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Technical investigation
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          This chapter explores the technical 
investigation conducted for the dissertation. 
Various technical aspects have been illus-
trated, so that the reader can better visualise 
these technical aspects in relation to the 
spatial design of the project. Calculations 
into member and component sizes have 
also been included. Precedents which have 
aided in the technical decision making proc-
ess have also been included in this chapter, 
These precedents have been chosen and 
investigated due to their similarities to this 
project and have been reinterpreted for the 
purpose of this dissertation.  
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Tectonic development
          In order for the technical aspects of the project to appropriately strengthen the design, the tectonic development was informed by and based upon 
the theoretical argument. As the experience of space forms the basis of the theoretical argument and design decisions, this also informed and the guided 
the technical and tectonic choices. All experiences are to occur on a human scale, so that users can be made aware of the massing, spatiality, materiality 
and light quality within the building, and subsequently all decisions about material choices and construction systems not only had to satisfy the theoretical 
argument but had to relate to more practical constraints such as cost, thermal and acoustic properties and methods and ease of construction.    

   The process of the formulation of an appropriate and legible structural grid is shown in these sketches. Due to the large parking requirements of a build-
ing of this nature, the project includes a large super-basement on two levels, the structural grid of which was calculated according to the requirements for 
vehicular parking. This structural spacing will project vertically, forming the principal guiding structural layout for the building above.

FIG 7.1_Development to central activity spine FIG 7.2_Initial basement structural grid layout

FIG 7.3_Development of section through principal performance space



The structure
         The main body of the building’s structure is 
comprised primarily of a reinforced concrete struc-
ture consisting of reinforced concrete fl oor slabs 
atop reinforced concrete columns and positioned 
according to a regular grid which was generated in 
response to the basement parking requirements. 

   External facades will either be treated with 
off-shutter concrete, glazed curtain walls, copper 
cladding, media screens, masonry face bricks or 
masonry clay stock bricks with a plastered fi nish. 
Internal walls will largely be constructed from ma-
sonry clay stock bricks with a plastered fi nish. 

   Two types of roofi ng systems have been used 
in the design of this cultural centre for the visual 
and performing arts, including low sloping rein-
forced concrete roofs and steel roofi ng systems. 
Low sloping reinforced concrete roofs will be used 
throughout the structure, except where spans have 
been determined to be to large for conventional 
concrete spans, and steel roofi ng systems have 
been employed. The central activity spine also has 
a steel roofi ng system to give the structure a lighter 
appearance.

12
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Reinforced concrete structure and fl ooring
         The main structure will be comprised of 
cast-in-situ reinforced concrete columns and 
slabs. 

   As the functions, spans, beam sizes and 
cantilevers of the building will vary, different 
columns will be subjected to different structural 
loading. However, it has been decided that the 
columns be in one of two dimensions, namely 
690x330mm and round 690Ømm, the decision 
of which column to use where, will be based on 
aesthetical considerations and, where columns 
are subjected to greater loads, additional steel 
reinforcing will be added. The columns have 
all been designed to house a 100mm uPVC 
rainwater pipe, that will transport roof water to 
the storage water tanks in the basement. The 
690x330mm columns have also been designed 
with chamfered corners to protect the edges and 
to accommodate 230mm walls which adds to the 
visual complexity of the building. All columns are 
located in accordance with regular structural grid 
of 8500mm x8500mm which is governed by the 
basement design and requirements. 

   In irregular shaped spaces such as the princi-
pal performance space and multi-purpose exhibi-
tion gallery, cast-in-situ reinforced concrete walls 
be used to provide vertical support.

   For the fl oors, a two-way 340mm deep cast-
in-situ reinforced concrete, fl at slab construc-
tion has been chosen. It is generally accepted, 
that in the construction of buildings with ir-
regular shapes and loading, this form of fl at 
slab construction is more economical (Forster, 
1975:241), and allows maximum design freedom 
(Foster, 1975:211). This form of construction and 
design also eliminates the need for deep beams 
and, even though it is a heavy fl oor, it is highly 
fi re resistant.

   As mentioned, throughout most of the structure 
a two way 340mm deep cast-in-situ reinforced 
concrete slab with a span of 8,5m will be used. 
This slab will be supported by 340mm-deep 
reinforced concrete beams introduced visually as 
part of the fl at slab construction. In some cases, 
where there are heavy concentrated loads such 
as in the sloping principal performance space 
seating fl oor slabs, a diagonal beam will be intro-

duce in order to disperse the load throughout the 
column members of the grid.

   As an internal fl exibility of space utalisation 
is required, there will be very few load bearing 
walls in the building as mostl load paths are to 
be restricted to the column and cast-in-situ rein-
force concrete wall structure. 

12
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FIG 7.4_Development of column design

Calculations

Slabs: span/slenderness ratio
8500/30 = 283mm
therefore use 340mm slab

Columns: height/slenderness ratio
4760/15 = 317mm
therefore column min 330mm thick
NOTE: This was a guideline and was enlarged to 
house a 100mm RWDP 



Multi-purpose exhibition space

   The space has been conceived as a series of 
fl oating walkways on various levels that cantilever 
over a central space in order to create a sense 
of fl uidity and movement. All activities and events 
housed within the structure are intended to be 
viewed from these cantilevered walkways giving 
the space a theatrical atmosphere.

    The fl oor slabs of this space will be constructed 
of cantilevered 340mm deep cast-in-situ concrete 
slabs, supported by a continuous ring beam which 
will express the fl uid qualities of the concrete. The 
1 020mm deep ring beam will be supported on 
round 690mm concrete columns and the central 
service core with its 230mm cast-in-situ reinforced 
concrete wall. 

12
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FIG 7.5_Section through structure of multi-
               purpose exhibition space

FIG 7.6_Structural layout of multi-purpose exhibition space
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Principal performance space

   The structure of the space is made up of 
cast-in-situ reinforced concrete slabs supported 
on cast-in-situ reinforced concrete walls and 
columns.

   The layout and sizing of structural members is 
better understood graphically, thus please refer 
to images 7.7 to 7,9.   

   The fl oors slabs will mostly be constructed 
of 340mm deep 1 way cast-in-situ concrete 
slabs. Supporting columns are mostly 690mm in 
diametre and reinforced concrete walls are to be 
345mm wide.

FIG 7.8_Plan - structural walls and columns FIG 7.9_Section - Structural layout of principal performance space

FIG 7.7_Section - structural layout of Principal performance space
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Roofi ng Systems
        Two types of roofi ng systems have been 
used in the design of this cultural centre for the 
visual and performing arts, including low sloping 
reinforced concrete roofs and steel roofi ng sys-
tems. These two systems have been chosen on 
the basis of system durability, material availability, 
maintenance intensity, aesthetical and technical 
implications, and cost. 

   Low sloping reinforced cast-in-situ concrete roofs 
will generally be used throughout the structure. 
and have been design with the falls strategically 
mapped to maximise the dispersion of rain water 
to the associated down pipes. The slope will be 
created by the installation of a low density sand-
cement screed to a fall min 1:40. A layer of 100mm 
isoboard insulation will then be placed on top of 
the screed and waterproofed with a modifi ed bitu-
men membrane, chosen because it is generally 
hard wearing and resistant to abuse. The roof will 
then be fi nished with prefabricated polymer-mod-
ifi ed asphalt sheets placed on top of the modifi ed 
bitumen membrane

 

  The technical resolution of the steel roofi ng 
structures has required extensive research, inves-
tigation and thinking. Steel roofi ng systems have 
been used over the principal performance space, 
the secondary performance space and the central 
activity Spine. The technical resolution of each of 
is different from the others.

   All roof sheeting is the be specifi ed as superseal 
roof sheeting. This no-hole standing seam roof 
profi le is specifi cally designed for slopes as low as 
1 degree. The interlocking, concealed clip fasten-
ing system ensures a weatherproof roof. Unre-
stricted, extra long sheet lengths are possible by 
rollforming Superseal 500 on site.

12
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FIG 7.10_3D - location of 3 main roofi ng systems
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The principal performance space

   The roof of the principal performance space 
will have to accommodate a large span of 19m 
in an east-west direction and 25,5m in a north-
south direction. Thus, it has been resolved that 
two principal rolled steel trusses will span the 
25,5m north-south span and secondary smaller 
curved rolled steel trusses at 4 250mm centres 
will be placed in the east-west direction. This 
roof design will also have to accommodate an 
adjustable space frame for lighting, as well as 
the mechanically operable, adjustable acoustic 
ceiling panel. This requirement for additional 
space will be accommodated for by the curved 
convex shape of the trusses, giving the addition-
al ceiling height needed without increasing the 
height of the roof. 
   The inside of the roof will be fi nished off with a 
15,5mm interior plaster board fi xed onto a rigid 
support in the form of 10mm plywood boarding, 
which will in turn be fi xed onto the secondary 
mild steel batons. 50mm acoustical glass fi bre 
will be provided on top of the plywood boarding. 

Refer to detail 3 on pg 167 for roof details

FIG 7.11_Roof profi le over principal performance space
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FIG 7.12_3D - Roof structure over principal and secondary performance spaces
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Central activity spine 

  The roof of the central activity spine required 
roof a thorough investigation into the structural 
arrangement of the trusses, with the result that 
they are in most instances only centrally support-
ed. The roof will be angled at 7 degrees and all 
trusses will be identical, except for the principal 
steel top chord of the truss which gets longer 
with each consecutive truss.
   The roof will not be attached to any part of the 
building and through its sole central support, will 
appear to fl oat above the space. The assembly 
of this roof is to be visible from the underside, so 
that the users of the space can understand how 
the space has been conceived and put together.  

Refer to detail 7 on pg 171 for details

FIG 7.13_Precedent - Roof system along central circulation 
               spine - New Law Building by Kruger Roos

FIG 7.14_Roof profi le over central activity spine
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FIG 7.15_3D - Roof structure over central activity spine
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Materials
Reinforced concrete
   Reinforced concrete will be the principal struc-
tural material used in the cultural centre. Be-
cause a concrete structure is robust and requires 
little to no maintenance, all fl oors, columns and 
some roofs will be constructed from the material. 
Off-shutter methods for the cast-in-situ concrete 
walls will provide tactile textures to surfaces, and 
iron oxide pigment will add colour to the surfac-
es. The plasticity of concrete makes it possible 
to mould it into the complex forms required for 
the cast-in-situ walkways , the exhibition space 
and the terraced seating of the principal perform-
ance spaces.

  

   Brick is the principal vernacular building mate-
rial in our country and is an integral part of the 
Pretoria aesthetic. Brickwork is a sustainable 
building material as it contains a low embodied 
energy and provides good thermal mass. It is 
also a very durable material and does not need 
very skilled labour to lay the material.

   Steel will be used in the building to support the 
numerous skins of the building, including the dig-
ital media screens that wrap the centre and the 
shading devices. Steel will also be used as the 
structural support, frame and base for the central 
walkways and corridors that are housed in the 
central activity spine, as well as the balconies on 
the western edge of the artist apartments. 
   The slender nature of steel profi les will aid in 
the creation of a visually lighter skin. Steel struc-
tures can be easily adjusted or removed from the 
building and be recycled if necessary.

Brick

Steel

13
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FIG 7.16_Selected stock face brick

FIG 7.17_Off shutter concrete FIG 7.18_Structural steel



Copper cladding
   Copper has been used as a construction mate-
rial for centuries, and is a relatively low mainte-
nance and durable material. However, proper 
design and installation are essential to ensure high 
quality, long-lasting installations.

   Profi led copper panels, which are available in 
a variety of shapes and sizes and can also be 
pre-manufactured and specifi ed with embossed 
patterns and designs, will be used to clad certain 
areas of the exterior of the centre.  The copper 
panels are usually fi xed to a 22mm shutterply 
substrate before they are fi xed to the building in 
one of three ways: cleating, nailing, and screwing. 
All fasteners should be made of copper, a copper 
alloy or a neutral stainless steel alloy.

   As copper and its principal architectural alloys 
are relatively active metals, when left unprotected 
they tend to oxidise and weather, which over a 
long period of time results in the formation of a nat-
urally protective gray-green patina on the surface 
of the material. This natural weathering can, how-
ever, be hastened through chemical means and 
clear coatings. For this project, the material will be 
left to weather naturally over time, as copper tends 

to weather extremely slowly and maintain its lustre 
for decades.in the Pretoria climate.
   Copper is mined locally in Phalaborwa, which 
makes it a sustainable building material, when-
compared to other aluminium and stainless steel 
wall claddings.

13
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FIG 7.19_Weathered copper cladding

FIG 7.20_Chemically protected copper roof sheeting FIG 7.21_Newly installed copper cladding
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Glass curtain walls and exterior glazing 
   The project is intended to dissolve the bounda-
ries between internal and external aspects of 
the centre. This can be achieved through the 
use of glass, which allows users of the square to 
see the performers and artists going about their 
everyday activities and enables them to learn 
more about the arts industry. The use of large 
expanses of glass also allows natural light into 
the building. 

   In recent years, glazing and window manufac-
turing has undergone a technological revolution. 
Numerous high performance, energy effi cient 
window and glazing systems are now readily 
available. It is generally accepted that a reduc-
tion in the glazed surfaces in a building, will 
reduce energy consumption. However due to the 
required connection between the cultural centre 
and urban activity space, it is believed that large 
glazed facades and openings are necessary 
and the glazed facades will need to be protected 
from direct sun radiation.

   In the cultural centre, most glazing will be fi xed 
in aluminium frames as aluminium has a long life 
span and requires less maintenance than other 

window framing materials. In order to seamlessly 
link the activities of the centre to the square, 
sliding or sliding folding doors that can open up 
completely will be used. Giving the users of the 
spaces the option to open up or shut off their 
space, allows the user control over their immedi-
ate environment. 

   Pilkington Planar structural glazing systems 
have also been used on a numer of  facades of 
the building. The system consists of structural 
glass which is fi xed with spider glazing clamps 
to a secondary supporting structure. The advan-
tage of this system is that the need for a fi xed 
frame is eliminated and larger expanses of glass 
can be used. Curves can also be relatively easily 
created with the system. The structural glazing 
will also be coated with a UV resistant coating in 
order to dramatically reduce the ingress of long 
wave sun radiation into the building, preventing 
the ‘greenhouse’ effect that is usually associated 
with and created by large, glazed facades

   Due to the large glazed surfaces on the 
facades of the building, numerous shading 
screens and devices will be used. Double glaz-

ing will also be used in instances where glazing 
on performance and rehearsal spaces occur, in 
order to reduce the heat gain and loss, and to 
reduce the ingress of noise into the performance 
spaces.

13
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FIG 7.22_Precedent - Pilkington Structural glazing -
                Link building for the Institute of Infectious                     
                Diseases and Molecular Medicine



Floor fi nishes
   Throughout the project, different fl oor surfaces 
are to be used to mark different movement routes 
and defi ne specifi c interior and exterior spaces. 
Edges and thresholds are to be marked and de-
fi ned by changes in material.

   As most public spaces throughout the building 
will be subjected to heavy traffi c, the fl oor fi nish 
needs to be robust. A 50mm cast-in-situ and power 
fl oated pigmented concrete screed will be cast on 
top of the reinforced concrete fl oor slab in all public 
areas. This screed will be sealed with polyurethane 
sealant in order to produce a hard-wearing fl oor 
fi nish. Mosaic and timber inlays as well as colour 
changes in the screeded fl oor are to be used to 
mark certain spaces and movement routes within 
the building.

   The public square is be treated with a combi-
nation of different brick pavings.  All pedestrian 
routes through the square and central spine are to 
be demarcated by an exposed aggregate concrete 
screed. Certain areas within the square are to be 
grassed and planted.

      Upper fl oor walkways and movement spaces 
will be constructed from Q-deck permanent shut-
tering spanning between steel beams. The shut-
tering will be fi nished off will a 40mm pigmented 
screed. This type of construction will add to the 
light and transparent nature of the atrium space.
   

13
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FIG 7.23_Precedent - demarcation of areas through
               differnt fl oor materials  - De Beers Headquarters

FIG 7.24_Diffused light highlights differences in fl oor  material
  

FIG 7.25_Pigmented screeded fl oors - Tolplan Head Offi ces
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Digital screens
   Many of the facades of the building are to be 
wrapped in digital mesh screens that will form 
the main façade elements on the eastern façade 
of the building facing the public activity square, 
as well as the principal performance space 
protrusion on the western facade and on the 
corner landmark that is the multipurpose exhibi-
tion space. 

   The idea behind the inclusion of media screens 
was to evoke an emotional connection between 
the observer and the architecture.
   The screens will be linked to a computer 
system that, using a sophisticated audio scan, 
can turn pitch, rhythm and volume into changing 
digital patterns of colour and light. By doing this 
it is the intention that the building façade would 
be able to visually reproduce the music being 
played within the various performance spaces 
and create a powerful architectural expression 
of the performances inside the performance 
spaces. The screens will also display the works 
of artists, and can be used for advertising to 
defray running costs. One of the best character-
istics of digital media is the opportunity for user 
interaction and participation. For expample, at 

certain times, through the use of cell phones 
and the internet, the public could control what 
is displayed on the screen. Any activity taking 
place on the square can also be projected on to 
the screens, increasing the visitors perception of 
the content of the media facade

   Stainless steel mesh can be fi xed and applied 
in various ways and the screens require little 
maintenance. They can also be recycled.  

GKD Mediamesh and Illumesh systems will be 
applied to the proposed design

 Mediamesh screens
   Mediamesh screens are stainless steel mesh 
screens where interwoven LED profi les have 
been inserted at predetermined intervals into the 
mesh screen. 

 Control units are small and can easily be hidden 
in ceilings or in small dedicated control boxes. 
The images that are projected can be control-
led from any internet connection point, making 
the system interactive and accessible to differ-
ent users. The system can be used during the 

night or day times to display images, messages, 
art graphic, animations and even direct video 
displays.

  The advantage of these screens is that they 
do not completely close off the façade of the 
building as it can appear either opaque or totally 
transparent, given the correct lighting conditions.

Illumesh screens
   Illumesh is a more cost-effective option than 
Mediamesh screens. The screens refl ect im-
ages outward from the inwards-facing LEDs. 
The LEDs are placed at less regular intervals 
thus making this system only suitable for large 
surfaces, viewed from greater distances. 

13
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FIG 7.26_Mesh transparency when activated FIG 7.27_Mesh creates multi-media experience on building facade

FIG 7.28_GKD Mediamesh - LEDs inserted into stainless 
                steel mesh 



Circulation 
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   One of the principal factors infl uencing the 
design outcome has been the treatment of the 
circulation through the building and square. The 
majority of the vertical and horizontal circulation is 
housed within or accessed from the central activ-
ity spine. The image below indicates the vertical 
and horizontal circulation through the building and 
between the spaces.

   Principal spaces such as the multi-purpose 
exhibition space and principal performance space 
will have their own dedicated circulation cores due 
to the high traffi c nature of these spaces at se-
lected times. Shared public cores are scattered at 
strategically placed locations around the building, 
limiting travel distances. Performers will have their 
own dedicated circulation core separated from the 
public.  

   As this is a public building, it has been designed 
to be easily accessible to all members of the pub-
lic. For example all public amenities will be acces-
sible to people with disabilities. Disabled facilities 
will be provided on all fl oors and numerous lifts 
within the building will ensure easy access to all 
areas of the centre for people with disabilities. 

Where ramps are deemed necessary they have 
been designed with maximum gradient of 1:12 as 
required by the building regulations.

FIG 7.29_Diagram indicating principal circulation routes
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Security
   The centre has been designed so that all areas 
within the centre and the square can be ob-
served through passive surveillance during the 
day and evening. All ground fl oor edges are ac-
tive and informal activities are encouraged within 
the square and along the street edges, allowing, 
users to actively monitor the spaces. Artists’ 
studios, galleries and dance studios as well as 
offi ces and retail spaces will be positioned above 
the square with a good viewing angle that will 
create a relative degree of control. Even though 
the building will be used throughout the day and 
night, additional security will be provided for at 
night to ensure the safety of users of the square 
when the space is less active.

 

   As the building is a public one, adequate 
safety for the centre’s users in the event of fi re 
must be provided for. A fi re strategy specialist 
will have to be appointed who will ensure that an 
adequate fi re protection plan is implemented. 

   The main fi rst and second fl oor circulation of 
the north-western wing will be pulled away from 
and detached from the building addings to the 
safety of the occupants in case of fi re.

   The National Building Regulations(NBR) inform 
the proposed design in the following ways:
   Travel distances to escape doors hwill have to 
be kept below 45m. As the building is more than 
3 storeys high, each area within the building will 
be provided for with at least 2 escape routes. 
All building materials in the emergency routes 
shall have a fi re resistance of not less than 120 
minutes.
   The main structure of the building will be 
constructed from reinforced concrete, which has 
suffi cient fi re resistance. However, all structural 
steel elements are to be coated with an intumes-
cent base coat to provide adequate protection 
from fi re. 

   The basement will provided with three sepa-
rate emergency route stairways, in accordance 
to the NBR. 

Fire strategy



Services and Climate Control
         Services cores and ducts will be provided 
throughout the centre.

   uPVC down pipes in all concrete columns will 
collect rain water from the various roofs of the cen-
tre. Water run-off from the square will be collected 
in a series of strategically placed catch pits located 
around the site. Both sources of water will be 
channelled to the 6 water catchment/storage tanks 
strategically located in different areas of the base-
ment and will be used to cater for the landscaping 
requirements for this project. The water tanks will 
also be used to cool fresh air for the ventillation 
system, the details of which are later explained 
with the HVAC  systems.

13
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FIG 7.30_Graph - rainfall vs irrigation requirements

FIG 7.31_Graph - harvested water vs irrigation requirements FIG 7.32_Calculations - irrigation requirements, harvested water, storage tanks
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         As the centre will house a range of facilities 
with different ventilation requirements, differ-
ent areas and facilities within the centre will be 
cooled and heated in the manner, best suited to 
achieve the optimal indoor microclimate required 
for the functions of the respective facilities. This 
will also reduce the energy consumption of the 
building.

   The residential apartment, studio apartment 
and studio layouts have been designed to allow 
for the natural cross ventilation of the spaces. 
However, if artists or residents do not want their 
doors to be open, fresh air will be provided by 
means of a mechanically regulated fresh air 
system. This system has been designed to draw 
fresh air in through intakes located alongside 
the Apies River channel, draw it through a piped 
radiator- like system located within the water 
tanks, cooling the fresh air down to just below 
natural air temperature, and distribute it to the 
required spaces.

   The multi-purpose exhibition space is large 
enough to have its own dedicated cooling sys-
tem. Since the space has a central atrium void, 

an evaporative cooling system is best suited 
to this environment. A evaporative cooler air 
handling unit located on the roof of the gallery 
will draw in outside air at roof height and dis-
tribute it to the various fl oors via a duct located 
in the central service core. The skylight over 
the central atrium void will have electronically 
controlled open able vents as part of its struc-
ture, which will be opened to release any built up 
heat accumulated at the top of the central atrium 
space. This induced stack effect will lower the 
atmospheric pressure on the interior, ensuring 
an optimum air change rate.  

Ventilation

FIG 7.33_Evaporative cooling unit



   Owing to the contained congregation of large 
numbers of people within the three main perform-
ance spaces as well as their supporting ancillary 
spaces such as dressing and rehearsal rooms, it 
has been decided that these spaces should to be 
serviced by dedicated air conditioning systems. 
Each performance space will have its own sepa-
rate air handling unit sized and zoned to accom-
modate the varying requirements of the three 
spaces, such as the different requirements of the 
stage and audience seating. 
   Air handling units for the three spaces will be 
housed in a central plant room in the basement, to 
limit the acoustic impact it will have on performanc-
es and to allow for easy access when maintenance 
is required. Contact between all air handling units 
and the concrete fl oor slab must also be avoided 
in order to eliminate the possibility of resonating 
structural noise through the building. As a result,  
the air handling units are to be fi tted onto a hollow 
section bracing structure that is to be fi xed to the 
fl oor via a fl exible suspension system.

   The supply for the principal performance space 
is bought from the air handling units in the base-
ment through a series of specially provided ducts. 

The air will then be bought into the space at vari-
ous levels. The lower seating areas will receive 
ducted supply from fl oor vent, while the upper 
gallery spaces will receive air from ducts and vents 
located in the ceiling. All exhaust air wil be re-
moved through the ceiling plenum and discharged 
through the roof above the ancillary spaces core. 
Transfer ducts will be specifi ed at all acoustically 
rated partitions.
   Humidity levels in the auditoriums must be kept 
constant at approximately 45% to 50%. A humid-
ity control based on relative dew point is thus 
required, maintained by determining absolute 
humidity in the return air lines, outside conditions 
and treatment plant (National Institute of Building 
Sciences, 2005)

   Owing to the open nature of the public foyers of 
the various performance spaces, these spaces will 
be cooled through natural ventilation by exploiting 
prevailing wind conditions specifi c to the site, with 
prevailing winds from north-east in summer and 
from the south-east in winter. The double volume 
nature of the space will assist in generating differ-
ences in air pressures in order to cool the space, 
as the warm air at the top of the volume be will 

mechanically extracted through the roof

   Owing to the limited openings in the basement it 
will have to be mechanically ventilated.

14
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2FIG 7.34_Principal and secondary performance space HVAC system



Solar gain and incidence
   In all buildings with prominent glass facades, 
the issue of solar gain is a concern. The proposed 
design, intends to reveal the full extent of the inner 
workings of the visual and performing arts worlds 
to the passing public and users of the public activ-
ity space. This has led to a design that calls for ex-
tensive glass frontage on the eastern and northern 
facades surrounding the public open space. 
   Solar radiation is short wave in frequency. This 
direct short-wave radiation impacts the surface 
and, depending on the thermal mass and density 
of the material, is re-radiated after a time in the 
form of long wave radiation (Givoni, 1969:208). 
When short wave radiation hits a glass surface, 
some of the radiation is refl ected and some of it is 
absorbed into the mass of the glass, while most 
of it travels through the glass in the forms of long 
wave radiation
   Long wave radiation cannot escape through 
the glass, resulting in the’ greenhouse effect’. It is 
thus imperative that, in the case of glass facades, 
the glass be shaded from direct radiation. Three 
structural techniques will be applied to adequately 
shade the glass during critical periods of the day: 
overhangs, the horizontal and vertical placement 

of louvers where no overhang exists and the 
placement of refl ective and insulative panelling.
   Large portions of the building will be wrapped in 
a second stainless steel mesh skin, which provides 
adequate sun protection for the glazed surface. In 
all other instances adequate shading devices have 
been installed in a somewhat reactionary fashion 
to shade the glazed surfaces. 

Orientation
   Due to the nature of the site and urban context, 
the architectural response is predominantly east-
west facing. This orientation is not ideal in sustain-
able building practice terms but will be effectively 
dealt with by limiting the glazed openings on the 
western façade and by creating a secondary skin 
in the form of the activity spine on the eastern 
façade. Where openings occur on the western 
elevation, movable screens will be included.
    The design has also been stepped so that a 
greater number of northern facades is achieved.

Thermal massing
    Thermal mass is provided through the inclusion 
of the fl at concrete roof and exterior walls of the 
building. Direct solar radiation is absorbed during 
day and the accumulated heat will be radiated into 
the interior spaces at night time. 
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         The cultural centre for the visual and per-
forming arts is located alongside busy Nelson 
Mandela Drive, and there will be a certain in-
gress of external vehicular noise into the centre. 
However, in a centre of this nature it is important 
that the quality of sound and performance be 
maintained. Transparent noise during peak traffi c 
hours will produce a noise level of approximately 
75 to 80 dB (Ariba, 1971:140), and as the centre 
is designed to incorporate a public urban activity 
square, pedestrian noise can also create a prob-
lem as it can reach levels of 65 to 70dB when 
the square is heavily occupied (Ariba, 1971:140).
   Areas within the centre will require specifi c 
sound considerations (Lawson, 1981:71, 88, 
170):
-      Performance and rehearsal spaces 
       require an ambient noise level maximum of 
       15dB to 30dB
-      The multi-purpose exhibition spaces and 
       visual material and music resource library 
       has less stringent noise restrictions of 35dB    
       to 38dB
-      Finally the offi ces and dressing rooms must 
       restrict the level of noise to 59 dB.

   As the secondary performance space is to 
house performances of a more theatrical and 
dramatic nature, the internal environment must 
be kept silent where the clarity of the actors 
speech is essential.

   Cavity walls have superior sound insulative 
properties compared to conventional masonry 
wall construction, because air is a weak conduc-
tor of sound. Thus, cavity walls will be employed 
around all performance spaces. The addition 
of acoustic insulation layers of 50m glass wool 
into the cavity will also increase the walls noise 
insulation properties, reducing the noise levels 
by 59dB (Egan,1988:204) .

   High-mass materials are considered to be the 
best insulators of sound. As a rule of thumb, the 
thicker the wall, the less sound and noise pen-
etration. For example a typical rendered 110mm 
masonry wall reduces noise by approximately 
46dB, whereas a 220mm thick wall reduces 
noise levels by approximately 55dB (Lawrence, 
1989:120). 

   Ingress and the loss of sound/noise through 
doors have also been addressed. Sound lobbies 
with a double door confi guration will effectively 
act as a large cavity between foyer and per-
formance space, limiting the ingress and loss of 
sound/noise, and will thus be introduced into all 
performance spaces. For maximum results, all 
performance space doors will be specifi ed as 
solid core 50mm hardwood veneer double doors 
with gasket and drop seal which will reduce 
noise ingress by 43dB (Egan,1988:204) 
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   Rehearsal spaces with glazed walls will be 
introduced adjacent to the lower ground fl oor 
foyer, to activate the foyer and provide the audi-
ence with a pre-show that excites them about the 
main performance. Glazed facades will also be 
included in the secondary performance space and 
studio theatre. Subsequently the sound insulating 
properties of the glass must be optimal. Double 
glazing positioned within aluminium frames will 
be specifi ed due to aluminium’s ability to achieve 
tight seals, which is integral for suffi cient sound 
isolation. In addition to the use of double glazed 
windows, an additional outer Pilkington structural 
glazing wall with air gap between the two skins 
to further reduce noise ingress. Double glazing 
has a sound reduction capacity of up to 43dB and 
the Pilkington structural glazing system of 33dB 
(www.pilkington.com). The combination of these 
two glazed elements is believed to be a suffi cient 
defense against the ingress of exterior noise.

FIG 7.35_Acoustic isolation calculations
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 Principal performance space

   The form and initial plan dimensions of the 
principal performance space were established 
through a rough initial estimate of the required 
audience capacity. This was determined to be
1 350 people based upon fi gures provided by the 
State Theatre. The principal performance space 
is to house concerts and other musical perform-
ances by choirs, orchestras and bands, operatic 
performances, and dance performances such as 
ballet and modern dance as well as cultural and 
theatrical performances. 

   Musical theatres/auditoriums for perform-
ances require a volume of roughly 6 to 9 cubic 
metres per person, while spaces for theatrical 
performance require a volume of 3 to 4 cubic 
metres (Rettinger, 1968:245). The volume of the 
principal performance space was determined 
from these fi gures. In order to accommodate 
both types of performances, the ceiling height of 
the inverted suspended ceiling of the auditorium 
could be adjusted to adjust the volume of the 
space, when required.

   The volume of the space is also a contribut-
ing factor in determining the reverberation times 
of the performance space. Reverberation is the 
persistence of sound in a particular space after 
the original sound is removed. A reverberation is 
created when a sound is produced in an en-
closed space causing a large number of echoes 
to build up and then slowly decay as the sound 
is absorbed by the walls and air. The length of 
this sound decay, or reverberation time, must 
receive special consideration in the planning of 
large performance spaces in order to achieve 
optimum performance (Rettinger, 1968:200).
   Different performance spaces also have dif-
ferent acoustic setting requirements. Musical 
performances require imposed echoes of limited 
proportions with a reverberation time of approxi-
mately 1,2 to 1,4 seconds for optimal perform-
ance, while theatrical performances, where 
audible speech is more intelligible through an 
instantaneous audible reception with no echoes, 
a reverberation time of approximately 0,8 to 1,1 
seconds is optimal (www.reverberationtime.com)

   As the changes in the volume of the space 
through the adjustment of the ceiling will not 
solely infl uence the reverberation time of a 
building, and as the interior acoustics need to 
accommodate for speech and musical perform-
ances, appropriate acoustical performance is 
to be achieved through electronic augmenta-
tion. This augmentation is widely believed to far 
surpass the acoustical performance capabilities 
offered by the ‘traditional’ theatre and concert 
halls which use the principal of bouncing sound 
off walls and ceilings (Lawson, 1981:185). So, 
the reverberation time required for each per-
formance may be systematically predetermined 
for each performance. Electronically operated 
speakers will be housed in strategically placed 
positions throughout the performance space, 
to discharge sound at a favourable rate and 
volume.

   Even though electronic augmentation of the 
acoustic qualities of the principal performance 
space will be employed, adequate and careful 
planning and calculating must still be done of the 
absorptive and refl ective capacities within the 
performance space. 
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The space has thus been designed to contain 
a minimal reverberation time so that the space 
is ideal to receive all manner of electrical aug-
mentation and induced reverberation of up to 1,3 
seconds depending on the requirements of the 
performance.
  The principal performance space in order to 
achieve a greater intimacy between the audience 
and performers has been designed to wrap the 
stage resulting in many curved walls and curvilin-
ear surfaces. These walls create haphazard sound 
refl ections and therefore are to be acoustically 
dampened with the locally produced Mellosorber 
acoustic absorbent panels which inhibits the return 
of echoes. The height of the adjustable ceiling has 
been designed in the form of a curved refl ective 
suspended ceiling (vinyl fi nish on 13mm plywood) 
in the shape of an inverted dome, and will be hung 
over the stage to refl ect all sound radiating from 
the stage towards the audience. This, together 
with a refl ective rear curved panel will be the only 
refl ective surfaces located near the stage to limit 
uneven sound distribution. The refl ected travel dis-
tance of sound through the air has been limited to 
12m, to prevent undesirable attenuation inaudibility 
(Ham 1972:37)    

   Diffuser panels (15,5mm plasterboard on 13mm 
plywood) will be placed in the ceiling and designed 
to direct the sound of the electronic augmenta-
tion, so as to not direct the sound radiating from 
the stage. These panels could be retracted into 
the ceiling void if needed and will be angled at a 
minimum slope of 4 degrees to prevent stationery 
sound waves from forming and creating fl utter 
echoes (Rettinger, 1968:87).  The diffuser panels, 
which will be slightly curved and randomly placed 
throughout the space are recommended to range 
from 0,8m² to 3m² in area (Rettinger, 1968:87).
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Secondary performance space

   The secondary performance space has been 
designed to be used in a variety of confi gura-
tions for a variety of performances. The acous-
tics in this space are electronically augmented 
and the dimensions of this performance space 
also ensure that no seat is distanced at more 
than 20m from the source of stage, which is a 
requirement for the audible reception of speech 
in performances of a dramatic nature (Ham, 
1972:36). Refl ective panelling suspended from a 
space frame in the ceiling and the external walls 
will also be clad in Mellosorber acoustic absorb-
ent panels.

FIG 7.36_Principal performance space - reverberation calculations
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           The rating system chosen to test the sus-
tainability of the building is the Sustainable Build-
ing Assessment Tool (SBAT) rating system devel-
oped by the CSIR. It was chosen as it has been 
developed to relate to the South African context 
and is designed to support sustainable develop-
ment. 

   The system describes 15 sets of objectives, un-
der the subjects of economic, environmental and 
social, that should be aimed for in buildings. The 
system works by accessing to what extent these 
15 objectives are achieved in the building 

Economic: Local economy, effi ciency of use, 
adaptability and fl exibility, ongoing costs, capital 
costs 
Environmental: Water, energy, waste, site, mate-
rials and components 
Social: Occupant comfort, inclusive environments, 
access to facilities, participation and control, edu-
cation, health and safety

   The building has achieved a rating of 3.8 which 
is considered to be good. Social and economic 
objectives have been sufi ciently met, however the 
environmental objectives have not been so easily 
achieved. This is because objectives such as the 
use of renewable energy resources and on-site 
sewerage treatment were decided against due to 
the initail capital outlay as well as the space con-

straints of and urban nature of the site.

FIG 7.35_(SBAT) assessment results
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