
THE PLIGHT OF THE PUBLIC HOSPITAL

This dissertation project investigates the shortcomings and potential of the public health facilities in the City of Tsh-
wane through the lens of the current diabetes epidemic. Various spatial, social, and institutional shortfalls are iden-
tified and dissected to inform possible architectural solutions. The disparate nature of services, urban sprawl, aging 
hospitals and lack of community engagement and education hinders healthcare for the majority of the population.

This proposal suggests a complex networked approach that envisions various architectural additions throughout the city 
and the existing healthcare nodes. These additions will improve service delivery and enable healthcare and community 
support where none existed before. To enable this network, a catalyst project is required: A core facility that researches, pro-
duces and tests these satellite interventions within a controlled environment before being deployed throughout the city.

To drive and manage the envisioned system and network, this facility will centralise administration, develop-
ment, research and community engagement to effectively and radically change the healthcare fabric of the city. 
The centrally located Tshwane district hospital will host this facility within various underutilised existing build-
ings. This approach requires the adaptive reuse of significant heritage structures on a historically sensitive site. 
The architectural response is thus an investigation of appropriate interventions and additions within this sen-
sitive context to achieve multiple layers of programmes. Combining the programmes of spatial research and 
medical services creates opportunities where user responses can be observed through multiple medical typolo-
gies. This spectrum of investigation is achieved by providing a broad set of medical services throughout the site.

The architectural technological response of the project is a combination of structural insertion into existing build-
ings, internal reconfiguration and the restructuring and addition of public urban space around and through the 
site. Radical changes to the site is achieved with the project that envisions healthcare buildings as public spac-
es while providing rich opportunities to drive South African healthcare forward through research and education. P I E R R E  H U G O 

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



South African public Healthcare is divided into three main divisions, community healthcare, clinics, and 
hospitals (including district-, regional- and specialist hospitals). These levels serve the public in differ-
ent ways that increase in medical complexity with every level. The resulting patient experience is a frag-
mented journey between facilities which are often located great distances from each other. Davis (2016) 
investigated the shortcomings and noted the following negative aspects of the public healthcare system:

1.	 Excessive travel distances
2.	 Excessive waiting times at all stages
3.	 Limited access to information and education
4.	 Insufficient facilities and capacity on all levels
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In combination with these systemic and supply problems is the fact that the public healthcare facilities are in general in an aged and worn state. The authors research project investigat-
ed the architectural heritage and conservation of hospitals in Tshwane and concluded that many of the structures are unmaintained. Other noteworthy general architectural spatial problems noted are:

Building age and condition Uncomfortable access and urban conditions Poor patient spatial experiencesPoor spatial,  lighting and ventilation conditions

The multitude of challenges in the healthcare sector results in a poor patient experience, affecting compliance and medical effectiveness. Various stakeholders are prioritizing public healthcare quality through ground-up initiatives that tar-
get healthcare at a community level. Non-governmental organisations such as the Diabetes Alliance, research groups such as the UP Community Oriented Primary Care (COPC) unit, the Tshwane Insulin Project and the Department of 
Health run programs that target grassroots healthcare through community action and contact. This project aims to involve these stakeholders in a combined effort to improve healthcare through research-driven architectural interventions.

P R O J E C T  B R I E F 

As with many essential services in South Africa, healthcare is located on an unbalanced spectrum that heavily favours those who are privileged enough to 
make use of private enterprises. This leaves the majority of South Africans dependent on underfunded, underequipped, and inaccessible healthcare facil-
ities. 

This project envisions architectural interventions across the fabric of existing healthcare facilities that will complement and empower 
current service networks by enabling collaboration between stakeholders within the City of Tshwane. These existing networks consist of 
state-provided services, infrastructure, various research groups, and non-profit organisations. This vast system of interconnected archi-
tectural additions, adaptations and interventions will address various public healthcare problems such as public education, rapid health 
status testing, consultation, medicine dispensing and community support.

To enable this catalyst movement, an origin point is required. A strategic insertion into the existing layer of public healthcare can enable the needed 
propagation. This project proposes this trigger: a central medical and research facility connected to an established hospital that enables better patient care 
while producing medical and architectural research through the implementation of spatial prototypes throughout the various functions of the facility. By 
focusing on the urban integration of, and public collaboration with multiple levels of healthcare, this project defines the core of a system that can radically 
change healthcare for every person in the city.

S O U T H  A F R I C A N  H E A L T H C A R E  S Y S T E M 



To effectively combine these programs, a spatial intervention system is proposed by this project.  The city-wide system consists of various architectural interventions, additions and alterations that modify existing healthcare facilities and infrastructure to align with the stakeholder aims of providing better pri-
mary, secondary and tertiary healthcare while providing the infrastructure and facilities for new ways of patient interaction and community influence. The function and form of these will be research-driven and will target relevant and current public health problems.

A complex network of various programs and functions that are constantly changing in a large city-scale context requires rigorous control and development to ensure resilience. It is this gap that the project focuses on with the proposal of a central facility located at the heart of medical service and research in 
the city. This administrative and development core facility requires integration into existing medical procedures and systems as well as direct contact with patients, medical staff and researchers to be able to adapt and influence public medical approaches through the intervention approach. The intent of this 
project is thus to create a central facility that manages and develops medical architectural interventions in the city while creating a holistic medical environment on the site. This bilateral focus achieves programmatic resilience and sustainability by utilizing the complexity of the site and placing strategic pro-
grams throughout to create a comprehensive and integrated system.

The improvement of the existing medical and supportive programs on the site reflects the existing 
hierarchy of healthcare services (community care, primary care, secondary care). These stages of 
healthcare are brought together in one location with the intent of simplifying and improving the patient 
experience. This project drives the development of external architectural interventions through the 
on-site creation and testing of spatial and architectural prototypes. These preliminary interventions 
are built, tested and refined on the hospital site before being implemented throughout the city. The 
project thus combines medical care with the research and development of medical architecture.
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While most medical facilities provide flexible services to cover the largest possible spectrum of healthcare, the additions 
and alterations of this project focus on the treatment of the deadliest non-communicable disease in South Africa, Diabetes. 
This specificity aligns with the interests of the involved stakeholders and provides a uniquely wide scope of medical care for 
a specific disease. Diabetes is currently the fastest-growing non-communicable disease in South Africa. With 11.3% of the 
population diagnosed and a further 45% of diabetes sufferers undiagnosed, South Africa has the highest prevalence of the 
disease in the African continent. The effects of this disease carry a cost of R131 Billion per year in medical expenses. Most 
patients rely on the state healthcare system which serves 80% of the South African population and is severely underfunded 
and under staffed. To combat these problems, many organisations ( government and non-government) focus on disease 
prevention and maintenance through the promotion of healthy living and medical education. This approach provides a unique 
opportunity where the success of these programs will benefit public health beyond a single disease as it promotes an overall 
healthy public lifestyle. This project aligns with these stakeholder goals and aims to provide medical facilities that can enable 
community and public healthcare by these stakeholders within the city of Tshwane as well as on the chosen site. Diabetes 
is largely a lifestyle induced disease that results in a long term journey as the effects progress over time. The medical scope 
involved in a patient journey starts at the community level and likely ends with palliative care and specialist intervention.

The current patient experience in the public healthcare sector is severely impacted by the physical and systematic 
shortcomings of the public healthcare sector. This, coupled with the systemic problems faced by vulnerable 
communities results in insufficient healthcare. Piotie et al. (2021) highlights a few of the problems namely: 

•	 The lack of patient involvement in better management strategies.
•	 Underdiagnosis of patient deterioration.
•	 Limited contact with healthcare professionals.
•	 Lack of disease education in patients and the general public.
•	 Poor management of patients and patient data by professionals

The ideal diabetes patient journey within the current healthcare system (comprising of standard governmental care and NGO programs) spans the entire spectrum of available healthcare. This system forms the basis of 
this project’s focus on improvement and augmentation by providing the majority of services on the main site and researching and developing solutions to be implemented further afield. This ideal is however rarely reached 
due to the mentioned problems. The reality for thousands of underprivileged and sensitive patients is unfortunately the insufficient navigation of services that are overwhelmed, disconnected and sometimes inaccessible.

D I A B E T E S  E P I D E M I C  -  P R O G R A M M E  S C E N A R I O 
P R O J E C T  B R I E F 

Diabetes Effects On The Body

Diabetes Prevalence And Risk

Rapid Disease Growth

The project programs form an integrated system of public education, medical services, and architectural research and development. The first layer consists of active and passive public interactions that achieve public education concerning healthy lifestyles, diabetes prevention and diabetes treatment. The second layer consists 
of three tiers of medical intervention, primary – secondary- and Intensive medical care. The final layer that is interwoven between the first two consists of Architectural research and prototyping. This prototyping system allows architectural interventions to be designed and tested within different spatial conditions before it is 
implemented throughout the city in support of existing facilities and programs.
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The conceptual and programmatic centrality of the project requires a well established existing medical-focused site that houses the complex and varied functions required to 
achieve the aims of improving the public healthcare system. While the city contains multiple large public state hospitals as revealed in the authors research, one precinct stands out 
in potential and suitability. The Prinshof medical precinct located North of the city CBD was chosen as the location of the project. This precinct contains the Tshwane District 
Hospital, Steve Biko Academic Hospital and the University of Pretoria’s medical campus. The majority of the institutional stakeholders involved with the project are located within 
the precinct. The combination of medical facilities, research programs and public engagement sets the ideal context for cross olination of programms and productive collaboration.
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The architectural and urban changes seen on the site are extensive and for the most part insensitive to the existing heritage and architectural narrative. The original hospital buildings on the site date back to 1932 and contain elements of significant her-
itage value. The buildings chosen for re-use harbor less historical importance while containing high usage value, value which is highly beneficial and sustainable if used correctly. The site contains noticeable layers of development forming a rich pa-
limpsest that results in a fine-grained spatial quality of combined architecture, industrial infrastructure, and leftover spaces. The approach to this layered site is one of tabula plena, that celebrates the existing and preserves the narrative of the site.

The heritage value and the use value of the existing buildings on the site provides opportunities for sustainable reuse that will add to the spatial quality of the site. The three 
main usable buildings are located in a sequencial order from South to North. 

Building 1 is a part of the original com-
plex constructed in 1932. It is half-used 
as an outpatient facility housing general 
practitioners and supporting functions.

Building  2 is also a heritage structure. It 
is currently unused and in poor condi-
tion.

Building 3 was a part of the site expan-
sion in the 1970s. It was formerly used 
as an Oncology section but is currently 
unused.

Development of the site over time. The complexity of the site increased over time and the urban intergration was negatively impacted with major infrastructure changes.

1

1

2

2

3

3 The site has clearly developed a great deal over time and now con-
sists of multiple layers that was added to increase the effecien-
cy of the services provided. This results in a complex site that 
interspersed with fragmented spaces and isolated buildings.

E X I S T I N G  C O N T E X T
H E R I T A G E  A N A L Y S I S
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The architectural and urban changes seen on the site are extensive and for the most 
part insensitive to the existing heritage and architectural narrative. The original 
hospital buildings on the site date back to 1932 and contain elements of significant 
heritage value. The buildings chosen for re-use harbor less historical importance 
while containing high usage value, value which is highly beneficial and sustainable 
if used correctly. The site contains noticeable layers of development forming a rich 
palimpsest that results in a fine-grained spatial quality of combined architecture, 
industrial infrastructure, and leftover spaces. The approach to this layered site is one 
of tabula plena, that celebrates the existing and preserves the narrative of the site.

While the old oncology building does not contain remrkable heritage elements, it is positioned in a unique 
setting on the site. It is located in a quiet corner of the site, surrounded by greenery ( which is sparce 
elsewhere ) and is connected to a sunken courtyard with a half-basement level. The floor level of the 
building is significantly higher than the natural ground level providing the opportunity for private spaces.

Building 2 currently serves as storage only and has no medical use. The facade rythm, original interior 
elements and the impressive interior verticallity are valuable characteristics of the building. An 
original large courtyard has been filled in with structures which cuts off natural light and ventilation 
in parts of the building. The building sits atop a retaining wall which isolates it within the site.

The outpatient building has been completely disconnected from the surrounding urban context when the 
street front was fenced off. The building entrance is now solely through neighbouring buildings as the 
original (racially segregated) entrances were bricked up. The valuable heritage elements are the facade 
paterns and orignal windows, facade details and courtyards. The courtyards were mostly roofed over.
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medical campus. Was surrounded 
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walls than normal 
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ters, eave detailing
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Courtyards create focus sapces Courtyard typology and linear 
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D E S I G N  I T E R A T I O N :  F I R S T

The first design iteration focused on the 
larger-scale usage of the site. The complex 
program involving various medical inter-
vention levels and prototype research and 
manufacturing facilities was organized on 
the site and integrated with public space.

The public spaces were zoned to create 
boulevards and plazas between the hospi-
tal buildings. The function of these was to 
improve urban space articulation and pro-
vide flexible spaces where public activities 
could take place to improve public health 
education. An axis through the site was de-
fined to connect other programs within the 
precinct and to improve urban circulation.

The programs were organized on the site by 
the hierarchy of medical intervention inten-
sity along the internal boulevard that spans 
the North–South axis. This allows for varying 
levels of privacy for the buildings. The build-
ings that were to be used as re-used struc-
tures were identified and the conceptual re-
sponse to the existing fabric was investigated.

Reflection: The zoning allocated for the programs was too large for the intended use. The construction technology that will be used needs to integrate 
with the existing building fabric as opposed to contrasting.
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D E S I G N  I T E R A T I O N :  S E C O N D

The second design iteration reduced the scope of the project and 
focused on the reuse of structures and materials and the con-
struction system to be used. The concept developed focused on 
the insertion of spaces into the existing buildings by hollowing 
out the structures and reusing the internal materials and roof ma-
terials to compile a new structural system. This system is centred 
around cavity walls that serve as spatial and service anchors that 
cut through the existing buildings. The roof and first floor struc-
ture consist of mass timber frames and slabs fixed to the core walls.
The buildings were programmed to have open and accessi-
ble ground floors with private functions on the first floor which 
was a new addition. The ground floor external walls of the exist-
ing buildings were to be kept as heritage elements of importance. 
The form exploration focused on the existing façade patterns 
and rhythm and the new roofs followed the existing roof angles.
The programs were detailed for each building and the result was a 
clear definition and hierarchy in privacy and intimacy of the pro-
grams throughout the buildings. The Southern building housed the 
prototyping research offices, community meeting spaces, relocated 
shops and workshops. The central building on the site housed doc-
tor’s consultation rooms, rapid testing facilities, physio rooms and a 
laboratory. The final Northern building housed physio rooms, spe-
cialist consultation rooms and a dialysis clinic. The prototype man-
ufacturing facility was placed on the main street façade to enable 
public interaction and recognition and to highlight its importance. 
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Building 1 houses the community healthcare and intervention program 
offices and workspaces. 

Site plan indicating buildings adapted and prototype testing stationsAxonometric of Building 1

Building 1 Ground Floor Scale 1:500 
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Building 2 provides the first line of medical services. Basic test-
ing and general consultations are provided
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a.        Substructure

  i.        Insitu reinforced concrete footing
   1.        Design: as per engineers drawing
  ii.        Finish as per section F 40.1110 Off shutter finish

b.        Support structure

  i.        Pre manufacuted mild steel footing plate
   1.        Design: as per architects drawing and structural 
engineer approval
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   1.        Comply with SANS 12944
   2.        Product: 
    (1)        Waterbased non toxic red oxide anti corrosive 
primer applied to manufactuters specification
    (2)        Acrylic based paint: color and finish as per 
architects drawings applied to manufacturers specification

c.        Joining fixings
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engineer approval
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    (2)        Acrylic based paint: color and finish as per 
architects drawings applied to manufacturers specification
  iii.        Fixing bolts as per structural engineer

d.        Glulam Timber Frame

  i.        Premanufactured Saligna Timber glulam sections 
columns and beams
   1.        Design and postion: as per architects drawing and 
structural engineer approval
  ii.        Treatment: Glycol-based pentrative treatment by 
manufacturer
  iii.        To comply with SANS 10082
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b.        Support structure
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engineer approval
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  iii.        Fixing bolts as per structural engineer

d.        Glulam Timber Frame
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structural engineer approval
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manufacturer
  iii.        To comply with SANS 10082

102mm x 38mm SAP purlins screwed to glulam 
column

Steel roof Kliploc profile clipped to fixings 
supplied by manufacturer

Open air courtyard

245mm x 110mm Glulam lintel built into brick 
wall with moisture barrier chemically treated by 
manufacturer

30.00°

A

1500

Recycled window clearstories

vapour barrier under flashing

Existing facade made good

Open air courtyard

2515

15
00

22
78

1500

Removed structure

Boardroom
Vinyl

100 000

21020

Boardroom
Vinyl

100 000

Stack ventilation towers

C

100mm Rigid expanded polystyrene insulation 
panel in over rafter configuration

A

12.5mm Gypsum plaster board ceiling nailed to 
SAP battens plastered and painted

Saligna Glulam beam chemically treated by 
manufacturer bolted to concealed  fixing plates 
and steel brackets 

E

Detail 2

Detail 1

12400

100mm x 38mm SAP purlins srewed to glulam 
beam spaced @ 1000mm CC

Saligna CLT staircase

170

5760 5760

Erf Boundary

1142

1000

6400

16
25

6

4880

Existing Building

1142

1314

894

2515

Elevator

8070

F

2039

Bophelo Road

Dr Savage Road

D

28
5

Moisture barrier

Alumnium ventilatio louvres 
powdercoated fixed to brick wall

Existing concrete paving with fall away from 
building

4880

Colab space
Vinyl

100 000

A

Double volume

8070

87
56

19
00

50
57

2820

Existing
Building

1485

Existing
Parking

Existing
Parking

1500

51
8

SAP timber build up for steel gutter

Mild steel plate flashing bent to shape fixed to 
timber structure and steel roof powdercoated

3441

New Adapted Building

1500

47
80

2460 1500 2274

A

1500 5951
30

.0
0°

New mass timber columns, beams and floors

30.00°

New steel roof and reused windows as 
clerestory windows

wc

wc

B

Mild steel ladder bolted to brick wall primed and 
painted

wc

whb

C

143mm glulam beam machined to shape

Recycled window made good and screwed to 
timber subframe

whb

40mm Rigid expanded polystyrene insulation

New interior structures

12.5mm Gypsum plaster board ceiling nailed to 
SAP battens plastered and painted

Mild steel fixing plate concealed in timber truss 
bolted through

Interior walls and fixings demolished and 
materials reused

Existing roof demolished and tiles reused

New service core masonry walls built from 
reused bricks Kliplok steel roof fixed to menufacturer supplied 

clips screwed to timber purlins

110mm brick wall permanent shuttering for 
upstand foundation

170

7

whb

Custom shaped mild steel gutter Galvanised 
adhesively fixed to timber sub frame extending 
200mm beneath steel roof sheeting edges 
sealed with bitumen sealant.

30
.0

0°

6

5

whb

4

30
00

3

wc

2

Existing Parking
Existing Parking

Existing Parking

210mm x 235mm 
Saligna Glulam 
column wc

Existing
Building

Existing
Building

143mm thick CLT floor panel screwed to glulam 
beams and chemically anchored to brick walls 
chemically treated by manufacturer

Existing
Building

Existing
Building

Existing
Building

14
3

100mm Mineral wool acoustic insulation

R2 Prinshof 349-JR

Existing
Building

wc

58
95

15606
Erf 14

Prinshof 349-JR

D

30mm Plywood access panel screwed to 
hinges in subframe  

60mm rigid expanded polystyrene insulation 
panel screwed to timber panel

Toilets
Tiles

100 000

Recycled window made good and screwed to 
mass timber structure 

13
17

13151316

Mild steel fixing plate conceled in timber 
structure primed and painted 

Toilets
Tiles

100 000

3700

6595

E

9030
9550

13000

1

Reinforced concrete upstand foundation

Hallway
Grano

100 000

50
57

Custom mild steel bracket rust proofed and 
painted bolted to glulam beam

0

Double volume

Recycled roof tile brie soleil

Glulam Beams 
columns and trusses

Concrete ramp 
slope 1:24

2000

100mm Rigid expanded polystyrene insulation 
panel in over rafter configuration

Courtyard
Permeable paving

99 830

Concrete ramp 
slope 1:12

B

11
95

85mm weather step
220mm reused brick wall

15
00

3700

Colab space
Vinyl

100 000

6595

22
83

33
015

00

9030

Shop
Tiles

100 000

12400

Compacted hardcore fill in 
layers of 150mm

Concrete upstand foundation 

152mm dia. Mild steel round 
base plate welded to column 
rust proofed and painted

F

Courtyard
Permeable paving

99 830

Double volume

10
25

22
78

Mild steel footing plate cast into concrete 
foundation rust proofed and painted

Hardcore compackted fill in 150mm layers

15
00

Workshop
Grano

100 000

330mm x 60mm CLT plank machined to form 
sloping sill screwed to glulam beam chemically 
treated by manufacturer

50mm dia. stainless steel handrail welded to 
mild steel bracket bolted to timber column 
painted 

Mild steel brackets rust proofed and painted 
bolted to wall

12.5mm Gypsum plaster board bulkhead nailed 
to SAP sub structure plastered and painted

250

30
0

330mm x 110mm Glulam beam chemically 
treated my manufacturer chemically anchored 
to existing wall

12
0

15
50

40
0

R400

R900

R300

R300

22
78

102mm x 38mm SAP timber plank subframe 
planed primed and painted screwed to glulam 
column and brick wall

R400

Mild steel column footing cast into concrete 
foundation rust proofed and painted before cast 
welded to column base plate

350mm x 75mm Mild steel channel 
rust proofed and painted welded to 
hollow section

Recycled roof tiles embedded in 
cement mortar inside steel 
channel in varying orientation as 
per architects design

Existing steel window repaired and 
made good

Concrete paving to existing 
paving level with v joint between 
old and new concrete

DPC plastic membrane

Concrete leveling platform forming sound and 
level surface primed and painted

330mm x 60mm CLT plank with water drip cut 
in screwed to glulam beam chemically treated 
by manufacturer

Reinforced concrete foundation

Existing building facade made 
good where required

Expantion joint between existing and new 
concrete floor 

250mm x 210mm Saligna glulam column 
manufactured off site bolted to steel footing and 
wall brackets

220mm recycled brick wall plastered and 
painted

15
00

12.5mm Gypsum plaster board bulkhead nailed 
to SAP sub structure plastered and painted

Workshop
Grano

100 000

60mm thick CLT plank build up roof closure

152mm dia. mild steel pipe recycled from site 
welded to new design existing paint stripped 
rust proofed and painted

60mm CLT panel bench varnished screwed to 
steel bracket

Reinforced concrete foundation

Suspended acoustic ceiling with aluminium 
shadow line wall trim

Opening in wall 
made good

100mm x 50 mm Mild steel hollow section welded to 
mild steel clamp rust proofed and painted

152mm internal dia mild steel sleeve rust 
proofed and paintd clamped to steel column

vinyl floor finish on self leveling compound 
attached with manufacturers adhesive

Mild steel balustrade with stainless steel 
handrail bolted to glulam beam rust proofed 
and painted

68mm Rigid expanded polystyrene insulation

Removed structure

Removed str
uctu

re

Concrete ramp 
slope 1:12

110mm thick CLT arch shaped by manufacturer

Brick on edge arch

Aluminium ventilation cowl manufactured off 
site powdercoated bolted to brick walls

Mild steel plate flashing bent to shape 
powdercoated

Rigid foam filling to form 1:20 slope

The plight of the public
hospital

Site plan, Ground floor plan, Section A-A,
Isometric views, Detail 1, Detail 2

SUBJECT

01

SUBMISSION DATE

Ground Floor Plan

DRAWING NUMBER

Scale 1:1000
Site Plan

STUDENT NAME

CPD 810 Unit 3

SPECIFICATION

2023/09/07

PROJECT NAME

Isometric view of existing

Section A-A

Isometric view of removed structures Isometric view of new elements

Isometric view of completed adapted building Detail 2

Scale 1:200

Scale 1:100

Scale 1:20

Detail 1

Pierre Hugo
12039153

Scale 1:20

1:1000, 1:200, 1:20

DRAWING NAMES

P
R

O
G

R
E

S
S

 
S

K
E

T
C

H
E

S



Churkina, G 2020

D E S I G N  I T E R A T I O N :  S E C O N D

CLT roof structure

Addition construction system based on CLT construction methods Existing buildings and site layers

Adaptation in existing existing buildings New Additions

Existing tiled roof

New Glulam columns 
and beams

Existing roof trusses modified 
to open up ceiling space

Existing building facade partly 
demolished

New masonry addition 
spaces

1

1

2

2

3

3

Existing clay roof tiles re-used New steel sheeting roof covering

SAP Battens in 
original configuration

New rigid insulation New rigid insulation

Existing trusses 
incorporated in new structure

Existing trusses 
incorporated in new 
structure with cross truss

New SAP purlins between insu-
lation to support the roof sheeting

New CLT 
portal frame truss system

New CLT roof panel

New CLT 
Cross truss to 
support existing trusses

New CLT 
portal frame truss system

CLT and insulation closure 
assembly at wall plate height

CLT and insulation closure 
assembly at wall plate height

New battens and 
plasterboard ceiling

New battens and 
plasterboard ceiling

Steel insert to connect 
existing wall and new CLT truss

Steel insert to connect 
existing wall and new CLT truss

Steel footing connecting the por-
tal frame to outside ground

Slab layers added as required for 
finishes and leveling

Slab layers added as required for 
finishes and leveling

Exterior landscape elements of 
natural stone

Exterior landscape elements of 
natural stone



Re-used steel structures

Re-used steel structures

Steel shading roof

Steel shading roof

Prototype material hoist-
ing structure 

Prototype material hoisting 
structure 

Architectural prototype

Prototype services channels

Public seating

Public seating

Steam pipes and services

Steam pipes and services

Services intergration with prototype testing

D E S I G N  I T E R A T I O N :  S E C O N D



BUILDING PERFORMANCE ANALYSIS
NATURAL VENTILATION IN MEDICAL FACILITIES

Introduction

Ventilation in healthcare buildings has changed over time due to the realisation of the patient benefits and the advancement of technology that improved air conditioning feasibility. Artificial ventilation enabled architects to design larger spaces that are 
interconnected which are seldom connected to the outside. This advancement led to the current medical facility prioritising artificial ventilation over natural ventilation with rooms supplied solely with fresh and temperature-treated air. This prioritisation 
of artificial ventilation led to problematic climatic conditions in many spaces in healthcare buildings. Circulation, gathering and consultation areas often do not have adequate ventilation as the energy expenditure focus of artificial ventilation is used for 
areas such as wards and surgeries.

Natural ventilation for healthcare buildings was prioritised in the design of 19th-century hospitals. It was noted that natural air circulation and natural light decreased patient healing time and increased well-being while reducing communicable disease 
infections. These observations are backed by contemporary science which also highlights various advantages of natural ventilation such as energy efficiency, comfort, odour control, functional resilience, emergency preparedness and sustainable principles.

This investigation attempts to integrate natural ventilation into new architectural additions at the Tshwane District Hospital thus replacing and avoiding artificial ventilation for the project.

Context and existing building fabric

Standards and Status-quo

The existing radiology building is located on the Northern end of the Tshwane district 
hospital site. The building is oriented from North to South with longer facades facing 
East and West. The existing floor plan is divided with a central hallway with the only 
natural light being on the end of the hallway. The room windows are located on one 
side of all rooms limiting cross ventilation. No mechanical ventilation is present.

The methodology followed during the investigation focused on the schematic representation of the existing and new spaces within simulation software to 
determine the following metrics where possible:
•	 Air velocity ( between 1 and 2 M/s)
•	 LMA ( higher is better)
•	 ACE ( closest to 1 is better)
•	 Direction of air movement ( from clean to dirty)
•	 Distribution of heat (away from usage spaces)
The simulation software used is IES-VE with local weather files provided by IES.
The investigation steps were as follows:
1.	 Model the existing building and simulate to determine the existing state.
2.	 Model the first iteration of the additions and simulate to determine shortcomings.
3.	 Model the second iteration and simulate to confirm if the adjustments were sufficient and that the required ventilation levels were achieved.
The questions guiding the assessment for the iterations were obtained from the World Health Organisation guide to natural ventilation (2009: 8):
1.	 Does the system provide sufficient ventilation rate as required? 
2.	 Is the overall airflow direction in a building from clean to dirty zones (e.g. isolation rooms or areas of containment, such as a laboratory)?
3.	 How efficient is the system in delivering the outdoor air to each location in the room? 
4.	 How efficient is the system in removing the airborne pollutants from each location in the room?

The simulation of the existing building shows a clear lack of ventilation, cross ventilation and air exchange. This is due to the positioning and size of 
the windows, the lack of cross ventilation fenestration and a hallway that cannot be naturally ventilated. The Eastern facade of the building venti-
lates remarkably better due to the prevailing winds on site from the East.

The results indicate that any intervention would need to address the lack of ventilation in the existing building. 
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1. Model

3. Simulate
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4. Visualise

Yearly average wind direction on site

Airflow around doorwaysAirflow through windows

ACE Simulation Airflow Velocity Simulation

The South African standards for building ventilation are dictated by the SANS 10400 part-O regulations. The regulations specify detailed requirements for healthcare buildings. The additions to the building can be classified as examination rooms 
which require 12 air changes per hour (SANS, 2011: 18). Other requirements can be obtained through literature, the comfortable air velocity should be between 1 – 2m/s (Roghanchi, Kocsis & Sunkpal, 2016). The standards of air changes per hour 
do however not paint the complete picture of airflow through a room. Other methods such as “local mean age of air” (LMA) ( indicating the time air remains in position ) and “local air change effectiveness” ( indicating how well the air is flowing 
through the space) (ACE) provide much more detailed images of the movement of air through a room.

Combining these metrics provides us with the requirements of:  (12 air changes)/(60 minutes)  =1 air change every 5 minutes (LMA)
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The first iteration removes the interior ceiling while adding consultation rooms on the Eastern facade and a dialysis clinic on the Western facade. Preliminary window and door openings are added to enable testing.
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Good velocity through windows
Minimal air movement through windowsGood velocity through single window

Minimal air movement Minimal air movement Minimal air movement

Air movement tapering of in the spaceMinimal air movement

Acceptable ACE near windows

Air trapped against soffit

Air trapped against soffit

Air trapped in the space

Air trapped in the space

Air trapped in the space

Air trapped in the space

Air recycled through window

Air recycled through window

Air recycled through window

Air recycled through window

Insufficient air changes

Insufficient air changes

Insufficient air changes

Insufficient air changes

Sufficient recycling of air

Sufficient recycling of air

Acceptable ACE near windowsAcceptable ACE near windows

Insufficient ACE Insufficient ACE Insufficient ACE 

Stagnant air in angled soffit

Stagnant air in most of the hallway

Stagnant air in most of the space

Doors provide some ventilation

Slow moving air through room

Air moving through door



Simulation Results

Improvement Strategies
The three investigated spaces fall short of the required ventilation performance of medical facilities. The improvement of these spaces were done in accordance with the recommended natural ventilation strategies proposed by the World Health 
Organisation. While the strategies include natural and hybrid systems, only natural ventilation systems were employed in the iteration namely: Cross ventilation, wind towers and stack ventilation.  

The dialysis clinic can benefit from added cross ventilation and improved 
exterior surface area. A small courtyard is provided. To improve vertical 
air exchange, a clerestory is added to create a stack ventilation effect.

The hallway has problematic airflow throughout as there is only one 
Opening on the southern side. The verticality of the space suggests that a 
wind tower would be beneficial by improving vertical air circulation.

The consultation rooms have notable stagnant sections in the roof spaces. 
This can be remedied with clerestory windows that promote stack 
Ventilation

The highest point of the consultation room can benefit from stack 
Ventilation to ensure no stagnant air remains in the space.

Separating the spaces provides semi-courtyards which can improve cross 
ventilation and provide more surface area for openings.  

Initial observations of the two spaces tested indicates that the implementation of natural ventilation 
strategies performed less than ideal. The dialysis clinic remains under ventilated due to the position 
of the facade openings. Due to the prevailing wind direction, minimal input and thus through flow 
of air is seen. The depth and size of the space are also potential draw backs. 

The hallway similarly experiences insufficient airflow with the wind tower addition. It can be 
speculated that the ground level air input is not enough to create sufficient cross ventilation 
and vertical air movement. Due to the position of these spaces, hybrid solution will have to be 
investigated to achieve the desired ventilation metrics. Buried air supply pipes and fan assisted stack 
ventilation are possible solutions.

WHO recommended hybrid systems

The second iteration focuses on refining and improving the schematic design of the three mentioned spaces through various strategies.

Second Iteration

1
1

3
3

Dialysis Clinic

Dialysis Clinic

Hallway

Hallway

Observations

Consultation Rooms

2 2

North

Improved cross ventilation 

No perceptible ventilation improvement at ground level

No perceptible ventilation improvement at ground level

Heat removed through stack effect and wind tower with cooler air remaining at lower levels

Improved ventilation in the top of the space due to stack effect

Singular opening insufficient

Improved cross ventilation 

Improved ventilation with stack effect

Improved ventilation with stack effect

Insufficient central ventilation

Insufficient central ventilation

Insufficient ventilation in central areas



The iterations to the consultation rooms were remarkably more successful than the other rooms. Improved cross ventila-
tion and stack effect due to the courtyards, clerestory windows and wind towers ensures that the air changes in the space 
is well within the desired range.

The improvement of natural ventilation of a building is a complex undertaking that requires an in depth approach. The 
realisation that ventilation consists of more that “air changes per hour” results in complex solutions that combines strat-
egies according to the individual room requirements and spatial context. Further investigation into natural ventilation 
solutions are required for context with less than ideal conditions such as rooms that are not within the wind path or do 
not have exterior facing boundaries.  
Hobday, R.A. & Dancer, S.J. 2013. Roles of sunlight and natural ventilation for controlling infection: historical and current perspectives. Journal of Hospital Infection. 84(4):271–282. DOI: 
10.1016/j.jhin.2013.04.011.

Roghanchi, P., Kocsis, K.C. & Sunkpal, M. 2016. Sensitivity analysis of the effect of airflow velocity on the thermal comfort in underground mines. Journal of Sustainable Mining. 15(4):175–180. 
DOI: 10.1016/j.jsm.2017.03.005.

SANS. 2011. The application of the national building regulations. Part O, Lighting and ventilation. Pretoria: SABS Standards Division.

World Health Organization. 2009. Natural ventilation for infection control in health care settings. Available: https://iris.who.int/handle/10665/44167 [2023, October 19].

Consultation Rooms

Ventilation

ACE

LMA

Temperature

Rapid air movement through windows

Rapid air movement through windows

Ideal air change effectiveness in user spaces

Ideal fresh air supplied by window openings

Ideal fresh air supplied by window openings

Sufficient airflow allows for comfortable 
Temperature distribution

Ideal fresh air supplied by window openings

Ideal fresh air supplied by wind tower

Ideal fresh air supplied by wind tower Ideal fresh air supplied by clerestory windows

Rapid air changes in user areas

Rapid air changes in user areas Rapid air changes in user areas

Rapid air movement through windows

Rapid air movement through door

Rapid air movement through windows

Rapid air movement through clerestory windows

Rapid air movement through clerestory windows

Rapid air movement through wind tower

Rapid air movement through wind tower

Sufficient air movement through the room

Sufficient air movement through the room

Sufficient air movement through the room

Sufficient air movement through the room

Observations and Conclusion
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Building 1: Research and development.
Floor Plan

Scale 1:100

Material storage

Material Delivery

Work space

Courtyard

Kitchen

Pause are

Board Room

Design Space
Design Space

Design Space

CHW Office

Boardroom

Community engagement space
Toilet

Toilet

Shop

CHW Office



Building 4: Specialist Treatment
Ground Floor Plan

Building 4: Physio and Psycological careScale 1:100 Scale 1:100

Dyalisis clinic

Dyalisis clinic

Consultation room

Consultation room

Store

Store

Wash room

Toilets

Toilets Lift Community hall
Admin

Waiting Area

Prototype Space
Psychologist
Consultation

Psychologist
Consultation

Psychologist
Consultation

Physio

Store

Toilets

Toilets

Store

Physio

Consultation room



Section A-A

Section B-B

Scale 1: 100

Scale 1: 200
Building 1: R&D

Workshop Pause area Office Courtyard with wind tower Open Circulation Public canteen Shop

Event SpaceBuilding 2: Medical Care Pharmacy Residince Bridge Excercise spaceBuilding 4: Specialist Medical Care



Section C-C Scale 1: 20

Physio TherapyHallway and Waiting areaPsychologist

100mm Thick CLT 
balustrade and hand-
rail installed in sec-
tions bolted to steel 
brackets chemically 
anchored to existing 
structure.

143 mm thick CLT 
structural aassembly 
bolted to walls and 
floor with steel 
brackets. Assembled 
with hidden 
connection plates. 

Positive and negative 
pressure zones 
increases passive 
ventilation through 
louvres

CLT assembly roof with 
translucent sheeting as 
sylights. Sheeting overlaps 
sides and is waterproofed. 
Bent steel end flashings 
with waterproof 
membrane on both ends. 
Aluminium Louvres 
screwed to extention 
timber piece.

Existing roof tiles re-used on 38x70 
SAP battens srecwed to 100 mm 
thick CLT roof panel with water 
proof membrane between elements 
with  80 mm expanded polistyrene 
insulation screwed to underside of 
CLT panel. Assembly supported by 
Glulam beam.

SAP sub structure 
to hold plaster 
board

SAP sub structure to hold 
plaster board

CLT timber filler piece CLT composite Roof. 143mm 
Saligna CLT board screwed to walls with 80mm rigid 
expanded polystyrene insulation board with SAP bat-
tens screwed to CLT board to hold steel sheeting with 
water proofing membrane.

CLT composite wall. 143mm 
Saligna CLT board screwed to 
floor and roof with 80mm rigid 
expanded polystyrene 
insulation board with SAP battens 
screwed to CLT board to hold steel 
sheeting with water proofing 
membrane.

Metal composite end flashing 
with overlap top and bottom 
with angled drip on bottom. 
Waterproofing membrane to 
run from top to bottom and 
sealed at top. 

Reinfirced concrete retaining wall 
with compacted soil backfill and 
permeable geopipe filtration. Wall 
water proofed on soil side with re-
inforced waterproofing membrane.

85mm Concrete paving slab on 
compacted soil. Slope to run to 
grassed ares.

Natural stone wall embedded in 
mortal against reinforced concrete 
retianing wall with timber bench 
screwed to steel bracket embedded 
in stone wall with rond steel bars.

Galvanised steel services 
column cast into reinforced 
concrete.

Walkway Specialist consultation room: Cardiologist

Exterior Physio Space



Building 2: Reception & Services Scale 1:100

Toilet and change

Toilet and change

Boiler Room

Reception

Prototype Space



Building 3: Primary and Secondary Medical Care Scale 1:100

Rapid Testing

Prototype
SpaceScreeningClassroom

Toilet

Toilet

Lab

Staff Kitchen

CHW Training

CHW Training

CHW Training

Store

Office
Doctors

Consultation

Doctors
Consultation

Doctors
Consultation

Doctors
Consultation

Breakout
Spaces

Waiting Area

Reception






