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Architecture is giving form 

‘‘To give form to that which has not yet taken shape. In other 
words: to give form to the future. And more specifically: To 
give form to the world that we would all like to one day find 

ourselves living in the future’’

(Bjarke Ingels Group, 2020)

Circularity, a new urgency or 
an old tradition? 
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Preface

This report describes my graduation project 
titled 'The continutation of a brutalist monu-
ment'. The research is a final assignment of 
my 2 year Master in architecture at the Univ-
eristy of Eindhoven. Fourthyfive weeks have 
been dedicated to this graduation studio. As 
a preparation for my individual research, the 
first 12 weeks I have done research in a group  
to get familiar with the existing concepts and 
practices within the domain of circularity. The 
other 35 weeks, I have worked on my individ-
ual research. 

My report contains a combination of general 
research and research by design to reserach 
the effects of wood use on representation 
and structure in architecture. I have used the 
reserach results to substantiate design deci-
sions in redesigning the former Student Ser-
vice Building in Eindhoven. 

One of the biggest challenges of our time is 
climate change. The built environment high-
ly contributes to resource depletion and CO2 
emission through materials such as concrete, 
steel and insulation materials. As a result, cir-
cularity is a very relevant topic within archi-
tecture. 

Because of this relevance, we as future ar-
chitects have the responsibility to take the 

challenges of circularity carefully into ac-
count. With resepct to circularity, architects 
can higly influence a project. This should be 
taken into account on a material and immate-
rial level. Architects contribute in giving form 
to the future, a future that we all want to live in 
and that is beneficial for nature and humani-
ty. Because of this responsibility considering 
circularity, I have chosen to follow a gradua-
tion studio that is highly related to circularity 
to gain more knowledge about this subject. 

Within the built environment, the application 
of wood has found renewed interest as a re-
sult of the urge for circularity in architecture. 
Because of this renewed intrest in wood 
application in architecture, it is important to 
understand the effect of wood use in archi-
tecture. 

Findings of this report could be relevant to 
anyone interested in circularity within the field 
of architecture. If you are interested in the ef-
fects of the application of wood on structure 
and representation in architecture, this spe-
cific research contains relevant information 
for you. 

I would like to take the opportunity to thank 
Bernard Colenbrander, Barbara Kuit and Tor-
sten Schroder for supervising me during this 

graduation project. They have provided me 
with usefull critical and theoretical feedback. 

Philip Boes
June, 2021
Eindhoven
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Summary

Circularity has become a new urgency during 
the last years. The main reason for this ur-
gency can be found in the continuous use of 
non-circular materials such as concrete and 
steel. As a result, raw materials are getting 
scarce and the climate is changing due to 
CO2 emission. In answer to material depletion 
and CO2 emission, bio-based construction 
materials have recently gained an enormous 
amount of interest in the built environment. 
The most relevant application of bio-based 
materials is seen in wood products. It is the 
most relevant bio-based product because it 
is a viable substitute for concrete and steel. 
It stores approximately 0,9 ton CO2 per cu-
bic meter, regrows and has multiple positive 
effects on physical and mental health.  There-
fore, wood is often used in architecture. 

From an architectural point of view, it is rele-
vant to research which effect the increasing 
application of wood has on representation 
and structure. A material can be described 
through a set of intrinsic and extrinsic prop-
erties. Intrinsic properties refere to structure  
which relates to technical requirements.  Ex-
trinsic properties refer to representation which 
relates to aesthetics. By translating material 
properties into architectural elements, these 
elements can be compared to each other. 

Circularity is often referred to as materialistic 
and pragmatic. Besides that, the immaterial  
practices such as circularity of function, cul-
ture and architectural grammar are also rele-
vant. Existing locations and structures should 
be seen as a palimpsest that contains impor-
tant information and has value.

The research concluded that the representa-
tion of wood can be established as a mate-
rial that is perceived as relatively warm.  It 
creates a more relaxing and calm atmos-
phere. The warmth perception is mostly in-
fluenced by visual aspects. Most important 
in this is the colour of wood which lays in 
the spectrum of red and yellow. In addition, 
wood has a relatively rough surface texture 
which contributes to the warmth perception 
of wood. The rougher the texture, the warmer 
material is perceived. Besides visibility, the 
tactile warmth (feel) of wood contributes to 
the warmth perception. The tactile warmth of 
wood is relatively high due to the low thermal 
diffusivity and density of wood. 

The structural application of wood can have 
an enormous impact on the circularity of an 
architectural object. Due to the development 
of engineered wood products such as cross 
laminated timber (CLT), laminated veneer 
lumber (LVL) and glue laminated timber (glue-

lam), wood has the potential to substitute ap-
proximately 90% of the traditional load-bear-
ing construction materials such as concrete 
and steel.  Improvement of engineered wood 
products eliminate the main disadvantages of 
wood which are inhomogenity, dimensional 
limitation and structural capacity.

In wood elements additional steel is often 
used to create rigid and stable joints. Also, 
lift shafts and stairwells are often constructed 
of concrete to sustain fire safety and stability. 
In addition, the foundation is almost always 
constructed of concrete. The main advan-
tage of wooden structures is seen in weight 
reduction, CO2  absorbtion and prefabrication 
possibilities. 

The reserach on wood has been used to 
make well-founded decisions for redesigning  
the former Student Service Building which is 
nicknamed ‘The Bunker’. The original Stu-
dent Service Building has been planned as 
a recreational university building in 1969. It 
should connect the Technical University of 
Eindhoven with the city centre. Collectivity 
was the key concept of the Student Service 
Building. This has been resembled through 2 
story high collective spaces with characteris-
tic elements such as fireplaces. The collective 
spaces are  directly connected to the main 

entrances. The Student Service Building is 
nicknamed 'The Bunker' due to its Brutalist 
monolithic concrete appearance with sloped 
walls and few windows. 

The concept for the redesign of the Bunker 
is ‘The continuation of a brutalist monu-
ment’. The Brutalist approach embraces the 
inherent quality of material and articulation 
of construction methods. The Brutalist ap-
proach, the wood research and the continu-
ation of the existing architectural object have 
been the main focus for the re-design. The 
resulting design refers to the original func-
tion and continues the characteristic shape 
and architectural grammar. The design is a 
12 story high terraced volume that contains 
90 dwellings and multiple collective spaces. 
All centred around a publicly available urban 
park with different floor levels. Different types 
and quantities of wood have been applied in 
the inteior spaces to create a variety of space 
atmosphere that relates to the function. 

The load bearing construction is made of 
glulam beams and columns with CLT floor 
panels. The stability cores are constructed of 
concrete to sustain stability and fire safety. 
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Qualitative research
Within this research, qualitative research has 
been done to define the effects of the use of 
wood in architecture considering representa-
tion and structure. Besides that, architectural 
analysis of the former Student Service Build-
ing has been conducted. 

Literature review
Multiple articles, reports and books have 
been reviewed to collect relevant information 
about circularity, the Student Service Building 
and wood. The literature review has been an 
ongoing process because the need for rele-
vant information kept developing. 

Desk research
During the research, most of the information 
has been collected through desk research. 
Online libraries (Tue library (Technical Uni-
versity Eindhoven, n.d.)) and websites such 
as google scholar and the NAI (national ar-
chitecture archive) (NAI, n.d.) have been val-
uable sources for this research. 

Field research
Field research has been conducted to un-
derstand the urban tissue and the existing 
structure of the Student Service Building. In 
normal circumstances, more field research 
would have been conducted in the form of 

excursions but due to the covid-19 pandem-
ic, student were not able to do as much field 
research as initially planned. 

Case studies 
Case studies have been used to create an 
in-depth review of relevant complex subjects 
in the real-life context that relate to this par-
ticular graduation project. The case studies 
are used to explore, understand and describe 
theories and techniques that are relevant for 
multistorey-timber structures (Yin, 2017). 

Research by design 
Architectural design exercises have been 
conducted during the research. Architecture 
can not only be practised through theory and 
therefore architectural drawing exercises 
have been done to test and develop findings 
of theoretical research. Besides testing of 
theory, research by design creates different 
perspectives on the architectural whole. Re-
search by design included the making of 3D 
models and 2D/3D drawings. Both digital and 
analogue means have been used. 

Feedback / Tutoring sessions 
During the research, weekly feedback ses-
sions have been followed in which architec-
tural choices, considerations, theories and 
questions have been discussed. The ses-

sions where tutored by Bernard Colenbrand-
er, Torsten Schroder and Barbara Kuit. The 
tutoring sessions took place in such a way 
that every tutor provided 15 minutes of feed-
back in every session. Due to the weekly 
feedback sessions, the progress through the 
project has been monitored and could be cor-
rected if needed. 

Validity and reliability 
The validity and reliability of the research 
have been secured in multiple manners. 
At first, as recent as possible literature has 
been used. Especially considering the topic 
of circularity and the rapid innovation of wood 
application it is important for the validity and 
reliability to use recent literature. Besides 
that, mainly literature that has been written 
by academic institutions has been used.  Va-
lidity and reliability have also been secured 
by constantly discussing used literature with 
the responsible tutors.

 

Methodology Terminology 

Type: Elements that cannot be futher re-
duced and can be found in mulitple architec-
tural objects. It are nuances and variations of 
the same idea. 

Structure: All the substance that is needed 
to establish an architectural object. The struc-
ture can be devided in elements that carry  
(load bearing structure) and elements that 
are being carried. 

Representation: What something means or 
describes. 

Circularity: Responsibility to restore used 
stock and closing the supply chain to give 
future generations the same opportunities as 
current generations. This all, without exceed-
ing the capacities of the respective ecosys-
tem. 

Bio-based materials: Materials that fully 
consist of natural substances. 

Skin: Physical boundary between inside and 
outside. The representation from the inside to 
the outside. The skin can be a combination of 
multiple layers but could also only consist out 
of a single layer of glass.  
 
Scenery: all the interior elements that define 

space boundaries. Wall cladding, flooring, 
ceilings and doors. 
 
Intrinsic property: Material properties that 
usually are not visible. Properties that relate 
to the technical aspects of material.

Extrinsic property: External material prop-
erties that can be seen, felt or smelled. Prop-
erties that generally relate to the aesthetics 
performance. 

Tactile warmth: The physical feel of mate-
rials. 

Athmosphere: Physical perception of space  
observed through the human senses.  

Brutalism: A globle movement that flour-
ished in the 50's 60's and 70's and focusses 
on the ‘brut’ quality of material and the rep-
resentation of how a structure works. Often 
constructed of concrete and reffered to as 
monolithic, individual and monumental.  

Monumental: A spiritual quality inherent in 
a sturcture which conveys the feeling of its 
eternity.  

Hygroscopic: A property that is often found 
in natural fibers. The ability to absorb and re-

lease moisture without losing functional ma-
terial property capacity. 

Warmth perception: Term to describe the 
representation of a space. 
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Introduction

Sigfried Giedion once stated that ‘’The his-
torian detached from the life of his own time 
writes irrelevant history, deals with frozen 
facts. But it is his unique and non-transfera-
ble task to uncover for his age its vital inter-
relationships with the past’’ (Giedion, 2021). 
What can be learned from Giedion is that one 
has to be aware of what history is relevant 
and irrelevant and what the effects are of his-
torical events. The contemporary situation is 
the result of a historical pattern of progress 
and innovation.

If one would project the writings of Sigfried 
Gideon to the challenge of circularity, it should 
be questioned how the urgency for circularity 
came to be and what could be the right an-
swer. It is known that the built environment 
consumes about 50% of raw earth materials 
(RVO, 2016, p.58) and produces approxi-
mately 35% of CO2 emissions (RVO, 2016, 
p.58). It is often thought that the answer for 
pragmatic and material circularity can be 
found in new technologies and optimizing ef-
ficiency. Examples of this are design for dis-
assembly, alkali-activated concrete, creating 
interchangeable building components, de-
sign in layers and upcycling materials. Simply 
said, this focuses on how to produce more 
with the same amount of material. It does 
not addresses the real problem.  Without a 

doubt, these concept and practices, that are 
further discussed in the research of group 2, 
are important and can contribute to circulari-
ty. But the underlying problem that resulted in 
the urgency for circularity is the change of cli-
mate due to CO2 and the depletion of non-re-
newable material resources.

The historical pattern teaches that technolog-
ical innovation and efficiency improvements 
not always result in the progression of so-
ciety. Results of innovations and efficiency 
improvements are often higher consuming 
rates and therefore more depletion of non-re-
newable resources. The industrial revolution 
and the industrialisation of agriculture for 
example resulted in a more effective way of 
producing food and products, which in itself is 
good. As a result, products and food became 
cheaper and this stimulated consumption.

‘’Pre-industrial agriculture was extremely en-
ergy efficient: for each calorie of human or 
animal energy invested, between 5 and 50 
food calor\ies were harvested. As fossil fuels 
became readily available during the past 100 
years, machines have replaced human an 
animal labor; synthetic fertilizers, pesticides 
and herbicides have been manufactured 
from petroleum; and highly processed foods 
are now often transported from farms to con-

sumers over large distances, frequently more 
than 1,000 miles. As a result, industrialized 
agriculture has become extremely energy 
inefficient: it Requires about five to ten cal-
ories of fossil fuel energy to obtain one food 
calorie.’’ (Heusemann & Heusemann, 2010, 
p.123)

Concerning the aforementioned, the answer 
to circularity should perhaps not only be 
found in innovation and maximum efficien-
cy of existing systems. There should be a 
change in how we perceive progress and in-
novation. What truly is progress and how can 
humanity make progress without deplet-ing 
earth’s resources and irreversibly changing 
the climate?

The real challenge considering circularity is 
that most of the materials stocks that are cur-
rently used in the built environment are finite 
and a-biotic. As a result, there is a renewed 
interest in renewable materials in which wood 
is one of the most relevant materials. Publi-
cations like ‘Ruimte voor bio-based bouwen’ 
(RVO, 2020), ‘Nederland circulair in 2050’ 
(RVO, 2016), ‘Catalogus voor biobased bou-
wen’ (van dam, 2019), ‘Tomorrow’s timber 
(van der Lugt, 2020) and Gebroken krin-
glopen (Rovers, 2018) are examples of this 
growing attention and importance of wood. 

The main benefit of bio-based materials is 
that they are regrowing and absorbing CO2 
instead of emitting CO2. Theoretically, re-
growable materials are inexhaustible if they 
are used within the capacity of the respec-
tive eco-system. Considering the aforemen-
tioned, it is expected that wood will become 
an increasingly important construction mate-
rial because it is the most relevant bio-based 
material. It consumes CO2 , regrows and has 
relevant structural capacities. But what does 
the increasing wood application in the built 
environment means for architecture? This 
research tries to define what the effects of 
wood use are on representation and struc-
ture in architecture.

The formulated reserach question that re-
lates to this is : What are the effects of the 
increasing wood use in architecture con-
sidering representation and structure? 

The research question will be answered 
through research by design. This means that 
research and design exercises are taking 
place at the same time. Theoretical findings 
or theories are tested and developed through 
design exercises. The structure of the report 
relates to this research method.
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Circularity 

As the title already suggests, the topic of 
this graduation studio addresses circularity. 
‘Circularity, a new urgency or an old tra-
diton?’. Cambridge dictionary (2021) defines 
circularity as ‘’The fact of constantly return-
ing to the same point or situation’’. This is a 
very broad definition that can be interpreted 
in different manners. At first, it should be ac-
knowledged that circularity in architecture is 
2 sided. It has a pragmatic / material side 
which concerns topics like material consump-
tion and co2 emissions. On the other hand, 
there is the immaterial aspect of circularity. 
This considers the meaning of the place, (re-) 
using what is already there. Not demolishing 
the existing buildings but using the old struc-
tures. Approaching the site as a palimpsest. 
In this regard, the definition of the Cambridge 
dictionary relates to the pragmatic circularity 
but relates less to the cultural circularity of ar-
chitecture. 

Returning to the same point seems too simple 
regarding material and immaterial circularity. 
Consdiering material circularity,this could be 
possible.  Compared to the definition of cir-
cularity by Ronald Rovers in his book ‘Peo-
ple vs resources’ he describes circularity as 
‘‘taking responsibility to restore the original 
stock to give future generations the same op-
portunities as we have’’ (Rovers, 2018, p.64). 

It can be said that Rovers also describes 
circularity as returning to the same point on 
a material level. How can we use materials 
in the construction industry and at the same 
time restore the used materials stock to give 
future generations the same opportunities? 
‘’starting from the same point’’

Immaterial circularity relates to multiple lay-
ers. Examples of this are cultural values, ritu-
als, building typologies, individual experienc-
es and architectural grammar. One could try 
to return the same situation, feeling or expres-
sion but it is extremely hard ,or even impossi-
ble, to exactly go back to the same point be-
cause life and time are linear processes that 
never goes back to exactly the same point. In 
this perspective, it is impossible to create im-
material circularity in architecture considering 
the definition by of the Cambridge dictionary.  
Architectural values, architectural grammar, 
building typologies, architectural styles can 
be repeated to restore, keep or resemble a 
certain period, feeling or meaning. In this re-
gard, circularity on a cultural level considers 
the continuation of what has been started 
earlier in time. 

In this research, circularity is discussed on 
a material and immaterial level whereas the 
most important aspect is material circularity. 

Circularity has become a popular topic in re-
cent years. That there is no clear definition of 
what circularity exactly means is also indicat-
ed by the research of  Prietro-Sandoval and 
Marta Ormazabal (2018). In their paper, ‘to-
wards a consensus on the circular economy’, 
they identified 175 different definitions of the 
circular economy. 

Heuseman and Heuseman also describe cir-
cularity based on 3 conditions in their book 
Technofix (Heusemann en Heusemann, 
2011, p124). ‘’1: All energy used for indus-
trial and economic activities must be sup-
plied from renewable sources at rates that 
do not cause disruptive environmental side 
effects. 2: All raw materials used in industri-
al processes must be supplied from renew-
able resources at rates that do not exceed 
the regenerative capacity of the respective 
ecosystem. 3:Waste can be released into the 
environment only at a rate compatible with 
the assimilation capacity of the respective 
ecosystem’’ 

The definition by Heuseman and Heuse-
man is extensive and clear but also debat-
able. One could question what is disruptive 
for the environment and what the capacity 
of the ecosystem is.  Therefore the addition 
of the definition by Ronald Rovers is a good 

nuance. ‘‘taking responsibility to restore the 
original stock to give future generations the 
same opportunities as we have’’ (Rovers, 
2018 p.64). 

Considering this research and the focus on 
material circularity, the most important as-
pects considering circularity are CO2 and ma-
terial depletion. A definition of circularity for 
this research has been defined on basis of 
the definition by Heuseman and Heuseman 
and Ronald Rovers with the focus on material 
use and CO2. Other aspects are relevant but 
exceed the scope of this research. 

Circularity
Materials that are regenerated within their life span as a construc-
tion material and emit as little CO2 as possible. As a second condi-
tion, the extraction and use of materials should not release waste 
into the environment above the compatible assimilation capacity 
of the respective ecosystem. If those 2 conditions are met, used 

materials are considered circular in this research.
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Housing Shortage
Besides material depletion and CO2 emis-
sions, there is a housing shortage of 331.000 
dwellings in the Netherlands (MBZK, 2020). 
Also, between 2020 and 2030 845.000 hous-
es should be built to provide the Dutch popu-
lation with housing. The Dutch population  is 
projected to grow to 18,8 million people by 
2035. In 2019, 71.500 houses have been 
produced in the Netherlands, this number 
is expected to drop to 55.000 in 2020 and 
50.000 in 2021. This partly relates to the ni-
trogen emissions of the construction industry, 
PFAS and the limited amount of building lo-
cations (MBZK, 2020).

It is becoming more difficult to find proper 
housing for starters and people with aver-
age income. They often have to agree with 
existing housing stock instead of new-build 
dwellings. The young people and average in-
come people represented 48% of the buyers’ 
market in 2013, this has dropped to 32% in 
2019. There is a urgency for more dwellings 
for starters that also take in to account the 
building regulations considering emissions 
and circularity (MBZK, 2020).

To provide the Dutch population with hous-
ing, between 2020 to 2035, 1,24 million 
dwellings need to be built. This building de-

velopment consumes an enormous amount 
of resources. Therefore, it can potentially 
contribute to the circularity ambitions due to 
the high resources consumption of the con-
struction industry. Besides that, the use of 
wood is expected to play an important role 
in this development. Therefore, it is important 
to determine the effects of the wood use in 
architecture. 

Problem statement 

The current state of welfare in combination 
with the linear take – make – waste economy 
is a way of living that cannot be sustained, es-
pecially considering the growing world popu-
lation. Around 2050 the world is expected to 
be populated with 10 billion people compared 
to approximately 8 billion people currently 
(United Nations, 2019). The world has a fi-
nite amount of inorganic resources and land 
that can be used to create resources. Within 
these limits, all resources have to be gener-
ated to supply the world with materials for all 
activities.

Material depletion
Due to technological innovations and de-
velopment such as the industrial revolution, 
mankind has become dependent on fossil re-
sources. Fossil resources are not only used 
as energy generators but also became the 
main basis material for our daily products 
, especially in the built environment. This 
means, that at some point, the world will run 
out of resources if material consumption is 
based on the use of inorganic and non-re-
newable resources. 

CO2 emissions
Fossil resources have been created by sub-
straction of CO2 from atmosphere throughout 

millions of years. CO2 substraction reduced 
the CO2 concentration in the atmosphere and 
created the possibility for life on earth. CO2 
has been safely stored in biomass, oil, gas, 
coal and other products through complex bi-
ological processes such as photosynthesis. 
By extracting and using fossil resources,  the 
substraced CO2  is being released. The pro-
cess that made life on earth possible is being 
reversed. As a result, the climate is chang-
ing and life on earth becomes tougher (Rov-
ers, 2018, p.27). If the consumed amount of 
fossil fuels equals the amount of CO2 that 
can be stored by planet earth, there would 
be no problem. But earth production of fossil 
resources such as oil is so little that it takes 
mankind a few seconds to burn the yearly 
created fossil resources (Rovers, 2018, p.64). 

Shift to bio-based materials 
To overcome the challenge of material de-
pletion and CO2 emissions, the Netherlands 
committed to a plan in which the Dutch econ-
omy should be circular in 2050 (RVO,2016). 
A shift to bio-based construction materials 
could higly contribute to this plan. Consider-
ing that the built environment is a very large 
contributor of CO2 emissions through material 
use and operational buildings there are many 
opportunities for improvement. The built envi-
ronment uses approximately 50% per cent of 

all the raw materials in the Netherlands and 
emits around 35% of all produced CO2 emis-
sions in the Netherlands (RVO, 2016, p.58). 
Besides that, the built environment is respon-
sible for 40% of the Dutch energy consump-
tion. Also, approximately 40% of the Dutch 
waste products can be attributed to the built 
environment (RVO, 2016, p.58). Concrete is 
the most used construction material and is 
responsible for 46% of the total used material  
in the construction industry and 36% of the 
produced CO2 emissions.

Wood
A very promising material alternative for the 
construction industry can be found wood, 
which is the most used bio-based construc-
tion material (RVO,2020, p.12) (Kaufman et 
al, 2018) (Fernandez, 2006). It is also expect-
ed that the use of bio-based materials such 
as wood will be stimulated through govern-
mental regulations such as CO2 taxes. 

Considering the above it can be concluded 
that bio-based materials, especially wood, 
will become a more important construction 
material in the coming years. This material 
change will affect architecture but it is not yet 
clear what the effect of wood on architecture 
will be. 
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Research Question

What are the effects of the increasing 
wood use in architecture considering 

representation and structure? 

A conclusion to the group research was that most of the concepts 
and practices mainly concern reducing CO2 and using fewer ma-
terials. Subjects like modularity, adaptability and design for dis-
assembly are very important in the circularity debate but mostly 
focus on optimizing and becoming less polluting with the same 
inorganic and non-renewable materials. 

A very relevant alternative in material use can be found in bio-
based materials, especially in the application of wood. As a result 
for the urgency for circularity in the built environment, the appli-
cation of wood in architecture is increasing. Because of this, it is 
relevant for architectural practice to determine the effect of wood 
use in architecture. Therefore, the goal of this research is to deter-
mine the effect of the use of wood on representation and structure 
in architecture.

This will be done through research that mainly focuses on the 
intrinsic and extrinsic properties of wood. The main goal is to use 
the reserach results to make informed design decisions consid-
ering the re-design of the Student Service Building in Eindhoven.

Goal
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the municipality of Eindhoven (Gemeente 
Eindhoven, 2020),  The kennedylaan and the 
Montgommerylaan should be used as intro-
ducing streets with M size buildings.

Building Category Maximum building 
height in meters
S <15 
M <45
L <75
XL <105
XXL >105 (maximum 160)

‘’Dit type gebouwen begeleidt bijvoorbeeld 
de Kennedylaan en is daarmee kenmerkend 
voor de entree vanaf de snelweg tot het cen-
trum van Eindhoven. Maar ook bijvoorbeeld 
de Montgommerylaan als meest centrale as 
in Eindhoven wordt begeleid door gebouwen 
van dit formaat’’ (Municipality of Eindhoven, 
2020) 

‘‘This building typology accompanies, for ex-
ample, the Kennedylaan is therefore charac-
teristic for the entrance from the highway to 
the center of Eindhoven. But the Montgom-
merylaan, for example, as the most central 
axis in Eindhoven, is also accompanied by 
buildings of this size “ (Municipality of Eind-
hoven, 2020) 

Montgommerylaan Kennedylaan

Figure 2: Main road system and location of the student service building
scale 1:50000

Buildings

The Bunker

N

Location

National relevance 
An aspect of the housing crisis is creating 
affordable housing for starters and average 
income groups. It becomes increasingly 
harder for starters and people with an aver-
age income to find affordable new build hous-
ing. Besides that, low-density construction is 
important because available space is finite 
and the number of virgin building location is 
scarce in the Netherlands, especially in cities 
where population growth is projected to be 
the greatest. 

Considering the location, it would be relevant 
to choose a location where virgin building 
sites are scarce and the projected population 
growth is relatively high, this makes the pro-
ject more relevant. It can be concluded that 
in these locations the need for affordable, 
high density and circular design is high. Con-
sidering the numbers published by the CBS, 
regions like Amsterdam, Rotterdam, Eind-
hoven, Ede and Utrecht are the most relevant 
locations for new housing due to the expect-
ed population growth numbers (CBS, 2019) 

City level
Because Eindhoven is expected to grow by 
16,4% between 2018 and 2035 (CBS, 2019) 
and this city is highly in development it is a 
relvant city for new housing projects. Also, 

Eindhoven has a lot of innovation power be-
cause companies like ASML, VDL and the 
Technical University of Eindhoven is located 
here. Besides that, Eindhoven is branding it-
self as the new tech hub of the Netherlands 
by calling itself the Brainport.

In Eindhoven there is a lot of development 
planned and going on considering architec-
ture. Examples of this are the newly written 
design plan by KCAP architects that con-

cerns the development of Fellenoord (KCAP, 
2020). Besides that, Metabolic has written an 
interesting vision concerning circularity for 
new development in Eindhoven (Metabolic, 
2019) which underlines the cirularity ambi-
tions of Eindhoven

Exact location
A location in Eindhoven that personally inter-
est me is the student service building which 
is currently under construction. A 110-meter 
high tower has been designed by Power-
house company as an addition to the stu-
dent service building (Powerhouse company, 
2015). In my opinion, this tower is a high ad-
dition that does not follow the city morpholo-
gy and is too high for its location. Therefore, 
it attracts me to make a design that is more 
suitable for the location. 
That the building is quite high for its loca-
tion can also be seen in the masterplan that 
KCAP has written. The location of the new 
bunker design is not marked XL location. 

Besides that, the high rise vision  of the mu-
nicipality of Eindhoven states that there are 
5 building sizes defined for Eindhoven (Ge-
meente Eindhoven, 2020). These heights 
correspond with the used building heights in 
the masterplan by KCAP. 

Besides that, arriving from the highway, vis-
itors often use the Kennedylaan and the 
Montgommerylaan as central axis of Ein-
dhoven. As stated in the high rise vision of 

Figure 1: CBS expected population growth (CBS, 2019)
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Figure 4: 3D printed model of the exsiting situation Figure 5: 3D printed model of the exsiting situation

Figure 3: 3D printed model of the exsiting situation
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Architectural elements 

1
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Systemic analysis

Analysis
According to Bernard Leupen, analysing 
an architectural object should be done in a 
methodological and systematic comparable 
manner.  Relevant architectural concepts 
need to be defined to carry out an architectur-
al analysis and therefore make architecture 
comparable (Leupen, Grafe, Körnig, Lampe, 
& Zeeuw, 2013, p. 5). Only in this manner, 
the influence of a material change in architec-
ture, wood in this research, can be analysed. 
A conceptualized starting point considered 
from an architectural point of view is of great 
importance for this research because the 
conventional construction materials will be 
changed to wood. This is expected to have a 
considerable influence on architecture. 

Concepts like quality, nice and beauty are of-
ten used to describe architecture but these 
are non-specific concepts that are highly sub-
jective and therefore not suitable for an objec-
tive architectural analysis. Within the realm of 
architectural analysis, there are multiple con-
cepts. In this research, the most important ar-
chitectural elements will be discussed.

Architectural elements 
As a starting point, the basic architectural 
elements that have been discussed in the 
course types and methods have been cho-

sen. These are type, form, representation, 
geometry, structure and space. The defini-
tions of these architectural concepts are es-
tablished based on architectural theory from 
prominent thinkers such as Quatremere de 
Quincy, Aldo Rossi, J.N.L. Durand, Robert 
Venturi, Viollet-le-Duc, and Antonio Mone-
stiroli. Besides the definition that is derived 
from the architectural theory, the Cambridge 
dictionary has also been used as a basis for 
the definition of architectural concepts. 

Considering the available time for the re-
search, the 2 most relevant concepts have 
been chosen considering wood application 
in architecture. These are representation and 
structure. 

Structure
Concrete is one of the most polluting mate-
rials in the building industry. The main appli-
cation of concrete can be found in load-bear-
ing constructions. Because of this, multiple 
wood products are available as a substitute 
for the loadbearing concrete structure. The 
substitution of wood for concrete has huge-
ly positive impacts on the co2 emissions of 
a building and therefore are very relevant to 
research more in-depth. The importance of 
timber structure will be further discussed in 
the chapter wood.

Representation
Wood is often applied in architecture in such 
a way that it stays visible for the user and ob-
server. Because of this, architects must un-
derstand what wood as a material represents 
and what effects it has on space considering 
colour and texture for example. Further ex-
planation about why representation is impor-
tant and what wood as a material represents 
can be found in the chapter wood. 

It must be said that the other architectural 
elements are also relevant to research con-
sidering the increasing use of timber but this 
research has been limited to structure and 
representation.

In the following pages, the concepts structure 
and representation will be explained as such 
considering architecture. 
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Representation

Representation considers the meaning of ar-
chitecture. According to the Cambridge dic-
tionary ‘to represent’ means ‘’To show or de-
scribe something or someone’’ (Cambridge 
dictionary, 2020). Considering this definition, 
the representation of a building concerns the 
visible aspects of the building. A building can-
not literally speak, it expresses itself through 
visible aspects such materialistic textures, 
form, composition, architectural grammar 
and tectonics, through this, it communicates 
and represents. 

Loos
‘‘Íf we were to come across a mound in the 
woods, six foot long by three foot wide, with 
the soil piled up in a pyramid, a somber mood 
would come over us and a voice inside us 
would say, ‘‘There is someone buried here’’” 
(Loos, 1910). 

Considering the above quotation by Loos, It 
must be said that representation exceeds the 
topic of material as such. Besides that, one 
could imagine that with only simple abstract 
form sketches one could represent a church, 
grave or house. At that point, one does not 
discuss the material. On a more detailed 
scale, the material becomes important as a 
representative element. What the material 
as such represents is dependent on the ma-

terial properties such as colour and texture 
but also on cultural values, political values or 
economic welfare. 

Venturi complexity and contradiction
In his book complexity and contradiction, 
Venturi describes that the exterior should rep-
resent the interior plan. ‘’The plan proceeds 
from within to without; the exterior is a result 
of the interior’’. (Venturi, Scully, & Drexler, 
1977). If this is achieved, architecture cannot 
create a contradiction. This would avoid pre-
venting architecture from being schizophren-
ic 

Representative elements
Representative elements can be subdivided 
into 2 elements: Skin and scenery. The skin 
concerns the elements that separate the in-
side from the outside. These elements repre-
sent the interior to the exterior. The skin can 
be a combination of multiple layers but can 
also consist out of one single layer such as 
glass. The skin can be subdivided into roof, 
façade and the belly of the building according 
to Bernard Leupen (Leupen & Mooij, 2011, 
p.283).

The scenery concerns the interior elements 
that define space boundaries such as wall 
cladding, doors, ceilings and floors (Leupen 

& Mooij, 2011, p.283). The applied material 
to establish space boundaries represents. 
Therefore, the applied material should fit the 
functional demands of a particular space. 
Circularity and representation
Considering representation and circularity, it 
can be stated that circularity in the built envi-
ronment is a new urgency that is caused by 
resource depleting and co2 emitting material 
use. The architectural response to this circu-
larity urgency can partly be found in alterna-
tive bio-based material use such as wood. 
Because of this, it is important to under-
stand what wood as a material represents. 
The inherit properties of the material should 
therfore be reserached. Through material 
knowlegde, the architect can apply wood is 
such a way that it contributes to the overall 
representation of the structure and does not 
create confusing architecture (if this is not the 
the desired goal).  

Structure 

A structure can be defined as the architectur-
al object as a whole. For this research, the 
structure is considered to be the whole mate-
rialistic substance that is needed to establish 
the architectural object. Within that material 
substance, a division between the function 
of load-bearing and separating elements can 
be made (Leupen et al., 2013, p.106). In oth-
er words, these can be described as the el-
ements that carry and the elements that 
are being carried. The load-bearing function 
considers all the elements such as walls, 
floors, columns and beams that are required 
to sustain the building. 

The elements that are being carried con-
siders all the substance that defines space 
boundaries, albeit interior or exterior bounda-
ries. The elements that define interior space 
boundaries can be defined as the scenery 
(Leupen & Mooij, 2012,p.309) whereas the 
exterior space boundaries can be defined as 
the skin. It is not unusual that the difference 
between load-bearing elements, skin and 
scenery is hard to distinguish, sometimes an 
element fulfils both functions. An example of 
this could be a monolithic concrete load-bear-
ing wall that is left in plain sight. 

The primary function of a load-bearing struc-
ture concerns the stability of the architectural 

object. It concerns all the elements that are 
needed to sustain the object. The elements 
distribute the material weight and forces to 
the load-bearing soil. A structure should be 
‘firmitas (firmness) considering the writings of 
Vitruvius. 

Deplazes
A structure can be divided into two main cate-
gories: The solid and the filigree construc-
tion (Deplazes, 2005, p.13). Whereas the 
solid structure can be considered as a mono-
lithic structure and the filigree structure can 
be considered as the skeleton structure. A 
third category is the hybrid structure, a com-
bination of the solid and the filigree in which 
are there are many possibilities. The choice 
of a structure depends on multiple aspects 
such as building typology, material availabil-
ity and material properties. From which ele-
ments a load-bearing structure is assembled, 
highly influences the spatial possibilities and 
should therefore be well considered.

Application
According to Viollet-le-Duc, architecture 
should be honest in 2 ways. At first, the 
building program should be honest through 
fulfilling the programmatic needs. Honesty 
concerning the construction means using ma-
terials according to their properties. Artistic is-

sues like symmetry, and from are secondary 
concerns (Leupen, Grafe, Körnig, Lampe, & 
Zeeuw, 2013, p. 110). These writings already 
suggests that an extended knowledge about 
material properties is crucial in order to ap-
ply the material in the correct manner. One 
should know about the material in order to 
apply it in a honest way. 

Circularity and structure 
Within this research, the focus within the 
theme of structure will be on the load-bearing 
structural elements: the elements that carry. 
This is one of the most relevant applications 
of wood within architecture and therefore 
also relevant considering circularity because 
it can be used as a substitute for concrete 
which is one of the most used and co2 emit-
ting construction materials. Besides that, the 
applied load-bearing typology, monolith, skel-
eton or hybrid, highly influences the possibil-
ities for the spatial organisation of a building 
(Leupen & Mooij, 2012, p.243). Therefore, 
the effects of wood application considering 
the load bearing structure is relevant for the 
architectural and circularity debate.
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Structure and representation
Considering the above, venustas, kunstform, 
delight or extrinsic properties refer to the 
realm of representation. The extrinsic prop-
erties such as colour, texture, saturation and 
softness contribute to what the material rep-
resents and how space is perceived by the 
observer. 

Considering the definition of the load-bearing 
structure in this research, which considers all 
the elements that carry, the intrinsic proper-
ties such as stiffness and density belong to 
the realm of structure. 

The choice for the research into structure and 
representation is therefore derived from the 
baisc intrinsic and extrinsic properties of ma-
terial. 

An architect should know what the intrinsic 
and extrinsic properties of a material are to 
apply the material correctly, as well for struc-
tural as representational application. 

Material in architecture

Intrinsic and extrinsic properties
In architectural theory, a difference is made 
between the structural and representational 
aspect. This difference can be made on mul-
tiple levels such as the material level, com-
ponent level but also the architectural object 
as a whole. Considering that the research 
topic mainly concerns wood as material the 
material level will be the most relevant. The 
difference between the structural and rep-
resentational aspect of wood as a material is 
the most relevant for this research. This dif-
ference is described by the intrinsic and ex-
trinsic properties of the material. 

Vitruvius 
Vitruvius describes the difference between 
the functional and aesthetic properties of ar-
chitecture. According to his writings, Vitruvius 
subdivides architecture into firmitas, utilitas 
and venustas. 

‘’Architecture, as Vitruvius states in the third 
chapter, must satisfy three distinct require-
ments: Firmitas, utilitas and venustas. Fir-
mitas (strength) covers the field of statics, 
construction and materials. Utilitas (utility) re-
fers to the use of buildings and the guarantee 
of successful functioning. Venustas (beauty) 
includes all aesthetic requirements’’ (Kruft, 
1994, p.24)

the object. The kunstform is the explanatory 
shell of the kernform (Kruft, 1994, p.293).

Fernandez
In addition to Vitruvius and Bottiger, John 
Fernandes describes intrinsic and extrinsic 
aspect as the difference between the func-
tional domain and the physical domain (Fer-
nandez, 2005, p.282). The functional domain 
considers the intrinsic properties of material 
where one would speak about density, stiff-
ness and thermal conductivity for example. 
Fernandez mentions these intrinsic proper-
ties as the service of the material. The phys-
ical domain, on the other hand, concerns the 
extrinsic properties that can be perceived by 
the senses. This could be colour, roughness, 
texture and colour. Fernadez refers to these 
extrinsic properties as the delight of material. 

As mentioned before, the correlation between 
intrinsic and extrinsic is relevant for architec-
ture.  Properties that belong to the realm of 
service influence the possibilities for delight 
but the properties that belong to delight also 
influence the choices regarding service. 

Therefore, an architectural design choice is 
established by a constant debate between 
the intrinsic and extrinsic properties and the 
desired result of the design. 

From this citation, it can be derived that fir-
mitas (strength) and utilitias (utility) relate to 
the domain of service in architecture where-
as venustas (beauty) relates to the domain 
of the extrinsic properties that fernadez men-
tions as delight. 

It must be noted that it is too simple to relate 
firmitas and utilitas to the intrinsic properties 
of a material without further notice. Firmitas 
(strength) is explicitly related to the intrinsic 
properties of the material such as stiffness 
and density. Utilitas (utility) is related to layout, 
arrangement and spatial planning.  The pos-
sibilities of utilitas (layout) partly depend on 
the firmitas (intrinsic properties) of the mate-
rial. A simple example of this is the difference 
between a skeleton or monolith load-bearing 
structure that gives different possibilities and 
limitations for the layout. 

Bottiger
In addition to Vitruvius, Carl Bottiger also de-
scribes a difference between intrinsic and ex-
trinsic properties. In his writings, he describes 
this as the difference between ‘’werkform’’ 
and ‘’kunstform’’. Whereas the werkform con-
siders the structural framework that relates to 
the intrinsic properties. The kunstform relates 
to the artistic character that is established by 
the extrinsic properties but also by the form of 
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The Student Service Building 

2



35 36

ways of living which is flexible in its aesthet-
ics but its philosophy stays the same: Giving 
form to the future.

In this perspective, one could question if 
brutalism should therefore be called a style. 
Perhaps it is an ongoing representation of ar-
chitectural ideas on different levels combined 
with technological conditions of a certain pe-
riod. But is this not the essence of architec-
ture? A mechanism that tries to constantly 
improve everyday life? How can brutalism be 
defined? Banham identified three main char-
acteristics for Brutalism (Phaidon Editiors, 
2018, p.6): 
- Formal legibility of the plan
- Clear exhibition of structure 
- Valuation of materials with their in 
 herited quality 

Brutalism and circularity
The burtalist approach can be defined as us-
ing and showing the inherit qualities of mate-
rial and technique. The best example is the 
imprint of wood planks on concrete, it resem-
bles the plasticity and the way of producing. 
This is an intersting approach that could also 
be taken into account when designing with 
wood. To what extend influence the inherit 
properites of wood the design application. 
And what does this tell about circularity. If 
wood for example is associated with circulari-
ty because it stores co2  and it is a renewable 
material it could therefore possibly represent 
circular ambitions. 

Figure 2.1: Historical image of the Student service Building (In de Buurt Eindhoven, 2020)

Figure 2.2: Unite d’habition - le Corbusier (Renderhub, 2020)

Figure 2.3: Sagrada familia - Gaudi (Rondreis, 2013)

Brutalism 

The student service building has been con-
structed in 1969 and can be considerd as a 
brutalist structure. Before analysing the Stu-
dent Service Building in depth, Brutalism will 
be discussed. 

Brutalism
Many people refer to brutalism as the mon-
olithic, monumental concrete structures that 
were mainly produced between the ’50s and 
the ’70s. Individual statements that do not 
seek much resemblance with history or the 
surroundings. These type of buildings main-
ly belong to the style of new brutalism which 
was advocated by Alison and Peter Smith-
son. The term ‘Brutalism’ has been derived 
from the French word brut, which means raw 
and refers to the raw representation of mate-
rials, mainly concrete. 
According to the Smithsons, brutalism was a 
style that made visible how a building worked 
with an accent to industrial processes. It can 
be referred to as transparent and understand-
able architecture (Jones et al., 2014, p.394)

Pre- brutalism
Brutalism already started in the late 1890 and 
early 1900 with the invention of reinforced 
concrete. It offered new possibilities and form 
freedom for architecture. It created new build-
ings that made use of structural expressive 

forms that resembled the plasticity of the ma-
terial.  Early examples of this are the sagrada 
familia (1882) by Antonio Gaudi, the Sternk-
riche by Otto Bartning and the St.Engelbert 
(1932) in Cologne by Dominikus Bohm. 

A well known contributer to the brutalist ar-
chitecte is Le Corbusier, In his work, he of-
ten used concrete to establish sculptural and 
expressive buildings. Examples can be found 
in buildings such as Notre Dame du Haut 
(1955) and his Unite d’habition in Marseille 
and Berlin. The imprint of wooden planks that 
are used for the casting of concrete is often 
mentioned as an iconic element for brutalist 
buildings. It shows how the building is made 
and refers to the plasticity of the material. It is 
the ‘brut’ expression of construction. 

These early brutalist architectural objects 
used the potential of the material to create 
dynamic and plastic forms. The new brutal-
ism, which was first advocated by the Smith-
sons, were products of post-war reconstruc-
tion projects that were quickly produced and 
had strong symbolic language (Jones et al., 
2014, p.422). It continued the use of dynam-
ic and sculptural forms which is a quality of 
concrete. The new brutalist objects did not 
have much reference to the painful history of 
destroyed cities but should resemble a better 
future and progression. The brutalist build-
ings were enormous monumental capsules 
for individual communities that should collec-
tively flourish inside. (Jones et al., 2014)

Monumentality 
From the perspective of brutalism, it is rele-
vant to define what monumentality means. 
According to the writings of Louis Kahn, mon-
umentality is ‘a spiritual quality inherent in 
a structure which conveys the feeling of its 
eternity, that can not be added to or changed’ 
(Phaidon Editiors, 2018, p.6) 
Brutalism was not only the product of a post-
war period. Concrete, which is the most im-
portant material for brutalism, was a cheap 
and practical material and therefore could 
create large and affordable social housing 
projects.  Besides the material, strong ge-
ometric forms were meant to stimulate collec-
tive productivity (Phaidon Editiors, 2018, p.6)

The best translation of these ideals consid-
ering Brutalism can probably be found in Le 
Corbusier unite d’habition (figure 2.2). An 
enormous residential concrete block that 
households all the functions for multiple in-
dividuals but also offers the possibility for 
collectivity with streets in the air and meeting 
spaces. All within one building. 

Contemporary Brutalism 
Brutalist structures are often striking and 
sculptural buildings that try to resemble and 
embody new forms of living and progression 
on a personal, social or political level (Phai-
don Editiors, 2018, p.6). Regarding this phi-
losophy, brutalism can still be considerd alive 
in its philosophical ideals. It is a constant 
search for progression and new (desired) 
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Figure 2.8: Chapel of Notre Dame du Haut - Le Corbusier(Pauls, n.d) 

Figure 2.10:  Powerplant University of Utrecht - Dok Architecten (Pieters bouwtech-
niek, n.d.)

Figure 2.9: Johnson Wax Building - Hugh Maaskant (Imgur, 2017) 

Figure 2.11: Water tower in Elbeuf (u/loulan, 2019)

Figure 2.4: Brunel University Lecture Centre (Hewitt, n.d.)

Figure 2.6: Webb chapel park pavillion - Studio Joseph (Heuber, 2012)

Figure 2.5: Aula TU Delft - Johannes van den Broek & Jaap Bakema (Architectuul, 2021)

Figure 2.7: Giesel Library - William L. Pereira & Associates (Jespen, n.d.) 
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Figure 2.13: Main road system Eindhoven
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Figure 2.12: Building city of Eindhoven 
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Figure 2.16: Surrounding typologies
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Figure 2.20: Birds eye view location (Google, 2020) Figure 2.21: Birds eye view location (Google, 2020)Figure 2.18: Birds eye view location (Google, 2020) Figure 2.19: Birds eye view location (Google, 2020)
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Figure 2.24: 3D road system Figure 2.25: Interaction with originally planned student housing blockFigure 2.23: Prominent facadesFigure 2.22: 3D road system, sun path and POI
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in the south, two office buildings are located. 
The office building on the John F Kennedy-
laan households the Dutch tax authorities 
and the office on the Veldmaarschalk Mont-
gommerylaan households the Rabobank. 
Both buildings have a height of approximate-
ly 50 meters. Due to the building height and 
the distance to the Bunker of these offices, 
there is relatively little to no sun blocking. On 
the other hand, they are blocking a substan-
tial amount of the southwest wind that is usu-
ally present in Eindhoven. The employees 
that are working in those offices are potential 
users of the location if it is transformed into 
an accessible park with functions such as 
restaurants and sporting facilities. 

The site contains some greenery which en-
hances the living quality of the city and should 
therefore be treated with respect. Greenery 
functions as a natural air filter, temperature 
regulator, provides natural shading, enhanc-
es the possibilities for biodiversity in the city 
and also helps preventing heath islands.

At the time of construction in 1969,  the loca-
tion of the Bunker had been chosen to con-
nect the campus of the Technical University 
with the city centre (Colenbrander & Hom-
brink, 2012). It can be questioned if the cho-
sen location was ideal for a connecting func-
tion between the city and the campus (figure, 
2.29). One could state that locating the Bun-
ker on the south of the campus would be 
more appropriate. At the time of construction, 

Figure 2.26: Site diagram with Point of intrest, main road system and sunpath

The student service building in Eindhoven is 
located at the John F Kennedylaan 3 in Ein-
dhoven. Because of its location, the student 
service building is one of the first prominent 
buildings that one meets when entering Ein-
dhoven from the north (figure 2.26). Due to 
its monumental and monolithic concrete ar-
chitecture with few openings, it is nicknamed 
‘The Bunker’. A sculptural brutalist post-war 
building that became an icon of Eindhoven 

over the years. Many residents from Eind-
hoven have memories from parties, confer-
ences and lectures in the Bunker and identify 
themselves with it. People who do not have 
memories inside the building probably know 
the Bunker because of its obvious presence. 
  
The bunker has a central location in Eind-
hoven which has been gifted to the Techni-
cal University by Philips. At the time of con-

The bunker by Hugh Maaskant
Analysis

struction in 1969, the university was located 
far from the city centre and surrounded by 
greenery (figure 2.27). To connect the uni-
versity with the city centre, the bunker was 
planned in between the city and the universi-
ty (Colenbrander & Hombrink, 2012).  Within 
a 5 minute walk, one can reach the Technical 
University, the city centre and the central sta-
tion from the Bunker. Considering its location 
it can be questioned if the building should not 
be located on the south of the university to 
make a connection between the city and the 
university at the time of construction. 

On the east of the Bunker, the John F Kenne-
dylaan is located and on the west side of the 
Bunker, the Veldmaarschalk Montgommery-
laan is located. These roads are the 2 main 
radials from the highway and usually are very 
busy, this is an important aspect that needs 
to be taken in to account. The location of the 
Bunker functions as an entrance to the city 
of Eindhoven which is also described in the 
high-rise vision of Eindhoven (Municipality of 
Eindhoven, 2020). 
  
The location is open and surrounded by res-
idential typologies consisting mostly out of 2 
stories residential row housing in the north. 
In the west, two four-story-high apartment 
flats are located. It can be concluded that the 
building density is relatively low building in 
this urban area considering its central loca-
tion in Eindhoven. See figure 1.3, 1.4, 1.5 and 
2.16. Across the Vincent van den Heuvellaan, 

Figure 2.25: Historical image of the Bunker (Eindhoven in beeld, 2011)
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University

City centre

Figure 2.29: Initial connecting function of the 
Student Service Building and the city centre

N

the university campus was in the periphery of 
Eindhoven (figure 2.27 and 2.28). Originally, 
the bunker has been planned as one of the 
only buildings outside of the campus due to 
its recreational function. This has been done 
because of the original master plan of the 
campus that was developed by ir. S.J. van 
Embden consisted out of 3 building zones. 
Main buildings, connected research institutes 
and buildings that would contribute to recre-
ation for students and civilians of Eindhoven 
(Colenbrander & Hombrink, 2012). The Bun-
ker belongs to the category of recreation and 
therefore should be in an area that reflected 
recreation. The student facility was intended 
as a building that would fulfil the functional 
needs of students in the industrialized city of 
Eindhoven. The Bunker should household 
space for meals, recreation and other social 
facilities for students (Colenbrander & Hom-
brink, 2012). 

As can be seen in figure 2.17, university 
buildings with a research and lecture func-
tion are located at the inside of the Dommel 
and the recreational buildings are located on 
the outside of the Dommel. On the north, the 
student sports facility is located, which is cur-
rently still in use, and the Bunker is located in 
the west. Both are seperated from the other 
university functions.  

The Bunker has been built as a cooperation 
between the Dutch Government, Technical 
University and several businesses in Eind-
hoven. Important contributors in this were 

Figure 2.27: Eindhoven 1965 (Kadaster, n.d.)
Figure 2.28: Eindhoven - 1973 (Kadaster, n.d.)
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Figure 2.30: Road system Eindhoven and loation of the
Bunker and originally planned student housing area

N

Van Doorne Automobile, DAF, Philips and 
Governmental mine DSM. Besides that, 3 
study associations were involved: Eindhoven 
Studenten Corps, Eindhovense studentenv-
ereniging Demos and Algemene studentenv-
ereniging SSRE.

Originally, the area at the north of the Bun-
ker was planned as student dwellings (figure 
2.31).  Eventually, the city of Eindhoven built 
normal residential dwellings. Because of this, 
there arouse friction between the residential 
area and the bunker where student activities 
were held (Colenbrander & Hombrink, 2012). 
Because of this, there is an opportunity for 
the location to re-unite the residential area 
with a re-design of the building. 

Hugh Maaskant
The Dutch architect Hugh Maaskant from 
Rotterdam has designed the Bunker. Maas-
kant is considered as an important architect 
during the reconstruction of the Netherlands 
after the second world war. He can be con-
sidered as a modernist architect who has 
produced most of his work in the ’50s and 
the 60’s. His architecture is often referred to 
as no-nonsense and monumental (Provoost, 
2003, p.5). Well-known designs of Maaskant 
in the Netherlands are the pier van Scheve-
ningen, the Euro mast (1960) in Rotterdam, 
The Groothandeslgebouw (1953) and the 
Hilton hotel in Rotterdam (1964).
With his architecture, Maaskant tried to cre-
ate buildings that are available to a wide pub-

lic and are a social-cultural whole.  Clarifying 
and strengthening the place that is occupied 
by the built environment and landscape de-
sign in cultural and social life. With his archi-
tecture, he wanted to create a more intense 
experience of architecture for a wider group 
of users and observers (Provoost, 2003, 
p.5). This is also the essence of the Maas-
kant prize that annually awarded. 

In the book ‘Maaskant, the architect of pro-
gress’, he is described as a consensualist 
(Provoost, 2003). An architecture where 
technique, subjective and individualistic aes-
thetics and professional business forms the 
basis for social improvement and positive 
individual personal transformation (Provoost, 
2003). A tendency of the post-war zeitgeist 
from the ‘50s and ‘60s which included tech-
nical progress, dynamics, economic con-
sumption, affluence and new social-cultural 
insights were reflected in the architecture of 
Maaskant. This resulted in a plastic, expres-
sive architecture that actively supported the 
existing political and economic institutions 
which Maaskant believed in. ‘’The form of his 
architecture should express the rise of the 
modern metropolitan city in the wake of the 
welfare state. In that process, his buildings 
are active instruments that tell an optimistic 
and glorious tale about the emergence of a 
large-scale, spacious city, one that is pleas-
antly anonymous, full of possibilities for every 
individual to choose from, and where all func-
tions and facilities are arranged thoughtful-

ly and with every comfort’’ (Provoost, 2003, 
p.388). 

Maaskants uncompromised vision on archi-
tecture that included political democracy and 
the capitalistic model is visible in the design 
of the bunker. The highest point in the build-
ing for example was reserved for the senate 
of the study associations which resembles 
hierarchy. The combination of multiple func-
tions in the bunker is a signature for the work 
of Maaskant. Multiple functions would use 
the same facilities which was considered 
as efficiency. Besides that, the combining of 
functions stimulated social interaction. The 
most important aspect of combining multiple 
functions in one building is that Maaskant en-
abled himself to use bigger masses to design 
monumental shapes that would have a pres-
ence (Colenbrander & Hombrink, 2012). 

Although buildings such as the Bunker and 
the Euromast are currently treated as valua-
ble landmarks, Maaskant received some cri-
tique during his career. Often heard critique 
was that Maaskant tried to create ‘signs’  and 
iconic forms that should resemble modernity 
(Provoost, 2003, p.16). Some critics stated 
that his architecture only considered monu-
mentality and that it had nothing to do with its 
users. His architecture sometimes became 
too individual. Besides that, his architecture 
was marked as representative of totalitarian 
and hierarchical thinking (Provoost, 2003, 
p.9).  
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or plan which is divided into three separate 
wings. On the other hand, the sculptural form 
represents that the combination of individuals 
can result in a collective stronger whole. The 
sloped façades of the bunker is an eye-catch-
ing design feature that represents the form 
freedom and plasticity of concrete. The 
sloped walls do also contribute to the heavy 
and massive appearance of the whole and is 
a typical brutalistic feature. 

Because of the sloped walls, it can be ques-
tioned if form follows function or if function 
follows form. The sloped walls do express 
the form freedom of concrete and also em-
phasise the massiveness of the Bunker but 
it can be questioned whether it benefits the 
functionality of the interior spaces.

Representation
Maaskant mainly used concrete and steel in 
his designs for the Bunker, but these materi-
als can also be recognized in other designs 
of Maaskant. These were new materials in 
the ‘50s and ’60s and created new possibil-
ities for the construction industry and archi-
tecture. Besides that, Maaskant believed that 
the use of these new materials would result 
in qualitative mass production of good archi-
tecture. Through this, qualitative architecture 
would become available for a wider audience. 
(Provoost, 2003, p.16). 

When one comes closer to the Bunker, the 
plasticity of the bunker is emphasised by the 

Figure 2.34: Collective spaces 
(on basis of drawings (Colen-
brander & Hombrink, 2012) 

Figure 2.33: sloped column, also 
know as entasis. A visual trick that 
was already used in classical ar-
chitecture to emphazise massive-
ness and to represent the heavy 
forces that the column had to car-
ry.  (Jones, 2014)  

Type
The bunker is a combination of 3 independ-
ent segments that are unified in one mono-
lithic volume. The south wing was dedicated 
to the E.S.C., the north wing to the student 
association DEMOS and the middle part of 
the building was dedicated to common func-
tions (figure 2.31 and 2.32) (Colenbrander 
& Hombrink, 2012, p.36). The combining of 
multiple functions in a building is a character-
istic design feature of Hugh Maaskant. This 
specific typology can be described as the 
collective typology, which was often used 
by Maaskant. 

The intentional function of the Bunker was 
to household all the facilitating functions that 
were not present for students in Eindhoven 
at that time. With the combination of func-
tions, Maaskant enabled himself to use more 
volume to design a sculptural statement. 
Maaskant also combined multiple functions 
to create a collective building that stimulat-
ed social interaction but it was also efficient 
and functional because supporting build-
ing functions like toilets and stairs could be 
shared. Besides that, the collective character 
also results from the wishes of the university 
and the students (Colenbrander & Hombrink, 
2012).

Form
The bunker can be considered as an autono-
mous sculptural structure. It is a 7-meter high 
monolith that does not seek much resem-
blance with the surroundings. The bunker is 
mainly constructed out of concrete and steel, 
except for the plinth that is clad with wood 
and bricks. The plinth has a little set back 
compared to the concrete volume, this em-

Methodological analysis  phasizes the massive concrete structure and 
monolithic appearance. As Michelle provoost 
describes: ‘’In the work of Maaskant one 
does not seek for inspiration from regional or 
locally factors. Analogy with the existing en-
vironment is out of question, only contrast.’’ 
(Provoost, 2003, p.16).

Despite this, the emphasis on the main vol-
ume on the south side of the bunker can be 
considered as an orientation towards the 
city centre of Eindhoven. The monolithic and 
sculptural appearance does not represent 
the multi programmatic usage of the interi-

Figure 2.31: Wing seperation  (on basis of drawings (Co-
lenbrander & Hombrink, 2012) 

Figure 2.32: Typological scheme wing seperation
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Figure 2.37: Photograph of the south section (Colen-
brander & Hombrink, 2012) 

Figure 2.38: Concrete column and beam typology (Co-
lenbrander & Hombrink, 2012) 

Figure 2.35: Round windowframes (Colenbrander & 
Hombrink, 2012) 

Figure 2.36: Later added staircases for firesafety (Co-
lenbrander & Hombrink, 2012) 
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Figure 2.40: surface texture of the concrete with the print 
of the casting proces (Colenbrander & Hombrink, 2012) 

make use of the exposed concrete which has 
the same texture as the exterior. The ceilings 
and walls are partly finished with wooden 
planks that have the same dimension as the 
planks that are used for the concrete casting.  

Space
The most important spaces of the bunker are 
the collective spaces. These spaces are the 
heart of the building because they provoke 
social interaction and emphasize the impor-
tance of the collective which was desired by 
Maaskant. Both entrances on the north and 
south side of the bunker directly lead to these 
collective spaces. From these collective 
spaces, people spread themselves through 
the building. 

The collective spaces in the north and south 
wings of the Bunker are 2 stories high to con-
nect the collective space with all the spaces 
of the wing but also to emphasise the impor-
tance. In the facades, the importance of these 
spaces is represented through architectural 
grammar. As mentioned earlier, the size of 
the window frames of the collective spaces is 
high and wide whereas the window frames of 
the induvial spaces are relatively small.

Structure
The structure of the Bunker can be separated 
into 2 main parts, the elements that are car-
rying and the elements that are being carried. 
The load-bearing structure consists out of a 
concrete skeleton structure that is support-
ed with secondary steel construction beams. 
Around this load-bearing construction, a form 
free skin has been applied which can be con-
sidered as the element that is being carried. 
This element is used to represent the plastici-
ty and form-freedom of concrete with sloped 
walls. The stability in the building is provided 
by two solid concrete walls that simultane-
ously function as separation walls between 
the 3 main parts of the building (Colenbrand-
er & Hombrink, 2012).

The main construction elements of the Bun-
ker exists out of a skeleton load-bearing con-
struction. The floors are solid concrete slabs 
that are supported by concrete columns and 
steel or concrete beams. Because the ele-
ments that provide the structural strength are 

Figure 2.41: Entrances (on basis of drawings (Colen-
brander & Hombrink, 2012) 

South section

Middle section

North Section

Figure 2.42: 3D visualisation of the seperate sections

texture of the concrete. The Bunker is con-
structed of in-situ poured concrete with cast-
ing that consisted of wooden planks. The 
planks leave their print on the concrete. As 
a result, horizontal and vertical lines are visi-
ble in the facades which is an important part 
of the architectural grammar of the Bunker 
and characteristic for brutalist architecture. It 
shows how the building is made. Besides the 
casting profile, the round windows and stair-
cases on the outside are also a refernce to 
the formfreedom of concrete (figure 2.35 and 
2.36)

The lines are utilized by Maaskant to empha-
size certain elements such as the entrance. 
With the aforementioned techniques, Maas-
kant showed the plasticity of concrete with 
honesty to the material and the construction 
method. This particular way of using material 
refers to the brutalistic approach which fo-
cuses on representing how a structure works 
and how a structure is built (Jones et al., 
2014, p.394)

In the facades, Maaskant made use of big 
windows and small windows whereas the 
small windows are located at individual spac-
es and the big windows are located at the col-
lective spaces. The exterior therefore repre-
sents the interior and can be seen as a result 
form the interior. The façade functions as an 
explanatory skin. 

In the interior, the use of horizontal and verti-
cal lining has been continued. Some spaces 

15*

Figure 2.39: 15 degree angle sloped walls de-
rived from the 6.25x6.25 square grid
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Figure 2.45: Floorplan with location of the section

Figure 2.44: Section of the 2 story collective space at the 
south wing of the Bunker (scale: no scale) 

Figure 2.46: Section of the 2 story high colletive spae at 
the north wing of the Bunker (scale: no scale) 

Figure 2.43: Analysis drawing of the size difference of windows. Collective 
space and private spaces. The drawing also shows the different use of hori-
zontal and vertical lines of the concrete casting
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Structure and skin are interconnected and influence each other 
but the skin can take mulitple shapes using the same structural 
basis type. Skin 2 and 4 would also represent formfreedom of 

concrete but do have a different shape. 

The clothing is carried by the skeleton of the man, therefore the 
clothing is a result of the skeleton but still has the characteristics 

of the skeleton. 

evocative facade design 3

evocative facade design 2

evocative facade design 1

existing facade the bunker

Figure 2.49: Possible skin forms. Variation in shape due to the form freedom 
of concrete but similar load bearing construction

Figure 2.48: Visualisation of the structure. Divided in 
load bearing structure and skin

Skin: The element that seperates the interior from the exteiror, it 
represents the interior to the exterior. The skin is the combination 
of all the materials and elements that seperate inside from out-

side. This can be a single layer such as glazing but can also be a 
combination of multiple layers. (Leupen & Mooij, 2011) 

Load bearing structure : all the elements that are needed to 
sustain the building. A difference can be made between the ele-

ments that carry and the element that are being carried. The load 
bearing elements are the elements that carry. The skin is part of 

the elements that are being carried (Leupen et al, 2020) 

secondary steel construction

structural concrete floorslab

concrete structural column

primary structural beam

Figure 2.47: Load bearing structural concept of the Bunker
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a combination of solid walls and a concrete 
skeleton, the structural typology can be de-
fined as a hybrid construction typology where 
the concrete skeleton structure predomi-
nates. 

Geometry
The geometry of the Bunker is based on a 
square grid with a distance of 6,25 meters. 
Within this grid, there are a few exceptions. 
There are 2 deviating grids in size which are 
located where the place where the building 
segments are divided. Another deviating and 
present grid line is the diagonal grid on the 
north and west façade of the Bunker. The an-
gle of the diagonal is exactly equal to the di-
agonal of a 6.25 x 25 m rectangle. This diag-
onal is derived from the basic 6.25x6.25 grid 
and refers to a proportion of 1 to 4. 

Drawing analysis shows that the sloped 
façade walls of the Bunker are also derived 
from the 6.25x6.25 grid size. They have the 
same 1 to 4 ratio diagonal as the diagonal 
that can be found in the floorplan. Therefore, 
it can be said that the whole building is de-
fined by the 6.25x6.25 grid. 
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Figure 2.50 (right top): Square grid geometry with diago-
nal lines (Scale: no scale) 

Figure 2.51 (Right bottom): Analysis drawing that shows 
that the angle of the sloped walls are derived from the 
square grid (Scale: no scale) 

Figure 2.52 (Right page): Square grid geometry of the 
Bunker (Scale: no scale) 
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Conclusion 
Function -  The original function of the bun-
ker was connecting the campus with the city 
and accommodat functions for students that 
were not present in Eindhoven in 1969. The  
Bunker was intended as a building with a rec-
reational character. This is the main reason 
for its location outside the campus.

Location - On the north, a residential block 
is located that was originally planned as stu-
dent housing. It was the intention that this 
would interact with the bunker but this never 
happened. The original connecting and so-
cial function has the potential to be re-used in 
the new design. There is a great opportunity 
to restore this original link between the resi-
dential block and the bunker. A place that is 
accessible for residents to gather and where 
functions are placed that are currently miss-
ing or far away, it could be a social hub for the 
north of Eindhoven where students and other 
residents of Eindhoven meet and collaborate. 

City morphology - Considering the city mor-
phology, it could function as a connection in 
building size. A gradual transition from the 
low-rise residential area of Eindhoven on 
the north to the newly planned high-rise XL 
environment of the new Fellenoord Master-
plan. The bunker should therefore be of in-
termediate size (M size, maximum of 45 me-
ters). Considering its prominent location at 
the John F Kennedylaan, the Bunker can be 

manner and vision of how Maaskant utilized 
‘brut’ material qualities could be an inspira-
tion for the new design. Showing the quality 
of material and using it. 

Construction - The load-bearing construc-
tion of the bunker is mainly constructed of a 
concrete skeleton construction with second-
ary steel beams. In addition to this, the stabil-
ity is sustained by 2 monolithic concrete walls 
that also separate the segments. The whole 
structure is based on a 6.25 by 6.25 grid sys-
tem. This grid system also guides the slope of 
the façade wall with a 1 to 4 ratio. 

Considering the above, the Bunker is an icon-
ic building that is well-known in Eindhoven. 
This mainly results from its sculptural and 
monolithic (almost monumental) appearance. 
The design makes use of a clear architectural 
grammar that makes the building readable. 

Circularity - Because the Bunker is such a 
iconic building, it is important to not only take 
the physcial (pragmatic) side of circularity 
into account. Considering the history and the 
relation with the univeristy there are multiple 
opportunities to re-use or continue what is 
already there. This should not only be done 
because the building accidentiliy is on the 
site but to protect the historical pattern and 
continue the architectural story, not deny but 
embrace the past. 

considered as an entrance or introducing a 
structure that welcomes people to the city of 
Eindhoven. 

Collective typology - The collective and rec-
reational character of the Bunker is important 
in the design of Maaskant. This resembled by 
the overall building shape which is a combi-
nation of three segments. In the interior, the 
focus on collectivity is emphasized by the 2 
story high collective spaces through which 
one enters the bunker. The 2 story high col-
lective spaces are both complemented with 
a fireplace which is a characteristic element 
of the bunker that is also visible in the east 
façade. 

In addition to this, the collective spaces are 
also emphasized through Maaskant’s archi-
tectural grammar. The use of bigger window 
frames refers to the importance of the collec-
tive in the design whereas the smaller win-
dows refer to the non-collective spaces. 

Materials -  Materials that Maaskant used 
resembled the progression and possibilities 
of technology in 1969. In his material applica-
tion, Maaskant showed the ‘brut’ quality and 
plasticity of the materials and the production 
techniques of the materials and utilized them 
for his design. This is a typical characteristic 
for a brutalist approach. With this, Maaskant 
created an honest building but also showed 
the possibilities of the new materials by cre-
ating concrete sloped walls for example. The 
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Figure 2.54: Existing ground floor 1969 with main entrances 
and collective spaces - scale: 1:500 

Figure 2.55: Existing first floor 1969 with collecitve spaces
scale: 1:500 

North wing Middle part

South wing
Ground �oor

First �oor

3D volume

Collective space

Figure 2.53: Exploded view of the existing bunker and floor-
plans
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Figure 2.57: Construction system: Concrete beam column structure 
with secundary steel beams - collective space north section
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Figure 2.56: Fire place and use of steel as railing
collective space south section 

Concrete column and
beam construction

Red steel accents

Open fire place 

Large window frame
for the collective space
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Fire place collective space

Stair for acces to main space

Fire place collective space

Main stairwell 1

Main stairwell 2

Fire place collective space
Balcony

Fire place collective space

Hexagonal spaces

Main stairwell 2

Main stairwell 1

Figure 2.62: Floor plans with highlighted characteristic elements 

Figure 2.58: Characteristic angular spaces
Figure 2.59: Historical image of fire place in the south wing (Colenbrander 
& Hombrink, 2012)

Figure 2.60: Characteristic angular spaces (NAI, n.d.) Figure 2.61: Historical image of fire place in the south wing (NAI, n.d.)
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Research by design

3
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Figure 3.1: Schematic illustration of 4 basic geometric volumes 
Tower - Disk - Mat - Block

Research by design

As a conclusion from the analysis, some im-
portant points are guiding for the research by 
form but also other aspects such a sun orien-
tation and greenery are important role during 
this design exercise.  

Accessibility - The residents of Eindhoven 
should be included, this means that the de-
sign as such should be inviting and easy to 
access. This is important considering the his-
torical function of the Bunker which was in-
tended to connect with the surrounding area, 
in particular, the planned student housing in 
the north. 

Entrance - Considering the street pattern 
with the 2 main radials on the east and west, 
the main entrance of the building will be 
placed on the south side. This is already em-
phasised by the original structure. The new 
design should continue this. 

Height - The new design will not be higher 
than 45 meters (M-sized building) as a result 
of the existing city morphology and the high-
rise vision of the municipality of Eindhoven 
(municipality of Eindhoven, 2020). 

Collectivity - In the design by Maaskant, col-
lectivity is an important aspect. It could even 
be stated that it is the main theme of the Bun-

ker. In the perspective of immaterial circular-
ity, this theme should be emphasised in the 
new design. Not only as a continuation  of the  
existing but also as a way of living. Circularity 
can be achieved through a bigger whole. Ex-
amples of this are shared functions such as 
laundry rooms and shared cars for example. 
Reducing the use. Furthermore, the social 
component of meeting and interaction is im-
portant. The importance of collectivity is em-
phasized by the current corona pandemic. 
Also, collective rentable spaces, restaurants, 
bars and libraries for example could create a 
source of income for the Bunker. 

Sunpath - Sunlight has multiple positive ef-
fects on the physical and mental health of hu-
mans which highly increase the living quality 
(Gutierrez & Plaza Hidalgo, 2020). Therefore 
it is important to provide an adequate amount 
of sunlight

Green space - Green spaces are important 
because they improve city life. Some benefits 
of green space are stimulating bio-diversity, 
preventing heat islands, air filtering capaci-
ty, natural sun shading and water absorption 
(Gutierrez & Plaza Hidalgo, 2020). Including 
greenery in the design is indispensable in 
building future resistant buildings. 

Exploring - This exercise tries to explore 
multiple forms which will not all full fill the 
above-mentioned points. It is important to 
understand how forms work in considering 
the urban layout but also in combination with 
the existing Bunker structure. 

Basic geometric volumes - Because more 
people need housing and space is not in-
creasing, volumes with multiple stacked 
dwellings have to be designed to fulfil the 
housing need. Within these volumes, there 
are 4 main basic typologies: The tower, the 
disk, the mat and the block (Leupen & Mooij, 
2011). From these 4 main typologies, varia-
tions can be made to create the desired vol-
ume. 

Considering the Bunker, the block or a varia-
tion of the block is a very good option because 
it is the only volume that gives the possibili-
ty to create an inside collective space that is 
connected to all the surrounding dewllings. 
The tower is usually higher than 45 meters 
and has a more individual appearance that is 
less accessible for local residents. The mat 
would create not enough volume. A disk al-
ways creates 1 or 2 sides oriented dwellings 
which makes it hard to create a collective 
central element that is connected to all the 
dwellings. 
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Connection
The placement of the volumes makes the 
building open up towards the university cam-
pus. This emphazises the historical relation 
with the campus. On the other hand, the vol-
umes are inviting the residential area on the 
north side .

Research by form: The collective building

Collective
If the bunker in would be taken out of the col-
lective volume ensemble the whole building 
would collapse. The addition is depenend on 
the bunker 

On the other hand, the new volumes are en-
colsing a collective space that enhances the 
importancy and effectivness of the collec-
tive space that was origionally designed by 
maaksant. If the new volumes are taken out, 
this collecitve part will not function anymore. 
There is a interdependency. 

Individuals of Eindhoven
The building should be a collective ensem-
ble of important elements of eindhoven. The 
university has a historical connection with the 
bunker and one block should therefore be 
dedicated to the University. This could possi-
bly by using the rectangular grid of the cam-
pus architecture. 
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Research by section
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Supply Chain of CLT 
1

2

3

4

Binderholz production forest

At the CLT plant the CLT elements are 
produced for construction

Woodteq communicates the required 
amount of CLT to Binderholz

In Zeist, the residual products from 
CLT are removed, after which they are 
ready for construction

The harvested logs are 63% of the total tree

Logs are transported to the mill nearby

After drying, the timber is sawn

The timber is transported to the CLT 
plant in Unternberg

2,3 m3 of the tree log gives 1,0 m3 CLT gross.

Two trucks leave from Woodteq to 
Unternberg, after which they leave with 
the CLT to Zeist

Fügen
Unternberg

Zeist

Holten

1
2

34

Distance = 2295 km

Distance = 257 km

Distance = 2038 km 

194 trees = 273,8 m3

Harvested logs  
=  172,5 m3

Gross CLT = 75 m3

Net CLT  = 72 m3

Trees = 194 Percentage per tree

Residual Logs
Harvesting
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Manufacturing Tr

ee
Lo

gs
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T

Residual CLT
Building

Net CLT
Building

37,0%

35,9 %

0,8 %
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100 km

257 km
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Figure 4.6: Supply chain diagram CLT
(Boons et al, 2019)Figure 4.5: Alternative manner of wood transportation

(Svensson, n.d.)

Figure 4.4: stacked trees
(Copahome, n.d.)

Figure 4.1: Typical production forest
(NSW, 2017)

Figure 4.2: Image of deforestation 
(Cruppe, n.d.)

Figure 4.3: Typical section of a tree trunk
(Natuurlijk houtwerk, n.d.)
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Figure x.x: zieglers nest - Norway
Revler & Drage Architects

Figure 4.12: Glulam beam production process
(Ledinek, n.d.)

Figure 4.14: pre-fab CLT panel end product 
(Chouinard, 2017)

Figure 4.11: CLT end product 
(Woodteq, n.d.)

Figure 4.13: Digital milling production process (CNC) 
(Chouinard, 2017)

Figure x.x: zieglers nest - Norway
Revler & Drage Architects

Figure 4.8: Gluing timber board layers 
(Setragroup, n.d.)

Figure 4.10: CLT production process 
(Ledinek, n.d.)

Figure 4.7: CLT Production facility Binderholz Austria 
(Pollokalio, 2016)

Figure 4.9: Basis product CLT / Glulam - Timber boards 
(GWMI, 2020)
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Figure 4.19: Bunjil Place - fjmt architects (Gollings, 2017)

Figure 4.18: zieglers nest - Norway
Revler & Drage Architects (Auger, 2020)

Figure 4.20: Birds observatory - Rau architects (Effting, 2019)

Figure 4.16: Wood innovation and design centre - Revler & Drage Archi-
tects (Peter, 2015)

Figure 4.15: Gion Caminada house - Vrin - Gion caminada 
(Frearson, 2014)

Figure 4.17: Nothern Light College - Canada 
McFarland Marceau Architects - (Redman, 2020)
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energy inefficient: it Requires about five to 
ten calories of fossil fuel energy to obtain one 
food calorie’’. (Heusemann & Heusemann, 
2011, p.123). Although this topic is interest-
ing, it exceeds the scope of this research and 
therefore will not be further discussed. Con-
struction materials from animals will be con-
sidered bio-based in this research. 

Considering the above, the definition for bio-
based / circular materials by Heusemann and 
Heusemann is more complete: ‘’All raw ma-
terials used in industrial processes must be 
supplied from renewable resources at rates 
that do not exceed the regenerative capac-
ity of the respective ecosystems and do not 
cause any other environmental disruptions’’ 
(Huesemann & Heusemann, 2011, p.124). 
In addition to this, the production of waste af-
ter the lifespan of a bio-based product and 
the embodied energy in production process-
es should also be included. Heuseman and 
Huesemann define this by the following rule: 
‘’Waste can be released into the environment 
only at a rate compatible with the assimila-
tion capacity of the respective ecosystem, 
and without negative effects on biodiversity’’ 
(Heusemann, 2011, p.124)

Considering the rules by Huesemann and 
Huesemann, the definition for bio-based re-
sources by Jan van Dam en Martien van den 
Oever becomes more relevant considering 
the negative effects of agricultural activities. 
‘’The industrialized agriculture has become 

Figure 4.21: Stave church Norway, Hopperstad
build in 1130, 4 stories, 27 meters (Telemarkreiser AL, 2021)

Bio-based materials 

Brief history 
In the last 2-3 decades there has been a re-
newed interest in the use of bio-based mate-
rials in the construction industry, especially in 
wood (Kaufmann et al., 2018, p.15). This may 
look like a new technique but history teach-
es that the use of bio-based materials was 
very common before the 20th century (RVO, 
2020, p.11). Local materials were often easy 
to obtain and therefore used to build houses 
and other buildings. Materials such as jute, 
flax, coir and other plant-based were (and still 
are) widely available all around the world.

A good example of this is the ‘Heddal stave 
church’ (figure 4.21) (Telemark Brand Image, 
2020) in Norway which is fully constructed of 
wood in the 13th century. At that time, and 
still is the biggest wooden church in Norway 
(RVO, 2020, p.23).

Shift to in-organic resources
Building with bio-based materials before the 
21st century encountered several challeng-
es. Dwellings built from sod (plaggen) of-
ten had poor indoor climate quality.  Interior 
humidity was often too high and it was hard 
to keep warmth inside the buildings (RVO, 
2020, p.11).  Also, the structural properties 
of wood were outperformed by new materials 
such as concrete and steel. New materials 

had much better properties considering fire 
safety, acoustics and durability. Besides that, 
these materials were easier to use and pro-
duce as building material.

Shift to bio-based 
Considering the contemporary challenges 
that mainly concern material depletion and 
CO2 emissions, a renewed interest in bio-
based materials have emerged as elaborat-
ed in the problem statement. New techniques 
that improve the properties of bio-based ma-
terials make it possible for bio-based mate-
rials to compete with traditional construction 
materials such as concrete, steel and chalk. 

Besides that, it is expected that there will be 
stricter regulation for CO2 emission during 
construction. Also, CO2 taxes, the importance 
of LCA calculations and higher prices for tra-
ditional materials are expected in the near 
future. (RVO, 2020, P.58) (van Dam, 2019, 
p.8). 

What are bio-based materials?
Bio-based materials are materials that can be 
naturally grown. The container concept of bio-
based materials considers a lot of materials 
such as hemp, wood, straw, loam, seaweed 
and fungi. The basic principle of bio-based 
materials is that they grow through photosyn-

thesis and this process stores CO2. If these 
materials are used as a building material, our 
buildings will become CO2 warehouses in-
stead of CO2 emitters.   

Besides this, bio-based materials are posing 
no threat to human health by emitting toxic 
gasses. Also, bio-based materials are rela-
tively easy to transform into architecture (Fer-
nandez, 2006, p.245)

Of course, the world of bio-based materials is 
not this simple. Within the world of bio-based 
materials, there are multiple definitions. For 
this research, several definitions will be dis-
cussed and from these definitions, one defini-
tion for this research will be defined. 

In their book, ‘catalogue for bio-based bouw-
materialen’ Bio-based materials are defined 
by Jan van Dam en Martien van den Oever 
as resources that grow through the process 
of photosynthesis to store CO2 (Van Dam, 
2019, p. 13). This definition covers a signifi-
cant part of the bio-based resource realm but 
it also excludes a significant part of the bio-
based resources. For example, sheep wool 
does not grow through the process of photo-
synthesis but is a bio-based resource. 

It can be questioned if biological products de-
rived from animals can be considered circu-
lar. The current agriculture uses a lot of fossil 
fuels in the supply chain: ‘’As a result, indus-
trialized agriculture has become extremely 
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Figure 4.22: Yiangxian pagoda, Shanxi ,China
buildt in 1056, 67 meters (Fong, 2019)

inefficient: it requires about five to ten calo-
ries of fossil fuel energy to obtain one food 
calorie’’ (Heusemann & Heusemann, 2011, 
p.123). Considering this, one could question 
the overall circularity of bio-based resources 
from animals. 

The use of biobased resources should be fo-
cused on 100% bio-based resources and not 
on composites like hempcrete.  A composite 
can exist out of bio-based materials but often 
contains a non-bio-based material. Besides 
that, composites often use  additional non-re-
newable material that sustains the cohesion. 
Therefore the composite is not bio-degra-
dable and unable to meet the definitions 
by Heusemann and Heusemann. Besides 
that, the separation of composites after their 
lifespan is complex and sometimes impossi-
ble. The separation of composites consumes 
a considerable amount of embodied energy. 
It has to be said that the aim for the use of 
100% bio-based materials could be utopian 
and impossible. 

Overall, defining an exact definition for bio-
based materials is complicated, especially 
considering secondary effects like embodied 
energy and production processes. To pre-
cisely determine the exact impact of negat-
bio-based materials, further research should 
be done.

Share bio-based construcion materials
The current share of bio-based materials in 
the construction industry is very small consid-
ering the volume. Whereas concrete is one 
of the most used construction materials with 
46% of the total construction material volume. 
As a result, concrete is responsible for 39% 
of all the CO2 emissions in the Netherlands. 
Wood only represents 7% of the total con-
struction material volume. (RVO, 2020, p.12). 

Besides that, there are multiple sources that 
describe wood as the most relevant con-
struction material. ‘’Wood is the most useful 
renewable resource requiring only land and 
solar radiation and rain. It forms the structure 
and infill for so many kinds of buildings all 
over the world. ’’  (Fernandez, 2006, p.245) 
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Advantages and challanges of wood 

Hygroscopic property - Water
The use of wood in the construction industry 
comes with several challenges. When a tree 
is not felled, water is very important for the 
tree. Water in combination with solar ener-
gy, CO2 and other needed nutrients that are 
subtracted from the ground allows the tree to 
grow.  When wood is used in the built envi-
ronment the role of water changes. Wood has 
the natural property to absorb and release 
water. Due to this phenomena, wood can 
swell and shrink. Besides shrinking and swell-
ing, due to moisture fungi may grow in wood 
and destroys and degrades the quality of the 
wood. The absorption and releasing of wa-
ter is also known as ‘’hygroscopic property’’. 
This makes natural fibres such as wood re-
lease and absorb moisture depending on the 
air humidity of the space (Van der Lugt, 2020, 
p.70). Considering wood, the most relevant 
shrink and swell direction is the tangential di-
rection. This mostly relates to the thickness of 
timber columns and beams. Wood can shrink 
in this direction to approximately 8% (Van der 
Lugt, 2020, p.70) This problem can be solved 
when the wood is applied in the right manner 
but it still challenges the use of wood in the 
construction industry. 

On the other hand, the hygroscopic property 
of wood can also be considered a beneficial 
property. Due to the absorption and releas-
ing of interior moisture, the wood contributes 

to interior climate regulation. The use of a 
wooden construction makes it also possible 
to create moisture open construction. When 
applied in the right way, this technique has 
the possibility to create healthier buildings 
(RVO, 2020, p.29).

Structural capacity
Another challenge of wood is its structural ca-
pacity. Every tree is different in every section. 
Every tree is grown at a different place with 
different weather, nutrients and other circum-
stances. The result of this is that every tree 
has different mechanical properties. Which 
means that the material cannot be consid-
ered as homogenous. This makes it hard to 
define the exact structural strength of wood 
which makes it less relaiable. Within the tree, 
there are also several differences in strength. 
‘’wood is also anisotropic, having a grain and 
exhibiting vastly different properties depend-
ing on the axis with which the measurement 
is taken’’ (Fernandez, 2006, p.253)

Weight
Wood has a relatively low weight compared 
to other construction materials such as con-
crete and steel. Most of the European soft-
woods weigh between 300 and 600 kg/m3 
(van der Lugt, 2020 p,72) whereas steel 
weighs 7600 kg/m3 and concrete 2400-2600 
kg/m3. A challenge due to this low density 
is the thermal mass and acoustic capacity 
of wood, especially when applied as dwell-
ing seperating floors and walls. Considering 

Figure 4.24: Microscopic image of hardwood 
(Hursthouse,2011)

Figure 4.25: Microscopic image of softwood
(Hursthouse,2011)

Softwoods, especially spruce, pine and fir are 
the main used tree in Europe. Mainly sourced 
from northern Europe in countries such as 
Norway, Sweden, Germany and Finland. 
Most of these trees are felled for construction 
purpose after 60 to 100 years but they can 
become around 200 years old. (van der Lugt, 
2020, p.66)

Every tree consists out of Bark, cambium 
heartwood and sapwood. The bark of the 
tree protects the heartwood and sapwood. 
The sapwood is the part of the tree that trans-
ports the nutrition of the tree. In the section 
of a tree, the sapwood can be recognised as 
the lighter part whereas the heartwood in the 
centre is usually darker. 

Wood as a material mainly consists of 40 to 
45% cellulose, 20% hemicellulose and 25 to 
35% lignin. The function of lignin in wood is 
that it acts like a natural glue that glues all the 
molecules and fibres of wood together. On an 
element level, wood consists out of 50% car-
bon, 44% oxygen and 6% hydrogen (van der 
Lugt, 2020, p.69). Because the natural mol-
ecules such as cellulose and hemicellulose 
molecules are made with CO2, wood absorbs 
so much CO2 and is very environmentally 
friendly. 

What is wood? 
It is estimated that 30% of the world covered 
with forests. This resembles approximately 4 
billion hectares (Kaufmann et al., 2018, p.14). 
Within the enormous amount of forests, there 
are multiple species and types of wood that 
can be found. Until this moment, approxi-
mately 30.000 wood species have been dis-
covered. It is estimated from all these species 
about  1500 to 3000 species are suitable for 
the construction industry (Van der Lugt, 2020, 
p.66). Within these wood types, the main dis-
tinction can be made: hardwoods and soft-
woods. A simple way to distinguish hard and 
softwood, in general, is that hardwood is pro-
duced by trees with a leafs and softwood is 
produced by trees with needles. 

The difference between hardwood and 
softwood can be determined by the way of 
re-production. The main distinction can be 
made between naked seeds and covered 
seeds. Trees with covered seeds such as 
oak and walnut trees have covered seeds 
whereas spruce or pine trees have naked 
seeds. This is how hard and softwoods can 
be distinguished. Hardwood also grows slow-
er than softwood and therefore has stronger 
mechanical properties but also takes longer 
to grow. 

Within Europe, approximately 180 million 
hectares of forest are available. This resem-
bles approximately 41% of the European 
land. Within Europe, Germany has the big-
gest stock of forest with approximately 3.700 
cubic meters of wood stocks (Kaufmann et 
al., 2018, p.15). 

Wood as a material
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Figure 4.23: Basic principles of wood
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Properties of wood
Intrinsic and extrinsic 
As a designer, it is important to choose ma-
terials in such a way that it contributes to 
what space needs to represent and to what 
material should do. Therefore, the designer 
must know how material properties relate to 
the observers’ perception of space to apply 
materials correctly. As explained, materials 
in architecture are experienced through a set 
of intrinsic and extrinsic properties such as 
texture, colour, roughness, smell, stiffness, 
density and thermal conductivity and ther-
mal expansion. It considers a combination 
of all the properties that can be sensed. In 
architecture, spaces or materials are often 
described as warm, cold or something in 
between warm and cold, this is not specific 
or immeadiately measurable. It is relevant 
to understand what material properties are 
contributing to the observers experience and 
which propertes are the most relevant in this? 
Within this research, the most relevant prop-
erties considering the warmth perception of 
space and material will be considered. 

Colour (extrinsic) 
Through research, it has been defined that 
vision dominates the observers experience 
of material (Wastiels et al., 2012). Especial-
ly colour, which is extensively researched, 
is very dominating for the experience of the 
material and how the material is perceived. 

Considering that mass timber products such 
as CLT, DLT, LVL or glulam are often used as 
load-bearing structural material and surface 
finishing simultaneously, the visual aspect of 
these products is relevant considering archi-
tecture. Besides that, wood products are also 
often used for scenery (interior finishes) and 
the skin (exterior finish) in architecture.  

Considering colour, it has been defined 
through research that light grey colours (such 
as concrete) are perceived as relative cold. 
On the other hand, orange, yellow and red is 
perceived as relative warm colours (Wastiels 
et al, 2012). 

What is the colour of wood? 
The colour of wood varies depending on the 
wood species. Generally softwoods such 
as pine and douglas are whiter and lighter 
wheras hardwood generally spoken is darker 
and more in the spectrum of yellow and red. 
This is demonstrated by the examples givin 
in figure 3.33 - figure 3.39. Considering these 
colours, one could state that softwoods are 
precieved colder than hardwoods. 

Although is should be mentioned that the col-
our of wood is often manipulated and very 
much depends on how the wood has been 
felled and treated. If wood is left untreated 

outside it will become grey due to photo-ox-
idation of lignin (Kaufmann et al., 2011). Be-
sides that, techniques like thermal treatment 
or oiling are often used to manipulate the col-
our of wood or to sustain the origional colour 
of wood for a longer time.  

Roughness (extrinsic) 
In addition to colour, visual experience of ma-
terial is higly affected by the surface rough-
ness of the material. Research has shown 
that how rougher a surface is, how warm-
er the material is perceived (Wastiels et al, 
2012). 

In addition to these findings, the anatomy 
of wood shows that hardwood is a denser 
material with less roughness compared to 
softwood (figure 3.24 - 3.25). Softwood with 
more open pores generally creates a rougher 
surface structure which relates to a ‘warmer’ 
experience of the soft wood. These findings  
combined suggest that in general, softwoods 
can be considered as warmer materials than 
hardwoods considering their surface rough-
ness. 

For further elaboration and as a comparison, 
figure 3.26 and 3.27 are showing a section of 
a hardwood and softwood tree. The figures 
confirm the aforementioned suggestions. 
Softwood has a rougher surface and hard-
wood has a smoother surface. This means 
that hardwood can be defined as colder then 
softwood considering roughness.  

multi-storey timber buildings with housing 
typologies extra attention should be paid to 
acoustics. (van der Lugt, 2020, p.132)

An advantage of the low density of wood is 
that wood is very well suitable for up-top-
ping existing buildings considering the den-
sification of urban areas. Also, lower building 
weight results in smaller foundations that re-
quire less material which can be beneficial. A 
good example of this is ‘Pakhuis Meesteren’  
in Rotterdam by AWG architects (AWG archi-
tecten, 2017)

Health
Approximately 90% of the time by people 
is spent inside buildings (RVO, 2020, p.29) 
(van der Lugt, 2020, p.144). Because of this, 
it is important that buildings are healthy envi-
ronments. The use of wood inside buildings 
has shown multiple positive effects. The use 
of wood and greenery in buildings can re-
late to higher productivity (8%) and well-be-
ing(13%). Also, the use of wood in learning 
environments shows a positive effect on con-
centration and learning rates (8.5%). (Grinde 
& Patil, 2009) (Fell, 2010)

The reason that wood and other natural ma-
terials are preferred inside buildings con-
sidering health has to with the natural pref-
erence to nature according to (van der Lugt 
,2020, p.147). 

Fire safety

The biggest challenge for wood application is 
fire safety. Historically seen, this is a relevant 
and justified bias considering fires that de-
stroyed cities in the middle ages (Kaufmann 
et al., 2018, p.72). Fires have destroyed com-
plete cities such as London in 1666 (van der 
Lugt, 2020, p.76). Fire safety and wood con-
sider 2 main components: Combustibility 
and fire resistance. Combustibility refers to 
how easy the material catches fire and how 
quick can the fire spread through the materi-
al. Fire resistance refers to how long the ma-
terial can bear fire before it loses its intrinsic 
properties. How long is the stability sustained 
and how long can spaces be enclosed dur-
ing a fire. This is particularly important for 
load-bearing structures. (Van der Lugt,2020, 
p.126) (Kaufmann et al., 2018, p.73)

In contrary to steel and concrete, wood is a 
combustible construction material, this is the 
biggest challenge considering the application 
of wood in architecture. One of the biggest 
challenges for fire safety considers the es-
caping routes. Especially for high-rise build-
ings, the fire-safety requirements are very 
high and difficult to achieve only using wood. 
This was also one of the reasons why HAUT 
(case study 1) makes use of the concrete 
core. 

If wood burns, a natural layer of coal is cre-
ated around the wood which functions as an 
insulator. This layer can be recognized as the 
black surface. Behind this layer, the non-af-
fected wood stays intact. At temperatures 
around 300 degrees, the coal layer starts to 
form. The burning speed of wood is approxi-
mately 0.65-0.7 mm per minute (Van der Lugt, 
2020, p.128) (Kaufmann et al., 2018, p.75). 
Because of this property, it can be exactly 
calculated at what moment a timber structure 
will fail. This is a benefit of wood compared to 
concrete and steel constructions. 

During the design phase, extra measures can 
be taken into account to increase fire safe-
ty. Solutions are additional insulation layers, 
gypsum boards, impregnations, over-dimen-
sion of the timber elements. Also, sprinkler 
installation can be very effective to increase 
the fire safety of timber constructions. A big 
advantage of sprinkler installations is that the 
aesthetic quality of wood can be preserved if 
the sprinkler installation is deployed in time. 

The disadvantage of wood and fire is that one 
cannot easily repaint it after a fire. Damage 
will remain visible which could make an ob-
ject unfit for use. Besides that, it can be ques-
tioned if the wood load-bearing construction 
elements still meet all the initial design requi-
erments considering safety after a fire. It will 
probably survive the fire, but is the structure 
also usable or refurbishable after a fire? 
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Figure 4.29: Expe-
riences warmth of 
wood types related 
to denisty and stiff-
ness (Fernandez, 
2006, p.252)

Figure 4.32: Expe-
riences warmth of 
wood types related 
to denisty and stiff-
ness (Fernandez, 
2006, p.269)

Figure 4.30: Microscop-
ic image of softwood
(Hursthouse,2011)

Figure 4.31: Microscop-
ic image of softwood
(Hursthouse,2011)C
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Pine Douglas Mahogany

Figure 4.36 - Pine texture (Houtinfo, n.d.) Figure 4.37 - Douglas texture (Houtinfo, n.d.) Figure 4.38 - Mahogany texture (Houtinfo, n.d.)

Fir Oak Beech

Figure 4.33 - Fir texture (Architexture, n.d.) Figure 4.34 - Oak texture (Houtinfo, n.d.) Figure 4.35 - Beech texture (Houtinfo, n.d.)
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Conclusion
The reserach concluded that wood applica-
tion in architecture contributes to a warmer 
atmosphere. This atmosphere is mainly dom-
inated by extrinsic properties. Most relevant 
in this are colour and texture as a secondary 
aspect (Wastiels et al., 2012). Considering 
colour it can be stated that: the lighter and 
greyer the wood, the colder wood is per-
ceived.  Wood in the yellow and red spectrum 
creates a warmer atmosphere. In addition 
to colour, it can be concluded that a rougher 
surface texture contributes to a warmer at-
mosphere (Wastiels et al., 2012). 

Softwoods are usually lighter and more white 
compared to hardwoods which are often 
darker and more red (page 112 -113). From 
this, it can be concluded that softwoods are 
generally perceived colder than hardwoods 
considering color.  

Most woods species are in the yellow and 
reddish color spectrum and are relatively 
rough in texture. The variation in perceived 
warmth will therefore be influenced by how 
the wood is treated and applied. board size, 
spacing between wood elements and treating 
are examples of this. 

The reserach concluded that intrinsic proper-
ties of wood are less relevant considering the 
warmth perception of space but also contrib-
ute. The tactile warmth is most important in 
this. The tactile warmth is defined through the 

combination of hardness and thermal diffu-
sivity (Fernandez, 2006). It can be stated that 
hardwoods are colder materials than soft-
woods which is contrary to the findings con-
sidering colour. Because extrinsic properties 
dominate the warmth perception, the findings 
of color will be leading in the design choice. 

In addition to intrinsic and extrinsic proper-
ties, desingers should take the amount of 
applied wood into account. Wood creates a 
warmer and more relaxing atmosphere. The 
amount of applied wood should therefore 
refer to the desired function of the space 
(Sakuragawa, 2006). More focus and con-
centration requires less wood. To much wood 
use can create spaces that invoke to much 
warmth and relaxation. 

Because the warmth perception is dominated 
by extrinsic material properties, the color, tex-
ture and tactile warmth of wood mainly relate 
to the representational aspect of wood. 

As visible in the figures, the difference in 
roughness is relativly small. Which also 
means that one could question to what extend 
the type of wood or wood species changes 
the experiences of the observer. Consdiering 
that the variation in wood is realitifly low, the 
observers experience can also be manipulat-
ed by how the wood is applied. For example 
the space between timber boards and the 
size of timber boards used as a finishing ma-
terial could be more relevant for the warmth 
experience than the wood type itself. 

Tactile warmth (Intrinsic) 
In addition to visual aspects, another impor-
tant aspect of experiencing architecture is 
through feeling, which can be considered as 
tactility (Fernandez, 2012, p.268). The per-
ceived warmth of a material can be defined 
through a combination of mechanical and 
thermal properties. Through research, it has 
been defined that materials that feel warm 
have low thermal diffusivity and have low 
thermal conductivity, these materials are also 
good insulators. Both are intrinsic material 
properties. In a practical sense, it means that 
the material relatively slowly transfers heath 
to the human body (Fernandez, 2012, p.268). 

Hardness and stiffness (intrinsic) 
In addition to thermal conductivity and thermal 
diffusivity of a material, the hardness (densi-
ty) and stiffness (Young’s Modules, E) also 
contributes to the perceived tactile warmth 
of a material according to the researdch by 

Figure 4.39: Amount of used wood in related to activity
(Sakuragawa, 2006)

Fernandez (2012, p.268). Besides that stiff-
ness and hardness properties contribute to 
perceived warmth, these intrinsic material 
properties are especially important consid-
ering the load-bearing structural application 
of wood. How stiffer and harder the material 
is, how better it preforms as a load-bearing 
structural element. This research will not go 
in to depth about the exact hardness and 
stiffnes of wood. 

Is there a maximum to wood application?  
Due to the popularity of wood and all the 
suggested advantages such as health, con-
centration, workability and comfort wood is 
applied in all kind of ways in interiors and ex-
teriors. 

Due to the research into intrinsic and extrinsic 
properties, wood can be described as a mate-
rial that creates a relativly warm experience. 
It can also be said that there is a consensus 
on the positive effects of wood application in 
buildings (van der Lugt, 2020). The typical 
answer would be to apply as much wood as 
possilbe but is this the right approach? And is 
there a maximum to the use of wood in spac-
es? 

According to research, the amount of wood 
that is used invokes a certain level of activi-
ty and calmness. Whereas the more wood is 
used the less activity and calmness is stimu-
lated (Sakuragawa, 2006). The results of this 
research are illustrated in figure 3.33. Consid-

ering the findings of the research, the amount 
of wood that is applied should relate to the 
function of the space. In relaxation spaces 
such as a restaurant, cafe’s and livingrooms 
hypothetically more wood use is advised. On 
the contrary, spaces that ask for dicipline, fo-
cus and concentration less wood application 
would be sensible according to the reserach 
of Sakuragawa (2006)
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Facade wood type
The central courtyard / inside should repre-
sent collectivity and should be inviting. This 
should be resembled by the materials. As a 
result of the reserach, the exteiror facades 
will are made of natural untreated wood . The 
wood will become grey in time because lignin 
in wood photo-oxidises and will be washed 
out by water (Kaufmann et al, 2011). In con-
trast to this, the interor facades will be cladd 
with thermally modified wood that will keep 
the wood colour and therefor create a warm-
er athmosphere. The materail contributes to 
the explaination of the function. 

The used wood planks of the facade are the 
negative of how the origional bunker has 
been constructed. The concrete casting was 
made out of wooden planks that left their im-
print in the concrete. 

Treated wood

Untreated wood

ConcreteFigure 4.40: Concrete texture of origional bunker (Tex-
tures, n.d.)
Figure 4.41: Untreated wood facade cladding (on basis 
of illustration from textures.com (Textures, n.d.)
Figure 4.42: Tretaed wood facade cladding
(Textures, n.d.)
Figure 4.43: Diagram that shows exterior material differ-
ence

Typical dwelling 
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Further development - ajust to architecture of bunker Final design

Form development diagrams
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During the design process, interaction be-
tween form and research is a continuous 
process. Due to research into wood and case 
studies, perspectives for the final design form 
are changing. As a result, the form has been 
subject to constant change.

Critique and development
Whereas the first ideas of the form were 
rough and explorative, the form designed in 
Februar were getting more realistic. The form 
uses stacked blocks that resemble single 
elements combined in one collective whole. 
Interesting in this shape are the openings be-
tween the stacked blocks. This creates open-
ness. The elements are relatively big and 
almost crushing the existing structure which 
should not be the case. Besides that, due 
to the stacked blocks, multiple spaces have 
been created that are not very suitable con-
sidering dwellings. Sunlight will be blocked 
which makes it less ideal for dwellings.  
 
Also, the structure has enormous overhangs 
and large spans which is far from ideal for 
the desired skeleton timber construction ty-
pology. As a result, the form has been devel-
oped into a more ideal shape considering the 
aforementioned points. 

Research by form
Development of form

The form of march and the final form is trying 
to continue the existing sculptural shape of 
the Bunker, this also resembles the contin-
uation. The final form has a far more open 
structure that is easily accessible and has a 
clear entrance. Due to the terraced structure, 
green spaces on different levels are created 
and sunlight can access all the dwellings.

Frist idea form Result first reserach form
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Reserach with models
Research by design has also been done 
through models. Due to the corona pandem-
ic, it was not always possible to work in the 
workshop in Vertigo. As a solution, a 3D print-
er has been used to create scale models and 
experiment with the shape. Several ideas 
and variations have been tested whereas the 
façade profile is the  most relevant element. 
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Cross laminated timber

Cross laminated Timber (CLT) is a product 
that has been invented in the 1990’s (van der 
Lugt, 2020, p.84). It are solid panels that are 
build up out of an uneven number of timber 
plank layers. Every layer is placed perpen-
dicular to the layer underneath to create a 
stronger and more stable whole. The layers 
are connected through a glue. The created 
panels are often used as floor construction or 
solid wall construction. 

Dimensions
The panel dimensions depend on the multi-
ple factors such as the machine dimensions 
of the manufacturer and the transportation 
possibilities. Generally spoken, panels have 
a maximum size of 4.5 meters by 25 meters 
with a thickness between 60 and 500 milli-
metres (van der Lugt, 2020, p.84). The used 
thickness of the panel depends on the specif-
ic application of the panel. The panels can be 
used as floors and walls. The solid panels are 
ideal for pre-fabrication processes. In combi-
nation with digital manufacturing processes 
such as computer numerical control (CNC) 
cutting, panels can be cut in the desired di-
mensions and forms, including with voids for 
window and door frames or other purpose. 
When the pre-fabrication process is utilized 
in the correct manner, the constrution time 
can be substantially reduced. 

Because CLT are solid panels, they are often 
left exposed as surface finishing (ceilings and 
walls). 

Variations
A disadvantage of CLT panels is the use of 
glue. In order to make homegeneous panel, 
glue is used. The panels are hard to recycle 
after the use phase because it is hard to sep-
erate the glue from the wood. Besides that, 
most of the used glue is non-circular which 
makes it a less circular product. Due to this, 
alternatives have been invented. Dowel 
laminated timber (DLT) for example is con-
structed out of stacked timber boards that are 
connected through timber pins also called 
dowels. These dowels have a lower moisture 
content than the stacked boards. When the 
dowels are inserted, the dowels swell and 
create a mechanical connection between the 
boards (Think Wood, 2021). Because DLT 
does not use glue it is far more circular then 
CLT. The structural cacity on the other hand  
is much lower than CLT (Van der Lugt, 2020, 
p.87)

In addition to DLT, nail laminated timber 
(NLT) is another alternative for CLT. Instead 
of dowels, NLT makes use of nails to connect 
timber boards. Considering that  NLT uses a 
lot of nails, the product is difficult to recycle. 

The nails are hard to remove. Besides that, 
the structural capacity of NLT and DLT is con-
siderably lower than CLT which makes it less 
relevant as a substitute for concrete and steel 
(Van der Lugt, 2020, p.87). 

Figure 4.44: Eplanatory illustration of CLT panel

Engineered timber products

Due to environmental challenges such as 
material depletion and CO2 emission, there is 
an urgency for a shift to alternative construc-
tion materials. As explained before, the most 
relevant alternative construction material is 
wood. Historically, and due to the properties 
of wood, it has been outperformed by modern 
materials such as steel, concrete and plas-
tics. 

The most relevant advantages and disad-
vantages of wood such as stiffness, moisture 
and fire safety have already been discussed. 
Through the industrialization of the wood in-
dustry, new innovative techniques that modi-
fy, optimize and engineer timber make it pos-
sible for timber products to compete with the 
abiotic construction materials. 

Innovation in wood products resulted in prod-
ucts such as oriented strand board (OSB), 
plywood, medium-density fibreboards (MDF), 
Cross-laminated timber (CLT), dowel lami-
nated timber (DLT) and Laminated Veneer 
Lumber (LVL) and glue-laminated timber 
(gluelam). Within these products, a distinction 
can be made between solid wood products 
and optimized wood products. Solid wood 
products are, as the name already mentions, 
products derived from solid single trees such 
as ordinary planks and beams. These prod-

ucts and properties are limited to the maxi-
mum tree size and quality (Kaufmann et al,  
2018) Optimized wood products are all the 
products that use additional methods to cre-
ate better timber products (Kaufmann et al, 
2018)

Within the optimized wood products, there 
are 2 main categories: Engineered wood and 
modified wood (van der Lugt, 2020). Modi-
fied wood products are solid wood products 
that are optimized considering durability and 
stability. One of the best-known modification 
techniques is thermal modification (Van der 
Lugt, 2020, p.82). Engineered wood products 
consider products that make use of multiple 
wooden elements that are combined into one 
product. These elements can also be modi-
fied wood to improve the overall quality of the 
engineered wood product. 

Although all these product groups are very 
useful and can replace most of the non-circu-
lar construction materials, the most relevant 
application considering this research can be 
found in engineered wood products. Espe-
cially in the mass timber products. Mass tim-
ber products can be considered as a subcat-
egory in the engineered wood products group 
that is suitable for the production of uniform 
construction elements such as beams, col-

umns and floors (van der Lugt, 2020, p.82). 
The mass timber products minimize and 
eliminate the inhomogeneity and anisotropy 
property of wood. Besides that, mass timber 
products can be better calculated consider-
ing strength which makes them more reliable 
than regular solid timber products (Kaufmann 
et al., 2018, p.38). Within this research, the 
most relevant mass timber products will be 
discussed.  

The mass timber products are relevant be-
cause they have the ability to replace struc-
tural material such as concrete and steel. 
This is relevant because concrete is respon-
sible for 39% of CO2 emissions in the con-
struction industry (RVO, 2020). Most of this 
concrete is used for load-bearing structures. 
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Laminated veneer lumber

Laminated Veneer Lumber is a product that 
is constructed of multiple layers of veneer (of-
ten maximum thickness of 6 mm but depends 
on manufacturer) stacked in the same direc-
tion that is connected through a glue which 
combines it into a solid whole (Mestawood, 
2019) (van der Lugt, 2020, p.88). The layers 
of veneer are produced through the peeling 
of thin layers of wood from trees in the tan-
gential direction (around the tree). An advan-
tage of this is that imperfections in the wood 
such as knots are divided through the whole 
panel which makes these imperfections less 
relevant and the product more homogeneous 
(Mestawood, 2019) (Kaufman et al, 2018, 
p.55) 

Dimensions
Laminated veneer lumber panels usually 
have a maximum dimension of 3 by 24 meter. 
It is possible to create larger panels but this 
is highly unusual. Like with CLT, the panel di-
mensions are limited by the production facil-
ity and transportation possibilities (Kaufman 
et al, 2018, p.55). The panels usually have a 
maximum thickness of 90 mm, which is very 
thin for floor and roof applications. Therefore, 
the panels are often sawn in smaller elements 
for applications such as beams and columns 
(Kaufman et al, 2018, p. 55). Because the ve-
neer layers are stacked in the same direction, 

the material is particularly useful for beams. 
The application of Laminated veneer lumber 
can therefore often found in hybrid systems 
such as cassette flooring and I-joist beams 
(van der Lugt, 2020, p.88)

Application
Due to their thin dimension, the elements are 
very light and do not consume much space 
and volume which is an advantage. The dis-
advantage of this is that the elements are 
particularly vulnerable to fire. Besides that, 
the acoustic capacity of the elements is very 
low, therefore additional materials have to be 
used to ensure fire and acoustic quality. 

Figure 4.48: Production process of veneer layers 
(Kaufmann et al., 2018)

Figure 4.47: Explanitory illustrationof Laminated Veneer 
Lumber

Glue laminated timber

Glue laminated timber is often referred to as 
glulam. Glulam products are a combination of 
stacked and fingerjointed planks in the longi-
tudinal direction with a minimum of 2 planks 
(Kaufmann et al, 2018) (van der Lugt, 2020). 
It is a very effective way of combining multi-
ple wood products into a stronger whole. It is 
also often referred to as one of the first engi-
neered wood products (Van der Lugt, 2018, 
p.84). 

The finger joint (figure 3.46) is a very strong 
connection between two separate timber el-
ements. Both elements have milled ‘‘fingers’’ 
which perfectly fit. The fingers are put togeth-
er with an additional adhesive substance 
(glue). After connection, the joint is almost in-
visible which makes it ideal for elements that 
stay in sight. 

The formfreedom of glulam columns and 
beams is relativly big. This is also a benefit 
considering architectural purposes. It is pos-
sible to create beams and columns with mu-
litiple curves (Derix, 2019)

Dimensions
Spans can technically reach 80 meters, even 
larger spans are possible but unusual. Long 
spans are often derived through finger joint-
ing multiple beams (Derix, 2019) (Van der 

Lugt, 2018, p.84). Spans longer thatn 80 me-
ters are hard to transport and can become 
very expensive which makes them less inter-
seting. Due to various production techniques, 
it is possible to create various shapes with 
glue-laminated timber which gives a lot of 
form freedom to the designer. 

Application 
Glulam products are often used for columns 
and beams because they strength -graded 
which means that they are particularly strong 
in the laminated direction (van der Lugt, 
2018, p.84). It means that the grain direction 
of the wood boards is parallel which there-
fore creates a particulary strong element in 
the grain direction. Glulaminated elements 
are not suitable planar structures. The appli-
cation of glulam elements is therefore often 
found in columns and beams. 

Figure 4.45: Eplanatory illustration of glulam beam

Figure 4.46: Eplanatory illustration of a fingerjoint
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Research by design 
timber typologies 

To create insight in which timber con-
struction typology could be appropriate 
for the re-design fo the bunker. A design 
excersice has been done for a part of the 
building. Both a skeleton and monolith ty-
pology have been tested.  

Skeleton typology 
The column and beam typology has the 
advantage that it creates the possibility 
for an open plan. This makes it easier to 
vary in space sizes but it makes the de-
sign also more suitable for different func-
tions. Considering circularity, it is could be 
more attractive for the future to have the 
possibility to easily change the building 
layout. It has more opportunities consid-
ering refurbishment in the future. 

Considering material use, the column and 
beam typology uses less material mass 
which creates a lower environmental im-
pact. On the other hand, additional ma-
terials have to be used to create space 
seperating walls. This also increases the 
construction time. 

A disadvantage of this typology is that 
extra attention should be paid to struc-
tural stability. Especially considering the 

amount of column and beam joints. Forc-
es are combined at the joint which often 
have to be supported with steel elements. 

Monolith typology 
The advantage of a CLT structure is that 
all the elements can be used as surface 
finishing which reduces the building time 
and costs substantially. Besides that, ele-
ments can be prefabricated and through 
digital fabrication techniques, all the voids 
for window frames and installations can 
be milled in advance. 

Due to the use of monolith structure, the 
structure is a relatively stable and rigid-
whole which reduces the need for alterna-
tive materials considering stability. 

A big disadvantage all the spaces are 2 
sided oriented which makes the spatial 
planning limited. In the future, it is also 
difficult to change the layout which makes 
the structure less circular and usable for 
other functions and refurbishment. 

Conclusion construction typology
Both monolith and skeleton construction 
typologies are suitable for a multistorey 
timber building with a housing typology. 
Considering both the advantages and dis-

advantages of both typologies. The skel-
eton structure is the most appropriate for 
the design. The skeleton construction has 
the big advantage that it creates an open 
plan structure with gives design freedom 
in the initial design but also gives possi-
bilities for later refurbishment. This makes 
the material circular but also the design 
and adds another dimension to the circu-
larity. It is easier to adapt the building to 
changing space demand. Besides that, 
the skeleton structure is a continuation of 
the existing skeleton grid. 

Material use
The most relevant applications can be 
found in mass timber products such as 
CLT, Glulam and LVL. Whereas for mul-
tistorey timber buildings, CLT and Glu-
lam are the most useful products. LVL 
products are very thin and therefore vul-
nerable to fire. Besides that, it is hard to 
support the floors with thin beams in a 
practical manner. 

Floors will be constructed out of CLT pan-
els because it produces solid planar prod-
ucts. The skeleton structure makes use of 
CLT columns and beams. 

The exact timber construction will be fur-
ther explained and illustrated in the chap-
ter ‘‘Mass timber joints’’.

Hybrid typologies

Several of the aforementioned techniques 
have been combined with each other or other 
timber products to make a broad variationo 
of products such as I-joist beams and cas-
sette-based flooring systems. A reason to 
choose such variants can be weight, minimiz-
ing material use or strength. These solutions 
can be very useful but will not be further dis-
cussed in this research because they are less 
relevant for in multi-storey timber buildings. 

Mass timber products are often combined to 
create structures. Combinations of skeleton 
and monolithic elements can generate inter-
esting spatial options which also uses the 
minimum amount of wood. 

On a multi-storey building scale, a hybrid 
structure of mass timber with non-circular 
construction materials is often used. It is very 
common that structural cores are constructed 
from steel or concrete and the rest of the con-
struction is made out of timber. These hybrid 
systems can expand the application possibil-
ities of mass timber products. Especially in 
multistorey timber buildings, structural cores 
that are simultaneously used as stairwell are 
often constructed of concrete ensuring fire 
safety and stability (Kaufmann et al, 2018, 
p.41) Figure 4.49: Combination diagram of timber products 
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Case studies 
multi-storey timber buildings 
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Figure 5.8: Model C - Roxbury
(Think Wood, 2021)

Figure 5.5: SAWA - Rotterdam
(Mei-Architecten, 2020)

Figure 5.6: Patch 22 - Amsterdam
(Patch 22, 2017)

Figure 5.9: Dalston Works, London
(Waugh Thistelton Architects, 2018)

Figure 5.7: Top-Up - Amsterdam
(Top-Up, 2017)

Figure 5.10: Murray Grove - London
(Waugh Thistelton Architects, 2009)

Case studies
To gain knowledge about how timber is 
used within architecture, explorative re-
search into existing buildings (or buildings 
under construction) has been done in the 
form of case studies. Especially buildings 
that make use of timber load-bearing con-
structions in combination with a housing 
typology are relevant for this research. 

Researching how case studies apply wood 
in architecture and deisng allows for the 
generation of new and inspirational ide-
as and perspectives for the design phase. 
Besides that, information that is retrieved 
from the case studies can help to confirm 
or deny theories about the use of timber 
in architecture. It is valuable to research 
how the different case studies tackle the 
challenges of timber such as fire safety, 
acoustics and stability in different manners.

On the right, 10 images of residential tim-
ber buildings have been selected. The 
case studies are located in different 
countries around the world and are al-
ready constructed or almost completed. 

HAUT – Amsterdam – TEAM V architecture 

SAWA – Rotterdam – Mei-Architecture

Murray Grove – London – Waugh Thisleton 
architects 

Figure 5.1: Haut - Amsterdam
(TeamV, 2021)

Figure 5.2: HoHo Vienna - Vienna 
(Baudevelopment Gmbh, n.d.)

Figure 5.3: Mjøstårnet - Brumunddal
(Woodify, n.d.)

Figure 5.4: Carbon 12 -  Oregon
(Carbon12, n.d.)
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Concrete stability core  Timber CLT structure

Also, the foundation is made out of concrete. 
At first, because wood cannot very well resist 
water and is therefore not suitable as a foun-
dation material. Besides that, the load-bear-
ing ground is weak in Amsterdam which 
makes it important to have a stable founda-
tion constructed out of concrete (J.P. Van 
Eesteren, 2018)

The stiffness and the foundation are not the 
only reason to use concrete according to the 
architect Do Janne Vermeulen (Team V archi-
tects). If one would only use woold finish in 
a building this could cause a ‘’cheap sauna’’ 
effect (Tilman, 2019). 

According to the architect, the biggest chal-
lenge considering high-rise timber construc-
tions are acoustics, fire safety and stiffness. 
Due to the low density of wood, the noise goes 
easily through the construction but also heat 
is not stored very long. The details of HAUT 
also show that every floor makes use of an 
extra layer of concrete. This has been done 
to add thermal mass and acoustic mass. Be-
sides that, the additional concrete floor slabs 
create an extra stiff floor (Tilman, 2019). 
Considering circularity, it can be questioned 
if using poured concrete the right way. Be-
cause of the poured concrete, it will be hard 
to demount the building. 

Flexibility floorplan and facade 
An advantage of the column and beam con-
struction is freedom in the façade design and 

Figure 5.12: hybrid timber concrete construction 
(J.P. Van Eesteren, 2018)

the floorplan flexibility. Because of the timber 
column beam construction, almost every floor 
of the 21 story building has a different layout 
which gives the buyers a lot of choices con-
sidering the dwelling layout. 

Another challenge is that the building cannot 
be exposed to wind and rain for too long com-
pared to concrete. If the wood gets wet for 
too long, it will start swelling, shrinking and 
rotting. This is also the reason why the ar-
chitects have specifically chosen a pre-fabri-
cated façade with the HAUT project. (Tilman, 
2019). This increases the construction time. 

Load bearing construction
Haut uses CLT panels with a maximum di-
mension of 12000x3000x300 millimeter (J.P. 
Van Eesteren, 2018). The used columns are 
approximately 500 x 500 millimeter. Consid-
ering the floorplan, there is a big variation in 
column sizes. Reason of this is that a big part 
of the construction exists out of monolith CLT 
elements. Parts of CLT elements function as 
column. The floors are constructed of 200 
millimeter thick CLT panels. The walls are 
constructed of 300 millimeter  panels (figure 
4.15 and 4.16).  

Because Haut is designed as a slender stuc-
ture, a combination of columns and monolitic 
CLT panels have been used. The columns 
are used when possible and provide the pos-
sibility for an open plan structure and free-
domin the facade. When needed, CLT panels 
are used to transfer lateral forces to the con-
crete core. Most of these lateral forces are 
created by wind.

Considering the above, design, load bear-
ingstructure and floorplan typology are higly 
related. 

HAUT AMSTERDAM    

Architect     Team V architecture
Location    Amsterdam
Function    Residential
Floors      21
M2     14.400   
Construction type    Hybrid timber concrete 
Construction time   December 2018 -  mid-2021
Wood m3    3000 

HAUT
Haut is a 73-meter hybrid timber concrete 
structure located at the Amstel in Amsterdam. 
With its 73 meters, it is the highest hybrid 
timber construction tower in the Netherlands 
which makes it a pioneering building. The 
construction of HAUT is already started and 
expected to be finished in mid-2021. 

The name HAUT refers to the dutch word 
‘hout’ which means wood. ‘’HAUT also stands 
for haute couture: designed customized ar-
chitecture’’ (Arup, n.d.).

CLT
Through the use of CLT timber construction 
in HAUT, around 2.500 ton of CO2 has been 
stored which is the equivalent of approxi-
mately 3000 cubic meters of wood (J.P. Van 
Eesteren, 2018). The main structural core 
that households the lift shafts and staircases 
is constructed out of concrete. This has been 
done to sustain the stiffness of the structure 
as a whole (Tilman, 2019). 

Concrete steel and timber
During the design phase, there have a com-
parison between timber, steel and timber 
concrete construction. According to the ar-
chitects, the torsion was best absorbed by 
a concrete construction compared to steel 
(Tilman, 2019). Besides that, the concrete 
construction ensures fire safety of the stair-
well and the lift shafts which is very important 
considering the Dutch building regulations, 
especially with high rise towers. 

Figure 5.11:  Visualisation Haut - Amsterdam
(TeamV, 2021)

Haut Amsterdam 
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1 - Floor
CLT floor 200 millimeter in 
combination with additional 
concrete slabs for acoustic 
and thermal capacity. This 
application complicates 
circularity and is therfore not 
ideal

2 - CLT wall
Horizontal 300 millimeter CLT wall
that functions as space seperation 
wall but also as a horizontal stabili-
ty wall. Relative much wood use to 
obtain stability.  

3 - CLT beam
Load bearing CLT beam 
with a dimesion of 
250x600 millimeter

Figure 5.15 (left): Vertical detail based on drawings TEAM V 
(De Architect, 2020) - no scale
Figrue 5.16 (right): Detail section based on drawing TEAM V 
(De Architect, 2020) -  no scale

9th floor
Typical floor plan HAUT Amsterdam 
with column and beam timber con-
struction and concrete stability core. 
This hybrid bearing structure typolo-
gy offers more spatial flexibility. The 
horizontal CLT walls contribute to the 
stabillity of whole structure but limit the 
possibilities of the floorplan.  

The CLT panel span varies between 
4390 millimeter and 6300 millimeter. 
This is also the maximum span of CLT, 
which is advise to not exceed 6 meter 
according to Inbo architects (Inbo Ar-
chitecten, 2021). 

CLT

Concrete 

630055005500

Section

Horizontal detail

Figure 5.13: Floorplan based on drawings TEAM V
scale 1:250 (De Architect, 2020)
Figrue 5.14 (right top): Section based on drawings TEAM V
(De Architect, 2020) - no scale 

Lateral windforces 
absorbed by horizontal 
monolitic CLT panels
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the design team invented innovative ide-
as. An example of this is the floor which are 
covered with a lime gravel ballast layer as a 
replacement for concrete. This to increases 
the acoustic and thermal performance of the 
floors which is an attention point in wood con-
struction. An other benefit of the lime gravel 
ballast layer is the possibility for disassembly 
after the use phase. The material can easily 
be removed without decreasing performance 
of the lime gravel and the CLT panels under-
neath beause it is a dry connection. 

In addition, the design team has chosen to 
only use dry connections for the load-bear-
ing construction. This enables future users to 
theoretically disassemble the building without 
damaging the elements. Almost all of these 
joints make use additional steel components 
to create stable rigid connections. 

A particularly interesting design choice is 
the use of a gallery. Considering space op-
timization this is a rare design choice. The 
architects specifically made this choice to 
enhance the collectivity of the building. The 
galleries should enhance meetings between 
residents. 

Within the design, the architects tried to leave 
as much timber exposed as possible. Con-
sidering the research about the representa-
tion of wood, it can be questioned if this is the 
right design approach.

Figure 5.19: hybrid timber concrete construction 
(Mei-Architecten, 2020)

 CLT structureConcrete stability core

Figure 5.18: hybrid timber concrete construction 
(Mei-Architecten, 2020)

Construction
The loadbearing construction exist of 600 
by 600 millimeter glulam column and beam 
construction. The floors are construted of 
240 millimeter CLT panels. The construction 
is designed on a  6000 x 7000 millimeter grid. 

Compared to HAUT, the maximum span of 
approximately 6000 millimeter for CLT panels  
is also maintained in SAWA. 

SAWA ROTTERDAM    

Architect     Mei - Architecture 
Location    Lloydpier, Rotterdam
Function    Residential 
Floors      16
M2     -   
Construction type    Hybrid timber concrete and steel
Construction time   mid-2021 - unknown 
Wood m3    4.500

SAWA
SAWA is a 50-meter residential timber build-
ing located at the Lloydkwartier in Rotterdam. 
The location used to be the place where 
ships would dock and make a trip to the east-
ern countries. The stepped facade of SAWA 
is a reference to the rice fields which can be 
found in the eastern countries (De Architect, 
2020). An advantage of the stepped façade is 
the spacious apartments with large balconies 
and gardens. This is a unique quality within 
a dense city like Rotterdam. Besides that, 
the stepped façade brings greenery into the 
city on different levels which enhances the 
bio-deversity, air quality and city climate. 

CLT, concrete and steel
The design focuses on using as much wood 
as possible (De Architect, 2020). This re-
sulted in a 4.500 cubic meters of wood use 
which stores aroud 4000 tons of CO2. The 
load-bearing structure mainly consists of 
CLT floors and glulam columns and beams. 
Except for the foundation and the stability 
core which are constructed of concrete. The 
main reason to construct the stability core of 
concrete considers fire safety and vibration. 
According to the architects, fire safety is the 
biggest challenge considering timber con-
struction (De architect, 2020). This is also 
endorsed by the writings of Kaufmann in their 
book ‘manual for multistorey timber construc-
tions’ (Kaufmann et al, 2018)

To minimize the use of steel and concrete, 

Figure x.x: Render Haut
(TeamV, 2021)
Figure 5.17: Visualisation SAWA - Rotterdam
(Mei-Architecten, 2020)

Sawa Rotterdam  
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Floor construction
CLT floor
Ballast layer as replacement for concrete 
which also contains installations
insulation
screedlayer
floor finsihing 

CLT floor

Glulam beam
Load bearing CLT beam 

Glulam column 600x600 

Figure 5.22: 3D floor and construction illustraion
(Mei-architecten, 2021) no scale 

�

14th floor
Typical floorplan of SAWA Rotterdam. 
As mentioned, the stability core is con-
structed of concrete which ensures 
fire safety and stability. In contrast to 
the HAUT case study, there are no 
monolithic walls in the floorplan which 
enhances the possibilities for the lay-
out and re-development. This type 
of construction is often referred to as 
the open-plan layout. Besides the im-
proved possibilities for the layout, this 
typology uses substantially less timber 
than a monolithic structure which im-
proves sustainability. 

 figure 5.22

Figure 5.20: Floorplan based on drawings TEAM V
scale 1:250 (De Architect, 2020) 
Figure 5.21: Section based on drawings TEAM V
(De Architect, 2020)
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Figure 5.24: Floor detail based on drawings Mei-architecten
no scale (Mei-architecten, 2021)
Figure 5.25: Floor isometric  (Mei-architecten, 2021) 

Floor construction 
CLT 240 mm 
Lime split gravle 100 mm(size 4-6 mm) 
Insulation layer 40 mm
Protection foil 
Screedlayer 80 mm 
Floor finish 

Sprinkler installation
Often used method in high-rise timber build-
ings to ensure fire-safety

Lime split layer 
The lime split gravle layer is an alternative for 
concrete. After the use phase, it is easier to 
remove compared to concrete and can be re-
used. Installations can be well concealed in 
the lime split layer. 

70006000

7000

Typical timber construction ele-
ment SAWA Rotterdam. 
The construction uses one story high 
columns connected to the beams. All 
the joints are reinforced with internal 
steel connections.  The columns and 
beams are approximately 600x600 
millimeter. 

Figure 5.23 : Representative construction element SAWA 
(Mei-architecten, 2021) no scale 
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wood) (Architectmagazine, 2012). As men-
tioned, the building does not make use of a 
concrete or steel core to sustain fire safety or 
structural stability. To sustain fire safety and 
stability, the central core of the building has 
been constructed of double CLT panel walls 
with insulation in between (128 - 40 - 117 
mm). In the dwellings, most of the CLT panels 
are covered with gypsum boards to achieve 
the desired fire resistance. 

Another important design detail is the floor 
detail. A thin insulation layer of 25 mm has 
been placed under the concrete screed lay-
er. This simple solution gives the possibili-
ty to recycle the CLT panels in the future if 
needed. In addition, it acoustically detaches 
the screed floor from the CLT layer which im-
proves the acoustic quality of the structure 
(Trada Technology, 2009)

Because all the panels were prefabricated, 
all the CLT panels were craned in position 
within 9 weeks with a crew of 4 people (Tra-
da Technology, 2009). All the CLT panels do 
make use of steel anchoring elements to sus-
tain the stability of the structure and transfer 
the loads in the structural elements. 

Furthermore, because the whole construc-
tion exists of CLT, there is no difference in 
material tolerations. In a hybrid construction 
typology, extra attention should be paid to dif-
ferent material tolerations of steel, concrete 
and wood

Figure 5.27: Section Murray Grove building that 
also shows the rigidity of a monolith CLT struc-
ture (Trada Technology, 2009)

Construction dimensions
Murray Grove makes use of CLT panels with 
a maximum dimension of 14000x2950. These 
dimensions are a result of the manufacturing 
process and transportation limits in the Unit-
ed Kingdom (Trada Technology, 2009). 

Monolith structure
Murray Grove makes use of a monolith struc-
ture which has multiple benefits as men-
tioned. On the other hand, the layout is very 
rigid which makes it less appropriate for fu-
ture change if needed. A good example of a 
rigid structure can be found in the fact that 
house owners have to consult the architec-
tural company and the engineer of the project 
before they are allowed to place an extra door 
or remove a wall (Architectmagazine, 2012). 

The monolith structure gives relatively less 
possibility for an open facade or overhangs 
which therefore constrains the architectural 
freedom. 

MURRAY  

Architect     Waugh Thistleton Architects
Location    London
Function    Residential
Floors      9
M2     -   
Construction type    CLT monolith construction typology
Construction time   2009 (49 weeks construction time) 
Wood m3    900

Murray Grove
Murray Grove is a full CLT residential struc-
ture located in London and is considered 
as one of the first full CLT buildings (Waugh 
Thistleton Architects, 2009). In 2009, it was 
the highest residential timber building in the 
world (Trada Technology, 2009). In total, 29 
apartments divided over 8 stories have been 
realised. The project was a pioneering pro-
ject and intended to show that construction 
in wood could be of high quality and value. 
Because all the CLT panels were prefabricat-
ed, the construction time was only 49 weeks 
which is extremely short for such a build-
ing. As a comparison, it was expected that 
the construction would take 72 weeks if the 
building would have been build in a traditional 
manner (Trada Technology, 2009). Also, the 
building is much lighter than a comparable 
building with traditional building technique. 
The low weight and the short construction pe-
riod contributed to the overall viability of the 
project (Waugh Thisleton Architects, 2009). 

Facade panels circularity
Material circularity was an important subject 
during the design of Murray Grove. The fa-
cade is constructed out of 5000 panels that 
are made of 70% recycled wood (Trada Tech-
nology, 2009).

CLT
In total, 900 cubic meters of CLT, which is 
the equivalent of 800 tons of CO2, has been 
used in Murray Grove. The CLT panels are 
constructed out of spruce timber boards (soft-

Figure 5.26: Photograph Murray Grove 
(TeamV, 2021)

Murray Grove
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Wall construction 
Plaster board (fire safety) 
CLT panel 128 mm 
Insulation 100 mm 
Eternit recycled timber facade panel

Floor construction
Floor finishing 
Screed floor 55 mm 
Insulation  25 mm (Acoustic disconnection)
CLT floor 146 mm 
Installation space 75 mm 
50 mm insulation 
Plasterboard ceiling

Wall construction 
Double plaster board (fire safety) 
Insulation 50 mm (also suitable for 
installations )
CLT wall panel 128 mm  
Insulation 40 mm  
CLT wall panel 117 mm 

Dwelling 

Dwelling 

Liftshaft / stairwell

Figure 5.29: Wall and floor details Murray Grove 
Drawings on basis of reserach by Tara Technol-
ogy (Tara Technology, 2009)

Floorplan
Typical floorplan Murray Grove Lon-
don. The floorplans shows the mon-
olithic CLT structure which is partly 
needed to sustain overall stability in 
the building (Trada Technology, 2009). 
Also, the facade has a closed struc-
ture as a result of the CLT panels. The 
stairwells and liftshafts make use of 
double CLT wall panels to ensure fire 
safety and stability. 

Figure 5.28: Typical floorplan Murray Grove, 
drawings on basis of drawings reserach by Tra-
da Technology (Trada Technology, 2009)
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5.8 - Think Wood. (2021). Model-C [Illustration]. https://www.thinkwood.com/projects/clt-passive-house-demonstration-project
5.9 - Waugh Thistleton Architects. (2018). Dalston Works London [Photograph]. https://waughthistleton.com/dalston-works/
5.10 - Waugh Thistelton Architects. (2009). Murray Grove [Photograph]. https://waughthistleton.com/murray-grove/

HAUT Amsterdam
5.11 - TeamV. (2021). HAUT [Illustration]. https://teamv.nl/projecten/haut/
5.12 - - J.P. Van Eesteren. (2018). Construction Haut [Illustration]. https://www.jpvaneesteren.nl/nl/actueel/houthoogbouw-haut-van-start
5.13 - TeamV. (2021). HAUT [Illustration]. https://teamv.nl/projecten/haut/
5.14 - TeamV. (2021). HAUT [Illustration]. https://teamv.nl/projecten/haut/
5.15 - TeamV. (2021). HAUT [Illustration]. https://teamv.nl/projecten/haut/
5.16 - TeamV. (2021). HAUT [Illustration]. https://teamv.nl/projecten/haut/

SAWA Rotterdam
5.17 - Mei-Architecten. (2020). SAWA Rotterdam [Illustration]. https://mei-arch.eu/projecten-archief/sawa/
5.18 - Mei-Architecten. (2020). SAWA Rotterdam [Illustration]. https://mei-arch.eu/projecten-archief/sawa/
5.19 - Mei-Architecten. (2020). SAWA Rotterdam [Illustration]. https://mei-arch.eu/projecten-archief/sawa/
5.20 - Mei-Architecten. (2020). SAWA Rotterdam [Illustration]. https://mei-arch.eu/projecten-archief/sawa
5.21 - Mei-Architecten. (2020). SAWA Rotterdam [Illustration]. https://mei-arch.eu/projecten-archief/sawa
5.22 - Information not accessible for reader. Information aquired by personal communication mail to author of report for basis documents
5.23 - Information not accessible for reader. Information aquired by personal communication mail to author of report for basis documents
5.24 - Information not accessible for reader. Information aquired by personal communication mail to author of report for basis documents
5.25 - Information not accessible for reader. Information aquired by personal communication mail to author of report for basis documents

Murray Groove
5.26 - Waugh Thistelton Architects. (2009). Murray Grove [Photograph]. https://waughthistleton.com/murray-grove/
5.27 - Architectmagazine. (2012b). Section Murray Grove [Illustration]. https://www.architectmagazine.com/project-gallery/murray-grove
5.28 - Tara Technology. (2009). Floorplan [Illustration]. https://eoinc.weebly.com/uploads/3/0/5/1/3051016/murray_grove_case_study.pdf
5.29 - Tara Technology. (2009). Details [Illustration]. https://eoinc.weebly.com/uploads/3/0/5/1/3051016/murray_grove_case_study.pdf
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profession of an architect and also the goal of 
this research.  

Designed details 
In a highrise building, there are tens, some-
times even hundreds of joints that have to be 
detailed. Designing all these details exceeds 
the goal of this graduation project. Therefore, 
the most relevant joints have been designed. 
These are the floor detail, dwelling separating 
wall and the joint where the beam, column 
and floor coming together. These joints are 
relevant because they occur multiple times 
in the building. In additions to these joints, 
a section of the load-bearing structure has 
been visualized to demonstrate the used grid 
dimensions and to visualize the construction 
typology. 

Constrution dimensions
The applied dimensions are derived on basis 
of casestudies and comparable structures. 
The used dimensions are therefore an plausi-
ble indication of the actual construction. Cal-
culating the exact dimensions of the struc-
tural elements exceeds the profession of an 
architect and also the goal of this research.  

Mass timber structure  

Joints are a very important element of a mass 
timber structure. The main purpose of the 
joints is to sustain the stability and strength 
of the structure through connecting multiple 
construction elements. Forces are combined 
and transferred into each other. In addition 
to strength, fire safety, load-bearing capaci-
ty, acoustics and aesthetics should be taken 
into account when joints are designed. At the 
same time, joints are often the most critical 
parts of construction because forces are 
combined at the joints (van der Lugt, 2020, 
p.113). Therefore, joints should be designed 
well to fulfil all the aforementioned purposes. 

Demountability
Considering the new urgency for circularity, 
dismountability has become a new and im-
portant element of joints. Elements that are 
designed for disassembly, are easier to re-
use after (van der Lugt, 2020, p. 114). Ideally, 
the joints should not make use of wet con-
nections. Besides circularity, prefabrication 
also plays an important role in the demounta-
bility design for mass timber joints. Elements 
can be manufactured in the factory which en-
hances the quality of the products but also 
reduces the construction time on site. 

The prefabrication process is also an aspect 
of mass timber construction. The mass timber 

elements are not water-resistant and should 
therefore be not be exposed to the outside 
weather for to long. If elements are treated 
with a protective layer,  they could be used in 
an outside environment. 

Additional steel connections
Additional steel connections are often applied 
in mass timber joints to connect the individual 
timber elements. The steel connection ele-
ments are stronger than wood, easy to apply 
and simple to remove. They also transfer the 
loads from one timber element to the other 
timber element which eventually creates a 
stable whole.  

Development and innovation
For every joint, multiple solutions are possi-
ble. There is no one perfect solution that suits 
all constructions. ‘’Self-explanatory, generally 
applicable, standardised structures are still 
the exception rather than the rule in timber 
construction’’ (Kaufman et al, 2018, p.160). 
Besides that, the use of mass timber prod-
ucts for highrise buildings is relatively new 
which constantly creates new solutions and 
innovations for mass timber joints (Swedish 
Wood, 2019, p.72). 

Grain direction of wood
As mentioned in chapter 3, multiple mass tim-

ber products exist that can be used for multi-
ple applications. It is important to understand 
how loads are transferred in a structural 
member to apply the right mass timber prod-
ucts. Wood is the strongest when forces are 
applied parallel to the grain. Wood is about 
10% as strong when forces are applied per-
pendicular to the grain (Van der Lugt, 2020, 
p.71). Because of this, columns and beams 
are often constructed of Glulam or LVL to bal-
last the elements as much as possible paral-
lel to the grain. Floor components are often 
constructed of CLT because floors are blast-
ed in multiple directions and act as a planer 
object. The cross-laminated boards, there-
fore, create multiple grain directions which 
makes the planar object stronger and ideal 
for floor applications. 

Constrution dimensions
The applied dimensions are derived on basis 
of case studies and comparable structures. 
The used dimensions are therefore a plau-
sible indication of the actual construction. In 
addition to this, the ‘CLT guide for architects 
and engineers’ by INBO architects (INBO ar-
chitects, 2021)  has been taken into account. 
This manual provides several rules of thumb 
for architects when designing with mass tim-
ber products. Calculating the exact dimen-
sions of the structural elements exceeds the 
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Mass timber load bearing construction
Scale no scale

1     CLT floor element 
2     Glulam column
3     Steel connection pins
4     Steel connection element 
5     Glulam beam 500x400 
6     Glulam column
7     Steel connection element
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    CLT floor element
7     CLT beam
8     Timber window frame
9     Hardtimber window frame 
10   Sprinkler system integrated within CLT 
       floor element considering aesthetics

1

2

4

6
6

5

7

3

7

9

5

10

Section
Scale 1:25

    Gallery flooring
    Water resistant foil
    Insulation EPS
    CLT floor element 
4     Dwelling facade 
    Timber finish 
    Battons
    Water resistant foil
    OSB-3 18 mm
    Insulation 89 mm
    OSB-3 18 mm 

1     Facade sloped
    Timber finish
    Battons
    Water resistant foil
    OSB-3 18 mm
    Timber frame 
    OSB-3 18 mm 
    Water resistant foil
    Timber finish 
2     Steel facade support
3     Floor 

    Inuslation 171 mm
    OSB-3 18 mm
    50 mm insulation (installation)
    OSB -3 18 mm
    Gypsum 12,5 mm
5     Glulam column
6     Floor construction
    Wood floor finishing 
    screet layer 70 mm
    Insulation 40 mm  
    lime gravle layer 
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1

Dwelling A

Dwelling B

3

4

5

2
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1

4

5
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Dwelling seperation detail 
Scale 1:20

1     Glulam column 600x600
2     Dwelling seperation wall
    Gypsum 12,5 mm
    OSB-3 18 mm
    Timber frame 89x38 with insulation
    Air cavity 50 mm
    Timber frame 89x38 with insulation
    OSB-3 18 mm
    Gypsum 12,5 mm
3     Dwelling seperation floor
    Timber floor finishing 
    Screet floor 70 mm
    Insulation layer 40 mm 
    Lime gravel layer 100 mm
    CLT floor 250 mm  
4     Glulam Beam 400x500
5     Glulam Beam section 400x500
6     Steel connection pins 
7     Acoustic disconnection
8     Plinth
9     Floor heating and cooling system
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Functional 
core

Light x depth

Light x height

Monolith or skeleton

Spatial connection

5M
5M

5M
5M

x

2x

Dwelling orientation

Figure 6.1: Important consideration in housing 
design illustrated with diagrams

Housing typologies  
‘Housing design, a manual’

The added volume mainly consist of hous-
ing. Therefore, it is important to understand 
the basics of housing design. Because of 
this, research has been done in the form of a 
bookcase study: ‘Housing design, a manual’ 
(Leupen & Mooij, 2011).

Living means being in a house. It is not what 
the architect designs. The architect job is to 
design a space where people can live. It is a 
protective space that should provide all the 
needs for someone or multiple people to live 
(Leupen & Mooij, 2011). The basic elements 
that are present in a dwelling are constantly 
under development and depend on multiple 
aspects such as family configuration and cul-
ture (Leupen & Mooij, 2011). That the func-
tional needs of a dwelling are constantly un-
der development has also been underlined 
by the covid-19 pandemic. New times and 
situations create new insights and functional 
needs. People started working at home and 
the need for private working space in the 
house became very urgent and probably will 
become a part of the dwelling. 

On the right page, the most important atten-
tion points of dwelling design have been il-
lustrated through diagrams. All the diagrams 
represent a certain consideration when a 
house is designed. The illustrations explain 

the consequences of design choices in hous-
ing. All the illustrations are based on the case 
study ‘housing design, a manual’ (Leupen & 
Mooij, 2011). Important aspects are light ac-
cess, spatial connection and dwelling orien-
tation. 

Design excercise
As a result of the bookcase study, a research 
by design exercise has been performed. A 
standard dwelling for the re-design of the 
bunker with 2 sided orientation has been 
designed. The 2 sided orientation is used to 
connect the dwelling to the collective centre 
of the building and to have a private facade. 

Circulation space
The initial idea of the housing design exercise 
was to minimize the circulation space to ben-
efit the available living space. This has been 
done through the use of 2 story high dwell-
ings with a main entrance on the ground floor. 
With this principle, circulation space only has 
to be created every 2 building layers.Inspira-
tion for this idea came from the Unite d’ha-
bition, designed by le Corbusier (Leupen & 
Mooij, p.120). The circulation space would be 
placed on the side of the collective space to 
create a connection with the collective centre 
when residents are transferring through the 
building. 

Skeleton structure 
A skeleton structure gives the possibility to 
create different dwelling variation. The inten-
tion of this research by design exercise was 
to create modular spaces,‘blocks’,  within the 
skeleton 6.25x6.25 grid. These blocks can be 
joined and connected to the desired dwelling 
size. Besides that, dwelling variation creates 
diversity in users which enhances the collec-
tivity. Young, old and family mixed is an im-
portant aspect of the collectivity. 

Final design
In the final design, the dwelling typology from 
the design exercise has not been used be-
cause it was considered too rigid and repet-
itive. Also, the long circulation hallways are 
not inviting as collective spaces where peo-
ple would have a drink together. The intended 
circulation space savings can also be ques-
tioned. Because the dwellings are mostly 2 
stories high, every dwelling needs an interior 
stair which also costs space.  Besides that, 
people always have to walk in front of other 
people’s dwellings which is a disadvantage 
for privacy. Overall, it helped developing in-
sight into the important aspects of housing 
design and therefore was a useful design ex-
ercise.
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Figure 6.3: 3D section of basic housing typology
(blue indicates the collective)  
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Figure 6.2 : Possible housing floorplan 
groundfloor - right / first floor - left 
no scale
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Figure 6.5: Facade and variation in dewllings   Figure 6.4: 3D illustration of multiple dwellings 



175 176

Final design
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Collective
 building

Housing

Offices

Library

Students

Elderly

Family

Starters

Companies

Startup space

Flex spaces

Private 

Work 

Food and drink

Conference 

Restaurant

To-go

Restaurant 2

Laundry 

Leisure

Greenspace SportConcept and design explanation
Continuation of a brutalist monument

The design continues the existing structure 
designed by Hugh Maaskant in 1969. Brutal-
ism is continued in such a way that natural 
qualities of material and construction tech-
nique is exploited. An example of this is the 
library which makes use of less wood, light-
er colours and less surface roughness com-
pared to the restaurant and the dwellings. 

The importance of collectivity has been con-
tinued in the redesign. The central courtyard 
that is visually connected to every dwelling, 
represents the importance of collectivity. The 
origional 2 story high collective spaces have 
been maintained and are transformed in a li-
brary and a restaurant. In addition, multiple 
collective spaces have been designed to  
emphazise collectivity. Examples of this are 
shared living rooms and communal laundry 
rooms. Collective laundry rooms enhance in-
teraction between residents and contributes 
to material circularity. Private ownership is 
not needed. This reduces the initial materi-
al and spatial needs. This principle relates to 
the efficieny that Maaskant tried to create in 
the original design.  Combining mulitple func-
tions in one building would result in efficent 
and economic use of building services.

Horizontality is emphasized through horizon-
tal cladding with untreated wood. Untreated 

wood texture represents the negative of the 
construction method of the existing structure. 
In addition, the wood will become grey in 
time due to the photooxidation of wood (Kau-
fmann et al, 2018). The grey wood and grey 
concrete texture will merge like a monolith-
ic whole. The interior facades are clad with 
thermally modified wood to sustain the col-
our. this is contrasting with the exterior and 
emphasises the importance of the collective 
central courtyard.  

The form continues the existing sculpture. 
The sloped walls ,which are characteristic for 
the bunker, guide the new form. Due to  the 
sloping walls, the form has a natural maxi-
mum height. 

In the centre of the building, a green carpet 
connects the residential area in the north with 
the Bunker and the city of Eindhoven. The 
green carpet is a walkway from the residen-
tial area through the building to the city. 

The origional floorplans of the bunker have 
been transformed into collective spaces 
which households the, library, restaurant, 
canteen, flex offices and work places, sport-
ing facilities and conference rooms. 

Most of the collective spaces are publicly ac-

cessible and can be rented. Combined with 
the rent of the restaurant and the gym, in-
come can be generated.

To increase collectivity, variation in dwelling 
typology has been designed. Families, start-
es, elderly and students should all have the 
opportunity to find appropriate living space. 
Due to the difference in demand and the 
historical function of the Bunker, most of the 
dwellings will be for starters and students. 

Combination of private, collective and public 
functions is a key element for the overall con-
cept. Functions have to complement each 
other. 
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The Bunker - Eindhoven
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Item East facade
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The Bunker - Eindhoven
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The Bunker - Eindhoven
Scale 1:500
Item 00 Ground floor

Function     Size m2   Function

1  entrance     -   collective / public / rentable
2 restaurant     360   public 
3 restaurant kitchen   50   private
4 gym      400   collective / public
5 sauna      90   collective / public
6 central entrance hall / lobby  150   public  
7 office space     85   collective / public / rentable
8 library     290   collective / public
9  entrance     -   public
10 bycicle storage residents / users  -   collective
11 central stairwell and liftshaft  -   collective / public
12 water      -   -
13 central stairwell and liftshaft   -   collective / public
14 patio connected to roof terrace  110   collective / public
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The Bunker - Eindhoven
Scale 1:500
Item 01 First floor

Function     Size m2   Function

1  restaurant / bar / terrace  240   collective / public
2 meeting / lecture room   140   collective / public / rentable
3 conferance space   140   collective / public / rentable
4 vide       110   -
5 flex spaces     70   collective / public / rentable
6 central hall    150   public  
7 library     238   collective / public 
8 public canteen    85   collective / public
9  storage spaces    200   private 
10 central stairwell and liftshaf  -   collective / public
11 typical studio    60   private
12 laundry space    40   collective
13 central stairwell and liftshaft  -   collective / public
14 collective living room   150   collective / rentable
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The Bunker - Eindhoven
Scale 1:500
Item 02 Second floor

Function     Size m2   Function

1  typical dwelling family   170   private
2 roof terrace     600   collective / public 
3 central stairwell and liftshaft  -   collective / public
4 collective laundry space   30   collective 
5 typical dwelling  variation  150   private
6 central entrance hall / lobby  -   collective / public 
7 typical dwelling  couple    85   private
8 central stairwell and liftshaft  -   collective / public
9  typical dwelling family    180   private

8

7

N

0 1 2 5 10 15
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As mentioned, the skeleton structure gives 
the possibility to create freedom in the layout 
during the design but also for future change. 
In the image at the right, 3 dwellings that are 
variying in size have been emphasised. 

In addtion, the collective laundry space has 
ben highlighted. This is an important space

Family dwelling   m2
Couple    m2
Student / starter   m2 
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The Bunker - Eindhoven

Scale No scale

Item 3D view roof terrace
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The Bunker - Eindhoven

Scale No scale

Item Circulation diagrams

The Bunker - Eindhoven

Scale No scale

Item Circulation diagrams
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ent for a student at that time (Colenbrander 
& Homrink, 2012). Collectivity was the main 
theme of the Student Service Building design, 
this is emphasized by the 2 story high collec-
tive spaces which are connected to the main 
entrances. The 2 story high collective spaces 
are decorated with characteristic fire places, 
red steel accents and split level floors .

The Student Service Building has been nick-
named the Bunker due to its monolithic, 
brutalist and concrete appearance with few 
windows. The Brutalist approach embraces 
the inherent quality of material and focuses 
on the articulation of construction methods 
(Jones et al, 2014) (Phaidon editors, 2018). 
The sloped facades and the texture of the 
concrete show the plasticity of in-situ con-
crete and are characteristic of Brutalism. 

The redesign continues the existing palimp-
sest as the title of the research already sug-
gests. The Brutalist approach has been re-
used as an approach for the use of wood. In 
that way, wood is utilized in such a manner 
that the intrinsic and extrinsic properties of 
wood are exploited. The library makes use 
of less wood, lighter colours and less rough-
ness compared to the restaurant and the 
dwellings. This creates an athmosphere that 
relates to the function of the space. 

Collectivity has been an important theme in 
the design. This resulted in a collective cen-
tral courtyard that is visually connected to 

every dwelling. Multiple collective spaces 
have been designed to continue the collectiv-
ity. Examples of this are shared living rooms 
and communal laundry rooms.  

The existing horizontality of the bunker has 
been emphasized by horizontal cladding with 
untreated wood. The untreated wood is the 
negative of the construction method of the 
existing and will become grey due to the pho-
tooxidation of wood in time (Kaufmann et al, 
2018). The grey wood and grey concrete tex-
ture will merge like a monolithic whole. The 
interior facades are clad with thermally mod-
ified wood to sustain the colour of the wood. 
This creates a contrast with the exterior and 
emphasises the importance of the collec-
tive central courtyard. It creates a warmer 
athmosphere. 

The load-bearing construction continues the 
existing 6.25x6.25 meter grid and is con-
structed of 1 story high glulam columns and 
beams with CLT floor panels. The wooden 
joints are reinforeced with steel components 
to transfer the loads in the wooden elements 
and to connect the wooden elements. 

To ensure the fire safety and stability of the 
structure, the three central cores are con-
structed of concrete. 

 

Circularity can be reffered to as material and 
immaterial. Material circularity relates to ma-
terial depletion, re-use of material, re-grow-
ing of material and CO2  emissons. Immate-
rial circularity relates to the continuation of 
elements such as architectural grammar, 
function, typology, experience and style. 

Both material and immaterial circularity are 
important architecture. The main focus of this 
research considers the pragmatic and materi-
al circularity. Considering material circularity, 
circularity is considered as the use of mate-
rials in such a way that they are regenerated 
within their life span as a construction mate-
rial and emit as little CO2 as possible. As a 
second condition, the extraction and use of 
materials should not release waste into the 
environment above the compatible assimi-
lation capacity of the respective ecosystem. 
(Heusemann & Heusemann, 2010) (Rovers, 
2018). Most of the bio-based materials, espe-
cially wood, meet these conditions and there-
fore are circular materials. 

Every material can be defined through a set 
of intrinsic and extrinsic properties. This set 
of properties is unique for every material 
(Fernandez, 2006). To determine the effect 
of material on architecture with intrinsic and 

extrinsic properties, architecture should be 
made comparable through systemic analysis 
(Leupen & Mooij, 2011). Therefore, intrinsic 
properties are referred to as structure and 
extrinsic properties are referred to as rep-
resentation. 

The reserach concluded that representation 
of material is dominated by the visual aspects 
in which colour is the most relevant property. 
The natural colour of most wood species lays 
in the red and yellow spectrum which makes 
wood a relatively warm material (Wastiels et 
al., 2012). The more yellow and red the wood 
is, the more it contributes to the warmth per-
ception. In addition, the surface roughness of 
wood is relatively rough which contributes to 
the warmth perception of wood. The rough-
er the surface, the more it contributes to the 
warmth perception. In addition, the warmth 
perception of wood is also defined by tactile 
warmth. The tactile warmth of wood is rela-
tively high because the thermal diffusivity and 
density of wood are low compared to conven-
tional materials such as steel and concrete 
(Fernandez, 2005). The lower the thermal dif-
fusivity and how lower the density, the warm-
er the material is perceived. 

Wood as a construction material has multiple 
advantages. It is light, abosrbs CO2, relatively 
strong compared to its weight, has a low ther-
mal diffusivity and has positive impacts on 
well-being (Fernandez, 2005) (van der Lugt, 
2020) (RVO, 2020) (Grinde & Patil, 2009) 

(Fell, 2010). Wood as a material found in na-
ture is not a viable substitute for load-bearing 
structures. Improvement in wood products 
have resulted in engineered wood products 
such as CLT, Glulam and LVL. These prod-
ucts eliminate disadvantages of wood such 
as inhomogeneity, shrink and swell, dimen-
sional limitations and they increase the are-
as of application (van der Lugt, 2020). CLT 
for example can be used to create planar 
elements and Glulam beams can be used 
to create spans up to 80 meters if needed 
(Derix,2019) (Kaufmann et al, 2018). Due to 
these innovations, engineered wood prod-
ucts have become a viable substitute for tra-
ditional materials such as steel en concrete. 
Advantage of wood can be found in the CO2 
absorption compared to concrete and steel 
which are CO2 emitting and material deplet-
ing. Wood absorbs approximately 0.9 tons of 
CO2 per cubic meter (Van Dam, 2019) and 
can regrow within 60 to 70 years depending 
on the wood species. (Van der Lugt, 2020) 
(Kaufmann et al, 2018)
 
The Student Service Building has been con-
structed in 1969 and designed by the Dutch 
Architect Hugh Maaskant. The Student Ser-
vice Building has been intended to connect 
the Technical University of Eindhoven with 
the city centre (Colenbrander & Hombrink, 
2012). The University was in the periphery 
of Eindhoven in 1969. The Student Service 
Building had a recreational function and con-
tained all the functions that were not pres-

Conclusion
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the graduation project contributed to the end 
product. But not everything I’ve done may be 
immediately visible in the result. In the future, 
I have to try to keep reminding myself of the 
importance of researching during the design 
process. This also includes taking enough 
time to do research.  

Considering my final design, I’m okay with 
the result. The design is a continuation of 
the Bunker and shows an alternative for the 
100-meter high monolith that has been de-
signed by Powerhouse company. The rede-
sign refers to both material and immaterial 
ciruclarity with a main focus on material circu-
larity.  Both are relevant in the realm of circu-
larity and particularly important considering 
this gradutaion studio. In my opinion, archi-
tects should aways be familiar with material 
and immaterial circularity. 

Due to the research into the representation 
and structural aspects of wood, I have ac-
quired insight into what effect wood use has 
on architecture. During the wood research, 
I came to understand that wood creates a 
warmer atmosphere, mainly dominated by 
color and texture. This is created through the 
extrinsic properties. Considering structure I 
learned that wood is a very good and viable 
substitute for concrete and steel due to the in-
trinsic properties. But only using wood is not 
creating circularity, the choice of construction 
typology for example also contributes to the 
circularity of the building in the future. 

My reserach about wood is valuable for me in 
the future because I can contribute to the cir-
cularity debate in projects with a well-found-
ed opinion. 

Looking at the result, I still have elements 
that I would have liked to further specify and 
design. I would have like to research the pos-
sibility to create the central cores of timber 
instead of concrete. Considering the building 
size, it is impossible to design the whole build-
ing within the availabe 35 weeks. For me, the 
most important is that the main design choic-
es are made and well substantiated consider-
ing material and immateral circularity. This in-
cludes how material is treated, what the final 
shape is, the circulation, how the architectur-
al grammar of the existing is continued, and 
that the basic drawings have been designed. 
The design choices would also be guiding for 
further development of the design. 

Points of personal improvement 
At the start of the individual reserach, I quick-
ly started with designing instead of formulat-
ing a clear research goal and question. This 
is not the right order and is something that I 
can do better in future researches. 

Often, I tend to explain my design with too 
many words. I should try to be more concise 
about what I want to tell and try to explain this 
through drawings instead of words. 

I have difficulties with finding the right colour 

pallets and drawing styles to represent draw-
ings. Learning about colours and representa-
tion could help me create more professional 
and visually appealing drawings. 

A word about coved-19
The year definitely did not go as anyone 
could have imagned. Due to covid-19, almost 
the whole academic year was online. For 
me, it resulted in the feeling that the overall 
quality was lower than it could have been in 
a normal situation. This is not something that 
should be blamed on the teachers or the stu-
dents. Because everything was online, it was 
more difficult to aks question, it was impos-
sible to make drawings together or discuss 
drawings with a pen which we would nor-
mally do. We as students did not have the 
opportunity to work together which was a big 
loss. Studying together creates a constant in-
formal reflection of your work which creates 
new ideas and perspecitves but also motives. 
The diaglogue with other people was miss-
ing. Also, the workshop was closed for most 
of the year which made it almost impossible 
to make models. In addition, working a year 
long almost alone, does not always work very 
motivating. Overall, it was very unfortunate 
that I had to graduate during the covid-19 
pandamic but it is what it is and it also creat-
ed innovative new ideas. I learned a lot about 
3D printing and the application of 3D printing 
in architecture because I bought a 3D printer  
to enable myself to make models at home. 

Group research
During the first 12 weeks of my graduation 
studio, I worked in group 2 researching  the 
existing circularity concepts and practices. 
The group research resulted in a glossary 
that discussed advantages and disadvantag-
es of multiple circularity concepts and prac-
tices. In addition, relevant case studies were  
added in which concepts and propositions 
have been discussed. I have experienced the 
group research as an useful to get more fa-
miliar with circularity. I have learned that most 
concepts and propositions considering circu-
larity relate to pragmatic and materialistic cir-
cularity. In this, the relation to the architectur-
al debate is often not discussed. How does 
this influence architecture? This lesson has 
formed the basis for my individual research 
question. On the other hand, I think it was 
a pity that the whole graduation studio has 
been divided into three groups without having 
a choice or preference in this. 

Individual research
In the other 33 week I have carried out an in-
dividual research. I got a lot of freedom in de-
sign a research question which was very nice 
because I could choose something that I was 
interested in. On the other hand, this freedom 
gave me difficulties in defining a research 
question that touched upon both circularity 

and the architectural debate. The difficulties 
that I had with defining a concise and precise 
research question translated into a retake for 
the preliminary colloquium. At that moment, I 
was disappointed but it motivated me to con-
tinue working on a good research question. 
Formulating a research question with this 
much freedom learned me to be very specific 
about what I want to research and to question 
the relevance of what I am going to research. 

During the individual research, the theoretical 
element of architecture has been emphasised 
in my opinion. I should be able to explain why 
I am making a design choice. I have learned 
that good theoretical knowledge helps me 
being confident about my reasoning and 
making  well-founded design decisions. Dur-
ing this process in which architectural theory 
have been emphasised, I have become more 
interested in architectural theory.  It helps me 
understand why architecture is like it is. With 
this knowledge, I can give a sensible archi-
tectural answer. Research into architectural 
theory, history and trying to understand why 
the existing palimpsest is like it  is has very 
much been stimulated by Bernard Colen-
brander during the research studio. Because 
of this emphasis on architectural theory, I be-
came more interested in architectural theory 
and  started reading more architectural theo-
ry, also in my spare time. 

Before I came to the University of Eindhoven, 
I completed a bachelor at Saxion university 

of applied sciences in Enschede in build-
ing technology. This resulted in me being 
somewhat pragmatic. I am often quick with 
thinking about solutions and trying to find the 
‘best’ possible answer as fast as possible. 
During my master, I have learned that this is 
most of the times, not the right manner. Es-
pecially architecture should be performed in 
a researching manner, and that takes time. 
Trying to make design choices from differ-
ent perspectives and viewpoints. During my 
graduation project, I had 33 weeks instead of 
10 weeks (duration of a normal master pro-
ject) for the design process which enabled 
me to do more research and do more design 
exercises before making a design choice. 
Making all sorts of models, drawings and 
volumes to understand what the impact of a 
design choice is. I learned how important it 
is to critically assess design choices and to 
take enough time to make design decisions. 
This very much includes a good theoretical 
substantiation. I learned that only then, in my 
opinion, a design choice can be justified. It is 
not the question if it is good or not, if should 
be well reasoned which makes it understand-
able and logical. During this process, it some-
times felt like doing something useless and 
that I was not making enough progress. An 
example of this was making multiple forms 
for my design that were very unrealistic but 
helped to open my view to other possibilities. 
As Barbara once told me once in the feed-
back sessions ‘everything you do is good for 
something’. All the things I have done during 

Reflection
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