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The BRT prototype developed out of the theoretical research and the
conceptual development of the BRT terminal building.
The prototype is designed more specifically for the first stage of the BRT
system in Tshwane

—the Line 1 connecting the northern suburbs with the city centre.

The architectural language developed out of the conceptual investigation
for the BRT terminal building as well as the need to respond to its immediate
context and the city. It was decided to develop a lower scale structure that
blends into the urban context — while the entrance is articulated with a steep
sloping roof. The use of diagonal lines refer to the experience of speed and
movement. The high entrance becomes a recognisable node within the
urban context

The design of the prototypical station will continue into the next semester
and culminate in a finalised design.
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11.1 PROTOYPE DESIGN

ELEVATION 1

Figure 11-02: Elevation [A] of the BRT station [Source: Author]
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Figure 11-03: Plan of the BRT station [Source: Author]
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Ceiling: 12.5mm plasterboard fixed
to S0x?77 battens with reflective
aluminium [sisolation] fixed
between ceiling and batten.

Electricity reticulation,
advertisement and electronic doors
integrated into a single electrical
duct fixed to station wall.

Station envelope 2- 10mm PMILA
panels fixed to steel angle frames
integrated with a louvered
toughened glass windows.

door height @ 2200 affl
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Roof: Galvanised brownbuilt roof
sheeting fixed 100X50X20 galvanised
steel purlins, refer to detail.Roof
beam bolt fixed to H Collumns.
100x75 galvanised steel gutter,
fixed to bracing beam with gutter
hangers @ 2000mm apart.

Glare control: Vertical composite
wood and resin vertical louvers
fixed to galvanised 50x50x3 hollow
square steel sections subframe.
Bolt fixed to bracing beams.

PMUA clear sheeting fixed between
louvers and subframe.

Station envelope: 4mm Zincalu
coated steel rectangular mesh fixed

R N

top of bus mirror

platform @ 940 agl o
Q
- — = == — BN

SAuhrBll four courses @ SD{EIHI

i P Il . P

Aunway: 200mm congcrete DUS runway,
with kessle kerb casted into edge,
as per manufacturer's instruction

Platform edge: Precast concrete
edge beam on 50mm leveling screed
fixed to 190mm concrete block
masonry subwall.Subwall filled with
gand to ensure stability.

section AA

-

5 meter
)

to 50x50x2 painted steel angle

subframe. Bolt fixed to column

structure. Automated doors fixed to
—  ——  —  — mash panels.

lt ure: 152x89x16 Galvanised I

e maatinn cantilevered column and
igne I section roof beam bolt
]E- precast floor beam on Sam
1 rubber spacer pad with a
150x)00 galvanised steel bracket.

i

,,aﬂ"iﬁs ail/rest rail:

.'..1- vted/galvanised 100ma B circular
oktow steel section hand rail bolt
L fixed to steel column.
-

] S

\ Floor: 100mm pigmented powertrowled
concrete surface bed on 0.25 DPM.
Cast on compacted groundfill. Reuse
soil removed to accommodate
rainwater storage tanks. Statien
platform edge insitu cast on site.

- typical section through station

I 2 prototype
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[Source:

Typical sectfion AA of the BRT station
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Roofsheeting: Photovoltaic sheets
[38 square meter] integrated with
Brownbuilt roof sheeting roof

sheeting. Photovoltaic panels fixed

to 30x5 galvanised steel flat

subframes rivetted to roof sheeting.

100x50mm Recomposted wood and resin
louvers fixed to galvanised steel
subframe. PMMA clear sheeting fixed
between louvers and subframe.

152x89x16 galvanised steel I
section beam bolt fixed to concrete
tie beam and butt jointed to column
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80mm Concrete block wall,
Laminated bullet proof glass
in aluminium

R
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PMMA clear sheeting fixed between
louvers and subframe.

Structure: 152xB8x16 Galvanised I
section cantilevered column and
roof beam bolt in Situ cast
concrate coping and concrete floor.

Galvanised steel threaded rod fixed
into cavity - at least 3 courses
deep. Cavity filled with concrete.
Steel coping fixed abowve wall,
colunn bracket welded to coping

Kiosk wall: 390mm concrete block
wall with 110mn cavity, plastered
and painted

Station BASE A floor:

150mm Precast concrete panels
placed on 250mm insitu cast
reinforced concrete beams.With 20mm
leveling screed on top

Space under Station floor wtilised
to store esources: 63 kwh battery
bank stored below floor in steel

L&

Typical section BB of the BRT station

11-05:

Figure

Steel security mesh fixed to
TEx50x3 galvanised steel angle
subframe under station platform to
ensure safety of battery bank from
theft.

meter

section BB

- typical section through kiosk

BRT prototype ESHEN
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Figure 11-06: Detail plan of Kiosk [Source: Author]
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ELEVATION 2

e trerersrecereren

Figure 11-07: Elevation [B] of the BRT stafion [Source: Author]
IEEE BRT prototype
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Photo voltaic roof sheeting: 28
square meters bolts fixed to
roofsheeting steel subframe.

Matural lighting: 250mm diameter
solar tube lighting fixed to
roofsheeting as per manufacturer's
specification.

Yentilation: &10sm @ roaf
wentilator fixed to roof sheeting
as per manufacturer's specification.

Solar water heater: Evacuated Heat
pipe solar water heat used for
space hgating. Radiator piping
fixed im wentilation shaft and rock
store hot water circulated through
these spaces to provide space
heating.

LU |

 — — ——— 7
— Liter stainless stoel water
— & pge tank, fized to 150x150x6
100xS0mexE galvanised steel :_' 'En-n. L angles built into walls.
handrail bolt Tixed to bracket 1 el bet|lrast red with a steal mesh fixed to
E [ ahass 1l angle.
L& B[ wewr
5t pe cupboard: Ventilted
stepl server cupboard with
staff lockers above
L] r e — cur . roFTa—ry L —— T o 1 L —
— [ 1
: =] 7N
L] [} H
25sm laminated bulletproof glass —}—d i H 5500 polysthylene JOJO rain water
window fixed 1o aluminius window Lo, 5 A storage tanks beyond, placed| under
frame fixed to S0mm concrete block f ) va BT SIEE T station floor,
200x300 insitu cast reinforced wall, -————- 20 kiloliter rainater sto tank,
short concrete beam providing water needs for low
Tlush toilet, water filtersd with a
Rockstore:1.5 cubic seters rocktors sand filter.
[30.75 W) heat storage capacity] 40001 polythylens conservar tank
under kiosk floor, used to codl air installed below station platform. :
before venilating kiosk,

section CC

- section through station entrance

Figure 11-08: Detail
enfrance

section CC of
[Source: Author]
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11.2 STRUCTURE AND SYSTEMS

The structural systems and service systems
used in the BRT station were developed
along with the terminal building and are
elaborated on in the chapter 10. The
following aspects regarding the prototype
will be discussed:

a) Structural system and material use
b) Energy used and harvesting

c) Ventilation system

d) Water harvesting.

Figure 11-09: Structural components of
the BRT station [Source: Author]
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11.2.1

The structural system and material choice
for the BRT station focuses on minimizing the
embodied energy and carbon footprint of
the station. The materials were also chosen
according to the framework established
[refer to section 4.4] and focused on
materials that are robust enough to
withstand the high usage of the station.

The station base is a100 mm power trowled
concrete surface bed cast on soil infill and
190mm concrete block subwalls. The station
edge is an insitu cast reinforced concrete
edge. This approach will contain 46% less
embodied energy than casting the whole
station base in concrete, refer to Table
13-12, pg 287. Local labour will be used for
the construction that will contribute to social
and economical sustainability.

The ticket office will be constructed from
concrete blocks. A plastered 240mm cavity
walls has the lowest embodied energy, refer
to Table 13-05, pg 283, as well as a high
thermal mass.

The roof and envelope structure is a dry
construction process. The galvanized
steel structure is constructed out of
152x89x16kg/m I-beam column and
beam structures.

Structural system
and material choice.
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By tapering the structure 17%
steel will be saved - lowering the
embodied energy of the structure

[refer to Tables 13-16, pg 289].

Only one side of the station is enclosed with
PMMA sheeting protecting for the commuters
from driving rain and wind. This materialhas

a high embodied energy but will be strong
enough to withstand vandalism.

11.2.2 Heating and
ventilation systenm

The station waiting area will be naturally
ventilated. As the commuters will only wait 5
minutes on average for the next bus it will not
be energy efficient to cool/heat the waiting
areas.

The ticket office will need to be heated
during the winter, refer to Graph 13-03,

pg 296. Heat evacuated tubes [Apricus 2010]
are fixed to the roof from which very hot
water is circulated through the rock store and
concrete wall to provide space heating. The
water circulates in 20mm copper pipes.

610mm @ roof ventilators is fixed in the roof
of the office to draw air through the 1.5 m?
rockstore into the office [ Turbovent 2010].
One ventilator has a exchange rate of
6150 m3 /hr will mean that the office

will have an air change rate of 0.5 per hour
[Turbovent 2010].

11.2.3 Energy use and
harvesting

The daily energy consumption of the station
has been calculated as 22kWh per day, refer
to Tables 13-24+25 , pg 293-4. A photovoltaic
system, 35m?, is integrated with the roof
sheeting [at 37° north facing] to provide
renewable carbon free energy.

The energy will be stored in a 63.9 kWh
battery bank, this will be store in the
base of the station under the floor, refer
to Table 13-26, pg 294.

250mm @ solar tubes are installed in the

roofs of the ficket office and change room
[solartube 2010]. A single solar tube provides
adequate day lighting for 22 m? and will
ensure that less artificial lighting is used during
the day within the office [Solartube 2010].

11.2.4 Rain water
harvesting

Water will be collected from the station roof,
for the toilet. Four 55001 water storage tanks
[JOJO tanks 2010] is positioned under the
station floor to store 20 kiloliters, refer to Table
13-28, pg 295. This will provide enough water
for the toilet, while a waterless urinal will be
installed to minimise water consumption.
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Environmental Rating

The carbon footprint and embodied energy
of the prototypical station structure has been
calculated and compared to a Rea Vaya
BRT station in Johannesburg.

Figures used in the calculations were taken
from the material analysis in section 4.4,

The “Switch” prototype has a 42 % lower
embodied energy and carbon footprint per
square meter than the Rea Vaya BRT station.

The total embodied energy of the Switch
prototype is 1 249 956 MJ [Table 11-01] while
the Rea Vaya station has a total of 1 108 540

This can be attributed to the size difference
of the two stations [158 m?- Rea Vaya; 305

m? - Switch], as the Switch prototypical station
needs to be bigger fo accommodate the
high number of commuters from the northern
suburbs in Tshwane that will be using the
system.

pg 124. MJ [Table 4-02].
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An Environmental rating assessment has
been done for the Switch prototype. The
Green Star Office Rating Tool was used and
adapted to rate applicable aspects of the
design.

Aspects assessed by the tool that were
deemed not applicable were removed from
the assessment process in an effort to give a
fair rating.
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Rating of Switch BRT prototype

Summary of Sustainability rating of Prototype*
* Green Star SA - Office Design V1 adapted and used.

SCORE TOTAL 0 WEIGHTING WEIGHTED
AVAILABLE ACHIEVED SCORE
Management
None of the credits were applicable to the design process.
Indoor Environment Quality
IEQ-1 Ventilation Rates 3 3
IEQ-2 Air Change Effectiveness 2 2
IEQ-3 Carbon Dioxide Monitoring & Control 1 0
IEQ-4  Daylight 3 3
IEQ-5 Daylight Glare Control 1 1
IEQ-7 Electric Lighting Levels 1 1
IEQ-8 External Views 2 2
IEQ-9 Thermal Comfort 2 0
IEQ-10 Individual Comfort Control 2 2
IEQ-11 Hazardous Materials 1 0
IEQ-12  Internal Noise Levels 2 0
IEQ-13  Volatile Organic Compounds 2 0
IEQ-14 Formaldehyde Minimisation 1 0
IEQ-15 Mould Prevention 1 1
IEQ-16  Tenant Exhaust Riser 1 0
IEQ-17  Environmental Tobacco Smoke Avoidance 1 1
TOTAL 26 16 61.53846 0.15 9.230769231
Energy
ENE-1  Greenhouse Gas Emissions 20 20
ENE-2  Energy Sub-metering 2 2
ENE-3  Lighting Power Density 4 3
ENE-4  Lighting Zoning 2 0
ENE-5  Peak Energy Demand Reduction 2 2
TOTAL 30 27 90 0.25 22.5
Transport
TRA-3  Cycle Facilities 3 0
TRA-4  Commuting Mass Transport 5 3
TRA-5  Local Connectivity 2 2
TOTAL 10 5 50 0.09 4.5




Water
WAT-1
WAT-2
WAT-4
WAT-5

Materials
MAT-1
MAT-3
MAT-4
MAT-7
MAT-9
Mat-10
Mat- 11

Land Use
ECO_2
ECO-4

Emmissio
EMI-1
EMI-2
EMI-4
EMI-5
EMI-6
EMI-7
EMI-8

SCORE
AVAILABLE

Occupant Amenity Water
Water Meters
Heat Rejection Water

Ll I S ]

Fire System Water Consumption
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TOTAL 0
ACHIEVED

WEIGHTING WEIGHTED

SCORE

TOTAL 12

75 0.14 10.5]

Recycling Waste Storage
Reused Materials
Concrete

PVC Mininisation

Design for disassembly
Dematerialisation

Local Sourcing

N B R R WwWRe N

TOTAL 11

36.36364 0.13 4.727272727|

& Ecology
Reuse of Land
Change in ecological value 4

TOTAL 6

2 33.33333 0.07 2.333333333|

ns

Refrigerant/Gaseous ODP
Refrigerant GWP

Insulant ODP
Watercourse Pollution
Discharge to Sewer

Light Pollution

Legionella

L I = S

[TOTAL 14

35.71429 0.08 2.857142857|

TOTAL SCORE

WEIGHTED SCORE
RATING

exluding Management credits

FIVE STAR RATING

56.64851815

62%

This assessment does give one a fair idea of
the performance of the Switch prototypical
station, though one must keep in mind that
this tool focusses on office buildings and does
not necessarily assess the appropriate design
aspects.

The BRT prototype performs very well in terms
of energy consumption, indoor environment,
water conservation and public transport
accessibility.

The design process focussed on the
minimisation of material use - which has led
to a low carbon footprint and embodied
energy [refer to Graph 11-01]. This is not
necessarily reflected in the rating assessment,
which shows that a sustainable intervention
has many more aspects to focus on.

Yet the fact that the BRT prototype scores a
five star rating shows that the Green Star SA
rating tools do focus to mitigating climate
change as well.




