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Franki Africa at sea again 2

oN THE coVEr
Franki Africa, part of the JSE-listed 
Esorfranki group, has again demon-
strated its skills in providing geotechni-
cal engineering solutions in the marine 
environment, this time in the construction 
of a temporary jetty and cofferdam for the 
extension into the sea of Durban’s Sandile 
Thusi Road stormwater outflow pipe 
where Esor Africa is the main contractor
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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 installa-
tion 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 expan-
sion 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 

demanding R213 million Transnet-
designed 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 stable-
mate in the esorfranki group.

franki did the temporary works and 
piling 20 years ago, when the original out-
flow 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 perma-
nent 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 

O N  T H E  C O V E R
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several factors complicate the production 
process and make accuracies very chal-
lenging,” 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 equip-
ment, 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 advan-
tage of easily providing a supporting 
member to structures located in the sea.

The temporary cofferdam was built 
with interlocking steel sheet piles, in-
stalled by using the cranes positioned 
on the jetty. These piles were specifi-
cally procured to meet the exact speci-
fications 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 f luctuating 
and significant forces of the ocean,” 
says hofmann.

“Steel sheet pile walls are the most 
widely used wall element in quays, jetties, 

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 

1  View of the sheet pile 

cofferdam prior to closing
2  Placing of sheet pile during 

the nose cone construction

2
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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 

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 pre-
cast piles were installed using a steam-
operated 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 ce-
ment content must be at least 450 kg per 
cubic metre, which gives some idea of the 
quantity of cement needed for the job!”

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

3  The nose cone fulfilling its purpose
4  The precast piles ready for installation
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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
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O P I N I O N
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SAICE Outreach 
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Are we jolly good  

Fellows?
a Common ComPlainT raised at 
every strategic session in every engi-
neering 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 profes-
sionals 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 appro-
priate and perfectly legal right to call 
ourselves engineer or Technologist or 
Technician, although it is generally ac-
cepted 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 in-
dividuals 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 recog-
nise 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 en-
deavour 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 
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Lorraine Fourie   
lfourie99@telkomsa.net 
012 343 1434

P R O F I L E

a bull terrier  
on a problem

sHarPENiNG THE FacUlTiEs
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 swim-
ming 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 engi-
neering grew steadily under the guid-
ance 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 pro-
grammer, which was quite a novel thing 
in those days.” 

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 

1
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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 engi-
neering 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 interac-
tion, 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 re-
turn 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 con-
viction. 

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

2

3
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EVEr BroaDENiNG THE scoPE
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 pro-
gramme 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 un-
derstanding 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 consul-
tancy, 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 meas-
ured water levels and ground movements 
there throughout construction.” also care-
fully monitored for five years was the settle-
ment 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 founda-
tion 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 in-
stallation, 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 edu-
cation. 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 them-
selves 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 three-
month contract extended to two years and 
eventually three. malcolm was involved 
mainly in controlling and measuring set-
tlement 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 con-
dition 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 

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
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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 geo-
technical engineer on the understanding 
that he would be employed strictly in a 
consulting capacity without any manage-
rial 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 repre-
sented the contractor saw it as just another 
risk management problem, whereas South 
african engineers tended to factor in their 
personal experiences of the consequences 

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 super-
vising 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 em-
bankment on which the track would run 
– after dynamic compaction of the under-
lying 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 treat-
ment, as in the process of dynamic com-
paction; 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 

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.”

coNTriBUTiNG To HiGHEr lEarNiNG
in april 2008 malcolm exchanged the con-
sulting 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 en-
gineering 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 sat-
isfying 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 be-
came 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 ef-
fective 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 

4
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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 foun-
dations 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 im-
plementation, 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 sea-
sons, and a good example to follow.” 

5

6

4  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) 

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
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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).

isoTroPic coNsoliDaTioN
figure 1 illustrates a saturated clay sample which is drying (to the at-
mosphere) 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 undis-
solved 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 
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G E O T E C H N I C A L  E N G I N E E R I N G

Using atterberg limits to predict the expansion of clays
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
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positive value as the sample dries out, and this causes the sample 
to decrease in total volume. The author prefers to call this effec-
tive 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 compres-
sion 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).

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 pres-
sures 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 

Using atterberg limits to predict the expansion of clays

σ’

σ’v

h
.Pore
Pressure
u (-ve)

1 2

1   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
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:

li = (w% – Pl%)/(ll% – Pl%) (3)

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 cor-
responds 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 wx.
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.
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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
6  Note that the slope of the swelling curve is the same at X1 and X2, 

hence the same equation (Eq (8)) can be used on either swelling curve 
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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 alterna-
tive methods exist for estimating the suction prior to wetting.

assume that the water content wx% 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):

w% =  wx% + {C.Pi%/(a.log R)}.(log u*x – log u*) (5)

log u* =  log u*x – {a.log R/(C.Pi%)}.(w% – wx%) (6)

for simplicity we may use
C = 1,6 and a = 6 (7)

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) (8)

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):

e
1+eo 

(as a percentage) = 
wc% (from eq (8))
(1/Gs) + (wo%/100)  

(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 

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)).

coMParisoN BETWEEN THEorY aND PracTicE
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 sam-
ples 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.  

EXaMPlE 1 – UsiNG scHrEiNEr’s claY (sa-13)
Schreiner’s tests were performed on soil samples which were ini-
tially 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 wet-
ting 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).

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 LL% PI% SL% R Measured  
e/(1+eo)

Calculated 
Equation (9)

SA-1 39% 23% 15% 113 6,0% 7,6%

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

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

e
1+eo  

(as a percentage) = 
wc% (from eq (8))
(1/Gs) + (wo%/100)  = 

8,33
(1/2,7 + 10/100)

 = 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 iso-
tropic 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 per-
centage 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 ma-
terials. 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 effec-
tive 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 

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).

EXaMPlE 2 – coMPariNG ariD aND WETTEr rEGioNs
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 con-
crete 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 
f looding 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 ne-
glect 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).
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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:

e
1+eo  

(as a percentage)  = 
wc% (from eq (8))
(1/Gs) + (wo%/100)  

= 
4,536

1 / 2,7 + 22/100   
 = 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 esti-
mate 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 Ka 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 settle-
ment = 5,85%. The soil settles.

This foundation in the wet climate will settle due to the foun-
dation 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* ex-
ceeds 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 pre-
dicted 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 de-
nominator of eq (9).

5)  equation (8) not only applies to expansion, but also to settle-
ments 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)  Some 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 ma 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 iso-
tropic 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 

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 fol-

lows:

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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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 develop-
ment 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 sum-
marises collapsible soils from an inter-
national perspective and then focuses 
on the testing and modelling of collaps-
ible soils from southern africa. 

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 clas-
sical 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-recog-
nised group, as, to a lesser extent, do the 
Berea Red Sands of the southern african 
east coast.

The definition may be further ex-
tended, arguably, to include the subma-
rine 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 col-
lapsible 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:

an open structure N

a high void ratio N

a low dry density N

a high porosity N

geologically young or recently altered  N

deposit
high sensitivity N

low interparticle bond strength N

The most common recognition test, other 
than visual assessment, is the single oedom-
eter 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 

Prof Eben Rust   
Dept of Civil Engineering 
University of Pretoria  
eben.rust@up.ac.za 
 
Prof Gerhard Heymann   
Dept of Civil Engineering 
University of Pretoria 
gerhard.heymann@up.ac.za

Prof Gary Jones   
Dept of Civil Engineering 
University of Pretoria
Tel: 011 441 1128

Collapsible soils 
an overview

Collapse potential in unsaturated 
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that time. Since then, international 
researchers have expanded on the 
understanding of what collapsible 

soils might entail. These include 
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density for aeolian sands and soils of mixed 
origin, attributed to Schwartz and Pavlakis 
respectively. These relationships are repre-
sented by the following equations:

aeolian sand: 

CP =
 
1672– ρd

22  (1)

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

mixed-origin soils: 

CP = 
1590– ρd

18,9  (2)

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

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/m3 are generally 
not collapsible. The coefficients of cor-
relation 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 nu-
merous 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/m3 
would not be expected to have collapse 
potentials of greater than 1%.

saMPliNG aND TEsTiNG  
oF collaPsiBlE soils
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 sam-
pling 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 recom-
mended 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 bed-
ding 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 particu-
larly prone to bedding errors.

Table 1 Collapse potential test categories

Cp (%) Severity of problem

0 – 1 No problem

1 – 5 Moderate trouble

5 – 10 Trouble

14 – 20 Trouble

> 20 Very severe trouble
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heymann (2000) and Rust et al (2005) 
described a test for measuring the col-
lapse behaviour of soil in a triaxial appa-
ratus. 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 al-
lows 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 instrumenta-
tion 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 parti-
cles 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 mate-
rial 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.

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 concep-
tual and no attempt was made to quantify 
any of the parameters. it is suggested that 
future research could be aimed at con-

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, electro-
static, 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 sat-
uration, a change in pore fluid suction and 
a change in total stress may not necessarily 
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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 intergran-
ular 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, re-
sulting in an increase in effective stress and 

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 con-
sequence 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 

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 compo-
nents 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 “struc-
tured” 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 effec-
tive 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 suffi-
ciently 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 as-
sumed 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.
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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 mois-
ture 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-dimen-
sional 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 

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 iso-
tropic loading from stress point B to point 
G. The sample is then inundated, resulting 
in a stress at point G’ and yielding in com-
pression 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 com-
pacted road pavement materials to satu-
rated 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 illus-
trates two fundamental aspects that are es-
sential 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 mate-
rial 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 set-
tlement 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 descrip-
tion of the ground to enable the design 
of geotechnical structures. The two 
penetration tests commonly used in 
southern africa are the standard pen-
etration 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 open-
ended 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 inter-
national 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 ob-
tained 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 discus-
sions 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 publica-
tion will facilitate further discussions 
on the matter. 

sPT TEsT ProcEDUrE
The SPT survey investigated three 
things: (1) what testing standard prac-
titioners 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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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 differ-
ences 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 dis-
couraged. South african practice for 
cleaning out the bottom of the hole ap-
pears 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 geotech-
nical 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 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 bar-
rels. 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.

Table 1  SPT standards

Standard Practitioners’ responses

ASTM 1586-67 1

BS1377:1975 Part 9† 4

IRTP None

†Updated to BS1377:1990 Part 9

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
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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 pene-
tration 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 proce-
dures followed by geotechnical practi-
tioners in South africa and consisted of 
two parts: (1) the procedure and method 

Table 4  DPSH standard

Standard Number of practitioners

ASTM 1

BS ISO EN 22476-2: 2005 2

IRTP 2

Not specified 1

Table 3  SPT 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 760 mm 760 – 762 mm† All

Driving mechanism The release and guide mechanism 
shall ensure minimal resistance.

Rope and cathead
Mechanical trip 
hammer

2
3

Control of drop 
height

Must ensure minimal resistance Mechanical
Visual

All
–

Rod diameter

BW 54,0 mm 2

Rod  
diameter 
(mm)

Section 
modulus 
(×10-6m3)

Rod 
weight 
(kg/m) BWY 54,1 mm 2

40,5 4,28 4,33

50 8,59 7,23 B 47,6 mm 2

60 12,95 10,03

Rods heavier than 10,03 kg/m  
shall not be used

N 60,3 mm 1

NW 66,7 mm 2

Always use a split-
spoon sampler 

(“No” implies a solid 
60˚ cone is some-
times used.)

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

Yes

No

4

1‡

Standard increment 
over which blow 
count recorded

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 ͋ 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.

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 split-
spoon sampler in South Africa
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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 

practice. Table 5 compares the proce-
dures stipulated by the iRTP with the 
responses of the geotechnical practi-
tioners 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 

drop. european practice is to use motor-
driven 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 

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 ham-
mers, 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

5

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 interrup-
tions should be recorded

Yes
No

1
5‡

Rod diameter 32 ± 0,3 mm E size
A size

33,3 mm
41,3 mm

5
1

Are rods checked for deforma-
tion?

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

No

6

–

Cone size Diameter

Apex angle

50,5 ± 0,5 mm

90˚

Diameter

Apex angle

50 mm
60˚
90˚

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

1 ͋
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

No

1#

5

Drilling mud used to reduce rod 
friction

Drilling mud is recommended as a method to reduce 
skin friction

Yes
No

–
All

Always do a re-drive to deter-
mine rod friction

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

Yes
No

3
3*

†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 multi-
plying by 3/2 for example (Card & Roche 

1988). These different approaches can 
easily lead to misunderstandings or mis-
interpretation 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 cost-
effective in comparison with the SPT 
method, could provide visual confirma-
tion of the ground conditions and could 
cover more of the site being investigated 
in a shorter time.

rEPEaTaBiliTY oF THE sPT aND DPsH TEsTs
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 proce-
dural differences.

figures 1 and 2 illustrate data 
collected from a site investigation at 
matola, mozambique. The site com-
prised 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

1 2

3 4
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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 de-
viations 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 ob-
tained by a different respondent at a 
site in Parow, Cape Town. The geology 
dipped across the site, resulting in dif-
ferent thicknesses of fill (layerworks), 
transported material (medium-dense to 
dense, variably silty fine sand) and re-
sidual 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, rotary-
drilled borehole with an automatic 
trip hammer and the DPSHs were 
undertaken using a mechanical 
pulley with the drop height 
controlled visually
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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 de-
gree of scatter can be expected due to 
the variable geology, the drive mecha-
nism 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.

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 ana-
lysing 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 qualita-
tively or quantitatively; and (4) an open 
question on why either test is preferred. 
The responses to these sections are sum-
marised 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  �
depth

Correlate adjacent SPT 
and DPSH data

1 Use site-specific data �

Published correlations 2 BS1377-9:1990 in situ testing (only one respondent  �
stated source)

Rule of thumb 2 Based on previous site investigations and visual  �
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

Characteristic

Responses

SPT DPSH

Never Rarely Often Never Rarely Often

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

– – 5 – 1 4

Quantitative analysis: Extrapolation of actual usable parameters – 1 4 – 4 1

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)

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 10 Quantitative use of SPT and DPSH values

Characteristic

Responses

SPT DPSH

Never Rarely Often Never Rarely Often

Engineering properties of soils
Cohesionless soils – – 5 – 4 1

Cohesive soils – 1 4 2 3 –

Bearing capacity

Shallow foundations
Cohesionless soils 1 – 4 1 4 –

Cohesive soils 1 – 4 1 4 –

Piles
Cohesionless soils 1 – 4 2 2 1

Cohesive soils 1 1 3 4 1 –
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“undisturbed” sample recovered and the 
extensive correlations with design pa-
rameters 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 reason-
able data from which to draw para-
meters. 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 interpre-
tation 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 defini-
tion 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 experi-
ence 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 pos-
tulated 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 qualita-
tive 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 geo-
technical 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 reli-
able method to account for rod friction. 
The correlation is complex and non-
linear. 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 informa-
tion 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 ap-
parent 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 devia-
tions 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 un-
dertaken 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 be-
cause 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 cor-
relations 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 param-
eters, 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 discrepan-
cies: (1) measure losses during testing; 
or (2) apply correlation factors after 
testing. The energy losses in the DPSh 

can be measured by either doing a re-
drive 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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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 
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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. 

Twenty-four core boreholes were 
drilled in the area (Photo 2). The talus 
depth varied up to about 12 m. The open-
jointed 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 incip-
ient 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 embank-
ment 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 

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 
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deposits. Soil nails and mechanically stabilised fill were used to form a 
composite structure to support the road and to stabilise the cut slope 
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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, 

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  
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which was not possible. Photo 4 illustrates 
the constrained working conditions.

The construction of the 12 m high em-
bankment across the talus slope would re-
sult in a reduction in the assumed overall 
factor of safety of 1,20. Stabilisation meas-
ures 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 stabi-
lised 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 im-
proved the stability of the slope and in-
creased 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 struc-
ture 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 fric-
tional 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 

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 high-
tenacity, 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 sur-
veyed 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 sub-
sequently 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 embank-
ment 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 excava-
tion slope occurred after prolonged rain-
fall. The original design had provided for 
a gabion gravity retaining wall here, but it 
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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 embank-
ment. The cattle ramp was accommo-
dated between the two tiers of the wall. 
approximately 11 000 m of soil nails were 
installed in this cut slope stabilisation, in-
cluding adjacent gunited sections. Grout 
take in the permeable talus was limited by 
using geotextile grout socks around the 
soil nails. The drilling technique here dif-
fered 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 

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 approxi-
mately 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

5   Polyester reinforcing straps
6  Partially completed embankment 
7   Installation of soil nails into talus slope 
8   Completed cut slope stabilisation  
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a green solution  
for the design and construction of 

steep slopes and embankments

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 

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.

BacKGroUND
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 embank-
ment. it consisted of a vertical “skin” of rock-filled gabion mesh 
units that were anchored to the structural fill in the embank-
ment 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 rein-
forcement 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 incor-
porating 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
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TerrameshTm reinforced unit (GTm) as a “Water” or “Soil” type 
(figures 3 & 4). The GTm Soil type is used for retaining embank-
ments and slopes, while the Water type, which utilises different 
geosynthetic components, is used for river bank protection and 
the lining of water courses.

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 signifi-
cantly 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 ap-
pearance, 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 re-
inforcement, 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.)

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

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  
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sTrUcTUral Fill
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 struc-
ture that the GTm wall has been designed to support in addi-
tion 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 exca-
vated 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 hand-
held compactor. This process is carried out in conjunction 
with the laying and compaction of the adjoining layers of 
structural fill.

VEGETaTioN ProcEss
Where possible, the GTm face should be vegetated during con-
struction or relatively soon afterwards to minimise or prevent 
erosion due to rainfall and runoff on the face. Vegetation require-
ments 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 vegeta-
tion has been established on the facing, it should be protected. 
an initial irrigation plan and long-term maintenance pro-
gramme may be required to ensure its survival. This system al-
lows 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.

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 soil-
reinforcement interface was studied, as well as reinforcement 
resistance. The results were used for various analyses, especially 

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
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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 manufac-
tured in a range of sizes with varying unit heights, tail lengths 
and tail widths.

aDDiTioNal rEiNForcEMENT
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 poly-
meric 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 

12   The GTM embankment at King Shaka International Airport at 

80% of the final height, showing the initial growth of vegetation
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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 desta-
bilising 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 hori-
zontally. 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 stand-
ards 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 geom-
etry of the surface under analysis and on the check conditions 
fixed by the designer.

elementary manual calculations can be used to assess com-
puted 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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14

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 m2. The 
foundation was excavated into a hard shale formation and the 
first 4,0 m of the structural fill consists of an imported G4 dol-
erite 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/m2 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.

13

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
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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, indi-
cating 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 de-
sign reviews and construction details.

Construction was carried out by the contractor loyiso-
henra 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 condi-
tions 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 in-
clusion 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 envi-
ronment. 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 har-
moniously with nature to take care of and improve the environ-
ment, where possible. 
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iNTroDUcTioN
although a grouting system may be theo-
retically 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 condi-
tions encountered.

This article details the initial specifica-
tions for a grouting system for the founda-
tions 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 con-
straints will necessitate variations to these 
specifications.

sPEciFicaTioNs
Grout consistency
many grouting specifications are historically 
based on the water:cement ratio by volume, 

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 consist-
encies 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 (re-
membering 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)

Grouting – art or science?  
Procedures adopted at Changuinola, Panama
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coNsoliDaTioN GroUTiNG
on many concrete dam projects there is 
a tendency to remove excessive amounts 
of overburden until good quality foun-
dation rock is reached. This not only 
delays the placing of the dam wall con-
crete but often results in localised por-
tions of the foundation being very much 
deeper than the surrounds. This gener-
ates 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 

1

2
1  100 m high Changuinola RCC dam under 

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

Primary holes at 12 m spacing N

Secondary holes at 6 m centres N

holes inclined at 5 – 10º from  N

vertical towards upstream
Packer at surface N

holes inclined at 30º towards  N

appropriate abutment
Spit spacing procedure N

4

5

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
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a final permeability of two lugeons N

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 over-
burden 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.

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 consoli-
dated foundation and a near-impermeable 
subsurface curtain will be pursued un-
compromisingly and with vigour. 
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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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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 car-
riageway 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.

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 oc-
curred 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 rem-
nants of an old disused sewer line. The 

1

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 move-
ment of a north-south striking fault some 
1,5 km to the north which had been identi-
fied on a geological map.

GroUND PENETraTiNG raDar TEsTiNG
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-de-
structive ground penetrating radar (GPR). 
This method of testing can be used to 
identify any possible subsurface anoma-
lies 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 proper-
ties. 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 

2

3

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
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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 ad-
ditional 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 an-
tennas 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 pos-
sible 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.

With this information, appropriate 
recommendations could be made on 
remedial measures required. it was not 
possible to determine the mode of forma-
tion, but remedial measures consisted 
of excavating all materials to a depth of 
1,5 m and then importing G7 quality ma-
terial in 150 mm layers and compacting to 
93% mod. aaShTo density at 0 to +2% of 
optimum moisture content.

coNclUsioN
The results provided by the GPR testing 
enabled the extent of the voids that 
formed to be identified. These voids, if 

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. 
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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 
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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 

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 combi-
nation of battered slopes and localised lat-
eral 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 weath-
ered meta-sedimentary strata of the 
Tygerberg formation, malmesbury 
Group, with a variable cover of trans-
ported (alluvial and/or colluviums) and 
residual soils. from the rotary-core 
drilling investigations conducted, the fol-
lowing generalised subsurface profile was 
found to be pertinent for the study area:

Transported material: N  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. 
residual material: N  Stiff to very stiff clayey 
silt. Jointing was evident within the 
residual soil mass.
Bedrock: N  highly weathered very soft 
to moderately weathered soft rock, 

1

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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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 stabi-
lise 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 ap-
proached 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 exca-
vator. The purpose of this test pit was 
to visually evaluate the subsurface geo-
material for stability, as well as to back-
calculate the likely during-construction 
shear strength parameters for prelimi-
nary design.

for the material observed, the param-
eters 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.

EValUaTioN
Slope angles (at an foS of 1,3) were de-
termined as 50˚ and 57˚ for the depths of 
excavation envisaged.

During excavation, two po-
tentially 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 

3

2  Making good progress with the excavations. Notice the large tree on the northern face
3  View of the north-western slope

2
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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:

a short-term serviceable life N

prevention of public access  N

the need for continuous monitoring N

the odd unstable portion of slope. N

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 construc-
tion 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 hyper-
bolic stress-strain parameters as per 
Duncan et al (1980). Representative 
shear strength values for the mate-
rial on site under the conditions likely 
to be prevalent during construc-
tion may best be represented by:

c = 30 kPa N

φ = 28˚ N

γ = 18,6 kn/m³ N

from this it was apparent that the param-
eters 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 engi-

neering judgement, supplemented with 
experience, led to a cost-effective solu-
tion without undue expense.

acKNoWlEDGEMENTs
Permission of Atterbury Cape, and Dekker 
and Gelderblom to publish this paper is ac-
knowledged with thanks.

rEFErENcEs 
Duncan J M, Byrne P, Wong K S and Mabry 

P 1980. Strength, stress strain, and bulk 
modulus parameters for finite element 
analyses of stresses and movements in 
soil masses. Report No UCB/GT/80 01 
of the Charles E. Via, Jr. Department of 
Civil Engineering, Virginia Polythechnic 
Institute and State University. 70 pp 
plus Appendix detailing FORTRAN 
computer print-out listing.

Kirsten H A D 1983. Significance of the 
probability of failure in slope engi-
neering. The Civil Engineer in South 
Africa, 25 (1): 17–27 and subsequent 
discussion 25 (6): 317–332 



Marie Basson   
Geotechnical Engineer-in-Training 
ARQ Consulting Engineers  
MarieB@arq.co.za
 
Alan Parrock   
Geotechnical Principal 
ARQ Consulting Engineers
alan@arq.co.za

1

4

2 5

3 6

66  Civil Engineering | April 2010 



Eden island
Paradise Engineered
HisTorY
Some 180 million years ago, when the 
ancient super-continent of Pangea crum-
bled, 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 invis-
ible 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, vis-
ited 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 f light 
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 

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 archi-
pelago 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 consist-
ently 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, geo-
technical principal of South african-
based 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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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
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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 con-
sisting of variable coral formations and 
marine sediments overlying coarse and 
medium-grained granite at an approxi-
mate 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, densi-
ties and shear strength parameters were 
determined. 

Standard penetration tests for 13 core-
holes 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. 

DYNaMic PilE TEsTiNG
Dynamic pile testing using the CaPWaP 
method was performed in order to pre-
dict capacity and movement accurately. 
former colleague Trevor Green con-
ducted the testing of some ten piles. 

Statistical analysis of the results in-
dicated 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.

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 experi-
ence every civil engineer dreams about. 
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7  Close up of gauges installed 

on CAPWAP test pile
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 inten-
tion 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 geolo-
gists 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 feed-
back 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 ben-
efit 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 geo-
technical 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 informa-
tion 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 neces-
sarily 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 engi-
neering 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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BacKGroUND
Road construction is all about producing and establishing a 
structure that will effectively service the earth-bound com-
munication needs of the community. Service delivery and 
project-decision controlling concepts such as mobility, acces-
sibility, 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 im-
portant for these components of the economy-monitoring un-
derpinnings 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 

M A R K E T  C O N T R I B U T I O N

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

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 cement-
soil 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 certi-
fied 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.

aiMs aND oBJEcTiVEs
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 main-
tain 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 ac-
celeration 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 cer-
tain 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 ca-
pacity 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 op-
timally in order to minimise the need for additional material/
borrow pits.

ProJEcT DEscriPTioN aND DEsiGN
The project basically consists of widening and structurally 
rehabilitating the existing road, which traverses the relatively 
f lat, 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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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
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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 con-
dition 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.

Section 1: Koster to 10 km – normal reconstruction  N

Section 2: 10 km to 33 km – next phase of project N

Section 3: 33 km to 42 km – reconstruction with RoadCem  N

additive in base
Section 4: 42 km to 65 km – surfacing rehabilitation plus  N

widening of pavement
Section 5: 65 km to 83 km – rehab with RoadCem additive  N

in base
Section 6: 83 km into lichtenburg – normal reconstruction N

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 re-
spect 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 propen-
sity 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 en-
gineers and technicians. 

The pavement rehabilitation design
it was at this stage of the rehabilitation design that the exist-
ence 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, al-
kaline earth metals, etc, which when added to a cement-soil 
mixture in small quantities (1 kg/m3 of soil or 0,05% by 
weight) assist in binding materials into a strong minera-
logical compound. The process rapidly produces a needle-
like 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. 
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6  Average pavement strengths for section 5 of Route 52
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furthermore, and very important for road building 
purposes, in the process free-ranging moisture is dis-
pelled 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 condi-
tions and contamination levels (marjanovic et al. 2009). 

it seemed that this additive would resolve most of the con-
cerns regarding the handling of re-usable yet somewhat vari-
able material sufficiently well to deliver the advantages men-
tioned below, and thus warrant an investigatory application. 

it was concluded that the following benefits would accrue 
from the use of this additive:

it would be possible to increase the strength and perform- N

ance of the in situ gravel sufficiently by using RoadCem-
boosted cement stabilisation to replace the crushed stone 
base traditionally recommended for this pavement bearing 
capacity level. 
The very low void content in the cemented soil matrix  N

resulting from the interweaving crystalline lattice work 
process of the additive would increase the effective density 
without needing additional compaction energy. 
high moisture impermeability due to the increase in effec- N

tive density of the layer would result in decreased moisture 
susceptibility of the basecourse – especially in the face of 
indifferent seal maintenance. 

Substantially less cement stabilisation cracking would mean  N

less moisture ingress, less potential loss of bearing capacity 
and less subsequent pavement failure.
Rapid build-up of bearing capacity once the treated gravel  N

had been compacted and the soil bonding, particle-inter-
weaving process of the additive had taken effect.
There would be a saving on construction time because of  N

the envisioned innovative pavement composition, avoiding 
reconstruction of the entire pavement, especially with envi-
ronment scarring imported material. 

While it may be concluded from the literature that this ad-
ditive 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, re-
habilitation design for this type of bearing capacity according 
to ColTo (1996) was then amended as follows (also refer to 
figure 6):

Base – 200 mm thick reworked cement/RoadCem stabilised  N

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.)
Subbase – 150 mm thick reworked cement stabilised  N

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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level corrections this layer could vary between being the 
reworked and stabilised in situ basecourse or subbase.) 
Selected layers – retain the in situ structure generally  N

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. 
Surfacing – was changed to 19/9,5 double seal from the sug- N

gested 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 overload-
tolerant pavement. 

This then meant that the base would be stabilised with 3% 
cement (by weight) plus 1 kg/m3 (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 wid-
ened – 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 treat-
ment 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 

7 8

11 12

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
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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 thick-
ness, 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 specifica-
tion 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 instru-
ment.) 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 win-
drow (and borrow pit as required), allowing for level correc-
tions as necessary, and tamped down to facilitate mechanical 
distribution of the stabiliser and additive. 

step 6: The cement and additive were spread to specifica-
tion. 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 comfort-
ably within specification on this project. The wisdom of the 
proposed method of spreading the additive was initially ques-
tioned by the contractor as regards time taken and accuracy. 
however, it was found that a team of 12 labourers could cover 
900 to 950 m2 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 ag-
gregate 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 sta-
bilised 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 

9 10

13 14
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advantage of this additive which, in an emergency, could be 
utilised to accommodate road traffic. (The general construc-
tion progress was about 840 m3 per day.) 

The only evidence of the layer having been cement stabi-
lised, 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 stabilisa-
tion 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 stabili-
sation, which has led to numerous antidotes being developed, 
none of them really effective. one of the more logical explana-
tions 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 fin-
ishing off pipe culverts as necessary.)

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 mate-
rial 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: 

no ill effects were noticed by the workers as a result of han- N

dling the PowerCem. 
The manual spreading of the additive did not delay con- N

struction production. 
although the project was not aimed at a direct comparison  N

of design or in situ strength between cement only and ce-
ment 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.
The additive seems to have dramatically decreased the oc- N

currence 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. 
The as-built strength measurements (figure 6) indicate a  N

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. 
if all goes according to current observations and predic- N

tions, this additive might well herald “crack-free” cement 
stabilisation and improved and more economical utilisation 
of road building materials in the future. only future ap-
plication and behaviour monitoring with different materials 
will decide the outcome of this possibility. 
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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
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ThRoUGhoUT SCienTifiC and en-
gineering history, major breakthroughs 
have taken place when many disciplines 
have come together for common benefit 
and synergy. Think of the moon land-
ings 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 be-
tween the disciplines.

one of those was computer tech-
nology 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 disci-
plines 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 engi-
neered 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 proc-
esses and comminution mechanics to-
gether. 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 

Dr Graham Howell 
Principal Engineer and Partner 

SRK Consulting 
ghowell@srk.co.za

M A R K E T  P E R S P E C T I V E

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
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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 produc-
tion environment to specialise in other 
mining-related disciplines. These persons 
eventually develop into strategic develop-
ment team members, be it in a mining 
house or consultancy, as their innovative 
thought processes are stimulated by the 
interaction with likewise minded indi-
viduals 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, 

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 require-
ments of the client in such a short time 
frame, but collectively we were in a posi-
tion 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 com-
pany, 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 oc-
curs 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 



Civil Engineering | April 2010 81

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 non-
racial, integrated society through the 
development of sustainable settlements 
and quality housing that will:

accelerate housing delivery and alleviate  N

poverty
use the provision of housing for job  N

creation and spatial restructuring
make property accessible to create  N

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 turna-
round in South africa’s housing policy. 
aligned with the achievement of South 
africa’s millennium Development Goals 
for livelihoods, income, water and sanita-
tion, the focus shifted from providing 
shelter to providing integrated, mixed-
income settlements with low-cost housing 
alongside middle-income residences, 
where all beneficiaries have the same ac-
cess 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, spe-
cifically in the planning and implementa-
tion of the mixed-use developments. 

BiGen afRiCa projects director, 
Steyn van Blerk, currently project man-
ager 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 af-
fected communities.”

The Chief mogale integrated 
Development in the mogale City 
(Krugersdorp) municipal area is a flag-
ship 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 pro-
viding ‘best of breed’ engineering skills 
integrated with project finance expertise, 
programme management, infrastructure 
asset management and institutional en-
gineering, seamlessly fits the integrated 
approach of the Breaking new Ground 
strategy,” says Van Blerk. 

The project is a joint develop-
ment between aBSa, the mogale City 
local municipality and the Gauteng 
Department of human Settlements. it 
also forms part of aBSa’s housing de-
livery 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 infrastruc-
ture is under way. Construction of the first 
phase of the top structures of the devel-
opment will start in april this year. not 
only is the project addressing the housing 
backlog, but it is also providing opportuni-
ties for employment and skills training for 
approximately 2 000 people, of whom two-
thirds 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 accommoda-
tion creates variety, flexibility and visual 
excitement,” says Rinesh naidoo, opera-
tional manager for the project. “it is also 
ecologically sound and will create a sus-
tainable environment for the entire com-
munity and across all levels of income.”

Special care was taken to integrate the 
existing townships of azaadville, Kagiso 
and Rietvallei to help bridge the eco-
nomic, service and social fragmentation. 
“We combined vision with practicality 
and experience, using best practice for 
human settlements and customising 
solutions for this development. We be-
lieve 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 f lagship 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 pro-
viding shelter.  



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 stand-
ardises 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 accel-

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 post-
processing/data analysis software, PIT-W, having 
recently launched PIT-W 2009 in both Standard 
and Professional versions.

Pile Dynamics, who has been manufac-
turing testing instruments for deep founda-
tions 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 elec-
tricity, 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 base-
ment 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 ma-
chine weight which was propped from the 
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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 

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 en-
countered during drilling on 26 of the cross-
ings. The presence and position of these 
were unforeseen, and resulted in the en-
tanglement 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 con-
dition 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 re-
moval, 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 pe-
riod” 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 ham-
mered 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.

1  Modified Terra-Jet 7520 drilling 

in confined basement
2  Terra-Rock air percussion head

1

2
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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 vehic-
ular traffic in the busy CBD area. Cost savings 
were also significant when compared to other 
possible methods. 

Horizontal directional drilling (HDD) al-
lowed the insertion of the preferred HDPE 
sleeves without the installation of a tempo-
rary 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 sug-
gestions that mining may be a dying industry. 

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 under-
stand: “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 compre-
hensive guide to the collection and manage-
ment of royalties internationally. 

His contribution is also felt throughout 
Africa. As a member of the United Nations 
International Study Group, he has helped de-
velop 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 postgradu-
ates 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 fu-
ture research plans.

The danger, says Prof Cawood, is that if 
classes are allowed to grow without concomi-
tant staff resources, the result will inevitably 
be a higher drop-out rate. The school is 
already working on ways to keep more stu-
dents 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 cru-
cial 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 char-
acterise 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 contribu-
tion 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 im-
proved performance-classified fly ash, DuraPozz 
Pro, to the local market. 

 Prof Fred Cawood, new head of the School of 

Mining Engineering, University of the Witwatersrand
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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 gen-
eration’ 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:

Improved concrete workability and water  N

reduction as a result of its fineness, spherically 
shaped particles and unique particle size 
distribution
DuraPozz Pro concrete, with its lower water- N

cement ratio, has decreased permeability 
which results in reduced chloride and sulphate 
attacks and reduced alkali-silica reactivity
The lubrication action of the new product  N

reduces water content and drying shrinkage 
in concrete
Higher strength evolution over time N

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 

spherical – particles results in more dense and 
durable concrete,” says Sheath.

He says that DuraPozz Pro provides the fol-
lowing advantages in fresh or plastic concrete:

Reduced water content N

Improved workability N

Increased pumpability N

Better concrete compaction N

For hardened concrete, the benefits include:
Increased strength gain over time N

Lower heat of hydration N

Reduced shrinkage N

Reduced permeability leading to improved  N

durability
Smoother, more attractive finishes and aes- N

thetics
“By taking the fly ash from Eskom’s bituminous 
coal-fired power stations, and engineering this 
by-product’s beneficial use, Ash Resources prod-
ucts – 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 manufac-
turer 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 pro-
files 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 sur-
face 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 sub-
soil drainage pipe that runs along the entire 
length of the wall and exits through weep 
holes cut into individual blocks at regular 

1

1  Ash Resources’ new DuraPozz Pro classified fly 

ash is produced at the company’s Matla plant
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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 pro-
viding the following:

Stormwater drainage channels (Terracrete  N

blocks), filled with soil or soilcrete, de-
pending on the anticipated velocity or 
volume of water flow
Cascades, stilling basins and small diver- N

sion weirs, filled with soil or concrete as 
required

Gravity retaining walls as and when  N

required for road widening or improved 
stormwater drainage
Drift crossings and weirs across small  N

streams
Hard surfaces (Terracrete blocks) at various  N

strategic locations for parking refuse col-
lection bins.

According to Michael Toepfer, owner of 
Milito Precast, Terraforce products provided 
cost-effective, environmentally sound solu-
tions, 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

Karin Johns 

Marketing Manager – Terraforce 

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 munici-
pality in South Africa for service delivery 
by Empowerdex, South Africa’s leading 
economic empowerment rating and re-
search 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 metro-
politan municipalities. 

In keeping with its policy to continu-
ously 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 com-
petitor products, Civil Designer & AllyCAD 

1  A Terraforce wall creating a level 

platfrom for emergency housing and roads 

in Kayamandi, Stellenbosch. Here the wall 

runs around a stormwater drain

1



were selected to help develop the capacity 
and performance of the City’s in-house de-
sign 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, user-
friendly 3D draughting package with special-
ised toolkits for the architectural, surveying 
and engineering fields. 

With 2010 infrastructure development 
on track, the City will use the software ap-
plications 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

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). 

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 soft-
ware 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 collabora-
tion with Professor Simon Beecham of the 
University of South Australia.

Both systems can be used for various 
paving products and locations, and this pro-
vides 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 con-
sultant 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

1  Cape Town – rated by Empowerdex 

as the top metropolitan municipality 

in South Africa for service delivery

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

1
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The TWo CoURSeS focus on the man-
agement 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.

The courses are offered by well-experi-
enced 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
‘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 impor-
tance 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 com-
pany'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 pro-
curement and tendering process. Theuns 
takes candidates through activities such 
as drafting a tender document and com-
piling 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 occu-
pational 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 

S A I C E  A N D  P R O F E S S I O N A L  N E W S

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
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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).

Basic PrEssUrE PiPEliNE DEsiGN
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 candi-
dates 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 serv-
ices (at an extra charge) that will further 
reinforce the integration of learning into 
the workplace environment:

course and assignment option: N  The candi-
date 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. 
course and workplace support option: N  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.) 

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

WHEN To aTTEND?
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 in-
strumental in setting up the academy. 
“Before candidates attend courses, super-
visors need to brief them on their next 
assignment so that they can ask mean-
ingful 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 work-
place responsibilities is key to the effec-
tiveness of the training. 

 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

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 ac-
tive 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. 

New SAICE 
Fellow
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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

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

Diarise this!

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 re-
quiring 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), 

postal address, reason why DSS is required, 
whether the person, company or organisa-
tion 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




