed in such a way that it can change its
solid head to a head of steel hairs. In that way the plastic flows along the heated
steel hairs, creating the possibility to fill in complex corners or corrugated surfaces.
Being able to change the shape of the nozzle also enables the making of different
textures at a faster speed. The method requires a new building process in which
the architect will think less about the concept of elements as building components
but more of elements of atmosphere.

3.2. Research objective

To research the validity of the hypothesis a first step is to compare three-dimensional
printed paintings with two-dimensional paintings. The idea behind it and the way
the artist conceived an idea and translated into a material object through the used
tool. As mentioned in chapter “2.3. Comparing additive manufacturing methods”r,
the machine, material and method do not need to be reinvented entirely. This
chapter describes how painting techniques can enhance digital manufacturing for
architecture on these levels. Then the proposed method is put in relation to the
current architectural practice.
Similarly to chapter “2. Exploring the architectural language through materiality” the
focus of the experiments lays on the determination of aesthetic feeling, structural
capacities, utility and materiality. The print technology will in its turn be analyzed in
the sense of proportions of thickness, lines and textures. In order to make this step
the design process will start by making studies of existing functionalities and their
aesthetics. Observations will be made on how the shape, size and materialization
adds to its functionality, and how this will be different when applying the print
technology. After study on painting techniques and the brush and the nozzle, the
analogy with architecture will be broken down into building functions and needed
qualities.
design

method

machine

25.

material

From research to design
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What if abstraction can be concrete
and real?
If a floorplan is a painting, what will
be the building?

How can a buildings atmosphere
and plasticity be visualized?

26.
Detail of Nano-Nonobjective-Oriented Ontograph No. 1
[3D-printed PLA on panel] - Shane Hope (2014)
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27.

Composition VIII [Oil on canvas] - Wassily Kandinsky (1923)
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What if the city is the architects
canvas?

What if a utopia becomes reality?

Can architecture be as painting?

28.
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Detail of Species-Tool-Being No. 5 [3D-printed PLA on panel] - Shane Hope (2014)

29.

Composition VII [Oil on canvas] - Wassily Kandinsky (1913)
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3.3. Method

The three dimensional printing process can be understood as an additive method.
Through the additive method we can gather material precisely at the point
where it is needed. Then, form and function merge into a synergetic building.
The additive method can handle a variation of materials, ranging from brick, to
concrete and wood. However, this research focuses on plastic materials. Using a
plastic material influences the design logic and generates unexpected aesthetics
(Gramazio and Kohler 2008). Then the design does not merely focus on form or
geometry but the logic behind the organization of the material depostion that
produces the architectural form. The directionality of the material is the digital
code that generates the architectural form and materiality. This will be further
explained in chapter “3.5. Material”. The speed of the construction is dependent
on the size in which the resolution is deposited. An efficient construction therefore
requires conscious determination of the variation in resolution throughout the
structure. The proposed method covers variation in resolution in the structure as
a whole as well as in the interior structure of the enclosure. The variation in a
homogenized materialization has a stimulating effect on aesthetics. This chapter
further contemplates the analogy of the painting process and the building process,
and what this means for the thinking process of the architect, how the arts are
related to technology.

3.3.1.

The painter, the sculptor and the architect

The new building process requires a shift in thinking in three dimensions. It
repositions the architect in relation to the painter and the sculptor. By delineating
the notions that define each artistic discipline and their interrelations on both an
artistic and scientific level it becomes clear how painting, sculpture and architecture
come together through this new building method.
Painting, sculpting and architecture are classified as the statuary arts. The three
arts have gone through developments of various materials and methods. Here
the technical discourse of development of architecture is very similar to that of
sculpture, since both are intimately tied to each other. An artist that illustrates
this relation throughout his work of art is Frank Stella. The Michael Koolhaas
Curtain on the next page, figure 30, is a collaboration of Frank Stella and Santiago
Calatrava. The mural illustrates the reciprocating influence that painting and
architecture have had upon each other. At the same time it points towards a vivid
future where both disciplines can merge into one grand gesture (O’Brien 2011).
Frank Stella defines the border between sculpture and architecture as follows: ‘If it
has plumbing it is architecture’. This means that if we have the resources to make
plumbing in sculpture or if the way we currently make plumbing can be modified
to enable plumbing to move through sculptures as veins, the previous statement is
brought down. In return, architecture becomes sculptural when basic illusionistic
effects and pictorial elements as in light and fenestration are applied (Pallasmaa
and MacKeith 2012).
Sculptor Roy Liechtenstein has worked on a series of sculptures representing the
embodiment of brush strokes, see figure 31. The painted aluminum sculpture of a
brushstroke brings together painting and sculpture. Liechtenstein says this work of
art represents something it is not. According to Peter MacKeith a painting is paint
on canvas and an imaginary picture of the world. A sculpture is a piece of stone
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and an image, and a building both an object of utility, matter and structure, as
well as an evocative spatio-temporal existential metaphor. He says the artistic work
manifests itself in both the physical reality of its materialization, and in the reality
of the artistic image and expression. Though one can argue if a sculpture can only
be made out of stone, MacKeith gives a clear description on how the three arts can
be juxtaposed.
However, if the description of Stella is true, the discrepancy between architecture
and sculpture manifests itself merely in the presence of plumbing. Subsequently,
if a painting can become sculptural by painting into three-dimensional space, a
painting can in theory become architecture. But when putting this idea into practice
this remains only true as a metaphor. The work of Liechtenstein already presents
the irony in trying to make a sculpture look like a painting. In the same way it would
be ironic to make architecture look like Van Gogh’s Starry Night (figure 40), as
architecture is not an imaginary picture of the world. And the Starry Night is not an
object of utility, matter and structure. This being said, the hypothesis, which states
that the painting can become the design as well as the building and the city becomes
the canvas, is refuted. The metaphor remains a source of inspiration and positions
the project in relation to artistic works and the technological developments they
are subjected to. After all Walter Gropius appointed the goal of all artistic labour as
construction, where everything becomes a whole.
Now that technological developments in building methods point towards a future
in which this artistic unity can become reality, an important thing to point out is
the relevance of making architecture as painting. Chapter “1. The architectural
potential” already described some of the architectural potential as being able to
build in between complex leftover spaces. Here the technology enables sculptural
architecture, and increases the feasibility of engineering complex structures. It also
creates an abundance of possibilities regarding the tectonic experience of the user.
How this materializes will be further explained in chapter “4. The city as the canvas”

‘The goal of all artistic labour is
construction! Everything as a
whole, architecture, plasticity and
painting.’
- Walter Gropius

51

30.
52

Close-up of The Michael Kohlhaas Curtain [Mural] - Frank Stella & Santiago Calatrava (2011)

31.

Tokyo Brushstrokes [Painted aluminum sculpture] - Roy Liechtenstein (1994)
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3.4. Machine

3.4.1. The brush and the nozzle

The machine connects the digital with the material reality of architecture (Gramazio
and Kohler 2008). When the machine follows digital orders set up through
computational tools, the materiality becomes digital. In the art of painting one can
recognize a painter’s style through the tool that is used for applying paint onto
the canvas. The analogy between using a machine for construction and looking
at painting techniques therefore lies in the tool that is used to make a specific
texture or surface. Here the transition to three-dimensionality begins to emerge
when a robotic arm can change the tool the ‘hand’ is holding. This tool is the nozzle
which shape takes its inspiration from the paintbrush or spatula. The following
table shows a proposal of how the nozzle as we know it can give an implication
of the effects on materiality per brush type. However, the end goal is to design
the shape of the nozzle to create the actual effect rather than an approximation.
Future experiments can also focus on variation in nozzle temperature, to play with
the material outcome. In chapter “3.5. Material” the proposed ‘brushes’ are further
tested with seal to gain a first understanding of the tectonic consequences of this
proposal.

approximation

Gropius envisioned all artistic labour as a whole, where architecture, plasticity
and painting come together. Also sculptor Frank Stella and architect and engineer
Santiago Calatrava foresee great opportunities when the statuary arts are united.
It is mainly because of technological developments that this unity becomes
reality. The discrepancy lies in the architect’s ability to oversee the technological
developments and gain a better understanding of programming, material and
technology. The corollary to this is that the job profile changes. The architect no
longer talks to the contractor but to the machine. The drawing architect becomes a
design engineer, which corresponds to a digital way of thinking (Carpo 2013). This
might seem to be a contradiction when thinking of sculpting and painting as an
intuitive art, where a digital way of thinking is not necessarily needed. In bringing
the arts together through technological developments in the field of 3D printing
and robotics, a close look to how painting techniques and movements of the
painters body can bring the technology a step closer to designing a machine with
which we can work intuitively. Here the word ‘machine’ is used deliberately to avoid
connotations. Features such as 3D scanning could even translate the movements
of the architect into a 1:1 scale building, through automatically generated digital
files. The following paragraph, however, focuses primarily on the relation between
painting techniques, the movements of the painter and what it means for
architecture when we take inspiration from this for robotic additive manufacturing
and 3D printing.

goal

+

Fan

32.
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Flat

Spatula

Rigger

Round

Transition from brush to nozzle
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3.4.2. The arm, the hand and the fingers

The movements of a painter can be roughly divided in that of the arm, hand and
fingers. Which in its turn categorizes different scales of movements, which are
expressed in the level of detail. But also results in a painterly dialect of mind-eye
and hand-body. After which the body translates the information of the mind into a
digital model. Here the digital model is not a source of meaning and interpretation
but it is a technical tool, which transfers the correct information for the constructed
object (Walker, Linder et al. 2010).
With each movement a specific brush type is suggested. However, the available
brush types explained in figure 32 can be interchangeable. The design consists
of movements inspired by natural movements of the hand, arm and fingers,
see figure 33. The natural movements in combination with the plastic material
enable an organic materialization, thus the proposed way of building expresses
this movement in the architectural language. For instance, Jackson Pollocks action
paintings are generated through free movement and flow of the paint in liquid
state. Hundertwasser however, tries to mimic the effects of action painting.
Therefore, the idea of action painting with plastic would closely resemble the way
Hundertwasser was inspired by action painting. But it might also be possible to let
the plastic material be influenced by the natural flow of plastic through movement.
This will be further explained in the next paragraph.

fingers

hand

arm

The following pages describe the feasibility of using the arm, hand and fingers
movements of the painter. The feasibility is primarily dependant on the properties
of the material that is used. The hypothesis proposes what might be possible
in architecture and materiality if these painterly movements can be translated
to construction methods. The movements can be distinguished in mechanically
driven movement, natural and implied movements or motions (Lamp 2015).
Natural: The materiality is subjected to natural forces, such as gravity and centrifugal
forces, after extrusion
Mechanical: The material is directly affected by the settings of the machine i.e. the
brush and stroke type, pressure and angle.
Implied: The goal, either mechanical or natural, is not feasible yet. To visualize the
end result the movement is modelled or calculated and approached in a different
way than proposed.
The method starts from the conception of a hypothetical material. The next
chapter “4. The city as the canvas” gives a description of what the material
properties should be to be fit for 1:1 scale construction. A first step is made to
test the proposed machines with a substitute material, seal. Finally, observations
on the material results show how the method can be linked to building elements
of varying scales and reveal a possible consequence of using painting techniques
as an inspiration for architecture. Inspiration has been taken from the painting
techniques of Jackson Pollock, Karel Appel, Friedrich Hundertwasser, Vincent van
Gogh, Georges Seurat and Claude Monet.
33.
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Fingers: hatch, speckling, applying pressure
Hand: movement, fluid
Arm: Large movement, throw.
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Arm
Circular motion

Throwing motion

Goal: Natural

Goal: Natural

Testing: Implied natural

Testing: Implied natural

Painting style: Action painting
Painter reference: Jackson Pollock
Brush type: Regular nozzle

Painting style: Action painting
Painter reference: Jackson Pollock
Brush type: Regular nozzle

Hypothesis materiality: Natural forces
mimicked in digital software.
Goal: Rope hanging from ceiling, natural
forces create the circular shape.

Hypothesis materiality: Immitating parabolic
line, dependent on hardening properties
of the used material, speed with which it
will be thrown, weight of used material
and angle of throwing motion.
Goal: Plastic is thrown to follow natural
gravitational course. First released plastic
must be heated more to make sure the
plastic material remains liquid until reaching the aimed surface. The temperature
decreases while the plastic follows when
the first plastic lands on the surface.

70°

1.1a

1.3

Material blending
Goal: Natural

Testing: Implied natural

Painting style: Action painting
Painter reference: Jackson Pollock
Brush type: Regular nozzle

1.1b

Hypothesis materiality: Material colors
blending occurs only while still hot and
blended with pressure.
Goal: Ropes hanging from ceiling with
multiple colors, color blending occurs
during deposition through gravitational
force.

45°

1.4

Pulling motion
Goal: Natural

Testing: Implied natural

Painting style: Action painting
Painter reference: Jackson Pollock
Brush type: Regular nozzle
Hypothesis materiality: Material path is
mimicked in layers
Goal: Material hardens while the material
is extruded in mid air.

1.2
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10°

1.5
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Hand
Flat brush
Goal: Mechanical

Spatula
Testing: Implied

Goal: Mechanical

Painting style: Expressionism
Painter reference: Karel Appel
Brush type: Flat

Painting style: Post mpressionism
Painter reference: Vincent van Gogh
Brush type: Spatula

Hypothesis materiality: 16 Nozzleheads as
brush hairs pointing down
Goal: Plastic extrusion along heated
bronze, hairs. Or plastic extrusion through
multiple cilinders with a rotating node.

Hypothesis materiality: Multiple streaks on
heated bed, streak with spatula applied
manually while plastic is still hot.
Goal: Plastic flows along bottom of evenly
heated surface, spatula streaks the material to a smooth surface.

2.1

2.4

Stroke pressure
Goal: Mechanical

2.2

Testing: Implied

Gestural movement
Testing: Mechanical

Goal: Mechanical

Testing: Implied

Painting style: Expressionism
Painter reference: Karel Appel,
Hundertwasser
Brush type: Fan, flat, rigger and round

Painting style: Action painting
Painter reference: Jackson Pollock
Brush type: Fan, flat, spatula, rigger and
round

Hypothesis materiality: 16 Nozzleheads as
brush hairs pointing inwards or outwards.
After configuration of nozzles have been
tested, variation in pressure upon the
plastic will create different thickness of the
extrusion on a surface.

Hypothesis materiality: Following line set in
interface of machine.
Goal: Following the line of the artist with
3D scanning

2.5

Fan brush
Goal: Mechanical

Testing: Implied

Painting style: Expressionism
Painter reference: Karel Appel
Brush type: Fan
Hypothesis materiality: 16 Nozzleheads
as brush hairs pointing outwards. Large
space inbetween strokes. Possibility for
infill with pointillistic drops.

2.3
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61

Fingers
Drops form lightweight mass

Orthogonal drop

Goal: Mechanical

Goal: Mechanical

Testing: Mechanical

Painting technique: Pointillism
Painter reference: Georges Seurat
Brush type: Fan, flat, spatula, rigger and
round
Hypothesis materiality: Configuration of
drops for lightweight mass. Variations in
resolution.

Testing: Mechanical

Painting technique: Pointillism
Painter reference: Georges Seurat
Brush type: Fan, flat, spatula, rigger and
round
Hypothesis materiality: Vertrical drop
pressure, materiality dependent on heat
and amount of plastic released during
extrusion.

90 °

3.1a

3.2

Material property gradient drops

Diagonal drop

Goal: Mechanical

Goal: Mechanical

Testing: Mechanical

Painting technique: Pointillism
Painter reference: Georges Seurat
Brush type: Fan, flat, spatula, rigger and
round
Hypothesis materiality: Mixing material
properties in drops to form the needed
structural and physical properties.
Configuring color palette according to
properties.

Testing: Mechanical

Painting technique: Impressionism
Painter reference: Claude Monet
Brush type: Fan, flat, spatula, rigger and
round
Hypothesis materiality: Diagonal drop
pressure, longer stroke, Drop shape
becomes more oval than round.

45 °

3.3

3.1b

Short stroke
Goal: Mechanical

Testing: Mechanical

Painting technique: Post impressionism
Painter reference: Vincent van Gogh
Brush type: Fan, flat, spatula, rigger and
round
Hypothesis materiality: Streaking of
material, flattens and lengthens the
extruded material

10 °

3.4
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Autumn Rythm (Number 30) [Oil on Canvas] - Jackson Pollock (1950)
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35.
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Vogel [Oil on canvas] - Karel Appel (1951)
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36.
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Kissed by the Sun [Oil on Canvas] - Friedrich Hundertwasser (1951)
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37.
70

Wheatfield with Cypresses [Oil on canvas] - Vincent van Gogh (1889)
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38.
72

A Sunday on La Grande Jatte [Oil on canvas] - Georges Seurat (1884)
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39.
74

Landscape near Montecarlo [Oil on canvas] - Claude Monet (1883)
75

40.
76

The Starry Night [Oil on canvas] - Vincent van Gogh (1889)
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3.5. Material

The material that is used for the additive fabrication method is liquid during
extrusion and solidifies over time, a property inherent to both plastic and paint.
The next paragraph further explains the workings behind this movement through
physical states. The intrinsic material properties contain information on how the
drops or strokes materialize. The digital code that determines the directionality
constitutes only a small portion of the final physical result. This means that
movement takes place through space and through the physical states, both need to
be taken into careful consideration. Thus the fabrication process has two temporal
components:
1.
The machine lays the liquid plastic along a path from start to end.
2.
After the material emerges from the nozzle a second process starts: the
liquid begins to cool down and harden. Therefore it needs to be deposited on the
surface before it cools down. (Gramazio and Kohler 2008)

materials. Through additives the plastic material can change its flexibility, density,
recyclability, structural capacity, weight, UV-resistance, fire retardancy and can be
enhanced with antioxidants, fungicides and anti-static additives. (Kula and Ternaux
2008) Appendix “B. Material”, provides further background information on the
properties of PLA and how this can be used for building.
Acrylic and silicone seal position itself in between paint and plastic in terms of
materiality, viscosity and mode of application. In architecture paint is usually a
finish, plastic integrates the finish in the material similarly to seal. The materials
used in the following experiments are acrylic and silicone seal. This material is
normally used for closing off joints or gaps in construction. Here the material is
used to imitate plastic as a building material. The first experiment focuses on the
effect of homogeneous materiality through: density, brush pressure, brush angle,
brush direction. Here only acrylic seal is used. The seal needs half an hour to
harden after it reacts with air. The seal experiments proceed from the idea of a
hypothetical plastic material. By looking at the art of painting as an inspiration the
experiments can give us more information on the needed material properties in
terms of viscosity and hardening time, but also in terms of the materiality created
by changing the head of the seal tube.

3.5.2. Hypothetical material
41.

Movement along path

42.

Movement through physical states

In the following experiments the analogy between paint and plastic, will be analysed
in terms of how the movement through the physical states affects the materiality
when changing the stroke and brush type as explained in the previous chapter
“3.4. Machine”. With each brush type variation can be made in the pressure that is
applied during extrusion, which results in a different materiality.

3.5.1. Paint vs. plastic

To this day plastics functions as a connection between two materials, as a watertight
seal, adhesives, paint and finishing. Paint is a mixture of binders, pigments,
additives and solvents and can be classified as a type of plastic material. The binder
is a polymer resin, ensuring the cohesion of the material. Pigments determine the
colour and transparency. Additives limit shrinkage during drying and control the
viscosity. Solvents disappear by evaporation during the drying process.
Plastics are usually isotropic, because they are melted and solidified into a
form. Plastics do not have a fiber-like structure, and the anisotropy is usually
confined to microscopic dimensions in the shape of polymers. Polymers enable
the emergence of thousands of new hybrid materials, providing an abundant
selection. The plasticity of the material does not only refer to the liquid state during
production, making it possible to shape the material into any desired form. The
plasticity also refers to the possibility of modifying the inherent properties of the
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A characteristic of plastic materials is the capacity to change its inherent properties
through additives. In that sense the plastic is not only ‘plastic’ in terms of materiality
or viscosity, but also in terms of being able to mold the laws ordering its nature. By
looking at the materiality of the different plastic materials we can conclude what
material properties the materials should have to be put into practice. Therefore
the following experiments will focus on the use of plastic materials that inherit
different properties in order to adequately give an implication of the materials
needed properties in relation to the design and the focus on illustrating the
potential of three-dimensional painting in architecture. The following experiments
give an insight on the material behavior of acrylic and silicone seal. As the material
properties of seal are different than that of plastic and paint the experiments give
a preliminary indication on what kind of properties the materials should have,
now that the idea becomes tangible. Each machine, generating either arm, hand,
or fingers movements, requires different material properties. The experiments
started from the conception of a plastic material, which can be edited with
adhesives. The following pages show personal observations that have been made
during testing with seal, in terms of utility, structure, aesthetics and materialisation,
similar to chapter “2. Exploring the architectural language through materiality”.
The structural qualities are not only defined through form and the configuration
of the material within a structure but also through the material properties of the
hypothetical plastic. As plastic is isotropic on a macrolevel, and is only anisotropic
on a micro level of the polymer, the hypothetical material will not be investigated
on a material level, and will only be placed in relation to the structural capacities
of the configuration. The machine is compared to the materialisation through
brushtype, stroke and pressure, imitated by seal. Eventually the utility of the
proposed machine, in relation to the structural configuration of the material will
reveal the needed properties of the material during the design process.
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Experiments with acrylic seal
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10 mm diameter
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Zoom in materiality
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7 mm diameter
45.
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Zoom in materiality
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3 mm diameter
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Zoom in materiality
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10 mm diameter
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Zoom in materiality
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7 mm diameter
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Zoom in materiality
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7 mm diameter
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Zoom in materiality
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3 mm diameter
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Zoom in materiality

10 mm diameter
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Zoom in materiality
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10 mm diameter
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Zoom in materiality
97

Arm

70°

Circular motion

Structure: Strong in vertical direction
Utility: Dividing, mass
Aesthetics: Undulating, horizontal
Materialisation: The drying time of acrylic seal does not enablemore than 3 layers on top of
each other without causing it to fall down.

Throwing motion 70 °, 45 °, 10 °

Structure: The structure can only carry equally devided loads.
Utility: That arch can be used as a structure of vertical enclosures, or as a roof structure.
Aesthetics: Vaulted, sacred, organic
Materialisation: Seal does not enable a throwing motion, the implied motion is also not
feasible, the material needs support on the sides during harding and a shorter harding time.
Also the variation in throwing angle can not be imitated with this testing material. Future tests
can be made by calculating the path of the parabolic line, based on the speed with which the
material will be thrown and the weight of the used material.

Material blending

Structure: The structure can increase in strenght by applying different structural properties
Utility: Combining transparent and solid materials generates opportunities for sunblinds,
antoher option would be the integration of installations and plumbing into the enclosure.
Aesthetics: Aesthetically this technique can be used to create a variation in opacity or a play
with colors.
Materialisation: The long hardening time of seal enables blending during liquid state, with
plastic this will be different. In the next paragraph this idea will be further developed.

Pulling motion

Structure: The structure needs a foundation or clamping in order to be stable.
Utility: The making of material threads into mid air for structural or aesthetical purposes, or
for a free application of plumbing and wiring, within the interior of the enclosure.
Aesthetics: Free organic movements into mid air.
Materialisation: The pulling motion requires the material to be strong and stable. Therefore
the test was done with a diameter of 10 mm, the viscosity of seal and the applied pressure
causes the material to expand in a horizontal direction.
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Hand

Flat brush

Spatula

Stroke pressure

Gestural movement

Structure: The method is suitable for creating lightweight enclosures when applied as in the
diagram.
Utility: The space in between the strokes can be filled with other materials and structures,
such as insulation and wiring. Increase speed of construction.
Aesthetics: Horizontal, layered.
Materialisation: The brush is implied through cuts in the seal head, the material does not
extrude as indicated in the diagram, but the combination of pressure and viscosity cause the
material pearce through the slots creating organic undulating surfaces.

Structure: Varying pressure can densify the material depositions locally.
Utility: To increase speed of construction the pressure can be released, creating thicker layers.
Aesthetics: Variation in pressure can enable unusual varation in texture and shadow through
a higher plasticity in the relief.
Materialisation: With seal it was necessary to create used cut the head diagonally to be able to
apply pressure on the extruded material.

Structure: The spatula can be used to create thick massive structures or smooth surfaces.
Utility: The spatula enables high speeds for construction and high density material layer
through the extra pressure that can be applied with the spatula
Aesthetics: Smooth and homogeneous.
Materialisation: The material was processed with a spatula after extrusion.

Structure: The movement does not inherit extra structural capacities.
Utility: Used as artistic expression of the designer.
Aesthetics: Distracting, organic and smooth
Materialisation: The seal head with slots approach the gestural movement in the diagram.
The intrinsic property of the seal naturally created the gestural movement of the painter.
When applied in three dimension the surface becomes sculptural.

Fan brush
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Structure: The method is suitable for creating highly lightweight enclosures when applied as
in the diagram.
Utility: The large space in between the strokes can be filled with other materials and structures,
such as insulation and wiring. Increase speed of construction.
Aesthetics:
Materialisation: When trying to mimick an actual brush with steel hairs, the kit does not
function as paint. The fluidity of the material and the rigidity of the steel hairs causes the
material to wrap itself around the hairs creating undulating surfaces.
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Fingers

90 °

Drops form lightweight mass

Structure: The drops can be applied in a way that air can be interlocked for light structures.
Utility: The interlocked air can function as insulation, and the surface enables acoustic
absorption
Aesthetics: The unusual plasticity enables interesting reliefs and tectonic expression.
Materialisation: After testing different heads for the seal the diagonal cut seemed mostly
suitable to apply pressure on the extruded surface to generate a better adhesion to the
bordering surface, in this case the wooden panel.

Orthogonal drops

Structure: The structure needs to be build from the ground up, organically in order to be
stable.
Utility: Build up of structure which need a specific transition in material properties. The slow
application calls for careful consideration when applying this method.
Aesthetics: The pressure created by the vertical application creates uneven drops.
Materialisation: The vertical application does not let the material make a strong attachment
to the bordering surface.

45 °

Material property gradient drops

Structure: By varying material properties and stroke direction, a composite structure can be
made.
Utility: Build up of structure which need a specific transition in material properties. Artistic
expression.
Aesthetics: Aesthetically this technique can be used to create a variation in opacity or a play
with colors.
Materialisation: By applying the material in drops the texture can be pixelated and create a
gradient. For this it is necessary for the seal to harden before the next layer is applied. Other
test on material pixels will be further developed in the next paragraph.

Diagonal drop

Structure: The structure needs to be build from the ground up, organically to be stable.
Utility: Build up of structure which need a specific transition in material properties. The slow
application calls for careful consideration when applying this method.
Aesthetics: The pressure created by the diagonal application create smoothly shaped drops.
Materialisation: The diagonal application also does not create a strong connection with the
bordering surface. However it does connect better with the previous layer of seal.

10 °

Short stroke

Structure: The structure needs to be build from the ground up, organically to be stable.
Utility: A faster application for applying material pixels where it is needed less acurately.
Aesthetics: Shorts strokes create expressive textures.
Materialisation: When applying the seal almost horizontically it appeared needed to cut
the head diagonally to be able to apply more pressure on the material and create a better
adhesion.
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3.5.3. Mixing material properties

The machines present two techniques of mixing material properties. One through
layering materials over each other, and another through creating gradients with
material pixels. This paragraph further develops this idea. In order to test the analogy
between paint and plastic in terms of blending, the experiments are executed
with a material that enables blending after extrusion. This experiment skips the
complex testing of blending plastic. The experiments are now executed with both
acrylic and silicone seal to be able to clearly see the variations in transparency. The
silicone material has a higher level of viscosity and therefore blends more easily
during application. Distinctions are made between blending of the material during
its liquid state and after hardening. The used material in the experiments of chapter
“2. Exploring the architectural language through materiality”, PLA, needs to remain
at a temperature of 205° to blend as paint. Another option for blending is to blend
during extrusion with a nozzle that can extrude two materials at once. This nozzle
can then create a gradient throughout the print. The digital code tells the nozzle
when to extrude more of material A or B to control the outcome of the gradient.
However if we want to mix the material porperties after extrusion this can be done
through three-dimensional pixels, as explained in the pointillist technique.
The pointillist technique of Georges Seurat was inspired by color theories of
scientists Michel Eugene, Chevreul and Ogden Rood. The painting method is called
divisionism and makes use of colors in patches that trick the human eye into
blending them creating luminance and shape. Van Gogh was a post impressionist
who experimented with the pointillist technique using the spatula for applying
layers of strokes. The techniques were deployed for illustionistic purposes, but
inspire architects and engineers to think differently about material distribution in
structures. Van Goghs rapid application of paint creates short strokes and give
his paintings a dynamic and expressive feel. Taking a closer look at Van Gogh’s
Starry Night in figure 40, we can see how the different directionalities of the
strokes cover each other according to a certain logic. Van Gogh applied different
layers of directionality, varying in color and density. If this can be translated in
three dimensions, this technique provides opportunites for creating a new kind
of composite structure. Plastic is isotropic, the composition of the plastic strokes
can generate an anisotropic structure when thinking of the stroke direction as a
multidirectional fibre construction. In chapter “3.3. Method” it is explained that
the method makes use of the directionality of the material as the digital code
that generates the architectural form and materiality. An interpretation of the
directionality of the painting is shown in figure 54, consequently the diagrams in
figure 55 function as ‘drawings’ for making the model in seal. The layers look woven
together like textiles but they permeate one another. This has consquences on the
material in terms of strength through the structural configuration. The diagrams
show the directionality of the material deposition and form a first step towards
rethinking the architectural drawing.

‘Some say they see poetry in my
paintings, I see only science.’
- Georges Seurat
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Pointillist technique with acrylic and silicone seal
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54.
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Mixing material properties with acrylic and silicone seal
Right page: Diagrams of directionality and materialisation
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3.6. The architect’s toolbox

The 3D print technology adds to the existing toolbox of the architect on several
levels. It changes the design process, construction and aesthetics. Although the
construction is carried out digitally, the computer does not need to be a mandatory
design tool. The computers software inherits preordained limitations, and the
architect might need to design their own software (Hausegger, Krasny et al.
2008). All tools have their own technical possibilities, limitations and conditions.
By mimicking the material behaviour in an analog way, the design process can
be freed of some technological constraints. chapter “3.5. Material” presents a first
approach in applying a physical tool, seal, to get a feeling of materialisation of the
design and three-dimensional thinking. In that way the design process consists of
using anything as a potential tool to help us think, and might lead to inventing a
new tool.
It is crucial that architects now and in the future choose their means consciously
and master their tools. Accessing generic tools enables architects to create their
individual design instruments and thus generate diverse forms of expression. The
drawing and the model are the most common tools for architects to visualize their
idea of the building. This chapter focuses on using the physical art of painting as a
tool for architecture and thinking about building, and how the drawing or painting
is related to the physical outcome. Many architects have also been painters and
sculptors. Where painters and sculptors deal with the physical outcome directly,
architects experience a discrepancy between the drawing and the physical
outcome, due to the size and scale of architectural constructions. The hypothesis
states that now, with the developments in digital manufacturing, it will be possible
to link two-dimensional painting techniques directly to three-dimensional painting
techniques to make architecture. Where the painting is the design as well as the
building.
In the digital age, our preference of serial repetition, which was the product
of industrialization, is being transformed into the re-approval of the ‘natural’
uniqueness of craftsmanship. However, the digital is a result from centuries of
human engagement with logic. To the contrary painting is an analog tool following
principles from centuries of experimenting with paint and colour. The paradox
of combining the digital with painting, the rational with the intuitive, requires a
shift in thinking. Using painting as an instrument to design in three-dimensional
space pushes the designer to exploit the human potential for associative thinking
in order to discover new organizing principles, and establish new relations with
the built environment, where old principles are given new meaning. Subsequently,
the art of painting and sculpting point out that the disadvantage of architects
work is not being able to work with the object of thought directly. The sketch
and the model are much closer to painting and sculpting, than a drawing is to
architecture. And the architect is hardly ever able to conceive an exact image of the
final outcome. Moreover, architecture plays within the rules of society, subjected
to building regulations. The artistic work that is now considered beyond the
work of architecture due to building regulations such as, earth art, performance,
installations, and constructions, still deal with architectural themes. What is striking
is that these arts rarely make use of the drawing because it is almost impossible to
develop a clear depiction of the artistic thought through this medium (Evans 1986).
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3.6.1. The role of the drawing

At the beginning of this chapter the following question was posed: ‘If a floorplan is
a painting, what will be the building?’ The plan has been a means for understanding
design as a conclusion of sketches and models, either digital or physical. In the
plan as a working drawing every line should be accurately considered, every screw
has to be in the right place, every specification is binding (Spiro 2013). The spatial
concept is orthogonal on a working drawing such as the plan, therefore, if the
statuary arts become unified, as proposed on page 50, the working drawing
no longer suffices as a design tool, but becomes the end product of the architect
after which it is passed on to the machine. The diagram in chapter “3.5.3. Mixing
material properties” gives an indication of how abstract a working drawing might
become for this method. The drawing merely represents the directionality of the
movement that needs to be translated to the machine. If the practice of architecture
is repositioned in relation to painting and sculpting, we can say two things; the
drawing can become art or it can be ignored in its entirety and substituted with, in
this case, the digital code. Robin Evans, explains the two options as follows:
1. Direct, emphasizes bodily properties of the object to be made (involvement,
substantiality, tangibility, presence, immediacy, direct action)
2. Abstract, focuses on the disembodied properties of the drawing (disengagement,
obliqueness, abstraction, mediation and action at a distance)
The diagrams in figure “3.5.3. Mixing material properties” are a first attempt to
visualize the properties of materialisation, the abstract. The abstract artistic
drawing becomes the visualisation of effects, thoughts, architectural theories and
tectonic experience. It juxtaposes the material and the immaterial, as was done
in the experiments in chapter “2. Exploring the architectural language through
materiality”. Evans claims the two cannot be combined as is currently done in
architectural drawings. The abstract drawing has limitations in representation and
not all things architectural can be arrived at through drawing. Therefore he states
that the abstract drawing should be abandoned if the architect judges the effect
of a certain materiality more interesting than the information for construction.
Then drawing is no longer a code for construction but remains an enigma, just like
20th century painting, the drawing is introduced as a work of art, it is no longer a
working drawing for construction but becomes an image of thought (Evans 1986).
In this case both the abstract and the direct form an interaction. The direct drawing
shows the tectonic experience and the abstract the logic behind it. This thought
will be further developed in the design process, to gain more understanding of the
meaning of the drawing in this process, both the abstract and the direct drawing
will be made alternately. However, the orthogonality of the drawing remains
an issue here. When trying to draw a complete representation of materiality
and materialisation, the drawing merely functions as a conceptualization of the
arrangement of spaces. Perhaps the final drawing of the design will be a distortion
of three dimensional space, in order to grasp the essence of three-dimensional
thinking on an orthogonal plane.
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3.7. Observations

Chapter “3.3. Method” presents how the architect would reposition itself in relation
to the painter and the sculptor. It becomes clear why the art of painting should
primarily be used as an inspiration and metaphor to gain more understanding of
the implications of using plastic materials and three-dimensional building methods
for construction. The specific observations of the different machines proposed
in chapter “3.4. Machine” were divided into structural, functional and aesthetic
qualities. The experiments in chapter “3.5. Material” were focused on the use of
silicone and acrylic seal to test the materiality of the brush type, size and deposition
angle in an analog way. The concluding scheme in figure 56 presents the potential
of the proposed building method on the level of utility. The following paragraphs
reflect on the hypothesis posed on page 44. Subsequently, this will be used to
design the building process for the eventual design in chapter “4. The city as the
canvas”. Here, the building process further reveals the needed material properties.

action painting
arm

1.1a

1.1b

1.2

70°

1.3

2.1

2.2

expressionist
hand

The design starts from the proposed method, machine and material. The method,
machine and material are depicted and researched in such a way that it becomes
clear how and if it is possible to design with these tools. When the method, machine
and material are brought together in a coherent way the whole will become a new
tool in the architects’ toolbox, as one cannot function without the others. When
thinking of the drawing in both an abstract and a direct way. the specific tool is
not necessarily a design tool, but also a building tool. But how and when do we
apply this method? Why do we want the building to be in a certain way? These are
questions that will be asked during the design process.

2.3

3.7.1. Building technology

2.4

2.5

3.1a

3.1b

pointillist
fingers

Figure 56 shows how the movements of the machine inspired by the painters
movement of his arm, hand and fingers can create forms each with its own
functional qualities for architecture. The arm creates large, organic movements that
mainly have the potential to function as main structure. By varying the resolution
in which it is applied it can be used for both the substructure and the interior
structure. When keeping in mind the potential developments in material science
it can even be possible to create plumbing and wiring with this technique. Where
the plumbing and wiring move through the structure as veins. The movements of
the hand mostly enable variation in pressure and brushtype. By applying more
pressure the brush extends further outwards creating space in between the
material for plumbing and wiring. The brush enables multimaterial deposition
at once, increasing construction speed. The movement of the fingers make the
pointillist technique, this technique is suitable for the interior structure and the
sub-structure. It is a technique which can create material gradients and detailed
transitions, however it can largely increase construction time. The quality of this
technique lays in the making of material gradients, for instance between solid and
transparant materials. Then we would no long need window frames or hinges and
it enables the making of sunblinds both aesthetically and structurally integrated in
the building.

90 °

3.2

45 °

3.3

10 °

3.4

56.
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Catalogue machine vs utility
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3.7.2. Architectural language

The method inherits a specific architectural language influenced by artistic styles
that have already been employed by painters of the 20th century. The way of layering
and extrusion stems from bodily movements generating organic structures. The
movements each have their own ability on a technological level. But the styles
inherit a certain expression and tectonic effects. The arm creates large scale
structures and strong movements. The fingers however focus on the more subtle
en detailed parts. Figure 56 can be seen as a catalog, where the selection of a
machine according to functional capacities informs a specific architectural style.
The architectural language will be a result of decisions on brushtype, machine,
material and their resolution and the configuration of these elements as a whole.

3.7.3. Form freedom

The machine as proposed has the capabilty to perform on site manufacturing
in complex spaces without disturbing the surroundings. The material enables
light weight structures, which prevents damaging the bordering buildings, and
scaffolding would no longer be needed. The method requires the architect to
think differently about space. The Euclidian conception of space would still need
to be used for construction, but during the design process sketches can be made
through a non-metric conception of space representing the theory based on the
metaphor ‘the city as the canvas’. As the orthogonality of the plan and the elevation
do not suffice architects need to look at an alternate way of seeing spatial relations.
The architect will think less about the concept of elements as building components
but more of elements of materialisation through strokes. The corollary to this will
be further elaborated in chapter “4. The city as the canvas”.

3.8. Recommendations

The next step is the design, to illustrate the potential of using three-dimensional
painting techniques in architecture. Now that the method and how it deals with the
behavior of the material have been considered, we gain more understanding of the
possible tectonic atmospheres for interior and exterior spaces. From the catalogue
of material, machine and method a start can be made to design a home. The design
should demonstrate why houses should be built in this manner. The design will be
hypothetical, and aims to add to our consciousness of new materials in architecture.
As architects and dwellers, seem to prefer traditional and warm building materials,
it might be hard to imagine plastic materials being able of providing a comfortable
living environment. Turning to plastic as a building material however, enables the
construction of homes to be more materially economic as described in appendix “B.
Material”. We need to become conscious of how we are dealing with raw materials
in the current construction of homes, consisting of prefabricated components and
on site material wastes. Additive manufacturing methods do not only create less
material waste, but also open new doors for materialization. When applying the
method in a dynamic and intuitive way the material deposition is lead by natural
forces such as gravitational and centrifugal forces. Especially when using materials
with a degree of plasticity such as paint, acrylic and silicon seal and PLA these
forces become even more apparent. The diagram in figure 55 gives a preliminary
indication of how these forces can be visualized in a drawing. These visualizations
will be made during the design process to get a better understanding of the role of
the drawing and representation regarding this method.

3.8.1. Building technology

The observations point out the opportunity for integrating plumbing and wiring
into the enclosure. The observations in chapter “3.5. Material” and the table in
figure 56 helps the architect in its decisions to make a design where structure,
utility and aesthetics come together. The elimination of window frames and the
integration of sunblinds through gradients of materials in the enclosure bring
forward interesting and unusual design possibilities as shown in the following
diagrams.
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Recommendations for distribution of resolutions on macro, meso and micro level
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3.8.2. Architectural language

The natural forces that affect the temporal components of the plastic material
as described on page 78 should be taken into account when designing. The
building process will be affected by the material properties. During design process
the elements as described on page 24 will be reflected upon. This can be done
through approximating the hypothetical material with substitute materials. In the
design process will be iterative following a sequence of steps through different
scales and methods.
1. Translate painting method to building process
2. Clay sculpture in location on scale 1:50 as conceptual sketching
3. Seal testing of the elements on a scale 1:20 to get a better understanding of the
tectonic implication.
4. 3D printing critical parts to test what is currently possible on a scale 1:1.
5. Designing the entire structure as it would be executed by the machine.
The architectural language will most probably be a reflection of where the gradients
are applied, which brush is used, how the resolution varies throughout the structure
and which movements of the machine is used to keep the construction speed on a
feasible level, and how this functions in its intirety as a building system integrated
with plumbing, wiring, waterdrainage, transparant and solid parts, structural and
aesthetic qualities combined.
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Design process

3.8.3. Form freedom

The form freedom opens up possibilities to construct in complex leftover spaces.
The first step in adressing this potential is to find a location where we can take
full advantage of this new method. After that the spatial relations of the location
provide a framework for the disign. Here we can start by observing the architectural
styles of the existing building and juxtaposing those with the new architectural
language. To explore an alternate way of representing spatial relations, the
orthogonal drawing as a plan and elevation are discarded as such. The analogy
between printing and painting makes a relationship between the digital and the
analog drawing, between three-dimensionality and two-dimensionality. In figure
“3.6.1. The role of the drawing” the drawing takes two positions regarding abstract
and direct representation, of materiality and immateriality. The transaction
between two-dimensional and three-dimensional space exemplifies the difficulty in
producing and representing architectural space. Therefore the drawing as a design
tool will be deployed by exploring distortion in perspective and projection. It will
focus more on the way architecture relates to its surrounding, its own structrure
and the tectonic experience rather than the form of the object.

59.

Example of grid distortion as a design tool
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Appendix
This appendix delineates the scope of the thesis and presents background
information on current developments on the level of Technology, Material,
Context, System and Housing design.

A. Technology
Present situation
Today we use traditional building methods, such as brick laying, concrete molding
and steel welding. These methods are labor intensive, have high transportation
costs and are often subject to on site problems. Globally the building sector already
accounts for 30% of the consumption of energy and 40% of raw material affecting
environmental change, a shift in design and construction method is needed. With
that the building sector is one of the largest consumers of energy. Buildings are
one of the heaviest consumers of natural resources and account for a significant
portion of the greenhouse gas emissions that affect climate change. In the U.S.,
buildings account for 38% of all CO2 emissions and 73% of electricity consumption.
(Unknown 2014)
In order to reduce this amount, it is necessary for production processes to become
more efficient and less labor intensive. 3D printing is a possible solution because
it potentially offers saving costs on time, labour and material use and the added
value of free-form architecture. (Veen 2014) When 3D printing with bio materials
the printing process is called extrusion, or fused deposition modeling (FDM). Fused
deposition modeling presses melted plastic through a small whole to deposit the
material layer by layer. The printer head moves on a XYZ coordination plane, and
builds the object in an additive process. The software determines the strength
and stiffness of the exterior mass, when this is to weak the software will make
a honeycomb structure to create a maximum stiffness with the least amount of
material. The costs of a 3D printed object are based on the amount of material used
and the time needed to print the object. The CAD-design of the object provides
all the information the 3D-printer needs to calculate how to manufacture the
object. When there is an overhang, which needs support while the printed material
is drying, the software determines where this support is needed. This support
structure can be mechanically removed afterwards. (Verbruggen 2009) It results
in the opposite of mass production, where repetition and standardization offer
advantages. 3D printing offers advantage for individually customized products.
3D printing offers free variability, complexity and flexibility. (Anderson 2012) The
printed object can also be used a mold for other materials.
Opportunities
At this moment preliminary steps have been taken to research the sustainable
value, the 3D printing technology and the needed material properties. Arnoud
van der Veen wrote his graduation thesis on “The structural feasibility of
3D-printing houses using printable polymers” in collaboration with Heijmans,
DUS Architects and Tentech. In his thesis he proposes design recommendations
as a starting point for further research to the optimization of printable housing
elements. The optimization which is needed will be a synergy between structural,
physical, esthetical and economical requirements. Van der Veen sees a potential
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in saving costs on time, labour and material use and the added value of free-form
architecture. However the added value and cost savings that comes with these
advantages must outweigh possible disadvantages like technical development
costs, implementation costs and material costs. At this moment it is not possible to
3D print an entire house that meets the requirements of the building code because
the thermal behaviour of the material is unsafe and insufficient. The improvement
of the material therefore has the highest priority. Nevertheless, Van der Veen
sees that development of the material can go synchronously with development of
design.
Firstly, he proposes structural and architectural designers to further explore
new opportunities of the 3D-printing techniques for structural geometry design.
Secondly, doing design research parallel to material research will lead to a feasible
structural design so it can be printed directly once the material properties have
improved. Lastly, structural design helps in defining the minimum requirements
for the material that needs to be developed. So apart from the essential material
research, there still are good reasons to continue with the structural design
research as well. For this research it is possible to design geometries, connections,
chambers and a full house composition under the assumption that the applied
material fulfils certain requirements.
(Veen 2014)
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Resolution
A 3D-printer can print in different resolutions. The higher the resolution the longer
the time needed for printing the object. However, for the exterior finishes a high
resolution is needed. The interior can be printed with a lower resolution without
losing quality. In order to increase construction speed while maintaining a high
material quality, a combination can be made of high exterior end low interior
resolution. The speed increases even more when printing with multiple printer
heads. (Haspel 2015)

Renovation
3D printing can be a solution for existing building stock of empty buildings through
its possibility to make complex details. Next to that in the Netherlands a lot of
dwellings will be made energy neutral in the near future, for this it will be necessary
to wrap the existing facades into a smart skin. The house can be scanned and
every skin can be custom made for each inhabitant. The skin requires being as thin
as possible to house all the technical equipment. This will make the skin terribly
complex, for 3D printing this is not a problem. (Haspel 2015)

Insulation
The principle of insulation is the capturing of air. In traditionally used glass wool
de air is blocked in the cells. By reproducing such a cell structure with 3D printing
this can be controlled even more. The cell structure can then be made horizontally
because air does not move horizontally. The cell structure will not have vertical
separating elements, preventing cold bridges. If an interior element is added the
air will flow even less inside the cell structure. The insulation can be integrated in
the façade giving it a second structural function. (Haspel 2015)

high resolution

combination

76.
160

3D printer building components Lab3D
161

Appendix A / calculation production costs
Printing costs and production time
Technology

PRINTER

PRINTER

PRINTER

PRINTER

2015-2020

2015

2020-2025

2020-2030
FDM

Technology

FDM

FDM

FDM

0,01

1,00

3

3

€ 1.800

€ 10.000

€ 250.000

€ 1.000.000

Building volume

[m3]

Investment

[euro]

Depreciation time

[yr]

3

3

3

3

Maintenance

[%]

20

20

20

20

Maintenance

[euro/yr]

€ 360

€ 2.000

€ 50.000

€ 200.000

Number of printing heads

[.]

Printing speed each printhead

[kg/hr]

Speed upgrade by multiple resolution printing

[.]

Printing speed printer

[kg/hr]

Labor costs unit
Housing
Number of printers in a unit

[.]

Total labor and housing

1

1

40

40

0,04

0,04

0,05

0,05

1

1

1

100

0,04

0,04

2,0

200,0

[euro/yr]

€ 50.000

€ 50.000

€ 50.000

€ 50.000

[euro/yr]

€ 20000

€ 20000

€ 20000

€ 20000

25

25

5

5

[euro/hr]

€ 0,35

€ 0,35

€ 1,75

€ 1,75

Depreciation per machine hour

[euro/hr]

€ 0,08

€ 0,42

€ 10,42

€ 41,67

Maintenance per machine hour

[euro/hr]

€ 0,05

€ 0,25

€ 6,25

€ 25,00

Energy costs

[euro/hr]

0,03

0,03

1,00

21,00

Total depreciation, maintenance and energy

[euro/hr]

€ 0,15

€ 0,69

€ 17,67

€ 87,67

Percentage effective use

[%]

80

80

80

80

Related to kg production 3D prints:
Total machines and operation

[euro/kg]

€ 15,47

€ 32,55

€ 12,14

€ 0,56

Printer supplies (PLA)

[euro/kg]

€ 3,00

€ 3,00

€ 3,00

€ 3,00

Total

[euro/kg]

€ 18,47

€ 35,55

€ 15,14

€ 3,56

Specifications
2015 technology and
From which Labor costs 3D printers / [euro/kg]
€ 7,81forecast € 7,81

€ 0,78

€ 0,01
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technology
technology
technology
2015
2015-2020
2020-2025

building envelope
(max volume printed
object)

0,01 m3

1 m3

3 m3

technology
2025-2030

3 m3

number of printing
heads
1

print material

one material

1

40

one material

two materials

single 0,2 mm

single 0,2 mm

single 0,2 mm

0,04 kg/uur

0,04 kg/uur

40
two / three materials

print resolution

print speed

2 kg/uur

multiple 0,2-1 mm

200 kg/uur

It is all about printing speed, resolution and printing materials. We reviewed low cost printing technology (Fused deposit modelling / FDM).
The left column shows 2015 technology. We expect that in 2020-2025 printers will be equipped with multiple printer heads (third column). This technology can
78.
Technology forecast by LAB3D
be achieved by engineering using current technology; there is no technology breakthrough needed. Multiple resolution is another big step (fourth column). This
improves printing speed (kg/hour) with a factor 100 of higher; This printer is able to print is fine resolution along the surface and with a low resolution inside
structures.
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B. Material
Present situation
The largest contribution to environmental impact is caused by material consumption
(Klimaatimpact van de Nederlandse bouwnijverheid (2010)). The material use
represents about 70% of the environmental impact of the building sector. To
reduce environmental impact of the building sector it is of importance to make
material selection based on the function of the design with the least impact on the
environment which maximizes the possibility to reuse and recycle after demolition
(Bijleveld, Bergsma et al. 2014). Many used materials such as steel and concrete
have a slow production process. And during construction a lot of the materials
go to waste. The material used as a filament for 3D printing is used with a 100%
return rate, thus no material goes to waste during for example molding or cutting.
3D printing and bio plastic are two separate worlds at this moment. Combining this
new production technology with new bio materials offers the opportunity to come
to much more synergetic designs (Wijk 2013).
Bio materials could potentially substitute a large amount of materials used today. It
has become possible to substitute any building material with a bio based alternative
and if it has not been developed yet this can be done upon request (Runneboom
2013). The embedded energy of a bio based material is not necessarily less but the
carbon footprint is better (Spanjer and Wijk 2014). Bio plastics provide polymer
additives that allows the breakdown of the molecular structure into natural end
products such as carbon dioxide, water, salt and even methane (natural gas)
(3ders.org).
Opportunities
By reusing materials in continuous, closed loops, we could significantly reduce the
environmental burden of consumer wastes (Geiser 2001).Therefore I will research
how bio plastic can be used as a building material. And what the possibilities are
for developing a bio plastic which can be recycled to its liquid state. Because then
the material needs to be produced only once, and can be reused for constructing
housing again and again. This is most feasible when using a mono-material process
and a material. The amount of times it can be reused depends on the return rate
that can be achieved through material development. Then the embedded energy of
bio plastic can balance out the embedded energy of traditional building materials
(Ruiter 2015). At this moment it is not possible to 3D print an entire house that
meets the requirements of the building code because the thermal behavior of the
material is unsafe and insufficient. The improvement of the material therefore has
the highest priority (Veen 2014). I will research possible developments in material
science regarding the use of bio plastic for construction purposes and recycling.
Research and development is needed to make new bio plastics with sound barriers,
water vapor barriers, low thermal conductive properties and flame-retardants.
This can lead to a more sustainable architecture in which one layer can have
several different properties and functions, which in traditional architecture remain
in separate layers. When one material can represent several building layers 3D
printing processes can become even more efficient. In the end the life cycle of bio
plastic will be analyzed during the design process and it will show how the usage
of bio plastic can contribute to an architecture that works in a circular economy.

163

Appendix D / Specification typical PLA

PLA
Plastics are synthetic materials, made out of chemical blocks. Most plastics are
made of fossil-based materials. Bio-based plastics consist of organic material such
as corn, sugar cane and even banana peels. Bio-based plastic was used in all kinds
of application in the 19th century. The use of bio-based plastic decreased with the
rise of the oil era. Oil was abundant and cheap and therefore the better choice.
Now the oil supply is running out and the need for an alternative forces us to
return to a renewable resource such as bio-based plastic. Around 1980 the rapid
bio-degradability and compostable functionalities of starch were the main focus of
research development. But ultimately the interest shifted towards the renewability
of the resource of bio-based plastic.
Bio-based plastic can be biodegradable or non-biodegradable but are always based
on renewable resources. Biodegradable bio-plastics can be broken down into CO2
and/or CH4, water and biomass. Starch based plastics and polylactic acid (PLA) are
suitable for 3D printing. Both have good mechanical properties. The advantage of
starch based plastics for architectural applications is that it has excellent gas barrier
properties, but the disadvantage is that it is humidity dependent. PLA has better
structural capacities (Veen 2014), but is water sensitive during processing. (Wijk
and Wijk 2014) PLA is generally produced from sugar (sugar beets, sugarcanes,
corn). The production process of PLA has no residual products and is therefore
highly efficient. For extrusion in fused deposition modeling thermoplastics are
used. Up until now the only bio-based plastic suitable for building construction is
PLA, due to its strong properties. PLA can be adapted for different applications.
In order to 3D print a house the bio plastic needs to meet the requirement of
the function it will be used for. At this moment PLA does not have a water vapor
barrier, meaning it can only be used for inside construction purposes, such as the
structure and sub-structure of the building. Research and development is needed
to make new bio plastics with sound barriers, water vapor barriers, low thermal
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conductive properties and flame-retardants. This can lead to a more sustainable
architecture in which one layer can have several different properties and functions,
which in traditional architecture remain in separate layers. When one material can
represent several building layers 3D printing processes can become even more
efficient (Horst 2014).
In the near future applications of bio-based plastic within housing will be (sub-)
structural components made of sc-PLA and x-PLA (Jong 2014). The design focuses
on the opportunities this material offers for this application within 15 years, making
assumptions on the technological and material developments that will be made.
After that I will propose needed developments to increase design freedom for new
housing answering to the needs of the modern dweller.
Recyclability
In order to be able to recycle the maximum amount of material the outer layer
will not be printed in one element with the interior. When a coating is needed to
protect against fire or weathering, or when the user decides to paint their façade
the interior of the printed façade/element will not be damaged and can still be
recycled. Bio plastic can only be recycled 10 times without losing its mechanical
properties and can weathers within 3 to 5 years.

When the product is not used anymore it is returned to Turn too, the material is
then returned to the producer and turn too gets paid for returning the material.
To realize this, we need to know what kind of raw material is in the product. In
the future every product becomes a material bank. Even a building can be a raw
material bank. The builder is then responsible for financing the material and the
energy needed for it, the result is that the consumption goes down. This is the way
of new consumption; it is not that we have to consume less it is about consuming
in a different way (Rau 2013). When translating the concept of a circular economy
to the housing sector the relation between the dweller and the builder transforms
as well as the relation between builder and the architect. The design of the building
and the building process, from design to construction, needs to facilitate this new
relation. This will result in rethinking the way the housing market works.
Building process
To design within a circular economy the building process must be designed in such
a way that the materials, technology and design are entirely interconnected. The
design enhances the material properties, the technology facilitates the design, and
the material application defines the needed technology.

PET is a recyclable plastic. PLA is a bioplastic which can be recycled and returned
to a state in which it can be used as compost. The process of making plastic is
chemical and costs a significant amount of energy. To come to an efficient building
process it should be possible to recycle the materials used. This is most feasible
when using a mono-material process and a material, which can be recycled into its
previous state. In that way the chemical and expensive process of making plastic
does not need to be repeated. Then it will only be necessary to produce the plastic
one time, making the environmental burden less than traditional building materials
and process (Ruiter 2015).
Circular economy
In architecture we learn to design sustainable to save energy. But energy is not
necessarily the problem. The biggest problem of the future is the shortage of
raw material. The consequence will be that we cannot do or make what we need
because we do not have the resources. The current linear economy creates waste.
We extract material, we make something with it, use it and then throw it away.
We are creating more and more waste in our consumerist society. This means
we are creating extra waste in between the linear economy. William McDonough
and Michael Brown introduced the cradle to cradle philosophy. They proposed
to design and make products in such a way that materials can be reused. The
consumer buys the products but then creates a leak when throwing it in the wrong
waste bin. This is because our society is organized in such a way that nobody is
responsible for its own actions. Turn too proposes a business model in which the
producer is responsible for its own decisions. The producer has to return the old
product. The first step to reach this is to forget ownership. Then the producer
needs to retain ownership of the raw materials. Then the consumer does not
pay for the raw material, but pays for the performance. The raw material is then
financed by Turn too during the period that the material is in use by the consumer.
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C. Context
Present situation
Sustainable challenges in the field of architecture will be increasingly concentrated
in cities (United Nations 2014). This rapidly increasing urbanization leads to a
growing need for housing in cities. Due to the need for large amount of housing
living conditions have been declining. To minimize the environmental impact of the
building sector it is needed to improve living conditions of the inhabitants while
working towards a circular economy. Therefore it is necessary to know what the
housing market wants and how this will change. Housing design is subject to a
continuous process of evolution, as a number of constants remain applicable. We
have experienced an internalization of dwellers, where the home functioned as a
place for chores and togetherness. Due to the externalization of education, work
and even leisure, people started to spend more time outside the house. In that
sense the housing environment becomes interchangeable, when it doesn’t answer
to our needs we replace it with a new home. The home is then a ready-made object
and functions as a temporary shelter, comparable to a hotel. This freedom has
gone hand in hand with a loss of the ‘sense of home’, a certain restlessness that
seems most prevalent among young two-income couples. Recently, an increasing
amount of professionals start to work from home. This is triggered by a growing
number of self-employment and the ways technology provide the possibility to
be in contact with the world from any place. A lifestyle transformation, which
introduces a new kind of workplace, home, user and age. (At the same time there
has been an increase in new housing demands for the older one- and two person
households due to longer life expectancy and higher quality of life Immigration
has also increased diversity in housing needs. Dwelling cultures from South
America, Africa, the Middle East and Asia are adjusting to Dutch housing (Leupen
and Mooij 2008). Angelidakis defines the new generation of dwellers as noncommittal, D.I.Y.ers, like-to-customize and mostly work from home or live in the
office (Angelidakis 2015).
Opportunities
Through architectural interrelationships the relation between space and time can
be established. Technological, social, economical and geopolitical changes affect
the built environment for it is the interpretation of the complex context that guides
the architect in decision-making. In 15 years the global issues will have changed in
a way that the architect has to think about the intention as a species when we think
of our future cities. The starting point for the context lies in the intersection of the
future timeline in 2030.
3D printing offers large design freedom. I will research under the assumption that
within 15 years the technology can make customized architecture for each user in a
material efficient way. Therefore I will start of by writing a scenario for future urban
dwellers. This will be shown in a timeline highlighting important developments
affecting the building sector such as, migration, urbanization, monotony, massproduction, material waste cycles, energy use and climate change. The illustrated
future course of these global issues will only become reality provided that architects
act upon the new societal challenges. The emerging digital fabrication technologies
offer opportunities to do this.
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D. System
Present situation
Another current issue is the cumbersome way the housing market works. The
amount of mortgages being closed and skyrocketing rents in large cities ask for
a change in the housing market. This can only be done if we rethink the entire
system in which we design and build houses.
In architecture we learn to design sustainable to save energy. But energy is not
necessarily the biggest problem. The biggest problem of the future is the shortage
of raw material. The problem lays not only in the amount of consumption but also in
the way we consume. The waste generated by our consumerist behavior is guided
by the linear economy in which we find ourselves today. We extract material, we
make something with it, use it and then throw it away. We are creating more and
more waste in our consumerist society. The consequence of this behavior will be
that we cannot do or make what we need because we do not have the resources.
This means we are creating extra waste in between the linear economy. The
consumer buys the products but then creates a leak when throwing it in the wrong
waste bin. The same happens in the building sector. After demolition all materials
will be mixed. Then it becomes a costly process to get the materials sorted and
ready for reuse. The continuing division in labor and the linear economy leaving it
unclear which actor is responsible for the reclamation and recycling of the material,
resulting in ignorant behavior of the actors involved
Opportunity
To design within a circular economy the building process must be designed in such
a way that the materials, technology and design are entirely interconnected. The
design enhances the material properties, the technology facilitates the design, and
the material application defines the needed technology. I will research how 3D
printing offers opportunities to solve aforementioned global issues of 2030 when
used in the right way. The architect needs to be conscious of the available material,
tools and technologies in order to come to a synergetic design. 3D printing may
lead to a new way of designing and in that way on site construction problems will
be avoided. This would result in synergetic designs based on conscious, ethical
decisions. With that I will research how the computer will have a guiding role
throughout the design process, regarding the fact that architects need to consider
the total context and envision a coherent design before making the digital input.
In that sense the continuing division of labor in the building process will end
when architects return to be craftsmen, regaining responsibility of every detail
and quality of the end product. As Greg Pasquarelli states, only the architect can
translate multiple factors such as feasibility, costs, structural design and built
results into high quality, sustainable products (Walker, Linder et al. 2010).Then the
architect needs to reposition himself in the design process. The socio-technical
developments might reposition the architect and the designer now and in the
future. The question is whether the revolution will contribute to making synergetic
designs based on a better understanding of the available materials, technologies
and tools prior to making the digital input or if this will cause the architect to
distance itself even more from the physical outcome. I will research how using 3D
printing for construction of buildings can lead to a transformation in the parties
involved during the process and their position. Possibly, the only actors needed are
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the architects, the filament factory and the 3D print manufacturer. The filament
factory will be the actor in charge of recycling the material, keeping control of the
circular process and closing the cycle. And this in turn will result in rethinking the
way the housing market works.

digital file
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E. Housing design

Present situation
Due to the increasing global population the need for rapidly built housing is still
growing, therefore speed, efficiency and low cost remain a large design task for
architects today. Simultaneously architects are confronted with the present-day
issues affecting the building sector regarding, migration, urbanization, monotony,
mass-production, material waste cycles, energy use and climate change. The future
course of these global issues lies in the hands of thinkers and designers.
However the financial and time constraints often result in buildings that are being
designed through a certain ignorance of the technological elements that are part
of the entire issue regarding new revenue models of a circular economy. A building
consists out of several layers, each with a different life span. But the materials
used for these layers are not selected based on their longevity. Such as pipelines
incorporated in in-situ concrete floors. When the pipelines need to be replaced
the entire concrete has to be removed. This is a strange process, which should be
separated (Geldermans 2015). Another issue, which is linked to this problem, is
the permanent nature in which houses are being designed today. Over the past
century social aspirations and style trends have been sensitive to changes. Up until
today housing design has not yet been able to answer to these changing needs. To
quote the Smithsons:

design will be made for a large city with a growing migration rate such as New
York, London, Amsterdam or Rotterdam. When 3D printing buildings it is generally
not the idea to continue to print the same building over and over again. The
quality of 3D printing lays in being able to make each building component unique
without having to increase labor and construction costs and time. It also offers the
possibility of being able to adapt and improve a design after it has already been in
use. Through the design I propose new architectural and constructional processes
in which architects design quality pop-up housing on demand against low costs,
close to the users working location. Then the design can be adaptable, expanded
or demolished based on changing needs or changing users. The research presents
architectural and sustainable innovations applying 3D printing technology with bio
based materials where needed to design mass customized housing for the cities
and people of 2030.

“Dwellings are presented as convenient adjuncts of an old life pattern. Not as
things that can revolutionize the life pattern.” (Smithson and Smithson 1994)
Many architects have theorized about the ideal house, most share the opinion that
the ideal house is that which can be made ones own without altering anything.
With a history of 5000 years of brick housing it almost seems impossible to leave
out this building material (Smithson and Smithson 1994). Thus at this moment
people find it hard to imagine that the relatively new material, plastic could be used
for building housing and still provide better quality with aesthetical value.
Opportunities
To design housing which is made of 3D printed bio plastic it is needed to accelerate
the knowledge development of this material and technology. The design goal is to
halve the amount of raw materials that is now needed for constructing a building
by designing a building that works within a circular economy as proposed in the
previous chapter. It will result in architecture that coincides with the developments
of its time, keeping in mind peoples needs, aesthetical value and reducing
the ecological footprint on earth. The usage of a thermoplastic material gives
architects the possibility to design any desired shape. I will research what shapes
of construction, space and ornament are most desirable, to know what this design
freedom has to offer for such new architecture. It could provide opportunities
where new building physics engineering and faster design and construction
processes can lead to new architecture, free of manufacturing constraints and
standardization, where architects return to be craftsmen.
3D printing housing could potentially be an answer to the growing need for
housing within high-density urban settlement due to increasing populations. The
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