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ABSTRACT

The purpose of this master thesis is to investigate how craftmanship may be achieved
in digital brick architecture with feasible methods. Here, craftmanship is defined as
the intersection between quality of the whole, quality of the parts, and quality of the
method while feasibility refers to a method that is suitable to achieve a certain quality.

Production- and cost-optimization in the building industry, has during the 20th century
led to less craftmanship, and more homogeneity, as an effect of less attention to
detailing and materiality. A sober investigation of craftmanship is relevant because of
the rise of populistic movements who claims there’s a lack of architectural qualities
today. Architects in general are the stakeholder since a feasible approach will be
useful to reach higher architectural qualities.

The methodolo%y for the study is design b¥| research, meaning that research and
design is carried out simultaneously throughout the project. The intention with the
approach is to ensure that the proposed design and construction methods are
applicable, and that the design proposal is designed and buildable with feasible
methods. To manage complexity in data management, low-res voxelization has been
used for digital modelling and representation.

The result is a methodology, an iteration of three steps: define, evaluate and
evolve. The methodology may be used as presented, or tweaked to suit specific
circumstances. The outcome of the methodo ogi(y is presented as a public bath with
flowing spatial sequences and morphologiic bricks, regresented at varying resolution
and detailing. The bath is situated at Valhalla IP in Goteborg, A site that has been
proposed for a new central bath in the city.

The conclusion is that craftmanship in digital brick architecture may be achieved
through an iterative exgerimental design process, where the mutual relationship
between the parts, the whole, and the methods is considered. Varying voxel resolution
may be used as a method for representing various levels of detailing and to maintain
the part to whole relationship.
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1.1 ERIK WIDELL

| have a bachelor degree in product design engineering (University of Skévde), and
a bachelor in architecture and engineering (University of Chalmers). Apart from this
| have studied architecture at EPFL, Lausanne, Switzerland, been employed as a
mechanical engineer at Autoliv, and an architectural intern at &Rundquist. | have an
interest and knowledge in spatial and material design, structural design, parametric
design, design methods and production methods. The master thesis is based on the
MSS-prep-project | did at Chalmers during the spring 2017: What do you want brick?
To better understand the craftmanship of brick architecture | participated in a one-
week practical workshop in Mariestad the summer 2017.
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1.2 PURPOSE

The purpose is to investigate how craftmanship may be achieved in digital brick
architecture through experimentation and iteration in both digital and physical
environments. The purpose is also to challenge the prevailing idea of craftmanship
since the traditional view, related to skilled manual labor, might be less useful in a
digital context. The focus for the investigation is on spatial sequences and morphologic
digital bricks. To be able to make unpredictable findings the approach is to break free
from preconceived perceptions of where any independent investigation may lead.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017
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1.3 BACKGROUND

Production- and cost-optimization in the building industry, has during the 20th century
led to less craftmanship, and more homogeneity as an effect of less attention to
detailing and materiality. This was embraced by the modernistic pioneers. Loos has
stated that ornamentation was a crime against economy (Balik & Allmer, 2017).
Today however, there is not necessarily a contradiction between ornamentation and
economy. As Carpo (2014) claims, it is today potentially possible to manufacture
customized objects to no additional cost with the aid of digital technology.

Indeed, the use of computer aided design and manufacturing technology has had a
bearing on the reappearance of ornamentation (Balik & Allmer, 2017). But apart from
that, craftmanship, that includes but is not limited to ornamentation, is still absent in
much of contemporary architecture. Sennett (2009) notes that western civilization
has a deep-rooted trouble in recognizing and encouraging craftmanship.

Kaminsky (2017) has written about the issue in a Swedish context. Despite the
possibilities today, he sees a rising trend towards less craftmanship. He blames the
issue mainly on large building companies and housing shortage, two factors that
inevitably leads to less craftmanship in its traditional sense.

A sober investigation of craftmanship is important today as an anti-pole to populistic
movements, such as arkitekturupproret.se. The stakeholders for the study is architects
in general who wish to remain or improve their positions. Arkitekturupproret have
recognized that there’s a lack of architectural qualities, but they have so far been
unable to come with a rational solution. Eventhough it is welcoming that there is an
awareness of architecture in the public debate, these discussions shall preferably be

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

driven by the group with knowledge in the field: the architects themselves.

In terms of digital modeling Carpo (2014) identifies the use of discrete elements as
an alternative to splines to achieve a greater variation in design.
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1.4 THEORY

Craftmanship

Sennett (2009) defines craftmanship as follows: "Craftsmanship names an enduring,
basic human impulse, the desire to do a job well for its own sake. Craftmanship cuts
a far wider swath than skilled manual labor; it serves the computer programmer,
the doctor and the artist..." This of course also suggests that not only the bricklayer
practice craftmanship, but also the architect who makes the drawings, when using the
three basic abilities of craftmanship as stated by Sennett (2009): localize, question
and open.

Sennett’s definition is useful in the sense that it expands the traditional view on craft
from the execution, finalizing a given proposal, towards a more including definition
where everyone can talk about their work in terms of craftmanship. However, in the
discourse of architecture a more precise description is required. A suggestion for
such a definition is that "craftmanship is found in the intersection between quality
of the whole, quality of the parts, and quality of the method". Apart from introducing
quality as a part of the definition, it is also suggested that there is an important mutual
relationship between the part, the whole and the method.

method

Stein (2011) has proposed that it today is relevant to talk about craftmanship as an
open-ended negotiation with material and process, thatis, an ongoing experimentation
rather than an execution of previously mastered techniques. This also relates to
Sennett’s (2009) statement that routines are not static to good craftsmen; they evolve
and the craftsmen improve.

Oxman (2007) describes digital craft as a design method which promotes the creation
of novel structural systems through processes of digital fabrication and assembly. In
relation to this, Sennett (2009) identifies a danger when architects use CAD-programs,
since scale, texture and materiality might be less considered. A way to overcome this
issue could then be to approach the project by building physical models already at
an early stage.

Concerning the execution, in this case the construction work, Sennett (2009) states
that "sound judgement about machinery is required in any good craft practice" In the

context of his writing, this may be interpreted as: rather than fighting the machines,
one shall use the technique that is most suitable to achieve a certain quality.

Parts

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

Architectural ornamentation today does not have much in common with the prevailing
concept before modernism, where sculpture and symbolism played a significant
role. Today it is as Picon (2010) notes "conceived as an integral part of a pervasive
condition that brings it closer to a pattern than to a sculptural decoration" That is,
the parts are important, not only as autonomous elements, but also in conveying an
ornamented expression. In this thesis different notions are used for the parts:

voxel = non-material 3-dimensional pixel,

brick = physical building block, primarily made from clay,
discrete element = digital or physical subdivision of the whole,
digital brick = digital representation of brick.

Whole

Retsin (2016b) has aimed for finding a conversation between the parts and the whole.
That is, instead of subdividing the whole into parts, the parts form the whole. This
creates a strong relationship between the global shape and the discrete elements as
well as a potential to form spatial sequences in new innovative ways.

ERIK WIDELL
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The aim is to make a design proposal that manifests theory of craftmanship in digital
brick architecture. This means letting craftmanship pervade everything from design
process to design proposal to ideas about feasible design and production methods.
The focus is on spatial arrangement of morphologic digital bricks. The project will be
presented through diagrams, drawings and models. Apart from this, the objective
is also to provide an integrated design process that deals with craftmanship on all
scales and to bring up issues within the discourse for discussion. Through the design
process and the design proposal the goal is also to answer the thesis question: how
may craftmanship be achieved in digital brick architecture?
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1.6 DELIMITATIONS

The focus of the thesis is not on structural behavior. Neither is the focus on creating a
functional plan, creating a vibrant social life, nor adapting a new building in an already
built environment. The focus is digital craftmanship, spatial configurations, design
methods and to some extent alternative production methods.

A brief proposal of the entire production chain is presented, and different production
methods for each step is considered. However, some steps and methods are treated
just as proposals, and not further investigated. The steps and methods that are
considered more thoroughly are those that are considered as most important for the
chosen design proposal. It may be that some proposed methods appear as visionary
or even unrealistic today. In that case it is considered as a possibility to replace
one method with another without affecting the overall design. The intention with this
approach is to push the limits and to be able to extract, if not all, at least some
realistic ideas that could be implemented already today, and some that may be used
in the future.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017
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1.7 METHOD

The project may be categorized as research by design, which means that research
and design is carried out simultaneously. Literature studies and design experiments
are constantly feeding the process.

The methodology includes three fundamental steps: define, evaluate and evolve.
Sennett (2009) has labeled these steps as localize, question and open, and argues
that these three basic abilities are the foundation of craftmanship. By iterating
the steps, the project is gradually developed from independent investigations of
production methods, discrete elements and materials towards more contextualized
investigations that includes site, program and global shape. The final design proposal
summarizes the previous investigations.

A fundamental part of the project is the development of an algorithm that is used to
generate multiple alternatives. The algorithm is scripted with grasshopper and c#. To
manage complexity and data quantity, various voxel resolution is used for various
levels of detailing.

Other digital tools that are used is Rhino, Qgis, Autocad, Vray, Photoshop, Illustrator

and Indesign. Apart from this, traditional techniques such as hand sketching, hand
models, drawings and diagrams are used to feed the process and to visualize ideas.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017
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1.8 PROCESS

Deconstruct / Reconstruct* Construction / Erosion* Grammar Construction experiment

1. Define. Deconstruct bricks and mortar and define an 1. Define. Define new algorithm based on models. 1. Define. Define two structure experiments from previous 1. Define. Define two of the new structures, one that appears

algorithm for reconstruction. 2. Evaluate. Investigate production methods that may relate process. most rational to build, and one that appears to be the most

2. Evaluate. Analyze structure and spatial qualities. to algorithm. 2. Evaluate. Investigate multiple production methods that may  artisanal.

3. Evolve. Build models based on evaluation. 3. Evolve. Redesign structure with aid of new knowledge and result in the structures. 2. Evaluate. Rethink the thought out production step.
updated algorithm. 3. Evolve. Redesign the structures with different characteristics 3. Evolve. Execute the steps to build the structures.

depending on the production method.
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Scale and resolution Siteless Design Grafting on site Design proposal
1. Define. Define scales for various resolution and detailing. 1. Define. Define a program that suits the develop typology: 1. Define. Define a site that needs / lacks the program and ~ Make drawings that summarizes the project and reconsider
2. Evaluate. Evaluate the appropriate resolution and detailing ~ Bath-house. Flowing water matches the flowing spatial  the spatial qualities. production methods.
for different scales. sequences. 2. Evaluate. Evaluate how the design proposal suits the site.
3. Evolve. Propose a building design. 2. Evaluate. Suggest an appropriate scale for the building by 3. Evolve. Evolve the design until it is adapted to the site and
investigating precedents. the program. Loop step 2 and 3 until satisfaction.

3. Evolve. Re-propose a building design.

*) Described more thoroughlya in "What do you want brick" - Widell (2017)
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1.9 PRECEDENTS - CRAFTMANSHIP AND SPACE

La Miniatura - Frank Lloyd Wright (wikiarquitectura,
2017)

In the 1920s, Frank Lloyd Wright built a series of
so called textile-block-houses, which were made
of patterned concrete blocks (Moffet. et. al, 2008).
The block system was intended to be fast and
cheap to build and to not require skilled labor. La
Miniatura House for Alice Millard in Pasadena was
the first textile block-house, built in 1923.

Baker house - Alvar Aalto (Archdaily, 2010)

The Baker house was designed by Alvar Aalto as
a student residence. It was constructed between
1946 and 1949. Blackened and twisted bricks
that normally would be ejected were used in each
course. As Sennett (2009) notes, these bricks
contrast to the regular fresh bricks and brings
forward the character of booth.

Brickless brickwall (Archdaily, 2016)

A group of South American architects, Benitez,
Benitez, Cabral, Rovea and Sargiotti, designed a
brickless brick wall in 2014. Unfired bricks were
used. Four days after construction, the bricks were
pushed out with the aid of pressure washers and
any other tools that could break through the bricks
(Franco, 2016).

Temporary installation - spmj (Archdaily, 2017)

The structure, in its initial state consists of salt-
bricks and mortar. The semi-transparent bricks
allow light to penetrate the structure. Rain and
humidity slowly dissolved the salt-bricks and at
the end of the 3-month exhibition only a mortar
skeleton remained. The location for the project
was in Korea, and it was designed by spmj
Abourezk (2017).

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

Winery Gantenbein - Gramazio & Kohler and Bearth
& Deplazes Architekten (Gramazio & Kohler, 2012)

A wine producer hired Gramazio & Kohler and
Bearth & Deplazes Architekten 2006 to design
a new service building. The building consists of
a simple concrete skeleton with bricks filling the
frames. 72 facade elements were constructed at
the robotic research facilities at ETH, transported
to the site by lorry and installed on construction site
using a crane. (Archdaily, 2012).
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The Souk Mirage - Sou Fujimoto (Archdaily, 2013)

Sou Fujimoto proposed this masterplan 2013 for

a commercial complex in the Middle East. He

has described the concept as: “By combining

the transparency of the arches with the stepping
waterfalls, a dynamic play with light and shadow is
created, while appearing mirage-like” (Rosenfield,
2013).

The Ningbo museum was designed by Wang Shu
in 2008. For the facades he used recycled material
from demolished buildings in the region. Some of
the bricks date back over a thousand years. The
traditional technique wa pan was used, where
found material fragments of different sizes are
used. Wang Shu has said that only the craftsmen
in the region know the techniques, and that he
believes that it will be forgotten if it's not used in
modern architecture (Clark, 2017).

Oblique circulation
architecture, 2014)

- Benjamin Dillenburger (A as

Intricate and systematically arranged flowing
spatial sequences, creates a contrast to
articulated and jagged discrete elements in
this design: Oblique circulation 3 by Benjamin
Dillenburger.
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Bartlet RC4 - ongoing research - Gilles Retsin
(2017)

Is this still masonry? This work questions what kind
of elements can be used in contemporary masonry.
More important however, what Retsin is actually
trying to do, is to bridge the gap between discrete
digital modeling and analogue robotic modeling.
According to Retsin (2016b) Gramzio and Kohler's
wall is not truly discrete, since each brick has
endless of connection possibilities. Retsin (2016a)
states that discrete fabrication has the same type of
advantages in terms of problem-solving as discrete
computation: problems are serialised and solutions
therefore become repeatable and cheap.

PR
Droneport Prototype - Venice Bienale 2016 -
Philippe Block (Designboom, 2016)

Block research group is led by Prof. Dr. Philippe
Block and Dr. Tom Van Mele at ETH. They focus
on analysis and form finding of masonry structures
using graphic methods. The goal is to understand
complex structural systems and to develop
algorithms for structural efficient designs (Block,
2017).

Equal weight to, and the relation between, discrete
elements, continuous mass and absent material
reveals structural logic in this chapel in Klippan by
Sigurd Lewerentz 1962-1966. In Respect of the
bricks, Lewerentz decided that no bricks should be
cut. Instead mortar was used to compensate when
necessary.

3d-printed brick - Brian Peters (Dezeen, 2012)

Architect Brian Peters has developed a 3d-printer
that produce ceramic bricks. It has the capacity
to print clay, concrete or any mixture of building
material. He suggests that several machines shall
be used on the building site. (Etherington, 2012).

Page 10



2 GRAMMAR
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2 GRAMMAR

Just like classic architecture has its grammar in form of the classical order, and
traditional masonry has its grammar in form of different bound systems, a set of
grammar was developed within the bounds of this project. The intention is to provide
the architect with a wide range of design opportunities that reflects any chosen

production method.
Quality of the
Parts

Feasibility

Suitability to
achieve a
certain quality

Craftmanship

Method Quality of the
Quality Whole

These notions of craftmanship and feasibility has been used to rank production methods in the following diagrams with the
underlying purpose to bring forward a set of grammar.
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2.1 MEANS TO ACHIEVE CRAFT QUALITIES
- BASIC STRUCTURE

This diagram defines different process cycles, and predicts the potential of craftmanship for each and every process, and if the
proposed methods are feasible. The diagram is partly speculative, partly based on experiments, and partly based on research.
The purpose is to generate a catalogue of design modifications to a brick structure related to a specific series of production
methods. The investigation departures in a shape that was generated with the aid of agents, scripted in grasshopper and
quelea.

Potential to achieve craftmanship

Potential to achieve craftmanship, with condition

Quality of relationship between method and whole

Quality of relationship between parts and method

Quality of relationship between parts and whole

Feasible method

Feasible method, with condition

\
Stone

\
Stone

\
Cheramics Clay
\
Sintering Shaping Cutting Cutting
(3d-printing) (manual or machine) (manual) (CNC)
Dr;)ing
Firing
\
\ \ \ \ \ \
Stack with Stack by Stack with Stack by Stack with Stack by
robots hand robots hand robots hand
\ \ \ \
| \ | \ | \ | \
Apply Apply Apply Apply Apply Apply Apply Apply Apply Apply Apply Apply
mortar mortar mortar mortar mortar mortar mortar mortar mortar mortar mortar mortar
by hand with robots by hand with robots by hand  with robots by hand  with robots by hand with robots by hand by hand
| | | | | | | |

Permanant Permanant Permanant Permanant Permanant Permanant Permanant Permanant Permanant Permanant Permanant
structure

structure structure structure

If the shape/size of
the stones and/or the
structural logic of the
stones is adapted to a
digital manufacturing
approach. This is also
the trade of between
using manual stacking,
since a, presumably,
more complex/heavy
structure might not be
as feasible as using
robots.
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structure

structure structure structure

If it is a small scale project, and/or it
is in combination with other materials.
If it is a large scale building, wires or
bars through the structure migth be
a feasible solution. Another solution
would be to use a set of stones with
different lengths or resolution, which
also applies for robots

structure structure structure

If the shape/size of the stones and/
or the structural logic of the stones
is adapted to a digital manufacturing
approach. This is also the trade of
between using manual stacking, since
a, presumably, more complex/heavy
structure might not be as feasible as
using robots.

If it is a small scale project, and/or it
is in combination with other materials.
If it is a large scale building, wires or
bars through the structure migth be
a feasible solution. Another solution
would be to use a set of stones with
different lengths or resolution, which
also applies for robots
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Permanant Permanant Permanant Permanant Permanant Permanant
structure structure structure structure structure structure

If the shape/size of
the stones and/or the
structural logic of the
stones is adapted to a
digital manufacturing
approach. This is also
the trade of between
using manual stacking,
since a, presumably,
more complex/heavy
structure might not be
as feasible as using
robots.

If it is a small scale project, and/or it
is in combination with other materials.
If it is a large scale building, wires or
bars through the structure migth be
a feasible solution. Another solution
would be to use a set of stones with
different lengths or resolution, which
also applies for robots
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2.1 MEANS TO ACHIEVE CRAFT QUALITIES
- ELABORATED STRUCTURE

1
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in grasshopper.
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This diagram defines different process cycles, and predicts the potential of craftmanship for each and every process, and if the
proposed methods are feasible. The diagram is partly speculative, partly based on experiments, and partly based on research.
The purpose is to generate a catalogue of design modifications to a mortar structure related to a specific series of production
methods. The investigation departures in a shape that was generated with the aid of boolean operations in rhino and scripting

Potential to achieve craftmanship

Potential to achieve craftmanship, with condition

Quality of relationship between method and whole

Quality of relationship between parts and method

Quality of relationship between parts and whole
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| ‘ \
Subtractive process Additive process
\ |
\ \ \ \ \ | \ \ |
Clay Stone Cheramics Sugar Foam Wood Concrete Mortar Cheramics
| | | | | ‘ | ‘
. . . . . . . \ \ \ \ | \
Shlapln% CN%Uttlng | S?’ldnt?"t!ng shaping Cluttlngh CIUtthh. Assembled Assembled shaping by extrusion  extrusion Sintered with Sintered with
(manua o‘rlmac ine) ( or manual) (3d-printing) (manual or machine) (manual or machine) with robots by hand hand with robots with Stationary robots
Drying stationary  machine
| machine
| \
Stack with Stack by
robots hand
\ \
\ | \ |
Apply Apply Apply Apply Ifitis notin combination
mortar mortar mortar mortar  with a brick structure
by hand with by hand with A B
robots robots
\ \

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Natural Arti%icial Arthlicial Subtract Subtract Natural Artificial Artificial Subtract Subtract Natural Artificial Artificial Subtract Subtract Natural Art{ficial Art{ficial Subtract Subtract
brick erosion by erosion stones by stones brick erosion by erosion stones by stones brick erosion by erosion stones by stones brick erosion by erosion stones by stones
erosion hand with hand with erosion hand with hand with erosion hand with hand with erosion hand with hand with

robots robots robots robots robots robots robots robots

If the process includes
a mold, that needs,
and can be, taken
away. This also implies
a larger scale and the
use of wood, foam or
sugar, which can be
dismounted by hand. It
shall also be possible
to pressure wash away
unfired bricks.

If the shape/size of the stones and/or the structural logic of the
stones is adapted to a robotic approach. This is also the trade
of between using manual stacking, since a, presumably, more
complex/heavy structure might not be as feasible as using robots

of between using manual stacking, since

If the process includes
a mold, that needs,
and can be, taken
away. This also implies
a larger scale and the
use of wood, foam or
sugar, which can be
dismounted by hand. It
shall also be possible
to pressure wash away
unfired bricks.

If the shape/size of the stones and/or the structural logic of the
stones is adapted to a robotic approach. This is also the trade

a, presumably, more

complex/heavy structure might not be as feasible as using robots

If a very fine precision is required

C D
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If it is a small scale project, and/or it is in combination with other materials
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If the process includes
a mold, that needs,
and can be, taken
away. This also implies
a larger scale and the
use of wood, foam or
sugar, which can be
dismounted by hand. It
shall also be possible
to pressure wash away
unfired bricks.
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These diagrams show the potential outcome from different production methods. The numbers indicate the corresponding

production cycle as indicated in previous diagrams in chapter 2.1.

2.2 CRAFT QUALITIES ACHIEVED BY DIFFERENT MEANS

- BASIC STRUCTURE
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2.2 CRAFT QUALITIES ACHIEVED BY DIFFERENT MEANS

- ELABORATED STRUCTURE

MATERIAL
cheramics

PREPARATION

CONSTRUCTION
sintered with stationary
machine or robot

NN =

MATERIAL
cheramics

PREPARATION

CONSTRUCTION
sintered with stationary
machine or robot

DISMISSED:
unrelated to
mortar logic

brick /

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

MATERIAL
cheramics

PREPARATION

CONSTRUCTION
sintered with stationary
machine or robot

MATERIAL
cheramics, (foam),

((clay)), (((clay)))

PREPARATION

-, (cutting), ((partly fired,
partly unfired bricks)),
(((unfired  bricks  with
voids)))

CONSTRUCTION
sintered with stationary
machine or robot, (stack
and apply mortar with
robots + artificial erosion
with corrosive solution),
((unfired  brick parts
washed away)), (((wash
away unfired bricks)))

* MATERIAL
cheramics,
(clay or sugar)

PREPARATION

-, (shaping, drying)
CONSTRUCTION
sintered with stationary
machine or robot,
(bricks washed away))

MATERIAL
clay

PREPARATION
shaping, drying
CONSTRUCTION

stack and apply mortar
with robots or by hand +
natural erosion

DISMISSED:

requires strong mortar
and weak stones: not an
ideal structure

ERIK WIDELL

MATERIAL
wood

PREPARATION
cutting

CONSTRUCTION

stack and apply with
robots or by hand + burn
wood

DISMISSED:
too much material waste

D/E/G/H

MATERIAL
clay

PREPARATION
shaping, drying

CONSTRUCTION

stack and apply mortar
with robots or by hand +
artificial erosion

ALTERNATIVE

let brick erode before
construction, or shape
bricks with a relief
pattern

S
N

,g({/\\ﬁ
] 7=
<l

MATERIAL
wood boxes

PREPARATION

CONSTRUCTION

stack and apply mortar
by hand + subtract wood
by hand

DISMISSED:
appears unnecessarily
complicated

These diagrams show the potential outcome from different production methods. The letters indicate the corresponding
production cycle as indicated in previous diagrams in chapter 2.1.

MATERIAL
clay

PREPARATION
shape + dry

CONSTRUCTION
stack and apply mortar
with robots or by hand +
wash away bricks

~ MATERIAL
Foam

PREPARATION
cut

CONSTRUCTION

stack and apply mortar
with robots or by hand +
rip away bricks
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3 CONSTRUCTION EXPERIMENTS
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3 CONSTRUCTION EXPERIMENTS

In a digital design context, it is as Sennett (2009) has noted a danger that the sense
of materiality, scale, texture etc. might get lost. These experiments were carried out
to stay in touch with the material world, to test the suggested production methods for
two chosen models and to be able to evaluate the process with the aid of physical
models.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017 ERIK WIDELL Page 20



3.1 ASSEMBLY These images show the steps for building the model with long bricks (chapter 2.3)

scale 1:10
dimensions ~ 100*180*165mm
cross section main brick: 7*10mm
length 140mm: 2 pcs
length 112mm: 8 pcs
length 84 mm: 11 pcs
length 56 mm: 33 pcs
length 28 mm: 75 pcs
cross section subdivided bricks: 5* 6.3mm
length: 12.6mm: 101 pcs
length: 6.3mm: 60 pcs
small fragments: 32 pcs
perpend: 4mm
bed joint: 4mm
time cutting wood pieces and building frame ~ 4 hrs
time building structure ~ 20 hrs
cost wood ~ 22 SEK
cost mortar (grout ~2.5kg incl. waste) ~ 78 SEK

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

frame to keep track of the height

wood bricks

e =
B

first course laid out on drawing
second course laid out on drawing

1. Construction setup 3. Cracks appeared after drying 5. When structure started to cantilever it could no longer 5. A support was placed below cantilevered parts to resist
withstand the tension tension during construction
e |

2. Depending on the situation, mortar was applied either on 4. Cracks were filled, and a layer of mortar was applied on 5. Critical areas were reinforced with glue. 6. The height of the covering mortar layer was constantly
the brick or on the course below. top of each course for better cohesion measured to ensure the geometry.

ERIK WIDELL Page 21



3.1 ASSEMBLY

construction experiment

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

construction experiment

ERIK WIDELL

Artisanal qualities
areas of smaller bricks create smooth fields that contrasts to
the pixelated overall structure.

As an effect of the mortar being squeezed out between
the bricks, unexpected shapes appear in the ceiling of the
structure, where the mortar is difficult to scratch away.

Feasible aspects

The number of subdivided bricks must be reduced in this
scale, because of construction difficulties. This is considered
fine from an aesthetic point of view, since even a reduced
number of subdivided bricks serves the purpose of making a
certain area smoother.

it's difficult to judge whether long bricks make the
construction process more efficient.

Long bricks make functional lintels that blends in to the
structure if long bricks are used in other positions as well.
It's difficult to imagine another solution for the structural logic
except for perhaps corbel vaults.

If wanted, it shall be relatively easy to achieve inclined
courses with the aid of a frame and a rope. Using traditional
methods, it would however be difficult to achieve a course
that forms a double curved surface.

Spatial features
flowing space

Cracks
Cracks appear when wood bricks are being used.

It gets messy when trying to repair cracks afterwards.
Reinforcement

Reinforcement is necessary for cantilevered and other
critical parts.

Page 22



3.2 BRICK MANUFACTURING

Types of bricks



3.2 BRICK MANUFACTURING

*) unprecise measurement

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

A
Soil 45%, Sand 45%, Blue clay 10%
Dried: 105° 4 hrs, 300° 1 h

The matrix shows an analysis of bricks produced in slightly different ways. The purpose was to find feasible production methods
for permanent bricks as well as eroding bricks. Two bricks are marked with "Brick to erode" and "permanent brick" for following

experiments. As will be shown, it turned out the brick marked with "permanent brick" appeared to be suitable as a brick to erode,
while it is probably necessary to fire the brick with conventional methods to achieve real permanent bricks.

B
Sand 90%, Blue clay 10%
Dried: 105° 4 hrs, 300° 1 h

C
Sand 75%, Blue clay 25%
Dried: 105° 4 hrs, 300° 1 h

D
Sand 50%, Blue clay 50%
Dried: 105° 4 hrs, 300° 1 h

E
Sand 25%, Blue clay 75%
Dried: 105° 4 hrs, 300° 1 h

F
Blue clay 100%
Dried: 105° 4 hrs, 300° 1 h

before drying [nm]  after drying [mm] before drying [mm]  after drying [mm] before drying [mm]  after drying [mm] before drying [mm]  after drying [mm] before drying [mm]  after drying [mm] before drying [mm] after drying [mm]
/ 47 47 / 47 47 / 48 46 / 48.5 45 / 48.5 43.5 / 47 41
w1 20 20 wi 20 20 wi 21 21 wi 21 19 wi 19 17 wi 20.5 16.5
w2 20 20.5 w2 20.5 20 w2 21 20.5 w2 21 20 w2 19 17.5 w2 20 17
h 15 13.5 h 13 12 h 12.5 13 h 12 12 h 11.5 9.5 h 11 10
easy to get out of mold very easy to get out of mold easy to get out of mold difficult to get out of mold very difficult to get out of mold very difficult to get out of mold
very fragile fragile, easy to shape quite fragile, easy to shape quite durable durable very durable
G H | J K L
Soil 45%, Sand 45%, Blue clay 10% Sand 90%, Blue clay 10% Sand 75%, Blue clay 25% Sand 50%, Blue clay 50% Sand 25%, Blue clay 75% Blue clay 100%
Dried: 105° 4 hrs Dried: 105° 4 hrs Dried: 105° 4 hrs Dried: 105° 4 hrs Dried: 105° 4 hrs Dried: 105° 4 hrs
before drying [mm]  after drying [mm] before drying [mm]  after drying [mm] before drying [mm]  after drying [mm] before drying [mm]  after drying [mm] before drying [mm]  after drying [mm] before drying [mm]  after drying [mm]
/ 47 46 / 47 47 / 48 47 / 49 47 / 48 43 / 47 40
wi 19 19 wi 20:5 21 w1 21 20.5 wi 20.5 19.5 wi 19.5 18 wi 19 17
w2 19.5 19 w2 21 20.5 w2 21 20.5 w2 20 19 w2 19 18 w2 19.5 16.5
h 14 13 h 12.5 14 h 12 12 h 12 11.5 h 11.5 11 h 13 11

easy to get out of mold
fragile

very easy to get out of mold
very fragile, easy to shape

easy to get out of mold
quite fragile, easy to shape

difficult to get out of mold
quite durable

very difficult to get out of mold
durable

very difficult to get out of mold
very durable

M
Soil 45%, Sand 45%, Blue clay 10%
Dried: 20° 20 hrs

before drying [mm]  after drying [mm]

/ 47 46
wi 19.5 19
w2 19 19
h 13.5 12.5

easy to get out of mold
wet and fragile

N
Sand 90%, Blue clay 10%
Dried: 20° 20 hrs

before drying [mm]

/ 47
w1 20
w2 20.5
h 13.5

very easy to get out of mold
very fragile, easy to shape

after drying [mm]
47

20
20
12

o
Sand 75%, Blue clay 25%
Dried: 20° 20 hrs

before drying [mm]

/ 46
wi 19.5
w2 20
h 13.5

easy to get out of mold
quite fragile, easy to shape

ERIK WIDELL

after drying [mm]

45.5
19
19.5
13

P
Sand 50%, Blue clay 50%
Dried: 20° 20 hrs

before drying [mm]

/ 45.5
w1 19.5
w2 19.5
h 13

difficult to get out of mold
wet but quite durable

after drying [mm]

44
19
19
12.5

Q
Sand 25%, Blue clay 75%
Dried: 20° 20 hrs

before drying [mm]
/ 48
wi 20
w2 21
h 13.5

very difficult to get out of mold
wet but durable

after drying [mm]

445
19
19
13

R
Blue clay 100%
Dried: 20° 20 hrs

before drying [mm]  after drying [mm]
/ 48 46.5
wi 19.5 18
w2 19.5 18
h 14 12.5

very difficult to get out of mold
wet but durable
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3.3 CONSTRUCTION AND EROSION

scale 1:10

dimensions ~ 100*180*165mm

brick dimension: 9*15*36mm
permanent brick: 67 pcs
bricks with voids to eliminate: 21 pcs
normal bricks to eliminate: 8 pcs

perpend: 5mm

bed joint: 5mm

time to mold 75 bricks to keep ~ 6 hrs
time building structure ~ 2 hrs

cost bricks: free (blue clay and sand)

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

2. Baking bricks in oven, 105° 1 hr. (to simulate sun drying)

These images show the steps for a failed attempt to build the model with controlled partial erosion (chapter 2.3). The gained
knowledge however, is that sundried bricks that consists of 75 % sand and 25 % clay might be used as building elements that

can be washed away to build a pure mortar structure.

.

-

first course Iaith on drawing
#HEEN

g

3. Construction setup.

#

|

bricks

R S

4. Depending on the situation, mortar was applied either on

the brick or on the course below.

ERIK WIDELL

1. first course. Bricks gets soaked and soft.

— —
i

2. Soaked bricks appeared to be very fragile and ruptures
emerged in the structure, when moving it before drying.

5. Imagined step. Finnish structure. Black bricks will be kept.
Magenta (normal) and red (voids) bricks will be eliminated.

6. Imagined step: eliminate chosen bricks.
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3.3 CONSTRUCTION AND EROSION

bricks and mortar

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

Mortar after bricks being washed away

ERIK WIDELL

Artisinal qualities

This experiment aimed for a combination of controlled
partial erosion and washed away bricks, as described in the
chapter 2.4. However, by eliminating the intended permanent
bricks, the qualities that emerged resembles more of ripped
away bricks, described in the same chapter.

Feasible aspects

The bricks that where meant to be permanent appeared to
fall apart as an effect of of getting soaked by the applied
mortar. The failure was probably also caused by the model
gently being moved during construction.

Bricks of higher qualities shall be used as permanent bricks.
The bricks that were intended to be permanent may probably
be used as bricks to be eliminated, if higher causion is paid
to the construction work.

Molding bricks one by one is very time consuming

Cracks

No visible cracks appeared
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4 SCALE AND RESOLUTION
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4 SCALE AND RESOLUTION

This chapter aims to investigate the effect of different scales, resolution and detailing.
three different scales are explored: global scale, mid-scale and small scale. In the
global scale the aggregation of spaces and the overall geometry of a building is
defined. In the mid-scale, the shapes of the spaces are defined. In the small scale
individual elements are treated. Gilles Retsin (2016b) argues that lowering the
resolution may result in more efficiency and feasibility, and pose the question: "How
far can we drive the resolution before the object becomes something truly different?"
The benefits of lowering the resolution in a digital context is that it makes the data
more manageable and drastically lowers the computational time. Too high resolution
literally means that any computer will crash. Hence the proposed method is to use
a relatively low resolution for representations of global geometries, while a higher
resolution may be used for details.

A question that may be raised is of course why not simply model the geometries
with NURB surfaces with a brick texture or brick hatch. There are two answers to
that question. The first is to maintain the part-whole relationship, and the second is
that it appeared that NURBS are much more sensitive for complex geometries than
voxels. Many failed attempts have been carried out to reconstruct complex shapes
with NURBS, which manifests that the relationship between the method, the parts
and the whole, must not be underestimated in digital craft.

It shall be noted that there is on purpose no clear distinction between voxels and
building elements in this chapter, to open for multiple interpretations.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

1. Global scale
aggregation of spaces
global geometry

ERIK WIDELL

2. Mid scale
shape of spaces in relation to resolution

3. Small scale

brick - shape and material
mortar - shape and material
structural system
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At this page the resolution is so low, that, each voxel, with a size that is equivalent to a Swedish standard brick scaled up 100
4.1 GLOBAL SCALE times, becomes a space itself. A big disadvantage of using such a low resolution is that it drastically limits fine tuning of spatial

configurations.

Shape derived from diagram: alternative void in chapter 2.4 Isometric view of global shape Section 1:1000

C

Entrance floor 1:1000 First floor 1:1000 Second floor 1:1000

0 10 20 30 40 50 100m
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4.2 MID SC

Swedish standard brick size

Scale 1:400

Voxel proportion in relation to void: ~ 1%

Voxel quantity: 113501 pcs

Resolution effect: The Voxels depicts real bricks. The space
appears as smooth, but pixelated. The downside is that this

resolution requires tremendous computational force.

Voxel relation to human scale: The scale of each individual
brick is on an intimate level.

Space relation to human scale: The size of the space is

comparable to an average school gym, in other words, it's a
big space.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

e e

Double Swedish standard brick size

Scale 1:400

Voxel proportion in relation to void: ~ 2%

Voxel quantity: 26752 pcs

Resolution effect: The voxels are still subordinated to the
shape of the space. The space is easy to read, but individual
elements are more prominent. The sense of smoothness is

gone.

Voxel relation to human scale: The intimacy is still there, but
perhaps not so striking.

Space relation to human scale: The size of the space is
comparable to an average school gym, in other words, it's a
big space.

There are pros and cons for different resolution as a mean to represent a geometry. A high resolution means higher accuracy
for depicting the space but difficulty in data management, while a low resolution entails a bad depiction of the space but a
manageable amount of data. A feasible method is to go for a medium high resolution that gives a somewhat realistic idea of
the space.

5
\'\t\-’
N 222222 NS
N2 222 N 2
oSN I o
ISR NS
RS BRI,
IS

Triple Swedish standard brick size

Scale 1:400

Voxel proportion in relation to void: ~ 3%

Voxel quantity: 10640 pcs

Resolution effect: A balance between the parts and the
whole is achieved, and there’s a conversation between the
parts and the whole. The space is still easy to read even

though it starts to get blurred.

Voxel relation to human scale: It's on the verge between
being intimate and monolithic.

Space relation to human scale: The size of the space is

comparable to an average school gym, in other words, it's a
big space.
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The space is readable but blurred.

Voxel relation to human scale: The voxels are big. They are
now monolithic elements that forms the space.
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Voxel proportion in relation to void: ~ 8%
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would make anyone feel small in comparison

Space relation to human scale: The size of the space is
comparable to an average school gym, in other words, it's a
big space.
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4.3 MID SCALE - RESOLUTION EVALUATION

In the images below, various voxel resolutions have been used depending on the size of the space they defined. Here the
voxel size approximately corresponds to 3% of the size of the spaces. The images leave a messy impression. If the voxels
would represent actual building elements it is also likely that the spatial experience is not only linked to the interplay between
the size of the space and the building elements, but also to the curvature of the geometry. Hence, as a ground rule, the
conclusion is that the same compromised voxel size shall be used all through the building for representations, and that

the spatial experience might be tweaked by adjusting the size of each building element in relation to the curvature global

geometry.

Isometric line drawing of global shape, where the voxel size
approximately corresponds to 3% of the space they define.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

Interior perspective. The voxel size approximately corresponds to
3% of the space they define.
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of the chosen combination, that the outcome leaves a static impression. There's a great potential in the developed algorithmic
3d-modeling technique to create an effect of gradual shifts of properties, where each voxel has layers with different levels of

This investigation was carried out to see how different techniques may be combined. The conclusion is, neglecting the success
some chosen properties. This idea has been implemented at a later stage in the project.

4.4 SMALL SCALE - COMBINATIONS
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5. SITELESS DESIGN
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5 SITELESS DESIGN

While previous chapters have treated independent experiments. This and the
following chapters deals with the development of an actual design proposal, a central
bath house in Goéteborg as a future replacement for Valhallabadet.

As a starting point for the design, one geometric shape from previous investigations
(the initial brick construction that was used in the diagram for the basic structure
in chapter 2.1) is used to define the global geometry of the building. The approach
takes inspiration from Blanciak (2008) who explores a wide variety of shapes and
then seemingly arbitrarily pick one of them to inhabit in a certain context. In this, he is
implicitly using the three basic abilities of craftmanship, as stated by Sennett (2009):
localize, question and open. That is: localizing a shape, question what it can be used
for, and then open for the possibility to define it as a building at a certain location.

The benefits of taking a detour in the design process and then return to an early
sketch is that it provides the project with new layers of knowledge and information.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017
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As a starting point for the design development, the scale of central baths and aquatic centers were investigated.
5.1 PRECEDENTS gp g p q 9

TR W

Valhallabadet Géteborg Olympic aquatic centre Athen Olympic aquatics stadium Rio de Janeiro London Aquatics centre
footprint: ~ 9000 m? footprint: ~ 24000 m? footprint: ~ 17000 m? footprint: ~ 10500 m?
audience capacity: n/a audience capacity: ~ 23000 (total of three pools) audience capacity: ~ 18000 audience capacity: ~17500
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The basic structure in chapter 2.1 has been scaled up 10 times to achieve a size that approximately corresponds to the size

5.2 DESIGN EVOLUTION of the bath houses presented under chapter 5.1. A simple layout of pools has also been included to test the potential. The
diagrams explain a few initial modifications of the shape to make it more eligible as a building. At this scale, the representation
of the building shall be seen as a voxelization of the space, rather than a material representation that consists of bricks.

-

Bath house proposal
footprint: ~ 6500 m?

audience capacity: n/a

Scaled up structure that accommodates two 25m pools and Changed bonding pattern with overlapping bricks, to avoid Due to an error in the algorithm, bricks in intersections of These diagrams show a solid structure where all the bricks
two 50m pools. perpends that runs through the structure. the geometry, as shown above, has not previously been in the intersections of the geometry is included as well. This
represented. This error gave the structure a fragmented shape is the foundation for the following development

appearance. It may appear as a quality, but for an actual
building design, a more solid structure is preferable.
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6. GRAFTING ON SITE
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6 GRAFTING ON SITE

In this chapter, a site analysis is presented as well as the adaption of the building
to the site and the program. This adaption is performed in small steps. The benefits
with this approach is that qualities in the conceptual sketch potentially is preserved,
and that site, program, and design is adapted to each other at the same time as it
ends up in an architectural expression that is booth unique and site specific. The
qualities that are desirable to preserve is the dynamic shape, the intricate flowing
spatial sequences and the contrast to the jagged discrete elements. Bringing these
qualities to the site may bring vibrancy and compensate for a lack of natural flow. The
idea of using water as an element is, apart from being a media where people can
swim, to emphasize the flowing spaces.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017
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6.2 SITE CONTEXT - LOCALISATION
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6.3 SITE CONTEXT
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6.4 SITE WALK Collecting impressions from the site increases the ability to be site specific. Below are some collected impressions.

Most surrounding buildings are made of bricks.

The current central bath is also made of bricks.

Empty site adjacent to proposed building site, which can be used Current landmarks in the surroundings are the Gothia towers and
to dig up clay.

An important feature is the stream MdIndalsan, that runs to the east
the ice hockey arena Scandinavium. These landmarks are merely of the site. Another important feature is the hill to the west.
scenery. A new architectural landmark may add vibrancy to the site.
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The exploded isometric view describes, not only the spatial organisation of main functions within the building, but also an
iterative loop to generate the final form. Control curves are used to generate a voxelated global shape, wherein functions are
fitted. These functions are then used in the next iteration to affect the shape as well as the constantly updated control curves.

6.5 SPATIAL ORGANISATION

. Whirlpool

. Reception

. Jumping tower
. Changing room
. Platform
Sauna

Slider

Pool

. Bridge

©CONDT A WN

Voxelized global shape

Control curves for construction

Exploded isometric view of spatial organisation.
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6.6 SITE AND PROGRAM ADAPTION

i

0. Original. Derived from agent 1. Bond system changed to avoid 2. Intersections repaired to avoid
paths. continuous perpends. floating bricks.

3. Rotated and mirrored to achieve 4. Shape adapted to surrounding 5. Building height adapted to
a slope towards the water. Shape buildings.

The shape of the building is derived from a sculptural model from an early design experiment (chapter 5.2), where agent
paths, scripted with grasshopper and quelea is used to define a semi-controlled global shape. The shape is then gradually
transformed and adapted to the site and a program, which is visualized in the diagram series below. This is done by fine tuning
the algorithm and the conditions that generates the shape, adjusting the agent curves, and using the program itself, including,
pools, changing-room etc. as agents to affect the shape.

lH'.I ‘“I

il Aé%

L

surrounding buildings. Entrance

adjusted to accommodate the pools. adjusted.

il

8. Building height lowered again for 9. Finetuning of south cantilever for 10. Small adjustments to make
context adaption. better functionality. shape smoother.

1

S

1
‘ Aé ‘ Aé \ A\é xxé % ‘
16. Second floor adjusted to improve  17. More dynamic shape. 18. Fragmented expression recre- 19. Fragmentation tuned down. 20. More dynamic entrance by 21. Further adjustment of entrance. 22. Private zoon created adjacent to
water capacity. Top floor made les ated. Southeast cantilever removed for adjusting adjacent cylinder.
stiff. structural reasons and to bring sun-

-

-

- il

N
11. Entrance emphasized. 12. Entrance further emphasized. 13. Entrance framed by adjusting 14. Southeast top cantilever opened
direction of adjacent cylinders. towards water.

Southeast top cantilever extended to
connect it to the water.

light to outdoor platform.

3,

il

24. More dynamic shape.
ed, and shape adjusted to match the  entrance.
shape of the hill.

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

25. Northwest top cantilever extend- 26. Lockers room defined next to 27. Interior flow adjusted.

S

28. Shape reaching for the hill.

L

ERIK WIDELL

<t

6. Adjustment of geometry to better
fit the pools within.

%

entrance, towards the hill.

<t

29. Shape opened towards the hill 30. Outstretch towards hill tuned
down. Connection to water empha-
sized by extending cantilever to east.

<ot

7. Smoothened geometry around the
pools.

I 1@

=

15. Edges at top cylinder adjusted to
improve water capacity.

A\é

23. Portico around entrance re-
moved.

31. walls made thinner.
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Scripted digital models are useful, since it is relatively easy and time saving to generate a large quantity. However, to really get

6.7 MODEL EVOLUTION an idea of the geometry, spatial qualities, light conditions, relation to site etc. physical models are better for careful investigation
and evaluation. Some of the computer-generated model diagrams in previous chapter were 3d-printed and evaluated in relation
to the site model.

Original model [0] on site Process model [17] on site Final model [30] on site
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7. DESIGN PROPOSAL
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7 DESIGN PROPOSAL

The design proposal is the last step in a series of experimental investigations. Hence,
the purpose is to manifest the design process and architectural design ideas in one
object, rather than showing construction documents and visualizations for a final
design proposal.

The representations at the following pages has a low voxel resolution, if nothing else
is stated, where each voxel corresponds to 10 times the size of a standard brick.
Yet, some areas have been highlighted with a higher resolution and level of detailing
to give more realistic idea of the spatial experience. The reason for tuning down
the resolution is that it today is not possible with an ordinary computer to handle
the amount of data that is required for modeling and visualizing a more realistic
representation.

The driving architectural concept has been to fit main functions, such as pools, jumping
tower, slider etc., within the voids of the global shape, while secondary functions, like
stairs, corridors, toilets etc., is planed within the walls. The consequence of this in
combination with previous steps in the process is a mazelike structure with flowing
spatial sequences.

The shapes of the pools are supposed to blend in to the overall structure, but there is
also a logic to their shape and size so that they correspond to 25m or 50m pools. The
sports administration suggests that a new central bath shall include two 50m pools
and two 25m pools (Malmryd, 2016)
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7.5 MORPHING BRICKS

¥

ﬂl_S:UBDIVIDED TWICE

High-res voxel section cut

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017 ERIK WIDELL



S

'MORTAR ST




=4 ///// ’////////

/ - 3 SEes
-- A ,L l# ~l

-- =5 ﬁ%‘:%fi’
L% (%Hé@y?&_m{

EEEEEEEEEEEEEEEE



EEEEEEEEEEEEEEEE



IIIIIIIIIIIIIIIIIIII

sy % o

e N
| [ .\ [ \“‘zﬁ \ \.'— 7%
"/ [
7% . ///i-f_ Y
-

EEEEEEEEEEEEEEEE



[ Fa ]  [F T —(—
I

W/
.

v
.
.

| 7
[

[

r [ - )
Z I C — . = '
(////// _ . F'_I"ﬂ p o A e 0 | k&
= % 2 — - = e 5 =
) 7 ' e - - .
/ / , > - : ] d L L
//// /////{/_% o= , mm—cy . | ////”L
// / // ;I - -ﬂj%% /I/% Y / ////\ \
= 7 _ il A4 “
=& 7 . o ] !
| ——— v ow _ w =4
. W///i ]
" - / %%
‘ i 7 / 77 | ‘
- = w, ‘

1
=

_ . .

] N B

T omN e B T e

0000000

EEEEEEEEEEEEEEEE



7.7 FLOOR PLANS

ENTRANCE FLOOR 1:400

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

oilets

The floor is represented with voxels that corresponds to 10 times the size of a standard brick. This gives a crude representation
of dimensions etc. To compensate some areas has been highlighted with brick representations to provide a more realistic
representation. Another feature that is visualized is rounded voxels in areas close to the pools. The purpose with rounded bricks
is to create a more comfortable bath situation. The entrance floor accommodates the main pool, changing rooms, reception,
staff room and toilets. There are also two outdoor pools.
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7.7 FLOOR PLANS
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8. DIGITAL MANUFACTURING
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8 DIGITAL MANUFACTURING

The ability to manage complexity in geometric shape, spatial organization and building
material was limited before the digital revolution because of orthogonal structures in
the building process, as Tedeschi (2014) notes. Digital manufacturing creates a direct
link between the designer and the final geometry. For this project it is suggested to
send coded instructions to 3d-printers and robots. Drawings will merely serve as
complementary aids.
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8.1 BRICK PROPERTIES

=

Subdivision / Resolution shift

shift in brick resolution to create a variation that corresponds
to the curvature of the global shape

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

QOOO0000000

flatness

flatter bricks at the top to express the height difference in the
building

Based on chapter 2, Grammar and chapter 4, Scale and resolution, a collection of techniques was chosen in order to create

variations and ornamental expression.

=

Roundness

An initial proposal was to combine a structure where the
bricks are aligned with the shape, close to the pools and a
more jagged structure, further away from the pools. Due to
geometrical issues a better solution appeared to be to keep
the jagged structure everywhere, but to make the bricks
rounder the closer they are to the pools. The purpose is to
create a more comfortable bath situation.

ERIK WIDELL

=

patterned

To create a sense of intimacy, some bricks will be patterned.
This occur in areas where a higher level of intimacy may add
value to the spatial experience, for example adjacent to a big
opening in the structure, where people might want to sit down
for contemplation and relaxation.

=

Transparency

transparency, that is windows etc., is achieved by replacing
some normal bricks with unfired bricks that will be pressure-
washed away after the mortar has dried. To achieve a
gradient, some of these bricks will be made with voids so that
mortar can flow within the brick.
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Since each brick/voxel is assigned with a series of properties a large number of different configurations is achieved. The current

setup means that there are 594 possible configurations (3*11*3*2*3).

8.2 BRICK CONFIGURATIONS
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Each bold number correspond to the same position in the diagram at the facing page. The columns below the number displays
8.3 PRODUCTION METHOD AND DIGITAL INPUT the related settings. These coded instructions constitute the link between the 3d-model and the built geometry, and follows each

element from raw material to assembly.

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 Clay
1 o 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 o0 01 1 2 2 o0 0 1 1 2 2 o0 o0 1 1 2 2 o0 o0 1 1 2 2 o0 0 1 1 2 2 0 0 1 1 2 2 from ground
21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 o o o o o o0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 0 0 00 1 1 1 1 1 1 2 2 2 2 2 2 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3d-print
4 o0 1 0 1 o 1 o 1 0 1 o0 1 o0 1 0 1 0 1 0 1 011 011 0 1 01 011 0 1 0 1 011 01 0 1 01 01 0 1 0 1 0 1 0 1 0 1
5 0 0 0 0 O O O O O 0O O O o o0 o0 o0 o0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ‘
Drying

55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 8 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108
1 o 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 o0 0 1 1 2 2 o0 0 1 1 2 2 0 01 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 N
20,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 ) Firing
3 o o o o 0 o0 1 1 1 1 1 1 2 2 2 2 2 2 o0 00 0 00 1 1 1 1 1 1 2 2 2 2 2 2 0 00 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 if permanent stone
4 0 1 0 1 0 1 0 11 0 1 0 1 0 1 0 1 01 0 1 011 01 0 1 011 01 01 01 011 01 0 1 011 01 0 1 0 1 0 1 0 1 0 1 5> |
5 0 0 0 0O O O O O 0O O O o o o o o0 o0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Stack with robots

109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162
1 0 0o 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 01 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2
209 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09
3 o o o oo o 1 1 1 1 1 1 2 2 2 2 2 2 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 apply mortar by hand / with
4 o 1 0 1 0 1 0o 1 0 1 0 1 0 1 011 011 0 1 01 011 01 0 1 011 01 0 1 041 01 01 01 01 0 1 0 1 0 1 0 1 0 1 robots
5 0 0 0 0 0O O O O O O O O o0 o0 o0 O o0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 Wash away bricks
1 o 0 1 1 2 2 0 0 1 1 2 2 o0 0 1 1 2 2 o0 01 1 2 2 o0 o0 1 1 2 2 o0 o0 1 1 2 2 o0 o0 1 1 2 2 o0 o0 1 1 2 2 0 0 1 1 2 2 )
20,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0,85 if temporary stone
3 o 0 o oo o 1 1 1 1 1 1 2 2 2 2 2 2 0 0 0 0 00 1 1 1 1 1 1 2 2 2 2 2 2 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 5->10or2
4 0o 1 0 1 0 1 0 1 0 1 01 0 1 011 01 0 1 011 01 01 01 011 01 0 1 011 01 0 1 011 01 0 1 01 0 1 0 1 0 1
5 0 0 0 0O O O O O 0O O O o o o o0 o0 o0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Perm

structure

217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270

1 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2
2 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08

3 0 o0 0 o 0 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 0 00 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2

4 0 1.0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0o 1 0o 1 o 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 .

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 SuggestedProductionprocess

271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324
7 0 0 1 1 2 2 0 O 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2
20,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75
o o 1 1 2 2 2 2 2 2 0 o0 o0

1 1

0 0

SO -~0 N
- O = U N

3 0 0 0 O 1 1 1 0o 0 0 1 1 1 1 1 2 2 2 2 2 2 0 0 o0 o0 o0 o0 1 1 1 1 1 1 2 2 2 2 2 2
4 0 1 0o 1 0o 1 0 0 1 1 0o 1 0 0o 1 0o 1 0o 1 0o 1 0o 1 0 1 1 0o 1 0o 1 0 1 0 1 0o 1 o 1 0o 1 0o 1 o 1 0o 1 0o 1 0o 1
5 0 0 0O O O o0 o 0 0 0O 0 0 O 0o 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378

7 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2
2 07 o7 o7 O7 O7 07 07 07 O7 07 07 07 07 07 0,7 07 07 07 0,7 0,7 07 07 0,7 07 07 07 0,7 0,7 07 07 0,7 07 07 07 0,7 07 07 07 0,7 07 07 07 0,7 0,7 07 07 0,7 07 07 0,7 0,7 0,7 07 07
3 0 0 O o o0 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 o0 o o0 o0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 o0 o 0 o0 1 1 1 1 1 1 2 2 2 2 2 2
4 0 1 0o 1 0o 1 0o 1 o 1 0o 1 0o 1 0o 1 0o 1 0o 1 0o 1 0o 1 0o 1 o 1 o 1 0o 1 0o 1 0o 1 0o 1 0o 1 0o 1 0o 1 o 1 0o 1 0o 1 0o 1 o 1
5 o0 o0 o0 o0 o0 o o o o o o o o o o o o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432

7 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0o o0 1 1 2 2 0 0 1 1 2 2
20,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65
3 0 0 O O o0 o0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 o0 o0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 O 0O o0 o0 1 1 1 1 1 1 2 2 2 2 2 2
4 0 1 0 1 0o 1 0o 1 0o 1 0o 1 0o 1 0o 1 o 1 0 1 0 1 0o 1 o 1 0o 1 0 1 0o 1 0o 1 0o 1 0 1 0o 1 0o 1 0o 1 0 1 0o 1 0o 1 o 1 0 1
5 0 o o o0 O O o O O o o o o o o o o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 481 482 483 484 485 486

1 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 1 -> subdivisions. 1=Subdivided once, 2=Subdivided twice
200 %0 00 To o e M M N e e e e e e e e e e e e e A T T T T N N M M e PR PR %0 % P Pe Pe Te MY MY M P 0T %0 %8 08 05 02 P2 Y 2 Heiant 1=Predefined height.., 0,6=50% height

-> = i = =
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 Z_> Egtliggnneos:;]gt asttt':;ggg 11: Raotltjenr?]ee((ij edges, 2= Round
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ’ p ; P

5 -> type, O=fired brick, 1=unfired void brick, 2=unfired brick

487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540
7 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2
20,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55

3 0 0 O O o0 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 O O o0 o0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 O O 0 o0 1 1 1 1 1 1 2 2 2 2 2 2
4 0 1 o 1 0o 1 0o 1 0o 1 o 1 0o 1 0o 1 0o 1 0 1 0o 1 0o 1 o 1 0o 1 0o 1 0o 1 o 1 o 1 0o 1 0o 1 0o 1 o 1 0o 1 0o 1 0o 1 o 1 0o 1
5 o o0 o0 o0 o0 o o o o o o o o o o o o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

541 542 543 544 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594
0o 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2 0 0 1 1 2 2
05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05
o o0 o o o0 o 1 1 1 1 1 1 2 2 2 2 2 2 0 0 O 0o 0 o0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 O o0 o0 o0 1 1 1 1 1 1 2 2 2 2 2 2
1 1 0
0 0 1

0o 1 0 1 0 1 0o 1 0 0 1 0 1 0 0o 1 0o 1 0 1 0 1 0o 1 0o 1 1 0o 1 0o 1 0o 1 0 1 0 1 0o 1 0o 1 0o 1 0 1 0o 1 0o 1 0o 1
o 0 o0 o O o o O0 O o 0 0 0 o o o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

AN WN =
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The diagrams display gradual transformations of morphologic bricks/voxels, and how the transformation depends on physical
8.4 SHAPE ANALYSIS / ASSIGNING BRICK PROPERTIES and manually defined properties of the shape. The upper row shows a high-res section cut while the bottom row shows a low-res
global shape. A great advantage is that parametric fine tuning allows for gradient changes. It is also possible to replace, add or

remove any properties. Apart from giving characteristics to the design, the idea is also that the properties will guide the visitor
through the mazelike structure.
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9 DISCUSSION
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9. DISCUSSION

The conclusion of the thesis is that craftmanship in digital brick architecture may
be achieved through an iterative, experimental and integrated design process
with consideration to feasible construction and design methods and part to whole
relationship. The part to whole relationship is with advantage treated with voxelization.
For representation of the global geometry the resolution may be lowered to the point
where the essence of the geometry is preserved and where the amount of data is
manageable. A higher voxel resolution that corresponds to the size of an actual brick
is feasible for representing details. The downside with the low-res approach is that
the representations may show dimensions that doesn’t necessarily corresponds to
their actual dimension in the analogue world. The benefit however of using voxels
as a mean to model brick architecture is that there potentially will be a stronger
relationship between the part and the whole. In a near future, when the computers
have higher capacity, it is fair to assume, that there will not be a need to tune down
the resolution, meaning that the use of voxels as a mean for digital brick modeling
will be even more useful.

The result of the project is a design proposal for a bath house, but the thesis also
provide a design methodology. The methodology can be interpreted in four ways:

1. an algorithm and modeling procedure with various voxel resolution.

2. A design procedure for brick architecture, that follows the described steps in the
thesis.

3. Adesign procedure, similar to the one that has been described, but tweaked to suit
another material or context.

4. A three step procedure: define, evaluate and evolve, where the design process

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

guides every next iteration.

The development of the bath house followed the 4th interpretation. This was a
cumbersome process, which meant that less attention could be given to the design
proposal, than if the steps taken had been given from the start. In the spirit of
craftmanship suggested future challenges is about refinement of methodology, the
techniques and the object.
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APPENDIX - SCRIPTING AND MODELING PROCEDURE

0.

Rhino:
Define layers and geometries:
GH-input/
start_point
curve_for_generating_geometry
void_curve
solid_curve
Solid_Brep
Void_Brep
3d_Domain
subdivided_3d_domain
Brep_round_attractor
Pt_craft_attractor
Pt_transparency_attractor

1.

Grasshopper:
Run script (1-3)

1: Setting up brick geometry and domain for
positioning

2: Define geometry

3: Bake positioning points

MASTER THESIS / MATERIAL TURN / CHALMERS / AUTUMN 2017

2.

Grasshopper:
Run script (4-6) twice (mortar between = false AND mortar
between = true):
4. Branching points into layers depending on
bonding pattern
5. Analyze shape and assign properties
6. Bake bricks with assigned properties in separate
layers

-> Qutput (mortar between=true):
01_Brick

01_Brick_craft

01_Brick_erode
01_brick_holes_erode
01_hole_makers

-> Qutput (mortar between=false):
01_mortar
01_mortar_erode

3.

Grasshopper:
Run script (7) on objects in 01_Brick_craft)

-> Output:
02_Brick_craft

4.

Rhino:
01_brick_holes_erode -> MeshtoNURB

Grasshopper:
Run script (8) Bake_hole_stones

-> Qutput:
02_Brick_holes_erode

Rhino:
Duplicate layer 02_Brick_holes_erode, including objects.
Rename new layer to 03_Brick_holes_erode

5.

Rhino:

Duplicate layer 01_Brick_erode, including objects. Rename
new layer to 02_Brick_erode

02_Brick_erode-> MeshtoNURB, delete mesh

6.

Rhino:

01_mortar->meshtoNURB, BooleanUnion, offsetsrf inwards
(rounded), delete inputs, delete small parts

7.

Rhino:
01_mortar_erode->meshtoNURB, BooleanUnion, offsetsrf
inwards (rounded), delete inputs, delete small parts
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8.

Rhino:

Booleandifference 01_mortar_erode - (02_brick_erode +
03_brick_holes_erode), delete layer 02_bricks_erode and
03_brick_holes_erode

9.

turn on layer 01_mortar, 01_mortar_erode, 03_brick_holes_

erode, 02_brick_erode
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