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Are silos exacerbating the infrastructure
maintenance backlog?

B

efore I provide you with my
views on civil engineering silos in
South Africa, I must express my
devastation about the human suffering
and infrastructure destruction currently
underway in Ukraine.
I grew up in Europe about 2 000 km
from Kyiv – a mere 21.5-hour drive. What
has been built over centuries has been
decimated in a week. Rebuilding what is
gone will take decades. As the dust has not
settled and the full extent of the damage
cannot be assessed yet, this article will
attend to local infrastructure issues. In the
meantime, my thoughts and prayers are
with the inhabitants of the Ukraine.

sinkhole swallowed a bus
and pedestrians in northwest
China, sparking an explosion
and killing nine people2.
Such media reports are not exclusive
to the international media. There were
reports of road closures due to sinkholes
on the East Rand3 in 2019, and a car
swallowed completely in George4 in 2021.
About 200 sinkholes have been reported in
Gauteng over the past five years, according
to Willem Meintjies from the Council for
Geoscience5. The Daily Maverick reports
that “at least 38 people are known to have
died in South Africa over the past 50 years,
due to sinkhole formation”.5

BACKGROUND

THE CAUSE OF SINKHOLES

In the 18th century the term civil engineering was coined to incorporate all
things civilian as opposed to military
engineering, i.e. in the beginning civil
engineering included all engineers that did
not practice military engineering.
Due to the large scope of civil engineering, the discipline has been further
divided into 13 sub-branches.
I believe that specialised fields of engineering should be promoted, as specialists
are able to explore engineering branches
in more depth. However, in practice,
there is a risk associated with specialists
working in silos.

Land surfaces are generally hard, supporting heavy loads including buildings
and traffic. At times, however, some
surfaces become unstable, either due to
natural or human causes, and can sink
several metres into the ground. With
them, anything on top may be swallowed,
as illustrated by the examples above.
These cavities or pits appear when
water erodes the geotechnical layers
that support the hard land surfaces.
The world’s deepest recorded sinkhole
is in Chongqing, China, reaching down
662 metres6 and illustrating the danger of
sinkholes to mankind.
The causes of sinkholes are three-fold:
water, human activities (such as the
mining and rail tunnel examples above)
and earthquakes. In the remainder of this
article, I focus on water induced sinkholes, which account for 90% of events.6
Certain materials are water soluble, and
the presence of water may cause weathering
leading to cavities under the surface.
Materials can also be granular, providing
an opportunity for water, either ground or
surface water, to carry them away. The latter
is also influenced by the interlocking of (the
same or different) ground materials. Heavy
rainstorms, floods, burst water pipes and
long-term leakage from a sewer or stormwater pipe can all cause granular erosion.
Seasonal changes in the groundwater table,

SINKHOLES
We read about the appearance of unexpected sinkholes in the media. In 2001,
the collapse of a mine shaft caused a large
sinkhole to appear in the middle of the night
in Waihi (New Zealand). The sinkhole in
São Paulo (Brazil) in 2007 was triggered
by the construction of an underground
train tunnel, while the 2010 sinkhole in
Schmalkalden (Germany) can only be
explained by natural erosion1.
In 2013 five people died when a
10-metre-wide sinkhole opened at the
gates of an industrial estate in Shenzhen
(China), while at least three people fell into
a huge sinkhole in central Henan (China)
in 2016. More recently, an enormous
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as well as extreme precipitation
when there are heavy rains
following droughts, exacerbate the situation. This can
cause sudden changes to the
hydrologic system, potentially
causing the geotechnical
systems to become (temporarily)
unstable, resulting in sinkholes.
In a country such as South Africa, where
droughts and floods are common climate
occurrences, should our geotechnical and
water engineers not work more closely with
our transport and structural engineers to
improve the monitoring of already fragile
building, road, water, and sewer infrastructure? The monitoring of infrastructure
alone creates risks that have already led to
the loss of South African lives. For more
information, I invite you to read the 2022
Infrastructure Report Card, which will be
available during the second half of this year.
Finally, as a specialist myself, I look
forward to working together with my
colleagues to minimise the risks of
sinkholes occurring and avoid potential
catastrophes. I encourage you to collaborate and, at the same time, become part
of the CARE movement. Give 67 minutes
of your engineering time to the South
African society, every month.
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 	The construction of the three-level basement entailed rock breaking and removal, the
construction of 2 844 m² of lateral support works, and underpinning a shared section of the
basement wall

FROM THE PRESIDENT’S DESK

Are silos exacerbating the infrastructure maintenance backlog?������������������������������������������������������������������������������������������������������������������������������� 1

ON THE COVER

South African
Institution of
Civil Engineering
April 2022

Successful Keller basement project supports new V&A development���������������������������������������������������������������������������������������������������������������� 4
Vol 30 No 3

Isivili Enjiniyering

Published by SAICE
Block 19, Thornhill Office Park,
Bekker Street, Vorna Valley, Midrand
Private Bag X200, Halfway House, 1685
Tel +27 11 805 5947/8 | Fax +27 11 805 5971
http://www.saice.org.za | civilinfo@saice.org.za
Editor
Danielle Petterson
danielle@saice.org.za
Tel +27 11 805 5947 | Cell +27 83 226 5614
Editorial Panel
Marco van Dijk (chairman), Irvin Luker (vice‑chairman),
Marianne Vanderschuren (president), Andile Gqaji,
Jeffrey Mahachi, Avi Menon, Prisca Mhlongo,
Jones Moloisane, Beate Scharfetter,
Danielle Petterson (editor), Verelene de Koker (journal editor),
Barbara Spence (advertising)
Annual subscription rate
R730.00 (VAT included)
Advertising
Barbara Spence, Avenue Advertising
barbara@avenue.co.za
Tel +27 11 463 7940 | Cell +27 82 881 3454
Design and reproduction
Marketing Support Services, Ashlea Gardens, Pretoria
The South African Institution of Civil Engineering accepts
no responsibility for any statements made or opinions
expressed in this publication, and all information is
provided without prejudice. Consequently nobody
connected with the publication of the magazine, in
particular the proprietors, the publishers and the editors,
will be liable for any loss or damage sustained by any
reader as a result of his or her action upon any statement or
opinion published in this magazine.
ISSN 1021-2000

QUIZ

SAICE Know Your Sector Competition�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 6

LETTER FROM THE EDITOR

Patching holes, paying tolls �������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 7

GEOTECHNICAL ENGINEERING

The “critical state” of our tailings dams��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 10
Stellenbosch University geotechnical research abstracts
Site investigations and road project cost overruns ������������������������������������������������������������������������������������������������������������������������������������������������������������������������17

Particle size and box dimensions in direct shear box testing������������������������������������������������������������������������������������������������������������������������������������������� 18
Limit equilibrium: method or parameters? �������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 19

Tailings storage facility breach parameter predictions ������������������������������������������������������������������������������������������������������������������������������������������������������������ 20

Winners of distinctions granted by the Tailings Sub-Committee��������������������������������������������������������������������������������������������������������������������������� 22
Development of a geotechnical engineering database for South African engineers��������������������������������������������������������������� 25

INDUSTRY PERSPECTIVE

Effective implementation of PPPs is critical to address infrastructure deficit in Africa ������������������������������������������������������� 28

TRENCHLESS TECHNOLOGY

Microtunnelling minimises disruption and ups safety in bulk sewer installation������������������������������������������������������������������������ 29
Civil Engineering April 2022

P29
PAVEMENT ENGINEERING

Prediction of carbonation depth during curing������������������������������������������������������������������������������������������������������������������������������������������������������34

CONSTRUCTION AND INSURANCE LAW

Recent influential court decisions and what they may mean for your business – Part 3������������������������36

2022 BUDGET REFLECTIONS

SAICE calls for economy and capacity building��������������������������������������������������������������������������������������������������������������������������������������������������������39

Top economist labels national budget “highly satisfactory”������������������������������������������������������������������������������������������������������������ 40
SA cash strapped – CESA echoes minister’s sentiments���������������������������������������������������������������������������������������������������������������������������� 41

P28

CEMENT AND CONCRETE

Careless curing can ruin the best concrete ��������������������������������������������������������������������������������������������������������������������������������������������������������������������42
State-of-the-art concrete repairs for water purification plant��������������������������������������������������������������������������������������������������������43

IN BRIEF

Metals and engineering production expands but risks remain ���������������������������������������������������������������������������������������������������� 44

Fast-track student block construction underway����������������������������������������������������������������������������������������������������������������������������������������������� 44

CESA welcomes Gauteng budget, calls for tighter tendering processes����������������������������������������������������������������������������45
Surface miners ready for infrastructure boost�������������������������������������������������������������������������������������������������������������������������������������������������������� 46

P42

Milestone reached in new hospital development ��������������������������������������������������������������������������������������������������������������������������������������������� 46

Corobrik’s R800m Kwastina factory enters full production ����������������������������������������������������������������������������������������������������������������� 47
An opportunity to tap into new standards�������������������������������������������������������������������������������������������������������������������������������������������������������������������� 47

HISTORY AND HERITAGE

Book review: Much Water under Many Bridges���������������������������������������������������������������������������������������������������������������������������������������������������� 48

SAICE AND PROFESSIONAL NEWS

SAICE Training Calendar 2022 ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������50


P43

REMINDER: Websites and email addresses on adverts are LIVE, and so is our contents page. HAPPY CLICKING!

3

o N THE COV ER

Successful Keller basement project
supports new V&A development
Keller Geotechnics SA recently called on its experience to prevail over an array of challenges to deliver a 10 m
deep three-level basement at the V&A Waterfront Parcel M site in Cape Town.

T

he site is located in a prime location
within the Cape Town Waterfront, off
Dock Road, where Keller Geotechnics
SA has completed a number of successful and
challenging projects.

PROJECT SCOPE
Keller Geotechnics SA’s project scope entailed
the construction of a three-level basement with
a depth up to 10 m, explains Contracts Manager
Daryn Cloete.
The client and developer, V&A Waterfront
Holdings, awarded the contract in July 2021 and
the project was completed in December 2021.
The project included rock breaking, carting
away and the construction of the lateral support
works. The basement comprised 2 844 m² of
lateral support and approximately 52 900 m3
of earthworks. A section of the basement wall
was shared with the neighbouring property
basement, requiring this existing wall be
underpinned.

NOT WITHOUT CHALLENGES

Installing soil nails
Installing the last rock bolts
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Cloete explains that the sequence of the works,
with removal and relocation of services, meant
that plant was required at different periods of
the contract as and when the programme dictated. Unknown live services running through
the site meant the sequencing of works was
changed frequently to quickly suit the relocation process and maintain continuity of works.
Below the clayey silt sand, which was approximately 1.5 m below ground level, was the
Malmesbury bedrock, which turned out to be
slightly weathered to unweathered hard to very
hard rock. A total of 52 900 m³ of material,
mostly hard rock, was removed from the site.
Breaking the 70 MPa rock on site made it difficult to stick to earthworks production targets.
Despite the numerous challenges, the six-month
project – which commenced on 29 June 2021 –
was completed on time and within budget.
A big factor contributing to the success of
the project was the way in which the Keller
April 2022 Civil Engineering

Hard rock and water challenges

Lateral support complete

team managed the constant challenges, while keeping their focus
on the main task at hand, which was to create enough area for the
subcontractor, Ross Demolition, to break and remove rock.
To prevail over these challenges, Cloete says, “we kept tackling
the challenges as they arose and continued to push forward as a
team. Due to great teamwork of the crew, led by Sandiso James,
the contract was completed well within the stipulated timeframe.
A big thanks to IGUAL Project Managers, RLB Pentad Quantity
Surveyors and Sutherland Consulting Engineers, whose input and
expertise contributed hugely to the success of this project.”
For more information
www.keller-africa.co.za
info.za@keller.com
+27 (0)11 062 7600

Lateral support parallel to Dock Road

SOLUTIONS TO EVERY GEOTECHNICAL CHALLENGE
Keller provides solutions to a wide range of
geotechnical challenges across the entire
construction spectrum.

Improve bearing capacity

Transferring loads to deeper more competent
layers through:
QQ Bearing capacity/settlement control: Soils
often need treating to support the weight
of a building or to withstand the loads
imposed by a piece of infrastructure. This can
mean improving the ground or putting in
foundations to transfer the loads to deeper
more competent layers.
QQ Liquefaction mitigation: Liquefaction is a
common problem in earthquake-prone areas
where soils lose strength due to the ground
motion and behave like a viscous liquid,
damaging overlying structures.
QQ Heavy foundations: Weak, compressible soils
may require structural elements, specifically
heavy foundations, that transfer loads through
to underlying competent soils or rock.
QQ Heave control: When wet soils swell and can’t
expand downwards or sideways, the soil
rises and exposes the upper surface. While
displacement may be relatively small, ground
heave can lead to serious structural damage.
QQ Re-levelling structures: The gradual downward
movement of a building or structure can
result in damage. Re-levelling techniques
bring buildings back to their correct levels,
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strengthening any weak ground under and
around the foundations and avoiding any
recurring sinking issues.
QQ Underpinning: Underpinning provides
additional support to existing foundations
that are unable to safely support existing or
future loads.

Containment

It is often desirable to prevent the migration
of contamination in the ground, or to prevent
seepage from a dam or levee. Keller has a wide
range of techniques that can be adapted to form
an appropriate sealing or cut-off barrier.

Excavation support

During construction it is often necessary to
form a stable excavation and ensure that
any associated movement will not damage
neighbouring structures or utilities. Keller
offers flexible solutions to solve even highly
complex excavation support problems for both
temporary and permanent conditions.

Marine structures

Keller offers a full range of services for the marine
construction market, including the design and
construction of new ports, jetties and quays as
well as the extension and restoration of existing
structures. We also have solutions for tidal barriers
and coastal protection schemes.

Remediation
Increasing land shortage is driving a need to
use more brownfield and marginal land often
requiring groundwater and soil remediation to
reduce contaminants. Keller offers the optimal
solution to make contaminated land suitable for
re-use.

Seepage control
Major civil engineering schemes often involve
working below the water table. Controlling
or preventing water seepage is vital to allow
construction to proceed. Keller has a range of
techniques to deploy to provide effective cutoffs and to seal joints and fissures in the ground
or below ground structures.

Stabilisation
Unstable ground can cause instability, both
in temporary and permanent cases. Keller has
a range of solutions that can be deployed to
strengthen the soils.

Slope stabilisation
Slope stabilisation is often required to retain soil
in natural, unstable, or man-made excavations.
Keller draws on its extensive experience with
the full range of techniques to provide optimal
slope stabilisation solutions for various projects.
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Quiz

Another happy quiz winner

S

AICE’s latest Know Your Sector
competition winner is Caitlin
Mollentze, a final year civil
engineering student at the University
of Pretoria. She is particularly interested in structural engineering and
hopes to specialise in this field one
day. She also enjoys that every day as
an engineer is different and presents a
new challenge to be tackled.
Caitlin is currently saving to
study further next year and will use
her R10 000 winnings to supplement
her study fund. She is currently

considering enrolling for an honours
degree in civil engineering at the
University of Pretoria.
Caitlin was extremely excited
when she heard that she had won the
competition and says she could not
sit still. “I wanted to tell everybody!”
She also extends her thanks to her
hydraulics lecturer, Marco van Dijk,
for informing her class about the
competition and encouraging them
to enter. “If it were not for him, I
would not have entered and won,”
she says.

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: Pile Dynamics

Q5: Technocad

Q10: Keller Geotechnics

Which software programs can be added to the
Pile Driving Analyzer (PDA) for additional data
analyses?

If you are required to design a sewer reticulation
system that allows for peak flow factors that are
attenuated by population, which product would
you use?

How deep were the piles installed at Kriel Colliery?

Q2: Reinforced Earth

Q11: Sizabantu
Sizabantu Piping Systems is celebrating their
_______ birthday this year.

Design engineering you can trust! By working
upfront with your design team, what does
Reinforced Earth bring and integrate into your
design and projects?

Q6: AKS Lining Systems

Q3: Rocbolt Technologies

Q7: Herrenknecht

In which countries has the Stefanutti Stocks
Geotechnical discipline recently completed
geotechnical projects?

In what kind of ground conditions can
Herrenknecht´s AVN machines be applied?

Q13: KSB Pumps & Valves

GEWI® and DYWIDAG® are registered trademarks
of Rocbolt Technologies and a joint venture
between DSI Underground and Jennmar. What is
the difference in the minimum ultimate load of a
32 mm DYWIDAG 950 bar and that of a GEWI 500
25 mm bar?

Q4: CSV Construction
What range of pipe diameters can CSV
Construction install using microtunnelling?

AKS Anchor Knob Corrosion Protection liner is
added to concrete pipes and tunnels in what way?

Q8: SMEC
In which year was Snowy Mountain Engineering
Company (SMEC) established?

Q9: Enterprises University of Pretoria

The MegaCPK is a particularly powerful
standardised pump that sets new standards in
energy efficiency with __________.

Q14: Mukona Consulting Engineers
What specialist service does Mukona In Situ offer?

Is the following statement true or false? Railway
Engineering short courses are registered with
ECSA for CPD.

TO ENTER: Scan or click on the QR code to submit
your answers (submissions, one per reader, will
be collected until 15 May 2022, whereafter the
winner will be announced from a random draw).
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Q12: Stefanutti Stocks Geotechnical

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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Patching holes, paying tolls
For vehicle owners in Johannesburg, dodging potholes has become a critical skill. Exacerbated by the recent
heavy rains, declining municipal revenues and a loss of technical capacity over the last few years have left roads
in a poor state. But the problem extends far beyond municipal level.

T

he state of Johannesburg’s roads has prompted the private
sector to jump in to address the problem. In May 2021
Dialdirect Insurance and Discovery Insure partnered
with the City of Johannesburg (CoJ) to launch The Pothole Patrol
which has since filled more than 80 000 potholes.
The Gauteng Department of Roads and Transport also
launched a Smart Mobility Weekends service delivery campaign
last year and partnered with CoJ in an attempt to address the
growing pothole problem.
Despite these efforts, drivers still encounter potholes daily
(and not just in Johannesburg) and without proper plans to perform ongoing and timely maintenance, particularly sealing cracks
to prevent potholes from occurring in the first place, it feels a bit
like putting band-aids on bullet holes.
Addressing the Portfolio Committee on Transport on
15 February 2022, Minister of Transport Fikile Mbalula noted
that innovative methods are required to attend to potholes,
particularly on regional roads.
“We are now going to consolidate our work because we want
to bring about policy intervention in terms of the provinces. We
give billions of rands to the provinces in the form of a grant for
them to upgrade and maintain the roads,” he said.
“It is quite clear with the uproar and the cacophony of voices
that comes out as a result of the non-fixing of roads at the regional level, that we need to devise an approach.”
Mbalula noted that national roads are well attended by Sanral
with potholes typically fixed within 24 hours. However, there is a
problem with the upgrading and building of new national roads because of Sanral’s balance sheet due to the non-finalisation of e-tolls.

E-TOLLS: DOT’S ACHILLES HEEL
Mbalula acknowledge that the buck stops with the Department
of Transport (DoT) when it comes to the state of the country’s
roads and recognised that the Department’s roads branch has
work to do.
“Our answers must not be political. They must demonstrate our
ability of knowledge and expertise of road fixing, and where it is a
problem and how we are going to resolve it. We have not reached
that. We are giving you political answers as politicians here in this
committee,” he told the Portfolio Committee on Transport.
Mbalula said the non-finalisation of e-tolls was the department’s Achilles heel and that a portion of the DoT’s budget which
should be going towards repairing roads is instead being used to
service e-toll debt.
The minister was highly critical of the situation – and particularly former finance minister Tito Mboweni’s lack of action
on the matter – noting that bond markets are no longer willing
Civil Engineering April 2022

to provide finance to Sanral due to the e-toll debacle and that
the state of roads would likely continue to decline over the next
10 years. He went so far as to allude to a potential “disaster” with
roads not being repaired and maintained due to lack of budget.
Mbalula went on to say that the e-toll issue will have “dire
consequences for this country”, similar to the country’s electricity
problems and state capture.
He also lamented the mismanagement of funds allocated to
roads authorities, noting that funds are often to paid to service
providers who do not deliver the work and face no consequences,
with Sanral ultimately being called in to take over the road.
Lastly, he spoke to the need for centralisation and identification of priority roads in the various provinces and municipalities
so that experts can be called in to assist.

ACTION NEEDED
A 2021 Frost & Sullivan report indicated that the condition of
South Africa’s provincial road network has been on a steady
decline since the early 90s. There are several causes of this, including curtailed funding allocations to roads and the shrinking
project output by the public sector. According to Frost & Sullivan,
about 30% of the country’s paved road network is in a poor to
very poor condition, with the Eastern Cape, Free State, Limpopo,
Mpumalanga, and the North West in particular struggling with
road maintenance.
Government has been kicking the can down the road on the
e-toll issue for years. It appears as through drastic measures would
be needed to enforce compliance by a public that has not bought into
the system. But scrapping e-tolls would have similarly dire economic
consequences. The rising cost of fuel and calls for government to
review the fuel levy only add to an already difficult situation.
It is clear that South Africa cannot afford for road maintenance budgets to be reallocated to service e-toll debt if we are to
ensure that our national, provincial and regional
roads remain in a decent condition.
Government needs to act fast to find a
solution and make a decision on the
future of the e-toll system.
To watch the full Portfolio Committee
on Transport briefing, visit
https://youtu.be/FHr_9ppNwrg
Danielle Petterson
Editor: Civil Engineering
danielle@saice.org.za
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The “critical state” of our tailings dams
Over the last few decades, design requirements for tailings storage
facilities (TSFs) have become more elaborate and demanding. A
critical state approach shows much merit as a tool to aid in assessing
liquefaction trigger mechanisms.
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Geotechnical Engineer
ARQ Geotech
katy@arq.co.za

Thomas O’Brien Pr Eng
Director
ARQ Geotech
thomas@arq.co.za

Beric Robinson
Tailings Consultant
BRT
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I

n 2020, the draft ICOLD Tailings Dam
Safety Bulletin stipulated that potentially
liquefiable zones within a facility should
be assumed to have liquefied, and the
stability of the facility evaluated under these
compromised strength conditions. This
state is commonly analysed by assigning
residual or post peak strengths where saturated contractive conditions occur.
Should the assumption of residual
strength conditions result in instability
(commonly a factor of safety < 1.1), the
Bulletin affords the engineer the opportunity to perform a liquefaction triggering

precision in instances where performance
is controlled by complex soil behaviour.
Critical state soil mechanics (CSSM)
extends beyond simpler models to consider that a material’s behaviour is also
a function of its density (or void ratio).
More realistic stress-strain relationships
and complex yield and hardening laws
are incorporated. CSSM thus provides a
framework which inherently accounts for
changes in behaviour and strength with
changes in density and stress.
The NorSand constitutive model accurately captures the dilatant behaviour
of dense soils and contractive behaviour
of loose soils, making it suitable for
modelling of silts and sands. The NorSand
model is also able to capture aspects of
liquefaction and was therefore selected for
use in triggering assessments of various
tailings facilities.

assessment. This involves examining the
effect that credible triggering events have
on the material toward liquefaction, as
opposed to assuming liquefaction.
The challenge in assessing liquefaction
triggers lies in the wide range of possible
triggers and in the complex analyses
required to assess these accurately. This
article focuses on the latter. It does
not aim to present a definitive guide to
performing triggering analyses, but rather
presents, in deliberately simplified terms,
a critical state approach as a tool to aid in
assessing triggering mechanisms.

THE ROLE OF CONSTITUTIVE MODELS
In the simpler Mohr-Coulomb constitutive model, a soil’s strength is controlled
by effective stress in drained conditions
and by undrained shear strength under
undrained loading. Furthermore, elastic
or elastic-perfectly plastic stress-strain
relationships are commonly employed in
these simpler models. While these may
suffice for simple applications, they lack

e

A RECAP ON CSSM PRINCIPLES
Unless the reader frequently works in
the realms of CSSM, it is likely that
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Figure 1 The theoretical CSL in e:p’ space and p’:q space
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Figure 2 NorSand framework in 3D space

the principles and behaviours of soils
described by these complex models
are buried deep in memory or in dusty
bookshelves, and a brief refresher may go
some way towards re-enlightenment. So,
without intending to read like a textbook,
the following sections may give the reader
renewed perspective.
CSSM states that a soil will reach a
failure state at combinations of mean effective stress (p’), deviatoric stress (q) and
void ratio (e) defined by a line in p’, q, e
space termed the critical state line (CSL).
This line is unique for a specific material.
2D projections of the CSL are shown in
p’:q and p’:e space in Figure 1.
In addition to the mathematical
formulae defining the critical state line,
the NorSand model comprises various
relationships which regulate a material’s
elastic (recoverable) and plastic (nonrecoverable) behaviour before failure
occurs. It is therefore a relatively complex
constitutive model when compared
Civil Engineering April 2022

to elasto-plastic models. A total of 10
parameters are needed to fully define the
NorSand constitutive model.
The boundary between elastic and
plastic strain occurs on a yield surface.
NorSand yield surfaces are curves in p’:q
space, each with constant void ratio domains. All states within the yield surface
are elastic, however, should a stress state
contact the yield curve (1) plastic strain
results and (2) the yield surface changes
in size. With increasing strain, the soil
state moves towards the CSL. The yield
surface applicable to dilative soils expands
until the stress state contacts the CSL and
failure occurs. Conversely, contractive
soils are controlled by a shrinking yield
surface enroute to the CSL.
The two projections in Figure 1 can be
combined to form a 3D space defining the
NorSand framework as shown in Figure 2.
The critical state line (green line) forms a
non-linear 3D curve. The red line shows
the stress path for a monotonically loaded

tailings element as post-processed from
a finite element model. The purple lines
show the yield curves plotted intermittently along the stress path.

CSSM MATERIAL BEHAVIOUR
AND LIQUEFACTION
Material behaviour, as alluded to above,
can be categorised as dilatant or contractive. In a practical sense, contractive
materials are prone to strain softening
and liquefaction and are therefore a cause
for concern, requiring extra care, particularly when considering the stability of an
upstream tailing’s storage facility.
The state parameter is the numeric
difference between the actual void ratio
and the corresponding critical state void
ratio for a given stress state. Positive state
parameters are synonymous with soils
that are “loose” of critical or contractive
and negative state parameters suggest
soils that are dilative or “dense” of critical.
Theoretically, a material is contractive
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Most saturated fine tailings materials
(in South Africa at least) possess a positive state parameter and are susceptible
to liquefaction when sufficiently triggered. Liquefaction is brought on by a
significant reduction in mean effective
stress, resulting in loss of strength and
“liquid” behaviour.
Mean effective stress is defined as total
stress less pore water pressure. A reduction
in mean effective stress could thus be
brought on by (1) a reduction in total stress
or (2) an increase in pore pressure.

TRIGGERING ASSESSMENT
Employing the NorSand constitutive
model in staged stability analysis allows
monitoring of stress state in relation
to critical state over the continuum of

ine

Deviator stress (q)

when the state parameter is positive, however Shuttle and Cunning (2008) found
that the boundary between contractive
and dilative materials should be conservatively placed at ψ=-0.05, as shown in
Figure 3.
The state parameter can be determined at varying depths within a TSF
by interpretation of CPTu test results
utilising various empirical methods.
There is naturally quite a spread of state
parameter data given the highly anisotropic and non-homogeneous response of
tailings deposits to the CPTu test and it is
necessary for the engineer to determine
a representative or characteristic value.
This characteristic state parameter may
typically be determined using a 90% confidence level via statistical processing.
A 90% confidence limit may seem
stringent when compared to the 70%
(cautious estimate) confidence typically
used to introduce some conservatisms
in soil parameter derivation. However,
this stringency is motivated by the fact
that stochastic simulation and physical
testing have shown that the looser/
weaker material zones may control the
overall tailings mass behaviour, and by
the possible severe consequence of getting things wrong.

Theoretical stress paths for contractive materials are provided in Figure 4.
The peak of the stress paths indicates the
onset of liquefaction (instability locus),
after which strain softening, and sudden
loss of strength occurs. The stress
paths then intercept the critical state
line where critical state conditions (i.e.
failure) arise.
The following important points must
be noted:
QQ Liquefaction and critical state
are considered to be two separate
conditions, although the onset of the
former is usually rapidly followed by
the latter
QQ Liquefaction is associated with sudden
strain softening and strength loss
(downward trend of the stress paths)
which occurs after the stress paths
pass the instability locus (the flow
liquefaction line)
QQ Critical state conditions can also be
reached without liquefaction occurring (in dense/dilative materials for
example), but this happens under
strain hardening conditions and is not
associated with brittle behaviour
QQ Although isolated portions of the
overflow material zone may undergo
liquefaction or reach critical state, the
confinement provided by the underflow, starter or impounding wall may
be sufficient to prevent mobilisation or
failure of the facility.
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Figure 4 Theoretical stress trajectories for contractive material
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Figure 5 Typical cross section of a facility with locations of queried points indicated
Table 1 Potential triggering mechanisms considered
Liquefaction type

Post processing of the stability analysis
data from “queried elements” (Figure 5)
allows illustration of the stress path in
relation to critical state. In addition to
this, material behaviour can be monitored
to ascertain whether liquefaction and/or
failure have occurred. Each of the above
triggers, as applied to upstream on-wall
cycloned TSFs, are briefly discussed below.

Triggering mechanism
Trigger by normal construction/development of the facility

Static

Loss of confinement causing decrease in effective stress
Raised phreatic surface causing decrease in effective stress

Dynamic

Seismic event

NORMAL CONSTRUCTION AS
TRIGGERING MECHANISM
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Figure 6 Typical stress paths in p:q space

normal development of a facility, and
under possible “abnormal” loading
conditions that could potentially trigger
liquefaction failure at any time.
Civil Engineering April 2022

Among the numerous potential triggering mechanisms that may be considered, the four potential triggers set out in
Table 1 are expounded upon.

This analysis involves “building” the
facility in stages with the state at representative queried elements being altered
by the addition of each subsequent tailings
layer. Here, it is generally assumed that
drained conditions prevail, justified by
the absence of any excess pore water pressures in CPTu and piezometer readings.
Stress state of elements in the saturated zone near the perimeter of a TSF (as
shown in Figure 5) are tracked during the
normal development of the facility. These
are plotted as stress paths in Figure 6,
with the CSL included.
It can be seen from these stress
paths that the mean effective stress
(p’) increases at a greater rate than the
deviatoric stress (q) in the early stages
of deposition. This results in the stress
path diverging from the critical state
line, indicating an increase in strength.
However, as deposition continues, the
rate of increase of deviatoric stress accelerates and eventually exceeds that of
mean effective stress and the path begins
to trend towards the critical state line,
signifying a decrease in stability. This is
to say that the tailings material strength
is increasing slower than applied load in
the latter stages of modelling. With this
said, the stress state does not near the
CSL at the time of attainment of current
facility height.
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prevailing conditions persisted. It should
be noted that while the plot indicates
a trend towards the CSL, the x-axis is
logarithmic in scale, thus requiring a substantial increase in mean effective stress to
be of detrimental consequence.
This analysis demonstrates that with
an increase in loading under normal operating conditions, the material state (stress
and void ratio) changes do not regress to
residual strengths, despite the material
being contractive.
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INVESTIGATION INTO LOSS
OF CONFINEMENT
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Since mean effective stress, which governs
shear strength, is a function of confining
pressure, removal of the latter would
result in a reduction in shear strength.
Confinement pressure could be lost due
to deliberate removal, i.e., re-mining, or
possibly shallow surface sloughing/toe
failure brought about by uncontrolled
circumstances.
Drained and undrained analyses have
been undertaken, generally resulting
in a reduction in mean effective stress.
Undrained load conditions are considered
here as there is the possibility that the loss
of confinement failure occurs rapidly, not
allowing for dissipation of pore pressures.
Figure 6 is an example of a set of
stress paths in p’:q projection where grey
dashed lines indicate the stress development during normal construction of the
TSF and the solid coloured lines indicate
stress change due to incremental loss of
confinement.
The sharp response of the stress paths
towards the left indicates reduction in
mean effective stress and consequential
softening of the material. In some elements this is followed by failure as the
CSL is reached. In this instance loss of
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Figure 8 Stress paths for queried points

As mentioned, the NorSand failure
envelope exists in 3D, but for simplification
is presented as a projection in 2D planes,
in p’,q’ and p’,e space. The latter is provided
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Since mean effective stress, which
governs shear strength, is a function
of confining pressure, removal of the
latter would result in a reduction
in shear strength. Confinement
pressure could be lost due to
deliberate removal, i.e., re‑mining, or
possibly shallow surface sloughing/
toe failure brought about by
uncontrolled circumstances

in Figure 6. From these plots, it is evident
that a significant increase in stress (facility
height) would be required for the stress
paths to intersect the failure locus if the

April 2022 Civil Engineering

confinement has resulted in critical state
conditions being reached. It would be
concluded that a loss of confinement of
this magnitude is a trigger which will
cause post-peak strengths and is also thus
a significant risk to the facility that would
need to be prevented through appropriate
risk management.

DYNAMIC ANALYSIS
The historic approach to assessing the
effect of seismicity has involved selection
of an appropriate event return period
(Global Tailings Initiative and ICOLD
advocate a specific return period for
various consequence ratings) and then
consulting seismic or natural hazard
assessment records of past events to
statistically predict the magnitude of
various return period events. The event
magnitudes are expressed in terms of
peak horizontal ground acceleration.
Traditional stability analyses then apply
the horizontal acceleration as a static
load in the stability model. This approach
is flawed in that real seismic events are
of relatively short duration and impose
dynamic/cyclic loading. Furthermore,
the mechanism by which seismic actions
destabilise TSFs is not related as much to
the presence of global destabilising forces
as it is to a decrease in internal material
strengths due to the seismic actions.
The CSSM analytical approach allows
cyclic load to be applied as a realistic
dynamic transient external stress (load)
to the NorSand controlled tailings FEM
model based upon the time histories of
actual recorded seismic events scaled
Civil Engineering April 2022
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Investigations into this potential trigger
have been performed by elevating the
phreatic surface by some degree in a
steady-state seepage analysis.
As an example, Figure 9 provides the
plot of stress paths in p’:q’ space, where
solid lines indicate the portion of the
simulation where the phreatic surface was
raised. The increase in phreatic surface
level results in a minimal decrease of
mean effective stress with little change
of deviatoric stress. Stress paths remain
far from intersection with the CSL, for
this scenario. It may be concluded that
an increase in elevation of the phreatic
surface of this magnitude is not a trigger
for liquefaction in itself.
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Figure 9 Stress paths for queried points
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Figure 10 Stress paths for queried points in a facility submitted to seismic loading

15

This article demonstrates that by utilising CSSM constitutive models
and finite element analysis, the stress and strain state of upstream
tailings facilities can be realistically analysed and predicted under
normal and abnormal loading conditions. Findings indicate that
despite the presence of contractive saturated tailings, liquefaction
does not necessarily ensue under all plausible triggering events.
to match the assigned design return
period event.
As before, the behaviour of the material illustrated via stress paths in p’: q: e
space and their proximity to the CSL is
used to assess stability during the seismic
event. In Figure 8, the effect of dynamic
loading is evident in the stress paths, with
the grey paths representing stress history
up to the onset of the seismic event and
the coloured paths the effect during the
event. In this scenario, liquefaction and
critical state of some of the queried points
have been reached.

CONCLUSION
Realistic assessment of TSF stability beyond simplified, conservative assumptive

analysis is necessary. The triggering
assessment methodology presented here
is an example of the type of rigorous
approach which will be necessary to accomplish this.
This article demonstrates that by
utilising CSSM constitutive models
and finite element analysis, the stress
and strain state of upstream tailings
facilities can be realistically analysed and
predicted under normal and abnormal
loading conditions. Findings indicate
that despite the presence of contractive
saturated tailings, liquefaction does not
necessarily ensue under all plausible triggering events.
The development and incorporation
of complex non-linear constitutive
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models into FEM analytical tools
enables the application of realistic and
representative engineering assessment
of contractive TSF stability, as opposed
to the overly conservative historic assumption of residual strength in limit
equilibrium analyses.
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Site investigations and
road project cost overruns
Stellenbosch University has compiled a series of geotechnical research
abstracts outlining research undertaken by the Department of Civil
Engineering. The first abstract examines cost overruns on road projects as
a result of geological conditions.

A

n inadequate understanding
of ground conditions is often
considered a leading cause
of cost overruns on road projects. To
investigate whether this was the case for
South Africa, 25 major road upgrade and
rehabilitation projects with at least five
years of service were examined. Projects
covered different geological conditions at
both coastal and inland sites.
Twenty of these projects performed
satisfactorily, with no geotechnical or
pavement failures within five years of
completion, but for five performance was
unsatisfactory, resulting in cost overruns
or delays.

METHODOLOGY
Project and site investigation costs were
collected from project records and payment certificates from provincial and
national roads agencies. In cases were
remedial work fell outside the original
project scope, costs were obtained from
area-based consultants.
In addition to remedial costs, details
of suspected technical causes of problems
were obtained from area-based consultants. While permission was granted

by relevant agencies to collect data, no
identifiable specifics are provided.
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FINDINGS
Figure 1 illustrates that site investigation
costs for unsatisfactory projects were significantly lower (t test, p < 0.001) than for satisfactory projects. However, cost discrepancies
could not be linked to differences in work
conducted (Figure 1b and c) or companies;
as companies that performed site investigations for unsatisfactory projects also
performed work on satisfactory projects.
Nevertheless, when considering the
actual failures, insufficient data was available and means to obtain the data were
not utilised:
QQ Unsatisfactory case 1: A single test pit
provided to design a road cutting was
subsequently supplemented by borings
when the slope began to unravel. This
caused a three-month delay and the
original project cost increased by 0.4%.
QQ Unsatisfactory case 2: Interpreting
soil conditions on experience without
laboratory tests failed to identify expansive clays, resulting in a two-anda-half-month delay and cost increase
of 23%.

QQ Unsatisfactory case 3: Insufficient labo-

ratory tests to identify expansive clays
resulted in pavement distress three years
later and cost an additional 2% to repair.
QQ Unsatisfactory case 4: Test pits 1 m
deep failed to identify weak soils below a
fill that resulted in slope failure, a delay
of six months and a cost increase of 20%.
QQ Unsatisfactory case 5: With no
geotechnical issues in the past, no
specific investigation was done for a
culvert, which settled differentially on
a clay foundation delaying the project
by nine month and increasing costs by
2% for repairs.
While it may seem prudent to question existing minimum site investigation
costs or the number of tests per kilometre
(or structure or project cost), the cases
reviewed show that these can only ever
be a guideline. Site investigations must be
planned to investigate anticipated problems based on a review of local geological
conditions.

Figure 1 Site investigations for road projects: a) Associated costs, b) Test pits conducted, c) DCPs conducted
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Particle size and box dimensions
in direct shear box testing
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T

he direct shear box is a common
device used to determine the
internal friction angle of granular
materials. ASTM D3080 defines the box
dimensions in terms of the maximum
particle size (Dmax), with the width (W) >
10 × Dmax, the height (H) > 6 × Dmax,
and the width to heigh ratio (W/H) > 2.
Discrete element modelling by Wang and
Gutierrez (2010) suggested that results
were less sensitive to the width or height
compared to the width to height ratio.

METHODOLOGY
To investigate this, a standard direct
shear box was adapted with metal spacers
to allow different box dimensions to be

Stellenbosch University has compiled a series of geotechnical research
abstracts outlining research undertaken by the Department of Civil
Engineering. The second abstract looks at how the internal friction angle
of granular materials can be determined using direct shear box testing.
Table 1 Material tested in direct shear box
Value

Well graded gravel (GW)

Poorly graded gravel (GP)

Dmax (mm)

4.00

4.00

D50 (mm)

2.2

3.1

Dmin (mm)

0.425

2.0

6.2

1.6

1 815

1 845

Cu
Maximum dry density (kg/m3)

set for testing of two saturated granular
soils (Table 1). Well graded samples
were placed at an average density of
1 658 kg/m3 (standard deviation =
46 kg/m3) or relative compaction of 91%.
Poorly graded samples were placed at an
average density of 1 650 kg/m3 (standard
deviation = 51 kg/m3) or relative compaction of 89%.
Each sample was tested three times at
three different normal stresses (50, 100 and
150 kPa). In total 162 tests were completed.
Data labels in Figure 1 show averages (x) and standard deviations (σ) of
measured shear ratios (τmax/σnormal) for all
tests at a given box configuration (open
symbols). Contours of W/H are overlayed

on the graph. While both average values
and standard deviations decrease with
H/Dmax and W/Dmax, the values decrease
most consistently with W/H. For well
graded samples τmax/σnormal converges to
0.9 (φ ≈ 42°) and poorly graded samples
converge to 1.1 (φ ≈ 48°).

FINDINGS
Results suggest height and width
restrictions in ASTM D3080 are
adequate, but the width to height
ratio should be increased from 2 to
4. Testing thinner samples (provided
the height remains within standard)
results in more accurate results and
lower variability. Testing material larger
than the specifications overestimates
internal friction angles and results in
greater variability.

REFERENCES
ASTM 2011. Standard Test Method for Direct
Shear Test of Soils Under Consolidated
Drained Conditions (D3080-11). West
Conshohocken, PA: ASTM International.
Wang, J. & Gutierrez, M. 2010. Discrete
element simulations of direct shear
specimen scale effects. Géotechnique,

Figure 1 Direct shear box results: a) Well graded gravel and b) Poorly graded gravel
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Limit equilibrium: method
or parameters?
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Stellenbosch University has compiled a series of geotechnical research
abstracts outlining research undertaken by the Department of Civil
Engineering. The third abstract examines limit equilibrium methods for
calculating factor of safety.

L

imit equilibrium methods for
calculating the factor of safety
(FoS) require assumptions to make
formulations statically determinate. Janbu
(1954) assumed interslice forces were
horizontal and considered horizontal and
vertical force equilibrium. Bishop (1955)
similarly assumed horizontal interslice
forces but considered both moment
and vertical force equilibrium. Spencer
(1967) and Morgenstern and Price (1965)
assumed different force functions and
iterated the ratio of interslice normal to
shear forces to match moment and force
equilibrium. Consequently, calculated
FoS differ.

METHODOLOGY
While others elaborate on differences
(Krahn, 2003; Duncan et al., 2014) a
consideration in terms of soil strength
is absent. To address this, a parametric
study (see Figure 1) in which soil strength
was varied (20° ≤ φ ≤ 45° and c = 0) was
undertaken using Rocscience’s Slide2 using
the Bishop simplified, Janbu simplified and
Spencer methods. Janbu FoS in all cases
were smallest, and Spencer FoS and Bishop
FoS were the same (to two decimal places).

Thus, only Janbu FoS and Spencer FoS are
considered further.

FINDINGS
As FoS is a linear function of tanφ, differences can be visualised in terms of φ,
by finding the difference Δφ, required to
obtain Janbu FoS equal to Spencer FoS.
However, as Δφ increases with φ, the difference was determined at φ = 25° and 45°.
Figure 2 shows that as failure becomes
more rotational (i.e. steeper slope geometries), differences increased. As the
standard deviation of φ for soils is ±3°
(Ching and Schweckendiek, 2021), we see
that method has a small influence on nonvertical slopes (i.e. an accurate estimate of
φ is more important than method).
For vertical slopes, while an accurate
estimate of φ is equally important, method
will have a larger impact on FoS. This
makes applying judgement more important
for vertical slopes. This conclusion likely
applies to all slope failures characterised by
significant rotational motion.

REFERENCES
Bishop, A.W. 1955. The use of the slip
circle in the stability analysis of slopes.

Figure 1 Geometries analysed (H: 5 and 40 m, X: 1,2,3 and 4; Phreatic surface: Absent and
present): a) Non-vertical slopes and b) Vertical slopes
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Figure 2 Differences in friction angle to obtain
Janbu FoS equal to Spencer FoS
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Tailings storage facility breach
parameter predictions
Stellenbosch University has compiled a series of geotechnical research abstracts
outlining research undertaken by the Department of Civil Engineering. The
fourth abstract examines runout distance for tailings storage facilities.

A

popular area of research is the prediction of tailings
storage facility breach volume and runout distances for
catastrophic failures. A review of prediction methods is
provided by Gildeh et al. (2020). Notable empirical predictions
have been developed by Rico et al. (2008), Larrauri and Lall
(2018), and Rourke and Luppnow (2015). The most comprehensive collation of case studies to date is that of Rana et al. (2021).

METHODOLOGY & FINDINGS
Total impounded volumes and released volumes for 41 failures are
shown to natural scales in Figure 1a. Included are relationships
proposed by Rico et al. (2008) and Larrauri and Lall (2018). While
reported R2 values are above 0.85 for both methods, estimates
can only be considered order of magnitude estimates. Rourke and
Luppnow (2015) showed accuracy improved by including the ratio
of pool to total area. However, a small database is used and excludes
contradictory cases such as Feijao.
As a large and detailed database is (hopefully) unlikely, safe
estimates are likely to rely on ratios of released to total volumes.
Figure 1b shows that the ratio of released to total volume is less
than 0.4 for 64% of cases and less than 0.75 for 90% of cases.
Loots and Coetzer (2018) suggested reducing scatter by matching
pertinent geological and geographical aspects. For example, the
ratio of released to total volume is less than 0.23 for all southern
African cases in the database.
Insufficient data is available to accurately predict runout
distances and inundation areas. Attempts by Rico et al. (2008)

and Larrauri and Lall (2018) to estimate runout distance and
by Ghahramani et al. (2020) to estimate inundation area had
R 2 values less than 0.6. Rana et al. (2021) reviewed available
satellite imagery to build a database of runout distances and
inundation areas. Rana et al. (2021) defined the runout distance
as the length before tailings entered a flowing water course.
A distinction was also made between flows constrained by
topography (e.g. dry riverbeds) and those not constrained along
any length of the flow.
Recorded runout distance is plotted against inundation area
for the two topography groupings in Figure 2. It is suggested
that for unconfined flows, the maximum runout distance and
inundation area (3.2 km and 1.3 km2 respectively) can be used for
scoping purposes.
For confined flows the range in inundation zones can be
reduced by considering an estimate of release volume. Release
volumes less than 1 Mm 3 had an average runout distance of
7 km and inundation area of 0.5 km 2, whereas release volumes
greater than 1 Mm 3 had average runout distance of 25 km and
inundation area of 7 km 2. Tailings flowing into perennial rivers
within these runout distances will likely flow significant distances downstream; however, reliable estimates of this distance
are difficult.

INTERPRETATION
Results from this study can be used to obtain a first (or order of
magnitude) approximation of potential tailings storage facility

Figure 1 P
 rediction of volume released during a tailings storage facility breach event: a) Scatter plot and b) Histogram of release to total
volume ratios (data from Rana et al. (2021))
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inundation zones. Based on an assessment of topography one
can decide whether a flow is likely to be confined or unconfined
by topography.
If unconfined, the zone can be estimated from the worst-case
scenario for such failures. If confined, an estimate of whether
the release volume is greater than 1 Mm3 is required. This can
be obtained by matching pertinent geological and geographical
aspects or assuming a worse case.
Perennial rivers within the estimated zone will extend flows
significantly, while further research may improve the prediction
of this additional runout distance, assuming the worst appears
best at present.
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Figure 2 TSF breach inundation zones (data from Rana et al. (2021))
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Winners of distinctions
granted by the Tailings
Sub-Committee
The Tailings Sub-Committee of SAICE’s Geotechnical Division grants
two distinctions to celebrate individuals who have made significant
contributions to our geotechnical understanding of tailings: the Geoffrey
Blight Oration and the SAICE Tailings Medal.

T

he Geoffrey Blight Oration honours the memory of late
Prof. G.E. Blight who dedicated part of his research efforts
to tailings engineering. The Oration is awarded to an individual based anywhere in the world who has made an outstanding
contribution to the engineering of tailings dams.
The award was granted for the first time (as the Geoffrey
Blight Lecture) in 2016 to Prof. Andy Fourie from the University
of Western Australia. From 1990 to 2004 Andy was an academic
at the University of the Witwatersrand where he collaborated with
Prof. Blight on multiple occasions. Since that time, he has continued
to contribute extensively to the technical literature on tailings. He
also actively participates in the education of tailings engineers and
is a member of the International Advisory Panel to support the new
Global Tailings Management Institute.

Andy delivered his Geoff Blight Lecture during the First
Southern African Geotechnical Conference which took place in
Sun City, South Africa in May 2016. The title of his lecture was
“Box ticking is no longer sufficient – new imperatives for tailings
management.”
Since 2016, the Geoffrey Blight Lecture changed its name
slightly to the Geoffrey Blight Oration, because the former
wording is now used by the Technical Committee on Unsaturated
Soils (TC106) of the International Society of Soil Mechanics and
Geotechnical Engineering. It is a true testament to Prof. Blight’s
legacy that there is more than one award that honours his memory!
In 2021 the Geoffrey Blight Oration was granted for the
second time and on this occasion the winner was Prof. Dirk van
Zyl, Emeritus Professor from the University of British Columbia.

Prof. Andy Fourie, winner of the Geoff Blight Lecture in 2016

Prof. Dirk van Zyl, winner of the 2021 Geoff Blight Oration
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The SAICE Tailings Medal is granted to an individual
who has made significant contributions to the
management of tailings from an engineering
perspective and who enjoys wide recognition
among his peers in South Africa and abroad.
Dirk completed his undergraduate studies at the University of
Pretoria (South Africa) before pursuing postgraduate studies
at Purdue University (USA). Some of the accomplishments
that make him worthy of this distinction include: convenor of
the recently released standard ISO 21795: Mine Closure and
Reclamation Planning, member of the expert panel that drafted
the Global Industry Standard on Tailings Management (GISTM),
and member of the review panel that investigated the failures of
the Mount Polley and Cadia Valley Operations tailings dams.
Dirk delivered his oration virtually during the online conference titled, Global Tailings Standards and Opportunities for the
Mine of the Future which was jointly organised by SAIMM and
SAICE, and which took place during November 2021. The title of
his presentation was “GISTM Experience and Future”.

SAICE TAILINGS MEDAL
The SAICE Tailings Medal is granted to an individual who has
made significant contributions to the management of tailings
from an engineering perspective and who enjoys wide recognition
among his peers in South Africa and abroad.
The award was presented for the first time in 2021 and
granted to John Wates who is widely known and respected in the
South African geotechnical community. He was involved in the
development of the standard on SANS 10286 on Mine Residue
and is currently contributing to its update. He has also facilitated
collaborations between academia and industry that seek to contribute to safer tailings management.
In 2019, John was a member of the review panel that investigated the failure of the Cadia Valley Operations tailings dam.
He currently serves as the non-executive chairman of Fraser

John Wates, winner of the 2021 SAICE Tailings Medal

Alexander. John generously agreed to deliver a presentation
to mark his acceptance of the SAICE Tailings Medal. He too
delivered his presentation titled, “The Future for Upstreaming”
during the SAIMM-SAICE tailings conference that took place in
November 2021.
The South African geotechnical community, and the tailings
community in particular, has been fortunate to be exposed to
the ideas of such high-calibre engineers. We take the opportunity to thank the presenters again for sharing their insights
with us and we reiterate our congratulations on their welldeserved distinctions.
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The past 20 years has been a journey filled with fun and interesting challengers. This wonderful journey has been made
possible by the enthusiastic, entrepreneurial character, which has encapsulated the Spirit of our amazing team. The road
we have travelled was not without its challengers, but with the positive competitive nature of our management and staff,
we managed to scale each mountain that was in our way. It has been an absolute pleasure serving with our adopted
family and may we take this opportunity thanking the Good Lord for his Grace and many Blessings. May we all look
forward to the next 20 years of this exciting journey. To our Dear Loyal Customers and Suppliers. Thank you
for travelling this long road with us over the past 20 years. We have been truly privileged to be included
as part of your supply team. Without your success and support, we would have surely
stumbled along the way. We look forward to continuing our journey with
you, into a bright new future.

Development of a geotechnical engineering
database for South African engineers
As part of an ongoing project to create an information system for
geotechnical engineers in South Africa, CiviLab@CUT is creating a database
to store and manage geotechnical engineering laboratory and site data.

A

comparison study was done to
assess the existing information
systems and determine whether
the needs of South African engineers were
being met. The database was then conceptualised and created with a primary focus
on SANS3001 standards.
Database tables were designed and created for each of the standard SANS3001
geotechnical engineering tests, advanced
geotechnical tests and test pit profiles.
These tables were linked to a primary
table that contained all the important data
for the layer of the test pit from which it
originated. The database functions as a
system where data can be managed and
stored, allowing engineers to compare all
relevant site and laboratory information
during desktop studies to improve their
decision making.

REASON FOR DESIGNING A DATABASE
A desktop study is an initial study
performed by a geotechnical engineer
before a site investigation and more

detailed geotechnical investigations
are executed. A desktop study is a
relatively inexpensive method for
providing an initial understanding of
the site, identifying potential risks, and
mapping any relevant geotechnical data
from previous construction works on
and around the site. However, finding
information from previous sites could be
challenging, especially in South Africa
where there have been no database
systems established to capture this
data for open access to all geotechnical
engineers in South Africa.
The CiviLab@CUT is developing a
Database for Geotechnical Engineers
(DGE) that could eventually be accessed
by all geotechnical engineers and allow

Deep
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Boring Logs
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Spatial Data / Geographical Information System Capabilities
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Tests Calculations (Not Neccessarily SANS3001)
Sample Classification Data
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these engineers to share data and improve
the quality of desktop studies and site
investigations.
Databases are organised collections
of data stored and accessed electronically
through a computer system. They need to
be designed correctly before they are created, as poor design could lead to failures
or major problems in the database itself.
To make good decisions, one requires
good information derived from raw facts.

The CiviLab@CUT is developing a Database for Geotechnical
Engineers (DGE) that could eventually be accessed by all geotechnical
engineers and allow these engineers to share data and improve
the quality of desktop studies and site investigations.
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Figure 1 Comparison of geotechnical engineering software
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Relationships for ISGE_V3
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B_Soil_Profiles_TBL
Testpit ID
Sample ID
Date of Test
Layer Number
Top Depth
Bottom Depth
Moisture Condition
Colour
Colour Pattern

G1_OMC_MDD_TBL
OMC Test ID
Sample ID
Date of Test
VW1(mL)
VWR (mL)
VWA1 (mL)
MWA1 (g)
WA1 (%)
WAEST

G2_OMC_Readings_TBL
Moisture Content Test ID
OMC Test ID
Mass of Compacted Soil
Density
Dry Density
Mass of the water

C_Sieve_Analysis_TBL
Sieve Analysis Test ID
Sample ID
Date of Test
Md
Md1
Md1 (Passing Riffler)
Md3
Md4A
Md4B

H1_CBR_TBL
CBR Test ID
Sample ID
Date of Test
Tin Number (Label) A
Tin Number (Label) B
Number of Taps A
Number of Taps B
Mass of Tin and Wet Soil A
Mass of Tin and Wet Soil B

H2_CBR Tests_TBL
CBR Bearing Test ID
CBR Test ID
Specimen
Number Reading
Penetration Depth
Applied Load

I1_Consolidation_TBL
Consolidation Test ID
Sample Id
Date of Test
Particle Density
Specific Gravvity
Initial Specimen Diameter
Initial Specimen Area
Final Specimen Diameter
Final Specimen Area

I2_Axial Stress_Time Heights_
Load & Interval Test ID
Consolidation Test ID
Axial Loading Number
Axial Stress
Vertical Dial Reading 1
Vertical Dial Reading 2
Vertical Dial Reading 3
Vertical Dial Reading 4
Vertical Dial Reading 5

J1_Direct_Shear_Test_TBL
Direct Shear Test ID
Sample ID
Date of Test
Tested By
Specimen Length
Specimen Width
Secimen Height
Container & Dry Sand Mass (B
Container & Dry Sand (After)

J2_Stress_and_Displacement_
Direct Shear Test Readings ID
Direct Shear Test ID
Normal Load
Date of Stage
Normal Stress
Horizontal Displacement 1
Horizontal Displacement 2
Horizontal Displacement 3
Horizontal Displacement 4

K1_Triaxial_TBL
UU Triaxial Test ID
Sample ID
Wet Specimen Mass
Moisture Content
Initial Average Length of Speci
Initial Average Diameter of Sp
Initial Area
Specific Gravity
Final Degree of Saturation

K2_Triaxial_Readings_TBL
UU Readings Stage ID
UU Triaxial Test ID
Reading Number
Dial Gauge
Dial Gauge 2
Dial Gauge 3
Proving Ring Reading
Dial Gauge 4
Load

D_Hydrometer_TBL
Hydrometer Test ID
Sample ID
Date of Test
P2 mm
Md2
Md3
Mw1
W
Relative Density
E2_Linear_Shrinkage_TBL
Linear Shrinkage ID
LL Test ID
Date of Test
Shrinkage
Number of Taps

E1_Atterberg_Limits_TBL
LL Test ID
Sample ID
Date of Test
Tin Number (Label) A
Tin Number (Label) B
Tin Number (Label) C
Number of Taps A
Number of Taps B
Number of Taps C

A_Sample_Data_TBL
Sample ID
Location Description
Soil Description
Testpit ID
x-coordinate
y-coordinate
Job Reference
Engineer
Depth
City
Province

F_Falling_Cone_TBL
Falling Cone Test ID
Sample ID
Cone size
Date of Test
Number penetration
Penetration Depth
Mass of Tin
Mass of Tin and Wet Soil
Mass of Tin and Dry Soil

Figure 2 Relationship of tables within DGE

In this way, data is managed more efficiently in databases.
The difference between data and
information is that data is raw facts that
have not been processed, whereas information results from processing the raw
data to reveal meaning. This processing
could be as simple as revealing patterns
or as complex as making forecasts. This
information could be used as the basis
for decision-making. Raw data should
be appropriately formatted for storage,
processing, and presentation.
During site investigations, samples are
collected for geotechnical laboratory tests.
These tests are essential for assessing soil
engineering properties under controlled

conditions. Some of these are index tests
that help to classify and identify the soil.
Others are performance tests that help
engineers estimate soil engineering properties for analysis and design (De, 2015).
The results from these tests work well
with the site investigation information
to give a geotechnical engineer a good
impression of the soil conditions on a site.
Therefore, these tests were included in the
database. The tests, however, must strictly
follow the SANS3001 codes, which are
standard in South Africa.
SABS provides a range of standards covering the civil engineering industry requirements, from quality management systems
to testing methods for specific materials or

The difference between data and information is that data is raw facts that
have not been processed, whereas information results from processing
the raw data to reveal meaning. This processing could be as simple as
revealing patterns or as complex as making forecasts. This information
could be used as the basis for decision-making. Raw data should be
appropriately formatted for storage, processing, and presentation.
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parts. SANS3001 refers to standards that
test materials require for civil engineering
practice. As the SANS3001 series of test
methods are published, they supersede the
previously used TMH1 methods (South
African National Roads Agency, 2013).

COMPARISON OF EXISTING
GEOTECHNICAL INFORMATION SYSTEMS
Several geotechnical software programs
that transform, store, or visualise geotechnical data have already been developed.
Most of these products have been developed in countries outside South Africa,
resulting in systems that do not cater for
South African geotechnical engineers.
These geotechnical information systems
were thoroughly assessed to determine if
they provided the specific requirements
of a database for local geotechnical engineers. Specific criteria were used to assess
these systems.
These systems need to have storage
functionality. Databases provide this type
of functionality which allows the user
to store, manage and update data. The
database also requires relating all forms
April 2022 Civil Engineering

Microsoft Access was used to create a database to store all the data
and information of the important tests. This was selected based on
the ease of use and general accessibility of Microsoft Office tools
to professionals expected to make use of this software. Microsoft
Access is designed to link effectively with other Microsoft Office tools.
Microsoft Office also has the advantage of Visual Basics for Applications
(VBA) which allows automation and improved customisation.
of data fields to other data fields. This
is called a relational database. Relating
different test results and readings to a specific test pit, layer, or site will significantly
improve the ability of the DGE to improve
decision making through a more efficient
comparison of these values.
Most of the available software
programs or packages had some criteria
for the DGE, but none of them were a
complete fit (see Figure 1).
An essential requirement for a DGE in
South Africa is implementing SANS3001
in the test methods. The comparison
showed that none of the available software
(GEOSYSTEM, Gaea Software, gINT,
Kentucky Transportation Basemap Service
and SVSoils) allows the use of SANS3001
in their calculations. The COLTO classification was also not available in any of the
programs, most of which used codes specific to their country of origin or standard
codes used by several countries, such as
ASTM or Eurocodes. In addition, some
software is only compatible with other
databases such as CivilTech and Novotech
(which usually work with gINT).

DESIGNING THE DATABASE
Microsoft Access was used to create
a database to store all the data and
information of the important tests. This
was selected based on the ease of use and
general accessibility of Microsoft Office
tools to professionals expected to make
use of this software. Microsoft Access
is designed to link effectively with other
Microsoft Office tools. Microsoft Office
also has the advantage of Visual Basics for
Applications (VBA) which allows automation and improved customisation.
The Microsoft Access database was
made with tables, fields, records, queries
and forms. For each of the required
tests, a table was made with fields for
each of the inputs. Each of the tables was
organised using letters at the beginning
of each name. The letters were used to
Civil Engineering April 2022

sort the tables in alphabetical order for
organisational purposes.
These tables and their relationships
are the foundation of the database. Each of
these tables with the fields and records allows querying of data for analysis. This was
significant to the DGE that requires certain
information from several tables for comparison when a decision needs to be made
using specific data from multiple tests.
The data collected was categorised
into specific tests. The first step was to
design the tables, which were made for
each laboratory test or any category of
geotechnical investigations that needed
to be used by the DGE. The first table
stores the important information about
the sample and became the central table
from which most tables were directly or
indirectly related (see Figure 2). This was
used for filtering and querying purposes.
Fields were then created in each table
to allow each record to produce the correct
information. The most important fields are
the primary keys, which distinguish the
test, and the field that related the test to a
specific sample, the foreign key. The rest of
the fields corresponded with the required
inputs of each test/category.
Relationships are vital to preventing
data loss and are required to make the
database a relational database management system (RDMS). Once the tables
with their fields had been created, they
needed to be linked through relationships.
Most tables were related to the sample
information table. The relationships between the tables and the sample data table
allowed each sample to have more than
one result. These relationships are called
one-to-many relationships.
Some tests required two or more tables
to allow for tests that produce multiple

values within the same procedure. This
was done by making parent tables that
provide the key information for the tests
with a child table linked to the parent table
to allow multiple records to relate to the
test procedure indicated in the parent table.
These relationships between the parent test
table and the second table were designed as
one-to-many relationships as well.
After the relationships had been created, the core database was completed.
The relationships between all the
tables within the database are shown in
Figure 2. In addition, all the main tables
are linked to the sample data table to
allow any sample and any related information to be queried.

CONCLUSION
With the DGE in place, data can
now be stored and transformed for
decision-making.
The literature review about available
information systems provided much-needed
information about the current systems used
and the availability of these systems for
South African engineers. During this study
it became clear that an information system
should be put into place to assist with the effective management of data that has spatial
information. The system should transform
the data into the required outputs of the
tests (especially SANS3001 standard tests)
and give important engineering insight that
assists decision-making.
Unfortunately, the available systems
do not provide much assistance to decision-makers, especially in a South African
context. For this reason, the DGE was
created for engineers to store, manage and
compare relative geotechnical engineering
information. The next stage for the DGE
will be building a network of laboratories
and engineers to contribute data to the
database and share the information with
all professionals in South Africa.
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The next stage for the DGE will be building a network of laboratories
and engineers to contribute data to the database and share
the information with all professionals in South Africa.
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I n d u s t ry pe r s pe c t i v e

Effective implementation of PPPs is critical
to address infrastructure deficit in Africa
Teddy Daka
CEO
Zutari

The African Union (AU) has noted the clear impact of infrastructure
deficits on African competitiveness, recognising this as “a continental
problem that requires a continental solution”.

R

egional integration through infrastructure programmes is expected
to overcome constraints imposed
by scale and location, and improve the
competitiveness of African producers,
connecting consumers and enhancing
intra- and inter-regional trade.
African leaders have consistently
expressed their desire to support Africa’s
economic development through a
common market for goods and services.
A 2016 report by McKinsey noted that
Africa’s manufacturing output could
expand to nearly $1 trillion by 2025 if the
continent’s manufacturers upscaled to
meet domestic consumer and business
demands. This will require inter-sectoral
collaboration between business and
governments to address obstacles to
production and exporting of goods.
Recognising these and other market
opportunities, aspirations for Africa’s
development have begun to translate
into policymaking. For example, the
African Free Trade Agreement underscores regional policy efforts towards
this goal, while the AU’s Programme
for Infrastructure Development is the
outcome of a coordinated policy effort
to unlock competitive opportunities. In
South Africa, the recent adoption of the
District Development Model shows a
localised shift, mirroring intra-regional
policy trends.
While much research, advocacy and
institutional work is ongoing towards
reshaping African policies to support effective integration, this goal relies on the
effective implementation of Public-Private
Partnerships (PPPs) as a mechanism. The
PPPs which undertake infrastructure projects unconsciously mediate a social contract between governments and citizens
against which to monitor performance.
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Our ability to leverage innovative
regional development hinges on the
translation of infrastructure development
practices across the entire development
process. It is clear that infrastructure delivery – and the quality of leadership, governance and public-private cooperation
required for its development – exist both
as grand challenges in their own right and
underpin the interventions necessary for
many others.
As Africa joins the global effort
to attract funding from large global
institutional investment vehicles, its
ambitions are being matched through
more integrated policy making,
redesigned finance instruments and
project execution practices, and project

information systems that support
performance monitoring.
We must embody a developmental
identity and embed an innovative mindset
at multiple levels throughout the sector
and across the infrastructure delivery
value chain if we are to achieve visions of
shared prosperity, translate regional integration and intra-continental strengthening from policy through to development
practices (across the value chain), and for
service delivery performance.
We are pushed to be resourceful,
intelligent, and wise; we are required to be
adaptive, to develop our talents, and our
capacity; and we certainly need to cultivate
the motivation and commitment to see
through this multi-generational task.

As Africa joins the global effort to attract funding from large global
institutional investment vehicles, its ambitions are being matched
through more integrated policy making, redesigned finance instruments
and project execution practices, and project information systems that
support performance monitoring.
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Microtunnelling minimises disruption and
ups safety in bulk sewer installation
CSV Construction is installing a 2.35 km bulk sewer pipeline with state-of-the-art microtunnelling technology in
Mitchells Plain, Cape Town. Acid-resistant HDPE-lined concrete pipes, manufactured by CMA member, Concrete
Units, are being used to construct the line, due for completion in June 2022.

D

oHS Farm694 – 2432m Bulk
Sewer in Spine Road and
Residential Area is a R300 million Department of Human Settlements
project. Once completed, ownership of
the line will be transferred to the City of
Cape Town.
The pipeline is being built in two
sections. The first, which was completed
in March, comprises a 1.05 km line using
1 200 mm diameter × 2 m long pipes.
Starting from a manhole in Merrydale, it
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follows a servitude parallel to an existing
bulk sewer line under residential properties and a school in Merrydale, as well
as under the neighbouring suburb of
Rocklands to a point in Spine Road. The
second section, which uses 1 350 mm
diameter × 2.5 m long pipes, runs for
1.3 km along Spine Road and feeds
into the Mitchells Plain Wastewater
Treatment Works.
The tender was put out as a conventional open cut installation, but several

conditions rendered this option more
expensive, disruptive, considerably more
time consuming and very high risk.
These included: a sandy and water-logged
terrain; pipeline depths of up to 9 m; a
first-section routing through built-up
areas; and a routing along the centre of
Spine Road.
“Open trenching wasn’t a viable option,” explains Hannes Coetzee of CSV
Construction. “Various routes were considered but in the end we opted to install
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A 1 350 mm twin pipe section being lowered
into a launching shaft and connected to the rear
pipe section at the entrance to the tunnel

the line next to an existing bulk sewer.
During the early stages of the installation
we also discovered a bulk water main at a
depth of 4 m which was unknown at the
tender stage and we managed to tunnel
between it and the bulk sewer. In some
instances we were within 1.5 m of the
water line, but at an average depth of 7 m,
our tunnel was consistently 2 m deeper
and well below all the other utilities.”

MICROTUNNELLING PROCESS
CSV used two German-made
Herrenknecht AVN boring machines for
the tunnelling. Closed full-face excavation
machines, they are built with hydraulic
circuits for the removal of soil and can
bore at lengths of up to 500 m.
“We installed the 1 200 mm pipes in
six drives of up to 180 m each using our
AVN 800 mm Microtunnelling Boring
Machine (MTBM) upsized to 1 200 mm.
The Spine Road section is being
executed in nine drives using the AVN
1 200 mm MTBM, upsized to 1 350 mm,
also at drive lengths of up to 190 m,”
says Coetzee.
“The machines were equipped to
handle the anticipated ground conditions
based on a geotechnical survey of the
designated route. No rock was found,
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merely small outcrops of calcrete and clay
interspersed among the soft soil. This
meant we were able to opt for our soft soil
cutting head, one of our three cutterhead
options.”
A typical microtunnelling drive
begins by sinking several launching shafts
sequentially. Shaft walls are retained with
steel sheet piling to the requiring depth,
in this instance to between 7 m and 9 m,

and a gantry is used to lower the boring
machine and a hydraulic jack into the
shaft. Twin pipe sections are attached
to the rear of the AVN and, as drilling
commences, the hydraulic jack pushes the
linked pipe section and AVN into what
becomes the bulk sewer line.
“The direction of the AVNs during
drilling is controlled from a remote
operating panel situated close to the
April 2022 Civil Engineering

AVN MACHINE

POWERFUL
ALL-ROUNDER
FOR ALL GROUNDS
Slurry, silt, clay, soils, gravel or rock – the Herrenknecht AVN
machine is non-stoppable. With adapted cutterheads the
machine is ready for all grounds. Especially in non-accessible
sizes, the AVN unleashes its full potential and power. Since
40 years in more than 1,000 projects.
herrenknecht.com/avn/

launching shaft. It is fed with directional
information from laser beams deployed
inside the tunnel. This enables us to effect
3D adjustments with articulated hydraulic
rams attached to the AVNs’ cutting heads
and gives us a directional tolerance of
15 mm, well within the specified SANS
standard of 50 mm,” says Coetzee.
Once drilling in both directions is
completed a new launching shaft is sunk
and the existing launching shaft and the
two subsidiary shafts are used to construct permanent manholes. Additional
manholes are being installed at pipe sections’ mid-points by sinking intermediary
shafts and cutting into the crown of
installed pipes. In this way manholes are
located at approximately 90 m intervals.

The cutting head breaking
through to the receiving shaft
HDPE-lined pipes prior to installation

CASTING THE PIPES
Using eight moulds, Concrete Units cast
the pipes to a 100D strength rating to
withstand the extreme jacking forces. The
pipes have a jointing system comprising
a cast-in steel band and a sliding rubber
ring which is not only watertight but allows for directional adjustments.
Concrete Units manager, Charl
Coetzee, said approximately 20 m of pipe
a day has been installed on the project.
“To maintain a steady supply, we used
eight moulds for the casting. Each pipe
mould was measured before casting and
the pipes were cast with a 3 mm HDPE
lining made by AKS Lining Systems in
Cape Town,” said Coetzee.

AN INNOVATIVE ALTERNATIVE SOLUTION
AVN microtunnelling machines have three
cutter head options depending on the expected geology, be it soft soils as in the case
of the Mitchells Plain project, a combination
of soft soils and hard rock, or solely hard
rock. During tunnelling, a cone-shaped
crusher in the excavation chamber crumbles
rock and other material to a conveyable
grain size. It is then pumped out through the
slurry line to a separation plant where the

solids are removed and from where the water
is pumped back to the boring machine.
Coetzee says microtunnelling is an
environmentally friendly system that
protects developed and landscaped areas
and minimises traffic disruption.
“With the rapid urbanisation of our
cities, coupled with ageing infrastructure,
there is a growing need to install and upgrade bulk water and sanitation services.
Trenchless technologies such as microtunnelling offer a safe, cost-effective, and
low-risk solution.

Professional Team
Client
Project manager
Consulting engineers
Health and safety
Environmental consultants
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Western Cape Government – Department of Human Settlements
GIBB

“It significantly reduces the risks
often associated with conventional
open excavations. These include public
and worker safety, risk of damage to existing
utilities, as well as the risks associated
to the client’s programme and budget.
It also provides solutions in cases where
conventional, open trench pipe laying would
simply not be possible,” he says.
“We believe the innovative solutions
offered by trenchless technology should
be considered and incorporated at the
bulk water, stormwater and sanitation
master planning stage, and we would like
to encourage municipalities to reach out
and allow us to demonstrate how this innovative technology will assist them with
upcoming projects.”

WSP / MPAMOT

Text and photographs by

Frontline Consultants

David Beer on behalf of the
Concrete Manufacturer’s Association (CMA)
david.bigsky@gmail.com

GIBB Environmental
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Pav e m e n t E n g i n e e r i n g

Prediction of carbonation depth
during curing
Frank Netterberg
Independent researcher: pavement
materials and geotechnics
frank.netterberg@gmail.com

C

arbonation usually results in a
substantial loss of strength of a
cement or lime stabilised material
(as shown in Netterberg and Paige-Green,
1984; Page-Green, 1984 and 1991; De Wet
and Taute, 1985; and Netterberg, 1987).
Any such weakening – and especially
if it is more than about 5 mm deep – is
potentially highly detrimental to the
performance of a road with a cemented
base under a thin seal (Netterberg et al.,
1987; Netterberg, 1991; Netterberg and De
Beer, 2012).
The indicator method and the
confirmatory method each provide a
rapid test to estimate the sensitivity of
a particular mix to carbonation during
a period of mellowing or curing and/
or between compaction, priming and
sealing. Such prior information assists in
the choice of both the stabiliser and the
curing method.

INDICATOR METHOD
The indicator method involves the following steps:
1. During the morning, mix the actual
percentage of the proposed stabiliser
to be used on the project with the
minus 2 mm fraction of the project
material and bring it to the estimated
optimum moisture content for this
fraction (see note 1).
2. Place the mix to a depth of about
20 mm to 30 mm in a shallow tin can
or other suitable open container about
40 mm deep and 80 mm in diameter,
so as to simulate the conditions to be
evaluated (e.g. just loosely in order
to simulate a windrow, compacted
lightly in order to simulate uncompacted mellowing, or more heavily to
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simulate normal compaction), then
treat accordingly.
3. Test a separate portion of the mix in
at least three places with a few drops
of phenolphthalein solution and then
dilute hydrochloric acid (HCl) over
the same place and depth and note
the effects (e.g. no colour, pink, red (or
purple/ mauve) or dark red (or purple/
mauve) with phenolphthalein; no, weak
or strong fizz with acid (see note 2)).
4. For example, if it is desired to simulate
the effects of poor water curing,
subject the mix in the container to
wetting and drying cycles as follows:
spray lightly once or twice with water
during the day, place in the sun and
leave outside overnight to dry.
5. Repeat these daily wetting and drying
cycles for the usual seven days.
6. After each cycle (i.e. the following
morning) test a small part of the mix
to its full depth in at least one spot
with phenolphthalein and acid as before, and then remove and discard the
portion tested. Note the approximate
depth of any change in colour and
relative fizz.
7. As a control, subject a second specimen to similar water sprays, but keep
it inside and cover the container after
each wetting to prevent it from drying.
If it becomes visibly wet, it need not
receive further wetting.
8. Leave the container in the sun for a
suitable period of time in order to
simulate the likely delay between
curing and priming and retest with
phenolphthalein and acid as often as
desired.
9. Retain the covered control inside and
retest at the same times.
10. Repeat with any other stabilisers,
mixes, and/or curing procedures and
soils desired.
This method provides a conservative,
simple, inexpensive and quick indicator
test requiring little material for the

relative speed of carbonation of a particular mix subjected to poor curing for
seven days, i.e. spraying with water once
or twice a day and drying out in between
the sprays.

CONFIRMATORY METHOD
A closer estimate can be obtained by compacting the minus 37.5 mm fraction of the
desired mix in California Bearing Ratio
(CBR) moulds to the appropriate density
to simulate construction and curing accordingly (Netterberg et al., 1987). In this
case the depth of carbonation is measured
in a small hole made on a different part
of the surface of the specimen after each
cycle. It can also be done on specimens
covered with sand before wetting, a
primer, or a curing membrane.

INTERPRETATION
The fresh mix must turn dark red immediately. If it does not, then the stabiliser
is too old or an insufficient amount has
been added. The average depth over which
it fails to turn red is reported as the depth
of carbonation.
The additional test with HCl is not essential. However, if the fresh mix contains
no or only a little carbonate it will give
no or a weak fizz, and a much stronger
fizz after curing together, with a loss
or diminishing of the red colour, it will
confirm that it is due to carbonation.
The indicator method is only
intended to provide a quick comparison
of stabilisers, mixes, procedures and/or
materials and to indicate whether or not
good curing is critical. As the mix is not
properly compacted the results will be
conservative.
The confirmatory method yields
results which agree closely with those
found in practice. In general, it can be
assumed that the layer will lose about half
its strength over the depth of carbonation.
Further details of how to test for
carbonation and the presence or absence
April 2022 Civil Engineering

of cement or lime have been provided by
Netterberg (1984).

NOTES
1. Clean, washed sand can be substituted
for the actual material if it is only
desired to compare stabilisers, otherwise use the actual percentage of the
stabiliser and the material to be used
on the project.
2. Preparation of one litre each of the
phenolphthalein and dilute hydrochloric acid solutions:

0.5 % phenolphthalein solution
 issolve 5 g of the powder in 500 mℓ of
D
approximately 70% to 95% ethanol and
add 500 mℓ of distilled water with constant stirring. Filter if a precipitate forms.

Approximately 1.2 N dilute
hydrochloric acid
 dd the following amount of concenA
trated HCl according to its concentration to at least 500 mℓ of water and
make up to 1 000 mℓ:

36% (about 12 N): 100 mℓ
35% (about 11 N): 110 mℓ
QQ 32% (about 10 N): 120 mlℓ
The exact concentration of the diluted
acid is not important within the range
1.0 N to 1.5 N and a commercial grade
of concentrated HCl can be used.
	 This more dilute acid is more
sensitive than the 5 N HCl previously
recommended and with care and a little
practice allows the detection of carbonated stabiliser even in calcretes.
QQ

pavement engineering, Portland Cement

QQ

Inst., Halfway House, 27 pp.
Netterberg, F. and Paige-Green, P. 1984.
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layers in road construction. Nat. Inst.
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Co n s t r u c t i o n a n d i n su r a n c e law

Recent influential court decisions
and what they may mean
for your business – Part 3
ENSafrica has released a booklet on construction insurance topics with reference to judicial decisions made in
2019 and 2020. This article forms part 3 of a series that unpacks the various topics covered in the booklet.
Rob Scott
Insurance Practice Group | Executive
ENSafrica
rscott@ENSafrica.com

Zara Sher
Insurance Practice Group | Senior Associate
ENSafrica
zsher@ENSafrica.com

T

he booklet, titled ENSafrica
Construction ENSurance: recent
influential court decisions and
what they may mean for your business
references judicial decisions made in 2019
and 2020. Although many of these decisions originate in the United Kingdom,
Australia and Canada, they are worth
paying attention to as they may prove to
be influential on future decisions made by
South African courts.
We have selected five topics and provide our expert analysis and commentary
in respect of each one. While this is not
intended to be a reference work, we do
hope that it will be useful to those in the
construction and insurance industries.
The five topics and the judicial decisions
to which they relate serve to demonstrate
the significant interconnectedness
between the fields of construction and
insurance law. The selected topics are:
1. The status of interim payment certificates on cancellation of a construction
contract and implications for construction guarantees and guarantee insurers.
2. Coverage implications for insurers in
a construction contract in circumstances where the construction all
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risks insurance policy and the reinsurance policy are not back-to-back.
3. Contractual liability exclusion clauses
in liability insurance cover, including
construction all risks covers.
4. The rectification of an on-demand
construction performance guarantee
issued by an insurer and the doctrine
of strict compliance.
5. The controversial defective workmanship exclusion in construction all risks
insurance policies.
In this article we unpack the third topic
listed above.

TOPIC THREE UNPACKED
Contractual liability exclusion clauses
in liability insurance covers, including
construction all risks covers
There is a common misconception that
liability policies do not cover liability in

contract, but only provide cover against
liability in delict, or liability arising from
the breach of a duty of care imposed
by law.

LIABILITY COVERS GENERALLY
Generally, liability covers are worded to
cover an insured where the insured is
“legally liable” or “liable at law” to pay compensation consequent upon personal injury
suffered by any person and/or loss of or
damage to property. These words are broad
enough to cover an obligation to pay both
delictual damages and damages for breach
of contract, but then within the limitations
imposed by other terms of the policy.

CONTRACTUAL LIABILITY
EXCLUSION CLAUSES
Contractual liability exclusion clauses
are cardinal terms in this respect. They
may be omitted entirely, or they may be
April 2022 Civil Engineering

worded very broadly to exclude all liability
arising out of a contractual relationship
or for all claims based in contract, thereby
restricting coverage under the policy to
claims arising in delict only.
More commonly, contractual liability
exclusion clauses are qualified to exclude
only the insurer’s liability in respect of
contractual liability assumed or accepted
under contract. Such clauses are
generally framed to exclude additional
liability assumed or accepted by an
insured under any contract or agreement,
save to the extent that such liability
would otherwise have been implied
by law, or would have attached in the
absence of such contract or agreement.
Accordingly, cover for liability in
terms of a standard commercial
contract, which encompasses a range
of obligations normally associated with
liability relative to the type of contract
in question, or where the liability is an
ordinary legal or common law incident
of a relationship, will be preserved under
the policy in question (but importantly
always subject to the range of perils/
events that the policy seeks to cover).
The reach and scope of such a clause
in the context of a general liability cover
was considered in a recent 2019 decision
of the Federal Court of Australia in the
matter of R & B Directional Drilling Pty
Ltd (in liq) v CGU Insurance Limited.
The Federal Court of Australia is a
court of general federal jurisdiction, also
having jurisdiction to hear appeals from
state courts exercising exclusive state
jurisdiction.
The policy in question was a business
insurance policy consisting of various
sections, one of which being a liability
section (covering both products and
public liability). The policy had been
taken out to cover work carried out by a
sub-contractor (the sub-contractor but
not the contractor being the insured)
pursuant to a sub-contract. The operative
clause in terms of the liability section of
the policy read:
“Subject to the limits of indemnity
stated in the schedule and the terms
and conditions of this cover section,

we will pay all sums that the insured
person shall become legally liable to
pay for compensation in respect of:
QQ personal injury
QQ property damage
QQ advertising liability
happening during the period of
insurance within the territorial
limits as a result of an occurrence
in connection with your business
or products.”

In terms of the sub-contract, the subcontractor had undertaken to perform the
works efficiently, in accordance with the
specifications and the plan and the subcontractor indemnified the contractor
against all damage, expense, loss or
liability, of any nature, in relation to its
property or to any other property, arising
out of the performance/non-performance
of the sub-contract.
The contractor claimed damages
from the sub-contractor for property
damage caused by the sub-contractor
based on a breach of contract in failing to
carry out the works in accordance with
the sub-contract. The sub-contractor in
turn claimed indemnification from the
insurer under the general liability section of the policy, for its liability to the
contractor in respect of alleged property
damage. The insurer denied coverage
under the policy on the basis of the contractual liability exclusion clause under
the policy, as the damages had arisen in
terms of a liability or obligation assumed
under an agreement or contract. The
contractual liability exclusion clause
provided that the insurer would not pay
anything in respect of: “Any liability or
obligation assumed by an insured person
under any agreement or contract except
to the extent that: (a) The liability or
obligation would otherwise have been
implied by law...”
The court disagreed with the insurer.
It was of the view that the “reach and
scope of this kind of exclusion” clause
is limited and is intended to apply to
contracts or agreements in which an
insured assumes a liability beyond that
which is normally applicable. It quoted
with approval from an earlier decision

Importantly, while the court accepted that the policy did cover liability for
a breach of contract, that liability was not a general liability, and was still
governed by the terms of the operative clause of the liability section of the policy.
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(1994) in the matter of the Supreme Court
of Victoria in Karenlee Nominees Pty Ltd v
ACN 004 312 234 Ltd, as follows:
“The exclusion is intended to apply
to the situation where, by an agreement, an insured extends the limits
of the ordinary liability arising, such
as by an agreement for liability for
injury without proof of fault... The
exclusion is also directed to the
case where the insured assumes
a liability beyond that which is
normally incidental to the occasion,
for example, the degree of skill ordinarily expected of an expert…”

The court’s view in relation to the subcontractor’s contractual undertaking
was that, “there is nothing unusual about
being required [to perform] efficiently
(that is adequately, competently and
capably) …. This is within the ordinary
limits of liability for such a sub-contract”.
The court accordingly ruled that “the contractual nature of the claim for breach”
of the sub-contract and the obligation
to pay contractual damages was not a
liability “assumed”, as contemplated in
the contractual liability exclusion clause
and found that the contractual exclusion clause did not serve to exclude the
insurer’s liability under the policy.

COMMENT AND ANALYSIS
Importantly, while the court accepted
that the policy did cover liability for a
breach of contract, that liability was not
a general liability, and was still governed
by the terms of the operative clause of the
liability section of the policy.
There are no reported decisions of
the South African courts on the meaning
and effect of such an exclusion clause.
The approach of the Australian courts
is not inconsistent with earlier decisions
in English law on the effect of such
clauses. A South African court would
be expected to apply an interpretation
similar to that applied by the Australian
courts, and indeed have regard to the
decisions of the Australian courts, as the
South African principles of contractual
interpretation are similar to those in
Australian law.
In reaching the conclusion that they
have, the Australian courts have interpreted such clauses from both a literal and
commercial perspective:
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From a literal perspective
QQ With reference to the words “liability or

obligation would otherwise have been
implied by law”: While an obligation
may arise out of a contract entered into,
it does not necessarily arise only under
contract, but may, in any event, also
arise from a pre-existing obligation in
law and independent of the contract –
for instance a delictual duty of care (in
other words a duty “implied by law”). A
failure to exercise such duty would give
rise to a claim for delictual damages. It
would accordingly be illogical to limit
coverage under a liability policy simply
because the liability, which in any event
exists in law, arises by virtue of an
agreement.
QQ Liabilities or obligations “assumed”
must necessarily be read to exclude
liabilities agreed to over and above
those imposed by law.

This article has sought to demonstrate that in many instances liability policies
do afford a measure of contractual liability cover, which would include cover
for other liability in law (as would be the case relative to a products liability
cover), and that the common misconception that they do not, is misplaced.

QQ Commercial relationships are gov-

would have attached to the insured
in the absence of such contract or
agreement”.
QQ The law in relation to the supply
of goods and products is generally
concerned with the protection of
consumers’ interests, and imposes
obligations in the nature of
guarantees, warranties and often
strict liability. Accordingly, in relation
to an underlying claim based in
contract, where the law imposes strict
liability upon a supplier in relation
to the supply of defective goods to
consumers, the contractual liability
exclusion clause in question will not
serve to exclude the insurer’s liability
under the policy.

QQ The courts have reasoned that if such

Construction all risks covers (CAR)

From a commercial perspective
erned by agreement.

exclusion clauses were interpreted
to exclude all liability arising in the
context of contractual relationships
generally, such an interpretation
would significantly undermine the
purpose of such policies, and be
uncommercial. Such contractual exclusion clauses may contain wording
different to the wording considered in
the R&D Drilling case, and different
consequences may also arise relative
to the type of liability insurance
in question.

Products and cyber liability covers
QQ Contractual exclusion clauses, as are

generally found in products liability
and cyber liability covers, may be
worded to exclude cover “arising out of
a liability based upon any guarantee,
warranty, contractual term or liability
assumed or accepted by an insured
under any contract or agreement,
except to the extent that such liability

QQ CAR covers provide cover for risks in

relation to the insured property (being
the contract works) and associated
with the work of all participants in
the construction contract, the usual
participants being the employer, the
contractor, sub-contractors, and
suppliers (these risks being covered
under the contract works section of
the policy). The policy is accordingly
composite, each participant being an
insured party under the policy.
QQ Contractual liability clauses such as
the clause under discussion in the
R&B Directional Drilling case are also
found in the public liability section
of a construction works insurance
policy. However, the contract exclusion clauses in such policies generally
provide that the exclusion clause “shall
not apply to the insured contract or
sub-contract agreements”, or to “any
other specific agreement which has
been advised to and accepted by the

The first and second topics in the booklet are outlined in the January/February
(Vol.30, No.1) and March (Vol.30, No.2) issues of Civil Engineering respectively. The remaining topics will be published in future issues of Civil Engineering. To access the full
publication visit https://www.ensafrica.com/uploads/newsarticles/0_ensafrica%20
insurance%20newsletter%20final.pdf.
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insurer in writing”. This does not
necessarily mean that a contractual
claim between insured parties will be
covered under the liability section.
The reason for this is that:
QQ The public liability section of a
construction all risks policy is
only intended to provide cover
for liability to third parties, being
members of the public, who are
not parties to an underlying
construction contract, and then
only in respect of contractual
liability assumed in respect of risks
limited to the physical impact on
a third party’s person, property, or
property rights.
QQ These risks, as between parties to
an underlying construction contract (being the insured’s in terms
of the policy), are to be dealt with
under the contract works section of
the policy, or under other policies.

Professional liability covers
QQ Such covers on the whole seek to

indemnify an insured against a general
duty (contractually undertaken) to
exercise reasonable skill and care expected of a member of their profession,
and not in respect of an undertaking
of duties in contract higher than the
general duty.
QQ Accordingly, such policies may also
contain contractual liability and performance guarantee exclusion clauses
to exclude claims arising out of, based
upon, or attributable to any obligations
assumed, that go beyond the duty to
use reasonable skill and care (such
as an obligation to achieve a fit for
purpose standard), and claims relating
to guarantees or warranties.
This article has sought to demonstrate
that in many instances liability policies do
afford a measure of contractual liability
cover, which would include cover for other
liability in law (as would be the case relative to a products liability cover), and that
the common misconception that they do
not, is misplaced.
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SAICE calls for economy
and capacity building
SAICE has called on the South African government to clearly define the steps needed to stimulate the local
economy and improve skills and capacity building in the public sector, while also highlighting concerns over the
country’s increasing debt following the budget address by Finance Minister Enoch Godongwana.

O

utgoing SAICE CEO Vishaal Lutchman explained that
while the minister alluded to the fact that growing the
economy was a work in progress, there was no concrete
plan that highlighted how this would be done.
“South Africa does not have the luxury of time. Some initiatives
are more than a decade old and have not yet been actioned. Several
factors require a clear strategic outline, such as how government
will capacitate the state, economic growth in the face of current
socio-economic strife, and the effect of the 2022 projected GDP
growth of 2.1%, according to National Treasury,” said Lutchman.
SAICE president, Prof. Marianne Vanderschuren, added that
the lack of service delivery in the country is largely the result of
human capacity challenges in municipalities.
“The minister did not elaborate on human capacity building.
The responsibility to implement civil infrastructure and services
is, to a large extent, carried by municipalities. Investment spending
in South Africa decreased from an average of almost 30% of GDP
in the early 1980s to about 16% of GDP by the early 2000s. In
effect, South Africa has missed a generation of capital investment.
Although the minister is increasing infrastructure spend, there is
no mention of building human capacity to oversee the implementation and maintenance of this infrastructure,” she said.
Lutchman concurred that there is an urgent need to improve
skills and public sector capacity. For example, he explained that
much work has to be done in South Africa’s water sector.
“We welcome the direction given by the Minister of Water
and Sanitation Senzo Mchunu in making the necessary changes
for growth through the appointment of highly skilled individuals.
SAICE gives much credit to the minister for inviting us to the
National Water and Sanitation Summit held in February. The minister focussed on getting consensus on the main items that need to
be addressed, as well as the timelines and the resources required.”
SAICE, through its National Office and Water Division, can
support the capacity building of the water sector by identifying
available skills in the water practice area; providing courses
on water and sanitation; providing technical notes on specific
problems that need to be solved; reviewing and commenting on
working papers; connecting stakeholders in the practice area;
hosting discussion forums and webinars to highlight priorities;
and creating think-tank forums available to government.
“We have the capacity to assist across various sectors in South
Africa and work with government to plan the infrastructure
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needed to secure the economic growth that will support and
sustain future generations,” stated Lutchman.

INCREASING DEBT CONCERN
“What is worrying is the expected increase in debt and the
significant amount of money that will have to be spent to service
this debt, that is, R330 billion per annum,” added Vanderschuren.
Minister Godongwana stated that government debt reached
R4.3 trillion this year and is projected to rise to R5.4 trillion over
the medium term. Government incurs large debt-service costs
which will average R330 billion annually over the Medium-Term
Expenditure Framework.
Vanderschuren added that the money allocated for debt
servicing could equate to building approximately 3 million RDP
houses a year, or provide an infrastructure catalyst budget that is
fifteen times larger than what is currently in place.
Lutchman further explained: “Government borrowing and
debt servicing costs are very high. Debt stabilisation is mentioned
as ongoing, year after year, but there is no feasible ability to do
so, which is further exacerbated by downgrades. South Africa
has to start creating value in new markets as our resource-based
economy has to transform.”
Meanwhile, SAICE welcomed government’s focus to ensure
that “procurement processes have integrity, provide value for
money, and are free from interference from politically connected
persons and bidders,” as well as “taking bold steps to improve
state capability and reduce the scope for procurement corruption,” as outlined in Godongwana’s budget speech.
“One of the main risks is perpetuating the status quo as it
applies corruption in the supply of goods and services to the government. It is clear that if we don’t eradicate corruption immediately, we will not be able to attract
the skills and funding needed to be redirected to
infrastructure,” concluded Lutchman.
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Top economist labels national
budget “highly satisfactory”
Speaking at AfriSam’s recent National Budget Breakdown function, an annual event now in its fifth year, Dr Azar
Jammine, director and chief economist of Econometrix, gave a thumbs up to the 2022 budget, saying it was
“highly satisfactory with no harm”.

J

ammine cautioned, however, that
servicing the national debt was
becoming increasingly onerous and
now accounted for 14% of government
expenditure. He also expressed the view
that there was nothing in the budget “to
make one believe sustainable growth will
improve forthwith”.
Jammine congratulated Finance
Minister Enoch Godongwana for making
a commitment to increased spending on
capital assets while at the same time attempting to curb the growth in the public
sector wage bill. “We’re now seeing an
attempt to slow down the compensation
of employees as a percentage of the overall
tax bill and to increase the amount of
investment in capital assets,” he said.
Jammine was the main speaker at the
event and reviewed both the global and
local economy. Sharing the stage with him
was Trevor Manuel, who served as South
Africa’s Minister of Finance from 1996
to 2009, making him the longest serving
finance minister in South Africa’s history.
Manuel provided valuable and insightful
commentary, based on his intimate
knowledge and experience.
Manuel lamented the “ravages of state
capture”, saying it was not just about
corruption but also the destruction of
institutional capacity. As an example, he
noted that the South African Police Service
(SAPS) would be underspending its budget
in the 2021/22 fiscal year by around R20 billion, giving the lie to the often-heard claims
that the SAPS is underfunded.
He added that the situation was even
more chaotic at provincial and municipal
level. On the challenge of water supply,
he questioned how it was possible that
one of the major metros in the country
– Gqeberha – had failed to maintain its
water infrastructure.
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L to R: Richard Tomes, sales and marketing executive at AfriSam; former finance minister
Trevor Manuel; Dr Azar Jammine, director and chief economist of Econometrix; AfriSam
executive chairman and CEO Erick Diack

He also referred to “this horrible
phenomenon called the construction
mafia”, which has meant that the pricing
of contracts cannot be realistic and that
projects sometimes cannot commence,
never mind be completed.

GLOBAL REVIEW
Reviewing the global economy, Jammine
noted that it had grown by 5.9% in 2021
with the IMF predicting that this figure
will fall to 4% in 2022 and 3.8% in 2023. By
contrast, South Africa showed 4.6% growth
in 2021, well below the global average, with
the IMF forecasting that this will drop to
1.9% in 2022 and a paltry 1.4% – the lowest
of any major economy – in 2023.
“Since 2009 South Africa’s growth
trajectory has lagged that of the world
economy,” he said, adding that while
activity in the world economy is back to
the levels seen before the onset of the

Covid-19 pandemic, this is not the case
in South Africa, mainly due to structural
factors that inhibit growth.
These structural impediments include
skills shortages, state capture and corruption, cadre deployment, the deterioration
of SOEs, lack of infrastructural investment, over-regulation and non-payment
for work, and labour market restrictions.
On the subject of debt, Jammine
told the audience that government debt
to GDP ratios worldwide are “quite terrifying” with US debt, for example, now
amounting to between 120% and 130% of
GDP. He also noted that since 2020, the
US Federal Reserve System has injected
a massive stimulus recovery package of
around USD$5 trillion into the economy
to counter the economic effects of
Covid‑19, and that other countries had
followed suit. The result is sharp upward
pressure on prices.
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“The genie is now out of the bottle in
the form of a massive surge in inflation the
likes of which we have not seen in 40 years
in the world economy,” he observed, adding
that South Africa’s inflation rate is below
that of the US for the first time in 30 years.

SA ECONOMY: A CLOSER LOOK
Referring specifically to South Africa’s
budget, Jammine said SARS had collected
R182 billion more in taxes than anticipated, with this economic windfall giving
Minister Godongwana considerable leeway
in formulating the budget. This windfall
was largely due to increased payments by

the mining industry as a result of mining
companies having benefitted from the current surge in commodity prices.
Turning to some of the specifics of the
South African economy, Jammine noted
that construction has been the weakest
sector of the economy over the past
decade and now accounts for just 2.5% of
GDP. This is due to gross capital formation in South Africa having declined, as a
percentage of GDP, from 19% around 2014
to the current 13%.
Despite this decline, Jammine
believes the construction industry could
receive a big boost from an increase in

infrastructural spending. He noted that 51
well-defined projects worth R340 billion
had been identified in the 2020 Economic
Recovery and Construction Plan and
that the project pipeline has since been
expanded to include an additional 55
projects worth R595 billion.
This amounts to a grand total of
R935 billion, representing 126% of total
annual fixed investment. He argued
that if all – or even just some – of these
projects were implemented it would be
a game changer for the industry and a
major boost to the economy, with growth
increasing by as much as 2% a year.

SA cash strapped –
CESA echoes minister’s sentiments
Reflecting on South Africa’s 2022 budget, Consulting Engineers South Africa (CESA) was pleased to hear that
government is looking at value for money and quality of delivery as the top priority in the development of the
project pipeline. This is particularly important to ensure the sustainable development of infrastructure.

“A

is based on cost as well as technical capability with quality being
s a cash-strapped country with low economic
the most important factor,” argues Campbell.
growth prospects, it is now more imperative than
Paying the least amount of money for planning and design
ever that we spend our money wisely,” states Chris
services for an infrastructure project with a lifespan of 30 years
Campbell, CEO of CESA.
or more is counter intuitive. “The impact of the failure of such
“When you are looking at the cost of an infrastructure
infrastructure, if not properly designed and planned, can
project you need to consider the total cost of ownerhave a negative impact on the lives and the livelihoods
ship spanning the typical 30 years or more of the
of citizens for whom these projects are intended to
project lifecycle,” he adds. This lifecycle includes
benefit and create a conducive environment for economic
planning and design, construction, operations, and
growth,” adds Campbell.
maintenance. The planning and design services typi“We have for some time been ‘beating the drum’
cally only make up 2% of the total cost of ownership
on the need for value for money and quality
but have a major impact on the more than 80%
delivery in our infrastructure investment purlong-term costs of operation and maintenance
suits. It is with great excitement that we hear
of the project. It is therefore critical that during
the minister make this very statement in his
the planning and design phase one procures
budget speech. As an industry we welcome the
the best engineering services, offering
implementation of this approach.”
the latest innovation, and not merely the
CESA is also eager to contribute to the recheapest services.
vised Public Procurement Bill that will be tabled
“You cannot procure infrastructure
before Parliament in 2022/23, particularly in light
services in the same manner that you procure
of the recent Constitutional Court judgement on
ball point pens, on the basis of the lowest
the preferential procurement regulations, and
price – in doing so, you will regret the longthe first Zondo Commission report highlighting
term implications of the cost of operations and
abuses in state procurement. CESA is also pleased
maintenance of the infrastructure.
to hear that government plans to take bold steps
“We are not suggesting that you go for the
to improve state capability and reduce the scope
most expensive solution but rather opt for a
for procurement corruption.
quality cost-based selection, where evaluation
CESA CEO, Chris Campbell
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Careless curing can ruin
the best concrete
Bryan Perrie Pr Eng
CEO
Cement & Concrete SA
bryan.perrie@cemcon-sa.org.za

I

t is not generally realised that all newly
cast concrete must be properly cured
to ensure that hydration continues
until the full potential strength of the
hardened concrete is achieved and to
minimise the tendency to crack.
This means ensuring that the
concrete is kept damp and at a
temperature that allows cementing
reaction to proceed. The more extender
in the mix, the slower the strength
development, calling for longer curing
operations. Curing has the greatest effect
on the surface, and near surface zone, of
concrete and is especially important in
reinforced concrete and concrete subject
to abrasion.

CURING METHODS
For proper concrete curing the following
steps should be followed:
QQ Cover the surface with a waterretaining material such as sand, earth,
straw or hessian so that it is kept
continuously damp.
QQ Sprinkle or spray with water often
enough to keep the concrete continuously moist.
QQ Pond water on the concrete surface
(commonly used for flat surfaces such
as slabs or roads). Berms can be used
to contain water on sloping slabs.
QQ Cover the concrete with plastic
sheeting or waterproof paper. The
covering must be held in place at its
edges in a way that does not damage
the concrete and must be sufficiently
overlapped at joints.
QQ A fine water spray can be used to apply
water continuously and in a uniform
manner.
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Concrete that has been correctly specified, batched, mixed, placed, and
finished can still fail without adequate curing. Curing is usually the last
step in a concrete project and, unfortunately, is often neglected – even by
professionals.

All concrete must be properly cured to
ensure that hydration continues until the full
strength of the hardened concrete is achieved
QQ Apply membrane-forming compounds.

Such components are supplied in
liquid form and applied by spray, roller,
or brush. On horizontal surfaces the
membrane should be protected against
damage. Curing compounds must be
applied as soon as possible without
marring horizontal surfaces, or within
two hours of formwork removal on
vertical surfaces.
QQ Leave formwork in place and covering
any exposed concrete surfaces.
QQ Small precast elements (such as decorative paving stones) can be demoulded
and cured by immersion in water.
If freshly placed concrete is exposed to hot
sunshine or drying winds, evaporation
should be prevented by covering with plastic
sheeting immediately after placing and finishing. If the plastic sheeting could damage
the surface, water-filled atomiser sprays of
the type used for spraying insecticides on

fruit trees can provide a mist over the fresh
concrete until the surface is hard enough to
permit one of the above-mentioned curing
methods. It may also be necessary to provide adequate wind breaks for the concrete
during cooler parts of the day.
In winter, newly placed concrete
should be protected from frost by
covering it with insulated material such
as sacking or straw. The temperature of
placed and compacted concrete should
not be allowed to fall below 5°C until the
concrete has attained a strength of 5 MPa.
Curing should be continued for at
least five days after placing concrete, and
longer – about a week – in cold weather.
Adequate curing is absolutely essential for
concrete to attain its potential compressive strength at 28 days. With adequate
curing, the concrete will become stronger
and durable, more impermeable, and more
resistant to abrasion.
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State-of-the-art concrete repairs
for water purification plant
A water purification plant in the Mpumalanga coal fields, operated by a leading coal miner, recently required
major concrete repairs due to corrosion. The damaged concrete was repaired with a protective coating in a
project that required strict safety protocols for working at heights.

T

he state-of-the-art water treatment
facility treats contaminated underground mine water to drinking
water quality. The bulk of this water is
supplied directly to municipal reservoirs
and the balance is used by the mine for
its own purposes. It serves as a stellar
example of private sector involvement in
service delivery, supplementing stressed
municipal water supplies.
Over the years of treating corrosive
mine water, the concrete of the water
purification plant had fallen into a poor
condition and required extensive repairs.
Greene Consulting Engineers designed
and supervised the remedial work.
This was an extensive undertaking that
entailed repairing the two concrete tanks
and the interconnecting pipe, as well as
the water purification plant’s clarifier and
thickener.
Citi-Con was appointed as the
specialist contractor to undertake the
repairs to the water purification plant.
The company offers permanent concrete
protective coatings that penetrate the
concrete surface so that it can resist
extreme hydrostatic pressure from either
positive or negative surfaces. These liquid
resistant qualities become an integral part
of the concrete substrate. They are highly
impervious to aggressive chemical attack,
while also sealing hairline shrinkage
cracks and enabling the concrete
to breathe.

CONCRETE REPAIRS
Work commenced with the repair of the
bases of the two concrete tanks, with
workers lowered down the 6 m-high structures using rope-suspended platforms.
“We first drilled a hole into the
damaged areas of the bases of the two
Civil Engineering April 2022

Work commenced with the repair of
the bases of the two concrete tanks

water-retaining structures. An acrylic
reinforced cementitious, flexible waterproof coating was then used to plug these
areas. Forming a hard wearing, seamless,
waterproof membrane, the liquid was
poured directly into the damaged areas
via a conduit that was inserted into the
various holes that we drilled in the damaged areas of the base of the reservoir,”
explains Andre Vermeulen, Director of
Citi-Con.
One of the challenges on this project
was repairing the 1 m diameter pipeline
between the two tanks, with the team
having to work in an extremely confined
space to seal areas that were leaking.
The damaged areas of the clarifiers
were repaired using epoxy-injected

grouting methods and Hypalon bandage,
which was also deployed to repair concrete defects on the thickeners.
Rope access systems were used by
the specialist contractor to gain access
to various damaged areas. All of the
company’s rope access practitioners have
completed their Rope Access Level 2
training and have therefore undertaken
many thousands of hours working in
the field.
Notably, it also provides a safer
method of working at heights. Working
for a mine, the company had to ensure
that it complied with very strict mine
health and safety protocols, and there
were no major incidences during the
entire duration of the project.
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In brief

Metals and engineering production expands but risks remain

Production reached pre-Covid-19 levels by December 2021

P

roduction in the metals and engineering sector started the
year on a relatively strong note. On a year-on-year basis,
production in the total sector expanded by 1.2% in January
2022. On a month-on-month basis between December 2021 and
January 2022, production in the sector expanded 4.7%. Total sales
increased by 6.2% between these two months from R67.4 billion
to R71.6 billion, notes SEIFSA’s COO, Tafadzwa Chibanguza.
Increases were noted in electrical machinery products (14%),
rubber products (12%), and basic iron and steel (11%). However,
production decreases were experienced in the vehicle parts and
accessories (–12%), household appliances (–9%), and structural
metal products (–6%) segments.
This is also on the back of the 2.9% year-on-year production growth recorded for the total manufacturing sector in

January 2022. Between December 2021 and January 2022, total
manufacturing production expanded by 1.9%.
The metals and engineering sector, made up of 13 sub-sectors,
constitutes 30.9% of the total manufacturing sector. It is encouraging to note that at an aggregate level, production levels in the
metals and engineering sector reached pre-Covid-19 levels by
December 2021.
“The positive production data recorded in January 2022 is very
much in line with the other data points released in the last few
days, namely the Purchasing Managers Index and the Business
Confidence Index, which all showed notable improvement. This
confirms the fact that, from the last quarter of 2021 into the first
few months of 2022, global economic recovery was starting to take
shape and generally supportive of domestic growth in various sectors. However, the geo-political developments involving Russia and
Ukraine present downside risks for this recovery,” says Chibanguza.
Risks include heightened uncertainty, volatility, and inflationary risks that will manifest through food and the commodities complex, including oil prices. This will likely force the South
African Reserve Bank to act much sooner and more aggressively
than originally anticipated, hurting the prospects of the recovery.
Domestically, the recent bouts of loadshedding will also dampen
the outlook of the productive sectors.
Chibanguza notes that while South Africa cannot do much
about the global geo-political landscape and associated risks,
resolving domestic challenges by implementing urgent reform
in the electricity supply industry is entirely within the country’s
control. SEIFSA will continue to press for the necessary reforms
to safeguard productive capacity in order to stimulate muchneeded growth.

Fast-track student block construction underway

C

oncor is hard at work on the latest
student accommodation project in
Braamfontein, Johannesburg – a
much-needed contribution to the national
shortage of these facilities. The fast-track
venture is scheduled for completion in just
12 months and began in November 2021.
The Groove, a substantial 13-storey
development, will provide space for 899 students, and is conveniently located just opposite the University of the Witwatersrand’s
South Gate. Concor is working with
developer Growthpoint Properties, who in
turn is operating on behalf of Durban-based
fund manager Vulindlela.
In addition to the new build, the
project is also repurposing some of the
existing buildings on the site where the
old Doves & Kloppers funeral parlour
became a familiar landmark on the busy
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Enoch Sontonga Avenue. These existing
buildings will provide additional services
and utilities for student residents.
Concor site agent MacDonald Ngobese
notes that the successful completion
of fast-track projects relies on having a
highly skilled and experienced core team
on site to closely manage sub-contractors
and to keep strictly to the construction
programme. This also requires constant
and in-depth communication with all
stakeholders, from the client to operational partners and local authorities.
“The scope of the work includes full
fit-out, right through to joinery. Among
the challenges is the very constricted work
environment, as the site borders busy
urban roads and the M1 highway,” he says.
Two of Concor’s tower cranes have
been erected on site to help deal with

Artist’s impression
of The Groove

space constraints and to expedite the
movement of materials in the interests
of a fast pace of construction. While one
crane is working 13 hours a day on production work, the second is speeding up
the offloading and placement of material
deliveries.
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CESA welcomes Gauteng budget, calls for tighter tendering processes

C

ommenting on the announcement of
the Gauteng provincial budget, the
CEO of Consulting Engineers South
Africa (CESA), Chris Campbell, welcomed
the budget’s focus on critical infrastructure
spend, but called for urgent attention to
address issues within tender processes.
“CESA, which is an engineering
industry association consisting of 580
companies, is delighted that the provincial
budget placed such an emphasis on social
development and critical infrastructure
spend over the next three years, to the tune
of some R36 billion. We do, however, urge
the government to work at addressing important challenges inherent in the current
tender processes, or efforts and funds are
likely to be wasted,” says Campbell.
“According to the recent CESA Biannual Economic and Capacity Survey
(BECS), there is a 20% cancellation rate
of tenders, which is way too high and
ultimately represents a considerable waste
of resources and effort, and in some cases
can even impact the sustainability of
those companies that deliver on projects.”

TENDERING & PROCUREMENT
Campbell pointed out that while there is
considerable expertise within the Gauteng
government, there are many capacity
challenges within its procurement departments – project and technical procurement
requiring a high level of specific expertise
that is currently lacking. This results in
numerous complex problems with the
tendering process itself and some major
bottlenecks in awarding technical tenders as
well as in the effective execution of projects.
“One consequence of this deficiency in
capacity is that many engineering projects
are not adequately scoped and they lack
the necessary definition. This can result in
a whole range of problems, as engineering
firms are not always sure how to develop an
appropriate tender and may not be clear on
what exactly is required to undertake the
project. Poor scoping can also make it tricky
for adjudicators to identify the best supplier
to execute the project,” explains Campbell.
“Some of the complexities in this area
are also around how long it takes for these
tenders to be adjudicated, and sometimes
the validity dates for the project expire
after continuous extensions and potentially result in cancellation as well.
Civil Engineering April 2022

CESA is happy with Gauteng's infrastructure budget
but warns of difficulties in executing projects

“In addition, these challenges may in
some cases be compounded by a lack of
necessary skills among those officials who
have to adjudicate these highly technical
tenders. This can result in all kinds of
problems, including the selection of the
most appropriate supplier and even in the
correct and best execution of a particular
project,” he continues.

PAYMENT & CAPACITY
According to the BECS, notwithstanding
Treasury regulations, late payments also
continue to be an issue for the sector.
Campbell said the Gauteng Provincial
Government is quite often guilty of late
payments to the suppliers of infrastructure.
This can have dire consequences for the
sustainability of some of those suppliers and
needs to be urgently addressed, he added.
Asked how capacity challenges could
be addressed, Campbell says: “Procurement
staff directly involved with infrastructure
related procurement within government
should have an engineering background
and a high level of technical knowledge.
This should go a long way to addressing
problems with scoping and the adjudication
process that will follow. It is imperative to
have sufficient experience and knowledge
to know what professional services should
cost so that you can be assured of the
requisite quality of services. The notion that
least cost will be equal to a high quality of
professional services is counterintuitive if
you hope to be offered the optimal solution
to what are often complex infrastructure
problems.”

Campbell believes that the procurement
system requires careful refining. “There
are also too many current unknowns,
for example, the case with the illusive
Public Procurement Bill, which has been
in development since 2013, raised its head
again in 2020 but has since disappeared
from the public radar screen. This legislation was meant to distinguish between
procurement of general goods and services,
generally regarded as commodities, from
that of infrastructure related services, both
professional and construction related. What
is desperately needed now is certainty and
clarity on the procurement regime,” he adds.
The CESA CEO went on to note that
the landscape for implementation is not
only difficult for the private sector, but
also for the officials within government
who have the exceedingly difficult task
of ensuring that fruitless and wasteful
expenditure can be eliminated from the
system. “Such knowledgeable persons
should be both accountable and empowered to be able to make decisions that are,
in total, consistent with the Constitution.
Currently the ‘cost effective’ component
in Section 217, subsection 1 is generally
misinterpreted to mean least cost,” he adds.
“The Gauteng government has come up
with a magnificent infrastructure budget
and spend, but there are a lot of highly
complex elements that are going to make it
difficult to effectively execute some of the
projects. Nevertheless, we are confident
that these challenges can be overcome with
a united effort between government and
the construction sector.”
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Surface miners ready for infrastructure boost

I

n his annual budget speech Finance
Minister Enoch Godongwana
announced a R17.5 billion budget
earmarked for accelerated infrastructure
development projects throughout the
country as part of government’s mid-term
plan to revive the ailing economy.
Commenting on the this, ASPASA
Director Nico Pienaar said that although
the announcement is good news for the
industry, it would not be the first time
that government has announced such
packages that have failed to launch.
“The minister has indicated that all
government departments will be included
and that innovative financing and
delivery mechanisms will be launched as
announced by the president in his State
of the Nation Address. We therefore sincerely hope that government will include
ASPASA and other professional bodies in
the planning and execution of the infrastructure plans,” says Pienaar.

He notes that if government wants to
unlock higher levels of employment in the
sector it is critical to work with industry
associations and regulatory bodies to
ensure that jobs created are meaningful,
sustainable, safe and empower the larger
communities.
“These organisations play an important role in regulating the industry,
ensuring compliance with all relevant
legislation as well as labour requirements.
We want to avoid the use of roadside
borrow pits and unlawful illegal sand or
aggregate operations. We expect government to make use of compliant ASPASA
members who are tax-paying, law abiding
enterprises that contribute to local and
national economies.
“If we are to succeed in these plans to
upgrade roads, bridges, water and sewer
networks, transport, school infrastructure, hospitals and clinics, then we need
to work together to ensure capacity and

ASPASA wants government to avoid use of
roadside borrow pits

the right products are available when
required,” says Pienaar.
He adds that the material mining
and quarrying industry in South Africa
is a strong and resilient one that directly
employs nearly half a million people.
Largescale projects will have a direct
and positive effect on this end of the
industry which is ready to meet the supply
demands when government releases funds
for largescale infrastructure projects.

Milestone reached in new hospital development

C

onstruction of the new Netcare Alberton Hospital has been
completed and main contractor Trencon Construction has
officially handed over the building to Netcare for the next
phase of preparations for the hospital’s scheduled opening in April
this year.
The new 427-bed hospital will add to the already extensive
set of disciplines and services moving across from the nearby
Netcare Union and Netcare Clinton hospitals, introducing
further specialised sub-disciplines and creating additional healthcare capacity to serve people in the surrounding communities
and much further afield.
“The handover represents a significant milestone in the development of our new future fit healthcare facility,” says Jacques du
Plessis, managing director of Netcare’s hospital division.
“I would like to thank Trencon Construction and express our
appreciation to the highly professional team of project manager,
architect, quantity surveyor and the consulting engineering
firms, as well as the many local, national and international
sub-contractors and suppliers, for their hard work and exacting
standards in bringing this large construction project to fruition.”
Following functional testing, the four-story building,
comprising a total gross building area of 60 343 m² including a
basement parking area, was handed over to Netcare after all the
necessary requirements were met by the main contractor.
“We are very proud to have delivered the new Netcare
Alberton Hospital in time and to the highest quality, given the
impact of Covid-19 and difficult market constraints. It was also
a very difficult time for our business with the passing of our
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The new Netcare Alberton Hospital

founder, Amarnath Singh, during the construction,” says Yavani
Singh-Ninan, CEO of Trencon Construction.
The hospital has been developed by the Rejem-Linton-Netcare
Joint Venture, a joint venture consisting of Netcare Properties,
local businessman Riaan Jonker, and Nedbank. The project
included substantial investment in local labour and businesses,
and at the peak of construction, offered employment to more
than 800 local people, while more than 90 local companies were
utilised, and in excess of R200 million was spent with local businesses and suppliers.
“The handover of the site represents the culmination of a
decade long journey of options analysis, planning and implementation of this new purpose-built hospital. We are currently liaising
with the Gauteng Department of Health to complete the licencing
process and are working at full steam to install all the medical
and other equipment, furnishings and consumables necessary to
manage such a large, ultramodern and well-appointed healthcare
facility,” says Du Plessis.
April 2022 Civil Engineering

Corobrik’s R800m Kwastina factory enters full production

Kwastina can produce 100 million bricks a year

T

he commitment made by Corobrik
at the South African Investment
Conference at Sandton in 2019 has
paid off, with its new Kwastina factory in
Driefontein entering full production by
the end of March.
The R800 million investment in the
state-of-the-art manufacturing facility has
gone hand in hand with a further R200 million earmarked to expand Corobrik’s
concrete operations in KwaZulu-Natal.

Kwastina produces clay face bricks, while
the concrete operation is targeted at the
plaster brick and block market.
Kwastina (‘Home of the Brick’) is fully
automated, from mixing the raw materials
to the end product. Capable of producing
100 million bricks a year, the new factory
will easily be able to meet larger-volume orders. In a first for the South African market,
Kwastina will also have the flexibility to
produce small quantities of bespoke products for the architectural segment.
Kwastina is touted as the most technologically advanced and environmentally
friendly brick manufacturing plant in
Africa. “It is an acknowledgement on our
part that we need to progress and make
those step changes that will keep us relevant for the next 100 years,” says Booth.
The project was completed on budget,
despite a three-month delay due to the
Covid-19 hard lockdown in 2020. “We
believe we invested at the bottom of
the cycle. All things being equal, if the

government rolls out what it plans to,
in terms of infrastructure like clinics,
hospitals, police stations and schools, then
Kwastina is ideally placed to make those
projects more cost-effective and efficient.
It is going to give us an advantage in the
market, not just in terms of technology,
but also in quality and consistency, which
are critical for specifications involving
tight tolerances,” says Booth.
Corobrik is already hard at work extending its product range, with a number
of new products already being introduced.
Trials are currently being carried out with
brick glazing for bespoke projects, as well
as the clay raw material to produce different colours to give Kwastina a unique
footprint in the country.
“It was a privilege to see Kwastina
through to fruition,” says Booth. He ascribes the success of the project to detailed
planning and the fact that tried-and-tested
technology has been used, mainly imported from German suppliers.

An opportunity to tap into new standards

S

outh Africa can significantly improve water and energy
efficiency by aligning its tap labelling programme with
international standards, finds a new study released ahead
of National Water Week.
The South African National Energy Development Institute
(SANEDI) and CLASP spearheaded the study by independent
experts, which culminated in a report titled, “In-depth Assessment
of Water Efficiency Opportunities in South Africa”. The report
found that standards for taps and showerheads could address the
country’s link to water and energy crises by reducing the use of
water and electricity needed to heat some of that water.
The SABS Special Committee recently participated in the
International Standards Organisation (ISOA) project to develop
an ISO standard for water labelling systems. The SABS considers
the standard, once published, to be applied to establish a water
efficiency labelling programme in South Africa.
In establishing such a programme, the report notes that there
must be “uniformity between the requirements of all related SANS
and international tap standards.”
“This report seeks to advance water and, in turn, energy efficiency in South Africa by making recommendations for alignment
to international standards which have improved efficiency globally.
It encourages a ‘flow follows function approach’ in the labelling and
standardisation of taps and installations,” says Ashanti Mogosetsi,
Project Manager for Appliance Standards and Labelling at SANEDI.
South Africa predominantly imports commercially available
taps. To solve the problem of inefficient water use, countries are
Civil Engineering April 2022

increasingly standardising taps and
fixtures to maximise water saving.
Among the recommendations of the
report are that, when South Africa
implements the labelling programme,
water flow rate targets should be set
to improve water efficiency, while
labelling should be defined by the
function of the faucet.
The report recommends the best
minimum and maximum flow rates
that would not compromise the
Standardising taps and
user’s experience and recommends
fixtures can maximise
that SANS introduce uniform dewater and energy savings
scriptions of tap types and consider
where the taps will be used, as well as their functions.
Toilets, taps and showers typically consume 40% to 60% of
the total annual potable water in domestic and commercial areas,
which is why water efficient fixtures typically save water, energy
and costs.
“We encourage South Africans to engage with the report
and take steps to align their plumbing needs with the country’s
evolving regulatory framework. Conserving water also conserves
energy, which reduces your annual water and electricity bills,”
concludes Mogosetsi.
To access the full report, visit www.savingenergy.org.za/
reports/index.html.
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Book review:
Much Water under Many Bridges
A review by Prof. Kevin Wall of Tony Murray’s new book titled, Much Water under Many Bridges. An Engineering
History of the Catchments, Rivers, and Drainage Systems of Greater Cape Town.

Much Water
Under
Many Bridges

An Engineering History of the Catchments,
Rivers, and Drainage Systems of Greater
Cape Town

TONY MURRAY

The Longkloof Weir
Much Water Under Many Bridges is available
from the SAICE bookstore

T

his book is truly a labour of love.
Every page is a tribute to Tony’s
enthusiasm for his subject and his
intimate knowledge, gained in a lifetime
of working in Cape Town. Nobody else
could have written this book – certainly
not with the empathy for the subject,
and the understanding that comes from
having been there at the time of an appreciable number of the events described.
Getting it published has been a
saga. More than 90% of this book was
publication-ready twenty years ago, and it
is only now, thanks to Tony’s persistence
and, latterly, the intervention of the
SAICE History and Heritage Panel, that it
has reached the bookshelves.
If you have any interest in engineering
history, get yourself a copy. If you live in or
know Cape Town, get yourself a copy – you
will be surprised by how much you will
learn about Cape Town’s complex topography. If you would like a good read about
the evolution of a city, and the politics and
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personalities around its service delivery,
even more reason to get a copy!
Gems include the stories of:
QQ The rivalry between the “Clean Party”
and the “Dirty Party” of the 1880s.
QQ The absence of sanitation regulations, and the battle by engineering
and medical experts (and others)
to convince the councillors, in the
first instance, and then the citizenry,
progressively over decades, to institute
improvements, and to pay for them.
QQ The high quality of the workmanship
in those early days – as evidenced by
the condition of the masonry outfall
of 1900 which is still in service after
120 years.
QQ The fate of the “Varsche River”, the
stream from Table Mountain that
provided ships with water and was
the reason why the Dutch chose to
establish a refreshment station here,
rather than at the much superior, but
waterless, harbour of Saldanha Bay.
QQ The controversy that has erupted
every time (for the last hundred

years anyway) a proposal is made to
discharge effluent into the sea.
QQ The parochialism of some of the
municipalities (e.g. the fate of Lunn’s
imaginative scheme for the Elsieskraal)
and their determination (on occasions – not always) to not cooperate
with their neighbours to implement a
water or drainage scheme with benefit
beyond their borders.
QQ The drastic effect of urban development, with greater paved areas, on
drainage systems of the Cape Flats –
ill-defined watercourses became major
streams, and winter flooding became
frequent. All this required expensive
engineering works, while over the
same period surface water quality
deteriorated markedly.
QQ The engineering works that we take for
granted, but which, if they were to be
proposed today, would no doubt run
into enormous environmental opposition (e.g. the mountaintop dams and Ou
Kaapse Weg, built in the 1960s through
then pristine mountain terrain).
April 2022 Civil Engineering
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ABOUT THE BOOK

The Elsieskraal River in Pinelands

The extent to which municipal officials
became highly competent “professional
client-engineers” (to use Tony’s terms), to
which consultants were selected based
on known competence rather than price
competition, and to which trust formed
the basis of many a successful cooperation, is apparent from a reading of every
page – as is the emphasis on service delivery above all other considerations. To
enable this, the municipalities employed
large numbers of engineering graduates.
For example, in the 1980s the Divisional
Council of the Cape, by no means the
largest municipal authority, had 26 fully
qualified engineers on its payroll.
Finally, and this is not a criticism –
the omission is understandable in the

light of the book’s publication history –
it is a pity that Tony was not able to
update the book before publication. For
example, where the history of the many
Table Mountain springs is told, it would
have been useful to read of the renewed
interest in them, and in groundwater
generally, triggered by the so-called
“Day Zero”.
The book is amply illustrated with
sketches and photographs of the period.
The many maps are essential, even for
someone who thinks they know Cape
Town well.
An ideal present for a loved engineer
or someone who lives (or wishes they
lived) in Greater Cape Town.
Heartily recommended!

Much Water Under Many Bridges describes
the history of the Cape Metropolitan Area’s
rivers and details the work that has been
undertaken in the wake of urbanisation.
However, as Cape Town’s history is inevitably
bound with water supply, the book is actually
an insight into the growth of the city itself.
Author Tony Murray has gathered
information which had been lying in the
files of municipal engineers for years, found
delightful anecdotes, interviewed several
practitioners and detailed information from
his own experience. All of this is woven into
a story which will fascinate engineers and
laymen alike.
Visit the SAICE bookstore to order your
copy:
store.saice.org.za/book-store/
much-water-under-many-bridges

Prepared by
Prof. Kevin Wall Pr Eng, FSAICE
kevin.wall@up.ac.za
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Railway

Short Courses in Railway Engineering
Access a wide selection of Railway Engineering short courses from leading experts at the University of Pretoria and stay on track with the
latest industry developments to get a head start with integral knowledge and skills in a highly competitive industry.
APRIL - NOVEMBER 2022
APRIL
01 - 23 Apr

SEPTEMBER
01 - 23 Sep
29 Aug - 09 Sep
19 - 30 Sep

01 - 23 Apr

Introduction to Multi-Disciplinary concepts in
Railway Engineering
Management of Continuously Welded Rails

MAY
03 - 20 May
23 May - 03 Jun

Track Geotechnology
Rolling Stock Technology

JUNE
06 -24 Jun
20 - 01 Jul

OCTOBER
03 - 14 Oct
03 - 21 Oct

Railway Infrastructure Maintenance Management
Introduction to Railway Projects and Processes

10 - 28 Oct

Law, Risk, Economics and Environment
Introduction to Multi-Disciplinary concepts in
Railway Engineering
Railway Safety Audits, Investigation and Reporting

JULY
19 - 29 Jul
4 - 15 Jul

Transnet Freight Rail Operations
Railway Safety Audits, Investigation and Reporting

NOVEMBER
01 - 18 Nov
14 Nov–02 Dec
14 - 25 Nov

Track Geotechnology
Railway Infrastructure Maintenance Management
Wheel-Rail Interaction

AUGUST
01 - 19 Aug
02 - 04 Aug
15 - 26 Aug

Management of Continuously Welded Rails
Introduction to Railway Projects and Processes
Train Movement Control Systems

Introduction to Multi-Disciplinary concepts in
Railway Engineering
Technical writing and presentation skills
Railway Safety Investigation
Railway Engineering short courses are registered with ECSA for CPD.

Key:
Online Course
Virtual Course

Contact us today for more information or to book your space. Client Information Centre Tel: +27 (0)12 434 2500 | info@enterprises.up.ac.za
Shifting knowledge to insight

SAICE Training Calendar 2022 (Face-to-Face)
Course Name

Course Dates

Location

11 October 2022

Midrand

18 October 2022

Cape Town

17 May 2022

Midrand

21 June 2022

Durban

19 July 2022

Cape Town

20 September 2022

Bloemfontein

18 October 2022

Midrand

18 May 2022

Midrand

22 June 2022

Durban

20 July 2022

Cape Town

21 September 2022

Bloemfontein

19 October 2022

Midrand

Practical Geometric Design

21–25 November 2022

Midrand

Leadership and Project Management
in Engineering

In-House only

Adjudication and Arbitration: How to
deal with Challenges to Jurisdiction

Structural Steel Design to
SANS 10162-1-2005

Reinforced Concrete Design to
SANS 10100-1-2000

Water law of South Africa

The Legal Process dealing with
Construction Disputes

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

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

Water Security and Governance

7–8 June 2022

Midrand

21–22 June 2022

Cape Town

6–7 September 2022

Cape Town

13–14 September 2022

Bloemfontein

20–21 September 2022

Port Elizabeth

1–2 November 2022

Midrand

18–20 May 2022

Midrand

9 May 2022

Cape Town

6 June 2022

Port Elizabeth

4 July 2022

Midrand

15 August 2022

Bloemfontein

12 September 2022

East London

3 October 2022

Polokwane

10–11 May 2022

Cape Town

7–8 June 2022

Port Elizabeth

5–6 July 2022

Midrand

16–17 August 2022

Bloemfontein

13–14 September 2022

East London

4–5 October 2022

Polokwane

12–13 May 2022

Cape Town

9–10 June 2022

Port Elizabeth

7–8 July 2022

Midrand

18–19 August 2022

Bloemfontein

15–16 September 2022

East London

6–7 October 2022

Polokwane

TBC

TBC

Register online: www.saice.org.za
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CPD Accreditation No
SAICEcon21/02927/24
Credits: 1 ECSA

Course Presenter

Contact

Hubert Thompson
Register: store.saice.
org.za/courses

|

SAICEstr21/02965/24
Credits: 1 ECSA

Greg Parrott

SAICEstr21/02964/24
Credits: 1 ECSA

Greg Parrott

SAICEtr19/02561/22
Credits: 5 ECSA

Tom Mckune

SAICEbus19/02507/22
Credits: 2 ECSA

David Ramsay

SAICEwat19/02516/22
Credits: 2 ECSA

Hubert Thompson

SAICEcon19/02517/22
Credits: 2 ECSA

Hubert Thompson

SAICEcon19/02447/22
Credits: 3 ECSA

Prof Zvi Borowitsh

SAICEcon20/02617/23
Credits: 1 ECSA

Cecil Townsend Naude

SAICEcon20/02618/23
Credits: 2 ECSA

Cecil Townsend Naude

SAICEcon21/02922/24
Credits: 2 ECSA

Cecil Townsend Naude

SAICEwat19/02412/22
Credits: 2 ECSA

Martin van Veelen

cheryl-lee@saice.org.za

All dates are subject to change
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SAICE Training Calendar 2022 (Face-to-Face)
Course Name

Course Dates

Technical Report Writing

Location

9–10 May 2022

Port Elizabeth

6–7 June 2022

Durban

22–23 August 2022

East London

3–4 October 2022

Cape Town

CPD Accreditation No

SAICEbus19/02491/22
Credits: 2 ECSA

Course Presenter

Les Wiggill

Contact

Register: store.saice.
org.za/courses
cheryl-lee@saice.org.za

SAICE Training Calendar 2022 (Webinars)
Design of Optimum Electrical Power
Usage

6–7 April 2022

Online

SAIChE-390
Credits: 2 ECSA

John Broli

Design of Vessels, Tanks

4–5 May 2022

Online

SAIChE-383
Credits: 2 CPD

John Broli

Design of Piping Systems

11–12 May 2022

Online

SAIChE-382
Credits: 2 CPD

John Broli

Multi-Variable Problems Analysis and
Solutions

14–15 June 2022

Online

SAIChE-366
Credits: 2 CPD

John Broli

Design of Pump Systems

8–9 June 2022

Online

SAIChE-369
Credits: 2 CPD

John Broli

Emotional Intelligence in Practice

TBC

Online

SAICEcom20/02697/23
Credits: 3 ECSA

Christopher Sigmond
Cedric Gorinas

Wetlands Systems and Sustainable
Water Resources

TBC

Online

SAICEEL20/02715/23
Credits: 1 ECSA

Prof Miklas Scholtz

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

18–20 May 2022

Online

SAICEEL20/02719/23
Credits: 3 ECSA

Prof Zvi Borowitsh

Elementary Construction Dispute
Resolution Procedures

TBC

Online

SAICEEL21/02972/24
Credits: 1 ECSA

Adv Hubert
Thompson

Register: store.saice.
org.za/webinars
cheryl-lee@saice.org.za

SAICE / Candidate Academy 2022
Getting Acquainted with Basic
Contract Administration and Quality
Control

Getting Acquainted with Basic
Stormwater Design

Getting Acquainted with being a
Resident Engineer

Getting Acquainted with Estimating,
Costing and Pricing of Construction
Tenders
Getting Acquainted with General
Conditions of Contract for
Construction Works (GCC 2015)

30–31 May 2022

Durban

10–11 October 2022

Midrand

5–6 May 2022

Online

18–19 August 2022

Online

30–31 May 2022

Online

30 June – 1 July 2022

Durban

28–29 July 2022

Online

25–26 August 2022

Midrand

29–30 September 2022

Online

27–28 October 2022

Online

24-25 November 2022

Online

9–10 May 2022

Online

5–6 July 2022

Online

19–20 September 2022

Online

2–3 August 2022

Online

Register online: www.saice.org.za
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|

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

Theuns Eloff

SAICEwat21/02897/24
Credits: 2 ECSA
SAICEEL21/02898/24
(Online)

Andrew Brodie

SAICEproj21/02957/24
Credits: 2 ECSA
SAICEEL21/02958/24
(Online)

Jan Bierman

CESA-1573-04/2022
SACPCMP/CPD/21/006

Theuns Eloff

CESA-1575-04/2022

Theuns Eloff

Register: store.saice.
org.za/trainingcourses
lizelle@saicepdp.org

All dates are subject to change
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SAICE / Candidate Academy 2022
Course Name

Course Dates

Getting Acquainted with
Geosynthetics in Soil Reinforcement

Getting Acquainted with Planning,
Scheduling and Programming for
Construction Projects

Getting Acquainted with Road
Construction and Maintenance

Getting Acquainted with Sewer Design

Getting Acquainted with Water
Resource Management
Pressure Pipeline and Pump Station
Design and Specification – A‑ Practical
Overview

Road to Registration for Candidate
Engineers, Technologists and
Technicians

Road to Registration for Mature
Engineers, Technologists and
Technicians

Road to Registration for Mentors,
Supervisors and HR Practitioners

The direct route to registration as
a Construction Project Manager or
Construction Manager

Understanding the Six Stages of the
Project Life Cycle

Location

19–20 May 2022

Online

2–3 November 2022

Online

9–10 June 2022

Online

8–9 November 2022

Online

12–13 April 2022

Online

27–28 June 2022

Online

17-18 November 2022

Online

1–2 June 2022

Online

15–16 September 2022

Online

23–24 May 2022

Midrand

28–29 November 2022

Midrand

21 & 23 June 2022

Online

4 & 6 October 2022

Online

12 May 2022

Online

21 July 2022

Online

8 September 2022

Online

22 November 2022

Online

26 May 2022

Online

30 June 2022

Online

23 August 2022

Online

20 October 2022

Online

18 October 2022

Online

13 May 2022

Online

20 June 2022

Online

29 August 2022

Online

14 November 2022

Online

18–19 July 2022

Online

22–23 September 2022

Online

CPD Accreditation No

Course Presenter

SAICEgeo20/02758/23
Credits: 2 ECSA
SAICEEL20/02759/23
(Online)

Edoardo Zannoni

SAICEcon20/02672/23
Credits: 2 ECSA
SAICEcon20/02673/23
(Online)
SACPCMP/CPD/21/005
Credits: 12 hours

Theuns Eloff

CESA-1576-04/2022
Credits: 2 ECSA

Theuns Eloff

CESA-1577-04/2022
Credits: 2 ECSA

Andrew Brodie

SAICEwat21/02986/24
Credits: 2 ECSA
SAICEEL20/02755/23
(Online)

Stephen Mallory

CESA-1578-04/2022
Credits: 2 ECSA

Dup van Renen

Contact

Register: store.saice.
org.za/trainingcourses
lizelle@saicepdp.org

CESA-1579-04/2022
Credits: 1 ECSA

Allyson Lawless
Stewart Gibson
Phathi Masimirembwa

CESA-1641-10/2022
Credits: 1 ECSA

Stewart Gibson
Phathi Masimirembwa

CESA-1580-04/2022
Credits: 1 ECSA

Allyson Lawless

CESA-2052-12/2024

Jeffrey Pipe

TBC

Jeffrey Pipe

In-house courses are available. To arrange, please contact: Cheryl-Lee Williams (cheryl-lee@saice.org.za) on 011 805 5947.
For SAICE-hosted Candidate Academy in-house courses, please contact: Lizélle du Preez (lizelle@saicepdp.org) on 011 476 4100 or 072 356 5230.
Register online: www.saice.org.za
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LET YOUR
PUMP DO
THE THINKING.

MegaCPK: the best standardized
chemical pump in its class.

Your Level 1 B-BBEE Partner

MegaCPK is a particularly powerful standardised pump destined for the chemical and petrochemical industry,
and many other fields of application. The optimised design of its hydraulic components sets new standards in
energy efficiency. This standardised pump offers particular flexibility and suitability for numerous applications,
and can be easily adapted to local conditions. Find out more at: www.ksb.com/megacpk
KSB Pumps and Valves (Pty) Ltd
Tel: +27-11-876-5600
www.ksb.com/ksb-za
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MUKONA
MUKONA
GEOTECHNICS
GEOTECHNICS

Mukona Geotechnics is an accredited BBBEE
Level 1, ISO9001, a South African-owned
engineering company that provides professional
geotechnical engineering and rotary core
drilling services to a range of customers in the
mining, public and private sectors.

Mukona In Situ, in partnership with
In Situ Site Investigation Company,
specialises in the use of Cone Penetration
MUKONA
MUKONA
Testing (CPTu) techniques and presureIN
SITU
IN SITU
meter testing. We carry out work
throughout Africa and the Middle East.

CPTu Testing

Services:

• Geotechnical Investigations
• Geotechnical Consulting Services
• In-Situ Testing (in partnership with
– Rotary Core Drilling
– Geotechnical Interpretive Reports
In Situ Site Investigation (UK)
– Percussion Drilling
– Dolomite Stability Analysis
– CPTu Testing with Video Cone
– Standard Penetration Testing
– Pile Testing for Solar PV Structures
– Seismic CPTu
– Vane Shear Tests
– Geophysical Survey (Gravity & ERT)
– MOSTAP Sampling
– Piezometer Installations
– Lateral Support and Piled Foundation Design
– Pressuremeter Testing
In-Situ
Direct Direct
Shear Shear
Tests Tests
– Shelby and Piston Tube Sampling
– Sinkhole Rehabilitation Design
– In-Situ
-- In-Situ
Direct
Shear
Tests
– Plate Load Tests
– Slope Stability Analysis and Design
DynamicWire
Probe
Super Heavy Tests
– Ground Improvement Design
--– Vibrating
Piezometers
– Vibrating
VibratingWire
WirePiezometers
Piezometers
– Soil-Structure Interaction Modelling

ISO
ISO 9001
9001 :2015
:2015 -- B-BBEE
B-BBEE Level
Level 11 I High
High standards
standards I Strong
Strong ethics
ethics
Tel:
Tel: +27
+27 11
11 443
443 8293
8293 // 35361
35361 Fax:
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86 571
571 29581
29581 Mobile:
Mobile: +27
+27 83
83 785
785 0284
0284 // +27
+27 81
81 360
360 5379
5379 // +27
+27 83
83 634
634 5918
5918
I
Website:
https://www.mukonagroup.com
e-Mail:
info@mukonagroup.com
/
geotech@mukonagroup.com
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