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On the 5th of October, at the October 
Transport Month Launch Event, President 
Cyril Ramaphosa highlighted the impact 
that 14 000 traffic-related deaths a year has 
on the South African economy. Apart from 
the personal grief, such accidents cost the 
country R147 billion each year and impact 
heavily on essential health services. “Safer 
driving begins with what we think, feel and 
do as we begin our journeys as pedestrians, 
drivers, passengers and cyclists. Our roads 
won’t become safer unless we change our 
attitude as road users.”

We used to call them accidents, but 
the truth, now recognised, is that most of 
them are not accidental – they are crashes, 
and the toll they take seeps into every part 
of our society. For every person that dies, 
between 14 and 37 more people suffer 
non-fatal injuries, with many incurring a 
disability as a result of their injury. This 
is the shocking statistic missing from the 
national debate. Worse still, road traffic 
injuries are the leading cause of death for 
children and young adults aged 5–29 years. 
More than half of all road traffic deaths are 
among vulnerable road users: pedestrians, 
cyclists and motorcyclists.

Around the world 1.35 million people 
die in road traffic crashes – 93% of them 
in low- and middle-income countries, 
even though these countries have only 
60% of the world's vehicles. The 2030 
Agenda for Sustainable Development has 
set an ambitious target of halving the 
global number of deaths and injuries from 
road traffic crashes.

The World Health Organisation has 
adopted the Safe System approach to road 
safety, which aims to ensure a safe trans-
port system for all road users. Such an 
approach considers people’s vulnerability 
to serious injuries in road traffic crashes 
and recognises that the system should be 
designed to be forgiving of human error. 
The cornerstones of this approach are 
safe roads and roadsides, safe speeds, safe 
vehicles, and safe road users, all of which 
must be addressed in order to eliminate 

fatal crashes and reduce serious injuries. 
Only 28 countries, representing 449 mil-
lion people (7% of the world's population), 
have adequate laws that address all five 
risk factors (speed, drunk driving, hel-
mets, seat-belts and child restraints). 

An increase in average speed is 
directly related both to the likelihood of a 
crash occurring and to the severity of the 
consequences of the crash. For example, 
every 1% increase in mean speed produces 
a 4% increase in the fatal crash risk.

Driving under the influence of alcohol 
and any psychoactive substance or drug, 
increases the risk of a crash that results 
in death or serious injuries. In the case 
of drink-driving, the risk of a road traffic 
crash starts at low levels of blood alcohol 
concentration (BAC) and increases signifi-
cantly when the driver's BAC is ≥ 0.04 g/ dℓ. 
In the case of drug-driving, the risk of 
incurring a road traffic crash is increased 
to differing degrees, depending on the 
psychoactive drug used. For example, the 
risk of a fatal crash occurring among those 
who have used amphetamines is about five 
times the risk of someone who hasn't.

Correct helmet use can lead to a 42% 
reduction in the risk of fatal injuries and a 
69% reduction in the risk of head injuries. 
Wearing a seat-belt reduces the risk of 
death among drivers and front seat oc-
cupants by 45–50%, and the risk of death 
and serious injuries among rear seat occu-
pants by 25%. The use of child restraints 
can lead to a 60% reduction in deaths.

THE ELEPHANT IN THE ROOM
The distraction caused by mobile phones is 
a massive concern for road safety. Drivers 
using mobile phones are approximately 
four times more likely to be involved in 
a crash than drivers not using 
a mobile phone. Using a 
phone while driving slows 
reaction times (notably 
braking reaction time, but 
also reaction to traffic 
signals) and makes 

it difficult to keep in the correct lane, and 
to keep the correct following distances. 
Hands-free phones are not much safer than 
hand-held phone sets, and texting is the 
worst sinner of all.

WHAT TO DO?
The only way we are going to change 
the situation is to dedicate resources to 
tackle the problem and make sure they are 
heavily incentivised. 

 Q Stringent speed enforcement should be 
implemented with guaranteed follow up. 
At present many culprits simply ignore 
the notice – and they get away with it. 

 Q The roadworthiness of vehicles must 
be the subject of both serious scrutiny 
and consequences for those who fall 
outside accepted norms. 

 Q Distracted behaviour on the roads 
(alcohol, drugs and phones) must be 
pursued with absolute determination.

Brian Downie

SAICE President 2019
brian@saice.org.za

Insanity is doing the same thing repeatedly 
and expecting a different result
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ON THE COVER
M&D Construction Group and its women-
owned joint venture partner, Motla Projects, 
are nearing the completion of a new 1.4 Mℓ 
water tower in Aeroton, Gauteng. The new 
water tower will enable Johannesburg Water 
to provide adequate storage capacity within 
the Aeroton sub-districts, and improve 
existing supply into the distribution network. FROM THE PRESIDENT’S DESK 
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    On completion the 1.4 Mℓ water tower in Aeroton will alleviate pressure on the Rand Water bulk 

supply system, and with a top water level of 30 m above ground, will also meet future water demand 
in this industrial area
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OVERVIEW
M&D Construction Group, a leading 
diversified South African contractor, and 
the company’s enterprise development 
joint venture (JV) partner, Motla Projects, 
a 100% black women-owned construction 
company, are nearing the completion of 
the construction of a new 1.4 Mℓ water 
tower in Aeroton, Gauteng.

The new water tower will enable 
Johannesburg Water to provide adequate 
storage capacity within the Aeroton sub-
districts, and improve existing supply into 
the distribution network.

It will also alleviate pressure on the 
Rand Water bulk supply system that di-
rectly feeds into the reticulation network 
by providing sufficient capacity to supply 
at least six hours of annual average daily 
demand and improve dynamic pressures 
in high-lying regions. With a top water 
level of 30 m above ground, the tower has 
also been designed to meet future antici-
pated water demand in this industrial area 
of Johannesburg.

LEGACY OF DELIVERING
The M&D Construction Group/Motla 
Projects JV was awarded the contract 
to build the water tower and ancillary 
infrastructure on the strength of M&D’s 
long legacy of successfully delivering 
critical water infrastructure in South 
Africa. These capabilities are being 
complemented by those of Motla Projects, 
which also has an impressive track record 
working on complex public-sector infra-
structure projects.

Some of M&D Construction Group’s 
more recent related projects include the 
construction of a new 16 Mℓ wastewater 
treatment works in Vryburg (North West), 
a 20 Mℓ reservoir in Paarl (Western Cape) 
and the Sondela Booster Pump Station in 
Bela Bela (North West Province). These are 
complemented by a host of other water-
related projects that the Pipeline Division 
has also effectively completed on behalf of 
public and private sector client bodies while 
working alongside some of the country’s 
leading engineering consultancies

CONSTRUCTION
On this project, M&D Construction 
Group’s Contracts Manager, Niekie 
Wagener, and Construction Manager, 
Juan Venter, are working with repre-
sentatives from Afri-Infra Group, which 
undertook the design of the water tower 
and is now supervising the construction 
works on behalf of Johannesburg Water. 
They include Project Engineer AD Watts, 
Design Engineers Krynauw Coomans and 
Francois Cronje, as well as Senior Resident 
Engineer Oloff Berh, and Junior Engineer 
Jason Boone.

Valued at R31 million including VAT, 
the main structure comprises the 268 m² 
foundations, which have a pressure of 
about 150 kPa, the tower, and the tank, 
including the floor, walls and roof. The 
secondary elements comprise the steel 
staircase, cantilevered concrete slab land-
ings, access manhole, and roof structure, 
including the columns and beams.

Notably, M&D Construction Group 
and Motla Projects will achieve practical 
completion well ahead of the scheduled 
deadline in November 2019, and the entire 
project will be concluded within budget.

Wagener attributes the excellent 
performance of the contractor on 
yet another water-related project to 
outstanding team dynamics between all 
representatives of the professional team, 
including sub-contractors and supply-
chain partners.

“Certainly, the JV also benefited 
immensely from the knowledge of our 
scaffolding and formwork supplier, PERI. 
The company’s Technical Director, Uwe 
Meyer, and his team enabled us to devise 
unique solutions to overcome an array 
of complexities. Combined with our 
unique building methodologies, innova-
tive scaffolding and formwork solutions 
have enabled us to achieve an impressive 
30% saving in construction time on this 
contract,” Wagener says.

O N  T H E  COV ER

M&D Construction Group 
takes centre stage in Aeroton

The main structure of this new water tower in Aeroton, Gauteng, comprises 
the 268 m² foundations, which have a pressure of about 150 kPa, 

the tower, and the tank, including the floor, walls and roof
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A case in point is the use of novel 
internal and external climbing platforms 
with circular plywood panels to accelerate 
the construction of the core of the shaft 
in an extremely confined area. This is 
opposed to using a conventional scaf-
folding tower and formwork that would 
have restricted space for laydown areas on 
site and access to the inside of the shaft, 
while also stifling the general movement 
of resources around the structure.

It also enabled the contracting teams 
to access the base of the shaft of the tower 
to commence working on the ancillary 
works well ahead of schedule after the 
first lift had been completed.

Moreover, the same platforms were 
used to assist with the installation of the 
main working stages for the cone after six 
3.85 m pours were completed. Installed 
at ground level, they were also easily 
installed by the contractor using a crane.

Working with PERI’s Design Engineer, 
Werner Beyers, and Project Engineer, 
Johan van Dyk, the contracting JV and en-
gineering teams also devised a novel means 
of safely constructing the tower’s conical-
shaped tank 23 m above ground level.

Venter says that the system is based 
on the formwork and scaffolding special-
ist’s SB Brace Frame system, which 
transfers the pressure of fresh concrete 
into the sub-structure and founda-
tions during single-sided concreting of 
structural elements.

“It was used as a horizontal working 
platform that was mainly supported by 
the shaft of the tower. Accessed by our 
workers via a modular and light stair 
tower scaffold system, and spanning 
8.75 m from the shaft, the 370 m² working 
platform provided a clear and safe 
working area for the workers,” Venter says.

The large platform also simplified and 
facilitated quick assembly of the shut-
tering for the in-situ cone.

A unique system comprising radiused 
rings was also designed specifically for 
this aspect of the works programme to 
contain the lateral loads of the inclined 
walls.

This secure “self-balancing” system holds 
the concrete without the need for propping. 
Believed to be the first of its kind to be 
deployed on a circular structure in South 
Africa, it comprises many custom-designed 
and manufactured components that are 
now part of the scaffolding and formwork 
supplier’s stock for future projects.

The work scope also includes the 
construction of a R10.1 million pump sta-
tion and interconnecting piping, valued at 
R2.5 million, in addition to the R4.5 mil-
lion that Johannesburg Water has invested 
into sub-contracting work on this project.

When M&D Construction Group 
and Motla Projects have completed the 
project, the JV will have used an impres-
sive 2 600 m2 of formwork, 90 t of rein-
forcement and 895 m³ of concrete. This is 
in addition to the 600 m³ of excavations it 
has undertaken for this project.

Notably, the JV has also maintained 
an impeccable safety track record on 
site, with M&D Construction Group’s 
Macdonald Sedimo receiving an award 
from Johannesburg Water for his out-
standing performance as a Safety Health 
& Environment Officer.

CREATING EMPLOYMENT
Certainly, the many employment and 
skills development opportunities that were 
created right from the outset of the con-
struction project for members of the sur-
rounding communities is one of the major 

highlights of this project for Patricia Motla, 
Managing Director of Motla Projects.

Motla says, “This again demonstrates 
Johannesburg Water’s firm commitment to 
driving transformation in the South African 
construction sector as one of the country’s 
leading municipal entities. The rapid growth 
of both Motla Projects and our strategic 
partner, M&D Construction Group, 
 demonstrates the success of government’s 
pledge to developing an inclusive and diverse 
South African construction industry.”

PROUD ASSOCIATION
Rukesh Raghubir, Chief Executive Officer 
of M&D Construction Group, also lauds 
Johannesburg Water Project Engineer, 
Nthabiseng Seopela, and Tshililo 
Ramugondo, Project Inspector, for the 
role that they have played in creating an 
environment that encourages out-of-box 
thinking to overcome challenges.

“We are proud to be associated with 
this municipal entity, which is responsible 
for supplying 1.4 million domestic, 
commercial and industrial customers in 
Johannesburg. Supplying about 1 542 Mℓ 
of water a day and treating 880 Mℓ of 
sewage a day, Johannesburg Water is the 
custodian of 128 water reservoirs and 
towers, 37 water pump stations, 10 depots, 
12 069 km of water distribution pipes, 
11 621 km of wastewater networks, 38 
sewer pump stations, and six wastewater 
treatment works,” Raghubir concludes.

info

Rukesh Raghubir
Chief Executive Officer
M&D Construction Group
+27 11 463 1962
rukesh.r@mdconstruction.co.za

Innovative scaffolding and formwork solutions have enabled 
an impressive 30% saving in construction time on this contract
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RECOVERING FROM DROUGHT
Cape Town may be emerging from a 
1-in-590-year drought event as a result of 
better rainfall, assisted by reduced water 
use. Rainfall in 2018 was much better 
than in the three previous years, but 
still below average. Close to the end of 
2019’s rainy season, runoff from rainfall 
is much less than average, indicating 
that the drought is persisting. Water use, 
radically reduced during 2017 and early 
2018, is still low as a result of investments 
made in water saving and changes in 
behaviour (Figure 2). Growth in water use 
was steady prior to 2000, and additional 
surface water resources were built to 
meet demand. After a drought starting 
in 2000, significant efforts were made to 
conserve water. As a result, water use only 
exceeded the use in 1999 sixteen years 
later. Water demand was reduced again, 
much more dramatically, in response 
to the extreme three-year drought that 
started in 2015, ushering in a new era of 

water management – the need to become 
more resilient to climate shocks.

As a result of the combination of 
better rain and lower use, the storage in 
Cape Town’s dams had recovered to over 
80% by September 2019 (Figure 3).

Climate forecasts predict that Cape 
Town can expect lower and less predict-
able rain in future. It is worth taking note 
of the experience of Perth, Australia. 
Perth is situated just 2 degrees north of 
Cape Town, also on the south-western 
corner of a continent and also receiving 
rain from winter cold fronts.

Stream flows into its dams have 
reduced significantly, and Perth has had to 
become much more dependent on alterna-
tive sources of water, including ground-
water and desalination. Figure 4 shows 
stream flows in Perth from 1911 to 2016.

A NEW ERA OF WATER MANAGEMENT
In the past, Cape Town’s growing water 
needs were met by building new dams. 

When the last major dam, the Berg River 
Dam, was completed in 2007, Cape Town 
agreed, as a condition for implementing 
the dam, to reduce water consumption by 
20%. The drought in the early 2000s added 
impetus to this commitment and initiated 
an era of water conservation. Over the 
period 2000 to 2015, Cape Town reduced 
its total water use from more than 300 to 
less than 250 litres per person per day. The 
very severe drought from 2015 to 2018 
precipitated an acceleration of these plans, 
and per capita use was reduced to less than 
150 litres per person per day.

BECOMING RESILIENT – CAPE 
TOWN’S WATER STRATEGY
Recognising that options for future surface 
water development were limited, planning 
for alternative sources of water com-
menced before the 2015–2018 drought, as 
part of the Western Cape Water Supply 
System Reconciliation Strategy. These 
studies commenced as early as 2001 and 

Dr Gisela Kaiser Pr Eng
ex-Executive Director:

Water and Waste, City of Cape Town
gkaiser@water-g.com

Dr Rolfe Eberhard
Independent water professional
Advisor to the City of Cape Town

in the water strategy development process
rolfe.eberhard@gmail.com

Towards improved water security and 
resilience: Cape Town’s water strategy

Figure 1 Wemmershoek Dam 
(all photos courtesy of Bruce Sutherland)
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included feasibility studies into ground-
water, reuse and desalination.

In this context, and taking into ac-
count the lessons from the drought (see 
“Cape Town – where we’ve been and 
where we want to go”, Civil Engineering, 
October 2018), Cape Town developed a 
new water strategy. The intention of the 
strategy is to provide a roadmap for the 
creation of a future in which there will be 

sufficient water for all, a future in which 
Cape Town will be more resilient to cli-
mate and other shocks. (“Our shared fu-
ture: Cape Town Water Strategy”, City of 
Cape Town, May 2019). The overarching 
aim was to produce a concise, accessible 
and easy-to-understand strategy which 
would provide a clear vision and guide 
priority actions for a more water-resilient 
Cape Town.

FIVE COMMITMENTS
The strategy is built on five commitments, 
which, when implemented, will result 
in Cape Town being more resilient to 
future droughts. Trust in the City’s water 
management was severely eroded during 
the drought and a specific aim was to 
build trust.

The commitments relate directly to the 
responsibilities of the City of Cape Town 
that are set out in the Constitution, also 
recognising that national government has 
a responsibility to manage water resources 
and that the attainment of the strategic 
vision, namely a water-sensitive city, will 
depend on the actions of all people living 
in the city and on numerous stakeholders 
and institutions. A collaborative approach 
to implementing this strategy is therefore 
needed. Collaborative relationships are 
based on trust, and trust is built where there 
is transparency and mutual accountability, 
and where the stated intentions of all part-
ners are consistently translated into actions.

The five commitments are:
1. Safe access to water and sanitation. 

The City of Cape Town metropolitan 
municipality will work hard to provide 
and facilitate safe access to water and 
sanitation for all of its residents in terms 
of well-defined minimum standards. In 
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particular, the City will work with com-
munities in informal settlements and 
with other stakeholders to improve the 
daily experience of access to water and 
sanitation, with an emphasis on building 
trust and increasing safety within these 
communities through this process.

2. Wise use. The City will promote the 
wise use of water by all water users. 
This will include promoting water 
conservation behaviour through: 
(a) pricing water based on the cost 
of providing additional supply, while 
retaining the commitment to provide 

a basic amount of water free of cost 
for those not able to afford this; (b) re-
vising by-laws and planning require-
ments, and using other incentives to 
support water efficiency and the treat-
ment and reuse of water; (c) supporting 
active citizenship by substantially 
improving customer management and 
engagement; and (d) managing the 
water network effectively to reduce 
losses and non-revenue water.

3. Sufficient, reliable water from diverse 
sources. The City will develop new 
diverse supplies of water – which could 

include groundwater, water reuse and 
desalinated water – cost-effectively and 
timeously to increase resilience and 
substantially reduce the likelihood of 
severe water restrictions in future. The 
City is committed to increasing supply 
by building affordable new capacity of 
approximately 300 million litres per day 
over the next ten years, and in suitable 
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increments thereafter, in a way that 
is adaptable and robust to changes in 
circumstances.

4. Shared benefits from regional water 
resources. The City will work with key 
stakeholders and partners, including 
other urban and agricultural water 
users, and other spheres of government, 
to make the most of the opportunities 
to optimise the economic, social and 
ecological benefits of regional water 
resources, and to reduce the risks. The 
City will do this through collaborative 
processes. Cape Town gets about 
95% of its water from the regional 
Western Cape Water Supply system. 
After diverse sources have been built 
(Commitment 3), Cape Town will still 
rely on the regional system for most of 
its water. Attending to the risks in this 
system is thus very important.

5. A water-sensitive city. The City will 
actively facilitate the transition of Cape 
Town over time into a water-sensitive 
city with diverse water resources, 
diversified infrastructure and one that 
makes optimal use of stormwater and 
urban waterways for the purposes of 

flood control, aquifer recharge, water 
reuse and recreation, based on sound 
ecological principles. This will be done 
through new incentives and regulatory 
mechanisms, as well as through the way 
the City invests in new infrastructure. 
This commitment will fulfil the stra-
tegic vision for Cape Town to become 
a water-sensitive city. It is recognised 
that this can only be attained over the 
medium and long term (see text box).

The published strategy is available at:  
http://www.capetown.gov.za/Family 
%20and%20home/Residential-utility- 
services/Residential-water-and- 
sanitation-services/know-your-water- 
regulations

PUBLIC PARTICIPATION
A draft strategy was developed and work-
shopped first within the municipal ad-
ministration and committees of Council 
before being approved for public partici-
pation. The revised draft was published 
for public comment, after which business, 
industry, community organisations and 
academics were engaged and public meet-
ings held within each sub-council area. 

The City received close to 200 comments 
from individuals and organisations.

Engendering trust was an important 
part of the strategy, and comments from 
the public participation process were 
seriously considered. The strategy was 
revised in the light of the comments re-
ceived. Aspects of particular significance 
were communicated to all who registered 
their comments. Some of the more preva-
lent comments received, and how the city 
responded, are set out below.

Strategy versus plan
Detailed plans are not found in a strategy. 
This was not the intention of the strategy. 
The document is a high-level strategy, 
setting out the City’s orientation towards 
water, identifying key priorities and 
articulating a set of core commitments.

Growth in demand
Since severe restrictions were implemented 
during the drought, demand has not in-
creased to the level anticipated when re-
strictions were reduced in December 2018 
or when a new tariff was approved from 
July 2019. Although a portion of reduced 

WHAT IS A WATER SENSITIVE CITY?
A water-sensitive city is a vision based on holistic management 
of the integrated water cycle. It seeks to protect and enhance the 
health of receiving waterways, reduce flood risk, and create public 
spaces that harvest, clean and recycle water. It advocates fit-for-
purpose water use and delivery of water through both centralised 

and decentralised infrastructure. Ultimately, the water-sensitive 
city vision integrates water and urban planning in order to facili-
tate better liveability outcomes more broadly, through enhancing 
biodiversity and providing increased public green space, healthy 
waterways, and connected communities.

Cumulative socio-political drivers

Service delivery functions

Water supply access 
and security

Public health 
protection

Flood protection
Social amenity, 
environmental 

protection

Limits on natural 
resources

Intergenerational 
equity, resilience 
to climate change

Supply hydraulics
Separate sewerage 

schemes
Drainage 

channelisation

Point and diffuse 
source pollution 

management

Diverse, fit-for-
purpose sources 

and conservation, 
promoting 
waterway 
protection

Adaptive, multi-
functional 

infrastructure 
and urban design 

reinforcing 
water sensitive 

behaviours

Water supply city Sewered city Drained city Waterways city Water cycle city Water sensitive city
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demand is likely to be permanent thanks 
to investment by private households, the 
impact on consumption due to behaviour 
change is likely to reduce over time should 
rainfall return to long-term averages.

It is anticipated that annual growth in 
overall demand will stabilise at around 3% 
over time, and this was used in forecasting 
future demand. The City committed itself 
to reviewing the reconciliation of demand 
and supply annually, using the actual 
system demand to update the forecast. 
Growth in population, household use, 
economic growth, etc, are all reflected 
in the modelled water demand, and the 
timing of supply augmentation will be 
adapted accordingly. The scenario plan-
ning for augmentation was based on an 
envelope of potential growth in demand.

Growth in informal settlements 
was integrated into the City’s demand 
projections but led to further complexi-
ties. There are a variety of constraints in 
improving water and sanitation services in 
informal settlements, such as the density of 
settlements, land being undevelopable (e.g. 
wetlands, servitudes), land ownership, and 
proximity to infrastructure. Settlements in 
Cape Town typically increase in household 
density over time as households divide and 
more people move to the City. This makes 
provision of improved infrastructure more 
challenging, which the strategy recognises. 
The strategy commits the City to improving 
the daily household experience of water and 
sanitation services in informal settlements.

Future supply and augmentation
The need for additional water supply was 
identified in the Western Cape Water 
Supply System reconciliation strategy, 
first developed in 2005. The reconciliation 
strategy aims to balance demand and 

supply over a 25-year planning horizon. 
Additional supplies identified to meet 
future demand included surface water, 
groundwater, desalination and water reuse.

Given climate change and rainfall un-
certainty, the City committed to diversify 
water sources to become more resilient in 
times of drought. It is acknowledged that 
maximising the use of water in the system 
is the logical step prior to providing addi-
tional sources of augmentation. Also, the 
higher cost of alternative water sources 
makes it more important to minimise 
system losses – whether through leaks, 
water theft or evapotranspiration from 
invasive alien vegetation.

Large infrastructure projects typically 
take years to plan and implement. The 
required environmental impact assessment 
alone usually takes two years to complete, 
and can take even longer. For this reason, the 
strategy has made provision for sufficient 
lead time for the planning and implementa-
tion of future water augmentation schemes.

CONCLUSION
National, provincial and local government 
all have a responsibility to ensure the 
sustainable provision of water and sanita-
tion services to the people of South Africa, 

in terms of the Constitution and relevant 
legislation. The Western Cape Water Supply 
System is an integrated system serving both 
agricultural and urban water users, and the 
dams forming part the system are owned 
by national government and the City of 
Cape Town (Cape Town owns three of the 
six major dams comprising the integrated 
system). Cape Town uses about two-thirds 
of the water from the system and thus has a 
strong interest in the resilience and sustain-
ability of this integrated system. The City is 
an active participant, along with other users, 
in the processes related to the Western 
Cape Water Supply System and managed by 
national government.

Cape Town’s water strategy was devel-
oped in the context of a suite of city-wide 
strategies and planning tools, including 
the Integrated Development Plan (IDP) 
and the City’s Resilience Strategy.

The strategy identifies actions that the 
City can and will take to become a water-
sensitive city, at the same time committing 
itself to work collaboratively with other 
spheres of government to increase the ro-
bustness of the regional water system. Over 
time, the implementation of the strategy 
will increase the City’s resilience to future 
droughts that will undoubtedly occur. 

Figure 7 Theewaterskloof Dam
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INTRODUCTION
AfriCoast Consulting Engineers, in a 
joint venture with Water & Wastewater 
Engineering, is responsible for the design 
and implementation of the upgrading 
of the Nsezi raw water pipeline, in the 
Umhlatuze Municipal area (incorporating 
Richards Bay and Empangeni). Active in-
volvement has stretched over the last five 
years and Section 1 of the raw water pipe-
line is now currently under construction 
by WBHO – Thekwane Joint Venture.

Upgrading of the Nsezi raw water 
pipeline has proved to be a challenging 
and diverse project, with elements incor-
porating everything from environmental 
considerations and technical challenges 
to unique health and safety requirements, 
not the least of which entailed the instal-
lation of “Beware of Crocodiles” signage 
on the construction site at the Nsezi River 

crossing. A small crocodile was seen 
here at the start of the contract, but the 
concern is the parents which are likely to 
be very much larger.

PROJECT BACKGROUND
Water & Wastewater Engineering JV 
was appointed by Mhlathuze Water in 
January 2014 to investigate the upgrading 
requirements for the Mhlathuze Water 
Treatment Works (WTW) and the related 
bulk infrastructure supplying raw water 
to the water treatment works.

The greater Richards Bay area is 
the economic centre in the region. The 
harbour is a strategic economic hub and 
significant growth is envisaged for the 
area. The existing water supply systems are 
either old or under pressure to supply the 
current demand, or both. In recent years 
drought has had a significant impact on the 
security of water supply in the region.

Primary areas to be supplied by 
the scheme are Richards Bay, Nseleni, 
Empangeni and Ngelezane, and industries 
with high water use, including Mondi 
and Foskor, are included. The total water 

demand is a combination of industrial, 
urban and rural water use.

CAPACITY, DEMAND AND THE 
NEED FOR A NEW PIPELINE
The current upgrading of the Mhlatuze 
Water Treatment Works allows for the 
full contracted water demand, taking 
population and industrial growth into 
account, to be available at any given 
time. The required maximum supply 
capacity amounts to 333 Mℓ/d, including 
45 Mℓ/d to Lake Nsei. The pumps at 
the Mhalatuze River Pump Station have 
been shown to be adequate to deliver the 
required capacity and head.

The required maximum supply 
capacity of 333 Mℓ/d would result in a 
velocity of 3.3 m/s in the first 4.0 km of 
the existing 1 200 mm diameter pipeline 
up to the Nsezi Lake off-take, and 2.9 m/s 
over the last 3.9 km to the WTW. This 
exceeds acceptable design and operating 
parameters. The required maximum 
pumping head will increase from some 
53 m to about 86 m, and the present 
pump curves will fall outside the required 
duty points of the system at the full 
demand requirements.

Supplying the full future demand 
through the existing pipeline would place 
the pipeline at a greatly increased risk 
of failure due to much higher pumping 
heads combined with deterioration of 
the existing pipeline. The only viable 
solution, from operational, financial and 
risk considerations, is the construction 
of a new parallel pipeline from the 
Mhlathuze River Weir Pump Station 
to the Nsezi WTW. This is the option 
selected by Mhlathuze Water.

Adding a second pipeline from the 
Weir Pump Station to the Nsezi Lake off-
take point, and a second pipeline from the 
lake off-take to the Nsezi WTW reduces 
the velocities in the pipelines consider-
ably. This renders the system curve flatter 

Gerrie van der Merwe Pr Tech Eng
AfriCoast Consulting Engineers (Pty) Ltd
gerrie@africoast.com

Nsezi River raw water 
pipeline in Richards Bay
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Photo 1 The reality of working 
on a project in this area
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and results in an increased flow rate being 
achieved using the existing pumps. It will 
also enable the old section of pipe to be 
completely refurbished on completion of 
the new parallel pipeline section, with ex-
tended life for the combined system. This 
will reduce the risk of losing continuity of 
supply from the weir to the Nsezi WTW. 
It will also have minimum impact on the 
efficiency point of the pumps. The ef-
ficiency curves show that the pumps will 
operate between 70% and 75% efficiency 
with the new pipeline in place.

Figure 1 shows the flat system curve 
achieved when a second pipe, initially 
1 500 mm in diameter and 4 068 m long, 
from the weir to the lake off-take, and 
then 1 200 mm in diameter and 3 895 m 
long from the lake off-take to the WTW, is 
installed parallel to the existing pipeline. 
The required maximum raw water supply 
of 333 Mℓ/d will result in a balanced flow 
velocity of 1.55 m/s in the first parallel 
1 500/1 200 mm pipe section. The balance 
maximum raw water supply of 288 Mℓ/d 
in the second parallel 1 200/1 200 mm 
section will result in a balanced flow 
velocity of 1.72 m/s.

It must be noted that the pumps 
should not be operated at a head of less 

than 35 m, as below this pressure the 
pumps will operate off their curves. In 
order to ensure a minimum pumping 
head of 35 m, the pipeline will have to be 
throttled until demand exceeds 168 Mℓ/d. 
This will be achieved by installing a 
PLC-controlled in-line actuated gate 
valve in the original pipeline between the 
weir pump station and the off-take of the 
new pipeline.

SELECTED PIPELINE ROUTE
The proposed pipeline route is parallel 
to the existing pipeline. It follows a 12 m 
wide right of way through existing sugar 
cane fields parallel to the road reserve 
of the P106, crosses the road via a jacked 
pipe sleeve and then follows the flood 
plain of the Nsezi River, before crossing 
underneath the John Ross Parkway (R34) 
road bridge over the river. From there it 
traverses the foot of a hillside, crosses un-
derneath several high-voltage power lines 
and crosses another small water course 
before crossing underneath the rail bridge 
at Chainage 3 820 m.

From the railway line the pipeline 
continues up to Chainage 4 061 m at the 
shooting range, where the old Lake Nsezi 
off-take is and where the “new” 1 200 mm 

diameter pipe, built in 2010, starts. From 
here up to the WTW the pipeline follows 
existing pipeline servitudes parallel to 
Eskom power servitudes.

Current construction (Phase 1 of 
the Nsezi Pipeline Upgrading Project) 
entails construction of the 1 500 mm ND 
pipeline from the pump station at the 
Mhlatuze River weir up to the Lake Nsezi 
off-take.

AREA OF HIGH ECOLOGICAL CONCERN
An area of high ecological concern is 
where the pipeline crosses a wetland at 
the Nsezi River just north of the John 
Ross Parkway road bridge, as this is where 
a member of the critically endangered 
Pickersgill’s reed frog (Hyperolius 
pickersgilli) was found. The Record of 
Decision granted for the project requires 
that there is to be minimum disruption to 
the wetland and riverine areas during the 
construction of the pipeline.

Two options for crossing the wetland 
were considered from both an environ-
mental and a construction point of view. 
The first option was that of the open 
trench method with mitigating measures. 
The second, but far more expensive, 
method which also poses serious safety 
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risks, is to pipe jack under the wetland. The 
option selected was restricted open trench 
excavation with sheet piling on both sides, 
mainly due to the dangers associated with 
pipe jacking below the water table.

Mitigation measures for the open 
trench method include:

 Q Construction should take place during 
the drier winter months when the 
frogs are unlikely to be present as they 
will be hibernating.

 Q Prior to excavation, vegetation must be 
cleared manually using brush cutters 
or slashers to encourage any frogs to 
move out of the area.

 Q Excavated material must be removed 
and stockpiled outside the wetland 
area and must not be deposited along-
side the trench.

 Q The area of disturbance must be 
restricted, as far as practically pos-
sible, to the width of the trench. This 
requires that sheet piling be installed 
along both sides of the trench to 
ensure trench stability.

WATER & WASTEWATER ENGINEERING

Lake Nsezi off-take 
end of Section 1

Nsezi River crossing

P106 crossing

Weir pump station

Figure 2 Layout plan

Photo 2 Construction at Nsezi River crossing
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PIPE MATERIAL
Continuously welded mild steel pipes, 
adequately protected against corrosion, 
have proved to be both cost-effective 
and long-lasting solutions for large-
diameter pipelines. Mild steel pipes with 
a minimum wall thickness of 10 mm 
for the 1 200 mm diameter pipeline 
and 13 mm for the 1 500 mm diameter 
pipeline were specified. Cement mortar 
linings (CML) have proved to be a good 
long-term solution with respect to the 
internal lining. CML was specified to be 
installed in situ once the pipeline had 
been laid.

The specification of external coat-
ings was selected with caution, as each 
steel pipe manufacturer has unique 
factory-specific coating systems. The 
coatings specified enabled fair bidding 
by more than one pipe manufacturer. 
Both fusion-bonded medium-density 
polyethylene (2.3 mm thickness) and 
polyurethane two-part liquid epoxy 
coating (1.3 mm thickness) were speci-
fied as being acceptable coatings. Pipes 
for the project were supplied in 18 m 

lengths by Hall Longmore, with factory-
applied Sintakote external coating.

PIPELINE CONSTRUCTION CHALLENGES

Founding conditions
The geotechnical investigation, having 
been undertaken during the drought pe-
riod, did not reveal water in the test pits. 
However, as this section of the pipeline 
traverses the Mhlathuze River flood plain, 

historical knowledge indicated that under 
normal rainfall conditions groundwater 
would most likely be encountered in ex-
cavations. This has proved to be the case 
after the past two seasons of near-normal 
rainfall. Trenches excavated to level, 
especially through the sugar cane fields, 
experienced high levels of water infiltra-
tion and soft material at the bottom. 
Continuous dewatering of excavations is 
therefore required.

Photo 3 Author next to a pipe length ready for laying; 
ballast layer being installed in the trench behind

http://www.theconcreteinstitute.org.za
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The design allows for the use of a 
300 mm pioneer layer of 19 mm stone 
wrapped in geotextile as bedding below 
the pipe in wet conditions. With the high 
water table and saturated founding condi-
tions encountered in the sugar cane field 
section, the 19 mm stone layer proved to 
be insufficient.

The local quarry had extra stockpiles 
of granite ballast available which were 
produced for an expected construction 
by Transnet Rail Engineering that never 
took place. The ballast could be obtained 
at a better rate than crushed 19 mm 
stone, and is also more suited as a lower 
founding layer in wet conditions than the 
smaller sized stone. The larger ballast 
stone would be unsuitable as bedding 
directly below the pipe, due to the pos-
sibility of point loads developing below 
the steel pipe.

The use of an extra 300 mm stone bal-
last layer laid on a single geotextile sheet 
below the 19 mm stone bedding proved 
to be a practical and economically viable 
solution to the weak and saturated in situ 
trench bottom conditions encountered.Photo 4 Side-boom pipe layer placing a pipe
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The adverse (silty, marshy) founding 
conditions encountered beneath some of 
the proposed valve and other chambers 
necessitated the use of rock fill below 
these structures. The excavation for these 
particular chamber structures was made 
400 mm deeper than the design level, 
after which dump rock was placed on the 
in situ material until a stable platform 
was achieved.

A further 400 mm dump rock layer 
was then placed to cover the depth to the 
chamber’s design founding level. A single 
geotextile sheet was placed on top of the 
dump rock and the 75 mm blinding layer 
cast on top as a basis for construction of 
the chamber.

Limited working area
A section of pipeline from the Nsezi 
River crossing running northwards for 
approximately 900 m has limited working 
space, with access only from the northern 
end. This section is bound on the one side 
by the Nsezi River and on the other by 
ancient ecologically sensitive paleo dunes 
which may not be disturbed.

Material excavated from the trench 
has to be placed alongside the existing 
pipeline and levelled to allow access for 
construction plant. Trucks delivering 
bedding and other material have to 
reverse either in or out as there is no room 
for turning.

Photo 5 Pipe laid on pioneer stone layer

Photo 6 Construction of pipeline chambers on dump rock layer in wet conditions

Photo 7 Pipe jacking operations at stormwater berm
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Pipes need to be brought in one by 
one from a stockpile at the northern end 
and laid directly in the trench. The single 
access point and limited working space 
result in slower progress over this section.

Power line servitudes and Eskom wayleaves
The installation of steel pipes below high-
voltage (HV) power lines requires mitiga-
tion measures to prevent induced current 
spikes in the pipeline which could be fatal 
to construction and maintenance crews. 
The contractor has experienced frustra-
tion and delays in obtaining wayleaves to 
allow construction of the proposed mild 
steel pipeline below the powerline cross-
ings. A full cathodic protection system for 
the new pipeline that cross-bonds with the 
existing pipeline will be installed under 
the contract.

Existing pipeline route
It was found that pipe markers for the 
existing pipeline were not located directly 
above the pipe at bend points, and only 
at minimum intervals along the pipe 
route. At some locations the existing pipe 
markers were found to be almost 40 m 
away from where the pipe was actually 
located. This has led to high costs in ser-
vices location, and time wasted in finding 
the existing pipe, resulting in a claim for 
delay by the contractor. It furthermore 
resulted in on-site redesign of the pipe 
alignment.

Local labour issues
The Richards Bay area has high levels of 
unemployment. It is a requirement of the 
contract that the use of local labour is 
prioritised to maximise job creation. The 
reality is, of course, that only a limited 
number of people can be employed and 
that work cannot be created for all.

Since the start of construction a 
number of different forums, each pur-
porting to represent local labour, have 
arrived on site demanding that their 
members be employed. These demands 
are normally accompanied by the demand 
that all work activities must stop while 
negotiations take place. These work stop-
pages give rise to a great deal of frustration 
as, although the negotiations may only 
take an hour or two, a day’s production 
is lost because the dewatering pumps are 
stopped. It takes on average almost four 
hours to pump the water levels down suf-
ficiently for work to resume.

On a positive note, two student 
interns at Mhlathuze Water are receiving 
practical training on the project under the 
guidance of the resident engineer and the 
contractor.

PROJECT STATUS
Despite the challenges faced, 
construction is progressing well, with 
70% of the pipes having been laid to 
date. Welding of joints is following 
closely after the pipe laying, with eight 
qualified welders working full-time on 
site. Each joint is tack-welded as the 
pipes are laid, with full welding following 
shortly thereafter. Site welding in the 
wet conditions has its own challenges, 
but the quality of the completed welding 
is generally of a high standard. Every 
weld is tested before sign-off by the 
quality inspector.

Jacking of the sleeve pipe under the 
P109 and under the stormwater berm on 
the eastern side of the P106 is complete 
and ready to receive the water pipeline.

Crossing of the Nsezi River is also 
complete, with the pipes having been laid 
and embedded in protective concrete en-
casement. Removal of the river diversion 
and rehabilitation of the area and river 
banks will commence shortly.

The internal cement mortar lining 
is currently being applied by a specialist 
sub-contractor. Chamber construction is 
73% complete.

CONCLUSION
The Nsezi raw water pipeline is an impres-
sive project which includes a number of 
aspects of civil engineering. Participants 
are required to think critically in order 
to provide solutions to overcome dif-
ficult conditions. These solutions have 
to be practical, cost-efficient, safe to 
implement and environmentally sound – 
requirements that at times appear to be 
mutually exclusive.

The revised completion date is 
14 February 2020, taking extra time for 
delays, as well as the annual shutdown, 
into  account. 

Project team

Employer Mhlathuze Water Board

Consultant
Water & Wastewater 
Engineering JV

Contractor WBHO – Thekwane JV
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BACKGROUND
The area served by the Masincedane Water Supply Scheme 
(MWSS), sometimes also referred to as the Keiskammahoek WSS, 
lies in a beautiful scenic basin at the confluence of the Keiskamma 
and Gxulu rivers below the Amathole Mountains, about 80 km 
north-east of East London in the Eastern Cape Province.

The area falls under the Amahlathi Local Municipality, which 
in turn falls under the Amathole District Municipality, which is 
the Water Services Authority (WSA) responsible for the provision 
of water services to the area. The bulk supply system, comprising 
the Mnyameni Dam, the Masincedane Water Treatment Works 
(WTW), several bulk supply reservoirs and the bulk supply pipe-
lines, is owned and operated by Amatola Water.

The Masincedane WTW is located at the village of 
Masincedane approximately 10.5 km south of the Mnyameni 
Dam. The site is accessed via a gravel road turn-off from the R352 
road at Keiskammahoek.

The area served by the Masincedane Water Supply consists of 
seven small rural villages and the town of Keiskammahoek, this 
being the only town of any significance and having approximately 
1 100 residents. The supply area stretches from Masincedane 
Village in the south to Upper Mnyameni Village in the north, a 
distance of approximately 10 km.

AIMS AND OBJECTIVES
Amatola Water identified the Ngqushwa, Nkonkobe and 
Amahlathi Local Municipalities located within the Amathole 
District Municipality as being economically depressed and cur-
rently mainly receiving the minimum standard water supply of 
25 litres per person per day.

For economic and social growth, as well as to improve quality 
of life, Amatola Water proposed to raise this minimum standard 
to 750 litres per household per day. The increased standard will 
allow for improved household health and for economic oppor-
tunities directly linked to the improved level of water supply. In 
order to meet the proposed increased water supply to residents, 
the capacity of the Masincedane WTW needed to increase from 
the original 4 Mℓ/d to 6.5 Mℓ/d.

A small treatment works with a capacity of 0.56 Mℓ/day lo-
cated at Upper Mnyameni supplied water by pumping to the vil-
lages of Mnyameni, Ndonga, Ndeleni and Upper Gxulu. Amatola 
Water decided to decommission the Upper Mnyameni WTW 

and rather supply the villages from the Masincedane WTW, as 
it is not economically viable to continue to operate and maintain 
the small works. A new supply pipeline, with pump stations, was 
therefore required to provide water to the villages previously sup-
plied from the Upper Mnyameni WTW.

PROJECT DESCRIPTION
Amatola Water appointed AfriCoast Consulting Engineers to 
undertake the planning, design and construction monitoring for 
the water supply scheme upgrade. Amatola Water’s Condition 
of Contract was that the consultant must achieve a minimum 
Contract Participation Goal (CPG) of 30% for local emerging civil 
engineering consulting practices. To this end AfriCoast entered 
into a subconsultant agreement with KCS Consultants.

AfriCoast, together with KCS Consultants, undertook an 
investigation and analysis of the existing water treatment works, 
bulk supply pipelines and service reservoirs providing water to the 
villages supplied by the scheme. Following the investigation stage, 
it was agreed with Amatola Water that the scope of work should 
include a capacity upgrade to the Masincedane WTW from 4 Mℓ/d 
to 6.5 Mℓ/ day; the provision of an additional 1 Mℓ reservoir at the 
WTW and a second 2 Mℓ reservoir approximately 600 m down-
stream of the works; upsizing of the rising main and pump station 
from the Masincedane WTW to Lower Gxulu; provision of a new 
pump station at Lower Gxulu; and construction of a new rising main 
from there to the existing reservoir at the Upper Mnyameni WTW.

Three separate contracts were awarded for the upgrading 
of the water supply scheme. These were for a civil and building 
works contract for the WTW upgrade, a mechanical and 
electrical contract for the WTW, and a final contract for the con-
struction of the rising main from Masincedane WTW to Upper 
Mnyameni, including the new pump stations with associated 
pumping and electrical equipment.

EXISTING TREATMENT WORKS
Prior to upgrading, the existing WTW comprised the following 
elements:

 Q Raw water entered the works either from the raw water reser-
voir or directly from the supply pipeline and overflowed from 
the inlet chamber down a stepped mixing race.

 Q Coagulant was dosed at the head of the mixing race where the 
raw water overflowed from the inlet chamber.

Kevin McRae Pr Tech Eng
Chief Operating Officer

AfriCoast Consulting Engineers (Pty) Ltd
kevin@africoast.com
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 Q Two sets of flocculation channels in series, separated by a 19 m 
long open concrete channel, followed after the inlet chamber.

 Q Two parallel horizontal-flow settling tanks retrofitted with 
Lamella inclined tubes to aid settling.

 Q Five rapid-gravity sand filters of the airlift design.
 Q A chlorine gas dosing system for final disinfection.
 Q There was a 1 Mℓ treated water storage reservoir that acted as 

a sump for the pump station supplying Lower Gxulu and from 
where the entire system was supplied.

 Q Two sludge ponds with a supernatant collection system that 
returned settled water back to the head of the works.

Due to the top water level in the settling tanks having being 
lowered under a previous upgrading of the works when the tanks 
were retrofitted with Lamellas, the velocity through the floccula-
tion channels was excessive and floc was unable to form due to 
high turbulence. A raised joint in the floor at the outlet of the 
first set of channels caused further turbulence. In addition, the 
filters used outdated technology and gave frequent problems due 

to leaking control valves which, in turn, gave rise to suboptimal 
backwash rates. There was insufficient treated water storage 
capacity to supply peak demand.

SYSTEM UPGRADE
Planning and design of the WTW upgrade allowed for the incor-
poration and utilisation of as much of the existing infrastructure 
as possible. This not only reduced costs, but also enabled the 
works to be kept in operation during construction with only 
short-duration plant shutdowns required when connecting into 
existing pipes.

Careful design considerations for the WTW had to be given 
due to the soft nature and very low turbidity of the raw water. 
Historical sampling data of the raw water gave total hardness 
values from 6.6 to 47 as CaCO3, with typical values of about 15. 
This indicates a very soft water. The same sampling data gave raw 
water pH values ranging from 6.7 to 7.8 and saturation pH values 
of 8.7 to 10, with typical values of about 9.5. Using these two 

Photo 2 Modified flocculation channels with new 
administration building; new settling tank on left

Photo 1 Flocculation 
channels before modification
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parameters to calculate the Ryzner Index (RI) gave typical values 
of 10.9 to 12.1. RI values above 7.5 indicate aggressive water. The 
raw water entering the Masincedane WTW can therefore be 
described as being very aggressive to steel and concrete. This is 
supported by the degree of concrete degradation that could be 
seen in the older concrete structures.

The upgrade of the WTW included a new inlet works where 
lime and coagulant are dosed. This is followed by a splitter box that 
divides the flow 40/60 between the old and new settling tanks, each 
now with its own separate set of flocculation channels. The newer 
set of existing flocculation channels was modified and shortened 
to increase the energy required for good floc formation. This 
was achieved by reversing the flow direction in the channels by 
constructing a new outlet cutting across the existing channels at 
90 degrees. A new plant administration building was constructed 
over the redundant part of the channels.

A new additional settling tank fitted with Lamella plate set-
tlers is fed from the modified floc channels. Hoppers below the 
Lamellas collect settled sludge, which is then drawn off under hy-
drostatic pressure and directed to the sludge ponds. Supernatant 
from the sludge ponds is returned to the inlet works. The 
Lamellas were removed from the original settling tanks, restoring 
these tanks to their original horizontal flow design, as the tanks 
were not originally designed to have Lamellas and could not be 
effectively cleaned. Water from the two settling tanks is conveyed 
to five new filters, with associated galleries and backwash system, 
constructed above a clear water sump and chlorine contact tank. 
The original filters have been decommissioned.

The new filter backwash system is fully automated after ini-
tiation by the plant operator. Each step in the backwash process 
has a manual override should the operator wish to repeat or 
extend any backwash function. A screen at each filter console 
provides a visual display of the backwash process, as well as any 
faults logged by the system.

A cooperative approach to the design of the filter backwash 
system, which included input from the Amatola Water technical 
team, the engineer’s design team and the contractor, resulted in 
a system that perfectly matched the requirements of the opera-
tions staff. Amatola Water is so satisfied with the backwash 
system that they have set this as the standard for all new treat-
ment works.

A new chlorine dosing system, complying with the latest 
safety regulations, provides disinfection in the chlorine contact 
tank under the new filters.

The plant SCADA system was upgraded to accommodate the 
new infrastructure, with certain data relayed to the main water 
operations control room at Nahoon Dam, just outside East London.

The new rising main was designed by KCS Consultants, 
who were also responsible for the contract administration and 
construction monitoring for the pipeline. The pipeline is a 
Class 9 uPVC pipe of 160 mm diameter with a total length of 
approximately 12 km, and crosses a number of streams. Steel pipe 

Photo 3 Sludge ponds with the new filter block and the chlorination rooms behind 
on the left; decommissioned filters at the back and the new 1 Mℓ reservoir on the right
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Figure 1 Schematic layout of Masincedane WTW

Photo 4 Masincedane WTW after completion of upgrades
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sections attached to the upstream side of the existing low-water 
bridges were installed at the stream crossings.

The existing pump station at the WTW that feeds Lower 
Gxulu was upgraded with larger pumps. A new pump sta-
tion fed from the Lower Gxulu reservoirs pumps to Upper 
Mnyameni. The pump houses at the Upper Mnyameni WTW 
were old corrugated iron structures. These were replaced with 
new brick structures as an addition to the contract.

PROBLEMS ENCOUNTERED AND OVERCOME
The start of construction at the WTW coincided with one of 
the wettest summers in recent years. In total, 100 days lost due 
to adverse weather were recorded during the contract period.

The position of the new 2 Mℓ reservoir had to be revised 
after award of the construction contract due to a late change 
in the town planning layout for new housing developments at 
Masincedane. Although start of construction for the reservoir 
was delayed, the change to the town planning layout did not 
result in a delay to completion of the contract.

A problem that did result in delay to completion of the 
contract was that of Eskom not being able to move overhead 
power cables at the WTW timeously. The cables crossed the 
position for the new 1 Mℓ reservoir and had to be moved before 
construction of the reservoir could begin. This delay resulted in 
a claim for extension of time from the contractor of 56 days.

The pipeline contractor experienced cash flow problems 
late in the contract. These led to several delays, but were even-
tually overcome with assistance from Amatola Water, and the 
contractor was able to return to site to finish the work.

PROJECT STATUS
The Masincedane WTW was commissioned and handed over 
to Amatola Water on 19 February 2018. As at mid-July 2019 the 
only outstanding work on the project is the final testing and 
commissioning of the new rising main between Lower Gxulu 
and Upper Mnyameni. Hand-over of this section of pipeline 
was expected by August 2019.

CONCLUSION
The Masincedane Water Supply Scheme upgrade project was 
successfully completed within budget and quality specifications 
to the satisfaction of Amatola Water. Much of the success of 
the project can be attributed to the very good relationships 

Photo 5 Pipeline under construction in 
the scenic Keiskammahoek environment
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forged with the local community through the establishment and 
involvement of a Project Steering Committee (PSC) and the em-
ployment of local labour. Credit for establishing and guiding the 
PSC must be given to the institutional social development officer.

Apart from one minor incident at the start of the civil works 
contract (which was quickly settled), there was no disruption to 
the project by the community. The community took consider-
able pride in their involvement with this project.

All three contractors exceeded the contract participation goals 
set for employing local labour and for local spend. More than 70 
local people were employed on the project, with a good mix of men, 
woman and youth. Labour was sourced from all benefiting villages 
through the community liaison officer selected by the PSC.

Close cooperation between the civil works contractor and the 
mechanical and electrical contractor, coupled with technical and 
positive guidance from the engineer and the Project Management 
Unit of Amatola Water, added to the success of the project. 

Project team

Employer Amatola Water Board

Funder
Department Water & Sanitation through 
the RBIG scheme

Consultant AfriCoast Consulting Engineers (Pty) Ltd

Subconsultant and 
CPG Partner
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H&S Agent Safe Working Practice (East London)

Civil and Building 
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EMPA Structures cc

Mechanical and 
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Klomac Engineering cc

M&E Subcontractor Electron Technologies (Durban)

Pipeline Contractor SBM Engineering Services (Pty) Ltd

Pipeline Subcontractor RJN Projects (East London)

Photo 6 Typical low-level bridge crossing

Photo 7 New pump houses at Upper Mnyameni
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BACKGROUND
The Markman Main Sewer (MMS) 
drains, under gravity, the Motherwell 
residential area lying to the north of Port 
Elizabeth. Motherwell is home to some 
10 000 residents. The sewer also conveys 
effluent from the Markman industrial 
area and the Coega IDZ.

The existing Markman Sewer traverses 
from the Markman industrial area to a grit 
chamber at Bluewater Bay, crosses beneath 
the N2 and then runs alongside the N2 in a 
southerly direction before crossing over the 
Swartkops River Bridge and traversing the 
Swartkops estuary to the Fishwater Flats 
Wastewater Treatment Works (FWF).

The current and predicted future 
sewage flows exceed the capacity of the 
existing sewer from the grit chamber in 
Blue Water Bay to FWF. This project aims 
to alleviate the problem by providing a new 
sewer with sufficient capacity to convey the 

full current and future peak flow in this 
section of the MMS, while retaining the 
existing sewer to serve as a backup.

The new Markman Sewer was imple-
mented to cater for future growth and 
increases in wastewater flows from the 
catchment area. The design allows for op-
eration of the two (old and new) pipelines 
simultaneously, if required. Either of the 
pipelines can be operated independently 
for maintenance purposes by diverting 
flow at a diversion chamber located next 
to the grit chamber. This will also allow 
for refurbishment of the existing sewer.

The MMS upgrade has been imple-
mented in three phases from 2010 to 2019, 
namely:

 Q Phase 1: The construction of a GRP 
pipeline from the grit chamber, 
1 km long × 1 000 mm diameter, 
traversing along the N2 road reserve 
to the Swartkops River Bridge, and 

the installation of a GRP pipe section, 
300 m long × 800 mm diameter, over the 
bridge. Phase 1 was completed in 2012.

 Q Phase 2: The diversion of stormwater 
infrastructure at the grit chamber 
to allow for construction of the new 
sewer. Phase 2 was completed in 2015.

 Q Phase 3: The construction of a 
reinforced concrete (RC) HDPE-lined 
pipeline, 2.2 km long × 1 000 mm 
diameter, from the Swartkops River 
Bridge to FWF, with connections into 
the existing GRP pipelines at the grit 
chamber, bridge and FWF. Phase 3 
construction commenced in February 
2018 and completion is expected 
during October 2019. This article 
focuses on Phase 3.

PROJECT DESCRIPTION
The Phase 3 pipe route starts at the con-
nection into the existing 800 mm diameter 

Thomas Jachens Pr Eng
Technical Director
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Photo 1 Difficult site conditions at high tide
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incorporating

QUALITY

GRP pipeline at the southern end of the 
Swartkops River Bridge. From here it 
runs for a short distance alongside the 
N2 highway down to the base of the road 
embankment to a hydraulic jump chamber. 
Between the bridge and the hydraulic jump 
chamber the pipe diameter is 900 mm. 
From the hydraulic jump chamber a 
1 000 mm pipe traverses along the edge of 
the environmentally sensitive estuary of the 
Swartkops River to connect into the FWF.

The pipeline is designed for a Peak 
Dry Weather Flow (PDWF) of 553 ℓ/s and 
a Peak Wet Weather Flow (PWWF) of 
1 107 ℓ/s, based on the predicted future 
growth of the Markman Sewer catchments.

DESIGN CHALLENGES
The design of the MMS proved to be chal-
lenging in many ways, such as difficult 
ground conditions coupled with a high 
water table and tidal influences, restricted 
working space, selection of the most suit-
able pipe materials, design of the pipeline 
route, optimising the longitudinal profile 
given the restrictive levels, hydraulic and 
environmental constraints, construction 

of various structures including manholes, 
connections and tie-in structures, as 
well as allowing for the participation 
of Exempted Micro Enterprise (EME) 
subcontractors.

The pipe vertical gradient consisted 
of a relatively steep gradient of 1:50 from 
the grit chamber, over the Swartkops 
River Bridge to the base of the N2 road 
embankment. From the base of the N2 
embankment the gradient is flat at 1:720 
to the connection at the FWF.

The gradient was fixed by the entry 
level at the grit chamber and the con-
nection into the existing sewer at FWF, 
as well as the ground profile. The high 
embankment of the N2 at the Swartkops 
River Bridge required a significant change 
in gradient.

As a result of the high flow velocity 
of 4 m/s at PWWF due to the steeper 
gradient, and the need to maintain a min-
imum low-flow velocity of 1 m/s through 
the flat gradient, and given the change 
of flow regime from PDWF to PWWF, 
a hydraulic jump would form. This 
hydraulic jump would move upstream or 

downstream in the pipeline, depending 
on the pipe flow, resulting in a reduction 
of the discharge capacity of the pipeline 
and possible overflow at manholes and/or 
pipe bursts.

Investigations were carried out on an 
energy dissipation structure, either in the 
form of a drop-type structure positioned 
at the exit of the bridge crossing, or by 
provision of a hydraulic jump facility. 
Ultimately, a hydraulic jump structure 
was decided on as being the best solution.

The pipeline route and construction 
working space was restricted to 15 m, 
due to the limitations of space along 
the N2 road embankment, the environ-
mental authorisation corridor allowed 
when crossing the sensitive Swartkops 
River estuary salt marsh, and the close 
proximity of the existing sewer and other 
existing services.

As the pipeline is situated in the 
floodplain of the Swartkops River, the 1:50 
floodline was obtained in order to ensure 
that cover levels of all manholes located 
in the floodplain would be 300 mm above 
the floodline.

http://www.muchasphalt.com
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A pipe buoyancy calculation based on 
the floodline, pipe type and backfill mate-
rial was carried out to determine pipe 
flotation restraint requirements.

PIPE MATERIAL SELECTION
A rigorous investigation was carried out 
on alternative pipeline materials, namely 
Structured Wall HDPE, Glass Fibre 
Reinforced Polyester (GRP), Solid Wall 
HDPE, Steel Reinforced HDPE, Reinforced 
Concrete and HDPE Lined Reinforced 
Concrete (RC).

The investigation concluded that 
the most suitable pipe for this project, 
taking all aspects into consideration, 
is HDPE Lined Reinforced Concrete. 
Anchor Knob System (AKS) high-density 
polyethylene sheeting was cast into the 
inside of the concrete pipe to form an 
HDPE lining acting as an integral part of 
the pipe.

Due to the high salinity of the ground 
conditions, pulverised fly ash (PFA) was 
specified in the concrete mix design for 
the pipes. The use of PFA increases the 
durability of the concrete to withstand 
chloride attack. The resultant pipe 
provides the advantages and the corrosion 
resistance of HDPE on the inside and 
the rigidity and strength of reinforced 
concrete on the outside.

The weight and relatively short lengths 
of individual pipe sections may at times 
be considered a drawback, but the rigidity, 
forgiving nature, weight (to counter 
buoyancy), high strength and longevity of 
the reinforced concrete pipe offers strong 
advantages in this instance.

Photo 3 AKS lining showing the anchoring knobsPhoto 2 RC pipe with AKS lining

Photo 4 Typical trench conditions with dewatering system on right

Photo 5 Pipeline in embankment condition
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The Markman Sewer allows for man-
entry through 600 × 700 mm openings 
in the top of selected pipes, with a lined 
manhole ring shaft constructed over the 
opening. A concern was the continuation 
of the HDPE lining through joints and at 
access points to the manhole chambers.

The solution was to weld a strip 
200 mm wide on the inside to cover each 
joint and thus ensure continuity of the 
HDPE lining throughout the system.

The jointing of the pipe sections was 
done externally by means of the rubber 
seal in the pipe spigot/socket joint, and 
internally by an HDPE strip 200 mm wide 
welded to the pipe liner over the full pipe 
circumference.

CONSTRUCTION CHALLENGES
As previously mentioned, the pipeline 
traverses the Swartkops River estuary and 
is positioned below the 1:100 floodline. 
The ground conditions of the estuary con-
sist of loose silty sand with a high ground-
water table subject to tidal influence. 
Trench excavation therefore required 
extensive dewatering and pumping. 

A well-point system designed and tested 
by the contractor proved effective.

The construction activities consisted 
of site clearance within the allowed 
construction working width, removal 
and stockpiling of topsoil, insertion of 
well-pointing before commencing trench 
excavation (well-pointing was continuous 

during trench excavation and pipe instal-
lation), trench excavation and installation 
of shoring, bedding, laying and backfilling 
of the pipes, and construction of the 
various chambers, manholes and tie-in 
structures.

The pipeline was installed partly in 
a trench to a maximum depth of 2.5 m 

Photo 6 Manhole joined integrally with pipe
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below natural ground level, and partly in 
embankment conditions with the pipe 
invert a maximum of 1 m above natural 
ground level. Imported G7 material, com-
pacted to 90% MOD AASHTO density, 
was used to form the embankment, with 
an earth berm constructed over the pipe 
from surplus material excavated from site.

The pipe was laid on a 7 mm stone 
bedding layer 200 mm thick. Once laid, 
the pipe was backfilled to half-diameter 
with the same stone as used for the bed-
ding, with the entire stone bedding and 
backfill wrapped in U24 Bidim geotextile 
to prevent soil intrusion. A selected fill 
layer of clean sand was then placed to a 
depth of 300 mm above the pipe soffit. 
Selected excavated trench material 
was used to complete the backfilling to 
natural ground level.

A 120 m section of pipeline was 
installed along the edge of the raised 
embankment of the N2 freeway, requiring 
careful restricted excavation and backfill 
due to the steep grade. Sheet piling was 
installed to protect the N2 from possible 
undermining and collapse.

Installed pipe permissible tolerances 
were specified to be within 12 mm of the 
design invert level at each manhole. A 
maximum of 10% less than design gra-
dient between two successive manholes 
was allowed. The levels of each pipe in-
stalled were taken and recorded to ensure 
that these tolerances were adhered to.

Strict adherence to traffic accommoda-
tion, specifically for the construction over a 
300 m section within the N2 road reserve, 
and limitations for the offloading and 
transport of pipes and materials along fixed 
corridors instead from the N2, required 
careful logistical planning by the contractor.

Manholes are installed every 170 m, as 
well as at the start and end of each radial 
curve. The manholes consist of precast 
integral HDPE-lined RC pipes of short 
straight section with an access opening. A 
shaft consisting of an RC precast manhole 
section, 1.6 m in diameter, is installed on 
top of the manhole pipe, integrally joined 
together with in situ concrete. Bends 
consist of precast integral HDPE lined 
RC pipes.

OTHER PIPELINE STRUCTURES
The existing grit chamber consists of 
an RC structure, 20 m × 3.5 m × 2.5 m 
deep, for the capturing of sediments and 
grit, thereby reducing the volume of grit Figure 2 Dimensions to meet hydraulic requirements
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flowing downstream into the existing and 
new Markman Sewers.

Both the existing and new Markman 
Sewers tie into the grit chamber, and with 
new sluice gates installed, flows can be 
diverted into either the existing or new 
Markman Sewer.

The tie-in at the Swartkops River 
Bridge connects the existing GRP pipe-
line, previously installed under Phase 1, 
by means of a VJ Coupling within an RC 
chamber. Construction took place within 
a very confined space between the edge of 
the road embankment, the bridge struc-
ture and the N2 roadway and required 
temporary safety barriers.

The hydraulic jump structure consists 
of an RC structure, 10 m long × 1 m 
wide × 3 m deep, consisting of a spillway, 
apron and sill. The structure has been 
designed for a 900 mm diameter sewer at 
the required PWWF capacity of 1 107 ℓ/s 
when flowing at a depth/diameter ratio of 
41.0% in the upstream pipe, and at a depth/
diameter ratio of 100% in the 1 000 mm 
downstream pipe. The spillway profile and 
the sill are sized for the maximum flow.
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The flow channel through this structure 
is kept the same width as the downstream 
pipe diameter to ensure that there are 
self-cleansing velocities downstream of the 
chamber at low flows. The sill is needed 
to ensure that a stable hydraulic jump will 
occur within the structure at low flows, and 
it has a sloping surface to assist with the 
washing out of silt that may be deposited.

The spillway, apron and sill are rectan-
gular in section with a width of 1 000 mm. 
The depth of the chamber was designed to 
be higher than the 1 400 mm maximum 
energy level likely to be produced down-
stream of the jump.

The tie-in structure at FWF is an RC 
structure, 3.6 m × 3.7 m × 4.5 m deep. A 
concrete/GRP Extended VJ coupling was 
used to connect the RC pipeline to the 
existing GRP pipeline.

An existing 900 mm return effluent 
concrete pipeline within FWF, which 
had to be kept in operation, needed to be 
crossed. A temporary steel bridge 20 m 
long, consisting of girders 0.45 m deep, 
together with shoring, was constructed to 
support the pipe while the new pipeline 
was being constructed below.

Double rows of sheet piling were 
required when constructing the tie-in 
chamber to protect existing services and 
to prevent collapse of the sides of the 
excavation.

A meter that is able to measure flow 
accurately in partially filled pipes is 
installed at the connection. Flows are 
recorded and information relayed to 
a central flow-recording databank for 
all incoming sewer flows at the FWF 
Treatment Works.

CORROSION PROTECTION 
OF STRUCTURES
Sewer gases can lead to extensive cor-
rosion of concrete. Investigations were 
carried out on a number of alternative 
corrosion protection measures for the 
concrete manholes and structures. These 
included in situ HDPE lining, Epochem 
RA500M Epoxy Coating, Sikagard 720 
Epocem with Sikagard 63N three-layered 
system, and SewperCoat.

Based on various considerations, 
including costs, application times and 
practicalities, SewperCoat was selected 
for application to the internal concrete 
surfaces of all manholes and structures.

Bonding tests were conducted 24 hours 
after application to ensure bonding of the 
lining to the structure. Application was by 
spraying to ensure a seamless coating to 
prevent water ingress.

PROJECT STATUS
By mid-August 2019 the construction of 
the pipeline, manholes and structures 

was complete. Connections at the 
Swartkops River Bridge and at FWF 
were also complete. Tie-in at the grit 
chamber still needed to be completed, 
as did site rehabilitation. All work 
is on track for completion during 
October 2019.

CONCLUSION
The design and construction of the 
Markman Main Sewer presented a number 
of difficult challenges that were success-
fully overcome through good teamwork 
by all involved. Innovative thinking was 
sometimes required to overcome the, at 
times, extremely difficult working condi-
tions, but each time the team rose to the 
occasion and a solution was always found.

Despite the challenges faced, the project 
is on track to finish within budget approxi-
mately 4 months ahead of schedule. 

Project team

Employer
Nelson Mandela Bay 
Municipality

Consultant
AfriCoast Consulting 
Engineers (Pty) Ltd

Specialist 
Pipe Advisor

Alaster Goyns of Pipes cc

Contractor SJW JV

Pipe Supplier Rocla Port Elizabeth

Photo 8 Temporary support to existing concrete pipeline in FWF
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BACKGROUND
The Nooitgedagt/Coega Low-Level 
Scheme (NCLLS) is being implemented 
in phases, having started in 2010. On 
completion, this scheme will increase the 
peak supply of treated Orange River water 
to the Nelson Mandela Bay Municipality 
(NMBM) by 140 Mℓ per day.

The Nooitgedagt Water Treatment 
Works (WTW) is located in the Sundays 
River Valley some 35 km north of Port 
Elizabeth. Raw water is supplied from the 
Gariep Dam via transfer tunnels, rivers, 
weirs and canals.

The original High-Level Scheme 
supplies 70 Mℓ per day via the Grassridge 
Reservoir at TWL 234 m MSL, the same 
TWL as the Chelsea Reservoir to the 
west. This gives the western and northern 
supply schemes good operational 

capabilities, but is not economical due 
to the fact that large volumes of water 
pumped to the Grassridge Reservoir are 
needed at much lower elevations.

The Low-Level Scheme pumps to new 
reservoirs some 90 m lower with TWL 
143 m MSL constructed under the scheme 
at Olifantskop Farm lying north-east of 
Port Elizabeth. Pumping to this lower 
elevation results in an energy saving of 
some 18 000 kWh/day or R1.32 million 
per annum for the municipality.

Phases 1 and 2 of the NCLLS have 
been completed, increasing peak supply 
to NMBM by 70 Mℓ per day. Phase 3, the 
final phase of the project, is currently 
under construction and is scheduled for 
completion during March 2021. Phase 3 
will increase peak supply by a further 
70 Mℓ per day. The final peak supply from 
Nooitgedagt will then be 210 Mℓ per day.

Phases 1 and 2 were implemented by 
NMBM with a funding grant from the 
Department of Water and Sanitation (DWS) 
and own funding. Phase 3 is being funded by 
the DWS, which appointed Amatola Water 

as the implementing agent. NMBM has final 
authority on all technical specifications.

PROJECT DESCRIPTION
Phase 3 includes the construction of 
a complete new treatment module of 
70 Mℓ per day at the Nooitgedagt WTW, 
upgrading of the original six filters at the 
WTW, construction of a 45 Mℓ reservoir 
at the Olifantskop site to supplement 
the 10 Mℓ reservoir constructed under 
Phase 2, installation of cathodic protec-
tion and AC mitigation measures on the 
more than 100 km of steel bulk water 
pipelines forming part of the Nooitgedagt 
scheme, and rehabilitation of the existing 
pipeline connecting the Nooitgedagt 
scheme to the western Chelsea Reservoir.

Design philosophy for Phase 3
The Nooitgedagt WTW is designed to op-
erate on demand with the clearwell water 
levels being the controlling factor. Starting 
and stopping the final water pumps to 
meet demand influences the water levels in 
the clearwells, as does the backwashing of 

Sizani Mrwetyana Pr Tech Eng
Technical Director
Water & Sanitation
AfriCoast Consulting Engineers (Pty) Ltd
sizanim@africoast.com

Nooitgedagt/Coega 
Low‑Level Scheme: Phase 3

Photo 1 Low-lift pump station



filters. Level sensors in the clearwells are 
connected to a PLC that, in turn, automati-
cally operates the raw-water inlet control 
valves. These valves are electrically actu-
ated ring-needle valves which allow for fine 
adjustment. As the level in the clearwell 
drops, the PLC opens the valves and as the 
water level rises, the valves are throttled. 
This allows inflow to match outflow at all 
times and so operate the WTW close to 
optimum for any given demand.

All chemical and chlorine dosing is 
done proportionately to flow through PLCs 
linked to flow meters installed throughout 

the plant. In this way chemical dosing is 
optimised and costs reduced.

The settling tanks serving the existing 
western treatment modules of the 
Nooitgedagt WTW are of the pulsator 
sludge blanket type. Essentially, this 
means a sludge blanket is kept in suspen-
sion by means of regular pulses intro-
duced into the settling tanks. Stopping the 
pulses results in a collapse of the sludge 
blanket, which can then take up to a week 
to return to full efficiency.

For Phase 3 a different design ap-
proach was adopted in order to maximise 

savings on electricity costs. By operating 
the new Phase 3 eastern treatment 
module at peak capacity during off-peak 
electricity use times, and shutting it down 
during peak use times, considerable cost 
savings can be achieved.

The clear-water outlet pipes from 
the eastern and western modules are 
cross-connected upstream of the two 
final water pump stations. This al-
lows for water from the modules to be 
pumped by either the high-lift or the 
low-lift pumps, or both. During off-peak 
electrical demand times, the WTW will 
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Photo 2 New settling tanks under construction

Photo 3 45 Mℓ reservoir with 10 Mℓ reservoir behind
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be operated at full capacity with both the 
high-level (1.1 MW) pumps and the low-
level (950 kW) pumps running. During 
peak electrical demand times, the new 
eastern module can be stopped and only 
the low-level pumps run with the original 
western modules operating at their 
lowest capacity level.

In order to be able to do this it was 
essential that the new module could 
be stopped and started at short notice 
without compromising treatment 
capacity or efficiency. The use of pulsator 
sludge blanket-type settling tanks was 
therefore ruled out. Bottom-entry, 
horizontal and upflow settling tanks 
fitted with lamella packs and sludge-
collection hoppers are being provided for 
the new eastern module. The raw water 
has a fairly high suspended solids load 
which is easily settled. The new settling 

tanks were therefore designed with this 
in mind.

The filter underdrains installed are 
of the dual lateral type which allows for 
combined air/water backwashing. These 
underdrains were installed in the filters 
constructed under Phase 2 and have 
proved to be very efficient, allowing for 
longer filter runs between backwash 
cycles with corresponding savings in en-
ergy costs. The original filters were fitted 
with false floors and nozzles. These are 
being removed and replaced with the dual 
lateral system under Phase 3.

The Nooitgedagt WTW is designed 
as a zero-effluent plant with all settling 
tank desludge water and filter backwash 
water captured, settled and returned to 
the head of the works. It is calculated that 
capturing and returning the water results 
in a saving of some 6 Mℓ to 8 Mℓ per day.

The 45 Mℓ reservoir at Olifantskop is 
designed as a circular pre-stressed, post-
tensioned reinforced concrete structure. 
The reservoir has an internal diameter 
of 75 m and a full water depth of 10.4 m. 
Concrete for all water-retaining struc-
tures has been specified to contain 25% 
PFA to improve long-term durability.

NMBM experiences high levels of 
vandalism relating to valves and fittings on 
certain sections of the Grassridge–Chelsea 
pipeline. To overcome this problem 
brick valve chambers are being replaced 
with purpose-made precast concrete 
chambers. A permanent precast yard was 
constructed at the Motherwell Reservoir 
which can be used by NMBM for future 
needs. Operations were later moved to 
another site due to community unrest in 
Motherwell that was delaying production.

The construction of the precast yard 
and the chamber sections, as well as the 
installation of the chambers, has all been 
undertaken by local SMMEs under the 
guidance of Stefanutti Stocks.

PROJECT CHALLENGES
The contractor for Phase 3 was appointed 
in December 2016 and took possession of 
the site on 19 May 2017, with completion 
scheduled for the end of March 2019.

After establishing site at the 
Nooitgedagt WTW, the contractor 
proceeded with excavations for the new 
filter block and clearwell, as this structure 
is on the critical path. Once founding level 
was reached, water was present in the 
excavation. This was surprising to all as no 
water had been encountered in any of the 
previous deep excavations from the time 

Photo 4 Precast yard under construction

Photo 5 Water in filter excavation
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the first phase had been constructed back 
in the early 1990s. None of the geotechnical 
investigations, including drilling on site, had 
found any signs of subsurface water either. 
Tests done on the water showed traces of 
chlorine, indicating that the source of the 
water was most likely the existing WTW. 
Investigations undertaken on the existing 
clearwell showed no signs of leaks. However, 
further investigations revealed that the dirty 
backwash water-recovery pipe was leaking 
at the point where it exited the structure. 
This was repaired and a section of the 
pipeline was replaced. The domestic water 
supply to the administration building was 
also found to be leaking and was repaired.

Even with the leaking pipes repaired, 
the water level in the excavation did 
not reduce. The saturated soil had zero 
bearing capacity and dump rock placed 
in the excavation in an attempt to provide 
a stable working surface simply disap-
peared into the ooze. Further tests on the 
water no longer indicated the presence of 
chlorine and it was concluded that there 
must be an underground water source. 
Additional geotechnical drilling was con-
ducted on the perimeter of the excavation. 
This revealed the presence of a previously 
undetected pebble layer underlying the 
eastern portion of the excavation, which 
proved to be the source of the water.

The project team considered various 
options to overcome the problem, and 
ultimately the decision was made to install 
piles and ground beams to support the 
filter structure. Before work could start, 
however, the water level had to be lowered 
and a stable working platform created. 
Three boreholes drilled to a depth of 2 m 
below the bottom of the excavation and 
fitted with pumps soon reduced the water 
level sufficiently to allow work to start. The 

worst section of the excavation bottom was 
backfilled with previously excavated mate-
rial stabilised with cement. The remaining 
area was backfilled with unstabilised 
material. This provided a sufficiently stable 
platform for the piling rig to operate. Piling 
was done by Stefanutti Stocks Geotechnical 
using temporary cased auger cast in situ 
(ACIS) piles. A total of 102 piles, ranging in 
diameter from 350 mm to 900 mm, and in 
depth from 7 m to 13 m, were installed.

FUNDING CHALLENGES
Funding for Phase 3 is provided by the 
DWS. Construction spend during 2017 
initially averaged between R15 and R20 mil-
lion per month. Due to the financial crisis 
that the DWS experienced, project budgets 
were slashed dramatically. The 2017/2018 
budget for Nooitgedagt was reduced from 
R92 million to R58.7 million in January 
2018. By that stage expenditure had already 
exceeded the amount of the reduced 
budget. This resulted in the contractor not 
receiving payment for the last three months 
of the financial year. The 2018/2019 budget 
allocation was insufficient to maintain 
the full pace of construction, resulting in 
constant late payments to the contractor. 

The contractor was eventually unable to 
maintain his cash flow and was forced to 
resort to suspension of the works.

In order to avoid ongoing claims and 
wasted expenditure, all parties formally 
agreed to suspend work on the pipelines 
and at the reservoir until the funding crisis 
had been resolved. Limited work continued 
at the treatment works. The contractor 
closed and secured the pipeline and res-
ervoir sites and relocated most of his staff 
to other contracts that were starting in 
KwaZulu-Natal. Those staff who could not 
be relocated to other contracts were ac-
commodated at the water treatment works.

By February 2019 the funding crisis 
had been resolved and full production 
resumed across all sites.

PROJECT STATUS
Construction is currently proceeding at 
full pace, with the work on schedule as 
per the revised construction programme. 
At the Nooitgedagt WTW work is 
proceeding on the raw water strainer 
building and flash mixer. Concrete work 
to the settling tanks is nearing comple-
tion. Installation of piles and pile caps is 
complete and ground beams for the filters 
are under way. The backwash collection 
tank is also nearing completion.

At the 45 Mℓ reservoir the walls and 
columns are complete. Preparations for 
pre-stressing of the walls are proceeding, 
with stressing to have taken place during 
September 2019. Decking for the roof 
started during the last week of August 
2019. The work to protect and rehabilitate 
the pipelines is ongoing and due for com-
pletion during January 2020.

The reservoir is scheduled for comple-
tion at the end of February 2020 and the 
Nooitgedagt WTW extension is due for 
completion and commissioning by the 
end of March 2021. 

Project team

Beneficiary Nelson Mandela Bay Municipality

Implementing Agent Amatola Water

Funder Department of Water and Sanitation
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Contractor Stefanutti Stocks Civils KZN

Subcontractors

Klomac Engineering (mechanical works)

Electron (electrical works)

UDI (cathodic protection)

Freyssinet (reservoir prestressing)

Photo 6 Construction of pile caps and ground beams
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INTRODUCTION
The existing Olifants River arch bridge 
(Figure 1), is located approximately 
300 km north of Cape Town on National 
Route 7. It was constructed in the 1950s 
and has deteriorated significantly since. 
Apart from deterioration, the narrow 
width of the bridge caused a bottleneck 
due to recent road widenings on the 
approaches to the bridge. Aurecon was 
appointed by the South African National 
Roads Agency Limited (SANRAL) to 
provide consulting services for the reha-
bilitation of the existing bridge (Van der 
Spuy & Niehaus 2018) and for the design 
of a new arch bridge next to the existing 
bridge to increase the traffic volume capa-
city. This article focuses on the design 
challenges faced in the design of the new 
arch bridge. Among the challenges were 
aesthetics, an integral design for minimal 
maintenance and a long span across the 
Olifants River.

CHOICE OF STRUCTURAL FORM
The bridge type for the new structure was 
dictated by two factors, namely (1) the 
long span length of 97 m, and (2) aesthetic 
considerations. As it was not acceptable 
to cause obstructions by placing deck 
support structures in the river, it was nec-
essary to cross the river with only a single 
span. An arch is ideal for this purpose. 
However, the strongest motivation for 
choosing an arch was for aesthetic pur-
poses. As an existing arch structure was 
already in place, it was natural to adopt an 
arch concept for the new bridge.

The existing bridge deck is continuous 
above the arch, but simply supported 
on the approach spans with bearing 
supports and expansion joints at each 
support point.

Expansion joints and bearings are 
high-maintenance items. SANRAL 
requested a low-maintenance solution. 
The solution was a completely continuous 

deck between abutments, resulting in a 
total deck length of approximately 165 m, 
including the approach spans. This 
reduced the number of expansion joints 
in the structure to only two. Provision of 
an integral structure meant that bearings 
were only necessary at the abutments. All 
piers had to be tied into the deck.

DECK TYPE, SPAN LENGTHS 
AND LANE CONFIGURATION
The deck accommodates two traffic lanes 
of 3.7 m each with 1.0 m shoulders on 
either side. A 1.2 m pedestrian walkway 
is provided on the downstream side only, 
shown in Figure 2. A twin-spine deck type 
was chosen which led to the decision to 
split the arch into two separate arches, 

This article is based on a paper that was 
presented at the SEMC 2019 International 
Conference (Van der Spuy & Niehaus 2019).

Design of the new Olifants River 
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The new arch bridge over the Olifants River 300 km north of Cape Town uses an innovative reinforced 
concrete design to increase structural flexibility, reduce the design forces on members and produce a 
well-proportioned and elegant bridge.

Figure 1 The existing Olifants River arch bridge
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with tie beams at intermediate locations, 
also shown in Figure 2. The structure 
has 12 spans of 13.8 m each with seven 
spans over the arch, three spans on the 
southern approach and two spans on the 
northern approach.

LOADING
The bridge was designed in accordance 
with Technical Methods for Highways 7, 
also known as TMH7, Parts 1 to 3 
(CSRA 1981).

Traffic loads
NA, NB36 and NC traffic loading was 
applied during the design to the full deck 
width. The walkway was treated as road, 
because future widenings could require 
changing the walkway to traffic lanes.

Wind loads
Wind loading was applied to the deck and 
parapets (35.3 m/s), the arch (36.8 m/s) 
and the columns (39.3 m/s).

Flood loads
As this bridge crosses a river, it was neces-
sary to do a hydraulic analysis to deter-
mine the effect that a flood may have on 
the structure. The road is classified as a 
Class 2 road according to SANRAL docu-
ments, which specifies that the bridge had 
to be designed for a 1:50-year flood, with 
no overtopping for a 1:100-year flood.

Temperature range and gradient
Temperature loading was applied in accord-
ance with the specifications in TMH7. The 
maximum effective bridge temperature was 
taken as 50°C with a minimum of –6°C. 
The installation temperature, or reference 
temperature, was assumed as 20°C.

SUPPORT CONDITIONS
Even though three boreholes were drilled 
at each arch foundation, the rock level was 
very variable and unexpected foundation 
conditions were found at each position.

Northern arch foundation
When the foundation was inspected before 
concreting, it was found that there was a 

weathered zone just below the foundation 
level. This could lead to unacceptable ver-
tical deflection, and the rock therefore had to 
be removed up to the level of the weathered 
zone and replaced with mass concrete.

The level of the rock behind the sup-
port position also varied substantially and 
would not be able to resist the expected 
loads. Additional horizontal load capacity 
was provided by means of a mass concrete 
support behind the foundation, tied into 
the rock by means of rock anchors. The 
support conditions are shown in Figure 3.

Southern arch foundation
At the southern arch foundation the rock 
dipped away sharply in the north-east 
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corner. Most of the foundation (area 
marked 1 in Figure 4) was at the expected 
level, and a portion of the foundation 
area (marked 2 in Figure 4) could be 

brought to the correct level by means of 
mass concrete. The portion marked 3 in 
Figure 4, however, dipped away to such 
an extent that it could not be used as 

support for the foundation. The founda-
tion therefore had to be redesigned to 
slope back by 1.5 m, while 1.5 m was 
added to the foundation.
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BEHAVIOUR OF INTEGRAL ARCH 
STRUCTURES AND DESIGN
Integral structures are by nature statically 
indeterminate. The deck and columns can 
no longer be designed as single elements 
in isolation from the rest of the structure. 
A change at any position of a bridge pro-
pagates throughout the entire structure, 
although with reduced influence. This 
makes it very difficult to predict the load 
patterns that would cause the most ad-
verse effect in any one element. This com-
plexity is even more pronounced when 
the main structural component is an arch. 
An influence analysis was performed with 
LUSAS software to determine critical 
loading patterns for this bridge.

Arch structures
Contrary to perception, arches almost never 
act in compression only. The ratio of the rise 
of an arch to its span (Figure 5) determines 
the amount of bending that an arch experi-
ences. The lower the rise-to-span ratio, the 
more bending an arch will experience.

In a true arch such as this, the dead 
load produces mainly axial stresses and 
most of the bending stress comes from live 

load acting over a part of the span. Live 
load acting over the entire arch causes 
mainly axial stresses, similar to the dead 
load (Nettleton & Torkelson 1977). The 
maximum live load bending stress at the 
quarter point of the span is produced by 
live load acting over approximately half 
the span, the moment being positive in the 
loaded half and negative in the unloaded 
half of the span. This phenomenon is il-
lustrated in Figure 6.

For this project, the rise-to-span 
ratio was dictated by the river level and 
road level for the rise, and by the width 
of the river for its span, resulting in a 
reasonably flat arch. This means that 
significant moments are generated at 
the arch foundations. The arch could 
be reinforced to deal with these forces, 
but they would have to be transferred 
to the ground through the foundations. 
The magnitude of the moments at the 
supports is dependent on the rotational 
stiffness provided by the supporting 
material, which is not necessarily elastic 
and varies based on the loading.

An iterative process was followed, 
whereby the geotechnical engineers were 

provided with design loads, based on an 
assumed rotational stiffness, to determine 
the rotational stiffness geotechni-
cally. The structural model was then 
updated with a revised stiffness until the 
results converged.

Arch construction
The steel truss shown in Figure 7 was 
designed to be able to support the con-
crete for the first arch, and then to be slid 
laterally into a new position for the second 
arch. The arch was pre-cambered by 
85 mm to ensure that the concrete arch, 
after elastic deflection under selfweight, 
would assume its intended levels after 
removal of the temporary arch support.

Prior to installation and sliding, all 
steel-on-steel sliding surfaces were coated 
with graphite grease to reduce friction 
and the subsequent sliding force required 
during sliding of the truss. Cylinder jacks 
of 95 tons were used to pull the arch to 
the second position. All the cylinders were 
extended simultaneously. Stroke lengths 
were monitored to ensure that the cylin-
ders were not overextended, and constant 
monitoring of movement at the centre 
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and ends was important to ensure that 
the jacks were “pulling” the truss evenly. 
A pulling force of up to 90 KN, or 9 tons, 
was required for the truss to be “pulled” 
into position from two locations at the 
end supports on the sliding rails.

Column design
Of particular interest in this design was 
the design of the columns above the arch, 
especially the shorter columns towards 
the crest of the arch which have a high 
horizontal stiffness.

Figure 8 shows the external forces 
acting on one of the arch columns, where 
TL = Temperature Load, BR = Braking 
Force, DL = Selfweight and LL = Live Load. 
A moment, MARCH, is applied at the bottom 
of the column originating from bending in 
the arch as described under Arch structures. 
A moment, MLL+P∆ originates from alternate 
span traffic loading and the secondary effect 
of the horizontal displacement of the top 
of the column due to TL and BR. A vertical 
force PDL+LL originates from the DL of the 
deck and the applied LL.

Figure 7 Sliding formwork support truss
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PDL+LL

∆

HTL+BR
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Figure 8 Column loads
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It was found that the shorter columns 
on top of the arch attracted large 
bending moments due to the effects 
described above. This posed a conun-
drum. If one increases the section depth 
to accommodate the high moment, the 
stiffness is increased as well, increasing 
the bending moment even further. The 
alternative option was to reduce the 
section depth, thereby reducing the stiff-
ness and therefore the bending moment. 
The problem with this option is that the 
section depth becomes too small to fit a 
practical amount of reinforcement into 
the column.

To reduce the bending moment in the 
column and to keep the depth sensible for 
reinforcement, concrete hinges were in-
troduced at the top of the columns. Some 
detail is shown in Figure 9.

Concrete hinges are characterised by 
an enormous load-bearing capacity and de-
formability. They are nearly maintenance-
free and have a high durability if designed 
and constructed properly. Concrete hinges 
are perfectly suited to control the flow of 
forces and to reduce constraints efficiently 
(Marx & Schacht 2010). A concrete hinge 
allows rotation without the associated 
bending moment. It is clear therefore that 
the introduction of hinges reduces mo-
ments not only in the columns, but also in 
the deck and the arch. Figure 10 shows the 
concrete hinge installed.

Deck and arch design
The total width of the deck is 11.95 m, with 
two spines each 2 m wide and 850 mm deep. 
Span/depth ratios generally are a minimum 
of 1/20, with 1/18 being more typical 

(Benaim 2008). For a span length of 13.6 m, 
this implies a span/depth ratio of 16, which 
is slightly conservative. Benaim (2008) 
states that the ratio of cantilever length 
to the span length between ribs should be 
between 2.3 and 2.8. This is to ensure that 
there is no torsion in the spines under dead 
loads. The ratio in this case is 2.325.

Under live load it was found that there 
was significant torsion in the spines, 
which had to be designed for. The deck 
therefore experiences combined bending, 
shear and torsion (the reinforcement 
is shown in Figure 11). This torsion is 
transferred to the arch also, which led 
to the need for a significant amount of 
reinforcement, shown in Figure 12.

CONCLUSIONS
An arch was chosen for the new bridge 
based on aesthetic principles to match 
the structure type of the existing bridge. 
We have shown here how the live load 
patterns cause the most adverse effects on 
arches, and how bending in an arch affects 
other structural elements. The design 
complexity of the new Olifants River arch 
bridge required innovative design and 
construction techniques. Concrete hinges 
were introduced to ensure that the client’s 
requirement of an integral structure was 
met. The challenging support conditions 
encountered after excavating required 
innovative geotechnical design in combi-
nation with structural actions. Figure 13 
shows the new bridge, with the existing 
bridge in the background. The end result is 
not only a structurally sound solution, but 
also an aesthetically pleasing one.
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Figure 10 Installed concrete hinge
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Figure 11 Arch reinforcement
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INTRODUCTION
“When I was a kid there didn’t use to be 
any houses on the hills,” my host in La Paz 
tells me during one of our chats. Rodrigo 
is in his mid-forties so the time he’s 
talking about must be about 35 years ago, 
we’ll say 1985 for the sake of this article. 
As the seat of government in Bolivia and 
the highest capital in the world, La Paz 
is a truly incredible place – the logistics 
of running and maintaining a city set in 
the hills of the Andes, more than 3 800 m 
above sea level, boggles the mind and 
requires creativity and a forward attitude 
that can truly be admired.

Take the public transport system, 
for example. What happened when the 
urban sprawl Rodrigo describes resulted in 

unnavigable level changes? These exceed 
500 m between the historical centre set in 
the valley, and the directly adjacent suburbs 
spreading into the hills. Of course, they built 
a public cable car system. Vast sets of stairs 
link parallel streets, proving challenging 
exercise for tourists not acclimatised to 
the altitude. The civil infrastructure must 
be, well, complicated … I’m glad the finer 
details in this respect are not something I 
have to figure out and report on.

I mention La Paz in a bit of detail for 
planting a seed that grew into the desire 
to write this article. From any one of the 
miradors or viewpoints around the city, 
one is confronted with an incredible city-
scape – houses upon houses creep up the 
side of the mountains that once provided 

security for the capital, enveloping them 
completely. Here the Andean landscape is 
juxtaposed strikingly with hard, cramped, 
brick and mortar budget accommodation 
for the largely disadvantaged populace.

What makes this even more incredible, 
I realised, is that all these buildings look 
virtually identical – simple, rectangular, 
unpainted hard vertical and horizontal 
lines of brickwork and concrete. The 
human project here creates a completely 
new landscape, a forest of naked masonry 
pasted onto the Altiplano. It takes a distant 
snow-covered peak or a sudden drop in 
temperature to remind me that I’m still 
within this iconic mountain range …

I started to ask myself: Why is this 
happening? What are the characteristics 

Ben van Wyk
Structural Engineer / Writer
vanwyk.eb@gmail.com

The standardisation of building 
practice in South America

Young engineer Ben van Wyk, who was recently on a working 
holiday in South America, sent us this fascinating account of what 
he observed from an engineering perspective in La Paz, Bolivia, and 
other cities on the continent.
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The Andes mountains cloaked in brick and mortar, 
La Paz, Bolivia (Photo credit: Yang Jing)



Civil Engineering October 2019 47

of building practice here? And is there 
anything that we can take away from 
this for application in our own building 
practice and housing industry?

THE AESTHETIC EFFECT 
OF TECHNOLOGY
So how did La Paz expand so impressively 
since the simpler times recalled by my 
host? The answer implies something 
larger than the question, so let us ask this: 
How do parts of South America affected 
by severe poverty and economic hardship 
continue to grow and cater effectively for 
an ever-expanding populace?

Looking at La Paz it becomes clear 
that part of the answer, as it relates to 
housing, is extreme standardisation of 
building practice. My interest was piqued 
by the implication of more than a small 
element of economical and practical 
optimisation, this often being of prime 
importance and one of the biggest chal-
lenges on projects at home. Some thinking 
along these lines sparked an investigation 
in a little more detail.

Let us start by noting that, 
technically, the system comprising 
this phenomenon is not by modern 
technological standards extremely 
novel or ingenious. In fact, what will be 
described here is simply a “rib and block” 
type precast solution integrated with a 
reinforced concrete frame, with layout 
tweaks optimising materials and space. 
What is astounding more than anything 
else is the extent of and regularity with 
which this has been implemented. 
Across thousands of kilometres and 
national borders in South America, this 
culminates in the clothing of an Andean 
city with a system which becomes in 
part a hallmark of many a tourist’s 
photo album.

This is what is unique about the struc-
tural building system – the phenomenon 
where it defines the look of a city like La 
Paz, and in fact many more cities and 
towns throughout the South Americas. 
How novel is that?

AN ELEMENTARY DESCRIPTION 
OF THE SYSTEM
A brief touch on the technical, with the 
chief characteristics of the frame sum-
marised as follows:

 Q Concrete frames comprising generally 
square columns and beams go up with 
crude shuttering and formwork.

 Q Slabs are precast T-beam lintels at 
close centres bearing onto beams in 
the span direction.

 Q Preformed (in the shape of a typical 
South African “block”) polystyrene 
void formers and permanent shutters 
are cut to suit in length and inserted 
between ribs.

 Q The primary beams constituting the 
frame are cast with exposed stirrups 
that tie into the slab perimeters. 
The slabs are cast on top of these, 
increasing the perimeter beam depths 
by the slab thickness.

The typical building, replicated with 
astonishing regularity throughout the 
north-west of South America, has the 
frontage set back at street level with slabs 
cantilevering over, extending the usable 
area of the upper levels. This optimises the 

usage of space and provides a modicum of 
shelter around the ground floor entrances. 
The concrete beam and column frame, 
generally taken up to roof level or one level 
under, provides some lateral stability, as 
the infill brickwork is not mechanically 
secured to columns.

In general, and wherever possible, 
window and door openings are taken right 
up to the underside of the ring beams (upper 
levels included) negating the need for pre-
cast lintels. In odd cases, the hollow brick 
module allows for openings to be framed in 
brickwork, mortar and a thin wooden plank 
only – as such I didn’t see a single precast 
lintel (apart from the T-beams forming the 
floors) during this investigation.

Stairs are conventional cast in-situ rein-
forced concrete with small in-situ landing 
portions to boot. The infill brickwork, 

Placement of polystyrene blocks on a roof in Copacabana, Bolivia (top left), openings at street 
front (bottom left), and a view (right) of a typical system in Cusco, Peru

The typical building, replicated with astonishing regularity, has the frontage set back at 
street level with slabs cantilevering over, extending the usable area of the upper levels, while 
providing a modicum of shelter around the ground floor entrances
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again, is hollow (light) and non-loadbearing, 
apart from instances where columns do 
not extend to the uppermost floor, and 
brickwork carries load on one level. Only a 
single skin is generally used externally and 
internally, meaning that a snoring neigh-
bour can unfortunately keep a traveller up 
in many a budget hotel. The system is by no 
means perfect, but apparently it works.

WHY THIS COULD MATTER
The system I describe is implemented to 
satisfy the need for affordable housing 
for growing populations, within the 
socio-economic constraints imposed in 
these countries. As such it needs to be 
viewed through the lens of these condi-
tions. In a sense, less of an emphasis here 
is placed on comfort (insulation, sound, 
etc), paint and finishes (there are none) 
and aesthetics. Standards for long-term 
performance and overall safety margins 
likely also differ from what the reader is 
accustomed to. The intention of this ar-
ticle is not to spark judgement about these 

issues – one of the lessons of travelling is 
indeed to simply observe and accept these 
differences, even marvel at them.

In instances these differences are 
difficult to process; it is tricky to give 
exact examples, but we’ll say that it can be 
uncomfortable to witness some of these 
conditions from an engineering point of 
view. Lamentably, a bit of research will 
reveal cases in these countries where 
improper planning and monitoring have 
had severe consequences. But, in the sense 
that the system clearly works, and satisfies 
the balance of supply and demand here, 
what positives or lessons can we take from 
the South Americans? I consider it best 
that those more technically, economically 
and policy savvy answer this question. 
What I will posit here is the following:

Africa and South America face similar 
challenges, as both continents suffer 
from rising levels of unemployment and 
economic instability, and lack of proper 
housing as a result. Both continents need 
to look to the future and plan for how to 

accommodate their rapidly growing popu-
lations. Then, perhaps most importantly, 
one small tweak in building practice from 
lessons learned by looking over the Atlantic, 
replicated sufficiently, has the potential to 
result in massive savings in capital expendi-
ture with obvious benefits to the economy 
and populace. I firmly believe that there is 
an opportunity here for someone who looks 
hard enough and can tap into that forward-
thinking attitude mentioned before.

But back to my host.

CLOSING THOUGHTS
What would Rodrigo’s family have 
expected La Paz to look like 35 years after 
its more modest setting in 1985? We can 
ask the same for other families in other 
cities in South America. Would they have 
envisioned outside influences to prevail? 
Maybe a neighbourhood on one hillside 
cropping up with Tuscan-themed archi-
tecture, another more reminiscent of the 
Spanish colonial style? The hills climbing 
up to El Alto perhaps styled with a modern 
twist on more traditional South American 
architecture? I expect images along these 
lines would have been quite likely.

What few would have envisioned is the 
reality – the hills rolling in the burnt red 
of trustworthy masonry, tightly packed 
squared edifices partitioned only with 
lines of grey concrete, all distinct but 
similar enough to be first cousins. A land-
scape completely aesthetically dominated 
not by architectural or urban planning 
considerations, but in appearance by 
the structural system that has proven so 
effective in these conditions – the im-
plementation of a structural engineering 
solution on such a massive scale that it 
makes the look of these cities its own.

Who would have thought? 

The Andean landscape is juxtaposed strikingly with cramped budget accommodation 
creeping steadily up the mountainsides
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T R A FFI C  EN G I N EER I N G

OVERVIEW
This is the first in a series of articles 
dealing with the practical design of inter-
sections. The set considers every aspect of 
traffic engineering that affects intersec-
tion control devices, including daily traffic 
volume patterns, safety, capacity, delay, 
queues and levels of service.

In developing an intersection optimi-
sation and traffic signal design software 
program called AutoJ, the author did 
extensive studies of traffic patterns, as 
well as computer simulations of various 
formulae of capacity and delay for dif-
ferent control devices. The theory which 
best replicated actual driving behaviour 

is discussed, but it was found necessary 
to make modifications to established 
theory in some instances and to derive 
new theory in others. The results of these 
findings and the modifications made are 
reproduced in this set of articles.

These findings are then applied to the 
design of intersections to determine what 
traffic control device should be installed. 
The process that is required to design a 
traffic signal cycle, staging and splits for 
optimal operation throughout the day is 
also detailed in this set of articles.

BASICS

Why intersections are critical
The intersection is where most of the prob-
lems associated with traffic flow will occur. 
It is the place with the least capacity, the 
most delay and the highest crash rate. Each 
of these will be dealt with in detail later, 
but the concepts are explained below.

Capacity
At intersections, capacity is squeezed, as 
illustrated in Figure 1 (vehicles per hour 
(veh/ hr)). The saturation flow of an unim-
peded lane is approximately 2 000 veh/hr. 
Two approach lanes could therefore carry 
up to 4 000 veh/hr before joining. After 
they meet and interact, it is only possible 
for around 1 500 vehicles per hour or less to 
exit. The 1 500 must now be shared between 
the two lanes based on the demand volumes.

Delay
At intersections, delays, stops and queues 
are always incurred. Even under light flow 
conditions at least one approach to the 
intersection will have to give way at times.

Crashes
Crashes, or accidents, are at their highest 
at intersections. Even without cyclist 
and Bus Rapid Transit (BRT) lanes being 

Dr John Sampson Pr Eng FSAAE FSAICE
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Intersection traffic engineering: Part 1
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Figure 1 At intersections, capacity is squeezed

Figure 2 Vehicle conflict points with pedestrian crossings shown dashed
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added, at every cross-junction there are 
32 vehicle conflict points (blue) and 24 
pedestrian conflict points, as illustrated 
in Figure 2 (page 49). In addition, there 
will be the stop-start conflict (red) caused 
by the introduction of an intersection 
control device (ICD). Furthermore, the 
complexity and decision-making at 
intersections greatly increase the load and 
stress on both drivers and non-motorised 
pedestrians and cyclists.

Summary
A typical intersection may look as 
illustrated in Figure 3. The traffic 
engineer’s job will be to decide the 
road markings and control devices that 
will maximise the capacity, minimise 
the delays, maximise the safety and 
optimise the level of service under all 
operating conditions.

INTERSECTION CONTROL 
DEVICES (ICDS)
There are two basic types of intersec-
tion control – priority control or traffic 
signal control.

Priority controls
Priority controls (the six bullets below) are 
all fixed once implemented and cannot be 
adjusted for time of day or varying traffic 
conditions.

 Q No control
 Q Yield (on one side)
 Q Mini-circle (yield on all sides)
 Q Roundabout (yield on all sides)
 Q Stop (on one side)
 Q All-way or 4-way stop (stop on all sides).

Traffic signals
Traffic signals on the other hand are 
highly flexible and have literally an 

infinite number of possible operational 
settings. Traffic signals can be varied by 
time of day, day of week, or continuously 
as in the case of vehicle-actuated signals. 
They can have different cycle times, 
different staging and different splits, and 
can be coordinated or synchronised with 
other traffic signals.

Traffic signal terms
Figure 4 illustrates the concepts of cycles, 
stages and phases.

In this example there are two stages, 
1 and 2. Each stage is made up of three 
phases – a green phase, a yellow phase 
and a red phase. The all-red “phase” is 
the time during which the two red phases 
overlap.

The cycle time is equal to stage 1 plus 
stage 2. The split is the time given to each 
stage, in this case 50:50. The combined 
yellow and all-red time is known as the 
inter-green.

These concepts are also illustrated 
on page 6.2 of the SA RTSM Manual 
Volume 3. Note, however, that in the 
Manual the concepts are slightly confusing 
in that the illustration of a stage does 
not include the inter-green and therefore 
appears to be exactly like a phase.

Traffic signal stages
There are three legally permitted types of 
signal staging, as illustrated in Figure 5:
1. A main or through stage, where all 

movements on the two opposite 
approaches are given green at the 
same time

2. A single right-turn flash stage where 
the left and straight disc, and right-
turn arrow movements from the 
same approach are displayed at the 
same time

3. A double right-turn flash stage, where 
opposite right turns are given the flash 
at the same time.

This gives us eight potential ways of dis-
playing signal stages which can be displayed 
in any order. Theoretically all eight could be 
used at a single intersection. The scramble 
stage, where all vehicular traffic is stopped, 

Figure 3  A typical intersection – the traffic engineer’s job will be to decide optimal road 
markings and intersection control devices

Figure 4 Illustrating the concepts of cycles, stages and phases

Stage 1 Stage 2

Green phase Yellow phase All-red Red phase

Red phase Green phase Yellow phase All-red
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Legally permitted signal combinations

Movement(s) and stage(s) may be omitted, but none may be added

solid line = permitted

dashed line = protected

Key

n s w e = north, south, west, east

T = through, steady disc display

R = right turn, flashing arrow display

L = left turn, flashing arrow display

P = pedestrian, green man + flashing red man display

Stages may be displayed in any order – minimum two, maximum eight, prefer fewer

Flash from north only Flash from west

Flash from south only

Flash from east
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Figure 5 Legally permitted types of signal staging
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and pedestrians can proceed in any direc-
tion, is a potential additional option.

Leading and lagging right-turn stages
If a flash is displayed before the main 
stage, it is described as leading, if after it 
is lagging. If the signal gives green to only 
one approach at a time (single flash in 
Figure 5, not followed by main stage), it is 
known as a split stage.

Given that stages can be displayed in 
any order, this section discusses whether 
some sequences are better than others. 
For reasons given in the next two subsec-
tions (The right-turn, or yellow, trap; and 
The advantages of lagging versus leading 
right-turn flashes), the recommended rule 
for choosing between lagging and leading 
green arrows is as follows:

 Q Leading: If the flash is needed from 
one side only and the opposite right 

turn is possible, the flash must always 
be leading (lagging is not allowed in 
this situation). The through green 
should always appear at the same time 
as the leading arrow on that approach.

 Q Lagging: In all other cases lagging 
arrows are more efficient and safer, 
and therefore preferred. Lagging 
right-turn flashes therefore apply for 
double right turns, single right turns 
at T-junctions or right-turn flashes 
on one-ways where the opposite right 
turn is not possible.

The right-turn, or yellow, trap
The right-turn trap occurs when turning 
is allowed from both sides of the intersec-
tion as in Figure 6, and a single lagging 
green flash is displayed. In Figure 6 the 
right-turn volume from north (nR) greatly 
exceeds the right turn from south (sR), so 

the flash is needed on the north side only. 
Furthermore, the through traffic from 
north (nT) is busier than from south, so 
nT runs at the same time as nR.

However, consider the right turner 
from south (orange in Figure 6). At the 
end of the main green phase, this vehicle 
is faced with a yellow then red light, 
but may not go because the light is still 
green for the opposite side. The vehicle is 
“trapped” in the intersection and there is 
the real danger that the vehicle will turn 
in the face of oncoming traffic.

This signal sequence (single lagging 
green flash when opposing right turn 
is possible) is therefore not permitted. 
Hence the rule is as per the first bullet 
point above (titled Leading).

The advantages of lagging versus 
leading right-turn flashes
If the right-turn trap is not a concern, 
then generally the flash should be lagging, 
as per the second bullet point above (titled 
Lagging) for the following reasons:

 Q Lagging green right-turn arrows:
 Q Comply with the rule of the road
 Q Meet user expectations
 Q Eliminate hazardous late turns in 

the face of oncoming traffic
 Q Reduce pedestrian and vehicle false 

starts
 Q Separate right turning and pedes-

trian conflicts
 Q Improve road safety
 Q Improve capacity
 Q Improve efficiency of vehicle actu-

ated right turns.
However, if the flash is only needed from 
one side, then leading is better for the 
following reasons:

 Q Leading green right-turn arrows:
 Q Avoid the right-turn trap
 Q Cater for unbalanced or tidal flows
 Q Cater better for shared lanes and 

short auxiliary lanes
 Q Reduce gap acceptance conflicts
 Q Are better if a stage is to be skipped 

when not needed.

Permitted and protected phases
Where a separate right-turn flash stage is 
not installed, a driver turning right can 
take gaps or turn during the inter-green 
period. The right turn in gaps and during 
inter-green is therefore permitted.

When a separate right-turn flash 
stage is provided, and drivers utilise this 
stage to make the right turn, they have 

Yellow  
trap

G
re

en
Ye

llo
w

Figure 6 The right-turn, or yellow, trap
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a protected right turn, as all conflicting 
movements are prohibited.

In cases where the driver has the 
choice of taking a gap or using the right-
turn flash, this is the permitted/protected 
signal phasing.

Where turning in gaps is prohibited by 
a red signal and ST sign, drivers may only 
turn during the right-turn flash stage. 
This is the protected-only signal phasing.

There are no absolute rules for when 
permitted or protected staging should 
be applied. “Protected only” is, however, 
poorly understood and poorly obeyed by 
the travelling public, and the efficiency 
and capacity of the intersection are 
reduced by this restriction.

Therefore, it is sensible to only use 
“protected only” when right-turning 
traffic cannot see vehicles approaching 
from the opposite direction due to 
geometric sight line obstructions (crest 
vertical curves or bends in the road), 
or where three or more lanes turn 
simultaneously. They are also necessary 
when there are BRT lanes down 
the median.

The Gauteng Department of Public 
Transport, Roads and Works report 
BL03/01: Double right-turn lanes on 
Provincial Arterials”, April 2003, provides 
the guidelines shown in Table 1.

CHOOSING AN INTERSECTION 
CONTROL DEVICE (ICD)
Given the various types of ICDs, how do 
we decide which one is best? To determine 
this, we must first decide what we mean 
by best. Normally we will want to achieve 
the following:

 Q Maximum capacity
 Q Minimum delay
 Q Shortest queues
 Q Maximum safety
 Q Minimum cost and maintenance.

Unfortunately, these goals are often in 
conflict. We therefore need to decide 
which we consider most important, and 

this in turn will depend on the traffic con-
ditions and the strengths and weaknesses 
of each type of control.

Overview of the merits of ICDs
Under ideal conditions, the merits of each 
ICD, numbered from best to worst, are as 
follows:

Capacity
1. Traffic signal
2. Roundabout
3. Stop / Yield
4. 4-Way stop / Mini-circle

Delay and queues
1. Mini-circle (low volume)
2. Roundabout
3. Yield
4. Stop
5. Traffic signal
6. 4-Way stop / Mini-circle (high volume)

Safety
1. Roundabout
2. Stop / Yield / Mini-circle
3. Traffic signal
4. 4-Way stop

Cost (life cycle)
1. Stop / Yield / 4-Way stop / Mini-circle
2. Roundabout
3. Traffic signal
Clearly, roundabouts emerge as the best 
or near-best in most categories, traffic 
signals are poor in most categories except 
capacity, and 4-way stops are the all-
round worst performers. In the absence of 
a full analysis therefore, the above gives us 
a guide on what to consider.

Warrants for ICDs
Generalised warrants for each intersec-
tion control device are given below. 
While serving as a guideline, a more 
detailed analysis should be undertaken 
before installing traffic signals or a 
roundabout.

No control
In a driveway, or lightly trafficked inter-
section, or within a residential precinct 
(designated as such by an appropriate 
sign), no control device is necessary. In the 
absence of a control, pedestrians will have 
priority, followed by cyclists, and vehicles 
must give way to non-motorised transport 
(NMT) and each other.

Yield (and stop/yield)
A yield sign is an under-utilised control 
device suitable for a large range of applica-
tions. For a yield sign to be safe, however, 
there must be adequate sight distance, 
measured as follows:

 Q Standing in the minor street approach, 
measure nine metres back from the 
stop line (or proposed stop line) and 
check how far in each direction a 
vehicle can be seen.

 Q If sight distance is 180 metres or more 
in both directions, install a yield sign.

 Q If sight distance is 180 metres or more 
to the right but less to the left, install a 
stop/yield sign.

Mini-circle
A mini-circle is suitable in low-to-middle-
volume applications, preferably with 
relatively balanced traffic flows. It is a 
good traffic calming device and should be 
considered on any Class 4b residential col-
lector and Class 5b residential local street. 
In urban residential areas mini-circles 
should be used to replace all-way stops. 
They can also be used (with warning 
signs) where sight distance is poor.

Stop
As a rule, two-way stop or yield streets are 
suitable for low-traffic-volume situations 
where the main road is busier than the 
side street. If a lesser control cannot be 
justified, install a stop sign. Place the stop 
sign on the minor road or on the stem of a 
T-junction. In a 60 km/h area, there must 
be a minimum sight distance of 100 me-
tres in either direction, clear of vegetation 
and other obstructions. Provide a splay if 
necessary.

Roundabouts
Roundabouts become optimal as volumes 
grow. They operate effectively in both 
low-volume and high-volume situations.

The following is a summary of the 
guidelines for the location of roundabouts, 
extracted from local and international 

Table 1 Permitted and protected phasing guidelines

Right-turn volume 
per hour

number of 
right-turn lanes

Right-turn signal phasing

0 – 120 1 Permitted

120 – 300 1 Permitted/Protected (or Protected only)

300 – 600 2 Permitted/Protected (or Protected only)

> 600 3 Protected only
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literature and as contained in the BL 99/5 
draft report Roundabouts (Traffic 
Circles) as Intersection Control Devices 
on Provincial Roads, March 2001, PWV 
Consortium.

The best locations for roundabouts are 
as follows:

 Q Intersections where safety would 
otherwise be a problem.

 Q Intersections where environmental 
enhancement or landscaping is 
required.

 Q Intersections where traffic signal 
maintenance or the availability of 
power is a problem.

 Q Where signals are required but cannot 
be afforded.

 Q Where permanent, maintenance-
free control without enforcement is 
necessary.

 Q Where there are four-way or all-way 
stops.

 Q Where the road standard or speed 
limit changes (e.g. where an arterial 
road changes to collector/local status).

 Q Where urban and rural roads meet 
(e.g. entrance to towns) or where 
commercial/industrial and residential 
areas meet.

 Q In suburban areas where traffic 
calming is required.

 Q At intersections with high turning 
movements.

 Q Where three or more stages are 
required at traffic signals, roundabouts 
should be considered.

 Q Where U-turns are prevalent or 
desirable.

 Q At intersections with more than four 
legs.

 Q At Y-junctions or other junctions with 
awkward geometry (e.g. sharp change 
in direction).

 Q With other roundabouts in a network 
where intersection spacing is too close 
for signal coordination to be achieved.

Roundabouts equalise the priority of 
all approach roads. No matter how 
minor the intersecting road may be, it 
is afforded the same priority on entry as 
any of the major routes. Furthermore, 

all vehicles must slow and take gaps 
on approaching the roundabout and 
priority cannot be given to any move-
ment without violating the roundabout 
operational principles (e.g. once traffic 
signals or stop streets are installed at 
roundabouts, they cease to operate as 
roundabouts).

The worst locations for roundabouts 
are as follows:

 Q Where main road and side road traffic 
flows differ greatly.

 Q Where minor crossroads enter major 
routes when a stop or yield street 
would suffice.

 Q In signalised coordinated networks 
where they would break up the platoon 
flow.

 Q Where traffic signals will soon be 
required.

As is the case with all intersection control 
devices, roundabouts should be avoided 
on roads with steep slopes or where 
the intersection is not visible. Longer 
‘flat’ areas are required for roundabouts 
compared with other intersection types, 
making them less suitable on steep grades.

Traffic signals
Traffic signals become needed in 
high-volume, multi-lane situations. 
Traffic signals should only therefore 
be considered when the priority 
controls described above do not provide 
adequate capacity, or result in excessive 
(intolerable) delay.

The 4Q or 6Q warrant for vehicular 
or pedestrian traffic signals (as described 
in Volume 3 of the SA Road Traffic Signs 
Manual, Chapter 2) was developed to 
identify when the queue length at a stop 
street is such that signals are required. 
Modern roundabouts, which can form a 
bridge between a stop street and traffic 
signal, were not considered in developing 
the warrant.

All-way (4-way) stop
There is no warrant for an all-way stop in 
an urban area. Use a mini-circle or any 
other ICD instead.

PUTTING IT ALL TOGETHER

Reasons for an evaluation of the ICD
There is normally a reason why an 
intersection needs to be evaluated. Typical 
reasons are:

 Q Complaints received (congestion or 
safety)

 Q Requests for traffic signal
 Q Traffic impact assessment (new devel-

opment, future projection)
 Q Change in traffic pattern
 Q New construction, including BRT
 Q Observation or maintenance 

programme.

Process of evalution
This section contains a summary of the 
process that the traffic engineer must 
carry out to properly analyse an intersec-
tion. The process is described briefly here, 
but each step will be analysed in detail in 
the articles that will follow in this series.

In preparation for the analysis, in all 
cases it is essential to:
1. Visit the site, get a feel for how it is 

working, where pedestrians cross, 
visibility, hawkers, etc, i.e. things that 
cannot be seen on Google Earth.

2. Note the geometry and lane markings.
3. Get a traffic count (typically during 

AM, PM and off-peak) of all turning 
movements.

4. If available, check the crash record.
The principle is to then choose the 
minimum level of control that can be 
justified and is safe.

The analysis is then carried out in the 
following sequence:
1. Analyse the vehicle volume (and 

pedestrian plus cyclist volume if avail-
able) for a minimum of the AM and 
PM hours, but preferably off-peak as 
well. Adjust for heavy vehicles to get 
equivalent vehicle units (EVUs).

2. Measure queue lengths, particularly 
during peak hours.

3. Note the geometry, including lane 
markings and slip roads, pedestrian 
crossings, median islands, clearance 
distances for vehicles and pedestrians, 
grade, approach speed, auxiliary lane 
lengths, and, if applicable, details of 
the signal operation.

4. Add additional traffic volumes that 
may be using the intersection, e.g. due 
to a development.

5. Determine the control(s) most likely to 
be needed at the intersection.

Roundabouts equalise the priority of all approach roads. No matter how 
minor the intersecting road may be, it is afforded the same priority on 

entry as any of the major routes. Furthermore, all vehicles must slow and 
take gaps on approaching the roundabout and priority cannot be given to 

any movement without violating the roundabout operational principles.
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6. Use the above values to calculate the 
capacity of each lane group for each of 
the ICDs that might be considered.

7. Determine the effective volume using 
each lane and use that to identify the 
critical lanes.

8. If a signal is applicable, calculate the 
optimal signal timings for each period.

9. Based on the green times, calculate 
the volume to capacity ratio (V/C) for 
each movement, approach and for the 
intersection as a whole.

10. Calculate the delay for each movement 
and determine the maximum and av-
erage delay for vehicles and pedestrians.

11. From the volumes and delay, calculate 
the queue lengths.

12. Based on the V/C and delay for each 
movement, approach and intersection, 
determine the level of service.

13. Using a combination of V/C, delay and 
queue to give a performance index, 
determine the best performing ICD 
during each period.

14. Select the control with the best overall 
performance.

15. Prepare signal timing diagrams 
including green, yellow, all-red, 
pedestrian green man and flashing 
red man times for the preferred 
option(s).

16. Report the results.
As can be seen, the procedure to design 
an intersection requires considerable 
technical knowledge, skill and time. To 
help the user, the author has developed a 
computer software program to automati-
cally carry out all the required steps to a 
high level of accuracy. That program is 
called AutoJ.

NEXT ARTICLE
The next article in this series will discuss 
typical traffic patterns and will give some 
practical guidelines on how and when to 
conduct traffic counts.

NOTE
The descriptive and informative list of defi-
nitions and abbreviations will be included 
with one of the next articles, as space allows. 
In the meantime the list is available from 
the editor (verelene@saice.org.za). 
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G EN ER A L  CO N D I T I O N S  O F  CO N T R AC T

ARITHMETICAL ERRORS IN TENDERS
Q:  What is the correct methodology to correct arithmetical 

 errors for a re-measurement contract?

A:  Introduction
  By its very nature a “fixed price contract” can never be a 

“re-measurement contract”. In the August 2019 Standard 
for Uniformity in Construction Procurement, the Standard 
Conditions of Tender, Clause C.3.9.4(a), require that “the 
line item total shall govern and the rate shall be cor-
rected” for the correction of arithmetical errors in Bills of 
Quantities. This requirement is based on the correction 
of Bills of Quantities for a Fixed Price Contract1. For a Re-
measurement Contract2, this requirement for arithmetical 
error correction in a Bill of Quantities3 would be disastrous. 
For obvious reasons, the correction of arithmetical errors in 
a Re-measurement Contract must be in the line item total 
and not the unit rate tendered4.
  It follows that for a Re-measurement Contract, all the 
responsive tenders, and not only the highest-ranked tender, 
must first be corrected before deciding on the lowest tender. 
Once the lowest tender has been decided upon, the next step 
is to ensure that the unit rates tendered are balanced. If there 
are imbalanced rates, these should be adjusted by the tenderer, 
keeping the Contract Sum5 the same.

Condition of Tender for Re-measurement Contract
For a Re-measurement Contract, delete Clause C.3.9 in the 
Standard Conditions of Tender (Annex C to the Standard for 
Uniformity in Construction Procurement – August 2019) and 
replace it with the following:

 C.3.9  Arithmetical errors, omissions and discrepancies for 
a Re-measurement Contract

 C.3.9.1 Check responsive tenders for:
 (a)  The gross misplacement of the decimal point in 

any unit rate
 (b)  Omissions, discrepancies and imbalanced tendered 

unit rates made or included in completing the Bill 
of Quantities, or

 (c) Arithmetical errors in:
  (i)  Line item totals resulting from the product 

of the unit rate and the quantity in the Bill of 
Quantities, or

  (ii) The summation of the prices.
 C.3.9.2  The Employer must correct the arithmetical errors in 

the following manner:
 (a)  Where there is a discrepancy between the amounts 

in words and the amounts in figures, the amount 
in words shall govern.

  (b)  If a Re-measurement Contract’s Bill of Quantities 
applies and there is an error in the line item total 
resulting from the product of the unit rate and the 
quantity, the unit rate as quoted shall govern and 
the line item total shall be corrected.

  (c)  Where there is an obvious gross misplacement 
of the decimal point in the unit rate, the line 
item total shall govern and the unit rate shall be 
corrected.

  (d)  Where there is an error in the total of the prices, 
either as a result of corrections required by this 
checking process or in the tenderer’s addition of 
prices, the total of prices will be corrected.

   The corrected tender price shall be communicated to 
the tenderer. The tenderer may withdraw the tender, 
but may not change the total tendered price. Reject the 
tender if the tenderer does not accept the corrected 
total of the prices, if any.

 C.3.9.3  Where unit rates are considered to be imbalanced by 
the Employer, the tenderer shall, to the satisfaction of 
the Employer:

  (a)  Justify such unit rates, or

Frequently asked Questions
This is the second article in a series dealing with frequently asked questions (FAQs) about the suite of SAICE 
General Conditions of Contract for Construction Works and associated Guides. The first article appeared 
in the August 2019 edition of Civil Engineering. These questions and their answers are published in the 
magazine under the guidance of the Contractual Affairs Subcommittee of the SAICE Project Management 
and Construction Division (PMCD).

The authors of this article will not be liable for any loss or damage 
sustained by anyone as a result of his or her action upon any statement, 
guidance or opinion published in this article.
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  (b)  Adjust such unit rates by increasing or decreasing 
these unit rates and selected other rates while 
retaining the total tender price derived after applying 
the above-mentioned arithmetical corrections, if any.

   Declare as non-responsive and reject the tender if the 
tenderer elects not to justify or adjust imbalanced 
tendered unit rates to the satisfaction of the Employer.

 Notes
1. Refer to Clause 1.1.1.19 in the General Conditions of 

Contract for Construction Works, 2015.
2. Refer to Clause 1.1.1.27 of the General Conditions of 

Contract for Construction Works, 2015.
3. Refer to Clause 1.1.1.2 of the General Conditions of 

Contract for Construction Works, 2015.
4. Refer to Clauses 6.7.1 and 6.8.1 of the General Conditions 

of Contract for Construction Works, 2015.
5. Refer to Clause 1.1.1.11 of the General Conditions of 

Contract for Construction Works, 2015.

THE CONSTRUCTION PERMIT
Q:  Why is there no mention in the GCC or its Guide of the 

Construction Permit that needs to be issued by the Employer?

A:  In terms of the Construction Regulations 2014 (CR 2014), the 
Employer may be obliged to appoint a professionally registered 
Construction Health and Safety Agent (Pr CHSA) for the 
project. Where the appointment of a Pr CHSA is required, 
it is an obligation in terms of the CR 2014 for the Pr CHSA 
to facilitate, inter alia, a construction permit to be issued to 
the Employer. The construction permit is required before 
the Contractor can commence work. The application for a 
construction permit must be accompanied by the Contractor’s 
Health and Safety Plan, and the permit application process 
may cause delays in Commencement of the Work. Where 
delayed by the application process for the construction 
permit and where not allowed for in the Contract Data, the 
Contractor must claim Extension of Time.

ORDER BY A CONSTRUCTION HEALTH AND 
SAFETY AGENT TO STOP WORK ON SITE
Q:  Can a Pr CHSA order the Contractor directly to stop any work?

A:  Yes, especially in life-threatening emergency at a localised 
area on site. However, for the orderly day-to-day running of 
the Contract, all statutory documents, arrangements and 
procedures in terms of the Construction Regulations 2014 
(CR 2014) that impact in various ways on the Contract must 
be accommodated through effective communication channels 
and protocols through the Employer’s Agent. These details 
are not specifically contained in the text of the GCC 2015, 
because they are well-defined in legislation (such as in the 
statutory Scope of Work of a Pr CHSA). The text and dia-
grams of the Guide also do not contain these details. However, 
all relevant CHSA matters to be complied with are taken to 
be covered in terms of GCC 2015 Clauses 3.2.4 and 4.3.1. It 
is also generally accepted that, in terms of GCC 2015 Clause 
4.12.3, all communication between the relevant parties shall 
pass through the Employer’s Agent.

EMPLOYER’S AGENT’S CATEGORY OF 
PROFESSIONAL REGISTRATION
Q:  To what detail must the Employer’s Agent be identified in the 

Contract Data at tender stage, and should those details include 
the Category of Registration of the statutory council where the 
Employer’s Agent holds registration, the registration certificate 
number(s), the individual’s name and identity or passport 
number, and, where the individual holds multiple registrations of 
where more than one make him eligible as an Employer’s Agent 
(such as Pr Eng and Pr CM), should only one registration be iden-
tified in the Contract Data as the more “appropriate” category of 
registration in the event of replacing an Employer’s Agent with 
one who holds the same “appropriate” or multiple registrations?

A:  Circumstances change between writing the Contract Data 
and the execution of the Contract. It is therefore preferable, 
as far as possible, to require information in the Contract Data 
that would be permanent. For example, the Employer’s Agent 
defined in 1.1.1.16 should be the firm’s name (which is a legal 
person) and not the actual natural person that would be acting 
as Employer’s Agent in terms of 3.1.1. It would then be up 
to the Employer to ensure that the natural person acting as 
Employer’s Agent is a registered professional in a built envi-
ronment profession that is appropriate to the Scope of Work. 
Should the Contractor suspect that a non-registered person or 
an inappropriate professional was acting as Employer’s Agent, 
he may lodge a dissatisfaction claim in terms of 10.2.1.
  An individual who holds multiple registrations that would 
each qualify the natural person as an appropriate Employer’s 
Agent, may need specifying in the Contract Data, and only the 
more appropriate registration in terms of Clause 3.1.1 may be 
specified. Specifying the category of registration is advisable.
  Although the phrase “built environment” remains unde-
fined in the GCC 2015, a guideline to its interpretation may 
be taken from the definitions given in the Council for the Built 
Environment Act 43 of 2000 as follows:

  “… ‘built environment’ means the field within which 
the registered persons practise; ‘built environment 
professions’ means the professions regulated by the 
professions’ Acts; ‘registered person’ means a person 
registered in terms of any of the professions’ Acts; ‘pro-
fessions’ Acts’ means the:

 (a) Architectural Profession Act 2000
 (b)  Project and Construction Management Professions 

Act 2000
 (c) Engineering Profession Act 2000
 (d) Landscape Architectural Profession Act 2000
 (e) Property Valuers Profession Act 2000
 (f) Quantity Surveying Profession Act 2000 …”

for more information contact

Theunis van Zyl Pr Tech Eng, Pr CPM, Pr CM, AAArb
SAICE PMCD Contractual Affairs Subcommittee
theunis@vzagroup.com

Benti Czanik Pr Eng, AAArbSA, MIITPSA
Chair SAICE PMCD Contractual Affairs Subcommittee
benti@czanik.biz
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LO C A L  G OV ER N M EN T

INTRODUCTION
Many municipalities in South Africa have 
encountered difficulties in sustained 
service delivery, and face increasing 
debt, governance problems and com-
munity protest. In 2018 the Minister of 
Cooperative Governance and Traditional 
Affairs (CoGTA), Dr Zweli Mkhize, iden-
tified 55 municipalities as dysfunctional 
(Mkhize 2018). A previous minister in the 
same portfolio, Pravin Gordhan, had indi-
cated in 2014 that a third of the country’s 
municipalities were doing well, a third had 
the potential to do well and a third were 
dysfunctional (Quintal 2014).

During this period, the national 
government, through CoGTA, sought to 
address this crisis of local government 
through a strategy called Back-to-
Basics (B2B). Along with the strategy, 

a programme of implementation was 
designed. B2B is an intervention aimed 
at improving local government in five 
key areas: (1) delivering basic services, 
(2) good governance, (3) sound financial 
management, (4) institutional capacity, 
and (5) public participation. The strategy 
sought to intervene in dysfunctional 
municipalities and provide support to 
those municipalities with the potential to 
do well. In all municipalities performance 
monitoring in the five key areas would be 
increased. The Local Government SETA 
(LGSETA) has embarked on a research 
project with Palmer Development Group 
(PDG) to assess the implementation of 
the Back-to-Basics Programme among 
municipalities.

The research is aimed at assessing 
whether the achieved progress under 

the B2B Programme is leading to the 
realisation of Programme objectives as 
stipulated in the Local Government Back-
to-Basics Strategy document. The project 
has taken the form of a document review 
combined with in-depth interviews with 
key local government stakeholders and an 
electronic survey of all municipalities.

PROGRESS SINCE THE INCEPTION 
OF BACK-TO-BASICS
B2B was introduced in 2014 and has been 
running since then. In terms of municipal 
progress, CoGTA data suggests that there 
has been an improvement in the state of 
municipalities within this period. From 
2015/16 to 2016/17, of the total of 257 
municipalities, the number doing well 
increased from about 100 to just over 
115. The number of municipalities that 
were dysfunctional or not doing well 
decreased from approximately 60 to just 
over 40, reflecting a change in 20 munici-
palities. At the same time, the number of 

How well has the Back‑to‑Basics 
Programme been implemented 
among municipalities?
This article is part of a series reporting on research commissioned by the 
Local Government Sector Education and Training Authority (LGSETA).
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municipalities with the potential to do 
well increased by 15.

However, in relation to this, the 
Auditor-General’s (AG) Municipal 
Finance Management Act (MFMA) 
Report for 2016/17 indicates that mu-
nicipal performance did not improve 
as much as the CoGTA data suggests. 
Instead, the data found that municipali-
ties regressed in several key areas. For 
instance, regarding the Municipal 
Infrastructure Grant (MIG), the AG 
found that the achievement of targets 
decreased and that reliable reporting de-
clined. Spending on water and sanitation 
reduced, with funds being used for other 
purposes, and performance against the 
achievement of targets and timeframes for 
routine water infrastructure maintenance 
decreased. In addition, the LGSETA B2B 
Assessment Survey found that about 45% 
of municipalities did not have a fundable 

consolidated infrastructure plan in place, 
a key element of the original B2B Strategy.

In terms of financial management, 
audit opinions improved, but there was an 
increase in material non-compliance find-
ings in supply chain management, with 
little consequence management resulting 
from findings from the previous year. The 
LGSETA B2B Assessment Survey sug-
gested that municipal revenue collection 
rates remained poor, with 38% of munici-
palities reporting a decrease in revenue 
collection from 2014 to 2018, and 25% 
reporting no change in revenue collection. 
Further, 28% of managers said that their 
budgets were unrealistic, mostly due to 
inaccurate revenue projections. These 
results suggest that financial management 
is unlikely to have improved under the 
B2B Programme, on average.

With regard to institutional capacity 
building, senior management vacancies 

increased to 28%, including increases in 
vacancies for the position of Municipal 
Manager and Chief Financial Officer. 
These vacancies lasted on average for over 
40 months (Auditor-General 2018). This is 
confirmed by the data from the LGSETA 
B2B Assessment Survey, which found 
that between 19% (Director: Community 
Development) and 38% (Director: 
Development Planning) of senior manage-
ment positions were vacant in responding 
municipalities. Nearly 30% of managers 
in municipalities also reported that their 
municipality’s organogram was unreal-
istic. Respondents suggested that this was 
often because the organogram was out of 
date, or because positions were unfunded. 
In contrast to positions being unfunded, 
some respondents argued that there were 
positions on the organogram that did not 
add value and were a financial burden to 
the municipality.

DATA RELIABILITY
The disjuncture between the findings of 
the AG and the performance improve-
ments reported by CoGTA raises ques-
tions about the reliability and credibility 
of information being reported on B2B. 
In terms of the information reported, we 
see that municipalities performing well 
are overwhelmingly those reporting on a 
regular basis to CoGTA. The concern is 
that there are more than 25 municipalities 
that do not report at all, yet are recorded 
as doing well, or having the potential to 
do well.

When asked about the accuracy of 
data in B2B monthly reports as part of 
the B2B Assessment Survey, municipal 
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officials gave varied answers to ques-
tions. About 13% of respondents felt 
that the data reported was either mostly 
inaccurate or very inaccurate. Another 
19% felt that the data was only accurate 
in parts, which means that over a third 
of municipalities felt that the data that 
they provided was questionable. In 
interviews national respondents also 
raised concerns about the accuracy and 
verifiability of the data being provided by 
municipalities. This level of concern for 
the credibility of data across the board 
suggests that other sources of municipal 
performance data should be relied upon 
to assess progress.

The data leaves the Back-to-Basics 
Programme with two significant con-
cerns. The first concern is the extent to 
which municipalities are cooperating 
with the Programme, with only about 
45 of 257 municipalities reporting every 
month. As many as 40 do not report 
at all, and about 80 report quarterly 
or less often, which suggests that mu-
nicipal buy-in and cooperation with the 
Programme have been low. Provincial 
stakeholders have also raised concerns 
that future buy-in to projects from 
municipalities may also be threatened, as 
the absence of report-back from CoGTA 
on the data that municipalities submit 
appears to indicate that the effort put 
into collecting data has no return value. 
Secondly, the extent to which the data 
being reported can be relied upon as 
accurate is called into question. This is 
a significant problem for an intervention 
that is essentially structured as moni-
toring support, except for municipalities 
that are dysfunctional and receive 
direct intervention. If the data that the 

intervention is designed to collect cannot 
be relied upon, the value of monitoring 
support or intervention is limited.

CONCLUSIONS
There is little evidence to suggest that 
B2B is having a significant impact 
on municipal performance overall, 
although some reporting suggests that 
municipalities are in a better position 
now than earlier in the Programme. The 
reliability of this evidence is in question, 
given that it is contradicted in parts by 
the Auditor-General’s findings and that 
municipal officials themselves admit that 
the information they report is often inac-
curate. Even if municipal performance is 
improving, it is also not clear that this is 
an effect of the B2B Programme. National 
and provincial stakeholders have argued 
in interviews that the value of B2B is not 

the monitoring programme. Rather, it 
is the continuation through B2B of the 
work of municipal support programmes 
such as that initiated through the Local 
Government Turnaround Strategy, par-
ticularly in dysfunctional municipalities 
that receive direct support.

There is also little evidence to suggest 
that the municipalities themselves buy 
into the Programme, as there is irregular 
reporting and the quality of the reports 
is low. This calls into question the ef-
fectiveness and sustainability of the B2B 
Programme outside of dysfunctional 
municipalities where direct support 
is provided.
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18–19 Novemver 2019 Cape Town

SAICEcon19/02451/22 
Credits: 2
SACPCMP/CPD/19/016
12 Hours

Benti Czanik dawn@saice.org.za

Practical Geometric Design 11–15 November 2019 Midrand
SAICEtr16/01954/19
Credits: 5

Tom Mckune dawn@saice.org.za

Leadership and Management 
Principles and Practice in 
Engineering

20–21 November 2019 Midrand
SAICEbus18/02428/21
Credits: 2

David Ramsay dawn@saice.org.za

Earthmoving Equipment, 
Technology and Management for 
Civil Engineering and Infrastructure 
Projects

6–8 November 2019 Midrand
SAICEcon19/02447/22
Credits: 3

Prof Zvi Borowitsh dawn@saice.org.za

Water Security and Governance TBC TBC
SAICEwat19/02412/22
Credits: 2

Martin van Veelen cheryl-lee@saice.org.za

Introduction to the NEC4 and the 
ECC4

4–5 November 2019 Midrand
SAICEcon19/02505/22
Credits: 2

Mile Sofijanic cheryl-lee@saice.org.za

Introduction to the NEC4 PSC4 6 November 2019 Midrand
SAICEcon19/02522/22
Credits: 1

Mile Sofijanic cheryl-lee@saice.org.za

Specification and Construction of 
Surfacebeds (Concrete Floors and 
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5–6 November 2019 Midrand
CESA-1435-05/2021
Credits: 2

Bruce Raath cheryl-lee@saice.org.za

sAiCe / Classic seminars
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07 November 2019 Midrand SAICEproj18/02259/21
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Philip Russell
Andrew Holden

admin@classic-sa.co.za
14 November 2019 Durban
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18–19 November 2019 Midrand SAICEproj18/02360/21
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Elmar Roberg admin@classic-sa.co.za

21–22 November 2019 Durban
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Candidates

12 November 2019 Durban CESA-948-11/2019
Credits: 1

Peter Coetzee
lizelle@ally.co.za
dawn@saice.org.za26 November 2019 Midrand

Getting Acquainted with 
Geosynthetics in Soil Reinforcement

27–28 November 2019 Cape Town
SAICEgeo18/02216/21
Credits: 2

Edoardo Zannoni
lizelle@ally.co.za
dawn@saice.org.za

Getting Acquainted with Sewer 
Design

19–20 November 2019 Cape Town
CESA-1577-04/2022
Credits: 2

Peter Coetzee
lizelle@ally.co.za
dawn@saice.org.za

In-house courses are available. To arrange, please contact:  
Cheryl-Lee Williams (cheryl-lee@saice.org.za) or Dawn Hermanus (dawn@saice.org.za) on 011 805 5947.

For SAICE-hosted Candidate Academy in-house courses, please contact: 
Dawn Hermanus (dawn@saice.org.za) on 011 805 5947 or Lizélle du Preez (lizelle@ally.co.za) on 011 476 4100.
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