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Before you lies the master thesis “Coastal Community”. 
It has been written to fulfill the graduation 
requirements of the Architecture Building and 
Planning Master’s program at Eindhoven University of 
Technology (TU/e). I was involved in researching and 
writing this thesis from February 2020 to April 2021, in 
the Big House Graduation Studio 2020-2021.

I am particularly grateful to my supervising professor, 
Juliette Bekkering, for her guidance and the opportunity 
to be part of this graduation studio. A word of gratitude 
is in place for the useful and insightful ideas during 
our weekly supervising meetings. Her knowledge and 
experience in the field was something I definitely have 
benefited from in this project.

I would like to thank Cristina Nan as well, for her weekly 
supervision and 1-on-1 interventions. Your critical view 
on the project and my work, combined with an eye for 
detail, brought up many ideas during our meetings. 
You helped me a lot for structuring the research 
objective in the time that I was having difficulties in 
finding the right purpose of my project. This finally 
took out successfully, with this thesis that now lies 
before you as the end result. 

I am much obliged to Jan Schevers for the personal eye 
and attention that you had for me, besides the subject-
oriented support you provided me. Thank you for the 
multiple moments we ended up having conversations 
to help me find the right direction for my project. 
Also, the personal suggestions and ideas with respect 

to making rendered images turned out brilliant, which 
are now a valuable asset to the presentation of this 
whole project. 

To all the members of the Big House group, thank 
you for your parts in the joint research and useful 
dialogues. Special thanks to Zeeshan Ahmed who 
helped us during the digital manufacturing part of 
the project, which ended up to be a small part of 
this booklet as well. Moreover, I took advantage of 
discussing issues and telling about my project to 
friends, roommates and family. Thank you all for your 
support and interest.

I hope you enjoy the reading of this booklet;
Eva Boon

P R E F A C E



The perception of the Big House has changed over 
the years and will continue to change in the future. 
The households layout have also changed over the 
years and achieving luxury in the form of a private 
house does not necessarily mean a large villa with 
private garden anymore. Although this type will live 
on, luxury today means much more the expression 
of individual ambitions, uniqueness and craft, and 
because of that, new types of the private house 
enter the field. The above mentioned changes allow 
architecture for a new view on residence design. 

In residence design, mental health and psychology 
is starting to play a more dominant role. In a Dutch 
survey two of the three most mentioned motivations 
for choosing a new residential environment were 
“Peace and quiet” and “social contact”. So, the 
location of the project was chosen to be associated 
with a natural, relaxing environment. Decreasing 
the chance of people being socially isolated can 
be done by designing a community in a smart way, 
decreasing the potential risks for mental illness.

The project ‘Coastal Community’ focuses on 
creating a Big House and community in a coastal 
area. Visiting coastal areas for recreation can 
have positive physical and mental health benefits. 
Furthermore, more and more evidence is found 
that the presence of natural environments near 
residences has positive health effects. Research 
confirms that for urban adults, living very close to 
the coast, in comparison to >50 km, was associated 

with better mental health too. Also, living close 
to the coasts increases opportunities for physical 
activities. 

The Dutch village of Katwijk aan Zee is chosen to 
be the location of the present project; a popular 
seaside town for tourism with a dune landscape and 
rich in history. This location hosts cool summers 
and moderate winters. Weather conditions such as 
the available hours of sunshine, the temperature 
and wind speed are of influence on the perception 
of this location. For these weather conditions, the 
right design structure and material choices should 
be made, which has been further elaborated. 

The architectural structure has been based 
upon the VitraHaus due to strategy of stacking 
‘simple’ geometric shapes in such a way that the 
architecture jumps out. Also, Villa M makes use of 
these simple shaping and combines this with the use 
a glass facade on the long side. Such characteristics 
have been an inspiration for the early steps in the 
design strategy of the structure, including the 
use of geometric shapes, the use of transparent 
facades to facilitate the entry of natural light and 
the strategy of stacking hereof. This structure 
is built on a pier, allowing an unique location and 
experience. 

S U M M A R Y
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The purpose of the graduation studio that this 
graduation project is part of, is to dive deeper into 
the theme of living and how the big house has taken 
shape throughout history. This booklet consists of 
three parts, of which the first two are collaborative 
studies that have been conducted by members of 
The Big House Graduation Studio. The third part is an 
individual study conducted in response to the results 
of the group research.

In Part I of this booklet, the research titled “Future of 
the Big House,” focuses on, among other things, the 
relationship with the client, new typologies for the 
house as a result of social and societal changes, and 
changing forms of living. Part II focuses on the big house 
as a test case for new materials, involving concrete 3D 
printing techniques and other technologies, primarily 
focusing on digital manufacturing. This part consists 
of two studies, “Digital Manufacturing” and “CLIP”, 
the latter of which is a more detailed section on a 
particular technique from the first study.

Finally, relevant themes were selected from both 
previous parts for serving as a foundation for the 
individual research, which is conducted in Part III. To 
conclude this part, the research has been translated 
into an architectural design. 

I N T R O D U C T I O N



P A R T  I  V I L L A  R E S E A R C H
THE FUTURE OF THE BIG HOUSE



Part I contains parts of the research on Villas made by the ‘Big 
House 2’ group at the beginning of graduation.
  
Eva Boon - 1253794
Lars Breukelaar - 0963536
Roy van der Heijden - 1250167 
Michiel Peeters - 0959898
Annine Rozema - 0907866
Jorn van Wegen - 0914388
Jorik van Zeijl - 0897314

Jorn van Wegen and I are responsible for the chapter ‘Use & Space’ 
I am responsible for the ‘case study analysis’ of Villa Tugendhat and 
wrote the conclusion
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This research will explore the Big House as an 
architectural type, on how it is being used to reflect 
our needs and individualistic desires, which are 
getting more specific and more intimate still . These 
desires vary greatly among the individuals that want 
to express themselves by showing  off their lifestyle, 
or by hiding themselves completely from the hustle 
and bustle of daily life. The Big House is in essence a 
tailored suit to each individual client, that showcases 
the top of the market resources. It is therefore that 
the Big House holds a unique position within the realm 
of architecture. Among the architecture community 
it is seen as a place where the most intrinsic 
architectural language of a designer is inevitably 
interwoven in its expression. Whereas outside the 
architecture community, a Big House is esteemed as 
the most tangible but also the most elusive concept 
within architecture, one that has been speaking to the 
imagination of all since its very conception.
The Big House for the purpose of this research will 
be defined as an architect-designed private house, 
with various constraints that narrow down the scope 
of this research. Firstly, the Big House is obviously by 
definition designed by an architect. On top of that, it 
needs to possess some kind of grandeur, in terms of it 
being held in a higher regard within the architectural 
community. The ‘big’ in Big House does not necessarily 
refer to its size, but rather to the idea of living large 
in terms of for example exclusivity, location-wise. 
However, the concept of tiny living is excluded from 
this research, as the Big House will be defined as at 
least a medium sized private house. The clients for 

these Big Houses are mostly middle and upper class, 
although we will see that a Big House does not have to 
be expensive. The users that occupy and build these 
Big Houses are very diverse, as family compositions 
are changing and new ways of living are emerging. 
We will see within this research that the Big House 
does not exclusively position itself within the category 
of the private house, as is illustrated in figure 1.1, since 
the concept of the private house is changing and losing 
its original meaning. Throughout this research, the 
concept of the private house or the architect-designed 
private house might be used to talk about trends that 
are being observed within those typologies, which 
thus also might influence Big House design. 

RESEARCH
INTRODUCTION

Scope of the researchFig. 1.1:
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The research is done by initially conducting a literary 
study on the topic of the private house. From this, a 
general history of the private houses of the upper 
classes is being explored as a first chapter. In the 
following chapters trends in private house design 
are being explored within the context of various 
architectural themes, after which analyses of various 
case studies of Big Houses are being applied to these 
trends to draw some general conclusions regarding 
developments in Big House design within the context 
of these themes. Those themes are: Location & 
Residence, User & Client and Space & Use. The reason 
that these particular topics have been chosen is due to 
their relevance when discussing architectural design. 
One cannot talk about a project without bringing up 
how that particular project relates to its location. 
Especially now, when the local identity of a building 
is becoming more important as a reaction to the 
international style. The same goes for the user and 
the client of a Big House. In a Big House, more so than 
in other private houses, the relation between the 
architect and the client are of incredible importance 
due to the fact that it is the architects’ job to translate 
the wishes and desires of the client into a house, and 
for the users of a Big House, these wishes and desires 
are more specific still. Nowadays the concept of 
space is becoming more and more important when 
discussing architecture. In fact, the term architecture 
is often defined as a combination of space and form. 
Making them thus indispensable when discussing 
architecture. 

The final chapter then will discuss these developments 
without the context of their theme, but rather in their 
totality, to be able to look at how the Big House as 
a whole might develop and what its future position 
might be within a societal and  architectural context.

Introduction diagramFig. 1.2:
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As a way to support the more theoretical   part of the 
research, various case studies have been analysed 
according to the themes that are being addressed in 
this booklet. Out of the five case studies that have been 
analysed, three are contemporary and two stem from 
the Modernist era. This distinction was made to be 
able to compare how these contemporary Big Houses 
are holding up against their Modernist predecessors, 
and to be able to see to what extent various trends 
are completely new, or might have existed for a longer 
time. To narrow down the scope of the possible case 
studies to support this research, the criteria was for 
the case studies to have a certain value within the 
architectural community. For each and every one of 
these case studies the architects envisioned large 
ambitions, which were all met or even surpassed. The 
choosing of the final five case studies was based on 
them having achieved a valuable contribution within 
multiple of the four themes that this research is based 
on, which are mentioned above. 
The first case study of the series is the Ennis House, 
designed by Frank Lloyd Wright in 1923 (figure 1.3a). The 
building is located in Los Angeles and was designed for 
the Ennis family  and staff. With its 930 square meters, 
the Ennis house is the largest case study featured in 
this series. Ennis house showcases the importance of 
the relationship between the architect and the client. 
Throughout the project, the client and Wright had a 
lot of disagreements, which would reach its climax 
and result in the break between the client and  Wright 
when the structural wall system that Wright designed 
started to fail. The client finished the construction 

themselves and made various changes to the original 
design. Yet, the Ennis house would turn out to be one 
of Wright’s most well-known projects. 
The next case study is Casa Poli (figure 1.3b). It was 
designed by Pezo Von Ellrichshausen Architects in 
2005 and it is located on the Chilean Coliumo peninsula 
near the city of Concepción. The house is relatively 
modest in floor area with a mere 180 square meters. 
However, a large amount of space is ‘sacrificed’ for 
the benefit of the experience of the interior spaces. 
The goal was to attain a strong interconnectedness 
between the various spaces, which results in some 
spaces being almost seven meters in height. Its 
ambitions were large, not just in a spatial context, 
but in terms of location and its use as well. The house 
is set on a beautiful cliff with breath-taking views in 
all directions. Casa Poli is in essence a holiday home 
for the architects themselves, but somehow they 
were able to make the house work as an asset to the 
community as well during the off-season. 
The third case study that is featured in this series is 
the Maison Bordeaux, designed by Rem Koolhaas in 
1998 (figure 1.3c). It is set on a hill on the outskirts of 
Bordeaux, France. The ambitions that were envisioned 
for Maison Bordeaux were huge in terms of its user 
and its use. The 500 square metre home is entirely 
tailored to its user, who has a mobility impairment. 
Yet, contrary to what one would expect, the house is 
not completely flush and laid out on the ground level, 
but rather it comprises of three floors. Each floor is 
accessible for the user, and each floor showcases a 
certain complexity and spatial experience that one 

Fig. 1.3: A: Ennis House Isometric and Façade  - studied by Annine Rozema
B: Casa Poli Isometric and Façade - studied by Jorn van Wegen
C: Maison à Bordeaux Isometric and Façade - studied by Michiel Peeters

A

B

C

CASE STUDIES
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Fig. 1.4: A: Villa Tugendhat Isometric and Façade - studied by Eva Boon
B: Möbius House Isometric and Façade - studied by Roy van der Heijden

would not expect. 
The fourth case study is one of the great examples of 
Modernist architecture. Villa Tugendhat was designed 
by Mies van der Rohe and it was completed in 1930 in 
the Czech city of Brno (figure 1.4a). With its 900 square 
meters, it is the second largest case study in this 
series. Mies van der Rohe had great ambitions in terms 
of innovating the space and materiality of this house. 
Tugendhat is a great example of early functionalist 
architecture. Thanks to the innovative application of 
reinforced concrete and an iron structure, the interior 
could be free of loadbearing interior walls, which 
resulted in one of the earlier open plans. This also 
meant that the exterior façade of the main floor could 
be entirely glazed, which was a very advanced feature 
at the time. 
The final case study that was analysed in this series 
is once more a beautiful example of contemporary 
architecture. The Möbius house was designed by Ben 
van Berkel and Caroline Boss in 1993 (figure 1.4b). It is 
located in the villa district Het Gooi in the Netherlands 
and has a floor area of 520 square meters. The Möbius 
house showcases an exemplary understanding of 
space and how to use said space. The main ambition 
for the Möbius house was to find an innovative way 
make this house fit the requirements of contemporary 
living. This involved finding a way to incorporate 
working, living and leisure into one envelope. To 
achieve this, the architects organised the space along 
a Möbius strip, which provides an infinite circulation 
loop that separates working and living in an innovative 
way. 

A

B
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How has our notion of the big house, as stated in the 
introduction, come to be and what forms did it take 
on through history? In order to fully understand the 
concept of the big house, there has to be a basic 
understanding of its history. Society has changed 
throughout time which has had a large influence 
on the big house through, among other things, its 
availability to different classes of society. In tandem 
with this, the form of and reasons for the big houses 
have changed, often combining old and new believes. 
 
The first big house
The very first houses were in effect farmhouses, 
dating back to about 8,000 BC. These houses formed 
the first separations between different families within 
a tribe (Gardiner, 2002). Around 7,000 BC, changes in 
form become noticeable with shelters changing from 
a circular to a rectangular layout. This was a significant 
breakthrough as it resulted from the wall being 
recognized as a separate building element (Gardiner, 
2002). The houses of the time remained little more 
than a shelter with a separation between a living and 
sleeping area, illustrated in figure 1.5A. From then on, 
different layouts and dimensions started occurring. 
These forms of shelter were all very generic and came 
nowhere close to our current notion of the private 
house.  
The Romans introduced the villa urbana, which was 
the first housing typology that resembled our current 
notion of the private house. Unlike the villa rustica, 
which was primarily used as a farmhouse with servants 
to generate wealth, the villa urbana was in effect a 

rural retreat (Rykwert & Schezen, 2000) (Ackerman, 
1990). It was situated just outside the periphery   of 
the city, and was not meant as a rejection of the city, 
rather as a complimentary lifestyle (Ree et al., 1992). 
Both inside and outside orientations occurred, figure 
1.5C illustrating an inside variant. Living quarters were 
turned towards the light, coming from the atrium and 
peristyle garden. 
 
Downfall and reappearance of the big house
With the fall of the Roman Empire, villas were 
increasingly fortified to keep invaders and looters at 
a distance. Eventually the type villa disappeared from 
the architectural vocabulary. Private houses stopped 
existing in the form of country houses as they were, 
at the time, rarely more than occasionally occupied 
hunting lodges (Rykwert & Schezen, 2000). The upper-
class began to live in fortified rural estates or castles 
instead.
The big house made its reappearance in the shape of 
the villa in fifteenth century Italy. This reappearance 
was the result of the decreasing need for houses to 
be defensible. The re-conception of the villa originated 
from merging the castello (fortified house) and the 
podere (farmhouse)  (Ree et al., 1992).  An important 
aspect of these villas was the relationship between the 
house, the garden and the landscape (Ree et al., 1992). 
Figure 1.5B shows an example of this type with four 
defensible towers in each corner and a more open 
front and back side with columns. 
 

INTRODUCTION
THE EVOLUTION OF THE PRIVATE HOUSE
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The big house through Europe
After its emergence in Italy, these types of private 
houses quickly spread throughout Europe. Especially 
in France, these ideas were successfully copied and 
transformed into their own versions; the hôtel and 
the chateaux   (Thomson, 1984). The peak of private 
house design in the Renaissance Era took place in the 
sixteenth century, when Andrea Palladio designed a 
series of villas and farmhouses near Vicenza, Italy. The 
most famous example of this is Villa “Rotonda”, shown 
in figure 1.5D, which is open to all sides so the different 
views could be enjoyed and the most important room 
in the centre of the building. It was lifted of the ground 
one floor and could only be accessed using one of the 
four main staircases on the outside.
When the renaissance in Italy reached its peak, it was 
only just starting in England (Gardiner, 2002). The 
working middle class was getting richer, and London 
was growing at an unprecedented rate (Cooper, 1999). 
The Gentry, the upper-middle class, was trying to 
escape the polluted city, while remaining able to enjoy 
the urban pleasures. These Gentry houses did not 
serve the traditional role of the country house, as they 
were in fact urban villas, erected in the suburbs of the 
city of London. They could be distinguished from other 
large houses because of their more recreational and 
laid back character, with gardens forming an intricate 
part of the villa. In this, they strongly refer back to the 
Roman villa urbana. Furthermore they did not adhere 
to hierarchical forms of the upper-class houses in the 
city (Cooper, 1999).   

A: Layout of the Megaron House ± 3000 B.C.
B: Layout of the Fortified Villa 1500 A.D.
C: Layout of the Roman Villa Urbana ± 0-100 A.D. 
D: Layout of Villa Rotonda 1566 A.D.

Fig. 1.5:

A B

C D

Atrium Peristyle
garden 

In Italy and France, the Baroque followed up the 
Renaissance Era, and resulted in more dynamic and 
more ornamented houses, such as Villa Giulia in 
Rome, Italy (Norberg-Schulz, 1971). Already in the 
Renaissance Era, the distinction between the town 
house and the country villa made its reappearance, 
but in the Baroque Era, this distinction was defined 
even stronger. These types however did not serve 
two different types of society, but rather two sides of 
the same class of people (Norberg-Schulz, 1971). Leon 
Battista Alberti defined the distinction between the 
two as follows: 

“The country House and Town House for the Rich 
differ in this Circumstance; that they use their Country 
House chiefly for a Habitation in Summer, and their 
Town House as a convenient place of shelter in the 
Winter. In their Country House therefore, they enjoy 
the Pleasures of Light, Air, spacious Walks and fine 
Prospects; in Town, there are but few Pleasures, but 
those of Luxury and Night.”
Alberti, op. cit., V, xviii

An important development in the Baroque Era is 
the more inwards turned character of the houses, 
contrary to the houses of the Renaissance Era which 
were defined by their relation with nature (Norberg-
Schulz, 1974; Ree et al., 1992). In the Baroque Era, the 
salon became the most important room in a house 
and was usually centrally located in the floor   plan. 
The prominence of the staircase grew as well, since 
it was no longer hidden away as was common in 
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Renaissance houses (Norberg-Schulz, 1974). Built in 
the late Baroque Era, Holkham Hall, shown in figure 
1.6a, clearly shows the importance of the salon as well 
as the growing prominence of the staircase. Rather 
than being raised a floor like Villa Rotonda, Holkham 
Hall has its main entrances on ground level. Instead 
the stairs are located inside in a grand entrance hall, 
with the most important room, the salon, still located 
on the first floor after the stairs. Both the main stairs 
and the salon are located in the absolute centre of the 
building with more private functions of to the sides.
 
Appearance of the current notion of the big house
In seventeenth century England, the big house as we 
know it today emerged. The upper class was getting  
wealthier, which allowed them to physically separate 
their house from their wealth generating source . 
Their workplace and living place were separated by 
relative large distances which were travelled by coach 
ever day (Girouard, 1985). This meant that the houses 
became private spaces for the owners (Melhuish, 
2000). With the industrial revolution of the eighteenth 
century, improved transport further stimulated this 
commuting lifestyle (Girouard, 1985).  This lifestyle 
became especially prevalent in the United States 
where, for example, factory directors would move 
daily between their home and their work, using steam 
powered vehicles. 
The industrial revolution often generated wealth in 
cities, not only for merchants and factory directors, 
but also for the working middle classes. They tried to 
physically separate themselves from the city, which, 

because of the industrial revolution, had severe 
climatological, sanitary and aesthetical disadvantages 
(Dauber, 1985). This led to a blend of suburban houses, 
with differences based on the esteem of its owners.  
In England, the most prosperous industrial country 
of the time, the terms for detached private houses 
started to blur (Girouard, 1985). The mix of villas, 
gentlemen’s houses, gentry houses, cottages and the 
like, made the term ‘villa’ lose some of its prestigious 
sentiment. An example of this is the cottage shown in 
figure 1.6b. Public functions such as the parlour and 
dining room are located in the front with more private 
and work related rooms like the kitchen in the back.
The nineteenth century saw some of the first planned 
suburban areas, which demoted the prestigious villa to 
an even broader audience. The middle classes began 
to pursue high-end ideological and cultural matters 
(Dauber, 1985). But there was still one main difference 
between upper class houses and middle class houses; 
the middle class was concerned with quantity whereas 
the upper class was concerned with quality. The middle 
class imitations had rich external   features, but lack 
internal serenity (Dauber, 1985). During the interwar 
period, modernist ideas first came into contact with 
house design, becoming the dominant form after 
the Second World War. With it came the ideas of 
Raumplan and Plan Libre, both with their respective 
architectural ideals. In turn, many villas were based on 
the Plan Libre with glass walls and picture windows, 
carries by slender columns. This all to convey lightness 
and transparency of the building (Heathcote, 2000). 
Adolf Loos went a different direction with his idea of 

Fig. 1.6: A: Layout of the Holkham Hall 1764 A.D.
B: Layout of the English Cottage 1842 A.D.
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the Raumplan, focusing on the organization of the 
interior in three dimensions and interlocking spaces 
(Heathcote, 2000). These concepts will be further 
discussed in the chapter Space & Use.
The late 20th century saw the rise of the post-modern 
movement in architecture. Paradoxically this is not a 
style as such, instead being led by pluralism (Jencks, 
1991). For traditional postmodernism the meaning of 
history has an important influence and following from 
this the same goes for ornament, context and historical 
allusion (Ghirardo, 1996; Jencks, 1991). Architects 
struggled to combine contemporary architecture 
with traditional styles and forms throughout the 
world (Ghirardo, 1996).  For the design of houses this 
mend a stronger focus on historical allusion of the 
notion of the house in different cultures, as well as 
ornamentation. 
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One of the key aspects defining a house are its users. 
A house is a place where someone lives and spends 
most of his or her time. Each client has its own 
demands when it comes to lifestyle and living. Often, 
the architecture of the house is the literal translation 
of these demands into physical form. When discussing 
the future of big houses, it is therefore useful to look 
at trends regarding the clients. The architecturally 
designed private house used to be solely reserved for 
the wealthy, but is this still the case? What are modern 
client’s demands and how can we see that back in the 
design of the house? 
To formulate a justifiable conclusion, household 
demographics, current and potential clients of the big 
house will be investigated. This will be supported by 
case studies which will demonstrate how clients can, 
or cannot, have influence on the design of their big 
house. 

INTRODUCTION
USER & CLIENT
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household was synonymous with family (Krisch, 2013). 
The nuclear family currently is no longer the most 
dominant from of living, as can be seen in figure 1.7. 
The amount of marriages has also rapidly declined 
in the past 50 years, which leads to more single 
persons who have a harder time buying their own 
property (Jonuschat, 2012). However, the number of 
single-person households has seen a steady increase.  
Another demographic shift is the ‘aging’ of the 
population. Where previously multiple children per 
family was normal, currently only 1.7 child per family 
is average (CBS, 2020). This means that the group of 
elderly is getting larger, while the addition of youth 
is lacking. All these demographic shifts have led to a 
multitude of living arrangements, rising cohabitation, 
declining household sizes and a rise in individual 
autonomy alongside of weakening social cohesion 
(Rowe & Kan, 2014).

In general, smaller forms of cohabitation have 
emerged in today’s housing market. The traditional 
nuclear family has eroded into a number of smaller 
units, from childless couples in shared or individual 
homes to single-parent families or singles. Most of 
these forms of living have always existed, in the past 
they were simply statistically less relevant (Krisch, 
2013). Amid all these changes, the relationship 
between the individual and society is shifting towards 
the individual (Hildner, 2013) which means that the 
current private housing stock no longer reflects the 
different needs of modern lifestyle (Kuhn & Harlander, 
2012). The individual contemporary dweller needs to 
find their own identity in a uniform housing industry.

Before anything is claimed about household 
compositions and their future, it is important to note 
that they seldom continue indefinitely. Demographic 
trends are embedded in a political and social context 
(Poleg, 2020) and therefore vary widely in different 
place and time. 
 
Traditional nuclear family
However, one trend that has stood upright for many 
decades is the singly-family in a private house. The 
traditional nuclear family consisted out of a couple 
which got married as soon as they could, got kids, 
bought a house, and worked a job that was aligned with 
their mortgage (Poleg, 2020). This ideal picture has 
long been sustained in the Western world. Schittich 
describes the ideal of the private house as follows:

“… the private house has symbolized a roof over the 
head, the desire for privacy, for a piece of land we can 
call our own. At the same time, it is a status symbol, an 
expression of personal freedom and individuality. For 
within our own four walls we can do as we please, with 
no interference.” (Schittich, 2013, p. 9)
 
Demographic shifts
As stated previously, this ideal was embedded in a 
contemporary context. When this context shifts, 
the ideal itself shifts with it. The greatest driver 
of such a shift is a decline in amount of traditional 
nuclear families. In the nineteenth century, three-
generation families were long common (Hildner, 2013; 
Melhuish, 2000) and until a few years ago, the word 

HOUSEHOLD DEMOGRAPHICS

Household Composition (from the Netherlands) in Percentages per DecadeFig. 1.7:

One-Person Household

Married Couple

Non-Married Couple

Miscellaneous

2000 2010 2020

38.8% 41.6% 45.5%

10.6%5.9% 6.8% 7.1%12.4%
13.2%

44.7% 39.2% 34.2%
One-Person Household

Married Couple

Non-Married Couple

Miscellaneous

2000 2010 2020

38.8% 41.6% 45.5%

10.6%5.9% 6.8% 7.1%12.4%
13.2%

44.7% 39.2% 34.2%

One-Person Household

Married Couple

Non-Married Couple

Miscellaneous

2000 2010 2020

38.8% 41.6% 45.5%

10.6%5.9% 6.8% 7.1%12.4%
13.2%

44.7% 39.2% 34.2%
One-Person Household

Married Couple

Non-Married Couple

Miscellaneous

2000 2010 2020

38.8% 41.6% 45.5%

10.6%5.9% 6.8% 7.1%12.4%
13.2%

44.7% 39.2% 34.2%



37 PART I - USER & CLIENT

This can be expressed in prestige or reputation, or 
simply a financial investment in an estate or property.
Among those potential clients, there is a significant 
difference in demand between different age 
groups. Age is perhaps the most dominant factor in 
determining the lifestyle, and therefore the type of 
house demands (Jonuschat, 2012). In general, young 
professionals often live an extremely hectic lifestyle. 
Being in the prime of their careers, they are often 
forced to live a global, nomadic lifestyle (Barras, 2016). 
For them, it is not the practical incentives of a private 
house that prevail, rather it provides an advertisement 
of economic success and social status (Melhuish, 
2000). For older people, the opposite is true. Because 
of the success they have had, stability for themselves 
and a lasting certainty for their descendants is 
required. Since an architect-designed private house 
has a life cycle of several generations, they want to 
build a residence that goes beyond merely meeting 
the demands of their first inhabitants (Krisch, 2013). 
Pride plays a crucial role in the establishment of 
heritage for this generation. 
 
Alternative clients
From the seventies, we see a new type of client 
emerging. Under the term co-housing, multiple clients 
collectively create new forms of community housing 
(Kuhn & Harlander, 2012). Cohousing usually consists 
of multiple individuals or families, with different 
backgrounds and classes. By joining forces, several 
families combined can produce the leverage to build 
an architecturally designed house which they alone 

could not have built. The condition for living in a big 
house is sharing the facility with others. In this way, 
cohousing can create new clients for big houses. 
Pioneers in this field were Denmark and Germany, 
but other European countries were quick to follow 
(Wolpensinger & Rid, 2012). 

The single-family private house is considered the 
most dominant form of housing in Western Society. 
The dream of a private house has been lodged deep 
in our conscientiousness (Krisch, 2013). According 
to Schittich (see quote in section ‘Household 
Demographics’), apart from a roof over the head, the 
private house symbolizes something personal and 
individual.  
 
Luxurious lifestyle
But when it comes to Big Houses, there is an added 
value of luxurious lifestyle that has been rooted in  
villa-history. Back in Roman times already, it were 
solely wealthy families that could afford a weekend 
house on the periphery of the city. In medieval times, 
the noble aristocracy established themselves in 
castles and estates outside the city. In the industrial 
revolution, the working class densely populated the 
city, while rich factory directors and merchant fled 
to their country houses. This image of the villa (or at 
least the modern version, the detached single-family 
house) is therefore inextricably entwined with an 
exclusive luxurious lifestyle. Maybe because of this, 
it is still considered an ideal form of housing (Kähler, 
2013; Schittich, 2013), especially by those for whom it 
is out of reach (Jonuschat, 2012; Krisch, 2013).
 
Potential clients
In the past decades, the middle class has become 
more and more eligible for single-family houses. 
The main reason for this is the increasing wealth in 
middle classes, who therefore easier qualify for a 

single-family private house. A big development in 
the private housing of the middle class is the suburb. 
Where in the nineteenth century the periphery of the 
city was inhabited by rich commuting businessmen, 
in the twentieth century this area was dominated by 
detached single-family houses for middle classes. This 
trend grew especially rapid in America, where middle 
class sprawl to the suburbs was led by the motive to 
own a piece of land with a house, the American Dream 
(Gillham, 2013).
But with increasing inequality of wealth in our 
globalized world, potential clients for Big Houses are 
likely to be within the financial elite of today’s world. 
In current capitalistic society, it is money rather than 
class or blood that is the benchmark of the elite 
(Barras, 2016). These people are either people of 
relatively modest origins who have risen through the 
ranks by the force of their ambition, or descendants of 
wealthy families where inheritance continues to play a 
crucial role in preserving wealth (Barras, 2016). 
Apart from finance, it is often the esteem associated 
with an architecturally designed private house 
that is important to the client. First of all, over 80 
percent of all private houses are built without the 
participation of an architect1.  In no other building 
tasks is the participation of architects lower as in this 
category (Schittich, 2013). So, commissioning an (star) 
architect to design your private residence puts you in 
a unique position already. Furthermore, the design 
can be tailored to the needs and requirements of 
that particular client. The house becomes a means to 
express a wealthy lifestyle in a physical manifestation. 

CLIENT OF THE BIG HOUSE

Statistic originates from Germany but is estimated to be roughly the same in other West-European countries (Schittich, 2013; 
Wolpensinger & Rid, 2012) 

1
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A plan and impression of the common space of the Jystrup Cohousing Project by Tegnestuen Vandkunsten A plan and impression of the common space of the Jystrup Cohousing Project by Tegnestuen VandkunstenFig. 1.8: Fig. 1.9:

An excellent example of this is the Jystrup project 
in Denmark by Tegnestuen Vandkunsten (figure 
1.8 & 1.9). It consists of a single organism with 21 
private residential units. Almost half of the facility 
is communal space (Vandkunsten Architects, n.d.). 
Despite not being the most recent example, it is 
part of Denmark’s long history in cohousing projects 
(“bofællesskaber”) and it may be regarded as a classic 
of this type (Wolpensinger & Rid, 2012). 
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The Ennis house is built for Charles and Mabel Ennis on 
the hillside in the Los Feliz area of Los Angeles. They 
had made good fortune in the menswear business 
downtown where they specialized in “absolutely 
correct clothes” and had enough resources to get a 
piece of land well located. Little is known about the 
Ennises but they had lost their children early in life and 
there was no reason for the 57 years old architect Frank 
Lloyd Wright to spare any costs (Oney, 2006) (Davies, 
2006). The Ennises were clearly socially ambitious and 
the Mayan Revival style house was a statement even 
in the neighbourhood where architect designed villas 
were not uncommon. Wright took the opportunity 
to explore his textile block system on a large scale 
and to hopefully reclaim his place as an architectural 
pacesetter(Oney, 2006). He implemented the system 
three times before, but it was originally created to be 
a cheap building method (Losch, 2012). The Ennises 
liked the idea of the bricks and the Mayan Revival style 
that was very popular in that time and added furniture 
and for example fixtures and fireplaces to enhance the 
overall style. Charles and Mabel Ennis spent estimated 
as much as $150,000, almost thrice as much as the 
original estimation by Wright. 
The first stages of the project went smoothly, but they 
did not agree with the architect in everything (Oney, 
2006). The Ennises had a strong opinion and got in 
significant aesthetic conflicts with Wright. “Although 
Wright specified corbeled arches over door and 
window openings, the owners demanded horizontal 
lintels; Although Wright specified that the stained 
glass windows were to be fabricated in a pattern that 

mimicked the block module, the owners wanted (and 
got) a delicate pattern; Although Wright wanted the 
floors to have textile block finishes, marble was used 
for the room floors and ceramic tile was used in the 
baths; and Although Wright typically controlled the 
design of light fixtures and furnishings on his projects, 
the owners demanded traditional chandeliers and 
furniture” (Losch, 2012). Frank Lloyd Wright’s son 
Lloyd Wright oversaw the construction, but when the 
concrete blocks showed to be structural uncapable to 
support the immense structure and the bottom blocks 
started to buckle and reveal cracks even before the 
completion of the building (Oney, 2006), the conflict 
between architect and client rose to its peak and 
Wright resigned from the project. Between father and 
son Wright arose conflict to and Frank telegraphed 
his son: “I think we should not try to work together 
anymore”(Oney, 2006). Mrs. Ennis was confident that 
she could manage the job and the Ennises oversaw the 
later phases, mostly the interior, of the construction 
themselves (Davies, 2006). Wright claimed that the 
finished house was not what he had designed, and 
catalogued 17 ‘sins’ committed by the Ennises.in a 
letter (Oney, 2006). Still it is considered one of his 
most famous buildings. 
The building was completed in 1925 and in 1926 it 
was fully furnished, a few years later in 1928 Charles 
Ennis died. Mabel Ennis lived in the house alone for 
eight years after which she sold it. Over the years it 
had many owners of which one was the actor John 
Nesbitt who hired Wright in 1940 to renovate the 
house and add a pool and billiard room (Ayoubi, 2018). 

ENNIS HOUSE
CASE STUDIES
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Later the Browns family donated the house to the now 
called Ennis House Foundation after which the house 
was called Ennis Brown house. “By 2005, deferred 
maintenance, earthquakes, and heavy rains had taken 
a toll on the Ennis House. Foundations and walls had 
begun to fail, and the situation grew so dire that the 
National Trust for Historic Preservation included the 
home on its 2005 list of America’s 11 Most Endangered 
Places. Work to stabilize and restore the house began 
in 2006, earning a Conservancy Preservation Award in 
2008” (LA conservancy, 2019).  
Because of its unique aesthetics the house became 
a popular filming location. The house starred in 
approximate eighty movies and tv commercials. This 
and its well-known location made the Ennis house 
widely known and appreciated. The house came back 
in private hands when it sold in 2019 for 18 million 
dollar to an anonymous buyer (LA conservancy, 2019). 
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Fig. 1.10: Clients of Casa Poli and their shared interest

CASA POLI

The architects of Casa Poli are Mauricio Pezo and Sofia 
von Ellrichshausen, a married couple who share an 
architectural practice. Together with another couple, 
they bought a plot of land in 2003 to build their own 
rural retreat, away from the busy city of Concepción, 
Chile. Initially, the plan was to build two separate 
houses to accommodate both their families. Soon they 
realised that that would not be possible for various 
practical reasons (Lind, 2008). When the architects 
started envisioning the program that would serve 
both families, they figured that it should be possible 
for the home to serve the community as well (UK 
Essays, 2018). The resulting double program entailed 
on the one hand an artists’ retreat (the one family 
consisting of architects, and the other consisting of a 
writer and a sculptor (Lind, 2008)) while on the other 
hand it would function as a cultural institution that 
could be used flexibly as for example an exhibition 
space. The challenge for the architects was thus to 
create a house that felt domestic and comfortable, 
while on the same time providing a creative stimulus 
to the artist side of both families, while also providing 
the flexibility needed to serve the community. 
The fact that the architects were their own clients, 
creates a unique situation for a rural retreat. Their 
creative freedom was however toned down by them 
not being the only clients, as the befriended couple 
would be sharing the resulting private house with 
them. On top of that, the agreement they made 
amongst themselves meant that the community 
became a silent client as well. What made the 
resulting project work so well, might be their common 

interest; creativity. The house, which is in effect an 
artist’s retreat, is built for the two families, who all 
have creative professions. That side of them, that 
binds them together is also what was used to make it 
available to the community, in the form of a cultural 
institution.

Pezo & Von
Elrichshausen

The Architects

Meissner & 
Prim

The Artists

The Community

A Creative Space
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Tugendhat is an Architect-Designed Private house 
designed by Ludwig Mies van der Rohe in 1929-1930. 
The house is designed for the couple Fritz and Grete 
Tugendhat as a family house with their three children, 
one from Gretes previous marriage and two of them 
together. Grete was already inspired and impressed by 
Mies van der Rohe; 

“I would often visit the house which Mies van der Rohe 
built for the art trader Perls, at that time inhabited 
by the art historian Eduard Fuchs. The house was 
built in a conventional fashion, however, thanks to the 
trio of glazed doors the living area was opened up to 
the garden. It also had a clear division of the various 
living and dwelling spheres. I had also been greatly 
impressed by the housing estate in Weissenhof.”  
(Atelier Zidlicky, 2020).

Because Grete already knew Mies’ other architectural 
work, she deliberately commissioned him for her 
house. Grete had a praising opinion on Mies and 
she therefore gave him unconstrained freedom to 
design her house. Because of this freedom Mies 
could experiment further with his architecture and 
implement this in Tugendhat. However, Grete had 
another source of inspiration which she wanted Mies 
to implement; philosopher Romano Guardini. His main 
philosophy on the perception and experience of space 
were among others that one needs to provide freedom 
in space, which only could be done by large spaces. 
Mies translated this to be spatially implemented into 
this house  .  

VILLA TUGENDHATMAISON À BORDEAUX

Maison à Bordeaux may be considered as an excellent 
example of architectural exercise where there has 
been a firm relationship between the client and the 
architect. The client for the house in Bordeaux is a 
French married couple with three children. They used 
to live in an ancient house in Bordeaux. For several years 
they were thinking about building a new house (Riley, 
1999). The life of the wealthy couple, comprising Jean-
Francois Lemoine and his wife Hélène, faced a crisis 
when Jean-Francois was involved in a car accident. This 
led to him being dependent to a wheelchair. 
Obviously, this changed all content of previous 
considerations about realizing a new home. Their 
current residence did not properly meet the 
requirements of the husband’s new life conditions 
anymore. Rem Koolhaas was asked to design a 
new home that would liberate Jean-Francois from 
the limitations their current house was stuck to 
(WikiArquitectura, 2014). What makes this project 
particularly renowned, is the way the architect dealt 
with the very specific demands of the client due to the 
wheelchair complications. Rather contrary to what 
one would expect, the client desired a complex house 
instead.
“Contrary to what you would expect, I do not want a 
simple house. I want a complex house, because the 
house will define my world.”   
(J.F. Lemoine, as cited in Melhuish, 2000)
Where one possibly might expect a one-level residence, 
Maison à Bordeaux comprises three simple volumes 
with all their own spatially complex architectural 
value. Making all floors interconnected and therefore 

reachable for the husband, is ensured by an elevator 
platform functioning as the heart of the house. Both 
in architectural and user-friendly terms, the platform 
is responsible for the continuously changing spaces of 
the house. All facilities one needs to live a comfortable 
life are arranged around the elevator platform to 
alleviate the daily routine of the husband. Therewith, 
the 3 x 3,5 meters platform autonomously figures as 
an office space for the man.
The architect tried to closely respond to the restricted 
movement possibilities of Jean-Francois. The design 
embraces a definite amount of complexity by the 
elevator platform and the distinctive stacked floors, 
considering the wheelchair situation. Both the 
masterful innovation and the given that all family 
members can live a comfortable life, make the house 
show that architecture as a language can establish a 
firm relationship between the architect and client.
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Fig. 1.11: The concept of the Möbius Strip

The Möbius House is a single-family private house that 
was designed in 1998 by the European architecture 
firm known as UNStudio (Ben van Berkel and Caroline 
Bos). The house is designed for a family who would like 
to remain anonymous.
The design of the Möbius house is a direct response to 
the clients’ request to design a family home. important 
aspects in this are the flows of their work and family 
life. Another important feature is the surrounding 
natural landscape that the clients integrated, a 
wish was that the family house would respond to its 
immediate surroundings. This eventually resulted in a 
very tailor-made family home.

“A kaleidoscopic fusion of the landscape and the house. 
The intertwining trajectory of the loop relates to the 
24-hour living and working cycle of the family. As the 
loop inverts, the exterior concrete shell transforms 
into interior furniture and the glass facades become 
internal partitions” (UNStudio, 2005).

The diagram of the mobius strip shows the 
organization of two intertwined routes, it shows how 
two people can live together, but on the other hand 
also separately (figure 1.11). The shared spaces in the 
strip are the points where they meet. The client’s wish 
is clearly reflected here where the idea of two entities 
leading their own pathways but sharing certain 
moments, together in one family house (World-
architects.com, n.d.).

“You could never hide yourself in these places in Mies’s 

Farnsworth house, for example. That was a mistake 
of Modernism. People need places to hide from each 
other, too. You need everything.” (van Berkel, n.d.)

In the quote above, van Berkel criticized the principle 
of modernism, the open floor plan. At the Farnsworth 
house of Mies van der Rohe it is difficult to find a 
privacy place within the house. This is because there is 
no strike separation in rooms, only visual separations. 
Van Berkel states that everyone should have their own 
place where you can retreat. That public and private 
can be separated.

MÖBIUS HOUSE

Sleep

Work

Play

Eat

Eat
Sleep

Work

Play
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Individualism
The place of the architectural designed private house 
within society is changing and will continue to change 
in the future. The main trend that has initiated this 
shift is the decreasing amount of traditional families 
and the increasing amount of alternative household 
compositions. It is also apparent that the household 
size is decreasing and social cohesion in society is 
decomposing. A general trend towards individual 
autonomy is in process.  
 
Expressing status
The architect designed private house has always 
been a manifestation of the lifestyle and individual 
personality of the client. Villa architecture has long 
been linked with personal prestige or esteem. Letting 
a famous architect build your residence is one way of 
expressing this prestige. For the Tugendhat house, 
the family particularly commissioned Mies van der 
Rohe as their architect. Similarly, the Ennis house and 
Maison à Bordeaux were designed by world-renowned 
architects Frank Lloyd Wright and Rem Koolhaas 
respectively. With the inequality of wealth being 
ever more visible in our current society, the trend of 
expressing one’s status will by no means decline in the 
foreseeable future. 
 
Alternative clients
Another current trend is the rise of alternative forms 
of living together. With an individualising society, the 
housing market no longer reflects the contemporary 
demands for users. This asks for alternative types of 

habitation. Cohousing initiatives are bringing together 
forces who are collectively eligible for a new type of 
big house. Multiple individuals or families become one 
organism for which to design both individual dwellings, 
as well as communal space. An example of this is Casa 
Poli, where there two sets of clients, alongside the 
community all use the house. The overarching concept 
of a cultural institution is what ties the house and its 
users together.
 
Relation Client & Architect
In general, the client and the architect work closely 
together in a private house project. This relation is 
expressed in the design of the house, which often leads 
to tailored, unique designs. Clients can have great 
influence on the design, such as Maison à Bordeaux, 
or the Möbius house. In other cases, the architect is 
voluntarily left free to design as he or she pleases, 
such as Villa Tugendhat. Where the views of the client 
and architect diverge, conflicts can occur, and the 
house can suffer. This was the case with the Ennis 
house, where the building was not finished according 
to the design of Wright due to conflict between him 
and the client. The relation between the client and the 
architect can take many forms, and it can have great 
impact on the design of the house.   

CONCLUSION
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Since Roman times the wealthy have opted to live 
outside the city (Ackerman, 1990; Woods, 2013), while 
in modern society, the location of one’s residence 
seems to be a free choice. Whatever the location, 
every house has a relation with its surroundings and it 
would not be very useful to discuss housing in isolation; 
without looking at its connection to context or the 
lack thereof (Rowe & Kan, 2014). In order to discuss the 
topic of the future of the big house, it is important to 
understand the incentives behind this location. What 
trends can be observed in terms of location and why 
do these people choose to live there?

INTRODUCTION
LOCATION & CONTEXT
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An exterior view of Fallingwater by Frank Llyod WrightFig. 1.12:

In cities, residential space is limited due to dense 
population. This gives the challenge of alternative 
forms of living, such as shared facilities and cohousing. 
Multifunctional use and new housing typologies are 
therefore being sought and explored since about 
1990, particularly by middle and lower classes (Rowe 
& Kan, 2014). These alternative forms of living densify 
habitation even more and they blur the boundary of 
privacy within residences.
The upper-class is hardly affected by these trends 
because they can, and always have, bought their 
exclusivity. From Roman villas, Medieval castles, 
English land house, the suburbs and more recently, 
gated communities; acquisitio n of private land is, 
and has always been, dependent on wealth (Woods, 
2016). These acquisitions were mainly outside or 
on the edges of the city, as to socially and spatially 
differentiate oneself from lower classes. An example of 
this is renowned area called ‘’t Gooi’ were the Möbius 
House is located. ‘t Gooi is best known for its luxurious 
villas which are home to many Dutch TV-personalities. 
The beautiful location is therefore associated with 
prestige and esteem. To live here, is to be part of this 
elite. The upper-class lived and still lives in a private 
bubble, disconnected from the life of the vast majority 
of the world’s population (Beaverstock et al., 2004). 

Political power that is associated with wealth 
often also provided the required leverage over the 
population. Even in today’s society, political influence 
can be a powerful tool, particularly to limit the supply 
of property in sought-after areas by resisting new 

developments. Exclusivity of a certain areas is ensured 
by this due to inflating land and house prices (Woods, 
2016). 

EXCLUSIVITY
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Moving out of the City
Today, wealthy elite continues to manifest themselves 
from the city (Woods, 2013). The city has a history of 
being insanitary. From Roman times, those who could 
afford it spend their weekends and summers outside 
the urban setting or moved permanently to rural areas 
(Melhuish, 2000). This rural retreat became especially 
popular for the middle classes during the industrial 
revolution where the cities were booming, and health 
and safety were poor. With the introduction of new 
technology, such as the car, trams and advanced 
roadway networks, it became possible to permanently 
live further away from the city while keeping a job in 
the city. Middle class families left, leaving the working 
class to fester in their primitive, insanitary dwellings in 
the inner city (Barras, 2016). 
Apart from health conditions, space also was a major 
consideration for the upper classes to move out of the 
city (Dauber, 1985). The availability of space in rural 
areas compared to the availability of space in cities 
is still considered a decisive factor. Woods describes 
three reasons how this space can nowadays be used to 
display wealth (Woods, 2016). First, the sole ability to 
buy private land is an expression of relative wealth; “the 
larger and more prestigious the property the greater 
the implication of wealth”. Second, the land can be 
used to exhibit exclusive possessions such as buildings, 
landscapes, cars and the like. It also lends itself to 
exclusive hobbies or lifestyles (e.g., hunting, shooting, 
skiing, sailing, horse-riding, aviation, vineyards, etc). 
Finally, in many countries still, the status associated 
with rural land ownership in reinforced by culture; 

“romanticizing the landed gentry as a pinnacle of 
exclusivity and privilege.” (Woods 2016).
 
Specific assets
Moving out of the city, also called suburbanizatio n, has 
evolved in various patterns in many cities, something 
which goes beyond the scope of this research. But a 
notion  that can be observed is that middle classes 
have been taken over the suburb since the 1960’s 
(Barras, 2016; Gillham, 2013; Poleg, 2020). The upper 
class residences have since the 1990’s shifted to 
locations beyond the suburb. The main reason for 
this phenomenon what we call counterurbanization 
(Mitchell, 2004) is that the lifestyle of the suburb no 
longer reflects the demands for upper classes. Since 
the industrial revolution, suburbs have become more 
accessible for middle classes over time.  This broad 
accessibility makes the suburb no longer exclusive,

DWELLING IN RURAL AREAS

Gota Dam Residence by Studio Seilern ArchitectsFig. 1.13:



59 PART I - LOCATION & CONTEXT

An exterior view of Mr. Mittal’s Residence in LondonFig. 1.14:

which in turn, makes it less attractive for the upper 
class who want to distinguish themselves. Districts 
with endless sprawl of detached houses like those 
found in for example San Francisco or Chicago are 
not attractive anymore, and therefore more specific 
location are sought. These specific locations can 
vary depending on the client, but usually involve 
certain sought-after assets (e.g. a particular view, 
a desired landscape, a specific relation to nature, 
etc.). These assets are what distinguishes their plot 
from the repetitive suburban plots, which excludes 
their house from suburban houses. These locations 
therefore do not only to show off their wealth, but 
also to reflect their exclusive position in society. 
An example of this is the Fallingwater House in 
Pennsylvania, designed by Frank Lloyd Wright (figure 
1.12). The waterfall and nature are specific assets 
that were used by the architect to design a weekend 
retreat for the family (Fallingwater Org, n.d.).  
 
Extreme locations
As a result of this trend, locations of upper class 
residences have become more and more extreme. 
A conventional suburb no longer reflects the 
contemporary need for exclusivity. Also, as land is 
become more and more scarce, plot sizes become 
smaller (Pfeifer & Brauneck, 2010). This not only 
applies to cities and villages, but also to rural land. 
Alternative , more remote locations, such as hillside, 
forests, mountains, cliffs and the like, are sought on the 
premise of their exclusive assets. An example of this  is 
the Gota Dam Residence, by Studio Seilern Architects 

(figure 1.13). The private residence is built on a remote 
cliff site location in Zimbabwe optimization the 
panoramic views of both the sea and jungle (Studio 
Seilern Architects, 2012). Another example is the Poli 
House, which will be discussed further in the section 
about the case studies. These locations are currently 
more viable due to technological advancements. 
We can now move goods and people around faster, 
for much lower costs, and along new paths (Poleg, 
2020). However, pioneering in such locations can be 
extremely expensive and is therefore usually only 
available for the financial elite. 
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DWELLING IN THE CITY

But the rural retreat is no longer alone in 
accommodating the contemporary upper class. Over 
the last 25 year there is been a growing reappreciation 
for the city as a residential area(Haas & Locke, 2018). 
Coming back to the city has a complexity of causes, 
different for each city, but a few general principles 
apply to all. 
 
Liveability
One of the causes is the improved liveability in cities, 
particularly city centres. The five leading trends that 
stand out are New Urbanism, Post Urbanism, Green 
Urbanism, Re-Urbanism, and Everyday Urbanism  
(Haas & Locke, 2018). None of them has taken the 
serious upper hand, but together they call for a 
more liveable city with greener public spaces and a 
densification of the city centre. Since the 1990’s there 
is a wider acceptance of the more pluralistic range of 
city housing types (Rowe & Kan, 2014).
 
Trophy Home 
Another cause is the metropolisation of major global 
cities. Where the country seat gave the expression of 
status and authority, the city house was the locus for 
political operations for ages (Barras, 2016). This trend 
is reoccurring in the 21st century since the city is 
again the place to be seen, to network and to connect. 
Metropolitan cities are an economic incubator which 
is attractive for prosperous firms and entrepreneurs. 
Since wealthy individuals or families are not bound 
to one place, city or nation anymore, they can 
have multiple residences in multiple of those cities 

(Beaverstock et al., 2004). A common name for such 
residences is trophy home. They are newly built spatial 
houses in city centres or long existing mansions, 
often on heavily secured fortified estates within 
the city (Paris, 2013). Their occupancy is occasional, 
depending on how many homes the client owns and 
their (often changing) preferences. These trophy 
homes are an investment in scarce city ground, as well 
as sites of luxury ‘hyperconsumption’   (Paris, 2016). An 
example  of such a trophy home is the London based 
residence of Mr. Mittal, CEO one of the world’s leading 
steel manufactures (figure 1.14). His house is located 
between the luxurious Kensington Palace on one side, 
and ordinary British terraced houses on the other. The 
estate is fortified, totally excluding oneself from the 
ongoing everyday live. The very contrasting project of 
One Hyde Park, also located in London, can be seen as a 
trophy home too (figure 1.15). It is designed by Rogers 
Stirk Harbour + Partners and finished construction in 
2011. It is the most expensive apartment block ever 
built (Paris, 2016). While being an apartment the 
homes can offer almost everything a villa can with 
the added bonus of the view over the city of London 
(Partners, 2011). The apartments are bought mostly by 
international investors which cases the most homes to 
be empty large parts of the year. Today, the purchase 
of city houses by the global elite, buys not only assets 
and status, but simultaneously privacy and security in 
an ever more public city. (Woods, 2016) 
 

Fig. 1.15: An exterior view of One Hyde Park in London
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SITE DRAWINGS
CASE STUDIES

Location of the Ennis House 1:10000 Fig. 1.19:Location of the Poli House 1:10000Fig. 1.16: Fig. 1.17: Location of Villa Tugendhat 1:10000 Location of the Möbius House 1:10000Fig. 1.18:
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ENNIS HOUSE

The Ennis house is located at 2655 Glendower Avenue 
in the loop of a hairpin bend in the foothills of the 
Santa Monica Mountains. The half-acre lot overlooks 
downtown Los Angeles and the Pacific Ocean (Ayoubi, 
2018). The home and chauffeur’s quarters span over 
6000 square feet (557 m2) itself (LA conservancy, 
2019). “It is an eminence from which to view the city 
and on which to be viewed by the city” (Davies, 2006).
From the outside the house is designed to be an 
extension to the hill, inspired by Mayan ziggurats. 
It looks heavy and majestic, completely solid in its 
surroundings (Head, 2013). Concrete made from 
resources harvested from the site were used for the 
construction. All rooms have views and most spaces 
have light coming from each cardinal direction so that 
the path of sun could be observed throughout the day. 
For Wright, the connection to nature was one of the 
most important aspects through his career, and Ennis 
was no other. Wright carefully designed terraces and 
gardens to fit the building and context (Architectural 
Digest, 2019). When inside the house, it feels like it is 
hovering over the city, disconnected yet close, on the 
other side it faces a park and hills, to this side the more 
private functions are located (Head, 2013). 
Next to the beautiful nature and views surrounding the 
building, the social context became more and more 
important for the Ennis house. The neighbourhood in 
which it is located is Los Feliz next to Hollywood. The 
Ennises were not the only ones who found the hills of 
Los Feliz as retreat from the downtown. Over the years 
the hills filled with Hollywood elite and architecture 
of Wallace Neff, Richard Neutra, Gregory Ain and R.M. 

Schindler next to two houses of Wright (Garner, 2016). 
As Los Angeles grew Los Feliz became part of the 
Central LA district and the houses on the hills became 
trophy homes for the super-rich. 
The Ennis house came back into private hands when 
it went up for sale in 2018. Linda Dishman, Executive 
Director of the Los Angeles Conservancy said about 
the Ennis house: “What this house offers is, really, it’s 
a trophy property. Some people have trophy wives. 
This is a trophy house.” Aaron Kirman, Beverly Hills 
Realtor said in the same broadcast: “It seems that the 
majority of the people that are looking are people 
that have multiple homes in different cities, more or 
less, all over the world.”(NPR, 2009) The property was 
sold for $18 million to an anonymous buyer in 2019 (LA 
conservancy, 2019). 

Fig. 1.20: Isometric projection of the Ennis House
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In terms of location, Casa Poli holds quite a unique 
position within the realm of rural retreats. It is located 
a mere 45 kilometers from the city of Concepción, 
the second largest city in Chile. Yet, the peninsula it 
is located on, is only inhabited by fishermen, who live 
in a small village North of Casa Poli. Due to the ever-
increasing expansion of cities, having a rural retreat 
within such a short distance of the city is becoming 
a rarity. Another factor that makes Casa Poli unique 
as a rural retreat, is the fact that even though it is 
relatively small and constructed on a limited budget, 
it enjoys an immense sense of exclusivity in terms of 
location, as is usually reserved for only the wealthiest 
of clients. Yet, Casa Poli was constructed for less than 
70,000 USD (Lind, 2008). It is located on a cliff with 
breath-taking views in all directions. There are few 
other holiday homes in its proximity, due to its difficult 
position in terms of accessibility and construction. 
The previous owner of the plot of land Casa Poli is 
constructed on, got her hands on the piece of land 
before Chile’s economic boom, meaning that the plot 
had appreciated in value considerably over the years. 
Yet, she decided to sell it off for the same price she 
had bought it for, with the premise that the future 
owners would do something more meaningful with 
the land than putting up yet another dime a dozen 
trophy home, as was practice in the area (Lind, 2008). 
To fulfil said promise, the architects decided to make 
the house available as a sort of community centre in 
the off-season, when they would not be using it. 
In terms of dealing with the location, the architects 
tried to make the building blend in with its 

surroundings. All windows that are visible from the 
path leading to the house are recessed into the wall 
for almost a metre. This makes them almost invisible 
when viewing the building. Instead, the house looks 
like a monolithic piece of rock.
From the inside of the building, the architects dealt 
with the landscape by placing the users on a podium, 
just barely above the highest point of the landscape 
relative to that room. This results in a building that 
steps down with the slope of the cliff, as can be seen in 
figure 1.21. By lowering the windows to floor level, the 
podium experience is enhanced.

CASA POLI

Fig. 1.21: Isometric projection of the Poli House Podiums in Casa PoliFig. 1.22:
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The Tugendhat house is a classic example of exuding 
exclusivity, because of the location in which the villa is 
situated, Brno, Czech Republic, near the city centre and 
Lužánky Park, and of course the choice of Grete to use 
a ‘starchitect’. Tugendhat is located in the area Cerná 
Pole and is built in 1928. Cerná Pole became one of the 
most popular residential areas in Brno in the period 
before the First World War thanks to the offer of 
both individual and family homes. In this period many 
private houses were built, the oldest one, the Kaiser 
Villa, is built in 1860. The villa which is on the same plot 
as Tugendhat is the Löw-Beer Villa. The Löw-Beer Villa 
is built around 1903-1904, Grete’s Father, Alfred Löw-
Beer, purchased this plot of land in 1913 and, after the 
marriage of Grete and Fritz Tugendhat, gave the upper 
part of the plot to Grete as a gift to build a house for 
her family and financed the construction of the house.   

In contrast to the exclusivity of the villa, the north-
east facade where the entrance to the house is 
located, does not have this exclusive appearance at 
first impression. This is because the house is built 
on a slope, so a passant only sees the top floor. By 
experiencing the building itself and moving through 
it, the house becomes more luxurious step by step. It 
takes you to the living room on the second floor where 
the big glass façade gives you a beautiful view of the 
garden which blends in with the park. 

Fig. 1.23: Isometric projection of Villa Tugendhat

VILLA TUGENDHAT
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The Möbius House, located in “Het Gooi”, a green 
residential area between Amsterdam and Hilversum, 
with a series of detached houses surrounded by 
woods, meadows and heath land,. The curved and 
angled lines of the spatial loop of the Mobius strip 
reflect the varied landscape, while the glazed surfaces 
interact with the spectacular natural surroundings 
(Floornature, 2014).  
The Möbius house is located in a wooded area. 
Reflectivity of mixing the Mobius house in the 
environment is an important aspect in the design. 
The landscape has been used as an extension of the 
interior, which also indicates the unity of the interior 
and exterior. The low height and the use of the shape 
of the Mobius strip shape also symbolized the infinity 
and absence of inside and outside. 
Also the outdoor wooded area is one of the first 
essential relationship related to the building and 
its location. There is a game between interior and 
exterior and natural and artificial. This is reflected in 
the building by the use of the concrete closed parts in 
contrast to the transparent glass facades. If we look 
at the building from the outside, it can be concluded 
that the reflection of the glass can accentuate the 
impressions of the surrounding forest. The glazed 
facades take over the colour and structure of the 
landscape and visually dissolve the building in the 
landscape.  However, at night the opposite is true. 
The interior lighting of the house has the effect of 
creating the idea that the building is visually enclosed 
and isolated in the darkness of the landscape (McGie, 
2009).

Fig. 1.24: Isometric projection of Möbiuse House

MÖBIUS HOUSE
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CONCLUSION 

Clients of architecturally designed private houses 
have hardly been affected by urbanization and 
densification. They can buy their privacy by physically 
separating themselves from society. This trend has a 
long history and is therefore likely to continue in the 
future. 
Many of the architecturally designed private houses 
are located outside of the city. This has to do with 
the availability of space in rural areas, the freedom 
to exhibit or enjoy a particular lifestyle and the 
beforementioned exclusive culture. These locations go 
beyond the conventional suburb, as suburbs no longer 
reflect the demand of upper classes. An example of 
this is the Möbius House. Located in the renowned 
area called ‘’t Gooi’, the house defines upper class 
exclusivity. ‘t Gooi is best known for its luxurious villas 
which are home to many Dutch TV-personalities. The 
beautiful location is therefore associated with prestige 
and esteem. To live here, is to be part of this elite.
The locations of upper class residences go beyond 
suburbanization  to rural and more and more extreme 
locations as illustrated in figure 1.25.  Often, sites with 
particular assets within the landscape are sought to 
distinguish oneself from others. Maison à Bordeaux is 
an example where such as asset is utilized. A hillside 
just outside of the city provides the optimal location 
for privacy and exclusivity. The hill, along with the 
orientation of the building provide a panoramic view 
over the city of Bordeaux. A result of going beyond 
the conventional rural retreats is the Poli House. Here, 
the extreme location of a coastal cliff was chosen. This 
exceptional site is a literal separation from society 

since only a few buildings in a village are nearby. 
This causes breath-taking views for miles away, in all 
directions.
A more recent trend in location for housing is the 
reappreciation for the city as a residential area. 
Because of the improved liveability in the cities and 
wider range of housing types, it can now utilize its 
full potential as a place to life, network and connect.  
And since wealthy individuals or families are not 
bound to one place, city or nation anymore, they can 
have multiple residences in multiple metropolitan 
cities. These residences are most often long existing 
mansions on estates within the city and are referred 
to as trophy homes. One of such trophy homes is the 
Ennis house. Despite being built as a retreat from the 
city, it is currently part of the Central LA district within 
the city of Los Angeles. The expansion of the city in the 
last decade overtook the permanent location of the 
house. It is therefore now part of the city and located 
in the luxurious Hollywood Hills, which unintentionally 
reinforced its status as a trophy home. The Tugendhat 
house can be acknowledged as another example of a 
trophy home. Similarly to the Ennis House, it was also 
originally built on the outskirts of the city. But with 
the expansion of Brno, the house now resides within 
boundaries of the city.  

Fig. 1.25: More options for locations of Big Houses
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Space , as a notion within the English language, was 
only introduced to the architectural vocabulary 
following the emigration of German architects to the 
USA and Britain, just before World War Two (Forty, 
2004). Ever since, the realm of architecture has been 
obsessed with the concept, exempt a brief period 
when Post-Modernists subjected its importance 
to that of ‘place’ (Üngür, 2011). Before that, in the 
1920s and 1930s, the Modern masters were already 
philosophissing about,  and giving importance to the 
concept, while using an extensive array of terms to 
talk about the notion of space (van de Ven & Wang, 
1978). Even when The International Style was written 
for MOMA, the word space was not used. Instead, the 
old notion of ‘volume’ was used to talk about what 
presently is seen as the overarching concept of space 
(Üngür, 2011). Nowadays, the notion of architecture 
is often defined as a combination of space and form, 
where the form encapsulates the space. Making both 
concepts indispensable when discussing architecture, 
and thus making them indispensable when discussing 
contemporary and future trends within architecture. 
Use, as a concept within architecture is directly related 
to the concept of space. However, the use is more 
closely related to a societal context, where space is 
more closely related to an architectural context. In 
this chapter both will be discussed, as trends within 
the use of Big House design are thus closely related to 
trends in space. 
To address the topics of space and form, we will look 
at trends in the division of spaces; both in the interior 
divisions as well as the division between inside and 

outside. We will look at how trends within the use of 
the house might be the related of the trends in spatial 
divisions. We will look at how spaces are ordered by 
means of the space syntax as an analysis tool, and we 
will look at the old concepts of Raumplan and Plan 
Libre, to see how they might have held up. 

INTRODUCTION
USE & SPACE
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therefore become miniature homes within the house, 
which will become increasingly important in the future 
of housing. This development is illustrated in figure 
1.26. We see that houses before the 20th century 
used to be internally separated based on functions, 
whereas now we see that this separation is more so 
aimed at separating individuals.  A reason that might 
have contributed to this development might be found 
in the fact that it has become the norm to heat all 
rooms in the house, rather than just the living room, 
which used to be the main room where most time was 
spent (Livingstone, 1992). This provides the individuals 
within a household a valuable reason to retreat to 
another space without exercising the exact function 
that space was specified for, but rather use it for the 
privacy it offers. 
 
Interior functions
Next to the increasing importance of the personal 
room there are other changes in the significance 
and role of different functions within the house. 
An example can be found in the once so important 
separation of (domestic) work and leisure. Eating 
in the kitchen for example had been unpopular for 
a long time, up until rather recently (Krisch, 2013). 
Nowadays, there are even indications that the kitchen 
will become the centre of the house again. Domestic 

labour is distributed more over the members of the 
family, as in the society, and the kitchen is the central 
hub of all house work and is thus able to transform 
in the central meeting place of the household again 
(Krisch, 2013). These changes are illustrated in Figure 
1.27, where a clear distinction is visible before the 20th 
century, and a complete merger between kitchen and 
dining is the standard nowadays, and has been for the 
last few decades. 

There is a noticeable trend in the importance of the 
bathroom as well. Where the bathroom used to be 
small and pushed to the corners of the envelope, 
with the growing awareness of personal hygiene the 
bathroom became an actor of luxury and increased in 
size and number  (Krisch, 2013).  
 

Dispersion of functions
The very first houses to have ever existed, consisted of 
only one room. The only division that was needed was 
that between man and animals (Melhuish, 2000). It 
was only when the required space was getting bigger, 
and the lack of advanced construction techniques 
made it impossible to accommodate this growth 
in a single space, that shelter had to be divided into 
separate spaces. Yet, these spaces remained largely 
open to one another. It seems that it is in fact the 
specialisation and formalisation of activities inside the 
houses of the West that caused them to be broken 
down into smaller units with very specific functions 
(Melhuish, 2000). 
 
Merging of functions    
This trend, however, is relatively short-lived  . One of 
the most impactful changes in western cultures is the 
decrease in separation between functions. Already 
in the early 20th century, the Modernists started 
questioning the subdividing of the many different 
activities into small units within a larger whole. 
Nowadays, many different rooms, such as the library, 
the gentleman’s room and the ladies room have all 
been absorbed into one single space  (Krisch, 2013). 

This shows that a necessity for reduced floor area 
has started to emerge, as well as a strong decrease in 
formality in our day-to-day lives (Krisch, 2013). 
The foundation for these ‘open’ plans can be traced 
back to the Modern masters such as Mies van der 
Rohe, who proposed spaces with only a minimum of 
physical divisions, to step away from historic social 
structures (Ostwald & Dawes, 2018). However, since 
these functional divisions have been ingrained in 
the way we have lived for the past centuries, a total 
abandonment of separation walls is still seen as far too 
progressive for most people. Yet, especially among 
younger generations who often comprise of single-
person households, loft-living over the last decades 
has been increasingly seen as a perfectly acceptable 
type of dwelling (Hamnett, 2009).

Need for retreating space
Households with more than one person, however, 
do seem to require space for retreating within the 
house (Melhuish, 2000). This is due to the increasingly 
individual lifestyles and schedules of the individuals 
within each household (Krisch, 2013), which is being 
enabled and supported by the rise of the internet 
and domestic technologies. These  individual rooms 

DIVISION OF SPACE

PRE } MODERNIST ERA

Living
Space

Function 1

Function 2

Function 3
Living
Space

CONTEMPORARY LIVING

Retreating
Space

PRE } MODERNIST ERA

Kitchen

Dining

CONTEMPORARY LIVING

Kitchen &
Dining

Merging of functions results in the need for retreating 
space

Disappearance of the separation between domestic work 
and living

Working and living development within houses over timeFig. 1.26: Fig. 1.27: Fig. 1.28:

Working &
Living

PRE } 17TH CENTURY POST } 17TH CENTURY CONTEMPORARY LIVING

Living

Working

Working Living



79 PART I - USE & SPACE

Public vs Private
Another important development in the separation of 
spaces, is the one between inside and outside space. 
In the beginning of the 20th century, an important 
change took place in the relation between the public 
and the private. From the emergence of the private 
house in the 17th century, until the 1920s, the level of 
privacy within the private homes grew as the presence 
of the public decreased (Riley, 2017). Then with the 
introduction of the radio, and an increased interest in 
other media such as books, journals and magazines, the 
public aspect was once again introduced to the private 
house. The presence of media grew, as technology 
advanced, and with it grew the presence of the public 
in the private house. This development is illustrated in 
figure 1.29.  Due to that development, the need for our 
private homes to be truly private diminished, which 
resulted in trends such as the application of larger 
windows. As a result, the need for a retreating space 
became all the more important. The private areas 
of the house become more private, while the public 
functions become public, to a point where it can even 
be shared with others or the community.  
 
Working and living 
This erosion of separating different functions and 
daily activities continues and with the coming of 
modern technology, it even goes beyond the borders 
of ‘the domestic’. Broad availability of both the home 
computer and access to internet opened the possibility 
for working from home and for the first time since the 
industrial revolution the distinction between working 

and living is fading (Melhuish, 2000) (Rowe & Kan, 
2014).  Said development is closely related to that of 
how is dealt with public and private within a home, and 
is illustrated in figure 1.28. 
. 

Fig. 1.29: Public and private development within houses over time
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Space Syntax
Besides looking at how a space is built up in terms 
of it being a modern day adaptation of a Raumplan 
approach or a Plan Libre approach or something 
different altogether, one could also look at how space 
is ordered by means of a space syntax analysis. A 
space syntax analysis is a method to draw data from 
architectural designs. The space syntax is articulated 
in a diagram which is a ‘simplified’ version of all the 
floorplans of a design. This way of analysing is useful 
to find relations between spaces and to analyse social 
patterns (Ostwald & Dawes, 2018). Each case study 
will show a space syntax in order to understand the 
relationship between space and social patterns. 
This strips these case studies down to derivatives of 
themselves, to a point where they are all comparable. 

In architect designed private houses the personality 
of both the client and the architect is stronger than 
in other building types (Rapoport, 1969), and because 
of growing individuality and pluralistic lifestyles it is 
hard to predict how housing needs in terms of use and 
space will change in the future (Jonuschat, 2012). Still, 
lifestyle is subject to culture and thus we can see trends 
and fashion in the architect designed private house 
too (Rapoport, 1998). As the basic program of a house 
stayed almost the same in the last 50 years (Schittich, 
2013), the ordering and priority of the spaces and 
functions within and around the house thus become 
the point of interest.     Observing trends in how 
spaces and functions are ordered within a building is 
very difficult, as these are thus very dependent on the 
wishes of the architect and the client. Instead, we will 
look at how two historic notions on how to organise 
space are holding up in contemporary architecture, 
and to what extent they might have had an influence 
in our case studies.
 
Raumplan vs Plan Libre as a way of organising space
One of the Modern masters who concerned himself 
greatly with the concept of space, was Adolf Loos. 
For Loos, the notion of space was the most important 
aspect in a design. More so than the exterior of a 
building. Loos ordered his space using what he called 
the Raumplan, whereas his contemporaries were 
more focussed on the Plan Libre (Risselada et al., 
1988). In the Raumplan, Loos organised the space not 
just in a floor plan, but rather in three dimensions. 
This means in essence that his spaces are interlocking 
and penetrating each other in three dimensions 
(Heathcote, 2000). Moving through these spaces thus 

becomes a very orchestrated experience, with many 
changes in both elevations and in floor-to-ceiling 
heights. For his contemporaries, such as Le Corbusier, 
the ordering of space is a much less orchestrated 
experience. To him, the ability to freely move through 
space by making use of a standardised system would 
result in strong, coherent architecture (Risselada et 
al., 1988). 
   
Raumplan and Plan Libre in contemporary  
architecture
Nowadays, the principles of Le Corbusier are widely 
adopted by the building industry. Especially larger 
buildings make use of a post-beam structure, where 
load-bearing interior walls are no longer needed. 
Allowing for more flexibility within the building. In 
private house design, however, various adaptations 
and evolved versions of both Plan Libre and Raumplan 
seem to still coexist harmoniously, as the approach is 
far more dependent on the individualistic desires and 
needs of the client, and the way of practicing design 
of the architect. 

ORDERING OF SPACE

Raumplan vs. Plan Libre  Fig. 1.30:
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might be in the centre of the space where you can only 
observe part of the building, the textures and details 
become more important in this scale. The final scale is 
‘far range’; on a far range scale you observe the object 
from a far distance, for example an ‘Architectural 
designed private house’ which you are observing from 
across the street. In this scale the details lose their 
importance, the shapes, volumes and colours are now 
more important to observe to understand the basics 
of the building (Kübra, 2017).
However, while space is a topic that is highly analysed 
by architects all over the world, what is most important 
is that ‘space’ is subjectively and unique for every one 
of us. Thus the perception one has could differ than 
others

The experience or perception of an architectural 
space is often difficult to comprehend and describe. 
Spaces are created by ‘simply’ placing and combining 
elements such as walls, floors, columns, etc. In 
architecture, however, we really experience the space, 
rather than that we perceive it as separate elements 
that create a space.  According to Peter Zumthor, 
quality architecture is when a building manages to 
move a person (Zumthor, 2006). Zumthor seems to 
think that it is the atmosphere of a space that makes 
us positively experience a space. According to Meyer it 
is architecture that makes the experience of a space, 
or the atmosphere of it, tangible with “its ability to 
render the inherently ungraspable phenomenon 
of space at least somewhat graspable for human 
imagination.’’ (Meyer, 1998). 
The form of spaces can influence your experience, 
especially in the Modern times; 

’’The streamlined forms of the Modern architecture 
of this era were inspired by cars, aircrafts and 
ocean liners, and Modern architects sought to evoke 
the functional elegance of these machines in their 
detailing.’’  (Ostwald & Dawes, 2018)

Architects of today thus have way more design 
freedom than in the earlier days. This freedom of 
design is because of the technology and science which 
brought humanity a set of new 9-chances. Respectively 
you can talk of a ‘tabula rasa’ (Ostwald & Dawes, 2018). 
The discovering of new materials and techniques gave 
architects the chance to experiment with different 

shapes thus create experiences completely different 
from what was done before. But why is it necessary 
for an architect to create a certain experience? How 
could this be contributed in the society? Designing 
a space could be a tool for an architect to alter 
certain environments which could result in changing 
behaviour of the human species. For example; a space 
where one needs to be concentrated and focused 
should be calm. In this way if the architecture of the 
space is calm, the person who is in experiences this 
calmness and could therefore be more focused etc. 
If the architecture consists of sharp corners, many 
colours and thus many distractions, the space results 
the opposite of calm.
An important tool for architects to design these 
‘physical spaces’ is the knowledge of light. One needs 
to be familiar on implementing light in the design and 
thus give an extra dimension on the experience of a 
space.  
Not only shapes, forms or lightning can define how 
an architectural space is perceived, also the scale in 
which an architectural object is situated can change 
the perception of that space or the space around you. 
‘‘According to the theories Alois Regel (1858–1905) and 
his Aesthetic Model, there are three main scales that 
we experience space; near, middle and far range.’’ . 
(Kübra, 2017) The scale ‘near’ means that you are able to 
take in the entire object, for example an architectural 
model. You can pick it up, rotate it etc. In this way it 
is very easy to understand this object as a whole. The 
other scale is ‘middle’; this means that you probably 
understand the whole only partial, for example you 

EXPERIENCE OF SPACE

Elements creating spaceFig. 1.31:
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ENNIS HOUSE
CASE STUDIES

The Ennis house has two parts; the main house and 
the chauffeurs quarters connected by a bridge, which 
functions as the entrée gate as well. When entering 
the motor court the visitor is directly confronted by 
a broad view of the city. The Ennis main house is built 
up by a series of volumes that, in contrast to the other 
textile block houses, are not arranged in the compact, 
upstanding direction, but are spread out horizontally 
over the half-acre plot (Davies, 2006). The different 
volumes are connected by a 35 meter long loggia 
and are placed in such a way that all the rooms have 
views (NPR, 2009). The organization of the house is 
, as seen in the space syntax diagram, mostly linear 
from west to east concluding in the master bedroom 
with balcony at the far end. This route from entrée 
to master bedroom encounters the key spaces of the 
house; dining, living room and loggia, marking the 
most important rooms with the greatest release. 
Wright used a technique named compression-release 
in his houses where small area’s with low ceiling would 
lead up to large open spaces, to mark the significance 
of these larger room. In the Ennis House this is next to 
the master bedroom the dining room instead of the 
more usual living room with hearth. 
The Ennis house faces the city at one side and a park 
at the other side. Wright located the more private 
functions, like the second bedroom, bathroom and 
guestroom, on the more anonymous park side of the 
central axis loggia, while the more open terraces are 
on the city side. Overall Wright carefully designed the 
outside and terraces to fit the inside and the inside 
to fit its context. The mono-materiality, openness of 

the spaces and the terraces on all sites make that the 
building and its context become one (Architectural 
Digest, 2019).

Fig. 1.32: Fig. 1.33:Routing in exploded view  of the Ennis House Space syntax diagram of the Ennis House

1. Motor Court 6. Guest House 8. Kitchen & Pantry
9. Dining
10. Living
11. Loggia
12. Study & Bathroom
13. Master Bedroom
14. Courtyard
15. Terrace

7. Hall2. Garage
3. Chaffeurs house4. Entrance Porch

5. Billiards

GROUND FLOOR MAIN FLOOR

OUTSIDE AREAS

INSIDE AREAS

1. 4.

5.

6.

8.

7. 9. 10. 11. 13.

2. 3.

12. 15.14.15.

15.

1.

4.5.

6.

6.

8.

8.

7.
9.

10.

11.

13.

2.

3.12.

12.

14.

15.

3.

3.

7.



87 PART I - USE & SPACE

Fig. 1.34: Program, important spaces Ennis House

6. Guest House

6. Guest House
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8. Kitchen 

9. Dining

10. Living

11. Loggia
      Heart

12. Bathroom

7. Hall

2. Garage
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4. Entrance Porch
5. Billiards

12. Study 

13. Master Bedroom

Frank Lloyd Wright designed over 300 residential 
buildings over his career and most of them got 
positive emotional response from their owners. The 
reason for this huge liveability of his houses is widely 
discussed, but one of the more accepted theories is 
what he would call ‘the human scale’ were the size 
of spaces and the height of the ceilings would not be 
larger needed. This theory is further explored by Grant 
Hildebrand who called it ‘The Wright Space’(Dawes & 
Ostwald, 2014). 
However, the Ennis house is different. He uses is 
famous compression-release technique; a small 
entrance hall leads up to a large dining area, a small 
ceiling leads up to the grand master bedroom. But 
the difference is that large spaces are enormous in 
comparison to his earlier work (Architectural Digest, 
2019). The Ennis house has been called un-domestic; 
over-scaled and more like a hotel or an embassy 
than a private house (Davies, 2006). However Janet 
Tani daughter of Augustus Brown former owner of 
the property calls it next to grand and monumental 
“highly liveable”. She said: “One gets to experience 
the changes of light throughout the day and how that 
impacts interior spaces on a large scale” (Head, 2013). 
Most rooms have light entering from multiple or all 
cardinal directions to fully optimize the Californian 
sun (Architectural Digest, 2019). The House fits the Los 
Angeles climate and culture and turned out to be one 
of Wrights personal favourites. 
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Casa Poli offers a unique program, that resulted in a 
very strong concept. To be able to offer a house that 
feels both domestic, while also fuelling the creativity 
and serving the community, the architects introduced 
a concept where the house would be defined by its 
interconnectedness between the various spaces on the 
inside. Initially, the house was not even designed with 
specific functions prescribed to each individual space, 
but rather, a series of rooms with varying degrees of 
connection to one another. That way, the intended 
flexibility could be maintained most optimally. 
The plans for Poli House are in essence very simple. 
There are two floors, which each measure about ten 
meters by ten meters. All storage, bathroom, kitchen 
and circulation spaces are tucked into the perimeter, 
which appears as very thick walls, which in reality are 
thus hollow, as is illustrated in figure 5.10. Instead 
of leaving the resulting interior space empty and 
flexible, however, the architects chose a derivative 
of the Raumplan approach to have more control over 
the outcome of the connectedness of the different 
rooms, as to adhere to their main concept as closely 
as possible. 
The Poli house is in theory of a moderate size. 
However, as can be observed in exploded view, the 
architects chose to sacrifice quite the amount of floor 
area to achieve the varying degrees of connection 
between the different spaces. Floor area as well as 
freedom of movement was sacrificed to maintain a 
strong concept. Rooms often flow into one another, 
meaning there is a visual connection, without an 
opportunity to physically move into the other room 

due to the difference in height. A concept that can 
also be observed in Loos’ Villa Muller, which is designed 
as a Raumplan.
This idea can be explained by means of the Space 
Syntax Diagram of the Poli House. The whole ground 
floor is virtually one room, with no real separation 
walls in between. Yet, a linear circulation seems to 
prevail due to there being a different floor level for 
the three spaces that are created. 
The most important space of Casa Poli, as can be 
deducted from both the plans and the space syntax 
diagram in figure 1.35b, is the living & study room. In 
essence, this is the creative space. It is the space where 
the linear circulation of the ground floor is terminated. 
It offers a physical and / or visual connection to all 
other important spaces in the house. It even provides 
visual connection to the bedrooms, through the void, 
that renders the creative room almost seven meters 
high. The creative room is the most connected room 
in the house within that hierarchy of different levels of 
connectedness, and is thus the as a space the climax 
of Casa Poli.  

Fig. 1.35: Fig. 1.36:Routing in exploded view of Casa Poli A: Space ordering diagram of Casa Poli
B: Space syntax diagram of Casa Poli
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Fig. 1.37: Program, important spaces Casa Poli

1. Kitchen & Dining

2. Creative Space

4. Bed & Bathroom

5. Bed & Bathroom

3. Living Room
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One of the most remarkable things in its design is that 
the house consists of actually three houses stacked on 
top of one other. For a residence being designed for 
someone bound to a wheelchair, this might not be the 
first thing popping up in one’s mind. All of the floors 
characterize themselves by their own unique spatial 
conditions (Melhuish, 2000). For all three floors the 
architect got inspired by different projects, resulting 
in three layers of completely different architectural 
features.
Vertically, these volumes are primarily joined by 
an element which forms the heart of the building. 
An elevator platform enables the husband to move 
to each of the floors. With the inclusion of the 
elevator platform, Rem Koolhaas seems to refer to Le 
Corbusier’s ‘a machine for living’ (Melhuish, 2000). It 
embraces this principal in literal terms by the platform 
being an actual machine, enabling the husband to 
move throughout the residence. Therewithal, it finds 
its way in what the essence of Le Corbusier’s statement 
covers. The principle of the elevator is to fulfil the 
requirements of the restricted movability of the 
husband, in order to enable him living a comfortable 
life. A house is said to help for all necessities of life, 
so does the design by OMA dedicating itself to the 
changed life conditions of Jean-Francois.
Spatially the elevator plays an important role. The 
volumes of the house are in general relatively simple, 
but organized in a spatially complex way. As mentioned 
before, all three volumes are expressing different 
conditions. The elevator can be considered the spine 
of the spatial layout of the house. As a 3 x 3,5 meter 

floor area, it is masked by being office space. Due to its 
movement, both the spatial experience of the house 
as a whole and the platform itself are continuously 
changing (Craven, 2019). Either the presence or 
absence of the dynamic platform on a particular 
level, change the architecture of it. One end of the 
elevator is on every floor enclosed by polycarbonate 
bookshelves, as extruding the office in vertical 
direction. The movement of the elevator therefore 
allows the husband to easily reach any part of it.

Fig. 1.39: Space syntax diagram of Maison à Bordeaux
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Fig. 1.38: Routing in exploded view of Maison à Bordeaux
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The volumes can be distinguished according to their 
appearance. The lower floor is partly excavated into 
the hill and features cave-like spaces on that end. The 
middle floor is completely transparent while being 
fully glazed in order to provide a view on the city of 
Bordeaux. The top floor is contrastingly more solid, 
facilitating the baths and bedrooms. The building is 
divided in two vertical sectors, while the upper floor 
consists of two independent parts. One part for the 
parents and the other for the children, both being 
accessible by their own vertical access.
The lower floor houses its functions carved into the 
hill. Spaces merge in front of the large glass façade 
which overlooks the semi-buried courtyard where the 
main entrance of the house is located. On the far end 
of the courtyard there are two other units. One meant 
for guests and the other for the caretaker. The middle 
floor is where the inhabitants would spend during 
daytime. It is fully glazed which seems to merge 
interior and exterior. Sliding walls on both floors allow 
the residents to open towards the courtyard on the 
lower floor and open towards the outside terrace 
on the middle floor. The top floor, as mentioned 
before, is divided into two parts. This volume as a 
whole is a concrete box, allowing views through small 
portholes. The latter are placed carefully in order to 
offer interesting views over the surroundings of the 
house (WikiArquitectura, 2014). The upper level’s box 
appears to enclose one volume, while in reality it is 
split up in two. Koolhaas created a narrow space in 
between, which allows natural light to enter both units 
of the upper floor.

Fig. 1.40: Movable office platform reaching out to the vertical oriented bookshelves Fig. 1.41: Program, important spaces Maison à Bordeaux
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Romano Guardini, a philosopher who was a significant 
figure of German Christian Personalism, had ideas 
which gave inspiration to Grete Tugendhat and was 
thereby influenced into the space of the Tugendhat 
house: “Large spaces provide freedom. Space has a 
completely special calm in its rhythm which cannot 
be provided by a closed room” (Atelier Zidlicky, 2020).  
This is why the living area is designed in a way that 
the floorplan is open. Mies had met Guardini, the 
Tugendhats were aware of his work, they discussed 
together his views. During the design of The Tugendhat 
Villa, Guardini’s work state that “a well-built internal 
space has levels which lead into depths” (Atelier 
Zidlicky, 2020). This is precisely the way the space of 
the Tugendhat Villa works, entering downwards into 
the spaces.
The Villa is divided into three floors, the top floor is 
where you enter the house and where the bed-, and 
bathrooms for parents and children are located. The 
first floor is the main floor, because of Mies’s choices 
on structure, he has been able to create a large open 
and bright space. The library is integrated in the living 
room. Further on this floor are the servant rooms and 
the kitchen. The basement is serving entirely for the 
technical aspects of the Villa. For more clarity, Figure 
1.44 shows the program of the most important rooms, 
the other information such as walls etc. are omitted 
from the drawing thus only the volumes are visible. 
The space syntax diagram of Tugendhat shows several 
connections from floor to floor, most of the spaces 
are reachable through multiple routes, which shows 
that there is no strong hierarchy visible in the building. 

Figure 1.42 similarly shows that there is no clear route 
that one should follow in the horizontal way of sense. 
Vertically the route is very clear, one enters the house 
on the top level and there is only one highly visible 
stair that takes you to the main floor. The space 
syntax shows also the relationship between the social 
patterns of the Tugendhat family and the spaces, from 
every floor there is a way to enter the garden, one 
can conclude that, in this case, the boundary between 
interior and exterior is thin, which is. The living space 
with the large windows is indeed a space with the 
philosophy of this, merging the inside with outside. 
However, there are different routes to follow for 
different users; the blue lines in the routing diagram is 
meant as the main line, especially for the parents, the 
green route is for the children and the orange route is 
for the servants and the chauffeur. 

Fig. 1.43: Space syntax diagram of Villa Tugendhat
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Fig. 1.42: Routing in exploded view of Villa Tugendhat
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Fig. 1.44: Program, important spaces of Tugendhat
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‘‘The Möbius house is based upon the concept of the 
Möbius strip, it is usually demonstrated as a loop of 
material with a half twist resulting in a surface with 
only one continuous side,  It has become a puzzling 
and paradoxical three-dimensional form with no 
inside or outside. As such, the Möbius house is 
conceptualized on the notion of a continuous and fluid 
circulation between social space, private space, and 
paths of movement which are subsequently defined 
by ambiguous boundary conditions’’ (UNStudio, 2005). 

The mathematical model of the Möbius strip was not 
literally conveyed in the design of the Möbius house. 
The model has been conceptualized or thematized 
at various points, this is reflected in architectural 
elements, including the use of light, the different stairs 
and the way people move through the house (routing). 
The diagram is incorporated into the building in a 
mutated manner, introducing the aspects of duration 
and trajectory (World-architects.com, n.d.).  
The crystalline angular shapes of the house extend 
into the wooded area - so much so that when standing 
in a room, it is difficult to determine whether adjacent 
spaces are internal circulation or penetrating fingers 
of outdoor spaces. This is partly due to the extensive 
use of top lighting and the use of exposed concrete for 
both interior and exterior wall surfaces (Croft, 2004).
The interior of the Möbius house is an exercise in 
spatially complex relationships and connections. 
Although the modest program consists of basic 
living conditions including living room, bedroom and 
kitchen, the Möbius house also has two independent 

studios. These two studios should be seen as two 
separate spaces for which there are two separate 
circulations that sometimes run parallel in a shared 
journey through the succession of spaces. In this way, 
public and private are separated as much as possible. 
The Möbius strip concept has been applied here as a 
concept that ensures that when routing through the 
house there is a separation between the private life 
of the resident and the business life, without these 
routes having to cross each other (UNStudio, 2005).

Fig. 1.46: Space syntax diagram of the Möbious House
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Fig. 1.45: Routing in exploded view of the Möbius House
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Fig. 1.47: Program, important spaces Möbius House

2. Storage

4. Studio

9. Terrace

9. Guestroom

10. Living/dining space

11. Bathroom

13. Storage/ Garage

12. Hallway

9. Bathroom

10. Studio

10. Bathroom

10. Bedrooms

11. Master Bedroom



105 PART I - USE & SPACE

to be closely related to how their space syntax looks. 
When some means of linear movement or hierarchical 
lineage can be observed, the floor plans seem to 
relate more to a Raumplan approach than to the Plan 
Libre. As can be observed in the Möbius House, Casa 
Poli and the Ennis House. Consequently, the opposite 
seems true as well. When the space syntax consists of 
a whole network of connections between the spaces, 
that seems to closely relate to a Plan Libre approach 
in the floor plans. This seems to be the case for 
Tugendhat and Maison a Bordeaux, which both follow 
the Plan Libre approach, and both show an extensive 
network of interconnectedness of spaces. 

Tailoring Space
It should be noted, however, that all cultural and 
societal developments should be observed in the 
light of the individual, as it is currently the time of 
diversity of lifestyle and pluralism (Rowe & Kan, 2014). 
This also comes down to not taking the trends and 
observations in this chapter as being carved-in-stone 
truths, but rather as guidelines. After all, it is the role 
of the architect to translate the wishes of the client 
into a design. Through individualisation, the general 
community feeling is weakened, people often feel 
more connected to a ‘peer-group’ where there is no 
physical connection (Nayar, 2009).  The architect 
should help the clie nt to understand what is needed 
over time (Hershberger & Smith, 2017) and provide a 
space where the client can determine his or her life 
within the physical community  (Kuhn & Harlander, 
2012)

Public vs Private
An important development that can be observed 
in private house design in the context of space, is 
the fading of the line between public and private. 
At some point in the 17th century, when houses for 
the middle class started becoming truly private, the 
public was increasingly banished from these houses. 
At the same time, the formalisation and specialisation 
of functions made for more interior divisions, which 
were thus aimed at separation of functions, and not 
so much on the separation of people. The last couple 
of decades, however, the presence of the public in the 
private house has been increasing, which means that 
the hard line between the inside and the outside is 
fading. On the same time, interior separation walls are 
becoming less, and are more focussed on separating 
the individuals, rather than the functions, to give them 
a private place where they can retreat   .
 
Working and Living
This trend has been ongoing for quite a while, but a 
new trend appeared, which also emerged from the 
rapid technological advancements of the last decades. 
This new trend is the combining of working and living 
within the same home. The very development that 
gave us the concept of the private home as we know 
it today, is starting to reverse. More and more homes 
are being used as the primary or secondary source of 
generating wealth. An example of this can be found 
in Casa Poli, which is primarily a holiday home. Yet its 
most important space is the creative room, which is 
in effect the work space. A similar development can 

be observed in Maison a Bordeaux. The elevator, which 
functions as essentially the most important space for 
the owner, is also his home office. It can be expected 
that this trend will continue, and even grow bigger 
due to the 2020 pandemic that forces many people to 
work from their homes. 
 
Ordering of Space
The development of the disappearance of the interior 
separations, however, does not exclude the Modernist 
counter movement of Adolf Loos called Raumplan from 
today’s architectural scene. In fact, it seems that both 
approaches are still ongoing in some shape or form. 
This can even be observed in the limited scope of case 
studies within this research. Maison a Bordeaux for 
example, is a clear example of a building that is based 
on Le Corbusier’s Plan Libre, where a free movement 
through the space is paramount. The Möbius house on 
the other hand, where the movement through space is 
an orchestrated experience of moving through various 
interlocking volumes in three dimensions, showcases 
an adaptation of the Raumplan. The same goes for 
Casa Poli, where the movement through space is less 
important than the interconnectedness of the various 
spaces, but the result is the same. The different 
spaces are clearly designed in a three dimensional 
mesh, where the volumes all have different ceiling and 
floor levels, but all seem to flow over into each other, 
which can be seen as another direct derivative of Loos’ 
Raumplan. 
Whether or not a building has implemented some 
form of either the Raumplan or the Plan Libre seems 

CONCLUSION 
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The composition of households is ever changing, 
based on political and social context and changes 
within over time. Furthermore time itself causes 
changes within households with children moving out 
and the residents of the house simply aging. This 
means household demographics will never remain the 
same, even when only considering a single place.  
The ideal picture in the western world is the single 
family home a couple got to buy after getting married, 
quickly followed by having children. This kind of single-
family house has long been the image of the most 
ideal house type. It is a way to reach for a degree 
of comfort and safety that is more than a different 
type of house could offer. But it was only achievable 
for those who could afford it, which made it a place 
of luxury, a prestige object to separate the owner of 
the masses. Today luxury is something we can all aim 
for and the classical villa is not the only option for this 
anymore. Still money will continue to be a dividing 
factor, especially now the inequality grows around 
the world, and housing will stay a means to showcase 
wealth. There has been a decline in the amount of 
traditional nuclear families and an increase in single 
person households. The demographics are further 
shifted as a result of the currently aging society. For 
architecture these changing demographics allow for 
a new view on housing. The traditional family homes 
do not meet the requirements of many single person 
households and elderly have different requirements as 
well. Reacting to these changes is key in sustaining the 
housing market and architectural design can play a key 
role in this, providing the market with a new influx of 

housing designed to its future resident’s needs. What 
is certain is that the architect designed private house 
is changing and will continue to change in the future. 
Achieving luxury in the form of a private house does 
not necessarily mean a large villa with private garden 
anymore, although this type will to live on. Luxury 
today means much more the expression of individual 
ambitions, uniqueness and craft, and because of 
that, new types of the private house enter the field. 
The size of the house too becomes less important. 
As society becomes more pluriform, so becomes the 
expression of the architect designed private house. 
Informality tends to become a more influential notion 
when it comes to the division of spaces. Nowadays, 
not every facility within the house inherently needs 
to be physically separated by means of interior walls. 
On the contrary, functions seem to merge into single 
spaces. This trend already emerged in the early 20th 
century. This era’s architects contemplated functions 
co-existing harmoniously in one single space, rather 
than subdividing every single activity into small units. 
This development, however, questions the subject 
of privacy within the private house regarding its 
household. The extent to which functions join together, 
influences the balance between public and private. 
The increasing informality seems to evoke a certain 
paradox. Private houses become more and more 
public as layout gets more informal, while at the same 
time individual lifestyles seem to increasingly play an 
important role. Diverse schedules and concerns of the 
individuals within each household require areas for 
retreating, away from the blend. This is seen being 

CONCLUSION
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Due to societal and technological advancements, we 
are no longer bound to a specific place. We can travel 
around the world in a day, we live hours away from 
our workplace and we can connect with everyone 
around the globe within seconds. We therefore have 
a relative free choice in a location of our residence. 
This also means that locations for architecturally 
designed private houses become less location specific. 
Preference of lifestyle or certain sought-after assets 
within the landscape prevail practical considerations 
with regards to location. Also, major metropolitan 
cities around the world start become more similar 
due to globalization. It no longer matters whether 
one is based in London or Amsterdam, the same urban 
features are available in both cities.  
The villa has always been a place for experimentation. 
The application of new techniques and materials are 
often first established in villas. In the past decades, the 
fields of experimentation were predominantly within 
the sustainibility aspect of architecture. More recently, 
the gap between design and manufacturing is closing 
due to the development in digital manufacturing, more 
knowledge on materials has gained as well as more 
knowledge on techniques. The way of designing has 
changed and the freedom to experiment on form and 
materials has grown even more with new possibilities, 
such as 3d printing and optimising materials in design 
and structural engineering. The computer ruled 
design process has won the design process over hand 
sketching. This doesn’t mean that hand sketching is 
completely gone, architects are just getting more 
familiar with these new technologies which enable 

one to design new, and/or, complex shapes.  
However, together with exploring new technologies, 
new limitations appear to the boundaries of what is 
possible. 3D printing is one of the new technologies 
which is in an exploring fase, not only for architecture, 
but different disciplines as well. With this new 
technology new and ‘freeform’ shapes could be made, 
thus a new set of chances for humanity, a tabula rasa.  
The Architects of the ‘Architecture-designed-private-
house’ will have the possibilities to enhance these new 
knowledge in designs, but there will always be a limit 
of what is possible, the task for architects is to go 
beyond these limits to create even more possibilities 
with new limits and so on.

translated to interior walls focusing on the separation 
of individuals, rather than the functions. The presence 
of individual rooms to preserve a necessary amount of 
privacy, will become increasingly important in future 
housing design.   
In recent years and especially now in this strange time 
with the Corona virus, a shift is taking place. People 
are increasingly working hard, especially now that 
measures have been taken that everyone should work 
from home as much as possible. Many clients choose 
to create a place in the residential environment 
(public) where work (private) can also take place. 
Where there is no hard separation to be found at Ennis 
and Tugendhat , this can be found in for example the 
“Möbius house by Ben van Berkel” and “ Casa Poli by 
Pezo von Ellrichshausen ”   
Because there will probably be more and more work at 
home, design will also have to be taken into account. 
For example, opportunities will have to be created for 
spaces where people can work in a quiet way, (private) 
but also spaces where family life steals an important 
role.    
In the 17th century the private house of the middle 
class became for the very first time truly private. For 
the first time, the middle class was getting wealthy 
enough to separate their business from their home. 
Resulting in the banishment of the public from the 
private house. Now, with the rapid technological 
advancements, this development is starting to reverse. 
Ever more people are starting to see opportunities to 
run a business from home. At the same time, various 
advancements are providing possibilities for workers 

to do the work that they would usually do from their 
office from their homes. Due to the pandemic in 2020 
these developments will gain only more momentum.  
On the same time, the merging of working and 
living are closely related to the erosion of functions. 
The increasing informality has contributed to this 
development greatly, and will likely continue to 
contribute for the foreseeable future. It is however 
important to keep in mind that there are various 
indications that show the importance of a retreating 
space for individuals within a house. To be able to 
work from home, a space that is separate from other 
members within the household seems paramount. 
For single family households, on the other hand, the 
physical separation between working and living within 
the same house is of less importance, as can be seen 
by the popularity of loft living, where the entire space 
is associated to a dynamic working and living merger.  
Something that has always distinguished the villa 
from other types of housing is its association with 
exclusivity. Particularly to exclude oneself from 
everyday life in the city. This usually meant that one 
would retreat into a calm area just outside the city, or 
on a rural estate. However, in modern society, the city 
is no longer an insanitary place to flee from. Instead, 
the social aspect found in urban life is often an 
attracting factor, especially for younger generations. 
The ability to connect and network makes the city 
a viable option for living. The rural retreat is far 
from obsolete in today society, but the active city is 
currently booming again. 

Fig. 1.48: Concluding key points



111 PART I - DISCUSSION

Firstly, it is important to understand the context in 
which this research was conducted. This research is 
the product of the BIG House 2.0 Graduation Studio 
that started in February of 2020 at the Eindhoven 
University of Technology. The studio was created as 
an extension to the BIG House master project that 
started at that same time. It is important to note that 
the entirety of the research, as it exists in its current 
shape, was conducted during the lock-down that was 
initiated as a result of the 2020 pandemic. As the crisis 
is far from over when this research is being rounded 
up, the predictions that were related to it will have to 
be revisited over time. 

Another important consideration when reviewing this 
research is the limited scope of case studies that is 
used to support the text. The case studies are used for 
illustrative purposes to showcase some of the trends 
that are being expounded within the research. No 
reasonably accurate or concrete conclusions can be 
drawn from looking at just the scope of case studies 
without the text as a body of reference. 

Thirdly, it is important to note how this research 
places itself in a Western context, where both the 
texts as well as the case studies that are drawn upon 
are mostly European. Even the Americas play a small 
role within the scope of this research.  

Another important consideration when reviewing 
this research should be that the built environment 
evolves rather slowly. Trends that we observe might 

have been ongoing for several decades, or even since 
the introduction of Modernism. This means that it is 
somewhat safe to say that most trends will go on for a 
while. On the other hand, times are changing fast, with 
the quick evolution of technology, and the ongoing 
pandemic. Making it hard to predict which trends will 
continue, and which ones might stop entirely. These 
developments also make it hard to predict what new 
trends might emerge during these times, and what 
newly emerged trends are in fact going to survive. 

DISCUSSION
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The Architecture, Engineering and Construction 
(AEC) Industry is trying to pursue digitisation and 
automation for a higher productivity. Advancements 
are being made regarding automation and robotics, 
but the industry is a long way from fulfilling its 
potential. 
The problem is that the current state of the AEC 
industry shows a minimal growth in this digitisation 
and automation. Labour productivity is extremely low 
compared to other industries, and the supply chain 
of the AEC is too complex. This brings inefficiency 
between different parties in the construction process. 
Automation in constructions can bring about solutions 
in digitisation for the construction process by using 
additive and subtractive manufacturing. These will 
improve the quality and productivity, but also safety 
and other factors, by adopting digital technologies in 
the industrial production. This will become important 
for speeding up the construction process with on-site 
automation, such as 3D printing with robots.

The global population is estimated to increase with 81 
million people per year [1]. Most of these people will 
live in urban areas, as currently, the world’s urban area 
is increasing by 200,000 people per day. All of whom 
need comfortable housing, as well as transportation 
and utility infrastructure [2]. The entire population 
relies on the quality of the AEC industry to live 
comfortable lives [2]. 
This growing rate at which buildings are being 
constructed also has an increasing impact on the 
environment. With three billion tonnes of raw materials 

used to manufacture buildings worldwide, the AEC 
industry is the single largest consumer of resources 
and raw materials [2]. All these resources leave behind 
immense waste; about 40% of all solid waste derives 
from the construction and demolition of buildings 
[2]. Apart from material impact, the AEC industry also 
eagerly consumes other resources like oil and fuel for 
machinery, which accounts for approximately 20% 
of the total materials [3]. Consequently, the industry 
is responsible for 30% of the world greenhouse gas 
emissions [4]. 
The big impact of the AEC Industry on our lives also has 
a positive note. The AEC industry fuels global economic 
activity in a wide range of sectors [3], providing more 
than 100 million jobs worldwide [2]. Around $10 trillion 
a year is spent on the industry, which translates to 
around 13% of the global GDP, see figure 2.1 [2], [3], [5]. 
The spending is increasing with 3.6% since the end of 
the financial crisis and is expected to continue to at 
least 2025 [3]. 

CONTEXT
PROBLEM STATEMENT

Construction Related Spendig [3]Fig. 2.1:
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Complex supply Chain in AEC Industry [9]Fig. 2.3:

In this rapidly advancing world, the AEC Industry faces 
some urgent problems. The biggest problem regards 
its labour productivity. The labour productivity of 
the construction industry over the past 70 years has 
only increased with factor 1.1x, see figure 2.2, whereas 
other comparable industries, such as manufacturing 
(8.6x) and agriculture (16.1x) have grown significantly.
The main reason for this low productivity is the 
manual labour required for construction projects. 
Whereas other sectors have mechanized, digitized or 
robotized, the construction industry is still considered 
low-tech [4]. Despite some highly technical and 
complex projects being undertaken, construction 
has largely continued to rely on traditional methods 
characterized by poor quality and performance 
[3], [4].  Little has changed over the past 800 years; 
pulleys have been substituted by cranes, but they 
work with the same principles: manual control, human 
operator visual feedback, big positioning error, etc [6]. 
Whereas other sectors have boosted productivity by 
innovations, the productivity within the construction 
industry has actually declined in some markets since 
the 1990s [7].
The poor labour productivity of the construction 
industry is pervasive. It is a long-term issue that 
affects virtually every economy, and which has not 
been tackled for decades [3]. It is estimated that a 1% 
increase in productivity could save around $100 billion 
in construction costs [2]. The cost to the industry is 
substantial, but therefore so is the opportunity [3].
Another problem is the complexity of the supply chain 
in the current AEC Industry. Building developments 

involve complex decision making [8], which is being 
fragmented into smaller firms. In total, around 2.7 
million enterprises are currently involved in the 
industry [6], all of which have their expertise. This 
results in a highly complex system of relations. Xue et 
al. visualise this complex supply chain, as can be seen 
in figure 2.3 [9]. 

CURRENT STATE OF THE AEC INDUSTRY

Labour Productivity: Value Added per Hour Worked [3]Fig. 2.2:
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Industry Digitization Index; 2015 or latest available date [10]Fig. 2.4:

One of the solutions to countering these problems 
is to digitize the construction industry. Other 
industrial sectors, such as automotive, aeronautics 
and aerospace underwent radical process changes 
by adopting digital technologies to improve quality 
and productivity, these transformations are generally 
described as industry 4.0  [4], [6]. In contrast, the 
construction industry is one of the least digitized 
sectors, see figure 2.4, which indicates that a lot of 
improvement can be made in this field.
There have been advancements in digitization in the 
construction industry, but these have mainly been at 
the planning phase (planning, suppliers’ relationships, 
etc.). Those advancements have not been translated 
to the production phase of the process (building 
erection, masonry, on-site automation) [6], [11]. The 
core of the problem will not be solved by these partial 
advancements; a digital solution should cover all 
phases of the construction process.
Digitization in the production phase can be achieved 
by Robotics and Automation in Construction (RAC). 
This brings some highly desirable advantages to the 
industry. First and foremost, RAC has the ability to 
improve the construction efficiency, and with that, 
increase labour productivity [3], [5], [6], [12]. This 
improvement will particularly be effective when 
elements are manufactured on-site. This is mainly 
due to the precision that the robotics can deliver [5], 
[6], [13]. Another factor is the quality of the product 
[5], [6], [12], [13]. Similarly to prefabricated elements 
that are more and more common on construction 
sites today, elements produced with RAC will be 

constructed under a controlled environment. This 
will guarantee products with similar high quality 
throughout. RAC will also greatly influence the impact 
of the AEC industry on the environment [14], [15]. The 
precision of the robotics provides a tool for the precise 
placement of material, therefore reducing the overall 
material usage compared to tradition methods. Also 
the highly labour intensive and wasteful production of 
formwork is no longer needed [16], [17], which has a 
positive impact on the environment. Apart from the 
construction process, RAC is capable of simplifying the 
whole process, from design to manufacturing [3], [13]–
[15]. This intergration of information can simplify the 
complex supplychain of figure 1.3. Everything happens 
in one digital flow of information; a phenomenon from 
which the industry can learn from other sectors such 
as the automotive or aerospace industries. 
However, overall it should be noticed that RAC will 
not simply solve all these problems. It is a tool  which 
can improve part of the problem. One of the more 
promising tools is additive manufacturing, which will 
be covered in the next chapter.

DIGITIZATION AND AUTOMATION
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AM process (left) and SM process (right)Fig. 2.5:

INTRODUCTION ADVANTAGES OF AM OVER SM
ADDITIVE MANUFACTURING

Additive Manufacturing (AM) is a technology that has 
transformed our perception on how products are 
designed and produced, AM is defined as; ‘’a process of 
joining materials to make objects from 3D model data, 
usually layer upon layer, as opposed to subtractive 
manufacturing (SM)  and formative manufacturing 
methodologies” [18]. The way AM operates is by 
creating a computer-aided design (CAD) model which 
will be digitally sliced in individual layers, the design 
will then be build up layer by layer [19]. The term AM 
was used to be called rapid prototyping (RP), which 
describes this ‘rapid’ process for creating a prototype 
etc. the most popular term for AM is called 3D Printing 
[20]. In contrast to AM, there is another type of 
manufacturing, namely subtractive manufacturing 
(SM). SM is removing material instead of adding 
material, like AM does, which is more a conventional 
technique of manufacturing, figure 2.5 shows the 
processes of both AM and SM.

Compared to traditional manufacturing methods
and other methods, like SM, AM has several
advantages as “AM has now reached a
point where it is ready to be implemented for
industrial use’’ [21]. Figure 2.2 summarises the
advantages of AM as well as the challenges of
this technique. The most characteristic of AM
processes is that production is done by just
one machine, this is why complex geometries
are even more possible compared to the use of
conventional methods, thus providing a lot of
design freedom [20]. Unlike AM, SM is not as
detailed when it comes to design freedom. This
is caused by the fact that SM requires a cutting
tool, producing parts is more difficult cutting
into very thin material, for example, than it is
to simply produce a layered part according to a
CAD model [19].
Another advantage being that AM can make
parts from start to finish, ‘’the only tooling
involved is a single AM machine, so a constant
tooling cost is eliminated” [20]. Partly because
AM can produce a part from start to finish, this
also ensures that there is little material loss,
this can lower the reduction of materials by 75%
and lower the costs and production time by 50%
[21]. This is in contrast to SM products, where a
lot of material loss occurs because you remove
material. However, the advantage of SM compared
to AM according materials is that AM is
developing its material use thus more high-end
machines are required, while “SM can make
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Avantages and Challenges of AM. Reprinted from [21]Fig. 2.6:

products out of almost any material. It is a
proven and rugged technology, which has been
using for ages” [19]. Another advantage for AM
to easy change the design and complexity of it, is the 
versatility. The Versatility of AM makes it
easy to alter design decisions even during the
production process. AM can offer this versatility
due to digitization using CAD. Also, the advantage
is that unique designs are more equal to
standardized products now because the AM
process can replace the specific crafts and/or
equipment’s to only using digital inputs. ’’Thus
the producing costs of customized product will
be more or less the same with standardized
ones, and individualized buildings will be promoted’’
[13].
The ‘final’ benefit according to figure 2.6 is
the part optimization, it states that there is no
design restriction for optimize a design. This
is similar as Topology optimization, which is
according to [22] ‘’a computational material
distribution method for synthesizing structures
without any preconceived shape.’’
Not only are there advantages to using AM, but
there are also some challenges worth mentioning.
For example, the surface of AM products
need post processing because of the layered
effect this technique has. For SM it is possible to
vary in surface finishes by choosing the optimal
set of machining parameters, but this process
of SM surface finishing costs a lot of energy [19].
The build rate for producing large quantities of

Design freedom: AM can essentially make any 
geometry with no restricions

No tooling: AM can make parts from start to 
finish with no other tooling required

Saves material: due to near net shape processing, 
it creates less waste than machining

Versatility: easy to change design and complexity

Part optimization: no design restriction means 
parts can be made lighter and stronger

Surface finish: post processing is needed for 
optimal surface finish

Slower build rates: high volume production is 
limited

Higher printer cost: larger capital investment is 
needed for high end printers

Material and size restrictions: limited verdatility 
amongst different 3D printers makes them 
material specific and have limited build volume

AM products is limited, the process is expensive
because of the high investment which is needed
for example high end printers, and another
challenge is the material and size restrictions
which are limited because of the different 3D
printers.

ADDITIVE MANUFACTURING

ADVANTAGES CHALLENGES
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AM has many different technologies. The different 
technologies are visible in figure 2.7 and will shortly 
be elaborated. All main technologies also consist of 
different types of additive manufacturing. These 
are not mentioned here. The pictures next to the 
technologies show the main concept of the additive 
manufacturing technologies.
 
2.2.1 Vat photopolymerization
Vat photopolymerization is a process in which UV light 
is shined onto a photopolymer resin. As a result, the 
resin cures and a hard layer of resin is formed. This 
process is repeated several times according to the 
geometry as drawn in the CAD model. After a layer 
is hardened the next layer can be produced until the 
model is completely realized [19].

2.2.2  Material extrusion
Material extrusion, also known as extrusion-based AM, 
is a very well-known way of additive manufacturing 
because of its cheaper set-up and hardware. In this 
process, a material raw material is extruded onto 
a plate by means of a nozzle. The model is formed 
according to the CAD model and built up layer by layer 
[19].

2.2.3 Material jetting
Material jetting can be compared to the technique 
used with 2D inkjet printers. A photosensitive polymer 
is applied by means of drops to a plate after which the 
polymer is cured by means of UV light. After this, the 
plate is taken down and this process is repeated. This 
creates an object layer by layer [19] 

2.2.4 Binder jetting
The binder jetting process is characterised by the 
process of spraying a liquid binder onto a thin layer of 
powder through a print head. After the subsurface has 
been lowered and the next layer of powder has been 
sprayed, the overall model is gradually realised. When 
the work is finished it remains in the powder to harden 
and gain strength. After curing, the excess powder is 
removed by means of a jet of air [19].

2.2.5 Powder bed fusion
Powder bed fusion involves the process of sintering or 
melting a powdered material by means of a thermal 
energy source such as a laser or electron beam. The 
sintering takes place layer by layer in order to arrive at 
the final object. The spreading of the different layers 
of powder is done by a mechanism of a roller or a 
blade [19]. 

2.2.6 Direct energy deposition
Direct energy deposition refers to a method in which 
the building material, a powder or wire form is heated, 
melted and bonded. The energy is supplied by a laser 
or electron beam focused on the building material 
[19].

2.2.7 Sheet lamination
Sheet lamination is the layer by layer lamination of 
paper material that is cut by a CO2-laster. Each layer 
represents a cross-section of the CAD model of the 
part [20].

AM TECHNOLOGIES

Different types of AM Technologies [21]Fig. 2.7:
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According to Venekamp and Le Fever [22] the use of 
AM can be divided in two application areas: Finished 
Products (figure 2.8) and Parts (figure 2.9). AM offers 
a variety of advantages in terms of operational costs. 
For each application area a number of sub-areas and 
their interest in AM is discussed.

2.3.1 Finished Products 
Prototypes is one of the oldest applications of 
Additive Manufacturing, which used to be called Rapid 
Prototyping. Prototypes are Finished Products which 
aim at an early evaluation of designs regarding the 
functionality. Traditionally prototyping used to take 
a lot of time and craftmanship, but the application 
of AM can reduce the production time and thereby 
improve the design iterations [25].
Models are one of the Finished Products for which AM 
offers many opportunities. AM allows to make precise 
representations and visualizations for scientific and 
educational purposes. More specifically models in the 
medical field focus on mimicking anatomical structures 
for research, surgical planning and education. In this 
way AM contributes to more efficient health care [26].
Consumer goods form a broad range of Finished 
Products including replicas, custom fit equipment, 
and of course products for construction. Replicas 
and miniatures are being mass-produced using AM. 
Further development of AM devices and open source 
data provision will enable people to produce items 
themselves in the future [27].
A lot of research on AM produced Biomedical products 
is in progress. Biomedical products include both 

consumer goods such as hearing devices and medical 
protheses such as teeth and artificial joints [26].

2.3.2 Parts
Spare Parts are a type of parts for which AM offers a lot 
of opportunities. Spare parts can be quickly produced 
on demand instead of being stored until a client needs 
them for replacements, so it reduces storage space 
and costs. Furthermore the decentralized production 
of spare parts on location eliminates transportation 
costs and time, which again reduces the down time 
(time production is halted by mechanical failure) 
[28]. AM also reduces the ramp-up time (the time a 
producer needs to anticipate on future demand), it 
reduces the lead-time (the time between ordering and 
receiving parts) and it reduces material waste [24].
Space missions are an example of geographical 
isolated situations where AM can be very helpful in 
producing spare parts. Time isolation can occur when 
parts are not traditionally produced anymore because 
of changing procedures or because of discontinuation 
of the producing company after a bankruptcy or other 
events [29].

For the development of completely new or improved 
singular parts, AM offers opportunities. For example, 
in Formula 1 geometric design freedom and new 
material properties improved hydraulic flow with 250% 
compared to traditional manufacturing. In hydraulic 
components flow paths can be optimized resulting in 
less energy consumption and more efficient engines. 
At the same time AM allows a higher complexity of 

APPLICATIONS OF AM

Fig. 2.9:

Fig. 2.8:

Application of AM in two categories [24]
Parts: a: Spare parts, b: Singular parts, c: Bio constructs, d: Micro structures & electronics

Application of AM in two categories [24]
Finished products: a: Prototypes, b: Models, c: Consumer goods, d: Biomedical products

A

A

C

C

B

B

D

D



131 PART II - ADDITIVE MANUFACTURING

designs without an exponential rise of the production 
costs [30].

AM allows for the construction of biological structures, 
such as human tissues and organs. Different cells can 
be ordered along different axes to generate complex 
structures. This technique can be used to repair 
or produce tissues and organs but it also gives new 
knowledge about the anatomy and functioning of 
those tissues [31]. Also for the production of medicines 
AM can bring advantages. 3D printed oral drugs were 
developed which have a more complex release profile 
than conventionally produced drugs [32]. Lastly using 
AM in food production allows for new forms, textures, 
colors and flavors, whereas conventional robotic food 
production is only aiming at copying manual processes 
[33].
AM can also contribute to the production on micro 
scale. Rapid Prototyping (RP), a synonym for AM, was 
applied to print photomasks for the production of 
micro-electrodes and micro-lenses on photo-sensitive 
surfaces [34]. AM in combination with Direct Writing 
(DW) allows to directly print conductive patterns 
on a surface. The advantage of Direct Writing is the 
possibility to print on both flat and uneven surfaces. 
It is also possible to print conductive materials on 
prefabricated products [35].
In construction AM is used for the production of 
both Finished Products and Parts. Whole buildings 
manufactured at once using AM are considered 
Finished Products, whereas 3D printed walls and other 
elements are Parts. More on AM in the construction 
industry will be covered in the next chapter. 
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Double Curved 3D Concrete Spray Printed Wall [38]Fig. 2.10:

INTRODUCTION
3D PRINTING IN CONSTRUCTION

Within the context of the AEC industry, the process 
of additive manufacturing is dominated by printing 
techniques that use concrete-like materials, and is 
therefore often referred to as 3DCP (3D Concrete 
Printing). A reason for the almost exclusive use of 
cementitious materials can be found in the fact that 
very little research has been done into the load-
bearing capabilities of other materials in a context 
of additive construction [36]. From this point on, all 
AM techniques that are being discussed are related to 
the AEC industry and involve a nozzle of types, and will 
therefore be referred to as 3D printing techniques, or 
3D printing techniques of cementitious materials, or 
3DCP to narrow down the focus of the research. 
In the AEC industry, not all 3D printing techniques are 
used to the same extent. The extrusion based process 
seems to be the most valuable printing process within 
the context of AEC. Followed by the powder bed 
fusion technique. On the other hand, a relatively new 
technique called spray printing is showing various 
interesting developments in the field of additive 
construction. These three 3D printing techniques will 
be briefly introduced in the context of AEC, after which 
we will explore the extrusion based printing process 
of cementitious materials in more detail to create a 
comprehensive overview of the state of the art of 3D 
printing within the field of construction. 
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Dini’s D-Shape Printer [43]Fig. 2.12:

Besides the extrusion based processes  , the powder 
bed fusion based processes is currently the most 
valuable contributor to AEC in the field of 3D 
printing techniques. The process is based on the 
transformation of a material from a powder state to 
a solid state. This transformation might be achieved 
by sintering, melting, applying an energy source, or by 
means of a chemical reaction [36]. When the process 
is complete, the residual powder may be removed and 
reused in a next printing session. 
The powder bed process in the AEC context makes 
use of a concrete-like powder, rather than the metals 
which are usually used in this process in other fields 
[36]. In AEC a powdered concrete mix is often used 
which is cured by means of hydrating the mix using an 
ink jet spray [39]. 
One of the things that makes the powder bed based 
process extremely beneficial to the construction 
industry, is the fact that there immediately is a 
supporting structure, which is the powder that in not 
used for the object that is printed at the time. This 
means that it is much easier to create objects with 
overhangs or arches [40]. 
On the other hand, however, the powder bed is much 
more vulnerable to exterior influences such as the 
weather [40]. This makes it difficult to apply this 
process to in situ constructions. Instead, most powder 
bed based objects are thus printed off-site. Making 
that an important constraining consideration during 
the design phase.  
The most notable approach of powder based printing 
is the D-Shape, which was invented by Enrico Dini [41]. 

The D-Shape approach produced what is generally 
also considered to be the first large-scale additive 
manufactured structure, which is the Radiolaria 
Pavilion [36], which can be seen in figure 2.11. It was 
built in 2006, using the earliest version of Dini’s 
D-Shape printer.

POWDER BASED PRINTING

Radiolaria Pavilion printed by Dini´s D-Shape Printer [42]Fig. 2.11:
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The most used 3D printing technique in construction 
at this point in time is extrusion based printing [36]. 
The process involves the deposition of a material in a 
liquid state by means of a printing nozzle [36]. Once 
the material is deposited, the curing of said material 
will result in a solidified whole. Examples of such 
processes are Fused Deposition Modelling, PolyJet and 
Inkjet. 
Within the context of AEC, the extrusion based printing 
techniques can be roughly divided into two categories. 
The first category is the extrusion based printing of 
thermoplastics. There are no structural applications 
for this process in the construction industry, as it is 
mainly used for prototyping. We shall therefore not 
further discuss the topic of extrusion based printing 
of thermoplastics. The other category of extrusion 
based printing, is that of cementitious materials. This 
is by far the largest category that has any bearing in 
the AEC context. This 3D printing technique will be 
extensively covered in the next chapter. 

EXTRUSION BASED PRINTING
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As stated before, the extrusion based printing process 
of cementitious materials is currently the most valuable 
contributor in terms of 3D printing in the context 
of the AEC industry. It is based on the computer-
controlled continuous extrusion of a cementitious 
material by means of a nozzle, while depositing various 
layer on top of each other to create an object in three 
dimensions [36]. Extrusion based printing offers a 
cheap and fast alternative to traditional construction. 
It has the potential to fully transform the AEC industry 
[44]. In order to understand the current state of the 
art of this 3D printing technique, this chapter will 
firstly cover the system engineering aspect of it. Then 
the material properties will be discussed. Thirdly, the 
importance of various design methodologies will be 
covered. And lastly, various applications of extrusion 
based printing will be elaborated. The relevant 
hardware that needs to be discussed when talking 
about 3D concrete printing in the AEC context can be 
subdivided in the type of robot that is used, the printer 
head, and the delivery system. The extrusion based 
printing of cementitious materials is currently being 
executed by four different types of robots. These are 
the gantry system, the industrial robotic arm, swarm 
technology, and by means of cable suspended robots.

Gantry System
An example of the gantry system can be found at the 
Eindhoven University of Technology (figure 2.13a). A 
gantry system operates on a structure, that allows 
the printhead to move in the X,Y and Z direction. It 
offers the advantages of being able to print relatively 
large structures, up to the size of a whole building. A 
gantry system generally has three, or sometimes four 
degrees of freedom. The first gantry system being 
developed for concrete extrusion was used for the 
Contour Crafting process, as invented by Khoshnevis 
from the university of South Carolina [36].

Industrial Robotic Arm
Another type of robot that is widely used in 3D concrete 
printing, is the industrial robotic arm (figure 2.13b). 
The robotic arm mostly offers six degrees of freedom. 
It is more precise and accurate than the gantry 
system and therefore, the robotic arm is thus often 
used for smaller objects with more detail present. The 
downside of such a robot is the limited printing area, 
due to the restrictions in the size of the arm. Another 
challenge that is posed by the robotic arm, is the fact 
that a deeper knowledge of the programming of such 
a robot is required in order to correctly operate it.

Robotic Swarm Technology
Robotic swarm technology might pose a future solution 
to some of the challenges that the industrial robotic 
arm faces. The idea of swarm robotics rejects the use 
of a single robotic entity, but instead, makes use of 
various smaller mobile robots (figure 2.13c). The swarm 

INTRODUCTION SYSTEM ENGINEERING
EXTRUSION BASED PRINTING

Types of extrusion based robots;
a: Gantru system at the TU/e [45], b: Industrial robotic arm at Vertico [46], c: Robotic swarm technology by MINIBUILDERS [47], d: 
Cable suspended ‘‘spider bot’’ by MIT [48]

Fig. 2.13:
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applied tangent to the tool path [44]. 
The speed of the print head needs to be carefully 
calibrated, otherwise too much or too little material 
will be deposited, which might result in an increased or 
decreased bead dimension, which in turn will impact 
the finished object [49]. 
Some printer heads have trowels and the end of the 
nozzle, to help smoothen the surface of the concrete 
once it has been deposited. This also ensures a more 
consistent bead width. 
In most cases the supply of the materials happens 
through a pump, which acts as the delivery system. 
Before the pump a mixing unit is located within this 
delivery system. The mixing unit provides the specified 
concrete mix, which is usually a high viscosity past like 
mix, to ensure the shape is retained when printing [49]. 
This also means that the pump needs to be relatively 
strong in terms of pressure, to transport said mix 
to the nozzle. Often, a variety of aggregates will be 
present within this mix, providing an extra difficulty to 
the pump. Alternatively, the concrete mix can be made
with a higher viscosity, as long as additives in the nozzle 
are injected into the mix to make it quicker to cure 
[49]. The other half of system engineering consists 
of software engineering. An important consideration 
here is the toolpath. The toolpath is the path that 
the printer head needs to follow when extruding 
the concrete. It is important to realise that each 3D 
printer comes with its own software. On top of that, 
all software that was used during the design process, 
has to be able to work together with the software of 
the printer itself.

technology is especially interesting and practical for 
3D printing in extra-terrestrial environments, where 
transportation is an important limiting factor on the 
size and weight of the robots [36]. The swarm robots 
can navigate their own way through a construction 
site, which again is very beneficial in extra-terrestrial 
environments, but also on harsh earthly environments 
[36]. One of the key aspects to get swarm technology 
to truly work, is to provide the robots with the ability 
to climb the structures they build. That way, they 
are not dependent on a large gantry system, or long 
robotic arms. One institution that made this a reality 
is the Institute of Advanced Architecture of Catalonia 
with their Minibuilders project.

Cable Suspended Robots
The cable suspended platform, as is shown in figure 
2.13d is rather similar to the gantry solution. However, 
it has various advantages over the gantry solution. 
The cable suspended printer has a structure that uses 
less material, which makes it easier to move around 
and thus making it easier to cast in place. Due to 
the fact that it consists of less parts, it is also much 
quicker in assembly and disassembly [36]. Another 
advantage that the cable suspended platform offers  
 
is the possibility of having a print head with six 
degrees of freedom, rather than the three or four 
that the gantry solution offers. The cable suspended 
platform is still in early development stages, but 
various institutions are investigating its possibilities 
and its potential at this point. 

Print head and delivery system
Besides the type of robot, the print head itself of said 
robot has a huge impact on the 3D printing process. 
The print head usually consists of an extruder, a nozzle, 
possible side trowels, and a case with an Archimedean 
screw that forces the concrete out of the nozzle. 
The nozzle may come in various shapes, which will help 
achieve the desired shape, size and buildability of any 
particular concrete layer [44]. Overall, it seems that 
the circular shape of the nozzle offers more freedom, 
as the angle does not need to be changed to correct 
for changing angles in the path [49]. The size of the 
nozzle may differ, depending on the desired width 
of the beads. The orientation of the nozzle must be 

Printing head and delivery system [50]Fig. 2.14:
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hold its self-weight. Although, it shouldn’t become a 
separate entity [51]. All parameters are dependent on 
state parameters of concrete in its fresh state. The 
shear stress, viscosity and thixotropic behaviour of the 
concrete need to be researched [44].
As soon as the extrusion of the fresh material is 
successfully executed, the material properties in the 
hardened phase need to be researched. The structural 
properties of the hardened concrete are influenced 
by the strength (both compressive and tensile), 
shrinkage and ductility [52] [49]. The influence of 
these parameters may cause cracking of the concrete 
if not considered carefully. In order to control these 
parameters, and improve on the workability of the 
material, the printable mixture may be complemented 
with additives like aggregates, fibers, reinforcement 
and chemical additives (figure 2.15e). A better bonding 
by means of additives allows for achieving specific 
properties such as a high strength and a certain 
level of ductility [44]. If successfully executed, a 
concrete structure in its hardened state can have 
similar strength and density as cast concrete [53]. A 
successfully 3D printed concrete structure will remain 
a well-considered balance between all mentioned 
parameters in both the material’s fresh state and 
hardened state.

Concrete is to the present day the most used building 
material in the world. The raw materials neccesary 
for producing concrete are cheap and commonly 
available in most areas. Its popularity is mainly due 
to its compressive strength, fire resistance and the 
fact that it can be applied in any shape because of its 
fluid state before setting. The actual composition in 
practice in general at least consists of a mixture of a 
cementitious material and water, together with a filler 
of sand, gravel or another granulate material. These 
are often complemented by additives like aggregates 
[44]. Regarding the 3DCP extrusion based process, the 
traditional concrete can’t be applied instantly. The 
composition of the concrete is of high importance as 
there is an absence of formwork. In order to accomplish 
a consistent extrusion of material, research of the 
rheological properties of concrete in its fresh state 
is required. The influential factors of the material 
in its fresh state is defined by the characteristics of 
pumpability, extrudability, buildability, interlayer 
adhesion and open time. The latter concerns the time 
the fresh concrete needs to set. It defines the time 
between completing the mixing and the initial setting 
time of the material [49].

4.2.1 Pumpability and extrudability
Pumpability concerns the material’s mobility and 
stability. In order to pump the material, a relatively soft 
mixture is required. When the concrete reaches the 
nozzle, a somehow more stiff material is desired so it 
does not slump while being extruded. The composition 
of the extruded concrete should be well-considered as 

it largely influences the pumpability [49].
As the material is being pumped over a distance, 
depending on the printer size and the desired 
working volume, the fresh concrete is less viscous 
when reaching the nozzle compared to traditional 
extrusions. The extrudability covers a proper and 
consistent extrusion of the material, where it should 
retain shape when extruded through the nozzle (figure 
2.15a). Pressure differences may arise as the nozzle 
and pipe often differ in cross-sectional dimension. 
Material proportions should be carefully chosen and 
controlled, as a failure might lead to segregation of 
the mixture and possible material blocking in the pipe 
or nozzle [49].

4.2.2 Buildability and interlayer adhesion
Once extruded, the material’s buildability refers to the 
printed layers being able to hold the subequent layers 
on top. It is of high importance that the material is 
self-supportive and it should be resistent to collapsing 
and deforming. Imperfection of layers could lead 
to instability as successive layers are added (figure 
2.15b). A way to improve the buildability is to create a 
supporting filament [49]. These are printed adjacent 
to the actual structure to ensure a stable printing 
environment (figure 2.15c). 
Additionally, when extruded, the material should 
set as fast as possible to remain shape. However, 
it should not dry too fast as it should still bond with 
the subsequent layer (figure 2.15d). This covers the 
parameter of interlayer adhesion. It is important that 
each printed layer is able to harden when poured and 

MATERIAL ENGINEERING
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a: Consistent extrusion, b: Buckling due to inappropriate buildability, c: Support structure to 
improve buildability, d: Bonding between layers, e: Addition of fibers

Fig. 2.15:

DC E

BA



147 PART II - DESIGN METHODOLOGIES

The method of optmizing topologies is opening new 
doors in relation to design, for example the 3D printed 
bridge by Vertico, shown in figure 2.16 is designed in 
accordance to the method of topology optimization 
which provides a freedom for structural designers 
who can now be more innovative with their structural 
lay-outs etc. A big advantage of this method is the 
way in which the material and weight can be reduced 
compared to how products would traditionally be 
designed. ‘’Arup claimed to have been able to reduce 
the weight of traditional steel nodes by 75%, resulting 
in an overall weight reduction of more than 40% for 
the considered structure. ‘’ [36] see figure 2.17.

OPTIMIZING TOPOLOGIES
DESIGN METHODOLOGIES

Topology optimized bridge by the University of Ghent [54]Fig. 2.16: Arup’s stainless steel AM node with connecting threaded swaged ends to the cables [55]Fig. 2.17:



149 

Fig. 2.19:
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Manufacturing of concrete wall using CAM [62]

Complex geometries
“3-D printing is an additive manufacturing (AM) 
technique for fabricating a wide range of structures 
and complex geometries from three-dimensional (3D) 
model data.”  
For the construction industry extrusion based prosses 
could be extremely beneficial in the field of freeform 
constructions. The maintenance of high degrees of 
geometrical freedom, is a recurring theme. [36] By 
means of 3d printing, the complexity of a part is no 
longer determined by the production process but by 
the desired design and functionality of a product. 
Complex geometric parts that previously could not 
be produced with conventional techniques such as 
milling, turning and casting are possible with 3d 
printing. 
With the possibility of 3d printing, any subject that 
can be constructed in a 3D CAD program can also be 
produced. There are hardly any limitations. It gives 
designers maximum design freedom 
A project where freeform plays an important role 
is a project by XtreeE and Seaboost. They are doing 
research to the 3D printing of coral reefs (Figure 2.18). 
To construct the coral reefs they use a sand based 
concrete which imitates the natural composition of 
the coral reefs the best. The advantage of using 3D 
concrete printing is that they are able to replicate the 
intricate shapes of the coral reef 

CAD to CAM 
With the emergence of Computer Aided Design (CAD) 
systems, design and drawing processes of buildings 
have sped up (Figure 2.19) [56]. This development 
allowed designers to draw in either 2D or 3D, with the 
use of computer software. However, the divergence 
between design and physical manufacturing has 
become more obvious by the emergence of Computer 
Aided Design (CAD) software [57] Computational 
design methods have produced architecture that is 
materially generic. [58].
The advent of Computer Aided Manufacturing (CAM) 
tends to fill the gap that exists between design 
and actual manufacturing. CAM refers to the use 
of computer software applications, in order to 
automate and facilitate parts of the manufacturing 
process. Briefly, the CAD drawing is a model of what 
will be physically realized, due to the contribution of 
CAM. Whereas with CAD drawings, the gap between 
design and material became bigger, CAM combines 
the physical properties of materials with the virtual 
design. 
This development enables us to move from the 
digital manifestation of physical form to its physical 
manifestation of digital form. [59] 
The software respectively creates instructions, in 
order to steer a machine to the realization of desired 
manufacturing parts. [60] Data present in CAD 
drawings and models, can be extracted in order to 
realize the instructions. The choice of material and the 
form of the object can therefore be determined based 
on the information that is provided by simulations. 
Basically the design of form using CAD has changed to 
the design of algorithms using CAM. [61]

3D printed coral reefFig. 2.18:
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4.4.1 Common Environment
There are different environments in the building 
construction where 3D printers are currently used. 
This could include, for example, the workshop where 
the printer is installed, or the construction site where 
the printer can be installed.
The advantage of printing in a Common environment 
is, for example, that less material has to be used, 
because formwork is not necessary. The additive 
construction also allows for highly optimized 
construction processes and the production of highly 
optimized components.
The controlled environment makes this possible. when 
external factors occur, including wind, rain. etc, this 
can cause problems.
An example where the components are made in the 
workshop and transported in parts to the location is 
a project by the Eindhoven University of Technology, 
Project milestone figure 2.20.  is a multi-level housing 
project, printed in concrete. This project is located in 
Meerhoven, a new district of Eindhoven. The Houses 
will be printed one by one, to learn from each printed 
house. The elements will be printed at the university, 
but the aim is to move the printer to the building site. 

“The project is the world’s first commercial housing 
project based on 3D-concrete printing. The houses 
will all be occupied, they will meet all modern comfort 
requirements, and they will be purchased and let out 
by a real estate company.” 

The following example (figure 2.21A) uses a printer 
that can print on location. The example is a project 
by XtreeE using a 6-axis robotic arm. The wall 
element that is printed with this, is made of ultra-
high performance concrete and was geometrically 
optimized, this ensures better thermal insulation. 
Production time was about 12 hours. [62]
Finally, an example from Eindhoven University of 
Technology. The bicycle bridge has a span of 6.5 
meters and a width of 3.5 meters Figure 2.21B. The 
elements are printed by means of 3DCP. The upper 
part of the bridge consists of printed elements, 
interconnected by tendons installed later. In addition, 
some reinforcement cables have embedded layers 
during their deposition. All elements of the bridge are 
printed in 48 hours. [53]
In the following quote from Marinus Schimmel 
(director of BAM),  indicates what advantages 3DCP 
has by printing bridges, after the success of the bridge 
of the TU/e;

“We have a world’s first here,” explains Marinus 
Schimmel, director of BAM. “with 3D printing, you have 
more flexibility regarding the shape of the product. 
in addition, 3D printing a bridge is also incredibly 
efficient: you need less concrete, but there is also no 
need for shuttering where the concrete is normally 
poured in. you just use exactly what you need, and 
there is no release of CO2 emissions.”

APPLICATION

Project MilestoneFig. 2.20:



153 PART II - DESIGN METHODOLOGIES

4.4.2 3D printing for Harsh Environments  
The use of Additive manufacturing in a harsh 
environment can have advantages. A harsh 
environment is an environment that is difficult, 
impossible or even dangerous to reach for people. 
This category also includes areas affected by natural 
disasters or war zones. AM can offer a solution here by 
realizing first aid houses and repairing infrastructure, 
bridges, etc. in remote areas. [36]
Also underwater is currently being tested with 3D 
printing. As a research, a series of 3D-printed reef 
units for the Oyster Reef Recovery research project 
was placed in the North Sea in 2017. The reef units 
are printed in Rotterdam by Boskalis with D-shape 
technology (Figure 2.21C). The sizes vary from 50cm 
high to 120cm high. The effects of the salt water on 
the material will be monitored in the coming years. 
(reefdesignlab)  This research is a basis for possible 
further research into underwater printing. An example 
of this is underwater by designoffice Figure 2.21D
Another example of a harsh environment is for example 
on Mars. here too, studies are being carried out into 
whether it is possible to make 3D printed buildings. 
An example of one such project is AI SpaceFactory’s 
habitat, figure 2.22. This egg-shaped designed building 
deals with the atmospheric pressure and is built from 
a material composed of a mixture of basalt fibre 
extracted from Martian rock, and renewable bioplastic 
derived from plants.

A: 3DCP pushes the limits of construction
C: 3D printed oyster reef recovery

AI SpaceFactory’s habitatB: 3DCP bicycle bridge elements in the Netherlands
D: Design of a printed house underwater

Fig. 2.21 Fig. 2.22
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Fig. 2.23 Fig. 2.24:Scheme ‘What is CLIP?’ Voronoi facade panels (Vertico, Saxion Industrial 
Design Research Group, De Witte van der Heijden 
Architecten, & Trebbe, 2016)

INTRODUCTION

The responsibility for the following chapter about CLIP 
(Concrete Liquid Injection Printing) lies by Jorik van 
Zeijl, Roy van Asten and Eva Boon, with Zeeshan Ahmed 
and Cristina Nan as our tutors. Eindhoven University 
of Technology has been our base for exploring and 
experimenting CLIP. CLIP is a project based on 3d 
concrete printing.

Why is it necessary to conduct research on projects 
such as CLIP? CLIP is a type of injection printing, which 
again is an alternative to conventional Extrusion 
Printing. Extrusion-based Printing works well for 
different projects such as facades, for example the 
Voronoi wall (Figure 2.24) realized by the collaboration 
between Saxion Industrial Design Research Group, De 
Witte van der Heijden Architecten, Vertico Large Scale 
3D printing and Trebbe. However, Extrusion-based 
Printing has its limits, if one wants to print more 
complex geometries a different technique must be 
used. The theory behind the CLIP Technology is that it 
is possible to print in three directions. The advantage 
is that it is now possible to create double curvature 
geometries that opens a new door in the world of 
architecture and additive manufacturing.  Figure 2.23 
shows schematically why CLIP is the right technique 
for printing double curvature geometries. The main 
principle of CLIP is the use of clay as support material 
for the concrete. Fresh concrete will be printed 
according to an automated printing path and will be 
supported by the clay until is it solid. 
CLIP works as follows; concrete is printed in a large 
container that contains another substance, in this case 

clay. Clay is a flexible material and can be reused after 
each print after some water is added and remixed.

State of the Art
This is not the first time concrete has been printed in a 
liquid, other researches have done experiments on this 
before, for example Soliquid. Soliquid has experience 
with this technique, however they use gelatine as a 
substance instead of clay. According to Soliquid this 
process enables freeform printing without support 
use and allows for material saving, thus answering 
challenges faced by existing additive manufacturing 
techniques. (Soliquid, 2018b)
Figures 2.25A shows the process of this technique, 
Figure 2.25B shows the result of such an experiment. 
In addition to Soliquid, other research has been 
done on liquid injection printing, including recently 
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Fig. 2.25: Fig. 2.27:A & B: Liquid injection printing by Soliquid (Soliquid, 2018a) Process and result CiS printing in limestone-sand suspen-
sion (Hack et al., 2020)

research written by Norman Hack at ‘The Technische 
Universität Braunschweig’. 
According to Hack, currently most research in the 
field of 3D concrete printing is focused on one of three 
methods: material extrusion, particle bed bonding, 
material jetting. What these three methods have 
in common is that they are all printed in horizontal 
layers. Hack proposes a new principle that challenges 
horizontal printing: Injection 3D Concrete Printing 
(I3DCP). ‘’This technology is based on the concept 
that a liquid material (M1) is robotically injected into 
a material (M2) with specific rheological properties, 
causing material M1 to maintain a stable position 
within material M2. Different’’(Hack et al., 2020) The 
advantage of this technology is that you are not 
hindered by gravity while printing, as a result no 
support structure is necessary.
Hack conducted experiments according to three 
principles; 
‘’1. 3D printing of a fine grain concrete into a non-
hardening suspension called “CiS” (Concrete in 
Suspension);
2. 3D printing a non-hardening suspension into a fine 
grain concrete called “SiC” (Suspension in Concrete);
3. 3D Printing a fine grain concrete with specific 
properties into another fine grain concrete with 
different properties, the so called “CiC” process 
(Concrete in Concrete).’’

Principle 1, abbreviated as CiS,  is most similar to the 
CLIP technique whereby concrete is printed into clay. 
Figures 2.26 & 2.27 shows schematically the process of 

such a technique and a possible but theoretical result, 
a spaceframe structure with a high strength to weight 
ratio which is difficult to manufacture in other ways. 

Fig. 2.26: Concrete in suspension (Cis), fabrication process diagram 
and printed lattice structure (Hack et al., 2020)

A

B
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Fig. 2.28:
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Schematically process of CLIP

Research goal
The goal we want to achieve with this project is to 
print a standing wall element, that means we need to 
make a design that is double curved, so there will be 
multiple panels printed. 
In order to create one structural whole, a construction 
has to be devised. The double curved 3D printed 
concrete element will build up a façade. Figure 2.28 
schematically shows the procedure of CLIP. It start 
with a design that is translated into a printing script. 
At the same time the box with clay must be prepared, 
for this it is important that the substance is not too 
hard or too soft. The composition of the clay will be 
elaborated on in chapter Viscosity. The size of the box 
with clay is an important parameter for the printing 
process, as the limited size of the box also limits the 
size and the number of printed elements. After several 
printing sessions one has several parts of the final wall 
to then have them joined together.
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Fig. 2.29:
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A: Experiment using gelatine as suspension material, B,C: box with clay before the experiment, box with clay and concrete after 
the experiment, D,E: parts of the concrete resulted from the preliminary experiments, B,C, F: Printing without a nozzle, G: Nozzle 
printed with TPU is flimsy but necessary to not break under the printing pressure, H: Printing with supported nozzle, I: New 
nozzle design, J: Printing inside the clay box, K: Digital design in box, L: New box made of wood

In an early stage we have conducted several 
experiments, in doing so we tried to perform the tests 
of Soliquid and Hack by using gel as well as using clay as a 
second material. This has helped us for understanding 
the ‘printing’ process, see Figures 2.29A-D. Conducting 
this experiment taught us that material properties are 
very important. The type of concrete and the amount 
of added water influences the printability to a large 
extend. We have also tried printing ‘layers’ by hand, 
this is not as reliable as a robotic arm would be, this is 
due to speed of arm movement but also the pressure 
of the concrete running out of the nozzle.

TECHNICALITIES OF PRINTING

As seen in the previous chapter, the “prints” made did 
not get an actual form yet. The issue we ran into is 
the limited pressure one can apply by hand. In order 
to start creating actual forms in the clay, a move to 
a Concrete 3D Printer was needed. The Technical 
University of Eindhoven (TU/e) has one of these we 
were allowed to use under the supervision of Zeeshan 
Ahmed. This chapter will examine the technical 
aspects necessary before actually printing, discussing 
the printer and nozzle, followed by the box we print in 
and the viscosity of the clay.

Gantry system
Many different 3D printers exist for printing concrete 
as discussed in Chapter: System Engineering. The 
printer used by the TU/e uses a gantry system which, 

together with its large dimensions, allows for large 
objects to be printed with high precision. Despite its 
size, its high precision still makes it suitable for the 
smaller scale experiments done in this research.

Nozzle
Normally in 3D concrete printing, concrete layers are 
stacked on top of another. For this, the TU/e uses a 
rectangular printing head, or nozzle, in order to better 
stack the layers. Printing in liquid does not necessarily 
follow this rule of stacking layers on top of another, 
thus requiring a different nozzle. At first the printer 
was used without a nozzle, simply printing with a 
round tube with a 28mm diameter as shown in Figure 
2.29F. Using this, pressure was no issue, however 
printing lines were relatively thick. In order to print 
more with thinner lines, so more detailed, a new nozzle 
was designed and 3D printed. The nozzle design, based 
around a previous design by Zeeshan Ahmed, brought 
the nozzle diameter down from 28mm to 10mm. TPU 
was used as material for printing, using its flexible 
nature to withstand the high pressure of concrete 
being pushed through. Using the more common TPE 
the nozzle would break under the high pressure of the 
concrete. The use of TPU also mend the nozzle was 
a little flimsy as shown in Figure 2.29G. To allow for 
printing, the nozzle required extra support provided 
by steel rods and duct tape as shown in Figure 2.29H. 
The flexible TPU allowed for printing under pressure 
while the new support held the nozzle together under 
the high pressure of the concrete.
Despite the more precise lines of the 10mm nozzle, 
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1: Does the surface of the clay return to a somewhat 
smooth surface after touching it? 
This would mean that the clay is fluid enough to 
smoothly move the printhead through it. 
2: Does the clay carry an object with a reasonable 
mass? 

This would mean that the clay is thick enough to 
prevent the concrete from sinking. 
The clay is bought in solid blocks which need to be 
mixed with water to create a homogeneous fluid. 
Adding extra water will increase the fluidity of the 
clay. Extracting water from the clay is hardly possible 
and will require waiting time for the vaporization of 
water.  So adjusting the viscosity of the clay actually is 
a one way process from viscous to thin. 

For this the experiment starts with a relatively viscous 
clay substance, which is judged based on the criteria 
mentioned above. For criteria 1 a line is drawn in the 
clay using a stick (Figure 2.30A). If the line is filled 
with  clay again afterwards, criteria 1 is met. If the line 
remains clearly visible on the surface, criteria 1 is not 
met. For criteria 2 a brick is placed on the clay surface 
(Figure 2.30B). If the brick remains on the surface, 
criteria 2 is met. If the brick sinks into the clay, criteria 
2 is not met. 
If criteria 1 is not met while criteria 2 is, more water is 
added and mixed through the clay. 
This process will be repeated until the point when the 
clay returns in a smooth surface (criteria 1) or when 

criteria 2 is not met anymore. The latter means that 
too much water is added to the clay. 

In order to quantify the point where criteria 1 and 2 
are met a mixer with a electricity meter is used. For 
this quantification the following assumption is made: 
a more viscous substance creates more resistance on 
the mixer, which will as a result require more power 
from the electricity net. This increase in power can be 
measured using an electricity meter which is placed 
between the mixer and the power outlet. Ideally a 
certain viscosity defined by criteria 1 and 2 can be 
linked to a certain value on the electricity meter, and 
could therefore be quantified. For this two conditions 
need to be met: 

1. After mixing the clay for a while the electricity 
meter needs to display a stable value (Figure 2.30D).
2. This value should decrease while adding 
water to the clay, as the resistance and therefore the 
required power decreases. 

Multiple measurements with different clay 
composition were executed with the same mixer 
under the same conditions. Unfortunately no logical 
relation between the clay viscosity and the measured 
mixing power could be made. Sometimes no stable 
power value was displayed while mixing (condition 1), 
and mostly the required power did not decrease with 
a lower viscosity (condition 2). 

the pressure delivered by the pump was too high 
for a nozzle this size. This resulted in small leaks 
and more importantly thicker lines than the nozzle 
should allow for. This was the result of concrete being 
pushed through at too high pace. In order to acquire 
the desired higher precision while overcoming the 
pressure issue, a middle ground was found after 
altering the design from 10mm up to 18mm. This 
new design is shown in Figure 2.29I. Furthermore, 
less reinforcement of the nozzle should be required 
since the print should support itself better in the new 
design. Due to COVID-19 regulations, this has not gone 
through proper testing yet.

Box
Early printing was done in a plastic storage box filed 
with clay. This box allowed for printing of 600mm by 
450mm and up to a depth of 150mm. This worked 
well for testing outside of TU/e since it was just light 
enough to move the box. The first prints on campus 
were done using this box as well, shown in Figure 2.29J.

When printing inside this plastic box, limitations 
quickly became apparent. Its print bed of only 
600x450mm is quickly a limiting factor when lines 
printed close in on 50mm. Furthermore an increase 
in depth was preferred to make 2 prints on top of 
each other or allow for more extreme curvature. 
Especially printing multiple prints is required to make 
the process more efficient since starting the printer 
costs time and produces a lot of waste. An increase 
in clay volume was not possible though since the box 

was already damaged from moving and almost broke 
under the weight of the clay.
In order to overcome this we built a new watertight 
box out of concrete plywood as shown in Figure 
2.29L, using sealant to make the seams watertight. 
The dimensions of the new box are 1000mm x 
550mm, allowing for one larger print or two prints 
besides each other. Furthermore this box was built 
significantly more stiff, allowing for a higher amount 
of clay in the box. Tripling the total amount of clay 
form the old box now yields a 220mm printing depth. 
This in itself allows for more freeform and curvature 
in the prints. Meanwhile prints with limited curvature 
can be printed on top of each other, allowing for up to 
four prints in one go.

Viscosity
When injecting concrete in a liquid, in this case clay, 
certain properties of the liquid are of importance. In 
order to print a 3 dimensional path in the clay it should 
not be too viscous as the printhead would then not be 
able to move smoothly through the clay. At the same 
time a very thin substance would not be able to carry 
the concrete that is injected into it, which would result 
in the sinking of the concrete and not being able to 
print a 3 dimensional path. This property is called the 
viscosity of the liquid. 
There is neither any quantitative nor qualitative value 
defined so far for the desired viscosity for concrete 
injection printing so far. So for the first experiments 
the viscosity of the clay was qualitatively judged upon 
two criteria: 
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Fig. 2.30: Fig. 2.31:A: Clay test 1, B: Clay test 2, C: Viskomat, D: Energy meter Sequence of designs: flat, single curved, double 
curved.

In order to quantify the viscosity of the clay a different 
strategy was found. More direct and precise results 
regarding the viscosity of materials can be obtained 
using specialized equipment like a ViskoMat (Figure 
2.30C). This device gives data with allows for a precise 
calculation of the viscosity of the clay in N·s/m2. 
Measuring the viscosity of the clay before printing 
concrete in it allows for a reliable quantified judgement 
about the composition of the clay. It also allows for a 
comparison of 3D concrete printing in different clay 
composition. In that way the composition with the 
best printed result can be identified. Unfortunately 
logistical issues in the lab caused by the COVID 
pandemic measures did not allow for an execution of 
these experiments.  

DESIGN

Design pentagon
In order to test the technique, the first prints should 
be simple geometries designed to see if the technique 
works and what the limitations are. First to see how the 
concrete reacts to the clay, a flat print was made both 
on a normal print bed as well as in the clay to compare 
the two. The form is a pentagon since an old model 
of this form could easily be altered. Furthermore it 
is interesting to see how corners react to this way of 
printing. These prints were done in the first printing 
session at TU/e.

Design seminar
The second printing session was based around a 
design made for the seminar course by Cristina Nan. 
This design was to be printed using a support structure 
of glass beads. In order for this to work, one has to 
continuously keep adding glass beads to current level 
of the print. This is a very labor intensive process but 
necessary in order to support more complex, double 
curved or cantilevering geometries while printing 
with concrete. This makes it an important comparison 
to CLIP since it comes in as an opportunity to replace 
the glass beads. With no labor involved other than 
cleaning the final product from clay residue, ultimately 
labor costs should be cut. 

Design sequence
The last experimentation was conducted using a 
sequence of designs to see how the print reacts to 
being printed double curved. Starting from a flat 
hexagon, referencing back to the first prints made. 
Next a single curved and a double curved option was 
drawn to discover the possibilities  and limitations of 
printing concrete in clay. This sequence is shown in 
Figure 2.31.A B C D
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Fig. 2.32:
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A: Flat panel printed on print bed, B: Flat panel printed in clay, C: Seminar design printed using glass beads, D: Seminar design 
printed inside the clay, E: printing result of double curved panel

Result pentagon
The first prints of the flat pentagons yielded some 
interesting results. The pentagon printed on a flat 
print bed shown in Figure 2.32A and the one printed in 
the clay shown in Figure 2.32B are distinctly different. 
The prints on the normal print bed became one entity, 
a single solid panel. The prints in the clay on the other 
hand retain visible printing lines, despite being printed 
with a large diameter nozzle. This is due to the support 
the clay offers for the printed concrete and why the 
regularly used flat nozzle of the TU/e is not suitable 
for this way of printing. Also directly appearant from 
the results was that the resulting panel was relatively 
brittle. Some small pieces came lose when taking the 
panel out of the clay box.

Result seminar
The second series of tests was done in collaboration 
with the seminar of Cristina Nan as mentioned before. 
The seminar used the old technique of glass beads and 
this experiment focused on the difference between 
that old technique and the new clay printing. The result 
is clearly different between the two (Figure 2.32C). 
Other than the color, which can be washed of for the 
most part with some more intense cleaning, the layers 
to are distinctly different. The printing result using the 
glass beads is clearly one structure. The layers remain 
visible but connected well to one another. The layers 
of the print in the clay on the other hand seem to be 
less connected (2.32D). This is most likely the result 
of clay staying in between the layers during printing, 
not allowing the different concrete layers to connect 

as well. This also made the entirety more brittle, with 
layers easily delaminating. If the clay should be thicker 
or thinner to remedy this problem should be tested 
further in future research.

Result sequence
Rather than print the whole afore mentioned 
sequence, the step to the last double curved panel 
was made directly. Reasoning behind this was that 
the previous experiments already showed printing flat 
was an option and single curved is also possible with 
regular 3D concrete printing. The panel was printed 
in two identical pieces since the concrete printer 
was only coded for printing layers vertically on top 
of each other. The result shown in Figure 2.32E looks 
less curved than designed. The actual dimensions 
are correct though, meaning the likely reason for it 
appearing less curved is the thickness of the panel and 
the layer thickness. The simple solution is keeping in 
mind the layer thickness when designing something to 
be printed. 

RESULTS

A B C

D E
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Fig. 2.33:
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Four panels combining into a section of a wall.

With the experiences gained from the different 
experiments, a final design was made of a combination 
of multiple double curved panels. The design envelops 
a combination of double curved panels to discover the 
potential it has for a wall. In the end, a combination of 
4 panels of 50x50cm was designed to show a section 
of a wall of one square meter, as shown in Figure 2.33. 
This small section of a wall can of course be extended 
in all directions to create one large wall for an entire 
building. The question arising from this is how to 
connect the different pieces to make it an actual 
wall. This will be discussed in the next chapter ‘Back 
Construction’.
Another change was the move from the vertical 
stacking of concrete layers to laying besides each 
other in the horizontal plane. For this a new code was 
developed by Zeeshan Ahmed and Derk Bos, allowing 
the slicing of planes vertically so horizontal layers 
resulted. With this new direction of printing, entire 
panels can be printed at once, rather than having 
the rely on smaller pieces shown previously in Figure 
2.32E.

BACK CONSTRUCTION

The double curved concrete panels printed in the 
clay, need a secondary structure to be used as 
architectural elements, for example as façade panels. 
The irregular surface of the double curves geometries 
require a structure which can adapt to this shape. This 
construction needs to contribute to the sculptural 

image that the 3D panels form and therefore the 
construction should not be clearly visible or disturb 
the desired shape. An important reference for this 
sculptural image built up by curved panels is the Heydar 
Aliyev Cultural Center in Baku (Azerbaijan) designed by 
Zaha Hadid and constructed in 2007 (Figure 2.33B). 
This project showcases the use of curved concrete 
panels cast in single use molds (Cansuturk, 2017).

These panels are attached to a steel frame which 
follows the curvature of the façade (Figure 2.33A). The 
frame consists of a network of steel bars and nodes 
shaped in the curved form. The curved concrete 
panels are connected to this network at the nodes 
to create one smooth sculptural image. This form 
and its structural network is very interesting but 
rather complex to literally apply in the experiments 
conducted with Concrete Liquid Injection Printing. 
However it gives some good starting points for 
designing a prototype. 

As CLIP focusses on 3 dimensional, double curved 
geometries it is possible to think differently about 
merging them to one element. 2 dimensional panels 
are mostly hanging from a secondary structure as 
their limited sections do not allow to stack them. 3 
dimensional, double curved geometries however are 
more suitable to stack on top of each other, and allows 
for a different construction method than hanging it 
from a framework. By transferring gravity downwards 
through the underlying concrete elements also uses 
the compression capacity of concrete to a greater 

DESIGN PANELS
FINAL DESIGN
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Fig. 2.34: Fig. 2.35:A: Construction principles of the facades of Heydar Aliyev Cultural Center (Cansuturk, 2017), B: Heydar Aliyev Cultural Center 
(Archdaily, 2013), C: Diagram stability construction, D: Cavity wall (Heat Cornwall, 2019)

A: Structural schema construction (front),
B: Structural schema construction (back),
c: Back construction bolts

extent than hanging them from a secondary structure. 
Also, it puts less stress on the connection between the 
panels and the secondary structure as the weight of 
the panels are not transferred to it (Figure 2.34C). The 
secondary construction mainly provides stability to 
the stacked concrete elements rather than a carrying 
them. In that sense it is comparable to the functioning 
of a traditional cavity wall (Figure 2.34D). A cavity wall 
consists of a structural inner wall which carries the 
above floors and façade an in between insulation and 
ventilation layer and an outer wall which functions as a 
cladding. The outer wall is connected to the structural 
inner wall by wall ties to prevent is from falling over. 
The individual bricks however rest on top of each 
other instead of hanging from the inner wall. 

This principle of compression loads and stability from 
a secondary construction with wall ties is applied in 
the structural scheme for Concrete Liquid Injection 
Printing elements (Figure 2.35A & B). In this scheme a 
relatively simple structural network of straight beams 
or rods is used. The curved concrete elements are 
attached to it using anchors which bridge the distance 
between the elements and the framework. For 
anchoring the concrete elements bolts with different 
lengths are fixed to the framework (Figure 2.35C). 
Holes are pre-drilled in the elements to attach them 
to the bolts. 

A

B

A

B

C

C

D
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CONCLUSION

Due to the COVID-19 pandemic and the associated 
restrictions on the TU/e campus, there were no 
possibilities to fully complete the experiments with the 
3D printer. Therefore, decisive conclusions regarding 
the CLIP experiment are hard to make. However, a 
number of concrete elements were printed in the 
early phase of the project and have given us some 
interesting insight in the way CLIP works. 

From the experiments it became clear that printing 
double curved geometries is possible using CLIP. The 
preliminary experiments proved clay is a feasible 
support structure for concrete, experimentation 
on the TU/e showed the possibility to print free 
form inside the clay. The printed elements show the 
possibilities for new geometries, however further 
research is needed to optimize the procedures. 
Important aspects for future research include the 
quality of the concrete, the nozzle and the bonding 
between the concrete layers. 

In this research one type of concrete was used for 
the experiments, the quality of the concrete seems to 
highly influence the quality of the printed elements. 
Additional research is needed to examine if different 
types of concrete in combination with clay could result 
in different appearances and in this way influence the 
architectural expression. 

Besides the importance of concrete, the nozzle plays 
an important role in the printing. A smaller nozzle 
potentially allows for more detailed printing. A very 

narrow 10mm nozzle was used in the first experiments, 
but deemed to be too narrow as the pressure was 
too high. Printing without a nozzle produced rough 
results. The new 18mm nozzle should be tested to see 
if it will influence the result to be more detailed.
Lastly, the bonding between the layers of printed 
concrete appeared problematic. When extracting the 
printed elements from the clay the layers of concrete 
were easily separated from each other, therefore 
the elements did not form a solid entity. Possibly the 
viscosity of the clay influences the bonding between 
the concrete layers. Clay might flow between the 
layers of concrete when it is to thin. However, this is 
not tested during the experiments. 
In conclusion the concept of Concrete Liquid Injection 
Printing using Clay as liquid has been proven to 
work. As discussed, many parameters need further 
elaboration in order to discover the true potential 
of the technique. The technical aspects above need 
further elaboration, followed by research into how 
curved panels influence architectural expression.
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INTRODUCTION

More and more evidence is found that the presence 
of natural environments in urban neighbourhoods is 
associated with positive physical and mental health 
benefits. One of such research papers written by 
Nutsford and coworkers expressed this as followed: 
“These environments, often called ‘green space’ and 
‘blue space’, are places for recreational opportunities, 
social connectedness, and improved social ties” 
(Barton & Pretty, 2010; D. Nutsford et al., 2013; Daniel 
Nutsford et al., 2016). For many people, recreation 
is an important part of their daily life, it is a way 
of relaxing, balancing lifestyles and meeting and 
greeting other people. For instance, spending time on 
the coast, a so-called ‘blue space’, helps to unwind. It 
is not surprising that the coastline is associated by a 
large number of people for its recreational purposes. 
Visiting coast side areas can have psychological 
advantages and social interactions form an important 
perceived benefit as well, as was concluded in a recent 
study done at the University of Exeter, where surveyed 
participants were questioned to the main perceived 
benefits of visiting blue spaces in general (Garrett et 
al., 2019).

Recreational spaces, both green and blue spaces, can 
be seen as ‘third places’. Such third places form an 
addition to the two usual social environments of home 
(‘first place’) and workplace (‘second place’). Some of 
the main characteristics and conditions of third places 
are the following, as stated by Oldenburg (Meyers, 
2012; Oldenburg, 1989; Quandt & Kröger, 2013): 

- Neutral ground: all individuals are welcome to come 
and go as they please. 
- Leveler: an individual’s rank and status are no 
important, promoting commonality over economic or 
social status. 
- Conversation: conversation is a main focus of activity 
in third places, even though the setting may be a place 
for drinking, or exercising, or playing a game, talking 
is always present.
- Accessibility and accommodation; a third place 
must be easy to access and must accommodate the 
people that visit.
- The regulars: a third place needs some regulars to 
keep it lively, attract and welcome newcomers and 
give the space its distinctive atmosphere.
- A low profile: there is a non-pretentious quality of 
the place.
- The mood is playful: laughter is often heard, and wit 
is prized.
- A home away from home: a third place provides a 
feeling of warmth, intimacy and feelings of being at 
ease. 

Later on in this booklet, it is seen that the previous 
mentioned characteristics were processed into the 
architectural design and purpose hereof. 

RECREATION
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In the Part I of this booklet, the study ‘The Future of 
the Big House’ examined how the “Villa” has evolved 
from past to present and how its perception has 
changed in recent years. Today, a Big House is of 
increasing interest to a larger group of people. 
People are increasingly drawn to the city and can 
live in urban villas. But the urge to live in a remote 
place still remains strong for all people, wealthy and 
financially more limited . To improve social cohesion 
and bonding, a dynamic and well-balanced community 
should be strived for.
With today’s technology and the new standard of 
working from home because of the COVID-19 pandemic, 
it starts to matter less where one lives. Over the past 
year, due to the abrupt and radical changes to society, 
people started to value and visit nature more. When 
people require a break from the hustle and bustle of 
their work and their lives in densely populated areas, 
they want to feel and experience nature. The seaside 
is such a place people can retreat to with the purpose 
of unwinding. 
Previously it was mentioned that research suggests 
that visiting blue spaces for recreational purposes 
has positive effects for mental health. This applies for 
living near blue spaces as well. Such a blue recreational 
space, being a third place, is associated with a range 
of aspects related to improved mental health and 
wellbeing. For adults, living closer than 1 kilometer 
from the coast, in comparison to people living more 
than 50 kilometers from the coastline, was associated 
with better mental health as measured by the GTH12 (a 
short-version General Health Questionnaire)(Garrett 

et al., 2019). Furthermore, earlier work by Bauman 
(Bauman et al., 1999) suggests that living by the coast 
is associated with increased opportunities for physical 
activity. This means that both mental health and 
physical activities can be improved when living close 
to the coast.  

LIVING

From the previously described benefits with respect 
to recreation and healthy living, it is clear that 
creating a living and recreation space near the 
coast side has a large potential. Dr. Matthew White, 
an environmental psychologist at the University of 
Exeter did complementary research and confirmed 
earlier findings that were presented to you before; 
individuals reported significantly better health when 
they lived nearer the coast (White et al., 2013). After 
his research findings, he provided the world with an 
advice and concludes that it is essential to explain 
and persuade governmental institutions and policy 
makers to protect, create and encourage the use 
of blue areas to maximize the wellbeing benefits. 
Additional conditions he mentioned to this is that it 

should be ensured that access is fair and inclusive 
for everyone and that fragile coastal environments 
should not be damaged. This second-last statement is 
in fact one important Oldenburg’s characteristic and 
with the latter statement, an architectural challenge 
is hinted to among others. The question therefore is: 
How can the natural benefits of coastal environments 
be seized for an architectural structure for combined 
living and recreation?

“ H O W  T O  F U L L Y  E X P L O I T  T H E  O P P O R T U N I T Y 
A N D  B E N E F I T S  F O R  C O M M U N I T Y  L I V I N G  A N D 

R E C R E A T I O N  I N  A N  A R C H I T E C T U R A L  S T R U C T U R E 
W I T H I N  A  M A R I N E  E N V I R O N M E N T ? ”

RESEARCH QUESTION



183 PART III - INTRODUCTION

The Netherlands are known for its flat landscapes on 
the countryside. This is generally seen as attractive 
by a large amount of Dutch citizens as was concluded 
by Van Dam and co-workers (Van Dam et al., 2002). 
This finding is especially true of the inland of the 
Netherlands (figure 3.1). Not only is the flat landscape 
characteristic for the Netherlands, so are the sand-
based coastlines; these offer many opportunities for 
beach fans, nature enthusiast and water sport fanatics. 
In fact the entire west border of the country is coastal. 
Besides, the Dutch are very renowned for their marine 
ingenuity and activities over the whole world. This was 
originally due to the danger and threats to human 
health in the low-lying country, but the Dutch learned 
to control it and have taken advantage of them. 

The United Kingdom has similar characteristics as 
the Netherlands have, including large coastlines and 
beautiful landscapes on the countryside. This positive 
image of rural landscape, and the aspects of rural 
lifestyle and community is also referred to as the 
concept of ‘rural idyll’ (Ilbery, 1998). According to 
Cloke and Milbourne (Cloke & Milbourne, 1992) the 
rural idyll present a happy, healthy and problem-free 
image of rural life, including a close social community 
and a natural environment close to the living area. But 
what are the motivations for residents to live in this 
‘rural idyll’? 

Recently, at the TU Delft a research was performed 
regarding the preferred type of residential 
environment (Jansen, 2020). A survey was conducted 

Because...
Precoded categories
Of peace and quiet
Of easy access to amentities
Of social contact
Of the ambiance outside
Of easy access to the dwelling
Of a sense of freedom
Of feeling safe/secure
Of enjoying life
Of performing activities
Of well-being
Of feeling comfortable
Of an exciting life

Post-coded categories
Of another reason
Of green/water/space
Of being raised in this type of neighbourhood
Of currentlu living in this type of neighbourhood
The environment is good for raising (grand) children
It not too quiet and not too lively
There is few traffic/good opportunities for parking
Of work-related reasons
Of keeping pets and other animals
Of being familiar with the neighbourhood
Of privacy
Of pleasantness/cosiness
Of easy access to exit roads
Of financial reasons
It is close to the city centre
Of the possibillities for doing sports
Of easy access to public transport
Of easy access to cultural facilties
Total

Number of times mentioned Mentioned by % of respondents

290
148
113
106
68
47
32
26
25
21
29
8

33
16
12
11
8
4
4
3
3
3
2
2
2
2
2
2
1
1
1014

45%
23%
17%
16%
11%
7%
5%
4%
4%
3%
3%
1%

5%
2%
2%
2%
1%
1%
1%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

in which 664 respondents provided motivations 
for their preferred residential environment. These 
respondents were all homeowners, tenants or 
partners hereof, who had indicated that they were 
not unwilling to move if they would find a home that 
could meet all their housing needs.  Participants 
could give multiple motivations, which is why in total 
1014 motivations were provided, as seen in Table 1. 
Overall, the motivation for choice of residence that 
was provided most frequently is “Peace and quiet” (n 
= 290; mentioned by 45% of respondents). Many more 
motivations were mentioned, which indicate that 
multiple residents may have different reasons for the 
preference of a certain residential environment. 
In the case of this project, some of the most commonly 
cited reasons are important starting points which are 
met in the design and purpose of the architectural 
structure, balancing the demand for a peace and quiet 
environment, the (natural) ambiance outside, a sense 
of freedom, accessible social contact points, and the 
availability of activities. and so forth.

Underlying motivations for the preference for the residential environment Reprinted from Jansen (2020)  Valuation of the countryside (in %)(Van Dam et al., 2002)
‘‘A survey was conducted among urban residents of four municipal-
ities, each of which has a different character: a medium-sized city 
in the Randstad area (Utrecht) and a neighbouring suburban town 
(Maarssen), a medium-sized city in the south of the country, outside 
the Randstad area (Den Bosch) and a neighbouring suburban town 
(Vught). In total, 4047 respondents were surveyed.’’

Table 1 Figure 3.1

RESIDENTIAL ENVIRONMENT
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COMMUNITY

Mental health and psychology is starting to play a 
more dominant role in residence design. Table 1 in the 
previous section states that, ’social contact‘ is the third 
most mentioned motivation for choosing a residential 
environment. Especially during times of COVID-19 
people are in need of social contact. It appears 
that enough green space and access to nature, but 
especially the possibilities for physical exercise, play a 
significant role in the positive effect on mental health 
during the times of this COVID-19 pandemic (Jia et al., 
2021)(Jia et al., 2021).

But this is not limited to current times of crisis. In 
general, social support from the community can 
significantly improve and increase individual mental 
well-being (Jia et al., 2021) (Herrero & Gracia, 2007). In 
researches performed before the pandemic, relations 
of residence and mental illness were found. A number 
of studies have shown that the risk for developing 
schizophrenia is doubled when growing up in a 
city, as is the risk of other mental disorders such as 
depression and chronic anxiety increasing (Haddad et 
al., 2015; Newbury et al., 2016). From an article from 
BBC Future, I quote an intriguing conclusion: ”The main 
trigger appears to be what researchers call “social 
stress” – the lack of social bonding and cohesion in 
neighbourhoods” (Bond, 2017). Designing a community 
can be an opportunity for decreasing the chance of 
people being socially isolated, the development of 
social stress, and structurally decreasing the potential 
risks for mental illness 

Combining all previous sections, the focus in this 
project will be on designing a residential community 
at a blue place environment. This has interesting 
potential regarding social and mental health benefits. 
The practical implementation of this combination is 
the emerging of a pier with an architectural structure 
for residential and recreational purposes, at the Dutch 
coastline.



KATWIJK AAN ZEE
NETHERLANDS
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Fig. 3.2:

PART III - SITE ANALYSIS

KATWIJK AAN ZEE - COASTAL AREA
SITE ANALYSIS

General
Katwijk aan Zee is the location for this project since 
it has a central location of the Dutch coast, located 
on the North Sea in the province of South Holland. 
Traditionally, Katwijk has been a fishing village and 
still has these characteristics today as being a popular 
seaside town for tourism. 

The city is rich in history, as the Roman Limes, the 
boundary of the ancient defensive zone of the Roman 
Empire, runs right through the old fishing village 
(figure 3.2D). During extremely low tides between 
the 16th and 18th centuries, remains of a Roman 
Limes fort emerged.  This fort was approximately 75 
meters by 75 meters in size and was called Brittenburg 
by the coastal inhabitants. It is believed that in the 
16th century, the stones of the fort were reused as 
building material for expanding the village of Katwijk. 
The water destroyed the rest and the fort was never 
seen again after 1752. Today people still search for the 
Roman fort, unfortunately nothing has been found. 
(Romeinse Limes Nederland & RomeinenNU, 2021) 

Figures 3.3A and 3.3B show the environment of the 
chosen location. The division is made between natural 
and built environment. Towards the north of the site, 
the environment is more natural. Here, the landscape 
is mainly consisting of dunes, containing different 
types of vegetation. More southwards, the natural 
surroundings make way for more built-up areas. In 
2013 to 2015, the coastline of Katwijk was renewed, 
including the redevelopment of the dune area and 
the building of an underground car park. The Coastal 
Community project is the connection between north 
and south; and accordingly the nature and built 
environment. 

A. Water 
C. Important roads towards the coast. 

B. Greenery
D. Roman Limes

A

C

B E

D F

E. Pedestrian routes
F. Beachhouses
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Fig. 3.3:

PART III - SITE ANALYSIS

A: Surrounding environment
B: Surrounding dwellings

B

A
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Fig. 3.4: Compass Rose from Katwijk aan Zee Reprinted from Meteoblue (2021)

PART III - SITE ANALYSIS - ENVIRONMENT

DUTCH COASTAL CLIMATE

The Dutch coastline measures 1275 kilometers and is 
situated at the North Sea. Furthermore, this coastline 
is the estuary of different large rivers like the Rhine, 
the Meuse, the Scheldt and the Ems. The Netherlands 
has a typical maritime climate influenced by the North 
Sea and Atlantic Ocean, with cool summers (typically 
17 °C – 20 °C) and moderate winters (typically 2 °C – 
6 °C) (weatheronline, 2021). Since the Netherlands is 
such a small country, there is little variation in climate 
between regions, although the influences of the sea 
are less inland. 

For Katwijk aan Zee, the same general weather 
conditions apply as mentioned for the whole country. 
However, at the Dutch coastlines there are more hours 
of sunshine in the spring and summer, compared to 
inland areas. In these two seasons, the sun shines on 
average about 100 hours longer than in the eastern 
Netherlands. Apart from this, in the coastal areas 
it is generally a few degrees Celsius cooler than 
inland areas and the wind force is larger. Both these 
mentioned weather quantities can have an impact of 
the perception of the location and the attractiveness 
hereof, which is of importance in this project.

As mentioned before, the temperature is largely 
depending on the gulf stream of the Atlantic Ocean, 
which has an impact on the water temperature of 
the North Sea. Due to this gulf stream the North Sea 
reaches is lowest average water temperature at the 
end of the winter (February: 5 °C) and its peak at the 
end of the summer (September: 18 °C) (klimaatinfo 

Nederland, 2021). The effect of this is simple: in the 
winter, the air heats up the coastal areas, and in 
summer, it cools it down. It is due to this that the 
temperature differences between summer and winter 
are smaller in Katwijk aan Zee than in more inland 
regions such as the eastern part of North Brabant 
(including Eindhoven). 

Based on 30 years of hourly weather simulations, 
Meteoblue provided information of the climate in 
Katwijk aan Zee with a resolution of 30 kilometers 
(Meteoblue, 2021). The information that is calculated 
from these weather models include the average 
temperature, precipitation, sun hours and wind 
force. In Figure 3.4, the result of these simulations 
are displayed in a compass rose, divided into 16 
wind directions. The increasing size from the centre 
displays the magnitude of hours of wind in that 
direction.  As is made visual, the most occurring wind 
direction is from southwest to northeast, with an 
annual average of 1154 hours. If the 3 wind directions 
that lie between southern and western (WSW, SWS 
and SW) are combined, this number increases to 
2817 hours; an annual percentage of 32%. From this 
it can be concluded that the wind comes mainly from 
the southwest. The wind force vary seasonally too, 
as can be concluded from the column chart in Figure 
3.5; much less extremely powerful wind speeds were 
observed in the summer months of June, July and 
August compared to the winter months of December, 
January and February.

ENVIRONMENT
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Fig. 3.5: Wind speeds from Katwijk aan Zee Reprinted from Meteoblue (2021)

PART III - SITE ANALYSIS - ENVIRONMENT

The available hours of sunshine, the temperature 
and wind speed in the coastal area of Katwijk aan Zee 
are of influence on the perception of the location of 
this project. However, since the hours of sunshine 
is on average larger than in more inland areas of 
the Netherlands, and the temperature differences 
between inland and coast is limited to a few degrees 
Celsius, the main factor of the Dutch coastal climate is 
the wind force. In latter parts of this project, a practical 
design solution proposal is made to limit the negative 
effect of the visitor’s and resident’s experience in full 
measure.  
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Fig. 3.6:

PART III - SITE ANALYSIS - ENVIRONMENT

Corrosion protection measures for aluminium in marine environments. Reprinted from Masi et al. (2019)

One other main challenge is to determine the 
materialization for the building, which is closely 
related to the previous section about the Dutch coastal 
climate. The building is exposed to many adverse 
conditions such as strong wind, organic matter, 
such as algal cells, and salty sea water, also known as 
so-called sea spray. Sea spray is mainly responsible 
for corrosion of metallic objects near the coastline, as 
the salts herein accelerate the corrosion process in an 
oxygen and moisture rich atmosphere (Schindelholz et 
al., 2014). The choice of materials is important in such 
unfavourable conditions. Luckily, lots of information 
and research is done considering using the right 
materials for disciplines like shipbuilding and offshore, 
which is of use for this architectural project as well. 
According to The North Sea Solutions for Innovation in 
Corrosion for Energy (NeSSIE), several metals are used 
in particular in these fields of expertise:
- Unalloyed and low-alloyed steel;
- Unalloyed and low-alloyed cast steel
- Cast iron; 
- Stainless steel;
- Stainless cast steel; 
- Copper and copper alloys;
- Aluminium alloys. 

In this study done by Masi (Masi et al., 2019), it is 
mentioned that most of the metals and alloys in this 
list are being used for pumps, pipes or structural 
use in the marine environment. In addition to these 
applications, aluminium has the benefit that it can be 
applied to other materials as a coating. Aluminium is 

sea proof and will not rust (Aluminium Handrail Direct, 
2018; Hydro, 2019; Metadecor, 2021) since it is already 
protected by a natural oxide layer. But, this natural 
oxide layer is not chemically controlled. A more 
durable, corrosion-resistant and decorative oxide layer 
can be applied by surface treatment called anodizing. 
Because of these properties, aluminium is frequently 
used over the previously mentioned materials and is 
the most reliable choice for applications like sheets to 
use in an architectural way as a façade panel. Anodizing 
aluminium has the extra benefit that the surface is 
made porous in the anodizing process, which makes 
it easy to dye top layers of aluminium in any preferred 
color, while ‘raw’ grey aluminium normally cannot 
be dyed easily. Logically, this is a large advantage to 
obtain the desired architectural expression.

However, if there is a high presence of chlorine 
concentrations in the water, it can destroy the 
protective layer and cause stress corrosion. Coating 
aluminium is necessary against severe corrosion 
attacks. Figure 3.6 shows some protective measures 
for aluminium used in marine environments.  This 
figure confirms the requirements of a passive material 
protection technique, but adds extra considerations 
in the use of materials. When using aluminium as 
cladding material it is of importance to prevent 
galvanic corrosion. Galvanic corrosion can occur 
when aluminium comes into contact with other 
metals. Furthermore, the option for maintenance and 
cleaning should be considered in the design. An expert 
in the field of installing and designed façade panels 
ensured that in coastal areas, anodized aluminium 
should be cleaned twice a year (Metadecor, 2021) and 
air ventilation of the panels is taken into account in the 
architectural design too.

MATERIALS
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Fig. 3.7:

PART III - CONCEPT

Schematic drawing of the conceptual strategy

COASTAL COMMUNITY

It was mentioned earlier in the booklet that abrupt 
changes have occurred in the past year as a result of 
the COVID-19 pandemic. This has led to, among other 
things, increased mental health problems, especially 
among the young and the elderly.
Since this pandemic our world has become ‘smaller’; 
all people are restricted in their options meaning that 
more activities are based in-house instead of defined 
accommodations. Oldenburg’s definition about first, 
second and third places shows a clear separation 
between those, but due to the changes the world 
is now facing, the boundary between working and 
relaxing has been faded and the first, second and third 
places have been blended into one; your home. 

SITUATION BEFORE COVID-19 SITUATION DURING AND/OR AFTER COVID-19 COMMUNITY COMMUNITY WITH SHARED ACCOMODATIONS

Figure 3.7 schematically shows the difference between 
the situations before and during the pandemic. Due 
to this change in lifestyle, certain needs arise to 
recover people’s mental balance, these needs could 
then be exploited for design: a community, located 
at the Dutch coastline providing a peaceful natural 
environment, which has the purpose of ensuring social 
cohesion and creates the option for recreation where 
visitors and residents are welcome to unwind. 

CONCEPT STRATEGY

NEEDS:
‘REAL’ SOCIAL CONTACT

PROPER WORKSPACE

PHYSICAL EXERCISE

SPACE FOR UNWINDING

SOCIAL CONTACT

PROPER WORKSPACE

PHYSICAL EXERCISE

NATURE FOR UNWINDING
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Fig. 3.8:

PART III - CASE STUDIES

VitraHaus (Baan, 2011; Vitra, 2021)

GENERAL INFORMATION

The building ‘VitraHaus’, built in 2010 at the Vitra 
Campus in Weil am Rhein, Switzerland, by architects 
Jacques Herzog and Pierre de Meuron is the flagship 
store of Vitra GmbH, a furniture manufacturer of 
many renowned designers. In this building, furniture 
from the Vitra Home collection is showcased, but it 
also consists of a conference area, exhibition space, 
Vitra design museum shop, lobby area, and a café with 
an outdoor terrace. The fact that residential furniture 
is showcased in this building prompted Jacques 
Herzog and Pierre de Meuron to design the classical 
form of a house as a starting point of the architectural 
structure of this building. In total there are about 12 

individual “houses” that are stacked on top of each 
other, in a way that they seem to float up to a height of 
about 15 meters. This gives a chaotic, but above all an 
intriguing image that makes passers-by wonder how 
this building is put together. 
The VitraHaus has been a big source of inspiration for 
the design in this graduation project. In particular, the 
principle of stacking ‘simple’ forms in such a way that 
the architecture jumps out and fascinates people. 

HERZOG & DE MEURON
VITRAHAUS

Fig. 3.9: Floorplans Vitrahaus, level -1 and level 0
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Fig. 3.10: VirtraHaus at night. (Vitra, 2019)

PART III - CASE STUDIES

Fig. 3.11: Floorplans Vitrahaus, levels 1,2,3,4 (read from left to right)
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Fig. 3.12:

PART III - CASE STUDIES

The architects deliberately chose not to use a 
horizontal orientation as is of common practice in 
manufacturing facilities. Therefore the building’s 
volume is vertically oriented so that the footprint 
is not too large and it offers a beautiful overview of 
the surrounding landscape due to the gable ends. 
Regarding the interior, Herzog & de Meuron refers 
to it as a ’secret world’. The interior volumes and the 
effect of merging the exterior volumes to one internal 
volume have been studied by the architects (figure 
3.14), which creates a labyrinthine character.

The VitraHaus has a different aesthetic in daytime 
compared to night time. During the day, the building 
lands beautifully on the landscape and has an imposing 
character. At night-time, the gable ends open up the 
whole structure because of the illuminated interiors. 
This results in the dissolving of its form because of 
the dark volume the exterior has; it looks like this 
architectural art piece is disappearing in the night. 

VOLUMES

Vitrahaus during the day(Vitra, 2021)

Fig. 3.13:

Fig. 3.14:

Volumes of VitraHaus

Volume study VitraHaus (Baan, 2011)
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Fig. 3.15:

Fig. 3.16:

PART III - CASE STUDIES

ROUTING 

The circulation of the VitraHaus is well thought out, 
the journey is a designed experience that engages the 
user to explore the building. Figures 3.15B and 3.16 
are both showing the concept of the routing, Figure 
3.15B shows the 2D concept while Figure 3.16 shows 
the routing concept in 3D. For visitors, the downwards 
journey begins on the fourth floor which is reached 
by taking an elevator. The orientation of the various 
volumes seems arbitrary, but during this journey it will 
become clear that the volumes were carefully placed 
because of the view of the surrounding landscape 
from the interior, therefore this design has a complex 
orientation.

 The main routing elements are the staircases, these 
are integrated into some kind of organic forms that 
runs through the multiple levels and houses. This 
helix-shaped staircase reveals captivating relations 
between multiple houses, but can also block the view 
in other parts of the building. (Herzog & de Meuron, 
2011b). The interior has remained plain in comparison 
to the exterior and the striking staircases. The finish of 
the interior walls is primarily white, which is probably 
chosen marketing-wise: it makes the furniture of the 
Vitra Home collection stand out.  

A: Interior staircase (Vitra, 2021), B: Concept of routing Vitrahaus 2D Reprinted from Herzog & de Meuron (2011a)

Concept of routing VitraHaus 3d
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GENERAL INFORMATION

Fig. 3.17: Fig. 3.18:Villa M in Z in 1992 - Stéphane beel.  
Exterior view of the north elevation and interior view of the patio connecting the commin space and the parents’ bedroom 
(SUBTILITAS, 2019) 
Exterior view of the south elevation(Blancquaert, n.d.)

Villa M in Z in 1992 - Stéphane beel (Blancquaert, n.d.)

Villa M in Zedelgem, Belgium was built in 1992, and 
accommodates a single family. It is designed by 
Stéphane Beel, a Flemish architect who is a well-
known representative for the Flemish architectural 
movement the New Simplicity (de Nieuwe Eenvoud). 
This movement has come to light among a new 
generation of architects since the early 1980s. A 
typical characteristic of this movement is that the 
architecture visibly reaches back to the elementary 
means. These “New Simplicity” architects work a lot 
with simple geometric forms, uniform flat walls and 
clear spaces, rediscovering the basic components of 
architecture which they then interpret in their own 
way (Strauven, 1997). 

Architecture
Villa M’s architecture style is clearly based upon 
this movement, simple geometries are used and the 
spaces are well-defined. The two longitudinal facades 
differ from each other; where a lot of glass has been 
used for one facade, the other is largely closed. The 
exceptions to this are a few windows that must be 
there in order to have enough natural daylight for the 
entrance, patio, the children’s rooms and the kitchen. 

The villa was included in this analysis because of the 
shape the volume has; this fits well with the concept 
of using simple geometric forms.  The floor plan 
is oriented to the glass facade on the long side of 
the villa; all living functions are aligned in one row 
and is divided in three parts (Figure 3.19A & 3.20A): 
one section designed for the parents, one section 

intended for the children and the third section is used 
for common mutual purposes.

The parent’s bed-, and bathroom are at the one end of 
the villa, while the children rooms are at the other. The 
two sections meet each other in the middle where the 
common areas are, such as living room, kitchen, dining 
room and the entrance. The patio at the edge of the 
living room is the separation between the common 
area and the parents’ accommodation. The drawings 
on the next pages show facade drawings, a cross-
section and floor plans indicating various elements 
such as the routing, the division of the villa and the 
gradient from closed to open. 

STÈPHANE BEEL
VILLA M IN Z
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Fig. 3.20: Villa M in Z - Stéphane Beel 
A: Floorplan devided in sections 
B: Routing
C: Gradient open/close

Children area
Common space
Parents area

Fig. 3.19: Villa M in Z - Stéphane Beel 
A: Section devided in three parts
B: Elevation North
C: Elevation South

A A

B B

C C
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Fig. x.x:

A: Brighton Pier (Luke, 2018.), B: Busselton Jetty (River, 2021), C: Cleethorpes Pier (Stow, 2018), D: Clevedon 
Pier (Archant, 2019), E: Coffs Harbour Jetty (Veale, 2020), F: Bresno Pier (Creative Vision, 2018), G: Göhren Pier 

(Wojsyl, 2005), P: Rotonda a Mare (Jauréguiberry, 2019), Q: Santa Monica Pier 
(Teufel, 2021), R: Scheveningen Pier (Starink, 2016), S: Sellin Pier (Jean-Luc - 
2005, 2007), T: Shorncliffe Pier (Millyjane Photography, 2017), U: Melbourne Sta-
tion Pier (Mitchell, 2011), V:  Thalassery pier (Basavaraj, 2018), W: Star Ferry Pier 
(Ma, 2013), X: Umhlanga Pier (Meyer, 2014), Y: Urangan Pier (Visit Fraser Coast, 

2017), Z: Ventura Pier (Walker, 2018), AA: Render of Pier 55 (Heatherwick Studio, 
n.d.), BB: White Rock Pier (Fox, 2019), CC: Zhanqiao Pier (China Dragon Tours, 
2017), DD: Russel fields pier (Hainer, 2014), EE: St Pete Pier (Aerial Innovations, 
2020), FF: Svart (Snøhetta/Plompmozes, 2018)

(Chen, 2013), H: Heringsdorf Pier (Rabich, 2010), I: Huntington beach (Tama & Getty Images, 2020), J: Kastrup 
Sea Bath (Dahl ström, 2015.), K: Puero Vallarta Pier (Puerto Vallarta’s Colorful Pier , 2016), L: Navy Pier (Corbis/
PunchStock, n.d.), M: New Brighton Pier (Spragg, 2018), N: Osanbashi Pier (Kamishima, n.d.), O: Pier of Palanga 

Fig 3.21: 

PART III - CASE STUDIES

Originally, a pier was a type of structure that elevates 
from the water below, with the function of creating 
an enclosed area to allow ships to enter and exit a 
harbour safely and quietly. However, a pier with the 
purpose of recreation, called pleasure pier, was first 
built in Britain during the early 19th century (Wills, 
2014). No country in the world has as many piers 
for entertainment as Great-Britain. In the Victorian 
era, more than a hundred pleasure piers were built 
in coastal areas in England and Wales, Pleasure piers 
were family-friendly, reasonably priced venues where 
people could experience casual enjoyment (Racing 
Nellie Bly, 2016). Such piers are still used for many 
British to enjoy cheap holiday in seaside resorts. In 
whole Europe nowadays, piers are mainly used for 
walking and recreation; the experience that a visitor 
can gain by promenading over a pier is the feeling of 
walking on water. Many piers over the world have been 
built with different purposes and styles, Figure 3.21 
shows a selection of these well-known and unknown 
piers. 

Almost all the piers that are displayed have the 
same goal of attracting visitors. In order to do so, 
the structure must have a recreational purpose and 
should be visually attractive. How this attractiveness 
is achieved depends much on the location, goal, and 
the architectural design. Noticeable is that in most 
cases, the walking part of the pier is in a straight line. 
In contrast to The Puerto Vallarta pier (Figure 3.21J), 
which deviates from the usual typology of a pier since 
it has an organic form and serves as an architectural 
focal point. 

Looking at these various types of piers, it is noticeable 
that there are two distinct types. The type where the 
pier in itself is a destination, and the type where the 
building on the pier is a destination and the pier is 
merely a logistical element. This is closely related to 
the purpose and idea behind the pier. In the Victorian 
era, piers were put up for amusement reasons, with 
fairs (including the typical Ferris wheels), theatres, 
gambling halls, bars and restaurants. However, the 
need for amusement facilities depends much on the 
location. For some of the displayed piers, there was no 
need for extra entertainment; the sea itself can offer 
sufficient options for leisure. 

For supporting a pier there are two kind of structures; 
Solid and open (Hamakareem, 2019). Examples of a solid 
structure can be seen in Figures 3.21-G,H,M,P,X,AA. A 
Solid pier structure is frequently made from stone 
masonry, mass- or reinforced concrete or bricks and 
is usually one column. Examples of an open structure 
can be seen in Figures 3.21-A,C,D,K,DD,FF. Open pier 
structures allow water to flow through the structure 
and distribute the force on the columns, so that this 
open structure often consists of several columns next 
to each other. 
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General
This chapter includes the design strategy concept. It 
is of importance to understand the build-up hereof: 
the concept is to start in a simple way and build up to 
an advanced final architectural concept, taking small 
steps that are easy to follow and are based on logic 
and inspiration. This is schematically supported with 
multiple figures over the whole chapter (Figure 3.22 
& 3.23).

The starting point for the project’s architecture is 
making use of simple geometric forms. For this, two 
shapes of an elongated cube are picked. The cuboids 
are called ‘houses’, distinguishing between private and 
public ‘houses’. One cuboid as being a private house, 
consists of single-floor apartments. Additionally, the 
other cuboid is being a public house, having various 

Single storey apartments

Restaurant/café
Ice cream shop
Library
Gym
Fish stand
Viewing point

First volume

functions, including a restaurant/café, ice cream shop, 
library, gym, fish stand and a viewing point.
 
Transparency
To avoid large closed boxes, it is important to keep at 
least the gable ends open per cuboid to provide a kind 
of transparency in the houses. This transparent side 
is essential for spatial feeling, facilitating the entry of 
natural light and enabling to enjoy the views of the 
location.

Combining houses
Some of the houses can have overlap with each other. 
By interconnecting these, the distinction between 
private and public is more playful. Think of living in a 
city centre with a coffee corner nearby, versus living 
in a typical (old-school) large apartment block without 

CONCEPT

TRANSPARENCY COMBINING HOUSES STACKING

'HOUSES'

PRIVATE HOUSE

PUBLIC HOUSE

DESIGN STRATEGY

Fig 3.22: 
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Second volume Core Connecting volumes 
inbewtween 

Final volume

any amenities; the association with living is clearly 
different. Since the final aim is to build a community, 
the human being is the centre point of the design: 
many buyers or renters may aspire to have such public 
amenity places inside the community for convenience 
and time saving (Schwarzkopf, 2020). It is essential 
therefore to make a well-balanced mix of the two, 
which includes overlap of these houses.

Stacking
The initial cuboid private house with single-floor 
living possibilities does not mean that we are limited 
to single-layer architectural options. In this process 
step, the different houses are being stacked on 
top of each other. By stacking multiple cuboids 
to different final larger shapes, an interesting yet 
playful conceptual design is created. The inspiration 

of the architectural structure. Moreover, shapes are 
overlapped to enhance the totality of structure. 

Unique location
Finally, the design will be located at an unique location, 
a ‘blue space’, and placed on a pier, in this case the 
coastal area of Katwijk aan Zee. The latest added 
larger rectangle structure, oriented with the long, 
transparent side to the seaside provides an exceptional 
panorama view.

to deal with the program in this way comes from the 
VitraHaus by Herzog & de Meuron. This results in a 
playful architecture that is complex and interesting, 
which can have a positive psychological effect on 
people(Bond, 2017).

Accessibility
The accessibility of the individual rectangular shapes 
need to be taken into account. The idea is to connect 
the two by making a central core. This core, equipped 
with a main staircase and elevator is placed in the 
middle of the program and ensures that there is one 
clear route for residents and visitors to take.

Additionally, the volume is expanded with new blocks 
of different sizing to enhance the playful design, while 
optimizing the interconnect core and total volume 

Special location for people, 
resident or not, to find their rest

ACCESSIBILITY UNIQUE LOCATION

Fig 3.23: 
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Fig. 3.24: A: Private & Public,
B: Program

PART III - DESIGN 

The project will function as a residential community 
that is also intended for recreational purposes and 
therefore publicly accessible. This in total will be built 
on a newly constructed pier at Katwijk aan Zee. 

Figure 3.24A shows quickly the difference between 
private and public. In total there will be eleven residential 
flats, each offering a unique living experience since 
the location is uncommon for dwelling. In addition to 
living, there will also be recreational activities on the 
pier. Recreational activities include an ice-cream shop, 
a shop for fishing supplies, a restaurant with a terrace, 
a shop in the middle of the pier for beach supplies, a 
gym, a library, a work area and finally a viewing area 
which offers the visitor for exceptional views of the 
Dutch Coastline.  

The platform itself is a public area where people are 
welcome and, for example, cast their fishing line or 
just hang out and enjoy the beautiful view. Integrated 
in the platform are hammocks. These hammocks are 
meant for people’s relaxation, but also to create places 
where people can interact socially.  

VOLUMES & PROGRAM

PRIVATE & PUBLIC

Vieuwing point

Gym

Restaurant + terrace
Core

Ice cream shop

Housing

Fisherman supply store

Housing

Housing

Housing

Community spacesHousing

Core

Viewing point

Gym

Housing

Ice cream shop

Fisherman supply store

Community spaces

Restaurant + terrace

Housing

Housing
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Fig. 3.25:

PART III - DESIGN 

A: Structural scheme 
B: Conceptual exterior scheme

The structure of this building, schematically shown in 
Figure 3.25A, consists primarily of steel and concrete. 
The floors are constructed with wide slab floors which 
are lying on the steel structure. The windbracing 
elements in the facades provides stability, which is an 
important aspect, especially for the large overhang on 
the west side of the building.

The project is expressing a geometrical shaped 
architecture that fits the location and still has a 
certain complexity. Previously mentioned in the 
booklet (Chapter Site Analysis - Materials) the use of 
aluminium panels have been verified for using at a 
marine environment. Therefore the facade will be 
cladded by aluminium facade panels. These panels 
have a green coating; the green color is chosen since 
it comes across as playful and fits the character of the 
building. Also, green complements the environment by 
not being in too much contrast with the color palette 
of the coast. When using aluminium as cladding 
material it is important to prevent galvanic corrosion; 
an extra layer of insulation is applied next to the steel 
construction, the aluminium panels will be connected 
to a back construction avoiding the contact with the 
steel construction. This will illustrated later in the 
booklet with detailed drawings.

STRUCTURE AND EXPRESSION
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Fig. 3.26:
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The term circulation in architecture refers to 
the way people move through space. Figure 3.26 
shows schematically per level the circulation of the 
project; the circulation consists of two main routes: 
a public and a private route. The green lines and 
arrows represent the route that visitors can take for 
recreational purposes. The black lines and arrows 
represent the route that one can take as a resident. It 
is important that people can move through a building 
without problems and without feeling lost.
The circulation does not include every route that a 
person could use in the building, but it does include 
the routing the majority of people will probably use 
(Portico.space, 2016). 

The triangular core in the middle is the most 
important element of circulation; besides the plinth of 
the building, all access points first pass through this 
core.   

Level 1 and the pier are on the same level and 
accessible from the dunes. The circulation on this 
level is straight-forward. The core is one of the first 
elements to be visible and can take you to the sixth 
level. The entrances to the public areas adjacent to 
the core are situated wind-free. From the core you can 
access levels 2 till 6. Level 2 is an all private floor while 
level 3 and 6 are both public floors, levels 1, 4 & 5 all 
are combined floors. The division between the public 
and private part seem to be blurry but the routing will 
follow naturally when walking the building. 

Main route housing

LEVEL 1

LEVEL 4

LEVEL 2

LEVEL 5

LEVEL 3

LEVEL 6

Main route public
Stairs housing

Stairs public

Routing scheme

ROUTING AND CIRCULATION
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Fig. 3.27: Fig. 3.28:Schematic drawings before and after the appliance of the glass facade Schematic drawing of vulnerable spot

PART III - DESIGN 

In chapter ‘Dutch coastal climates’, it was mentioned 
that the environment is an important factor when 
designing surrounded by a blue space such as the sea.  
Especially wind is in this project an important factor; 
it can affect the experiences of visitors on the pier. 
Therefore, in the design, the volumes are placed in 
such a way that most of the entrances are protected 
from the wind. There is one spot on the pier that can 
be vulnerable to harsh environments (Figure 3.28). 
This is at the end of the pier where the terrace of 
the restaurant is, in summer this place will be very 
pleasant with sunlight (or sunset) and summer breeze. 
However, when the weather changes and autumn and 
winter arrive, it is unlikely that these places will be well 
visited for its terrace options. To protect the pier, a 
transparent façade is added on the edge of the pier 
(Figure 3.27). This idea is derived from the terraces of 
the beach houses on the coastline where the visitors 
are protected behind a plastic fence. This transparent 
façade on the peer will be three meters high, which  
ensures a pleasant and wind-free environment for 
visitors. 

That the pier is more attractive in summer is to be 
expected. The same applies to the coastline in general, 
although visitors can still be attracted for beach 
strolls, walking the dog or sportive recreation, among 
others. Also the pier can be an accessible place for 
people to recreate and retreat in autumn or winter. 
The program is structured in such a way that there are 
enough opportunities for visitors and residents to get 
their leisure experience indoors. 

PROTECTION
WEATHER CONDITIONS



D R A W I N G S



235 DRAWINGS - SITE PLAN

SITE PLAN - SCALE 1:750
DRAWINGS

This Chapter contains all the construction drawings 
made. First of all, the site plan; Coastal Communities 
is situated on the coastline of Katwijk aan Zee. The 
building is elevated 15 meters above sea level to be 
safe from the waves. 

The pathway of the pier is 5 meters wide, the platform 
has a size of proximately 27 by 35 meters. Each floor, 
public and private, has a minimum height of 3 meters. 
In total, the building has 6 floors and a roof, making 
the total height 21 meters. 
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The project consists of six levels with eleven 
apartments in total. The entrance of the Big 
House can be found at level 1; ‘the pier level’, which 
is accessible coming from the dunes. Besides 
apartments, a restaurant, fish shop, ice cream shop 
and fishing supply store are situated as mentioned 
earlier in this booklet. A terrace and hangout area 
are included in the public area. The entrance central 
hall direct residents to the elevator and staircase, 
and gives access to the first apartment. Another 
staircase, between the ice cream shop and the fishing 
supply store, gives access to one apartment on the 
second floor.

Visitors to the restaurant enjoy a good view, both 
from level 1 and level 2, due to glass panels that 
are two levels high, creating a void. The stairs in 
the dining area gives access to the dining area on 
the second floor. Since the final layout depends 
on the taste of the restaurant owner, the seating 
arrangement should be considered as a draft. 

All apartments in the Big House are comfortably 
furnished and have sufficient space and equipped 
with all necessary facilities, including a bathroom, 
bedroom, living room with open kitchen, storage 
and separate toilet. Other additional features such 
as loggias and walk-in closets are available in some 
apartments.

Additionally, the second level hosts two apartments. 
One is, as mentioned earlier, accessed from the 

staircase on the left side of the entrance. One other 
can be reached via the entrance hall staircase or 
elevator. The third level contains a communal library 
and communal workspace, with the latter being 
accessible via stairs from the fourth floor. The fourth 
level is provided with a gym and its reception, three 
apartments and a common sitting area with stairs to 
the floor below. The fifth level hosts an additional five 
apartments in different shapes and different views. 
On the sixth and final level, a viewing point is present 
which is located towards the pier and the beachside.

LEVEL 1 - SCALE 1:300 
FLOORPLANS
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1. Hall
2. Reception gym
3. Locker room
4. Locker room
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9. Bedroom
10. Living room / Kitchen
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1. Hall
2. Viewing point
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ELEVATIONS
SCALE 1:750 

NORTH ELEVATION

SOUTH ELEVATION
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ELEVATIONS & SECTIONS
SCALE 1:500 

EAST ELEVATION

WEST ELEVATION
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Fig. 3.29:

SCALE 1:20

1 2 3 4

ARCHITECTURAL DETAILING

Section of Segment Pier 1:200

1

2

3

4

Finished floor
Covering floor
Insulation
Concrete platform

Aluminium walshed panels
Framework
Insulation layer 1
Insulation layer 2 + steel construction
Finish

Aluminium window frame

Steel HE180A beam

Finished floor
Covering floor
Insulation
Wide slab floor
Insulation
Multiplex
Finished ceiling

Finished floor
Covering floor
Insulation
Wide slab floor
Timber beams
Ceiling exterior

Roof panels aluminiu
Insulation
Wide slab floor
Timber beams
Ceiling interior
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The project ‘Coastal Community’ focuses on 
creating a Big House and community in a coastal 
area and has been elaborated theoretically and in 
terms of design in this booklet. The aim of this 
research project was how to utilize and support 
the options for recreation and community living 
with an architectural structure. This was further 
elaborated In the following themes; recreation, 
living and community. 

In the theoretical study, it emerged that, for 
example, visiting coastal areas for recreation can 
have positive physical and mental health benefits as 
well as that the presence of a natural environment 
near homes. The location of this project is therefore 
well-chosen and well-defined, but as the maritime 
climate is similar to that of more Dutch coastal 
cities, the location of this project could just as well 
be anywhere else on the North Sea coastline. It 
is therefore not limited to one specific location, 
as this suits with the concept from which this 
project originated; the COVID-19 pandemic. Due 
to the abrupt changes that have occurred in the 
past year in a societal point of view, the boundary 
between working and relaxing has been faded and 
the earlier defined first, second and third places 
have been blended into one; your home. Therefore, 
one important asset of this project was to maintain 
social interaction for people by creating common 
areas, but still provide living spaces apart from the 
second and third places for retreat.

Social interaction is another factor that can 
affect people’s mental health, which the COVID-19 
pandemic made painfully clear as well. The concept 
of ‘Coastal Community’ responds to this and is 
partly based on stimulating social interaction 
between people. The people who will live in this 
community will experience the interaction between 
private and public in a unique way; by having their 
entranceway be a public square while also enjoying 
the facilities of a public space. 

In conclusion, a convincing residential structure has 
been designed that is not only suitable for residence, 
but also offers recreational opportunities. This 
allows residents and coastal visitors to experience 
the Dutch coast in a unique way and benefit from 
it, both physically and mentally. The architectural 
design lands on the pier that complements the 
landscape with its appearance. Therefore, with 
its design’s purpose to attract people and create 
a community of people living, working, socializing 
and relaxing together, this project might become 
one of the most noticeable features for the Dutch 
coastline.

C O N C L U S I O N
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Volume
The volume originated from a cube. The inspirati-
on for this house came from as where the house 
is situated, namely the forest. I wanted the house 
as smooth as possible would be, so I have the roof 
with the left facade as one flowing movement made 
which can be printed, while the other facades are 
straight so that there is enough space left to design 

for the interior. 

Structure and materials
The structure of the building consists partly of 3d 
printed concrete, with a finish of black stucco, and 
partly of ‘normal’ concrete walls that also have a 
finish of black stucco. The interior has deliberately 
been kept very light in order to make the experience 
of the house a bit more spacious. The interior has 
one material that stands out and that is plywood, 
this is placed as a wall finish, but also as stairs and 
closet finish to create a unity.

Organisation
I have shown the organization in two diagrams. The 
first one shows the different spaces by means of 
colours. The second diagram shows with walking 
routes the places where residents can stay, with on 
the West side the more ‘private’ spaces, bath and be-
droom. On the East side the living area with kitchen, 
dining room and living room.
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