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If you spot a Narina Trogon, consider yourself among a fortunate few. 
It’s one of Africa’s most elusive birds – a rare breed indeed. 

Like graduate professionals. Which is why PPS, with our rare insight into the graduate 
professional world, acknowledges and rewards the achievement of being one. 

As a PPS member, you benefit not only from financial services exclusively available 
to graduate professionals, but also from our unique PPS Profit-Share Account. 

Rare achievements deserve reward. Contact your PPS-accredited financial adviser  
or visit pps.co.za to see if you qualify.

RARE IS REWARDING

Members with qualifying products share all the profits of PPS 
PPS offers financial solutions to select graduate professionals with a 4-year degree. PPS is an authorised Financial Services Provider 
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C O D E  O F  E T H I C S

Code of Ethics for SAICE Members

ETHICAL VALUES
Members must:

 ■ discharge their professional responsibilities with integrity and 

not undertake work in areas in which they are not competent 

to perform;

 ■ protect life and the environment and safeguard people;

 ■ manage the Earth’s resources in a sustainable manner by mini-

mising the adverse environmental impacts of their civil engineering 

works and technologies for both present and future generations;

 ■ where possible, promote socio-economic development through their 

engineering works or application of technology that leads to a higher 

quality of life for the current generation, without compromising future 

generations;

 ■ endeavor to deliver cost-effective solutions in a manner consistent 

with safety and other aspects of public interest;

 ■ actively contribute to the well-being of society and, when involved 

in any civil engineering project or application of technology, where 

appropriate, recognise the need to identify, inform and consult af-

fected parties;

 ■ not agree to or comply with any instructions requiring dishonest ac-

tion or the disregard of established norms of safety or levels of risk 

in design and construction;

 ■ continue the development of their own and the profession’s knowl-

edge, skill and expertise in the art and science of civil engineering 

and technology, and share and exchange advances for the benefi t 

of society;

 ■ understand and comply with the laws of the communities within 

which they practise and with international law; and

 ■ continuously seek to promote and support the concept of creating 

value to society as a whole.

GUIDELINES
Members should:

 ■ act with integrity and fairness;
 ■ have regard for the public interest and for the interests of all those 

affected by their professional activities;

 ■ maintain and broaden their competence, and assist others to do so;

 ■ exercise appropriate skill and judgement;

 ■ avoid confl ict of interests;

 ■ adopt a balanced, disciplined and comprehensive approach to 

problem solving;

 ■ apply skill, judgement and initiative to contribute positively to the 

well-being of society;

 ■ ensure that systematic reviews are undertaken of all aspects of a 

project that impact upon the environment, including the justifi cation 

for the need of the project and economic, social and political factors 

in order to minimise any adverse effects;

 ■ treat people with dignity and have consideration for the values and 

cultural sensitivities of all groups within the community who could 

be affected by their work; 

 ■ endeavour to be fully informed about relevant public bodies, com-

munity needs and perceptions, which may affect their work;

 ■ not allow the serving of a client’s or community’s needs to take 

precedence over the needs of the wider society;

 ■ take reasonable steps to minimise the risk of the loss of life, injury 

or suffering which may result from their work or the effects of their 

work, and to point out the level and signifi cance of risk associated 

with their work to those affected;

 ■ ensure, where engineering decisions, recommendations or opinions 

are ignored or rejected, that those affected are made aware of the 

possible consequences;

 ■ accept personal responsibility for work done by or under their 

supervision or direction, and take reasonable steps to ensure that 

anyone working under their authority is both competent to carry out 

the assigned tasks and likewise accepts personal responsibility;

 ■ not misrepresent their areas or levels of experience and responsibility;

 ■ be committed to the effi cient use of resources;

 ■ minimise the generation of waste, and encourage environmentally 

sound re-use, recycling and disposal;

 ■ seek and encourage excellence in their own and others’ practice of 

the art and science of civil engineering and technology;

 ■ contribute to the collective wisdom of the profession and the art of 

civil engineering and technology in which they practise;

 ■ seek solutions that are compatible with the principles of sustainable 

development, particularly those that relate to social development 

and poverty relief;

 ■ take reasonable care to ensure the quality, safety and sustainability 

of the work entrusted to them;

 ■ report any situation concerning the safety of the public or the deg-

radation of the environment, that they become aware of and that is 

considered to be an unreasonable risk, to the appropriate organisa-

tion or authority;

 ■ expose unprofessional or dishonest conduct through the appro-

priate channels; and 

 ■ reject any principle, proposal, action or thing which may prejudice 

independent and impartial judgement.

Civil Engineering is the application of science and technology in the control and use of forces and materials of nature, for the 
progressive benefi t of all the peoples on planet Earth. Construction is an essential human activity that rivals few in its consumption 
of resources and its potential to harm the Earth. Many decisions have environmental and ecological consequences, which may not 

immediately affect any of the primary actors in a project, but which still require wise ethical judgement. Codes of conduct established 
by the Built Environment Councils regulate the behaviour of professionals. They do not inculcate a value system within which choices 

between rival goods or ills can be made. A code of ethics is therefore required to provide a framework within which decisions between 
alternative courses of action can be made.

This is an abridged version; for the full Code of Ethics please visit SAICE’s website.
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  Construction of the Mafenya Reservoir northwest of Rustenburg – the purpose-made wall formwork 

kit from Doka was delivered on site; the photo shows the commencement of the erection process
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O N  T H E  C O V E R

OVERVIEW
Th e impressive Mafenya Reservoir, which forms part of the 

Mafenya pipeline, is nearing completion and will soon be sup-

plying water to the Maseve Mine and its surrounding communi-

ties, situated approximately 35 km northwest of Rustenburg in 

the North West Province. Th e project was awarded in July 2015, 

and construction of the reservoir started in September 2015.

The R101 million project (a collaboration between PGM, 

Wesizwe Platinum and Magalies Water) entailed the con-

struction of a post-tensioned, 50 Mℓ reservoir, designed as 

an eight-buttress post-tensioned tank which has an internal 

diameter of 68 m and a wall height of 15 m, with 36 precast 

columns supporting precast roof panels. The hybrid construc-

tion method (precast elements and in-situ concrete) facilitated 

the speed and quality of construction towards the efficient 

delivery of water infrastructure.

Th e design engineers and project managers are MWB 

Consulting Engineers and DRA respectively.

CHALLENGES AND UNIQUE FEATURES
At 15 m this reservoir is one of the highest in the country. 

Reservoirs are usually designed to be wider and shorter to better 

distribute the pressure of the water. Th is unusual design, which 

will cause a signifi cant downward pressure on the fl oor of the 

reservoir when full, was necessitated by the very limited space 

available (the structural footprint is only 69.4 m in diameter). 

Th e simultaneous in-situ construction of the walls, fl oor 

and hollow-core precast roof was particularly challenging, given 

the tight construction schedule and the space constraints at the 

various work fronts, which required careful site team scheduling. 

Despite the challenges, this parallel construction methodology re-

sulted in a shortened construction period and a reduction in costs.

Unique to the design is a 5 Mℓ internal reservoir, which al-

lows full access to the reservoir to conduct maintenance without 

inducing any ‘down time’. 

Exceptional, consistent concrete strengths and quality were 

achieved through on-site batching, making use of local aggregate 

and sand with a CEMII Lafarge cement. Th is concrete was used 

to construct the reservoir fl oor and walls.

CONSTRUCTION PROCEDURE
Work on the reservoir was split into four quadrants to ac-

commodate the tower crane, positioned in the centre of the 

structure. The crane has been used to lift formwork, and to 

facilitate with concrete pours and steel work. The walls of the 

first three quadrants were built ready to receive the precast 

roof, while the fourth segment will remain open until the roof 

has been placed on the other three. Then the foundation will 

be laid on the last quadrant, which will place the project at 

the 75% completion mark. The closing of the last quadrant is 

expected to take approximately four months, reaching the 95% 

completion mark, whereafter the crane will be removed and 

M&D Construction M&D Construction 
rises to the occasion rises to the occasion 
Aerial view of the Mafenya Reservoir showing the restricted construction space 
on site; the mine and the community it will serve are visible in the background



the centre of the roof closed.

Introducing a precast reservoir roof, designed by Corestruc, 

reduced the construction time by seven to eight months.

UPDATE ON PROGRESS
Th e past few months were the most exciting, as the off -site and 

on-site work began to merge, resulting in rapid progress and a 

fast-changing landscape. Th e installation of the precast columns, 

beams and roof panels commenced as the construction of the 

external wall, the internal wall and the fl oor slabs was nearing 

completion. At the same time the post-tensioning team started 

their strand installation, to be ready for tensioning as soon as 

the last external wall panel has been completed and the required 

30 MPa strength has been reached. Th e bandage and joint-

sealing teams have also been busy with their preparation work, 

and have in fact already started with the sealing of the joints. 

Before the reservoir can be fi lled with water the following 

tasks are nearing completion:

 ■ Th e tower crane has been removed and the fi nal roof panels 

are being installed.

 ■ Th e tensioning of the tank and completion of the buttresses 

were completed at the end of September.

 ■ Th e waterproofi ng of the roof is in progress.

 ■ Th e waterproofi ng on the inside has been completed, and the 

ladders and covers have been installed.

 ■ Th e fi nishing of the works is currently in progress.

 ■ Once the water-tightness test has been passed, the tank will be 

fi lled with water, and then disinfected and tested.

 INFO

Rukesh Raghubir

Chief Executive Offi cer

M&D Construction Group

011 463 1962

rukesh.r@mdconstruction.co.za

www.mdconstruction.co.za

MURRAY AND DICKSON CONSTRUCTION 
M&D Construction was established in 1983 as a purely building 
construction fi rm. The company has grown over the years to include 
many other construction and infrastructure-related disciplines, and 
now offers its clients a wide range of construction services:

 ■ General building construction
 ■ Civil engineering construction
 ■ Pipe laying in the water, fuel and gas industries
 ■ Earthworks and road construction
 ■ Construction plant hire

The company is committed to delivering quality workmanship 
through pride and teamwork, producing customer satisfaction in 
a safe working environment.

M&D Construction is a Level 2 Black-owned B-BBEE 
company with CIDB ratings of 9GB PE, 9CE PE and 
6ME PE. The company has offi ces in six provinces 
(Gauteng, KZN, Western Cape, Eastern Cape, Northern 
Cape, Limpopo and North West Province), with a total staff 
complement of approximately 1 000 permanent employees 
on-site and in head offi ce.

The precast reservoir roof nearing completion, with the last quadrant of the 
reservoir wall in the process of being closed once the last roof panel has been laid

6 October 2016 Civil Engineering
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U R B A N  A N D  R U R A L  E N G I N E E R I N G

INTRODUCTION
Th e sustainable supply of water to the 

residents of Richards Bay and environ-

ment from local available resources had, 

until recently, been manageable from a 

single, primary source – Lake Mzingazi. 

Mhlathuze Water, having been ap-

pointed to supply potable process water to 

Mondi Kraft Paper Mill in the early 1980s, 

operates the Nsezi Water Treatment Plant 

(WTP), which obtains raw water from 

the Mhlathuze River catchment down-

stream of the Goedertrouw Dam. In 1989, 

Mhlathuze Water installed additional po-

table water supply pumps in the existing 

pump house to provide an emergency 

supply to the City of uMhlathuze on an 

ad hoc basis.

Population growth, as well as de-

creased yields in the Mzingazi catchment 

over the last couple of years, has seen the 

emergency scheme augmenting the supply 

on a more consistent basis, such that the 

once emergency scheme now permanently 

supplies drinking water to Richards Bay 

via the municipal Mandlazini Reservoirs, 

and to parts of Nseleni. 

Mhlathuze Water undertook the 

construction of a new, dedicated pump 

station for the City of uMhlathuze, within 

the Nsezi WTP precinct, in order to meet 

the current and future demands. AECOM 

was contracted to undertake the design, 

preparation of tender documentation, 

project management and construction 

monitoring for the new pump station, 

as well as refurbishments of the existing 

800 mm steel rising main.

DESIGN BASIS
Th e pump station has been designed to 

provide a peak demand of 60 Mℓ/d, based 

on a 22-hour operation period in a one-

duty-one standby pump confi guration. 

Additional space for expansion was al-

lowed for in order to install a third pump 

for a two-duty-one standby pump confi g-

uration. Th e additional pump, in combi-

nation with the upgrading of a section of 

the rising main, will yield 100 Mℓ/d. Th e 

pumps are housed in a new building con-

structed near the existing 6 Mℓ potable 

water balancing reservoir. Th e new pump 

station ties into the existing 800 mm 

diameter steel rising main from the Nsezi 

WTP to the Richards Bay 800 mm diam-

eter asbestos cement ring main.

CIVIL AND BUILDING DESIGN
The existing 6 Mℓ potable water bal-

ancing reservoir, where the suction 

chamber is attached, is a reinforced 

concrete, rectangular, raked wall struc-

ture which is buried below ground. 

The depth of the reservoir is 4 m. The 

use of the existing 1 200 mm diameter 

outlet structure and suction manifold to 

supply both the new and existing pump 

stations would have exceeded best prac-

tice guidelines on pump intake design. 

Thus, a new concrete outlet chamber 

has been constructed. 

Nsezi Pump Station –

City of uMhlathuze 

Mhlathuze Water undertook 

the construction of a new, 

dedicated pump station for 

the City of uMhlathuze, within 

the Nsezi WTP precinct, in 

order to meet the current 

and future demands. AECOM 

was contracted to undertake 

the design, preparation 

of tender documentation, 

project management and 

construction monitoring for the 

new pump station, as well as 

refurbishments of the existing 

800 mm steel rising main.
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Th e initial design of the suction 

pipework was for a 1 000 mm diameter. 

However, Mhlathuze Water had replaced 

1 200 mm diameter pipe with 1 500 mm 

diameter pipe at the treatment plant inlet, 

and enquired if the 1 200 mm diameter 

pipe could be utilised on the project, as 

it appeared to be in good condition. Th e 

necessary lengths of 1 200 mm diameter 

suction pipe were therefore recovered, and 

the material tested to confi rm the condi-

tion of the substrate before it was recoated. 

To ensure that suffi  cient submergence 

would be achieved, the suction inlet 

pipe was installed 2 m below the fl oor of 

the reservoir. To further economise on 

the design of the building, the pipe was 

inclined between the reservoir and the 

pump station in such a way that the con-

crete fl oor of the pump station was able 

to be constructed above the invert level 

of the suction bell mouth, while main-

taining fl ooded suction to the pumps. Th e 

construction of the outlet chamber was 

challenging, as only one reservoir shut-

down was allowed to complete the tie-in. 

Th e balance of the civil works had to be 

executed while the reservoir was live.

Th e excavation of the coastal, sandy 

loam was limited to a maximum of 6 m 

in depth. Th is work was undertaken 

during the dry winter months of 2014. 

However, as groundwater was apparent 

in the works, temporary groundwater 

cut-off  sumps were constructed to allow 

for construction of the layer works. Once 

the permanent drainage sump and under-

fl oor drainage network were installed, no 

further problems with groundwater were 

experienced, and the concrete works com-

menced (Figure 1).

Th e below-ground structure for the 

pump well comprises a reinforced con-

crete slab and raked wall panels spanning 

approximately 6 m between columns, 

with buttresses. Above ground level, the 

constructed works consist of concrete 

columns with cavity brick infi ll walls and 

horizontal concrete beams for the crane 

and the roof. Th e roof is a steel rafter de-

sign with a pitch of 3o, and metal sheeting 

spanning over a 15.5 m wide opening. 

Each rafter is supported via a haunch 

bolted to the concrete roof beam. 

Th e electrical equipment is housed 

in a building adjoining the pump well 

(Figure 2). Adjacent to the pump well is 

a loading bay garage. Th e loading bay al-

lows equipment to be lifted from a truck 

bed directly into the pump well, using the 

motorised workshop crane. 

On the opposite side of the pump well 

to the electrical rooms, there is a chamber 

for the surge vessel.

Th ree chambers have been con-

structed on the delivery side of the pump 

well, namely the air valve chamber with 

a concrete-based footing and precast 

concrete rings, a reinforced concrete cast 

in-situ fl ow meter chamber, and a tie-in 

chamber to the existing 800 mm pipeline.

MECHANICAL AND ELECTRICAL 
INSTALLATION
Horizontal double-suction split casing 

pumps were chosen as the most effi  cient 

and cost-eff ective pump for the duty point 

of 2 728 m3/h, delivering a head of 67 m. 

Th e pumps are ultimately intended to be 

automated and run solely on PLC opera-

tion. Currently, the pump operation is 

selected manually via the PLC. 

Each pump line consists of a suction 

isolation valve, suction fl ow and pressure 

switches, split casing pump, delivery pres-

sure switch, spherical ball valve (control 

valve) and a delivery isolation valve. A fl ow 

meter has been installed on the delivery 

manifold before connection into the 

existing 800 mm rising main. Provision 

of a tee piece has been made for a future 

900 mm duplicate rising main. See Figure 3. 

A pump control valve has been in-

stalled on each pump line. Control valves 

were installed to provide a means by 

which to mitigate surge pressures gener-

Figure 1: Excavation for the pump station foundations in progress

Figure 2: The pump station façade, south-eastern elevation 
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ated during pump start-up and shutdown, 

thereby reducing the exposure of the 

fragile asbestos cement ring main to 

regular surge events. Hydraulically actu-

ated spherical ball valves were chosen to 

fulfi l this function. Th ese valves have a 

signifi cantly higher capital cost than other 

types of control valves, but this is off set by 

the long-term benefi t of reducing the en-

ergy usage of the pump station due to the 

minimal head loss across the valve. Th e 

valve has further advantages in superior 

hydraulic characteristics for throttling 

applications, superior resistance to cavita-

tion, and long-term durability. Th e valve 

was equipped with a non-return function 

by means of a quick-release hydraulic 

circuit, which allows rapid closure within 

fi ve seconds in the event of power failure 

or emergency stop.

To save on amperage draw, soft 

starters were selected for the pump 

starter method. An additional advantage 

of the starter is that it provides up to 60 

seconds of PLC monitoring of conditions 

such as suction pressure and whether 

isolation valves are open, before allowing 

the spherical ball valve to open and supply 

water into the rising main system. Should 

a fault condition be registered during this 

period, the system will shut down and 

await resolution by the operator. 

As the rising main was constructed 

more than 25 years ago, external investi-

gations on the pipeline were conducted. 

At the time of design it was not feasible 

to obtain a shutdown of the pipeline to 

undertake an internal inspection. Internal 

inspections (CCTV-recorded footage), 

carried out during refurbishments shut-

down of the rising main, proved that the 

line was in relatively good condition. 

Th e refurbishment included the repair of 

stubs, the installation of new pipe sections 

for certain chambers, and the replacement 

of air valves and line isolation valves. 

Parts of the older Richards Bay asbestos 

cement ring main were investigated and 

refurbished. See Figure 4.

Th e control philosophy and surge 

protection at the pump station were ap-

proached with caution to avoid subjecting 

the network to harmful surge pressures 

which may jeopardise the supply of water 

to the Municipality (including several 

large industrial consumers).

An extensive transient analysis of the 

network was conducted to identify the 

risks that the operation of the new pump 

station may pose to the existing system, 

and to develop surge alleviation strategies 

to mitigate the adverse eff ects of such. Th e 

analysis also investigated the infl uence 

of other pumped sources and pumped 

off -takes. Th e transient analysis identifi ed 

signifi cant potential for over-pressure in 

the Richards Bay ring main, particularly 

during pump trip scenarios. See Figure 5. 

Several options were considered to 

mitigate these risks:

 ■ Pump control valves. Th ese were 

considered to be the most suitable surge 

alleviation method by throttling the 

control valve at start-up and shutdown 

events.

 ■ Variable Speed Drives (VSDs). Th e 

pump station footprint would be larger 

for VSD compared to a soft starter, and 

equipment costs would be slightly more 

than that for a soft starter. VSD was not 

necessary for supplying into the rising 
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main – the variance in head, which is 

dependent on the operating reservoir 

levels, is not suffi  ciently signifi cant to 

warrant using a VSD. Furthermore, the 

electronic soft starters provide both 

soft-start and soft-stop functions.

 ■ Th e installation of an in-line check 

valve at the tie-in point to the ring 

main. Th is method was considered 

to be eff ective at protecting the rising 

main from returning positive surge 

pressures. However, it off ered no pro-

tection to the more vulnerable AC ring 

main.

 ■ Hydro-pneumatic tank (bladder-

type pressure vessel) and the use of 

vacuum breaking air valves.

While the use of pump control valves in 

conjunction with soft starters provides 

surge alleviation to the system at start-up 

and shutdown, the installation provides 

no protection during pump trips caused 

by power failure or emergency stops. Air 

valves and vacuum breakers are com-

monly used in rising mains throughout 

South Africa to address this. However, 

despite the best eff orts of both Mhlathuze 

Water and the Municipality, the system is 

subject to frequent theft and vandalism, 

particularly the theft of air valves. It was 

therefore decided to install a bladder-type 

pressure vessel at the pump station to al-

leviate surge events at its source.

Th e bladder-type pressure vessel 

stores energy in the form of compressed 

air, separated by a bladder. When a pump 

suddenly loses power, the vessel will rap-

idly admit water into the delivery mani-

fold, thereby alleviating the magnitude 

of the generated negative surge pressure. 

Similarly, it dampens excess positive 

surge pressures by further compressing 

the air in the vessel. A 35 m3 vessel was 

selected to provide eff ective protection 

from anticipated future system transients. 

Th e vessel was also an eff ective means 

of alleviating surge pressures at off -takes 

in the ring main system, where booster 

pumps are utilised. Th e pressure vessel 

has been installed adjacent to the pump 

station building with a connection to the 

delivery manifold inside the pump-well. 

See Figure 6.

PROJECT STATUS
The project was fast-tracked to tender 

in October 2013, using the FIDIC 

Yellow Book Contract. Two tenders 

were issued, the first for the civil and 

structural works, and the second for the 

Figure 3: Pump well mechanical installation

Figure 4: Inside the 800 mm rising main

Figure 5: Elevation pressure profile without mitigation
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mechanical and electrical works. These 

were then combined under the civil and 

structural contract, with construction 

work commencing in February 2014. 

The civil and structural contract was 

awarded to Afrostructures, and the 

mechanical and electrical contract to 

Klomac Fluid Engineering. 

The excavations and major concrete 

works for the building were completed 

between March 2014 and December 

2014. The brickwork was mostly com-

pleted by February 2015, and the crane 

installed in March 2015.

In August 2014, the pumps per-

formance test was witnessed in the 

Grundfos Factory in Wuxi, China. Th e 

pressure vessel factory test was wit-

nessed in January 2015 in Migennes, 

France. Th e spherical ball valve was 

factory-tested in February 2015 in 

Shanghai, China. Figure 7 refers. 

Th e installation of the mechanical 

equipment began with the commissioning 

of the crane in March, and the installation 

of the actual electrical equipment com-

menced in the same month.

Th e next challenge was to complete 

the tie-ins and refurbishments. A major 

shutdown of the Nsezi WTP is a rare 

occurrence and coincides with Mondi 

shutdowns. It was determined that the 

shutdown for completion of the tie-in 

of the pump station to the rising main 

would be conducted at the same time. 

Th e shutdown of the 800 mm rising main 

required nonstop action from mid-after-

noon 14 March 2015 to mid-morning 16 

March 2015. 

Th e shutdown work included 

scouring, cutting of existing 600 mm 

and 800 mm diameter steel pipes and 

welding new pieces in, placement of 

T: +27 21 900 4400

F: +27 21 900 4468

E: info@muchasphalt.com

www.muchasphalt.com
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OUR PEOPLE

Figure 6: Elevation pressure profile with pressure vessel
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valves, application of corrosion protection 

with quick-dry epoxy paint and bolt-up 

for return to service. To be able to achieve 

the tight time frames, Klomac had up 

to six teams of pipe fi tters, welders and 

labourers, each with a full set of tools, 

lighting and generators to complete work 

in as many as 16 diff erent chambers 

spread over 7 km of pipeline. 

Th e shutdown was a logistical night-

mare. However, with dedicated planning 

and risk analysis prior to the shutdown 

the teams progressed well. Th ere was 

over 100 people representing Mhlathuze 

Water, AECOM and the various contrac-

tors working over the course of the shut-

down, and no injuries were reported. Th e 

Mandlazini Reservoir levels were topped 

up before commencing the shutdown, and 

the rising main was returned to service 

before water in the reservoir had reached 

critical levels, so that the residents of 

Richards Bay were not aff ected. 

Following a few teething problems, 

the pump station was brought online on 

27 July 2015 to supply water to the City of 

uMhlathuze for the fi rst time. Th e pumps 

were operated for a trial period to allow 

the bearings to be run in, and for possible 

irregularities, such as trips from equip-

ment and other snags, to be resolved. Th e 

site performance test and the handover 

of the pump station to Mhlathuze Water 

were successfully completed.

A condition of the award of the con-

tract was that Afrostructures and Klomac 

had to adhere to a total of 65.9% black-

owned content on the net contract ex-

penditure, as well as perform mentoring 

and training on the project. Th is was 

monitored on a monthly basis at progress 

meetings. Th e eventual 72.4% contract 

expenditure to black-owned enterprise 

was therefore an excellent achievement.

CONCLUSION 
Th e project team is to be commended on 

the success of the project. Th e future of 

water supply to Richards Bay, whilst relying 

on adequate rainfall, has been ensured for 

years to come by the fl agship pump station 

constructed for Mhlathuze Water on behalf 

of the City of uMhlathuze. 

Figure 7: Pressure vessel hydro-testing in France

Figure 8: Welding in-situ at the delivery tie-in chamber
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ACCORDING TO EDNICK MSWELI, Head of eTh ekwini Water 

and Sanitation (EWS), the Western Aqueduct (WA) will have a 

signifi cant impact on the future development of the eTh ekwini 

region. “With unemployment at record highs and a need to fast-

track the establishment of industry that will grow the regional 

economy and create jobs, the provision of good water infrastruc-

ture has never been more important.” 

The WA, which has been divided into two phases, will 

bring water into Durban from the Midmar Dam and the 

recently constructed Spring Grove Dam. It will significantly 

strengthen the current capacity of bulk water supply, and 

should meet the needs of the greater eThekwini region for the 

next 30 years.

Th e fi rst phase of the WA, which measures 20 km and stretches 

from the Umlaas Road Reservoir to Inchanga, was commissioned 

at the end of 2012. Th e R1.8 billion second phase of the Western 

Aqueduct, which continues from Inchanga to Ntuzuma, is making 

steady progress and is expected to be commissioned in 2017. 

Martin Bright, Project Manager for the second phase, ex-

plains that the massive second phase has been divided into a 

number of related contracts. 

Th e fi rst two contracts, comprising a 14 km stretch of pipe-

line from Inchanga to Alverstone Station and then on to Ashley 

Drive in Hillcrest, were completed by Cycad Construction and 

WK Construction respectively, successfully meeting stringent 

quality standards. Both these contractors have already moved off  

site. As a result of the current severe drought, rehabilitation of 

the areas where the pipeline had been laid, was delayed, but was 

completed under diffi  cult circumstances.

Work on the 25 km stretch of the pipeline from Ashley 

Drive to Ntuzuma, which is being carried out by Esor 

Construction, is progressing well and is on schedule for 

completion in September 2017. A seven km branch line to 

Tshelimnyama is also being carried out by Esor Construction 

and is on track for completion during the first quarter of 2017. 

This pipeline runs along Haygarth Road and under the N3 to 

Durban’s largest-ever bulk water pipeline, the Western Aqueduct, is making steady progress and 
reaching important milestones. 

Construction of the
Western Aqueduct on track

Construction under way on the Ashley Drive Break Pressure Tank
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the water reservoir in Tshelimnyama and will alleviate water 

shortages in this area. 

Th e large Ashley Drive Break Pressure Tank, designed by the 

Western Aqueduct Consultants Joint Venture, was completed by 

ICON Construction. Th is 20-million-litre break pressure tank 

won the South African Institution of Civil Engineering’s regional 

Durban Branch Award for Technical Excellence in June this year. 

Th is project showcased civil engineering leadership and manage-

ment skills, and technical competence in bringing together a 

team of specialists in the disciplines of civil, structural, hydraulic, 

geotechnical, roadwork, mechanical, electrical, electronic and tel-

ecommunications engineering, as well as other related fi elds such 

as environmental, heritage, security and planning. 

A second reservoir, known as the Wyebank Break Pressure 

Tank, is also well on its way to completion during the third 

quarter of 2017, and is being constructed by ICON Construction. 

Msweli is grateful to eTh ekwini residents for their patience, 

both during the construction of the completed sections of the 

pipeline and during on-going construction. He explains that road 

surfaces will remain unsurfaced at fi rst, but once suffi  ciently long 

stretches of road have been completed, these will be resurfaced. 

“We urge residents to continue remaining patient as this mam-

moth project draws to an end. It is extremely complex and often 

requires us to work on a number of diff erent segments of the 

pipeline at the same time. We also have to coordinate our opera-

tions with those of other service providers who often need to 

relocate services such as electricity and fi bre optic cables.”

Th e Western Aqueduct project was designed and construc-

tion is being monitored by the Western Aqueduct Joint Venture 

Consultants comprising Knight Piésold Consulting, Naidu 

Consulting and Royal HaskoningDHV. 

The Western Aqueduct pipeline crossing the Umgeni River through the Umgeni 
Valley; note that rehabilitation of the environment was still due at this stage

The Wyebank Break Pressure Tank under construction

The completed, award-winning Ashely Drive Break Pressure Tank
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INTRODUCTION
South Africa is a semi-arid country with 

average annual rainfall of between 500–

600 mm, and is therefore regarded to be 

the 30th most water-scarce country in the 

world. Th e ongoing drought being expe-

rienced all over the country emphasises 

the need to manage our nation’s fresh-

water resources with greater care, and to 

explore other sources of water to meet/

augment diff erent water requirements. 

Water reuse is a viable water option that 

many communities can benefi t from, es-

pecially if they generate signifi cant quan-

tities of effl  uent. In these communities, 

reuse may be indirect potable reuse (IPR, 

i.e. discharging treated effl  uent into an 

environmental buff er prior to extraction 

by a downstream drinking-water treat-

ment plant), direct potable reuse (DPR, 

i.e. advanced treatment of treated effl  uent 

for potable water purposes without prior 

discharge into the environment), or 

non-potable reuse (NPR, i.e. untreated 

or treated effl  uent for non-potable water 

requirements). 

In South Africa today, IPR (also called 

de facto reuse) is mostly unplanned 

and takes place in many water catch-

ments. NPR has been implemented in 

many communities/sites, e.g. landscape 

irrigation, and diverse industrial water 

requirements at the City of Cape Town; 

landscape irrigation and toilet fl ushing at 

the Lynedoch Eco-Village, Western Cape; 

toilet fl ushing at the School of Civil and 

Environmental Engineering, University of 

the Witwatersrand, and at Student Town, 

University of Johannesburg; paper pro-

duction at MONDI Paper in eTh ekwini; 

and groundwater recharge at Atlantis, 

Western Cape. DPR has been imple-

mented in Beaufort West. 

An assessment of the feasibility of 

water reuse within any community is crit-

ical prior to making a decision regarding 

its implementation. Th is is because reuse 

involves several aspects (i.e. technical, 

social, institutional, regulatory, economic 

and environmental) which may diff er 

temporarily and spatially. Th is article 

assesses, using perceptions of residents, 

water balances and analysis of costs, and 

the feasibility of direct potable and non-

potable water reuse at Hartbeesfontein in 

the North West Province.

HARTBEESFONTEIN, CITY OF 
MATLOSANA
Hartbeesfontein is a settlement near 

Klerksdorp, within the City of Matlosana, 

North West Province (see Figure 1). 

Hartbeesfontein was chosen for this study 

because it is a delineated community where 

water and sanitation infrastructure is 
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Figure 1: Map of Hartbeesfontein within the North West Province of South Africa
(Source: Google Maps)
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provided; its wastewater treatment plant is 

in proximity to potential water reuses; the 

number of residents of the settlement could 

be reliably determined and a representative 

of this number, sampled; and at least one 

year of daily water consumption and waste-

water quantities could be estimated.

PERCEPTIONS OF THE COMMUNITY 
ABOUT WASTEWATER REUSE
Public acceptance has been proven world-

wide to be a key factor in the successful im-

plementation of water reuse (Marks 2006). 

Th erefore, in order to assess perceptions 

(and intention) within the Hartbeesfontein 

community regarding DPR and NPR, a 

robust questionnaire was developed and 

administered to 178 respondents. Th e fol-

lowing constructs measured respondents’ 

perceptions and intention to accept DPR 

and NPR applications: attitudes, subjec-

tive norms, perceived behavioural control, 

knowledge and trust. Figure 2 shows inten-

tion to reuse treated wastewater for non-

potable (72% to 79%) and potable (58% to 

69%) water requirements and a clear pref-

erence for the former. Th ese options are 

further compared in the sections below 

in order to determine the most feasible 

for Hartbeesfontein.

WATER BALANCE AT 
HARTBEESFONTEIN
A water balance of Hartbeesfontein was 

undertaken and the following three sce-

narios compared: 

 ■ Replacing a percentage of municipal 

water supply with potable water from a 

DPR scheme 
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Table 1: Water balance for Hartbeesfontein

System Input 
Volume

6.418 Mℓ/day
(100%)

Authorised Consumption 
[billed metered + billed

unmetered + unbilled metered + 
unbilled unmetered]

4.512 Mℓ/day
(70.3%)

Billed Authorised
[billed metered + 

billed unmetered (fl at rate) +
free basic water]

4.191 Mℓ/day
(65.3%)

Revenue Water
(volume of water for which an 

income is received; assumes all 
billed water is paid for)

4.191 Mℓ/day
(65.3%)

Unbilled Authorised
0.321 Mℓ/day

(5.0%) Non-Revenue Water
(volume of water for which no 

income is received)
2.227 Mℓ/day

(34.7%)

Water Losses (apparent + 
real losses)

1.906 Mℓ/day
(29.7%)

Apparent or Commercial Loss
0.379 Mℓ/day

  (5.9%)

Real or Physical Loss
1.527 Mℓ/day

(23.8%)

Figure 2: Intention to reuse treated wastewater for potable and non-potable water requirements 

Figure 3: Replacing a percentage of municipal water supply with potable water from 
a DPR scheme
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 ■ Replacing a percentage of municipal 

water supply with non-potable water 

from domestic NPR schemes for toilet 

fl ushing

 ■ Replacing a percentage of municipal 

water supply with non-potable water 

from an industrial NPR scheme for 

non-potable water requirements (e.g. 

irrigation and cooling).

Th e scenarios described above formed the 

basis for the cost analysis discussed later 

in this article. 

Water supply and wastewater generation at 

Hartbeesfontein 

Hartbeesfontein receives potable 

water from Midvaal Water. Total 

water consumed during the 2013/2014 

financial year was approximately 

2.482 Mℓ/day (Lethale 2015). Water 

consumption within an industry 

located next to Hartbeesfontein was 

approximately 1.709 Mℓ/day. Thus, the 

total billed water consumption (for 

Hartbeesfontein and industry) was 

estimated to be 4.191 Mℓ/day during 

the 2014 financial year. Since no data 

on the system input volume and water 

losses exists for Hartbeesfontein, 

the standard International Water 

Association water balance model, 

combined with typical component per-

centages proposed by the Department 

of Water Affairs (2010), was employed 

to determine system input volume 

(Table 1).

Th e volume of wastewater treated each 

day within any community typically fl uc-

tuates due to seasonal changes, amongst 

other factors. A daily average wastewater 

generation of 5.327 Mℓ was calculated 

for Hartbeesfontein using at least a year’s 

sewage fl ow data – 5.327 Mℓ of wastewater 

equates to 83% of the system input volume 

that can potentially be reused for a variety 

of water requirements. 

DPR at Hartbeesfontein to replace a percentage of 

municipal water supply

Figure 3 shows diff erent municipal water 

and DPR water (up to a maximum of 83% 

of the system input volume) mix ratios 

based on Hartbeesfontein’s 2014 system 

input volume. 

NPR at Hartbeesfontein to replace a percentage 

of municipal water supply used for household 

toilet fl ushing

Th is scenario assesses the total water sav-

ings that can be achieved should households 

within the community, or a portion thereof, 

install greywater reuse systems for toilet 

fl ushing. Although water is typically lost 

during treatment, this article assumes that 

no losses occur during treatment. Also, 

on-site leakage is assumed to be zero in the 

water balance. Figure 4 presents a typical 

water balance for a single household with an 

implemented greywater reuse system.

For middle-income households a 

typical breakdown of water use, according 

to Jacobs et al (2005), is shown in Table 2.

Based on Figure 4 and Table 2, the 

following water balance equation results 

should a greywater reuse system for toilet 

fl ushing be implemented at a middle-

income household:

P + R = GW + BW + U + L

where:

 ■ P = municipal water supply to the 

household (63%)
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 ■ R = greywater from the greywater reuse 

system for toilet fl ushing (37%) 

 ■ GW = greywater – effl  uent from bath 

tubs, showers and basins (32%), plus 

effl  uent from laundry (15%)

 ■ BW = blackwater – effl  uent from toilet 

fl ushing (37%) and dish washing (2%)

 ■ O = a portion of GW that can be used 

for shrub/lawn irrigation (~10%)

 ■ U = water used for drinking and 

cooking (~4%)

 ■ L = on-site leakage

According to projected 2011 Census fig-

ures (Statistics South Africa 2011), there 

were 304 middle-income households 

in Hartbeesfontein in 2014, each with 

an average consumption of 962.5 ℓ/day. 

If greywater reuse systems for toilet 

f lushing are installed in all middle-

income households, the total water 

demand per middle-income household 

will drop to 606.375 ℓ/day (i.e. 63% of 

962.5 ℓ/household/day), but the total 

reduction in municipal water supply 

would be an insignificant 1.687% (see 

Table 3 for different municipal water 

and NPR water mix ratios). The insig-

nificant reduction is due to the small 

number of middle-income households. 

A separate analysis shows that, should 

all households within Hartbeesfontein 

install greywater reuse systems for 

toilet f lushing, the total reduction in 

municipal water supply will still be in-

significant (6.833%).

NPR at Hartbeesfontein to replace a percentage of 

municipal water supply used in industry

An industry located within proximity 

of Hartbeesfontein, on average, requires 

about 1.709 Mℓ of municipal water 

supply daily. Approximately 85% of this is 

wastewater (Beer 2016). Should the 85% 

be reused for in-house non-potable water 

requirements, municipal supply to the 

industry will reduce by 1.453 Mℓ/d (~23%). 

Figure 5 shows the diff erent municipal 

water and industry NPR water (up to a 

maximum of 23% of system input volume) 

mix ratios that could be implemented in 

this scenario.

COSTING OF DPR AND
NPR SCENARIOS
From the diff erent wastewater reuse 

scenarios assessed above, the most signifi -

cant water saving was from DPR. In this 

scenario, up to a maximum of 83% of the 

system input volume can be reclaimed. 

Th e municipal supply will then only need 

to meet 17% of system input volume. 

According to Swartz and Stellenbosch 

University (2014), the total operation and 

maintenance cost for DPR at the Beaufort 

West reclamation plant was R16.25/kℓ 

(this excludes capital costs). Assuming 

the Beaufort West cost will be similar at 

Hartbeesfontein, and comparing with the 

2014 cost of drinking water (R5.74/kℓ) 

supplied by Midvaal Water (Midvaal 

Local Municipality 2013), DPR results 

in an increase in the combined costs 

of municipal and reclaimed water, up 

to a maximum of 152% (see Figure 6). 

Th is is exorbitant and diffi  cult to justify 

since municipal water supply is cheaper. 

Considering also that the perception sur-

veys indicate DPR to be the less preferred 

reuse option, DPR is unsuitable for imple-

mentation at Hartbeesfontein. 

Th e second NPR scenario replaces up 

to 85% of the industry’s daily municipal 

water supply with non-potable water from 

an NPR scheme. As has been shown, this 

will reduce system input volume by 23%. 

Based on Adewumi’s (2011) estimates, and 

an added 10% annual infl ation, the 2014 

cost of producing non-potable water for 

R

GW

Water consumed

within

a household

Greywater reuse system

PW

P

L

U

O

Table 2: Typical breakdown of water 

use within a middle-income household

Drinking, cooking and gardening 14%

Toilet fl ushing 37%

Bathtubs, showers and basins 32%

Laundry 15%

Kitchen (dish washing) 2%

Table 3: The potential reduction in municipal water supply if middle-income residents install greywater reuse

systems for toilet fl ushing

Percentage of middle-income 

households with a greywater 

reuse system

Total household 

demand

(ℓ per day)

Number of middle-

income house-

holds

Potable water

potentially saved

(kℓ per day)

Potential daily reduction 

in municipal water

supplied (%)*

10 962.5 30 10.689 0.167%

25 962.5 76 27.066 0.422%

50 962.5 152 54.131 0.843%

75 962.5 228 81.197 1.265%

100 962.5 304 108.262 1.687%

*Potential daily reduction in municipal supply was determined using the system input volume of 6.418 Mℓ.

Figure 4: A typical water balance for a single household with an implemented greywater reuse system
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industrial non-potable water requirements 

was about R3.059/kℓ. Similar to Figure 6, 

the combined costs of the diff erent water 

mix ratios are shown in Figure 7. Th e com-

bined cost decreases as the percentage of 

non-potable water from the NPR scheme 

increases. Th is is a fi nancially attractive 

and viable scenario for implementation in 

Hartbeesfontein, especially also consid-

ering the fact that the perception surveys 

indicate NPR to be preferred over DPR.

SUMMARY
Th is case study sought to compare per-

ceptions, water savings and costs should 

Hartbeesfontein, a delineated community, 

consider implementation of DPR and 

NPR. Th is study is especially needful 

considering sustained drought conditions 

in many South African communities and 

the need to seriously consider alternative 

water supplies. By comparing the out-

comes of the three scenarios considered, 

DPR emerged as the least feasible scenario 

due to increased combined costs and less 

positive perceptions of respondents, even 

though it provided the largest water sav-

ings. Said diff erently, should a maximum 

of 83% of Hartbeesfontein’s system input 

volume be supplied from a DPR plant, the 

2014 daily combined cost of municipal 

water and reclaimed water was estimated 

to be R92 825.46. Th is is unsuitable when 

compared to the daily cost of municipal 

water supply (R36 839.32). 

NPR for toilet fl ushing at middle-in-

come households presented the least water 

savings (1.687% of system input volume) 

amongst the three scenarios considered and 

would require the most operation, mainte-

nance and management eff ort since many 

household systems will be implemented. 

Th e cost implication for this scenario was 

therefore not investigated. NPR for indus-

trial non-potable water requirements was 

assessed to be the best of the three scenarios 

considered. Up to a maximum of 85% of 

industry’s demand can be reused, resulting 

in a saving of up to 23% of municipal water, 

and at a daily combined cost of R32 946.22 

(~9% less than if the system input volume is 

met by only municipal water supply).

While water reuse is a viable option 

to replace or augment limited water re-

sources, its viability needs to be assessed 

on a case by case basis. Th is study there-

fore assessed the potential for water reuse 

to be implemented at Hartbeesfontein, a 

South African community in the North 

West Province.
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NPR for industrial non-potable 

water requirements was 

assessed to be the best of the 

three scenarios considered. 

Up to a maximum of 85% of 

industry’s demand can be 

reused, resulting in a saving of 

up to 23% of municipal water, 

and at a daily combined cost 

of R32 946.22 (~9% less than if 

the system input volume is met 

by only municipal water supply).

Figure 5: Replacing a percentage of municipal water supply to an industry with 
non-potable water from an NPR scheme

Figure 6: Cost of replacing a percentage of municipal supply with potable water 
from a DPR scheme

Figure 7: Cost of replacing a percentage of municipal water supply to an 
industry with non-potable water from an NPR scheme
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INTRODUCTION
Project Somarela Th othi was initiated 

in March 2015 to reduce water losses 

and improve water use effi  ciency in the 

Greater Gaborone water supply area. Th e 

partnership between GIZ, Water Utilities 

Corporation and First National Bank 

Botswana (FNBB) Foundation aimed 

to reduce the current water demand 

through the implementation of social and 

technical water loss reduction initiatives 

to curb the impact of Botswana’s worst 

drought in 32 years. Th e social interven-

tions focused on creating awareness 

to conserve water through the use of 

promotional material, schools awareness 

campaigns and various outreach activi-

ties. Th e technical interventions focused 

on bulk metering and sectorisation to 

assess leakage and the potential for pres-

sure management.  

BACKGROUND
Th e Greater Gaborone supply area is 

situated in the South East District of 

Botswana and includes all areas sup-

plied from the Gaborone, Nnywaane 

and Mmamashia water treatment works 

(WTW) and Ramotswa boreholes, with 

focus on Gaborone City, Mogoditshane, 

Tlokweng, Ramotswa, Oodi, Lobatse and 

Mochudi clusters. Th e system supplies 

water to approximately 543 500 people 

in 155 150 households representing more 
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Figure 1: Simplified schematic layout of the bulk water supply and key demand centres

The water loss reduction partnership that is managing 
greater Gaborone’s worst drought in 32 years

Project Somarela Thothi
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than 25% of the population of Botswana 

(Figure 1).

Th e main water resources for the 

system are the local Gaborone and Bokaa 

dams and the Letsibogo Dam situated 

near Selebi Phikwe, a 400 km drive to 

the northeast of Gaborone. Water supply 

from Letsibogo Dam to Mmamashia 

WTW is via the North South Carrier 

pumping main, a 1 100 mm to 1 400 mm 

diameter pipeline which is 365 km long 

with four major pump stations, completed 

in 2000.  

When water rationing was initially in-

troduced in March 2013, it had relatively 

little impact on the overall water demand 

since most customers quickly adjusted 

their water use practices and adopted 

an approach of ‘hoarding’ water for use 

during periods of no supply, which eff ec-

tively resulted in the same overall water 

use. In 2014/15, the supply was curtailed 

by 17% compared to the 2013/14 baseline, 

due to more aggressive rationing, which 

was compounded by vandalism, pump 

failures, leaks, pipeline material problems 

and power failures on the North South 

Carrier. In June 2015, the Gaborone and 

Bokaa dams failed completely and this 

caused a further reduction of 16%, mainly 

as a result of being unable to supply from 

the 108 Mℓ/day Gaborone WTW and 

a 50% curtailment of the supply from 

Molatedi Dam in South Africa, due to 

drought conditions which were also 

being experienced in South Africa. Th e 

raw water supply for the past six years is 

shown in Figure 2.

Th e 33% reduction in supply aff ected 

all residents and businesses in the Greater 

Gaborone supply area and had a signifi -

cant impact on the local economy, rela-

tionships between the political leaders, 

the water utility and the community. 

PROJECT PARTNERSHIP
To address the water supply situa-

tion in the Greater Gaborone supply 

area, a partnership was established 

between FNBB Foundation, the Water 

Utilities Corporation and the Deutsche 

Gesellschaft für Internationale 
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Zusammenarbeit (GIZ) GmbH, with 

support from the Southern African 

Development Community (SADC) and 

the Limpopo Watercourse Commission 

(LIMCOM), as well as UK Aid, AUS 

Aid and the German Development 

Cooperation. Th e project was divided into 

three main tasks, with each task being 

funded by a diff erent partner. Th e total 

project budget was R5.4 million. Following 

a single public tender procurement pro-

cess, WRP Consulting Engineers was 

appointed as Implementing Agent for the 

project and entered into three separate 

contracts with FNBB, the Water Utilities 

Corporation and GIZ respectively.

Th e project was benefi cial to the resi-

dents of Botswana in various respects. It 

helped to address some of the problems 

caused by the severe drought and also 

brought corporate governance, grant 

funding and alternative perspectives from 

parties not usually involved in the water 

sector. As part of the process, it was a 

requirement that the fi nancial benefi ts of 

the water savings achieved had to be rein-

vested by the Water Utilities Corporation 

for future similar projects. It was also 

a requirement that the Implementing 

Agent capacitates the Water Utilities 

Corporation staff  to ensure sustainability 

and continuation of similar projects in 

Botswana. Training and capacity building 

were achieved by placing two key staff  

members from the Implementing Agent 

in the offi  ces of the Water Utilities 

Corporation. All of the implementation 

work undertaken during the project 

was undertaken utilising Water Utilities 

Corporation staff  as far as possible.

SOCIAL INTERVENTIONS
Community awareness is an important 

and integral part of any water conserva-

tion and water demand management 

project. Seven water conservation offi  cers 

from the Water Utilities Corporation 

were appointed and trained to undertake 

the various community awareness tasks. 

Staff  from the utility were utilised to en-

sure transfer and retention of knowledge 

and skills.

A total of 543 508 community mem-

bers benefi ted indirectly from Project 

Somarela Th othi through awareness 

activities, while 21 035 community 

members benefi ted directly through door-

to-door, outreach and workshop activi-

ties. Th e response from consumers was 

extremely positive, and the Water Utilities 

Corporation is continuing to respond 

to consumers’ feedback in an ongoing 

process to improve communication and 

awareness.

Community awareness materials, 

developed to promote water conservation, 

included the following: 

 ■ 38 000 brochures 

 ■ 568 A1 laminated posters 

 ■ 228 golf shirts 

 ■ 2 000 stickers 

 ■ 342 caps and hats 

 ■ 2 000 fridge magnets 

 ■ 350 licence disk holders 

 ■ 1 400 pencil cases  

 ■ 2 000 bath plugs.  

Four water conservation brochures 

– Saving Water in the Home, Water 

Restrictions, Fixing of Leaks in the Home, 

and How to Read your Water Meter – 

were developed in English and Setswana.
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A total of 416 pre-intervention and 

423 post-intervention Knowledge Attitude 

and Perception (KAP) surveys were 

conducted throughout the project area 

in June 2015 and November 2015 respec-

tively. Th e objective of the surveys was to 

measure the impact of the project, iden-

tify problem areas and identify preferred 

communication channels. Th e results 

indicated that awareness had improved 

among community members, but service 

delivery had deteriorated.

Th ree toolbox talks on the Importance 

of logging, Pressure management and 

Sectorising and step testing were devel-

oped to promote water conservation and 

water demand management within the 

organisation.  

Analysis of the consumer demand 

profi les indicated that greater emphasis 

should be placed on the top 3% of con-

sumers who are responsible for 52% of 

the total demand, as shown in Figure 4. 

Th e top consumers included businesses, 

schools and government departments. 

Several concerned citizens, including the 

Minister of Minerals, Energy and Water 

Resources in his project opening speech, 

indicated that government departments 

are among the largest water wasters. 

Th e Water Utilities Corporation started 

creating top consumer forums to provide 

feedback, share knowledge, discuss issues 

and concerns, and highlight the urgency 

to reduce water demand and fi x leaks on 

private and government properties.

Th e water conservation offi  cers, 

with the Th othi mascot, addressed over 

50 000 learners through 100 school 

visits. Each school was provided with 

posters and stationery packs to support 

the awareness eff orts.

Outreach activities formed an inte-

gral part of the community awareness 

strategy. Th is enabled the water conserva-

tion offi  cers to reach consumers who, due 

to being involved in a variety of activi-

ties during the day, were not present at 

home to benefi t from the door-to-door 

personal engagement. Outreach activi-

ties allowed water conservation offi  cers 

to station themselves at community hot 

spots or locations of high activity. Th ese 

included malls, clinics, hospitals, taxi 

and bus ranks, rail stations, post offi  ces 

and churches where they could distribute 

water conservation awareness material 

and speak to consumers regarding water-

related challenges and how best to address 
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them. Th e water conservation offi  cers 

used project-branded gazebo and rolla 

banners to promote the project. A water 

cistern and household taps were also on 

site to demonstrate how to replace a toilet 

cistern inlet and outlet washer, and tap 

washers. A 15 mm consumer water meter 

was also used to demonstrate how to read 

a water meter, and demonstration taps 

were used to show how to replace a worn-

out tap washer.  

Major outreach activities included 

the project launch held on 8 June 2015 

at the Gaborone Yacht Club, and the 

International Consumer Fair where a 

stall was shared with the Water Utilities 

Corporation from 17 to 23 August 2015.

Th e project was opened by the Minister 

of Minerals, Energy and Water Resources, 

Mr Kitso Mokaila.  

TECHNICAL INTERVENTIONS
Twenty-seven District Metered Areas 

(DMAs) were identifi ed and analysed as 

part of the project, and an operations 

and maintenance manual was prepared 

for each DMA (Figure 6). Bulk metering, 

sectorisation and working closely with 

the Implementing Agent enabled the 

Water Utilities Corporation to gain a 

much better understanding of the system 

operation and connectivity of the water 

distribution network. Th e improved un-

derstanding enables the Water Utilities 

Corporation to identify areas of high 

leakage and to select appropriate subse-

quent interventions.

Implementing the DMAs was a chal-

lenge, as the water supply system is not 

operated according to the master plan 

and dictated by the availability of water 

resources and electricity. The changes 

in supply, and the inconsistent opera-

tion made it difficult to plan and design 

the interventions, and it was found that 

the focus within the Water Utilities 

Corporation is to provide water services 

with very little regard for zone pressures 

and boundary conditions. This opera-

tions methodology was aggravated by 

the failure of the Gaborone and Bokaa 

dams and the challenges associated with 

ensuring adequate supply to certain 

areas. The lack of distribution network 

maintenance often hampered progress. 

This included valves that started 

leaking once operated, malfunctioning 

control valves, bulk meters not working 

due to power supply problems and 

leaking gland packings.

A total of 22 major leaks were identi-

fi ed of which 19 were repaired during 

the project. At the end of the project, 22 

existing pressure reducing valves (PRVs) 

and seven level control valves had been 

identifi ed, serviced and commissioned. 

Th e Water Utilities Corporation could 

not provide the details of these valves, 

and only fi ve valves were known to oper-

ations staff  at the start of the project. Th e 

capital value of such valve installations is 

typically in the order of R300 000 each. 

It is therefore estimated that infrastruc-

ture worth more than R6 million was 

‘recovered’ and recommissioned as part 

of the project. Of the 29 control valves, 

18 required minor service, while four 

required major service.

Pressure management was identifi ed 

as one of the most cost-eff ective measures 

to reduce water losses, burst frequencies, 
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and ineffi  cient water use, thereby pro-

longing the design life of the distribution 

network. Operations staff  confi rmed that 

they recorded a signifi cant reduction in 

the number of bursts, compared to pre-

vious years. Th ree new pressure reducing 

valve installations (including new cham-

bers) were constructed in Tlokweng, and 

eight additional PRV installations were 

constructed in existing meter chambers 

in Gaborone West. Th e PRV installations 

in Gaborone West were constructed by 

the Water Utilities Corporation, while the 

three new installations in Tlokweng were 

constructed by a local contractor.

An encouraging 58% of the popula-

tion is now benefi ting from improved 

bulk metering and sectorisation, while 

33% is benefi ting directly from the pres-

sure management initiatives. Th e Water 

Utilities Corporation benefi ts directly 

from improved bulk metering and 

sectorisation, while consumers benefi t 

indirectly through improved network 

pressures and the subsequent reduced 

number of bursts. In Gaborone, Tlokweng 

and Mogoditshane clusters all consumers 

benefi t directly or indirectly from the 

pressure management initiatives, as pres-

sure management improves the supply to 

other areas through increased upstream 

pressures, reduced demand and improved 
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level of service. Over 400 000 consumers 

(74%) benefi t directly or indirectly from 

pressure management.

New infrastructure assets, valued at 

over R1.6 million, were installed as part of 

this project.

SAVINGS
Savings of 3.1 million m3/annum were 

predicted for the project against a pre-

determined baseline. Rationing and the 

failure of the Gaborone and Bokaa dams 

resulted in a 33% reduction in water 

supply. Th e intermittent supply made the 

assessment of savings against the baseline 

impossible, as the system must be 100% 

pressurised. To assess the savings from 

the project it was therefore necessary to 

base the calculation on the reduction in 

minimum night fl ow (MNF). Th e MNF, 

for any DMA, remains reasonably stable, 

regardless of the supply.  

Th e curtailed saving extrapolated to 

a full year was estimated to be 2.26 mil-

lion m3/annum or R15.5 million/annum. 

Th e extrapolated saving per annum will 

increase to 2.74 million m3/annum or 

BWP 18.75 million per annum if the 

system can be continuously pressurised. 

Th e actual savings achieved were approxi-

mately 11.6% lower than expected due to 

the water rationing, exclusion of pressure 

management in Lobatse, and the expected 

growth in demand when compared to the 

2013/14 baseline consumption. 

All savings are based on actual log-

ging results as shown in Figure 8 and 

were verifi ed by the Water Utilities 

Corporation’s Internal Audit Department.

TRAINING AND CAPACITY BUILDING
Training was provided in community 

awareness, PRV maintenance, WDM 

principles and the ZEDNET acquisition 

and display system. Delegates found 

both the theoretical and practical com-

ponent of the courses very valuable. 

Some of the PRV maintenance course 

delegates lack basic engineering con-

cepts, so further training in advanced 

PRV maintenance and basic engineering 

concepts was recommended.

CONCLUSIONS
 ■ Th e project has shown that the public 

and private sector can work together to 

fund projects that are in the interests of 

both sectors.  

 ■ Th e success of Project Somarela 

Th othi not only benefi ted the Greater 

Gaborone supply area, but also the 

Limpopo River basin.

 ■ Water rationing is an ineff ective 

measure to save water, as it damages 

water infrastructure, demotivates staff , 

increases operations and maintenance 

costs, corrupts consumer water meter 

readings, contaminates potable water, 

increases burst frequency and does not 

necessarily reduce the total consump-

tion, as consumers change their habits 

and start storing water for later use. 

 ■ Placing the staff  of the Implementing 

Agent in the Water Utilities Corporation 

offi  ces proved an eff ective measure to 

ensure training and transfer of skills. 

Th e Water Utilities Corporation staff  

have subsequently started analysing 

Lobatse without the support of the 

Implementing Agent, and are close to 

providing recommendations on imple-

menting pressure management.

 ■ Th e project impacted positively on 

the environment by reinstating and 

utilising existing infrastructure, and by 

reducing water consumption and strain 

on the available resources. 

 ■ The project was completed on time 

without any accidents or incidents, 

and within the design specifications 

and budget.

 ■ Infrastructure worth R6 million was 

recommissioned as part of the project, 

and R18.75 million of water savings 

were realised, resulting in a payback 

period of 2.7 months.

RECOMMENDATIONS
 ■ Water conservation and water demand 

management should be implemented 

as early as possible in a drought event 

rather than waiting until the situation 

is so severe that it is too late to prevent 

very aggressive and damaging restric-

tions. Th is is especially important in an 

arid country like Botswana.

 ■ Th e water savings must be verifi ed 

using historical consumption fi gures or 

measuring the reduction in minimum 

night fl ow.

 ■ Pressure management zones should 

be commissioned in such areas during 

periods of normal water availability so 

that they can be used to control water 

use during periods of drought.

 ■ Drought measure plans should be 

drawn up during periods of normal 

water use so that they are ready to im-

plement when needed during droughts 

in arid and semi-arid areas. 

An encouraging 58% of the 

population is now benefi ting 

from improved bulk metering 

and sectorisation, while 33% 

is benefi ting directly from the 

pressure management initiatives. 

The Water Utilities Corporation 

benefi ts directly from improved 

bulk metering and sectorisation, 

while consumers benefi t 

indirectly through improved 

network pressures and the 

subsequent reduced number of 

bursts. In Gaborone, Tlokweng 

and Mogoditshane clusters all 

consumers benefi t directly or 

indirectly from the pressure 

management initiatives, as 

pressure management improves 

the supply to other areas 

through increased upstream 

pressures, reduced demand 

and improved level of service. 

Over 400 000 consumers (74%) 

benefi t directly or indirectly from 

pressure management.
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INTRODUCTION  
In recent years eThekwini Municipality’s Coastal Stormwater 

and Catchment Management (CS & CM) Department has 

received numerous f lood-related complaints from residents 

of the Molife Road area in Chesterville. The adjacent road 

accesses were being washed away, which had a negative im-

pact on residential dwellings, while f looded business kiosks 

resulted in loss of income.

After a study by the CS & CM Department into the cause 

of the fl ooding, it was concluded that the source of the problem 

was upstream silting and blocking of the channel. Th e collapsing 

of the river embankment (protected and unprotected) was due 

to the scouring caused by the high velocities of the stream fl ow. 

Upstream development had also increased the volume of storm-

water runoff , which was rapidly damaging the existing lining 

and causing fl ooding due to limited capacity within the current 

channel. Th e deterioration and damage to the existing gabion 

boxes that were originally specifi ed without PVC coating, also 

resulted in a shortened lifespan. 

Th e eTh ekwini Municipality proposed the upgrade and 

redesign of the protective channel lining. In addition, lateral sup-

port of the embankment in the form of sheet piling was urgently 

required to prevent further collapse of the existing footpaths / 

concrete roads that run parallel to the stream on both sides and 

give access to parts of the residential area.

In this regard, and in keeping with environmental legisla-

tion, Omesh Ori – Area Project Engineer for the CS & CM 

Department – opted for a soft engineering approach in the form 

of a gabion structure as embankment protection. 

CONSTRUCTION
At fi rst the lining design was for a limited length of 350 m of the 

channel, due to a shortage of funds. Th e gabion structure varied 

in height between 3 m and 5 m, and mattresses were used for the 

base of the channel. Th e design was amended to utilise MacMat®R 

turf reinforcement matting on the left-hand side facing down-

stream, which resulted in suffi  cient cost reduction to allow the full 

embankment to be protected with the balance of the funds.

Th e new design also allowed for a wider channel to accom-

modate the increased fl ows. 

Th e structure will vegetate over a period of time, which will 

increase its life expectancy, in that the plant roots will improve 

the cohesiveness of the structure.

The successful tenderer was Devru Construction cc, who, 

starting in July 2014, completed the project in the space of 

12 months.

Gabions and mattresses are wire baskets manufactured in 

accordance to SANS 1580:2010, and are installed according to 

Alex van Niekerk Pr Eng
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Flood mitigation and stormwater management for 
eThekwini Municipality’s CS & CM Department

The channel requiring repair and improvement
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the methods and principles laid out in SANS 1200 DK. Th ese 

prescribe the use of formwork to the front face, tensioning of the 

units, as well as bracing correctly with appropriate placing of 

rocks on the gabion front face, thereby ensuring that the gabions 

are stable and tightly packed, and that they are able to cope with 

the hydraulic forces that the structure is designed for within the 

fl ood return period.

Due to the labour-intensive nature of the project, em-

ployment opportunities could be created for local residents. 

Approximately 50 people from the community were employed, 

of whom 75% were women. It was exciting to note that, although 

this project did not require the achievement of a specifi c EPWP 

status, such principles were nevertheless applied and the targets 

achieved. Approximately 10% of the project cost was therefore 

returned to the community through job creation.

Devru Construction cc, under the direction of the area 

project engineer, had several teams of packers on the project, 

which encouraged competitiveness and improved morale and 

performance, to the extent that a daily volume of 1.5 m3 per 

labourer per day was achieved. On-site training was conducted 

by Maccaferri SA (Pty) Ltd, hence installation progress improved 

as labourers became more experienced. As part of their service 

on purchasing their products, Maccaferri SA (Pty) Ltd off ers free 

training, so that every person trained on this project received 

certifi cation from the company, which would stand them in good 

stead when applying for future employment. 

Th e use of community labour also instilled a sense of pride 

and ownership, which reduced the risk of vandalism or theft. 

CONCLUSION
With gabions and mattresses being a fl exible system, some minor 

movement may occur during storm events, but they stay in place 

and are easily maintained. As with all streams there needs to be 

regular maintenance and clearance of debris, though. To this 

end eTh ekwini Municipality’s CS & CM Department conducts 

regular checks to make sure that the structures are still sound 

and the channel is free of debris.  

Th ere are further plans in place, when funding becomes avail-

able, to include stormwater diversion and attenuation facilities, 

which will further reduce fl ood levels in the area, while also off ering 

opportunities for further job creation in the community. 

Condition of the previously installed channel lining 
which was damaged due to undermining stresses

The channel showing the MacMat®R 
installed, and starting to vegetate

Formwork and packing on the front face
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INTRODUCTION
Th e fact that groundwater is a problem in the civil engineering 

environment is well known. A shallow water table and ground-

water ingress in deep foundations digging is but one example. 

However, the fact that groundwater can be an asset seems to be 

less well known.

According to the Department of Water and Sanitation 

(DWS), the potential annually extractable volume of ground-

water is in the same order of magnitude as surface water sources. 

Th e National Water Resources Strategy (Second Edition) indi-

cates that surface water sources are virtually fully allocated. As 

there are very few sites left where more storage dams could be 

built, groundwater would have to be developed and utilised much 

more in the near future – an approach that has been formalised 

in the DWS’s Reconciliation Strategy for all Towns and Villages 

in South Africa.

GROUNDWATER USE SECTORS
Currently there are already more than 420 towns in South Africa 

which are either totally or largely dependent on groundwater. A 

well-known case is Beaufort West. Although the town has three 

surface storage dams, about 80% of its annual water consump-

tion of 2 million m3 comes from groundwater – 98% for domestic 

use. De Aar, also in the central Karoo, is wholly dependent on 

groundwater, and its water use amounts to 2 million m3/annum 

from 48 boreholes.

Mahikeng is another town that is largely dependent on 

groundwater – from the Grootfontein Dolomitic Aquifer. 

However, the problems encountered at the Grootfontein wellfi eld 

are twofold. Firstly, all the production boreholes are within sight 

of one another, and consequently interference between the indi-

vidual cones of depression could take place. Th e second problem 

relates to the lack of adequate wellfi eld (or aquifer) management 

procedures. Van Rensburg (1992) modelled the aquifer and es-

tablished that the volume of groundwater that can be sustainably 

abstracted amounts to 8.5 million m3/annum. According to the 

same report, the farmers have an allocation of 11 million m3/

annum from this aquifer, and the town 4.4 million m3/annum. 

Th is clearly exceeds the sustainable yield of the aquifer. Yet, 

to date the total abstraction from the Grootfontein Dolomitic 

Aquifer has not been established.

Out of the more than 23 800 rural settlements in the country, a 

very large percentage derive their water supplies from groundwater. 

In rural settlements groundwater is usually sourced by individual 

hand pumps; groundwater as a bulk water supply source is seldom 

considered. Yet, areas like the Dendron-Vivo area (real abstraction 

8.5 million m3/annum and sustainable abstraction 5.5 million m3/

annum), and the Louwna-Coetzers Dam large-scale irrigation are 

done from groundwater exclusively. Although both areas are over-

abstracting the available source, this nonetheless indicates that 

groundwater is suited to bulk water abstraction schemes.

Th e DWS has estimated that the current volumes of 

groundwater used, amounts to 16% of the total water used in 

South Africa – the registered water use on WARMS (Water 

Authorisation and Registration Management System) was used 

to calculate this fi gure. Although the Strategy for Growth and 

Development (Version 7) quotes a fi gure of 8%, the Department 

of Water Aff airs and Forestry in 1986 estimated the use of 

groundwater at 13% of the total water use in South Africa. It is 

clear that the utilisation of groundwater is not well defi ned.

GROUNDWATER – THE CINDERELLA OF
WATER SOURCES IN SA
In spite of the facts mentioned above, there is still not enough 

recognition for groundwater as a viable, dependable source for 

domestic water supplies. Th e town of Hertzogville is a case in 

point. Although the pre-feasibility study indicated that there 

is potentially enough groundwater, it was decided to provide 

Hertzogville, Dealesville and Boshoff  with water via a pipeline 

from the Vaal River. However, to my knowledge no pre-feasibility 

studies were done for Dealesville and Boshoff . Neither were any 

Groundwater in the civil 
engineering environment
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feasibility studies executed to confi rm or contradict the fi ndings 

of the Hertzogville pre-feasibility study. 

KwaZulu-Natal is another case in point where a planning 

model has been proposed by the Mhlatuzi, Umgeni and uTh ukela 

water utilities to supply virtually the whole of KwaZulu-Natal 

with surface water through an extensive distribution network 

(DLGTA 2006). However, although KwaZulu-Natal covers only 

9% of South Africa, it is endowed with 18% of the country’s po-

tential groundwater resources.

Groundwater is also not being managed adequately in many 

instances. Most groundwater users consider the switching off  of 

a pump when a reservoir is full as adequate management. Once 

a pump does not deliver any water when switched on, ground-

water is blamed as an undependable and untrustworthy source. 

However, the pump could be broken or the fractures might be 

cemented due to chemical precipitation – this will happen es-

pecially where over-pumping is taking place and turbulent fl ow 

ensues within the rock formations. In such instances the bore-

hole is often simply replaced by re-drilling a short distance away, 

thereby saving the extra costs to extend the electrical cables and 

conveyance pipeline. If the re-drilled borehole is successful, it in 

fact proves that the source (aquifer) has not been depleted.

Th e geohydrological investigation for Hertzogville apparently 

only covered the town’s commonage. However, the National 

Water Act (Act 36 of 1998) allows for several options to obtain 

water outside a town’s commonage. In the mid-1980s, for ex-

ample, Beaufort West bought out the farm Brandwacht in order 

to obtain its water rights. Another option is to buy water from 

land owners (Sterkstroom and Centurion are examples), or buy 

out the water rights. 

THE VALUE OF GROUNDWATER
Coming back to the case of Beaufort West – the town uses about 

2 million m3 of water annually for its 35 582 citizens living in 9 273 

households. Th e industrial area uses on average only 2% of this.

Let us assume that the only alternative water for Beaufort 

West would be surface water. Two options for the supply of water 

for the town could then be considered. 

Th e fi rst is water directly from the Gariep Dam, a distance 

of about 320 kilometres with the small towns of Hannover and 

Richmond in-between. Th e Planning Directorate of the DWS 

has never considered calculating the costs for such a pipeline, 

because (1) topographically Beaufort West is situated higher than 

the Gariep Dam, so water would have to be pumped, and (2) the 

volume of water needed for the town apparently does not war-

rant a pipeline. As it was not possible to obtain an estimated cost 

for such a pipeline for the purposes of this article, a theoretical 

capex cost of R2 billion has been assumed. Th is translates into 

a value of R1.6 billion for the groundwater source available to 

Beaufort West. Surely the management of such a valuable source 

should be commensurate with its value. 

Th e second option would be surface water, also from the 

Gariep Dam, but via the Orange-Fish River Tunnel with its outlet 

at Th eebus. Although the distance is shorter, the operational 

costs would be much higher due to higher pumping costs.

CONCLUSIONS
Although groundwater still seems to be the Cinderella of the 

water sources of South Africa, some progressive steps have been 

taken within the DWS. One is the inclusion of groundwater into 

the National Water Resource Strategy (Second Edition). However, 

without a dedicated groundwater unit within the DWS, no im-

mediate actions to implement the recommendations are seemingly 

being taken.

Another progressive step is the DWS’s Reconciliation Strategy 

for all Towns and Villages in South Africa. Th e question remains, 

nevertheless, how enforceable these strategies are. Th e Hertzogville, 

Boshoff  and Dealesville examples seem to prove that the recommen-

dations of these Reconciliation Studies are not enforceable.

It is also encouraging to learn that the DWS plans to soon 

fi nalise a National Groundwater Strategy, which envisages 

unlocking the full potential of groundwater and establishing a 

framework for good groundwater management. 

WHAT NEEDS TO CHANGE?
Th e concept that groundwater is undependable and untrust-

worthy must be refuted. Th is can only be done by properly man-

aging groundwater sources. As argued above, the funds spent on 

the management of an aquifer should be commensurate with the 

value of that source. 

Despite the positive involvement of geohydrologists in ground-

water matters, water management in the broadest sense is still the 

domain of civil/municipal engineers. Th is applies as much to towns 

where the sources of water are groundwater, as it does to towns sup-

plied via surface water sources. It seems that the time is ripe for the 

civil engineering fraternity to embrace groundwater.

REFERENCES
The author can be contacted directly for reference details. 
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STEFANUTTI STOCKS ROADS & EARTHWORKS recently 

completed the rehabilitation of 23.6 kilometres of the road 

running between Laudium and Diepsloot for the Gauteng 

Department of Roads and Transport. 

Th e scope was for the rehabilitation of the P39/1 Route M26 

in the Pretoria region, from approximately km 7.5 at the M26 and 

R55 intersection to km 31.1 in the Krugersdorp region west of 

Diepsloot. 

Th e asphalt layer comprised an A-E2 asphalt layer paved at 

40 mm, with a 13.2 mm rolled-in chip. What began as a rehabili-

tation task ultimately became a complete reconstruction, as is 

evident from the layer works structure. Furthermore, the paving 

had to meet a very high specifi cation, above industry norm, and 

was therefore closely monitored.

Each asphalt layer completed at the end of a shift had to have 

a fi eld density between 93% and 96% of the theoretical maximum 

density. Th e theoretical fi eld density was measured on recovered 

cores in line with the specifi cations of TMH1 Method C4.   

Notwithstanding the above, the minimum density for 

asphalt surfacing on any single core adjacent to, or across the 

hot or cold joints in the pavement, was not less than 95% of 

the theoretical maximum density, minus the numerical value 

of the percentage design voids (Marshall) in the approved pro-

duction of the mix. 

Th is was to ensure that the joints had been cut back suf-

fi ciently so as not to cause problems. After a few trials and errors 

under the watchful eye of the resident engineer, the team man-

aged to meet the required specifi cation. 

Th e project was quite a demanding one – from the high spec-

ifi cation the materials were required to meet, the levels at which 

the layers had to be processed, through to the poor quality of all 

the in-situ materials on the project. In order to address the poor 

Contract quantities
Description Quantity
Material testing ± R8 million
Watering deviations  400 million litres
Sub-soils  10 km
Culverts  1.7 km
Service ducts 2.5 km
Concrete (V-drains)  5 000 m3

Earthworks cut/fi ll 400 000 m3

Cubes overhaul  700 000 m3/km
Selected layer 150 000 m3

Sub-base layer 110 000 m3

Cement utilisation (stabilise sub-base) 8 000 tons
Base  35 000 m3

Asphalt  290 000 m2

Hydro-seeding 18 hectares

Pavement layer specifi cation
Layer  Specifi cation
Surfacing  40 mm medium asphalt
Base 150 mm G1 crushed stone base course
 at 88% apparent density
Upper sub-base  150 mm C3 stabilised layer
 1500/97%/1.5/6
Lower sub-base 150 mm C4 stabilised layer
 1000/96%/1.5/6
Upper selected  150 mm G6 layer 25/95%/1.2/2GM+10
Lower selected 150 mm G7 layer 15/95%/0.75/3GM+10
Upper sub-grade 150 mm G7/G9 layer
 10/93%/0.75/3GM+10
Lower sub-grade  150 mm G7/G9 layer
 7/93%/0.75/3GM+10
Fill  3/90% – compacted to 93% modifi ed AASHTO
Roadbed 3/90% – compacted to 93% modifi ed AASHTO
Shoulders 150 mm gravel shoulders 45/95%/1.5/6

Changing specifi cations challenge 
23.6 km road rehabilitation project

The scope was for the rehabilitation of the 

P39/1 Route M26 in the Pretoria region, from 

approximately km 7.5 at the M26 and R55 

intersection to km 31.1 in the Krugersdorp region 

west of Diepsloot. 
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quality in-situ material, as well as the resulting shortfall of mate-

rial, a variation order was proposed whereby the in-situ material 

would be blended with a commercially-sourced one. 

Th e young site team was enthusiastic and determined to 

manoeuvre through each hurdle that the project presented. In 

addition to the poor in-situ material, the challenges included 

successfully navigating three sinkholes, a fl ash fl ood in March 

2014, having to undertake construction within varying degrees 

of traffi  c, as well as dealing with water beneath the road seeping 

from an underground spring.  

A number of additions and amendments to the design 

during the construction period further impacted the project. 

Th ese included changes in the intersection designs (resulting in 

amendments in the layer works), as well as 2.5 km of trapezoidal 

drain. All this came into play after all the bypasses had been con-

structed, meaning that new bypasses had to be constructed and 

shifted so that the layer works could be extended.

Th e project lies in what is deemed to be a rural area and thus, 

due to low traffi  c volumes, gravel bypasses were specifi ed. While 

this was the case on some stretches of road rehabilitation, there 

were a number of hot spots along the route where heavy traffi  c 

did make construction diffi  cult. 

Ryan van der Walt

Contracts Manager

Stefanutti Stocks Roads & Earthworks 

Ryan.VanDerWalt@stefstocks.com
Road rehabilitation completed 

Rehabilitation of the P39/1 Route M26 
from Laudium to Diepsloot under way  

Progress, despite dealing with challenges such as three 
sinkholes, a flash flood, water seeping from an underground 

spring, and late changes to the intersection designs 
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OVERVIEW
Many small towns in South Africa are 

forced to deal with much higher traffic 

volumes than their road networks were 

originally designed to handle. One of 

the problems that is caused by these 

busy road networks is unsafe roads for 

pedestrians and road users. 

Th e easiest (but by no means the most 

eff ective) way for the municipalities of 

these small towns to deal with this issue 

is by implementing one of the crudest 

forms of traffi  c calming – the speed 

hump. Some small towns are littered with 

speed humps of all shapes and sizes, in 

some cases even on high-order arterial 

roads. Th ese speed humps are placed all 

over the road network without following 

the relevant guidelines or procedures. Th e 

result is unhappy road users dealing with 

congested and ineffi  cient roads causing 

higher vehicle running costs.

Th e aim of this article is to illustrate 

the correct way in which traffi  c calming 

should be approached. Th e article and its 

suggestions are based on the information 

contained in the National Guidelines 

for Traffi  c Calming (NGFTC) document 

compiled by the Department of Transport 

in 1998. 

DEFINITION AND PURPOSE
Th e NGFTC defi nes traffi  c calming as 

follows: 

“Traffi  c calming has the objective of 

moderating traffi  c behaviour through 

physical and legislative measures aimed at 

the reduction of:

1. vehicle speeds and/or

2. traffi  c volumes

in order to improve traffi  c safety and 

quality of life in the built environment, 

but with due regard to mobility and acces-

sibility so as to ensure a balance between 

the environment and traffi  c.” 

From the defi nition above it is clear 

that speed reduction is one possible 

method of achieving safer roads for road 

users and pedestrians. However, the actual 

reduction of speed is not the main objec-

tive; rather it is protecting the safety of 

pedestrians and road users. Th is implies 

that the objective of keeping road users 

and pedestrians safe can be achieved by 

methods other than speed reduction. 

Th ese alternative calming measures will be 

discussed further in this article.

IMPLEMENTATION PROCESS
Traffi  c-calming measures can have negative 

impacts on a road network if they are not 

Traffi c calming in small to 
medium-sized municipalities

No signage or road markings to indicate there is a speed hump; 
neither are there public transport facilities or pedestrian walkways

Incorrect construction of a speed 
hump, causing damage to vehicles
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implemented correctly, so much so that a 

road network can be worse off  after imple-

menting such measures. In order to avoid 

degrading a road network there are certain 

steps that need to be taken to ensure that 

traffi  c calming is implemented correctly. 

For a detailed description of the processes 

required, please refer to Chapter 5 of the 

NGFTC. Th e following points are some of 

the necessary steps to be taken before traffi  c-

calming measures can be implemented:

1. Firstly, the road hierarchy must be 

determined. Traffi  c-calming measures 

should only ever be implemented 

on Class 5 (residential access) roads. 

Under very special circumstances they 

may be applied on Class 4 roads, but 

only if the road meets all the require-

ments as indicated in the NGFTC.  

2. Th e road network must be con-

sidered as a whole. Implementing 

traffi  c calming on a problematic road 

without considering the surrounding 

network could simply move the 

problem elsewhere, and possibly even 

worsen the problem.

3. Extensive data capturing is required. 

It is important to know the origin 

and destination of the traffi  c to de-

termine whether the issue is due to 

through-traffi  c. Traffi  c counts of the 

surrounding network are required 

to indicate whether the surrounding 

roads are capable of handling more 

traffi  c once the calming measures 

have been implemented.

4. Th e public transport routes need to be 

analysed. Traffi  c calming should have 

little to no negative eff ects on the sur-

rounding public transport network.

Once the above-mentioned steps have 

been taken, a weighted score for com-

pliance to traffi  c-calming criteria can 

be calculated (pp 5–12, NGFTC). Th is 

weighted score will indicate whether 

traffi  c calming should be implemented, 

further investigated or be rejected as the 

solution to the problem. Only at this stage 

is it possible for a competent professional 

to start deciding on a suitable traffi  c-

calming measure.

Incorrect positioning and construction 
of a speed hump on a mobility route

Powerful Interface User-defined Beam Creep and Shrinkage Reinforcement Design
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ALTERNATIVE MEASURES
If at this stage it has been determined that 

traffi  c calming is the correct action to 

take, alternative measures to speed humps 

can be considered. 

Th e available traffi  c-calming measures 

vary in function and design, and should 

be carefully considered to meet the exact 

requirements of the road being calmed. 

Speed humps are only one way of calming 

traffi  c and have many negative eff ects 

which other measures do not have. Other 

measures include traffi  c circles, traffi  c 

funnels, lifted intersections, medians, 

access control and many more. Some of 

these measures are just as eff ective as 

speed humps, but a lot less intrusive.

Th e traffi  c-calming measure selected 

should be determined by a suitable profes-

sional and approved by the municipality 

to ensure consistency within a town. Th e 

measure selected should suit the road 

conditions and eradicate the problem 

without causing new ones. 

On a less technical note, it must be 

pointed out that one of the most eff ec-

tive forms of traffi  c calming which is 

underutilised in South Africa (particularly 

in small municipalities) is law enforcement. 

Engineers have the responsibility of de-

signing safe roads, but the owners of these 

roads need to ensure that they are suffi  -

ciently monitored. Law enforcement can be 

a lot more versatile than structural calming 

methods, as it can adapt as traffi  c conditions 

change. One such example is having trained 

traffi  c marshals outside school entrances 

during busy periods rather than building a 

speed hump which aff ects traffi  c constantly, 

even when it is not necessary.

CONCLUSION
Keeping in mind that pedestrian and 

road-user safety is the ultimate goal of 

traffi  c calming, municipalities should en-

sure that other aspects of a road network 

are correct before simply implementing 

traffi  c-calming measures. Laybys, pedes-

trian walkways, pedestrian crossings and 

suffi  cient law enforcement are all methods 

of improving safety without decreasing a 

road network’s performance. 

If it is absolutely necessary for traffi  c-

calming measures to be implemented, 

they should be implemented correctly 

and according to the appropriate guide-

lines, such as the NGFTC. Following the 

correct protocol will improve our road 

networks, and will keep pedestrians and 

road users safe. 

The traffi c-calming measure selected should be determined 

by a suitable professional and approved by the municipality 

to ensure consistency within a town. The measure selected 

should suit the road conditions and eradicate the problem 

without causing new ones.

Poorly placed speed hump very close to a traffic light – it is unnecessary 
to place a speed hump near a traffic light which stops vehicles anyway

Example of a speed hump used correctly (with sufficient signage and road markings) in 
conjunction with pedestrian walkways and other traffic-calming methods (circle); this speed 
hump (designed by an engineer for a private developer) is a few minutes away from all the other 
poor examples in the same town of how not to use a speed hump 
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MEETING THE CHALLENGES
Th e project was initiated as a result of numerous complaints that 

had been received relating to insuffi  cient pedestrian green time. 

However, upon investigation by the City of Cape Town (CoCT) it 

became obvious that there was a lack of understanding that the 

fl ashing red signal actually contributes to the overall crossing 

time allocation. It was noted that pedestrians often either turned 

back upon commencement of the fl ashing red signal or speeded 

up to complete the crossing. 

Users also did not seem to fully understand the call button 

– they often failed to push the button, and in some instances did 

not wait for the sign to turn green. Th e overall impact was an 

increased hazard potential, also due to the introduction of me-

dian bus lanes for the Integrated Rapid Transport system. It was 

noted, too, that local driver behaviour diff ered from the expecta-

tions of pedestrians unfamiliar with South African road usage, 

such as tourists from other countries who are used to diff erent 

pedestrian signalling systems. Th e CoCT (client) concluded that 

an educational tool was needed to inform users. It was proposed 

that an appropriate sign on the signal poles, located at the call 

button, be implemented.

HHO Africa was appointed to the project in August 2015, 

as it has experience in design work for accessible way fi ndings, 

also known as ‘design without barriers’. Th is concept is based on 

the fact that designing is done in such a manner that the widest 

possible end-user group would derive the most use possible from 

the design. Th is ensures that people with language barriers or 

sight impairments, and people who may be unfamiliar with the 

technology, would be able to understand the system easily. Such a 

design would therefore be as straight-forward as possible.  

Susan Smit Pr Eng

Associate Director

HHO Africa

susan@hho.co.za

Matthew Meder

Candidate Civil Engineering Technologist

HHO Africa

mmeder@hho.co.za

The City of Cape Town recently undertook a 
project to conceptualise, design and produce 
an accessible pedestrian information sign that 

would be implemented at signalised pedestrian 
crossings in the city. The objective was to 

increase pedestrian and road-user awareness and 
understanding of the way in which the pedestrian 

push button should be used.

City of Cape Town designs 
innovative pedestrian 
information signs
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Therefore an important informant to the size and design 

of the information panel in the Cape Town context would be 

its application on round traffic signal poles on which various 

other items (such as reflective bands) had already been in-

stalled below and above the space available for the informa-

tion signs.

TIMELINES
Initial meetings were held with the client where HHO explored 

the problem in its entirety, and how best to deal with it to achieve 

the best solution overall. It was very important to engage with 

the end users during this process. Collection of data was under-

taken which involved looking at international examples, as well 

as obtaining an understanding of the push button unit. Th is was 

followed by the concept design process and prototype manufac-

turing. Testing was undertaken in conjunction with a special-

needs group – the Cape Town Society for the Blind – where the 

full process was explained. 

When the final prototype was ready, it was presented to 

the CoCT. An internal peer review was done by a panel which 

included individuals involved with traffic signals and traffic in 

CoCT. Comments received from the panel were incorporated 

into a final design which was approved by the client. The 

project is now at the manufacturing and implementing stage. 

There are approximately 4 000 traffic intersections in Cape 

Town, and the signs will be attached to around six to ten poles 

per intersection.

INTERNATIONAL STANDARDS
Th e project involved reviewing a number of information panels 

and pedestrian push button assemblies used around the world, 

in order to gain an understanding of their various similarities 

and diff erences. Th e countries where such systems were reviewed 

included Australia, the United States of America and Canada. 

What was interesting from the international countries in 

terms of positives was that the information was always applied 

on the pole; it wasn’t something you would learn from a book. 

Th e information was located on the pole, right where the push 

button is, so that it is immediately accessible to users. In addi-

tion, most of the international examples worked with colour 

contrasts where it was important to have maximum contrast for 

legibility. 

However, in many instances, capital letters were used which 

is not very accessible. When signage is provided in sentence case 

the words are more clearly defi ned.

THE PUSH BUTTON
An important and unique feature of the push button that will be 

used in the CoCT is that it is audible, thus providing accessibility 

to individuals with sight impairments. Unfortunately the push 

button is not standard for all South African systems. Th ese signs 

can therefore only be used where a push button is already in use.

Legibility is another aspect that had to be taken into consid-

eration. A strong colour contrast was important, as well as the 

font used – Helvetica is the most legible of all the available fonts. 
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Th e positioning of the sign on the pole is also important and is 

applied 900 mm from fi nished ground level throughout. Th is 

ensures that a predictable environment is formed. 

The conceptual design for the City of Cape Town project 

was based on the shape, size and content of the pedestrian 

push button unit to emphasise the direct relationship be-

tween the device and the information sign. The visual link 

between the push button device, the pedestrian signal head 

and the information sign was further emphasised in the use 

of rounded shapes for the frame and contents of the informa-

tion sign. 

IN CONCLUSION
User safety is the highest priority in situations which involve the 

interaction between vehicles and pedestrians. For this project, 

the promotion of pedestrian awareness and the correct under-

standing of the operation of pedestrian signals were based on an 

international precedent, whilst taking into consideration local 

design protocols and the particular pedestrian signal devices 

implemented in Cape Town. 

Th e pedestrian safety information signs are reliant on public 

awareness of the intent and implementation of the signs. Limited 

awareness could jeopardise the safety of pedestrians acting on 

the information in situations where motorists are still ignorant 

of the correct use of, in particular, the fl ashing red man. Th e im-

plementation of any information signs in the public environment 

should be communicated as widely as possible to all potential 

users and aff ected parties. 
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OVERVIEW
As living standards in developing countries improve, it has been 

accompanied by high growth in vehicle population and increased 

demand on transportation infrastructure. Th is growth in traffi  c 

contributes to increased periods of recurring congestion, unex-

pected travel delays, unpredictable travel times due to incidents, 

and a greater number of crashes. Traffi  c engineers and policy 

makers have long noted that, while additional road capacity is an 

essential infrastructure investment to support commerce and 

mobility, due to the consumption of land and the impact on the 

environment, simply adding additional capacity is unsustainable.

As in other developing countries, the major cities in South 

Africa face road crashes and traffi  c congestion at much lower 

levels of car ownership. Although most developing countries 

have less than 150 cars per thousand people, as compared 

to 400 or more in the industrialised world, the relation-

ship between income growth and car ownership is similar. 

Traffi  c-related problems and congestion in the major cities of 

developing countries are more pronounced due to the higher 

concentration of population and income. A rising share of 

urban dwellers and faster growth in urban areas lead to a strong 

concentration of Gross Domestic Product (GDP) in cities. It 

is expected that 74% of global growth between 2010 and 2025 

will occur in urban agglomerations in developing countries 

(McKinsey Global Institute 2012). 

It is instructive, following from the 2013 National Household 

Travel Survey, that the percentage of South African households 

that have access to a car increased from 22.9% in 2003, to 28.5% in 

2013. It is expected that this trend will continue, which heightens 

the challenge of eff ectively managing our road networks. 

In addition to the expected increase in vehicle use over the 

coming decades, South African roads are also subject to high 

rates of traffi  c-related injuries and deaths. Without intervention 

these rates will continue to remain high, and increased vehicle 

use will only exacerbate the problem. 

Th e use of Intelligent Transport Systems (ITS) is one of the 

interventions that the South African National Roads Agency Ltd 

(SANRAL) is utilising to improve road safety to reduce the 

number of crashes and incidents, and when they do occur, to 

mitigate injury and fatality outcomes.   

SANRAL, realising the increasing constraints on the provi-

sion of infrastructure to eff ectively manage its road network 

and to improve road safety, investigated alternatives focusing on 

operational issues in response to road users’ needs. 

Alex van Niekerk Pr Eng

Planning, Toll and Traffic Manager

SANRAL

niekerka@nra.co.za 

Kersen Naidoo

Project Manager – ITS and Toll

SANRAL

NaidooK@nra.co.za

The use of Intelligent Transport Systems (ITS) is 

one of the interventions that the South African 

National Roads Agency Ltd (SANRAL) is utilising 

to improve road safety to reduce the number of 

crashes and incidents, and when they do occur, 

to mitigate injury and fatality outcomes.

Using intelligent transport technologies 
in SA’s largest urban areas
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Th e use of ITS technology solutions on the national road 

network was thus introduced. Th e specifi c application, referred 

to as Freeway Management Systems (FMS), was fi rst launched 

in September 2006 in Gauteng. Subsequently, FMS has been 

deployed in the eTh ekwini and Pietermaritzburg regions in 

KwaZulu-Natal, as well as in Cape Town.  

FMS entails the active management of road networks using 

ITS technologies. It involves the integrated deployment of in-

formation and communications technologies, advanced traffi  c 

management software and fi eld control devices to enable the 

management and monitoring of freeways. 

In 2011, with initial deployments in its largest urban 

centres and most heavily used facilities complete, SANRAL 

embarked upon expanding the geographic footprint of the 

FMS – enhancing the traffi  c management systems software, 

traveller information services and functional capabilities of the 

system. A performance-based, Design-Build-Operate-Maintain 

(DBOM) contract model was used. In addition to providing a 

standardised traffi  c management software platform and a na-

tional traveller information platform, it also included standard-

ised training, maintenance and operations procedures across 

all SANRAL FMS networks.

DEPLOYMENT FEATURES AND DESCRIPTIONS
Th e system employs proven freeway management and traveller 

information functions. Th ese include:

 ■ Video camera surveillance and video management sub-systems 

to allow for the detection of incidents, the verifi cation of inci-

dent details, and the coordination of incident responses with 

fi rst responders, law enforcement and other incident manage-

ment partners. Th is sub-system also archives video footage 

for use in improving incident response through post-incident 

debriefi ngs and to provide law enforcement video footage for use 

in legal proceedings. Th e video footage is also being provided 

to the research community to study issues such as pedestrian 

crossing activity and road geometric and safety issues.

 ■ Traffi  c detection and monitoring sub-systems to monitor 

changes in traffi  c fl ow, to provide real-time travel time infor-

mation to road users, to archive travel speed and volume data 

to identify trends during holidays and special events, to iden-

tify congestion ‘hot spots’ and to identify traffi  c-growth trends.

 ■ En-route traveller information sub-systems via Variable 

Message Signs (VMS) installed along the roadway to provide 

travellers with real-time travel time information, real-time in-

cident and lane closure information, road safety messages and 

information on roadworks.

 ■ Pre-trip traveller information systems, including SMS, email, 

and a traveller information website (www.i-traffi  c.co.za) which 

allow users to create an account and personalise their travel 

information for multiple routes, as well as to receive alerts 

based on time of day, day of week, incident type, and/or con-

gestion levels. Traveller information is also posted on Twitter. 

Th ere has been signifi cant growth in users of this medium, 

with followers across the three SANRAL FMS deployments 

currently numbering over 170 000.

 ■ Incident management sub-systems which facilitate the notifi -

cation and update of incidents in real time for dissemination 

via the traveller information sub-systems, and store their 

location, details and duration so that information regarding 

incidents can be analysed and mitigations identifi ed. Figure 3: Gauteng roadside assistance vehicles

Figure 2: En-route traveller information device – roadside 
Variable Message Sign

Figure 1: Roadside Closed Circuit Television
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In addition to these core services, in the Gauteng FMS de-

ployment, SANRAL operates a fl eet of on-road service vehicles 

which allow for motorist assistance activities such as helping to 

fi x a fl at tyre, closing lanes, towing vehicles from travel lanes, and 

fi rst-line basic medical treatment.

At the heart of each of the three deployments is a Transport 

Management Centre (TMC) manned by traffi  c management 

operators who monitor the video and traffi  c sub-systems, detect 

and verify incidents post real-time information to the traveller 

information sub-systems, and assist in the coordination of inci-

dent response 24 hours per day, seven days a week. 

Th e FMS deployments also contain broadband communica-

tions networks consisting of optical fi bre networks, commercial 

broadband connections and wireless communications links 

to bring the roadway traffi  c and video information back to the 

TMC, and to allow the traffi  c management operators to monitor 

fi eld equipment. 

KWAZULU-NATAL DEPLOYMENT 
In July 2016, the SANRAL FMS deployment in KwaZulu-Natal 

(KZN) garnered the SAICE Pietermaritzburg Branch award in 

the Technical Excellence category. Th e SANRAL KZN FMS 

covers 120 km of the busiest sections of the N2 and N3 freeways 

– from Prospecton Interchange on the N2, northward to the 

Watson Highway Interchange, and on the N3 from Durban to the 

Market Road Interchange in Pietermaritzburg. 

Th e KZN Traffi  c Management Centre, which is located 

in Pietermaritzburg at the SANRAL Eastern Region Offi  ces, 

deals with around 1 000 traffi  c incidents each month. About 

12% of the incidents are vehicle crashes, the majority of which 

(around 70%) involve light vehicles in single or multiple-vehicle 

collisions. Th e TMC also assists with the monitoring of the 

Mariannhill Mainline, oTh ongathi Mainline and the King 

Shaka Airport Ramp toll plazas, and assists with the moni-

toring of vehicle queues at the toll plazas. Th e FMS fi eld control 

devices comprise 146 cameras, 26 VMS and 59 radar vehicle-

detector stations. Th e control devices are linked via a fi bre optic 

system to the TMC.  

Provincial Road Traffi  c Inspectorate offi  cers are collocated 

at the TMC. Th is has enhanced the management, response 

coordination and rapid clearance of incidents. During seasonal 

high-traffi  c volume periods, offi  cers from the South African 

Police Services also spend time at the TMC to further enhance 

the management of traffi  c incidents. Th e TMC also has video 

links with the eTh ekwini Transport Agency to assist with traffi  c 

management.

Since the inception of the ITS DBOM project in 2011, the 

KZN deployment has seen a continued improvement in the time 

it takes to identify incidents, to verify them and disseminate 

information to the public. Average incident detection and veri-

fi cation of times are impressive at around 150 seconds. Th is is 

in large part accomplished by an effi  cient TMC operations team 

and an eff ective performance monitoring regime. Consequently, 

the clearance time of incidents has been lowered, thus reducing 

queues due to congestion and secondary incidents, and allowing 

injured persons to receive medical attention quicker. 

Th e system has achieved a mature operations level and there 

are plans to expand the FMS footprint on the N3 national road 

in the near future. A longer-term goal is the active management 

of major transportation corridors such as the N3 via Integrated 
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Southern African leading asphalt 
manufacturer and supplier
www.nationalasphalt.co.za

Corridor Management (ICM). Th is involves the use of ITS tech-

nologies to proactively manage the entire transportation corridor 

as a multimodal system rather than isolated individual compo-

nents or systems. Th is will have signifi cant operational benefi ts 

for South Africa’s principal freight and logistics corridors.

Th rough SANRAL’s FMS deployments, it has successfully de-

ployed advanced intelligent transport technologies in South Africa’s 

largest urban areas. Th e FMS is serving the travelling public through 

active traffi  c management and traveller information services that 

improve overall safety and mobility on the national road network. 
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INTRODUCTION

Overview

Many factors influence and/or cause economic growth and 

development. For many years researchers, economists, policy 

makers and governments have investigated and researched the 

causal link and relationship between financial development 

and economic growth. However, researchers have conflicting 

views on the finance-growth relationship and the impact or 

importance of financial development on economic growth. 

Some researchers argue that financial development does not 

cause or is not important for economic growth, but rather 

follows or is a consequence of economic growth. On the other 

hand, some researchers have found that financial development 

and the strength or depth of a country’s financial systems (so-

phistication of financial systems) do contribute towards eco-

nomic growth. For the latter school of thought the question 

is not ‘if ’, but rather ‘how’ financial development can affect 

economic growth. Financial development contributes to both 

the quality and quantity of capital available in the financial 

markets. It is, however, the ‘quality of capital’ that contributes 

towards and influences the economic growth and develop-

ment in an economy.

Financial development consists of many fi nancial instru-

ments that can potentially contribute to economic development. 

One such specifi c instrument is ‘project fi nance’, which is of par-

ticular importance due to its ability in facilitating and promoting 

infrastructure development, specifi cally in underdeveloped 

fi nancial markets. Infrastructure in itself is also a contributor to 

economic growth. Th e World Bank recognised the importance 

This article is an abstract by the author from a research 
assignment he presented in partial fulfi lment of the re-
quirements for his Master’s in Development Finance at 
Stellenbosch University. A list of references is available from 
the author.
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of infrastructure and found that a one per cent increase in 

the overall infrastructure stock translates into a one per cent 

increase in gross domestic product (GDP). By its very design, 

project fi nance is intended to promote investment management, 

good governance and management of project risks.

Project fi nance has seen a dramatic increase in recent years, 

increasing from around US$12.5 billion (bn) in 1991 to around 

US$280 bn in 2013, with a deal count of 548. After reaching 

record levels of investment in 2007 (around US$320 bn), the 

total global project fi nance volume fell to around US$180 bn 

in 2009 following the global fi nancial crisis of 2008/9. Volumes 

increased in 2010 and 2011 to around US$242 bn and 

US$248 bn respectively, and decreased somewhat during 2012 

to US$186 bn. Europe (US$209 bn) was the leading region in 

terms of the volume of project fi nance transactions, followed 

by the Americas (US$207 bn) and Asia and Pacifi c region 

(US$189 bn) over the period 2011 to 2013. Africa and the 

Middle East benefi ted the least from project fi nance transac-

tions with a volume of US$111 bn.

According to data obtained from the Th omson Reuters 

Loan Pricing Corporation’s Dealscan Database, Africa attracted 

project fi nance transactions to the value of US$80.8 bn over the 

period 2000 to 2014. South Africa, Egypt and Nigeria were the 

African countries that benefi ted the most from project fi nance 

transactions between 2000 and 2014, with transaction values 

of US$22.5 bn, US$15.5 bn and US$11 bn respectively. Th e 

three African countries that benefi ted the least over this period 

were Libya, Malawi and Ethiopia, with transaction values of 

US$0.09 bn, US$0.1 bn and US$0.2 bn respectively. However, 

only 24 African countries benefi ted from project fi nance over the 

period 2000 to 2014, with the remainder of the countries not at-

tracting any project fi nance transactions. When compared to the 

BRICS countries (association of the fi ve major emerging world 

economies of Brazil, Russia, India, China and South Africa), 

African countries perform poorly. Brazil, Russia and South 

Africa were the BRICS countries who benefi ted the least from 

project fi nance transactions between 2000 and 2014, with trans-

action values of US$30.7 bn, US$65.8 bn and US$22.5 bn respec-

tively. Th e leading BRICS countries in respect of project fi nance 

transactions over this period were India with US$215.1 bn and 

China with US$241.1 bn.

Project finance by its very nature is intended to be used in 

both developed as well as unsophisticated financial markets, 

and is designed to account for risk and to reduce transaction 

costs. Project finance further accounts for the inability of 

developing economies to mobilise and pool savings. Project 

finance can, therefore, also be used in lower-income and de-

veloping countries. A similar study to this study found that 

project finance was a strong driver of economic growth in 

low-income countries, with a move from the 25th to the 75th 

percentile in project finance resulting in an annual growth of 

0.67 percentage points.

Problem statement and purpose

Like many developing countries in the world, African countries 

face real economic growth, poverty and inequality challenges. To 

exacerbate these challenges, African countries also face severe 

infrastructure backlogs. Th ese infrastructure backlogs are not 

limited to the creation of new assets, but include the upgrading, 

refurbishment and rehabilitation of existing infrastructure. 

Many researchers have investigated the infrastructure-growth 

nexus and found that infrastructure contributed towards an in-

crease in productivity and national output.

South Africa is faced with two key infrastructure chal-

lenges, namely (1) the significant infrastructure backlog and 

the spend that will be required to eradicate this backlog, and 

(2) the limited borrowing capacity of government and state-

owned companies (SOCs). Financing of infrastructure will, 

therefore, have to be done using alternative funding mecha-

nisms, such as off-balance-sheet or project finance models. 

The provision and financing of public infrastructure will also 

have to involve the private sector.

It is, therefore, important to understand the role that project 

fi nance is playing, and can be playing, in infrastructure develop-

ment in African countries, with the ultimate aim of increasing 

economic growth and development.

Th is study was aimed at determining whether project fi nance 

has contributed towards economic growth and development 

in African countries over the past 14 years. Th e purpose of this 

research was therefore to:

 ■ illustrate the fact that project fi nance contributes towards 

economic growth;

 ■ create awareness and highlight the importance of project 

fi nance for economic growth and development in a country;

 ■ motivate and promote the use of project fi nance as an appro-

priate fi nancing mechanism in Africa and specifi cally South 

Africa; and

 ■ motivate policy changes that will create an enabling environ-

ment conducive to and promoting project fi nance transactions 

in South Africa.

THE FINANCE-GROWTH NEXUS, ECONOMIC GROWTH AND 
INFRASTRUCTURE DEVELOPMENT IN AFRICA

The fi nance-growth nexus in theory

Th e traditional literature argues that economic growth is deter-

mined mainly by the quantity of capital as the key determinant 

of fi nancial development, i.e. fi nancial development will lead to 

an increase in capital, which in turn leads to economic growth. 

However, it is also argued that fi nance stimulates growth not 

through the creation of more capital (by increasing savings), but 

rather through the improved allocation of savings, i.e. improving 

the quality of capital.

Emerging economies and developing countries are, however, 

faced with the challenge of increasing their economic growth 

while still developing, reforming and improving their fi nancial 

systems. One way of achieving this is by importing fi nance in 

the form of international capital fl ows. International capital can 

increase the quantity of capital, lower the cost of capital, and, if 

structured correctly, increase the scope of risk diversifi cation. 

However, it is important to maintain and focus on the quality of 

capital rather than on the quantity of capital in emerging mar-

kets. It is also imperative that proper consideration is given to the 

riskiness and cost of foreign capital so that it is not to the detri-

ment of emerging economies.

Project fi nance as a contributor to economic growth

Project finance is defined as “the structured financing of a 

specific entity – the SPV, or special purpose vehicle, also 

known as the project company – created by sponsors using 
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equity or mezzanine debt, and for which the lender considers 

cash f lows as being the primary source of loan reimburse-

ment, whereas assets represent only collateral”. By design, 

project finance is aimed at large-scale, complex projects (often 

infrastructure related) with significant risk and information 

asymmetries. Project finance transactions are characterised 

by high leverage, i.e. relatively low levels of equity (provided 

by project sponsors) compared to high levels of debt. Debt 

is either in the form of limited or no-recourse loans. Project 

finance transactions are further aimed at allocating risk (con-

struction, operating, demand, price, etc) to the parties best 

equipped to manage and mitigate the risk.

Project finance transactions are designed around the 

establishment of a ring-fenced special purpose vehicle (SPV) 

and a number of contractual arrangements. Project finance as 

a financing mechanism is, therefore, able to be implemented 

in undeveloped financial markets where it will, through the 

characteristics listed above, emulate and ‘artificially create’ 

well-developed financial markets. Project finance is, however, 

dependent on a strong legal and regulatory environment 

where contracts are honoured and the rule of law is enforce-

able. It was found that governance (and in particular the 

rule of law) played a major role in attracting private sector 

investors in project finance deals. Project finance is often 

implemented as an alternative to corporate finance, but has 

the following two advantages over corporate finance – firstly, 

it increases the availability of finance and, secondly, it reduces 

the overall risk associated with the project. Project finance 

is, therefore, an attractive alternative financing mechanism, 

especially in developing countries and emerging economies 

(where it has seen significant expansion during the 1990s) 

where financial development remains low.

Infrastructure development in Africa

Governments are traditionally responsible for the provision 

(owning, operating and maintaining) of public infrastruc-

ture (such as water services, roads and transportation, elec-

tricity, and social amenities such as schools, hospitals, etc). 

Infrastructure expenditure in developing countries is mostly 

funded by host governments directly from the fi scal budgets. It 

is estimated that countries in SSA (Sub-Saharan Africa) fi nance 

around 65% (approximately 4% of SSA’s GDP) of its infrastruc-

ture expenditure from public sector budgets. Governments, 

however, do not always possess the required skills and expertise 

to access the diff erent sources of funding and are often reliant 

on the private sector for this expertise. Increased private sector 

involvement in the fi nancing of infrastructure projects are, 

therefore, critical to provide for the increasing demand for 

infrastructure. While trading services (water and sanitation 

and electricity services) provide an opportunity for the private 

sector to become involved in the provision of infrastructure 

through the implementation of user charges, the non-trading 

services will mostly remain a public service. A government’s 

involvement in the provision of infrastructure may also be 

required where the benefi ts of an infrastructure project will 

extend beyond the direct users and may exceed the potential 

revenue from user charges.

Th e National Treasury of South Africa has developed a 

public-private-partnership (PPP) model and established a PPP 

unit in the National Treasury with the mandate to identify, 
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prepare and close PPP transactions in the public infrastructure 

space in South Africa. PPPs seem to have fallen into disfavour in 

both the public and private sector. It is important to explore the 

reasons why PPPs have not met expectations in South Africa. A 

general perception exists that PPPs are synonymous with priva-

tisation. Privatisation has met with strong resistance in South 

Africa, and the privatisation perception even extends to the con-

cept of private fi nance. More importantly, PPPs are seen as being 

synonymous with project fi nance. Th is misconception has led 

to a legislative framework being established for PPPs instead of a 

more general framework that would enable and indeed facilitate 

project fi nance transactions – of which both PPPs and private 

concessions would form subsectors.

Th e African continent has seen strong economic growth in 

recent years, but despite a signifi cant infrastructure backlog, 

only 10% of global private investment fl owed to infrastructure 

in Africa between 1990 and 2011, compared to 40% to Latin 

America over the same period. International infrastructure ex-

perts attribute this to the “shallowness of national utility markets 

in Africa” and highlight the strategic importance of presenting 

regional infrastructure projects to the private sector. Policy and 

regulatory concerns, weak domestic capital markets, and the 

high transaction and bidding costs are some of the barriers to 

private sector involvement in infrastructure in Africa. South 

Africa, however, has advanced fi nancial and utility markets, but 

still struggles to prepare bankable infrastructure projects.

If more projects were fi nanced on a self-fi nancing project 

fi nance basis, it would leave additional fi scal space in govern-

ment budgets to fi nance the non-bankable portion of the public 

infrastructure projects, i.e. where a ‘user pays’ principle could not 

be applied.

When comparing low and high-growth economies, it was 

found that more than 40% of the growth diff erential could be 

attributed to the effi  ciency eff ect, making it the single most im-

portant reason of diff erential growth performance. It was further 

found that private investments in infrastructure (for example 

through project fi nance) had a far greater impact on economic 

growth than public investment in infrastructure.

RESEARCH METHODOLOGY
Th e question whether or not project fi nance contributes to-

wards economic growth was based on an empirical analysis, 

making use of secondary data. Th e control variables chosen 

for the study comprised the most common variables used in 

the literature. A standard panel regression model was used to 

determine whether project fi nance had an impact on economic 

growth in the African countries over the period 2000 to 2013. 

Both a one-way and a two-way fi xed-eff ect model were ana-

lysed, using three panels.

SUMMARY, CONCLUSION AND RECOMMENDATIONS

Summary of main fi ndings

Th e results of this study are consistent with the literature and 

the fi ndings of other researchers, and imply that project fi nance 

fosters economic growth. It was shown in this study, which 

comprised low-income, lower-middle-income and upper-middle-

income countries, that project fi nance did contribute towards 

economic growth in the sample countries. Th is is signifi cant, 

given the specifi c challenges faced by the African continent in 

order to realise the growth opportunities experienced over the 

past decade.

Th e importance of project fi nance for economies in Africa 

should, therefore, not be underestimated. Not only does project 

fi nance provide a mechanism to fi nance large-scale infrastruc-

ture (which is often the only fi nancing mechanism available), 

but at the same time contributes towards economic growth in a 

country. Improved economic growth will in turn lead to a reduc-

tion in poverty and inequality, and will contribute to the much 

needed human capital development on the African continent.

Although project fi nance is a complex fi nancing mechanism, 

it is particularly successful in countries with weak fi nancial and 

legal systems, and should be encouraged by governments in 

Africa for the provision of public infrastructure. Project fi nance 

as an alternative fi nancing mechanism can play an important 

role in eradicating infrastructure backlogs on the African conti-

nent. Policy changes should therefore create an enabling environ-

ment conducive to and promoting project fi nance as a preferred 

fi nancing mechanism in African countries.

Policy implications

Africa

As stated above, it is important for governments in Africa to 

encourage the use of project fi nance as a mechanism to fi nance 

infrastructure by creating an enabling environment for the 

use of project fi nance. Although project fi nance can be used 

in emerging markets and underdeveloped economies, political 

support for the use of project fi nance is essential. Without a 

willingness by governments to use project fi nance as a fi nancing 

mechanism, the use of project fi nance will not yield the intended 

results.

Th e following policy considerations will contribute towards 

creating an enabling environment for the use of project fi nance:

 ■ Support the notion of the private sector investing in, and 

sharing in the risk and profi ts of providing infrastructure.

 ■ Support the establishment of special purpose vehicles.

 ■ Consider legislation that will streamline and simplify the legal 

environment to support the use of project fi nance without 

compromising on best practice and the rule of law.

 ■ Support the ‘user pays’ principle, encourage society to pay for 

services and encourage appropriate cost-recovery mechanisms.

 ■ Establish a project preparation environment where projects are 

properly prepared, structured and ‘de-risked’ to ensure bank-

ability. 

 ■ Create capacity within the public sector by providing training, 

skills development, and ensuring continuity at offi  cial level.

South Africa

It was mentioned above that South Africa is also facing signifi -

cant infrastructure backlogs with simultaneous pressure on 

the public sector responsible for the provision of the required 

infrastructure. South Africa is in search of alternative funding 

sources, and the involvement of the private sector would relieve 

the pressure on public fi nances.

Project finance provides a real solution to the problem. 

While project finance will enable the provision of much 

needed infrastructure, it will, at the same time, contribute to-

wards economic growth in South Africa, as was shown in this 

study. The South African government should, therefore, con-
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sider project finance as an alternative financing mechanism, 

which can specifically be applied to the trading services in the 

municipal environment, for example water supply, sanitation, 

electricity and solid waste removal. South Africa is facing 

looming water shortages and the municipal water services 

(water supply and sanitation services) sector requires critical 

interventions. South African municipalities are primarily 

responsible for the provision of water services. These mu-

nicipalities are, however, facing increasing balance sheet bor-

rowing constraints and are consequently struggling to provide 

the required services and meet the increasing demands. It is 

specifically in this sector where the benefits of project finance 

can be maximised.

Project fi nance, however, is often incorrectly viewed as being 

synonymous with privatisation. Th is misconception ultimately 

leads to strong resistance from civil society, labour unions, etc, 

especially with the provision of potable water supply being an es-

sential service. Project fi nance should, however, not be confused 

with privatisation, as it is possible to apply the principles of pro-

ject fi nance in the public sector without relinquishing ownership 

and control to the private sector.

Th e success of project fi nance in South Africa (and specifi -

cally in the municipal environment) is dependent on the fol-

lowing factors:

 ■ Th e political will to employ project fi nance for the provision of 

public infrastructure

 ■ Application of the ‘user pays’ principle and the will to enforce 

the necessary cost recovery

 ■ Integration and cross-subsidisation between the rich and the 

poor to account for economic versus social projects

 ■ Consolidation and gearing of grant funding (to unlock com-

mercial funding and ensure aff ordability)

 ■ Capacity, expertise and continuity of municipal offi  cials at 

local government level

 ■ Acceptance and support by organised labour of the use of pro-

ject fi nance.

Recommendations

It is recommended that governments throughout Africa take 

note of the benefi ts of project fi nance in the provision of infra-

structure and the way in which it contributes towards economic 

growth. It is important for governments to provide the enabling 

environment to support the use of project fi nance. By creating 

a friendly and conducive environment for the use of project 

fi nance, governments will be able to attract foreign capital to 

perceived high-risk environments, which would otherwise not 

receive quality capital investments. Th is will relieve the pressure 

on the public sector for the provision of infrastructure, which 

will in turn support economic growth.

Governments should make the necessary policy changes to 

ensure the successful implementation of project fi nance. Policy 

changes may include amendments to existing legislation to facili-

tate the establishment of special purpose vehicles, changes to the 

legal system governing the public sector, changes to procurement 

systems and the manner in which unsolicited bids are consid-

ered, and strengthening public sector institutional capacity.

By creating a conducive policy and regulatory environment, 

governments will be able to create international best practice and 

attract foreign investors to invest in much needed infrastructure 

in Africa. 
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I N T E R N A T I O N A L 

INTRODUCTION 
According to Lee (2005), market liber-

alisation can be defi ned as the removal 

of restrictions that act as barriers to 

entry into markets, thereby encouraging 

competition. Th e removal of barriers to 

market entry usually culminates in the 

proliferation of services across borders. 

Th e OECD (1997) accentuates that the 

most signifi cant market liberalisation in-

dustry reform has been made in transpor-

tation, mainly in aviation and rail. Whilst 

there is evidence to affi  rm such, the focus 

of the study on which this article is based 

was limited to analysing and assessing the 

progress being made to liberalise market 

access with specifi c regard to only road 

freight in the SADC region. Th e road 

transport industry plays a signifi cant role, 

especially for developing regions that 

are landlocked, as it facilitates the rapid 

movement of goods across borders (Kieck 

2010). Whilst road transport is important 

in general, it should be noted that in the 

context of a developing region like the 

SADC, it is important for the following 

reasons: 

 ■ It improves access to trade and markets 

(especially since 40% of SADC member 

states are landlocked) and is vital 

particularly for hinterland countries 

(Ranganathan & Foster 2011).

 ■ It carries the most regional traffi  c, and 

enhances regional trade and integration 

among member states. 

 ■ It links key economic hubs and produc-

tion nodes in the SADC region, thus 

linking the cross-border value chain. 

 ■ It is vital for facilitating trade, espe-

cially in the SADC, where trade is 

characterised by exports of mining and 

agricultural products, and imports of 

manufactured goods. 

 ■ It is an instrument to broaden strategic 

imperatives within the SADC economic 

development through the creation of 

employment, encouraging reduction in 

poverty and providing access to basic 

services. 

AIM OF THE STUDY  
Th e objectives of the study were to show 

that liberalised market access can be 

benefi cial to both South Africa and the 

SADC region. Th ese objectives included: 

 ■ To review market liberalisation as a 

policy tool for improved trade and 

economic development, based on lit-

erature. 

 ■ To assess and compare case studies and 

international experiences with respect 

to the path towards liberalisation. 

 ■ To review and assess the extent of the 

SADC Protocol implementation.

 ■ To derive stakeholder input on options 

for market liberalisation, based on lit-

erature and SADC Protocol.

METHODOLOGY 
The study incorporated relevant litera-

ture about experiences of market liber-

alisation in trading blocs and markets 

that have progressed in liberalisation. 

To complement the desktop assessment, 

questionnaires and interviews were 

undertaken with stakeholders in order 

to derive inputs for market liberalisation 

options. 

Th ere were three overarching ques-

tions that were covered by the question-

naire, namely the use of permits, market 

access and quality regulation. Th e ques-

tionnaire responses were evaluated using 

a Likert scaling method, which ranges 

from 1 to 5, where 1 represents ‘strongly 

agree’ and 5 represents ‘strongly disagree’.  

Th e respondents were anonymous in 

order to allow them to answer honestly 

without fear of bias. 

REGULATORY REFORM: 
INTERNATIONAL EXPERIENCES 
Th is section of the study was aimed at 

fi rstly outlining the options for regula-

tory reform that many regions have 

undertaken to achieve liberalisation. 

Th e trading blocs assessed included 

the European Union (EU) and North 

American Free Trade Agreement 

(NAFTA). Th e steps undertaken by each 

of the trading blocs were then analysed 

(see Table 1). 

It should be noted that in the context 

of the EU, it was the move to harmonise 

vehicle regulations and abolish restric-

tive regulatory measures (such as tariff s 

and quotas on permits) that spurred the 

trading bloc towards liberalisation of 
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road freight. Th e step to liberalise road 

freight was one which ultimately yielded 

tangible results for the trading bloc, 

such that the ten Member States who 

joined the EU in 2004 witnessed a total 

growth of road freight traffi  c by over 

20% between 2004 and 2006. Leading 

the way were Polish and Hungarian 

hauliers who grew by 60% in 2005. Czech 

Republic hauliers saw a growth of over 

40%. Lithuania and Slovakia, with more 

modest growth rates in 2006, both took 

over 7% of the total. Among the EU-15 

Member States, Germany recorded a 

substantial growth rate of over 13% in 

2006 compared to 2005 (Pasi 2008). Th e 

opening of markets not only benefi ted 

existing Member States, but also lured 

those countries that were outside the 

trading bloc to join and benefi t from 

the removal of barriers to trade across 

borders. 

Whilst in the context of NAFTA 

it was the creation of a free-trade area 

which facilitated the opening up of bor-

ders, such a stride ultimately became the 

cradle in which progressive liberalisation 

was pursued.     

FRAMEWORK TO LIBERALISE ROAD 
FREIGHT MARKET ACCESS IN SADC 
Th is section of the study focused on the 

interventions articulated in the SADC 

‘Protocol on Transport, Communications 

and Meteorology’ under Article 5.1 – pro-

gressively introducing measures to liberalise 

market access with respect to cross-border 

carriage of goods. Th e strategic intent for 

progressive liberalisation is anchored in the 

need to migrate from quantity to quality 

regulation. Th e regulatory regime anchored 

in quantity is regulation that is based on 

permits for market access, while the regime 

of quality regulation is based on operators 

meeting minimum quality standards prior 

to being granted entrance to the market 

(such as vehicle dimensions, training of 

drivers and vehicle fi tness, amongst others).    

Whilst the objectives of the SADC 

Protocol are clear in terms of progres-

sive liberalisation, the current challenges 

besetting the region are the cross-border 

road transport regulatory instruments 

(such as bilateral and multilateral agree-

ments) which do not support the objec-

tives of the SADC Protocol. Th is view is 

justifi ed by the fact that regulatory instru-

ments are employed for purposes of regu-

lating cross-border road transport pri-

marily focusing on controlling the supply 

of transport services in the cross-border 

market through permits regulation. 

STAKEHOLDER RESULTS 
Th is section dealt with the analysis of the 

responses from the stakeholders in the 

questionnaire on various market aspects. 

Permit use analysis

Th e various aspects of the use of permits 

in regulating, controlling and monitoring 

cross-border movements were analysed. 

Figure 1 provides the analysis of the 

results given by the respondents with 

respect to the various questions and 

Table 1: Comparison of trading blocs

BLOC STEPS TAKEN TO LIBERALISE

EU

  Phased approach to deregulation

  Minimum harmonisation of conditions, such as vehicle standards, overloading standards and mutual recognition of country 

differences, etc

  Foreign operator quotas were removed and replaced with qualifi cation criteria for drivers (to be granted licences and approval 

by government regulator)

NAFTA
  The creation of a free-trade area in 1994 established a solid foundation for minimal liberalisation within the trading bloc

  Tariffs and non-tariff barriers were aborted for a 10-year period

  Consonant and complementary policies in transport deregulation 
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statements alluding to the use of per-

mits when the intention and end goal is 

market liberalisation.

Figure 1 demonstrates that 68% of 

the respondents disagreed that permits 

should be removed to encourage liberali-

sation, since the operators understand the 

value of monitoring goods and passenger 

fl ow into the country. Secondly, 56% of 

the respondents agreed or strongly agreed 

that the role of permits is to regulate the 

movement across borders, which is in 

line with the original founding principles 

of the current regulatory instruments, 

whereas 44% of the respondents disa-

greed. Th is implies that the role of regu-

lating based on quality might be unclear 

to operators and would need further clari-

fi cation by responsible regulators.  

Market access

One of the major underlying principles 

of market liberalisation is to enable free 

market access to the region through the 

removal of country boundaries and trade 

barriers, and to encourage the free move-

ment of people across borders within the 

region. Th e major shortcomings of al-

lowing open market access are the fear of 

competition and the risks associated with 

contraband, as well as illegal and inferior 

goods penetrating the market. Open 

market access therefore appears not to be 

practical due to the following factors: 

 ■ Domestic market access: Th e incor-

poration of a question alluding to cabo-

tage assessed whether South African 

operators are ready to embrace compe-

tition from foreign operators entering 

the market. Respondents were split with 

28% agreeing to allow cabotage, 48% 

disagreeing to the practice and 28% 

being undecided or neutral. Th is shows 

that the operators indeed have a good 

understanding of the need to respond 

to changing market conditions.

 ■ Regional market access: In an attempt 

to assess the understanding of the 

operators in terms of what it means 

to open South African borders to a 

common SADC market, a question was 

asked as to whether SADC is ready to 

liberalise the road freight market. Based 

on the responses, 28% of the respond-

ents disagreed with removing market 

restrictions, while an astounding 40% 

of the operators were not knowledge-

able about the implications of market 

liberalisation. Th is lack of appreciation 

from stakeholders is a major hindrance 

to political lobbying, with regard to 

achieving liberalisation through the 

SADC Protocol implementation. 

Quality regulation as a tool to liberalise the 

market in road freight

With literature demonstrating that quality 

regulation can be used as a tool to drive the 

process of liberalising the market within a 

trading bloc, it was important to establish 

from operators if they viewed quality regu-

lation as an ideal tool for SADC to achieve 

market liberalisation. Interestingly, 42% of 

respondents agreed that quality regulation 

can be instrumental in driving market 

liberalisation within the freight industry, 

while 30% were uncertain. Th eir thinking 

was informed by the fact that the adoption 

of standards might ultimately marginalise 

small businesses from entering the market, 

due to their inability to reach certain levels 

of quality operations, such as the need to 

train drivers annually and the need to en-

sure that vehicles are maintained at certain 

levels of quality.

CONCLUSION  
Th e study showed that liberalised market 

access can be benefi cial, and can be 

achieved even within the SADC envi-

ronment, deriving such evidence from 

existing paragons of success, such as the 

EU and NAFTA. 

Th e concerning aspect was that of a 

percentage of stakeholders’ limited under-

standing of quality regulation, and limited 

appreciation of the strategic intent of 

progressive liberalisation and its benefi ts 

both at a micro and macro level. 
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R E T A I N I N G  W A L L S

VARIABLE GEOLOGY, sloping land and an immense single-

level platform presented an exceptional set of challenges in 

the construction of a warehouse and distribution centre for 

earth-moving-equipment giant, Komatsu, at Tunney Ext 12 in 

Elandsfontein, Germiston. 

Essential to the success of the project were two huge 

concrete retaining block walls specified by the project devel-

oper, Investec Property, to secure a bulk-fill terrace created 

to accommodate a large post-tensioned concrete surface bed 

for the warehouse and surrounds. The retaining walls were 

designed by Verdi Consulting Engineers (Verdicon) in col-

laboration with international consulting firm, Hatch. Local 

earthworks contractor, Power Construction, was engaged 

for the civil work, and Valcal International constructed the 

retaining walls.

Th e lower wall – 450 m long and topping 13 m – was built 

to face off  and secure the bulk-fi ll terrace above, maximising 

the space available for development on this valuable property. 

Stabilising the embankment which rises above the building plat-

form, the upper wall – 436 m long and rising to 15 m – involved 

cut and fi ll work in which large quantities of rock had to be 

blasted and excavated. 

Verdicon managing director, Trevor Green, says that besides 

creating additional usable space, the advantage of concrete block 

retaining walls is their modular structure, which makes them 

suffi  ciently fl exible to accommodate ground movement while 

retaining their structural integrity. 

“By contrast it takes only minimal movement for reinforced 

concrete or brick walls to crack, and the equivalent reinforced 

concrete retaining wall is typically several times more expensive. 

We specifi ed Aveng Infraset’s Ridgebloks for the Tunney project 

primarily because they are solid, unlike most other blocks on the 

market which are hollow, and their interlocking design prevents 

them from sliding – a distinct advantage. 

“In view of the height of these retaining structures, hollow 

blocks were ill-suited to the project. No matter how well the 

hollow blocks are manufactured, the risk of cracked blocks in-

creases signifi cantly as soon as walls exceed 10 m. Moreover, be-

cause both walls exceed a height of 10 m they were constructed 

in a closed-face confi guration for the fi rst 3 m to 5 m and in 

open-face thereafter. Th e lower retaining wall was built after the 

earthen terrace had been constructed. In an ideal world the bulk 

fi ll would be prepared at the same rate as the retaining wall, but 

that is not always practical. 

“Power Construction battered the bulk earthworks platform 

at 45°, while the lower wall was built at an angle of 70°. During its 

construction, Valcal International benched the embankment to 

avoid the creation of a preferential failure plane. 

“In addition, we specifi ed geosynthetic reinforcing material 

at a ratio of 70% to wall height. It comprised a combination of 

Kaytech PC100/100 and GX80/30 geogrid and was installed at 

every third layer of Ridgebloks.

“A 70% to wall height ratio erred very slightly on the con-

servative side, but it provided a relatively inexpensive means 

of further safeguarding the stability of the wall. For example, 

if a slip were to develop, a portion of the geogrid would re-

main outside the failure plain. Therefore, any wall failure 

would require a very long failure plane by which stage there 

would be so much friction and soil involved that the likeli-

hood of failure would be extremely remote. And of course, any 

Massive concrete block retaining Massive concrete block retaining 
walls stabilise warehouse platform walls stabilise warehouse platform 

The lower fill-wall under construction with the benching clearly visible
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A portion of the cut face on the upper wall

Aveng Infraset landscape products sales manager, Brennan 
Small, in front of the 13 m section of the wall in-fill

The cut face wall, flanked by an attenuation 
pond in the foreground, nears completion

The partially completed 15 m wall-in-cut

The cut wall section consists mostly of rock from 

several different geologies, including very hard rock 

quartzite and soft-to-medium hard rock greywacke, 

only some of which are stable. It is topped by 

approximately two metres of soil. Although global 

instability was not an issue, numerous wedges 

(jointing) in the rock face meant that over time 

pieces of rock would dislodge and fall. 



potential failure through the backfill would be prevented by 

the geogrid’s tensile resistance.” 

Th e cut wall section consists mostly of rock from several 

diff erent geologies, including very hard rock quartzite and soft-to-

medium hard rock greywacke, only some of which are stable. It is 

topped by approximately two metres of soil. Although global insta-

bility was not an issue, numerous wedges (jointing) in the rock face 

meant that over time pieces of rock would dislodge and fall. 

Rock bolts and mesh could have been used to secure the wall, 

but Verdicon opted for a concrete block retaining wall instead. 

In addition to costing slightly less, it avoids the ongoing mainte-

nance issues which the former option would have entailed. 

Th e upper retaining wall was built at an angle of 75° using 

a minimum of 1 m geofabric and stabilised fi ll compacted at 

150 mm layers. Above the rock a more traditional geogrid instal-

lation of 50% to 60% wall height was applied.

Undoubtedly an equally challenging aspect of this project 

was casting the 44 000 m² x 300 mm post-tensioned slab on a 

platform underlain by one third rock and two thirds compress-

ible clay. To equalise the settlement variance between the two 

materials, 1 600 micro piles were installed in the clay section 

to reduce settlement. Varying in depth between 8 m and 28 m, 

and 141 mm in diameter, the piles mitigated most of the set-

tlement. Th e balance was taken up in the post-tensioned slabs, 

which were designed by Soteralis Consulting Engineers. Prior 

to that, a seismic survey had established the depth of the rock 

surface so that the piles could be sunk to within approximately 

2 m above it. Moreover, rock to a depth of 1.5 m to 2 m was 

removed and back-fi lled to allow some settlement in the rock 

section, further normalising the settlement across the platform.

“We used cement-stabilised fi ll on the cut face, which meant 

the drainage system had to be designed to avoid the build-up of hy-

drostatic pressure. We used band drains – a geosynthetic wrapped 

membrane placed against the face – to allow groundwater to fl ow 

down the face into a wick drain at the base of the wall. 

“Despite all the challenges we have faced at Tunney, es-

pecially the exceptionally high retaining walls and variable 

founding conditions, by the time this project is completed it 

will be a state-of-the art warehouse and distribution facility,” 

Green concludes. 

 INFO

Brennan Small

Aveng Infraset

+27 12 652 0000

Trevor Green Pr Eng

Verdi Consulting Engineers

trevor@verdicon.co.za

+27 87 806 2880

 

Civillain by Jonah Ptak
For more engineering humour, please visit “Unreal Bridges” 

on Facebook and “@TheUnrealBridge” on Twitter.
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D E A L I N G  W I T H  R E A D Y M I X  C O N C R E T E

THE TIME IT TAKES to begin discharging readymix concrete 

from the truck after it arrives at the job site, and the preparations 

for receiving the concrete has important bearing on the ultimate 

quality and cost of the concrete in place. Preparedness is para-

mount to receiving readymix concrete. 

Before the first readymix truck arrives, have the formwork 

and sub-base ready for receiving concrete. Your delivery will 

be confirmed before the concrete is batched at the readymix 

plant. Make sure that all resources are ready. This includes 

the placing of teams, vibrators, finishing equipment, protec-

tion and curing, testing equipment and staff, and back-up 

plant. All security and safety inductions must be completed, 

and access to the point of discharge verified. The point of 

discharge should be as close to the final placement position 

as possible. 

Th e readymix truck should spin for at least fi ve minutes on 

site before discharge starts. Th e drum of the truck should never 

be stationary. It must either be discharging or mixing at speed. 

Th is ensures that the concrete remains homogenous and work-

able. Take the time while the drum is mixing to check that the 

concrete being delivered is of the specifi cation ordered. Check 

the delivery note for the following:

 ■ Name of the readymix batch plant

 ■ Serial number of the delivery note

 ■ Date

 ■ Truck number

 ■ Name of the purchaser

 ■ Customer name and location

 ■ Specifi c class or designation of the concrete in specifi cations

 ■ Quantity of concrete in cubic metres

 ■ Time of loading 

Make sure to test the slump of the concrete within 30 minutes of 

the truck arriving on site, as per SANS 878 (take heed of Table 1 

– Tolerances for slump in SANS 878:2004 for the acceptance 

criteria based on slump). Sampling and testing must be done in 

accordance with the relevant SANS standards, preferably by a 

facility accredited for the specifi c tests needed. 

Th e maximum discharge time is eight minutes per cubic 

metre of concrete. Th e purchaser may be charged standing time 

when exceeding this. Th e receiver of the concrete must be pre-

pared to handle and place the concrete when discharge starts.

Upon completion of the discharge, sign the delivery note and 

make sure to enter any water added, and the quantity of water 

added on the delivery note.

Consolidation will improve the concrete greatly. Ensure 

that the concrete is vibrated to get all the air out. Just 1% air in 

the concrete can reduce the strength of the concrete by 5–6%. 

Protect the concrete while placing, and cure thoroughly after 

fi nishing. When the concrete is protected from evaporation, less 

cracking and a stronger fi nal product will result. 

Cooperation and communication between the customer and 

the readymix provider is key in ensuring durable structures. Your 

readymix supplier will be able to advise you on the best practices 

to handle concrete. 

READYMIX SUPPLIERS 
To fi nd out more about readymix concrete suppliers available 

in your area, visit the Southern Africa Readymix Association 

(SARMA) at:

T:  +27 11 791 3327
E: offi ce@sarma.co.za
W: www.sarma.co.za

This article is the fi fth in a series of short articles on how to deal with readymix concrete. The fi rst four 
articles appeared in the May, June, July and August 2016 editions of Civil Engineering. We trust that 
these ‘how-to’ pieces will address any uncertainties about the correct handling of readymix concrete. 

Receiving
readymix concrete

Johan van Wyk

General Manager: SARMA

johan@sarma.co.za
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S A I C E  A N D  P R O F E S S I O N A L  N E W S

INTRODUCTION
What does it mean to “think like an engineer”? Does it mean we 

drive to work while contemplating improvements to the roads 

and transport sector? Do we walk into the offi  ce with innovative 

design concepts in mind? Does it mean we arrive at a construc-

tion site with methods of implementing sustainable practices? 

To me “thinking like an engineer” means all of the above, i.e. 

having the conviction to create a better tomorrow within our 

built environment. It was through my fi nal-year dissertation, 

coupled with winning the 2015 SAICE National Investigative 

Project Showdown, that I had the opportunity to express my 

thoughts as a civil engineer.

I conducted the dissertation in my fi nal year (2015) at the 

University of KwaZulu-Natal under the supervision of Dr Elena 

Friedrich. Th e topic was the investigation of the carbon foot-

print of various construction materials and the implications on 

building design. Th is topic allowed me to bring further aware-

ness to the amalgamation of structures and the environment, 

and to explore practical, sustainable design measures in the 

context of a case study. 

I performed a comparative case study on Hotel Verde, which 

is situated in Cape Town, in order to quantify the research. 

Subsequently, I posed the following research question: What is 

the carbon footprint of the materials used in the construction of 

the Hotel Verde building in comparison to a similar non-green 

hotel, and the implications on building design?

GLOBAL WARMING: THE PANDEMIC
Th e topic of global warming is like a disease – most people 

merely hope it goes away but don’t intend contributing to 

YOUNG MEMBERS’ PAGES Think more.
Be more.

Thought Campaign

This article is a shortened version of the 
winning presentation in SAICE’s 2015 National 
Investigative Project Showdown. The event brings 
together the best fi nal-year civil engineering 
research projects and sees the fi nalists present 
their fi ndings to a panel of judges in a national 
‘showdown’ while competing for a sponsored 
cash prize. The 2016 event is scheduled for 
1 December in Johannesburg.

Iksha Singh
Winner of the 2015 IP Showdown 

singh.is.iksha@gmail.com

Think like Think like an engineeran engineer
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becoming a part of the solution. Th is “disease” has reached 

pandemic status and the topic is therefore inevitable. Global 

warming or “climate change” refers to the gradual increase in 

the Earth’s surface temperature. Carbon dioxide emissions 

contribute signifi cantly to this issue and highlight the need to 

mitigate these emissions; particularly when focusing on the con-

struction industry. 

Large amounts of emissions are released during the manu-

facturing and transporting of construction materials, such as 

concrete and steel. Th e carbon footprint of these materials is 

the amount of carbon dioxide released into the atmosphere 

from these activities. Each material’s carbon emissions accu-

mulate to an overall carbon footprint of a building. Reducing 

the carbon emissions of construction materials leads to a 

lower carbon footprint and thereby, sustainable development. 

Furthermore, new hotels are continually being developed and 

existing ones are constantly renovated. Th e carbon footprint of 

these buildings is pertinent on a global scale, as they use a large 

amount of resources.

IT’S ALL IN THE APPROACH
In order to achieve the aims of the investigation encapsulated 

by the research question, two research approaches were se-

lected as most appropriate – a theoretical approach and a case 

study approach.

Th e theoretical approach was a literature review that con-

sisted of critically evaluating previous studies on the topic to 

contextualise concepts and gain understanding. From this 

research, local and international carbon emission factors were 

obtained for various construction materials. Local factors were 

preferred, due to higher accuracy, since they are relevant to 

South African processes and energy consumption.

Th e case study approach included selecting a relevant 

building – Hotel Verde, “Africa’s Greenest Hotel”. Among other 

sustainable features, 50% of the construction materials were 

sourced locally, 28% consisted of recycled content, and a “zero-

waste-to-landfi ll” objective was initiated. Th is building was 

selected due to the accessibility of the Bill of Quantities and 

drawings, but more importantly, as a pivotal example of innova-

tion and sustainable development in South Africa.

Once all the information was gathered, the necessary cal-

culations were performed and processes followed to obtain 

meaningful results. Th e embodied carbon of each construction 

material was obtained, namely for concrete (separated into its 

constituents), steel (structural and reinforcement), brickwork 

(hollow blocks and clay bricks), plaster and timber. Th ese results 

were then compared to that of a similar non-green hotel for the 

same construction materials.

CONCRETE EVIDENCE
The results obtained for the analysis on Hotel Verde was in 

terms of each construction material under consideration. 

Hotel Verde is primarily a reinforced concrete structure. This 

meant that the amount, as well as the total carbon emissions 

of the concrete and steel used in the building, is significant. 

Concrete was subdivided into cement, sand, stone and water 

Table 1: Embodied carbon emissions of concrete constituents

Material
Total mass from all 

mixes (t)

Carbon emissions 

factor 

(t CO2/t)

Carbon emissions

Amount

 (t CO2)
Contribution (%)

Cement 932.28 0.985 918.30 96.81

Stone 3 661.16 0.005 18.31 1.93

Sand 2 316.62 0.005 11.58 1.23

Water 289.33 0.001 0.29 0.03

TOTAL 948.47 100.00

96.81%

1.93%
1.23% 0.03%

cement

stone

sand

water

Figure 1: Percentage carbon emissions of concrete constituents Figure 2: Cobiax void formers incorporated into the slabs of Hotel Verde 
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constituents, each having its own emission factor. A spe-

cific concrete mix was selected from The Fundamentals of 

Concrete (1988) for various concrete strengths and sizes of 

stone. An example of results obtained for one of the materials 

(concrete) is displayed in Table 1. 

It can be seen from the results in Table 1 that cement pro-

duced the greatest amount of carbon emissions, contributing 

almost 97% of the total emissions of concrete, despite not being 

the dominant weight component. Th is is due to the high emis-

sion factor attributed to cement. Sand, stone and water have low 

embodied carbon due to their very low emission factors since 

they are natural resources. Water occurs with the lowest em-

bodied carbon due to it being naturally occurring and requiring 

no energy-intensive processes in procuring it.

Another innovative sustainable feature of Hotel Verde was 

achieved with pioneering engineering in the form of Cobiax void 

formers – hollow 100% recycled polyethylene plastic spheres. 

Th ese were used in the slabs of Hotel Verde, saving many tons 

of concrete, and resulted in 35% lighter slabs, while maintaining 

structural integrity. Th ese spheres incorporated into the slabs 

can be seen in Figure 2.

Th e hollow spheres displaced a certain volume of concrete 

– 110 tons of concrete (12 tons of carbon emissions) were saved 

in the fi rst-fl oor slab alone. It is approximated that a total of 

112 tons of carbon emissions were mitigated through the use of 

Cobiax void formers. 

Th e emissions encountered by the use of the polyethylene 

material in the fi rst-fl oor slab were calculated and compared 

to emissions that would have otherwise been incurred with a 

conventional concrete slab. Th e Cobiax void formers proved to 

be more sustainable, as 5.3 tons of carbon emissions were saved. 

Th is value is assumed to be conservative, as certain parameters 

which would reduce carbon emissions even further were reason-

ably assumed.

A summary of the results of all the construction materials led 

to the fi nding that the highest carbon emissions resulted from 

steel (reinforcing) due to the high emission factor and energy-

intensive processes in procuring it. Plaster and timber resulted 

in the lowest emissions due to very low emission factors. Large 

amounts of brick were used, but due to the relatively low emis-

sion factors, it resulted in being fairly sustainable, comparatively.

Th e comparison between Hotel Verde and the similar non-

green hotel showed that Hotel Verde consumed a larger amount 

of material in the construction of the building, thereby giving 

higher carbon emissions than the other hotel for each material. 

Th is can be seen especially for steel where the non-green hotel 

comprised more structural steel that would reduce the amount 

of concrete and rebar in its design.

Since no two hotels are empirically identical, a more ac-

curate analysis was provided in terms of per square metre of 

carbon emissions, taking the relative area of each building into 

account. Hotel Verde resulted in 0.572 tons of CO
2
/m2 while 

the non-green hotel in comparison, resulted in 0.543 tons 

of CO
2
/m2. A larger building (Hotel Verde) would use more 

material and have higher emissions than a smaller building 

(the non-green hotel). In comparative terms, the diff erence is 

negligible and substantiates the argument of Hotel Verde being 

a successful green initiative.

A CIVIL CONSCIENCE
Th ere is evidence of worldwide acknowledgement that sustain-

ability in design and construction is a necessity. Hotel Verde 

inspires innovative construction practice in using materials in a 

sustainable way. Despite having greater emissions, Hotel Verde 

is the more sustainable building, due to its constant environ-

mentally-friendly practices and responsible use of construction 

materials. When comparing on an ‘apples-to-apples’ basis, 

Hotel Verde presents a marginally higher carbon emission per 

square metre.

However, these higher emissions in the construction phase 

should be seen as an enabling factor for the operational phase. 

Th is means that overall savings in emissions over long-term use 

of the building are larger despite higher emissions in the con-

struction phase. Th is directly infl uences the design of buildings 

in material selection, dematerialisation and trade-off s between 

construction and operational phases. 

It is my belief that sustainability is every engineer’s respon-

sibility. Th e carbon footprint analysis of construction materials 

is an important consideration towards sustainable development. 

To think like an engineer means to act like an engineer and to 

ensure that the needs of today are met without compromising 

the needs of tomorrow. Th is research, coupled with being a part 

of SAICE, has made me an optimistic engineer in the hope that 

young engineers can work together with experienced ones to 

create a better tomorrow for our country. 

Another innovative sustainable feature of Hotel 

Verde was achieved with pioneering engineering 

in the form of Cobiax void formers – hollow 

100% recycled polyethylene plastic spheres. 

These were used in the slabs of Hotel Verde, 

saving many tons of concrete, and resulted in 

35% lighter slabs, while maintaining structural 

integrity. These spheres incorporated into the 

slabs can be seen in Figure 2.

A delighted Iksha Singh with her winning 
cheque, kindly sponsored by Vital Engineering
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SAICE Training Calendar 2016
Course Name Course Dates Location

CPD Accreditation 
Number

Course 
Presenter

Contact

Practical Geometric Design 14–18 November 2016 Midrand SAICEtr16/01954/19 Tom Mckune dawn@saice.org.za

Advanced Firestop 

Training
3 November 2016 Midrand SAICEcon16/01951/19

Darren Chetty /

Sibusiso 

Khumalo

dawn@saice.org.za

Supply Chain 

Management Body 

of Knowledge (SCMBOK) 

Fundamentals

17–18 November 2016      Durban

SAICEcon16/01934/19 Benti Czanik dawn@saice.org.za

24–25 November 2016 Midrand

GCC 2015 and GCC 2010 

Differences
29 November 2016 Midrand SAICEcon16/01890/19 Benti Czanik dawn@saice.org.za

Business Finances for 

Built Environment 

Professionals

10–11 November 2016 Midrand SAICEfi n15/01617/18 Wolf Weidemann  dawn@saice.org.za

Handling Projects in a 

Consulting Engineer's 

Practice

3–4 November 2016 Midrand SAICEproj15/01618/18 Wolf Weidemann  dawn@saice.org.za

Earthmoving Equipment, 

Technology and 

Management for Civil 

Engineering & 

Infrastructure Projects

2–4 November 2016 Midrand SAICEcon15/01840/18
Prof Zvi 

Borowitsh
 dawn@saice.org.za

SAICE / Mentoring 4 Success
Mentors Master Class 

in Engineering and 

Construction

8–9 November 2016 Midrand SAICEcon14/01675/17
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

Three Month Kick-start 

Structured Mentoring 

Programme 

On request – SAICEbus16/01887/19
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

12 Month Head-start 

Structured Mentoring 

Programme in Engineering 

and Construction 

On request – SAICEot14/01701/17
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

Candidate Academy
Road to Registration for 

Mature Candidates

15 November 2016 Durban
CESA484-01/2017  

Peter Coetzee

Stewart Gibson
lizelle@ally.co.za

1 December 2016 Midrand

Getting Acquainted with 

GCC 2015
7–8 November 2016 Midrand CESA873-05/2019 Theuns Eloff lizelle@ally.co.za

Getting Acquainted 

with Basic Contract 

Administration and

Quality Control

9–11 November 2016 Midrand CESA864-05/2019 Theuns Eloff lizelle@ally.co.za

Getting Acquainted with 

Sewer Design
22–23 November 2016 Cape Town CESA871-05/2019 Peter Coetzee lizelle@ally.co.za

Getting Acquainted 

with Geosynthetics

in Soil Reinforcement

1–3 November 2016 Durban SAICEgeo14/1627/17 Edoardo Zannoni lizelle@ally.co.za

In-house courses are available. 

For SAICE in-house courses, please contact Cheryl-Lee Williams (cheryl-lee@saice.org.za) or 
Dawn Hermanus (dawn@saice.org.za) on 011 805 5947.

For Candidate Academy in-house courses, please contact Lizélle du Preez (lizelle@ally.co.za) on 011 476 4100.



Enjoying reading your SAICE magazine?
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