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AN INTRODUCTION
By Prof Amira Osman

The TUT Department of Architecture has a special relationship to its
context. The location of the campus on the periphery of the Central
Business District (CBD) gives it a unique relationship to the city. Yet, it
is spatially characterised by a disconnect. The edge conditions, entry and
connection points with the city inform many of our studio briefs. The
city inspires much of what we deliver and guides the content of
the programme.
Cities are powerful; cities are sites where democracy is implemented
– and sites where democracy can be reclaimed, if lost. There are many
city-level actions that may impact on whole nations. The relationships
between cities, nationally and internationally, assist in creating networks
that are beneficial in terms of the environment and socio-economic
systems that are more equitable. The relevance of these dynamics to
what we offer is crucial.
Our discipline presents unique opportunities for fostering dialogue,
as we deal with the practical, political and symbolic elements of space,
identity, and culture. We aim to accommodate all, in all of our diversity,
developing a programme that welcomes all and that is accessible to all.
We encourage interdisciplinary investigations and diversity to allow for
different viewpoints and to avoid a one-sided view of complex topics.
Students are encouraged to think beyond the constraints of a particular
site and they are also encouraged to share their backgrounds and interests
based on their diverse living spaces, life experiences, and unique spatial
encounters in cities and rural areas.

4

It is important to note, that this year the students collectively, and
independent of the lecturers, selected the theme: RE-IMAGINING THE
FUTURE. We not only obliged, but we are inspired by their commitment
to deepening and expanding an understanding of architecture beyond the
limits of the profession that we were taught in other eras.

Topics are not prescribed, but candidates are expected to engage with
sufficiently complex buildings on sufficiently sensitive sites, whether
this sensitivity is based on ecological, socio-cultural, economic or other
considerations; the mini-dissertation is a hybrid, constituting in equal
parts, theory and design.

The final year TUT Department of Architecture is a studio-based
procedure where activities and events are planned to address specific
TUT, discipline- and industry-specific requirements, traditions and
expectations. The course is student-centred and engenders independent,
critical thinking and synthesis.

The process is structured around the research themes at the Department
of Architecture, TUT, as defined by the Architecture Research and
Innovation Committee (A_DRIC). The Department is conducting
several research projects under the Niche Area Project titled Appropriate
Architecture for Africa [A3]. [A3] reinforces the concept of architecture
is a social act manifested in built form and space responding to social
agreements and serving the needs of all segments of society. [A3] believes
that good urban environments and cities benefit both the rich and the
poor, and spatial, technical, economic, procurement and management
systems must, therefore, aim towards achieving equity, choice and access
to opportunity.

The process offers candidates an opportunity to choose their sites,
building types and programmes – but this year, we started the process
differently. We deliberately delayed discussions on-site or programme.
Before we started engaging on site/programme, we encouraged the
students to give this quote some thought:
“The ‘whatness’ of an object can be learned through the ‘whyness’ of it...
knowledge about an object is based on understanding or recognizing the
causes of that object.” (Turan, 1990: 9)
Worldviews are a general orientation about the world. We wanted to
understand why students wanted to embark on particular projects, what
were their intentions and what their views are on the profession. Once
we understood this, we were then able to guide the students towards the
themes/concepts/theories that they wanted to explore and debated how
these were aligned with their initial intentions.

Based on these requirements, the COROBRIK selection is made by the
internal examiners and will be consistent with the intentions of the
programme. We identify projects with strong socio-economic relevance
and a strong “making” component aligned with our emerging identity.

In developing a strategy for the research agenda for our the TUT
Architecture department, we are writing about “making” and “teaching”.
This has been reinforced with the establishment of our Maker’s Space.
We are very committed to community engagement projects; the work
that is being done is powerful and significant, and provides incredibly
good material for research. We have many challenges, yet we are
adopting a structured approach and establishing a culture of high-level
intellectual debate on our practice.
We have well-established national and international partnerships and
significant recognition through joint projects and awards. We are
heading the Local Organising Committee for the next conference on
Appropriate Technology 2020.
This is a mere snapshot of the department. We are about to receive
our first postdoc candidate and we have just appointed a well-known
architect, as a professor extraordinaire. We have our very first two PhD
candidates and we have a waiting list of people wanting to come to join
the TUT Architecture Department.
The future prospects of the TUT Architecture Department are incredibly
positive.

This is a very strong department; excellent in many ways. Our lecturers
offer unique contributions to the profession and academia. We take
incredible pride in “teaching”; it is something that we are passionate
about and very committed to. The TUT Architecture lecturers consider
themselves more practice-oriented and “makers”; we take great pride in
knowing “how to make a building”. This as an excellent alignment with
being at a University of Technology.
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MAKING THEORIES IN ORDER TO INFORM A

into a wealth of knowledge and skills of pre-colonial South African
architecture, which have the potential to inform contemporary
architecture and preserve national heritage.

T H E

Keywords: Archaeological facility, archaeology, cultural history,
exhibition, heritage, Pilanesberg National Park, history, satellite
campus, national heritage, nature, pre-colonial South African
architecture.

The study area is the Pilanesberg National Park and the surrounding
urbanised areas that border the reserve in the North-West Province
of South Africa, situated approximately 68 kilometres from the city of
Rustenburg and 186 kilometres from the city of Pretoria.

CONTEMPORARY SOUTH AFRICAN ARCHITECTURE

ALEXANDER EVDEMON
Tshwane University of Technology, South Africa
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I N T R O D U C T I O N
South Africa, a country rich in archaeological history, is speculated to
be one of the first points from which human life on earth originated.
In this regard, an important question arises, namely, has enough been
done to adequately preserve and exhibit the richness that forms such
an integral part of the country’s history?

A B S T R A C T
It is speculated that South Africa, a country rich in archaeological
history, is one of the first points from which human life on earth
originated. Has enough been done to adequately preserve and exhibit
the richness that forms such an integral part of the country’s history?

This research paper addresses the analysis and conceptual
development contributing to the design of an archaeological research
and exhibition centre to document archaeological discovery and pay
homage to the rich cultural history within the Pilanesberg National
Park and surrounding areas. The proposed facility aims to form
a satellite campus for the study and exhibition of archaeological
remains of the early people that once inhabited the site and their close
connection to the unique landscape. The research conducted by the
archaeologic centre and the exhibition of archaeological discoveries
aim to contribute to a uniquely South African identity, preserving a
national heritage as well as the connection once garnered between
man and nature.

The research and analysis of the early Tswana architectural space
making theories, cultural values and ways of life will be explored and
implemented in the conceptual development to inform the design
of the archaeological facility. The research results provide insight
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This paper contains site analysis, conceptual planning and other
contributing analysis utilised in the conceptual design process of a
proposed archaeological research, education and exhibition centre in
the Pilanesberg National Park. The research and conceptual planning
forms part of a quantitative and qualitative database of information
that informed the design of the proposed archaeological centre. The
research and analysis primarily involve an in-depth study of Tswana
space making theories and design influencers. The information
gathered was translated into the design process and implemented in
the manifestation of the archaeological centre.

The proposed facility aims to form a satellite campus for the study
and exhibition of archaeological remains of the early people that once
inhabited the site and their close connection to the unique landscape.
The research conducted by the archaeologic centre and exhibition
of archaeological discoveries aims to contribute to a uniquely South
African identity, preserving a national heritage and the connection
once garnered between man and nature. Furthermore, the research
results provide insight into a wealth of knowledge and skills of precolonial South African architecture, which have the potential to inform
contemporary architecture and preserve national heritage.

S I T E

A N D

C O N T E X T

THE STUDY AREA

The area is known mainly for the Pilanesberg Nature Reserve and
platinum mining activities in the surrounding areas. However, the
immediate areas bordering the reserve are characterised by small
urbanised areas and farmland. The study area contains a significant
number of archaeological sites, with the largest being Marothodi,
approximately 10 kilometres South-West of the reserve. Various
tourist attractions, such as sun City, are located within the study and
there are also various museums and cultural heritage sites.
The following topics were analysed with regards to the study area:
•
The sense of place.
Local socio-economic development.
•
•
First-hand experience site visit.

Figure 2: The juxtaposition between the Nature Reserve and the
urbanised areas. Image by author adapted from (Google Earth, 2018).

THE SENSE OF PLACE
According to Masterson (2017) “sense of place” is a concept that can
be described as the meanings or connection between individuals or
a group of people to a specific site (Masterson et al., 2017). A deep
connection between individuals or a group of people who have a
historical connection to a site and the formation of a sense of place is
essential in maintaining the quality of the environment.
Clark (2014) points out that the “exclusion” of the surrounding
impoverished communities from the nature reserve, has resulted in
community members resorting to poaching various protected species
of animals in the reserve (Clark, 2014). It can be assumed that the
exclusion of the local communities has caused the loss of association
between the people and the reserve; the land which holds historical
and cultural significance for Tswana culture and South Africa’s cultural
heritage.

Figure 1: The Pilanesberg circular complex (NASA Earth Observatory),
and the map of the Manyane buffer zone. Image by author adapted
from (Google Earth, 2018).

Najafi, Kamal and Mohd (2011) argues that “places not only are
important elements in developing and maintaining self and group
identity, but they play a significant role in human behaviour and their
mental health”. This highlights the importance of a sense of place
among individuals and groups of people (Najafi, Kamal and Mohd,
2011).
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The aim is to form a sense of place between the people of surrounding
local communities and the nature reserve through the programme
of an archaeological facility and various community involvement
schemes that relate to archaeology and the Tswana history. The aim of
the placement of the proposed archaeological centre in relation to the
reserve, is to form a transitional threshold between the interaction
of tourists, locals and the national park - imparting knowledge on
the benefits of conservation, archaeology, and cultural heritage
preservation.
The transitional threshold of the archaeological facility forms a
platform for the inclusion of local community members to contribute
to the programme of the facility, aiding in creating a sense of place.
The aim is to achieve this by integrating locals and the proposed
facility’s programme. Tswana cultural ceremonies and processions can
be arranged to announce the unearthing of archaeological artefacts
or, alternatively, to announce the arrival of new artefacts to the
exhibition facility. Furthermore, community leaders and local Tswana
community members can be consulted on what artefacts are to be
exhibited and how they are to be exhibited in order to aid in narrating
the exhibition from a Tswana perspective.

Tswana people can impart knowledge on how archaeological artefacts
are treated and viewed from a cultural perspective, potentially
altering the manner in which archaeological artefacts pertaining to the
Tswana people are treated and exhumed.
The following economic upliftment schemes have been considered:
·
A job creation initiative and
·
An educational programme.
Through the programme and the placement of the proposed
archaeological facility, the aim is to mediate the relationship between
the educational programme, job creation, the surrounding local
communities, and the nature reserve in order to promote upliftment
and economic development in the area, whilst aiding in creating a
sense of place through the inclusion of the local people.

·

The aim is for the inclusion of the local community in the proposed
archaeological facility. Importantly, the aim is, therefore, to form a
sense of place for the local Tswana people and form a connection and
a sense of pride toward the facility and the nature reserve.

·
Figure 3: Photographs of the macro proposed site’s surrounding
context. (Author, 2018).
LOCAL SOCIO-ECONOMIC DEVELOPMENT
The proposal of the archaeological facility has the potential to
implement economic upliftment and development schemes in the
area. The programmes for the proposed research, exhibition and
educational centre, can simultaneously renew the locals’ sense of
place and inclusion in the nature reserve. Through the inclusion of the
local community in the proposed facility’s educational programme,
the opportunity arises for the Tswana people to influence the study
of archaeology. By means of a dual educational system where
archaeologists impart skills and knowledge on archaeology, the local

10

Mediating zone

A N E D U C AT I O N A L P R O G R A M M E . With the
proposed archaeological facility aiming to act as a
satellite campus for universities and other institutions to
operate out of, the facility provides the opportunity to
implement educational programmes in the surrounding
local communities. The aim is for the proposed educational
intervention to create interest in the study of archaeology
and enlighten individuals on the cultural heritage of the
area. This type of education can impart skills and knowledge.
This educational programme also provides a platform
for local Tswana people to partake in the excavation and
analyses of archaeological artefacts, imparting valuable
cultural knowledge on archaeology from a Tswana cultural
perspective.
A J O B C R E AT I O N I N I T I AT I V E . The skills and
knowledge obtained from the educational programme
can assist locals in acquiring future jobs in archaeology
and other related fields. Due to the placement of the
proposed archaeological facility and the narrating of the
exhibition from a Tswana perspective, the facility can
provide employment opportunities for local people to
narrate and coordinate exhibitions, thereby gaining and
imparting cultural knowledge to visitors of the site. The
construction of the proposed facility could furthermore
provide opportunities for locals to assist, and impart skills
and knowledge of building techniques as observed with the
Bowali Visitor Centre and the Mapungubwe Interpretation
Centre (Hall, 2011).

Figure 4: An educational archaeological field trip. (Anderson, 2016).
S I T E V I S I T: F I RST-H A N D E X P E R I E N C E
Upon visiting the site, the juxtaposition between the local
communities and the tourist camps of the Pilanesberg is evident.
The local urbanised areas which encircle the periphery of the reserve,
characterise the approach towards the Pilanesberg Nature Reserve’s
entrances.
The local towns are composed of an eclectic composition of
residential structures, small-scale shops, and informal street vendors,
which increase in density leading to the nature reserve. The majority
of the urbanised areas are laid out in a typical European inspired grid
pattern, exhibiting little of the early Tswana settlement layouts that
once dotted the landscape. The exception is small areas of informal
housing, which have organically sprawled out of the confinements
of the grid pattern. Furthermore, the outer appearance and general
aesthetic of the residential structures resemble architecture
influenced by western culture, mimicking the so-called Tuscan style
typical in other residential areas across South Africa.
The tourist facilities of the nature reserve make use of materiality
which can be related to the early Tswana settlers of the region.
The use of stone walls, straw-thatched roofs and timber columns
characterise the tourist centres and contribute to a rustic aesthetic
seen typically in nature reserve game lodges across the country.

Figure 5: Photographs of the local urbanised context and of the
interior of the nature reserve. (Author, 2018).

H I S T O R Y O F T H E P I L A N E S B E R G N AT I O N A L
PA R K
According to Derichs (2017) and some other historical evidence, the
site of the Pilanesberg National Park started out as one of the largest
volcanos in the world, approximately 1200-1300 million years ago.
Over many years of weather that eroded the landscape, and after the
extinction of the volcano, nature reclaimed the land with plant and
animal life. The site was slowly populated with steep hills, fertile lands
that created a natural oasis.
Early humans began migrating to and around Southern Africa and
indigenous tribes began to populate the interior of the country.
Archaeological evidence of stone tools and artefacts were discovered
in the region and suggest human life began to populate the natural
oasis site from as early as the Stone-Age era between 30 000 and
150 000 years ago (L’Abbé, Coetzee and Loots, 2008).

Historical evidence suggests that the Tswana tribes settled in the
Pilanesberg area during the Iron-Age around 1700 AD and 1750 AD
(Mbenga, 1996; Coetzee, 2008). Under the rule of chief Motlotle, the
Bakgatla Tswana tribe experienced a significant historical event around
1823 AD, when the Bafokeng chief, Sebitwane invaded. This event is
labelled as the Difaqane upheaval. The arrival of chief Pilane (after
whom the nature reserve is named) restored order to the site.
Another historical event is characterised by the arrival of the
Voortrekkers around the 1830’s. With the introduction of Christianity,
11

the development of the Dutch Reformed Church, and forced labour
on farms in the area around 1864, a disagreement occurred between
the Bakgatla tribe and the farmers, which resulted in the whipping of
the chief Kgamanyane (Pilane’s son) and the Tswana’s immigration to
present-day Botswana.

The benefits of coupling the environment, tourism, education, and
sciences is a notion further supported by McKercher and du Cros
(2012). The authors discuss how tourism management and cultural
heritage management agencies around the world operate as parallel
activities with little dialogue between the two.

After many years of land degradation, the site was established as a
conservation area during the 1970s and restored to a natural oasis
after years of farming had caused depletion of species of fauna
and flora (The History of Pilanesberg National Park, 2012). Termed
‘Operation Genesis’, the mass reintroduction of many species of
wildlife saw the beginning of what is known as the present-day
Pilanesberg National Park (Carruthers, 2011).

The Pilanesberg National Park is one of the many sites which has failed
to adequately combine cultural heritage and tourism in a manner
that would benefit from a symbiotic relationship between the two
industries. The aim is for the proposed archaeological facility to form
part of the regional network of museums and tourist attractions
in the area, bridging the gap between tourism, cultural heritage,
archaeology, education, and community engagement.

Figure 6: A timeline representing the history of the area. (Author,
2018). Information obtained from (Mbenga, 1996; L’Abbé, Coetzee and
Loots, 2008; Carruthers, 2011).

Figure 7: Photographs of tourist attractions in the area. (Author, 2018,
Baker, 2013; Ivory Tree Game Lodge, 2018).

•

•
•
•
•

A site which has significance to the Tswana culture and the
history, but will not disturb any possible archaeological sites
as this would defeat the purpose of the cultural preservation
centre.
A site with the potential to upgrade the existing built
infrastructure of the Pilanesberg National Park and
surrounding urbanised areas.
A site with a visual connection to the surrounding urbanised
area and the natural landscape of the reserve.
Proximity to known or possible archaeological sites in and
around the area.
Ease of accessibility, including vehicular and pedestrian
accessibility

SITE A
Site A was selected as a possible location due to its locality on a
hilltop and its proximity to the large urbanised area of Moruleng
and the Mphebatho cultural precinct (±3km). The proposed design
of the archaeological centre will form a complementary facility. The
site is near the Bakgatla tourist lodge (named after the Tswana tribe
that once inhabited the area), which forms one of the national park
entrances.
Site A was eliminated as a potential location for the proposed
archaeological centre. Upon visiting the potential site and reassessing
contour maps, it became evident that the hill, which rises roughly
60m from its lowest point to its highest point, is nestled between two
higher peaks that obscure views out of the site. With other potential
hilltop sites near the reserve entrance being either inaccessible due
to height, too near to the residential area, or encroaching on the
nature reserve, the area was dismissed as a potential location for the
proposed archaeological facility.

TOURISM IN THE AREA
This large repository of cultural heritage forms an integral part of
South Africa’s history and identity as a nation. The uniqueness of
the site and its rich archaeological significance provide the ideal
location for the proposal of an archaeological research, exhibition
and educational centre that could benefit the economy, the local
communities and various fields of study. This notion is supported by a
quote from former president Thabo Mbeki who stated that:
“[The] environment, tourism, education and science – if
these alliances are exploited to their optimal potential, there
exists a hitherto untapped fountain of opportunities, for job
creation, social benefit, economic prosperity and preservation
of our indigenous heritage. The lessons of the past should
provide the key to the future. This is the basic geological
principle. What better way for the nation to grasp the key to
the future than by absorbing the past through the geological
perspective.” (Pieterse, 2015, p. 11).
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S I T E
A N D

S E L E C T I O N
Figure 9: Two maps highlighting the proposed site A. Map by author
adapted from. (Google Earth, 2018).

I N V E S T I G A T I O N

SITE SELECTION PROCESS

SITE B

The site selection process involves an elimination process of various
sites around the perimeter of the Pilanesberg Nature Reserve based
on numerous factors that inform the ideal placement of the proposed
archaeological centre. The main factors that contributed to the site
selection include the following:
•
A site location that facilitates and mediates the connection
between surrounding urbanised areas and the nature
reserve.
•
A site which limits the impact on the natural landscape and
biodiversity of the reserve, so as not to visually impede on
the natural experience of the nature reserve’s interior.

Located in a buffer zone between the nature reserve and the
urbanised area of Mogwase, this site is situated on a circularly shaped
hill. After a site visit and extensive analysis of the surrounding context,
the advantages of the site outweighed its disadvantages. Site B met
the selection criteria. It was, therefore, chosen as the area for the
proposed archaeological research, educational and exhibition centre.

Figure 8: Map highlighting the two proposed sites by author adapted
from. (Google Earth, 2018).
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T H E M A C R O S I T E A N A LY S I S
The site for the proposed archaeological research, exhibition and
educational centre is located within a buffer zone between the
Pilanesberg National Park and the surrounding urbanised areas of
Mogwase and Moruleng. The buffer zone forms the ideal location
in order to respond in a sensitive manner to the nature reserve and
surrounding urbanised areas, whilst acting as a mediating platform
between the nature reserve and the urbanised areas. This will ensure
engagement with and inclusion of the community.

Figure 10: Two maps highlighting the proposed site B. Map by author
adapted from. (Google Earth, 2018).

The current built infrastructure has been confined to the outskirts of
the nature reserve, causing minimal impact on the conservation park
and maintaining the integrity of the natural landscape. The proposed
archaeological centre aims to form an extension of these built forms
situated on the periphery of the reserve.

Figure 13: The macro site elements. Photographs by (Author, 2018).

THE SITE LOCALITY
Figure 15: The micro site analysis. (Author, 2018) adapted from
(Google Earth, 2018).

The proposed archaeological centre is located in a unique landscape.
The province boasts a large number of archaeological sites and
cultural heritage relating to the Tswana tribes of South Africa
(Frescura, 1981; L’Abbé, Coetzee and Loots, 2008; De Souza, 2012;
Anderson, 2016; Jordaan, 2016). The site of the Pilanesberg National
Park is arguably one of the most interesting historical sites in the
province and in South Africa. It has an interesting array of fauna and
flora, coupled with the breath-taking landscape sculpted by the extinct
volcano.

MAPPING SITE ELEMENTS

Figure 14: The above site analysis highlights the site locality within the
Manyane tourist complex buffer zone between the nature reserve and
the urbanised outskirts. Image by author adapted from (Google Earth,
2018).

Two circular concrete water reservoirs exist on the proposed site and
provide for an existing symbolic context. Early Tswana settlements
were built in close proximity to water sources in order to sustain the
settlements. The site is accessible to both vehicles and pedestrians
and is located near a children’s camp and educational centre as well
as an information centre. Together with the proposed archaeological
centre, this will form a network of structures in the Manyane complex
that will benefit tourists and the surrounding urbanised areas.

T H E M I C R O S I T E A N A LY S I S

Figure 12: The macro site analysis sketch by (Author, 2018).

Figure 11: The highlighted portion of the proposed site. (Author, 2018).

Upon visiting the site and consulting the site selection criteria, a
circular hill in the Manyane complex was decided on for the final site
for the proposed archaeological facility. The North-facing slope of the
hill was selected as the final site for the proposed facility due to its
locality within the Manyane complex buffer zone, optimising views out
of the site and the Northern sunlight.
It is proposed that the dilapidated existing power lines fixed to timber
poles be relocated to the Eastern portion of the site above the access
road and directed to the existing information centre.
Figure 16: Mapping the micro site elements. Aerial images by.
(‘Adventure Air Photography’, 2018).
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S L O P E A N A LY S I S

T S W A N A

The proposed North-facing slope of the hilltop site is inspired by the
early Tswana settlements, which utilised hilltops as vantage points and
aided in informing the layouts of the settlement designs (Steyn, 2011).
This use of a hilltop site was depicted in a painting of Kaditshwene,
a large Tswana settlement, by Rev. John Campbell of the London
Missionary Society who was one of the first Europeans to come into
contact with this large Tswana settlement in 1820 (Anderson, 2016).

A N A L Y S I S

The site provides a visual connection between the urbanised areas
of Moruleng and Mogwase and the nature conservation area of
Pilanesberg, juxtaposing the human-made world and the natural
world, thereby highlighting the fine line that divides the two.

Figure 17: Sun study. (Author, 2018).

Figure 17.1: The above image shows a 3D sun study and its effect on
the slope during the summer equinox. (Author, 2018).

T H E

A N D

C O N C E P T U A L

I N T E R P R E T A T I O N

INTRODUCTION
This chapter discusses the analysis and research conducted on Tswana
settlements and homesteads in order to highlight traditional Tswana
space making theories and investigate the factors that influenced
design decisions, and the way in which layouts were structured. The
manner in which the analysis and research of the Tswana settlements
influenced the conceptual planning and layout of the accommodation
for the proposed archaeological centre, will be discussed and
graphically represented as follows:
•
•
•
•
•

Figure 18: The hill slope gradient analysis. (Author, 2018).

S E T T L E M E N T

The layout as a response to the site.
Hierarchical spatial layout.
The privacy gradient and spatial relationship.
Resource efficiency and material usage.
The spatial experience and structural aesthetic.

Although the typology of the early Tswana settlements and the
proposed archaeological facility are different, the suggestion is that
the early Tswana design and space making principles analysed are
principles which extend further than the typology and can be applied
broadly to achieve the spatial quality and architectural experience
similar to that of an early Tswana settlement.

Figure 17.2: The above image shows a 3D sun study and its effect on
the slope during the winter equinox. (Author, 2018).
Figure 20: Tswana settlement laid out across a hill. (Steyn, 2011)

Figure 19: The above image shows the Tswana settlement at
Kaditshwene utilising a hilltop site. Painting of Kaditshwene by Rev. J
Campbell. 1820 accessed from (Anderson, 2016).
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T H E

L A Y O U T

R E S P O N S E

T O
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T H E

L I N E A R S E T T L E M E N T L AYO U T O F M O L O K WA N E
S I T E

T Y P I C A L T Y P E Z T S WA N A S E T T L E M E N T L AYO U T
The Type Z settlement, otherwise known as the central cattle pattern,
is the most commonly occurring layout identified amongst various
Tswana settlements. Through analysing the circulation, the hierarchy
of space, privacy gradient, material use, spatial layout, relationship
and experience of the Tswana settlement, and bilobial homesteads
layout, the findings inform the conceptual planning of the proposed
archaeological facility. The same space making theories utilised in
the development of the early Tswana settlement and homestead
construction are reinterpreted into the conceptual planning of the
proposed archaeological facility.

The mega-site settlements of Molokwane and Marothodi are
examples of linear Tswana layouts situated near the Pilanesberg
Nature Reserve, with Marothodi located 10km from the reserve
(De Souza, 2012). The layouts of the settlements were designed as
a response to the contours of the site, resulting in a linear layout
defined by the clusters of homesteads that span horizontally across
the site’s hillside ridgeline. Settlements span incrementally from a
central node in opposite directions along the ridgeline and follow the
contours of the hill. Evidence suggests that the settlement layouts,
although they might seem haphazard, were based on the complex
social and hierarchical structures of the tribe (Anderson, 2009).

Figure 24: The above image highlights the spatial layout of the typical
Tswana settlement showing the most important spaces which form
the base for which the less and least important spaces are designed
around. (Author, 2018). Information obtained from (Steyn, 2011).

T S WA N A S E T T L E M E N T L I N E A R L AYO U T
Evidence from various sources show that the design of some
early Tswana settlements, such as the stone wall sites seen at the
Klipriviersberg layouts, were influenced mainly by the site and its
contours (Steyn, 2011). Settlements were designed hierarchically with
the most important spaces laid out in the centre (the chief’s hut and
central kraal), and the rest of the settlement developed incrementally.

Figure 23: The conceptual interpretation of linear settlement layout.
(Author, 2018).

H I E R A R C H I C A L
Figure 22: The above image highlights the linear layout of the
Molokwane Tswana settlement. Sketch by (Author, 2018) adapted
from (Pistorius, 1992: 5).

T H E C O N C E P T U A L I N T E R P R E TAT I O N O F T H E
L I N E A R L AYO U T
The linear layout seen at the Molokwane and Marothodi stone-walled
archaeology sites (figure 22), were used as a conceptual design
generator for the proposed archaeological research, educational and
exhibition facility. The aim is for the proposed facility to be integrated
into the landscape utilising the contours to inform the linear layout
along the hillside site spanning from a central node outward.

Figure 21: The above image depicts various Tswana settlement
layouts observed at various sites. Sketch by (Author, 2018) information
sourced from (Walton, 1956, p. 48,49; Frescura, 1981, p. 149;
Huffman, 2007, p. 40)
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S P A T I A L

L A Y O U T

S PAT I A L L AY O U T A N A LY S I S O F T H E
TSWANA SET TLEMENT

Spaces within the settlements were strictly segregated, with the
central kraal designated as the domain of the men and the outer huts
(which make up the fringes of the settlement) as the domain of the
women, where male access was allowed (Steyn, 2011).
When analysing the typical Tswana settlement in section, the
hierarchy of the spatial importance is evident in the height of the
walls. The inner walls of the central court stand taller than those of
the outer structures, forming a central hierarchical point within the
settlement and highlighting the most important space.

Through the analysis of the typical settlement layout, the spatial
relationships between the most and least important spaces as well
as circulation influenced the conceptual planning of the proposed
archaeological facility. The spaces are separated into most important,
(the central kraal and the chief’s hut) to the less important, (the wives’
homesteads) and the least important, (the followers’ homesteads).
The central court of the Tswana settlements would typically be
encircled by an intervening space between the homesteads, which
acted as the primary circulation route throughout the settlement.

Figure 25: The above image highlights the spatial layout of the
typical Tswana settlement in section showing the hierarchy of the
central space defined by the higher walls. (Author, 2018). Information
obtained from (Steyn, 2011).
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T H E C O N C E P T U A L I N T E R P R E TAT I O N O F T H E
T S WA N A S E T T L E M E N T S PAT I A L L AYO U T
A N A LY S I S
The layout of the proposed facility will be based on principles
similar to those used by the Tswana settlements, with the most
important spaces being located within the centre and the rest of the
structures spanning in opposite directions. The two most important
structures are the exhibition facilities located at the centre of the site
(representing the central court of the Tswana settlements), and the
research facility (representing the chief’s homestead as the defining
function of the compound). The aim is to form clusters of structures
which span linearly, and that are interconnected by walkways/
movement routes that encircle the exhibition facility.

the early Tswana settlement’s central court was segregated based
on gender, the proposed archaeological exhibition facility will be allinclusive, and regarded as a public space.

the defining structure (research facility) at the highest point of the
site. The exhibition space is placed slightly lower down in the centre
of the site, and the ancillary structures is placed at the lowest point,
thereby forming the entrance to the entire compound.

The aim is for the intervening space and main circulation route to
emulate the early Tswana settlement by remaining a public realm
and providing a platform for social interaction, as well as a point
to explore indoor-outdoor relationships and thresholds between
spaces. The semi-public realm will be formed by the exhibition
facilities in the centre of the site. Similar to the chief’s hut, the
archaeological research facility at the highest point of the site forms
the private realm, utilised mainly by the facility’s staff, researchers and
archaeologists. However, it will also contain a semi-public realm in the
front of the facility (the laboratories), where occasional exhibitions will
be conducted.

Figure 28: The above image depicts the analysis of the Tswana
settlement and bilobial hut, highlighting the gradation from public
to private space. (Author, 2018). Information obtained from (Steyn,
2011).
Figure 27: The above image highlights the conceptual sectional layout
of the proposed archaeological facility based on the analysis of the
Tswana spatial layout. (Author, 2018).

T H E
A N D
Figure 26: The above image highlights the conceptual plan layout
of the proposed archaeological facility based on the analysis of the
Tswana spatial layout. (Author, 2018).

The idea of dividing the spaces hierarchically from most important
to least important, with a defining space in the centre encircled by a
social space and main circulation route, forms a design generator for
the proposed archaeological facility.
The selected site slope was analysed in section and the proposed
archaeological facility imposed onto the site, reinterpreting the
hierarchical ordering system of the early Tswana settlements. The
ordering system was explored by placing the most important space/
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P R I V A C Y

G R A D I E N T

S P A T I A L

R E L A T I O N S H I P

T H E P R I VA C Y G R A D I E N T A N A LY S I S O F
THE TSWANA SET TLEMENT AND BILOBIAL
HOMESTEAD
Analysis of the privacy gradient observed within the Tswana
settlement and bilobial homestead was conducted to identify how
spaces graduate from public to private, in order to inform the
conceptual planning and layout of the proposed archaeological facility.
Through the analysis, a relationship can also be identified between the
spatial layout hierarchy and the privacy gradient.

It is made evident that the intervening space (which forms the most
social area) and main circulation route, can be classified as the most
public realm. This open-to-air space then graduates to the semi-public
realm of the central court, and the front courtyards of the bilobial
huts. These semi-public spaces formed essential points of gathering
for the people of the settlement. The private spaces were located at
the fringes of the Tswana settlements and were utilised for private
family activities.
This layout of spaces in the settlement indicate an intrinsic layout,
with structures encircling the central courtyard as the primary activity
node. However, as seen in the analysis of the Tswana spatial layout
above (sectional and planar), it is evident that the various points of
entry allow for a permeable settlement, and the low walls of the
outer courtyards of bilobial huts allow for visibility in and out of the
settlement.

T H E C O N C E P T U A L I N T E R P R E TAT I O N O F T H E
TSWANA SET TLEMENT PRIVACY GRADIENT
A N A LY S I S

Figure 29: The above image depicts the conceptual application of the
Tswana settlement and bilobial hut analysis of the gradation from the
public to private space. (Author, 2018).

The image (figure 29) depicts a bubble diagram of a comprehensive
outline of the privacy gradient between spaces. The privacy gradient
concept will be further explored within each of the proposed facilities’
interior spatial layouts. Each structure within the compound will have
a combination of one or more spaces (public, semi-public, or private).

The aim is for the privacy gradient of the spaces in the archaeological
facility to differ slightly from the early Tswana settlements. Although
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R E S O U R C E
A N D

E F F I C I E N C Y

M A T E R I A L

U S A G E

would typically be plastered with a mud and cow dung mixture and
decorated with symbolic patterns indicative of the tribe (Frescura,
1994).

T H E C O N C E P T U A L I N T E R P R E TAT I O N O F T H E
T S WA N A S E T T L E M E N T U S E O F M AT E R I A L A N D
R E S O U R C E E F F I C I E N C Y A N A LY S I S
The aim is for the proposed archaeological facility to use a similar
approach to the early Tswana settlements in the use of materials
cleared from the site in the construction process of the archaeological
facility.

T H E R E S O U R C E E F F I C I E N C Y A N D M AT E R I A L
U S E A N A LY S I S O F T H E T S WA N A S E T T L E M E N T
As the early Tswana settlers were farmers and livestock herders, they
resided in an area for a relatively long duration of time. Research has
proven that the early Tswana settlements were constructed using
materials obtained from the site.

The use of the materials obtained from the surrounding landscape
will aid in emulating the aesthetic of the Tswana settlements and
homesteads, as well as contextually responding to the unique
landscape. The aim is to reintroduce the natural vegetation that is
cleared to make space for the construction in the form of green roofs
above the buried structures and courtyards.

Materials such as stone, clay, reeds, and straw were cleared from a
site to make space for the settlement’s construction (figure 30). This
resulted in resource-efficient and a sustainable construction approach
(Coetzee, 2008; Anderson, 2009, 2016; Boeyens and Hall, 2009).

Figure 34: The above image depicts a conceptual rendering of one
of the circulation/intervening spaces of the proposed archaeological
facility. (Author, 2018).
Figure 31: The above section illustrates the stone wall construction of
the early Tswana settlements. (Author, 2018). Information obtained
from (Steyn, 2011).

S P A T I A L
A N D

In some instances, such as the archaeological site at Litakun, the
Tswana settlement made use of screens and fences constructed from
reeds and timber as well as mud walls as alternatives to the typical
rock construction (Steyn, 2011). The homesteads of Litakun were
clustered and surrounded by timber and reed screens, which formed
the walling of the settlements.

Figure 30: The above diagram illustrates how rocks cleared from
a site for a homestead construction would be utilised in the wall
construction. (Author, 2018). Information obtained from (Coetzee,
2008; Anderson, 2009, 2016; Boeyens and Hall, 2009).

The stone walls that were used for the construction of the settlements
were typically constructed in a dry stack technique. Certain walls of
the huts, outer courtyard walls, and the floors of the homesteads
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S T R U C T U R A L

A E S T H E T I C

T H E S PAT I A L E X P E R I E N C E A N A LY S I S O F T H E
TSWANA SET TLEMENT

Figure 33: The above image highlights the intent to reintroduce the
vegetation in the form of a green roof. (Author, 2018)
Figure 32: The above image depicts the timber and reed constructions
of Litakun. Image by (Author, 2018) adapted from an engraving by
Burchell, W. 1812 information sourced from (Steyn, 2011, p. 6).

E X P E R I E N C E

The materials cleared from sites, such as grass and stone, will be used
in the construction. The green roof planted with endemic grasses
and plants from the site acts as a contemporary interpretation of the
thatch roof seen in the Tswana homesteads.

The design, layout, material use, and construction techniques of
the early Tswana settlements impacted and influenced the spatial
experience of the entire settlement. The connection between spaces
was designed with various thresholds that influenced the user’s
experience leading from one to another. The Tswana huts were
designed as cylindrical structures with a conical thatched roof. A
wraparound veranda enveloped the structure, providing a shaded
outdoor area which acted as a threshold between the indoor and
outdoor space. The transitional experience from outdoor to indoor
space of the Tswana hut is characterised by the low-level lintels used
for the doorways, which lead into the volumetric interior of the hut.
The internal space was characterised by a high ceiling, and the volume
of the internal space increased towards the centre of the space, due
to the design of the conical thatched roof.
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R E F E R E N C E S

‘Adventure Air Photography’ (2018). PLEASE EXPAND ON THIS SOURCE.
Anderson, M. 2016 Great towns of the Tswana: challenge and triumph in
precolonial South Africa, available at: http://akkadium.com/tswana-townsarchaeology-marothodi/. Accessed on 20 February 2018).
Anderson, M. S. 2009 The Historical Archaeology of Marothodi: Towards an
Understanding of Space, Identity and the Organisation of Production at an Early
19TH Century Tlokwa Capital in the Pilanesberg Region, Cape Town: University
of Cape Town

Figure 35: The above image highlights the spatial experience of the
Tswana hut transitioning from outdoor to indoor space. (Author, 2018).

T H E C O N C E P T U A L I N T E R P R E TAT I O N O F T H E
T S WA N A S E T T L E M E N T S PAT I A L E X P E R I E N C E
A N A LY S I S
Through the analysis of the spatial experience of the Tswana
hut, the aim is to emulate the space defining quality through the
transition from an outdoor to an indoor space through a low-level
entrance into a voluminous interior. The aim is to achieve this by
emulating the effect achieved by the conical roof construction of
early homesteads, thereby enabling the achievement of the effect
through the exploration of construction techniques and materials
in order to achieve a similar space-defining effect. Masonry, as a
material, has been investigated in a precedence study conducted on
the Mapungubwe Interpretation Centre designed by architect Peter
Rich. The vault-like roof design of the proposed archaeological facility
aims to further emulate the unique landscape of the nature reserve
characterised by the rolling hills.

Figure 36: The above sectional image illustrates the conceptual
implementation of volumetric spaces in the proposed archaeological
facility. (Author, 2018).

C O N C L U S I O N

The Tswana analysis conducted has informed the conceptual planning
both on plan and in section, thereby acting as a design generator for
the proposed archaeological research and exhibition centre. Further
analysis on the effect of the construction materials and methods
on the passive design of the Tswana homesteads will be conducted
to inform certain material use and potentially expose new ways of
implementing passive design methods in order to achieve a more
energy efficient structure. The analysis conducted will be utilised in
the further conceptual planning of the internal spaces and relationship
between the spaces, the structure and the programme.
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I N T R O D U C T I O N

INVESTIGATING THE FEASIBILITY OF ESTABLISHING
A CONNECTION BETWEEN GROENKLOOF AND

This investigation addresses the barrier which the R21 motorway
forms- restricting the interrelationship between the natural
environments. Both reserves share similar characteristics such as
vegetation, wildlife and typography, which emphasises the need
to establish a form of re-connection. The research will attempt to
validate the need for intervention and investigate the viability of an
eco-bridge as the appropriate architecture solution.

KLAPPERKOP NATURE RESERVES

MICHAEL D BURT
Tshwane University of Technology, South Africa

The heritage and conservational significance retained by Groenkloof
and Klapperkop Nature Reserves further strengthen the prospect
of consolidation. Groenkloof Nature Reserve, considered as the
green lung of Pretoria (SA-Venues, 2018), has undergone multiple
restoration projects to date. Klapperkop Nature Reserve has,
unfortunately not received sufficient attention. The outcome of this
research intends to strengthen the prospect of establishing a set of
green lungs on Pretoria’s periphery (see figure 2).

burtarchi@gmail.com

A B S T R A C T
This research document explores the possible re-connection of
Groenkloof and Klapperkop Nature Reserves (see figure 1). The
investigation addresses the juxtaposition of nature and infrastructure,
by interrogating conventional methods of architectural integration
in nature, which entails the linkage between both sites through
technological intervention.

As the urban environment continues to proliferate in global developing
settlements, so does the necessity for infrastructure to sustain it. The
rapid expansion leads to urban sprawl, evidently encroaching on the
boundaries of both nature reserves. The irresponsive intervention of
urbanisation can negatively impact the ecological complexes, which
can lead to; environmental degradation, habitat fragmentation and
the lack of biodiversity.

M E T H O D O L O G Y
This document consists of a qualitative research method. The
argument is structured around the investigation of comprehensive
literature reviews, analysis of journal articles, and relevant precedent
studies. Precedent studies are conducted to investigate and inform
decisions relating to critical design attributes, such as; identifying
appropriate architectural typologies, understanding similar and
scenarios and responding to presented site conditions.

Protected nature reserves, similar to Groenkloof and Klapperkop
Nature Reserves have been identified and reviewed, the reserves
include; Table Mountain National Park in South Africa and Nairobi
National Park in Kenya. Habitat fragmentation will be researched toachieve the understanding of the apparent cause, and identify suitable
design solutions.

C O N T E X T U A L
Figure 1: Site Map. (Source: Google Earth)( Image adapted: by Author,
2018).

The possible form of intervention(s)- a bridge or series of bridges,
has been identified as a feasible architectural solution. This type
of medium is capable of providing the opportunity for vegetation,
wildlife and human occupants to interact across both reserves, without
requiring significant alteration to the existing infrastructure. The
intervention must facilitate opportunities- essential to the preservation
of the affected natural environments. This approach includes the
identification of concerns orientated around the conservation and
interpretation of both nature reserves. If efficiently addressed, these
attributes may bring rise to prominent design criteria.

Keywords: Re-connection, juxtaposition, bridge, conservation,
nature-centric.

B A C K G R O U N D

G R O E N K L O O F N AT U R E R E S E R V E
Groenkloof Nature Reserve is situated on the farm Groenkloof, 358-JR
and was proclaimed a game sanctuary by President Paul Kruger on
25 February 1895, the first in Africa (van Tonder, 2008; p. 20). It has
also undergone a series of rehabilitation projects sanctioned by the
Department of Nature Conservation.
Figure 2: The Green Lungs of Pretoria. (Source: Google Earth)(Image
adapted: by Author, 2018).

Situated along the R21 motorway, and in proximity to expanding urban
environments, the bridge(s) will represent a new portal to Pretoria.
The exploration of this connection attempts to draw attention to the
impact the built environment has on the ecology. The research will
elaborate on the significance of responsibly integrating architecture in
nature, without contradicting the core premise of this approach.

The desired research resolution is attainable through; establishing the
theoretical argument, analysing appropriate precedents, and exploring
possible strategies. Investigating these criteria should develop a
homogenous nature-centric approach.

26

R E S E A R C H

The reserve has several geographic, historical and culturally significant
sites of local importance, such as; the prominent Aapies river which
flows through Pretoria, the Bronkhorst Ruin, a grave site, a historic
bridge and Stone Age as well as Iron Age sites. The remains of a
sophisticated water supply system are situated in the Fountains Valley
recreational area (van Tonder, 2008; p. 20).

In 1883 the Supreme Court instructed that the farm is transferred
to the government. Therefore the farm Groenkloof had become the
property of the State. Shortly after June 1900, the British erected a
military pumping station. The ownership of the farm was then handed
over to the City Council of Pretoria in the late 1950’s. In 1965 the
City Council of Pretoria divided the land into two separate portions,
Klapperkop and Groenkloof (van Tonder, 2008; p. 20-22).
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The Department of Nature Conservation prepared Groenkloof Nature
Reserve for the re-release of game post-1994 (van Tonder, 2008; p.
22). A large variety of wildlife currently inhabits the reserve, these
include; blue-wildebeest, giraffe, impala, jackal, kudu, ostrich, red
hartebeest and zebra.

Groenkloof exhibits a large installation of life-sized bronze statues,
comprised of the anti-apartheid struggle heroes. The statues range
from figures of the anti-colonial wars to modern freedom fighters,
over fifty of these installations represent the collective Long Walk to
Freedom (SA-Venues, 2018).

K L A P P E R KO P N AT U R E R E S E R V E
Klapperkop Nature Reserve, situated on the remainder of portions two
and ninety-five of the farm Groenkloof, 358-JR. Klapperkop Hill used
to be a plantation, where foreign species such as black wattle and blue
gum trees were grown (van Vollenhoven, 2013). Restoration projects
have been implemented to aid in the removal of the alien vegetation.

In 1863 the Government of the Transvaal Republic bought a portion of
land where Bronkhorst built a dam and water plant. The government
then bought the farm in 1883 and transferred the ownership to the
Pretoria Municipal authority (van Vollenhoven, 2013).

In 1966 Fort Klapperkop was restored by the former SA Defence Force
and after that opened as a military museum. The former City Council
obtained ownership of Fort Klapperkop in1994. It was then restored
to historical accuracy and re-opened as the Fort Klapperkop Heritage
Site. The heritage site includes the fort, the first toilet thereof, a
historical tram, an old locomotive, the Delville Wood tree, a war
memorial and a British blockhouse (van Vollenhoven, 2013).

Fort Klapperkop Heritage Site, situated on portion eight, within
the Klapperkop Nature Reserve, was the third fort erected before
the Anglo-Boer War (City of Tshwane, 2015). The heritage site
currently functions as a museum, which has an available educational
programme and provides guided tours. Nine sites are identified by the
Cultural Heritage Management Plan for Groenkloof Nature Reserve
to be of cultural heritage significance (van Vollenhoven, 2013; p.
19-31). The sites include; Fort Klapperkop- possible toilets associated
with the fort and the original road to the fort, three Blockhouses, two
Defensive Walls, and a stone quarry.
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R 21 M O T O R WAY
Constructed in the 1970’s, the R21 or P157 motorway is currently
maintained by the South African National Roads Agency and the
Gauteng Department of Roads and Transport. The north-south
provincial route links Pretoria with Johannesburg and Pretoria city
centre with OR Tambo International Airport, which forms a prominent
urban corridor, beneficial to spatial and economic development
(Revolvy, 2018).

reserve. The management plan recommends intervention relevant
to this study, comprised of; the conservation and preservation
of resources, the sustainable utilisation and interpretation of the
resources, making the resources accessible for tourism purposes and
the regulation of the reserve.

C E N T R A L

R E S E A R C H

A R G U M E N T
T H E O R E T I C A L
F R A M E W O R K

Groenkloof and Klapperkop Nature Reserves are both recognised as
protected fragments of the natural environment. The reserves are
articulated along the R21 and are situated on the south-eastern edge
of Pretoria. Both sites share several environmental similarities, such
as; a variety of indigenous wildlife, semi pen-thicket vegetation and
broken typography comprised of low ridges. Hiking trails, horse riding
trails and mountain biking routes are available in both reserves and
further suggest the possible consolidation of both reserves.

Two particular documents are identified which retain significant
information regarding both reserves. These documents establish a
management plan for each reserve. Each management plan proposes
conversant guidelines, beneficial to the conservation of both reserves.
This investigation adopts several identified guidelines.

Groenkloof and Klapperkop Nature Reserves were once a unified
portion of land, recognised as farm Groenkloof, 358-JR (van Tonder,
2008; p. 22). The effects of human settlement and urban expansion
resulted in the current condition- separated environmental fragments.
The study focuses on the amalgamation of the reserves, the artificial
and natural integration.

Significant parameters have arisen from conducting a contextual
analysis. The site criteria, derived from the objectives identified in
the theoretical framework include; access, circulation, presented
opportunities and suitable terrain. Specific layers, identified as
prominent focus areas, inform the precedent studies and any further
analysis. The layers elaborate on; the artificial connection of separated
natural environments through technological intervention, natural
elements integrated into built infrastructure and the reinterpretation
of generated spatial environments.

M A I N P R O B L E M S TAT E M E N T
In 2008, a Cultural Heritage Management Plan for Groenkloof
Nature Reserve was submitted to the City of Tshwane, Department
of Housing, City Planning and Environmental Management, Division
Nature Conservation and Resorts (van Tonder, 2008). The document
proposed to establish Groenkloof Nature Reserve as a heritage site.
Several criteria identified in the document are aligned with objectives
this study has set out to address, such as; the conservation and
preservation of the ecological integrity of the area, the promotion of
natural beauty and aesthetic value of the area, and to provide public
access to the area and its resources.
In 2013, a Cultural Heritage Management Plan for Klapperkop
Nature Reserve was submitted to the Environmental Management
Department (van Vollenhoven, 2013). The document identified
nine sites on Klapperkop Nature Reserve with cultural and heritage
importance. The association these sites have with Fort Klapperkop
suggest the need for the conservation and preservation of the entire

The R21 motorway forms an artificial barrier, dividing the nature
reserves. The division restricts the possibility for wildlife, vegetation
and human occupants to interact across both sites. The artificial
divide resulted in the environmental phenomena, identified as habitat
fragmentation. Will it be feasible to propose a bridge(s), capable of
addressing all the focus areas, without contradicting the principle of
this study?

SUB-PROBLEMS

•

Will accommodating environmental factors assist in the continual
restoration of the natural environment?

•

Can Klapperkop Nature Reserve, which has significant heritage
and cultural value reach a similar conservational standard to that
achieved by Groenkloof Nature Reserve?

HYPOTHESIS AND OBJECTIVES
Through investigating effective methods of inducing social, natural
and technological interactions, an architectural solution capable of
connecting the reserves, integrating nature within the structure and
providing stimulating environments may be designed.
By implementing a platform which allows for the extensional
growth of vegetation, and the possibility for wildlife movement, the
interrelationship between both reserves may be restored.
By identifying appropriate methods of integrating the bridge and
nature, environmental conservation will be addressed, and the
restoration process of both reserves may be accelerated.
If the re-connection successfully integrates and establishes both
reserves as a set of green lungs, more critical conservational
standards may be implemented in Klapperkop Nature Reserve.

D E L I M I TAT I O N S A N D L I M I TAT I O N S
The reserves retain significant heritage and cultural values, contrasting
to a certain extent. The disposition of the heritage and cultural values
are spread out over a chronological sequence. Groenkloof Nature
Reserve exhibits the installation of life-sized statues representing the
anti-apartheid struggle (SA-Venues, 2018), and Klapperkop Nature
Reserve has an abundance of military artefacts representing the
Anglo-Boer war (City of Tshwane, 2015).
The study recommends that the heritage and cultural significance of
both reserves, identified in this document, are acknowledged in any
development, and addressed in a sensitive and respective approach.
A significant area of focus entails the investigation of negative and
positive implications that architecture- which acts as an artificial alien,
has in the natural environment. The architecture must not impede on,
or harm the natural environment, but assimilate sensitively into the
earth.

By establishing a wildlife connection, will sufficient access be provided
to animals prevented from crossing over the motorway without being
subject to any harm?
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L I T E R A T U R E

R E V I E W S

LANDFORM ARCHITECTURE
A publication by Allen and McQuade has been reviewed to further
understand landform architecture by investigating the nature and
exploring possibilities through which the landform design can respond
to the context. Butcher argues in Architecture’s New Terrain, that
landform typology is the cross-disciplinary manifestation of green
landscape and contemporary architecture (Butcher, 2012). Landform
buildings are an adaptive approach to sustainability and enhanced
environmental performance through an architectural form (Allen &
McQuade, 2011; p. 35). A portion of the abstract in Landform Building:
Architecture’s New Terrain, identified as an appropriate and significant
statement, augments the underpinning of this hybrid typology. The
passage reads;

H A B I TAT F R A G M E N TAT I O N
Publications by Collinge, Didham and Friedl have been reviewed to
further understand the ecological phenomena- habitat fragmentation,
by identifying the cause(s), available solutions, and understanding the
relationship with infrastructure.

In Habitat Fragmentation: Effects, Definition & Causes, Friedl identifies
habitat fragmentation as the process in which the altercation or loss
of habitat results in the division of immense, continuous habitats
into smaller, more fragmented habitats (Friedl, n.d.). The author also
states that the most common causes of habitat fragmentation are the
construction of new roads, parking lots and housing developments
(Friedl, n.d.).

Figure 4: 4x4 Trails and Roads within Groenkloof Nature Reserve.
(Source: Google Earth)(Image adapted: by Author, 2018).

Habitat fragmentation interacts with other components of global
environmental change; ecological consequences are a loss of native
plant and animal species, invasion of exotic species, climate change,
increased soil erosion and the intensification of land‐use (Collinge,
1996; p. 71 & Didham, 2010).

The prevention of further fragmentation is attainable through the
sensible integration of landform typology within the spatial structure
of the landscape. Collinge mentions in Ecological Consequences of
Habitat Fragmentation: Implications for Landscape Architecture and
Planning, which the convergence of landscape ecology and landform
architecture, including habitat corridors are considered as a viable
strategy at habitat conservation and restoration (Collinge, 1996; p.
71-72).

Figure 3: The R21 Motorway. (Source: Google Earth)(Image adapted:
by Author, 2018).

Habitat fragmentation creates isolated patches of landscape,
which can have harmful effects on biodiversity’ (Friedl, n.d.). The
phenomena can also occur through natural process-fluctuating water
levels in rivers. It is evident, based on the information gathered that
the R21 motorway is the primary cause for habitat fragmentation
between both reserves (see figure 3). The 4x4 trials located within
Groenkloof Nature Reserve further create semi-permeable barriers on
a micro scale (see figure 4).
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HYBRID ARCHITECTURE
Hybrid architecture, as explained in Hybrid architecture Object,
landscape, infrastructure; is formed through the integration of objectrelated nature, landscape-related nature and infrastructure-related
nature in one design (de Freitas, n.d.). The author states that through
the implementation of fusion, transformation and reconfiguration
mechanisms, architectural intervention can adapt to, and function as
part of the landscape (de Freitas, n.d.). Hybrid architecture extends
beyond infrastructure, creating an artificial connection, and generates
a new space which transforms both context and architecture into a
homogenous entity (de Freitas, n.d.).

‘Green roofs, artificial mountains and geological
forms; buildings you can walk on or over; networks of
ramps and warped surfaces; buildings that carve into
the ground or landscapes lifted high into the air: all
these are commonplace in architecture today. New
technologies, new design techniques and demand for
enhanced environmental performance have provoked a
reconsideration of architecture’s traditional relationship
to the ground. Some of today’s most innovative buildings
no longer occupy a given site but instead, construct the
site itself’ (Allen & McQuade, 2011; n.p.).

In Landform Building: Architecture’s New Terrain, Allen and McQuade
interview Bjarke Ingels. Allen enquired if landscape formed a point of
reference in Ingels’ work, his reply states that his approach to design
is orientated around creating seamless links between traditional
boundaries- indoor and outdoor, public and private, building and
landscape (Allen & McQuade, 2011; p. 132). Allen believes that users
interact- walk on, and engage with Ingels’ structures. He states that
the designs form vertical objects, opposed to vertical planes, as datum
points- which represent the nature of the content of the building
(Allen & McQuade, 2011; p. 133).

refers to a study conducted in Korea, where several similar projects
have been implemented. ‘Interestingly various types of birds were
captured by cameras, and endangered animals were also in them’
(Cho, 2014).

P R E C E D E N T

S T U D I E S

ECO-BRIDGE
The Wierden-Rijssen Ecoduct (see figure 5), designed by Royal
HaskoningDHV Architecture is briefly investigated regarding the
architectural design. The concept originated from the immediate
landscape. The intention was to bind the eco-bridge to the landscape
in a natural perspective to the wildlife and motorists.

Figure 5: The Wierden-Rijssen Ecoduct. (Source: RHD Architecture,
2018).

FEASIBLE TYPOLOGY (ECO-BRIDGE)
An online publication by Cho has been reviewed to identify suitable
forms of intervention, by selecting appropriate examples to further
understand the purpose of each design and their resultant outcomes.
In Analysis of Animal Usage of Eco-bridge and Ecoduct Using an
Infrared CCTV at the Baekdudaegan Mountain Range, the author
states that eco-ducts and eco-bridges are used by several different
species of animals (Cho, 2014). These projects were implemented
to prevent habitat fragmentation, caused by road construction. Cho

Figure 6: The Wierden-Rijssen Ecoduct Concept Sketch. (Source: RHD
Architecture)(Image adapted: by Author, 2018).
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The architects treat the road as an incidental guest bellow the ecobridge, emphasising the bridge over the motorway. The design allows
for the landscape to flow seamlessly up onto the bridge, and over
the motorway (see figure 6). The bridge is covered with vegetation to
make the transition as natural as possible.

environment. The architect intended for the subtle conversation
between man and nature be felt across the site (Goodwin, 2016).

In the design, the architects intended to blur the boundaries between
the natural and architectural relationship. The architectural elements
extend beyond their conventional function and integrate within the
social, and natural environments- in figure 7 the floor appears to
disintegrate or dissolve with the vegetation and provide an additional
function, by arching up as a bench.

E L E VAT E D PA R K
The High Line, designed by Diller Scofidio + Renfro and James Corner
Field Operations is an elevated public park, situated in New York City,
United States of America. The adaptive design stretches 2.4km in
length, which rests on an elevated abandoned freight railway. The
park allows for pedestrian movement, the growth of vegetation and
provides pause areas for users to immerse themselves in the dynamic
environment.

In The High Line: Forseen, Unforeseen, the author lists specific design
goals, influential to the success of the public park. Certain principles
included in the design of the High Line, should be adopted by the ecobridge approach. Identified goals include; innovative public spaces,
dynamic public landscape and environmentally sustainable projects
(Corner & Renfro, 2015; p. 168). Figure 7 exhibits how the movement
route, benches and vegetation are integrated with one another.

Figure 10: Cross Section. (Source: Architectural Review, 2018).

N A T I O N A L

P A R K S ’

A N A L Y S I S

TA B L E M O U N TA I N N AT I O N A L PA R K

Figure 8: Aerial View of the Cherry Orchard Cemetry. (Source: Architectural Review, 2018).

LANDFORM ARCHITECTURE

Figure 7: The High Line Public Park. (Source: ArchDaily, 2018).
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The Cherry Orchard Cemetry by Fieldoffice Architects, situated in
Taiwan, forms a space where the living and the deceased become
one with nature (Goodwin, 2016). Goodwin mentions that the design
resembles a subtle conversation between man and nature- apparent
in how the building wraps around the contours. The structure consists
of an organic form; the building seems to flow effortlessly through
the landscape (see figure 8)- this is also emulated in the occupied
spaces created within the form, figure 9 portrays the dynamic space
generated beneath the sculpted form.

Figure 9: Perspective of the Cherry Orchard Cemetry. (Source: Architectural Review, 2018).

The park, situated in the city of Cape Town, South Africa is home to
two world-renowned landmarks; the Table Mountain and the Cape of
Good Hope. The land has a rich bio-diversity- diverse and unique flora
within the metropolitan area (SA-Venues, 2018). Access is provided
within the reserve to the prominent cultural landmarks. The existing
programme consists of and is not limited to; curio shops, hiking, horse
riding, mountain biking, picnic areas, restaurants and scenic drives.

N A I R O B I N AT I O N A L PA R K
The cemetery consists of a fly-over bridge, a support building and a
visitor centre. The bridge seems to be defined by organic intentioncarved from the earth.

Located in Nairobi, Kenya, Nairobi National Park is a short drive from
the central business district. The park is home to 100 mammal species
and 400 endemic bird species (Kenya Wildlife Service, 2018). The park
offers activities such as; game viewing, hiking, and picnic areas.

The design both lays in and floats above the landscape (see figure
10). The artificial exists of a substantial structure, which extends
beyond the land at intervals, and integrates back into the natural
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S U M M A R Y

C O N C L U S I O N

R E F E R E N C E S

Separated by the R21 motorway, the reserves were once a whole
piece of land. Both Groenkloof and Klapperkop Nature Reserves retain
heritage and cultural significance; original artefacts or remnants are
scattered throughout the two portions of land. The two examined
management plans provide an additional reason for connecting the
reserves; based on the environmental aspects of conserving the
wildlife and vegetation and extending the opportunities available to
each other. The documents also argue that the existing resources
should be made available to the public; by establishing a bridge, this
will be possible through integrating the existing activities with the
significant sites.

The accumulated information suggests that a form of connection
is feasible. Methods of construction exist which are capable of
responding to the established site criteria; access, circulation and
terrain. The connection device, identified as an eco-bridge must exist
of elements which induce social, natural and technological integration.
The bridge must allow for a sensitive connection to the landscape,
and create a medium for vegetation growth and wildlife to cross over.
The artificial passage must accommodate presented opportunities,
such as; existing activities on both reserves which may benefit by
interacting with one another.

Allen, S. & McQuade, M., 2011. Landform Building: Architecture’s New
Terrain. Lars Muller, New Jersey.

The information gathered from investigating habitat fragmentation
identifies an eco-bridge as a viable intervention. This application is
capable of providing access for vegetation and wildlife to interact
across both sites. The study identified landform architecture- a hybrid
typology, as a suitable form of infrastructure. The eco-bridge, possibly
classified as a suspended landform typology, is capable of addressing
all the necessary design and environmental factors.

The research conducted on a study reveals that animals utilise recreated natural environments; if implemented in an effective and
sensitive method. The analysed precedents are examples of natural
and architectural integration with one another. The Wierden-Rijssen
Ecoduct exhibits the possibility for the landscape to flow over a
motorway, the High Line is an example of adaptive restoration;
integrating nature back into infrastructure, and the Cherry Orchard
Cemetry depicts the capability of integrating architecture into nature.

The investigation of the established problematic and opportunistic
areas suggest an innovative and effective form of architecture. The
suggested approach entails the design of a hybrid architectural form
immersed in the landscape, capable of exhibiting environmental and
social resilience to the habitat fragmentation. The strategy should
assist in the prevention of future environmental degradation, by
enhancing the user experience through the adaptive conservational
initiative.
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A B S T R A C T
Urban degeneration, urban regeneration, resilience, sustainability,
architectural heritage and conservation are all themes that are central
to the current dialogue concerning the CBD’s of many cities in the
global context, including the CBD of Pretoria in its role as capital of
South Africa. In the framework of the contemporary zeitgeist, there
is little doubting the validity of the pursuit of making a sustainable
environment in which societies can engage with the city in all the
different facets of existence: - living, work, commerce, education and
recreation.

The Wachthuis Complex with Polley’s arcade has not escaped the
deterioration afflicting parts of the built fabric of the Pretoria CBD.
As an icon of its time (1955-1960), it embodies the unique and
sometimes controversial (for his time) thinking and approach of
Norman Musgrave Eaton. The architectural significance of the building
has been brought to the fore as part of the current discourse on the
importance of Eaton’s contribution to Pretoria architecture. On the
other hand, its social significance has changed with the changing
social construct.

This paper is a search for appropriate strategies that can be deployed
as design generators/objectives for the re-use of the Wachthuis
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complex with Polley’s arcade. It aims to inform a design that will
provide a new relevance and new social significance to Wachthuis,
and that will make a positive contribution to the city, its inhabitants
and the country at large. The conclusion being that a successful
sustainable strategy in this specific instance could be constructed
using educational facilities as a catalyst for the project and core of the
design.

Keywords: Wachthuis & Polley’s Arcade, regeneration, resilience,
adaptive re-use, educational facilities
This paper is informed by studying literature that forms part of
the current debate regarding resilience and regeneration of the
Pretoria CBD. It has specific reference to Pretoria’s built heritage.
Parallel literature studies were undertaken regarding the significance
of Norman Eaton’s legacy as prominent Pretoria architect, the
significance of Wachthuis / Polley’s arcade as part of the built heritage
of Pretoria, and an exploration of urban design principles for the
creation of livable cities. Observations made during in-situ visits
supplemented thoughts and ideas formed by literature. The purpose
of the paper is to give a brief background of the historical significance
of the building as part of Eaton’s work and to list and briefly discuss
appropriate principles that could be employed to form a strategy for
the sustainable regeneration of Wachthuis and Polley’s arcade.

I N T R O D U C T I O N
Degeneration of the built fabric of the CBD is a global phenomenon
encountered in many cities. Pretoria, as part of the City of Tshwane
Metropolitan system, has not escaped this. A fact clearly visible even
in cursory visits, re-iterated in literature (Clarke & Kuipers 2015;
Peres, Barker & du Plessis 2015; Peres, du Plessis & Landman 2017)
and acknowledged by local government in their planning and policy
making for the future of the city and its inhabitants (City of Tshwane
2013).

In their paper on Unpacking a sustainable and resilient future for
Tshwane delivered at the Urban Transitions Conference, Shanghai in
September 2016, Edna Peres, Chrisna Du Plessis and Karina Landman
(2017, p. 690) describe it as follows:
As a metropolitan area undergoing rapid
urbanisation along with increasing resource
depletion, service delivery issues and social
injustices, Tshwane provides a number of

extreme urban design and planning problems
of varying scales within a single urban system
that is directly related to the constructs of
resilience and sustainability.
Herein lies both threat and opportunity.

The threat is the reality of the degeneration of built fabric with
architectural significance and cultural heritage to the point where it
may be lost for future generations.
Its [Pretoria inner city] heritage reminds us of
where we have been and where we are going. It
creates a rich and unique canvas on which the
future can be built. Without history, the inner
city will have no sense of place and will lack
identity (eds Clarke & Kuipers 2015, p. 39).
Norman Eaton’s Wachthuis and Polley’s arcade complex is part of the
threatened fabric.

The opportunity, as highlighted by Peres, du Plessis and Landman
(2017, p. 691), in their discussion of the Tshwane municipality’s
Tshwane Vision 2055, is to transform the city from the present status
quo ‘… and reverse the spatial effects of apartheid’ in their quest to
make the city ‘…livable, resilient and inclusive …’. However, as they
point out, ‘…it will not be in reports or policies that this transformation
will achieve success. It will be in the built environment itself – its
connectivity, accessibility, robustness and quality – and how it makes
people feel and engage with the city’.

The visible manifestation of neglect and slow decay of Wachthuis
and Polley’s arcade prompted the awareness of the need for its
regeneration and preservation. The question is to find a strategy
that would offer a viable, sustainable solution towards making this
building a living and vibrant part of the city again. A project that will
make a sound investment. A place where the return on investment
is not only justified in the bottom line of a financial spreadsheet, but
in a return in social gains that goes beyond the building’s envelope.
Re-establishing Polley’s arcade as a place of choice rather than a place
to be avoided. How do we rekindle the extent of social significance it
had when first built, but in the context of the current social construct?
How do we make it an important place in the lives of those who use
the city today?

There-in lies the opportunity.

T H E H E R I TA G E P E R S P E C T I V E
The history of Pretoria is encapsulated in the built fabric of the inner
city, from its first beginnings as a place of congregation for ‘nacthmaal’
with its implied social significance, through the establishment of the
Zuid-Afrikaansche Republiek, the Union of South Africa, the advent of
the Republic of South Africa (and its policy of apartheid at the time)
to present-day democratic South Africa. It is the historic core of the
City of Tshwane where a collection of buildings with architectural
significance reflects a cultural heritage with diverse and sometimes
disparate connotations: a palimpsest of society from early beginnings
to present.
‘The urban core of today’s Tshwane Metropolitan Municipality, Church
Square and the surrounding centre is without any doubt a place of
great historic significance’(eds Clarke & Kuipers 2015, p. 2).

Apartheid-forced re-location policies initiated the degeneration of
the inner city as a place of social interaction after 1949. The decay
of the built fabric since the mid-1990s followed in response to the
voluntary decentralisation and migration of commerce and inhabitants
to suburban localities, exacerbated by the need for Government to
channel available public funding towards housing and infrastructure
for the poor (eds Clarke & Kuipers 2015, pp. 39-41).

In discussing how urban cores ‘… retain the DNA of their fabric and
structure’ in the context of urban resilience and the renewal of historic
structures and buildings, Marieke Kuipers, in her introduction to the
UP publication RE-CENTERING TSHWANE Urban heritage strategies for
a resilient Capital, points to the ‘… heated debates about ambitions
and urban identity’ that are inherent in the process of policy-making
and most often accompany the architectural design process for
heritage-related projects. This, in her view, is an equation of the
position and knowledge of the stakeholders, influenced by the spirit of
the time (eds Clarke & Kuipers 2015, p. 1).
Basically all such debates deal with the
appreciation of the built environment of
the city as it is inherited from the past in
the present, and in view of actual questions
concerning change and continuity for or in the
future (eds Clarke & Kuipers 2015, p. 1).

She values the identification of potential for the reuse and
redevelopment of abandoned (or decayed) heritage sites from both
socio-cultural and functional perspectives as crucial ‘…to again turn
the heart of the city into a lively place for Tshwane’s citizens and,
possibly tourists’ (eds Clarke & Kuipers 2015, p. 2).
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The quest is to preserve these memories in built form for the future,
with whatever positive and negative they embody, but in a manner
that contributes to making the city not only livable but a place of
choice to live in at present.

and his influence on architects from his own and later generations in
Pretoria.

He has left a legacy that commands the admiration of the architectural
fraternity, becoming increasingly prevalent in the discourse on Pretoria
architecture in recent years.

Figure 1: Tshwane Metropolitan Municipality’s core: Church Square
and the surrounding centre adpated from Google Earth, Map data:
Landset / Copernicus (2001).

In her paper EATON FOR AFRICA-50 YEARS LATER Marguerite Pienaar
(2017, p. 42) highlights this approach: ‘Markedly, Eaton was anxious
that local architecture should reference the specifics of place’. She
points out that ‘…Eaton consciously attempted a consolidation
between worlds’, referring to the merging of Western and African
architecture. An undertaking in which he achieved success through
the application of various design strategies and which left an indelible
mark on our architectural consciousness.

Although his influence stretches beyond the boundaries of the city,
he is seen as the personification of Pretoria architecture in the age of
Modernism. While not really possible to compare, the perception is
that his connection with Pretoria is reminiscent of Gaudi’s association
with Barcelona or Victor Horta’s with Brussels in the sense of initiating
a new direction for architecture in their cities.

These are the better-known parts of Eaton’s legacy.

Having Gordon Leith as a mentor, and friendships with artists Alexis
Preller and Pierneef (amongst others), framed an approach to
architecture rooted in an appreciation of the landscape, vegetation
and climate of Pretoria. Roger Fisher (1997, p. 73) postulates that
“Eaton’s circle, young and old, must have shared in the experience of
one of the most powerful forces of local circumstance which moulds
the creative mind – the African landscape”.

From Marguerite Pienaar’s paper (2017) it is evident that Eaton,
although not openly denouncing the political system of the time, was
critical of its outcomes and leftist in his political views. ‘He specifically
condemned new company towns such as Vanderbijlpark (Iscor),
and towns resulting from forced removal and resettlement, such
as Attridgeville in Pretoria’ and ‘…described apartheid housing as
“conceited clumsiness”’ (Pienaar 2017, p. 42): remarks gleaned from
an Eaton diary entry from 1951.

It is difficult to imagine that Eaton’s travels to Europe (including
Germany) and the Americas (USA, Argentina and Brazil) at various
times in his life did not reinforce the zeitgeist of the Modern
Movement. However, what turned out to be the most influential,
were his visits to East Africa, Mapoga Kraals near Baviaanspoort, and
‘… many visits to the family homesteads of the Ndebele, which held
vital lessons for Eaton in responsiveness to nature, simplicity, honesty
pattern and texture’ (Pienaar 2017, p. 39).

WAC H T H U I S A N D P O L L E Y ’ S A RC A D E

Lesser known facts are his views on the political climate of the time,
where the policy of separate development (apartheid) was central.

Figure 2: Wachthuis shortly after completion in 1960 (University of
Pretoria 2012).

‘Given contemporary debates around post-colonial identities and
decolonisation, Eaton’s architectural attempts to value place, tradition
and identity remain pertinent’ (Pienaar 2017, p. 38). Thus, on more
than one level, Norman Eaton’s legacy as embodied in his approach,
work and influence, is a landmark in South African, and specifically
Pretoria Architecture, that needs to be preserved and celebrated as an
integral part in the shaping of our built heritage.

T H E L E G A C Y O F N O R M A N E AT O N
It is just over 50 years since the passing of
well-known South African architect Norman
Eaton (1902-1966). Emerging trajectories on
post-colonial identities, entangled histories,
and positions on decolonisation make the
reappraisal of his legacy necessary (Pienaar
2017, p. 38).

To appreciate the significance of Wacthuis and Polley’s arcade one
must consider the significance of Norman Eaton as an architect,
embedded in his nonconformist approach to design (for his time)
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‘... Alexis Preller…observed that Eaton’s favourite words were “simple,
delicate, sensitive, individual” and the ever-recurring phrase, African
quality ...’ (ARTEFACTS n.d.).

These influences led to Eaton becoming ‘…progenitor of Pretoria
regionalism…’(Fisher 1997, p. 68) and someone who treasured the
lessons inherent in African architecture, from pattern to form to the
making of space and place in the sometimes harsh African landscape.
Figure 3: Polley’s Arcade shortly after completion in 1960 (University
of Pretoria 2012).
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Among Eaton’s best known works are House
Greenwood (1949-1950), the Netherlands
Bank, Church St (1946-1953), and Polley’s
Arcade (c1959) in Pretoria and the Netherlands
Bank Building (1961-1964) in Smith Street in
Durban (ARTEFACTS n.d.).

This leaves little doubt about the significance of Wachthuis (Polley’s
Arcade) as part of Eaton’s legacy.
Wachthuis was ‘Conceived as an adaptable container for human
actions…’ (University of Pretoria 2012), and designed as offices for
the South African Police Services (SAPS) Provident Fund. It straddles
Polley’s arcade - the public interface of the complex. The arcade was
designed to function as a connection between Pretorius Street in
the north, and Francis Baard street to the south, but importantly it
was also intended by Eaton as a place of social interaction. This was
his response to compensate for the social activities that were lost
when Polley’s Hotel had to be demolished to make place for the new
Wachthuis complex. It created a new spirit of social interaction that
would otherwise have been lost to the city In search of our own: The
forgotten legacy of Norman Eaton 2015).

Except for being a southern node on the arcade system that originates
on Church square, Polley’s arcade is a manifestation of Norman
Eaton’s design approach of Pretoria Regionalism, ‘…an architecture
deeply rooted in its place’ (University of Pretoria 2012). This, married
to the view that it is one of Eaton’s seminal public works, has an
embodiment of significance that sets it apart as an iconic architectural
achievement of its time.

Observing Polley’s arcade, one is very aware of the mosaic floor
patterns inspired by African motifs and the voluminous spatial
qualities for which it is celebrated. However, in contrast to the
adjacent Van Erkom and Thibault arcades, it is mostly devoid of
people. The current experience is that of an empty, silent space
while on the edges city life continues in a normal frenzy.

What used to be shopfronts of interest for passers-by have all been
closed off, with the space behind converted into floor to ceiling file
archives. In a converstaion with Nicholas Clarke (2018, pers. comm.,
5 May) at the AZA conference We the city, it transpired that this was
done by the SAPS as a precautionary measure to counter bombings
during the time of the Freedom Struggle. It has not changed since.

Wachthuis has since become a predominantly mono-functional
building.

In response to the constantly increasing need for space that cannot be
accommodated in the current building much longer, it is postulated
that the SAPS administration will be relocated. The spatial need has
now outgrown the provision made almost 70 years ago.

Figure 8: Le Corbusier’s Dom-Ino principle: original drawing
(Foundation Le Corbusier n.d.).

Figure 5: Polley’s Arcade with mosiac floor inspired by african motifs
(Images by author 2018).

Figure 7: Shopfronts filled with with files (Image by author 2018).

The building is in a state of steady decay, evident in uncollected litter,
missing tiles, sealed-off openings that were intended to provide
natural light, and general disrepair.

Figure 4: Polley’s Hotel in 1949 (University of Pretoria 2012).
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Figure 6: Entrances to Polley’s arcade. On the edges city life continues
in normal frenzy (Image by author 2018).

Eaton designed the structure using the ideology of Le Corbusier’s domino principle, with columns and slabs having no protruding beams
thus providing uninterrupted flat soffit surfaces. This was employed
as a design strategy to suit the intention that the structure could
be adapted and (re)configured for future use (University of Pretoria
2012).

Figure 9: Wachthuis Complex: structure of columns and slabs derived
from Le Corbusier’s Dom-Ino principle (Image by author 2018).

The challenge then is to find an appropriate strategy for the
sustainable re-use of Wachthuis:- re-establishing its social significance
in a manner that benefits the current needs of the city, its inhabitants
and the country at large.

heritage+degeneration+needs+regeneration+positioning in the cbd =
opportunity
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S T R A T E G Y

‘Life, space, buildings – in that order [emphasis added]’ Jan Gehl
(2010, p. 198).

Wachthuis and Polley’s arcade’s location in the city offers an
opportunity to develop the existing building, arcade and empty
neighbouring site directly to the east of Wachthuis into space for
living. It could add value not only to its immediate surroundings but
also the wider context of the city through the arcade system and
connection with other significant strands of the fabric - from Sir
Herbert Baker’s St Albans Cathedral to Church square: the heart and
historical birthplace of Pretoria.
Figure 10: Missing tiles (Images by author 2018).
From the literature studied for this paper, one can deduce that
the components of strategies for regeneration seldom function
individually or in isolation, but converge and overlap, building
redundancy into a socio-economic organism that is aimed (in this
instance) to conserve heritage, create a positive living environment,
add to the value of the city in wider context, and is economically
sustainable.

C R I T E R I A
Each component of the strategy should aim to individually, or as part
of the collective, contribute to the following criteria:
1.

Sustainability (according to the three tenets of social,
economic and environmental issues: - the triple bottom line,
as defined by David Turrent (2009)).

2.

Promoting continuous occupation on a permanent basis: making it a desirable place to live.

3.

Reactivation of Polley’s arcade as place with social and
commercial vibrancy.

4.

Contribution to fostering a sense of community and social
coherence.

5.

Creating public space that contributes to the vibrancy of the
city.

Figure 14: Criteria (Image by author 2018).

P R I N C I P L E S

ADAPTIVE RE-USE
With the exception of restoration to its original state, which is
usually only viable in the context of buildings that are museums
receiving subsidised funding or that have some other function that
is economically sustainable, the only alternative approach for the
regeneration and preservation of built heritage is adaptive re-use.

Figure 11: Sealed-off opening. (Image by author 2018).
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Figure 12: General diesrepair (Images by author 2018).

Figure 13: Context image adpated from Google, Map data: Afri GIS
(Pty) Ltd.(2018).

In their paper on adaptive re-use, Bullen and Love (2011, p. 1) argue
that:
… heritage conservation provides economic,
cultural and social benefits to urban
communities. The decision whether to reuse a
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building entails a complex set of considerations
including location, heritage, architectural
assets, and market trends. The role of building
conservation has changed from preservation
to being part of a broader strategy for urban
regeneration and sustainability. A growing body
of opinion supports the view that adaptive
reuse is a powerful strategy for handling this
change.
This leaves little doubt that the strategy for the renewal of Wachthuis
and Polley’s arcade must be constructed around the principle of
adaptive reuse.

CONSIDERING COMPONENTS FOR MIXED-USE
COMPOSITION
Successful regeneration of Wachthuis, Polley’s arcade and the city
around it can only happen if they are inhabited and occupied for 24
hours of the day. Without that there will not be any change to the
current condition. The strategy must consider every possibility to get
people to live there as first principle.
•

RESIDENTIAL
To enhance sustainability, the residential component should
ideally be configured to accommodate residents with diverse
income, age, occupation, ethnicity and culture by offering
different unit types, sizes and affordability. It should make
provision for:

MIXED-USE

•

Families

The mixed-use approach has become synonymous with sustainability
in all three tenets of the triple bottom line, as described by David
Turrent (2009). It seems to have become the standard for larger
developments in South Africa.

•

Couples

•

Single people

•

Retired people

•

Students

•

Subsidised housing

The emerging consensus is that development is
more sustainable if it produces a mix of uses …
It ensures vitality through activity and diversity.
It makes areas safer. It also reduces the need
to travel, making people less reliant on cars,
bringing welcome environmental benefits.
Diversity of uses adds to the vitality and
interest of town [and city] centres. Different,
but complimentary uses, during the day and
the evening reinforce each other, making town
[and city] centres more attractive to residents,
businesses, shoppers and visitors (ed. Coupland
1997, p. 4).

•

•

It promotes a 24-hour city, reduction in crime, better accessibility to
and utilisation of public transport, proximity to work opportunities
and a ‘connection to the street’, which translates to social interaction
that promotes a sense of belonging to the city.
•
By virtue of its scale and location, Wachthuis is well suited to a mixeduse design approach.

Its favourable location in the heart of the CBD, accessibility, and the
opportunities offered by incorporating the neighbouring open site
directly east of the building creates a fertile context for establishing a
sustaining environment.
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•

PUBLIC SPACE
Public spaces will play a very important part in the success
and sustainability of the project. It is the face of the project,
the interface with the public, and the ‘front garden’ of its
residents. It can provide permeability to the street edge and
a seamless continuation of the building into the city and the
city into the building, creating a connection that makes the
activities a part of the city.

•

Restaurants

•

Small Movie theatre/s

EDUCATIONAL
Education, in all its different facets from early childhood
to retirement, is an important part of community and
social interaction. For learners (of all ages), their families,
and educators. It is perpetuating, resilient and part of the
activities around which communities are formed. It creates a
presence which represents culture and life.
Education provides a social datum, the ‘glue’ of community.

•

SMALL SQUARES
Public & social spaces become places of activity and
repose. Small squares provide a ‘breathing’ space that
adds permeability to the large city blocks of Pretoria, act
as vehicle for increasing green spaces in the CBD, provide
identity, and act as landmark or node.

•

GREEN SPACE
‘beautiful cities – green cities’ (Gehl 2010, p.179).
Establishing public green spaces is an important priority.
In developed CBD’s the strategy is often focused in the
converting of abandoned space into green space, for
example, Diller Scofidio + Renfro’s Highline project in New
York.
In addition to the traditional green roof, rooftop production
of food is gaining popularity, which, together with green
walls all contribute to the livability and environmental
sustainability of the city.

COMMERCIAL
The commercial component is the main mechanism for
re-activating Polley’s arcade. A considered mix of shops
of varying sizes and types would service residents, people
working in the CBD and visitors.
RECREATION
As for the commercial component above, it should be
considered to house these in Polley’s arcade as part of
establishing a vibrant place of social interaction at all hours:

streetscape. Pedestrians, walkability and (controlled) traffic
flow as components of livable cities must be considered.
Streets should enable ‘… the exchange of goods and social
exchange and communication … The quality of life in the city
is determined by the nature of its streets and the entrances
and centres that these streets create, giving the city its
identity and a sense of total place” (McNamara 2015, p. 78).

In the Pretoria CBD green spaces within city blocks or
between buildings are rare. An argument for smaller pockets
of green space can be made and considered wherever the
opportunity arises.
Figure 15: Living and working in a mixed-use development (Image by
author 2018).

S T R E E T S C A P E S, S Q UA R E S & G R E E N S PA C E:
C O M P O N E N T S O F P U B L I C S PA C E
•

STREETS
‘Multiple lanes of one-way traffic where the car is
predominant and crossing a road a death-defying feat is
a legacy of the Modernist mind’ (Gehl 2010). Comparing
that to the traditional city where pedestrians were most
important, and experiencing cities in Argentina where the
‘peatonal’ (pedestrianised shopping street) is common,
one can appreciate the importance of the design of the

Trees, landscaping and flowers play a key role
among the elements in city space. Trees provide
shade in warm summer months, they cool
and cleanse the air, define city space and help
accentuate important sites. A large tree on a
square signals: ‘This is the place’. The presence
of green elements passes on a message about
recreation, introspection, beauty, sustainability
and the diversity of nature (Gehl 2010, pp.
179-180).
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SECURITY
Vibrant and lively city life cannot take place in an unsafe environment.
In the South African context, personal safety is a foremost concern
in every community. In Cities for People Jan Gehl (2010, p. 97) argues
that safe public spaces surrounding a development assist in promoting
safe living inside, and the other way around. Without 3m high electric
fencing.

Making the building a gated community does not guarantee safety,
and the resulting exclusivity negates inherent benefits of city living
for both residents and other citizens of the city. He refers to Jane
Jacobs’ description of ‘…the crime preventative effect of life in the
street [constant activity and presence of people], mixed functions in
buildings, and residents’ care for common space’ as framework for
creating a safe environment.

large columns running along its length’, is situated as the southern
termination point of a system that connects to Church Square as the
northern node.

Square to Lilian Ngoyi square and the State Theatre, are within 10
minutes walking distance. Parking for residents owning cars can be
accommodated in the existing Wachthuis parking basement.

Re-activating and developing Polley’s as an active lively node of social
interaction and diverse commercial and recreational activities has the
potential to be a catalyst for rejuvenating the rest of the connection
to Church square, with other systems eventually following. It will
transform a place that, in its current state, is described as ‘… a mere
shadow of its previous character, now lit with orange incandescent
street lighting and resolved to become merely a corridor from
Schoeman street to Pretorius street’ (Sackett 2006, p. 69).

PARTNERSHIPS

Jan Gehl (2010, p. 97) reminds us that ‘Experienced as well as
perceived safety is crucial for life in the city.’

EDUCATIONAL FACILITIES AS CORE CATALYST

ARCADE SYSTEM

When considering regeneration of the Pretoria CBD urban fabric,
strategies for the re-activation of the arcade system commands
serious consideration.

Polley’s arcade, described by Sackett (2006, p. 68) as ‘The most
famous arcade in Pretoria… famed for its intricate marble off-cut
tiling and mosaic patterning which lines the arcade floor… and the
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A substantial project such as Wachthuis may present a higher risk and
demands a large capital outlay, making it less attractive for private
investment, specifically when upgrading of public areas are involved.

Partnerships consisting of private investment, (commercial
components including residential development) Local Government
(urban infrastructure, public spaces and streetscape), and Central
Government (an area that they prioritise for funding) can create a
symbiotic environment beneficial to all that could make it viable and
sustainable.

Deploying good outdoor lighting strategies (as applied in New York)
and surveillance systems run by the city are two effective but unintrusive elements that build on this platform.

The arcades permeating the inner city of Pretoria is one of the city’s
unique characteristics, originating from the scale of the Pretoria street
block and the necessity to make it easier to traverse. As pedestrian
movement networks, they mostly run in a north-south direction ‘…
increasing the permeability of the inner city’ (Bothma 2003, p. 68),
providing connectivity and a commercial interface of a diversity of
shops, restaurants, and coffee shops which, in a sense, can be viewed
as a precursor to the contemporary shopping mall. A disconcerting
number of these have closed or display visible stress as commercial
ventures, and with it, one can sense the demise of the arcades as
place of social interaction.

Economic viability and the probability of economic sustainability are
the most important factors for the realisation of any project which is
not fully subsidised by public or semi-public institution.

Education is a national priority in South Africa.

Figure 16: Urban connections through arcades (Image by author
2018).

CONNECTIVITY
‘In urban design, connectivity is an essential theme. Cities and
neighbourhoods that increase connectivity between people,
places, and the things they need become more vibrant and healthy’
(American Planning Association, 2017).

Easily accessible public transport and manageable walking distances
reduce the need to use cars regularly, or use (or own) them at all.
Both the A Re Yeng and Gautrain bus stops are within 5 minutes
walking distance. Cultural, historical and civic amenities, from Church

In developing a strategy for the adaptive re-use of the Wachthuis
Complex a considered educational system combining different
levels of teaching and learning in a symbiotic manner becomes a
prime motivator for the involvement of both Provincial and Central
Government. More importantly, it acts as social datum (common
ground) for the society that inhabits the mixed-use development
and resulting urban node, as well as those who as learners, parents,
teachers, students, lecturers and employees use it regularly.

‘South Africa spends a bigger share of its gross domestic product on
education than any other country in Africa…Yet performance levels
are lower than in many other countries in the region’ (UNICEF South
Africa, n.d. b).
This is where the major portion of the budget is allocated, specifically
basic education. It is not surprising. If education fails, so will the
economy and eventually order of society.

Highlighted in the Action Plan of 2014 Towards the Realization of
Schooling 2025 (Department of Basic Education, 2011) is the training
of teachers that has become a national priority. One can reasonably
postulate that this is one priority which will persuade the Government
to a partnership as mentioned above.

Early childhood development and schooling is the next priority.

‘Global evidence shows that quality early childhood development
is essential to bridge equity gaps and overcome intergenerational
poverty’ (UNICEF South Africa, n.d. a).
The University of Johannesburg Institute for early childhood
development, in their publication Rethink Education. Reinvent Yourself
(University of Johannesburg n.d., p. 5) makes a clear statement:
‘Education in the early years of school is vital and success at grade
three level is a significant indicator of entry into university’. Referring
to the work of Barber and Mourshed (2007), they point out that ‘the
available evidence suggests that even in good systems students who
do not progress sufficiently during their first years at school stand
very little chance of recovering the lost years and their failure is
perpetuated throughout their school career’.

This presents an opportunity for establishing an experimental tertiary
institution for education, where a school is part of the campus and
integral to training. The students and lecturers teach the children in
spaces that allow alternative pedagogy, observing results and learning
from their behavioural and academic response.

Figure 17: Traditional versus reciprocal pedagogy (Image by author
2018).

47

Tertiary education with a residential component can be regarded
as a strong catalyst for adaptive re-use, the re-establishment of
commercial entities and the core of establishing a community.

education from grades 000 to 7. In addition to the presence and
diversity of students living, studying and working there, the school and
training institution creates a social datum envisaged to act as common
denominator for building community.

The children attending the school will be admitted from the vicinity, as
indicated in table 1 below.
Feeding area for admittance

Rationale

1

Children who live in the
complex.

Proximity. Easy accessibility. Incentive for
families to live in the complex.

2

Children who live in the
area (Pretoria CBD).

Proximity and accessibility. Children can
walk or use public transport.

3

Children whose parents
work in the area (Pretoria
CBD).

Children can commute with their parents.

4

Children admitted from
other areas.

Learners identified in terms of the contribution they can make to the educational
research and development.

•

an overall conception of Wachthuis and Polley’s arcade as
mixed-use facility: the ‘big picture’ as masterplan in the
format of detailed zoning

•

conceptual design of the school for the early development
phase (ages 4-7) as part of the re-use of Wachthuis

•

detail design of the new learning commons, library and
auditoria serving the teachers’ training facilities.

Figure 20: Developed site in context of urban intervention (Schmidt
2018).

Table 1: Feeding area for admittance (Table by author).

OPPORTUNITY AND POTENTIAL
Opportunities and potential to add value to the urban intervention
exist in the immediate context, specifically the Van Erkom parking
garage to the west, and the one storey Damelin administrative
building to the east. These should be analysed to find means towards
a partnership benefitting all participants, the project and the city.

C O N C L U S I O N

A successful strategy for the sustainable regeneration of Wachthuis
and the re-establishing of the social significance of Polley’s Arcade will
rely on the tenets of adaptive re-use, mixed-use development, and
marrying public funding and private enterprise. The significance of the
approach is in its contribution towards creating a social environment
that will foster a sense of community.

The core that acts as catalyst and anchor for the rest of the
components of the project will be an experimental teachers’ training
institution with resident students, postgraduate students, in-service
training and the associated facilities housing a school for basic
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Figure 18: Education as datum: diagramme showing the interrelationship of the educational component and other components of
the mixed-use development (Image by author 2018).

Although this strategy is focused on a very specific building and
context in the Pretoria CBD, the principles it embodies can also be
applied in part or in full to other buildings and other contexts with
similar objectives.

A P P L Y I N G

T H E

S T R A T E G Y

The strategy discussed above was applied as core generator for
the subsequent design thesis by the author titled ‘The design of an
education-centred mixed-use redevelopment in Central Pretoria’
(Schmidt, 2018).
It involved four phases of design at increasing levels of
resolution:conceptual approach to the urban context and connection
to the existing arcade system

Figure 19: Site in urban context, adapted from Google Earth, Map
data: Landset / Copernicus (2001).

Connectivity and the components of public space:
Streetscape, the arcade system, squares & green space:
Polley’s arcade is the southern termination point of a system that
connects to the re-designed Church Square.

The design approach was to re-activate and develop it as an active,
lively node of social interaction and diverse commercial and
recreational activities, providing a catalyst for the rejuvenation of the
remainder of the connection to Church Square, and eventually other
arcade systems in the city, illustrated in figure 20.

Figure 21: Connections and relations: nodes on a journey through the
arcades (Schmidt 2018).

Pretorius and Francis Baard Streets were converted to pedestrianoriented streets with controlled single lane traffic, traffic calming,
pockets of off-street parking and public transport access. It must be
safe and comfortable to cross from one side to the other, alleviating
the disconnect currently experienced when traversing traffic between
the arcades. Wide sidewalks become communal civic space active at
extended hours, where hawkers can sell their products, and people
can walk, linger and socialise.
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Pedestrian and traffic surfaces will be on a uniform level to an
extended width (10-15m) in order to connect arcades and act as traffic
calming reminder.

It was realised through:
•

surface planting on the squares

•

deciduous trees shading the surface of the squares in
summer and allowing it to heat up in winter,

•

green walls on the new building, as well as the expansive
west-facing wall of the Constantia building to the east of the
main (southern) square

•

green roofs on the lower roof levels

•

rooftop farming on the top roof level with rooftops
experienced as the ‘5th elevation’.

Figure 23: New small square
become activity nodes (Schmidt
2018).

Figure 22: Merging street, square and arcade system into public space
(Schmidt 2018).

The edge conditions of the site create the opportunity for permeability
and connectivity to Thabo Sehume Street in the east, a strong visual
connection to the green tranquillity of St Albans Cathedral (across
Francis Baard Street) to the south, and a more secluded space to
the north. In response, the siting of the new teachers’ training
facility adjacent to Wachthuis is such that it creates a small square
to the north, a square connecting the site to Thabo Sehume street
to the east, and a more prominent square to the south. The latter
embracing the visual connection with St Alban’s Cathedral, and linked
to Polley’s arcade. It creates an activity pocket and establishes a
southern node on the arcade system. All conforming to Christopher
Alexander’s principles of a small square: ‘… no more than 45 [15m] to
60 feet [20m] across … in the short direction.’ (Alexander, Ishikawa &
Silverstein 1977, p. 311).

Figure 26: Overall conception of
Wachthuis and Polley’s arcade as
mixed-use facility (Schmidt 2018).

EDUCATIONAL FACILITIES AS CORE CATALYST

Figure 25: Strategy for greening. (Schmidt 2018).
Figure 24: New connection between Polley’s arcade and Southern
square. (Schmidt 2018).
Creating space with both horizontal and vertical greened surfaces
generates a park in the city, a breathing space in the surrounding
CBD context. In addition to the visual and physical gratification that it
provides, greened and treed surfaces are also employed as a passive
deign strategy to alleviate the urban heat island effect caused by
exposed hard surfaces.
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ADAPTIVE RE-USE
The reconfiguration of Wachthuis and Navarre building with Polley’s
arcade consists of a multi-layered, mixed-use arrangement of
residential, commercial and educational components, organised and
grouped in a manner that differentiates between public and private
space, with a vertical privacy gradient.

The educational facility is an alternative / experimental residential
tertiary institution dedicated to the training of teachers for early
childhood development and basic education. It involves establishing
an environment where a school (housed in Wachthuis) and children
are part of the campus and integral to training. A learning commons
forming the heart of the teachers’ training academy is housed in a new
adjoining structure linked to the existing building.

The school for the early development phase is conceptualised as
didactic architecture, where the converted space in Wachthuis
becomes a social laboratory.
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Based on the design philosophy and theories of Herman Hertzberger
(Hertzberger & De Swaan 2009), the school becomes a playground:
a learning tool for children, students and researchers. In contrast
with the standard local model of cell-type classrooms in a linear
configuration facing a verandah, it offers flexibility in the way spaces
can be connected or separated and furniture re-arranged.

It entails a configuration of spaces that face each other, connected by
common shared space to create a sense of community. A ‘city with
streets and spaces for learning and city squares’ (Hertzberger & De
Swaan 2009).

LEARNING COMMONS
Queens University, in referencing the Canadian learning Commons
network, defines the learning commons as ‘a central facility, usually
an academic library, that provides the space, technology and services
to support learning,’ in a setting where students can ‘create their
own lively and ever-changing space for learning’ (What is a learning
commons anyway?, S.a.)

It becomes the students ‘living room’ away from home.

Linked to Wachthuis via a new bridge, the learning commons houses
facilities for 250 students (50 per year for a 4-year degree, 50 postgraduate students and practising teachers in further training).

Figure 28: Aerial from south (Schmidt 2018).

It contains:
•

a 380 seat main auditorium to accommodate larger events
that may include schools and community in addition to
typical academic activities

•

a 150 seat lecturing auditorium

•

an informal learning space (stepped seating)

•

an educational library as datum for the learning commons

•

common areas for individual work and group interaction in
various configurations, some re-configurable as needed

•

quiet space for group work and individual research

•

Three workshops for producing teaching and learning
material

•

lecturers’ offices and staff facilities

•

coffee shop

•

ablution facilities

Figure 31: View from north with Wachthuis (Schmidt 2018).

Figure 29: Aerial from east (Schmidt 2018).

Figure 30: Aerial from west (Schmidt 2018).
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Partnerships
To make this project viable and financially sustainable a collaboration,
based on the identified partners’ various interests and priorities,
was established. Their envisioned involvement is illustrated in the
diagramme below.

Figure 32: Main square (top: as seen from Francis Baard Street,
bottom: as seen from new connection to Polley’s) (Schmidt 2018)

Figure 34: Section (Schmidt 2018).

Figure 36: Possible partners and their involvement (Schmidt 2018).

Figure 35: Section (Schmidt 2018).
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A THOUGHT EXPERIMENT: SPACE AS AN
ABSTRACT CONCEPT AND ITS INTERPRETATIONS
IN ARCHITECTURE AND DESIGN

KYLE-PHILIP COULSON

An understanding of three lenses through which of space can be
interpreted is presented, allowing a translation of this views into
a theory that can inform architecture. After investigating space
within the predefined lenses, the paper attempts to amalgamate the
different lenses to generate a theory that can be applied to the study
of architectural design, translated metaphorically to form conceptual
approaches to buildings and space.
Keywords – Space, Time, Place, Architecture, Design
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A B S T R A C T
The intersection of two lines can almost instantaneously orientate us.
It helps us identify up from down, left from right and we are able to
identify where we are in relation to others. This may be the simplest
way to describe space, namely, our body in relation to the landscape
and objects in the landscape and other people around us. There is also
a strong link between Time and Space as space, to a certain extent,
assists our perceptions of time. The two concepts (time/space) are
inextricably linked.
Everyone assumes that they are speaking about the same thing when
speaking about space. However, everyone’s understanding of space
is different based on their current perspectives on life, education,
and general knowledge. This essay therefore attempts to provide
a definition of space and its applications in architecture, based on
several approaches.
There is an unlimited number of ways in which to perceive space
– architectural space, mathematical space, dream space, pictorial
space, literary space, and outer space. A thought experiment is here
presented that explores the meaning of “space” and its interpretations
and applications within the realm of architecture. The concept of space
is ambiguous and complex and, therefore, the paper considers distinct
definitions to create a better understanding.
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I N T R O D U C T I O N
Porter (2004) explains that it is the recognition of the intersecting lines
that can almost instantaneously orientate us. Massey (2009) argues
that the word “space” is used often in architectural texts, yet its
definitions vary greatly; Massey explains that everyone assumes they
already know what the term means, but this is debatable. This essay
views the concept of “space” through three lenses:
1. ABSTRACT (space interpreted through the lens of philosophy
and physics)
2. PHYSICAL (the uninhabited landscape, the in-between space)
3. VOID (outer space, the galaxy, universe, cosmos or solar system)
S P A C E

A S

A N

Einstein explains that space cannot be viewed as a singular entity. Due
to the connectivity between space and time, these concepts should
be viewed as a singular entity, and therefore referred to as space-time
(Lotha, 2018). By adding time as an element into space, it shifts the
understanding of a three-dimensional Euclidean (xyz) geometry (ie.
architectural space) to a four-dimensional non-Euclidean geometry
(Porter, 2004). Four-dimensional architecture speaks of “dynamic
architecture” – a building that changes with time or adds a dynamic
component to it.
Pandolfi (2018) illustrates the general theory of relativity by explaining
that the space-time of the universe with no matter (matter = mass
= planets and stars) in it would essentially be a flat surface. When
light travels through the flat surface it would travel in a straight line
over the surface. However, when we introduce matter on or into the
space-time, the matter would distort and warp the space-time around
it (Figure 1).

C O N C E P T

PHYSICS
Space is considered an abstract concept, particularly in the theories
of Einstein and his works pertaining to the general theory of relativity.
This theory, in its most basic form, demonstrates that any mass
(planet, star, moon, galaxy) placed within space-time (universe)
would essentially warp the space-time around it (Pandolfi, 2018).
If we consider this statement within architecture, it lends itself to
a metaphorical understanding that any building essentially directly
impacts the space around it. The building, therefore, cannot be viewed
in isolation but has to be viewed alongside the impact it has on the
surrounding context. The question that comes to mind is: How severe
is the warp created by a/the building?

PHILOSOPHY
Lefebvre (1974, 15) explains that any definition of architecture
requires a prior analysis of the concept of space. Lefebvre lists
these spaces as geographical, economic, demographic, sociological,
ecological, political, commercial, national, continental, global, natural
(physical) space, and the space in which energy flows - each space is
connected to the next. Sloterdijk (in Latour, 2013) explains that it is
almost impossible to understand space as our understanding of it is
actually with the elements that are contained within or inhabited by
the space and not space itself. He elaborates that space considered in
isolation is an empty abstraction similar to energy and time. He states
that physical space has no reality without the energy that is deployed
within it.

A B S T R A C T

The first lens through which space will be explored is as an ABSTRACT
concept. Here space is viewed from the perspectives of physics and
philosophy.

Figure 2: Illustration showing how light bends around a mass.
Illustrated by Author (2018).

Figure 1: Illustration showing how a mass warps space-time.
Illustrated by Author (2018).
When light travels through this warped surface it will bend around
the matter instead of travelling in a straight line. The light, therefore,
conforms to the warped space-time surface around the matter. The
light must comply with the warped surface because it cannot detach
itself from it, as there is nothing outside of it. This is illustrated in
Figure 2. A star, for example, could be perceived as being straight in
front of the Earth. However, it might be behind the sun.

It seems that within the architectural dialect of space, most authors
omit the ‘energy’ component. Energy is essential as it speaks of the
people, the emotions, and all the natural forces interacting within and
without of space. Writers speak of architecture as a singular entity, an
object in isolation – an approach mostly introduced by the Modernist
Movement and its thinkers.
The works of Latour and Sloterdijk contradict the theories introduced
by the modernists. Latour (2013; p. 4) explains that modernist
theories claim that too many precautions will result in no action, no
new technologies, and no new interventions: one should approach
design with a free mind without limiting oneself to all the what
if’s. Thus, the modernist opted to “bounce forward, blissfully
ignorant of the consequences”. Latour continues by stating that the
modernists’ primary belief was total emancipation from nature or
consequences – an approach that points to an increasing mastery over
nature, explaining that modernist architects are the forerunners in
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establishing the idea that their built creations could be isolated from
nature and the impact it has on nature.
Sloterdijk argues that the very premise of modernist philosophies,
in that his approach is anti-modernism—for a lack of a better word.
In his philosophy, he refers to the environment as an interlinked
network that should be visualised as foam (Borch, 2010; p. 2). He
views humans as living in a foam network. This concept of foam/
bubbles is defined as the inside-like shared circle that humans inhabit.
The bubble can be reinterpreted as foam and viewed as co-isolated
associations. According to Morphosis Architects (Borch, 2010; p. 3),
these co-isolated associations are connected. Therefore co-isolated
associations explain that one cannot be entirely isolated – one would
always be in co-existence with another and the actions of the isolated
bubble directly impacts the associated bubbles around you, the same
as with foam. Each bubble is connected with a shared wall between
one another. The one directly impacts the ones around it.
In analysing Sloterdijk’s approach from an organisational point of
view, Borch (2010; p.5) explains that foam theory provides five unique
dimensions for organisation. Only two dimensions are explored for the
purpose of the study:
1. Each bubble creates its own world, but the theory focuses on the
relations between the bubbles (the shared walls) rather than the
inner worlds and;
2. The bubbles/foam explicitly addresses spatiality within
architecture.
With Sloterdijk’s foam theory, all bubbles (insides) are connected
to each other by a shared membrane. This implies that if there is
a change in one bubble within the foam structure, the connected
bubbles (inside) will be directly impacted, and those connected
bubbles will have an impact on other bubbles, and so the ripple
continues.
Consequently, the idea established by modern philosophy is a naive
approach in that every change has a ripple effect. Foam theory does
not state that modernist buildings are bad, but it does criticise the
approach of the modernist movement whereby the building is seen in
an isolated environment and its effects on the surrounding context are
almost completely neglected.
Taking into consideration the facts listed above, and the fact that the
world is technologically driven—especially the outer-space sector as
the future—new collective thinking is important, instead of a sole
focus on the creation (of technology) itself. Investigating the ambiguity
of the word space can assist to develop a new way of thinking. The
amalgamated concept of space could inform a new design process and
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allow for multiple ideas or precautions to inspire, shape and create
the final design, where collective, multi-disciplinary designs (instead of
autonomous facilities) are the new norm.
A collective approach is important – one where nature, technology,
and man live in synergy. In many traditions and beliefs, it is assumed
that humans should tend, keep and guard “the garden” (earth) while
simultaneously taking responsibilities for its own creations (Genesis
2:15). It is also believed that the “unity” (or Tawhid in Arabic) means
a unified mission of humanity to protect the Earth or construction
of the Earth (Emartu al ard), through the adoption of living lightly
on earth (Zuhd) or degrowth. (Al Jayyousi, 2015) However, humans
dominated over nature instead of having dominion over nature,
freeing themselves from responsibilities and the consequences of our
created “things”.
Latour (2013; p. 1) explores this suggested Christian-creationparadigm where he states that Dr Frankenstein’s crime was never that
he invented a creature, but rather that he left the creature to its own
devices. Dr Frankenstein’s fear drove him to abandon his creation
without taking responsibility for what he has created. Ultimately, the
creature claims that it was not born a monster. Rather, it became one
because it was left alone.
In a stunning cinematic piece, Dr Frankenstein stands face to face with
his creation. Frankenstein’s Monster: “Remember, I am thy creature.
I ought to be thy Adam; but I am rather the fallen angel, whom thou
drivest from joy for no misdeed… I was benevolent and good; misery
made me a fiend” (Latour, 2013; p. 1).
The advancement of technology (even space exploration) has adopted
the same ideology as that introduced by the modernist movement.
Latour (2013; p. 5) writes that the emancipation narrative is odd in
that no masters in history are ever free from any care or worry of its
dependents/creations.
This lack of worry, care or follow through with responsibilities—
the idea of inside as important and outside as less important—is
strengthened by the globally-rising amount of solid waste (World
Bank, 2018). Over 100 000 marine mammals and over 1 000 000
seabirds are killed annually because of plastic debris in the oceans,
and there are currently more than 779 000 identifiable objects of
space debris (larger than 1cm) orbiting Earth (UNESCO, n.d.). These
statistics point to an obvious care-free mentality adopted over the
ages. The environmental crisis can therefore be perceived as a failure
of human trusteeship. (Al Jayyousi, 2015)

S PA C E A S A P H Y S I C A L C O N C E P T
This may be the simplest way to describe space: our body in relation
to the landscape, objects in the landscape and other people. “Just as
we think architecture with our bodies, we think our bodies through
architecture.” (Frascari, 1991: 1)
Space is defined as where things exist and move; the undomesticated
natural environment; geographic and natural features may have a
sense of ‘place’ or not. (Osman, 2004, 2-3)
“Space” is described by Motloch as ‘wilderness’: “The perception of
time and space are inextricably bound, as both time and space are
experienced sequentially and concurrently. In fact, time can be seen as
the sequential ordering of space as one moves through the landscape”
(Motloch, 1991: 117).
Place comes into being when the natural setting is distinct through
environmental features or human intervention, where people have
inhabited space or where space has acquired social, spiritual, or
functional significance. “Place” is where a space is marked by some
quality or identity that distinguishes it from other spaces - a location
that encourages dwelling in the broad sense of the word. Place can
be determined by how people interact with landscape and geography.
It is the relationship between man and nature. It also relates to the
degree of control and territorial behaviour of people towards space or
a particular landscape (physically or socially) (Osman, 2004, 3).
S PA C E A S V O I D
According to Steve Parker (2017, p. 12), space is the term used
to describe everywhere that is not Earth and its atmosphere. The
transition from the atmosphere to space is about 100km above the
earth’s surface. Outer space is generally divided into three categories.
Local space consists of the solar system, which includes the sun, nine
planets, moons, and asteroid belt. Interstellar space is the Milky Way
(our galaxy), and intergalactic space is beyond our galaxy. All of this
combined is called the universe.

The universe has four dimensions. The first three are referred to as
normal space, and include up/down, left/right, forward/backwards,
plus time. This equation equals space-time, which is the common term
when referring to the universe. Albert Einstein believed that time is an
integral part of space and should, therefore, be called space-time. This
calculation gives three possible shapes for the universe: planar (flat),
spherical (round), and hyperbolic (shape of a horse saddle). Using
these estimates, the universe seems to be about 855 billion trillion
kilometres wide, although new theories suggest that the universe is
immeasurable and stretches into infinity (Parker, 2017, p. 17).
S PA C E, T I M E A N D A R C H I T E C T U R E
There is something evocative about the term space-time when
introduced into architectural dialect. Time forms an integral part of
the design process just as much as space does. The past, present and
future conditions of the site are always considered. The historical
context, the culture, and the physical space limitations are all equally
important. Perhaps space and time should be put together (as
suggested by Einstein), even in architectural dialect. In architecture,
this has been described as 4-dimensional space, where space is in
a state of constant adaptation and change and a building is never
finished. “[…] buildings have secret lives; all too often, the existence
of their stories have been either overlooked or wilfully ignored […]
one is struck by the multiplicity of different functions that a building
can contain over time, and how these functions are completely
independent of form” (Hollis, 2010).
The idea of incorporating time as part of space to create a fourth
dimension has been explored by designers, artists, and architects.
The sculpture of Richard Sierra, The Matter of Time creates sensation
through space by exploring spaces that are distinctly different—
narrow and wide, compressed and elongated, modest and towering,
always unanticipated (Guggenheim Bilbao Museoa, 2005).

Parker (2017, p. 16) explains that there have been many theories
concerning the universe, its origin and its size and shape. Some
theories suggest that the earth is in the centre of the universe, others
claim that the universe is a ball in the hand of a giant human. There
has also been a myth that the universe emerged from a giant egg,
laid by a black-winged bird. Modern-day theories about the universe
include the big bang theory, and the religious theory that the universe
was created by a divine being.
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pro-temporal in nature, and concludes that these new technologies
also raise new socio-political and ethical questions. He insists that
architecture should mediate between the tangible and intangible,
virtual and material, between space and time while re-spatializing the
temporalizing world that we are moving into.
As mentioned above, many designers have explored the concept of
time in design but there is yet to be a further investigation into the
ethics and socio-political side of this development. Creative minds
must push the boundary and it can be concluded that space-time
design is needed in the paradigm of the day but architects should also
consider the social aspects of these explorations and perhaps add this
as an additional parameter when freezing time or adding dynamic
elements.
T O U C H S T O N E
Figure 3: The Matter of Time sculpture (Guggenheim Bilbao Museoa,
2005)
Architects like Zaha Hadid, Toyo Ito, Pieter Eisenman, Rem Koolhaas,
Superstudio and Greg Lynn have introduced time-like design into their
process. Lynn (1999) writes that the introduction of time and motion
techniques creates spatial models that allow for deformation and
transformation techniques on a flexible topological surface.
Lynn (1999) insists that architecture’s relationship to time typically
represents motion. He elaborates that time can be captured in the
design in two ways:
1. built into form as memory
2. as movement or dynamic elements in the design.
Lynn (1999) states that form can be conceived in a space of virtual
motion and force, rather than in an ideal equilibrium space of stasis.
Instead of a fixed-point coordinated in a passive space, there must
be a shift to active time-space where coordinates interact, from
autonomous purity to contextual specificity. An active space is
important for architecture because a building is never really in stasis
(Lynn, 1999). The built artefact is constantly interacting with forces
like lateral wind loads, uplift, and shear to name a few. Architecture
needs to respond to this constant active time-space that it places its
built artefact in.
Mahesh Senagala (1995) writes that we have moved from populating
space to populating time. He continues by stating that time-like
architecture introduces new technologies that are anti-spatial and
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According to Abrams (1999), touchstone as a metaphor refers to the
testing of the validity or merit of a concept through a physical or
intellectual measure or experiment.
PHYSICS TO ARCHITECTURE EXPERIMENT

Figure 3: Ripples created with circular shape
Photographs by Author (2018).

Figure 4: Ripples created with rectangular shape

Figure 5: Ripples created with triangular shape
Photographs by Author (2018).

Figure 6: Ripples created with repeated triangle shape

Following Einstein’s insistence that a mass creates a warp in spacetime, a touchstone experiment is used to test the validity of the
premise. A ripple tank is used to visualise this warp metaphorically,
retrofitting the oscillator with various shapes to investigate the
ripples/warp created (experiment one). The second experiment
investigates two different shapes oscillating at the same time.
EXPERIMENT ONE
The first experiment studies the wave pattern only, without
considering diffraction, refraction, wave interference, water depth
or wave speed. It is a photographic exploration to evaluate what
patterns are created at different frequencies. The resultant selected
photographs (figures 3-7) all show a higher frequency.
The geometries selected for the experiment include a circle, rectangle,
triangle, repeated triangle, and an arbitrary shape. The study aims
to investigate the differences and similarities between the patterns
created by the various geometries.
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The most noticeable element in this experiment is that the geometries
with sharp corners within the shapes do not create sharp-edged
ripples - each shape creates an almost curved pattern. Although there
are obvious differences between each pattern, it is difficult to be sure
which shape has been created by which pattern.
The basic geometries create simple repetitive, almost clean, circular
patterns while the more complex geometries create more dynamic
patterns that hint at ripples crossing each other, creating a type of
wave interference.
EXPERIMENT TWO
Using the crossing of waves in the first experiment as a starting point,
the wave generator has been retrofitted with two shapes that oscillate
at the same time. Excluding the technicalities of wave interference,
this study is also a photographic exploration of the resulting patterns.
As with experiment one, a higher frequency is selected for the wave
generator as it results in a more complex pattern for investigation. For
this experiment, slow-motion footage is also taken (screenshots of the
footage are used for figures 8-11).

Figure 8: Ripples with circular & triangle
Photographs by Author (2018).

Figure9: Ripples with rectangle and triangle

Figure 7: Ripples created with arbitrary shape
Photographs by Author (2018).

Figure 10: Ripples created with repeated triangle
and arbitrary shape 		
Photographs by Author (2018).
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Figure 11: Ripples created with repeated and circular shapes
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2.

The wave interference experiment creates the most dynamic and
interesting patterns. As with experiment one, the more complex
geometries create complex patterns and seem to dominate over the
comparing geometries ripples. The video footage shows an energetic
interaction between the ripples and is reminiscent of a moiré pattern
and it was decided to do an additional experiment on moiré patterns
and its application in design.
EXPERIMENT THREE

3.

FOAM THEORY AND MODERNISM:
3.1 Nature should not be a separate element or space to the built
artefact, but it should be approached with synergy in mind. Inside
and outside should be viewed as equally important.
3.2 Connections/thresholds between spaces are as important
as the actual space and should be designed to encourage or
discourage different types of interactions.
3.3 Although aesthetic is important, the impact of the built
artefact is more important.
3.4 Frankenstein demonstrates the importance of favouring the
care for creations over the abandonment of them.
3.5 Designers should consider adopting the same mentality of the
Christian God: to tend, guard and keep our creations and realise
that we are not free from what we create, but responsible for it.
3.6 Designers should adopt an understanding of collective/multidisciplinary in the design approach.

4.

TOUCHSTONE:
4.1 Designers should use multiple mediums to get a thorough
understanding of existing patterns on-site—material textures,
surface texture, patterns of the texture, positive and negative
space drawings, nolly maps—in order to generate an appropriate
response.
4.2 Superimposing materials or texture to get unique patterns for
the design.
4.3 Understand that context has an impact on the design and vice
versa, in order to determine which one of the two should be the
dominant one.

According to Britannica (n.d), a moiré pattern is when interference
is created by superimposing one pattern with transparent parts in
between, over another set of the same pattern. The photos of the
moiré pattern are a manifestation of the previously discussed fourthdimensional theory. It is a representation of frozen time or movement.

Figure 13: Moiré Pattern 2
Photographs by Author (2018).
Quite a few designers have already explored the idea of moiré pattern
as a way to capture/create motion in design. A successful adaptation
of this is a façade detail by architect Steven Holl, on a building in
Amsterdam.
C O N C L U S I O N
The paper attempted to translate the theories introduced with the
touchstone into conceptual design codes:
1.

Figure 12: Moiré Pattern 1
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PHYSICS AND ARCHITECTURE:
1.1 Looking at the idea of warp, designers should consider
geometries outside Euclidian, xyz axes.
1.2 With the idea that a mass warps space-time, designers should
evaluate the impact of the design beyond the footprint of the
built artefact and respond appropriately to the negative and
positive impacts of the intervention, and investigate the ethical,
environmental and socio-political impacts thereof.

SPACE AND TIME:
2.1 Designers should understand the importance of space-time.
2.2 Time is an essential part of the design process and should be
considered as important as the space that is designed.
2.3 There should be a shift in the understanding of a building in a
state of stasis, as well as the dynamic elements or forces on-site,
which should assist in generating the final built artefact.

These are suggestions made as conceptual design codes based on the
theories introduced by the author(s).
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AN INVESTIGATION INTO THE POTENTIAL OF
ON-SITE CULTIVATION AND PRODUCTION OF
NATURAL BUILDING MATERIALS

J A C Q U E S VA N R E N S B U R G
Tshwane University of Technology, South Africa

The amount of material required per section of building and the
amount of material grown per hectare is then used to determine
what amount of built floor area can be constructed per hectare using
only materials grown on site.Only once the m²/ha value has been
calculated, can the site’s potential as a resource be established.All the
investigation and analysis of the structure and its construction are
consolidated to estimatehow much floor area could be constructed
using the materials grown on site after one year. As an initial study
on the viability of growing building materials on the same site as the
proposed development, this research is an attempt to illustrate the
potential primary and secondary impacts of the efficientuse of land
and resources.

Consolidating the two plants into abiogas generator would not only
enableuse of the waste from the WWTW to power the generators of
the power station(replacing coal with a more sustainable fuel), but
will alsoproduce several by-products that are useful to the agricultural
industry as well.

The portion of the farm Rooiwal 270-JR not occupied by the Power
station and WWTW, is proposed as the production area for this
viability study. Of the total 262,5ha property, 104ha is allocated
to the existing infrastructures, 5,5ha is assignedto the Agricultural
Development Centre and the remaining 153ha is to be used for
production of the three materials (figure 2).

vanrensjp@gmail.com
Keywords: waste management, natural building materials,
cultivatioand construction potential.

I N T E G R A T E D
I N D U S T R I A L

S Y S T E M S

A B S T R A C T
In recent years, global development strategies have started focusing
on the use and management of resources traditionally thought of as
waste. Some of these strategies include creating symbiosis between
different industrial practices,which improves the controlandutilisation
of waste orby-products created by these processes. To expand on
the idea of industrial integration, this research paperproposesthe
amalgamation of an existingpower station and wastewater treatment
works into a bio-energy generator, and suggests possible uses for the
by-products of the new facility. It then goes on to test the feasibility
and practicability of growing building materials on-site by using these
industrial by-products.

The land surrounding the plant is earmarked as the site for the
establishment of an Agricultural Development Centre (ADC) where
the possible uses of the bioenergy generator’s by-products can
be explored. The construction of the ADC will use natural building
materials and involve the on-sitecultivation and productionof timber,
straw/grass and reeds.To determine the practicality of the proposed
construction strategy, thisresearch paper develops a basic structurefor
the agricultural centre using the aforementioned materials. Thedesign
is then used to calculatethe amount of building material needed to
construct a 25m²portion of the new building.
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Across the globe manycountries are adopting developmental
strategies to transform the way people think about waste and the
consequences of human expansion. Some of these strategies make
use ofconcepts such as resource efficiency (European Commission,
2011) and circular economics (European Commission, 2015), which
emphasise the need to integrate systems, industrial and otherwise, in
order to reduce waste and the production of unutilised by-products.
These concepts describe how processes should be aligned in a manner
that allows the waste of one process to become the raw material
for another process,essentially creating a variety of symbiotic links
between various practices. Power stations, for example, have the
capacity to generate large amounts of electricity by burning waste
materials, such as agricultural waste or the solid waste from a
wastewater treatment plant.Developingpartnerships between these
entities could demonstrate the effects and impact of these concepts.

The strategies described above form the backdrop of this paper. This
backdrop informs the setting of the project at the site of a proposed
consolidation of two existing municipal infrastructures. North of the
Pretoria CBD in Gauteng, South Africa is the farm Rooiwal 270-JR
where the Rooiwal Wastewater Treatment Works (WWTW) is located.
The farm has a total area of 262,5ha, 74ha of which is occupied by
the WWTW and 30ha of which is, rather fortuitously, occupied by the
Rooiwal Power station directly to the North-West (see figure 1).

Figure 1: Google Maps image adapted by author to indicate the
location of the Rooiwal WWTW and Power station.

The proposed industrial partnership creates a circular economy
between the WWTW and power station that is supported by
precedents of other power plants that have undergone similar biogas
conversions. It is for this reason that this study focuses on thepossible
secondary impacts of the concepts of circular economics and resource
efficiency.

The research in this paper departs from the assumption that the
two facilities have already been consolidated and that a new biogas
generator has been erected.The new facility is assumed to be
efficiently processing waste into energy and producing by-products
in the form of organic fertilizer as well ascarbon dioxide (CO2),
methane(CH4) and nutrient-rich water (H2O). These by-products
have great potential as agricultural resources and haveprompted
the proposedestablishment of an Agricultural DevelopmentCentre,
where these by-products are used tostudy more sustainable farming
techniques including aquaponics, aeroponics and permaculture.
The new facility is to be constructed from natural building materials
including timber, straw and reeds and the site Rooiwal 270-JR is
dedicated to the production of these materials.

Figure 2: Google Maps image adapted by author to illustrate the
proportioning of the total site area.

D E L I M I T A T I O N
As this is an initial investigation into the viability of the concept of
producing all the necessary building materials on-site, this research
paper assumes that ideal growing conditions for each plant can be
obtained on site, aided by the by-products and techniques of the new
bioenergy generator and Agricultural Development Centre.The yield
values obtained for this paper do not consider variables such as soil
quality, rainfall, etc. in the calculations andusesthe optimal yield of a
“best case scenario” to establish the square-meter potential of the site
as a source of building material.

Additionally, the financial characteristics of the proposed project are
ignored and financialfeasibility —costs of plantationestablishment and
production etc. versus savings on materials or return on investment —
is not considered.
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Fire concerns have also been ignored for the purposes of illustrating
the theoretical argument. Further research could be conducted to
determine solutions forfire safety through layout design or materials
engineering to address the fact that the proposed structures are
generally flammable.

These estimates are used to calculate what proportion of each hectare
should be allocated to each material to construct a portion of the
designed structure. This will translate into a m²/ha value which could
then be used to approximate how many m² of the structure could be
constructed per annum usingthe materials grown on the site (Rooiwal
-270-JR).

The portal frame construction is set out in 5m intervals along the
x-axis and 5m along the y-axis (see figure 4).

Scale models of these reciprocal-frame structures indicate that a
configuration of twenty (20)75-100mmØ x 1,8m long poles and
twelve (12)75-100mmØ x 1m long poles will create a frame spanning
approximately 5,5m withan amplitude (height) of 2,75m, as illustrated
in figure 6. With the measurements above, the quantity of timber
needed per frame can be determined.
timber req. (m) / frame

M E T H O D O L O G Y
The research paper adopts the position of a professional tasked with
calculating the viability of cultivating and producing natural building
materials on site. To achieve this, the design of a basic structure
is needed to generate a rudimentary bill of quantities for the new
buildings of the Agricultural Development Centre. A conceptual design
for the buildings is developed using physical models at different scales.
These models are also used to determine the resources required
for the construction of a selected portion of the new building. The
structure consists of a timber frame, with straw/thatch roofing and
reed/straw in-fill walling.

S T R U C T U R A L
I N V E S T I G A T I O N
The design of the agricultural centre employs a portal-frame
construction system based on a reciprocal frame design (see figure
3). The new buildings consist of a timber-frame structure with a
thatch roof and composite-reed-and-straw infill panels as illustrated
in figure 5. The modularity of the portal frame allows the structure to
be constructed in sections of 5mx5m (or 25m²). Scale models of the
structure are used to determine the size of the frame, roof and wall
elements of one 25m² section of the proposed building.

Once the amount of material needed for the structure has been
calculated, the growth and yield characteristics of the plants most
commonly used as natural building materials are analysed to establish
the optimum yield of each species over a 12-month period. The
properties of each species are obtained through desk reviews and
include two species of each plant.

PLANTS
INCLUDED:

= (20x1,8) + (12x1)
= 36 + 12
= 48m +10% waste
= 53m/frame

Figure 4: Photo of reciprocal frame model edited by author to illustrate
structural concept of new buildings.

Figure 6: Reciprocal-frame model used to calculate dimensions of new
buildings.

STRAW
o

Wheat, Triticum aestivum

o

Common Thatching grass,
Hyparrhenia hirta (L.) Stapf

•

Common reed, Phragmites
australis
•

Bamboo, Thamnocalamus
tessellatus
o

Eucalyptus, Eucalyptus grandis

o

White stinkwood tree,
Celtisafricana

Along with the amount of timber needed, the image and supporting
information above are used to calculate the amount of roofing
required to enclose a 25m² portionof the structure.The equation
assumes that the amplitude of the dome-shaped frame equates to the
radius of a larger circle.

REEDS

TIMBER

Figure 3: Image of reciprocal frame structures.
Figure 5: Illustration of construction used in extension of agricultural
centre.
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STRAW

The final element needed to enclose the structure is the composite
wall. Again, scale models provided the dimensions needed to
determine the size of the wallsrequired. Each 25m² section of building
area contains two wall types - one composite reed frontal panel (see
figure 7) and one straw-bale-infill panel as illustrated in figure 8. With
the given dimensions, the approximate surface area of each wall can
be calculated using the equation below.

Recognised as the stalk or dry plant material that is left in a field after
matured plants (in the case of wheat) have been harvested and are
no longer alive, straw is typically a waste product of grain cultivation.
It can be gathered into bales and used as a construction material.
Along with certain species of grass, straw has been used extensively in
construction because of its excellent insulation properties. This paper
studies two species of straw, which often have applications in the built
environment, including:
•

•

Figure 8: Photo of reciprocal frame model edited by author to illustrate
proposed walling of new buildings.

The design of the structure creates a building that gains 25m² with
every section added. This makes estimating the potential constructible
floor area simpler as it provides a consistent base line for the
calculations that follow. The amount of material required to create an
enclosed envelope of 25m² or one (1) portion of the buildingare as
follows:

Figure 7: Conceptual sketch of wall system

M A T E R I A L

P R O P E R T I E S

An important step in determining the viability of on-site cultivation
of building materials is establishing what quantity of resources the
property might be able to produce. Desk review of various sources
revealed the following properties for each plant species selected in
this study.
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A grain such as wheat, oats or barley is explored as it is a crop
which can be used in the production of numerous products and is
often used in straw-bale construction.
A grass species such as common finger grassor fine thatching
grass, which grow faster and taller, making both efficient building
materials, especially for roofing.

The calculations below are based on an average of the weight per
bundle and bundles required per m²:
average weight

= (200 + 500) / 2

= 350g

bundles required

= (10 + 15) / 2

= 12,5 b/m²

•

Average height (m/y)

= 0,3-0,8 m/y

•

Yield / annum/ hectare

= 24-30 t/ha (25t)

•

Material yield / hectare

= 71 000 bundles/ha (71 428,5)

•

Roof area / hectare (m²/ha)

= 5 680m² /ha

Triticum aestivumor wheat, is the grain species reviewed. The
following data can be found in the report by the South African
Department of Agriculture, Forestry and Fisheries (2016) and a report
on straw bale construction (Sustainable Sources, 2018). For the
purposes of this research, 2-wire straw bales will be used, which weigh
approximately 25kg/ bale with dimensions of 350x450x1000mm and
translates to 0,45m² of wall surface area/bale.

•

Average height (m/y)

= 1,2 m/y

•

Yield / annum (t/ha)

= 6,23 t/ha

•

Material yield / hectare

= 249 bales/ha

•

Wall area / hectare (m²/ha)

= 112 m²/ha

The grass species selected isHyparrhenia hirta (L.) Stapf orcommon
thatching grass. The following data is obtained from the South
African National Biodiversity Institute database (Mashau, 2009) and
a Royal Botanic Gardens, Kew report (National Botanical Research
institute, 2007). Additionally, a Thatcher’s Association of South Africa
(Smith, 2016) guide to thatching was used to calculate the amount of
material used per square meter. Research shows typical thatch-roof
construction requires 10-15 bundles per m² and each bundle weighs
200-500g.

Figure 9: Typical wheat straw/
grassbale (From an online source:
https://www.bismanonline.
com/Williston_nd/2018_small_
wheat_square_bales)

Figure 10: Typical Thatch grass
bundle (From the online source:
http://www.hillsof devon.co.uk/
water-reed.html)
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REEDS

TIMBER:

Reed is perhaps less commonly used as a construction material, but
it is no less useful as a material. The applications for this versatile
plant are widespread, with various species used for anything
from decorative ceilings to structural framing. The two species of
reed investigated in this paper include common reed, which is an
appropriate material for the frontal wall of the structure, and bamboo,
appropriate for the structural frame.

Possibly the most widely-used building material in the world, timber is
grown and used in most countries. Timber cultivation and production
is an enormous and well-developed industry. The industry standard in
South Africa consists primarily of plantations of eucalyptus, pine and
wattle trees. All of which, whilst fast growing, are exotic.

The species of wood selected for this research include eucalyptus (an
exotic timber traditionally used in the South Africa timber industry)
because of its fast-growing nature, as well as an alternative indigenous
timber, namely, white stinkwood.

Phragmites australis, also known as thecommon reed, can be found
on the banks of most rivers and dams in the Pretoria area. Growing to
a height of up to 4m, these robust plants are often dried and bound
together to create screening devices or facade elements. The following
data was compiled from a report titled The Utilization of Reed
(Köbbing, 2013/14)and the SANBI database (Mashau & Muthanyi,
2015).
•

Average height (m/y)

= up to 4 m/y

•

Yield / annum (t/ha)

= 5-10 t/ha (7)

•

Material required / m²

= 20 kg/m²

•

Material yield / hectare

= 350 m²/ha

Figure 11: TypicalReed screen wall (From Architectural digest: https://
www.architecturaldigest.com/story/secret-hardware-store-supplies)

Thamnocalamus tessellatus, more commonly known as bamboo,is
sometimes mistaken for timber because of its incredible structural
properties. This fast-growing reed is widely used across the world in
buildings of all sizes. Two dissertations, namely, “Bamboo in building
structures” by J. Janssen (1981) from theTechnische Hogeschool
Eindhoven and “Bamboo: Structure and Culture” by Xiaobing Yu
(2007) from the Universität Duisburg-Essen, were used to compile the
information below.

•

Average height (m/y)
only)

= 1-5 m/y (75-100mmØ poles

•

Yield / hectare (t/ha)

= 20 t/ha

•

Material required / meter

= 1,6kg/m

•

yield / annum (m/ha)

= 12 500m/ha
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Although native to Australia, eucalyptus grandis, or simply, eucalyptus
is a popular species used in the South African timber and bee-keeping
industries. The following data was collected from a report on the
growth and productivity of different Eucalyptus species on degraded
land (H. Y. Patil, 2012).
•

Average height (m/y)
100mm Ø poles)

= 1,3m/y (min 2 years for 75-

•

yield / hectare (plants/ha)

= 1300/ha

•

Material yield / hectare

= 1690 m/ha/annum

Figure 13: Typical eucalyptus plantation (From pink nurseries: https://
www.pinknurseries.com/timbers)

Celtis Africana orwhite stinkwood, while indigenous to South
Africa,grows more slowly than eucalyptus and requires more space for
cultivation which significantly reduces their popularity as a building
material. The following data was collected from the SANBI database
(Mbambezeli & Notten, 2008) and the CJM grower’s website (2017).

Figure 12: Example of bamboo structure (From Architecture now:
https://architecturenow.co.nz/articles/bamboo-revival/)

•

Average height (m/annum)
yield 75-100mm Ø poles)

= 1-2m (± 2m over 2 years to

•

Average spread (m)

= 3-12m

•

space required / m²
25m²/plant

= (5m spread over 2 years)

•

yield / hectare (plants/ha)

= 400 plants/ha

•

yield / annum (m/ha)
years) 200m/ha

= (2m x 400 plants/ha in 2

Figure 14: Typical white stinkwood plantation (From CJM Growers:
https://cjmgrowers.co.za/celtis-africana-white-stinkwood/)
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I N T E R P R E T A T I O N

With the yield per hectare of each material,and the amount of
material required per section of building having been established,
the amount of land needed to grow the material for one section can
be calculated.The equations and formulas below illustrate how the
information was translated to achieve a m²/ha value which ultimately
determines how many m² of the building could be built using only
material grown on the proposed site.

STRAW
The two species of straw investigated in this paper have separate
applications as elements of the new building’s construction.

Wheat (Triticum aestivum)is used in bale form to create infillpanels. To
simplify the calculations, infill panels will be constructed of the same
2-wire straw bales used in the yield calculations. The same values used
in the yield calculations — 0,45m² of walling surface area /and 25kg/
bale —havebeen used to determine the amount of wheat needed for
the walling of the new buildings.

Common reed (Phragmites australis)is also used as a wall plane
within the new structure. The construction is based on the composite
wall illustrated earlier (figure 7) and consists of twocommon-reed
outer skins withwheat-straw insulation. Each material is calculated
separately and the amount of wheat required for these walls will
be added to the amount needed for the infill wall panels. This will
simplify the calculations in the latter portion of the paper.

The information above has been consolidated into table 1 below to
simplify the calculations made in the latter portion of this paper.

Table 1: Consolidation of material properties and construction
requirements.

2-wire straw bales with dimensions of 350x450x1000mm have a
volume of approximately 0.14m³ each, and the 28m² frontal panel
of the structure has a thickness of 150mm. The amount of insulation
required could be calculated as follows:
Vol. of wall cavity = L x B x D
= 1 x 1 x 0.15

Wheat required
xbales/m²

Reed required

REEDS

= wall area
= 28 x 1

= 0,15m³
Assume 1 bale = 1m² of wheat
insulation

STRAW

= 28 bales
±700kg / 25m² of building
(added to 1277kg for the infill panel)
TIMBER

= 2(wall area x kg/m²)
= 2(28 x 20)

Wheat required

= wall area / 0,45 m²
= 23 / 0,45

TIMBER

= 51,1 bales (±1 277kg / 25m² of building)

The amount of timber required for 25m² involves adding the amount
needed for the portal frame arch to any other timber necessary for the
structure, in this case, laths for the thatch roofing and columns to raise
the frame at one end. Each portal frame arch uses 53m of timber to
construct. If we assume that each 25m² section needs 2 arches spaced
5m apart, then the total amount of timber needed per section can be
calculated as follows:

Common thatching grass (Hyparrhenia hirta (L.) Stapf) is the second
species included in this study and will be used to construct the roofing
for the new structures. The equation below shows how the amount of
thatch needed per section of building was calculated.

Thatch required

= 1120kg / 25m² of building

= roof area x bundles / m²

2(arch) + 2(3m column) + 15(5m laths @ 575mm C.C + 10% waste)

= 48 x 12,5

= 2(53m) + 2(3m) + 15(5,5m)

= 614,4 (615 bundles / 25m² of building)

= 106 + 6 + 86,5

These values along with the site characteristics can be used to
calculate what portion of each hectare is needed to produce enough
of each selected building material for one section of the building.

The Property Rooiwal 270-JR has the following details:

Site area

= 262,5ha

WWTW

= 74ha

Power station

= 30ha

The diagram below illustrates how the information is used to obtain
the m²/ha value for the construction of the new building.

=194,5m / section
Allocated to design of the Agricultural centre
REEDS
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= 5,5ha

Available production area (illustrated in figure 2) = 153ha
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Based on these values above and the equation below,the 153ha
production area of the farm Rooiwal 270-JR could potentially produce:

Site area / required area per section
= No. of sections on site
= 300 bamboosections

The calculations below are indicated in green in the diagram above.

Total area needed / section
= Straw area + reed area + timber area
= 0,32 + 0,0086 for wheat and common thatching grass
+ 0,16 and 0,02 for bamboo structure
+ 0,12 for Eucalyptus or 0,98 for White Stinkwood
(no timber added to bamboo structure)

Or

= 250,8 eucalyptus sections

Or

= 104,1 white stinkwood sections

The equation below is used to translate the above information to a
m²/ha value and is an estimate of what amount of floor area could
be constructed per year by using the selected plant species and the
proposed building design.
Constructible floor area

= (no. of sections -1) x 25m²

Bamboo frames

= (300-1) x 25
= 7 475m²/y

Eucalyptus frames

= 6 245m²/y
White stinkwood frames

Or
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= 0,61ha needed for 1 eucalyptus building section

= 1,47ha needed for 1 white stinkwood building section

= (104,1-1) x 25
= 2 577,5m²/y

= 0,51ha needed for 1 bamboo building section

Or

= (250,8-1) x 25

S U M M A R Y

The information and calculations above demonstrate that if optimum
growing conditions can be established on a site and careful cultivation
of resources is undertaken on that site, then the resources generated
on site could be used to construct between 2 500m² and 7 000m²
of a single storey structure per annum. It must be mentioned that
these structures are rudimentary and additional resources would be
required to get the buildings to an occupiable standard.Additionally,
one must consider the data collected and acknowledge that a certain
amount of the estimated yield would be lost if variables including
soil quality and annual rainfall, of the specified site, are considered.
However, this research also assumes that the cultivation of these
materials will be aided by the proposed agricultural development
centre and the estimated annual construction potential could be
achieved on this site.

It is also worth noting that the yield values used per plant species are
based on quantities yielded on well-established farms where crops
have had the necessary time to mature and harvesting is done on a
rotation system managed by an agricultural specialist. Many of the
crop species studied in this paper required between 3 and 6 years to
mature before reliable yield data can be achieved, which is potentially
problematic to the feasibility of the strategy. A considerable amount
of preparation and planning is necessary and the practicality would
most likely be limited to large-scale projects where lengthy design
resolution and procurement processes could provide enough time for
production lines to be established.
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materials cultivated on the same property. Results indicate that,in
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cohabitation for a year. Clark (2015) states that considering that this
was a patrilineal society, as opposed to matrilineal society, the women
still had much power. Consequently, the old women called a council
and declared because the king had outlawed life itself, it was time for
him to go and he was “ceremoniously” put to death.

“building” beyond the limits of bricks and walls, stones and marble,
wood and concrete, doors and windows. We can talk about the
meanings embedded in the building and that symbols it represents.
Unfortunately, the “intangible” has become considered as the
opposite of “tangible” (Rusalić, 2009:8) – though the two complement
each other.

connecting people and norms and values that are ideas and belief
systems. Symbols, technologies and objects are material evidence of
essential norms and values. They establish a symbiotic relationship
between the tangible and the intangible.

The architecture of this project will therefore be designed to serve
the needs of the community through the re-establishment of broken
connections, in effect creating a relationship between the human
senses and the building to give an emotional perception of the history
and the culture of the amaZizi tribe. In essence, the connection
restored celebrates the memory of the tribe and the influence women
had in this patrilineal society, using architecture to express the
feminine values and sacrifices women made to protect and preserve
life.

We have always assumed that things which are material are things
that matter. Culture is constantly evolving and intangible heritage is
destined to be lost if not propoerly documented. Immaterial heritage
such as religions, beliefs, rituals, social convention, unwritten sayings
and poetry, etc. of African culture are unfortunately considered
insignificant myths and beloning to the realm to the “uneducated”.
This projects asks that academia in general, and architecture in
particular, open up to accepting the intangible as a field of valid
inquiry and intellectual value. This is done through using the amaZizi
tribe as a case study.

I N TA N G I B L E C U LT U R A L H E R I TA G E ( I C H )

I N T R O D U C T I O N

A B S T R A C T
This design project focuses on the spiritual life of the northern Zulu;
the study explores the intangible heritage of one of the breakaway
tribes from King Shaka’s Kraal: the amaZizi tribe. The study aims to
reconcile a lost history with the community of Mazizini and Bonjaneni.
The architecture explored is symbolic. A visitor’s Centre for intangible
artefacts intends to develop a unique experience of the phenomena of
spatial quality. Through the use of light, material, texture and forms
and storytelling which has traditionally been used by African tribes
to preserve identity, this project also aims to celebrate and retain the
built heritage of the amaZizi tribe.

Chief Sidanane of the amaZizi tribe, was amongst many tribes who
fled from Shaka’s wars. He and his clan migrated to the northern
parts KwaZulu Natal in the uKhahlamba region. They settled in the
Cannibal Caves, the amaZizi clan were driven to starvation by their
new unfavourable environment and eventually resorted to cannibalism
to survive. The architectural narrative will express an emotional sense
of the place and Zulu culture through storytelling, depicting a living
memory of the amaZizi tribe.

After the death of King Shaka’s mother, Shaka announced to the Zulu
nation that every person was to mourn for her and there would be no
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The human experience has continued to evolve and change over
the years as the architectural and urban expression of our built
environment has also advanced and changed. According to Rusalić,
(2009:8), 90% of our lives are spent indoors in opposition to the
outdoor living of ancient Zulu cultures, with 54% of our population
living in urban environments. The building has become an essential
part of the human experience and plays an important role in our
physical and mental well being and health. The building, while a
separate entity, forms our immediate environment, and becomes
a central part of our sensory experience; the built environment
becomes the context upon which our lives and memories are built.
However, intangible heritage also has great importance in our lives,
and offers our lives much undocumented and unwritten meaning. The
“intangible” is symbolic and has attachments to our emotions and
memory, yet we cannot see or touch it as we could see or touch the
built artefact. Because intangible heritage ever present in our minds,
it plays a vital role in our lives. Tangible and intangible heritage are
closely related; the main issue has always been that the “intangible”
provides the meaning for the “tangible”.

Within Western civilisation, strong focus is placed on tangible
artefacts. This has meant that much global heritage, which may not
always translate into tangible artefacts has been sidelined or excluded
from academic inquiry and acknowledgment. It is possible to speak of

P R E S E R V I N G T H E I N TA N G I B L E T H R O U G H
ARCHITECTURE

How then can we use architecture to preserve our intangible heritage,
if the intangible is the immaterial meaning kept in our memories?
According to Macleod (2012:6) we have to consider two types of
imaginary museums, those illusory museums created by people who
would think of themselves as novelists, artists or filmmakers and those
that have one foot in more conventional museum making, that are
often indeed described as museums, but still have a powerful thread
of imagination running through them. Imaginary museums turn up all
kinds of interesting questions. They make us wonder why writers and
artists use the museum as a metaphor and what it enables them to
say. But also, what kinds of imaginary museums do they create, while
considering the input of African historians and storytellers, who in this
case will be our guides as the artists and novelists and filmmakers?

Why do some people tell stories with things? Another question arises
does heritage always have to be embodied in a museum. How can we
embody our heritage in our daily living in other forms of architecture
other than just a museum? What makes the tangible meaningful is
the immaterial meaning. What gives most world heritage sites their
prominence is our interaction with them and without the intangible
meaning we give them, they are just lifeless shells. Cultural heritage is
a synchronised relationship involving society systems of interactions

Understanding the value of preserving heritage resources both
tangible and intangible contributes to community development.
The richness and uniqueness of cultural heritage and knowledge
resources form part of a collective and evolving memory for our
various societies, instilling identity and dignity. Folkloristic forms,
except those in ethno museums, are usually not taken seriously
within the concept of the conventional museums. The large part of
immaterial heritage materials is put and moved to dark corners. The
fact is that these materials are a big part of everyday life of indigenous
people (Rusalić, 2009;112). The architecture of intangible heritage
and memories needs to transform as a liminal to house the necessary
activities for the intangible heritage. We must consider the idea of not
just incorporating heritage in museums, stored on a hill and away from
our daily activities. We need to conder the intangible heritage when
designing homes, schools and offices. The architecture of intangible
heritage should not be a preconceived idea based on the designer’s
assumptions of what the architecture of that community should be.

Dragana (in Rusalić, 2009) states that there are currently just over
6500 living languages, but 10 dominated and are the mother tongues
of half of the world. Of the other around 6400 living languages, 52%
are spoken by fewer than 10.000 people, 28% by fewer than 1000 and
83% are restricted to single countries. At least 512 native languages
are all but extinct: one living language dies with its last speaker about
every two weeks! This means the words with unique definitions,
unique perceptions of the world, their own intimations and humour
are simply disappearing, never to be replaced (Rusalić, 2009:19).

There are some main factors, which emerge implicitly or explicitly
from the definition just reproduced, which are of special significance
in fully understanding the inherent meaning and worth of ICH for the
international community. These factors are, in particular: a) the selfrecognition, by the communities, groups, and individuals concerned,
of ICH as part of their cultural heritage; b) the constant recreation
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of ICH as a response to the historical and social evolution of the
communities and groups concerned; c) the deep connection of the
heritage concerned with the idiosyncratic identity of its creators and
bearers; d) the condition of ‘authenticity’ as an implicit requirement
of ICH; and e) the profound interrelationship of ICH with human
rights, under the twofold perspective of human rights standards as a
parameter for the ‘legitimacy’ of the heritage concerned and of the
latter as a tool for fostering the actual enjoyment of human rights. As
will clearly emerge below, the factors in point are deeply interrelated
to each other (Academic, 2011).

It is thus assumed that a building typology would appeal to senses
other than that of the visual sphere: sound, as well as touch, can drive
heritage and beliefs that exist in the intangible realm as present-day
phenomena in the sphere of “now”. This project questions: what extra
ingredient is necessary to bring forth, and reflect and represent, the
intangible sphere in building and space?

The character of the light and the way it is used and controlled is vital
for human well-being.

Traditionally, Africans have revered good stories and storytellers, as
have most past and present peoples around the world who are rooted
in oral cultures and traditions. Ancient writing traditions do exist on
the African continent, but most Africans today, as in the past, are
primarily oral peoples, and their art forms are oral rather than literary.
In contrast to written, “literature,” African “orature” (to use Kenyan
novelist and critic Ngugi wa Thiong’o’s term) is orally composed
and transmitted and often created to be verbally and communally
performed as an integral part of dance and music. The Oral Arts of
Africa are rich and varied, developing with the beginnings of African
cultures, and they remain living traditions that continue to evolve
and flourish today (Agatucci, 2010). Despite these universal features,
however, the particular narrative meanings, themes, genres, and
styles of storytelling around the world differ from culture to culture.
Thus, while many features of traditional African storytelling may seem
familiar and make sense to U.S. students, many others may seem very
foreign and strange. To more fully understand and appreciate African
storytelling traditions, one needs to study them in the context of the
cultures which produce the stories (Agatucci, 2010).

Light describes our environments – and light and shadow tell us about
form, materials, texture, rhythm and history. In this project, the aim
was to design a building to work with form and light. The interior is
the reverse side of the exterior and the place where the atmosphere
and character of the space is formed: openings and apertures thus
became the most important elements in the planning of the space´s
visual environment. The character of daylight – its intensity, direction,
and colour – influences how spaces and objects are accentuated and
perceived in the design.
M E T H O D S O F C E L E B R AT I N G I N TA N G I B L E
H E R I TA G E T H R O U G H B U I L D I N G S A N D S PA C E

De Botton (2016; 18) states sensitivity to architecture also has its
more problematic aspects: if one room can alter how we feel if our
happiness can hang on the colour of the walls or the shape of a door,
what will happen to us in most of the places we are forced to look
at and inhabit? What will we experience in a house with prison-like
windows, stained carpet tiles and plastic curtains?

One method could be for rituals, and their importance as intangible
phenomena, to be celebrated in the access, routes, light, materiality
of buildings. Another method could be the preparation of that which is
to be preserved (practices or food (smell) preparation, song and dance
(hearing), artefacts (sight and touch) and create a space that appears
to “freeze” the process indefinitely. In this process of investigation, the
human body is understood as belonging to the collection of organic
entities: the “body in action” being a source of inspiration for the
project.

De Botton theorises that it is reasonable to suppose that people will
possess some of the qualities of the buildings they are drawn to: “We
expect that such enthusiasts will be committed to infusing their whole
lives with the values embodied in the objects of their appreciation.”
(De Botton 2016:42).

The organisation and spatial configuration of architecture, building
elements, installation and fittings encourage the “body in action” to
become a part of performance of a well-defined set of tasks. This is
inspired by studies conducted in physiology, a branch of biology that
deals with the relationship between the shape of the body and the
activities it performs (Vermeersch, 2013).
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STORY TELLING AND ARCHITECTURE AS A
N A R R AT I V E

Light can be used to give various spatial perceptions, especially
in storytelling through architecture. The project therefore uses
daylighting, as well as artificial lighting, in concert to enhance the
quality of our surroundings. The very idea that one image, the
projection, is created by light, and the other, the stage set, is created
by objects that are made visible by their ability to reflect light, creates
two perceptual orders, two kinds of reality (Macleod, 2012:18).

THE ARCHITECTURE OF THE SENSES

World heritage sites, buildings and objects receive their prominence
from our interactions with them, and our interpretations of them,
otherwise they are lifeless objects. A symbiotic relationship exists
between the human and the architecture through this relationship.
If Architecture can be defined as the design of a human living
environment, it can also serve the role of preservation of the culture
that that environment breeds as humans are creatures of habit.
Preservation of a certain set of customs, especially with a history
as turbulent as ours become a crucial and vital action that must be
undertaken to help maintain the rich diversity that makes South
Africa unique from other nations. How do we architecturally embody
customs while making them accessible to people who have been
deprived of their heritage becomes an intriguing question to answer.
The harnessing of appropriate architectural principles to represent
a set of people, and to translate that into a built product is thus
presented.

L I G H T A S A TO O L I N E N H A N C I N G S PA C E A N D
BUILDING

Humans sense the dynamic changing of light under different weather
conditions, and when, for example, a tree canopy filter the sun and
skylight to create a fluctuating dappled light. Humans sense these
changes foremost via the eyes and the brain – and most often it
reminds one of being close to nature and origins (Augustesen, 2017).

The fact that people spend more and more time in artificially
illuminated environments makes it both worthwhile and essential to
develop strategies that ensure such environments can still positively
stimulate our senses and enhance our feelings of living in connection
with nature. Here light plays an important role, and it is crucial that
architectural ideas and concepts employ strategies for the use of
daylight and artificial lighting. A lighting strategy thus serves as a main,
guiding concept that establishes a hierarchy between daylighting and
the artificial lighting elements.
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The question now becomes: what type of architectural principles can
effectively be harnessed and implemented to create an environment
that could successfully protect and maintain the heritage of the Zulu
culture? How can we identify this intangible heritage and preserve
it and how can it be taught to visitors in a sustainable and effective
manner? If we are to fully appreciate the operative use and potential
of narrative as a tool in the work of museum making, we must
understand it as a means of interpretation.

It is assumed that a temple has a distinct plan form, which can be
entered from any direct, and is set in a distinctive natural setting near
water. It is also assumed that a temple has an internal flame which
is the expression of our memories, ancestry and the great God of
the Zulus. The flame ignited in the centre is reflected in the falling
waters within the the temple which signifies the remembrance of
the intangible, this is to say no matter where in the world we are, the
significant memory is kept in hearts.

A woman who has children and one who has recently given birth are
taught the customs of the family and in particular the treatment of
the placenta amongst other things. The garden mimics the rituals
performed by certain families. In birth the umbilical cord of children
born in the ‘Nkosi Clan’ is burried on the roadbecause they are
‘kaNdlela’ meaning people of the road. The umbilical cord of the
Mthethwa family is placed along a river with crabs by the mother
or the grandmother of the child. The crab becomes the totem animal
for the family, assuring the clan by accepting the umbilical cord that
the child truly belongs to the family.

We interpret when we explain or conceptualize; when we translate
or explain the meaning or significance of something; when we reveal
or disclose. And it is well known that for human beings this revelation
is often best achieved through storytelling. A story is an ‘incident,
experience or subject that furnishes, or would be interesting material
for, a narrative’. What Bruner and others have illuminated is the
potential for narrative as a form not only to represent reality but to
constitute reality (Macleod, 2012:85).

A P P L I C AT I O N O F L I M I N A L , T Y P O L O G I C A L A N D
N A R R AT I V E P R I N C I P L E S I N A R C H I T E C T U R E

Architecture serve as a liminal to express that which we cannot hold
but hold significant value in our minds and hearts. To illustrate how
we can express significance within our buildings, the concept of the
“temple” is used as a metaphor. It is emphasised that the memory
of “the ancestors” is important of great significance within the Zulu
culture. Architecture can thus be used as a bridge and a liminal to
connect to or memories.
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Architecture is not just a composition of walls, doors and windows:
our buildings can talk to us about things we want them to remind
us of. The design therefore looks at three elements within the Zulu
culture: birth, life and death. The element of Death believed to have
greater significance. In the physical sphere, the architecture can be
used to express aspects of the three elements. It is believed that
architecture can embrace, it can break down and it can liberate.

The image below illustrates a section through a market place in the
Centre for Intangible Heritage in North kwaZulu Natal. The community
of Obonjaneni is disconnected from their land of origin and history,
poverty stricke and predominantly making a living through tourism.
The design empowers the community by its walls leaning inward
which is a form of embrace.
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In order to create an architecture that responds to human emotions
through storytelling is vital to combine video, audio, light, material
and sound as a tool to create an experiential narrative environment.
The Architecture becomes a liminal space. The installations are
scripted as part of a whole; they are instruments of communication,
which also allow scope for the visitor’s own interpretation. We live
in worlds in which the material and the mental, the experienced,
remembered, and imagined completely fuse into each other can be
merged in order to express the significance of the intangible. This
enables them to identify with the narrative and form a lasting personal
memory. According to Turner (2017:95), Liminality is often linked to
death or being in the womb, to invisibility, to darkness, to the eclipse
of the sun and the moon. The Architecture housing our intangible
heritage becomes a host for our memories of our heritage, liminals
are represented as possessing nothing like built forms without the
memories given to them, the architecture becomes a world between
worlds, a sanctuary keeping that which is valuable to us.
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DESIGNING AN INNOVATION FARM:
AN EXPERIENTIAL FACILITY FOR CANNABIS

replace several traditional approaches to products and construction
methods. The positive attributes of hemp can possibly contribute to a
circular economy of resources, which could greatly benefit its users.

PLANTS AS AN ALTERNATIVE RESOURCE IN
EERSTE FABRIEKE, MAMELODI

R U A N J A N S E N VA N R E N S B U R G
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The paper will utilise a qualitative research approach, which makes use
of visual research methods of analysis, investigation, design through
making and precedent studies.

Keywords: hemp, sustainability, technology, alternative construction
methods, cannabis, Cannabis sativa, Cannabis indica, architecture,
green building, resource efficiency, socio-economy, community,
integration.

This paper aims to investigate the global impact that cannabis has had
in the recent past, and suggests that it can be a sustainable resource
in South Africa for the future. The paper aims to promote sustainable
lifestyle solutions in underdeveloped communities, based on practical
experimentation and relevant literature. These aims are considered
through an in-depth analysis of the history of cannabis use, its
industrial and commercial applications, and the uncapitalised market
opportunities that exist in South Africa.

Although comparisons are made between the available cannabis
strains, its uses and applications, the paper focusses on the cultivation,
processing and material properties of Cannabis sativa (industrial
hemp) as an alternative to conventional products and construction
materials. The article uses the term ‘hemp’ to refer to Cannabis sativa
(industrial hemp) to differentiate it from Cannabis indica (marijuana).
The use of hemp fibres and in industries have been widely applied
in various forms, ranging from rope and construction materials,
to medicinal products. The general illegalisation of cannabis has
estranged people from its possible uses, and although hemp has
been explored as an alternative material in various fields throughout
history, it remains a relatively new product in the modern construction
industry. Hemp has the potential to be a widely cultivated plant in
South Africa, and this introduces a variety of unexplored applications
and opportunities. This single resource provides an opportunity to
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Resource efficiency: using the Earth’s limited resources sustainably
while minimising impacts on the environment. It allows people
to create more with less, and deliver greater value with less input
(European Commission, 2017).
Tetrahydrocannabinol (THC): the cannabinoids responsible for the
euphoric, mind-altering effects of the cannabis plant (Leaf Science,
2017).
I N T R O D U C T I O N :
T H E

G L O S S A R Y

A B S T R A C T

Bast fibre: obtained from the outer cell layers of the stems of various
plants. Flax, jute, hemp, ramie and kenaf are among the main plants
used for the supply of bast fibres (ScienceDirect, 2017).

O F

T E R M S

H I S T O R Y

D I S T R I B U T I O N

A N D
O F

C A N N A B I S

Cannabidiol (CBD): cannabinoids, valued for their non-psychoactive
medical benefits (Leaf Science, 2017).

Cannabis indica (marijuana): a plant that is short and densely
branched with a wide leaver leaf structure. They are better suited
for growing indoors, and mostly used for recreational (ritualistic) and
medicinal use (cancer treatments, insomnia) (Leaf Science, 2017).

Crop(s): plants such as wheat and potatoes that are grown in large
quantities for food (Collins English Dictionary, 2018).
Cultivar: a variety of plants that have been produced from natural
species and are maintained by cultivation (Collins English Dictionary,
2018).
Hurd: (also referred to as shives or hemp wood) hemp hurds is an
agricultural product that is produced from hemp. Hemp hurds is the
woody inner parts of the hemp stalk. They are broken into fragments
and separated from the fibre by breaking and scutching them
(Maximum Yield, 2018).

In the modern context, the role of cannabis has many applications,
ranging from nutritional uses and fibre applications, to religious
uses and medicinal application. According to Hilliard (2015), the first
recorded medicinal drug use of the plant was in 2 737 B.C. by Shen
Nung, a Chinese emperor who documented the treatment of pains
and gout with cannabis plants. In Chinese culture in general, all the
parts of the plant has been widely used – the roots for medicines,
stems for paper, ropes and textiles, seeds for oils and nutrition, and
flowers and leaves for medicines and the purposes of intoxication.
Hempseeds has also been discovered in religious and sacrificial vessels
in ancient Chinese tombs.

Hilliard (Hilliard, 2015) also suggests that cannabis was introduced to
Korea around 2000 B.C. and India around 1000 B.C. by coastal farmers.
Further, cannabis was referred to as ‘bhang’ by the Aryans, who
worshipped plant and animal spirits. Cannabis played an active role in
their rituals. Similar to Chinese cultures, India also has a rich history
of using hemp medicines and textiles. The Egyptians also depict
the cannabis plant on ancient scrolls as far back as 2 000 B.C., and
Egyptian women were known to use cannabis medicine to relieve bad
humour and sorrow (Hilliard, 2015).

Cannabinoids: a chemical compound found in cannabis plants (Leaf
Science, 2017).

Cannabis sativa (hemp): tall, loosely branched cultivation plants that
have a long, narrow leaf structure. They are usually grown outdoors
and can reach heights of up to 4m. It is predominantly used in the
production of products (rope, fabrics, construction materials) due to
its long fibre structure (Leaf Science, 2017).

3 000 B.C. Further, hemp rope dating back to 26 900 B.C. was found
in Czechoslovakia in 1997. Although this rope is currently the oldest
known object associated with cannabis, settlements such as the
Yangshao (the oldest known Neolithic culture in China), is said to have
had the earliest form of cannabis cultivation, and it is believed that
they had a cannabis-driven economy from 5 000–3 000 B.C. (Hilliard,
2015).

Figure 1: How hemp spread globally (Live science, 2014)
Although most people associate cannabis with the hippie era of
the 1960’s, or the reefers of the Jazz Age (Abel, 1980), the use
and application of cannabis plant species have an ancient heritage
(figure 1). According to archaeological evidence, cannabis dates back
thousands of years, even before the advent of language (Long et
al., 2017). Cannabis is known as one of the earliest plants cultivated
by man (Blaszczak-Boxe, 2017). It is believed by scientists that the
cannabis plant originated in Central Asia and was later introduced to
Europe, Africa and the Americas. Its ancient heritage is evidenced by
the fact that imprints of hemp fibres more than 10 000 years old, has
been found in pottery shards in Taiwan, and traces of burned cannabis
seeds has also been found in Siberia in burial mounds dating back to

There is archaeological evidence that indicate that cannabis plants
have been used by most cultures around the world for many millennia.
Yet it was prohibited globally by most states across the world in the
early 20th century (Schwartz, 2014). The plants were widely used
until 1915 (indicated in figure 2.4), where after the United States
of America (USA) passed an anti-marijuana law in Utah, which was
soon enforced in other states, until it was completely outlawed in
1927 (Procon, 2017). After the outlawing of cannabis in the USA, the
worldwide ban on cannabis was instated at the International Opium
Convention in 1928 in The Hague. In 1925, the inclusion of hemp
as part of the global ban on cannabis plants was suggested by the
South African government, and since then it was only authorised for
medicinal and scientific use (Dagga Couple, 2018).
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Understanding the cannabis plant and its applications can sometimes
be confusing. It is essential to be able to distinguish between the
different strains. Illustrated in figure 4, the two most commonly known
strains are Cannabis indica (marijuana) and Cannabis sativa (industrial
hemp). A third strain, Cannabis ruderalis, family of the cannabis
plant, is rarely grown in Southern parts of the world (Bergman, 2013).
Therefore, this paper only focusses the first two strains.

Figure 2: First cannabis coffee shop in Amsterdam, The Bulldog
(Gidipgormeli, 2016)
Although some countries like China have never entirely banned
cannabis, it is only in the past few decades that cannabis is regaining
legal status. It was only in 1972 that the first coffee shop opened
in Amsterdam in the Netherlands (figure 2), with the intent to sell
edible cannabis products. Cannabis only became decriminalised in
1976 in the Netherlands. Today, there are over 200 certified coffee
shops in Amsterdam that sell cannabis, and due to regulations, shops
have to comply with national regulations and restrictions set out by
local governments (Coggins, 2017). The liberal return of cannabis
plants (figure 3) and the vast fibre application potential in the
modern society, has encouraged several countries including Canada,
Germany and Spain to allow the growth, use and possession thereof
once again (420 Beginner, 2018). Due to the possibility of using the
entire cannabis plant for various applications, it is an efficient and an
economically feasible, versatile and sustainable resource.

Figure 3: Cannabis distribution map
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The most distinct difference between these types of plants is their
physical appearance. The easiest way to distinguish between hemp
and marijuana is through the leaf shape and growing height. Hemp
has a thinner leaf profile and grows a lot taller than marijuana, which
is a short, stubby plant with a broader leaf structure. Other distinct
differences include geographic origin, flowering time, yield size,
applications, and chemical composition (Mary Jane’s Diary, 2016).
The distinction between cannabis strains on a molecular level is
the presence of Tetrahydrocannabinol (THC), which is the primary
psychoactive chemical in cannabis. Hemp also contains traces of THC,
but rarely exceeds 0,3% THC, whereas the THC content can be as high
as 20% in some Cannabis indica varieties (Mass, 2009). Both cannabis
strains can be divided into different components, which make up
the plant’s structure. All of these components are used in various
applications, in different industries.
Figure 5 below indicates the potential markets and commercial
applications of industrial hemp and its uses. Hemp not only introduces
new construction applications, but also contributes to various other
industries. Hemp has also displayed positive results in the medical
sector. A Harvard Medical School study, for example, proved positive
outcomes in health treatments for illnesses such as glaucoma,
epilepsy, cancer, anxiety, arthritis, insomnia and chronic pain (Madras,
2015).
There are approximately 30 countries globally that grow hemp - the
largest is China, which accounts for an estimated 20% of global hemp
production and exports. China cultivates 36 000 tons of hemp on 12
000 hectares. In Europe, most of the hemp production comes from
Germany, Poland, France and Italy. In North America, an estimated
111 000 tons come from Canada, which makes it the largest North
American producer of hemp (Hemp Alta, 2016). According to Hemp
Alta (2016), the Hemp Industries Association (IHA) released a report
in 2015, which estimates the U.S.A. hemp industry at $573 million
in 2016. This indicates a 20% increase in sales from the previous
year. These figures indicate a positive future for hemp cultivation
and distribution globally, but due to the current legal constraints in
South Africa, the country will not be able to successfully compete in a
crowded and competitive market in the future. This means that South
Africa will miss out on a significant opportunity for economic growth.

Figure 5: Various industrial applications and opportunities of hemp as
an economic generator
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T O

P R O C E S S I N G

Figure 6: Cultivation process of hemp plants

Figure 7: Indoor cultivation – Hydroponics farm (Hightimes, 2017)

Figure 4: Different types of cannabis plants
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The cultivation of cannabis plants is achieved through various
techniques and growing conditions. Depending on the end user and
the intended product, specified techniques are used to accomplish the
best-suited cannabis strain. The two primary methods of cultivation
are indoor and outdoor growing.

comparison to hemp plantations, a publication by DiaryZN (2016)
reveals that timber plantations yield between 625kg/ha–2 500kg/ha
on rotation lengths of approximately 15–70 years, depending on the
species and site (DiaryZN, 2016).

The indoor cultivation process (figure 7) makes use of laboratory-like
conditions and facilities are equipped with specialised machines and
lighting to achieve the required standards and quality. Indoor growing
rooms typically make use of either hydroponic or dirt and soil systems,
which can also influence the type, quality and yield of the cannabis
crop (Cultivating consulting, 2018).

As mentioned above, hemp is cultivated in various climatic conditions.
Variability in characteristics can be seen due to the vegetal nature of
the climate zones worldwide. Depending on the type of operation
used to transform the hemp plant into hurd material, there will also be
variability in fibre rate, fibre lengths, grain size and mineral elements
(Hirst, 2013). Hirst (2013) explains that the characteristics and quality
can also be influenced by:

Figure 8: Outdoor cannabis farm (Timei, 2014)
This paper focusses on outdoor cultivation (figure 8), which is mostly
used in hemp cultivation. Industrial hemp crops are relatively easy
to grow and are cultivated in many countries across the world, in
different climatic conditions. The main components of growing hemp
are nitrogen, water and sunlight. It is typically a multipurpose, quickgrowing, low-input and low-impact crop, and requires little irrigation.
Cannabis also requires few to no pesticide and herbicide precautions
due to its natural resistance to pests and diseases (Busbridge, 2009).
There is a clear difference between the growth rate of hemp as
illustrated in figure 6, which amounts to 4 months and timber, for
example, which takes approximately 25 years for a tree to mature.
Hemp reaches heights of 2m–3m in a four-month yield cycle, and
has the potential to reach a total of 5m. Depending on the acquired
quality, the rapid growth period allows the crops to produce up
to three harvests a year (Daly, 2008). A study based in the United
Kingdom estimates that hemp yields approximately 5 500kg/ha,
and 70% thereof (±3 850kg) is hurd material (Rhydwen, 2009). In
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•

Sowing date

•

Harvesting techniques

•

Application of fertiliser

•

Soil conditions

•

Topography setting

•

Seed selection

•

Processing procedures

The spacing between the seeds depends on the intention of the
crop. For seed production, seeds are spaced wider apart to promote
maximum seed yields. Fibre-orientated plantations are closely spaced
to encourage maximum height for optimum fibre yield (Ehrensing,
1998). The recommendation for fibre orientated plantations is usually
to sow in rows of 15–18cm apart with an overall seed count of 200–
250 plants/m². More seeds are sowed, depending on the germination
factor. For seed production plantations, the recommended plant
population is 100–150 plants/m² (Hemp University, 2016).

H A R V E S T

Only once the seeds reach maturity, can the harvesting of the hemp
seeds continue. After harvesting, seeds are processed and cleaned
through a combining stage. The combined procedure for harvesting
hemp fibre and seeds include machines capable of extracting the
seeds from the top and cutting the stems at the bottom in a linear
order. The use of dual-purpose harvest produces fibres for low-value
applications (such as paper pulp), due to a lower quality fibre
extracted from the crop (United States Department of Agriculture,
1998).

R E T T I N G

Figure 10: Traditional hemp harvesting (Japan times, 2016)

Figure 11: Hemp stalk cross section (American hemp, 2019)
Harvesting techniques differ depending on the intention of the hemp
crop. Figure 9 & 10 illustrates the difference between traditional and
modern harvesting techniques. Hemp can be harvested for seeds,
high-quality textile fibre, or for fibre and seeds. In order to obtain the
highest fibre quality for use in textile and product production, the
harvesting process occurs after the plants have flowered and seeds
have matured. This is referred to as technical maturity.
When harvesting hemp fibres, as indicated in figure 10, hemp stems
are cut and laid in windrows for field retting. Once retting is complete,
the hemp stems are gathered by a second machine, bundled and
taken to the mill for processing. Due to the parallel alignment
procedure when cut, this process is time-consuming and has a limited
output capacity (Ehrensing, 1998).

Figure 12: Retting process (Hemptrade, 2018)
The retting process shown in figure 12, is used to separate the hurd
on the inside of the stalk, and the bast and bark fibres on the outside
(figure 13). During retting process, the chemical bond between the
stem is broken down through a microbial process. Water retting and
field or dew retting are the two traditional types used. Both methods
require moisture for the microbial breakdown to occur. The use of
water retting produces a higher quality and more uniform fibre.
However, the process is more labour intensive and expensive. As
indicated in figure 15, after completion of the retting process, the
stalks are dried for baling (Cole and Zurbo, 2008).

Figure 9: Modern hemp harvesting machines (Youtube, 2015)
93

C A N N A B I S

I N

S O U T H

A F R I C A

Figure 19: Tony Budden in hemp plantation (Hemporium, 2015)
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S E P A R A T I O N
The raw hemp stalk bales are processed after the completion of the
retting and drying process. The hemp stalks are passed through a
mechanical process (figure 16) called breaking, where fluted rollers
separate the bast fibre from the woody core and break the cores into
shorter pieces, or hurds (figure 17). On completion of the breaking
process, the fibre bundles (figure 18) go through a process called
scutching, where they are separated. Rubber belts or chains grip the
fibre bundles while they are beaten in order to separate the hurds
from the long fibres. After hurds and fibres are split, they are baled
and allocated to separate processes, where materials are made of for
the intended application.
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Figure 20: Tony Budden in hemp plantation (Hemporium, 2015)
The current legal status of cannabis plants in South Africa must be
considered for this paper. Although the Constitutional Court of South
Africa has ruled in favour of the use of cannabis plants for private use,
the legality of commercial growth of industrial hemp is still relatively
unclear. Marijuana and hemp are two distinguishable plants, both
in the application thereof and on a molecular level. Both plants fall
under the Drug and Drug Trafficking Act 140 of 1992, which was
recently in question in the Constitutional Court of South Africa. Judge
Dennis Davis, who initially challenged the act on 31 March 2017 at the
Western Cape High Court in Cape Town, South Africa, argued that the

ban on private use of cannabis plants is invalid and unconstitutional
according to section 14 of the South African constitution, which
protects citizens’ to the right of privacy. According to judge Davis, the
“legislative provision against the use of cannabis and the possession,
purchase and cultivation of cannabis for personal or communal
consumption is invalid”, and should, therefore, be amended (South
African Legal Information Institute, 2017). On 18 September 2018, the
Constitutional Court of South Africa passed a ruling allowing people
to use, grow, and possess cannabis in the privacy of their own homes.
The court has since given parliament 24 months to amend legislation
on the sections of the Drug Trafficking Act and the Medicines Control
Act (Shields, 2018).
Several inquiries have been made by public farmers and local
organisations regarding the legal status of industrial hemp in South
Africa. According to The Agricultural Research Council (ARC), due to
the classification of industrial hemp as a cannabis plant, the recent
ruling could alter the regulatory requirements of handling hemp in the
near future (Watson, 2018). However, at present, it is still a criminal
offence to cultivate and sell cannabis in any form, on a large scale.
The Cannabis Developing Council of South Africa (CDCSA), established
by local farmers, is currently working alongside the National Hemp
Foundation (NHF) to help manage and govern the hemp industry in
South Africa and promote its popularity among citizens and smallscale businesses in order to ensure financial security before investing
in this popular crop (JT-TheCannabisBlogger, 2018).

In South Africa, there are very few farmers who have permits
to cultivate hemp, as these permits are difficult to get. Mostly,
trial permits have been issued to selected farmers for research
purposes. Currently, House of Hemp, Hemporium (figure 19 & 20),
and Repula farming are the three main farming organisations that
have obtained permits. House of Hemp operates on a 16ha indoor
cannabis cultivation farm in KwaZulu-Natal (KZN), next to the King
Shaka International Airport (Wallace, 2017). The facility is dedicated
to medicinal research. Tony Budden from Hemporium based in the
Western Cape, focusses more on product and construction application
of hemp-based products, and has also built one of the first hemp
houses in South Africa (Hemporium, 2015).

The success of this paper relies on the recent ruling passed by the
Constitutional Court of South Africa, and on the assumption that an
incubation research trial, permitted by the Department of Health
under the Medicine Control Council: Section 21, is obtained with the
coordination of Dr Thandeka Kunene of House of Hemp. This permit is
equivalent to those granted to Hemporium and Repula farming, which
is part of a commercial incubation research trail since 2012 in the
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Western Cape (Hemporium, 2015). The recent developments following
the ruling have undoubtedly established a precedent for the future in
the growth, use and possession of cannabis. The CDCSA is currently
involved in a development programme to educate six rural areas
in the cultivation of cannabis. The legalisation of cannabis in South
Africa may establish a new market in which the country can grow
through big-scale and microscale businesses, creating opportunities
that allow transformation in the South African economy. The miracle
crop, with all its potential and viable applications, can help transform
areas that struggle to cultivate tomatoes, maize, cucumbers tomatoes,
cucumbers and other crops (Cole, 2017).

S U S T A I N A B I L I T Y
R E S O U R C E

A N D

E F F I C I E N C Y

During their lifetimes, buildings contribute significantly towards
energy pollution through CO₂ emissions. When it comes to hemp,
on the other hand, Carbon dioxide (CO₂) is absorbed and stored by
the structure of the hemp plant through photosynthesis. Oxygen is
released back into the atmosphere. The CO₂ remains stored in the
plant until it is burned or eaten, thus releasing it back into the air once
more. The CO₂ stored in hemp becomes incorporated into the building
structure for the duration of its lifetime. The stored carbon in hemp
hurd accounts for approximately 50% of its total weight (Busbridge,
2009). The attributes of hemp (figure 21) emphasise the importance
of exploring alternative methods with a low environmental impact
that can act as a substitute to traditional techniques (Ingrao et al.,
2015). A study by the Environmental and Energy Study Institute (EESI)
estimates that the residential and commercial building sector annually
contributes 39% of CO₂ emissions in the United States of America
(Environmental and Energy Study Institute, 2017).
The low thermal conductivity (λ) of hemp also makes an excellent
natural insulation material in walls and roofs, making hemp an
environmentally friendly insulator that requires no specialised
applications. Although a variety of construction applications and
solutions have been explored, the primary application of hemp
construction materials consists of lime-hemp, also known as
hempcrete.

Figure 21: Tony Budden in hemp plantation (Hemporium, 2015)
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T H E

The Agricultural Research Council of South Africa, in collaboration
with Hemporium, have been conducting an ongoing industrial hemp
trial-based cultivation process over the past few years. They have
been able to obtain a Commercial Incubation Research Trail permit
from the Department of Health (Hemporium, 2015). Several cultivars,
predominantly from Europe, have been tested to find the best-suited
strains for South African climates. The positive results of the trials
provide information on the use of hemp in product production and
alternative construction methods in South Africa.
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C O N S T R U C T I O N
A L T E R N A T I V E
The versatility of hemp enables the user to use it as infill or modular
material (figure 23 - 27) in walls, floors, roofs and various other
applications throughout the construction industry. Bell’s (2012) paper
on the structural analysis of hemp stalks, suggests the potential of the
stalks as a load-bearing element in their most basic form and provides
test results that indicate a load-bearing capacity similar to timber,
with stresses between 11 and 19N/mm². However, more research is
required to conclude the use of hemp as a structural material (Bell,
2012). The paper investigates several applications of hemp-based
construction methods as an alternative to traditional materials and
uses throughout the building.
Figure 22: The house that hemp built’(Hemporium, 2018)
Tony Budden, owner of The house that hemp built (figure 22), is at
the forefront of alternative, sustainable architecture and design in
South Africa. He has incorporated mainly sustainable and recycled
materials into the construction of his own home (Top Billing, 2012).
According to Budden (2014), hemp buildings can breathe and control
moisture. The building reacts and adapts to the surrounding thermal
conditions, and naturally regulates the interior climate. He also insists
that industrial hemp houses are feasible options for sustainable and
low-cost projects.
Numerous studies and publications have already proven that
using industrial hemp materials in the construction process,
provides performances that are similar to or better than traditional
construction methods (Ingrao et al., 2015). Even though there are
few examples in South Africa, industrial hemp has shown potential in
construction around the globe. Concrete, brick, plastics, insulation,
and fibre boards are all products that can be substituted with
industrial hemp products (Top Billing, 2012). This would also reduce
the environmental footprint of buildings. This motivates the use of
hemp construction methods as a possible alternative material in micro
and macro scale industries.

INDUSTRIAL HEMP AS WALL

Figure 23: Hemp wall structure

INDUSTRIAL HEMP AS INFILL

Figure 24: Hemp wall insulation
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I N D U S T R I A L H E M P I N T E R I O R A P P L I C AT I O N –
FLOORS

P R O D U C T S

1.

HEMPCRETE BUILDING USING SHUTTERING

Method: This on-site process mixes lime with industrial hemp hurd to
form a slurry mix. The hempcrete is cast between a wooden subframe
structure and plastic/steel/wooden shuttering panels (figure 30 - 32).
This process builds walls in layers, from the ground up, in order to
create a monolithic wall.

Mixing ratio: 1 part lime, 1 part water, four parts industrial hemp.

Figure 25: Hemp floor system with tiles on top

Figure 26: Hemp floor system with timber system
INDUSTRIAL HEMP AS BUILDING ENVELOPE/
FINISH

Figure 28: Hemp composite
plastic chair (Inhabitat,
2011)

Figure 29: Hemp chair
fabric (Save the Green,
2013)

Hemp as a sustainable, affordable and easily accessible alternative
resource to conventional construction materials in low-income areas is
essential for the purposes of this paper. Although the paper does not
propose housing solutions as a focus, it does discuss the application
of hemp in the construction industry. Due to a lack of examples of
how hemp is used in construction in South Africa, the following
information, provided by Tony Budden (2015), served as a key part
of the precedent studies, and is crucial in the comprehension and
development of the paper. Many companies abroad, including Tradical
(2018) and Studio Green, have developed hemp construction solutions
that have proven to be specialised, expensive and complicated. The
paper investigates the application of hemp construction in a South
African setting (Mamelodi) where there is a lack of financial support.
Innovative construction methods are explored to propose affordable
and locally accessible solutions.

Hempcrete, which is used in hemp construction, is made by mixing
hemp hurd with lime to create a concrete-like mixture that is used to
make walls, floors and pre-cast panels. Insulation batts are made by
combining hemp fibres with synthetic polymers. Hemp hurds have a
similar cellular composition and structure as some hardwoods: 20%
hemicelluloses, 28% lignin and 50% cellulose (Ervard & De Herde,
2005).

I D E N T I F I E D
M E T H O D S
Figure 27: Hemp envelope finishes
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B Y

B U I L D I N G
B U D D E N

Benefits:

Challenges:

•

Easy to work and build with

•

•

Low labour cost

Slow process of wall
construction

•

Low-tech process—only
mixer, buckets and
tampering tools are needed

•

It is a relatively slow
building and drying process

•

Shuttering can be clumsy
to move

•

Slow process of wall
construction

•

Shuttering can be clumsy
to move

Benefits:

Challenges:

•

Low density with increased
insulation properties

•

Expensive blower and
render machinery needed

•

High-speed application:
12m² per hour

•

Maintenance cost of
machinery is costly

•

Using fewer water results in
a fast drying process

•

Experienced labour
required

•

Low cost

•

•

Small team (only four
people)

Higher waste factor –
hempcrete bounces off the
wall (can be recycled)

Cost: According to calculations by Paolo Ronchetti, who did the
calculation for Tony Budden, the estimated cost for this application is
approximately R800/m².

3.

INDUSTRIAL HEMPCRETE BLOCKS

Cost: The estimated cost of building with this process is approximately
R1 200m/m2.

Method: Moulds are used to cast hempcrete mix into and form blocks
in a factory environment similar to traditional bricks (figure 36 & 37).
However, there is no firing needed in this process. After the bricks dry
out, they are transported to the site and used.

2.

Mixing ratio: 1 part lime, 1 part water, four parts industrial hemp.

S P R AY A P P L I E D H E M P C R E T E

Method: A mixture is created by blowing dry industrial hemp and lime
binder through the required machinery (figure 33 - 35). Pressure is
used to blow the mix against a shutter board, which is attached to a
wooden frame. Shuttering can be permanent if it is breathable (such
as magnesium boards).

( 2 0 1 5 ) :
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Benefits:

Challenges:

Benefits:

Challenges:

Benefits:

Challenges:

•

Most builders are familiar
with brick construction

•

Damage can occur while
bricks are in transit

•

Minimum time on site

•

Factory is needed

•

•

Hollow board sound

•

No drying time needed on
site

•

Less cohesive and
monolithic than shutter
hempcrete wall

•

Workers rectify predicted
errors and technical work in
factory conditions

•

Transportation cost of
panels

High insulation properties
for sound and heat

•

•

Many components

•

Heavy lifting equipment is
necessary on site

Drywall construction – no
water needed on site

•

•

Easy to insert services

Waste factor is high
(waste can be re-used and
recycled)

•

The design must be
accurate to fit together on
site

•

Fast construction

•

Fast building system

•

Possible thermal bridges in
the mortar between bricks
if not done correctly

•

Can be replicated

•

No drying time on site

to synthetic insulation materials) is ideal for breathable
construction methods. The fine capillary structure and
micro-porosity of the material are highly hygroscopic and
make an excellent moisture buffer and insulator (Busbridge,
2009).
•

Hemp used in horizontal applications: Hemp need not
only be used in vertical applications, such as walls or infill
material, but can also be used in horizontal applications,
such as screeds, slabs and ceilings.

•

Hemp products: Combined with resins and synthetic fibres,
hemp can also provide an opportunity to explore alternative
applications in product and furniture design, such as chairs
and textiles.

T E C H N I C A L
E X P L O R A T I O N
A S

A

O F

H E M P

C O N S T R U C T I O N

C O M P O N E N T

4.

C O M P L E T E S T R U C T U R A L WA L L PA N E L S

Method: This process makes use of pouring the hempcrete mixture
into prefabricated wooden shuttering panels. The wall is dried and
transported to the site after casting it in the factory. The precast
panels receive installed services before pouring hempcrete into the
frame panels. Panels are joined together on site as a modular design.

Mixing ratio: 1 part lime, 1 part water, four parts industrial hemp.

Cost: Slightly higher than shuttered hempcrete wall. The construction
process saves money due to the speed of the process and minimum
time on site.

5.

INDUSTRIAL HEMP BOARD COMPOSITE WALL

Method: The compressed industrial hemp hurd boards consist of
different mixes and densities. The use of magnesium oxide and
clay binding agents are most common. Composite boards are used
in conjunction with industrial hemp insulation to form drywalls.
Replication in a modular fashion for this method is used off-site or onsite for panel construction.

Mixing ratio: Depends on density.

Although five types of hemp wall applications are identified by
Tony Budden and discussed in this paper, only four of the identified
construction methods was experimented with for the purposes of
this study due to the specialised equipment and cost factor of sprayapplied hempcrete:

•

Cast in place hempcrete walls using shuttering

•

Industrial hempcrete blocks

•

Pre-fabricated wall panels

•

Industrial hemp composite wall boards

Other applications of hemp-based products investigated in this paper
include:

•
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Hemp fibre insulation: the application of hemp fibres
as animal bedding is often used due to its absorbent
properties. The permeability and lower R-value (compared

This paper also includes an additional research component that
has been conducted in collaboration with fifth-year architectural
technology students, Henry Igugu, Obakeng Mmolawa and Khutso
Chuene, coordinated by their lecturer Mr Stephen Steyn. Reports
and prototypes were developed in the Architecture Department
at the Tshwane University of Technology in an attempt to better
understand hemp as a construction material. The author and Mr
Steyn did the sourcing of raw materials, mentoring, brief compilation,
and overseeing of the building of prototypes. The students involved
in the building of prototypes are unskilled in hemp construction and
have no previous training or knowledge of the material. The level of
intervening, through both research and the applications of hemp,
was established on the basis of questions surrounding the need for
intervention in the future and how the project could be replicated
with more success. Each student received a research assignment
focussed on hemp, and compared it to various other construction
materials including concrete, timber and bricks.

All the information in the reports and building of the prototypes were
left to the interpretation of the students, with only a few guidelines
forming part of the assignment. Hemp and lime were provided to
each student to build the required prototypes, and photographic
documentation was taken of the process. The results are positive and
informative when considering the amount of research and the time
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constraints involved. The assignment aimed to establish an incubator
programme to simulate the intent of this paper and the innovation
farm.

The following concludes the findings of each student’s assignment
(see appendix 1) and prototype:

ASSIGNMENT 1: HEMP AS A FLOOR (BY HENRY IGUGU)

Sustainability in the built environment has gained more global
traction, with much effort aimed at reducing greenhouse gas (GHG)
emissions and levels. The use of hempcrete in the construction of
buildings has its advantages (Philippa, 2009). Hempcrete possesses
good thermal properties but has a low performance as a structural
member in the building, which makes it unsuitable for floor
construction. The experiments that were carried out also validate the
unsuitability of hempcrete for floor construction.

ASSIGNMENT 2: HEMP AS A PANEL (BY OBAKENG MMOLAWA)

The possibility of using hemp as a building material is not a new
concept in the world of construction, but it is not widely considered
in the South African context. If the material properties are taken
into consideration, hempcrete can be used as an external wall as it
complies with the National Building Regulations.

Hemp is a feasible building material as the plant grows naturally, with
little or no maintenance. Hemp has much lower carbon embodied
energy when compared to other drywall applications. Hemp is both
cheaper and more environmentally friendly, and it is much easier to
use as insulation.

ASSIGNMENT 3: HEMP AS A WALL (BY KHUTSO CHUENE)

The result of the prototypes of the hempcrete blocks suggests that the
hempcrete block, with good thermal properties and further research
and development, has the potential to be a viable construction
material in the South African context. Both the prototype hempcrete
blocks weigh less than the equivalent size concrete block.TECHNICAL
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The paper investigates hemp as a construction material in a lowincome context to showcase an alternative approach to conventional
building techniques, while also acknowledging previously used
building systems familiar to the surrounding context. The construction
details explored in this project developed from the outcomes of the
experimental assignments and prototypes is used to propose a lowcost and sustainable construction method. Hemp as a construction
material is easy to use, reasonably inexpensive, needs very few
specialised equipment and proposes a circular lifecycle (figure 54).
Hemp construction consists mainly of lime, hemp hurds and water,
and as a construction material, contributes to the building thermal,
acoustic and carbon footprint of the building, which improves the
sustainability component of the design.

All the materials used in the design of the building is easy to access
and use. Throughout the development of the design, hemp is
tested and explored in various applications both conceptually and
through prototypes (figure 42 - 53). The use of conventional masonry
construction elevates the building from the ground so as to deal
with water management and the biodegradable nature of hemp as a
material. In conjunction with a steel subframe structure (the structural
component of the building) hemp is used as infill material throughout
the building.

Figure 55: Assemble detail of building edges indicating the application
of hemp panels throughout the building

Figure 57: Hemp wall stiffener detail of hemp and
steel connection

The systems explored throughout the building include the use of
hemp as prefabricated components, hemp brick and in-situ cast walls.
Although other methods could be explored in the future with more
advanced equipment, the project aims to provide construction
solutions in low-income areas.

Figure 56: Application of cast-in place hemp panels and hemp brick
wall construction

Figure 58: Hemp wall stiffener detail of hemp and steel connection

Figure 54: Hemp lifecycle process
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C O N C L U S I O N
The establishment and implementation of a hemp industry in
South Africa would provide feasible alternative solutions for several
industrial applications, which will grow the local economy. The
cultivation process of the plant is easy and competitive when it comes
to similar crop types. Little modifications are needed to plant, cultivate
and process yields. However, specialised equipment will ease the
process. Compared to timber plantations, hemp crops significantly
outperform the growth, yield/m² and production input, and could
serve as a suitable alternative, especially for consumable products
such as paper and cardboard.

The current legal constraints in South Africa limits the potential that
hemp can have on a bigger scale in the country. The production scale
of hemp cultivation should increase dramatically to determine the
exact industry and feasibility (Cole and Zurbo, 2008). Multiple research
papers suggest that hemp-based applications are a suitable alternative
to conventional applications, and provide a feasible alternative
solution in numerous disciplines and industries (Busbridge, 2009).

Figure 59: Hemp wall stiffener detail of hemp and steel connection

Architectural ideas and ideologies express the exploration of
construction solutions, materials, philosophical thoughts and social
interactions, yet the disregard for sustainable solutions in the past
have evolved the built environment into a consumer industry that
contributes to global environmental pollution and resource depletion
(Ingrao et al., 2015). It is critical that we increase the knowledge of
environmentally friendly resources and contribute to a thoughtful
environmental industry.

protecting it from damp, pests and fire. Once the material is cast, it
forms a solid mass that reduced thermal bridging to achieve airtight
seals around openings and fittings.

The practical investigation and prototypes by the TUT students to
explore hemp as floors, walls and bricks were relevant for the success
of this paper and to achieve a better understanding of the workability,
skills required and limitations of hemp as a construction material.
Combined with other research reports from accessible sources, the
investigation gave appropriate information to suggest the use of
hemp construction throughout the design of the proposed building.
The hempcrete material efficiently creates a healthy and comfortable
indoor living environment and moisture buffer. The material is
easy to construct with, and no specialised labour is needed in most
applications thereof.

Further, the maintenance process on hemp construction systems
is fast. The damaged area can merely be cut out and removed and
replaced with new hempcrete panels. As a supporting material in
traditional construction methods, hemp provides additional insulation
properties. The material is also biodegradable and recyclable at the
end of its lifespan.

It should be the responsibility of architects to motivate the
exploration of alternative solutions towards architecture, materiality
and applications. The industrial hemp trial in the Western Cape (by
Hemporium) has shown that a fully developed crop can have a harvest
time of four months. The fibre lifecycle of the plants, from planting to
building, creates a recyclable and biodegradable cycle of sustainability.
Hemp is planted, harvested and processed with little modifications to
traditional mechanical farming equipment, and is adaptable to South
African soil types and climatic conditions (Budden, 2014).

Figure 60: Application of hemp panels and bricks in building design
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In addition to the sustainable attributes of hemp, the monolithic
structures that can be built with hemp are relatively flexible and
lightweight, and also require less support in the construction phase,
as well as lighter foundations. The chemical bond between lime and
the hurd preserves the wall structure and timber supports it while
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APPENDIX 1:

Investigate the material properties of Hemp walls according to:

The following appendice is a extract of the 3 ssignments conducted in
collaboration with fifth-year architectural technology students, Henry
Igugu, Obakeng Mmolawa and Khutso Chuene, coordinated by their
lecturer Mr Stephen Steyn. Reports and prototypes were developed in
the Architecture Department at the Tshwane University of Technology
in an attempt to better understand hemp as a construction material.

•

Thermal performance (R/K/U-values)

•

Strength & Robustness (compression etc.)

•

Fire resistance

•

Moisture control

•

Additional important material properties

HEMP AS INFILL MATERIAL, A WALL AND A BRICK:
Cannabis Sativa (Hemp) as alternative construction material

3.

How can hemp be implemented as a construction material in
the construction industry with regards to South Africa’s building
regulations (SANS & SABS)?

The project responds to the need for an environmentally friendly,
easily accessible and affordable construction material in South Africa
so as to encourage the use of alternative construction materials in
underdeveloped areas and promote micro urban cultivation and
economic opportunities.

*For research purposes, the legality and stigma surrounding Cannabis
can be disregarded.

Research report
Considerations for the research report:
1.

2.

An investigation of hemp:

The documentation must include all relevant data used throughout
the construction process. Mixing ratios, construction techniques,
sketches etc.
Documentation must include the use of photos (time-lapse if possible)
and written findings of the process. (Videos may also be used, but
photos are essential to be included in the final document)

1.

Research report

2.

Scale 1:1 prototype/s

3.

Documented construction process with annotations

PROTOTYPES:

4.

Due to the investigation of hemp as a construction material, it
is essential to understand the physical textures, workability and
application of hemp to produce products.

Printed and digital copy (Word document) of the research
report.

5.

Any additional information that can add value to the project
can be included.

4.

Is hemp a feasible alternative construction material compared
conventional construction applications?

The purpose of this assignment will be to focus on hemp construction
material. The prototypes must reflect hemp used as built construction
system. Although some details are available on the internet, the
use of self-designed construction materials is encouraged. The
documentation of detail sketches etc. should also be included in the
report.
The use of self-designed shuttering and construction methods must be
explored and built to create prototypes.
Parameters of prototype/s:

•

Hemp plant structure

1.

Scale 1:1

•

Various applications

2.

Total size not exceeding 1m³

•

Examples of existing hemp structures and uses

3.

All construction aspects and layers must be visible: substructure, shuttering panels, etc.

4.

Students may assist in the building of prototypes, but
documentation must be kept as separate investigations and
documents.

How do the material properties of hemp compare to other
construction applications?

The construction process of all prototypes must be documented
diligently from start to finish. It is essential to thoroughly analyse the
process and understand the performance of hemp throughout all the
phases of construction.

Outcomes of the project:

Introduction:
This research project will aim to investigate Hemp as a construction
material through gathering data, analysing material properties,
building prototypes and documenting the construction process of
prototypes.

Prototype documentation:

*All failed attempts must be kept for exhibition purposes
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