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Intense Tropical Cyclone Idai was 
one of the worst tropical cyclones on 
record to affect Africa and the southern 
hemisphere. The long-lived storm caused 
catastrophic damage in Mozambique, 
Zimbabwe and Malawi.

Our planet is a complex natural 
system, and like all such systems it is 
continually evolving. As that happens – 
as continents drift apart, as mountain 
ranges rise and fall, as climate patterns 
shift – earthquakes, volcanoes, tsunamis, 
typhoons, prolonged droughts, and other 
natural disturbances recur on an irregular 
and unpredictable basis.

Twenty thousand years ago, during the 
last glacial event, areas where Chicago, 
Toronto and Montreal now sit were under 
an ice sheet that was over 3 km thick. 
These huge ice sheets are gone now, for 
complex reasons including an increase 
in atmospheric CO2. Recently, human 
activity has added rapidly increasing 
quantities of CO2 into our atmosphere. 
What nature managed to do in thousands 
of years, we will do in hundreds.

The recent Intergovernmental Panel 
on Climate Change Special Report on the 
Impacts of Global Warming of 1.5°C Above 
Pre-Industrial Levels, released in October 
2018, says clearly that we are already 
seeing the consequences of 1°C of global 
warming through more extreme weather, 
rising sea levels and diminishing Arctic 
sea ice, among other changes.

Humanity has survived periods of 
climate change in the past eras, but at 
least during the Holocene Epoch when 
agriculture developed and civilisations 
flourished, our climate remained rela-
tively stable. The incidents of floods and 
droughts had their impacts, such as the 
demise of the Kingdom of Mapungubwe 
on the northern border of present-day 
South Africa when climate change in the 
14th century forced the population north 
to Great Zimbabwe. But today climate 
change will cause a significant rise in sea 
level, flooding every port city in the world, 
affecting many millions of people, not 
hundreds of thousands.

Also, the system is non-linear, 
meaning that the change in temperature 
may respond at different rates or amount 
to additional increments of CO2. It may 
eventually cross a tipping point. Climate 
is like that. There is concern that we will 
keep plodding along, releasing a bit more 
CO2 each year, until we realise all the 
earth’s ice sheets are melting away, and we 
can’t get them back.

Many teams are currently responding 
to the damage caused when tropical cy-
clone Idai hit the east coast of southern 
Africa on Thursday 14 March 2019. 
In addition to assessing the damage 
caused by the cyclone, they are providing 
medical care and access to water and 
food supplies to those in the most af-
fected areas.

In Mozambique, Cyclone Idai wreaked 
havoc in the city of Beira, home to 
some 500 000 people, as well as in the 
surrounding districts of Manica and 
Sofala, where it has destroyed the lives 
and livelihoods of hundreds of thousands 
more people. In Zimbabwe the impact 
from the cyclone on the eastern highlands 
has been massive. Flooding in Malawi 
has displaced tens of thousands of people, 
with the district of Makhanga one of the 
worst affected areas.

Within SAICE we have members who 
are already doing what they can to as-
sist – and we have more who are offering 
to become part of a future solution to 
help when nature deals a mortal blow – 
whether that be to South Africa, or to our 
neighbours.

One such initiative, founded in 
1980, is the Register of Engineers for 
Disaster Relief (RedR) based in London, 
but with a presence in southern Africa. 
Oxfam provided RedR with a start-up 
fund, and today their mission is to 
“rebuild lives in times of 
disaster by training and 
providing aid workers 
to relief programmes 
across the world”. Their 
greatest relevance for 
civil engineers is the 

WASH initiative (Water, Sanitation and 
Hygiene).

While we are helping now with 
donations, we want to become part of a 
coordinated relief programme where the 
particular skills of engineers are used to 
the best advantage. Also – we want to be 
supportive neighbours. In the future this 
will become increasingly important.

RedR confirms their willingness to 
continue working with leaders and volun-
teers in southern Africa. If you would like 
to be a part of that initiative, please let us 
know. SAICE is endeavouring to set up a 
point of contact to coordinate the offers 
from our members with the requirements 
of RedR.

Time is too slow for those who wait, too 
long for those who grieve, but for those who 
care – time is eternity.

If you would like to donate to the RedR 
emergency appeal, please follow this link: 
https://www.redr.org.uk/Get-Involved/
EmergencyAppeal

Brian Downie

SAICE President 2019
brian@saice.org.za

We all need each other

https://www.redr.org.uk/Get-Involved/EmergencyAppeal
https://www.redr.org.uk/Get-Involved/EmergencyAppeal
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INTRODUCTION
When Edgard Frankignoul invented the 
Franki pile in 1909 he had no idea that 
110 years later it would still be regarded as 
one of the most cost-effective and reliable 
solutions for a host of different geological 
conditions.

“It’s quite amazing,” says Franki 
Africa’s Gavin Byrne, “that with only 
relatively small improvements over time, 
the Franki pile, after so many years, 
repeatedly remains the solution of choice 
in a wide variety of conditions. Given 
that we operate in an ever-changing and 
advancing technological environment 
makes the ubiquitous nature of the Franki 
pile even more remarkable.

“Above all, the Franki pile is a 
unique system for generating excellent 
load capacity, and we have developed a 
number of techniques to install it in a 
variety of soil conditions,” Byrne adds. 
“With its wide range of pile sizes and its 
characteristic, enlarged base, it’s fair to 
say that the Franki pile has been one of 
the cornerstones of Franki Africa’s success 
in southern Africa.”

The latest project to demonstrate 
the magic of the Franki pile is the piling 
work done for Sappi at its Saiccor Mill in 
Umkomaas, KwaZulu-Natal.

THE PROJECT
Sappi’s project includes the installa-
tion of a new evaporator, recovery boiler, 
and screening and washing plant, along 
with upgrades to the bleach plant and 
pulp machines, improved recovery 
circuits and additional magnesium 
digesters. The piling tender for all these 
elements stipulated the installation of ap-
proximately 1 900 piles to varying depths.

DIFFICULT GROUND CONDITIONS 
AND RECORD DEPTHS
“I would say that the ground conditions 
on this site were among the most difficult 
in Franki’s 75 years of installing piles in 
the southern African region,” Byrne says. 
“From our initial design and construct 
perspective, we had no doubt that the 

Franki pile would be the most cost-
effective and technically robust solution 
for a variety of reasons.”

The conditions actually encountered 
on site revealed greater variations in the 
geological profile than were expected. 
Not only would piles have to be installed 
at depths of 24 m – an all-time record 
for the company – but installation would 
also have to be performed at very shallow 
depths of between 5 to 8 m.

Byrne says it is not only this significant 
variation in depth that was challenging, 
but also how quickly the founding depth 
changed. “Over large parts of the site the 
founding depth would vary by as much as 
15 m. This was perhaps the single most 
challenging condition of the site and neces-
sitated very careful site planning, and fast 
and constant evaluation of the deeper areas 
of founding to ensure that the heavy equip-
ment could be continuously utilised.”

Standing the test of time

Liebherr 855 and Liebherr 8070 
rigs installing deep Franki piles on site
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In a nutshell, Franki had to deal with 
some of the shallowest conditions it has 
ever encountered, juxtaposed with the 
deepest it has ever had to go, and the 
Franki pile proved to be exactly the right 
solution. “This is mainly because the 
Franki pile accommodates a wide variety 
of difficult founding conditions, and pro-
vides remarkable settlement performance 
and load capacity,” Byrne explains.

NOT THE END OF THE FRANKI 
PILE’S ADVANTAGES
One of the stipulations was that the piles 
had to resist uplift forces. Franki’s Jonathan 
Day, who was instrumental in the final 
design of the job, says any other pile, such 
as auger or CFA piles, for example, would 
have been a much more expensive and 
complicated solution, due to these piles 
having to be socketed into the bedrock. 
“The Franki pile’s large base is the best 
solution in this situation, mainly because it 
can be founded on the rock surface while 
providing superior uplift capacity.”

Two more site conditions reinforced the 
choice of Franki piles. Firstly, there were 
boulders at localised portions of the site at 
various depths, and Franki piles are able to 
penetrate the boulder horizon. Secondly, 
across most of the site there are very soft 
silty clays and the Franki piles are ideal for 
driving through such material, with the 

Franki pile casing preventing collapse of 
the material and ensuring the integrity of 
the pile shaft concrete.

A WIDE RANGE OF EQUIPMENT FOR 
THE JOB AND THE TIMING CHALLENGE
Six piling rigs are being used on the job. 
These include three standard Franki 
crawler piling rigs for the shallower 
piles, an Ajax 55 t crane with leader for 
the piles to about 17 m, a 70 t Liebherr 
for the 18–20 m piles, and the recently 
introduced large Liebherr crane (90 t) for 
the deeper piles which include Franki’s 
deepest, history-making piles of 24 m.

Day says that the timing has been one 
of the important challenges of the job. 
“Our client required certain key mile-
stones to be achieved and set stringent 
targets for each section of the job. In this 
regard I am pleased to say that we have 
completed the first sections on time and 
within budget. The excellent relationship 
between ourselves and our client Sappi 
has been fundamental to the success of 
the project thus far.”

Meanwhile Errol Braithwaite, 
Managing Director of Franki, says that 
he is proud of the quality projects that 
Franki is currently involved in, especially 
in the present very challenging economic 
climate. “There is no doubt that the con-
struction industry in southern Africa is 

facing one of the most pressured periods 
in its history – many companies are 
having to reinvent their business models, 
some will have to close, foreign companies 
are entering the market, skills are exiting 
the market, and confidence is down.

“In spite of this, however, I remain 
confident about the future. In our own 
organisation we are still experiencing a 
buoyant order book and, importantly, we 
are seeing excellent young talent emerging 
which is more representative of our diverse 
nation than ever before. Through our parent 
company, Keller Group plc – the largest 
independent geotechnical construction 
company in the world – we have unprece-
dented access to international expertise and 
technologies and, with Keller, Franki has a 
local presence in African cities stretching 
from Cape Town to Nairobi, from Accra to 
Mauritius, and many places in between.”

Franki Africa has a long history of 
success on the African continent, and 
its experience and expertise have been 
greatly bolstered by being part of Keller 
with which it shares all the values that 
will enable Franki to continue giving its 
clients a world-class service.

“We are fortunate to have some of the 
best people, technologies and equipment 
on the continent, and it is our responsi-
bility to continue delivering excellence 
across the board to all our customers,” 
Braithwaite says, adding that perhaps 
Franki’s most important attribute is the 
quality of customers, like Sappi, it has 
attracted over the years. “This has been 
a privilege of the highest order and I am 
pleased to be able to express our gratitude 
to them out loud and in public.”

info

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

Perfectly positioned and trimmed 
Franki piles in a three‑pile group

Franki Africa has a long history of 
success on the African continent, 
and its experience and expertise 
have been greatly bolstered by 
being part of Keller with which 
it shares all the values that will 
enable Franki to continue giving 
its clients a world-class service
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EARLY LIFE
Growing up as the younger of two chil-
dren, Gerhard was a child full of wonder 
and had quite the adventurous spirit, 
something that has been a lingering per-
sonality trait well into adulthood. A re-
nowned geotechnical engineer, a professor 
in the Department of Civil Engineering 
at the University of Pretoria, and now 
one of the youngest ever recipients of the 
prestigious SAICE Geotechnical Gold 
Medal, Gerhard discovered his specialist 
field and ultimate passion during his very 
first Soil Mechanics lecture in his third 

year at university. He “fell in love almost 
immediately,” he says. “Prof Eben Rust 
walked into the lecture room and began 
his lecture, and it was love at first sight. I 
knew then and there that this branch of 
engineering is what I wanted to do for the 
rest of my life.”

The son of a physicist, Gerhard had 
an early introduction to the sciences. 
However, he was undecided about a 
definite career path right up until he 
matriculated. “My dad was a scientist, 
and a very practical guy. He taught me 
DIY and how to service a car, yet I had no 

clue what I wanted to do after school.” A 
career aptitude test after matric helped 
him make a decision in favour of civil 
engineering. “I had no idea what the pro-
fession entailed. No one in my immediate 
family was in the field, yet I thought this 
sounded interesting, so I decided to give 
it a try.” Gerhard enrolled for a Bachelor 
of Engineering degree at the University 
of Pretoria (UP) and graduated four years 
later. He then immediately began reading 
for his MEng degree, which he obtained 
in 1993. In the mid-1990s he spent three 
years at the University of Surrey, in 

PR O FI L E

Professor Gerhard Heymann – happy 
wandering spirit who has come full circle
The 2018 recipient of the SAICE Geotechnical Gold Medal exudes energy and enthusiasm all the time – for his 
students, for engineering, for life. With his inspiring and altruistic approach to life he gives his students (and 
anyone else fortunate enough to work alongside him) wings, growing them into individuals who not only want 
to continue learning, but who also gain confidence in their own coping abilities.

The Heymann household – Gerhard with 
wife Yvonne and their beloved dachshunds
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England, culminating in his PhD thesis, 
The stiffness of soils and weak rocks at very 
small strains. “It was a massive privilege,” 
he says of the experience.

A LOVE OF TEACHING
During the period after completing his 
MEng and moving to England to do his 
PhD, he began lecturing, which turned 
out to become his other great love. “I just 
love teaching, and I cannot imagine myself 
doing anything else.” Gerhard teaches Soil 
Mechanics at undergraduate and postgrad-
uate level, and has supervised a number 
of MEng and PhD students. His passion 
for lecturing is what has kept him in the 
academic world, despite many attempts by 
peers earlier in his career to ‘poach’ him 
and get him to work as a consultant for big 
industry firms. His experience as a PhD 
student abroad further cemented this love, 
particularly noting the difference between 
the approach to teaching abroad and in 
South Africa. “South African teaching 
is still very much focused on moulding 
students into becoming the best engineers 
they can be. We are in the business of 
producing good and competent engineers. 
While studying in England, I noticed that 
the focus there seemed to be a bit more 
on producing research,” he says, having 
himself published more than 35 technical 
papers to date. “Research is essential, and 
competing for rankings amongst institu-
tions is important, but here in South Africa 
our students remain our first focus, and in 
my view that is a good thing.”

Being able to make any kind of contri-
bution in this field is really the ultimate 
satisfaction for Gerhard. “I’ve always 
maintained that if you do what you enjoy 
most, the rest will follow. Seeing my stu-
dents grow and succeed makes me proud. 
Being able to say I had some kind of 
contribution in their progression is what 
gives me real and lasting satisfaction.”

CONTRIBUTIONS TO THE 
PROFESSION AND INDUSTRY
Gerhard’s contributions to the profes-
sion and industry are impressive and 
far-reaching. He has been involved with 
seismic field testing for many years and 
has developed a number of systems for 
sub-surface seismic characterisation for 
geotechnical purposes. These include the 
continuous surface wave (CSW) system, 
the seismic cone penetration system to 
measure shear and compression wave 

velocity in soft soils, and down-hole 
seismic instrumentation to measure shear 
and compression wave velocity in stiff 
soils inside a cased borehole.

Gerhard explains that the CSW 
system was first developed in the United 
Kingdom in the 1950s, but became 
obsolete after some time. His interest in 
the field was piqued after developing an 
acquaintance with a fellow student who 
was doing research on the CSW. After 
his return to South Africa he focused on 
developing a South African version of the 
system, which led to all the work he has 
done in the field since then.

These systems have been applied suc-
cessfully to characterise the subsurface 
geomaterials for numerous high-profile 
projects in southern Africa, including the 
Gautrain, the Medupi and Kusile power 
stations, the Saldanha Bay iron ore export 
terminal, the Pebble Bed Modular Reactor, 
the Square Kilometre Array (SKA) radio 
telescope project, and a number of gold, 
platinum and diamond tailings dams, as 
well as a few wind farms.

Speaking about the uptake of his 
research commercially in South Africa, 
Gerhard praises local industry for being 
prepared to embrace innovative approaches 
and techniques. “The South African engi-
neering industry, I have found, is somehow 
more open to accepting innovation and 
doing things differently, whereas abroad 
industries often shy away from it in an ef-
fort to avoid risk. Here, engineers take it in 
their stride, rather focusing their attention 
on ways to mitigate risk.”

Gerhard has also established a com-
mercial soils laboratory that focuses 
on specialised laboratory testing. The 
laboratory has conducted testing for many 
high-profile projects in southern Africa, 
including the Mozal Aluminium Smelter, 
the Maguga Dam and the Pebble Bed 
Modular Reactor at Koeberg.

SAICE GEOTECHNICAL MEDAL
Gerhard is no stranger to accolades. He 
has received a number of awards so far, 
including the Jennings Award for the best 
geotechnical paper by a South African 
author in 2002 and again in 2016, and 
the SAICE Meritorious Research Award, 
also in 2002. Being awarded the SAICE 
Geotechnical Gold Medal in 2018 has 
however been the highlight of his career.

Speaking of the award, Gerhard men-
tions how it came as a total surprise. “I was 

not at all expecting it, particularly not this 
early in my career. The citation that was 
read, spoke of a ‘lifelong’ career, and I’m not 
even halfway through mine,” he chuckles, 
the pleasant disbelief still apparent in his 
demeanour. He speaks of how some of 
the people he has admired professionally 
his whole life have been recipients of the 
award, including his third-year lecturer 
and mentor, Prof Eben Rust who delivered 
the Soil Mechanics lecture that had 
ignited his passion, thus cementing his 
career path. “I have always regarded the 
recipients of the Geotechnical Gold Medal 
as the cream of the crop, the ‘gurus’ of the 
profession, and they always received the 
award late in their careers or after they had 
retired. Being awarded the Medal at this 
stage of my career has indeed been a huge 
honour for me.”

CONTRIBUTIONS TO THE SAICE 
GEOTECHNICAL DIVISION 
AND THE SAICE JOURNAL
Gerhard, who had become a member of 
SAICE in 1993, joined the committee of the 
Geotechnical Division when he received a 

One of the  youngest ever recipients of the 
SAICE Geotechnical Gold Medal, Prof Gerhard 
Heymann, being presented with the Medal 
by 2018 SAICE President, Errol Kerst
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call from Jenny Blight, a geotechnical en-
gineer herself and daughter of the late and 
famous geotechnical engineer Prof Geoff 
Blight, asking if he would be willing to join 
the committee as the young member rep-
resentative. He agreed, and eventually went 
on to serve as the Division’s 2006/2007 
chairman. Since 2001 he had also been 
serving on the SAICE Journal Panel, and at 
the end of 2010 became the editor-in-chief 
of the journal (Journal of the South African 
Institution of Civil Engineering). In this 
capacity he served two four-year terms and 
was instrumental in the journal’s excep-
tional growth.

SAICE’s journal publishes refereed 
papers on all aspects of civil engineering 
relevant to Africa. It is an open-access, 
internationally accredited journal, pro-
viding authoritative information not only 
on current research and developments, 
but also – through its back issues – on 
established practices and the construction 
of existing infrastructure.

The journal has seen a dramatic rise in 
acclaim, growing from initially receiving 

and processing 50 to 60 technical papers 
a year to around 320 a year by the time 
Gerhard stepped down at the end of 2018. 
Hence, the last two or three years of his 
tenure also included the conception and 
introduction of an online submission 
system to deal with the administration of 
the increasing number of submissions. “I 
enjoyed the time I worked on the journal 
immensely. The journal has grown so 
much over the years, and a lot of credit for 
this goes to Prof Eben Rust, the previous 
editor-in-chief, Prof Chris Clayton, joint-
editor-in-chief, the assessors serving on 
the SAICE Journal Panel and who all put 
in many hours of voluntary work, and the 
SAICE support staff. Dr Peter Day took 
over from me at the beginning of this year, 
and he is doing a fantastic job.”

FAMILY, HOBBIES AND ADVENTURES
Gerhard has been happily married for 18 
years to Yvonne – fellow adventure seeker, 
avid traveller and retired lawyer. They 
are parents to two adorable dachshunds 
who ‘rule’ their household. “I’ve known 

Yvonne since high school. We actually 
matriculated in the same class. We then 
surprisingly went our separate ways and 
somehow reconnected again when I 
returned from England,” he says of their 
charmed fate.

When he is not accompanying his wife 
on her quest to find the best place to view 
the Northern Lights somewhere near the 
North Pole, and has time to do anything 
other than read about Soil Mechanics, 
he plays golf or enjoys a Queen or 
Pink Floyd record.

His favourite book is Zen and the Art 
of Motorcycle Maintenance by Robert 
Pirsig. “It really speaks to me as an 
academic, and philosopher if I might add, 
about what I’m always trying to impart to 
my students, namely that you need to have 
and keep to a robust strategy if you want 
to become a successful researcher.”

While Gerhard has been majorly 
successful in his career, he maintains 
every thing he has achieved has surpassed 
his aspirations “many times over” and 
credits his mentors for them, particularly 
Profs Chris Clayton and Eben Rust, both 
with whom he now shares the accolade of 
being a SAICE Geotechnical Medallist. 
“Prof Archie Rohde, my first boss at 
UP, was the one who encouraged me to 
pursue my PhD in England, and who then 
allowed me to delay coming back to my 
teaching post at UP by another semester 
after I had completed my PhD, because 
John Rigby-Jones, a British friend with 
whom I had attended the University of 
Surrey, and I had decided to buy a Land 
Rover and drive back from England to 
South Africa,” he explains with fondness 
of the memory. The trip took four months 
of traversing ten African countries, and 
included partying up a storm in Nairobi 
with locals, surviving a bout of malaria 
in Ethiopia, and altitude sickness while 
trying to summit Mount Kenya, the 
second highest mountain in Africa.

FULL CIRCLE
Today, as he approaches full circle in his 
career, Gerhard still holds the inspiring 
‘gurus’ of his younger days in the highest 
esteem, with a number of them having 
become peers and close friends. “They are 
family,” he says simply.

Lorraine Mpofana

lorraine@saice.org.za

Gerhard’s wanderlust and spirit of adventure 
were thoroughly put to the test during his and his 
friend’s four‑month‑long journey through Africa
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G EOT ECH N I C A L  EN G I N EER I N G

INTRODUCTION
A particular challenge to be faced by 
the practising geotechnical engineer is 
dealing with problem soil types and the 
difficulties that each may present. Soft 
clays as a problem soil type have limited 
specific connotation to the southern 
African region, with notable exceptions 
along the eastern coast of South Africa 
(Jones & Davies 1985). However, such 
soils are more widely distributed in other 
areas of the world, including Southeast 
Asia. Soft clays are generally normally 
consolidated or lightly over-consolidated, 
saturated, exhibit very low shear strength 
and high compressibility, and many are 
sensitive in that their strength is reduced 
by disturbance.

Very soft, sensitive clays were 
encountered extensively at the site for a 
solar photovoltaic (PV) plant currently 

under development in Malaysia (Figure 1). 
Aurecon South Africa (Pty) Ltd was 
appointed to provide tender and detailed 
design engineering services for the com-
plete PV plant and electrical connection, 
with the Tshwane Ground Engineering 
team undertaking the design of the pile 
foundations for the PV structures. Based 
on the presence of very soft clay at the 
site, and the uneconomical nature of 
preliminary pile designs, a critical com-
ponent of the viability of the project was 
establishing a cost-effective foundation 
solution for these structures.

BRINGING IDEAS TO LIFE

Project and ground conditions
The majority of the solar farm site is 
dedicated to the installation of solar tables, 
examples of which are shown in Figure 2. 

In total over 2 000 grid-connected, 
ground-mounted solar PV tables have been 
proposed, which, considering that each is 
supported by 10 legs, results in more than 
20 000 piles being required for the develop-
ment. The solar tables are relatively lightly 
loaded, with design compressive loads in 
the order of 5 kN, tensile loads of 1 kN, and 
lateral loads of 1 kN per pile.

To date, the site has largely served 
as an informal palm oil plantation, and 
accordingly is heavily vegetated in areas. 
Figure 3 shows the surficial conditions 
across a portion of the site. As the terrain 
is generally flat and experiences high 
rainfall owing to the region’s tropical 
climate, it frequently becomes inundated, 
which exacerbates the soft ground condi-
tions. These conditions made work on 
site a challenge, especially for trafficking 
of plant, which often required makeshift 
bog mats made of tree trunks, as shown in 
Figure 4.

In early 2018, an initial geotechnical in-
vestigation was conducted by others at the 
site, consisting of several boreholes with 
standard penetration testing (SPT), as well 
as laboratory testing. This investigation 
highlighted the presence of surficial or-
ganic deposits and underlying very soft and 
soft clay and silt layers, with sand horizons 
becoming seemingly more prominent with 
depth. Based on the geological map of the 

Steven Seymour
Geotechnical Engineer

Aurecon (Pty) Ltd
steven.seymour@aurecongroup.com

Daire Cummins CEng
Lead Geotechnical Engineer

Aurecon (Pty) Ltd
daire.cummins@aurecongroup.com

Pile design in soft clay 
for a Malaysian solar farm

Figure 1 Location of Malaysia in Southeast Asia

MALAYSIA
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region, these soils were likely Quaternary 
Age marine and continental deposits, and 
were expected to be further underlain by 
basalt bedrock at depth.

Although SPTs are routinely employed 
in ground investigation practice, they can 
provide limited quantitative information 
in poor ground conditions. At the subject 
site, SPT N-values of 0 blows/300 mm were 
consistently recorded in the boreholes 
within a depth of 6 m below ground 
level. Additionally, sampling of soft clays 
without causing significant disturbance is 
extremely difficult. While the investigation 
results emphasised the particularly poor 
geotechnical conditions present in a quali-
tative manner, they provided relatively little 
information that could be relied upon for 
the design with a high degree of certainty.

Exploring options
Following the initial site investigation, 
Aurecon collaborated with the client in 
developing a range of founding solutions 
at concept level, exploring options such 
as piles encased in geotextile socks, 

shallow footings on geotextile-improved 
base layers and helical piles, to name a 
few. This initial work included a study on 
the existing ground information where 
zones of deeper deposits of soft soils were 
regarded as being of high importance. This 
value engineering aimed to improve the 
economic viability of the foundations and 
formed the groundwork for the detailed 
investigation testing that proceeded there-
after. Several factors were considered in 
selecting the preferred foundation solution, 
including initial cost estimates and avail-
able local contractors, with driven steel 
piles ultimately being deemed the preferred 
choice. Preliminary designs of driven piles 
of various cross-sections suggested that 
pile lengths in the order of 9 m would be 
required for the greater site area, with this 
increasing to 14 m in the softer portions of 
the site. Given the number of piles and the 
expected proportions of each pile length, 
this was likely to equate to over 200 km of 
total pile length, with this total being an 
important driver in assessing the economic 
viability of the project.

ADDITIONAL GEOTECHNICAL 
INVESTIGATION
As more than 20 000 pile foundations 
were required for the solar farm, there 
was significant potential to improve 
project economics by investing in further 
geotechnical investigation. Optimisation 
of the pile design length was thus the 
main aim of the investigation, as any mar-
ginal decrease thereof had the potential 
to save several dozen kilometres of overall 
pile length for the project.

Considering the challenges with deter-
mining representative ground parameters 
for the site, developing an investigation 
strategy that would provide more accurate 
measurement of the very limited available 
pile resistance in the clay soils was of high 
importance. Under Aurecon’s recom-
mendations, additional ground investiga-
tion work was undertaken consisting of 
piezocone testing (CPTu) supplemented 
with pile load testing.

The additional site investigation was 
carried out with on-site supervision pro-
vided by Aurecon geotechnical engineers. 

Figure 2 Example of typical 
solar photovoltaic tables

Figure 3 Soft surficial conditions 
and ponding of surface water

Figure 4 Excavators in soft ground

http://www.pile.com
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The site visits were an important part 
of the investigation strategy, not only 
to ensure quality of results, but also to 
provide a first-hand understanding of the 
challenging site conditions. This would 
prove valuable, not only for the develop-
ment of the foundation design, but also 
for understanding site access constraints 
that could affect tendering, as well as 
for the development of interdisciplinary 
design solutions.

CPTu probing
CPTu probing was conducted at numerous 
locations distributed across the site with 
the rig shown in Figure 5. This testing 
provided more detailed characterisa-
tion of the nature and sequence of the 
subsurface strata, confirmed the prevailing 
groundwater conditions, and allowed more 
representative geotechnical parameters to 
be estimated, particularly those relating 
to strength and deformation. The CPTu 
data was also used as direct input into the 
geotechnical design of the pile foundations.

The raw CPTu data was collected 
from the ground investigation contractor 

and interpreted in the software package 
CPeT-IT (GeoLogismiki 2019). The soil 
profiles derived from the CPTu data were 
congruent with what was observed in the 
boreholes. This included surficial organic 
deposits, underlain by deep deposits of 
more or less normally consolidated clay 
with organic lenses, which in turn were 
underlain by transitional soils (clayey silt, 

sandy silt and silty sand). Coarse-grained 
material became more prominent at depths 
of approximately 9 m below ground level.

A particular benefit of the CPTu was 
its ability to identify sensitive clay, which 
was the primary problematic soil at the 
site. Clay sensitivity is defined as the 
ratio of its undisturbed shear strength 
to its remoulded shear strength, and 

Figure 5 CPTu rig

www.pile.com | info@pile.com | +1 (216) 831-6131
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Drilled Shafts and Bored Piles
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Thermal Integrity Profiler (TIP) Cross-Hole Analyzer (CHAMP-Q)
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accordingly, clays with higher sensitivity 
are more susceptible to loss of strength 
with disturbance. Common soil behaviour 
type charts for CPTu interpretation 
(e.g. Robertson et al 1986) characterise 
sensitive clay by a combination of both 
the cone resistance and friction ratio of 
the soil, being at the lower ends of their 
respective spectrums. This soil type was 
encountered in varying degrees across 
the CPTu profiles, in the most extreme 
cases extending to depths of 5 m and 
10 m below ground level, as shown in the 
profiles in Figure 6. The sensitive fine-
grained material offered very little shaft 
resistance for the piles and was the main 
design driver.

Pile load testing
Pile load testing was undertaken at 
selected locations and included a combi-
nation of pull-out tests, lateral tests, and 
lateral tests followed by pull-out tests on 
the same pile. The setup of the testing is 
shown in Figure 7. The locations of the pile 
load testing areas were chosen to coincide 
with a number of the CPTu probing loca-
tions to allow for the calibration thereof in 
the detailed design phase. Two lengths of 
piles were tested, and the failure condition 
assessed based on ultimate and service-
ability limit state criteria. Overall, the 
objectives of the pile load testing were to 
assess the installation of test piles, which 
would be representative of the proposed 

working piles (with “open” lip channel 
cross-section shown in Figure 8), to 
estimate the development of geotechnical 
resistance along the pile shafts, and to 
verify the vertical and horizontal displace-
ment characteristics of the test piles under 
service conditions. This would remove 
some of the uncertainty inherent in the 
pile design, largely owing to the open 
nature of the pile section.

PILE DESIGN OPTIMISATION
The piles for the PV structures were de-
signed with a direct design method based 
on the CPTu data. Such methods generally 
provide superior predictions of axial pile 
capacity compared with most conventional 
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methods, largely because CPTu presents a 
continuous profile of soil response (Lunne 
et al 1997).

The direct design approach used to 
estimate the axial pile capacities was 
the Laboratoire Central des Ponts et 
Chaussées (LCPC) calculation method, 
developed by Bustamante and Gianeselli 
(1982). This method calculates pile resist-
ance by applying empirical reduction 
factors to the measured cone resistance, 
as below:

qb = qca × kc

qs = qc ÷ αLCPC

where
 qb = unit end-bearing resistance
 qs = unit shaft resistance
 qca =  average measured cone resist-

ance in zone ranging from 1.5 
times the  pile diameter above 
and below the pile base

 qc = measured cone resistance
 kc = end-bearing coefficient
 αLCPC = friction coefficient

Values of kc and αLCPC are dependent on 
the pile type, installation procedure and 
soil type. This is considered an advantage 
of the LCPC method over other methods 
as it allows the combination of these 
factors to be reflected in the pile design. 

Furthermore, only the measured qc is used 
in calculating both end-bearing and shaft 
resistance, which is considered another 
advantage of the LCPC method due to the 
difficulties involved in interpreting sleeve 
friction in CPTu data (Lunne et al 1997).

Figure 7 Pile load testing
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Although the LCPC method was deemed 
to provide reasonable predictions of the unit 
pile resistances, one of the uncertainties in 
the pile design process stemmed from the 
irregularly shaped pile cross-section (Figure 
8). Specifically, as the capacity calculations 
required an estimate of the “effective pile 
diameter”, it was not certain as to what ex-
tent of the pile perimeter would be mobilised 
in providing shaft resistance, owing to its 
open nature and the prospect of it becoming 
plugged. The pull-out tests were thus crucial 
in allowing the effective pile diameter to be 
estimated, thereby calibrating the LCPC 
design model. In doing so, the following 
procedure was applied:

 N The pull-out test results from the 
test areas were used to calibrate 
the effective pile diameter with the 
corresponding CPTu results in those 
areas, such that the pile resistances 
calculated from the CPTu data (with 
the LCPC method) were congruent 
with the pull-out test results.

 N The expected pile capacity was esti-
mated with depth for all CPTu datasets, 
in accordance with the LCPC method 
and the calibrated pile diameter.

 N The required pile lengths were evalu-
ated by applying an appropriate factor 
of safety to the maximum design com-
pressive load, and comparing this with 
the expected pile capacities with depth.

The ultimate pile capacities, calculated from 
the CPTu datasets with the calibrated pile 
dimensions, are plotted in Figure 9 with 
depth. Note that only shaft resistance was 
considered in these ultimate capacities due 
to base resistance requiring a soil plug, the 
formation of which was not relied on. The 
required pile lengths were evaluated by 
identifying the points of intersection of the 
capacity curves with the required ultimate 
capacity, with the latter calculated by ap-
plying an appropriate factor of safety on the 
design compressive load of around 5 kN.

Figure 9 shows that the majority of 
CPTu datasets required a shorter pile 
length, whereas one dataset, with very 
deep deposits of sensitive clay, required a 
30% longer pile length. This highlighted 
the potential variability in ground condi-
tions across the site, and therefore two 
design pile lengths were proposed:

 N Short pile: This pile length was likely 
to be suitable for most of the site.

 N Long pile: This pile length was likely 
to be required in areas of the site 
consisting of deeper deposits of soft, 
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sensitive clay, where the pile resistance 
generated is relatively less.

With these design lengths and the ex-
pected proportions of each across the site, 
the estimated total pile length required 
for the project was reduced by approxi-
mately 25% from the preliminary designs. 
However, as the exact locations across the 
site that require the long pile length are 
uncertain, it has been proposed to monitor 
the resistance generated by the piles during 
their installation with high-strain dynamic 
load testing. This will allow an “on-the-go” 
assessment to be made for the required 
design pile length at each solar table loca-
tion, and will form part of the construction 
quality control procedure.

CONCLUSION
As a problematic soil type, saturated, very 
soft, normally consolidated clay presents 
several design challenges, largely stemming 
from its inherent low shear strength and 
high compressibility, and the potential for 
it to be of a sensitive nature. Conventional 
ground investigation methods in such ma-
terial, such as SPTs, are generally of limited 

value and pose significant uncertainty in 
design, even when relatively lightly loaded 
structures are being considered. Moreover, 
the determination of pile resistances can 
be complicated by the use of “open” pile 
sections, in this instance owing to the 
uncertainty with regard to the pile perim-
eter that would be mobilised in providing 
shaft resistance.

However, with an appropriate com-
bination of site investigation methods, in 
this case CPTu probing, which provided 
reliable and continuous data with depth, 
and pile load testing, which was used to 
calibrate the pile capacities estimated 
from the CPTu data, detailed information 
was obtained to optimise the pile design. 
This information, in combination with a 
reputable pile capacity calculation pro-
cedure in the form of the LCPC method, 
allowed a cost-effective foundation solu-
tion to be achieved.

PROJECT STATUS
Site clearance works are currently well 
under way, with the installation of piles set 
to commence in the coming weeks. The 

specification of the pile testing method-
ology is also currently under development 
between Aurecon and the client. 
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BACKGROUND
Northam Platinum has embarked on one 
of the largest expansions undertaken in 
the platinum sector at its Booysendal 
operation. The mine plans to increase its 
current production of 160 000 oz/year to 
500 000 oz/year.

The big expansion programme will 
focus on development of the “South Mine” 
situated south of the existing Booysendal 
North Mine. The South Mine Expansion 
Operation includes the development of:

 N Booysendal Central Box-Cut and as-
sociated infrastructure

 N Booysendal Central Merensky
 N BCM 1 Merensky
 N BCM 2 Merensky

 N Operations on the acquired Everest 
Mine.

ARQ Geotech was appointed in 2015 
by DRA Global, the mine’s main 
Engineering, Procurement, Construction 
and Maintenance (EPCM) contractor, for 
the expansion project to provide geotech-
nical services. This exciting project boasts 
an array of geotechnical applications for 
various infrastructure components which 
are outlined in this article.

LOCATION AND GEOLOGICAL MAKEUP
The Booysendal Mine is situated on the 
border of the Mpumalanga and Limpopo 
provinces, with its footprint extending 
into both provinces. The mine is located 
about 50 km west of Mashishing (for-
merly Lydenburg). It is situated on the 
eastern limb of the Bushveld Igneous 
Complex (BIC).

Booysendal Platinum 
Expansion Project
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An interesting side note 

The BIC constitutes the world’s largest ore 
reserve of Platinum Group Elements (PGEs), 
chromium and vanadium. Mineralisation in 
the BIC occurs in three layers: the Merensky 
Reef and the Upper Group 2 (UG2) of the 
Critical Zone in the eastern and western 
limbs, as well as the Platreef of the northern 
limb. The BIC has a maximum thickness of 
about 8 km and intruded approximately 
2 060 million years ago. Exploitation of the 
mineralised units of the BIC started circa 
1925 mainly on the Merensky Reef and has 
now expanded to include other reefs, such 
as the UG2.

Figure 1 Booysendal Central Box‑Cut terrace infrastructure

http://www.recosa.co.za


22 April 2019 Civil Engineering

THE INFRASTRUCTURE
The Booysendal Expansion Project 
comprises the construction of several large 
infrastructure components. Multiple box-
cuts in the valley surrounding the Groot 
Dwars River will serve as portals, bringing 
ore to surface. From here the ore will be 
loaded onto an aerial rope-conveyor system 
(the first of its kind in southern Africa), and 
transported to processing plants several 
hundred metres above. Approximately 
13 km of access road was required, which 
triggered the need for significant lateral 
support and embankment construction 
operations owing to the steep topology of 
the area. Several large ancillary structures 
were also required, including load stations, 
drive stations, crusher plants and more. 
The geotechnical attributes of some of the 
more interesting and unique infrastructure 
components are presented below.

BOOYSENDAL CENTRAL BOX-CUT
In order to penetrate the mountainside on 
the west of the Groot Dwars River to gain 
access to platinum-rich reef, it was neces-
sary to construct a “box-cut” structure. 
The box-cut serves to expose competent 
rock at the base of a highwall, in which 
portals can be constructed without the 
risk of hanging wall failure.

The Central Decline Box-Cut Develop-
ment facilitates the entry of seven portals 

into the mountainside. Invert levels and the 
inclination of the portals are calibrated to 
allow maximum “on-reef development” – 
a good mechanism for subsidising the 
box-cut and early portal construction.

Some key geotechnical focus areas 
pertinent to the Central Box-Cut infra-
structure are outlined below.

Highwall lateral support
Some significant lateral support was 
required for the Central Box-Cut Develop-
ment. The highwall is 650 m long, with a 
maximum height of 32 m and slope angle 
of 70°.

After extensive geotechnical inves-
tigations, including rotary core drilling, 
geophysical tests and specialised laboratory 
testing, a comprehensive geotechnical 
model was developed, and representative 
strength and stiffness parameters were 
assigned to each material. Design work 
was undertaken utilising finite element 
analysis methods and checked by hand 
calculation and limit equilibrium methods, 
in accordance with good practice. The 
lateral support measures ultimately con-
sisted of 20 mm diameter soil nails, 9.5 m 
maximum length, on a 1.5 m grid, declined 
at 10° below the horizontal.

The construction of the highwall 
commenced mid-2016 and was com-
pleted mid-2017. The support measures 

implemented have successfully arrested 
any movement (within tolerable limits) 
and effectively hold back the mountain-
side, allowing access to portals (Figure 2).

8.5 ML RESERVOIR
Part of the expansion works at the 
Central Development included an 8.5 ML 
reservoir to be constructed on the terrace 
platform. The area that the reservoir was 
to be founded on had a complex geotech-
nical history, having been the historic 
location of a large erosion gulley which 
was subsequently backfilled with rockfill.

Due to the many uncertainties as-
sociated with the soil and rock profile, 
rotary core drilling was completed on the 
footprint of the proposed reservoir and a 
3D geotechnical model was compiled for 
3D finite element analysis (Figure 3).

Figure 3  3D view of the foundation and slab 
model of the 8.5 ML reservoir

Figure 2 Central Box‑Cut highwall lateral support



From the analysis, the extent of dif-
ferential settlement and applied vertical 
stress on the foundation was determined. 
Coupled-consolidation methods allowed 
geotechnical engineers to answer settle-
ment questions not only in terms of “how 
much”, but also in terms of “how long” – 
an important consideration when investi-
gating what proportion of settlement will 
occur during and after construction.

It was ultimately determined that, to 
bring the total and differential settlements 
into allowable limits, the reservoir should 
be founded directly on a 4 m thick rockfill 
mattress which overlies the in situ sub-
strata. The structure is currently under 
construction.

MECHANICALLY STABILISED 
EARTH WALL
The mechanically stabilised earth wall 
(MSEW) situated on the northern por-
tion of the Central Development, with a 
maximum height of 11 m, was designed 
by Reinforced Earth (Pty) Ltd in respect of 
internal stability, and by ARQ Geotech for 
global stability and founding (Figure 4).

During geotechnical investigation 
ARQ encountered a thick clay layer at 
the foot of the MSEW. Global stability 
analysis indicated that the presence of 
this clay layer facilitated the formation of 
a deep-seated slip, which threatened to 
propagate below the otherwise suitably 
reinforced soil mass.

Analysis revealed that the most cost- 
effective means to remedy the situation was 
to remove the low-strength material and 
replace it with a G6-quality fill material.

This was a lesson learned in the value 
of a thorough geotechnical investigation, 
as well as in careful consideration of the 

global stability, in addition to the local/
internal stability of such structures.

CHANGE HOUSE AND 
OFFICE BUILDINGS
A state-of-the-art change house, boasting 
a solar-driven heating system that can 
produce hot water for over 2 000 people, 
and an office building with a control 
centre that will control underground mine 
operations remotely, form part of the 
infrastructure at Central Development.

The ground conditions below the 
footprint of the buildings consist of a 
thick (~3 m) rockfill layer with large rock 
fragments in a loose granular matrix. This 
layer is susceptible to movement once 
loaded and, in order to mitigate any dif-
ferential settlement, in situ treatment via 
dynamic compaction was determined as 
the optimal mechanism of improvement. 
The depth of influence, reduced vibration 
and the close pad spacing afforded by the 
rapid impact compaction (RIC) method 
is a good fit and was therefore utilised. 
Compaction imprints on a grid spacing of 

3.2 m “with one in the middle” were speci-
fied, and a maximum of 35 blows per pad 
with the 9 ton hammer proved sufficient 
to improve uniformity and minimise set-
tlement potential (Figure 5).

Continuous surface wave (CSW) testing 
was used as a quality control mechanism 
to quantify the post-RIC stiffness profile 
across the site and to confirm uniformity.

NORTH AND SOUTH ROPE CONVEYORS

South RopeCon
The Booysendal South Rope Conveyor 
(RopeCon) system is unique and the first 
of its kind in southern Africa. It comprises 
a series of towers connected by a conveyor 
belt and ropes. The system will convey ore 
from the Central Development to Everest 
Mine, some 4 km distant. This is a more 
efficient mechanism for transporting ore up 
and out of the steep valley than other con-
ventional modes, such as trucking by road.

The tallest tower is an impressive 60 m 
in height, and the longest span between 
towers is an incredible 878 m.
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Figure 4 MSEW under con‑
struction at the Central Box‑Cut

Figure 5 Rapid impact compaction in action 
at Booysendal Central Development

Figure 6 South RopeCon
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ARQ was privileged to be responsible 
for the geotechnical aspect of the founda-
tion design for this impressive structure. 
The large foundation dimensions associ-
ated with these towers necessitated both a 
near and a deep subsurface investigation 
to mitigate the risk of differential settle-
ments and angular distortion.

Most foundations were placed directly 
on bedrock, but in areas where bedrock 
was deep, a carefully designed soil 
mattress was employed to provide the 
required support.

Construction of the South RopeCon is 
complete and operation has commenced 
(Figure 6).

North RopeCon
The North RopeCon system, a second 
proposed RopeCon leg, will convey raw 
ore from the Central Mine Development 
to the Booysendal North Complex. This 
system comprises a loading station, seven 
intermediate towers, and a drive station.

Similarly to the South RopeCon, most 
of the tower structures were founded 
directly on bedrock with a few exceptions, 
Tower 7 being one. Tower 7 required major 
geotechnical attention due to the com-
plexity of the underlying geo-materials and 
its unfavourable positioning (Figure 7).

Tower 7 is situated close to a batter 
slope of the Central Development terrace 

fill – this implied that slope stability con-
siderations would need to be taken into 
account as the base lies within the mass 
of soil that would be mobilised in a slope 
failure. Furthermore, the fill material 
on which the base will be placed is loose 
and voided in places (containing large 
boulders). To make matters worse, this 
concerning fill is underlain by an in situ 
clay strata of low stiffness and strength. 
Clearly, a well-thought-out geotechnical 
solution would be required.

Initially a raked self-drilling anchor 
(SDA) micro-pile solution was conceptu-
alised. Considering the magnitude of the 
loads and the large hard rock boulders in 
the rockfill layer, the micro-piling solution 
would have required a total of 64 micro-
piles, with half of the micro-piles raked 
at an angle of 45° to aid slope stability. 
This proposed solution proved to be 
extremely costly.

Ultimately, a hybrid solution com-
prising permeation and compaction 
grouting, along with limited micro-piling, 
was developed. Grouting will be used to 
treat the low-density granular fill and 
consolidate it into a mass that is much 
more resilient to settlement and slope 
failure. A reduced number of micro-piles 
will then be installed (using the more 
cost-effective “open hole” installation 
method through the grouted body), 

providing improved vertical load bearing 
within the clay layer.

Two-stage grouting will be conducted 
using Tube-A-Manchette (TAMS) with 
variable water:cement ratios. The initial 
grouting will consist of a more flowable 
grout to penetrate the fill material in 
order to fill any cavities. The second 
stage of grouting will consist of a much 
lower water:cement ratio / thicker grout 
mixture, and will densify the material 
through displacement.

The compaction grouting solution 
is currently being implemented and is 
scheduled to be completed by the end of 
April 2019.

AN EXPANSION WITH LONG-
TERM BENEFITS
The Booysendal expansion has currently 
passed its halfway mark and is planned to 
be completed by 2022/2023. This large-
scale investment by Northam Platinum 
shows a very positive attitude towards 
South Africa’s future and its PGM sector.

It has been a privilege for ARQ 
Geotech to be involved in this momentous 
project involving such a wide variety of 
geotechnical applications. It has also been 
refreshing to work with a client/project 
management team who appreciates the 
need for comprehensive geotechnical 
studies and designs. 

Figure 7 Drawing of Tower 7’s proposed foundation solution
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In what is possibly its last sizeable value-
add project in the Mpumalanga coalfield, 
the Belfast Implementation Project (BIP) 
is under development by leading black-
empowered miner Exxaro, with Concor 
Infrastructure providing enabling works 
and bulk infrastructure.

With its contract awarded in 
September 2017, Concor Infrastructure 
quickly established on site and started 
operations the following month. Activity 
began on early works, including dams, 
roadways and platforms for the workshop 
and other facilities, according to Concor 
Infrastructure contracts manager Pierre 
van Vuuren.

FOUR DAMS
Four dams have made up the focus of 
much of the earthworks to date, with over 
83 000 m3 of excavation planned. While 
Dam 2 is for water storage, Dam 3 is for 
process water and Dam 4 for stormwater. 

Dam 5, the largest of the four, is for 
return water and required considerable 
blasting of 280 000 m3 of rock. Concor 
Infrastructure will also be placing some 
34 000 m3 of bulk fill material for the dam 
embankments.

“Under the dams, we have placed a 
geosynthetic clay liner (GCL), a hydraulic 
barrier comprising a layer of bentonite 
supported by geotextile layers,” says 
van Vuuren.

Almost 900 000 m2 of geosynthetic 
products, mostly locally supplied, are being 
used. In compliance with the water use 
licence and environmental regulations, 
high-density polyethylene (HDP) sheets 
with geosynthetic clay liners are also being 
installed to prevent coal-contaminated 
water in runoff from permeating the soil 
and entering groundwater resources. 
Structures related to the dams include 
large silt traps, drying beds, inflow chutes 
to prevent scouring, spillways and sumps.

SCOPE OF WORKS
“An important aspect of our contribu-
tion to the project is the 26 concrete 
platforms and terraces, four of which 
will also be lined with GCL and HDPE,” 
Van Vuuren says. “These four include 
stockpile areas where there is potential for 
contamination.”

Two primary crusher bases are being 
built for the run-of-mine crushing facili-
ties, including 19 single-barrel culverts to 
ensure adequate drainage in this area.

The various structures being built by 
Concor Infrastructure on the mine will de-
mand almost 350 tons of steel reinforcing 
and nearly 2 700 tons of bulk cement. 
Other inputs will consist of approximately 
15 000 tons of 19 mm aggregate and nearly 
13 000 tons of crusher sand.

The roadworks are substantial, with 
Concor Infrastructure building 37 
internal roads totalling almost 16 km in 
length, including gravel, concrete and 

Concor fast-tracks work on 
Exxaro’s new Belfast giant
Exxaro’s Belfast Implementation Project (BIP) is a greenfield development 
to increase the company’s share of the South African and export coal 
market. It will produce 2.2 million tons per annum of A-grade thermal coal 
for export, and an average of 0.5 million tons of low-grade coal for Eskom 
over a 16-year period.

Enhancing the efficiency and accuracy of 
Concor Infrastructure’s earthworks at the 
Belfast Implementation Project is the latest 
Trimble positioning solution for dozers and 
graders, as well as the Loadrite weighing 
system for excavators from Sitech.
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One of four dams being constructed by Concor Infrastructure 
at Exxaro’s new coal mine near Belfast in Mpumalanga



haul roads. The project also requires the 
upgrade of almost 13 km of provincial 
roads – the D1770 and D1110 routes – 
which will allow coal trucks to move be-
tween the mine and the nearby rail siding.

These provincial roads will be covered 
by 9 800 tons of asphalt, and will consume 
over 1.3 million litres of SS60 bitumen 
emulsion. In addition to the roadways, 12 
internal parking and drop-off zones are 
also being built on the mine.

The roadworks demand significant 
attention to drainage, with roughly 9.5 km 
of subsoil drains to be installed and 
2.7 km of stormwater culverts; this task 
includes eight major culverts on the pro-
vincial roads, and 10 major culverts on the 
mining complex itself. Sewer pipework 
will make up another 3.1 km on its own.

Concor Infrastructure is also installing 
water reticulation systems, which include 

Dams are lined in compliance with 
environmental regulations and best practice

Extensive drainage facilities are being installed as part 
of the roadworks on both on‑site and provincial roadways

The view from the run‑of‑mine crusher platform 
between the mining area and the process plant
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bulk storage reservoirs for fresh water 
supply, dust suppression and fire water. 
Pump systems are being installed, with an 
innovative in-situ sprinkler system for dust 
suppression, ensuring lower dust levels and 
better air quality. The company will also 
construct a wastewater treatment plant to 
recycle water for the process plant, helping 
conserve on-site water use.

“Construction material comes from 
an external quarry and crushing plant 
located about 30 km from site towards 
Carolina, delivering G5 and G6 material. 
We feed all our own requirements on site 
from that source,” Van Vuuren continues.

“Concrete requirements for Concor 
Infrastructure’s side of the project will 
amount to approximately 17 000 m3,” 
he adds, “which are produced at the 
company’s on-site batching plant. Some 
15 400 tons of cement will be consumed 
in the manufacture of this concrete.”

LOCAL IMPACT
The local impact of the project is substantial, 
according to contracts manager Mabandla 
Dlamini, with a core labour complement of 

about 180 personnel staying in and around 
the town of Belfast. The overall workforce 
managed by Concor Infrastructure, 
including contractors, totals closer to 700, 
many of whom are transported over their 
30 km daily trip by the local taxi network.

“A range of work is being outsourced 
to local small enterprises, including 
drainage, stone pitching, paving, kerbing, 
fencing, security services and catering,” 
Dlamini says.

Diesel is also sourced from a local fuel 
depot in Belfast; the project is expected 
to consume about 4.3 million litres of 
diesel in site-wide applications at a rate of 
10 000 litres per day.

According to Sarel van der Berg, site 
agent, over 150 items of plant and equip-
ment are active on the site, with about 40 
items from local plant hirers, including ar-
ticulated dump trucks, tippers and graders.
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Concor Infrastructure’s dedicated cement 
silos on site which will feed some 15 400 
tons of cement into concrete production
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BACKGROUND
Tailings storage facilities (TSFs) are cur-
rently under heavy scrutiny in the mining 
industry due to recent failures that have 
taken place. Responsible mine owners 
have therefore taken the necessary steps 
to investigate and analyse their existing 
active and dormant TSFs to verify their 
structural integrity and whether any 
remedial measures are required.

At a gold mine tailings facility in 
Western Australia a geotechnical site in-
vestigation consisting of cone penetrometer 
testing with pore pressure measurement 
(CPTu), as well as borehole drilling, was un-
dertaken to develop continuous “state” and 
material saturation profiles, and to source 
samples for the tailings and foundation soils.

Preliminary 2D stability assessments 
under static loading conditions were un-
dertaken, which indicated that the factor 
of safety (FoS) of the facility is satisfactory 
at its current crest elevation. However, the 
TSF is planned to be elevated by a further 
16 m, whereupon the FoS is expected to 
reduce below satisfactory levels. Measures 
to improve the stability of the slope were 
proposed, consisting primarily of a waste 
rock buttress.

Most of the design of the waste rock 
buttress around the toe of the TSF is 
associated with linear flanks. However, 
there is a particular concave (re-entrant) 
corner located on the south-eastern side 
of the TSF at which there is peripheral 
infrastructure at the toe of the TSF, 
making the implementation of the waste 
rock buttress in this area problematic. 
The buttress dimensions were reconsid-
ered in this area, noting the presence of 
the infrastructure, and also considering 
the 3D effect likely to prevail due to the 
embankment alignment.

GEOMETRIC MODEL SET-UP 
OF THE CONCAVE CORNER 
UNDER INVESTIGATION
A geometric model was developed to sup-
port the assessment, using Soil Vision’s 
SVDESIGNER® geo-modelling software. 
SVDESIGNER allows the import of DXF 
data files, which is also an AutoCAD-
compatible format. Thus, the 3D surfaces 
are generated in AutoCAD and then im-
ported into SVDESIGNER to create mesh 
surfaces and subsequent volume models. 
Four geometric models were considered 
as part of the analysis, namely:

 N TSF at the end of Stage 1 height with 
no buttress on the south-eastern flank

 N TSF at the end of Stage 2 height with 
no buttress on the south-eastern flank

 N TSF at the end of Stage 3 height with 
Stage 1 buttress along the south-
western flank

 N TSF at the end of Stage 4 height (final 
elevation currently under approval) 
with Stage 1 buttress along the south-
western flank.

Figure 1 illustrates the layout of the 
re- entrant corner of the TSF being inves-
tigated. The planned waste rock buttress 
along the one flank is also shown (it is 
representative of the buttressing required 
along the remaining flanks of the TSF). The 
existing side slopes are at 1V:3.5H between 
step-ins. However, subsequent lifts of the 
TSF will be raised at side slopes of 1V:4H. 
The TSF has an initial starter wall at the toe 
of the TSF, and the character of the under-
lying foundation soils has been identified by 

Gerhard Coetzer
Senior Tailings Engineer

Golder Associates (Pty) Ltd
gcoetzer@golder.co.za

Three-dimensional stability assessment 
of a gold mine tailings storage facility in Western 
Australia to define the buttress requirements

Materials

Name Strength type Unit weight (kN/m3) Cohesion (kPa) Phi (°)

Unsat dilative tails Mohr Coulomb 20 0 35

Starter embankment Mohr Coulomb 20 8 35

Waste rock material Mohr Coulomb 22 0 40

Name Strength type Unit weight (kN/m3) Cohesion (kPa) Phi (°)

Sat contrative tails Undrained strength ratio 20 0 0.23

Cement clay found Undrained strength ratio 22 0 0.47

Name Strength type Unit weight (kN/m3) Cohesion (kPa) Phi (°)

Clayey foundation Shear normal function 22

Name Strength type Unit weight (kN/m3) Cohesion (kPa) Phi (°)

Bedrock Bedrock

3D view
No scaling

X
Y Z

Figure 1 3D geometric layout of re‑entrant corner (figure shown of TSF at end of Stage 4)



30 April 2019 Civil Engineering

means of CPTu probing and borehole logs 
from drilling investigations. The following 
foundation profile was encountered:

 N An 8 m medium plasticity clay (CL) 
layer up to natural ground level

 N A 10 m thick cementitious clay layer 
(ferruginised saprolite layer)

 N Bedrock was encountered around 18 m 
at this location.

No survey of the natural ground level 
(NGL) was available and thus an inferred 
NGL below the TSF was generated which 
mimicked the slope of the NGL outside 
of the footprint. Once the 3D model 
had been developed, it was exported to 
SoilVision’s SVSLOPE® 2D and 3D slope 
stability modelling software.

In Figure 1, two failure planes/slices 
(A and B) are also illustrated. These 
planes were used as part of the 2D and 3D 
stability analyses.

MATERIAL PROPERTIES
The properties of the tailings material 
were established by first estimating the in-
situ state of the tailings material by means 
of interpreting the CPTu data using the 
method developed by Plewes et al (1992). 
Subsequent isotopically consolidated un-
drained (CIU) triaxial tests were under-
taken at void ratios established through 
the CPTu interpreted results to measure 
the shear strength properties. The peak 
undrained shear strength ratio of the 
contractive saturated tailings was esti-
mated to be approximately 0.23, and the 
partially saturated tailings had a drained 
shear strength friction angle of 35°. No 
cohesion was measured during testing, as 
anticipated, as the indicator testing of the 
tailings material indicated it to be non-
plastic. The bulk unit weight of the tail-
ings material is approximately 20 kN/ m3.

The starter embankment consisted of 
compacted fill material. The dilative em-
bankment material has a shear strength 
friction angle of 35° with a 20 kN/m3 unit 
weight established from previous investi-
gations. The waste rock buttress located 
along the southern flank has a drained 
shear strength friction angle of 40° with a 
bulk unit weight of 22 kN/m3.

As part of the laboratory testing, 
constant rate of strain (CRS) CIU triaxial 
testing and direct simple shear (DSS) 
tests were undertaken to establish reli-
able shear strength parameters for the 
medium-plasticity clay foundation and 
cementitious clay layer. The stress history 

and normalised soil engineering proper-
ties (SHANSEP) framework proposed 
by Ladd and Foote (1974) was used to 
estimate the strength envelope for the clay 
foundation layer. The following SHANSEP 
properties were identified:

 N Normally consolidated strength ratio: 
0.26

 N Over-consolidation ratio scaling expo-
nent for undrained strength: 0.9

 N Pre-consolidation pressure: 570 kPa.
The SHANSEP strength envelope is 
illustrated graphically in Figure 2. The 
undrained shear strength ratio for the 
cementitious clay foundation layer was 
measured at 0.47 through laboratory 
testing. The bedrock material is given 
an infinite strength to avoid slip surface 
searches through the bedrock foundation.

PHREATIC CONDITIONS
The existing phreatic conditions within the 
TSF at the end of Stage 1 were modelled 
based on a CPTu investigation conducted 
during 2017. The data was converted to 
a 3D surface representing the phreatic 
conditions within the TSF, as well as the 
interface between the unsaturated and 
saturated contractive tailings. It is esti-
mated that, during subsequent raises, the 
position of the phreatic surface underneath 
the crest of the TSF will increase, commen-
surate with the raising of the TSF beach 
elevation. The pore pressure conditions are 
applied to all materials below the phreatic 
surface, and hydrostatic conditions are 
assumed in the analysis.

DEFINING THE SLIP SURFACE SEARCH
Morgenstern-Price (M-P) and general limit 
equilibrium (GLE) methods of analysis were 
applied to the analyses, which use slices 
for 2D, or columns for 3D analyses. These 
methods satisfy both force and moment 
equilibrium. The half-sine interslice re-
sultant force function is also applied, which 
defines the ratio of shear to normal forces in 
each slice. Analysis was performed for static 
loading conditions only. Additional slip 
surface criteria are as follows:

 N The slope search method was applied 
to the model.

 N A minimum of 10 000 slip surfaces 
were evaluated.

 N A minimum slip depth of 1 m was 
applied.

 N A minimum of 30 slices for 2D 
analysis and column widths of 5 m for 
3D analysis was used.

2D STABILITY ANALYSIS RESULTS
Following identification of the material 
properties and phreatic conditions, and 
definition of the slip surface search of 
the 3D TSF model, the analyses could be 
undertaken. The two failure planes were 
initially analysed by means of 2D stability 
analyses to establish the applicable FoS at 
each reference level of the TSF without a 
buttress at the toe of the concave corner. 
The results of the 2D stability analyses are 
given in Table 1.

Figures 3 and 4 illustrate the 2D results 
at the end of Stage 4. The 2D stability 
results indicate a FoS at or below 1.5 at the 
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current reference level, and a FoS of 1.3 at 
the end of Stage 2 under static loading con-
ditions. In line with the guidelines of the 
Australian National Committee on Large 
Dams (ANCOLD 2012), a FoS of 1.5 should 
be achieved where there is a potential loss 
of containment, and a minimum FoS of 
1.3 if no loss of containment is envisaged. 
On this basis, the remedial measures need 
to be implemented before raising the TSF 
further. Based on the re-entrant geometry 
of the corner, however, a 3D stability 

analysis may be considered to provide a 
more representative (less conservative) FoS 
for this area of the TSF.

MOTIVATION FOR 3D STABILITY ANALYSIS
A 2D limit equilibrium (LE) slope stability 
analysis assumes that the section being 
analysed is infinite in the plane direction, 
and thus that the critical failure surface 
is also infinite. This provides a reason-
able result for long TSF flanks where 
the geometry remains similar. However, 
on embankments with complex and/
or curved geometry, the 2D LE slope 
stability analysis may be conservative 
(or unconservative), depending on the 
complexity of the corner geometry and 
whether the corner is concave or convex. 
Thus, a 3D LE slope stability analysis is an 
appropriate method of analysis to provide 
a more reliable estimate of the FoS for this 
area of the TSF.

3D STABILITY ANALYSIS RESULTS
The 3D LE slope stability results for the 
four modelled stages are presented in 
Table 2. These are the global minimum 
FoSs that were established during the 
analyses and are illustrated in Figures 5 
and 6. Superficial failures that may result 
in slope sloughing have been excluded, as 
these generally do not pose a significant 
risk to the integrity of the TSF.

The FoS of the 3D LE stability analyses 
is generally between 25 and 43% higher than 

Slope information

Calculation method M-P

FOS 1.1

Total weight 9.276E+004 (kN)

Total volume 4.638E+003 (m3)

Total activating moment 3.205E+006 (kNm)

Total resisting moment 3.498E+006 (kNm)

Total activating force 1.716E+004 (kN)

Total resisting force 1.871E+004 (kN)

Rotation center –6206972.907, 526.303 (m)

Radius 0.000 (m)

Slip surface entry point –6207099.619, 406.100 (m)

Slip surface exit point –6206905.126, 365.336 (m)

Slip plane point X: 360440.681 Y: 6596553.951 Z: 360.097 (m)
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Figure 3 2D stability results illustrated on the 3D model of Stage 4
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Figure 4 Failure Plane B illustrating a 2D slip surface with a FoS of 1.1 for the Stage 4 model

Table 1 2D stability results

Model 
description

Failure 
Plane A 

(FoS)

Failure 
Plane B 

(FoS)

Stage 1 1.5 1.4

Stage 2 1.3 1.3

Stage 3 1.2 1.2

Stage 4 1.1 1.1

Table 2 3D stability results

Model 
description

Failure 
Plane A 

(FoS)

Failure 
Plane B 

(FoS)

Stage 1 2.0 2.0

Stage 2 1.8 1.8

Stage 3 1.5 1.5

Stage 4 1.4 1.4

FOS
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estimated from the 2D LE stability analyses. 
This can be attributed to the confining 
geometry at the southern corner within the 
re-entrant corner, validating the need to 
undertake the 3D assessment. The large dif-
ferences in FoS results are attributed to the 
2D LE stability analysis ignoring in-plane 
geometry and boundary effects, which may 
have a significant effect on the outcome 
of the analyses. The confining geometry 
and boundary effects are defined in the 3D 
models, and are therefore considered as part 
of the 3D stability analyses, thus providing 
a more reliable result of the FoS for the TSF 
geometry under scrutiny.

CONCLUSION
Initial 2D LE stability analyses indicate 
that a buttress is required along the toe of 
the re-entrant corner of the TSF in order 
to maintain an adequate FoS. Further 3D 
LE analyses which take into account the 

3D geometry and boundary effects have 
indicated that a buttress is not required 
until at least the end of Stage 3. The FoS 
up to the end of Stage 3 is at or above 1.5, 
which meets the loss-of-containment FoS 
indicated by ANCOLD.

RECOMMENDATIONS
The following recommendations can be 
considered to further the analysis:

 N Establish the extent and size of the but-
tress at the toe of the concave corner to 
achieve a FoS of 1.5 at Stage 4.

 N Undertake a liquefaction screening 
analysis on the assumption that contrac-
tive, near-saturated tailings will liquefy.

 N If the stability is marginal or unsat-
isfactory, a seismic response analysis 
will need to be undertaken to establish 
post-peak shear strength parameters, 
and the stability analyses will need to 
be re-run.

 N Consider other potential investigations 
to establish the distance from the edge 
of the TSF where edge effects start 
to have a significant influence on the 
FoS when conducting a 3D stability 
analysis. 
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Figure 5 3D stability results of Stage 4 illustrating the critical failure surfaces

Figure 6 Failure Plane B illustrating the 3D stability result of Stage 4
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INTRODUCTION
This article describes how televiewer 
survey data is used to interpret the struc-
tural and geotechnical properties of a rock 
mass accurately.

Downhole televiewer surveys provide 
continuous orientated images of the in-
ternal drill hole surface, which is recorded 
using optical (OTV) and acoustic (ATV) 
televiewer tools. Traditionally, these 
surveys are used as a complementary 
source of structural orientation data and 
have not been applied in a manner that 
enables the comprehensive assessment of 
the geotechnical environment.

Significant geotechnical zones, such as 
faults, shears and highly fractured zones, 
are typically recovered in drill core as 
broken core, or the core is not recovered. 
These zones cannot be orientated and 
frequently cannot be accurately logged 
geotechnically, or logged at all in the case 
of core loss. Conversely, where televiewer 
data is available, rock mass properties for 
these geotechnically significant zones can 
be accurately assessed and the dominant 
structures can be identified.

An advanced methodology, 
Geotechnical Televiewer Interpretation 
(GTI), has been developed that accurately 
interprets the full suite of geotechnical 
properties of a rock mass from televiewer 
survey data. The methodology facilitates the 
identification and classification of relevant 
geotechnical defects, including joint condi-
tion (surface roughness and infill), joint 
orientation, rock quality designation (RQD), 
quality strength index (QSI), fracture fre-
quency (FF) and joint set number (Jn).

The data collected from televiewer 
surveys is sufficient to enable the indepen-
dent determination of all the major rock 
mass classification systems, including:

 N Rock mass rating (RMR), after 
Bieniawski (1976, 1989) and Laubscher 
(1990)

 N Norwegian Geotechnical Institute 
Tunnelling Quality Index (Q) (Barton 
et al 1974)

 N Geological Strength Index (GSI) (Hoek 
et al 1995).

PROCESS AND METHODOLOGY

Data acquisition
Optical televiewer (OTV) data consists of 
a continuous high-resolution true-colour 
image, up to 1 800 pixels, or one pixel for 
every 0.2° over the circumference of the 
drill hole, generated via a rotating prism 
and camera housed with an internal 
lighting unit in a downhole tool. OTV 
tools can be used in dry holes or under 
clear water conditions.

The acoustic televiewer (ATV) tool 
transmits and records the amplitude 
and travel time of successive ultrasound 
pulses reflected off the borehole wall, with 
samples up to 360 points, or one sample 
point in every 1° over the circumference of 
the drill hole and caliper (hole diameter) 
resolution up to 0.08 mm.

Both tools have built-in magneto-
meters and accelerometers, allowing 
the orientation of images and the 
deter mination of the borehole azimuth 
and incli nation. The tools commonly 
used can accommodate borehole sizes 
ranging in diameter from 50 mm to 
500 mm.

Data validation/calibration
To generate a reliable geotechnical 
dataset, televiewer survey data is vali-
dated and calibrated using geotechnical 
logging of diamond drill core for the 
identified lithological units in the area of 
interest.

Data interpretation
The process of interpreting televiewer 
data is the same as that used to record 
geotechnical logs from drill hole core. 
Typically, the following parameters 
are logged:

 N Core >10 cm: the total length of all 
core >10 cm (RQD to be calculated 
from it)

 N Geotechnical interval: the length 
from the depth for each geotechnical 
interval
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 N Matrix type: discing, fault, intense 
fracturing, sheared rock, etc

 N Hardness: the estimated rock strength 
index

 N Number of fractures per interval
 N Joint sets: degree of jointing (number 

of joint sets present)
 N Joint roughness: the nature of the 

discontinuity
 N Fracture infill: the type of joint infill 

and its alteration
 N Joint wall alteration
 N Weathering
 N Rock type
 N Fracture type: type of discontinuity
 N Depth: depth at which fracture occurs
 N Fracture thickness: the thickness of 

open fractures or the infill mineral in 
the fractures

 N Orientation of each structure
 N Major structure type: fault, shears, etc.

High-resolution true-colour OTV images 
and travel time and amplitude ATV im-
ages are processed, and the parameters 
that would normally be recorded during 
traditional core logging are interpreted 
from the processed televiewer data.

Table 1 Structure codes

Code Tadpole Sine wave

1 #10 Water table

2 #11 Casing

3 #12 Lithology contact

4 #13 Low confidence

5 #14 Bedding/foliation

6 #15 Open bedding/foliation

7 #16 Minor closed fracture

8 #17 Vein/sealed fracture

9 #18 Random/non-continuous

10 #19 Partial open fracture

11 #20 Minor open fracture

12 #21 Major open fracture

13 #22 Broken zone

14 #23 Micro fault

15 #24 Fault zone
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Televiewer data processing
Raw televiewer survey data is processed 
using downhole geophysical image 
processing software (WellCAD, Techlog 
Geology, Geolog, LogIC, RockDoc, etc). 
Televiewer images can be oriented to the 
high side of the drill hole or to magnetic 
north, with zero degrees at the start of the 
unrolled images. The images are filtered, 
enhanced and adjusted using different 
viewing scales and varying contrast, 
brightness and colour scales to improve 
visualisation of geotechnical defects and 
structural features.

The GTI process includes the fol-
lowing steps:

 N Picking geotechnical defect: A sine 
wave is fitted on the identified 
structure and then assigned structural 
codes, in accordance with the structure 
classification scheme, which have 
been converted to tadpole dictionaries 
as presented in Table 1 (page 37). 
Structures coded as #15 – Open 
Bedding/Foliation, #20 – Minor Open 
Fracture, #21 – Major Open Fracture, 
#22 – Broken Zone, #23 – Micro 
Fault and #24 – Fault Zone are clas-
sified as geotechnical defects and are 
used for structural assessment and 
determination of the rock mass rating. 
Each identified geotechnical defect is 
further coded with separate structural 
codes, including structure type and 
descriptions with micro roughness and 
infill codes, as detailed by Dempers 
et al (2010).

 N Calculate the structural orientation: 
The dip and dip direction for each 
defect are calculated from the sine 
wave amplitude, wave length, the crest 
locations and drill hole calliper, and 
are recorded as the Apparent Structure 
dataset. This dataset is then converted 
to true orientation using the borehole 
orientation tilt and magnetic azimuth, 
which have been determined by the 
televiewer associate tools or from other 
downhole survey tools, including gyro 
survey data in magnetic rocks, recorded 
as the True Structure dataset.

 N Calculate the fracture frequency (FF) 
based on a fixed interval (e.g. 0.5 m or 
1 m) to see the variation in occurrence 
of the identified geotechnical defects 
along the borehole length.

 N Calculate the rock strength (UCS) 
based on the signal strength amplitude 
along the borehole length.

Figure 1 Flowchart of geotechnical interpretation data
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J2 – open joint rough undulating, hard infill
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 N Domaining: Geotechnical domains 
are determined based on weathering, 
rock type, rock strength and fracture 
frequency.

 N Calculate the QSI-based domain 
interval and the relative rock strength 
calibrated with diamond drill core logs.

 N Determine the number of defect sets: 
The number of defect sets is identified 
using a stereographical plot based on 
the geotechnical domain interval and 
the geotechnical defect orientations.

 N Calculate the core >10 cm or RQD: 
The core >10 cm is calculated based 
on the distance between the identified 
geotechnical defects per geotechnical 
domain.

 N The processed survey data is exported 
in text file format (.csv) and integrated 
into formatted rock mass logs and 
structure logs.

The process flowchart is shown in 
Figure 1. Examples of televiewer data of 
different geotechnical defects identified 
from drilling projects are shown in 
Figures 2 to 4.

Assessment of structural data
Figure 5 presents examples of two defects 
identified from ATV images:

 N A major open joint with a rough and 
planar surface, and hard infill (non-
softening coarse material) joint shown 
as J1 (red ellipse)

 N A minor open joint with a rough and 
undulating surface, and hard infill 
(non-softening coarse material) shown 
as J2 (orange ellipse).

The aperture of open defects such as 
these can be measured directly from the 
ATV data.

The GTI provides the orientation of 
each structure which can subsequently 
be used in rigorous structural analyses. 
The nature of the survey data allows 
for a more accurate appraisal of highly 
fractured or drilling-induced broken 
zones where significant core loss intervals 
may occur. These intervals cannot be 
characterised accurately by traditional 
core logging. An example of the ability to 
identify and measure dominant structural 
controls accurately in fractured ground 
is presented in Figure 6. A large-scale 
structural feature can subsequently be 
modelled in 3D based on the dominant 
structure’s orientation.

Following the identification of 
structures, the FF and RQD can then 

Figure 4 Examples of geotechnical defects – open fractures
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Figure 5 Examples of typical defects as presented in televiewer image and drill core
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be directly calculated using the given 
depths.

Assessment of rock strength
Rock strength is assessed from ATV data by 
interpreting the amplitude of the reflected 
acoustic signal (Schepers 1996). Figure 7 
presents a sigmoidal curve showing the 
relationship between intact rock strength 
(as measured by UCS) and signal amplitude, 
which has been established from empirical 
data across several projects.

As with the identification of struc-
tures, the UCS calculated from the 
acoustic response should be calibrated 
for particular rock types within a project 
area, preferably in conjunction with the 
use of laboratory testing.

This value set produced by the ATV 
tool has been found to be sufficiently 
accurate to indicate a range on a strength 
scale such as the QSI, and is generally 
considered to provide more consistent 
strength data than that produced from 
tactile assessment by personnel during the 
logging of drill core.

Figure 8 shows an example of relevant 
data components used in the estimation 
of rock strength from televiewer data and 
comparison with drill core logging and 
drill core photographs. These are:

 N Acoustic travel time log
 N Acoustic amplitude log
 N Calculated acoustic response/geotech-

nical domain
 N Calculated rock strength in MPa
 N Calculated QSI on a of 1–5 scale based 

on geotechnical domain
 N QSI from the core log and core from 

the same depth.
It can also be seen in Figure 8 that 0.9 m 
of core loss has been marked by drillers on 
the core blocks within two pieces of com-
petent rock (16.2–17.1 m), preventing the 
assessment of the geotechnical properties 
for that interval. However, the televiewer 
image indicates that the second competent 
piece of core is contiguous with the first, 
making the previous interval end at a depth 
of 16.35 m. In this instance the televiewer 
image demonstrates that the interval of 
core loss was incorrectly allocated.

Identification of geotechnical domains
Once relevant structural features have been 
identified (thus FF and RQD can be calcu-
lated) and where possible rock strengths 
have been estimated, the work-flow then 
involves the selection of geotechnical 

Figure 7 Sigmoidal curve relationship between UCS and amplitude of reflected signal

UCS vs amplitude

U
CS

 (M
Pa

)

Amplitude

Figure 6  Dominant structure is identified from televiewer interpretation which could not be 
measured in broken drill cores

Televiewer structural 
interpretation identified 
the dominant structure 
causing boken core 
shows as the bright red 
colour sine waves and 
tadpoles at about 75°/110° 
(dip/dip direction).

Figure 8  Image from acoustic televiewer tool and calculated rock strength compared with 
drill core log

Travel time HS

Geotechnical domain
180° 270° 0°0° 90° 0 1 500 0 50 0 05 5180° 270° 0°0° 90°

1 m: 30 m

Depth Amplitude-HS Calculated amplitude Calculated UCS Calculated QSI (1–5) QSI from core (1–5)

19.0

19.5

20.0

15.0

16.0

15.5

16.5

17.0

17.5

18.0

18.5

14.90

16.35
16.35

18.45
18.45

20.00

16.20

17.10

Core loss – no core log 
information

Core loss 0.9 m

http://www.langageo.co.za


Civil Engineering April 2019 41

domains in much the same way as for the 
geotechnical logging of diamond drill core, 
as detailed by Dempers et al (2010). Figure 
9 shows an example of interpreted geotech-
nical domains and a number of joint sets 
from OTV and ATV data.

Outputting rock mass and structure logs
Data interpreted from downhole 
geophysical image processing software 
can be exported to text file (.csv) and be 
converted and formatted to structure log 
and rock mass log in Microsoft Excel.

Each geotechnical defect has been in-
terpreted and assigned a unique character 
code which is combined from structure 
type, micro roughness and infill. The 
code then needs to be converted into a 
numerical rating (detailed by Dempers et 
al 2010) for the convenience of rock mass 
rating (RMR) calculation and structural 
evaluations, and calibrated with drill core 
logs. An example of the outputting struc-
ture log format is shown in Table 2.

RMR is calculated for individual 
geotechnical domains based on the rock 
mass logging data. This data combines 

Figure 9  Example showing interpreted geotechnical domains and number of joint sets and 
images from acoustic and optical televiewers

Travel time

180° 270° 0°0° 90°
Structure apparent to HS

Amplitude Depth OTV image Strength Geotechnical domain Joint sets Structure true Structure polar plot

180° 270° 0°0° 90°

0 2 000
180° 270° 0°0° 90°

1 000 1 1500.1μs
1m:50m

180° 270° 0°0° 90° 0 2 000 0 90 Wuff Plot – LH –Type

Wuff Plot – LH –Type
Depth: 102.00 [m] to 107.11 [m]

0°

180°

Wuff Plot – LH –Type
Depth: 107.00 [m] to 110.62 [m]

0°

180°

Counts Dip (deg) Azi (deg
Mean 28 45.50 15.38

3 40.01 238.45
4 60.07 240.07
4 32.80 211.05
8 51.89 17.00
3 42.90 27.96
2 89.70 227.34
3 34.06 210.48
1 56.27 45.54

Counts Dip (deg) Azi (deg
Mean 25 39.13 45.16

2 14.64 272.56
2 63.66 193.70
12 56.07 44.16
6 55.93 156.63
4 34.38 45.17

102.0

104.0

106

108.0

110.0

102.00
102.00

102.69
102.69

0.5

104.20
104.20

105.17
105.17

106.28
106.28

107.12
107.12

109.38
109.38

1.5

0.5

2.0

0.5

2.5

http://www.langageo.co.za


42 April 2019 Civil Engineering

Table 2 Structure log format

Project
hole_

iD
Str_
no

Depth
Str_

Code
Structure_Type

Dip_
hS

DD_hS Alpha Beta
Beta 
ref

Thickness_
mm

Micro infill
infill 
thick

Comments

Televiewer GT001 496 114.19 #21 Major Open Fracture 78.2 323.3 11.8 143.3 BOH 0 6 8 1

Televiewer GT001 497 114.22 #21 Major Open Fracture 72.29 319.87 17.71 139.87 BOH 0 6 8 1

Televiewer GT001 498 114.33 #21 Major Open Fracture 73.57 326.46 16.43 146.46 BOH 0 3 8 1

Televiewer GT001 499 115.14 #21 Major Open Fracture 27.98 158.76 62.02 338.76 BOH 0 6 8 1

Televiewer GT001 500 115.29 #21 Major Open Fracture 33.9 169.94 56.1 349.94 BOH 7.47 6 8 3

Televiewer GT001 501 116.13 #21 Major Open Fracture 35.98 105.52 54.02 285.52 BOH 2.43 6 8 2

Televiewer GT001 502 116.25 #21 Major Open Fracture 38.95 206.87 51.05 26.87 BOH 2.33 3 8 2

Televiewer GT001 503 116.29 #21 Major Open Fracture 43.47 195.81 46.53 15.81 BOH 0 6 8 1

Televiewer GT001 504 116.53 #21 Major Open Fracture 12.81 132.86 77.19 312.86 BOH 0 6 8 1

Televiewer GT001 505 116.6 #24 Fault Zone 42.18 210.46 47.82 30.46 BOH 83.67 4 3 4

Televiewer GT001 506 117.43 #21 Major Open Fracture 67.64 113.43 22.36 293.43 BOH 1.71 3 8 2

Televiewer GT001 507 117.45 #21 Major Open Fracture 22.96 354.3 67.04 174.3 BOH 4.14 3 8 2

Televiewer GT001 508 117.73 #21 Major Open Fracture 46.74 106.21 43.26 286.21 BOH 2.05 3 8 2

Televiewer GT001 509 118.68 #21 Major Open Fracture 10.64 14.36 79.36 194.36 BOH 5.89 6 8 3

Televiewer GT001 510 119.79 #21 Major Open Fracture 43.15 126.42 46.85 306.42 BOH 4.49 6 8 2

Televiewer GT001 511 119.89 #21 Major Open Fracture 59.81 106.21 30.19 286.21 BOH 12.87 6 8 4

Televiewer GT001 512 120.21 #21 Major Open Fracture 13.19 112.92 76.81 292.92 BOH 0 6 8 1

Televiewer GT001 513 121.22 #21 Major Open Fracture 41.06 336.75 48.94 156.75 BOH 0 6 8 1

Televiewer GT001 514 121.22 #21 Major Open Fracture 47.44 128.75 42.56 308.75 BOH 3.04 6 8 2

Televiewer GT001 515 121.81 #21 Major Open Fracture 64.96 126.34 25.04 306.34 BOH 1.9 6 8 2

Televiewer GT001 516 121.95 #21 Major Open Fracture 38 82.73 52 262.73 BOH 4.73 3 8 2

Televiewer GT001 517 122.04 #21 Major Open Fracture 40.67 138.63 49.33 318.63 BOH 2.27 3 8 2

Televiewer GT001 518 122.48 #21 Major Open Fracture 42.67 147.58 47.33 327.58 BOH 7.72 6 5 3

Televiewer GT001 519 123.26 #21 Major Open Fracture 35.97 92.35 54.03 272.35 BOH 6.07 6 8 3

Televiewer GT001 520 123.28 #21 Major Open Fracture 25.11 153.17 64.89 333.17 BOH 8.14 6 8 3

Televiewer GT001 521 123.57 #21 Major Open Fracture 58.88 133.04 31.12 313.04 BOH 6.2 6 8 3

Televiewer GT001 522 124.19 #21 Major Open Fracture 66.04 291.8 23.96 111.8 BOH 3.05 6 8 2

Televiewer GT001 523 124.87 #21 Major Open Fracture 29.36 191.09 60.64 11.09 BOH 5.18 3 8 3
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geotechnical characteristics from rock 
type, weathering, number of defects, 
defect conditions (micro roughness 
and infill), number of joint sets, RQD, 
etc, which have been interpreted from 
televiewer surveys using Microsoft Excel. 
An example of the rock mass log format is 
shown in Table 3.

CONCLUSIONS
Acoustic and optical televiewer surveys 
can be used to interpret accurately the 
geotechnical properties of a rock mass. 
The GTI methodology outlined can be 
applied to diamond and percussion drill 
holes, as well as to existing open holes 
and, as such, may be used to optimise 
geotechnical drilling programmes by:

 N ensuring high levels of accurate 
geotechnical data and improved data 
acquisition

 N reducing the amount of diamond core 
drilling and geotechnical logging 
required, and the time required for 
data acquisition.

It is also important to note the significance 
of the need to calibrate the interpreted 
televiewer data with logged diamond core 
for each particular project. 
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BACKGROUND
It is well known that soils cannot be excavated vertically without 
some cohesion being present in the soil mass. Soil-nailed walls 
require the excavation to proceed in unsupported vertical lifts 
before the application of a stiff shotcrete-and-mesh facing, and 
therefore require cohesion (Figure 1). This cohesion can be pre-
sent due to one of two shear strength mechanisms, namely:

 N undrained cohesion in the short term (tending to effective 
cohesion with time), or

 N capillary cohesion.
Capillary cohesion, resulting from matric suction due to the par-
tially saturated nature of soils, plays a major role in the stability 
of many geotechnical structures in South Africa, although it is 
typically not acknowledged as the contributing factor but rather 
labelled as “experience”.

This “experience” is now better understood and the mecha-
nism can be tested in the laboratory, and capillary cohesion 
quantified. As Lord Kelvin once said, “When you can measure 
what you are speaking about, and express it in a number, you 
know something about it.”

This article therefore evaluates the use of unsaturated soil 
mechanics principles in the design of soil-nailed walls.

INTRODUCTION
Since the introduction of the soil-nailed system in the late 1980s in 
South Africa, many such walls have been constructed throughout 
the country. These soil-nailed walls are normally constructed 

incrementally, with the excavation proceeding in successive stable 
levels before the application of soil nails, shotcrete and mesh. 
The soil nails are thus progressively loaded as the excavation is 
deepened. Safe access for nail construction is therefore crucial, as 
all the construction work happens at the cut face where failure can 
occur. Limits must therefore be placed on the maximum height 
of cut that can safely stand unsupported until the nails have been 
installed and the shotcrete and mesh facing has been constructed 
when specifying the soil nail system (BS8006-2: 2011).

Steepening slopes is often achieved through a recurring se-
quence of benching and nailing, and typically occurs in-between 
1 m and 2.5 m lifts. This temporary excavation needs to stand 
unsupported, and have sufficient stand-up time, pending the 
installation of the soil nails and composite shotcrete facing.

The lifts should normally not occur in heights exceeding 
2.5 m to avoid issues with quality assurance and application of the 
shotcrete to the face, while avoiding the use of lifting machinery 
or temporary scaffolding to apply shotcrete to the excavated face.

TYPICAL LIMITATIONS AND TYPICAL DESIGN DEPTH
Soil-nailed walls should preferably always be installed in a 
dry excavation and not be used below the groundwater table. 
Groundwater would have an adverse effect on establishing tem-
porary or permanent cut facings and may result in running sand 
failures through the exposed cut face.

The limiting deformations as set by the SAICE Lateral Support 
in Surface Excavation Code of Practice is 35 mm in urban areas and 

Soil-nailed wall design: incorporating 
capillary cohesion to assess the temporary 
excavation stability of “cohesionless” soils

Figure 1 Soil nailing in Berea Red silty sands, with 
0kPa effective cohesion at Mt Edgecombe, Durban

Frans van der Merwe Pr Eng
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100 mm in non-urban areas (SAICE 1989). These limits, when 
reviewing the Shangai Urban Construction and Transportation 
Committees’ (SUCTC 2010) deformation criteria, as detailed in 
Table 1, may not be conservative enough at shallower wall heights.

Table 1  Deformation criteria on excavations in Shanghai  
(SUCTC 2010)

Protection level

Permissible 
maximum 

wall 
displacement

Permissible 
maximum 

ground 
settlement

I – Historic or important building (s*<H) 0.18%H 0.14%H

II –  Historic building or important 
building (H<s<2H) or normal 
buildings (s<H)

0.3%H 0.25%H

III –  Historic building or important 
building (2H<s<4H) or normal 
buildings (H<s<2H)

0.7%H 0.55%H

*s  is the distance the structure is away from the excavation and H the 
depth of the excavation

It has been shown that a soil-nailed system cannot be used in 
sandy or clayey soils (i.e. only rock) when excavating adjacent 
to a structure requiring Level I protection (based on Cloutterre 
1991). Although there are no set rules with regard to the allow-
able excavation depths that can be achieved with a soil-nailed 
system, using Clouttere’s (1991) criteria, a soil-nailed wall in an 
urban area can be used over the ranges stated in Table 2.

Table 2  Maximum excavation height of soil‑nailed walls in 
different soils to limit displacement to 35 mm

Soil type
Limiting deformation to 35 mm 

(with margin of safety = 1.5)

Soft rock (intermediate soils) 25.0 m

Sandy soils 12.5 m

Clayey soils 8.3 m

Designing to limit movements requires knowledge of how 
much each structure within the excavation’s zone of influence 
may deflect without incurring excessive damage. This is often 
best evaluated by undertaking a risk assessment of adjacent 
structures; if no as-built drawings are available, some sort of 
foundation recognition investigation can be done.

Such a study needs to be undertaken as part of the design of 
any project, before deciding on permissible deformations that 
would cause minimal damage to the adjacent structures. In 
addition, these deformations must be monitored and measured 
during construction to ensure that they correspond at each 
drop level to those estimated, and the design engineer must be 
alerted if they exceed these predicted values.

DESIGN CODES
The current design code for soil-nailed structures in South Africa 
is the Lateral Support in Surface Excavation Code of Practice 
(SAICE 1989) and most designs are undertaken using a single-
wedge analysis. This code is currently in the process of being up-
dated to correspond to limit state design methods in accordance 

http://www.rocbolt.com
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with Eurocode 7. Eurocode 7 will be adopted in South Africa in 
2019/2020, with a South African Annexure to Parts 1 and 2.

MATRIC SUCTION
Apparent or capillary cohesion may be present in materials 
above the water table due to the capillary tensions in the mois-
ture between the soil grains.

Conventionally, it is assumed that a “cohesionless” soil (de-
noted by G or S according to USCS with no effective cohesion) 
cannot stand unsupported vertically. This is evident from the 
maximum cut height (Hc) equation provided below for drained 
conditions, with c’ set as zero:

Figure 2  Removal of trapdoor with some water added to the 
beach sand

Figure 3 Ravelling after being left in the sun for a day

http://www.mapei.co.za
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Hc = 
4c’ – 2q√Ka

γ√Ka

An experiment was undertaken as part of this study in which 
“cohesionless” beach sand was placed in a wooden box with a sliding 
trapdoor (Figure 2). When the sand was placed completely oven 
dried and the trapdoor removed, the soil collapsed at the angle of 
repose, whereas when some water was added to the beach sand, the 
soil remained vertical due to the capillary cohesion. Clean sands 
without fines will typically have very small capillary cohesion values.

This capillary cohesion can easily be destroyed by either 
drying out of the soils or the infiltration of water. Maintaining 
this capillary cohesion is crucial to maintain stability during the 
temporary excavation. Ravelling of the exposed face can occur 
if it is allowed to dry out; this can be seen in Figure 3, where the 
clean sands start to ravel after a day.

In addition to the vertical stability of excavation faces, the sta-
bility of soil-nail drill holes is also affected by capillary cohesion.

THE SOIL-WATER RETENTION CURVE (SWRC)
All unsaturated soils will exhibit increased shear strength due 
to suction, unless completely dry or basically saturated. This 
increase in shear strength can be expressed by the following 
equation (Fredlund & Rahardjo 2012):

capp = (ua – uw)tanφb

where :
 capp  is the apparent or capillary cohesion component and 

 φb  is the non-linear angle indicating the rate of shear strength 
change with respect to suction.

Due to the excessive cost associated with undertaking unsatu-
rated triaxial tests, it is common practice internationally to derive 
the shear strength from the SWRC using the empirical methods 
by Fredlund et al (1996), and using the following formulation:

tanφb = ⎛⎜
⎝

θ

s 

⎛
⎜
⎝

κ

tanφ’

where:
κ = –0.0016(PI)2 + 0.0975(PI) + 1

Figure 4 shows a typical Fredlund and Xing (1994) fitted soil 
water retention curve measured by tensiometer and dewpoint 
potentiometer for a project in Durban where temporary soil-
nailed structures will be required.

Based on the curve, a gravimetric water content of between 10 
and 15% and an effective friction angle of 30°, the capillary cohe-
sion would be around 25–65 kPa.

It should, however, be remembered that the in-situ moisture 
regime controls the actual capillary cohesion value over the depth 
of the excavation, and that this capillary cohesion is not constant 
unless the volumetric water content is constant with depth, 
which is highly improbable. This also highlights the importance 
of assessing the in-situ moisture conditions with depth for the 
design of any lateral support system relying on capillary cohesion. 
Infiltration and evaporation also affect the profile’s moisture 
regime with time, which is more complex to quantify.
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PROPOSED METHOD
It is postulated that a soil-nailed wall can fail in two hypothetical ways 
during the excavation of a lift, as shown in Figures 5 and 6, namely:

 N Unsupported wedge failure
 N Sliding strip failure.

Equations for the sliding wedge failure will not be discussed here, 
as unsupported wedge failure normally governs the temporary 
stability of an unsupported lift. 

These two failure mechanisms were evaluated by finite ele-
ment analysis (Figure 7) and by hand calculations to determine 
the capillary cohesion required to maintain upper-bound stability 
(FoS = 1 or <1). The wall was modelled as a 5 m high wall without 
a crest slope or surcharge, in the sequence of 1 m, 3 m and 5 m.

The capillary cohesions required over the successive ranges 
are 3 kPa, 6 kPa and 8 kPa. These values are lower than those 
calculated with maximum cut height equations, and can likely 
be attributed to redistribution of stresses, with lower than 
expected vertical stresses at the face (Figure 5). It should be 
remembered that the capillary cohesion can be lower close to 
the surface due to moisture infiltration, higher below the active 
zone, and will reduce with depth the closer one gets to the 
water table.

CONCLUSIONS AND RECOMMENDATIONS
The following conclusions can be drawn:

 N It is important to establish the capillary cohesion due 
to matric suction in order to assess the stability of soil-
nailed walls and the staging thereof (lifts) in “cohesionless” 
soils.

 N SWRC testing of the soils is required to predict these capillary 
cohesion values.

 N Quantifying the moisture regime and dry density with depth 
during site investigation is crucial to assess the empirically 
derived capillary cohesion, but this is often not undertaken as 
part of the site investigation.

 N Effective shear parameters obtained from laboratory tests are 
required for empirical prediction of the capillary cohesion at a 
certain volumetric moisture content.

 N The critical height equation can provide a first-order check of 
temporary and lift stability. 
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BACKGROUND
South-eastern Limpopo provides spec-
tacular landscapes, ranging from moun-
tains and deep valleys to the well-known 
bushveld. The Abel Erasmus Mountain 
Pass, on the R36 between Ohrigstad and 
Hoedspruit, boasts just such picturesque 
settings as it winds through mountainous 
terrain before passing through the 136 m 
long JG Strijdom tunnel and dropping off 
down to the banks of the Olifants River.

Thoroughfare was, however, threatened 
by a large slip failure which occurred in the 
embankment of the southbound lane circa 
2013. The slip failure, which encompassed 
the shoulder and half of the trafficked lane 
width, restricted access to single lane usage 
under stop-go conditions (Photo 1).

ARQ was appointed by the South 
African National Roads Agency Limited 
(SANRAL) to design a remedial scheme 
suited to reinstate the pass to full capacity, 
without closing the pass to traffic. 
Furthermore, the remedial scheme was to 
rely on labour-intensive construction tech-
niques, where possible, in a bid to address 
socio-economic needs and responsibilities.

THE FAILURE
An assessment of the site revealed that a 
15 m high portion of the embankment had 
slipped, thereby undermining ~1.5 m of the 
right-hand side (RHS) of the roadway and 
compromising both capacity and safety.

The slip failure occurred at a point 
along the route where the superelevation 
allows stormwater, which collects between 
the mountainside and the left-hand side 
(LHS) of the roadway, to traverse across the 
roadway and flow down the RHS embank-
ment slope. It was suspected that the overly 
steep embankment slope, when saturated 
by stormwater, had slipped and eroded, 
leading to the failure state first encoun-
tered on site. For this reason, it would be 
necessary to address stormwater manage-
ment as well as geotechnical stability.

A geotechnical investigation, which was 
unfortunately limited by necessity, was un-
dertaken by ARQ; it provided some insight 
into the subsurface makeup of the embank-
ment and in-situ hillside. Representative 
strength and stiffness properties were 
obtained for the fill material through labo-
ratory work, including triaxial testing.

THE GEOTECHNICAL SOLUTION
The geotechnical solution would ultimately 
culminate in reinstatement of the fill with 
improved stability. However, it was first 
necessary to stabilise the remaining por-
tion of the embankment prism to prevent 
further failure, which would otherwise 
compromise the safety of construction 
workers and potentially force complete 
closure of the R36 (see Figure 1).

Initially, the installation of 29 percussion-
bored reinforced concrete piles of 300 mm 
diameter, as a slope stability aid, was 
envisioned. The piles would be installed at 
1 m c/c in a line along the crest of the failure 
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Photo 1 Site shortly after failure



and advance vertically down into bedrock. 
This piling method was, however, aban-
doned after air loss and collapse of boreholes 
were experienced at the perceived contact 
between fill and in-situ geology. The air loss 
and unstable borehole sides made insertion 
of pile steel cages impossible, and implied 
that large volumes of concrete would be lost 
in the voided boulder material in the base 
of the embankment. Furthermore, injection 
of compressed air into the remnants of the 
failed embankment raised concerns about 
further embankment failure.

An innovative solution to stabilise the 
embankment was required. Self-drilling 

anchor (SDA) micropiles were selected 
to replace the percussion-bored pile 
soldier wall. The SDA installation method 
allows simultaneous injection of grout 
through a central hollow reinforcing bar 
which also functions as the drill rod. 
Although this method does away with the 
problems associated with borehole col-
lapse and air blast, it is only able to offer 
a slender micropile, with a single central 
reinforcing bar, not suitable for sustaining 
flexural loading (moments). To overcome 
this problem, the SDA micropiles were 
installed in a scissor arrangement, al-
lowing them to function primarily in axial 

loading – a form of loading in which they 
are strong. The scissor configuration was 
tied together at the face of the failure, and 
near to the road surface, by a reinforced 
concrete capping/ground beam which 
distributed the stabilising force over the 
embankment. Altogether, 42 R32N SDAs 
were installed at 1.5 m c/c and terminated 
in competent bedrock.

After the pre-existing embankment 
had been stabilised by the scissor micro-
pile and ground beam solution, benches 
could safely be excavated in the failed 
slope face to facilitate the reinstatement 
of fill material. In order to prevent a “run-
away” fill down the steep natural valley, 
it was necessary to construct the new fill 
with a steep batter angle of 40°. In order 
to ensure adequate stability of the fill, it 
was necessary to provide geosynthetic 
reinforcement. This was accomplished by 
installing 50 kN/m bi-directional strength 
geosynthetics at 750 mm vertical spacing 
in the reinstated fill material (Figure 1).

DRAINAGE AND STORMWATER
As stated above, the original catchment 
area between the RHS road edge and the 
mountain allowed water to pond, which 
increased the moisture content of the 
embankment and overtopped the road 

New 
canal

Temporary road 
diversion for traffic 
accommodation Final roadway

Road CL

50 kN/m UTS biaxial geosynthetic at 750 mm

Fill angle 40° from horizontal

Erosion control “logs” 
over 75 mm thick topsoil 
and hydroseeding

NCL

45°

SDA

450 mm benches

Figure 1 Cross‑section of the remedial measures on the embankment
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Photo 2 Installation of scissor micropiles 
completed, and slot cut for ground beam
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(eroding the embankment slope) during 
larger storm events.

Drainage improvements implemented 
as part of this project included stone-
pitching of the low-lying area between 
the mountainside and the LHS road edge 
(thereby preventing infiltration of water 
into the fill), construction of a channel to 
collect and transport runoff water from 
the stone-pitched surface, and an upgrade 
of the culvert, giving safe passage of water 
beneath the roadway and discharge on the 
embankment side. Energy dissipation was 
provided at the culvert outlet structure 
in the form of a stilling basin and a 
gabion weir.

CONSTRUCTION
Construction commenced in March 2017. 
Road widening was undertaken on the 
LHS to facilitate safe passage of traffic and 
allowed construction to commence on the 
failed RHS embankment (Figure 1). After 
traffic had been safely accommodated, 
installation of the scissor-SDA micropiles 
was the first task (Photo 2), followed 
by construction of the ground beam Photo 3 Reinstatement of the embankment

Geobrugg Southern Africa (Pty) Ltd | Unit 3 Block B Honeydew Business Park | 1503 Citrus Street | Honeydew 2170 | South Africa | T +27 11 794 3248 | info@geobrugg.com | www.geobrugg.com 
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connecting the micropiles and distributing 
support to the existing embankment. 
These actions effectively stabilised the 
failed slope face and allowed preparation 
for reinstatement of the fill to commence.

Benches were cut into the face of 
the failed slope and construction of the 
geosynthetically reinforced fill could 
commence. The lower layers of fill com-
prised G5-quality material which ensured 
that the base of the fill was amply com-
petent. The subsequent layers consisted 
of G7-quality material, reinforced with 
structural geosynthetic layers (Photo 3). 
Continuous surface wave (CSW) testing 

was conducted at height intervals of 5 m 
to assess the stiffness of the reinstated soil 
mass. This was contrasted against design 
assumptions to verify the validity of the 
design assumptions.

On completion of the fill operation, 
the embankment was topsoiled and 
vegetated with aloes and a grass-seed 
mixture representative of the local flora.

Reinstatement of the road layerworks 
followed. The layerworks design, governed 
by labour-intensive construction methods, 
consisted of a bitumen-stabilised material 
(BSM 3) subbase, a dry bound macadam 
basecourse capped with a locking slurry 

and, finally, a penetration slurry surfacing 
using 14 mm and 19 mm stone.

The labour-intensive construction phi-
losophy was aimed at community involve-
ment and upliftment. Local labourers 
were trained to construct the various 
pavement layers through the construction 
of various 25 m2 trial panels.

FINAL PRODUCT
Construction was completed in early 
2018. Photos 4 and 5 show the upgraded 
drainage and stormwater management 
measures, and Photo 6 shows the com-
pleted roadway and site area.

CONCLUSION
The Abel Erasmus Pass was successfully 
reinstated on 2 February 2018 thanks to  
innovative solutions implemented by a 
competent project team.

During a recent inspection of the 
site, the reinstated embankment was found 
to be performing well, and no signs of in-
stability or other concerns were noted. 

Project team

Client SANRAL Northern Region

Consultant

ARQ Consulting comprising:
 N ARQ Geotech – geotechnical designs and site supervision
 N ARQ Bridges and Structures – structural designs and detailing
 N ARQ Dams and Hydro – hydrological calculations and designs

Contractors Terra Strata Construction and Teichmann Structures

Photo 6 Site after construction
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Photo 4 Drainage structures Photo 5 LHS stone‑pitched catchment area



Civil Engineering April 2019 53

INTRODUCTION
The recently completed Grayston pedes-
trian bridge, constructed at the Grayston 
Interchange, Sandton, provides thousands 
of Alexandra pedestrians and cyclists 
working in Sandton with safe access across 
the busy M1 motorway. Michael Pavlakis & 
Associates were appointed to carry out the 
geotechnical investigation and the design 
of the pile foundations for the bridge.

BRIDGE STRUCTURE
The Grayston pedestrian bridge is the first 
cable-stayed bridge in South Africa to be 
supported by backstay block anchors. The 
bridge structure has eight spans, including 
the spiral ramp, and an 8 m wide con-
tinuous post-tensioned concrete box girder 
deck. The 55 m high inclined concrete 
pylon supports the cable-stayed main span 
which stretches 100 m across the M1 mo-
torway to a pier near the Wynberg offramp. 
The cables are supported by two backstay 
concrete block anchors some 70 m to the 

Geotechnical and foundation design aspects of the 
Grayston cable-stayed pedestrian bridge

Dr Michael Pavlakis
Principal

Michael Pavlakis & Associates
mpavlaki@iafrica.com

John Pavlakis
Senior Geotechnical Engineer/Associate

Michael Pavlakis & Associates
jpavlakis@mpacge.com

Figure 1 The completed Grayston cable‑stayed pedestrian bridge

Figure 2 Plan view of pedestrian bridge
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west of the pylon. A spiral concrete ramp 
provides pedestrian access to the bridge 
from the west, while, to the east, the bridge 
ramps to the existing road level.

GEOLOGICAL SETTING
The site is situated within the 3 200 
million-year-old granite-gneiss of the 
Basement Complex. The geotechnical in-
vestigation revealed the presence of a dia-
base dyke that intruded the south-western 
edge of the site, having an estimated 
width greater than 20 m. Thus the south-
western section of the bridge, including 
the southern backstay block anchor and 
part of the ramp structure, are situated on 
the diabase, while the northern backstay 
block anchor and the remaining structure 
are underlain by granite.

GEOTECHNICAL INVESTIGATION
The geotechnical investigation comprised 
rotary core drilling, and large diameter auger 
drilling and in-situ testing, and included:

 N The drilling of eight rotary core 
boreholes drilled to a maximum depth 
of 20.3 m. This included carrying out 
standard penetration tests (SPT) and 
the recovery of relatively undisturbed 
tube samples.

 N The drilling of two 800 mm diameter 
auger holes to “refusal” of the Soilmec 
auger rig. Refusal occurred at a depth 
of 8.2 m in the granites near the pylon. 
Due to the wet and collapsing condi-
tions encountered, the auger holes were 
profiled from the examination of spoil 
samples at the surface. The second 
auger hole drilled within the diabase 

met refusal on diabase rock at the depth 
of 15.1 m. It was also profiled from the 
surface due to the presence of fill con-
taining large loose boulders and other 
rubble over its upper 5.3 m section.

 N A series of in-situ Menard pressure-
meter tests (MPT) were carried out 
within certain boreholes in order to 
obtain more reliable information on the 
compressibility and strength of the soils 
and rocks underlying the site. These 
proved useful, as it was possible to obtain 
both the strength and compressibility 
para meters within the entire soil profile, 
including sections below which the SPT 
Raymond Spoon and the sampling tube 
“refused,” and also within the bedrock. 
The variation with depth of values of the 
pressuremeter modulus Em and net limit 

Figure 3  Geological plan showing position of diabase dyke

Figure 4 Rotary core and auger drilling for pylon Figure 5 Residual granite with boulders in the pylon area
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pressure P*L for the two different geo-
logical formations are shown in Figures 6 
and 7. These show that there is a marked 
difference in the compressibility and 
strength between soils present within 
the area underlain by granite and that 
occupied by the diabase intrusion.

Laboratory testing of representative soil, 
rock and water samples was also carried out. 
Some results are provided in Tables 1–3.

GROUND CONDITIONS
The investigation showed that, within 
the section of the site accommodating 
the pylon, which is roughly level with the 
motor way, the site is covered by a 2–3 m 
thick layer of fill. Fill thickness increases 
to some 6 m towards the raised area to 
the west and similar thickness to the east. 
Much of the fill is relatively loose and con-
tains boulders. It is underlain by medium-
dense silty and gravelly sand, residual 
granite with occasional boulders, becoming 
dense and very dense below the depth of 
4.5–6.0 m in the pylon region. The very 
soft rock granite follows below, becoming 
hard rock or harder below 10.4–14.3 m. 
The granite extends to the bottom of the 
boreholes at depths of 19.5–20.1 m.

The section underlain by the diabase 
was different, with variable fill and 

Table 1  Typical index properties of residual granite and residual diabase

hole no
Depth

(m)
Soil type LL Pi LS

%
< 425µ

%
< 2µ

UCS

BH.2

9.00–9.50
Clayey silt
Residual diabase

51 20 8.5 78 19 MH

12.00–12.47
Clayey silt
Residual diabase

52 20 8.5 73 15 MH

BH.6 3.00–3.09
Gravelly sand
Residual granite

n/a SP 1 26 2 SM 

AH.1 (pylon)

5.20–5.40
Silty sand
Residual granite

26 8 3.5 34 5 SC

7.50–8.00
Gravel sand
Residual granite

21 6 2.5 22 3 SM-SC

Table 2  Results of soaked slow shear box tests on residual diabase and residual granite

Hole 
no

Depth
(m)

Soil type
Dry 

density
(kg/m3)

natural 
moisture 
content

(%)

Peak strength

c’
(kPa)

φ’
(degrees)

BH. 2 9.00–9.50 Clayey silt Residual diabase 1 440 28.7 71.5 19.4

AH. 1 5.20–5.40 Silty sand Residual granite 1 508 29.1 35 32
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Figures 6 and 7  Results of Menard pressuremeter tests in areas underlain by granite and diabase
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transported soils (hillwash) extending to 
7.6–8.45 m where the residual diabase, in 
the form of a stiff clayey silt, was found. 
Diabase bedrock of very hard rock quality 
was found at depths of 13.8–14.6 m and 
extended to the maximum depth investi-
gated of 20.3 m.

An idealised geological cross-section 
through the bridge is shown in Figure 8.

Near the pylon the groundwater table 
varied from 1.85–3.5 m. An 800 mm 
auger hole drilled at the pylon position 
showed very moist to wet conditions 
below 1.0 m, with significant seepage 
noted at 3.0 m. At the elevated positions 
west and east of the pylon the water table 
is present at depths of approximately 8 m 
and 5.2–7.5 m respectively.

PYLON
The 55 m high pylon is situated close and 
to the west of the northbound lane of the 
motorway. Consideration was given to 
supporting it on a concrete raft founda-
tion at the depth of the order of 6 m or 
deeper, but such an excavation would 
have been too close to the motorway and 
would have required lateral support, as 
well as continuous pumping bearing in 
mind the high ground water table. It was 
also considered that the tendency for even 
a small foundation tilt could have a sig-
nificant effect on the stresses within the 
cable stays and on the bridge deck. It was, 
therefore, decided to support the pylon on 
bored cast-in-situ piles.

The pylon was thus constructed on a 
16.2 m × 11.7 m reinforced concrete raft 
supported by twelve 1 500 mm diameter 
bored piles provided with a moderate rake 
of 1:8. The piles were socketed into the 
hard granite bedrock within the depth 

Table 3  Results of uniaxial compression strength tests with strain measurements on granite 
rock core

hole 
no

Depth
(m)

rock 
type

Uniaxial 
compressive 

strength 
(UCS) (MPa)

Secant 
elastic 

modulus 
@ 50% UCS

(gPa)

Poisson’s 
ratio 

secant 
@ 50% 

UCS

Linear 
axial 

strain at 
failure

(%)

BH. 5

7.05–7.19 Granite 1.9 0.1 0.21 1.5362

9.50–9.60 Granite 3.6 0.3 0.27 1.0616

10.16–10.30 Granite 3.6 0.9 0.17 0.5485

12.60–12.74 Granite 53.6 5.5 0.19 0.7917

14.85–15.00 Granite 30.8 10.3 0.40 0.2690

15.95–16.10 Granite 36.5 7.4 0.34 4.873

Figure 8  Idealised geological section through the bridge

Figure 9  Pylon and bridge looking south 
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range of 13–16 m, and were designed to 
withstand a vertical serviceability limit 
state load of 9.7 MN each, and very large 
corresponding moments and horizontal 
forces. The pile group provides the neces-
sary stiffness and overall robustness of the 
foundation which are necessary for the 
adequate performance of the structure.

Due to the high groundwater table and 
expected pile-hole collapse conditions, the 
upper section of the piles was provided 
with temporary casing. Concrete was 
placed by means of a tremmie pipe.

BACKSTAY BLOCK ANCHORS AND PIERS
The large horizontal and vertical uplift 
forces and moments imposed on the 
backstay anchor blocks are resisted by a 
group of twelve 900 mm diameter bored 
piles socketed into the diabase and granite 
bedrocks at depths ranging from 12–16 m. 
All piles were provided with a 1:8 rake and 
were drilled without casing. Groundwater 
inflow was minor and could be dealt 
with. Piling difficulties were encountered 
within the south block anchor underlain 
by diabase where the flight of the rig Figure 10 Backstay block anchors
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wedged into boulders at the depth of 12 m, 
while drilling a pile and could not be 
retrieved. The pile had to be abandoned 
and replaced.

Each of the tension piles was provided 
with tensile restraint by means of three 
32–40 mm diameter bar anchors installed 
10 m below the pile tips and provided 
with a 6 m fixed length. The latter was 
embedded within hard rock to very hard 
rock quality granite and diabase to resist 
a maximum tensile load of up to 2.8 MN. 
The anchors were also provided with 
double corrosion protection.

The design of the southern anchor 
block, underlain by thick incompetent fill 
and clayey silt, the residual diabase, was 
particularly challenging. In addition to 
the normal loading, the block anchor piles 
were designed to withstand significant 
downdrag loads that could be generated 
by the fill if it settled under its own weight. 
Any horizontal resistance offered by the fill 
was ignored. The horizontal load capacity 
of the clayey silt, residual diabase, which 
was moderate, and that of the underlying 
weathered rock, were computed from the 
results of the pressuremeter tests which 
model this condition directly.

The remaining piers were supported 
mostly on 750 mm diameter piles sock-
eted at variable depths into the granite 
and diabase bedrock.

PILE TESTING, ANCHOR PULL-
OUT TESTS, SONIC LOGGING
An extensive static pile load-testing 
programme (maintained load tests) was 

carried out to confirm design parameters. 
It comprised the testing of 900 mm dia-
meter piles to a maximum load of 10 MN, 
some 2.25 times the working load, and a 
single 750 mm pile to a load of 7.5 MN. 
Three of the piles were fitted with strain 
rods in order to determine the load 
distribution along the length of the pile. 
The results of a typical test in the pylon 
area are shown in Figure 11. The results 
of all the tests proved to be satisfactory 
and broadly in line with the predicted 
pile behaviour.

Due to the particular pile-testing 
system employed by the contractor, it 
would be difficult to test working piles 
and thus no tests were carried out on 
these. To compensate for this, a larger 
number of dedicated piles outside the 
foundation footprint were tested in ac-
cordance with Eurocode provisions.

Anchor pull-out tests were also carried 
out within each individual anchor of the 
backstay anchor blocks in order to check 
the adequacy of the design

As part of the quality assurance pro-
cess, all the piles were checked by means 
of sonic logging through 100–200 mm 
tubes cast into each pile. The larger diam-
eter tubes corresponded to piles provided 
with anchors, as they had to be large 
enough to accommodate the anchor as-
sembly. All tests proved to be satisfactory.

CONCLUSIONS
The Grayston pedestrian bridge project 
provides further proof of the fact that 
subsoil conditions within an ancient 

granitic environment, such as the one 
in which the bridge site is situated, are 
complex. Any geotechnical investiga-
tion in such an environment should be 
detailed enough to locate and identify 
diabase or other intrusions that appear to 
be present at random (Pavlakis et al 2016), 
and which generally present design and 
construction difficulties, as well as zones 
of preferential weathering.

It is also clear that, due to their 
nature, cable-stayed bridges require 
special care in the design and execution 
of the geotechnical investigation pro-
gramme in order to enable the safe and 
economical design of the heavily loaded 
foundations supporting these settlement- 
sensitive structures. The pressuremeter 
tests proved invaluable in this process.
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Figure 11  Results of a vertical compression test on a 900 mm diameter bored pile socketed within granite bedrock in the pylon area
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ENGINEERING SOCIO-ECONOMIC 
GROWTH
In the past decade Mauritius has imple-
mented major road and traffic infrastruc-
ture upgrade projects with the aim of alle-
viating ever-increasing traffic congestion. 
In October 2015, the Minister of Public 
Infrastructure and Land Transport (MPI) 
announced the implementation of a new 
Road Decongestion Programme (RDP) 
over a period of five years, starting in 
the 2016/2017 financial year. The overall 
aim of the RDP is to provide an efficient, 
high-quality road network supporting the 
socio-economic development of Mauritius 
by alleviating congestion, improving road 
safety and enhancing the overall level of 
service offered to road users.

The Government of Mauritius pledged 
an investment of 15.5 billion Mauritian 
Rupees (MUR) (~ZAR6.2 billion), entirely 
financed by the government. Reportedly, 
this figure recently increased to MUR37 
billion, mainly due to international grants, 
which also include implementation of 
the Metro Express project. Growth in the 

construction sector is projected to rise to 
9.5% in the 2018/2019 financial year, while 
overall economic growth is forecast at 3.9%.

For these massive capital investments, 
acquisition of land is required to expand 
existing traffic networks, ultimately 
leading to the planning and alignment 
of some roads over very challenging 
topographical, hydrological and geological 
terrain and environments. Ring Road 
Phase 1 served as one of the forerunners 
in providing an initial solution for a 
much-needed alternative route into the 
capital city, Port Louis, from the south. 
The first phase, constructed from 2010 to 
2013, comprises a 4.9 km dual carriageway 
and one large bridge over the St Louis 
River, with access roads to industrial and 
retail areas and their National Convention 
Centre. The successful completion of 
Phase 1 of this project was therefore para-
mount to the implementation of Phase 2.

PROJECT INTRODUCTION
For Phase 1 of the Ring Road, steep 
natural topology necessitated the 

construction of several large cuts 
and fills. Space restrictions justified 
implementation of large mechanically 
stabilised earth (MSE) walls instead of 
traditional fills.

In early 2014, cracks appeared on the 
northbound carriageway, followed by the 
collapse of a 15 m high MSE wall por-
tion of the fill (Figure 1). Observations 
pointed to a textbook circular slope 
failure with “slip at the lip” and “bulge 
at the toe”, indicating that deep-seated 
movement had occurred. ARQ (Pty) 
Ltd was appointed to identify the 
mechanism of failure, design remedial 
measures and oversee implementation of 
these solutions.

These remedial measures consisted, 
inter alia, of a vertical secant piled wall 
supported by seven-strand, three-level, 
high-strength ground anchors, coupled 
with a geosynthetically reinforced fill 
section behind the reconstructed MSE 
wall (Figure 2). An article discussing the 
investigation and design aspects of this 
remedial work was published in the April 
2016 edition of Civil Engineering, and this 
article now summarises the construction 
of the remedial solutions.
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Port Louis Ring Road – construction 
of a post-failure stabilisation design for 
a mechanically stabilised earth wall

Figure 1 Collapsed section of the 15 m high MSE wall



DEMOLITION
Where possible, backfill material exca-
vated during demolition was stockpiled 
and reused in the remedial work. All 
contaminated failure material was tested 
beforehand to confirm its suitability for 
reuse in the structural backfill.

During demolition and excavation, the 
contractor excavated to behind the theo-
retical failure plane (Figure 3) into residual 
material to ensure long-term stability.

Safe slope angles were required to en-
sure the safety of people and plant during 
construction. The most critical section 
of the slope was identified as that where 
the slope height was greatest. A 1:1 batter 
angle was calculated as being acceptable 
for temporary works (Figure 4). Slope 
stability was continuously monitored 
during construction via visual assessment. 
Care was taken to check for any signs 
of instability or movement following 
periods of significant cyclone rainfall. 
No instabilities or collapse occurred 
during construction.

SECANT PILE WALL
For secant pile wall installation, a guide 
beam (Figure 5) was required to ensure 
accuracy and interlock between the piles. 
The site sloped away from the wall and 

Figure 2  Schematic diagram showing the implementation of the various remedial design elements
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Figure 3 Highly plastic slickensided clay from the failure zone

Figure 4 Temporary slopes being battered 
back to safe temporary slope angles

Synthetic geogrid with 100 kN tensional 
capacity installed in the normal backfill

Reinforced capping beam
Reinforced concrete guide beam

3 rows of ø 15.2 mm, 
7 strand anchors

Secant pile wall



along the road alignment approaching 
the St Louis River. This necessitated two 
platforms for piled wall installation to opti-
mise pile lengths and minimise temporary 
lateral support requirements. The curved 
alignment of the road further added to the 
complexity, and necessitated concave con-
struction of the beams and other elements.

The secant pile wall consisted of 
1 080 mm diameter cased augered piles 
to bedrock, at 925 mm c/c spacing. Piles 
were installed in alternating “hard” (fcu = 
40 MPa) and “soft” (fcu = 10 MPa) sequence, 
with hard piles reinforced with 18Y32 bars. 
Sockets of 3 m and 1 m deep were required 
for the hard and soft piles respectively to en-
sure that the piles would resist bending mo-
ments and shears imposed by the high MSE 
wall. The piles were installed to minimum 
and maximum depths of approximately 
10 m and 25 m. A total of 47 hard and 46 
soft piles were installed, with total lengths 
of 779 m and 757 m respectively.

CHALLENGES ENCOUNTERED
Several challenges were faced during 
construction, of which a few are mentioned 
here. Cyclonic weather conditions, constant 
rain, high temperatures and humidity in the 
closed mountain valley proved challenging 
for health, safety and quality of work. Teams 
worked double shifts to ensure compliance 
with the construction programme. Augering 
into hard rock and working night shifts led 
to noise pollution of the neighbouring resi-
dential areas. Concrete supply was limited 
to outside peak traffic hours, as regulations 
restrict heavy vehicles on main roads during 
these times. This factor, combined with 
high temperatures, severely hampered 
continuous concrete operations. Casing 
segments of  3 or 4 m meant that it was often 
necessary to construct temporary ramps for 
concrete tremie-pipe pouring. Restricted 
space, wet platforms and steep slopes further 
contributed to the unique challenges.

Medium-hard rock was assumed, as 
it was encountered in borings behind the 
failure plane from the top of the MSE 
wall. However, during auger drilling/
casing installation, it was found that the 
bedrock strength varied significantly, 
with the unconfined compressive strength 
(UCS) ranging from 110 MPa to 250 MPa. 
This placed severe strain on the equip-
ment, causing a decrease in production.

To mitigate the strain, reduced socket 
lengths were proposed. The design was 
altered to allow sockets of 0.5 m to 1.0 m, 

depending on the bedrock UCS, for the 
unreinforced/soft piles. The reinforced 
piles required a socket length of >1 m, plus 
2 m of a heavily reinforced 350 mm pile 
rock socket where the UCS was >70 MPa to 
ensure adequate moment/shear capacity.

Upon completion of the pile installation, 
a capping beam was constructed with shear 
stirrups tying guide beams to the piles. This 
continuous reinforcement induced another 
level of system reliability for a small addi-
tional cost and minimal construction delay.

Quality assurance was implemented 
by pile echo tests (PETs) and cross-hole 
sonic logging (CHSL). Any anomalies 
were investigated via core drilling.

MSE WALL AND EMBANKMENT FILL
The secant pile wall/capping beam instal-
lation was followed by MSE wall and em-
bankment fill construction concurrently 

with the excavation in front of the pile wall 
and ground anchor installation. It was a 
client requirement that the remedial MSE 
wall be exactly the same as the original 
design. A sequence of fill height versus 
anchor installation was followed to ensure 
adequate system reliability at all times.

The bottom MSE wall panels were 
placed on top of the capping beam. Steel 
strips connected to the panels reinforced the 
graded rockfill placed behind these panels. 
The upper portion of the embankment con-
sisted of compacted G8 material. In order 
to limit differential settlement between the 
existing and new fill and to increase overall 
stability, a high-strength 100 kN/m bi-axial 
geogrid, combined with a layer of non-woven 
needle-punched geosynthetic, acted as both 
reinforcement and separation between the 
rockfill and the normal fill and was placed 
every 750 mm in the new fill.

Figure 5 Guide beam for the secant pile wall

Figure 6 Rockfill, new fill and existing fill
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During construction, progress of the 
rockfill and normal fill was synchronised 
to ensure a minimal step height between 
the two (Figure 6). Due to frequent rain on 
site, the embankment fill was often ripped 
and left to dry before recompaction. This 
resulted in the embankment fill governing 
overall progress, as rockfill compaction is 
practically insensitive to moisture content 
and therefore much quicker to place, even 
though steel reinforcing strips were placed 
within this layer.

GROUND ANCHORS
Remedial work comprised the installation 
of three rows of seven-strand anchors 
through the soft piles of the secant pile 
wall and into the bedrock some distance 
behind. The load from the ground anchors 
was distributed to the hard piles via 
reinforced continuous steel waler beams. 
Altogether 128 anchors were installed 
with a total length of 3 938 m – the longest 
anchor being 51 m in length. The height 
of the fill above the pile capping beam was 
some 15 m and the bottom row of anchors 
was some 6 m below the top of the capping 
beam. The maximum height difference 
between the top of the fill and the lowest 
anchor was therefore around 21 m.

Soil conditions were very challenging 
for the drilling of anchor holes (Figure 7), 
as the in-situ material included highly 
plastic soft clays with boulders, ground-
water and a rapid transition from soft clay 
to very hard basalt rock. The anchor tips 
were fixed into this latter rock for about 
8 m. These challenging conditions reduced 
drilling accuracy and this, together with 
a slight curve on one portion of the wall 
alignment, resulted in a slight alteration in 
the trajectory of alternating anchors being 
specified to prevent collision.

Initially, a construction sequence was 
determined relating the allowable fill 
height to the progress of anchor installa-
tion. This sequence was determined by 
limiting the movement of the pile wall to 
<20 mm and also considering the loads 
on anchors and pile moments. It was 
necessary to determine this sequence, as 
the loads on the pile wall would change 
constantly with the fill height above the 
wall, the excavation in front of the wall 
and the progress of anchor installation. 
This sequence necessitated two-stage 
stressing for all anchors, with the anchor 
stressing loads for intermediate stages 
being roughly 30 to 50% (depending on 

Figure 7 Drilling of hole for anchor installation

Figure 8 All ground anchors installed with the 
MSE wall on top of the pile capping beam

Figure 9 Waler beams and anchor heads were cast 
in self‑compacting concrete for corrosion protection

Figure 10 Construction of the 
road embankment in progress
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Proudly

the anchor position) of the stressing loads 
for the final stage.

During construction this sequence 
proved time-consuming and, as the move-
ments of the capping beam (surveyed 
weekly) were <20 mm, an accelerated 
programme was instituted. This entailed 
stressing each anchor only once (to some 
85% of its final design load). This new 
design load was chosen such that the wall 
was still able to move slightly outward 
(but still less than the 20 mm require-
ment) without exceeding the allowable 
anchor loads. As part of the observational 
approach adopted, the frequency of the 
capping beam surveys was increased to 
twice a week and additional lift-off tests 
were also conducted on selected anchors 
to monitor whether their increase in 
load was acceptable. Fill height sequence 
versus anchor installation progress was 
also adjusted accordingly. Adopting the 
observation method proved to be suc-
cessful, as the movement never exceeded 
20 mm and the final anchor loads did not 
exceed their safe, allowable loads.

After completion of anchoring 
(Figure 8), the excavation was backfilled to 
the top of the capping beam. As the back-
filling of the excavation progressed, the 
waler beams and anchor heads of each row 
of anchors were cleaned and subsequently 
cast in a lightly reinforced concrete beam 
for corrosion protection (Figure 9). The 
beams were cast using self-compacting 
concrete and included breather pipes to 
ensure that all voids were filled with con-
crete. Bituminous paint was applied to the 

outside of the beams and the pre-formed 
joints were sealed.

ROAD AND EMBANKMENT
After completion of the MSE wall, the 
road embankment for the dual car-
riageway was constructed above, together 
with the road drainage, street lamps, pave-
ment layers, asphalt surfacing and other 
road ancillary works (Figure 10), resulting 
in the road being reinstated to its original 
alignment and pavement design.

CONCLUSION
Remedial work to the Port Louis Ring 
Road was completed in mid-2017 
(Figure 11) after the resolution of several 
design and construction challenges. This 
project highlighted the value of having 
an experienced geotechnical engineer, 
intimately familiar with design, on the site 

full-time. In a complex and ever-evolving 
construction project, in-depth construc-
tion monitoring, as well as facilitating 
and commissioning design changes, is 
imperative to achieve success. At the end 
of the day all challenges were overcome 
and the road was returned to its original 
state by implementing state-of-the-art 
geotechnical solutions.
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INTRODUCTION
Despite numerous advances in analytical 
and building capabilities, developments in 
densely built-up urban areas tend to present 
professional teams with unique challenges 
that require lateral thinking for efficient 
and successful outcomes. Such challenges 
include spatial constraints, working around 
(or the reuse of) existing infrastructure, and 
interactions with neighbouring properties, 
to name a few, all of which need due consid-
eration and planning to ensure that schemes 
provide the returns that clients foresee.

It is thus of absolute importance, from 
an early stage of development, that all the 
necessary factors are taken into account and 
the limits of standard practices identified. 
From this point onwards, reliance is placed 
on experience and a willingness to push the 
envelope in order to produce solutions that 
not only satisfy all code-based and legisla-
tive requirements, but also add value to 
projects through a continual development of 
sound engineering concepts and ideas.

PROJECT BACKGROUND
The Median Residential Apartments is a 
luxury residential development in the heart 
of Rosebank, consisting of five basements, 
two upper mixed-use levels and 15 levels 
of apartments above. With a footprint of 
only 1 400 m2 and basement excavations 
extending to between 13 and 16 m below 

natural ground, the geometry of the 
excavation proved to be a challenge, even 
during the planning phases of the project.

The main challenge, however, arose 
from the restriction of not being allowed 
to temporarily anchor lateral support 
below the adjacent property on the 
western portion of the site. The basement 
excavation and three-storey neighbouring 
property are built tightly up to the site 
boundary from either side, meaning that 
tolerances on allowable movement in the 
lateral support were extremely small.

Also due to space constraints, any can-
tilever system could consist of piles with a 
maximum diameter of only 750 mm and 
had to resist the surcharge from the three-
storey neighbouring property, as well as 
lateral earth pressures resulting from the 
16 m deep vertical excavations.

INNOVATION
In partnership with Verdi Consulting 
(acquired by Jones & Wagener towards the 
latter stages of the basement construction) 
.kce developed a solution whereby horizontal 
forces to the lateral support on the western 
elevation would be resisted by a pile-and-
bracing-beam system capable of satisfying 
the boundary conditions of the various load 
combinations, and ensuring that no exces-
sive movement in the lateral support wall or 
the neighbouring building would occur.

The system consists of closely spaced 
750 mm diameter lateral support piles 
on this elevation, finished with a 1.6 m × 
0.85 m deep bracing beam, providing a 
continuous prop to the top of the excava-
tion. The bracing beam is supported in 
each corner by the adjacent lateral support 
capping beams, and by two reinforced 
concrete struts spanning back to capping 
beams on the northern and southern 
elevations.

All beams were installed from natural 
ground, following which excavation could 
commence without any anchoring under-
neath the adjacent property. The longest 
strut beam is 16 m in length, weighs ap-
proximately 30 tons and is suspended 15 m 
over the lowest excavation at full excavated 
basement depth.

Another unusual feature of this project 
was that the internal load-bearing piles 
were installed from natural ground level 
as well, as there were no viable options for 
removing a 60 ton piling rig from the base 
of the 16 m hole in such a congested area.

DESIGN
The pile-and-bracing-beam system was 
modelled in a finite element package and 
the results of the analysis used to predict 
deflection, force actions for design of the 
lateral support piles, and resultant forces 
on the bracing beam. Loads to the bracing 
beam are dependent on a complex inter-
action between the geotechnical actions 
and the stiffness of the structural system, 
meaning that a non-linear analysis was 
required to predict resultant loads at the 
actual material strains, which vary as the 
beam deforms into the excavation.

Lateral support piles were then 
designed with the output of the finite 
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element model. Using the given loads, the 
bracing beam system was modelled sepa-
rately with appropriate stiffnesses at the 
connections, and a linear second-order 
analysis was performed to account for all 
higher-order effects due to the slenderness 
of the longer elements.

Standard bottom-up slab construc-
tion propped the lateral support piles 
sequentially as construction commenced 
and, with the slab directly underneath 
the bracing beam installed, the struts 
could be removed. The bracing beam is 
trimmed back flush with the inside of the 
basement and remains in place perma-
nently as a nominal closing beam.

IN CONCLUSION
From the fully excavated depth up to 
the eventual removal of the reinforced 
concrete struts, the system has exceeded 
all expectations in terms of buildability, 
stability and strength, and has been hailed 
as a success across the board by the entire 
professional team.

The complexity of geotechnical engi-
neering means that the emphasis is rightly 

often placed on the development of theory 
and analysis, for the continual imple-
mentation of more intricate solutions in 
the field. In addition to this, however, 
situations do arise where the application 
of established principles in innovative 
ways can add value to projects, especially 
in densely built-up areas where various 
constraints often require unorthodox 
approaches.

In this case, where a conventionally 
anchored lateral support could not be 
employed, a multi-storey surcharge and 
five-storey basement excavation were 
successfully stabilised with the addition 
of structural and geotechnical elements 
working in combination. These elements 
are partially integrated into the structure; 
similar, but improved, methods are being 
investigated for future projects with the 
aim of optimising all bracing elements, 
with full integration of these systems into 
the final structure.

It is predicted that similar systems 
of braced lateral support will become 
increasingly common in South Africa for 
deep basement excavations, as opposed to 

the current conventional system of soldier 
piles and anchors. The constraints of get-
ting timeous permission from neighbours, 
and the complexity of installing anchors 
within very built-up older areas, with 
their often numerous services and limited 
records, make the use of braced lateral 
support an increasingly attractive option 
for urban developers.
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INTRODUCTION
This article is a follow-up to the article 
that appeared in the April 2018 issue 
of Civil Engineering under the title 
“Mind the Gap – towards the elimina-
tion of open assembly configuration in 
segmental retaining walls”. This article 
identifies objectives for further study 
and clarifies issues with the open-block 
assembly based on connection strength 
tests undertaken.

We have identified three main 
objectives for further study to develop 
our understanding of the open-block 
assembly configuration, frictional con-
nections and fixed connection in southern 
African practice:

 N Testing the open-block assembly’s con-
nection strength in accordance with 
ASTM D6638 at two principal stresses

 N Testing the closed-block frictional con-
nection strength at two principal stresses

 N Assessing the effect of non-horizontal 
draping on geogrids through a castel-
lated block.

The results of the first two of these tests 
are briefly presented below, along with 

a comparison between these results (the 
third test – assessing the effect of non-
horizontal draping on geogrids through a 
castellated block – is currently still under 
way). All of these tests were undertaken 

with Bosun’s Robust Segmental Retaining 
Wall Block. This is, to our knowledge, the 
first time that the connection pullout ca-
pacity of open-assembly segmental blocks 
and geogrids have been tested.
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The proof is in the pulling

Segmental 
block facing

Peak tension in geogrid at 
intercept with failure wedge

Geogrids

Tension in geogrid

Wedge failure surface

Figure 1 Tensile force in geogrids with depth

Initial free length

Detail A

Figure 2 ASTM D6638 test apparatus plan view

Segmental 
blocks

Hydraulic actuator Roller clamp

LVDT wire – line 
extensiometer

Geogrid

Lateral restraint

Table 1 Open‑block assembly test details

Modelling at 
depth (m)

geogrid
estimated pullout 
resistance (kn/m)

Measured pullout 
resistance (kn/m)

Mode of failure

0.75 A 3.8 4.3 Pullout from block – no damage to the grid

5.0 A 19.4 12.9 Pullout from block with damage at the block contact points

5.0 B 19.4 6.3 Grid snapped
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LOAD AT FACING
SANS 8006-1 states that the connec-
tion strength in a reinforced segmental 
retaining wall (SRW) must be designed for 
the ultimate tensile load that the geogrid 
would experience at the same level, but at 
the intercept with the failure wedge.

It must, however, be noted (see 
Figure 1) that the tensile connection 
strength requirement should theoretically 
be very close in magnitude to the tensile 
forces resulting at the intercept with the 
failure wedge at the lower block courses, 
while being lower closer to the top of the 
wall due to the length of the grid inside 
the failure wedge. Internal fill settlements 
will, however, result in additional loads 
being attracted to the facing connection, 
and therefore the maximum tensile load 
should be designed for at the connection.

ASTM D6638 TEST
The ASTM D6638 test, as required by SANS 
8006-1, is one of three local/facing stability 
tests that all suppliers should undertake 
and use in the design for their specific block 
type. The apparatus has a compression plate 
pushing from the top which exerts force onto 
the blocks to simulate the weight of the blocks 
above a certain course of blocks. Secondly, 
the apparatus has a pulling arm/beam that 
pulls the geogrid away from the facing blocks, 
as shown in Figure 2. Bosun has developed 
an ASTM D6638 test apparatus in-house to 
undertake these tests, as shown in Figure 3. 
The test results reported here are from tests 
undertaken at Bosun’s Laboratory by Bosun 
and GaGE Consulting staff.

ROBUST OPEN ASSEMBLY 
CONFIGURATION
Three open-block assembly tests were 
undertaken with blocks aligned as shown 
in Figure 3, spaced 340 mm apart and with 
geogrids available in the laboratory at the 
time of testing. These tests simulated con-
nections as detailed in Table 1. According to 
Van der Merwe et al (2018), the geogrid will 
experience an increase in tensile load at the 
facing, due to arching between the contact 
points where the geogrid is clamped.

The estimated facing pullout resis-
tance was calculated using the empirical 
2Ntanδ equation for pullout.

Figure 4 shows a photo of Grid A at a 
course of blocks simulated at 5.0 m depth. 
The effect of arching between the block 
contact points and tearing of the geogrid 
at these locations is clearly shown.

Figure 3 ASTM D6638 test 
apparatus used to undertake the tests

Figure 4 Test results of simulated 5.0 m deep 
connection with Grid A showing arching in the 
geogrid between points of load concentration

Figure 5 Test results of simulated 5.0 m deep connection 
with Grid B showing arching between points of load 
concentration and snapping of yarns behind the 
contact points between the blocks
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Figure 5 shows the increased load con-
centrations in the free length behind the 
blocks in the load test assembly and also 
clearly indicates the arching phenomenon 
and the snapping of the Grid B at values 
lower than the short-term tensile strength 
per metre.

From the results with the open-block 
assembly it can be concluded that 
increased load/stress concentrations 
occur on geogrids immediately behind 
open-packed blocks, and that these grids 
tear at much lower tensile loads than the 
short-term load strength of the grids. It is 
therefore clear that the strength of a grid 
at a certain level will be governed by the 
concentrated loads at the connection.

ROBUST CLOSED-BLOCK 
CONFIGURATION
Three closed-block assembly tests were 
undertaken with geogrids available in the 
laboratory at the time of testing. These tests 
simulated connections as detailed in Table 2.

When reviewing Table 2 it is clear that 
the shear resistance with the closed-block 
configuration is 2 to 3.5 times higher than 
the comparable open-block scenario, and 
that the geogrids failed at loads much higher 
than those with the open-block assembly.

It is important to note that the short-
term tensile strength of these grids was 
not achieved at the 5.0 m depth. At this 
depth the geogrids started to tear or snap 
due to the damage caused by the friction 
acting on them during pullout, as shown 
in Figure 6. This corresponds to testing 

by Bathurst (2010), which showed that the 
short-term tensile strength is not achieved 
in a frictional connection.

CONCLUSIONS AND RECOMMENDATIONS
The following conclusions can be drawn 
from this study:

 N The open-block assembly results 
in arching in the geogrid between 
contact points.

 N This arching results in increased load 
concentrations in the geogrid at the 
contact points that will govern the 
design strength requirement of the grid.

 N The closed-block assembly results 
in increased short-term connection 
capacity, up to 3.5 times higher when 
compared with the open-block as-
sembly configuration.

 N The closed-block assembly in 
frictional connection causes damage 
to the geogrid yarns during shear 
mobilisation, resulting in premature 
failure, lower than the short-term 
strength of the geogrid. This damage 
is not currently considered implicitly 
in design methodologies (SANS 8006-
1), but is indirectly accounted for by 
undertaking these tests. Alternatively, 
and similar to the installation damage 
reduction factor(RFID), a factor for 
shear mobilisation damage (RFsmob), 
in addition to other factors, can be 
considered on TCR to derive TDCONN 
and perhaps further reduce TD.

 N In accordance with SANS 8006-1, 
assuming that the connection load is 

the same as the load at the soil failure 
wedge intercept, the connection 
strength will govern the required grid 
strength at a specific depth.

It is recommended that more stringent 
requirements be put in place for the 
required connection strength of an 
open-block assembly configuration, due 
to the load concentrations resulting in the 
geogrid strengths governing the strength 
requirement at a certain depth.

The frictional forces acting on 
the geogrid between the blocks in the 
closed-assembly result in damage to 
the geogrids and in short-term tensile 
strengths lower than those reported. 
Such damage will also result in the con-
nection strength governing the design 
at a certain level. This highlights how 
important it is for the various suppliers 
to undertake testing of particular ge-
ogrids in their blocks in accordance with 
ASTM D6638 to establish the reduced 
short-term tensile strength values at the 
connection.

The tests discussed here are specific 
to the Robust Block in combination with 
the grids used, and the results will differ 
with other blocks and grids. 
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Table 2 Closed‑block assembly test details

Modelling at 
depth (m)

geogrid
estimated pullout 
resistance (kn/m)

Measured pullout 
resistance (kn/m)

Mode of failure

0.5 A 4.0 8.3 Pullout from block – no damage to the grid

5.0 A 34.6 28.3 Tearing of geogrid occurred on concentrated points

5.0 B 34.6 22.4 Tearing of geogrid occurred on concentrated points

Figure 6 Damage to Grid B inside the 
closed‑block assembly test (at 5.0 m depth)
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It has long been recognised that the 
principles of conventional saturated soil 
mechanics can be an oversimplification 
of soil behaviour, particularly in the 
arid climate of southern Africa. This 
knowledge has led developers of certain 
commercial software packages to incor-
porate some unsaturated functionality, 
particularly for flow and stability analyses. 
Despite its importance, implementation 
of unsaturated soil mechanics in geotech-
nical engineering has yet to become a 
part of standard practice. While the input 
requirements for such analyses require, 
at the very least, the relationship between 
water content and matric suction, these 
relationships often tend to be assumed 
by engineers, due to the lack of local test 
facilities capable of determining these 
parameters. Further factors hampering 
the application of unsaturated soil me-
chanics in practice are the complexity and 
time required for unsaturated soil testing, 
as well as the difficulty in measuring high 
soil suctions within a reasonable time 
frame. Recent advances in suction meas-
urement have gone some way towards 
addressing some of these shortcomings.

MEASUREMENT OF MATRIC SUCTION
While unsaturated soil testing often in-
corporates the use of complex, expensive 
and scarce equipment, central to most, 
if not all such testing is the ability to 
measure matric suction. In contrast to 
the behaviour of saturated soils, which is 
governed by one state parameter (effec-
tive stress), it is commonly accepted that 
unsaturated soil behaviour is governed 
by both net-normal stress (σ – ua) and 
matric suction (ua – uw) (Bishop & Blight 
1963; Fredlund & Morgenstern 1977). A 
significant advancement in the field of 
unsaturated soil mechanics has therefore 

been the development of the high-capacity 
tensiometer. In the past, tensiometers 
were limited to a measurement range 
of approximately 100 kPa. However, 
developments over the past few decades 
have resulted in this range being extended 
to measure suctions routinely to more 
than a megapascal (Ridley & Burland 
1993; Lourenço et al 2006). With the 
development of low-cost, high-capacity 
tensiometers at the University of Pretoria 
(see Jacobsz 2018; 2019), this capacity is 
now also available in South Africa.

A further advantage of this develop-
ment in instrumentation is that, due 
to their relatively small size, tensio-
meters can easily be fitted to existing 
conventional laboratory equipment 
to incorporate suction measurement 
(Toll et al 2013). Examples of such uses 
include modifications to oedometers 
(Jotisankasa 2005), triaxial test equip-
ment (Jotisankasa, 2005; Mendes 2011) 
and shear box equipment (Caruso & 
Tarantino 2004).

Fredlund (2018) highlighted the 
importance of the soil water retention 
curve (SWRC), stating that, together with 
saturated soil properties, the SWRC has 
provided a means of moving unsaturated 
soil mechanics into routine engineering 
practice. The SWRC has traditionally 
been measured using the pressure plate 
apparatus in which a soil sample is placed 
on a saturated ceramic disc with a high 
air-entry value. Air pressure is then 
applied to the compartment containing 
the sample to force water to pass through 
the ceramic disc into a water reservoir, 
usually vented to the atmosphere. This 
process is continued until equilibrium is 
reached between the water content of the 
specimen and the applied matric suction 
(measured as the difference between the 

water pressure on the one side of the disc 
and the air pressure on the other side of 
the disc) (Lu & Likos 2004). By repeating 
this process for different imposed suc-
tions, the relationship between moisture 
content and suction can be determined 
at several discrete points, which ulti-
mately allows for the construction of a 
full SWRC. This test can take weeks or 
months to carry out, and local facilities 
where this can be done are very limited 
and the tests are expensive. More widely 
available, suction measurement using 
the filter paper method (Hamblin 1981; 
Chandler & Gutierrez 1986) can also be 
used, but is also time-consuming.

With the development of high-capacity 
tensiometers, an increasingly common 
approach to SWRC measurement 
incorporates a tensiometer to measure 
matric suction and an electronic balance 
to record changes in moisture content as 
a soil sample is dried or wetted (Teixeira 
& Marinho 2006; Toker et al 2004). This 
process can be carried out either continu-
ously or discretely (where drying or wet-
ting is performed in stages), with either 
approach being significantly faster than 
alternative methods. A study by Lourenço 
(2008) revealed how SWRCs measured by 
tensiometer using continuous drying took 
two days and discrete drying less than 
seven days, whereas a pressure plate test 
on the same material took seven weeks 
to perform. A setup can also be imple-
mented to incorporate sample volume 
measurement for determining the degree 
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of saturation in materials where volume 
changes occur during moisture content 
change (e.g. in clays) by measuring sample 
contraction or expansion using suitable 
displacement transducers.

TESTING OF THE UNIVERSITY OF 
PRETORIA TENSIOMETER
Equipment necessary for the determina-
tion of the SWRC using the above-
mentioned method has been developed 
and tested extensively at the University 
of Pretoria (UP) over the past few years 
and is now routinely used for the charac-
terisation of unsaturated soils in research 
projects. Figure 1 illustrates the SWRC 
setup at UP, comprising a recordable pre-
cision balance, provision to accommodate 
two tensiometers per test, as well as six 
displacement transducers for volume 
measurement. This arrangement was 
based on the setup developed at Durham 
University (Lourenço et al 2007; 2011).

Examples of SWRCs measured on 
South African gold, iron and platinum 
tailings using the above-mentioned equip-
ment are presented in Figure 2. Starting 
from a fully saturated state, samples were 
allowed to dry out at room temperature 
until cavitation of the tensiometers oc-
curred. Due to the relatively high initial 
density of the specimens, volumetric 
changes were negligible and so continuous 
measurement of the sample volume was 
not carried out.

During the drying process, the tensio-
meters showed near-perfect correlation 

in terms of the magnitude of suction 
recorded up until the point of cavitation. 
The similarity in suction measurement is 
evidence of a uniform suction distribution 
in the shallow samples during drying. 
The SWRCs in Figure 2 show curves from 
both tensiometers. The near-perfect cor-
relation demonstrates that the SWRC can 
be reliably recorded using only one sensor.

In more fine-grained materials, large 
suctions, exceeding the capacity of the 
tensiometers, are normally generated 
early during drying so that only a rela-
tively small portion of the SWRC can be 
recorded using the setup described above. 
In such instances an alternative means of 
suction measurement is required. Several 
types of equipment are now available 
through which this can be achieved. One 

option is the use of a dewpoint hygro-
meter that indirectly measures suction 
based on the thermodynamic relationship 
between soil water suction and relative 
humidity. The procedure involves placing 
a small soil sample in a sealed chamber 
within which lies a mirror. The tempera-
ture of the mirror is gradually reduced 
until condensation occurs. At this stage 
the dewpoint and the soil temperature are 
used to determine the relative humidity 
above the soil sample which, at tempera-
ture equilibrium, is a direct measurement 
of water potential (suction) (Decagon 
Devices Inc 2015). The attractiveness of 
this approach is the speed with which 
readings can be taken, e.g. approximately 
15 minutes (as opposed to the one week 
which is required for filter paper tests).

Figure 1  Experimental arrangement for 
measuring soil water retention 
curves at the University of Pretoria
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When testing soils where high 
suctions can be developed, the 
tensiometer and dewpoint methods can 
be combined to measure the SWRC for 
the full moisture content range. For such 
a test, tensiometer readings are recorded 
until tensiometer cavitation occurs. 
After this point, several measurements 
are carried out at lower moisture 
contents using the dewpoint technique. 
Combining these methods allows the full 
SWRC curve to be established in a case 
where the suction developed exceeds the 
capacity of the tensiometers used. An 
example of such an SWRC measured at 
the University of Pretoria is presented in 
Figure 3.

FIELD MEASUREMENT OF SUCTION
Suction measurement as described 
above is important in the laboratory 
for the characterisation of unsaturated 
soils. However, it is equally important 
in the field because of the link between 
suction magnitude and soil strength and 
compressibility. For example, Toll et al 
(2011) stated how pore water pressure is 

the most reliable predictor of slope failure, 
and is hence a very useful parameter to 
monitor and use as a trigger value for 
early-warning systems against slope 
instability. In slopes where suction values 
below the capacity of tensiometers are 
likely to be developed, tensiometers can 
be used for in-situ pore water pressure 

measurement. Having the ability to 
measure pore water pressure in the 
positive range, tensiometers will still 
remain functional in a case where the 
soil becomes fully saturated. Toll et al 
(2011) described the use of tensiometers 
for this purpose on a trial embankment in 
the United Kingdom. Similar field trials 

Figure 4 Fixed‑matrix porous ceramic sensor (after Tripathy et al 2016)
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monitoring pore water suctions in South 
African railway embankments using ten-
siometers are currently being carried out 
by the University of Pretoria, and plans for 
the installation of tensiometers in active 
tailings dams are at an advanced stage.

In many South African soils such as 
expansive clays, the magnitude of matric 
suction can easily amount to several 
megapascals, exceeding the capacity of 
tensiometers. In such a case, an alternative 
means of in-situ suction measurement 
is required. A sensor measuring the 
capacitance of two calibrated ceramic 
discs for which the soil water retention 
properties are known is now available (see 
Figure 4). When inserted into the soil, 
the ceramic discs will absorb an amount 
of moisture dependent on the magnitude 
of the in-situ soil suction. The amount of 
absorbed moisture will affect the charging 
time (dielectric permittivity) of the sensor 
and therefore by measuring its dielectric 
permittivity, pore water suction can be 
inferred. According to the manufacturer’s 
specifications, the sensor has a 
measurement range of 9–100 000 kPa 

with a resolution of 0.1 kPa. Currently, the 
University of Pretoria is researching some 
practical considerations regarding the 
installation of these sensors, with a view 
to carrying out site installations within 
the year. The sensor is also capable of 
recording soil temperature.

CONCLUSION
In his Rankine Lecture (Blight 1997), Prof 
Geoffrey Blight of the University of the 
Witwatersrand at the time, emphasised the 
role of the interaction between soil and the 
atmosphere. This interaction is especially 
significant with regard to the behaviour 
of unsaturated soils. Arguably, one of the 
most important fields in which the impli-
cation of unsaturated soil mechanics needs 
to be understood is the tailings industry. 
The widely publicised recent disasters in 
Brazil have illustrated this graphically and 
will provide the impetus for an improved 
understanding of processes governing 
tailings behaviour. The implementation 
of unsaturated soil mechanics in practice 
has been slow, due to the difficulty in 
measuring the relevant parameters, e.g. soil 

suction. With new affordable techniques 
becoming available as described in this 
article, this is soon to change. 
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Advanced testing facility to improve tailings risk management
Several recent high-profile tailings dam 
failures have highlighted the need for mine 
waste practitioners to urgently improve 
their understanding of tailings liquefaction 
behaviour and critical state soil mechanics. 
Golder is passionate about research into 
these topics, and has therefore made a sig-
nificant local investment towards the estab-
lishment of an advanced testing laboratory 
in Johannesburg. The laboratory will mimic 
many of the capabilities that are provided 
by Golder’s other specialised laboratories, 
which are located elsewhere around the 
world. The Johannesburg laboratory will 
house specialised testing equipment, 
which will be used to undertake a range of 
advanced tailings test work. Golder plans 
to open the laboratory for business in June 
2019. Part of its strategic importance and 
potential for success hinges on collaboration 
with other like-minded consultants, as well 
as with mine owners. It is expected that 
this will facilitate research into tailings 
lique faction behaviour and provide training 
opportunities that will contribute to the 
whole industry.

Golder invites ideas and suggestions 
on how the full potential of this advanced 
testing laboratory may best be used for 
research and training. Furthermore, any 
suggestions with regard to equipment and 
types of tests that might be useful will 
also be welcomed. As a first step, the cur-
rent investment will allow for undertaking 
the following tests:

 N Critical state line triaxial testing – 
to establish the critical state locus 
that will indicate the void ratios for 
different effective stresses at which the 
tailings might exhibit a contractive 
response and possibly liquefy.

 N Permeability testing – rigid wall and 
flexible wall permeability using flow 
pump techniques.

 N Consolidation testing on soft tailings 
(using a slurry consolidometer) – to 
establish compressibility and perme-
ability parameters on whole tailings or 
targeted tailings fractions.

 N Settling column testing – to estimate 
initial settled densities, the rate at 
which fine-grained tailings material 
would start to consolidate under its 
own self-weight, and to provide indica-
tions of tailings segregation.

Golder believes that, with the planned 
new laboratory and with support from 
the local geotechnical community, South 
Africa can continue to be one of the 
leading countries in the world contrib-
uting towards risk management and the 
understanding of tailings behaviour.

INVITATION TO THE GEOTECHNICAL COMMUNITY

Civil Engineering April 2019 73

mechanics. Proceedings, 7th International 
Conference on Unsaturated Soils, 3–6 
August, Hong Kong.

Hamblin, A P 1981. Filter paper method for 
the routine measurement of field water 
potential. Journal of Hydrology, 53: 355–360.

Jacobsz, S W 2018. Low-cost tensiometers for 
geotechnical applications. Proceedings, 
9th International Conference on Physical 
Modelling in Geotechnics, 17–20 July, 
London. Boca Raton, FL: CRC Press, 
305–310.

Jacobsz, S W 2019. TUKS tensiometer 
measures to –1.7 Mega Pascal. Civil 
Engineering, 27(1): 24–26.

Jotisankasa, A 2005. Collapse behaviour of a 
compacted silty clay. PhD Thesis, London: 
Imperial College.

Lourenço, S D N, Gallipoli, D, Toll, D G & Evans, 
F D 2006. Development of a commercial 
tensiometer for triaxial testing of unsaturated 
soils. Proceedings, 4th International 
Conference on Unsaturated Soils, Phoenix, 
AZ. ASCE Geotechnical Special Publication 
No. 14, Vol. 2, 1875–1886.

Lourenço, S D N, Gallipoli, D, Toll, D G, 
Evans, F D & Medero, G M 2007. 
Determination of the soil water retention 
curve with tensiometers. In Schanz, T (Ed.). 
Experimental Unsaturated Soil Mechanics. 
Berlin: Springer, 95–102.

Lourenço, S D N 2008. Suction measurements 
and water retention in unsaturated soils. 
PhD Thesis, Durham University, UK. 
Available at: http://www.etheses.dur.
ac.uk/1331.

Lourenço, S D N, Gallipoli, D, Toll, D G, 
Augarde, C E & Evans, F 2011. A new 
procedure for the determination of the soil 
water retention curves by continuous drying 
using high-suction tensiometers. Canadian 
Geotechnical Journal, 48(2): 327–335.

Lu, N & Likos, W 2004. Unsaturated Soil 
Mechanics. New York: Wiley.

Mendes, J 2011. Assessment of the impact 
of climate change on an instrumented 
embankment: An unsaturated soil 
mechanics approach. PhD Thesis, Durham 
University, UK. Available at: http://www.
etheses.dur.ac.uk/612.

Ridley, A M & Burland, J B 1993. A new 
instrument for the measurement of soil 
moisture suction. Géotechnique, 43(2): 
321–324.

Teixeira, P F & Marinho, F A M 2006. 
Determination of the soil water retention 
curve by means of high-capacity 
tensiometers. Canadian Geotechnical 
Journal, 48(2): 327–335.

Toker, N K, Germaine, J T, Sjoblom, K J & 
Culligan, P J 2004. A new technique 
for rapid measurement of continuous 
soil moisture characteristic curves. 
Géotechnique, 54(3): 179–186.

Toll, D G, Lourenço, S D N, Mendes, J, 
Gallipoli, D, Evans, F D, Augarde, C E et al. 
Soil suction monitoring for landslides and 
slopes. Quarterly Journal of Engineering 
Geology & Hydrogeology, 44: 23–33.

Tripathy, S, Al-Khyat, P, Cleall, P T, Baille, W & 
Schanz, T 2016. Soil suction measurement 
of unsaturated soils with a sensor using 
fixed-matrix porous ceramic discs. Indian 
Geotechnical Journal, 46(3): 252–260. DOI: 
10.1007/s40098-016-0200-z.

For more information contact:

Scott Gover Pr Eng
Group Lead – Mine Waste Africa
Golder Associates Africa (Pty) Ltd
+27 11 254 4893
sgover@golder.co.za

Hennie Barnard Pr Eng
Senior Geotechnical Engineer
Golder Associates Africa (Pty) Ltd
+27 11 254 4834
hbarnard@golder.co.za

http://www.smec.com
http://www.etheses.dur.ac.uk/1331
http://www.etheses.dur.ac.uk/1331


74 April 2019 Civil Engineering

CPTU-BASED ASSESSMENT OF SOIL BEHAVIOUR TYPE
Schneider et al (2008) proposed a useful CPTu-based soil clas-
sification chart (Figure 1) that has enjoyed wide acceptance. The 
description of the chart clearly states all of its underlying assump-
tions, making it possible to adjust the chart where one sees fit.

The analysis of CPTu soundings in tailings dams and ash 
ponds suggests that one small modification is warranted to rede-
fine the boundaries of the “essentially drained” zone (Torres-Cruz 

& Vermeulen 2018). More specifically, the drained zone should 
be defined in terms of the ratio of the cone tip resistance (qc) to 
the excess dynamic pore water pressure (Δu2). This ratio is often 
termed Bq. Besides yielding more satisfactory classifications, the 
use of Bq to recognise drained penetration also has the practical 
advantage of being easier to implement in a spreadsheet. It is 
generally considered that absolute values of Bq smaller than 0.01 
or 0.02 indicate drained penetration.

Furthermore, Robertson (2016) noticed that the boundaries of 
the undrained region of the Schneider et al (2008) chart can also 
be approximated with Bq contours. Therefore, coupling the pro-
posed redefinition of the drained zone (Torres-Cruz & Vermeulen 
2018) with Robertson’s observation leads to a chart whose zones 
are entirely defined by Bq contours and which are therefore easier 
to implement in a spreadsheet.

CONSOLIDATION PROPERTIES OF TAILINGS
The Geoff Blight Geotechnical Laboratory at Wits has recently 
acquired a Rowe-Barden consolidation cell (Figure 2). Dr Torres-
Cruz and Ms Nchabeleng are currently conducting a study on the 
consolidation properties of tailings using the cell. With respect 
to the more common oedometer test, the Rowe-Barden cell offers 
the advantage of greater control over drainage and loading condi-
tions. The experimental programme is still in its early stages and 
it is expected that results will become available in 2020.

UNDERGROUND COAL GASIFICATION
The consumption of energy in the world continues to rise. 
According to the International Energy Agency (2012), global 
energy consumption will increase by over one third by 2035, and 
fossil fuels are still dominating the global energy mix. However, 

Dr Luis Alberto Torres-Cruz
Senior Lecturer: Geotechnical Engineering
University of the Witwatersrand
LuisAlberto.TorresCruz@wits.ac.za

Dr Thushan Ekneligoda
Senior Lecturer: Geotechnical Engineering
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Thushan.Ekneligoda@wits.ac.za

Dr Irvin Luker
Visiting Researcher: Geotechnical Engineering
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Irvin.Luker@wits.ac.za

Mokgadi Nchabeleng
MSc Student: Geotechnical Engineering
University of the Witwatersrand
Nchabeleng.Mokgadi@wits.ac.za

Geotechnical research 
at Wits University
This note presents a brief summary of some of the topics on which 
the geotechnical group of Wits University has been working, and bids 
farewell to a member of our team.

Figure 1  CPTu‑based soil behaviour type chart proposed by 
Schneider et al (2008) with superimposed contours of Bq
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due to climate change and a finite supply of fossil fuels, the use 
of alternatives, such as geothermal energy, wind power and 
solar power, is set to increase (Bai et al 2016). Underground coal 
gasification (UCG) is a promising option for extracting energy 
from coal in unworked or hard-to-access areas of the subsurface. 
From a geotechnical perspective, UCG involves various complex 
phenomena resulting from the elevated temperatures induced 
within the rock surrounding the UCG burn.

The UCG process can be carried out using several techniques. 
The fundamental methodology for UCG involves two wells, one 
serving as the injection well and the other as the production well 
(Figure 3).

Numerical models are necessary to capture the geotech-
nical situation during the in-situ coal-burning process at the 
underground coal gasification sites, especially under different 
geological conditions. The numerical models incorporate the 
variation of temperature in the cavity, which gradually decays 
with energy emission. Research is being carried out to understand 
the temperature-dependent material properties. Several labora-
tory experiments are important to measure the geomechanical 
properties of the relevant rock material at high temperature. The 
numerical models are built using commercially available software 
such as FLAC 2D/3D and COMSOL.

RAPID PILE TESTING
Dr Irvin Luker is continuing his work on the use of the “rapid” 
test for foundation piles. He has added information to improve 
the accuracy of the interpretation of that test and is developing 
equipment to enable it to be done cheaply on site. The overall ob-
jective is to reduce the total cost of piled foundations by reducing 
the cost of load testing, and doing more of it.

FAREWELL TO DR CHARLES MACROBERT
Unfortunately our group will soon lose one of its members, 
Dr Charles MacRobert, who will be relocating to the University of 
Stellenbosch. During his time at Wits, Charles has been a strong 
member of our group and we thank him for his valuable con-
tributions to teaching and research. We are certain that he will 
continue to contribute to our field from his new university. 

REFERENCES
Bai, M, Zhang, Z & Fu, X 2016. A review on well integrity issues for 

CO2 geological storage and enhanced gas recovery. Renewable and 
Sustainable Energy Reviews, 59: 920–926.

Ekneligoda, T C & Marshall, A M 2018. A coupled thermal-mechanical 
numerical model of underground coal gasification (UCG) including 
spontaneous coal combustion and its effects. International Journal of 
Coal Geology, 199: 31–38.

International Energy Agency (IEA) 2012. Energy technology perspectives 
2012: Pathways to a clean energy system. Paris: IEA.

Robertson, P K 2016. Cone penetration test (CPT)-based soil behaviour 
type (SBT) classification system – an update. Canadian Geotechnical 
Journal, 53(12): 1910–1927.

Schneider, J A, Randolph, M F, Mayne, P W & Ramsey, N R 2008. Analysis 
of factors influencing soil classification using normalized piezocone 
tip resistance and pore pressure parameters. Journal of Geotechnical 
and Geoenvironmental Engineering, 134(11): 1569–1586.

Torres-Cruz, L A & Vermeulen, N 2018. CPTu-based soil behaviour type 
of low plasticity silts. In Hicks, M A, Pisano, F & Peuchen, J (Eds). 
Cone Penetration Testing. Proceedings, 4th International Symposium 
on Cone Penetration Testing (CPT’18), 21–22 June, Delft, the 
Netherlands. Boca Raton, FL: CRC Press. Open full text available at: 
https://www.tinyurl.com/ycttp9sn.

Figure 2  MSc candidate, Mokgadi Nchabeleng, working on the 
Rowe‑Barden cell

Figure 3 Typical arrangement of a UCG site (Ekneligoda & Marshall 2018)

Injection well
Ground surface

Production well

Syn gas

Heated rockHot air /O2

Coal layer

Different geological layer

Permeable coal layer

Gas movement

Pyrolysis and drying zoneGasification zone/ collapsed zone

https://www.tinyurl.com/ycttp9sn


76 April 2019 Civil Engineering

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

Although constituting a relatively small 
part of the full investment cost, the foun-
dation of a wind turbine tower is the main 
load-carrying structural element, and 
hence is extremely important for overall 
tower stability. Turbine producers, inves-
tors, shareholders and operators should be 
able to rely on the absolute safety of the 
foundation and on the long-term usage 
of the wind energy plant from the time 
construction begins.

A collapsed wind turbine tower, due to 
foundation failure, is a sorry sight, indeed. 
Photo 1 shows a collapsed tower with a 
large diameter, thick (2.5 m deep) con-
ventional footing foundation, designed on 
the basis of stability under its enormous 
self-weight, with loading distributed over 
a very large footprint diameter (similar to 
how a heavy concrete base acts as a ‘foun-
dation’ for a parasol umbrella). However, 
under high wind gusts a concrete parasol 
umbrella can sometimes ‘rock’ back and 
forth, and in extreme wind cases can fall 
over if not pinned down into the ground 
by some form of bolts.

Piled foundations for wind turbine 
towers may seem like a ‘belt and braces’ 

solution, but many experienced engineers 
and developers prefer to do the maximum 
that they possibly can to ensure (and 
prove) that they have tried their best 
to mitigate potential risks. It should be 
borne in mind that the foundation design 
relies entirely on the competence of the 
near-surface subsoil conditions, which 
are never fully visible to the foundations 
design engineer or contractor who makes 
interpolations.

Unforeseen or overlooked subsoil 
conditions can sometimes end up being 
extremely time-consuming and costly. 
Clients therefore appreciate the approach 
of using piled foundations, which is 
perceived by them as being professional 

rather than conservative, demonstrating a 
clear intention on the part of the designer 
and contractor to minimise risks and 
to avoid potential problems. Prevention 
is certainly better than cure, because, 
should a foundation end up having a 
problem, by that late stage the turbine 
towers are generally already erected and 
remedial works can then be extremely 
costly and complicated (if they are pos-
sible at all).

Once a decision has been taken to 
adopt a piled foundations solution for 
a wind turbine project, often in coastal 
areas where subsoils are more deeply 
weathered, there are many different piling 
systems available on the market for the 

TRM piling system ideal for 
wind turbine foundations

Photo 1  Collapsed wind turbine tower due 
to foundation failure (foundation 
not piled); note significant 
deformation and failure of near‑
surface subsoil (permission for reuse 
granted: wattsupwiththat.com)

Photo 2 Prefabricated TRM pile installation 
for Vestas V90 tower foundations (80 m tall)
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developer and his professional team to 
evaluate and choose from. So why select 
the TRM PILING system?

With the TRM PILING system the 
overall construction sequence remains 
the same as for the construction of 
conventional 2–3 m deep reinforced con-
crete footing/base foundations. The EPC 
contractor therefore first excavates down 
to the foundation base designed blinding 
level before TRM PILING commences 
work on site. This excavation work can 
be completed simultaneously with the 
2–3 week period generally required for 
TRM PILING to mobilise and establish 
resources and materials onto site, there-
fore the sub-structure excavation activity 
is taken entirely off the programme 
critical path. The compact TRM PILING 
rig then descends via a simple ramp 
into the excavation and installs the full-
displacement piles without creating any 
pile spoil and without making any mess 
(see Photo 2).

Furthermore, the TRM PILING 
system is inclusive of all pile head 
trimming works, because every pile is cut 
at the final designed cut-off level, gener-
ally approximately 20 cm above blinding 
level. Therefore, after TRM pile installa-
tion has been completed, there is no pile 
spoil for the EPC contractor to remove, 
no piling mess for him to clean up, and 
no pile head trimming works for him to 
perform – see Photos 3 and 4.

The EPC contractor can therefore 
immediately start placing his steel rein-
forcement (often mostly prefabricated 
cages which are fixed prior to or during 
the TRM pile installation period) and 
pouring his concrete. The high quality 
control and self-checking nature of 
the driven prefabricated TRM PILING 

system during installation eliminates 
any need for integrity testing, therefore 
these substructure activities proceed 
immediately after completion of TRM 
pile installation.

The above advantages are not achiev-
able using other piling systems, which 
require much larger and heavier piling 
equipment that has to work from the 
natural ground level, generally 2–3 m 
above blinding level. With cast-in-place 
piles the EPC contractor is left with a 
lot of work to do after piling has been 
completed (trimming down the over-
poured concrete pile heads, excavation of 
substructure down to blinding level, pile 
spoil removal, site clean-up, pile quality/
integrity testing) all of which is expensive 
and time-consuming.

The extremely fast speed of overall 
project execution is therefore one of the 
main advantages of the TRM PILING 
system. Based on Vestas V90 design 
loadings, the piling for two to three 
wind turbine foundation bases can be 
completed per week using only one TRM 
PILING rig.

From a geotechnical viewpoint, un-
stable subsoils and high groundwater can 
be extremely challenging and can often 
result in significantly slower production 
rates and increased piling costs for most 
other piling systems. However the TRM 
PILING system is totally unaffected by 
the presence of unstable subsoil condi-
tions or by a high groundwater table, 
even if encountered unexpectedly. This is 
certainly a point worthy of consideration 
in terms of project risk reduction.

South Africa has a wide assortment 
of geotechnical conditions, many of 
which can be rather challenging, but 
TRM PILING is equipped to deal with 

these challenges. The company has 
already installed thousands of TRM piles 
around South Africa and throughout 
sub-Saharan Africa. These include 975# 
TRM friction (grouted) piles recently 
completed along the coast near Cape 
Town where challenging saturated 
unstable dune sands (ground water 
table virtually at surface), with hard 
Calcrete lenses interbedded to depths 
up to almost 20 m, were encountered. 
Calcrete/sand subsoil formations with 
high groundwater exist along great 
lengths of the South African coastline. 
The TRM PILING system has on 
numerous occasions demonstrated its 
ability to deal successfully with these 
challenging geotechnical conditions.

Additionally, given sufficient time 
(i.e. if we are appointed with early 
involvement in the design process), a 
shallower and smaller footprint can be 
designed for the substructure pile cap 
base. The time and cost savings in terms 
of reduced excavation and reinforced 
concrete costs can be significant. This 
value engineering approach gives clients 
peace of mind, especially also as all TRM 
PILING projects are backed by a product 
insurance with a liability limit of €10 
million guaranteeing that the TRM piles 
are designed and will remain in service 
for the entire specified design life of the 
structure (which in cases can be up to 
100 years).

info

Rob Marsden Pr Eng
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TRM PILING (Pty) Ltd
+27 74 310 1111
info@trmpiling.com

Photo 3 TRM piles already 
trimmed to final cut‑off level

 Photo 4 Steel reinforcement 
progressing immediately thereafter
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From the day in 1989 when Dave 
Rossiter bought out his two partners in 
Ground Mechanics and changed the 
company’s name to Geomechanics, 
he has manoeuvred the company for 
growth. Geomechanics’ first job entailed 
geotechnical investigations for the N2 at 
the Amatikulu Bridge. This one project 
became two, then three and so on until 
Dave and his only permanent employee 
at the time, Barry Kruger, had done the 
geotechnical investigations for the whole 
length of the N2 from Amatikulu to 
Richards Bay. As the job progressed it 
required doubling of the workforce and 
the number of drilling rigs.

In the next 30 years of steady growth, 
Dave has never lost sight of the fact that his 
company originally grew because he was 
able to deliver quality service, on time. The 
resultant trust from his clients is the basis 
for the company’s success and longevity. 
Thirty years down the line, the company 
has branches in Johannesburg, Durban, 
East London, Cape Town and Uganda, and 
plans to open further branches as far afield 
as the United Arab Emirates.

As core clients required more varied 
services, Geomechanics diversified 
to deliver those services and now the 
company operates as many as 50 drill rigs 
throughout southern Africa, and offers 
rotary core drilling, percussion drilling, 
mud rotary drilling, reverse circulation 
drilling, sonic drilling, CPTu testing, 
Menhard pressure meter testing and a host 
of other related tests and services. When 
geotechnical projects became harder to 
find in the 2000s, Geomechanics expanded 
its portfolio of services to include explora-
tion drilling and also expanded beyond the 
borders of South Africa with projects in 
Namibia, Tanzania, Angola, Madagascar, 
and more recently Sweden. In 2013, the 
company added soil and rock movement 
monitoring and measurement services 
with the acquisition of Terra Monitoring.

The company’s head office, main 
workshops and stores are located at a 

facility of over 5 000 m2 near Lanseria 
International Airport in Gauteng. Half 
of this space is dedicated to manufacture 
and maintenance of machinery.

Over the years Geomechanics has 
developed vast experience working in the 
African environment. As geotechnical or 
exploration contractors they are often the 
first contractors to arrive at a new site where 
there is nothing but bush for kilo metres 
in all directions. They pride themselves in 
their logistical skills when operating in such 
remote locations, whether it be a helicopter 
site where rigs must be airlifted into position 
or on water with a jack-up barge.

Their camps use state-of-the-art equip-
ment, such as thermally insulated cabins 
and large gensets, and meet health and 
safety standards with running water and 
facilities for medical emergencies. Staff are 
experienced in many aspects of operating 
in remote locations, such as building access 
roads and small bridges in order to access 
borehole positions, doing helicopter slinging 
operations to move drill rigs in mountainous 
areas and building drilling platforms on 
precarious slopes and cliff sides.

In these remote locations company 
personnel often have to deal with flooding 
rivers, wild animals and poisonous 

snakes. Health and safety are paramount, 
however, and the company has developed 
a mature health and safety component 
which ensures the safety of personnel and 
equipment at all times.

The remote locations have also neces-
sitated the use of some serious equipment 
over the years, hence the company owns a 
fleet of 33 trucks, 55 light vehicles and one 
barge to move its people and drilling equip-
ment around the continent. In addition the 
Geomechanics crews are experienced in 
working with helicopters.

When asked what he thinks his biggest 
achievement is over the 30-year history 
of Geomechanics, Dave says, “It has to 
be the good reputation we have with our 
customers. We have worked very hard to 
establish and maintain this reputation. It 
was the foundation for our growth from 
a one-man and one-machine start-up to 
the multi-million rand organisation we 
have today.”
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Geomechanics: 30 years of 
drilling experience in Africa

Dave Rossiter 30 years ago, busy at the Amatikulu Bridge, with colleague Barry Kruger to the 
right, holding Dave’s toddler son, Brett (who also now works for Geomechanics) 
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Terra Strata Construction began oper-
ating from founder Shaun Nell’s dining 
room table at the beginning of 2011, effec-
tively launching the new company into an 
economic climate that was not deemed to 
be conducive to growth. Eight years later, 
in a competitive geotechnical and marine 
construction field, Terra Strata has pro-
gressed to achieve Construction Industry 
Development Board gradings of 8CE, 8SC 
and 7SJ for its various disciplines.

It has, since April 2011, operated out of 
premises in Modderfontein. The company, 
whose employees are technically strong 
and experienced, owns a fleet of specialist 
equipment and plant, and its highest annual 
turnover to date has been R260 million.

A significant portion of Terra Strata’s 
work is design and construct, and it 
prioritises the impact of existing services, 
neighbouring structures and access 
requirements, etc, when tendering to 
minimise disruptions to the construction 
programme. The company’s tender phi-
losophy is not to submit a tender unless it 
is confident that the correct resources – 
that will enable it to complete and deliver 
high standards of workmanship in line 
with its clients’ requirements – will be 
available at the right time.

“As an organisation we have consist-
ently aimed to complete on, or ahead 
of, time and plan accordingly,” says 
managing director Shaun Nell. Some 
examples of the company’s significant 
projects that have been completed ahead 
of time include a marine infrastructure 
project at the Port of East London four 
months ahead of time, the completion of a 
22.5 m deep basement at 92 Rivonia three 
weeks ahead of time, and the completion 
of lateral support (470 000 m3) for Sun 
International’s Times Square Basement 
two weeks ahead of time.

In addition to its no-nonsense ap-
proach, Nell believes that the company 
has built its reputation on its ability to 
convert problems quickly into solutions 

and that it will approach clients with op-
tions before the timeline is affected.

A number of Terra Strata’s milestone 
projects, which are testament to the com-
pany’s commitment to quality and cus-
tomer satisfaction, are highlighted here.

PORT OF EAST LONDON
Terra Strata tendered for TRANSNET’s 
Port of East London by putting forward 
a land-based solution for this marine 
infrastructure project. “We price on 
what we think is the best solution for the 
site,” says Nell, “and we identified that we 
could undertake the full project scope 
from land, thereby saving the client the 
cost and complications of bringing in a 
barge.” TRANSNET’s contract included 
the removal of an existing 101 m long 
capping beam, excavating to a lower 
platform, as well as the installation of new 
infrastructure, including installing micro 
piles, tubular piles, sheet piles and ancillary 
works. This was Terra Strata’s first marine 
infrastructure project; it commenced in 
June 2015 and was completed four months 
ahead of programme in January 2018.

UNDERPINNING FOR THE 
REDEVELOPMENT OF EASTGATE 
SHOPPING MALL
The additional loading that would be im-
posed by the construction of new cinemas 
on top of the existing structure at the 
Eastgate Shopping Mall in Johannesburg 
meant that the existing piled foundations 
needed to be strengthened by underpin-
ning. The project included the excavation 
of two 8 m deep pits in order to access the 
area beneath the mall, where the underpin-
ning works were to be undertaken. A total 
of 27 000 m3 of material was excavated by 
means of a remote-controlled skid-steer in 
an area with limited headroom (between 
1.4 m and 1.8 m high). This method was 
proposed by Terra Strata at the tender 
stage, and completed using its own equip-
ment which had been adapted in-house.

When the poor conditions at depth 
became apparent, the original plan to drill 
piles was replaced with the installation of 
74 precast 300 kN piles using a hydraulic 
jacking system. The hydraulic jacking 
system was electronically controlled to 
record and ensure that uneven forces were 

Terra Strata celebrates eight years 
in business with a CIDB Grade Eight

Terra Strata’s marine project in East London 
included the installation of a sheet‑pile wall



not imposed on the existing foundations, 
which were used to support the jacking.

TIME SQUARE
Terra Strata completed the lateral support 
to Phases 1 and 2 for Sun International’s 

Time Square in Menlyn. This has been 
the largest basement contract the com-
pany has been involved in to date, with 
a contract value of R150 million. The 
scope of work included 471 101 m3 of bulk 
excavations, the drilling and installation 

of 38 555 m of soil nails, and the spraying 
of a 200 mm thick, 9 600 m2 permanent 
gunite wall. Terra Strata was able to give 
access to the main contractor on Phase 
1 one month early, and also completed 
Phase 2 a few weeks ahead of schedule.

92 RIVONIA ROAD
The 22.5 m deep basement at 92 Rivonia 
Road, where Terra Strata installed the 
lateral support and piling to the base-
ment, is, to date, the deepest basement 
project undertaken by the contractor. The 
original design had to be adapted at ap-
proximately 12 m deep when the ground 
conditions differed from the anticipated 
tendered conditions. The project was 
delivered three weeks ahead of time.

PILING AT MENLYN MALL 
RECONFIGURATION
Terra Strata was contracted to install 
1 250 auger piles for the Menlyn Mall 
reconfiguration project. Piles varied from 
600 to 1 200 mm in diameter. The project 
was completed within programme and 
budget, even though access was shared 
with the main contractor.

KATHERINE STREET – BUS 
RAPID TRANSIT BRIDGE
Terra Strata installed the piling for the 
Katherine Street Bus Rapid Transit bridge 
where it crosses the M1 Highway. Pile 
testing successfully conducted on this 
project included a 16 000 kN load test, 
which is approximately the weight of three 
loaded Airbus A380s. “To our knowledge, 
this is the biggest pile test conducted in 
South Africa to date,” Nell says.

Limited headroom for underpinning at Eastgate Shopping Mall

Lateral support project 
at Time Square in Menlyn
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Lateral support project at 92 
Rivonia Road in Sandton

http://www.theconcreteinstitute.org.za
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IN CONCLUSION
During a recession it is difficult to remain 
a preferred contractor or to stand out from 
the competing contractors when everyone is 
doing their best to win tenders or negotiate 
contracts by offering lower prices. “One 
can be more aggressive when tendering and 

take more risks to be more competitive, but 
one cannot change one’s basics,” says Nell. 
“Although current times are trying, we’ve 
remained positive and resolved at Terra 
Strata, and apply our common sense. It is 
much easier to contribute to the industry 
and the country if you are positive.”
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Bus Rapid Transport bridge at Katherine 
Street, Sandton – 16 000 kN pile load test

Piling at the Menlyn Mall 
reconfiguration project
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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

11 July 2019 Midrand SAICEcon18/02268/21 
Credits: 1
SACPCMP/CPD/18/009 
5 Hours

Hubert Thompson dawn@saice.org.za
24 July 2019 Cape Town

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

10 June 2019 Port Elizabeth SAICEcon18/02270/21 
Credits: 1
SACPCMP/CPD/18/030 
6 Hours

Benti Czanik cheryl-lee@saice.org.za22 July 2019 Durban

2 September 2019 Midrand

General Conditions of Subcontract 
for Construction Works – First Edition 
(2018) GCSC 2018

16 August 2019 Port Elizabeth

SAICEcon18/02254/21 
Credits: 1
SACPCMP/CPD/18/032 
6 Hours

Benti Czanik dawn@saice.org.za

 SAICE Suite of General Conditions of 
Contract: GCC 2015, SGCC 2018 and 
GCCSF 2018

13–14 May 2019 Port Elizabeth

SAICEcon19/02451/22 
Credits: 2 Benti Czanik dawn@saice.org.za

23–24 May 2019 East London

13–14 June 2019 Nelspruit

15–16 July 2019 Polokwane

5–6 August 2019 Pretoria

27–28 August 2019 Upington

12–13 September 2019 Midrand

Introduction to the SAICE General 
Conditions of Contract for 
Construction Works Third Edition 
(2015)

6 May 2019 Upington

SAICEcon19/02450/22 
Credits: 1 Benti Czanik cheryl-lee@saice.org.za

10 May 2019 Midrand

16 May 2019 Polokwane

27 May 2019 Nelspruit

18 July 2019 Port Elizabeth

29 July 2019 Bloemfontein

8 August 2019 Durban

Project Management of Construction 
Projects

26–27 June 2019 Durban
SAICEcon18/02375/21
Credits: 2 Neville Gurry cheryl-lee@saice.org.za9–10 July 2019 Midrand

6–7 August 2019 Cape Town

Structural Steel Design to 
SANS 10162-1-2005

21 May 2019 Midrand

SAICEstr18/02396/21
Credits: 1 Greg Parrott cheryl-lee@saice.org.za

18 June 2019 Cape Town

10 September 2019 Bloemfontein

22 October 2019 Midrand

Reinforced Concrete Design to 
SANS 10100-1-2000

22 May 2019 Midrand

SAICEstr18/02395/21
Credits: 1 Greg Parrott cheryl-lee@saice.org.za

19 June 2019 Cape Town

11 September 2019 Bloemfontein

23 October 2019 Midrand

Practical Geometric Design 11–15 November 2019 Midrand SAICEtr16/01954/19
Credits: 5 Tom Mckune dawn@saice.org.za

Leadership and Management 
Principles and Practice in 
Engineering

20–21 November 2019 Midrand SAICEbus18/02428/21
Credits: 2 David Ramsay dawn@saice.org.za

Leadership and Project Management 
in Engineering

15–16 May 2019 Midrand
SAICEbus16/01950/19
Credits: 2 David Ramsay dawn@saice.org.za14–15 August 2019 Cape Town

4–5 September 2019 Durban

Water Law of South Africa
30–31 July 2019 Midrand SAICEwat16/01955/19

Credits: 2 Hubert Thompson dawn@saice.org.za
3–4 September 2019 Cape Town

The Legal Process dealing with 
Construction Disputes

11–12 June 2019 Cape Town

SAICEcon16/01956/19
Credits: 2
SACPCMP/CPD/15/010/RV
12 Hours

Hubert Thompson dawn@saice.org.za

6–7 June 2019 Polokwane

16–17 July 2019 Bloemfontein

10–11 September 2019 Midrand

8–9 October 2019 Cape Town 
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number Course Presenter Contact

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

24–26 June 2019 Durban SAICEcon19/02447/22
Credits: 3 Prof Zvi Borowitsh dawn@saice.org.za

11–13 September 2019 Midrand

Legal Liability Occupational Health 
and Safety Act (OHSA)

20 May 2019 East London

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

24 June 2019 Midrand

29 July 2019 Port Elizabeth

19 August 2019 Polokwane

16 September 2019 Bloemfontein

10 October 2019 George

Construction Regulations from a 
Legal Perspective

21–22 May 2019 East London

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

25–26 June 2019 Midrand

30–31 July 2019 Port Elizabeth

20–21 August 2019 Polokwane

17–18 September 2019 Bloemfontein

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

Legal Liability Mine Health and 
Safety Act (MHSA): Act 29 of 1996

23–24 May 2019 East London

SAICEcon18/02359/21
Credits: 2

Cecil Townsend 
Naude dawn@saice.org.za

27–28 June 2019 Midrand

1–2 August 2019 Port Elizabeth

22–23 August 2019 Polokwane

19–20 September 2019 Bloemfontein

Report Writing for Individuals and 
Teams

7–8 May 2019 Cape Town

SAICEbus19/02456/22
Credits: 2

Elaine Matchett dawn@saice.org.za

21–22 May 2019 Midrand

4–5 June 2019 Durban

1–2 July 2019 Bloemfontein

5–6 August 2019 East London

2–3 September 2019 Port Elizabeth

7–8 October 2019 Polokwane

Presenting Skills for Technical Types

9–10 May 2019 Cape Town

SAICEbus19/02457/22
Credits: 2

Elaine Matchett cheryl-lee@saice.org

23–24 May 2019 Midrand

6–7 June 2019 Durban

3–4 July 2019 Bloemfontein

7–8 August 2019 East London

4–5 September 2019 Port Elizabeth

9–10 October 2019 Polokwane

SAiCe / Computational hydraulics int (Chi) 
Surface Water and Integrated 1D-2D 
Modelling with EPA SWMM5 and 
PCSWMM – 1 Day

17 September 2019 Cape Town SAICEwat17/02197/20 
Credits: 1

Chris Brooker 
Onno Fortuin 
Robert Fortuin

Meghan Korman
meghan@chiwater.com15 October 2019 Johannesburg

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

17–18 September 2019 Cape Town SAICEwat17/02198/20 
Credits: 2

Chris Brooker 
Onno Fortuin 
Robert Fortuin

Meghan Korman
meghan@chiwater.com15–16 October 2019 Johannesburg

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

17–19 September 2019 Cape Town SAICEwat17/02199/20 
Credits: 3

Chris Brooker 
Onno Fortuin 
Robert Fortuin

Meghan Korman
meghan@chiwater.com15–17 October 2019 Johannesburg
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Course name Course Dates Location CPD Accreditation 
number Course Presenter Contact

Asphalt: An Overview of Best Practice 14–15 May 2019 Cape Town SAICEtr19/02471/22
Credits: 2 J Onraet sybul@sarf.org.za  

tshidi@sarf.org.za

Concrete Road Design & 
Construction

17 July 2019 Cape Town

SAICEtr19/02472/22
Credits: 1

B Perrie                         
Dr P Strauss

sybul@sarf.org.za  
tshidi@sarf.org.za21 August 2019 Durban

17 September 2019 Midrand

SAiCe / Candidate Academy

Road to Registration for Candidates

14 May 2019 Midrand

CESA-861-05/2019
Credits: 1

Allyson Lawless

lizelle@ally.co.za
dawn@saice.org.za

29 August 2019 Bloemfontein Stewart Gibson

12 September 2019 Durban Allyson Lawless

19 September 2019 Midrand Stewart Gibson

Road to Registration for Mature 
Candidates

4 June 2019 Durban

CESA-948-11/2019
Credits: 1

Peter Coetzee

lizelle@ally.co.za
dawn@saice.org.za

20 August 2019 Midrand Stewart Gibson

12 November 2019 Durban Peter Coetzee

26 November 2019 Midrand Peter Coetzee

Road to Registration for Mentors, 
Supervisors and HR Practitioners

21 May 2019 Midrand CESA-862-05/2019
Credits: 1 Allyson Lawless lizelle@ally.co.za

dawn@saice.org.za3 September 2019 Cape Town

Basic Contract Administration and 
Quality Control * 27–28 May 2019 Midrand CESA-864-05/2019

Credits: 2 Theuns Eloff lizelle@ally.co.za
dawn@saice.org.za

Getting Acquainted with GCC2015 
5–6 June 2019 Polokwane CESA-873-05/2019

Credits: 2 Theuns Eloff lizelle@ally.co.za
dawn@saice.org.za14–15 October 2019 Durban

Getting Acquainted with 
Geosynthetics in Soil Reinforcement*

15–16 July 2019 Durban SAICEgeo18/02216/21
Credits: 2 Edoardo Zannoni lizelle@ally.co.za

dawn@saice.org.za3–4 October 2019 Cape Town

Getting Acquainted with Road 
Construction and Maintenance*

16–17 May 2019 Midrand CESA-870-05/2019
Credits: 2 Theuns Eloff lizelle@ally.co.za

dawn@saice.org.za15–16 August 2019 Bloemfontein

Getting Acquainted with Sewer 
Design

9–10 July 2019 Midrand

CESA-871-05/2019
Credits: 2 Peter Coetzee lizelle@ally.co.za

dawn@saice.org.za8–9 October 2019 Durban

19–20 November 2019 Cape Town

Getting Acquainted with Water 
Resource Management

6–7 May 2019 Durban

SAICEwat18/02328/21
Credits: 2 Stephen Mallory lizelle@ally.co.za

dawn@saice.org.za11–12 June 2019 Cape Town

22–23 August 2019 Midrand

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

13–14 June 2019 Durban

CESA-872-05/2019
Credits: 2 DuP van Renen lizelle@ally.co.za

dawn@saice.org.za9–10 September 2019 Bloemfontein

24–25 October 2019 Cape Town

* These courses are now two-day courses (previously three days)

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 SAICE‑hosted 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 / South African road Federation (SArF)

Scan the QR code alongside to access previous editions of Civil Engineering.

http://saice.org.za/civil-engineering-magazine/
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