
Introduction

In this chapter, the intentions for technology in design are expressed. 
A material pallet, summary of the proposed structure along with four 
main structural languages shape the technical resolution of the design 
that was discussed in chapter 2. Various precedent studies further 
enforce the resolution of technology-related decisions. Lastly, the role 
of sustainability in sports architecture is discussed along with its 
impact on technical design decisions.

In the research proposal of this mini-dissertation, the connection 
between sport and architecture was made evident by comparing 
both to a form of spatial organisation and expression (Cleary, 
2017). The commonalities exist in that both sport and 
architecture generally have a frame - be it formal or informal, 
permanent or temporary - and within this frame, a performance 
by or experience of the user. The merging of the frame and the 
performance it accommodates is what transforms generic space 
into ‘place’ (Cleary, 2017). Noting that the frame impacts the 
performance (hence, architecture can impact the athletic 
performance of an athlete), it is vital that this frame needs to be 
clearly defined. Generally, the frame in sport exists as the field 
of play itself: the boundaries of the soccer pitch, the painted line 
on a tennis court or the carefully demarcated lane-lines of a 
swimming pool. In architecture, this frame can be extended past 
merely the field of play, encompassing the surrounding and 
supporting spaces that house and accommodate this field of 
play and the athletes within it as well. This architectural frame 
becomes defined through its structure, materiality, form and 
technological functionality. Ideally, these aspects should work 
together in harmony to create pleasant and, ultimately, athletic 
performance enhancing experiences for the athletes and other 
users. 

Part 3: Synthesis

Figure 114: The current TuksAquatics Complex (Slechter, 2021) 1
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Intentions for technology in design
The second portion of the original research question states: “How can the design of sports architecture be improved to benefit and enhance the performance of 
the professional athletes it serves?” Relating this to the architectural issue of functionality being favoured over experience in sports design, it becomes clear 
that the frame of sports architecture cannot be a generic formal, structural, material or technological solution. Instead sports venue designers must merge 
technological thinking with experiential design intentions to ensure that the athletic performance enhancing potential of sports architecture is maximised. 

In order to achieve this, the design is divided into four main design languages that guide the technological, formal and structural resolution of the larger sports 
venue. These four languages are based on previously discussed principles of environmental psychology in design that enhances the experience and 
performance of the user (figure 115). 

Figure 115: Scale of structural languages in terms of previous psychological findings Author, 2021) 2
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Figure 116: Low structural density on campus (Adapted from GoogleEarth, 2021)

The materiality of each language is based on a response to the 
features of the existing building and the larger sports campus. The 
buildings on campus employ varying methods of construction, 
materiality, architectural style and form. However, an overarching 
theme exists in the high natural value and low structural intensity 
of the Hillcrest campus (figure 116). Landscape and nature are 
given preference over built structure - a theme that has been 
explored in the earliest stages of the design and that contributes to 
psychologically supporting environments for athletes. 

The roof form acts as an extension of the existing landscape at the 
east of the site (figure 117). Man-made structures and functions 
are housed beneath the raised earth and roof. Hence, the 
materiality of the roof and the structures beneath and beside it 
differ. The roof of the arena, as a new element that belongs to the 
landscape, is constructed with natural materials such as timber 
(treated plywood that is locally sourced). Along with slanting green 
roofs and translucent polycarbonate, the roof mimics the light, airy 
and tranquil vegetation of the rest of the campus. Polycarbonate is 
used due to its high insulative properties that prevent 
condensation in the roof interior of often-humid spaces like indoor 
swimming pool facilities. Furthermore, the translucent light 
transmission allows natural daylighting without allowing too much 
heat gain in the interior of the arena. Green roofs also allow 
natural insulative properties, creating more comfortable indoor 
environments at the offices and consultation rooms. 

On the other hand, the man-made structures below and beside the 
roof are constructed of typically man-made materials, related to 
the materials chosen for the existing building (old squash courts) 
and spectator stands. This includes: exposed reinforced concrete 
as a dominant structural material as well as yellow facebrick as a 
dominant infill (and sometimes structural) material. Facebrick is 
favoured over plastering and painting walls to relate back to the 
existing building as well as to reduce the maintenance that will be 
needed on the building in the future.
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Figure 117: Materiality concept (Author, 2021) 4
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Four Languages for technology in design 

Language 1: Enclosure & extending the ground plane

Sensitive spaces in the facility, such as sports psychology and 
nutritionist offices and injury rehabilitation spaces are enclosed beneath 
the roof, creating a private and secure environment for athletes. The 
roof, acting as an extension of the landscape, encases the athletes in 
nature. The structural make-up of these spaces enhances the theme by 
using concrete as the dominant material. Structure, infill and even 
furniture are merged into a single concrete mass, giving the impression 
of protective  spaces that are carved out of the landscape and enclosed 
within it. These spaces, being completely separate from the existing 
buildings on the opposite side of the swimming pool, take on a new 
design and structural language. This even translates to the treatment of 
the concrete at this portion of the site, where concrete formwork marks 
are left exposed, to give the impression of natural, unfinished carvings 
in the earth. The new language of spatial organization can be seen on 
the plan (figure 121).

As this portion of the arena is enclosed and tightly fitted beneath the 
landscape (and its extension into the roof), the connection between the 
roof structure and the concrete masses below become an important 
element to resolve. The intention is that the roof and landscape join 
seamlessly with one another so as to create a continuous landscape 
that stretches up and over the arena, blending the arena in with its 
surroundings (Seen in the iterations of figures 120-128). 

Figure 119: Supporting site diagram to show locality (Author, 2021)

Figure 118: Language 1: Enclosure (Author, 2021)

Figure 120: A seamless extension of the landscape (Author, 2021) 5
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Figure 121: Callout of area on ground floor plan where language 1 was expressed (Author, 2021) 6
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Figure 122: Callout of area on section where language 1 was expressed (Author, 2021) 7
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Figure 123: Iterations attempting to create a seamless connection between roof and landscape (Author, 2021) 8
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Figure 124: Iteration of the roof structure to determine how the roof and landscape will merge (Author, 2021) 9
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Figure 125: Iteration of the roof structure to determine how the roof and landscape will merge (Author, 2021) 10
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Figure 126: DETAIL A1 (Author, 2021) 11
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Figure 127: DETAIL A2 (Author, 2021) 12
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Figure 128: Cross section through triangular roof truss (Author, 2021) 13
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Four Languages for technology in design (continued...)

Language 2: Enhancing the existing / functional
Functionality was largely favoured in the design of the existing building 
beneath the spectator seating. This was proven in the site analysis, 
showing long and narrow hallways, hidden entrances, no visibility to the 
field of play and no interaction between the interior and exterior spaces. 
The existing structural language exists as a concrete structure that 
supports the spectator seating above, with full-height yellow facebrick 
infill and partition walls that close off the internal spaces. In the 
proposed new language, the concrete structure remains intact as the 
medium for the infill, but the yellow facebrick infill is altered and 
redesigned to enhance the experience in the once solely functional 
spaces. Extensions to the concrete structure are smoothed out to relate 
the new additions back to the existing building and structure. 

In contrast to the first language where structure and infill were merged, 
language 2 clearly distinguishes the structure from the infill to tie in with 
the existing. In this sense, the construction becomes more elemental 
and less mass-driven - each element with an intentional purpose of 
enhancing the experience of the user and athlete beyond merely 
satisfying the program. The infill is disintegrated at certain parts where 
the solid, impermeable facebrick wall is replaced by a yellow facebrick 
brise soleil partition. This partition enhances visibility to the field of play 
while allowing some privacy to interior spaces. Furthermore, it helps to 
allow natural ventilation through the openings in the wall.

(Seen in the iterations of figures 132-136).

In the detail (figure 135-136), the existing solid, impermeable edge 
condition of the building is transformed into a layered threshold. The line 
between inside and outside is blurred (figure 131) allowing nature to be 
drawn in partially into the interior spaces and past the traditional solid 
wall. This allows athletes to benefit from the psychologically supportive 
properties of nature through an enhanced experience of the space. 
Furthermore, openable window sections surrounded by the brise soleil 
wall allow a lot of ventilation through these internal spaces without 
compromising on privacy or security.

Figure 130: Supporting site diagram to show locality (Author, 2021)

Figure 129: Language 2 (Author, 2021)

Figure 131: A layered threshold (Author, 2021)
14
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Figure 132: Callout of area on ground floor plan where language 2 was expressed (Author, 2021) 15
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Figure 133: Callout of area on section where language 2 was expressed (Author, 2021) 16
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Figure 134: Iterations attempting to blur the threshold to create experientially enhanced functional spaces (Author, 2021) 17
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Figure 135: DETAIL B1 (Author, 2021) 18
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Figure 136: DETAIL B2 (Author, 2021) 19

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



Four Languages for technology in design (continued...)

Language 3: Enhancing accessibility by removing the infill

As discussed earlier, athletes’ support structures - family, friends, 
coaches and fans - are vital to their success and performance. The site 
analysis showed the existing squash court building to be a solid, 
inaccessible mass. By removing the facebrick infill almost entirely and 
replacing it with openable glazing, the visual and, though controlled, 
physical access of the space is drastically enhanced (figure 137). 
Broken facebrick fragments from the demolished wall can be 
repurposed to fill gabion structures where the gradually sloping 
landscape needs to be terraced across the site. Furthermore, concrete, 
smoothed out and rid of its formwork marks, remains as the primary 
structure, but is now left exposed, isolated and almost entirely stripped 
of its infill, appearing fully accessible to the public. The smooth concrete 
is unadorned with the internal spaces being activated by the movement, 
activity and experience of the users: athletes and their support figures. 

Due to the orientation of the existing building, protection is needed to 
shield the glazed facade from the western sun. Vertical treated plywood 
louvres supported by a steel framework that encases trees for additional 
shading softens the facade. The high building gradually steps down to 
the human-scale as one enters the building, as seen in the section 
(figure 140). 

Figure 138: Supporting site plan to show locality (Author, 2021)

Figure 137: Language 3 (Author, 2021)
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Figure 139: Callout of area on ground floor plan where language 3 was expressed: An enhanced accessibility (Author, 2021) 21
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Figure 140: Callout of area on section where language 3 was expressed: Section through the food hall showing the stepped facade and shading (Author, 2021) 22
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Four Languages for technology in design (continued...)

Language 4: Simulative environments

Language 4 is primarily used in the design and construction of the race 
visualisation pods that athletes use before and after their races. 
Athletes can use these private and intimate outdoor spaces to practice 
their sports psychology routines prior to or after a race. These new 
additions to the facility exist completely detached from the existing 
building, taking on their own new design and structural language. 
Progressing from language 3 where the brick infill was stripped away, 
language 4 uses nature and landscape as the infill to enhance the 
experience of the athlete in these spaces. 

The concrete structure exists as secondary, keeping nature at the 
forefront of the design to tie the structures in with the low structural 
intensity of the surrounding campus. Prioritising nature as an infill also 
allows for the creation of a psychologically supportive environment for 
the athletes where they can benefit from the calming properties of 
nature. The concrete structure of the floor, wall and roof are now 
separated by steel supports, submitting to the desired openings, 
outward looking views and nature (figures 145-149). The seemingly 
floating concrete structures give the impression of a minimally invasive 
intervention. 

Furthermore, the formwork used for the reinforced concrete partition 
walls is corrugated iron sheeting. This gives a rippled effect that mimics 
the movement of water. Through texture and form-making, athletes are 
immersed in a simulative environment that can psychologically aid in 
their race-imagery exercises before a race (figures 145-149). 

Figure 142: Supporting site plan to show locality (Author, 2021)

Figure 141: Language 3 (Author, 2021)

Figure 143: Separated structure and natural infill (Author, 2021) 23
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Figure 144: Callout of area on ground floor plan where language 4 was expressed: The race-visualisation pods (Author, 2021) 24
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Figure 145: Callout of area on section where language 4 was expressed (Author, 2021) 25
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Figure 146: Iterations of detail C (Author, 2021) 26
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Figure 147: Iterations of detail C (Author, 2021) 27
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Figure 148: DETAIL C1 (Author, 2021) 28
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Figure 149: DETAIL C2 (Author, 2021) 29
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Technological precedents

In terms of the roof, as a major element in the design, the span, along with the 
desired retractability needed to open the venue during the warmer months and 
close it during cooler months and competitions, created various technical 
challenges. Precedents were used to inform the chosen solutions: 

Kengo Kuma

Due to the desired use of timber as a construction material for the roof (“the roof as 
an extension of the ground plane”), issues of span and material efficiency arose. 
Kengo Kuma does a lot of work using timber construction, however, for larger 
buildings, he resorts to hybrid structural systems where timer and steel are used in 
conjunction with one another. This creates an efficient solution where steel as the 
primary structure allows for the desired large spans, and timber as the secondary 
structure improves the general energy efficiency as well as the aesthetic of the roof. 
Kuma can be seen using these strategies in projects like those seen below (figures 
150-153): 

Figure 150: Exhibition Center of Strasbourg, Kuma and Associates, 2018 
(arquitecturaviva, 2021)

Figure 151: Exhibition Center of Strasbourg, Kuma and Associates, 2018 
(arquitecturaviva, 2021)
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Figure 152: Japan National Olympic Stadium, Kuma, 2016-2019 
(Lynch, 2016)

Figure 153: Japan National Olympic Stadium, Kuma, 
2016-2019 (Lynch, 2016) 31
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Technological precedents (continued…)

Wimbledon Centre Court, Populous Architects, 2015

Retractable roofs have become common features in architecture. However, at larger spans like those needed to house sporting facilities, they become more 
challenging. The Wimbledon centre court employs a retractable roof that operates similar to a stacking door or concertina. The roofing material (translucent 
Tenara fabric), held by large steel trusses, stacks away to open up the space above the tennis court (McManus et. al, 2021). However, in order to reduce the 
amount of structure that is needed to achieve this, the retractable roof in my scheme is broken into segments; each segment running on its own set of tracks, 
which is fixed to the steel trusses that run across the swimming pool. This breaks up the heavy weight of the retractable members, requiring less structure and 
creating a better aesthetic.

Figure 154: Open view of the Wimbledon Centre Court (McManus et. al, 2021) Figure 155: Closed view of the Wimbledon Centre Court 
(McManus et. al, 2021) 32
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The need for sustainability 

Relating to the first portion of the original research question of identifying how 
current sports architecture is failing the athletes who use it, the maintainability 
of sports venues proves to be a key factor. Bad design and difficult 
maintenance on a building detract from its sustainability, making it impossible 
for the sports venue to serve future generations of athletes. Waterproofing 
issues along with damp internal spaces with restricted ventilation prove to be 
large contributing factors to dilapidating swimming pool facilities, as seen in 
the images below (figure 156). However, moving beyond mere maintenance, 
international sporting organisations like the International Olympic Committee 
(IOC) insist that its sporting venues are designed with strict environmental 
sensitivity in mind (Sheard: 2001, 60-67) (figure 157). 

Figure 156: Waterproofing issues in the existing building (Author, 2021)

Issues that are promoted by the IOC include: environmentally friendly 
construction materials such as locally sourced bricks with low embodied 
energy, efficient energy usage and waste management, minimising 
building maintenance and designing contextually sensitive buildings that 
are responsibly inserted into existing urban structures with the aim of 
improving and uplifting these structures (Twardowski: 2018, 54). 

Sustainable design strongly promotes self-sustaining architectural 
principles. These include energy generation or saving measures and 
water harvesting (Twardowski: 2018, p.67). Self-sustaining buildings could 
be a potential solution to the lack of sporting facilities in South Africa - as 
can be seen in competitive swimming where existing facilities quickly 
become run-down and uninhabitable due to improper management and 
neglected maintenance (Imray: 2012). 
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Figure 157: Articles by the IOC regarding sustainability (Adapted from IOC, 2021) 34
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Rainwater harvesting

Making use of the extremely large surface area of the swimming arena’s roof, rainwater is harvested. Rainwater collected from the roof surface, along with 
stormwater from the adjacent parking lot and pavements surrounding the facility are carried by stormwater channels down the natural slope of the land and 
towards the natural filtration channels. The filtration channel acts as a detention pond for both rainwater and filtered water from the neighbouring Uitspan dam. 
A pump is used to transport collected water to the ablutions and showers used by the athletes and public. This mitigates the running costs of the facility for the 
University. Furthermore, the water from the dam is filtered through a two-stage natural filtration process. This filtered water is used to fill up both the open 
water training channel as well as the 25m public recreational swimming pool, further minimizing maintenance costs for the university (figures 158-163). 

Figure 158: Water harvesting strategy and rainwater movement on site 
(Author, 2021) 35
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Figure 159: Calculating rainwater yield (Author, 2021) 36
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Figure 160: Rainwater storage and usage (Author, 2021) 37
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Figure 161: Water demand calculations (Author, 2021)
38
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Figure 162: Water budget calculations (Author, 2021) 39
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Figure 163: Water filtration and usage
(Author, 2021)
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Geothermal heating and cooling

Keeping indoor temperatures at a comfortable level is an 
important factor when considering athletic performance 
enhancement. Too cold or overly warm environments can 
detract from athletic performance (figure.164).

An asset of the campus is its large amount of natural open 
space (figure 165). This open space can be utilised for 
geothermal heating and cooling strategies. Due to the 
significant heat build-up by large groups of spectators during 
sporting events, paired with the humidity of indoor swimming 
pool facilities, low energy heating and cooling strategies 
becomes a key feature of the technological resolution of the 
design.

Figure 164: The effects of poorly heated or cooled spaces for 
athletes (Author, 2021)

Figure 165: The large amount of natural open space on the UP sports campus (Caldecott, 2019)
41
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Geothermal heating and cooling (continued…)

In the summer, warm air is sucked in by the inlet turbine, where it travels through pipes that coil 2m beneath the natural ground level. The consistent cool 
temperature of the soil cools the air in the pipes. This cooled air is released into the building at ground level. As this cooled air becomes warmer it rises until, 
along with heat generated by large crowds in the spectator stands, it is able to escape through the outlet turbine at the highest point of the building (figure 166).

Figure 166: Cooling strategy during the summer months (Author, 2021) 42
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Geothermal heating and cooling (continued…)

In the winter time, cool outside air is sucked in through the inlet 
turbine, this time heated by the warmer temperatures of the 
soil. The warmed air is released into the arena where it rises 
and is sucked into the ventilation pipes that are stored within 
the roof trusses. A stop valve prevents the warm air from 
escaping the building, as desired, allowing it to be recirculated 
to keep the interior at a more comfortable temperature (figure 
167). The turbines and stop valves are to be controlled 
electronically. 

Due to the strict guidelines for water temperatures by aquatic 
sporting authorities, where water needs to remain at a constant 
temperature, solar heating strategies that fluctuate during 
overcast or rainy days would not prove effective. Instead, the 
existing electrical heating system is maintained. However, due 
to the swimming pool now being housed indoors, the heat loss 
that is experienced during colder months becomes significantly 
less, reducing the load required to keep the pool at the 
required temperature. 

Figure 167: Heating strategy during the winter months (Author, 2021)

Conclusion
The technical resolution of the design remains highly important 
to the outcome of the final product and its performance 
enhancing impact on the athlete. If the technical resolution 
remains generic and standard, sports venue designers run the 
risk of compromising on the experiential quality of a space. 
Spaces that are too generic and standardised become purely 
functional. However, by detailing the construction in unique 
ways and over a scale of interventions as seen in four the 
structural languages that were discussed above, the design 
intervention is granted a richness of changing experiences that 
could contribute to an athlete's performance. These 
experiences, along with sustainable design features such as 
water harvesting and filtration systems and energy-saving 
geothermal heating and cooling strategies, allow the sports 
facility to better serve the athletes who use it at present and for 
years to come. 
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The final product

The following pages contain the final product of the design with its technological integration 
(figures 168-195). The following images take the format of the final exam poster layout.
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45Figure 168: Title page (Author, 2021)
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46Figure :169: Theory (Author, 2021)
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47Figure 170: SIte information (Author, 2021)
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48Figure 171: Site information and Architectural issue (Author, 2021)

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



49Figure 172: Design development (Author, 2021)

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



50Figure 173: Design development (Author, 2021)
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51Figure 174: Analysis of the existing (Author, 2021)
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52Figure 175: Analysing the existing (Author, 2021)
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53Figure 176: Precedents (Author, 2021)
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54Figure 177: Site plan (Author, 2021)
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55Figure 178: Basement floor plan (Author, 2021)
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56Figure 179: Ground floor plan (Author, 2021)
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57Figure 180: First floor plan (Author, 2021)
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58Figure 181: Section A-A (Author, 2021)
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59Figure 182: Section A-A continued (Author, 2021)
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60Figure 183: Section A-A continued (Author, 2021)
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61Figure 184: Section B-B and C-C (Author, 2021)
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62Figure 185: Elevations (Author, 2021)
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63Figure 186: Technology in design (Author, 2021)
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64Figure 187: Structure and Greenstar rating (Author, 2021)
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65Figure 188: Detail A (Author, 2021)
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66Figure 189: Detail A continued (Author, 2021)
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67Figure 190: Detail B (Author, 2021)
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68Figure 191: Detail C (Author, 2021)
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69Figure 192: Geothermal heating and cooling systems (Author, 2021)
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70Figure 193: Water harvesting systems (Author, 2021)
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71Figure 194: Water calculations (Author, 2021)
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72Figure 195: Aerial views and 3D visualisation (Author, 2021)
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