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Abstract

This is a journey of placing people in the foreground of rail infrastructure, mediating
between efficiency of urban mobility, and the opportunity to foster equity through the
many scales that come together in station typologies. From building to streetscape, from
city to nation, or even continent, rail is reimagined as the connective veins that foster and
feed regenerative urban morphologies.

Germiston Station is the platform to Africa and serves as the core of the Metrorail network.
The client, PRASA, has made markable progress in restoring the commuter network ever
since its collapse in 2020 — markedly, we are on the brink of a rail renaissance — branded
with the deployment of new blue electric trains with increased speed and efficiency. Yet
the planned renaissance, marketed with “The People’s Train’, has failed the people.
PRASA’ recent ban on trading, gospel and gambling — all acts of communion during
commute — has been met with resistance. For decades, such acts have forged hope amid
the hardships of rail travel, acts of infrastructural opportunism that have transformed
train carriages into democratic spaces of shared experience, even as the journey navigates
a profoundly undemocratic urban landscape.

As a spatial solution, Germiston Station is reimagined as an extension of these activities.
The site is rich with existing station functions, such as ticketing counters, offices and
the various programmes needed for a station to operate efficiently, all housed within a
collection of heritage buildings on its Southern facade. But it remains that, a facade - a
head without a body. Located at the threshold between Germiston CBD and mining
wastelands to its North, the station is characterised by informal trading systems. The
intellect of these organic systems enriches the site with socio-economic equity, moving
beyond the mono-functionality of transportation infrastructure, a facade of efficiency, to
create regenerative public space - a body in becoming.

Informed by the intellect of these informal systems, the project looks towards Biomimetic
architecture to create a lightweight and far-spanning structure necessary for large
transportation nodes - a habitat for the body in becoming. A technical investigation
considered the integral processes of form and formation in nature, to create a structure
that is not only efficient in form, but also equitable in terms of its construction through a
hand-based assembly process employing local labourers - a body for communion during
commute, built by the community, enabled through the power of computing. This
structure suspends a trading bridge as public space over the rail tracks, keeping platforms
clear of excessive structure — placing people, not structure nor infrastructure, in the
foreground.
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PART (1)
Context & Brief
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The genesis of
JOHANNESBURG

ORIGIN: Discovery of gold

The global surge in private motorised mobility during the 20th
century has led to degenerative urban morphologies (Rode,
2013). Characterised by low-density sprawls, the resulting
urban forms experience exacerbated congestion, increased road
accidents, and heightened pollution levels, resulting in diminished
quality of urban habitation (Festus et al., 2020). In academia and
governance, there’s widespread agreement on the critical role

of rail in fostering regenerative cities through multimodal and
compact urban morphologies (McLeod et al., 2017; JHB SDF). In
the African context, the advantages of rail infrastructure are widely
acknowledged (African Union Development Agency, 2019; National
Land Transport Act, 2022; Department of Transport National Land
Transport Strategic Framework, 2023).

7

However, the narrative of rail is tainted by its historical role in
extracting minerals from a damaged landscape, and funnelling
migrants into urban centers as cheap labour, serving as both the
literal and figurative vehicle for colonial expansion (Mbem, 2018;
Mtembu, 2008: 63). The nuanced legacy of rail infrastructure
finds poignant expression in the formation narrative of
Johannesburg. Known as “The City of Gold,” the city’s origins can
be traced back to the discovery of gold in 1886 (Tang, 2011). Yet
its rapid growth to Africas largest economy is overshadowed by
a history of socio-economic exclusion. Often enforced through
industrial infrastructure as a tool for racial segregation, the
city’s fragmented development finds spatial expression in the
entanglement of mining and rail (Mbem, 2018; Pirie, 1992).

Tracing the genesis of Johannesburg reveals a phenomenon where
the long, often perilous train journeys undertaken by marginalised
populations relegated to the city’s peripheries, were enriched with
social activities - acts of communion during commute (Laciste, 2023).
For decades, these acts have forged hope amid the hardships of rail
travel, acts of infrastructural opportunism that have transformed
train carriages into democratic spaces of shared experience, even
as the journey navigated a profoundly undemocratic urbanscape.
Adams (2019) contends that the story of carving equitable spaces
from utilitarian infrastructure reflects two defining features of South
African life: the experience of migrancy, and the pervasive need for
connection—a catharsis of communion in a moving landscape.

City of Ekurhuleni population growth
2024 2050:

(City of Ekurhuleni, 2022)

2% Other
2% Medical care
3% Workship

4% Education

Reasons for

~ 8.8 million
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Today, this landscape is still changing. As Gauteng’s economy is
diversifying (Harrison and Zack, 2012), it is observed that the mine
dumps of Johannesburg, the ghosts of its genesis, are gradually being
remined and disappearing. In its wake, the city’s rapid population
growth materialises in the form of informal settlements appropriating
these wastescapes — another act of infrastructural opportunism.
These settling populations, urban prospectors in pursuit of
economic opportunity - the promise of gold - underscore the pressing
need for affordable urban mobility. This mobility serves as a solution
that not only reconciles Johannesburg’s fragmented past but also
prepares for its future. A future at risk of congested transportation
arteries and increased road safety accidents amid continual
urbanisation (Morapedi & Makhari, 2017; Gauteng Province, 2020)
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Occupying these wastelands presents complex challenges.
Communities residing within a 500m radius around mine tailings
experience worsened respiratory health symptoms, with severity
diminishing as distance from the tailings increases (Iyaloo et al,,
2020). Inhabitants are intrinsically linked to the legacy of mining
by the very air they breathe (Berkovic 2023). The problem deepens
as development restrictions in the mine belt, due to instable ground
conditions, inhibit various formal interventions aimed at service
provisioning in these inhabited wastescapes (Wilkens, 2017: 61).
Services both in terms of respiratory health and spiritual health -
services for both mind and body.

Germiston Station falls right outside of the 500 meter buffer zone,
an observation that is true for the majority of rail stations entangled
withing the mining belt. Therefore, the station typology, historically
used to divide (Mbem, 2018; Pirie, 1992), and can be reimagined as
a place from which intervention can take place to become a driver

for generative public space. A civic space. A gateway to the city and
its promises of gold.

To understand how Johannesburg’s station typology could drive
the regeneration of democratic space, the programmatic intent
of this thesis, a closer consideration of the PRASAs planned rail
renaissance, the site and its current operations are outlined in the
next section.
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The Passenger Rail Agency of South Africa (PRASA), the nation’s
main provider of passenger rail services, has faced declining ridership
since 2009 (figure 1, page 1). This is due to years of inadequate
infrastructure maintenance and a rise in theft and vandalism,
especially during the Covid-19 lockdown (Makinana, 2022;
Daniel, 2021). However, PRASA is now working to boost ridership
significantly by 2030 (figure 1, page 1), achieving key milestones,
such as exceeding its capital expenditure targets in 2023 for the first
time in a decade (PRASA, 2023: 52). Notably, the recently reopened
Leralla-Germiston line, renovated with nearly R600 million, serves
approximately 10,000 passengers daily (Nwadzule, 2023). Since
mid-2021, demand for passenger rail has surged by 215% (Stats SA,
2023: 5).

FLOW : FRICTION

Equity of
SOC10-economic
interaction

Old station .
building e

a head
without
a body

1880

PRASASs efforts to establish rail as the backbone of sustainable and
affordable urban mobility can be observed at Germiston Station.
A micro analysis reveals that the site contains a complex series of
existing and semi-operational station functions, such as ticketing
counters, offices, storage, employee facilities and everything else
needed for a station to operate efficiently, all housed within a
collection of heritage buildings on its Southern facade. But it
remains that, a facade - a head without a body. And this head houses
the station’s utilitarian and operational programmes - the organs of
efficiency.

Formalised functions exist in conjunction with the informal,
organic systems that have sprouted along transportation arteries
to breathe life into the site - a body in becoming. Here, trading and
ritual, the organs of equity, has taken to the streets in another act of
infrastructural opportunism observed at meso scale.

The coexistence of formal and informal functions can be understood
as a spatial phenomenon of flow and friction. Flow represents the
efficiency of circulation and utilitarian functions required at busy
transportation nodes. Conversely, friction represents the opportunity
to foster equity through programmes that stimulate socio-economic
interaction.
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Context & Brief
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A closer analysis of Germiston Station’s transportation systems
reveals a mix of formal and informal networks. Bus and taxi services
successfully act as secondary feeders to the Metrorail network.
However, accessing the rail platforms poses a challenge for users.
The pedestrian bridge, which serves as the only entry point to from
the mine dumps to Germiston CBD, does not connect directly to the
platforms. An urban prospector from the informal settlements to the
North must cross this bridge, buy a ticket on the Southern side, and
then navigate an underground tunnel to reach the platforms. This
layout prioritises machinery over pedestrian experience, relegating
foot traffic to an inconvenient route. With PRASA projecting a 22-
fold increase in station occupancy®, congestion is imminent—a
spatial problem of flow and friction.
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Context & Brief
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The Watershed

by Wolff Architects
Cape Town, Western Cape
015

To gain clarity on placing people in the foreground of large scale
transportation infrastructure, the project considers Shinjuku
Station, the world’s busiest railway station (Chowdhury et al., 2022).
In this analysis, two things become clear. Firstly, a successful station
is not just a facade, the station head, the organs of efficiency, requires
a body to embody the organs of equity. In the case of Shinjuku
Station, socio-economic interaction - friction - materialises in the
form of formalised retail nodes and public space running parallel
to transportation veins, all seamlessly connected with pedestrian
networks. While Germiston Station also has some convenience retail
in close proximity (page 6), the opportunity exists to integrate the
prevalence of informal markets into this body in becoming, enriching
the station with a regional character.
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Secondly, a successful station does not exist in isolation, but should
be understood as network of nerve endings that extends into and
nourishes the city. Important to note is the relevance of other
transportation modalities to serve as secondary feeding networks. If
transportation stops working, the city stops working. If the station is
healthy, unified in body and mind, the city thrives.

Understanding a building as an extension of the public streetscape is
also observed in the Watershed by Wolff Architects (Wolff Architects,
n.d) . While this project’s context is different to that of Germiston
Station, there is still value in understanding that successful public
space, in this case a formalised market space, requires a unifying
element to create spatial fluidity. Simply put, the industrial scale of
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the shed’s far-spanning roof acts as a unifying element to the market
spaces below, generating public space through the dissolution of

boundaries between interior and exterior realms. 4 shell for the
organs of equity.

Conceptualising a large public building as a body, a shell or a vessel
that houses fluid space within is also observed at Warwick Junction
in Durban (eTafuleni, 2020). The project becomes an urban scale
infrastructural shell both in the form of a series of large industrial
scale roofs, and the inhabited trading bridge. The key observation
here is that large scale urban infrastructural projects in this context
require a degree of flexibility, allowing for the organic and informal
systems of the city to inhabit it on its own terms in the spirit of
infrastructural opportunism.

PROGRAMME

PART 1 concludes with an understanding that, in order to place
people in the foreground of urban infrastructure, a large, flexible
and fluid space is necessary—a kind of vaulted architecture that
becomes a habitat for the organic mix of programmes within,
bridging the divide between efficiency and equity, interior and exterior,

Jormal and informal, form and formation. Bridging the divide between
station head and body.

PART 2 will present segmented timber shell structures as an
innovative building system that can be contextualised within the
South African built environment, becoming a technological support
to this programmatic aim.

TECHNOLOGY

Liége -
Guillemins
station

by Santiago Calatrava
Liege, Belgium
2009
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= train station -

Level 3:

ANy SOCIAL PROGRAMMES
SO0 ) %  INFRASTRUCTURAL OPPORTUNISM

TR E b S Flexible egalitarian spaces catering to the

Ry TE ; i changing need while development

, Tecriologgeg/atent: =5 T % restrictions are still in place in the mine belt
state-of-the-urt timber, . * ; (church, gambling, respitory health).

Level 2: PEDESTRIAN BRIDGE

Publically  accessible pedestrian crossing,
informal trading, info kiosks for physcial and
digital ticketing services, ATMs, ablusion &
circulation infrastructure.

Level 1: MEZZANINE

Publically accessible mezzanine level for
informal trading and greeting loved ones
before they embark the train. Access control
to rail network & circulation infrastructure.

Level 0: PLATFORMS
Platforms to rail network (access restricted),
ablustion & seating.

PROJECT
INTENTION:

Context appropriate form-
finding for large scale
urban infrastructural
projects keeping people
in the foreground. 4
dance between equity and

efficiency.
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11 In nature, curved surfaces are segmented with voronoi geometries
-hexagons and triangles (La Magna et al. 2013: 32). Data was obtained

P A R T @ for each parameter by simulating various shells as different segment
= . sizes with the two voronoi geometries. The data was then mapped
Form-Finding

onto a framework (below) with the centre point representing the
optimal for each dataset. The full study scope, methodology and
relevance of each parameter can be accessed here: https://drive.
google.com/file/d/10U8WWweF6Cq4BEpO4sp351zYhknEXwy8/

From mono-parametric (efficiency) view?usp=sharing
to mu l ti_ pammetri C (e quz ty) As a summary, it is observed that what is optimal in terms of nesting

.. ) efficiency, how well segmentsfit onto standardised cross-laminated timber
Optlmlsatlon. panels of South African manufacturers, contradicts what is optimal in
terms of segment edge length, a prozxy for robotic machining intensity.

>,

High cost of materials & high
i levels of waste production.

Nesting
efficiency (%)

Digital premanufacturing
for geometric precision.

Simply put, smaller segments nest better, but lead to longer edge
lengths and a greater quantity of segments. Longer edge lengths
imply greater fabrication complexity, a regional constraint.
Moreover, smaller segments might nest better and reduce waste, yet
result in a greater quantity of segments that will make it increasingly
difficult to cut, label, manage and assemble these parts, making
its less feasible to employ low-skilled labourers dependant on the
construction industry for job creation.

The value of this study lies in its holistic approach to optimisation.
Considering the contradictions in terms of what is optimal for
nesting efficiency versus what is optimal for segment quantity
and total edge length, leads to distilling a regionally appropriate

segmentation size and geometry - hexagons with an edge length of
800mm to 1000mm.

1)

/

Load transferral without dis-
proportionally disturbing
material continuity.

Segment
quantity

*._':: \

-l Joinery type that allows for
—— hand assembly by
low-skilled labourers.

for the proportional
transferral of loads.

. -
Segment edge length approximation (mm) and average weight for 100mm CLT panel depth (kg)

. i 600mm (13.10kg) 800mm (21.49kg) [l 1000mm (32.06kg) 1200mm (45.68kg) 1400mm (54.61kg) 1600mm (65.92kg)

manufacturing operations
& difficulty in managing

Total segment
edge length (m)

Joinery quantity that allows

500mm (9.31kg) 700mm (16.96kg) [l 900mm (26.35kg) 1100mm (43.92kg) 1300mm (48.89kg) 1500mm (60.53kg) 1700mm (74.57kg)
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This investigation reveals the intricacies between materiality,
resourcefulness, affordability, structural integrity, parts availability,
fabrication tools, assembly, and skills - relationships that have always
been deeply understood by skilled craftspeople (Menges et al. 2016:
6). Form and formation are not solely a function of physical force.
It is not mono-parametric. Rather, it results from the negotiation
between the technicalities of fabrication efficiency, the computable,
and the socio-economic forces that define the conditions of its
equitable construction, the incomputable. By leveraging ICD tools,
architects can reimagine their role in the digital era akin to that of the
master carpenter. In this capacity, the architect becomes the master
of the data, computationally mediating between what is optimal
in terms of form versus formation. Efficiency and equity converge,
resulting in novel form-making using hand-based labourers.
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PART (2)
Form-Finding

With clarity on a regionally appropriate segmentation size and

geometry for large vaulted spaces - how to build doubly curved surfaces
with South African labourers, manufacturers and locally grown engineered

timber - the project ventures on a form-finding journey, the main
intent. This follows a bottom up approach where the possibilities of
efficient and complex geometries result from an understanding of its
equitable construction through segmentation and hand-assembly of
engineered timber elements.

Important to note is the hybrid approach to form-finding that
combines traditional drawing and physical modelling methods
in conjunction to digital simulation techniques and algorithmic
scripting principles.

Hand
drawn intent

YV

Physical
simulation

A4

Digital
simulation

V

Light & shadow
study

PROJECT
INTENTION:

Context appropriate form-
finding for large scale
urban infrastructural
projects keeping people
in the foreground. 4
dance between equity and

efficiency.

(Aurhor, 2024)
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Existing platform roofs

Reflection
& next steps

New platform roofs

Introduction of gridshell to allow light to fall onto train
w tracks, but create more shade for afternoon light (tectonic)

Iterated shell:
structural behaviour of a

hyperbolic parabaloid. Next step is to place
programmes on top of this shape. As trains
has been inhabited by different programmes,
so can this shell shape can become more than
just a roof. The iterative process unextectedly
produced a shell shape that can be inhabitet,
expressing the phenomenon of infrastructural
opportunism




P . g ———
T e e = |

x----.s:&e_.,__ e 1

— N e e

_———

: :'-'-——_r_

w5 E y . : l c‘s T il : i, s A "" " i o= o e 9
— " ooy et l ‘ , . 3 I, NS A AR B
e = = R ) S Ll S — —
i"‘{ : 7 = - V ; - Y a p L X ; 4 . . - g .‘ . .- '. : ‘.- = e - K -h--. .--_-—-_-_- » -____-'_-_--_-__-'-___-i__-‘__'_-L _____ L_ﬁ_-—. _L _____

thi

HOLOZA MEYL e e e, e, @Y - - e e e e RSN TR e R L T T T I, e T A N I i L A MU

SHOSHOLOZA MEVL . e i f————e T Ty —— . - 1 i i e g G T g
INTERCITY o /28 munai A - { g & _ = - BT = = — " s =
) ; o ) & ~ 2 W ; . iy o) ;- " P : -
= (™ P a ¢ : & s : - : -
- . \ E B - eiesey G (R, ol o td
e - - p . i Ul " N
- . I 9 : ;
= ]

Abandoned building
to be restored and
reptogrammed into

rail museum

: ) Existing PRASA offices &
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Germiston
CBD

Deconstructed
materials to be

fed back into

circular
economy

Restored &
Reprogrammed into programmed 7

affordable hotel into rail museum
'

000

Public commuter
crossing,
informal

trading space

&info desks

Station LGl

Plaza

SELECTIVE FLYING CONCRETE GLT CUSTOMISED SEGMENTED GLT SEGMENTED GLT
DECONSTRUCTION BUTTRESSES CONNECTOR CATENARY BEAMS CATENARY ARCH &

material palette reintroduced in-situ mediate dimensional bracing between GLT hyperbolic CONTINUATION OF
at platform level discrepancies parabaloids & to spatially EXISTING

between prefabricated define train entrances PLATFORM ROOF
Vs in-situ

elements

Segment to
covers arch end
where forces

converge

Emerging mass timber
industry in South Africa

HEXAGONAL SEGMENTED

TIMBER SHELL INFILL
catenary action to
create hyperbolic
parabaloid

Waste generated in standardised

door & window offcuts

GRIDSHELL

to allow light to

, reach platform
i levels

A dance of
light & shadow

Align direction of force flow through
segment to major strength direction of CLT panel

The station as a

‘body in becoming
=1 _ a vessel for the organs
- of efficiency (flow)

& the organs of

INHABIT THE SHELL

steel fins to support additional
segmented timber shell

to create egalitarian

spaces for PRASA's

banned activities

Digital craft tools

Nest parametrically generated
segments onto CLT panels

Direct-to-fabrication method

R TR

equity (friction)




Critical
Reflection

In natural systems, a single optimal solution does not exist.
La Magna et al. (2013: 27) assert that the variety observed
within natural habitats suggests that different solutions
may perform more optimally in different scenarios.

Context appropriate form-finding is not a pursuit of a
single answer, an optimal form. It is about revealing the
diversity of options through a mixed method approach of
traditional drawing, model making, and digital simulation
and assessment tools. Context appropriate form-finding
is about embracing a new paradigm of architectural
production in the digital era. Herein lies the evolving role

of the architect to the computational designer - the form-
finder.

In the case of large scale urban infrastructural projects, it
is about sculpting and molding the existing into the new.
Being bold through a consideration of the machine scale,
while simultaneously being sensitive to the human scale.

Reflecting on the integral processes of form and formation
in the biological world, it is about understanding its
construction before any preconception of form. Iterating
form through daylight simulation and assessment -
inviting it to dance with light and shadow - led to a form
that can become inhabited by PRASAs banned social
activies of communion during commute. Thus, the body in
becoming became more than a roof. It became a habitat.
An architectural expression of infrastructural opportunism
itself.

And in the spirit of infrastructural opportunism,
transforming utilitarian carriages into civic spaces for a
mere moment in time, this journey sought to redefine
what a rail station in the context of Johannesburg can be.

It is not a facade, it is not a face. It does not have to
continue to serve the legacy of Apartheid as a belt of
infrastructural division. It does not have to reduce people
to the background in pursuit of efficiency. A station is
not a series of platforms or a narrow mono-functional
pedestrian bridge. A station is not a church, a clinic or
a gambling house. A station is not an informal market,
ticketing kiosks, ablution or vertical circulation. These are
merely parts of a whole - organs of the body.

A station is the city itself.
A station is affordable mobility. A nucleas where all
scales come together - a gateway to the promise of gold. A
station is a heartbeat, a network of veins stretching into a
segregated cityscape to foster and feed economic growth
and inclusion, the lifeblood of a functioning democracy.
A station is unified in body and mind, in programmes -
organs - of efficiency and of equity.

A station bridges the utilitarian and the divine.
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