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Glossary
Actin - a protein which forms (together with 
myosin) the contractile filaments of  muscle 
cells, and is also involved in motion in other 
types of  cell.

Anatomical - relating to bodily structure.

Biomimicry -	  the design and production 
of  materials, structures, and systems that are 
modeled on biological entities and processes.

Eddy - a circular movement of  water causing 
a small whirlpool

Hydrodynamic - the branch of  science con-
cerned with forces acting on or exerted by 
fluids (especially liquids).

Osteon - A central canal and the concentric 
osseous lamellae encircling it, occurring in 
compact bone. Also called haversian system.

Myosin - a fibrous protein which forms (to-
gether with actin) the contractile filaments of  
muscle cells and is also involved in motion in 
other types of  cell.

Polyurethane - a synthetic resin in which the 
polymer units are linked by urethane groups, 
used chiefly as constituents of  paints, var-
nishes, adhesives, and foams.
Retarding - delay or hold back in terms of  
progress or development.

Perturbation - a deviation of  a system, 

moving object, or process from its regular or 
normal state or path, caused by an outside 
influence.

Trabeculae - each of  a series or group of  
partitions formed by bands or columns of  
connective tissue, especially a plate of  the 
calcareous tissue forming cancellous bone.

Transducer - a device that converts varia-
tions in a physical quantity, such as pressure 
or brightness, into an electrical signal, or vice 
versa
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The Wits High Performance Academic 
Sports Research Centre will be located on 
Wits educational campus Johannesburg. 
Its aims are to act as a centre for teaching, 
learning, research development as well as 
giving back to the community. 

The centre will host a variety of  users 
including students, staff, lectures, research-
ers local and international as well has high 
performance athletes. Doctors and patients 
from the Nelson Mandela children’s hospital 
will also have access to some of  the facilities 
and equipment to help with medical treat-
ment. 

The Sydney Brenner research institute 
and the Wits Sports clinic who have their 
facilities next to the site will also interact 
and have a symbiotic relationship with the 
Performance centre sharing their knowledge 
and expertise. As their expertise lie in the 
human body and cellular research and would 
be a small adaptation to researching sports 
research still focusing on a cellular level, 
however now looking at factors that could 
affect sports performance. 

The aim is for the centre to be internation-
ally recognized putting Wits in the spotlight 
of  the sports research. This combination 
and in depth facility in sports research does 
not exist as one entity in any facility across 
the world. There are universities in the states 

which are starting to make the connec-
tion between scientific sports research and 
performance. This centre will be purely a 
research and assessment centre and will not 
be a training centre, Its concept is to have 
athletes coming in from all over the world, 
stay for two weeks and take the knowledge 
they acquired and apply it to their training in 
their home city. 

  The centre will host international exhibi-
tions and conferences on sports research. 
Income from these events will help offset 
operating costs and alleviate pressure from 
the funding sponsors. 
Along with these functions the centre will 
house permanent staff  who do testing 
assessments on athletes as well as house a 
Restaurant and accommodation for traveling 
athletes and researchers which will provide 
a more constant flow of  income. The centre 
will be heavily teaching based with lectures 
taking place within the centre as well as  stu-
dents being actively involved as the centre is 
part of  Wits University. 

It is important to understand that the Centre  
is not a training facility for athletes. Ath-
letes are examined on multiple levels over 
the course of  a few days. Their results are 
analysied and recommendations are made to 
how they can increase their performance. 

Abstract
 The public will have access to the Perfor-
mance Centre and it is designed in a way 
that the public can view the athletes being 
assessed without invading their privacy. 

It is important to understand the diverse 
uses of  this centre along with all who shall 
use it. 

Diverse user list

•	 Doctors and therapists
•	 Researchers
•	 Patients/children
•	 Athletes
•	 Academic Staff
•	 Admin staff
•	 Students
•	 Foreign visitors and athletes
•	 The Public
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Introduction- Introduce the idea of  con-
necting spaces

Timeless Architecture -Creating ar-
chitecture that is still relevant many 
years on

Procedural and substantive theory - 
Types of  design processes.

Fundamental layout  patterns - 
Fixed-feature space, semi-fixed-feature 
space and informal space. 

Transitional space between func-
tions - Dealing with the space between 
functions

Ability and disability - Disability and 
afterthought.

Public and Private - Public and pri-
vate interaction.

Balance - Balance within design

Movement Patterns - Primary and 
secondary routes

Fundamental template design - Func-
tional building templates. (Hospital, 
church layout)

Designing for the sub conscious - 
Subtle design

Conclusion - Continuous re-invention 
of  architecture

Structure

U n d e r s t a n d i n g  t h e  t h e o r y  a n d  d e s i g n  m o t i ve s  o f  a r c h i t e c t u r a l  s p a c e

T r a n s i t i o n a l  S p a c e
Chapter 1
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Introduction

New buildings are designed and built all the 
time. They are driven by aesthetics, needs and 
functions. Buildings are mostly designed in-
dependently but how often are the connec-
tions between different buildings considered, 
be it separate or overlapping functions? Al-
though these spaces are often on the edges 
of  the building they may be overlooked or 
have a low importance value. The spaces 
between buildings are not seen to have the 
same value or opportunity to spaces on a 
public edge. These spaces are sometimes lost 
opportunity as it can serve many functions. 
The space can be green urban space offering 
relief  from the building structure as well as 
an open transitional space. In order to under-
stand the edge space we must understand the 
manipulative grip architecture has on us and 
us on it. The purpose of  the space should 
be defined, does it act as a barrier separating 
spaces or a node joining spaces? Spaces can 
be a bridge joining or continuing the space 
as a result from an extension, or to archi-
tecturally link old spaces with new spaces as 
we develop.  The space is an interaction area 
and will set the mood of  the people within 
it, even if  just passing by. Architecture may 
be seen as physical forms yet it affects us on 
so many different intellectual and emotional 
levels. In order to understand the edge space 
we must understand the manipulative grip ar-
chitecture has on us and us on it.

Timeless Architecture 

The human population lives constantly 
adapting ourselves to change (Lang, 1987). 
We can look at the effect the mobile phone 
has had over the years and how it constantly 
evolves with society, right there ready for the 
next step.  “If  we stagnate, we perish. But if  
we create for the future out of  the present 
we have made the necessary adjustment, have 
changed our environment and have a new 
viewpoint of  life.” (Fry 1961) Designers are 
also looking to evolve and develop architec-
ture for the future. This can lead to problem-
atic architecture being described as “wicked”. 
(Rittel 1971) Wicked is when the nature of  
the future is seldom defined and therefore 
we run the risk of  designing unsuccessful ar-
chitecture. This is more prominent in some 
fields of  architecture than others such as en-
vironmental design. 

As architects we are encouraged to take de-
sign risks, when we do get it right and pro-
duce world renowned pieces of  architecture 
as when we take risk it generally means push-
ing the boundaries of  architecture in one 
form or another. We cannot play it safe as it 
is impossible to test all solutions nor is there 
a golden formula for design. Thus architec-
ture is subjective to a large degree, it is highly 
unlikely that you will satisfy everybody with a 

complex building or open space design. We 
cannot attend to all requirements of  a build-
ing equally as well, hence there will always be 
a portion of  unhappy users. (Lang, 1987)

When dealing with a design proposal, espe-
cially linked space and building edges, one 
must understand the current use of  the space 
in order to design the new space successful-
ly. We understand the architecture from two 
main points of  theory, procedural theory and 
substantive theory. (Lang, 1987)

Lang understands architecture is a push and 
pull relationship between parties. It is a bal-
ancing act to keep all sides happy. The reality 
is this can be very difficult at times especially 
when one area is really trying to push their 
idea on the architectural space to promote 
their side. The importance of  what Lang has 
said is to make sure we do consider how ar-
chitecture effects all parties and not just the 
primary benefactor or client. 
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Procedural and substantive theory 

Procedural theory is the knowledge about 
process of  analysis, creation and evaluation. 
This includes all your design strategies and 
methodology that are common practice in 
architecture.  This is where architects look 
at the use of  space and with that knowledge 
design the altered or new space to best fit 
their intention. Architects do look at typi-
cal mapping and site analysis of  the space, 
looking at how the space is currently used, 
by who is used by as well as its connection 
to the site and surroundings. All this logging 
of  pre design information helps the architect 
design more successful spaces and lowers the 
risk of  designing bad space when designing 
for the future. Often two key elements of  
procedural theory are forgotten or not tak-
en too seriously in design, especially at con-
nection nodes is interview and observation. 
Although these are basic ways of  acquiring 
information they can be incredibly insightful. 
Questions to the users such as how does the 
space currently work for you? What do you 
use the space for? How much time do you 
spend in the space?

Basic questions can help you identify the cur-
rent state of  success of  the space as well as its 
needs going forward in design. Observation 
is another method of  obtaining information 
but allows you understand it from an unob-
trusive perspective where you can observe 

movement patterns, volume flow and other 
factors with the user being unaware and your 
results natural.

 A test was done on queuing behavior with 
different layouts of  the ropes for the queues. 

Although the researchers were able to identi-
fy which layouts caused more aggression and 
irritation of  people in the queues and which 
configurations were better for them to re-
main calm. (Patterson 1974) (Lang, 1987)

Substantive theory is explanations and de-
scriptions of  the physical nature of  the built 
environment. It is looking at the buildings 
material and structure and how these are in-
tegrated into the design.

One of  the most important factors of  treat-
ing linking spaces is evaluating the present 
environment. One can identify the existing 
facilities and decide to use them or alter them 
in a way that the existing facilities meet the 
new design requirements. The manner in 
which activities are carried out could also be 
changed to ensure the existing facilities meet 
there needs. Designs are sometimes success-
ful spaces on paper but not successful in real 
life. It may not always be obvious to people 
how a space should be used.

If  the present environment does not have 
the characteristics that will cater for the be-
havioural program and/or aesthetic value of  
the user, then one of  the following must be 
done to rectify the problem. Either the in-
tended function of  the space must be ad-
dressed and changed to fit within the space 
at hand, or one must specify how the physical 
built environment should be altered to fit the 
spaces function.
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Fundamental layout patterns 

According to Edward T. Hall from Lang’s 
Creating Architectural Theory (Lang, 1987) 
there are three fundamental types of  layout 
patterns, fixed-feature space, semi-fixed-fea-
ture space and informal space. Fixed feature 
space is your heavy space that is not easily 
altered such as walls, floors, windows and 
fittings. Semi-fixed items would be furniture 
that can be moved around. In some tradition-
al Japanese homes and new modular homes 
the walls are movable to create alternate spac-
es for different functions. This trend is most-
ly is small confined spaces where one cannot 
have separate rooms but is instead able to 
adapt a room and transform it into another 
to meet the desired function. These ideas of  
formalized space can be tested in transitional 
and connective spaces where its function an 
continually change to make the spaces suc-
cessful. The spaces that can be easily changed 
to allow for different activities is known as 
flexibility. Adaptability is when the existing 
space serves more than one function. This is 
more important for large buildings such as 
stadiums as the running cost of  these stadi-
ums can be quiet high and sometimes nor-
mal scheduled sporting events do not meet 
the financial requirements. Stadiums are then 
used for other functions such as concerts and 
public speeches to generate more income to 
pay for the cost of  the stadium. It is also seen 
as an opportunity for concerts and gather-

ings as the infrastructure is already in place 
and can be executed  easily and be more cost 
effective. On a smaller scale the main restric-
tions to adaptability is the location of  fixed 
features such as windows and doors as these 
cannot be moved. 
On a greater scale when designers design for 
the future the same principles apply as to 
designing small additions, based on predic-
tion, explanation and organization forming a 
fairly homogeneous model. (Choi & Trotter, 
2008) Cities are designed with an organiza-
tional clarity, categorized by function as well 
as movement. Buildings are designed in the 
same regard and room spaces within build-
ings should be seen under the same princi-
ples just within a smaller environment. These 
different scales of  design can be seen as a set 
of  Russian nesting dolls as they all fit into 
one another and follow the same design prin-
ciple. As movement within a city complex is 
considered linking block to block, the inter-
nal spaces are the same as movement patterns 
within them link the spaces to one another.
Transitional space between 
functions 

Although these design principles are put in 
place the one aspect that the designer has the 
least control over is the end user. Often in 
connective or transitional spaces there are 
user conflicts, especially when the transitional 

space is between two different functions. 
The issues are around favoritism to one 
program compared to the other within the 
space or lack of  attention to user needs or 
occasionally more social problems such as 
unwelcome people in the space, such as 
drug users and homeless people. Conflict 
can be seen as a positive in some instanc-
es such as diverse groups competing for 
open space as it creates necessary tensions 
between freedom and control. (Carr & 
Francis, 1992) User conflicts, according 
to studies, are most likely a result of  lack 
of  concern for context regarding the us-
ers and how context effects their program 
as well as public access and privatization. 
(Chidister 1986) 

The type of  user may differ in the spac-
es and thus conflict arises as it is nearly 
impossible to design for all user types. 
An example of  type contrasts are old and 
young, different ethnic groups as well as 
people in different economic tiers. Stud-
ies by investigated by Francis have shown 
than women require more specialized 
needs in spaces, typically open spaces as 
they tend to require a greater sense of  
comfort and security. Women tend to also 
not like spaces that may seem  uninviting 
as they fear safety is a threat. (Francis, 
2003)



14

Ability and disability 

Ability and disability access is always an is-
sue in all aspects of  architecture. Although 
by law there is disabled access, but often it is 
obvious it was an afterthought. The access  
does not fit into the overall design smoothly,  
with long roundabout routes for the disabled. 
The minimum requirements by law are met, 
but the design may not meet the need re-
quirement of  the disabled user. Ironically the 
result of  this is segregation instead of  inclu-
sion. (Francis, 2003) This is an aspect where 
in my design I have catered for three differ-
ent user groups with some overlaps. It is im-
portant that I do not favour one in my design 
and the others are seemingly squished in. My 
building is essentially three buildings in one, 
however it is important to see the building 
as one with these different spaces linked in a 
logical non biased manner.

Public and Private

Public and private space cause major conflict  
surrounding the argument if  spaces should 
be private or public, mainly referring to your 
outside and connection spaces. Public sup-
port for creating open public spaces is on 
the decrease, whereas there is an increase in 
the private sector creating open spaces, but 
limiting the space to its users only as they 
wish to keep control of  the space and mon-
itor risks of  vandalization and safety. If  the 
open space is next to a building on a public 

street is it right to privatize the open space 
to just the users of  the building? The overall 
context of  the buildings location along with 
the demographic of  people using the space 
should be considered. Building edges in the 
city should always remain public especially if  
there in some greenery as it is a break from 
the concrete jungle we live in and shall be ap-
preciated by all. 

Balance

Architects always face a dilemma of  balance 
when it comes to any design space. Time and 
budget constraints are two fundamental rea-
sons the user’s needs are not fully addressed. 
Some architects are weak at community out-
reach to inspire and guide user visioning and 
participation. Architects can be very focused 
on just getting the job at hand done within 
schedule and on budget. Clients are mostly 
sensitive to the community and encourage ar-
chitects to engage with them to better under-
stand the project at hand as well as to include 
the community. Other clients need convinc-
ing that time spent engaging with the public 
and addressing their user needs can lead to a 
better functional design as well as can lower 
the cost by saving money later on in the proj-
ect. (Francis, 2003) 

Professional architects such as Randy Hes-

ter, Tom Fox and Susan Goltsman (Francis, 
2003) have done studies and proven that 
though it may take extra time to address the 
user’s needs and conflicts early in the design 
process, it will save money later on in the 
project by avoiding project delays and mini-
mizing the risk of  redesign further along into 
the project. It is therefore highly important 
the client and architect has a strong under-
standing profession relationship. Especially 
with complicated projects where problems 
are sure to arise throughout the build. This 
professional understanding will help main-
tain a smooth build as well as keep all parties 
happy and promote a successful project.
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Movement Patterns 

An important aspect from a design perspec-
tive is movement patterns. Patterns represent 
and determine the main traffic flow, volumes 
as well as how buildings connect to one an-
other functionally and to all parts of  the site.  
Simplify the form to have an understand-
ing of  the movement and its consequences. 
Movement patterns are not always seen as ba-
sic elements of  design composition or made 
of  shapes which is the norm for a building 
and its parts. In master planning the pattern 
is the key feature created by the use of  shapes 
and forms, it can also be the main driver of  
the design. Plans are concerned with transi-
tion spaces, connection spaces, and the rela-
tionship between spaces, movement flow and 
the manner in which these are ordered to in 
regards to the pattern. (Billings, 1993)

Larger plans result in simplified dominant 
patterns as only the main important routes 
are shown with all the smaller corridors just 
connecting into the main simple pattern. It 
is the same concept as main roads and side 
streets. The design principle is to design the 
main simple route leading to the important 
program parts. The smaller routes are de-
signed in later on in the design process. The 
designer should understand the pattern and 
have an understanding of  the implications 
of  the use of  any pattern in terms of  the 
way it can be related to the building forms 

and shapes as well as it’s ability to cope with 
change within all parts of  the building, in-
cluding edges and external connection points 
to its surroundings.

The image below shows different movement 
patterns in cities around the world. Notice 
when one zooms out a pattern will start to 

emerge with some cities more noticeable than 
others. As the city sprawls the pattern is ex-
tended along the edges allowing the pattern 
to grow and the city cover a larger footprint. 

Fig 1.1- City planning
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Fundamental template design

Building types can have templates of  a move-
ment pattern design. As religious structures 
or Christian church buildings can have a cross 
shape and have a central space at its centre. 
This design form is based on a cruciform.

Most Christian Churches conform to this ge-
neric layout. It has become a religious symbol 
thoughout the ages and is designed around 
the service practices of  a church service.  

Legend

1. Narthex.
2. Façade towers.
3. Nave.
4. Aisles.
5. Transept.
6. Crossing.
7. Altar.
8. Apse.
9. Ambulatory.
10. Radiating chapels.

Fig 1.2- Christian Church
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Hospital and large institutional buildings 
generally employ a design movement shape 
of  two main parallel or perpendicular move-
ment patterns. As shown in the adjacent fig-
ure. As the corridors move away from each 
other they require recognition of  the need 
to provide a way of  connecting each to the 
same common functions. This is done by 
adding return routes (secondary routes) and 
courtyards. As these main corridors grow if  
extended, more returns are added to allow 
for this extension, allowing the building to 
expand with need.

A maximum expansion can be determined 
by understanding the ultimate design of  the 
hospital and understanding all factors such as 
available doctors and number of  patients in 
the surrounding area as well as the buildings 
proximity to other surrounding hospitals. 
Site also determines the buildings movement 
pattern as site entries and exits have to be 
considered. One also needs to understand 
the surrounding environment of  the site and 
how we interact and/if  we connect to them. 
The site will determine ideal private and pub-
lic entry points.

The plan of  the hospital clearly shows a re-
petitive design pattern with the option to 
continue extending the hospital. 

Fig 1.3- Hospital layout

Fig 1.3- Hospital layout movement pattern

main corridors at right angles
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Designing for the sub conscious

The analysis of  space has led to new theori-
zations of  the similarity and interaction of  
different levels of  interaction and experience. 
(Crysler, 2003) Space is designed in a way to 
portray rules and instructions to our subcon-
scious. Architects need to design spaces in a 
language that the general user who is not an 
architect or designer can understand. This 
is done successfully when the user does not 
question the space with any uncertainty as 
the spaces function and program comes nat-
urally to the user.

The user will also feel safe in this space as the 
moment there is any doubt by the user they 
will begin to question the space. Designers 
use precedent studies as a base to work on 
their designs but are open minded and are 
subject to continual change in their assump-
tions, languages, methodologies object of  
analysis and users. (Crysler, 2003) With each 
individual project there will be holes or op-
portunities which stem from the site or other 
unique characteristics of  the project at hand. 
New ideas will continue to arise in architec-
ture due to the creative profession it is as well 
as advancement in other fiends such as tech-
nology and the shifts in need of  the user.

Conclusion

In architecture, change is the only con-
stant. Architecture and design will never be 
a straight forward process. The amount of  
factors known and unknown as well as the 
continual shift in user need and advances in 
technologies. Architecture has for centuries 
and will for centuries to come remain cre-
ative and boundary pushing. Adaptability is 
architectures biggest strength and weakness, 
we will always adapt to change but some tri-
als and experimentation of  new designs will 
not be successful. Individual spaces will al-
ways be reinvented on how they should be 
designed depending on the users need at the 
time or the estimated user needs and require-
ments of  the future. According to Billings 
change can be viewed as an environmental 
adaption, as the cycle of  genesis and decay, 
as a description of  change in society, and as a 
social evolution. (Billings, 1993)

Adaptability is even more important at this 
moment in time with the current economic 
state. New buildings can be too costly to be 
built. Older buildings which are adaptable are 
the better solution. Adaptability is becoming 
more and more important with architects as 
they design today. A building may be built to-
day but its function may change in the future, 
a building which can adapt to that change 
will remain and become successful. The same 
principle applied to spaces within and around 
a building.  Although adaptability is the key, 
due to individual personalities and users of  
space one will never be able to please every-
one in its space all the time. That is the beau-
ty of  architecture, the reason architecture 
and space will continue to be redefined and 
tweaked is because architecture will develop 
with the human race as we developed and 
change needs and functions over time.
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S k e l e t a l  m u s c l e  s y s t e m ,  r e s i s t i v e  a n d  p r o p u l s i v e  f o r c e s

B i o  M e c h a n i c s  I n  S p o r t
Chapter 2

Introduction - Introducing why I have re-
searched skeletal muscles.

Mechanical Properties And Performance 
In Skeletal Muscles - Understanding the 
link between skeletal muscles and mechanical 
forces.

Five Basic Muscle Mechanical Consider-
ations

The Force- Velocity Relationship - maximum 
force occurs at a low velocity

The Force-Length Relationship - Understand-
ing cross bridges in a sarcomere (the inner 
workings of  a muscle)

The Power- Velocity Relationship -  An insight in 
gear ratio’s

The Endurance Time-Stress Relationship - De-
crease in muscle performance due to fatigue

Selected History-Dependant Properties - Previous 
theories and the role of  stretching in muscle 
performance

Structure
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Introduction

As my thesis design project is a high per-
formance academic sports research facility, 
there needs to be an understanding of what 
research and testing occurs. I have chosen 
to research skeletal muscle systems to give 
the reader an understanding of the research 
and science behind the human body. 

The muscle system is explained in a basic 
manner to give a non medical reader an 
understanding. In this chapter we  high-
light the complexities and inner working of 
muscles. It shows how, like in architecture 
the mechanics and success of the muscles 
begins from a cellular level. There are calcu-
lations which reveal how to get the best per-
formance out of a muscle depending on the 
type of performance requirement. We can 
relate this medical understanding of mus-
cle research to the architectural field. We as 
architects do not just draw building plans. 
We begin by doing research on the required 
functions and performance requirements 
of the building.  Applying this knowledge 
leads to a better functioning and more suc-
cessful building. 

Mechanical Properties And Per-
formance In Skeletal Muscles

The mechanical properties of  skeletal mus-

following factors might be responsible.

•	 Mechanical properties of  muscles are 
mostly non-linear, making mathematical 
calculations somewhat inaccurate.

•	 Currently it is almost impossible to deter-
mine the properties of  individual in vivo 
and non-invasively.

•	 In vivo- (of  processes) performed or tak-
ing place in a living organism.

•	 The time dependence of  mechanical 
properties (e.g. increasing fatigue) are 
poorly understood.

Architectural link

We can identify that the success of  muscles is 
influenced by many factors depending on the 
action required by the muscles. A successful 
building space has the same requirements. 
An example would be a hospital which would 
require wider passages to allow gurneys and 
wheelchairs along with people walking to all 
move through the space efficiently. If  the 
passages are too narrow a patient on a gur-
ney might not make it to an operating room 
in a timely manner if  there is an emergen-
cy, which could result in death as it took too 
long to get to the operating room.

cle determine its performance. Skeletal mus-
cle properties can be measured through the 
use of  mechanics, force, length, velocity, 
work and power (W.Herzog). This implies 
that the human body is a machine and in 
order to function at peak performance all 
these aspects need to work together in the 
right ratios. Power can produce speed but 
many muscles move during a physical action 
pivoting at joints. As joints are crossed by 
many muscles an athlete’s performance de-
pends on the property of  many muscles and 
the coordination between one another. This 
can be compared to gears and the impor-
tance of  gear ratios and alignment as if  the 
gears are not in ratio or alignment, there will 
be increased friction and possibly buckling 
amongst the gears and therefore not func-
tioning at optimum performance. Although 
in the human body coordination is an issue 
of  motor control and not pure mechanics as 
our movements in sport are voluntary. 

“Despite the well-accepted relationship be-
tween the mechanical properties of  skeletal 
muscle and performance in many sports, 
there is a sparsity of  muscle mechanics re-
search in sports (W.Herzog). The practical 
application of  physical training geared at 
improving performance through mechanical 
properties of  muscles is rarely considered 
with an exception of  strength training.  The 
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Five Basic Muscle Mechanical 
Considerations

The Force- Velocity Relationship

The force velocity relationship is the obser-
vation that contraction velocity and muscle 
force are inversely related. In shortening 
(concentric) muscle actions, where contrac-
tion velocity is high, muscle force must be 
low. Where muscle force is high, contrac-
tion velocity must be low. A simplified un-
derstanding is a weightlifter doing a bench 
press. He can do high velocity reps with a 
low weight but the force would be low as the 
energy required to move a light weight is low. 
Whereas a heavy weight being bench pressed 
will have a lower velocity but a much higher 
force.

The shape of  the force velocity relationship 
graph depends on the muscles distribution 
of  fiber types. There are slow-twitch muscle 
fibers and fast twitch muscle fibers. The force 
per sectional area is about the same when 
these fiber types are compared. The maxi-
mum speed of  shortening differs by a factor 
of  roughly 2. Therefore for a given speed of  
shortening, fast-twitch fibers can exert more 
force. This understanding explains why ath-
letes with more fast-twitch fibers perform 
better in activities which require high speeds 
of  movement combined with high force re-
quirements such as sprinting and throwing.

Fig 2.1- Schematic force-velocity relationship for shortening and 
lengthening muscle

Fig 2.2- Force-velocity relationship for shortening contractions of  a 
slow-twitch and a fast-twitch muscle fiber

Architectural link

We now understand there are fast and slow-
twitch muscle fibers, which perform better 
at different tasks. We can relate these fibers 
to material properties in architecture.  My 
outdoor gearing facade system needs gears 
which will last while being exposed to the 
elements, their movement will be slow and 
therefore not generate large amounts of  heat 
due to friction. We look at the performance 
requirements and compare that to the mate-
rial expectations and find the best material 
for the job. 
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The Force-Length Relationship

The force-length relationship of  skeletal 
muscles relates the maximum force to length 
through understanding sarcomeres which 
make up muscles. Isometric tension, which 
is created in skeletal muscle is a function of  
the magnitude of  overlap between actin and 
myosin filaments. The force generated by 
a muscle depends on the total number of  
cross-bridges attached (Gordon et al.1966).

A practical example of  this is clenching your 
fist as hard as you can. First flex your wrist 
and try make a fist.
Now make a fist with your wrist in a neutral 
position.
Finally fully extend your wrist which length-
ens the muscle and then make a fist.
You will find your strongest fist was when 
your wrist was in the neutral position where 
there were the most connections under ten-
sion. 
The humans muscle systems the length of  the 
muscle can be related to the angle or angles 
of  the joint or joints the muscle is crossing. 
There is therefore an optimal angle or length 
for which muscle force will be at maximum. 
This knowledge of  this length or angle is a 
huge factor in sports such as cycling as the 
geometry of  the bike determines over which 
range the force-length relationship in your leg 
muscles work (Yoshihuku & Herzog 1990). 

Fig 2.3- Organization of  a skeletal muscle
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Fig 2.4- The isometric force-length properties of  the sarcomere of  
frog skeletal muscle.

Fig 2.5- The isometric force-length properties of  a muscle 
composed of  1000 myofibrils with a mean of  41 800 sarcomeres 
making up each myofibril and a standard deviation of  5300.(Meijer 
et al 1998)

Architectural link

We now have a basic understanding of  how 
a muscle works and how to obtain its max-
imum force output. The force generated is 
dependent on the amount of  cross-bridges 
in the sarcomere, which happens at a micro-
scopic level. Yet its strength performance is 
evident at a human scale. 

Successful spatial architectural  building de-
sign follows the same principle. Here we can 
look at edge space leading into a public space 
such as an auditorium. A large auditorium 
requires multiple entry points with adequate 
space to allow for a timely entry and exit 
from the space for people. It also requires 
adequate toilet facilities to accommodate the 
large amount of  people. The design of  the 
air conditioning and ducting must be of  a 
standard to accommodate the large numbers. 
If  one of  these aspects are not designed for, 
the space can come across as mildly success-
ful.  The room holds the large crowd, but en-
try and exit is slow, the room is hot and stuffy 
as the air conditioning system cannot handle 
the numbers. 

It can then be said that a successful space is 
not surface deep but reliant on many smaller 
factors which work together to create a good 
quality space.

The Power- Velocity Relationship

The power- velocity relationship can be de-
rived directly from the formula. P=F.v
Power output of  a muscle reaches a peak at 
a speed of  roughly 30% of  the maximum 
speed of  shortening (Lutz & Rome 1993). 

In cycling, movement speed can be deter-
mined by the rider. If  the rider were to ride at 
a constant speed of  45km/h he can use dif-
ferent gear ratios to travel at 45km/h. A low-
er gear would require a higher cadence and 
a higher gear would require less cadence but 
more power. It can therefore be deduced that 
the gear ratios cyclist use could be a decisive 
factor in the success of  a cyclist. 

Fig 2.6- Force-velocity and corresponding power-velocity relation-
ship for shortening muscle 
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Fig 2.7- Schematic force/stress-time relationship for a fast-twitch 
and a slow-twitch fiber

The Endurance Time-Stress Relationship

This is where we look at the affect fatigue 
has on the skeletal muscle. Fatigue is when 
the muscle is no longer able to maintain a re-
quired force. Fatigue sets in faster when mus-
cles exert greater forces. Maximal force can 
only be held for a few seconds. A small force 
can be maintained by a very long period of  
time by the muscle. ( Fig 2.7)

Notice here that slow-twitch muscle fibers 
can maintain a constant amount of  stress for 
a longer period of  time compared to fast-
twitch fibers. A conclusion can be made that 
athletes with predominately slow-twitch fi-
bers will performs better in more endurance 
and lower force requirements sports such as 
long distance running. The fast-twitch ath-
letes will be better at the high explosive ener-
gy, high intensity short time activities such as 
sprinting and weightlifting.

Architectural link.

The objective of  this research is to get a 
greater understanding of  the science of  mea-
suring performance in athletes. Like a cyclist 
can choose and alter the gear ratio and re-
main at 45km/h, architects must also be 
adaptive in their designs. Spaces should be 
designed to be adaptive especially in this in-
dustry of  hightec equipment with which the 
constant evolution of  technology, machinery 
and research methods. A world class research 
facility will always be at the forefront of  de-
velopment within this research space. The ar-
chitecture of  the building should mimic the 
cutting edge research within the design of  
the building. 

Understanding the human body at more than 
just a glance allowed me to really understand 
and appreciate the body, giving me a better 
understanding of  the science and research 
that would happen within the building. 

Selected History-Dependant Properties

History dependent properties of  skeletal 
muscles refer to the ability to produce force 
and have for the majority been ignored in 
muscle mechanics even though they have 
been experimentally observed over the last 50 
years (e.g. Abbortt & Aubert 1952; Marechal 
& Plaghki 1979; Edman & Tsuchiya 1996; 
Herzog & Leonard 1997).  These properties 

are dynamic and differ from the static prop-
erties of  muscles previously described. 

Focusing on the force enhancement follow-
ing muscle stretching and force depreciation 
following muscle shortening.
Force depreciation

This property has been accepted for many 
years (Abbott & Aubert 1952). The mech-
anism causing force depreciation is not un-
derstood (Marechal & Plaghki 1979; Herzog 
1998). Currently to date there has only been 
one study on human skeletal muscles (Lee et 
al 1999). 

Force enhancement

Refers to muscle strength increasing follow-
ing muscle elongation (stretching). This has 
only been observed artificially on non-hu-
man muscles (Abbott & Aubert 1952; Ed-
man & Tsuchiya 1996). Even though there 
is no study on human muscles many athletes 
believes stretching prior to an action is bene-
ficial and adds strength to the muscle. 
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Introduction

In this chapter we will look at the dy-
namics of  swimming. The focus will be 
on forces, both resistive and propulsive. 
It will incorporate knowledge of  the 
muscular system and will be integrated 
into the understanding of  the swimming 
dynamics. The chapter will give us an 
understanding on how to improve swim-
mers technique by analyzing the forces, 
angles and streamlining of  a swimmers 
stroke from a scientific mathematical 
view. 

Methods of  measuring drag and forces 
will also be investigated. This is import-
ant as there is an assessment pool within 
my building and understanding the sys-
tems to be put in place will be required 
to design into building. 

Resistive Forces

When a swimmer moves through water he/
she will have a retarding force known as re-
sistance or drag. There are two force types 
applied on swimmers.

•	 Pressure forces; Perpendicular to frontal 
area.

•	 Friction forces; Act along the body sur-
face.

Hydrodynamic resistance (HDR) may be di-
vided into two categories.

1.	 Passive Resistance; resistance experienced 
when a swimmer glides in the water. 

2.	 Active Resistance; experienced by a swim-
mer during swimming. ( Incorpo-
rates passive resistance) (Clarys 1978; 
Kolmogorov & Duplisheva 1992). 

The Forces At Play
•	 Air resistance. (recovering arms) (Mini-

mal as small amount of  body is out of  
the water, also the density of  air is signifi-
cantly less than water.)

•	 Friction between body and water
•	 Pressure resistance; Eddy formations in 

body’s wake. Wave making resistance.

Passive Resistance
Swimmers experience passive resistance only 
when gliding through the water. This would 
be imminently after a dive or wall turn. It 
would also act between breaststroke and but-
terfly strokes. Therefore the technique of  
the swimmer is of  the most importance as 
the swimmer needs to be as streamlined as 
possible to produce the least amount of  re-
sistance. The passive resistance or drag can 
be measured by towing a swimmer through 
water or exposing the swimmer to water flow 
in a swimming fume. 

Reynolds Number (Re)

In fluid mechanics Reynolds number tells us 
if  the flow of  water around the swimmers 
body is streamlined (laminar flow) or turbu-
lent and therefore determines the magnitude 
of  the hydrodynamic resistance. 
Laminar flow: water travels smoothly without 
disturbances. The velocity and pressure of  
the flow will remain constant. Laminar flow 
occurs when the moving body is streamlined 
and/or moving at a low velocity through the 
water. Laminar flow can be depicted as multi-
ple horizontal parallel layers moving over the 
body. When velocity is increased eddy’s form 
due to greater resistance and pressure until 
the pattern flow is disturbed and the water is 
now turbulent. 
Turbulent flow: Turbulence or turbulent flow 
is a flow regime in fluid dynamics character-
ized by chaotic changes in pressure and flow 
velocity.
Turbulence also arises within boundary layers 
around the moving solid body. 
Boundary layer: A thin layer of  liquid in con-
tact with the body surface. The fluid in the 
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layer is subjective to frictional forces, differ-
ent velocities exist across the boundary layer 
from zero to a maximum. The layer is thinner 
at the leading edge of  the body and thickens 
towards the trailing edge. 
According to Clary (1979) competitive swim-
mers have a Reynolds number within the 
range of  2 X 105 - 2.5 X 106 which would 
make the boundary later turbulent and the 
resistance greater.
Decreasing Frictional Resistance

Frictional resistance (skin resistance) is in the 
boundary layer which sticks to and travels at 
the same speed of  the swimmer. If  a swim-
mer is dragging a greater frictional resistance 
(a greater boundary layer), the swimmers re-
sistance will be increased. 
Smoothness of  the body can reduce the 
frictional resistance. This is the reason 
swimmers shave their bodies as to create a 
smoother contact surface with the water. It 
is still debatable if  shaving has a measurable 
performance impact on the swimmer. Sharp 
and Costill (1989) found that the swimmers 
who shaved showed less energy expenditure 
and faster swimming. The argument is this 
improved swimming times could also simply 
be a psychological effect. 

Buoyant polyurethane suits were worn by 
professional swimmers in mid 2000’s and 
world records tumbled. The suits were 
banned in 2010 as it was proven that the suits 

Pressure Resistance (Head On Resistance)

Pressure resistance is the result of  hydrody-
namic processes occurring at the front and 
rear of  a moving body. The water pressure 
is less at the back of  the body than the front 
as the boundary layers move relative to the 
body. 

When a streamlined swimmer moves through 
water at a slow velocity, the boundary layers 
pass smoothly over the trailing surface and 
very little eddy formation takes place. As a 
swimmer increases in velocity in the water, 
the boundary layer around the skin becomes 
thinner. Thus the effect of  skin friction 
becomes less important, and the growing 
pressure gradient becomes more import-
ant. More eddy formation occurs and begin 
to occur closer to the front of  the body. At 
maximum velocity the swimmer would ap-
pear to be completely surrounded by eddy’s 
(white water). 

Fast swimming sea mammals and fish have 
a streamlined anatomical form. The body 
of  a human compared to a dolphin with the 
same length to width ratio experiences much 
greater hydrodynamic resistance at the same 
speed. The reason being some of  our ex-
tremities decrease our streamline. These are 
the head, shoulders, buttocks and knees etc. 
(Clarys 1978). 

Fig 3.1- Impact of  body form upon hydrodynamic resistance 
during underwater towing. ( the magnitude of  total resistance in 
glide position.)(Adapted from Bulgakova & Makarenko 1996.)

could give up to an 8% reduction in drag 
(Barrow, 2012).

The buoyancy is a big factor as the air resis-
tance is about 780 times less that the water 
resistance, the more buoyant you are, the less 
of  you is in the water, therefore less drag 
(Barrow, 2012). 
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Angle Of  Attack

An important factor for competitive swim-
ming, is the magnitude of  the angle of  their 
strokes. For freestyle the angle is quiet con-
stant during a stroke. Butterfly and breast-
stroke have multiple varying angled move-
ments in each completed stroke. An angle of  
attack between 0º and 5º the HDR increases 
by 15%. With an angle of  18º there is a 50% 
increase (Onoprienko 1968). In butterfly and 
breaststroke there will always be a varying 
angle due to the nature of  the stroke. It is 
however in the swimmers best interest to 
minimize the up and down movement, min-
imizing the hydrodynamic resistance forces. 
This will also help to increase the maximal 
and average inter-cycle swimming velocity. 

Fig 3.2- The origins of  normal (lift) and frontal (drag) components of  resultant hydrodynamic resistance (R) due to the angle of  attack (X) 
induced by: (a) underwater torque and (b) deviation of  the body from horizontal alignment. D, drag; L lift; R, resultant resistance; x angle 
of  attack

Total Hydrodynamic resistance

Ftotal=Ffriction+Fwave-making+Fform
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Fig 3.3- Intra-cyclic change of  the angle of  attack in (a) breast-
stroke and (b) butterfly stroke. x, angle of  attack; t, time; T, time 
of  swim cycle. (Bulgakova & Makarenko 1996; adapted from 
Haljand et al. 1986.)

Architectural link

Although the forces described in this chapter 
may be in more detail for an architects re-
quirements. I found through understanding 
the more detail components and forces asso-
ciated with swimming, the architect becomes 
more invested and has a better understanding 
of  space requirements. 

We understand a swimmer needs a pool to 
swim in. However technology today has gone 
far beyond a simple swimming pool. Devic-
es which measure drag and propulsion forc-
es are now implemented. Every aspect of  
a swimmer is now isolated and tested. The 
detail to which athletes are now studied is 
extreme. Although as an architect we do not 
need to comprehend such details, I did go 
into more detail to prove to the reader that 
these are real life considerations. It also em-
phasizes the level of  professionalism and de-
tail this Performance Centre will achieve.

The detail expressed was on the research side 
and was to emphasize the fact that the pro-
posed performance centre is a research test-
ing facility and not a training facility. Going 
into detail on the forces evolved in swimming 
may help the reader to comprehend this idea 
of  an assessment facility and not a training 
centre. 

No pure research centres exist in South Af-
rica. There is the (HPC) High Performance 
Centre in Pretoria as well as (SAS) Stellen-
bosch Academy of  Sport in the Western 
Cape. These facilities are more involved with 
training methods and have no link to perfor-
mance on a cellarer level.

Including the type of  research and assess-
ments that will occur at my facility will help 
the reader see my vision and understand the 
functions of  the building. There is no build-
ing currently that links medicine, research, 
academics, sports excellence and community 
upliftment in the manner which i have ap-
proached this thesis. 
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Measuring Methods

The MAD System

The MAD (Measuring Active Drag) system 
(Toussaint et al. 1988, 1990) This method 
measures propulsion in freestyle only. The 
swimmer pushes off  against grips, which are 
attached to a tube 0.8m below the surface. 
The tube is connected to a force transducer. 

Fig 3.4- The measuring active drag (MAD) system: general view. 
(From Hollander et al. 1986.)
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Velocity Perturbation Method

This method involves changing the maximum 
swimming velocity by adding drag which the 
swimmer tows. Swimmers swim at full speed 
with and without the drag weight over 25m. 
The hydrodynamic body (drag weight) is 
placed between 3.5-4.5 body lengths behind 
the swimmer where the water will no longer 
be turbulent. This is known as the Kolmog-
orov & Duplisheva method. This method can 
measure drag in all strokes where the MAD 
method can only measure freestyle. 

The affects and understanding of  resis-
tance is only one part of  the understanding 
of  swimming dynamics. Another important 
understanding must be propulsive forces in 
swimming. 

Fig 3.5- The velocity perturbation method. (a) Structure of the 
hydrodynamic body the swimmer pulls.
1. carrying body (foamplast); 2, waterline; 3, hole for water; 4, 
kniveposts; 5, fixing hook for ropes; 6, hydrodynamic cylinder 
(made of light metal); (b) attachment of an additional hydrody-
namic body; (B and C) to the swimmers body; L, body length. ( 
Reprinted from Kolmogorov & Duplisheva (1992), pp. 311-318.)

Architectural link

This basic understanding of  these systems 
is required by the architect as they will be 
used within the pool space in the Perfor-
mance Centre. This machinery also has 
spatial requirement which the architect 
must account for. The understanding of  
the hightec mechanics is also a source of  
inspiration to design the building with a 
strong link to the activities it supports. 
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Propulsive Forces In  Swimming

A swimmers velocity is also dependent on 
the total pulling force created by the moving 
segments of  the swimmer (arms and legs). 
The pulling force of  the swimmer constantly 
changes within the stroke and the recovery 
action which is constantly repeated. An ex-
ample is a swimmer swimming butterfly, as 
the swimmers hands enter the water and pull 
there is a pulling force, the swimmer pulls 
his/her arms back until he/she needs to pull 
them out the water and back to the front and 
repeat the process. There is no pulling pow-
er in the arms as the swimmer swings them 
back to start a new stroke. 

To maximize the pulling power swimmers 
must pull in the direction vector closest to 
the swimmers direction which is forward. 

As discussed earlier we also look at the bend-
ing angle of  the swimmers arms as they pull 
to maximize strength output. A slightly bent 
arm pull will create an average of  20% more 
force than a straight arm pull (Butovich & 
Chudovsky 1968; Vorontsov 1981) (Zatsi-
orsky, 2000) This bending implies that more 
muscle can deliver work in the joint while 
swimming as explained in an earlier chapter 
regarding muscle strength. 

In freestyle it is proven that the maximum 
force of  a stroke is when the arm is at 90° 
to the body in line the middle of  the body 
(Zatsiorsky, 2000). This is known as the the-
ory of  the straight ‘oar-like’ arm pull (OLP). 
The OLP theory also notes that the swim-
mer should maintain maximum surface area 
of  the propelling segments and constantly 
increase the velocity of  the pulling action un-
til recovery action in the stroke begins, then 
repeat. 

Fig 3.6- (a) Oar-like pull (side view). (b) Contribution of  frontal 
drag force (RFtotal) on the hand into RF (Resistance force).

Fig 3.7- The formation of  the muscle drought torque and RF 
torque during arm pull.

Conservation Of  Mechanical Energy While Swim-
ming Is Also An Important Factor. 

Conserving of  efficient kinetic energy is 
achieved in the following ways.

•	 Rigid fixation in joints under pulling ac-
tion.

•	 Tension in muscles doing the work to 
create a rigid body frame.

•	 Relaxation of  non-active muscles.
•	 Streamlining- Use the kinetic energy of  

the recovery action to increase forward 
momentum.
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Biokinetics in sport

“Biokinetics is the profession concerned with 
health promotion, the maintenance of  phys-
ical abilities and final phase rehabilitation, by 
means of  scientifically-based physical activity 
program prescription.” (Sports Science Insti-
tute of  South Africa, 2015)

Biokinetics has two major sides. The first be-
ing performance improvement and the sec-
ond being injury rehabilitation. 

The SSISA (Sports Science Institute of  
South Africa.) is the leading board of  bioki-
netics in  South Africa, and has a relation-
ship with UCT. They offer assistance to the 
ordinary person who just wants to improve 
their health, all the way to the professional 
athletes. As my Performance centre is aimed 
at the use of  professional athletes we shall 
focus our attention in that department. 

Since 1995, the Sports Science Institute of  
SA’s High Performance Centre has provid-
ed scientific and medical testing, monitoring 
and the direct application of  the results of  
a high quality applied research program for 
athletes in many sporting codes of  all abili-
ties. (Sports Science Institute of  South Afri-
ca, 2015)

Fig 3.8- Fatigue rating

Teams and individuals can select a range of  
services according to their needs. These ser-
vices include:

•	 Physiological assessments using world-
class expertise and equipment. In this 
way scientific, individualized training pro-
grams can be designed and prescribed.

•	 Fatigue and performance management 
using our unique web based Athlete Mon-
itoring and Assessment System (AMAS).

•	 Sports Team Consulting.
•	 High intensity strength and conditioning 

classes.

The SSISA have developed the AMAS sys-
tem. (Athlete Monitoring and Assessment 
System) It is an online system which tracks 
and monitors athletes in a variety of  different 
ways. Some of  these include.
•	 Total recovery
•	 Rate of  average fatigue
•	 Symptoms to illness
•	 Training loads

Other tests include 
•	 Muscular strength
•	 Explosive power
•	 Evaluation of  mobility and stability
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Each athlete is given an individual profile and 
report. The system compares the athletes 
details to the normative data of  the sport 
and age group of  the athlete. Teams are also 
tested and the results of  all the athletes in he 
team can be compared to one another. 

The system is backed by well known sports 
scientist Tim Noakes. He believes through 
constant testing and monitoring athletes are 
able to reach their performance peak at the 
desired time. An example would be a swim-
mer who peaks when the Olympics come 
around. 

It is physically impossible for an athlete to 
be in top form all the time. The body will 
suffer from fatigue and will need to recover. 
The AMAS system guides athletes on how to 
control their peak performance and reach it 
at the desired time. 

Although this information and research will 
be incorporated into my Performance centre. 
An additional layer of  science of  the internal 
workings of  the human body will be looked 
at. This includes DNA, minerals within the 
body, the amount of  fast and slow twitch 
muscle fibers in the athletes body, as well as 
more information on a cellular level. This 
knowledge combined with the AMAS system 
will furthermore promote the improvement 
of  an athletes performance. 

Fig 3.9- AMAS test report

Fig 3.10- Prof  Tim Noakes
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Human-factor engineering and 
ergonomics

Human-factors engineering, also called ergo-
nomics or human engineering, science deal-
ing with the application of  information on 
physical and psychological characteristics to 
the design of  devices and systems for human 
use. (Pike, 2017)

It is about designing something with the end 
user in mind. It is the entire process of  the 
design from start to implementation and its 
success is based on the users success. 

Medical examples of  human factor engineer-
ing are. 

•	 Anesthesiology
Design of  alarms, monitors and safety sys-
tems

•	 Emergency medicine
Design decision-making tools and monitor-
ing

•	 Surgery
Design of  hand tools and visualization tools.

The human factors are most important when 
designing. “Human factors and ergonomics 
are also known as comfort design, functional 
design, and systems, is the practice of  design-
ing products, systems, or processes to take 

proper account of  the interaction between 
them and the people who use them.”(Chapa-
nis 2018 )

In todays society human factor engineers go 
by different names such as bio-engineers. 

The data and core principles of  human fac-
tor engineering are concerned with human 
performance, training, behavior, the design 
and development of  man-machine systems 
and systems-related biological or medical re-
search. (Pike, 2017)

It is a wide scope as the engineering at hand 
is normally focused on solving a specific task 
on hand. 

The above diagram shows the different fac-
tors and considerations of  HFE and addi-
tional factor that is not listed in the bubbles 
would be cost. A successful product or ser-
vice must still be affordable 

Fig 3.11- HFE venn diagram
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Velocity Perturbation Method Recap with 
HFE

Looking back at the Velocity Perturbation 
Method we looked at earlier in the chap-
ter. We can make the connection from this 
device to what Human factor Engineering is. 

The purpose of  the device is to improve 
human performance in the swimming pool 
by analyzing the swimmers drag and propul-
sion forces. 

This data can then be analysied and the 
swimmer can make adjustments to their 
techniques and the results can be measured 
again. This process can be repeated over and 
over again until the swimmer finds their op-
timal performance in terms of  their swim-
ming stroke. This is where they will exert 
the least amount of  energy and produce the 
least amount of  drag and maximum propul-
sion. 

As architects we understand and also design 
through human factor engineering as we are 
designing spaces for people which must be 
ergonomically correct. In such specialized 
and complicated buildings it is more critical 
to understand the users needs and require-
ments so we can unload the information and 
turn it into working plans which will also 
compliment the needs to the end user and 
client. 

Fig 3.5- The velocity perturbation method. (a) Structure of the hydrodynamic body the swimmer pulls.
1. carrying body (foamplast); 2, waterline; 3, hole for water; 4, kniveposts; 5, fixing hook for ropes; 6, hydrodynamic cylinder (made of 
light metal); (b) attachment of an additional hydrodynamic body; (B and C) to the swimmers body; L, body length. ( Reprinted from 
Kolmogorov & Duplisheva (1992), pp. 311-318.)



37

Introduction - Understanding the 
laboratory

Laboratory safety - Understanding the 
required safety measures in laboratories

General Information - Molecular 
biology, biochemistry, genetics

Generic Lab Layouts - General layouts

Research Rooms - Required rooms in a 
research laboratory

Safety & research

T h e  L a b o r a t o r y
Chapter 4

Structure



38

Introduction

My building not only analyses athletes physi-
cally but also analyses them on a cellular lev-
el. Therefore a laboratory facility is required. 
As laboratories have such strict safety stan-
dards and facility requirements it is crucial to 
understand the workings of  the space. 

It is highly important to understand the spe-
cific space requirements for the research 
department in my building and the spacial 
requirement that come with it to allow for 
successful planning. 

Laboratory safety

All laboratory research programs most im-
portant factor is safety. It is a requirement to 
protect personnel as well as the external envi-
ronment from products, organisms, effluents 
or hazardous substances that may be emitted 
as a result from the research laboratories ac-
tivates. 
With the implementation of  strict laws and 
regulations regarding laboratories, serious 
accidents caused by research laboratories 
are now rare (White, 1988). Academic insti-
tutions in the past were where the majori-
ty of  accidents took place. With more and 
more universities now doing research which 
involves radiation, carcinogens, and bio-tech-
nology they have developed high safety stan-
dards. 

A laboratory director.

Most laboratories have a director who man-
ages the safety program. The director’s job is 
to ensure the smooth running of  the labo-
ratory in all aspects. The director will assign 
responsibilities to other staff  members and 
manage the implementation of  these respon-
sibilities. The success of  the safety program 
will be based overall on the cooperation of  
the entire staff  and a common goal for the 
standard of  the facility. The size and func-
tions of  the research laboratory will deter-
mine the size of  the staff. 
Chemical safety
Chemicals occur in many varieties and under 
certain circumstances, virtually all chemicals 

Fig 4.1- (Richardson, J.H., and Barkley, W.E., eds. Biosafety in Microbiological and Biomedical Laboratories. Centres for Disease 
Control and National Institutes of  Health, USPHS, 1984).

can be hazardous. The researches involved 
are normally aware of  the risks but may over-
look some safety aspects. The surrounding 
conditions of  the laboratory is very import-
ant and may require certain ventilation, safety 
hoods, incinerators and showers. A research-
er may need to be sterilized and wear a labo-
ratory suit before handling chemicals. 

Bio Safety

Microbiological and biomedical laboratories 
have special safety requirement in a labora-
tory. Knowledge, techniques, and equipment 
to prevent accidents are required. As indige-
nous and exotic infectious agents continue to 
evolve, so must the safety precautions with it. 

Summary Of  Recommended Biosafety Levels For Infectious Agents
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Molecular Biology

The branch of  biology that deals with the 
structure and function of  the macromole-
cules (e.g. proteins and nucleic acids) essen-
tial to life.

Biochemistry

The branch of  science that explores the 
chemical processes within and related to liv-
ing organisms. It is a laboratory based science 
that brings together biology and chemistry. 
By using chemical knowledge and techniques, 
biochemists can understand and solve bio-
logical problems.

Genetics

The study of  genes, genetic variation, and 
heredity in living organisms. It is generally 
considered a field of  biology, but intersects 
frequently with many other life sciences and 
is strongly linked with the study of  informa-
tion systems. E.g. Redcap 

General Information

Fig 4.2 Fig 4.3 Fig 4.4
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Room+Size Description Requirements Additional Notes Ideal Room connections Key
General work lab
60-100m2

General laboratory space 10 research work benches; chemical store; equipment store; 
fume hood; fr+fz; autoclave; chemical spill kit, Personal Pro-
tective Equipment (PPE - e.g. gloves, coats, etc), wash basin.

Lab can be circulation space

Tissue culture lab
15m2

Laboratory for cell growth and experimentation Co2 incubator, Biological Safety Cabinet (BSC), work bench 
+ microscope + computer, sink, shelf  storage

Positive pressure and solid brick walls on all 
sides

Pre PCR lab
15m2

Preparation of  cells for tests - add reagents to cell sample 
which results in the DNA strand ‘growing’

Work bench, reagent storage, fr+fz, lamina flow hood, cen-
trifuge

Positive pressure

PCR lab
15m2

Where you perform the reaction in the PCR machine to 
amplify the DNA

Work bench, reagent storage, fr+fz, PCR machines Positive pressure

Post PCR lab
20m2

DNA is suspended in a gel and tested Work bench, reagent storage, fr+fz, gel running apparatus Negative pressure

Bio Imaging room
20m2

Room to view results Work bench, computers and viewing equipment Can be combined with ‘Post PCR Lab’,depen-
dent on equipment

Biobank room
50-100m2

Storage facility for bio samples CO2 freezers for storage. PC for filing system. Automatic opening doors. Sterile connections to 
reduce contamination

Imaging room
50m2

Place to view samples and test results Work desks/benches, imaging equipment Can include dark room

Dark room
15m2

No windows Can be within imaging room

Genomics lab
50m2

Concerned with the structure, function, evolution, and 
mapping of  genomes

Same as Tissue Culture Lab Positive pressure and solid brick walls on all 
sides. Can connect directly to Biobank. Room

Proteomics lab
50m2

Study of  proteins and their functions Same as‘Tissue Culture Lab’ Positive pressure and solid brick walls on all 
sides. Can connect directly to Biobank. Room

FACS 
(Fluorescence Associated 
Cell Sorter)
50m2

Fluorescent ‘markers’ are put into cell sample to
attach only to certain ‘contaminated’ cells; this mixture then 
undergoes a process in a machine, and then they come out 
one-by-one so that the marked/contaminated cells can be 
counted to aid with the diagnosis

Connected darkroom.
Work benches, Biological Safety Cabinet (BSC)

Controlled temperature is important

Preparation room
80m2

General laboratory space Research work benches, chemical store; equipment store; 
fume hood; fr+fz; autoclave; chemical spill kit, PPE, wash 
basin.

Cold room
10m2

Kept at 4°C Connected to back up power

Equipment storage room
varies

Store research equipment Locked to protect equipment

Research Rooms



41

Room+Size Description Requirements Additional Notes Ideal Room connections Key
General work lab
60-100m2

General laboratory space 10 research work benches; chemical store; equipment store; 
fume hood; fr+fz; autoclave; chemical spill kit, Personal Pro-
tective Equipment (PPE - e.g. gloves, coats, etc), wash basin.

Lab can be circulation space

Tissue culture lab
15m2

Laboratory for cell growth and experimentation Co2 incubator, Biological Safety Cabinet (BSC), work bench 
+ microscope + computer, sink, shelf  storage

Positive pressure and solid brick walls on all 
sides

Pre PCR lab
15m2

Preparation of  cells for tests - add reagents to cell sample 
which results in the DNA strand ‘growing’

Work bench, reagent storage, fr+fz, lamina flow hood, cen-
trifuge

Positive pressure

PCR lab
15m2

Where you perform the reaction in the PCR machine to 
amplify the DNA

Work bench, reagent storage, fr+fz, PCR machines Positive pressure

Post PCR lab
20m2

DNA is suspended in a gel and tested Work bench, reagent storage, fr+fz, gel running apparatus Negative pressure

Bio Imaging room
20m2

Room to view results Work bench, computers and viewing equipment Can be combined with ‘Post PCR Lab’,depen-
dent on equipment

Biobank room
50-100m2

Storage facility for bio samples CO2 freezers for storage. PC for filing system. Automatic opening doors. Sterile connections to 
reduce contamination

Imaging room
50m2

Place to view samples and test results Work desks/benches, imaging equipment Can include dark room

Dark room
15m2

No windows Can be within imaging room

Genomics lab
50m2

Concerned with the structure, function, evolution, and 
mapping of  genomes

Same as Tissue Culture Lab Positive pressure and solid brick walls on all 
sides. Can connect directly to Biobank. Room

Proteomics lab
50m2

Study of  proteins and their functions Same as‘Tissue Culture Lab’ Positive pressure and solid brick walls on all 
sides. Can connect directly to Biobank. Room

FACS 
(Fluorescence Associated 
Cell Sorter)
50m2

Fluorescent ‘markers’ are put into cell sample to
attach only to certain ‘contaminated’ cells; this mixture then 
undergoes a process in a machine, and then they come out 
one-by-one so that the marked/contaminated cells can be 
counted to aid with the diagnosis

Connected darkroom.
Work benches, Biological Safety Cabinet (BSC)

Controlled temperature is important

Preparation room
80m2

General laboratory space Research work benches, chemical store; equipment store; 
fume hood; fr+fz; autoclave; chemical spill kit, PPE, wash 
basin.

Cold room
10m2

Kept at 4°C Connected to back up power

Equipment storage room
varies

Store research equipment Locked to protect equipment

Key

	 Wet room

	 Sterile room

	 No sunlight

Note
This table lists all the rooms associated with 
a research centre, it also lists their require-
ments, both spacial and safety. The table has 
been set up in a way for the architect to de-
sign the most successful building. The key 
allows the architect to group the rooms by 
spacial requirements, (water) or by proce-
dural functional requirements. (Ideal rooms 
which should be located in close proximity 
due to function).

This table was created by myself  through in-
formation from Ludwig Hansen architects as 
well as Visiting the labs in Charlotte maxeke 
hospital. 

The table is all the rooms listed that will be 
required in my design and helped as a layout 
template in order to get the most practical 
and efficient design layout. 

Fig 4.5- Research rooms table
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The site

S i t e  L o c a t i o n  &  M a p p i n g
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Site Location

The Centre will be located in Johannesburg, 
Gauteng, South Africa’s most densely pop-
ulated province. Johannesburg is both the 
economic and transportation hub for the en-
tire SADC (Southern African Development 
Community) region, and therefore the most 
logical and central location for it to meet its 
mandate of  serving the region’s population. 
The selected site is on the Wits College of  
Education campus in Parktown adjacent to 
the Wits Medical School and in between the 
Nelson Mandela Children’s Hospital and The 
Wits sports clinic. The Wits Sydney Brenner 
Research institute is directly across the road 
from the site. 

This site was chosen for the following factors 
Reasonable zone and site restrictions

•	 Ease of  student access
•	 Proximity to symbiotic facilities
•	 Availability of  existing infrastructure.

(cost saving)

Statements that motivate the above men-
tioned are listed below. 

•	 Can make use of  existing facilities such 
as swimming pool and fields.

•	 Next to the children’s hospital for easy 
access

•	 On campus for students to have access 
to the facility

•	 Next to the current Wits sports centre
•	 Across the road from the Sydney Bren-

ner research centre
•	 Along the Wits medical corridor
•	 Available existing parking within the uni-

versity and Children’s hospital
•	 Site currently old tennis court and there-

fore no building need to be torn down.
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S i t e  L o c a t i o n

Wits Educational Campus

Parktown

JohannesburgGautengSouth Africa

“Education is the most powerful weapon 
which you can use to change the world.”

Nelson Mandela 23 April 2013

Fig 5.1- Maps
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Wits Educational Campus

Parktown

Johannesburg

Wits Educational Campus
Fig 5.2- Wits educational campus sketch



46 Fig 5.3- Green Space

G r e e n  S p a c e



47Fig 5.4- Building Typologies

B u i l d i n g  T y p o l o g i e s



48 Fig 5.5- Movement

M o v e m e n t



49Fig 5.6- Adjacent Buildings

A d j a c e n t  B u i l d i n g s



50 Fig 5.7- Medical Corridor

M e d i c a l  C o r r i d o r 



51Fig 5.8- Transport Systems

T r a n s p o r t  S y s t e m s
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Fig 5.9- Site Surroundings

Scale 1:1500

S i t e  S u r r o u n d i n g s
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1
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4

5
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South Gate entry onto Jubilee road

NMCH parking

Site entry into NMCH

Wits pool

South site perspective

South entry from within Wits

Fig 5.10- Site Surroundings
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Fig 5.11- Jubilee street view



55Fig 5.13- Site panoramic

Fig 5.12- North site view



56 Fig 5.14- Site edge
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Relevant buildings

P r e c e d e n t  S t u d i e s
Chapter 6

Structure

Art Stable

Chicken Point Cabin

High Performance Centre (HPC)

Goldring Centre for High Performance

Wits Sports Centre

Sydney Brenner Institute of  Molecular 
Bioscience

Nelson Mandela Children’s Hospital 
(NMCH)

Centre For Environmental and Life Sci-
ences (CELS)
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Tom Kundig
A r t  S t a b l e
This lake cabin was built for a family in 
Northern Idaho. In the summer the tempera-
tures very high. The solution was to make a 
9x6m door opening to allow a breeze sweep-
ing off  the lake into the cabin. 

My real interest in this projects was the me-
chanics of  the door system. Particularly the 
minimal force required to move a large door 
opening. 

Tom Kundig specializes in moving architec-
ture and has applied moving facades on both 
a residential and commercial scale as seem in 
Art Stable.

Fig 6.1- Art Stable closed facade

Fig 6.3- Art Stable Joint detail Fig 6.4- Art Stable turning detail

Fig 6.2- Art Stable Open facade
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Tom Kundig
C h i c k e n  P o i n t  C a b i n

Fig 6.7- Chicken Point Cabin mechanism detail Fig 6.8- Chicken Point Cabin mechanism 

Fig 6.5 - Chicken Point Cabin interior Fig 6.6- Chicken Point Cabin exterior 
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The High Performance Centre (HPC) in 
Pretoria is South Africa’s lead Performance 
training centre. Athletes such as Cameron vd 
Burgh, SA Breaststroke swimmer and for-
mer world record holder. 

Many athletes use this facility as a training 
facility. The centre does not receive much at-
tention from traveling athletes as was antici-
pated. The hotel located on the second floor 
has closed. The floor is now being re-pur-
posed. 

While the centre has similar attributes to 
my Wits high performance centre it is more 
focused on the training aspect of  high per-
formance athletes. Where the Wits Centres 
focus lies more on the research and assess-
ment side. 

High Perfor mance Centre (HPC) Pretoria
Don Albert Architects, Pretoria University

Fig 6.9- HPC Site Plan

Fig 6.10- HPC perspective
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Fig 6.12- Medical Level - Ground

Fig 6.13- Hotel Level - 2nd Floor Fig 6.14- Gym Level - 1st Floor

Fig 6.11- Dining Level - Lower Ground

Fig 6.15- HPC entrance Fig 6.19- HPC concept sketch

Fig 6.18- HPC render perspective

Fig 6.17- HPC render perspective

Fig 6.16- HPC render perspective
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Goldring Centre for High Performance
The Goldring Centre has been designed to 
welcome everyone from the university and 
local community who is interested in physical 
activity and sport - from students, faculty and 
staff  looking for a great place to work out.  
As well as international-level student-athletes 
coming to train, practice and compete.

The Goldring Centre is also used for academ-
ic programs, children’s programs and camps.

Student and community groups can rent 
space within the facility for special events.

The 4th floor is dedicated to labs and clinics 
all focusing on the following.
•	 Biomechanics & Sport Medicine Lab
•	 Muscular skeletal health, fitness and per-

formance
•	 Biomechanics
•	 Quantitative and qualitative analysis of  

human movement
•	 Extreme Human Physiology Lab
•	 Mechanisms of  pathophysiology in 

chronic disease
•	 Mechanisms of  physiological adaptation 

to exercise in extreme environments
•	 Physiological impact of  physical activity
•	 Child and youth 
The research program is the aspect of  this 
building which  coincides with my thesis the 
most, The facilities are too extreme and ac-
commodate full time training where the Wits 
Performance Centre does not. 

Fig 6.20- 4th Floor- Labs & Clinic

1. Mechanical
2. Sports Research land
3. Sports Medicine Clinic

1. Mechanical
2. Exercise Studio
3. Storage
4. Weightlifting
5. Multipurpose 
6. Office
7. Strength & 
    Conditioning

1. Entrance
2. Lobby
3. Lounge
4. Stepped Ramp
5. Open to Field
6. Student Lane-way
7. North Lobby
8. Common Service Bay

Fig 6.22- Ground Floor

Fig 6.21- 3rd Floor - Strength & Conditioning

 Patkau Architects , Toronto University Canada
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Goldring Centre for High Performance

1. Mechanical
2. Sports Research land
3. Sports Medicine Clinic

1. Mechanical
2. Exercise Studio
3. Storage
4. Weightlifting
5. Multipurpose 
6. Office
7. Strength & 
    Conditioning

Fig 6.23- Goldring Centre exterior perspective

Fig 6.24- Goldring Centre interior perspective Fig 6.25- Goldring Centre rendered perspective Fig 6.26- Goldring Centre rendered perspective
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The Wits sports centre will be integrated 
into the High performance Centre and share 
amenities creating a symbiotic relationship.

Interviewed Staff
Estelle Watson -Sports Medicine Professor 
Demitri Constantinou-Adjunct Professor

WITS Sports centre
Facilities
•	 Pool
•	 Rehab gym
•	 Indoor court 
•	 Rugby Gym
•	 Hockey fields
•	 Running Track

Issues
•	 No flow or organization
•	 Function is unclear

Needs 
•	 Better flow of  patient care
•	 Upgraded facilities.

Currently the Wits sports centre is a private 
company which works with the university. 
The Sports centre currently employs the fol-
lowing.(one person per title)
Biokineticist, Physiotherapist, Dietitian, Po-
diatrist, Optometrist.

The centre currently has private treatment 
for the following conditions. Cardiac disease, 
High blood pressure, Diabetes ,Vascular, 
conditions, Back and neck conditions, Ar-
thritis, Mild neurological impairments.

The Sports centre also manages and moni-
tors the Wits rugby teams health. The rugby 
team also uses the existing postgraduate gym 
for strength and conditioning.

TC Architects, Wits Educational campus

Fig 6.27- Wits Sports Centre pool entrance

Fig 6.28- Wits Sports Centre perspective
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Fig 6.29- Wits Sports Centre hockey field Fig 6.30- Wits Sports Centre biokineticist room

Fig 6.33- Wits Sports Centre gym roomFig 6.32- Wits Sports Centre interior perspectiveFig 6.31- Wits Sports Centre site entrance



66

Sydney Brenner Institute of  Molecular Biosciences
In 2014 moved to 9 Jubilee road into a con-
verted heritage home.
Molecular bioscience research
Wits Bioinformatics.

(SBIMB) is a growing multi-disciplinary re-
search institute dedicated to investigating the 
molecular and genomic aetiology of  diseases 
among African populations.

Biomedical, molecular and genomic research 
on the African continent.
Conduction innovative research addressing 
health issues and excel as a centre for learn-
ing. Currently the 5 main research areas that 
the Institute focuses in, those being evolu-
tionary, population and biomedical research . 
Several projects cut across research areas and 
promote new research in other areas.

The Institute said their research is geared and 
the subject matter is driven by funding. An  
interest in high performance athletes will be 
possible with the funding from the High Per-
formance Centre

Bio Bank- Accredited for the storing of  
DNA. The Sydney Brenner currently has a 
small bio bank storage facility on the prop-
erty with was previously staff  facilities. It is 
very small and therefore not a pleasant work-
ing environment to be in. 
A proposal for a new building and location 

was done in 2011 for the Institute. Current-
ly due to lack of  funding and other interests 
of  more importance to  Wits university there 
has been no traction on this development.

The Role of  the Sydney Brenner Institute 
will be further discussed in the design devel-
opment chapter.

The Institute also houses Redcap Biomedical 
informatics. 

REDCap is a tool that allows you to create 
research databases, capture and manage your 
data and export directly to a stats program 
of  your choice. 

Universities and institutions all over the 
world have signed up to Redcaps database 
including prestigious universities Oxford 
and Yale. 

Interviewed staff
Michelle Ramsay-Director and research chair
Jocelyn Gayenga-Microbiology
Irma Mare- HD Biomedical Informatics Officer & 
REDCap Administrator
 

Herbert Baker, Parktown

Fig 6.34- Sydney Brenner Institute perspective
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Epigenetics-the study of  changes 
in organisms caused by 
modification of  gene expression 
rather than alteration of  the 
genetic code itself

Genomic- personal 
medicine, DNA that 
determines how we 
look and function

2 PARTS

Fig 6.35- Sydney Brenner Institute Biobank Fig 6.37- World locations

Fig 6.36- Logo
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Nelson Mandela Children’s Hospital
The NMCH is a public and private referral 
hospital. They are sent children from both 
private and public hospitals. These children 
receive the same level of  care and treatment. 
The hospital has seven departments. The 
hospital has only just completed its building 
stage. The hospital is opening in phases with 
currently on Oncology operating as of  30th 
August 2017. The hospital is a teaching hos-
pital with WITS medical students doing their 
service in this hospital. 

The hospital was inspired by Nelson Mande-
la and aims to continue his legacy of  love and 
care for children.

I shall speak more about the role of  the hos-
pital in my design development section as the 
building neighbors my site. It shares parking 
as well as direct access onto my Performance 
Centre.

John Cooper Architects, GAPP Architects,  Parktown Johannesburg

Fig 6.38- NMCH perspective

Fig 6.39- NMCH section



69Fig 6.42- NMCH interior entrance perspective Fig 6.44- NMCH exterior perspective

Fig 6.43- NMCH general planFig 6.41- NMCH

Fig 6.40- NMCH Site Entrance
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Center for Environmental and Life Sciences (CELS)

Monte Clair State University’s CELS centre 
consists of  two main laboratory levels, It is a 
cutting edge facility and a leader in its field of  
research. Although the research subject mat-
ter differs from my research centre. However 
the laboratory layout and sizing is still very 
relevant and gives a  professional understand-
ing a laboratory design layout.

Geodynamics Laboratory - Study of  the earths 
surface

Remediation Laboratory - Study of  the quality 
of  soil.

Earth Systems Laboratory - Study of  environ-
mental changes due to human activities.

Pharmaceutical Incubator Laboratory - Study of  a 
variety of  diseases, with flexibility to respond 
to emerging clinical needs.

Fig 6.45- Environmental laboratory

SLAM Architects, Monte Clair State University
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Biodiversity / Ecology Laboratory -
Aimed at highlighting the importance, pro-
tection, and status of  biodiversity and ecol-
ogy in terrestrial, freshwater, and marine 
ecosystems. This research is mainly on water, 
soil, rock and plant matter at a cellular level. 

Natural Products Laboratory - 
Focused on studying the properties of  com-
pounds that occur naturally in various plants 
and organisms such as green tea, algae, and 
others, using approaches from microbiology, 
virology, biochemistry, and chemistry.

Medicinal Chemistry Laboratory -
Particular medicinal compounds used in 
treating disease. Studies include how en-
zymes speed up chemical reactions in the hu-
man body, focusing on those enzymes that 
are important targets of  pharmaceutical in-
hibitors (drugs).

Fig 6.46- Life Science Laboratory
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Project Definition

The High performance centre will serve mul-
tiple purposes that will have a clear and defi-
nite long-term impact on the provision of  
specialist sports research and conditioning. 
The creation of  the centre will attract and 
retain high quality staff  in the medical and 
sporting field, many of  which are currently 
in short supply in Southern Africa. The Cen-
tre will also enhance the South Africa’s image 
and identity to attract referrals and serve the 
needs of  athletes from around the world. 

Project Brief

The Centre will function and excel in four 
disciplines. The first being high performance 
sport assessments and testing where elite ath-
letes will come to the centre from around the 
globe. They will undergo testing analyzing 
their bodies and technique. They may have 
strength and endurance testing, stroke analy-
sis for swimming, breathing analysis with ox-
ygen input and output results. Athletes may 
want to see how their body reacts simulated 
different climate conditions as they may be 
traveling to a destination around the globe 
with different climate conditions. The Cen-
tre is there to maximize an athletes potential 
where he/she can take the knowledge gained 
and apply it to their training. Athletes may 
also come to the centre for an assessment on 
recovery post an injury in order to heal in the 
fastest time and best manner.

The second discipline of  the Centre is re-
search which will go hand in hand with the as-
sessments and testing. Research may be done 
on Asthma for example as Olympic gold 
medalist South African swimmer Cameron 
Van der Berg suffers from Asthma. All re-
search will be processed through the Sydney 
Brenner Institute of  Biological Research and 
will be uploaded on Redcap a data sharing 
database with over 250 institutions members 
including the most prestigious universities in 
the world such as Harvard and Oxford.

The third discipline is education as the Centre 
is on Wits campus. Postgraduate students will 
be interning as well as students doing their 
PHD through the institution. All specialists 
who choose to work at the facility will take 
students under their wing and be mentors to 
them in so excelling the stand of  education.

The fourth discipline is Outreach where the 
centre gives back to the community and sur-
roundings. The Nelson Mandela Children’s 
hospital is directly next to the site and the 
Performance centres facilities will be avail-
able to use if  required by the hospital staff. 
The Profound sportsman and woman who 
come to the centre will be encouraged to visit 
the children’s hospital or have children com-
ing to the centre as a chance to meet their 
hero putting a smile on the children’s face 
who are in the hospital. 

Vision

The Wits High Performance Academic 
Research Sports Centre will provide cut-
ting-edge sports analysis through clinical and 
medical research within the centre by sharing 
skills and expertise with like-minded facilities 
worldwide. The Performance centre will be a 
world-class, high-tech facility with advanced 
know-how in an environment suited for pro-
fessionals and learning students. 
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Nelson Mandela 
Children's 
hospital

Sydney Brenner 
Research
Genetics

Bio-Informatics

Wits High 
Performance Centre

WITS Sports Clinic
& medical corridor

Fig 7.1- Connection Mind Map

Connection Mind Map
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Improve existing 
infrastructure of  

Sports clinic

WITS HPC Research 
Benefits

Focusing on genetic qualities 
of  physical performance as 

well as from a health 
perspective

A learning centre 
involved with the 

university

Supply key research 
and undertake genetic 

testing for the 
children's hospital

Outsource staff  into 
the children's hospital 
allowing the children 
to benefit from the 
infrastructure and 
professionalism 

Continued research by the 
university taking advantage 
of  a new high performance 

centre

Fig 7.2- Research Mind Map

Research Mind Map
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Wits High Performance Sport, 
Academic and Research Centre

Sport

GeneticsBioinformatics

Attractive Academia

Research

Training facilities

Medical rehabilitation

Medical health
Global Forum

Giving BackImproved performance

Conditioning/recovery 
facilities 

University Prestige

Academic

Fig 7.3- Research Flow Chart

Research Flow Chart
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Goals 

Research and teaching

•	 Locating the Centre on an academic in-
stitution to assist in attracting staff  and 
sharing resources.

•	 Ensuring that the main research pro-
grams are closely linked to the clinical 
specialties.

•	 Ensuring that the Centre is a hub for 
specialist skills development in medical, 
sport research and allied fields.

Staff

Training and provision of  qualified staff  in 
required field.

Benefits

The clients will benefit in the following manner:

•	 The Centre will be a dedicated high per-
formance research facility

•	 Specialized qualified staff  and support 
staff

•	 Excellent professional level of  care

The academics will benefit in the following manner:

•	 There will be a centralized location for 
sport research sub specialties

•	 There will be interdisciplinary and collab-

orative clinical excellence
•	 The facility will attract and retain high 

quality staff  in medical, sporting, and al-
lied disciplines

•	 Post graduate clinical training for stu-
dents both full time and on rotation from 
other academic medical centres

•	 The facility will support high quality 
medical education to create the medical 
surgical sub-specialty practitioners of  the 
future

•	 The facility will generate opportunities 
for medical and sporting clinical research

The health and sports sector will benefit in the follow-
ing manner:

•	 International interest and involvement 
will be attracted

•	 Efficient operational practices
•	 Additional production of  qualified medi-

cal professionals
•	 Raising the standard of  the Wits Univer-

sity education 
 
Benefits to investors

Most importantly, this project offers the op-
portunity to both donors and sponsors to 
play an integral part in the Wits High Per-
formance Academic Sports Research Centre 
lasting legacy and to significantly impact the 

sports research system in South Africa as well 
as around the world. An investment in the 
centre helps the broader community and will 
also enhance the potential investors’ commu-
nity and business image. There has already 
been a significant investment in this project 
with a wide array of  experts and consultants 
having been brought on board to ensure not 
only the feasibility of  the project but also the 
sustainability of  the High Performance Cen-
tre into the future.

Research and academic

The Wits High Performance Academic 
Sports Research Centre will be integrated 
into the platform of  teaching and research 
of  the University of  the Witwatersrand. The 
Sydney Brenner Institute of  Molecular Bio-
science is across the road and facilities for 
research within the Centre include a full time 
director of  research as well as areas designat-
ed for research activities. A research protocol 
will be developed, to identify all clinical focus 
areas to be addressed. 

The home for research is in the university, 
and as the facility is based on the grounds 
of  a university with an open door to the Syd-
ney Brenner research centre, this contributes 
to the demographic positioning for this as a 
Centre of  high performance. 
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Summary Chart
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Company Structure
 
The structure of  the Wits High Performance 
centre will be a NPO as the main aims of  the 
centre are to promote physical excellence as 
well as provide advances in research and give 
back to the less privileged. Wits shall own the 
building and set up the trust as the initiator 
and custodian of  the
Project, with an Asset Company (AssetCo) 
and Operating Company (OpCo) set up as 
not-for-profit organizations that will manage 
the assets and operations respectively. The 
Asset Company will be run by the universi-
ty within its portfolio of  buildings and land. 
The Non-Profit Company will be formed 
under Section 21 of  the Companies Act 78. 
Of  2008. 

Some of  South Africa’s most prominent and 
influential clinical, philanthropic and
Business leaders sit on the board as politi-
cians have strong connections in govern-
ment and a sports representative such as 
Ryk Neething (Olympic Gold medalist) has 
sporting connections around the world and 
is also advantages for advertising. The Nel-
son Mandela Children’s Hospital, Sydney 
Brenner Research Institute, Wits medical and 
Wits sports clinic all get a seat on the board 
as they are direct beneficiaries of  the building 
and will also be using the building.

Leadership & Decision-Making

All-important decisions will be made by the 
board. The CEO and CFO will make all the 
day to day running decisions with employed 
managers and staff  members below them. 
This is because they are the only members 
on the board who work for the company full-
time. Even though the centre is an NPO it 
was important to have a full time CEO and 
CFO as the company needs to be run effi-
ciently and there are large volumes of  cash 
flow within the business. 

Feasibility Study and Findings

Representatives of  the Performance Centre, 
visited both local and international similar 
centres to identify the successful components 
that could be relevant to a high performance 
academic sports research centre in South Af-
rica. Locally the HPC in Pretoria was looked 
at as well as SAS (Stellenbosch Academy of  
Sport). Internationally the Goldring Centre 
for High Performance at Toronto University, 
Canada was reviewed at amongst others. The 
feasibility study also showed the suitability of  
the High Performance Centre in its location 
(Wits Educational Campus) due to the sur-
round facilities which would hugely benefit 
from the Centre, as the Centre would bene-
fit from the surrounding facilities creating a 
symbiotic relationship.
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Fundraising & Marketing

The success of  the project relies heavily on 
the ability to raise funds as well as market the 
project. A fundraising Consultant will work 
on behalf  of  the NPO to help attract funds 
for the development to the Centre. The con-
sultant shall work hand in hand with a The 
Creative Council, an expert marketing com-
pany based in Johannesburg. Marketing will 
be in constant need even once the centre is 
complete and operational as to continue to 
attract world renowned athletes and build the 
brand and continue to raise the standard of  
the Performance Centre, making it remain a 
world leader in high sports performance and 
research. 

Financial Management

Investec shall manage the investment port-
folio of  the Performance Centre, investing 
the profits of  the Centre. Investec will also 
supply bridging debt finance to the centre if  
needed. Investec have shown great interest in 
the Centre as they see it will fit in very well 
with some of  their other ventures such as the 
Investec brand is heavily associated with test 
cricket. 
 

Capital Funding

The Capex component is expected to be 
raised primarily through sponsor funding, 
with the Wits High Performance Centre 
board working to secure funding from a 
broad range of  both local and international 
institutional and private sources. 
The Capital funding requirements of  this 
NPO will be structured in the following man-
ner. Wits will pay 20% of  the capex as they 
are the owners of  the centre and also owned 
the land and therefore there was no land ac-
quisition cost. 20% will be funded the prime 
sponsor Bidvest which will include a struc-
tured contract of  the naming of  the sports 
centre. (Bidvest Wits High Performance Aca-
demic Research Sports Centre) as well as oth-
er benefits. 10% will come from the national 

lotto as the Centre is seen as an academic in-
stitute which will benefit South Africa. 30% 
will come from secondary sponsors, corpo-
rate companies who want to associate their 
brand with the centre as well as also receive 
benefits. Marketing and advertising utilizing 
sports persons of  global statue is a key role in 
getting these large corporate sponsors. The 
final 20% will come from an international 
company as a strategic move to help market 
the centre internationally and get more expo-
sure. Any shortfall in the Capex requirement 
from donor funding will be covered through 
bridging debt finance obtained from devel-
opment finance institutions (DFI). Investec 
has already been approached and has indicat-
ed their appetite for the project.

Fig 8.1- Capex Pie Chart
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Sponsor Objectives

It is Important that sponsors that support 
the High Performance centre receive due rec-
ognition, that such recognition is consistent 
with the level of  giving, is applied equitably 
and within the framework of  the Centres ca-
pabilities.

The further objectives of  sponsors are. 

•	 Cultivate lasting relationships with exist-
ing sponsors and to encourage them to 
achieve higher levels of  giving

•	 Attract new sponsors and act as a legiti-
mate incentive and reward to attract and 
retain sponsors

•	 Ensure that the broad principles of  fair-
ness and consistency prevail in exercising 
sponsor recognition

•	 Ensure that all actions and decisions con-
cerning sponsor recognition occur within 
a framework of  the Centre.

Sponsor Recognition Methods

•	 Granting naming rights
•	 Allocating a special awards for large 

sponsorships. 
•	 Granting an Award for gifts-in-kind or 

donations specifically towards training 
and research

•	 Membership Pin and branded jacket, 
shirt, etc.

•	 VIP invitation to special annual events
•	 Inclusion on the Centres’ newsletter 

mailing list
•	 Providing website linkage to the Centres’ 

website
•	 Providing tax benefits as prescribed by 

law
•	 Plaques, Murals, Media exposure
•	 Name included on donor board

Key Success Factors

•	 Academic support from Wits University 
and other institutions

•	 Commitment, support and operational 
funding from sponsors

•	 Land allocation from Wits University
•	 Donor funding for capital building and 

equipment
•	 Debt funding for any shortfall in capital 

required for building and equipment
•	 Iconic sports persons support

Procuring an operator that will take responsibility 
for ensuring:

•	 Specialists commitment and availability
•	 Support staff   commitment and availabil-

ity
•	 Efficient operational control
•	 Renewal and maintenance of  assets
•	 A supportive and mutually beneficial 

work environment for International ac-
ademic support and affiliations as well as 
Academic research and publication
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Contracting and Construction 
Methodology 

Negotiated tender with group 5 as they have 
the capabilities of  upholding the building 
standard of  a specialized building in the 
medical sector. Group 5 just completed the 
Nelson Mandela Children’s hospital costing 
R1 billion for phase 1 (238 bed facility) giving 
the High performance Centres board confer-
ence in group 5s ability to deliver a successful 
project both on time and up to standard. An 
independent QS will be appointed by Wits to 
also do accurate costing to compare with the 
amount quoted by group 5. 

The contract will be a managed contract 
where the client shall appoint an independent 
project manager who shall co-ordinate the 
project.  This contract is chosen due to the 
complicated nature of  the project. It allows 
for the large amount of  specialist consultants 
needed to inform the project. This contract 
also allows for a better management of  costs. 
The Managed contract will be taken out the 
JBCC. 

The project will be a single phase project. 
However it may allow for additional develop-
ment in the future as to what further require-
ments the building needs to meet. A portion 
of  the monthly profits will be put aside for 
such developments. 

The construction method of  the building 
will be steel and concrete with brick infill 
with large e-coated glass to give the building 
a modern architectural design and feel. The 
main contractor group 5 would also be ap-
portioned a fee to hire a construction-train-
ing consultant, to improve the skills of  the 
participatory members of  the community, 
to reach a level of  quality workmanship for 

the required brief. The skills training would 
be performed in advance of  the proposed 
building program; so that participators are 
prepared at the time that their skills would 
be incorporated. The structure and compli-
cated construction will be done by group 5 
with their own trained workers. The project 
manager would be required to ensure that 
the objectives of  the brief  are adhered to, in 
terms of  set money

Fig 8.2- Flow Chart



84 Fig 8.3- Projected costs table
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Fig 8.4- Income Chart

Fig 8.5- Operational Income Table



86 Fig 8.6- Operational Costs Table
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Implementation into the real world

C o n c e p t u a l  D e v e l o p m e n t

Structure

Chapter 9 

Concept

Biomimicry

Site Model

Site Model Joinery Exploration

Movement Along A Single Axis

Movement With Gear Ratio’s And Leaver Arm

Movement Moving From A Horizontal Plane To A Vertical Plane



88

Concept

The program and function of  my building 
was driven by my site selection. Through 
research of  the functions and attributes 
of  my building program common themes 
began to appear. I was always drawn to 
the human body as a reference point as 
my Centre promotes high performance in 
athletes. 

I zoomed in on the human body and start-
ed to understand and appreciate the body 
at a cellular level. Understanding the forc-
es and architectural make up of  muscles 
which determine force output was fasci-
nating. 

Our bodies are organic but when we look 
with more detail and understand how 
muscles and bones work, we find mechan-
ical systems. Bone density, muscle fiber 
density, joints connections, are just a few 
aspects of  the human body which can be 
explained using quantifiable mechanics. 

We look at prosthetics, a mechanical rep-
resentation of  human body components. 
My exploration with gears gave me a bet-
ter understanding of  the mechanics and 
how they work. 

Through this understanding i came to realize 
I had always viewed the relationship between 
man and machine backwards. 

The human body is the most advanced out 
the two. We are now only using methods like 
biomimicry to advance structural design. 
This is when we imitate nature and apply it 
to creates new materials or methods of  con-
struction and structural designs.

The human body is not just singular compo-
nents but a 200 000 year old reworked bio-
logical machine. All the components in our 
body work together to create perfection. Our 
bones are the skeletal structure and our mus-
cles are the moving parts and our skin is the 
facade of  this machine. 

Fig 9.1- Muscle Structure



89Fig 9.2- Mechanical and Natural

Mechanical ideas from the natural
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Biomimicry 

Biomimicry is the imitation of  systems and 
elements found in nature, and applied for the 
purpose of  solving complex human problems.  
Quick examples being ultra-strong synthet-
ic spider silks,adhesives modeled after gecko 
feet, and wind-turbine blades that mimic 
whale fins.

According to Niewiarowski  a biologist at the 
University of  Akron Biological systems solve 
problems very differently to engineered sys-
tems. Engineered solutions can be crude and 
additive, relying on using more materials or 
energy. The natural world relies on unique 
geometry and material properties. ( Mortice 
2016)

There are Three levels of  biomimicry 
The organism level
Behavior level
Ecosystem level

Biomimicry in Architecture

Organism level

On this level architecture looks to the organ-
ism itself, we then apply its form and/or func-
tion to a building. 

Norman Foster’s Gherkin Tower (2003) has a 
hexagonal skin inspired by the Venus Flower 
Basket Sponge. This sponge sits in an under-
water environment with strong water currents 
and its lattice-like exoskeleton and round 
shape help disperse those stresses on the or-
ganism.(Ehsaan 2010)

Fig 9.33- Gherkin Tower 
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Behavior level

On this level, the building mimics how the or-
ganism interacts with its environment to build 
a structure that can also fit in without resis-
tance in its surrounding environment.

The Eastgate Centre in Harare, Zimbabwe
designed by architect Mick Pearce in conjunc-
tion with engineers at Arup Associates is a 
large office and shopping complex. To min-
imize potential costs of  regulating the build-
ing’s inner temperature Pearce looked to the 
self-cooling mounds of  African termites. The 
building has no air-conditioning or heating 
but regulates its temperature with a passive 
cooling system inspired by the self-cooling 
mounds of  African termites. The structure 
however, does not have to look like a termite 
mound to function like one and instead aes-
thetically draws from indigenous Zimbabwean 
masonry. (Doan, 2012)

Fig 9.34- The Eastgate Centre 
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Ecosystem level

This level involves mimicking of  how the en-
vironments many components work together 
and tends to be on the urban scale or a larger 
project with multiple elements rather than a 
solitary structure. The system will work like a 
flow chart, with each part benefiting from the 
part before it. 

The Cardboard to Caviar Project founded by 
Graham Wiles in Wakefield, UK is a cyclical 
closed-loop system using waste as a nutrient. 
Restaurants are paid for their scrap cardboard, 
it is then shred, and sells it to equestrian centers 
for horse bedding. Then the soiled bedding 
is bought and put into a composting system, 
which produces worms. The worms are fed to 
roe fish, which produce caviar, which is sold 
back to the restaurants. This idea of  waste for 
one as a nutrient for another has the potential 
to be translated to whole cities. (Bradley, n.d.)

Essentially like the circle of  life using biomim-
icry at a ecosystem level can benefit each party 
involved, having only a positive impact. 

In nature there are countless examples as 
nature requires ecosystems and animals and 
plants depend on each other to keep the bal-
ance and continue with life. It is us humans 
who disrupt the ecosystems and cause prob-
lems. 

Cardboard to Caviar Project

Fig 9.35- Cardboard to caviar flow diagram
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BioMASON

BioMASON is a company in North Caroli-
na which aims to reduce carbon emissions in 
masonry manufacturing. They grow bricks in 
a kiln-free greenhouse environment. They are 
creating “biological cement” says CEO Gin-
ger Krieg Dosier.

The process is using bacteria that alters the 
PH balance of  surrounding aggregate materi-
al, this allows calcium carbonate to grow and 
bind the material together with minimal car-
bon emissions. 

The principle was taken from how microor-
ganisms create coral reefs. The cost of  the 
bricks are close to the cost of  normal bricks, 
but much better for the environment.
(Mortice, 2011)

“If  you trap biomimicry in design or engi-
neering as though any one field owns it,” says 

Niewiarowski, “you poison its potential.” 
(Mortice, 2011)

Fig 9.36- BioMason Brick
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Biomimicry in the body

The large image is a magnified image of  a hu-
man themer bone. It shows the bone is not 
solid but a network micro structure with a lat-
tice structure. 

It is comprised in this way to minimize weight 
yet maximize strength. This is also the reasons 
why birds bones are hollow, They need to be 
light as to be able to fly. Taking off  requires 
rapid flapping of  the wings and solid boned 
wings would not allow for a rapid flapping 
motion. Bone strength is lost as it is hollow. 
However the birds wings purpose are to fly 
and are not designed to sustain impact forces. 

Graded Concrete

A patented new concrete structure. This con-
crete was designed through biomimicry from 
the trabeculae and osteon components of  the 
bone. Beam stress is never uniform along the 
beam length yet we still design beams with the 
same profile along its entire length. 

The graded concrete has large cavities where 
low stresses occur and smaller cavities where 
the stresses become greater. This allows for 
concrete slabs to have a dead weight of  50% 
of  a normal slab. It also allows for walls to be 
built from concrete which has thermal regula-
tion properties replacing an addition layer of  
Styrofoam. (Werner Sobek, 2012)

Fig 9.3- Micro-structure

Fig 9.4- Graded Bone



95

Here is a femur bone which we can analyze in a 
structural manner. 

1.	 Cylinder-like thick walls. (Solid bone).
2.	 Trabeculae of  spongy bone. Acts as a sta-

bilizer to the solid bone. This is where 
stresses are less which allows for larger 
openings in the lattice structure. This is 
in regions of  low stress.

3.	 Osteon of  compact bone transfers and 
evenly distributes the loads applied on 
the bone. Hence the geometric pattern 
configuration of  the osteon seen in im-
ages. This is in regions of  high stress. 

12
2

3
3

1

Werner Sobek is a German architect and 
structural engineer who specializes in light-
weight structural design. He is at the fore-
front of  using biomimicry in architecture 
and has achieved architectural feats though 
his in innovative way of  thinking. 

Like Sobek I too am using the bone struc-
ture and characteristics to inform and shape 
my design of  my high performance centre. 

Fig 9.7- Bone Detail

Fig 9.6- Themer boneFig 9.5- Themer bone



96

S i t e  M o d e l 

Due to the nature of  my thesis my site con-
text i required to show was very large with 
my model being 1450mm x 780mm. This 
size model would be unpractical to have as 
one piece and nearly impossible to transport. 
The model would therefore be split into two. 
The model will be constructed using MDF 
board. If  I just caked the layers of  the MDF, 
the model would become extremely heavy 
(+- 160kg) as well as very costly in material. 
My site model would therefore be made hol-
low making the model about 75% lighter and 
cheaper to build.

Fig 9.9- Layers
Showing the contour steps

Fig9.10- Edge Joint Detail.
Straight edge joint along sides to ensure a 

good joint.

Fig 9.8- Physical Site Model 
Area



97

Fig 9.15- Same height joint
Where two pieces of  a model meet and 

there is no contour overlap, a building could 
act as a pin between the two contours as 

shown in prototype C

Fig 9.13- Overlap Zone
An overlap of  2cm to allow for a strong 

joint and save material

Fig 9.14- Layer Labeling
Label layers prior to lazercut to allow for 

quick assembly

Fig9.11- Physical Site Model 
Area showing join line

Fig9.12- Physical Site Model in 
progress
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S i t e  M o d e l  J o i n e r y  E x p l o r a t i o n

Fig 9.16- Prototype A

Rectangle base and sides

Fig 9.17- Prototype B

Rectangle base and slanted sides

Fig 9.18- Prototype C

Wave base and slant side
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I designed a series of  small scale prototypes of  how my site would join together. Focusing 
on the type of  join as well as the stepped layering of  the contours

Types of  joints

Testing different types of  joints for my 
model to fit together easily and successfully. 

Cons

Difficult to line up both base and sides to 
side in. On a large model will be very chal-
lenging

Cons

Base still needs to be lined up exactly to 
slide in.

Pros

Base now slides easily as rounded triangle 
pointers guide into each other

Fig 9.19- Types of  Joints
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R a c k  A n d  P i n i o n

Rack and pinion

Converts rotational motion into linear mo-
tion. 
This mechanical movement has been used 
in the bio-medical industry in human bodies 
and prosthetics. It allows for bending and 
straighting as depicted (Shin, 2009).

Fig 9.21- Mykin model and changes in limb position

Fig 9.20- Rack and pinion
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Lazercut moving model of  exploration 

Fig 9.22- Lazercut moving model of  exploration
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A form of  this mechanical movement was 
adapted by scientists to aid people in walk-
ing. The inventors of  the “exoskeleton” 
device said that it boosts the performance 
of  the calf  muscles and the Achilles ten-
don by absorbing small amounts of  energy 
when the foot hits the ground, releasing it 
again when the foot is lifted through the air. 
I explored this motion of  movement and 
combined it with the general principles of  
gears.

Fig 9.23- Gears and leavers

Fig 9.25- ExoskeletonFig 9.24- Exoskeleton

Movement With Gear Ratio’s And Leaver Arm



103

Lazercut moving model of  exploration 

Fig 9.26- Lazercut moving model of  exploration
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M o v e m e n t  M o v i n g  F r o m  A  H o r i z o n t a l  P l a n e  To  A  Ve r t i c a l  P l a n e

After the explorations shown previously I 
wanted to investigate forces in two dimen-
sions. I wanted to not work in a flat plane 
but change the axis of  the movement from 
a horizontal to vertical force. I found that 
this system is how most gear boxes in motor 
vehicles work. 

There are two main systems, a bevel gear 
and a worm gear. 

Through this exploration I acquired a better 
knowledge of  forces and how to manipulate 
the direction of  force.. I shall apply these 
principles moving forward in my design 
development chapter.

Fig 9.30- Worm drive detail Fig 9.31- Worm drive

Fig 9.29- Spiral bevel gearboxFig 9.28- Straight bevel gearboxFig 9.27- Movement plane shift
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Lazercut moving model of  exploration 

Fig 9.32- Lazercut moving model of  exploration
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Design Process
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Initial Concept Model

Fig 10.1- Initial concept model
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Programmatic Planing

When it came to start the design process I 
had a basic understanding of  the program 
of  my building. I had analysied my site and 
understood the how I wanted to approach it.

I wanted to keep the north/south and east/
west movement flows. The man foyer and 
circulation space will happen where these 
routes meet. All the other spaces would hap-
pen off  these main routes like multiple off-
ramps on a highway.

The analogy behind this was to link all four 
existing buildings to mine. Those buildings 
being the NMCH, Wits sports clinic, Sydney 
Brenner Institute and an entry from within 
Wits main campus.  The idea was to have the 
building site within the site design around the 
two main movement patterns.
Plan Of  Attack

Keeping the two movement routes as main 
attributes to design, I began my design with a 
programmatic layout design. 

I had listed the program and sizes of  each 
space and represented it spatially on the site. 

Successes

The success I achieved through this exer-
cise was the understanding of  th scale of  my 
building.

Lessons

Although a programmatic plan can be help-
ful, it became a controlling factor within my 
design. I found myself  conforming to very 
rigid box spaces. I found that the two access 
routes was also not enough of  a concept to 
inform a comprehensive design. 

Key
Public
Semi Private 
Private

Fig 10.2- Main movement Fig 10.3- Ground floor plan 1:1000
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Fig 10.4- First floor plan 1:1000 Fig 10.5- Second floor plan 1:1000 Fig 10.6- Third floor plan 1:1000

Fig 10.8- 3d sketchFig 10.7- 3d sketch
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Beginnings Of  A Form

Stepping back from the bounds that pro-
grammatic design gave me, I continued to 
work and explore form. The access routes 
were still an intricate part of  my design pro-
cess. Continuing with the transitional space I 
spoke about in chapter one, I began to imple-
ment these aspects into my design. 

The access paths still ran across the site how-
ever the path was no longer restricted to in 
or out of  the building. The routes would me-
ander through the site transitioning through 
nodes spaces. The goal was to design build-
ing and landscape simultaneously. 

My ideas for design were beginning to be-
come more informed by the research topics 
I was investigating, In these designs I was in-
fluenced by transitional and linkage spaces, 
which I researched in chapter one. 

Fig 10.10- SketchFig 10.9- Sketch



111Fig 10.12- SketchFig 10.11- Sketch



112

Review 2
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Fig 10.13- Site plan 1:21700 Fig 10.14- 3d sketch

Fig 10.15- Section 1:200
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Review 2 

The concept of review 2 was based on thresholds 
and linking spaces. The overall form was inspired 
by the figure 8 movement pattern of force be-
tween two interlocking gears. This Form was un-
successful as it did not fit well in the site. I also felt 

that I was not evolved with the project enough. 
Most of my research was about the human body. 
How it works and its bio-mechanical make up. I 
moved away from this form and continued to re-
search the human body in relation to my thesis. Fig 10.16- Gear diagram

Fig 10.18- First floor plan 1:1250Fig 10.17- Ground floor plan 1:1250
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Fig 10.21- Section 1:600

Fig 10.22- Underground plan 1:1250

Fig 10.23- Concept modelFig 10.20- Third floor plan 1:1250Fig 10.19- Second floor plan 1:1250
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Provisional Design

My current concept is not a new idea. It still 
incorporates all that has come before it. I am 
still aware of  the original movement paths I 
focused on in the early stages of  my design. 

I am aware of  connection spaces and have 
designed my building essentially in three cat-
egories. One, a research facility; Two, a sports 
assessment centre; Three, a public interactive 
building. All these components feed off  each 
other in the design, however they do not in-
terfere with each other. 

The long form of  the building was molded 
by the site. I felt the rectangle site should be 

complimented or strongly challenged. I felt 
with my ideas of  movement through the site 
it would be best to work with it. 

The initial planning of  the building was done 
so the public could move through the build-
ing and observe the high performance ath-
letes assessments. The public would observe 
the athletes assessments but would not be 
able to engage and disturb them. This idea 
was from my investigation of  thresholds and 
in what manner to deal with them. More at-
tributes of  the human body have been incor-
porated into my building and is a constant 
theme.

Fig 10.25-Section 1:800

Fig 10.26- Section 1:800

Fig 10.24- footprint
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Fig 10.27- West elevation 1:800 Fig 10.28- South Elevation 1:800

Fig 10.30- North elevation 1:800Fig 10.29- East elevation 1:800

Fig 10.31- 3d sketch
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Facades

Through my exploration of  gears and their 
mechanics I thought of  a facade system I 
could implement to deal with the east west 
orientation of  my building. I invented my 
own moving facade shading system for the 
east west sun. 

The system is symbolic of  a human rib cage 
and acts as a protector to the inner organs of  
the building. 

The gears rotate causing the rods to move 
back and fourth. The facade will come alive 
and be symbolic of  the activity within the 
building causing the ribs to expand and con-
tract, as if  the building were breathing. 

Fig 10.32- Facade detail Fig 10.33- Facade detail

Fig 10.36- Facade detailFig 10.35- Facade detailFig 10.34- Skeleton sketch
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A system for the north facade which also has 
its own inventive use of  gears. The facade is 
designed to open and close depending when 
the labs require no natural light. The idea 
stems from the teeth like connections i ex-
plored creating my site model.

This facade system was abandoned as it was 
adding too much detail to an already busy 
building. The north facade was also passages 
leading into the labs as some lab rooms had a 
requirement of  no sunlight. 

Fig 10.38- Facade detail

Fig 10.39- Facade detailFig 10.37- Facade detail
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Site Plan

Fig 10.40- Context plan 1:4000



121Fig 10.41- Site plan 1:1000
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Plans

The pathways moving though the site are rig-
id in form. Possibly a more natural pathway 
flow would be better suited to the project. 

Fig 10.42- Footpath sketch 1:2650 Fig 10.43- Ground floor plan 1:650 Fig 10.44- First floor plan 1:650



123Fig 10.45- Second floor plan 1:650 Fig 10.46- Third floor plan 1:650 Fig 10.47- Fourth floor plan 1:650
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Elevations

Fig 10.48- East elevation 1:600
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Fig 10.49- North elevation 1:600

Fig 10.50- West elevation 1: 350
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Sections
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Fig 10.51- Section B-B 1:500

Fig 10.52- Section A-A 1:350
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Perspective



129Fig 10.53- South west perspective
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Moving Forward

East west facade system

The facade system is great as a concept, 
however it is still lacking refinement and a 
connection to the building. The gears on the 
roof  are not visible to people on the ground. 
The facade does not engage with the building 
and its spaces. My solution is to move some 
of  the gears to be within the building. The 
internal spaces will then engage with the sys-
tems and a greater sense of  movement will 
also occur. The high performance centre cel-
ebrates movement, bringing moving compo-
nents into the building will help connect the 

facade to the building and concept. 

Planing

Although the basic planning works, the spac-
es created are not dynamic and need more 
designing. The spaces should evoke move-
ment and also express my concepts. 

The auditorium for example is a visible space. 
It has not been designed yet to feel like an au-
ditorium and be a successful space.

Fig 10.54- Overhead perspective



131Fig 10.55- Louver perspective
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133Fig 11.1- Site Plan 1:4000
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134 Fig 11.2- Ground floor plan 1:750

The surroundings on the site was a play on 
structured and natural with the west side 
paths being obstructed and the east being 
natural and free. 

Although the building is one building. It is 
essentially divided into three wings which 
naturally cross into each other as you move 
through the building. The North end being 
office and research labs. The central space 
being mostly your public areas and the south 
side of  the building mostly for the assess-
ments of  athletes. 

These different parts of  the building almost 
become merged as my intension was to 
allow the public to view the athletes being 
tested but not interfere, thus privacy and 
professionalism are still achieved. 

The gear system which sat on the roof  is 
now incorporated into the gallery and pool 
area creating actual movement in the build-
ing. 

NMCH

WSC

Jubilee street



135Fig 11.3- First floor plan 1:750 Fig 11.4- Second floor plan 1:750



136 Fig 11.5-Third floor plan 1:750 Fig 11.6- Fourth floor plan 1:750



137Fig 11.7- Section C-C 1:500

Fig 10.62- Section A-A 1:600



138 Fig 11.9- Section D-D 1:250

Fig 11.8- Section B-B 1:500
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Fig 11.10- North elevation 1:500

Fig 11.12- South elevation 1:500
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Fig 11.13- Stepped east elevation 1:650

Fig 11.14- West elevation 1:650



141Fig 11.15- North perspective



142 Fig 11.16- Bridge perspective



143Fig 11.17- Gallery perspective



144 Fig 11.18- Lab perspective



145Fig 11.19- South perspective



146 Fig 11.20- Model perspective



147Fig 11.21- Model perspective



148 Fig 11.23- Gear detailFig 11.22- Louver perspective

Facade detail

The facade system worked through a 
system of  gears with cabling connect-
ed to the louvers on the outside of  
the building. All the gears are con-
nected and as they turn the louvers 
would unroll and roll back up contin-
uously. The visual effect was similar 
to that of  a caterpillars legs while it 
walked forward. 

The louvers would roll out in a similar 
fashion to that of  a roller blind, with 
the roll being hidden in the exterior 
part of  the frame. The system was 
on the west and east of  the build-

ing around the gallery and pool area. As a 
shading device it was not successful as the 
constant moving would allow light into the 
spaces. Also over time the actual mechanics 
and because it is a moving system can cause 
maintenance issues. 

If  the project were to be taken further 
alternate solutions should be looked at as a 
shading device or system. 



149Fig 11.24- Louver system section
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Conclusion

Upon completion of  the project I was able 
to look at the project as a whole and identify 
its strengths and weaknesses. 

If  this project were to be worked on again 
there are some areas that I would really 
rework and address. 

The overall feel of  the building was sur-
rounded by movement. Incorporated by the 
moving gears as well as the activities viewed 
in the building. 

The way how the public could move 
through the building and see the athletes 
without invading or interrupting them was 
successful . The large physical moving as-
pects such as the gears however were not. 

The gears were very heavy on the architec-
ture of  the building and although expressed 
movement it was slow and medieval like 
architecture. 

The building is a new High Performance 
Sports Academic Research Centre, Its 
appearance should compliment that. The 
physical design of  the building should have 
been pushed more to extreme advances in 
technology, using cutting edge technologies 
and systems. 

Within my project I looked at biomimic-
ry, and biomimicry in architecture. I only 
barely dipped into it however. As part of  
my amendments of  my thesis, I went back 
and researched more on biomimicry in 
architecture. Post research I see there was a 
much greater opportunity in incorporating 
bio mimicry into my project rather than the 
Victorian gear system. 

Biomimicry is cutting edge and as it is based 
on nature it can easily compliment move-
ment within the structure. 

It would have also been a great and strong 
connection between the natural world and 
technology with was a constant comparison 
throughout my thesis. 
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