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“There is a human resource crisis in care 
that is driven partly by the government’s 
tolerance of incompetent staff.” The South 
African Health Review 2016 published a 
report on the dismal state (pun intended) 
of health care in the public sector, par-
ticularly on government’s inability to at-
tract competent healthcare professionals 
to work in public healthcare facilities. The 
sector has 100 000 vacant posts, while 
government is spending R1.5 billion on 
hiring temporary agency nurses. The in-
ferences are vexing – but another time.      

The report is scathing and makes no 
bones about incompetency, lack of ethics, 
shocking governance, irregular expendi-
ture, maladministration, unaccountability, 
inability to make decisions, poor systems 
and structures, and pitiable leadership. 
For a moment I thought I was perusing a 
public sector infrastructure report.

And while all this pervades the fabric 
of the public health sector, the proletariat 
are called upon to eat cake – our popula-
tion is getting fatter, AIDS-related dis-
eases are responsible for a third of deaths, 
and more people are suffering from 
hypertension.  

It’s not so much that there are limited 
professionals in the sector so much as 
there is a lack of interest in working for 
the public sector. Engineering profes-
sionals, not unlike medical professionals, 
find no attraction to the public sector. 
While competitive salaries are important, 
it’s the other issues that the medics are 
complaining about that keep us, too, from 
the public sector. 

But I want to start at the top. The 
Minister of Health, Aaron Motsoaledi, 
is an unfortunate example to the intent 
of this article. The honourable minister 
is ironically, a medical doctor. But I am 
counting on the fact that civil engineers, 
by virtue of our training, are better po-
sitioned for integrated and multifaceted 
problem-solving than other professions – 
this will make for interesting dinner table 
debate.  

But I have learned quickly in my 
short stint in executive leadership 
that the rot or bloom starts at the top 
– any institution, whether the family, 
large corporation or republic, resigns 
to adopting the culture of its leaders. 
A case in point – is it a wonder that 
crime, which is a disregard for the rule 
of formal or unspoken law, is a bane of 
modern South African living, when our 
president faces 783 corruption charges? 

I would like to advocate that all 
public sector infrastructure delivery 
institutions should be led by competent, 
experienced, registered, polymathic 
civil engineers. The primary purpose 
of municipalities, for example, is to 
conceive, deliver, operate and main-
tain infrastructure for all echelons of 
society. Financial management and 
human resource management, together 
with other departments, are peripheral 
services. These fringe services should 
in no way dominate the leadership of 
infrastructure service delivery, but 
should play a support role in this regard. 
Short of it being compulsory then that 
the city or town manager be that unique 
brand of civil engineer, it is not entirely 
incoherent that every municipality or 
metropolitan should have a City or 
Town Engineer with the power to make 
decisions. 

The same principle applies to the 
Departments of Transport, Public 
Works, and Water and Sanitation, and 
their relevant delivery mechanism, the 
state-owned enterprises. The current 
Minister of Transport has qualifica-
tions in social work and management, 
while the Minister of Public Works is 
a school teacher, and our Minister of 
Water and Sanitation has certifications in 
economics, planning and leadership. It is 
also shocking to learn that ESKOM and 

ACSA have one engineering practitioner 
each on their boards of directors, while 
TRANSNET and TELKOM have no regis-
tered engineering professionals. It comes 
as no surprise that SANRAL has three 
engineering professionals on their board. 

So this is my contribution to pre-
venting South Africa from receiving 
a downgrade to junk status. When 
Minister Trevor Manuel, a civil en-
gineering practitioner by training, 
resigned as Minister of Finance in 
2008, the move unsettled the financial 
markets and the Rand took a serious 
knock. I hypothesise that the oppo-
site also applies. The appointment of 
capable, competent and dynamic civil 
engineering professionals in appropriate 
leadership positions in our infrastruc-
ture delivery units will endorse the mes-
sage that South Africa is serious about 
doing things differently. This will be the 
start of bringing about corresponding 
stability in our infrastructure economy, 
which should incur the benefit of 
securing international confidence to 
invest in South Africa again.   

It’s not inside – it’s on top
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  Aveng Ground Engineering installing percussion micro-piles into bedrock; the piles are drilled by using a 

Down the Hole Percussion Hammer (250–400 mm diameter) followed by reinforcing, and lastly concrete 
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INTRODUCTION
Aveng Ground Engineering has been awarded a number of 
contracts in South Africa and Namibia where different types of 
micro-pile designs were specified, ranging from percussion piles 
of all diameters to rock-socketed self-drilling anchors (SDAs). The 

work generally consists of projects with restricted access and lim-
ited headroom – such as tunnels and parking garages with height 
restrictions of as little as 1.4 metres. Aveng Ground Engineering is 
one of the leaders in micro-pile technology, and is equipped to in-
stall any type of micro-pile required by the construction industry.

Aveng Ground Engineering’s expertise with micro-pile installation is well established in Southern Africa 
on sites where collapsing soils are encountered, and where restricted headroom and limited access 
pose further challenges.

Aveng Ground Engineering
the leader in micro-pile design and installation

The work at the Women’s Living Heritage Monument in Pretoria posed a number of technical and environmental problems. Due to the confined 
headroom and restricted space in the underground parking garage, specially modified drill rigs were used. The amount of dust generated by 
the percussion hammers and high-pressure compressors required a dust suppression and ventilation solution as is often used in the mining 

environment. Foam was added to the compressed air which trapped the fine drilling dust, which was then disposed of once the foam had dissolved 
and the damp particles could be removed safely. 



A FEW RECENT PROJECTS
 N Elisenheim Bridge in Namibia 
Bridge piles using large-diameter SDAs were required.
 N University of Mpumalanga  
For the lecture halls and residences at this new university, 
percussion micro-piles were the only option to penetrate the 
extremely hard granite.
 N Kyalami Racetrack  
SDAs were the preferred geotechnical solution on this project.
 N Styldrift Mine near Rustenburg 
Percussion micro-piles were preferred as conveyor supports, 
with ground conditions ranging from soft clay to hard rock.
 N Mall of the South 
Restricted access between existing structures required a small 
drill rig that would be capable of installing SDAs.
 N Central Square in Sandton 
The existing building was refurbished and a number of ad-
ditional floors were added, which required an increase in the 
capacity of the original bases and columns. Installation rigs 
with special short masts were the only solution to get the job 

done by installing SDAs socketed into hard rock.
 N Women’s Living Heritage Monument 
This monument was built on top of a three-storey basement 
adjacent to the Pretoria State Theatre. The basement parking 
garage was not designed to carry any additional load, hence 
open-hole percussion micro-piles were installed in the lower 
basement (where headroom was restricted), extending the new 
columns through the parking levels in order to deal with addi-
tional loads imposed by the new structures.
 N Tunny Komatsu Warehouse  
Currently Aveng Ground Engineering is completing this ware-
house using a total of  24 000 metres of micro-pile SDAs.  

 INFO

Wim van Zyl 

General Manager 

Aveng Ground Engineering 

+27 11 923 5144 

wavanzyl@grinaker-lta�co�za

6 May 2016 Civil Engineering

Micro-piles can be grouped together to generate larger load capacity, and can be 
tailored for specific design requirements. The Central Square project in Sandton 

required Aveng Ground Engineering to pre-drill into the collapsing soil and socket 
into rock using a Down the Hole Hammer, and then installing large SDAs. 

This photo shows a typical view of an SDA after installation. 
The hollow bar forms the reinforcing component of the pile, 
and the grout column is created by pumping grout through 
the centre of the rod at high pressure (up to 60 bar). The 
type and size of drill bit determines the diameter of the grout 
column. The pressure, flow and volume of grout dispensed 
during the drilling and installation process are carefully 
controlled and forms part of Aveng Ground Engineering’s 
strict quality procedure.

Aveng Ground Engineering installing percussion micro-piles into bedrock. The piles 
are drilled by using a Down the Hole Percussion Hammer (250–400 mm diameter) 

followed by reinforcing, and lastly concrete.
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INTRODUCTION
It is a great pleasure and honour for me to deliver the 62nd Snape 
Memorial Lecture. This will be a Snape Lecture with a difference, 
though, as I’m going to take a more personal and reflective line, 
sketching some of my own road as a civil engineer over the last 
four and a half decades, and drawing some lessons from that for 
the profession and the industry going forward. I am doing this, 
firstly, because I am close to retirement and have a lot to share, 
and secondly, because personal reflections are often very useful 
lenses in which to see reality and convey it to others. I hope you 
will not find the personal focus self-laudatory – there is abso-
lutely no intention of that. 

Firstly, I would like to pay tribute to Professor Snape. Looking 
at his life I find similarities with mine in that he began his career 
as a municipal engineer, he worked on tunnels, and he was in-
volved in outfall sewers. These are all activities in which I have 
been involved. 

Prof Snape furthermore believed that a university teacher of 
engineering gained vicarious satisfaction through the achieve-
ments of his students in practice, and with that he was content. To 
which I say, “Indeed!” 

Snape moulded and formed the University of Cape Town’s 
(UCT) civil engineering department, leaving an amazing legacy – 
from 1918 to 2015 UCT produced 3 611 civil engineering graduates 
(see Figure 1), and it continues to be one of the foremost suppliers 
of quality engineering graduates. The peaks and dips shown in 
Figure 1 are understandably linked to the history of the time.

MY JOURNEY INTO CIVIL ENGINEERING
Johannesburg
My own journey in civil engineering started in Johannesburg – 
that great city of gold where I was born and brought up. It’s still a 
city that excites me, and that has a very important role to play in 
the future of our country and of our continent.  

It was while I was at school (King Edward VII School) that I 
began to have contact with the civil engineering industry. This 
was largely through my father who worked for The Roberts 
Construction Co. Roberts Construction merged with Murray and 
Stewart in the 1970s to become Murray and Roberts, which is very 
much a force in civil engineering today.  

Prof Mark Alexander Pr Eng
Department of Civil Engineering

University of Cape Town
mark.alexander@uct.ac.za

Towards the end of 2015 Prof Mark Alexander of UCT delivered an unusual Snape Memorial Lecture, in 
which he shared personal anecdotes, paid generous tribute to his mentors, and offered some reflections 
on the industry. We herewith bring you the shortened ‘musings’ of this kind and highly respected engineer.

Musings of a 
professor 
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My father used to do the pay run (by ordinary car!) on 
Friday afternoons, and would often take me with him to the 
mines on the West Rand. Because of that I began to see con-
struction sites, and became interested in how civil engineering 
and construction worked. 

University of the Witwatersrand
I actually decided to switch from electrical engineering – it was 
my first choice at the time – to civil engineering just before the 
beginning of my first year, because I had been working in the ‘ex-
citing’ structural steel detailing office of Roberts Construction!  

I enrolled at the University of the Witwatersrand (Wits) 
in 1969 under the Johannesburg City Council student bursary 
scheme. Five hundred rand per annum was paid in ten instal-
ments of R50 each, plus fees, and that’s all I needed. This great 
bursary scheme ensured a constant stream of bright, young engi-
neers to the public sphere. 

We had wonderful professors at Wits – Profs Ockleston 
(structures), Jere Jennings (geotechnical), Des Midgley (water) 
and Geoff Blight (materials and geotechnical) – and we were very 
privileged to study and work under them.  

Those were also turbulent times. We’ve had a turbulent his-
tory in our country and it looks like we’re still going to have such 
for a while to come. Back then, we as students were also engaged 
in protests. We also marched against the authorities. We also 
brought up the injustices of our time and were counted among 
the group of people who sometimes had to face the riot police 
on the university campus. Today we have other issues, but these 
things happened then as well. 

Civil construction was at a peak all over the country 

during those years, and we were doing exciting 

things. We were building Africa’s tallest building at 

only R45 million (the Carlton Centre and the Carlton 

Hotel). We were building our urban freeways. We 

were building the majestic Gariep Dam, which is 

an amazing structure. This was an exciting time for 

civil engineers and for civil engineering students. 

The Diepsloot outfall sewer

Mark’s graduating civil engineering class of 1972 – Mark is in the second row, fourth 
from the right (there were 65 graduates from a starting class of 120); SAICE’s current 
president, Dr Chris Herold, can be seen in the third row, fifth from the right 
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Civil construction was at a peak all over the country during 
those years, and we were doing exciting things. We were building 
Africa’s tallest building at only R45 million (the Carlton Centre 
and the Carlton Hotel). We were building our urban freeways. 
We were building the majestic Gariep Dam, which is an amazing 
structure. This was an exciting time for civil engineers and for 
civil engineering students. 

So at the end of all that came graduation in 1972. I gradu-
ated and was awarded the Roberts Construction prize as the 
top student, which was a bit of an irony, since I had applied 
for the Roberts Construction bursary in my first year, but was 
turned down! 

EARLY ENGINEERING EXPERIENCE AND TRAINING
I moved into ‘real’ engineering in 1973 when I started working at 
the Civic Centre in Braamfontein, Johannesburg, in the then City 
Engineer’s Department. 

In that first job I mainly designed major outfall sewers and 
the associated hydraulic structures, which gave me a first taste of 
real engineering. 

We as young engineers all had to undergo the ‘baptism’ in the 
Klipspruit Outfall Sewer (KOS), organised for us by the Design 
Branch. The KOS runs through the middle of Soweto, right 
next to the Klip River. We were taken out there at four o’clock 
in the morning and sent down the manholes to see what the 
sewer looked like in the low-flow periods. That was the way they 
reckoned we would learn about it the best. What they didn’t tell 
us was that the night-spoil trucks were discharging in the man-
holes slightly further up the sewer at the same time. So you can 
imagine that, as we went down different manholes, heads popped 
up again at those manholes as this load went past. That was the 
baptism of the Klipspruit Outfall. 

We had a legend of a City Engineer at the time – Eric Hall. 
When asked once, “What would you have been if you hadn’t had 
been a civil engineer?” he replied, “I would have been ashamed!” 
A great man, and he had great deputies – Val Bolitho, Ralph 
Reynolds, Tony Dollery, Alec Hay (who was my boss in the 
Design Branch), and the like. 

These engineers were of a high calibre and of high integ-
rity. They needed to be the very best in view of the enormous 
amounts of public money they handled and the huge decisions 
they had to take. The City Engineer was held in very high esteem. 

I went back to Wits in 1974 to do a Master’s, returning to the 
City Council to work on major tunnel and bridge contracts for 
some years, and finally ended up in the Water Branch as a water 
planning engineer. 

The Diepsloot outfall sewer was carried in sections above 
ground on bridges, each about 1 km long. They were designed 
by Alec Hay and constructed by Murray and Roberts, and com-
prised 30-ton pipes with a 2.9 m internal diameter. After a few 
years, cracks developed in the pipe inverts and they began to 
leak. The City then approached Prof Geoff Blight for assistance 
in solving this problem. He said, “Sure, can I use some of your 
engineers?” So he put me and other young engineers on that pipe 
bridge for sometimes whole days and nights. We would get out 
there at two in the morning – freezing in winter walking across 
the top of those pipes (health and safety was not deemed much 
of an issue!) – and we would take strain and temperature read-
ings through a whole cycle (there was no such thing as automatic 
recording in those days, you did it all manually). Eventually we 
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decided that the reason for the leak was that the thick walls 
of these pipes were restraining the stresses and strains due to 
the thermal gradients in such a way that they were building up 
significant tensile stresses – this was low-cycle thermal fatigue. 
This was unusual, because normally pipes come in fairly thin 
walls and the temperature is equalised throughout the pipe wall. 
In this case, there was a maximum temperature differential of 
about 20 degrees across the pipe wall, this differential varying 
throughout the day. 

What we did was to cover the pipes with aluminium clad-
ding and a thermal blanket. I spent many days and nights 
on that project and it led to my first paper as a municipal 
engineer – Cracking on the exposed concrete pipeline of the 
Diepsloot outfall sewer, Johannesburg: Field investigations and 
interpretations.  

 I also worked on the Bushkoppies outfall sewer. This ran 
right under Soweto and Pimville. While we were working on that 
tunnel, June 1976 happened. We were instructed to pack up the 
site, secure our explosives, and not return until we were told to 
do so, which was a couple of weeks later. Hector Pieterson and 
June 1976 changed our way of thinking. It changed everything 
about the world we live in. 

TWO MAJOR EVENTS
In 1978 and 1979 respectively two seminal events occurred in my 
life – I got married to Lyn, my beautiful wife, and I went back to 
Wits as a lecturer, at the encouragement of Prof Blight. 

ACADEMIA AS A CAREER 
I have never regretted moving to academia as a career. I worked 
at Wits until 1992 as a lecturer in construction materials, along-
side the next generation of outstanding professors – Alan Kemp, 
David Stevenson, and of course Geoff Blight. 

Prof Geoff Blight was such a good mentor. He was my head of 
department and supervisor, he took me through my Master’s and 
Doctoral degrees (I obtained the latter in 1986), and gave me a 
great legacy to live with. 

I published my first international paper in the RILEM 
journal, Materials and Structures, during this time. This was 
the consequence of a spell of work at the Technion – Israel 
Institute of Technology – and the National Building Research 
Institute in Israel. 

I also had the opportunity to get involved in some consulting 
in my own right. One such project was the Jupiter cement silos 
in Johannesburg – you can see them off the N3 if you are driving 
through the Geldenhuys Interchange. At the time, Ground 
Engineering (GEL) were putting in the piles for this, and Ross Parry-
Davies came to me as a young, completely greenhorn engineer and 
academic, and said: “There are some problems with the concrete, 
can you help us?” Well, I should have said no, but I said yes. So he 
threw me into this problem. What was happening was that they had 
drilled into these piles, and after going down about 30 m, found that 
at the bottom there were large honeycombed sections. 

We eventually came to the conclusion that this was because 
of the infiltration of groundwater during concreting – they 

From left : Pilate Moyo, Mark Alexander and Hans Beushausen of CoMSIRU 
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hadn’t controlled it properly. We thus decided to grout them 
up, but not after a severe grilling about my conclusions by Ken 
Witthaus of WLPU. This experience was an absolute baptism of 
fire, but in the end we came through and it was fixed. That was a 
great learning experience for me.

University of Cape Town 
I moved to UCT’s lovely campus in 1992. My inaugural lecture 
was titled From nanometres to gigapascals – cementing the fu-
ture. By this stage I had firmly established concrete and cement 
as my research area. At UCT, I worked with academic heavy-
weights such as Tony Kilner and Mike de Kock. Anything that I 
ever learned that was of any value about teaching or education, 
I learned from Mike. 

Over the years at UCT, I served as Head of Department, 
Deputy Dean, Acting Dean, Assistant Dean, and then finally 
moved back to a research-intensive mode in 2008.

This was also the time of democratic transition, which is 
still of course in progress. We were thrown into all the chal-
lenges of engineering education associated with rapid changes 
in the demographics of classes. And we marvelled at how 
under-privileged students coped with the difficulties posed by 
both the civil engineering course and a multicultural campus. 
The many success stories from these students help to keep us 
going as academics. 

Intensified research trajectory
I went into an intensified research trajectory from about 2008, 
with the support of the National Research Foundation, the  
Cement & Concrete Institute (now The Concrete Institute), PPC, 
Lafarge, AfriSam, Natal Portland Cement, Aveng Grinaker-LTA, 
Haw & Inglis, Sika, Eskom, THRIP and the Water Research 
Commission, who have all contributed towards funding the re-
search over the years. 

Early supporters
One of those who supported me in my early research work to-
wards my PhD was Dr Derek Davis, the Director of the Portland 
Cement Institute (PCI, now The Concrete Institute) from 1970 to 
1984. It was through his financial assistance that I got to my first 
international conference. Afterwards, when I had my PhD, we 
worked together for some years on concrete aggregates. Together 
we published a series of monographs that are still in use today in 
the industry around the country. 

There have been others who have taken an interest in me. 
One is Sid Mindess from the University of British Columbia. He 
has been a great colleague and mentor over the years (he was also 
the external examiner for my PhD!).  

Then there was Arnon Bentur from the Technion in Israel, 
who got me to work at their lab. We’ve had many fruitful collabo-
rations and he was really my introduction to RILEM. 

I have been very privileged to work with people like these 
(more recently also with Yunus Ballim), but the list is just too 
long to include everyone here. Without these mentors and col-
leagues I’m certain I wouldn’t have made the progress that I have.  

CoMSIRU
That brings me to the unit called CoMSIRU (Concrete Materials 
and Structural Integrity Research Unit) at the University of Cape 
Town. I work with two great colleagues – Pilate Moyo and Hans 
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Beushausen. I was trundling along through the 1990s and early 
2000s when these two guys joined, and they just transformed 
everything. With their energy and youthful enthusiasm, they 
have hugely contributed to CoMSIRU’s growth in so many ways, 
and I owe them a debt of gratitude. 

Involvement with RILEM
RILEM (Réunion Internationale des Laboratoires et Experts 
des Matériaux, systèmes de construction et ouvrages, or 
the International Union of Laboratories and Experts in 
Construction Materials, Systems and Structures) is an inter-
national organisation that exists to promote scientific coop-
eration, stimulate new directions of research, and promote 
sustainable and safe construction. 

RILEM grew out of the ruins of the Second World War – 
Europe lay shattered, its cities were destroyed – when a group 
of forward-thinking laboratory directors decided they needed 
to do something about this. In 1947 they met in Paris under 
the chairmanship of Robert L'Hermite, the French National 
Laboratory Director. Sixteen countries, including Argentina 
and the USA, were present. They decided to put together this 
organisation to improve the technology of construction ma-
terials and structural engineering to help rebuild the cities of 
Europe, and in fact the whole world. From that humble begin-
ning of sixteen directors and sixteen countries, RILEM has now 
expanded to 63 countries and 102 institutes, with its headquar-
ters in Paris. RILEM has more than 1 200 expert members (at 
least 15 from South Africa).

RILEM played a seminal role in the development of my re-
search and international career. It allowed me to rub shoulders 
with people who were writing the books and papers of which you 
read in journals; I could sit around tables with them and debate 
with them. I chaired two of RILEM’s technical committees, 
served on the Bureau and Coordinating Committee, and much 
to my surprise, was elected International President for the period 
2012–2015, which was a huge honour for me, being the first 
president from Africa. 

SOME REFLECTIONS
I would like to briefly share some of my reflections on the profes-
sion and the challenges that we face today.

Civil engineering and the challenges we face     
The ICE’s definition of a civil engineer says, “Civil engineering 
is the practice of improving and maintaining the built envi-
ronment to enhance the quality of life for present and future 
generations”. If we pick out the key words built environment, 
quality of life and generations, we see they are about people and 
the earth we live on – civil engineering is primarily about what 
we do with and for people. 

When we talk about the challenges we face in our profession, 
we have to go back to the socio-politico-economic context in 
which engineering is played out in the modern world. 

What is our social, political and economic context? In 
large measure it is a neo-capitalist, market-driven economy 
– that’s what we chose in 1994 and that’s what we live with 
today. The drivers of this system are primarily the share-
holders, the different companies (who wish to generate max-
imum profit) and the markets. In many ways, it is exploitation 
of our resources. It is not really focused primarily on commu-

nities and people, even though we think it is sometimes. It’s 
not even focused on the profession itself. Of course this has 
many ramifications; not least are legal ramifications, as today 
we find ourselves enmeshed, in many cases, in a mass of litiga-
tion because of this route.

Furthermore, we’ve moved to democracy in South Africa. 
This has meant the need for consensus, transparency and 
accountability. That is a good thing. It does demand of us, 
however, that we spend inordinate amounts of time working 
through these issues, which can on occasions become very te-
dious and counterproductive. 

The concerns that I am expressing here briefly will only really 
change when we have wider societal change. I think we will go 
through another societal shift when we maybe move to a more 
socially conscious model. There is a need for change in our soci-
ety’s ethics, and ultimately our profession’s ethics.

The state of engineering expertise and engagement
I think this is still strong overall, but it is also severely lacking in 
some sectors, not least in the public sector, whether at national, 
provincial or local level. Of course there are notable exceptions. 

You only have to witness the recent closure of some school 
buildings in the Western Cape because of structural inadequa-
cies to realise that we do have a lack of capacity. Clearly there is a 
problem somewhere. 

Because of our training, we as engineers are competent to 
solve these problems – we think logically and rationally, and we 
put solutions in place. It’s dealing with people, dealing with com-
munities, and dealing with committees (i.e. engaging with the 
public sector) that are the real challenges in engineering. 

Manglin Pillay, SAICE’s Chief Executive Officer, has this 
to say in his CEO piece in the August 2014 edition of Civil 
Engineering: “CESA … reported in 2010 that there was a migra-
tion of engineers from the public sector to the private sector, 
mainly into consulting engineering. From 1990 to 2010 the 
ratio of government technical professionals to population de-
clined from 1:2 700 to 1:27 000, while the number of employees 
in consulting increased from 12 000 to 21 000. … As a result, 
the public sector has become an uninformed and incompetent 
client, and this is the main reason for inadequate service de-
livery and deterioration in public engineering infrastructure.” 
Manglin also makes the point that, since 80% of civil engi-
neering infrastructure spend inside the country comes from 
the government at different levels, politics and the public sector 
influence professional civil engineers at every local and district 
municipality, provincial department and national department 
associated with infrastructure. SAICE has of course done a lot 
towards better understanding of the role of engineers through 
initiatives such as Civilution. 

As engineers we sometimes feel somewhat uncomfortable 
in the public sphere, as we are conservative by nature. Why? 
Because if something goes wrong with the things we do, the con-
sequences are normally horrendous. There is often loss of life and 
always huge loss of capital. We are conservative by nature and 
our training also makes us so. To enter the public sphere, we in 
fact need a different mind-set altogether.  

I’ve always thought it interesting to trace the differences 
between China and their National Economic Development Plan, 
and South Africa and India who, to a large degree, have followed 
a very different path – due to what I would call the democratic 
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imperative. The consequences have been quite severe, due to a 
lack of understanding of the role of engineers and technology in 
developing a country, a lack of investing in education of the right 
kind and at the right scale at primary, secondary and tertiary 
level, and the failure to invest in developing a generation of new 
academics. We somehow thought they would just appear from 
nowhere, but they didn’t; now we’re realising that we should have 
invested in a new generation of academics way back. 

But let’s not downplay the real brilliance of our engineers – 
just look at things like the Fulton Awards, the SAICE Awards for 
outstanding civil engineering achievements, and the Southern 
African Institute of Steel Construction‘s Awards, among others. 
These inspiring and impressive winning projects display what the 
profession is so good at. Let us acknowledge that. 

A note of caution here from Robin Carlisle (as reported by 
the Cape Times in October 2014) who had this to say about 
engineers: “The enquiring mind of engineers – ‘how can I do it 
better, faster, safer’ – has enriched human life on so many levels. 
Cities cannot come about without them, as they create the neces-
sary urban order … This speaks to me very profoundly about an 
industry … that I think has shrunk in on itself to some degree 
… that does not see itself as Brunel saw it, i.e. today’s engineers 
by and large do the bidding of the visionaries, rather than being 
the visionaries themselves. Engineers might not be ideologically 
driven, but their work is influenced by the ideologies around 
them. If those forces push them in the wrong directions … [they 
need to] be held to account.”

We could debate that issue, of course. We don’t live in the age 
of Brunel. Brunel was not an academically-trained engineer, but 
he had an innate sense of design and knew how to do things – he 
succeeded by trial and error. Sometimes they got things very 
wrong, and then got them right again – which we no longer have 
the liberty or luxury of doing. In engineering today, we have to 
get it right first time. So there are differences, but we can still 
consider some of those contrasts.  

Engineers and the engineering process
I think we’re losing control of the process of engineering, 
particularly in consulting. We have this issue of bidding for 
engineering work, based usually on lowest cost. This is corrosive. 
Quoting John Glenn, the American astronaut, on being asked 
how he felt at the moment of lift-off, he said: “I feel exactly how 
you would feel if you are getting ready to launch and knew you 
were sitting on top of two million parts – all built by the lowest 
bidder on a government contract.”

The tendering process applied to professional services, 
such as consulting engineering, is like asking a group of heart 
surgeons to give the lowest price for a cardiac by-pass, whereas 
experience and expertise should be the paramount criteria when 
engaging an engineer.  

The growth in turnkey projects has also led to the ‘com-
modification’ of engineering expertise. Engineers are now seen 
as commodities – our expertise can just be bought off the shelf, 
and one of these days our expertise can be substituted by using 



16 May 2016 Civil Engineering

a computer program. That is another serious issue we need to 
grapple with. 

I think that we’ve lost control of the companies and en-
terprises in which we work. Often the top jobs in engineering 
companies are being taken over by the finance people whose staff 
are not engineers themselves. I am not trying to make out they’re 
not important – I value them – but their training does not fit the 
bigger questions and the long-term issues that concern engineers 
and their clients.

To illustrate the difference between engineers and finan-
ciers, I quote from Time magazine of 25 September 2014, 
from an article titled Mary Barra’s bumpy ride at the wheel of 
GM. Mary was coming in as the new CEO of General Motors 
(GM) in America after the ignition switch disaster that 
caused many deaths from malfunctioning GM cars. The ar-
ticle was a commentary on the difference between engineers 
and financiers: that Mary was an engineer rather than a fi-
nancier (financiers had been at the helm of that organisation 
for the last few generations). The article went on to say that 
such engineers are “way more grounded in the reality of what 
goes on as opposed to the financial folks who float at the top 
and delegate everything.”

As engineers we are in this for the long haul, not for the 
kick-back – that’s the big difference. I appreciate the complex 
nature of relationships between the different sectors involved 
in an engineering project – owners, designers, contractors, 
architects, quantity surveyors and ultimately the funders and 
decision-makers – but engineers have been reduced to mere 
service providers in this industry, to the ultimate detriment 
of not just the profession, but society itself. We need to realise 
that we are caretakers of the profession for the next generation. 
We don’t own the profession. It’s not the place to maximise the 
benefits for our own advantage. We need to understand our role 
in terms of the big picture and the long-term scenario, and not 
the short-term gains. 

Education of engineers
The schools have let us down badly. Universities are expected 
to fix twelve years of poor schooling, and the reality is, we 
can’t. Twelve years of deficient schooling cannot be made up 
in four years of engineering at university when everything is in 
the melting pot and pressure cooker at the same time – it just 
doesn’t happen. 

However, we have to work with these young people. We have 
to give them a chance. The poor schooling system is not their 
fault. The curriculum is always under pressure; the students are 
always under pressure; when they get out of university they are 
under pressure. The graduates produced today from an institu-
tion like UCT are only what they’ve always been – bright, capable 
young people. They have the ability to develop into competent 
and useful engineers, given the right environment in which to 
flourish. They’re not fully-fledged engineers yet – they cannot be. 
Unfortunately the ability and commitment of the engineering 
companies to mentor and develop these young engineers have 
steadily eroded, often due to the issues I have dealt with above, 
and this is beginning to have severe consequences. In addition 
we have the requirements of ECSA, which we didn’t have in the 
same way when I was at university.  

Then there is also the move to a research environment 
at universities. Nowadays promotion at university depends 

largely on one’s research profile, and this has not favoured 
the development of teaching-rich positions, which is what 
we really need. So we need to look more at appointments on 
a part-time basis or at retired professionals who can bring 
in the needed perspective and experience to fill out the 
teaching team. 

Having in a way criticised the over-focus on research, I 
now make a punt for research. I think research has a critical 
role to play in our profession and industry. Let me go back to 
my UCT inaugural lecture of 22 years ago. What I said then 
is still strangely relevant 22 years later. First of all, the cost 
of research at university is a fraction of the cost in a com-
mercial setting. Secondly, research students are trained for 
the industry at a high level. This provides stimulation for 
both students and staff, leads to an interdisciplinary approach 
between universities and industry, generates new knowledge, 
and promotes innovation for the industry. We are a chroni-
cally under-generated, non-innovative industry, and that is 
because we often neglect to sponsor the research community. 
As a dedicated researcher I want to appeal to our engineering 
companies for a change in attitude regarding the role and im-
portance of research.

CONCLUSION
In closing, I quote from TS Eliot’s Little Gidding: “We shall not 
cease from exploration. And the end of all our exploring will be 
to arrive where we started and know the place for the first time.”

It’s been a very enriching experience.  
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R A I L W A Y  A N D  H A R B O U R  E N G I N E E R I N G

INTRODUCTION
With the need that railroads and transits 
have for sustainable service delivery, there 
is an ever-increasing demand to improve 
transportation efficiency, the challenge 
being to determine and understand the 
‘state of good repair’ of a rail or transit 
system in real-time or near real-time. 
Prioritising track maintenance before condi-
tions cause vehicle damage or derailments, 
and balancing the risk between operations, 
safety and maintenance cost, are funda-
mental to delivering a world-class trans-
portation service. Railroads throughout the 
world are turning to new technologies to 
optimise track maintenance planning. This 
includes the use of revenue service vehicles 
equipped with sensors that quantify condi-
tions and automatically report the location 
and severity of potential and functional 
failures to maintenance managers and 
engineers. This article gives a broad over-
view of how railroads and transits in the 
USA, Canada, Mexico and Australia utilise 
vehicle/track interaction diagnostic equip-
ment to determine the ‘state of good repair’.

BACKGROUND
Vehicle/track interaction (V/TI) monitors are 
autonomous systems installed on revenue 

vehicles and provide near real-time detec-
tion of vehicle acceleration events that are 
caused by track condition risks. The ENSCO 
Inc V/TI system has been utilised in the 
railway industry for over fifteen years and is 
currently in operation in the USA, Canada, 
Mexico and Australia. Presently there are 
over 364 V/TI systems operating on locomo-
tives, and on passenger and freight cars in 
daily revenue service. In total, these V/TI 
monitors survey over 32 million km per year. 
The system includes on-board measurement 
equipment, as well as a central server data-
management and reporting system.    

The V/TI monitoring system continu-
ously samples all accelerometer sensor 
inputs which measure vehicle response, 
due to the interaction with the track, to 
detect irregularities that can be categorised 
into five types of potential failures. These 
include car body vertical (CBV), car body 
lateral (CBL), wagon bogie lateral (TRL), 
axle vertical (AXV1&2) and a calculated 
mid-chord offset (MCO). If the system de-
tects inputs which exceed defined thresh-
olds, it will send an exception message, 
which includes all the sensor waveforms, 
back to a central data-management system. 
When the sensor waveforms are received 
by the data-management system, they are 

Vehicle/Track Interaction 
continuous real-time autonomous condition 
monitoring to effectively manage ‘state of good repair’
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evaluated using an automated algorithm to 
eliminate false-positives. Valid exceptions 
are sent to the railway or transit’s internal 
database system to identify divisions/
regions and subdivisions/sections. In addi-
tion, based on the location, it will provide 
a linear referencing position in terms of 
either mile post or kilometre post master 
data, and will report the severity of the 
potential failure/defect. Industry employs 
primarily three levels of severity that can 
be classified as high, medium and low. The 
system can be configured to trigger notifi-
cations to maintenance personnel by using 
an automated phone message and/or email 
notification, depending on the severity 
level and the business rules setup. Figure 1 
illustrates the locations of the V/TI equip-
ment installed on a freight locomotive. A 
summary of the V/TI exception types will 
be discussed in the next section. 

SENSOR LOCATIONS
The car body sensor measures vertical 
and lateral acceleration near the locomo-
tive cab floor. The car body vertical (CBV) 
and car body lateral (CBL) exceptions 
are the peak-to-peak acceleration within 
one second. These exception types are 
typically associated with track profile and 

alignment conditions respectively.  
The bogie/truck sensor measures 

lateral acceleration of the truck frame. 
The truck lateral (TRL) exceptions are the 
root-mean squared acceleration. TRL ex-
ceptions are generally caused by sustained 
oscillations caused by truck hunting.

Two axle sensors are installed on a 
single wheel set, with each sensor installed 
on the left and right side bearing axle 
boxes. These axle sensors measure acceler-
ation in the vertical direction. The axle ver-
tical impact (AXV1 and AXV2) exceptions 
calculate the wheel/rail impact force in kN 
or pounds using the acceleration informa-

tion. AXV exceptions are associated with 
high wheel-rail impact conditions.  

In addition, the same two axle sensors 
are used to calculate the vertical profile, 
using a 3 m mid-chord. Utilising the same 
sensors for an additional purpose is a novel 
approach that was first led by Union Pacific. 
The MCO1 and MCO2 exceptions are meas-
ured in millimetres/inches and are associ-
ated with short-chord profile conditions.

‘STATE OF GOOD REPAIR’ 
DIAGNOSTICS
Internationally there has been a shift in 
the focus of service and service delivery 

Detected condition Condition characteristics Characteristic V/TI measurement

 �  Repeated vertical profile dips in 

track

 �  Mud and pumping conditions

Detected condition Condition characteristics Characteristic V/TI measurement

 � Lateral alignment irregularity 

in the track 

Figure 1: V/TI equipment locations on a freight locomotive

Figure 2: CBV peak-to-peak exception

Figure 3: CBL peak-to-peak exception 
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sustainability of strategic assets, specifi-
cally within asset-intensive organisations 
such as railroad and transit agencies. As 
mentioned earlier, railroads and transits 
are investing in autonomous track inspec-
tion systems that, unlike manned systems, 
are capable of surveying much bigger ter-
ritory while forming part of the in-revenue 
system. In this section the authors provide 
a description of the V/TI diagnostics 
equipment, as well as details on, and ex-
amples of, the different potential failures. 
Lastly we will discuss the use of diagnostic 
measurements to assist in performance 
management – through performance ana-
lytics that will provide railroads and tran-
sits with near real-time decision-making 
capability to identify areas that require 
either immediate risk mitigation through 
slow-order implementation, or assistance 
in identifying areas that require mainte-
nance in the short to medium term.

V/TI equipment specification
A standard V/TI monitor comes equipped 
with five on-board measurements (car 
body vertical/lateral, truck lateral, axle 
vertical, and 3 m mid-chord offset) sam-
pling at 400 Hz. The sensors are sampled 
and filtered in compliance with the 

Federal Railroad Administration Standard 
CFR213.333 Vehicle/Track Interaction 
Safety Limits.  

V/TI condition/potential failure terminology 
This section focuses on V/TI railroad ter-
minology. It presents the fundamentals of 
the functional measurements to generally 
identify potential failures in near real-
time, based on the permanent way condi-
tion. It forms the basis of the decision-
making analysis to identify maintenance 
areas, assisting the business in optimising 
the management of its assets.

Car body vertical (CBV)
Car body vertical accelerations are meas-
ured at the locomotive cab floor above the 
leading bogie. This is a peak-to-peak ac-
celeration algorithm aimed at identifying 
pitch and bounce motion. CBV exceptions 
are typically produced by repeated long 
wavelength track profile irregularities, as 
seen in Figure 2. It is quite common to 
find these anomalies near a road crossing 
and bridge approaches. 

Car body lateral (CBL)
Car body lateral accelerations are meas-
ured at the locomotive cab floor above 

the leading bogie, similar to the car body 
vertical sensor. This is a peak-to-peak ac-
celeration algorithm aimed at identifying 
track alignment issues as seen in Figure 3.

Axle vertical (AXV)
Axle vertical accelerations are measured 
on the leading axle of the vehicle. The ac-
celeration is converted to an impact force. 
AXV exceptions are typically produced by 
defects along the rail associated with joints, 
switches, engine burns, diamonds and 
broken rail, as seen in Figure 4. The amount 
of the impact measured depends both on the 
physical depth or size of the spot defect and 
on the stiffness of the support conditions.

3 m Mid-chord offset (MCO)
In 2007, the FRA Office of Research 
conducted a study to assess the effective-
ness of deriving mid-chord offset from 
axle sensor measurements. The FRA 
recommended the use of a 3 m MCO to 
detect localised track issues that are likely 
missed when looking at an MCO track 
measurement of 9 m or 19 m. Thus, a 3 m 
MCO algorithm was developed for the 
V/TI monitor to detect pumping joints, 
heaves, mud spots, and other poor sup-
port conditions, as seen in Figure 5.

Detected condition Condition characteristics Characteristic V/TI measurement

Crushed rail

 � Broken rail, broken joint, broken 

frog, battered joint, engine burn, 

crushed rail head, loose/missing 

bolts

Detected condition Condition characteristics Characteristic V/TI measurement

 � Mud and pumping conditions

 � Look for pumping joints or mud 

spots

Figure 5: 3 Metre MCO exception

Figure 4: AXV impact exception
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In addition, truck lateral measurement 
detects any sustained lateral bogie move-
ment associated with car hunting. When 
this exception occurs, it indicates, in the 
vast majority of cases, that the instru-
mented vehicle is in need of maintenance. 
Keeping the vehicle in good working order 
ensures that the other measurements are 
not degraded. A typical characteristic 
measurement is depicted in Figure 6.

REAL-TIME DATA MANAGEMENT FOR 
DECISION-MAKING
Near real-time information provides 
railroads with the ability to have real-time 
situational awareness, and visibility of 
asset risks and conditions. This enables 
and supports decision-making to ensure 
the ability to render a service to clients. 
Remote servers are used to store data sent 
from V/TI monitors. The server end is 
responsible for post-processing of all data 
received, and for transmitting alerts to 
field personnel and the person in charge 
of a specific section. All exception data 
collected can also be reviewed and re-
trieved through an online application.

Location, and the alignment of condi-
tion data within the linear asset manage-
ment environment, is fundamental to the 
success of diagnostic solutions. Once a 
potential failure is detected, it is tagged 
with a GPS position and forwarded to 
remote servers for processing. This GPS 
latitude and longitude is transformed into 
typical ‘railroad language’ comprising a di-
vision, sub-division/section and km post + 
m. It is accomplished by using a particular 
railroad’s network map of layers, defined 
by vast amounts of GPS vertices, and ref-
erenced to linear location points, e.g. km 
post, that then transform the defect GPS 
location to a km post + m location. 

ANALYTICS
These days the greatest challenge of 
condition monitoring is often not the 
method of obtaining the data, but 
rather the task of interpreting the 
vast amounts of ‘big data’, and setting 
realistic and useful thresholds for the 
measured and calculated parameters or 
indices. A further challenge is the need 
to understand the influence that a com-
bination of various parameters has on 
risk, and being able to predict risk areas 
that require in-depth monitoring and 
maintenance, thereby assisting in the 
decision-making process.

The V/TI has long been used as a 
device to plan track maintenance and 
identify dangerous track conditions. 
Inspections of identified high-level excep-
tions have yielded locations at risk for 
derailment, requiring immediate preven-
tive action (e.g. broken joints, broken rail). 
However, low-level severity exceptions 
can result in too many notifications, 
causing ‘data overload’, becoming coun-
terproductive, as these are not necessarily 
inspected or used for risk and long-term 
maintenance management.

Their importance was revealed 
when an extensive study of derailment 
sites was conducted. The investigation 
found that low-level exceptions tend 
to recur and persist near derailment 
locations. This study resulted in the 
investigation and development of a per-
formance cluster considering potential 
failure defects that occur in close prox-
imity of one another, namely car body 
vertical, axle vertical and MCO excep-
tions. Consequently, an algorithm was 
developed and implemented to identify 
these performance cluster areas/loca-
tions that might be at higher risk.

Their importance was revealed 

when an extensive study of 

derailment sites was conducted. 

The investigation found that 

low-level exceptions tend 

to recur and persist near 

derailment locations. This study 

resulted in the investigation and 

development of a performance 

cluster considering potential 

failure defects that occur in 

close proximity of one another, 

namely car body vertical, axle 

vertical and MCO exceptions. 

Consequently, an algorithm was 

developed and implemented 

to identify these performance 

cluster areas/locations that 

might be at higher risk.Figure 6: Truck lateral characteristic measurement 



24 May 2016 Civil Engineering

V/TI PERFORMANCE CLUSTERS
Unlike V/TI monitor exceptions, cluster 
exceptions are generated on all exception 
data recorded over a week. The purpose 
is to identify repeating defects of the 
same type within a defined location. As 
soon as all the repeated defect clusters 
of the same type have been identified, a 
second clustering analysis is conducted 
whereby the performance cluster is 
determined. The algorithm for the per-
formance cluster looks for exception 
clusters of the same type that are located 
within a defined diameter of one another. 
The following points briefly explain the 
algorithm process:
1. Retrieve historical data for processing.
2. Linearise exception locations of all 

levels on track centre lines.
3. Identify the three exception type 

clusters, namely AXV cluster, MCO 
cluster and CBV cluster. (Exceptions 
of the same type are considered ‘re-
peated’ if they can be encircled within 
a 36 m diameter.)

4. Determine performance cluster loca-
tions. (During this process AXV, MCO 
and CBV clusters will be grouped if 
the centres of their repeat events are 
within 18 m of one another.)  

The algorithm process is illustrated in 
Figure 7, demonstrating the difference 
between a single-repeat exception type 
cluster and a performance cluster.

Performance clusters provide a 
paradigm shift in risk and maintenance 
management to direct the rail industry 
towards a proactive approach and a man-
aged ‘state of good repair’. The majority of 
field inspections conducted were identi-
fied as problematic areas, but not neces-
sarily as out of compliance by government 
or internal maintenance standards. This 
allows railroads to better establish long-
term maintenance plans. 

Table 1 contains observations from 
field reports based on performance/
combo cluster exceptions.

CONCLUSION
The use of autonomous track inspection 
systems is becoming more common 
throughout the railroad industry. Most 
notably, the need to use operational data 
and ‘bid data’ analytics to monitor and 
detect change to trigger ‘state of good 
repair’ management will become the 
norm in the rail industry over the next 
five years. V/TI diagnostics used with 
revenue-service trains has been at the 
forefront of this movement. The flex-
ibility of the system to operate under 
various conditions, and its adaptability 
to incorporate multiple sensor types and 
algorithms, have made it a proven can-
didate amongst railroads and transits in 
North America and Australia to improve 
track safety, and now also for proactive 
maintenance planning.  

A critical part to the success of the 
V/TI monitor relies on the data manage-
ment process. This encompasses filtering 

out false alerts and ensuring that field 
personnel receive notice of high-level 
alerts. Additionally, the growing use of 
V/TI monitors has prompted railroads 
to adopt an open-data policy to some ex-
tent, where V/TI monitor exceptions are 
shared with one another.  

Furthermore, autonomous track 
inspection systems and technology are 
key to moving towards a proactive and 
predictive mind-set. It also provides 
near real-time management data, while 
not influencing capacity and utilisation, 
as is the case with manned systems. 
Through an approach of continuous 
improvement, railroads will be able to 
set lower thresholds and use various 
techniques to analyse ‘big data’ to im-
prove their ‘state of good repair’. In the 
case of V/TI diagnostics, a clustering 
technique has proved to be an effective 
preventative risk and maintenance man-
agement method.

REFERENCES
The list of references is available from the 
editor.   

Table 1: Combo cluster field inspections

Location Findings Maintenance

Cluster 1 Marginal ties Placed in maintenance plan

Cluster 2 Hard impact joint Joint was welded

Cluster 3 Weak tie cluster for one rail length Plan to install new ties

Cluster 4 Weak tie cluster with 1 inch of profile Written up as SFR for effective tie distribution

Cluster 5 Damaged frog
Frog was welded, including a joint-off of the heel of 
the frog

Cluster 6 Two broken ties Replaced ties and re-tamped

Figure 7: Diagram depicting search window for single-type and performance/combo clusters 
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SUMMARY
The island of St Helena is a British 
territory located in the Atlantic 
ocean, 2 900 km from South America, 
1 800 km due west of Angola and ap-
proximately 1 600 km south of the 
equator. Because of its remote location, 
access to the island over the years has 
always been difficult, involving six-
day voyages there and back from Cape 
Town on the RMS St Helena. Since she 
was built in 1989, the vessel has been 
transporting passengers and supplies to 
the island. Development of the island’s 
port infrastructure facilities was under 
consideration for a number of years, and 
when a contract to design, construct 
and operate a new international airport 
on the island was awarded to a Basil 
Read-led consortium in 2011, the design 
process for these marine facilities in 
Rupert’s Bay was initiated. A summary 
of this process and the unique chal-
lenges faced during the course of this 
project are discussed in this article.

BACKGROUND
This project involved the development 
of a permanent wharf and a rescue boat 

facility in Rupert’s Bay on the island of 
St Helena in the Atlantic Ocean. These fa-
cilities were to be used for the import and 
export of general, break-bulk and con-
tainerised cargo. The island had no proper 
berthing facilities, and all personnel and 
materials moving to or from the island 
were transported on lighters and barges 
from vessels moored offshore to a small 
landing facility in Jamestown, the capital 
of the island. 

PRDW was appointed by Basil Read 
in 2011 as its marine infrastructure 
designer, and was tasked with the devel-
opment of the wharf structural solution 
in Rupert’s Bay. The design focused on 
providing a durable (70-year design life), 
low-maintenance structure which would 
maximise the use of materials available 
on the island, while minimising reliance 
on marine-based construction equip-
ment. The high costs associated with 
mobilising marine construction equip-
ment to such an isolated site would 
have made the permanent wharf project 
financially unfeasible. 

PRDW’s appointment was staged into 
three phases, i.e. (1) concept, (2) preliminary 
and (3) detailed design. Approval to proceed 

Design of a new permanent wharf at 
Rupert’s Bay, St Helena Island

Rupert’s Bay wharf under construction, February 2016
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to the final design stage was dependent on 
the outcome of a number of revisions and 
optimisations of the preliminary design, and 
ultimately on Basil Read’s cost estimate that 
would satisfy the employer’s budget.

PERMANENT WHARF LAYOUT
Key factors which governed a configura-
tion of the permanent wharf and that 
would be satisfactory to all stakeholders, 
both during the airport construction 
stage and future port and shipping re-
quirements, included:

 N Capital and maintenance 
cost implications
 N The degree of shelter and annual down-
time during adverse wave conditions
 N Safety and efficiency of naviga-
tion, ship manoeuvring, berthing 
and un-berthing manoeuvres.

The detailed design was based 
on an optimised layout com-
prising the following elements:

 N A 118 m long main block quay 
with minimum alongside water 
depth of -7.0 m CD for bulk, con-
tainerised and general cargoes
 N A passenger landing facility of 
3 m minimum berth depth 
 N A minimum 12.75 m wide cargo 
handling ‘apron’ over the full 
length of the main quay

 N A rock-revetted slope and break-
water with precast concrete 
armour units protecting the 
structure from wave action
 N A 9 m wide causeway con-
necting the main quay to the 
contractor’s temporary wharf
 N A slipway extension of the existing 
fisherman’s wharf, suitable for 
launching the sea rescue rigid-hulled 
inflatable boats (RIBs) for the airport.

DESIGN WAVE CONDITIONS
The wave climate in Rupert's Bay is 
dominated by the refracted south-
easterly trades through most of the year. 
However, during the months of January 
to March, heavy continuous swells, or 
'rollers' set in from the NNW, causing a 
heavy break on the north-western coast 
of the island.

Design wave conditions are based on 
calibrated hind-cast data from a point 
located approximately 100 km NNW 
of St Helena Island (closest grid-point) 
and local acoustic doppler current 
profiler (ADCP) wave measurements. 
The hind-cast was based on six-hourly 
predictions. A reasonable comparison 
was possible between the refracted 
hind-cast data and six-hourly averaged 
nearshore measurements. 

Likely peak wave periods associated 
with storms indicate a range between 13 s 
and 19 s, with the largest measured storm at 
16 s. The dominant storm wave direction is 
330°TN, ranging from 310°TN to 350°TN. 
The design life of the marine structures 
is 70 years and a 7% risk of exceeding the 
design event was accepted for the breakwater 
design. This implies a thousand-year return 
period and associated significant wave height 
of 4.6 m at the head of the breakwater.

GEOTECHNICAL CONDITIONS
The seabed in Rupert's Bay is character-
ised by a layer of fine- to medium-grained 
sediments overlaid on the igneous bed-
rock, which comprises hard to extremely 
hard rock. The sediment thickness ranges 
from nothing to 3.0 m within the bay.

Obtaining geotechnical information to 
support the foundation design was compli-
cated by the logistical issues resulting from 
the isolated location of the site. Mobilisation 
of expensive marine plant to undertake 
borehole or cone penetration test (CPT) 
investigations was not feasible. It was there-
fore decided to conduct a vibrocore cam-
paign, with a grading analysis of the sam-
ples. The results indicated that the thickness 
of the sediment layer overlaying the bedrock 
ranged between 0 m and 2 m, and returned 
an unexpectedly high percentage of fines 

Jamestown showing the RMS St Helena and current landing facility
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Physical model testing at the CSIR model hall

Model breakwater head construction Model cut-off wall construction
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(silt and clay), which necessitated a late 
change in the foundation design. In consul-
tation with Basil Read, it was concluded that 
the costs involved in removing the mate-
rial were lower than those associated with 
trying to better understand the nature of 
the material. The overlaying sediment mate-
rial was therefore removed by a submersible 
dredge pump and replaced with rock infill 
in the construction.

GENERAL LAYOUT VERIFICATION
A full-mission ship manoeuvring study 
was carried out in order to verify the 
proposed layout of the port at the pre-
ferred site within Rupert’s Bay. The main 
objective of the study was to verify that 
the design vessels could safely manoeuvre 
within the proposed navigation area, 
while being subjected to the limiting envi-
ronmental conditions. The limiting opera-
tional condition considers that all vessels 
using the proposed wharf are required to 
berth without tug assistance.

The limiting wind condition was as-
certained from the study as south-easterly 
11 m/s (one minute average) or 8.8 m/s 
(hourly average) for both berthing and 
sailing manoeuvres. The limiting wave 
condition for vessel manoeuvring op-
erations was determined as a significant 
wave height of 1.5 m.

PHYSICAL MODELLING STUDIES
During the preliminary design stage, 
two-dimensional physical model tests, at 

a length scale of 1:37, indicated that 5 t 
CORE-LOCTM units at a packing density 
of 0.6 were stable, but that special care 
needed to be applied where they are placed 
at the intersection of the 1:1.5 slope and 
the horizontal crest line. Measurements of 
overtopping rates in the model were inter-
preted to estimate the amount of down-
time that would be experienced in terms of 
loading operations on the quay.  

Subsequent to the two-dimensional 
tests, an optimisation study indicated 
that the use of 7.2 t CORE-LOCTM 
would be more economical than 5 t 

units for this project, as it reduced 
the number of units required and re-
sulted in savings in placement costs. 
These units were therefore tested in 
three-dimensional physical model 
tests during the detail design stage of 
the project. The tests showed accept-
able stability for the thousand-year 
return period storm. In addition to 
the testing of the breakwater design, a 
moored vessel motion study was also 
undertaken in the three-dimensional 
physical model. A scale model of the 
design vessel was set up and tested. 

Rock slopes

CORE-LOCTM toe supports
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The ship motions were recorded using 
the Keoship system and a direct-strain 
gauge system for the mooring lines and 
fenders. The output of this study pro-
vided maximum motions, mooring line 
loads and fender forces.  

Breakwater root
The tests demonstrated the need for 
a robust boundary at the root of the 
breakwater where the CORE-LOCTM 
units meet the rock cliff. In the model, 
nails were used to construct the 
boundary. On site, this was achieved 
using reinforced concrete circular 
supports, anchored to the seabed with 
drilled and grouted rock anchors.  

Breakwater cut-off head
As the breakwater roundhead was located 
in close proximity to the quay wall, a typ-
ical breakwater roundhead design would 
have projected into the navigation area 
and interfered with vessel movements. For 
this reason, a submerged cut-off wall was 
designed to retain the inner portion of 
the roundhead and to reduce its footprint 
in order to clear the navigation area. This 
concept is quite unique for breakwater 
design and was rigorously tested in the 
physical model. The cut-off wall serves as 
a hard support edge for the CORE-LOCTM 
and rock layers, removing the require-
ment for the traditional armoured slope 
and enlarged rock toe. Blocks and cut-off 
panels were accurately modelled as part of 
the model study to establish the stability 
of this configuration.  

Standard rock gradings were proposed 
according to CIRIA/CUR/CETMEF (2007). 
Quarry run was accepted for core material 
with an expected upper limit of 300 kg. At 
least 15% of the core material was specified 
to be heavier than 20 kg to avoid the re-
quirement for additional filter layers.

QUAY WALL
The design solution selected for the 
quay structure was a modification of the 
traditional gravity-type precast concrete 
blockwork wall. This type of structure 
can provide a suitably robust, simple 

solution, requiring minimal maintenance 
over its working life, while allowing for 
an efficient hand-over-hand construction 
method using land-based equipment. 

The precast blocks making up the 
structure were specially sized and 
detailed to provide sufficient width to 
support the 200 t placing crane under 
the construction conditions, while re-
maining within the crane’s safe lift limit. 
To achieve this, the precast blocks were 
designed as reinforced concrete, hollow, 
rectangular units. Once stacked, the voids 
within and between units were filled with 

Breakwater cut-off head during construction 

Breakwater near completion 
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a locally sourced graded rock fill, which 
provided the additional weight required 
for the gravity wall solution to function, 
and significantly reduced the imported 
material content.

The typical section of the quay struc-
ture consists of a base block plus nine 
precast hollow blocks placed in a vertical 
stack. The base block was placed on a 
53 mm stone foundation bed which was 
screeded to level, ensuring even load dis-
tribution to the base. Accurate levelling 
of the screed bed was required to ensure 
that the structure was built plum. 

The base block units were optimised 
with voids in the base slab to reduce the 
unit weight and to facilitate placing at the 
maximum reach of the crane. The base 
units utilised vertical interlock nibs that 
guided the placement of the first placed 
hollow block, thereby improving the 
placing efficiency and accuracy.

The hollow blocks were detailed with 
lateral nibs that interlock and perform 
the dual function of ensuring transverse 
block connection, as well as acting 
as guides for the placing of adjacent 
blocks. The geometric configuration 
of the blocks focused on maximising 
the placing rate, while minimising the 
amount of diver time required in placing 
each block. The possibility of the addi-
tion of vertical interlocks was considered 
but ultimately discarded, as the inclusion 
of too many interlocking points can 
hamper placing negatively.

Wharf under construction 

Construction crane placing base blocks

Interlocking blocks
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The vertical block stacks are tied to-
gether longitudinally with an in-situ cast 
reinforced concrete capping. The in-situ 
capping is equipped with 50-tonne bol-
lards and extends into the voids of the 
top blocks of each stack, ensuring the 
transfer and distribution of mooring and 
berthing loads into the adjacent stacks. 
At fender and safety ladder locations, 
special fender and ladder cope panels, 
pre-fitted with the required fixings to 
accommodate the fender and ladder 
units, were used. Suitably sized and 
positioned cone fenders were specified, 
taking into account that vessels would 
be undertaking the berthing and sailing 
manoeuvers with no tug assistance.

RIB RAMP
The ramp for the RIB Sea Rescue vessel 
was designed with a 1:8 slope down to 
a level of 1 m below chart datum. This 
is considered to be the optimum boat 
ramp slope, as, if it were any steeper, the 
towing vehicle would struggle to pull the 
loaded boat trailer up the ramp. If it were 
any flatter, the vehicle’s back axle would 

be immersed during launching, causing 
damage to the vehicle over time. 

The design comprised two vertical 
wing walls utilising precast mass concrete 
blocks, which provided a confined area 
for the rock infill and a profiled stone bed 
which supports the precast ramp slabs. The 
slabs were designed to resist the breaking 
wave attack and to uplift forces through 
a combination of weight and interlocking 
arrangement. The ramp slabs have been 
detailed with a v-groove finish to provide 
increased grip for towing vehicles.  

The positon of the ramp, although in 
the lee of the main breakwater, is exposed, 
as no practical rock revetment solution to 
the ramp edges could be achieved in the 
model study. The wing walls are therefore 
provided with additional protection in the 
form of 7.2 t CORE-LOCTM units.  

Marker posts are provided at the 
seaward end of the ramp to indicate the 
ramp end.  

SAFETY CONSIDERATIONS
Emergency ladders are positioned 
along the wharf, allowing a person 

in the water to climb to safety on the 
structure. In addition, intermediate 
hand-hold positons between ladders 
have been provided by integrating 
hand-holds into the rear of each of the 
fender panels. Lifesaving equipment in 
the form of lifebuoys and buoyant throw 
lines are positioned at key areas along 
the wharf.

ENVIRONMENTAL CONSIDERATIONS
Support to the EIA process 
An analysis of the impact of the con-
struction of the wharf on the water 
circulation and marine water quality in 
Rupert’s Bay was undertaken in support 
of the larger EIA study. A 3D hydro-
dynamic model was used to simulate 
the currents in Rupert’s Bay which 
result from tides, winds and waves. The 
results of this specialist study indicated 
that the construction of the wharf 
causes minor changes to the water cir-
culation within the bay. The study also 
identified a water quality issue with the 
existing outfall line, which resulted in 
relocation of the discharge point.  
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Artificial lighting
Artificial lighting disturbs the nocturnal 
activities of animals such as birds, fish, 
bats and insects. To minimise the nega-
tive consequences of external illumina-
tion on birds and fish, a number of design 
modifications and operational procedures 
were adopted. Utilising bulkhead lighting 
shielded within the crown wall reduces 
up-lighting, eliminates focused light on 
the water surface and minimises light 
reflection. Limiting night-time operations 
and ensuring that lighting is switched off 
between midnight and dawn, when most 
migrations occur, are simple operational 
procedures that will assist in reducing the 
impacts on birds and fish. 

CONCLUSION
Members of the design team who were 
privileged enough to travel to the island 
during construction, have returned with 
fond memories of the extremely friendly 
locals, the island’s extraordinary scenery, 
and stories of the small quirks that make 
the island worth a visit. The opportunity 
to work on a project which will make 
such a significant difference to the op-
eration and safety of maritime services 
on St Helena Island was a unique and 
rewarding experience.     
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INTRODUCTION
The Stefanutti Stocks Axsys Joint Venture (SSA JV) has over-
come a number of technical challenges at the Maydon Wharf 
Reconstruction Project in the Durban harbour. In a previous 
article, titled “Müller Verpress Piling: A First for South Africa” 
(Civil Engineering, July 2015, pp 54–60), the use of Müller 
Verpress Pile Anchors on the Maydon Wharf project was dis-
cussed. However, one of the greatest challenges on the project 
was not necessarily the piling works, but rather the construction 
of a submerged cope beam in the harsh marine environment, 
which is the focus of this article. 

BACKGROUND
Traditionally, cope beams for quay structures make use of precast 
panels in the tidal zone. These panels are hung from steel piles 
which form the quay wall, and are cast into position with an infill 
cast between the steel piles and the precast unit. Once set in 
position, formwork is fixed to the panels and the final in-situ cast 
takes place above the tidal zone. Due to various factors, such as the 
distance of the piled wall from the outside of the cope line, and the 
logistics surrounding precasting, transporting and lifting extra-
large precast units into place, this option was ruled out. 

As an alternative to the precasting, in-situ concrete is usu-
ally placed by tremmie methods below the water surface. For the 
Maydon Wharf project it was required to place the concrete in a 
dewatered shutter and not by tremmie methods. This presented a 
number of difficulties, especially when considering that the cope 
beam terminates at -0.5 m CD (half a metre below the lowest 
possible tidal level, i.e. permanently under water).

Coping with the tide  
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DESIGN
WML Coast (consulting engineers) were contracted to amend 
the conceptual design from tender stage and adjust it to meet 
the project requirements. The design then underwent numerous 
iterations. The first involved a cofferdam type structure which 
would allow the team to construct conventional formwork in the 
dry. However, this was ruled out due to its size and weight (30 t 
for the cofferdam alone). The final design involved a composite 
between a cofferdam and a conventional shutter. A double skin 
was used to trap the water that seeped in, and this was then 
channeled to a sump for dewatering.

DEALING WITH THE FORCES
Complex dynamic loads acting on the shuttering structure 
needed to be analysed. The shutter had to cope with the down-

For the casting case the force at F1 is downwards and the force F2 is 
upwards, resulting in a tension force at R1 with a magnitude of 655 kN

The pedestals in position and ready to support the shutter

Rebar and foam seal prepared and ready for installation

A snapshot from a typical foam calculation – the orange-shaded section 
indicates the foam seal dimensions, which had to be calculated for every cast
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ward force of the in-situ concrete, as well as with the upward 
force from the surrounding water at high tides, all of which 
move around an offset pedestal connection mounted to the 
anchor piles.

The forces acting on each pedestal amounted to 665 kN, 
requiring the web of the anchor pile to be stiffened with gus-
sets to prevent buckling. Horizontal forces which tended to 
‘push’ the shutter off the steel piles during casting were miti-
gated by pre-welding a cleat to the king pile prior to driving. A 
diver then bolted the shutter to the cleats during the installa-
tion process.

Crawler-cranes were a necessary resource 
for the successful completion of the works

Fitting the shutter

Cast-in items added an extra level of complexity
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CONSTRUCTION 
Preparation of the combi wall
Considerable preparation work was required before the 
shutter could be hung in position. This involved exten-
sive diving work to remove all marine growth from the 
steel combination pile wall. Thereafter the clutches of 
the piles were sealed to prevent the ingress of water. A 
full-time professional surveyor was dedicated to marking 
out the positions of the pedestals ahead of the welding 
team, and gussets were then welded into position for 
the pedestals which would support the cope structure. 
The pedestals needed to be bolted to the anchor piles 
and, once shimmed, were levelled by the surveyor.   

Preparation of the shutter 
The shutter preparation was a mini project in itself, and required 
the use of specialised materials. Conventional shutter release 
agents were not allowed, due to the work taking place in a marine 
environment. A biodegradable release oil was therefore used.  

A lengthy investigation was required to determine which ma-
terial was best suited to seal the joints on the shutter. This turned 
out to be a foam which was suitable in terms of its durability, 
compressive characteristics and its memory to retract back to its 
original position for potential reuse. 

The steel combination wall had a positional tolerance of 
± -100 mm, which entailed a significant degree of variability 
to the final line of the wall. The shutter needed to be built to 
compensate for this variability in either direction, whilst still 
maintaining a sound seal. This meant taking survey points along 
the outside face of the wall, which were then overlaid onto the 
as-built drawings, allowing the exact foam dimension to be cal-
culated for preparation on site.

The dimensions of the seal addition had to be calculated 
for each pour, and were based on a 25% compression, which 
allowed for an effective seal once the shutter was tensioned by 
the divers.

In addition to the application of biodegradable shutter 
oil and foam seals, reinforcement was prefixed into the 
shutter. This was essential, as the space within the shutter 
was extremely congested and posed a significant health and 
safety risk should the seal rupture, f looding the area while 
employees were working inside the shutter. The reinforcing 
was held in place using ratchet straps to ensure that it did not 
move while the shuttering structure was lifted into position. 
To complicate things further, cast-in items, such as storm-
water pipes, fender bolts and mooring rings, also needed to be 
squeezed into position and secured prior to placing.

Execution 
The shutter was designed to be placed on its side to ensure 
convenient access for the preparation work. On completion of 
the preparation work the shutter was lifted using a specially 
designed lifting beam. This beam was designed to distribute 
the 20 t load (including shutter self-weight, rebar and cast-in 
items) along the length of the shutter. 

The size of the shutter and the load restrictions on the 
berth required a high-capacity crawler-crane to handle the 
shutter without compromising the integrity of the cope line. 
Using a large crawler-crane for this work is a must, both to 
ensure the lifting and installing of the shutter where required, 
and, once stripped, placing it in a convenient position to be 
prepared for the next pour. The shutter had to be placed for 
each pour to ensure that the other teams were not blocked by 
its 14 x 6.5 m footprint.  Eventually, due to the congestion on 
site, a barge was moored adjacent to the works as a f loating 
preparation yard for the shutters.

To fit the shutter, the ‘teeth’ of the shutter were lined up 
with the corresponding corrugations in the combi-pile wall. The 
structure was then pulled towards the land until the foam seals 
made contact with the piles. Whilst in suspension, the shutter 
was secured, at each bay, to the pedestals using vertical tie rods, 
whaler beams and horizontal tie rods. A diving team was mobi-
lised to secure the bottom tie rods to the cleats attached to the 
king piles. The shutter was then pulled further towards the land-
side until the foam seal had compressed sufficiently and the face 
of the shutter was in the correct alignment. The top and bottom 
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It was a team effort to ensure that the shutter ‘keyed’ 
correctly with the combination wall during installation

Dewatering and final preparations before a cope cast

Space requirements were always an issue on the project 
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of the shutter were adjusted using the tie rods to ensure the ac-
curate alignment and verticality of the shutter/concrete face. 

Once the shutter was correctly aligned and sufficiently 
sealed, the remaining steel reinforcing around the king and 
sheet piles was fixed in-situ. The inside of the shutter was 
then dewatered and any contamination was washed out with 
potable water. Work had to be meticulously planned to ensure 
that the rising tides did not prevent the progression of the 
work. Every aspect of the shutter installation, final prepara-

tion and casting was linked to the ebb and f low of the tides, 
which was especially troublesome when the spring tides sub-
merged the work area every two weeks, reducing production.

Concrete was cast using a boom pump and would only 
commence at low tide with sufficient concrete mixer trucks 
standing by on site. A minimum of six trucks were required 
to be on site before commencement, as the concrete head had 
to be above that of the rising tide, otherwise the water would 
leak in through the clutches and seals, due to the pressure 
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Stripping a cope shutter

A completed cast with the shutter removed 
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differences, and contaminate the pour. It was essentially 
a race against the tide, with a back-up concrete pump, a 
dewatering plant and diving resources kept on standby to 
mitigate the risk of breakdown during the concrete pour. 

Stripping of the shutter was only allowed once the con-
crete had achieved a minimum of 35 MPa, as the concrete 
element formed a cantilever and needed to be able to support 
its own weight. 

Once the concrete had been cast and the shutter stripped, a 
second above-tidal level cast was undertaken to bring the quay 
up to its final level. 

The layer works and surfacing are being placed and com-
pacted in line with the handover date. All that will remain then, 
is the topside concrete cope beam, with very few clues as to the 
difficulties overcome in getting there!

CONCLUSION
Casting concrete in-situ in a marine environment has always 
posed numerous challenges in construction. This article has 
described how Stefanutti Stocks Axsys JV was able to success-
fully construct a submerged cope beam at the Maydon Wharf 
Reconstruction Project. An important innovation used on 
the project was a specialised double-skin shuttering system, 
which was able to seal against the combination pile wall to 
allow concrete to be cast in the dry despite being below the 
water level. In addition to this specialised shuttering system, 
a number of other challenges were overcome, such as tidal 
influences, lack of space, plant breakdowns, and lifting. 
Congratulations to the team on a technically challenging 
sequence of work! 
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Once the shutter was correctly aligned and 

sufficiently sealed, the remaining steel reinforcing 

around the king and sheet piles was fixed in-situ. 

The inside of the shutter was then dewatered and 

any contamination was washed out with potable 

water. Work had to be meticulously planned to 

ensure that the rising tides did not prevent the 

progression of the work. Every aspect of the 

shutter installation, final preparation and casting 

was linked to the ebb and flow of the tides, which 

was especially troublesome when the spring 

tides submerged the work area every two weeks, 

reducing production. Concrete was cast using a 

boom pump and would only commence at low 

tide with sufficient concrete mixer trucks standing 

by on site. A minimum of six trucks were required 

to be on site before commencement, as the 

concrete head had to be above that of the rising 

tide, otherwise the water would leak in through 

the clutches and seals, due to the pressure 

differences, and contaminate the pour. 

The cope beam has now been cast to final level, with 
the layer works being placed behind the new beam

An aerial photograph of Berth 1 with cope beam 
complete and layer works being placed
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SUMMARY 
The Saldanha–Northern Cape development corridor has been 
targeted for investment as one of the strategic integrated pro-
jects (SIP 5) identified in the National Infrastructure Plan of 
2012. The area has an inherent competitive advantage due to 
its location in relation to the West African gas fields, and this 
has led to the establishment of the Saldanha Bay IDZ focusing 
on the development of an oil and gas services and marine 
repair cluster. To support this, the Transnet National Ports 
Authority (TNPA) has undertaken to lengthen the existing 
General Maintenance Quay (GMQ) by 40 m, increasing the 
length of the quay from 107 m to 147 m, and to upgrade the 
existing Rock Quay located approximately 80 m to the north 
of the GMQ. The upgrades to the Rock Quay will include 
extending the quay southwards to close the gap between the 
two existing quays to create one continuous length of quay.  

With the proposed extensions the usable quay length will 
increase from the current 107 m to approximately 300 m, which 
complements and is in line with TNPA’s Port Development 
Framework Plan and its Land Use Plan. It also gives effect to the 
provisions of the Ports Act, namely to improve the productive 
use of port infrastructure, and to obtain optimum value from 
existing infrastructure. 

The upgrade design is described in this article.

BACKGROUND 
Upgrade of the General Maintenance Quay (GMQ)
The existing GMQ was constructed with I-shaped precast block 
elements stacked on top of one another in columns and tied to-
gether with a cast in-situ concrete capping. The top of the concrete 
capping is at +3.80 m CD, and the founding level of the block wall 
is at -11.7 m CD, resulting in the overall wall height being 15.5 m.

Currently the capping on the existing quay is approximately 
107 m long. However, the precast blocks extend a further 20 m 
beyond the end of the capping as tapered wing walls on either end 
of the structure. The intention was to extend the GMQ by building 
up off these tapered wing walls using precast I-shaped blocks, 
thereby extending the concrete capping by 20 m on each end. This 
would increase the overall length of the quay by 40 m to 147 m.

Upgrade and extension of the Rock Quay
The existing Rock Quay is approximately 90 m long and was 
constructed with steel sheet piles. Limited information was 
available on the structure and, based on visual inspections, 
it was evident that the structure was in a state of disrepair. 
In addition, sediment accretion and debris from a scrapped 
vessel located in the berth pocket prevented vessels from 
mooring up against the quay. In conjunction with TNPA, it 
was therefore decided that the existing sheet pile wall should 
be replaced and the berth pocket reinstated as part of this 
project. 
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The gap between the existing GMQ and Rock Quay will be 
approximately 55 m after the upgrades to the GMQ have been 
completed. TNPA requested that this gap be closed to join the 
two existing quays to create one continuous length of quay ap-
proximately 300 m long.

For the upgraded and extended Rock Quay a combined wall 
system, consisting of an HZ king pile as the primary element and 
an AZ sheet pile as the intermediary secondary element, was se-
lected as the preferred solution. A design dredge depth of -8.5 m 
CD was specified by TNPA. However, the dredging undertaken 
during construction would be limited to -6.5 m CD, in line with 
the requirements specified in the Environmental ROD. 

BLOCK WALL DESIGN DESCRIPTION (GMQ)
The existing block wall was constructed in the late 1970s and is over 
35 years old. Limited information was available on the structure and 
the design approach adopted. The prevailing design approach used in 
the ‘70s was the traditional factor-of-safety (FOS) design approach, 
and it was therefore decided to follow the same design approach for 
the verification checks required on the existing block wall. 

The design approach adopted for the southern and northern 
extensions differed slightly, as the southern extension was 
designed as a free-standing wall and the northern extension as 
a backfilled wall. Larger units, similar to those on the existing 
structure, were required for the southern extension to provide 
additional mass to the block wall, as it acted as a free-standing 
wall. For the northern extension, units identical to the existing 
structure were used, as this section of the wall will be backfilled.

COMBINED WALL DESIGN DESCRIPTION (ROCK QUAY)
The combined wall comprises approximately 145 m of piling 
extending from the GMQ block wall quay in the south to the 

Pile driving across the gap between the 
General Maintenance and Rock Quays  

Precast blocks weighing 60 t

New combi wall installed ahead of 
existing sheet pile rock quay
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northern end of the existing rock quay sheet pile wall. The new 
combi wall will be installed directly ahead of the existing sheet 
pile wall with a return wall constructed at the northern end.

The sheet pile quay wall structure has been designed ac-
cording to EN 1997 (Design Approach 1 Combinations 1 and 2), 
using recommendations from BS6349-2. The pile, anchor wall 
and tie rod sections have been verified against structural failure 
according to the provisions in EN 1993. 

The embedded wall design package D-Sheet Piling v9.1, 
supplied by Deltares of Delft in the Netherlands, was used to 
conduct the limit mode verification checks on the sheet pile 
wall. D-Sheet Piling models the embedded wall as an elasto-
plastic beam on a foundation of uncoupled elasto-plastic springs 
(representing the soil). The C, phi, delta soil model module, based 
on Culmann’s formulae, was used along with the Eurocode 7 
design verification module. The staged construction tool was 
used to develop a realistic step-by-step loading sequence from 
the initial stage, through the various construction and loading 
stages, to the final stage. 

Combined wall design section 
The design section consists of a single anchor combination pile 
wall comprising an HZ880M A-12/AZ26-700 Grade S430 sheet 
pile and an M90 Grade ASDO 500 MPa tie rod, anchored to a 
precast reinforced concrete inverted ‘T’ anchor wall.

The precast inverted ‘T’ anchor wall was preferred to a 
simpler sheet pile anchor wall in order to increase the local 
material and labour content of the project. In order to achieve 
the maximum passive response to meet the applied tie loads the 
inverted ‘T’ anchor wall will be installed with an inclined angle 
on the tie rod.  

The selection of a combination wall section was governed 
by the installation requirements due to the hard calcrete layers 
present in the soil profile. The use of a high-modulus HZ king 
pile, profiled with a driving toe, ensures that required penetra-
tion depths can be reached, while the AZ profile infill sheets 
can be installed to -11.5 m CD with minimum embedment into 
the harder layers. In addition, the high-modulus section allows 
for reduced embedment depths, enabling the toe of the HZ sec-
tions to sit at the -16.0 m CD level just above the main identi-
fied hard calcrete layer. The reduction in toe depth also ensures 

Closing the gap between the general 
maintenance and rock quays 

Placing of precast anchor walls 

H-piles with profiled driving toe to assist with 
pile penetration through the hard calcrete layers 

Piling materials stock yard 
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that the section is working efficiently and guarantees that, 
although the section sizing is governed by installation, there is 
no unnecessary overdesign at final design loading. 

Seismic design considerations
Saldanha Bay is an area of low seismicity with low accelera-
tions. A simplified pseudo-static design approach, based on 
Monobe-Okbe’s classic method including hydrodynamic 
pressure f luctuation, was used to verify the combination wall 
against seismic hazards. 

Corrosion protection
The combined wall has been designed for maximum durability 
in the marine environment, with minimum requirements for 

major in-service maintenance. In terms of corrosion protection 
the following system was proposed in order to meet the 50-year 
design life: 

 N The concrete cope beam will extend down to -0.5 m CD to 
provide at least 50 years of protection to the steel combined 
wall in the tidal and splash zones.
 N Sacrificial galvanic anodes will give a 10-year service life 
(single anode deployment) to the exposed steel wall below 
the concrete cope. Sacrificial steel will provide the re-
maining 40 years of service life. A dual corrosion protection 
system was selected as there was uncertainty regarding the 
corrosion rate. Adopting a dual system allows for additional 
anode developments if the rate of corrosion is higher than 
anticipated. 

Pile driving  

Dredging the rock quay 
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 N Sacrificial steel will provide the 50-year service life for the em-
bedded pile sections.
 N Tie rods have been oversized with > 50-year sacrificial steel 
allowance. The critical nature and complexities of replacement 
of the tie-back system require a conservative approach to cor-
rosion protection. 

SHEET PILE WALL INSTALLATION
The geotechnical investigation undertaken as part of this study 
indicated the following generalised soil profile: 

Starting at ground level (+3.8 m CD):
0.00–3.00 Medium-dense to dense gravelly, SANDY fill
3.00–12.00  Medium-dense to dense SAND/SILT with 

random pedocrete (calcrete) zones
12.00–25.00  Very dense, variably developed PEDOCRETE/

CALCRETE in a silty or sandy matrix 
25+  Very stiff residual granite CLAY 

SPTs that were taken down the profile, returned N-values 
ranging from 12 to refusal. In addition, UCS test results taken 
from the more competent calcrete zones found in the core 
sample, returned values of between 14 and 24 MPa, consistent 
with medium-hard rock. 

The concern at design stage was that the dense sediment 
layers and the harder calcrete zones would make driving condi-
tions difficult. However, this risk was mitigated by increasing 

the steel grade to 430 MPa, profiling and reinforcing the toe of 
the piles and driving with a large impact hammer in hard areas 
if required. Pre-drilling and pre-auguring to assist with instal-
lation were also viable options for the contractor in the hard 
calcrete areas, although installation without additional means 
was preferred. 

ENVIRONMENTAL PROCESS
An application to conduct a Basic Assessment (BA) EIA was 
submitted to the Department of Environmental Affairs (DEA), 
and authorisation to proceed with the BA was granted in late 
November 2012. 

The prescribed comment periods and public meetings were 
held and, on completion of the stakeholder consultation period, 
the Basic Assessment Report (BAR) and the Environmental 
Management Plan (EMP) were issued to the Department of 
Environmental Affairs (DEA). The approval and Record of 
Decision (ROD) were received in August 2013.

Environmental impacts
There are only minor environmental concerns arising from this 
quay wall extension project. The potential activities triggering 
environmental concerns and the associated mitigation measures 
are the following: 

Dredging impacts: The preferred quay structures re-
quire minimal dredging outside of the deepening of the 
berth pocket to -6.5 m CD. A low total dredge volume 
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of 15 000 m³ has been estimated. The potential impact 
from dredging activities would be increased turbidity in 
the water column. A background turbidity level for the 
site is to be established prior to the commencement of 
dredging activities. Real-time monitoring of turbidity 
levels in relation to the background level established for 
the site during dredging activities, restrictions on dredging 
during high winds and the use of hydraulic dredging 
methods would mitigate potential turbidity impacts.

Quay construction impacts: The preferred quay 
wall construction methods, utilising precast blocks and 
prefabricated steel sheet piles, have minimal negative 
environmental impact. However, the potential environ-
mental impacts would be the standard impacts arising 
from marine construction activities, including but not 
limited to oil spills, construction waste, hazardous waste, 
noise pollution. The contractor’s EMP will cover the hand-
ling of all potential construction-related environmental 
concerns. Proper monitoring of construction activities 
will ensure compliance with all EMP requirements.    

Social benefits
The direct social benefits due to construction activities 
related to the extensions will come through the creation of 
construction jobs and local material market stimulation. The 
success and sustainability of the Saldanha IDZ depends on 
stakeholder access to quay facilities. The upgrades and ex-

tensions to the GMQ and Rock Quay will enable the Port of 
Saldanha to provide quay access without compromising other 
port activities.  

CONCLUSION
Projects that involve design integration with existing structures 
require a high level of design flexibility to allow for modifications 
and changes as more information becomes available during con-
struction. Often geometric constraints will govern structure se-
lection, and careful consideration of constructability is required 
to ensure that construction risks remain acceptable. These types 
of projects are common in ports, as existing infrastructure is 
continuously upgraded and improved to meet increasing and 
changing demands.      
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BACKGROUND
The Transnet National Ports Authority 
(TNPA) required a new administration 
building at the Port of Ngqura to house 
existing staff and to allow for growth and 
expansion over the next 50 years. Staff 
currently occupy the temporary offices 
which were used by the project team 
during the construction of the Port of 
Ngqura, but space is extremely limited. 
The Eastern Cape Infrastructure Joint 
Venture (ECIJV) and WBHO were com-
missioned respectively as consultants and 
contractors to plan and construct the new 
building.

OBJECTIVES
The aim was to provide the TNPA with an 
iconic building, which would have clear, 
uninterrupted panoramic views over the 
existing port and over proposed future 
port expansions. The building structure 
had to be representative of the TNPA’s 
corporate identity, as well as of the busi-
ness conducted at the port. The building 
concept was inspired by the natural land-
scape and the flowing site contours, which 
echoed the idea of a ship sailing through 
the waves. This idea is strongly repre-
sented in the curvilinear shape and glazed 
façades of the proposed building. 
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new administration building

The building concept was 

inspired by the natural landscape 

and the flowing site contours, 

which echoed the idea of a ship 

sailing through the waves. 

Port of Ngqura new administration building under construction – southern elevation
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The building also had to conform to 
the Green Building Guidelines, the aim 
being a 4 Star rating on the basis of the 
site, location, environmental characteris-
tics, orientation and the relatively isolated 
nature of the project.

Procurement had to be in line with 
Transnet’s Supplier Development policy, 
which is aimed at addressing:

 N Job creation and retention
 N Skills development and transfer
 N Rural development and regional inte-
gration
 N Localisation and industrialisation
 N Local procurement and small business 
development
 N Transformation and empowerment
 N 40% Local suppliers and contractors.  

PROJECT DESCRIPTION
The new building, which is currently 
under construction, will be a five-storey 
building, including a basement which 
will be partially underground and will 
have parking bays and some storage and 
plant rooms. The building is divided 
into an east and west wing, separated 

by a foyer/atrium which extends the full 
height of the building and is serviced by 
two circular scenic lifts. An impressive 
porte cochère at the entrance welcomes 
staff and visitors. The east and west wings 
comprise offices for the 14 departments, 
and other facilities such as a gymnasium, 
canteen, boardrooms, training rooms, a 
port operations centre and staff rest areas. 

Outside, on the port side of the atrium, 
there is a heritage site incorporating a lime 
kiln which dates back some 65 years. The 
contract allows for the lime kiln to be pro-
tected against damage during construction.

The total office area of the building 
is just under 10 000 m2, with a high 
standard of internal finishes and fixtures. 
The building will also be characterised by 
large window areas to take advantage of 
the panoramic views and to allow ample 
natural light, thereby reducing the need 
for electrical lighting.  

The bulk services comprise bulk 
earthworks, potable water supply (in-
cluding fire), wastewater (sewer), data and 
communications ducting, stormwater 
management and access roads.

Bulk earthworks
Bulk earthworks was required to form 
the basement building platform and 
parking areas. The total volume of bulk 
earthworks excavated for the building 
amounted to 16 121 m3, which was car-
ried out in a separate package together 
with the piling works.

Potable water supply and wastewater
A 90 mm diameter domestic supply for 
the new building will be connected to 
the existing 110 mm main supply. A 
separate 250 mm diameter main will 
be provided for the fire supply from an 
existing 315 mm diameter water main. 
A 75 mm water supply to two fire hy-
drants located in the parking area has 
also been allowed for. Calculations in-
dicate that the capacities and pressures 
available in the existing mains are suffi-
cient for both domestic water and water 
for firefighting purposes. The sewer 
drainage from the new building will 
be connected to the existing 200 mm 
diameter gravity main via an existing 
manhole. 

Completed building platform with piles

Construction of ground beams and columns Aerial view of construction site adjacent to the Port of Ngqura
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Stormwater 
Stormwater from the building will be 
connected to the existing stormwater 
piped network within the port close to 
the building site. Approximately one 
half of the basement stormwater will 
be managed separately from the main 
system. The outfall will be discharged 
via a new headwall positioned directly 
east of the building. A series of existing 
inlet structures and manholes are situ-
ated south of the building, i.e. facing the 
port, along the existing road. In order 
to tie into these structures, new con-
necting manholes will be constructed 
into which the runoff from the new 
building will discharge.

The rainwater harvesting and 
greywater collection systems that were 
considered, evolved during the course of 
the project. The greywater system was 
eventually omitted due to the complexity 
of its long-term management, the main-
tenance costs involved, and the fact that 
plumbing materials would have had to be 
doubled. An on-site rainwater harvesting 
system was originally envisaged, but 

the port has a central rainwater reposi-
tory, and the project is taking advantage 
of this off-site facility. This provides 
the project with substantial additional 
storage facilities, as well as a greater 
scale of efficiency.

Roads
Access to the building is from the N2 
interchange, via Neptune Road, through 
the port entrance and via the entrance 
slipway onto Klub Road. A traffic circle 
will be provided at the intersection with 
Klub Road to allow safe traffic integration 
during peak hours.

Access is also provided for delivery 
vehicles up to the size of a 22 m SU+T 
(single unit plus trailer). Delivery vehicles 
will use the existing access road through 
the same entrance as passenger vehicles, 
and will follow a route along the north-
west of the building and parking area. 
Traffic will be one way through the base-
ment, hence no turning, and will then exit 
from the basement at the west end of the 
building towards the parking areas, prior 
to re-joining the access road.

Solid waste disposal
Solid waste, generated during the 
normal operation of the building, will 
be disposed of in suitable containers, 
located in the basement and removed to 
a registered landfill site. Materials suited 
to recycling will be placed in specially 
marked containers and removed to suit-
able recycling facilities. Waste disposal 
will be outsourced. 

STRUCTURAL ENGINEERING
The proposed building has a curvilinear 
layout approximately 125 m long and 
20 m wide. The long axis of the building 
is orientated in a northeast to southwest 
direction. All slabs are constructed as flat 
slabs with edge beams. The edge beams 
reduce the deflection on the slab edges. 
The slabs will step back to form open roof 
gardens on the first, second, third and 
fourth floors.

The column grids were chosen to 
fit the parking layout in the basement, 
as well as the office layout above. The 
columns are set back from the edge of 
the building, to create a cantilever slab 
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about 1.275 m all around. More canti-
lever edges are created where the slab 
steps back for the open roof gardens. 
The length of the cantilever edge is lim-
ited to 3.0 m in order to safely make use 
of a 300 mm thick reinforced concrete 
slab. The columns added in off-grid 
positions, in order to carry these canti-
lever slabs, are transferred out as soon 
as possible, to allow for a better office 
space layout below. The entire building 
is clad in glass. On the southeastern 
face of the foyer area, a glass wall con-
tinues up from the basement mezzanine 
level to the atrium roof level. This fa-
çade is approximately 27.5 m high. The 
support of the glass wall will be in the 
form of steel trusses, running horizon-
tally at every f loor level and vertically at 
equal spacing.

Geotechnical considerations
Due to the calcrete or coquinite layers, 
shallow foundations were not possible 
as these would lead to large differential 
settlement, or bearing capacity failure 
in certain areas. The building had to be 
founded on a series of piles with all the 
foundation loads being transferred to 
the bedrock, underlying the Alexandria 
Formation. The piles needed to be able 
to penetrate the calcrete and coquinite 
layers, and this was achieved by means of 
large-diameter auger piles.

With the building perched on the 
edge of a 40 m high ledge, investiga-
tions were done with possible slip cir-
cles in mind.

Concrete 
Due to the building being located within 
15 km of the ocean and constantly being 
exposed to salt-laden air, its external 
environment was classified as ‘severe’ in 
accordance with SABS 0100:2 (1994). The 
area also experiences high wind speeds.

This constant exposure to chlo-
rides from the seawater would result in 
chloride-induced corrosion on the rein-
forcement through the pore structure 
of the concrete, causing expansion of 
the rebar and cracking of the concrete 
over time, leading to structural dete-
rioration or even failure. To mitigate 
this phenomenon SABS 0100:2 (1994) 
Table 8 prescribes certain minimum 
requirements for structures constructed 
in such conditions.

The minimum concrete strength 
for all concrete exposed to the environ-

ment would be 40 MPa as prescribed, 
with Portland cement and with 30% fly 
ash. Ground-granulated blast-furnace 
slagment (GGBS) would also be used in 
some of the concrete mixes. The use of 
these cement extenders would reduce 
the permeability of the concrete, making 
it dense and durable. The use of these 
cement extenders would also reduce the 
OPC content in the mixes, which would 
help towards a Green Star rating.

The concrete for the columns and 
walls has to be 40 MPa, with a minimum 
cover of 30 mm, while the slabs and 
beams must be 30 MPa, with covers of 
30 mm for slabs and 40 mm for beams.

Lateral stability
The structural system is that of a con-
crete frame. Shear walls were introduced 
to carry the lateral forces induced 
by wind and notional loads over the 
expected lifespan of the building. The 
columns also contribute to the stiffness 
of the building, although this contribu-
tion was not taken into account during 
the design of the shear walls. The shear 
walls are spread over the length of the 
building to ensure stiffness throughout 
the building, minimising substantial 
differential movements in the building. 
This is especially important for the glass 
façades, which could otherwise crack.

Eastern wing under construction

Western wing under construction
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Only cast-in openings will be per-
mitted in the shear walls, which are 
accounted for in the design. No coring 
will be permitted in the shear walls.

Structural steel
Structural steel will be utilised for the 
construction of the atrium roof, as well 
as the support structure for the curtain 
wall on the southeastern side of the foyer. 
The structural steel for the atrium roof 
will be galvanised and painted to protect 
it against corrosion. The curtain wall 
support structure will be constructed 
from stainless steel.

ELECTRICAL DESIGN
The electrical installation has been 
designed in accordance with the latest 
Green Building standards (Technical 
Manual Green Star SA – Office v1) 
(http://www.gbcsa.org.za/greenstar/
ratingtools.php) in order to achieve an 
energy-efficient building. The antici-
pated relative electrical loading for the 
entire building, including outdoor power 
and lighting, will be approximately 

55 VA/m2 and 45 W/m2, which are on par 
with Green Star best practice.

The lighting installation has been 
based on the latest energy-efficient 
equipment, which will achieve a relative 
loading in W/m2 which is below that of an 
“Industry Leader” category. Most of the 
lighting, with the exception of a few ser-
vice rooms, will be controlled automati-
cally by means of occupancy and light 
sensors, in conjunction with the energy 
management system. This will ensure 
minimum energy usage, by switching off 
lights in unoccupied areas, and the har-
vesting of natural daylight.

ELECTRONIC ENGINEERING  
DESIGN REPORT
Electronic systems comprising security, 
surveillance, access control, IT and audio-
visual, fire detection and the building 
management system are to be imple-
mented at the new building.

Transnet currently has contracts 
with Neotel and G4S for the supply of 
the above services, and these service 
providers will be used on the building 

project as direct contractors of the TNPA. 
The utilisation of Neotel and G4S on this 
contract will require careful planning, 
monitoring and interface management 
to ensure that the project is successfully 
executed within the main contractor’s 
timelines. 

MECHANICAL ENGINEERING
The basis of the design for the HVAC 
system is informed by Solid Green 
Consulting’s Energy Modelling Report. 
A variable refrigerant volume (VRC) air 
conditioning system was selected on the 
basis of its energy efficiency and flexibility 
in terms of localised independent control, 
whilst allowing selection of efficient re-
frigerant compression units. 

Passive architectural shading elements 
are incorporated in the building design to 
optimise the building’s energy efficiency. 
This is further complemented by the glass 
selection for the façade that optimises 
daylight harvesting whilst limiting heat 
transmission into the building.

Two scenic lifts have been selected for 
the foyer of the building, and these offer 
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majestic views of the port container ter-
minal and surrounding landscape. 

FAÇADE ENGINEERING
The entire building between the external 
edge beams is clad in glass. On the 
southeastern face of the foyer area, a glass 
wall continues up from the basement 
mezzanine level to the atrium roof soffit. 
This façade is approximately 27.5 m high. 
The support of this glass is in the shape of 
tension rods running horizontally at every 
floor level and vertically at 1.2 m spacing.

The conceptual design of façade ele-
ments will be sufficiently detailed to assist 
prospective sub-contractors to tender 
for the works. The sub-contractor will be 
responsible for the complete detail design, 
general performance requirements, testing, 
supply, safe installation and warranties. The 
cleaning of the exterior vertical glazing will 
be done using the rail and hook system.

GREEN BUILDING
As mentioned earlier, the project is tar-
geting a 4 Star Design rating on the basis of 
the site, location, environmental character-
istics, orientation and the relatively isolated 
nature of the project. In addition, special 
consideration is being given to the indus-
trial zone in which the development oper-
ates, as this provides a somewhat different 
set of circumstances to the typical Green 
Star building within an urban boundary. 
The project furthermore required detailed 
ecological input to motivate the validity of 
the project to the Green Building Council 
of South Africa prior to registration. The 
project is still on track to achieve a 4 Star 
Design rating, despite some changes to 
the credits that are being targeted, due to 
building changes. The original Green Star 
intent and objectives, however, still remain 
intact. Each credit within the Green Star 
office tool categories was considered, and 
a targeted strategy was developed that 
aims to provide the most beneficial green 
outcomes, taking budget constraints, 
constructability, durability and long-term 
sustainability into account. 

This flagship building is the first truly 
Green Star building for the TNPA with an 
anticipated 4 Star rating, and as such sets 
the benchmark for future developments. 

HERITAGE STRUCTURES 
Lime kiln
A historical lime kiln, which was declared 
a heritage site by the South African 
Heritage Resource Agency, and which 

dates back some 65 years, is being pro-
tected during construction, and will be 
restored to its original state and incorpo-
rated as a focal point in the landscaping 
of the building. (The geology of the Coega 
Industrial Development Zone is charac-
terised by coastal limestone, overlaid by 
calcareous sands blown onshore.) 

Wreckage of the County of Pembroke 
Another important heritage structure 
which was recovered at the port is the 
remains of the County of Pembroke, 
a British cargo ship which was ship-
wrecked in Algoa Bay in 1903. She was 
towed to the mouth of the Coega River 
and sunk in 1904. The wreckage was 
finally found and fully identified in 2004 
when divers, who had been exploring 
the Port of Ngqura, brought a part of her 
bow, with a faint outline of her name, 
to the surface. The wreckage was com-
pletely recovered according to instruc-
tions from the South African Heritage 
Resource Agency. 

CHALLENGES
The biggest problem encountered on this 
project has been staying within budget. 

The contract stipulates that the main 
contractor would obtain competitive 
market prices for the allowance pack-
ages, but the market responses have been 
much higher than the budgeted estimates, 
resulting in some strain on the project 
budget. The project team has therefore 
embarked on a rigorous value engineering 
and cost-cutting exercise for each of the 
packages to bring them back to within the 
budgeted amounts. 

Another challenge is ensuring that 
the Neotel and G4S (Transnet-appointed 
service providers) costs remain within the 
allocated budget. The Transnet project 
team would also have to work closely with 
these service providers to ensure that they 
keep to project timelines, as delays could 
have dire consequences for the project 
completion, and could also result in 
claims from the main contractor.

PROJECT STATUS
 N The project is currently about 40% 
complete.
 N The concrete floor slabs from basement 
to fifth floor have been completed.
 N The casting of surface beds in the base-
ment is in progress.
 N Construction of the concrete stair cases 
is in progress.

 N Wet trades, i.e. brickwork and plaster, 
are in progress.
 N Door frames to brickwork are being 
built into brickwork.
 N First fixes for electrical, HVAC, wet 
services and sprinklers are in progress.
 N Earthworks for parking and access 
roads is in progress. 

CONCLUSION
The construction of the TNPA’s f lag-
ship new administration building at the 
Port of Ngqura is progressing steadily, 
and is expected to be completed by 
December 2016. 

It is anticipated that 725 tons of re-
inforcing and 7 073 m3 of concrete will 
go into the construction of the structure, 
together with approximately 560 000 
bricks and 3 200 m2 of glass façade.

Due to the stringent supplier and 
development measures applied to the 
contract, the region is expected to 
benefit greatly in terms of jobs created, 
skills transferred, and the upliftment of 
emerging contractors, as well as the sup-
port of local suppliers.

With the Port of Ngqura being well 
positioned as a transshipment hub, it is 
fitting that the shape of the building is 
that of a shipping vessel. Given the poten-
tial of Ngqura as a deep-water port, the 
new administration building will be able 
to support its long-term development for 
many years to come. 

Historical lime kiln on the site of 
the new administration building
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The Cockburn Lighthouse, Mozambique

The Cockburn Lighthouse 
project, completed in December 

1900, is a prime example of 
engineers’ tenacity, and their 

willingness to face nerve-
wracking conditions head-on. 

INTRODUCTION
The construction of the Cockburn 
Lighthouse towards the end of the 
nineteenth century contributed hugely 
to the safe passage of ships visiting the 
harbour of Lourenço Marques (now 
Maputo) in Mozambique.

At the time, the construction of this 
lighthouse seemed virtually impossible, 
due to the relative scarcity of appropriate 
engineering equipment locally, combined 
with notoriously rough seas and the 
frequent exposure of the proposed light-
house location to severe storms.  

A lighthouse was direly needed at 
the dangerous entrance to the Lourenço 
Marques bay (between 1894 and 1900 ten 
ships and their crews had been wrecked in 
this stretch of sea). 

The British Admiralty had started 
surveying the east coast of Africa in 1822 
already, and this survey included the 
entrance to the bay of Lourenço Marques 
(later complemented by a Portuguese Navy 
survey). Various sandbanks were identified 
at the entrance to the bay, and these were 
named after British Navy officers who had 
taken part in the survey. The largest of these 
sandbanks was named Cockburn. It was 
approximately triangularly shaped, with 
two south vertices on the islands of Inhaca 
and Elephants, and a very dangerous north 
vertex marked by a seven-ton buoy. 

Between these dangerous sandbanks 
a number of channels, varying in depths 
between 6.4 m and 7.3 m, allowed ac-
cess to the 37 km long bay of Lourenço 

Marques which, if properly buoyed, would 
allow ships to navigate in safety without 
the risk of running aground on sandbanks 
during low tides.

INVITING TENDERS 
From around 1882 the local government 
recommended the installation of a set of 
lighhouses at the entrance of the bay which 

would allow safe entry and exit through 
either the south canal or the north canal.

During Admiral Ivens Ferraz’s admin-
istration, in 1896, tenders were called for 
the design and construction of a light-
house on the dangerous north vertex of 
the Cockburn sandbank. The Cockburn 
Lighthouse would complete the set of 
lighhouses already installed elsewhere.

Location of the Cockburn Lighthouse (north, circled) and Inhaca Island 
Lighthouse (south, circled) in relation to the main shipping routes (red lines) 

to the Lourenço Marques (now Maputo) harbour (extreme left)
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Four companies responded to the 
tender invitation and, according to their 
investigations, the following were the main 
characteristics of the new lighthouse site: 

 N Average depths measured in a number 
of hydrographic surveys at astronom-
ical tides:

 �At lowest tide – 6.3 metres
 �At highest tide – 9.3 metres

 N  The nature of the ground verified by a 
geotechnical investigation carried out 
by the French civil engineer E F Tissot, 
who at the time practised privately in 
Lourenço Marques, indicated shifting 
sands down to a depth of 8 m below the 
seabed. (However, it was later deter-
mined that this survey, despite having 
been done at the site indicated by the 
Lourenço Marques Captaincy, had in 
fact been done a distance away from the 
final lighthouse site.)
 N Tidal current velocities of 5 to 6 miles 
per hour were measured by a tachymeter 
during astronomical tides. 

The preferred proposal, submitted by 
the French firm Schneider & Co to the 
amount of £6 000, was signed into a con-
tract in November 1896 between the ap-
pointed Commission and the firm’s local 
(Johannesburg and Lourenço Marques) 
representatives, L Grunberg & Sam. 

The contract was for the fabrication of 
the lighthouse infrastructure in double-
helix steel piles, from the foundation up to 
the lantern, and its assembly on site at the 
north vertex of the Cockburn sandbank. 
The contract included the supply and 
installation of the lantern manufactured 
by the French firm Harbier & Bénard 
of Paris. The proposal anticipated the 
sinking of piles in the sandbank soil to a 
planned depth of 8 m below the sea floor, 
which obviously is undulated because of 
the continuous and alternating movement 
of the loose sand layers that cover it. In 
practice, later, the piles refused at 3.5 m, 
because of the increasing compactness of 
the fine clayey sand layers. A shortening 
of the piles was then authorised, with 
each pile being composed of a lower and 
higher stage, respectively 3.27 m and 
6.36 m long, connected by a laminated 
steel sleeve of 0.71 m in diameter.

The complexity of the task was de-
scribed by the conctractor in a letter ad-
dressed to the Lourenço Marques District 
Governor. He described the enormous 
difficulties, the great dangers faced and 
the disasters suffered during four fruit-
less attempts to launch each of the four 

scaffolds, which had been built one after 
the other, and of which only the third was 
placed on site and stayed over the sand-
bank for a month before being overturned 
and destroyed by the sea, the other three 
sinking during transport. Besides the 
material losses suffered, the contractor 
described the great life risks incurred by 
his men, directed by two foremen with 
15 years’ experience in the erection of 
lighthouses, who eventually considered it 
impossible to erect this lighthouse on the 
sandbank due to the invincible difficulties 
that they were encountering. During the 
Commision’s meeting of August 1898, the 
contract was therefore rescinded at the 
request of the contractor. 

At that same meeting, a proposal 
was received from the English firm Bell 
& Wilson, who had completed marine 
works at the Melbourne harbour in 
Australia and who, for that reason, was 
considered capable of carrying out the 
difficult and dangerous task of erecting 
the lighthouse steelwork. Their proposal 
to the amount of £4 320 was accepted by 
the Commission. However, this English 
firm later also requested the contract to 
be rescinded after two failed attempts to 
place a scaffold that would allow the erec-
tion of the lighthouse steelwork on the 
Cockburn sandbank.

THE RIGHT ENGINEER FOR THE TASK
Due to increasing pressure from local 
commercial firms for the lighthouse to be 
erected, it was decided to look for an engi-
neer who was competent, capable and ex-
perienced in marine work to direct another 
attempt at constructing the lighthouse.

That engineer was found in the person 
of Portuguese Army Engineer, Colonel 
José Maria de Vasconcellos e Sá, who was 
at the time the director of the Lourenço 
Marques Harbour Works.

After the annulment of the previous 
two contracts, the materials that had 
not been used were taken over by the 
Lourenço Marques Harbour Works, who 
transported it from where the English 
firm had left it, to the beach below Ponta 
Vermelha in Lourenço Marques, where it 
was catalogued and repaired. It was then 
noticed that six important cast-iron parts, 
weighing about 300 kg each, and which 
were the six periphery tower column caps 
for the lighthouse seating, were missing. 
The caps were ordered from the French 
firm Schneider & Co, and arrived in 
Lourenço Marques in October 1900.

Engineer De Vasconcellos e Sá con-
ducted various investigations, and then 
planned and managed the execution of 
the project in a logical manner, as de-
scribed briefly below. 

Where to construct the scaffold
The Cockburn site was exposed to the 
worst winds possible – the northeast 
monsoons from October to March, 
and the southwest monsoons from 
April to September. During the April 
to September period, severe storms 
happened frequently, and with such 
swiftness and violence, that it was not 
possible to forecast them timely to avoid 
their consequences. The months of 
April and September were considered as 
transition times between monsoons.

When these winds blew so hard 
in the bay mouth, the towering waves 
drew two distinct lines of violent surf 
at the converging edges of the sandbank 
groups. The closest land, but deserted, 
was Elephants Island at a distance of 
9 km, and Port Melville, which was 
only a shelter place, 11 km away. It was 
clear that Lourenço Marques itself, at a 
distance of 37 km from the lighthouse 
site, was the most practical location to 
construct the scaffold and resolve any 
material difficulties. 

Seabed undulations and levels
Data of the seabed undulations and levels 
was necessary for the design of the works 
scaffold. These undulations vary greatly 
due to sand movement resulting from tidal 
currents and agitation during storms.

It was imperative that the undula-
tions should never put the scaffold out 
of plumb to the extent that it collided 
with the lighthouse tower steelwork, 
which would be erected within the scaf-
fold frame.

Fortunately, with the wise measures 
taken, the level difference between the 
lowest and highest sides of the scaffold 
deck, just after its placement, did not 
exceed 0.79 m. To obtain this result, it 
was necessary to find, through accurate 
surveying, an area of seabottom surface 
as close as possible to the northern 
vertex of the sandbank which, at the 
suitable time, would be marked by a 
buoy visible only during lowest low 
tides, located at the centre of a trian-
gular area defined by another three 
buoys of the same type, visible during 
all tidal conditions.
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A small ‘plateau’ area was found 
where the depths varied between 5.4 m 
and 6.3 m, with level differences of no 
more than 0.9 m between two points 
spaced 12 m to 15 m apart.

It was in this limited area that the 
lighthouse scaffold would be erected, albeit 
at a slight inclination. This compromise 
would, however, not affect its stability 
during the construction of the lighthouse.

Geotechnical survey
The first geotechnical test was carried 
out by the French civil engineer Tissot, 
as mentioned above. This test was done 
with great difficulty after various at-
tempts during several hours of calm 
seas over the Cockburn sandbank, 
which allowed the introduction into the 
seabed of a simple auger which reached 
a depth of 10 m below seabed. The need 

for further tests would be decided after 
the scaffold had been placed over the 
lighthouse site.

Tidal conditions
The average astronomical tidal range ob-
served in various places around this sand-
bank before the erection of the lighthouse 
was 3.6 m. The same tidal range was 
measured on the scaffold legs at the con-
struction site. The astronomical tidal cur-
rent velocities, measured by tachymeter 
1.8 m below the sea surface, was six miles 
per hour. The duration of calm waters 
between consecutive tides lasted for about 
one hour, which was the only time when 
work by divers could be performed. This 
circumstance made the erection works, 
which required diving services, greatly 
time-consuming.

Wave forces
It was not easy to measure this force 
because it would be necessary to install 
an adequate dynamometer at any fixed 
point along the closest shore, such as at 
the shores of Inhaca Island. Recourse to 
existing data for the Scotland coast in 
the North Sea (where the wave pressures 

The completed scaffold on its launching runway, March 1900

Diagram of the scaffold sitting over the pontoon
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reach extraordinary proportions) and ob-
servations done during storms at the base 
of the Skerryvore Lighthouse and the Bell 
Rock Lighthouse (respectively on the west 
and east coast of Scotland), indicated that 
the average pressure was not greater than 
3 000 kg/m2 which, in exceptional cases, 
could reach 30 000 kg/m2. 

The maximum wave action seemed 
to occur at an average calm sea depth, at 
the point considered, decreasing rapidly 
above or below this level. As the min-
imum depth at the Cockburn sandbank 
was below 7 m, a pressure of 6.0 ton/m², 
due to wave impact on the scaffold legs 
and bracings, was assumed for calculating 
the scaffold stability. For the scaffold 
overturning moment calculation, a height 
of 8.4 m was used, measured from the 
seabed to the scaffold middle height.

Scaffold materials
The first thing that had to be considered 
before starting on the actual scaffold 
design, was taking stock of the materials 
already available and how to use these to 
best advantage, as well as determining 

which of the required timber and steel 
sections could be found in the local 
market, and at which dimensions.

The Lourenço Marques market at the 
time was well furnished with “pitch pine” 
beams and other large wooden sections, 
but the same could not be said for the 
required steel sections. Fortunately the 
Mozambique Railways could supply the 
steel sections free of charge. 

The wooden beams were floated from 
Matola to the Ponta Vermelha beach.

Scaffold height
The scaffold height was settled as 12 m, 
based on information gathered about the 
one previous scaffold attempt that did 
remain standing for a month before being 
destroyed in a storm.

A small increase in the height of the 
scaffold was briefly considered to prevent 
equipment being washed away by high 
waves during violent storms. However, 
such an increase would raise the centre 
of gravity of the system during the trans-
porting of the scaffold, and this had to be 
avoided at all costs, in case bad weather 

was encountered during the voyage. 
Favouring the original height was the fact 
that the maximum wave height in stormy 
sea conditions rarely exceeded the tidal 
range or 3.4 m. 

Also, a scaffold higher than 12 m 
would be impractical, because it would 
not have been possible to drive the piles to 
a depth of 10 m (at the time 8 m was still 
considered the correct depth), and be-
cause it would be necessary to extend the 
drilling bar from the piling machine.

Scaffold characterisitics
Considering all the challenges which 
had to be overcome to erect the 
lighthouse, the most important was 
producing a sturdy scaffold that would 
stand fast while serving as a work 
platform during the time needed for 
the pile-driving operations and the 
construction of the lighthouse. The two 
main characteristics required were the 
following:

 N  Guaranteed strength and stability 
were needed to withstand the con-
stant exposure and the violent storms 
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at the construction site during the 
many months it would take to erect 
the lighthouse (the scaffold stayed 
there for nine and half months). 
 N It had to be designed and con-
structed rigorously according to 

the shape and dimensions of the 
only vessel that could transport it 
to the construction site, and it had 
to leave enough free space, in all 
directions, to allow the erection 
of the lighthouse steel structure.

 Transporting the scaffold using one vessel only
The scaffolds that had been built earlier 
by the French and English engineers 
were transported to the construction site 
suspended between two parallel vessels. 
This mode of transporting the scaffold 
did not seem to be successful.

Engineer De Vasconcellos e Sá’s 
solution for transporting the scaffold 
consisted of using one vessel only, which 
would be positioned in the free space 
between the scaffold members, helped 
by two buoyancy tanks placed on either 
side of the scaffold. These buoyancy 
tanks would be discarded in case a 
storm happened while transporting the 
scaffold, as they would complicate ma-
noeuvring during the storm. It must be 
noted that the distance from the Ponta 
Vermelha beach construction yard to the 
lighthouse site was about 40 km, which 
in reality became much longer due to 
the difficulties encountered during the 
voyage.

Description of the scaffold
As mentioned earlier, the sturdiness 
of the scaffold had to be such that it 
would remain stable during pile driving 
and while erecting the lighthouse, 
and would guarantee the safety of the 
workers who had to live there during the 
construction period. The scaffold had a 
hexagonal prism shape, 6.5 m in radius, 
and with a height of 12 m up to the deck 
level. The six columns constituted the 
edges of the prism. A dual-angle ring 
made from 120 x 120 x 12 steel angle 
sections connected the six scaffold 
columns, the external ring encircling 
the columns and the internal ring 
being encircled by the columns. The 
rigidity of the system was ensured by 
horizontal and vertical cross bracings.

The horizontal cross bracings were 
placed at the column lower ends and at 
the column top levels. The horizontal 
bracings at the column feet were con-
stituted by 150 x 150 x 25 steel angle 
sections connecting the six columns, and 
were placed in such a manner to allow the 
symmetrical setting out of the six periph-
eral piles, in turn allowing, if necessary, a 
deviation of the lighthouse position.

The top horizontal bracings 
were made of wooden beams and 
wooden planks. The exclusive use 
of timber on the scaffold deck al-
lowed the easy cutting or trimming 
of any obstructing deck member. 

The scaffold on the pontoon, ready for the 50-hour voyage to the lighthouse site

The scaffold in place, with its working deck at a slight angle –  
24 people lived and worked here for nine and a half months

The pile-driving machine, which was operated by hand
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The vertical bracings were installed on 
the two parts in which the bottom hori-
zontal ring, established 5 m above seabed, 
divided the scaffold height. In this manner 
the lower vertical bracing comprised two 
crossed diagonals at each face of the hex-
agonal prism, and the higher cross bracing 
comprised two diagonals also, placed on 
the hexagonal prim faces, except in two 
parallel faces, to allow the threading of the 
transport vessel. To compensate for the 
missing bracing in those two faces, two 
strong double wooden struts were placed 
perpendicularly to these two parallel faces, 
which, without hindering the erection of 
the lighthouse, also served as access lad-
ders to the scaffold deck. These diagonal 
braces were made from 150 x 150 x 25 
angle steel sections.

Scaffold stability
The accuracy of the careful calculations 
was confirmed during the 50 hours (half 
of which were in rough seas) that it took 
to safely transport the scaffold to the 
lighthouse site. 

Once seated on the seabed, the scaf-
fold had to withstand the dreadful high 
seas by its own weight and its careful 
construction. 

The calculations for its construction 
had taken into consideration the action 
of a storm coinciding with the highest 
high tide, and it was estimated that 
waves would not be higher than 3.6 m. 
Consideration was given to the maximum 
pressure by wave clashes with scaffold 
surfaces opposite to their direction, 
bearing in mind that the highest wave 
pressure would be concentrated at the 
average calm sea depth surface, reducing 
rapidly above and below that level.

To calculate the loss of weight due to 
immersion, it was supposed that half of 
the scaffold at the moment of clash with 
the wave would be immersed up to the 
deck, and the other half immersed only 
till the level of the highest high tide. The 
wind action over the immersed part of 
the scaffold was ignored as insignificant 
compared with the pressure due to the 
waves generated by the same wind.

The total weight of the scaffold, 
loaded with the various materials and 
tools, was estimated to be 52 metric tons, 
taking into consideration the weight lost 
by the immersed part of the scaffold.

The calculations carried out to verify 
the stability of the scaffold against 
overturning by the waves, determined 

a safety factor of 1.92. Measurements, 
carried out by sextant in relation to three 
stable references with the centre of the 
Inhaca Island Lighthouse, confirmed this 
stability safety factor, and the scaffold 
indeed remained stable throughout the 
lighthouse construction period.

Scaffold construction
From the outset it was decided to con-
struct the scaffold on a site close to the 
Lourenço Marques harbour, where it 
was possible to find all the materials 
and tools needed, instead of any of 
the islands inside the bay, as had hap-
pened with the previous contractors 
involved in this project. Hence the 
scaffold was constructed on the Ponta 
Vermelha beach, from where it was 
launched into the water, supported on 
two buoyancy tanks, dropping anchor 
at a particular place in the bay where 
the transport pontoon that would take 
the scaffold to site could be installed.

The scaffold was constructed to have 
a maximum draught of 6.3 m, which 
was shallower than the sea depth at site 
during lowest low tide.

Lighthouse construction
The scaffold was placed on site in 
April 1900.

Soon afterwards permanent accom-
modation for 24 workers, including two 
foremen, was prepared on the scaffold 
deck, together with provisions and kitchen 
implements. This deck would be the 
workers’ home for nine and half months.

The piling rig was delivered to 
this platform by a 25 ton vessel, but 
the operation was only concluded 
after seven failed attempts, due to 
the prevailing sea conditions. 

The piles (weighing 2 900 kg each) 
were transported from the Lourenço 
Marques harbour on a floating device 
constructed from two parallel sets of 
three wooden beams connected by a 
saddle where the pile was supported. 
The ‘quaint’ piles used on this project are 
probably not used frequently today.

Pile driving proceeded after the first 
pile-driving problems had been resolved, 
leading to a minor change in the setting 
out of the lighthouse, as had already been 
explained earlier in this article. By August 
1900 all the piles had been installed.

The Cockburn Lighthouse elevation



64 May 2016 Civil Engineering

The piling machine was of very simple 
design, and well fabricated. It was acti-
vated by two parallel, symmetric worm 
screws via a system of gears which trans-
mitted to the pile the manual effort by 
two operators manning the two diametri-
cally opposed worm screw crank handles.  

With its feet firmly anchored in the 
seabed, the remaining lighthouse erection 
operations proceeded with the ease al-
lowed by the sea and wind conditions, as 
well as by the availability of equipment.

The housing layout on top of the 
lighthouse comprised two bedrooms, a 
kitchen, a bathroom, and a storeroom for 
kerosene, cleaning articles and lantern 
spare parts.

To promote an agreeable temperature 
inside the house, an internal wooden 
lining around the housing perimeter was 
installed, leaving a gap between itself and 
the wall steel plate where cool air from 
below the housing floor could flow freely. 
The same approach was followed for the 
roof. The wooden ceiling comprised two 
spaces – in the lower space immedialtely 
above the ceiling, the airflow was from 
the perimeter wall, and in the higher 
space just below the roof steel plate, air 
entered from the housing eaves. These 
two air layers had a commom exit. 

The lighthouse erection was com-
pleted by December 1900, when the first 
lighting trials commenced. 

The lantern that was installed on top 
of the lighthouse could reach 10 miles 
(± 16 km). It was replaced in 1923 by a 
new lantern which increased its reach to 
13 miles (± 21 km). 

The dismantling of the sturdy scaffold 
started in January 1901, and was com-
pleted by February of the same year.

END OF AN ERA
The Cockburn Lighthouse was de-
stroyed during Cyclone Claude, which 
ravaged the Mozambican southern coast 
in January 1966. The lighthouse had 
faithfully served the seafaring com-
munity for 65 years, requiring little 
maintenance during this time. After its 
demise, it was replaced by a buoy light-
house which is still in operation. 

REFERENCE / PHOTO CREDITS
História da Construção do Antigo Farol de 
“Cockburn” (History of the old Cockburn 
Lighthouse construction) by Army Engineer 
Colonel José Maria de Vasconcellos e Sá, 
1951, Lisboa. 

The completed Cockburn Lighthouse 
– commissioned on 1 January 1901   

The Cockburn Lighthouse as seen from a 
tanker in stormy seas, November 1945
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Ingogo to Langsnek – 
echoes and archaeology of railways and wars 

Writing about his part in WW1, the war 
to end all wars, TE Lawrence wrote: 

“The algebraical element looked to me a pure 
science, subject to mathematical law, in-
human. It dealt with known variables, fixed 
conditions, space and time, inorganic things 
like hills and climates and railways, with 
mankind in type-masses too great for indi-
vidual variety, with all artificial aids and the 
extensions given our faculties by mechanical 
invention. It was essentially formulable.” 
(Seven Pillars of Wisdom, Chapter 23).  

El ‘Awrens may equally well have been 
planning a daring strike in 1899 from the 
Transvaal into northern Natal. Driving 
railways over mountain passes, attacks, 
train and railway sabotage, retreats, fast 
rebuilding railway infrastructure … 
these were the activities of courageous 
men (for only men were involved there 
and then, in this story), and engineers 
who left tangible artefacts. Of Lawrence, 
Sherif Ali famously says in the ensuing 
biopic Lawrence of Arabia:

“Truly, for some men nothing is written 
unless THEY write it.”

We merely retell their story, a century or 
so later …

INTRODUCTION
It is a mere 10 km, as the crow flies, from 
the insignificant, abandoned railway 
siding of Boscobello to the original, 
disused railway tunnel at Langsnek. 
Along this short, extraordinary tract in 
northern Natal there remain relics of the 
early railways, and of the wars between 
the two main groups of European set-
tlers. Many of the traces are difficult 
to spot, and modern travellers, rushing 
between Newcastle and Volksrust, brush 
past these two landmarks, largely una-
ware of the echoes of rich history that 
rang and still ring out in this rugged, 
lovely setting. Lunging up, as it were, 
between the two former independent 
Afrikaner republics, the narrow corridor 
lies between the escarpment mountains 
to the west and the Buffalo River to the 
east. On the heights of the true right 
bank of the river, the railway runs, and 
the wars were fought. We (the BERRT 
group, a small band of mostly elderly 
engineers) visited this area on a sunny 
weekend during September 2015, when 
the cawing of the Cape crows echoed 
in the kloofs, which were covered in 
flowering black wattle. We came to 
probe, and were pleased to find, from 
our admittedly narrow viewpoint, more 
than we originally sought: many traces of 
railway and military archaeology. This is 
our account.

Two maps and a timeline are included 
– a contemporary general map of the area 
(Figure 1), an unnumbered modern map 
by Bruno Martin from The Railway Atlas 
of South Africa (to be published at a later 
date) and the timeline (Figure 2) to com-
plement the text following.

THE FIRST SOUTH AFRICAN WAR
Interwoven historical threads of railway 
development and military conflict start to 
converge in Natal near the end of 1880. 

Figure 1: General view of the area between 
the Ingogo River and Charlestown, 
from an unidentified Natal travel 

guide, provided by Graham McCallum 
(shows the situation circa 1900)

Figure 2: Timeline of military and railway events relevant to the Ingogo–Langsnek railway line
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Area map by Bruno Martin from The Railway Atlas of South Africa (to be published at a later date); 
the map was kindly adapted by Bruno especially for use in this article
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Initiating the military thread, British 
annexation of the Transvaal in 1876 led to 
a protest meeting on 8 December 1880 in 
Krugersdorp, and the First South African 
War (hereafter SA War 1 for convenience) 
followed immediately thereafter. Small 
military British units in various towns 
were besieged, the only military skirmish 
on Transvaal soil occurring when a British 
relief unit rushing to Pretoria was beaten at 
Bronkhorstspruit (20 December, 59 fatali-
ties). British forces in Natal were hastily 
commandeered to re-establish British au-
thority, and the arena shifted to the north-
ernmost part of the border between Natal 
and Transvaal. To intercept the invasion 
from Natal, Boer forces (1 500 men) quickly 
occupied Langsnek, a prominent ridge 
about 5 km inside Natal. By 26 January 1881, 
a British force of 1 200 men established 
camp at Mount Prospect, 5 km south of the 
Boer line of defence. The first two battles – 
at Langsnek (28 January, 97 fatalities) and 
Ingogo (8 February, 84 fatalities) – ended 
in retreats by the British. On 23 February 
the British force at Mount Prospect was 
strengthened to 3 500 men. On 28 February, 
General Colley led his men on a night 
march to occupy the summit of Majuba 
Mountain, a strategic point overlooking 
the Langsnek area. In a short, fierce battle 
the British force was driven off the summit, 
with Colley killed by gunfire (28 February, 
93 fatalities). A peace treaty was signed at 
nearby O’Neill’s Cottage on 21 March.

The railway thread started in 1878 with 
the construction of the railway line from 
Durban to Pietermaritzburg, a project 
hampered by difficult terrain and the Zulu 
War of 1879. Although only a limited sec-
tion of the line was complete, the Zulu War 
showed that the Natal railways could trans-
port troops much quicker than otherwise. 
By 1 December 1880 the first train with 
dignitaries arrived at Pietermaritzburg, 
where the line was officially opened by 
General Colley with the usual festivities. 
(Colley held three powerful positions at 
the time – High Commissioner of both 
colonies in southern Africa, Governor of 
Natal, and the Commander of all the mili-
tary in southern Africa.) SA War 1 broke 
out a week later and the Natal railway line 
was probably fully occupied moving troops 
and equipment to and from the battle 
front. Only a day after Colley died on the 
summit of Majuba was the line opened 
for general traffic, i.e. on 1 March 1881. 

Today landmarks of SA War 1 are 
clearly visible and easily accessible: 

 N Langsnek is the highest point on 
the modern motorway and of-
fers a fine panorama over the 
entire theatre of the war. 
 N The skyline is dominated by the Majuba 
and Nkwela mountains (the latter 
the halfway mark of the night march 
by Colley’s forces towards Majuba).
 N Battle sites on Majuba Mountain 
are well preserved.
 N The small Mount Prospect cem-
etery with Colley’s grave is well 
maintained and open to visitors.
 N O’Neill’s Cottage houses a 
small museum and is sign-
posted from the main road. 
 N  The Ingogo River meanders throughout. 

(Most readers and many maps refer to 
“Laingsnek” rather than “Langsnek”. 
William Timothy Lang purchased the 
farm “La Belle Esperance” immediately to 
the west of Majuba Mountain in January 
1874, but the clerk in the deeds office 
spelled his name “Laing”. Although Lang 
had the “i” struck out immediately, the 
seed of confusion was firmly sown. A few 
years later a John Laing was appointed as 
a senior official in the Cape Colony, after 
whom Laingsburg was named – this may 
have added to the confusion: one modern 
source claims erroneously that Langsnek 
was named after John Laing. William 
Lang’s grandson, Lincoln Lang, took the 
matter up more than a hundred years later 
and had the name officially confirmed 
as “Langsnek” in August 1987, by FW de 
Klerk, then Minister of Education.)

THE RACE TO THE RAND
Barely four years after the peace treaty 
agreed to at O’Neill’s Cottage, gold was 
discovered on the Witwatersrand in 1886, 
an event which rearranged the political 
landscape in southern Africa. Within a year, 
the market for goods and services on the 
Witwatersrand developed on a scale not 
seen or contemplated before. Obviously, 
at that time, railways offered the best 
means and capacity to supply this market. 
Competing for a share of the market, three 
railway lines soon converged on the Rand 
from ports lying off in three compass direc-
tions – from Lourenço Marques (Maputo) 
in the east; from the south, an extension 
of the Cape system via Bloemfontein and 
Vereeniging; and from the south-east, an 
extension of the Natal Main Line from 
Durban via Ladysmith to the Transvaal 
border at Volksrust. Known as the “Race 
to the Rand”, this was a short period of 

intense regional, international, political and 
financial hullabaloo, involving complex 
negotiations on tariffs and customs, compli-
cated financial and political arrangements, 
hasty surveys and frantic construction. 
Of course the three lines vied to be the 
first to enjoy an initial monopoly on the 
lucrative trade. Arriving first, the southern 
line from the Cape reached Bloemfontein 
on 17 December 1890, the Vaal River on 
21 May 1892 and Pretoria on 1 January 1893. 
Second, the eastern line from Lourenço 
Marques reached the Transvaal border at 
Komatipoort on 14 May 1891, Waterval 
Onder on 20 January 1894 and Pretoria on 
2 November 1894 – 22 months after the 
Cape line. Finally, the south-eastern con-
nection from Natal joined the Transvaal 
system at Heidelberg on 10 October 1895 – 
33 months after the Cape line.

When gold was discovered in 1886, 
the Natal system, starting from Durban, 
had already been extended to Ladysmith. 
On 15 May 1890 it reached Newcastle, 
with the following section to Charlestown 
on the Transvaal border completed on 
7 April 1891. The Natal extension therefore 
beat the Cape line to the Transvaal border 
by 13 months, and yet lost the race to 
Pretoria by 33 months! Why? Politics – an 
earlier agreement between the Transvaal 
and the Orange Free State had it that a 
direct line between Natal and Transvaal 
had to be first approved by the Orange 
Free State. After much political wrangling 
amongst the three parties, permission to 
start the survey was only confirmed by 
December 1892. The extraordinarily short 
section between Charlestown and Volksrust 
was completed in October 1894, joining the 
South African Republic (Transvaal) system 
at Heidelberg 12 months later. But winning 
the trade in the long run was obviously 
decided by more prosaic factors, such as 
shipping, harbour facilities, distances trav-
elled, trade barriers, and various incentives.

THE FIRST RAILWAY  
LINE IN NORTHERN NATAL
We now turn to the railway line between 
Newcastle and Volksrust. In this area, the 
Buffalo River formed the international 
border between the Colony of Natal and the 
South African Republic (ZAR), and still pro-
vides a subtle barrier to the east (crossing 
it would have placed much of the projected 
line in the ZAR, whereas the Langsnek 
route allowed the NGR (Natal Government 
Railways) to lay the longest possible line 
within their own jurisdiction, and also to 
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the point closest to the Rand); likewise, the 
Nkwela and Majuba mountains loomed 
as fortresses to the west. Overall, the 
chosen route follows a fairly straight line 
between Newcastle and Volksrust, but in 
detail is naturally intensely sinusoidal over 
the rugged topography, which comprises 
three parts – first, an almost flat section 
between Newcastle and the Ingogo River 
(30 m fall over 20 km), second, a steep rise 
to the lowest point on Langsnek (480 m 
rise in 14 km), and third, an almost flat sec-
tion on the plateau between Langsnek and 
Charlestown (40 m fall in 5 km). Clearly, the 
challenge was to find a feasible ascent of the 
steep natural gradient between the Ingogo 
River and Langsnek. NGR engineers re-
sorted to two unusual features for the time, 
both firsts for South African railway engi-
neering. A major railway tunnel was driven 
through the crest of Langsnek, reducing the 
highest point on the railway line by about 
40 m (hailed “the greatest engineering 
feat of this nature Natal has witnessed, 
without parallel in South Africa”); and two 
railway reverses were built at Boscobello, 
accounting for about 60 m of elevation. 
Permanent railway reverses were only used 
three times in South Africa: the Boscobello 
reverses were the first to be completed, a 
few months before the three Van Reenen 
reverses, and 20 years before the first six 
reverses on the Lady Grey – Barkly East line 
(see our previous article in the May 2013 
edition of Civil Engineering).

Langsnek Tunnel
On 26 November 1889 the NGR awarded 
a contract of ₤80 000, a considerable sum 
for the time, to R Wagstaffe & Co for the 
construction of the tunnel. Work com-
menced in 1890 from both ends, using 
special drilling equipment imported 
from England, and explosives to blast 
195 000 cubic metres of spoil. Two teams, 
employing a total of 500 men, met at 
mid-tunnel on 24 January 1891. At a total 
length of 674 m, the tunnel remained the 
longest in South Africa, until the Stockton 
tunnel (865 m) in 1914. Although the line 
to Charlestown was opened a few months 
earlier via a temporary deviation, the 
tunnel itself was completed later, and offi-
cially opened to traffic on 14 October 1891 
by Sir Henry Loch (High Commissioner to 
the Cape Colony) and Sir Charles Mitchell 
(Governor of Natal) (see Figure 3).

An interesting feature of the tunnelling 
project was the temporary construction line 
over Langsnek employing two reverses, used 

Figure 3: Official opening of the Langsnek Tunnel in 1891 – southern portal 
(Transnet Heritage Library, 68337)

Figure 4: Oblique Google Earth view in a northward direction showing the Boscobello 
reverses (yellow) lying between the Ingogo River (thin blue line to the left) and 

Langsnek (the gap in top centre of the image). The Buffalo River (thick blue) and the 
1 600 m contour line (white) define the narrow corridor of possible railway routes
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with great caution – locomotives had to be 
both at the rear and in front, permanent 
pointsmen were present at each reverse, and 
the speed was limited to 13 km/h. 

The Boscobello reverses
The Boscobello reverses were built 
halfway between the Ingogo River and 
Langsnek, in an area known as Ingogo 
Heights. Relics such as earthworks, bridge 
foundations and remains of culverts 
can still be found in the area. From the 
Ingogo River, the line follows a sweeping 
horseshoe bend over two bridges before 
it climbs around another curve to the 
first reverse. From here, it climbs further 
towards the second reverse with about 
2 200 m between points (or switches). 
After the second reverse, the line follows 
the contours of the foothills to the south 
of Langsnek. Today, the area is in places 
completely overgrown with black wattle, 
not easy to navigate, complicating the 
location of relics of the early lines. Using 
Bruno Martin’s excellent map (see page 
67), the tracks were marked digitally by 
yellow traces, and the coloured trace 
transferred to and superimposed on 
Google Earth, thus marking the reverses. 
By then removing the Martin map, the 
precise route could be identified on 
modern topography and landmarks – a 
great aid to have on site, especially using 
oblique views with slight vertical exag-
geration, and for preparing Figure 4.

Working trains through the re-
verses was meticulously prescribed (see 
Figure 5). A locomotive always had to be 
in the lead. For trains with only one loco-

motive, this meant that both reverses had 
to be provided with a loop line to allow 
the locomotive to run around the train. At 
each reverse, the train had to stop before 
the points prior to entering the reverse. 
It then had to await a hand signal from a 
permanent pointsman to proceed into the 
reverse at a speed not exceeding 3 km/h. 
As a result, the negotiation of the reverses 
was frustratingly slow. An analysis of the 
first timetable shows that the travelling 
time along the Ingogo–Charlestown sec-
tion took 35 minutes longer than the av-
erage travelling time on other NGR lines 
of similar length. The reverses were to 
remain in use for almost fifty years, until 
eliminated in 1938.

THE SECOND SOUTH AFRICAN WAR 
(SA WAR 2)
When the ZAR declared war against the 
British Empire in October 1899, the un-
easy truce concluded after SA War 1 was 
shattered – and SA War 2 started. By 
now a fairly extensive railway system had 
been built, which materially changed the 
character of the war. Trains could move 
troops and supplies in larger numbers 
and at greater speed, making the railway 
lines the obvious focus of sabotage and 
defence, as was well demonstrated in 
northern Natal on the main line between 
the important British-controlled port of 
Durban and the ZAR.

Only a few days after the declaration 
of war, the Boers invaded Natal along the 
railway line. British and Natal Colonial 
forces retreated to Ladysmith, leaving 
northern Natal unprotected. General 

Joubert suspected that the Langsnek 
tunnel would be sabotaged or booby-
trapped and first sent a coal truck through 
the tunnel. To his surprise, the tunnel was 
intact, which allowed the Boer forces to 
move their war material by rail all the way 
to Ladysmith, where they besieged the 
town on 2 November 1899. After the siege 
had been lifted on 28 February 1900, the 
Boer forces were slowly driven back to the 
border. On 16 May 1900, Newcastle was 
retaken by the British.

As the Boer forces retreated, they 
sabotaged the railway line, with “every 
bridge, culvert, reservoir and railway … 
destroyed”. To blow up bridges and culverts 
on its way, the final retreating Boer train 
carried a special gang. One source stated 
that about 60 bridges were destroyed in 
Natal alone. Naturally the first British train 
following “close on the rear of the Boers” 
was a reconstruction train tasked with 
restoring the line as quickly as possible. All 
repair work was controlled by the Imperial 
Military Railway (IMR). Initial repairs were 
conducted by the IMR and were temporary 
– ruins were cleared, culverts were filled in 
with stones and earth, and where feasible, 
deviations were constructed around dam-
aged bridges. This was usually followed by 
semi-permanent trestle bridges placed on 
the original centre line, sometimes com-
pleted by the civil railway authority in the 
Cape and Natal, and, finally, by permanent 
new steel spans erected by the two civil 
authorities. Much of SA War 2 was fought 
in the dry season, and temporary works in 
dry river beds functioned for a short while 
until the next rain. In the Ingogo area the 

Figure 5: A train labouring up between the first and the second reverses – view towards the south. The second horseshoe bridge is visible on the 
right edge of the image and the first reverse, out of sight, curves around the hillslope on the left (Transnet Heritage Library, image 54921)
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IMR usually made the first temporary 
repairs, assisted by the NGR who took a 
stronger interest in the restoration, and 
permanent repairs were exclusively done by 
the NGR. Reconstruction was hazardous, 
“erecting bridges under fire, work … was 
frequently done by the reconstruction 
engineers”. At times, they had to wait until 
the adjacent kopjes were cleared of snipers. 
After Newcastle was retaken on 16 May, 
reconstruction crews waited until 3 June for 
permission to continue, presumably because 
the hilly terrain further on allowed snipers 
to get much closer to the railway line. 

Of the four bridges between 
Newcastle and Langsnek, the largest was 
at the Ingogo River (one 100-foot girder), 
with smaller bridges at the Boscobello 
horseshoe bend (four 10-foot girders), 
at Donga Spruit (one 40-foot girder) 
about halfway between Ingogo River and 
Boscobello, and a bridge at the Mount 
Prospect siding. In all cases, the girders 
were either cut or dropped and the abut-
ments partially dynamited. Repairs at 
Donga Spruit and Ingogo River started 
on 5 June and the temporary repairs 
were completed in four and nine days 
respectively. The repairs at the Boscobello 
horseshoe bend started on 14 June and 
were completed in six hours. Temporary 
repairs at the Mount Prospect bridge 
started on 13 June and took four days. 
Foundations were made by layers of 
sleepers or concrete, or even a piled 
foundation at Ingogo River. Damaged 
abutments were brought level with sleeper 
cribs. Wooden trestles between abut-
ments were spanned by timber beams to 
support the rails. Also, two 10 000 gallon 
steel elevated water tanks were destroyed, 
one at Ingogo and one at Mount Prospect. 
During these repairs, “Natal was still 
threatened by Botha’s incursions, and an 
armoured train patrolled the line between 
Charlestown and Glencoe, while we had a 
reconstruction train ready under load”. 

For both saboteurs and reconstruction 
crews, the largest prize on this section 
was the Langsnek Tunnel. Sabotage by 
the Boers was elaborate and, in the words 
of the British, carried out by “masters 
of the art” – four shafts were sunk in 
“shaly rock” from the surface towards the 
tunnel, but apparently only the northern 
shaft penetrated to the crown of the 
tunnel which was lined with 18-inch 
stone masonry. Furthermore, holes, two 
feet long, were drilled through the side 
walls at intervals of 30 feet and charged 

with dynamite. Most damaged was the 
northern end, including the northern 
face and 100 m of tunnel; at the southern 
end, 45 m of lining was destroyed (see 
Figure 9). Elsewhere the lining was seri-
ously damaged, but the crown of the arch 
was intact. Reconstruction crews arrived 
on 14 June and reopened the line in four 
days. Work continued day and night with 

the help of electric light in the tunnel – the 
IMR worked by day and the NGR at night. 
Access was first opened to the middle of 
the tunnel, thus allowing repairs to be 
done from four ends. The crews inside the 
tunnel stacked the debris in the drainage 
ditch alongside the track, to be removed 
as soon as trolley access was established 
from the open ends. Loose sections of 

Figure 6: The BERRT 2015 group inspects a small dam at the end of 
the second reverse, built in fine stone masonry; it is not clear whether 

this dam was built during the first or second alignments

Figure 7: The remains of the two horseshoe bridges at Boscobello in September 
2015 – the first in the background and the single remaining wall of the second 

in the foreground. During SA War 2, the three piers of the first bridge were 
damaged, the two end girders were dropped and the middle two girders cut

Figure 8: A closer view of the first horseshoe bridge at Boscobello
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lining were underpinned by driving wedges 
between the lining and supporting beams, 
the beams supported in turn by rail sec-
tions. Gaps between the rails were filled 
with dry stone masonry. After the war, a 
contract for the permanent rebuilding was 
awarded to DW Thomas.

About a year later, a commando of 
the Danie Theron Scout Corps, under 
Commandant Walter Mears, returned 
to the area. Early on the morning of 
Thursday 4 April 1901, at about 4 am, 
a charge of dynamite derailed a train 
about 2 km north of Mount Prospect 
and south of the Langsnek Tunnel. 
After the explosion, the Boers started 
firing at the train, but found no opposi-
tion – to their disappointment the train 

carried only flour, some coal, stationery 
and clothing. Jumping off the train, the 
fireman and guard hid in long grass, but 
driver Parker was captured and had to 
give up his boots, watch and cash (and 
was released that same evening). Besides 
setting the train and its goods on fire, 
a new trick was played by releasing the 
breakdown van and one truck to come 
crashing down the steep gradient into a 
train standing at Mount Prospect. British 
troops stationed at Mount Prospect pro-
ceeded to the scene of the disaster, but 
by then the commando had retired in the 
direction of O’Neill’s Farm and Majuba. 
A breakdown gang hurried to the scene 
and cleared the line again in time for the 
next mail train at 3 pm on the same day. 

The NGR made a large contribution 
to the British war effort, despite all the 
destruction. From 1 November 1899 
to 31 March 1901, the military traffic 
alone amounted to 544 000 tonnes 
of goods, 384 000 passengers and 
209 000 horses and livestock. But the 
heavy traffic was not confined to the 
war period, as the traffic volume to 
the Transvaal steadily increased. By 
1909, the tonnage hauled through 
Charlestown required more powerful 
locomotives for trains that were nearly 
three times heavier than before.

THE REVERSES ELIMINATED
Electrification and regenerative braking 
were major technological advances 

Figure 9: The damage inflicted on the Langsnek Tunnel during SA War 2: (a) the northern portal, with the shaft dug for the explosives in the 
background, and (b) the southern portal, which suffered less damage (Transnet Heritage Library, P3232)
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in the history of railways. Under the 
leadership of Sir William Hoy, the first 
General Manager of the South African 
Railways (SAR), electrical traction 
was first introduced in Natal in 1925. 
For this, the SAR had to construct the 
Colenso power station. However, in 
the same period, ESKOM was formed 
as the national supplier of electrical 
power. Despite its vehement opposition, 
the SAR had to relinquish the owner-
ship of the Colenso power station to 
ESKOM in 1928, which increased the 
cost of electricity significantly. This 
brought a temporary halt to railway 
electrification. To compound mat-
ters, the disastrous economic effects 
of the international global depression 

reached South Africa, and by 1932 the 
primary activities of the country came 
to a practical standstill. But fortunately, 
when the depression lifted, the South 
African economy bounced back, mainly 
due to a boom in gold mining. Rail 
traffic increased rapidly, and the line 
between Durban and Johannesburg, 
then South Africa’s busiest line, be-
came a bottleneck. Improved financial 
fortunes allowed the SAR to embark 
on an expansion project known as the 
“Ten Million Pound Scheme”, on a scale 
never equalled before.

A substantial part of the budget 
(₤800 000) was reserved for the 137 km 
line between Uithoek (16 km south of 
Glencoe) and Volksrust, to be spent 

in two ways. First, the line had to be 
electrified. Second, to allow for heavier 
loads and larger locomotives the align-
ment had to be eased, entailing 22 devi-
ations totalling 49 km, with the longest, 
17.3 km, between Ingogo and Langsnek. 
Sharp curves and steep gradients had 
forced most trains in the up direction 
to be split at Ingogo and taken up to 
Langsnek in parts. To eliminate train 
splitting and the Boscobello reverses, 
many curves were eased and two new 
tunnels built, as well as lowering the 
Langsnek Tunnel. Work on the project 
started in February 1935 under the di-
rection of Engineer WH Evans and was 
completed by the end of 1938. 

The economic hardships of the early 
1930s brought the “poor white problem” 
to the fore – a social problem that had 
been lingering since the 1890s when 
many rural white people migrated to 
towns and cities. Railways had a long 
history of providing employment for 
white labourers in times of economic 
depression, and the Ten Million Pound 
Scheme provided some relief in this 
regard. Two “model villages” to house 
the work force immediately next to the 
railway line were jointly constructed 
by the Department of Labour and the 
SAR – “Arbeidslus” was constructed just 
north of Ingogo, precisely over one of 
the tunnels to be constructed, and the 
second, “Werkgenot”, on the foothills of 
Nkwela Mountain at Mount Prospect, 
overlooking Majuba Mountain. Each vil-
lage had a number of standalone family 
cottages (195 at Arbeidslus and 249 at 
Werkgenot), communal ablution halls, a 
community hall with seating for 300, a 
school, medical doctor, pharmacist, li-
brary and a non-profit supply store. Two 
schools, the first Afrikaans schools in 
Natal, offered education up to Grade 8 in 
collaboration with the Natal Provincial 
Department of Education. A small 
graveyard remains at Arbeidslus, with at 
least 17 graves, all of children who died 
between 1935 and 1938. Each family 
received a monthly “market ticket”, free 
rail passage to Newcastle or Volksrust. A 
strict code of conduct was enforced by a 
superintendent, forbidding private cars, 
controlling visitors, prescribing hygienic 
practices and many other minutiae. 
Inhabitants first arrived at Arbeidslus 
in February 1935 and were gone by 
October 1938; Werkgenot was inhabited 
from September 1935 to December 1938. 

Figure 10: The northern entrance to the 1936 tunnel closest to 
the second Boscobello reverse (photo taken September 2015)
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Not everyone favoured the villages. 
Some of the first inhabitants complained 
about the meagre payment and staged 
a “hunger march” (payment was made 
on piecework basis, calculated weekly 
for each work team). Newcastle com-
mercial interests selfishly argued that 
the labourers should have been housed 
there, while the broader community 
was wary of the large number of poor 
strangers. Others argued against the “dic-
tatorial” management which structured 
the villages as “indoctrination camps, 
producing labour that was compliant, 
productive and conforming to what its 
promoters regarded as western cultural 
standards”, but conceded that “perhaps 
surprisingly … the experiment appears 
to have succeeded to a significant degree 
…” This was supported by the stability of 
the work force, which was free to leave if 
they wished. During their occupation, the 
total population averaged 403 families 
comprising 805 adults and 1 013 chil-
dren. In the eight months following the 
hunger march, only eight workers left. 
Unsurprisingly the SAR declared the 
model villages to have “served as a timely 
and important contribution to poor-
white rehabilitation”. During August 1938 
the SAR moved the first 22 families to 
two new sites, Dohne and Toise River, 
near Stutterheim in the Eastern Cape to 
improve the Cape Eastern line. World 
War Two and rising costs played a role in 

the official termination of the “model vil-
lage” programme in 1945. 

MAJOR REALIGNMENT
As the workhorse of the SAR, the Natal 
main line between Durban and the 
Witwatersrand retained the engineers’ at-
tention. Starting in 1978, forty years after 
the elimination of the Boscobello reverses, 
the Ingogo–Langsnek section of the line 
was realigned in a major way. While the 
1938 alignment conformed to a maximum 
gradient of 1:50, compensated for a min-
imum radius of 173 m, the new alignment 
conformed to a maximum gradient of 1:66 
and a minimum radius of 800 m. Routed 
to the west of the abandoned old route, the 
37 km new double track was located higher 
up the slopes of the Majuba and Nkwela 
mountains, incorporating three twin-bore 
tunnels with a total length of 7 202 m, and 
six tall viaducts, the longest of which crosses 
the Harte River with 11 spans of 45 m each 
(Figure 11). 

Unfortunately, in February 1989, a deep 
slip was observed on the northern approach 
to Trowe’s Viaduct (four 45 m spans), and 
a deviation was constructed around the 
viaduct while repairs were undertaken. 
Eventually the deck was extended and the 
bridge opened for traffic at the end of 1990. 

POSTSCRIPT
Hearkening back to our opening quota-
tions, WW1’s best war movie (Lawrence 

of Arabia) is also a train movie, and the 
famous train sabotage scene tells us some-
thing about the nature of the physical strug-
gles in northern Natal. Lawrence is held to 
have been not an ordinary man. Neither, we 
submit, were the South African actors on 
this set.
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Figure 11: The viaduct over the Harte River; 
one of six tall viaducts constructed for the 

1978 realignment project towers over the two 
persons at the closest pier (photo June 2015)
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A look at the future of 
engineering in South Africa: Part 3

This article is the last in a three-part series based 
on the author’s conviction that engineers get 

things done. Parts 1 and 2 (published respectively 
in the January/February and March 2016 

editions of Civil Engineering) expanded on what 
engineers actually do, on their initial training and 

experience, on engineering within political and 
economic climates, and on engineers’ capacity 

to develop and implement plans. This thought 
line is concluded in Part 3, and solutions are 

suggested for the issues that have been raised.

PROFESSIONAL AND REGULATORY BODIES
Engineering Council of South Africa (ECSA)
Parliamentary statute delegates to ECSA the responsibility of 
regulating the engineering profession. It owes a duty of care not 
only to the profession, but more importantly, to the public at 
large. Its duties can be summarised as follows:

 N It has the responsibility, through regular reviews, of ensuring 
that academic institutions involved in the training of engi-
neers, whether at traditional universities or universities of 
technology, meet the standards laid down. It is critical that 
ECSA must retain its independence in meeting these obliga-
tions, otherwise degrees will not be recognised internationally 
and post-graduate training will not uphold the results that 
have been achieved over the past 30 years.
 N It monitors the post-graduate training of engineers and tech-
nologists in the various disciplines of engineering, sets the re-
quired standards for professional registration, and ensures that 
these are met. It is recognised that, with the assistance of many 
well trained engineers, ECSA has achieved excellent outcomes 
in these objectives. 
 N It monitors the Continuing Professional Development of 
engineers, technologists and technicians to ensure that they 
continue the learning process during their careers.
 N It is also the only body with legal disciplinary powers over 
the engineering profession. The ability to use these powers 
promptly, and for the benefit of the profession and the public at 
large, needs review.  
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The system has functioned well, and changes or modifications 
which may be required in the way it functions must not be made 
without proper consultation with the profession. Efforts by gov-
ernment in the recent past to do this without explanation evoked 
strong reactions and resistance. The motto “if it ain’t broke, don’t 
try to fix it” must apply. 

Construction Industry Development Board (CIDB)
This organisation has focused on the construction sector, and 
has made some useful suggestions and laid down important 
criteria for classifying the competence of contractors. It has 
provided guidelines to clients on the competence of contractors, 
which have had the result of reducing some of the risks that 
clients face, particularly with emerging contractors. Much more 
needs to be done, but it has started well. 

The South African Institution of Civil Engineering (SAICE)
This is a learned society and involves itself with the dissemina-
tion of knowledge, arranges training courses and speaks for the 
civil engineering profession. It does not have the disciplinary 
powers of ECSA, but publishes a code of ethics to which mem-
bers are required to conform. It has also forged links with other 
international bodies, such as the Institution of Civil Engineers 
(London) and others, which have benefited the profession in this 
country. It needs to increase its public profile in the marketplace 
significantly to make people appreciate the key role of engineers 
in development and service delivery.

Consulting Engineers South Africa (CESA)
This body looks after the commercial interests of all consulting 
engineers of whatever discipline, and also has its code of ethics. 
It becomes involved, together with ECSA, in the negotiation of 
fees insofar as these are still applicable.

It has also commenced a programme of training courses 
which are an important part of the continuing professional 
development of engineers. Apart from technical issues, these 
courses address contractual matters, ethical issues, corruption, 
management and financial concepts, and several other useful 
topics that will advance the practice of engineering. 

South African Forum of Civil Engineering Contractors (SAFCEC)
This body represents the interests of the civil engineering con-
tracting fraternity and has similar objectives to CESA. It also 
provides very useful economic analyses related to the industry.

SUMMARY OF ANALYSIS 
The analysis presented above is by no means comprehensive, 
but has been done to highlight issues that can be considered in 
more detail. Many may contest some, if not all, of the proposi-
tions put forward, but the purpose of this series of articles is to 
stimulate discussion and assist in plotting a way forward that 
will encourage good planning. It is clear from the analysis that 
engineers will have a vital role to play in the future development 
of the country, and this is not always appreciated. 

The part they played in the past has been largely forgotten, and 
those in power do not always see the critical need for engineers, 
let alone understanding what engineers are trained to do. By world 
standards we have an inadequate corps of engineers, and the 
training of the younger graduates now emerging will suffer as a 
result. Our organisations need to come together to produce agreed 

strategies to put engineers back into the forefront of development 
and, most importantly, we need to sharpen our political skills.

The analysis is placed under the general headings used above 
and summarises the issues that have to be resolved. In the last sec-
tion an array of possible solutions and actions will be put forward.

Educational and training needs   
The primary and secondary education system in the country has 
in large measure broken down. This applies particularly to the 
sciences and mathematics, which are fundamental requirements 
for engineering. In addition, many matriculants are essentially 
unemployable because of a lack of basic skills in literacy and nu-
meracy. These are fundamental issues that have to be dealt with 
by government, and there are no short-term answers. 

At tertiary level, standards have to be maintained. The work 
of professionals such as engineers, doctors and others impacts 
on the public, and they are entitled to expect a level of compe-
tency from these professionals that does not put their lives at 
risk. There is no way round this basic requirement. This applies 
equally to technologists and technicians. If curriculum changes 
are needed (without affecting the end product) they need to be 
introduced without delay.

I do not agree with the premise of the CHE Task Team re-
port, referred to in the previous articles, that the tertiary sector 
should be responsible for the correction of the failures of the 
schooling system. The whole concept is based on numbers and 
very little reference to capability. The engineering organisations 
need to comment urgently on these issues.

Subsequent post-graduate training must continue this pro-
cess of growing competency and experience, and must create a 
greater awareness of the environment (physical, social and po-
litical) within which engineers operate. Technical skills are only 
part of the story.  

Training of ancillary skills by means of a structured appren-
ticeship process, and possible resurrection of technical schools, 
are further measures that can be considered. The government’s 
abandonment of the five-year apprenticeship programmes has 
dried up the pool of artisans that for years formed the backbone 
of municipal operation and maintenance teams.

Public service structures
The public service has a serious deficiency of engineers of all 
branches, and this poses major problems for the forward plan-
ning of infrastructure, water supply, housing and related services. 
Much of this depletion of resources is due to political appoint-
ments that have put totally unqualified individuals into positions 
of responsibility for which they are not suited. There is now a 
huge bureaucracy trying to justify its existence. With the future 
of the country at stake, technical merit should be the key criteria 
for appointments, and career paths should be open to all. As the 
tertiary system produces more graduates, the needs of transfor-
mation will steadily fall away.  

Skilled and experienced senior engineers were asked to take 
early retirement, and those left are being asked to train young BEE 
appointees who are often paid more than they are. At the same 
time they are being asked to keep the system running. The effect 
on morale is obvious. As these senior people retire or leave, the 
level of competence of the younger staff members will steadily 
decline, unless alternative strategies are put in place, such as a de-
layed retirement age or the harnessing of the private sector.   
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At the local level, and particularly in the smaller towns with 
their inadequate rates base, highly paid, poorly trained and inef-
ficient councils and town managers place a massive drain on 
resources. Technically trained personnel, where available, are 
unaffordable because of this upper level administrative drain on 
the public purse. Consequently, maintenance and upgrading of the 
infrastructure are often almost non-existent, services fail and public 
protest becomes the order of the day, resulting in further damage to 
the infrastructure. The whole system requires a radical overhaul.

The economic cycle
There is not a great deal that can be done to avoid the eco-
nomic cycle, particularly now that South Africa is part of the 
global village. Perceptions of government policy play a subtle 
role. Economic growth and gross fixed capital formation go 
hand in hand and, after the initial post-1994 boost, growth 
has now slowed to a level where new jobs are not being cre-
ated. Factors such as the labour laws also appear to be playing 
a part. The World Cup 2010 produced a solid period of growth 
from 2005, but this has now evaporated. 

Engineering graduates are also affected by this slow-
down, and we have the extraordinary situation now where 
the traditional universities and universities of technology 
are producing more graduates than the system can absorb. 
Something needs to be done to overcome this and avoid a 
fall-off in new candidates entering tertiary education. Some 
proposals are put forward in the next section. 

Capacity to develop
As has already been demonstrated, the public sector is woe-
fully short of the technical expertise required to drive devel-
opmental plans. In addition, the government considers South 
Africa as a developmental state, which means that all develop-
ment has to be driven from the centre, which lacks the skills 
to do the job. It is also by its nature much more politicised. 
This is a real catch-22 situation which has to be overcome.   

The private sector has the capacity to train many of the 
emerging graduates, provided their remuneration demands do 
not become excessive and a steady flow of work can be assured. 
The preference of graduates, particularly those with the best 
academic records, to move towards the larger firms with good 
training records and established international connections may 
be a limiting factor. It may also be possible to take on training for 
the public sector if the right conditions are created. Innovative 
measures are going to be required to overcome the challenges.

The issue of apprenticeships requires government inter-
vention, and also changes in the labour laws to enable firms to 
take on apprentices. The scope is endless, but urgent, as many 
highly skilled artisans, who will be needed to train these ap-
prentices, are now approaching retirement age. Whether FET 
colleges are the optimum approach is up for discussion. The 
present short-term skills training is worthless.

The construction industry will benefit from the artisan 
training schemes and will also be able to provide management 
training, as they have always done. Again the f low of work is a 
key factor.

The tender system still remains the most effective way of ap-
pointing contractors, but will need a more defined and controlled 
set of procedures to ensure transparency. At all times the best 
tender, which is not necessarily the cheapest, should be sought.

Professional bodies
The professional bodies will have to play a much more promi-
nent role in the promotion of engineering and its capacity to 
drive development programmes. To date they have failed to 
make the political arm of the nation aware of what engineers 
are able to do. It is vital that the political arena knows that 
engineers are much more than plumbers, electricians and 
water bailiffs. 

Engineers, by virtue of their training, are problem solvers 
and innovators who get things done whenever they are given 
the opportunity. It is significant that many financial institu-
tions are beginning to realise that the training of engineers 
gives them a far broader insight into the issues confronting 
the country than, say, lawyers and accountants. One of the 
most senior directors of Old Mutual is a qualified professional 
civil engineer. Engineers were the key to the success of the late 
Dr Kader Asmal as minister of water affairs.

SOLUTIONS FOR CONSIDERATION
Engineers have a crucial role to play in any development 
programme, particularly where infrastructure is concerned. 
Their training enables them to conceptualise problems, 
develop alternative solutions consistent with the environ-
ment within which they are working, work effectively in 
multi-disciplinary teams, and communicate their proposals 
in clear, transparent terms appropriate to the communities 
within which they work. All this is built on a sound technical 
training, which is the foundation of what they do.

The solutions suggested below are not all-embracing, but 
are for discussion, amplification and extension. They should 
not be regarded as proposals that are cast in stone. The key 
requirement is that the ideas put forward are subjected to 
early and rigorous discussion, and recommendations put to 
government for legislative action, where required. 

Secondary and tertiary education
 N The whole primary and secondary education in the 
country requires a fundamental overhaul. It is unac-
ceptable that many school-leavers are unemployable at 
the end of their full years at school. The ideas of Prof 
Jonathan Jansen are very relevant here. The money is 
there. and clearing the politicisation and corruption in the 
system, will go a long way towards solving the problems. 
 N The school-leaving examination is totally inadequate as 
a university entrance qualification. It needs a full review 
or abandonment. Pass marks are unrealistically low and 
create unattainable expectations. It is not clear if the CHE 
report has considered the full implications of this situation.
 N Mathematics and science are fundamental to an en-
gineering course, and the education system needs to 
deal with this. One way is to pay mathematics and 
science teachers more in order to attract them.
 N Serious consideration could be given to the creation 
of an A-level system, particularly for the sciences and 
technology faculties. This will help to identify those 
students who are likely to benefit from full tertiary 
education (which must always be regarded as a privilege 
and not a numbers game). Universities cannot expand 
indefinitely and there is a shortage of academic ex-
pertise. Research will suffer as the teaching workload 
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grows. The present demands for transformation and 
free tertiary education are further complicating factors 
that require resolution in the medium to longer term.
 N A spin-off of the A-level system is that it will enable 
students and university administrators to evaluate 
whether candidates are more suited for universi-
ties of technology training or for traditional univer-
sity training. The process is likely to save students 
a great deal of financial distress if it avoids them 
ending up in courses for which they are not suited.
 N The creation of technical schools (much as agricultural 
colleges do today) will enable many to train as apprentices 
and become artisans. It is not clear if the FET colleges 
are achieving their objectives. The shortage of artisans, 
such as carpenters, welders (consider the Medupi fiasco), 
motor mechanics, electricians, fitters and turners, etc, is 
impeding growth, and also municipal maintenance and 
service delivery. It will be of enormous benefit, not only 
to the construction industry, but to the country at large. 
 N There needs to be a greater interaction between the 
industry and the universities to ensure that academic 
courses meet the needs of industry. The cross-polli-
nation of ideas will be to the advantage of both.
 N It must also be remembered that clever financing arrange-
ments in all the above areas can be developed to assist. A 
higher quality of university entrant will attract more private 
sector funding, particularly in engineering. Artisan training 
has the added attraction that the candidates will be earning 
a modest income while training, and the achievement of ar-
tisan status offers good compensation and future prospects. 
 N The education and training system must inculcate in the in-
dividuals an appreciation that learning is a life-long process. 
 N The ultimate aim is to produce competent, trained 
people of all races who can provide skills on merit, 
whether in the private or the public sector.      

Training and further education
 N It is essential that practical training follows formal training. 
For graduates from universities and universities of tech-
nology the training that is received in first employment 
must be well structured and guided.  
 N It is considered essential that training should be wider than 
the individual’s chosen field of specialisation. The objective 
should be to provide insights beyond those obtained within 
the field of specialisation. There will be areas (such as 
traffic engineering) where this may not be essential, but the 
principle remains.
 N The need for continuing professional development remains a 
requirement. Many courses are being offered, and to a certain 
degree this remains the responsibility of employers to ensure 
that their personnel remain up to date. The cost and effective-
ness of some courses remain a matter of concern, particularly 
where travel and accommodation costs have to be incurred.
 N Attention needs to be given to presentation skills, particu-
larly when presenting to unskilled or non-technical audi-
ences such as municipalities and local communities. 
 N Up-to-date mentoring and training guides should be pro-
vided by the professional bodies and institutions of the var-
ious engineering sub-disciplines, such as civil, mechanical, 
etc, as these will be very useful. 

The political climate
It is not for me to prescribe the structure of the political or 
economic system that is adopted from time to time. That is 
up to the electorate and the government of the day. The fol-
lowing comments are, however, considered valid, irrespective 
of which system is in force at any one time:

 N There must be a sufficient degree of certainty of political policy 
to encourage investment, particularly by the private sector. 
Investment will evaporate if the levels of uncertainty and risk 
are too high. The fact that we have two development plans on 
the table is a clear example of the uncertainty factor.  
 N Levels of community and individual security, and respect for 
the law and its enforcement must be visible and assured. 

Engineers have a crucial role to play in any 

development programme, particularly where 

infrastructure is concerned. Their training 

enables them to conceptualise problems, 

develop alternative solutions consistent 

with the environment within which they are 

working, work effectively in multi-disciplinary 

teams, and communicate their proposals 

in clear, transparent terms appropriate to 

the communities within which they work.
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 N Corruption must be brought down to much lower levels in the 
interests of all the citizens of the country. This applies as much 
on the macro as the micro or local level.
 N The importance of competent people in the public service 
administration cannot be over-emphasised. The concept of 
an independent public service that will perform its duties ir-
respective of the government in power is an ideal to be sought. 
The concept of deployees from one or other political party 
holding the key posts must be abandoned, as it does not ensure 
competence, opens the door to corruption and has a clear in-
fluence on morale in the service.
 N The private sector needs to look carefully at how it does 
business, what ethical standards are applied to business and 
whether the King III rules are really adequate, or whether they 
are too easily avoided. These are serious issues and the penal-
ties for transgression need to be exemplary. 
 N Issues such as the labour laws, which appear very one-sided, 
need to be reviewed in the interests of the country as a whole. 
A secret strike ballot would be a good start. The structures 
should always be politically neutral, which they are not at the 
present time. Our constitution presents us with a wonderful 
opportunity to create a better climate for development. 
 N The public sector procurement system for engineering works 
needs careful re-evaluation and extensive modification to get 
the best, and not necessarily the cheapest, outcome. The use of 
price as almost the sole criterion for engaging engineering and 
construction services is fundamentally wrong, and ultimately 
costly. It is subject to far too many spurious challenges and 
corruption at present. This is probably one of the most urgent 
corrections required.      

The economic climate and capacity to develop and implement plans
As already stated, there is very little that can be done to avoid 
the economic cycles. However, there are possibilities that can be 
explored to avoid wasteful spending and ensure proper forward 
planning. The disciplines of engineering are ideally suited to 
developing and implementing plans, both infrastructural and 
economic. Engineers are trained to get things done and this ex-
pertise must be harnessed.  

 N Funds that are allocated for potential projects should be 
rolled over on possibly a three-year cycle. This will allow both 
national and local authorities to do better forward planning, 
hopefully under the guidance of qualified engineers.  
 N The requirement to spend allocated budgets before the end 
of the financial year is the cause of much wasteful spending 
and poor planning. Consultants are asked late in the finan-
cial year to get designs and tender documents ready so that 
contracts can be awarded before the end of the financial year. 
The proposal in the paragraph above would avoid much of 
this.   
 N More use should be made of planning and design appoint-
ments, which can then be extended. The contract stage can 
then follow as funds become available. The ability to have de-
sign appointments ensures a steadier workflow for the design 
teams, and can also be used to involve the staff of the public 
bodies in training. The cost savings could be significant.  
 N The whole procurement system needs to be re-evaluated. The 
award of feasibility and design appointments on the basis of 
price is fundamentally wrong. Price cutting is short-sighted 
and wasteful. The appointment of consulting engineers must 

be based entirely on the expertise offered. It can be shown 
that the price differential between design offers is very small 
in comparison with the overall project cost, and even less in 
terms of the life cycle cost. Payment of fees must be negoti-
ated on the basis of the recently published fee scales presently 
out for comment. There is enough work out there for all to 
share in it, provided the relative competence and skills are 
available. The provisions of the Competition Act need radical 
review and revision.  
 N Wherever possible, joint ventures with emerging firms of 
HDI practitioners (or even the engineering departments of 
public client bodies) to ensure good training should be en-
couraged. This would have an immediate impact on widening 
the market over time, and meeting the looming lack of expe-
rience and expertise in the public sector. 
 N The private sector is at present in a far better position to 
implement plans and carry out feasibility studies. This will 
be the case for the foreseeable future. On the other hand, 
the public sector needs to increase its capacity to carry out 
overall planning, as has been the case in the past. This is as 
much a political requirement as it is economic, as govern-
ment has to set the priorities. In the short term it may be 
necessary for government to ask a group of private sector 
firms to form special task teams to assist, until such time as 
the public sector technical expertise is restored.  
 N The post of City Engineer should be re-instated and jobs ad-
vertised. The same should be done regarding the appointment 
of Town Managers. Competence should be the over-riding 
requirement.

Statutory and professional bodies
Engineering Council of South Africa (ECSA) 
ECSA fulfils a statutory role that is of crucial importance to the 
safety of the public at large, as it regulates the professional stand-
ards that engineers, technologists and technicians have to achieve 
and maintain, and deals with transgressions of professional stand-
ards. The following comments regarding ECSA are put forward: 

 N The independence of the body must be guaranteed. Attempts to 
make it carry out further functions, as was proposed about three 
years ago, must be resisted strongly. ECSA also needs to keep its 
members better informed about its activities.
 N It must not be used by government as a policy-making body, as 
has been proposed previously. It can certainly advise govern-
ment on any issues that affect the profession, but must refrain 
from entering into political debates. 
 N It must be able to step in on professional misconduct at a much 
earlier point in any issue, and should not have to wait till all 
legal and insurance issues are exhausted. This has happened 
in a number of cases recently where there was even loss of life. 
Any professional failure should be treated expeditiously, even 
if it means that the individual’s registration is temporarily sus-
pended or limited. 
 N The issue of work reservation for professionals has not been re-
solved, and does not seem set for speedy resolution. Engineering 
does not resolve itself into the clear specialities that occur in 
medicine, and often involves teams of specialists. The require-
ment that professionals may not work outside their field of 
expertise is a self-regulatory approach, which should cover most 
issues and needs to be carefully monitored by fellow profes-
sionals in practice. 
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 N Wherever possible, ECSA should, through its council members, 
stress to government the vitally important role that engineering 
can and must play in the development of infrastructure for the 
country. The benefits that flow from the connections of the 
South African fraternity of engineers with various international 
institutions should also be communicated to government. 

South African Institution of Civil Engineering (SAICE) and others
The ignorance of those in parliament and other levels of govern-
ment about what engineers do and the critical part that they 
play in development must remain a matter of great concern. The 
following proposals are put forward for action. It is for considera-
tion whether this should be a joint effort of SAICE, CESA and 
SAFCEC.

 N The profile of engineering in all its branches needs to be 
raised significantly. Maybe a campaign is required to il-
lustrate what will happen if engineers disappear from the 
scene. The part that engineers play in the provision of 
services, infrastructure, forward planning, etc, needs to 
be highlighted far more than it currently is. It seems that 
it is only the bad news that ever hits the public eye.
 N Engineers who are good communicators should be des-
ignated in all the major centres where newspapers and 
television reporters are based, as points of contact for the 
media to obtain accurate information or comment. These 
individuals should be the first port of call for the media.
 N The Institution’s Council needs to lay down guidelines on 
how the Institution, on behalf of the membership, comments 
on issues of the day. Should the Institution have commented 
on aspects of the e-tolling system being imposed on the 
Gauteng public? A measured engineering comment on the 
degree of transparency would have been well received; or 
the impact of increasing axle loads on trucks to 9 tonnes.  
 N Political contacts need to be strengthened to make 
politicians aware of the impact of decisions, particu-
larly where engineers are side-lined to the disadvan-
tage of the profession and the public at large.
 N Positive proposals need to be put forward for 
overcoming the shortage of trained and com-
petent professionals in the public service.
 N The SAICE CEO is writing excellent editorials that only 
reach the membership. Surely the correct tack should be to 
get the information to a much wider and influential audi-
ence for it to have any impact. There should also be an agreed 
outlining of what the Institution and its members can do to 
improve the situation. The format of this is for discussion.
 N Maybe the time is right for the Institution to publish a 
Vision for Engineering for the future, much along the lines 
of ASCE and its Vision 2025. The five-yearly score-sheet 
is a useful and important reminder of where the failures 
are. It is, however, important to publish it widely, with rec-
ommendations about what can be done to overcome the 
problems. The time interval should also be shortened.
 N Many of these ideas could be formulated in association 
with CESA, SAFCEC and other professional institutions, 
such as the Mechanicals, Electricals and Chemicals.    

CONCLUSION
The ideas that have been put forward in this set of articles are for 
consideration by various bodies, and the engineering fraternity at 

large. The writer hopes that this overall review, even if somewhat 
general, has highlighted issues of concern and will stimulate 
discussion, produce further ideas and advance the standing of 
engineers. Many of the solutions are in our hands.

The following quote from the NDP serves as a warning by the 
creators of the plan of the bottlenecks that exist:

 “The National Planning Commission (NPC 2011) pointed out that 
‘transformation in the post-apartheid state required that the racial 
monopoly over skill be challenged and dismantled’. Their analysis of 
the current state of play within government on the outcome of this 
imperative is that ‘the result has been a reduction in the number 
of professionals available to the state, and a looming crisis in the 
generational reproduction of professional expertise as the ageing 
cohorts continue to leave the system’.  The NPC also recognises that 
‘this skills deficit has an adverse impact not only on frontline ser-
vice delivery … but also on the ability of government to engage in 
long-term planning, coordination across institutions, run efficient 
operations, ensure adequate maintenance of infrastructure, estab-
lish organisational systems and routines, and manage personnel 
and industrial relations.”

I believe that the time is now opportune for the profession to 
look at itself and the needs of the country, and to apply its com-
bined skills to create a system that will work for the good of all. 
It must generate an awareness of the skills on offer and show that 
engineers are capable of playing a major role in solving the prob-
lems facing the country. 

Let us live up to the motto “Engineers get things done!” 
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How to use readymix concrete

This introductory article is the 
first in a series of short articles 

on how to deal with readymix 
concrete. It seems there is more 

confusion about the correct 
handling of readymix concrete 
than is generally realised, and 

we trust that this series will 
address these uncertainties. The 

intention is to keep the articles 
short so that they can be kept 

as handy ‘how-to’ notes.

INTRODUCTION
Mistakes that construction profes-
sionals make when specifying, ordering 
and receiving concrete can have far-
reaching strength and performance 
effects on houses and other structures 
built by them.

It is very important that project man-
agers, on-site contractors, and everyone 
involved in ordering and buying concrete, 
familiarise themselves with the right pro-
cesses and procedures when working with 
the most important building material. 

There are hundreds of different types 
of readymix available on the market for 
use in different applications. It is, how-
ever, important to remember that many 
different mix designs can be supplied to 
make allowance for workability, and that 
many other factors can affect the success 
of concrete on site. The relationship be-
tween the buyer/user and the professional 
readymix company therefore needs to be 
accurate and precise.

GETTING SPECIFICATIONS RIGHT
The most important factor is to make sure 
that you are dealing with a reputable, ac-
credited readymix company who adheres 
to quality standards and honest business 
practices. Contractors and specifiers 
can then rest easy knowing that they are 
dealing with a professional organisation. 
Accredited plants are checked and audited 
to ascertain whether they have the right 
staff and are following correct processes 
to produce quality products, and whether 

they consider the environment and the 
health and safety of their workers and the 
surrounding communities. In addition, 
accredited plants also have to comply 
with road traffic regulations.  

PLACING AN ORDER
Always revert to the specification, and 
have discussions relating to exact require-
ments on site. If the project is large or 
complex it is wise to have the technical 
staff of readymix suppliers visit the site to 
assess the practicalities and identify pos-
sible pitfalls.

Technical specifications need to be 
clearly spelled out regarding the strength 
and characteristics of the concrete – how 
much is required where and when (bear in 
mind that you can be charged a disposal 
fee for the return of unused concrete). 
Specify the workability and consistence 
(slump) of the concrete to be delivered, 
and also inform the readymix supplier of 
the type of equipment that will be used to 
receive the concrete.

Highlight the method of placing 
the concrete on site and decide how the 
concrete will be moved around the site. 
When dealing with freshly delivered 
readymix, timing is of the essence. As 
a rule you have five minutes per cubic 
metre to offload and place the concrete. If 
the truck stands for too long, the concrete 
may begin to set, changing its workability 
characteristics, which may affect the end 
result. Also bear in mind that you could 
be charged demurrage if the truck has 
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to stand longer than the allocated time. 
Discuss and agree upon the rate of de-
livery that will be required.

Note all of the above in a kind of 
tick-list format, and make sure that the 
correct manpower and equipment are 
allocated to accept the concrete on the 
delivery date and time. Also ensure site 
access in terms of permission, physical 
space and how close the truck can get to 
the point of discharge.

ON-SITE ACCEPTANCE
Always carefully check the delivery note 
to ensure that you get the right concrete 
at the right place and time. Also check 

the time of batching, so that you know it 
is fresh (normally no more than an hour 
old). Before discharge, ask the operator to 
spin the drum for at least five minutes at 
high revolutions for a final mix (it takes 
about 100 high-speed revolutions to cor-
rectly mix the concrete).

Once the discharge starts, check 
that the sampling for testing is done 
properly and according to procedure. 
Once it has been placed, it needs to be 
protected and cured.

PROFESSIONAL OPTION
Considering the increasing number of 
professionals who specify readymix 

concrete, the correct specification and 
handling of the concrete is essential.  
The shift towards readymix is most 
often motivated by cost considerations 
when factoring in all the costs associ-
ated with site-mixed concrete (such as 
the costs of health and safety, mix de-
signing, testing, storage, theft, and the 
disposal of waste concrete).

To find out more about readymix 
concrete suppliers available in your area, 
visit the Southern Africa Readymix 
Association (SARMA) at:
T: +27  11 791 3327
E: office@sarma.co.za
W: www.sarma.co.za 

SARMA represents reputable readymix 
concrete companies and promotes 
readymix concrete as the preferred con-
struction material. Established to regulate 
the readymix industry, SARMA aims to 
advance industry technology through 

research and participation, and develops 
industry standards that promote the use of 
readymix concrete. To counter unscrupu-
lous producers who supply inferior quality 
readymix, engineers are encouraged to 
work with SARMA to formulate strategies 

which will ensure access to the highest 
quality concrete. All SARMA members are 
subject to stringent annual plant audits to 
ensure compliance with the SARMA health 
and safety, quality, environmental and road 
safety standards. 
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Clause 3.1.1 of the By-Laws reads as follows: 
“Every candidate for election to the Council shall be a 
Corporate Member and shall be proposed by a Corporate 
Member and seconded by another Corporate Member.” 

Nominees accepting nomination are required to sign op-
posite their names in the last column of the nomination form. 
Nomination for election to Council must be accompanied by 
a Curriculum Vitae of the nominee not exceeding 75 words. 
The CV will accompany the ballot form, and the format of 
the CV is described in Sections A and B. According to a 2004 
Council resolution, candidates are requested to also submit a 
focus statement. Please see Section C in this regard.

Section A:  Information concerning the nominee’s con-
tribution to the Institution.

Section B:  Information concerning nominee’s career, 
with special reference to civil engineering 
positions held, etc.

Section C:  A brief statement of what the nominee in-
tends to promote / achieve / stand for / intro-
duce / contribute, or preferred area of interest.

Please note: Nominations received without 
an attached CV will not be considered.
Closing date: 29 July 2016. Acceptable transmission formats – 
email, fax and ordinary mail. All nominations are treated with 
due respect of confidentiality.

If more than 10 nominees from Corporate Members are 
received, a ballot will have to be held. If a ballot is to be held, the 
closing date for the ballot will be 31 August 2016. Notice of the 
ballot will be sent out using two formats, i.e.
1  By e-mail to those Corporate Members whose electronic ad-

dress appears on the SAICE database, and
2  By normal surface mail to those members who have not in-

formed SAICE of an e-mail address.

M Pillay Pr Eng 

Chief Executive Officer 

April 2016

TO ALL CORPORATE MEMBERS
NOMINATIONS FOR ELECTION OF SAICE 2017 COUNCIL
THE SOUTH AFRICAN INSTITUTION OF CIVIL ENGINEERING – Nomination for election 
of Members of Council for the year 2017 in terms of Clause 3�1 of the By-Laws 

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

In accordance with Clause 3.3 of the Constitution, the Council 
has elected Office Bearers for the Institution for 2017 as follows:

President Mr S Naicker

President-Elect Mr E Kerst 

Vice-President Mr V Krishandutt

Vice-President Mrs D Magugumela

Vice-President Mr A Frieslaar

Vice-President Mr E Chinnappen

In terms of Clause 3.3.4 of the Constitution, the following are 
ipso facto members of the Council for the year 2017:

The immediate Past-President Dr C Herold

The two most recent Past-
Presidents

Mr M Pautz

Mr S Mkhacane

 

Civillain by Jonah Ptak
For more engineering humour, please visit “Unreal Bridges” 

on Facebook and “@TheUnrealBridge” on Twitter.
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SAICE Training Calendar 2016
Course Name Course Dates Location

CPD Accreditation 
Number

Course 
Presenter

Contact

GCC 2015 (Third Edition)

6–7 June 2016 Mafikeng

SAICEcon16/01869/19 Benti Czanik cheryl-lee@saice.org.za

9–10 June 2016 Polokwane

13–14 June 2016 Kimberley

28–29 June 2016 Nelspruit

16–17 August 2016 Pretoria

6–7 September 2016 Midrand

GCC 2015 and 

GCC 2010 Differences

20 June 2016 George

SAICEcon16/01890/19 Benti Czanik dawn@saice.org.za

27 July 2016 Cape Town

1 August 2016 Port Elizabeth

22 August 2016 Polokwane 

29 August 2016 East London 

Project Management of 

Construction Projects

19–20 July 2016 Midrand

SAICEcon15/01754/18 Neville Gurry cheryl-lee@saice.org.za

13–14 September 2016 Durban

27–28 September 2016 Cape Town

4–5 October 2016 Port Alfred

11–12 October 2016 Bloemfontein

Technical Report Writing

29–30 June 2016 Midrand

SAICEbus15/01751/18 Les Wiggill cheryl-lee@saice.org.za

25–26 July 2016 Port Elizabeth

1–2 August 2016 East London

5–6 September 2016 Cape Town

17–18 October 2016 Midrand

Structural Steel Design to 

SANS 10162-1-2005
24 October 2016 Midrand SAICEstr15/01726/18 Greg Parrott cheryl-lee@saice.org.za

Reinforced Concrete Design 

to SANS 10100-1-2000
25 October 2016 Midrand SAICEstr15/01727/18 Greg Parrott cheryl-lee@saice.org.za

Practical Geometric Design
27 June–1 July 2016 Midrand

SAICEtr13/01418/16 Tom Mckune dawn@saice.org.za
21–25 November 2016 Midrand

Business Finances for Built 
Environment Professionals

9–10 June 2016 Midrand SAICEfin15/01617/18
Wolf 

Weidemann
dawn@saice.org.za

Handling Projects in a 
Consulting Engineer's 
Practice

6–7 June 2016 Midrand SAICEproj15/01618/18
Wolf 

Weidemann
dawn@saice.org.za

Leadership and 

Management Principles and 

Practice in Engineering

8–9 June 2016 Cape Town

SAICEbus15/01784/18 David Ramsay dawn@saice.org.za17–18 August 2016 Durban

14–15 September 2016 Port Elizabeth

Water Law of South Africa

20–21 September 2016 Durban

SAICEwat13/01308/16
Hubert 

Thompson
dawn@saice.org.za27–28 September 2016 Cape Town

20–21 October 2016 Midrand

The Legal Process dealing 

with Construction Disputes

31 May–1 June 2016 Port Elizabeth

SAICEcon13/01368/16 

SACPCMP/CPD/15/010

Hubert 

Thompson
dawn@saice.org.za

26–27 July 2016 Polokwane

17–18 August 2016 Nelspruit

30–31 August 2016 Bloemfontein

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

20–22 July 2016 Midrand SAICEcon15/01840/18
Prof Zvi 

Borowitsh
dawn@saice.org.za

Sanitary Drainage 
Systems for Buildings 

10 June 2016 Midrand SAICEwat12/01103/15 Vollie Brink dawn@saice.org.za

SAICE / Induna Training Services 
Comparing Construction 
Contracts

29–30 July 2016 Cape Town
SAICEcon15/01855/18 Lydia Carroll dawn@saice.org.za

8–9 September 2016 Durban

The Implementation 
of the Model Services 
Agreement including the 
Role of the Engineer

23 June 2016 Midrand SAICEcon15/01858/18 Peter Glass dawn@saice.org.za
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SAICE / Induna Training Services 
Course Name Course Dates Location

CPD Accreditation 
Number

Course 
Presenter

Contact

FIDIC Claims and Dispute 

Resolution
27 June 2016 Cape Town SAICEcon15/01857/18 Peter Glass dawn@saice.org.za

SAICE / South African Road Federation (SARF)
Asphalt: An Overview of 
Best Practice 

5–6 July 2016 Durban
SAICEtr15/01806/18
SARF15/5001/18

J Onraet
sybul@sarf.org.za / 
tshidi@sarf.org.za

Concrete Road Design and 
Construction

29 June 2016 Cape Town

SAICEtr15/01802/18 
CSSA-N-2013-08

B Perrie, 
Dr P Strauss

sybul@sarf.org.za / 
tshidi@sarf.org.za

20 July 2016 Durban

20 September 2016 Gauteng

27 September 2016 Port Elizabeth

Pavement Rehabilitation 
by Recycling / Bitumen 
Stabilisation

14–15 June 2016 Gauteng
SAICEtr15/01810/18 
SARF15/0004/18 
SAICEtr15/01807/18 
(Assignment) 
SARF15/0041/18

Prof Kim 
Jenkins, 
D Collings,  
K Louw

sybul@sarf.org.za / 
tshidi@sarf.org.za

10–11 August 2016 Bloemfontein

Construction of 
G1 Bases 

18 July 2016 Cape Town 
SAICEtr15/01809/18
SARF14/9103/17

E Kleyn
sybul@sarf.org.za / 
tshidi@sarf.org.za

Stormwater Drainage 6–10 June 2016 Cape Town
SAICEtr15/01808/18   
SARF12/0107/15

C Brooker, 
Matt Braune, 
Alaster Goyns

sybul@sarf.org.za / 
tshidi@sarf.org.za

SAICE / Mentoring 4 Success
Generational Differences 

and Learning Styles 

Workshop – in the 

Engineering and 

Construction Workplace

14 June 2016 Midrand SAICEbus16/01889/19
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

Behavioural and

Emotional Dynamics – in

the Engineering and 

Construction Workplace

15 June 2016 Midrand SAICEbus16/01888/19
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

Mentors Masterclass in

Engineering and

Construction

13–14 July 2016 Midrand SAICEcon14/01675/17
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

Knowledge Mentoring 

in Engineering and 

Construction

23–24 August 2016  Midrand SAICEbus16/01886/19
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

Kick-start Structured 

Mentoring Programme
Book on request – SAICEbus16/01887/19

Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

Head Start Structured

Mentoring Programme

in Engineering and

Construction

Book on request – SAICEot14/01701/17
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

½-day, 1-day and 2-day courses are based on a minimum of 10 participants.

In-house courses and workshops are limited to a maximum of 15.
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Candidate Academy
Course Name Course Dates Location

CPD Accreditation 
Number

Course 
Presenter

Contact

Road to Registration for 

Candidates

2 August 2016 Durban
CESA357-04/2016 Allyson Lawless lizelle@ally.co.za

12 September 2016 Midrand

Road to Registration for 

Mature Candidates

23 August 2016 Midrand

CESA484-01/2017

Peter Coetzee

lizelle@ally.co.za
7 September 2016 Cape Town Peter Coetzee

15 November 2016 Durban Peter Coetzee

1 December 2016 Midrand Stewart Gibson

Basic Contract 

Administration and Quality 

Control

31 Aug–2 Sept 2016 Durban
CESA359-04/2016 Theuns Eloff lizelle@ally.co.za

9–11 November 2016 Midrand

Getting Acquainted with 

Road Construction and 

Maintenance

6–8 June 2016 Midrand
CESA379-05/2016 Theuns Eloff lizelle@ally.co.za

5–7 September 2016 Durban

Pressure Pipeline and 

Pump Station Design and 

Specification – A Practical 

Overview

20–21 October 2016 Cape Town CESA376-05/2016 Dup van Renen lizelle@ally.co.za

Getting Acquainted with 

GCC 2015
11–12 August 2016 Durban CESA377-05/2016 Theuns Eloff lizelle@ally.co.za

Getting Acquainted with 

Sewer Design

19–20 July 2016 Midrand

CESA378-05/2016 Peter Coetzee lizelle@ally.co.za13–14 September 2016 Durban

22–23 November 2016 Cape Town

In-house courses are available. 

For SAICE in-house courses, please contact Cheryl-Lee Williams (cheryl-lee@saice.org.za) or  
Dawn Hermanus (dawn@saice.org.za) on 011 805 5947.

For Candidate Academy in-house courses, please contact Lizélle du Preez (lizelle@ally.co.za) on 011 476 4100.

The SAICE Marine Division was formally approved by Council 
last year. Since then, a total of 93 SAICE members have joined 
the Division. Approximately half the members are Cape based, 
with other significant clusters in the Durban and Algoa/Amathole 
regions. At the end of 2015, a general meeting in Cape Town ap-
pointed a standing committee, and since the beginning of this year 
it has been active in the process of setting up the new Division. An 
immediate priority going forward is to set up standing communica-
tion with its two clusters and with individual members elsewhere. 

Broadly, the fields of interest will be the water side of com-
mercial ports, coastal management in general, and the waterside 
urban edge in particular. While the commercial ports have a long 
tradition of competent harbour engineering capacity, the same is 
not true for cities, towns and provinces. Not only will the Marine 
Division work to advance the state of the art in commercial ports, 
it will also work to assist the public and municipal sectors upgrade 
their own coastal engineering capacity. In this latter respect, there 
is a growing crisis worldwide of urban push to the edge of the sea 
and concomitant damage during storms. 

We expect that there will be some overlap in harbour interests 
with the Railway and Harbour Division, in river estuaries and silt 

loads with the Water Division, in urban coastal development with 
the Institute of Municipal Engineering of Southern Africa (IMESA), 
and in coastal and marine environments with the Department of 
Environmental Affairs. It is our intention, in all cases, to seek to set 
up cooperative ventures with these divisions and organisations 
to explore shared issues and to promote the special skills that 
coastal and harbour engineers can contribute.

South Africa has excellent environmental legislation, including 
coastal management. However, environmental capacity alone, 
without the complementary backup and full participation of coastal 
engineering capacity, is seriously inadequate and in some situa-
tions could even become counterproductive.

SAICE’s 2016 President, Dr Chris Herold, will be visiting Cape 
Town on 11 May and the Western Cape Branch has graciously 
agreed that the occasion will also be used for the formal induction 
and publication of the new Marine Division.

Keith Mackie Pr Eng
Chair: Marine Division
keith@mackie.co.za 
To join: saice.marine@gmail.com, Twitter: @saice_marine

Establishment of the SAICE Marine Division
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Lemaitre Hunter Safety Boot

D-RING SPEED LACE 
SYSTEM
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Design from the ground up

with fast, efficient design

processes

CIVIL
DESIGNER 8.0

www.civildesigner.com

Exceptional engineers take 

advantage of integrated design 

tools of world-class excellence.


