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THE REVIVAL OF NATURAL
VENTILATION

Glossary:

Swimming Pool (n): A structure that has been built for
people to swim in. '

Olympic Aquatic Centre (n): A swimming pool based on
Olympic swimming pool size requirements and includes other
aquatic sports besides swimming.

Air Quality (n): Refers to the condition of the air within our
surroundings 2

Natural Ventilation (v): The process of pulling fresh air into
and out off a building, without the assistance of mechanical
equipment

" Longman. (2010). Swimming Pool. In Active Study Dictionary (5th ed., Vol. 1, p. 907). Pearson
Education.

2 R. (2020, November 6). What is Air Quality, How it Gets Degraded and Ways to Improve it.
Conserve Energy Future. Retrieved April 15, 2022, from https://www.conserve-energy-future.com/
what-is-air-quality.php
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Preface & Facination

1. Preface & Facination

The ‘Bodies and Buildings’ graduation studio
focuses on the following three topics: Body,
Building, and Berlin. Together the exploration of
these topics interlink with each other and form the
answer to the studio’s main research question:
How does one design a ‘one off’ building in the
context of Berlin?

The topic of the building focuses on certain
building typologies that represent a ‘one off’
building typology within the context of Berlin. The
term ‘one of’ describes a typology where there
could only be one or a limited amount within a
city parameter. Examples of such typologies are a
parliament building, university building or hospital.
A ‘one off’ building could also be described as
a building that is functionally specific, making
the building increasingly complex. This chosen
building typology forms the final design project of
the graduation studio and functions as the main
topic of the studio. The chosen building typology
for this research plan is an Olympic aquatic
centre. An Olympic aquatic centre’s function is
derived from the typology of a swimming pool.
However, it is explicitly built based on Olympic
swimming pool size requirements and includes
other aquatic sports. The research plan will
refer to a swimming pool instead of an Olympic
aquatic centre when mentioning the building. It
is a more straightforward term to understand but
still describes the primary function of an Olympic
aquatic centre.

In order to support the design of the building,
the topic of Berlin is introduced to provide an
overview of Berlin’s history and context. Specified
to the chosen typology, a better understanding
of the term ‘one off’ and what it means in the
context of Berlin is created. Which will then help
form design objectives further on in the design

process. For example, Berlin has a rich history of
swimming facilities both for recreational use and
to facilitate exercise. Even though many swimming
facilities are available to the inhabitants, there
remains a high demand for outdoor and indoor
swimming facilities within the city and its context.
This high demand is primarily due to a growing
social interest in the activity (Pereira, 2017). A
deep dive into the role of the swimming pool
within the context of Berlin could determine which
role the Olympic aquatic centre could play in this
discussion.

The topic of the body focuses on a particular
building element that impacts or controls the
way the body, in this case, the human body,
experiences and functions within the building.
These different building elements highlight the
complexity of the chosen building typology. The
implementation of these building elements into
the design of a building is complex and involves
a lot of discussion about their architectural
performance within a building’s design. This is
where this research plan plays into the project’s
objective. The research described by the research
plan aims to support the design process during
the graduation studio by exploring one of these
building elements and their relationship to the
body. Within the interest of the chosen typology,
this research focuses on the element of climate,
particularly air quality, concerning the design of
a swimming pool.
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Figure 1: Visualisation ‘Bodies and Buildings’ graduation studio (Author, 2022)



Introduction

2. Introduction

2.1. Early bath houses

The swimming pool can find its origins in the
creation of bathhouses during the Iron Age. From
around 1700 to 1400 B.C., many Greek cities
started building bathing facilities to provide
ways for inhabitants to keep clean, as the Greeks
believed cleanliness was essential for a person'’s
wellbeing (Basaran & llken, 1998). Many famous
philosophers, such as Plato and Hippocrates,
talked about the experience of bathing and the
advantages it has for a person’s health and
wellbeing (Gianfaldoni et al. 2017). Hippocrates
theorised that bathing helped solve specific
liquid imbalances within the body that caused
certain illnesses.

Later on, this theory was adopted into Greek
medical practices. The ancient Greeks introduced
the importance of bathing within society, but it
was only during Roman times that bathing began
playing a significant part in the entire society.
It was one of the most common daily activities
practised by many different social classes. As
seen in figure 2, these bathing practices mostly
took place in communal bathhouses as only
the wealthiest members of society could afford
private bathing facilities (Gianfaldoni et al.,
2017). The bathing rituals were complex and
extensive. When visiting a public bath, the visitor
would visit different temperature baths, increasing
humidity, forming a complex ritual (Ashenburg,
2010). These climate differences were created by
specially designed natural ventilation techniques,
with which they could control the air quality within
different rooms. The Greek philosopher Vitruvius
described this carefully designed process in his
ten books on architecture (Pollio & Morgan,
2021).

10

2.2. The introduction of the swimming pool

Besides bathhouses, swimming pools were also
part of Greek civilisation. They were used to train
soldiers (McVicar, 1936). However, these pools
did not include climatised differences for the
visitors, such as in public baths at the time and
therefore were seen as a different typology. With
the rise of private bathing facilities during the
19th and 20th centuries, public bathhouses lost
their original use primarily due to the growth of
material prosperity (Twigg, 1997).

With this change in the use of public bathhouses,
swimming pools started to have a more
prominent role within society. Where bathhouses
had the sole purpose of cleanliness, a swimming
pool’s primary focus was that of exercise. Where,
in bathing houses, the influence of different
indoor climates, determined by humidity and
temperature levels, had a purposeful impact on
the body as part of this cleansing experience,
this was not the case for swimming pools. As
the focus of the typology shifted from the bodily
experience to the movement of the body, the
inclusion of specialised humidity and temperature
levels became unnecessary. It is assumed that
the innovative technological advances regarding
natural ventilation and heating systems that
were made for Greek and Roman bathhouses
to achieve different air qualities (humidity and
temperature levels), such as the hypocaust
system (figure 3) were eventually lost during
this transition from bathhouses to modern-day
swimming pools (Basaran & llken, 1998).
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Figure 2: lllustration of a Roman Bath ([lllustration of a Roman Bath], n.d)

2.3. Experience of the air quality within
swimming pools

However, there remains a somewhat unique
experience regarding the air quality within today’s
swimming pools. When visiting a swimming
pool, the visitor still experiences different indoor
climates depending on the different uses of
the pool. Air quality, in particular, humidity and
temperature, play the most significant role during
this experience. From the humid air the visitor
inhales when visiting the warm recreational pool,
to the stale cold air when swimming in the Olympic
sized swimming pool which functions more like
a high bodily performance environment. Once
the visitor leaves the building and walks outside,
there is a collective feeling of having visited a
swimming pool. Additionally, air quality also
plays an integral part in the movement of bodies
within swimming pools, especially Olympic sized

11

swimming pools. It has been proven that certain
air quality levels, especially humidity and CO,
levels, improve swimming abilities, whereas
other air quality levels can negatively impact
swimming abilities (Felgueiras et al. 2020). This
direct correlation between humidity, temperature
and CO, levels and the experience of the body,
as well as the impact on the performance of the
body, makes it an interesting topic to research. It
is especially fascinating concerning the objective
of the graduation studio, where the research
supports the graduation project design of an
Olympic aquatic centre, which is specifically
focused on the movement of bodies.



Introduction

Figure 3: Cutaway diagram of a Roman hypocaust system (underground

heating) (Dobson, n.d.)

2.4. Problem statement

The importance of air quality, especially
humidity, temperature and CO, levels, makes
for the implementation of primarily mechanical
ventilation techniques in modern-day swimming
pools. Because it is believed that mechanically
ventilated buildings have more accessible climate
control abilities (Lévesque, 2015). However,
with today’s climate change problems and an
enhanced focus on energy sufficient building
techniques, as well as the Covid pandemic,
some claim that the inclusion of natural
ventilation systems into our building systems
could have significant advantages for designing
environmental conscious buildings as well as
safer and healthier buildings in regards to the
spread of future airborne viruses (Allard, 1998;
Zarandi, 2006; Bhagat, 2020). Therefore, this
research aims to explore which natural ventilation
techniques could be implemented into the
design of modern-day swimming pools whilst still
maintaining modern-day user comfort in regards
to air quality levels (humidity, temperature and
CO, levels).

12
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3. Research Questions

Following this problem statement, the main
research question is:

Which natural ventilation systems could be
implemented into the design of modern-day
swimming pools to achieve user comfort in
regards to air quality, particularly humidity,
temperature and CO, levels?

3.1. Phase 1: A deep dive into the swimming
pool

In order to organize the research, it will be divided
into different themes. Besides the fact that the
different themes explore different aspects of the
leading research question, they also provide the
different phases of the research. The first phase
explores the topic of the ‘building’: the swimming
pool. It introduces the history of the swimming
pools as a typology and lists the required air
quality standards needed to answer the main
research question. As seen in figure 4, the sub-
questions which are addressed in this part of the
research are:

How did the typology of swimming pools develop
over time?

Which air quality requirements are needed to
achieve standard user comfort levels in modern-
day swimming pools, especially regarding
humidity, temperature and CO, levels?

3.2. Phase 2:
ventilation

The revival of natural

The second phase introduces the topic of the
‘body’: natural ventilation systems. As with the first
phase, the history of natural ventilation systems

13

will be listed to form a complete overview of all
natural ventilation systems. After this, the qualities
and disadvantages of these different natural
ventilation systems regarding air quality will be
compared to the air quality requirements listed
during the first phase. As seen in figure 4, the
sub-questions which are addressed in this part
of the research plan are:

What is the progression of natural ventilation
systems throughout time?

What are the advantages and disadvantages of
each natural ventilation type regarding the air
quality within modern-day swimming pools?

3.3. The topic of Berlin

These topics describe either the ‘body’ as
a research question or the ‘building’. When
answering each sub-question, the topic of
‘Berlin” will be discussed by applying the found
information to the context of Berlin. For example,
when answering the sub-question: How did
the typology of swimming pools develop over
time? The developments found regarding the
typology of swimming pools will be compared
to certain Berlin case studies as well, as a further
exploration of the topic.

For figure 4 look on the next page



RESEARCH QUESTION

The Revival of Natural Ventilation Phase 2:

Phase 1:

Which natural ventilation systems could be implemented into the design
of modern-day swimming pools to achieve user comfort in regards to air
quality, particularly humidity, temperature and CO2 levels?

‘Building’
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Figure 4: Visualisation Research Questions (Author, 2022)
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4. Methods & Methodology

4.1. Phase 1: A deep dive into the swimming
pool

Part 1: History of swimming pools

How did the typology of swimming pools develop
over time?

Through the use of literature, an overview of the
history of swimming is formed. This overview is
created by forming a literature reviewthattracksthe
development of swimming both as a recreational
activity as well as a sport through the social and
technological changes which have occurred.
Because these changes often directly correlate
with changing requirements of swimming pools,

they also influence the architectural requirements
for swimming pools (Chaline, 2017). During the
literary review, particular case studies will be
highlighted through plan analysis to get a better
understanding of the architectural implications
of these developments on the typology. Certain
Berlin case studies, such as the Schwimm- und
Sprunghalle in the Europasportpark (SSE), will be
highlighted as well (see figure 5). By using literary
review to find certain case studies, there is the
risk of missing out on specific case studies that
could be interesting to the topic of the ‘building’.
As explained in figure 10, A visual timeline will be
used to organize the information.

Figure 5: Schwimm- und Sprunghalle in the Europasportpark (SSE), Berlin ([Velodrome], n.d)
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Part 2: Air quality requirements

Which air quality requirements are needed to
achieve standard user comfort levels in modern-
day swimming pools, especially regarding
humidity, temperature and CO, levels?

Using literary research, and performing a
literary review, a list of air quality requirements,
focussing primarily on humidity, temperature, and
CO, levels, will be formed (Figure 10). Because
air quality requirements are partly dependent
on local buildings laws, part of this research will
focus on Berlin as an example. In case the literary
review gives minimal results, the case studies
found in Berlin during the first part of the research
will be analysed according to the implemented
air quality requirements within these buildings.
This further exploration expands on the plan
analysis from part one by looking further into the
different building plans and sections by focusing
on the ventilation systems within these buildings
(figure 6 & 7).

4.2. Phase 2:
ventilation

The revival of natural

Part 1: History of natural ventilation
systems

What is the progression of natural ventilation
systems throughout time?

Through literary research, a list of natural
ventilation techniques throughout history is
formed. By performing a plan analysis of
particular case studies of each natural ventilation
system, using 3D modelling, the implementation
of these natural ventilation techniques and the
resulting air flows within the building will be
further explored. Also, through the analysis
of floorplans and sections, the architectural
implications of these natural ventilation systems
will be explored. Due to the broad scope of
this part of the research, including all types
of natural ventilation systems disregarding
building typology and place in history, the focus
will primarily be on case studies found within
Europe. This specific focus is primarily due to the
location of Berlin within this part of the world.
As described in figure 10, a visual timeline will
be formed, gathering all found natural ventilation
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systems. In order to organise the timeline, the
timeline is divided into five different time periods
(see figure 8): The Iron Age, Middle Ages, Early
modern period, Long ninetieth century and the
twenty-first century. The timeline forms a visual
narrative from which certain conclusions could
be drawn. For example, during the industrial
revolution, mechanical ventilation, as opposed to
natural ventilation, became more prevalent due
to certain technological advances as well as a
changing attitude regarding indoor air quality.
During this period, innovations within the field
of natural ventilation systems were limited. A
good example of the sudden implementation of
mechanical ventilation is the Metropolitan Opera
House in New York City (see figure 9).

Part 2: Qualities of natural ventilation
systems

What are the advantages and disadvantages of
each natural ventilation type regarding the air
quality within modern-day swimming pools?

By using the case studies and plan analysis used
in part one of the research, the collected natural
ventilation systems are organised according to
their advantages and disadvantages regarding
air quality. The advantages and disadvantages
of each natural ventilation system are established
through literary review work (figure 10). By cross-
referencing this information with the conclusions
drawn from the research into air quality
requirements of swimming pools of phase one,
it can be concluded which natural ventilation
techniques can be applied to the typology of a
swimming pool and which do not. Through this
methodology, the different research approaches
overlap, and the main research question will be
answered.

For figure 10 look on page 18
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Phase 1: The Revival of Natural Ventilation Phase 2:

Which natural ventilation systems could be implemented into the design
of modern-day swimming pools to achieve user comfort in regards to air
quality, particularly humidity, temperature and CO2 levels?
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Figure 10: Visualisation methodology (Author, 2022)
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5. Theoretical Framework

When forming the overview of natural ventilation
systems, the research focuses on case studies
found within Europe. However it is essential to
look into sources such as Dehghani-sanij, Soltani,
& Raahemifar (2015), which focuses on the
wind towers of Meybodcity in Iran, as a natural
ventilation technique (figure 11), as these non-
European natural ventilation techniques are
often the inspiration behind the development of
natural ventilation techniques applied in Europe.
Some examples of a wind tower implementation
such as those in Meybodcity, are the wind towers
of the BedZed community in London, England
(figure 12).

There is already research that lists different natural
ventilation techniques commonly used within
specific typologies of buildings. An example
of such research is Dahl (2010) who introduces
different natural ventilation techniques widely
used within typical vernacular architecture. This
paper plans to collect these various researches
and forms a collective overview of all natural
ventilation systems. This collective overview is an
attempt to develop an encyclopaedia of natural

ik S—a i 1
Figure 11: The one-sided wind towers of Meybod city,

Yazd province, Iran (Bahadori & Dehghani-sanij, 2014)
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ventilation systems for practitioners within the
field of architecture. It can form a base for further
exploration on the topic of natural ventilation
systems. Likewise, this theoretical approach, also
applies to the exploration of the development of
the swimming pool. Chaline (2017), Twigg (1997),
and Lévesque (2015) all describe different parts
of the development of the swimming pool.
However, this research combines these other
researches and uses various case studies to
illustrate these developments.

Likewise, there is not yet research which forms a
connection between natural ventilation systems
and modern-day swimming pools. Most research
regarding natural ventilation systems relating
to specific typologies explores other typologies
such as schools (Wachenfeldt, Mysen, & Schild.,
2007), office buildings (Ismail & Rahman, 2012)
and university buildings (Kleiven, 2003). By
applying these different natural ventilation

systems in swimming pools, this research gives
a small insight into what role natural ventilation
systems could play in today’s design of complex
buildings.

AL

Figure 12: Highlighted wind towers ([BedZed, London, England], 2002)
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6. Synthesis & Outlook

This research aims to explore which natural
ventilation techniques could be implemented into
the design of modern-day swimming pools whilst
still maintaining modern-day user comfort in
regards to air quality levels (humidity, temperature
and CO, levels). The research functions as an
explorative tool for the design project. When
specific natural ventilation techniques can apply
to the typology of a swimming pool, these
techniques will form the narrative regarding
the design of the Olympic aquatic centre. Even
when the outcome of the research contradicts
what is implied by the research question, and

20

no natural ventilation systems can provide the
required air quality, the exploration of the history
of swimming pools (timeline) should provide
enough references that will help when further
within the project. Likewise, the found humidity,
temperature and CO, level requirements within
the context of Berlin will get integrated into the
design brief. As described in figure 13, all of
this information can provide information for the
development of the design brief and help during
the design process, even if the main question is
not successfully answered.
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