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DESIGN FOR THE PROMOTION OF RELA-
TIONAL SYSTEMS BETWEEN BUILDING AND 
LANDSCAPE, WITH A FOCUS ON HARNESS-

ING WATER.

DESIGN FOR SUB-LETABLE, HYPEROPTI-
MISED LIVING AND WORKING SPACES.

DESIGN AIMS

SECURE ACCESSIBLE PUBLIC SPACE.

MEDIATE PUBLIC-PRIVATE AND DOMI-
CILE-LIVELIHOOD SPACES WITH VARYING 

LAYERS OF STREET.

DESIGN BOUNDARIES THAT ARE ADJUST-
ABLE, MULTI-FUNCTIONAL, AND DISSOLV-

ABLE

DESIGN FOR CHANGE BY DEFINING A KIT 
OF ELEMENTS OF VARYING TRANSIENCE: 

LANDSCAPE, BUILDING, INTERFACE

3.1.1. 
Engaging the social 
dimension of scarcity 
through architecture
This project considers what it 
means to dwell within the South 
African city, where there exists 
socially constructed and physi-
cally manifested scarcity - and, 
invariably - spatial dichoto-
mies, the “in-sider” and “outsid-
er”, the compartmentalization 
and commodification of space, 
and security or enclosure at the 
expense of equal access to the 
right to the city.

Whilst the hard boundary con-
dition woefully serves as the 
repressive mechanism through 
which these socially construct-
ed rules are imposed in the 
name of security, it does, how-
ever, enable the opportunity for 
“stranger” and “stranger” to live 
in close proximity. Considering 
current spatial needs and prac-
tices, it becomes valuable to ex-
plore ways in which to subvert 
the gated community - where 
boundaries are articulated so 
that public space is protected 
and celebrated, opportunity for 
livelihood is secured, and edge 
conditions are activated and 
hyper optimized. These are 
believed to be prerequisites 
for achieving domicile at pres-
ent, whilst embracing change 

and anticipating a future where 
boundaries can dissolve, and 
neighbour meets neighbour.  

3.1.2. 
Engaging the phys-
ical dimension of 
scarcity through ar-
chitecture
With the planning and imple-
mentation of gated communi-
ty-like developments – there is 
the unique opportunity to allow 
such neighbourhoods to enjoy 
the environmental and finan-
cial advantages of integrated 
infrastructure that sits between 
large-scale centralised and 
small scale individual decen-
tralised infrastructure (with re-
spect to water, sewerage, and 
electricity). Despite this, the 
area lacks the complexity of 
scale that would be attributed to 
a more resilient city/neighbour-
hood. For this reason, and due 
to the pressing existing issue 
of water scarcity experienced 
by households residing in Plas-
tic View and Cemetery View, it 
is appropriate to explore ways 
in which architecture can inte-
grate with infrastructure to par-
ticipate and augment existing 
natural processes of water col-
lection and filtration in the area. 
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3.1.3.
A consolidated syn-
tax of design: an al-
ternative gated com-
munity
Here, the parallel in the re-
lationship between scarcity 
and time becomes significant. 
The intention is that architec-
ture should enable, accom-
modate, and empower the 
everyday event as it changes 
and evolves - rather than dis-
abling, defending, securing 
and preserving. Value lies not 
in what can be preserved and 
commodified, but in what is liv-
ing and fleeting. In response to 
this, the architecture is concep-
tualized into three main, time 

dependent fields: the more du-
rable landscape (100+ years) 
- which uses spatial differen-
tiation of the ground plane so 
that it becomes a generous 
street, and embodies a par-
ticular wholeness (not a se-
ries of parts). To facilitate and 
prevent the gautrain line from 
becoming an impenetrable buf-
fer, the terraced landscape al-
lows the opportunity to tunnel, 
or bridge over and between, 
with the help of an inhabitable, 
punctured “wall” and threshold 
which wraps around the land-
scape. The landscape hosts 
the ever-changing dwelling, 
functions, and people through 
the second layer of infrastruc-
ture in the form of a series of 

masonry bearing walled build-
ings (50+ years), more tempo-
rary, and intentionally designed 
with the optimization and ver-
satility of the building envelope 
in mind. The wall is largely oc-
cupied, and spaces are orga-
nized so that units can easily 
sub-divide or be incorporated 
into larger units, depending on 
the articulation of the third lay-
er. This layer (1-10 years), is 
where choice is afforded to the 
user in terms of how thresholds 
are layered and articulated.
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3.2. DESIGN AND 
TECHNICAL 
DEVELOPMENT
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3.3. THE ARCHITEC-
TURE OF SCARCITY
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3.3.1. 
The landscape

The landscape ruin provides 
the first architectural opportu-
nity with which to leverage the 
potential of site, through an act 
of creating spatial differenti-
ation and articulating bound-
ary. The argument here is to 
take conventional methods of 
compartmentalising space, but 
subverting it so that instead 
of merely supporting the for-
mation of an “inside-outside” 
spatial dichotomy (which is 
typically exclusionary and in-
side-centric) – the architecture 
seeks to secure public space 
through this act of partitioning 
by setting up the conditions 
upon which varying levels of 
threshold, boundary, and en-
closure may be achieved. 
Much like the gesture of Bo 
Bardi’s MASP, the spatial se-
curing of public space beneath 
the suspended museum helps 
to mitigate the otherwise trans-
actional phenomena whereby 
previously open, accessible 
space becomes privatised.

On a material level, the use 
of thick durable elements 
which articulate the sculpting 
of earth, and furthermore are 
time-embracing and participate 
in natural cycles of decay and 
evolution, best support and 
differentiate this landscape 
from the more temporary ele-
ments it hosts. As a structural 
system, it is important that any 
structures built over the land-
scape phase can be demol-
ished or dismantled without 
compromising the structural 
integrity of the landscape that 
supports it. Exposed masonry, 
terraced gabion walls and con-
crete structures that make use 
of the existing rubble available 
on site following earthworks, as 
well as the appropriate planting 
pallete – assists both in serving 
the spatial experiential needs 
of the landscape and insfra-
structure it hosts, as well as the 
organisational and systematic 
requirements.

The major wall threshold sys-
tems that frames and provide 

ALEXIA KATRANAS 
2021/12/06

1SI
TE
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access to portions of the land-
scape, makes use of bioswales 
and an integrated drainage pipe 
reticulation system in order to 
collect and transport rainwater 
surface run-off and deposit-
ed grey water to a central col-
lection point. The landscape 
space which exists above the 
Gautrain is leveraged to house 
the various chambers needed 
to greywater into potable water, 
and furthermore allows the final 
stored water to be accessed 
and collected at a public out-
lets. This infrastructural inter-
vention supports the position 
taken that values a relational 
connection with the environ-
ment over the presently trans-
actional one. For the purpose 
of fostering a resilient urban 
condition that is designed in 
harmony with scarcity instead 
of fearing it, it was important to 
prioritise allowing architecture 
to harness the same otherwise 
damaged existing landscape 
systems and flows of the site, 
as it sits within a catchment 
area, in close proximity to a 
wetland, and over a damaged 

non-perenial stream. Instead of 
allowing the new development 
to further damage or enclose 
these crucial water systems, 
this interventions aims to se-
cure access to it, albeit artifi-
cially, and make the outputs 
accessible to those typically 
living furthest on the outside in 
terms of service delivery. Given 
the deperate need for water in 
the surrounding informal settle-
ments at present, this gesture, 
in addition to the myriad of en-
vironmental gains precipitat-
ed such as absorbing surface 
runoff and improving thermal 
comfort through evaporative 
cooling – also aims to foster 
the kind of socio-envioronmen-
tal stewardship required by in-
frastructure to better respond 
to the physical dimension of 
scarcity. 
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3.3.2. 
The dwelling
3.3.2.1. The masonry service 
core
The housing/dwelling layer 
speaks directly to the occu-
pational requirements of both 
permanent dwellings and 
short-term accommodation, 
and necessitates the insertion 
of a double and triple storey, 
terraced, row-house typology 
buildings within the landscape. 
These buildings are inten-
tionally designed to allow an 
open versatile north and south 
façade, by making use of a 
series of parallel load bearing 
brick walls in the east and west 
façade directions. These north-
ern and southern interfaces 
are articulated according to the 
user’s needs, and open either 
onto a more public street (fa-
vouring a business shopfront 
interface) or into a semi-public 
shared courtyard (favouring a 
private leisure space). In this 
way, the streets and courtyard 
spaces become extensions 
into which the domicile and ev-

eryday rituals it houses, may 
spill out. The typical footprint of 
each collective building block 
is informed by existing stand 
sizes in the gated community 
situated across the road, and 
achieves a much needed, high-
er density despite the building 
footprint area and building 
height not being too much larg-
er than the surrounding existing 
low-density homes. This can 
be attributed to the approach 
taken in the organisation of 
services, which are housed 
and reticulated neatly through 
a thickened service wall core, 
that each smallest possible unit 
module plugs into. Many of the 
outlets such as basins and toi-
lets are contained within this 
wall so that they may be more 
easily concealed when not 
needed in a particular dwelling 
configuration.  For the purpose 
of improving thermal comfort, 
daylighting, and ventilation, the 
building mass is opened by a 
4m wide circulation corridor 
and courtyard through the mid-
dle.  
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1 : 50

Section 6

This project is situated within the highly 
polarised and fragmented landscape of 

Moreleta Park, where contemporary 
manifestations of exclusionary apartheid 
values, in the form of gated communities, 

are confronted by the emergence of 
“grass-root disturbances”, in the form of 
informal settlements. An architecture of informal settlements. An architecture of 

abundance meets an architecture of 
scarcity, or rather, a defensive architecture 

that fearfully attempts to answer the socially 
constructed inevitability of scarcity is 

confronted by an architecture that emerges 
from physical conditions of scarcity; both 
the direct consequence of, and condoned the direct consequence of, and condoned 

through, the exploitation and discrimination 
that emanates through the fear of inevitable 

scarcity.

Scarcity is seen to limit agency, but what if 
scarcity could induce agency? Scarcity has 

already shown the potential to catalyse 
massive change, and has shown itself to 

promote the subsequent ingenuity 
necessary for survival.

By learning from the complex socio-spatial By learning from the complex socio-spatial 
landscape of the past, present and “future” 

South African city, through a deeply 
collaborative process that is grounded in a 

foundation of critical theory and 
phenomenology, this project aims to 

reimagine an architecture of scarcity that 
embraces ephemerality and sensitively embraces ephemerality and sensitively 
emancipates the potential of boundary 

beyond that of division - gesturing towards 
an architecture that is not a solution-driven 
answer, but a dialogue-inducing question; 

scarcity that is not a problem, but an 
opportunity.

Yielding the benefit of a site favourably Yielding the benefit of a site favourably 
located beside a proposed 

Gautrain/transport node, with proximity to 
both a gated community and informal 

settlement - the programmatic opportunity 
of domicile, livelihood, and mobility 
emerged as useful mechanisms for 

integration, and are manifested in the integration, and are manifested in the 
exploration of a housing typology that 

rethinks architectural and technical 
constitution of the traditional gated 

community. 
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3.3.2.2. External Circulation

Both the floor area within the 
dwellings, the intermediate ser-
vice interfaces (E-W), and most 
pertinently, the North-South 
street and courtyard interfaces 
– are thus hyper optimized in 
terms of function and habitable 
area. The incredible potential 
of healthy, activated streets 
have been realised in the social 
housing projects of Peter Bar-
ber in London, public buildings 
by architect-activist Lina Bo 
Bardi, as well as within Plastic 
View informal settlement. Bar-
ber argues that by simply plac-
ing front doors directly onto the 
street, and allowing most cir-
culation to happen outside and 
within the public sphere, the po-
tential of street to build commu-
nity and identity is accessed; 
where architecture becomes a 
background to peoples’ worlds 
(Barber 2021). This is an at-
tractive proposition for any 
housing project within South 
Africa’s temperate climate, and 
on a more hermeneutic level, 
is often visible within the en-
closure of gated communities. 
This highlights that within our 
socio-political climate, despite 
a longing for direct connection 
to the street, there still exists 
a need for an extension and 
layering of thresholds to si-
multaneously ensure a feeling 
of safety. Achieved through 
side-entrances opening into 
narrow minor roads perpendic-
ular to the street and between 
dwellings in Plastic View, and 
in this proposed intervention, 
through a similar approach 

that also leverages the poten-
tial of ground plane manipula-
tion for spatial differentiation – 
this project relies on a layered 
approach to circulation and 
threshold, which, at its most se-
cure, should satisfy the level of 
security sought after in security 
complexes and gated commu-
nities, and at its most porous, 
should allow boundaries to dis-
solve and reconfigure. For this 
reason, vertical circulation and 
suspended corridors are con-
structed from steel and expand-
ed steel grid surfaces, allowing 
a significantly higher level of 
adjustability than the masonry 
dwelling spaces. These circu-
lation spaces, existing on the 
west and east facades, allow 
for single homes to occupy 
more than one storey, and can 
utilized as an extra room, or 
external courtyard. In addition 
to these multi-purposed private 
circulation spaces, an extra 
more public vertical circulation 
core is housed for each block 
within the surrounding land-
scape infrastructure, also yield-
ing shade and providing pub-
lic Wi-Fi-hotspots and phone 
charging stations, powered by 
solar panels above. These plug 
into existing landscape ‘mina-
rets’ that also provide light and 
electrical service reticulation. 

3.3.2.3. The harnessed 
boundary
The final and most temporary 
layer of building comprises 
the use of interior and exte-
rior partitioning. By affording 
the end-user the opportunity to 
shape the interface according 

to the amount of space need-
ed, programmatic needs, and 
security needs – the true value 
of the steel circulation, mason-
ry service core, and landscape, 
is leveraged. It is through this 
layer that boundaries are aug-
mented or dissolved, and that 
the architectural opportunity of 
scarcity is most tangible. This is 
because, despite a reliance on 
the many layers of architecture 
that host it, it is the architecture 
most immediately accessible 
and malleable by its users that 
will reflect our evolving relation-
ship to scarcity and time – be it 
positive or negative.
For the purpose of this investi-
gation, a few standard interface 
articulations were developed 
according to a hypothetical 
scenario of conditions and user 
personas with block A as the 
backdrop.

ALEXIA KATRANAS 
2021/12/06

D
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AI
L 30x4.5 zinc phosphate primer and intumescent paint coated 

Grip Weld steel grating secured with M8x16 bolt and saddle 
clamp and locking plate onto 80x80x4.5mm steel square 
hollow section beam. 

230mm bagged load-bearing double-skin masonry wall: 
imperial NFX clay brick 222x106x73mm layed in stretcher 
bond and reinforced with 'brickforce' galvanised welded mesh 
applied to every fifth brick course, bedded on jointed in class 
II mortar and pointed with flush vertical and flush horizontal 
joints.

Rainwater drip

152mmx152mmx37kg/m zinc phosphate primer and 
intumescent paint coated steel H-section column, spaced 
according to structural grid, welded to 260x260x6mm steel 
base-plate, anchored in concrete beam with 4x M20 chemical 
anchors.  

80x80x4.5mm zinc phosphate primer and intumescent paint 
coated steel square hollow section beam, spaced at 1m cts, 
welded to IPE 160 steel girder.  

IPE 160 zinc phosphate primer and intumescent paint coated 
steel girder, spaced according to structural grid, bolted to end 
plate and weld gusset to 152mmx152mmx37kg/m steel 
column. For lateral bracing of girders and beams there will be 
bolted seat angle connections.
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30x4.5 zinc phosphate primer and intumescent paint coated 
Grip Weld steel grating steps welded onto 6mm steel base 
plate, fixed to 6mm steel plate stringer with M16 bolts.  

M16 bolt.  

255mm thick reinforced concrete floor slab, spanning 4860mm 
between 510mm deep reinforced concrete beams to structural 
engineer spec, waterproofed with water resistant admixture.
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230

Purpose-made swivel window to manufacturer spec.

15mm thick cement screed on concrete floor slab.

6mm zinc phosphate primer and intumescent paint coatedsteel 
plate stringer welded to 6mm steel end plate, fixed to concrete 
slab with M16 bolts.  

2
3

4

1
0

6
7

5
1

51

300x300x7.5mm National Ceramic Industries Terra Rossa Tile 
(available from Builder's Warehouse) on cement screed.

40mm thick CCA impregnated timber door panel to 
manufacturer spec..

38x152mm exposed CCA impregnated timber wall stud, fixed 
to 38x152mm exposed CCA impregnated timber bottom plate, 
anchored in concrete floor slab.

Zinc phosphate primer and intumescent paint coated expanded 
steel mesh welded to 50x50x2.5mm zinc phosphate primer 
and intumescent paint coated steel square hollow section 
balustraid structure.
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3.3.3. 
The Water System 3.3.3.1. Water Calculations

1. Surface areas and runoff coefficients

2. Supply from rainwater

3. Losses from evaporation

Table 3.1.1: Ground surface areas and runoff coefficients (SANRAL 2013, Architective 2015).

Table 3.2.1: Monthly rainwater supply from surfaces according to Pretoria average rainfall  (Climate-Data 2021).

Table 3.3.1: Loss of water within swale areas due to evaporation potential in Gauteng Province (Schulze et al. 2001).

Table 3.1.2: Roof surface areas and runoff coefficients (SANRAL 2013, Architective 2015).
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4. Demands (designed for the maximum)
Table 3.4.1: (full spread) Average annual daily demands (after City of Tshwane 2017).

Table 3.4.2: (full spread) Total demands: (Daily demand = AADD/unit x no. of units).

Table 3.4.3: (full spread) Monthly demands: (1m3 = 1kl).

Greywater harvested as a percentage 
of the domestic and business water 

use

Domestic greywater percentage

= 

20%
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1. Surface areas and runoff coefficients References: SANRAL (2013) SANRAL 2013. Drainage Manual . 6th ed. Pretoria: SANRAL.

Architective (2015) Architective 2015. Building Construction Standards for South Africa . 1st ed. 

Ground surfaces

Catchment Runoff coefficient, C Catchment area, A (m
2
) Adjusted area, A x C (m

2
)

Input C and A and names Concrete block paving 0,90 3477,00 3129,30

Softscaping 0,35 2753,00 963,55

Constructed wetland 1,00 300,00 300,00

Ground adj. area, AG (m
2
):

AG = ∑(A x C)

Roofs

Catchment Runoff coefficient, C Catchment area, A (m
2
) Adjusted area, A x C (m

2
)

Input C and A and names Steel roof sheeting (sloped) 0,95 978,00 929,10

Flat concrete roofs 0,90 1378,00 1240,20

Roofs adjusted area, AR (m
2
):

AR = ∑(A x C)

Total adj. area, AT =AG + AR: 6562,15 m
3

2. Supply from rainwater Climate-Data (2021) Climate-Data 2021. Climate of Pretoria, South Africa . Accessed via <https://en.climate-data.org/africa/south-africa/gauteng/pretoria-154/>

Month Average rainfall, P (mm) Rain yield, R (m
3
)   R=AT xP

January 107 702,15

February 99 649,65

March 88 577,47

April 40 262,49

May 17 111,56

June 7 45,94

July 3 19,69

August 7 45,94

September 18 118,12

October 65 426,54

November 92 603,72

December 118 774,33

ANNUAL 661 4337,58

3. Losses from evaporation Schulze et al. (2001) for Gauteng Province Full reference: Schulze, N.E., Maharaj, M., Lynch, S.D.,Howe, B.J. and Melvil-Thomson, B. 2001. South African Atlas of Agrohydrology and Climatology . CSIR. Accessed via: http://fred.csir.co.za/project/tmg/agrohydrology_atlas/atlas_toc.htm

Month Potential evaporation, e (mm) Rainwater Swale area, a (m
2
) Evaporation, E (m

3
)   E= e x a

Storage surface area: January 228 300 68,40

300 February 187 300 56,10

March 184 300 55,20

April 144 300 43,20

May 130 300 39,00

June 106 300 31,80

July 118 300 35,40

August 162 300 48,60

September 207 300 62,10

October 239 300 71,70

November 232 300 69,60

December 239 300 71,70

ANNUAL 2176 652,80

4. Demands Designed for the maximum 

Average annual daily demands (after City of Tshwane, 2017) Full reference: City of Tshwane 2007. Guidelines for the design and costruction of water and sanitation systems . Pretoria: City of Tshwane.

Zoning and units for AADD Domestic Garden Commercial General Total (AADD/unit)

0,6 0,1 - - 0,7

0,6 - - - 0,6

- - 0,8 - 0,8

- - 10,0 - 10,0

- - - 15,0 15,0

- - - 15,0 15,0

- - - 3,0 3,0

Total demands: (Daily demand = AADD/unit x no. of units)

(don’t copy the 1st Number column)

Number Zoning Number Domestic (kl/day) Garden (kl/day) Commercial (kl/day) General (kl/day) Total daily demand (kl/day)

Residential

114 Cluster housing 114 units 68,40 11,40 - - 79,80

6 Gate houses 6 units 3,60 - - - 3,60

Business

1272 General businesses 1272 sqm - - 10,18 - 10,18

1 Car wash facilities 1 unit - - 10,00 - 10,00

General

0,28 Park grounds 0,28 hectares - - - 4,20 4,20

0,2 Parking grounds 0,2 hectares - - - 0,60 0,60

TOTAL 72,00 11,40 20,18 4,80 108,38

Monthly demands (1m
3
 = 1kl)

Month Domestic consumption (m
3
) Garden & irrigation (m

3
) Commercial usage (m

3
) General usage (m

3
) Total demand, Q (m

3
)

January 2232,00 353,40 625,46 148,80 3359,66

February 2016,00 319,20 564,93 134,40 3034,53

March 2232,00 353,40 625,46 148,80 3359,66

April 2160,00 342,00 605,28 144,00 3251,28

May 2232,00 353,40 625,46 148,80 3359,66

June 2160,00 342,00 605,28 144,00 3251,28

July 2232,00 353,40 625,46 148,80 3359,66

August 2232,00 353,40 625,46 148,80 3359,66

September 2160,00 342,00 605,28 144,00 3251,28

October 2232,00 353,40 625,46 148,80 3359,66

November 2160,00 342,00 605,28 144,00 3251,28

December 2232,00 353,40 625,46 148,80 3359,66

ANNUAL 26280,00 4161,00 7364,24 1752,00 39557,24

Domestic greywater percentage: 20% Greywater harvested as a percentage of the domestic and business water use

5. Storage level Assuming an empty facility on 1 October (start of the South African hydrological year) Plotting stuff

R + H – G – I – C – E Cuml. balance at month END

Month Garden demand, I (m
3
) General use demand, G (m

3
) Car wash demand, C (m

3
) Evaporation losses, E (m

3
) Greywater supply, H (m

3
) Precipitation yield, R (m

3
) Monthly balance (m

3
) Storage volume, V (m

3
) End Total supplyTotal demandVolume Surplus

September 0,00 Dec 1283,82 883,90 693,23 399,92

October 353,40 148,80 310,00 71,70 509,49 426,54 52,13 52,13 Jan 1211,64 880,60 1024,27 331,04

November 342,00 144,00 300,00 69,60 493,06 603,72 241,17 293,30 Feb 1109,84 789,70 1344,41 320,14

December 353,40 148,80 310,00 71,70 509,49 774,33 399,92 693,23 Mar 1086,96 867,40 1563,97 219,56

January 353,40 148,80 310,00 68,40 509,49 702,15 331,04 1024,27 Apr 755,54 829,20 1490,31 -73,66

February 319,20 134,40 280,00 56,10 460,19 649,65 320,14 1344,41 May 621,05 851,20 1260,16 -230,15

March 353,40 148,80 310,00 55,20 509,49 577,47 219,56 1563,97 Jun 538,99 817,80 981,35 -278,81

April 342,00 144,00 300,00 43,20 493,06 262,49 -73,66 1490,31 Jul 529,18 847,60 662,93 -318,42

May 353,40 148,80 310,00 39,00 509,49 111,56 -230,15 1260,16 Aug 555,43 860,80 357,55 -305,37

June 342,00 144,00 300,00 31,80 493,06 45,94 -278,81 981,35 Sep 611,17 848,10 0,00 -236,93

July 353,40 148,80 310,00 35,40 509,49 19,69 -318,42 662,93 Oct 936,03 883,90 52,13 52,13

August 353,40 148,80 310,00 48,60 509,49 45,94 -305,37 357,55 Nov 1096,77 855,60 293,30 241,17

September 342,00 144,00 300,00 62,10 493,06 118,12 -236,93 120,63 Dec 1283,82 883,90 693,23 399,92

ANNUAL 4161,00 1752,00 3650,00 652,80 5998,85 4337,58 120,63

Maximum storage volume 

in year 1, Vmax 1563,97 m
3

Swale depth, dw 0,30 m

Swale surface area, Aw 300 m
2

Swale volume, Vw=dwxAw 90 m
3

Req'd tank storage, Vmax –Vw 1473,97 m
3

1480 kl of underground storage to be provided

Depth of undergrand storage 3 m

Area of underground storage 493,33 m
2

4392,85

Residential

General business with an FSR – kl/day per 100m
2

2169,30

Cluster housing: 41 to 60 units/hectare – kl/day per unit

Gate house for security villages – kl/day per unit

Business

Parking grounds – kl/day per hectare

Car wash facility

General

Park grounds – kl/day per hectare

Private open space – kl/day per hectare
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Monthly balance, S–D Storage volume, V

1. Surface areas and runoff coefficients References: SANRAL (2013) SANRAL 2013. Drainage Manual . 6th ed. Pretoria: SANRAL.

Architective (2015) Architective 2015. Building Construction Standards for South Africa . 1st ed. 

Ground surfaces

Catchment Runoff coefficient, C Catchment area, A (m
2
) Adjusted area, A x C (m

2
)

Input C and A and names Concrete block paving 0,90 3477,00 3129,30

Softscaping 0,35 2753,00 963,55

Constructed wetland 1,00 300,00 300,00

Ground adj. area, AG (m
2
):

AG = ∑(A x C)

Roofs

Catchment Runoff coefficient, C Catchment area, A (m
2
) Adjusted area, A x C (m

2
)

Input C and A and names Steel roof sheeting (sloped) 0,95 978,00 929,10

Flat concrete roofs 0,90 1378,00 1240,20

Roofs adjusted area, AR (m
2
):

AR = ∑(A x C)

Total adj. area, AT =AG + AR: 6562,15 m
3

2. Supply from rainwater Climate-Data (2021) Climate-Data 2021. Climate of Pretoria, South Africa . Accessed via <https://en.climate-data.org/africa/south-africa/gauteng/pretoria-154/>

Month Average rainfall, P (mm) Rain yield, R (m
3
)   R=AT xP

January 107 702,15

February 99 649,65

March 88 577,47

April 40 262,49

May 17 111,56

June 7 45,94

July 3 19,69

August 7 45,94

September 18 118,12

October 65 426,54

November 92 603,72

December 118 774,33

ANNUAL 661 4337,58

3. Losses from evaporation Schulze et al. (2001) for Gauteng Province Full reference: Schulze, N.E., Maharaj, M., Lynch, S.D.,Howe, B.J. and Melvil-Thomson, B. 2001. South African Atlas of Agrohydrology and Climatology . CSIR. Accessed via: http://fred.csir.co.za/project/tmg/agrohydrology_atlas/atlas_toc.htm

Month Potential evaporation, e (mm) Rainwater Swale area, a (m
2
) Evaporation, E (m

3
)   E= e x a

Storage surface area: January 228 300 68,40

300 February 187 300 56,10

March 184 300 55,20

April 144 300 43,20

May 130 300 39,00

June 106 300 31,80

July 118 300 35,40

August 162 300 48,60

September 207 300 62,10

October 239 300 71,70

November 232 300 69,60

December 239 300 71,70

ANNUAL 2176 652,80

4. Demands Designed for the maximum 

Average annual daily demands (after City of Tshwane, 2017) Full reference: City of Tshwane 2007. Guidelines for the design and costruction of water and sanitation systems . Pretoria: City of Tshwane.

Zoning and units for AADD Domestic Garden Commercial General Total (AADD/unit)

0,6 0,1 - - 0,7

0,6 - - - 0,6

- - 0,8 - 0,8

- - 10,0 - 10,0

- - - 15,0 15,0

- - - 15,0 15,0

- - - 3,0 3,0

Total demands: (Daily demand = AADD/unit x no. of units)

(don’t copy the 1st Number column)

Number Zoning Number Domestic (kl/day) Garden (kl/day) Commercial (kl/day) General (kl/day) Total daily demand (kl/day)

Residential

114 Cluster housing 114 units 68,40 11,40 - - 79,80

6 Gate houses 6 units 3,60 - - - 3,60

Business

1272 General businesses 1272 sqm - - 10,18 - 10,18

1 Car wash facilities 1 unit - - 10,00 - 10,00

General

0,28 Park grounds 0,28 hectares - - - 4,20 4,20

0,2 Parking grounds 0,2 hectares - - - 0,60 0,60

TOTAL 72,00 11,40 20,18 4,80 108,38

Monthly demands (1m
3
 = 1kl)

Month Domestic consumption (m
3
) Garden & irrigation (m

3
) Commercial usage (m

3
) General usage (m

3
) Total demand, Q (m

3
)

January 2232,00 353,40 625,46 148,80 3359,66

February 2016,00 319,20 564,93 134,40 3034,53

March 2232,00 353,40 625,46 148,80 3359,66

April 2160,00 342,00 605,28 144,00 3251,28

May 2232,00 353,40 625,46 148,80 3359,66

June 2160,00 342,00 605,28 144,00 3251,28

July 2232,00 353,40 625,46 148,80 3359,66

August 2232,00 353,40 625,46 148,80 3359,66

September 2160,00 342,00 605,28 144,00 3251,28

October 2232,00 353,40 625,46 148,80 3359,66

November 2160,00 342,00 605,28 144,00 3251,28

December 2232,00 353,40 625,46 148,80 3359,66

ANNUAL 26280,00 4161,00 7364,24 1752,00 39557,24

Domestic greywater percentage: 20% Greywater harvested as a percentage of the domestic and business water use

5. Storage level Assuming an empty facility on 1 October (start of the South African hydrological year) Plotting stuff

R + H – G – I – C – E Cuml. balance at month END

Month Garden demand, I (m
3
) General use demand, G (m

3
) Car wash demand, C (m

3
) Evaporation losses, E (m

3
) Greywater supply, H (m

3
) Precipitation yield, R (m

3
) Monthly balance (m

3
) Storage volume, V (m

3
) End Total supplyTotal demandVolume Surplus

September 0,00 Dec 1283,82 883,90 693,23 399,92

October 353,40 148,80 310,00 71,70 509,49 426,54 52,13 52,13 Jan 1211,64 880,60 1024,27 331,04

November 342,00 144,00 300,00 69,60 493,06 603,72 241,17 293,30 Feb 1109,84 789,70 1344,41 320,14

December 353,40 148,80 310,00 71,70 509,49 774,33 399,92 693,23 Mar 1086,96 867,40 1563,97 219,56

January 353,40 148,80 310,00 68,40 509,49 702,15 331,04 1024,27 Apr 755,54 829,20 1490,31 -73,66

February 319,20 134,40 280,00 56,10 460,19 649,65 320,14 1344,41 May 621,05 851,20 1260,16 -230,15

March 353,40 148,80 310,00 55,20 509,49 577,47 219,56 1563,97 Jun 538,99 817,80 981,35 -278,81

April 342,00 144,00 300,00 43,20 493,06 262,49 -73,66 1490,31 Jul 529,18 847,60 662,93 -318,42

May 353,40 148,80 310,00 39,00 509,49 111,56 -230,15 1260,16 Aug 555,43 860,80 357,55 -305,37

June 342,00 144,00 300,00 31,80 493,06 45,94 -278,81 981,35 Sep 611,17 848,10 0,00 -236,93

July 353,40 148,80 310,00 35,40 509,49 19,69 -318,42 662,93 Oct 936,03 883,90 52,13 52,13

August 353,40 148,80 310,00 48,60 509,49 45,94 -305,37 357,55 Nov 1096,77 855,60 293,30 241,17

September 342,00 144,00 300,00 62,10 493,06 118,12 -236,93 120,63 Dec 1283,82 883,90 693,23 399,92

ANNUAL 4161,00 1752,00 3650,00 652,80 5998,85 4337,58 120,63

Maximum storage volume 

in year 1, Vmax 1563,97 m
3

Swale depth, dw 0,30 m

Swale surface area, Aw 300 m
2

Swale volume, Vw=dwxAw 90 m
3

Req'd tank storage, Vmax –Vw 1473,97 m
3

1480 kl of underground storage to be provided

Depth of undergrand storage 3 m

Area of underground storage 493,33 m
2

4392,85

Residential

General business with an FSR – kl/day per 100m
2

2169,30

Cluster housing: 41 to 60 units/hectare – kl/day per unit

Gate house for security villages – kl/day per unit

Business

Parking grounds – kl/day per hectare

Car wash facility

General

Park grounds – kl/day per hectare

Private open space – kl/day per hectare

-500

0

500

1000

1500

2000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

V
o
lu

m
e
 o

f 
w

a
te

r,
 m

³

Total supply, S Total demand, D

Monthly balance, S–D Storage volume, V

5. Storage level - Assuming an empty facility on 1 October (start of the South African hydrological year)
Table 3.5.1: Projected monthly storage level as a function of supply, demands, and losses.

Graph 3.5.1: Projected monthly storage level as a function of supply, demands, and losses.

1. Surface areas and runoff coefficients References: SANRAL (2013) SANRAL 2013. Drainage Manual . 6th ed. Pretoria: SANRAL.

Architective (2015) Architective 2015. Building Construction Standards for South Africa . 1st ed. 

Ground surfaces

Catchment Runoff coefficient, C Catchment area, A (m
2
) Adjusted area, A x C (m

2
)

Input C and A and names Concrete block paving 0,90 3477,00 3129,30

Softscaping 0,35 2753,00 963,55

Constructed wetland 1,00 300,00 300,00

Ground adj. area, AG (m
2
):

AG = ∑(A x C)

Roofs

Catchment Runoff coefficient, C Catchment area, A (m
2
) Adjusted area, A x C (m

2
)

Input C and A and names Steel roof sheeting (sloped) 0,95 978,00 929,10

Flat concrete roofs 0,90 1378,00 1240,20

Roofs adjusted area, AR (m
2
):

AR = ∑(A x C)

Total adj. area, AT =AG + AR: 6562,15 m
3

2. Supply from rainwater Climate-Data (2021) Climate-Data 2021. Climate of Pretoria, South Africa . Accessed via <https://en.climate-data.org/africa/south-africa/gauteng/pretoria-154/>

Month Average rainfall, P (mm) Rain yield, R (m
3
)   R=AT xP

January 107 702,15

February 99 649,65

March 88 577,47

April 40 262,49

May 17 111,56

June 7 45,94

July 3 19,69

August 7 45,94

September 18 118,12

October 65 426,54

November 92 603,72

December 118 774,33

ANNUAL 661 4337,58

3. Losses from evaporation Schulze et al. (2001) for Gauteng Province Full reference: Schulze, N.E., Maharaj, M., Lynch, S.D.,Howe, B.J. and Melvil-Thomson, B. 2001. South African Atlas of Agrohydrology and Climatology . CSIR. Accessed via: http://fred.csir.co.za/project/tmg/agrohydrology_atlas/atlas_toc.htm

Month Potential evaporation, e (mm) Rainwater Swale area, a (m
2
) Evaporation, E (m

3
)   E= e x a

Storage surface area: January 228 300 68,40

300 February 187 300 56,10

March 184 300 55,20

April 144 300 43,20

May 130 300 39,00

June 106 300 31,80

July 118 300 35,40

August 162 300 48,60

September 207 300 62,10

October 239 300 71,70

November 232 300 69,60

December 239 300 71,70

ANNUAL 2176 652,80

4. Demands Designed for the maximum 

Average annual daily demands (after City of Tshwane, 2017) Full reference: City of Tshwane 2007. Guidelines for the design and costruction of water and sanitation systems . Pretoria: City of Tshwane.

Zoning and units for AADD Domestic Garden Commercial General Total (AADD/unit)

0,6 0,1 - - 0,7

0,6 - - - 0,6

- - 0,8 - 0,8

- - 10,0 - 10,0

- - - 15,0 15,0

- - - 15,0 15,0

- - - 3,0 3,0

Total demands: (Daily demand = AADD/unit x no. of units)

(don’t copy the 1st Number column)

Number Zoning Number Domestic (kl/day) Garden (kl/day) Commercial (kl/day) General (kl/day) Total daily demand (kl/day)

Residential

114 Cluster housing 114 units 68,40 11,40 - - 79,80

6 Gate houses 6 units 3,60 - - - 3,60

Business

1272 General businesses 1272 sqm - - 10,18 - 10,18

1 Car wash facilities 1 unit - - 10,00 - 10,00

General

0,28 Park grounds 0,28 hectares - - - 4,20 4,20

0,2 Parking grounds 0,2 hectares - - - 0,60 0,60

TOTAL 72,00 11,40 20,18 4,80 108,38

Monthly demands (1m
3
 = 1kl)

Month Domestic consumption (m
3
) Garden & irrigation (m

3
) Commercial usage (m

3
) General usage (m

3
) Total demand, Q (m

3
)

January 2232,00 353,40 625,46 148,80 3359,66

February 2016,00 319,20 564,93 134,40 3034,53

March 2232,00 353,40 625,46 148,80 3359,66

April 2160,00 342,00 605,28 144,00 3251,28

May 2232,00 353,40 625,46 148,80 3359,66

June 2160,00 342,00 605,28 144,00 3251,28

July 2232,00 353,40 625,46 148,80 3359,66

August 2232,00 353,40 625,46 148,80 3359,66

September 2160,00 342,00 605,28 144,00 3251,28

October 2232,00 353,40 625,46 148,80 3359,66

November 2160,00 342,00 605,28 144,00 3251,28

December 2232,00 353,40 625,46 148,80 3359,66

ANNUAL 26280,00 4161,00 7364,24 1752,00 39557,24

Domestic greywater percentage: 20% Greywater harvested as a percentage of the domestic and business water use

5. Storage level Assuming an empty facility on 1 October (start of the South African hydrological year) Plotting stuff

R + H – G – I – C – E Cuml. balance at month END

Month Garden demand, I (m
3
) General use demand, G (m

3
) Car wash demand, C (m

3
) Evaporation losses, E (m

3
) Greywater supply, H (m

3
) Precipitation yield, R (m

3
) Monthly balance (m

3
) Storage volume, V (m

3
) End Total supplyTotal demandVolume Surplus

September 0,00 Dec 1283,82 883,90 693,23 399,92

October 353,40 148,80 310,00 71,70 509,49 426,54 52,13 52,13 Jan 1211,64 880,60 1024,27 331,04

November 342,00 144,00 300,00 69,60 493,06 603,72 241,17 293,30 Feb 1109,84 789,70 1344,41 320,14

December 353,40 148,80 310,00 71,70 509,49 774,33 399,92 693,23 Mar 1086,96 867,40 1563,97 219,56

January 353,40 148,80 310,00 68,40 509,49 702,15 331,04 1024,27 Apr 755,54 829,20 1490,31 -73,66

February 319,20 134,40 280,00 56,10 460,19 649,65 320,14 1344,41 May 621,05 851,20 1260,16 -230,15

March 353,40 148,80 310,00 55,20 509,49 577,47 219,56 1563,97 Jun 538,99 817,80 981,35 -278,81

April 342,00 144,00 300,00 43,20 493,06 262,49 -73,66 1490,31 Jul 529,18 847,60 662,93 -318,42

May 353,40 148,80 310,00 39,00 509,49 111,56 -230,15 1260,16 Aug 555,43 860,80 357,55 -305,37

June 342,00 144,00 300,00 31,80 493,06 45,94 -278,81 981,35 Sep 611,17 848,10 0,00 -236,93

July 353,40 148,80 310,00 35,40 509,49 19,69 -318,42 662,93 Oct 936,03 883,90 52,13 52,13

August 353,40 148,80 310,00 48,60 509,49 45,94 -305,37 357,55 Nov 1096,77 855,60 293,30 241,17

September 342,00 144,00 300,00 62,10 493,06 118,12 -236,93 120,63 Dec 1283,82 883,90 693,23 399,92

ANNUAL 4161,00 1752,00 3650,00 652,80 5998,85 4337,58 120,63

Maximum storage volume 

in year 1, Vmax 1563,97 m
3

Swale depth, dw 0,30 m

Swale surface area, Aw 300 m
2

Swale volume, Vw=dwxAw 90 m
3

Req'd tank storage, Vmax –Vw 1473,97 m
3

1480 kl of underground storage to be provided

Depth of undergrand storage 3 m

Area of underground storage 493,33 m
2

4392,85

Residential

General business with an FSR – kl/day per 100m
2

2169,30

Cluster housing: 41 to 60 units/hectare – kl/day per unit

Gate house for security villages – kl/day per unit

Business

Parking grounds – kl/day per hectare

Car wash facility

General

Park grounds – kl/day per hectare

Private open space – kl/day per hectare
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3.3.4. 
System Integration 
Dwelling service cores

3.3.5. 
SBAT report

SUSTAINABLE BUILDING ASSESSMENT TOOL RESIDENTIAL

Achieved
SB SBAT REPORT 3,8

SB1 Project 
0

SB2 Address
0

SB3 SBAT Graph
Actual Target

Energy 1,9 5,0
Water 3,6 5
Waste 2,0 5
Materials 2,0 5
Biocapacity 3,1 5
Transport 5,0 5,0
Resource Use 3,5 5
Management 4,2 5
Local Economy 4,5 5
Access 5,0 5,0
Health 4,2 5,0
Education 4,5 5
Services and Products 5,0 5
Inclusion 3,3 5
Social Cohesion 5,0 5

SB4 Environmental, Social and Economic Performance Score
Environmental 2,5
Economic 4,4
Social 4,4
SBAT Rating 3,8

SB5 EF and HDI Factors Score
EF Factor 3,2
HDI Factor 4,1

SB6 Targets Percentage
Environmental 51
Economic 89
Social 88

SB7 Self Assessment: Information supplied and and confirmed by 
Name Date
Signature

SB8 Validation: Documentation validated by 
Name Date
Signature

SB9 Validation Report Version 
IVR

1,04

0,0

1,0

2,0

3,0

4,0

5,0
Energy

Water

Waste

Materials

Biocapacity

Transport

Resource Use
ManagementLocal Economy

Access

Health

Education

Services and Products

Inclusion

Social Cohesion

Actual

Target

ANNUAL RAINFALL IN PRETORIA

ROAD 
RUNOFF

ROOF 
RUNOFF

GROUND 
RUNOFF

MUNICIPAL
STORMWATER

SERVITUDE

BIOSWALE / PLANTED WATER CHANNEL

- INITIAL FILTRATION 
 -SEDIMENTATION
 - AEROBIC MICROBIAL DEGRADATION
- TRANSPORTATION
 - GRAVITY

    NOTES ON PLANTS:
PLANTS THAT ARE ABLE TO HANDLE PERIODIC DROUGHT AND ARE A 

VARIETY OF SUBMERGED, EMERGENT, FLOATING PLANTS
(TO LANDSCAPE ARCHITECT SPEC.)

JUNCUS
KRAUSII

GUNNERA 
PERPENSA

CYPRESS SP. APONOGETON
DISTACHYOS

MUNICIPAL SUPPLY

POTABLE WATER

KITCHEN
BATHROOM

TOILETBASIN + BATH
+ SHOWER

WASHING
MACHINE

GREY WATER

(PRE-TREATMENT)
DOMESTIC GREYWATER FILTER

- SAND TRAP
- GREASE TRAP

JOJO TANK
STORAGE

SOLAR GEYSER SOLAR PUMP

ANNUAL SUNSHINE IN PRETORIA

UV TREATMENT

POWER FROM 
GRID

DISTRIBUTION 
PUMP

UNDERGROUND
STORAGE

FINAL RETENTION

GRAVEL + PLANTS

SAND + PLANTS

RETENTION 
POND VERTICAL CONSTRUCTED 

BIOSWALE /  WETLAND

MUNICIPAL
SEWER

1A

2A
2B

3

1B

2C 4
5

5A

5B

6

7

8

9

10
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3.4. SCENARIO 
TESTING
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