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FROM THE CEO’S DESK

Standing in the gap
THE CIVIL ENGINEERING profession,
together with other professions that stand
in the gap for humanity, can take deep
pride in that it is our professional and
moral expectation and duty to do our
work well, because we stand between the
mountains and the plains, and though
sometimes we are overcome, more often
we are overcomers.
As in the days of Noah, from that
point forward, history was arrested by a
ﬂood. All moments henceforth, precious
and despised, momentous and mundane,
collapsed into chapters deﬁned as ‘before
the ﬂood’ and ‘after the ﬂood’.
On 27 September 1987 the suburb
of Oaklands, located on the outskirts of
Verulam, a small town on the KwaZuluNatal north coast, was ravaged by ﬂoods.
Oaklands is located in a valley dominated
by three rolling hills, with a ﬂat basin at
the foot of the hills opening out as an escape vent to the north of the surrounded
valley. A sporadic river tributary meanders through the base of the valley, concealed in thick bush and bamboo growth
like a mocking little secret.
Oaklands is home to some nine hundred families, most of whom fall within
the middle to low income socio-economic
bracket. The families on the lowest end of
the scale occupy, for limited rent, a series
of government ﬂats at the lowest point of
the valley where the basin begins. Each ﬂat
is a block of three-storey units, rising some
twelve metres into the air. Three ﬂats are arranged together in a triangular format, connected by a spiralling staircase that accesses
the entrance of each ﬂoor on a landing.
There were nine of these arrangements
located directly at the foot of the hills, the
combat zone, negotiating access between
the daunting hills and the friendlier plains.
Around 00h30 on Sunday morning,
27 September, while the world was asleep,
the families living in the Oaklands ﬂats
encountered a tremendous terror that
would change their lives forever.

It had rained for two weeks, with
only intermittent relief. The rain on the
night of 26 September was the heaviest.
Families living on the top ﬂoors, who
heard the gentle rumblings in the middle
of night and awoke droopy-eyed and
sombre to investigate, were horriﬁed to
ﬁnd their cars ﬂoating recklessly at their
windowsills on the second ﬂoor like bobbing bath tub toys. The panic and trepidation set in. “Where are the children?
Where to go if we are surrounded by
water? The building is going to fall! What
about the families on the bottom ﬂoors?”
As they tried to make sense of the
absurd images, tragedy was brewing in
the dark, up on the hill on the south side,
hundreds of metres away. The south hill
was littered with smooth round boulders
the size of houses that by now were loosed
oﬀ their perches and booming down the
hill like a great inﬁrmity.
The amalgamated sound of rain,
lightning, thunder and monstrous rolling
boulders in the dark, is a petrifying one. It
starts oﬀ like a peaceful quiet, gathers momentum into a rampant rolling gallop, and
culminates into an incredible deafening
roar as it crashes everything in its path
into oblivion. Then the ﬁnal and terrifying
bang, the tumultuous trembling and the
unspoken wait for inevitable ﬁnality.
One huge rock had raged through
the bottom ﬂoors of two units, leaving
a neat oval hole at its entrance and exit
points, crushing the lives of two fathers
and a little son, whose mother, twentyfour years later, still hears the frantic and
distant weeping of her boy.
Another gigantic demon ripped
through a neighbouring set of ﬂats,
rupturing one of the units, while tearing
asunder the spiral staircase from the
other two units, leaving two mothers
dead. The two units still standing, stood
as solitary tall towers, like shadows in the
night, disappearing and reappearing in
the ﬂashes of lightning.

All this happens in a matter of seconds,
with little time to think, and the nature
of man is relinquished to animal instinct.
Then the cruellest sounds of humanity
erupts – screams, prayers, crying, pleas for
help and wails of mourning. Survival in its
most raw and vulnerable form is stripped
of dignity and poise.
The South African media reported
300 people killed in northern and central
KwaZulu-Natal, and the Eastern Cape.
These areas were declared disaster areas
for seven days. The ﬂood devastated an
area of 92 670 m2 and left 60 000 people
displaced and homeless.
I write this piece in remembrance
of my neighbours who were killed in
the Oaklands ﬂoods, and others who
were killed during the same ﬂoods in
South Africa.
And more so, before we grow cold
and nonchalant about the suffering
of our fellow citizens under heaven, I
write to commemorate the more than
11 000 people killed, 16 300 people gone
missing, and the 450 000 left homeless
in the recent spate of earthquakes and
ensuing tsunamis in and around Japan.
It is a tremendous thing to have a full
appreciation of entire households and
lineages that existed since the beginning
of mankind, being wiped off the face
of the earth in one clean sweep. I write
also to assuage the anguish of those who
have come through the valleys of the
shadow of death, and to wish them great
fortitude in this time of bereavement
and rebuilding.
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JAPAN EARTHQUAKE

Less of a Surprise
earthquake early warning in Japan
IN THE DAYS FOLLOWING the magnitude 9,0 Tohoku earthquake which struck
oﬀ the northeastern coast of Honshu,
Japan, on 11 March this year (Figure 1;
U.S.G.S. 2011), the world watched in
awe as the extent of the destruction
wrought by the strong ground motion and
subsequent tsunami was revealed. It is
estimated that more than 11 000 people
lost their lives (Reuters 2011), with entire
towns ﬂattened and swept from the map.
The region's infrastructure and industries
sustained signiﬁcant damage, the most
publicised example being the nuclear
energy sector. Yet, when the sheer magnitude of the quake is taken into account
– it is the ﬁfth largest quake yet recorded
by modern instruments, and by far the
largest in Japanese history (U.S.G.S. 2011;
Rhea et al 2010; Utsu 1990) – it is surprising that the loss of life and damage to
infrastructure was not signiﬁcantly larger.
As a centuries old society repeatedly
battered by temblors and tidal waves,
Japan has the world’s longest and most
extensive historical record of seismicity,
with texts detailing seismic activity
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going back as far as 416 AD (Utsu 1990).
Nowhere in the record is there mention
of an event of this magnitude; based on
the descriptions therein, seismologists
estimate the largest events to have been
around magnitude 8,4.
As the country developed during
the last century, it suﬀered a number of
tragic earthquakes, the most destructive
of which included the 1923 Tokyo earthquake (magnitude 7,9) and the 1995 Kobe
earthquake (magnitude 6,8). In response
to the tragedy of 1995 the country invested heavily in funding fundamental
science in the ﬁelds of geophysics and
seismology. This investment included the
expansion of one of the world's leading
seismic networks, which now consists of
more than 80 broad-band seismometers
and more than 1 000 strong-motion
seismographs (Figure 1; N.I.E.D. 2011). A
signiﬁcant piece of infrastructure made
possible by this investment in research
and instrumentation is the Japanese
earthquake early warning system,
which was launched on 1 October 2007
(J.M.A. 2011).

Seconds after the start of the
mega-temblor at 14:46:23 local time
on 11 March, Japan's earthquake early
warning system issued an alarm,
distributed to the public via broadcasting media, cell phones and public
announcement systems, giving people
time to take cover, if only under the
nearest table. The information was
also transmitted into the country's
infrastructure and industries. Trains
automatically slowed down or stopped
to decrease the risk of derailment, elevators stopped and the doors opened,
gas outlets were secured to prevent fires
and explosions, doctors performing
surgery were alerted, and a variety of
pre-emptive procedures were taken in
industry to minimise loss of life and
damage to costly machinery with its associated loss in production and revenue.
Earthquake early warning is made
possible by the fact that ground shaking
during an earthquake does not start
simultaneously over the entire area
eventually affected by the temblor
(Figure 2). Almost all earthquakes start
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at a single subsurface point, known as
the focus. The effect of the earthquake
is first felt at the epicentre, the point
on the surface directly overlying the
focus. Vibrations generated during an
earthquake take on two distinct modes.
The fastest are longitudinal waves (also
known as p-waves) which travel at a
speed of around 5,8 km/s ahead of the
destructive transverse s-waves, which
propagate at a speed of around 3,2 km/s.
Detection of the p-wave can therefore
alert one to the fact that an earthquake
is occurring, and that the more destructive wave-trains are about to hit
(Kanamori 2005). If made at a single station, this observation gives little more
than this information, and does not
allow one to determine the epicentre,
nor does it provide enough information
to determine the size.
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Knowledge of the size and location
of the event is critical to determine how
much time a given region has before
the arrival of the wave trains associated with strong ground motion, and
whether the risk is sufficient to warrant an alert. The best way to obtain
this information is through a dense
network of seismographs covering the
entire area of potential seismic risk,
connected in a network to a central
processing facility. When any station in
the network detects the first signs that
an earthquake is under way, the control
facility is alerted and data from all affected stations in the network are processed to arrive at an initial estimate of
the size and location. If predetermined
criteria of statistical significance and
magnitude for an alert are satisfied, a
warning is issued.

1

148˚

Japan is covered with a seismographic

network of more than 1 000 stations, operated
jointly by the Japanese Meteorological
Agency and the National Research Institute
for Earth Science and Disaster Prevention.
Seismic hazard in the region is of the highest
estimated in the world (U.S.G.S. 2011), and has
seen more than 30 earthquakes of magnitude
6,5 and higher since 1976, when the global
CMT database starts (Ekström & Nettles 2011).
Also shown is the preliminary estimate of the
region which ruptured during the magnitude
9,0 temblor, as determined by Hayes (2011)

It is critical that the system arrives at
a robust risk assessment in a very short
time, to allow as much time as possible
for the public to respond if a warning is
issued. The process of measurement, data
transfer, processing, and issue of alert,
is literally a race of information against
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the earthquake itself. Epicentre location
is straightforward to determine from a
very small fraction of data if signals from
three or more stations are available, but
the magnitude of an earthquake cannot
be accurately determined from only the
ﬁ rst few seconds of data. Nonetheless,
this part of the signal is generally sufﬁcient to make an initial estimate of
whether what is to follow will be of sufﬁcient size to be a risk (Kanamori 2005,
Olson & Allen 2005). The longer the
signal available, the better the estimate
of earthquake magnitude, so that the
assessment calculation is repeated every
few seconds and the advisory updated.
Though the first warning can be
issued in as little as 2-3 seconds after
the temblor initiates, a blind region of
~20 km radius about the epicentre will
experience strong ground motion before
the warning is issued. Within a radius of
~50 km response times are limited to at
most a second, sufficient for automatic
pre-programmed response mechanisms
to kick in and minimise damage to infrastructure. The largest portion of the
affected area will then have more than
a couple of seconds to respond, in ideal
cases as much as 30 seconds, effectively
stealing the element of surprise from
Mother Nature.
Earthquake early warning was ﬁrst
proposed by J D Cooper in 1868, following a magnitude 7 earthquake on
the Hayward fault east of San Francisco
2

Schematic diagram of how an earthquake
early warning system uses measurements
of the faster p-wave to issue an alert that
strong ground motion is imminent within
seconds after the start of an earthquake

2
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(Kanamori 2005). This was well before
the magnitude 7,9 earthquake which devastated San Francisco in 1906. Given the
technology at the time, his idea would
probably have produced so many false
alarms that few would have heeded the
warning by 1906. Indeed, the requirement that a warning system should be
suﬃciently accurate to minimise false or
missed alarms is one of the main reasons
why such systems only recently became
logistically feasible. Data from highquality instruments must be analysed
with speed and accuracy in real time, requiring fast computational resources and
eﬃcient numerical algorithms.
Earthquake early warning is not
earthquake prediction. For early
warning, an earthquake must initiate
before action can be taken, while earthquake prediction would involve a robust
notiﬁcation of the time, location and
magnitude of a seismic event before it
occurs. Many scientists seriously doubt
that prediction of this nature is even
possible at all (Geller et al 1997). So far
the best shot at prediction is to assess
long-term seismic hazard by analysis of
historical seismicity records for a given
region to determine the likelihood of an
earthquake of given magnitude or larger
to occur within a speciﬁc period of time.
Such analyses only yield statistically signiﬁcant predictions of large earthquakes
when time windows of decades to centuries are considered (U.S.G.S. 2011).
Clearly then, our best defense
against earthquakes is engineering,
through combining early warning systems with buildings and infrastructure
designed to withstand the worst earthquakes seen in the historical records.

And yet, these records may not be
complete: an event of the scale of the
Tohoku earthquake was not expected
to be possible in Japan. Hopefully the
record hides no further big surprises.
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OPINION

Young engineers –

are we ready to become future leaders?
RECENTLY I HAD THE pleasure
of dealing with a group of Young
Professionals (YPs) from the
World Federation of Engineering
Organisations (WFEO). The committee
is called Young Engineers / Future
Leaders (YE / FL) and it is responsible
for championing the cause of YPs and
students within the engineering profession. The name of the committee says it
all, and it got me thinking. Are YPs in
South Africa aware of the role we need
to play in the future of our society, and
do we know how to become the leaders
of tomorrow?
The vision of the YE / FL committee is
“To involve young engineers in the world’s
leading activities to gain and share knowledge and experience, which prepares them
to take on future leadership roles.”
This implies that the preparation
for a leadership role can be linked to
the networking and knowledge sharing
gained through the involvement with
experienced engineering professionals in
the workplace, as well as through learned
institutions such as SAICE.
Many companies have either adopted
or created training programmes for YPs
to grow them within their organisations,
as well as to assist them on the path to
professional registration. This often tends
to be a slightly rigid structure, which is
applied to all YPs irrespective of intended
career path, experience or individual
ability. Companies oﬀering training for
YPs are commended for their eﬀorts, but
what else should YPs be doing themselves
in order to ensure they are ready to become future leaders?
I believe that a fundamental flaw
that trips up many colleagues from
8 Civil Engineering | April 2011

my generation (young graduates) is
the mind-set that ‘the problem will be
solved for me as long as I have the patience to wait’, which means that there
are many YPs who are reactive instead
of proactive. This relates to career
development, as well as to roles within
their respective companies.
Are leaders proactive or reactive?
Perhaps I should rephrase the question and ask – are good leaders proactive or reactive? The answer is simple,
and one we all know! But how do we
become good leaders? There are many
theories which have been presented to
deﬁ ne leadership, and a simple search
on Wikipedia will give you a long list of
diﬀerent theories. The intention is not to
be overly theoretical, but to rather deﬁ ne
for oneself what makes up a good leader.
What I personally believe makes a good
leader could be diﬀerent to what you believe, but the important thing is that we
all strive to become good leaders.
I came across a very interesting article
written by Adriaan Groenewald (writer,
consultant and managing director of
Leadership Platform) in which he states
“….. great leaders are great communicators.
Also, when someone communicates and
another learns, it means the communicator
is a teacher. One could say that communicating is synonymous with teaching.”
What do I feel is required for a young
engineer to become a future leader? The
following would be a good start:
■ Take on responsibility – whether it is
for compiling a tender document or
passing on a message, we need to ensure we are always dependable.
■ Hard work – if becoming a leader was
easy everyone would be doing it.

Leadership requires extra eﬀort, time
and dedication to the cause.
■ Be willing – take the time to do things
the right way even if it takes a little
longer. Be willing to ask for advice from
those more experienced than you, and
accept constructive criticism.
■ Don’t be afraid to start small – become a
leader amongst friends, family and
colleagues. The ability to practise good
leadership should be instilled in you
from as early as possible.
■ Communication – the greatest problem
with communication is assuming that
it has taken place. Make sure that you
communicate well in a team environment, and on the back of this, that you
are able to listen well – we have two
ears and one mouth so we should listen
twice as much as we speak.
■ Caring and compassion – take an interest in
those around you and show compassion
to those in suﬀering.
■ Age doesn’t need to be a factor – don’t let
your inexperience in terms of age stand
in the way of practising good leadership. Taking over the world will come
with time, but the principles of good
leadership are often small practicalities
that are picked up along the journey.
■ Pass on what you know – great leaders
are great teachers (refer to an article
at http://www.leader.co.za/article.
aspx?s=6&f=1&a=2554).
■ Encourage competition – a competitive
environment leads to innovate thinking
and improved eﬃciency.
As this is based on my personal
opinion I would welcome any comments or recommendations in this
regard, and look forward to other
members’ views on the topic.
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Esorfranki completes basement
ESORFRANKI GEOTECHNICAL,
together with earthworks specialist
Zero Unlimited as the main contractor
and demolition company Wreckers
Dismantling, has completed the basement
excavation and structural piling at 115
West Street – the new Alexander Forbes
headquarters in Sandton, Johannesburg.
This massive refurbishment project is
being undertaken by Nedbank Corporate
Property Finance on behalf of Zenprop
Property Holdings (Pty) Ltd.
The project is Zenprop’s largest commercial property development in Sandton
and, in both scale and environmental
innovation, it is poised to become the
developer’s ﬂagship South African commercial property.
115 West Street will comprise an
eight-storey 36 950 m² oﬃce building with
plant-ﬁ lled outdoor areas, natural light
and energy-eﬃcient lighting. High-speed
lifts, escalators and state-of-the-art auditoriums will feature the latest technology,
and the building will boast an in-house
gym, coﬀee bar and staﬀ restaurant.
The building will accommodate
Alexander Forbes’s 2 200 Johannesburg
staff members and, for the first time
since 1994, most of the firm’s major
divisions will be in the same building.
Construction has already commenced
and Alexander Forbes is expected to
take occupation in October 2012.
“We came on board in September
2010,” says Paulo Alves, contracts manager for Esorfranki Geotechnical. “The
competition was stiﬀ, but I believe we
secured this contract after submitting the
most economical solution with an acceptable time frame. We have worked alongside Zero Unlimited on several projects,
including 1 Protea Place and 22 Fredman
Drive, and an excellent working relationship has developed between our teams.”
The scope of the work allocated to Zero
Unlimited, Esorfranki Geotechnical and
Wreckers Dismantling on the 115 West
Street project included demolition of two
existing three- to four-storey structures
before excavation activities could begin.
This was accomplished with conventional
10 Civil Engineering | April 2011

demolition methods using mechanical
breakers, followed by the removal of about
5 000 m3 of rubble from the site. The
lateral support installed by Esorfranki
Geotechnical involved placing 87 No
600 mm diameter soldier piles to an average depth of 11,5 metres, 312 No 450 KN
strand anchors, and 620 soil nails and rock
bolts, varying in length from 3 to 12 metres. A total of 5 044 m2 of permanent gunite was applied, followed by 269 structural
piles ranging from 6 to 14 metres in depth.
“There are invariably unexpected challenges during this kind of project, and on
115 West Street rain and water were the
main issues,” Alves says. “Rain had a massive impact on our progress. We recorded
just short of 500 mm over December 2010
1

2

and into the ﬁrst week of January 2011.
Once it ﬁnally stopped, we had to spend
a lot of time clearing the site. Despite this
delay, and to the credit of everyone on site,
we still managed to complete the entire
project, including the structural piling
which did not form part of the original
contract period, just one week late.
“Another minor delay also had an
impact on our work – we had to wait for
ESKOM to remove a substation located
in one of the original buildings before we
could begin the demolition.”
Once Esorfranki Geotechnical had
completed 40% of the structuring piling,
Tiber Bonvec Construction and WBHO
Construction moved onto the site to
begin the building work.

excavation at 115 West Street
Esorfranki Geotechnical has undertaken as much as 75% of the basement excavations on Sandton construction projects.
Alves concludes, “This excellent track
record proves we have been recognised
for our knowledge and understanding of
the geology of the area. Over the years we
have established and maintained successful
working relationships with clients and contractors alike, with whom we have worked
on an extensive number of projects in the
vicinity of Sandton.”
INFO
Tammy Davies
Esorfranki Group Marketing Manager
011 822 3906

1

An aerial view of 115 West Street showing the size of the project

2

The project involved the placing of 87 No 600 mm diameter soldier piles, 312 No 450 KN strand
anchors, and 620 soil nails and rock bolts, just visible on the right-hand side of the picture

3

Excessive rain throughout the project proved to be a major challenge

Esorfranki is one of South Africa’s benchmark civil engineering and construction groups
providing specialist geotechnical services, roads and earthworks, civil and pipeline construction. The group has embarked on a corporate restructuring process that will see several
legal entities within its midst amalgamate into a single, centralised company with various
business units. By streamlining and integrating its operations, Esorfranki will be more
responsive to its markets, and the restructuring will open the door to further standardise
company systems, policies and practices. A major advantage of the process will be the
consolidation and strengthening of the corporate brand, since all business units will fall
under one unifying name – Esorfranki. Although the business units will work under a single
banner, they will retain individual accountability. Esorfranki now operates throughout South
Africa, sub-Saharan Africa and the Indian Ocean Islands.

tammy.davies@esorfranki.co.za

3
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PROFILE

Embracing life

in a bear-hug
1

By and large, when geotechnical
engineers get talking about their
field of work, expressions such as
‘challenging’, ‘exciting’, ‘fantastic’,
‘stimulating’, ‘passionate’, and
‘great fun’ regularly crop up. With
Alan Leslie Parrock, the level of
enthusiasm reaches unrivalled
heights. Lorraine Fourie spoke
to Alan, the A of ARQ Consulting
Engineers and the winner of
SAICE’s Geotechnical Gold
Medal for 2010, about some
of the outstanding moments
in his career and discovers his
exceptional zest for life. For this
engineer work is fun, and the
theatre of life is his playing field
YOUNG ENTREPRENEUR
Alan announced his arrival to the world
some 60 years ago in Johannesburg,
and by age five moved with his parents
and twin brothers to Chingola, in what
was then Northern Rhodesia, where he
started primary school.
“My father was a carpenter and he
ran a small construction company in
Chingola. I’m sure that’s where my love
of engineering started because as kids
we often used to go with him onto construction sites where we played in the
sand. I also remember helping my father
build a cabin cruiser and subsequently
catching my first tiger fish when the
Kariba Dam was filling up.”
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2

3

4

The family eventually returned to
South Africa, to Kloof in Natal, where
Alan attended high school and, inspired
by a ‘fantastic’ teacher, developed an
enduring love of mathematics. He considers it a privilege to have grown up not
having much money to throw around,
because it developed a sense of entrepreneurship in him and his brothers.
“The three of us used to leave home at
4 o’ clock on a Saturday morning and
hitchhike to Pietermaritzburg to get free
entry to the Roy Hesketh racecourse
where we used to take photographs of
the action. Returning at night, we would
develop and print the pictures and
hitchhike back the next morning to sell
these. Of course, on Monday morning
we would be completely messed up
for school,” he says with an infectious
laugh. It was also the start of a lifelong
interest in the sport of motor racing.
Alan enrolled for BSc (Eng) Civil at
the University of Natal in 1968. “I found
it very difficult; there was such a gap
between school and university. Even
though I had done additional maths at
school, I remember the guys from the
two Rhodesias were much better qualified academically when they started
university, having done A levels.”
After graduation Alan joined
the Natal Roads Department in
Pietermaritzburg, spending a year in
the geometrics department and then
moving to materials. “That was a side
I enjoyed immensely. Even though I
had been exposed to soil mechanics by
Ken Knight at university, the year in

materials basically shaped the rest of my
life, though I didn’t realise it at the time.”
Having a ‘wonderful’ time – living
in a tent and a caravan before sharing a
house with three buddies on the South
Coast – he spent his last year at the
roads department working as assistant
resident engineer on freeway contracts.
“I think we partied a bit too much, but
the realisation finally dawned on me
that I had to do something at a somewhat higher level.” He applied to join
the National Institute of Transport and
Road Research at the CSIR and moved
to Pretoria in 1976. “I worked with some
very competent people during my two
years there, but I realised that I wasn’t
cut out to be a researcher; I’m too much
of a pragmatist.”

DANGEROUS BUT EXHILARATING
He left the CSIR to join BKS as professional adviser to the South African
Defence Force on the road being built
through the Caprivi. “It was dangerous
work, but we managed to complete the
road, as well as an airﬁeld at the Defence
Force’s Omega base, and a pipeline between the Okavango and Quando rivers.”
Briefly returning to Pretoria, he
was assigned as resident engineer to
a road-building project through the
T F Martens Poort, near Pretoria North.
“Significant of this job was that a fault
line running through the rock formation was utilised as an environmental
feature. It was probably one of the first
environmentally assisted designs of its
time. I remember we had to remove

1

Alan Parrock, winner of the 2010

Geotechnical Gold Medal
2

Alan considers reading a book

such as Dam Foundation Grouting to be
much more fun than any spy story
3

Alan (middle) with his twin

brothers and a friend in the fifties
4

Against the backdrop of the granite

formations at the Tropic of Capricorn are
Alan and his mother at the little Morris
Oxford that carried the Parrock family of
five, plus all their worldly possessions, to
Chingola, Northern Rhodesia (now Zambia)

every little ‘graspolletjie’, plant them
in a nursery, and when the slopes had
been reinstated to their required lines
and levels, we replanted the clumps of
grass.” At R17,5 m it was a big contract
at the time.
Then it was back to Namibia to
build a road between Oshakati and
Ruacana. “This proved an excellent exercise in developing good road building
practice, but we had to be on the alert
for landmines all the time. When I saw
the destruction caused to the magnificent countryside it drove home to me
the pointlessness of war; it is such a
waste of time, energy and manpower.
But it wasn’t to say we didn’t have some
interesting moments. On one of our
excursions down the Kunene River, an
army vehicle was assigned to protect us.
At first he drove ahead, but he kicked up
so much dust that we told him to follow
us. When the guy protested, we said,
‘It’s all right, we’ll take the landmine
instead of the dust’.
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Alan at Medupi power station. “It’s big,

challenging and very technical,” says Alan
about the plant under construction
6

Gavin Byrne, Alan and Peter Day enjoying a

few beers at the 1997 International Conference
for Soil Mechanics and Geotechnical

“All good things come to an end and
I had to return to civilization – to BKS’s
Johannesburg oﬃce, where Etienne
Terblanche taught me probably most of
what I know today. He encouraged me
to attend supplementary courses at the
University of Stellenbosch where I was
lectured by some fantastic people in
foundation engineering, soil and rock
mechanics, and statistical distributions,
which I’m still practising today.” Alan’s
enthusiasm bubbles over again: “For instance, I’ve calculated how many matriculants passed maths with about 60%, seeing
that the ﬁgures which are available only
cover the 40 percenters.”

A 1983 housewarming party at
Etienne’s set the stage for Alan’s marriage
proposal to Gretchen Bremer. “I’d seen
and talked to her lots of times; she was
an architect practising in the same oﬃces
as us. On the day of the party I asked her
if she would go to supper with me afterwards. At table I said, ‘You know, I am
going to marry you,’ to which she replied,
‘Yes, I know that’ – on our very ﬁrst date,”
he says, eyes twinkling.
At the behest of Dan Eisenstein of
the University of Alberta, who was one of
his course lecturers at Stellenbosch, Alan
at this stage considered going to Canada.
“Dan wanted me to do some further

Engineering in Hamburg. According to Peter,
stories about Alan in Hamburg abound, but the
one he likes best is when Alan greeted a pretty
young fräulein standing next to him on the
U-bahn. “‘She obviously didn’t recognise him
for the friendly, outgoing person that he is and
promptly left the train at the very next stop.”
7

Proofreading the SAICE Site Investigation
Code of Practice are, from left: Gerhard
Heymann, Eduard Vorster, Alan Berry,
Trevor Pape, Alan (with beer in hand), John
Stiff (back turned) and Hannes Gräbe

7
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studies with him, but little known to us
was that if you went for longer than a
year you had to emigrate, and with the
South African political scene the way it
was in 1983, Canada didn’t allow white
South Africans entry. So after having
sold everything, and ready to go at the
drop of a hat, we just couldn’t get a visa
and everything fell through.”

MOSSGAS PRESENTS MASSIVE CHALLENGES

Alan’s 38 years of experience in
geotechnics, coupled with his
project management, contractual,
legal, financial and computer
proficiency, as well as his tutoring
and presentation skills, will not go
to waste when he retires in about
five years’ time. Peter Day says
about his friend and colleague:
“Alan has the ability to capture his
audience and carry them along on
the waves of his own enthusiasm.
There is no such thing as a formal
lecture with Alan, no matter what
the topic or the occasion.”
16 Civil Engineering | April 2011

Alan remained with BKS and in 1987
the Parrocks moved to Cape Town
where Alan was part of the geotechnical
foundation design team for the Mossgas
FA gas platform. He remembers an
entertaining yarn: “We were all asked
to participate in a T-shirt competition
that reflected what we were doing. The
winning slogan read, ‘Look what we did
for Mossgas’, on the front, and on the
back – ‘sweet FA’,” he guffaws. The facts,
of course, looked vastly different: the
use of 24 x 136 m long piles, 2,134 m
in diameter, weighing 500 tonnes each,
installed in 100 m of water, applying a
piling hammer the size of 3 x D10 bulldozers. Alan picks up again: “‘The
design predicted that once we knocked
the piles through the limestone crust on
the surface of the seabed they fell under
their own weight at about 60/70 km an
hour until reaching a depth of about
70 m, after which the rest of the length
was installed underwater. The piles
were finally grouted into the mudmat
– this is how it worked in practice. At
the time not much was known of the
calcareous soils which only occur in the
tropics, between -30˚ and +30˚ from the
equator. We had telephone conferences
with our Australian counterparts who,
some years earlier used a similar design,
but one of their piles just disappeared
after they had knocked them through
the limestone crust, never to be seen
again. It was the most exciting time
imaginable,” he enthuses.
Alan was in his element at Mossgas,
and thereafter, when it came about that
most of the computer programming was
done in FORTRAN. “‘I wrote programs
in simple FORTRAN, which I had learnt
at university in 1970, and this background
stood me in good stead later when we
joined hands with PROKON to produce
some geotechnical analysis and design
programs that are still available today.”
The late eighties also brought a
moving personal experience: after years

of waiting, Alan and Gretchen’s ﬁ rst
child, a girl weighing a mere 1,26 kg, was
born. Louise, who is now 22, is a BComm
(ﬁ nancial management) graduate. “She
had eight distinctions in matric, the
ﬁ rst one in the family, but what pleased
me most was that maths and additional
maths were among her subjects,” Alan
says with obvious pride. Their son
Philip (20) is a second-year student in
international studies at Stellenbosch
University. “‘He is a much bigger guy
than I am,” Alan gesticulates, “‘and he
has a zest for life that exceeds even
mine.” Gretchen returned to university
at the age of 50 to study ﬁ ne arts at Wits.
“‘I told her she was going to be the oldest
‘tannie’ in class,” Alan says with mirth.
A painting of hers, which she regularly
exchanges with a new one, has pride of
place hanging above their bed.

SETTING UP A SPECIALIST FIRM
After some 15 years at BKS, Alan
decided to branch out on his own.
With two partners, Raimund Miller
and Quentin Shaw, they established
the specialist engineering consulting
company ARQ, in Pretoria, creating
the name from the first initials of
the three founding directors. Alan
was to look after the geotech side,
Raimund after bridges, and Quentin’s
field was dams – “‘and that’s how
we still do it today,” he says.
Since the assignment of their first
project – the prison headquarters
in Mbabane, Swaziland – ARQ has
developed into a highly respected
multi-disciplinary consulting company
(see box for major projects completed
over the past 15 years). “‘We landed
that job via a referral from Windhoek,
and over the years we’ve done about
30 projects for the same firm.” Alan’s
eyes light up: “The company CEO has
a magnificent 48 ft yacht anchored in
the Mediterranean, and Gretchen and
I had the privilege to spend 2½ weeks
cruising up the coast of Spain with
him and his wife. That was great fun;
I love going to nice places. We used
to have a catamaran, but since I do
most of my work over weekends when
it’s quiet, we never had the time to go
sailing and eventually we sold it.”
Motor racing is another interest of
Alan’s. “‘It’s been a great love since schooldays, and recently attending the Italian
Grand Prix at Monza satisﬁed one of the

items on my bucket list. It was also good
to combine it with some work in Bologna
and Pordenonne just north of Venice.”

WORK IS FUN
“But maybe work is my biggest hobby;
each day I look forward to coming to the
oﬃce or going on site. ARQ is a small
company compared to the big internationals, and we have made a conscious
eﬀort to try and keep it small, but it’s
diﬃcult when you get big, internationally-aﬃ liated jobs. So we’ve grown with
projects that we have secured, but we’re
certainly keeping it specialist.” Currently,
ARQ, based on earnings per employee,
is ranked in the top 35 percentile in the
world. “‘We get the data from the British
New Civil Engineer magazine, and we
consciously attempt to remain in the top
bracket,” he says.
Alan swivels the spotlight to
SAICE’s Geotechnical Division as
a whole. “‘There is a drive within
the fraternity that is unique. When
the need arises, everybody gives of
their time and effort; nobody wants
to let his colleagues down. This was
epitomised to me when a group of
geo-heads had to write the SAICE
Site Investigation Code of Practice
(SICOP) some time ago. Under Nico
Vermeulen we booked into a hotel
retreat near Nelspruit on Friday, we
pounded out the thing, and by Sunday
we were proofreading the first draft –
despite the numerous beer stains on
the original,” he roars with laughter.

Alan’s 38 years of experience in
geotechnics, coupled with his project
management, contractual, legal, ﬁ nancial
and computer proﬁciency, as well as his
tutoring and presentation skills, will
not go to waste when he retires in about
ﬁve years’ time. Peter Day says about
his friend and colleague: “Alan has the
ability to capture his audience and carry
them along on the waves of his own
enthusiasm. There is no such thing as a
formal lecture with Alan, no matter what
the topic or the occasion.” Alan considers
his 15 years of part-time lecturing at the
Tshwane University of Technology as a

privilege and one of the highlights of his
career. Mentoring young graduates and
giving them the opportunity to develop
into top-class engineers ranks high on
his agenda, and many of these youngsters
have become colleagues and friends. In
fact, the value of enduring friendships
garnered through all walks of his professional life runs like an engaging refrain
through his personal recollections.
Looking into the future, Alan says:
“‘I can’t see myself not working – probably on a contract basis – and combining that with a bit of travel will keep
me occupied to my heart’s content.”

MAJOR PROJECTS COMPLETED BY ARQ OVER THE PAST 15 YEARS






















4 800 MW Medupi and Kusile power plants for Eskom
50 MW Nampower diesel generation station, Walvis Bay
Upgrade of Sani Pass to Lesotho
Hydroelectric plant, Bujagali (Nile River), Uganda
100 m high Changuinola roller-compacted concrete dam, Panama
Soccer City, Mbombela and Nelson Mandela Bay 2010 World Cup stadiums
Viaducts, Gautrain high speed rail link southern section
VRESAP (Vaal River Eastern Subsystem Augmentation Project): 120 km long pipeline
Walvis Bay International Airport, Namibia
Eden Island condominiums, Seychelles
Nelson Mandela cable-stayed bridge, Johannesburg
Sonangol Head Office, Luanda, Angola
Mondi effluent plant
Shaft 16, Rustenburg Platinum Mines
Sea wall, Vilanculos, Mozambique
Domestic terminal, O R Tambo International Airport, Johannesburg
Extension, Hartebeestfontein water care works
Volkswagen paint shop, Uitenhage
35 Ml/day water care works outfall sewer, Welgedacht, Springs
Richards Bay dry bulk jetty – Osterberg load cell testing of 65 m deep, 1,8 m diameter piles
Phalabora head gear
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GEOTECHNICAL ENGINEERING

Comparison of working stress design
and limit state design for pile foundations
BACKGROUND
Geotechnical design in South Africa
has traditionally been carried out using
working stress design (WSD) with global
safety factors. Since neither resistance nor
working load is known with absolute cer1

tainty, a safety factor is required to ensure
that the incidence of failure is either tolerable or improbable. In general, the design
is satisﬁed if:
Ultimate resistance / FoS ≥ Working load

The emphasis of working stress design is
to keep stresses resulting from applied
loads suﬃciently far away from the ultimate (failure) value by applying a safety
factor. Safety factors are generally derived
from experience, and are generally also
large enough to ensure that deformations
are limited to acceptable values.
The global concept of safety factors
was introduced in the eighteenth century
by Bélidor (1729) and Coulomb (1773),
who both suggested a value of 1,25 on the
width of retaining walls. Krey (1926) used
a factor of safety of 1,5 for the stability
of slopes and retaining walls and recommended values of between 2 and 3 for
bearing capacity of foundations. These
global safety factors given centuries ago
are not signiﬁcantly diﬀerent to the values
we use today.
On the other hand, Taylor (1948)
introduced separate factors of safety on
the cohesive and frictional components
of shear strength to estimate the stability
of slopes. The concept of partial factors
of safety was later generalised by Brinch
Hansen (1953, 1956) when he proposed
partial factors of safety for various load
types, shear strength parameters for soils
and pile capacity for the design of earth
retaining structures.
The concept of limit state design
(LSD) with partial factors has been
adopted by Eurocode and has become the
norm for all construction-related design,
including geotechnical design in Europe.
Eurocode requires that both the ultimate
limit state (failures) and the serviceability
limit state (excessive deformations) be
avoided. The design is satisﬁed if:
Design action ≤ design resistance, and
Design eﬀect of actions ≤ limiting value
of the relevant serviceability criterion
1

Modern high-capacity piling rig
installing large diameter piles
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Uncertainties in determining loads or
resistances are accounted for by applying
partial factors to characteristic (cautious
estimate) values of load or resistance to
obtain the corresponding design values
for load or resistance. Combination factors are also applied when considering
actions which may occur simultaneously.
South Africa has to a large extent
based its design codes on the British
codes. With the introduction of Eurocode,
which replaces the British codes, South
African design codes would become
incompatible and therefore the adoption
of Eurocode was considered. This ultimately led to the introduction of the new
SANS 10160 loading code.
Apart from the utilisation of the limit
states based partial factors procedure,
SANS 10160 has also included a section
on geotechnical design which would
provide compatibility between structural
and geotechnical aspects of design. The
application of limit state design with
partial factors for geotechnical design is
currently in a 5-year trial phase and will
ultimately lead to the drafting of South
African geotechnical design code or the
adoption of Eurocode 7 for use in South
Africa. Application of limit state design
with partial factors for geotechnical design may increase the complication of the
design procedure, but should also improve
the reliability of structural performance
and remove unwarranted conservatism.

factor of safety of 2,6. Single pile settlement was estimated at 3 mm.
When applying limit state design
with partial factors, SANS 10160 requires
veriﬁcation by two calculations under
ULS conditions. Calculation I is a factored load, unfactored materials approach
and is generally associated with internal
failure or excessive deformation of structural members providing resistance (also
known as the STR limit state). Calculation
II is associated with excessive deformation of the ground in which the strength
of the ground is signiﬁcant in providing
resistance (GEO limit state) and factors
are applied to variable loads as well as materials (or resistances in the case of piles
and anchors). Estimate of short- and longterm settlements will also be required to
verify the serviceability limit state. The
limit state which gives the most critical
condition will govern the design.
The design of pile foundations requires both the structural capacity (STR)
and the geotechnical capacity (GEO) of
the pile to be veriﬁed. When dealing with
the geotechnical capacity of piles, the
GEO limit state (calculation II) will generally be the critical case. For illustration
purposes, however, both calculations will
be performed. In general, the design is
satisﬁed if the design resistance is greater
than the design action, i.e.

COMPARISON OF DESIGN
PROCEDURES FOR PILE FOUNDATIONS

The design resistance of the pile, Rd can be
calculated as:

To illustrate the diﬀerences between the
two design methods, an actual pile design
example will be given. The site is situated
in Luanda, with the geotechnical proﬁ le
consisting of dense to very dense clean
sands with SPT N values in excess of 50.
Based on the geotechnical investigation,
ultimate shaft and base resistances of
125 kPa and 6 MPa were used for the
design of the continuous ﬂight auger
(CFA) piles. The ﬁnal design consisted
of 650 mm diameter CFA piles installed
to a depth of 15 m with a working load
capacity of 2 250 kN and a corresponding

account the uncertainties in the analysis
or correlations to derive resistance
values. γR;d equals unity if resistances are
obtained from load tests and equals 1,5
if resistances are derived from in situ/
laboratory tests.
On the other side of the equation, the
design action Ed can be calculated as:
E d = γ G Gk + γ G Qk

where Gk and Qk are permanent and
variable actions respectively, and γG and
γQ are the partial factors for permanent
and variable actions. Values of γG and γQ
are also given in Table 1. A combination
factor Ψ is introduced to the accompanying variable actions when combination
of actions under ultimate and serviceability conditions is considered.
For veriﬁcation of the serviceability
limit state, SANS 10160 requires veriﬁcation
of the serviceability criteria under irreversible, reversible and long-term conditions.
Irreversible action combinations are required for assessment serviceability conditions which develop rapidly, and reversible
and long-term actions combinations are
representative of average conditions that are
likely to occur over a period of time.
For the complete reference on the use
of SANS 10160, readers are referred to the
SANS 10160 document and background
reports to the SANS 10160 documents.

Rd ≥ Ed

Rd = R k / (γRγR;d)

The characteristic resistance of the pile,
R k, is the cautious estimate of pile resistance (similar to the ultimate capacity of
the pile) and is reduced by the factors γR
and γR;d to obtain the design resistance, Rd.
γR is the partial resistance factor which is
associated with the natural variability of
the soil and uncertainties in construction
eﬀects. Values for γR are given in Table 1.
γR;d is the partial factor for uncertainty
in the resistance model which takes into

Table 1 Partial factors for actions and pile resistances
Actions

Resistance

γG

γQ

γR

ULS: STR

1,2

1,6

1,0

ULS: GEO

1,0

1,3

1,6

SLS (long-term)

1,1

–

–

Ultimate limit state calculation I
(STR limit state)
As mentioned above, calculation I is a
factored load, unfactored materials (resistance) approach which is generally
associated with failure of the structure
providing resistance. An assumption
is made that 80% of the action is permanent action and 20% is variable (imposed) action. The design action can
then be calculated as Ed = 2 880 kN.
With characteristic shaft and base
resistances of 125 kPa and 6 MPa
respectively, and γR = 1,0 and γR;d = 1,5
the STR limit state would be satisﬁed if
a pile length of 9 m is used.
Ultimate limit state calculation II
(GEO limit state)
For calculation II, partial factors are
applied to variable actions as well as
pile resistance. The design action can
then be calculated as Ed = 2 385 kN.
With γR = 1,6 and γR;d = 1,5 the design
would be satisﬁed if a pile length of
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15 m is used. This value compares well
to that obtained from working stress
design, as the product of γR and γR;d
is approximately equal to the global
factor of safety of 2,5.
Serviceability limit state
For the veriﬁcation of long-term serviceability, a partial factor of γG = 1,1 is
used for permanent actions and Ψ = 0,3
for variable actions (imposed loads for
residential use). The design action is
then Ed = 2 115 kN. Under this load, the
pile length required to limit pile settlement to 8 mm is 7 m.

From the limit state veriﬁcations, it is clear
that the critical limit state is neither STR
(calculation I) nor settlement, but the limit
state GEO concerned with geotechnical
capacity of the pile. The outcome of the
design is similar to that from a working
stress design, and critical pile length of
15 m should be used in the design.
Consider now a situation where
full pile load tests were carried out on
site, and characteristic shaft and base

resistance values were back-analysed directly from the pile load test data. Since
the design is based on actual measured
resistances, and not estimated values
from correlations, the uncertainties with
regard to the estimation of pile resistance, and thus the overall uncertainties
of the pile design, were reduced. If the
design was done using working stress
approach, there would be no allowance
for the reduction of factor of safety with
the reduced uncertainty in design. The
pile load test is then just a luxury for the
design engineer without any actual cost
beneﬁts to the client.
If, however, LSD with partial factors
(SANS 10160) was used, the partial factor
for uncertainty in the resistance model,
γR;d, would be unity and only the partial
resistance factor, γR, would be applicable.
The pile load test, which reduces uncertainties in the design, would now also
provide a cost beneﬁt.
For the above-mentioned job, which
consists of approximately 600 CFA
piles, the pile load test would allow a
reduction in the design pile length from

15 m to 12 m, and provide a cost saving
of approximately 15% without compromising the reliability of the design.

CONCLUSION
Uncertainty in geotechnical design
arises primarily from the natural spatial variation of geomaterials and the
uncertainties in the analysis/empirical
correlations from which geotechnical
resistance is estimated. In working
stress design, this uncertainty is encompassed in one single factor of safety
value. Although a single factor simplifies the design significantly, it often
results in unwarranted conservatism.
Partial factor limit state design, on the
other hand, allows partial factors and
combination factors to be applied to
take into account various aspects of
uncertainty. This improves the consistency of reliability in the design and ultimately results in optimised designs.

NOTE
The full list of references is available from the
editor.
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Using Google Earth

in geotechnical investigations
1

Since its launch in 2005, Google
Earth has provided free public
access to satellite and aerial
photographs of the earth’s surface.
In addition to providing images
from above, there are a number of
features in Google Earth which are
extremely useful when carrying
out geotechnical investigations
INTRODUCTION
Google Earth is a web-based visual geographical database product from Google
Inc that presents geographic, satellite
and other imagery on a virtual globe.
The images are displayed in a seamless
manner when moving either laterally
across the globe or when zooming

in and out of an area of interest.
Additional layers of data, such as roads
or geological maps, can be added to the
virtual globe (Figure 1).
The software product is available
at no cost to anyone with internet access. In a keynote address to the 2008
GeoWeb Conference in Vancouver,

1

An oblique perspective of satellite imagery

and a geological map overlay draped over a
digital elevation model to create a 3D view

Canada, Michael Jones from Google
stated that there were already over 400
million users of the product worldwide.
Google Earth has become a popular
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Tilt

software product used either for personal interest, or for professional purposes. In the geotechnical profession it
can be an extremely useful tool.

IMAGES FROM ABOVE

Zoom

Placemark

Measure

Aerial photography is an important
and cost-effective means of obtaining
large amounts of information in a
short period of time. When used with
topographical or geological maps and
in conjunction with a basic knowledge
of physical land form features and
their relationship with geology and
geomorphology, aerial photographs can
provide most, if not all, the preliminary
information required for a desk study.
The information obtained may include,
for example, an indication of topography, rock boundaries and outcrops,
drainage and erosional conditions,
faults and joint patterns, soil type and
even sources of construction materials.
Hazards such as slope instability, sinkholes or abandoned mine workings can
also be identified. In addition to viewing
images of the Earth’s surface, there are a
number of features which make Google
Earth a powerful tool in geotechnical
investigations.

USEFUL FEATURES
Navigate

Find a route

View the past

Time of day

View in 3D
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Tilt
Images taken from above in a vertical
perspective can be tilted in Google Earth
to provide an oblique view with the tilt
controller or ‘Look Joystick’. Although
not a true oblique photograph, the
pseudo-oblique view may help with interpretation of the land features in some
instances.
Zoom
By using the zoom slider bar, or mouse
scroll wheel, the scale of images can be
changed seamlessly. A regional scale
view may be preferred when investigating larger landform patterns such
as mountain ranges, fault and drainage
patterns, whereas a smaller scale can be
selected when trying to identify smaller
features such as sinkholes or seep lines.
Placemark
Coordinates and approximate elevations (including bathometry) are
shown at the bottom of the Google
Earth window as the mouse cursor
is moved over the globe. By adding
a ‘Placemark’ onto the globe, a ﬁ xed

coordinate is provided. A title and description of the locality may be added.
Once marked on Google Earth,
the coordinates can then be entered
into a GPS unit for positioning on site.
Proposed test positions may be chosen
with the aid of satellite imagery, thereby
reducing chances of on-site surprises. If
there is evidence from the imagery that
there may be problems with access to a
particular position, an alternative position can be found before establishment
of test equipment on site. Conversely,
GPS coordinates and tracks recorded on
site can be plotted on Google Earth. Site
locality and test layout plans can then be
created in minutes.
Software packages such as gINT allows publishing of test locations and associated data onto Google Earth. A userdesigned description, together with links
to images such as test pit photographs,
or PDF ﬁ les such as borehole logs, will
appear in a pop-up window when the
placemark on Google Earth is selected.
Separate layers for depths to bedrock,
water table and any other parameters can
also be added.
Measure
Distances can be measured via a line
or path with the ruler function. Either
metric or imperial units can be selected.
When measuring the length of a single
straight line, a heading in degrees from
north is automatically provided. Th is
may be useful when determining land
surface trends such as fault or fracture line orientations. With the path
measurement function, distances along
centre-lines may be obtained.
With Google Earth PRO, a businessoriented upgrade to Google Earth,
the area of a polygon is automatically
provided. Site boundary areas or borrow
material areas and volumes could, for
example, be obtained in an instant.
Navigate
Many mobile telephone handsets are able
to view the satellite images in Google
Earth or Google Maps. Together with
GPS capabilities, the user’s locality may
be placed within metres onto the satellite
imagery, rather than hundreds of metres
based on triangulation from nearby network towers. Th is is particularly useful
when trying to locate, or avoid, a speciﬁc
feature on site, or position the next test
locality based on land surface features.

Find a route
The route and distance to a site may be
obtained by selecting the ‘directions’
tab under the ‘Search’ drop-down box
and typing in the address or coordinate
in the ‘From’ and ‘To’ boxes. Step-bystep directions are provided, along with
approximate duration of journey. An
automated virtual fly-over of the route
can also be viewed.
View the past
By default, Google Earth displays the
highest quality and latest imagery available. Photograph dates are usually provided in the bottom left corner of the
Google Earth window. As images are
updated, the previous images are superseded, but not removed. By selecting the
clock icon, all previous images can be
viewed via the timeline slider scale.
Rapid natural changes in topography
and drainage systems, coastal erosion,
dam level ﬂuctuations and ﬂood lines
may be highlighted by comparing historical and current images. Most evident
changes would be human inﬂuences such
as urban, commercial and industrial
expansion (Figures 3 and 4). Th is could
prove useful in providing an indication
of the previous uses of a site or changes
in site conditions.
Time of day
Depending on the sun’s elevation,
certain land features can be overlooked if there are no shadows.
Shadows can be added by clicking
on the daylight button. The time of
day can then be changed by using
the time slider bar, which changes
the shadow direction to the selected
time of day. The function works best
if the area has good topography.
View in 3D
By selecting ‘Show Terrain’ under the
‘3D View’ tab of ‘Tools, Options’, satellite
images are draped over a DEM (digital
elevation model). When viewed obliquely
using the tilt controller, certain topographical features relating to geomorphology and geology may be highlighted
by the pseudo-3D image (Figure 2).
3D buildings can also be viewed by
selecting the ‘3D Buildings’ box under
2

the ‘Layers’ drop-down box. They are
computer generated with some, if not all
the buildings, having been draped with
photorealistic surfacing (Figure 5).

OVERLAYS
There are a number of standard layers
in Google Earth that can be switched
on or off as required. These include
borders, roads, geographical features,
historical earthquakes and volcanoes
to name a few. Other layers such as
geological, topographical, soil and
natural hazard maps can be added
to the virtual globe. These overlays
are created by third parties and can
be downloaded from their respective websites. They are automatically
superimposed onto the virtual globe
and can also be draped over the DEM
to create a 3D perspective (Figure 1).
Topographical and geological
maps of the USA are readily available.
However, coverage of other countries is slowly expanding. A number
of scanned soil and geological maps
covering large areas of Africa, Asia,
Europe, and North and South America
are available for downloading from
EuDASM (the European Digital Archive
on Soil Maps of the World) at http://
eusoils.jrc.ec.europa.eu/esdb_archive/
eudasm/EUDASM.htm. Not all the
maps have been converted to georeferenced overlays, however. Any map
image can be imported into Google
Earth and either dragged roughly
into place, or more accurately georeferenced. The latter may require
assistance from a GIS consultant.
The National Geophysical Data
Center has created a global database of
natural hazards, including earthquakes,

There are a number of standard
layers in Google Earth that can be
switched on or off as required. These
include borders, roads, geographical
features, historical earthquakes
and volcanoes to name a few.
Other layers such as geological,
topographical, soil and natural
hazard maps can be added to the
virtual globe. These overlays are
created by third parties and can be
downloaded from their respective
websites. They are automatically
superimposed onto the virtual globe
and can also be draped over the
DEM to create a 3D perspective

2

An oblique 3D view – a very

useful aid in highlighting geological
and geomorphological features
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tsunamis and volcanic eruptions which
can be downloaded onto Google Earth
from www.gelib.com/historical-hazardsdatabase.htm. The database includes
socio-economic information such
as number of fatalities, injuries and
damage information, as well as scientific
data such as earthquake magnitudes and
tsunami intensity. A number of other
hazard maps are available from various
internet sites.

3

TECHNICAL SPECIFICATIONS
Coordinates and measurements
The coordinate system of Google Earth
is in latitude/longitude on the World
Geodetic System of 1984 (WGS84)
datum. The displayed coordinate format
can be changed to decimal degrees,
degrees minutes seconds, decimal minutes, or UTM. The accuracy of the coordinates is generally within the range of
a hand-held GPS unit (i.e. 2 m to 10 m).
As such, the coordinates, elevations
and measurements provided by Google
Earth are not suitable for high-accuracy
GIS or survey. Certain applications
of Google Earth should be used with
caution, for example site placement or
boundary and services location.

4

Image resolution
The base imagery of Google Earth is
Landsat imagery which has a resolution
of 30 m to 15 m per pixel. Th is is continuously being replaced with 2,5 m per
pixel SPOT imagery. A number of major
cities and other areas of popular interest
may have resolution datasets of up to
15 cm per pixel from aerial photography.

5

COPYRIGHT
All Google Earth content is owned
either by Google or its suppliers and
is copyrighted. The use of content is
allowed and deemed to be acceptable
under the principles of 'fair use'. This
is where permission is granted for a
copyrighted work without obtaining a
license from the copyright holder only
if it is used in certain ways. Factors determining fair use include the purpose
3 and 4

Viewing the past:

images of industrial, commercial and
residential development at Greenstone
Mall near Johannesburg – 2001
(photo 3) and 2008 (photo 4)
5

Photorealistic 3D models of

buildings in New York City
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and character of use, the nature of the
copyrighted work, the amount of the
copyrighted material used, and the effect of use upon the potential market for
the copyrighted work.
Use of Google Earth and its content
must provide attribution to Google
and its suppliers by including the attributions shown on the bottom of the
Google Earth Image along with copyright notices, such as "© 2009 Google,
Map Data © 2009 Tele Atlas". Further
legal details are provided on the Google
Permissions web page (www.google.com/
permissions/geoguidelines.html).

of other features in Google Earth which
are extremely useful during geotechnical investigations. These include overlaying various maps, plotting of points,
obtaining coordinates, measuring
distances and areas, viewing topography
in 3D, navigation to and on the site,
and being able to compare current with
historic images. Overall, Google Earth
is a convenient and important tool for
geotechnical practitioners.
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Google Earth can be used during all
stages of a geotechnical investigation,
from project budgeting to desk study,
field work planning, analysis and final
reporting. When used in conjunction
with other maps, most if not all the
preliminary information required for
a desk study may be obtained from
Google Earth’s satellite images and
aerial photographs. There are a number

All Google Earth content is
owned either by Google or its
suppliers and is copyrighted. The
use of content is allowed and
deemed to be acceptable under
the principles of 'fair use'
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Fibre-optic cables across South Africa
a preliminary evaluation using Google Earth
BACKGROUND
Internet access and usage in South Africa has seen incredible
growth since it ﬁrst arrived on our shores over two decades ago.
Current demands placed on existing infrastructure has, however,
necessitated the need for an improved network that is capable of
processing and managing more data at both higher speeds and
lower costs, while generally increasing the accessibility of the
networks across the country.
Mobile network operators have therefore been investing billions in a drive to develop a comprehensive ﬁbre-optic network
across the country, with a plan to roll out this network in various
phases. The ﬁrst phase would entail linking Gauteng, Cape Town
and Durban, and connecting this network to international landing
stations located at Yzerfontein in the Western Cape and Richards
Bay in KwaZulu-Natal. This would create a primary, fully redundant core-ring which would provide protection against service
disruptions. The second phase would entail linking the various
suburbs within these municipalities to this network, and the third
and ﬁnal phase would be to link smaller towns and cities to this
network to ensure a network that is as widely acceptable as possible. These three phases have therefore been conveniently termed
‘Long-haul’, ‘Metro’ and ‘Access’ respectively.

geological conditions is obtained. ARQ (Pty) Ltd was contacted
during the second half of 2010 in this regard to provide specialist
geotechnical support, and was requested to assist with the compilation of a preliminary design report for the Metro portion of
the network. This report involved a detailed desktop study that
included a description of the general geology underlying each
route, an estimate of the excavatability conditions expected along
the route, and any special considerations, such as problematic
soils or large intersections that were encountered along the route
that would require special attention. To date, ARQ has been of
assistance regarding over 120 routes situated across Gauteng and
KwaZulu-Natal for a total distance of over 1 500 km, with each
route ranging in distance from only a few hundred metres to a
few kilometres in length.
In order to get the highest level of accuracy possible in estimating the excavation conditions without creating excessive investigation costs, it was decided that the best way to achieve this
was to perform a ‘digital visual inspection’ using Google Earth,
and Google Earth Street View. Using this technology, which
would not have been possible even a year or two ago, combined
with specialist knowledge, published geological information and
personal experience, the level of accuracy in determining the
excavation conditions based on the client’s needs was achieved.

GEOTECHNICAL INCORPORATION
As the cable network will be installed below the ground surface, it is essential that a complete knowledge of the underlying
1

Rock face exposed along Ring Road West, Alberton, indicating

hard excavation conditions present along this portion of the route
2

An example of a fibre-optic route through Alberton, indicated in red

1
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From years of detailed geotechnical investigations, as well as
published geological data, ARQ has acquired an understanding
of which geological formations are likely to weather, forming
residual soils that are susceptible to collapse, that exhibit expansive characteristics, that are prone to heaving, and a vast array
of other problems that may be encountered by the weathering
of these formations. Problems encountered by the underlying
rocks themselves include the potential for the formation of
sinkholes and dolines in dolomite, the susceptibility of steeplydipping shale to slide into an excavated trench, and the presence
of corestones in granites that generate variable excavatability
conditions. Th is information was then used to enhance the preliminary design report by providing the client with solutions to
each of these problems, should they be encountered during the
construction phase.

CONCLUSION
To date ARQ has been involved in the preliminary design phase
for various Metro and Long-haul routes, and has also recently
completed a detailed geotechnical investigation and report for
a Long-haul route from Johannesburg to Cape Town exceeding
1 800 km in length.

ACKNOWLEDGEMENTS
As a young geotechnical engineer-in-training, this project has
provided me with the opportunity to learn from a variety of
specialists.

In order to get the highest level of accuracy possible
in estimating the excavation conditions without
creating excessive investigation costs, it was decided
that the best way to achieve this was to perform a
‘digital visual inspection’ using Google Earth, and
Google Earth Street View. Using this technology, which
would not have been possible even a year or two
ago, combined with specialist knowledge, published
geological information and personal experience,
the level of accuracy in determining the excavation
conditions based on the client’s needs was achieved
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Simplifying expansion of clays
IT IS A MOST disconcerting fact that
certain soils have not ‘read’ the published
theories.
Several theories exist relating to the
expansion of clays and to the prediction
of swell pressure. Swell pressure is often
deﬁned as the vertical overburden pressure which will prevent the clay from
expanding when it is wetted. The diﬀerent
methods used to measure swell pressure,
however, give very diﬀerent values.
It has been most diﬃcult to develop
a formula for swell pressure which would
provide sensible values for a wide range
of clay soils. The authors are making
1

a tentative suggestion that swell pressure does not only depend on the clay
type, but mainly on climatic factors. For
example, in a semi-arid region the swell
pressure is larger than the swell pressure
in a rain-water-excess climate such as
the Western Cape.
It seems that it might be necessary to
consider highly plastic basic clays such
as smectite clays (e.g. those containing
montmorillonite which are derived from
basalt and Karoo dolerite) as being in a
separate class from clays derived from
acidic rocks such as granites and pegmatites. In other words, future scientists

% Swell

2

Void ratio

might need diﬀerent equations to predict
the swell percentage of two diﬀerent
families of clays. It is the method of
analysis which seems to be useful in this
article, rather than the exact values in the
formulae, as these values might need to
be modiﬁed to cope with highly plastic
smectite clays.
The theories in this article seem to
apply only to clays which have Liquid
Limits less than 80%.
This article therefore attempts to simplify this branch of soil mechanics. Tables
1 and 2 display remarkable agreement
between theory and practice.

A

Free swell carrying 1kPa

Wet
eo

Swell pressure p’s
Wetting
Log p’v

p’s
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0
1 kPa

B
15

30 kPa

Log p’ v

INTRODUCTION
Several diﬀerent approaches can be used
for predicting the expansion of clays, for
example:
■ Simple formulae using Atterberg limits
and the in situ water content.
■ More complex methods using the
values of the pore water suction prior
to wetting, and the final water suctions and the overburden loading
after wetting.
In this article the authors concentrate
mainly on the ﬁrst approach.

SWELLING PRESSURES
There are at least ﬁve diﬀerent methods
for measuring swell pressures. These are
as follows:
Zero-expansion consolidometer test
In the zero-expansion test a clay
sample is placed in the consolidometer ring at its original in situ water
content. Water is added to the bottom
of this sample, while vertical loadings
are incrementally applied to prevent
the sample from swelling. The final
equilibrium loading to prevent the
expansion of the wetted clay sample
is recorded as the swelling pressure.
Chen’s method –
wet expansion followed by consolidation
In Chen’s method, the clay is permitted to
swell during wetting in a consolidometer
while the clay is carrying a small vertical
loading. Thereafter the clay is loaded in
increments to obtain a consolidation
curve of void ratio versus vertical loading.
The vertical loading is noted at the point
where the void ratio is equal to the original in situ void ratio (see Figure 1). This
vertical loading is assumed to be the same
as the original swelling pressure prior to
the wetting of the clay.
The filter paper method
Two pieces of ﬁ lter paper are placed in
direct contact with the moist clay in a
sealed container for about ten days. The
water content of the ﬁ lter paper (e.g.
Whatman’s No 42) is determined by using
1

Chen’s method for finding swell pressure p’s
2

Pidgeon’s method; three samples
start at same e o and wo %

3

Sample softens and expands during wetting
process while carrying vertical loading
4

Formulae used in the Sparks
method in this article

an accurate electronic scale. A conversion
formula provides the value of the pore
water matric suction (–u) in the clay. The
matric suction is the value which appears
in eﬀective stress equations. Sparks (reference 5) has used the following equation
for saturated clays (Sr = 1):
The average eﬀective stress in the clay is
u* = (p’v + p’h + p’h) / 3 + (–u)
where the eﬀective stresses p’ are due to the
external loading on the sample.
The value of u* will be equal to the so-called
swell pressure.
When the value of u is large compared to the
values of p’, then the swell pressure u* is approximately equal to the matric suction (-u).
3

We will not be using the afore-mentioned
equation in this simpliﬁed method.
If the ﬁ lter paper is in contact with
only the water vapour which surrounds
the clay sample, then the ﬁ lter paper
method provides the total suction in the
soil. The total suction is larger than the
matric suction because the total suction
includes the osmotic eﬀects due to dissolved salts in the pore water.
Scientists have accurately determined
the water content of the ﬁ lter paper over a
large range of suctions. It can therefore be
stated that the suction in the pre-wetted
soil can be accurately determined by the
ﬁ lter paper method. However, we ask the
question, “Is this the suction value which
we should use?” This is discussed further
down under the heading “FURTHER
DISCUSSION ON SWELL PRESSURES”.

Volume
Expansion due to wetting

Time

Softening due to wetting

4

1. Water content % versus (free swell % while carrying p’v = 1 kPa):
To be used for an in situ clay if the Liquid Limit is less than 80%
(% free swell 1 kPa) =

{

}

(10 + 0,47 PI% - wo%)
(1/Gs) + (wo% / 100)

(1)

2. Swelling pressure p’s is defined as p’v necessary to prevent swell
when wetted. In this trial method the swelling pressure p’s in equation (2)
below, is determined by the local climate of the site, e.g. the ratio
(annual evaporation / annual precipitation). See section on “A new trial
swell pressure p’s”.
Examples of suitable values are: Transvaal
Cape Town
Durban

p’s = 110 kPa
p’s = 30 kPa
p’s = 20 kPa

3. Percent swell while carrying vertical effective pressure p’ kPa is as follows
(Pidgeon 1987) :
(swell % p’) = (Log p’s - Log p’)
x (free swell % 1 kPa)
(2)
Log p’s
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5

Swell-under-load method used by Terry Pidgeon
At least three points are required to
determine the inclined straight line in
Figure 2. Pidgeon has, however, used
ﬁve separate samples (from Kilner Park,
Pretoria) to verify the existence of the
inclined straight line in Figure 2.
Three identical undisturbed soil samples are used in three consolidometers.
The one sample is loaded with a vertical

Free swell % versus prewetting water content

5

(% free swell 1kPa) =

Free swell = Percent swell while carrying 1 kPa

40
%

{

}

(10 + 0,47 PI% - wo%)
(1/Gs) + (wo% / 100)

This chart is intended for
use if the LL% is less
than 80%

PI%
40%

30
%
45%
PI%
30%

20
%
35%
PI%
20%

10
%

0

PI%
50%

25%

Sparks Jan 2011

0

10%
20%
30%
Pre-wetting water content wo%

Table 1 Calculations and observations – Kilner Park
Calculated Measured
Assume influence zone to 5,5 metres.
Swell press = overburden = 5,5 x 20 p’s
= 110 kPa

Measured
Measured swell press
p’s = 112 kPa

(Free swell 1 kPa):
Equation (2) or Figure 5 = 10,2 %

Measured
Free swell = 9,2 %

Using Equation (3):
Swell %
Overburden p’
10,2 %
p’ = 1 kPa
6,7 %
p’ = 5 kPa
4,3 %
p’ = 15 kPa
2,81 %
p’ = 30 kPa
1,31 %
p’ = 60 kPa
0%
p’ = 110 kPa
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Measured
Swell %
9,2 %
5,7 % to 6,3 %
4,0 % to 4,5 %
2,79 %
1,3 %
0 % at p’=112 kPa

loading of say 1 kPa, so that it expands
while loaded with this loading. The percentage swell is noted. The other samples
are loaded respectively with vertical loadings of say 15 kPa, and 60 kPa and then
wetted so that they expand while carrying
these loadings.
A straight line is drawn on a diagram
of percentage swell versus applied vertical
loadings. The swell pressure is taken as
the value of the applied loading which
corresponds to zero swell (see Figure 2).
The Decagon method –
using dew point measurements
The Decagon is an expensive device
which measures the total suction in the
pore water within 10 minutes. Several
workers in America are prepared to use
the total stress instead of the matric suction. A Decagon test provides the total
suction pressure which can be plotted
against the water content. Information
concerning the Decagon can be obtained from an agent in Stellenbosch:
Campbell Scientiﬁc-Africa, Charl le Roux,
cleroux@csafrica.co.za

FURTHER DISCUSSION
ON SWELL PRESSURES
The large differences
between swell pressure values
Several authors have noted large diﬀerences between the swell pressures measured by the Chen method, and those from
the zero-expansion test.
Abduljauwad et al (1989) measured
the swell pressures of seven samples
from Arabia by using Chen’s method,
and also by using the zero-expansion
tests. As an example, the Chen method
gave a swell pressure value as high as
3 100 kPa whereas the zero-expansion
method provided a value of 800 kPa.
Generally the values from the Chen
method were approximately four times
larger than the values from the zeroexpansion method
The Chen method (Figure 1) involves
a complicated stress-strain path before
it yields the swell pressure. This creates
some unease, because it is akin to allowing tooth paste to squeeze out of a
pressurised tube, and then forcing the
toothpaste back into the tube in order
to measure the original pressure which
existed prior to the extrusion.
The ﬁ lter paper method and the
Decagon device will also provide high
suction values in the pre-wetted clay.

The swell-under-loading method used
by Pidgeon provides the lowest values of
swell pressure.
One can therefore ﬁnd at least four
diﬀerent values for the swell pressure. The
method in this article is closely connected
to the method used by Pidgeon.
A diﬀerent approach to ﬁnding a swell
pressure is suggested as a trial method
further on in this article, under the
heading “A new trial swell pressure p’s”.

the softening causes the swell pressure in
the clay to decrease from its original drier
value as could be measured by the ﬁ lter
paper method. This original swell pressure is no longer the driving mechanism
which will cause the clay to expand; a
lower pressure now operates and causes
the clay to expand. A similar process can
take place in the natural in situ clay.
A new trial swell pressure p’s
It has been noticed that the seasonal swelling of clays in a semi-arid
(Transvaal) region mainly takes place in
the upper 5,5 metres of the soil proﬁle.
This is also consistent with the charts of
the F factor published by Dirk van der
Merwe (reference 8). His values of the F
factor for decreasing his swell with depth,
show that F diagram can be replaced by a
triangle shape which has a value close to
zero at a depth of 5,5 metres.
For the Transvaal region we will assume that the swelling pressure seems to
be in equilibrium with the overburden
pressure at the depth of 5,5 metres. It is
therefore suggested that in a sub-humid

The influence of the softening effect during wetting
Consider the behaviour of an air-dry consolidometer sample which is carrying a large
vertical pressure prior to being wetted.
Immediately after adding the water
to this sample, one might notice a slight
settlement prior to the swelling process.
This indicates that there is a softening of
the clay (i.e. a reduction in the equivalent
Young’s Modulus E’) during the swelling
process. These two diﬀerent actions are
taking place simultaneously, namely a
softening of the clay, and an expansion of
the clay (see Figure 3). It therefore follows
that, while the clay is absorbing water,

region such as the Transvaal, the swell
pressure is equal to 5,5 x 20 = 110 kPa.
This swell pressure refers to an undisturbed soil sample taken from the natural
soil proﬁ le. This is the swell pressure
which will be used in the swell-underpressure method described by Pidgeon
(also see the discussion further on under
the heading “Pidgeon’s experiments and
the depth of inﬂuence”).
It has been found that in a rain-excess
climate such as that of Sydney, Australia,
the seasonal swelling of clays only occurs
in the upper 1,4 metres of the soil proﬁle.
The rain-evaporation climate at Sydney is
similar to that at Cape Town. In a region
such as Cape Town one could assume a
swell pressure of 30 kPa. It is suggested that
a value of 20 kPa may apply for Durban.
Calculations will be simpliﬁed if it is
assumed that the vertical eﬀective pressure p’v governs the volume of the clay,
although we know that we should use the
average isotropic eﬀective stress u* for
estimating the volume of the clay. (The
stress u* was deﬁned above under the
heading “Filter paper method”.)
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THE SPARKS METHOD INSPIRED BY
EXPERIMENTS BY PIDGEON

6

Expansion example if PI% and
wo are uniform with depth

6

The formulae used in this method
are listed in Figure 4. The graphical
equivalent of Equation (1) is shown in
Figure 5. This figure shows the probable percentage of swell which different
clays will achieve when they start at the
water content wo% and are wetted while
carrying a vertical loading of only 1 kPa.

% Swell / 100
0,075
0,1125

0

0,75

p’v = 15 kPa

1,5

30 kPa

Depth in metres

Using Pidgeon’s
observations for Port
Elizabeth (PI% = 37% and
wo% = 14,1%)
Area of diagram
= 0,29 m
= total heave of surface
(due to wetting)

5
5,5

p’v = 112 kPa

Table 2 Calculations & Observations – Kwamagxaki
Calculated
Thornthwaite Climate same as Pretoria
Assume influence zone to 5,5 metres
Swell press = overburden = 5,5 x 20
p’s = 110 kPa

Measured
Measured swell press
p’s = 112 kPa

(Free swell 1 kPa) :
Equation (1) or Fig 5 = 26,2%

Measured
Free swell = 26,2%

Using Equation (2) :
Overburden p’
p’ = 1 kPa
p’ = 5 kPa
p’ = 15 kPa
p’ = 30 kPa
p’ = 110 kPa

Swell %
26,2 %
17,23 %
11,11 %
7,24 %
0%
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Measured
Swell %
26,2 %
17,3 %
11,25 %
7,5 %
0 % at p’=112 kPa

At present it seems that Equation (1)
applies to clays which have a liquid limit
less than 80%.
Equation (1) and the method for
deciding on the swelling pressure ps are
the new features in this article. It will be
noticed that the swelling pressure ps is
regarded as being dependent on the local
climate of the site (e.g. annual evaporation / annual rain precipitation). The
depth below the soil surface of the zone
of inﬂuence in which expansion can take
place is also aﬀected by this ratio (see
Figure 6 and the discussion below under
the heading “Pidgeon’s experiments and
the depth of inﬂuence”).
The authors have reservations about
the method used in this article to decide
on the swell pressure. In this article the
swell pressure is taken to be equal to the
vertical overburden pressure at the point
on the soil proﬁ le which corresponds to
the lowest depth of expansive inﬂuence
(e.g. usually at a depth of 5,5 metres on
the Highveld, and 1,4 metres in Cape
Town). Th is step in the method is presented as an experiment.
Equation (3) was published by
Pidgeon at the Lagos Conference (reference 4) and has also been quoted by
Williams and Blight (reference 6).
Pidgeon’s experiments and
the depth of influence
The readings taken by Pidgeon for the
samples from Kilner Park and Port
Elizabeth are shown in the last columns
in Table 1 and Table 2. For example, in
Table 2 the measured percentage swells
when the overburden pressures were
15 kPa, 30 kPa, and 112 kPa were respectively 11,25%, 7,5% and zero. Figure 6
shows how to use these values to ﬁ nd
the total swell due to the expansion over
the full height of the soil proﬁ le. It will
be noticed that the depth of inﬂuence
extends down to the depth where the
overburden pressure is 112 kPa (i.e. a
depth of approximately 5,5 metres below
the soil surface).
In the above calculation the swell
pressure of 112 kPa was converted to a
depth of 5,5 metres (see Figure 6). But
Sparks has proposed that we should be
able to work in reverse. For example, if
there are indicators which lead us to believe that the depth of inﬂuence is 5,5 metres, then we can convert this depth to the
overburden pressure (i.e. swell pressure)
of approximately 110 kPa.

The CSIR used levelling rods or tubes of
two diﬀerent metals anchored at diﬀerent
depths in the soil (1950) to determine the
depths of inﬂuence of the seasonal soil expansion. Two diﬀerent metals were used so
that temperature corrections could be made.
The modern Thornthwaite Index Map for
South Africa (reference 3) permits similar
geographical regions to be identiﬁed.
The depth of inﬂuence seems to be
approximately 5,5 metres in the regions
of the central Transvaal and the central
Free State, but the depth of inﬂuence is
only about 1,4 metres in Cape Town, and
1 metre in Durban.

b) Deciding that the active zone is to depth of
5,5 metres:
Then the assumed swelling pressure
ps = 5,5 x 20 = 110 kPa
c) We wish to estimate the % swell at a depth
of 1,5 metres below the soil surface:
First ﬁnd the overburden pressure p’ at
1,5 metres depth = 1,5 x 20 = 30 kPa
The % swell of this clay while carrying 30 kPa is
given by equation (3), i.e.
(swell % 30 kPa) = (free swell % 1kPa) x (Log ps –
Log p’) / Log ps

= 10,2% x (Log 110 kPa –
Log 30 kPa) / Log 110
= 2,8% (measured 2,7% by
Pidgeon: see Table 1)

Steps in the method
(applied to Kilner Park, Pretoria, reference 4)
These undisturbed Ca-clay samples from
Kilner Park have the following properties:
LL% = 55%, PI% =36%, wo% = 21%, Gs = 2,73

COMPARISONS BETWEEN
CALCULATED AND MEASURED VALUES

a) Using Equation (1) or Figure 5:
(Free swell % 1kPa ) =
(10 + 0,47 PI% – wo% ) / {(1/Gs) + (wo% /100) )}
= 10,2%

Clay from Kilner Park
Table 1 shows the comparisons (for Kilner
Park) between measurements made by
Pidgeon and the calculated values using
the Sparks formulae.

Pidgeon also carried out experiments on a clay from Kwamagxaki (Port
Elizabeth). The free expansion of clay
from Port Elizabeth was approximately
three times greater than the clay from
Kilner Park. It has been assumed that
the ratio of annual evaporation to annual
precipitation at this site in Port Elizabeth
is similar to that at Pretoria. Note that frequent winds can increase the evaporation
in Port Elizabeth.
Clay from Port Elizabeth (Kwamagxaki, reference 6)
The undisturbed Na-clay samples from Port
Elizabeth have the following properties:
LL% = 50%, PI% = 37%, wo% = 14,1%, e = 0,505,
Gs = 2,73
Equation (1) in Figure 3 yields
(swell % 1kPa) = 26,2 %

The climatic map (reference 3) shows that
Port Elizabeth has a climate similar to the
Transvaal region, hence we will assume
that the swell pressure is p’s = 110 kPa , as
for Kilner Park.
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If the clay is 1,5 metres below the soil
surface, then p’ = 1,5 x 20 = 30 kPa
Then (swell % 30 kPa) = 26,2% x (Log 110 –
Log 30) / Log 110 = 7,2 %

The value measured by Pidgeon was 7,5%.
See Table 2 for comparisons between
the observations made by Pidgeon and the
values from the theory by Sparks for the
Port Elizabeth clay.
Comments on the results from Tables 1 and 2
It will be noticed that the observed free
swell % for 1 kPa for the clay from Kilner
Park was approximately 9%, whereas
the value from Kwamagxaki was 26,2%.
Despite this large diﬀerence in observed
swell potential, the theoretical calculations appear to have matched the corresponding observed values.
Results from more sites are required
in order to check the proposed calculation
method.

However, we believe that this method
for predicting swell under load should be
given an opportunity to be tested against
other methods. The two soils which were
analysed have similar values of PI%, but
rather diﬀerent expansiveness, and we
hope that a wider set of soil properties can
be found. The theories in this paper, e.g.
Equation (1), seem to apply only to clays
which have Liquid Limits less than 80%.
The authors thank Dr Frank Netterberg
for alerting the authors to helpful references.

Warning
Some soils contain anhydrites (calcium
and SO4 ions) which change their chemical
formulae when wetted, and the anhydrite
increases its volume to form gypsum. A
highly expansive clay shale in Arabia (reference 7) contains no montmorillonite, but it
contains a large proportion of sodium and
SO4 ions (i.e. probably Glaubers salt which
also has a hydrous form). The methods in
this article do not apply to either of these
clay types.

EXPANSIVE CLAYS AND ROAD DESIGN

The methods discussed in this article
mark a radical departure from other
methods used by these same authors,
in that the swell pressures in this
article are all rather low compared
with the cell pressures which can be
measured by filter paper or other
methods. However, we believe that
this method for predicting swell under
load should be given an opportunity to
be tested against other methods. The
two soils which were analysed have
similar values of PI%, but rather different
expansiveness, and we hope that a wider
set of soil properties can be found
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Netterberg, Bam, Weston and Williams
have conducted many tests on roadbeds
which have been built on expansive
soils. The paper by Netterberg and Bam
(reference 2) on the Warmbaths freeway
active clay roadbed experiment discusses
economic solutions to be used when
designing roads on expansive clays. If the
natural soil below the road is expansive,
then the approach used in this article
might apply to these layers.
However, it is possible that future
research might require compacted layers
to be analysed separately from in situ clay
deposits. The pore sizes in compacted
clays are often larger than the pore sizes
in natural clays. In such cases one would
expect the pore suction corresponding to
a certain water content to be lower in the
compacted material.
Netterberg has discussed the extra swell
which can occur at box culverts. There is
a lighter surcharge on the soil under box
culverts, and the soil is usually wetter in the
vicinity of the box culvert.

CONCLUSION
The methods discussed in this article
mark a radical departure from other
methods used by these same authors, in
that the swell pressures in this article
are all rather low compared with the cell
pressures which can be measured by ﬁ lter
paper or other methods.
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Major mechanically stabilised
Experience has shown that mechanically stabilised
earth techniques find application in structures of
great diversity. Design engineers now seem able
to provide economic and aesthetically acceptable
solutions for an increasing range of structures in
order to meet specified technical, environmental
and sustainability requirements. In the recent past
the South African Reinforced Earth company (RESA)
has been involved in a number of major projects
where the size and nature of the projects demanded
not only conformance with standard Reinforced
Earth design and procedures, but also created
positive advances in the company’s administration,
design techniques and method of supervision
1
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earth projects
THE GAUTRAIN PROJECT
The Gautrain railway between Johannesburg and Pretoria, now
nearing completion, is without doubt the largest and most ambitious public works project ever carried out in South Africa. RESA
was privileged enough to design, supply materials and provide
technical assistance to 38 Gautrain construction complexes
(or groups of structures), leading eventually to the building of
80 Reinforced Earth MSE structures on the total length of line. The
varying types of structures comprised retaining walls supporting
the permanent way alongside the tracks, ﬁrst span viaduct abutments and abutments for the many bridges required for the project:
road-over-rail, road-over-road, road-over-river and rail-over-road.
The Gautrain is powered with AC current while the Metro
railway lines running alongside parts of the Gautrain are powered with DC current. The design caters for vibration loadings,
seismic acceleration of 0,03 g, and a service life of 100 years.

The essential materials required for mechanically stabilised embankments (MSE) comprised cladding elements,
reinforcements and selected backfill.
Precast concrete cladding elements were chosen for the
project. In view of its size and the need for speed and a consistently high standard of workmanship, RESA proposed that their
precasting contractor should carry out its operations within the
bounds of the project, in a fairly central and accessible yard where
Bombela, the principal contractor and project manager, agreed to
provide space and facilities. RESA’s experienced contractor accordingly transferred a specialised unit to this approved site in order
to cope with Bombela’s requirements. In terms of the contract,
Bombela provided concrete, water, electricity and a tower crane,
and also carried out strict quality control. One quarter of the concrete cladding panels required a basket-weave pattern.
For aesthetic reasons weldmesh backed by rockfill was
selected as cladding material for a retaining structure situated alongside the track against the backdrop of Freedom
Park in the Pretoria area. The weldmesh cladding presented a
continuous conducting path and was bonded and earthed as a
safeguard against electrolysis.
RESA proposed steel rather than synthetic reinforcing strips
for the project. Steel reinforcing strips were bolted to tie points
cast into the concrete cladding and were discrete elements
embedded in high resistivity backﬁll and not subject to loss of
strength from electrolysis. Steel reinforcing strips are classiﬁed as
inelastic and strain from the passage of live load is negligible. Steel
strips also facilitate construction and consequent alignment. The
strips used were medium-tensile, ribbed for high adherence and
padded so as not to lose any strength at the connections. All reinforcing strips, tie points and bolts were hot dip galvanised. The viaduct approach from Pretoria Station is situated near an electrical
substation and alongside a number of DC railway tracks. The risk
of electrolysis in this area was such that high tenacity polyester
reinforcing straps and fully synthetic connections were used.
Finding a suitable backfill posed no problem and high
resistivity weathered granite backfill that met design specifications was used for all the MSE structures.

As is usual on such projects, RESA’s responsibility lay in the
design of the MSE structures, supply of cladding and reinforcement, and approval of the backﬁ ll material. Construction itself
– erection and backﬁ lling – became the responsibility of the
main contractor for each particular project, or of specialised
subcontractors selected by Bombela.
Supervision of construction was carried out by Bombela,
and as can be imagined on a project of such magnitude, this
function was carried out competently and meticulously. RESA
itself employed its own permanent and experienced staﬀ members to advise and check the many construction teams engaged
on the project, making regular visits to site.
Gautrain was the largest project ever undertaken by RESA
in its 35 years of operation. Design, precasting, and supply of
materials all had to be planned and supervised professionally
under intense pressure in order to help meet the deadlines of
Bombela, its consultants and contractors. Hundreds of diﬀerent
panel types and diﬀerent types and dimensions of strip were
used in the structures. The photographs included in this article
give some idea of the nature and variety of the works.
All contractors and subcontractors were required to operate
to ﬁ xed deadlines, rendering the project most diﬃcult and demanding, but also a never-to-be forgotten experience for those in
RESA who contributed to it in both the oﬃce and the ﬁeld.

MBABANE BYPASS, SWAZILAND
This project was considered to be the ‘missing link’ in
Swaziland’s MR3 highway, connecting the Ngwenya/Oshoek
border post to Manzini and bypassing the capital city. Eleven
kilometres of highway around Mbabane drops 1 000 metres in
height from start to ﬁ nish, and lies within the country’s rain-andmist belt. Furthermore, from a technical point of view, founding
conditions were diﬃcult and needed special attention.
The consulting engineers on the project were a joint venture between BCEOM (France) and Otieno Odongo (Kenya).
1

Gautrain Viaduct 5: approach ramp and headwall, Centurion

2

Mbabane bypass, Swaziland: tiered fills and bridge abutments

2
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RESA worked closely with the design engineers throughout
their design process in order to study the feasibility of the
MSE structures and to optimise their use. The Reinforced
Earth project in this case entailed the design and supply
of materials for the construction of full MSE abutments to
seven bridges and mixed MSE abutments to two bridges,
twelve MSE retaining walls and four massive MSE tiered fills.
The total face area of RESA’s structures amounted to about
40 000 m 2 . The MSE-type structures eliminated the necessity
for piling on all but two of the mixed abutment structures.
The tiered fills, Esiitebeni, Qabalambadada and
Mangwaneni, were preferred as an alternative to the initiallydesigned incrementally-launched bridge structures that
required span lengths of 40 to 60 metres to be constructed
on piers 30 to 60 metres high. A full stability analysis was
conducted before deciding to use the tiered walls, and the
foundation conditions were described as ‘poor’ with settlements of 700 mm predicted. The respective foundation areas
of the projected fills were therefore undercut to a depth of
3 m and backfilled with suitable rock. Moreover, drainage
systems were designed on the tiered fills to allow for anticipated storms.
Cruciform cladding was specified for the Reinforced Earth
retaining walls; in this special case panel dimensions were
1,5 m x 1,5 m in surface area and 140 mm thick. Precasting
was carried out on site by the main contractor, WBHO.
Ribbed and padded hot dip galvanised medium tensile
steel, 20% yield, 45 x 5 mm cross-section, was specified for the
reinforcing strips. All in all a total of 860 km of strip was used
in the construction of the total project. Strips of 24 metres in
length were required for some of the higher walls.
The selected backfill material comprised a weathered
granite, angle of friction 36°, grading not more than 15%
passing 20 micron, 100% passing 250 micron.
The project was designed according to TAI guidelines
with a 100 year service life, and was financed by the African
Development Bank (ADB) and the Swaziland government.
Work commenced on the project in September 2004 and was
opened for traffic on 8 May 2009.
In their overview of the project the ADB stated: “For the
Bank, the Mbabane bypass is not just another delivery of a good
infrastructure project, but a monumental show-piece, a shining
example of the outcomes of the institution’s focus on road infrastructure as the arrow-head of its continent-wide interventions.”
The Mbabane project represents an important milestone
in the history of RESA and has also promoted the theories
and practice of mechanically stabilised embankments within
the civil engineering environment in South Africa and Africa
generally.

3
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LESOTHO BRIDGES
This project comprised construction of approach fills to the
Mohlapiso, Senqu and Senqunyana river bridges on a road
contract in remote mountain sites in Lesotho, with some of
the fills reaching heights of 27 metres. In such terrain the
3

Lesotho: the Senqunyana bridge and approaches

4

Gauteng Freeway Improvement Project: completed

structure at the William Nicol / N1 interchange
5
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Moatize coal project: the completed Moatize headwall

choice of cladding was important for reasons of economy, ease
of handling, transport, adequate flexibility to absorb internal
and differential settlements, and necessity to blend in with
the environment. The chosen cladding accordingly comprised
3 m long x 0,35 m high, welded mesh backed by naturally
occurring basalt rock. The elements were designed to ‘concertina’ rather than bulge in the event of internal settlement.
This design proved easy to construct and produced good
cladding alignment combined with satisfactory aesthetics.
Furthermore, in order to save cost and increase stability and
flexibility, the higher walls were tiered (see photograph 3).
For this project RESA chose medium-tensile ribbed high
adherence mesh for reinforcement, padded to avoid loss of
strength at the connections. The strips were stiff and easy
to place in position in the structures. The height of the
structures, however, demanded long strip lengths which were
inconvenient to transport and handle. Padded strips therefore
allowed for connection of strips without loss of strength at
the connections.
Weathered basalt, with rock size limited to 2/3 layer
thickness, was selected for backfill. This backfill met electrochemical requirements for durability and also for meeting the
design criterion of 100 year service life.
The structures were completed in 2010. Consulting engineers and contractors for the project were Aurecon and China
Geo Engineering Corporation respectively.

GAUTENG FREEWAY IMPROVEMENT PROJECT
On this major SANRAL (South African National Road Agency
Limited) project RESA was awarded a contract for approximately 8 000 m 2 of cut-side retaining walls on a 21 km long
section of the N1 freeway skirting northern Johannesburg between 14 th Avenue in Fairlands and the Buccleuch interchange.
The freeway widening structures required an innovative
solution and combined a nailed face with an MSE mass. In
this case the MSE mass was only 750 mm thick while the cladding was required to be precast concrete. The backmesh was
secured by nail headplates, and geostrap reinforcement linked
the backmesh to the cladding.
A crushed stone backﬁ ll facilitated placing and compaction
in the narrow gap between cladding and backmesh, the cladding being 3 m long and 720 mm high. These dimensions facilitated construction and allowed for placement of the backﬁ ll.
Reinforcing straps in this case comprised high-density
polyester in a low density polyethylene sheath. Continuous
straps laced the backmesh to the cladding prior to placement
of 19 mm stone backfill.
This procedure provided a versatile solution because
the cladding could be designed as vertical, tiered or even elliptical. Moreover, sections of the structure could have been
designed to act as bridge abutments to carry bridge decks
over the freeway, if required. The designing of these structures became a joint effort between consulting engineers SSI
(geometry, aesthetics, drainage), Jones and Wagener (nailed
portion of the structure) and RESA (MSE). A joint venture
contractor group, led by WBHO, constructed the walls.

MOATIZE COAL PROJECT
RESA was awarded a contract for design and supply of materials for a 22 m high headwall to a primary crusher at the
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Moatise Mine in the Tete Province of Mozambique. The
operator of the mine was the Brazilian mining giant VALE,
and an alliance between VALE, Odebrecht International and
Camargo Correa acted as general contractor.
Standard precast Reinforced Earth panels were deemed
appropriate for the structure and were duly specified. The
panels were precast on site using moulds and inserts supplied
by RESA. The height of the structure (22 m) created concern
about possible damage to the cladding elements due to excessive internal settlement. This led RESA to design tiered wingwalls, the claddings of which will be able to ‘concertina’ more
readily than an equivalent ‘straight up’ cladding.
Reinforcing strips, as used in the Lesotho project described above, were chosen for the headwall, for the same
reasons as for Lesotho.
The precast cladding, user-friendly reinforcement and locally
available suitable backﬁ ll allowed for rapid construction of the
facility. In fact, construction from foundation work to completion took place round the clock, the total completion time having
turned out to be the Biblical 40 days and 40 nights.

For the Bank, the Mbabane bypass is not just another
delivery of a good infrastructure project, but a
monumental show-piece, a shining example of the
outcomes of the institution’s focus on road infrastructure
as the arrow-head of its continent-wide interventions

Prof SW Jacobsz
Department of Civil Engineering
University of Pretoria
sw.jacobsz@up.ac.za

A geotechnical centrifuge for TUKS
The Department of Civil
Engineering at the University
of Pretoria has recently been
awarded a grant from the National
Research Foundation (NRF) to
acquire a geotechnical centrifuge.
Geotechnical centrifuges are
used to accelerate soil models to
create a stress field in the model
analogous to that occurring in
the full-scale situation being
modelled. At present there are
approximately 110 geotechnical
centrifuges around the world
and only one in Africa, namely at
Mansoura University in Egypt
IT IS WELL KNOWN that physical
modelling is used to study, amongst
others, hydrological, structural and aerodynamical problems. Physical modelling
can, however, also be applied in the investigation of geotechnical problems. The
diﬃculty with physical modelling in geotechnical engineering is that the stressstrain behaviour of soil is highly nonlinear. As the stresses in a model will be
low due to the model’s small size, the
behaviour of the soil in the model will
be unrealistic and not representative of
the prototype (full-scale) situation. Th is
problem can be overcome by accelerating
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the model to artiﬁcially increase the
stress in the soil to that of the prototype
situation. Th is is accomplished by placing
the model in a geotechnical centrifuge to
replace gravity by centripetal acceleration. The geotechnical centrifuge at the
University of Western Australia is shown
in Figure 1.
Centrifuge modelling in the study
of geotechnical problems was pioneered
in the West by Prof Andrew Schoﬁeld
at the University of Cambridge, starting
in the early 1970s after he became
aware of Russian research under Prof
Pokrovsky, carried out as early as the
1930s. Pokrovsky realised that physical
modelling can be successfully applied
in geotechnical engineering if the selfweight of a soil model can be increased
to give the same stress distribution as in
the full-scale situation. Some hints as to
the nature of selected Russian foundation research using centrifuge modelling
were presented in a one-page paper in
the Proceedings of the First International
Conference on Soil Mechanics and
Foundation Engineering (Pokrovsky &
Federov 1936). When Prof Schoﬁeld became interested in centrifuge modelling,
Russian centrifuge technology had already
advanced to a state where they were investigating the explosive power required to
attack deep underground bunkers, work
which was naturally shrouded in secrecy!
After Prof Schoﬁeld initially tested his
geotechnical models on an aeronautical
centrifuge in Luton (UK), he commissioned the design and construction of
the Cambridge Geotechnical Centrifuge,
which was funded from grants from the
British government and industry.

ADVANTAGES OF PHYSICAL MODELLING
Physical modelling in geotechnical
engineering is attractive as it enables a
physical event to be observed, albeit at
model scale. With the aid of a wide range
of scaling laws it is possible to extrapolate
model observations to the full-scale situation. This is beneﬁcial, indeed, as even the
most complex numerical models in soil
mechanics are only mathematical approximations of reality, requiring a large
number of parameters which are diﬃcult
to determine. The use of physical modelling avoids the need for a complex constitutive model to be selected. Complex
three-dimensional geometries can readily
be modelled. Centrifuge modelling in
the study of time-related geotechnical
problems, like seepage and contaminant
transport, is especially attractive because
the seepage rate is accelerated in proportion to the scale factor, or even the square
of the scale factor. Once a geotechnical
centrifuge facility is in place, tests are
relatively cheap and quick to carry out.

GENERAL LAYOUT,
GEOMETRY AND EQUIPMENT
A typical geotechnical centrifuge comprises a beam which rotates around an
axis. The model is suspended at one end
of the beam and a counterweight at the
other side. Construction sequences and
other events can be modelled during
rotation of the centrifuge with the aid of
remote-controlled actuators. These are
typically electrically, pneumatically or
hydraulically powered. For this purpose
geotechnical centrifuges are equipped
with electric, pneumatic and hydraulic
slip-rings feeding electric power and
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compressed air (and in some cases also
water) to the model through the centrifuge axis. Events taking place in the
model can be observed by a vast array of
instrumentation, e.g. displacement and
pressure transducers, or even video or
still cameras, enabling complex image
processing techniques to be applied in
the analysis of results.
A centrifuge is supplied with a data
acquisition system, typically comprising
an on-board computer with analogue-todigital conversion technology which can
easily be controlled via a wireless or ﬁbreoptic network link.
The capacity of a geotechnical
centrifuge is expressed in terms of the
maximum payload (in kg or tons) and the
acceleration that it has been designed to
achieve. For example, Pretoria University
will acquire a 150 G-ton centrifuge,
meaning that the centrifuge is capable of
accelerating a model weighing up to one
ton to an acceleration of 150 times earth’s
gravity! Given the centrifuge radius of
3 m, this means that the one-ton model
will be moving in a circle at 240 km/h!
It does not require much imagination

to understand that the consequences of
something becoming dislodged from the
model during testing can be catastrophic.
For this reason a geotechnical centrifuge
is either constructed in a bunker just
below ground level, or surrounded by a
heavily reinforced concrete enclosure
designed to absorb a large impact.

GEOTECHNICAL CENTRIFUGES
IN RESEARCH AND PRACTICE
As mentioned above, there are currently approximately 110 geotechnical
centrifuge facilities around the world
and only one on the African continent.
Many of these facilities are owned by
large Japanese construction companies
and are used to investigate complex
problems, but often also everyday geotechnical problems from a new angle.
Many universities with strong geotechnical research groups have geotechnical
centrifuge facilities, e.g. University
of Cambridge, University of Western
Australia, City University (London),
Massachusetts Institute of Technology,
Hong Kong University of Science and
Technology, Swiss Federal Institute of

1

The geotechnical centrifuge at

the University of Western Australia

Technology (ETH) in Zurich, University
of Dundee (Scotland) and many more.
These institutions all have large geotechnical research groups at post-graduate
and post-doctoral level, producing many
high-quality publications, and also doing
a considerable amount of commercial
modelling for industry.
The geotechnical centrifuge opens up
many research opportunities because it
enables practical engineering problems,
which are diﬃcult to investigate by other
means (e.g. via numerical modelling or
ﬁeld experiments), to be studied. Due to
the practical nature of problems which
can be modelled by means of physical
modelling, the problems are usually
relevant and topical to industry. Th is
opens up possibilities to obtain signiﬁcant
funding from industry to study problems
which are relevant to them, and also to
support research students. Applications
include geotechnical engineering,
earthquake engineering, structural
engineering, especially in soil-structure
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interaction, pavement studies, railway
studies, oﬀshore engineering, environmental engineering and many others.
In putting together its funding application, the University of Pretoria has approached several other southern African
universities, local consulting engineering
companies and organisations like the
Council for Geoscience, the CSIR and the
Department of Water Aﬀairs to inform
them of the intention to acquire a centrifuge and to encourage them to make use
of the facility once available. It is hoped
that this facility will improve the research
standing of the university by attracting
promising post-graduate students and
interesting projects from industry.
Several South African engineers have
had experience with centrifuge modelling, mostly during their PhD studies
overseas. They include SW Jacobsz of the
University of Pretoria, Eduard Vorster
of Aurecon, several researchers at the
CSIR and Council for Geoscience, as well
as Gerhard Heymann of the University
of Pretoria who was involved in modelling the foundations of the Pebble Bed

nuclear reactor at Case Western Reserve
University in the United States.
Some applications that can be studied,
relevant to the South African context,
include several applications regarding
engineering development on dolomitic
land, e.g.:
■ Studying the formation of sinkholes in
dolomitic land.
■ The eﬀect of sinkhole formation on
nearby piled and conventional foundations. Th is was an important problem
that had to be addressed in the design
of the Gautrain viaducts through
Centurion.
■ Modelling the performance of piled
raft foundations and other ‘shallow’
foundation systems on dolomitic
land. Piling in dolomite is extremely
costly and diﬃcult to conduct.
Understanding how shallow foundations would perform when underlain
by relatively compressible strata at
depth could potentially enable large
savings in construction cost to be
realised. Again, examples include the
Gautrain viaducts in Centurion.

■ The performance of ground mattresses
(compacted zones underneath buildings founded on dolomite); parametric
studies can be carried out in the centrifuge to obtain a better understanding
of the performance of these foundation
types and to optimise their geometry
(size) and properties (compaction density). This will be very costly and diﬃcult to investigate using ﬁeld studies.
More inner-city construction projects
are likely to be undertaken in South
Africa in the future, e.g. expansion of the
Gautrain network and similar projects
in other cities. Th is would most likely
necessitate, for example, tunnelling or
deep excavations near or underneath the
foundations of existing structures. Th is
type of project results in complex soilstructure interaction problems which
are usually diﬃcult to model and defend
theoretically without adopting very
conservative and hence costly solutions.
A geotechnical centrifuge may go a long
way to provide a means to reﬁ ne and
defend complex designs, and will be a
national asset to the country.
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More than a decade of using Mac.St.A.R.S. software
to design reinforced soil structures internationally
INTRODUCTION
The demands of infrastructure development worldwide are one reason why we
are faced with challenging engineering
problems requiring competent solutions to reinforced soil structures (RSS).
Maccaferri, which has more than a
century of geotechnical solutions on
record (firstly with mass gravity gabion
walls, and secondly with reinforced soil
structures) therefore developed custom

software to suit all the requirements
of their engineers around the world
– Mac.St.A.R.S. (Maccaferri Stability
Analysis of Reinforced Soils). This
software was developed in the late 90s
in collaboration with Studio Geotecnico
Italiano and Autosoft. Mac.St.A.R.S.
was validated against the current best
software on the market before it was
released for use.

THE SOFTWARE
1

Nigg dry dock refurbishment
(UK 1997) nearing completion

1

The philosophy behind Mac.St.A.R.S.
was to have software in line with the
most updated products to be used in
RSS, thereby eliminating the additional
labour of investigating each characteristic
value of each reinforcement, which could
compromise the ultimate limit state of
the structure due to an incorrect assessment. The introduction of a limit state
approach for the design of reinforced soil
structures required the implementation of
factors which characterised any parameter
involved in the design. Mac.St.A.R.S. has
been developed to take into account most
of the worldwide norms in the design of
RSS, and currently the library allows the
user to design while applying either the
BS8006:2010 (British), NF P94-270 and
NF XP G38-064 (French), SANS 207:2006

(South African), A-NZ (Australian),
Greek, or DM 14-1-2008 (Italian) norms.
Recently the broad use of limit state in
retaining structures has determined the
implementation of gabion wall design in
Mac.St.A.R.S.software, which prompted a
revision of the acronym to Mac.St.A.R.S.W.
Many reinforced soil structures have
been successfully designed worldwide
using Mac.St.A.R.S. The following
paragraphs provide a short description of
some signiﬁcant projects.

NIGG DRY DOCK
REFURBISHMENT – UK (1997)
The ﬁrst signiﬁcant design using
Mac.St.A.R.S was for a reinforced soil structure required to retain an inﬁll area between a new quay and an existing dry dock
round head, 240 m long and 15 m high. The
design was carried out in accordance with
BS8006, using the Mac.St.A.R.S. software
and the commercially available software
called SLOPE, which is a limit equilibrium
software, as a comparative cross check.
The main challenge in this project
was to satisfy in the design, the consideration of the rapid drawdown from
13 m to 0 mm in less than twelve hours,
which required the use of high-strength,
low-strain polyester geogrid.
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MARIKANA PLATINUM MINE –
SOUTH AFRICA (2003)
In this instance a vertical tip wall of 21 m
was erected close to the crusher using
the Terramesh System™ technology, comprising a gabion facing and double-twisted
hexagonal wire mesh as reinforcement.
By using Mac.St.A.R.S. in the design all
the requirements for stability analysis
were satisﬁed: global and internal stability,
sliding, overturning and bearing capacity.
The wall has been constantly monitored by
Maccaferri since its construction, and after
all these years the wall behaviour is still
within the limits prescribed by the design.

a new airport at Pakyong in a hilly terrain
which required cut and ﬁll operations using
available material to create the necessary
plane surface for a level runway. To support
and stabilise the ﬁll zone and 80 m high
RSS, which has a base of 65 m, high tensile
strength grid reinforcement was used to
satisfy design requirements. The retaining
structure has approximately 60 000 m2 of

total face area and 160 000 m2 of soil reinforcement grids.

ADVANTAGES
The main advantage of using
Mac.St.A.R.S. is in its worldwide acceptance and proven reliability. The
current library is updated with the latest
Maccaferri products, which allows the

2

RATAIL PARK LEIRIA – PORTUGAL (2001)
For a parking area on a site where an
existing culvert and layers of clay characterised the slope, a hybrid reinforced soil structure was designed, with the bottom part in
Terramesh System™ to prevent erosion of
the soil from the culvert, and the top part
in Green Terramesh, with a facing angle of
70° and 29,2 m at the highest section. The
design, using high tensile strength geogrids
(Paralink™), permitted a saving of 15%,
compared to a wraparound system using
lower tensile strength grids. This project
was managed by Maccaferri France.

3

RRESHEN TO KALIMASH
MOTORWAY – ALBANIA (2007)
In 2007 Maccaferri accepted its most challenging RSS design of recent years. The
highway to link the cities RReshen and
Kalimash in Albania required a retaining
wall totalling 35 000 m², with the highest
section being 38 m. The availability of
rocks close by supported the decision
to use a Paramesh solution, based on a
combination of the Terramesh System™
for the facing and Paralink™ 300 for the
primary reinforcement. The design was
based on the Bishop method, characterised
by circular slip failure and the BS8006 for
the assessment of the reinforcement. This
reinforced soil structure is currently the
highest of its kind in Europe.

4

SIKKIM – INDIA (2009)
To improve tourism in Sikkim, the Indian
government approved the construction of
2

Marikana Platinum Mine (South

Africa 2003) – front view of the completed job
3

Ratail Park Leiria (Portugal 2001)–
completed structure
4

RReshen to Kalimash Motorway

(Albania 2007) – completed structure
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5

5

Sikkim (India 2009) – view of

the site during construction

DISADVANTAGES
Mac.St.A.R.S. is ‘freeware’ software and
is downloadable from any Maccaferri
website. It does not aim to compete
with the latest FEM analysis software
and does not give any interpretation
about deformations, but applies a general design method, on which main
design guideline codes are based. The
library is dedicated only to Maccaferri’s
tried and tested products, and is
consistently updated with the latest
research results.

CONCLUSIONS

engineer to design and refer to a range
of products with default characteristic
values. When required to use a limit
state analysis with the various design
codes (already preloaded), a user-friendly
interface is created, rather than making

continuous checks on the design guideline for the correct partial factor. In
every subsidiary a specialist engineer is
available to assist a designer to eﬀectively
use Mac.St.A.R.S. and ensure that the
correct solution is obtained.

Mac.St.A.R.S. represents the results of
more than one hundred years of experience, research and development. Its use
in more than 65 Maccaferri subsidiaries
spread around the world has been validated by civil, mining and geotechnical
engineers designing high-end, challenging structures in the most diverse
conditions.

VVKE /BRIDGE10

52 Civil Engineering | April 2011

Vela VKE is a truly South African, multi-disciplinary,
consulting engineering company committed
to transformation.

Vela VKE Board: Mustapha Francis, Viwe Qegu, Dave Gertzen, Dr. Tom Marshall, Arthur Taute,
Dr. Mathews Phosa (Chairman), Mothupi Malaka, Dr. Job Mokgoro.

As we continue to build on over sixty years
of experience, our expertise and innovation
remain globally recognised.
Group Head Office +27 12 481 3800
Email: info@velavke.co.za
Website: www.velavke.co.za

Luis-Fernando Contreras
Principal Geotechnical Engineer
SRK Consulting
lfcontreras@srk.co.za
Abel Tunono
Manager Geotechnical Engineering
Debswana Head Office
ATunono@debswana.bw

Probabilistic stability analysis for pit slope
optimisation at Jwaneng mine, Botswana
BACKGROUND
As part of the deepening of the pit at Jwaneng diamond mine
in Botswana, SRK was required to provide a detailed probabilistic stability analysis of the east slope to optimise the design
of Cut 8, to ensure the integrity of the plant installations in its
vicinity. The analysis was one aspect of a larger comprehensive
design philosophy applied by Debswana and described in the
paper by Tunono et al (2011) titled, “Geotechnical Design of
Jwaneng Mine Cut 8”.
The Jwaneng diamond mine, situated about 120 km to the
west of the city of Gaborone, has been in operation for more
than 25 years and consists of an open pit developed on three

kimberlite pipes, with a general NNE-SSW orientation of the
major slopes. The waste dumps are located to the west of the pit
and the process plant area to the east. The current pit has a depth
of approximately 330 m and corresponds to the development of
Cuts 5 and 6 on the west and east walls respectively.

AIMS AND OBJECTIVES
The planned pit will have a depth of approximately 645 m and will
be achieved with Cuts 7 and 8. The excavation of the east slope for
the Cut 8 pit will take away part of the current plant area adjacent
to the mine and will result in the new crest of the slope being close
to key plant installations, as illustrated in Figure 1.

PROJECT DESCRIPTION

1

SRK carried out a detailed probabilistic stability analysis of the
east slope to optimise the design of Cut 8 and to ensure that the
performance of the slope will be adequate in terms of the integrity of the plant installations in its vicinity. The results of the
analysis also provided the data required for a quantitative risk
evaluation of the slope, where the impacts of slope failure are to
be incorporated. A fundamental part of the probabilistic analysis
was the characterisation of the rock mass in terms of key issues,
such as the scale of the slopes and the variability of the geomechanical parameters.
2

GEOLOGICAL SETTING
Code
CAL
LS
CS
QS
DM
KIM

Description
Calcrete
Laminated Shale
Carbonaceous Shale
Quartzitic Shale
Dolomite
Kimberlite

The Jwaneng open pit cuts through a package of paleoproterozoicaged sedimentary rocks with strata dipping between 10⁰ and 40⁰
towards the NW. The main rock types found along the Cut 8
slope are laminated shales, carbonaceous shales and quartzitic
shales, which occur in a complex assemblage of tilted and displaced blocks that constitute the majority of the slope. Dolomites
are found at the base of the slope. The blocks are bounded by
major faults and constitute the main structural and geotechnical
1

General view of the current east wall of the Jwaneng

open pit with plant installations at the top of the slope
2

Section of the east slope showing typical distribution of lithological

units (coloured areas) and structural domains (numbered areas)
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domains for the slope stability analysis. A typical section of the
east slope, showing the lithological and structural characteristics
of relevance for the stability of the slope, is included in Figure 2.
The deﬁnition of the slope model was based on the bedding
orientations as deﬁned in the geological model, which provided average domain bedding dips at two diﬀerent scales of the rock mass:
■ the large-scale layering (modelled orientations) resulting from
linking up stratigraphic marker horizons in each domain, and
■ the small-scale orientations (measured orientations) representative of local conditions calculated from the available drill
core data.
In several domains, there were relatively large diﬀerences
between these two angle deﬁnitions, probably due to internal
structural complexities not captured by the large-scale model.
The appropriate angles were selected for the stability analysis
according to the scale of the slopes.

PROBLEMS ENCOUNTERED
AND INNOVATIONS

The oldest and more frequent approach used in open
pit slope design is that based on the calculation of the
factor of safety (FoS), which in a simple manner can
be defined as the ratio between the available strength
and the driving stresses along a potential failure surface
within the slope. The FoS approach is a deterministic
technique requiring only the average values of the
inputs for the analysis. The uncertainty of the various
stability factors is accounted for through the selection
of an FoS larger than one as the design criterion
3

Planar failure conditions at bench scale (left) and
rock mass conditions at inter-ramp scale (right)

4
5

Key failure events for analysis of economic impact

Event tree for economic impact analysis of inter-ramp failure

3
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Failure mechanisms
The relatively unfavourable attitude of the metamorphic fabric of
the rock mass in the east wall is the overriding geological factor
governing the stability of the slopes. However, the scale of analysis
has a fundamental eﬀect in the likely mechanism of failure of the
slope. At the scale of one to three benches there is a strong control
from the joints associated to the foliation which are persistent and
aﬀected by the low conﬁnement and high disturbance conditions
existing at shallow depths (see picture to the left in Figure 3).
At larger scales, like those of inter-ramp and overall slopes,
the joints associated with the foliation are less persistent and
appear closed and welded – resulting in an interlocked rock
mass, less prone to moving along a single plane (see picture to
the right in Figure 3). As a result of these considerations, the stability analyses of the inter-ramp and overall slopes were based on
the assumption of potential slip surfaces controlled by the shear
strength along the estimated foliation directions.
Geotechnical characterisation
The geotechnical characterisation of the lithological units in the
pit area was based on borehole logs and laboratory testing data
collected over the years through various investigation campaigns.
The borehole database covered a total length of 70 km of core from

148 boreholes and contained information on the structure of the
rock mass and surface conditions of the joints. The laboratory
testing data included results of tests to determine the strength properties of both the intact rock material and the joint surfaces. The
consistency of the estimated properties was veriﬁed with stability
analysis using the current slope geometry and considering the observed performance of the slopes as the calibration reference.
Ground water conditions were estimated from the data
collected in piezometers, considering diﬀerent dewatering
scenarios. In general, conditions used for the stability analysis
corresponded to those of drained slopes.
Slope stability analysis
The oldest and more frequent approach used in open pit slope
design is that based on the calculation of the factor of safety
(FoS), which in a simple manner can be deﬁned as the ratio
between the available strength and the driving stresses along a
potential failure surface within the slope. The FoS approach is a
deterministic technique requiring only the average values of the
inputs for the analysis. The uncertainty of the various stability
factors is accounted for through the selection of an FoS larger
than one as the design criterion.
The assessment of the Jwaneng slope was based on the
probability of failure (PoF) approach, which has the advantage
over the FoS approach in that the uncertainty of the rock mass
properties is quantiﬁed and included in the analysis. In this
approach, the variability of the rock properties – which is a
reﬂection of their uncertainty – is represented by probability
distributions based on the standard deviation and mean values

derived from the borehole and laboratory databases. The results
of the probabilistic evaluation of the slope were used as guidelines to derive design recommendations and to carry out a preliminary assessment of risks in terms of the economic impact of
potential slope failures.
The FoS of representative sections of the slope were calculated with the software program Slide (from Toronto-based
company Rocscience), using the limit equilibrium methodology.
Conditions of analysis included the use of an anisotropic rock
mass model to represent strength of the shale units and foliation
angles consistent with the scale of the slope as deﬁned by the
geological model. The anisotropic model assumes the foliation
strength acting in the direction of this geological feature and the
rock mass strength occurring in other directions.
4
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The PoF of the slopes could not be calculated with Slide’s
internal routine, due to the relatively complex nature of the rock
mass model. Therefore the probabilistic analysis was carried
out using the ‘Response-Surface’ methodology, which is based
on a Monte Carlo simulation of the stability analysis, but using
curves ﬁtted to key FoS results instead of the full model analysis,
to generate numerous (typically thousands) FoS values reﬂecting
the variability of the rock properties. The PoF is calculated as the
percentage of FoS values less than one (failure cases) out of the
total number of simulated values.

such as: type, volume and velocity of the failure, expected
impact on access ramps, availability of alternative ore sources,
and similar types of considerations.

CONCLUSION
As a result of this study, it was possible to assess the small likelihood
of overall failures in the east slope of the pit and the consequential
low potential of economic impact from this type of event. In terms
of inter-ramp stability, the critical areas of the slope were identiﬁed
and ﬂagged for further analysis using new data collected during the
follow-up process of rock conditions and slope performance. Finally,
the key design aspects that need to be re-assessed and upgraded on a
regular basis as mining progresses, were identiﬁed.

Consequence analysis of slope failure
The results of the probabilistic stability analysis were used to
derive recommendations on the best conﬁguration of the interramp and overall slopes and to identify key slope failure events
used to assess potential economic impacts of slope instability, as
illustrated in Figure 4.
The economic consequence of slope failure was carried out
using the event tree methodology, where the starting event
(failure of the slope) is connected with the ultimate consequence
under evaluation (force majeure or loss of proﬁt) through a series of intermediate events based on a cause-eﬀect relation. The
structure of the event tree used for the analysis of the Jwaneng
slope is shown in Figure 5.
Probability values are assigned to the events in the tree
to enable the calculation of probabilities of occurrence of the
final outcomes. These probabilities are a reflection of aspects
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focuses on all aspects of design from Structural Analysis to detailed documentation. Along
with PROKON’S Structural Analysis and Design suite, the company is also a reseller for
Dell and Canon Products. PROKON links bi-directionally into leading digital design software
from Autodesk as well as with Tekla Structures. We also provide SAICE, SAIA and SACAP
accredited training for PROKON and Autodesk software.

As an Autodesk Gold Partner, PROKON is not only able to provide all digital design
solutions in the Build industry but also specialise in complete implementation and rollout
plans for small, medium and large enterprises. The PROKON Build division has received
the Autodesk Best Sales award for FY10 in the AEC space (Architecture, Engineering and
Construction) as well as the Autodesk Best Technical award for FY10. Solution providers for
Architects, Structural, Civil and Mechanical Engineers.

Eulane Heukelman
ARQ Consulting Engineers
eulane@arq.co.za

2010 SAICE Geotechnical Division AGM
The Geotechnical Division of SAICE
held its Annual General Meeting on
25 November 2010. The AGM is a wonderful opportunity for SAICE’s geotechnical
family to get together and remember the
successes of the previous year and look forward to the highlights of the coming year.
At the AGM, Dr Eduard Vorster,
chairman, summarised the Division’s
2010 activities. The following are some
courses that had been presented successfully during the year:
■ The foundations of 2010 and beyond
■ Update on Geotechnical Code
development
■ Application and interpretation of
seismic testing
■ Filtration and drainage
■ Rankine lecture
The annual Geotechnical Division awards
were also presented at the AGM, and we
would once again like to congratulate the
following individuals on their awards:
■ Charles John MacRobert, who received
the Barry van Wyk Award for his
1

dissertation, Correlation between the
DPSH and SPT and their application in
South Africa, which he completed at the
University of Cape Town. The Barry van
Wyk Award is presented annually to the
author of the best ﬁnal year dissertation
on a geotechnical topic.
■ Arsenio Negro, Kjell Karlsrud, Sri
Srithar, Max Ervin and Eduard
Vorster, who received the Jennings
Award for their paper, Prediction,
monitoring and evaluation of performance of geotechnical structures, that
was presented at the 17th ISSMGE.
The Jennings Award is presented annually for the best paper relevant to
geotechnical engineering.
■ Alan Parrock, who was awarded the
SAICE Geotechnical Gold Medal.
This medal is presented to a member
who has made a significant contribution to geotechnical engineering in
South Africa.
The Division is looking forward to receiving nominations for the 2011 awards,
2

so please forward all nominations to
Marie Basson (marieb@arq.co.za).
The following are two of the events
that have been planned for 2011, and that
everybody is looking forward to:
■ 15th African Regional Conference
(ARC) 2011, which will be held in
Maputo, Mozambique, from 18 to
21 July 2011. For more information
please contact Saturnino Chembeze
(SChembeze@uem.mz) or visit
www.15arcsmge-maputo2011.com
■ Young Geotechnical Engineers
Conference (YGE) 2011, which will be
held at Berg en Dal, Kruger National Park,
from 31 August to 2 September 2011.
For more information contact Eulane
.
Heukelman (eulane@arq.co.za)
SAICE 2010 President, Ali Naidu, presented
the annual Geotechnical Division awards to:
1

Charles MacRobert (Barry van Wyk Award)

2

Eduard Vorster (Jennings Award)

3

Alan Parrock (SAICE Geotechnical
Gold Medal)
3
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Nicky Smit
Young geotechnical engineer
nicky@rustgeotechnical.co.za

The History of the

Young Geotechnical Engineers Conference
HISTORY OF INTERNATIONAL SOCIETY
The ﬁrst International Conference on Soil Mechanics and
Foundation Engineering (ICSMFE) was held in Harvard in 1936.
Twenty countries with 206 delegates attended the conference. No
conferences were held during the war and only in 1948 the second
ICSMFE was held in Rotterdam. A total of 596 delegates attended
this conference. The third ICSMFE was held in 1953 in Zurich.
In 1997 the Council approved a name change to the
International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE) to reﬂect more accurately the activities of
the Society.
The ISSMGE membership grew from 32 member societies
and 2 500 individual members in 1957, to 50 member societies
and 11 500 individual members in 1977, to 71 member societies
and 16 500 individual members in 1998.

INTERNATIONAL YOUNG GEOTECHNICAL
ENGINEERING CONFERENCE (iYGEC)
The iYGEC is an oﬃcial conference, which is held under the
auspices of the ISSMGE. The aim of the conference is to encourage
young geotechnical engineers to develop a broader scope in geotechnical engineering.
The ﬁrst such conference was held in 2000 in Southampton,
in the UK. The conference, which was sponsored by ISSMGE and
the British Geotechnical Association, promoted the development

of future geotechnical engineers and international exchanges
between them. The second iYGEC was in 2003 in Mamaia,
Romania, the third in 2005 in Osaka, Japan, and the fourth in
2009 in Alexandra, Egypt. The latter was attended by 82 delegates from 41 diﬀerent countries.
The next iYGEC will take place in Paris, France, in 2012.

SOUTH AFRICAN AND AFRICAN YOUNG
GEOTECHNICAL ENGINEERS CONFERENCES
To date seven YGECs were held on the continent of Africa, of
which ﬁve took place in South Africa. The winners of the best
paper and the best presentation delivered at these conferences
are usually sponsored to attend the next International YGEC. The
ﬁrst South African Young Geotechnical Engineers Conference
was held in 1990. Table 1 summarises these events.
Next Young Geotechnical Engineers Conference
SAICE and SAIEG will be hosting the 2011 Young Geotechnical
Engineers Conference at Berg en Dal, in the Kruger National
Park, from 30 August to 2 September 2011. Geotechnical engineers and engineering geologists under the age of 35 are invited
to submit abstracts and attend the conference. The theme for
this year will be “Big 5 of Geotechnics”.The ‘godfather’ of the
2011 YGEC will be Professor Gary Jones of the Department of
Civil Engineering at the University of Pretoria.

Table 1 Summary of Young Geotechnical Engineers Conferences since 1990
YGE

YEAR

VENUE

1st Young Geotechnical Engineers
Conference

1990

Halfway House,
Johannesburg

1st Young Water, Environmental &
Geotechnical Festival Conference

1996

Bothas Hill

Young Geotechnical Engineers
Conference

2000

1st African Young Geotechnical
Engineers Conference

THEME

BEST PAPER &
PRESENTATION

NUMBER OF PAPERS
SUBMITTED

Innovate
don’t imitate

Beric Robertson

University of Stellenbosch

Geotechnics –
into Africa

Jan Vermaak
Nico Vermeulen

38 papers

2003

National Marine Aquarium,
Swartkopmund, Namibia

Mining and civil
geotechnics –
foundation for an
African tomorrow

Julian Venter
Emrich Hamman and
David Johns

39 papers of which
21% came from other
African countries

Young Geotechnical Engineers
Conference

2005

Swadini, Aventura Resort

Environmental
Geotechnology

Megan Little
Lourence Tshabalala

2nd African Young Geotechnical
Engineers Conference

2007

Yasmine Hammamet,
Tunisia

Young Geotechnical Engineers
Conference

2008

Camelot in Durban
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36 papers from seven
countries
Geotechnics – 2010
and beyond

Richard Puchner
Trevor Green

31 papers and
73 delegates

IN BRIEF

CUTTING-EDGE FORM OF
TRENCHLESS TECHNOLOGY USED
IN WORLD-CLASS PILOT PROJECT
A CUTTING-EDGE FORM of trenchless technology is being used
to replace burst-prone asbestos cement pipes in Pinetown and
Westville. Funded by the Dutch government, the pilot project involves technology transfer and training for university learners and
emerging contractors.
Called close fit lining, this internationally recognised technique
involves inserting a compact pipe or sleeve into an existing pipe. Once
in position the compact pipe or sleeve is steam-heated. This causes it
to expand to its original size and shape, thus filling the old pipe with a
new structural interior lining. The compact pipe is made of high-density
polyethylene (HDPE) and has an estimated 50 year lifespan.
Local contractors, design consultants, emerging contractors and
representatives of other municipalities have been invited to demonstrations of the process, which has not been used before on water pipe
replacement in Africa.
“We hope that as many people as possible will benefit from seeing
this progressive technology at work,” says eThekwini’s Asbestos Cement
Pipe Replacement Project Executive, Alan Kee.
According to Kee, a socio-economic and cost/ benefit analysis
exercise is being conducted by BSc and MSc students of the University
of KwaZulu-Natal. “The feasibility study will take 24 months and is part of
eThekwini’s ongoing drive towards providing the best possible service at
the lowest possible cost,” says Kee.
According to Aurecon’s lead project manager, Evan Smith, both
the feasibility study and the on-site training are vital parts of the pilot
project. “The study will provide a cost/benefit analysis of trenchless
technology compared to more traditional methods, whilst the on-site
training will enable established and emerging contractors to have firsthand access to this innovation,” says Smith.
1

A demonstration of a new trenchless method of pipe laying was held in

Westville near Durban recently. Here local contractors and design consultants
watch as the compact pipe moves into the mouth of the old asbestos cement
pipe. Three consultants from Holland were on hand to inform delegates about
the benefits of this form of trenchless technology

1

The Dutch government is funding the training and feasibility
study components of the pilot project, with eThekwini paying for
the insertion of new lining, supplied by Wavin. The Dutch supply
company has experts on hand to deal with technical issues and to
provide on-site training.
“We believe that in a country like South Africa the benefits of trenchless technology must be carefully weighed against the need to create
jobs and develop communities. However, in congested areas like the
Pinetown CBD the use of close fit lining makes sense,” says Kee.
According to Kee the surface digging and consequent disruption
to traffic are kept to a minimum, as the process only requires the digging of a launch and connection pit. The process is extremely quick,
which means that the excavations cause much less inconvenience in
busy areas.
“Whilst eThekwini is community focused and committed to job
creation, it is important to use innovative methods in appropriate areas,”
concludes Kee.
INFO
Evan Smith
Lead Project Manager
031 714 2554 / 083 635 8236

SAAWU TO TACKLE SOUTH
AFRICAN WATER SUSTAINABILITY
AT WATERTEC AFRICA 2011
THE SOUTH AFRICAN Association of Water Utilities (SAAWU), which represents sixteen water boards, municipal services providers and other public
institutions involved in the water sector, will hold several technical workshops at the upcoming WaterTec Africa exhibition and conference. SAAWU
is an endorsing organisation for Africa’s largest water industry exhibition.
Designed to keep technical staff up to date with the latest developments in the field, SAAWU aims to attract both suppliers and manufacturers in the water sector, as well as technical managers from water boards,
the Department of Water Affairs and municipalities.
Addressing the theme of ‘Sustainable Water Supply throughout the
Value Chain’, the workshops will focus on specific topics such as: metering,
inspection and repair of large diameter pipes, asset management, and
water demand management. This is according to SAAWU representative
Richard Holden, who also emphasises the need for the industry to agree
on solutions to these issues.
“As an organisation representing utilities across the entire value chain
we believe that WaterTec Africa can provide a major focal point in bringing
our technical staff together to share experience with suppliers, to ensure
that innovation follows our members’ needs,” Holden says. “Too often
innovation is aimed at the urban market – where support and skilled
technical personnel are readily available. Often this is unsuitable for small
rural municipalities where robust, simple systems are the requirement. The
Green Drop and Blue Drop reports show this all too clearly.”
WaterTec Africa 2011 takes place from 7 to 9 June 2011 at
Gallagher Convention Centre in Midrand. It is the largest water industry exhibition on the African continent, and is endorsed by key
industry organisations, including the South African Irrigation Institute,
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the City of Johannesburg, the Department of Water Aff airs, the African
Water Association (AfWA) and SAAWU.

Asset management:
a key point of interest in the water sector
According to the South African Water Research Commission, there is
mounting international evidence that the integrity of drinking water and
waste water treatment infrastructure will be at risk without a concerted
effort to improve the management of key assets (pipelines, treatment
plants and other facilities). A significant investment in maintaining, rehabilitating, and replacing these assets is needed. Jay Bhagwan from the Water
Research Commission recently spearheaded the compilation of an asset
management best practices publication. “This demonstrates the giant
strides the sector is taking in ensuring that the good principles of strategic
asset management are implemented, applied and built on,” he says.
“Strategic asset management is growing and will shape how we
provide water services into the future,” continues Bhagwan. “For now, we
must learn, absorb knowledge and put good practice into use, because
things will not get better if we do nothing.”
According to Holden, the biggest challenge in the industry is getting
industrial, commercial and non-indigent domestic consumers to pay the
full economic cost of water and thus ensure the long-term sustainability of
the water infrastructure. “Consumers who would demand R2/km to drive
their car, and thus would only drive 5 km for R10, balk at the idea of paying
R10/m3 for water that has been brought 300 km to their house and purified along the way. If this attitude can be reversed then there is enormous
potential in the refurbishment and rehabilitation of our infrastructure.”
A conference will take place alongside the WaterTec Africa exhibition,
focusing on the maintenance of water quality and infrastructure in Africa.

Pile Driving Analyzer®
Your choice
for capacity
testing of
driven and
bored piles
with CAPWAP® Software
Performs
Dynamic Load
Testing on site
or remotely
via SiteLink®

Cleveland, OH USA
+1 216-831-6131

www.pile.com

Topics will include: funding of dams and pipelines, water balance funding,
water security, water management, effective water governance, re-use of
water, saving water, leak prevention, water losses, water tariffs, and waste
water in industry and its management.
INFO
Serean Thomson
011 783 7250
marketing@exhibitionsafrica.com

ALL-WHEEL STEER LOADER A
NEW STAR FOR LAMBSON’S HIRE
THE RECESSION HAS HAD a severely curtailing effect on capital investment budgets, particularly in the engineering and construction
sectors where growth has slowed dramatically. This has demanded a
search for solutions that offer cost effectiveness and versatility, and
that can boost productivity and profitability.
Lambson’s Hire rose to the challenges late last year with the
introduction of all-wheel steer loaders into its hire fleet. Billed as the
perfect alternative to the traditional skid steer loader, these units
have been so successful that Lambson’s Hire has already extended
its fleet of Wacker Neuson 350 all-wheel steer loader to meet increasing demand.
“Additional machines are also on order,” Lambson’s Hire’s CEO,
Rohan Lambson, says. “The construction sector has been quick to
recognise the benefits, since the machine’s hire rate is 25% less than
skid steers, it offers remarkable fuel economy and unbeatable flexibility due to the different attachments available.”
Contractors make extensive use of the four different attachments
which Lambson’s Hire currently has: a digging bucket with ,35 m3
capacity, a materials handling bucket with ,50 m3 capacity, a road
sweeper (broom) and pallet forks. “Most customers use the unit in a
dual application, for example with a road broom and a materials handling bucket,” Lambson points out. “We have just ordered an auger
attachment with 250 mm and 300 mm bits.”
The attachments are quickly, safely and easily changed using the
hydraulic quick hitch operated from the cab itself.
“The all-wheel steering provides excellent steering and manoeuvrability, so the machine is perfect for confined spaces, due to its
tight turning circle, therefore eliminating the need for repositioning,”
Lambson continues.
“The Wacker Neuson loader dispenses with steering by hand
lever or foot pedals,” he explains further. “It uses automotive-style
steering with a steering wheel, accelerator and brake pedals.
The driver also enjoys new comfort levels since the cab is separated
from the engine, so he doesn’t suffer the usual heat and noise
and has excellent all-round vision from the fully-glazed cab. The
multi-functional joystick makes lifting and tipping movements easy
and precise.”
With a maximum speed of 20 km an hour and minimal conventional rolling wheels, the all-wheel steer loader not only boosts
productivity, but causes less damage to underfoot surfaces. This
makes it ideal for applications in landscaping and on golf courses.
“Roads and civil contractors, as well as general industrial customers,
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sales@pile.com

have warmly welcomed this recession-buster and we are increasing
our fleet size to meet the demand.”

1

INFO
Rohan Lambson
Lambson’s Hire
011 627 7700
www.lambsonshire.co.za

1 The GMBA 2010 HSE graduates after receiving their diplomas in Midrand recently

SAQA CERTIFICATION FOR
GMBA SAFETY GRADUATES
THE GAUTENG MASTER BUILDERS ASSOCIATION’S 2010 intake of Health,
Safety and Environment (HSE) cadets – the first to qualify with the SAQAregistered National Certificate: Construction Health and Safety NQF
Level 3 – ‘graduated’ in Midrand recently.
The HSE students’ training programme started in May 2010 with
23 candidates, of whom nine were women. Nineteen of the students,
aged between 19 and 57, are unemployed but will now, hopefully, find
employment in the building industry. The graduates have already gained
invaluable hands-on experience while posted out to site for long spells
of practical work during their training.

Speaking at the graduation ceremony, Colin de Kock, executive
director of GMBA, urged the students to continue their education to
increase their marketability in the industry. “There is still a big demand
for qualified HSE personnel despite the current slump in the building
industry,” he stated.
GMBA will continue offering HSE training and hopes that students will
be able to qualify with NQF Level 4 certification in future, de Kock added.
Members of the ‘Class of 2010’ emotionally took the podium afterwards to pay tribute to the GMBA’s efforts in organising the training opportunities – and vowed to continue their HSE studies in future.
INFO
Doug Michell
011 805 6611
dougm@gmba.co.za
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Specialist manufacturer, supplier and applier of
bituminous products with a diverse range of bitumen
binders. Our superior quality binders are suited
to a wide range of applications including,
priming, seal construction, asphalt surfacing
as well as treatment of existing surfaces.
•Strategically Positioned Supply Depots
•Comprehensive Product Range
•Extensive Application Division
With a premium product range supported by
sound advice, the very best technical expertise
as well as extensive contractor services –
TOSAS remains the partner of choice.
Toll free number nationwide: 086 10 TOSAS.

www.tosas.co.za
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CAMI, a comprehensive curriculum-compliant software system for learners,

implemented by Concor to help Crown Mines Primary School children gain
confidence in mathematics

CAMI MATHS AT CONCOR
CONFIDENCE IS A KEY FOR children to succeed in maths, and confidence
comes through mastery. Learners must master each level in order to
progress proficiently to the next. Concor recently identified a need
amongst Crown Mines Primary School children for assistance with maths
and invested in Computer Aided Mathematics Instruction (CAMI) educational software to narrow the learning gap for students.
CAMI Education has been the front runner in Computer Aided Maths
Instruction since 1984, and its successful maths programme led to the
development of CAMI Maths, which is a comprehensive curriculumcompliant software system for learners.
Concor’s head office training centre was upgraded to accommodate
extra lessons for the Crown Mines Primary School children and their
teachers, and on Wednesdays, Thursdays and Fridays the children attend
training with one of their teachers at the training centre. Teachers were
given training by a CAMI representative prior to the start of this initiative.
While assisting in the training centre, Concor’s IT personnel identified a further need for the children that are not computer literate, and
as part of their CSI contribution to the group, are now also providing
computer literacy training for the children on Saturday mornings.

spearheaded several important GMBA initiatives during his spell in
office. For example:
■ He set up and directed the MBA Resource Centre (MBARC) which provides education and training in management to emerging building
contractors.
■ He established new GMBA training for owners and staff of SMME and
QSE enterprises, which started this year.
■ He set up and directed Building Industries Learner Training (BILT), a
GMBA scheme to promote and facilitate training of learners in the
absence of CETA assistance.
■ He led GMBA participation in the Construction Week initiative and
its Youth in Construction programme which now annually attracts
school leavers to the building industry.
■ He established GMBA training of Health, Safety and Environment
site personnel. The second intake of students this year qualified
with the SAQA-registered National Certificate: Construction Health
and Safety Level 3.
■ Last year, he represented a number of GMBA members to successfully
negotiate a three-year agreement with trade unions, through the
voluntary Bargaining Forum, to avoid the possibility of industrial action during this period.
On behalf of the GMBA and Master Builders South Africa (MBSA), De Kock
serves on a wide spectrum of building industry bodies, including the
NHBRC Industry Advisory Committee, the University of Pretoria Building
Department Liaison Committee, the Building Construction Medical Aid
Fund Board of Trustees (chairman), the Gauteng Building Industry Funds
Board of Trustees (chairman), and the MBSA Board and various MBSA
1

INFO
Sue Upton
Concor Group
011 495 2288
www.concor.co.za

COLIN DE KOCK TO LEAVE GMBA
COLIN DE KOCK, Executive Director of the Gauteng Master Builders
Association, will be leaving the GMBA at the end of June this year. De
Kock, who has been Executive Director of the Association since 1996,
is leaving to pursue other interests. He has played a major role and
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Colin de Kock, Executive Director of GMBA, who will be leaving the

Association at the end of June this year

committees. He also represents MBSA on the Council and several subcommittees of Business Unity South Africa, and is BUSA representative
on the National Skills Authority.

Ash Resources’ new chief holds an MSc degree in Economics and
Business, as well as a Diploma in Law (both obtained in Sweden). In addition, Pettersson holds an MBA from INSEAD (obtained in France).

INFO

INFO

GMBA

Natalie Johnson

011 805 6611

011 657 2300

www.gmba.org.za

www.ashresources.co.za
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NEW MANAGING DIRECTOR
AT ASH RESOURCES
Daniel Pettersson has been appointed Managing Director of Ash
Resources, South Africa’s leading supplier of fly ash.
Prior to Ash Resources, Swedish-born Pettersson spent six years with
Lafarge where he spearheaded business development efforts in the DRC
and, before that, headed up Corporate Strategy for Africa and Middle
East out of Lafarge Head Office in Paris.
His earlier career in South Africa includes serving as Senior
Associate at Bluepeter Consulting, Financial Manager for Atelsat, and
Project Manager for SANIP, a joint venture between SAAB Technologies
and BAE Systems.

1

Daniel Pettersson, the new MD of Ash Resources
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SAICE AND PROFESSIONAL NEWS

Van Stadens Dam

First SAICE Historic Civil Engineering Landmark
ON A TRULY BEAUTIFUL blue-sky and
sunny day in Port Elizabeth, National
Oﬃce staﬀ arrived later than anticipated
for their pre-event meeting with SAICE
2011 President Seetella Makhetha. Their
SAA ﬂight was diverted to East London
as fog had settled prettily on top of the
runway, leaving the rest of Port Elizabeth
in bright sunshine!
This was, however, the not-so-perfect
start to an auspicious day. Having attended to the most urgent matters, we got
into Seetella’s 4x4 and travelled through
hills and vales, turning onto a ‘road less
travelled’ until we unexpectedly arrived at
the picturesque setting of the more than a
hundred years old Van Stadens Weir and
Dam. Guests lingered on the road and
slope leading to the dam wall, breathing
in nature’s exquisite charm.
When most of the guests and media
had arrived, they scrambled down onto
the dam wall with the water forming a
lily-covered backdrop. From an elevated
position, Manglin Pillay, SAICE’s CEO,
1

welcomed everybody and sketched a
brief background to the reason for the
Landmark Awards. Tony Murray, chair
of the SAICE History and Heritage Panel,
then presented a short but fascinating
history of the weir and dam, followed by
Seetella reciting his “I am an engineer and
in my profession I take deep pride” (from
“The Credo of the African Engineer”),
bringing into context the contribution
of the civil engineer towards providing
quality of life to people, in this instance
providing the citizens of Port Elizabeth
with water.
In all the years since its commissioning, the 15 m high Van Stadens Dam
has been providing Port Elizabeth with
life-giving water, albeit a small percentage
of its total supply currently. Declaring
this small dam as the ﬁrst Historic Civil
Engineering Landmark in South Africa,
SAICE has paid homage to a grande
dame, one of the ﬁrst properly engineered
water supply projects in South Africa.
Seetella unveiled a plaque commemo-

rating its status as the ﬁrst South African
Historic Civil Engineering Landmark. He
also presented a Scroll of Recognition to
Anne-Marie van Jaarsveld representing
the Executive Mayor of Nelson Mandela
Bay, owner of the dam.
The well-organised oﬃcial ceremony
was followed by a wonderful braai to the
accompaniment of delightful music and
good company – under the umbrella of
magniﬁcent age-old trees! The guests also
had the opportunity to view the dam’s
comprehensive history, illustrated with
original records, photos and all sorts of
interesting documents compiled by David
Raymer, one of the organisers.
Before the guests started petering out,
Seetella and Anne-Marie joined forces in
planting two indigenous trees on behalf
of SAICE and the Nelson Mandela Bay
Metropolitan Municipality – a sign of
conﬁdence in the future!
To top it all, the media exposure on
national television and in the local newspapers was really excellent. It greatly contributed towards a better understanding
of the relevance of civil engineering
structures like the Van Stadens Dam and
the importance of recognising existing
historic projects as landmarks.
And so we came to the end of a
perfect day!

Note
Should you wish to nominate a deserving historic project/structure in your area as an historic
civil engineering landmark, please contact Marie
Ashpole at the SAICE National Office.
Marie Ashpole
marie@saice.org.za
1

SAICE 2011 President Seetella

Makhetha unveiling the plaque at SAICE’s
first Historic Civil Engineering Landmark
– the Van Stadens Dam, Port Elizabeth
Photo: Werner Hills, Die Burger/Foto24
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The Van Stadens Weir and Dam

a functioning historic landmark
FROM THE DATE OF its founding in
1820 Port Elizabeth has suffered from
the lack of a reliable water supply. For
forty years after the British settlers
landed the little port struggled with
wells, springs and other sources which
were inevitably insufficient, but despite
the efforts of officials and entrepreneurs, there was no sign of a permanent
solution. By 1862 the Town Council was
desperate and offered prizes for the best
proposals for the supply of potable water
to the town. The second prize of fifty
guineas was won by Robert Pinchin, an
engineer and surveyor, who believed
that it would be possible to bring water
to the town from the upper reaches of
the Van Stadens River through the steep
and formidable Van Stadens gorge. But
the Council was unimpressed; they felt
that the scheme could not be taken seriously as it would be too expensive and
too difficult to construct.
Ten years passed, during which the
most devastating drought in recorded
history hit the Colony. The Van Stadens
proposal was revived. It was felt that the
scheme might be viable if the Colonial
Government could help with funding,
but in the face of some local opposition and general apathy towards capital
expenditure, Cape Town turned down
the approaches. Meanwhile Pinchin
had gained the ear of the Town Clerk,
Thomas Wormald, and the Town
Engineer, Robert Archibald. Together
they decided to do some private research.
They set up a little weir to gauge ﬂow,
and ran a line of levels down the gorge to
investigate whether a gravity feed to Port

Elizabeth would be feasible. They proved
that ﬂow under gravity would be possible
and calculated that the river could supply
at least 350 000 gallons (about 600 kilolitres) per day.
By the mid-1870s the Colonial
Government, buoyed by the discovery
of diamonds, was much more positive
and had appointed John Gamble as
Hydraulic Engineer to the Colony –
precisely to solve the water problems of
the growing settlements. Port Elizabeth
had expanded in the improved economic conditions and was even more
desperate for water, so a solution to
the problem became a priority. In 1876
Gamble set off to explore the remote
valley in the hills behind Van Stadens
gorge. He found a pretty waterfall, the
Nali falls which are about 20 metres
high, above which there was a suitable site for a weir. The extra elevation
provided by the falls was critical; every
metre of altitude gained would improve
the pressure which would be needed
to push the water on its 47 kilometre
journey to Port Elizabeth. The river
at that point was really only a large
stream, so the construction of a weir
would not present much difficulty. It
would, however, need some ingenuity
and a great deal of effort to build the
pipeline through the steep and almost
inaccessible gorge which pierced the
Vanstadensberg Mountains to reach the
coastal plain. The gradient of the pipe
would have to be fairly constant if pressure was to be maintained, and so there
was little room for latitude in locating
the route. Despite the difficulties,

1
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John Hamilton Wicksteed

Gamble agreed with the pioneers that
the job could be done, and he prepared
plans and specifications and piloted a
bill through Parliament to permit construction of the project.

JOHN WICKSTEED
AND THE WEIR AND PIPELINE
Gamble needed a competent man on
site to direct operations, and he obtained the go-ahead from the Town
Council to advertise in England for a
properly qualified Resident Engineer.
The former President of the Institution
of Civil Engineers in London, Thomas
Hawksley, was asked to adjudicate,
and he recommended 26-year-old
John Hamilton Wicksteed.
Wicksteed had grown up in North
Wales where his father was a village
parson. His uncle, however, was a
prominent waterworks engineer, and
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at the age of fourteen young John was
packed off to London to attend the
University College School to prepare
for a career in engineering. Two years
later he was articled to Edward Filliter,
the Borough Water Engineer of Leeds,
where he spent the next ten years as
pupil and assistant, and he had gained
much useful experience and an AMICE
by the time he successfully applied for
the Port Elizabeth job.
He set sail for the Cape in the
Edinburgh Castle, and, presumably
having been briefed by Gamble in
Cape Town, arrived in Algoa Bay on
29 December 1877. The ﬁ rst sight of Port
Elizabeth was not impressive. It was he
said, “…… rather like a quarry in appearance; ugly houses and warehouses, broad
hot streets creeping up the side of the hill,
and not a spot of green anywhere.” On the
morning of his arrival he immediately
introduced himself to the Town Clerk,
Mr Wormald, “a nice old gentlemen with
a white beard” and then without delay set
oﬀ on horseback for the works site some
40 kilometres away.
He arrived there two days later and
celebrated his introduction to his home
for the next three years by taking a dip
in the pond below the waterfall. The site
must have been intimidating for a young
man straight out from England. There
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may well have been elephants in the
surrounding bush and leopards in the
foothills; certainly there were baboons,
snakes, scorpions and spiders (there still
are today!). But there was little time to
waste, as the detailed survey for the pipeline was urgently needed.
The order for the 12 inch diameter
cast-iron pipes, carefully speciﬁed for
length and weight, was duly sent for
manufacture in Middlesborough-onTees. Some months later they arrived at
Algoa Bay in less than perfect condition.
The pipes had been badly stowed on
board ship and many pieces were found
to be cracked on landing. Oﬀ-loading
gave rise to further concern: the pipes
were simply rolled overboard, connected
to a hawser by a diver, and hauled ashore.
By careful inspection the damaged pipes
were identiﬁed and an attempt was made
to salvage usable sections, but the castiron proved too hard for the available
cutting apparatus and the attempt was
abandoned. The remaining material was
then thoroughly tested before sending it
out to the site by ox-wagon. There would
be no scope for sorting out defective
items during construction!
Meanwhile the weir was built,
damming the river to a depth of seven
feet, with the intake structure for the
pipeline immediately upstream. The

construction did not present any special
problems, but no doubt it was a time for
sorting out supply lines, accommodation and provisioning. The construction
of the pipeline was going to be a different story. The contractors Mackay
and North hailed from Swansea and
were represented on site by J C Mackay,
a qualified engineer who was the son of
one of the principals. The tender had
been prepared in England without the
site having been inspected, but Mackay
and his team proved up to the job.
The relationship between Welsh
artisans and local labourers could
not have been easy. The Welshmen
themselves had very little English; the
indigenous workers had even less, and
few of them had previous experience
of a pick and shovel, let alone blasting
and pipe jointing. Provisioning was unreliable, and food often rotted or went
mouldy. The European workmen were
not charmed with the tough working
conditions, while the site was a day and
a half away from civilisation and the
dubious joys of Port Elizabeth. It was
rough going, with numerous snakes
and scorpions to add to the thrills; a
typical comment was that the work was
“not fit to turn a dog to”. But somehow
relationships were forged, skills were
transferred and the job progressed.

The access through the gorge was
a rugged track, not always at the same
elevation as the pipeline, and the pipes
had to be manhandled along this and
then placed in position on the prepared bed, which in some places had
to be blasted out of the cliff face. In
some places the pipes were dragged to
the top of the gorge by oxen and then
manoeuvred down the cliff on sledges.
The durability of the line after completion was another concern, and all large
boulders and loose material above the
line had to be blasted away and sent
crashing into the gorge below before
the pipes were placed. It was feared that
many of the pipes and their handlers
might suffer a similar fate, but the dangerous and tricky work was carried out
with remarkably few casualties. Joining
pipes was another major issue. The very
specific documentation called for socket
and spigot joints, caulked with yarn, and
filled with lead to a most demanding
specification. Wicksteed had to exercise
extreme powers of supervision to ensure
a satisfactory job, but the locals were
quick learners and the contractor produced the goods. Despite the torrid conditions the pipeline is still in working
order after 130 years.
Wicksteed lived on site for the duration
of the contract, and had to endure many
discomforts. However, he gained the respect of the workers through strict but fair
2
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Wicksteed’s weir

The Van Stadens Dam shortly

after construction, with the filter
beds in the foreground
4

3

Thomas Stewart

supervision and a good-humoured attitude
to securing loyalty, while nevertheless ensuring compliance with the speciﬁcations.
Eventually the pipeline emerged
from the gorge, and it must have been a
great relief to be able to push ahead with
construction across the flat plains to the
service reservoir at Fort Nottingham
above Port Elizabeth. In the meantime
local contractors had been engaged
to install some twenty miles of pipe
network within the town to distribute
water to consumers. Wicksteed was
very careful to test the reticulation
thoroughly before allowing the public to
turn on the taps.
At last the job was completed and
pronounced ready for implementation.
A grand opening was called for, but
Wicksteed was not prepared to allow
high pressures until the system had been
thoroughly tested, and so the traditional
high jets were initially vetoed, but
nevertheless, for the unoﬃcial opening
in September 1880, four fountains sent
jets of water into the air to twice the
height of the Post Oﬃce. The residents
who had waited so long were delighted
to at last have running water in their
homes and Wicksteed was warmly
congratulated. The Town Council
could oﬀer more tangible reward: he
was appointed as Town Engineer.
He was evidently a personable and
sociable young man. He joined the
Port Elizabeth Club, where he dined
regularly (at four shillings a time) and
he was also seen around the River Club
at Swartkops; he wrote home warmly
and enthusiastically about both institutions. In one of his many and detailed

letters he mentioned that he had called
on Miss Virginia Isett, the principal
of Collegiate School, but he gives no
indication whether there was anything
behind this visit.
It was somewhat out of character
therefore when in August 1881 he wrote
home complaining that he was feeing
ill and had resigned as Town Engineer
because of overwork. On 16 August 1881
he left his oﬃce at the Town Hall in the
middle of the morning and was never seen
alive again. After he had been missing
for three days, search parties scoured the
district and it was not until a week later
that his body was found close to the bush
in Happy Valley. He had shot himself and
the revolver was still gripped in his right
hand. He was buried in the cemetery at St
George's Park. Rocks were brought down
especially from the Van Stadens River
gorge and laid on his grave, and his family
in England sent a marble tablet.
In his condolences to Mr Wicksteed’s
father, the Mayor wrote: “By the death of
your much-lamented son, this Corporation
has sustained the loss of one of its ablest,
most diligent, and most useful oﬃcers; one,
moreover, whose name will for all time be
associated with one of the greatest and
most eﬃcient enterprises ever yet undertaken by a Colonial Municipality.”

THOMAS STEWART AND THE DAM
By 1890 it was apparent that a dam
would be necessary to store water when
the flow of the river was insufficient
to meet the demand. Thomas Stewart,
who had recently established the first
South African consulting engineering
practice in Cape Town, was appointed
4
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to design the dam, intake, and filtration plant, and to arrange to build the
works. It was one of the first jobs for
his fledgling practice, and his original
drawings, displaying meticulous detail
and admirable Victorian draughtsmanship, have been preserved.
Cement had to be imported from
England. It arrived in wooden casks, but
Stewart was not satisﬁed with the quality
as it contained free lime. However, it was
impractical to reject the consignment
outright, so Stewart exposed the product
to the air, mixed it thoroughly and subjected it to extensive tests. Eventually he
pronounced it acceptable for use. There
were also problems with the dam foundation, which were successfully overcome.
Four large ﬁ lter beds were constructed
down-stream of the dam, from which the
outﬂow was led into Wicksteed's pipeline.
As part of the works a caretaker's
cottage was built on the bank above the
dam and is still in existence today. Due
to difficulties in obtaining a competent
bricklayer the walls of the building
were constructed of concrete. An early
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long-distance telephone line connected
the caretaker to the Town Hall in Port
Elizabeth. The house is now in the care
of an outdoor group who keep the surrounds in good order. The remains of
the original ox-wagon used for bringing
stores and supplies to the site can still
be seen in an adjoining outhouse.
The complex was completed in
1893. The dam is 15 metres high and
originally held 30 million gallons (about
136 000 kilolitres). The entire scheme
was one of the first major properly engineered water supply projects in South
Africa and the dam is one of the first
structures of this type and scale in the
country.
In 1898 the supply was further augmented by building another weir across
the main river some distance below the
dam where some tributaries added to the
ﬂow. A steam-powered pump station was
installed to pump the water back up to
the intake at the original weir.
At various times the dam has been
emptied and silt removed, but the capacity
has nevertheless been seriously reduced.

5

The Van Stadens Dam nestling in

picturesque surroundings near Port Elizabeth

PROTECTION DURING
THE SOUTH AFRICAN WAR
During the Anglo-Boer War Port
Elizabeth was a vital link in the logistics
of the British forces as it was the nearest
port to the troops in the Free State. The
town relied heavily on the Van Stadens
waterworks for its main supply, so when
war broke out in 1899 it became imperative to protect the installations from
marauding Boer forces, who could have
crippled the war eﬀort by cutting oﬀ the
water. Four forts were built in the mountains surrounding the dam, weirs and
pump station, and a detachment of about
100 volunteers, later replaced by troops of
the North Lancashire regiment, guarded
the structures for the duration of hostilities. Fortunately there were no incidents.
In the years after the war the demand
again rose and the supply was augmented
from a series of dams on the Sand, Bulk
and Palmiet Rivers, built to the design of a
very distinguished water engineer, William

Ingham. Then, in 1928, Ninham Shand, at
the time in the employ of the municipality,
designed and built a dam at the lower end of
the Van Stadens gorge. In the same period
he investigated a site for a much larger dam
on the Kromme River at the entrance to
the Longkloof. This became the Churchill
Dam which was completed in 1943. Still the
demand outstripped the supply and when
the National Government built the Kouga
Dam at the head of the Gamtoos Valley in
the 1960s, Port Elizabeth obtained an allocation. Again this was not suﬃcient and
in the 1980s the Shand family were again
involved in PE water when Mike Shand,
son of Ninham, and his colleagues were
responsible for the Impofu Dam on the
lower reaches of the Kromme River between
Humansdorp and the sea. The most recent
major supply source has been from the
Orange River scheme, from which water
arrives at the city via a 400 km route of tunnels, canals, control dams and pipelines.
But the problems have not been completely solved. Between 2008 and 2010
the city again experienced a devastating

drought and water restrictions were
again imposed. Increased provision from
the Orange River is being considered before more radical methods of providing
water for the thirsty city will have to be
implemented.
But despite the present lack of rainfall,
up in the Witteberg mountains a kilolitre
of water still pours over Wicksteed’s
sturdy little weir each minute. After
130 years his pipeline is in sore need of
refurbishment, but it still contributes to
the municipal supply.
The complete saga of Port Elizabeth’s
water supply from 1820 to 2000 has been
documented by David Raymer, formerly
an engineer in the municipal water
branch, who published a comprehensive
history in a volume entitled “Streams
of Life”. Copies can be obtained from
SAICE (contact Angelene Aylward on
011 805 5947 or angelene@saice.org.za).
Tony Murray
Chairman SAICE History and Heritage Panel
asmurray@iafrica.com

But despite the present lack of
rainfall, up in the Witteberg
mountains a kilolitre of water
still pours over Wicksteed’s sturdy
little weir each minute. After
130 years his pipeline is in sore
need of refurbishment, but it still
contributes to the municipal supply
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Entry Form
This section must be completed by the person submitting
the photo/s
NAME_________________________________________
ADDRESS______________________________________
______________________________________________
TEL_______________________ FAX________________
E-MAIL________________________________________

Rules
1.
2.
3.

2010 winner: ‘Reflections’ Photographer: Nicky Coetzee

The competition is open to the general public to submit photographs.
The entries must portray people and/or projects in civil engineering.
Entries must be electronic photos in jpeg format, at a resolution of at least 640 by 480
pixels.
4. Entries will be judged on portrayal of civil engineering, artistry of civil engineering,
technical excellence (quality of photo), visual impact, creativity & originality, balance
& composition.
5. Please complete an entry form for each electronic entry and supply an appropriate
title, short description of each project, details of the client, consultant and
contractor involved in the project and the photographic equipment used to take the
photograph/s. It is essential that the photographer’s name is included.
6. The entrant is responsible for obtaining permission for the use of the photographic
material as well as subject material from the authority or project manager concerned.
7. Entries submitted by organisations must be accompanied by written consent of the
photographer.
8. Permission for the reproduction of photos for any exhibition or publicity is assumed
unless the entrant specifies otherwise. Due recognition will be given to the
photographer where required.
9. No responsibility will be accepted for any loss or damage to the e-mailed entries.
10. All entries must be e-mailed to zina@saice.org.za
11. Closing date: 16 May 2011

PHOTO TITLE __________________________________
DESCRIPTION__________________________________
______________________________________________
PROJECT INFO ________________________________
______________________________________________
PHOTOGRAPHER_______________________________
(Name and surname of the photographer to be inserted)
This section must be completed by the photographer
or the company that owns the photo. If you are not the
photographer or if you are submitting the photograph on
behalf of a company owning the photograph, please sign
‘on behalf of’.
I hereby grant permission for reproduction and agree to
abide by the rules of the competition.
Signature:__________________________________

Please complete the entry form/s and e-mail to zina@saice.org.za together with your electronic entry today!

SAICE Young Members Panel on
SINCE ITS FIRST ROAD show for “Civil
Engineering Professionals of the Future”,
that took place at the Engineering Planet
Future Indaba in March 2010, the SAICE
Young Members Panel (YMP) has been
actively involved in integrating young
professionals into the structures of
SAICE, as well as educating civil engineering professionals of the future.
With generous ﬁ nancial support from
Esorfranki, the YMP embarked on the
ﬁ rst of a series of 2011 roadshows early in
February this year when they visited the
Central University of Technology (CUT)
in Bloemfontein. The enthusiasm of the
students who attended the event greatly
contributed to the successful and enjoyable day at CUT. Bokang Sebouledi from
the SAICE Bloemfontein Branch showed
himself to be a very capable and enthusiastic organiser and it is great to have him
on the SAICE team.
The SAICE YMP team delivered an
informative programme with presentations and interactive sessions on subjects
such as career expectations as a civil
engineer, valuable life skills, beneﬁts of
becoming a SAICE member, and information on the road to registration and
SAICE’s Candidate Academy.
The highlight of the day was, as
always, the anti-corruption interactive
session that included the play, Real life
reality check on ethics and corruption,
1

Students of the Central University of

Technology in Bloemfontein registering for the
SAICE YMP’s road show in February this year.
Students who attended received Esorfranki
T-shirts and copies of Civil Engineering
2

Tammy Davies, from sponsoring company
Esorfranki, enjoying time with the students
3

Young civil engineering students at
the Central University of Technology

4

The team from the SAICE Young Members
Panel – back row from left: Tammy Davies
(Esorfranki), Zuki Mvoko, Andrew McKune

(chairman), Linda Erasmus, Matimba Ngwenya,
Oliver Rowe, Heath Webb, and sitting from left:
Vincent Kuo, Lorraine de Ronde, Dawie Botha
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based on ASCE’s Ethicana, and produced
by the SAICE Young Members Panel.
We thank Esorfranki sincerely again
for supporting this initiative financially,
and also for contributing to the day
with a motivational presentation delivered by Group Marketing Manager,
Tammy Davies.
1

2

The YMP team will be doing several
roadshows throughout the country
during this year to promote student
involvement and equip graduates to
deal with the challenges of industry. For
more information on the YMP and the
planned road shows, please contact the
following people:

the Road to Success
Andrew McKune,
Chairman SAICE Young Members Panel
andrew.mckune@af.aurecongroup.com
Linda Erasmus,
Manager Communication,
SAICE National Oﬃce
linda@saice.org.za

A great tip: Join the SAICE Facebook
page and always be up to date
on what is happening! Look for us
under 'PAGES', and join the network
of almost 2 000 SAICE fans

3

4
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Date
12-13 May

Cape Town

26-27 May

Port Elizabeth

21-22 July

Bloemfontein

8-9 September

Durban

13-14 October

Cape Town

17-18 November

Gauteng

9-10 May

Cape Town

23-24 May

Port Elizabeth

18-19 July

Bloemfontein

5-6 September

Durban

10-11 October

Cape Town

14-15 November

Gauteng

30 May

Cape Town

20 June

Johannesburg

15 August

Pietermaritzburg

21 November

Johannesburg

31 May - 1 June

Cape Town

21-22 June

ohannesburg
Johannesburg

ugust
16-17 August

loemfontein
Bloemfontein

ptember
13-14 September

Pietermaritzburg

vemb
22-23 November

Johannesburg

5-6 May

Port Elizabeth

30-31 May
2-3 June

Presenters

Contact details

Business Finances for Built Environment
Professionals
SAICEfin08/00405/11

Wolf Weidemann

Dawn Hermanus
dhermanus@saice.org.za

Handling Projects in a Consulting Engineer's
Practice
SAICEproj08/00404/11

Wolf Weidemann

Dawn Hermanus
dhermanus@saice.org.za

!
S
I
H
T
E
S
I
R
A
I
D
Bloemfontein

12 September

9-10 May

Event and CPD
validation number

Bridge Maintenance
SAICErail09/00495/12

Ed Elton

rman
Dawn Hermanus
dhermanus@sa
dhermanus@saice.org.za

Basics of Track Engineering
AICErail09/00496/12
SAICErail09/00496/12

Ed Elton

Dawn Herm
Hermanus
dhermanus@saice.org.za

Dawn Hermanus
dhermanus@saice.org.za

Durban

Cape Town

GCC
SAICEcon10/00706/13

Theuns Eloff

Cheryl-lee Williams
cheryl-lee@saice.org.za

East London

20-21 June

Polokwane

02 August

Gauteng

20 September

East London

03 August

Gauteng

21 September

East London

20-21 June

Cape Town

14-15 July

East London

26-27 September

Bloemfontein

17-18 October

Durban

25-26 July

Midrand

Reinforced Concrete Design to SANS 10100-1
SAICEstr09/00432/11

Greg Parrott

Cheryl-lee Williams
cheryl-lee@saice.org.za

Structural Steel Design Code to SANS 10162:1-2005
SAICEstr09/00513/12

Greg Parrott

Cheryl-lee Williams
cheryl-lee@saice.org.za

Network Analysis & Introduction to Surge Analysis
SAICEwat10/00804/13

Prof Fanie van Vuuren

Cheryl-lee Williams
cheryl-lee@saice.org.za

Technical Report Writing
SAICEbus09/00427/12

Les Wiggel

Cheryl-lee Williams
cheryl-lee@saice.org.za

For more information on courses, venues and course outlines please visit http://www.civils.org.za/courses.html
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Working together with Consulting
Engineers, Contractors and Employers to
provide innovative solutions.

Mbabane Bypass, Swaziland

Tel: 27 11 726 6180 • Fax: 27 11 726 5908 • e-Mail: andrews@recosa.co.za • Website: http://www.recosa.co.za

einforced Earth (Pty) Ltd has acquired
extensive experience in the design and
supply of materials for mechanically
stabilized embankments in African
conditions. It has established its credentials
with Consulting Engineers, Contractors and
Employers in Southern Africa.

It belongs to the Soletanche Freyssinet group of
companies and is able to draw on its expertise.
With this background it is well positioned
to provide innovative solutions to meet the
ever-changing environmental, technical and
economic civil engineering demands of the
21st Century.

The trademark REINFORCED EARTH® is used under license by Reinforced Earth (Pty) Ltd South Africa (RESA)
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