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My piece, You can but you may not, 

which featured in SAICE’s July 2012 edi-

tion of Civil Engineering, may have been 

construed as bringing the Engineering 

Council of South Africa into disrepute.

Th e intention of the article, however, 

was to highlight shortcomings in the 

engineering and allied disciplines for the 

apparent disregard some client bodies and 

certain practitioners display in respect 

of legislated requirements and the value 

of professional registration. Th e article 

was prompted by comments from SAICE 

members; the desired outcome of stimu-

lating discussion around the issues was 

indeed achieved.

Th e article gave illustration to the 

fact that there is little preventing non-

registered persons from doing engi-

neering work for which they may not be 

competent, and which could place the 

public in harm’s way – this can be miti-

gated through compulsory registration 

as proposed by ECSA, but which is yet 

to be promulgated. Th is matter is indeed 

worthy of attention.

After the article had been published, 

and in dealing with the responses it 

generated, I realised that, in writing the 

article and making an example in the fi rst 

person, it may have been perceived that 

I was questioning the status and value 

of the code of conduct and one of its 

principle clauses, namely that registered 

persons may not undertake work outside 

of their area of expertise.

Th ese are real issues, and ECSA is 

contending with them. For my part, let 

me be clear – it is vital that engineers 

practising in South Africa, who claim 

to be professional and pursue ethical 

standards, pledge to strictly adhere to the 

code of conduct, in alignment with the 

Engineering Professions Act (2000), and 

to uphold the tenets associated with these 

documents in the spirit of ethical engi-

neering practice. Th is includes not prac-

tising outside one’s fi eld of engineering 

education, experience or training.

On a separate matter now; I recently 

had a taste of the reality of globalisa-

tion. Th e executive (a South African) 

of a leading international employer of 

engineers told me that he is unlikely to 

employ South African civil engineering 

graduates. He said they are of poor quality 

– ineffi  cient, ineff ective, unresponsive, 

and therefore unemployable – and that 

they do not demonstrate the same crea-

tivity and technical astuteness of their 

predecessors. He would rather employ a 

Chinese, Vietnamese or Indian engineer 

over a South African graduate engineer.

SAICE has a role to play in enhancing 

the stature of the South African engineer. 

Although we as an institution – vol-

unteers and staff  – extend ourselves in 

serving SAICE by continually working at 

raising the profi le of engineers through 

lobbying government and the media, 

thereby directly infl uencing and sup-

porting the greater establishment of 

infrastructure engineering, we have com-

mitted SAICE to be doing even more, and 

to also communicate our achievements 

and progress more eff ectively to our 

members. 

Th e one attribute of SAICE that 

should feature most prominently is our 

role in the learned society and technical 

leadership space – our technical journal; 

the development of standards and guide-

lines; leading-edge lectures, courses, 

literature, debates, discussions and con-

necting the dots for engineering stake-

holders. We have in SAICE’s history been 

making appreciable strides in this arena, 

but our current environment summons us 

to be making giant leaps. I fear that poor 

performance in this arena threatens our 

relevance and subsequently our existence.

SAICE, after all, is about raising the 

bar and building up our profession to 

reach and exceed expectations. I invite 

SAICE civil engineers who share my con-

cern, to make yourselves available to assist 

your institution with achieving this goal.

Just by the way, if you interpreted 

my reference to SAICE as that nebulous 

“them”, you are mistaken. I do actually 

mean you, whose eyes are focused on 

these words. 
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Working under challenging wave conditions 

near the coastal town of Ada Foah, 

Frankipile Ghana, a division of Esorfranki 

Geotechnical, is on schedule with its biggest 

project in Ghana to date. The project 

involves the design and implementation 

of temporary works required for the 

construction of off shore rock groynes 

for the Ada Coastal Protection Works.  
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IBR Fire sets the standard
in firefighting equipment
IBR Fire is proud to have become a leader in the fire industry by consistently 
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Both the electrical and diesel-
driven pumps deliver 6 300l/min.
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IN 2010 STANFORD UNIVERSITY, one 

of the twenty most prestigious universi-

ties in the world, established a Heroes 

Programme to recognise the ground-

breaking achievements of engineers, and 

the profound eff ect engineering has on 

people's everyday lives. 

Jim Plummer, the dean of the School 

of Engineering, said that these engineers 

had made an indelible mark on society, 

and their innovation, entrepreneurship 

and leadership had provided a tremendous 

benefi t to the world. Generally the people 

receiving these awards do not seek public 

recognition; their satisfaction comes from 

pioneering research and development 

in fi elds as diverse as earthquake engi-

neering and artifi cial intelligence.

South Africa also needs these heroes. We 

often underestimate the contribution that we 

can make to transformation and growth. Th e 

hour of realisation – that the greatest pool 

of knowledge and application in maths and 

science lies with the engineering practitioner 

– is still to come. Although current initia-

tives are already making a signifi cant impact, 

more can be done.

In the media briefi ng on the National 

Development Plan by Ministers Trevor 

Manuel and Collins Chabane on 

19 February 2013, it was made clear 

that government will engage with all 

sectors to, fi rstly, understand how they 

are contributing to the implementation 

of the Plan, and secondly, to identify any 

obstacles preventing them from fulfi lling 

their role eff ectively. In particular it was 

noted that, “Technological innovation 

opens the opportunity for substantial 

employment creation.” 

Th is opportunity to align the National 

Development Plan with Civilution 2030 

must not be missed. In particular we need 

to highlight the value that engineers and 

their built environment colleagues bring 

to advance the wealth and well-being 

of the citizens of Africa. Issues such as 

breakthroughs in the maximising of our 

limited resources, making better use of 

every aspect of infrastructure – from 

transport to water supply and sanitation 

– and our understanding and mitigation 

of the eff ects of climate change (pivotal in 

a water-stressed continent) will strike a 

welcome chord with government. 

Th e ‘revolutionary’ theme of the 

Civilution initiative – Engineers in 

Revolution – is entirely appropriate. If 

we are to make a diff erence in this world, 

we must learn to step outside our com-

fort zone. We must engage with Trevor 

Manuel and Collins Chabane – debate the 

issues, off er contributions, and most of 

all, off er support. To quote Stan Bridgens, 

Director of the SA Institute of Electrical 

Engineers, in the previous issue of Civil 

Engineering [March 2013, pp 5–6], be-

cause we cannot say this too often, “Th is 

is the engineers’ fi nest hour, and now, more 

than ever, is the time to get together, to 

work together on a structured approach to 

produce position papers, strategic plans, 

and most importantly, leaders to take this 

to government…”

South Africa, like Stanford University, 

needs heroes. We need heroes who will 

inspire our children to study hard, to 

work hard and to seize back the high 

ground that engineers used to occupy. 

Th is is a revolution for all our futures. 

C I V I L U T I O N

Brian Downie  

Principal

Royal HaskoningDHV

brian.downie@rhdhv.com 

Seizing back the
high ground

Civilution Congress 2014
New dates: 6 – 8 April 
Johannesburg
Watch this space for more details!

Dates to Diarise!
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IN ITS BIGGEST PROJECT in Ghana 

to date, Frankipile Ghana, a division of 

Esorfranki Geotechnical, is on schedule 

for the June 2013 completion of the de-

sign and implementation of temporary 

works required for the construction of 

the off shore rock groynes for the Ada 

Coastal Protection Works. Th e temporary 

works for the entire project will involve 

approximately 2.5 linear km of jetties and 

1.5 linear km of sheet piles.

Th e Ada Coastal Protection Works 

was implemented by Ghana’s Ministry 

of Water Resources, Works and Housing 

as an urgent measure to reduce coastal 

erosion along the coastline of Ada Foah, 

approximately 100 km east of the capital, 

Accra. Ada is situated near the Volta 

River estuary and is bordered in the east 

by the Volta River and in the south by 

the Atlantic Ocean. Th e work involves 

the construction of seven rock groynes, 

with lengths ranging from 100 to 200 m, 

perpendicular to the shoreline over a dis-

tance of approximately 4.7 km west from 

the Volta river mouth. 

Th e project was initiated to coun-

teract the loss of property and the high 

inundation risks posed by the erosion 

of the beach. Changes in the ecological 

system, as a direct result of the coastal 

erosion, have also impacted the eff ective-

ness of fi shing, and tourist and other 

economic enterprises. Before the con-

struction of the Akosombo Dam in 1963, 

the Volta River transported one million 

cubic metres of sediment per year to the 

coast, resulting in a dynamic river delta. 

After the dam had been constructed, 

however, the coastline eroded for more 

than 150 metres and the river mouth 

tended to close. Th e project, therefore, 

aims to provide this coastal area with ap-

propriate protection, and to stop or slow 

down the closure of the river mouth.

Th e design and supervision of 

the project is being undertaken by 

International Marine & Dredging 

Consultants (IMDC), with Dredging 

International (DI) acting as the main con-

tractor for the execution of the works. 

In its role as specialist sub-contractor, 

Frankipile Ghana began the temporary 

works in June 2012. For the construction 

of each groyne, the Frankipile team built 

one main jetty for the placement of the 

rock material – ranging in mass from 

300 kg to 10 000 kg – for the full length 

of the groyne. A sheet pile coff erdam was 

O N  T H E  C O V E R

Installation of tube piles on support jetty for the construction 
of offshore rock groynes at Ada Foah in Ghana

Frankipile Ghana on track with 
Ada coastal protection works
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also required for the controlled placement 

of material near and on shore, and this 

has been accomplished by utilising two 

support jetties. 

DESIGN
Th e temporary structure was designed for 

annual wave conditions with seabed levels 

shallower than -1.5 mLAT for the coff er-

dams and support jetties, and -4.5 mLAT 

for the main jetties. Th e ground profi le 

below sea level is typical of marine or 

estuarine deposition, with sands generally 

inter-bedded with layers of silts and clays 

of varying thickness and consistency. 

“Th e jetties were designed to accom-

modate vertical and lateral forces from 

the 100 tonne CAT C385 excavator used 

by DI for placement of armour rocks up to 

four tonnes, as well as dynamic forces from 

breaking waves,” says Dr Nicol Chang, 

senior design engineer at Esorfranki’s 

ISO 9001 accredited in-house design de-

partment. “In addition, combined wave and 

excavator loading was used to establish 

safe operational conditions for the cranes 

and excavators on the jetties. Owing to the 

rapidly changing conditions of the seabed, 

standard solutions were established and 

implemented for the conditions that were 

actually being encountered at the time of 

the construction of the temporary works 

for each groyne.”

“Our fi nal design, developed in 

conjunction with main contractor DI, 

also makes allowance for scour around 

the sheet pile coff erdam, as well as the 

tube piles. In this regard, actual scour 

conditions are monitored on a daily basis. 

Consideration is also given to the corro-

sion of the tube piles, which is critical to 

their bending resistance. Corrosion rates 

are also monitored after each use of the 

tube piles.”

WORKS
All the equipment needed to ex-

ecute this project was sourced from 

Esorfranki Geotechnical’s extensive in-

house plant base.

Th e main and support jetties are sup-

ported on steel tube piles vibrated into the 

seabed with a hydraulic vibratory hammer 

hanging from NCK C75 or Liebherr 

HS845 cranes. Sheet piles for the cof-

ferdam are installed in a similar manner, 

with the cranes working off  the two sup-

port jetties. Two purpose-built 40 tonne 

bogies are used to supply materials along 

the jetties. 

Th e proposed 12-month works pro-

gramme commenced during the season of 

the highest waves, which frequently gener-

ated splashes reaching heights of 20 metres. 

Th is made working conditions extremely 

diffi  cult, particularly since the impact of 

these wave splashes often damaged the 

wooden decks between the main beams of 

the jetties, causing delays during the con-

struction of jetties at the fi rst groynes.

Frankipile works director, Garry 

Boyd, says that during construction the 

sequence of work was revised to allow the 

team to work on two groynes simultane-

ously, with the materials on the returning 

groyne used on the advancing groyne. 

Th is signifi cantly reduced equipment 

standing time while material placement 

was taking place on the returning groyne.

FULL GEOTECHNICAL SOLUTIONS
“Th e success of a project of this magni-

tude and complexity requires constant 

adaptation to the ever-changing condi-

tions,” comments Boyd. “With more than 

66 years of experience in geotechnical 

and marine work, complemented by 

in-house design capabilities, Esorfranki 

Geotechnical is well equipped to provide 

full geotechnical solutions in sub-Saharan 

Africa and the Indian Ocean Islands.”

Frankipile Ghana was awarded its 

fi rst contract in Ghana in 2011, eff ectively 

advancing Esorfranki’s corporate strategy 

of pursuing sound and sustainable growth 

opportunities across the African conti-

nent, with particular focus on mineral 

resources and marine infrastructure.

 INFO

Esmarie Scheepers

Esorfranki Limited

+27 11 822 3906

esmarie.scheepers@esorfranki.co.za

www.esorfranki.co.za

Removal of sheet piles from the support jetty

Completed rock groyne
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FORMATIVE YEARS 
Geotechnical engineers, in general, are practical people, and 

Gavin is no exception. He ascribes this partly to his farming 

background in the Eastern Cape. Th e farm where he was raised, 

and to which he still has a strong connection, lies between 

Queenstown and Stutterheim in the valley of the Th omas River, 

behind the mountains separating it from picturesque Hogsback. 

“Like any boy growing up on the land I loved going out into the 

veld, learning how to fi x engines and using my hands. Now, as 

an adult, when I have to travel to a site, I enjoy driving there, 

taking in the detail of my surroundings rather than seeing the 

journey as a necessary evil – it satisfi es my explorative side. I’m 

always interested in knowing how things fi t together,” he says. 

P R O F I L E

Lorraine Fourie  

lfourie.pta@gmail.com

Gavin Wardle pays tribute to
mentors and Gold Medal recipients

In many ways the 2012 recipient of the Gold 
Medal awarded by SAICE’s Geotechnical 
Division personifi es the essential geotechnical 
engineer. Says Gavin Wardle: “We love every 
moment of our work, but we don’t do it on our 
own, we do it in collaboration with others and 
it is the joint effort that makes the outcome 
so rewarding and successful.” That is why, 
apart from feeling “honoured that his body 
of work has been regarded as contributing 
to geotechnical engineering in South Africa”, 
he cannot but pay tribute to colleagues past 
and present – several of whom are previous 
Gold Medal recipients – and mentors who 
have contributed to his development.

Gavin Wardle (right) receiving the Geotechnical Gold Medal from 
Dr Martin van Veelen, SAICE 2012 president
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His decision to attend a technical high school in Adelaide, 

qualifying in motor mechanics, fi tted his background. “In addi-

tion to farming, my dad was an earthworks contractor, and the 

idea was that when I’d fi nished school, I would enrol for BSc Civil 

Engineering at the University of Natal in Durban and take over 

the contracting and farming activities.” Returning to work with 

his dad did not quite happen to plan, but it did come about in 

later years when together they built a dam on the farm. “At Natal, 

I was fortunate to be among the last students who experienced 

the inspired tuition of Prof Ken Knight. He was the one who 

sparked my interest in soils.”

As a bursary student, at the end of his second year, Gavin 

was allocated to do vac work at the Durban branch of Ground 

Engineering & Piling (GEL). “I was put to work on a precast 

piling site when a crane broke down pulling the drive chain 

off its sprocket. It was before the days of cell phones, so a me-

chanic had to be called from a tickey box.” While everybody 

was standing around waiting, Gavin, with his background 

of motor mechanics, took out his tools, got the crane going 

again and work resumed. When the branch manager arrived, 

great was his surprise to hear they were still waiting for the 

mechanic, and yet the crane was working. Gavin piped up: “It 

was just a pin that had come out; we fixed it and we’re piling 

again.” The branch manager’s response was: “If you can fix 

cranes you can run a site,” and he summarily hired a vehicle 

for Gavin. “So, even as a junior, I got the opportunity and 

experience of running my own geotechnical sites. Of course, 

being thrown in the deep end, I had to learn fast all about 

piling, pile testing, anchoring and grouting. But I must say, 

the cherry on the top for a student was the vehicle, running 

expenses included; I couldn’t wait for the holidays so that I 

could go on site.” In his third year Gavin was selected to at-

tend a conference on grouting in Johannesburg sponsored 

by SAICE’s Geotechnical Division. “It was my first exposure 

to the work and tone of the Geotechnical Division, meeting 

people who in later years I would come to work with. I got 

to know so much more about geotechnics than was possible 

through pure academic learning.” 

Eager to follow up his B-degree, he enrolled for a Masters at 

the University of Cape Town under the mentorship of Prof Derek 

Sparks. “I made the change because I felt – and I still believe this 

– that you shouldn’t do your postgraduate studies at the same in-

stitution where you graduated. Otherwise your lecturers become 

sort of conditioned: since you’ve been a good undergraduate they 

automatically view you as a good research student. It wasn’t so 

much that I needed to prove myself; I wanted to see whether I 

could apply myself to geotechnics under other academics who 

would consider me as capable of a Masters.” 

In those days, a Masters still had a sizeable research por-

tion, and to capture data for his research on the drainage 

process in soils he needed a data logger, which you couldn’t 

just go and buy off the shelf, unless you had a large budget. 

So Gavin built the electronic components himself. The avail-

able ‘personal computer’ at the time was the Apple IIe. He 

explains: “It came with lots of documentation on how to build 

the integrated circuits required and program them, using ma-

chine code, which is much faster than a high-level language. 

The laboratory work was modelled using a finite-element pro-

gram which one had to run on the university’s UNIVAC main 

frame. This involved ‘punch cards’ and long delays between 

While serving as hydrographic survey officer in the Navy, Gavin had to do traverse 
surveys along the Namibian seashore, which he loved because it meant helicopter 

trips to the shore and riding a motorbike up and down the beach!
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runs, so you spent a lot of time debugging your program 

manually. My research aroused my interest in computers, 

especially programming and the logic behind everything. 

Even now, I enjoy the hands-on side of my work, be it design 

and construct projects or computer programming.” At Jones 

& Wagener, where Gavin has been employed for more than 20 

years – 12 of which as a director – he is also in charge of the 

IT function.

HITTING THE GROUND RUNNING 
After university Gavin spent the time he was waiting for his con-

scription call-up into the Navy, at the Johannesburg offi  ce of GEL 

where Dr Ross Parry-Davis was the MD. “Like Ken Knight he had 

a passion for geotechnics which rubbed off  on those who worked 

with him. Maybe it was because Ross had heard good reports of 

my work in Durban, maybe it was because he knew my father 

from Queen’s College,” Gavin smiles, “but he helped me develop 

by giving me interesting and challenging jobs.” 

At the time GEL had secured a major grouting contract on 

the West Rand. “We had to grout the dolomites beneath a sec-

tion of the R28 freeway alongside Westonaria where it crossed 

the underlying Gemsbokfontein compartment, which was 

at risk of sinkhole formation due to the compartment being 

dewatered for mining activities. We were using huge volumes 

of grout – on average 60 tons of cement alone a day – and 

production and delivery had to be kept up to speed.” Using a 

portable Olivetti computer – a faint image of today’s laptop 

– Gavin worked around the clock computerising every neces-

sary detail to meet the demands. As the contract developed he 

was put in charge of managing the drilling, grouting and then 

the final mopping up of snag-list items. “With it being my 

first ‘full-time’ job, I was again thrown in at the deep end, but 

I think that’s the best way of learning. As a young engineer 

starting off, I couldn’t have asked for more.”

Then it was off to the Navy for two years. With his civil 

engineering background he was posted to the SAS Protea, the 

Navy’s hydrographic survey vessel. “We did a lot of work off 

the coast of Namibia, updating maps that were still based on 

surveys done before the Second World War. Part of my job 

as a hydrographic survey officer was to do traverse surveys 

along the seashore for fixing the ship’s position – of course it 

was before GPS – and we were f lown ashore from the ship by 

helicopter to set up survey points and transmitters so that we 

could fix the ship’s position during the seabed survey. The fun 

part was the helicopter trips and riding a motorbike up and 

down the beach while doing the traverse survey, but there was 

also quite a bit of pressure when you had the whole ship’s crew 

waiting for you to get closure to your survey and give the go-

ahead for the ship to start its survey.”

RESOURCEFULNESS PAYS OFF
Still under bursary obligations, Gavin returned to GEL where 

Mike Montague-Jones was now running the day-to-day opera-

tions. “Mike was also a hands-on person and we got on very 

well.” Gavin was sent to Richards Bay to address the failure 

of a newly constructed quay wall. The mass gravity wall was 

made up of individual ‘dog-bone’ shaped blocks and the solu-

tion was to convert these blocks into one monolithic unit by 

grout. Gavin had to come up with the correct grout to be used. 

He continues: “The original thinking was that the 20 mm gaps 

In those days, a Masters still had a sizeable 

research portion, and to capture data for his 

research on the drainage process in soils he 

needed a data logger, which you couldn’t 

just go and buy off the shelf, unless you had 

a large budget. So Gavin built the electronic 

components himself. The available ‘personal 

computer’ at the time was the Apple IIe. He 

explains: “It came with lots of documentation 

on how to build the integrated circuits required 

and program them, using machine code, which 

is much faster than a high-level language. 

The laboratory work was modelled using a 

fi nite-element program which one had to run 

on the university’s UNIVAC main frame
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left between the blocks needed a high-strength mix, but we 

had to minimise grout wastage into the large voids left in the 

centre of the wall between the blocks.’ With Mike’s support he 

built a model replicating the dog-bone shape and joints in the 

Johannesburg yard to see whether they could grout the joints 

up uniformly and limit the amount spilling out the sides. “We 

did several tests before finally selecting a grout which showed 

that we could successfully fill the joints. Back on site, we did 

extensive testing and proof drilling to verify the results of 

the grouting. One method was to rotary-core-drill the blocks 

after they had been grouted to check for the grout infill 

between the blocks. What we discovered was that often the 

drilling destroyed the grout, and it initially appeared as if the 

joints were un-grouted. It was only after we used a borehole 

camera and inspected the cored-through joints that we could 

verify that they were in fact fully grouted. So I learnt early in 

my career that one shouldn’t jump to a conclusion merely on 

the grounds of what one can see in the core box. So much of 

geotechnics is remote and you have to use more than one way 

to verify your findings.” 

While he was working in Richards Bay he was keeping in 

touch with Cathy Corondimas, whom he had met at a mining ex-

hibition in Johannesburg. “A friend and I were doing a ‘pub crawl’ 

around the various exhibits and we ended up at the stand of Bell 

Equipment, Cathy’s previous employer.” Th e evening ended with 

Gavin leaving his phone number with her. When she visited 

her home town of Empangeni while he was working in adjacent 

Richards Bay, ties were picked up again. 

Gavin’s resourcefulness was again tested when he was 

sent to Port Elizabeth where GEL was involved in a grouting 

The model that Gavin built to experimentally find the right grout mix to 
address the problem of a failed quay wall in the Richards Bay harbour
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project at the Hobie Beach pier. “The gravel bed below the 

concrete foundations of the incrementally launched pier had 

to be stabilised, but the problem was that the gravel was em-

bedded in sand, filling all the voids, so there was no space for 

the grout. Ross suggested we use jet grouting, a new grouting 

method which had as yet not been used in South Africa.” 

Gavin was told to come up with a solution. Again given a free 

hand by Mike, he built a system involving a jet nozzle that 

injected air and water to wash the sand while immediately 

pumping cement in behind it. We submitted it to full-scale 

testing on the beach, which proved that we’d achieved exactly 

what we wanted.” The results were published and presented 

at a conference in New Orleans in 1992. When he thinks back 

of the people at GEL who believed in his capability, he says 

he will always be grateful that he was given the freedom to be 

innovative, and not to be told “this is how we’ve been doing it 

all the time, so stick to it”. More than 20 years later, Peter Day, 

on introducing Gavin at the event where he received the Gold 

Medal, lauded him as follows: “Gavin is immensely practical 

in his approach to problems, and incredibly innovative.”

By 1990 Gavin was looking for new challenges. Ernst 

Friedlander, whom he knew from his GEL days, said he needed 

someone to help him run the geotechnical section at Frankipile. 

Shortly after he was ensconced in his new job – where inter-

esting projects involving the new technique of soil nailing came 

his way – he and Cathy were married. Th eir honeymoon, which 

was spent travelling around the country, involved alternatively 

slumming it and living the high life. “We would spend a few days 

camping and then book into a hotel’s honeymoon suite where 

we‘d spend a night or two, fi ll up on food, do some washing, 

whereupon it would be back to the campsite,” he laughs. 

HANDS-ON AT JONES & WAGENER
With Franki going through a restructuring process, Gavin took 

the opportunity to get much-needed design experience. He 

was seconded to Jones & Wagener where initially, due to his 

computer experience, he analysed hydrological data. He was 

soon off ered a permanent position, which he accepted. “Jones & 

Wagener is fi rmly rooted in off ering practical solutions, which 

was exactly up my alley. In due course I started doing designs for 

contractors, which I’m still doing to this day.” 

Th e pragmatic approach of Winston Jones and Fritz 

Wagener inspired Gavin greatly. “Winston would say, ‘fi nd 

a solution that works; you can always refi ne it later’. He also 

taught me the importance of thinking about strains and not 

only stresses. Th is is especially valid in the geotechnical fi eld 

where you are dealing with vastly diff erent materials.” Gavin 

subsequently recalls how he and Fritz on occasion had to rush 

to Newcastle where a sealed-off  adit in a decommissioned mine 

had started leaking. “Water was pouring out of a weep hole 

next to the adit, so the initial solution involved grouting up 

the drive behind the adit, followed by installing permanently 

Gavin played an important part in the team who jacked this bridge 
with its 14 m high legs underneath four railway lines without 

stopping commuter traffic (on the N17 into Soweto) – in time for the 
2010 Soccer World Cup
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designed plugs in the three adits. From our geotechnical in-

vestigation carried out during the temporary grouting stage, 

we found competent rock some 60 m behind the original plugs 

into the mountain. Th e solution adopted involved constructing 

reinforced concrete walls through the adits. As the mine was 

already fl ooded, this was done from the surface using the tech-

nique of diaphragm walling, a common geotechnical technique, 

but our application thereof in a mining context was the most 

practical solution to the problem at hand.” 

Gavin is applying this cross-over use of techniques to 

this day. “At the moment I’m involved in a number of shafts 

being sunk in deep transported and residual soils using soil 

nailing, which is regularly used for deep surface excavations. 

Traditionally, mining companies would carry out deep box-cut 

excavations in order to found the shaft collar on rock. Two shafts 

in Zambia have recently been sunk through sands, which tradi-

tionally cause problems using soil nails, and I’m proposing to use 

the same technique in Botswana. Similarly, we’re using soil im-

provement methods such as dynamic compaction to treat mine 

spoils in order to create areas for infrastructure construction.”

Among more recent Gold Medal recipients, Gavin sites 

Bernie Krone as someone with whom he enjoys tackling seem-

ingly insurmountable situations. “Bernie thinks in larger than 

life terms and I then have to come up with the numbers to make 

it work. A project which, in retrospect, we thought we were 

quite brave to consider was the bridge jack on the N17 freeway 

extended into Soweto for the 2010 Soccer World Cup. We had 

to jack this bridge, with legs 14 m high, underneath four railway 

lines without stopping the commuter traffi  c. It’s the application 

of two diff erent mindsets working in unison that can overcome 

even the most trying conditions.” 

Last but by no means least there is Peter Day, Gavin’s long-

standing colleague, friend and endless source of inspiration. “We 

are a good mix. You need someone with whom you can bounce 

ideas, and Peter with his sharp theoretical knowledge comple-

ments my more practical bent perfectly. In the broader context, I 

think that’s where the strength of the Geotechnical Division lies: 

we do not cut each other down; we throw ideas around rather 

than keeping it to ourselves.”

SERVING THE GEOTECHNICAL FRATERNITY
Since his student days, when he had his fi rst taste of the 

Geotechnical Division, Gavin has become increasingly involved 

in divisional activities. After serving on its committee for several 

years, he was elected chairman for two years running. During 

that period he and Peter Day, with whom he co-authored a na-

tional report on limit state design in geotechnical engineering in 

South Africa, presented the data at the GeoEng 2000 Conference 

in Melbourne, Australia. He also authored papers presented at 

the 13th Africa Regional Conference held in Morocco in 2003 

and a similar conference in Maputo in 2011. His term of offi  ce 

also saw the birth of the Jennings Memorial Lecture. On-going 

commitments include serving on divisional sub-committees 

tasked with drafting codes of practice for the Division, such as 

one for site investigation published in 2010. Currently, updating 

the piling code, as well as the lateral support code of 1989, is on 

the table. He regards preparing papers and being involved in 

academia – of which he’s had his fair share, sitting as an external 

examiner on fi nal-year projects at the University of Pretoria as 

recently as 2012 – as part of keeping in tune with new develop-

ments. “Even though I regard myself as practical-minded, I 

think it’s important to keep re-evaluating my theoretical under-

standing of geotechnics.” 

Gavin readily admits that he could be better at time man-

agement. “But,” he says in defence, “I get involved in too many 

things and then I battle to ring-fence them properly.” While all 

things geotechnical are high priority, events on the home front 

are equally important. Elder daughter Chelsea-Joy (18) has just 

started her university career, while Tiff any-Lee (15) still has 

three years of school ahead. “I have never seen my work as being 

confi ned to one box and my family existing in another box; these 

two parts of my life are intertwined,” he says. 

Gavin with wife Cathy and daughters Tiffany-Lee (left) and Chelsea-Joy
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Geotechnical aspects of an 
Eastern Cape wind farm

INTRODUCTION
Various wind farms are now under con-

sideration by the South African power 

authorities, as part of the renewable 

energy drive to lower the reliance on coal. 

Th is article describes the geotechnical 

aspects of one at present under construc-

tion in the Eastern Cape.

Comprising 9 x 95 m hub-height, 

3 MW turbines, the foundations are hexa-

decagon (16-sided) reinforced concrete 

structures 18.1 m across fl ats some 3 m 

thick, as detailed in Figure 1.

Wind loads induce some 85 MNm 

of moment which, when coupled with a 

total vertical force of some 20 MN, lead 

to high eccentricities in the base. Under 

serviceability conditions dead load stress 

is limited to some 75 kPa, but when cou-

pled with the live load moment, a bearing 

stress of some 300 kPa at the edges is 

generated.

Th e design criteria limit diff erential 

defl ections to some 3 mm per metre of 

20 April 2013 Civil Engineering

Figure 1: Details of foundation
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width or 54 mm in total. Th is article 

details how these stresses and defl ection 

limits were accommodated from a geo-

technical point of view, and the dynamic 

analysis which was performed.

GEOTECHNICAL INVESTIGATION 
A very comprehensive investigation was 

conducted by Terrastest in conjunction 

with Wilson and Pass, at each of the nine 

envisaged tower positions. Th is com-

prised:

a) Core drilling to 30 m

b)  Standard penetration tests (SPTs) con-

ducted at 1.5 m intervals

c)  Disturbed and undisturbed samples 

retrieved from various depths

d)  Laboratory testing, including grad-

ings, Atterbergs, collapse potential, 

shear box, triaxials, point load index 

e) Extensive trial pitting

f)  Dynamic probe super heavy (DPSH) 

testing performed to 10 m depth

g)  Dynamic cone penetrometer (DCP) 

tests to a depth of 2 m.

A summary of the results is contained in 

Table 1.

Th e pertinent aspects from the above 

data are:

1.  Th e position of the calcrete layers 

within the profi le

2. Th e strength of the calcrete layers

3.  Th e stiff ness of the in-situ materials 

below the envisaged founding depth.

FOUNDATION DESIGN
Th ree possible solutions were initially 

considered:

1.  Rapid impact compaction (RIC) (9-12 

tonne mass falling through 1.0-1.5 m

2.  Dynamic compaction (DC) (12 tonne 

mass falling through 18 m) 

3. Founding using piled foundations.

After much deliberation it was decided 

that DC would be used. The design, 

based on the formulations of Oshima & 

Takada (1997) called for 13 blows of a 

12 tonne mass falling through 18 m on a 

4.5 m grid, with one in the middle as de-

tailed in Figures 2 and 3. This primary 

compaction was followed by an ironing 

operation.

Table 1  Geotechnical attributes of the site

Borehole no Depths of calcrete (m)
SPT in calcrete 

zone
Average SPT 
from 3-8 m

Shear box Triaxial

c φ c φ

S01 10.69-12.00 25 24.5 4.2 29.1 20.0 34.0

S02 1.65-3.00 40 40.8     

S03 13.08-14.1 49 28.0 11.2 32.3   

S04 None N/A 34.0   8.0 30.5

S05 11.71-12.20 29 23.5     

S06 1.29-1.50 and 12.72-13.46 20,29 24.7 4.0 32.6   

S07 None  39.3 4.1 33.8   

S08 17.34-18.76 13/23 25.0 5.7 35.8   

S09 4.08-7.50 35 35.0     

Figures 2: Details of the Dynamic Compaction operation
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FOUNDATION VERIFICATION
In order to verify the effi  cacy of the DC 

process, continuous surface wave (CSW) 

testing was conducted before and after 

compaction. Examination of initial results 

revealed that the small strain stiff ness of 

the ‘after DC result’ was less than that 

before. Th is initially caused much con-

sternation, but on refl ection the following 

was realised:

Collapse potential
The calcretised formations which are 

present on site are likely to be rep-

resentative of potentially collapsible 

materials. This was in fact confirmed 

when examination of collapse potential 

(CP) tests, performed as part of the geo-

technical investigation, generated values 

which, although low, did show signs 

of collapse. It is surmised that the DC 

process destroyed the cemented bonds 

which existed prior to the operation. 

Thus, in the initial state the material is 

cemented due to the pozzolanic action 

of the carbonates within the calcrete 

and exhibits high stiffness due to the 

rigidity of the cemented structure. 

However, after the application of the DC 

these bonds are broken and a less stiff 

structure results.  

In this regard consider Figure 4 taken 

from the seminal paper by Jennings and 

Knight (1975).

Th is fi gure represents a typical collapse 

potential test. As may be observed, before 

collapse the material exhibits a fairly stiff  

structure, as evidenced by the shallow slope 

of the initial portion of the curve. However, 

after collapse the slope is very much steeper, 

representing a less stiff  material.

Th us, although the DC had the eff ect 

of generating a less stiff  material after 

compaction than before, the open grain 

structure due to the cementation would 

have been destroyed and a much denser 

material obtained. However, this is not 

to say that the densities achieved are suf-

fi cient. An examination of the measured 

shear wave velocities revealed the fol-

lowing (also see Figure 5): 

Figures 3: Details of the 
Dynamic Compaction operation

Figure 4: Typical collapse potential test result

Figure 5: CSW test after DC Figure 6: Completed initial foundation treatment and CSW testing
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Shear wave velocity (Vs-values) in excess 

of 160 m/sec are deemed acceptable. Th is is 

not so where values of around Vs=120 m/sec 

were obtained. Remedial action was deemed 

necessary. Th is action was, however, 

complicated by the fact that CSW testing 

was only conducted after base preparation 

works, which included a high-strength geo-

synthetic, 6 x 150 mm G5 layer, the blinding 

and the initial steel placement, as detailed in 

Figure 6 (which also shows the CSW testing 

being undertaken).

Further foundation treatment
Grouting

For this particular base a grouted solution 

was thought to be the most cost-eff ective. 

Very low stresses are present except on 

the outer ring under wind load conditions 

(see Figure 7).

A system was detailed in which DPSH 

tests were conducted around the edge to 

a depth of 6 m at 600 mm centres. Th e 

50 mm cone at the tip of the DPSH was 

welded to the rods, which were jack-ex-

tracted to enable re-use. Th e blow count 

per 300 mm penetration results were 

electronically recorded in a spreadsheet 

and sent to the designer on a daily basis 

for evaluation. Th is enabled a much more 

detailed assessment to be made of in-situ 

soil consistency. Th e holes were then 

pressure-grouted on a grout-one-skip-one 

basis under 100 kPa using an initial mix 

of 60 litres of water to 50 kg of cement. 

If grout takes exceeded 20 litres, the mix 

was progressively thickened to 40 litres of 

water, and then in a fi nal step to 20 litres 

(see Figures 8 and 9).

Figure 7: Serviceability wind load stresses
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Vibratory padfoot rolling

In many of the bases, the CSW testing 

only indicated non-compliance in the top 

2 m or so. In this case it was reasoned 

that rolling would be suffi  cient to ensure 

compliance. Calculations revealed that 

55 passes of a 380 kN centrifugal force, 

1.9 mm amplitude, vibrating padfoot roller 

(VPR) would be needed for the required 

compaction standard. Th is was conducted 

as per Figure 10 with a typical CSW result, 

as detailed in Figure 11. What is obvious 

from these fi gures is the eff ect of the roller 

on the top 2 m of the profi le.

Dynamic response
Due to the oscillatory nature of the 

turbine, a dynamic analysis of the soil 

response was undertaken utilising the 

formulations of El Naggar (2009). An 

analysis of the shear wave velocities at 

which the operating and natural frequen-

cies correlate was conducted. Correlation 

occurs at shear wave velocities of less 

than 80 m/s, and also between 185 m/s 

and 260 m/s. Although the lower range is 

not critical, the upper range corresponds 

closely with the soil conditions present 

at the site after compaction. Since the 

natural and operating frequencies cor-

relate for this range of shear wave veloci-

ties, resonant frequency is likely to occur, 

resulting in possibly signifi cant, com-

pounding forces being imparted into the 

foundation. Typical amplitudes calculated 

over this range of shear velocities were 

some 5 mm, as detailed in Figure 12.

Th is exceeds the allowable limit for 

harmonic machine foundations. Th e 

analysis was repeated to determine the 

minimum embedment depth required to 

minimise the amplitudes to within allow-

able limits. Soil embedment eff ects assist 

with damping and thereby minimising 

the eff ects of the various amplitudes. Th e 

minimum embedment depth required 

for the foundation was determined to be 

just greater than 1.5 m. Since the embed-

ment depth detailed in the design is some 

3.5 m, the amplitudes generated due to 

the resonant frequency would be reduced 

to insignifi cant magnitudes.

In addition to the specialised analysis 

conducted and described above, the 

following guidelines, based on past ex-

perience for sizing shallow foundations 

subject to reciprocating or centrifugal 

machines were generated:

1.  Th e mass of the foundation should be 

2-3 times the mass of the supported 

centrifugal machine, and 3-5 times 

the mass of the supported recipro-

cating machine. In this case, the foun-

dation (16 363.1 kN) is 3.6 times the 

mass of the machine (4 525.0 kN) and 

is therefore acceptable.

2.  Th e top of the block should be 0.3 m 

above the elevation of the fi nished 

fl oor (ground level in this case).

Figure 10: VPR roller compacting surface Figure 11: CSW result after DC and VPR

Figures 8 and 9: DPSH tests were conducted to assess in-situ soil consistency
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3.  Th e thickness of the foundation 

should be the greatest of 0.6 m or one 

fi fth of the least dimension of the 

footing (9.05/5 = 1.8 m). Th e founda-

tion has a minimum thickness of 

3.0 m and is therefore acceptable.

4.  The width should be at least 

1-1.5 times the vertical distance 

from the base to the machine 

centreline to increase damping in 

rocking mode. For this foundation, 

the ratio is 9.05/3.5 = 2.6 and is 

therefore acceptable.

5.  It is desirable to increase the em-

bedded depth of the foundation to 

increase the damping and provide 

lateral restraint as well. Th e provided 

embedment depth of 3.5 m is much 

greater than the required depth of 

1.5 m, and is therefore acceptable. It is 

however important that the backfi ll is 

compacted to ensure a high-strength 

material. Hence a density of 93% Mod 

AASHTO compacted at 0 to +2% of 

the Mod AASHTO optimum is ad-

vised.

CONCLUSION
Th e above details the process followed to 

date to ensure a fi t-for-purpose foundation 

for a large wind turbine. Th e cooperation 

from others on the projects and from the 

client, is acknowledged with thanks.   
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INTRODUCTION
Th is article discusses the increased use and 

applicability of the Continuous Surface 

Wave (CSW) test by using three recently 

completed projects as examples – a major 

bridge over the Jukskei River in Gauteng, 

extensions to the engineering building at 

Stellenbosch University, and the rehabilita-

tion of a dolomite subsidence on the R21 

freeway. Th ese examples prove the value 

of the test in supplementing information 

on ground conditions gathered from other 

investigative methods, in deriving design 

parameters where no other test method is 

possible, and as a tool used for quality as-

surance purposes on a major construction 

project. In one of the examples signifi cant 

cost savings of over R2 million were 

achieved through well-executed geotech-

nical investigations where particular reli-

ance was placed on the CSW test.  

OVERVIEW
Globally, over the past 30 years or so, the 

role of geophysical methods in character-

ising sites and materials has been increasing 

steadily (Stokoe et al 2004). Two of these 

techniques used locally are geophysical 

methods for dolomite investigations, and 

the CSW test. Th is article focuses on the 

latter which has found applicability in a 

range of typical geotechnical problems. 

CSW is a geophysical exploration 

technique which is used to evaluate the sub-

surface stiff ness by means of a mechanical 

vibrator and receivers (or geophones) which 

are placed in linear array. Th e test involves 

measuring Rayleigh Wave velocities as 

they propagate through the soil mass. Th e 

velocities measured by the geophones are 

then converted, by an experienced analyst, 

to a corresponding stiff ness profi le with 

depth at the position of the test. Depending 

on the size of the shaker used and the spe-

cifi c ground profi le, the CSW is generally 

limited to measuring the very near surface 

profi le (typically to depths of 6−12 m). For a 

detailed discussion on the stress waves and 

CSW the reader is referred to work done by 

Stokoe (2004) and Heymann (2007).

Soil stiff ness depends on complex 

interactions of state (i.e. bonding, fabric, 

etc), strain level, stress history, and type of 

loading. A key concept in understanding 

soil and structure interaction is that 

the stiff ness/strain relationship is very 

strongly non-linear, and that diff erent 

structures are designed to accommodate 

diff erent strains. Th e results of the CSW 

tests are given as G
0
 (shear stiff ness at 

small strain) with depth, which is much 

higher than the stiff ness used for, say, the 

design of foundations for a large bridge 

Some practical applications of 
CSW testing in South Africa

Figure 1: Strain dependency on stiffness
(as adopted from Mair 1993; Rigby-Jones 2011; Basset et al 2005)

Jukskei Bridge at Steyn City, Gauteng

Client  Steyn City Developments/Bigen Africa
Consultants  Bigen Africa (main consultants), 
Vela VKE/SMEC SA (bridge and 
geotechnical engineers)
Contractor   Stefanutti Stocks
Project value (bridge)  R55 million 
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(see Figure 1). Th e shear stiff ness can also 

be related back to an equivalent Young’s 

Modulus through Poisson’s Ratio.

Once the problem has essentially been 

framed (probably by use of other investiga-

tive techniques or previous experience), 

the CSW can be used to target specifi c 

questions related to the ground conditions, 

or to supplement other methods to provide 

greater confi dence in the interpretation 

of the ground conditions. Th ree practical 

examples are provided below, each high-

lighting a particularly useful trait of the test. 

JUKSKEI BRIDGE AT 
STEYN CITY, GAUTENG
Th is is a fi ve-span bridge with equal spans 

of 30 m and central pier heights of up 

to 15 m. Early in the development of the 

project the reliability of the previous geo-

technical investigation was questioned. 

SMEC SA’s geotechnical team were there-

fore appointed to re-do the investigation.   

Th e bridge is situated on the Halfway 

House Granites, which are notoriously 

variable. Given this variability and the 

questionable quality of the previous inves-

tigations (a quality which the client ap-

pears to have become accustomed to), the 

client was hesitant to invest in additional 

geotechnical investigations and design. 

Th e previous investigations, based on very 

crude percussion-drilled boreholes, es-

sentially indicated that all piers and abut-

ments would need to be founded on piles 

of 10–15 m. Percussion drilling involves 

air-drilling boreholes, which achieves 

limited sample recovery, and is probably 

the least suitable investigative technique 

to be used on a granite profi le.

Th e subsequent investigations, which 

included core-drilling and CSW, indicated 

that only one of the abutments and the 

two central piers immediately adjacent 

to the river would require piles; with the  

recommendation of piles for the central 

piers based on concerns about scour and 

constructability rather than the consist-

ency of the soils.

In this instance the CSW was used to 

derive a stiff ness profi le of the granite at 

some of the piers where the granite gradu-

ally graded with depth to competent rock. 

Th e original assumption of founding only 

once solid bedrock was encountered had 

ignored the favourable weathered granitic 

dense sands and even soft rock overlying 

the solid bedrock at depth. Th e profi le 

developed for one of the piers from the 

CSW is indicated in the graph in Figure 2, 

together with the soil profi le from a cor-

responding borehole. Th e fi gure clearly 

shows the improvement with depth.  

Pier foundations were designed for 

bearing pressures of 400 kPa and 10 mm 

of settlement. Settlements measured 

during construction were within the 

expected range for the loads applied at 

that stage. Retrospectively, the decision to 

found only some of the piers on piles was 

justifi ed in that a R2 million saving was 

achieved at the nominal cost of around 

R450 000 for the drilling and CSW tests.

ENGINEERING BUILDING 
EXTENSIONS, UNIVERSITY OF 
STELLENBOSCH
Th e second example deals with extensions 

to the existing engineering building at the 

University of Stellenbosch. A number of 

additions, including a library, a laboratory 

and workshops, were constructed adjacent 

to the existing engineering building.  

Th e signifi cant feature of the geology 

of the area is the presence of the wide 

paleofl uvial plain of the Eerste River on 

which Stellenbosch is situated. Locally the 

university sits on a plain of coarse boulder 

clay alluvium over 3 m thick, which was 

essentially formed after large sandstone 

blocks had slid gradually from the adjacent 

mountains into the valley fl oor, due to 

deep weathering of the underlying phyl-

lite, and were transported through fl uvial 

processes (Söhnge & Greeff  1985). What 

must be highlighted from an engineering 

point of view, is that the combination of 

deep weathering of the phyllite and the 

formation and weathering of the boulder 

alluvium results in highly variable ground 

conditions with weathered and poor soils. 

Th e eff ect of the 2–3 m thick 

boulder layer is that most buildings in 

Stellenbosch (generally four storeys, but 

up to seven storeys) have been founded 

at shallow depth (2 m or less) on this 

interlocking boulder layer, albeit using 

low-bearing pressures (in the order of 

300 kPa), and are according to Brink 

(1985) “remarkably free of cracking”. 

Th is includes the existing engineering 

building, which is reported to be founded 

at 1.8 m depth, on the boulder clay layer 

with a bearing pressure of 225 kPa. 

Th e problem with the above profi le is 

that there is no means of testing the layer 

to derive a modulus of compressibility for 

the boulder clay layer; the existing build-

ings possibly being constructed on a trial-

error or experiential basis. A requirement 

Figure 2: CSW test results at one of the pier positions for the Jukskei Bridge at Steyn City, Gauteng

Gravel and cobbles
Sub-rounded to rounded granite, gravel and cobbles
(max 80 mm, ave 15 mm), no matrix recovered
Transported

Very soft to soft rock granite
Moderately to highly weathered, pale orange, highly jointed 
(oblique, slightly rough, partly stained black) fi ne to 
medium-grained

Highly fractured at 5.85–6.03 m, 6.15–6.4 m and 7.75–8.14 m

Hard to very hard rock biotite granite
Fresh to slightly weathered bluish grey, mottled pink,  
speckled black and white, medium to highly jointed
(vertical and oblique, slightly rough to rough, stained black,
white and orange, occasionally fi lled < 1 mm clay) 
medium to coarse-grained
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for laboratory testing would be to obtain 

good quality samples with minimal distur-

bance, but unfortunately this is not practi-

cally possible and any type of penetration 

test would simply “refuse” on the boulders.

Brink highlights this diffi  culty by 

providing a broad range of bearing pres-

sures which have been used previously on 

the boulder clay, from as little as 175 kPa 

to upwards of 400 kPa. CSW tests were 

subsequently undertaken to evaluate the 

overall stiff ness of the boulder layer in a 

more sophisticated manner. Th e profi le 

developed for one of the building exten-

sions, based on the CSW test, is indicated 

in the graph in Figure 3, together with 

the soil profi le from the corresponding 

test pit. Th e CSW showed the stiff ness 

for the boulder clay and residual phyllite 

to be surprisingly consistent, with no sig-

nifi cant change in stiff ness and a gradual 

improvement with depth.

Foundations were eventually placed 

at a nominal depth of 1 m on the boulder 

clay layer and designed for a bearing 

pressure of 200 kPa. Although not very 

diff erent from that used previously for the 

engineering building, the bearing pres-

sure was at the lowest end of the range 

provided by Brink. No untoward settle-

ment was recorded during construction 

or in the year subsequent to construction. 

SUBSIDENCE ON R21 FREEWAY, 
OLIFANTSFONTEIN
In the last example Vela VKE were ap-

pointed design engineers for the R2.5 bil-

lion 45 km upgrade of the R21 freeway 

as part of phase 1 of SANRAL’s visionary 

network improvement project – the GFIP 

ENGINEERING BUILDING, UNIVERSITY OF STELLENBOSCH

Client  University of Stellenbosch
Consultants  Vela VKE/SMEC SA (civil and geotechnics)
Ekcon, Bart Senekal  and BKS (structural engineers)
Project value (bridge)  R75 million  

Figure 3: CSW test results and trial pit photograph for extensions to engineering building, University of Stellenbosch 
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(Gauteng Freeway Improvement Project). 

Over half of the R21 route is located on 

dolomitic land, and for a large portion 

actually follows the contact between 

the Timeball Hill Shales and Malmani 

Dolomite along which some of the poorest 

dolomite can be found. Towards the end 

of construction a subsidence formed just 

south of the slip-lane to the off -ramp of 

the Olifantsfontein Interchange. 

Geotechnical investigations of the 

depression followed, leading to a reme-

dial contract shortly after. Th e depres-

sion was ascribed to a deeply weathered 

dolomitic profi le. With no signifi cant 

cavities identifi ed, the remedial work was 

thus aimed at stiff ening the ground pro-

fi le where the subsidence had occurred. 

Th is was done by pounding in stone 

columns by means of dynamic compac-

tion (as shown in the accompanying pho-

tograph), placing a geotextile over the 

compacted area, as well as a 1 m thick 

granular engineered soil mattress (in this 

instance a Colto G6 material) on top of 

the geotextile. Th ere after the pavement 

layer works were reinstated.

In this case the CSW was used to 

evaluate the eff ectiveness of the dynamic 

compaction and of the G6 raft. For the 

dynamic compaction, and particularly 

the stone columns, the CSW is probably 

on the limit of its practicality. But for the 

SUBSIDENCE ON R21 FREEWAY, OLIFANTSFONTEIN (dynamic compaction of stone columns)

Client  SANRAL
Consultants   Vela VKE/SMEC SA
Contractor  Raubex (and Franki as specialist sub-contractor)
Project value (remedial works contract)  R15 million  
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U-ssential

G6 layer clear correlations could be drawn 

between the CSW and the CBR and plate 

load tests which were conducted.

One would typically expect a 

G6 material with a CBR of 25–45% to 

have a small strain stiff ness in the range 

of G
0
 = 110–210 MPa. Th e diff erences 

in small strain stiff ness, as identifi ed 

through CSW testing, were in the range 

of G
0
 = 180–260 MPa. Th e plate load test, 

although a crude test, can provide a good 

estimate of the soil stiff ness; the plate-load-

test-derived Young’s modulus was in the 

range of E = 97–25 MPa, corresponding to 

a G
0
 = 125–290 MPa. Th e various degrees 

of soil stiff ness thus derived from the plate 

load tests correspond closely to those 

determined from the CSW test and what is 

expected for a G6 material. 

CONCLUSIONS
Th e geotechnical engineer’s role on a 

project (to characterise the near surface 

soils and derive engineering parameters 

in order to design the structures which 

are to be founded on them) is greatly 

enhanced by having a varied toolbox 

of investigative techniques and test 

methods. Ultimately no single method is 

globally applicable to all ground profi les 

and projects. Nor can reliance be placed 

on the outcome of one single method of 

investigation, even on a small project. 

Th e CSW, however, considerably 

enhances the geotechnical engineer’s ar-

moury. It provides the stiff ness profi le for 

near surface soils; in one of our examples 

it in fact provided the overall stiff ness of a 

diffi  cult alluvial profi le. It is non-intrusive, 

which makes it cost-eff ective and, in the 

case of a construction project, would not 

disrupt the works.

Th ere are a number of limitations to 

the use of such geophysical methods, and 

certainly on its own its applicability is 

limited. For example, the presence of near 

surface buried structures or extremely 

stiff  layers can aff ect the interpretation of 

the results, and even reduce the depth of 

penetration of the test. It can also not be 

extended to interpreting soil behaviour 

such as heave or collapse.

However, the above examples show 

how CSW tests have been successfully 

utilised in geotechnical investigation, 

design, and construction assurance. 

Beyond that, this method has proved 

useful in saving clients’ money when 

used appropriately by experienced geo-

technical engineers. Given the multitude 

of factors controlling the interpretation 

of ground conditions, and the fact that 

many of the soils encountered across 

the country are diffi  cult to sample and/

or test in a laboratory, the CSW test will 

increasingly play an important role in 

geotechnical engineering as it becomes 

better known. 
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A comparison of fi nite elements (SSR) and 
limit-equilibrium slope stability analysis by case study

INTRODUCTION
The purpose of this study was to eval-

uate the benefits of carrying out slope 

stability analysis using finite elements 

(FE) in addition to the more common 

limit-equilibrium (LE) method. Several 

slope stability projects were drawn from 

our archives for this exercise, although 

for the sake of brevity, the results of 

only three are presented herein.

The LE analyses were conducted 

using the Rocscience limit-equilibrium 

software, Slide, using circular and 

non-circular analysis based on the 

GLE/Morgenstern-Price method of 

slices. The FE analyses were carried 

out with Phase2, a 2D elasto-plastic 

finite elements stress analysis program 

by Rocscience, based on the Shear 

Strength Reduction (SSR) technique 

(Dawson et al 1999; Griffith & Lane 

1999; Hammah et al 2004) which 

is automated into the software. 

The SSR technique involves re-

ducing Mohr-Coulomb strength param-

eters c’ and ф’ by a “strength reduction 

factor” (SRF) until non-convergence 

occurs within a specified number of 

iterations and tolerance. The lack of 

convergence indicates that stress and 

displacement distributions that satisfy 

equilibrium conditions cannot be de-

termined. The SRF which corresponds 

to the point at the last convergence 

state is equivalent to the safety factor.

SLOPE 1
Slope 1 comprised brine and sludge 

ponds which were proposed to be 

constructed within an existing coal 

slurry storage facility. The idea was 

to utilise the coal slurry in the con-

struction of the compartment walls, 

and cover the walls with earth and 

plastic liners. The final embankment 

height was approximately 7 m.

Due to the coal slurry having very 

low stiffness and shear strength proper-

ties, it was expected to cause significant 

construction difficulties. Deformation, 

however, is not considered in LE 

analysis (Figure 1) and would therefore 

be overlooked, but is considered in the 

FE analysis (Figure 2), provided accurate 

stiffness and deformation data is used.

Figure 1: Slope 1 – LE analysis

Figure 2: Slope 1 – FE SSR method (contours of total displacement)
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Slope 1 discussion

Th e FE SSR method returns a lower safety 

factor / strength reduction factor of 1.3, 

which is on the limit for temporary water 

retaining embankments. Th is can be 

related to the “Serviceability Limit” as 

displacements of 30 cm to 40 cm may not 

cause complete failure of the facility, but 

may compromise the liner system. It must 

be emphasised, though, that displacements 

are only meaningful if accurate stiff ness 

and deformation moduli are used.

SLOPE 2
Slope 2 consisted of a lined tailings facility 

on a sloping foundation such that the liner 

has the potential to act as a “slip surface”. 

Th e liner was modelled as a thin material 

layer with c’ = 0 and ф’ = 14.5º and the fi nal 

height of embankment approximately 80 m.

In this instance a circular slip surface 

(Figure 3) does not represent well the 

critical slip surface which includes the 

liner, creating a wedge-type failure. Th is 

surface can be better determined in Slide 

using either a block search (Figure 4) or 

path search.

Slope 2 discussion

Th e FE SSR method returned a slightly 

lower safety factor than the LE block 

analysis and both were signifi cantly lower 

than the LE circular slip surface analysis. 

In this instance, the FE analysis assisted 

in defi ning the most appropriate slip sur-

face which can then be analysed in Slide 

using either a block or path search.

Figure 3: Slope 2 – LE analysis (circular slip surface)

Figure 4: Slope 2 – LE analysis (block search)

Figure 5: Slope 2 – FE SSR method (contours of total displacement)
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Deformations of up to 0.75 m are 

shown in the FE analysis which, although 

large, is insignifi cant due to the scale of 

the facility. Th ese deformations are, addi-

tionally, not exactly representative due to 

using assumed deformation properties of 

the materials, and not known values.

SLOPE 3
Slope 3 comprised a tailings impound-

ment with multiple foundation horizons 

of variable strength. Th e facility was 

additionally modelled with a leak in the 

liner by inserting an opening in the liner 

at approximately two-thirds the height of 

the embankment. Th e fi nal height of the 

facility is approximately 25 m.

Th e complexity of this model advocates 

the possibility of multiple potential failure 

surfaces – for example, circular or wedge 

failures through the saturated zone, or fail-

ures through one of the weaker foundation 

layers. Th e lowest LE safety factor, which 

was (perhaps unexpectedly) along a cir-

cular slip surface through the foundation 

soils is shown in Figure 6.

Slope 3 Discussion

Th is analysis returned very good correla-

tion between the LE and FE methods (see 

Figure 7 for FE method) and gave excel-

lent confi rmation of the failure surface. 

Carrying out the FE analysis in parallel 

with the LE would have saved much time/

eff ort spent searching for the worst-case 

slip surface during the LE analysis.

CONCLUSION
Th is study supported our opinion that the 

FE SSR technique is an extremely useful 

method of carrying out slope stability 

analyses in addition to the typical LE Figure 6: Slope 3 – LE analysis



analysis. Th e Slide model imports to Phase2 

directly and the SSR technique is fully 

automated, so running the analysis is quick 

and easy. 

Carrying out both LE and FE analyses 

results in excellent verifi cation of the 

worst-case failure surface and generally 

gives very good confi rmation of the safety 

factor against failure. Some interpretation 

of results based on the engineer’s experi-

ence is needed, such as when dealing with 

displacements in the FE analysis, but that 

is generally the case with most aspects of 

geotechnical engineering anyway.

NOTE
The list of references is available from the 
authors.  
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Figure 7: Slope 3 – FE SSR method (contours of maximum shear strain)

TECCO® – an engineered
slope stabilisation system
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Geobrugg Southern Africa (Pty) Ltd
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Figure 1: New Zealand with Christchurch 
situated on the east coast of South Island 
(source: zoomin.co.nz)

Christchurch earthquakes: 
a South African perspective two years on
BACKGROUND
Aurecon Ground Engineering Cape Town 

is currently assisting Aurecon Ground 

Engineering Christchurch New Zealand 

with individual geotechnical reports for 

damaged homes as a result of the recent 

sequence of earthquakes and aftershocks 

that have aff ected the South Island’s 

largest city (population about 450 000). 

Th ese reports are part of the insurance 

process. Th e author visited the city in 

January 2013 to gain a better under-

standing of the Christchurch geology and 

geomorphology in terms of the inputs into 

the geotechnical reports, and at the same 

time to observe fi rst-hand the eff ects of 

the earthquakes on the city as a whole. 

South Africans are not commonly directly 

exposed to ground shaking and the dev-

astating eff ects thereof, apart from low-

magnitude ground shakes related to mine-

induced seismicity from time to time. Th e 

widespread accessibility of various forms 

of media these days does of course give us 

an inkling of the eff ects of such disasters. 

However, until one has visited an earth-

quake disaster zone one does not really un-

derstand the sheer scale of events that can 

overwhelm the land and community. On 

this basis the author presents a summary 

of his observations of the Christchurch 

earthquakes and their eff ects.

GEOGRAPHIC TECTONIC AND 
GEOLOGICAL SETTINGS
Christchurch is located on the central 

eastern coast of New Zealand’s South 

Island (see Figure 1) on the eastern 

fringe of the Canterbury Plains around 

latitude 43°51' and longitude 172°65'. It 

also sits immediately north of the Banks 

Peninsula, and the southern extremities 

of the city encroach upon the foothills 

of the Port Hills (northern edge of the 

Banks Peninsula).

New Zealand is situated at the 

boundary between the Indian-Australian 

Plate to the west and the Pacifi c Plate to 

the east. Th e subduction zone between 

the two plates has formed the Southern 

Alps in recent geological time. Th e 

Southern Alps are located essentially 

along the length of the western part of the 

South Island, and the closest portions of 

the mountain range are situated between 

about 100 km to 150 km to the northwest 

of Christchurch.

Th e Canterbury Plains comprise 

a thick assemblage of alluvial deposits 

originating as outwash from the Southern 
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Alps. Th e eastern fringes of Christchurch 

are commonly underlain by alluvial sands 

and gravels (Brown & Weeber 1992). Th e 

upper alluvial deposits are more sandy and 

silty over the remainder of Christchurch. 

Softer estuarine deposits also occur on the 

western side of the city. A shallow water 

table commonly prevails across the city. 

Th e Port Hills constitute the remnants 

of a dormant shield volcano essentially 

composed of hawaiite and basalt with 

interbedded pyroclastic deposits (Forsyth 

et al 2008). Wind-blown loess and loess-

derived colluvium (maximum 10 m thick-

ness) often overly the volcanic rocks across 

the Port Hills. Th e water table is also much 

deeper across the Port Hills.

RECENT CHRISTCHURCH 
EARTHQUAKE SEQUENCE 
Earthquake design criteria for structures 

in Christchurch prior to the recent earth-

quake events centred on three classes of 

earthquakes as potential major hazards to 

the city (Brackley 2012):

 ■ Moderate-sized earthquakes (around 

moment magnitude Mw 5.0–6.5) in the 

vicinity of the city.

 ■ Large regional earthquakes (around 

Mw 7.0–7.5) on known faults beneath 

the Canterbury Plains and foothills of 

the Southern Alps.

 ■ Great earthquakes (approximately 

Mw 8.0) on the distant Alpine Fault 

running down the spine of the Southern 

Alps. Th e closest position of this fault 

is located about 125 km to the north-

west of Christchurch and is the ‘on 

land’ boundary between the Indian-

Australian and Pacifi c Plate (Enviroment 

Canterbury 2007). Th e Alpine fault last 

had a major rupture in 1717. 

Table 1   Typical magnitudes for a variety of ‘energy’ events as a comparison to the Christchurch earthquake events 
(source: Wikipedia)

Approximate moment 
magnitude

Approximate TNT for
seismic energy yield

Joule 
equivalent

Example

0.2 30 g 130 kJ Large hand grenade

1.2 1.1 kg 4.9 MJ Single stick of dynamite

1.4 2.2 kg 9.8 MJ Seismic impact of typical small construction blast

3.87 9.5 metric tons 40 GJ Explosion at Chernobyl nuclear power plant, 1986

3.91 11 metric tons 46 GJ Massive Ordnance Air Blast bomb

6.2 43 kilotons 180 TJ Christchurch earthquake, 22 February 2011

9.5 2.7 gigatons 11 EJ Valdivia earthquake (Chile), 1960

10.0 15 gigatons 63 EJ
Never recorded, equivalent to an earthquake rupturing a very 
large, lengthy fault, or an extremely rare/impossible mega-
earthquake, shown in science fi ction

12.55 100 teratons 420 ZJ Yucatán Peninsula impact (creating Chicxulub crater), 65 Ma ago 

Table 2  Summary of seismic details of recent large Christchurch earthquakes (source: after GNS, Brackley 2012)

Date
Epicentre 
location

Epicentre 
depth 
(km)

Moment 
magnitude 

(Mw)
Damage Fatalities

Approximate 
maximum peak 

ground acceleration Comments

Christchurch 
Flatland

Port 
Hills

4 Sep 
2010

40 km west of 
Christchurch

10 7.1 Signifi cant zero 0.3 g 0.6 g
Rupture on 
previously unknown 
Darfi eld fault

22 Feb 
2011

About 6.5 km 
south-east of 
Christchurch 
CBD

5 6.2 Catastrophic 185 0.9 g 2.2 g

Aftershock to 
4 September 2010 
earthquake on 
previously unknown 
fault in Port Hills

13 Jun
2011

About 9 km 
east-south-east 
of Christchurch 
CBD

6 6.0 Signifi cant zero 0.4 g 1.0 g

Aftershock to 
4 September 
2010 earthquake  
adjacent to Port Hills 
and mouth of Avon-
Heathcote Estuary

23 Dec 
2011

About 8.5 km 
east-south-east 
of Christchurch 
CBD

6 5.9
Moderate to 
Signifi cant

zero 0.4 g 0.6 g

Aftershock to 
4 September 
2010 earthquake  
adjacent to Pacifi c 
Ocean New 
Brighton suburb
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Th e moment magnitude scale (abbreviated 

as MMS and denoted as Mw) mentioned 

here for the predicted earthquake sizes, 

is used by seismologists to measure the 

size of earthquakes in terms of the energy 

released (Hanks & Kanamori 1979). Th e 

magnitude is based on the seismic moment 

of the earthquake, which is equal to the 

rigidity/shear modulus of the rock at the 

earthquake epicentre multiplied by the 

average amount of slip on the fault and the 

size of the area that slipped (US Geological 

Survey Website). Th e rigidity modulus or 

shear modulus of the rock is the resist-

ance of the elastic body (the rock) to the 

shearing deformation. Th e scale was devel-

oped in the 1970s to replace the 1930s-era 

Richter magnitude scale (Ml). Even though 

the formulae are diff erent, the new scale 

retains the familiar range of magnitude 

values defi ned by the older one. Th e MMS 

is now the scale used to estimate magni-

tudes for all modern large earthquakes. An 

earthquake that measures Mw 5.0 has a 

shaking amplitude 10 times larger than one 

that measures Mw 4.0, and corresponds to 

about 32 times larger release of energy (US 

Geological Survey Website). 

Table 1 lists typical moment magni-

tudes for a variety of ‘energy’ events to 

give a reference to the scale of the earth-

quakes that recently took place in the 

Christchurch region.

Th e seismic events that unfolded 

onwards from September 2010 in the im-

mediate vicinity of Christchurch occurred 

on previously unknown faults. Th e details 

of the 2010-2011 Christchurch earthquake 

sequence are summarised in Table 2.

In addition, 4 423 earthquakes were 

recorded in the Canterbury region from 

4 September 2010 to 3 September 2012 

– this includes the four large events de-

scribed in Table 2 (http://info.geonet.org.

nz/display/home/Aftershocks – accessed 

1 March 2013). Th is equates to about six 

earthquakes a day. A summary of the 

number of earthquakes in relation to 

their magnitude is presented in Table 3. 

Th e number of earthquakes shown in 

Table 3 pertains to the Canterbury 

area and not to a smaller area around 

Christchurch city.

In terms of the Christchurch earth-

quakes the common descriptors that can 

be assigned to the magnitudes witnessed 

during these events are as follows (after 

US Geological Survey Documents):

Magnitude 3.0–3.9 Minor Earthquake: 

Often felt by at least some people, but very 

rarely causes damage. Shaking of indoor 

objects can be noticeable. Table 3 clearly 

shows that the vast majority of ground 

shaking occurred in this magnitude range.

Magnitude 4.0–4.9 Light Earthquake: Noticeable 

shaking of indoor objects and rattling 

noises. Many people, if not everyone, 

feel the earthquake. Slightly felt outside. 

Generally causes none to slight damage. 

Moderate to signifi cant damage is very 

unlikely. Some falling of objects can occur.

Magnitude 5.0–5.9 Moderate Earthquake:

Can cause moderate to major damage to 

poorly-constructed buildings, but none to 

slight damage to all other buildings. Felt 

by everyone. Deaths can depend on the 

eff ects.

Magnitude 6.0–6.9 Strong Earthquake: 

Can be damaging and/or destructive in 

populated areas in regions of any size. Many 

or all buildings are damaged. Earthquake-

resistant structures survive with slight to 

moderate damage. Poorly-designed struc-

tures suff er moderate to severe damage. 

Felt in wider areas – likely to be hundreds 

of kilometres from the epicentre. Can cause 

damage in areas further away from the 

epicentre. Strong to violent shaking expe-

rienced in epicentre area. Death toll can be 

between none and 25 000.

Magnitude 7.0–7.9 Major Earthquake: Causes 

damage to many or all buildings over 

areas. Some buildings partially or com-

pletely collapse or suff er severe damage. 

Well-designed structures are likely to 

suff er damage. Felt over wide areas. Death 

toll is usually between none and 250 000.

Th e peak ground acceleration (PGA) 

used in Table 1 is a measure of earth-

quake acceleration on the ground and 

is an important input parameter for 

earthquake engineering and therefore to 

the design of structures (World Nuclear 

Association 2012). It is a measure of the in-

tensity (to what degree the ground shakes) 

in a specifi c area, not a measure of the total 

energy (magnitude or size) of an earth-

quake. Earthquake energy is dispersed in 

waves from the epicentre, causing ground 

movement horizontally (in two directions, 

usually taken as north-south and east-west) 

and vertically. Th e PGA records the ac-

celeration (rate of change of speed) of these 

movements. Peak ground acceleration is 

commonly expressed in g (the accelera-

tion due to Earth's gravity, equivalent to 

g-force) as either a decimal or percentage 

in m/s2 (1 g = 9.81 m/s2) (U.S. Geological 

Survey 2002). As a rough guide the visible 

eff ect of the PGA (Lorant 2010) is summa-

rised in the manner described below:

 ■ 0.001 g (0.01 m/s²) – 

noticeable by people

 ■ 0.02 g (0.2 m/s²) – 

people lose their balance

 ■ 0.50 g – very tall, well-designed build-

ings can survive if the time period is 

short.

EFFECTS OF RECENT EARTHQUAKES
Th e eff ects of the earthquakes were multi-

fold and included: 

 ■ Ground shaking

 ■ Liquefaction and lateral spreading 

 ■ Rock falls

 ■ Cliff  collapse

Table 3   Numbers of Canterbury region earthquakes from 4 September 2010 to 3 September 2012 
(modifi ed from http://info.geonet.org.nz/display/ home/Aftershocks)

Moment Magnitude range (Mw) Total number of earthquakes

7.0 and above 1

6.0 – 6.9 2

5.0 – 5.9 56

4.0 – 4.9 494

3.0 – 3.9 3870

Table last updated on 16 January 2013. Note subsequent modifi cation: moment magnitude of 

23 December 2011 earthquake downgraded from 6.0 to 5.9, date February 2013
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Ground shaking

Th e September 2010 Darfi eld earthquake 

caused widespread structural damage, but 

no deaths. Th e February 2011 earthquake, 

although of lower magnitude, caused more 

structural damage and consequent loss of 

life, owing to the proximity of the epicentre 

to the city (see Table 2). With respect to 

the 185 fatalities, 133 of these occurred 

in the collapsed Canterbury Television 

building and the Pyne Gould Corporation 

building, both situated in the CBD (Ground 

Engineering January 2013). Th e iconic 120-

year old Christchurch Cathedral, located 

in the heart of the CBD (and which had 

already sustained superfi cial damage during 

the 2010 earthquake), had its spire and part 

of the tower (originally 63 m high) destroyed 

(see Photos 1 and 2), while the structure of 

the remaining part of the building was also 

severely damaged. Th e June and December 

2011 aftershocks caused further damage, 

particularly with respect to the complete 

collapse of the rose window. 

It is estimated that 90% of the 

buildings in the general CBD area were 

damaged beyond repair, thus requiring 

demolition (personal communication 

with Dr Jan Kupec of the Canterbury 

Earthquake Recovery Authority (CERA)). 

Typical damage to property from the 

February 2011 earthquake is depicted in 

Photos 3 and 4.

Liquefaction and lateral spreading

Extensive liquefaction of the fl atland areas, 

particularly across the eastern suburbs, 

occurred during the earthquakes. Th ese 

areas are underlain by poorly consolidated 

estuarine and alluvial sands and silts with a 

shallow water table. Lateral spreading also 

ensued adjacent to the Avon and Heathcote 

Rivers and their tributaries. Th ese rivers 

are situated within the fl atland. In this 

instance the eff ects of the liquefaction 

and lateral spreading caused widespread 

volume changes and consequent water 

ejection sometimes in the form of foun-

tains at ground surface, surface fl ooding, 

ground cracking, as well as settlements 

of large magnitudes. Sand volcanoes and 

1. Christchurch Cathedral, January 2013, viewed from the northwest. The centre of the photo shows 
the remnants of the tower and spire that collapsed during the February 2011 earthquake. The rose 
window, which was situated on the right-hand side in the bracing area, collapsed after the 
June 2011 and Dec 2011 events (Photo: Trevor Pape) 

2. Christchurch Cathedral, January 2013, viewed from the west. Remnants of the tower and spire can 
be seen on the left; facing the viewer is the collapsed rose window section (Photo: Trevor Pape)

3. Kenton Chambers, 190 Hereford Street – 
typical X-cracks evident over a portion of the 
structure (Photo: Ross Becker Photography)

4. Destroyed car from fallen masonry 
(Photo: Ross Becker Photography)
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sand boils also took place.  A maximum 

total settlement of about 1 800 mm was 

recorded in a suburb to the north of the 

CBD (personal communication with Dr 

Jan Kupec of CERA). Th e large-scale dif-

ferential settlements and lateral spreading 

resulted in distress and cracking to struc-

tures and roads (see Photos 5 to 9).

Cliff  collapse and rock falls

A number of cliff s collapsed within the 

suburbs of the Port Hills during the recent 

earthquake shakings. At the same time 

thousands of large and small boulders 

were dislodged. In some instances there 

was loss of life (5 no. Dellow et al 2011), 

while homes were destroyed and/or dam-

aged from cliff  failures/landslides (40 no.) 

5. Effect of liquefaction (approximately 5 km northeast of the 
CBD); the structure at the left is situated at about original 

ground surface while the eastern portion of the house 
(centre of photo) settled about 0.5 m (Photo: Trevor Pape)

6. At the north abutment of the Anzac Road Bridge over the Avon River (approximately 
6 km northeast of the CBD) lateral spreading pushed the abutment, founded on shallow 

footings, towards the river. The bridge structure itself is on piles. At the Hulverstone 
Drive Pumping Station, located about 100 m southeast of the north abutment, peak PGA 

of 0.86 g was measured during the 22 February 2011 earthquake (Photo: Trevor Pape)

7. Close-up of the distressed north abutment, 
Anzac Road Bridge (Photo: Trevor Pape)

9. Twisted and distressed footbridge spanning 
the River Avon about 2.75 km northeast of the 

CBD; lateral spreading simultaneously from 
both banks effectively squeezed the bridge 

structure placed on shallow footings 
(Photo: BeckerFraserPhotos CC)

8. Tension cracks caused by lateral spreading 
adjacent to the Avon River in the road shoulder of 

Cambridge Terrace, situated immediately north 
of the CBD (Photo: BeckerFraserPhotos CC)
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and rock falls (boulder rolls – 115 no.). 

Four diff erent landslide or ground failure 

types occurred (Dellow et al 2011):

 ■ Sudden collapse of over-steepened 

present-day and former sea cliff s close 

to the ocean, as well as steep ground 

further inland. Houses were damaged 

by tension cracks on the crest areas 

above the cliff  faces and by rock ava-

lanche debris at the toe of the slopes. 

Regressive failure of the same cliff  areas 

occurred in a number of instances 

from the 22 February 2011 event to im-

mediately after the 13 June 2011 event. 

An indication of the eff ects of the cliff  

failures is shown in Photos 10 and 11.

 ■ Rocks falling from volcanic outcrops 

on the Port Hills, and then rolling and 

bouncing over hundreds of metres 

damaging houses located on lower 

slopes and on valley fl oors. Some ex-

amples of rock falls and their eff ect are 

given in Photos 12 to 14.

 ■ Movement of loess ground (overlying 

the basalt), ranging from a few mil-

limetres up to 0.35 metres, at several 

locations. Houses were damaged by ten-

sion cracks on the crest areas of these 

features and compressional movement 

at the toe. 

 ■ Retaining wall and fi ll failures, in-

cluding shaking-induced settlement and 

fi ll displacement. Th ese failures gener-

ally aff ected both houses and roads.

10. Cliff collapse at Peacocks Gallop between Sumner and Moncks Bay, Port 
Hills, about 10 km southeast of the CBD (Photo: Ross Becker Photography)

12. A large boulder, of diameter about 1.5 m, demolished the wooden deck 
of this house in Sumner in January 2013 (Photo: Trevor Pape)

14. Boulder impacts into protective line of shipping containers 
at Richmond Cliffs (about 30 m high) (Photo: Trevor Pape)

13. Hole through the roof of a garage in Sumner, caused by 
a boulder of about 0.5 m diameter (Photo: Trevor Pape)

11. View from the crest of the 60 m high cliff at 
Peacocks Gallop; note the double-stacked line of 
shipping containers protecting the road below 
from potential boulder rolls (Photo: Trevor Pape)
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CHRISTCHURCH NOW
Two years on from the February 2011 

earthquake the status quo is as follows:

 ■ Approximately 8 000 residential homes 

have been permanently abandoned due 

to locations in high-risk liquefaction 

zones, high-risk rock fall zones and 

within potential cliff  collapse/landslide 

zones. Th e majority of these homes 

are still to be demolished (personal 

communication with Dr Jan Kupec of 

CERA). Boulder rolls are still taking 

place from time to time in the Port 

Hills area (see Photo 12), and move-

ments on the crest-of-cliff  collapse 

zones are still occurring. At present 

there are about 34 landslide zones 

across the Port Hills area requiring 

ongoing monitoring and/or remedial 

measures (personal communication 

with Dr Jan Kupec of CERA).

 ■ Portions of the Port Hills area are now 

0.5 m higher than prior to the recent 

earthquakes (personal communication 

with Dr Jan Kupec of CERA).

 ■ Th e probability of a large aftershock 

occurring soon in the Christchurch 

city area and environs reduces day by 

day. Th e current prediction for the 

one-year period from 1 March 2013 to 

28 February 2014 is 8% for a magnitude 

range 6.0 to 6.4 earthquake, and 2% 

for a magnitude range 6.5 to 6.9 (http: 

//info.geonet.org.nz/display/home/

Aftershocks – accessed 1 March 2013).

 ■ Directly after the September 2010 

and February 2011 earthquakes the 

engineering and scientifi c community 

swung into action in terms of map-

ping the city from a liquefaction, rock 

fall and cliff  collapse/landslide hazard 

perspective. A number of reports have 

been produced over the last two years 

by this fraternity to quantify the geo-

technical/geological risks and assist the 

government, planners, developers, de-

signers and the like with the rebuilding 

of Christchurch. Th is work is still 

on-going and such reports are continu-

ally refi ned as new data comes to light. 

Th e reports are generally readily avail-

able on the Canterbury Geotechnical 

Database (CGD) and/or Enviroment 

Canterbury, a government agency.

 ■ Th ere are about 100 000 homes in need 

of either repairs or complete rebuilds. 

Th e majority of this work still has to 

commence (personal communication 

with Dr Jan Kupec of CERA).

 ■ Approximately 3 000 non-residential 

structures (offi  ces, commercial, indus-

trial, etc) will be demolished. A few 

have already been demolished. Around 

1 500 new buildings will have to be 

constructed to replace these damaged 

structures (personal communication 

with Dr Jan Kupec of CERA).

 ■ Th e central core of the Christchurch 

CBD has been barricaded off  to the 

general public, and access is controlled 

by the New Zealand army. Th is area, 

which includes the remains of the 

Christchurch Cathedral, measures 

about 1 000 m by 600 m. Demolition 

of buildings continues within this area, 

with no rebuilds as yet.

 ■ Th e cost of the earthquake rebuild is 

estimated at approximately 15% of the 

New Zealand GDP (personal commu-

nication with Dr Jan Kupec of CERA). 

Th e estimated cost of the rebuild is 

approximately NZ$30 billion (Th e New 

Zealand Herald, 29 Jan 2013).

CONCLUSIONS
Th e objective of this article has been to 

give (mainly) South African readers a 

glimpse into the devastating forces of an 

earthquake and its eff ects upon the com-

munity and land. From a technical, fi nan-

cial and social perspective it is clear that 

the people of Christchurch face major 

challenges with respect to the rebuilding 

of their city. 
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Rehabilitation of sinkholes 
on the N14 near Carletonville
BACKGROUND
This article showcases Aurecon’s in-

volvement in the rehabilitation of a sec-

tion of the N14 north of Carletonville 

following the occurrence of a number 

of sinkholes on the road shoulder that 

resulted in complete road closure. 

Three sinkholes formed on the road 

shoulder at some time between late 

December 2007 and early January 

2008. Two sinkholes (each about 10 m 

in diameter) formed on either side of a 

box culvert (see Figure 1), and another 

on the opposite side of the road (about 

4 m in diameter). A 15 km section of the 

road had to be closed and traffic was 

diverted along existing roads. Sinkhole 

rehabilitation and upgrade of the closed 

section of the N14 is being undertaken 

under Aurecon’s supervision at present. 

At the time of writing, the rehabilitation 

work described in this article was in its 

final stages.

Th e road is currently under the ju-

risdiction of the Gauteng Department 

of Roads and Transport, with the South 

African Roads Agency (SANRAL) acting 

as implementing agent on the project.

PRELIMINARY WORK
Th e overall objective of the rehabilitation 

was to implement measures that would, 

as far as possible, improve the long-term 

stability of the road. Th e elements of the 

work were as follows:

 ■ Sinkhole rehabilitation through 

dynamic compaction (DC)

 ■ Compaction of the wider area using DC

 ■ Cavity fi lling through com-

paction grouting

 ■ Upgrade of the stormwater drainage. 

The likelihood for sinkholes to form 

is determined by the erosion poten-

tial of material above dolomite bed-

rock and by the presence of cavities. 

Common trigger mechanisms for 

erosion are poor surface drainage, 

lowering of the groundwater level, 

and gravity. The triggers are moder-

ated where a significant thickness of 

material with low erosion potential 

occurs above cavities or where cavities 

occur below the groundwater level. 

Figure 1: The two sinkholes that
formed on either side of the culvert 
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A surface reconnaissance in the vi-

cinity of the sinkholes was undertaken, 

and exploratory drilling was carried out 

in the sinkhole area. Th e drilling results 

confi rmed the presence of cavities in the 

weathered stratum (dolomite residuum) 

above the groundwater level. None of the 

above-mentioned mitigating factors are 

present. Several sinkholes that cannot be 

attributed to concentrated surface water 

ingress have occurred in the area, indi-

cating that draw-down of the groundwater 

level has possibly taken place. Potential 

trigger mechanisms therefore include 

surface water ingress (should fl oods higher 

than the 1:20 year peak fl ood occur), low-

ering of the groundwater level, and gravity. 

According to the terminology in use, two 

inherent susceptibility classes (ISCs) occur 

across the rehabilitation area:

 ■ A medium likelihood for large sink-

holes (HSC 4) 

 ■ A high likelihood for large sinkholes 

(HSC 8)

Th e site dolomite stability conditions con-

sidered in the rehabilitation of the site are 

summarised in Table 1.

Th e solutions recommended for the 

rehabilitation work were based on the 

above assessment, which is borne out by 

the occurrence of three sinkholes along a 

short distance of the road (40 m). Th e DC 

work and the compaction grouting are 

described next. 

REHABILITATION
Dynamic compaction (DC)
Accepted practice (specifi ed in PW 344 

– Ref 2) requires that sinkholes are reha-

bilitated according to the inverted fi lter 

method using dynamic compaction (DC). 

Th e inverted fi lter method is designed to 

prevent future mobilisation of the backfi lled 

material. Th e use of DC backfi lling ensures 

that people are not exposed to further 

collapse of the sinkhole during backfi lling 

and compaction. A 12 tonne pounder was 

dropped through a height of 18 m on a 5 m 

grid for primary compaction, and a 5 m 

grid shifted 2.5 m diagonally, for secondary 

compaction, followed by ironing blows. Th e 

outlines of the sinkholes and the perimeter 

of the treated area appear in Figure 3.

Th e intention with dynamic compac-

tion (DC) at the sinkhole area was to 

rehabilitate sinkholes and to reduce the 

permeability of near-surface materials. 

Th e depth of penetration using DC 

was predicted by equation D=0.5√
‒‒‒‒‒‒
wH (the 

Menard equation for gravelly soil). With 

a pounder weight of 12 tonnes, and an 

18 m drop height, the equation predicts 

penetration to 7.3 m. Th is penetration is 

aff ected by the presence of boulders and 

fi ne-grained soils. For the project, DC 

was assumed to have improved condi-

tions to about 5 m depth. 

Th is assumption is contradicted by 

lost sample – specifi cally between 2 m 

and 4 m depth in borehole P6 (Figure 2). 

Th e stones in the sample box represent a 

lack of sample recovery in the borehole 

drilled for grouting. Th e failure of DC to 

compact to any signifi cant depth in this 

position may be explained by a boulder 

between 1 m and 2 m depth. Nevertheless, 

such boulders of chert or dolomite are 

common in dolomite environments, and 

must be assumed to be present.

Compaction grouting – cavity fi lling
Grouting design

Th e following requirements were consid-

ered in the grout design:

 ■ Any voids of more than 5 m in plan 

dimension had to be fi lled.

 ■ Th e spread of grout had to be limited to 

the footprint area defi ned for grouting, 

with the minimum of penetration be-

yond this area. 

 ■ Th e displacement or erosion of soft for-

mation by grout had to be prevented as 

far as possible (improvement of in-situ 

materials was not required). 

 ■ Th e above objectives had to be satisfi ed 

with maximum ground heave of 50 mm.

Table 1  Site dolomite stability conditions

Factors Assessment Comment

Subsurface profi le 
characteristics

Erosion potential Medium to high Fine sand, chert gravel, residual dolomite

Cavities present Yes Proven by sinkholes and boreholes

Trigger mechanisms

Surface water Yes
Flooding possible in the long term. Drainage 
design allows for 1 in 20 year peak fl ood

Lowering of groundwater level Yes Dewatering sinkholes nearby 

Gravity Yes –

Mitigating factors

Material of low mobilisation 
potential

No Absent

Shallow groundwater level No Groundwater in dolomite bedrock 

Figure 2: Samples per metre for primary borehole P6; the stones 
represent sections of no sample recovery due to air loss into the formation
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Th e above requirements dictated the 

grout mix, the grout borehole layout 

(Figure 3), and the termination criteria.

For the grout mix, a minimum 28-day 

strength of 2 MPa was required, and 

mobility had to be limited to a maximum 

slump of 150 mm (SANS 5862-1-2006). 

Termination criteria used for the primary 

boreholes were: 

 ■ Maximum 1 bar per level, providing 

for overburden pressure and head 

loss through the grout assembly

 ■ Minimum 10 ℓ per metre (bore-

hole volume) and maximum 

2 500 ℓ (2.5 m3) per metre.

Th e criteria were later increased to 2 bar 

(providing for head loss through the grout 

assembly, and overburden pressure), and the 

maximum volume criterion was increased 

to 5 m3/m. Drilling of grout boreholes was 

terminated where a continuous depth in-

terval of at least 5 m was interpreted to have 

intersected dolomite bedrock. 

Limitations imposed by budget, avail-

able materials and equipment on site 

required compromises on the constitu-

ents and the eventual acceptance criteria. 

Nevertheless, the eventual product was 

believed to be satisfactory for the purpose 

of cavity fi lling.

Th e primary borehole grid of 3.4 m by 

3.4 m was designed to allow intersection 

of any cavity equal to or larger than 5 m 

in plan dimension. Secondary boreholes 

were inserted on the diagonals of the 

original grid where signifi cant grout takes 

occurred in primary boreholes, especially 

where the maximum volume criteria 

were achieved at less than the termina-

tion pressure. Figures 4 and 5 show the 

grouting in progress.

Grouting outcomes

Th e total grout area is 525 m2 in extent. 

With the average depth to bedrock at 18 m, 

Figure 3: Grout layout

Figure 4: Grouting in progress at the 
borehole end – in the foreground

Figure 5: Grouting in progress at 
the pump and monitoring end
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the volume of the grout space is 9 450 m3. 

Based on the the total grout take to date of 

295 m3, the percentage of the grout space 

that was fi lled by grout is about 3%. Th e 

grout takes are plotted in order of increasing 

total volume per borehole in Figure 6. 

Figure 6 also shows that in about 40% 

of boreholes, no grout in addition to the 

assumed actual borehole volume was 

injected. In another 20% of boreholes, 

a total of 1 m3 of additional grout was 

required to fi ll small cavities along sec-

tions of each borehole. Takes of more than 

10 m3 occurred in eight boreholes.

Figure 7 shows that signifi cant grout 

takes were recorded from about 10 m, with 

the majority of high takes occurring from 

a depth of about 17 m. It is signifi cant that 

this level coincides approximately with 

the average depth to dolomite bedrock 

(18 m). Th is refl ects the reality that cavi-

ties are most common immediately above 

dolomite bedrock. Th e fl attening at the end 

of each curve refl ects the decrease in grout 

takes in bedrock. High grout takes per 

metre occur uninterrupted for an interval 

of at least 10 m in the boreholes with the 

highest grout takes.   

CONCLUSIONS
Th e Gautrans–SANRAL-Aurecon col-

laboration on the rehabilitation has been 

successful in meeting the rehabilitation 

challenges with appropriate actions. Th e 

actions were as follows:

 ■ Sinkhole backfi lling using the in-

verted fi lter method and DC

 ■ Compaction of the wider area using DC

 ■ Cavity fi lling through com-

paction grouting

 ■ Improved drainage measures. 

Drainage provision is a critical element 

in mitigating the risk of surface water 

ingress. Th e area is characterised by 

very fl at-lying topography, and many 

culverts were observed to be silted up. 

Th e drainage design for the sinkhole area 

includes trapezoidal concrete-lined side 

drains on both sides of the road, and a 

concrete inlet structure and spilling basin 

connecting the culverts with the side 

drains.

Th e appropriateness and eff ectiveness 

of the other actions are assessed below.

Dynamic compaction (DC)
The inverted filter principle used in the 

rehabilitation of sinkholes addresses 

the assumed mechanism of sinkhole 

formation. The minimum requirement 

for backfilling is that workers exposed 

to the hazard of remobilisation during 

manual compaction are suspended in 

harnesses from a secure device. As 

manual compaction was not practical, 

given the scale of the rehabilitation 

work, DC was used. The intervals of lost 

sample in borehole P6 (Figure 2) suggest 

that DC does not necessarily consoli-

date the ground to a significant depth in 

variable conditions. 

Th e outcome of DC on the treated 

area outside the sinkholes must be as-

sumed to be limited to reduced perme-

ability.

Compaction grouting
The assessment that grouting was ap-

propriate for rehabilitation of the sink-

hole area was based on the belief that 

the occurrence of sinkholes on either 

side of the road in the rehabilitation 

area indicates the presence of cavities 

beneath the road surface. Also, the 

occurrence of three sinkholes on an 

area as small as 600 m2 in extent was 

interpreted to confirm numerous un-

derground cavities. The grouting results 

show that each sinkhole is associated 

with one borehole where grout takes 

were greater than 20 m3. In two of these, 

the high-take boreholes are within the 

sinkhole outlines, and in the third, im-

mediately outside the outline (Figure 

3). A grout take this high was recorded 

in only one other borehole. The likeli-

hood for cavities underneath the road 

was also confirmed by high grout takes 

between the two sinkholes that had 

formed on opposite sides of the road 

(Figure 3). 

Th e spacing of the grout boreholes is 

not small enough to ensure backfi lling of 

every cavity in the grout space. However, 

the plan locations of boreholes with high 

grout takes coincide generally with loca-

tions of perceived greater instability. It 

would therefore be reasonable to believe 

that all of the larger cavities have been 

backfi lled to a signifi cant extent.  
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”The cantilevered construction solution

from PERI offers many advantages. 

Through the well thought-out and ease 

of handling at the same time, we could 

quickly realise the structure. The biggest 

challenges were maintaining the required 

tolerances across the whole span and 

the extremely accurate construction of 

the webbed sections with varying angles. 

With the practice-oriented adjustment 

of the formwork, we could easily 

fulfil these requirements. Furthermore, 

the compatibility with PERI UP allows 

safe access points to and working 

areas on the formwork without any 

additional effort – indispens able for the 

construction of such projects.“

Flexible 
The equipment can be easily adapted to 

suit a wide range of bridge cross-sections.

Cost-effective 
Standardized, rentable system compo-

nents allow for cost-effective solutions 

User-friendly 
The mechanical system enables easy 

moving to following casting segments.

Safe 
Compatibility with PERI UP scaffolding 

enables safe working platforms.

NEW VARIOKIT Engineering Construction Kit
for balanced cantilever construction method
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the local team works closely with 
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we support our customers by enabling 

them to find out about the latest form-

work and scaffolding technologies for 

more efficiency and to be able to pass 

on this knowledge.

Onsite support

PERI formwork instructors provide 

an extensive professional briefing 

onsite. This means that any improper 

handling is avoided and the risk of 

accidents is greatly reduced. Using 

the systems even more efficiently 

accelerates the construction prog-

ress.
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Compaction considerations at the 
Kwale Mineral Sands Project

INTRODUCTION
Located approximately 50 km south-

west of Kenya’s principal port city, 

Mombasa, lies the Kwale Mineral 

Sands Project. The project comprises 

the near-surface extraction of nu-

merous minerals, and an associated 

processing plant. The mine will produce 

titanium, ilminite, zircon and rutile 

over its expected 13-year lifetime.

According to the geological map 

of the Mombasa-Kwale area, the un-

derlying geology is predominantly of 

sedimentary origin, including sandstone 

and grit. However, based on a feasibility 

investigation carried out at the site in 

RIC machine compacting the in-situ material, creating deep compaction prints
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2004, the plant area was likely to have a 

deeply weathered soil profile. With this 

in mind, a detailed geotechnical inves-

tigation was required to provide recom-

mendations for various aspects of the 

project, such as earthworks, pavements 

and plant structures. Of particular 

interest is the ground improvement 

recommendations for the proposed 

structures, and the procedures used for 

carrying out the improvement.

METHODOLOGY
AND DESIGN APPROACH
The investigation conducted at the plant 

site comprised seven boreholes drilled 

vertically to a depth of 25 m each. These 

boreholes were positioned to maximise 

the information available from beneath 

the larger structures (such as tanks 

and slimes thickeners). The material 

encountered typically consisted of 

fine-grained sands, with rock not being 

encountered in any of the boreholes. 

Standard penetration tests (SPTs) con-

ducted at 1.5 m intervals indicated that 

the material in the top 6.0 m had a very 

loose consistency. A collapsible fabric 

was also observed in the shallow trial 

holes conducted for the tailings storage 

facility. In addition to the field work, 

laboratory tests conducted on samples 

retrieved during the investigation re-

vealed that the in-situ material typically 

has low-strength properties. It is worth 

mentioning that groundwater was not 

encountered in any of the boreholes.

A solution had to be found to improve 

the bearing capacity at the plant site – a 

solution that would minimise the amount 

of in-situ material to be excavated, and 

would destroy the open pinhole structure 

at the site. 

IMPLEMENTATION AND 
CONSTRUCTION
Bearing in mind factors such as the lim-

ited sources of concrete aggregate at the 

site and the lack of better quality material 

in the vicinity of the site, the method that 

was considered best to accomplish the 

compaction requirements was rapid im-

pact compaction (RIC). ARQ, in conjunc-

tion with RIC Africa, developed a solution 

based on the parameters obtained from 

the borehole investigation. 

Th e RIC machine utilises a weight of 

nine tons, dropped at a rate of 40 blows 

per minute from a height of one metre, 

and is a controlled means of compacting 

the founding material to an acceptable 

level. Th e RIC method can be eff ective to 

depths of more than 5.0 m below ground 

level, with little excavation of the in-situ 

material necessary. RIC Africa indicated 

a preference to use the nine-ton machine 

due to shipping considerations; the 

resultant compaction specifi cation was 

therefore based on this machine.

A major advantage of this solution 

is that the machine is mounted on a 

45-ton CAT345B excavator, and can be 

mobilised within minutes of arrival on 

site. RIC can also generate significant 

time and cost savings due to the fast 

ground coverage and compaction ef-

ficiency. With this said, it is rare that 

geotechnical solutions are free of their 

own challenges. The transport of the 

equipment from South Africa to Kenya 

presented a logistical challenge, but 

with detailed planning and a sufficient 

Close-up of deep compaction prints

After completion of the RIC, the surface had to be ripped and re-compacted
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lead time, this matter did not present 

any problems. Minor delays were expe-

rienced as replacement parts had to be 

brought in from South Africa and the 

UK, but these delays did not signifi-

cantly affect the construction schedule. 

A total area of nearly 2 ha was com-

pleted in 30 working days.

Th e compaction solution proposed for 

the plant site required the in-situ material 

to be excavated to a depth of 1.0 m below 

the earthwork design level and stockpiled. 

RIC then took place in a grid-like pattern 

(3.5 m centre to centre with one in the 

middle). Although 50 blows were envis-

aged at each compaction point, the mate-

rial on site responded well to the RIC; an 

average of only 30 to 40 blows was there-

fore required. As the RIC method leaves 

an uneven surface after completion, it is 

necessary to rip and re-compact the sur-

face using a conventional padfoot roller 

operating in vibrating mode. A composite 

geotextile with a tensile strength of 

100 kN/m was specifi ed to be placed on 

the compacted in-situ material to provide 

additional reinforcement. Stockpiled 

material was then placed and compacted 

in layers to 300 mm below the required 

earthwork design level. Finally, two layers 

of G7-quality material were imported, 

placed and compacted to achieve the 

required level.

A particularly interesting aspect of 

the project came from the fact that the 

RIC conducted at the site was required 

to be assessed prior to the placement of 

the layerworks. Th is was done by con-

ducting continuous surface wave (CSW) 

tests at the plant site to determine the 

stiff ness of the soil raft created, and the 

expected settlements. A total of eleven 

CSW tests were conducted at the plant 

site: nine in the compacted material and 

two in uncompacted material. From the 

initial calculations, it was determined 

that the RIC would have an infl uence on 

the in-situ material to a depth of some 

3.0 m. A comparison between the com-

pacted and uncompacted results indi-

cated that the depth of infl uence varied 

between 2.4 m and 4.0 m. Th e Young’s 

Modulus (E-value), a measure of the 

stiff ness of the material, was taken at the 

0.1% strain limit, which is considered 

representative for static foundations. An 

average increase in stiff ness of 185% was 

realised through the RIC process. It was 

also possible to estimate the expected 

settlement at each CSW test position 

based on the stiff ness of the material 

and the applied load of 200  kPa. Th e 

average expected settlement over the 

compacted portion of the site was es-

timated at some 3.3 mm, prior to the 

placement of the layerworks.

CONCLUSION
Although faced with low-strength in-

situ material exhibiting an open pinhole 

structure that is susceptible to liquefac-

tion, it was possible to provide a time 

and cost-eff ective solution that took into 

account the constraints present at the site. 

With minimal excavation of the in-situ 

material, the required bearing capacity 

was achieved, with the risk of collapse 

settlement greatly reduced. RIC has there-

fore proved to be a highly suitable solution 

for the compaction requirements at the 

Kwale Mineral Sands Project. 
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The Kamoa Project is a newly 
discovered, very large stratiform 
copper deposit with adjacent 
prospective exploration areas 
within the Central African 
Copper Belt, approximately 
25 kilometres west of Kolwezi 
and about 270 kilometres 
northwest of Lubumbashi in 
the DRC. Golder Associates 
Africa (Pty) Ltd was appointed 
by African Minerals Barbados 
Limited, a subsidiary of 
Ivanplats Limited, to provide 
engineering and environmental 
consulting services for the 
project, which included a 
wide range of preliminary 
geotechnical engineering 
studies. A summary of these 
studies is presented herein.

Doing it all at Kamoa
ROAD AGGREGATES SPECIFICATION
In order to optimise the client’s aggregate 

sourcing operations, a specifi cation report 

was provided on the suitability of the 

local materials (near surface/outcropping 

rocks and natural gravels) for use as road 

aggregates in the construction of the pro-

posed access roads.

Th e rocks were grouped together in 

terms of their common road aggregate 

properties (loosely based on the pres-

ence or absence of quartz, and the eff ect 

this has on the weathering of the rocks); 

and recommendations were made on 

their suitability for surfacing (based on 

strength, durability, polishing, etc), their 

usability as pavement layers or subgrades 

(based on crushing strength, plasticity, 

susceptibility to moisture, etc), potential 

deleterious minerals present and the sus-

ceptibility to environmental eff ects.

FOUNDATION INVESTIGATION 
FOR MINE INFRASTRUCTURE 
AND TAILINGS STORAGE 
FACILITY SITE SELECTION
Geotechnical investigations comprising 

drilling, test pitting and associated in-situ 

and laboratory testing have been car-

ried out for the various infrastructure 

components related to the mining opera-

tions. Th ese infrastructure components 

included the plant and construction 

laydown area, slag dump, approximately 

5 km tailings delivery and return water 

pipeline alignments, about 7 km con-

veyor belt alignments, borrow materials 

sourcing and the construction village.

Two possible site locations 

(Options 1 and 5A/5C) out of an orig-

inal six options were additionally inves-

tigated for the tailings storage facility 

(TSF) site selection, both with very 

different characteristics and challenges. 

TSF Option 1 is located partly on a 

dambo* in the northwest portion of the 

site, and TSF Option 5A/5C is situated 

along an approximately 7 km long river 

valley in the south-eastern portion of 

the site. [*A dambo is a thick (±15 m to 

20 m) deposit of Kalahari Sands which 

is inundated during the wet season, 

and drains into the neighbouring 

river systems during the dry season. 

These were most recently labelled as 

“Hydromorphic Grasslands”.]

Recommendations were made in 

terms of the following geotechnical prop-

erties of the foundation soils:

 ■ Excavatibility

 ■ Shear strength

 ■ Stiff ness

 ■ Engineering use

 ■ Foundations

 ■ Permeability

 ■ Dispersivity

 ■ Corrosivity

 ■ General site preparation
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PRELIMINARY 
LIQUEFACTION ASSESSMENT
A preliminary liquefaction potential 

analysis was carried out for the founda-

tion soils at TSF Option 1 according 

to the National Centre for Earthquake 

Engineering Research (NCEER) 1996 

workshop summary report, using the 

results of the SPT testing, i.e. the (N
1
)

60 

value, and nominal grading and index 

testing carried out on the retrieved repre-

sentative SPT samples.

Two main parameters are required to 

perform a liquefaction analysis; a normal-

ised measure of the cyclic shear stresses 

due to earthquake loading, which can be 

expressed in terms of the cyclic stress ratio 

(CSR); and the soil resistance to liquefaction 

assessed by means of the cyclic resistance 

ratio (CRR). Th e safety factor against lique-

faction is then expressed as SF=CRR/CSR.

PRELIMINARY BOX CUT SITE 
CLASSIFICATION
Th e intention of this study was to give a 

preliminary rock classifi cation of the mate-

rials at the proposed box cut position, based 

on the quality of the rock encountered using 

Bieniawski’s (1976) rock mass rating (RMR), 

and provide preliminary recommendations 

on the depth at which the portal should be 

excavated, based on Grimstad and Barton’s 

(1993) tunnelling quality index, Q.

FAULT HAZARD EVALUATION 
(Th e fault hazard evaluation was carried 

out by Alan Hull of Golder’s Irvine Offi  ce 

in California, USA). Because parts of 

Africa are known to have seismically active 

faults, the development of a major facility 

within or near the African Rift Valley 

raises the potential for damage to major 

mine infrastructure from the eff ects of 

surface fault rupture and/or strong earth-

quake shaking. In particular, major per-

manent facilities such as tailings storage 

facilities should not be located where 

known or potential surface fault rupture 

has occurred or could occur in the future.

Th e objective of the fault hazard 

study at Kamoa was to evaluate available 

geologic, geophysical and geomorphic 

evidence for Quaternary (last 1.8 million 

years) activity of the faults identifi ed and 

mapped within the project site. Evidence 

of Quaternary surface fault rupture in-

cludes linear scarps that cut across the 

landscape, alignments of surface hollows 

or mounds, vertical and/ or horizontal 

off set of topographic features, vegetation 

lineaments and the alignment of his-

torical earthquakes.

GEOTECHNICAL STUDIES STILL TO 
BE CARRIED OUT FOR THE PROJECT 
INCLUDE THE FOLLOWING

 ■ Slope stability assessment of the tail-

ings storage facility design

 ■ Assistance with the access road survey

 ■ Detailed foundation investigations

 ■ Probabilistic and deterministic seismic 

hazard assessment. 

Excavating a test pit at the proposed plant site

Test pit at TSF Option 1
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Integration of geosynthetics into civil engineering

From products to functions
a case study: Hazyview slip repair

INTRODUCTION
Th e shortage of borrow sources for 

granular material, combined with the 

limited availability of funds for rehabili-

tation projects, is generating more op-

portunities for innovative engineering in 

order to achieve cost-eff ective solutions. 

Since the introduction of geosynthetics, 

governments, consultants and contrac-

tors have been assisted to deliver projects 

to stakeholders. Geosynthetics are now 

considered necessary and indispensable 

for a cost-eff ective solution in multiple 

functions, such as reinforcement, separa-

tion, fi ltration, drainage, barriers, erosion 

control, containment and protection 

(ISO 10318:2006: Geosynthetics: Terms 

and Defi nitions).

Th e use of geosynthetics in South 

Africa is still novel to engineers, but its 

use is nevertheless increasing every year 

in sectors such as reinforcement of fi ll, 

management of pore water pressure, 

foundations and pavements.

An example of this was a project to 

stabilise a slip failure on a 25 m high em-

bankment undertaken in 2010 on the road 

between Hazyview and Graskop, near the 

Kruger National Park. Th e stability of the 

road embankment was enhanced expo-

nentially through the use of geosynthetics 

in fi ve of its eight functions: reinforce-

ment, separation, fi ltration, erosion con-

trol and drainage.

BACKGROUND
In October 2010, after attending a 

Continuing Professional Development 

(CPD) lecture on geosynthetics, Masetlaoka 

Scott Wilson approached Maccaferri to visit 

a site on the D1043 between Hazyview and 

Graskop where it was feared a slip failure 

may occur, thus compromising the stability 

of the embankment. Further research 

revealed that the slip was caused by a lack 

of maintenance of the stormwater drainage 

system, which was not suffi  cient to handle 

the heavy rains characteristic of this region. 

Th e situation was aggravated by the pres-

ence of a clay silty sand soil, resulting in a 

massive erosion donga of about 25 m high 

and 80 m wide. 

Th e geotechnical investigation re-

vealed very poor in-situ soil with a high 

level of silt and clay (55% passing the 

0.075 sieve) classifi able as a G9. A friction 

angle of 22° with cohesion of 32 kPa was 

determined, using a shear box test.

Primary reinforcement using 80 kN/m bonded geogrids

Basal reinforcement platform using 300 kN/m 
geogrids in both directions
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A global stability analysis revealed 

a deep-seated global instability at the 

bottom of the embankment (about 25 m 

from the road) due to the uncontrolled 

erosion which had removed most of 

the soil at the toe of the embankment. 

In addition to this, water was seeping 

under the embankment from a pond 

which holds stormwater received from 

the catchment area on the opposite side 

of the embankment. 

As the site was enclosed by private 

land, the idea of importing fill to re-

establish the natural slope was not 

possible. With the steeper angle that 

was required it became apparent that 

soil reinforcement was the only possible 

solution, as this would reduce the foot-

print and also the volume of fill which 

would have to be imported.

The final solutions comprised the 

use of geosynthetics as follows:

 ■ Soil reinforcement structure

 ■ Basal reinforcement to support 

the soil reinforcement structure

 ■ Separation between the in-

situ soil and the imported soil 

to avoid mixing and reducing 

mechanical performance

 ■ Filtration behind all hy-

draulic structures

 ■ Drainage control at the top 8 m 

to collect any seepage water 

coming from the other side of the 

embankment to avoid contami-

nation on the structural fill

 ■ Erosion control blanket to protect the 

slope at the top and avoid erosion.

SOIL REINFORCEMENT
Th e traditional methods to counteract a 

deep-seated global instability are piles, 

sheet piling or soil nailing. Th ese methods 

are often used in high-skilled engineering 

where time is at a premium, and where 

most of the work is done by machines. At 

Hazyview, however, the contractor was 

limited to only one excavator, two impact 

rollers and inexperienced labour from the 

local community.

Th e technology of soil reinforce-

ment, using geosynthetics, allowed the 

contractor to use a large local labour force 

to cut the geogrid to the required length, 

place it on site and transport the structural 

fi ll to the areas that were inaccessible to 

the excavator. Th is solution also allowed 

the steepening of the slope to 70° (50° more 

than its angle of repose), enabling them 

to maintain the construction within the 

property boundaries, as well as saving on 

earthmoving and importing of soil.

Th e geogrids used were high-tensile 

polyester, encased in a LLDPE coating to 

prevent installation damage, with a strength 

of 200 kN/m at the bottom and 80 kN/m at 

the top, all at 2 m spacing, acting as primary 

reinforcement. A secondary reinforcement 

in-between was given by a double-twisted 

mesh of 50 kN/m linked to the facing. For 

most of the structure a 70° angle was main-

tained, with surface erosion control. Where 

hydraulic structures were required, a gabion 

face was used.

Th e fi nal solution comprised three 

berms – the fi rst one (to prevent global sta-

bility failure) of 11 m high with a foundation 

of 4 m in order to intercept the deep-seated 

instability; the second one closer to the road 

(in order to save on the volume of imported 

material) of 8 m high; and the third one a 

natural slope of 2 m high which restored the 

previous distance of about 11 m between 

the road and the edge of the cliff , thereby 

improving the safety of the road.

BASAL REINFORCEMENT
Once the contractor reached the founda-

tion level for the reinforced structure, a 

standard penetration test revealed the 

soil’s low bearing capacity (between 

10 and 60 kPa), which would have caused 

a failure due to the un-drained shear 

stress of the foundation. Basal reinforce-

ment was suggested to avoid interruption 

by construction (standing time would 

have compromised the entire programme) 

and to maintain the costs within budget. 

Based on the analysis done with 

Mac.St.A.R.S in-house software, 300 kN/m 

mono-directional geogrid reinforcement 

was placed at the foundation in both direc-

tions. A mono-directional geogrid, with 

a creep deformation of less than 1% in 

120 years, was selected in accordance with 

the SANS 207:2006 for embankments on 

highways. (Th e use of bi-directional ge-

ogrid would have required a 4 m overlap to 

obtain the same result, and this would not 

have been cost-eff ective.)

SEPARATION
To counter the very real possibility of the 

imported material mixing with the in-situ 

soil (G9 of which more than 50% passed the 

Separation using nonwoven geotextile 
between in-situ soil and imported material
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0.075 sieve) and thereby drastically reducing 

the mechanical properties of the imported 

soil, nonwoven geotextile was placed at 

every interface between the imported 

material and the in-situ soil. Benching was 

adopted to prevent a weak interface, and 

hence a failure zone, behind the reinforced 

structure and the in-situ soil.

FILTRATION
One of the main causes of failure in a re-

inforced soil structure is the mismanage-

ment of water.  Th e project at Hazyview 

included the rehabilitation of the storm-

water drainage system, comprising two 

8 m high weirs in the top part and one 

11 m high weir at the bottom, connected 

with reno mattresses, plus a concrete pipe 

culvert collecting the water from the op-

posite side of the embankment, as well as 

a stilling basin at the toe of the embank-

ment to dissipate the energy and reduce 

the tractive forces of the water, which 

over the years, along with the silty soil 

and lack of maintenance, had created the 

25 m high donga.

It was suggested that a geocomposite 

clay liner (GCL) be placed underneath all 

the hydraulic structures, but this proved 

too costly. To remain within budget, a 

21 mm thick nonwoven geotextile was 

used instead.

DRAINAGE
Water that had not been properly con-

tained on the other side of the embank-

ment created a water table in the top 8 m of 

the reinforced structure. To avoid any pore 

water pressure in the embankment, which 

would have increased the reinforcement 

requirement by about 50%, a geocomposite 

liner was installed at the back of the rein-

forced structure with a perforated pipe at 

the bottom to collect water. Th e pipe was 

then connected to the hydraulic structures.

EROSION CONTROL
A full-height gabion-faced soil-reinforced 

structure to counter erosion and insta-

bility (caused by high rainfall in the area) 

would not be cost-eff ective in terms of the 

available budget. 

It was therefore decided to use a more 

economical pre-formed unit made of 

double-twisted mesh to provide primary 

reinforcement. A synthetic biodegradable 

erosion control blanket was installed on 

the 70° front face of the slope, and was 

held in place by the wraparound double-

twisted mesh. Th e erosion control blanket 

was then hydro-seeded to stimulate ap-

propriate plant growth on the slope. 

SUCCESSFUL COMPLETION
Th e use of a geosynthetic solution at 

Hazyview enabled the contractor to com-

plete the project within time and within 

budget, while also empowering a local 

labour force in the construction of a 25 m 

high soil reinforcement structure, com-

plete with hydraulic structures for water 

management.

More than 13 000 m2 of geosynthetics 

were used on this project. Although the 

geosynthetics made up 22% of the total 

cost of the project, their use generated a 

saving in earthmoving, trench drains and 

erosion control measurements estimated 

at between 25% and 30% of the total cost 

of the project. 

CLOSURE
Geosynthetics are related to civil engi-

neering through eight functions: rein-

forcement, separation, fi ltration, drainage, 

barriers, erosion control, containment and 

protection. Engineers have in the past few 

years indeed moved towards the concept 

Nonwoven geotextile placed under reno 
mattress for fi ltration purposes

Geocomposite for drainage placed just at 
the back of the reinforced structure with a 

perforated pipe at the bottom to collect water
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of using geosynthetics. Th is move has 

been shifting the focus from the product 

(geotextiles, geogrids, etc) to its function 

(fi ltration, reinforcement, etc). Although 

this approach leads to simpler solutions, 

the choice of the right product has be-

come more complicated. 

Solutions have become simpler be-

cause a ‘function approach’ clearly identi-

fi es what a particular geosynthetic needs 

to be able to do and what its key parame-

ters should therefore be – e.g. a geotextile 

with a separation function needs to have 

mechanical properties (tensile strength, 

CBR), whereas in a geotextile with a fi ltra-

tion function hydraulic properties become 

more important (apparent opening size, 

permeability).

Th e choice of the right product has 

become more complicated because 

geosynthetics are evolving all the time, 

requiring increased knowledge of the in-

trinsic properties of geosynthetics.

Engineers and manufacturers, to-

gether with academics, have since the 

1970s when the fi rst geosynthetic was 

used in civil engineering, striven to dem-

onstrate the trustworthiness of geosyn-

thetics. More than 50 million m2 of geo-

synthetics were used worldwide in thou-

sands of projects in 2011 (the quantity 

of geosynthetics sold by the Maccaferri 

Group in that year), acting as primary 

structural products, with a very high level 

of reliability. As far as the author is aware, 

not a single failure was due to the geo-

synthetics themselves. Failures occurred 

because of poor or incorrect construction 

and/or the incorrect assumption of pa-

rameters at the design stage.

One of the main challenges when using 

geosynthetics is proper quality control. A 

lack of quality control is one of the most 

common reasons for failure. Geosynthetics 

are becoming fundamental structural ele-

ments in projects, almost like steel is for 

concrete. If the necessary quality control is 

not performed, the integrity of the project 

could be severely compromised. 

Close-up of biodegradable erosion control 
blanket to enhance vegetation on a 70° face

Completed structure (just before hydro-seeding)
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Geotech @ TUKS
THE SUCCESSFUL INSTALLATION and commissioning of a geo-

technical centrifuge in the laboratories of the Department of Civil 

Engineering at the University of Pretoria was reported in the April 

2012 edition of SAICE’s magazine (Civil Engineering April 2012). 

Th e centrifuge was installed in a newly created laboratory converted 

from a lecture hall in the basement of the civil engineering laborato-

ries on the university’s main campus. Th e new centrifuge laboratory 

was opened by the Vice Chancellor and Principal of the university, 

Prof Cheryl de la Rey, on 13 June 2012.  Now, less than one year later, 

more than 130 centrifuge tests have been registered in the centri-

fuge log book. It is intended to use this facility to signifi cantly in-

crease the research output of the Department of Civil Engineering, 

not only in the fi eld of geotechnical engineering, but also in other 

disciplines. Th is article presents an overview of the geotechnical 

group at the University of Pretoria and its activities.  

THE CENTRIFUGE LABORATORY
Th e centre piece of the laboratory is the 150 G-ton geotechnical 

centrifuge, capable of accelerating models weighing up to 1 ton 

to 150 times earth’s gravity. A geotechnical centrifuge is used to 

accelerate small-scale models of geotechnical problems to high 

accelerations to create the same stress distribution in the model as 

that occurring in the full-scale situation. Th is is necessary because 

the stress-strain behaviour of soils is highly non-linear. A model 

with a scale of 1:50, for example, has to be accelerated to 50 G for 

the stress-strain properties of the soil in the model to be realistic.

Th e centrifuge laboratory was developed with university funds 

and very substantial support from industry, and is equipped with 

state-of-the-art facilities, which include the following:

 ■ A control room equipped with four high specifi cation com-

puters for controlling the centrifuge and for data acquisi-

tioning.

 ■ A cooling system capable of dissipating the total power con-

sumption of the centrifuge to maintain a constant temperature 

environment during testing. 

 ■ Approximately 160 m2 of laboratory fl oor space for the 

building and preparation of physical models.

 ■ A wide range of sensors for the monitoring of models, in-

cluding displacement transducers, pneumatic and hydraulic 

pressure sensors, strain-gauge-based sensors, tactile pressure 

sensor mats and several on-board cameras.

 ■ Two parallel data acquisition systems, one manufactured by 

HBM and the other by the University of Western Australia, 

provide a total of 48 recording channels. In addition, the cen-

trifuge is equipped with a solid-state on-board computer for 

controlling the tactile pressure mat mentioned above, and dig-

ital cameras which are used for image processing and for high 

speed logging necessary for seismic studies in the centrifuge.  

Th e availability of the geotechnical centrifuge opens up many 

research opportunities, as it enables physical models of geotech-

nical problems to be tested. Th e testing of physical models has 

several advantages:

 ■ No assumptions with regard to constitutive models need to 

be made, as materials from the fi eld can be used directly in 

models.  

 ■ Complex three-dimension problems can be modelled.  

 ■ An actual physical event can be observed, albeit at model scale.

 ■ Time required for consolidation accelerates with the square 

of the scale factor, meaning that consolidation problems can 

Figure 1: The geotechnical centrifuge 
at the University of Pretoria 
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be studied in a fraction of the time of the full-scale situation. 

Th e time required for fl ow problems accelerates proportionally 

with the scale factor itself.

 ■ Relative to full-scale testing, centrifuge tests are cheap and 

quick to carry out.  

GEOTECHNICAL ELEMENT TESTING
Th e Department of Civil Engineering also manages a laboratory 

which performs high-quality triaxial and Rowe Cell testing, not 

only for research purposes, but also for industry. Th e capacity 

of the laboratory is currently being expanded by increasing the 

number of triaxial cells from three to six. Considerable care is 

taken in the preparation of samples, and also during the satura-

tion, consolidation and shearing phases to ensure results of the 

highest standard. Th e academic staff  are intimately involved in 

the management of the laboratory and are personally respon-

sible for supervising data processing and for quality control. All 

testing is carried out by a laboratory technician who now has 

more than 12 years’ experience with triaxial testing.  

GEOTECHNICAL STAFF
Th e geotechnical lecturing staff  at the university are Professors 

Gerhard Heymann, Eben Rust and SW Jacobsz.  Prof Chris Clayton 

of the University of Southampton has recently been appointed as ex-

traordinary Professor in the Department of Civil Engineering. Prof 

Clayton, who is a recent editor of Geotechnique, one of the foremost 

geotechnical journals in the world, is also joint editor-in-chief of 

the SAICE journal (Journal of the South African Institution of Civil 

Engineering) and a multiple recipient of the SAICE Geotechnical 

Division Jennings Award for outstanding publications.

Figure 2: A centrifuge model ready for testing – modelling the 
progressive stacking of kentledge blocks on a soil surface during 
which the pressure distribution under the surcharge is recorded



GEOTECHNICAL RESEARCH
Th e current research projects under way at the Department of 

Civil Engineering include the following:

Scaling small strain soil stiff ness

Th e scaling of small-strain soil stiff ness (usually measured in-

situ using continuous surface wave (CSW) testing) to obtain the 

correct stiff ness for the determination of foundation settlement 

is being investigated. Th is is done by means of centrifuge model-

ling. During full-scale CSW testing, shear waves of various wave 

lengths are transmitted through the soil mass and their wave 

speeds recorded. Th e small strain stiff ness of the soil is propor-

tional to the square of the shear wave velocity. By measuring ve-

locities of shear waves of diff erent wave lengths, a profi le of small 

strain stiff ness with depth can be determined.  

During the centrifuge tests for this project, shear waves are 

generated in the soil using bender elements. Bender elements are 

made of piezo-electric crystals undergoing sudden expansion 

during the application of an electrical potential. By applying sine 

or square wave excitation to the bender elements, shear waves 

can be generated in the model. Th e waves will travel through the 

model to where they will be registered by other bender elements. 

When the arriving shear wave “shakes” the receiving bender ele-

ment, it will generate a very small electrical potential which can 

be amplifi ed and recorded with an oscilloscope or similar equip-

ment. Th e wave speed is determined using the bender elements 

by measuring the diff erence between the departure and arrival 

times of the shear waves. It is possible to install several bender 

elements in physical models to record stiff ness where required.  

By placing a model footing on the soil surface in the model 

and applying loads to it while recording its settlement, it is pos-

sible to back-calculate the correct soil stiff ness applicable to 

the footing. Th is can then be compared with the small-strain 

stiff ness measured using the bender elements. Development of 

equipment to operate the extremely sensitive bender elements 

was a very challenging undertaking and is now well advanced 

and nearing completion.  

Modelling dolomitic sinkholes

Th e appearance of sinkholes in dolomitic areas like Centurion 

remains an all too common occurrence, posing a threat to in-

frastructure, and even people’s lives. One of the major factors to 

consider in designing infrastructure on dolomitic land is the de-

termination of a design sinkhole size. Th e current method for the 

evaluation of potential sinkhole size included in the new South 

African Standard for Development of Dolomitic Land (SANS 

1936) involves the extrapolation of a funnel-shaped potential 

development space from bedrock (where a large cavity is hypoth-

esised to be present) to the surface. Th is leads potentially to very 

large sinkholes being predicted.  

Work is currently being carried out at the University of 

Pretoria to examine the impact of various geotechnical para-

meters on the shape and size of cavities growing from bedrock 

level towards the surface. Physical modelling in the geotechnical 

centrifuge allows cavities, subjected to realistic stress fi elds (i.e. 

the stresses occurring in the fi eld),  to be observed as they are 

triggered to collapse progressively by, for example, infi ltrating 

water. By varying the properties of the material used to model 

various soil horizons, the eff ects of friction, cohesion, soil den-

sity and the presence of non-homogeneities on the behaviour of 

such cavities are studied. It is hoped that this work may lead to 

a better understanding of sinkhole development, and possibly to 

new guidelines for the assessment of potential sinkhole size.  

Closely linked to this work is a study investigating how dif-

ferent circumstances aff ect the distance that soil horizons of 

diff erent geometries and strengths can span over cavities. Th e 

study commenced with investigating how weakly-cemented soil 

layers of various thicknesses (H) and strength span over cavities 

of various widths (D). Weakly-cemented soil slabs were made to 

span over cavities of various sizes and were accelerated in the 

centrifuge to failure. It was found that for H/D ratios below a 

certain value complete slab collapse occurred. Above a certain 

H/D ratio only a portion of the soil slab collapsed, leaving a 

stable arch in place. Th e mechanism of collapse and the side 

slopes after failure were also found to be dependent on the 

strength of the soil layers.  

In nature, soil layers may possess some tensile strength due 

to cementation by, for example, iron salts in ferricrete horizons, 

but very often it would possess some tensile strength due to pore 

water suctions under unsaturated conditions. Th e next phase of the 

research will involve testing soil layers held together by pore water 

suctions to identify whether their behaviour compares with that of 

weakly cemented soils. By linking the behaviour of soil layers span-

ning over cavities with the growth of the cavities towards the sur-

face, it is believed that sinkhole formation can be better understood.

Due to the discontinuous nature of soils, the realistic model-

ling of sinkholes using continuum-based models like the fi nite 

element methods is diffi  cult, even when using suitable large 

strain formulations. A method that holds much promise in 
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future is discrete element modelling, which models particles and 

their interactions with one another individually, using Newton’s 

laws. Such models may be very useful to gain an understanding 

of factors aff ecting sinkhole propagation and size, because it is 

possible to control the properties of the particles and the interac-

tion between them to study the eff ects thereof. A study has just 

commenced to investigate the behaviour of masses of particles 

spanning over openings as the friction and cohesion between 

them are varied, a fi rst step in developing discrete element 

models of sinkholes. Currently computing power is a limitation 

in this type of modelling, because very large numbers of particles 

need to be modelled.

The back-analysis of full-scale surcharge trials using kentledge blocks

During the site investigation and design phases of the Gautrain 

viaducts in Centurion a series of large-scale surcharge trials were 

carried out from which the compressibility of the residual soil 

profi le above dolomite bedrock was back-calculated. Th e trials 

comprised the stacking of up to 1 000 ten-ton concrete blocks 

per site viaduct pier position, surcharging an area measuring 

20 m x 20 m to 230 kPa. Th e measured soil stiff nesses were found 

to be highly variable.  

Th e behaviour of such surcharge stacks is currently being 

studied using centrifuge modelling. During tests the layers of 

blocks are progressively placed on top of one another, while 

measurements are taken of the settlement of the blocks and 

the pressure distribution underneath. Th e centrifuge model is 

shown in Figure 2. Preliminary indications suggest that friction 

between various columns of blocks signifi cantly aff ect the stress 

distribution underneath. Th e tests are providing new insight into 

the behaviour of the surcharges and will lead to improved recom-

mendations in the back-analysis of results from similar trials.  

Modelling collapse settlement in backfi lled opencast mines

When the water table rises over time in a backfi lled opencast 

mine, a certain amount of settlement, referred to as collapse set-

tlement, typically occurs. Due to the extreme heterogeneity of 

the backfi ll, considerable diff erential settlement usually occurs at 

the surface. It is sometimes necessary to re-establish previously 

diverted water courses back onto the rehabilitated land. Because 

of the permeable nature of the backfi ll, such water courses have 

to be lined. However, the diff erential settlement of the backfi ll 

can result in such liner systems being over-strained.  

A series of studies are being planned to investigate how best 

to scale mine backfi ll for use in centrifuge modelling, so that the 

characteristics of diff erential settlement in the models match 

those observed in the fi eld. Once collapse settlement can be 

modelled realistically, diff erent means of reducing the diff erential 

settlements of backfi ll will be modelled to fi nd optimal solutions. 

Th e behaviour of liner systems subjected to diff erential settle-

ment can also be studied. 

Modelling ultra-thin continuously reinforced concrete pavements

As part of the National Highway renewal programme, full-

scale experimental trial sections of Ultra Thin Continuously 

Reinforced Concrete Pavements (UTCRCP) have been con-

structed. Such pavements consist of a 50 mm thick layer of 

90 MPa concrete containing approximately 80 kg/m3 of steel 

fibre, as well as 5.6 mm steel mesh reinforcement. The use of 

UTCRCP can result in significant savings in material volumes. 
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Full-scale testing with the Heavy Vehicle Simulator in-

dicates that the interaction between the UTCRCP and the 

underlying soil diff ers signifi cantly from what is commonly 

assumed during design. An investigation is under way into 

the interaction between the thin, fl exible concrete surface and 

the stabilised soil supporting layers of the UTCRCP, utilising 

physical modelling in the geotechnical centrifuge. Th e centri-

fuge enables the correct stress distribution to be created in the 

models. During tests, moveable scaled wheel loads are applied 

to a model pavement in which the settlement and stress distri-

bution profi les are being monitored.

RESEARCH STUDENTS
Th e University of Pretoria has for many years off ered a high-

quality post-graduate taught programme at Honours level in 

Geotechnical Engineering. Th e courses were, and still are, well 

attended by young geotechnical engineers from industry. However, 

international university rating tables today place little emphasis 

on teaching, with the main emphasis being on research output. To 

compete internationally all universities are under great pressure 

to increase their research output in terms of peer-reviewed papers 

published in internationally accredited journals. Th e University 

of Pretoria has therefore moved away from taught Masters pro-

grammes in order to produce research material suitable for pub-

lication. Th ere is, however, a severe shortage of students who are 

able to undertake full-time Masters and PhD studies. Th is is to a 

large extent due to a lack of funding (bursaries) enabling young en-

gineers to undertake post-graduate studies. Companies are often 

not aware of the considerable tax benefi ts of supporting research, 

and this includes funding full-time post-graduate students. Th e 

universities should contribute by directing their research towards 

problems relevant to industry. Th is would hopefully attract the at-

tention of, for example, major mining houses, who might consider 

supporting the research eff orts of local universities. It is our inten-

tion to work in that direction.

A low research output leads to our universities being interna-

tionally less competitive. Th is gradually erodes the international 

recognition and respect that our universities receive, which may 

result in our bright young engineers going abroad, sometimes not 

returning to South Africa. Such developments would lead even-

tually to stagnation in the civil engineering industry. Much of 

the more challenging design work on, for example, the Gautrain 

project, was outsourced to foreign consultants. Was this not 

perhaps due to a shortage of top-end specialist skills amongst our 

own engineers? Top-end specialists nearly always possess post-

graduate qualifi cations!

When one examines the expenditure on research of coun-

tries that have recently become technologically advanced, 

i.e. having moved from developing to developed status (like 

Korea or Malaysia, with China hot on their heels), the ben-

efits of research are well illustrated. Post-graduate research 

also benefits students in fields much wider than their sub-

ject areas, because they are exposed to other technologies, 

problem solving, interaction with international students, and 

very likely also get the opportunity to travel internationally to 

present their work at a conference. We would like to challenge 

anyone to find a post-graduate student who has completed his 

or her studies who now regrets it!

Th e availability of excellent facilities to the Geotechnical 

Group within the Department of Civil Engineering at the 
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University of Pretoria, in combination with enthusiastic academic 

staff , are encouraging many fi nal year civil engineering students 

to attempt research in the fi eld of geotechnical engineering for 

their fi nal year research projects. Figure 3 shows some of the 2013 

fi nal year students, who are doing geotechnical projects, with 

their supervisors and technicians on and around the geotechnical 

centrifuge. Th e greatest stumbling block preventing these students 

from continuing with Masters studies is a lack of bursaries at post-

graduate level. Such funding will not only benefi t the individuals, 

but also their companies, our universities and our country! 

Figure 3: Some of the civil engineering fi nal year students who are doing research projects in geotechnical engineering, seen here around the 
geotechnical centrifuge with Profs Rust, Jacobsz and Heymann (second row from the front) and a number of technicians and supervisors 

JE JENNINGS & BARRY VAN WYK AWARDS
Excellence acknowledged at the 2012 Geotechnical Division AGM
The JE Jennings Award is presented to a member of the SAICE 
Geotechnical Division who is the author of a meritorious publica-
tion relevant to geotechnical engineering in South Africa, published 
during the previous year. Here Gerrit Smit receives the award 
from SAICE’s 2012 president, Dr Martin van Veelen, for a paper 
titled, The behaviour of modern fl exible framed structures under-

going differential settlement. The paper, which was co-authored 
by Prof Chris Clayton from the University of Southampton, was 
presented at the Young Geotechnical Engineers Conference, held 
at the Kruger National Park in September 2011.

The Barry van Wyk Award is presented annually to the author of 
the best fi nal year dissertation on a geotechnical topic at a South 
African university. Here Charles Warren-Codrington (University 
of Cape Town) receives the award from SAICE’s 2012 president, 
Dr Martin van Veelen, for his dissertation titled, An investigation 

into the stability of structures adjacent to bulk excavations for the 

University of Cape Town’s new engineering building. A related article, 
by Charles and three co-authors, appeared in SAICE’s April 2012 
Civil Engineering magazine.
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SPECIALIST PILING and foundations 

contractor GEOPILE AFRICA is making 

good progress with DUKTUS pile instal-

lation works at sites for solar projects in 

the Northern Cape. 

“Th e DUKTUS piling system is ideal 

in these conditions,” explains Jared 

Prowse, who is in charge of GEOPILE 

AFRICA’s operations and projects. 

“Th ese solar fi eld sites are generally very 

large, in some cases 3 km long x 1.25 km 

wide, but for us this is not a problem 

as our piling rigs are extremely fl exible 

and mobile VOLVO hydraulic excava-

tors equipped with powerful ATLAS 

COPCO hydraulic driving hammers. 

Th e DUKTUS piling system concen-

trates 4 000 Joules of energy per blow of 

the hydraulic hammer down onto the 

pile-driving shoe, and with the hammer 

delivering at a rate of 400 blows per 

minute, this enables piles to be driven 

easily and rapidly through harder abra-

sive layers of material in the upper soils.

“Th e geotechnical conditions at sites 

between Upington and Pofadder generally 

consist of Aeolian sands overlying re-

sidual decomposed bedrock and calcrete 

layers, with soft rock bedrock at depths up 

to about 3 m. Th is is fairly typical for this 

region, and these geotechnical conditions 

are highly abrasive, so driving galvanised 

steel piles would cause damage, risking 

exposure to corrosion in this arid envi-

ronment where 200 mm annual precipita-

tion is typical. But due to the robustness 

and anti-corrosion characteristics of duc-

tile iron, our prefabricated DUKTUS piles 

(which are manufactured in accordance 

with European quality standards), provide 

a simple, safe and fast one-step piling 

solution. By penetrating the abrasive over-

burden layers, then being embedded into 

the underlying bedrock, the DUKTUS 

piling system meets all of the client’s 

technical and commercial requirements,” 

says Prowse, adding that no pre-drilling of 

the ground is required and no concreting 

or grouting of the piles into the ground is 

needed after they have been driven.” 

Prowse explains that the DUKTUS 

piling system has other benefi ts, too: “Our 

piling teams consist of only two people 

per rig who cut off  every pile at the exact 

fi nal trim level. Th is enables each pile to be 

easily and rapidly prepared for connection 

into the overlying structure by placing 

anchor bolts concreted into the top of each 

pile or by welding a plate with anchor bolts 

and nuts onto each pile head. Only four 

litres of concrete is needed to fi ll each pile 

head; so, on a daily basis we only need 2 m3 

to complete 500 pile heads. Cut-off  pile 

sections are used as starter pieces for the 

next pile, thereby avoiding any wastage and 

ensuring that there is no need for any pile 

head trimming.” 

He continues: “So far our average pile 

production rate on site is fi ve minutes per 

pile. With four piling rigs on site we can 

therefore install up to 400 DUKTUS piles 

per day. Th at is the production rate that 

we have been aiming for, as these projects 

require us to install over 50 000 piles in 

a working period of just over six months. 

At this rate it would be possible for us to 

complete all of these works on schedule.” 

According to Prowse, there is growing 

appreciation for the fact that the DUKTUS 

piling system is environmentally friendly. 

Th e system is simple, safe and easily under-

stood, installed and managed anywhere, 

including in remote rural locations where 

skills availability can be limited.”

 INFO

DUKTUS piling system

GEOPILE AFRICA

info@geopileafrica.co.za
One of thousands of DUKTUS piles being installed at solar power sites in the Northern Cape – 

the average pile production rate using this method has so far been fi ve minutes per pile

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

GEOPILE AFRICA makes good progress with
DUKTUS piling works in the Northern Cape
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WORKING AS A SENIOR contracts 

manager in the 1990s, Boyd Cousins 

realised that South Africa was relatively 

isolated from the world in terms of piling 

equipment. Existing equipment was 

based on old-style mechanical designs 

and know-how, some of it 30 years old. 

Although the hydraulic era was coming 

into its own, one had to rely mainly on 

visits to overseas companies to get ideas 

or see what rigs were being developed. 

Boyd says, “My exposure to working 

with international equipment started in 

1999 on the Richards Bay Dry Bulk Jetty. 

Th is project opened my eyes to the real 

world of piling equipment, and I realised 

how little support the local South African 

piling industry had from international 

manufacturers. Most international sup-

pliers of such equipment did not see the 

viability of setting up a South African 

outlet. In May 2003 I therefore established 

PILEQUIP as a dealer for Casagrande, 

focusing on selling specialist geotechnical 

and foundation equipment.” 

During the course of 2003 PILEQUIP 

signed on fi ve agencies, thereby creating a 

wider market base from where to build a 

sustainable business. 

Th e timing was perfect, as the era of 

hydraulic rigs had arrived. With a local 

agent available, piling contractors were 

beginning to feel more comfortable in-

vesting in the newer technology. 

Now, a decade later, PILEQUIP is 

an established name as a specialist 

supplier of foundation equipment, and 

represents more than ten well proven 

specialist agencies, the newest being 

SOILMEC Italy. During this ten-year 

period the company has sold over a 

hundred large plant items ranging from 

80-ton piling rigs, 4-ton drill rigs, small 

and large hydraulic sheet pile vibrators, 

large hydraulic impact driving ham-

mers to high-pressure grout pumps. 

The company has also been successful 

not only in selling the data /drilling 

recorders that fit many of these items 

of geotechnical equipment, but also in 

assisting consulting engineers in their 

appraisal of tenders and contractor 

capabilities.

“Moving from being a contractor to 

becoming an equipment dealer certainly 

presented many new challenges. Quoting 

and selling was the easy part. Th e chal-

lenge was to understand, commission and 

stock appropriate and adequate numbers 

of spare parts. 

“Equipment technology has devel-

oped rapidly over the last few years. A lot 

more electronics are, for example, being 

fi tted to equipment. To keep up with the 

demand, and to be able to support and 

coordinate the large variety of equipment, 

PILEQUIP has invested heavily in parts 

and stock, controlled superbly by our 

technical manager, Brett Blackler.”  

According to Boyd the company’s 

success lies not only in the quality of 

their products, but especially in the 

service that they render. Th ey thoroughly 

analyse a contractor’s specifi c needs 

before quoting on the item that is best 

suited for the job in question. 

Th e company’s knowledge of the 

various brands that it represents, coupled 

with its in-house technical expertise, 

has made it possible for them to also 

apply existing equipment in new ways to 

meet contractors’ exacting demands. An 

example would be where an hydraulic 

hammer or hydraulic vibrator is mounted 

onto a track rig to perform specifi c tasks. 

Being the link between contractors and 

equipment manufacturers is clearly an 

area where PILEQUIP excels. As Boyd 

says, “It’s often more about the dealer that 

you buy the equipment from, than about 

the equipment itself.”

 INFO

Boyd Cousins

Owner PILEQUIP

boyd@pilecom.com.au

From contracts manager to equipment dealer –
what has changed in ten years?

Inclined drilling with casings – facilitated by PILEQUIP
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Geomechanics further expands its
geotechnical investigation and exploration capability
IN A CONTINUED eff ort to stay abreast 

of new technology in geotechnical in-

vestigations and exploration drilling, 

Geomechanics recently took delivery of 

its new R7 million track-mounted Sonic 

450-24 drill rig.

Sonic drilling off ers many advantages 

over conventional rotary core and percus-

sion drilling techniques in overburden 

ground conditions – it delivers superior 

information collection, it reduces waste 

by up to 80%, it is three to fi ve times faster 

than conventional drilling, it is superior 

for well construction, it reduces the risk of 

project failure due to unknown or diffi  cult 

subsurface conditions, and it enables 

more to be done with a single borehole 

because it advances a temporary outer 

casing as the borehole is drilled.

Th e upshot is that sonic drilling can 

be used in many applications including 

geotechnical and geothermal projects, 

environmental investigations and mineral 

exploration.

According to Dave Rossiter, CEO of the 

GeoGroup, “Sonic drilling will be of par-

ticular value when drilling in sand and soft 

ground conditions where core is diffi  cult to 

produce, time-consuming and expensive. 

Th e exploration of mineral sands was previ-

ously undertaken using reverse circulation 

drilling, a vacuum-drilling or hammer-

drilling method that produces dry sample 

but does not work well in saturated condi-

tions. Th e sonic method of drilling, which 

uses vibratory energy and slow rotations to 

produce core samples, is better suited and 

has become the most apparent solution to 

provide core samples in sand, clay and soft 

ground conditions,” says Rossiter.

Th e Sonic Drill Corporation’s patented 

Sonicor 50K drill head works by sending 

high frequency resonant vibrations down 

the drill string to the drill bit, while the 

operator controls these frequencies to suit 

the specifi c conditions of the soil/rock ge-

ology. Resonance magnifi es the amplitude 

of the drill bit, which fl uidises the soil 

particles at the bit face, allowing for fast 

and easy penetration through most geo-

logical formations. An internal air spring 

isolates these vibrational forces from the 

rest of the drill rig. By providing the nec-

essary rotational and vibrational forces, 

the sonic rig is able to core and case holes 

in soft and saturated overburden material, 

drilling easily where most other rigs can't.

Geomechanics is committed to oper-

ating a state-of-the-art, well maintained 

fl eet, and currently has over 60 rigs in 

the fl eet. It achieves this through its 

4 000 m2 in-house engineering workshop 

near Lanseria Airport in Gauteng where 

existing rigs are maintained and new ones 

constructed.

 INFO

Caroline Kruger

Marketing Manager

GeoGroup

043 738 5236

carolinek@geomechanics.co.za 
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The operator controls the frequency of the resonant vibrations 
to suit the specifi c conditions of the soil/rock geology
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Diabor’s successful geotechnical 
investigation of the Hazelmere Dam wall
ONE OF THE EXCITING, but chal-

lenging projects that Diabor (which 

in 2013 is celebrating its 30th year in 

operation) was involved with during 

2012 was a geotechnical investiga-

tion of the Hazelmere Dam wall near 

Durban in KwaZulu-Natal. The main 

purpose of the investigation was to 

establish whether the dam wall could 

be extended both in height and width to 

increase holding capacity. Diabor was 

contracted to drill core samples from 

within the dam wall itself to establish 

the feasibility of such a venture.

The confined space within the 

tunnel inside the dam wall allowed the 

YWE45 drill rig only one metre per run, 

drilling holes of up to 35 metres into the 

concrete dam wall. Extracting exhaust 

fumes was one of the biggest challenges 

posed by working in this space, neces-

sitating the fitting of nearly 80 metres 

of ducting. Drilling f luids were prepared 

and mixed in a small portable dry sump.

Geotechnical testing included down-

hole photography and video imagery, 

which worked well on this specifi c project, 

as the dam water proved to be very clear. 

Cracks and typical leaks in the dam could 

be seen easily on the playback of the video 

material. Single- and double-packer tests 

helped to ensure this successful outcome.

Th e most dreaded aspect of the 

drilling operations was the possibility of 

the highly pressured water from inside 

the dam pushing back through the newly 

drilled holes; therefore emergency me-

chanical packers were held close at hand. 

Th e inevitable indeed happened on two of 

the holes drilled in this investigation, and 

the emergency packers had to be installed 

to prevent fl ooding of the tunnel in the 

dam wall. Th e packers proved to be very 

eff ective, and down-hole photography 

could be completed before the holes were 

grouted and sealed off  permanently. 

Diabor was also asked to drill 45-, 

60- and 70-degree angled holes from the 

apron of the dam wall as part of the in-

vestigation. As the apron was filled with 

water, it meant that the drilling equip-

ment and consumables had to be set up 

on a barge. The drilling was performed 

using a CYDX200 hydraulic rig with the 

capacity to drill 300 metre deep N-sized 

holes. The beauty of this particular rig 

is that it can be adjusted within minutes 

to drill at various angles, as per the re-

quirements.  

Th e successful completion of this 

project once again proved Diabor’s ability 

and experience in dealing with chal-

lenging geotechnical projects.

 INFO

Chris Strydom

Director: Diabor (Pty) Ltd

083 227 0586

chris@diabor.co

YWE45 drill rig operating inside the Hazelmere Dam wall

CYDX200 crawler rig set up next 
to a barge in the dam apron
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Kaytech reinforces mine retaining wall
Mponeng mine, formerly Western Deep 

Levels South Shaft, situated in Carltonville, 

western Gauteng, is one of the richest 

gold mines in the world and so deep that a 

trip from the surface down to the bottom 

(reaching 3 400 m) takes over an hour. In 

2012, Kaytech’s RockGrid PC was installed 

at Mponeng mine when high-tensile, 

geosynthetic polyester grids were required 

for reinforcement of a newly constructed 

concrete retaining block wall.  

As a result of on-going expansions at 

the mine, Anglo Gold Ashanti realised 

that new cooling towers had become a 

necessity. Due to insuffi  cient surface area 

being available for the proposed towers, 

the existing stone-pitched embankments 

were demolished and steepened by con-

structing a new concrete retaining block 

wall. A larger platform area above the wall 

provided well-needed construction space.

Th e heavy point loads in close prox-

imity to the top of the wall led main 

contractor, JJG Construction, to elect 

to use Kaytech’s RockGrid PC 200/200 

as reinforcement in the backfi ll of the 

fi ve metre high, 140 m long wall, built at 

an angle of 75. RockGrid PC is the fi rst 

composite reinforcing geotextile to be 

manufactured in South Africa. It off ers 

the reinforcement characteristics of stiff  

geogrids and wovens, and in conjunction 

with its nonwoven geotextile fl eece com-

ponent, provides high resistance to instal-

lation stresses and optimum hydraulic 

characteristics, one of the special features 

of this unique product.

RockGrid PC provides suffi  cient in-

plane drainage capacity, enabling it to 

drastically reduce pore pressure in the 

reinforced soil, thereby improving shear 

strength characteristics and increasing 

overall stability of the structure. Even 

moist, cohesive soils can be utilised as a 

fi ll in steep retaining structures, as the 

consolidation process is accelerated. Th is 

makes soil exchange and the import of 

expensive fi ll material unnecessary, saving 

both time and money.

Th e retaining wall at Mponeng mine 

consisted of 13 500 Enviro-wall blocks, 

which were installed with a closed-

face confi guration by sub-contractor, 

Engineered Interlock Solutions. A G5 

material was used as backfi ll and com-

pacted to 95% Mod AASHTO. RockGrid 

PC 200/200, which has a biaxial ultimate 

tensile strength of 200 kN/m, was then 

installed at every third row of blocks, with 

a tieback length of 3.5 metres. 

Th e highly robust RockGrid PC 

200/200 was extended through to the 

front face to ensure maximum connection 

strength with the block. Th e exposed grid 

was then trimmed and burnt off  by means 

of a blowtorch. 

To further reduce any possibility of 

pore pressure build-up behind the wall, a 

blanket drain was constructed at the base 

of the wall, with the tieback length of the 

geosynthetic reinforcement determining 

the width and length of the drain. Th e 

Kaytech’s RockGrid PC reinforcement was laid between the rows of blocks as part of 
this newly constructed concrete retaining block wall at Mponeng mine in Carltonville
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drain consisted of a bottom layer of bidim 

A3 followed by a 100 mm thick layer of 

19 mm stone, which was then covered by 

a second layer of bidim A3. Th e bidim A3 

has a high transmissivity (in-plane), as 

well as permittivity (throughfl ow normal 

to the plane) drainage capacity. To com-

plete the drain, 75 mm slotted pipe outlets 

were installed from the drain through the 

wall face at two-metre centres.

This important slope reinforcement 

project took three months to complete, 

during which time 4 500 m2 of RockGrid 

PC 200/200 and 1 400 m2 of bidim A3 

were installed. Overall, the results of 

the project at Mponeng were highly 

satisfactory and, due to the performance 

and extreme durability of Kaytech’s 

geotextiles, Anglo Gold Ashanti are as-

sured of a long-lasting retaining wall at 

one of their deepest and most lucrative 

mines.

(Note: In 1971 Kaytech began sup-

plying the civil engineering industry with 

its non-woven continuous fi lament needle-

punched polyester bidim geotextile. Th is 

unique product is manufactured according 

to international technology. As a 100% 

recycled polyester geotextile, the bidim 

content in this project equates to 4 666 

recycled two-litre cool drink bottles.)

 INFO

Garth James

Kaytech Engineered Fabrics

salesptn@kaytech.co.za

www.kaytech.co.za

The completed reinforced wall at Mponeng mine
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E C S A  C A S E  S T U D I E S :  N U M B E R  2 / 2 0 1 2

ECSA (Engineering Council of South Africa) has prepared fi ve case studies arising 
from the contravention of ECSA’s Rules of Conduct for Registered Persons. These 
case studies are offered to the engineering fraternity as advisory notes to minimise 
the risk of recurrence. Civil Engineering will be publishing these case studies over 
fi ve editions – herewith the second of these case studies. The fi rst case study in the 
series appeared in the March 2013 edition of Civil Engineering (page 75).

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

Design fl aws leading to the
demolition of a reinforced concrete fl at slab
THE PROJECT
Th e project: an apartment block of 

double-storey fl ats above ground fl oor 

parking, constructed with reinforced con-

crete footings, columns and fl at slabs and 

loadbearing brick walls.

BACKGROUND TO THE CASE 
A developer commissioned a registered 

professional engineer to provide design 

and construction monitoring services for 

the proposed apartment block, for which 

an architect had also been appointed.

Th e building consisted of a fi rst 

fl oor fl at slab supported on columns on 

pad footings, all in reinforced concrete. 

Loadbearing brick walls on this slab sup-

ported a second fl oor reinforced concrete 

slab, with loadbearing walls on this level 

in turn supporting a lightweight roof.

Following casting of concrete, severe 

cracking was noted at an early stage in 

the fi rst fl oor slab. Th e developer com-

missioned an independent engineer to 

furnish a report on the partially erected 

building and thereafter registered a com-

plaint against the registered engineer 

with ECSA.

ECSA appointed their own expert to 

investigate the structure and report to 

ECSA’s Investigating Committee if prima 

facie evidence existed of any contraven-

tion by the engineer of ECSA’s Rules of 

Conduct.

DETAILS OF THE PROBLEM
Th e fi ndings of the developer’s inde-

pendent engineer were confi rmed by 

ECSA’s expert in his investigation, namely 

that the design of the structure was 

fl awed, arising from the following:

 ■ Th e apartment block was the fi rst of 

four in the proposed development. 

It comprised a ground fl oor parking 

area, above which were two fl oors of 

accommodation, covered by a light-

weight roof. Th e structure consisted of 

reinforced concrete columns on spread 

footings to the underside of the fi rst 

fl oor slab. Th e second fl oor slab and 

roof were supported by loadbearing 

brick walls, resting on the fi rst fl oor.

 ■ Th e loadbearing walls on the fi rst and 

second fl oors did not correspond with 

the position of the columns below the 

fi rst fl oor, i.e. the fi rst fl oor slab func-

tioned as a transfer slab.

 ■ Th is slab was a fl at slab without beams. 

In carrying the load of the roof, the 

second fl oor slab and two fl oors of 

brickwork, the load on the slab was 

extremely heavy.  

 ■ Longitudinal top cracks over 

column lines, radial cracks around 

columns, longitudinal cracks on 

the soffi  t, and top cracks at the 

root of cantilever slabs were ob-

served, all in the fi rst fl oor slab.

 ■ Th e slab was not designed as a fl at slab 

able to transfer this loading to the 

columns, resulting in the slab failing 

in various ways, attributable to design 

faults observed and detailed below:

 Th e slab was too thin, needing 

compression reinforcement in 

places – an unacceptable practice.

 Th e bottom slab reinforce-

ment was insuffi  cient. 

 Too little top slab reinforcement.

 Inadequate reinforcement 

around columns to withstand 

punching shear forces.

 Insuffi  cient anchorage lengths of 

cantilever slab reinforcement.

 ■ Other elements of the structure, in-

cluding the column stirrup spacing 

and starter bar lengths, plus excessive 

bearing pressure below footings if  not 

founded deep enough, were noted.

 ■ Th e lateral stability of the struc-

ture in withstanding wind loads 

had not been considered. Th is 

would require shear walls.
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 ■ During casting of the slab, the strength 

of the ready-mixed concrete had been 

questioned by the engineer; subsequent 

tests showed the strength to be mar-

ginal, but not a cause of the slab failure. 

 ■ Th e omission of a geotechnical investi-

gation and reliance on information from 

a nearby site for foundation design was a 

risk that should not have been taken.  

In summary, considering the nature of 

the cracking and extent of defl ection 

which had occurred, the slab could not be 

strengthened in situ and would have to be 

demolished. It was concluded there was 

prima facie evidence that the engineer had 

contravened ECSA’s Rules of Conduct.

Th e engineer was accordingly charged 

with contravening ECSA’s Rules of 

Conduct as follows:

3(1)(b): Undertook work of a na-

ture which his education, training 

and experience did not render him 

competent to perform.

3(1)(c): Failed to engage and ad-

here to acceptable practices.    

3(2)(b): Undertook work under 

conditions or terms that compro-

mised his ability to carry out his 

responsibilities in accordance with 

acceptable professional standards.

3(3)(a): Did not at all times have 

due regard and priority for public 

health, safety and interest.

3(5)(c): Did not provide work or 

services of quality and scope and 

to a level which is commensurate 

with accepted standards and prac-

tices in the profession. 

In his defence the engineer maintained he 

had been retained to prepare a price es-

timate for the structure, not the detailed 

design. He understood, moreover, that the 

contractor had been appointed to design 

and construct the building, and he had 

advised the contractor to retain a profes-

sional engineer for the design. In a pre-

liminary design he estimated the amount 

of reinforcing steel on a kg/cubic metre 

basis, which in hindsight was too low. 

His initial cost estimate was, moreover, 

reduced by his client. Th e engineer also 

maintained that the concrete strength of 

the slab was too low, evidenced by inef-

fi cient placing and compacting by the 

contractor (with whom he was not con-

nected). It transpired that water had been 

added to the concrete mix on delivery, 

which contributed to the low strength. It 

could not be proved, however, that this 

was the cause of the cracking and defl ec-

tion of the slab.  

Th e engineer further maintained that 

he was never appointed as the structural 

engineer for the project, but acknow-

ledged to ECSA his local authority’s ap-

pointment as the responsible person.

Th e engineer pleaded guilty to the 

charges. He had been aware that the 

structure had not been designed by a 

competent person, yet he had signed the 

A19 form of the local authority, as the 

responsible person. He entered into a 

plea bargain process with ECSA, pleading 

guilty to Rule of Conduct 3(1)(c) and ac-

cepting a suspension of practice for six 

months, plus imposition of a fi ne by ECSA 

in the amount of R20 000. A settlement 

agreement was signed and presented to an 

ECSA Tribunal for ratifi cation.

At the tribunal hearing the engineer 

read a statement to the Tribunal asking 

the Tribunal’s acceptance of the settle-

ment agreement, taking into considera-

tion his length of experience in construc-

tion (now retired from full-time service), 

that this was a fi rst off ence, that it had 

taken an inordinate time to resolve the 

matter, and his undertaking not to under-

take any such design in future. Th is was 

accepted and the settlement was made on 

order of the Tribunal.

WHAT LESSONS CAN BE LEARNED?
Lessons to be learned are considered 

under various headings: 

In the design of the structure:

1.  Th e omission of a geotechnical in-

vestigation on the site for a structure 

such as the above cannot be con-

doned. Should settlement of founda-

tions occur when the soil-bearing 

capacity is exceeded, this can redis-

tribute the forces on the structure, 

leading to cracking, defl ections and 

risk of collapse. Furthermore, rigid 

brick walls in the structure will be 

prone to cracking.   

2.  An element such as the fi rst fl oor slab 

in this structure acts as a “transfer 

slab”, having to transfer loads from 

above to the columns beneath where 

such loads are not directly above the 

columns. Th is requires detailed calcu-

lations additional to those required for 

normal design of the slab. Th ey should 

never be ignored.

3.  Th e design of the structure did not 

take its lateral stability into account. 

Th ere was no provision for transfer-

ring loads (e.g. wind) down to the 

ground, using shear walls or similar. 

Again this provision cannot be 

omitted.

In execution of the assignment:

4.  Th ere was apparently no written 

agreement between client and engi-

neer specifying his scope of services, 

including both design and site moni-

toring duties. A written agreement, 

which clearly allocates responsibili-

ties, is essential.

5.  In terms of National Building 

Regulation A19 the person appointed 

by the owner to be responsible for the 

design is required to sign the Building 

Control form of the local authority. 

Th is regulation requires appoint-

ment of “a professional engineer or 

other approved competent person” 

to undertake responsibility for the 

design and inspection of the work, to 

check compliance with the approved 

design and to inform the authority “if 

it appears that any structural work is 

being carried out in a manner which 

may endanger the strength, stability 

or serviceability of the building”. Th is 

form should not be signed by a person 

unable to assume such responsibility. 

Also, a failure to inform the authority 

could be construed as contravention 

of ECSA’s Rules of Conduct.

In complying with ECSA’s Rules of Conduct: 

6.  Th e conduct of the engineer clearly 

showed Rule 3(1)(c) had been con-

travened by his failing to engage and 

adhere to acceptance practices. Before 

undertaking any assignment or work, 

the registered person is well advised 

to determine what are the acceptable 

practices required, and to ensure 

compliance therewith. 

 INFO

ECSA

011 607 9500

engineer@ecsa.co.za

www.ecsa.co.za   
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18 November 2013 Midrand

Basics of Track 
Engineering

4-5 June 2013 Midrand

SAICErail12/01155/15 Ed Elton dawn@saice.org.za17-18 September 2013 Pietermaritzburg

19-20 November 2013 Midrand

Railway Transport
6-7 June 2013 Midrand

SAICErail11/00887/14 Ed Elton dawn@saice.org.za19-20 September 2013 Pietermaritzburg
21-22 November 2013 Midrand

Technical Report 
Writing

13-14 May 2013 Durban

SAICEbus12/01067/15 Les Wiggill cheryl-lee@saice.org.za
3-4 June 2013 East London
29-30 July 2013 Port Elizabeth
29-30 August 2013 Cape Town
30-31 October 2013 Midrand

Practical Geometric 
Design

TBA TBA SAICEtr10/00774/13
Tom 
McKune

dawn@saice.org.za

Reinforced Concrete 
Design to 
SANS 10100-1:200

5 June 2013 Port Elizabeth

SAICEstr12/01066/15 Greg Parrott cheryl-lee@saice.org.za
31 July 2013 Cape Town
18 September 2013 Midrand
20 November 2013 East London

Structural Steel 
Design Code to 
SANS 10162:1-2005

4 June 2013 Port Elizabeth

SAICEstr12/01158/15 Greg Parrott cheryl-lee@saice.org.za
30 July 2013 Cape Town
17 September 2013 Midrand
19 November 2013 East London

Business Finances 
for Built Environment 
Professionals

9-10 May 2013 Cape Town

SAICEfi n12/01021/15
Wolf 
Weidemann

dawn@saice.org.za1-2 August 2013 Durban

7-8 November 2013 Midrand

Handling Projects in a 
Consulting Engineer's 
Practice

6-7 May 2013 Cape Town

SAICEproj12/01022/15
Wolf 
Weidmann

dawn@saice.org.za29-30 July 2013 Durban

4-5 November 2013 Midrand

Leadership and 
Management 
Principles & Practice 
in Engineering

8-9 May 2013 Midrand

SAIMechE-0543-02/15
David 
Ramsay

dawn@saice.org.za
14-15 August 2013 Midrand
15-16 May 2013 Durban

21-22 August 2013 Cape Town

Sanitary Drainage 
Systems for Buildings

TBA TBA SAICEwat12/01103/15 Vollie Brink dawn@saice.org.za

Concrete Essentials

6 May 2013 Cape Town

IPET2012/25 Bruce Raath cheryl-lee@saice.org.za
18 June 2013 Port Elizabeth
19 July 2013 Durban
12 August 2013 Bloemfontein
14 October 2013 Midrand

Concrete on Site

7 May 2013 Cape Town

IPET2012/24 Bruce Raath cheryl-lee@saice.org.za
11 June 2013 Port Elizabeth
9 July 2013 Durban
13 August 2013 Bloemfontein
15 October 2013 Midrand

SAICE Training Calendar 2013 



Course Name Course Dates Location
CPD Accreditation 

Number
Course 

Presenter
Contact

Durability, 
Deterioration and 
Repair of Concrete

8 May 2013 Cape Town

IPET2012/02 Bruce Raath cheryl-lee@saice.org.za
20 June 2013 Port Elizabeth
10 July 2013 Durban
14 August 2013 Bloemfontein
16 October 2013 Midrand

Concrete Pavement 
Slabs

10 May 2013 Cape Town

IPET2010/03 Bruce Raath cheryl-lee@saice.org.za
21 June 2013 Port Elizabeth
12 July 2013 Durban
16 August 2013 Bloemfontein
18 October 2013 Midrand

Building with Bricks, 
Blocks & Mortar

9 May 2013 Cape Town

IPET2012/01 Bruce Raath cheryl-lee@saice.org.za
11 July 2013 Durban
15 August 2013 Bloemfontein
17 October 2013 Midrand

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

21–23 August 2013 Port Elizabeth

SAICEcon12/01177/15
Prof Zvi 
Borowitsh

dawn@saice.org.za

23-25 October 2013 Midrand

Water Law

7-8 May 2013 George

SAICEwat13/01308/16
Hubert 
Thompson

dawn@saice.org.za
9-10 May 2013 Cape Town

29-30 May 2013 Midrand

4-5 June 2013 Bloemfontein

Fundamentals 
of Procurement 
and Tendering for 
Construction Contract

27-28 June 2013 Midrand

SAICEcon13/01322/16 Theuns Eloff cheryl-lee@saice.org.za

22-23 August 2013 Midrand

When I say I’ll deliver... 
I deliver!
Peter Yaman
General Manager - Projects/Heavy Lift Division

Together, the Johnson team delivers a SMART lift
Safety | Maintenance | Availability | Reliability | Total Cost Effectiveness

Tel: +27 (011) 455 9222 or 0860 CRANES | Fax: +27 (011) 455 9230
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80 April 2013 Civil Engineering

I am an engineering practitioner and in my profession I take deep pride.
To it I owe solemn obligation.

Since the origins of humanity,
human progress has been spurred by engineering genius.

The engineering profession has made nature’s vast resources 
of material and energy usable for humanity’s benefi t.

Engineering practitioners have vitalised, 
and turned to practical use, 

the principles of science and the means of technology.
Were it not for this heritage of accumulated experience,

my efforts would be feeble.

I pledge to practise integrity and fair dealing,
tolerance and respect, 

and to uphold devotion to the standards 
and the dignity of my profession, 

conscious always that my skill carries with it 
the obligation to serve humanity by making 

the most sustainable use of Earth’s precious resources.

I shall participate in none but honest enterprises.
When needed, 

my skill and knowledge shall be given without reservation.
In the performance of duty and in fi delity to my profession, 

I shall give the utmost.

During his term of wise leadership SAICE’s 
president of 2011, Seetella Makhetha, intro-
duced the Credo of the African Engineer. 
Seetella’s prime focus was on integrity 
within the profession. Throughout his time 
in offi ce he made use of every possible 
opportunity to communicate his message 

of ethics, combining it with his inspiring 
Credo, which many SAICE members have 
subsequently framed and given a prominent 
place in their offi ces. The message cannot 
be repeated often enough, hence Civil 

Engineering will continue publishing the 
Credo from time to time. 

Credo of the
African Engineer

Seetella Makhetha
SAICE President 2011






