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When God dropped our magazine 
in the rubbish bin
In January 2016 we received a touching 
letter here at National Office from a 
forty-something inmate at one of our 
local prisons.

He was serving time for his part in 
criminal activities. During his sojourn in 
prison he gradually grew out of blaming 
his childhood environment, lack of 
resources, poverty and unemployment 
for his plight, into admitting that his own 
anti-social attitude had led him to making 
bad choices in his earlier life.

After this harrowing road of self-
search and self-admission he started 
shouldering his punishment with his head 
held high. He accepted that he could not 
change his past, but he was determined 
to make better choices going forward, 
starting right there in prison.

Over time, and because of his 
changed focus, he developed into a re-
spected advisor to his fellow inmates on 
matters such as HIV Aids and substance 
abuse. He also started assisting younger 
inmates doing technical courses in their 
quest to better their education while 
in prison.

Then one day, during the course of 
2015, he found a discarded copy of the 
July 2011 edition of Civil Engineering 
in a rubbish bin at his prison. He was 
fascinated by especially two articles in 
that edition. The one article was about 
the Phase 1 development (then) of the 
new Menlyn Maine Precinct in Pretoria, 
and particularly the project management 

aspects of this development. The other 
article dealt with the construction 
of the (then) new Consol Nigel N1 
Glass Factory.

He treasured that copy of our maga-
zine, reading and re-reading those two 
articles, and the rest of the magazine as 
well, and through this reading he became 
so acutely aware of the importance 
of civil engineering that he started 
studying towards a diploma in civil en-
gineering, with the support of the prison 
authorities.

This inmate’s letter of appreciation 
was a first of its kind for us at National 
Office, but over the years we have in fact 
received numerous emails from other 
readers thanking us for articles in our 
magazine which they had found particu-
larly interesting and informative. Our 
members are also increasingly sharing 
their knowledge and their engineering 
experience with their fellow SAICE mem-
bers via the magazine, to the extent that 
it has truly become our members’ very 
own magazine.

My message to all our article contribu-
tors is therefore, do not ever underesti-
mate the value of your contribution. In the 
bigger scheme of things every civil engi-
neering project, big or small, is important, 
and every project that is described and 
shared enthusiastically within the pages of 
our magazine will inspire someone some-
where – be it an inmate wanting to better 
himself to be able to contribute to the 

wellbeing of our country, a despondent 
student struggling to get through the 
civil engineering course, a professional 
engineer with a myriad of problems on his 
hands, a despairing university lecturer, or 
whoever needs some encouragement from 
his or her peers.

We should also not underestimate the 
value of leaving our magazine in waiting 
rooms and libraries where they can reach 
youngsters who otherwise would not even 
have known about civil engineering. Just 
by becoming aware of what civil engineers 
do, spreads the awareness that there is 
more to a road than just its riding surface, 
and more to a glass of water than merely 
opening a tap.

This experience with our friend in 
prison has again brought home the truth 
about new doors opening when old doors 
close. The secret of course is actually 
walking through the new door when it 
opens, and grabbing the vast opportuni-
ties that lie beyond. 

When I wondered aloud how on earth 
a 2011 copy of our magazine landed in a 
2015 rubbish bin, and that in a prison yard 
of all places, a colleague answered without 
a moment’s hesitation: “God dropped it 
in there.” 

Verelene de Koker
Editor

verelene@saice.org.za

Our regular feature (From the CEO’s Desk) stands over until next month
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Franki Africa –  
global strength and local focus
LEADING SPECIALIST GEOTECHNICAL 
CONTRACTOR IN AFRICA
Franki Africa recently celebrated 70 years 
of continuous operations in Africa. As 
Managing Director Errol Braithwaite says: 
“This is testimony not only to a company 
which has become synonymous with 
geotechnical expertise in Africa, but also 
to the many partners and customers who 
have entrusted their projects to us.”

Franki’s success is based on a genuine 
desire to positively partner with its cus-
tomers in implementing cost-effective and 
technically sound solutions encompassing 
deep foundations, ground improvement, 
earth retention, marine construction and 
trenchless technology.

TECHNICAL LEADERSHIP
“Technical leadership has always been 
a hallmark of our business culture and 

so in 2013, Franki was delighted to join 
the stable of the Keller Group plc, the 
world’s largest independent geotechnical 
contractors,” says Braithwaite. “Through 
this new partner Franki is pleased to yet 
again bring new techniques to the African 
market, backed up by some of the world’s 
leading engineers and scientists.”

THE FRANKI BLUE BOOK
Franki’s highly acclaimed geotechnical 
text book, the Franki Blue Book – A Guide 
to Practical Geotechnical Engineering in 
Africa, was first published in 1976 and will 
see a fully revised 5th edition published 
in 2018.

“Keller’s global strength and expertise 
enable us to bring the best possible 
geotechnical solutions, products and 
equipment to every project, while our 
local focus furnishes us with in-depth 

knowledge of local markets and ground 
conditions,” says Braithwaite.

Joining Keller greatly enhanced Franki’s 
product offering and equipment base. “In 
addition to our traditional piling, earth 
retention and ground improvement prod-
ucts, Franki now also offers technologies 
that include, for example, rigid inclusions, 
stone columns and vibro-compaction. 
Moreover, we have access to new, state-
of-the-art equipment which is backed by 
expert design capabilities,” he says.

Fifth edition of the Blue Book
The fifth edition of Franki’s famous Blue 
Book is currently being drafted, and pub-
lication is scheduled for the end of 2018, 
thus maintaining a 50-year tradition of 
updating it every ten years.

The latest edition will maintain the 
style of its forerunners, but will include 
Keller’s advanced soil improvement, 
grouting and instrumentation technolo-
gies and, of course, some “yellow”, re-
flecting Franki’s new branding after their 
acquisition by the Keller Group.

The foreword will be written by 
Dr Peter Day, one of Africa’s most 
prominent geotechnical engineers 
who recently became the first African 
to deliver the Terzaghi Oration to the 
International Society of Soil Mechanics 
and Geotechnical Engineering.

The contents of the Blue Book have 
been extensively updated by Gavin Byrne, 
recently retired head of Franki’s in-house 
engineering group, and its current head 
Dr Nicol Chang. The first half of the 
5th edition will provide an overview 
of common geotechnical products and 
techniques, while the second half will 
provide application and design guidance. 
“This edition will have some completely 
new sections, including Keller Ground 
Improvement and Grouting Technologies, 
Pipe Jacking and Trenchless Technologies, 
as well as a full section on Limit State 
Design,” Chang says.Franki Africa’s new rigs, purchased for the Clairwood project



History of the Blue Book
The first Franki book was published in 
1976 and was authored by Ian Braatvedt, 
the then Managing Director, with a fore-
word by the legendary Prof J E Jennings. 
That first edition was titled Frankipile: 

Guide to Piling and Foundation Systems 
and covered mainly the design and con-
struction of deep foundation systems.

The subsequent three editions mir-
rored the technical advancement of 
Franki’s Africa operations in ten-yearly 

intervals until the current fourth edition, 
which covers most areas of geotechnical 
engineering, including the design and 
construction of Piled Foundations, 
Ground Improvement, Lateral Support 
and Marine Foundation Engineering. The 
sections on Geotechnical Investigation, 
Soil Characterisation and Properties, 
Geotechnical Design, and Geotechnical 
Equipment and Techniques reflect ad-
vances in geotechnical engineering design 
and construction over the last 40 years.

“These sections, and now the fifth 
edition in its entirety, also reflect the 
advancement of Franki from a relatively 
small, predominantly piling company in 
southern Africa, to the leading geotech-
nical contracting company in the African 
region,” Byrne says.

SERVICING THE ENTIRE CONTINENT
Franki Africa has permanent offices in 
South Africa, Mauritius, Mozambique, 
Tanzania, Zambia, Kenya, Ghana and 
Angola. They are, however, active 
throughout sub-Saharan Africa and, 
through colleagues in the greater Keller 
group, able to service the entire continent.

Franki’s work is characterised by an 
unrelenting commitment to implement 
best practice in quality, health and 
safety and environmental standards. 
It is the only geotechnical contractor in 
Africa to be ISO 9001, ISO 14001 and 
OHSAS 18001 accredited.

info

Victor Ferreira 
Franki Africa
+27 11 531 2700
victor�ferreira@franki�com

Franki’s famous Blue Book, first published in 1976 (the fifth edition will appear towards the end of 2018)
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Piling at Pinnacle Towers in Nairobi, Kenya







PR O FI L E

EARLY LIFE
Isak was born in Pretoria in 1950 and 
matriculated in Barberton, after having 
attended six different schools while 
growing up and moving around with his 
parents and sister.

Although Isak always wanted to be a 
civil engineer, he was persuaded to pursue 

a career in geology when, at the end of his 
matric year, he spent some time working 
at Anglo Vaal’s ETC mines in Barberton. 

He obtained a BSc (Hons) Geology from 
the University of Pretoria in 1971, rounding 
this off with an MSc in Engineering 
Geology (cum laude) from the University 
of London (Imperial College) in 1976.

Isak jokes that, when he left for 
England in 1975, he still believed that 
civilisation started when Jan van Riebeeck 
set foot at the Cape. “Geotechnical field 
excursions that also included visits to 
medieval castle ruins and the remainder 
of Hadrian’s Wall, forced me to do some 
serious clock adjustments about living 

Isak Venter –  
reflections on a life well lived
The 2017 recipient of the prestigious SAICE Geotechnical Gold Medal (the fifth engineering geologist 
to receive this award), has a humble and engaging way about him. A team player par excellence, who 
fondly remembers every person he has ever worked with, Isak is convinced that it is the collective 
contribution from the engineering fraternity that is moving society forward.

8 April 2018 Civil Engineering

Isak Venter and his wife, Susan, with their three daughters (from left 
Karien, Jacolien and Anecke), sons‑in‑law and grandchildren
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on Mother Earth! I remember well Tony 
Brink’s lecture on Man, the Ultimate 
Invader of Mother Earth, which brought 
new perspective on the age of the earth 
and the small time period since Sapiens 
has been impacting it. All these experi-
ences gave me some sobering thoughts 
about one’s own importance and legacy.”

PROFESSIONAL LIFE
Today an accomplished generalist 
engineering geologist and a professional 
scientist with 45 years’ experience, Isak 
describes himself as “somewhat of a 
perfectionist”. He became an associate 
member of SAICE in the 1970s while 
working on secondment from the 
Department of Mines to the Department 
of Water Affairs. There he worked with 
Monty van Schalkwyk who recruited him 
to the Dams and Underground section 
of the Geological Survey of South Africa, 
where he worked as Regional Engineering 
Geologist for the (then) Transvaal and 
Free Sate Provinces until 1979.

His time at Imperial College London 
not only provided the grounding for the 
rest of his career, but was also particularly 

helpful when he was called upon (in 1979) 
to initiate a course in engineering geology 
while on secondment to the University of 
Pretoria as senior lecturer. He remembers 
how the entire geotechnical fraternity 
rallied in support to get the course going, 
assisting with setting the curriculum and 
lecturing. “Individuals who come to mind 
include Mr George Donaldson, Dave de 
Villiers, Mick Mountain, Chris Orr, 
Monty van Schalkwyk, Dave George 
and Drs Tony Williams, Tony Brink and 
Frank Netterberg.”

After this spell at the University of 
Pretoria he moved to SRK (1981–1984), 
and then to Van Wyk Louw (now 
Aurecon) (1984–2006). In 2006 he joined 
The Geotechnical Hub, where he is cur-
rently a Director.

“During my career I have had the good 
fortune to work with many prominent 
geotechnical engineers, materials engi-
neers, structural engineers, dam designers 
and engineering geologists in South 
Africa and abroad. These people all left an 
indelible imprint on my life.”

Some notable projects Isak has 
worked on during his career include 

most of the larger water schemes in the 
northern parts of South Africa, such 
as the Vaal Dam, Grootdraai Dam, 
Loskop Dam, and the water schemes 
that supply water to the Secunda SASOL 
facility and the ESKOM power sta-
tions on the Highveld. “Frans Druyts, 
Mr Frank Hollingworth, Oom Bill Legge 
and Dr Theo van Robbroeck were some 
of the water planning and dam design 
engineers I was lucky enough to work 
with,” he says.

Being involved in the Geological 
Survey of South Africa also introduced 
him to the problems posed by dolomite. 
Hence, and in addition to his interest in 
the engineering geology of dams, he be-
came involved in the hazards of develop-
ment on dolomite, and grouting cavernous 
ground. In 1984, working together with 
Tom de Kock and Bryan Gregory from 
Van Wyk Louw, and Dr Ross Parry-Davies 
and Duncan McColl from Ground 
Engineering, the now tried and tested way 
of void filling and compaction grouting 
in dolomite was established. (This was 
essentially the same way that supporting 
columns for the Gautrain viaducts in 

Isak’s conceptual drawing of grouting in dolomite (1984), which was put into practice by experts from Van Wyk Louw and Ground Engineering; 
drilling full‑depth allowed the profile to be understood and the targets for void‑filling to be recognised
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Centurion were treated many years later, 
albeit with better control and improved 
instrumentation.)

Recognising in 1981 that there was 
a need for research and the pooling 
of knowledge about dolomite, Isak 
and Prof Monty van Schalkwyk of the 
University of Pretoria organised what 
they termed a Seminar on the Engineering 
Geology of Dolomite Areas. He agrees 
that this “getting together of minds” was 
perhaps directional in the industry at 
the time. “It gives me great pleasure to 
observe how things have developed about 
this particular problem-soil condition in 
South Africa since then.”

A few of the other interesting 
projects that Isak was involved in:

Mvumase Hydroelectric Scheme
Working at the Mvumase Hydroelectric 
Scheme in the early 1980s comprised 
tunnelling and excavations for large-
scale in-situ sophisticated rock testing. 
While there he recalls being fortunate 
enough to work together with Ben Wiid, 
Dr Gary Jones, Dr Dick Stacey and 
Eben Rust. However, a roof rock-fall 
accident that injured him quite badly, 
scared him away from rock engineering, 
although he recovered fully within 
a few months. “Since that incident, 
my time spent underground has been 

limited, and then only walking below the 
ventilation pipe.”

Lesotho Highlands Water Project
After joining Van Wyk and Louw he soon 
became involved in the development of 
the access roads for the construction of 
the early stages of the Lesotho Highlands 
Water Project. Because of the rugged 
terrain the new route encountered many 
slope instabilities, particularly on the 
south-facing slopes. Isak recalls how many 
of these were simply larger than life and 
how snowfall always threatened access. 
“I remember the enamel of my teeth 
being shaken loose and my liver liquefied 
when travelling for ten hours at a time 
by Hilux together with Alan Parrock, 
Anton Bester, Luuk Hepkema and Lucas 
Raath to the (then) remote sites over those 
terrible roads.”

Malibamatso Bridge
Pier K of the Malibamatso Bridge provided 
concerns about long-term stability of the 
valley rim once flooded as the Katze reser-
voir fills. It was eventually anchored back. 
Footings for numbers of pedestrian bridges 
across the reservoir valleys that followed 
were subsequently founded in a manner 
that others may have viewed as inordi-
nately deep, given the bearing capacity of 
the basalt rock. This was, however, done 
to ensure they were placed below the 

weathered stress release joints that could 
act as sliding planes (these are always 
present, but not necessarily visible at 
surface or easily detected in core drilling). 
Difficult accessibility and adverse climate 
remain Isak’s lasting impressions of this 
major achievement by the civil engineering 
industry of southern Africa.

Wesselton
One day strange cracks blowing steam 
started in-between new houses under 
construction in Wesselton near Ermelo. 
It was soon established that an uncharted 
coal mine of around 1925 had been set on 
fire by vagrants seeking protection in an 
open adit. The extent of the underground 
workings had to be determined urgently, 
as well as how to stop the underground 
fire. Percussion drilling with borehole 
camera work was followed by opening 
the mine and entering together with 
Louis Kruger and the brave men from 
Mine Rescue Services. The mine was 
eventually filled with fly ash from the 
Duvha Power Station, and the fire was 
successfully smothered in the process.

Gautrain
Isak worked on this high-profile project 
from the bidding phase to the end of 
construction (about 11 years). His first 
task working on this project called for 
producing conceptual drawings of the 

Core drilling in the basalt mountainside of Lesotho
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expected geology in the tunnelling sections 
along the route, and the variable ground 
conditions to be expected in the sections 
underlain by dolomite. “It was interesting 
to experience how putting a geological 
section on the table acts as a hinge point 
from where thought processes involving 
others start falling into place. I was always 
aware that the sections may portray only 
partial truths, but as Ken Schwartz said, 
somebody has to do that, whether on thin 
ice or not. Corrections can and must be 
made later, but there has to be a start.”

This was followed by detailed rock 
mass classification and the design of 
primary support measures, together 
with Adriaan Meintjes and the late Mike 
de Witt. Isak reminisces how, during 
the detailed design phase, many hours 
were spent with Drs Fritz Wagener and 
Hendrik Kirsten educating their “French 
masters” about construction on dolomite.

Bukit Langjan
Isak clearly recalls Bukit Langjan, a slope 
failure along a busy highway in Malaysia. 
“When in difficulty and dealing with 
complexity of this nature, it helps to have 
friends,” he says. When he called upon his 
friend, Peter Terbrugge, to help, Peter did 
not hesitate. “The same happened when 
Peter Day helped us with road cut and fill 
failures in Phuthaditjaba. With friends 
like these – and our fraternity is full of 
them – one can storm a castle.”

Libya and Sudan
Application of tracer technology in dam 
leakage investigations advocated by the 
International Atomic Energy Agency took 
Isak to sampling water from downstream 

Left Gautrain construction under way at Eco Park – Isak’s expertise regarding dolomite hazard conditions and grouting techniques stood him 
in good stead during his 11‑year involvement with the Gautrain project. Right Grouting in progress on dolomitic sections of the Gautrain route

To deal with the complexity of the Bukit Langjan slope failure along a busy highway in Malaysia, 
Isak could reckon on the speedy assistance from South African colleague Peter Terbrugge

The Wadi Wishka rockfill dam under construction in the Libyan Desert, within a short distance 
of the hottest place on earth; “My sweat lies there,” Isak jokes
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drains at the Roseires Dam in Sudan, and 
engaging socially with counterparts near 
Darfur. He notes that the Roman ruins 
in Tripoli seem better preserved than the 
ones in Rome, because they were covered 
for years in dry Saharan aeolian sand until 
the archaeological excavations of the early 
1930s. He also recalls time spent working 
at the Wadi Wishka rockfill dam in the 
Libyan Desert, within a short distance of 
the hottest place on earth. “My sweat lies 
there,” he jokes.

Recent projects
Recent projects he has been involved 
in include the Square Kilometer Array 
at Carnarvon with Hennie Barnard, 
Dr Eduard Vorster and Tony A’Bear, and 
the lateral support for basement excava-
tions in Menlyn Maine in support of work 
done by Ken Schwartz, as well as at Kusile 
where he assisted Ken in the piling work.

DEATH OF A COLLEAGUE
Kallie Strydom’s death during the con-
struction of the Life Faerie Glen Hospital 
in Pretoria affected Isak greatly. Kallie, a 
bright young geotechnical engineer, was 
inspecting one of the holes on site. He had 
been talking on his cell phone to colleagues 
when the TLB operator came to close up 
the hole as per Kallie’s instruction. But 
the operator misinterpreted the message 
and proceeded to close up all the holes on 
site, starting with the one Kallie was in at 
the time, burying him alive. “Breaking the 
news to Irene and the kids, dear friends of 
ours, was one of the hardest things I have 
yet had to do. You are never the same again 
after something like that,” he says, his voice 
cracking with emotion.

OUTLOOK ON LIFE
While having been awarded one of 
highest honours of the Institution, Isak 
refuses to take any individual credit. 
Rather, he remains humbly proud of the 
contributions he was able to make with 
colleagues over the span of his career.

What gives him immense satisfaction 
is knowing that he has enabled others 

to take things further, each in his/her 
own field of expertise,. “My contribution 
often was to clear up the geological is-
sues and produce the geological picture 
for others to build on. Sometimes the 
picture was correct, and sometimes less 
so. Nevertheless, it allowed the team to 
move forward, adjusting as the need to do 
so unfolded.”

Isak speaks fondly of the many 
individuals who have influenced his life 
in a positive way, a number of whom have 
already been mentioned in this article.

“There are many individuals who 
shaped the world I grew up in, and influ-
enced my way of thinking and the paths 
that I followed.” He mentions his father 
who saw him through matric and for some 
time further, Prof Monty van Schalkwyk 
who put him on the road to becoming an 
engineering geologist, and Tom de Kock, 
who invited him as a partner to Van Wyk 
and Louw in 1984. “Prior to that only en-
gineers were given such an opportunity in 
that type of organisation,” he explains. He 
also mentions Kallie Strydom, who taught 
him about the art of living. “He was like a 
son to me, he could ‘talk to the Queen’ (in 
Gavin Byrne’s words), and he departed far 
too early.”

He has a lot of respect for other 
young professionals, too. “I have worked 
with many younger participants in the 
geotechnical fraternity for whom I have 
immense respect and a lot to thank for – 
people like SW Jacobs, Eduard Vorster, 
Willem du Preez, Danie Snyders, Greg 
Heath, Gary Davis, Tharina Oosthuizen, 
Gabi Wojtowitz and Rene Roux.”

Isak notes furthermore that his 
wife, Susan, and their three daughters 
(Anecke, an occupational therapist in 
the UK, Jacolien, a medical doctor in 
Bloemfontein, and Karien, a marketing 
career professional in Pretoria) with their 
husbands and children (four) have been, 
and still are, one of his biggest inspira-
tions and driving motivations.

When asked about professional 
inspiration, he simply asks, “Can there be 
more interesting subjects than geology 

and engineering? And combining them is 
even better!”

VIEWS ON INDUSTRY AND LEADERSHIP
Isak says: “It is obvious that our country 
needs to address its social issues, and hence 
it will probably be some time before infra-
structural development will be high on the 
agenda again.” However, he is confident 
that in the meantime our universities can 
produce a good workforce. “We must build 
experience to tackle the tasks these young 
engineers will be asked to fulfil in the fu-
ture. How to keep this resource motivated, 
oiled and readily available to kick in when 
asked to do so – that is the challenge. In 
the meantime, well trained engineers and 
scientists are able to make excellent con-
tributions in building our country in other 
sectors of business and society.”

Isak is also confident that South Africa 
is doing world-class engineering. “The 
many international mergers that have 
recently occurred within the consulting 
industry mean that there is already a 
good deal of world class in our industry. 
Within the  geotechnical industry we will 
have to adopt international standards of 
description, and perhaps also evolve our 
industry where certain components of 
what used to fall under the auspices of the 
consulting industry become part of the 
contracting industry, such as is the case 
in, for example, the UK and the Emirates.”

On the subject of leaders, Isak firmly 
believes that leaders are born and not 
made. “Education and training may go a 
long way in producing company leaders 
and CEOs, but the true leader has some-
thing that is part of his genes, rooted in 
proper values, extraordinary insight and 
the ability to place things in perspective, 
and from there put things into action.”

IN CONCLUSION
This gentle man is positive about the fu-
ture, and appreciative of every individual’s 
contribution towards that future. This is 
clear when he articulates his hopes for 
the industry: “My hope for the industry, 
and for all professionals in it, is that 
we should continue experiencing the 
satisfaction of knowing that we are adding 
value to the task at hand, no matter how 
seemingly insignificant.”

lorraine Mpofana

lorraine@saice�org�za

He has a lot of respect for other young professionals, too. “I have 
worked with many younger participants in the geotechnical fraternity 
for whom I have immense respect and a lot to thank for – people like 

SW Jacobs, Eduard Vorster, Willem du Preez, Danie Snyders, Greg Heath, 
Gary Davis, Tharina Oosthuizen, Gabi Wojtowitz and Rene Roux.”
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G EOT ECH N I C A L  EN G I N EER I N G

THE SWARTBERG PASS
The Swartberg Pass is located in the 
Western Cape between Oudtshoorn and 

Prince Albert (see Figure 1), and traverses 
the Swartberg Mountain range to link 
the Great Karoo and the Klein Karoo. The 
need for the pass arose as an alternative 
route between the Great and Klein Karoo, 
as the existing links (Meiringspoort and 
Seweweekspoort) were prone to constant 
flooding and flood damage.

The construction of the Swartberg 
Pass began in 1881 by J Tassies. The 
original planned construction period 
was 18 months, with a tendered price of 
£18 120. Tassies was declared insolvent on 
completion of only 5 km of the pass. The 
Cape Colonial Government completed 

the project using convict labour and 
the expertise of Thomas Bain, who took 
over the project in November of 1883. 
In May 1885, extensive flooding in the 
area washed away portions of the newly 
constructed pass, necessitating changes to 
Bain’s original alignment. By March 1886 
the pass was opened to light traffic, and 
after September of that year it was opened 
to carts and wagons on Fridays. The 
first motor car to traverse the pass was 
driven by a certain Doctor Russell from 
Oudtshoorn in 1904.

The final cost for the construction 
of the Swartberg Pass was £14 500, 

Stephan Schoeman Pr Eng
Production Engineer
Transport and Public Works
Oudtshoorn Regional Office
Western Cape Government
stephanus.schoeman@westerncape.gov.za

Swartberg Pass emergency 
reconstruction of flood damage

Figure 1 Locality Plan

Juan Prodehl PrEng
Chief Engineer
Transport and Public Works
Oudtshoorn Regional Office 
Western Cape Government
juan.prodehl@westerncape.gov.za
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excluding convict labour worth approxi-
mately £17 000. Today the magnificent 
dry-stone retaining walls and the 
spectacular vistas along the pass make a 
significant contribution to the tourism 
industries of both Prince Albert and 
Oudtshoorn.

The Swartberg Pass now forms 
part of the Western Cape Government 
(WCG) Department of Transport’s road 
network, and is managed by the Road 
Network Management Branch (hereafter 
referred to as the Branch). The pass is 
known as Main Road 369 (MR369) in the 
provincial road network and is located in 
the Oudtshoorn District Road Engineer’s 
(DRE) region. The ‘top’ of the pass is 
the boundary between Eden District 
Municipality (EDM) and the Central 
Karoo District Municipality (CKDM), 
who act as maintenance agents for MR369 
on behalf of the WCG.

THE FLOOD EVENT
On 9 April 2017 a flash flood caused 
extensive damage to 2.38 km of the 
Swartberg Pass on the Prince Albert side 
of MR369. This was the single largest 
flood damage event to the pass in recent 
times, although sections of the pass had 
been damaged before.

A detailed assessment of the damage 
was undertaken by the DRE, and com-
pleted by 12 April 2017, declaring the 
flood-damaged section as an emergency 
situation. Approximately 1.1 km of the 
damage was classified as a total road 
wash-away. Figures 2 to 5 illustrate the 
extent of the flood damage, resulting 
in the closure of MR369 from the 
Gamkaskloof turn-off to the Scholtzkloof 
turn-off. This road closure had a major 
impact on the surrounding communities, 
and required immediate intervention to 
re-establish access. The Branch issued a 
directive to the DRE to reconstruct the 
flood-damaged sections using in-house 
design and construction capacity in order 
to reduce the reaction time and allow for 
the design and construction phases to run 
in parallel.

INITIAL DAMAGE ASSESSMENT
The Oudtshoorn DRE completed the 
initial assessment and submitted it to the 
Branch’s Design Directorate for evalua-
tion and further design assistance. The 
repair work was deemed as an emergency, 
requiring immediate attention.

The initial assessment proposed 
two remedial options for the damaged 
‘Bain’ walls:

 N Reconstruction using modern rein-
forced concrete retaining walls

 N Reconstruction using modified dry-
packed stone walls.

Other major areas of concern from the 
initial assessment included the impact on 
the national heritage site, and the sensitive 
fauna and flora. It was proposed that spe-
cialists be appointed to assist in this regard.

The initial assessment proposed that 
CKDM act as the implementing agent for 
the flood damage repair, assisted by the 
DRE and EDM. The estimated cost of the 
repair work was R11.25 million additional 

funding to CKDM’s normal operational 
budget. In the event that a contractor had 
to be appointed, the estimate for the cost 
of the repair was R30 million.

PLANNING AND DESIGN
Due to the urgency of the matter, repair 
work commenced in parallel with the 
design phase. The Design Directorate, in 
conjunction with the DRE, CKDM and 
EDM, considered the possible options for 
the reconstruction of the pass. Fundamental 
decisions had to be made with regard to the 
design of the repair method for:

 N Approximately 300 m of historical ‘Bain’ 
walls that acted as retaining structures

 N Road layer-works.

Figure 2 Total road wash‑away, with footings 
of the original stone wall structure visible

Figure 3 Total road wash‑away at Tweede Water, with 
evidence of water levels during the flood event observed at 4 m
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Selection and design of the 
retaining structure
Three possible options were considered 
for the reconstruction of the retaining 
walls, namely:

 N Reinforced concrete retaining 
structure

 N Traditional dry-stone wall
 N Modified dry-stone wall.

In terms of constructability, each one of 
these options presented challenges in this 
particular scenario, with none of them 
presenting a definite advantage in terms 
of constructability. In addition, careful 
attention had to be given to the aesthetics 
of the proposed solutions during the 
design phase.

The first option, a conventional rein-
forced concrete retaining structure, was 
deemed less preferred in this instance, 
and, considered together with the objec-
tive of largely preserving the heritage 
value of the pass, it was excluded as 
a solution.

Traditional dry-stone wall construc-
tion is considered a highly skilled and 
tedious operation. Each stone has to 
be selected individually, sized and then 
packed to perfection. Considering the 
extent of the Swartberg Pass retaining 
structure, the limited time available 
for the reconstruction of the pass to 
ensure the livelihood of the local tourism 
industry, and the fact that the Branch 
also does not have the necessary skills to 
attempt such a large-scale, time-sensitive 
specialist operation, the traditional dry-
stone wall method was also excluded as a 
possible solution.

This left the team with the modified 
dry-stone wall option, which was then 
chosen as the preferred design approach.

The modified dry-stone wall
The initial modified dry-stone wall design 
for implementation consisted of a mass 
concrete footing and backing with weep 
holes, as shown in Figure 6. This design 
was later modified by the construction 
team, based on the on-site conditions and 
the fact that the remains of the original 
‘Bain’ walls were exposed at the start 
of construction.

The final design (Figure 7), utilised 
the remaining pieces of the original ‘Bain’ 
wall footings. It was determined on site 
that these footings were stable and pro-
vided a suitable base for the reconstruc-
tion of the walls. Bedding mortar was 

Figure 4 Total road wash‑away; note visible original 
fill material consisting of ‘rock‑fill’ from the Dorps River

Figure 5 Total road wash‑away, with evidence 
of original fill material and layer‑works visible
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incorporated in the design to assist with 
the setting of each stone as it was placed, 
ensuring that it would remain in place and 
stable. This would help immensely with 
the production rate, as it added a factor 
of ‘forgiveness’ in the selection and place-
ment of each rock. Even though the bed-
ding mortar would not form a watertight 

seal between the placed rocks, it was 
decided to add weep holes and a drainage 
layer behind the wall. The drainage layer 
and weep holes would ensure that the 
layer-works were adequately drained, 
even during constantly wet conditions. 
The design also incorporated the place-
ment of rip-rap at the toe of the wall to 

help protect it against erosion. The final 
amended design, as per Figure 7, opted 
for the use of less cement to reduce the 
impact on the environment, as construc-
tion of the wall would take place within 
the Dorps River which is a sensitive 
natural environment, and also to retain 
the heritage value of the pass.

Layer-work design
As the Swartberg Pass is situated in a very 
sensitive natural environment that hosts 
a number of unique plant and animal 
species, importing material posed the 
risk of contaminating the environment 
with foreign plant and animal species. It 
was therefore decided to minimise the 
need for imported material. The Dorps 
River running along the pass (and which 
caused the flood damage) presented a 
good source of natural rock-fill material. 
The material was assessed on site by the 
construction team, and was found to be 
suitable for use as fill after a short trial 
section was constructed. The material was 
utilised to fill the road bed to below the 
correction layer (see Figures 7 and 8).

Figure 6 Initial modified dry‑stone wall design
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The layer-work design further 
incorporated a correction layer on top of 
the rock-fill layer, using material from a 
borrow pit at the base of the Swartberg 
Mountains. The final 150 mm gravel 
wearing course layer would consist of a 
1:1 blend between the borrow pit material 
and a G4 imported material from a com-
mercial source (Figure 8). No changes to 
the geometric alignment were proposed in 
the initial design.

Legal compliance
A major part of the design phase that 
required immediate attention and action 
to ensure rapid repair of the pass, was 
compliance with all the legalities around 
heritage, environmental and water use 
licence approvals. In this regard the WCG 
Department of Transport and Public Works 
received excellent cooperation from the 
Department of Environmental Affairs, the 
Department of Water and Sanitation, the 

Breede-Gouritz Catchment Management 
Agency, Heritage Western Cape, Cape 
Nature and the local municipalities.

The intergovernmental and organisa-
tional cooperation from all these parties 
allowed the Branch to commence with 
construction within seven days of the flood 
event. This was a key factor in the success 
of the project and has strengthened the 
Branch’s relationship with these organisa-
tions and communities.

Figure 7 Final design of modified dry‑stone wall Figure 8 Layer‑work design for reconstruction



CONSTRUCTION
The Branch’s in-house design and con-
struction capacity enabled it to rapidly 
respond to the emergency situation 
without the time lapse which would result 
from having to appoint consultants and/
or contractors. Construction work could 
thus commence within seven days and 
run in parallel with the design phase. 
The construction work was split into four 
main phases, as described below.

Phase 1 – Establishing access
The state of the damaged pass was such 
that no vehicular access was possible. The 
first phase therefore entailed constructing 
an access road on the original alignment 
(Figures 9 and 10), while protecting the 
remaining heritage features. The work was 
largely done using a 22 ton excavator to 
construct the access road with material 
reclaimed from the Dorps River. Strict 
adherence to environmental regulations 
was essential during this stage, and during 
all the other stages of construction, due 
to the fact that work took place within the 
flowing stream of the environmentally 
sensitive Dorps River.

The Dorps River supplies drinking 
water to, among others, the Prince Albert 
Municipality. To reduce the amount of 
sediment deposit conveyed downstream, 
settlement ponds were constructed as a 
mitigation measure, and these remained 
in place until all work within the river had 
been completed. Constant monitoring of 
the water quality ensured minimal impact 
on water users during construction.

Phase 2 – Reconstructing ‘bain’ walls
The reconstruction of stone walls is a 
specialist skill that does not form part of 
the regular activities undertaken by the 
Branch’s construction units. To assist 
with the quality and production rate of 
the modified dry-stone wall construction, 
training was provided, with the construc-
tion of trial sections forming part of 
the training.

The original wall footings which had 
remained after the flood, were exposed 
and cleaned by hand (Figure 11). The 
surface was then washed to remove all 
loose dust and materials. During the 
construction of the access road, large 
stones were stockpiled to use towards the 
construction of the retaining walls. These 
large stones were then hand-picked and 
individually placed to construct the wall, 

Figure 9 Construction of the access 
road on the original alignment

Figure 10 Completion of 
a section of the access road
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Figure 11 Cleaning of the original 
stone wall footings by hand
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with the aid of an excavator, chains and 
hand labour. The construction of the wall 
took place in layers to allow the bedding 
mortar to set before the next layer was 
constructed and backfilled. The pass was 
opened to traffic before the completion 
of the walls, thus the construction of 
the stone walls continued under traffic 
conditions until completion in March 
2018. The upper 500 mm of the wall was 
constructed using smaller stones, which 
were placed by hand.

Phase 3 – Constructing layer works 
and wearing course
The construction of the rock-fill layer, 
which also formed part of the access 
road, was done using an excavator and 
a vibratory roller. The top 300 mm of 
the rock-fill layer was constructed using 
material with a smaller stone size to help 
even out the surface for the correction 
layer. Organic material that had become 
mixed with the stone reclaimed from 
the Dorps River, was removed by hand 
during construction.

A 150 mm correction layer was 
then constructed using conventional 
techniques and material from a nearby 
borrow pit to minimise the quantity of 
imported material. The full 2.38 km of 
pass was then re-gravelled using a 1:1 
blend of the borrow pit material and G4 
commercial material. In addition to the 
emergency flood damage work, 4 km of 
the pass that had lost its wearing course 
during the flood event was also re-
gravelled, using the same wearing course 
blend design.

The construction techniques for the 
wearing course were conventional, except 
for the constrained spatial environment 
within which the work had to be done. 
To reduce the amount of work required 
within the pass, the material was blended 
and mixed on a level section of road 
‘outside’ the pass to just below optimum 
moisture content. A convoy of tip-trucks 
then hauled the material into the pass for 
500 m sections, after which it was placed 
and compacted using a grader, water 
truck and roller. For safety reasons and 
to increase production rates, the pass was 
closed to public traffic until completion of 
the re-gravelling process, which resulted 
in the pass being partially opened for 
weekends from 20 October 2017, and 
completely opened, but still under con-
struction, from 17 November 2017.
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Figure 12 Section of reconstructed modified stone wall (stones 
were placed individually using an excavator, chains and hand labour)

Figure 13 Completed section 
of wall with rip‑rap placed at base

Figure 14 Blading of the correction layer
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Phase 4 – Finishing off the site
Re-establishment of vegetation on the 
newly constructed roadway embankments 
was undertaken to conserve the environ-
ment and to reduce the risk of erosion. 
Most of the work within the Dorps River 
was completed by December 2017, after 
which the settlement ponds, constructed 
of sand bags, were removed to return the 
river to its natural state. When the project 
is fully complete (by the time this article 
goes to print), all excess construction 
material will be removed from site.

INTERACTION WITH THE COMMUNITY
The communities surrounding Prince 
Albert and Oudtshoorn are to a great 
extent dependent on the tourism in-
dustry. The closure of the pass from the 
Gamkaskloof turn-off to Scholtzkloof had 
a significant impact on the economy of 
these communities.

An action group was established by the 
Minister to communicate directly with 
the project team. This ensured a clear line 
of communication so that the community 
remained well informed of the progress 

Figure 15 Blending of the 
wearing course material

Figure 16 Truck convoy in the pass



made and the planned programme. This 
constant and clear line of communication 
greatly reduced the number of queries and 
complaints from the public. The Branch also 
made widespread media announcements 
and sent out statements to ensure that all 
members of the public were informed of 
road closures and the progress being made.

PROJECT TIMELINE AND COSTS
The initial project programme estimated 
an 18-month construction period at a 
total cost of R11.25 million (R30 million 
if work was to be done by a contractor). 
The actual project timeline to date looks 
as follows:

 N 9 April 2017 – 2.38 km of the 
Swartberg Pass is damaged by flash 
flooding

 N 12 April 2017 – Initial assessment of 
damage is concluded

 N 13 April 2017 – Clean-up and con-
struction commences

 N 19 October 2017 – Stone walls and re-
gravel largely completed; pass opens to 
traffic on weekends the following day

 N 16 November 2017 – Stone walls com-
pleted to final road level and re-gravel 
completed; pass permanently opens to 
traffic the following day

 N Projected completion of stone wall 
reconstruction – March 2018.

To date the projected cost of the project 
is R10 million, with the work being 
completed in eleven and a half months, 
i.e. 11% under budget and six and a half 
months ahead of schedule.

CONCLUSION
The directive given to the Oudtshoorn 
District Roads Engineer to repair the flood 
damage to the Swartberg Pass utilising 
in-house construction capacity has been 
successfully undertaken. The cost and 
timeline of the project were significantly 
reduced, due to it being undertaken inter-
nally, thereby also reducing the impact on 
the surrounding communities.

The ability of the Branch to effectively 
respond to this emergency situation is 
largely due to the knowledge and skills that 
have been built within the Department’s 

design and construction units, and it is 
essential that these skills be retained.

PROJECT TEAM
The success of the project can only be 
attributed to the fact that all the parties 
involved cooperated fully and fulfilled 
their roles enthusiastically and with the 
required skill. The project team consisted 
of the following major role players:

 N Oudtshoorn District Roads Engineer
 N Central Karoo District Municipality
 N Eden District Municipality
 N Design Directorate
 N Guillaume Nel Environmental 

Consultants
 N Department of Environmental Affairs
 N Department of Water and Sanitation
 N Heritage Western Cape
 N Swartberg Pass Action Group 
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Figure 17 Re‑establishment of vegetation

Figure 18 The construction team who so painstakingly, and in record 
time, restored the flooded section of the Swartberg Pass
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INTRODUCTION
The iconic mega-tall skyscraper, known simply as ‘The Dubai 
Creek Tower’, at Dubai Creek Harbour is being designed by world-
renowned architect and engineer Santiago Calatrava who is leading 
its design and engineering work. Calatrava has chosen Aurecon as 
the engineer/architect-of-record to collaborate with on a range of 
design and technical features for the project. The iconic skyscraper 
will be the focal point of a major new development that is set to 
transform the Dubai Creek Harbour area into one of the most de-
sirable residential and leisure locations in the world. The location of 
the Dubai Creek Tower in the Dubai Creek Harbour masterplan is 
shown in the architectural rendering illustrated in Figures 1 and 2.

The high-profile project was unveiled to the world at a launch 
ceremony by His Highness Sheikh Mohammed bin Rashid Al 
Maktoum, UAE Vice-President and Prime Minister and Ruler 
of Dubai. The launch announcement was made by Mohamed 
Alabbar, Chairman of Emaar Properties, the Dubai-based com-
pany that commissioned the project.

“The Dubai Creek Tower in Dubai Creek Harbour will be a 
shining beacon of hope for the world, celebrating diversity and 
human achievements. The iconic landmark will further amplify 
the country’s ambition and futuristic vision,” he said. “The 
design is a perfect fit for our requirements and integrates not just 

design excellence, but also strong environmental and smart-tech 
considerations. With the Dubai Creek Tower we are delivering a 
compelling destination that will add long-term economic value to 
Dubai and the United Arab Emirates.”

Aurecon’s Design Director for Tall Buildings, Dr Andy Davids, 
said, “Emaar Properties are property developers who see their 
mission as nation-building. As architects and engineers there is 
nothing more humbling than being invited to build a nation.”

The iconic Calatrava design was selected from six proposals 
that were submitted by top global architectural firms. The design 
is influenced by the natural forms of a lily and suggests the shape 
of a minaret, thus combining modern, sustainable design with 
the rich heritage and culture of the United Arab Emirates. The 
building’s observation decks are part of an elongated bud at the 
top of the Dubai Creek Tower, which is supported by a slender 
structural ‘stem’ that is anchored to the ground and stabilised by 
a net of cable stays – a truly striking feature reflecting the delicate 
ribbing of lily leaves. Two VIP observation garden decks within 
the bud will recreate the Hanging Gardens of Babylon. Other 
design features include numerous balconies that rotate outside 
the façade of the Dubai Creek Tower, an exclusive hotel and sev-
eral event spaces. An architectural rendering of the Dubai Creek 
Tower structure is shown in Figure 2.

Dr Gabi Wojtowitz Pr Eng
Geotechnical Engineer
Aurecon
gabi.wojtowitz@aurecongroup.com

Dr Eduard Vorster Pr Eng
Geotechnical Engineer / Client Director
Aurecon
eduard.vorster@aurecongroup.com

Dubai Creek Tower – founding one 
of the world’s most iconic buildings

Figure 1 The skyline view from the 
harbour (image courtesy of Emaar)
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Upon completion, the Dubai Creek Tower will complement 
Dubai’s Burj Khalifa in reaching new heights. Aurecon assembled 
its top global experts to contribute to the project, with work being 
led by the company’s Middle East office, with input from offices in 
Africa, Asia and Australia – a truly global collaboration and co-
design. Aurecon Ground Engineering, based in Tshwane, South 
Africa, under the leadership of Dr Eduard Vorster, undertook the 
geotechnical engineering for the deep foundations task team.

FOUNDATIONS FOR MEGA-TALL BUILDINGS
According to the Council for Tall Buildings and Urban Habitat 
(CTBUH) classification, tall buildings range from 200 to 300 m in 
height, super-tall from 300 to 600 m, and mega-tall greater than 
600 m. The design of mega-tall buildings presents new challenges 
to structural and geotechnical engineers, as one moves into a 
different, complex design space where traditional procedures 
cannot be the only ones applied. Such structures present design 
considerations of a new magnitude and complexity, such as large 
vertical and horizontal loads and moments, along with more 
intricate load sharing within the foundation system; the influence 
of the cyclic nature of wind and earthquake loads on foundation 
capacity; soil–structure interaction for all loading scenarios; the 
dynamic response of the structure to wind and earthquake loads; 

settlements and creep effects; the structural capacity of compo-
nents; and the long-term response and capacity of the ground.

The foundation system for mega-tall buildings will transfer 
load in various ways, depending on the type of system adopted. 
In the past in Dubai, piled raft systems were used, whereby load 
is carried by the piles in shaft friction in conjunction with the 
raft bearing on the ground. A recent change in legislation now 
requires pile foundation systems to be implemented, whereby the 
load is carried solely by the piles. Thus, designers require more 
from the ground, and such designs require better ground inves-
tigation data. The depth of investigation required to supplement 
these designs pushes the boundaries of present ground investiga-
tion experience. In addition, the required pile lengths approach 
the limits of constructed depths to date, whereby issues such as 
verticality and machine limits drive pile length.

A significant volume of material is needed to be engaged for 
mega-tall buildings to reach geotechnical capacity, and the foun-
dation system essentially reaches the boundaries of the structural 
capacity of the components before geotechnical capacity can be 
mobilised. Structural capacity of the foundation components 
becomes the design driver, which is different to normal buildings. 
High-strength concrete in the order of 80 MPa is used for the 
Dubai Creek Tower.

Figure 2 Artist’s rendition of the Dubai Creek Tower at Dubai Creek 
Harbour with the Burj Khalifa in the distance (image courtesy of Emaar)
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BRINGING IDEAS TO LIFE 

Geotechnical investigation
For a project of this scale, the scoping and quality of the works 
undertaken for the geotechnical investigation (GI) are of utmost 
importance, as these will inform the design parameters and 
considerations driving foundation design, as well as identify and 
manage risk associated with founding conditions. Aurecon scoped 
and prepared the specifications for the GI works. Fugro Middle 
East (FME) was commissioned by Lagoons Phase 1 LLC and 
Emaar Properties PJSC to carry out a GI for the stem and cable 
anchorage foundation structures. The scope of the GI ranged from 
one borehole drilled to a depth of 203 m, nine boreholes to a max-
imum depth of 150 m, and thirty-seven boreholes to a maximum 
depth of 75 m. In addition, four percussion boreholes were drilled 
for groundwater monitoring and pump testing. A suite of in-situ 
testing was undertaken, which included standard penetration 
testing (SPT), falling-head permeability, single/double-packer 
permeability, pressure-meter testing and a geophysical survey 
comprising P-S suspension testing, in addition to a complement of 
laboratory testing on select soil and rock samples.

Fugro Middle East was also appointed to conduct the geotech-
nical investigations for the podium areas of the development. The 
scope of this work comprised drilling an additional seventeen 
rotary core boreholes up to a maximum depth of 35.50 m, as well 
as in-situ testing which included standard penetration testing 
(SPT), cone penetration testing (CPT) and pressure-meter testing, 
as well as laboratory testing.

The geotechnical investigation for the construction of the 
Dubai Creek Tower commenced in June 2016. The GI for both the 
stem and cable structures, and the podium, were completed in 
January 2017.

Geology
The geology of the Eastern Arabian Peninsula was influenced 
primarily by the deposition of marine sediments associated with 
many sea level changes in recent geological times (Poulos 2009). 
The rocks of the Eastern Arabian Peninsula comprise a substan-
tial thickness of carbonate, clastic and evaporate sedimentary 
rocks, deposited in relatively stable conditions on the ‘Arabian 
Shield’ over an extended period. The deposition of the strata 
occurred in a variety of environments of deposition, principally 
shallow marine, intertidal zones, sabkha and fluvial environ-
ments. Typically, the ground conditions comprise a subsurface 
profile which is complex and highly variable regarding strata 
thickness, cementation and occurrence of gypsum layers. This is 
due to the nature of deposition, seismic activity, river channels 
and the hot arid climatic conditions of the area (Russo et al 2013).

The site is covered by predominantly sandy horizons to a 
depth ranging from 11 to 14 m. In some boreholes the sandy 
horizons are underlain by lenses of extremely weak calcarenite, 
which was retrieved in some boreholes as a dense cemented sand. 
The sandy horizons and calcarenite lenses are underlain by very 
weak to weak bedrock comprising sandstone with an average 
thickness of 3 m. The sandstone is underlain by calcisiltite with 
lenses of conglomerate, which in turn is underlain by claystone 
and siltstone.

The calcisiltite unit displays a structure consistent with a 
formation process whereby soil particles are cemented with 

carbonate. One design consideration associated with the geology 
on site is the bond strength of the underlying rock which, when 
exceeded, could lead to long-term creep effects. If subjected to 
high loading conditions, the bonds could break, with changes in 
the rock compressibility and shear strength properties (essen-
tially the rock would behave as a different material). Bond yield 
strength represents the point at which bonds break. To keep the 
material behaviour within known limits, the foundation design 
had to ensure that induced stresses within the ground remained 
below the bond yield strength.

Design parameters
Tall buildings, due to their status and investment, are designed 
for significant design life, which challenges the way one considers 
ground parameters. In addition, cyclic degradation and induced 
strains for different load cases (such as seismic and dynamic) 
were considered when selecting design parameters. A statistical 
approach was followed for the determination of geotechnical pa-
rameters from the geotechnical investigation data. The statistical 
approach applied was based on the Eurocode 7 methodology as 
proposed by Schneider (1999) to estimate engineering properties, 
Young’s modulus (across ranges from small strain), unconfined 
compression strength and shear strength of the rock. Apart 
from the statistical evaluation of the investigation data for the 
determination of design parameters, consensus decisions were 
also achieved between the designer (Aurecon), the foundation 
contractor and external reviewer. Three design parameter 
scenarios were considered: a best estimate model with upper and 
lower bound models.

In addition, advanced laboratory tests were utilised to deter-
mine specific design parameters, such as:

 N Cyclic triaxial testing was carried out to evaluate the behaviour 
(modulus degradation) of the founding materials under cyclic 
loading, such as for the cable anchorage foundations design.

 N Constant normal stiffness (CNS) direct shear testing was car-
ried out to estimate the shaft resistance of the barrettes during 
repeated loading. Samples were selected from various boreholes 
at varying depths to estimate the likely shaft resistance of the 
proposed barrettes. The testing involved shearing concrete/rock 
interfaces which represent the barrette/rock interface under 
conditions like those which could occur in the ground.

Foundation system
The foundation system comprises the stem core foundation, 
the cable anchorage foundations and the podium foundations. 
The stem is to be founded on a pile group comprising 145 
 rectangular-shaped reinforced concrete barrettes, 58 m in length, 
with plan dimensions of 1.5 m by 2.8 m. The cable anchorage 
foundation (CAF) systems, supporting the stem cables, are 
located on either side of the stem core foundation and comprise 
two crescent-shaped structures. The stem core foundation mainly 
carries the stem vertical load, whereas the cable anchorage 
foundations are required to balance the vertical and horizontal 
component of the cable forces. An innovative design was applied 
for the cable anchorage foundation system to control the risk of 
degradation of pile capacity for piles acting in tension throughout 
the life cycle of the Dubai Creek Tower. The cable anchorage 
foundation system is designed to act as a counterweight system 
whereby cellular box structures filled with material act as 
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counterweight boxes to ensure that the barrettes never carry ten-
sion loads in working conditions. Hence the tension resistance 
capacity of the barrettes may only be engaged in the location 
of the maximum cable forces in the ultimate limit states. The 
counterweight boxes are in turn founded on rectangular-shaped 
barrettes (1.2 m by 6.2 m), due to large horizontal forces.

Aurecon Ground Engineering used advanced 3D numerical 
modelling techniques to model the stem core and cable an-
chorage foundations. The 3D analyses were utilised to determine 
the settlement profile of the Dubai Creek Tower core and CAF 
foundations; to calculate the stiffness of the barrettes and the 
pile cap for use in structural analysis of the foundation system; to 
calculate barrette actions (axial force, shear force) and mobilised 
skin friction within the barrettes; to estimate the vertical shear 
stress increase below the toe, as well as along the pile length of 
the barrettes under serviceability load conditions for estimation 
of potential long-term settlement (creep); and to undertake para-
metric studies to convey the driving mechanisms and parameters 
for design. Parametric studies focused on a variation of pile cap 
concrete modulus, and a variation of ground model strength and 
stiffness parameters considering a best estimate under service-
ability, and upper and lower bounds under ultimate design cases. 
Many innovative modelling techniques were developed by the 
team to realistically model the different components.

In addition to the separate models developed for the 
Dubai Creek Tower core and CAF systems, Aurecon Ground 
Engineering created a model of the full foundation structure with 
the Dubai Creek Tower core and CAF as one model. This was an 
immense value-add to the project, as the combined effect of the 
CAF and Dubai Creek Tower core could be analysed and the 
complex soil–structure interaction between the different struc-
tures investigated. In addition, the model allowed the team to 
simulate construction sequences and investigate the changes 
in load sharing that occurred throughout the system due to 
changes in construction sequences. An example of the com-
bined PLAXIS 3D model is shown in Figure 3. The foundation 
design was based on Eurocode 7 (and the UK National Annex), 
which was used to inform the design methodology and matrix 
of design cases to be analysed. The application of Eurocode 7 in 
numerical modelling to investigate the suite of ultimate limit 
state cases (Structural (STR) and Geotechnical (GEO)) for the 
design was a novel process for the team, and became a state-of-
the-art procedure thereafter.

The foundation design was governed by many design 
drivers, such as structural capacity of the elements, limiting 
the effects of cyclic degradation on skin friction and long-
term creep effects, ground response for earthquake loading, 
liquefaction, geotechnical capacity of the system, and high 
groundwater levels, to name only a few.

Full-scale testing
Verification of the foundation design was undertaken using 
full-scale testing of the barrettes. Full-scale barrette tests in 
compression and tension were conducted, as well as lateral bar-
rette tests (whereby barrette refers to the rectangular-shaped 
pile). Soletache Bachy was appointed as the geotechnical con-
tractor for the construction of the barrette foundations. Fugro 
Load Test was appointed as specialist contractor to conduct the 
instrumentation and testing on behalf of Soletanche Bachy.

Three barrettes tested in compression were undertaken to 
confirm the skin friction and modulus for the stem core barrettes. 
An innovative principle was adopted for the full-scale barrette 
tests, as barrettes of this size would be difficult to mobilise using 
traditional testing procedures. The methodology applied comprised 
the use of Osterberg cells (O-cells) cast into each test barrette, 
which were then used to load sections of the barrette. The O-Cells 
were located above the toe of the barrettes, as well as at selected 
depths in the bottom half of the barrettes. The location of the 
O-cells was determined on a conservative estimate of shaft friction 
and base resistance to allow optimum testing of the barrettes. The 
test barrettes are instrumented with linear variable displacement 

Figure 3  PLAXIS 3D model of the combined Dubai Creek Tower core 
and Cable anchorage foundation system
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transducers (LVDTs), strain gauges, fibre optic sensors, ‘tell-tale’ 
extensometers, levelling surveys and compression meters. Ducts 
were provided within the barrettes to facilitate base drilling and 
cross-hole pile integrity testing. Each set of O-cells has a maximum 
combined capacity of 120 MN. The testing methodology comprised 
loading sections of the barrette. A world record was attained on 
24 August 2016 for the maximum test load on a pile, as shown in 
Figure 4. World records on a project of this stature are expected, 
as one is designing beyond the known realm. Figure 5 shows the 
piling rig used to install the test barrettes.

In addition to the compression tests, three instrumented test 
piles were installed to perform tension tests to evaluate the skin 

friction capacity and possible degradation of the various soil and 
rock horizons in contact with the barrette foundations when a 
cyclic tension load is applied at the top of the pile in the cable 
structures. The testing sequence proposed by Aurecon included 
static and cyclic tension to simulate the loading conditions that 
are expected for the cable anchorage structures.

As a complement to the full-scale testing works, two sets of 
lateral load tests were also conducted to evaluate cyclic response 
and lateral response for the cable anchorage foundations. The 
lateral tests were conducted on both the minor and major axes of 
the 1.2 m × 6.2 m barrettes. 

PROJECT STATUS
To date, all the barrettes for the Dubai Creek Tower core and CAF 
have been installed, with the construction of the pile cap under way. 
The project is well under way to reach its intended completion date.
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OVERVIEW
Commercial developments in the 
Centurion CBD strike a delicate balance 
between highly desirable locations at 
a key economic hub, and potentially 
disastrous foundation conditions due to 
underlying dolomitic rock. The variability 
of the underlying bedrock has shaped 
the formation of the Centurion CBD for 
decades, with highly attractive, centrally 
based erven lying only partially developed 
between other successful ventures. One 
such location is Growthpoint Properties’ 
Lakeside Offices, directly opposite the 
Centurion Gautrain Station, adjacent to 
the AECOM head office in West Avenue.

The site posed severe geotechnical 
challenges that have impacted previous 
developments. Now, through a combina-
tion of structural and geotechnical 
knowledge integration, a nine-storey office 
development is under construction.

BACKGROUND
263B West Avenue was envisaged as a 
large multi-storey office development in 
2005. The geotechnical report conducted 
at the time revealed highly variable 

dolomite, with several potential cavities 
across the site, including deep pockets of 
WAD (weathered altered dolomite) and 
total air loss during drilling. At the time 
these were classified as Risk Class 6 zones, 
in terms of the dolomite assessment cri-
teria then applicable. Only a third of the 
original development was eventually built, 
maintaining a safe distance from the 
potentially dangerous locations identified 
in the report. The rest of the site remained 
fenced off and undeveloped. By 2012 the 
development was showing evidence of 
movement and structural damage.

CURRENT DEVELOPMENT
Further geotechnical investigations by 
AECOM in 2014 increased the extent of 
drilling on site to a total of 47 percussion-
drilled, evenly spread boreholes. Based 
on the depth to bedrock, the air loss 
instances, the rate of drilling advance, and 
interpretations of the mobilisation poten-
tial and overlying horizons, the site was 
categorised into three inherent hazard 
classifications: IHC ≤ 5 (low to high risk of 
small sinkholes < 5 m), IHC 6 and 7 (high 
risk of medium and large sinkholes 2 m to 
5 m, and 5 m to 15 m respectively) with 
instances approaching IHC 8 (high risk 
of a very large sinkhole > 15 m). Further 
proof-drilling investigations, conducted 
in 2016, increased the number of borehole 
logs to 106, in an attempt to obtain a 

‘best possible’ representation of the 
ground profile.

The nature of the proposed office devel-
opment, and the classification of the site, 
meant that a D4 review process, in terms 
of the current Code of Practice (SANS 
1936:2012 – Development of Dolomite 
Land), needed to be implemented via the 
Council for Geoscience and the City of 
Tshwane in order for the development to 
proceed. An external D4 reviewer, Alastair 
Morgan (Pr Eng, Specialist Geotechnical 
Engineer), was appointed by the client to 
ensure that due process was being followed 
from a ground engineering perspective.

CONCEPT DESIGN
A high-rise office block was planned for the 
site, but dolomitic ground is notoriously 
unpredictable. This site was no exception, 
with, for example, two boreholes located 
only 3 m apart providing evidence of bed-
rock at 1 m deep and 45 m deep respectively. 
Conceptually this is difficult to design for. 
Even aided by a gravity survey, a continuous 
surface wave survey, and 106 drill logs, an 
accurate bedrock profile is, at best, an ap-
proximation based on interpolation.

Two main considerations were critical 
in the concept design:

 N The ability to span a potential 15 m 
wide sinkhole as an accidental case

 N The differential movement arising 
from normal building use, due to the 

Kim Timm
Structures Executive
AECOM
kim.timm@aecom.com

Growthpoint Properties’ Lakeside Offices, Centurion 
Leading the way in dolomitic development

Figure 1 Artist’s rendition of Growthpoint Properties’ Lakeside Offices at 2 West Road, Centurion
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highly varied rock profile (from surface 
outcrops to 48 m deep).

About 15 alternative concept designs 
were modelled by the structural and 
geotechnical teams. Ground engineering 
solutions included:

 N Jet grouting
 N Compaction grouting
 N Dynamic compaction
 N Soil rafts.

Structural foundation alternatives 
encompassed:

 N Concrete rafts
 N Piling solutions (various types of piles)
 N Beams spanning between pinnacles
 N Bridge systems from out of the 

superstructure.
A risk-mitigation system, balanced against 
cost-effectiveness and returns, was used 
to evaluate the concepts and isolate the 
preferred way forward. This method 
provided the most predictable cost ex-
penditure, while still ensuring the safety 
and reliability of the structure as a whole.

FINAL DESIGN
The final design combined a number of 
structural and geotechnical solutions. The 
site was to be excavated to the anticipated 

founding level (ranging from 7 m to 1 m to 
below natural ground level (NGL)). For 5 m 
below the founding level, any bedrock (in 
the form of pinnacles, ridges and floaters) 
was drilled, blasted, excavated and blended 
with an on-site chert residuum mix, and 
replaced as fill to form a soil mattress. 
Simultaneously, any WAD in the upper 
5 m was removed to spoil. The entire 

building footprint was then dynamically 
compacted. A 14.5 t pounder was dropped 
about 4 600 times on site, followed by a 
smoothing or ironing phase. This process 
was designed to create a uniform soil 
mattress above the highly variable rock 
profile, and below the structural founda-
tion. It also assisted in softening hard 
spots below the raft, improving soft spots 
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and pre-collapsing any shallow cavities. 
About 17 700 m3 of material were removed 
from site during this process. A further 
23 000 m3 were excavated, blended and 
re-compacted back into place. Vibration 
monitoring was conducted throughout this 
ground improvement process.

The structural foundation system was 
a 2.25 m thick reinforced concrete raft, de-
signed to span a 15 m sinkhole. The raft was 
designed on a mattress of variable spring 
stiffness, adjusted for the depth to bedrock, 
and the anticipated depth of the WAD 
and the enhanced soil mattress zone. This 
was updated based on blast-hole logs and 
compaction logs, as well as in-situ plate load 
tests during the earthworks contract phase. 
The raft depth was optimised to determine 
the most cost-efficient and appropriate 
thickness by balancing deflections and 
moments under serviceability and ultimate 
limit states, as well as sinkhole formation 
considered as an accidental limit state.

FOUNDATION CONSTRUCTION
The raft footprint was approximately 
82 m × 68 m, necessitating 13 200 m3 of 
concrete, and 1 500 t of reinforcement steel. 
The raft construction was divided into nine 
main continuous concrete pours of 1 400 m3 

each, with a smaller tenth pour thereafter. 
Large-scale concrete pours of this nature 
require careful thermal and shrinkage 
design and integrated logistical planning 
to ensure uniform concrete supply at the 
appropriate temperature. Three readymix 
batch plants were used, with up to 18 trucks 
on continuous rotation, supplying up to 
three pumps during each of the pours.

Evaporation rates were calculated every 
45 minutes during pouring, with misting 
nozzles laid out to reduce the evaporation 
rate when this became problematic. Mix 
designs and the sequence of each pour 
ensured a slow temperature build-up, with 
a peak of 62°C in the centre of the concrete, 
and no more than a 25°C differential 
temperature from the thermal centre of 
the concrete to the surface. This was moni-
tored during the curing process by three 
sets of five thermal probes placed at dif-
ferent levels and locations within the raft. 
The surface temperature was maintained 
by blanketing with thick polystyrene sheets 
and wooden shutter boards to prevent 
excessive surface cooling during the night.

MONITORING
Due to the high-risk nature of the ground 
conditions, initial improvements were in-
sufficient for peace of mind. A system was 
needed to monitor and track the resultant 
ground, raft and structure movement. This 
was achieved by logging location tags on 
the rafts at each column location, surveyed 
bi-weekly. In addition, three-rod extenso-
meters were installed at three locations on 
the raft. Each extensometer location was 
close to a previously identified high-risk 
area. The three rods were anchored in 
interpreted key sectors of the profiles based 
on the anticipated locations of the potential 
movement and the ground mobilisation. In 
the short term, the extensometers provide 
high-precision spot settlement values. In 
the long term, they are linked to the BMS 

system and serve as an early-warning 
signal for potential ground movement or 
instability at depth.

DOLOMITE RISK MANAGEMENT
Dolomitic sinkholes result primarily from 
surface water infiltration and reduction 
in water levels at depth. A key design 
principle of the project as a whole is the 
isolation of the ground surface from 
water ingress as best as possible. Building 
services are all fully contained within the 
structure with concrete lined ducts at 
entry and exit points. External services 
run in HDPE pipes within a secondary 
sleeve, linked to the BMS system for early 
leak detection. Ongoing dolomite man-
agement, in the form of the Dolomite Risk 
Management Plan (DRMP), is an essential 
part of the lifespan of the structure as a 
whole, with appropriate water manage-
ment systems as a core principle.

CURRENT PROJECT STATUS
The earthworks contract has been com-
pleted, while the raft and first suspended 
floors of the main contract have been cast. 
Structural completion is due by the end 
of July 2018, with project completion in 
March 2019.

CONCLUSION
The Growthpoint Properties Lakeside 
Offices project is evidence that, with suf-
ficient site information and knowledgeable 
experts, a cost-effective solution can be 
found to overcome severe challenges. It 
is important that the structural and geo-
technical systems are not treated in isola-
tion, but rather work together effectively.

Upfront design and planning mitigate 
the risk considerably, allowing for a robust 
solution to be found. This permits the 
developer to focus on the budget, even 
when dealing with the unexpected and 
the unknown. 

Figure 4 Dynamic compaction 
in progress on the site
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OVERVIEW
There has been an increase in the number 
of failures of concrete (or segmental) 
block retaining walls in South Africa. This 
article discusses, from the theoretical 
and design perspective, the significant 
problems associated with the use of the 
open block configuration. It is used exten-
sively in South Africa, but its use is being 
discouraged and it has limited prevalence 
in developed countries. This article shows 
that, compared to the closed-block con-
figuration, if correctly designed, the open 
block configuration is only economical 
at shallow slope angles and/or for low 
heights. Ultimately open block con-
figuration should only be considered in 
exceptional circumstances and with due 
regard of numerous interrelated design 
factors and geotechnical conditions. There 
is a need for rigorous application of codes 
and duty of care by the profession as these 
complex geotechnical structures become 
higher and steeper.

INTRODUCTION
Since the arrival of the segmental retaining 
block wall in South Africa in the early 1980s, 
segmental retaining walls (SRWs) have been 
used on numerous projects and have gained 
popularity due to their economic design, 
rapid constructability and aesthetics. The 
blocks first arrived in the country under the 
trade name Löffelstein (Löffel = spoon and 
stein = stone) from Switzerland. It was used 
in an open assembly block configuration 
and without geosynthetic reinforcement. 
The open assembly results in a gap between 
blocks, and originated from the need for 
green space and a plantable wall in European 
cities which had for a long time been dealing 
with large population densities. Closed as-
sembly has no such gap.

Löffelstein has been successfully utilised 
in numerous applications. However, com-
pared to today’s SRW systems, these blocks 
were packed at a relatively shallow slope 
angle of 70 degrees, had a very substantial 
nib, and were also substantially larger than 
most blocks available now. The blocks were 
also packed much more densely and with 
larger block-nib contact than many open 
configurations presently being used.

Significant technological developments 
in geosynthetics, and the need to build 
steeper and higher has resulted in the 
introduction of geosynthetically reinforced 
SRWs as a form of mechanically stabilised 
earth walls (MSEWs). The blocks in 
reinforced SRWs can be connected to the 
geosynthetic reinforcement by means of 
a frictional connection or a mechanical 
connector (positive). The shear strength 
between units can be achieved by the 
concrete nib or friction between the units. 
These advances imply that these systems 
now compete with traditional concrete 

panel MSEWs. However, there are signifi-
cant differences between available blocks, 
connectors and grids. This actually implies 
that there are less than a handful of SRW 
systems that are equivalent to concrete 
panel MSEWs.

Unfortunately, the risk associated with 
these walls has grown significantly. This is 
due to increasing urbanisation which re-
quires higher and steeper walls, and a price 
war for the cheapest square meterage rate. 
Because these (shallow) walls have per-
formed well in the past, industry appears 
to glance over the fact that, as these walls 
become larger, they also become highly 
complex geotechnical structures. This 
often results in reinforced SRWs not being 
designed according to applicable codes, and 
the client choosing the cheapest supplier 
using the most liberal design assumptions.

A recent news article (see Figure 1) 
shows an example of the increasing 
number of SRW failures. Such events 
ultimately reflect poorly on the profes-
sion. ECSA’s (Engineering Council of 
South Africa) Investigating Committee 
has identified these walls as problem 
structures (ECSA: Agostini & Day 2017). 
What should be noted is that all the issues 
raised by ECSA relate to improper design 
or construction, rather than failure of 
block or grid due to manufacture. This 
can be corroborated with international 
studies such as by Koerner et al (2013).

DESIGN CODES
SANS207:2011 is often mistaken to be the 
only design code applicable to the design 
and construction of reinforced soils and 
fills. But this is not correct, as this code 
is focused on the design of the reinforced 
soil mass and does not discuss the design 

Frans van der Merwe Pr Eng
Principal Geostructural Engineer
GaGE Consulting
frans@gageconsulting.co.za

Fernando Pequenino Pr Eng
Principal Geotechnical and Tunnel Engineer
GaGE Consulting
fernando@gageconsulting.co.za

Riaan van Biljon
Engineer Department Head
Bosun Group
specifying03.bgs@bosungroup.co.za

Mind the Gap
Towards the elimination of open assembly 
configuration in segmental retaining walls



Civil Engineering April 2018 37

of the facing elements and geosynthetic 
connections. For concrete panel MSEWs, 
and some internationally developed SRWs, 
this is covered by the suppliers’ warranties 
and backed by numerous case histories and 
testing by regulating authorities such as 
the British Board of Agrément Technical 
Approval for Construction and the Federal 
Highway Agency Innovative Technology 
Evaluation Centre (HITEC). However, for 
locally manufactured SRWs there is not 
only an absence of this testing and history, 
but also a lack of understanding of the 
internal design of the facing elements. This, 
in our opinion, is evident in the extensive 
use of the open assembly configuration.

The American National Concrete 
Masonry Association’s (NCMA) code 
is more appropriate in this regard. It 
discusses the design of the facing elements 
and geosynthetic connections, and is used 
in both the USA and Europe for the design 
of SRWs. Importantly, this code does not 
cover the ‘Open Assembly Configuration’.

COMPLEX THREE-DIMENSIONAL 
EFFECTS OF THE OPEN ASSEMBLY
SRWs can achieve relatively large heights, 
but should probably be limited to an 

absolute maximum of 10 m for a single 
tier. The design will be governed by:

 N Block dimensions, and weight
 N Geosynthetic reinforcement strength
 N Foundation soils
 N Face angle
 N Connection strength
 N Nib strength or block-to-block friction
 N Surcharge loading and permissible 

strains
 N Backfill material and compaction quality
 N Permissible internal fill and external 

overall settlement
 N Wall geometry (such as crest and wall 

slope).
The choice of open assembly has a direct 
effect on almost all of the above consid-
erations as a result of the following:

 N Reduced overall facing unit weight 
(roughly 15 kN/m3 for open assem-
blage and 20 kN/m3 for closed block 
configuration)

 N Increased tensile stresses in the 
geosynthetic reinforcement at the con-
nection, due to arching

 N Decreased shear capacity between 
SRW units (large nib-to-no-nib con-
tact ratio)

 N Reliance on radial stiffness of grid

 N Increased local bearing on foundation 
soils

 N Reduced connection capacity.
The complex three-dimensional effects 
which develop as a result of the open as-
sembly may not be immediately apparent, 
but result from arching of the soil and grid 
between blocks as a result of the reduced 
contact between nibs, blocks, soils and geo-
synthetics. In closed block configuration 
(depending on block) there is full block-nib, 
soil-block and geosynthetic-block contact, 
making this a plain strain (2D) design.

With arching the load will increase 
in the geosynthetic reinforcement at the 
facing. This increased load is illustrated 
in Figure 2 and can increase the tensile 
load experienced, when compared to the 
tensile load behind the failure plane, five-
fold. In other words, this increased tensile 
strength requirement will govern the 
design strength of the geosynthetic.

Additionally, the radial strength of the 
geosynthetic will normally be much smaller 
than the stiffness over the machine direc-
tion and cross direction. In fact, if the wall 
is designed in the conventional two dimen-
sions, the most cost-effective grid would 
be a uniaxial grid, implying zero radial 

Figure 1  A recent news photo highlighting problems with SRWs; the Councillor in the photo, Martin Meyer, expressed concern that the 
collapsed wall was too high and too vertical (Credit: Lauren Walford, Berea Mail, 28 September 2016)
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strength. In the case of arching developing, 
load acts as a normal plane strain problem 
and therefore this load intensity is very diffi-
cult to establish. If arching is not accounted 
for, significant creep would occur at the 
interface of the SRW unit and geosynthetic 
reinforcement, and would eventually lead to 
failure of the geosynthetic.

To illustrate this point, two photos are 
provided in Figure 3. Figure 3(a) shows 
a geogrid hanging loose between blocks 
in the open assembly configuration, with 
approximately 20% geosynthetic and 
block-nib contact. In this scenario the 
reduced nib-block contact is illustrated, as 
well as the reduced block-grid interface. In 
Figure 3(b) the pressure to further reduce 
the block coverage results in an open 
assembly with the blocks barely in contact 
with each other; gaps between blocks have 
been filled with concrete to stabilise the 
wall after signs of instability.

REDUCED INTERFACE STRENGTH
Tensile connection between the geo-
synthetic reinforcement and the facing 

blocks can be achieved through one of the 
following mechanisms:

 N Built-in mechanical concrete interlock 
(positive connection)

 N Mechanical connectors (positive 
connection)

 N Frictional interface.
In South Africa most segmental blocks 
available derive their tensile connection 
capacity from a frictional interface. Such 
systems (without a positive connection 
and for wall heights greater than 3 m) 
are discouraged from use in public infra-
structure projects in the United States 
(HITEC/FHWA/WVDoT 2013).

Segmental block cavities are normally 
filled with gravel and significant gravel-to-
gravel interlock can occur between gaps in 
the geogrid. However, many blocks avail-
able in South Africa, to prevent migration 
in an open assembly, are developed 
with a concrete interface at the bottom 
of the block; this reduces the frictional 
resistance, as no gravel interlock between 
the geosynthetic reinforcement and infill 
gravel will occur.

The shear capacity (Vu) between 
segmental block courses generated by these 
connections is an important parameter in 
the stability analysis of reinforced SRWs, 
and similarly for the connection strength 
(Tconn) developed between the SRW unit 
and the design of the SRW reinforced mass. 
Appropriate values for Vu and Tconn can only 
be established from large-scale testing of 
the connection details in an SRW system. 
To our knowledge, such test results, for 
specific blocks with specific geosynthetic 
reinforcement, are not available from any 
of the SRW block suppliers in South Africa. 
For approval of systems in the United States, 
the ASTM D6638 Standard Test Method 
for Determining the Connection Strength 
Between Geosynthetic Reinforcement 
and Segmental Concrete Units and the 
ASTM D6916 Standard Test Method for 
Determining the Shear Strength Between 
Segmental Concrete Units must be used.

The magnitude of Vu and Tconn calculated 
from ASTM tests must be compared to 
actual applied force to each specific SRW 
unit elevation or geosynthetic reinforce-
ment layer during design. The shear capaci-
ties and connection must be greater than 
the applied loads with reduction factors.

In NCMA (2009) the tensile load in the 
geosynthetic reinforcement is conserva-
tively considered to be fully exerted at the 
facing of the connection. The reduction in 
tensile load due to the vertical component of 
weight in the wedge acting on the grid is ig-
nored. Fully exerted tensile loads will occur 
at the toe of the reinforced SRWs where the 
wedge almost intersects the facing.
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If open block assembly is to be used, 
the test results from the above should be 
adjusted for the reduced shear and tensile 
capacity. Inevitably, with an open block 
configuration the shear capacity will 
reduce significantly due to the smaller in-
contact area and the reduced unit weight 
of the facing. Open block should almost 
always be used with a concrete nib to 
ensure shear resistance, as the frictional 
resistance between two blocks without a 
nib will be too small.

COST COMPARISON
The principal motivation for the open 
block assembly is cost.

However, it can be shown, using the 
codes and reasonable design assumptions, 
that, for walls greater than about 3.5 m 
(depending on the specific block), the 
closed block configuration is less costly. 
This is due to the increased strength of the 
grid required to overcome the localised 
increased tensile load, and the additional 
number of grids required to distribute the 
soil pressure over a smaller nib-block area.

JUST ADD WATER
It is clear that many open block walls, 
even if significantly under-designed, 
stand for many years without problems. 
This can only be attributed to the ap-
parent cohesion that develops in the 
backfill material due to matric suction. In 
this scenario the active earth force will 
be significantly reduced over a tension 
zone depth induced by the apparent 
cohesion.

Figure 3(a)  Increased tensile load in geosynthetic reinforcement at the connection due to 
the arching effect – geogrids must be designed for up to five‑fold increase in 
stress at contact points

Figure 3(b)  Extreme open block configuration
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The recipe to SRW failures would be 
to add water; once this suction pressure 
breaks down, so too will the apparent 
cohesion, and the wall will experience its 
full active force, combined with additional 
hydrostatic forces. Besides this being the 
clear risk and assumption of the open 
block design, robust backfill and crest 
drainage measures, such as recommended 
in NCMA (2009) and shown in Figure 4, 
are normally not incorporated in designs.

To validate such designs this matric 
suction and apparent cohesion must either 
be proven by empirical methods with large 
factors of safety applied, or additional 
measures must be implemented to prevent 
water ingress into the fill. Furthermore, 
whilst reliance on matric suction on the 
Highveld and drier areas of the country 
could within some reason be justified, 
it should not be accepted in the wetter 
eastern parts of the country. It should also 
not be relied upon for public infrastructure 
projects with long design lives.

THE UNPLANTABLE PLANTABLE WALL
Finally, and this may be a matter of personal 
preference, but considering the origins of the 
open block SRW as a plantable green system, 
one needs to ask if the open block system 
remains aesthetically appealing in the urban 
environment if unplanted. Certainly, as 
blocks become smaller and walls become 
higher and steeper, far less of these systems 
are being planted, as the maintenance 
thereof becomes more difficult.

OTHER CONSIDERATIONS
This article focused on the comparison 
between open and closed block con-
figurations. However, there appear to be 
numerous other undesirable practices in 
industry where some suppliers continually 
push the boundaries of what is sensible:

 N Methods of cement stabilising the back-
fill without tying the face to the backfill 
are highly debatable and are not covered 
in any design codes, to our knowledge.

 N Similarly, SRWs with shortened, wrap-
around behind the soil mass, and other 
unconventional strip configurations, 
result in complex load distribution, 
with little research on the internal sta-
bility, and no coverage in design codes.

 N Normally investigations for ground 
conditions below these walls is inad-
equate, especially to stress influence 
depths. Minimum requirements for 
investigations should be mandatory.

 N Design by suppliers should be discour-
aged. Suppliers are not in a position to 
adapt the project constraints once these 
have been fixed and the project is due 
for construction. They are unable to 
obtain environmental authorisations, 
right of way, transfer of land ownership, 
or extension of project deadlines if ad-
ditional time is required for approvals, 
investigations or design. Consequently 
they are forced to make unproven 
adaptions to their product (e.g. cut-
ting of nibs and grids, shortening 
grids, changing block arrangements, 
etc) in order to fit into the project 
requirements. Clients should appoint 
geotechnical engineers who have an 
understanding of the various products 
to undertake designs, so as to adjust or 
design for the project constraints prior 
to tender.

CONCLUSION
The following conclusions can be drawn 
with regard to the open assembly 
configuration:

 N Both SANS207:2011 and the NCMA’s 
Design Manual for Segmental 
Retaining Walls must be used to design 
reinforced SRWs.

 N The open assembly configuration is not 
a one-size-fits-all solution and results 
in many three-dimensional problems 
which make the design more complex 
– these aspects are not covered in any 
design codes.

 N Full-scale facing tests need to be 
undertaken in accordance with ASTM 
D6638 and ASTM D6916 to establish 
shear capacity between the blocks and 
tensile capacity of the connections; 
these values must be reduced for an 
open assembly configuration.

 N Built-in concrete nibs or mechanical 
connectors are crucial with an open 
block assembly.

 N In many instances wall stability can 
only be attributed to the stability 
induced by matric suction in the 
backfill material; this would need to be 
confirmed to validate such a design.

 N Drainage in the backfill and above the 
reinforced SRW is crucial to prevent 
catastrophic events.

 N Arching may occur between positions 
where geosynthetic reinforcement 
is clamped between blocks. This 
results in increased tensile stress at 
the clamped positions that govern the 
geosynthetic design.

 N It is imperative that the industry 
treats large SRWs as complex geo-
technical engineering structures to 
drive reliable designs. This requires 
that the designing engineer must be 
professionally registered with ECSA, 
and must also be part of the client’s 
design team. 
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authors.
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INTRODUCTION
HHO Consulting Engineers were appointed in November 2015 by 
the South African National Roads Agency Limited (SANRAL) to 
carry out designs for the upgrade of National Route 3 Section 2 
from Hammarsdale to Cato Ridge. Included in the scope of works 
was the identification of possible new sources of construction 

materials, not only for this particular section of the route, but 
for all sections that are to be upgraded between Durban and 
Pietermaritzburg.

Following preliminary desk studies and field reconnaissance 
work, including meeting with the local office of the Council 
for Geoscience, several possible quarry sites were identified. 
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The use of seismic refraction surveys 
in the search for construction materials

Figure 1 Typical two‑dimensional, multilayer seismic velocity models
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Environmental screening of these sites was undertaken by 
ACER (Africa) Environmental Consultants, after which the 
most promising of the sites were proposed for geophysical 
investigation. The chosen method of geophysical investigation 
was seismic refraction survey.

WHAT IS SEISMIC REFRACTION?
Seismic refraction uses the differences in velocity of seismic 
waves travelling through different materials and refracting off 
inter-material boundaries to distinguish the properties and 
spatial distribution of those materials. Seismic wave velocity 
correlates very well with rock hardness and density, and can 
therefore give good indications of changes in lithology, degree of 
weathering or jointing characteristics within subsurface mate-
rials. When a seismic wave is introduced to the ground surface 

Figure 3 Schematic illustration of seismic refraction
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Figure 2  Seismic refraction surveys being carried out 
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by an acoustic energy source, the wave travels through the 
soils/rock and is refracted back to the surface from boundaries 
between different soil and rock types as illustrated in Figure 3.

By recording the arrival times of the different seismic and 
refracted waves, using multiple geophones placed at a set 
spacing along a traverse line, and using additional intermediate 
and off-line acoustic source positions, a two-dimensional 
profile of the seismic velocities of the soils and rock materials 
below ground can be built up.

SEISMIC REFRACTION SURVEYS
Following an open tender process, Geosure (Pty) Ltd was 
appointed by SANRAL to undertake the seismic refraction 
surveys for this project. The aim of these geophysical investiga-
tions was to firstly confirm the presence of hard/dense rock 
beneath the ground at the various pre-identified sites, and then 
to establish the likely depths to fresh, hard bedrock. The results 
of the seismic surveys were then interpreted and used in the 
final selection of sites for further intrusive investigations, as 
well as in the development and planning for the next phase of 
investigations.

The acoustic energy source used in the seismic surveys was 
either a metal hammer manually struck against a base plate or, 
where terrain permitted, an accelerated drop weight mounted 
onto a vehicle. The seismic data was recorded using a seismo-
graph linked to a spread of twelve or twenty-four geophones 
(see Figure 2). After completion of each seismic traverse, 
changes in elevation along the traverse length were recorded.

Several seismic traverses were performed at each potential 
quarry site, typically in parallel line or grid-type arrange-
ment. Seismic data was processed and then interpreted 
using computer modelling software, which then created 
two-dimensional, multilayer seismic velocity models for each 
traverse. Two typical seismic traverse models extracted from 
reports prepared by Geosure (Pty) Ltd are presented in Figure 1 
(on page 42) as illustration.

PROJECT STATUS
Having recently completed the geophysical investigations, 
the next stage of investigations for possible quarries will be 
the subsurface test pitting and drilling of the sites (using both 
percussion and rotary core methods). These intrusive investiga-
tions will be aimed at determining the geological profile in 
detail, as well as for sampling soil and rock materials for labora-
tory testing. Tender documents for these investigations have 
been prepared by HHO, and the appointment of a specialist 
contractor by SANRAL is imminent.

CONCLUDING REMARKS
The seismic refraction surveys carried out and reported by 
Geosure (Pty) Ltd have proved to be a useful tool in the evalu-
ation of potential quarry sites before embarking on costly 
intrusive investigations. The two-dimensional, multilayer 
models have also been fundamental in assessing particular por-
tions of the sites that have subsequently been targeted by HHO 
for detailed intrusive investigations. In addition, the models 
have been beneficial in establishing probable drilling depths for 
determining quantities to use in the compilation of subsurface 
investigation tender documents. 
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INTRODUCTION
Geotechnical engineers assign factors 
of safety or probabilities of failures to 
geotechnical structures. It is often neces-
sary to describe to others what we mean 
by these factors of safety or probabilities 
of failure in verbal terms. A study of terms 
used in various fields (Reagan et al 1989) 
identified four stems used to describe 
the likelihood of an occurrence: (1) pos-
sible (almost impossible, possible, very 
possible); (2) probable (very improbable, 
improbable, probable, very probable); 
(3) likely (very unlikely, unlikely, likely, 
very likely); and (4) chance (very low 
chance, low chance, medium chance, even 
chance, high chance, very high chance). 
The term “certain” can also be included as 
an expression of possible. With so many 
possible terms, the exact meaning of a 
phrase can be misinterpreted and there-
fore requires clarification.

Numerous studies have been carried 
out to establish what numerical values 
of probability are associated with these 
expressions, and whether these differ 
between experts and lay persons. Most of 
these studies showed considerable agree-
ment and illustrated synonymity between 
various terms (Reagan et al 1989). Fewer 
studies have been carried out specifically 
with engineering practitioners, and 
even fewer studies have been carried out 
looking at factors of safety.

Table 1 gives verbal terms associated 
with probabilities of failure suggested by 

Vick (2002) and the USBR-USACE (2015), 
showing order of magnitude differences 
for the low probability terms. Hubble 
(2010) suggested some terms that can be 
associated with factors of safety when 
considering river bank stability (Table 2).

A study of engineering judgement within 
geotechnical engineering is under way at the 
University of the Witwatersrand. This study 
is seeking to determine whether the often 
tacit nature of engineering judgement can be 
codified. As part of the project, two studies 
have been conducted looking at the verbal 
expressions associated with probabilities of 
failure and factors of safety. Results from 
these studies are presented and discussed.

STUDY 1: VERBAL TERMS ASSOCIATED 
WITH PROBABILITIES OF FAILURE
Two questionnaires were developed to 
assess whether different numerical values 
would be associated with different verbal 
terms if the verbal terms were used to 
describe different geotechnical structures 
and failure modes. The questionnaire was 
based on six pairs of verbal terms found to 
be synonyms by Reagan et al (1989). Two 
geotechnical structures were considered 
(tailings dams and earth dams) and two 
failure modes were considered (piping 
and slope instability). Questions posed to 
respondents were structured as follows: “If 
someone told you a geotechnical structure 
has a verbal expression to fail by failure 
mode, what decimal between 0 and 1 
would best represent the probability of 

that outcome occurring?” Table 3 shows 
that, for each synonyms pair, failure 
modes were compared within form, and 
geotechnical structures were compared 
between forms. Questions were presented 
randomly on each form.

The questionnaire was distributed at 
the 9th South African Young Geotechnical 
Engineers (SAYGE) Conference and at the 
SAICE Geotechnical Division AGM, both 
held in 2017. Fifty-two forms were returned 
at the SAYGE Conference and seven forms 
were returned at the AGM. Five forms 
filled in incorrectly were not used. Six 
forms with some blank numerical values 
were used by ignoring the blank values.

By calculating the median response 
for each question on form A and form B, 
and then comparing the equivalent 
responses between forms (e.g. a tailings 
dam – almost improbable – piping, 
versus an earth dam – almost improb-
able – piping) it can be shown that the 
degree of correlation between the two 
forms is 0.996 (Figure 1). This suggests 
that the geotechnical structure associ-
ated with a verbal term had little bearing 
on the numerical value. Consequently, 

Factors of safety and probabilities of failure in 
geotechnical engineering: What do we mean?

Dr Charles MacRobert
Lecturer Geotechnical Engineering

University of the Witwatersrand
Charles.MacRobert@wits.ac.za

Table 1 Verbal terms associated with probabilities of failure

descriptor
usbR-usACe (2015) 

probability
Vick (2002) probability

Virtually certain 0�999 0�99

Very likely 0�99 0�9

Likely 0�9 –

Neutral 0�5 –

Equally likely – 0�5

Unlikely 0�1 –

Very unlikely 0�01 0�1

Virtually impossible 0�001 0�01

Table 2  Verbal terms associated with factors 
of safety (Hubble 2010)

Factor of safety 
Probable bank 

stability condition

Greater than 2�00 Stable

1�51–2�00 Probably stable

1�31–1�50 Moderately stable

1�10–1�30 Conditionally stable

1�00–1�10 Critically stable

0�91–0�99 Unstable

0�71–0�90 Very unstable

0�50–0�70 Highly unstable

Less than 0�50 Extremely unstable
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further comparison is based purely on 
verbal terms and no distinction is made 
on question phrasing.

To generate Figure 2, the numerical 
values associated with each verbal expres-
sion were divided into bins in increments 
of 0.05 and counted. The vertical scale 
is therefore the frequency of responses 
within each 0.05 increment expressed as a 
percentage of total responses. It is evident 
from this chart that there is strong cor-
relation between synonymous terms, 
suggesting that failure modes had little 
bearing on assigned probabilities.

Table 4 summarises median values 
obtained in this study and compares them 
to median values suggested by Reagan et 
al (1989) for undergraduate psychology 
students. The degree of correlation be-
tween these two studies is 0.994. Table 4 
also shows the correlation between terms, 
calculated by comparing the number of 
terms in each bin, showing strong correla-
tion between synonymous terms, despite 

Table 3 Verbal‑numerical probability questionnaires

Pair Form A Form b

1
a tailings dam – almost improbable – piping an earth dam – almost improbable – piping

a tailings dam – very improbable – slope instability an earth dam – very improbable – slope instability

2
a tailings dam – very unlikely – piping an earth dam – very unlikely – piping

a tailings dam – very low chance – slope instability an earth dam – very low chance – slope instability

3
a tailings dam – unlikely – piping an earth dam – unlikely – piping

a tailings dam – low chance – slope instability an earth dam – low chance – slope instability

4
an earth dam – medium chance – piping a tailings dam – medium chance – piping

an earth dam – even chance – slope instability a tailings dam – even chance – slope instability

5
an earth dam – probable – piping a tailings dam – probable – piping

an earth dam – likely – slope instability a tailings dam – likely – slope instability

6
an earth dam – very high chance – piping a tailings dam – very high chance – piping

an earth dam – almost certain – slope instability a tailings dam – almost certain – slope instability

Figure 2 Numerical values associated with verbal terms for probability of failure
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different failure modes. One difference 
between the current study and that of 
Reagan et al (1989) is that the terms “al-
most improbable” and “very improbable” 
are seen to be synonymous with “very low 
chance” and “very unlikely”.

It is well known that people find as-
signing low probabilities difficult (Vick 
2002). However, it would be expected that 
engineers, who design so that the prob-
ability of failure is extremely low, would 
be better able to differentiate low prob-
abilities and associated terms. Whilst on 
the whole it would appear that engineers 
assign similar numerical values of prob-
ability to lay persons, some respondents 
in the current study suggested extremely 
small values of probabilities for the low 
probability terms. Thirty percent of the 
respondents suggested numerical values 
of probability less than 0.05. To illustrate 
these responses, numerical values were 
divided into order of magnitude bins 
and plotted to a log scale (Figure 3). This 
shows that, even when extremely small 
numerical values of probability are given, 
there is synonymity between terms (see 

Table 4 Comparison between terms

Term Verbal term

Reagan et al 
(1989)

Current study

Median Median Correlation Correlation

1 Almost improbable 0�02 0�10
1 vs 2
0�990

2 Very improbable 0�05 0�10
2 vs 3
0�897

3 Very low chance 0�10 0�10
3 vs 4
0�959

4 Very unlikely 0�10 0�10
4 vs 5
0�857

5 Low chance 0�20 0�20
5 vs 6
0�885

6 Unlikely 0�15 0�20
6 vs 7
0�124

7 Even chance 0�50 0�50
7 vs 8
0�931

8 Medium chance 0�50 0�50
8 vs 9
0�234

9 Likely 0�70 0�70
9 vs 10
0�691

10 Probable 0�70 0�60
10 vs 11

0�292
11 Almost certain 0�90 0�90

11 vs 12
0�882

12 Very high chance 0�90 0�85
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also Table 5). The geometric mean of the 
numerical responses for the low prob-
ability terms shows closer agreement to 
the terms suggested by Vick (2002) and 
the USBR-USACE (2015). There is strong 
correlation between all these terms, and 
it is difficult to distinguish if they can be 
considered distinct verbal expressions for 
distinct numerical probabilities of failure.

STUDY 2: VERBAL TERMS ASSOCIATED 
WITH FACTORS OF SAFETY
At the end of 2017, seven students and fifty 
practitioners of geotechnical engineering 
participated in a study to predict the factor 
of safety of a tailings dam. Participants 
were not informed that the exercise was 
based on a relatively unknown case study 
of a tailings dam that had failed. The 
failure resulted when the facility was 15 m 
above the starter wall, by rotational failure 
through highly plastic material, that had 
been placed by spigotting behind an 8 m 
high starter wall (Blight 2010).

The exercise required respondents to 
predict a factor of safety and suggest a 
verbal expression (same expressions as 
Study 1 listed randomly) to describe the 
likelihood of failure at three points during 
the exercise. The first was after partici-
pants had considered a largely qualitative 
description of the facility before failure; 
the second was after respondents had 
sketched a likely cross-section and pro-
vided material parameters; and the third 
after a factor of safety had been calculated 
from a predefined limit equilibrium sta-
bility model in which respondents could 
only change material strength parameters 
(respondents were not required to use 
the actual calculated factor of safety). 
Whilst a considerable amount of data was 
captured in this exercise, consideration 
is given only to the predicted factors of 
safety and associated verbal terms.

Figure 4 illustrates all suggested factors 
of safety and associated verbal terms, with 
no distinction as to which stage of the ex-
ercise the respondent was answering. The 
area under all the curves in all the charts 
sums to 100%. Fifty-two percent of the 
responses suggested that the probability 
of failure was in the range of unlikely to 
very improbable, while forty-eight percent 
suggested there was a medium chance to 
almost certain probability of failure. It is 
evident from the plots that there is similar 
synonymity between terms, as was evident 
in Study 1. However, as the responses 

Table 5 Comparison between terms for low probabilities of failure

Term Verbal term geometric mean Correlation Correlation

1 Almost improbable 0�04 1 vs 2

2 Very improbable 0�04 0�979 2 vs 3
0�9913 Very low chance 0�06 3 vs 4

4 Very unlikely 0�05 0�996 4 vs 5
0�8575 Low chance 0�13 5 vs 6

6 Unlikely 0�08 0�975

Figure 3 Numerical values associated with verbal terms for low probabilities of failure
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were not evenly distributed between the 
different terms, no statistical test of cor-
relation was undertaken.

COMPARING THE STUDIES
Various attempts have been made to relate 
factors of safety to probabilities of failure. 
The key problem in doing this is quan-
tifying the variability due to the input 
parameters (load and resistance) and due 
to the model used to analyse the problem. 
A complete picture, however, also needs 
to include the manner in which the 
structure is constructed and maintained. 
Lambe et al (1988) suggested four curves, 
based largely on engineering judgement, 
to relate factors of safety to probabilities 
of failure for slopes:
I. Design by qualified engineer, full-time 

construction supervision and con-
tinuous maintenance by trained crew.

II. Design by qualified engineer, part-time 
construction supervision and routine 
maintenance.

III. Approximate design using inferred 
parameters, informal construction 
supervision and maintenance limited 
to emergency repairs.

IV. No rational design, no construction 
supervision and no maintenance.

The curves by Lambe et al (1988) suggest 
that for a given factor of safety, the better 
the design, construction and supervi-
sion, the lower the probability of failure. 
Gover (2017) suggested three curves 
relating factors of safety and probabilities 
of failure for slopes based on different 
coefficients of variation for the friction 
angle (c = 0 analysis) using a first order 
reliability method. These curves suggest 
that for a given factor of safety, the lower 
the variability in strength, the lower the 
probability of failure.

Results from the current study can be 
compared to these various curves to gain 
an understanding of the level of variability 
that practitioners tacitly adopt in their 
predictions. This is done by comparing me-
dian and geometrical means of numerical 
probabilities of failure to median factors 
of safety associated with each verbal term. 
In making this comparison, the following 
limitations are acknowledged:

 N Only a handful of respondents partici-
pated in both studies. Therefore, the 
comparison is not necessarily between 
similarly minded persons.

 N Responses in Study 1 were somewhat 
abstracted from a real problem, 

whereas responses in Study 2 were 
made as part of an actual slope sta-
bility problem.

 N Study 1 was conducted within the 
broad spectrum of geotechnical en-
gineering. Apart from the students in 
Study 2, all participants in this study 
were within the tailings sector.

 N Whilst sufficient information was 
provided in Study 2 to carry out a 
slope stability analysis, participants 
only had 30 to 45 minutes to complete 
the entire exercise.

 N The comparison only considers average 
responses and hides the underlying 
variability.

Figure 5 compares factors of safety to 
probabilities of failure based on the cur-
rent study and those proposed in other 

studies. By comparing the results to the 
various curves, it appears that engineers 
assume a large amount of variability in 
strength, assume that designs are ap-
proximate or perhaps not even rational, 
that construction is informal or perhaps 
not supervised and very little mainte-
nance is carried out. This suggests that 
engineers show very little confidence in 
their analysis. Whilst the preceding state-
ments have been written in general terms, 
it is accepted that they may only apply 
within the constraints of the two studies 
undertaken.

CONCLUSIONS
This article showed that geotechnical 
engineering practitioners and lay 
persons assign similar numerical values 

Figure 4 Verbal expressions associated with factors of safety
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of probability to verbal expressions of 
probability. The study also showed that 
practitioners assign similar verbal expres-
sions of probability to similar factors of 
safety. Comparing factors of safety to 
probabilities of failure for the same verbal 
expression, suggests that practitioners 
of geotechnical engineering often think 
that they are dealing with significant 

unknowns and therefore show little confi-
dence in their analysis. 
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INTRODUCTION
Digital tools are becoming increasingly 
relevant in our modern world, and we are 
all familiar with the plethora of smart 
devices which are available for our en-
tertainment and convenience. Exploring 
the possibilities for the use of digital 
tools it has been found that there are 
several areas where they may be applied 
in ground engineering. Ranging from the 
use of tablets and web-based applications 
for slope assessments along our national 
routes, to the use of virtual reality to 
view site survey information in 3D, these 
digital tools are both practically useful 
and exciting.

SLOPE ASSESSMENT IN THE SANRAL 
WESTERN AND SOUTHERN REGIONS
Aurecon South Africa has been appointed 
by the South African National Roads 

Agency SOC Ltd (SANRAL) to provide 
geotechnical engineering services for 
their Western and Southern Regions. This 
includes assessment of all the cuts and 
fills higher than 5 m along the national 
and some regional routes in the Western, 
Northern and Eastern Cape, which add 
up to a total of more than 3 150 slopes – a 
monumental task.

The evaluation and rating system 
(SANRAL Slope Management System) 
used to assess these slopes is based on 
work done by Hall and Knottenbelt (1992), 
and further refined by SANRAL. This 
rating system is summarised in a form 
which is completed following a visual 
inspection of each slope. Before the advent 
of smart devices and web applications this 
work would have involved much paper 
work, manual input of data and a long 
lead time before any information would 

have been available for review. Although 
not new technology, Aurecon developed 
a web-based application called Aurecon 
Forms to speed up the process.

The Aurecon Forms App allows the 
user to input the slope assessment data 
into a tablet or smart phone, record the 
GPS location, take photographs and 
record voice notes. Perhaps the most 
useful part of this application is that the 
assessment can be uploaded immediately 
from the field for review in the office. This 
improves the technical quality and effi-
ciency of the work, because queries can be 
addressed almost immediately, while the 
site inspection is still fresh in the memo-
ries of the inspectors. When accessing 
the application from a web browser in 
the office, the map view gives the user an 
overview of the reviewed slopes which are 
colour-coded according to their ratings. 

Working even smarter
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Dewald Kruger Pr Sci Nat
Engineering Geologist, Cape Town

Aurecon South Africa
dewald.kruger@aurecongroup.comRock cuts at Ecca Pass, on the R67 north of Grahamstown, 

were assessed using the Aurecon Forms App

C

M

Y

CM

MY

CY

CMY

K

Ad.pdf   1   2018/04/06   12:10:24



52 April 2018 Civil Engineering

Users are able to easily filter the data, 
enabling them to view specific routes or 
sections. Once approved, the individual 
reports are generated and exported as 
PDFs by the click of a button.

Other benefits include the ability to 
track the progress of the work as multiple 
teams are uploading inspection reports, 
and a client viewer that allows the client 
to see the progress of the work in the 
field. The application allows the user to 
view the location of the slope in Google 
Earth and access Google Street View, 

which immediately gives the reviewer an 
appreciation of how the slope may have 
degraded over time.

VIRTUAL REALITY
The use of virtual reality (VR) in civil 
engineering may seem like a strange 
concept, but it could have some unex-
pected benefits. Aurecon is currently 
exploring the potential of this technology 
for use in the design and review process. 
Survey data is processed and digitised 
to build a 3D model. The model is then 

updated with all the relevant informa-
tion as the project progresses. This will 
include the survey information, existing 
infrastructure and information from 
the site investigation, as well as moving 
animations (like cars moving along the 
highway). This virtual world is not meant 
to replace a site visit, but it is used to help 
develop our understanding of the site by 
being immersed in the digital model. The 
model can be updated with planned new 
infrastructure as a design review and 
collaborative tool.

Aurecon Forms viewed through a web browser

A slope assessment for an individual slope



AUGMENTED REALITY
Similar to virtual reality, augmented 
reality (AR) offers opportunities for col-
laborative design and review. Augmented 
reality is technology that superimposes a 
computer-generated image on the user’s 
view of the world. If multiple users are 
wearing AR goggles it would enable them 
to view the same computer-generated 
image at the same time. If, for example, 
that computer-generated image is a 
proposed design, it would enable profes-
sionals to collaboratively review the 
design in 3D.

A particularly interesting application of 
this technology is the geological mapping 
of steep rock slopes that would otherwise 
only be accessible with rock climbing 
equipment. This process involves the use of 
drones and photogrammetry to survey and 
photograph the rock slope in high defini-
tion. The photographs are then overlaid 
onto the survey data and an accurate 3D 
model is created. Viewing this 3D model 
together with other professionals in AR 
enables up-close inspection of joints, bed-
ding planes and rock masses that would 
otherwise have been difficult to access. 
Proposed infrastructure can then be added 
to the model and reviewed in 3D.

ENGINEERING MODELLING 
AND COMPUTER GAMING
Great advancements have been made in 
recent years in both the fields of computer 
gaming and engineering modelling. One 
may think that these fields are not related, 
but there could be some similarities. In an 

effort to create more realistic games, com-
puter programmers have incorporated 
physics into their gaming code. Now the 
question arises: Would it not be possible 
to use computer gaming engines to 
simulate engineering problems? Although 
not yet applied to advanced geotechnical 
problems, it is possible to simulate a rock 
falling down a slope in 3D. It would be 
interesting to see what digital design tools 
eventually emerge from the fusion of 
these seemingly unrelated fields.

READY FOR THE FUTURE
The modern world we live in is abounding 
with new ideas and interesting tech-
nology, and it is a continual journey to 
discover how we can apply these digital 
tools to our advantage. The use of tablets 
and web-based applications has facilitated 
the assessment of a large number of 
slopes. VR and AR promise to become 
powerful tools for geotechnical design 

and review. As we look to the future let 
us keep an open mind as we find new 
applications for the plethora of smart 
technology around us.
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Digital overload, AR in the foreground 
and VR in the background

Trevor Pape in Aurecon Cape Town’s VR room
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INTRODUCTION
Digital image correlation (DIC) is a non-intrusive measurement 
technique whereby the relative displacement of a target object 
between successive digital images is measured. In geotechnical 
research the technique is typically used to measure the deforma-
tion of a soil mass while it is being loaded. Alternatively, the 
technique can be used to track the movement of a synthetic 
target between successive images. For this article DIC was used to 
measure the displacement of a target attached to a driven tubular 
pile during vertical and horizontal load tests.

This study formed part of a ‘Greener Cities in South Africa’ re-
search project funded by the Green Fund. The aim of this section 

of the work was to determine whether it is feasible to erect solar 
voltaic facilities on dormant tailings storage facilities, founded on 
micro-piles. Accordingly, horizontal and vertical capacity tests 
were done on micro-piles installed in the basin of a gold tailings 
storage facility in Johannesburg that has been dormant for a 
number of years.

METHODOLOGY
Driven tubular piles with a diameter of 118 mm were installed 
in a dormant tailings storage facility to depths ranging from 2 to 
5 m. The piles, made from tubular sections of ductile cast iron, 
were installed using an excavator fitted with a hydraulic hammer. 
However, since the tailings was relatively soft, most of the piles 
were simply pushed into the tailings by the excavator, with little 
need for engaging the hammer.

Previous testing of this type of pile in South African soil 
conditions was discussed by Jacobsz et al (2012). For both the 
horizontal and vertical capacity tests a sling was attached to the 
top of the pile. This sling was connected to a load cell that was in 
turn fastened to the excavator arm. The excavator arm was used 
to apply the load, as illustrated in Figure 1.

A digital camera was set up to capture images of the pile at 
six-second intervals as it was loaded. In Figure 2 the target at-
tached to the top of the pile, as well as static control markers are 
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(a) Horizontal load test

Figure 1 Testing setup for horizontal and vertical pile load tests

(b) Vertical load test
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highlighted on one of the images used for the analysis. In addition 
to the digital images, a conventional dial gauge was used to verify 
the pile displacement measurements calculated with DIC.

After the tests, the digital images were processed using the 
GeoPIV-8 software by White et al (2003). The software divides 
each photo into a number of patches or blocks. Subsequently the 
relative movement of any given patch between two succeeding 
photographs is calculated in units of pixels.

A white target with randomly spaced black dots was attached 
to the top of the pile being tested to ensure that there is sufficient 
contrast for the software to track the pile in an uncontrolled 
environment. The section of the photo containing the marker 
was subdivided into four patches (or blocks, see Figure 2), each of 
which was tracked between successive digital images.

Displacement of the patches is calculated by the software in 
units of pixels. Consequently, to convert from pixel displace-
ment to metres or millimetres, static control markers (see 
Figure 2) were required. The exact position of each static control 
marker was surveyed before each test. By referencing the move-
ment of the pile target relative to the static control markers, the 
software can calculate the actual movement of the target (in 
metres or millimetres), taking scale and camera lens distortion 
into account.

For the horizontal load tests the dial gauge did not measure 
displacement at the same height as the DIC target. Consequently, 
the displacement measurements from both the dial gauge and the 
DIC were first translated to the ground level for comparison. The 
point of rotation, as calculated using the method of Prasad and 
Chari (1999), was used as reference point for the translation.

RESULTS
The results of one of the horizontal load tests are shown in Figure 3. 
The displacement measurements from both the dial gauge and the 
digital image correlation are shown. In addition, lines of best fit 
through the data sets are shown. It was found that the load-displace-
ment behaviour of the piles was best approximated with a bilinear 

curve. The bilinear curves were fitted using least square regression. 
The measurements from the dial gauge and DIC followed each other 
closely until the slope of the DIC load-displacement curve changed. 
This point can possibly coincide with the yielding of the soil.

The DIC displacement measurements for five of the hori-
zontal load tests are plotted in Figure 4 against the equivalent 
dial gauge displacements. Wherever the measurements fall on 
the reference line the dial gauge and DIC measurements were 
equivalent. Initially there was good agreement between the DIC 
and dial gauge measurements. However, as the tests progressed 
the  difference between the DIC and dial gauge readings increased 
until the DIC measurements deviated completely from the dial 
gauges. The pile displacement at the deviation coincided with the 
change in slope observed in Figure 3. It is postulated that the de-
viation, or change in slope, coincided with the soil yielding during 
the test. Once the soil yielded, a greater displacement increment 
occurred for a given load increment, i.e. a flatter slope. While the 
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Figure 2 Typical image used for tracking pile displacement
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camera was isolated from the pile, the pile could move the dial 
gauge frame. Consequently it is assumed that the DIC measure-
ments reflect the true behaviour of the piles. However, further 
testing is required to validate this statement.

The bilinear load-displacement curves for the five horizontal 
load tests are shown in Figure 5. These curves were subsequently 
used to calculate design loads for the micro-piles. Only three of 
the five horizontal curves have a similar initial slope, illustrating 
the influence of inherent variation of tailings properties on the 
capacity of the micro-piles.

Load-displacement curves for two vertical load tests are shown 
in Figure 6. In contrast to the horizontal load tests these load-dis-
placement curves were initially linear, then distinctly non-linear 
and finally the soil yielded. Due to the piles failing too quickly for 
dial gauge measurements to be recorded, it was not possible to 
validate the DIC results for the vertical load tests.

CONCLUSION
This article presents a broad overview of the use of digital image 
correlation (DIC) to measure pile displacement during relatively 
crude horizontal and vertical load tests. Good correlation was 
achieved between the dial gauge and DIC measurements, with 
the DIC possibly outperforming the dial gauge once the soil 
yielded. Furthermore, the DIC measurements have the advantage 
of providing more continuous data without interfering with the 
loading of the piles. The loading technique for the vertical tests 
has to be improved, as some of the tests failed too quickly for 
either the DIC or the dial gauges to provide useful measurements. 
By using more recent processing software (e.g. GeoPIV-RG by 
Stanier et al 2016), better load control and more accurate valida-
tion measurements for digital image correlation can potentially 
be used to provide non-intrusive displacement measurements 
of piles during load tests with the same, or better, quality than 
conventional methods.
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INTRODUCTION
The phenomenon of collapse settlement has 
been an extensively studied subject because 
of some well-known associated failures. 
Today it is standard practice in geotechnical 
investigations to quantify collapse settle-
ment by way of the double oedometer test. 
However, much of these past studies have 
been undertaken on transported (aeolian) 
soils, i.e. particulate media. It is therefore 
not certain how these commonly used 
relations (mentioned by Rust et al 2008) 
relate to residual soils, which often may 
behave in a continuum mechanical manner 
(large-scale continuous mass) as opposed to 
a Mohr Coloumb failure criterion, which is 
more applicable to discrete particles.

This article aims to provide some 
explanation in a curious case where 
collapse has not occurred on collapsible 
granite. This study is undertaken via a 
back analysis to determine the actual stiff-
ness, and to then determine whether the 
laboratory testing and the in-situ testing 
have accurately quantified the stiffness.

In the second instance, the observa-
tions of collapse settlements from an actual 
structure and numerous oedometer tests 
on residual granite are used to explain 
the mechanism of collapse, in the light of 
mineralogical and grading analyses.

CASE STUDY 1  
(Absence of collapse settlement 
in an old building located on a 
collapsible residual granite profile)
The 3 ha site is located on Halfway House 
granite and the proposed new develop-
ment will consist of 390 units of flats 
in numerous four-storey buildings. An 
existing 41-year old three-storey building 
(footprint 75 m × 14 m) is to be refur-
bished (shown in Figure 1).

Geotechnical investigation
The geotechnical investigation consisted 
of 12 hand-dug test pits, 12 dynamic cone 
penetration (DCP) tests carried out at 
the bottom of the test pits, five dynamic 
probe super heavy (DPSH) probings, five 
foundation indicators, two classifications 

and three single (soaked) oedometer tests. 
The soil profile is composed of 0.5 m thick 
hillwash over highly weathered residual 
granite. The two soaked oedometer tests 
undertaken in residual granite indicated 
an average collapse potential (CP) of 0.75% 
at 10 kPa, which, when extrapolated to 
200 kPa, indicates an estimated CP of 
13%, and which, with using the relation 
for mixed origin soils (Pavlakis 1985), 
becomes about 15%. The dry density 
was measured as low as 1 304 kg/m3, 
which is indicative of classic collapse 
settlement material.

During a site visit, the structural con-
dition of the building shown in Figure 1 
was found to be excellent, with even hair-
line cracks being absent. Surprisingly, the 
as-built drawings indicate conventional, 
shallow strip footings. The absence of any 
settlement-related damage was regarded 
as odd, considering that the collapsible 
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Non-collapse of collapsible granite –  
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Figure 1 Existing building to be renovated
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soil must have experienced numerous pe-
riods of inundation from heavy rains and 
leaking pipes, in combination with a line 
load of 230 kN/m, which are considered 
classic collapse-settlement circumstances.

The existing building’s foundation was 
examined by way of a hand-dug test pit at 
the position of a column. It exposed a down-
tapering strip footing to a depth of 1.5 m, as 
shown in Figure 2, together with the results 
from the DCP probing which was carried 
out at 1.5 m depth adjacent to the footing.

From the penetration resistance it can 
be seen that the density of the founding 
residual granite is very low, i.e. about 
100 mm per blow at a depth of 2.1 m 
below ground surface.

To have experienced no cracking, 
the differential settlement had to be less 
than 17 mm (²⁄₃ × 25 mm – Terzaghi 
1948; Peck et al 1974). Hence, the drained 
Young’s modulus of the founding material 
had to be at least 15 MPa (when calculated 
by hand) and as low as 11 MPa (when 
calculated by finite element, RS2).

From the Boussinesq pressure distribu-
tion, it is determined that the critical depth 

zone for collapse to occur is from 1.5 m 
deep to 4 m deep. From the relationship 
developed by De Beer (1991), the DCP re-
sults from five test pits around the building 
were used to calculate the effective stiffness 

(modulus) at the critical depth zone. The 
results from two DPSH probings were 
used and analysed to obtain the drained E’ 
moduli using standard relationships from 
MacRobert et al (2012) and Clayton (1995). 
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The comparison of the DCP and DPSH with 
the stiffnesses as obtained from the soaked 
oedometer tests is shown in Figure 3.

It can be seen from Figure 3 that the 
DCP- and DPSH-derived stiffnesses are 
close to the back analysed value of 15 MPa, 
while those from the soaked oedometer 
tests are about 1.5 MPa. This indicated that 
the difference in stiffness from the natural 
moisture content (NMC), as determined 
by the in-situ probings, and the “soaked” 
stiffness obtained from the oedometer is 
about 10-fold.

The likely reasons for the lack of col-
lapse settlement related damage in the 
building are:

1. Foundation geometry has the effect 
that, even if collapse settlement does 
occur, the oblong geometry and its large 
dimensions nullify collapse settlement’s 
effect in this case. Point loads, such as 
small pad footings, may undergo col-
lapse settlement more easily.

2. The strip footings were simply too 
deep to be effected by inundation, 
and remained too dry for collapse 
settlement to occur. Proof is that the 
penetration testing indicates a high 
“pre-collapse” stiffness. These “deep” 
strip footings have performed remark-
ably well and may offer a cheaper 
alternative to piles and rafts.

CASE STUDY TWO (Brink’s water 
tower on Nelspruit granite)
A B A Brink (1979 p 72) records an inter-
esting case study that occurred in 1957. A 
tilting water tower with four pad footings 
on Nelspruit granite was repaired by inun-
dating the two pad footings to trigger the 
collapse settlement below them in order to 
get the two to settle in harmony with those 
that had already settled. An unexplained 
observation are the “kinks” visible in the 
settlement curves; collapse settlement 
is not constant over time, but occurs in 
several “steps”. Notable is that the imposed 
loading was only 55 kPa and that the cal-
culated stiffnesses consequently change as 
collapse occurs, as shown in Figure 4.

CASE STUDY THREE  
(Double oedometer data)
Double oedometer data from residual 
granite (Cape granite suite and 
Chikwakwa granite, Zimbabwe) that had 
CPs of greater than 2%, show similar pat-
terns to Brink’s tower in terms of changes 
in stiffness, with an increase in effective 
stress, both at NMC and when soaked. 
This is shown in Figure 5.

It can be seen from Figure 5 that the 
significant changes in drained stiffness 
occurs at an effective stress below 50 kPa. 
This implies that the mechanism of col-
lapse settlement happens at a rather low 
loading. The similarity of the obtained 
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stiffnesses from the soaked tests of granite 
plutons 2 200 km apart is remarkable. 
The tests indicate that the stiffnesses 
determined by way of soaked oedometer 
tests are between 1–4 MPa, irrespective of 
location. This may prove to be a valuable 
rule-of-thumb for foundation design, as 
this represents the “post collapse” stiffness.

The results from the case studies are 
explained by Rust et al (2008), in that 
collapse settlement is simply a change in 
stiffness. Case study 1 indicates a 6–8 fold 
difference in stiffness between the NMC 
(DCP and DPSH) and soaked (oedometer) 
testing. Case study 3, indicates a 2–3 fold 
difference in stiffness between the NMC 
(oedometer) and soaked (oedometer) 
testing, implying that the oedometer 
tends to under-predict the stiffness. This 
indicates that in-situ testing may be 
better suited to measure the stiffness of 
a residual soil due to its behaviour being 
that of a large-scale continuous mass.

CASE STUDY FOUR (Grading analyses)
The grading analyses of about 20 samples 
from five localities (Zimbabwe, Halfway 
House, Nelspruit granite suite, Cape granite 
suite and Tzaneen), are shown in Figure 6.

From Figure 6 it is interesting to note 
that the gravel and silt fractions are nearly 
identical for collapsible and non-collapsible 
granite, but that there is a notable difference 
between the clay and sand fractions. The 
residual granite that is prone to collapse set-
tlement is much lower in clay content and 
much higher in sand content. This may well 
be a helpful first level indicator with regard 
to the identification of collapse potential in 
residual granite. The high sand content of 
collapsible residual granite has the implica-
tion that the sand fraction, and not the clay 
fraction, dictates collapse behaviour. This 
implies also that matric suction, which 
dictates collapse in aeolian materials (Rust 
et al 2008), may not play a significant role in 
the case of residual material, as the effect of 

matric suction diminishes with an increase 
in particle size. Wesley (2012) and Ridley 
(2015) report that suction may cause the 
drained cohesion of a residual soil to be a 
maximum of 20–30 kPa.

MECHANISM OF COLLAPSE IN GRANITE
G E Brink (2010) lists the following data 
from X-Ray Diffraction (XRD) analyses and 
grading analyses from two residual granites:

It shows that the clay fraction 
comprises a very small percentage of the 
granite and it indicates that kaolin must 
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be present as silt and sand-sized particles as well, not only as 
clay. The use of a stronger deflocculant may not alter the results, 
as granite is per definition coarse-grained (sand-sized), with an 
eventual total potential of 66% kaolin, assuming that the kaolini-
sation process of the feldspars has been completed. This indicates 
that the traditional notion of “clay-colloidal bridges” may not 
be as applicable for residual granites, as there is very little clay, 
but rather sand-sized kaolin crystals which act as the major 
structural unit, with quartz grains the minor structural unit. It 
is, however, known that the XRD technique may over-predict 
the content of smectite clays (Paige-Green cited in A B A Brink 
1983). However, further study is needed to see if this is true for 
kaolin as well.

The collapse mechanism is assumed to occur as follows: 
upon inundation, the kaolin crystals moisten from its plastic 
limit to its liquid limit, i.e. a drop in undrained shear stress 
from 170 kPa to 4 kPa. This agrees with the Gibbs and Bara 
(1962) observation that collapse occurs when moisture exceeds 
the liquid limit. With kaolin present in different size fractions, 
it means that the drop in shear stress will occur at different 
times for different size fractions, with the clay size becoming 
wet first and the sand size the last. This explains the collapse 
in “steps” observed at Brink’s tower and the soaked oedometer 
tests where the stiffness changes in a stepwise fashion. XRD 
data from G E Brink (2010) interestingly shows that kaolin is a 
major constituent of collapsible aeolian sands, as well.

In the NMC oedometer tests, the stepwise collapse is simply 
the different size fractions shearing at different effective stresses.

CONCLUSION
The observed current tendency is that geotechnical practi-
tioners often recommend piled/raft foundation solutions simply 
because the oedometer tests indicate the possible occurrence 
of collapse settlement. Even on a potentially highly collapsible 
residual granite, collapse does not necessarily occur, thanks 
to the geometry and the depth of the foundation. This may 
be exacerbated by the under-prediction of stiffness from 
oedometer testing.

The oedometer under-predicts stiffness of residual granite, 
whilst DCP- and DPSH-derived stiffness values appear to be 
remarkably close to the stiffness values determined from back 
analysis. The post-collapse stiffness ranges from 1–4 MPa, ir-
respective of its granite source, which may be a useful value to 
use as a rule-of-thumb in foundation design.

Collapse settlement in granite clearly occurs stepwise or 
progressively, which is likely because of loss in shear strength 
in different-sized kaolin crystals as time/wetting-up progresses. 
Suction is unlikely to play a role, as the collapse mechanism is 
dictated by sand-sized particles.

This study indicates that, for future research on this topic, 
other techniques, such as XRD combined with in-situ testing, 
may offer an exciting new understanding of the collapse phe-
nomenon, which may lead to improved practice. 
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INTRODUCTION
The International Society for Soil 
Mechanics and Geotechnical Engineering 
(ISSMGE) is the pre-eminent professional 
body representing the interests and 
activities of engineers, academics and 
contractors all over the world who actively 
participate in geotechnical engineering. As 
a truly global organisation, the ISSMGE 
provides a focus for professional leadership 
to some 90 member societies and around 
20 000 individual members. Further details 
on the activities of the ISSMGE can be 
found on their website (www.issmge.org).

One of the objectives of the Corporate 
Associates Presidential Group (CAPG) 
of the ISSMGE is facilitating the uptake 
of geotechnical research in practice, 
thereby narrowing what is referred to 
as the “research-practice gap”. To this 
end, the CAPG, in conjunction with 
the Technical Oversight Committee 
(TOC), initiated a worldwide survey on 
the State-of-Practice and the State-of-
the-Art in geotechnical engineering. 
The results of this survey were presented 
at a workshop at the 19th International 
Conference of the ISSMGE in Seoul on 
20 September 2017. The workshop was 
organised jointly by the CAPG and the 
TOC, both of which are Board-level 
committees of the ISSMGE.

The purpose of this article is to present 
a summary of the survey results and of the 
discussions held at the Seoul Workshop. 
The article then identifies potential 

follow-up actions required to maintain 
the momentum of this initiative.

THE CAPG, TOC AND 
TECHNICAL COMMITTEES

Corporate Associates 
Presidential Group (CAPG)
In his introduction to the Seoul 
Workshop, Karel Allaert (Jan de Nul) 
described the CAPG as an ISSMGE 
Board-level committee which comprises 
representatives drawn from the Corporate 

Associates (CAs) of the ISSMGE. At the 
time of the Seoul Workshop there were 31 
CAs, including corporations, consultan-
cies, contractors, equipment and product 
manufacturers, as well as one university. 
CA logos, with links to their company 
web sites, are displayed prominently on 
the ISSMGE web page and are included 
in each issue of the ISSMGE Bulletin. The 
CAs list as at September 2017 is presented 
in Figure 1.

The number of CAs peaked at 43 and it 
is clear that more members are required. 

Hugo Acosta-Martinez
AECOM, Australia

Pierre Delage
Ecole Nationale des Ponts et Chaussées, France

Jennifer Nicks
Federal Highway Administration, USA

Kim Chan
GHD, Australia

Peter Day
Jones & Wagener, and University of 
Stellenbosch, South Africa

Global survey on the 
State-of-the-Art and the State-of-Practice 
in geotechnical engineering

This article presents the results of a global survey on the State-

of-the-Art and the State-of-Practice in geotechnical engineering 

initiated by the ISSMGE Corporate Associates Presidential Group 

and the Technical Oversight Committee in March 2017. It also 

summarises the discussions held on the topic during the 19th 

ISSMGE in Seoul on 20 September 2017.

Figure 1 List of Corporate Associates (September 2017)
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It is believed that a stable platform of CAs 
could be about 60.

The key purpose of the CAPG is to 
assist the ISSMGE in developing actions 
and activities that will enhance the 
commercial sector of the geotechnical 
profession. Among these, identifying and 
helping to bridge the gap between the 
State-of-the-Art (SoA) and the State-of-
Practice (SoP) in geotechnical engineering 
has been a key activity for CAPG during 
the last term (2013–2017).

Technical Committees
The mission of Technical Committees (TCs) 
is to provide a forum for active participation 
by the individual members of ISSMGE, 
and to promote the objectives, activities 
and results of the technical committees 
throughout the ISSMGE membership. The 
TCs are a meeting arena for discussing, 
developing and applying specialist geotech-
nical knowledge related to the behaviour of 
geo-materials, geotechnical engineering and 
engineering for society.

There are 33 TCs of the ISSMGE 
divided into three categories, namely 
Fundamentals, Applications and Impact 
on Society (Delage 2017). These TCs are 
listed in Table 1. Technical committees 
may be removed or added in the future 
depending on the interest and activity of 
the members. For example, a new TC309 
is currently being created on Machine 
Learning and Big Data in Geotechnics.

Technical Oversight Committee
The Technical Oversight Committee (TOC) 
is in charge of supervising and coordinating 
the activities of the TCs of the ISSMGE.

The TOC is managed by a Chair 
and a Secretary. Its members are the six 
Vice-Presidents of the Regions. Each Vice-
President follows the activities of the TCs 
from his/her region (http://bit.ly/2D5xfyx).

GLOBAL SURVEY

background
In late 2013 the core group of the CAPG, 
with the support of the then President of 
the ISSMGE, Prof Roger Frank, embarked 
on a project to work towards improving 
the understanding of the SoA and SoP in 
geotechnical engineering. The chair of the 
TOC, Pierre Delage, joined this working 
group in late 2014 and was pivotal in 
engaging in regular communications with 
all of the TCs. As a result, a mini-survey 

on the SoA and SoP was conducted in 
early 2015, involving all of the TCs and 
culminating in a discussion session during 
the European Conference in Edinburgh in 
September 2015.

Encouraged by the success of the mini-
survey and the discussion session, the 
CAPG core group and TOC decided to 
undertake a global survey inviting the TCs 
to develop the specific survey questions 
considered as “hot issues” in their field.

SurveyMonkey was selected as the 
tool for hosting the survey questions. 
Sam Mackenzie (GHD) kindly offered to 
implement and administer the survey. The 
global survey was subsequently launched 
in March 2017.

The main aims of the CAPG/TOC 
global survey were to gain a better under-
standing of the SoP in the geotechnical 
profession, to identify areas for improve-
ment and to provide feedback from the 
profession to the Technical Committees.

The survey was divided into three 
sections. The first section included general 
questions regarding the demographics 
of the survey respondents. This section 
also allowed the respondent to identify 
the Technical Committees they were 
interested in within the ISSMGE. The 
second section consisted of targeted ques-
tions compiled by each of the Technical 
Committees. Most of these questions 
were aimed at ascertaining the extent to 
which existing knowledge is being applied 
in practice, and the needs of industry and 
practising geotechnical engineers. The 
final section invited respondents to provide 
general feedback on ways of narrowing the 
gap between the SoA and the SoP.

Respondent demographics
The survey drew 1 295 responses from 68 
countries. Of the respondents, 84% were 
male and 16% female.

Figure 2 shows the number of responses 
received from the various participating 
countries. The majority of responses (56%) 
came from the European Region, followed by 
13% from Asia and 12% from Australasia.

Figure 3 shows the sectors of the industry 
in which the respondents are employed. 
Clearly the survey has achieved its objective, 
with about 70% of the responses being from 
practitioners. One response was received 
from lawyers, and none from insurers.

Figure 4 shows the distribution of 
respondents’ number of years of experi-
ence in the industry. Overall, a wide range 

of experience was represented, helping to 
provide different viewpoints.

Figure 5 shows the percentage of 
respondents interested in each Technical 

Table 1  List of ISSMGE Technical 
Committees

Fundamentals
 N TC101: Laboratory Stress Strain Strength 
Testing of Geo-materials

 N TC102: Ground Property Characterisation 
from In-Situ Tests

 N TC103: Numerical Methods

 N TC104: Physical Modelling in Geotechnics

 N TC105: Geo-mechanics from Micro to Macro

 N TC106: Unsaturated Soils

 N TC107: Laterites and Lateritic Soils

Applications
 N TC201: Geotechnical Aspects of Dykes and 
Levees and Shore Protection

 N TC202: Transportation Geotechnics

 N TC203: Earthquake Geotechnical 
Engineering and Associated Problems

 N TC204: Underground Construction in Soft 
Ground

 N TC205: Safety and Serviceability in 
Geotechnical Design

 N TC206: Interactive Geotechnical Design

 N TC207: Soil-Structure Interaction and 
Retaining Walls

 N TC208: Slope Stability in Engineering 
Practice

 N TC209: Offshore Geotechnics

 N TC210: Dams and Embankments

 N TC211: Ground Improvement

 N TC212: Deep Foundations

 N TC213: Scour and Erosion

 N TC214: Foundation Engineering for Difficult 
Soft Soil Conditions

 N TC215: Environmental Geotechnics

 N TC216: Frost Geotechnics

 N TC217: Land Reclamation

 N TC218: Reinforced Fill Structures

Impact on Society
 N TC301: Preservation of Historic Sites

 N TC302: Forensic Geotechnical Engineering

 N TC303: Coastal and River Disaster Mitigation 
and Rehabilitation

 N TC304: Engineering Practice of Risk 
Assessment and Management

 N TC305: Geotechnical Infrastructure for 
Megacities and New Capitals

 N TC306: Geo-engineering Education

 N TC307: Sustainability in Geotechnical 
Engineering

 N TC308: Energy Geotechnics
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Committee of the ISSMGE. Of the respon-
dents 28% are members or corresponding 
members of Technical Committees, while 
17% attend TC meetings and 25% attend 
TC-related conferences.

Response to TC survey questions
Of the 33 Technical Committees listed in 
Table 1, 29 provided a total of 232 ques-
tions for inclusion in the global survey. 
Respondents could contribute to the sec-
tions of the survey relating to the Technical 
Committees of their choice. A complete list 
of the questions and the responses received 
is available on the CAPG website at CAPG/
Downloads (http://bit.ly/2mkAaIj). Note 
that, in each case, responses have been 
numbered sequentially and that the num-
bers bear no connection to individual re-
spondents. This summary is an adaptation 
of the analysis of survey results produced 
by Jennifer Nicks (FHWA, USA). Figures 2 
to 5 come from this analysis.

In his capacity as chair of the Technical 
Oversight Committee, Pierre Delage pre-
sented feedback on the survey to the Seoul 
Workshop, with particular reference to the 
roles of the Technical Committees. A copy 
of the presentation is available on the CAPG 
web site (http://bit.ly/2mkAaIj). A sum-
mary of the salient points is given below.

Role and objectives of Technical Committees
The objectives of the TCs as per ISSMGE 
guidelines are:
a. To disseminate knowledge and prac-

tice within the TC’s subject area to the 
membership of the ISSMGE.

b. To establish guidelines and technical 
recommendations within the TC’s 
subject area.

c. To assist with the technical pro-
grammes of international and regional 
conferences organised by the ISSMGE.

d. To interact with industry and overlap-
ping groups working in areas related to 
the TC’s specialist area.

These objectives are closely aligned with 
the objectives of the CAPG. Furthermore, 
all these objectives form a part of the 
knowledge development and interaction 
cycle (Day 2017), as illustrated in Figure 6.

As shown in Table 1, the ISSMGE 
Technical Committees are divided into 
three groups. The Series 100 commit-
tees deal with fundamentals such as soil 
properties and calculation/test methods. 
The Series 200 committees deal with 
application of knowledge in practice. The 
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Series 300 committees deal with impact on 
society. These three groups of committees, 
although positioned differently, as shown in 
Figure 7, each play a role in the knowledge 
development and implementation cycle.

Pierre Delage stressed that the vast ma-
jority of Technical Committees, particu-
larly the Series 200 TCs, comprised a good 
balance of academics and practitioners, 
with approximately half of the participants 
from industry. The majority of the TCs 
hold regular activities aimed at transferring 
knowledge into practice, i.e. reducing the 
gap between the SoA and the SoP.

General feedback from global survey
Pierre Delage noted that the survey 
was an ambitious and difficult project, 
and thanked all involved, including the 
organisers, Technical Committees and 
respondents. A lot of effort and thought 
by the TCs went into preparing the survey 
questions and analysing the results.

The survey produced many interesting 
contributions, thoughts and feedback, pro-
viding new insights into the professional 
practice and Technical Committee activi-
ties. It is clear that academics, practitioners 
and contractors often think in different 
ways and may have divergent interests.

While the survey was a success, some of 
the TCs expressed frustration in that there 
was no information in the feedback they 
received on the origin of the responses, 
and disappointment at the limited number 
of responses received. The timing of the 
survey may also not have been ideal for 
certain member societies with respect to 
the timing of their own activities.

Certain TCs expressed an interest in 
getting more responses to the questions 
asked, possibly by way of a follow-up 
survey. However, the results of the current 
survey should be evaluated first.

It is clear that the gap between the SoA 
and the SoP requires careful consideration 

by the TCs, and should receive further 
consideration in the planning of future 
TC meetings and activities.

State-of-the-Art and State-of-Practice
The State-of-the-Art (SoA) is the theo-
retical basis of the subject matter and is 

Te
ch

ni
ca

l C
om

m
it

te
es

TC101
TC102
TC103
TC104
TC105
TC106
TC107
TC201
TC202
TC203
TC204
TC205
TC206
TC207
TC208
TC209
TC210
TC211
TC212
TC213
TC214
TC215
TC216
TC217
TC301
TC302
TC303
TC304
TC305
TC306
TC307
TC308

Figure 5 Respondents’ interest in various Technical Committees

50403020100
Percentage of  respondents interested in the various Technical Committees

Figure 3 Industry sector of respondents

Pe
rc

en
ta

ge
 o

f r
es

po
ns

es
 (%

)
60

50

40

30

20

10

0

Co
ns

ul
ta

nc
y

Ac
ad

em
ic

 
in

st
itu

tio
n

Co
nt

ra
ct

or
 o

r 
co

ns
tr

uc
tio

n 
or

ga
ni

sa
tio

n

Industry sector

G
ov

er
nm

en
t 

or
ga

ni
sa

tio
n 

or
 c

on
tr

ol
 

bu
re

au

M
an

uf
ac

tu
re

r 
or

 su
pp

lie
r

A
ss

et
 o

w
ne

rs
 

or
 o

pe
ra

to
r

Figure 4 Number of years of experience of respondents

Pe
rc

en
ta

ge
 o

f r
es

po
ns

es
 (%

)

30

25

20

15

10

5

0
Student 0–5 

years
5–10 
years

10–20 
years

20–30 
years

30–40 
years

Over 40 
years

Years of experience



66 April 2018 Civil Engineering

generally provided by the relevant Technical 
Committee, particularly TCs dealing with 
fundamentals (Series 100). This then needs 
to be incorporated into the State-of-Practice 
(SoP) in conjunction with the practical TCs 
(Series 200). The SoP represents a synthesis 
and analysis of practical experiences at any 
particular time, in the light of the SoA. The 
SoP may be national, regional or interna-
tional in application. Among the difficulties 
faced are that existing regulations may not 
be consistent with the current SoA and the 
time it takes for advances in the SoA/SoP to 
be incorporated into codes and standards. 
Often no SoP documentation exists, and 
practice is based on personal experience of 
successes and failures.

In many instances the SoA in the sub-
ject area of the TCs is contained in papers 
published at speciality conferences (e.g. 
the series of in-situ site characterisation 
conferences hosted by TC102). Certain 
TCs, such as TC215 (Environmental 
Geotechnics), TC301 (Historical Sites) 
and TC304 (Risk Assessment) disseminate 
this information in dedicated journals, 
books or working group reports.

The SoP in the subject area of many 
TCs is encapsulated in national, regional 
or international design codes and guide-
lines. These include EN, ASTM, ASCE, 
AASHTO, API, DNV, FHWA, CIRIA and 
other codes or documents. TCs that fall 
into this category include TCs 201, 203, 
205, 209, 211, 213 216 and 218.

In the survey, respondents expressed 
the need for further guidelines (TCs 
202, 208, 209, 211 and 304) while others 
requested better inclusion of the SoA in 
existing codes (TC212).

General feedback
The final section of the survey dealt with 
general feedback of respondents on ways 
of narrowing the gap between the SoA 
and the SoP. This general feedback was 
presented at the Seoul Workshop by Kim 
Chan (GHD) who summarised the main 
opinions as follows:

 N Compulsory professional accreditation 
is seen as a key step in narrowing the 
gap between the SoA and the SoP.

 N TCs should interact more with in-
dustry and the public sector so that the 
TCs are exposed to more real needs.

 N Data interoperability and the 
establishment of pre-competitive 
data federations (such as those used 
in Australia and Canada to federate 

groundwater data) could assist in 
closing the gap. The application of the 
SoA requires the SoP practitioners to 
have access to such data.

 N Academia should sometimes focus more 
on “practical questions” in their research. 
Research in geotechnical engineering 
must seek an application in practice.

 N Coming up with a set of guidelines for 
each sub-discipline within geotech-
nical engineering, and making these 
available to the ISSMGE community 
will go a long way towards bridging the 
gap between SoP and SoA.

 N Increase the number of symposia fo-
cusing on the case studies in geotech-
nical engineering to assist researchers 
in understanding the real behaviour of 
structures in order to model them in a 
better way.

 N The gap between SoA and SoP can be 
bridged with continued professional 
education and involving practising 
engineers in specific geotechnical 
committees.

 N In the steering/drafting committees 
of regulations, such as Eurocodes, a 
better balance between academics and 
practising engineers should be sought.

 N Often, SoA and SoP are both used for 
solving practical problems, SoA for 
more demanding problems versus SoP 
for more common problems.

SEOUL WORKSHOP PANEL DISCUSSION

Discussion topic
In the spirit of the Seoul Conference 
theme, Unearth the Future, Connect 
Beyond, two questions were formulated 
for the panel discussion:
Q1:  How should we ‘unearth’ this 

material for the future to serve the 
geotechnical community?

Q2:  How should we ‘connect’ this work to 
the 20th ISSMGE in Sydney in 2021?

Members of the audience were invited to 
come forward, join a circle of their col-
leagues and express their views. One such 
group is shown in Photo 1.

Figure 6 Integration of TC objectives in the knowledge development and implementation cycle
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A summary prepared by Hugo Acosta-
Martinez (AECOM) of the main com-
ments and discussions is given below.

Peter Day, University of Stellenbosch / Jones 
& Wagener Consultants, South Africa

 N The application of new technology is 
often limited by the availability of the 
data required to apply the technology.

 N Universities should consider asking 
industry which topics they wish to 
have researched.

 N Universities should involve members 
from industry in both teaching and 
research activities.

 N Discussion documents, such as the 
TC205/304 (2017) report made avail-
able at the conference, are valuable as 
they contain practical guidance and 
have been compiled by both practi-
tioners and academics.

 N We need to improve the quality and 
sufficiency of site investigation data 
by clearer specification of minimum 
requirements.

Kenichi Soga, UC Berkeley, USA
 N Work with companies, invite them, 

have open discussions about how to 
work together.

 N Organise sessions with companies.
 N Foster company–university interaction.
 N Bring infrastructure owners, 

contractors and clients to 
ISSMGE-Sydney-2021.

Jay Ameratunga, Golder, Australia
 N Contractors and owners are the 

missing link. Work with them to fur-
ther development of the profession.

Marcelo Sanchez, Texas A&M University (USA) 
and Chair of TC308 (Energy Geotechnics)

 N There were no surprises in the survey 
outcome.

 N Ask ourselves where we want to be in 
four years.

 N The diagnostics are there in the survey.

 N Define milestones and objectives for 
Sydney-2021.

Peter van Impe, Jan de Nul (Belgium)
 N Transfer of knowledge is an issue.
 N Specific knowledge is not always easy 

to find.
 N Academia is controlled by the need to 

publish, as this is often linked to research 
funding and career advancement. This 
has a perverse effect on the profession.

 N It is impossible to follow up on every-
thing that is being published.

 N The need to publish to survive in aca-
demia is killing applied research.

Graham Scholey, Golder Associates (Australia)
 N There is an opportunity to synthesise 

and address these concerns in 
ISSMGE-Sydney-2021.

 N Identify the key people to address the 
conference.

 N How to balance the number of papers 
with the quality of the conference is an 
issue that needs careful consideration.

 N An important question for the CAPG 
to answer is: “What is in it for me as a 
Corporate Associate?”

 N Corporate Associates need to receive 
tangible benefits.

 N It is important to increase the number 
of CAs.

K K “Muralee” Muraleetharan, 
University of Oklahoma, USA

 N Repeat the survey among chosen 
respondents.

 N Analyse regional differences.
 N Consider carefully the issue of sampling.
 N Need ‘far thinking’ clients to support 

improvement.

Jennifer Nicks, Department of 
Transportation’s FHWA (USA) and Chair of 
ISSMGE’s Young Member Presidential Group

 N Researchers are not rewarded for doing 
better.

 N There are risks associated with trying 
something new.

Photo 1 Panel discussion session in full swing
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Walter Paniagua, Chair of 
TC214 Soft Soils, Mexico

 N Organise special sessions for commer-
cial services/products.

 N Contractors should be encouraged to 
present case histories in association 
with consultants.

 N Research-to-practice papers should be 
encouraged at conferences.

 N Acknowledgement that bridging the 
gap and managing expectations of 
commercially oriented members are 
not easy tasks.

Soheil Nazarian, University 
of Texas at El Paso, USA

 N There are mutually exclusive expecta-
tions from academia and practitioners.

 N Dissemination of research findings 
may not be permitted. Universities are 
funded by government.

 N Invite the right people to write specifica-
tions and guidelines. Where no specifi-
cations exist for the application of new 
techniques, these techniques will not be 
used by designers for fear of litigation.

 N Do not invite managers; they will not 
transfer knowledge; bring in young, 
active engineers instead.

Ana Heitor, University of 
Wollongong, Australia

 N Referred to experience at the 
University of Wollongong which has 
deep involvement with contractors and 
development of practical solutions to 
specific problems.

 N Bridge the gap between SoA and SoP 
with education and training.

 N Access to journals and databases is 
expensive.

 N Suggest creating a platform for review 
of papers from the last few years on 
specific topics.

 N Look further than Sydney-2021.

Ken Ho, Government of Hong Kong
 N Reference to SoA could be ambiguous; 

for a given topic different answers 
from different universities are possible.

 N Add an assessment process before 
transferring knowledge. The GEO Office 
(Hong Kong) attempts to fulfil the role 
of assessing research findings and trans-
ferring relevant findings into practice by 
producing practical guidelines.

 N Proposal to consider a Technical 
Review Board and consultation at local 
and international level.

 N There is not always consensus among re-
searchers on the value of new knowledge.

 N Bring the right stakeholders to the table.
 N ‘Technovation forums’ are suggested.
 N Calibration of methods with real data 

and actual performance is important.
 N New knowledge needs to be inter-

preted, e.g. by translating into design 
charts or computer programmes. The 
research institutions themselves need 
to take the process this step further.

Anand Puppala, University of 
Texas (Arlington), USA

 N Work on big data.
 N Industry funding is difficult.

Discussion closure and thanks
Valerie Bernhardt (Terrasol) closed the 
discussion session and thanked all the 
participants. In her closing remarks, she 
mentioned:

 N The survey serves as a point of refer-
ence for next steps.

 N The survey makes people aware of the 
real issues.

 N The communication problem is from 
both sides. Everyone needs to make an 
effort; it is not a one-sided problem.

 N Interact with other Board level 
committees.

 N Survey for academic/consultant 
members.

 N Open access is an important initiative 
to be maintained and expanded.

NEXT STEPS
In concluding the joint TOC and 
CAPG workshop session, Sukumar 
Pathmanandavel (Aurecon, Chair of 
CAPG) set out what he sees as the next 
steps in the process.

The CAPG and TOC, with help from 
the TCs, plan to disseminate these find-
ings amongst the profession. (This report 
helps to fulfil this intention.)

Specialised sessions are planned for the 
five ISSMGE mid-term regional conferences 
in 2019 to discuss, debate and promote 
issues relating to geotechnical engineering 
that have, or are perceived to have, a signifi-
cant impact on the commercial sector of the 
ISSMGE. CAPG will interact with the local 
organising committees to develop topics 
and invite participants relevant to the needs 
of each region.

The possibility of a further survey 
before the 20th ISSMGE in Sydney in 2021 
has been raised. Inclusion of a request for 

topics that industry would like researched 
has also been mentioned. This will be 
considered by the CAPG/TOC.

Suggestions on this work can be 
submitted to Sukumar Pathmanandavel 
(S.Pathmanandavel@aurecongroup.com) 
and Peter Day (day@jaws.co.za).
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OVERVIEW
The 9th session of the South African 
Young Geotechnical Engineers (SAYGE) 
Conference was held in Salt Rock, KwaZulu-
Natal, from 13 to 15 September 2017, with 
129 geo-professionals attending. The theme 
of the event was #Geotech#Innovate, as 
the # tag is now the indicator for popular 
culture and all that moves it.

The conference brought together 
geotechnical engineers, engineering 
geologists, geologists, mining engineers, 
tailings engineers and academia under 
the age of 35 to discuss the latest 
developments in ground engineering, 
geotechnical projects and concepts. 
The conference featured technical 
presentation sessions, with discussions 
on analysis and modelling, mining and 
environmental, site investigation and 
testing, construction and case studies, 

foundations, ground improvement, slope 
stability and lateral support. Gavin Byrne 
from Franki (a Keller company) was the 
godfather of the conference, overseeing 
the proceedings and providing feedback 
on all the presentations.

TECHNICAL PAPERS
Call for abstracts were sent to SAICE 
Geotechnical Division members early 
in January 2017, and by 31 January, 99 
abstracts had already been received. The 
abstracts were reviewed by the technical 
committee, and a total of 68 papers were 
submitted by April 2017. The papers went 
through a rigorous review process by 
committee members, and papers were 
then allocated into the various presenta-
tion sessions. A total of 58 papers were 
presented to delegates, whilst 10 papers 
were presented in electronic poster 

Frans van der Merwe
Chairman SAYGE 2017

GaGE Consulting
frans@gageconsulting.co.za

9th SAYGE #Geotech #Innovate

Left: Best presenter: Sachin Ravjee, middle (University of Pretoria), flanked by Frans van der Merwe, left (conference chairman) and Gavin Byrne 
(conference godfather). Middle:  Best paper: Scott Gover (Golder Associates). Right:  Best poster: Dr Charles MacRobert (University of the 
Witwatersrand).

The conference brought 
together geotechnical engineers, 
engineering geologists, geologists, 
mining engineers, tailings 
engineers and academia under 
the age of 35 to discuss the 
latest developments in ground 
engineering, geotechnical 
projects and concepts. 



format. The top papers were nominated by 
the technical committee members and re-
viewed by Gavin Byrne. The proceedings 
were published in a 718-pages book, which 
was handed to all delegates attending.

MORE ABOUT OUR GODFATHER
Gavin Byrne completed his BSc in 
Civil Engineering at the University of 
the Witwatersrand in 1971, topping 
that up with a graduate diploma at the 
University of Stellenbosch in 1981. He has 
four children and is married to Sue, who 
also attended all the proceedings. Gavin 
worked for Ove Arup from 1972 to 1986 
and registered as a professional engineer 
in 1987. Since then he has been with 
Franki. With his vast knowledge of both 
structural and geotechnical engineering, 
it really was an honour to have him 
overseeing the 9th SAYGE Conference.

Gavin is presently busy compiling the 
5th edition of the popular Franki Blue 
Book – A Guide to Practical Geotechnical 
Engineering in Africa.

AWARDS
The best paper and presenter awards went 
to Scott Gover (Linking safety factor to 

probability of failure) and Sachin Ravjee 
(The effect of cyclic thermal loads behind 
integral bridge abutments using DEM) 
respectively. Scott will be attending 
a course in Brisbane, Australia, and 
Sachin the next international Young 
Geotechnical Engineers Conference in 
Sydney, Australia, in 2021, as part of 
their prizes.

The best poster award was won by 
Dr Charles MacRobert who submitted 
two papers, both in the top 12.

The conference proceedings 
can be found on the website of the 
Geotechnical Division (http://
www.geotechnicaldivision.co.za/
continuing-professional-development).

SOME INTERESTING STATISTICS
 N 92% of the presenters came from South 

Africa, with international presenters 
from Uganda, Poland and Switzerland.

 N 84% of the South African presenters 
came from the Gauteng Province, 8% 
from KwaZulu-Natal and the balance 
from the Western Cape and North 
West Provinces.

 N Most of the presenters (47%) came 
from consulting firms, followed by 

academic intuitions (predominantly 
the University of Pretoria).

 N The majority of presenters are quali-
fied as civil engineers (62%), mostly 
with a Bachelor’s degree, and with a 
substantial number having obtained 
Master’s and Honour’s degrees (and 
three PhDs).

 N 55% of the presenters completed their 
last degree at the University of Pretoria, 
with the Universities of Cape Town, 
KwaZulu-Natal and the Witwatersrand 
tied in second place at approximately 
6% each.

 N Compared to the 2011 and 2014 
conferences, the presenters are 
almost consistently representative of 
a 70:30 split between male and female 
delegates. With the focus on women 
in geotechnical engineering at the 
African Regional Conference to be 
held in Cape Town in 2018 we would 
like to see this ratio improve.

 N The number of black delegates in-
creased by 15% from the 2014 to 2017 
conference (to 29%). The committee is 
glad to see a more representative sta-
tistic and we hope to see this improve 
at future SAYGE conferences.
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Group photo of the 9th SAYGE Conference delegates
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• Consolidation
• Direct Shear
• Triaxial

GEOTECHNICAL 
LABORATORY TESTING 

EQUIPMENT

•  Automated Consolidation 
Apparatus

•  Direct/Residual Shear Apparatus

•  Fully Automated Triaxial Systems

• Stand-Alone or PC Controlled

Please contact us for more information:

Protsurv Geo Centre (Pty) Ltd
Tel: +27 11 976-2070

Email: sales@protsurv.co.za
Website: www.protsurv.co.za

NEXT SOFTWARE

•  Control, Data Acquisition and 
Reporting

NEWNEW
TOUCH SCREENTOUCH SCREEN

SOCIAL ACTIVITIES
A SAYGE Conference always includes 
fun activities, and this time round was no 
exception, with events such as Minute-to-
win-it and MasterChef Potjiekos competi-
tions ensuring that delegates got to know 
one another much better.

SPONSORS AND ORGANISING 
COMMITTEE
Without sponsors an event such as the 
SAYGE will not be possible. The SAICE 
Geotechnical Division would therefore 
like to thank the following companies 
most sincerely for their sponsorships:

 N Terrastrata (Platinum Sponsor)
 N ArcelorMittal (Gold Sponsor)
 N Franki (a Keller company) (Gold 

Sponsor)
 N Fibertex (Gold Sponsor)
 N Reinforced Earth (Gold Sponsor)
 N Aveng Ground Engineering

 N Bauer
 N Geobrugg
 N Gundle GeoSynthetics
 N GeoExplore Store
 N Geopractica
 N Guncrete Geotechnical
 N Kaytech
 N Jones & Wagener
 N Knight Piésold
 N Titan
 N Soillab
 N Maccaferri Africa
 N VSL

We would also like to thank Yolandé van den 
Berg from Selah Productions for her valuable 
input, without which the conference would 
not have been possible. I would also like to 
thank my fellow committee members for 
all their help in reviewing papers and or-
ganising such a wonderful event. Please join 
us for the 7th African Young Geotechnical 
Conference in Cape Town in 2019. 

Delegates dealing with challenges in the 
enjoyable Minute‑to‑win‑it competition

Delegates having fun during the MasterChef Potjiekos competition
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GEOTECHNICAL ENGINEERS 
WIN SAPSA AWARDS
Two South African geotechnical engineers 
(both members of SAICE) were honoured 
at the South African Professional Services 
Awards ceremony held at Monte Casino 
on 1 February 2018. Dr Gabi Wojtowitz of 
Aurecon received the Built Environment 

Young Professional of the Year Award and 
Dr Peter Day of Jones & Wagener received 
a Lifetime Achievement Award. The an-
nual awards evening, which is hosted by 
the South African Professional Services 
Academy and sponsored by SANLAM, rec-
ognises professional excellence of individuals 
and professional services organisations.

ISSMGE BOARD TO MEET 
IN CAPE TOWN 2019
At a meeting held in Seoul, South Korea, 
in September 2017, the ISSMGE Council 
elected to hold the 2019 Council and 
Board meetings in Cape Town on the 
occasion of the 17th African Regional 
Conference of the International Society 
for Soil Mechanics and Geotechnical 
Engineering (ISSMGE). This will consid-
erably boost the number of international 
delegates from outside Africa at the 
Conference, which will run from 7 to 
10 October 2019 at the Cape Town 
International Convention Centre. See 
www.arc2019.org for further details.

PETER DAY PRESENTS TERZAGHI 
ORATION IN SEOUL

In September 2017, Dr Peter Day de-
livered the 9th Terzaghi Oration at the 
ISSMGE International Conference in 
Seoul to an audience of 1 900 delegates. 
The Terzaghi Oration recognises a 
person of distinction who is outstanding 
in his/her contribution to geotech-
nical engineering and services to the 
International Society. In his talk, titled 
Challenges and shortcomings in geotech-
nical engineering practice in the context 
of a developing country, Peter confronted 
the problem of the “research–practice 
gap”, stressing the need for more syn-
thesis of research findings, and greater 
cooperation between practitioners and 
academics. He is the first geotechnical 
engineer from Africa to deliver the 
Oration. Other Terzaghi orators include 
Suzanne Lacasse, Harry Poulos, Michele 
Jamiolkowski, Victor de Mello and 
T William Lambe. 

Geotechnical Division News Snippets

The 2017 SAPSA award winners; the arrows point to Drs Peter Day and Gabi Wojtowitz, both 
active members of the SAICE Geotechnical Division

Dr Peter Day presenting the 9th Terzaghi 
Oration at the ISSMGE International 
Conference in Seoul in September 2017

 



Telephone: +27 31 705 0500
Branches:  Durban (HO), Johannesburg,

Cape Town, Tongaat (Factory)
www.maccaferri.com/za

MACCAFERRI ENGINEERING
from INCEPTION to CONSTRUCTION

Design & Supply

• MACSTARS W  
  Reinforced Soil Structures 

• MACRA 1  
  Bank Protection

• MACRA 2  
  Weirs

• GAWACWIN  
  Gabion Gravity Walls

• MACRO STUDIO 
  Rockfall Protection

• MACREAD 2.0 AASHTO 
  Design of Pavement
  Structures

Supply Design, Supply & 
Professional Indemnity 

Completed Projects

Maccaferri with 
it’s branches and 
distributors 
throughout Africa, 
has a far reach in 
delivering 
products to the 
construction site.

Throughout South Africa and the African Continent, we offer 
an holistic element design solution with all our sectors.  We 
take the responsibility for the design, site supervision (tempo-
rary or full time) and technical support for the project.

Maccaferri Africa turned 60 years in South Africa in 2017, 
whilst the Maccaferri group is approaching 140 years.  From a 
Gabion manufacturing company in the 1990’s, Maccaferri has 
endeavoured on diversification of products and solutions 
reaching a new level of engineering solutions.  

Maccaferri Africa represents a solid reference point for 
engineers and contractors in solutions that include retaining 
walls, rockfall protection, environmental and hydraulic sectors. 

Our Engineers supported by the Group’s worldwide technical 
team enables Maccaferri to supply the industry with innova-
tive cost effective designs, drawings and tender preparation 
documents.
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CO M PA N Y  PR O FI L E

THE EARLY YEARS – 
GABIONS AND MATTRESSES
Maccaferri SA (Pty) Ltd is a licensee of 
the worldwide organisation, Maccaferri, 
which has been involved with successfully 
implementing environmental solutions for 
soil erosion control, embankment stabi-
lisation and environmental rehabilitation 
for over 130 years.

Active in South Africa since 1957 (then 
as River and Sea Gabions), the company 
changed its name to African Gabions 
(Pty) Ltd in January 1989 to coincide with 
the opening of the first African-based 
factory in Isithebe, KwaZulu-Natal. The 
manufacturing operations moved to 
Westmead in 1995 to cater for the ad-
ditional space required.

The biggest project undertaken prior 
to 1979 was on Tradouws Pass between 
Barrydale and Suurbraak in the Western 
Cape. This project included five major 
mass-gravity gabion walls (including one 
in excess of 18 m high), all in-cut to fill 
areas. Another project, the Florence to 
Worcester Project (also in the Western 
Cape) in the early 1980s, included almost 
4 km of 6 m wide channel protection, 
as well as the protection of three bridge 
abutments. January 1984 marked the start 
of many years of ‘mop-up’ operations after 
Cyclone Demoina (which saw 542 mm of 

rain fall at the Richard’s Bay Lighthouse 
on 31 January alone) and the 1987 KZN 
floods (± 900 mm rain in three days).

In the year 2000 the Thesen Islands 
project commenced, which included 
approximately 17 km of canal bank 
protection (45 000 m3 of gabion and Reno 
mattresses).

THE 2000s – DIVERSIFICATION
At the beginning of the 2000s, the 
Maccaferri Group decided to diversify 
by focusing on four main application 
sectors – the traditional sector of erosion 
control and soil retaining, where double-
twisted steel wire mesh products had 
established themselves as a long-lasting 
engineered solution; the geosynthetics 
sector, including the well-established 
soil reinforcement, drainage and erosion 
control products manufactured in Europe; 
the rockfall mitigation sector, where 
extensive research and investment were 
dedicated to the engineering of drapery 
systems and rockfall barriers; and the me-
chanically stabilised earth wall (MSEW) 
sector, both in the mining and civil 
industries. In January 2007 the company 
name was changed to Maccaferri SA (Pty) 
Ltd in line with its global vision – to pro-
vide all its clients with a comprehensive 
range of engineered solutions. In 2010 

From manufacturing double-twisted 
mesh gabions to becoming an 
engineering partner

Last year Maccaferri celebrated 60 years’ presence on the African 
continent. In this article the company shares some of the highlights 
of these six decades.

1979: Tradouws Pass, Western Cape – 
18 m high gabion retaining structure

Edoardo Zannoni Pr Eng, CEng
Business Unit Manager: Engineering
Maccaferri Africa
edoardo.zannoni@maccaferri.co.za

Adriano Gilli
Managing Director 
Maccaferri Africa
adriano.gilli@maccaferri.co.za

Errol Jenkinson
Former Director African Gabions
gabionct@mweb.co.za



the company’s state-of-the-art factory in 
Tongaat was completed.

The diversification resulted in a whole 
new dimension within the company. As 
the company became a key role player in 
high-level projects, engineers and project 
managers were needed to satisfy clients’ 
project requirements.

A flagship project in terms of soil rein-
forcement was done in 2009 for Transnet 
Port Terminals, namely the upgrade of 
the Maydon Wharf 1950s warehouses 
in Agriport. These warehouses required 
ground improvement measures due to the 
presence of old reclamation fill (which 
was found up to 4 m deep) underlain by 
extremely weak, unconsolidated, inter-
layered silty sand and sandy clay horizons. 
Bedrock occurred at a depth of only about 
25 m, leading to a possible deep-seated 
instability through weak layers due to a 
25 m soya stockpile with a pressure of 
200 kPa. Stability analyses were first car-
ried out using in-house limit equilibrium 
software (Mac.St.A.R.S). Finite element 
analysis (Plaxis) was then performed by 
Moore Spence and Jones to refine the 
design, resulting in a basal reinforcement 
consisting of 1.5 m thick G5 material re-
inforced up to 2 600 kN/m using geogrids 
(two layers of 1 000 kN/m and one layer of 
600 kN/m). The installation was done by 
Liviero Civils.

Mining has always been a key sector 
for Maccaferri, where varied solutions 
have been provided over many years – 
from erosion control measures for slopes, 
ROM tip walls characterised by consider-
able loading from tipper trucks, and 
extensive heights up to 30 m vertical.

In 2010, for example, Debswana Mine 
requested Maccaferri’s involvement to 
secure the slopes within the pit. The slope 
showed signs of instability, and in the re-
cent past there had been various rockfall 
phenomena which had caused serious 
damage to vehicles. After repeated similar 
episodes, the mine decided to secure the 
slope. Solving this problem would mean 
that the mine could continue production 
safely and efficiently. As Debswana Mine 
is the largest diamond mine in Botswana, 
any road closure would have impacted on 
the mine’s economy.

This project included a maximum 
height slope protection of approximately 
150 m, with a total surface area of 
53 000 m2 to cover. The solution would 
have to include the prevention of any 

falling rocks reaching the bottom haul 
road, would have to be relatively easy and 
safe to install, and could not affect the 
width of the road.

Maccaferri worked together with Melis 
& Du Plessis Consulting Engineers (Pty) 
Ltd to determine the best design solution 
for this particular mining environment. 
A passive approach was preferred, using a 
simple drapery mesh which aims at con-
trolling the fall of rocks down the slope, so 
that the material is gathered at the base of 
the wall without interfering with the work 
to be protected. The complex construction 
work was carried out by Wepex using the 
specially made Decoiling Machine, while 
ASP provided rope access techniques for 
the lacing procedure on the slope.

AFRICA – A WHOLE NEW GAME
In January 2014, the company re-branded 
itself as Maccaferri Africa, with the focus 
being on growing the business as solution 
providers servicing the entire African 
continent.

In addition to the South African 
operations, and in marking 60 years of 
presence on the continent, the company 
now works hand in hand with its Nigerian 
branch, where Maccaferri engineers offer 
local support to the civil, oil and mining 
industries.

Working in Africa requires a really 
strong team to perform in a difficult 
environment, where various tasks have 
to be fulfilled speedily and sometimes 
simultaneously, and where support on 

2000: Thesen Islands, Western Cape – 
17 km of canal bank protection

2009: Maydon Wharf, Durban –  
basal reinforcement, Agriport
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site is often very limited. Experience and 
the office backup support therefore play 
a big role. In addition, different project 
contract conditions apply in Africa – from 
a fully local project, where the whole 
project is managed and funded by local 
enterprises, to international EPCM 
projects with foreign funding, and often 
working with a design team on different 
continents and with foreign contractors 
(this usually applies to the mining sector). 
The different cultural, environmental and 
legislation characteristics require careful 
attention and need to be factored into the 
engineering and/or project management 
aspects of the project.

A good example of this international 
approach was a project in 2015 in Djibouti 
involving the scour protection of the Port 
of Tadjoura – the contractor was Bao Ya 
Hubei Construction from China, while 
the consulting engineer hailed from the 
Italian company Technital. The velocity 
generated by the propellers of the vessels 
in the new Harbour of Tadjoura exceeded 
the critical velocities of the granular 
materials, resulting in scour. The original 
scour protection measure consisted of a 
2.0 m thick rip-rap layer, to be positioned 
at a depth of –15.00 m (CD), so as to leave 
a freeboard of –13.00 m (CD). The total 
area of the seabed to be protected was 
some 15 000 m2, which would have re-
quired an excavation volume of 30 000 m3 
and the same volume of rip-rap. The pro-
tection was to extend 22 m from the quay. 
Due to the high volume of rock and the 
challenges which would have been faced 
during construction, the project team 
contacted Maccaferri, who then proposed 
a 300 mm thick Reno mattress protec-
tion to satisfy the forces at the bottom 
and prevent scour. The use of the Reno 
mattress not only reduced the volume of 
imported rock by 15%, but also allowed 
the contractor to prefill the mattress in 
the yard and to install it using a lifting 
frame with automatic release hooks.

In 2008 the Mauritian government 
was forced to address the congestion on 
the main roads around the the capital 
Port Louis, due to both buildings and 
the population surpassing the city’s in-
frastructure capabilities. This resulted in 
major infrastructure upgrades, including 
the Caudan Grade Junction. Caudan is 
situated at the southern entrance to Port 
Louis along the N4 highway, and serves 
as the main entrance to the city via a 

2010: Debswana Mine, Botswana – 
rockfall drapery system

2012: Caudan Interchange, Mauritius – 
Macres system retaining walls
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double-carriageway. To reduce traffic 
congestion, it was proposed that a flyover 
and a roundabout be built to manage 
the traffic going in and out of Port Louis 
and the Caudan Waterfront, which is the 
main commercial centre of the capital. 
The project included the construction 
of two bridges over the roundabout 
and ramps.

At tender stage, ten walls were 
designed which would use traditional re-
inforced concrete. Maccaferri Africa was 
approached by one of the top contractors 
in Mauritius, General Construction, to 
review the proposal and submit an alter-
native using mechanically stabilised earth 
wall technology. The saving resulting from 
using soil reinforcement technology ra-
ther than traditional reinforced concrete 
was in the order of 50%. The walls vary 
in height from 3 m to a maximum of 6 m, 
requiring many different reinforcement 
materials ranging from 50 kN to 100 kN 
connected to a reinforced concrete 
face panel with an area of 3.2 m2 by 
140 mm thick.

Over and above the usual challenges 
(of alignment, services and traffic ac-
commodation) which a contractor faces 
during any interchange construction, the 
new alignment of the highway required 
the flyover to be built on a curve, and the 
ramp walls and the wall for the rounda-
bout had to follow the given geometry. 
The panels were 2.2 m wide, and it was 
therefore required to discretise the curve 
in segments of 2.2 m in order to place the 
panels within the given limits. Extensive 
CAD modelling, done by the Maccaferri 
in-house technical department, as well as 
surveying, was undertaken, resulting in 
more than 400 different types of panels 
for which reinforcement drawings were 
provided to manage the casting and 
the installation.

ENGINEERING A BETTER SOLUTION
Over the past 60 years the company 
has transformed multiple times to suit 
the demands of industry and society, 
growing from a distributor of double-
twisted steel mesh products imported 
from other Maccaferri manufacturing 
plants, to building a South African fac-
tory in the late 1980s, and then, in the 
2000s, diversifying the product portfolio 
by adding geosynthetics, rockfall 
and MSEW. Recently the demand for 
specialised engineering solutions has 

brought the request to be involved, not 
only in the supply of products, but also 
in the whole project from inception to 
construction. The need for a high-level 
engineering team in the company, along 
with support from international experts, 
was clear, in addition to partnerships 
with South African consultants and 
contractors to meet and exceed clients’ 
expectations. The Engineering Unit of 
Maccaferri SA was therefore established 
in November 2017 – the result of many 
years of assisting consulting engineers 
with the design of specialised structures, 
contractors with cost and transport 
arrangements, as well as site supervision 
and ensuring that projects meet require-
ments in terms of construction stand-
ards. Such transformation certainly ties 
in with the company’s motto: engineering 
a better solution.

The dedication to growing technical 
competencies in South Africa, and in 
Africa at large, has furthermore resulted 
in the company becoming a key partner in 
engineering organisations such as ECSA, 
SAICE, SAFCEC, SABS and GIGSA 
through continuing professional develop-
ment (CPD) lectures, seminars and site 
visits, thereby assisting with the transfer 
of engineering knowledge.

The shift from product supplier 
(although still part of our core business 
through our distribution points in South 
Africa and Africa) to engineering solution 
provider has brought excellent delivery 
and outstanding projects, confirmed 
by many project awards won over the 
years, in both the civil and mining 

sectors throughout South Africa and 
Africa. The company continues striving 
to be a technical reference for their 
clients, solving their problems through 
innovation, collaboration and best-value 
environmental solutions.

Following the Young Engineers 
Programme from the Head Office in 
Italy, where graduates are trained over 
a two-year period through exposure to 
the various sectors, Maccaferri Africa 
is likewise responsible for the growth of 
their future engineers and, since 2016, has 
introduced the Maccaferri Academy, of-
fering vacation work to students, initially 
in Johannesburg and more recently also 
in Durban.

This new approach has already 
brought great projects to fruition, such 
as the Umgeni Interchange in Durban, 
the almost completed Mt Edgecombe 
Interchange also in Durban, the Atterbury 
Interchange in Pretoria, as well as mining 
projects in Guinea, Sierra Leone and 
Mauritania where the company partnered 
with top-level South African contractors.

Maccaferri Africa, which has 60 
permanent employees, has its head office 
in New Germany, KwaZulu-Natal, and a 
24 000 m2 factory in Tongaat, as well as 
offices in Johannesburg and Cape Town. 
With its international headquarters 
in Bologna, Italy, Maccaferri (which 
garners an annual revenue of nearly 
€500 million in the engineering sector) 
is a privately held company comprising 
more than 30 manufacturing facilities, 70 
subsidiaries and operations in more than 
100  countries. 

2015: Djibouti – scour protection of the Port of Tadjoura
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Nairobi, Kenya, will soon (during the course of 2019) be adding the 
Pinnacle Towers (which will be Africa’s tallest building) to its sky-
line. The complex will consist of two high-rise buildings – a 300 m, 
66-storey office tower and the 201 m 40-storey Hilton Hotel.

Frankipile International Projects Ltd is one of the many 
contracting and engineering firms working at the site. Franki’s 
responsibilities on this site include installation of soil nails in the 
walls for lateral support and installing the 380 foundation friction 
piles to support the extreme height and weight of the building, 
which will stand upon a layered formation of rock and soil.

Franki began drilling the foundation bore holes once the con-
struction pits had been cut to depths ranging from 18.5 to 33.0 m. 

Many companies can drive piles, auger holes or use conventional 
core drilling systems to bore foundation holes, but Franki’s low-
profile canister drills, or LP Drills, from Center Rock Inc (CRI), 
Pennsylvania, gives them an advantage. Franki’s Works Manager, 
Ryan Goss, says, “This sort of rock needs multi hammers. We 
wouldn’t have tendered for this project if we didn’t have LP Drill 
technology.”

The Center Rock 800 mm LP Drill averages 3 m an hour on 
this job. Franki has three canister systems for this project’s 380 
piles in varying diameters of 1 219 mm, 1 054 mm and 800 mm.

HOLE DYNAMICS
Franki matches the tool to the soil or rock condition. The holes of 
this job each requires its own combination of boring techniques. 
In addition to the Center Rock canister drills, tooling includes 
augers and drilling buckets.

For hole locations with rock at the surface, boring began with 
the canister unit. To start a clean hole, the driller made short 
rotations left and right to create a 152.4 mm deep socket. This 
allowed the drill to make a full rotation without deviating from 
the specified pile location.

While the LP Drill is operating, each of its hammers is cut-
ting its assigned portion of the hole, chipping away at its portion 
of the entire hole face during a full 360° rotation (rotating the 
canister drill a full turn in one direction and then a full turn to 
the other).

Once the top of the calyx basket moves below the surface, any 
cuttings that the flushing air cannot blow out the top of the hole 
fall into the basket. When the basket is full, the driller trips out of 
the hole and rotates the drill to the side. Lifting the basket dumps 
the cuttings, and the drill goes back in the hole.

Boring with the canister drill continues this way until the hole 
enters softer, unconsolidated ground, typically found at depths of 
4 to 6 m (the hole depths range from 16 to 24 m). Once drilled, a 
rebar cage is lowered and concrete fills the hole.

CANISTERS DRILL A STRUCTURALLY BETTER HOLE
Each Center Rock LP Drill canister system is configured for its 
diameter. A 1 219 mm drill uses ten 152.4 mm hammers each 
turning a 200 mm bit. Each hammer has a 13.7 kg piston for 
a total piston weight per canister of 137 kg. To lift that many 
pistons requires 142 m3/min coming from four 35.4 m3/min 
compressor units generating 18 bar. With seven compressors on 
site, Franki can run its 800 mm LP Drill and one other LP Drill at 
the same time.

Transcending heights

On the Pinnacle Towers project in Nairobi, Franki 
is using two Bauer rigs – a BG 20 H and an MG 48

M A R K E T  CO N T R I B U T I O N
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PERSONAL ATTENTION
Jim Rose, CRI International Sales Representative, explains that 
every rock drilling project has its own unique requirements and 
must be analysed for both the rock involved and the operator’s 
drilling style. CRI works with customers at the start of each job, 
sending a technician with every LP Drill sold to make sure the 
customer knows how to run it.

MAINTENANCE
The concentrated energy required for this type of drilling takes a 
toll on any drill’s moving parts, so CRI designed its LP Drill units 
to be simple to service. Maintenance is quick and inexpensive. 
Center Rock’s LP technician, Ryan Hoffman, worked with Franki’s 
drillers and technicians on site to set up maintenance systems for 
the drills specifically designed for this formation.

After drilling the first 20 or so holes, the crew had gained a good 
sense of the formation. Hoffman says, “For the most part this is 
pretty straight-forward rock drilling. There’s an area in the middle 
that has more boulders and fractures, which cause greater wear on 
the hammer’s bits and bushings. Otherwise, it’s all rock.” Hoffman 
says the bushings needed to be changed out sooner after the brass 
on one set wore through the side. “Those bushings had 150 m on 
them, but on this job they had to be changed out every 130 m. 
However, replacing LP bushings takes only minutes per hammer.”

Brass bushings hold the bits firmly in place to prevent energy 
displacement. Allowing sloppiness in the chuck reduces drilling 
efficiency, slows penetration and can cause damage to the hammer. 

Hoffman says, “The bushings were designed to wear. Replacing them 
is quite inexpensive in relation to the more expensive hammer.”

Keeping bit buttons sharp is also important. A button that 
develops a flat spot not only loses cutting performance, but 
regrinds chips at the bottom of the hole. Regrinding increases 
abrasion, accelerating wear on all other working parts.

BAUER RIGS
On this job Franki is using two Bauer rigs – a BG 20 H and an 
MG 48. They had no problems using the LP Drills on them, as 
the drills require weight on the hammers supplied by the rigs of 
2 494 kg and 4 853 kg respectively.

During January alone, Franki completed some 42 piles. Setting 
a pace of three holes per day should enable them to finish as 
expected by late April or early May.

Ryan Goss says Franki doesn’t always need its three Center 
Rock LP Drills. “But when they are needed, it’s great to have them 
in the tool box. We couldn’t do this project in the timeline al-
lowed without Center Rock.”

info

Brian McDonald
Regional Director
Franki Africa (Pty) Ltd
+27 11 531 2700
brian�mcdonald@franki�com

BAUER Technologies South Africa (PTY) Ltd • info@bauersa.co.za www.bauersa.co.za

BAUER Maschinen Group is the world market leader in specialist foundation engineering 

equipment. 

in cooperation 
with



80 April 2018 Civil Engineering

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

MAYDON WHARF STORAGE 
WAREHOUSE FLOOR, DURBAN
The warehouse located at the Maydon 
Warf Port Terminal, Durban, is used to 
store goods in transit.

The facility makes use of a high-
density mobile racking system which is 
electrically operated and runs on rails 
embedded in the concrete. Each mobile 
unit stacks side by side and is accessed by 
shifting the surrounding units to create 
aisle space when and where needed.

The 2 600 m2 concrete warehouse 
floor is built on reclaimed land that over 
the years has developed problematic 
settlement issues. In the past, these prob-
lems were remedied by casting a new 

concrete floor over the existing floor. 
However, this solution was not ideal, as 
the settlement gradually continued, to 
such an extent (60 mm) that the safety 
of the mobile racking system became 
compromised.

Time constraints were a major factor 
in choosing the most cost-effective and 
least disruptive solution to the busy 
operations of the warehouse.

Conventional piling to support the 
settling structure would require closure of 
the facility, but the cost and time implica-
tions made this solution prohibitive.

A new concrete floor slab would be 
30% cheaper than the piling solution, but 
would require the closure of the facility 
for at least one month, while the reinstate-
ment of the embedded railing system 
would cause further delays.

The most viable solution was the 
Uretek one, at half the price of a new 
concrete slab and requiring only one 
week. And indeed, by combining the 
patented Uretek technologies of Slab 
Lifting and Deep Injection, the 2 600 m2 

floor was returned to its original level 
within a 3 mm tolerance – all within 
one week.

CAN MANUFACTURING 
PLANT, GERMISTON
Due to the constant evolution in the 
market place, this can manufacturing 
plant needed to add an additional section 
to its current operation. However, the 
existing bases were to be extended beyond 
the designed earthworks inside the factory 
while the plant remained operational. 
A solution was therefore required that 
would not impact on the daily operations 
and would not create dust. Having a 
contractor carry out normal building 

operations to cast new bases through 
the existing floor would obviously 
be impractical.

Uretek’s Deep Injection technology 
was chosen by the consulting engineers 
as the ideal solution, as the existing floor 
would not be disrupted and the work 
could be executed in one weekend, there-
fore not interfering with the production of 
the plant.

The geotechnical information that was 
provided, revealed a solid layer of support 
at a depth of 4 m below the surface bed. 
The area in-between was consolidated 
and, by injecting at different levels in a 
grid pattern, the bearing capacity was 
improved sufficiently to carry the ad-
ditional weight imposed on the existing 
floor. Rotary laser levels and monitors 
were employed throughout the operation 
to prevent the lifting of the floor. The 
job was completed successfully in one 
weekend, as undertaken.

URETEK CHARACTERISTICS
Geo-polymer injection is a non-disrup-
tive, efficient alternative to conventional 
underpinning and piling, which Uretek 
has advanced based on over 30 years 
of research, development, testing and 
installation. The implementation of the 
Uretek geo-polymer injection system can 
be categorised as proactive (improving the 
strength of soils to facilitate an increase 
in loading or combating long-term 
settlement) or reactive (remediation of 
subsidence).

The application of geo-polymer injec-
tion can be categorised into two phases 
– surface consolidation, and at-depth 
consolidation.

In surface consolidation, geo-polymer 
is injected into the shallow area beneath 

A unique, cost-effective 
ground stabilisation technology

Uretek’s patented Deep Injection technology 
was used to return this 2 600 m2 floor, at a 
can manufacturing plant in Germiston, to its 
original level within one week



Civil Engineering April 2018 81

a foundation, with the intent of fully re- 
establishing contact between the underside 
of the foundation and the underlying soils 
by filling any voids within the treated soil.

At-depth consolidation relates to soils 
being treated at greater depth, and is thus 
most concerned with the forces provoked 
by loading. The objective of at-depth treat-
ment is to densify the ground via:

 N Elimination of voids by filling and 
compacting/consolidating

 N Expulsion of air and water
 N Agglomeration of the soil (in granular 

cases).
Once injected, the geo-polymer will 
move and expand both horizontally and 
vertically to a region that allows the 
material to take the path of least resist-
ance, and thus has the greatest need to 
be reinforced. Once this has taken place, 
the geo-polymer will expand vertically 
and place pressure on the underside of the 
foundation, eventually ending its liquid 
phase and becoming solid.

Typically, each injection point will 
create a zone of influence of approxi-
mately 1 m radius (depending upon the 

characteristics of the geo-polymer uti-
lised), resulting in a section of reinforced 
soil. Injection points are usually placed 
at 1.0–1.5 m centres to ensure that the 
entirety of the area requiring treatment 
is impacted by the injection works. This 
spacing can be altered depending on 
factors such as soil type, soil strength 
and loading.

Working with a worldwide leading 
chemical manufacturer, Uretek has 
developed a portfolio of over 30 mate-
rials for use on varying project scopes 
and soil properties. Each geo-polymer 
material possesses different charac-
teristics, making it advantageous in 
different scenarios.

In accordance with Uretek’s “non-
disruptive” ethos, ground improvement 
injection works are carried out from self-
contained mobile workshops, with all plant 
and equipment necessary for standard 
projects carried at all times. 

The multi-tube method of injection 
entails the following:

 N 14–50 mm diameter holes are drilled 
to the required depth.

 N Multiple injection tubes of varying 
lengths are then inserted throughout 
the depth of the hole.

 N A specified quantity of geo-polymer is 
injected into each tube.

Uretek’s geo-polymers are formed from 
multiple components. When these com-
ponents are combined during the instal-
lation process, polymerisation is initiated. 
This is the process that causes the mate-
rial to change state from liquid to solid 
(expanding as this occurs).

With the body of research substan-
tiating the use of geo-polymer injection, 
and over 200 000 projects delivered by 
Uretek in the last 30 years, the use of 
geo-polymers is now a mainstream con-
sideration for consulting engineers around 
the world.

info

Antonio Pappalardo
Director: Uretek Ground Engineering
083 601 1456
tony@uretek�co�za

Around the world, the Uretek Geo-stabilizing technology is proving 
highly cost effective, with minimum disruption.

It is the preferred choice of  engineers, architects, insurance assessors 
and planners who seek to maintain maximum productivity and use of 
the infrastructure.

With our patented technology in use in over 50 countries around the 
world, we have stabilised multi-storey buildings, schools, runways, high-
ways, warehouses, homes, swimming pools, and many other structures, 

Our deep injection, rapid expansion stabilizing material solves prob-
lems that could otherwise cause months of maintenance and the 
attendant costs.

If you are faced with subsidence, dangerous 
cracks in  oor slabs, walls or infrastructure, 
or roadways walkways  and highways that 
are becoming hazardous, call us.  We can 
provide a solid, fast solution to your prob-
lem, with world-leading technology.

BEFORE

AFTER

Call Tony or Bennie on 011 238 7154 or 
email us on info@uretek.co.za, for a quote 
that can solve your stabilization needs.
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Course name Course dates location CPd Accreditation 
number Course Presenter Contact

Adjudication and Arbitration: 
How to deal with Challenges to 
Jurisdiction

19 June 2018 Cape Town
SAICEcon18/02268/21
Credits: 1 Hubert Thompson dawn@saice�org�za24 July 2018 Midrand

28 August 2018 Durban

General Conditions of Contract 
for Construction Works 
(Simplified Form): First Edition 
(2018) SGCC (2018)

4 May 2018 Pietermaritzburg

SAICEcon18/02270/21
Credits: 1 Benti Czanik cheryl-lee@saice�org�za

28 May 2018 East London

12 June 2018 Nelspruit

22 June 2018 Polokwane

3 September 2018 Kimberley

10 September 2018 Cape Town

27 September 2018 Port Elizabeth

9 October 2018 Bloemfontein

30 October 2018 Midrand

13 November 2018 Pretoria

GCC of Subcontract for 
Construction Works: 
First Edition 2018 – GCSC 2018

16 May 2018 East London

SAICEcon18/02254/21
Credits: 1 Benti Czanik dawn@saice�org�za

25 May 2018 Nelspruit

17 August 2018 Cape Town

22 August 2018 Port Elizabeth

7 September 2018 Midrand

14 September 2018 Pretoria

GCC 2015 – 3rd Edition

7–8 May 2018 East London

SAICEcon16/01869/19
Credits: 2 Benti Czanik cheryl-lee@saice�org�za

10–11 May 2018 Port Elizabeth

4–5 June 2018 Bloemfontein

7–8 June 2018 Kimberley

14–15 June 2018 Polokwane

30–31 July 2018 Nelspruit

30–31 August 2018 Pretoria

20–21 September 2018 Midrand

GCC 2015 and GCC 2010 
Differences

23 July 2018 Cape Town SAICEcon16/01890/19
Credits: 1 Benti Czanik dawn@saice�org�za

19 November 2018 Durban

Project Management of 
Construction Projects 18–19 October 2018 George SAICEcon15/01754/18

Credits: 2 Neville Gurry cheryl-lee@saice�org�za

Structural Steel Design to 
SANS 10162-1-2005

22 May 2018 Midrand

SAICEstr15/01726/18
Credits: 1 Greg Parrott cheryl-lee@saice�org�za

17 July 2018 Cape Town

21 August 2018 Bloemfontein

25 September 2018 Midrand

Reinforced Concrete Design to 
SANS 10100-1-2000

23 May 2018 Midrand

SAICEstr15/01727/18
Credits: 1 Greg Parrott cheryl-lee@saice�org�za

18 July 2018 Cape Town

22 August 2018 Bloemfontein

26 September 2018 Midrand

Practical Geometric Design 5–9 November 2018 Midrand SAICEtr16/01954/19
Credits: 5 Tom McKune dawn@saice�org�za

Business Finances for Built 
Environment Professionals

7–8 June 2018 Midrand

SAICEfin18/02297/21
Credits: 2 Wolf Weidemann dawn@saice�org�za

28–29 June 2018 Port Elizabeth

16–17 August 2018 Durban

4–5 October 2018 Cape Town

8–9 November 2018 Midrand

Handling Projects in a Consulting 
Engineer’s Practice

4–5 June 2018 Midrand SAICEproj18/02298/21
Credits: 2 Wolf Weidemann dawn@saice�org�za

5–6 November 2018 Midrand

Leadership and Management 
Principles and Practice in 
Engineering

7–8 November 2018 Midrand SAICEbus15/01784/18
Credits: 2 David Ramsay dawn@saice�org�za

sAiCe Training Calendar 2018
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Course name Course dates location CPd Accreditation 
number Course Presenter Contact

Leadership and Project 
Management in Engineering

16–17 May 2018 Midrand
SAICEbus16/01950/19
Credits: 2 David Ramsay dawn@saice�org�za15–16 August 2018 Durban

29–30 August 2018 Cape Town

Water Law of South Africa
14–15 August 2018 Midrand SAICEwat16/01955/19

Credits: 2 Hubert Thompson dawn@saice�org�za
11–12 September 2018 Cape Town

The Legal Process dealing with 
Construction Disputes

8–9 May 2018 East London

SAICEcon16/01956/19
Credits: 2 Hubert Thompson dawn@saice�org�za

15–16 May 2018 Durban

5–6 June 2018 Midrand

18–19 September 2018 Bloemfontein

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

20–22 June 2018 Durban
SAICEcon15/01840/18
Credits: 3 Prof Zvi Borowitsh dawn@saice�org�za

24–26 October 2018 Midrand

Sanitary Drainage Systems for 
Buildings TBC TBC SAICEwat15/01957/18

Credits: 1 Vollie Brink dawn@saice�org�za

Concrete for Contractors 
Consultants 13–14 August 2018 Midrand SAICEcon15/01755/18

Credits: 2 Bruce Raath cheryl-lee@saice�org�za

Durability and Repairs of 
Concrete Structures 14–15 June 2018 Midrand SAICEcon15/01757/18

Credits: 2 Bruce Raath cheryl-lee@saice�org�za

Legal Liability Occupational 
Health and Safety Act (OHSA)

30 May 2018 Port Elizabeth

SAICEcon17/02038/20
Credits: 1 Cecil Townsend Naude dawn@saice�org�za

27 June 2018 East London

25 July 2018 Durban

29 August 2018 Pretoria

26 September 2018 Bloemfontein

31 October 2018 Polokwane

Construction Regulations from a 
Legal Perspective

31 May – 1 June 2018 Port Eilzabeth

SAICEcon17/02037/20
Credits: 2 Cecil Townsend Naude cheryl-lee@saice�org�za

28–29 June 2018 East London

26–27 July 2018 Nelspruit

30–31 August 2018 Pretoria

27–28 September 2018 Bloemfontein

1–2 November 2018 Polokwane

Principles and Practices of Facility 
Management for Engineers TBC TBC SAICEbus17/02042/20

Credits: 2

Wynand Dreyer / 
Lwandiso Mgwetyana /  
Shane Verster

dawn@saice�org�za

sAiCe / south African Road Federation (sARF)
Assessment and Analysis of Test 
Data 10–11 July 2018 Port Elizabeth

SAICEtr15/01805/18
SARF14/0001/17
Credits: 2

R Berkers sybul@sarf�org�za /  
tshidi@sarf�org�za

Concrete Road Design and 
Construction

18 July 2018 Cape Town
SAICEtr15/01802/18
CSSA-N-2013-08
Credits: 1

B Perrie, Dr P Strauss sybul@sarf�org�za /  
tshidi@sarf�org�za22 August 2018 Durban

18 September 2018 Midrand

Stormwater Drainage TBC TBC
SAICEtr15/01808/18
SARF12/0107/15
Credits: 4�5

C Brooker, Matt Braune,  
Alaster Goyns

sybul@sarf�org�za /  
tshidi@sarf�org�za

sAiCe / Mentoring 4 success
1 Day Workshop – Foundations 
in Structured Mentoring in the 
Workplace

TBC TBC SAICEbus16/01894/19
Credits: 1

Philip Marsh /  
Celestine Jeftha

info@m4s�co�za
011 958 0619
www�mentoring4success�co�za

Mentors Masterclass in 
Engineering and Construction TBC TBC SAICEcon17/02128/20

Credits: 2
Philip Marsh /  
Celestine Jeftha

info@m4s�co�za
011 958 0619
www�mentoring4success�co�za

sAiCe Training Calendar 2018
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Course name Course dates location CPd Accreditation 
number Course Presenter Contact

Surface Water and Integrated 
1D-2D Modelling with EPA 
SWMM5 and PCSWMM – 1 Day

4 September 2018 Cape Town SAICEwat17/02197/20
Credits: 1

Chris Brooker /  
Onno Fortuin /  
Robert Fortuin

Meghan Korman
meghan@chiwater�com25 October 2018 Johannesburg

Surface Water and Integrated 
1D-2D Modelling with EPA 
SWMM5 and PCSWMM – 2 Days

4–5 September 2018 Cape Town SAICEwat17/02198/20
Credits: 2

Chris Brooker /  
Onno Fortuin /  
Robert Fortuin

Meghan Korman
meghan@chiwater�com23–24 October 2018 Johannesburg

Surface Water and Integrated 
1D-2D Modelling with EPA 
SWMM5 and PCSWMM – 3 Days

4–6 September 2018 Cape Town SAICEwat17/02199/20
Credits: 3

Chris Brooker /  
Onno Fortuin /  
Robert Fortuin

Meghan Korman
meghan@chiwater�com23–25 October 2018 Johannesburg

 Candidate Academy
Road to Registration for 
Candidate Engineers, 
Technologists and Technicians

17 May 2018 Midrand
CESA-861-05/2019 
Credits: 1 Dr Allyson Lawless lizelle@ally�co�za14 August 2018 Durban

11 September 2018 Midrand

Road to Registration for Mature 
Candidates

30 May 2018 Durban

CESA-948-11/2019
Credits: 1

Peter Coetzee / 
Stewart Gibson

lizelle@ally�co�za
26 July 2018 Midrand

13 November 2018 Durban

22 November 2018 Midrand

Getting Acquainted with 
Geosynthetics in Soil 
Reinforcement

26–28 June 2018 Midrand

SAICEgeo18/02216/21 
Credits: 3
SACNASP 
2017-0035-000046
Credits: 2

Edoardo Zannoni lizelle@ally�co�za

Pressure Pipeline and 
Pump Station Design and 
Specification – a Practical 
Overview

14–15 May 2018 Midrand

CESA-872-05/2019 
Credits: 2 Dup van Renen lizelle@ally�co�za11–12 June 2018 Durban

17–18 September 2018 Cape Town

Getting Acquainted with Road 
Construction and Maintenance 

29–30 November 2018 Midrand CESA-870-05/2019 
Credits: 2 Theuns Eloff lizelle@ally�co�za

Road to Registration for Mentors, 
Supervisors and HR Practitioners

23 May 2018 Midrand CESA-862-05/2019 
Credits: 1 Dr Allyson Lawless lizelle@ally�co�za

15 August 2018 Durban

Getting Acquainted with Sewer 
Design

18–19 June 2018 Midrand
CESA-871-05/2019 
Credits: 2 Peter Coetzee lizelle@ally�co�za12–13 September 2018 Durban

19–20 November 2018 Cape Town

Getting Acquainted with Basic 
Contract Administration and 
Quality Control

20–21 August 2018 Midrand CESA-864-05/2019 
Credits: 2 Theuns Eloff lizelle@ally�co�za

Getting Acquainted with General 
Conditions of Contract for 
Construction Works (GCC2015)

17–18 September 2018 Durban
CESA-873-05/2019 
Credits: 2 Theuns Eloff lizelle@ally�co�za

15–16 October 2018 Midrand

Getting Acquainted with Water 
Resource Management

22–23 August 2018 Midrand TBC Stephen Mallory lizelle@ally�co�za

Getting Acquainted with Urban 
Water Management

10–11 May 2018 Midrand
TBC Peter Coetzee lizelle@ally�co�za

19–20 September 2018 Durban

In‑house courses are available. To arrange, please contact:  
Cheryl‑Lee Williams (cheryl‑lee@saice.org.za) or Dawn Hermanus (dawn@saice.org.za) on 011 805 5947.

For Candidate Academy in‑house courses, please contact: 
Dawn Hermanus (dawn@saice.org.za) on 011 805 5947 or Lizélle du Preez (lizelle@ally.co.za) on 011 476 4100.

sAiCe / Computational hydraulics int (Chi)

If you would like to discuss any topics that you feel are relevant to SAICE members,  
scan the QR code alongside to access SAICE’s blog.
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Reinforced Earth Applications

©
 P

ho
to

 C
re

di
ts

: P
ho

to
 G

al
le

ry
 S

ol
et

an
ch

e 
Fr

ey
ss

in
et

 -
 2

01
4

Mentone Media Centre 
1 Park Road, Richmond,  
Johannesburg 
South Africa
Tel:  +27 11  726 6180  

www.recosa.co.za  -  www.terre-armee.com

TerraLink™
Road widening in a confined  
environment

More about  
TerraLink™

a Challenges
Widening a road and/or creating an additional 
lane (pedestrian, cycle, road, etc.).

a Solution
The TerraLink™ solution completes the 
construction of a Reinforced Earth® wall.

a Advantages
•  The solution is highly adaptable to different 

environments: steep, mountainous, coastal and 
urban areas;
•  The reliability and safety of the existing structure 

is ensured;
•  The costs and time required to complete the work 

are significantly reduced;
• Broad choice of aesthetic appearance
• Durability of the materials used;
•  Significant savings on site operations: less 

excavation and clearing, possibility of reusing soil, 
little use of heavy site machinery, mobilisation of a 
smaller site team;
• Reduced carbon footprint.



CIVIL DESIGNER

Water network design

with accurate analysis of

actual consumption data

The only truly integrated suite of 

infrastructure design modules for terrain, 

roads, water, sewer and stormwater.
www.civildesigner.com


