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Abstract

Machine cleft birch

The structure of a tree has evolved in response to the natural forces it was subjec-
ted to during its growth, by standardising and sawing wood for mass production,
these qualities and natural infricacies are lost. | believe a more natural approach
to wood is needed - preserving fibres, understanding its properties and how each
part can be used for different purposes.

Should we look at each free individually, harvesting only what we need, instead of
clearing whole forestse This thesis explores a method of 3d scanning three particu-
lar tfrees and using them as efficiently as possible in order to incorporate them into
a holistic structure.

The focus is also on challenging the conventional approach where wood is being
treated as a generic substance. The project takes the point of departure by criticis-
ing paradoxes of engineered timber, where we take a natural material, saw it info
small pieces, glue it back together, to then only take it through a complex digital
manufacturing process in order to use it in organic and geometrically complex
structures.

Techniques like cleaving, instead of sawing were used for hundreds of years in boat
building, to produce wood that was extremely strong, flexible and stable. These
techniques were replaced by sawing wood into standardised stock, in order to
get the most wood out of the tree. However, once the natural grain fibres, that are
aligned to tfransmit force are cut, the material immediately loses strength.

The findings discovered during the exploration phase of this thesis, looked at the
by-products produced, by some of the traditional techniques and how the whole
tree could be utilised, using different parts for different purposes. These techniques
were developed by also incorporating some of the advanced digital tools that we
have today.

The final aim for this thesis is a design exercise that combines all the research and
knowledge produced during the exploration into a ‘Zero Waste Pavilion’. This pavil-
ion uses real trees that were 3d scanned, showcasing a more natural approach to
wood as a building material, using the whole tree, looking closely at its natural prop-
erties and how each part can be used optimally, not only focusing on functionality,
but also challenging the flatness and lost sense of materiality in the conventional
aesthetic of wood in architecture. The final result is not presented as some ultimate
design for pavilions, but is more a tool for discussion on this approach and how it
can be used in a holistic structure.
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INTRODUCTION
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Scanned fexture of cleft pine
Image: flickr.com

- Infroduction -

Paradoxes of Engineered Wood

The development of engineered wood products has contributed to recent ad-
vances in the application of wood in architecture by providing stable, consistent
material that can be worked with in complex ways. However, this development
leads to the paradox of wood being factory-processed into regularised products
only to subsequently undergo complex subtractive digital fabrication processes to
allow that material to be incorporated in geometrically complex organic building
forms and structures. Furthermore, wood in its natural form consists of chains of cells
— its grain fibres — that are optimally aligned to transmit force. Once these fibres
are cut, the material immediately loses strength, meaning that most fabrication
processes act to compromise the existing natural capacity of fimber (Desch & Din-
woodie, 1996).

Of course, the advancements in engineered wood and the benefits that it offers
should not be overlooked. By glueing or laminating smaller pieces of wood togeth-
er intfo large panels achieves mechanical consistency and stability, regardless of
the specific properties of the species or natural ‘imperfections’ within the tree. This
approach has contributed to the return of wood as a building material, since its
decline during the industrial times, when it was challenged by synthetic materials
like iron, steel, concrete and others. (Menges, Schwinn, Krieg, 2016) This approach
of course makes sense in our current economic system, which encourages stand-
ardization, mass-production and consistency.

However, the paradox here is obvious. By standardizing wood for mass-production,
the natural intricacies of the material and specific qualities of the different species
are completely lost and reduced to a generic substance, that is used without frying
to understand the true anatomy of this living material. Based on the fact that the
structure of a free has evolved in response to the natural forces it was subjected to
during its growth, it really is a shame that the maijority of the wood industry today
does not take into account wood's natural environmental credentials. This also
leads to mono-culture within forestry and loss of diversity in our forests, at the same
time reducing robustness towards disease and climate change.

(Menges, Schwinn, Krieg, 2016)

This thesis is somewhat a follow up on the exploration and own general fascina-
tion of natural form wood. It goes into investigations of structural properties of cleft
wood and defining specific architectural use cases for different parts of the tree.
The exploration also continues into less explored areas like bark, small branches
and ofher by-products that are less commonly used in the architectural context.
I am generally passionate and curious about wood in any form, tough this thesis
offers an alternative position to the conventional approach and to the current di-
rection of the development of engineered wood.

- Infroduction -



Method & Delimitations

Positioning & Focus

Working with the actual material - wood, means that most experiments are 1:1
scale and my approach consists of research, immediate trial, then defining and
conceptualising the discoveries afterwards. The tools for cleaving wood cannot be
scaled down, therefore the smaller design models will use alternative techniques
to represent those ideas.

The design exercise of the ‘Zero Waste Pavilion’ is a way to conclude the research
and exploration into a holistic structure, that offers real examples of how this ap-
proach can be used in architectural environments. However, the final result is more
a tool for discussion on this approach, and is not proposed as an ultimate design
for a pavilion.

The developed techniques for this approach are a combination of traditional
knowledge and my own small scale experiments performed with relatively basic
tools. The cleaving experiments explore the properties of wood and its natural be-
haviour, this does not necessarily mean that these methods would scale up in the
same way without developing new tools to deal with whole logs that are several
meters long. It does however show what is possible if each part of the tree is treated
individually with care and willingness to adapt a different technique for each.

As of limited time, digital tools like 3d scanning, modelling and coding are only
used as proof-of-concept and are not developed to the level where it solves all
of the practical issues. The aim is to inspire and conceptualise a different way of
working with wood and my approach is one of many potentials that could be de-
veloped further.

- Infroduction -

Cleaving
+
.= TT T ~ < Structural Properties
R ZEROWASTE "~ .
L7 PAVILION .- >
7’ N
/7 N\
/7 \
/ \
/ \
/ \
/ \
/ \
7 \
' \
I L \
1 1
1 \
1 1
| NATURAL FIBRES |
1 1
\ MT |
| > I
v T 1
\ 1
\ ~ /
\ /
\ ’
v ’
\ /
XY NO WASTE ,
N\ e 7
N e o
FER T
A Y d
N e
N '
~ < . e
Different Porirs of the Tree Traditionall knowledge
for Different Purposes LT
Digital Tools
- Infroduction - 13



The Trees

Zero Waste Approach

Looking at actual tfrees is an essential part of this project, especially when talking
about natural intricacies and ‘imperfections’. The choice of these specific trees
was rather arbitrary on purpose, in order to challenge myself to deal with the un-
predictable nature of this material. It was important to choose a species that is very
common in this part of Europe (pine) and also another species which has different
cleaving properties (oak), that generally has very straight fibres.

Oak

- Infroduction -

Another part of the process is 3d Scanning the specific trees and estimating the
amount of the most valuable structural wood that can be extracted, but also in
relation, looking at the proportions of the by-products, such as split-off panels, bark
and even small branches, and how to use as close to 100% of the tree as possible.
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Image: Daniel Eriksson
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Part 2

NATURAL FIBRES & FORGOTTEN KNOWLEDGE



Natural Approach to Wood

18

Oseberg ship reconstruction in Tansberg, Norway was a project that attempted to
build an exact replica of the iconic ship, using the same techniques and tools that
would have been used originally in the 9th century. This means that the replica was
build entirely out of cleft and hewed/riven oak, no saws were used. This technique
preserves the fibres along the whole tree that are optimally aligned to transmit
force and the boards produced this way are structurally superior compared to any
sawn boards. The downside of this tfechnique is that compared to sawing you get
about 50-60% less boards out of a tfree, which would be considered wasteful by any
modern standard.

Source and Images: www.robin-wood.co.uk/

- Natural Fibers & Forgotten Knowledge -

Flattening and bending of boards

Source and Images: www.robin-wood.co.uk/

- Natural Fibers & Forgotten Knowledge -



Sap-Wood in Architecture

20

Raw sap-wood rafters found in Hardemo Church Tower, Narke, Sweden

z<

Visible curvature in tower, as a result of rafters bending after cleaving, because of shorter
fibres on the outside of the free

Orebro Ians museum. (2016)
(Retrieved from report by Daniel Eriksson and Charlott Torgén)

- Natural Fibers & Forgotten Knowledge -
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Conventional way to produce square rafters compared to conical rafters taken from sap-
wood. According to this report, rafters taken from sap-wood are more flexible, stronger and
can produce 8 conical instead of 4 square rafters.

Orebro lans museum. (2016)
(Retrieved from report by Daniel Eriksson and Charlott Torgén)

- Natural Fibers & Forgotten Knowledge -
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Traditional Method to Cleave Sap-Wood

Process recorded during the on-field experiment to reproduce sap-wood rafters
seen in the Hardemo Church tower, using fraditional techniques and tools that were
based on archaeological findings.
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Orebro Ians museum. (2016)
(Retrieved from report by Daniel Eriksson and Charlott Torgén)

- Natural Fibers & Forgotten Knowledge -

Sap-Wood as Structural Material

As opposed to cleaving flat boards out of a log, conical stock taken from sap-
wood is a more efficient way of getting large, structural material from a free. Since
you are not trying to extract square stock from a log, you end up with twice as
many pieces and very little waste. Of course sap-wood has its specific properties
and there is a reason why it is not favoured in conventional architecture. However,
when adapted for an appropriate use, like the Hardemo Church tower, where it
is required to have greater flexibility due to lateral wind loads, it can be superior
to conventionally processed wood. Another reason, why sap-wood is not com-
monly used in architecture is its moisture content and susceptibility to decay. An
argument could be made, that cleaving sap-wood works as a kind of tfreatment
against decay, since the fibres are preserved and would improve the moisture re-
pelling qualities.

Images: Daniel Eriksson. (2016)
(Retrieved from report by Daniel Eriksson and Charlott Torgén)

- Natural Fibers & Forgotten Knowledge -

23



24

Part 3

MY STRATEGY, EXPERIMENTS & DEVELOPED TECHNIQUES
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Cleaving Wood

26

My Strategy

To produce riven boards in a traditional way, the log is split in half again-and-again,
until wedge shaped pieces are produced. They are then straightened with an axe
to create flat boards and the wood that surrounds the central board is wasted.
| thought it would be interesting to not only focus on the boards, but also on the
waste produced. During my own splitting experiments | found that the irregular
or ‘waste’ pieces were the ones that created the most interesting combinations
when it came to light and texture.

Traditional way to produce riven boards

+/-50% Waste Own Experiments Growth Ring Orientation

Riving Vs Sawing

Erpide il

Riven oak (left) vs. Quarter sawn oak (right)
(image: Fillansbee, P. 2009.)

- My Strategy, Experiments & Developed Techniques -

Own Experiments

The tools and techniques for wood cleaving have not been developed for hundreds
of years and most of the knowledge has been forgotten. Compared to wood sawing
technology there is a clear gap, that makes one wonder where would we be if we
chose to develop these techniques to the level of sophistication that we have in the
wood milling industry today. A very clear observation from splitting wood by hand is
how much easier it is, compared to sawing along the length of the fibres (by hand),
it feels much less forced, as if the wood wants to be split that way. An argument can
be made that the development of new tools could be a potential fo reduce energy
consumption within the wood industry, if we decided to take another approach,
understand and treat wood as a truly organic material.

Log splitting with pneumatic machine
W o\ = Boad

L

Y

Machine splitting is relatively easy and less physically demanding, but the size of the blade
does not provide a lot of accuracy or control. The split also happens very quickly and does
not give you an opportunity to look at the length of the log and control the split line.

Log splitting with hand tools

is an opportunity to control the split pattern along the length of the log, with additional wedges.

- My Strategy, Experiments & Developed Techniques -
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Developed Techniques

28

Structural Boards - Bending/Flexibility
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Soaked in hot water, the cleaved wood pieces are bent into a panel structure with clamps.
As the wood dries, the clamps can be removed and the wood stays in the position. After
the wood is bent, it will eventually want to go back to its original position, because of the
pre-tension in the wood fibres, therefore the pieces are glued together to keep a uniform
structure, however there is a potential to develop joining techniques that do not require the
use of glue. Wood bent in this way creates a contfinuous form with a tactile surface, but can
also be used in a structural way because of its strength and flexibility.

- My Strategy, Experiments & Developed Techniques -

Secondary Boards/Wedges - Wall Panelling
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Wood surrounding the very valuable structural boards can be cleaved away, creating
triangular wedges that from first sight could be seen as waste. However, as a result of
my experiments, | found that they can be arranged in panels creatfing very interesting

combinations in regards to light and texture.

- My Strategy, Experiments & Developed Techniques -
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Secondary Boards/Wedges - Floor Panelling Natural Pattern Cleaving - Wall Panelling
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Many of the cleaving attempts do not produce continuous pieces, a lot of them taper Cleaving wood along natural patterns separates boards along these fibres and can be re-
off, especially with dry wood. These pieces maintain all the qualities of cleaved wood, like arranged in a planar way to create a confinuous curved surface.

flexibility and water repelling, but they are quite rough to the touch and have splinters.
With this experiment | fried to match the pieces with a similar taper angle together, glueing
them into continuous panels, then burning and brushing them to take away some of the
roughness and splinters. The result is a relatively smooth and safe to the touch panel, with a
fallin the middle, that can be used to direct water when used on a floor.

- My Strategy, Experiments & Developed Techniques - - My Strategy, Experiments & Developed Techniques -



Cleaving Along Tree Rings - Roof Cladding

| v
g A
s ---> --->
L/
1L
%%
L

Wood cleaved along the curvature of free rings has a smooth, glossy finish with great water
repelling properties and could be arranged into panels for outdoor use or as roof cladding.

A similar technique was used traditionally for making barrels, due to the curvature of these
boards and of course for their water resistant qualities.

- My Strategy, Experiments & Developed Techniques -

Structural Sap-Wood Posts

Conical sap-wood slices taken from the cross-section of a tree can be used as structural
posts. Sap-wood is not commonly used for this purpose, but there are examples of medieval
buildings like Hardemo Church tower in Orebro, that are still standing to this day. Sap-wood
is not generally desirable in conventional wood working and construction, because of its
moisture content and susceptibility to movement and decay. Therefore, the overall design
and sfructure needs to account for this. However, if used in the right way sap-wood can
be excellent in construction because of its flexibility and ability fo deal with fension. An
argument could be made, that cleaving sap-wood works as a kind of freatment against
decay, since the fibres are preserved and would improve the moisture repelling qualities.

- My Strategy, Experiments & Developed Techniques -
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By-Products - Bark Composite

Moberg, Eliasson, 2019

In conventional wood processing, bark is usually seen as waste or is burned as bio-fuel.
Recent developments in sustainable materials shows great examples how by-products like
bark can be used in a composite material, using cellulose adhesives, as seen in the thesis
work by Sandra Moberg and Josefin Eliasson.

- My Strategy, Experiments & Developed Techniques -

By-Products - Loose Wood Chip Floor

Y
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Own photograph

of wood chip ﬂor

In commercial wood harvesting, branches are usually cut-off and left in a forest to make it
easier to fransport logs. With a more careful approach, where the free is selected specifically
and used very efficiently, means that it would require only a small scale operation - the
whole tree can be used, even small branches. These are perfect for creating wood chips
for flooring, that is pleasing to walk on and has good drainage properties.

- My Strategy, Experiments & Developed Techniques -
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Efficiency

CLT & Cleft Wood

This exercise is a comparison and an estimation of how much wood is used to pro- 4m long pine log comparison
duce asimple, 3-layer CLT panel and how much surface area can be covered with
cleaved wood panelling, since there is no waste produced by sawing and plaining |

boards. These two types of materials of course have different properties, but | think Q Q
it is important to mention how much wood is lost by frying to make it into standard- P |
ised stock, in order combine it info a cross laminated panel. A== . |

L i 1T N

Based on 25mm x 150mm boards, with estimated waste for sawing (4mm), planing & 11 i i 3 |
(1T0mm) and thicknessing (varies). Production methods and amounts vary signifi- ] I I I I )

cantly manufacturer to manufacturer. Figures are estimated and based on aver- U —= == | U
aged data from CLT standards in Austria. (Brandner, 2013) - — -
Cross laminated timber gains its structural strength through numbers - generic wood < /

planks combined into a single panel. Even though the natural fibres are cut, this e | e

process ensures strength and stability. However, most modern construction regula-

tions do not allow the use of CLT as structural material and in most cases it needs |

to be supplemented with steel and concrete. If this was not the case, a discussion 7sem=— ] | Socm=— T ' R
and critique of cross laminated fimber, could potentially be very different.

Therefore, the main purpose of this comparison is purely based on how we process
. . . . .. 4m 4m
an organic material like wood and the effect on efficiency when standardising a |
material that has many natural intricacies.
| 1

2.7m 3.58m

Single layered panel from cenfral struc-

3-layered CLT panel |
tural boards

4m

5.37m

Wedge-panelling from wood
surrounding the central panels

- My Strategy, Experiments & Developed Techniques - - My Strategy, Experiments & Developed Techniques - 37
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Part 4

THE PAVILION
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The Pavilion

40

Infroduction

‘Zero Waste Pavilion’ is a design exercise where the afore described techniques, re-
search and knowledge produced during the exploration process are showcased.
Part of the narrative and also a limitation to myself is fo only work with actual trees.
Therefore, | 3d scanned 3 frees from the surroundings of the city of Gothenburg,
using a drone and photogrammetry. | took the data and based the proportions
and design of the pavilion on the available wood and the amount of by-products
produced as a result of the cleaving techniques. | chose to work with 2 different
species - oak and pine, in order to explore the different properties of these trees.

The pavilion works as a tool for discussing different techniques, details, joinery, sen-
sory experience and designing principles when working in this particular approach.
Before starting to discuss those principles, the overview is meant to give an overall
image of the pavilion and the first visual reference of how the afore mentioned
techniques come together.

Structural Concept

When cleaving boards out of a log, many of them end up having a natural twist.
The design of the structure, uses the natural twist in these boards not as a problem,
but as a design element, with the structural posts being placed out in different/
undulating angles and the previously described panelling techniques making the
connections between them. For instance, there would be a panel where boards
are bent to explore form and flexibility, another area would look at the natural pat-
terns, the shelters would focus on the water resistance and the side panels would
utilise the secondary pieces and by-products, but also highlight the light and tex-
tural properties.

Architecture

The overall architectural language of the pavilion is somewhat inspired by the ge-
ometry of the structural sap-wood used in previously described historical examples.
Sap-wood generally performs better when subjected to tension forces, rather than
compression, therefore there are almost no 20° angles within the structure. Since,
one of the aims of this project is to highlight structural capabilities of cleft wood, the
structure might also appear rather ambitious, borderline between viable and nof,
in order to really push the limits suggesting the structural efficiency of cleft wood.

- The Pawvilion -

Overview

- The Pavilion -
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Tree Scanning

42

Equipment

3d Scanned Area

- The Pavilion -

360 ° Drone orbit at
3 or 4 different heights

Drone Photogrammetry - 3d Scanning of Trees

Estimate Volumes

N Cleaving
after processing

Outline / Simplify —> 3d Volumes Technique

Outline / Simplify -~ >

Outlining and extracting average
wood volumes from digital point-clouds

Estimating amount of by-products
from digital point-clouds

- The Pavilion -
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Technigues Applied
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3d Scanned Pine 1 - Delsjon Forest

25m

(RGB Point Cloud)

73cm

- The Pawvilion -
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27m

3d Scanned Pine 2 - Delsjon Forest

(RGB Point Cloud)

83cm

- The Pavilion -
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15m
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3d Scanned Oak - Sandsjébacka
(RGB Point Cloud)

- The Pavilion -
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Building Elements

How Trees are Used

50

Roof Cladding

Roof Structure

Panelling

Structural Posts

Angled Burned
Floor Panelling

Composite Furniture

Wood chip
Flooring

- The Pawvilion -

The locations of different trees used in the construction of the pavilion are based on
their specific properties. First focus is to get the most valuable structural boards out
of a log and then finding the right location and purpose for the secondary boards
produced during that process. Since oak has relatively straight fibres, it is used to get
large, structural boards that can then be bent into position for the entrance panels.

Pine sap-wood is used to create structural posts, due to their flexibility and structural
properties. It is possible to cleave out rectangular structural boards from pine as well,
though they are not as large, therefore, they are used in combination with each
other to create the structure for the roof. The roof is then clad in radially cleft pine
planks. All other by-products are combined infto composite furniture or wood chip

Pine 1 Pine 2
Oak
Pine 1
O---=P~gff-----o-mm- oo Oak
Pine 2

By-Products

- The Pavilion -
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Material-Based Proportions

52

Roof Cladding Example

The design principles behind the proportions and sizes of all elements, are based
on specific parameters. For example, the lower part of the tree is narrower than
the top, which means that all cleft parts will have one dimension at the top and
another dimension at the bottom. This translates into the panelling as well and their
proportions are based on this ratio.
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|
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1
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- The Pawvilion -

Wall Panelling Example

A certain ratio applies when working with primary and secondary boards as well.
When a rectangular board is taken out of a wedge, the wood that surrounds it can
be arranged into panels in a few different ways and that will have a ratio in relation
to the structural boards, therefore the dimensions of the confinuous panels are also
based on this principle.

=
2
%

- The Pavilion -
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Experience

Drawing the Experience

56

A simplified overview diagram of interior shows the natural factors that you might
expect from this type of construction.

First and foremost, tactile experience almost comes a given, just by cleaving wood,
separatfing the fibres and exposing the texture and patterns, one will experience
wood in its flesh and its rawest form. It is the opposite of trying to polish, flatten and
hide the natural qualities. Due to the unpredictable nature of cleaving, textural
properties can vary from smooth/glossy to intensely textured with varying depth
within fibres. Same goes to the fouch of these surfaces, some can be smooth to the
touch and some can be rough, even splintery.

Wood is cleft while it's still wet and green, it is also not treated in any way, one can
expect the smell of wood being quite prominent within the structure, of course di-
minishing as the wood dries and ages.

The gaps in the panelling allow the wind to come in and enhance the smell of
wood inside.

The structure also interacts with water, when it rains, the water runs off the roofs into
the central area and the angled floor directs the flow of water through the pavilion,
before it is drained.

When walking on the wood chip floor you will experience movement, sound and a
sense of walking on a forest floor.

TEXTURE WIND SMELL WATER MOVEMENT

- The Pawvilion -

When visualising such a heavily material based project, there is a risk of overwhelm-
ing the drawing with intense, deep textures and taking focus away from important
details and design elements. My chosen drawing technique is a hybrid between 3d
rendering, hand drawing, scanning and also hand drawing over real textures. This
technique aims to retain control and subtlety, while still emphasizing certain areas
of sensory and architectural importance.

Hand Drawing Tools

- The Pavilion -
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Entrance

Bent structural panels making a narrow point of entry, encouraging you to get close to the wood

and even touch it.
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Internal space

The perspective section shows the overview of the internal space, also beginning to suggest some
technical information and how the structure is constructed.
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Sheltered space




Details

Approach to Detailing Digital | Analogue
An attempt to combine the best of both Digital and Analogue |

3d scanning and 5-axis robot cutting of | Straight-forward, pragmatic, methodical
My approach is an attempt to combine the best of both digital and analogue. Due joints, to handle complex angles and approach to joining. Down-to-earth and
to the complex and organic nature of the cleft wood geometry, | envision using geometry \ not over-engineered

3d scanning and 5-axis robot fitted with a chainsaw in order to make precise cuts
for the joinery. However, the joining itself is somewhat inspired by the simplicity of
traditional boat building - down to earth, not over-engineered, visible fixings, not
being obsessed with hiding things and being able to adjust things on site as you go
along.

Working with green wood, movement of wood as it dries is one of the key things
that needs to be accounted for. Proposed steel fixings aim to have holes for bolts
and screws that are slightly oversized and will allow for that movement of wood,
without it resulting in cracking.

Another important factor is to allow air circulation between boards and other
building elements, therefore, the detailing tries to avoid butting things flat together Own 3d scanning experiments
in order to allow for that air circulation and even drying of wood.

Untreated Wood

Choosing not to treat wood in any way was a conscious decision. An assumption
can be made that cleaving wood and preserving fibres initselfis a type of treatment,
since the water runs off the wood easier and the moisture does not penetrate the
wood as much. A comparison can be made to cleft shingle roofs that last more
than a hundred years and after some maintenance, even longer. Therefore. there
is no concern in regards to panelling wood within the pavilion.

e Y

‘ T L

Images: robin-wood.co.u

=

When talking about wood that is structural, without doing real scientific testing, we Image: Hooke Park
can only make assumptions and look at historical examples. Looking at examples |
like the Hardemo Church tower, where untreated sap-wood was used, the rafters

were covered with a roof and allowed to dry, the tower has been standing for

hundreds of years without any problems. The structural wood within the pavilion

is somewhat covered, but it is not a weather-proof structure. Detailing, using steel

plates would also prevent the wood from cracking to the extent where the structure

would be compromised.

Another reasoning for not treating the wood is the typical lifespan of a pavilion.
Pavilions such as this would be best suited for short-term exhibitions, like an expo
or a Serpentine type of arrangement that would last a couple of months. If used
in different set of circumstances, the tfreatment of cleft wood needs to be further
investigated. Burning technique that is used for flooring could potentially be used
as a treatment to preserve the wood in other areas,

- The Pavilion - - The Pavilion -



Joining of structural boards

Sap-wood post to 2 Structural Boards
Structural Board

Movement in wood as it dries

Steel plate inserted into side
of board

Steel plate positions to allow for
board bending

Air circulation

Steel Bolt

s Holes in steel plate to
e allow for movement
h in wood as it dries

Movement
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Joining of two sap-wood posts to create roof support structure

- The Pawvilion -

Roof purlins

Steel flitch plate and U-bracket
detail

Sap-wood post

Cut-outs for joints, cut with chain
saw on 5-axis robot

Steel flitch plate, bolted to

A

concrete foundation block

Concrete foundation block

- The Pavilion -
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Joining of two sap-wood posts to create roof support structure
(3 purlins)

Steel flitch plate and U-bracket
detail

Roof purlins

/ Sap-wood post

Steel flitch plate, bolted to
concrete foundation block

Central brace + hinged support
for roof purlin

Sap-wood post

- Hidden flitch plate fixing

Concrete foundation block

Steel flitch plate, bolted to
concrete foundation block

Concrete foundation block
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Triangular-wedge panelling between two structural posts

- The Pawvilion -

Supporting board for
panelling, fixed to
structural posts

Sap-wood post —

Triangular board
panelling

Spacer wedges

Pre-drilled holes

Self drilling screw with i
washer — J

________________________________________________________________________________________________________________________________________

Self drilling screw

Washer i

Pre-drilled hole in board
to allow for movement of
panelling boards

Movement

- The Pavilion -
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Discussion

74

The discourse for this thesis developed through a general passion and curiosity for
wood as a material and previous explorations looking into more natural aspects of
it. While frying to investigate the specific properties and natural intricacies of wood,
| was exposed to a very infriguing, but also immensely complex world of a material
that has so many environmental credentials that seem to be overlooked by the
industry and our current approach to working with wood. This led me on a journey
and realisation that this subject was rarely explored and the traditional knowledge,
cleaving techniques, that used different tfrees and different parts of the free for
different purposes, have mostly been forgotten.

It was somewhat surprising to me that this subject was not explored more within
architecture, being able to find only very few references from the medieval times.
Boat building techniques and some modern day reconstructions of medieval Viking
boats worked as a starting point in order to better understand the more natural
and careful approach to wood that our forefathers used. My own developed
techniques looked at the traditional cleaving methods, but also at the inefficiencies
within those methods. Based on some of those principles | was able to develop
my own set of techniques that could be adapted in the architectural context,
taking the best of the structural properties of the cleft wood, but also improving the
inefficiencies, attempting to utilise as close to 100% of the tree as possible.

Employing some of the advanced digital tools that we have today, made these
techniques and the idea of using them in today’s architectural context, feasible.
However, these were used only as proof-of-concept, there are sfill practical issues
that would need further investigation info how these methods scale up or how to
make it economically feasible to work with wood in this way.

Another important part of this approach is changing the way we harvest frees.
Instead of clearing whole forests and taking all the wood as a generic substance,
this thesis proposed a method of 3d scanning particular trees, that are suited for a
particular purpose and then using them as efficiently as possible, in order to create
a holistic structure. This resulted in a final design exercise of a ‘Zero Waste Pavilion’
and a showcase for this newly produced knowledge. The design principles were
developed solely for this approach of working with wood, meaning that the
proportions, angles and relationships between different elements were a result of
an incremental process that implemented new knowledge and discoveries as the
process went on, but still preserving the principles of a mulfi-sensory experience
that come when working with wood in such a natural way.

It is important to note, that the overall design of the pavilion is not the focus of this
thesis. The pavilion is a discussion tool and a result of an incremental process of
discovering new methods, design techniques and directly applying them within
a structure. It is also used to express some of the multi-sensory experience factors
that come while working with wood in this particular manner, and arguably this is
something that we are also gradually losing in our environments.

Now that I have a number of techniques that can work alongside each other and
with the knowledge thatlhave built-up by the end of this thesis, the next hypothetical
step would be to develop other ways of designing using this approach. Reflecting
on the current design, one could argue that the design is very heavily driven by the
material itself and the combination of structural and practical factors that come
with cleaving wood instead of sawing it. It would be interesting to see how these
methods could be developed, so that the architect takes back more confrol as we
get more comfortable and knowledgeable while using this approach. It would also
be interesting to see other species of trees explored and what could be built only
using one tree or perhaps using only one or two techniques. Would that result in a
more coherent designe What if a completely different architectural expression and
language is used from the starting point?

A further investigation into the life-span of cleft wood and sap-wood, would also
be very interesting. Generally, the life-span of a pavilion building is relatively short,
as a result, this project did not focus heavily on this part. For using this type of wood
in other contexts would require further study of how cleft wood and sap-wood
behave when exposed to moisture and if needed, how to protect it. The Japanese
burning techniques and using boiled down sap/tar that comes from the tree itself,
could be rather interesting potentials.

My aim for this thesis was to hopefully inspire and conceptualise a different way of
approaching this truly organic material. Even after this long process, | can't help
but feel that this is only scratching the surface and my approach is only one of
many potentials. | do hope sincerely, that we do not stop here and continue on the
same path for the sake of convenience and that we do not balk here, just because
we are faced with complexity. | believe the rewards are far too great, to ignore a
material that has so many environmental credentials.
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