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Franki Africa, part of the JSE-listed
Esorfranki group, has again demonstrated its skills in providing geotechnical engineering solutions in the marine
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of a temporary jetty and cofferdam for the
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Thusi Road stormwater outflow pipe
where Esor Africa is the main contractor
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Franki supports

the Shotgun
While many of its competitors are
at sea when it comes to implementing
successful marine solutions, Franki
Africa, part of the JSE-listed Esorfranki
group, has its feet firmly on the ground,
successfully delivering solutions in this
challenging environment. Some of the
company’s most successful contracts in
the last decade are a testimony to this.
These projects include the installation of foundations for a shipbuilding
and repair yard, a quay wall and a dry
dock in the Port of St Louis in Mauritius;
the Frois Des Mascareignes job, also in
Mauritius, which involved major expansion to the existing berthing facilities;
in the Seychelles the Tuna Quay where
the quay was extended more than 200 m
and by more than 1 800 m²; and the
2 Civil Engineering | April 2010

demanding R213 million Transnetdesigned Berth 208 in the Port of
Richards Bay.
So, when it came to the piling and
foundation work for the extension
into the sea of Durban’s Sandile Thusi
(Argyle) Road stormwater outflow pipe
(known as the ‘shotgun pier’ because of
its double-barrelled structure), it was
no surprise that Franki was asked by
all the tenderering main contractors to
quote as the specialist subcontractor for
this work. Ultimately the contract was
awarded to Esor Africa, Franki’s stablemate in the Esorfranki group.
Franki did the temporary works and
piling 20 years ago, when the original outflow was constructed. In the 20 years since
the ‘shotgun’ was first constructed, there

have been significant sand deposits on this
stretch of beachfront, effectively leaving
the outlet in the middle of the beach. This
has necessitated its extension back into
the sea, to prevent silting-up and further
flooding back in the stormwater system.
The basic scope of works was to
design and construct both a temporary
jetty and cofferdam with a 5 m high
protection wall for the construction of
the extended concrete ‘shotgun’ outfall.
These two critical components not only
allow for the construction of the permanent structure, but also ensure access
and a safe working environment for the
main contractor.
“While on the face of it the task
doesn’t seem that complicated, working
in the ocean is obviously never easy and

2

several factors complicate the production
process and make accuracies very challenging,” says Marcel Hofmann, Franki’s
Durban divisional manager.
The temporary jetty, a key element
in this contract, is 70 m long and needed
to be sufficiently strong to support two
tracked 80 t crawler cranes. This was
achieved by installing 28 steel tube piles
in pairs for the legs of each jetty section.
“The process requires a guide frame,
which assists with the positioning of the
piles, and then, with the right equipment, they are installed to the required
depth,” says Hofmann, adding that the
construction of an abutment to provide
initial protection from the sea and access
to the jetty throughout the project was
achieved using sheet piles.

Hofmann explains further that steel
tube piles are perhaps the most common
in marine work as they have the advantage of easily providing a supporting
member to structures located in the sea.
The temporary cofferdam was built
with interlocking steel sheet piles, installed by using the cranes positioned
on the jetty. These piles were specifically procured to meet the exact specifications required for this job. “We
cannot take any chances, both during
the manufacturing stage and during
installation, as the entire frame must
be able to withstand the fluctuating
and significant forces of the ocean,”
says Hofmann.
“Steel sheet pile walls are the most
widely used wall element in quays, jetties,

1

View of the sheet pile

cofferdam prior to closing
2

Placing of sheet pile during

the nose cone construction

dry docks, slipways and structures like
the cofferdam in this project. They are
relatively light and easy to handle and
can be installed in a wide variety of soil
conditions due to their low displacement
characteristics.”
The final step for Franki in the
‘shotgun’ job is the installation of 72-no
13 m x 450 mm x 450 mm reinforced
precast concrete piles, to support the
extended concrete outfall once all the
protection is removed. To manufacture
these piles, Esor Africa set up a casting
yard near the site, as transportation of
Civil Engineering | April 2010 3
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The precast pile was one of the first
piling systems to be used in southern
Africa. There is a record of their use in
the now demolished old Putt Bridge
in Port Alfred, where back in 1908 the
precast piles were installed using a
steam-operated piling machine
such large piles over any distance would
have been uneconomical.
“These piles have the advantages of
being cast in a controlled environment
and away from any adverse conditions
which could be a concern for any
cast-in-situ piles. They also provide
an economical solution for these soil
conditions and their installation does
not rely on the access requirements
4 Civil Engineering | April 2010

that a cast-in-situ pile would require,”
explains Franki contracts manager
Matthew Clack.
The precast pile was one of the first
piling systems to be used in southern
Africa. There is a record of their use in
the now demolished old Putt Bridge in
Port Alfred, where back in 1908 the precast piles were installed using a steamoperated piling machine.
Today the manufacture of these
piles has developed into a state of the
art process. “The key to success in this
process is the quality of the concrete,”
says Clack. “It has to be of the highest
quality and therefore the aggregates
must also be the best quality. In addition,
the 28-day strength of the concrete is
more than 50 MPa and therefore the cement content must be at least 450 kg per
cubic metre, which gives some idea of the
quantity of cement needed for the job!”

3

The nose cone fulfilling its purpose

4

The precast piles ready for installation

The process is almost complete, with
only the precast concrete piles still to be
installed. Overall, Hofmann is pleased
with how things have progressed. “We
have an excellent and motivated team who
have once again demonstrated Franki’s
unique skills in the marine environment
where there are unique challenges. We
work efficiently, with a very high regard for
the safety of our employees and the public
to produce, together with Esor Africa, a
world-class result.”
INFO
Tammy Davies
Esorfranki Ltd
011 822 3906
tdavies@esor.co.za
www.esorfranki.co.za

Dawie Botha
SAICE Outreach
dbotha@saice.org.za

OPINION

Are we jolly good

Fellows?
A common complaint raised at
every strategic session in every engineering institution in the world is: “We
lack status. We are not recognised.”
The question then arises: Why is
status so important, and if status is so
important, why are engineering professionals so lethargic when it comes to
conferring or recognising status that has
been duly earned?
My perception is that, although we
secretly yearn for status for ourselves, we
are a little loathe to recognise our fellow
engineering professionals for what they
have achieved.
We also shy away from the appropriate and perfectly legal right to call
ourselves Engineer or Technologist or
Technician, although it is generally accepted as correct to address appropriate
persons as Doctor or Professor, thereby
implying and respecting their status.
At SAICE National Office we hear
the annual lamenting that “Branches and
Divisions do not submit nominations for
Fellows”. How do we really rate?
The American Society of Civil
Engineers reckons that they should have
about 7% of their membership as Fellows.
We are at 4% – not a comparable picture.
Has the conferring of Fellow
status become old-fashioned in a
modern world of “Freedom-Equality-

Brotherhood”, à la Jean-Jacques
Rousseau? I believe NOT. Even in this
modern world medical practitioners
are usually addressed as Doctor, and in
most parts of Africa engineers address
one another as Engineer so-and-so.
But let us get back to SAICE Fellows.
Our Executive Board is calling on our
members to submit nominations for
Fellows, as there are many deserving individuals out there. To confer the status
of Fellow on a colleague and peer is a
privilege, and may even be an obligation.
The deadline for 2010 SAICE Fellow
nominations is 31 July 2010. Let us recognise our eminent members.
And if you are an individual who has
not been noticed by others, then please
APPLY! Take charge.
In conclusion, let us once more endeavour to start a ground swell by at least
signing our names as Engineer. Let us
introduce ourselves as Engineer, call our
colleagues Engineer when we meet them
in official capacity, especially in public
and in meetings. It may be difficult at first,
but let me assure you, it becomes natural
after a while.
Best wishes Engineer, Technologist
and Technician Brown, Smith, Dlamini
and Van der Merwe!
Eng Dawie Botha, Fellow SAICE
Civil Engineering | April 2010 5

Lorraine Fourie
lfourie99@telkomsa.net
012 343 1434

PROFILE

A bull terrier

on a problem
SHARPENING THE FACULTIES

1

A career that saw Malcolm Jaros leave his geotechnical footprint on five
continents was rightfully acclaimed on home soil recently. Not only was
he lauded the winner of SAICE’s Geotechnical Medal in 2009, he also
received GIGSA’s (Geotextile Interest Group of South Africa) biennial award
for technical excellence in the same year. What contributed in no small
way to success is his ability to focus totally and passionately on the issue
at hand – “I’m a bull terrier on a problem,” he says. This skill has a flipside:
a certain vulnerability when it comes to socialising. “I’m what you might
call socially challenged,” he admits ruefully. In conversation, Lorraine
Fourie found Malcolm abounding with enthusiasm about his work and
the eventful course that his life, with his wife Paula at his side, has taken
6 Civil Engineering | April 2010

Malcolm’s powers of concentration were
developed at school in Bulawayo, in what
was then Southern Rhodesia, where he
excelled in swimming. “When you’re
spending hours every day with your head
under water you are focused on one thing
only. The downside of competitive swimming is that it is a very antisocial sport,”
he says. He was selected for the Sir Roy
Welensky’s Federation team, participating
in the breast-stroke event, but a motor
cycle accident which damaged his spine,
effectively finished his swimming career.
On finishing his schooling Malcolm
initially wanted to become an electrical
engineer, but the then University of
Rhodesia and Nyasaland did not offer
engineering. With his grandparents living
in Johannesburg, it was convenient for
him to stay with them while attending the
University of the Witwatersrand, where
he enrolled for a BSc civil engineering
degree in 1964.
Like so many students of his era
Malcolm was inspired by Prof Jennings,
and his interest in geotechnical engineering grew steadily under the guidance of his mentor. Because he worked
full-time every alternate year, it took him
seven years to complete the four-year
degree course. “I didn’t care what kind of
work I did as long as it paid good money,
and the highest paid job in the last of
my outside years was as a computer programmer, which was quite a novel thing
in those days.”

When he graduated he had a degree
in engineering as well as experience as
a commercial computer programmer.
He thought this would come in useful
when he applied for a job at Ove Arup &
Partners. “In those days very few engineering consultants had computers and
Arup shared one with three other firms
in Johannesburg.” However, his boss
was of the opinion that you could not be
both; it was either the one or the other,
so Malcolm was initially appointed as
a computer programmer, setting up
the data processing system for Civilab.
“Arup was then working on the Carlton
Centre and they needed the processing
of soil test results to be automated,” he
explains.

FAILURE NOT PART OF HIS LEXICON
As an engineer-in-training with Arup,
Malcolm first experienced the problems
of designing foundations for structures
on undermined ground, a topic that he
was to revisit three decades later for the
Gautrain project. His earliest significant
project was the application of Finite
Element Analysis to design the deck
slabs and bearings for the pair of bridges
that carry the N2 freeway over the
KwaMashu-Durban rail line. “At the time
they were the most acutely skewed decks
attempted in South Africa – the angle
of intersection between the motorway
and the railway is 23˚. I don’t think I
really understood then how significant
that was. Now, after they have stood
there nearly 40 years, they come in very
useful for rebutting sceptics who want to
know why a mud mechanic is teaching
structural engineering,” Malcolm, whose
specialist field is soil structure interaction, says with quiet mirth.
The graduate training programme
culminated with a 30-month stint in
the company’s London office. Going
abroad with him were his wife Paula,
whom he had married in 1968, and
ten-month-old old Adrian whose sister
Lynda was born a few months after they
arrived in England. There, Malcolm
gained experience of the design and
construction of piled foundations,
deep basements, retaining walls,
underpinning and tunnelling, while
his computer programming experience
proved invaluable in the processing of
data for the Hong Kong mass transit
rail system. ‘Working his butt off ’
because to fail was unthinkable, he also

completed an MSc (soil mechanics)
degree from London University
together with a diploma in foundation
engineering from Imperial College.
As the Jaros’ proposed return to South
Africa coincided with the 1976 Soweto
riots, Malcolm was offered an extended
stay in London. Bearing their two small
children in mind, he talked it over with
Paula, who is a British citizen born in
Hong Kong. The joint decision was to return to South Africa. “I just couldn’t stand
the idea of living in such a well-ordered
society; I would have died of boredom.
Africa, especially South Africa, is where
things are happening,”he says with conviction.
2

1

Malcolm Jaros receives SAICE’s Geotechnical

Medal at the Geotechnical Division’s AGM
in November 2009 from Dawie Botha,
SAICE Executive Director at the time
2

With a Czechoslovakian father and

a Kenyan-born British mother, Malcolm
Jaros turned out proudly South African
3

Malcolm’s son Adrian (left), daughter-

in-law Venus, and Malcolm and his wife Paula
holding Muffin, their Yorkshire terrier
3
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EVER BROADENING THE SCOPE

In the early '80s Malcolm rejoined
Arup "who had some very interesting
projects under way in Natal. The King
Shaka Airport (hard to believe that
it’s only just been completed), the
Nkosi Albert Luthuli hospital, as it is
now known, and the redevelopment
of the Playhouse Cinema as the
Opera Theatre were challenging
prospects. The basement excavation
of the Playhouse, at the time, was the
biggest and deepest in the Durban
CBD, going down 6 m below sea
level, and we nervously measured
water levels and ground movements
there throughout construction.” Also
carefully monitored for five years
was the settlement of the 27-storey
Beachfront Holiday Inn, the tallest
building constructed on estuarine
Durban harbour deposits without the
benefit of piled foundations
8 Civil Engineering | April 2010

Back in Johannesburg Malcolm moved
into Arup’s geotechnical engineering
division where he did site investigations
and designed various piled foundations
and lateral support systems. Although he
had spent some ten months in 1971 with
Basil Read as part of an exchange programme to gain contracting experience,
Malcolm felt he needed better insight into
the contracting business, specifically in
relation to piling and geotechnics. “So I
joined McLaren & Eger Piling on the understanding that it would be for two years
only.” He left, in line with his original
intent, assuming the role of associate in
the newly-formed Weber & Neely consultancy, with whom he stayed until 1983.
Malcolm continues: “I then rejoined
Arup who had some very interesting
projects under way in Natal. The King
Shaka Airport (hard to believe that it’s only
just been completed), the Nkosi Albert
Luthuli hospital, as it is now known, and
the redevelopment of the Playhouse Cinema
as the Opera Theatre were challenging
prospects. The basement excavation of the
Playhouse, at the time, was the biggest and
deepest in the Durban CBD, going down
6 m below sea level, and we nervously measured water levels and ground movements
there throughout construction.” Also carefully monitored for five years was the settlement of the 27-storey Beachfront Holiday
Inn, the tallest building constructed on
estuarine Durban harbour deposits without
the benefit of piled foundations. The results
were written up with details of the foundation design in a paper that earned him,
together with Graham Plant, Gavin Byrne
and Cliff McMillan, the Jennings Award for
the best technical publication of 1988.
Settlement measurements of other
structures included the raft-supported
eight-storey buildings on the Steve Biko
campus on the Berea for which Malcolm
had been, in his days at McLaren & Eger,
the site investigation contractor. The installation, protection and reading of these
monitoring systems greatly enhanced
confidence in the design methods used and
this experience later proved invaluable on
projects such as the Hong Kong airport
reclamation and the foundations of the
arch for the Moses Mabhida stadium.
When Arup decided to close down
its Durban office Malcolm stayed on with
the company, commuting weekly for
several months between Durban and the
Johannesburg head office. “We didn’t want

to disrupt the children’s high-school education. Besides, we’d already moved more
than a dozen times in our marriage and
with Durban the place where we’d lived
longest we wanted to make it our home.”
Lionel Moore, of Moore Spence
Jones (MSJ), takes up the next sequence
of events in Malcolm’s life: “At the time
MSJ was still a fledgling in the consulting
industry, but we had been given a large
lateral support project for the then
Durban City Engineers’ department.
Feeling decidedly vulnerable and needing
support, I called Malcolm, with whom,
up to then, I’d had only brief contact.
Without hesitation he said, ‘Bring it on’, or
something to that effect. It was the start
of a trusting working relationship with
a man who to me exemplifies honesty,
integrity and dedication encompassed in
professionalism. I think Malcolm liked us,
for he joined MSJ as a director in 1989.”

DISTANT HORIZONS BECKON
When, in 1994, an attractive job offer from
the development team on the new Chek
Lap Kok airport in Hong Kong came his
way, Malcolm couldn’t resist. “Not only
was it a fantastic project, but the children
were by now making new lives for themselves away from home. It was also for
Paula a return to her birthplace where her
parents had been stationed with the British
army,” he says. What initially was a threemonth contract extended to two years and
eventually three. Malcolm was involved
mainly in controlling and measuring settlement of the reclamation for the airport
to ensure that the runways would be
smooth and flat when commissioned and
that they would remain in serviceable condition for at least seven years before having
to undergo major maintenance. ”This was a
new technical area for me, but I enjoyed it
immensely.”
During their Hong Kong stay the
couple had the opportunity to visit
Australia on several occasions. Brisbane
was the only city that had eluded Paula and
she was not going to let the chance pass by
before their contract expired. One night
Malcolm, on returning home from office,
received a phone message saying: “You’ve
got to come to Brisbane; there’s a job for
you here with Coffey Geotechnics.” “So,
although the plan was to return to South
Africa, on the spur of the moment we
decided to go to Australia. They offered me
a two-year contract and I guess at the back
of our minds there was the idea of starting

misunderstandings and work would seize
up. But if you wanted to get things flowing
again you had to get a South African in
there. South Africans just have the spirit,
the ‘boer maak ‘n plan’ attitude.”

4

CONTRIBUTING TO HIGHER LEARNING

a new family life in Brisbane.” After a year,
Malcolm had had enough of Australia.
Coffey suggested that he take some leave,
have a look at the situation back in South
Africa and then make a final decision. “I
did that, and I realised that this was where
my heart lay.” He flew back to hand in
his resignation and returned to Durban
in June 1999. The feisty Paula, however,
said, “We’re here on a two-year visa, so I’m
having my two years’ worth”, and stayed on
till the end of ’99.

FOUNT OF EXPERIENCE ON HOME SOIL
Malcolm rejoined MSJ as principal geotechnical engineer on the understanding
that he would be employed strictly in a
consulting capacity without any managerial responsibilities. “I came back into the
thick of transformation in South Africa
and I didn’t have a clue what BEE was
about. At that stage I just wanted to do my
technical job.” Lionel Moore says of the
ten years they worked together: “Time and
again Malcolm would share his immense
reservoir of knowledge with his colleagues
and help to shape and grow the practice.”
This vast experience came to the rescue
when he was called upon to break a logjam
on the Gautrain project. Malcolm gives the
background: “On facing the issue of taking
the railway line through Snake Valley,
the sinkhole area north of Centurion, the
predominantly French engineers who represented the contractor saw it as just another
risk management problem, whereas South
African engineers tended to factor in their
personal experiences of the consequences
10 Civil Engineering | April 2010

of a sinkhole collapse. The risk element had
been very well researched and quantified,
but the final details of how to deal with it
hadn’t been fully resolved.
“Somehow I found myself in a position
between the contractor and the supervising engineers, but managed to see both
sides of the argument and developed a
solution that was acceptable to all parties.
Reinforcing with geotextile sheets the embankment on which the track would run
– after dynamic compaction of the underlying ground – would allow the concrete
U-beam to support the rail-line over the
danger area in its original design manner,
that is, as an impromptu bridge across
a potential sinkhole.” This input earned
Malcolm the GIGSA award in 2009.
“To some extent my involvement in
Snake Valley was the amalgam of all the
things that I’d learnt in my career: soil
structure interaction, as between the
U-beam and the ground; ground treatment, as in the process of dynamic compaction; and settlement control, which I’d
handled extensively in Hong Kong.”
Unravelling disputes is not
unfamiliar to Malcolm. He recalls how
he had to sort out impasses in Hong
Kong. “With Australians, Americans,
Canadians, people from the old Iron
Curtain countries, westernised Hong
Kong Chinese, mainland Chinese,
all working on the project under
British control, it was an incredibly
complex cultural mixture. The
diverse backgrounds, standards, and
ways of doing things often caused

In April 2008 Malcolm exchanged the consulting business for academia. “Technically
I will not find the equivalent of the Hong
Kong and Gautrain projects again – so I
needed to find new challenges. Through
my involvement with the University of
KwaZulu-Natal (UKZN), as part-time
external examiner in geotechnical engineering since the early ‘90s, I had seen
them grappling with the transformation
process. But I also saw that they had a
definite plan and were working towards a
goal to make it work. I wanted to be part of
that plan because it was a new opportunity
to make a much more meaningful and satisfying contribution than what I foresaw in
my future as a consulting engineer.”
When Malcolm joined the UKZN civil
engineering department on a 12-month
temporary contract he immediately became involved in helping the department
address ECSA’s requirements in terms of
the Washington Accord, which ensures
that South African engineering degrees
are recognised overseas. “We were one
of the first engineering departments at
any South African university to get a full
five-year unconditional accreditation
from ECSA for demonstrating compliance
with their recently transformed outcome
requirements.” Malcolm will be involved
full-time for the next three years and he
hopes to have his contract extended to
six years. “Like Prof Ken Knight I can see
myself involved well beyond retirement.
Before I start fading away, we will have
reinvigorated the postgraduate courses
and research activity that are the essential
components of any university.”
One of the six doctoral candidates now
enrolled at UKZN’s postgraduate school
of civil engineering is Malcolm. “To equip
me better I have to go through the process
myself and recruit master’s students to
generate research teams.” The theme of his
doctoral thesis emanates from the Gautrain
project. “I couldn’t just do some study on
some dispassionate subject – I’m only effective when I’m passionately involved,
which is what happened on the Snake Valley
problem. I believe that the solution we
produced was the right one, but because it
was the first of its kind there are elements of

the theoretical background that I feel need
to be explored. My research is directed at
how to improve the monitoring process to
further reduce any residual risk that may be
inherent in the solution.”

GEOTECHNICAL IMPRINT – 2010 AND BEYOND
In his days with Ove Arup, Malcolm
did design work for what was then
Frankipile and later, when he was with
MSJ, for Esor who developed into the
present-day Esor-Franki. The most
recent and high-profile product of this
fruitful collaboration is at the Moses
Mahbida stadium in Durban where Esor
was awarded the contract for the foundations for the roof-support arch on the
basis of Malcolm’s design.
Peter Day, as an independent auditor,
was able to give the German designers of
the arch the assurance that their slender
construction would not be distressed in
any way by foundation movement. Peter
says of Malcolm’s design: “Designing
for contractors requires a very special
breed of engineer and Malcolm has all
the credentials. The challenge he faced
was to transfer the 100 MN horizontal
thrust exerted at the north end of the arch
through 20 m of saturated sediments to
the weak Cretaceous mudstones below,
with post-construction deflections of
less than 20 mm. With his characteristic
tenacity, Malcolm designed a 42 m x 7 m
diaphragm wall ‘box’, the sides of which
acted as deep shear walls. This was one
of the first major geotechnical designs in
South Africa to be carried out according
to the Eurocodes, involving both limit
equilibrium analysis and three-dimension
numerical modelling. Its successful implementation, with little over half of the
permitted movement being measured,
was sufficient to win the SAICE Award for
Technical Excellence in 2009.”
Judging from his latest achievements,
Malcolm is a very long way from fading
out of the geotechnical scene. He is, to
quote Lionel Moore, “a man for all seasons, and a good example to follow.”
4

Designing for contractors requires a very special breed of engineer and
Malcolm has all the credentials. The challenge he faced was to transfer
the 100 MN horizontal thrust exerted at the north end of the arch
through 20 m of saturated sediments to the weak Cretaceous mudstones
below, with post-construction deflections of less than 20 mm. With
his characteristic tenacity, Malcolm designed a 42 m x 7 m diaphragm
wall ‘box’, the sides of which acted as deep shear walls. This was one
of the first major geotechnical designs in South Africa to be carried out
according to the Eurocodes, involving both limit equilibrium analysis and
three-dimension numerical modelling. Its successful implementation,
with little over half of the permitted movement being measured, was
sufficient to win the SAICE Award for Technical Excellence in 2009
5

6

The team employed by Esor to

design the Moses Mabhida stadium arch
foundations - from left: Pieter Boorsma, Lionel
Moore, Mark Richter, Peter Day, Malcolm
Jaros, and Arthur Field (Director, Esor)
(Photo Tony Smith – copyright protected)
5 and 6

The Moses Mabhida

stadium with arch intact
(Photos Tony Smith – copyright protected)
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Using Atterberg Limits to predict
This article describes a method for predicting
the expansion of clay which is supported by
measurements on a wide variety of clays. If a
small building load is applied to a clay in an arid
region and the clay is subsequently soaked with
water, this building load will not prevent the clay
from swelling. But if the same clay is subjected to
the same building load in a wetter climate and is
subsequently soaked to the same condition, then the
new building can settle. Calculations are provided to
demonstrate this phenomenon. The article contains
simplified extracts from a paper describing the
wider general topic of modelling of clays (Sparks
2010). The method described here shows that only
two equations (namely Eqs (8) and (9)) are required
to estimate the expansion of a wetted clay
INTRODUCTION
The volume changes of clays due to changes in water content
are closely related to the unloading and reloading curves of a
clay subjected to isotropic loading (e.g. isotropic loading can be
caused by the cell pressure applied to a jacketed soil sample in a
triaxial cell).
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ISOTROPIC CONSOLIDATION
Figure 1 illustrates a saturated clay sample which is drying (to the atmosphere) in a laboratory. The pore water pressure has a value u kPa
which is negative (with respect to the atmospheric datum).
At this stage it is important to understand certain principles
relating to the Terzaghi effective stress equation for a saturated
soil (Eq 1):
Total stress p = effective stress p’ + pore pressure u

(1)

In Eq (1) we have two different options.
We can express the total stress p and the pore pressure u
both with respect to vacuo as the datum, or we can express the
total stress p and the pore pressure u with respect to atmospheric
pressure. The value of the effective stress p’ will be identical in
both systems. We usually prefer to express the total stress p and
the pore pressure u with respect to atmospheric pressure (i.e. the
pore pressure u is equal to zero at the level of a water table).
In hydraulic pipe systems subjected to high suctions, the water
will cavitate (i.e. vapour bubbles form and grow) because undissolved air molecules exist in the water and these form the nuclei for
the formation of vapour bubbles. However, in clays the pore water
is absorbed to the clay particles as separate water molecules and
there are usually no undissolved air nuclei in the pore water. For this
reason the pore water in clays can be subjected to very high tensions
without the formation of vapour cavities. In fact Dixon (1909) found
that water can withstand tension stresses of over 160 atmospheres
(16 000 kPa) if there are no undissolved air nuclei in the water.
In Figure 1 the total stress is zero throughout the drying
process of the saturated clay.
If the total stress p is zero in Eq (1), then the effective stress p’
is positive and is equal to (-u). The effective stress p’ increases its

the expansion of clays
positive value as the sample dries out, and this causes the sample
to decrease in total volume. The author prefers to call this effective stress u*, hence in Figure 1 u* is equal to (-u). In Figure 1 the
air-water meniscus surface acts in a similar fashion to the rubber
membrane which surrounds the soil sample in Figure 2.
If we compress the saturated clay in Figure 2 along a virgin
compression path while the applied horizontal stress is equal to
the vertical effective stress, then we would expect the isotropic
compression curve to be identical to that found for the clay in Figure
1 (void ratio versus average effective stress within the sample).
But if we wish to estimate the void ratio when the horizontal
stress is not equal to the vertical stress in Figure 2, then we first
need to find the average effective stress in Figure 2 which is equal
to p’ = (p’v + p’ h + p’ h)/3. We can now enter the isotropic compression curve obtained for Figure 1 with this average value of p’ (for
Figure 2), and hence obtain a reasonable approximation for the
void ratio of the soil in Figure 2.

SUPERPOSITION OF SUCTION
AND EXTERNAL APPLIED STRESSES
A sample located at some depth in the soil could be subjected
to a pore water suction (-u) as in Figure 1 and also the imposed
stresses’v and ’h (as in Figure 2) which are caused by the weight of
the overburden or by stresses from a foundation above this sample.
The effect of u and the effect due to the applied stresses are
both effective pressures, and can be added together.
The combined average effective stress in the sample due to
both causes is u* in Eq (2).
1

u* = (u due to pore water) + (p’v + p’ h + p’ h)/3

(2)

If the soil sample has been on a compressive (active) path, then
p’ h = Ka.p’v where p’v = effective stress in the vertical direction
(e.g. due to overburden).
The author usually uses Ka = 0,4.
However, if the soil has been on a swelling (passive) path,
then p’ h = Kp.p’v
The author uses Kp = (2 + 200/p’v ) where p’v = vertical applied
effective stress (kPa), but the maximum value for Kp is taken as 6.
The author accepts that Kp can even be as high as 10. In most
instances, there is little difference in the answers if a value of 6 or
a value of 10 is used.
When the soil sample is brought to the laboratory, it is
known that it will try to expand due to the release of the pressures p’v and p’ h. If the sample is denied access to free water,
then it is suggested that the average effective stress in the soil
1

2

.Pore
Pressure
u (-ve)

σ’v
σ’h

Saturated clay sample permitted to dry out to the

atmosphere in the soil laboratory (isotropic consolidation)
2 Drained sample in rubber jacket in triaxial cell
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sample is unchanged and still remains as u* (given by Eq (2)).
In other words, the value of u* in the laboratory still retains
the memory of u* as in the field. A component of this memory
includes the imposed effective stresses p’v and p’ h which acted
in the field.

AN ELEMENTARY EXPLANATION OF HEAVE

4

3

A

A

0,301

Consider a soil sample which is at the state X on the line BD in
Figure 3.
If the effective stress is reduced, then the sample will swell
from state X towards the state D. Similarly, if the pore water
pressure u becomes more positive, the soil sample will expand
from the state X towards D on the same line BD.
The liquidity index, LI, was defined by Skempton and Bishop
(1950) as:

Liquid Limit

LI = (w% – PL%)/(LL% – PL%)

D

Log (1 + L I)

Water Content w%

Straight Line

X

D

B

X

B
E

Plastic Limiit

0

C

C
6,3 kPa u*=R x 8,9 kPa

Log u* (kPa)

Log u*( kPa)

5

D

wD

X
B

Water Content

Limit of swell.
Determined by value of
u* at D

wX

1 kPa

C

u* X
100 kPa

10 u* D

1 000 kPa

10 000 kPa

Log u*

6

Water Content

Liquid Limit

Plastic Limiit

D1

X1

D2

Wilting Limit

X2

Note that LI is a linear function of w%. It is therefore easy to use
LI along the vertical axis in Figure 3 instead of w%.
In order to model clays over a large range of liquid limits and
plastic limits, the author has introduced a parameter R (Sparks
2010, in press ) where:
Log R = (Gs.PI%)/{0,918 (LL% -5,7)}

(4)

The value of Log R is usually approximately 2 for a clay, and
hence R is approximately equal to 100. However, for some clays R
can be as low as 45 or as high as 180. The Sparks 2010 paper also
introduces the parameter Log (1 + LI) for the vertical axis as in
Figure 4. The use of Log(1 + LI) takes into account the curvature
of the line ABC in Figure 3.
At some stage in the past the clay was precompressed
to the state B along the compression curve from A to B in
Figure 3. This can occur due to desiccation or an external
loading (e.g. weight of an ice sheet). Thereafter the value of u*
was reduced by wetting of the sample or by reduction of the
external applied loading. Hence the state of the clay moved
from state B to its present state at X.
An engineer would like to know how much further the clay
sample can expand. In other words, what is the swell which corresponds to the reduction of u*, e.g. due to wetting (from state X
to state D in Figure 5).
The engineer must determine the following:
1)	The slope of the line BD. This is easy to establish.
2)	The position of the point X, i.e. the suction u*x and the water
content w x.
3)	The final suction u*d at the state D. This is relatively easy to
estimate.
The above would permit us to draw the diagram and line BD in
Figure 5 for this clay sample.
3

Shrinkage Limit

(3)

ABC is the isotropic consolidation curve – the sample

precompressed to B can swell along BD and point X can
be the present state of the sample prior to swell
4 Log (1+LI) replaces w%. This plot gives straight lines. R is defined in the text
5

This is an enlargement of a portion of Figure 4. This

figure is important to understand the swelling process
u* D1
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Log u*

6 Note that the slope of the swelling curve is the same at X and X ,
1
2

hence the same equation (Eq (8)) can be used on either swelling curve

The main challenge in the above list is to estimate the suction
u*x prior to the wetting of the sample. One method to find this is
to place Whatman’s No 42 filter paper in direct contact with the
moist soil sample in an air-tight bottle for two weeks. Measuring
the water content of the filter paper leads to an estimate of the
matric suction in the soil. However, other approximate alternative methods exist for estimating the suction prior to wetting.
Assume that the water content w x% of the soil at any state X
on the rebound curve is known, and also the suction u*x (kPa).
The author suggests (Sparks 2010 ) that the curve BD in Figure 5
can be described by Eqs (5) and (6):

further swell (such as at state D). This is an incorrect concept.
A “limit of swell” is not a property of the clay. Consider samples
of clay which are located at different depths within the soil. The
confining pressures and suctions that exist on these samples
will vary with depth. The sample that is swelling along the line
X1 to D1 in Figure 6 will swell up to state D1, and the position of
point D1 is determined by the value of the equivalent suction
u* (i.e. the effective stress) which exists at state D1. The limit of
swell at state D1 is not a property of the clay, but is determined
by the value of u*D1 which exists at state D1 (as calculated by
using Eq (2)).

w% = w
 x% + {C.PI%/(A.Log R)}.(Log u*x – Log u*)

(5)

COMPARISON BETWEEN THEORY AND PRACTICE

Log u* = Log u*x – {A.Log R/(C.PI%)}.(w% – w x%)

(6)

For simplicity we may use
C = 1,6 and A = 6

(7)

Table 1 shows a comparison between measured swell percentage
(as measured by Schreiner 2008), and the values calculated by
using Eqs (8) and (9). It seems that Schreiner permitted the samples to dry in the laboratory in an artificial dry atmosphere so
that the samples became drier than the shrinkage limit. He has
not published the dry water contents of these samples. However,
it is known that the total volume of each sample will increase
when the water content increases above the shrinkage limit.

From Eq (5) it can be seen that the change in water content
during the swell is given by Eq (8):
wc% = 0,266 {PI%/(Log R)}.(Log u*o – Log u*f )

EXAMPLE 1 – USING SCHREINER’S CLAY (SA-13)

(8)

Schreiner’s tests were performed on soil samples which were initially partly saturated. As a first approximation, in the absence of
other information, one can use the shrinkage limit water content
as the water content from which all volume increases will occur.
The water content at the shrinkage limit was inserted into Eq (11)
(see Appendix) in order to estimate the starting suction u* at the
shrinkage limit. For example, for sample SA-13, the suction prior
to wetting at the shrinkage limit (10%) is 4 935 kPa.
Schreiner stated that the vertical stress at the end of the wetting process was equal to a vertical loading of 15 kPa and that
the sample was flooded so that the pore pressure u was now zero.
Using Eq (2), the equivalent value of u* at the end of the swelling
process can be estimated (the final value of u* is 43,3 kPa).

where
u*o = equivalent suction prior to wetting (kPa) and
u*f = equivalent suction after wetting (kPa). (See Eq (2).)
The original water content wo% of the soil prior to wetting is
known. Hence one can work out the percentage swell per unit
height of soil by using Eq (9):
wc% (from Eq (8))
e
(as a percentage) =
(1/Gs) + (wo%/100) 
1+eo

(9)

where Gs = 2,7 (approx)
To calculate the expansion only Eqs (8) and (9) are used.
The simplicity of this method is illustrated by the fact that
Eq (8) applies to any starting point such as X1 or X2 in Figure 6,
and it applies to any final state such as D1 and D2 in Figure 6.
In the past, several researchers have sought a “limit of
swell”, namely the water contents above which there is no

According to Eq (8):
wc% = 0,266 {PI%/(Log R)}.(Log u*o – Log u*f )
= 0 ,266 {37/Log(269)}.(Log 4 935 – Log 43,3)
= 8,33%

Table 1 Comparison between measured swell (Schreiner) and Eqs (8) and (9)
SOIL

Measured
De/(1+eo)

Calculated
Equation (9)

LL%

PI%

SL%

R

SA-1

39%

23%

15%

113

6,0%

SA-2

47

33

8

224

20

18,4

SA-7

62

42

13

178

20

20,1

SA-13

50

37

10

269

16

17,7

ER-2

45

32

16

144

10

8,2

ER-3

49

32

16

91

15

17,7

KE-1

125

74

13

57

85

64,6

7,6%

KE-2

70

43

11

80

33

30,3

KE-4

84

42

25

42

19

23,2

KE-5

39

17

23

23

1,5

2,1

KE-6

67

28

20

21

32

28,4

SU-2

69

33

10

38,4

55

54,3

16 Civil Engineering | April 2010

Using Eq (9) and an initial water content in this case of shrinkage
limit (10%), the swelling process is obtained as follows:

absence of such measurements it seems that 1 000 kPa should be
used for a clay from a semi-arid region (see example 2 below).

8,33
wc% (from Eq (8))
e
(as a percentage) =
=
(1/2,7
+ 10/100)
(1/G
)
+
(w
%/100)
1+eo
s
o

EXAMPLE 2 – COMPARING ARID AND WETTER REGIONS

= 17,7%
(as shown in the last column of Table 1)
Only in the case of the Schreiner samples must the expansion
process be started from the shrinkage limit water content. The
starting suction u* is approximately 700 kPa for most soils in
South Africa, but in moist coastal climates the value of the isotropic effective stress suction u* prior to wetting can be as low as
120 kPa.

COMMENT ON TABLE 1
The author was surprised to note that Schreiner measured a percentage swell per unit height of soil as 55% for sample SU-2. The
author has never seen a soil which has an average value for the
liquid limit (69%), and which has a swell as large as 55%.
The second surprise was to find that the soil model
(Eqs (8) and (9)) provided a similar answer (namely 54,3%).
The calculations for sample SU-2 suggested unrealistically
high values of suction u* in the initially dry soil. To prevent
“cavitation” on the water, it is possible that Schreiner may
have used de-aired water which contained no undissolved
air nuclei (perhaps the water was boiled and allowed to cool
immediately before use, or a Nold de-aerator was used). This
observation suggests that de-aired water should be used in all
clay modelling experiments.
Schreiner also measured a percentage swell of 85% for sample
KE-1. Perhaps this was for a soil where the excessive swell is
caused by a chemical change of anhydrites to gypsum-type materials. Eqs (8) and (9) will not apply to soil in which expansion is
caused by chemical changes.

ESTIMATING INITIAL SUCTION
In practice the field samples are usually saturated (Sr=100%).
Prior to wetting, the starting suction u* is approximately 700
to 800 kPa at a depth of 1 m in semi-arid conditions (see field
measurements by de Bruijn (1965)). In cities such as Cape Town
and Durban that have an annual rainfall which exceeds the
annual evaporation, the starting value of the isotropic effective stress suction u* will depend on the position of the average
water table through the seasons, and the suction u* can be as
low as 120 kPa at a depth of 1,4 m below the soil surface. In
these cities the clay will usually display no seasonal changes in
water content below this depth of 1,4 m. A clay which would be
regarded as highly expansive if located in an arid region might
expand only slightly in the upper metre of the soil profile in
moist coastal regions (see worked example 2).
The wilting point of plants usually occurs at 1 500 kPa. If
grasses are growing on the clay then the suction u* must be less
than 1 500 kPa. In an arid region an in situ suction u* of 1 000
kPa prior to wetting could be used for heave calculations for
comparing different clays. The final soaked value of the suction
u* at a depth of 0,5 m below the natural soil surface could be 43
to 70 kPa (if there is no building load).
The filter paper method is a suitable method for measuring
the initial suction u* prior to the wetting of the clay. In the
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It is useful to compare the expansion of the same clay in an arid
region and in a wetter region.
The chosen clay is the Onderstepoort Clay used by Meintjes
(1992).
The particulars relating to the clay are as follows:
Liquid limit LL% = 89%, plasticity index PI% = 57% and
Gs = 2,7. Assume that the soil is located 1,5 m below the
ground. The topsoil (0,5 m) will be excavated, and a concrete slab will be constructed over this founding depth. The
vertical loading from this light structure will be 50 kPa on
this soil. At some stage a burst water pipe will result in the
flooding of the clay. The initial water content of the clay in
the arid region is 22%. The initial water content of the clay in
the wetter climate is 25%. Find the final percentage heave of
the clay located 1 m below the concrete slab (i.e. 1,5 m below
original ground level).
Method of calculation:
Eq (4) provides the value of Log R.
Log R =
 (Gs.PI%)/{0,918 (LL% – 5,7)}
= 2,7 x 57/(0,918 x 83,3)
= 2,0126
Hence the factor R = 102,9.
a) For the arid region:
(From an equivalent suction u* of 1 000 kPa to a fully soaked
condition)
Assume that the pore suction u in the soil (at a depth of 1 m)
prior to wetting is 1 000 kPa.
One may wish to add the extra effective stresses caused
by the soil self-weight of the overburden to this value.
However, as indicated earlier the filter paper method
would measure the matric suction of a recovered disturbed
sample, and yet it seems that the matric suction will still
contain a component due to all previous effects, including
the effect of the self-weight of the overburden. In any case,
it can be argued that the effect of the soil self-weight is
small compared to the starting value of 1 000 kPa, which
in itself is a rough assumption. However, one must not neglect the soil self-weight effect when calculating the final
equivalent isotropic effective stress suction u* final .
At the end of the construction and wetting process, the value
of u*final is calculated by using Eq (2) as follows:
The vertical stress acting on the soil at a depth of 1 m below
the concrete slab is:

vertical stress = 50 kPa + 1 x 20
= 70 kPa
(using 20 kN/m2 for soil self-weight below the slab).
Because of the swelling process it is necessary to use the passive
coefficient Kp in Eq (2). The passive pressure factor is Kp = (2 +
200/70) = 4,86 (okay, as this is less than 6).

From Eq (2) we obtain:
u*final =(0 due to u) + 70 (1 + 4,86 + 4,86)/3 = 250 kPa
Eq (8) is used to find the change in water content ( w%):
wc% = 0,266 {PI%/(Log R)}.(Log u*o – Log u*f )
= 0,266 {57/2,0126}.(Log 1 000 – Log 250)
= 4,536%
The initial water content was 22% prior to wetting, hence using
Eq (9) the following is found:
4,536
wc% (from Eq (8))
e
(as a percentage) =

= 1 / 2,7 + 22/100
(1/Gs)
+
(w
%/100)
1+eo
o

= 7,6%
Percentage swell = 4,536/(1/2,7 + 22/100) = 7,6%
This must be multiplied by the vertical thickness (cm) of the soil
layer to which this clay sample refers in order to find the actual
heave (in cm) caused by this layer. The contribution (in cm) from
each layer below the foundation must be added in order to estimate the final heave (in cm) of the concrete foundation.
b) For the wetter region:
(From suction u* due to water table 2 m below the soil to soaked
condition)
Prior to construction, the vertical stress at a depth of 1,5 m
was 1,5 x 20 = 30 kPa.
If we assume that this soil might have dried out slightly prior
to construction, then it is likely that the horizontal stress should
be calculated by using the active factor K A which will be assumed
to be 0,4.
Assume that originally the water table is 2 m below the soil
surface (i.e. 0,5 m below the position of this soil sample).
Using Eq (2), the initial equivalent isotropic effective stress
suction u*initial is

u*initial = (0,5 x 10) + 30 (1 + 0,4 + 0,4)/3
= 23 kPa
For the next step, assume that the value of u*final will still be the
same as for the arid region above.
wc% is calculated from Eq (8):
wc% = 0,266 {PI%/(Log R)}.(Log u*o – Log u*f )
= 0,266 {57/2,0126}.(Log 23 – Log 250)
= – 7,8% (i.e. settlement)
Applying Eq (9), the percentage settlement obtained is 12,5%.
But because there appears to be settlement, it is necessary to
recalculate u*final by using Ka = 0,4 instead of the Kp value in Eq (2).
This leads to u*final = (0) + 70 (1 + 0,4 + 0,4)/3 = 42 kPa

wc% = 0,266 {PI%/(Log R)}.(Log u*o – Log u*f )
= 0,266 {57/2,0126}.(Log 23 – Log 42)
= –1,97%

In practice the field samples are usually saturated (Sr=100%).
Prior to wetting, the starting suction u* is approximately
700 to 800 kPa at a depth of 1 m in semi-arid conditions
(see field measurements by de Bruijn (1965)). In cities such
as Cape Town and Durban that have an annual rainfall
which exceeds the annual evaporation, the starting value
of the isotropic effective stress suction u* will depend on the
position of the average water table through the seasons,
and the suction u* can be as low as 120 kPa at a depth
of 1,4 m below the soil surface. In these cities the clay will
usually display no seasonal changes in water content below
this depth of 1,4 m. A clay which would be regarded as
highly expansive if located in an arid region might expand
only slightly in the upper metre of the soil profile in moist
coastal regions (see worked example 2)
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The percentage settlement is:
1,97/(1/2,7 + 25/100) = 3,17% settlement.
Alternatively it can be argued that the value of u*final is so close to
u*o that full active conditions have not occurred, and hence the
isotropic value of K = 1,0 should be used in Eq (2). The values are
then u*final = 70 kPa, wc% = –3,64 % and the percentage settlement = 5,85%. The soil settles.
This foundation in the wet climate will settle due to the foundation load. It will not heave. This concept is correct, because the
state of the soil moves up or down the line BD in Figure 4 as the
loading and suctions are changed (if the slight hysteresis effect is
ignored). Only if the equivalent isotropic effective stress u* exceeds the precompression state B in Figure 4 must a new position
for the line BD in Figure 4 be considered.

CONCLUSIONS
1)	Good agreement is shown between theory and measurements
in Table 1. The reader can compare the measured and predicted values in the last two columns of Table 1. The excellent
agreement for the SU-2 and SA-2 soils is gratifying. Table 1
covers a wide variety of clays with different Atterberg Limits.
2)	Two simple equations (Eqs (8) and (9)) are used to calculate
the expansion.
3)	Note that the change in water content due to the change in
loading (and wetting) is obtained from Eq (8), and that this
equation is independent of the value of the water content
prior to wetting.
4)	The water content prior to wetting only appears in the denominator of Eq (9).
5)	Equation (8) not only applies to expansion, but also to settlements due to compression along the line BD in Figure (3) or
Figure (4) (provided that the equivalent effective pressure at
state B is not exceeded).
6)	The worked example (No 2) compares the settlement or
expansion at two different sites, one in a semi-arid region
and the other in a wetter region. The same clay is being
considered, and the final loading and soaking are identical in
both cases. It was shown that the clay in the semi-arid region
would swell, but in the wetter region the same soil would
settle. This is not due to a collapse structure in the soil, but is
solely due to the ranges of the stresses and the stress-strain
relation (i.e. suction versus volume) of the soil.
7)	S ome researchers believe that the swelling of each clay is
limited to a range of moisture contents, e.g. these water
contents were defined by De Bruijn (1961) as the lower
swelling limit m a and the upper swelling limit mb. However,
the work in this article shows that at the higher water
contact, a self-choking phenomenon occurs which is not a
property of the clay. As the value of u* decreases, the role
of the horizontal stresses becomes more important (see
Eq (2)). These horizontal stresses contribute to the isotropic stress u* which in turn restricts the further increase
in the void ratio of the sample.
		 The lower swelling limit ma occurs near the shrinkage
limit of the clay. This is also not a property of the clay. It has
been observed by Meintjes (1992) and has been explained by
Sparks (2010, in press). This phenomenon occurs due to the
fact that a certain suction u* occurs in the saturated soil at
the time of air entry (at the shrinkage limit); but on rewetting
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the suction u* has a lower value when the soil starts to expand
from the shrinkage limit water content. This launching step
will not be seen if the rewetting occurs just before the soil
allows air entry.
8)	Local methods which do not define the initial equivalent
isotropic effective stress u* prior to wetting cannot be used in
other regions. Although the Van der Merwe method may be
most suitable for the semi-arid regions of South Africa, it is
not a universal method.
9)	Design guidebooks written for semi-arid conditions do not
apply to wetter climates. Quotations from such guidebooks
have been misused in wetter regions of the country, and have
led to unnecessary substantial legal costs.
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APPENDIX: Formula for the Virgin Isotropic Consolidation Curve
a)	The shrinkage limit (i.e. SL% water content) can be estimated as follows:
Shrinkage limit SL% = LL% – 3 x (linear shrinkage %)
	The author uses a linear shrinkage trough which does not have walls
on opposite sides, hence the shrinkage takes place without curling of
the soil sample.
b)	The isotropic consolidation curve ABC in Figure 4 can be described by
Eqs (10) and (11) (Sparks 2010):
Log (1 + LI) = 0 ,301 {Log (8,9 R/u*)}/{Log (8,9 R/6,3)}

(10)

or
Log (u*) = Log (8,9 R) – 3,322 Log (1+LI).Log (8,9 R/6,3)

(11)
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Collapse potential in unsaturated
soil was first identified and
quantified by researchers in South
Africa. A landmark paper was
published by Ken Schwartz in 1985
presenting the state of the art at
that time. Since then, international
researchers have expanded on the
understanding of what collapsible
soils might entail. These include
saturated silts and sensitive
clays. This article highlights
some of the new developments
and presents a theoretical
yield model in an attempt to
improve the understanding
of the mechanism involved
INTRODUCTION
The subject of collapsible soils has not
received much attention in southern
Africa recently and the authors are
aware of only two or three publications
since the exposition by Ken Schwartz in
1985. This is surprising since development has been intense in the areas of
collapsible soils in South Africa, namely
the granitic soils of the Highveld and
the Berea Red Sands along the east
coast. The other area of collapsible soils,
the Kalahari Sands, has been subject
to less development, hence it can be
expected that less would have been
written about it. This article first summarises collapsible soils from an international perspective and then focuses
on the testing and modelling of collapsible soils from southern Africa.
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Collapsible soils

an overview
COLLAPSIBLE SOILS
If soil collapse is defined as an abrupt
decrease in volume for whatever reason,
then the definition encompasses a vast
range of soils.
For example, the sensitive clays of
Scandinavia and eastern Canada are by
this definition collapsible, despite being
plastic and fully saturated. On the other
hand, unsaturated soil such as the loess
formations of China, Russia and eastern
Europe cover enormous areas of those
countries and constitute perhaps the classical image of collapsible soils, as do the
Kalahari Sands. Residual soils such as the
Highveld granites and the brick earths of
Kent in the UK form another well-recognised group, as, to a lesser extent, do the
Berea Red Sands of the southern African
east coast.
The definition may be further extended, arguably, to include the submarine sand slopes of coastal Holland and
the Beaufort Sea, which have suffered
many failures ascribed to liquefaction; it
may be argued that liquefaction is but one
manifestation of collapse.
Materials that also fit the definition
are compacted soils (Booth 1977).
Rogers (1995) suggested the following
definition of collapsible soils: “A collapsible
soil is one in which the constituent parts
have an open packing and which forms a
metastable state that can collapse to form

a closer packed, more stable structure of
significantly reduced volume. In most collapsible soils the structural units will be
primary mineral particles rather than clay
minerals. The collapse process that occurs
in these soils gives them geotechnical
significance.” However, Rogers points out
that rather than have a definition per se,
it is more useful simply to list the typical
characteristics of a collapsible soil:
NNan open structure
NNa high void ratio
NNa low dry density
NNa high porosity
NNgeologically young or recently altered
deposit
NNhigh sensitivity
NNlow interparticle bond strength
The most common recognition test, other
than visual assessment, is the single oedometer collapse potential test which results in
the categories shown in Table 1 (Jennings
& Knight 1975). The originators of the test,
and Schwartz (1985), emphasised that the
test was intended only as an indicator, not
as the basis for a method of predicting the
amount of collapse settlement.
A number of workers have attempted
to predict collapse as a function of material
characteristics such as density, porosity,
clay content moisture content, soluble salts,
etc. In the southern African context, Brink
(1985) reproduced two sets of relationships
between collapse potential index and dry

density for aeolian sands and soils of mixed
origin, attributed to Schwartz and Pavlakis
respectively. These relationships are represented by the following equations:
1

Aeolian sand:

Swell (positive strain) and collapse (negative
strain) prediction (from El-Sohby et al 1995)

2 Typical result from triaxial collapse potential tests
3

CP =

Effect of pore fluid suction on effective stress

Severity of problem

Mixed-origin soils:

0–1

No problem

1–5

Moderate trouble

5 – 10

Trouble

14 – 20

Trouble

> 20

(1)

(coefficient of correlation = 0,73)
(Schwartz)

Table 1 Collapse potential test categories
Cp (%)

1672 – ρd

22

CP =

1590 – ρd

18,9

(2)

(coefficient of correlation = 0,77)
(Pavlakis)
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600

The equations imply that aeolian sands
with dry densities greater than 1 672 kg/m3
and mixed-origin soils with dry densities
greater than 1 590 kg/m 3 are generally
not collapsible. The coefficients of correlation 0,73 and 0,77 are not high, but
could possibly be improved with more
data. It would, however, be simplistic
to assume that such a single-function
model, relying only on density, would
provide the optimum correlation of
multi-functional collapse potential with
basic soil parameters.
Figure 1 is taken from El-Sohby et al
(1995). It represents an amalgam of swell
and collapse predictions based on numerous predictive methods representing
worldwide best practice. The authors give
two similar diagrams: one for silt-clay and
one for sand-clay, and it is the latter that
is reproduced here. It clearly shows that
soils with a dry density of 1 600 kg/m 3
would not be expected to have collapse
potentials of greater than 1%.

800

High-quality sampling is required for
conducting collapse-potential tests in the
laboratory. Hight et al (1992) showed that
block sampling produces samples of the
highest quality compared with other sampling techniques. However, Heymann &
Clayton (1999) highlighted disturbances
that may occur as a result of moisture
change during storage. Even small
changes in moisture content can change
the matric suction, and hence the effective
stress, by much more than the loading due
to an engineering structure. They recommended that samples be covered with
numerous layers of aluminium foil and
polyurethane film (cling film) to protect
them against moisture change.
Rust et al (2005) pointed out some
shortcomings of the oedometer test for
measuring collapse behaviour. In particular,
these include the bedding errors that occur
due to surface irregularities at the interface
between the soil and the top and bottom
porous discs. The inaccuracy due to bedding errors becomes more pronounced as
the height over which the sample collapse is
measured becomes smaller, such as in the
case of a one-dimensional oedometer. These
errors can be significant and in some cases
the bedding error can exceed the collapse
settlement of the whole sample. Samples
containing sand-sized particles are particularly prone to bedding errors.

Heymann (2000) and Rust et al (2005)
described a test for measuring the collapse behaviour of soil in a triaxial apparatus. An integral part of the test is local
strain instrumentation which is fitted
directly onto the specimen away from the
top and bottom porous discs. Conducting
a collapse test in a triaxial apparatus allows a larger specimen to be used than
in the oedometer but, more importantly,
the use of local strain instrumentation
entirely excludes errors due to bedding.
The specimen is placed in the triaxial
at the in situ moisture content. The cell
pressure is increased in increments and
at the required cell pressure, the bottom
drainage line is opened and the specimen
is inundated with de-aired water. The
response of the local strain instrumentation is monitored as collapse takes place.
The loading is subsequently continued
followed by an unloading cycle. Figure 2
shows a typical result of a collapse test
conducted in the triaxial apparatus on soil
from the Mozal Aluminium Smelter site
in Mozambique (Rust et al 2005).
The result in Figure 2 indicates some
important phenomena that occur during
soil collapse. The first is the sudden axial
strain of 2,6% during wetting as the particles are rearranged into a denser state. The
second phenomenon is less obvious, but
an important indicator for understanding
the mechanism that governs the collapse
behaviour of unsaturated soil; this relates
to the reduction in volumetric stiffness of
the material during wetting. Assuming
isotropy, the stiffnesses before and after
wetting can be calculated as 114 and
11 MPa respectively, indicating a ten-fold
reduction in stiffness on wetting. Rust
et al (2005) argued that this was due to a
reduction in matric suction and therefore
a reduction in effective stress. They further
investigated the mechanism of suction and
showed that a threshold moisture content
exists where the matrix suction suddenly
changes. For the Mozal soil they observed
that the suction reduces by between 7 and
18 MPa when the moisture content goes
above the threshold. This indicates that the
change in effective stress in the soil due to
the suction pressure changes can be many
times the stress applied to the soil due to
loading by engineering structures.
They also statistically compared two
data sets of results from oedometer and
triaxial collapse potential tests on material from the same site. They concluded
that results from the triaxial collapse

potential test were much more reliable
and suggested that this was due to the fact
that bedding and confinement errors are
present in the oedometer tests and are
avoided in the triaxial test.

firming the validity, or otherwise, of the
proposed model.
It is generally agreed that collapsible
soils comprise a mixture of coarser soil
grains held together by finer material
which permit intermolecular, electrostatic, capillary and chemical bonds to
develop, although not all of these bonds
may be present and the relative strength
of the bond type will depend on the soil
and moisture content.
For a saturated material, applying
a total stress to the soil or a suction of
similar magnitude to the pore fluid has the
identical effect on the effective stress of the
material. For a soil with a low degree of saturation, a change in pore fluid suction and
a change in total stress may not necessarily

YIELD MODEL FOR COLLAPSING SOIL
Rust et al (2005) developed a conceptual
yield model in terms of effective stress
theory. This yield model for collapsible
material is broadly based on the critical
state model and specifically on the yield
model for structured soils and weak rocks
as presented by Leroueil & Vaughan
(1990). At this stage the model is conceptual and no attempt was made to quantify
any of the parameters. It is suggested that
future research could be aimed at con3

X
F

u
F
Y

Soil grains
Water

(a)

q

ve
d cur
Yiel

A

ine

ф‘ l

B

p’

ф‘ l

ine

(b)

Civil Engineering | April 2010 25

strength. Compare this with a change in
the total stress on the sample that would,
say, result in exactly the same increase in
the intergranular force. This could only be
done if the internal stress within grains X
and Y changes.
One way to demonstrate the consequence of this difference is shown in
Figure 3(b). A relatively dry sample is at an
isotropic stress A and has a yield surface as
shown. The sample is then subjected to an
increase in isotropic stress to point B where
it yields. At this point large volumetric
strains occur (the sample collapses) and the
collapsible structure is lost. Compare this
with the same relatively dry sample at stress
point A being dried out further. The suction
pressures may increase to point B as before,
but the soil skeleton will have no tendency

have the same effect on the behaviour of
the soil. The contribution of the capillary,
or suction component of the intergranular
forces is shown in Figure 3(a).
If the self-weight of this soil is ignored,
the intergranular force (F) between grains
X and Y is a function of the fluid suction
(u) and the area over which it works (see
Figure 3(a)). Changing the suction between
the grains X and Y changes the intergranular force between the grains, but does not
change the resultant internal force within
grain X or Y, or for that matter anywhere
else in the soil skeleton. This would happen
between each pair of grains within the soil
mass as it becomes more unsaturated, resulting in an increase in effective stress and
4
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line

p’

to yield and the suctions could be increased
beyond point B with no yielding taking
place. The reason for this is that during
drying the yield surface has increased in
size because of the increase in the strength
of the bonds between the grains due to
suction. This demonstrates the difference
between the effects of these two components of effective stress. The suction forces
act like bonding, with the bond strength
being dependent on the moisture content or
degree of saturation. This could be seen as
suction-induced bonding.
Collapsible soils can be seen as “structured” in their undisturbed state. This
structure can be destroyed by excessive
strain or remoulding, as shown in Figure
4(a). Three parts of the yield curve may
be identified: shearing yield, compression
yield and swelling yield. Shear yielding
occurs in the vicinity of the Φ'-lines.
Compression yielding occurs between the
two Φ'-lines due to increasing mean effective stress (p'). Swell yielding also occurs
between the two Φ'-lines but is due to a
reduction in mean effective stress (p'). It is
possible that swelling yield may occur at
negative p' (tension) if the bonding is sufficiently competent, as shown in Figure 4(b),
rather than during positive p' for a weakly
bonded material, as shown in Figure 4(a).
The in situ stress at depth is due to
overburden pressure plus lateral pressure,
as well as the isotropic stress component
due to suction. In Figure 4(c) the suction
is represented by D-B and the overburden
pressure by B-A. Ko conditions are assumed for the overburden pressure.
Consider the following stress path.
Cutting a sample from an unsaturated
profile will remove the overburden pressure,
leaving the sample at point B in Figure 4(c).
Wetting the sample will reduce the suction,
resulting in a decrease in the isotropic stress
and moving the stress towards point C. This
wetting will simultaneously reduce the size
of the yield surface due to the weakening
of the suction-induced bonds and the yield
surface will change to the position shown
in Figure 4(c) as the stress approaches point
C. At point C the sample will yield in swell.
This can be seen when a sample is placed in
water and it completely disintegrates. It is
also possible that the swell strains will not
be sufficient to yield the chemical bonds
under zero effective stress conditions and
that yielding will take place only under
tensile conditions along this stress path, as
shown in Figure 4(d). In this case the sample
will not disintegrate when placed in water.

A general stress path for the in situ
material is shown in Figure 4(e). The in
situ sample will be at point A as discussed
earlier. During a wet period the moisture content may rise above the critical
moisture content, reducing the suction to
zero and resulting in a stress represented
by point A’. Since the land surface is in a
stable state, no collapse of the profile will
take place. The metastable soil structure is
now supported by the chemical bonding
and possibly by some remnant suction
pressure and friction from the overburden
stress. Point A' is still inside the reduced
yield surface (Figure 4(e)).
The stress path of the one-dimensional collapse potential test is also shown
in Figure 4(e). It starts at the in situ stress
point A. After sampling the overburden
is, of course, removed and the stress is
at point B. The sample is placed in the
oedometer and loaded to point F. Water is
added and the suction reduced to a stress
state represented by position F’. At the
same time, the yield surface contracts,
resulting in yielding of the sample in
compression on the Ko line since F’ now
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falls outside the contracted yield surface.
At this point collapse will occur, i.e. large
deformations will take place and the soil
will be de-structured. The yield surface at
point F’ now represents a de-structured
classical state boundary surface.
The stress path of the triaxial collapse
potential test is represented by the isotropic loading from stress point B to point
G. The sample is then inundated, resulting
in a stress at point G’ and yielding in compression as with the previous case, but
under isotropic stress conditions.

CONCLUSIONS
The brief literature review illustrates that,
depending on the definition of collapse, a
very wide range of soils can under some
conditions be potentially collapsible. This
range can, for example, extend from compacted road pavement materials to saturated soft clays. The generally accepted
southern African potentially collapsible
soils are the Natal coast Berea Red Sands,
the Highveld granitic soils and the
Kalahari Sands. These may be considered
as being in the classical or typical range,

having low densities, high void ratios and
being partially saturated sandy silts to
silty sands with a little clay.
The triaxial collapse potential test illustrates two fundamental aspects that are essential in a proper understanding of collapse
and that is not easily observed in oedometer
testing. These are, firstly, that suction forces
dominate the behaviour, and secondly, that
the changes in suction pressures result in
major changes in the stiffness of the material before and after wetting.
The yield model described in terms of
effective stress and yield surfaces, which
takes account of suction and other forces,
demonstrates that the collapse process
can indeed be explained by normal soil
mechanics principles. Because this is so, it
should be expected that collapse behaviour
in the field can be predicted in the same
way that consolidation testing and theory
allows the prediction of consolidation settlement with considerable reliability.
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Penetration testing:
test procedures and design
use in South Africa
INTRODUCTION
Penetration testing is used to gain both
a qualitative and quantitative description of the ground to enable the design
of geotechnical structures. The two
penetration tests commonly used in
southern Africa are the standard penetration test (SPT) and the dynamic
probe super-heavy (DPSH) test. The
SPT is carried out at specific intervals
within a borehole, while the DPSH is
driven continuously from ground level
to refusal. Both tests apply the same
drive energy to probes with similar
diameters. However, the SPT recovers
an “undisturbed” sample via an openended split spoon, whereas the DPSH
simply advances a conical point. In
many cases the two tests do not produce
equivalent results due to differences in
ground conditions, test equipment and
operational methods.

South Africa does not have a defined
standard for conducting and analysing
the tests. Consequently, various international standards are adopted. This
study sought to highlight the standards
used and investigate how well they are
followed by geotechnical practitioners.
This article also shows how these
practices can influence the results obtained from the SPT and DPSH tests.
Secondly, the article seeks to examine
how the results are used in geotechnical
design. A major issue was to determine
whether results from the tests are taken
as equivalent and what precautions are
taken when assuming thus. The discussions in this article are centred on the
results from a survey. However, as the
responses were limited by the time
available, it is hoped that this publication will facilitate further discussions
on the matter.

SPT TEST PROCEDURE
The SPT survey investigated three
things: (1) what testing standard practitioners followed when carrying out
SPTs; (2) what borehole drilling method
was used; and (3) the actual SPT testing
procedures followed. Table 1 gives the
SPT standards used by the geotechnical
practitioners surveyed.
Both the ASTM and BS standards are
broadly similar, but the ASTM standard
highlights some extra practices. These
include using lighter, stronger rods
for holes taken to a depth of 30 m.
The ASTM standard also restricts the
diameter of the borehole to between
57,2 and 162 mm, and allows the use
of a cathead to pull the rope attached
to the hammer. Although no great
difference in efficiency can be expected
from these differences, it has been
reported that the use of a cathead can
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The IRTP stipulates that when washboring, a side-discharge bit should be
used to clean out the borehole and
not a bottom-discharge bit. Jetting
water through an open-tube sampler
to clean the borehole is strongly
discouraged. South African practice
for cleaning out the bottom of the
hole appears to be consistent with
the IRTP in this regard

lead to a 35% variation in SPT N-value.
The BS and ASTM standards are not
vastly different, but modifications or
adaptations are made to the technique
and equipment used within the
standards. These adaptations are made
as a result of capital investment, the
specific drilling technique used and the
ground conditions at the site. In 1988 an
International Reference Test Procedure
(IRTP) was published which attempted
to bring together all the different
practices/codes from various countries.
Table 2 shows the boring test
methods used in South Africa. It is
generally understood by geotechnical
practitioners that the specific boring
technique can affect the penetration
resistance to a large extent. The differences arise from the boring diameter
and the degree of drilling disturbance at
the base. Clayton (1995) investigated the
effect of the various drilling methods on
the SPT N-values produced, and showed
that small-diameter boreholes, either

wash-bored or rotary-drilled, produced
consistent results. This is the most
common method used by South African
practitioners.
The IRTP stipulates that when
wash-boring, a side-discharge bit should
be used to clean out the borehole and
not a bottom-discharge bit. Jetting
water through an open-tube sampler
to clean the borehole is strongly discouraged. South African practice for
cleaning out the bottom of the hole appears to be consistent with the IRTP in
this regard.
The practice of disregarding the
initial 150 mm blow count associated
with the SPT test is specified by the
IRTP. Generally, all surveyed geotechnical practitioners disregard the initial
150 mm blow count.
The SPT test equipment and method
can also influence the recorded SPT
N-value. Table 3 is a summary of the
SPT method used in South Africa in
comparison with the IRTP.

Table 1 SPT standards
Standard

Practitioners’ responses

ASTM 1586-67

1

BS1377:1975 Part 9†

4

IRTP

None

†Updated to BS1377:1990 Part 9

Table 2 Boring test methods
Procedure

Method

Number of practitioners

Boring method

Wash-boring
Rotary drilling
Continuous flight auger
Percussion drilling
Tri-cone under slurry

5
4
1
0
1

Borehole diameter

76 mm (ID of NX core barrels)

All‡

Supporting the borehole

Casing
Mud
Bentonite

All†
2†
1†

Maintaining natural ground water level

Yes
No

2
3

Cleaning out borehole before doing SPT

Flush out
Monitor pump pressure to minimise disturbance
Side discharge tool
Not done

1
1
2
1

Disregard first 150 mm blow count

Yes
Let engineer decide

4
1

Record penetration under self-weight

Yes
No

4
1

‡ Although not all noted the casing type and diameter values ranged from 75 – 78 mm, it can be assumed that all practitioners use the NX core barrels. Whether the continuous flight auger and tri-cone under-slurry boring methods produce the same borehole diameter was not specified.
† Most practitioners stated that they would use all methods depending on conditions. However, casing (without mud or bentonite) was used
most often or where required.
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Another source of error in the SPT
testing method is the manner in which
the hammer is dropped. The automatic
mechanical trip hammers produce the
least spread in SPT N-values, with rope
and cathead mechanisms producing the
most. The mechanical trip mechanism is
generally used in South Africa.
Research in Japan and the United States
showed no measurable difference in penetration resistance when using rods between
40,5 and 50 mm and between A and N size
rods respectively (Clayton 1995). The diam-

eters of rods used in South Africa fit within
the range stipulated in the IRTP.
Only one geotechnical practitioner
reported using the solid 60˚ cone, which
reflects the general trend towards the
use of the split-spoon sampler in South
Africa.

DPSH TEST PROCEDURE
The DPSH survey examined the procedures followed by geotechnical practitioners in South Africa and consisted of
two parts: (1) the procedure and method

Table 3 SPT Method – South Africa versus IRTP
Procedure

International Reference Test
Procedure
63,5 ± 0,5 kg

63,5 kg

All

Drop height

760 mm

760 – 762 mm†

All

Driving mechanism

The release and guide mechanism
shall ensure minimal resistance.

Rope and cathead
Mechanical trip
hammer

Control of drop
height

Must ensure minimal resistance

Mechanical
Visual

All
–

BW 54,0 mm

2

BWY 54,1 mm

2

B 47,6 mm

2

N 60,3 mm

1

NW 66,7 mm

2

Yes

4

No

1‡

Rod diameter

Section
modulus
(×10 -6m3)

Rod
weight
(kg/m)

40,5

4,28

4,33

50

8,59

7,23

60

12,95

10,03

Rods heavier than 10,03 kg/m
shall not be used
Always use a splitspoon sampler
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Responses

Hammer mass

Rod
diameter
(mm)

Research in Japan and the United
States showed no measurable
difference in penetration resistance
when using rods between
40,5 and 50 mm and between
A and N size rods respectively
(Clayton 1995). The diameters of
rods used in South Africa fit within
the range stipulated in the IRTP.
Only one geotechnical practitioner
reported using the solid 60˚
cone, which reflects the general
trend towards the use of the splitspoon sampler in South Africa

South African
Practice

(“No” implies a solid
60˚ cone is sometimes used.)
Standard increment
over which blow
count recorded

A cautionary note is given as using
a solid cone can lead to higher
penetration values in both loose
and dense sands.

The number of blows to effect
150 mm of penetration shall be
recorded, with the penetration
resistance the sum of blows over
300 mm.

75 mm ͋

2
3

All

†Standard drop height is 30 inches; 2 mm difference is due to conversion from imperial to
metric.
‡Solid cone used only when under water in fine sand and not able to retain sample with sand
trap.
͋ This should not introduce error.
Table 4 DPSH standard
Standard

Number of practitioners

ASTM

1

BS ISO EN 22476-2: 2005

2

IRTP

2

Not specified

1

being followed when conducting this
test; and (2) the various test practices
that geotechnical practitioners have
adopted. Table 4 shows the DPSH
standards adopted by the geotechnical
practitioners surveyed.
The IRTP encompasses the different
standards and was therefore used as
a basis for examining South African

drop. European practice is to use motordriven equipment, with the drop height
mechanically controlled and hence free
from operator influence.
The influence of drive rate on
penetration resistance has not been
extensively investigated. However,
research and experience have indicated
that very slow DPSH probing can lead

practice. Table 5 compares the procedures stipulated by the IRTP with the
responses of the geotechnical practitioners surveyed.
It is interesting (and concerning) to
note the numerous methods used by the
respondents to drive the hammer and
the fact that the majority of these rely
on a visual cue to initiate the hammer

Table 5 DPSH Method – South Africa versus IRTP
Procedure

International Reference Test Procedure

South African Practice

Responses

Hammer mass

63,5 ± 0,5 kg

63,5 kg

All

Drop height

750 ± 20 mm

760–762 mm

All

Driving mechanism

The release and guide mechanism shall ensure
minimal resistance. For continuously driven hammers, the hammer must be lifted slowly to ensure
the hammer inertia does not carry it higher than the
defined height.

Mechanical winch, pulley and cable
system with the drop height visually
controlled
Continuous chain-driven with drop
height mechanically controlled

1

Drive rate

Between 15 and 30 blows per minute, except in
sands and gravels where it can be increased to 60
blows per minute

Varied
45 blows/minute
30 blows/minute
25 blows/minute
Skill-dependent

1†
1
2
1
1

Is probing interrupted?

Probing should not be interrupted and any interruptions should be recorded

Yes
No

1
5‡

Rod diameter

32 ± 0,3 mm

E size
A size

Are rods checked for deformation?

The deflection at the mid-point of a 1 m rod should
not exceed 0,5 mm for the five lowest push rods and
1 mm for the remainder.

Yes

6

No

–

Diameter

50,5 ± 0,5 mm

Diameter

Apex angle

90˚

Cone size

Apex angle

33,3 mm
41,3 mm

50 mm
60˚
90˚

5

5
1

All
All
–

Disposable cone

Fixed or disposable cones can be used

Yes
No

All
–

Standard increment over which
blow count recorded

Blow counts are recorded over 200 mm, with a
standard range of 5–100 blows per 200 mm

100 mm
300 mm

1͋
5

Rods rotated during probing

The rods shall be rotated one-and-a-half turns every
metre to keep the hole straight and vertical, and to
reduce skin friction. When the depth exceeds 10 m,
the rods shall be rotated more often, e.g. every 0,2 m
it is recommended to use a mechanised rotating
device for large depths.

Yes

1#

No

5

Drilling mud used to reduce rod
friction

Drilling mud is recommended as a method to reduce Yes
skin friction
No

–
All

Always do a re-drive to determine rod friction

Not stipulated in IRTP but suggested as good practice in the Franki Blue Book (Braatvedt et al 1995)

3
3*

Yes
No

†Between 15 and 30 blows/min, except in sand where increased to 60 blows/min.
‡One respondent stated that probing is sometimes suspended during probes deeper than 15 m; another stated that any interruptions longer
than 5 min are recorded.
͋ Although recorded over 100 mm, they are reported as blows to penetrate 300 mm by either multiplying individual blow counts per 100 mm by 3,
or adding 3 successive blow counts per 100 mm to obtain the number of blows to penetrate 300 mm.
#

One respondent stated that rods are rotated 1,5 turns every 1 m; another said that it is recommended in clays and sands.

*One respondent stated that the re-drive is only done if requested, but felt it was a waste of time. He went on to say that the bottom 1 to 2 m of
a probe experiences high friction. To his knowledge, the best method for doing the re-drive is to do it every 5 m from where the friction starts.
Another respondent stated that re-drives are standard on all probes deeper than 3 m and that they depend on the soil type.
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to a substantial build-up of friction
in cohesive soils, which can be
misinterpreted as a refusal of the probe.
The IRTP stipulates a 90˚ apex angle
for the cone. According to the survey
responses, the 60˚ cone is extensively
used in South Africa. Research on the
shape (apex angle) and size (diameter) of
the cone showed that the diameter, and
not the apex angle, has an effect on the
penetration resistance (Aggarwal 1982).
The distance over which the blow
count is recorded by the respondents
also differs from the IRTP standard.
The 300 mm range adopted in South
Africa allows for easier correlation with
the SPT (MacRobert 2009). European
research into the correlation between
the two tests is split between using
direct correlations between DPSH
n/200 mm and SPT N/300 mm (Cearns
& McKenzie 1988), and converting DPSH
n/200 mm to DPSH n/300 mm by multiplying by 3/2 for example (Card & Roche

1

2

1988). These different approaches can
easily lead to misunderstandings or misinterpretation of the ground conditions
at a specific site, which could have severe
consequences for a particular structure
and/or geotechnical practitioner.
From the responses, it appears that
South African geotechnical contractors
do not rotate rods to reduce friction
build-up. In many cases, rods are rotated
inadvertently when additional rods are
added to the string, although this does
not constitute controlled rod rotation.
Research by MacRobert (2009) showed
that rod rotation in sandy soil profiles
has little effect on the blow count, even
if the driving of the rods is inadvertently
delayed for a considerable time.
Research by Butcher et al (1995)
showed that using drilling mud can
significantly reduce rod friction in
clay materials. None of the surveyed
respondents used drilling mud in the
DPSH test.
Warren (2007), writing about the
increase in the use of the DPSH in the
UK, stated that a major contributor to
this is the availability of small, versatile
rigs that can extract samples and do the
probe tests. This results in cost-effective
and time-efficient recovery of both
samples and density data. This form of
site investigation could prove to be costeffective in comparison with the SPT
method, could provide visual confirmation of the ground conditions and could
cover more of the site being investigated
in a shorter time.

Repeatability of the SPT and DPSH tests

3

4

To ascertain which of the two tests is
more precise or exact, the change in
standard deviation of the blow counts
with depth was analysed for specific
SPT results. It is assumed that any
scatter due to soil properties at the
specific site are the same, therefore any
difference should be indicative of procedural differences.
Figures 1 and 2 illustrate data
collected from a site investigation at
Matola, Mozambique. The site comprised an extensive silty sand dune of
1

Matola blow counts

2

Matola standard deviation of

blow counts with depth
3

Parow blow counts

4

Parow standard deviation of

blow counts with depth
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the Berea formation which becomes
progressively consistent with depth. It
is clear that the DPSH N-values show
far more scatter than the SPT N-values.
The standard deviation of the SPT
N-values remains fairly constant to a
depth of 10 m, after which it increases
steadily to 14 m and then decreases
significantly. The increase in standard
deviation can be attributed to variable
geology at the site. Only two SPT probes
went deeper than 14 m; therefore the
sudden decrease is due to these limited
test data. Conversely, the standard deviations of the DPSH N-values increase
gradually to a depth of roughly 5 m,
after which they decrease steadily. This
decrease is postulated to be the result
of the limited test data below 5 m due
to the refusal blow count being taken
as 150, resulting in fewer test results
deeper than 6 m.
At this Matola site, the SPTs were
done in a small-diameter, rotary-drilled
borehole with an automatic trip hammer
and the DPSHs were undertaken using a
mechanical pulley with the drop height

controlled visually. The larger scatter of
DPSH results can be attributed to either
poor testing techniques or a variable
build-up of friction along the DPSH rods.
Furthermore, as the DPSH is a continuous
test, it can be affected by granular material
contained with the soil profile, which leads
to a greater scatter in the test results.
Figures 3 and 4 illustrate data obtained by a different respondent at a
site in Parow, Cape Town. The geology
dipped across the site, resulting in different thicknesses of fill (layerworks),
transported material (medium-dense to
dense, variably silty fine sand) and residual Malmesbury material (firm, slightly
clayey silt, becoming stiffer with depth).
Only one SPT was undertaken at 1,5 m
and so a standard deviation could not be
analysed; however, below 3 m three SPT
N-values were taken. The SPT data show
a great deal more scatter than the data
from the Matola site; however, the DPSH
N-values show a lot less scatter, except
between 0,8 and 1,1 m; 2,9 and 3,0 m;
and 3,7 and 4,4 m. On the whole, the
DPSH results obtained provide a far more

At this Matola site, the SPTs were
done in a small-diameter, rotarydrilled borehole with an automatic
trip hammer and the DPSHs were
undertaken using a mechanical
pulley with the drop height
controlled visually
Civil Engineering | April 2010 35

precise blow count profile than the SPT
results. The sudden spikes in the scatter of
DPSH N-values are most likely due to the
occasional occurrence of rounded, fine
quartz gravel and the variable transported
and residual soils across the site.
The DPSH rig used to collect the
data used a continuous chain-driven
hammer with the drop height controlled
mechanically. So, although a large degree of scatter can be expected due to
the variable geology, the drive mechanism used for the DPSH produces fairly
consistent results. It therefore suggests
that controlling the drop height visually
is bad practice and leads to imprecise
test results.

Table 6 Rod friction consideration
Frequency

Responses

Soil type

Never

2

–

Rarely

3

 Any material
 Cohesive material
 Depends on the degree of clay/silt in specific soil

Often

–

–

Table 7 Rod friction method
Method

Responses

Do not account for rod friction

2

Re-drive at refusal

1

Correlation between adjacent SPT and DPSH data

3

Empirical relationships

–

Other

1 (experience)

USE OF SPT AND DPSH PENETRATION
VALUES IN DESIGN
The survey also investigated the use of
penetration tests in geotechnical design.
The design aspect was essentially made
up of four sections: (1) whether engineers
take rod friction into account when analysing DPSH N-values; (2) whether the
DPSH N and SPT N-values are taken as
equivalent values; (3) how DPSH N and
SPT N-values are used either qualitatively or quantitatively; and (4) an open
question on why either test is preferred.
The responses to these sections are summarised in Tables 6 to 10.
The final section of the survey was an
opportunity for the respondents to state
the reasons why they preferred one test
over the other. The two main reasons
given for preferring the SPT were the

Table 8 DPSH and SPT correlations
Correlation

Responses

Comments

Equivalent

2

 In non-plastic soil only to a maximum of 12 m

Correlate adjacent SPT
and DPSH data

1

 Use site-specific data

Published correlations

2

 BS1377-9:1990 in situ testing (only one respondent

Rule of thumb

2

 Based on previous site investigations and visual

depth

stated source)
observations of soil type
 SPT N = 1,2 x DPSH n (Source not given, so as-

sumed to be a rule of thumb)

Table 9 Main purposes of using data
Responses
Characteristic

SPT
Never Rarely

Qualitative analysis: Soil characteristic boundaries, investigations of hard spots, soft spots
and voids

–

Quantitative analysis: Extrapolation of actual usable parameters

–

–
1

DPSH
Often

Never

Rarely Often

5

–

1

4

4

–

4

1

Table 10 Quantitative use of SPT and DPSH values
Responses
Characteristic

SPT
Never Rarely

Engineering properties of soils

Often

Never

Rarely Often

Cohesionless soils

–

–

5

–

4

1

Cohesive soils

–

1

4

2

3

–

Cohesionless soils

1

–

4

1

4

–

Cohesive soils

1

–

4

1

4

–

Cohesionless soils

1

–

4

2

2

1

Cohesive soils

1

1

3

4

1

–

Shallow foundations
Bearing capacity
Piles
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DPSH

“undisturbed” sample recovered and the
extensive correlations with design parameters to the SPT N-value. Extensive
research into the SPT over a long period
gives designers more confidence in this
test. A point raised was that a reliable
driller is essential for obtaining reasonable data from which to draw parameters. Valuable data, such as a grading
curve and foundation indicators, can be
gained from the “undisturbed” sample
collected in the split-spoon sampler. The
sample also allows for a visual interpretation of the soil type.
Cost and efficiency were cited as
the most attractive aspects of the DPSH
test. A large area can be covered in a
short period, allowing a better definition of the ground conditions over a site.
Two methods were reported in which
the tests can be used in conjunction:
first, DPSH tests can be used to infill
between SPTs and secondly, DPSH tests
can detect problem areas which can be
followed up with a borehole. Detracting
from the DPSH test was a lack of experience with regard to the influence of rod

friction. A case was highlighted by one
respondent (Malcolm Jaros, University
of KwaZulu-Natal) of an expensive
failure in firm to stiff residual clays in
which the soil strengths were grossly
overestimated by the DPSH. Jaros postulated that some of the skin friction is
due to lateral vibration or bowing of the
drill rods, which causes them, in some
sense, to jam in the hole when struck by
the hammer.
It is clear from Tables 9 and 10 that
the DPSH is used in more of a qualitative manner to get a feel for the ground
conditions, whereas the SPT is used
more when actual design parameters
are required. The reason for this is
the many correlations between geotechnical design parameters and SPT
N-values. Attempts are being made
by geotechnical practitioners to use
these correlations with DPSH N-values.
However, as Table 8 shows, there seems
to be questions about the equivalence
of the tests. One can either (1) assume
that the tests are equivalent, (2) apply
an equivalence correlation factor to raw

DPSH N-values or (3) apply a friction
correction (such as a re-drive) to the
results of raw DPSH N-values to obtain
equivalent SPT N-values. There is also
an understanding that the equivalence
of the tests is material-specific and that
cohesive materials with significant clay/
silt components should be interpreted
with caution. A quote from Malcolm
Jaros below illustrates the conundrum:
“I don’t believe that there is any reliable method to account for rod friction.
The correlation is complex and nonlinear. Applying a ‘correction factor’ to
DPSH values suggests that sufficient
allowance has been made for the rod
friction, which may not be the case. It is
not unknown for 6 or 7 m of rod friction
in stiff plastic clay (SPT ≈ 20) to cause
refusal of the DPSH.”
Table 7 shows that accounting for
rod-friction correlations with adjacent
SPT N-values is the most popular
method. However, others prefer to rely
on experience. Others just stay away
from doing DPSH tests in materials that
will result in large frictional forces and
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thus do not have to account for them.
Only one respondent stated that he uses
a re-drive to account for friction, but
this may be a result of lack of experience
among the respondents with the re-drive.
There is also a lack of published information on the effectiveness of the re-drive.

CONCLUSIONS
From the survey on testing practices
and a comparison of them with the
IRTP (which encompasses the various
international standards), it is apparent that South African practice is
compliant. Therefore, should a South
African standard be compiled with the
cooperation of the various practitioners,
practice would not have to change
considerably. A South African standard
would help to standardise the practices
across the industry.
The comparison of standard deviations shows that the SPT results obtained
in South Africa exhibit a small degree of
scatter. This is a consequence of doing
SPTs in small-diameter wash-bored
boreholes with a mechanically controlled
drop mechanism. The DPSH can also
provide very consistent results if it is undertaken with a mechanically controlled
drive mechanism to avoid operator
errors. The combination DPSH and
window sampling rigs could increase the
versatility of the DPSH testing method.
The SPT is used more extensively than
the DPSH for the design of geotechnical
structures. This is due to the extensive
research available on the SPT and because the test allows for sample recovery.
Conversely, the DPSH is favoured where a
cost-effective and efficient testing method
is required. Detractors to using the DPSH
testing method in design are limited correlations with design parameters, lack of
sample recovery and limited knowledge as
to the effects of rod friction.
As there are a number of correlations
between the SPT and design parameters, it makes sense to determine the
equivalence between the two tests. The
drive mechanisms in both the DPSH
and SPT are the same, but the difference
in conveying the energy to the probes
results in different energy losses. This
means that the test results are not always
equivalent. There are two possible ways
to account for these energy discrepancies: (1) measure losses during testing;
or (2) apply correlation factors after
testing. The energy losses in the DPSH
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As there are a number of correlations
between the SPT and design
parameters, it makes sense to
determine the equivalence between
the two tests. The drive mechanisms
in both the DPSH and SPT are
the same, but the difference in
conveying the energy to the probes
results in different energy losses
can be measured by either doing a redrive or measuring the torque exerted on
the rods to determine the rod friction.
Correlation factors can be determined
by empirically comparing the results
from the two tests in various soil types.
Both these approaches, however, require
further research and it is hoped that this
article will encourage such research.
With sufficient research and equipment
modification, the quick and easy DPSH
test method will become even more
practical and reliable.
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The use of soil nails and mechanically stabilised earth

in a road embankment across talus
A new road between Ugie and Langeni Sawmill, in the Eastern
Cape Province, has recently been constructed by the Eastern Cape
Department of Roads and Transport. The final 17 km of the road
crosses the Ncembu Plateau, and descends the 600 m high Langeni
escarpment. This article describes the design and construction of a
200 m length of embankment which crosses steeply sloping talus
deposits. Soil nails and mechanically stabilised fill were used to form a
composite structure to support the road and to stabilise the cut slope
PROJECT DESCRIPTION
Geotechnical investigations
The dolerite cliffs are the remnants
of a massive sill intrusion into
Beaufort Group rocks. Dolerite talus
boulders in a soil matrix overlie
open-jointed dolerite bedrock. The
size, distribution and depth of the
talus boulders are very variable.
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Twenty-four core boreholes were
drilled in the area (Photo 2). The talus
depth varied up to about 12 m. The openjointed dolerite extended to depths of
about 20 m below ground level.
The boulder matrix soil is a clayey
silt. Average drained shear strength
parameters, based on triaxial testing
of undisturbed block samples, were

cohesion = 12 kPa and internal friction
= 35 degrees. The boulders formed about
45% of the talus volume.
Aerial photographic studies and field
reconnaissance found no signs of incipient instability of the talus in the vicinity
of the proposed route alignment.
Stability of the talus slope
Stability analyses of the natural slope
using the shear strength of the talus
matrix gave a minimum factor of safety
of 0,84. This suggested that the slope
should be showing signs of instability,
which was not the case. To investigate
the impact of the 12 m high embankment on the stability of the slope, an
estimate had to be made of the strength
of the matrix and boulder mix (Photo 3).
In situ testing was not considered to be
a realistic option.
To derive the shear strength of the
talus, a natural slope factor of safety of

2

3

1

Route down the 600 m high

Langeni escarpment
2 Initial excavations into the talus slope
3

Typical boulder distribution in talus slope

4

Space constraints during construction

4

1,2 was assumed. A back analysis gave
shear strength parameters of cohesion
= 25 kPa and internal friction = 38 degrees.
Design constraints
A temporary haul road had been
constructed across the talus slope to
provide access to the crusher, located on
top of the escarpment. Environmental
controls required the haul road to be
located within the earthworks prism.
The maximum width of excavation
that could be achieved at the toe of the
embankment without undermining the
haul road was 3 to 4 m. A conventional
mechanically stabilised earth wall
required a minimum strip length of 6 m,
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5

6

which was not possible. Photo 4 illustrates
the constrained working conditions.
The construction of the 12 m high embankment across the talus slope would result in a reduction in the assumed overall
factor of safety of 1,20. Stabilisation measures to improve the stability of the slope
were therefore required.
Cost comparisons made during the
preliminary design stage indicated that
the use of a flexible mechanically stabilised embankment (MSE) was the most
cost-effective option. Both consolidation
and creep settlement of the talus material
were predicted and it was important that
the chosen solution would have to be able
to accommodate a significant amount of
settlement.

DEVELOPMENT OF COMPOSITE STRUCTURE
A composite structure satisfied all the
design criteria: 15 m long soil nails improved the stability of the slope and increased the overall factor of safety of the
embankment and the talus slope to more
than 1,40. The soil nails provided stability
for the steep excavation face below the
haul road and the use of polyester straps
as earth reinforcement, connected to the
soil nail heads, allowed the construction
of the mechanically stabilised earth structure in a confined space (Photo 5).
Internal stability
A mechanically stabilised structure
should behave as a coherent gravity mass,
depending on the strength of and frictional interaction between the reinforcing
strips and the backfill. At each level of
reinforcing strips, the horizontal stresses
in the strips are determined by calculating
the vertical stresses on the strips and
applying to them a coefficient of earth
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pressure. The strips should be strong
enough to resist the horizontal stresses
and should be long enough to ensure that
they are able to mobilise these stresses in
friction and not pull out of the backfill.
The nails are designed to resist the loads
imposed on them by the reinforcing strips
and by overall stability requirements.
Connection of the reinforcing strips to the nails
The straps connecting the cladding
panels to the nail heads consist of hightenacity, polyester fibres encased in a
protective polyethylene sheath. They
are laced between tie points on the
cladding and yokes on the heads of the
nails. A nut was used to hold the yoke
onto the nail head and to tension the
reinforcing straps between the yoke and
the cladding. The vertical and horizontal
spacings of the nails were 720 mm and
1 450 mm respectively. The nails were
positioned on grade.
Foundation of composite structure
There was no embedment of the MSE
structure and it was narrow at its base. As
differential settlement between the nailed
slope and the MSE backfill could impose
large loads on the foundation, a reinforced
concrete base with a minimum thickness
of 250 mm was specified. The lowermost
row of nails was cast into the foundation.
Backfill
Free-draining backfill material that would
not damage the straps and would easily
fill the irregularities of the boulder slope
around the nail heads was required. A
graded 37,5 mm stone backfill met these
requirements and was specified for the
entire section where synthetic reinforcing
straps were used.

SOME PROBLEMS AND INNOVATIONS
Construction of main embankment
The solution adopted was developed only
once the construction had started. The
installation of the nails to precisely surveyed positions on an unstable boulder and
clay talus slope in an area of high rainfall
was a considerable challenge. To install the
nails, a crawler drill rig was required and
a 3 m wide temporary platform had to be
created in front of the toe of the excavation
face. The wire mesh protection was subsequently replaced with temporary gunite
protection. (See Photo 6.)
The average rate of installation of the
nails varied from about 40 to 80 m per
day. A total length of 12 000 m of nails
was required for the main embankment.
Many days were lost to rain. The nail
installation period for the main embankment lasted approximately 10 months
using, on average, two drill rigs.
The soil nails
Hollow self-drilling, grouted nails were
used, supplied in 3 m lengths. A 72 mm
diameter sacrificial drill bit was attached
to the first 3 m length. Additional 3 m
lengths were connected during the
drilling operation by means of threaded
couplers. A centraliser was placed at each
coupler. During the drilling operation,
grout was pumped down the central
hollow core of the nail. The grout flows
through the drill bit and back up the drill.
(See Photo 7.)
Cut slope stabilisation
During construction, numerous boulder
falls and shallow slumping of the excavation slope occurred after prolonged rainfall. The original design had provided for
a gabion gravity retaining wall here, but it

7

5

Polyester reinforcing straps

6 Partially completed embankment
7

Installation of soil nails into talus slope

8

Completed cut slope stabilisation

was found not to be practical to excavate
the base width for such a wall without
major instability occurring. There was also
a ramp from a cattle underpass which had
to be accommodated within the cut slope.
Two tiers of mechanically stabilised
earth, each with four rows of soil nails
9 m long, were designed to stabilise the
cutting in the talus slope (Photo 8). The
system of linking the polyester strap
reinforcement to the soil nail heads was
adopted here, as for the main embankment. The cattle ramp was accommodated between the two tiers of the wall.
Approximately 11 000 m of soil nails were
installed in this cut slope stabilisation, including adjacent gunited sections. Grout
take in the permeable talus was limited by
using geotextile grout socks around the
soil nails. The drilling technique here differed from that in the main embankment
where top hammer drilling had been
used. For stablisation of the cut slope the
use of down-the-hole hammers greatly
facilitated the installation of the soil nails.
Settlement
Settlements have been monitored since
late 2006, when the embankment had
reached about 50% of its final height.
Approximately 120 mm of consolidation
settlement had taken place up to the
end of 2009. During the wet season of
2007/2008, when the foundations of the
wall were saturated for the first time
under full load, abrupt settlement of up
to 120 mm took place. Investigations
have attributed this to a collapse type

8

settlement of the talus boulders. A total of
240 mm of settlement had taken place up
to the end 2009, with about 30 mm of this
occurring since completion of the road
pavement in November 2008.

COSTS
The cost of this type of embankment
construction and slope stabilisation is
very high. The final cost per square metre
of the complete system was approximately 8 to 10 times that of conventional
mechanically stabilised earth. No other
solution was considered practical, given
the prevailing constraints and geological
conditions.

CONCLUSIONS
The solution met the technical, economic
and environmental requirements. It

allowed the width of the foundation
excavation to be reduced, so maintaining
the integrity of the haul road. It improved
the overall stability of the hillside and
provided a means of stabilising the upper
cut slope.

PROJECT TEAM
Client Eastern Cape Department of Roads
and Transport
Consultant HHO Africa – Camdekon JV
Consulting engineering geologist
RA Bradshaw and Associates
Main contractor LM3 JV
Earth reinforcement Reinforced Earth
Company (Pty) Ltd
Geotechnical subcontractors Fairbrother
Geotechnical Engineering and
Franki Africa

Civil Engineering | April 2010 43

Des Lange
Technical Manager
Maccaferri SA
des.lange@maccaferi.co.za

Gaillard Rossouw
Director
PD Naidoo and Associates
gaillard@pdna.co.za

Sinenkosi Dlamini
Design Technologist & Technical Advisor
DTM Systems – Maccaferri SA
sinenkosi.dlamini@maccaferri.co.za

Mike van Rooyen
Director
MVD Consulting Engineers (South Cape)
mvdmossbay@mweb.co.za

A green solution

for the design and construction of
steep slopes and embankments
in the realm of retaining walls and steep embankment slopes.
Experience gained with mass gravity gabion retaining structures
prepared the way for further development, incorporating the
principles of soil reinforcement.

1

BACKGROUND

Over the years since the company began in Italy in the late
19th century to solve problems regarding the impact of civil
engineering works on the surrounding environment, Maccaferri
has always used innovative ways to introduce new and improved
methods and systems. Some of the biggest challenges faced were
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The first structure to use the TerrameshTM (TM) system was a
14,0 m high embankment in Sabah (Malaysia). This structure was
built in 1979 in a very confined space to support a road embankment. It consisted of a vertical “skin” of rock-filled gabion mesh
units that were anchored to the structural fill in the embankment using horizontal steel strips.
Following on from this experience, the design was improved and
steel wire in the form of a double twist (DT) hexagonal mesh reinforcement system replaced the steel strips. Independent TM units
consisted of a gabion unit and reinforcement section (to the required
lengths) made from a continuous panel of DT mesh (Figures 1 & 2).
To meet the need to reduce environmental impact by incorporating vegetation into the front face of the structure, it was
possible to plant cuttings in the vertical face.
The versatile nature of gabion construction made it possible
to “batter” or step back the front face, making allowance for the
incorporation of topsoil to support the vegetation.
Further research and development using the stepped-back
or sloping wall principles led to the establishment of the Green

1

Close-up view of GTM face showing PVC-coated DT mesh,

2

biodegradable erosion control blanket and the vegetation
2 Vertical face TerrameshTM System showing

soil reinforcement in cross-section
3

Stepped-back face to facilitate sloped profile of embankment
4

Gabion face units replaced by vegetative topsoil
to form the Green TerrameshTM System

5

A single hexagon on which the DT mesh principle is based
6 BioMac erosion-control blanket
7

Mechanical interlocking properties of the structural fill
8

Standard GTM unit showing the extended mesh “tail”
that is embedded into the soil as reinforcement

TerrameshTM reinforced unit (GTM) as a “Water” or “Soil” type
(Figures 3 & 4). The GTM Soil type is used for retaining embankments and slopes, while the Water type, which utilises different
geosynthetic components, is used for river bank protection and
the lining of water courses.

3

MATERIALS USED
The standard GTM unit consists of a heavily galvanised 2,2 and
2,7 mm diameter steel wire which is PVC-coated before going
through the DT process to form the mesh panels. An improved
Galfan coating replaces the traditional zinc method. Galfan is
classed as a zinc-alloy system with 5% aluminium and significantly extends the life of the mesh in industrial, coastal and other
harsh environments. The coated steel wire is sourced from a local
supplier in Gauteng and Maccaferri performs the extrusion of the
PVC at its own factory in KwaZulu-Natal. All materials conform
with relevant SANS specifications.
The PVC coating conforms with the requirements of appearance, specific gravity, hardness, tensile strength, modulus of
elasticity, resistance to salt spray and to exposure to ultraviolet
rays, abrasion resistance and brittleness temperature in terms of
applicable ASTM standards.
To facilitate the process of vegetation a biodegradable
erosion-control blanket (BioMac), made of 100% coconut fibre,
is attached to the inside of the inclined front facing. A welded
steel panel and preformed triangular brackets, shaped to fix a 45°,
60° or 70° slope angle, are set behind the BioMac to support the
facing while holding the blanket in place during construction.
In the Soil type system the erosion-control blanket protects the
topsoil filling behind the face and permits a vegetative cover to
establish itself rapidly.

ADVANTAGES OF THE DT MESH
The use of the mesh exploits the friction on the surface of
the wire and, more importantly, the mechanical interlocking
properties of the structural fill. This phenomenon is due to
the large size of the openings in the mesh (D = 80 mm with
H = 100 mm) in relation to the diameter of the wire (2,7 mm
or 3,7 mm and 2,2 mm and 3,2 mm when coated with PVC).
The end-result is an increase in the total strength of the reinforcement, which would be impossible for other materials
whose strength is derived from surface friction alone. The
panels of double-twist mesh ensure that the reinforcement is
continuous along the whole length of the structure, and not
just in line with a limited number of tie points. The front end
forms a “wrap panel” folded back from the face to bind in with
the upper layer. (See Figures 5 to 8.)

4

5

6

7

8
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STRUCTURAL FILL
9

Resistance to pull-out of DT steel wire mesh embedded in a 1,0 m
x 1,0 m section of compacted sand at increasing normal stress
10 Vertical slices analysis according to Bishop
11

Forces on a slice computed by Bishop’s method

9

The structural fill is the carefully selected soil material that
is used directly behind the Terramesh unit and placed and
compacted in layers, with the reinforcement (mesh or grid or
a combination of both) embedded into the layers at set vertical
intervals, as specified in the design. This soil must have a low
fines content and low plasticity, be relatively free-draining
and have a fairly high angle of internal friction. It should not
contain large sharp-edged particles which could damage the
reinforcement during construction. Compaction must be done
in layers not greater than 250 mm in depth and normally to
95% Mod. AASHTO.

RETAINED BACKFILL
The retained backfill forms the wedge of soil behind the structure that the GTM wall has been designed to support in addition to any external surcharge loads. This soil must also be well
compacted, preferably to the same degree as the structural fill.
Ideally, this section will be constructed at the same time as the
structural fill so that the whole works will consist of continuous
layers. Where necessary, a vertical subsoil drain can be used to
separate this soil from the structural fill block.

VEGETATIVE TOPSOIL
The soil to be used directly behind the facing panel should be
either a sandy clay or clay-like sand with 3 to 20% of organic
material. This soil should be fertile and friable and be excavated from 200 to 300 mm depths in the field. It should be
free from wood and stones larger than 50 mm in maximum
dimension. A 500 mm wedge of the topsoil is placed behind
the facing and compacted in 200 mm lifts using a light handheld compactor. This process is carried out in conjunction
with the laying and compaction of the adjoining layers of
structural fill.

10

VEGETATION PROCESS
Where possible, the GTM face should be vegetated during construction or relatively soon afterwards to minimise or prevent
erosion due to rainfall and runoff on the face. Vegetation requirements vary by geographic and climatic regions and are therefore
project-specific. The steepness of the facing limits the amount of
water retained by the soil before runoff occurs. Once the vegetation has been established on the facing, it should be protected.
An initial irrigation plan and long-term maintenance programme may be required to ensure its survival. This system allows flexibility in the choice of vegetation, including herbaceous
vegetation (grass) applied by hydroseeding or sod plugging, or
woody plants cultivated in a nursery on site. The selection and
choice is an integral part of the overall long-term erosion control
plan and attractiveness of the solution.

11

REINFORCEMENT STRENGTH
Extensive research has been carried out on the properties of the
2,7 mm diameter DT steel wire mesh in a soil-reinforcement
system. Specimens 1 m wide were used in a study at the
University of New South Wales in Canberra, Australia, and the
Federal Highway Administration carried out full-scale tests
on a site at Chicago, USA. The anchorage capacity of the soilreinforcement interface was studied, as well as reinforcement
resistance. The results were used for various analyses, especially
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the load-extension relationship. In the design, partial factors of
safety are applied to ensure that the ultimate tensile strength
of the mesh is not exceeded under the working loads. It is also
ensured that the horizontal strain under load does not lead to
excessive deformation.

CONSTRUCTION OPTIMISATION
To optimise construction time, the GTM units are manufactured in a range of sizes with varying unit heights, tail lengths
and tail widths.

ADDITIONAL REINFORCEMENT

12

The GTM embankment at King Shaka International Airport at

80% of the final height, showing the initial growth of vegetation

12
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In situations where a greater reinforcement resistance than the
allowable tension in the mesh is required, it is possible to use
other types of reinforcement, such as the MacGrid range of polymeric grid reinforcements.
This product can provide tensile strengths of 60 to 200 kN/m.
Other materials, such as ParaLink and ParaGrid, are also suitable
with strengths up to 1 000 kN/m.
In the process of selecting an alternative system, a short
“tail” of the mesh (2,0 to 3,0 m long) could be used from the face
to overlap the additional reinforcement so that the frictional

resistance to “pull-out” is effective, or a separate layer of mesh
or grid could be inserted between the GTM units to achieve
adequate “bond” at the front end of the reinforcement where it
connects to the face of the wall (Figure 9).
The polymeric or geosynthetic grid types consist of a dense
formation of high-strength polyester tendons encased in either
durable PVC or polyethylene sheathing.

TECHNICAL EVALUATION REPORTS
Maccaferri obtained certified reports evaluating the GTM
system from the British Board of Agrément (BBA) in January
2000, and the Highway Innovative Technology Centre (HITEC)
in the USA in April 2005.

DESIGN PRINCIPLES
Stability analysis during the design is carried out by means
of limit equilibrium theory using either the Bishop or Jambu
methods. In the process the reinforced soil mass is modelled
using rigid equilibrium conditions along curvilinear slip planes
so that computations based on the method of displacement
can be used to analyse the effects of the force system at the
intersection between the reinforcement and the surface defined
by the slip plane. A system of linear equations, which take into
account the resisting moment due to the shear forces which
oppose sliding, and the overturning moment due to the destabilising forces, is developed for each slice. The contribution of
the mesh reinforcement is introduced into the calculation only
where it intersects the slip plane and is assumed to act horizontally. The magnitude of these forces is the lower value of the
tensile strength of the mesh and the pull-out resistance of the
mesh embedded in the soil. The first value is a constant and is
fixed by the mesh characteristics, while the second value varies
linearly with the depth, in terms of the reinforcement length
beyond the slip surface. Each of these is reduced using adequate
partial factors of safety in accordance with the particular standards applied by the designer.
One of the main limitations of limit equilibrium analysis is
the difficulty in modelling the strain effect on the generation of
force in the reinforcement, especially in respect of geosynthetic
reinforcing material. This criterion has been incorporated
into the software program developed by Maccaferri, through
including an up-to-date database of each type and grade of
reinforcement used. This information includes all the elastic
characteristics required to model the strain behaviour of the
reinforcement at the point where the displacement is generated,
the displacement being a variable which depends on the geometry of the surface under analysis and on the check conditions
fixed by the designer.
Elementary manual calculations can be used to assess computed design outputs using analysis based on the Rankine or
Coulomb failure wedge theory.

APPLICATIONS OF GTM IN SOUTH AFRICA
The GTM system has been used for various applications in South
Africa to date, as illustrated by the following two projects.
GTM embankment at the South Gate:
King Shaka International Airport KZN
The embankment was designed by Maccaferri in conjunction
with PD Naidoo and Associates. Construction was carried out
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13 One of the embankments under construction at Le Grand

Golf Estate viewed from another position on the site
14 Aerial view of the GTM embankment at King Shaka International

Airport with the embankment at approximately 50% of the final height
13

14
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under the Ilembe Civils Joint Venture by the subcontractor
CivFin (Figures 12 & 14).
The structure consists of two walls at right angles to each
other intersecting at the highest point, which is approximately
12,9 m (including 1,0 m foundation embedment). The total
length is 210 m and the area of the GTM face is 1 520 m 2. The
foundation was excavated into a hard shale formation and the
first 4,0 m of the structural fill consists of an imported G4 dolerite material having an internal friction angle of 45°. The upper
8,0 m of structural fill is of the local silty sand, Berea Red soil,
friction angle 29°. The retained backfill is also the Berea Red
local soil found on the site.
The initial proposal was to construct the entire embankment
using the imported dolerite. However, in order to economise,
the alternative combination using Berea Red was chosen. The
quantities of soil are as follows: dolerite 1 800 m3; Berea Red
(structural) 7 500 m3; and retained backfill (Berea Red) 7 000 m3.
Construction was completed in October 2009.
The embankment has been designed to support a levelled
terrace that houses an industrial section at the new airport.
A road network traverses this built-up section and heavy
vehicles are expected to utilise this area. A surcharge load of
50 kN/m 2 was applied in the design from a position 7,0 m back
from the face. For reinforcement in the lower dolerite block,
a 110 kN/m (ultimate strength) geosynthetic grid was used
in conjunction with the standard mesh “tails” to a length of
7,0 m. The upper block in the Berea Red is reinforced by the
mesh alone to a length of 6,0 m and based on an allowable
tensile strength of 38 kN/m.

In order to monitor movement during construction
and under the final loaded condition, survey beacons were
implanted at various positions along the face on both sides.
Observations taken at the highest section over a period of nine
months from December 2008 have indicated some movement:
settlement ≈ 12 mm and tilt-back of face ≈ 25 mm. During this
period there was higher-than-average seasonal rainfall on the
site and the tilt readings varied from + 25 to –25 mm, indicating that the soil below the surface of the face may be causing
a localised effect on the beacons. Ongoing observations should
make this clearer.
The vegetation recommended for this application was:
(a) green: Cynodin; and (b) plants: Aptenia, Bulbine and
Carpobrotis edulis.
A nursery was established on site to prepare plugs of these
species for insertion at the correct time. Hydroseeding of a grass
type was also used to some effect.
Le Grand Golf Estate, George
The first phase of this project was designed by MVD Consulting
Engineers (South Cape) (Pty) Ltd. Maccaferri assisted with design reviews and construction details.
Construction was carried out by the contractor LoyisoHenra Construction. The works consisted of the construction of
a number of GTM embankments ranging in height from 3,0 to
14,0 m on steep side slopes and from the lower portions of a
deep valley that runs through the property (Figure 13). The total
length is approximately 1 300 m and the full area of the face is
3 320 m2. The approximate volume of structural and retained fill
is 47 280 m3. The structural fill consists of a greyish G7 sandy
soil with an internal angle of friction of 30°.
A geosynthetic reinforcing grid with a 60 kN/m ultimate
tensile strength was used in conjunction with the mesh tails. On
the highest sections of the wall the reinforcement had lengths of
8,0 m at the base.
A kikuyu grass type, which is very common in this region,
was used to vegetate the face. Irrigation of the face presented
various challenges. In addition to this, the extremely dry conditions in that region at that time made it difficult to nurture the
early growth of the vegetation.

CONCLUSION
The Green TerrameshTM System is a versatile solution for the
design of steep slopes that are stable in confined spaces. The inclusion of high-strength geosynthetic grid reinforcement makes
it possible for the system to carry relatively high loads for the
full design life, at strains within serviceability requirements.
Careful attention to the natural vegetative processes makes it
possible to blend the structure in with the surrounding environment. The contractor should be fully competent in normal
civil engineering works such as material selection, setting out
and compaction control, and also be capable of working harmoniously with nature to take care of and improve the environment, where possible.
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Grouting – art or science?

Procedures adopted at Changuinola, Panama
INTRODUCTION
Although a grouting system may be theoretically designed and specified during the
initial stages of a dam project, sufficient
latitude in the specifications must be built
in so that during construction variations
may be invoked depending on the conditions encountered.
This article details the initial specifications for a grouting system for the foundations of a 100 m high, roller-compacted
concrete (RCC) arch gravity dam which
is at present under construction on the
Changuinola River in the jungle of Panama
in Central America (see Figure 1).
It is realised that on-site conditions
and contractual and construction constraints will necessitate variations to these
specifications.

SPECIFICATIONS
Grout consistency
Many grouting specifications are historically
based on the water:cement ratio by volume,
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with the basis being the number of cubic feet
of water to be used with a 94 lb, 1 cubic foot
measure of cement, i.e. a 1:1 w:c ratio (based
on volume) may be calculated as 1 cubic
foot of water being equivalent to (0,3048)3 x
1 000 = 28,32 litres of water for each 94/2,2
= 42,73 kg of cement, or more conveniently
for a standard 50 kg bag of cement:
1:1 w:c Ξ 33 litres of water:50 kg of
cement (based on volume).
This has no basis in the modern SI
approach and a much more acceptable
measure is that based on mass.
On this contract three grout consistencies were initially specified as:
1)	66 litres of water to 50 kg cement
1,32:1w:c based on mass 2,0:1 based on
volume
2)	33 litres of water to 50 kg cement
0,66:1w:c based on mass 1,0:1 based on
volume
3)	20 litres of water to 50 kg cement
0,40:1w:c based on mass 0,6:1 based on
volume

However, it was found that this needed
to be extended to a range from 2:1 to
0,5:1 with essentially 1,5:1 and 1,0:1 and
0,8:1 being used most extensively at the
early stages of consolidation grouting.
From an historical perspective (remembering that in the old days the ratios
were quoted by volume), the above ratios
are deemed practical for the following
reasons:
a)	They satisfy the Littlejohn and Bruce
(1977) condition of w:c > 0,45, ensuring
stability.
b)	They nearly satisfy Kutzner (1966) who
concluded that “the most favourable
flow and sedimentation properties of
suspension [occur] with water:cement
ratios between 1,0 and 1,5.”
c)	“Related field studies have shown
that grout curtains constructed with
5:1 or thinner grouts tend to leach,
whereas those constructed with 3:1
or thicker are successful.” (Weaver &
Bruce 2007)

1

1 100 m high Changuinola RCC dam under

2

construction in Panama (February 2010)
2 High-shear colloidal mixer

CONSOLIDATION GROUTING
On many concrete dam projects there is
a tendency to remove excessive amounts
of overburden until good quality foundation rock is reached. This not only
delays the placing of the dam wall concrete but often results in localised portions of the foundation being very much
deeper than the surrounds. This generates a highly undesirable stress-raiser
condition where a limiting damaging
stress condition may occur.
In order to obviate this, it has been
found to be much more economical if the
top approximately 8 m of the rock mass
is grouted via a consolidation procedure
to generate a near-homogeneous layer
of sufficient stiffness below the dam.
At Changuinola consolidation
grouting was specified in 8 m deep
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3 Drilling access platform on steep slope
4 Graphic representation of the envisaged curtain grouting process
5 Developed section on the dam axis indicating envisaged foundation grouting layout
3

4

inclined holes initially using a grout
consistency of 1 as detailed above with
thickening if large grout takes occurred.
Grouting pressure was limited to 4 m of
overburden (100 kPa) so that uplift of the
underlying rock did not occur. A downstage process was specified at 5 m x 5 m
spacing with the packer at the surface and
a final permeability of 3 Lugeons.
High shear colloidal mixers are used
(Figure 2) when the topography does
not permit easily accessible positions
(Figure 3).
While in over-large areas of the
foundation primary holes at 5 m spacing
were all that was necessary to ensure
compliance with the design, certain
highly sheared or porous zones were often
encountered in which grout takes and
concomitant Lugeon values were high.
These problem areas were identified in the
mapping conducted over the entire dam
footprint, usually in 20 x 20 m blocks.
Over these problem areas hole spacing
was progressively reduced to 2,5 m for the
2nd stage, 1,25 m for the 3rd stages and if
necessary for the 4th, 5th and 6th stages.
Stitch grouting of ruptured/shear zones
was performed and progressive thickening
of the mix was undertaken to ensure that
“gulpers” did not endlessly accept grout.

CURTAIN GROUTING
Downstage grouting over lengths of 8, 16,
45 and finally 65 m or two-thirds of the
dam height are specified with:
NNPrimary holes at 12 m spacing
NNSecondary holes at 6 m centres
NNHoles inclined at 5 – 10º from
vertical towards upstream
NNPacker at surface
NNHoles inclined at 30º towards
appropriate abutment
NNSpit spacing procedure
5
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NNA final permeability of two Lugeons
As before with the consolidation
grouting, the curtain grouting holes
will be started at consistency 1, and
depending on the results this may
be thickened to 2 and 3 if necessary.
Grouting will be undertaken from two
dam galleries and a limit on maximum
grout take has provisionally been set at
100 litres/m of borehole in a stage.
Grouting pressures at the design stage
are limited to approximately midway overburden stress of the stage being grouted. It
is envisaged that due to the capping effect
the consolidation grouting will have on
the foundation, maximum pressures 25%
higher than the above specification will in
all likelihood be permitted.

Grouting pressures at the design stage are limited to approximately
midway overburden stress of the stage being grouted. It is
envisaged that due to the capping effect the consolidation grouting
will have on the foundation, maximum pressures 25% higher
than the specification will in all likelihood be permitted
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The layout and procedures envisaged
for the curtain grouting at the design
stage are detailed in Figures 4 and 5.

CONCLUSION
Although specified and detailed on
the drawings, it is accepted that many
changes to the above designs will be
made during the course of the contract
to enable inter alia speedier operations
and other considerations to be satisfied.
However, the basic premise of a consolidated foundation and a near-impermeable
subsurface curtain will be pursued uncompromisingly and with vigour.
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Identification of voids on the N1 North

using ground penetrating radar
INTRODUCTION
Part of the Gauteng Freeway Improvement
Project (GFIP) work package D2 consists
of widening sections of the N1-21 Freeway.
This article deals with the section on
the western side of the northbound carriageway between the Atterbury and
Lynnwood Road offramps in Pretoria. In
order to accommodate the widening of the
freeway, excavation of slopes bordering the
western side of the freeway was required.

1

FORMATION OF VOIDS
Following the excavation of the slopes,
voids appeared over a 200 m long section
of the excavated area. These voids were
approximately 0,5 m in diameter and occurred as a linear feature.
Initially, two theories were proposed to
explain the occurrence of these voids. As
the voids appeared in a perfectly straight
line, it was postulated that they may have
been man-made and that they were remnants of an old disused sewer line. The
1 Void that formed in the excavated area

along the N1 North between the Atterbury
and Lynnwood Road offramps in Pretoria
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second theory was that the voids may have
been brecciated remnants caused by movement of a north-south striking fault some
1,5 km to the north which had been identified on a geological map.

GROUND PENETRATING RADAR TESTING

2 Map indicating where voids appeared along the N1 North (green line)
3 Equipment used for the acquisition of the data on voids along the N1 North
2

3
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In order to ascertain whether these voids
were only near-surface or also occurred
at depth, it was decided that the best
method of testing would be by non-destructive ground penetrating radar (GPR).
This method of testing can be used to
identify any possible subsurface anomalies and has the advantage that the images
produced are not affected by the presence
of trenches, adjacent walls or passing
traffic. This job was undertaken by EXIGE
(EXperties In GEophysics).
GPR is a geophysical prospecting
method which can be used to provide
an image of the subsurface. An antenna
is used to transmit an electromagnetic
pulse which propagates through the
subsurface. This energy is reflected from
boundaries and objects in the subsurface
which have contrasting dielectric properties. The energy is received by the antenna
and recorded digitally. The depth of the
exploration of the GPR depends on the
frequency of the radar signal, i.e. the
lower the frequency the deeper the depth
of exploration, but is typically effective
down to some 3 m.
A 200 m long grid was set up over the
area with scans being done both parallel

and perpendicular to the freeway. The
parallel scans were done at 2 m intervals
with the cross-scans being done at 10 m
intervals along the 200 m grid. Some additional scans were carried out both to
the north and south of the original grid to
ensure that the extent of the formation of
the voids had been properly identified. In
order to enhance the high-resolution image
of the subsurface, scans were conducted
at both 400 and 900 MHz. The data were
acquired using distance mode for the
400 MHz antenna and time mode for the
900 MHz antenna at 5 m intervals. A time
window (range) of 70 and 30 nanoseconds
was used for the 400 and 900 MHz antennas respectively. In all, 78 scans were
done with the GSSI SIR-3000 system, and
analysed using Radan 6.5 software.
Based on the output, a total of 48 possible shallow voids were identified at
depths not exceeding 1,5 m. The data
revealed some minor isolated anomalous
zones which were scattered within the
survey area, as well as a concentrated area
of multiple anomalous zones within the
survey area.

In order to ascertain whether these voids were only near-surface or also
occurred at depth, it was decided that the best method of testing would
be by non-destructive ground penetrating radar (GPR). This method
of testing can be used to identify any possible subsurface anomalies
and has the advantage that the images produced are not affected by
the presence of trenches, adjacent walls or passing traffic. This job was
undertaken by EXIGE (EXperties In GEophysics)
With this information, appropriate
recommendations could be made on
remedial measures required. It was not
possible to determine the mode of formation, but remedial measures consisted
of excavating all materials to a depth of
1,5 m and then importing G7 quality material in 150 mm layers and compacting to
93% Mod. AASHTO density at 0 to +2% of
optimum moisture content.

undiscovered, would in all likelihood
have caused catastrophic damage to the
new lanes on the freeway which would
have resulted in costly repairs, as well
as lane closures to rectify the problem.
Further traffic delays would then have
been inevitable. The consequences of
this, during the upcoming 2010 FIFA
World Cup, would have raised some
eyebrows.

CONCLUSION
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Lateral support for
Great Westerford extensions
INTRODUCTION
In 2006, plans for extensions to the existing
Great Westerford complex in Rondebosch,
Cape Town, were approved by the client,
Atterbury Cape. The extensions to this
building include a three-level basement for
1

parking, which at its deepest point will be
some 10 to 12 m deep. Preliminary design
indicated that the only economical way of
conducting this excavation was via a combination of battered slopes and localised lateral support. This article details the process.

SITE INVESTIGATIONS
Two site investigations had previously
been conducted: one for the main
structure in 1985 and another for the
extensions in 2006. Both investigations
utilised core drilling to depths ranging
from 17 to 30 m.
Geologically, the Great Westerford
complex is underlain by deeply weathered meta-sedimentary strata of the
Tygerberg Formation, Malmesbury
Group, with a variable cover of transported (alluvial and/or colluviums) and
residual soils. From the rotary-core
drilling investigations conducted, the following generalised subsurface profile was
found to be pertinent for the study area:
NNTransported material: Comprises mainly
medium-dense silty and clayey sand
with some boulders (maximum
250 mm in diameter). This layer was
encountered to approximately 12,5 m.
NNResidual material: Stiff to very stiff clayey
silt. Jointing was evident within the
residual soil mass.
NNBedrock: Highly weathered very soft
to moderately weathered soft rock,
1 Test pit excavated to -5,5 m on the

western boundary of the Great Westerford
complex in Rondebosch, Cape Town
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2 Making good progress with the excavations. Notice the large tree on the northern face
3 View of the north-western slope
2

Malmesbury shale. The bedrock level
was found to be highly variable, with
depths ranging from 18 to 28 m.
The water table level was found to stabilise at about 8 to 9 m deep.
The recommendation from the
site investigations was to batter the
slopes to 33˚ above the water table with
interlocking sheet piles (to control the
groundwater seepage) for the deeper
levels.

SECOND OPINION
ARQ Consulting Engineers was approached by Dekker and Gelderblom,
the structural engineers, in May 2009
for alternative support measures as the
original recommendation was proving
too costly for the available budget. ARQ
requested the contractor to excavate a
test pit to –5,5 m adjacent to the western
boundary of the site, utilising an excavator. The purpose of this test pit was
to visually evaluate the subsurface geomaterial for stability, as well as to backcalculate the likely during-construction
shear strength parameters for preliminary design.
For the material observed, the parameters were estimated as:
c = 31 kPa
φ = 26˚
γ = 18 kN/m³
The cohesion parameter was downscaled
to c = 25 kPa to generate a modicum of
conservatism.

3

EVALUATION
Slope angles (at an FOS of 1,3) were determined as 50˚ and 57˚ for the depths of
excavation envisaged.
During excavation, two potentially problematic areas were
identified: the large tree on the
northern edge of the excavation and
a garage on the western edge.
At the tree, the slope was stabilised
by installing three rows of 9, 6 and 4 m
long nails for an area 3 m to either side of
the tree on the upper levels and 4,5 m on
the lower. Threadbar 500 Y20 nails were
specified, but due to the contractor having
only Y25s in stock, it was decided to use
the latter instead.
At the garage on the south-western
corner of the site, the 8 m high slope
at 50˚ was found to have a minimum
FOS of 1,47 with a 10 kPa surcharge
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to simulate the garage. Although at
first glance this appeared acceptable,
when the analysis was repeated in
probabilistic mode, the probability of
failure (FOS ≤ 1,0) was assessed as 8%.
Following the recommendations as per
Table 2 of Kirsten (1983), this level of
reliability would generate:
NNa short-term serviceable life
NNprevention of public access
NNthe need for continuous monitoring
NNthe odd unstable portion of slope.
Therefore, although the slope at this
section was predicted to be stable in the
short term, it was recommended that
monitoring pegs be installed at the top of
the slope at 5 m intervals.

LABORATORY TESTING
As the preliminary design was based
only on estimates (albeit reasoned ones),
an undisturbed sample was taken on
site for testing. In an attempt to model
the actual conditions that would be
present on site during the construction process, the sample was tested
neither fast (which would simulate the

undrained condition) nor slow (which
would simulate the long-term drained
condition). In addition to this, the water
content was maintained at the in situ
value as it was reasoned that in the last
few months of the year, the Cape was
going into the drier months of summer.
The results from the triaxial
test were analysed for the hyperbolic stress-strain parameters as per
Duncan et al (1980). Representative
shear strength values for the material on site under the conditions likely
to be prevalent during construction may best be represented by:
NNc = 30 kPa
NNφ = 28˚
NNγ = 18,6 kN/m³
From this it was apparent that the parameters used in the preliminary evaluation
were very close to those tested.

CONCLUSION
The above measures were implemented
and to date the monitoring peg movement

is < 5 mm, except for one case of 9 mm.
It would thus appear that engineering judgement, supplemented with
experience, led to a cost-effective solution without undue expense.
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Eden Island

Paradise Engineered
HISTORY
Some 180 million years ago, when the
ancient super-continent of Pangea crumbled, a group of magnificent break-away
isles began to drift slowly across the face
of a primeval ocean, 1 600 km from what
is, today, the east coast of Africa. It is this
part of the granitic Mascarene Plateau
which broke off from the Indian Plate
about 65 million years ago in a necklace of
sparkling island jewels strung with invisible threads of silver surf that make up the
Seychelles.
Such was their isolation that they
flourished alone for millennia, far from
the turmoil of other distant worlds, visited only by early Arab navigators who
gave them poetic names in honour of
their heart-stopping natural beauty.
Today one of the most beautiful
island archipelagos in the world, and
the only oceanic islands of granitic
rock, is a brief five hours of flight
from Johannesburg. Surrounded by
idyllic destinations on the east coast
of Africa, just north-east of the islands
of Madagascar and Comoros, east of
Zanzibar and north of Mauritius, it
truly is the heart of paradise.

THE DAWN OF EDEN ISLAND
The concept of a “new paradise” took
shape with the idea of designing,
shaping and moulding 450 freehold-title
1 CAT 325B busies itself with basin

excavation on Eden Island in the Seychelles
2 Private marinas on piled foundations

are typical of the surroundings
3 Structures such as the jetties, and

this bridge connecting Eden Island to
Mahé, are founded on capped piles
4 Engineering site in paradise
5 Drop weight system employed at Eden Island
6 Gauges installed on CAPWAP test pile

luxury apartments founded on rafts,
piles and a combination of the rafts and
piled foundations.

GEOLOGY
The Seychelles is part of the rift formation
associated with Réunion and the Deccan
traps in India. The granitic inner islands
are the world’s oldest, while the outer
ones are mainly very young, raised coral
islands that have emerged and submerged
several times during their long history,
the most recent submergence dating back
to 125 000 years ago.
In more familiar terms, the archipelago was created millions of years ago
by a combination of the separation of
India from Africa, as well as undersea
volcanoes similar to those from which
Mauritius and Réunion were created.
Subsequently, the vast majority of this
huge land area became submerged over
time.

CLIMATE
The climate in the Seychelles is consistently stable. Varying only by a couple of
degrees, the weather is always gloriously
tropical, ranging between 24 to 31°C all
year round.

INVOLVEMENT AND GENERAL
ENGINEERING CONDITIONS
In August 2007 Indian Ocean Project
Managers Hannes Dijkstra and Harris
Cloete approached Alan Parrock, geotechnical principal of South Africanbased consulting firm ARQ, for input
on a slope stability issue on site in the
Seychelles.
Construction on the island included
dredging of the coral, coral sands, silty
clays and marine sediment above a coral
reef, to create a platform some 3,5 m
above ACD (Admirality Chart Datum).
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(ACD = generally –1,05 m mean sea level
with some localised higher areas.) The
coral reef varies in level from –0,5 m ACD
to –3 m ACD, with reef geology consisting of variable coral formations and
marine sediments overlying coarse and
medium-grained granite at an approximate depth of –30 m ACD.
One of the key issues was the stability
and constructability in areas where plastic
saturated silty clays predominated. Trial
holes were excavated in the basins, and
profile loggings, gradings, CBRs, densities and shear strength parameters were
determined.
Standard penetration tests for 13 coreholes conducted on site revealed a general
trend of a dense upper layer (0–3 m), a
loose layer from 3 to 15 m and gradual
stiffening with depth from 15 to 30 m.
Analysis of the data confirmed that the
material is mostly cohesionless and that
the fluvial settings in which Eden Island
is situated would generate at best only
lightly overconsolidated deposits.

7

DYNAMIC PILE TESTING
Dynamic pile testing using the CAPWAP
method was performed in order to predict capacity and movement accurately.
Former colleague Trevor Green conducted the testing of some ten piles.
Statistical analysis of the results indicated that the 300 mm diameter piles
installed to predominantly 10 m would,
at the 97% confidence level, be good for a
serviceability capacity 200 kN.
Rock-soil rafts were used under
smaller structures in conjunction with
high-strength geosynthetics at the base.
Kaytech’s Rockgrid PC 50/50 was specified
to ensure that plastic material could enter
the rockfill and destroy interparticle shear.

8

CONCLUSION
The Seychelles offers sublime natural
beauty, safety and tranquillity. No matter
what branch of engineering one may have
chosen, working on such a project in such
a captivating environment is an experience every civil engineer dreams about.
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8 Graphical format of SPT data for

13 coreholes conducted on site
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Building the future with the Geotechnical Division of SAICE

– short course on problem soils
The Geotechnical Division of SAICE held a short course
on Problem Soils in August 2009. This course was a re-run of
the 1985 Problem Soils Course focusing especially on students,
young engineers and young engineering geologists. The intention was to make this course as affordable as possible and it was
decided to charge a nominal amount for working engineers and
engineering geologists; for students it was completely free of
charge. This was only possible due to the support of numerous
sponsors, to whom we are very grateful.
The various problem soils were discussed and presented by
some of our top geotechnical engineers and engineering geologists who offered their time and effort free of charge to present
their well-loved topics: Dr Fritz Wagener (dolomites), Mr Peter
Day (heaving clays), Mr Ken Schwartz (collapsible soils), Dr Phil
Paige-Green (dispersive soils) and Dr Gary Jones (soft clays).
The short course was held in three cities, i.e. Durban
(6 August) at the University of KwaZulu-Natal, Pretoria
(13 August) at the University of Pretoria, and Cape Town
(21 August) at the Breakwater Lodge (University of Cape Town’s
Graduate School of Business). The event comprised a full day of
five sessions on the various problem soils. The course was very
well attended by a total of about 640 delegates and excellent feedback was received from the universities and attendees.
The course was organised by two of the committee’s younger
members, namely Hennie Barnard (Aurecon SA) and Eulane
Heukelman (ARQ Consulting Engineers) with the help of the
previous chairman (Dr SW Jacobsz), the previous secretary
(Dr Eduard Vorster), the treasurer (Heather Davies) and Trevor
Green. The Geotechnical Division of SAICE would like to thank
the following companies sincerely for their sponsorship:
Esorfranki
Maccaferri SA	
DURA	NAUE
Gauteng Piling
GCD
GEL
Kaytech
Reinforced Earth Stefanutti Stocks
Aurecon SA	ARQ
BKS
Geosure
Jones & Wagener Knight Piesold
Vela VKE	
Pilequip
Finally, the Division would like to express its sincere gratitude to
the five speakers who offered their expert experience to the benefit of young engineers and students.
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1 At the University of Pretoria approximately 300 engineers and

engineering geologists attended the problem soils course
2 The five presenters, from left: Peter Day, Ken Schwartz, Dr

Phil Paige-Green, Dr Fritz Wagener and Dr Gary Jones
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If you wish to reach the top,
start at the bottom

A young engineer’s thoughts on geotechnical engineering
INTRODUCTION
Every experienced, specialist engineer once, a long time ago,
started at the bottom of the ladder. For young engineers there is
a path that has to be followed to get to higher ground. This short
article will, with the focus on geotechnical engineering, attempt
to explain key things that need to be part of the stepping stones
at the beginning of an engineering career.
To reach the top of a mountain one has to start at the
bottom. This may sound very simple, but often when one begins
in the field of engineering after completing a degree, the thinking
is: “I know everything and I am going to make this company
better.” Ten points for positive thinking, but unfortunately a
degree just provides the ticket to board the flight, not a licence to
fly the plane!

THE STEPPING STONES I CONSIDER IMPORTANT
The following points are important at the start of a career in geotechnical engineering:
1.	Realise that you are going to make mistakes, admit them and
learn from them.
2.	Try to be involved in all the parts of a project, from tendering,
budgeting, planning and designing through to executing.
3.	Do your own geotechnical investigation. It is very important
to get a feel for which soils and rocks underlie a site. Look for
signs – cracks in buildings, settlement of foundations, and at
what angles the surrounding slopes occur naturally. Always
be as aware as possible.

4.	It is very important to continue your education – SAICE’s
Geotechnical Division and the universities have many
courses that you can attend. These courses will create an
awareness of specialised fields and supply useful information that can be applied to calculations, fieldwork and
design solutions.
5.	Be part of the Geotechnical Division – it is wonderful to
meet people of the industry on a footing that is not necessarily work-related.
6.	Having a mentor is probably the most important stepping
stone. Have monthly talks on career direction and what still
needs to be done to register as a professional engineer.
7.	Site experience is very important. You should have at least
10 months of site experience. On site it is good to learn how
different contractors work. The main thing is to change
thinking processes to produce better, more cost-effective,
safe and green designs.
8.	Try to be exposed to all the fields of geotechnical engineering before deciding what to specialise in, because these
fields are all inter-related.

CONCLUSION
I hope this will inspire young engineers and provide some
guidance for the future. In helping one another we can create a
better environment in which to learn and to reach goals faster.
It is a very good thing in any practice to sometimes zoom out a
little and look at the bigger picture.
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MARKET CONTRIBUTION

Innovative soil stabilisation

for road pavements
Promising results from one of the latest innovative
cement additives provisionally certified by Agrément
South Africa as fit for purpose

1

BACKGROUND
Road construction is all about producing and establishing a
structure that will effectively service the earth-bound communication needs of the community. Service delivery and
project-decision controlling concepts such as mobility, accessibility, efficiency, service level, life cycle strategy and cost,
road infrastructure sustainability, etc, bear witness to the
importance of this aim. Hence greater efficiency in material
resource utilisation and constructability is necessary and important for these components of the economy-monitoring underpinnings of a country. This article illustrates how some of
these principles were applied to a road rehabilitation project
in the North West Province of South Africa.
The road in question is Provincial Route R52, a major
provincial route running between the towns of Koster and
Lichtenburg. A 40 km section of the 86 km total route length
(phase 1) is under construction as of the writing of this
article. Although the route has been in service for a number

2
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of decades, the present pavement has been in service for
about 20 years and was showing signs of distress. It needed
structural and functional rehabilitation and upgrading,
especially owing to the number of heavy vehicles within its
traffic spectrum which distribute local produce and also
products such as lime and cement. Refer to Figure 1 for the
area map and Figure 2 for a general view of the road prior to
rehabilitation.
The provincial authority and their consultant decided to
opt for the innovative and environmentally friendly solution
described below, rather than the more traditional pavement
composition, and also the application of a modified cementsoil stabilising process. This entailed adding RoadCem to
the cement-stabilising agent, a product of the company
PowerCem Technologies based in the Netherlands. It is one
of the latest innovative cement additives provisionally certified by Agrément South Africa as fit for purpose (pending the
outcome of the two-year long-term application monitoring
period).
The contract, which started in November 2008, was let by
the Department of Transport, Roads and Community Safety
of the North West Provincial Government at an initial tender
price of R205 million over a period of 12 months.

1 Location of Route R52 between Koster and Lichtenburg
2 General view of the road prior to rehabilitation
3 Typical chert gravel of the area
4 Map of Route R52 area showing the location of the different construction sections
5 Example of DCP information available
3

4

AIMS AND OBJECTIVES

PROJECT DESCRIPTION AND DESIGN
The project basically consists of widening and structurally
rehabilitating the existing road, which traverses the relatively
flat, lightly rolling terrain of the Transvaal Supergroup which
contains aggregates and soils of dolomitic origin and Ecca
shale at an altitude ranging between 1 500 and 1 600 m above
mean sea level. Refer to Figure 3 for an example of the local
gravel.
Local conditions
Fortunately the quality of the upper 600 mm of the in situ
chert gravel was relatively good, having an average laboratory
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Since Route R52 is one of the main land transport arteries
between the PWV area (in particular the Pretoria/Tshwane
area and Mpumalanga) and Mafikeng, the aim is to maintain a high standard of serviceability on this route. Recently,
although the road had been performing well, the authorities
noted increasing signs of pavement distress, as well as acceleration of the roadway/shoulder drop-off wear rate due to
the increase in traffic, especially heavy vehicles (the present
annual average daily traffic (AADT) is in the vicinity of 1 972
with 15% heavy vehicles). It was time to improve the service
level of the route and also give the pavement a new lease of
life.
Functionally the traffic situation called for an increase
in roadway width from the existing 7,8 m to 10,4 m on certain stretches of the route and a structural capacity of ES8
repetitions (3–10 Million Standard Axles, MISA), whereas
the original pavement had been built to an ES6 bearing capacity standard (COLTO, 1996). The structural situation to
be resolved was how to increase the bearing capacity of the
pavement substantially while utilising the in situ material optimally in order to minimise the need for additional material/
borrow pits.
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6 Average pavement strengths for section 5 of Route 52
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DCP measured as-built
strength range at this depth

CBR value of 65% at 100% Mod. AASHTO, a PI of 5, a GM of
1,8 and a linear shrinkage value of about 3%. The possibility
of re-using the in situ material in the rehabilitation design
therefore presented itself even at that stage. Imported local
chert gravel would then only be needed to compensate
for level corrections and widening of the roadway where
necessary. This opened the door to the possibility of a
more innovative and environmentally friendly pavement
rehabilitation design.
Referring to the map in Figure 4, the project was divided
into various sections as indicated below, based on visual condition assessment and Dynamic Cone Penetrometer (DCP)
analyses (Kleyn 1975; Kleyn & Savage 1982). Figure 5 shows
an example of the DCP information sheets available for the
road at 1 km intervals.
NNSection 1: Koster to 10 km – normal reconstruction
NNSection 2: 10 km to 33 km – next phase of project
NNSection 3: 33 km to 42 km – reconstruction with RoadCem
additive in base
NNSection 4: 42 km to 65 km – surfacing rehabilitation plus
widening of pavement
NNSection 5: 65 km to 83 km – rehab with RoadCem additive
in base
NNSection 6: 83 km into Lichtenburg – normal reconstruction
Section 5 will be used as example for discussion in this article.
The DCP measurements along the road showed the in situ
pavement strength to be equally encouraging, as indicated in
Figure 6. Note that the average basecourse strength was below
that of the laboratory value and also relatively low with respect to the in situ strength range – especially when similarly
compared to the sublayers. This was probably largely due to a
relatively high moisture content in the failing base as a result
of the porous and distressed surfacing. Yet, all in all, the in
situ material conditions would indeed allow for an innovative
conversion of the existing pavement to ES8 bearing capacity
quality (COLTO 1996) by reworking and restabilising only the
top part (base and subbase) of the pavement.
However, while this was technically possible, the propensity for cement stabilised gravel to crack severely, allow water
into the pavement and initiate the pavement failure cycle
(especially with indifferent seal maintenance), is well known
and a long-standing concern of material/pavement design engineers and technicians.
The pavement rehabilitation design
It was at this stage of the rehabilitation design that the existence of RoadCem was brought to the attention of the client,
the consultant and the contractor. The product is a powdered
form of a patented blend of zeolites, selected alkalines, alkaline earth metals, etc, which when added to a cement-soil
mixture in small quantities (1 kg/m 3 of soil or 0,05% by
weight) assist in binding materials into a strong mineralogical compound. The process rapidly produces a needlelike cementitious crystalline matrix within the cement-soil
which extends across the interparticle voids and assists in
encapsulating and interweaving the soil particles into what
may be termed a “soil fabric”. It is far less prone to the typical
cracking of cement stabilisation, imparts rapid strength gain
and is less brittle than the traditional, more rigid chemical
“gluing” of soil particles.

Furthermore, and very important for road building
purposes, in the process free-ranging moisture is dispelled from the soil matrix, thus increasing the effective
density and the moisture imperviousness of the bonded
material without additional compaction effort. The
product is available as an optimised proprietary blend
(powder) or can be blended to suit site-specific conditions and contamination levels (Marjanovic et al. 2009).
It seemed that this additive would resolve most of the concerns regarding the handling of re-usable yet somewhat variable material sufficiently well to deliver the advantages mentioned below, and thus warrant an investigatory application.
It was concluded that the following benefits would accrue
from the use of this additive:
NNIt would be possible to increase the strength and performance of the in situ gravel sufficiently by using RoadCemboosted cement stabilisation to replace the crushed stone
base traditionally recommended for this pavement bearing
capacity level.
NNThe very low void content in the cemented soil matrix
resulting from the interweaving crystalline lattice work
process of the additive would increase the effective density
without needing additional compaction energy.
NNHigh moisture impermeability due to the increase in effective density of the layer would result in decreased moisture
susceptibility of the basecourse – especially in the face of
indifferent seal maintenance.

NNSubstantially less cement stabilisation cracking would mean
less moisture ingress, less potential loss of bearing capacity
and less subsequent pavement failure.
NNRapid build-up of bearing capacity once the treated gravel
had been compacted and the soil bonding, particle-interweaving process of the additive had taken effect.
NNThere would be a saving on construction time because of
the envisioned innovative pavement composition, avoiding
reconstruction of the entire pavement, especially with environment scarring imported material.
While it may be concluded from the literature that this additive changes the properties of bonded materials to allow
fine tuning of the cement dosage rate as well as the use of
relatively “marginal” materials with greater confidence, these
aspects were not specifically investigated under this contract.
The composition of the original, and more traditional, rehabilitation design for this type of bearing capacity according
to COLTO (1996) was then amended as follows (also refer to
Figure 6):
NNBase – 200 mm thick reworked cement/RoadCem stabilised
to standards C3 (1,5–3,0 MPa UCS) instead of the more
traditional 150 mm G1/G2. (Depending on the planned level
corrections this could vary between fully imported and
fully in situ material.)
NNSubbase – 150 mm thick reworked cement stabilised
to C4 standards (0,75–1,5 MPa UCS) instead of the
traditional 250 mm C3 layer. (Depending on the planned
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7 Windrowing top 350 mm of existing pavement
8 Early morning RoadCem spreading operation
9 Cement application (on top of the RoadCem) and dosage rate control
10 Completed half-width cement spread on top of applied RoadCem
11 Stabiliser and additive being mixed into basecourse

material (drum tiller plus coupled water tanker train)
12 A smooth, hard and crack-free basecourse surface
13 Close-up of basecourse where additive was used
14 Close-up of control basecourse where no

additive was used – note cracking

level corrections this layer could vary between being the
reworked and stabilised in situ basecourse or subbase.)
NNSelected layers – retain the in situ structure generally
showing G7, G9 and G10 qualities respectively, and in the
rare instance where they do not, some nominal compaction
is done before bringing back the subbase.
NNSurfacing – was changed to 19/9,5 double seal from the suggested 40 mm asphalt, which was considered to be more suitable
for the prevailing rural conditions, without the cost premium.
From Figure 6 it can be seen that this design utilises the in situ
pavement strength well, if somewhat conservatively in terms
of base thickness, resulting in a relatively deep and overloadtolerant pavement.
This then meant that the base would be stabilised with 3%
cement (by weight) plus 1 kg/m 3 (about 0,05% by weight) of
RoadCem additive, and the subbase with about 2,5% cement.
The same design was used where the pavement had to be widened – only there additional chert gravel was imported from a
local borrow pit to bring the base layer surface to final level.
It was also decided to rehabilitate sections of pavement
with no additive as a control for comparison. These sections
would otherwise receive the same cement dosage and treatment as the sections treated with additive.

CONSTRUCTION PROCESS
Since very few and slight grading corrections had to be made,
the pavement rehabilitation construction changes can be
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described based on Section 5 on the map shown in Figure 4 as
a typical example.
Step 1: The final levels were set out and a sufficient thickness, depending on the level correction required at that point
to accommodate the base and subbase (up to 350 mm), of the
existing pavement was windrowed (see Figure 7).
Step 2: The exposed material was nominally compacted as
necessary to a minimum of 90% of Mod. AASHTO to serve as
the selected layer.
Step 3: Subbase material was imported from the windrow
(and the borrow pit as required) and spread to level for a
150 mm thick compacted layer and tamped down to facilitate
spreading of the cement stabiliser.
Step 4: The cement stabiliser was distributed to specification by hand (cement pockets), spread and mixed by grader or
self-propelled tiller and compacted to 150 mm thickness at a
minimum density of 95% of Mod. AASHTO. (Density quality
control on this project was done by nuclear radiation instrument.) DCP measurements done on the subbase at a later
stage indicated an in situ equivalent CBR strength of at least
160%, as shown in Figure 6.
Step 5: Basecourse material was imported from the windrow (and borrow pit as required), allowing for level corrections as necessary, and tamped down to facilitate mechanical
distribution of the stabiliser and additive.
Step 6: The cement and additive were spread to specification. The additive was first applied by hand (see Figure 8) and

then the cement (dosage rate controlled) as shown in Figures
9 and 10. The spread rate quality was found to be comfortably within specification on this project. The wisdom of the
proposed method of spreading the additive was initially questioned by the contractor as regards time taken and accuracy.
However, it was found that a team of 12 labourers could cover
900 to 950 m 2 in 1 to 1,5 hours with sufficient accuracy to
result in more than adequate quality control results – 1,8 MPa
to 3,4 MPa UCS with 2,3 MPa average recorded (see Figure 6).
(As stated by the manufacturer, no discomfort or ill effects
were noticed from handling the additive.)
Step 7: The stabiliser with the additive was mixed in by
self-propelled drum tiller accompanied by a coupled water
bowser to a depth equivalent to the loose layer depth for a
compacted 200 mm layer thickness, as shown in Figure 11.
Step 8: The layer was then compacted to thickness and
density specification (in two layers if required) and cured
according to normal cement stabilisation specification. It
must be remembered that slight level corrections or large aggregate drag marks should not be attempted with a thin layer
of windrowed material, especially if cement-treated only. This
will result in a relatively poorly adhered “biscuit layer” which
will show typical block cracking upon drying. It was noticed,
even as early as the next day after stabilisation, that the stabilised layer appeared and sounded much harder than would
be expected at such an early stage and could be trafficked by
construction vehicles without any visible damage. This is an
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If all goes according to current observations
and predictions, this additive might well herald
“crack-free” cement stabilisation and improved
and more economical utilisation of road building
materials in the future. Only future application
and behaviour monitoring with different materials
will decide the outcome of this possibility
advantage of this additive which, in an emergency, could be
utilised to accommodate road traffic. (The general construction progress was about 840 m 3 per day.)
The only evidence of the layer having been cement stabilised, save for some minute hairline and wind cracks in some
areas where overzealous rolling overstressed the moist top
of the layer, was the hard, smooth, scuff and water-resistant
surface of the layer which had a construction control strength
of 2 to 4 MPa with no sign of the typical cement stabilisation block cracking (see Figures 12 and 13). This was a very
welcome observation since the phenomenon of block cracking
has always been one of the major drawbacks of cement stabilisation, which has led to numerous antidotes being developed,
none of them really effective. One of the more logical explanations for the observed absence of cracks in the presence of this
additive seems to be its claimed soil interweaving crystalline
structure, i.e. the formation of a dense soil fabric. It would
indeed constitute a major breakthrough if such cracking could
be prevented or controlled to a higher degree of certainty.
The control section where only cement stabiliser was used
did not have the same keen basecourse surface appearance at the
same age. Some loose material could be broomed off and typical
cement stabilisation cracking was evident, as shown in Figure 14.
Step 9: The base was then primed at a rate of about 0,75 l/m2
and allowed to develop strength. Incidentally, it was noted with
great satisfaction that the prime dried quite evenly and only
penetrated the base by 2 to 5 mm, a sign that the base density
and finish were of a consistent and high quality.
Step 10: A 19 mm plus 9,5 mm precoated chip-and-spray
double seal was then applied. (Since the original pavement
was generally at the same level or higher than the surrounding
ground level, relatively little rehabilitation work had to be
done on the surface drainage other than extending and finishing off pipe culverts as necessary.)

NNNo ill effects were noticed by the workers as a result of handling the PowerCem.
NNThe manual spreading of the additive did not delay construction production.
NNAlthough the project was not aimed at a direct comparison
of design or in situ strength between cement only and cement plus RoadCem stabilisation, the relative ease with
which the minimum design and in situ strengths (Figure 6)
were obtained is a validation of the manufacturer’s claims.
NNThe additive seems to have dramatically decreased the occurrence of stabilisation cracking compared to that of the
control section (cement only), which is a verification of the
claimed soil particle interweaving properties of the additive.
NNThe as-built strength measurements (Figure 6) indicate a
level that may well compete cost-effectively with crushed
stone at this traffic level, especially if no stabilisation
cracking develops or reflects through from the stabilised
subbase.
NNIf all goes according to current observations and predictions, this additive might well herald “crack-free” cement
stabilisation and improved and more economical utilisation
of road building materials in the future. Only future application and behaviour monitoring with different materials
will decide the outcome of this possibility.
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PROJECT STATUS
The contract is expected to be completed in November 2010.
At the time of writing the contract had been running for 11
months, in other words it was 58% completed, and everything
was running according to plan. No delays attributed to material availability were registered. The client, consultant and
contractor are all impressed with the workability and visual
and structural results obtained with the additive.

CONCLUSIONS
The following conclusions were made regarding the use of the
cement additive RoadCem on this road gravel stabilisation
project:
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PROJECT TEAM
The Department of Transport, Roads and Community Safety
of the North West Provincial Government is thanked for their
permission to publish this article. The project team consisted of
personnel from the following organisations:
Client The Department of Transport, Roads and Community
Safety of the North West Province Government
Consultant Mothibatsela and Associates
Contractor Kaulani Civils
Additive supplier PowerCem South Africa

Dr Graham Howell
Principal Engineer and Partner
SRK Consulting
ghowell@srk.co.za

MARKET PERSPECTIVE

Innovation takes place at the

boundaries of disciplines
While on a recent trip to Mali,
SRK’s Dr Graham Howell was
again struck by the importance of
engineering disciplines working
together, and agreed to share
his thoughts with our readers
Throughout scientific and engineering history, major breakthroughs
have taken place when many disciplines
have come together for common benefit
and synergy. Think of the moon landings for example - with a bit of reflection,
I’m sure you could count many “pure”
disciplines that were required to make
that possible. What is more important,
though, was the seamless interaction between the disciplines.
One of those was computer technology which in 1969 was essentially in
its infancy. The computing power in those
days has been likened to what is in your
fuzzy logic washing machine today. But
did that stop the endeavour? Certainly
not! The sense of common purpose drove
the project to a successful conclusion. The
interaction between the disciplines made
it all possible – a colossal feat for the time,
and it still is today. It will serve as a model
for projects now and into the future. We
can learn a tremendous amount about
synergies in business and engineering

from this. The old adage that the ‘whole is
bigger than the parts’ is certainly a truism
rather than a mere phantom of speech.
Harnessing the multiplicity of disciplines in today’s engineering fields is vital
to sustainable development of institutions
and consultancies alike. Within SRK
we have a wealth of diverse talents that
are being beneficially developed to solve
previously insurmountable problems and
to develop new “products” for industrial
purposes mainly in mining and resource
beneficiation.
Let us stop for a moment and consider
how this comes about through the formal
and informal training and experience
cycle. I am a civil engineer by formal
university training and specialise in
geotechnical engineering in soft and hard
ground. My university training covered
mainly the physical sciences (physics
and applied mechanics with pure and
applied mathematics) with a smattering
of chemistry and culminated in subjects
like structural, geotechnical, hydraulic
and transportation engineering which
derive their fundamentals from the ‘base’
subjects. At post graduate level, I was
involved with continuum mechanics and
advanced structural systems which are
stress-field-based, and hence geotechnical
engineering is a direct consequence.
The relationship between structural
and geotechnical systems is therefore
obvious to me, but murky and obscure
to many others. Soil and rock mechanics

are part of the same continuum of natural
materials that are required to be engineered to efficiently support industrial
and commercial development. Geology is
a necessary discipline to understand and
weld the natural processes of mechanical
support, erosion and depositional processes and comminution mechanics together. Similarly, the influences of surface
and groundwater on the structures that
we build are of utmost importance. But
I am not a geologist, nor a groundwater
specialist – I have to rely on experts in
these fields to beneficiate projects – I
need geologists, engineering geologists
and groundwater experts to assist in the
fundamental interpretation. Hence, the
notion that ‘innovation takes place at the
boundaries of disciplines’ – a truism that
is taking place continually.
My colleague, Greg More O’Ferrall,
who is with me on this trip, is a mining
engineer. Like me, his training was also
in the physical sciences initially, but he
has concentrated on mining processes
and management and specialises in hard
rock mechanics, and professes to know
nothing about soil mechanics. I have news
for him – intrinsically he knows more
than he is willing to admit! That’s where
I can help. The two of us together can
cover a wide yet detailed field and come
up with solutions that would elude each of
us individually. Greg says that “working
together is a very beneficial collaborative
endeavour and has allowed us to think
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much more laterally about the project as
a whole rather than be pigeon-holed into
a narrow discipline. Part of the reason
why the South African hard rock mining
industry, in particular, has not evolved
much over the past 110 years, is that the
mining engineers tend not to consult with
other disciplines when designing a mining
layout or method, a practice that has been
inbred over many generations of mining
engineers in the large mining houses.
Therefore, innovative thinking mining
engineers tend to leave the production environment to specialise in other
mining-related disciplines. These persons
eventually develop into strategic development team members, be it in a mining
house or consultancy, as their innovative
thought processes are stimulated by the
interaction with likewise minded individuals from other disciplines.”
Another case in point concerns a
recent trip to Zambia where we needed to
consider a conceptual design for a stream
diversion to protect an existing and new
mine from groundwater and surface
inundation. Our team consisted of Diane,
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a hydrogeologist; Adriaan, a geotechnical
engineer, and myself. In a very curtailed
trip we were able to assess the risk to the
existing underground, comment on the
risks to the new underground and open
cast mine areas, consider the expected
flows in the stream and the aquifers and
produce four conceptual designs to cater
for the eventualities on site. This was
possible because of the interaction of the
three of us and the synergies that this
brought about. Individually, we would not
have had a hope of covering the requirements of the client in such a short time
frame, but collectively we were in a position to respond to the challenges.
Innovation at the boundaries of
disciplines allows an extended degree
of lateral thinking that is not possible
individually. The collective presence
focused on a problem brings insights that
may not surface otherwise. Seeing the
problem first hand is just as important for
the collective as well, since the eye has an
amazing ability of perception that cannot
be adequately described to colleagues
through discussion in the office or by way

of photographs and presentations. To
see is to understand, which should be an
adage for all engineers irrespective of age
or experience. To synergise is to innovate
and develop for the individual, the company, the project and the client.
My role within SRK Consulting,
whether implicit or explicit, is to foster
this ethos. Without innovation and
development, growth on a personal and
business level is not possible, so we will
continue to activate these philosophies
in all the projects we do for the benefit of
our clients and ourselves. It is important
to have sayings such as “Innovation occurs at the boundaries of disciplines” and
“the whole is bigger than the parts”. Each
means different things to different people
through their personal experiences, but
ultimately the collective input drives a
sustainable future.

ADDITIONAL CONTACTS
Greg More O’Ferrall: gmoreoferrall@srk.co.za
Adriaan Meintjes: ameintjes@srk.co.za
Diane Duthe: dduthe@srk.co.za
Tel: 011 441-1111

Rineshree Naidoo
Associate Director
BIGEN AFRICA Services (Pty) Ltd
rineshree.naidoo@bigenafrica.com

BIGEN AFRICA ASKS:

Are Government’s “Breaking New Ground”
mixed-mode settlements addressing the housing backlog?
The aim of Government’s new human
settlements policy is to achieve a nonracial, integrated society through the
development of sustainable settlements
and quality housing that will:
NNaccelerate housing delivery and alleviate
poverty
NNuse the provision of housing for job
creation and spatial restructuring
NNmake property accessible to create
wealth, increase economic growth and
support the residential property market.
The delivery of housing in South Africa
has been a much-debated issue ever since
the promulgation of the Housing Act, Act
No 107, in 1997. Despite Government’s
efforts and the 2,5 million houses built
during the past decade, delivery has not
met demand and the backlog still stands
at approximately 1,8 million houses.
It is evident that in the next decade,
development programmes must make
significant inroads into both the housing
and service delivery backlogs to achieve
Government’s vision for every citizen to
enjoy the safety of a house with access to
municipal services.
In 2004, Government’s progressive
Breaking New Ground development
strategy created an interesting turnaround in South Africa’s housing policy.
Aligned with the achievement of South
Africa’s Millennium Development Goals
for livelihoods, income, water and sanitation, the focus shifted from providing
shelter to providing integrated, mixedincome settlements with low-cost housing
alongside middle-income residences,
where all beneficiaries have the same access to services.
The challenge facing Government
in the implementation of this policy,
however, is to level the playing field
across all levels of Government to drive
cooperation and collaboration, so that
limited resources are optimally utilised.

Municipalities in all categories need the
skills to develop, maintain and administer
housing projects and service delivery, specifically in the planning and implementation of the mixed-use developments.
BIGEN AFRICA projects director,
Steyn van Blerk, currently project manager for the Chief Mogale Integrated
Development in Gauteng, says that “while
Government is responsible for housing
policy development at the national level,
municipalities should drive change at
the local level by ensuring that they have
the skills to meet policy objectives in
a manner that effectively supports the
needs of all the beneficiaries in the affected communities.”
The Chief Mogale Integrated
Development in the Mogale City
(Krugersdorp) municipal area is a flagship mixed-use housing project for the
province in response to Government’s
Breaking New Ground strategy. “BIGEN
AFRICA’s involvement in this project has
convinced us that these developments
can help municipalities to alleviate their
housing and municipal services backlogs.
Our smart business approach of providing ‘best of breed’ engineering skills
integrated with project finance expertise,
programme management, infrastructure
asset management and institutional engineering, seamlessly fits the integrated
approach of the Breaking New Ground
strategy,” says Van Blerk.
The project is a joint development between ABSA, the Mogale City
Local Municipality and the Gauteng
Department of Human Settlements. It
also forms part of ABSA’s housing delivery programme, which supports the
Memorandum of Understanding signed
between Government and the four major
banks in South Africa in response to the
directive of the Financial Sector Charter
to invest in low-cost, affordable housing.

Construction of the first phase of the
civil infrastructure is complete and that of
the first phase of the electrical infrastructure is under way. Construction of the first
phase of the top structures of the development will start in April this year. Not
only is the project addressing the housing
backlog, but it is also providing opportunities for employment and skills training for
approximately 2 000 people, of whom twothirds will be resident within the Mogale
City greater municipal area.
The development will consist of 9 315
residential units, with 4 244 subsidised
units, 2 539 institutional housing units
and 2 532 affordable free-market (bonded)
houses. “The mixed-use accommodation creates variety, flexibility and visual
excitement,” says Rinesh Naidoo, operational manager for the project. “It is also
ecologically sound and will create a sustainable environment for the entire community and across all levels of income.”
Special care was taken to integrate the
existing townships of Azaadville, Kagiso
and Rietvallei to help bridge the economic, service and social fragmentation.
“We combined vision with practicality
and experience, using best practice for
human settlements and customising
solutions for this development. We believe that the result is a unique concept
that complements the surrounding area
and increases the collateral value of the
housing stock.”
The total project development value
is estimated at more than a billion rand,
which will be funded through various
sources of public and private financing.
Not only will this flagship development
reduce Mogale City’s housing backlog
by more than a third, but it will also
provide residents with a wide choice of
housing and tenure options that go well
beyond the traditional concept of providing shelter.
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IN BRIEF

SMALLER, WIRELESS
PILE INTEGRITY TESTER
UNVEILED: PIT-X
Pulse echo integrity testing has for many
years been the method of choice for quickly
verifying the integrity and length of deep
foundations. Pile Dynamics first developed an
instrument to perform this test in 1991 – the
Pile Integrity Tester (PIT). The device became
so popular that “PIT test” is often used in lieu
of “pulse echo test”. The method is also known
as “low-strain dynamic foundation testing”, a
term used in the ASTM document that standardises it (ASTM D5882). The PIT test involves
placing an accelerometer on the foundation
and hitting it with a handheld hammer. The
accelerometer sends data to the PIT; records
are visually evaluated immediately and later
analysed in further detail.
Pile Dynamics has recently launched the
PIT-X, a Pile Integrity Tester that fits in the palm
of one’s hand and works with a wireless accel1

PIT-X wireless pile integrity tester

erometer (no cable connecting it to the PIT). All
functions available on the latest edition of the
PIT-V model have been preserved, including a
built-in Fast Fourier Transform (FFT) feature that
is particularly helpful for detecting the length of
short foundation elements in the field.
The company has also updated the PIT postprocessing/data analysis software, PIT-W, having
recently launched PIT-W 2009 in both Standard
and Professional versions.
Pile Dynamics, who has been manufacturing testing instruments for deep foundations for more than 35 years, is located in
Cleveland, Ohio, USA, and has commercial
representatives on all continents.
INFO
www.pile.com

TRENCHLESS TECHNOLOGIES cc
SCOOPS SASTT AWARD
The Joop van Wamelen South African
Society of Trenchless Technology (SASTT)
Award of Excellence for 2009 was won by the
ABSA energy centre sleeves reticulation project
undertaken by Trenchless Technologies cc.

The works involved connecting ten of
ABSA Bank’s buildings in the Johannesburg
CBD with 100 underground sleeves for electricity, gas, fibre optics, low-temperature hot
water and chilled water.
The ten-month contract had a value of
R13 million. The contract document used was
the NEC3. The project managers were Mokala
Collins/JM Henrey & Associates Joint Venture, and
the consultants were Taemane/SDE and Asak/LC.
Horizontal directional drilling was done
from building basement to building basement beneath the busy CBD roadways at
depths of up to 16 m. Sleeve diameters
ranged in size from 160, 225, 450, 500, 560
to 710 mm using PE 100 PN 8 HDPE pipe. The
160 and 225 mm sleeves were installed in
bundles of 3, 4 or 6 pipes.
The award was presented to Sam Efrat
(managing member) and Marco Camarda
(general manager) of Trenchless Technologies
cc at the SASTT Annual General Meeting by
the outgoing SASTT president, Mr Johann
Wessels. The award ceremony was held at
the regional offices of Johannesburg Water in
Midrand on 2 February 2010.
The ABSA building’s basement floors
were originally designed to support the
weight of a typical sedan car. Consequently
the Terra-Jet 7520’s automatic rod loading
system was removed to decrease the machine weight which was propped from the

1
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floor below to support all areas over which
the drill needed to travel into the required
positions in the basements.
A floor-to-sprinkler height restriction
required the height of all equipment to be
less than 2,1 m. Consequently the Terra-Jet
7520 was further modified by removing the
operator’s cabin, rebuilding the hydraulic
oil tank at a lower position and lowering
the encapsulating bodywork such that the
1

Modified Terra-Jet 7520 drilling

2

Terra-Rock air percussion head

in confined basement

1

2
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remodelled drill resembled a tank with a
height of only 1,8 m.
The majority of the installations were done
in clay, and 20 were in rock. The presence of
the rock necessitated the use of percussive
hammer and rock reamers to expand the holes
to the required diameters.
Lateral support ground anchors were encountered during drilling on 26 of the crossings. The presence and position of these
were unforeseen, and resulted in the entanglement of drilling equipment in several
instances. Drilling tools were pulled, pushed
and rotated until they came free or broke

the ground anchor cables. In two instances
the entangled cable would not break and
an oxy-acetylene cutter was modified and
inserted in the bore to cut the cable and free
the drilling tools.
To gain access to the drill face, coring to
remove concrete lateral walls from 300 to
500 mm thick was required.
Containment of the large volumes of
bentonite and spoil was necessary as the
basements are maintained in a pristine condition and are in daily use. This was made
possible using specially constructed tanks
and brick burms.
The removal of bentonite to the surface
was one of the greatest challenges the
project faced. Initially pumping, which is
by far the preferred method of spoil removal, did not look feasible. This was due
to the extremely long pipe lengths (up to
600 m) that would have been needed to
remove the bentonite from basement to
basement up the vehicle ramps. However,
at the planning stage the idea was put
forward to core holes through the slabs
and to enable vertical pumping along
the shortest route which would reduce
pumping lengths to less than 200 m.
For the first six months of the contract no
drilling was allowed during the “freeze period” from the 26th of the preceding month
to the 5th of the following month. This was to
prevent any potential damage to cables and
infrastructure during the busy end-of-month
banking period. This resulted in a very tight
work schedule requiring crews to work day
and night shifts seven days a week.
The drilling equipment had to
be located on either side of the walls
through concrete and rock at depths of
up to 16 m. Trenchless Technologies used
Radiodetection’s itrack system to track the
equipment horizontally from the basements
on either side of each crossing.
The confined access to the basements
via vehicle ramps required short 6 m lengths
of HDPE pipe to be individually transported
down into the basements where they were
butt-welded into long continuous lengths for
installation. In the Museum the only access
was by means of a lift and pipe lengths were
limited to 3 m. Here, and in other confined
storage areas and plant rooms, the bentonite
was collected in tanks and wheeled out in
“wheelie” bins.
In two instances the HDPE pipe was hammered into the completed bore from the drill
machine side in a pipe ramming operation, as
there was no access to pull the piping in from
the opposite side of the bore.

The installations were exceptionally deep,
which precluded conventional excavation
methods. There was no damage to roadways
and existing buried infrastructure, nor was
there any disruption to pedestrian and vehicular traffic in the busy CBD area. Cost savings
were also significant when compared to other
possible methods.
Horizontal directional drilling (HDD) allowed the insertion of the preferred HDPE
sleeves without the installation of a temporary pipe or permanent rigid pipe, followed
by the HDPE pipe installation. HDD required
no thrust abutment wall and also allowed
adequate steering accuracy. The equipment
is self-propelled and capable of drilling in
a wide range of soil types including clay
and rock. It is also sufficiently compact and
manoeuverable to be able to operate in the
confined basement spaces.
INFO
Sam Efrat
Trenchless Technologies cc
083 212 4888
sam@trenchless.co.za

MINING ALIVE AND WELL SAYS
NEW WITS SCHOOL HEAD
Wits University has a new head of its School
of Mines, and he gives short shrift to any suggestions that mining may be a dying industry.
Prof Fred Cawood, new head of the School of
Mining Engineering, University of the Witwatersrand

Professor Fred Cawood, who has taken over the
reins this year, says that mining has actually not
seen better days.
He says that negative perceptions about
the state of the industry are not hard to understand: “Mining is not called a boom-and-bust
industry for nothing. Reserves run out at a
specific geographic location under specific
economic and technical conditions.” But this
only underlines the vital role of universities in
the supply of skilled graduates – in geology,
for instance, to find new ore bodies, and in the
case of mining engineers, to enable them to
work smarter so that we can sustain mining as
a business.
Prof Cawood leads the discipline of
mine surveying at the school and is currently
President of the Institute of Mine Surveyors
of South Africa. His work on mining royalties
has had a significant impact in South Africa:
the National Treasury based the country’s new
royalty system on the formula he developed in
his doctoral thesis.
As well as publishing widely on mineral
resources management, mine surveying and
mining policy matters, he co-authored the 2006
World Bank Mining Royalties book – a comprehensive guide to the collection and management of royalties internationally.
His contribution is also felt throughout
Africa. As a member of the United Nations
International Study Group, he has helped develop strategies for the improved use of mineral
resources in Africa. And within the Southern
African Development Community (SADC), he
assists several governments in mining policy
and taxation matters.
Judging by the school’s student numbers, it
is hard to disagree with Prof Cawood about the
interest in mining’s future. Last year, some 468
undergraduate students and 285 postgraduates were enrolled; this year, over 200 students
registered to do first-year studies (straining the
department’s official capacity of about 150).
While the school develops strategies to
deal with the demand for training, the industry
expects a constant flow of expertise to fulfil the
demands of a modern and constantly changing
work environment.
His main challenge is to find and retain
the best staff possible, in line with the rising
number of students – no mean feat, as industry
will lure away experts whenever the economic
cycle favours mining expansion. “We have to try
to attract staff when industry is retrenching, and
then have a retention strategy to prevent high
staff turnover when the industry is experiencing
boom times,” he says.
This year the school will benefit from
having six professors provide academic

strength to the lecturing staff. Professors
Phillips and Minnitt are still in the school, while
Professor Nielen van der Merwe, former head
of the Mining Department at the University of
Pretoria, joined the school as the Centennial
Chair of Rock Engineering at the end of
January. Professor Dick Stacey is still lecturing
students in a part-time capacity. The services
of Professor May Hermanus and Dirk Bakker,
both former Chief Inspectors of Mines, have
also been secured through the Centre for
Sustainability in Mining and Industry (CSMI),
which is an important part of the school’s future research plans.
The danger, says Prof Cawood, is that if
classes are allowed to grow without concomitant staff resources, the result will inevitably
be a higher drop-out rate. The school is
already working on ways to keep more students moving successfully from one year to
the next, and has enlisted the sponsorship
of the SA Institute of Mining and Metallurgy
among others for tutors, extra copies of crucial books and vital equipment.
Nowhere is the commitment to growing
the school’s capacity more evident at the
moment than in the building works that characterise the Wits campus – a fourth quadrant is
being added to the Chamber of Mines Building
and existing space is being renovated.
Despite the difficulty in attracting staff
in the current environment, Prof Cawood is
positive about the school’s ongoing contribution to transformation at the university, in the
industry and in society. “Our student body
has changed from nearly all white to nearly
all black, and from almost exclusively male to
more than 30% female,” he says. “Judging by
the interest from school leavers in mining as
a career choice, I am convinced that we will
have a significant mining industry for a very
long time to come.”
INFO
Sally Braham
sally@sbpr.co.za

ASH RESOURCES LAUNCHES
“NEW GENERATION”
CEMENT EXTENDER
Ash Resources has introduced a new improved performance-classified fly ash, DuraPozz
Pro, to the local market.
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The company’s products, which for more
than 30 years have been successfully used as
cement extenders, are by-products from the
generation of electricity at Eskom coal-fired
power stations.
John Sheath, Strategy and Marketing
Manager for Ash Resources, says the new cement
extender, DuraPozz Pro, which is produced at the
Ash Resources plant at Matla in Mpumalanga,
“takes the unrivalled performance and track
record of Ash Resources’ classified fly ash,
DuraPozz, to new heights – at no extra cost to
the end-user.”
Sheath explains: “DuraPozz Pro is a ‘new generation’ classified fly ash for high-performance,
high-durability concrete. It has been designed
and developed for the professional end-user
who requires concrete with added strength and
durability.”
Some of the many benefits of DuraPozz Pro
include:
NN Improved concrete workability and water
reduction as a result of its fineness, spherically
shaped particles and unique particle size
distribution
NN DuraPozz Pro concrete, with its lower watercement ratio, has decreased permeability
which results in reduced chloride and sulphate
attacks and reduced alkali-silica reactivity
NN The lubrication action of the new product
reduces water content and drying shrinkage
in concrete
NN Higher strength evolution over time
The product is suitable for use by concrete
professionals across the whole of the concrete
industry.
DuraPozz Pro particle size is a finer grade
than required by SANS 1491:Part 2 Portland
Cement Extenders: Fly Ash specification. “The
concentration of the extremely fine – and
1

Ash Resources’ new DuraPozz Pro classified fly

ash is produced at the company’s Matla plant
1
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spherical – particles results in more dense and
durable concrete,” says Sheath.
He says that DuraPozz Pro provides the following advantages in fresh or plastic concrete:
NN Reduced water content
NN Improved workability
NN Increased pumpability
NN Better concrete compaction
For hardened concrete, the benefits include:
NN Increased strength gain over time
NN Lower heat of hydration
NN Reduced shrinkage
NN Reduced permeability leading to improved
durability
NN Smoother, more attractive finishes and aesthetics
“By taking the fly ash from Eskom’s bituminous
coal-fired power stations, and engineering this
by-product’s beneficial use, Ash Resources products – such as carbon-lean DuraPozz Pro – rank
high in the quest for sustainable construction
and the reduction of greenhouse gas emissions,”
Sheath adds.
INFO
John Sheath
011 886 6200
www.ashresources.co.za

LOCAL RETAINING BLOCK
ASSISTS WITH UPGRADING
OF INFORMAL SETTLEMENTS
In March 2009, Cape Retaining Systems,
the Cape-based retaining block manufacturer and Terraforce licence holder, was
approached by Requad Construction to

reclaim more habitable surface area for
building low-cost homes near Kayamandi,
an informal settlement in the vicinity of
Stellenbosch. After some consideration,
Terraforce retaining blocks were decided
on, as they provide a cost-effective, yet
durable method for creating platforms and
road/sidewalk support on the old farmland
earmarked to provide 380 emergency homes
to families who are currently living on what
will eventually become the parking area for
the upgraded Kayamandi sports field and
Tourism Centre.
Says Henk van Renssen, project engineer
with Arcus Gibb, the engineering and science
consulting company involved in the project:
“The site, called TRA2 (Temporary Relocation
Area 2), forms part of the bigger Watergang
Housing Project and will soon be home to
380 families who need to be relocated so
that urban upgrading can take place in the
area. The homes, for now consisting of basic
wooden structures, will eventually give way
to 100 permanent homes. The goal is to
provide more formal housing in the long run,
while improving the general environs.”
The retaining blocks used at the
Kayamandi site were pioneered by Terraforce
– a Cape Town-based precast concrete
licensor – 30 years ago and represent one
of the most energy-efficient segmental
retaining wall systems. Says Jeremy Leighton
of Cape Retaining Systems: “What makes this
product so popular in the industry is that
the blocks require low hardware input for
manufacture, and have low transport costs
and low inventory requirements at sales
outlets. They are hollow, yet strong enough,
and require less concrete to do the job when
compared with solid block systems, which of
course saves money.”
He adds that: “Concrete retaining walls
constructed using the Terraforce system are
easily formed into complex curved shapes or
into walls in which the upper and lower profiles are continuously changing. The system
also allows you a choice between round face
(plant supportive) or flush face (smooth or
split version) to suit specific requirements.
Above all, they present a closed vertical surface structure that provides the maximum
amount of soil mass within the wall, which
prevents backfill spillage, while at the same
time offering uninhibited permeability.”
The first concrete foundations at
Kayamandi were laid in November 2009. Each
of the three walls is fitted with a 110 mm subsoil drainage pipe that runs along the entire
length of the wall and exits through weep
holes cut into individual blocks at regular

intervals. As the walls were built up, a sand
drainage layer of 500 mm was filled to the top
to prevent possible damming up of water.
A similar project using Terraforce blocks
was initiated by the Swaziland Ministry
of Urban Development to provide urban
upgrading in the suburbs around Mbabane,
where steeply sloping and easily erodible
topography in a high-rainfall area posed
some unique challenges to the local town
planners. To prevent further serious damage
to the environment, remedial measures were
carried out, using manual labour as much as
possible. Terraforce L11 blocks and Terracrete
hard lawn blocks, supplied by Milito Precast
of Manzini, were found to be ideal for providing the following:
NNStormwater drainage channels (Terracrete
blocks), filled with soil or soilcrete, depending on the anticipated velocity or
volume of water flow
NNCascades, stilling basins and small diversion weirs, filled with soil or concrete as
required
1

A Terraforce wall creating a level

NNGravity retaining walls as and when
required for road widening or improved
stormwater drainage
NNDrift crossings and weirs across small
streams
NNHard surfaces (Terracrete blocks) at various
strategic locations for parking refuse collection bins.
According to Michael Toepfer, owner of
Milito Precast, Terraforce products provided
cost-effective, environmentally sound solutions, as well as job opportunities: “The
blocks are manageable enough to allow
manual labour to be used to install them
and many unemployed locals managed to
find work during the construction period.
Because lots of smaller walls were built,
no heavy machinery was required and the
locals, armed with a shovel and pick, were
able to lay the blocks themselves. The
workforce came directly out of the informal
settlements, and they were monitored and
trained by recommended contractors and
supervisors.”
INFO

platfrom for emergency housing and roads

Karin Johns

in Kayamandi, Stellenbosch. Here the wall

Marketing Manager – Terraforce

runs around a stormwater drain

karin@terraforce.com

CITY OF CAPE TOWN LEADS
THE WAY IN SERVICE DELIVERY
The City of Cape Town has once again
been rated as the top metropolitan municipality in South Africa for service delivery
by Empowerdex, South Africa’s leading
economic empowerment rating and research agency. This annual survey measures
delivery in the areas of housing, water,
electricity, waste removal and sanitation and
covers 231 local, 46 district and 6 metropolitan municipalities.
In keeping with its policy to continuously maintain and escalate its high levels
of performance, the City has acquired fully
integrated infrastructure design software
platforms to the value of R1,74 million.
The software, developed and supplied
by Knowledge Base, has been used in the
design of significant infrastructure projects
in the city such as the Green Point Stadium,
M5/Koeberg Interchange, IRT System and
Hospital Bend.
After an extensive evaluation of the
Knowledge Base software and its competitor products, Civil Designer & AllyCAD

1
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1

1

Cape Town – rated by Empowerdex

as the top metropolitan municipality
in South Africa for service delivery

were selected to help develop the capacity
and performance of the City’s in-house design team in an effort to reduce outsourcing
costs, and to optimise time and project
management.
Civil Designer is a software platform that
consists of a suite of fully interactive design
modules that combine to form an integrated
data gathering, drawing, surface modelling
and design system for civil engineering
infrastructure. AllyCAD is an intuitive, userfriendly 3D draughting package with specialised toolkits for the architectural, surveying
and engineering fields.
With 2010 infrastructure development
on track, the City will use the software applications in the rollout of similar exciting
projects in the future.
Says CEO of Knowledge Base, Vincent
Bester, “This is an exciting partnership and
we are very happy to have the City of Cape
Town come on board. We look forward to a
long and prosperous relationship and further
congratulate the City of Cape Town on their
excellent performance in terms of service
delivery.”
INFO
Knowledge Base Software
www.knowbase.co.za
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UPDATED PERMEABLE
PAVING DESIGN SOFTWARE
AVAILABLE FROM THE CMA
Updated versions of PermPave, software
used for designing permeable concrete
block paving (PCBP) surfaces, and LockPave,
software used for designing conventional
concrete block paving (CBP) surfaces, are now
available from the Concrete Manufacturers
Association (CMA).
1

The effectiveness of a PCBP system can be

seen in this example at the Grand Parade in
Cape Town – PCBP surface in the foreground
contrasting with conventionally paved surface
1

PermPave Version 2.1 and LockPave
Version 18.1 are available on a single disc at
no charge to existing users and at a nominal
R500,00 for new users.
First launched in 2008, PermPave is a software package aimed at assisting civil engineers
and landscape architects in the design of
PCBP systems. LockPave was first launched in
the 1990s for the design of CBP systems. Both
packages were authored by Dr Brian Shackel,
but PermPave was developed in collaboration with Professor Simon Beecham of the
University of South Australia.
Both systems can be used for various
paving products and locations, and this provides considerable design scope. PermPave is
programmed with South African rainfall data
and allows for the further downloading of local
climate and rainfall information.
“It facilitates the selection of paving
blocks best suited to a particular application.
Moreover, it allows water requirements and
volumes to be specified, either for storage and
re-use or for replenishing underground water
tables,” advises Shackel.
Based in Sydney, Australia, Dr Shackel has
worked on many projects worldwide as a consultant for asphalt paving, block paving and rigid
concrete pavements. He is a recognised authority
on CBP and is the author of numerous research
papers and three books on this topic. His work on
CBP surfaces won him an Award for Excellence
from the Concrete Institute of Australia.
Professor Beecham is currently Professor
of Sustainable Water Resources Engineering in
the School of Natural and Built Environments
(NBE) at the University of South Australia and
has been working with UNISA’s Water Science
and Systems Centre.
.
INFO

Pam (at CMA)
011 805 6742
main.cma@gmail.com

SAICE AND PROFESSIONAL NEWS

More courses from the

Candidate Academy
The newly launched Candidate
Academy will roll out its next
two new courses in May and
June to support graduates with
the transition from theory to
application in the workplace

The courses are offered by well-experienced engineers and experts in their field,
who bring not only great technical depth
but also a keen understanding of the real
world of engineering in South Africa –
bringing to life the range of challenges
and solutions faced in the workplace and
community.

BASICS OF MANAGING CONTRACTS
The two courses focus on the management of contracts, and on pressure
pipeline design. The Academy’s courses
are practical, hands-on and relevant to
the workplace context. Moving away from
the mode of ‘passive reception’, candidates
are involved in ‘active learning’, which
cultivates wisdom and prepares them to
be discerning, responsible and imaginative
practitioners. They learn to apply theory by
guided practice, which makes them ready to
tackle real jobs back in the workplace.

‘Basic Contract Management and Quality
Control’, presented by experienced engineer
and contractor Theuns Eloff “will help
candidates to understand the complexity
of contract administration and the importance of quality control,” says Theuns. “The
many hands-on exercises in this course will
allow candidates to return to the workplace
capable of drawing up tender documents,
payment certificates and monthly control
documents vital for ensuring that the company's or client's interests are taken care of.”

This three-day course includes an
analysis of the role players in civil projects
(clients, contractor, consultants, project
managers, etc), supply chain, and the procurement and tendering process. Theuns
takes candidates through activities such
as drafting a tender document and compiling a payment certificate.
Other activities include filling in a
site diary after an incident, and compiling
the tests required for pouring of concrete.
He examines the range of procurement
documents in detail, and takes candidates
through the monthly activities involved in
administering a contract – including occupational safety, payments, supervision issues,
plant management and time extensions.
He also looks at quality assurance,
getting candidates familiar with
quality control and management
issues, specifications and work ethics.
Understanding the completion certificate
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and the defects liability period helps to round
off this course, giving candidates a thorough
outline of this complex area of knowledge
(see below for course dates and venues).

These options are particularly valuable
where supervision or mentoring capacity is
not immediately available in the workplace.

BASIC PRESSURE PIPELINE DESIGN

When considering sending a candidate on
any of the Academy courses, employers
should first be sure that the candidate is
due to start a project or phase of a project
relating to the course content.
“It would be ideal for candidates to
have detailed workplace training plans,
so that their attendance at these courses
coincides with related workplace activity,”
says Allyson Lawless, who has been instrumental in setting up the Academy.
“Before candidates attend courses, supervisors need to brief them on their next
assignment so that they can ask meaningful questions and ensure that they
understand all processes before returning
to the workplace.”
Before the course, the Academy also
supplies notes on the course to workplace
supervisors, so that candidates are well
prepared and so companies can ensure
that they reinforce the learning process
through appropriate experience. This
integration of training with actual workplace responsibilities is key to the effectiveness of the training.

In June, the Academy begins with its
course on basic pressure pipeline design,
presented by experienced engineer Pieter
de Waal. This two-day course covers basic
pressure pipeline design, taking candidates through first principles, selection of
appropriate materials and fittings, how to
read and interpret pump duty curves, and
the construction process. Many hands-on
exercises and presentations by suppliers
will ensure that candidates understand
the parameters which must be considered
when designing a pipeline (see below for
course dates and venues).

VALUABLE ADDITIONAL SUPPORT
In addition to the course itself, employers
can also choose one of two add-on services (at an extra charge) that will further
reinforce the integration of learning into
the workplace environment:
NNCourse and assignment option: The candidate may elect to complete a detailed
assignment set by the Academy after
the course. This will be assessed by the
presenter, who will offer additional input
and direction based on the submission,
thus reinforcing and enhancing the
learning experience in the course.
NNCourse and workplace support option: Instead
of assisting and advising candidates
with a hypothetical assignment, the
presenter can also be made available
to assist the candidate with a real, live
project to ensure that what has been
learnt is correctly applied in practice.
(This option offers an additional five
hours of support, including travel, and
is only available in Gauteng at present.)

WHEN TO ATTEND?

MORE INFORMATION
For details of courses, activities and dates,
please click on the Candidate Academy icon on
the following websites:
www.civils.org.za
www.cesa.co.za
Or contact the following people:
Dawn Hermanus (SAICE)
011 805 5947
dhermanus@saice.org.za
Brenda Lacey-Smith (CESA)
011 463 2022
brenda@cesa.co.za

Course: Basic Contract Management and Quality Control
Date

Venue

3 – 5 May 2010

SAICE National Office, Midrand

17 – 19 May 2010

Cape Town (venue to be advised)

26 – 28 July 2010

Durban (venue to be advised)

23 – 25 August 2010

SAICE National Office, Midrand

Course: Basic Pressure Pipeline Design
Date

Venue

1 – 2 June 2010

SAICE National Office, Midrand

20 – 21 Sept 2010

Durban (venue to be advised)

11 – 12 October 2010

SAICE National Office, Midrand
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New SAICE

Fellow
Bruce Raath attended the Durban
High School and graduated from
the University of KZN. His career
embraced several different disciplines
and culminated in a partnership
at Contest Concrete Technology
Services. He recently retired from the
C&CI (Concrete and Cement Institute)
where he ran the education division.
He was closely involved with the
Durban Branch of SAICE and served
many years as secretary. He is still active in the SAICE and sits on the JSD
committee. He holds qualifications
from the Association of Arbitrators,
as well as the Advanced Concrete
Technology Diploma awarded
by Imperial College, University of
London. He is currently consulting in
all aspects of concrete technology
and usage, and is also training young
engineers. He is married to Judy and
the couple have two children.

2009 winner: ‘Heavy Weight’ Photographer: Kevin Wright
Submitted by Gautrain

PHOTO TITLE __________________________________

E-MAIL________________________________________

TEL_______________________ FAX________________

______________________________________________

ADDRESS______________________________________

NAME_________________________________________

This section must be completed by the person submitting
the photo/s

Entry Form

1.
2.
3.
4.

DESCRIPTION__________________________________
The competition is open to the general public to submit photographs.
It is essential that entries portray people and/or projects in civil engineering.
______________________________________________
Photographs will be judged in ONE general category only.
Entries must be colour prints and in A4 size. Please supply electronic copies of the
PROJECT INFO ________________________________
print/s in jpeg format, 300 dpi.
5. Entires can be submitted electronically, but need to be printed in A4 and colour for
______________________________________________
adjudication purposes.
6. Please complete an entry form for each entry and supply an appropriate title & short
PHOTOGRAPHER_______________________________
description of each project. It is essential that the photographer’s name is included.
(Name and surname of the photographer to be inserted)
7. Please supply details of the client, consultant and contractor involved in the project.
This section must be completed by the photographer
8. The entrant is responsible for obtaining permission for the use of the photographic
or the company that owns the photo. If you are not the
material as well as subject material from the authority or project manager concerned.
photographer or if you are submitting the photograph
9. Entries submitted by organisations must be accompanied by written consent of the
on behalf of a company owning the photograph, please
photographer.
sign ‘on behalf of’.
10. Permission for the reproduction of photos for any exhibition or publicity is assumed
I hereby grant permission for reproduction and agree to
unless the entrant specifies otherwise. Due recognition will be given to the
abide by the rules of the competition.
photographer where required.
11. No responsibility will be accepted for any loss or damage to entries.
Signature:__________________________________
12. Closing date: 3 August 2010
Please complete the entry form and send to: Private Bag X200, Halfway House, 1685. Fax: (011) 805 5971. This form is available on the SAICE website:
http://www.civils.org.za/portals/0/pdf/pc/pc-entry-form.pdf

Rules

Competition

SAICE
Photo

Date

Event and CPD
validation number

Presenters

Contact details

25 May Cape Town
10 August Johannesburg
21 September East London

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

Greg Parrott

Sharon Mugeri
cpd.sharon@saice.org.za

26 May Cape Town
11 August Johannesburg
22 September East London

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

Greg Parrott

Sharon Mugeri
cpd.sharon@saice.org.za

29 April Johannesburg
07 May Cape Town
14 May Durban
21 May East London
28 May Port Elizabeth

Structural Failures
SAICEstr09/00596/10

Tony Aimer

Sharon Mugeri
cpd.sharon@saice.org.za

05-06 May Durban
16-17 August Cape Town

Technical Report Writing
SAICEbus09/00427/12

Karl Von Buddenbrock

Sharon Mugeri
cpd.sharon@saice.org.za

11-12 May Cape Town
25-26 May Port Elizabeth
27-28 July Bloemfontein
07-08 September Durban
12-13 October Cape Town

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

Wolf Weidemann

Dawn Hermanus
dhermanus@saice.org.za

13-14 May Cape Town
29-30 July Bloemfontein
09-10 September Durban
14-15 October Cape Town
17-18 November Johannesburg

Business Finances for Built
Environment Professionals
SAICEfin08/00405/11

Wolf Weidemann

Dawn Hermanus
dhermanus@saice.org.za

20-21 May Cape Town
22-23 September Durban

Finance for Non-Financial Managers
SAICEfin10/00638/13

Tony Lydall

Dawn Hermanus
dhermanus@saice.org.za

31 May Cape Town
13 September Pietermaritzburg
23 November Johannesburg

Bridge Maintenance
SAICErail09/00495/12

Ed Elton

Dawn Hermanus
dhermanus@saice.org.za

01-02 June Cape Town
14-15 September Pietermaritzburg
24-25 November Johannesburg

Basics of Track Engineering
SAICErail09/00496/12

Ed Elton

Dawn Hermanus
dhermanus@saice.org.za

15-16 September East London
08-09 September Johannesburg

Project Management and MS
Projects Hybrid Course
SAICEproj09/00586/12

Karl Von Buddenbrock

Sharon Mugeri
cpd.sharon@saice.org.za
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For more information on courses, venues and course outlines please visit http://www.civils.org.za/courses.html or contact cpd.sharon@saice.org.za

Access to Draft South African Standards
From 1 February 2010 Draft South African
Standards, i.e. Draft for Comment at the
public enquiry stage, will be available free
of charge (electronic versions only) from the
SABS, subject to formal request.
The person, company or organisation requiring a Draft South African Standard (DSS)
has to complete an online requisition form
stating the DSS required, name and surname,
e-mail address, telephone number, name
of company or organisation (if applicable),
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postal address, reason why DSS is required,
whether the person, company or organisation is a client of SABS Commercial, and the
nature of the industry. All of the above fields
are mandatory.
Requests for Draft Standards in hard
copy must follow the same requisition
process. Cost for hard copy will be R250 (a
flat cost recovery rate) plus VAT and postage.
The price will be subject to the annual price
adjustment.

Address to access the requisition form:
www.sabs.co.za/index.php?page=standardsdraft

Further information:
SABS Information Services
012 428 6666
info@sabs.co.za

