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Sika CarboDur® plates and rods are carbon fibre reinforced polymers produced by a pultrusion process to have
precisely defined properties and performance; all in accordance with tight specifications and quality control
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Sika® CarboDur FRP Design Software
Software for advanced structural design.
Includes full range of Sika Structural Strengthening Systems
• Complex calculations in minimum time
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• Updated on a regular basis
• User-friendly interface
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Leadership during a crisis
The year 2020 was certainly very challenging for all of us and it
seems that 2021 is going to be very similar. The Covid-19 pandemic
has forced us to adapt to a new normal of drastically changed work
patterns, such as working from home, less business travel, an increase in online meetings, as well electronic submission of reports
and documents, and an increased use of our digital signatures.
With the constant changes happening in the business environment, how will leaders be able to show leadership in this crisis?
Over the past year there has been a significant decline in the
performance of the construction sector, and as a result, many firms
have had to either downsize or close their doors. The net effect was
that many employees were either retrenched or placed on furlough,
with some even resigning. What is the significance of all these
changes and how best do leaders plan for these changes? How do
we structure our organisations to cater for the needs of our clients
and at the same time ensure that the business is surviving?
Balancing a healthy financial outlook for the company and
the health and well-being of employees is no mean feat, especially
during a crisis. This begs the question, are we merely going to
manage a response to this pandemic or lead through it? The
actions of leadership and management will without question
determine the fate of organisations during this disruption.

MANAGEMENT VS LEADERSHIP
The old adage “managers manage and leaders lead” is very
significant at present as now, more than ever, there needs to be
a clear distinction between leadership and management. Within
this crisis there is a need for a more proactive leadership approach
to ensure that we are able to look at the immediate and distant
horizons and guide employees past anticipated obstacles.
Good leaders will inspire their employees and bring out their
best during this pandemic, while ensuring that they understand
their roles in the bigger picture of this crisis. This will need the
support of management who in turn must be able to look at
the organisation’s immediate needs, unpack these needs into a
strategic plan, lay it out clearly to the team, and provide adequate
support for successful implementation.
As we experience new waves and variants of the virus, there is
no quick fix to the pandemic which has an ecosystem all of its own.
And as government’s reaction to these changes poses a knock-on
effect to any well-made plan, it is important for leaders to take a
holistic view of the crisis and ensure that these events are part
of their planning. This planning in turn needs to be adequately
cascaded down to management to provide well-planned reactions
to anticipated events that affect the operations of the organisation.

MENTAL HEALTH
A significant aspect that is often not discussed in depth is the
mental health of employees during this crisis.
The uncertainty and instability of the Covid-19 pandemic
has exacerbated anxiety and depression in many individuals,
while contributing to the onset of new mental health problems
for others. This may be as a result of losing their jobs, or fear of
losing their jobs, stressful situations when working from home,
working extended hours, taking on the duties and tasks that were
previously performed by employees who have been retrenched or
have resigned, as well as the work-life balance issues being faced
by many parents who now have become home-school teachers
as well.
Unfortunately, leaders and managers are often so caught up
in managing the bottom line that the mental health of staff may
not be considered adequately when making strategic decisions.
As leaders, we need to sensitise ourselves to the needs of our
employees during these trying times.
Any good leader will tell you that an organisation’s most
valuable asset is its people, and unless your business is based on
a platform of machines and robots, productivity and profitability
will only be achieved by leading and managing your employees
with understanding and compassion during this pandemic.
The solution is to unite employees in their
endeavours and goals as valued members of
a cohesive team.
Leadership during this pandemic
should not focus on the mundane.
A very important aspect is leading
on people issues, and if these are
well taken care of, the business
issues will take care of themselves,
where an environment is created
in which employees are mutually
motivated to contribute to
the shared success of the
organisation.
Vishal Krishandutt
SAICE President 2021
vkrishandutt@nyeleti.co.za

The old adage “managers manage and leaders lead” is very
significant at present as now, more than ever, there needs to
be a clear distinction between leadership and management.
Civil Engineering March 2021

1

March 2021

Vol 29 No 2

Sivili Enjeneereng

THINKING LIKE AN
ETHICAL ENGINEER
IN CHALLENGING
TIMES

NO STEEL, POOR
SOIL: NO PROBLEM
FOR PRESS PLANT
CONSTRUCTION

WATER WEEK –
MOVING PAST
PROMISES AND
RHETORIC

oN THE cOVER

Sivili Enjeneereng = Setswana

ON THE COVER

Over the past decade, TRM driven
piles have become progressively wellestablished throughout South Africa
and around the African continent.

P4

	When required, TRM piles can be designed and guaranteed for 100 years of structural
service life
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The TRM piling system – transparency
in design, installation & testing
Over the past decade, TRM driven piles have become progressively well-established throughout South Africa and
around the African continent. Customers have grown to appreciate the transparency of the TRM piling system,
with a feeling that the TRM piles “talk” to them and help to understand what is happening beneath the ground.
Customers continue to find TRM driven
piles an attractive solution because the
piling system and products are safe,
high-quality, durable, environmentally
friendly, quick to install, vibration-free,
cost-effective, and suit all projects from
congested sites with limited working space
to remote jobs.
TRM piling rigs and equipment
are quickly set up and immediately
ready to commence piling installation.
Furthermore, the TRM piling system is
versatile and fast to interchange between
the friction grouted and end-bearing systems, as was the case at a recent silo project
in Mpumalanga where the soil conditions
differed from what was expected.

EFFICIENT SUB-STRUCTURE
AND PILECAPS
Early collaboration between TRM, the
professional team, and the sub-structure
contractor often brings significant time

#SafePiling #HighQualityPiling #DurablePiling
#EnvironmentallyFriendlyPiling #DuctileIronForGenerations
#FastTrackPiling #VibrationFreePiling #CostEffectivePiling
#LimitedWorkingSpacePiling #RemoteSitePiling
#VersatilePiling #FastSetUpPiling #EfficientPiling
and cost savings to the combined piling
and sub-structure works packages to get
the project rapidly and efficiently “out of
the ground”.
Key factors are the reduced pilecap
dimensions/volumes and sleek integration
between efficient piling and pilecap activities, with pile head trimming automatically
included within the TRM piling scope of
works. And with TRM also offering pilecaps as part of the scope of works, the total
time and cost savings to get a project “out
of the ground” are even more significant.

SAFE & MODERN IN CHALLENGING TIMES
The TRM piling system is safe and
modern. The low manpower requirement
remains a key advantage during the current
Covid-19 pandemic, typically requiring
only three to four specialist operatives per
rig for the end-bearing piling system, and
four to five for the friction piling system.

GENUINE TRACK RECORD
One of the key successes of the TRM
piling system lies in the fact it is a totally
reliable, genuine European-developed

The compact TRM piling system enables safe work and
high productivity even in restricted working areas
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TRM friction piling shoe compacts and
improves soil by forming a full displacement
pile up to 320 mm diameter

The TRM piling system illustrates many benefits at
remote locations, including minimised concrete volume

product with a track record of almost 40
years across five continents.
The high level of international recognition and success inevitably attracts copycats,
however genuine TRM products are easily
distinguished from their inferior copies
which are produced with negligible care and
attention to safety or quality controls.

#RespectIntellectualProperty

PROVEN DURABILITY
The durability characteristics of ductile
iron – which is used globally for water
pipes – are well known.
Recently, the City of Hayward in
California, USA, replaced an aging AC
transmission main, estimated to be well
over a century old, with a new 750 mm
diameter ductile iron line. The City of
Hayward was unequivocal that ductile
iron pipe was their material of choice, due
to the strength and durability of the material, the relative ease in which the shockresistant material could be assembled,
and the long-term resiliency the ductile
iron will provide, even in an earthquake
prone area.
Civil Engineering March 2021

In 2012 the American Water Works
Association reported that, based on a
nationwide analysis of water pipes across
the USA, which took into account the
Associations’ test results, field inspections
and in-service operations spanning over
50 years, ductile iron pipes in benign soil
had generally achieved a service life of over
100 years, and in some cases over 110 years.
More than 600 water utilities in the USA
and Canada have been using un-coated cast
iron pipe material that has provided service
successfully for 100 years or longer, and
23 water utilities for more than 150 years.
Founded in 1915, the Ductile Iron
Pipe Research Association (DIPRA), has
provided accurate, reliable, and essential
engineering information about cast iron,
and now ductile iron, pipe to a wide variety of utilities and consulting engineers
for more than 100 years.
Showcasing the amazing potential of
cast iron, DIPRA boasts a Century Club
and Sesquicentennial Club, recognising
water utilities with cast iron mains that
have provided service for 100 years or
more, and 150 years or more respectively.
This tremendous level of available research on the corrosion resistance of ductile

iron material shows how, when required,
TRM piles can be designed and guaranteed
for 100 years of structural service life.
Design is performed in accordance
with European design codes which enable
the design engineer to choose the service
life according to the specific project
requirements and relevant level of soil and
environmental corrosivity. In accordance
with the design code, the service life and
corrosion level are selected and the applicable loss of thickness through corrosion
is incorporated into the design process.

TRANSPARENT ON-SITE
DESIGN VERIFICATION
The in-situ soil conditions are verified
during TRM pile driving, which is when
the TRM site team like to say that every pile
“talks” to them and helps them understand
what is happening beneath the ground.
Design and installation of TRM piles
into saturated or unstable soil profiles (e.g.
sand with or without groundwater at or
near the surface) has no impact on overall
piling cost and installation time, even
when such challenging sub-surface conditions are encountered unexpectedly.
All these factors enable the TRM piling
system to enjoy the unique benefit of being
backed by both a €10 million product

DIPRA’s Century Club and Sesquicentennial
Club recognise the long lifespans of cast
iron pipes (courtesy DIPRA, USA)
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Table 1 California State members of the Century Club (courtesy of DIPRA, USA)
Location

Utility

Year
inducted

Oldest
pipe

Benicia

City of Benicia

1991

1887

Imperial Beach

California-American Water Company, Coronado District

1991

1888

Los Angeles

LA Department of Water & Power

1985

1885

Merced

The City of Merced

1989

1889

Monrovia

City of Monrovia

2008

1908

Monterey

California-American Water Company

1988

1885

Oakland

East Bay Municipal Utility District

1982

1876

Pasadena

Pasadena Water & Power Department, Water Division

1987

1887

Sacramento

Sacramento Water Department

1954

1854

San Bernardino

City of San Bernardino Municipal Water Department

2017

1909

San Francisco

San Francisco Water Department

1958

1859

San Jose

San Jose Water Works

1981

1878

San Luis Obispo

City of San Luis Obispo

2007

1888

Santa Barbara

The City of Santa Barbara

1991

1886

Santa Cruz

City of Santa Cruz Water Department

1997

1890

Santa Rosa

Santa Rosa Utilities Department

1994

1893

Sonora

Pacific Gas & Electric Company, Water Systems Department

1965

1852

Stanford

Stanford University

1989

1888

Table 2 Florida State members of the Century Club (courtesy of DIPRA, USA)
Location

Utility

Year
inducted

Oldest
pipe

Gainesville

Gainesville Regional Authority

2018

1914

Ocala

The City of Ocala, Water/Sewer Department

1999

1888

Orlando

Orlando Utilities Commission

1986

1886

Pensacola

Department of Public Utilities

1976

1876

St. Petersburg

City of St. Petersburg Water Resources

2004

1898

Tampa

Tampa Water Department

1990

1888

Table 3 Boston Water & Sewer Commission member of the Sesquicentennial Club (courtesy
of DIPRA, USA)
Location
Boston

Utility
Water & Sewer Commission

Year
inducted
1999

Oldest
pipe
1847

Table 4 New York State members of the Sesquicentennial Club (courtesy of DIPRA, USA)
Location

Utility

Year
inducted

Oldest
pipe

Albany

Department of Water & Supply

2002

1851

Buffalo

Department of Public Works

2002

1851

Troy

Department of Public Utilities

1989

1837

Utica

Mohawk Valley Water Authority

2004

1849
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indemnity insurance and R20 million
professional indemnity cover. In this way
TRM reduces the risks to its clients and
gives them, and their professional teams,
total peace of mind.

ONGOING INNOVATION
DESIGN & TESTING
TRM Piling is constantly innovating and
bringing new applications to market.
Recently, piles were successfully used
to support new water pipes for a remote
mine in Mpumalanga. TRM designed the
piles and then performed testing works on
site to verify assumptions.
Past innovations include the TRM
socketed pile system, which is applicable
in soft to medium-hard rock applications
and has been designed, installed, and fully
tested at over 150 Eskom tower foundations
stretching almost 100 km between Medupi
and Borutho in Limpopo, as well as at
numerous other site locations including
several mega solar projects in the Northern
Cape. Elsewhere, where the soil consisted
of deep sand and calcrete lenses, TRM
readily installed friction grouted piles.

THE TRM DUCTILE IRON
SUCCESS STORY CONTINUES
Over the past 40 years the successful use
of ductile iron has grown rapidly around
the world because it has offered the design
engineer a combination of versatility and
properties not available in any of its rivals.
Its mechanical properties – strength,
toughness, and ductility – are equivalent
to many cast, forged, and fabricated
steels. However, the superior durability,
castability, and economy of production
of ductile iron has given the designer an
attractive alternative solution to improve
value: significant weight reduction with
improved performance, substantial improvements in durability, and significant
production and commercial savings compared with steel tube/pipe design and use.
In summary, ductile iron has been successful because it has offered the designer
superior value: higher quality and performance at lower cost. After 10 years of TRM
ductile iron piling in South Africa, the TRM
ductile piling success story continues.
Contact
Tyrone Shuttleworth
Director
tyrone@trmpiling.com
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Quiz

Our seventh Know Your Sector Competition winner!
Our latest competition winner, Hanro Marks, received the
news of his win on a day when he and his colleagues had joked
about never winning lucky draws. High fives and ice creams all
round followed for a very excited Hanro and his colleagues.
In addition to celebrating with the team at PBE Consulting
Engineers, Hanro will use the money he won to pay some of
his bills and take his partner for a romantic dinner. “Covid-19
has hit most of us in the industry quite hard,” he said, adding,
“During these times, our faith must be strong.” Hanro went on
to quote Martin Luther King Jr: “Faith is taking the first step
even when you don’t see the whole staircase.”
Hanro, a registered Pr Techni Eng, is a structural and civil
engineer at PBE. “I love to see the development of South Africa.
The phases and people involved on construction projects show
how a group of people who don’t know each other directly can
work towards the same goal to make a success of what they are
involved in,” said Hanro, who enjoys watching new developments bring changes to the world and the industry.
In his free time Hanro enjoys cycling, spending time with
loved ones, and traveling locally and internationally, although
much of this has been difficult during the pandemic.

Know Your Sector Competition

Stand a chance to win R10 000 in cash!
In this month’s edition of Civil Engineering we are continuing our Fun Quiz to promote knowledge of our industry service providers. Simply click
on the adverts (or the logos) of the participating companies to access their websites, and then search for the answers to the following questions:

Q1: ISG - Rocla & Technicrete

Q6: Ctrack

Which products did Rocla and Technicrete donate to an Mpumalanga school?

What is Ctrack a global leader in?

Q2: Reinforced Earth

Q7: Sika

Select the correct words to describe the principles of Reinforced Earth®
technology: Reinforced Earth® is a mass ______ structure able to retain
earth and accept superimposed ________ for civil engineering challenges.

Q3: SMEC
In which year did SMEC South Africa’s V&A Waterfront Swing Bridge Project
win three industry awards?

Q4: SAPPMA

Sika has extensive experience and expertise in all aspects of concrete
repair and protection, with documented project references dating back to
which decade?

Q8: TRM Piling
How long has Tiroler Rohre GmbH (TRM) been producing ductile driven piles for?

Q9: Naidu Consulting

Which of the options provided is NOT an advantage of plastic pipes?

Which of the services listed does Naidu Consulting specialise in?

Q5: Plastics SA

Q10: Momentum

What is the correct headline of the Plastics SA advert?

What does Momentum’s income protection cover?

TO ENTER: Scan or click on the QR code to submit
your answers (submissions, one per reader, will
be collected until 30 April 2021, whereafter the
winner will be announced from a random draw).
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PS: Advertisers who wish to capitalise on the reader
attention here by including their marketing messages into
our monthly Fun Quiz should please contact Barbara Spence
(barbara@avenue.co.za / 011 463 7940 / 082 881 3454).
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Professionalising the public service
The South African government must drive the professionalisation
of a public service that is effective, efficient and prioritises economic
growth. Similarly, the private sector has its own work set out to reciprocate professionalism that contributes to a resilient and sustainable
economy in providing much-needed infrastructure. Only a collective
effort within a supportive political, beureacratic, technical, and
leadership context will assist such a large-scale behavioural change,
analogous to the successful social adaption of wearing masks and
sanitising, for example. Our successful appreciation of the fact that
we needed to change behaviours to mitigate infection risks suggests
that we can similarly adapt behaviours to mitigate economic risks. If
there is the willingness to do so, it can be achieved.

PROFESSIONALISATION DRIVE
Professionalising South Africa’s public service will go a long way in
enhancing South Africa’s economic growth, particularly concerning
the development and delivery of infrastructure. The draft National
Implementation Framework towards the Professionalisation
of the Public Service aims to develop a state run by a “capable”
public service that is “adequately skilled” and “fully equipped” to
perform jobs with diligence, all underpinned by a high standard of
professional ethics.
One could be forgiven for assuming that the concept of
professionalism should be obvious and common knowledge; however,
over the last decade, such professionalism has waned in a general
sense in South Africa. Lack of an acceptable level of professionalism
in not unique to South Africa, with some countries implementing
targeted initiatives to improve the professionalism of the state
where it has seen a steady decline. The Organisation for Economic
Co-operation and Development, as it applies to several central and
eastern European countries, Hong Kong, Indonesia, Norway, and
South Africa, to name a few, has made professionalism a high priority.
In South Africa, a lack of professionalism has undermined the
state’s ability to exercise its legislated corporate mandate to deliver
goods and services to the society it is meant to serve. This motivates
the need for a focussed initiative, which resides with the Public
Service Commission (PSC), to lead the professionalisation of
the public service.
Government employs individuals from a broad
range of disciplines, including engineering, legal, health,
finance and ICT, to name a few. It will be difficult for the
government to professionalise each profession individually,
and a broad approach to professionalism is therefore proposed.
This initiative will support
proposed structural reforms, the
implementation of the National
Development Plan (NDP), and
the social compacting currently
on the go – all of which are
critical to growing our economy
in the short to medium term.
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The concept of professionalism is often misunderstood and has
perhaps evolved. SAICE supports the notion that professionalism
should apply to everyone in the performance of their daily tasks,
particularly within the construction sector. The NDP identifies the
importance of professionalising South Africa’s public sector with a
capable, professional, and accountable public service, and appointing
the right people in the right jobs to help eradicate inefficiencies that
impact the government’s vision of reducing inequality, poverty, and
unemployment.
President Cyril Ramaphosa has stated that the government is
committed to building a capable and professional civil service that
delivers on its mandate and is accountable to the South African
people. While this is comforting, we should acknowledge that
professionalisation of the public service will be challenging, and
the key to its success will be strong partnerships, such as that of
social compacts.

COLLABORATION IS CRUCIAL
It is vital that all stakeholders, including government, the private
sector, academia, and professional services, work together to enable
the successful implementation of this initiative. It requires the cooperation of the public service to commit to change and transition
towards prioritising growth and development. Getting this right is
imperative.
A recent National Planning Commission report highlights that,
since 2017, public-sector infrastructure spend has declined by R303
billion over the five-year period. The paper, entitled Public infrastructure delivery and construction sector dynamism in the South African
economy, underscores that public infrastructure is fundamental to
achieving the objectives of the NDP.
Professional input is essential for infrastructure procurement to
mitigate risks. As such, the NDP calls for procurement management
positions to require professional expertise, such that appointees have
sufficient technical knowledge, along with relevant management
experience, to understand the challenges facing technical specialists
and to secure regard of all involved in infrastructure provision
to have a shared lived vision for development.
Corruption, a lack of adequate skills and procurement processes, and high political influence in the
public sector are some of the factors contributing to
inefficiencies that hinder the successful roll-out of infrastructure projects. The relationship between public
and private sectors has been strained for many years
and there remains a trust deficit.
It seems opportunistic to expect that social
compacting will work seamlessly when many
forces are working to make the relationship
between the public and private sectors
unstable. The report pointed to the latest
industry data suggesting that the private
sector, due to the faltering
growth in the public sector, has
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now become the biggest investor in the civil construction industry,
surpassing general government and public entity investments for
the first time. This is abnormal and is indicative of the ability and
willingness of the public sector to prioritise its mandate.
In parallel, much work also needs to be done in the private
sector. Financial gains, greed, unethical behaviours and positioning, conscious opting to give poor advice, client manipulation,
poor or overdesigned infrastructure, misunderstanding and
interpretation of the need for transformation, exploitation of legal
avenues, as well as very highly discounted bidding are just some
of the areas that need introspection. A new dawn is required that
finds the private and public sector having true regard, respect
and trust, with a balanced understanding of the business of
infrastructure provision.
In all cases, solutions have to be optimal or they lead to systemic inflation in the cost of doing business in the country, thereby
compromising resilience and sustainability. The private sector has
to refocus on ethics and how it has regard for the long-term sustainability of the public sector. Respect and trust have to become
the order of the day.

SAICE’S STANCE
It is the opinion of SAICE that the professionalisation of the public
service will take many years as many will initially be unsupportive
and sceptical. SAICE therefore suggests that joint initiatives be
developed for implementation in the short term. To support these
initiatives at the individual and collective level, the construction
industry’s main stakeholders must be involved. This should include
Voluntary Associations, the Engineering Council of South Africa
and the Council for the Built Environment, at a minimum.
Transforming human behaviour is a difficult task as change is
not easy to accept and embrace. Typically, strong leadership is required to achieve behavioural change. Should leaders in the sector
embrace the concept of professionalism in leading by example, we
will certainly create our economic success story as a country with
a brighter future for the next generation to inherit. A public sector
committed to good governance improves the quality of service,
and creates an empowering environment for its society and the
satisfaction thereof.
SAICE is well-positioned to provide a meaningful contribution
to the professionalisation of the public service as we have been
part of an ongoing initiative to support professionals in the
industry. SAICE is therefore well-aware of what it takes to become
professional, and re-affirms its call for going back to basics.
Accelerated and efficient infrastructure procurement and rollout, addressing the current fiscal imbalance in the economy, and
achieving the objectives of the NDP require a strategic focus not
only on the short-term, but also the medium- to long-term delivery
of basic services in South Africa.
It is an economic imperative that stakeholders gain a meaningful appreciation for the need to professionalise the public service
in so far as infrastructure is concerned. As postulated by the PSC,
the proposed professionalisation initiative has encapsulated many
objectives which all seek to assist in the economic recovery process
by giving greater certainty that we will prevail.

Think
of it as
life cover
for your
income.
Income protection covers a key
element of your success – earning
power. Momentum’s innovative income
protection covers it better than any
other – by being flexible enough to
meet your unique, changing needs.
By adding our Permanent Disability Enhancer, you can
choose between a monthly income, lump-sum payout or
a combination of both when you have a qualifying claim.
If you choose a monthly payout, but pass away before
the end of the benefit term, the remaining payouts will
be paid to your beneficiaries.
Get the most comprehensive, flexible income cover
available. Contact your Financial Adviser and move
to momentum.co.za
Here for your journey to success

Vishaal Lutchman Pr Eng, PMP
Terms and conditions apply. Momentum is part of Momentum Metropolitan Life Limited,
an authorised financial services and registered credit provider. Reg. No. 1904/002186/06.

vishaal@saice.org.za
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Ethics

Thinking like an ethical engineer
in challenging times
The Covid-19 pandemic has changed the parameters of efficiency and risk across all sectors of the economy. The
established norms of economic interest are shown to be insufficient to validate the range of decisions required
at different levels. Professionals are challenged to re-engage with rationales for decision-making and to connect
critically with the foundations on which ethical action is justified at a professional and personal level.
Alison Gwynne-Evans
Lecturer: Professional Communication Studies
University of Cape Town
alison.gwynne-evans@uct.ac.za

A seminal essay by Michael Davis (1991),
titled Thinking like an engineer, brings
home the challenge of decision-making
within a time of crisis. The essay explores
the complex layers of decision-making
involved in the January 1986 launch of
the Challenger space shuttle and tracks
the decisions of key role-players relative
to their area of responsibility. Decisions
taken during this event resulted in the
death of seven astronauts.
In his essay, Davis positioned his
argument in terms of ethical options
available to individuals with responsibility
to act under pressure. He highlights the
role of codes of conduct in defining how
individual engineers should conduct
themselves, in assessing that conduct
retrospectively, and in understanding
engineering as a profession. The analysis
juxtaposes engineering responsibility with
political and commercial interest in a way
that resonates across the years.
‘Safety first’ was a key principle underlying the decisions taken by the technical
engineers for the Challenger launch and
was behind their recommendation not
to launch on the morning of 27 January
1986. The primary factor behind this was
that the predicted external air temperature fell below the level where effective
operation of the space shuttle could be
guaranteed. Despite this recommendation
to abort the flight, and despite their good
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safety records, the decision not to launch
was questioned and overruled. Political
interests and imperatives were seen to
require the continuation of the launch,
driven in part by a State of the Union
message scheduled for the following day.
Davis’ analysis identifies the moment
the chief engineer is challenged in the role
he identifies himself as playing, as pivotal
to decision-making. He is directed to
change his rationale for decision-making
from that of engineer to that of manager.

The decision that seemed incorrect
as engineer became possible and even
preferable as manager. Under these new
parameters, the chief engineer changed
his decision and agreed to support the
launch. What has taken place here?
Differences of perception regarding
identity have highlighted differences in
the justification of choice for actors in a
situation. These differences of identity
face professionals at times where decisions
are required in complex circumstances.
March 2021 Civil Engineering

Davis is quick to dismiss trite alternatives
that contrast the engineer’s responsibility
to manage things with the manager’s responsibility to manage people. This contrast would set engineering against social
and environmental interest. Instead, he
positions the necessity of prioritising the
engineering code of conduct as key to
making ethically substantiated decisions.

SOUTH AFRICAN CONTEXT
This analysis is particularly valuable
at this time in South Africa, where the
norms and values of decision-making may
be seen to be suspended or undermined
by the imperatives of emergency planning
to cope with an unprecedented threat. It
throws into profile the why of decisionmaking as well as the how and the what.
It profiles the different roles individuals
play within organisations and identifies
ways in which the carrying out of these
roles can highlight conflicts of values that
underscore ethical dilemmas and result in
potential conflicts of interest.
As the South African government is
challenged to make rapid decisions while
they grapple with their role in minimising
the impact of the viral threat, differences
in ideological and value frameworks are
evident. These differences create stress
lines that impact the environment in
which the engineer practices. The rational
for choice affecting decision-making
needs to be made more explicit. Industry
and civil society need to be equipped to
engage with and respond to these debates
in ways that both comply with professional mandates and national imperatives.
Within engineering in South Africa,
the Engineering Council of South Africa
(ECSA) has the overarching legislative
mandate to regulate the engineering
profession. This mandate is envisaged
to be achieved with the active support and contribution of the various
engineering councils.
ECSA outlines its own vision in
several overarching objectives and
promulgates a code of conduct that covers
areas including competency, integrity,
public interest, environment, as well as
upholding the dignity of the profession
and principles relating to administrative
efficiency (ECSA 2017). These areas are
seen to cut across the specific focus areas
of the various engineering disciplines and
to give strategic direction for engineering
as a profession. Practical support for these
Civil Engineering March 2021

objectives may be identified as particularly important during times of crisis.
How that practical support is conceptualised needs to be explored.
This can be achieved by looking at
particular examples of professional codes
that add substantially to the vision of the
ECSA Code of Conduct. Within the civil
engineering community in South Africa,
Davis’ challenge provides the specific opportunity to reconnect with the spirit and
the intent of the SAICE Code of Ethics.

SAICE CODE OF ETHICS
The SAICE Code of Ethics distinguishes
itself from a code of conduct in that it
purports to provide a framework for
decision-making beyond prescribing
specific action or conduct. It aims to
provide a scaffold for evaluating between
competing or alternative courses of action
that require the application of judgment,
more than that required by compliance.
SAICE’s code delineates ethical judgment
as going beyond the undue imposition
of formal regulations for every act. It
requires engineers to consider the action
required of them and their organisations
to ensure the upholding of the ethical
values laid out within the code.
It is useful to examine the function of
the different sections of the SAICE Code
of Ethics. Starting with a definition of the
civil engineering profession, it moves to a
justification of the code of ethics and then
defines the goal of the code. The two sections that follow look at ethical values and
guidelines and are intended to provide a
structure for decision-making where there
are competing interests and alternatives.
The code of ethics may thus be seen to
go beyond prescribing specific conduct
to supporting the exercise of judgment.
In line with the ECSA Code of Conduct
requirements to support the dignity of the
profession, the exercise of judgment needs
to be positioned as both an individual and
a professional responsibility.
In times of crisis, engineers need to
operate as both engineers and managers.
Responses by the civil engineering community to the challenges of Covid-19
will necessarily be varied. However,
engineers must take cognisance of their
responsibilities both as individuals and as
professionals. The SAICE Code of Ethics is
positioned as a framework for supporting
decision-making in complex circumstances. The response of different parties

within the civil engineering sector can, and
indeed should, be evaluated in terms of the
guidelines and values of the code of ethics.
Within a pandemic, the management
of staff and resources is particularly
demanding and requires the use of
processes and systems in ways that are
innovative. ‘Safety first’ is a responsibility
that may have ramifications long after the
pandemic is over. There are major decisions to be taken to safeguard the health
of workers and professionals in the work
environment. There are likely to be additional levels of long-term responsibility
involving those with whom workers and
professionals have contact: both in relation to commercial and service contracts
and family responsibilities.
Engineers play varied roles and in times
of crisis the requirement to act ethically
has resonance beyond the direct areas of
engineering responsibility or competence.
Systems to enhance the financial accountability of clients and the safe conduct of
employees may emerge as significant areas
for innovation to ensure that engineers
continue to play a significant role contributing to the transformation of the environment in environmentally and socially
sustainable ways, applying skill, judgement,
and initiative to contribute positively to the
well-being of society.
As new routes are traversed in engineering, both the SAICE Code of Ethics
and the ECSA Code of Conduct need to
be engaged with new rigour to provide
important parameters for assessing
decision-making as professionals in the
challenging times ahead.

REFERENCES
Davis, M. 1991. Thinking like an engineer: The
Place of a Code of Ethics in the Practice of a
Profession. Philosophy & Public Affairs, Vol.
20, No. 2 (Spring, 1991), pp. 150-167. http://
www.jstor.org/stable/2265293.
Engineering Council of South Africa (ECSA),
2017. Code of Conduct. Engineering
Professions Act No. 46 of 2000. (2017).
Government Gazette. 142(40691). 17
March. Government notice 41. Cape Town:
Government Printer. Accessed: 10/01/2021
at https://www.ecsa.co.za/regulation/
RegulationDocs/Code_of_Conduct.pdf.
South African Institution of Civil Engineering
(SAICE). 2017. Code of Ethics. Accessed
10/01/2021 at http://saice.org.za/wpcontent/uploads/2017/09/SAICE-Codeof-Ethics.pdf.

11

S t r uc t u r al E n g i n e e r i n g

Design and construction of a concrete
tied-arch bridge in Ashton, Western Cape
Alton Ruiters Pr Eng
Chief Engineer – Road Contracts Chief Directorate
Transport and Public Works –
Western Cape Government
alton.ruiters@westerncape.gov.za

The New Ashton Arch Bridge is being constructed in the town of Ashton,
Western Cape, on Trunk Road 31 Section 2 crossing the Cogmanskloof
river. The bridge replaces an existing solid spandrel, multi-arch bridge that
was built in the 1930s.

Abe Newmark Pr Eng
Executive – Team Lead:
Bridge Engineering, Civil Infrastructure, EMEA
AECOM
abe.newmark@aecom.com

Philip Ronne Pr Eng, IntPE (SA)
Associate Engineer: Bridge Engineering,
Civil Infrastructure, EMEA
AECOM
philip.ronne@aecom.com

Heinrich van Wijk Pr Eng
Senior Engineer: Bridge Engineering,
Civil Infrastructure, EMEA
AECOM
heinrich.vanwijk@aecom.com

This original bridge structure has reached
the end of its functional service life (Ronné
et al., 2018) and will be replace with a new
tied-arch bridge comprising a cable-supported concrete deck which spans 110 m
between bearings and arching ribs which
rise 22 m above the asphalt road surface.
The superstructure, which was completed mid-2020, adjacent to the existing
road-alignment, will be transversely jacked
to its final position after completion of the
substructure. This operation is currently
scheduled for the second half of 2021.

PROJECT IN CONTEXT
The New Ashton Arch Bridge forms part
of a broader construction project conducted under the auspices of Western Cape
Provincial Government. This involves the
reconstruction of parts of Trunk Road
31 Sections 2 and 3, between Ashton and
Montagu in the Western Cape, which
includes the historic Cogmanskloof pass.
The 13 km long road section is also the
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Figure 1 Flooding at original Ashton bridge (2003)

start of the strategically important tourist
‘Route 62’. Typically, about 7 000 vehicles
travel through Ashton and 3 600 vehicles
through Cogmanskloof Pass toward
Montagu every day.
The historic Cogmanskloof Pass,
a focal point of the project, stretches
6.5 km through a majestic landscape of
towering rock formations and a colourful
pastoral patchwork. The Cogmanskloof
River flows adjacent to this section of
the TR31 route for a significant distance
and crosses the roadway at four discrete
locations by means of bridge structures.
The greater Ashton-Montagu region, and
Cogmanskloof Pass in particular, has
experienced substantial flood damage
on several occasions over the years. This
resulted in multiple road closures and
significant operational disruptions, with
adverse impacts on the local economy.
The largest of these recent floods occurred in March 2003 (Figure 1). Less severe but still significant flooding also occurred during April 2005, July to August
2006, November 2008, and June 2012.
The high debris load in the Cogmanskloof
River exacerbates the effects of flooding at
the existing short span bridges. Generally,
these bridges have wide solid wall type
piers, orientated at unfavourable skew

angles relative to the sometimes variable
flow direction. This has resulted in debris
blocking the hydraulic opening as well as
overtopping, particularly at the existing
river bridge in Ashton.

AIMS AND OBJECTIVES
The original bridge over the
Cogmanskloof River in Ashton was
constructed in the 1930s and is shown in
Figure 2. The original structural form was
a five span, earth-filled, arch type superstructure, allowing single lane vehicular
traffic. The substructure consisted of wall
type piers and abutments, with a skew
angle of 50° to the river.
Around 1950 a substantial structural
retro fitment was undertaken, modifying
the superstructure to a cast in situ beam
and slab configuration that maintained
portions of the arch superstructure,
including the arch-profile with related
hydraulic opening configuration.
The client’s brief involved improvement of flood resilience and overall safety
of the road to acceptable modern standards. Technical proposals were required
to address the risk of frequent, and severe,
flooding at the Cogmanskloof River
Bridge in Ashton with due cognisance
of the restrictive boundary conditions,
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Original bridge width

Bridge widened in 1950

Figure 2 Original bridge over the Cogmanskloof River in Ashton

most notably the large skew angle, high
debris load, and adjacent properties in the
urban setting.
Although several alternative design solutions were evaluated, the new tied-arch
bridge was finally selected as the most
suitable structural configuration for the
replacement structure (Ronné et al., 2018).

18 550

Arch ribs

DESIGN CONSIDERATIONS
The New Ashton Arch Bridge has a single
tied-arch structural configuration, with
a span of 110 m between support bearings. Highly durable, high performance,
50 MPa concrete was specified for the
arch rib and tie-beam members, while the
remainder of the bridge structural components utilise durable 40 MPa concrete.
The typical cross-section of the arch
bridge deck provides for four 3.4 m traffic
lanes and two 2.4 m sidewalks with the
following key features (Figure 3):
QQ The overall height of the bridge is
approximately 23 m from deck soffit to
the top of the arch.
QQ The twin parallel arch ribs are connected via five 15.5 m wishbone beams
that provide lateral stability to the arch
ribs, while post-tensioned tie-beams
complete the arch structural form.
QQ Post-tensioned longitudinal and
transverse beams support the integral
deck road slab, resulting in a coffered
deck arrangement which transfers load
to the tie-beam.
QQ Each arch has 24 fully locked coil
strand-type hangers that connect the
arch rib and tie-beam by cast steel fork
sockets, via a pin connection, to locally
manufactured, engineering-grade,
welded composite metal anchor plates.
QQ The anchor plates are, in turn, connected to the concrete structure via
high strength threaded post-tensioned,
stress bars.
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Figure 3 Typical new bridge cross-section

Structural modelling for design
and construction
The arch bridge was originally modelled
by AECOM’s South African bridge team
using Bentley’s RM Bridge software. An
internal design review was conducted by
AECOM’s UK long-span complex bridge
specialist team using SOFiSTiK.
These state-of-the-art bridge analysis
software packages were also used for the
construction stage analysis and in-service
analysis. Both software models were updated with concrete material parameters,
as determined from laboratory testing of
actual material. This allowed an accurate
simulation of the time-dependent material
behaviour with the possibility of stay cable
force adjustments during construction.
Such modelling is important for bridges of
this nature to ensure effective behaviour

and force distribution of all structural
elements during its service life.
The updated forward step analysis
models were calibrated with as-built information and was also used for the following
assessments:
QQ Stay cable length determination,
which requires lengthy procurement
lead times applicable to international
suppliers. The stay cable length verification had to consider both intentional
and un-intentional variations, relative
to the adjustment capacity available in
the fork socket assembly.
QQ Hanger force distribution optimisation.
QQ Pre-camber requirements and influence
of temporary works displacements.
QQ Movement capacities of temporary and
permanent bearings, and expansion
joints.
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Figure 4 FEM model

(a) strain gauge

QQ Geometry control by structural defor-

mation validation.

Structural behaviour monitoring,
assessment and verification
An extensive monitoring plan was
prepared for construction and included
system identification by full-scale
dynamic testing as well as structural
behaviour verification by deformation
measurements, requiring continuous
modelling and monitoring during all
construction stages. Full-scale dynamic
testing will be performed when the bridge
is in its final position.
Deformation measurement was particularly critical during the hanger tensioning phase, where the deformation of
the arch ribs was measured and compared
to theoretical deformation predicted by
the calibrated FEM models.
The 96 hangers were tensioned in
pairs of two so that a symmetrical arch

deformation could be achieved. After each
tensioning step, the arch-rib and tie-beam
displacements were measured and compared to theoretical values. The measured
displacement was found to closely correspond with the predicted theoretical
model confirming the designers’ expectation of the structural behaviour.
Vertical deflection of the northern and
southern arch ribs is presented in Figure 5.
Further structural monitoring was
done in collaboration with the University
of Cape Town’s Concrete Materials and
Structural Integrity Research Unit and
included strain measuring at vulnerable
zones and hanger force measurement. The
arch-ribs and tie-beams are each equipped
with resistance-type embedded strain
gauges (Figure 6a) which are connected
to a datalogging system where strains
were monitored in real-time during the
tensioning operation (Figure 7). These
readings verified that adverse concrete

Southern arch rib – defection during and after stage

behaviour of critical members did not
take place during hanger tensioning
(van Wijk, 2019).
After the tensioning phase, the
hanger forces were also checked to
ensure that the actual force in the hanger
correlated with the forces predicted by
the FEM model. Accelerometers shown
in Figure 6b were temporarily attached to
near midpoint of the hangers and measured their dynamic properties. These
properties, together with the individual
hanger geometry, were used to determine
the tension forces in the hangers. The
results confirmed a similar behaviour to
what was predicted by the FEM model,
but also highlighted the influence of
other complexities, such as boundary
conditions and material property assumptions, that affect the real behaviour
of the structure.

Northernarch rib – defection during and after stage
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Figure 8 Temporary works

Figure 7 Data acquisition system

Construction challenges
Basil Read (BR) was appointed as the
main civil contractor and commenced
with preparing the temporary works in
mid-2016 (Figure 8). The first concrete
for the permanent works was cast in late
November 2017 and the deck, including
the springing points and excluding the
arch ribs, was completed on 25 April 2018.
Shortly after completing this milestone
the main contractor filed for business
rescue, with the bridge partially complete.
Post-tensioning of the deck continued
by a specialist sub-contractor under the
supervision and technical guidance of
AECOM, prior to the appointment of a
replacement contractor. After procurement
of a new main contractor construction
continued with the concreting of the arch
ribs and wish bones before post-fitting steel
anchor plates with stress bars. The post
tensioning activity and anchor plate manufacturing posed construction challenges
which are elaborated on in this article.

partially completed works and components
constructed by BR becoming free-issue
materials supplied by the project owner.

Post-tensioning of arch tie beams
The deck of the tied-arch bridge comprises
a grid of longitudinal and transverse posttensioned beams. The transverse members
are fitted with draped cables which assist
with transferring the loads laterally to the
tie-beams. The longitudinal members are
also prestressed, although not for conventional reasons, but rather for countering
the outward thrust action of the arch ribs.
This is achieved by placing concentric
tendons in the tie-beams.
During tensioning of the first two
longitudinal tendons, significant underextensions, in comparison to theoretical

values, of up to 30% were recorded. The
post-tensioning activity was halted, and
investigations undertaken to establish the
cause of the under-extensions. Underextensions usually indicate blockages in
the duct or higher friction losses than
expected in the design.
A sensitivity analysis was carried out,
using theoretically extreme variations in
friction and wobble coefficients (van Wijk,
2019). It was however concluded that this
did not fully explain the gross differences
(Figure 10).
Test tensioning without the anchor
head was then performed on all the
remaining tendons (Figure 11) and the
evaluation of these tests concluded that
the high axial stiffness on all tendons
were similar. By inference it was also
concluded that a blockage (e.g. grout leaks
or installation defects) was unlikely to
occur in all the ducts (confirmed by video
footage, excerpt shown in Figure 12) and
was therefore not the primary cause of the
under-extensions.

Contract termination
On 15 June 2018, BR was placed under
business rescue and, after subsequent negotiations, the Western Cape Government
(project owner) elected to terminate the
contract with BR. An interim maintenance contractor was appointed to maintain the site and facilitate the continuation
of minor work by some sub-contractors,
chiefly to maintain traffic accommodation and safety measures for the site.
A new tender was initiated for the
completion of the outstanding construction works. Haw & Inglis was awarded
the new construction contract, with the
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Figure 9 Casting the concrete deck
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Figure 11 Test stressing and lift-off testing
Figure 10 Sensitivity analysis of Wobble factor k

After reviewing related literature,
consulting with AECOM’s UK specialists, and considering the construction
methodology, it was hypothesised that
the method of strand installation (strand
by strand push method after concreting)
had resulted in the entanglement of the
individual strands (van Wijk, 2019). When
pushing the first few strands it was found
that the strands tend to spiral around the
inside perimeter of the 120 mm diameter
duct. It was also recorded that the final
few strands were pushed with much
more difficulty and were therefore pulled
instead during the original installation. It
was therefore deemed possible that there
could be a difference in elongated length
between the strands pushed first and
those pulled last which could also result
in non-uniform stress distributions in the
tendon strands when tensioned.
The faulty fully-stressed tendons were
destressed, discarded, and replaced with
new strands. Strands that were installed
in the remaining ducts were removed and
re-installed using only the pull through
method. Extensions measured after
successful re-installation of strands were

within 6% of the theoretical elongations
and were accepted.

Cast anchor fatigue and service life
A critical component of the tied-arch
structural form are the anchor plates that
form the connection between the hangers
and the concrete elements. The structural
form dictates that the anchors are subject
to the following:
QQ A free tensile load of which (in a
failure situation) a significant proportion of the load would still be applied
up to rupture.
QQ Limited redundancy with potential
susceptibility to “unzipping” failure.
QQ The form of the anchor connection
results in a partial creation of a hidden
critical element that means subsequent
complete inspection will be difficult
and replacement will be practically
impossible.
This critical structural component is
subject to high fatigue over the life of the
bridge structure. The design originally required that anchor plates be manufactured
from structural grade cast steel, and that
the first cast assembly of each anchor plate
type be destructively tested and analysed
by a specialist metallurgy third party.

The destructive testing of full-size cast
steel anchor plates, together with smaller
samples (coupons), was conducted as part
of the specified quality control measures
in accordance with the European specification for cast steel products. Cast steel
strength parameters, as well as durability
and fatigue properties, were verified by
testing and reported by the specialist
metallurgist. It was found that, although
the strength requirements were easily
achieved, the ductility and fatigue-resistance parameters were not adequate over
the section depth in the full-scale anchor
plates, even though the manufacturer
expected the results to be acceptable.
All test parameters were achieved in the
smaller coupons, but not over the section
depth of the full-scale elements. Several
remedial measures were performed with
revised trial heat treatment processes, but
the required result was still not achieved.
Unfortunately, the completed cast
anchor plates had to be rejected and new
anchor plates manufactured. A redesigned
compound steel plate option was then also
considered since the steel type and thickness
that could be successfully welded and machined was readily available in South Africa.
Manufacturing duration also became an
important consideration at this stage.

Project team
Client
Consulting engineer
Contractor
Temporary works designer
Specialist subcontractors
Concrete supplier

Figure 12 Video footage of inside of duct
and debris extracted from duct
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Figure 13 Manufacture and installation of final anchor plates

The welded compound anchor plate options were designed for quantified service
category F71 in accordance with BS EN
1993-1-9 for fatigue loading with the utilisation factor taken as > 0.5. Fabrication was
specified as EXC4 category in accordance
with BS EN 1090-2, requiring fully certified production records of every weld and
associated fabrication treatment process.
During the procurement process
local and international suppliers were approached for the original cast steel solution
and the revised compound welded steel
plate option. The compound welded steel
plate option was the preferred solution,
since it offered the best pricing, shortest
lead time, and conformed to quality
requirements. The successful tenderer for
this work was Allweld Marine & Industrial,
who manufactured the new anchor plates
in a record time to successfully mitigate
delays to the contract.

PROJECT FINALISATION
Construction of the New Ashton Arch
Bridge is currently well underway, with
the arch superstructure (in its temporary
position) completed in August 2020, and
completion of the overall project scheduled towards the second half of 2021.
The new bridge is currently located
in a temporary position adjacent to
the existing bridge. Here it serves as a
temporary bypass while the demolition of
the original bridge and the construction
of the new permanent abutments takes
place. Following this, the new tied-arch
bridge will be jacked transversely into its
final position over the space of a weekend
during the second half of 2021, after
which approaches as well as the remainder
of the project will be completed.
Civil Engineering March 2021

On completion, a total of 18% of the
contract value will have been allocated
to the creation of economic opportunities and entrepreneurial capacity in the
surrounding areas. This includes a local
labour utilisation of 65 000 person days
and 300 work opportunities which were
created for exempted micro enterprises
and qualifying small enterprises.

CONCLUSION
The successful completion of the New
Ashton Arch, to modern design standards,
can be attributed to the dedication and
excellent teamwork of all the participants.
The design of the new arch bridge
required careful attention to ensure that
the final structure behaves as envisaged
by the designer. The construction process
also entailed technically complex challenges which were resolved timeously, so
that delays to construction were minimised. Local manufacturers, with support

from overseas specialists, were used to
manufacture specialised components such
as arch stay anchor plates and bearings.
The result is a unique application of this
bridge engineering technique for a concrete
tied arch bridge in South Africa.
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Figure 14 New Ashton Arch
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Upgrading the De Beers Interchange
The De Beers Interchange in the Western Cape dates back to 1970. Although the structure was in good
condition, it needed to be widened to allow for an additional traffic lane as part of an upgrade co-founded by
the City of Cape Town and South African National Road Agency Limited (SANRAL).
Chad Peacock
Engineer
HHO Consulting Engineers
chad@hho.co.za

Nadine De Mink
Technologist
HHO Consulting Engineers
nadine@hho.co.za

The De Beers Interchange (Bridge B4407)
was originally constructed in 1970 over
the N2 to the west of Somerset West. The
bridge was designed as a four-span 70 m
long continuously post-tensioned deck, to
carry the R44. The superstructure rests on
elastomeric bearings at the piers and abutments. The piers are 900 mm diameter
reinforced concrete columns founded on
pad footings, while the abutments are spill
through type walls with stone pitching.

PRELIMINARY DESIGN
As-built information was provided, which
allowed the designers to determine the
load capacity of the existing structure. As
the structure was constructed in 1970, it
was assumed that the original design had
adopted the BS 153 (1954) loading system
in its structural analysis, which called for
a uniformly distributed linear traffic load
of 2 200 pounds per foot to be applied,
along with a single heavy axle line load of
2 700 pounds per foot.
By comparison, current loading requirements prescribed by TMH7 Part 1 and 2
have requirements of 20% to 60% higher
than the BS 153 loading code. Despite this,
the existing structure was assessed using
SOFiSTiK finite element analysis software
and deemed to comply with TMH7:1981.

WIDENING OPTIONS
The existing structure had sufficient capacity to comply with TMH7:1981, however
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Aerial View of Completed pedestrian
bridges (Credit: Bruce Sutherland)

further widenings of the deck would impose
additional dead loadings that the structure
would not be able to accommodate.
The initial proposal was a simple widening strategy that involved adding a lightweight steel sidewalk at the farthest edge of
the deck to accommodate pedestrians, and
thus allowing for the reconfiguration of
the road layout on the deck. However, this
proposal added too much dead weight to
the existing structure and was not pursued.
The revised proposal involved building
a new structural steel pedestrian bridge
directly adjacent to the existing deck on
both sides to accommodate pedestrians.
This ensured that pedestrians could cross
the bridge safely, while still allowing for a
reconfiguration of the road over the deck.
The structure would form an exoskeleton
which incorporated a full height screen.
This proposal was discarded due to potentially high maintenance costs because
of the site’s proximity to the ocean.
The proposed new pedestrian bridge
option was then revised to reduce the

maintenance requirement over the
lifespan of the structure. The result was
a pre-tensioned concrete structure, comprising precast superstructure elements
placed on an in situ substructure. The
structure was also designed with a unique
side profile to be visually appealing to the
vehicle user below.

COLUMN IMPACT LOADING
Due to recent impact damage experienced
by similar pedestrian structures, it was
decided to increase the vehicle impact
loadings that the piers would be required
to accommodate. The resulting design
is for triple the nominal forces required
in TMH7.

PRECAST BEAM DESIGN & SEQUENCING
The superstructure is built up of three
components: the precast beams, precast
slabs and in situ stitching. The beams
are designed to maximise their bending
moment capacity at the mid span, while
also maximising the shear capacity at the
March 2021 Civil Engineering

Micro piling at the northern
abutment (Credit: W Scheepers)

Completed piers
(Credit: W Scheepers)

was allowed a 19-hour window over a
weekend to launch the 12 precast beams.
This resulted in two night launches of 10
and 9 hours each, for Saturday and Sunday
night respectively. This accounted for the
time required to transport the beams from
the concrete yard, and the re-positioning of
the crane truck on either side of the bridge.
The inbound carriageway was closed on
the Saturday night, and the outbound
carriageway the Sunday night, and all the
beams were successfully placed within the
stipulated hours.

TRAFFIC ACCOMMODATION
Night launch of precast beams
over the N2 (Credit: N De Mink)

supports. The beams therefore had a variable cross section over their length, which
had to be considered with the design
software.
Using SOFiSTiK, the beam was modelled using a parametric function which
added a vertical curve to vary the cross
section over its length. The results were
checked against several spreadsheets and
hand calculation techniques. The outcome is a visually appealing, structurally
robust beam element.

Concrete yard to very strict tolerances
and brought to site prior to launching.

BEAM LAUNCHING
Part of the N2 highway at Broadway
Boulevard Bridge had to be closed in order
to place the precast beams. The contractor

To minimise traffic congestion due to
the closure of the N2, traffic was directed
to detours through intersections at
Victoria Road / N2 intersection; Macassar
Road Exit Ramp / N2; and through the
Broadway Boulevard (R44) / N2 interchange via the exit ramps back onto the
N2. This was achieved with careful interaction between the construction team and
local traffic control authorities.

Placing of precast concrete
slabs (Credit: N De Mink)

FOUNDATION CONDITIONS
Due to limited space available in the road
reserve, and the positioning of the pier
foundations in proximity to the edge of
the N2 roadway and existing embankments, sheet piling was used to preserve
the layerworks and integrity of the
embankment.
The beams and slab elements were
manufactured offsite at the Cape
Civil Engineering March 2021
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Since 2012, MGD Group (PTY) LTD has
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of engineering solutions for clients in
South Africa and neighboring countries.
Our commitment to excellence has seen
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No steel, poor soil:
no problem

Investing heavily in South Africa, Ford Motor Company is establishing a new body shop and stamping plant,
along with extensive upgrades to existing infrastructure, at its Silverton assembly plant in Pretoria. Covid-19,
together with poor soil quality, brought some unique challenges to this project.
ViKO Consulting Engineers (ViKO), a
consultancy that offers structural and
civil engineering, was one of the first
companies to become involved in Ford’s
new project. The project is about 65%
complete, with the first portions of the
body shop and stamping plant expected
to be handed over for beneficial occupation to Ford in June 2021.
“We are very excited to be part of
this project because it had very challenging engineering problems with tight
deadlines. It is very rewarding to see the
project being constructed,” says Hannes
van Dullemen, founder and managing
director of ViKO.
In addition to various engineering
challenges, Covid-19 presented ViKO
with some unique problems, such as a
shortage of steel and other building materials. Sheeting, cement, baked clay bricks,
and steel reinforcing bars were all in short

supply, but the biggest challenge remained
the shortage of steel sections.
“There was a shortage of steel sections
smaller than 200 mm in profile, as well as
most channel sections. We constantly had
to redesign or make sacrifices, accepting
heavier sections. We created custom
sections by welding steel plates together
to the required profiles where needed,”
explains Van Dullemen.
“Construction was postponed during
the initial lockdown, which meant that we
had less time to complete the project. The
steel shortage meant we had to redesign
to use available sections and we had to
use made-up sections where specific sizes
had to be used, while still keeping the
weight of the buildings as low as possible
and still allowing for future changes and
additional weights to be added to the
building,” adds Peter Donnan, structural
engineer at ViKO.

New Body Shop

New Ford Press Plant

New MP&L Warehouse

Aerial view of the various buildings
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“We had to make
plans to get around the
challenges, but for the
most part we designed
following the code. The
structures were modelled
using 3D design programs
and loaded with the dynamic
loads, using the latest methods

for designing structures. While innovation is important, sound, tried and tested
engineering principals applied in innovative ways makes for the best engineering,”
continues Donnan.

PRESSING WORK FOR
THE PRESS PLANT
Completing the press plant required
1 783 tonnes of steel for the 173 m × 62 m
(10 726 m2) building. The stamping plant
will use a high-speed line to produce all
the major sheet metal components for
the new Ford Ranger and Volkswagen
Amarok, starting in 2022.
ViKO found that the soil conditions
in the press pit area were poorer than
anticipated by the feasibility studies, necessitating that the type and size of piles
be modified during construction, under
tight deadlines.
“The poor soil conditions required
the plant foundations and retaining walls
to be supported off piles, which undergo
complex simultaneous loading, including
multiple overhead cranes running on two
separate lines, wind loading on a 23.5 m
high building, and heavy surcharge loads
of 20 t/m2,” says Donnan.
Large reaction forces in the suspended
concrete elements of the press pit required
ViKO to add details that would transfer
forces closer to the centrelines of the
supporting retaining walls and avoid
excessive eccentricities which would incur
unfavourable bending moments.
ViKO also had to contend with the
buildings being constructed at an existing
facility, which presented the very large
and difficult challenge of avoiding existing services, such as sewage, cables, and
effluent lines.
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“We handled this challenge by designing
certain structural elements, such as pile
caps and retaining walls, to bridge existing
services where redirecting services would
cause a greater delay in the work compared
to innovating new designs around the
services,” Van Dullemen elaborates.

LATERAL FORCES
The line will contain five press machines,
one of 2 500 t, one of 1 600 t, and three
of 1 000 t. Dies will be manoeuvred
using four overhead cranes, consisting
of two 60 t capacity slinger cranes, one
63 t gripper crane and one semi-gantry
slinger crane of 50 t, with the possibility
of adding another 60 t overhead crane in
the future.
“The higher cranes will run along two
aisles, with two along each aisle, which
added to the complexity, as the structure
must resist combinations of lateral forces
from the cranes and wind loads. Due to
the large lateral forces and height of the
columns required, we designed compound
columns with custom I-sections (falling
outside available typical sections) to fall
within strength and deflection limits,”
explains Van Dullemen.

WIND LOADING AND VIRBRATIONS
Wind loading on the structure is also
higher than usual as the building is higher
than typical press plants (23.5 m high at
the apex). All large reactions of the structure, including the 2.5 m × 1.1 m main
crane concrete columns and the perimeter
retaining wall, must be supported on a pile
and pile cap system due to poor founding
soil conditions.
Van Dullemen says the press pit,
constructed with concrete, will support
five press machines, one weighing 895 t,
another 610 t, and three weighing 495 t,
which will add dynamic loading to the
structure during operation.
The density and large mass of the concrete press pit will add to the dampening
resistances needed from vibrations and
was designed with elements that are deep
and stiff enough to minimise deflection
for the successful operation of the press
machines and equipment.
“We had to employ careful consideration
while designing the joint details and floor
rail connections, which need to be able
to accommodate the creep and shrinkage
properties which are inherent in all concrete
structures,” says Van Dullemen.
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View of the 14 m high compound columns

CAREFUL CONSIDERATION
AND COORDINATION

FINDING SPACE IN THE BODY SHOP

“In addition, the very strict construction tolerances of the press pit support
concrete and cast-in steel elements
required careful coordination between the
engineers and contractors. We also had to
carefully consider the agreed upon pour
sequences to give the highest likelihood of
achieving the tolerances requested, with
rebar spacing and detailing done rationally for easier construction,” says Donnan.
The press plant length required ViKO
to design an expansion joint to separate the
structure in two to mitigate stresses which
can be incurred from the temperature differentials which occur in larger structures.
“This required careful coordination
between our engineers and Ford to
place the cross bracing to resist the large
longitudinal crane and wind forces and
avoid clashes or obstruction of the flow
of traffic within the plant. Anti-vibration
construction details were also required to
prevent transfer of vibration to the highly
vibration-sensitive equipment throughout
the structure,” he continues.

The mechanical engineers required as
much space as possible inside the 240 m ×
145 m body shop (34 800 m2). This meant
that the plinths which support the internal
columns had to be as small as possible
to allow space for the equipment and
machinery.
“Any wind or lateral forces were designed to be resisted by the external columns, as only these columns could have
large enough plinths to have moment-resisting base plates. This also provided the
added benefit of not requiring any internal
cross-bracing for the structure, freeing up
space and avoiding obstructions within
the building,” explains Donnan.
The roof trusses must withstand high
equipment loads, including conveyors for
partially complete cars and mezzanines,
which required the capacity to support
sub-structures connected eccentric to
the truss loads. This required the bottom
chord of the trusses to resist both axial
and potentially large bending forces.
Following geotechnical testing and
reports, ViKO found that some areas

Project Team
Client
Principal agent & lead engineering consultants
Main contractor
Steel subcontractors
Subconsultants
Piling subcontractors

Ford Motor Company
ViKO Consulting Engineers
JC van der Linde and Venter Projects
RSB Contracts & B&T Steel
DSP Consulting Engineers CC
Mega Pile Inland
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Aerial view of the press pit

Press plant and body shop under construction

of the body shop could be supported
on foundations, while the majority had
to be supported on a pile and pile cap
system. The consultants also had to
make sacrifices here by substituting
previous design sections with available
steel sections.

CONNECTING THE FLOORS IN
THE MP&L WAREHOUSE
A total of 605 tonnes of steel was used
to construct the MP&L warehouse of

195 m × 62 m (12 090 m2). This suspended
facility will be used for storage, with the
basement extending the full length of the
suspended floor. The poor soil conditions
required ViKO to use foundations supported off piles.
Donnan says the piles were designed
using a two-pile-per-pile cap system,
which resists overturning moments of the
structure and economises the structure
by alternating the orientation of the piles
by 90°, therefore requiring two piles per
pile cap instead of four per pile cap.
“With the warehouse floor required to
be connected to the press plant floor at a
higher level than the current ground level,
we had to do a cost/benefit analysis between
two options. We either had to construct the
warehouse floor to the required press plant
floor level by backfilling with engineered fill
and casting a surface bed, or we had to design a suspended slab supported off a grid of
columns, beneficially providing additional
storage space in a basement.”
The team found that the suspended
floor option was more beneficial due to
the increased utility for the building,
while only marginally more expensive
than the backfill solution, and saved thousands of tonnes of carbon emissions.
Careful construction planning was
also required to ensure that convenient
areas of the suspended warehouse could
be used for storage as soon as possible
and during construction. Due to the large
length of the warehouse, the concrete
elements required several expansion
joints to mitigate cracking of the concrete
and shear walls had to be built to resist
wind loading transferred for the propped
steel warehouse.

PROJECT BLUE OVAL
Project Blue Oval is a renewable energy
project established to assist Ford in
reaching its target of using 100% locally
sourced renewable energy for all its manufacturing plants by 2035 and achieving
carbon neutrality by 2050.
The first phase of Project Blue Oval
is underway at the Silverton facility with
the construction of solar carports for
4 200 vehicles. The first goal is to achieve
“Island Mode”, in which the plant becomes entirely energy self-sufficient and
carbon neutral by 2024.
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Warehouse extension with the
suspended slab under construction
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Completed arena (courtesy of WCSE)

KES Aquatic Centre –
a structural engineering feat
The King Edward VII School (KES) Aquatic Centre, located in Houghton
Johannesburg, comprises the redevelopment of the previous uncovered
aging school swimming pool into a world class aquatic centre to be used
for swimming and waterpolo by both the junior and high schools.
The architectural design maximised the existing swimming pool
site to encompass a 2 750 m2 covered, yet naturally ventilated
aquatic centre that includes two large new pools and a learnto-swim facility. Within the covered area, a new double storey
adjoining structure houses the changing rooms, upper viewing
platform and plant rooms, while keeping and upgrading the
original 1920s northern entrance to the pool area and stand –
a structure with significant heritage value to the school.
A focal point of the development is the intricate feature roof
with clear spans over the pools and an intriguing, stepped apex
creating an unusual form and space.

PROJECT INCEPTION
The existing swimming and waterpolo facility at KES comprised
two pools – a large 25 × 25 × 2 m deep pool and a small learnto-swim pool. These pools and the paved eastern section of the
facility were additions and upgrades done in the mid-1990s, while
the far older entrance and stand to the north, seating to the west,
and changing block to the south, were constructed in 1927 as the
original swimming bath.
Civil Engineering March 2021

Kevin Webber Pr Eng, CEng (MIEI)
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kevin.webber@wcse.co.za

Other than general aging of the surrounding structures, the
learners were missing out on many hours of training and galas
due to lightening over the course of a typical Highveld summer
season. In addition, the large pool was too short and slightly too
shallow for first class junior waterpolo.
Thanks to an exceptional donation from an alumnus of the
school, the pool facility could be fully upgraded to enable top level
competition and training over an extended period, under cover.
KES invited selected architects to provide a design solution
in early 2018 and Shed Architecture + Design was selected. The
remaining core professional team – comprising WCSE as the structural and civil engineers and Jan Pienaar & Associates as the quantity surveyors – was appointed to take the winning architectural
concept through a preliminary design stage to confirm budget costs.

DESIGN DEVELOPMENT
The design called for new swimming pools, and pool specialist
Water Dimension International (WDI) was subsequently appointed. Following a lengthily consultation with the school, the
following new pools were confirmed:

25

QQ Cast the inner pool surfaces to a high degree of accuracy to

ensure the stringent final pool dimensions.

QQ Allow for and co-ordinate the filtration system box-outs in the

The existing pool site showing the original
1927 north entrance (courtesy of WCSE)

1. Main waterpolo swimming pool
QQ 28 × 25 × 2.3 m deep tiled heated pool
QQ 25 m pool with first class school waterpolo capabilities
QQ 10 swimming lanes built to FINA specifications
QQ Extended heating (allowing for six weeks extended use
either side of summer).
2. Swimming, waterpolo training, and learn-to-swim pool
QQ 12 × 25 × 2.3 m deep tiled heated pool with 3 m wide
learn-to-swim lane of varying depth between 0.5 and 1 m
QQ 25 m pool with waterpolo training capabilities
QQ Five swimming lanes built to FINA specifications
QQ Double safety lane and full depth tensioned safety net
between learn-to-swim lane and standard pool
QQ Year-round heating.
WCSE undertook to design a fully reinforced concrete (RC) shell
for both pools to provide a robust and durable structure to which
WDI would apply all the necessary finishing and filtration requirements. Upfront design co-ordination and discussion on the
aggressive corrosive nature of the treated pool water was debated,
as well as the best waterproofing methods to be used for such
large, tiled pools. This resulted in the following design solution:
QQ High strength 40 MPa concrete for durability with Penetron
waterproofing additive.
QQ Increased concrete cover at the pool face of 60 mm.
QQ Design the 250 mm thick RC shell to a maximum crack width of
0.30 mm to BS 8007 using closely spaced small diameter bars.

Large pool base reinforcement and first western roof column cast
(courtesy of WCSE)
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initial casts that could be treated with Penetron joint details
and infill requirements to ensure watertightness.
Large, modern pools such as these are costly due to the high
quality imported tiled finish, the high accuracy of the works, and
the integrated complex automated filtration, chemical dosing,
and cleaning systems. A waterproof concrete shell complimented
this technology to ensure that the core of the facility was an
integrated and appropriate design solution that would provide
may years of service.

FEATURE ROOF
The architect envisaged a feature roof that would span 38 m over
the pools and connect the new eastern double storey block to the
original northern entrance and seating area. The concept called
for the stepped apex, of consistent height above the pools, to slide
on plan by 20 m over the 56 m length of the roof, or 360 mm shift
per metre length. The architectural intent of the space required
a slim neat structural solution to enhance the arena. Through
several conceptual iterations, the design for the feature roof was
chosen as a complimentary combination of structural steelwork
and reinforced concrete elements.
The long-span steel rafters required a high strength-to-weight
ratio and fabrication versatility due to the stepping apex line. The
roof was to be a focal point and the desire was for a sleek elegant
solution that did not resemble a trussed “busy” roofscape. To
provide this, portalised structural steel plate girders (720 × 300 ×
137 kg/m I-sections) were chosen for the non-identical rafters.
Through collaborative verification design between WCSE and
The Structural Workshop, the steel design of the roof was finalised. This included circular hollow section braced bays and the
sheeting support criteria for the double-curved sheeted surface.
The cold rolled purlins were set out to enable the use of standard
concealed fixed sheeting – Zip-Tek 420 sheeting by GRS. The
converging layout of these purlins was left exposed to create
intriguing lines to the internal surface of the roof together with
the underside of the white Lambdaboard insulation.
The new eastern block, housing the changing rooms, filtration, and dosing plant room at ground level and a viewing area
and heat-pump plant room on the first floor, provided a solid
element from which to support the long span roof from this side.
The block was regular along the length of the building, making it
an ideal element to provide east-west stability to the roof.
To create a unique and contrasting feature to the lighter and
slimmer long span roof, a feature “diving” architecturally exposed
RC column and cantilevering beam was proposed for the internal
support of the roof rafters. Behind these, and over the eastern
block, standard high quality RC beams and external columns
completed the eastern portalised support frames. These frame
elements were repeated along the length of the building on a grid
at a typical spacing of 6 m. Each eastern frame consisted of:
QQ 400 mm wide special smooth portal frames of 50 MPa concrete with a height above ground floor of 8 m to 9.245 m.
QQ Feature “diving” column varying in width from 1 000 mm to
1 200 mm with a 5.195 m long cantilevering beam over the
eastern edge of the pools with a 600 mm long end seat for the
plate girder rafter vertical shear load.
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Stripped eastern feature cantilever beam (courtesy of WCSE)
QQ Back span of 600 mm deep RC beams to the external

face of the building spanning 9.335 m onto the external
400 × 600 mm column.
The western support of the long-span roof was chosen as a set of
nine bold, reinforced 1 200 × 400 mm by 8 m high special smooth
finish concrete columns cast with 50 MPa concrete with a
300 mm long corbel for the plate girder rafter vertical shear load.
On the eastern and western facades between the feature RC
frames and columns, a set of concrete eaves beams were added.
The structural design of the feature roof had reached a point
where the material selection had been done on appropriateness of
function, form, and constructability in using both reinforced concrete and structural steelwork to their individual strengths. But
the union of the two materials required an innovative solution.
At the junction of the plate girder steel rafters and the supporting stabilising reinforced concrete elements, a robust yet elegant connection was required that would be visible from within
the arena. To limit the depth of the roof structure, the structural
system chosen was a double portal frame, namely the 38 m span
portal over the pools and the shorter 9.335 m span portal over
the eastern block. As a result, there are significant moments to
transfer at the two concrete to structural steel connections.
Initially, a custom cast-in steel plated and shear studded
element was considered, but due to the condensed reinforcement required in the concrete elements in these zones this was
problematic and would have resulted in a larger concrete section
at this junction. A more suitable and refined solution would be a
cast-in anchor with coupler, but the loads developed in tension
were over 300 kN each in areas; higher than typical anchors’
capacities on the local market.
WCSE investigated whether Peikko SA’s high-strength
COPRA anchor and coupler system, typically used in precast concrete connections in Europe, could be adapted for this purpose.
Following a rigorous suitability exercise, including the full design
of the COPRA anchors to the Eurocodes and ETAG 001 anchor
requirements by Peikko Europe, the following was approved for
the critical connections:
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1. Eastern connection:
QQ Moment capacity of 544 kNm required at junction of plate
girder and RC beam.
QQ Six no. COPRA 39H-P anchors required, each with a
coupler for a M39 bolt on the steel side and high strength
40 mm diameter reinforcement bar on the concrete side.
QQ Anchors’ reinforcement custom bent to suit connection
and concrete form requirements in Europe by Peikko prior
to importing.
2. Western connection:
QQ Moment capacity of 848 kNm required at junction of plate
girder and RC column.
QQ Eight no. COPRA 39H-P anchors required, each with a
coupler for a M39 bolt on the steel side and high strength
40 mm diameter reinforcement bar on the concrete side.
QQ Anchors’ reinforcement custom bent to connection and
concrete form requirements in Europe by Peikko prior to
importing.
The use of these Peikko COPRA anchors in such a way to create
significant moment transfer at a concrete and structural steel
interface of a long span roof is a first in Africa, and one the project team is particularly proud of. In fact, the use of the COPRA
range of anchors had not been done in Africa before, creating
excitement both locally and within Peikko’s European base.

SUSPENDED FLOOR
The final element of the superstructure was the suspended first
floor of the eastern block.
To eliminate vertical supports in the plant room and enable
flexibility in the changing room design, a flooring solution
capable of carrying the 650 kg/m2 imposed loading over the 9 m
clear span was required. To provide this one-way spanning solution, a precast prestressed concrete hollowcore plank and in situ
structural topping system was proposed. These planks were supported on either loadbearing brick walls or on in situ RC beams
where openings were required at ground level. This provided a
prefabricated solution that was lighter than an in situ solution and
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Aerial progress photo prior to the Covid-19
lockdown (courtesy of The Structural Workshop)

faster to construct with an optimal load capacity to weight ratio
for a concrete slab solution over this span.
Below the superstructure, a standard concrete surface bed
with typical joints on compacted fill was designed for all ground
floor slabs. The superstructure was supported off deep piled
foundations – cast in situ reinforced concrete augured piles with
reinforced pile caps and ground beams. The RC ground beams
along the eastern and western façade between supporting piles
on grid acted both as the vertical support of the façade brickwork
and the horizontal restraint via passive earth pressure to resist
the base horizontal thrust of the roof. The pile sizes ranged from
450 mm to 600 mm in diameter.

CONSTRUCTION
The piling work was carried out by Pilecon using 25 MPa readymix concrete supplied by Metier Mixed Concrete. The piles
ranged in depth from 4 m to over 15 m, and the 40 piles were cast
in eight days during August 2019.
The waterproof reinforced concrete shells for the two swimming pools were constructed by the main contractor Akhane
Construction using an approved Penetron joint applicator
between October 2019 and August 2020. The extended construction period was due to two factors: the forced Covid-19 lockdown
period and staggered construction times to allow for other critical
construction works within the confined site. WDI completed
the finishing on the pools, including all filtration and cleaning
systems, by November 2020 and the pools were filled and commissioned in December 2020.
The eastern portal frame and western columns supporting
the feature roof were workshopped and Akhane Construction
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proposed that each set of east and west elements be cast together
and in one lift each. The western column was a standard lift
of 8 m, but the eastern portal required both columns, the roof
beam, and the extending cantilever beam to be cast in one. Both
east and west elements required the fixing and accurate setting
of the Peikko cast-in anchors to allow for the port structural
steelwork erection.
Form-Scaff was appointed as the specialist formwork supplier
for these elements and produced customed-made steel shutters
in accordance with the project requirements. The formwork
allowed for accurate setting out and fixing of the Peikko anchors
with pre-drilled end plates which enabled the anchors to be set
in position and bolted to the plate. In addition, the formwork at
eaves beam level had openings to allow for the transverse portal
beam cast-in reinforcement to protrude and be cast with the
associated element.
The concrete mix design was altered slightly to be a 13 mm
aggregate 50 MPa mix. The reduction in aggregate size was
done to assist with the highly congested reinforced zones and in
producing a high quality special smooth finish. Compaction was
done via two extended length poker vibrators using a controlled
pour rate.
The first set of feature roof supporting elements was cast in
October 2019, with the ninth and final set cast successfully in
December 2019. This allowed sufficient time for the planned plate
girder installation to occur over two days in mid-January 2020.
The hollowcore planks for the first floor of the eastern block
were delivered and erected on site over two days in early February
2020. The planks supplied by Concrete Slab Supplies (CSS) for the
project were:
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QQ 250 mm FabPanel sections.
QQ 50 MPa concrete mix.

QQ 8 × 12.7 mm bottom and 2 × 9.53 mm top prestressing

stands.

QQ Panels cast in their slipformer imported from Brazil, with

strands tensioned to 70% GUTS of 1 860 MPa, and detensioned at 35 MPa concrete strength.
Some time after the project commencement, KES decided to
renovate and add onto the entertainment area within the original
northern entrance building. Part of this work involved the
removal of a sheeted roof and addition of a flat concrete roof. To
limit the additional load on the original brick walls and foundations, and to aid construction time, CSS supplied a 50 m2 rib
and block slab using their S150 block and 50 mm thick topping.
The rib and blocks were installed in March 2020 prior to the
Covid-19 lockdown and the topping was cast in May 2020 once
the site had been cleared for construction to re-commence.
All other concrete works were constructed by Akhane
Construction, including the main entrance special smooth
double storey frame and exposed aggregate arena seating.
The project was completed in December 2020 and is due to
be officially opened by the school in early 2021.

IN CONCLUSION
The KES Aquatic Centre proved that upfront collaborative
design engagement can result in a combined architectural and
structural engineering solution that not only compliments the
original intent of the architect’s design but enhances it. The
early-stage emphasis on thorough design enabled the main contractor to price the works accurately and plan the critical tasks
together with the design team to ensure that the design could
be constructed as envisaged to the required level of accuracy
and quality.
The project required a true team effort – fitting for a facility
that will foster teamwork and excellence in swimming and waterpolo, and perhaps inspire some to consider a career within
the built environment.
PROJECT TEAM
Client
Project manager & architect
Civil & structural engineer
Quantity surveyor

King Edward VII School
Shed Design + Architecture
WCSE, in collaboration with The
Structural Workshop
Jan Pienaar & Associates

Pool specialists

Water Dimensions International

Main contractor

Akhane Construction

Ready-mix supplier

Pilecon

Specialist formwork

Form-Scaff

Heavy duty anchor supplier
Precast and rib & block supplier
Waterproofing additive
Steel fabricator
Sheeting supplier
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ROCLA is South Africa’s leading
manufacturer of pre-cast
concrete products.
Surpassing 100 years of
product excellence.
•
•
•
•
•
•
•

Pipes
Culverts
Manholes
Poles
Retaining walls
Roadside furniture
Sanitation

Including other related products within
infrastructure development and related
industries.

Metier Mixed Concrete

Piling subcontractor

A STRONG FOUNDATION FOR
INFRASTRUCTURE SUCCESS

Peikko South Africa

Visit us on

www.rocla.co.za

Concrete Slab Supplies

for our nationwide branches

Penetron SA
Tass Engineering
GRS
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Out-the-box thinking drives
innovation for bridge project
The world as we know it has been turned upside down by the Covid-19
pandemic. History has shown that amidst adversity, the human race has
always evolved and triumphed. That is exactly the attitude adopted by
the Naidu Consulting team as it embraced the pandemic and saw an
opportunity to innovate and develop new mindsets to conduct business
successfully and responsibly.

Josh Padayachee Pr Eng, PMP
Director Bridges & Buildings
Naidu Consulting
josh.padayachee@naiduconsulting.com

Akash Ramjee Pr Eng
Sector Manager Bridges & Buildings
Naidu Consulting
akash.ramjee@naiduconsulting.com

Daleen Stevenson
BIM Lead Bridges & Buildings
Naidu Consulting
daleen.stevenson@naiduconsulting.com

QQ The use of the existing steel trusses to

The existing Canelands Bridge

The Canelands Pipe and Pedestrian
Bridge project comprises a 165 m long
prestressed concrete bridge crossing
the Mdloti River in Ward 58 and 60
in KwaZulu-Natal, implemented by
eThekwini Municipality (client) and
Naidu Consulting (consulting engineer).
The project required the removal of the
existing 100-year-old decommissioned SA
Railways bridge and the subsequent provision of a new pipe and pedestrian bridge.
The existing railway bridge comprises
five 33 m spans of structural steel trusses
at 5.5 m deep, simply supported on
reinforced concrete piers and abutments.
The existing bridge supports a 400 mm
diameter ductile iron sewer pipe, 350 mm
diameter and 400 mm diameter steel
water pipes and an open cable tray accommodating electrical cables. In addition, the
bridge currently also serves the existing
community by providing a key pedestrian
crossing over the Mdloti River.
A condition assessment of the entire
bridge confirmed that large portions of the
structural steel trusses were at an advanced
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stage of corrosion and required immediate
replacement. The existing substructure,
made up of reinforced concrete, was however still in good condition and showed no
signs of distress. A cost benefit analysis was
undertaken, and an innovative solution was
proposed which included the removal and
replacement of the existing superstructure
only, as opposed to the complete replacement of the existing bridge. The new
superstructure design solution comprises
prestressed concrete beams launched over
the existing rehabilitated substructure
which would accommodate both the water
and sewer infrastructure and provide a safe
walkway for pedestrians.
The design solution resulted in the
following benefits to the client:
QQ Substructure demolition and replacement with new abutments, piers and
piles was not necessary, which reduced
the environmental impact and resulted
in substantial cost savings.
QQ An Environmental Authorisation and
Water Use Licence was therefore not
required.

launch the new bridge deck meant that
no cranes were required in the river to
place the precast beams between the
supports.
QQ An intrusive geotechnical investigation,
which would typically have negative environmental impacts, was not required.
QQ Construction in the river channel, which
generally has negative environmental
impacts and is a huge risk for project
delays during construction, was avoided.
QQ The engineer’s estimated construction
period was reduced by approximately
seven months because no new substructure construction was required.

DESIGN & CONSTRUCTION
A decision was taken to incorporate Building
Information Modelling (BIM) principles
into the project. By utilising several leading,
industry-recognised software programmes,
the existing and the new portions of the
bridge were modelled in 3D incorporating
BIM principles which provided a key visual
aid to the design team to inform decisions
regarding the new design, sequencing of
construction, risks and limitations.
Although the new bridge superstructure is comparatively simple in form, the
correct sequencing of the demolition and
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Existing bridge
superstructure

New temporary
support structures

Figure 1 C
 onstruction of temporary supports and
transfer of existing services

Figure 2 Extension of height of existing substructure

Figure 3 Launching of precast beams utilising A-Frames and steel rails
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structures, and existing services in
a sequential manner by utilising the
A-frames to transport the various steel
elements off the bridge.
QQ Fixing the handrails and the balustrade screens (Figure 5).

Figure 4 C
 onstruction of new water and
sewer lines in the bridge deck

New 400
diameter
water pipe

Bridge CL

new construction works was integral
to the success of the project. Therefore,
an intricate demolishing and construction sequence process was developed,
involving the following:
QQ Construction of temporary pipe
and pedestrian walkway structures
attached to the sides of the existing
bridge (Figure 1).
QQ Diversion of the existing sewer, water,
and cable infrastructure services onto
the temporary structures (Figure 1).
QQ Extension of the height of the existing
substructure (Figure 2).
QQ Construction of a temporary launching
system which comprises two No. steel
A-frame structures which slide on a
steel rail track (Figure 3).
QQ Launching of the new precast beams in
a sequential manner to their respective
positions (Figure 3).
QQ Construction of the in-situ gaps
between the precast beams.
QQ Laying of the new 400 mm diameter
HDPE water and sewerage pipes on the
new bridge deck and encasing them in
concrete (Figure 4).
QQ Jacking of the 600 mm diameter steel
water pipe through the void of the new
bridge deck (Figure 4).
QQ Transfer of the water and sewer
services from the existing lines to the
newly constructed lines.
QQ Stopping the access to the temporary
pedestrian structure.
QQ Demolishing the existing bridge steel
truss superstructure, temporary

New 400
diameter
sewer pipe

INNOVATIVE PROCUREMENT PROCESS
Under normal circumstances, the intricate
demolition and construction sequences of
the bridge would have to be communicated
to prospective tenderers at a tender briefing.
During the design process, considering
the worldwide pandemic, the team brainstormed various alternatives and proposed
an innovative way of eliminating a physical
future site tender briefing. This process entailed the digitalisation of the construction
sequence in a video detailing the intricate
demolition and construction sequence by
utilising various BIM software programmes.
BIM is often marketed for the longterm benefits it can have for a project,

New 600 diameter
steel water pipe

Figure 5 F inal deck cross section
subsequent to demolition

but it can also be utilised as a powerful
tool at the initial stages of a project. The
Canelands Pipe and Pedestrian Bridge
project demonstrates that thinking out
of the box and embracing technology
can provide innovative solutions in an
ever‑changing world to ensure that
service delivery of infrastructure is
prioritised.

The new Canelands Bridge
modelled using BIM software
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The value of good geotechnical
information within structural design
As a structural engineer, one of the most vital pieces of information you can have on a project is a good geotechnical
report. What happens below ground can shape the entire building and project. If this is not considered at the start, you
are likely to encounter numerous surprises as you start to excavate, which invariably lead to time delays and cost overruns.
Geotechnical information is often undervalued within the project cycle. It can be
regarded as a simple tick box exercise or
a process to get one value – the allowable
bearing pressure. While the allowable
bearing pressure is a very useful number
to structural engineers and is largely used
to define the type and size of foundation
required, it is only a fraction of the information that should be considered from
the report.
It is essential to understand the nature
of the ground you are building on so that
you can appreciate and plan for the problems you might encounter both during
excavation and over the long term.

PROBLEMATIC GROUND CONDITIONS
If you have a high water table, the viability of your basement floors could
be affected. This means that the
waterproofing requirements, the crack
control and jointing on your walls can
become more costly. If your soils have a
high heave potential, you might need to
replace large areas of material, move to
a raft foundation, implement water controlling systems, or even a combination
of all of these.
If you find collapsible soils you need
to understand what can be done in the
short term. This includes wetting and
compacting the ground prior to placing
foundations, and exploring the potential
for long term localised collapse.

Civil Engineering March 2021

When building in shales, you need
to understand how they can react when
exposed to the air and how water can flow
through the rock. This strongly affects
the construction sequencing and can have
time and cost implications if it is not considered up front as part of the planning.

DOLOMITIC AREAS
One of the common concerns when
building in Gauteng is the possibility
of working on dolomite. While many
structural engineers are aware of the
potential hazards of building on dolomite,
not all are aware of the variability of the
material or the potential “dolomite tax”.
Projects may end up paying this tax to
accommodate dolomite considerations
on earthworks, foundations, services and
occasionally even superstructure.
From a structural consideration side,
dolomite needs to be accommodated in the
foundation and this can be complicated
and require numerous design iterations
to reach an optimal solution. In addition,
the ramifications extend far further than
just the foundations, and this is frequently
forgotten. As there are limitations on
locating services within the ground on
dolomitic sites, the above ground structure
needs to accommodate considerably more
complicated services routing and the
trenches, sleeves and voids associated with
such. All this needs to be designed for up
front in your structure.

Kim Timm Pr Eng
Executive Structural Engineer
AECOM

Collaboration
These are just a few of the standard problems one can encounter on sites anywhere
in the country. There are numerous potential concerns within the soil profile that, as
a structural engineer, you need to be aware
of and plan for, even if you do not have the
same level of in-depth knowledge that a
geotechnical specialist would have.
It is not reasonable to expect a structural
engineer to simultaneously be a geotechnical
expert. That is why, in any large design
project, the structural, civil, and geotechnical professionals must work together as a
team. A good geotechnical report provides
a lot of information and a springboard from
which to progress the design, but a discussion between the three parties can go a long
way to promoting a more detailed understanding of the site and alleviating potential
misunderstandings.
Geotechnical investigations should be
required on all sites. The extent and detail
of the investigation might vary depending
on the nature and size of the planned
development, but even the simplest singlestory structure can be rendered useless
within a year by a misinterpretation of the
underlying soils.
We cannot avoid problems under the
ground, but clear and detailed geotechnical
information is the best way to plan for
surprises that might occur. Money spent on
geotechnical investigations frequently leads
to money being saved during design and
construction. Ultimately, good geotechnical
information minimises the negative consequences of problematic ground conditions
and enables projects to run smoother.
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Concrete testing, an imperative
for accurate assessment and
maintenance of concrete structures
Kerusha Ayer
Graduate Engineer
Naidu Consulting
kerusha.ayer@naiduconsulting.com

Kevin Volmink Pr Eng
Sector Manager: Construction
Naidu Consulting
kevin.volmink@naiduconsulting.com

Andries van der Merwe Pr Eng
Senior Engineer
Naidu Consulting
andries.vandermerwe@naiduconsulting.com

INTRODUCTION TO DURABLE CONCRETE
Durable concrete has the ability to withstand specific environmental and loading
conditions throughout its service life,
without significant deterioration. Concrete
durability is not a single property that concrete possesses, but rather a combination
of properties which allow certain concrete
mixes to withstand exposure conditions
more effectively. Standard test methods
and acceptability parameters are well
documented and researched to measure
these properties.
Properties such as porosity, permeability, capillarity, and diffusivity of the
concrete are typical indicators of the
durability performance of concrete used
for new construction; measuring these
properties on existing concrete structures,
along with the extent of deterioration,
provides insight into the defect causing
mechanism and the rate of deterioration. Understanding the deterioration
mechanism of the concrete and the rate
thereof is the only way to appropriately
specify the repair and maintenance of
concrete, particularly concrete in steel
reinforced structures.
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LOSS OF CONCRETE DURABILITY
Concrete deteriorates with time through
various actions which can be principally
characterised in three groups: chemical,
physical, and electrochemical. Both
chemical and physical attack can result in
electrochemical attack, which is the process by which steel corrodes. The leading
defect caused by the deterioration or loss
of durability in reinforced concrete is the
corrosion of the steel reinforcement.
Concrete is highly alkaline because
of the alkalis and the hydration products
from the cementitious materials. This
alkalinity provides a favourable environment for steel as it forms a ‘passivating’
protective layer around the embedded
steel reinforcing. This layer protects the
steel from corrosion, even in the presence
of water and oxygen.
The loss or disruption of the protective passivating layer can be attributed
to carbonation (reaction with carbon
dioxide) and/or chloride attack (primarily
to chloride ingress).

CARBONATION
Carbonation occurs due to the reaction
of carbon dioxide with the calcium and
hydration products in concrete.
As carbon dioxide from the atmosphere reacts with the water in the pore
system of the concrete and passes through
the capillary tracts, it lowers the pH of
the concrete and the concrete becomes
“carbonated”. When this carbonation
front reaches the depth of the embedded
steel reinforcement, the passivation layer
breaks down, and corrosion is initiated.
Carbonation-induced corrosion is a micro
cell electrochemical reaction with adjacent anodic and cathodic areas.

CHLORIDE ATTACK
Chlorides may be introduced to concrete
either at mixing and placing stage, or by

ingress into the finished concrete. When
chlorides enter through the surface of the
concrete, they migrate into the concrete,
increasing its chloride concentration.
When the critical chloride concentration
is reached at the depth of the embedded
reinforcement, the breakdown of the passivation layer commences, and corrosion
is initiated.
Chloride-induced corrosion is a macro
cell electrochemical reaction with distinct
anodes and cathodes. This is a more
aggressive, localised form of corrosion; as
opposed to carbonation-induced corrosion which occurs at a moderate rate, at
various parts along the reinforcing bars.

CORROSION TREATMENT
It is essential to understand the corrosion
causing mechanism in concrete so that an
appropriate treatment of the concrete can
be carried out thereafter.
Corrosion of the steel reinforcement
reduces its cross-sectional area, and the
corrosion products fill a larger volume
than the uncorroded bar. This causes the
concrete cover to crack and spall which is
commonly repaired by patching, an acceptable solution for carbonation-induced
corrosion. Localised patch repairs of
spalled concrete occurring as a result of
chloride-induced corrosion may, however,
still leave the reinforcement susceptible to
corrosion should all the chloride-affected
concrete not be treated.
The new patch of concrete often leads
to incipient anode formation and new areas
of corrosion which in turn leads to patch
failure. The accurate diagnosis of corrosion
therefore becomes essential so that expensive concrete repairs are not undertaken
with an adverse result. Testing is necessary
to ensure the appropriate repair method
is specified and applied to the defected
concrete. Ultimately, the repair undertaken
should prolong the structure’s service life.
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TESTING
Concrete testing should be carried out
on existing structures as a way of ensuring
the concrete is appropriately repaired. The
following tests can be utilised to determine
the corrosion causing mechanism:

Carbonation tests
The testing of concrete for carbonation
involves the application of phenolphthalein indicator onto the freshly exposed
surface of the concrete. Phenolphthalein
appears purple to light pink when in
contact with an alkaline substance and
remains colourless should the substance
have a low pH (less than 8). Applying
phenolphthalein to the surface of a
carbonated concrete core will result in
a certain depth of the concrete on the
exposed face side remaining the same
colour, this is measured as the depth
of carbonation.

Figure 1 Severe spalling occurring on a bridge structure

Concrete cover tests
It is the layer of concrete covering the
embedded steel reinforcement which
resists the ingress of carbon dioxide
and chlorides and provides protection
against corrosion. Testing the depth of
this concrete cover can be done on in-situ
concrete using various electromagnetic
scanning equipment.
Cover measurements assist in the
prediction of a remaining service life
of the concrete structure affected by
corrosion. The remaining service life is
accepted as the time from the current age
of the structure to the time at which it is
no longer serviceable.

Chloride profiling
Chloride profiling involves measuring
chloride content at different depths into
the concrete. A significant chloride content at the exposed surface of the concrete
and a decreasing content with depth
moving into the concrete would indicate
that chloride ingress is occurring.

Durability tests
Concrete durability tests (oxygen
permeability test and water sorptivity
test) provide an indication of the permeability of the concrete, thereby providing
information on the likelihood of moisture
and carbon dioxide ingress. The chloride
conductivity durability test provides
information on how freely chlorides can
move in the concrete.
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Figure 2 Spalling occurring on a bridge structure

CASE STUDY
Naidu Consulting was appointed to
provide ad-hoc structural and drainage
services to SANRAL’s Eastern region.
This included the condition assessment
and repair of four bridges and one culvert
that were identified as requiring immediate investigation and repair through
SANRAL’s Bridge Management System
(BMS) – an inventory of information
collected on all bridge structures owned
by SANRAL.
The defects observed in the structures
included spalling and cracking of the
concrete, that varied in degrees of urgency
across the structures as well as in each
element of individual structures. The aim
of the concrete testing was to determine

the cause of defects, to confirm the appropriate repair methodology which will
form part of the project specifications,
and to provide a reference against which
the deterioration rate could be established
for future maintenance.
No as-built drawings were available for
most of the structures and the results of
the testing investigation would therefore
also form part of the as-built records.
Figure 3 is an image of a drawing prepared
by Naidu Consulting of one of the bridges,
specifying where cores were to be drilled
on the structure for the concrete testing.
Images of the bridge elements were also
shown on the drawing, allowing the contractors to better understand and price
the access requirements.
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TESTING
Concrete testing was recommended to the
client and carried out to gather information on the condition of the concrete, as
well as to determine the cause of corrosion in the concrete structures.
Three of the bridge structures are
located along the South Coast, and two
structures are located inland, one near
Volkrust and another near Colesberg.
The likelihood of chloride-induced corrosion was deemed to be low for both the
structures located inland, based on their
low exposure to chlorides from airborne
salts and seawater, and the absence of any
indication of chlorides in the groundwater. Chloride tests were therefore not
conducted on these two structures.
Figure 4 shows the location of the
structures and Table 1 summarises the
respective tests performed on each bridge.

Figure 3 B
 ridge drawing prepared by Naidu Consulting
Figure 4 Locality plan of the five bridge structures

RESULTS
The results of the concrete tests performed on one of the structures on the
South Coast (Bridge 1) are discussed to
illustrate why concrete testing is imperative and what conclusions can be drawn
from such an investigation. The results
are presented in Table 2.

COMPRESSIVE STRENGTH TESTS
It was concluded that the compressive
strength tests conducted on the cores
which were drilled from each of the
structures all performed well and had
shown adequate in-situ concrete strength.
Concrete performing well in compressive
strength did not however mean that the
structure was at a lower risk of defects.
There is evidence that carbonation locally
increases the cement paste density and
as a result, can increase the compressive
strength (Neville, 1996).

Table 1 Tests carried out for each of the five bridge structures
Bridge 1

Bridge 2

Bridge 3

Bridge 4

Bridge 5

In-situ compressive strength test











Concrete cover tests











Carbonation test











Oxygen permeability test











Water sorptivity test











Chloride conductivity test











Chloride profiling
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CHLORIDE PROFILE RESULTS
In all three structures, the chloride concentration profile remained constant with
depth (presented by an average content). It
was concluded that the chlorides recorded
were built into the concrete mix during
construction and had not migrated into
the concrete.
The results obtained were compared
to chloride content limits across codes
and literature. SANS 10100-2:2014
limits the total chlorides, as a percentage of the cementitious material,
to 0.2%. Beyond this threshold, the
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Table 2 Summary of Bridge 1 test results
Compressive
strength (MPa)

Average chloride
content (% weight
of sample)

Average
measured
cover (mm)

Carbonation
depth
(mm)

Parapets

34.3

0.019

29

5

Abutments

48.1

0.020

57

15

Pier

48.5

0.019

71

15

Deck

36.1

0.017

26

30

Element

that the spalled areas be repaired, and a
carbonation barrier coating be applied to
the entire surface of the parapets. Coatings
that are compliant with EN 1504-2 and
possess a minimum Sd value of 50 m,
should result in the carbonation front remaining at approximately the same depth.
The Sd value of the anti-carbonation
coating is its diffusion resistance to carbon
dioxide permeation.

DURABILITY TEST RESULTS

Figure 5 Carbonation depth of Bridge 1 core

Figure 6 Spalling due to inadequate cover

reinforcement is regarded to be at risk of
chloride-induced corrosion.
In the case of all three bridge structures, the chloride content values were
established to be well below these limits,
even with the actual cementitious material
content of the concrete unknown. For the
0.2% chloride limit to be exceeded, the cementitious material content in the concrete
mixes reported in Table 2 would have to be
less than 250 kg per cubic meter and would
not have achieved the compressive strength
results reported. With this information,
the possibility of any defects occurring
due to chloride-induced corrosion were
ruled out.

wetting and drying of the bridge deck was
also noted as a possible reason for the high
carbonation depth recorded.

CARBONATION TESTING
Carbonation results were found to vary
across the different elements of Bridge 1.
Carbonation depths were not severe on
the parapets, abutments, and piers. High
carbonation depths were however recorded
on the bridge deck. The discrepancy was
attributed to ‘micro-climates’ that occur
in a structure where different elements
exposed to different moisture and thermal
conditions cause different rates of carbonation in each element of a structure. Cyclic
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COVER TESTS
The recorded cover measurements on
certain bridge elements were found to
be lower than the acceptable standards
and corrosion of the steel reinforcement
was observed.
Certain elements recorded adequate
cover, but concrete spalling was still
observed. The spalled concrete was
attributed to localised areas of minimum
cover that is a result of poor workmanship
at placement stage of construction, as opposed to significant carbonation.
A visual inspection of the concrete parapets at Bridge 1 showed minimal cover in
localised areas, with corrosion occurring as
a result. In this case, it was recommended

Durability results of the concrete at Bridge 1
varied, and are shown in Table 3.
The oxygen permeability and water
sorptivity test results were poor, indicating
that the concrete was susceptible to ingress
of moisture and gases. An interesting
outcome was the chloride conductivity
test that produced an excellent result. This
provided supplementary information supporting the conclusion that the ingress of
chlorides was not the cause of the defects.
Despite the presence of chlorides, the
evidence indicated that these may have
been bound in the mix, possibly due to
supplementary cementitious materials in
the concrete such as ground granulated
blast furnace slag or fly ash. This is important to note as a high chloride content
may not always result in corrosion.
It is essential for the engineer to make
informed decisions on which tests to specify.
Chlorides can be ruled out with adequate
information on the structure’s location and
exposure conditions, however, cognisance
must be given to chemically bound chlorides
which may be released due to deterioration
of the cement hydrates caused by carbonation. The chlorides would then become
available for the corrosion reaction.

REMAINING SERVICE LIFE OF
CONCRETE STRUCTURES
A remaining or residual service life of a concrete structure in the context of corrosion
is understood as the time from the present
condition of a structure to a time where a
threshold limit of deterioration is reached,
and the structure is no longer serviceable.
Figure 8 is a sketch of a Tutti’s model that

Table 3: Durability results of Bridge 1
DI value

Qualitative descriptor

Oxygen permeability index (no unit)

9.45

Poor

Water sorptivity (mm/hour0.5)

10.32

Poor

Chloride conductivity (mS/cm)

0.65

Excellent
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Deterioration

Limit state

Initiation period

Propagation period
Service life

Carbonation

Time

Reinforcement corrosion

Penetration of chlorides

Figure 7 C
 over testing being carried out at Bridge 1

divides the service life of reinforced concrete structures into two phases, namely:
QQ Initiation phase – the time required for
carbon dioxide or chlorides to reach reinforcement level and initiate corrosion.
QQ Propagation phase – the time between
the initiation and failure.
The corrosion initiation and propagation
time for a concrete structure can be modelled by using diffusion laws that govern how
carbon dioxide and chlorides move via diffusion. An estimate can in turn be made on
the remaining service life of the structure.
As chloride induced corrosion was
ruled out, a carbonation model was used
to model the initiation time and remaining
service life of the five bridge structures to
provide the client with additional information to ascertain the extent of the repairs.
Fick’s Second Law of Diffusion was
used for the carbonation model; the equation of the model is as follows:
Cd = k√t
Where,
Cd = carbonation depth (mm)
k =	co-efficient of carbonation (constant)
t = time (years)
To obtain an estimate of the k value,
the carbonation depths and ages of the
bridges were used. This k value is sensitive, and the results calculated using the
model were concluded to be conservative.
Although conservative results for the
initiation time were obtained, the results
calculated for certain bridge elements did
provide supplementary information to the
concrete test results for the selection of
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Figure 8: Service life graph (Raupach, M (2014) after Tutti (1982))

appropriate repair methods. For example,
the model predicted a time until the
carbonation front reaches reinforcement
level in the walls of the culvert structure
as 28 years. This information was used to
decide, considering the age of structure, if
the walls of the culvert should be coated
with an anti-carbonation coating to halt
the movement of the carbonation front
and extend the structure’s service life.

CODES AND STANDARDS
In the new COTO standards, reference is
made to the EN 1504 code, the European
standard which provides an extensive guide
to concrete protection and repair. The
standard contains product specifications as
well as repair methods that should be adhered to for effective treatment of corrosion.
For new construction, the current South
African guide for the design of durable
concrete involves the use of Table 6000/1
specified by SANRAL. This table includes
design specifications for both carbonation
and chloride induced corrosion which
makes use of exposure conditions to allow
the selection of cover depths and blends of
cement at design stage. Additionally, the
table provides recommended values for
sorptivity tests conducted on the concrete.
Table 6000/1 could further be used to
assess cover and durability performance
of existing structures by determining
what these measurements should be for
the structure’s exposure conditions.

CONCLUSION
In addition to concrete testing, standards
and codes were found to be essential
for ensuring appropriate solutions are

specified for concrete repair. The EN 1504
code is a necessary reference for repair,
but it is required to be purchased which
may create a gap in the specifications,
tender and construction process. The
development of a South African standard
may resolve this possible gap.
Systems such as SANRAL’s BMS
provide an essential tool that enables
structures requiring urgent attention to be
prioritised. This is done through information stored on the BMS from inspections
and repair work carried out over the years.
Recorded information is also valuable
when tests and repair work are carried out.
It is advisable for concrete testing to be
done prior to undertaking the repair work
to ensure the appropriate repair measures
are specified and quantified during the
design stage. The test results should also
be well documented on the respective client’s asset management system for future
accessibility and reference in establishing
the rate of deterioration.
Engineers should exercise good judgement and ethics when specifying tests and
repair of concrete structures. Tests that are
not necessary should not be specified; this
decision should be made with adequate
information, knowledge and references to
literature and guidelines. Codes and standards should be adhered to for repair to
ensure the safety of users of the structure
is not compromised, and extra costs are
not incurred as a result of the application
of incorrect repair methods.

NOTE
Reference details are available from the
authors.
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Steel Awards –

standing strong in trying times
The 2020 Steel Awards, hosted virtually by the Southern African Institute of Steel Construction (SAISC), focused
on innovation, positivity, and creativity during the current challenging times. While acknowledging Covid-19 as
the biggest catalyst for change in 2020 and celebrating excellence in structural steel, calls went out for greater
unity, trust, innovation, and collaboration within the steel industry in order to survive what will arguably be a few
more tough years.

OVERALL WINNER AND WINNER IN THE BRIDGE CATEGORY
New Replacement Swingbridge at the V&A Waterfront

Structural framing

The V&A Waterfront (V&A), situated in South Africa’s oldest
working harbour, had a swing bridge that was well-used and wellloved. It was an efficient structure that opened and closed up to
60 times a day, carrying up to 2.4 million people per year. It was,
however, 22 years old and the 2 m wide walkway could no longer
cope with the rising number of pedestrians.
The team was therefore commissioned to design a new wider
bridge that had to be as quick, efficient, effective, and reliable as
the existing bridge. In addition, the construction cost had to stay
within a tight budget and the works had to limit the disruption to
the public, the V&A and the environment.
Both steel and fibre-reinforced polymer were considered at
the early stages of the project as the only materials that were light
enough to limit the loads on the moving mechanical parts and to
limit the foundation size. However, as the design progressed steel
became the obvious choice.

The new swing bridge has a span of 40 m. The deck is cablestayed with a single plane of four locked coil cables connecting to
a central, upstand spine beam. The spine beam is a 500 mm wide
fabricated box with a total depth of 800 mm, but only 470 mm
protrudes above the top of the deck. The reclining pylon is in the
continuity of the main central beam and its stiffness transfers
the cable loads into the piled substructure. The steel with timber
deck is rotated on a slewing bearing, which is stressed down onto
a doughnut-shaped pile cap by 34 vertical Freyssibars.
KEY PLAYERS
Client/Developer
Architect
Structural engineer
Main contractor
Steelwork contractor/erector
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Waterfront Properties
Coasite Craft of Architecture
SMEC South Africa
Steffanutti Stocks Coastal
Anchor Steel Projects
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The steel deck comprises cantilevering cross beams that are
fabricated I-sections; a longitudinal edge beam that is a triangular
closed section; and bracing members that are standard angle and
T-sections.
The end beam houses the bridge wheel assembly and is a box
section to resist the loads at the deck tip.
The pylon is a fabricated box that has been sculpted to provide
strength and stiffness where required. The stay cable anchorages
are discretely housed within the top of the pylon with an access
panel at the back to allow for stressing and inspection.

Challenges and innovations
The large size and heavy weight of the bridge created a big challenge
in terms of moving and rotating for welding and fabrication. To limit
disruption to the V&A, the bridge was assembled on a nearby jetty

and then carefully craned onto a barge and towed to its final position.
The bridge was then lifted and mounted onto the slewing bearing in
an amazing process that took two days and careful co-ordination.
A moving bridge project is unique in itself, and for the design
team the greatest technical achievement was the combination
and integration of mechanical, structural, marine, geotechnical,
construction and architectural expertise to create a simple but
beautiful structure that moves. The use of a slew bearing was
a technical innovation not seen before in Africa and the design
team had to undertake detailed research and modelling to validate it could be used for a bridge of this type.
The creation of this relatively lightweight and slender
structure would not have been possible without steelwork, which
enabled the integration of architecture and structure to create a
bridge that can be recognised as a landmark.
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Find our branches at www.technicrete.co.za
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Technicrete is a subsidiary of ISG, a leading supplier of
innovative infrastructure products to the construction and
mining markets in Southern Africa.

WINNER IN THE SAFINTRA SOUTH AFRICA METAL CLADDING CATEGORY
AND THE FACTORY AND WAREHOUSE CATEGORY
KEY PLAYERS
Client/Developer
Architect
Structural
engineer
Main contractor
Steelwork
contractor/erector
Cladding
manufacturer
Cladding
contractor

Growthpoint Properties
Ries Shaw Architects
Kantey & Templer
WBHO
Paragon Steel Structures
Safintra South Africa
MJC Industrial Roofing

Bakers Transport Cato Ridge
Ries Shaw Architects were commissioned
to provide a 25 000 m2 distribution ware
house and a 3 000 m2 office building on
a sloping, triangular site alongside the
N3 Freeway.
The professional team was able to
design a warehouse structure that is both
contemporary and aesthetically impressive but also as financially economical as
a typical box-type warehouse.
The use of structural steel offers
several benefits, including extensive offsite fabrication resulting in fast on-site
erection and installation; large roof spans
resulting in high volume spaces with
a low density of internal columns; and
structurally efficient lightweight
construction resulting in cost effective
structures. The versatility and relatively
slender structural strength of steel also
facilitated the design of an aesthetically
pleasing building.
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Design & construction
A single, large, steel sheeted warehouse
was designed, with steel cladding as the
main aesthetic.
The steel structure measures 14 m
at the eaves and consists of reinforced
concrete perimeter columns on a
24 m × 24 m grid supporting steel lattice trusses. Three spine lattice girders
rationalise the spans and member sizes
and the resultant configuration was easy
to fabricate and erect.
The architects modulated the warehouse form with a subtle stepped roof
and angled gable planes. Extended eaves
added practicality and are joined in an
angular configuration at the gables. Hot
rolled structural steel girts were selected
in lieu of the conventional cold rolled
girts connected with additional cleats to

the concrete corner columns in order to
establish stable raking gable wings. The
steel aesthetic is thus further celebrated
by these contrasting sheeting planes that
make great use of sunlight.
The warehouse structure is clad with
dark grey concealed fix steel sheeting and
opaque white translucent sheeting, positioned to form a starkly contrasting white
frame against the dark grey background.
For the office block, a simple trio of
concrete boxes was erected with large
vertical steel louvres that dominate the
aesthetic of the freeway elevation.
The result is an impressive warehouse structure immediately adjacent
to the N3 carriageway that provides
passers-by with an unexpected and
visually appealing building outline
with striking angular features.
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WINNER IN THE ARCHITECTURAL CATEGORY

KEY PLAYERS
Client/Developer

Century Property
Developments

Architect/engineer/
main contractor

Century Property
Developments

Structural engineer

ADA Consulting
Engineers

Steelwork contractor
Cladding contractor

Tass Engineering
NG Roofing

ensure the design best aligned with the
rock feature available. This bridge was constructed from the top down: the walkway
was propped and installed, followed by the
columns and then the foundations were
cast. This was to ensure the bridge aligned
perfectly with the footings and touched the
earth lightly, limiting the environmental
impact of the construction.

The benefit of steel
The Precinct Lifestyle Hub
With the housing market in decline,
Century Property Developments diverted
their business model into the rental game
and commissioned into construction
a lifestyle hub. The building features
a movie theatre, spa, games room,
restaurant, and gym, presenting an attractive rental portfolio to clients in the
Midrand area.

Structural frame and challenges
The structure consists of a portal frame
fabricated using universal beams with two
floor levels which use universal beams to
support various types of concrete floors.
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To reduce cost and maintain feasibility of the entire project, various slab
interactions were utilised. This included
hollow core technology combined with a
composite slab. The front portal extended
down to the lower ground floor; thus, the
steelwork needed to be constructed in
various phases. Allowing for access to pack
the hollow core slabs meant structural
steel columns had to be erected without
the portals. Following the packing of the
slabs the portals could be completed.
The bridge connecting Building 2 to
Building 3 was design using 3D scan technology from Paramatic South Africa. This
was to maintain the natural koppie and

The ability to manufacture the steel frame
off-site provided significant time savings.
The original steel contractor went under,
and their replacement, Tass Engineering,
got involved in the project at a very late
stage and had to expedite the detailing,
supply, manufacture, delivery, and erection
in order to ensure that a quality product
was handed over on time to ensure the
success of the housing estate completion.
The exposed portal frames also provide
an industrial look. All connections, joints
and interactions required careful consideration to ensure the final product was in
line with the architectural requirements,
resulting in a building that is honest in its
structure and architectural intent.
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WINNER IN THE ASTPM TUBULAR CATEGORY
Menlyn Maine West Atrium Skylight

Challenges

Park Lane West is a new premium grade
commercial development in Menlyn,
Pretoria. At the centre of the 7-storey
building there is a 26 m × 17 m atrium
skylight which brings natural light into
the building.
The architectural brief was to create
a modern skylight, with lightweight steel
members and a very clean geometry, that
would bring the right balance of heat and
light into the atrium below. Due to the
need for a lightweight structure that could
support large glass lites, steel was the
obviously material of choice.

Since all the glass lites were fully tempered and prefabricated, the steelwork
needed to be installed to a very high
degree of tolerance to ensure each glass
lite would fit. Extensive QAQC checks
were carried out both in the factory and
on site before the cladding was installed.

Structural Framing
Rectangular hollow sections were selected
for the main beam to concealed connections. In addition, since the structure was
designed as a braced three-pin pitched
roof, the hollow sections efficiently carried the bending and compression forces.
Small diameter round tubes were used for
longitudinal apex bracing.
Due to the accuracy of the steelwork and
efficiency of the glazing installation team,
up to 16 glass panels could be installed in
one day – this equates to the weight of the
full steel structure in glass panels per day.
To reduce the number of steel beams,
large point supported glass panels were
used. Each panel was 2.2 m × 3.3 m and
weighed approximately 350 kg.
Civil Engineering March 2021

KEY PLAYERS
Client/Developer
Architect
Structural engineer
Main contractor
Steelwork contractor
Cladding manufacturer
& contractor

Menlyn Maine
Boogertman
and Partners
LEAF Structures
Barrow
Construction
Tass Engineering
LEAF Structures

The benefits of steel
The high yield strength of the S355 tubes
enabled small beams to be used, while
the hollow sections enabled neat hidden
connection details. In addition, due to
the stringent deflection requirements
of the glass, both during installation
and over the long term, the high stiffness of the structure enables the joints

between each glass panel to be sealed
with a neat strip of silicone. No mullions
were required.
Once completed, the low pitch ridged
roof, consisting of neatly fabricated
hollow steel sections and large glass
panels, created a simple but bespoke
looking skylight.
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WINNER IN THE COMMERCIAL CATEGORY
New Barloworld and Caterpillar
head office and showroom
The new Barloworld and Caterpillar
head office and showroom in Isando was
conceptualised as a series of iconic buildings nestled in an indigenous landscape.
The development consists of a head
office, training campus, and a world-class
showroom facing the R24 highway for
maximum exposure.

Building features
The head office, comprising two elongated
buildings, is linked by an enclosed glazed
bridge whose design encompasses flushglazed strip windows. The prevalence of
glass in both buildings ensures maximum
sunlight because of their north-facing
orientation, minimising the need for
artificial heating and lighting.
The most immediately noticeable
feature of the new showroom structure is
its elongated front-facing bubble profile,
inspired by the curved shape of the
Caterpillar excavator tread, coupled with
a vast glass façade.
The building claims a never-beendone-before international breakthrough
with a staggering 8.8 m × 5.5 m piece of
the prominent glass frontage being fully
retractable via intricate motor-driven
automation to allow large equipment
to easily enter or be extracted from
the space.
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KEY PLAYERS
Client/Developer

Eris Property Group

Architect

Paragon Architects

Structural engineer
Main contractor

DG Consulting
Engineers
Trencon
Construction

Steelwork contractor/
erector

Central Welding
Works

Cladding
manufacturer/supplier

Global Roofing
Solutions

Cladding contractor

Chartwell Roofing

The desired design would have not
been possible without the use of steel.

Building with steel
The two ends of the building consist
of curved structural steel horizontal
sheeting that cantilevers out about 15 m
from the base and is about 15 m tall.
This presented an engineering challenge
to keep the deflections within allowable
limits while also keeping the structural
elements economical and within the
allowed sizing envelope. Stressed cables
were therefore used to hang the bowing
cantilever arches from the remainder of
the roof.
To control and monitor deflections
and to ensure the safe erection of the

structure, the cables needed to be
stressed in two sequences at certain
times during the erection process to
ensure that they did not over-stress the
structure which did not yet carry all the
building’s self-weight.
The two end barrels of the building
imposed significant horizontal forces
onto the roof that needed to be catered
for, and brace bays were used to take
these loads back to the foundations.
The result is a flagship Caterpillar
showroom that caters for equipment usually
too big to be accommodated indoors except
in barnlike servicing warehouses.
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WINNER IN THE EXPORT CATEGORY
Douala Grand Mall
Douala Grand Mall is a new mixed used
development situated in the vicinity
of Douala International Airport in
Cameroon, commissioned to provide a
luxury shopping experience to the public.
The development comprises a two-level
shopping mall with basement parking
along with a single level hypermarket.
The steelwork superstructure
comprises duo and mono-pitch
portalised frames. Localised
raised steelwork platforms,
with suitable grating to
support various plant,
are situated above
the roof line. The
roof consists of
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a composite roof panel system spanning
between cold rolled steel purlins. The
elevations are predominantly cladded with
a composite wall panel system, with a glass
façade facing the food court to the south.

Structural framing
The first floor is a 190 mm deep composite
slab with a metal deck which is connected
to secondary steel beams with shear studs
to create a composite construction. Cell
beams were introduced to reduce the
weight of the secondary steel beams.
Due to floor-to-ceiling height restrictions, the conceptual first floor Pratt girders
had to be replaced by 1 m deep plate girders
as primary beams, spanning between
various universal column sections. Various
services had to be co-ordinated through
the plate girders, requiring finite element
analysis to manage local stresses around the
1.2 m × 0.5 m service openings in some of
the plate girders.
The perimeter ground floor steel
columns are supported on a reinforced
concrete retaining wall, enclosing the
basement parking. The internal ground
floor steel columns are in turn supported
on reinforced concrete columns or suitable
transfer beams.

KEY PLAYERS
Client/Developer
Architect
Structural engineer

Actis
Benoy
WSP Group
Africa

Main contractor

Raubex

Steelwork contractor/
erector

Cadcon

Cladding manufacturer
& supplier

Brucha

Challenges and benefits
Douala Grand Mall was conceptualised
in the UK and based on European construction methods that promote speed
of erection with minimum labour. The
steel fabrication was carried out in South
Africa and transported to Cameroon for
quick and easy erection on site.
However, the long lead times due to
the importing of all the steelwork posed
a challenge, along with the fact that any
steelwork changes on site had to be carried out with lower grade local steel which
comes at a premium price.
The technical and logistical challenges
required significant collaboration from
all parties. The project team also had to
be highly proactive to identify and resolve
issues early on.
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WINNER IN THE INDUSTRIAL CATEGORY

KEY PLAYERS
Client/Developer

ThyssenKrupp
Industrial Solutions

Structural engineer

ThyssenKrupp
Industrial Solutions

Steelwork &
paintwork contractor
Cladding manufacturer
& contractor

Betterect
Global Roofing

police escorts in some areas en route to
the site due to the size of the equipment.

Challenges and solutions

Vamosem semi mobile crushing plant
The project entailed the fabrication of a
complete semi mobile crushing (SMC)
plant for a mine in Mozambique.
Steel was chosen as the material of
construction due to the industrial nature
of the project, and the entire SMC plant
was detailed and fabricated by local
South African companies.

The hopper base frame weighed
close to 45 tons and required abnormal
transport loads to the site, which included

The large number of loose parts and the
uncompromising level of quality were
challenges faced on the project.
This was a technically challenging
project due to the stringent non-destructive testing requirements and the quality
of the fabrication by Betterect was extremely high. Overall, it was a successful
project, with the equipment currently in
operation, and showcases a South African
engineering accomplishment.

Special considerations
The design of the SMC plant was undertaken by ThyssenKrupp Germany, while
the detailing of the steelwork work was
undertaken by Betterect in South Africa.
The project included the fabrication of
over 1 000 parts, totalling close to 950 tons
of steelwork, plate work, grating, and hand
railing and the pre-assembly thereof.
The fabrication of the steelwork was
extremely labour intensive and required the
strictest quality requirements as all welds
required 100% non-destructive testing and
needed to pass either radiographic or ultrasonic testing. This was due to the enormous
loads placed on the steelwork during operation at the mine in Mozambique.
There were many technical fabrication
requirements which included preheating,
welding of exotic materials, laser alignment, heavy lifts and more. The steelwork
was painted with an industrial three-coat
paint specification to withstand the gruelling exposure to elements and operational
requirements.
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WINNER IN THE SAFAL STEEL INNOVATION AND SUSTAINABILITY CATEGORY
Whale Trail Staircase
The De Hoop Whale Trail is a worldfamous long-distance hiking trail in the
De Hoop Nature Reserve. The hiking path
is subject to sea air, mist and wind-borne
salt spray, and the original timber and
wire rope ladders on the mountainside
have long since decayed. Cable or chain
ladders were considered too risky, and a
new stairway was approved.

The brief
The owner, CapeNature, stipulated
that the stairway had to be aesthetically
unobtrusive, sympathetic with the area,
modular and lightweight, fireproof, and
make minimal use of cement works.
Wherever possible, the staircase had to
follow the mountainside to blend in and it
had to allow for perennial river flow in the
stream bed.
Maximum off-site manufacture was
required. In addition, the remoteness
of the site makes regular maintenance
impractical.
Road access to the site is only possible
using a small four-wheel drive vehicle,
Civil Engineering March 2021

KEY PLAYERS
Nominator
Client/Developer

ParaMatic
CapeNature

with a rough climb from the unloading
point to the installation site. All components had to be portable over rough terrain without endangering the installation
contractor’s staff, and site welding had to
be eliminated or minimised.

Innovation
With no information on the site available,
ParaMatic used a 3D scanner to capture
the site and modelled and detailed the
new stairway in Tekla Structures.
Without the scan of the site, the team
would have had to rely on tape measures
and photographs, normally problematic
on a complex site. Absolutely no measurements were taken on site and the modeller
was totally reliant on the output of
the scanner.
The scanner also allowed the
team to plan around vegetation and

decide when vegetation could be easily
removed for later regrowth, taking decisions upfront which would have been
referred to the field engineer during the
construction.

Structural framing
A structural duplex hot dip galvanised
solution was considered the most functional and economic solution.
Standard hot rolled sections were
used for the stair stringers and platforms
and all elements were limited in mass to
ensure they could be hand carried to site
for bolted assembly. The final stair tread
concept was a carcass of a thin plate with
bolted-on machined timber stair inserts,
selected for their anti-slip properties.
Treads are replaceable, using counter
sunk bolts.
Using prefabricated frames changed
the nature of the project, eliminating the
need for boilermakers and welders to be
given safe working platforms and converted the project into a simple erection
sequence carried out by competent steel
erectors.
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Wat e r w e e k

Valuing water
The Department of Water & Sanitation celebrates National Water Week
from 15 to 22 March. This year National Water Week takes place against
the backdrop of World Water Day under the theme ‘valuing water’.

South Africa could
face a 17% water
deficit by 2030

3 million

South Africans ARE still without
access to basic water supply

Municipalities lose
On average,
each person
in South
Africa uses
64ℓ per day
more than
the global
average

64%

1 660
million m³

per year through
non-revenue water

 of households have access to a
reliable water supply service

41% of municipal
water does not
generate revenue.
35% is lost
through leakage.
R33 billion
more is needed
each year for
the next 10
years to achieve
water security

The 2021 National Water Week campaign raises awareness of, among others, the
challenges noted in the National Water and Sanitation Master Plan, such as insufficient
water, infrastructure maintenance and investment, recurrent droughts caused by
climate change, inequities in access to water and sanitation, and water quality.
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Water Week should be more
than promises and rhetoric
The South African Government’s annual National Water Week campaign took place from 15 to 22 March,
culminating in the United Nations’ World Water Day celebrated around the world on 22 March 2021.
The aim of National Water Week is to
educate the public about their responsibility in water conservation initiatives,
while raising awareness around the need
to protect and conserve the country’s
water resources. While SAPPMA applauds and supports the idea behind the
campaign, it is clear that its focus and
impact should stretch much further than
merely educational purposes. More than
ever before, it needs to stimulate authorities into action.
As we all are aware, South Africa
is a water-scarce country, with a mean
average rainfall of only 495 mm per year –
compared to the equivalent world figure
of 860 mm. Roughly 21% of the country
receives less than 200 mm precipitation
per annum. This puts us 139th out of
177 countries.
The estimated amount of available water in South Africa is less than
2 000 m3 per person per year, compared
to 15 000 m3 in the USA. This bleak
situation is exacerbated by a massive
and unplanned influx of people from all
over Africa, which places severe stress
on all our resources. Dr Anthony Turton,
Professor in the Centre for Environmental
Management at the University of the Free
State, predicts that South Africa will need
1.6 times the amount of water than will
naturally be available by 2030.

SA’S WATER CRISIS
While we are grateful that many parts
of our country are blessed with aboveaverage rainfall, there can be no doubt
that, in the long term, South Africa is in
a serious water crisis. There are multiple
reasons for this catastrophe which vary
from area to area. While it is a fact that
we experience multi-year droughts in
certain parts of the country, other factors,
Civil Engineering March 2021

Jan Venter
CEO
Southern African Plastic Pipe
Manufacturers Association (SAPPMA)

which are human-induced, exacerbate the
problem. These include major pollution
of water sources and wetlands, uncontrolled mining activities, and ageing or
insufficient infrastructure in most urban
areas. The result of this toxic mix is the
following:
QQ More than 50% of South Africa’s wetlands, known as nature’s water filters,
have been lost. Of those that remain,
33% are in poor ecological condition.
QQ There are more than 900 municipal
treatment plants in the country, most
of which are poorly maintained and
badly managed. According to the
National Water and Sanitation Master
Plan (NW&SMP) released in 2018,
56% of wastewater and 44% of water
treatment works are in a poor or
critical condition. 11% are completely
dysfunctional. Three quarters of the
water pumped back into rivers by municipal treatment plants has not been
properly treated and contains harmful
pathogens.
QQ Due to pollution, only 47% of our
water bodies have good quality water,
compared to Zimbabwe that currently
sits at 76%.
QQ More than a third (about 35%) of the
properly treated water that finds its
way back into distribution systems
is lost due to theft or leakage due to
poor infrastructure. This amounts

to approximately 1 660 million m3
per year.
All of these factors are overarched by poor
management of resources, corruption and
lack of funding.

REVENUE DEFICIT
In 2013 Trevor Balzer, in his position
as Acting Director General of the
Department of Water Affairs, stated that
South Africa would need about R700 billion over the next 10 to 15 years to refurbish the nation’s water infrastructure and
to improve the supply situation. A year
earlier, Edna Molewa, then Minister of
Water and Environmental Affairs, raised
the possibility of attracting funds from
foreign investors for the maintenance of
ageing water infrastructure, hinting at the
possibility of partial privatisation of some
treatment plants.
Today, almost a decade later, the
NW&SMP states that achieving water
security requires R33 billion per year for
the next 10 years. But despite the many
statements and promises made over the
past few years, we have unfortunately seen
very little action.
South Africans are very aware of
the country’s current electricity crisis,
and load shedding has become a regular
occurrence. As a nation, we are trying
our best to adapt to this situation by way
of standby generators, investing in solar
panels or simply better planning of our
activities. However, not many people
realise that there is a definite interdependence between water and energy. Water
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is required to generate electricity, while
a large portion of electricity is used to
pump and distribute water. The cost and
availability of electricity at present is
therefore a big stumbling block to desalinate sea water – although this would only
be economically available in coastal areas
(estimated at 2 kWh/m3).
While we are managing to continue
our daily lives without a consistent supply
of electricity, interrupted water supply
will be catastrophic and a totally different
ball game. The impact of having no access
to clean drinking water for days on end
is almost unfathomable, but it is a very
real possibility.

MESSAGE TO GOVERNMENT
SAPPMA has never been quiet on this
topic and has regularly and consistently
raised awareness of the seriousness of
the situation and reality of the threat of
water shedding.
Plastic pipe is dominant in secondary
water distribution and SAPPMA represents more than 80% of all certified pipe
produced in South Africa, making us

The message of SAPPMA during
this year’s National Water Week
is therefore an urgent appeal
to government to give water
and sewage infrastructure the
high priority it deserves.
a key role player in water. Since we are
a non-profit organisation, we work not
only for the well-being of the plastics pipe
industry, but also for the welfare of the
people of the country.
Without readily available clean water,
personal hygiene and health is not possible.
Although there is very little that we as
an industry association can do about the
issues of drought, inadequate infrastructure, lack of funding, pollution, and poor
management, we do take our responsibility
of ensuring that the piping systems used
in our country’s water distribution are
designed, produced, and installed in the
best possible manner and in accordance
with international and national standards,
to ensure a long-term and leak-free life.

Plastics|SA SAPPMA The power to supply_210x148mm_SAICE Civil Engineering_p.pdf
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The message of SAPPMA during this
year’s National Water Week is therefore
an urgent appeal to government to give
water and sewage infrastructure the high
priority it deserves. The Department of
Water and Sanitation is the custodian
of water resources in the country and
therefore has the constitutional mandate
to protect, develop, conserve, and properly
manage our water resources in a sustainable and equitable manner and for the
benefit of all people.
The only way this can be done
effectively is by addressing the
widespread pollution of rivers and
wetlands and intervening in the
mismanagement of municipal water and
sewage treatment plants. We urge the
department to ensure they only appoint
people with the necessary engineering
skills and experience into positions of
authority and allow the private industry
to form partnerships with public
enterprises so that we can secure our
water supply for future generations. Our
country’s health and survival literally
depend on it.
14:28
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Protecting coastlines from fishing lines
More than 77 new fishing line bins made from off-cuts of PVC pipe have
been manufactured for installation at beaches around the country ahead
of the 2021 National Water Week campaign.
To help prevent discarded fishing line from
ending up in the oceans or on beaches,
these bins stand 60 cm high and are
erected at beaches around the country as
repositories for used, discarded monofilament fishing line. Off-cuts of PVC pipe,
donated by MacNeil Plastics, are used to
create a uniquely shaped bin with a U-bend
end-piece that prevents the lines from
being blown away. They are also resistant
to the elements and corrosion and therefore ideal for long-term use on beaches.
“Each year, the results of the
International Coastal Clean-Up show that
discarded fishing line is one of the major
pollutants on our country’s beaches,
causing injuries or death to seabirds, seals
and sharks who get entangled in it,” explains John Kieser, Sustainability Manager
at Plastics SA.

Fishing Line Recovery and
Recycling Project
The Fishing Line Recovery and Recycling
Project was initiated by the Dyer Island
Conservation Trust and officially first

launched along the Gansbaai shoreline
in 2010 with the first twenty bins
placed in partnership with Overstrand
Municipality. It was through the partnership with Plastics SA and the support
of other conservation agencies such as
CapeNature, SanParks, non-profits and
concerned communities that the project
has grown in leaps and bounds with 386
bins installed at various locations around
the country. The goal is to eventually
have 500 bins installed and to expand the
project into Mozambique.
“We have received the most amazing
support from anglers, local communities
and environmental groups who are all
eager to see the removal of all plastic
waste from the marine environment. Each
area is responsible for the cleaning and
maintenance of their own bins as anglers
and beach walkers are encouraged to help
to collect and dispose of the used fishing
line in the bins. To date we have already
removed more than 350 kg of discarded
fishing line and in excess of 500 fishing
hooks,” reports Kieser.

Fishing line bin

Recycling initiative
Where possible, the collected fishing line
is recycled into bush cutters line. The
fishing line bins that need to be replaced
are also not sent to landfill but donated
to the African Snakebite Association
for use by snake catchers. Similar bins
have also been created for the collection
of straws or earbuds and bottle tops –
other major plastic pollutants on our
country’s beaches.
“It is encouraging to use this project
as a vehicle to demonstrate the benefits
of plastics and the valuable contribution
it makes to our modern lives – provided
that it is manufactured, used and
discarded properly. This is truly a success story that would never have been
possible without the support of the South
African Plastic Pipe Manufacturers
Association (SAPPMA) who encouraged
their m
 embers to support the project and
MacNeil Plastics who heeded this call two
years ago call by donating all the pipes we
needed for the project,” says Kieser.
For more information visit

Fishing line bins made from PVC pipe off-cuts
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www.plasticsinfo.co.za or www.dict.org.za
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Supporting development through

effective water data management
Simon Skey
International Account Executive
Aquatic Informatics

How do you secure sustainable and increased access to water and sanitation in the
face of stressed water resources? If you had
to choose between hydroelectricity or food
security through irrigation, what would you
do? And what about environmental integrity
in the riparian zone with its rich flora and
fauna? Or can we find a compromise and
manage our river systems in a coordinated
way that achieves most of our objectives? Do
we accept the inevitable trade-offs?
“These questions can only be
answered if you have good and reliable
water data,” says Bigambo Nandiga, COP
for USAID’s Water Resources Integration
Development Initiative (WARIDI).
“By collecting high-quality water data,
analysing it using state of the art methods,
and producing accurate information, we
can support better decisions on irrigation

Rufiji Water Basin staff carrying out high flow
measurement at Mgeta gauging station using ADCP

planning, hydroelectricity development,
and other water-dependent sectors.”
The absence of a sound understanding
of the hydrological processes because of
inaccurate, insufficient, or no data at all
can lead to overly conservative decisions
and lost potential, and quite possibly to
resource conflicts.
In Tanzania, WARIDI is supporting
socio-economic development with effective water data management.

Wami-Ruvu and Rufiji basins

Hydrologists collecting water data in at
Wami-Ruvu basin
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Accurate information on the quality
and quantity of the water resources
of the Wami-Ruvu and Rufiji basins is
required as a basis for socio-economic
development within these basins. The
Nyerere Hydropower Project – a proposed
2 100 MW hydroelectricity plant in the
Lower Rufiji – and the large potential irrigation schemes along the Kilombero River
are just two examples of important waterrelated development projects that may
impact the socioeconomic development
trajectory of the entire Tanzanian nation.
The two basins also have critical
environmental value in the Ruaha, Kitulo,
Mikumi, Selous, and Udzungwa national
parks, while providing water supply for
vast and fast-growing urban areas such as
Dar es Salaam and Dodoma.
Pressure on water resources within the
Wami-Ruvu and Rufiji basins is increasing

to unprecedented levels because of ongoing
population growth, food security concerns,
and socio-economic development, while
climate change is altering the rainfall pattern and availability of water resources.
It is evident that consensual management of a basin’s water resources only
works across water authorities when
based on facts and a solid understanding
of the hydrological regime. This, in turn,
requires good water data. However, the
collection of reliable water data can be
difficult and expensive in having to send
out personnel into remote and not always
easy to access locations.
To overcome these hurdles WARIDI
installed modern hydrometric instruments
in 25 stations to facilitate automatic data
collection and processing. This put an
end to time-consuming and error-prone
manual data processing, and data integrity
is no longer an issue for these stations.
WARIDI also deployed Aquarius
software for time-series data management
and analytics, which provides a broad
set of tools for effective management,
quality control and dissemination. “The
program can create accurate and defensible
rating curves with a robust conceptual
methodology that requires far less field
data which has substantially increased the
accuracy of the existing water data, as well
as the confidence we have in these data. It
also made it possible to recover streamflow
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time series for some stations with very few
field measurements,” says Nandiga.
Now that the data scarcity constraint
is being addressed in the Wami-Ruvu and
Rufiji basins, inadequate knowledge of the
quality and quantity of the available water
resources should no longer delay their
development for the benefit of the people
in these basins. Hopefully, the use of a
similar system in the other river basins in
Tanzania will follow, as the Ministry of
Water is determined to see this happen.

Kizigo River
A single precision measurement on the
Kizigo River provides an example of
how modern measurement and analysis
techniques can help enormously with
the determination of river flow over an
extended period.
On the Kizigo River, in a four-year
period in the 1970s, more than 250
streamflow measurements were collected,
followed by a few more measurements in
the early 1980s. After that, no more reliable measurements were conducted due to
the difficult terrain, and hydrologists were
unable to determine the rating curve and
by association the stream flow record.
This measurement of the flow of the
Kizigo River is vital as it is the largest
contributor to the Mtera reservoir, which
provides water for the Mtera hydroelectric
facility. Streamflow data for the Kizigo
River is needed to plan the operation of the
power plant’s turbines. Yet this information
has not been available with any degree of
confidence for the last three decades.
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River flow is one of the more difficult
variables to measure on a continuous basis,
so it is commonly derived by converting
daily level recordings into discharge by
using a rating curve. Establishing the shape
of the rating curve historically requires lots
of streamflow measurements. However,
in this case the difficulty of accessing the
remote station, and insufficient funding for
a field measurement programme, meant
that data was scarce.
To solve this problem, WARIDI used
Aquarius Time Series software to redevelop rating curves using a robust conceptual model that requires far less field data.
This ‘hydraulic’ approach is based on the
premise that the parameters of the rating
curve function can be inferred from field
observations of river channel properties.
Discharge measurements at the station’s
control section then serve to calibrate and
fine tune the conceptual model.
WARIDI has supported an extensive
field measurement programme to collect
up-to-date station data needed to develop
the conceptual rating curve models. 16
stations were visited in the Wami-Ruvu
basin and 26 in the Rufiji basin, including
hydro station Chinugulu at Kizigo.
WARIDI trained 10 hydrologists from the
Wami-Ruvu and Rufiji Basin Water Board
Offices on river flow measurements using
state of the art Acoustic Doppler Profilers
and on Aquarius software to improve
rating curves and sustain application of
both practices by Basin Water Office staff.
The visit to Kizigo station took place
during the rainy season in March when

water levels were high, and the river was
in full flood. A high-quality discharge
measurement was conducted – the first
for a flood event for Kizigo in over 40
years. This single data point proved
invaluable in re-establishing the rating
curve parameters and calculating the discharge for the entire historic data record.
Kizigo, which has an entrenched
channel with a narrow floodplain on the
right bank, had essentially maintained its
channel shape since 1977, apart from a
gradually rising riverbed caused by sediment load deposits, probably because of
upstream land degradation. Nevertheless,
the old field observations in combination
with the latest measurement – and using
the hydraulic approach facilitated by the
Aquarius software – proved that the basic
shape of the 1973 to 1977 rating could be
maintained. It only required adjustments
for the rising riverbed.
“A single measurement provided the
verification. Aquarius provided the tools.
The persistence and commitment of the
observer provided the basic information. Combined, it resulted in a 40-year
record of highly valuable water data,”
concludes Nandiga.

eNDnOTE
This work was made possible by the support
of the American people through the United
States Agency for International Development
(USAID.) The contents of this article are the
responsibility of Aquatic Informatics and do
not necessarily reflect the views of USAID or
the United States Government.
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Rebuilding with purpose
Sugen Pillay
President
Consulting Engineers South Africa (CESA)

Reflecting on the past year, Pillay said
CESA had made progress in strengthening
the relationship between government and
the private sector, showcased by the association’s involvement in the Sustainable
Infrastructure Development Symposium
South Africa in June last year. “However,
it has become clear that South Africa still
faces many of the same challenges as in
prior years, with an ongoing demise of
public decision-making processes, a lack of
checks and balances within procurement
systems, and a loss of accountability of
those tasked with leading change,” he said.
He mentioned President Cyril
Ramaphosa’s slow and laborious efforts
to curb corruption, and the poor results
from the 2020 Auditor-General’s report
as examples. “We also face continuously
delayed infrastructure delivery, and those
projects which do see progress are hampered by obstructions from the so-called
construction mafia.”
However, Pillay also noted that last
year showed a greater focus on people
rather than profit. “As compassion and
empathy gained momentum amid a
public health crisis, we are now seeing
an industry of people who act with more
care for others, and we hope this spirit
of ubuntu continues through 2021 as we
stand together. Ultimately, this spirit of
ubuntu and caretaking is what CESA
aims to promote to industry – to protect
lives and livelihoods and consider the
tangible social and economic outcomes of
our work.”

Rebuilding
Pillay stressed that, as South Africa
embarks on its massive rebuilding project,
we should try to rebuild in a conscious
and mindful manner, so that rebuilding
does not just become about providing
infrastructure, but is consciously
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Consulting Engineers South Africa’s (CESA) President Sugen Pillay recently
presented his presidential message and theme for 2021, ‘Rebuilding
with Purpose’, which highlights the importance of quality, integrity, and
accountability in South Africa’s road to recovery.
engineered to address poverty, inequality,
and unemployment.
Importantly, industry must be
understanding of the immediate needs of
society, the most pressing of which is the
roll out of the Covid-19 vaccine. CESA
encourages the industry to be patient and
understanding as resources are diverted
to fund the vaccine initiative. This could
include municipal budgets set for infrastructure. Pillay also called on industry to
contribute where they can, to go beyond
the call of duty, and to work together
with the state to address issues around
resources and governance.
The CESA president went on to
present various opportunities that could
be leveraged in 2021 to strengthen the
industry and economy:
QQ Greater community involvement in the
development of infrastructure, both
new and maintained, for the benefit of
end-users as well as the creation of jobs.
QQ A decentralised approach to spatial
planning and development, spurred by
the decreased emphasis on metros due
to remote work and teleconferencing.
QQ Increased attention to agriculture
and surrounding services, as the
agriculture sector is performing well,
and surrounding areas are prime for
development.
QQ Greater focus on maintenance, which
is vital due to the poor performance
of our infrastructure, as highlighted
in the recent SAICE Infrastructure
Report Card.
“For rebuilding to happen effectively, we
need collaboration between all spheres
of government. We need coordination
between all role players, and we need to
partner to build state capacity and ensure
the necessary skills development takes
place.” He highlighted the recent emphasis on professionalisation of the public

service and said that CESA stands ready
to support this initiative.

Purpose
“In our efforts to rebuild, let us maintain
our focus and purpose on doing so with
quality and integrity. If we are to truly
save lives and livelihoods, we must operate with an unwavering focus on value,
reliability, and sustainability,” said Pillay.
He also mentioned the Draft Public
Procurement Bill which has seen industry
lobby for a more transparent procurement
process with decentralised authority
structures to ensure the necessary checks
and balances are in place. “CESA calls
on policymakers to listen to the voices
of industry and ensure the bill promotes
integrity, localisation, transparency, and
accountability,” he said.
Finally, Pillay suggested an “immune
booster” in South Africa’s recovery plan:
“The identified Strategic Integrated
Projects will play a decisive role in
economic recovery if they can break
ground. Getting a few selected projects
off the ground early will be valuable
in giving impetus to the programme,
providing reassurance to the public, and
encouraging investment confidence in
South Africa.”

Recovery
In conclusion, Pillay said that CESA is
committed to contributing to effective and
sustainable solutions and will continue to
guide its members and the industry at large
towards more transparent and prosperous
infrastructure delivery processes.
“Our task is not easy, as the nuances at
play make for a bumpy road to recovery.
Regardless, CESA will continue to actively
engage through the relevant platforms
and to remain your partner in enabling
consulting engineering excellence.”
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Allyson Lawless hands structural software
business to Polka Engineering Software
After some 41 years of developing, selling,
and supporting engineering software,
Allyson Lawless is finally retiring and
handing her structural software business over to Dagmar Coombes of Polka
Engineering Software.
Since the inception of the business
in 1979, her software developed from
basic structural analysis to an integrated
analysis and design solution, known as
StructurAlly. She later transitioned clients to
MasterSeries, and in 1995 a sophisticated finite element analysis package, Strand6, now
Strand7, was added to the product offerings.
Dagmar joined Allyson Lawless &
Associates in 1994 to sell and support the
software, so is well-known by customers
and well versed in both MasterSeries
and Strand7.
Says Allyson: “I have enjoyed every
minute of my software career and the
challenge of developing or customising
software for local applications. My clients
have become my colleagues and friends
and I have been excited to see the design
of many stunning structures being completed on our software. Thank you to all
who have supported me (and my business)
over the years. My best wishes to Dagmar
and all my structural colleagues in your
future endeavours.”

Dagmar Coombes and Allyson Lawless
discussing the handover

Dagmar took over existing clients
from 1 March 2021 and looks forward to
adding new clients to the fold. Given the
versality of both products and her experience, this should not be a problem!

STRAND7 FINITE ELEMENT SOFTWARE
Strand7 is one of the most powerful yet
cost effective finite element programmes
on the market. Its integrated visual
environment, combined with a suite
of powerful solvers, offer unparalleled
functionality. A user comment captures
the essence of Strand7: “Honestly the best
FEA package I have ever worked on and I
am comparing it to other products which
costs millions. We really get our money’s
worth in terms of the maintenance, far
more than any product we own.”

The interface allows easy construction
of models, detailed analysis, and investigation of results. The range of elements
and materials supported, combined with
dynamic and nonlinear functionality
make Strand7 eminently suitable for aeronautical, structural, marine, mechanical,
and mining engineers alike.
Strand7 supports a wide range of
import and export formats and the API
module which provides a programming
interface to the Strand7 supports most
programming languages.
The finishing touches are being added
to the next release – Strand7 R3.

MASTERSERIES STRUCTURAL DESIGN
MasterSeries brings together a unique set
of steel, concrete, timber and masonry
analysis, design, and detailing modules
and can integrate with Revit, AutoCAD,
and various BIM systems and applications that meet IFC standards. Over the
years local users have designed a range of
solutions from the most complex mining
headgears to multi-storey buildings and
rave about its ease of use. One user commented: “MasterSeries has been a great
investment. It paid for itself ten times over
in the first six months of use, saving both
design time and materials.”
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Powerful Interface

User-defined Beam

Creep and Shrinkage

Reinforcement Design

Polka Engineering Software (Pty) Ltd
Cell: (083) 675 5666 Email: coombes@polka.co.za

Investing in the
future of Africa’s
infrastructure
DEVAC INFRASFUTURE is an exclusive annual meeting where
decision makers from the private sector, multi-national executives,
international investors, African governments, and various other
institutions get together to address challenges faced by the infrastructure sector in Africa.
This high-level business meeting platform, which takes places
as a conference and exhibition, allows all participants to share
their experiences and to discuss innovative solutions and business
partnerships that will help develop or improve the future of infrastructure across Africa.
“There is a significant gap across the African continent in terms of
infrastructure development as most of Africa is still lagging behind,
especially with regards to key infrastructure sectors such as energy,
road and rail transportation, and water infrastructure. There is a need
to close the infrastructure gap in all of Africa’s infrastructure sectors
to ensure a substantial improvement in the growth and development of African countries and the continent,” says Event Director
Sean Lumbue.
The event, which is expected to attract more than 200 attendees
from across 25 countries takes place from 5 to 6 May 2021 at
Century City Conference Centre in Cape Town, South Africa.
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For more information visit www.infrasfuture.com
or contact the organisers:

Delegate registration
Ediba Ngambo
Business Development Manager Africa
ediba@sealzed.com

Sponsorship and exhibition
Richard Morrak
Business Development Manager Africa
richard@sealzed.com

Programme and speaking enquiries
Sean Lumbue
Event Director
sean@sealzed.com

Marketing, PR and media partnerships
Zayyaan Darries
Marketing & PR Manager
marketing@sealzed.com
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Government policy support
essential to revive M&E sector
The State of the Metals and Engineering Sector Report 2020-2022, released recently by the Steel and
Engineering Industries Federation of Southern Africa (SEIFSA) provides a comprehensive review of the metals
and engineering (M&E) sector over the past year, considering local and external economic variables.
SEIFSA Chief Economist Chifipa Mhango,
who led the compilation of the report,
revealed that the M&E sector faced significant obstacles over the past year, some of
which already plagued the industry prior
to 2020, such as rising energy costs, unreliable energy supply, rising logistical costs,
limited raw material supply, exchange
rate volatility, capacity under-utilisation,
subdued demand, declining net operating
surplus and rising imports.
However, the report findings show
that the Covid-19 pandemic and lockdown
measures implemented by the government negatively impacted manufacturing
activity and the broader M&E industries.
“The impact of lockdown measures led
to a decline in the production of products
such as steel, one of the key sub-sectors
within the M&E sector, as well as a
significant drop in its trade. Global commodity prices are influenced by production in this sector and lockdown measures
significantly affected the prices, which
dropped to their lowest levels in April last
year,” said Mhango.

PRODUCTION
The report shows that production levels
in the M&E sector fell to their lowest
levels in April 2020, dropping 70.7% year
on year due to the lockdown restriction
measures that were implemented in
March 2020. The sector was 13.6% weaker
in 2020 when compared to 2019, with the
basic iron and steel sub-sector, which was
the hardest hit, being 23.4% weaker in
production than in 2019.
Production sales also dropped to their
lowest level, falling 69.3% year-on-year
in April 2020. M&E sector production
sales were 12.3% weaker in 2020 when
compared to 2019, with the basic iron and
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steel sub-sector being the hardest hit, at
20.5% weaker in production sales than
in 2019.

TRADE
With borders closed as part of measures
to stop the spread of the coronavirus,
trade in South Africa was brought to
a screeching halt. In the M&E sector,
both import and export values dropped
between the first and second quarters,
with imports dropping from R134 billion
to R105 billion and exports dropping from
R92 billion to R59 billion.

EMPLOYMENT
According to the report, employment
in the overall manufacturing sector
remained on a downward trend, with the
M&E sector shedding 25 857 jobs during
the lockdown period. However, the report
also shows that the easing of restrictions
led to a revival of industrial activity.
The third and fourth quarters of 2020
saw a rise in demand for construction and
building material sales from a low level of
R1.9 billion in April 2020 to a high of R12
billion in November 2020.

BUSINESS CONFIDENCE
“Business confidence also picked up to an
index measure of 40 in the third quarter
of 2020. However, the M&E sector was
under pressure in 2020. Production
remained weak throughout the year due
to the impact of Covid-19 lockdown regulations, with a total production decline of
-15.3% year on year. Production sales were
also affected by the restrictions as demand from key market segments declined.
Total sales to November 2020 amounted
to R668 billion, which fell 13.4% year on
year,” said Mhango.

FUTURE CONCERNS
Still, the report paints a worrying picture
for companies in the M&E sector, with
decreasing price patterns in intermediate
manufactured goods PPI since 2016. It
shows that high electricity prices have
compounded the existing gap between
the selling prices for M&E intermediate
goods and production. Of concern, as
noted in the report, is the massive surge in
prices of mining input products to 32.5%
in 2020, which is higher than the price
increases of intermediate manufactured
goods, raising questions over the sustainability of the M&E sector.
As outlined in the report, the M&E
sector is facing several pressures which
have resulted in poor performance, according to most indicators.
“It is, therefore, critical that the
government supports the recovery of the
sector through sustainable policy interventions, including the speedy implementation of the Steel Master Plan and other
supportive measures,” said Mhango.
He believes there is reason to remain
hopeful of recovery given some commitments made by the government: “In [the
2021] budget speech, Finance Minister
Tito Mboweni said the government
has allocated R791.2 billion for public
infrastructure spending, which will boost
the M&E sector. The plans for the rolling
out of Covid-19 vaccines as well as other
investment incentives for the manufacturing sector also provide a platform to
bring business confidence back to much
higher levels to return industrial activity
to full production.”
Concluding the report, Mhango said
SEIFSA envisages projected growth of
0.8% for M&E sector production in 2021
and 0.9% for total manufacturing.
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Digging deeper – a review of South
African practice on deep excavation
design in urban areas | Part 2
Frans van der Merwe Pr Eng
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The first part of this article (van der
Merwe & Konstantakos, 2020), published
in the April 2020 issue of Civil Engineering
(Vol. 28 No. 3), provided feedback on the
design practice followed by geotechnical
engineers in the design of deep excavations
in South Africa. Various considerations
such as site investigations, choosing the
appropriate lateral support systems, the use
of and spacing of a soldier piled solution,
deformation due to groundwater extraction, the use of EN1997-1, apparent earth
pressures (AEP) and prestress loads applied
to grouted anchors, were discussed.
The BS 8006-2 code of practice for
strengthened/reinforced soils and soil
nail design will be adopted in South
Africa for the design of soil nail walls. The
revised SAICE Lateral Support in Surface
Excavation Code of Practice will therefore
focus predominantly on the design of
multi-anchored pile walls.
The second part of this article will
discuss beam-on-elastic (BOE) analysis
methods, appropriate constitutive models,
reduced passive resistance due to 3D effects,
interface friction, reliability-based design,
estimation of displacements, and the structural design of shotcrete infill panels.
A comprehensive questionnaire was
developed and forwarded to respondents
as part of updating the SAICE Lateral
Support in Surface Excavations Code of
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Figure 1 Deep basement excavation at King Shaka
International Airport, Durban (Credit: S. Naidoo)

Practice. Damon Clark from Damon Clark
& Associates provided feedback to the
questionnaire subsequent to the publication of Part 1 of the article.

GEOTECHNICAL BOE AND FINITE
ELEMENT SOFTWARE PACKAGES
The following question was asked:
Do you use BOE Winkler Spring
methods and geotechnical finite element (FE) software packages to model
multi-anchored pile walls?

Three respondents indicated that they use
Prokon’s BOE module as a quick check to
confirm structural forces, while two respondents indicated that they use DeepEx,
and a third PY Wall. Other software packages such as Wallap are commonly used
in the UK and Australia for the design of
embedded pile walls.
Prokon’s BOE module provides only for
linear springs and not elastic-plastic springs.

Using only linear springs could result in passive resistance values exceeding those that
can actually be developed by the retaining
soils. The Prokon BOE module also does not
consider staged excavations, with displacement cumulatively increasing with each
excavation stage. Additionally, the spring
stiffness value cannot be easily adjusted to
increase with depth (for sandy or gravelly
profile) with Prokon’s BOE unless one uses
the frame FE analysis suite. Software that
incorporates non-linear springs and staged
excavation analyses is more appropriate to
the analysis of embedded pile walls.
DeepEx, PY Wall, and Wallap make
allowance for the use of non-linear springs,
staged excavation analyses and spring stiffness values that increase with depth and
are therefore better suited to analyses of
anchored pile walls.
Six respondents indicated that they use
Phase2/RS2 (Rocscience) geotechnical FE
software, while a seventh respondent uses
Plaxis. One user further indicated that
March 2021 Civil Engineering

designs are refined in RS3 if the geometry
is complicated. The use of 3D FE suites will
become more prevalent in future in the
design of these walls.
These software packages are expensive
and necessitate sufficient user competency
and understanding of all the input requirements and soil and structural element
behaviour. Such competency and understanding is difficult to acquire if the software
is not frequently used, the developers are not
consulted for guidance, and if the user does
not have a good understanding of structural
design. Care should therefore be exercised
by the design engineer and hand calculations
and/or a second analysis method used to
confirm outputs from FE analyses.
A quick hand calculation to determine
the required tensile force (T), ignoring the
effects of passive resistance due to embedment, friction between wall and soil, and
the effect of cohesion is given by:
T = 0.5KaγH2FoS(Sh)
where
Ka	is the coefficient of active earth
pressure
γ	is the unit weight of the retained soil
H is the height of the retained soil
FoS	is a factor of safety of typically 1.5
Sh	is the horizontal spacing of grouted
anchors
A simple wedge stability analysis can
also be used (upper bound theorem). The
designer always needs to ensure that the
prestress applied to the top grouted anchor
would not result in passive failure. If passive
failure over the top portion of the wall is
not considered problematic, the T-force
can generally be divided by the proposed
number of anchors over the exposed height
of the wall (ULS). As discussed in Part
1 of this series, different designers use
either factored or unfactored (T calculated
without a factor of safety (FoS)) lock-off
loads for grouted anchors.

REDUCED PASSIVE RESISTANCE
AND ACTIVE PRESSURES
BELOW EXCAVATION LEVEL
The following question was asked:
How do you consider reduced passive resistance and active pressure
below the excavation depth using 2D
plain strain or BOE Winkler spring
software?
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Spacing wider than
3× pile diameter
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Figure 2 Passive resistance and active pressure below embedded portion of wall for
cohesionless materials

This question was asked to gauge whether
it is understood that when soldier piles are
spaced more than three diameters apart in
cohesionless soil (Figure 2), or one diameter
apart in cohesive soil in an undrained
scenario, reduced passive resistance per running meter will result below the excavation
depth. Additionally, a reduction in active
pressure could also result below the excavation level. When considering a plate element
(material properties derived per meter
Apile
length of wall, Awall =
and
c
spacing
c
Ipile
) in a 2D plane strain FE
Iwall =
c
spacing
c
analysis, modelling a widely spaced soldier
pile wall, increased passive resistance and
active pressure will result per linear meter
of wall below the embedded portion. This
increased resistance could result in reduced
moments developing in the piles and
reduced grouted anchor loads.
Three respondents indicated that they
do not consider the 3D effect while three
indicated that they do consider this 3D effect using either Brom’s or the Wang Reece
formulation. The user of plane strain FE
packages is cautioned against this potential
unsafe design assumption as it could result
in reduced structural forces. Although
these considerations are incorporated into
DeepEx and Wallap, it is unclear how the
respondents will account for this phenomenon in a plane strain FE model.
It is advised that the designer of these
systems consider the achieved passive
resistance considering failure mechanism
as detailed by Wang and Reese’s equations
(FHWA, 1999) to ensure wedge failure,
overlapping wedge failure and plastic flow
does not occur.

FRICTION BETWEEN WALL AND SOIL
The interface friction that develops
between a piled wall and the soil reduces
the horizontal component of earth pressure
acting on the wall and results in a vertical
force component that needs to be resisted
in end bearing or side shear below the
excavation level. This reduction is generally
beneficial. In addition to this, the passive
resistance over the embedded portion of
the wall normally increases due to friction.
In geotechnical FE suites, interface friction
is modelled using an interface element
of zero thickness. This interface element
models relative displacements and elastic
shear using shear stiffness (ks) and normal
stiffness (kn) on the interface. These values
are difficult to determine and the effect
should always be checked using a sensitivity
parametric study. If a liner element is used
without a zero thickness interface element,
full friction will develop, which often results in non-conservative structural forces.
In Winkler spring BOE software
packages, the driving friction is normally
assumed to be δ = 0.66φ’ and δ = 0.5φ’
in resisting.

GEOTECHNICAL
CONSTITUTIVE MODELS
The following question was asked:
Which constitutive models do you
use to model soil and rock? How do
you think these constitutive models
affect the structural forces?

This question was asked to assess how
familiar respondents are with the stressdependency of stiffness (i.e. the associated
increase in stiffness with increased
confinement pressure) and the occurrence
of plastic strain before reaching failure.
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Additionally, deep excavation design relies
on loading, unloading, and reloading of
soils and the stiffness behaviour is dependent on the stress conditions of a specific excavation stage under consideration.
Five of the respondents indicated that
they only use the linear-elastic perfectly
plastic Mohr-Coulomb constitutive model
with a single stiffness value, while two
others indicated that they use hardening
soil, hardening soil small strain stiffness or
softening-hardening (RS2) to model soils.
For rock, the Hoek-Brown constitutive
model is normally used. Continuum (joint
does not govern behaviour) or discontinuum (joint plays a major role) modelling
can be used depending on the role of
discontinuities on behaviour.
Over the past few years significant
progress has been made and constitutive
models have been refined to better imitate
actual soil behaviour. The Mohr-Coulomb
constitutive model requires limited input
from the user and is therefore commonly
preferred due to its simplicity. The MohrCoulomb model however does not incorporate stiffness for unloading and relies on
a single stiffness value that does also not
increase with increasing confinement pressure (i.e. increase in depth below surface)
and demonstrates only isotropic elastic
behaviour before reaching failure.
The Hardening Soil (HS) and
Hardening Soil Small Strain (HS-small)
constitutive models are better defined
to model embedded wall staged excavation and should result in more accurate
displacement predictions as shear displacements and unloading-reloading behaviour
is modelled. Table 1, from Bowles (1997),
provides constant elastic moduli and shear
parameters for granular soils of various
consistencies.
Input parameters for hardening soil
can be obtained from Recommendations of
the Committee for Waterfront Structures:
Harbours and Waterways (2004), using
SPT-N density correlations. It is highly
recommended that these correlations
be accompanied by interpretation from
actual triaxial test results with an unloadreload cycle. Small-strain stiffness can be
determined in the triaxial test if it has been
modified by including bender elements
(to the authors’ knowledge not available
in South Africa) or continuous surface
wave (CSW) testing. Pressuremeter testing
(PMT) also provides valuable information
on soil stiffness.
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Table 1 Typical values of elastic modulus, cohesion and friction for gravelly soils of different
consistency
Material
Very loose

γ (kN/m3)

Elastic modulus (MPa)

Cohesion (kPa)

Friction angle (°)

17

5.5

2

24

Loose

17

19

3

29

Medium dense

18

55

3

33

Dense

18

110

3

38

Very dense

19

137

3

43

The example used in this article to
demonstrate various principles is for an
11 m high soldier pile wall in a Berea Red
silty sand profile with grouted anchors
of vertical and horizontal spacing of
2.7 m and 2.5 m respectively (Figure 3).
The soldier pile wall consists of 600 mm
continuous flight auger (CFA) soldier piles
spaced at 2.5 m c/c horizontally.
The wall was first assessed using a limit
equilibrium analysis with Federal Highway
Administration (FHWA) pressure and a
Caltrans beam model (20% negative moment) and then analysed using the three
different constitutive models with 80%
FHWA applied grouted anchor prestress
load to three strand anchors. The results of
these analyses are summarised in Table 2
and Figure 5, which compare the moments
that develop down the length of the piles
using the different constitutive models.
The following soil properties were assumed for different constitutive models:
QQ Mohr-Coulomb:
ф’ = 30°, c’ = 1 kPa, E = 55 MPa,
ν = 0.35, γ = 19.6 kN/m3
QQ Hardening Soil:
ф’ = 30°, c’ = 1 kPa, Rf = 0.9, m = 0.5,
e0 = 0.55, emax = 1, Eref,50 = 45 MPa,
Eref,oed = 45 MPa, Eref,ur = 105 MPa,
Pref = 100 kPa, ν = 0.35, γ = 19.6 kN/m3
QQ Hardening Soil Small Strain:
ф’ = 30°, c’ = 1kPa, Rf = 0.9, m = 0.5,
e0 = 0.55, emax = 1, Eref,50 = 45 MPa,
Eref,oed = 45 MPa, Eref,ur = 105 MPa,

Resist
KaH = 0.333
KpH = 4.964

2.7 m
2.7 m
2.7 m

Pref = 100 kPa, G0,ref = 158 MPa,
γ0.7 = 0.0001, ν = 0.35, γ = 19.6 kN/m3
The installation of CFA piles can only be
done up to a depth of 16 m to 18 m in South
Africa (rigs available) to prevent splicing of
auger stems and associated interrupted grout
placement. This implies that the maximum
excavation depth, using CFA piles, is roughly
12 m to 15 m, depending on the rig. These
maximum excavation depths are typically
seen in Durban and Cape Town where the
CFA installation method is commonly used
in soft soils to prevent collapse.
Typically, a maximum of five basement
levels can be achieved using CFA piles
unless cased auger solutions are used. In
Gauteng, much deeper basements are excavated due to drier conditions and the use of
open bore auger piles to great depths.
From the above it can be seen that
considerably more input parameters
are required for the HS and HS-small
constitutive model compared to the simple
Mohr-Coulomb constitutive model. These
enhanced models also consider unloading
and reloading stiffness of soils.
Based on the above analyses it can be
interpreted that the bending moment is
similar for the Mohr-Coulomb and HS
constitutive models, while lower using
the HS-small model. Bending moments
could either be higher or lower when using
HS and HS-small when compared to the
Mohr-Coulomb constitutive model. This
is due to the fact that plastic deformation

11 m

2.9 m
El. –11 m

Drive
KaH = 0.333
KpH = 4.964
10°
10°
10°

4m

Figure 3 DeepEx analysis for 11 m high embedded multi-anchored soldier pile wall

March 2021 Civil Engineering

150

50

–150

Pressures (kPa)
–50

200

100

–100

0

Moment (kN-m/m)

El. 0 m
2.7 m
2.7 m
2.7 m
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10°
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F
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φ’ = 30°
E = 45 000 kPa
rEur = 3 e =0.4

133.9 kPa 8.4 kPa
4m
62.6 kPa
146.8 kPa
Wall 1
Reinforced concrete piles (lag.)
Pile diameter: 6 0 cm, 6 rebars Φ25,
@ 2.5 m O.C.
FykRebars = 413.8 MPa, Fck = 35 MPa
Effective horizontal soil pressures
Supports beam analysis
Wall bending
Wall δ = 50% Φ
Seismic pressures
Wall δ.drive = 66% Φ

Figure 4 Output from elastoplastic Winkler Spring analysis with 80% FHWA prestress applied

DEFLECTION AND ASSOCIATED
LATERAL AND VERTICAL MOVEMENT
The following question was asked:
How do you estimate the expected
deflections/displacements of a
lateral support system?

All respondents indicated that they use FE
or BOE Winkler spring analyses to predict
displacements. Three respondents stated
that they accompanied these numerical
modelling checks with empirical checks.
In the past, codes of practice included
displacements measured during construction of various excavations.
Although these case studies are
extremely valuable in back analyses to
establish how effective FE analyses are
in predicting displacement, the prestress
force, prestress distribution, stiffness of the
ground profile, and wall stiffness have the
greatest influence on the displacements.
These properties are typically not reported
in these tables and are therefore considered
of little value as various designers use
different design methods and different prestress distributions. Typically, displacements
ranging from 0.05% to 0.15% of the retained
Civil Engineering March 2021

Table 2 Results from analyses using different constitutive models
2.5 m c/c with
anchors

Solution

2.5 m c/c
2.5 m c/c
2.5 m c/c
with anchors
with anchors
with anchors
prestressed to prestressed to prestressed to
80% FHWA
80% FHWA
80% FHWA

FHWA
Hardening
pressure/
MohrHardening Soil Soil with small
Caltrans beam Coulomb – RS2
– RS2
strain stiffness
– DeepEx
– RS2

Analysis type

A1 (kN)

520

453

439

A2 (kN)

280

333

340

325

A3 (kN)

387.5

353

358

349

BM per pile (kN.m)

312.5

237.5

240

192.5

27

36

36

20

Horizontal displacement
(mm), maximum all stages

height are measured in South Africa on
Franki projects (Chang and Byrne, 2019).
Other studies state that displacement equal
to 0.2% of the height can be expected.

–200
0
2

–100

437

The use of FE modelling is considered
the best method to predict displacements
of embedded multi-anchored pile walls.
It is, however, important to get sufficient

Bending moment (kN.m)
0
100

200

300
HS
MC
HSSmall

4
Depth (m)

occurs prior to reaching soil failure when
using HS. Additionally, stiffness remains
unchanged when using Mohr-Coulomb
over the embedded portion of the wall
while HS and HS-small exhibit strong
stress-stiffness dependency. According to
literature, the HS-small constitutive model
typically matches in-situ displacement
measurements quite well.

6
8
10
12
14
16

Figure 5 Comparison of bending moment with depth using various constitutive models
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PROBABILISTIC DESIGN
Probabilistic analysis of embedded pile
walls is complicated to assess holistically,
as various elements come into play, namely
soil-structure interaction, pile and grouted
anchor structural strength, and anchor
grout-bond strength. Assuming that the
structural sections and grout bond capacity
are adequately designed to have a higher
reliability index (RI) than that of global
stability, the probability of the wall can be
analysed using limit equilibrium methods.
FHWA (1999) states that current
state-of-the-practice limit equilibrium
methods do not include generally accepted
approaches of modelling the restraint force
provided by prestressed grouted anchors.
One could typically apply a pressure, on a
vertical cut face in limit equilibrium slope
stability software, equivalent to the sum of
the per meter lock-off grouted anchor loads
divided by the exposed depth of the wall,
as shown in Figure 6. All slope failures
that result through the vertical cut in
such analyses should be ignored and only
failures below the excavation line should be
considered (wall structural resistance not
considered in LE).
Most reliability solutions incorporate c’
and φ’ and it is fairly well known that c’ is
log-normally distributed with a coefficient
of variation (COV) of 40% with φ’ following
a normal distribution with a COV of some
10%. This causes the FoS to follow a hybrid
distribution. The hybrid is however much
more log-normal and the authors typically
use a log-normal distribution of FoS.
The same wall in the example above
was modelled in limit equilibrium software
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Safety factor
0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000
5.500
6.000+

0.29
34.00 kN/m2

Only FoS’ below vertical
cut considered

Figure 6 Modelling grouted anchor forces as an applied stress at wall facing in limit
equilibrium analysis

friction angle of the retained soils is lower,
the red arrow in Figure 8 indicates the additional strain and resulting increased stress
(KaγH with higher Ka) will develop at the
face. This is similar, but maybe less severe
if locked off at 1.5 T required from a simple
wedge analysis (green arrow in Figure 8).
This is due to the fact that grouted anchors
are designed to be stronger than that required to achieve an FoS = 1 in the baseline
analysis. Therefore, if the internal friction
angle is lower than that assumed, the tensile
force in the anchors and the pressure at the
face would accordingly increase. This increase in anchor loads is clearly noted when
modelling using EN1997-1 DA1/2 approach,

using an applied stress that is equivalent
to the anchor forces calculated using the
FHWA method. The method of estimating
the probability of failure (PoF) as detailed
in Duncan & Wright (2005) was used. The
reliability index (RI) was found to be 2.26
with a PoF of 1% when assuming the same
applied stress over the face (Figure 7) in all
analyses. However, this is not considered
entirely correct as the force in the anchors
and associated pressure at the face will
increase if the internal friction angle is lower
than that assumed in the baseline analysis.
To illustrate this point, if grouted
anchors are locked off at 80% to 100% of
FHWA pressures, and the actual internal

1.E+00

Extremely short term temporary structures
Most short term conditions
Most geotechnical structures in RSA
Hazardous
Nice to have
Probably not
Over the top
Unsatisfactory
used for most
RSA Conditions
Poor
Only used

1.E–01

Probability of failure

information on the stiffness profile with
depth of a particular site and use the correct constitutive models. Stiffness of the
soil profile is however seldom measured
during subsurface investigations in South
Africa for deep excavations. These tests
could include CSW or multi-channel
surface wave (MSAW), Pressuremeter test
and at a most basic level SPT-N test results
which can be used to derive stiffness from
correlations. Various constitutive models
will predict different displacements as
discussed in this article.
Displacements must typically be
measured in urban areas using surveying
methods to confirm that any excessive
displacements are noted, systems are
strengthened (need be), and no damage is
caused to adjacent properties.

1.E–02
1.E–03

for unclear or
high-life-loss
structures

Below average
1.E–04

Above average

1.E–05

Good

1.E–06
1.E–07

Parrock recommended values
Phoon (2008) recommended values
0

1

2
3
Reliability index

4

5

Figure 7 Reliability Index versus PoF for example (blue dot RI using LN distribution of FoS)
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∆
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2.0
1.0
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0
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0
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Figure 8 Effect of lower internal friction angle on pressure that develops over the wall’s face

Figure 9 Placement of mesh
and shotcrete infill panels

which reduces the internal friction angle
with appropriate partial factors.
If grouted anchors are locked-off at
values resulting from lower assumed
internal friction angles in the baseline
model, the pressure should not reduce at
the facing.
The PoF decreases to 0.051% and RI increases to 3.3 when considering the resulting
increased pressure due to the soil structure
interaction for the “φ – σ” analysis.

SHOTCRETE INFILL PANELS/LAGGING
The following question was asked:
What pressure do you assume to act
on the shotcrete infill panels/lagging
and use in the structural design of the
section?

Three respondents indicated that they use
triangular earth pressures, another three
use apparent earth pressure diagrams with
appropriate reduction for arching, and one
Civil Engineering March 2021

uses pressure derived only from geotechnical FE analyses.
Caltrans recommends using 60% of the
theoretical apparent earth pressure (AEP
diagrams), with Douglas Fir timber infill
panels/lagging. The difference in relative
stiffness between the timber lagging and
the steel piles, typically used in the USA,
results in horizontal soil arching. Timber
lagging thickness is normally chosen based
on semi-empirical rules and tables such as
the Goldberg-Zoino table.
In South Africa, and other regions
such as Australia, concrete piles are
typically used with shotcrete infill panels
and integrated into the permanent
structure (Figure 9). Building slabs provide
horizontal resistance after destressing of
grouted anchors. Shotcrete infill panels are
typically placed in South Africa, between
piles, using an arch shaped section in
line with the back of the piles. In some
instances, the client might request linearly
one-way spanning infill panels.

Shotcrete is typically stiffer and
placed thicker than timber with sufficient
shotcrete cover to the welded wire mesh;
therefore, less soil arching is expected.
The authors of this article recommend
that the designer assess the pressure (p)
that develops using FE or BOE analyses,
while comparing these to FHWA pressure
using DA1-1 and DA1-2 (i.e. Ultimate Limit
State (ULS)). The maximum pressure
during all stages should be considered
in designing the shotcrete infill panels
(connected to piles with dowels or in some
instances only in shear behind centreline
of piles) for a bending moment of:
M=

pl 2
8

for linearly placed one-way spanning
shotcrete infill panels. Arched shotcrete
infill panels can be assessed using structural
FE suites with p (ULS) acting normally on
the arch.
For FHWA stressed solutions, the
pressure distribution that develops behind
the wall would tend to be more rectangular
and for a non-stressed solution (passive
soil nails) the pressure developing will be
more triangular (maximum at the bottom
of the excavation). For the example above
the unfactored pressure diagrams derived
using the various constitutive models are
provided in Figure 10.
When modelling a one-way spanning
infill panel in structural FE, moments as
detailed in the formula above develop in the
shotcrete infill panel (Figure 11a). When
modelling a flat arch with earth pressure
applied normal to the arch, the bending
moment reduces significantly, and compression load develops in the shotcrete infill
panel (Figure 11b and c). In this scenario the
bending moment in the arch is small enough
to add only nominal steel in the arch while a
double layer mesh is required in the one-way
spanning shotcrete infill panel.
In Australia, non-square rectangular
design fabric meshes (rectangular) are
typically used to increase the area of steel
spanning between piles. The reaction forces
at the pile positions, normal to the centreline
of the wall, need to be checked and the
requirement for dowels assessed. The
displacement of the one-way spanning flat
plate was modelled to be eight times larger
than that of the arched shotcrete infill panel
(0.4 mm for arched infill panel). This could
possibly imply that a reduced earth pressure
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displacement is dominant, unload-reload
behaviour important, and increased soil
stiffness is modelled with depth due to
increased confinement.
Displacements are best predicted using
geotechnical FE analyses but require sufficient information on the soil stiffness from
site and laboratory testing. Probabilistic
design of multi-anchored pile walls is
complex as structural elements and groutground bond also come into play.
Limit equilibrium analyses can be
undertaken by applying stress on a vertical
face. This stress should be equivalent to
the applied prestress but could increase
should the internal friction angle be lower
than that assumed in the baseline analysis.
Flat arched shotcrete infill panels generally
develop lower bending moments compared
to a linear one-way spanning shotcrete
infill panel. This typically results in reduced
mesh reinforcement requirements in the
shotcrete section. The pressure assumed to
act on the shotcrete infill panel should be the
maximum of the FHWA pressure (if prestressed), geotechnical FE and BOE analyses.
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Figure 10 Pressure developing behind soldier pile wall/shotcrete infill panels using various
methods (to be factored for ULS)

conducted to assess the current design practice of multi-anchored walls in South Africa.
Both BOE and geotechnical FE packages are used by designers in South Africa
to model multi-anchored pile walls. The
designer should practice caution when
using BOE packages that do not incorporate
cumulative displacements due to staged
excavations and use only linear springs. The
passive resistance of largely spaced soldier
pile walls reduces per meter length due to
3D effects; this reduction should be kept in
mind when designing these walls.
The HS and, in particular, the HS-small
constitutive models are better suited to
modelling embedded pile walls as shear

would act on a linearly one-way spanning
infill panel, reducing structural forces
due to soil arching effects. It is, however,
advised that the designer should not reduce
the pressure predicted due to soil arching
as shotcrete is stiffer than timber lagging,
unless this can be proved to be different by
testing. This reduction could be confirmed
on site by placing load-pressure cells behind
the shotcrete infill panels.

CONCLUSIONS AND SUMMARY
This article forms the second part of a
three-part series (Part 3 to be published in
the April 2021 issue of Civil Engineering)
which summarises the results from a survey
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Assessing programme clause
changes in the 2017 FIDIC Red Book
The second edition of the FIDIC Red Book was unveiled in December 2017 and contains significant amendments
aimed at increasing clarity and certainty to reduce disputes and create more successful projects. A recent survey
was sent out to assess the impact of the programme clause changes.
Willem Brink
Planner
Stefanutti Stocks
1673516@students.wits.ac.za

The International Federation of
Consulting Engineers (FIDIC) publishes
a group of construction contracts that
are used extensively for construction and
engineering works. The Conditions of
Contract for Construction or ‘Red Book’
is their most widely used contract and
is specified for building and engineering
works designed by the employer. FIDIC
published a revision to their popular 1999
Red Book contract in December of 2017.
A common industry reproach of the
programme required by the construction
contract was that the requirements for
the content and form of a programme
were not well defined (Briggs, 2013). The
programme is a contract management
tool for managing time in the construction process. It also plays a vital role in
establishing extension of time claims and
records construction progress earned
through the project lifecycle.
According to FIDIC, the 2017 second
edition of the Red Book contains revisions
to increase clarity and certainty as well as
reflect current best practice in industry. This
is achieved by more detailed and prescriptive
step-by-step requirements on the employer,
the contractor, and the engineer during a
project. The changes to the programme
clause are one of the methods used to bring
about better contract management practice,
while changes relating to industry best practice place a greater emphasis on proactive
and engaged contract management.
A 20-question survey was sent out to
SAICE members, as well as other South
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African built environment professionals,
in mid-2020 focused on the changes to
programme clause in the Red Book under
Clause 8.3. The aim was to appraise the
impact of the programme clause changes
on the other parties to the contract.
The survey comprised four
subsections: respondent background,
terminology, programme content, and
obligations of the parties. A brief synopsis
of the results and discussion on the role
of the programme in construction project
management follows.

SURVEY RESULTS
Respondent background
Most of the respondents have a tertiary
education and hold either a bachelor’s or
master’s degree in the built environment
field. Most are registered with a professional body in the built environment,
with SACPCMP and ECSA being most

prevalent. More than 80% of respondents
have 10 years’ work experience and
work for an organisation that is either a
contractor, professional services firm, or
an employer.

Terminology
This subsection focused on newly
defined terms in the 2017 edition, namely
programme and review. Respondents
indicated that the definition of a programme marginally assists the parties
in contract administration. Respondents
also confirmed that the definition of the
engineers’ review duty will impact how
engineers review the programme.
Two questions in this subsection
focused on the use and specification
of programme software. Respondents
confirmed that the software specification
will increase the administrative duties
of the engineer and contractor. The
software selection quandary will also
March 2021 Civil Engineering

require user familiarity with the specified
package which could be problematic as
the construction industry is renowned
for being resistant to change. The engineers deeming duty where no software
package is expressed is problematic and
must be treated with vigilance during
contract drafting.

Programme content
This subsection focused on the information that should be in the programme.
Respondents agreed that prescribed inclusion of the commencement date and time
for completion will support improved programmes. Respondents also unanimously
agreed that the inclusion of the right of
access will impact the programme. This
is a material issue in the execution of the
construction work and assists all parties
to plan their work.
The inclusion of review periods in the
programme for submissions by the contractor to the engineer is viewed as a positive by all respondents. The requirement
for programmes to use logical activity
linking and scheduling concepts of early
and late starts and finishes for activities is
also a positive development.
The inclusion of public holidays in the
programme, with recognised days of rest,
was confirmed to be an industry norm.
The respondents’ view on whether the
prescribed inclusion of the holidays would
affect programme administration was
even, without a clear consensus.

programme will only marginally not affect the programme drafting process.

CONCLUSIONS
The changes to programme clause appear
to offer greater clarity and guidance on
how the programme should be drafted.
They also offer guidance on the actions
the contractor and engineer should take
to agree on the programme. The revised
programme clause in the 2017 Red Book
guides the contract parties through a process that will, in theory, yield an effective
time management tool.

REFERENCE
Briggs, S. (2013). Time Management : Under
standing and Managing Time. Leicester
shire: The Society of Construction Law.

Civillain by Jonah Ptak:
Taking off the
Training Wheels
For more engineering humour, please visit “Unreal Bridges”
on Facebook and “@TheUnrealBridge” on Twitter.

Obligations of the parties
Here, the survey focused on the procedural obligations of the parties on the
programme.
The 28-day period for the contractor
to submit the initial programme was
accepted as attainable by 68% of respondents. The 21-day period for the engineer
to review the programme was also viewed
as fair. The duty of reviewing the programme by the engineer was considered
in the light of the defined term for review.
Respondents indicate that this will affect
how the engineer reviews the programme
due to the implied liability associated with
the review duty. The deemed approval of
the programme where the engineer does
not respond or comment on the compliance of the programme does appear to
affect the way in which the programme
is agreed upon. The 14-day period for the
contractor to resubmit a noncompliant
Civil Engineering March 2021
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Stimulating the STEM sector
On the 25th anniversary of the National Science and Technology Forum (NSTF), the STEMulator was born to help
people to Explore > Discover > Learn!
The SAICE built environment cartoon
Richard Gundersen
Chief Instigator
STEMulator

A proudly South African platform,
stemulator.org attracts learners and
students to the exciting world of science,
technology, engineering, and mathematics
(STEM). It provides a virtual world full of
animated content from pumping hearts
to turbines in power stations to excite and
inform the youth, including guidance on
STEM subjects and careers.

BACKGROUND
The STEMulator is the flagship project
of proSET (Professionals in Science,
Engineering and Technology), one of
seven membership sectors of the NSTF,
and represents about 40 professional
bodies and learned societies.
The STEMulator has evolved from the
detailed SAICE built environment cartoon,
prepared by SAICE for career guidance more
than 25 years ago, and has long been the
passion of proSET co-chair Dawie Botha.

HOW DOES THE STEMULATOR WORK?
An explorer enters the STEMulator world
through a master landscape, displaying
a variety of clickable areas, representing
many fields of interest such as human
physiology, agriculture, transport, energy,
hospitals, the natural environment,
construction, and even space exploration.
Click on any one of these areas and it
unpacks to reveal a selection of elements:
clickable objects that open and display diagrams of inner structures and animations
of working parts. In many of these fields
video clips enhance further understanding.
Information in the STEMulator assists
learners to understand the STEM world,
to find information for school projects
and explore career options. Choosing a
career can be daunting for young people,
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The WONDERFUL world
of civil engineering
CIVIL ENGINEERING & OTHER ENGINEERING
& DEVELOPMENT PROFESSIONS

1
2
3
4
5
6
7
8
9
10
11
12
13

Aeronautical engineering
Agricultural engineering
Chemical engineering
Electrical engineering
Electronic engineering
Industrial engineering
Mechanical engineering
Metallurgical engineering
Mining engineering
Architect
Land surveyor
Quantity surveyor
Town & regional planner

and the STEMulator assists by presenting
the many careers in STEM clearly, concisely and in context.

FACILITATING TEACHER SUPPORT
THROUGH E-LEARNING
STEMulator enhances e-learning by
presenting the world of STEM to users
wherever they are, whether to the teacher
in the classroom or to the learner studying
at home. It boasts a virtual school which

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10

Water
Railways
Harbours and coastal structures
Geotechnical
Environmental and sustainable
development
Urban and rural infrastructure
Structures
Construction
Information technology
Transportation

THE SOUTH AFRICAN INSTITUTION OF CIVIL ENGINEERING
Private Bag X200, Halfway House, 1685
Tel: (011) 805-5947/48/53; Fax: (011) 805-5971
e-mail: civilinfo@saice.org.za; website: http://www.civils.org.za

will be populated with more curriculumrelated content.
Teachers can find everything STEM in
one place and can use the STEMulator in
lessons and teaching. It assists the educator
as a source of information when preparing
for teaching and sourcing learning material.

THE NEW WAY OF WORKING
As the world of knowledge and human interaction becomes increasingly digital, more
March 2021 Civil Engineering

Various parts of the
human body can
be explored

STEMulator displays a variety of
clickable areas, representing
many fields of interest

so in the context of the Covid-19 pandemic,
online teaching and learning has shown
significant growth in supply and demand.
The internet now provides anyone with
the means to find literally anything, making
personal and professional development
as easy as clicking. However, the amount
of information is vast, and finding and
selecting useful content can be a challenge.
Learning can take place more effectively through exploration and discovery

if an environment is created for doing so.
Such learning leads to better retention
of the content and possible problem
solving in relation to the content. The
STEMulator does just that, creating an
online exploratory environment.
The STEMulator is now ready and
easily accessible to learners, teachers and
the community at large. With each layer
of the STEMulator platform, one is able
to visually dive a little deeper into every

Learners can interact
and discover more about
the composition of cars

object in the fascinating world of STEM.
In addition to the full online version, the
STEMulator can be loaded onto USB
memory sticks and server-routers to reach
and function in even the most remote
geographical areas.

GET INVOLVED
As a non-profit company, the STEMulator
is open to collaborate through collective
effort with any individual or organisation.
Any virtual contributions to the STEM
environment can be hosted on the platform, subject to an editorial process.
If you or your organisation are
passionate about helping young minds
reach the stars, get involved in the
STEMulator project to encourage maths
and science education, leading to careers
in STEM.
Big dreams need big support.
New ideas, feedback, suggestions,
collaborations, and content contributions are welcome. To get involved
email info@stemulator.org or call the
STEMulator project leader Richard
Gundersen on +27 (0)82 654 6476.

A personal message from Dawie Botha
The SAICE built environment cartoon has been used with great
success for many years to assist with a better understanding of
the built environment professions. SAICE actively conducted a
programme to facilitate decision-making and the cartoon was
utilised extensively and especially as a career guidance tool.
I am extremely pleased about how the rootstock which SAICE
planted has grown into a wonderful tree which showcases and
explains not only the built environment, but also the world of
scientists. Much of this was made possible since we at proSET are
the custodians of the ‘old’ AS&TS Trust fund, to which SAICE had
contributed a substantial amount through our membership in the
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past. My personal thanks to the proSET committee and to the staff
at NSTF for taking this project to become a worldwide first.
I hereby encourage my fellow civil engineering professionals to
share this widely, contribute and participate and enjoy the fruits of
our labours from long ago.
My best wishes and regards,
Dawie Botha
Dawie Botha was the executive director of SAICE from 1991 to 2010
and is the current co-chairperson of the proSET committee driving the
STEMulator project.
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Introducing the
SAICE Structural Division
The SAICE Structural Division (SSD) was born after the final Annual General Meeting of the Joint Structural
Division which was held in late 2019. The SSD started under the leadership of Ngula Kalili (Pr Eng) as its first
chairperson in 2020. However, the year turned out to be anything but ordinary. With the spread of Covid-19
globally, South Africa faced a hard lock down in March 2020 which resulted in total shut down of the
construction and civil engineering industry.
In 2021, the SSD committee elected Paimaan Byron (Pr Eng) as the new chairperson, and under his leadership
considered the identity of the new division. For 2021, the SSD’s vision is to position and establish the SSD brand
as the go-to expert authority on structural engineering and any related issues that impact the public or the civil
engineering industry.
The SSD committee will work on several initiatives for the year which include updating the division’s website,
establishing its social media presence, engaging with the youth and young engineers through outreach
programmes, and strengthening its presence within SABS technical committees. The SSD also plans to host
several virtual CPD accredited structural engineering lectures.
COMMITTEE MEMBERS 2021
Chairperson: Paimaan Byron Pr Eng
Paimaan received his BSc in civil engineering before furthering his studies
through the University of Cape Town
where he obtained an MEng in structural
engineering. He is the founder and
managing director of PnB Consulting
Engineers and has extensive experience

Paimaan Byron
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in the fields of structural engineering,
human settlement, innovative building
methods, and forensic investigations. Paimaan serves on a number
of professional committees and is the
current chair of SABS SC 98 – Design of
masonry structures.

Vice Chairperson:
Tikilepeng Tony Seloana Pr Eng
Tony is a registered professional civil
engineer working as a project engineer
in the field of civil and structural engineering. He holds an honours degree with
specialisation in structural engineering
and is currently a Master of Structural
Engineering and Materials candidate
with the University of Cape Town. On
graduating, he joined Sanral as a junior
project manager and has gained experience in infrastructure projects, planning
and management in roads construction
and maintenance, as well as knowledge of
structural design of hydraulic structures,
bridges, and in the design of steel and/or
reinforced concrete buildings.

Tikilepeng Tony Seloana

Treasurer: Tasneem Vawda Pr Eng
Tasneem has over 10 years of experience
in structural design and project management. She holds a bachelor’s degree from
the University of the Witwatersrand, is
a registered professional engineer with
ECSA, and an accredited PMP. She is currently the head of structural engineering
in Ingerop South Africa’s Gauteng office
where her areas of expertise include
March 2021 Civil Engineering

Tasneem Vawda

reinforced concrete design, with her primary interests being in dynamic analysis
and bridge design.

Social Media Portfolio: Chelsey Turner
Chelsey is a civil engineer from the
University of Pretoria. Her final year
project, which was awarded the Transnet
Freight Rail prize for best project in
railway engineering, was entitled ‘The
effect of ballast grade on rigid polyurethane foam reinforced ballast’. Having
previously worked in project management
for MMQSMace Consultancy, she now
works at WorldsView Technologies in the
infrastructure division as the segment
marketing manager and is involved in
raising awareness of the need for digitalisation in Africa.

Ramon Budhai

and project management with eight years
of working experience in the industry. He
started his career at Eskom Distribution
where he began to specialise in root cause
analysis for critical civil and structural
failures at old substations, providing
solutions to rectify and keep the substations in operation. Ramon went on to join
WorldsView Technologies in November
2020 as the Segment Lead for Vertical
Complex Buildings.

Bridge Building Competition and Social
Media Portfolio: Thokiso Malese Mankge
Thokiso is currently in his third year
of studying towards a BEng in civil
engineering at Stellenbosch University.
He would like to specialise in the field
of structural design and take the opportunity to learn about the field of civil
engineering, and structural engineering
specifically.

Nhlamulo Ritshuri

the Witwatersrand. She is registered
as a professional engineer with ECSA
and is also certified as a project
manager with the Project Management
Institute. Nhlamulo has six years of
professional experience in the consulting
and construction industry and has
demonstrated success in the industrial,
mining, petrochemical and energy
sectors. Her work focuses on the design
of reinforced concrete and structural
steel, structural integrity condition
assessment, infrastructure maintenance
and management, project management
and construction management.

Events Management and Social
Media Portfolio: Debbie Besseling
Debbie is the technical divisions administrator for several SAICE divisions. She
recently joined SSD where she will assist
in enhancing the division’s offering to its
members. She has extensive experience in
the field of public relations, communications, and publishing, specialising in the
more technical fields of civil engineering
and mining.

Chelsey Turner

Student Engagement and Under
36 Portfolio: Ramon Budhai
Ramon has a BEng in civil engineering
from the University of Pretoria and an
MEng (Professional) from the University
of the Witwatersrand. His professional
background is in structural engineering
Civil Engineering March 2021

Thokiso Malese Mankge

Young Engineers and Student Outreach
Portfolio: Nhlamulo Ritshuri
Nhlamulo holds a BSc in civil
engineering from the University of

Debbie Besseling
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Ob i t ua ry

In Memoriam: Joop Zwamborn
Johan Albert (Joop) Zwamborn, one of
the “founding fathers” of coastal and port
engineering in South Africa, died on 13
January 2021 at the age of 89. He was
particularly well-known for his scientific
work on the Dolos armour unit which
led to its widespread use as the primary
armour unit on hundreds of breakwaters
and shore-protection works across
the globe.

EARLY LIFE AND CAREER
After graduating from the Delft
University of Technology, Joop and his
wife Hennie emigrated to South Africa
from the Netherlands in 1955, when he
was 24. He initially worked on bridge
construction for two years as an engineer
at the South African Railways and
Harbours Administration. Thereafter, he
joined the Benoni Municipality for two
years as a hydraulics engineer, where he
compiled a design manual for stormwater
drainage systems. Joop then joined the
Council for Scientific and Industrial
Research (CSIR), where he served as a
hydraulic and coastal research engineer
and manager for more than three
decades, from 1959 to 1992. After his

Joop Zwamborn at the Dolos
stockpile at Lamberts Bay
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retirement in 1992, he continued working
for a further 25 years as a specialist
consultant in port engineering.
Joop’s career at the CSIR started in
Pretoria, where he worked with Dr Jan
Jordaan on model studies for the improvement of the eroding Durban main beach.
He compiled a widely used manual on
scaling laws for sediment dynamics. In
1961/62, he went back to Delft to study
coastal engineering at the International

Centre for Hydraulic Engineering (now
IHE Delft Institute for Water Education).
Joop moved to Stellenbosch with his
wife and daughters in 1968 when the CSIR
decided to build a hydraulics laboratory
in Stellenbosch. Heading the new group,
he was responsible for the design and
construction supervision of the new
laboratory with a floor area of 12 000 m2,
including water-circulation systems, wave
generation, and measuring equipment.
This facility remains the largest coastal
and hydraulics laboratory in the Southern
Hemisphere.
Joop was an active member of
SAICE, the International Association
of Hydraulics Research, and the World
Association for Waterborne Transport
Infrastructure. His main contributions
and efforts were in coastal and port
engineering.

CAREER ACHIEVEMENTS
Joop commenced the scientific evaluation,
testing, and improvement of the Dolos
armour unit for breakwaters in 1965, after
its invention by Eric Merrifield, a harbour
engineer at East London. This led to a
systematic series of tests of this unit and
its application in projects, which lasted
decades. His research publications led to
the international application of the Dolos
in many breakwaters around the world.
In the field of breakwater armour design,
he built strong ties with the US Army
Corps of Engineers’ Coastal Engineering
Research Center and other laboratories.
This also led to his participation in international working groups and the review of
Dolos armour unit applications, including
an assessment of the failure at the Port of
Sines in Portugal and a review of the Gioia
Tauro breakwater in Italy (1978 to 1982).
For the development of the Port of
Richards Bay (1969 to 1976), Joop managed a series of model studies critical to
the design of the port. These included
studies on the breakwater design (layout
and detail), wave refraction and wave
penetration in the entrance channel, port
entrance channel layout, and vertical ship
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motions for the channel depth design
(the design vessel was a departing laden
150 000 DWT coal carrier, with a draught
of 17 m).
A series of additional ship motion
model studies was undertaken between
1979 and 1991 to optimise the entrance
channel for deeper draught bulk carriers,
and to determine limiting wave conditions
for vessel entry and departure. This led
to the compilation of a Port Operation
Manual which defined safe operational
criteria for the allowance of deep draught
bulk carriers into the channel. This manual
still forms the basis of vessel entry and
departure for the Port of Richards Bay.
In addition, Joop was involved in the
design of the spending beach breakwater
for the Port of Saldanha (1970 to 1974),
the nautical design of the Port of Ngqura
(1997 to 2001), and the breakwater for the
new harbour of Hermanus (2005 to 2008).
Joop also pioneered systematic breakwater monitoring as an aid to facilitate
the timeous planning of maintenance and
repairs to breakwaters, as well as to aid
interpretation of physical model results
by linking prototype damage to model
results. This was initially done through
photography from boats and crane-based
surveys of cross-sections, and later extended to more cost-effective GPS-linked
helicopter surveys. Today this has evolved
into drone surveys and is regularly performed by port owners world-wide.
During the period 1988 to 1991, Joop
devoted much of his research time to
hydraulic structures. He was manager
of the model study for the design of
Katse Dam in Lesotho (1988 to 1990),
the model study for the Morning Glory
spillway of the Zoeknog Dam (1989 to
1990), and compiled a hydraulics design
manual for bridges for the Water Research
Commission (1990 to 1991).
From 1980 onward, Joop was extensively involved in advisory work in Israel,
where much of this work was devoted to
the Port of Ashdod. The first phase of
the port expansion took place from 1980
to 1991, with an extension of the main
breakwater, followed by the second phase
from 1993 to 2007. Studies for a third
expansion phase followed from 2009 to
2012, which included a further significant
breakwater extension. Construction of
this breakwater extension was recently
completed, while the full port expansion
is still in progress.
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Joop, together with other members
of the CSIR laboratory team at the time

During 2005/6, Joop undertook a
nautical study for the Port of Ashdod and
was the supervisor of ship manoeuvring
simulation studies undertaken at the
Maritime Research Institute Netherlands
simulator. His involvement in Ashdod
resulted in further work in Israel, which
included the breakwater designs for the
Herzlia, Ashkelon, and Haifa marinas
(1992 to 1999), as well as for the main
Port of Haifa breakwater (1993 to 2004),
and the cooling water intakes for the
power plants at Ashdod and Ashkelon
(1989 to 1998).

A GLOBAL AUTHORITY
During his 33 years at the CSIR, Joop
proved to be an excellent and meticulous
researcher, as well as a stimulating mentor
for young engineers. Coastal engineering
was a young discipline in the 1960s and
the construction of the hydraulics laboratory in Stellenbosch became a catalyst for
the development of this specialist field
of civil engineering. Consequently, many
of the presently practicing senior coastal
engineers in South Africa crossed paths
with Joop and had at least part of their
training and professional development
under his guidance.
Joop published widely to ensure that
others shared in his research findings

and is the author and co-author of 160
contract/research reports and of some
72 publications in the local and international media. Through his publications,
South Africa has become internationally
known as a country with a world-class
coastal engineering fraternity and
modelling facilities.
Joop will be remembered as an
authority in coastal and port engineering,
even on the global stage. The successful
operation of the breakwaters of the
primary ports in South Africa bear testament to his knowledge and dedication. For
decades to come, his contributions will
be remembered and used in the solutions
to engineering problems in South Africa
and abroad.
Furthermore, Joop and his beloved
wife Hennie will be remembered for
their hospitality and generosity when
it came to social functions. Many staff
and Christmas parties were held at their
home, where Joop kept his garden in
meticulous condition. Joop was a devoted
family man and always proud of his
five beautiful daughters. We salute this
great colleague!
Prepared by
Hans Moes and André van Tonder
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SAICE Training Calendar 2021 (Face to Face)
Course Name

Course Dates

Location
Midrand

SAICEcon18/02268/21
1 ECSA

19 October 2021

Cape Town

SACPCMP/CPD/18/009
5 Hours (SACPCMP)

6–7 April 2021

Cape Town

22–23 April 2021

Durban

6–7 May 2021

Bloemfontein

20–21 May 2021

Port Elizabeth

3–4 June 2021

East London

01 April 2021

Polokwane

19 April 2021

Cape Town

28 May 2021

Midrand

12 October 2021
Adjudication and Arbitration: How to
deal with Challenges to Jurisdiction

SAICE Suite of General Conditions of
Contract: GCC 2015, SGCC 2018 and
GCCSF 2018

Introduction to the SAICE General
Conditions of Contract for
Construction Works Third Edition
(2015)

Structural Steel Design to SANS 101621-2005

Reinforced Concrete Design to SANS
10100-1-2000

16 July 2021

Port Elizabeth

06 October 2021

Midrand

05 November 2021

Pietermaritzburg

21 April 2021

Midrand

12 May 2021

Cape Town

24 August 2021

Midrand

13 September 2021

Durban

22 April 2021

Midrand

13 May 2021

Cape Town

25 August 2021

Midrand

14 September 2021

Durban

31 May – 4 June 2021

Cape Town

22–26 November 2021

Midrand

Practical Geometric Design

Leadership and Project Management
in Engineering

TBC
8–9 June 2021

Midrand

22–23 June 2021

Cape Town

7–8 September 2021

Cape Town

14–15 September 2021

Bloemfontein

21–22 September 2021

East London

2–3 November 2021

Midrand

Water law of South Africa

The Legal Process dealing with
Construction Disputes

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

CPD Accreditation No

TBC

Course Presenter

Contact

Hubert Thompson

dawn@saice.org.za

SAICEcon19/02451/22
2 ECSA
SACPCMP/CPD/19/016
12 Hours (SACPCMP)

Benti Czanik

dawn@saice.org.za

SAICEcon19/02450/22
1 ECSA
SACPCMP/CPD/19/017
6 Hours (SACPCMP)

Benti Czanik

cheryl-lee@saice.
org.za

SAICEstr18/02396/21
1 ECSA

Greg Parrott

cheryl-lee@saice.
org.za

SAICEstr18/02395/21
1 ECSA

Greg Parrott

cheryl-lee@saice.
org.za

SAICEtr19/02561/22
5 ECSA

Tom Mckune

dawn@saice.org.za

SAICEbus19/02507/22
2 ECSA

David Ramsay

dawn@saice.org.za

SAICEwat19/02516/22
2 ECSA

Hubert Thompson

dawn@saice.org.za

SAICEcon19/02517/22
2 ECSA
SACPCMP/CPD/15/010/RV
12 hours (SACPCMP)

Hubert Thompson

dawn@saice.org.za

SAICEcon19/02447/22
3 ECSA

Prof Zvi Borowitsh

dawn@saice.org.za

Register online: www.saice.org.za
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SAICE Training Calendar 2021 (Face to Face)
Course Name

Legal Liability Occupational Health and
Safety Act (OHSA)

Construction Regulations from a Legal
Perspective

Legal Liability Mine Health and Safety
Act (MHSA) Act 29 of 1996

Course Dates

Location

12 April 2021

Durban

03 May 2021

Cape Town

07 June 2021

Port Elizabeth

05 July 2021

Midrand

02 August 2021

Bloemfontein

13 September 2021

East London

04 October 2021

Polokwane

13–14 April 2021

Durban

4–5 May 2021

Cape Town

8–9 June 2021

Port Elizabeth

6–7 July 2021

Midrand

3–4 August 2021

Bloemfontein

14–15 September 2021

East London

5–6 October 2020

Polokwane

15–16 April 2021

Durban

6–7 May 2021

Cape Town

10–11 June 2021

Port Elizabeth

8–9 July 2021

Midrand

5–6 August 2021

Bloemfontein

16–17 September 2021

East London

7–8 October 2021

Polokwane

CPD Accreditation No

Course Presenter

Contact

SAICEcon20/02617/23
1 ECSA

Cecil Townsend Naude

dawn@saice.org.za

SAICEcon20/02618/23
2 ECSA

Cecil Townsend Naude

cheryl-lee@saice.
org.za

SAICEcon18/02359/21
2 ECSA

Cecil Townsend Naude

dawn@saice.org.za

Report Writing for Individuals and
Teams

TBC

SAICEbus19/02456/22
2 ECSA

Elaine Matchett

dawn@saice.org.za

Water Security and Governance

TBC

SAICEwat19/02412/22
2 ECSA

Martin van Veelen

cheryl-lee@saice.
org.za

NEC3 Project Manager Accreditation
Programme

5–8 October 2021

Midrand

SAICEcon19/02464/22
4 ECSA

Mile Sofijanic
Andrew Baird
Mahdi Goodarzi

mile.s@ecs.co.za
helen@saice.org.za

12–13 May 2021

Port Elizabeth

23–24 June 2021

Cape Town

Mile Sofijanic

dawn@saice.org.za

21–22 July 2021

Durban

SAICEcon19/02557/22
2 ECSA

1–2 September 2021

Midrand

14 May 2021

Port Elizabeth

25 June 2021

Cape Town

Mile Sofijanic

dawn@saice.org.za

23 July 2021

Durban

SAICEcon20/02814/23
1 ECSA

03 September 2021

Midrand

Introduction to the NEC3 family
and the NEC3 Engineering and
Construction Contract (ECC3)

Introduction to the NEC 3 Professional
Services Contracts (PSC3 and PSSC3)

Register online: www.saice.org.za
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SAICE Training Calendar 2021 (Face to Face)
Course Name

Introduction to the NEC4 and the ECC4

Introduction to the NEC4 PSC4

Course Dates

Location

19–20 May 2021

Cape Town

28–29 July 2021

Durban

13–14 September 2021

Midrand

21 May 2021

Cape Town

30 July 2021

Durban

15 September 2021

Midrand

CPD Accreditation No

Course Presenter

Contact

SAICEcon19/02505/22
2 ECSA

Mile Sofijanic

cheryl-lee@saice.
org.za

SAICEcon19/02522/22
1 ECSA

Mile Sofijanic

cheryl-lee@saice.
org.za

Specification, Inspection & restoration
of Reinforced Concrete Structures

TBC

CESA-1436-05/2021
2 ECSA

Bruce Raath

cheryl-lee@saice.
org.za

Specification & Construction of
Surfacebeds (Concrete Floors &
Pavements)

TBC

CESA-1435-05/2021
2 ECSA

Bruce Raath

cheryl-lee@saice.
org.za

Basic Design of Reinforced and
Prestressed Concrete

TBC

CESA-1505-09/2021
2 ECSA

Bruce Raath

cheryl-lee@saice.
org.za

Specification for Structural Concrete
(Concrete for Contractors &
Consultants)

TBC

CESA-1434-05/2021
2 ECSA

Bruce Raath

cheryl-lee@saice.
org.za

Strategies for Surviving and growing in
uncertain times

TBC

SAICEbus19/02559/22
3 ECSA

Dr Raj Raina

cheryl-lee@saice.
org.za

Project Presentation Skills

TBC

SAICEbus19/02457/22
2 ECSA

Elaine Matchett

dawn@saice.org.za

South African Road Federation (SARF) & SAICE
Asphalt: An Overview of Best Practice

TBC

SAICEtr19/02471/22
2 ECSA

J Onraet

sybul@sarf.org.za /
tshidi@sarf.org.za

Assessment and Analysis of Test Data

TBC

SAICEtr20/02606/23
2 ECSA

R Berkers

sybul@sarf.org.za /
tshidi@sarf.org.za

Concrete Road Design & Construction

TBC

SAICEtr19/02472/22
1 ECSA
CSSA-N2019-006

B Perrie, Dr P Strauss

sybul@sarf.org.za /
tshidi@sarf.org.za

Successful G1 Crushed Stone
Construction

TBC

SAICEtr20/02609/23
1 ECSA

D Rossmann

sybul@sarf.org.za /
tshidi@sarf.org.za

Stormwater Drainage

TBC

SAICEtr20/02608/23
4.5 ECSA

C Brooker
Dingaan Mahlangu
Alaster Goyns

sybul@sarf.org.za /
tshidi@sarf.org.za

Traffic Signals Design and Intesection
Optimization

TBC

SAICEtr20/02607/23
2 ECSA

Dr John Sampson

sybul@sarf.org.za /
tshidi@sarf.org.za

Non-Motorised Transport Practitioner’s
Course

TBC

SARF18/NMT01/21
3 ECSA

Dr. Hubrecht Ribbens
Mr. Andrew Wheeldon

sybul@sarf.org.za /
tshidi@sarf.org.za

Traffic Impact Studies: A Complete
Step by Step Training course on how to
prepare Traffic Impact Studies

TBC

SARF19/TIS-01/22
3 ECSA

Ravash Dookhi

sybul@sarf.org.za /
tshidi@sarf.org.za

HDM4 (The Highway Development
and Management)

TBC

SARF20/HDM4-2/23
3 ECSA

Prof Alex Visser

sybul@sarf.org.za /
tshidi@sarf.org.za

Perspective on Traffic Impact
Assessment

TBC

SARF17/TIA01/20

Steven Sutcliffe, Prof
Mark Zuidgeest

sybul@sarf.org.za /
tshidi@sarf.org.za

Understanding and Investigation of
Road Traffic Accidents

TBC

SARF20/TIA02/23
3 ECSA

Craig-Proctor-Parker

sybul@sarf.org.za /
tshidi@sarf.org.za

Register online: www.saice.org.za

78

March 2021 Civil Engineering

SAICE Training Calendar 2021 (Webinars)
Course Name

Course Dates

Location

Contact

Christopher Sigmond/
Cedric Gorinas

cheryl-lee@saice.
org.za

SAICEEL20/02694/23
2.5 ECSA

Benti Czanik

dawn@saice.org.za

Online

SAICEEL20/02715/23
1 ECSA

Prof Miklas Scholtz

cheryl-lee@saice.
org.za

28 April – 30 April 2021

Online

SAICEEL20/02719/23
3 ECSA

Prof Zvi Borowitsh

dawn@saice.org.za

11–12 May 2021

Online

2–3 June 2021

Online

SAICEEL21/02812/24
2 ECSA

Mile Sofijanic

dawn@saice.org.za

19–20 August 2021

Online

05 May 2021

Online

22 July 2021

Online

SAICEEL21/02813/24
1 ECSA

Mile Sofijanic

dawn@saice.org.za

02 September 2021

Online

TBC

Online

SAICE Suite of General Conditions of
Contract for Construction Works: GCC,
SGCC and GCCSF 2015-2018

28–30 April 2021

Online

7–9 June 2021

Online

Wetlands Systems and Sustainable
Water Resources

TBC

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

Introduction to the NEC 3 Professional
Services Contracts (PSC3 and PSSC3)

Course Presenter

SAICEcom20/02697/23
3 ECSA

Emotional Intelligence in Practice

Introduction to the NEC3 family
and the NEC3 Engineering and
Construction Contract (ECC3)

CPD Accreditation No

SAICE / Candidate Academy 2021
Getting Acquainted with Basic Contract
Administration and Quality Control

Getting Acquainted with being a
Resident Engineer

Getting Acquainted with Ethics in
South African Engineering

Getting Acquainted with General
Conditions of Contract 3rd Edition
(GCC2015)

Getting Acquainted with
Geosynthetics in Soil Reinforcement

26–27 July 2021

Midrand (TBC)

24–25 May 2021

Online

19–20 July 2021

Cape Town (TBC)

13–14 September 2021

Midrand (TBC)

8–9 November 2021

Online

19 May 2021

Midrand (TBC)

15 July 2021

Online

16 September 2021

Midrand (TBC)

12–13 April 2021

Online

Theuns Eloff

lizelle@saicepdp.org
dawn@saice.org.za

TBC ECSA

Jan Bierman

lizelle@saicepdp.org
dawn@saice.org.za

TBC ECSA

Stewart Gibson

lizelle@saicepdp.org
dawn@saice.org.za

CESA-1575-04/2022
Credits: 2 ECSA

Theuns Eloff

lizelle@saicepdp.org
dawn@saice.org.za

Edoardo Zannoni

lizelle@saicepdp.org
dawn@saice.org.za

Theuns Eloff

lizelle@saicepdp.org
dawn@saice.org.za

Theuns Eloff

lizelle@saicepdp.org
dawn@saice.org.za

06–07 September 2021

Polokwane (TBC)

10–11 May 2021

Midrand (TBC)

21–22 July 2021

Durban (TBC)

04–05 October 2021

Online

SAICEEL20/02759/23
Credits: 2 ECSA

Midrand (TBC)

SAICEcon20/02672/23
Credits: 2 ECSA
SACPCMP/CPD/21/005
Credits: 12 hours

14–15 October 2021

Online

SAICEcon20/02673/23
Credits: 2 ECSA
SACPCMP/CPD/21/005
Credits: 12 HOURS

27–28 September 2021

Online

CESA-1576-04/2022
Credits: 2 ECSA

28–29 June 2021
Getting Acquainted with Planning,
Scheduling and Programming for
Construction Projects

Getting Acquainted with Road
Construction and Maintenance

CESA-1574-04/2022
Credits: 2 ECSA
SACPCMP/CPD/21/004
Credits: 12 CPD hours

SAICEgeo20/02758/23
Credits: 2 ECSA

Register online: www.saice.org.za
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SAICE / Candidate Academy 2021
Course Name

Course Dates

Getting Acquainted with Sewer Design

Getting Acquainted with Stormwater
Design

Getting Acquainted with Water
Resource Management

Pressure Pipeline and Pump Station
Design and Specification

Road to Registration for Candidate
Engineers, Technologists and
Technicians

Road to Registration for Construction
Project Managers and Construction
Managers

Road to Registration for Mature
Engineers, Technicians & Technologists

Road to Registration for Mentors,
Supervisors and HR Practitioners

Location

CPD Accreditation No

19–20 April 2021

Online

7–8 June 2021

Port Elizabeth
(TBC)

18–19 August 2021

Midrand (TBC)

1–2 November 2021

Cape Town (TBC)

3–4 May 2021

Midrand (TBC)

25–26 October 2021

Online

8–9 April 2021

Online

23–24 June 2021

Online

17–18 November 2021

Durban (TBC)

18 & 20 May 2021

Online

7 & 9 September 2021

Online

20–21 September 2021

Cape Town (TBC)

8 July 2021

Durban (TBC)

CESA-1579-04/2022
Credits: 1 ECSA

12 August 2021

Online

N/A

21 October 2021

Cape Town (TBC)

CESA-1579-04/2022
Credits: 1 ECSA

24 November 2021

Online

N/A

22 April 2021

Online

3 June 2021

Online

31 August 2021

Cape Town (TBC)

7 October 2021

Durban (TBC)

13 May 2021

Online

06 July 2021

Johannesburg
(TBC)

01 September 2021

Durban (TBC)

11 November 2021

Online

05 May 2021

Online

12 July 2021

Durban (TBC)

Course Presenter

Contact

CESA-1577-04/2022
Credits: 2 ECSA

Andrew Brodie

lizelle@saicepdp.org
dawn@saice.org.za

TBC ECSA

Andrew Brodie

lizelle@saicepdp.org
dawn@saice.org.za

Stephen Mallory

lizelle@saicepdp.org
dawn@saice.org.za

Dup van Renen

lizelle@saicepdp.org
dawn@saice.org.za

Allyson Lawless
Stewart Gibson
Phathi Masimirembwa

lizelle@saicepdp.org
dawn@saice.org.za

Jeff Pipe
Ken Bromfield

lizelle@saicepdp.org
dawn@saice.org.za

Stewart Gibson
Phathi Masimirembwa

lizelle@saicepdp.org
dawn@saice.org.za

Allyson Lawless

lizelle@saicepdp.org
dawn@saice.org.za

SAICEEL20/02755/23
Credits: 2 ECSA
SAICEwat18/02328/21
Credits: 2 ECSA

CESA-1578-04/2022
Credits: 2 ECSA

TBC SACPCMP

N/A
CESA-1641-10/2022
Credits: 1 ECSA
N/A
CESA-1580-04/2022
Credit: 1 ECSA

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@saicepdp.org) on 011 476 4100.
Register online: www.saice.org.za
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Always
Visible

Improve your mining operation
with dynamic Ctrack Solutions.
Features
Driver Identification & Driving
Behaviour Monitoring

Fuel Level & Consumption
Monitoring

Engine Performance
Monitoring (RPM & Idling)

Iris Camera Solution
Front-Back-Side Facing Camera
Option

Collision Avoidance Sensors

Onboard Weighing
Breathalyser
Tip Sensor

www.ctrack.co.za | sales@ctrack.co.za | Call Centre: +27 (0)860 333 444

100%
COMMITMENT.
ZERO ROOM
FOR ERROR.
1 QUALITY CEMENT.
WHAT GOES INTO IT MATTERS.

ASKFORAFRISAM
Our High Strength Cement is engineered for specialist applications that require
high early strength. Its durability, strength and workability make it the best choice.
Because superior quality means you’ll be working with a cement as dedicated to
delivering a successful build as you are. Ask for AfriSam.
*Product specification dependent on area.

www.afrisam.com

Creating Concrete Possibilities

