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Numbers and Decrees
F R O M  T H E  C E O ’ S  D E S K

Clever black people, like the obtuse politi-

cian, shall always be among us. 

Over the past few weeks I contem-

plated the intrinsic disposition of engi-

neers. Th e premise upon which Civilution 

is founded, assumes that all engineers 

are ethical, professional, innovators, are 

servants of the disenfranchised and are 

custodians of the natural environment – 

that we are in the redemption strategy to 

restore fairness, order and balance. But 

I’ll philosophise about this next month if I 

am not distracted by an obtuse politician.  

For this rendition, however, I want to 

mull over transformation. Together with 

politics, racism and apartheid, transfor-

mation is one of those hot potatoes engi-

neers fi nd too hot to handle. 

I was fascinated to read in prominent 

media that, for the masses, party selection 

for the elections was based on skin colour, 

and not performance or capacity to de-

liver. But the elections are over and South 

Africa has chosen to return to the same 

old restaurant that served us burnt steak, 

simply because the paint colour on the 

building is comforting and burnt steak is 

familiar cuisine.  

Having said this, I cherish our de-

mocracy, nationalism and the liberty 

to choose our government, to enjoy 

abundant cultural and natural capital, 

freedom of expression and equal eco-

nomic opportunity for all – benefi ts 

liberally dispensed over us, but stingily 

denied to others in lesser egalitarian so-

cieties around the world. Th e Economist 

of 3–7 May 2014 accurately expresses 

my sentiment on our election outcome: 

“South Africa is a better place than in 

1994, but it is going in the wrong direc-

tion.” Trevor Noah is a prophet.  

Just before the elections, Fikile 

Mbalula, mighty Minister of Sport, in the 

interest of transformation and 'plural de-

velopment', announced imposing a 60-40 

quota system, favouring black players in 

our national sports teams. Some clever 

white people tackled the Minister saying 

that this was racial discrimination that 

infringed on the dignity of young people, 

and that racism is against the policies 

of international sporting authorities. 

Th ey also articulated to the Minister 

that quotas are against the Employment 

Equity Act and our National Constitution, 

and are therefore unlawful. 

Th e repentant Minister made a 

screeching U-turn after the elections: “I 

am not imposing any 60-40 onto anybody. 

I am not going to sit as a Minister in gov-

ernment and ignore South Africans that 

have concerns about the positions we've 

taken… at least I know what to do next."

Haibo! You mean you didn’t consult 

our sporting bodies before rubbing your 

magic lamp? I was disappointed with the 

Minister’s change of heart. I had aspira-

tions to try out for the Bokke. But how’s 

that for a shrewd tactic to win votes by a 

not so obtuse politician.

Transformation is an absolute impera-

tive. Under apartheid, race was used to 

control access to our country’s resources 

and to education. Based on this history, 

and despite 20 years of freedom, our 

operational social and economic cir-

cumstances still inhibit a vast majority 

of our people, particularly black people, 

from actively engaging in free enterprise 

and becoming skilled. But I opine that 

the strategy in which we achieve trans-

formation needs intervention. It should 

not be divisive, but inclusive of all South 

Africans. It should aim to keep us at the 

front of the African economy. Not second. 

Our very own beloved ECSA, whose 

honourable purpose is to represent gov-

ernment (and not industry) and to protect 

public interest, is an example of how not 

to achieve transformation. Recently ECSA 

instructed SAICE, as the VA (voluntary 

association) promoting the interests of 

the civil engineering discipline, to nomi-

nate up to 20 HDI professional engineers 

to serve on the Professional Advisory 

Committee for Civil Engineering and as 

Panel Members at Professional Reviews. 

Th is is impractical. ECSA also made an 

embarrassing U-turn and retracted after 

some fuss. Sounds like obtuse politics. 

Allyson Lawless and SAICE have pro-

duced internationally acclaimed studies 

on actual numbers of engineering profes-

sionals in South Africa, and these studies 

advise transformation strategies. I found 

these exceptional reads in my own study 

on the factors aff ecting the development 

of black South African civil engineers.

At SAICE we have positioned our-

selves as the professional voluntary asso-

ciation of excellence and choice in Africa. 

We strive for excellence in service delivery 

to our members, excellence in technical 

leadership to the public sector, excellence 

in learned society activities, and being 

national PR for civil engineering. 

Quite frankly, SAICE is not distin-

guished for its affi  nity towards gender 

or race, i.e. white or black engineering 

professionals. We are a home for all clever 

people who strive for excellence in civil 

engineering, irrespective of gender or 

political persuasion, race or faith. Our 

transformation policy is distinction and 

excellence in civil engineering. 

Any civil engineering professional 

who wishes to be associated with excel-

lence and a world-class institution, the 

doors of SAICE are welcoming and open 

for you. 
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ON THE COVER
AVENG Ground Engineering was 

entrusted with the design and 

optimisation of the pile and dowelled 

solution at the 141 MW Gouda Wind 

Farm Facility in the Western Cape. 

The intuitive combination and skilful 

installation of these technologies 

facilitated a reduction in the overall 

installation cost of the turbine bases.                  
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O N  T H E  C O V E R

AVENG Ground Engineering’s contribution 
to renewable energy in South Africa

INTRODUCTION
Renewable energy sources, other than biomass energy (the en-

ergy from plants and plant-derived materials), have not yet been 

exploited optimally in South Africa. Th erefore the Department of 

Energy (DoE) has strengthened international relationships in this 

area via partnerships established during the World Summit on 

Sustainable Development (WSSD) in 2002.1

Th e Department has introduced nominal, once-off  capital 

subsidies to assist project developers in implementing economi-

cally sound projects that are readily fi nanced by fi nancial institu-

tions.1

One of these projects is the Gouda Wind Farm Facility, lo-

cated just outside the small town of Gouda in the Western Cape, 

South Africa.

AVENG Ground Engineering was approached to investigate 

the site foundation conditions for the proposed 47 no wind tur-

bine towers (each turbine has an output of 3 MW).

Th is geotechnical study was completed in November 2012, 

and based on the fi ndings it was proposed that 6 no out of the 

total 47 no wind towers will be founded on piled foundations. 

Th e remaining 41 no wind towers will be founded on large rein-

forced concrete bases, situated directly onto the underlying soft 

rock shale horizon, located at shallow depths.

DESIGN
AVENG Ground Engineering approached ARQ Consulting 

Engineers for the design of the piled foundations. ARQ used the 

loading and proposed base size information to create a 3D model 

of the base and piles using PROKON’s Frame analysis program. 

Th e model derived the expected rotation, settlements and 

maximum pile loads. Th e model was then evaluated considering 

these outputs.

From numerous iterations it became evident that the selected 

spring constants for the piles were the most critical input values, 

since this was the determining factor in distributing the loads 

AVENG Ground Engineering on site at the Gouda Wind 
Farm Facility in the Western Cape
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between the base and the piles. With very little settlement of the 

piles expected in the soft rock, fairly high spring constants were 

chosen for the piles.

It was found in the analysis that the most optimal design re-

quired the installation of 16 no 750 mm diameter piles (using a 

40 MPa, 19 mm stone concrete mix, as requested by the client) 

designed to socket 3.0 m into the underlying soft rock shale. 

Due to the high-perched water table encountered, a high possi-

bility of side-wall collapse within the top alluvial soils, and low 

friction capacity of the top alluvial soils, Screw In Cased Auger 

Piles (SICAP) using tremie pipes for the casting of concrete 

(200 mm slump) were adjudged to be the most cost-eff ective 

installation method.

From the results of the analysis it was clear that tension loads 

(uplift of the piled raft) were the most critical loads, working 

simultaneously with the moment generated by the wind and the 

dynamic movement of the turbine head.

Th e geotechnical report indicated that the consistency of 

the shale increased dramatically with depth, so the fi rst logical 

solution of drilling longer rock sockets to resist the tension loads 

would not have been possible.

Bearing-capacity calculations of the 3.0 m rock socket 

showed that the shaft friction generated alongside any individual 

pile was not suffi  cient to resist the tension force generated by the 

uplift of the piled raft foundation.

To counteract this big tension load on any individual pile, 

dowels were installed within each pile. Th e dowels of each pile 

consisted of 3 no, 11.0 m long, Y32 threadbar 950s, each one 

installed within a circular hot-rolled tube. Th e dowels extended 

7.0 m below the pile into the soft rock shale, and 4.0 m into the 

pile. Th ese dowels were grouted up using a 40 MPa grout.

PROJECT MANAGEMENT
At the start of the project, concrete and steel reinforcing 

supply was a major problem. The high-slump, high-strength 

readymix concrete required, had to be transported from 

Wellington, which is approximately 50 km from the Gouda 

Wind Farm Facility.

The initial concrete trials were unsatisfactory due to f lash 

setting of the concrete occurring during the casting of con-

crete using tremie pipes. The concrete mix was adjusted until 

the required result was obtained, before the installation of the 

piles commenced. 

With time the readymix supplier commissioned a concrete 

batch plant on site, which resulted in faster turnaround times, 

lower cost and more consistent concrete supply.

Th e steel reinforcing pile cages were initially assembled in 

Cape Town and transported to site. Th is assembly process was 

not cost-eff ective and caused production delays. To increase 

productivity, steel reinforcing was delivered to site in bulk and 

assembled on site using steel fi xers provided by the steel rein-

forcing supplier.

Th e ground conditions for the most part of the site were 

similar to the geotechnical information supplied, and side-wall 

collapse and strong water seepage were dealt with, using Screw In 

Casings and casting of concrete using tremie pipes respectively.

Besides the above-mentioned diffi  culties experienced on site, 

all piles were installed and handed over, on schedule and within 

budget, thanks in no small part to Site Agent Stephane Ouakam, 

Senior Foreman Wilson Mooi and their highly skilled and dedi-

cated site team.

REFERENCE
1. http://www.energy.gov.za/fi les/renewables_frame.html
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At the start of the project, concrete and steel 

reinforcing supply was a major problem. 

The high-slump, high-strength readymix 

concrete required, had to be transported 

from Wellington, which is approximately 

50 km from the Gouda Wind Farm Facility.

PROKON Frame analysis model of shell stresses

Underwater casting of concrete using tremie pipes 
to ensure the quality of the pile
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F O R W A R D  W I T H  C I V I L U T I O N

The Civilution Congress, hosted at Emperors Palace in 

Johannesburg in April, saw some 500 delegates from near 

and far, including many from our sister institutions in Africa, 

coming together in solidarity to deliberate on how to build 

a better future (see article on page 7 of the April edition of 

Civil Engineering). 

Th rough numerous parallel sessions hosted by industry/

voluntary bodies and SAICE technical divisions, supported by 

people of stature from government, the public sector, the private 

sector and academic institutions, attendees regained hope for 

the better future that the Civilution movement symbolises, and 

renewed their focus on how to develop and implement much-

needed infrastructure in South Africa.  

Innovative, practical ideas for improving the state of the industry 

have arisen from this ground-breaking Congress. Th e Civilution 

movement has indeed been fi rmly put on the map, and it is now up 

to the engineering fraternity to keep the momentum going. In future 

editions of Civil Engineering we will report on the activities of the 

Civilution Forum, which comprises leaders from across the engi-

neering spectrum who seek to advance the engineering profession’s 

aspirations, as embodied by the Civilution movement. 

Civil Engineering will also, over the next months, be sharing as 

many of the Congress presentations with its readers as space allows. 

We start off  by publishing Advocate Th uli Madonsela’s keynote ad-

dress (see page 13). 

Please turn over for a few photos taken during Congress sessions.

Foundation of a new era 

A light-hearted moment on arrival between Stanford Mkhacane 
(SAICE President), Minister Trevor Manuel and Manglin Pillay (SAICE CEO)

Adv Thuli Madonsela arriving at the Conference Centre, 
welcomed by SAICE CEO Manglin Pillay
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Arthur Taute (Chairman: Group of African Member Associations 
of FIDIC) addressing delegates during his plenary session 

Paolo Trinchero (SAISC CEO) speaking on developments in the 
structural steel industry which could revolutionise construction

Trueman Goba (Hatch Goba, Member National Planning 
Commission, SAICE 2002 President) putting forth ideas

Ketso Gordhan (CEO of PPC Cement) fi elding 
questions during a panel discussion 

Paying close attention during the plenary addresses 

Through numerous parallel sessions hosted 

by industry/voluntary bodies and SAICE 

technical divisions, supported by people of 

stature from government, the public sector, 

the private sector and academic institutions, 

attendees regained hope for the better future 

that the Civilution movement symbolises.
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Makotsene Makgalamele (SAICE Young Members Panel) 
performing in the Ethicana play of the YMP

Lefadi Makibinyane (CESA CEO) during discussions
on infrastructure procurement   

Marelize Visser of SAICE’s Joint Structural Division listening attentively Adekunle Mokuolu (Nigerian Society of Engineers) addressing delegates 

Prof Mitchell Gohnert (HOD of Civil Engineering at Wits University) 
participating in one of the parallel sessions 

A passionate Bobby Godsell (former CEO of Anglo Gold Ashanti, Member 
National Planning Commission) closing off proceedings on the fi nal day  
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IT IS AN HONOUR for me to address this crucial Congress 

under the theme, Th e Engineering Revolution.

I recently spoke to a friend of mine who happens to be an 

engineer, and suggested that the world revolves around engi-

neering. He said everyone must study engineering. I am not 

sure if he is right. But I do think every organisation should have 

an engineer. We have done so at the Public Protector of South 

Africa by employing a Business Process Engineer, whose role is to 

enhance our business processes through the use of technology, 

among other things.

I am a member of the World Justice Forum. Some of my 

fellow members are engineers. I wondered why, and they said the 

value of law should not be left to lawyers alone. Th ey are of the 

view that other professionals can play a role in upholding the rule 

of law.

I wondered why you have an interest in corruption. Th en I 

realised this wasn’t the fi rst time I speak to you. Perhaps what you 

want is a level playing fi eld when you bid for government contracts.

Th e timing of this Congress, which brings together many of 

SAICE's members and others, including civil engineers, tech-

nologists and technicians, is perfect. Th e Congress comes at the 

time when we as a country are taking time off  to refl ect on how 

we have fared over the last two decades in terms of breathing life 

into the constitutional promise of an improved quality of life for 

all our people, while transforming the state to one that conforms 

to the one envisaged in the Constitution.

As I reflected on the focus of my speech, which is corrup-

tion and ethics in the infrastructure engineering industry, I 

thought of a story I heard at an anti-corruption conference 

four years ago. A civil engineer was called and told that his 

Facing a rapt Civilution Congress audience, 
Advocate Thuli Madonsela addressed the 

engineering fraternity in her customary 
calm and confi dent manner.

Civilution Congress
Address by Public Protector 

Adv Thuli Madonsela

Readers who are not aware of the fact yet might be interested 
to know that Adv Thuli Madonsela was included in TIME maga-

zine’s 2014 list of ‘The 100 Most Infl uential People’ 
(see page 80 of TIME’s May 5 / May 12 double edition).
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daughter had been in an accident. He was told that the school 

bus in which his daughter commuted was involved in an ac-

cident when a bridge it was passing on collapsed. The first 

question that the engineer asked was, “Which bridge?” It 

transpired that earlier this engineer was one of the people 

contracted to construct a bridge. During the construction, an 

inspector had come to the engineer to inform him that there 

was a small structural defect on the construction works of 

the bridge. The inspector recommended that the bridge be 

destroyed and built anew. The engineer ignored the recom-

mendation and ordered that work proceed as scheduled. The 

engineer paid the inspector to keep quiet. As life would have 

it, it turned out that this was the very bridge that would later 

claim the life of the engineer’s daughter.

This Congress gives us an opportunity to scrutinise the 

role and contribution of members of this industry to this vi-

sion, and the critical role that you continue to play in that 

regard. Civil engineering is one of the most critical aspects 

of infrastructure development, making SAICE an important 

stakeholder of the state.

Encompassing important disciplines of the built industry, 

such as architecture, quantity surveying and construction, civil 

engineering is the backbone of infrastructure development.

In his budget vote speech earlier this year, Finance Minister 

Pravin Gordhan announced that government will invest a stag-

gering R847 billon in infrastructure development over the next 

three years. He told the joint sitting of Parliament that about 

R1 trillion had already been spent in this area in the last fi ve 

years. Th is massive infrastructure investment is not only meant 

to develop our cities, towns, townships and rural communi-

ties, but is also aimed at improving the quality of life of South 

Africans, as I have already noted.

Th rough the construction of roads, railway lines, ports, 

power stations, hospitals, schools, dams and shelter, the con-

stitutional vision of an improved quality of life is realised. Th is 

includes the provision of basic rights as articulated in Chapter 2 

of the Constitution, such as public healthcare, education, water 

and housing. It also includes the provision of access to quality 

transportation and electricity.

Of course the realisation of this constitutional promise is 

not only dependent on infrastructure development, as there 

are other aspects to it. Th e point that the delivery of all this 

infrastructure is dependent on, among others the knowledge, 

skills and services of the built industry, and in particular dis-

ciplines such as civil engineering, is a no-brainer. It is an open 

secret that government does not have the capacity to deliver 

this kind of infrastructure on its own, and that is where the 

built industry comes in. You therefore play a critical role in the 

development agenda of our state, and your contribution thus far 

is something to be commended.

CORRUPTION AND ETHICS
You have requested that I focus my speech on Corruption and 

ethics in the infrastructure engineering industry, taking into 

account corruption-related lessons we have learnt, and what 

engineers should be doing diff erently in order to meet the goals of 

service delivery to our people.

While preparing this speech, I thought about that engi-

neer I referred to earlier. I thought about the decisions he 

took. And I concluded that, that is why corruption matters. 

But what is this corruption? Corruption is defined in the 

Prevention and Combating of Corrupt Activities Act as the 

influencing of a party by another for gratification. This shows 

that corruption is a two-way street. If we go back to the story 

of the engineer, you will see that there was another person 

there, an inspector.

I was encouraged to note that you are already a step ahead in 

that you have systems in place aimed at rooting out corruption 

and to encourage ethical conduct, at least among members of 

SAICE. I found your Code of Ethics encouraging, and I thought if 

all professionals in this industry lived by it, we would have made 

greater strides as a country in terms of infrastructure develop-

ment. I will come back to this point later on.

Bear with me for a moment as I quote a few exemplary provi-

sions as articulated in the SAICE Code of Ethics for members, 

which I must add, need to be emulated by other industries, espe-

cially those that do business with the state. Among other things, 

the Code calls on members of SAICE to do the following:

1. Act with integrity and fairness.

2. Have regard for the public interest and for the interests of all 

those aff ected by your professional activities.

3. Maintain and broaden competence and assist others to do so.

4. Exercise appropriate skill and judgement.

5. Avoid confl ict of interest.

6. Treat people with dignity.

7. Don't misrepresent your areas of experience and responsibility.

If all engineers, even those who are not members of SAICE, 

operated according to these, we would not come across the 

things we come across in our investigations. Our messages are 

always informed by the practices we uncover during the course 

of implementing our constitutional mandate, which I will also 

touch on in a moment.

Recently I had an opportunity to interact with a group of 

young people at the University of Johannesburg. One of the 

questions I posed to them was whether – as our democracy 

turns 20 – we are where we are supposed to be in terms of de-

velopment and the improvement of people's quality of life. My 

view was that, yes, we have made great strides, but we are not 

where we should have been. I indicated that maladministration 

has played a big role in this, in the sense that resources that 

should have been used to bring us where we were supposed 

to be were lost through bad governance, and that is a fact. 

One needs to look no further than the reports of the Auditor 

General, the Special Investigating Unit and my offi  ce, among 

others, for proof.

Every time I make such a point, there is a tendency to assume 

that I am laying the blame squarely at government’s door. Th is 

assertion couldn’t be more wrong. While government should 

shoulder some of the blame or much of it, it is only fair to place 

on record that some in the business world have had a role to 

play, too. We already know that corruption is a two-way street, 

involving the corrupter and the corrupted.

May I state at the outset that, like in government where the 

majority of people are principled human beings who put the 

public interest ahead of their own, most of the people in busi-

ness are people with scruples, who have the best interests of the 

country at heart. However, we must acknowledge that among 

people with morals there are always bad elements, whose con-

duct regrettably tarnishes the good name of their disciplined 

counterparts.
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Who will forget the built industry scandal that involved 

big industry players colluding in a bid to obtain public tenders 

involving the construction of big capital expenditure projects 

such as the FIFA World Cup stadia? Some in society have 

even questioned why such conduct is only termed "colluding", 

arguing that critics are always too quick to term improper 

conduct in state affairs as "maladministration" or even "cor-

ruption". However, it is clear that when the Competition 

Commission dealt with that matter, it did so under the 

Competition Act, which uses the word “collusion” and not 

other words. This did not stop any other agency to investigate 

if there was corruption involved.

Since becoming Public Protector more than four years ago, I 

have dealt with many cases that opened our eyes to these reali-

ties. I invite you to read my reports Pipes to Nowhere, On the 

Point of Tenders and Secure in Comfort. You might also want to 

follow our intervention in Braamfi scherville, Soweto and our sys-

temic investigation into government's RDP housing programme. 

In all these we have observed and/or found that unscrupulous 

business people engage in the following:

1. Overbilling or infl ation of costs

2. False billing or billing for work not done

3. Shoddy work but contractors paid in full 

4. Scope creep

5. Dishonest certifi cation of projects.

Over billing: There is a practice where state money is han-

dled as though it is orphaned money. Services that would cost 

a certain amount in a private project suddenly cost double 

that or more just because it is the state that pays. In line with 

the SAICE Code of Ethics, would this kind of conduct be con-

sistent with acting with integrity and fairness? Would it have 

the due regard for the public interest and for the interests of 

those affected? Certainly not! This is one of the things that 

have slowed down the pace of improving the quality of life of 

the people of this country, because the extra funds that are 

channelled towards overbilling could have been used to build 

more houses for people, built more roads, brought access to 

healthcare, provided water and sanitation and helped eradi-

cate the school-under-a-tree phenomenon.

False billing: This is tantamount to theft. Business 

people who engage in this practice are basically stealing 

from the poor. How would a person that engages in this 

behaviour sleep at night after learning that a five-year old 

plunged into a pit latrine and died because the government 

didn’t have enough resources to build f lush toilets for that 

school in Limpopo? How does such a person sleep at night 

after learning that school kids in KwaZulu-Natal are forced 

to abandon their schooling for weeks, even months on end, 

because their homes and school are separated by a raging 

river, and the government is unable to build them a bridge 

due to lack of funds? Clearly false billing is not in the spirit 

of the provision of the SAICE Code of Ethics that deals with 

integrity and public interest.

Shoddy work: Poor workmanship is another area of 

concern, more so in the RDP housing programme. I held 

public hearings across the country on this subject in 2012. 

Everywhere I went, communities were complaining that the 

houses are falling apart. As a result, government has had to 

dig deep into its pockets to fund the rebuilding of many of 

those houses. This means the funds that could have been 

Recently I had an opportunity to interact with 

a group of young people at the University of 

Johannesburg. One of the questions I posed to 

them was whether – as our democracy turns 

20 – we are where we are supposed to be in 

terms of development and the improvement of 

people's quality of life. My view was that, yes, 

we have made great strides, but we are not 

where we should have been. I indicated that 

maladministration has played a big role in this, in 

the sense that resources that should have been 

used to bring us where we were supposed to be 

were lost through bad governance, and that is a 

fact. One needs to look no further than the reports 

of the Auditor General, the Special Investigating 

Unit and my offi ce, among others, for proof.

Every time I make such a point, there is a 

tendency to assume that I am laying the blame 

squarely at government’s door. This assertion 

couldn’t be more wrong. While government 

should shoulder some of the blame or much of 

it, it is only fair to place on record that some in 

the business world have had a role to play, too. 

We already know that corruption is a two-way 

street, involving the corrupter and the corrupted.
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used to build new houses for those people who have been 

left behind by development – and there are many of them – 

are used to correct what has already been paid for. The sad 

part is such contractors still continue to get state contracts. 

Again, this cannot be consistent with principles of integrity 

and public interest.

Scope creep: Th is is an occurrence where things that did 

not form part of the initial scope of work or contract are allowed 

to creep in and bloat the cost of projects, with the state paying 

nevertheless. Again, this chips away at the resources that would 

have been earmarked for something else, and contributes to the 

slow-down of progress in the government’s infrastructure devel-

opment agenda and the broader vision of improving the quality 

of life for the people of South Africa.

Dishonest certifi cation of projects: In Nala, in the Free 

State, we were shocked to learn that a contractor brought in to 

provide good quality sanitation to the community left the job 

undone, but got paid in full. Th e report titled Pipes to Nowhere 

chronicles how the contractor would erect the toilet structure, 

complete with pipes, but not connecting the pipe work to the 

main sewage arteries. As a result, communities continued to 

use the bucket system while the modern toilets remained white 

elephants in their backyards.

KEY STATUTORY MANDATE AREAS
Th is brings me to the role of my offi  ce. Section 181 of the 

Constitution establishes the Public Protector to support and 

strengthen constitutional democracy. Section 182 gives the 

Public Protector the power to investigate any conduct in state 

aff airs or in the public administration in any sphere of govern-

ment that is alleged or suspected to be improper or to result 

in any impropriety or prejudice, to report on that conduct and 

to take appropriate remedial action. Th e Public Protector also 

strengthens constitutional democracy through the pursuit of the 

following key statutory mandate areas:

Maladministration Investigations and Dispute Resolution

We have the power to investigate and redress maladministra-

tion involving service failure and conduct failure in all state 

affairs. Service failure involves service delayed, denied or of-

fered in improper quality or quantity. Conduct failure involves 

abuse of power, abuse of state resources, unethical conduct 

and corruption.

Executive Ethics Enforcement

We are the sole agency with the power to enforce the Executive 

Members' Ethics Code as mandated by the Executive Members’ 

Ethics Act 82 of 1998.

Corruption Investigations

We investigate allegations of corruption as mandated by Section 

64 of the Public Protector Act, read with the Prevention and 

Combating of Corrupt Activities Act 12 of 2004.

Protected Disclosures

We receive protected disclosures from whistle-blowers as man-

dated by the Protected Disclosures Act 26 of 2000.

Review of Decisions of the National Home Builders Registration Council 

We review decisions of the National Home Builders Registration 

Council as mandated by the Housing Protection Measures Act 

95 of 1998.

IN CONCLUSION
In conclusion, what then should be the role of the collective that 

has gathered here today? Your Code of Ethics has all the answers, 

but just to reiterate the traits of an honest business person that 

has the interests of this great nation at heart, I would like to leave 

you with the following:

1. Business people who trade with the state must always play fair. 

Charge the state what you would have charged if you were con-

tracted by a private sector establishment.

2. Use resources sensibly and guard against the temptation of 

maximising profi ts at the expense of providing quality infra-

structure that will be used by generations to come.

3. Be honest when charging the state. Only charge for work done, 

and if you have not done any, then do not submit an invoice.

4. Do not short-change the government. If the infrastructure 

you built is structurally unsound, do not charge the gov-

ernment in full. Actually, you should consider dismantling 

the whole thing and start anew at your own cost, because 

it would have been your own fault. That is the right thing 

to do.

5. When approached with off ers of kickbacks, do not play along. 

Believe in earning a living by the sweat of your brows.

6. Raise the alarm in the event of scope creeps and advise that 

a separate procurement process be embarked upon for extra 

works that crop up during a project.

7. Do not certify work that you know very well was not done 

according to standard, because it may have serious conse-

quences. Apart from the state having to spend more money to 

enlist the services of another contractor to mop up the spills of 

the previous one, such projects, if they are bridges or buildings, 

might pose a danger to the public.

8. Report any suspected improper conduct to institutions such 

as my offi  ce. You can also lodge a protected disclosure as a 

whistle-blower, and if you wish, we will protect your identity.

We live in a very rich country. Even though news channels 

are still abuzz with news that Nigeria has just overtaken us as 

Africa’s new economic powerhouse, I believe that we have more 

than enough to see to it that the constitutional promise of an 

improved quality of life for our people is realised. All we have to 

do as sectors, industries and individuals is to do our bit to ensure 

that our resources are used in line with the law and in the public 

interest. It is our duty to play a role in eff orts to ensure that ours 

is a state that is accountable, operates with integrity and is re-

sponsive to the needs of its people.

I thank you. 

Section 182 gives the Public Protector the 

power to investigate any conduct in state affairs 

or in the public administration in any sphere 

of government that is alleged or suspected 

to be improper or to result in any impropriety 

or prejudice, to report on that conduct and 

to take appropriate remedial action.
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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

Revival of the Old Lady
INTRODUCTION
In 1990, the Old Lady of Grootvlei seem-

ingly exhaled her last breath. As a result 

of a lack of demand for electricity, Eskom’s  

Grootvlei Power Station in the Province of 

Mpumalanga was mothballed. 

However, as the demand for electricity 

on the national grid increased dramati-

cally in recent years, although past her 

prime (she was originally commissioned in 

1969), it was decided that the Old Lady of 

Grootvlei would be upgraded and re-com-

missioned. Th e Grootvlei Power Station 

is the main lifeblood of the area, in that it 

creates jobs for 3 800 employees, 1 100 of 

whom are from the local community.

REINSTATING THE RAILWAY LINE
Th e delivery of fuel is pivotal in the sustain-

ability of any life source, and as part of the 

mission to revive the Old Lady, Transnet 

Freight Rail (TFR) Rehabilitation and 

Construction (R&C) was commissioned 

to reinstate the Balfour North – Grootvlei 

railway line, which will be the heartbeat of 

the power station in that its sole purpose will 

be the transporting of coal for its survival.  

Th e migration of freight volumes from 

road to rail transportation is not only 

a national objective, but a key objective 

of Transnet’s Market Demand Strategy 

(MDS) and Eskom’s road-to-rail migration 

programme. Th ese common strategies 

have forged a collaboration between 

Eskom and Transnet, with the objective 

of reaching higher targets of freight trans-

portation via rail as opposed to road.

Coal delivery to Eskom’s Grootvlei 

Power Station presented an immediate 

collaboration opportunity for Transnet 

and Eskom to achieve increased freight 

volumes via rail, and therefore the 

Balfour North – Grootvlei Railway Line 

Reinstatement Project was initiated.

Th is transformation could dramati-

cally decrease the volume of heavy ve-

hicles transporting freight on the road 

networks, thereby reducing the strain and 

pressure on road infrastructure. 

Th e project consists of two stages – the 

fi rst stage comprising the reinstatement of 

the railway line at a cost of R125 million, 

and the second stage entailing the con-

struction of a containerised coal solution at 

Roxanne Smith

Engineer-in-Training

Transnet Freight Rail

roxanne.smith@transnet.net

Coal delivery to Eskom’s 

Grootvlei Power Station 

presented an immediate 

collaboration opportunity 

for Transnet and Eskom to 

achieve increased freight 

volumes via rail, and therefore 

the Balfour North – Grootvlei 

Railway Line Reinstatement 

Project was initiated.

Eskom’s Grootvlei Power Station  
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Grootvlei Station. Stage one, during which 

21 km of single, non-electrifi ed railway 

line would reconnect the Natcor mainline 

to Eskom’s Grootvlei Power Station, com-

menced in January 2013 and was due to be 

completed by the end of March 2014.

Th e pre-existing railway line, which 

was originally designed to accommodate 

16 ton/axle loading, consisted of 48 kg/m 

rails and utilised primarily steel sleepers. 

Upon inspection, however, it was obvious 

that this line had been largely vandalised.

Th e reinstated railway line was 

designed to accommodate 26 ton/axle 

loading, which is in line with Transnet’s 

vision of upgrading the country’s railway 

networks to accommodate future in-

creases in tonnage.

Th e specifi cations of the reinstated 

railway line were as follows:

 ■ As the earthworks design of the original 

railway line had remained intact, the 

in situ soil could be mixed with the 

ferricrete present in the soil to form the 

A-layer of the formation. Th e construc-

tion of the B-layer was not necessary.

 ■ Th e earthworks design provided for a 

200 mm sub-ballast layer and a 200 mm 

super sub-ballast layer to accommodate 

26 ton/axle loading.

 ■ Th e width of the formation had to be 

extended from the original 2.4 m to 

5.5 m. Th is requirement necessitated 

the extension of the existing culverts.

 ■ Reconditioned S60 rails from the OREX 

line were used in order to reduce the 

total project cost.

 ■ PY sleepers were spaced at 650 mm to 

allow for the 26 ton/axle design loading.

 ■ A ballast profi le of 1 350 m³/m (required 

for 20 ton/axle loading) was adopted 

as opposed to the standard of 1 600 

m³/m required for 26 ton/axle loading. 

Th is was decided upon as a result of the 

Natcor line not yet having the capacity 

to support 26 ton/axle loading. Only 

when the line has been suffi  ciently 

upgraded, will the ballast profi le of the 

Balfour – Grootvlei line be increased to 

support 26 ton/axle train loads.

CHALLENGES ENCOUNTERED
Upgrading the railway line to accommodate 

26 ton/axle loading required a portion of 

the line to be re-graded from the ruling 

gradient of 1:50 to a gradient of 1:61 as part 

of the adopted strategy to eradicate severe 

gradients in order to accommodate longer 

train lengths without increasing the number 

of locomotives necessary to haul the train. 

The state of the original railway line at the beginning of the project

Re-grading the railway line to a 1:61 gradient with 
the road-over-rail bridge in the background

The construction of the steel-reinforced concrete deck of the rail-over-road bridge
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Th is strategy will decrease the operational 

costs of the line and will off er the added 

benefi t of decreasing the risk of skid marks. 

Th e earthworks, which were carried 

out to achieve the gradient of 1:61, resulted 

in the excavation of in situ soil to the level 

of the abutment footings of a road-over-rail 

concrete bridge. Th is posed the problem 

of the bridge potentially buckling due to a 

lack of support. In order to reinforce the 

structure, steel-reinforced concrete beams 

were constructed to span the distance 

from the one footing to the other.

Only once excavations had taken place 

in the vicinity of the 1.4 km mark, it was 

discovered that the rail-over-road steel 

bridge at this point had become too rusted 

and structurally compromised to ade-

quately support a passing train. Instead of 

replacing the entire structure of the bridge, 

it was decided to span the bridge with 

a steel-reinforced concrete deck which 

would bypass the steel structure entirely.

Geotechnical samples indicated that 

a portion of the formation contained clay, 

known as black turf, which posed a threat 

to the construction of the railway line due 

to its swelling properties. It was decided to 

counteract this problem by using a separa-

tion layer method. Dumprock was utilised 

for this purpose in order to put weight on 

the clay, thereby supressing the swelling, 

as well as separating the direct swelling of 

the clay from the earthworks design layers. 

Th is material was selected as it possesses 

the characteristic of a high weight per unit 

size ratio.

 Th e initial project completion date was 

delayed by three months to March 2014. 

Th e main reason for this was the delay 

in delivery of rails as a result of Transnet 

prioritising the movement of freight trains 

over construction trains.

FUTURE OF THE PROJECT
Stage 2 of the project is scheduled to com-

mence mid-2014, and the completion date is 

expected to be at the end of 2014. Th is stage 

involves the construction of a containerised 

coal solution at Grootvlei Station, which will 

serve as a medium to long-term solution to 

achieve the interim delivery goal of 3 mil-

lion tons of coal per annum. It will poten-

tially be ramped up to achieve the ultimate 

goal of 5 million tons of coal per annum. 

Th is operation will entail gantry crane 

operations which will offl  oad three trains, 

consisting of 45 wagons each, every day. 

Th e coal will be offl  oaded directly into 

coal trucks via bottom-discharge con-

tainers for a short road haul of approxi-

mately 2 km to the Grootvlei stock yard. 

Th e empty containers will immediately 

be returned to the train to be transported 

back to the coal fi elds. 

Th is option has the following benefi ts:

 ■ Operations will be optimised as a result 

of faster loading and offl  oading times 

due to the use of bottom-discharge con-

tainers. Th e contents of the wagons can 

be offl  oaded in a time span of one minute.

 ■ Th e use of bottom-discharge containers 

will reduce the risk of product degrada-

tion.

 ■ Safer and more environmentally 

sustainable offl  oading processes will 

be ensured as a result of the use of 

bottom-discharge containers.

 ■ Similar operations have been success-

fully used in the past in operations in 

Swaziland and Saldanha.

 ■ Transnet possesses the resources 

and competence to manufacture the 

bottom-discharge containers.

 ■ Train turn-around times will be reduced, 

resulting in improved utilisation of assets.  

 ■ Th e number of containers required for 

the operation will be optimised due to 

the elimination of container stacking.

 ■ Additional capacity will be generated as a 

result of the optimisation of operations.

CONCLUSION
Th e project was kick-started and followed 

through by the Senior Contracts Manager, 

Callie Herselman, of TFR R&C. R&C was 

responsible for the construction of the 

track and civil works surrounding the 

trackwork. Th e design consultant for the 

project is RCE, who is responsible for the 

design and quality control of the earth-

works and trackwork, as well as the design 

of the steel-reinforced concrete deck. As 

an Engineer-in-Training of TFR R&C, I 

am fortunate to be involved in the project 

as I am being exposed to both funda-

mental and complex engineering elements 

and construction processes, which will 

contribute greatly to my experience and 

training programme at the company. 

The construction method implemented to reduce the effects of swelling clay on the railway line

The nearly completed railway line (photo: courtesy Danie Steenkamp)
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Update on a few TCP projects

CITY DEEP UPGRADE 
Th e R800 million upgrade of the massive City Deep container 

depot in Johannesburg includes the replacement of damaged con-

crete paving, as well as the upgrade of stormwater drainage, area 

lighting, communication and electrical ducts, and procurement 

of new high-technology cranes. 

Th e terminal, which was built in the 1970s, dominates con-

tainer fl ow in South Africa, representing 70% of the country’s 

total landside container fl ow. Th e terminal was designed for 

a throughput of 400 000 TEUs per annum (TEU: twenty-foot 

equivalent unit), and is currently being rehabilitated to sustain 

the designed throughput. Th e old 200 mm thick concrete slabs 

are being replaced with ones that are 450 mm thick, while fi ve 

old Demag cranes will be replaced by three new RMG cranes. 

Th e total upgrade area entails approximately 160 000 square 

metres.

Construction started in 2011 and completion is planned for 

December 2014. As the aim is to improve imports and exports, 

the upgrade project is introducing new systems such as the 

Navis system and RMG technology, as well as the use of Kone 

Cranes (a fi rst in South Africa). Green engineering principles are 

also incorporated into the upgrade – refuelling and servicing of 

equipment, for example, are done inside a bunded area to avoid 

spillages and contamination of stormwater.

Transnet Capital Projects (TCP) is a unit 
within Transnet that focuses on planning 
and developing infrastructure. This article 
offers a brief overview of a number of 
TCP’s recent and current projects.  

Rehabilitation in progress at the City Deep container depot in Johannesburg, 
which handles 70% of the country’s landside container fl ow

The City Deep upgrade includes the replacement of 
damaged concrete paving with 450 mm thick slabs
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MANGANESE ORE EXPORT
Currently, a total of 6.9 mtpa (million tons per annum) of man-

ganese ore is exported from South Africa through Port Elizabeth 

(~4.8 mtpa – rail only), Durban (~1.8 mtpa – rail and road) and 

Richards Bay (~0.3 mtpa – road). Transnet has announced the 

closure of the Port Elizabeth terminal in circa 2017 due to environ-

mental concerns. Th is will necessitate the doubling of railway lines 

between certain dedicated stations, the substantial extension of 

around six loops, and the expansion of a number of substations. Th e 

project, which has just kicked off , is worth R2.38 billion, and will 

improve the export capacity of manganese to 16 mtpa per annum.   

Demand for manganese is strongly tied to demand for steel, 

with more than 90% of manganese used directly in steel produc-

tion. Global steel demand is expected to grow by ~3% per annum 

from 1 393 mtpa in 2011 to 2 180 mtpa in 2025, which would 

imply a global manganese demand ore growth of ~20 mtpa by 

2025. Assuming that a 30% market share is possible (up from the 

current 20%), it implies a total demand for South African ore of 

~16 mtpa by 2025, which is the basis for the business case.

Th is position supports the national agenda to accelerate in-

vestment in the mining sector and support the industrialisation 

of South Africa’s mineral resources. As a major supplier of man-

ganese, South Africa is well positioned to capture growth in the 

manganese industry. South Africa currently exports ~20% of the 

world’s contestable manganese, and holds 80% of known world 

resources and 24% of quantifi ed world reserves.

81 MTPA RAIL EXPANSION PROGRAMME 
Th e coal line currently delivers close to 70 mtpa of export coal, 

from about 48 mine loading sites situated mainly in Mpumalanga, 

to the Richards Bay Coal Terminal (RBCT). Th e 81 MTPA Rail 

Expansion Programme is designed to meet the increasing inter-

national market demand for export coal. Th e programme involves 

increasing the rail capacity of the coal line and addressing opera-

tional bottlenecks which impact on the stable fl ow of train traffi  c. 

To boost export of manganese the doubling 
of a number of railway lines are necessary

Concrete sleepers being transported to site for the doubling of railway lines and the extension of loops
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Th e programme provides for increases in the wagon and 

locomotive fl eets to cater for the higher volume, and consists of 

35 infrastructure work packages which are scheduled for comple-

tion by 2016 and are designed to:

 ■ generally improve the overall availability and reliability of the 

integrated rail capacity system on a sustainable basis

 ■ streamline train operations in yards

 ■ improve locomotive operational and maintenance effi  ciencies

 ■ strengthen the traction power supply on both the Eskom de-

livery side and within Transnet’s substation and overhead track 

equipment (OHTE) network

 ■ improve yard security

 ■ enhance the integrated condition assessment system for the 

infrastructure and rolling stock, and

 ■ enable an increase in capacity for long trains from the 

Waterberg coal fi elds.

Th e programme covers the following improvements, which were 

identifi ed after a thorough feasibility study involving a range of 

quantitative analysis techniques, including an operational and an 

electrical simulation:

Line and yard expansion

Four yard upgrades will streamline train operations in the 

Blackhill, Saaiwater, Ermelo and Vryheid yards (with a 16.5 km 

fence being erected around the Ermelo yard complex for in-

creased security). Th e capacity and operating effi  ciency of the 

yards are being improved to reduce the amount of time the 

trains stand. Speeding up the compiling and decompiling pro-

cesses enables quicker deployment of the empty trains into the 

mining areas. Extension of some of the loops will enable easier 

and quicker coupling and decoupling of the wagons, which are 

performed on a loop rather than on the main line. Th e Matlabas 

loop extension between Lephalale and Th abazimbi, for example, 

increases the slot capacity for long trains from the Waterberg.

Workshops 

To accommodate the expected growth in the locomotive fl eet 

on the coal line the Ermelo body-lifting workshop has been 

extended and upgraded to enable loco body-lifting for repairs. A 

locomotive repair depot is being built at Ogies, which would be 

a more accessible location, and more time-effi  cient than sending 

locos all the way back to maintenance depots.

Reducing turnaround times

A 25 m diameter locomotive turntable in Richards Bay will be 

used to turn the single-cab locomotives around when they are 

required to operate as lead locomotives. Turning locomotives 

around was previously achieved on a track confi guration called a 

triangle or balloon track. Th e turntable off ers a faster method of 

turning single-cab locomotives.

Electrical traction power upgrade

Th e coal line is composed of two electrifi cation systems, namely 

the 3 kV DC network from Blackhill to Ermelo, and the 25 kV 

AC network from Ermelo to Richards Bay. Trains comprising 100 

wagons operate between Blackhill and Ermelo, and 200-wagon 

trains operate between Ermelo and Richards Bay. At Ermelo yard 

there is a changeover of supply voltage from 3 kV DC to 25 kV 

AC, and vice versa. Th e changeover is done using diesel-electric 

haulers around balloon lines linking the four yards. Th is enables 



26 May 2014 Civil Engineering

the compilation of 100-wagon trains into 200-wagon trains, and 

vice versa. Th e electrical power upgrade projects are designed 

to strengthen the traction power supply on both the Eskom and 

the Transnet sides, to reduce thermal overloading of some of the 

single-unit transformers, and to ease maintenance and isolation 

during abnormal conditions. 

Most of the double and single-unit Transnet substations are 

powered from an 88 kV, three-phase distribution line owned by 

Eskom, which is dedicated to power the traction network. Th e 

remaining double and single-unit power stations are powered 

from a 132 kV three-phase distribution line from Eskom.

Transnet’s electrical upgrades for the 81 MTPA Programme 

include seven new DC substations, six DC existing substation 

upgrades, two new AC substations, two AC existing substation 

upgrades, and transformer replacements. Th e electrical upgrades 

that are to be conducted on Eskom’s electrical system include the 

upgrade of the distribution system supplying traction power to 

the DC section of the coal line north of Ermelo, and an upgrade 

on the 88 kV electrical backbone supplying traction power to the 

AC section of the coal line between Ermelo and Richards Bay. 

Th e latter involves three new Eskom substations stepping down 

from its 400 kV transmission line to the dedicated 88 kV trans-

mission line, and a major upgrade of the 88 kV Eskom backbone 

which dates back to 1976. 

Condition Assessment Systems 

A number of additional Condition Assessment Systems are to 

be added to the current infrastructure and rolling stock health 

monitoring system, and these include the:

 ■ Way in Motion – Wheel Impact Monitor (WIM-WIM), which 

monitors impact load from fl at wheels and wagon overloading, 

to prevent damage to the rail track.

 ■ Hot Box Detector, which monitors the temperature of the 

axles and prevents derailments resulting from broken axles.

 ■ Dragging Equipment Detector, which detects the presence 

of equipment hanging below the train to prevent infrastruc-

ture damage.

 ■ Broken Rail Detector, which detects rail breaks in the track 

and prevents derailments. 

 ■ Load Profi le Monitor, which detects whether the entire 

product has been removed from the wagon after unloading.

Feeder line projects for the overhead track equipment (OHTE)

The traction power supply is being improved over the 3 kV 

DC section by installing 800 mm2 aluminum additional feeder 

cables over four different critical sections where the trains 

experience steep uphill gradients. This is to improve the 

delivery of current to the locomotives in a substation section, 

and to improve on the thermal characteristics of the OHTE. 

An additional feeder has already been installed over a critical 

section of the AC traction power network. Train speeds are 

affected by f luctuating and low voltages. In the event of a loss 

of a substation due to vandalism or theft of the return circuit, 

the feeding sections become too long, and it becomes impos-

sible to move full-length trains. The five identified feeder wire 

projects are between Kameel and Savannah, Midpoint and 

Halfgewonnen, Geluksplaas and Broodsnyersplaas, Rietvleirus 

and the Ermelo substation, and over the entire 34 km of the 

Dumbe deviation near Paulpietersburg between Ermelo and 

Richards Bay.

Construction of a balloon track, which enables the rearranging of 
wagon compilations and the ‘turning around’ of locomotives

Installation of a new set on the Port to Nsezi line

Rounding-off work being done on the additional Port to Nsezi line



Civil Engineering  May 2014 27

respective logos, “Caterpillar Yellow,” the “Power Edge”trade dress as well as 
corporate and product identity used herein, are trademarks of Caterpillar and may 
not be used without permission.

PORT TO NSEZI PROJECT
Th e existing single line rail link between the Bayvue Yard in 

the Port of Richards Bay and the Nsezi complex is currently 

operating above its designed capacity. As a result, there is no 

opportunity to increase the fl ow of general freight traffi  c to and 

from the port. Furthermore, maintenance on the existing line is 

severely hampered by the shortage of available slots. 

Th e proposed solution to transport the required levels of rail 

traffi  c to and from the Richards Bay Port is based on the con-

struction of a second general freight line that runs parallel to the 

east and north of the current general freight line.

Th e second line will commence at the coal line cross-overs 

at Richards Bay Junction and connect to Bhizolo Yard and 

Alton siding on the west side of Bhizolo. Th e shunting neck 

from the port will be extended to the east side of Bhizolo, 

thus enabling 80-wagon trains to be compiled and despatched 

without blocking the port entrance, as well as providing the 

additional slot capacity of the second line. Th e two lines will be 

bi-directionally signalled to enable trains to move across both 

lines in both directions.

Second-hand rails for the new line were provided from 

Vryheid for temporary use until the arrival of the new rails that 

had been ordered. Th ese would then be installed by Transnet 

Freight Rail maintenance. 

 Th e team managed to install six sets under occupation condi-

tions, i.e. 1:12 and 1:20 sets were installed during a 12-day period 

in the May shut; 2 x 1:12 sets during the 10-day period of the 

MMC shut and 2 x 1:12 sets during a special occupation in July 

which commenced immediately after the MMC shut. 

 Th e project entailed the placement of around 6 400 sleepers 

over a stretch of 3.6 km, the movement of approximately 

30 000 m3 of earth, the pouring of 399 m3 of concrete, and the 

laying of thousands of metres of electric cable. Apart from 

Transnet Capital Projects, the other main companies involved 

were RME Civil Engineering, RME Overhead Track Equipment, 

RME Permanent Way, and RME Signals.

In addition, in order to eliminate loose locomotive move-

ments, thereby freeing up additional slots, a diesel locomotive 

maintenance and servicing facility will be established within the 

Port of Richards Bay.

 INFO

Jane Khomari

Transnet Capital Projects

jane.khomari@transnet.net

Demand for manganese is strongly tied to 

demand for steel, with more than 90% of 

manganese used directly in steel production. 

Global steel demand is expected to grow 

by ~3% per annum from 1 393 mtpa 

in 2011 to 2 180 mtpa in 2025, which 

would imply a global manganese demand 

ore growth of ~20 mtpa by 2025.
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Evans, who is a professional civil engineer 

and who spent seven years working on the 

320 km/h Taiwan High-Speed Railway, 

which is a dedicated passenger railway, says 

that  China has become a global leader in 

railway development, from high-speed pas-

senger trains to heavy-freight trains. “China 

is now the world’s most intensive user of 

railways, and its rail system carries more 

passengers and freight per route-kilometre 

than any other system in the world.”

When Evans fi rst visited China in 1989, 

he concluded that, in general technical 

terms, the Chinese railways were about 

15 years behind South Africa’s railways. 

“At the time China still used many steam 

locomotives, only a few main lines were 

electrifi ed, little in the way of long-welded 

railway track was in place and railway 

maintenance was labour intensive. Today, 

however, China is well ahead of South 

Africa on many technical developments. 

China has undergone massive economic 

development, and a sophisticated railway 

system was recognised by the govern-

ment as critical. Massive investment was 

ploughed into the system, and develop-

ment continues at an extraordinary pace.”

Between 1989 and 2013 China’s 

public railway system grew from around 

60 000 to 100 000 route-km, and on 

average between 200 and 400 route-km 

of new lines continue to be added every 

month. China’s railway network is now 

the world’s second largest. About 40 000 

trains are operated daily, of which about 

4 000 are long-distance and regional pas-

senger trains.

Evans says that in 1989 China’s 

fastest passenger trains were limited to 

a maximum speed of just 120 km/h, but 

from 1994 the key mixed-traffic main 

line network has progressively been 

upgraded to permit maximum speeds of 

up to 160 km/h, and even 200 km/h in 

some cases.

According to GIBB railway consultant, Bruce Evans, railway 
development in China over the past 25 years provides ample 
examples of what can be achieved when it comes to modern 
railways. Some aspects of China’s railway solutions could be 
applicable to South Africa and are worth considering, in particular for 
a new Durban–Gauteng high-standard, standard-gauge railway.

SA should look to ChinaSA should look to China
for sustainable rail solutions

Bruce Evans, Railway Consultant with GIBB, 
who has many years’ experience working 

on railways in the East

A modern, conventional long-distance passenger train in China on the outskirts of Beijing
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CHINA’S HIGH-SPEED DEDICATED 
PASSENGER RAILWAY
“Just fi ve or six years ago China opened its 

fi rst true high-speed modern dedicated pas-

senger railway, and since then a network of 

such lines totalling about 9 000 route-km 

has been put into operation, with maximum 

permitted speeds ranging from 250 km/h 

to 350 km/h. About 800 streamlined high-

speed train sets are now in service. Many 

more lines are under construction to meet 

China’s target of having a 20 000 route-km 

high-speed dedicated passenger network in 

place by 2020,” Evans explains.

China’s high-speed dedicated pas-

senger railway network, with its sleek 

modern bullet trains and large architec-

turally dramatic stations in the major 

cities, has greatly impressed the world, 

attracting many politicians, railway of-

fi cials and others eager to assess whether 

something similar could not provide solu-

tions to particular transport challenges in 

their own countries. 

Evans says that, although there are 

many factors that support high-speed pas-

senger railways in China – high popula-

tion, many large cities, rapidly growing af-

fl uence and a large pent-up travel demand 

– there are many in China who question 

the viability of some of the new high-speed 

passenger lines. “Internationally high-

speed passenger railways have also gener-

ally been controversial.”

So, apart from a dedicated high-speed 

passenger railway, what other modern 

railway options should South Africa be 

looking at in China? 

OTHER MODERN RAILWAY OPTIONS 
IN CHINA
Evans feels that the well-deserved at-

tention being paid to China’s impressive 

high-speed dedicated passenger railway 

system has tended to push other impor-

tant rail developments there into the 

shadows. “Looking specifi cally at the 

Durban–Gauteng corridor, the develop-

ment of high-standard, mixed-traffi  c (pas-

senger and freight), high-capacity railways 

in China warrants serious attention, too.”    

Most of China’s older key double-track 

mixed-traffi  c mainlines were steadily up-

graded from 1995 to allow for 160 km/h 

to 250 km/h passenger and 120 km/h 

freight train operation on the same lines. 

Th ese standards have also been adopted 

for important new high-capacity mixed-

traffi  c main lines. 

Another important and more recent 

development for certain key corridors is 

the adoption of increased vertical clear-

ance standards to allow for the movement 

of high-profi le freight traffi  c, in particular 

double-stack container trains, and pos-

sibly also multi-deck motor vehicle trains. 

Several new lines to these standards were 

recently opened to traffi  c and several 

more are under construction. China’s 

intention is to create a 10 000 km network 

of such lines linking major production 

centres to the key import/export ports 

and international borders. 

Evans believes that this type of line – 

freight and passenger with clearance pro-

vision for double-stack container trains 

– merits close examination as a possible 

model for the proposed new Durban to 

Gauteng line.

“Anyone travelling on the N3 freeway 

between Johannesburg and Durban 

SA should look to China
for sustainable rail solutions
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cannot fail to notice the large numbers 

of trucks transporting containers and 

new motor vehicles. Studies predict that 

the movement of containers on this cor-

ridor is going to grow signifi cantly over 

time – by as much as 400% over the next 

25 years.” 

DOUBLE-STACK TRAINS
Evans says: “For technical reasons, 

double-stack container trains cannot be 

operated on the existing railway in this 

corridor. Construction of a new line that 

would allow for this would be of a much 

higher standard, and thus shorter, and 

should cut the cost of container move-

ment signifi cantly, thereby helping to 

boost the country’s trade competitiveness 

and cut the costs of doing business. If one 

also considers that switching containers 

from road to rail would not only help 

to reduce accidents on the roads in this 

corridor, but would lower energy require-

ments and also contribute towards con-

taining carbon emission growth, then the 

appeal of such a railway solution is clear.” 

At present the operation of double-

stack container trains is common-

place, and is being expanded, in North 

America (the USA, Canada and Mexico). 

Comparable trains run across Australia 

between Perth and Adelaide, and in 

Saudi Arabia. India is developing several 

high-standard freight rail lines for double-

stack container train operation, and 

China is developing a network of around 

10 000 km for such operations. Essentially, 

these trains require a standard-gauge 

line with a vertical clearance for bridges, 

tunnels, etc, of about three metres higher 

than most existing railways allow.

SOUTH AFRICA
According to Evans the present plan for 

rail in the Durban–Gauteng corridor is 

not clear. “Several government sources 

appear to favour a dedicated passenger 

high-speed standard-gauge railway. On 

the other hand, there have been recent 

calls for a high-standard freight line that 

can accommodate double-stack container 

trains. Proponents of the freight line 

proposal suggest that passenger transport 

could be left mostly to the airlines and 

roads. China is showing that, with some 

compromises, it is possible to build a 

high-standard modern railway that can 

handle both forms of traffi  c.”

Using the Chinese model described, 

a new Durban–Gauteng high-standard, 

mixed-traffi  c line could provide for rail 

services that would include the following: 

 ■ 200–250 km/h electric multiple unit 

passenger trains off ering services that 

would appeal to the business commu-

nity and more affl  uent travellers;

 ■ 120–160 km/h air-conditioned con-

ventional locomotive-hauled passenger 

services with several standards of ac-

commodation that would appeal to the 

less affl  uent, tourists and local holiday 

makers;

 ■ 100–120 km/h double-stack container 

and triple-deck automotive trains; and

 ■ other freight trains carrying high-value 

or time-critical merchandise that can 

travel at 120–160 km/h.  

To Evans, a high-standard, mixed-traffi  c 

mainline rather than a passenger- or 

freight-only line along the Durban–

Gauteng corridor potentially off ers several 

advantages. Container, automotive and 

other suitable freight traffi  c would be 

encouraged to move to rail, as a higher 

quality of service would be available, 

which in turn would lead to safer roads, 

lower transport costs, and energy ef-

fi ciency and carbon emission benefi ts. 

Such a line would also reduce the need to 

expand air and road transport infrastruc-

ture on this corridor.  

“A new railway linking Durban and 

Gauteng would probably take at least 15 

years to implement. It would likely be the 

largest single transportation project ever 

undertaken in the country, and it would 

require major investment. Such a project 

would provide a once in 50–100 year op-

portunity for the country’s most impor-

tant transport corridor,” says Evans. 

“Th e necessary feasibility and plan-

ning studies would have to be robust 

and rigorously validated to ensure that 

maximum benefi ts are obtained for the 

country.”

 INFO

Rowan Sewchurran

011 519 4600

rsewchurran@gibb.co.za

A container train made up of predominantly double-
stack container wagons near Adelaide in Australia
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Mobile mapping: 
optimising total infrastructure 

asset management

THE IMPORTANCE OF ASSET MANAGEMENT
Accurate and up-to-date asset registers are fundamental to 

efficient asset management. This is especially the case with 

large-scale infrastructure assets like the national road and rail 

systems. The functions listed below are critical for measur-

able and sustainable service delivery, but can only be executed 

successfully if the underlying asset register is accurate in 

terms of both scope of the asset systems and identification of 

individual components:

1. Contribution of asset systems to service delivery, from a 

functionality and return-on-assets perspective, can only be 

assessed if individual assets can be associated with specifi c 

services and their performance standards.

2. Realistically determining on-going maintenance require-

ments. Maintenance requirements can be ignored and main-

tenance work can be deferred for a period, but will return 

with a vengeance, shown by sudden and dramatic decreases 

in service levels.

Jackie van der Westhuizen

Executive

Asset Management  Solutions & Advisory

Resolve

jackie@resolvesp.com 

Jan Myburg

Subject Matter Expert

Asset Management 

Resolve

jan@resolvesp.com 

The correct starting point when technology 

solutions are employed is a properly designed, 

integrated asset management system. This 

statement is clearly underlined by the recently 

published ISO standard, ISO 55000/1/2. 

This standard shows the importance of an 

asset management system that goes beyond 

departmental boundaries, and provides full 

visibility from strategic service delivery direction 

down to maintenance task execution.
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3. Day-to-day control over maintenance work execution. Work 

teams can be activated and guided, but the foremost require-

ment is to do the right work on the right asset. If this is not 

achieved, every maintenance man-hour spent can rightfully 

be doubted.

4. To-the-point and realistic functional failure reporting. An ac-

curate asset register, with asset identifi cation systems and tags 

designed for operational control rather than annual fi nancial 

reporting, will free up a signifi cant portion of administrative 

and maintenance man-hours to do meaningful work, rather 

than identifying and locating poorly tagged assets.

Experience teaches that in the South African public sector in 

particular, the basic task of maintaining an accurate infrastruc-

ture asset register is challenging. Th e purpose of this article 

is not to dissect the reasons for this, but rather to introduce a 

collaboration of technologies that brings about a quantum leap 

improvement in asset register accuracy, in a very cost-eff ective 

manner. Th is is achieved by combining key technologies, in-

cluding 3D mobile mapping, Geographic Information Systems 

(GIS) and well-designed, structured infrastructure asset manage-

ment systems.

Th e correct starting point when technology solutions are 

employed is a properly designed, integrated asset management 

system. Th is statement is clearly underlined by the recently 

published ISO standard, ISO 55000/1/2. Th is standard shows 

the importance of an asset management system that goes 

beyond departmental boundaries, and provides full visibility 

from strategic service delivery direction down to maintenance 

task execution. Legal and regulatory requirements must be 

met in full, and the asset management organisation must de-

monstrably meet the expectations of all stakeholders. In South 

Africa, municipalities must maintain asset registers for GRAP 

(Generally Recognised Accounting Practice) compliance, which 

also calls for a common language between engineering, fi nan-

cial managers and functionaries. Th is implies the integration 

of multiple systems in the organisation, and a centralised risk 

management approach. One system of record for asset clas-

sifi cation data and asset fi nancial data must be integrated with 

multiple condition monitoring techniques to enable proper 

Figure 1: Presentation of the mobile spatial imaging data, providing a 
360 degrees high-defi nition image and a detailed 3D point cloud presenting 

the infrastructure surveyed

Figure 2: Geospatial data is converted into geospatial intelligence (point, 
polyline and polygon data), displayed on orthorectifi ed aerial photos

Figure 3: Integrated asset management information enabling decision-making for optimised asset management
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Manholes that last for more 
than a lifetime

Future roads will continue to  

need manhole access to stormwater, 

sewerage and communication pipelines. 

Superb design and leading-edge manufacturing 

processes ensure that ROCLA provides truly 

reliable manhole solutions. ROCLA manholes are 

maintenance-free and will never require upgrading 

– if it’s not broken, why fix it? ROCLA manholes 

are ready for the future. 

ROCLA is ISO 9001:2008 certified and has the 

SABS mark of approval on all applicable products.
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management decision-making, as well as operational and 

capital planning.

Similar requirements apply to the private sector and other 

public sector organisations like transport authorities/agencies, 

where IFRS (International Financial Reporting Standards) com-

pliance is required.

It can be shown that good asset management can save a 

business up to 35% on maintenance costs and increase asset 

availability by up to 20%. However, to achieve such optimisa-

tion levels, assets and resources must be planned eff ectively, 

controlled effi  ciently and consistently monitored. Further, the 

South African situation is characterised by the need for a certain 

“rescue” investment before the asset systems will be on a level of 

sustainable, good service delivery.

MOBILE MAPPING
A mobile mapping solution provides for the classification and 

monitoring of an infrastructure network spread over large 

territories in an efficient, safe and cost-effective manner. It is 

based on several geo-technologies that are applied in an in-

tegrated fashion. It is designed for the purpose of performing 

an inventory of linear infrastructure assets, such as poles, 

street lights, signage, roads, overhead track equipment, rail 

and bridges, which are managed by transportation authorities, 

utilities suppliers (telecommunications and electricity distri-

bution) and municipalities.

Th e lack of reliable data on assets and their values presents a 

major challenge to local government and the asset managers of 

transport authorities/agencies, who must justify the use of scarce 

resources to maintain and renew assets. Demand for service de-

livery and infrastructure development initiatives in South Africa 

is leading to increases in the scale and value of infrastructure 

assets, and a growing need for improved asset management solu-

tions for sustainability.

Resolve’s asset management solution and services pro-

gramme, dubbed Management Infrastructure Application, is 

split into multiple phases. In the fi rst phase (asset identifi cation 

and verifi cation) state-of-the-art equipment is used to “scan” the 

environment from a platform mounted on a vehicle, known as 

mobile spatial imaging. It is the process of collecting precise

geo-referenced spatial data from a mobile platform integrated 

with HD 360 degree video.

Th e spatial imaging technology combines a Global 

Navigation Satellite System (GNSS) sensor to calculate position, 

an Inertial Measurement Unit (IMU) which monitors the mo-

tion of the vehicle, and a rotating LIDAR (Light Detection and 

Ranging) system which collects range measurements from the 

immediate vicinity. Th e LIDAR system emits a beam of light 

from a laser source and then captures the returned light in sen-

sors as it bounces back from a refl ecting object. Th is allows it 

to measure the distance of the refl ecting object by calculating 

the time required by the laser beam for the round trip. Th e 

combination of these components – GNNS, IMU and LIDAR 

– produces a “3D point cloud” of the right-of-way the vehicle 

moves through.

Part of the work fl ow in this phase is the data extraction 

from the complex, detailed image created by the mobile spatial 

imaging. Specialised software is used to capture, process and 

analyse the point data and high-defi nition geo-referenced im-

ages. Geospatial data is converted into geospatial intelligence 
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(point, polyline and polygon data), and thereafter images become 

information – information designed to enhance clients’ asset 

management capabilities. Th is includes the classifi cation of asset 

objects utilising the images.

Th e next phase results in the confi guration of the 

Management Infrastructure Asset (MIA) asset register, a 

metadata-driven application that allows for a customised asset 

register, location and asset hierarchy design according to the 

client’s specifi c business requirements. Th e information ex-

tracted and classifi ed in the fi rst phase is then uploaded into the 

asset register to form the system of record for all infrastructure 

assets in the asset and service-centric organisation.

Lastly, through integration with other asset management 

information sources – for example utilisation data, condition 

assessment data and fi nancial data – the MIA solution consoli-

dates the asset management data into one application platform. 

By making comprehensive data available to operational teams 

in the form of useful information, asset management begins to 

enable facts-based decision-making. Th is in turn enables op-

timal operational performance and strategic success, resulting 

in organisational sustainability.

THE BENEFITS OF ASSET MANAGEMENT 
Th e addition of mobile mapping capabilities to its service off ering 

is enabling Resolve to further optimise its clients’ operational 

effi  ciencies through unrivalled asset lifecycle management, along 

with maintenance, repair and operations support.

When it comes to managing physical assets, many organisa-

tions need to move from “fi ghting fi res” to taking a strategic 

approach, one in which people and processes are aligned, all 

functions work as one and asset maintenance is pro-active rather 

than re-active. Mobile mapping is a more eff ective, more effi  cient 

and quicker way to build up an asset register than traditional 

surveying methods, including GPS foot surveys. It is accurate to 

within one centimetre, and is capable of scanning up to 400 km 

of road or rail per day.

As an extension of Resolve’s comprehensive asset manage-

ment service off ering, this technology is contributing to clients’ 

improved productivity, reduced downtime, lower maintenance 

costs and improved infrastructure effi  ciencies. It will make busi-

ness better for the transport infrastructure, utilities and mining 

sectors, among others. 

When it comes to managing physical assets, 

many organisations need to move from 

“fi ghting fi res” to taking a strategic approach, 

one in which people and processes are 

aligned, all functions work as one and asset 

maintenance is pro-active rather than re-active. 

Mobile mapping is a more effective, more 

effi cient and quicker way to build up an asset 

register than traditional surveying methods, 

including GPS foot surveys. It is accurate 

to within one centimetre, and is capable of 

scanning up to 400 km of road or rail per day.
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Who was Joaquim José Machado
and what has he done for South Africa?

INTRODUCTION
In the latter part of the 1800s, General Joaquim José Machado 

of Mozambique was hugely instrumental in the building of 

the railway line between Lourenço Marques (the current 

Maputo) and Pretoria, at the time the capital of the Zuid-

Afrikaansche Republiek (ZAR), which was generally referred to 

as the Transvaal (the region nowadays roughly covered by the 

Provinces of Gauteng, Mpumalanga, Limpopo and North West).

BACKGROUND
Th e Transvaal’s fi rst attempts at gaining access to the Indian 

Ocean are traceable back to the 1830s. In later years the neces-

sity for the Transvaal to have independent access to the sea, 

particularly for the development of its mining industry, became 

a fundamental raison d’être for good relations with the southern 

Mozambique economy.

Th e Transvaal and Mozambique in fact had links even before 

the discovery of gold. Th e fi rst offi  cial contact between the Boers 

and the Portuguese happened in 1838 when the Trekkers, led by 

Louis Trichardt, reached Delagoa Bay. Th at early contact can be 

considered as the beginning of diplomatic relations between the 

two countries, eventually leading to agreements guaranteeing 

freedom of trade and the provision for building a railway line.

Preceding the proposed construction of this railway line sev-

eral attempts to link the Transvaal with Delagoa Bay were made. 

On 14 August 1855 a concordat between the Transvaal and the 
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Lourenço Marques Governor was signed, establishing that both 

governments would try to provide passable communication 

between Lourenço Marques and the Transvaal. Later the 1869 

Treaty provided for a road from Lourenço Marques to the border, 

hence setting the antecedents for the establishment of Article 8 

of the 1875 Treaty, followed by the 1876 Railway Treaty between 

the two countries, which established the political covenant for 

the construction of a railway line. Th e discovery of gold in the 

1870s had increased the need for such communication, justi-

fying the construction of the Lebombo Mountain Road and the 

Lydenburg Road, also known as the Royal Road to the Transvaal 

and the Road to Progress in 1871/1874. 

Th e Lydenburg Road, fi rst of the initiatives to link Lourenço 

Marques with the Transvaal, did not accomplish the objectives of 

the two nations, as the path was arduous and long, and extremely 

exhausting to travellers. Th is made the construction of a rail link 

an increasingly more desirable solution for traffi  c between the 

two countries.

Th e fi rst engineers appointed to perform a study of a pos-

sible railway path chose a route which crossed the border along 

the Umbeluzi River and across Swaziland. Th ese works were 

started by George Pigot Moodie and were continued by Engineer 

R Th omas Hall, who believed that the route was practical and 

that a narrow-gauge railway line across that region could be in-

stalled economically and relatively easily.

An intricate negotiations process and concessions made the 

execution of the line diffi  cult. On 6 November 1874 it was agreed 

with George Pigot Moodie that he would do a study of a route 

up to the Lebombo mountain range, starting from Lourenço 

Marques, and that he would carry out the topographical survey 

of the Lourenço Marques village and the respective stormwater 

and sewerage systems. However, as he could not fi nd suffi  cient 

funding for the project, Moodie sold the concession to the 

Transvaal government.

President TF Burgers of the ZAR departed for Europe in 

1874 in search of funds to construct the railway line, but, with 

the annexation of the Transvaal by Britain, the project was de-

layed further, forcing Portugal to start negotiations with Britain.

Only after the recognition of the Transvaal’s independence 

by Britain in the year 1881, new initiatives were taken to fi nally 

implement the construction of the line. Britain, at the Pretoria 

Convention, and through a clause of the Convention, separated 

Swaziland from the Transvaal, thereby rendering Swaziland an 

independent territory.

Th e route through Swaziland was not acceptable to the 

Transvaal government. It is enough to consult a geographical 

map of the region to conclude that the Umbeluzi River route 

option had to be abandoned and replaced by another route fol-

lowing the Lebombo mountain range, north of the Swaziland 

border with the Transvaal, along the N’komati River banks.

Th e Transvaal government in Pretoria and the Portuguese 

government in Lisbon agreed to appoint engineers from both 

sides to negotiate a decision about the railway crossing point on 

the border between the two countries.

ENTER MACHADO
Captain J J Machado, who was a civil engineer and an offi  cer in 

the Portuguese Army Corps of Engineers, was already stationed in 

Mozambique, having arrived in Lourenço Marques in March 1877 

as the head of an expedition of the Public Works Department to 

implement strategic fundamental infrastructure in Mozambique 

and Angola, with particular focus on railways and harbours.

Machado was very enthusiastic about building a railway line 

between Mozambique and the Transvaal, having mutual trade 

in mind, so he started the surveying of the track from Lourenço 

Marques to the border of the Transvaal, along the right bank of 

the N’Komati River. 

However, the various eff orts of Portugal and Mozambique 

to get the construction of the proposed railway line off  the 

ground were delayed by the fragility of both the Portuguese and 

Transvaal political situations at the time, as well as by various 

interim agreements which eventually did not come to fruitition 

(these make for interesting reading, but are not included here due 

to lack of space).

Nonetheless, at a meeting on 10 January 1883 between the 

Portugese representatives, Major Machado and Edward Cohen 

(General Consul), and the Zuid-Afrikaansche Republiek, rep-

resented by Deputy-President Paul Kruger, Mr MW Pretorius, 

Mr CJ Joubert, Mr WE Bock (Secretary of State), Mr EJR Jorissen 

(Attorney-General and President of the Railway Commision), 

Mr JN Villiers and Mr GH Bruskes (members of the Railway 

Commission), concensus was eventually reached regarding the 

development of the Lourenço Marques – Pretoria railway line.  

Major Machado instilled so much confi dence with the ZAR rep-

resentatives when he showed them his survey of the Mozambique 

sections of the railway line that they requested the Portuguese 

authorities to place Machado’s services at their disposal for this pro-

ject. Th ey wanted Machado to do the surveying of the railway line 

from the Mozambique border to Pretoria. Th e Portuguese govern-

ment agreed and the ZAR House of Assembly placed four thousand 

British pounds at Machado’s disposal for this project.

With the assistance of three people, Machado completed the 

survey within eight months. It was an exceptionally diffi  cult task, 

because of the practically impenetrable escarpment mountains. 

Machado nevertheless performed his task magnifi cently, and 

the plan that he had drawn up – although certain parts were 

amended – served as the basis on which the Nederlandsche 

Zuid-Afrikaansche Spoorweg Maatschappij (NZASM) con-

structed the Transvaal section of the Delagoa Bay railway (also 

known as the Eastern Line). 

CONSTRUCTION
On the Mozambique side the laying of the railway line ad-

vanced at about 800 metres per day, with around 3 000 workers 

employed on the project. Th e contractor did not shun earth 

works – although slopes of 0.025 per metre were allowed, the 

maximum slopes in fact did not exceed 0.015 per metre; and the 

cross section of the profi le in the fi lling and excavation areas 

was far more ample than what had been specifi ed, measuring 

4.8 metres instead of the specifi ed 3.6 metres. Th e rails were 

made of 23.6 kilograms/metre Bessemer steel, and the steel 

sleepers weighed 32 kilograms each. Th e bridges were built with 

longer spans than specifi ed.

On the Transvaal side, despite numerous diffi  culties, the 

construction progressed satisfactorily, reaching the farm Geluk, 

which Machado used as his camp until the end of the works. 

Because of its convenient location, the farm Geluk, belonging 

to the second magistrate of Lydenburg, Cornelius Potgieter, had 

become a recognised halting place for transport wagons and mail 

coaches after the discovery of gold in the Eastern Transvaal. In 



Civil Engineering  May 2014 39

1893 a station was erected on the farm to serve the newly con-

structed Delagoa Bay railway. 

COMPLETION
It was an historic event when President Paul Kruger of the ZAR 

solemnly placed the last spike of the line on 2 November 1894.

During the festive inauguration of the railway line in July 

1895, Colonel JJ Machado attended the proceedings as the of-

fi cial representative of the Portuguese government. In his speech 

President Kruger acknowledged the excellent studies and fi eld 

work which Colonel Machado had directed within the terri-

tory of the Transvaal. He also related to the diffi  culties around 

the construction of the railway line, and wished to remunerate 

Machado with 10 000 gold pounds. However, the Portuguese 

engineer excused himself politely, explaining to President Kruger 

that the Portuguese government had already remunerated him. 

As a token of his admiration for Colonel Machado, and also 

to thank him for his honesty and total lack of personal interest, 

President Kruger determined that the railway village at Geluk 

farm, where Machado had made his camp during the construc-

tion period, would be named Machadodorp. Th e town carries the 

name to this day.

Th e great railway project was completed, thanks to the 

vision of the tireless Colonel Machado, the competent and su-

perhuman eff orts of Dutch engineers, and the fi rm will of that 

granite man President Paul Kruger. Not to be forgotten are also 

the many people who lost their lives during the construction of 

the Transvaal side of the line – it was said at the time that the 

number of dead equalled the number of railway sleepers that 

supported this railway line from Komatipoort to Pretoria.

Colonel Joaquim José Machado reached the rank of General 

in the Portuguese Army Corps of Engineers, and was later ap-

pointed Mozambique Governor General. Th e following wording 

(also in Portuguese and Afrikaans) appears on a bronze plaque at 

the Pretoria Station:

In honour of General Joaquim José Machado, 

General of the Engineering Corps 

who during 1882–1884 did pioneering work on the route

for the Railway Line Lourenço Marques – Pretoria 

that was opened on the 8th July 1895
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The Bridge on the River Kraai

INTRODUCTION
Of course, in that other storied bridge they had real men, pris-

oners of war, physical suff ering, a commando raid, a rail bridge 

fi nally destroyed, and Alec Guinness. 

In our story we also have real men, two earlier serious wars, 

physical suff ering, seven rail bridges at the same spot (fi ve sys-

tematically destroyed by fl oods in just over a year) and, yes, stub-

born engineers. 

We do note, however, that their bridge has become a 

popular tourist attraction, enriching the local economy, while 

ours yet languishes in defi ant loneliness, snug in the Southern 

Drakensberg, a place well known to be lovely beyond any singing 

of it.

But now to our story of a bridge on the branch line from 

Aliwal North to Barkly East (see Civil Engineering May 2013) – 

railway construction was beset with technical and fi nancial diffi  -

culties, which eventually resulted in an unusual, if not unique, set 

of eight reverses; a completed and never-used 70 m long tunnel; 

and a major bridge widely (and wildly) rumoured to have been 

lost at sea by enemy action. One of the delays during the long 

construction period, the tale of the destruction of rail bridges 

over the Kraai River by possibly the highest fl oods in recorded 

history, well illustrates the importance to small communities of 

rail access in the 1920s, of the diffi  culties of infrastructure con-

struction in remote areas at the time, and the risks of inadequate 

hydrologic and hydraulics methods, then and now.

INITIAL CONSTRUCTION
Immediately on the conclusion of the South African War in May 

1902, the Barkly East community stepped up its campaign for a 

branch line from Aliwal North, culminating in a public meeting 

on 11 October 1902 and a petition urging the government to 

construct a light railway from Aliwal North to Barkly East. Results 

soon followed – on 21 November 1902 Parliament authorised a 

line from Aliwal North, and thereafter progress was swift. Allan 

McDonald Campbell, Resident Engineer in charge of construction 
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Colonel Saito: “Do you know what will happen to me if the bridge is not built on time?”

Colonel Nicholson: “I haven't the foggiest.”

Colonel Saito:  “I'll have to kill myself. What would you do if you were me?”

Colonel Nicholson:  “I suppose if I were you... I'd have to kill myself.”

Colonel Nicholson (raising the glass of Scotch he previously declined): “Cheers!”

Th e Bridge on the River Kwai (1957)
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of the line, received his instructions on 15 December 1902, and 

arrived in Aliwal North on 27 December 1902. Eleven short 

weeks, after petitioning to having parliamentary approval, for the 

construction engineer to be on site is impressive timing, especially 

given the slow communications of the day.

Campbell’s fi rst task, after close inspection and more 

surveying of the terrain, was to fi nalise the way. A number 

of routes had been suggested earlier by George Schele, who 

made a “fl ying survey” in 1899. By 21 January 1903, after less 

than two weeks on the job, Campbell had outlined the railway 

which, after a site visit, was supported by the Commissioner of 

Railways in February 1903, allowing start of a detailed survey. 

Construction, however, was delayed for two reasons: fi rst, it had 

to await the “small and inexperienced staff ” to complete their 

survey, and second, there was uncertainty over whether the line 

should be built to the standard Cape gauge of 3 ft 6 in (we use 

contemporary units here), or to a narrower gauge of 2 ft – at the 

time narrow, cheaper lines were being seriously considered for 

lightly-travelled branch lines. Debated at the highest level for 

more than a year, the proposed broader gauge, which became 

the South African standard, fi nally passed the third reading in 

the Legislative Council at the start of June 1904, but with no 

additional money voted for the project to cover the higher costs 

of the broader gauge (which was one reason why this phase of 

construction terminated at Lady Grey). 

By June 1904 (the surveying and construction teams had 

been on site for 17 months) the entire line from Aliwal North to 

Barkly East was staked out, and quantities and estimates for both 

narrow and standard gauges were completed and submitted. 

Earthworks for the Aliwal North – Lady Grey section had been 

prepared for narrow gauge, and the changed gauge now neces-

sitated the widening of cuttings and embankments, which would 

have to be done in conjunction with track-laying. At this time 

the Acting Engineer-in-Charge of construction was Arthur 

A Ashworth, assisted by one District Engineer, two Assistant 

Engineers and two fi eld assistants. Construction started with 

107 labourers, but the labour force increased to an average of 246 

during the second half of 1904. Progress was considered to be 

good, and by the end of 1904, 28 miles (45 km) were completed. 

On 27 January 1905 the fi rst train travelled the route to Lady 

Grey, 40 miles (64 km) distant.

Between Aliwal North and Lady Grey the railway line 

traversed relatively easy terrain, the most signifi cant obstacle 

being the crossing of the Kraai River about 17 miles (27 km) 

from Aliwal North (see Figure 1). During construction, a 

temporary bridge (#1) was erected at a position which cannot 

Figure 1: The Kraai River railway crossing at Kraaibrug lies between Aliwal North and Lady Grey, while the fi rst six of the famous reverses (see Civil Engineering 
May 2013) are in the rectangle marked on the right (Map by Bruno Martin, published in Tracks Across the Veld by Boonzaaier, 2008, used with permission)

Figure 2: Kraai River Bridge (#2), shortly after being washed away on 23 March 1925, viewed from slightly downstream on the true left bank 
(SA Railways and Harbours Magazine, July 1925)
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be confi rmed at present, to allow construction trains to pass. 

Replacement of the temporary bridge by a permanent construc-

tion was interrupted by fl oods, and it was July 1905 before a 

substantial bridge (#2), consisting of eight spans (one of 100 ft, 

two of 75 ft and fi ve of 15 ft), with a total length of 350 ft be-

tween abutments, was completed. Construction trains were 

opened for public goods on 19 June 1905, and on 2 November 

1905 the line between Aliwal North and Lady Grey was of-

fi cially opened.

EMERGENCY WORKS OF 1925 AND 1926
For twenty years the Kraai River Bridge served the branch line 

without problems. However, during March 1925 the catchment 

area of the Kraai River (roughly centred on Barkly East), and 

other parts of South Africa, experienced unusually heavy and 

continuous rains, resulting in historic fl ood fl ows. Situated at 

the downstream end of the river close to its confl uence with 

the Orange River, the bridge was washed away on March 23, as 

shown in Figure 2. Evidently the river normally carried about 

Figure 4: The permanent bridge position is marked yellow, the temporary bridge site red, and the approximate 
position of the deviation by a dashed line (Google Earth, annotated Johannes Haarhoff)

Figure 3: Engineer TCC Logan, the 
engineer responsible for restoring 

rail service to New England after the 
disastrous fl oods of 1925 in the Kraai 

River (SA Railways and Harbours 
Magazine, July 1935)
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10 ft of “rather strong running water”, but at the fl ood peak 

the water rose 5 ft above the top of the piers (the centre of the 

bridge was 71 ft above the river bed) and inundated the sur-

rounding countryside, now appearing “like an inland sea”.

Engineer Logan (Figure 3), responsible for local railway 

maintenance, was early on the scene of the failure and 

quickly made key decisions: At what elevation should the 

temporary bridge and causeway be built? Where should the 

temporary bridge be built, taking into account acceptable 

gradients and curvature? It was then the end of March, when 

seasonal rains tapered off, and rebuilding the main bridge 

was expected to take a relatively short time. Logan decided 

Figure 5: One of the temporary bridges (#3 or #4) being constructed during April 1925 as seen from the left bank (SA Railways and Harbours Magazine, July 1925)
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to cross the river 275 m upstream of the wrecked bridge, as 

shown in Figure 4.

Men and materials were hurried to the site, but it was days 

before the fl oods subsided suffi  ciently to allow work to begin. 

It continued to rain, on and off , day after day, but eventually a 

450 ft long temporary bridge was built at the position depicted 

in Figure 4. Because it was built at a much lower level, it was 

subject to a higher risk of erosion, and the railway line had 

to be connected to the bridge at a steep gradient of 1:30 on 

both sides. Piers were constructed using open timber cribs, 

stacking railway sleepers in “bird-cage” fashion, perhaps an-

chored by fi lling with rock. Track ran from pier to pier to form 

Figure 6: Temporary bridge #6, completed 25 June 1925 until washed away 
early March 1926 (SA Railways and Harbours Magazine, August 1926)

Figure 8: New permanent bridge under construction, 8 May 1926 (SA Railways and Harbours Magazine, August 1926)

Figure 9: New permanent bridge shortly before completion, 8 June 1926; view towards Lady Grey (SA Railways and Harbours Magazine, August 1926)

Figure 7: The site of temporary bridges #3 to #6 as it appears in 2014, from 
roughly the same viewpoint as Figure 5 (Photo Bertus Bekker 2014)
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a rudimentary bridge deck, evident from Figure 5. Everything 

was proceeding well and arrangements were made to open the 

new temporary bridge (#3) on 14 April, but the river level rose 

again and carried bridge #3 away before the appointed day. A 

fresh start was made to rebuild another temporary bridge (#4), 

in dangerous conditions as the river level continued to rise and 

fall. A new opening date was set for 28 April, but the river rose 

again and destroyed bridge #4 as well.

Loss of the bridges was costly in materials and time. 

Nevertheless, because of the urgent needs of dependent com-

munities, Logan made a fresh start, this time using a diff erent 

approach. Timber cribs, it was now painfully obvious, could not 

stand up to the strong river current, and a pile driver was hur-

riedly despatched from East London to the scene of operations, 

to form sturdier piers on piles driven into the river bed.

Despite the hardships, everything now pointed to a suc-

cessful resumption of traffi  c on 29 May, and the fi rst train 

crossed the temporary bridge (#5) on 28 May. Incredibly, once 

again the river came down in spate on 30 May and washed away 

bridge #5 completely, together with all the material, boats and 

other equipment. Fortunately, two locomotives and a few car-

riages had safely passed over the bridge during the two days it 

was in operation. Undeterred, Logan made yet another attempt 

and fi nally succeeded with temporary bridge (#6). After a rail in-

terruption of more than three months, and fi ve bridges after the 

fi rst wash-away, regular service to New England (the terminus at 

the time) was restored on 25 June.

Adverse hydrology persisted. Less than a year later, at the 

beginning of March 1926, the temporary bridge (#6) was itself 

washed away. Th is is not surprising, as bridge #6 was built at 

a low level, clearly as a stop-gap measure, while the perma-

nent bridge #7 was rebuilt. Reporting coldly on 5 March 1926, 

the Barkly East Reporter wrote, “As everyone anticipated, the 

fi rst fl ood has washed away the temporary railway bridge at 

Braamspruit.” It is not clear when reconstruction of the second 

permanent bridge (#7) started, but it must have been soon after 

the completion of bridge #6, in order to exploit the low winter 

fl ows ahead of the next fl ood season. Figure 8, dated 8 May 1926, 

shows completed bridge piers, suggesting that construction 

started in 1925. It was completed by 30 July 1926, with the new 

permanent bridge deck slightly higher than before. Moreover, as 

seen in Figure 9, trusses were now placed above (a through truss 

bridge) rather than below the bridge deck (deck truss bridge), as 

was done on all the earlier bridges.

HYDROLOGICAL REFLECTIONS
Apropos design of the original bridge in 1905 and the replace-

ments in 1925, the quality and quantity of rain and fl ow data 

available for waterway design would likely have been sparse, 

and in any case predated the concept of a “design storm”. 

Contemporary engineering hydrology, if any, would have been 

a simplistic method like Mulvaney’s rational method of 1851, 

and hydraulics would have been a steady-state application of 

Manning’s (1890) or the Chézy formula (1775).

In fact, the engineers were handicapped not only by primitive 

engineering design methodology and sparse hydrologic data, but 

also by exceptional hydrological events – the slings and arrows 

of outrageous fortune. Th ere were no river gauges on the Kraai 

at the time; the only nearby gauge, existing since 1920, was sited 

just downstream of the confl uence with the Kraai at Aliwal 

North on the very much larger Orange River, and therefore of 

questionable relevance. Tertiary catchment D13 corresponds to 

the Kraai catchment, practically the same as the watershed for 

the bridge, as the crossing is only 33 km upstream (17 km in a 

straight line) of the confl uence with the Orange River. 

Monthly total fl ows in millions of cubic metres, from 

October 1920 to September 2006 (1 020 months or 85 years), 

were computed and the maximum fi ve are listed in Table 2. Total 

fl ow in March 1925 was the highest of all monthly totals, with 

April 1925 also ranked in the top fi ve. In the entire record, the 

Table 1: History of seven bridges at the Kraai River rail crossing

Late 1904 Completion of temporary construction bridge #1
Probably a timber trestle bridge as was customary at 
the time

July 1905 Completion of permanent bridge #2
Steel trusses below bridge deck over fi ve spans, sup-
ported on stone piers

23 March 1925 Permanent bridge #2 washed away Water level 5 ft above top of piers

14 April 1925 Scheduled opening of temporary bridge #3
Rails placed on piers on timber cribs, but washed away 
before completion

28 April 1925 Scheduled opening of temporary bridge #4
Rails placed on piers on timber cribs, again washed 
away before completion

28 May 1925 Temporary bridge #5 completed Piles driven into the river bed to provide sturdier piers

30 May 1925 Temporary bridge #5 washed away
In operation just long enough to allow locomotives to 
cross

25 June 1925 Temporary bridge #6 completed
Timber trestle bridge at higher level than previous tem-
porary bridges

Early March 1926 Temporary bridge #6 washed away See Figure 6 for details, and current remains in Figure 7

30 July 1926 Completion of permanent bridge #7
Three steel trusses above bridge deck, on concrete 
piers
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highest three-month total was from March 1925 to May 1925, 

precisely when Logan was attempting to restore rail access across 

the Kraai. Of course, monthly fl ow totals do not necessarily cor-

relate with peak instantaneous fl ow rates.

It is locally believed that bridge #2 was washed away be-

cause of a dam failure on the neighbouring farm Rietvlei, an 

event which would certainly have amplifi ed fl ows at the bridge 

site. How many other upstream on- and off -channel structures, 

such as dams and bridges, failed during the extraordinary 

runoff  of March 1925, releasing additional surges, is food for 

future thought.

Following the disastrous fl ood of March 1925, Logan prob-

ably gambled on smaller fl oods, if any, it being so close to the end 

of the rainy season.

Contemporary observations at the bridge site indicate a 

fl ow depth of 76 ft, an almost unbelievable rise in water surface 

elevation (WSEL) of about 66 ft. Figure 2, a photograph clearly 

taken from the true left bank just downstream of the crossing, 

confi rms the great depth of fl ow. All four Brown trusses were 

toppled downstream. Abutment geometry confi rms that the 

structure was indeed a deck truss bridge (trusses below railbed). 

Unusually, the central bridge pier remained somewhat intact, 

probably founded on solid rock, but the superstructure took a 

signifi cant part of the top masonry (perhaps half the pier) with 

it. Overtopped (by 5 ft), these Brown trusses would have acted 

quite effi  ciently as debris traps – trees fl oat near the surface and 

just below. Hinge supports on the centre span would likely not 

have been able to resist the high lateral forces induced by the 

fl ow on this particular type of truss with its trapped debris, and 

so the superstructure naturally folded horizontally at the centre 

towards downstream. Remnants of some of the original pier 

foundations are visible today, directly below the current bridge 

deck, as shown in Figure 10.

Obviously the bridge was constructed at a locally narrow 

part of the river channel, reducing the span and cost (steel 

had to imported), but the river banks do not appear to be par-

ticularly steep-to, so the hydrography downstream might also 

have contributed to the extraordinary WSEL, as readers might 

confi rm from Google Earth (fi nd: Kraaibrug, South Africa). 

Presumably contemporary backwater calculations would have 

Table 2: Naturalised fl ows for tertiary catchment D13 from 

October 1920 to September 2006 (from WR2005)

Rank
Highest one-month 

fl ow (Mm3)

Highest three-month fl ow 

(Mm3)

1
2
3
4
5

1047
921
858
715
704

March 1925
March 1975
February 1987
February 1971
April 1925

1958
1612
1590
1308
1120

March – May 1925
February – April 1975
January – March 1973
February – April 1987
January – March 1971

Mean 54 1920 – 2006 163 1920 – 2006

Figure 10: Some of the old pier foundation remnants of the fi rst 
1905 permanent bridge (#2) are still visible directly below the 1926 

permanent bridge (#7) (Photo Bertus Bekker 2014)

Figure 11: An upstream view from the current bridge; notice the remains of the railway bench for the temporary deviation directly to the left of the river 
(Photo Johannes Haarhoff 2013)
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been inaccurate, because even the standard step method, if used, 

would have been performed manually using slide rules, and the 

nearest control point, dicey at that, is evidently the confl uence 

of the Orange River, a considerable distance downstream. Figure 

11, taken October 2014, tends to confi rm that local hydrography 

could be an issue in computing the fl ood WSEL, and also sup-

ports the contention that debris such as trees would likely have 

been a signifi cant factor.

Admittedly, the temporary bridges were designed and con-

structed urgently, at lower elevations and therefore at lower cost, 

incurring higher risk. Nevertheless, with hindsight, the entire 

sad experience, namely six bridges in the same spot in little over 

a year, reminds engineers that the risks of river engineering are 

indeed high in times and places where local hydraulics and hy-

drology data are defi cient; a lesson that applies equally well today 

(are you listening, budget offi  cers?).

Of course, these are merely the opinions of the writers, who 

are professional water engineers. All kinds of alternative inter-

pretations may apply, and various morals and homilies drawn in 

this endless struggle against the fl uviology gods. In lieu of online 

reader commentary, readers are invited to insert their own 

personal, potentially legendary epigram here (e.g. most bridge 

failures are caused by hydrologic rather than structural loads) 

and e-mail them to us.

EFFECTS ON THE BARKLY EAST COMMUNITY
Initially the fi rst wash-away disrupted only the postal services 

to Barkly East, but by 10 April 1925 there was no proper com-

munication between Aliwal North and Barkly East. Soon, 

the eff ects became more serious as roads in the area became 

impassable because of the incessant rain. Further, at the time 

of the fi rst wash-away, there were no locomotives or carriages 

on the Barkly East side of the break. As communities ran low 

on food and coal, emergency measures were devised, and an 

aerial cableway erected across the Kraai River at the bridge site. 

A fl eet of dismantled motor trolleys was taken across the river, 

reassembled on the eastern side, and used to shuttle supplies 

(mostly coal and mealie meal) to Lady Grey and New England. 

Passengers crossed the river in a boat at their own risk, while 

goods were hauled across the river by suspension cable. Political 

pressure mounted, as Barkly East made “strong representa-

tions” to the Minister of Railways to protest their isolation. May 

month brought more rain, and the mountains were white with 

snow. Supplies of food, coal and paraffi  n ran very low in Barkly 

East, but the trolleys managed to bring a “considerable portion 

of goods” to the New England area. As shortages in Barkly East 

grew, a second aerial bridge across the raging river was com-

pleted. Temporary bridge #5 was in service just long enough to 

allow two locomotives and a few carriages to make it over the 

river by the end of May, which eased the logistics of moving 

goods to Barkly East.

In March 1926 CA Sephton, the local representative, 

raised in Parliament the matter of the five destroyed bridges, 

enquiring after the cost of the four temporary bridges that 

were washed away. Informed that the total financial loss 

amounted to £10 121, the local newspaper cried in exaspera-

tion: “The whole affair has been a glaring example of how not 

to do things!” – opportunist criticism that probably would not 

have been popular if made during the rush to re-establish sup-

plies of staples and communications.

Well, hopefully the local newspaper, like Colonel Nicholson, 

may still be proven wrong. With luck, as in that famous bridge, 

leveraging all the stubborn hard work and all the suff ering, 

someone might turn this six-bridges-in-a-year tale of empirical 

waterway structural hydraulics into a successful book, and 

even a popular fi lm, starring a modern-day Alec Guinness, 

perhaps as the resolute engineer. Dreaming on, tourists could 

then ensue…our long-lived old railway bridge may yet become a 

famous fi lm set!

May we suggest you visit the area before the crowds descend?
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BACKGROUND
Base Resources Limited from Australia appointed WSP in 2011 

to assist with the development of their Kwale Mineral Sands pro-

ject in Kenya. Th e Kwale Mine is located some 10 km from the 

coast and approximately 50 km south of Mombasa. Th e primary 

products of the mine are ilmenite, rutile and zircon. Zircon is 

exported in containers via the Port of Mombasa, while ilmenite 

and rutile are exported in bulk and required a dedicated export 

facility. WSP was appointed to provide the engineering, procure-

ment and construction management (EPCM) services for the 

new port facility.

Th e mine plans to export some 330 000 tonnes of material 

(consisting primarily of ilmenite and rutile) per year, through the 

new port facility. Th e site is located in Likoni on the southern 

bank of the river directly opposite the Port of Mombasa and 

directly adjacent to the existing ferry terminal.

Th e facility mainly comprises a storage shed for the mineral 

sands, an access trestle and load-out platform with breasting and 

mooring dolphins, and conveyors with a ship-loader. WSP put 

together a specialist consulting engineering team ensuring local 

representation, as well as specialist skills in the fi eld of storage, 

transport and loading of mineral sands into the berthed bulk 

carrier. Th e project team that provided the consulting engi-

neering services is as shown in Table 1.

After completing topographical, bathymetrical, geophysical 

and geotechnical surveys of the area, the layout and design of 

the facility were fi nalised, considering various design factors and 

Kwale Mineral Sands Export Facility
focus on the marine works

Marisa Ackhurst Pr Tech Eng

Senior Engineer

Marine Structures (Associate)

WSP: Coastal & Port Engineering Division

marisa.ackhurst@wspgroup.co.za

Site overview showing marine structures and part of shed (on the right) during construction

Base Resources Limited from Australia appointed 

WSP in 2011 to assist with the development 

of their Kwale Mineral Sands project in Kenya. 

The Kwale Mine is located some 10 km from 

the coast and approximately 50 km south 

of Mombasa. The primary products of the 

mine are ilmenite, rutile and zircon. Zircon is 

exported in containers via the Port of Mombasa, 

while ilmenite and rutile are exported in bulk 

and required a dedicated export facility.
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restrictions, including the client requirements and adhering to 

the port regulations of the Kenya Ports Authority.

Th e site was quite restricted and only about 13 300 m2 in 

size. Th e facility and its operations were to be positioned be-

tween the new ferry terminal (currently under construction), 

an emergency slipway (currently not in operation, but to be 

refurbished), the shipping channel boundary, as well as a public 

road, residential area and school on the landside boundary. Th e 

site topography included a steep cliff  of 6 m height from the 

landside to the beach.

It was a requirement not to exclude local contractors from 

tendering and consequently designs were adapted to suit local 

capabilities. For the marine structures this meant that the design 

could not be based on raking piles (vertical piles only) nor piles 

with diameters larger than 1 m.

Th e fi nal scope of works included the following:

 ■ A storage shed with a capacity of 60 000 tonnes.

 ■ A conveyor system and ship-loader with a loading capacity of 

1 000 tonnes per hour.

 ■ Two breasting dolphins and two mooring dolphins for the 

berthing of a maximum 57 000 DWT bulk vessel.

 ■ A load-out platform with rails for the ship-loader, and 

fenders and bollards for the berthing of empty ferry vessels 

(from the adjacent ferry terminal) when the loading facility 

is not used.  

 ■ Access trestles with walkways and conveyor supports for ac-

cess to the load-platform.

MOMBASA

LOAD-OUT PLATFORM PARTIALLY 
CONSTRUCTED

STORAGE SHED PARTIALLY CONSTRUCTED

EXISTING FERRY TERMINAL
PORT

Site location

Table 1: Project consulting team

EPCM project management WSP

Structural engineering:
• Marine-based
• Land-based

WSP
WSP  (preliminary design: 

Howard Humphreys, 
Kenya)

Civil engineering WSP

Electrical engineering Howard Humphreys 
(Kenya) reviewed by WSP

Ship-loader and conveyors LNW/Syralco

Instrumentation, SCADA & PLC 
systems

LNW/Syralco

It was a requirement not to exclude local 

contractors from tendering and consequently 

designs were adapted to suit local 

capabilities. For the marine structures this 

meant that the design could not be based 

on raking piles (vertical piles only) nor piles 

with diameters larger than 1 metre.
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 ■ Instrumentation, SCADA (Supervisory Control And Data 

Acquisition) and PLC (Programmable Logic Controller) systems. 

 ■ An administration building, maintenance workshop and a 

guard house.

 ■ A fi sherman’s access ramp.

 ■ A dedicated sub-station to address the risk of disruption to the 

operations due to regular power outages in Kenya.

 ■ Roads, surfacing including pavements and grass, boundary 

walls, fencing and a sound barrier wall between the school and 

the facility.

 ■ A 22 m long retaining wall (+9.65 m CD) with staircase pro-

viding access from the land to the beach (+3.8 m CD).

 ■ Water tanks (collection of rainwater), sewage treatment plant, 

generators and fuel tanks.

Th e operations at the facility start with the trucks transporting 

the ilmenite and rutile from the mine, delivering it to the fa-

cility by entering the storage shed at one side, offl  oading and 

then exiting on the other side. Once suffi  cient volumes are in 

storage in the shed, the product is transported to the ship-

loader via a conveyor system. Th e product is then loaded into 

the holds of the berthed bulk carrier via a travelling ship-loader, 

positioned on the load-out platform. Th e load-out platform was 

dimensioned for smaller vessels (approximately 20 000 DWT). 

In order to load all holds of larger vessels (approximately 

30 000 to 57 000 DWT), these vessels need to be warped along 

the berth (moved ahead and astern along the berth by using 

winches on board the vessels). 

THE MARINE WORKS
Th e marine structures include the access trestle and walkways 

that connect the facility on land with the load-out platform and 

the dolphins. Th e access trestles also provide support to the 

conveyor structures. Th e load-out platform was positioned to 

ensure adequate water depth for the design vessel and therefore 

dredging was not required on this project. On either side of the 

load-out platform one breasting dolphin and one mooring dol-

phin are located. Th e two breasting dolphins are connected to 

the load-out platform with walkways. Th e mooring dolphins are 

only accessible via boat. Th e top level of all the marine structures 

was kept the same level as that of the cope levels within the port, 

which is +5.40 m CD. Th e minimum riverbed depth at the plat-

form and breasting dolphins is -13.50 m CD.

Th e conforming design of the various marine structures 

comprised tubular steel piles (vertical) founded into the riverbed 

and tied together with a reinforced concrete superstructure. Th e 

design accommodated the capability of local contractors, which 

meant that only vertical piles were used up to a maximum pile 

diameter of 1 m.

The construction of the marine facility was awarded to 

Stefanutti Stocks Marine, who included an alternative de-

sign offer based on larger diameter and raking piles for the 

berthing and mooring dolphins, as well as steel superstruc-

tures for the dolphins and access trestles. Their pile design in-

corporated diaphragms to reduce the penetration depths into 

the sandy and soft calcrete layers required when compared 

Access trestles with conveyors fi tted

Load-out platform – precast deck slabs in position

Breasting dolphin piling

Mooring dolphin piling
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with the conforming design’s open-ended piles. During con-

struction two test piles were driven to confirm the driveability 

of these piles and ensure that the structure, as built, met the 

design criteria.

The access trestles comprise 22 number 760 mm diameter 

piles driven to an average penetration depth of 24 m, while 

the breasting dolphins comprise six number 1 300 mm 

diameter raking piles each, with an average penetration 

depth of 20 m, and the mooring dolphins comprise four 

number 900 mm diameter raking piles each with an average 

penetration of 21 m. The 1 200 mm diameter load-out 

platform piles (18 no) penetrated the riverbed by an average 

depth of 19 m. Corrosion protection for the headstocks and 

piles included a protective paint system, as well as cathodic 

protection. The piles were kept hollow, as the design life of the 

facility is only 20 years. This design life is based on the esti-

mated life of the mine, which is 15 years.

Th e conveyor and ship-loader system necessitated strict 

defl ection criteria (operating and out of operation) for the sup-

porting marine structures, which resulted in the defl ection 

criteria being the critical design criteria for the load-out platform 

design, especially considering the need for provision for empty 

ferry vessels berthing against this structure.

The superstructure for the access trestles and dolphins 

comprise steel headstocks, which also served as pile guide 

during piling for the dolphin structures. The void between 

the piles and tubular headstock members was filled with 

grout. Items such as handrails, bollards, access ladders, 

fenders and walkways were fitted to the headstocks. The 

Access trestle – placing headstock

Concrete batching plant at night
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• high-tensile steel wire (tensile strength of  
at least 1770 N/mm2)

• protection against impact energies up to 3000 kJ
• approval for ETAG 027 category A
• low anchor forces, short anchors, shorter  

drilling times
• short installation times thanks to modular  

construction and lightweight components

GBE rockfall protection barriers: The most  
economic barrier from high-tensile steel wire.

Scan and watch our movie on 
www.geobrugg.com/youtube/gbe-en

Geobrugg Southern Africa (Pty) Ltd
Unit 4 40 Fransen Street
Chamdor 1739 Gauteng, South Africa
Cell SA +27 82 420 6137 Phone +27 11 762 1289  
www.geobrugg.com info@geobrugg.com

headstocks were manufactured in South Africa and shipped 

to Kenya for installation.

Th e load-out platform superstructure comprises a combi-

nation of precast and in-situ reinforced concrete members to 

simplify construction over the water. All concrete was mixed at 

the batching plant on site. Readymix concrete would need to be 

transported from Mombasa city to site with the public Likoni 

ferry, hence the decision by the contractor to establish a batching 

plant on site.

Th e electrical supply to the ship-loader was earthed by pro-

viding electrical connection between the rails and the steel piles 

through the reinforced concrete. Th e load-out platform was fi tted 

with rails, buff ers and electricity for the ship-loader, bollards and 

fenders for berthing of the empty ferry vessels, hand rails, walk-

ways and access ladders. 

Th e fi rewater pipes, wash-down water pipes and electricity 

cables were fi tted to the walkways to provide these services from 

land. Th e walkways were also fi tted with general lighting. Two solar-

powered navigation lights were fi tted on the breasting dolphins.

Th e construction of the facility was completed towards the 

end of 2013. Th e fi rst shipment of bulk ilmenite from the Likoni 

Port Facility took place on Monday 17 February 2014, while rutile 

and zircon were fi rst shipped on 6 April 2014.

ACKNOWLEDGEMENT
Th ank you to Gerhard Kapp, WSP’s Construction Project Manager 

on site, for providing the photographs for this article. 

The load-out platform superstructure comprises 

a combination of precast and in-situ reinforced 

concrete members to simplify construction over 

the water. All concrete was mixed at the batching 

plant on site. Readymix concrete would need to 

be transported from Mombasa city to site with 

the public Likoni ferry, hence the decision by the 

contractor to establish a batching plant on site.
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BACKGROUND
At the end of 2011 Subtech was awarded the NEC3 contract for 

the provision of scour protection to all 15 of the Pier 1 and Pier 2 

container terminal berths in the Port of Durban. Th e provision of 

the rock scour protection is required to withstand the propeller 

and bow thruster wash forces that occur during the berthing 

and un-berthing of ships. Th e existing scour protection had been 

eroded and the subsequent depressions in the sea bed were un-

dermining the quay walls. 

OPERATION
Th e port could not aff ord to shut down operations on the berths 

for extended periods of time, so Subtech had to ensure that the 

scour protection was placed within a limited berth occupation 

period, which often saw the company’s teams working around the 

clock. Th e programme was updated and submitted bi-weekly to 

the client who was responsible for berth access and occupations. 

Th e tender requirement was for a total water-based opera-

tion, allowing Subtech to utilise its diverse arsenal of water-

based plant and equipment. Th e following plant items were 

used in the execution of this project:

 ■ Subtech’s barge JUMBO – used to transport rock from the 

stockpile area to the placement site, capable of transporting 

600 m3 of scour rock per load

 ■ Subtech’s spud-leg barge INKONKONI – used as a stable plat-

form for the long-reach excavator 

Scour protection in the Durban harbour

Stockpile of scour rock at Berth 205
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 ■ Subtech’s tug REIER – used as a tow vessel for the jumbo barge

 ■ 80-Ton long-reach excavator – used for the trimming and 

levelling of scour material

 ■ Subtech’s multi-beam survey boat ODIN – used to carry out 

accurate bathymetric surveys pre- and post-rock placement.

Th e scour protection comprised rocks up to 200 kg placed in 

a 25 m wide strip along the full length of the berth under con-

struction. A total of 80 000 m3 of rock was placed in an 800 mm 

layer to the designed fi nish level, and the process was carried out 

in the following sequence:

In-survey

Before any placement of scour rock Subtech conducted a multi-

beam bathymetric survey of each berth. Th is survey would 

reveal the existing levels of the sea bed and dictate how much 

material would need to be dredged or levelled before placing 

scour material. Th e in-survey formed the basis for the calcula-

tion of quantities.

Trimming

In order to accommodate the 800 mm layer of scour rock, the 

existing sea bed, where required, had to be trimmed and levelled 

prior to rock placement. To carry out this trimming operation 

an 85-ton long-reach excavator, with a full DGPS DIG system, 

mounted on a spud-leg barge, was used. Via electronic informa-

tion gained from the bathymetric survey, which was fed into 

the LRE’s DIG system, the excavator barge was positioned over 

the high areas, and the spud legs were lowered so that trim-

ming could commence. Silt material would be side-cast for later 

intervention by the TNPA (Transnet National Port Authority) 

dredging team. Once the trimming operations were complete a 

progressive-survey would take place to ensure that the correct 

levels were attained. 

Loading and dumping of scour rock

Th e scour rock was supplied by Transnet for this project and 

was stockpiled for collection at A-Shed and Berth 205. A special 

ramp was fabricated to allow front-end loaders to move the ma-

terial from the stockpile onto the jumbo barge. Th is operation 

was mostly tide-dependent, given the fi xed position of the ramp 

against the fl uctuating level of the barge. Once the barge had 

reached its load capacity, one of the front-end loaders would stay 

on the barge to be transported to the placement site. A dump 

plot formulated from the surveys would then dictate how much 

rock to dump per 5 m x 5 m grid, and this was executed with the 

front-end loader on the barge.

Once the rock placement had been completed the LRE 

was used to do final levelling, after which an out-survey 

was conducted to ensure that final levels met the project 

specifications. If high spots or depressions were evident then 

Subtech would rectify these until Transet was in acceptance. 

The acceptance of the close-out survey would conclude op-

erations on the berth, and the berth would be handed over 

to the client. This process was repeated for all 15 berths and 

Specially designed ramp used to load material from 
the stockpile onto the jumbo barge at Berth 205

Scour rock being loaded onto the jumbo barge at the 
appropriate tide; the jumbo barge was moored to the berth 
allowing the ramp to rest on her deck

Subtech is one of South Africa’s premier operators in marine construction 
and support services. We specialise in challenging projects and pride 
ourselves in our ability to innovate and engineer solutions to the most 
complex marine problems.

Our engineering and construction teams have collectively been involved in 
most of the port construction that has taken place in Southern Africa since 
1995. Subtech offers a full range of marine construction services, including 
marine piling support, scour protection,  dredging and capital 
dredging support, underwater demolitions, underwater concreting, 
preparation of caisson beds and caisson placement.

Our assets include tugs and barges, cranes and derricks, specialist lifting 
and rigging systems, winches and mooring systems, and dredging tools. 
Please visit our website for detailed spec sheets of all assets.
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the project was successfully executed over 18 months with no 

major incidents.

Th ere was very good interdivisional cooperation between 

Transnet National Ports Authority, Transnet Capital Projects 

and Transnet Port Terminals. TNPA’s Port Engineer’s depart-

ment was responsible for the design of the scour rock, while 

Transnet Capital Projects was responsible for the management 

of the contract. All engineering decisions during the contract 

were undertaken by the Port Engineer’s department, and all 

day-to-day programming and supplying of the rock to meet 

Subtech’s demands were undertaken by Transnet Capital 

Projects. Close cooperation from Transnet Port Terminal’s 

DCT management team ensured successful daily occupations 

and site arrangements when cranes needed to be moved or 

shipping adjusted.
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The scour rock was supplied by Transnet for 

this project and was stockpiled for collection 

at A-Shed and Berth 205. A special ramp was 

fabricated to allow front-end loaders to move 

the material from the stockpile onto the jumbo 

barge. This operation was mostly tide-dependent, 

given the fi xed position of the ramp against the 

fl uctuating level of the barge. Once the barge had 

reached its load capacity, one of the front-end 

loaders would stay on the barge to be transported 

to the placement site. A dump plot formulated 

from the surveys would then dictate how much 

rock to dump per 5 m x 5 m grid, and this was 

executed with the front-end loader on the barge.

A front-end loader busy stockpiling rock on the jumbo 
barge in preparation of the journey to the desired berth

The jumbo barge is held in position over the dumping grid using 
her mooring and winch systems during the dumping operation

Placing the scour rocks into the desired dump blocks 
off the jumbo barge using a front-end loader

Once the barge is positioned over the dumping grid 
using its GPS system the front end loader places 
scour rock into the allocated dump blocks
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INTRODUCTION
Due to the recent radical increase in con-

tainer vessel sizes (Figure 1), ports around 

the world are being refurbished. Th e ports 

of Anchorage, Cape Town, Colombo, 

Durban, Miami, Mumbai and Rotterdam 

have all recently undergone, or are cur-

rently undergoing, expansion to accom-

modate larger container ships. Between 

1914 and 1988, the largest container vessel 

in the world had a capacity of 5 000 TEU 

(twenty-foot equivalent units). Currently, 

the largest ships can carry 18 000 TEU. 

Ships of this capacity are 400 m long, 

59 m wide and 73 m high. Such vessel 

sizes are manufactured to save costs on 

fuel, crews and multiple vessel deploy-

ments (Marcario 2013; Saltmarsh 2011).

Th e handling of container ship cargo 

requires that container ships be moored 

The effect of vibratory pile driving on the 
original gravity structure quay wall at
Ben Schoeman Dock Berth 603, Port of Cape Town

Figure 1: Illustration of increasing vessel and equipment sizes (Source: Transnet 2012)
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in the protected and relatively calm wa-

ters of a port. However, the ships allowed 

to enter a given port are restricted due to 

the crane-height, under-keel clearance, 

infrastructure and equipment of the port 

– and there are only a few ports in the 

world able to accommodate the largest 

vessels (Marcario 2013). Th e increasing 

popularity of larger container ships in 

global trade prompted the expansion and 

refurbishment of the Cape Town con-

tainer terminal (Figure 2).

In January 2007, the Cape Town 

container terminal (CTCT) expansion 

project (henceforth referred to as the 

Project) commenced. Th e Project fi nished 

in early 2013 and was undertaken to in-

crease the container capacity of the Port 

of Cape Town from 0.8 million TEU to 1.4 

million TEU per annum (Basson 2010). 

Th e container terminal consists of four 

operational berths: Berth 601 to Berth 

604 (Figure 3). Prior to refurbishment, the 

original quay wall structure for all four 

berths was concrete blockwork – a form 

of gravity earth-retaining structure. In 

addition to reconfi guring the container 

terminal to maximise stack space, the 

Project involved the deepening of the Ben 

Schoeman basin and the installation of 

larger ship-to-shore (STS) cranes.

PROBLEM STATEMENT
Geotechnical stability analyses conducted 

during the initial stages of the Project 

indicated that the deepening of the Ben 

Schoeman basin, in conjunction with 

increased horizontal and vertical loading 

due to larger STS cranes, would result in 

a signifi cant decrease in the stability of 

the original quay wall (Mott MacDonald 

2008). Hence, there was a need to design 

appropriate works that ensured stability 

of the refurbished quay wall structure 

in its fi nal operating condition. For the 

stretch of quay wall along Berths 602 to 

604, the chosen stability solution was to 

install two rows of bearing piles adjacent 

to the original quay wall structure on 

the seaward side (Figure 4). Th e bearing 

piles took the form of hollow, tubular, 

open-ended steel casings, driven to design 

depth using a vibratory pile hammer and 

fi lled in situ with reinforced tremie con-

crete. Th ese piles served the dual purpose 

of stabilising the existing quay wall and 

supporting a new suspended deck. During 

quay refurbishment, various movements 

of the original quay wall were detected by 

the Project authorities. Th e movements 

were largely due to the creation of vari-

ably extensive voids beneath the toe of 

the existing quay, resulting from vibra-

tional compaction of granular founda-

tion materials during installation of the 

inner pile row.

AIMS AND OBJECTIVES
Th e primary objective of this study was 

to investigate how vibratory pile driving 

adjacent to the quay wall toe infl uenced 

the geotechnical stability of the structure. 

Th is was achieved through assembly and 

analysis of a two-dimensional plane strain 

Water of Ben 
Schoeman basin

Original quay wall

New super 
post-Panamax

STS cranes

Completed section of 
refurbished 
quay wall

Suspended deck

Cap of inner pile

Cap of outer pile

Figure 2: Plan of the Port of Cape Town (Source: Google Earth Data 2013)

Figure 3: Plan of the Ben Schoeman Dock container terminal (Source: Google Earth Data 2013)

Figure 4: New suspended deck at the Cape Town container terminal Berth 603 
(Source: Ben Schoeman Project June 2011)
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numerical model of the original quay wall 

at Berth 603. Th is led to an additional 

objective, namely to assess whether the 

quay wall movements – a three-dimen-

sional problem – could be accurately 

simulated and analysed using a simplifi ed 

2D plane strain model. All modelling 

was completed using PLAXIS 2D 2012, a 

fi nite element software package used for 

the analysis of deformation and stability 

in geotechnical engineering. Th e reasons 

for focusing this study on a particular 

length of the container terminal at Berth 

603 (henceforth referred to as the Site) are 

outlined in the following section.

PROJECT DESCRIPTION

Characterisation of the Site

Th e structural and geologic composi-

tion of the whole container terminal was 

assessed to (a) select the Site location, 

and (b) determine the most conservative 

input parameters for the assembly of the 

numerical model. Th e Site represents the 

section of the Ben Schoeman container 

terminal assumed to be the most critical 

for geotechnical stability analysis of the 

original quay wall.

Th e cross-section of the original 

blockwork wall is uniform along the 

length of the operational quay. However, 

logs of boreholes drilled along the length 

of the terminal, both in front of and 

behind the quay wall face, show that the 

underlying geology varies erratically. Th e 

materials of the foundation geology are 

classifi ed into two categories:

 ■ Imported construction materials, such 

as sand fi ll, crushed stone and rock 

rubble, situated immediately below and 

behind the quay wall, and

 ■ Lower-lying in situ material of the 

Tygerberg formation, weathered to var-

ious extents, ranging between hard rock 

and residual soil (a very stiff  silt/clay).

The initial stages of the original quay 

wall construction in 1971 involved the 

excavation of in situ seabed material to 

create a trench running along the length 

of the terminal, which was then filled 

with granular construction materials 

to form the blockwork wall foundation 

bed. The cross-sectional geometry of 

this trench (perpendicular to the quay 

wall face) varies in depth and breadth 

along the length of the quay. Selection 

of the Site location was based primarily 

on determining the point along the quay 

where the response of the foundation 

Table 1: Summary of materials and their associated constitutive models

Material Selected constitutive material model

Soil

In situ materials

Original sea bed 
sediments

Hardening soil with small-strain s  ff ness 
(HSsmall) model1

Residual soil Hardening soil (HS) model2

Very so   rock HS

Construc  on 
materials

Sandfi ll HSsmall

Crushed stone HS

Rock rubble HS

Mass concrete Linear Elas  c (LE)3/non-porous

1= (most) advanced model; 2 = advanced model; 3 = basic model

Figure 5: Location of Site along Ben Schoeman container terminal quay (Source: Wegener 2013)

Figure 6: Site foundation profi le (Source: Wegener 2013)

Figure 7: Approximate void size below quay wall toe at Site (Source: Wegener 2013)
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conditions to vibratory pile driving had 

the most detrimental effect on quay 

wall stability. In doing so, it was as-

sumed that:

 ■ Th e depth and extent of the cones 

of settlement formed in the founda-

tion material around the driven piles 

increased as the trench increased in 

thickness and breadth (i.e. as the thick-

ness of granular materials, prone to 

immediate settlement by vibrational 

compaction, increased), and

 ■ Wall stability analysis was more sensitive 

to the material properties of the imported 

construction materials than to the 

strength of the underlying in situ material.

Bearing this in mind, and through review of 

borehole logs, the Site location was selected 

to be the length of quay-spanning chainage 

(CH) 845 m–855 m (Figure 5). Here, the 

foundation profi le has the widest trench, 

deepest trench invert level, thickest sandfi ll 

layer, and thickest crushed stone foundation 

bed. Th e critical foundation profi le, as well 

the blockwork wall, is illustrated in Figure 6.

For the length of quay at the Site, the 

cones of settlement around the driven 

piles were, according to dive inspection 

reports compiled by Project authori-

ties, approximately 300 mm deep and 

extended roughly 1 200 mm from the pile 

casing wall (Figure 7).

Once the geometry of the quay wall and 

its foundation conditions had been deter-

mined, it was necessary to derive material 

parameters for both the wall and soil for 

incorporation into the PLAXIS 2D model.

Material parameter selection

Table 1 summarises the constitutive re-

lationships selected to model each of the 

materials within the numerical model. 

Constitutive model selection was based 

on recommendations made in Plaxis 

(2012) regarding the behaviour of various 

material types under certain loading con-

ditions. While more basic models were 

chosen where possible, it was realised that 

NOTE:
The inner pile row was not modelled in the QS analysis. 
The 1.4 m dmtr piles were installed 6.85 m apart, and 
it was considered necessary to permit soil flow below 
the quay toe in the plane strain model. Furthermore, 

immediately after driving, the piles were not connected 
to the quay wall and were assumed to have negligible 
stabilising influence on the rotation of the quay wall.

200 mm void depth 

Refurbishment loads

300 mm void depth 

400 mm void depth 

Position of inner pile

Rock rubble

Crushed stone

200 mm 
void depth

300 mm 
void depth

500 mm 

800 mm 

1 200 mm 

400 mm 
void depth

Varying void
widths

Quay wall toe

400 mm

1 400 mm

Figure 8: Void sizes modelled for the quasi-static analysis (Source: Wegener 2013)
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more advanced models – although associ-

ated with more complex parameter deri-

vation and computation time – yielded 

more accurate results.

Selection of soil parameters was 

based on (a) consultation with working 

engineers (Holmwood 2013), (b) engi-

neering judgement based on the miner-

alogy and fabric of the various founda-

tion materials, and (c) literature-derived 

estimations using raw geotechnical test 

data specified in Project reports – with 

special reference to Brinkgreave et al 

(2010), Lees (2012), Plaxis (2012), and 

ZLH (2009).

All soil parameters were derived 

for drained conditions; the reason for 

doing so is made clear in the following 

section. A full list of the selected soil 

parameters is available upon request 

from the first author. 

Model assembly

Th e PLAXIS 2D 2012 software (hence-

forth referred to as Plaxis) allows fi nite 

element calculations to be divided into 

sequential calculation phases (or stages). 

Except for the fi rst stage in which the ini-

tial stress conditions are calculated, each 

phase is a continuation of the previous 

phase and corresponds to a construc-

tion stage or particular load case. Every 

stage has its own unique set of calcula-

tion results based on the specifi ed input 

geometry, material parameters and im-

posed loading. 

Th e assembled model consisted of ten 

phases, which, in order to account for the 

complete stress history of the foundation 

soil, modelled the initial construction, op-

eration and refurbishment of the original 

quay wall up to the point of pile installa-

tion. Th e phases were calculated as a set 
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The model analysis was not 

time-dependent and the results 

shown in Figure 10 represent 

the instantaneous cumulative 

increase in horizontal defl ection 

of the quay wall as a result 

of void formation. The model 

results are comparable to the 

total cumulative defl ection 

shown in Figure 9 (45 mm).

Figure 10: Horizontal defl ection of quay wall leading edge upon formation of voids (Source: Wegener 2013)

Figure 9: Observed horizontal movement of quay wall leading edge during refurbishment
(Source: ZAA 2012)

Point 

in time

Description

A Pile installation

B Toe bucket installation

C Casting of suspended deck 
RC slab
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of sequential static analyses with instan-

taneous changes in loading and geometry 

between stages. However, in reality, there 

were considerable periods of time (no less 

than a few days) between each construc-

tion stage of the original quay wall – the 

operation phase would have lasted some 

40 years. Hence, the assembly of the static 

model assumed drained soil conditions 

throughout all calculation phases for all 

soil types. Th e modelling of un-drained 

soil conditions throughout the phases 

would have yielded an unrealistic ac-

cumulation of excess pore water pressure 

in the lower-lying in situ, non-granular 

materials.

For the final calculation stage, a 

time-independent, quasi-static analysis 

was conducted to model the influence 

of the driven piles. The analysis con-

sidered the point in time just before the 

dynamic action of the piles was com-

plete. To simulate the instantaneous 

state of the quay foundation soil, voids 

below the quay wall toe were incorpo-

rated into the model geometry. Due to 

difficulties experienced in using Plaxis 

to investigate the dynamic action of 

an embedded pile casing, the modelled 

void sizes were not based on any numer-

ical results, but rather on on-site dive 

survey observations which described 

the cones of settlement formed around 

the pile centres. To cater for uncertainty 

surrounding the extent of settlement 

below the quay toe at the Site, a total of 

nine void sizes were modelled (Figure 8) 

– three depths and, for each depth, 

three different void widths.

RESULTS
Th e assessment of the model results 

consisted of (1) the comparison of the 

achieved defl ections to the observed quay 

wall movement during construction at 

the site, and, once the accuracy of the 

model had been evaluated, (2) the assess-

ment of the eff ect of the void formation 

on the stability of the original quay wall.

The cumulative horizontal deflec-

tion (Figure 9) of the Site quay wall 

leading edge observed during refur-

bishment was compared to the lateral 

deflections indicated by the numerical 

model output (Figure 10). It must be 

noted that the point of zero cumulative 

deflection was considered the position 

of the leading edge at the start of refur-

bishment, and that once the suspended 

deck was connected to the original wall, 

deflections ceased.

Th e model analysis was not time-

dependent and the results shown in 

Figure 10 represent the instantaneous cu-

mulative increase in horizontal defl ection 

of the quay wall as a result of void forma-

tion. Th e model results are comparable to 

the total cumulative defl ection shown in 

Figure 9 (45 mm).

Table 2: Results of ϕ/c reduction calculations for sub-models of the QS analysis

Void width (mm)

Void depth (mm)

200 300 400

Global FOS
Decrease in 

FOS from before 
driving

Global FOS
Decrease in 

FOS from before 
driving

Global FOS
Decrease in 

FOS from before 
driving

500 1.161 0.069 1.142 0.088 1.122 0.108

800 1.109 0.121 1.100 0.130 1.096 0.134

1 200 1.052 0.178 1.049 0.181 1.043 0.187

Figure 11: Location of failure points in soil. Quasi-static model safety analysis – Void: 1 200 mm wide, 400 mm deep
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Figure 10(b) shows that the void size 

corresponding to the observed defl ection 

is less than that of the observed void sizes 

below the quay wall. However, this result 

was expected – a plane strain model 

(which is a conservative representation 

of the quay foundation conditions) was 

assumed. Hence, if the measured wall 

movements were to match the results 

given by the numerical model, it is likely 

the void size would be larger in reality 

than that modelled in the 2D analysis 

(ZAA 2011a). Comparison of the achieved 

defl ection values to the surveyed data 

show that the two sets of results do 

not diff er by an order of magnitude. 

Th erefore, the model results were con-

sidered suffi  ciently accurate to warrant 

further assessment.

Th e eff ect of void formation on the 

stability of the quay wall was assessed 

through:

 ■ Consideration of the global FOS of the 

wall, and 

 ■ Th e primary failure mechanism of the 

wall.

According to the penultimate model cal-

culation phase, the quay wall had a factor 

of safety of 1.230 immediately prior to 

refurbishment. Model output indicated 

the extent of the decrease in stability of 

the original quay wall (Table 2) as a result 

of vibratory pile driving.

Th e output showed in Table 2 con-

fi rmed that the original quay wall re-

mained stable throughout refurbishment. 

However, the decrease in stability due to 

void formation was signifi cant, especially 

for voids of width 1 200 mm, where the 

global FOS values ranged between 1.043 

and 1.052.

In assessing the safety of the quay 

wall, a cumulative horizontal defl ection of 

50 mm was considered the serviceability 

limit state (ZAA 2012). With this borne 

in mind, Figure 10 shows that the quay 

wall would have been deemed to fail due 

to excessive deformation before reaching 

a condition of collapse. Model results 

showed that the horizontal defl ection cor-

responding to the largest modelled void 

was 69 mm – exceeding the specifi ed de-

fl ection limit by 40%. However, the quay 

wall global FOS corresponding to the 

same void size is greater than 1.0.

Th e primary failure mechanisms for all 

modelled void sizes were the overturning of 

the quay wall and the formation of a shallow 

rotational slip surface. Other than local 

failure at the edge of the toe, there was no 

indication of bearing failure of the founda-

tion soil. Sliding between the interface of 

the quay wall base and the foundation bed 

was absent. Figure 11 shows the location of 

failure points within the foundation soil and 

backfi ll of the model which incorporated 

the largest cross-sectional void area, i.e. 

1 200 m wide and 400 mm deep.

CONCLUSIONS
Th e observed movement of the Ben 

Schoeman container terminal quay 

wall during its refurbishment was a 

three-dimensional problem – cones of 

settlement were localised around pile 

centres, the quay foundation profi le varied 

erratically, and friction between adjacent 

blocks of the wall caused varying rates of 

defl ection along the length of the quay. 

Th e assembled quasi-static numerical 

model of the critical quay wall section 

– although a conservative 2D representa-

tion of the problem – yielded results of 

acceptable accuracy. Th is was concluded 

through comparison of: 

 ■ Th e defl ections indicated in the plane 

strain, quasi-static analysis results, and 

 ■ Th e observed on-site horizontal move-

ments of the quay wall leading edge 

during completion of the Project. 

Selection of the critical section of the 

quay wall for stability analysis was based 

primarily on assessment of the quay 

foundation profi le – more specifi cally, the 

geometry and load-induced behaviour 

of the imported construction materials. 

Modelling output confi rmed that the 

original quay wall remained stable both 

before and immediately after installation 

of piles adjacent to the toe. Nonetheless, 

the decrease in global stability of the 

blockwork wall as a result of vibratory 

pile driving was signifi cant. Quay wall 

stability was restored once construction 

of the suspended deck was complete.

Th e cumulative horizontal defl ections 

of the quay wall leading edge between the 

start of quay construction and the instant 

after pile installation were in the order 

of 210 mm; critical lateral movements 

subsequent to pile driving – but prior 

to suspended deck completion – were 

approximately 45 mm. Model results in-

dicated that the quay wall would fail due 

to excessive defl ection before an ultimate 

limit state was reached.
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Modelling output confi rmed 

that the original quay wall 

remained stable both before 

and immediately after installation 

of piles adjacent to the toe. 

Nonetheless, the decrease in 

global stability of the blockwork 

wall as a result of vibratory pile 

driving was signifi cant. Quay 

wall stability was restored 

once construction of the 

suspended deck was complete.
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BACKGROUND AND MOTIVATION
Th is research examines the impact of 

climate change on port infrastructure, 

and proposes a three-pillar holistic model 

for adaptations to climate change. Th e 

changes in the global climate system 

include warmer temperature, rising sea 

levels and potentially more frequent and 

severe extreme weather events.

While there appears to be a general 

consensus about the impact of climate 

change (IPCC 2013), conducted research 

has been focusing mainly on mitigation 

measures aiming at reducing CO
2
 emis-

sions. A need for a holistic adaptation model 

for infrastructure (precisely port infrastruc-

ture) has therefore become necessary.

Sea navigation is characterised by low 

energy consumption and therefore a small 

carbon footprint. Its climate-friendly 

image makes it attractive for shippers of 

cargo (PIANC 2008), and global trade is 

therefore largely seaborne (91%), moving 

through ports (South African Maritime 

Safety Authority 2013). As such, the 

development of maritime transport 

infrastructure has become a key enabler 

and catalyst for the competitiveness and 

development of any regional economy. 

Sea ports are, however, mostly located 

in areas vulnerable to the impacts of 

climate change – on coasts susceptible to 

sea level rise and storms, or at the mouths 

of rivers where fl ooding is a risk (Becker, 

Inoue, Fischer & Schweegler 2011). Most 

of the current coastal/port infrastructure 

was developed on the assumption of a 

static climate (Stockholm Environment 

Institute 2010), has generally had a long 

and useful life, and is expected to still be 

in operation for many decades to come.

Th ere is nevertheless some evidence 

that investment decisions are beginning to 

take potential adaptation measures into ac-

count (PricewaterhouseCoopers 2010), but 

the extent to which climate change adapta-

tion is consistently considered across the 

sector still remains unclear. Infrastructure 

built today will have to remain standing as 

climatic conditions change over the course 

of the next century. A three-pillar model 

for adaptation is therefore necessary to 

serve as guideline for future infrastructure 

planning, decision-making and investment 

strategies in the industry.

INDICATORS OF CLIMATE CHANGE
Th e Intergovernmental Panel on Climate 

Change has holistically identifi ed the 

following indicators of climate change 

(IPCC 2013):

Ocean:

 ■ Warming throughout much of the 

world oceans

 ■ Increasing rates of global mean sea 

level rise

 ■ Change in ocean salinity

 ■ Acidifi cation of the oceans

Land:

 ■ More frequent warm days and nights; 

fewer cold days and nights

 ■ Reduction in the number of frost days

 ■ Decreased snow cover in most regions

 ■ Degrading permafrost in areal extent 

and thickness

 ■ Large-scale precipitation changes

 ■ Increase in the number of heavy pre-

cipitation events

Ice:

 ■ Shrinking annual average Artic sea ice 

extent

 ■ Widespread glacier retreat

 ■ Changes in ice sheets in Greenland 

and Antarctica

Atmosphere near the surface:

 ■ Rising global average near surface tem-

perature

 ■ Increasing surface humidity

 ■ Warming of sea surface temperature

Troposphere:

 ■ Warming from the surface through 

much of the troposphere

 ■ Long-term changes in the large-scale 

atmospheric circulation, including a 

poleward shift of jet streams

 ■ Increasing concentration of CO
2
 and other 

greenhouse gases from human activities

 ■ Changes in cloud cover

 ■ Increasing tropospheric water vapour

 ■ Changes in aerosol burden and ozone 

concentrations

Stratosphere:

 ■ Cooling stratospheric temperature

 ■ Changes in winter polar vortex strength

Th ese indicators will to some extent have a 

direct or indirect impact on any large-scale 

engineering projects which are designed 

for socio-economic benefi ts and which are 

expected to last for decades into the future. 

IMPACT OF CLIMATE CHANGE ON 
PORT INFRASTRUCTURE
As mentioned above, historically climate 

change was not deemed an important 

consideration in the design of port struc-

tures (RMIT University 2013). However, a 

need to factor in climate change consid-

erations is increasingly becoming impera-

tive. Th e most known and obvious direct 

impacts of climate change on port infra-

structure can be summarised as follows:

Berthing structure:

 ■ Infrastructure damage and deteriora-

tion resulting from heavy storm activity

 ■ Inundation of infrastructure

 ■ Shifting tidal and splash zone level

Protection barriers:

 ■ Increased wave overtopping of protec-

tion barriers

 ■ Barrier material displacement or fracture

 ■ Erosion of barriers
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Port superstructures:

 ■ Failure of foundations

 ■ Degradation of superstructure materials

 ■ Increased storm and fl ood damage

 ■ Failure of roofs and cladding

Channels and harbour basins:

 ■ Changes in water depth (channels and 

basins)

 ■ Changes in water fl ow

 ■ Increased/decreased sedimentation

 ■ Changes in timing of seasonal high and 

low water

Road infrastructure:

 ■ Embrittlement and cracking of bitumen

 ■ Loss of water seal, causing potholing

 ■ Low-lying roads may be submerged

 ■ Damage to road foundations as a result 

of prolonged drought and low rainfall

Rail infrastructure:

 ■ Buckling of rail tracks

 ■ Submerging of low-lying rail tracks 

 ■ Signal and other electrical damage

 ■ Damage to rail foundations as a result 

of prolonged drought and low rainfall

Th e above list of direct climate change im-

pacts on port infrastructure is not exhaus-

tive. As we improve our understanding 

of climate change in terms of the climate 

change indicators (IPCC 2013), additional 

direct impacts will become known.

PROPOSED RISK 
MANAGEMENT PROCESS
Taneja (2013) defi nes port infrastructure 

as a system including physical elements 

(such as the breakwater, access channel, 

berthing equipment, and road and rail 

connections), in addition to the operating 

procedures, management practices and 

development policies that interact together 

with societal demand and the physical 

world to facilitate its function. A three-

pillar approach for a port infrastructure 

system, as shown in Figure 1, is considered 

to be appropriate in assessing the risks and 

relevant adaptation measures.

A holistic adaptive response to 

climate change indicators will take into 

consideration this three-pillar model of port 

infrastructure. Th e potential impacts of each 

climate change indicator would need to be 

assessed through sensitivity and risk analysis 

in order to identify the critical threshold, and 

to quantify the risks and threats which may 

require response at management, policy and/

or physical level. Th e threshold for damaging 

impact will in fact be raised by adaptation 

(Lisa, Schipper & Burton 2009), which will 

be formulated within the three-pillar model.

Moreover, Shaw, Pulhim and Pereira 

(2010) defi ne risk as a function of hazard 

(H), vulnerability (V), mitigation (M) 

and capacity (C). In other words, risk is a 

factor of hazard multiplied by vulnerability 

minus mitigation, divided by capacity.

R =  (HxV) – M

 C

In this particular case, H represents any of 

the climate indicator events as elaborated 

earlier, V represents the degree to which 

a system may be adversely aff ected by an 

event H, and C represents the degree of 

manoeuvrability which exists within the 

system (fl exibility or ability to cope with 

an event H based on available resources). 

M represents short-term actions gener-

ally associated with quick positive results. 

Mitigation (M) often competes with adap-

tation for resources, with mitigation fre-

quently winning out over adaptation due to 

its perceived short-term money-saving ben-

efi t. Adaptation is more diffi  cult to address, 

since it involves planning on a long-term 

horizon, and the risks are not always easily 

identifi able (Mills-Knapp, Bourdeau, Falco, 

Resler, Tovar & Zoegall 2011). C, H and M 

will be defi ned on a scale system relative 

to a particular event H. Although there 

are progressively some signs of adaptation 

initiatives in port infrastructure investment 

(PricewaterhouseCoopers 2010), identifying 

risk (R) relative to a particular event (H) 

through a risk matrix will inform the mag-

nitude of adaptation required and allow a 

port to determine its state of readiness in 

that respect. Low and negligible risks will be 

omitted from the adaptation framework.

CONCLUSION
The complex nature of climate risks 

presents major difficulties in developing 

a one-size-fits-all solution for port 

infrastructure adaptation, considering 

that exposure to climate risks differs 

substantially between geographical 

locations, and the nature, functions and 

strategic objectives of these ports. For 

this reason, assessing risks using linear 

tools for complex non-linear systems is 

not appropriate. A need for a complex 

non-linear tools system to assess risk 

severity and develop adaptation strate-

gies is therefore necessary. 

In many instances, adaptation is left 

to the individual prerogatives of line man-

agement. A need to minimise subjectivity 

and ensure reliability, accuracy and con-

sistency throughout the decision-making 

process is essential in the early planning 

stages of port development.

Th is research aims to develop a holistic 

risk-based three-tier (Policy-Management-

Technology) port infrastructure adaptation 

framework; and thereafter to demonstrate 

the conceptual model at the new dig-out 

port under development in the City of 

Durban. Central to this process will be 

establishing recognition of the idea that 

responding to climate change is not a con-

straint, but rather an essential underpin-

ning of port infrastructure development.

REFERENCES
Th e list of references is available from the 

author, or from the editor. 
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Figure 1: Proposed three-pillar approach for a port infrastructure system
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BACKGROUND
Small rowing-type boats have been 

launched from and landed on beaches 

since the beginning of boating, as they 

are generally small enough and light 

enough to be manhandled into the water 

and then back again up the beach clear of 

the water.

Th e advent of the outboard engine has 

led to a new class of vessel – the power-

boat. Generally, these are used for recrea-

tion and inshore fi shing. In Natal, a type 

was developed with a fl ush, self-draining 

deck suited to open beach launching and 

landing through the surf, known as a “ski 

boat”. Th e term has stuck and is in gen-

eral use for powerboats used for inshore 

fi shing on the South African coast. Most 

of these boats, however, particularly in the 

Cape, are not ski boats at all, but normal 

powerboats, not particularly well suited 

to beach launching. Th ey are well suited, 

though, to being moved around from 

place to place on road trailers and stored 

out of water.

Th e types of vessels considered are:

Jet skis (also handy for surf lifesaving)

Rigid rubber ducks (also handy for law 

enforcement and research)

Traditional wooden boats

Rigid mono-hull vessels

Catamarans

OCEANOGRAPHY

Tides

Over the whole South African coast the 

tide is regular semi-diurnal, i.e. there are 

two tides a day – two high tides and two 

low tides with about 12.4 hours between 

consecutive high tides. Th e range of 

the tide from low tide to high tide has a 

maximum, the spring tides, which occur 

twice a month, about every 14.5 days 

when the sun and the moon are in align-

ment. Th e range is about 2 m. Halfway be-

tween are the neap tides when the range 

is a minimum – generally about 1 m. Th e 

“establishment” of the tide on the coast – 

the delay between the time of the transit 

of the moon overhead and the following 

high tide – is about 3 hours. Since the 
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Consulting Coastal and Harbour Engineer

keith@mackie.co.za 

Construction aspects of boat launching 
from beaches and ramps in South Africa



Civil Engineering  May 2014 69

time between high and low water is about 

6.2 hours, the preceding low tide will lead 

the moon by about 3 hours; and, since at 

spring tide the moon passes overhead at 

either midday (new moon) or midnight 

(full moon), spring low water is always 

around mid-morning. As fi shermen 

generally go out in the early morning and 

return around midday, they do not usually 

use a ramp at spring low tide.

Note regarding datum: Th ere are two 

data in use at the sea shore: Chart Datum 

(LAT) and Mean Sea Level (MSL), other-

wise known as “Land Levelling Datum”. 

Th e former is used by hydrographers to 

present water depth contours on naviga-

tion charts. Th at way there is never less 

water than the amount shown on the 

charts. Th e tide is a bonus. However, the 

off set of LAT (Chart Datum) from the 

surface of the geoid is diff erent at each 

tide gauge site. Hence, the geodetic survey 

has adopted a single universal value to 

represent mean sea level throughout the 

country. Th e tides are always quoted to 

chart datum, and since the core objec-

tive of this article is the launching and 

retrieving of vessels, and the transfer of 

such vessels from structural to hydro-

static support and vice versa, the critical 

element is the depth of water. Hence, for 

boat ramps and launching, it is better to 

use chart datum.

Sea level rise 

Estimates of the amount of sea level rise 

over the next century are still quite vari-

able, but point to an order of 1 m. Given 

the time frame involved and the conse-

quently very low net present value of any 

future consequences – mainly remedial 

costs – the issue is not very signifi cant. 

However, many sites will lend themselves 

to a top level for the ramp at about 4 m 

above chart datum – enough to allow for 

future sea level change, and it would be 

prudent to use this opportunity. 

Wave climate

Off  the South African coast, the ambient 

wave swell is rarely less than 1 m. 

Th e 10-year peak (Hs) wave height off  

the Cape is in the order of 10 m, reducing 

northwards on both the east and the west 

coasts. However, it is impractical to build 

boat ramps directly into these conditions. 

Some signifi cant degree of protection, ei-

ther natural or artifi cial, is always needed. 

Since the objective is boat launching 

viability, an ongoing activity throughout Figure 1: Tide parameters for South Africa

Photo 2: Selection of modern hulls and trailers

Photo 1: Fishing boats on the beach at Rogge Bay, Cape Town, at the beginning of the 20th Century
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the year, the relevant wave climate is the 

prevailing condition at the site. Storm 

conditions that are relatively rare and 

of relatively short duration are only 

relevant to the physical integrity of any 

structures built in the sea or attacked by 

storm waves.

Sediment movement

Th e South African coast is predominantly 

rock-bound and relatively sand-starved 

compared to conditions worldwide. Sand 

is generally found in pocket beaches or in 

the large “half-heart” bays. Th ese beaches 

are usually subject to strong littoral drift 

– the migration of sand in the seashore 

along the coast. Hence, any obstruction 

on the seashore will aff ect this drift and 

will result in accretion or erosion, either 

of which could compromise a boat ramp 

built on a sandy shore. Typically a boat 

ramp will act as a groin, with sand build-

up on the up-drift side and erosion on the 

down-drift side.

Th e fi rst issue to address on sandy 

beaches, to measure this eff ect on the 

beaches, is the “swept prism”. Th is is a 

montage of beach sections measured at 

diff erent seasons over a number of years, 

all at the same spot. Th e swept prism is 

the envelope of all these sections. It is not 

the maximum and minimum sections. It 

records the total capacity of the beach to 

change with the seasons and hence is a 

very valuable design tool.

Th e refl ective beaches are commonly 

the low-energy summer beaches and 

refl ect most of the incipient wave energy; 

the dissipative beaches are typically the 

high-energy winter beaches and dissipate 

most of the incipient wave energy in wave 

breaking and percolation of the swash 

into the sand.

South African beaches generally 

fall into the “Rhythmic” category and 

are characterised by large changes in 

profi le with the seasons. Some, such 

as Muizenberg, Robberg Corner at 

Plettenberg Bay or Vetches at Durban, fall 

into the “Dissipative” category and are 

characterised by being very fl at with little 

seasonal change.

Th e next issue is the “worked prism”. 

Both the increase in pore pressure in the 

sea bed as the waves pass over the bed, 

and the percolation of swash into the 

sand induce liquefaction in the sea bed at 

the shoreline and a quick condition. Any 

structure built on the sea bed will sink 

into the sand to the depth of the worked 

prism. Th is can reach a depth below the 

sea bed of 3 m under storm conditions 

and over 1 m under a 2 m swell.

VESSEL TRANSPORT AND 
DESTINATION

Cape experience

Th e waters off  the Western Cape off er 

a variety of maritime opportunities 

– commercial, semi-commercial and 

recreational. Th ese opportunities vary 

constantly in time and position with the 

seasons and the weather. Hence most 

boats in the Western Cape are kept on 

road trailers that can easily be taken to 

any part of the coast.

The shape of the Western Cape 

yields a road system that is interior to 

the coast, making road transport of 

vessels around the coast much quicker, 

more economic and safer than driving 

vessels by water. This does require ad-

equate launching facilities distributed 

around the coast, and these facilities 

have been provided in naturally pro-

tected sites and in small harbours. Kalk 

Bay is the exception since it lacks road 

access to the water, so that there are 

no public access boat ramps between 

Simon’s Town and Gordon’s Bay.

Th e kind of equipment needed for 

ramp launching, in eff ect road trailers, 

eff ectively limit this system to protected 

water free of heavy surf.

Natal experience

Th e situation in Natal is rather diff erent. 

Th e coast is exceptionally straight so that 

the road system runs parallel to the coast. 

Th ere is no diff erence between road and 

water distances along the coast, nor are 

there any naturally sheltered inlets or bays 

on the coast. Th e seashore is commonly 

backed by high dunes that make road ac-

cess to the beach diffi  cult. Th ere is also a 

very large (c 700 000 m3/annum) littoral 

drift on the coast that would immediately 

swamp any attempt to construct small-

scale artifi cially protected water. Th e 

Natal tradition, as elsewhere, started as 

beach launching, but has stayed as such 

despite modern changes in vessel type 

and road transport. 

Only if boats must be removed from 

or returned to the beach are any civil 

works needed. Some sort of access is 

nevertheless needed from the nearest 

roads down onto the beach. Beaches, at 

least in South Africa, are generally subject 

to wave action, and the boats and rigs are 

usually designed to handle strong surf. As 

Photo 3: Use of break-back trailer and 4x4 with front-mounted winch and tow hook
(Photo courtesy Natal Sharks Board)

Photo 4: Beach launching, Central Beach, Plettenberg Bay
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mentioned earlier, the Natal ski boat was 

developed specifi cally with Natal beaches 

in mind.

BEACH LAUNCHING
Beach launching can be used to launch 

and land when there is a strong surf run-

ning, provided suitable boats with suf-

fi cient engine power, such as the Natal ski 

boat, are used. 

In its simplest terms, beach launching 

is a matter of manhandling boats into the 

water and out again up onto the beach. 

Th e use of infl atable rubber rollers placed 

under the keel helps considerably. Th e 

process is made easier if the boats are 

on road trailers. Generally an extension 

drawbar allows a 4x4 or tractor to push 

the boat into the water. Usually the boat is 

driven onto the beach and a winch on the 

vehicle is used to draw the boat back onto 

the trailer (Photo 3).

At Plettenberg Bay, large open whale-

watching boats are beach-launched. Th e 

dollies have a long drawbar that can be 

pushed through the dolly to operate from 

either end. After launching, the dolly is 

turned around and the drawbar reversed, 

ready to be pushed into the surf to land 

the boat. After landing, the process is 

reversed, ready to launch again.

A not dissimilar system is used to 

launch and land heavy wooden fi shing 

boats at Arniston, using a large tractor 

purpose-modifi ed for the function.Th e 

sandy sea bed at the Arniston ramp is 

very fl at and, at the ramp, reaches to 

about half tide. Th e site itself is exposed 

to small waves that make boat handling 

diffi  cult on the ramp. Although the site is 

nominally a ramp, eff ectively it is a beach 

launch. Th e modifi ed tractor is used to 

push the vessels into the surf, aided by a 

number of men to hold it upright until it 

is away. In similar manner the tractor is 

used to haul a landed boat out of the surf 

and up to its parking on the upper ramp.

Ramps on open beaches do not nor-

mally work. If they are not taken down 

through the sand to bedrock, or if they do 

not have a foundation of rubble replace-

ment taken down to below the envelope 

of the swept prism and below the level of 

liquefaction, if the ramp is founded on 

sand, then the sand will be washed out 

and the ramp will fail.

CONVENTIONAL BOAT RAMP DESIGN 
AND CONSTRUCTION

Geometry

Standard features of the geometry:

 ■ Road access must have a “T” form to 

permit reversing onto the ramp. Th e 

ramp should be laid out at right angles 

to the access road as shown in Figure 2. 

Th is allows the rigs to drive a short way 

past the head of the ramp, reverse back 

and then down to the water. Th e width 

of a single lane ramp should be 4 m 

between kerbs or 4.5 m without kerbs; a 

multi-lane ramp should have a width of 

3.3 m per lane.

 ■ Road access must lead to adequate 

parking with over-long parking bays 

to accept rigs. A large parking area is 

needed to accommodate the rigs while 

the boats are at sea. Allow 30 to 40 bays 

per ramp lane at popular sites and 20 to 

30 at less popular sites.

 ■ Th e launching gradient must be exactly 
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1:8. If the ramp is steeper than 1:8, the 

towing vehicle will lose traction. If it is 

fl atter, the boot of the towing vehicle 

will fl ood before the boat fl oats free.

 ■ Depth at the end of the ramp must be 

at least 1 m below chart datum. Th is 

is suffi  cient to launch or land at all 

tides. When they are landing, skippers 

usually try to drive the boat well onto 

the trailer and gun the engines as they 

do so. Th e resulting prop wash will 

inevitably create a scour hole at the 

end of the ramp and deposit the exca-

vated material off shore, just beyond 

the scour hole as a sand bank, which 

becomes an obstruction to navigation. 

Th e area in front of the ramp should 

therefore have a scour mattress of 

stone large enough to resist the prop 

wash.

Construction

In protected water where the wave height 

does not normally exceed 200 mm and 

never 300 mm, the design issues, aside 

from the geometry, boil down to normal 

pavement design. Th ere is, however, a pro-

viso. Th e substructure must be protected 

from washout and undermining. Th e 

water is in continuous motion, and if the 

structure is founded on fi ne material, e.g. 

sand, it will be washed out unless provi-

sion is made to retain it. 

Placing concrete of any quality under-

water is extremely diffi  cult. Th e landlub-

bers’ way of doing this is to coff er off  the 

site and do the work in the dry.

Above high tide normal materials 

apply, i.e. concrete, paving brick, asphalt, 

etc. Formation below about 1 m above 

high tide must be constructed from 

mixed rubble without any fi nes to avoid 

leaching of fi nes. Any fi ne material 

within reach of the water will be leached 

out eventually, leading to the collapse of 

the pavement. 

Quality construction below high tide, 

underwater, can be done without using 

coff er dams, the practical solution being 

to use large precast concrete slabs placed 

by crane onto a bed of stone screeded to 

profi le. A kerb beam should be used to 

contain the slabs (Photo 6).

DESIGN OF RAMPS EXPOSED TO 
STORM ATTACK

Slab instability

Th is is where “concrete fl oats”! Plunging 

waves breaking onto the ramp lead to 

very high stagnation pressures. Th ese 

inevitably feed under the slab as uplift 

Figure 2: Boat ramp geometry

Photo 5: Protected ramp inside Hout Bay harbour with leading jetty, 1977

Photo 6: Witsands ramp 2008 – long approach to get correct end grade and end depth
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pressure – suffi  cient to counteract the 

weight of the slabs. Without any grip, the 

swash that follows the break is able to 

fl oat the slabs out of position and break up 

the ramp (Photo 7).

Th e Yzerfontein ramp broke up in 

this manner under the attack of waves 

of about 1 m breaker height. Th e event 

was modelled at a scale of 50:1 and it was 

possible to reproduce the process very 

reliably down to the actual pattern of the 

movement of the slabs, confi rming the 

presumption of the activating mecha-

nism.

Th e ramp was redesigned on the 

basis of this theory. Th e slab thickness 

was increased from 200 mm to 250 mm. 

Inter-linkage between the slabs was pro-

vided and proper ramp edge constraint 

was added. Before this reconstruction 

was started, a mini-breakwater was 

constructed to shield the ramp from the 

worst of the wave attack.

Th e next problem proved to be wave 

setup on that coast. Under storm condi-

tions the setup on the shore and inside the 

mini-basin created by the breakwater was 

about 2 m with the period of the dominant 

wave sets on the coast, i.e. about 2.5 min-

utes. Th is led to a surge into and out of the 

basin with most of the fl ow taking place in 

a period of about 30 seconds. Boats could 

only launch or land if they could com-

plete the operation in the approximately 

1-minute periods of slack water. Only 

skilled skippers could use this ramp.

Th e problem was partially cured by 

putting a rubble mound on each side of 

the ramp.

Selection of slab weight

Design of ramps to resist wave attack:

(Figures 3, 4 and 5 refer)

 ■ Slab design is essentially the design of 

revetments under breaking wave attack. 

Th e design chart in Figure 4 can be 

used to establish slab thickness. 

 ■ Generally a slab size of 2 m 

x 3 m at 200 mm to 300 mm 

thick should be used.

 ■ Increase permeability by providing 

weep holes in the slabs and by using a 

coarse fi lter – say 75 mm stone between 

the rubble fi ll and the slab.

 ■ Mechanical interlock: tremie concrete 

perimeter beams cast in situ should be 

used to lock the outer slabs to the sur-

rounding rubble armouring. Th e cor-

ners of the slabs should also be splayed 

with protruding reinforcement. Where 

the slabs meet, the square hole that 

is formed by the splays can be fi lled 

with tremie concrete to lock the slabs 

together. If the protruding reinforce-

ment is in the form of loops, chain can 

be threaded through them before they 

are concreted in to improve the lock.

 ■ Precast slabs must reach from the toe 

to the high-tide level. Th ey must be 

surrounded by robust tremie concrete 

walls and the slabs must he grouted 

together and into the walls.

 ■ In general, unless concrete ramps are 

cast directly onto solid rock and dow-

elled into the rock, they should only be 

built in protected water. In the case of 

Yzerfontein, this was achieved post-hoc 

by constructing a small breakwater to 

protect the site.

 ■ More recently, using these principles, 

a ramp has been built successfully at 
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Witsands, near Kommetjie, where a small 

breakwater is not possible (Photo 6).

ANCILLARY PROBLEMS

Transverse surge (Photos 9 and 10 refer)

Th e construction of a ramp to the rec-

ommended geometry into wave attack 

leads to an hydraulic problem of cross 

currents on the ramp. Not only is it dif-

fi cult to handle a vessel onto or off  the 

cradle against the fore and aft surge, the 

transverse currents also carry the vessel 

sideways making control much more dif-

fi cult.

Th e time it takes the swash to run up 

and run down a beach depends on the 

slope of the beach – the steeper the beach 

the faster the run up and run down, and 

the fl atter the beach, the slower. Hence, 

the run-up on the ramp rises above that 

to either side of the ramp and water fl ows 

off  the ramp to the side. Th e run-down is 

similarly rapid and falls below the water 

level to the sides so water fl ows onto the 

ramp from the sides.

Th e only solution is to use leading 

walls down each side to the ramp to pre-

vent this cross fl ow. Th ese in turn can be 

detailed to serve as leading jetties.

If the sides are built as vertical walls 

and the oncoming waves are at an angle 

to the axis of the ramp, then they are 

likely to refl ect back and forth across the 

ramp. It may be preferable to use absor-

bent rubble mound side walls to attenuate 

this eff ect.

Herring-bone grooving

Boat ramp surfaces can become very 

slippery with marine growth. Th e top 

surfaces of the slabs must be fi nished to 

provide increased grip for the vehicles 

using the ramp. Herring-bone grooving is 

the standard method used to achieve this. 

However, some thought is needed to get 

an eff ective grooving that will retain its 

effi  cacy for long periods. An inadequate 

pattern can be worn off  quite quickly by 

spinning wheels.

Th e ideal pattern has a trapezoidal 

corrugation form with a pitch of 100 mm, 

a depth of 25 mm, fl ank angles of 45° and 

are oriented across the slabs at an angle of 

15° to the width of the slab, this handed 

to adjacent slabs. To get a good profi le to 

the grooves, they should be formed on 

the shutter soffi  t and the slabs cast upside 

down. A pair of handed shutters is re-

quired to cast both hands of the slabs.

Marker posts

Good practice is to provide a permanent 

post on each side at the seaward end of a 

ramp to mark the end. Th e top of the post 

should be fi nished with a conical cap to 

prevent birds roosting on it and fouling it.

Leading jetty

A leading jetty is very useful for em-

barking and disembarking so that the 

rig driver can park the rig and return 

to the boat after launching, or fetch the 

rig on landing. In sheltered water where 

the deck of the jetty never gets wet and 

slippery, this works well. Scrap tyres 

fi tted to the face of the jetty provide both 

fendering and a means to clamber onto 

the jetty from a boat. Where a ramp is 

built at an exposed site, the jetty is liable 

to be overtopped by storm waves and 

becomes slippery and dangerous even 

in calm conditions after a storm. Under 

these conditions, the provision of a jetty is 

questionable.

LAUNCHING PRACTICE

Ramp launching

Given the availability of boat ramps 

in the Western Cape, the shape of the 

coast and the road network, the rigs of 

vehicles and trailers are not designed 

for beach launching. They are only 

designed for road towing and work very 

well. They are usually equipped with 

a hand winch mounted on the front of 

the trailer over the tow-hitch to assist 

in getting the vessel onto the trailer 

Photo 8: Placing 2 m x 3 m x 300 mm slabs at Witsands near Kommetjie

Photo 7: Break-up of Yzerfontein ramp, 1978



Civil Engineering  May 2014 75

and to lock it into position during a 

road haul.

On a well-designed boat ramp in 

protected water, it only needs two 

skilled people, a rig driver and a skipper, 

to launch or retrieve a vessel. On the 

steep 1:8 slope of the ramp, the rig 

can be lowered sufficiently to start the 

Figure 3: Schematic representation of paved revetment

Figure 5: Typical slab detail – example of corner chain linkage

Figure 4: Block thickness selector (after Bezuijen et al)                 Boat ramp surfaces can 

become very slippery 

with marine growth. The 

top surfaces of the slabs 

must be fi nished to provide 

increased grip for the 

vehicles using the ramp. 

Herring-bone grooving is 

the standard method used 

to achieve this. However, 

some thought is needed to 

get an effective grooving 

that will retain its effi cacy 

for long periods. An 

inadequate pattern can be 

worn off quite quickly by 

spinning wheels.
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boat engine and pull the vessel off the 

trailer. A reverse process is used to 

land a vessel. Once it has sued on the 

trailer, a trailer-mounted hand winch 

can pull the vessel fully onto the trailer.

(The “sue” of a vessel refers to the first 

contact of the keel with the blocks and 

the process of changing the vessel from 

hydrostatic to structural support, i.e. 

the initial stages of bringing the vessel 

out of the water.)

Beach launching

For beach launching on a fl at beach slope 

with inshore surf, a large number of 

people are needed to manhandle a vessel 

off  the current Cape-type road trailer, 

turn it around and get it to sea. Landing 

the boat is somewhat easier in that the 

boat can be beached and then hauled 

directly onto the trailer using a power 

winch on the towing vehicle.

Th e whole process of beach launching 

can be signifi cantly improved by 

purpose-designed modifi cations to the 

trailer towing bar so that the trailer can 

be pushed or pulled from either end, 

and so that an extension tow bar can be 

used. A “break-back” trailer makes the 

operations of launching or landing sig-

nifi cantly easier.

STRUCTURAL LIMITATIONS
Generally it is possible to design boat 

ramps to withstand quite severe wave 

conditions. 

Th ere are sites where it would be 

convenient to have a ramp, but where a 

“comfortable” ramp can never be achieved. 

Generally it is impractical to design a ramp 

to withstand waves breaking on the ramp 

with a height in excess of 1.0 m to 1.5 m.

NOTE REGARDING TERMINOLOGY
It is common in yachting and small-craft 

circles, particularly in British and South 

African usage, to refer to launching ramps 

as “slipways”. Th is leads to confusion 

with the slipways for dry-docking larger 

vessels – usually in the 100 to 1 000 ton 

range. Originally the term “slipway” only 

referred to the greased timber sliding 

ways used for the launching of newly 

built ships. Th e term “slipway” has been 

retained for the dry-docking slipways of a 

cradle on wheels on rails on the ways. 

Hence, and to avoid confusion, the 

American usage (“ramp” or “launching 

ramp”) was followed in this article.

REFERENCES
Th e list of references is available from the 

author. 

The whole process of beach 

launching can be signifi cantly 

improved by purpose-designed 

modifi cations to the trailer 

towing bar so that the trailer 

can be pushed or pulled from 

either end, and so that an 

extension tow bar can be used. 

A “break-back” trailer makes 

the operations of launching or 

landing signifi cantly easier. Photo 10: Cross currents on a boat ramp under wave attack (Strandfontein), 2013

Photo 9: Witsands/Soetwater, calm weather, low tide – note leading rubble mound



Civil Engineering  May 2014 77

 
 

   

 

 

 



78 May 2014 Civil Engineering

INTRODUCTION
Whilst railways had played a major role in building up South 

Africa during the late nineteenth and early twentieth century, they 

unfortunately also became a “political toy”. Many politicians “got 

to parliament” by promising voters their own branch lines, and far 

too many lines were built – which even today the successor to the 

early rail authority is trying to make profi table. Despite this, rail-

ways played a major role in the early development of South Africa. 

Unfortunately the “once mighty” rail system had, by the end of the 

Second World War, degenerated so much in the condition of its 

infrastructure that a massive eff ort was necessary if it was to be 

restored to its earlier prime role in transportation in South Africa. 

Added to this was the problem facing railways worldwide – the 

dawn of the era of road traffi  c. Just as inland water transport 

(canals) had developed, reached its peak and then subsided, to be 

replaced by the steam engine, so too was rail approaching the end 

of its dominant era, and was shortly to be replaced as the prime 

mover of goods and people by the new invention – the road motor 

vehicle powered by the internal combustion engine.

MASSIVE RECONSTRUCTION PROGRAMME
Recognising the challenge facing the rail mode of transport 

at the end of the Second World War, a massive reconstruc-

tion plan that was to herald the dawn of thirty more golden 

years for rail was put in place. A new post of Chief Technical 

Officer (Reconstruction) was created to plan and execute the 

most pressing new works. However, shortages of trained staff 

and money made the work difficult, and it was not until 1950 

that the tempo of work on essential facilities really began to 

meet demands.

At that time the network was a mature one, and more 

or less established in extent. It was, however, necessary for 

a programme of expansion to be put in place in respect of 

new mechanical workshops, new stations and buildings, and 

extended marshalling yards, as well as other rehabilitation 

works. Improvements were also to be made to the existing 

routes in the form of new lines, doubling or extra crossing 

loops, and re-railing with heavier rail. Added to this was the 

electrification of some, mainly urban area, lines, and a process 

of improved signalling and centralised traffic control (CTC) 

to increase the capacity of the existing lines. In the first ten 

years of this reconstruction programme, R452 million (in rand 

values of those days) had been spent on improvements to the 

rail system.

Chapter 4: 
The rise and fall of rail – fl uctuating fortunes for 
modern rail infrastructure up to the 21st century

A brief history of transport infrastructure in South Africa
up to the end of the 20th century

The fi rst three chapters in this series appeared 
in the January/February, March and April 2014 
editions of Civil Engineering. 

I N F R A S T R U C T U R E

Dr Malcolm Mitchell 

Senior Fellow SAICE

mally2@vodamail.co.za
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An interesting element of this programme of expansion re-

lates to the “non-development” at an early stage of an electrifi ed 

network. Years earlier, a scheme for a system of electrifi ed rail-

ways had been prepared. Th e idea was accepted, but not generally 

implemented because of the high cost at the time, even though 

worldwide there was a move from steam locomotives to electric 

powered units. Th e then new National Party government, how-

ever, felt that steam locomotion would have to continue serving 

its purpose and was not yet “fi nished” in respect of its utility 

value. During the early fi fties the concept of electrifi ed network 

was mooted – but still not universally implemented throughout 

the network for fi nancial reasons. Later, under the infl uence 

of North American interests, a decision was taken in the mid-

fi fties in favour of diesel locomotives as the main hauling unit 

for rolling stock. A pilot project in the use of diesel locomotives 

was embarked upon in 1959 in the then South West Africa – this 

proved successful and the introduction of diesel locomotives into 

South Africa went ahead.

Th e growth in freight traffi  c in the fi fties and sixties, aided 

by a strictly regulated system for the movement of freight, which 

prevented the conveyance of many types of general freight by 

road, together with the then run-down condition of the existing 

rolling stock, necessitated a major expansion in the acquisition 

of new rolling stock. In general, this was of a new type, which 

meant that existing mechanical workshops could not easily 

handle its maintenance. Consequently a programme, which 

lasted from the fi fties right up to the seventies, was put in place 

to upgrade existing workshops and build new ones.

UPGRADE OF MAIN LINES
Th e permanent way infrastructure also required major improve-

ment to handle traffi  c demands during this period. Th e Durban 

to Johannesburg line was the most important section in the 

network and was given priority. During the decades of the mid-

fi fties to mid-seventies this line received considerable attention. 

It was doubled throughout, and in addition to being re-railed 

with heavier section rail, numerous improvements to its align-

ment were made. A notable feature at the time was the construc-

tion of many new tunnels to shorten and improve the route to 

a 1 in 50 ruling grade. Th e Boughton to Cedara dual tunnels 

constructed between 1957 and 1960 were, at four miles in length, 

the then longest railway tunnels in South Africa (a project which 

incidentally the author worked on as a young engineer). Other 

tunnels built on this line were those in the Heidelberg area, and 

in the Drakensberg near Van Reenen, where a spiral tunnel was 

constructed. In general, all tunnelling at the time was carried out 

by departmental forces, which had gained a worldwide reputa-

tion in tunnelling. New stations on the deviations were also built 
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and extensive improvements to the track made. Th e line was also 

electrifi ed throughout.

Th e Johannesburg to Cape Town route also enjoyed atten-

tion at the time. Because of its much greater length, and lesser 

traffi  c volumes, a decision was taken not to double the route in 

its entirety, but rather to build long crossing loops, facilitated by 

improved CTC signalling to handle the increased traffi  c volumes. 

Th ere were, however, some major deviations constructed on this 

route. Th ese included those in Biesiespoort and the Laingsburg 

areas. Towards the end of this period of expansion, in the late 

eighties, the infamous crossing of the Hex River Mountains 

in the Cape was eliminated through the construction of what 

is now the longest rail tunnel in South Africa, the Hex River 

Tunnel. Th is 13.5 km long tunnel was the subject of much con-

troversy and acrimonious negotiation with the contractor con-

cerning “changed geological conditions” from those put forward 

at the tender stage and led to legal action being taken in respect 

of massive claims for extra payment.

An important activity on this route in particular, but also 

on other routes, was to “make safe” the many dangerous level 

crossings, i.e. crossing points between rail and road traffi  c. 

Accordingly, a programme for the elimination of level cross-

ings by the construction of overpass bridges for the now rapidly 

growing road traffi  c was put in place. Th is work was fi nanced 

through a separate fund termed the Level Crossings Elimination 

Fund. Th e fund was augmented by equal contributions from the 

rail and road authorities, and from the Treasury, and played a 

large role in improving safety for, particularly, road traffi  c.

Th e other links in the rail network, which had virtually been 

fully established at the turn of the twentieth century, were also 

upgraded and improved. A notable area of new construction was 

in the Eastern Cape where the routes from East London and Port 

Elizabeth to De Aar received considerable attention. A feature of 

this work was once again the construction of numerous tunnels 

to eliminate steep and diffi  cult sections on the existing line.

To handle the large traffi  c movements effi  ciently, it also 

became necessary to construct vast marshalling yards to “make 

up” train sets. Unfortunately, these marshalling yards were later 

to become white elephants with the advent of containerisation in 

the early eighties. In addition to these yards, major goods depots/

yards were constructed at Kazerne on the Witwatersrand and 

Culembourg in the Western Cape.

ATTENTION TO URBAN LINES
Parallel with these inter-city improvements, much work also 

took place in upgrading the network in urban areas, for mainly 

commuter traffi  c. Th e Western Cape System particularly enjoyed 

the benefi ts of much of this expansion to serve the rapidly bur-

geoning housing areas on the Cape Flats, and also northwards to 

Saldanha – both products of the separate development policy of 

the government at the time.

Government had by the mid-sixties fully developed its 

segregation policy with separate living areas for diff erent racial 

groups, and the burden fell strongly on the railways, at the time, 

to handle the vast volumes of commuter traffi  c generated by 

this political policy. Much expenditure was devoted towards 

new infrastructure to handle this “artifi cial” traffi  c demand. 

Unfortunately, the Treasury, whilst initially playing a role in 

the extra funding required, at a later stage (in the early eighties) 

withdrew its fi nancial support. Th is led to acrimonious debate 

between the rail and fi nancial authorities. Th e rail authority’s 

viewpoint was that they were unable to charge “economic” fares 

for this traffi  c, for political reasons. Th is fell on deaf ears within 

Treasury and led to an eventual decision by the then Transnet 

to disinvest in the commuter rail and rolling stock facilities. Th e 

seed was unfortunately sown by this obduracy for the vastly 

under-fi nanced, and dangerously outdated, commuter rail system 

operating during the nineties, and even up to today. Th e South 

Africa Rail Commuter Corporation (SARCC) and its successor 

continually and constantly raised the issue of an unsafe and 

inadequate commuter rail system with the fi nancial authorities 

– to no avail – until very recently. For example, in the year 2000 

at a Department of Finance Infrastructure workshop, the SARCC 

estimated that an annual capital investment in commuter rail of 

R2 050 million per annum was necessary for “dynamic growth” 

of its operations, whereas at the time the actual investment 

amounted to R355 million per annum. Th e result of this under 

investment was a serious deterioration of its rolling stock, its 

signalling facilities and the permanent way. 

STATION UPGRADES
During the vast rail expansion programme of the fi fties, sixties, and 

seventies it also became necessary to upgrade certain stations, no-

tably those at Johannesburg (Park Station), Cape Town and Durban. 

Th e Park Station redevelopment was a major feat of railway and civil 

engineering, which has won worldwide acclaim. Because this sta-

tion was situated in a very densely developed CBD area, it was not 

feasible to build the new improved station at ground level, but rather 

it had to be located below the ground. Th is major task, undertaken 

during the fi fties, involved sinking underground a whole new sta-

tion, on an “open line”, without disrupting traffi  c. Th at this was done 

without a single train delay during the entire nine-year construction 

period is a major tribute to the careful planning and construction 

work of the railway civil engineering team. 

At the same time a new station was constructed in Cape 

Town as part of the foreshore development programme. Th e pri-

mary problem in this work was the necessity to work in an ar-

cheologically rich area without damaging any artefacts. Th is was 

also a very successful project, which has considerably enhanced 

the lower Adderley Street area of the Mother City.

Th e third major station to require upgrading during this pe-

riod was in Durban. Th is new station was unfortunately built in a 

location remote from the CBD. Th is fact, together with the subse-

quent alterations to the rail network in the area, mitigated against 

the development of a rail-based commuter transport system for 

Durban, which was at the time being promoted by the Department 

of Transport, similar to the well-known and successful Melbourne 

Loop in Australia. However, in the intervening years the area 

surrounding the “once remote and little used” Durban main line 

station building has gradually become developed – and with good 

planning the station could be re-invented to become an integral 

part of Durban’s passenger traffi  c pattern.

IRON ORE AND COAL EXPORT LINES
Th e growth in the export potential of coal led to the construction 

of two major new railway projects – the Sishen to Saldanha rail 

route for conveying iron ore, and the “Coal Line” between the 

Eastern Transvaal (Mpumalanga) coalfi elds and Richards Bay.

Th e Sishen to Saldanha line was planned and constructed on 

behalf of ISCOR, by private sector consulting engineers and con-
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tractors as a means of conveying iron ore, mined at Sishen, to the 

overseas markets. Against the wishes of the SAR administration, 

who would have preferred to convey the ore via existing lines to 

the Eastern Cape harbours, Iscor opted for a new and innovative 

line to a new harbour opened for this purpose at Saldanha, previ-

ously a fi shing port. Th e design approach was unusual in that its 

basis was not that of conforming to the then usual design and 

location approach, but was rather part of the overall design of the 

ore export project, in which economic viability was the key issue.

Based on the latest worldwide railway developments at the time, 

the line was developed to accommodate heavily loaded trains, each 

2.2 km in length and carrying  20 000 tons of ore, travelling at a 

speed of 70 km per hour for 860 km with only one stop to change 

its operating crew. Returning empty trains were passed at crossing 

loops to allow the loaded trains right of way on the through tracks, 

with a maximum 1 in 200 ruling gradient. Th e project was a major 

one, even by world standards, and broke much new ground in 

railway engineering. It was opened to traffi  c ahead of schedule 

on 28 April 1976 and was taken over by SAR on 1 April 1977.

Th e coal line was constructed in the late seventies because of 

the need for the effi  cient movement of approximately 10 million 

tons of export coal per year from inland coalfi elds to the newly 

constructed Richards Bay harbour, a distance of some 500 km. 

Th e line was constructed to very high standards of gradient and 

curvature to accommodate long and heavily loaded trains, and 

required numerous tunnels and long viaducts to achieve this.

DEMISE OF THE BRANCH LINES
Towards the latter part of the twentieth century, from the eighties 

onwards, as the use of road traffi  c to convey freight grew rapidly, 

the rail “branch lines” which were a feature of the early develop-

ment of the rail network, and which brought a form of comfort to 

many remote villages, became uneconomical. Th e SAR embarked 

upon a programme, against much opposition from local com-

munities, of closing down branch lines, with the consequence that 

many remote villages virtually died. Th ere were others, however, 

which enjoyed good road access and hence survived. Recently, 

there has been a revival of some of these branch lines with the 

advent of “tourist rail” routes. In addition, the stressed rural roads 

network has led to a renewed call to maintain some of these 

branch lines to aid the stressed road network.

CONCLUSION
From the mid-eighties up to the turn of the century (and even 

beyond), the attraction of rail transport to commerce and in-

dustry has considerably waned in relation to road transport. Th e 

rail system has gradually deteriorated, and despite its surplus 

infrastructural capacity, it has not succeeded very well in win-

ning back general freight transport from the road sector, though 

the iron ore and coal lines remain very well used. Rail authorities 

have said much about the fi nancial and economic “unevenness of 

the playing fi eld” between rail and road, and attempts are actively 

being made to win back traffi  c to rail. In May 2004 Spoornet 

announced a plan to spend more than R14 billion over fi ve years 

to upgrade and revamp assets and infrastructure in an attempt 

to win back custom in the freight market. Perhaps this signifi es 

a start to the resuscitation of our rail network, a much needed 

development. Th e rail authorities have been active in this respect, 

though this is a subject for a later, still to come “history of rail “in 

South Africa. 
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IN BRIEF

ECSA LAUNCHES 
COMPREHENSIVE NEW BOOK

Decades of Engineering Excellence

Launched on 11 April this year, this informative publication by 
the Engineering Council of South Africa (ECSA) marks the fi rst 
chronicling of the profession’s achievements, serving to highlight 
some of the triumphs in the various engineering disciplines, as 
well as being a historical record of the engineering profession in 
South Africa. 

This reference companion was compiled and edited by profes-
sional electrical/electronic and certifi cated electrical/mechanical engi-
neer, du Toit Grobler. The inspiration to publish the book was derived 
from The fi rst ten decades: The history of the SAIEE 1909–2009, 
compiled and edited by Mike Crouch during the centenary year of the 
South African Institute of Electrical Engineers (SAIEE).

The main body of the 200-page book consists of fi ve chap-
ters – all with comprehensive reference lists – presenting an 
historic overview of engineering and its various disciplines, engi-
neering achievements in South Africa, engineering education in 
South Africa, the engineering profession in South Africa, and the 
Engineering Council of South Africa.

Aspects covered in these chapters include a section on engi-
neering advances made in South Africa, a breakdown of current 

engineering education, a detailed history of the evolution of profes-
sional registration of engineering practitioners, an in-depth ex-
planation of how ECSA operates (also with reference to the other 
statutory councils in the built environment), and handy quick-to-
fi nd information which is summarised in lists or information boxes. 
The section of the book dedicated to sponsors also contains a 
wealth of interesting, and in many instances historic information 
about the engineering profession and the built environment.

This all-encompassing work, which commemorates engi-
neering excellence in South Africa over many decades, was 
published by Chris van Rensburg Publications (ISBN 0-86846-
116-4), and is available at R600 a copy (VAT included) from the 
ECSA offi ces.

 INFO

TO ORDER

011 607 9542

sandisa@ecsa.co.za

YET ANOTHER ATTRACTIVE 
TERRAFORCE SOLUTION
Cape Nature required a permanent, yet fl exible solution for jeep 
tracks on deep sandy substrate at the Geelkrans Nature Reserve, 
Stillbaai, without the associated footprint impacts of commonly 
used hard structures such as asphalt or paving.  

Mobicast, Terraforce licensee in the Garden Route area, sug-
gested Terracrete paving blocks, a permeable and interlocking 
eco-surface paver that can be laid in different patterns and may be 
used with or without ground anchors for the lining of river banks, 
roads and other areas subject to soil erosion. 

Construction commenced in March 2013 and is still on-
going. The blocks are being installed to form two-wheel jeep 
tracks as an erosion control and maintenance measure for 
existing sand tracks.

Says Jean du Plessis, Conservation Manager, Geelkrans 
Cluster & Stilbaai Marine Protected Area: “We have a network 
of maintenance jeep tracks that give us access to the different 
sections of the reserve. The substrate is mostly deep dune sand, 
making it inadequate to surface with normal paving. Putting down 
a road base foundation would have been very costly due to the na-
ture of the substrate. Investigating alternative solutions produced 
the principle of putting down a ‘hard’ surface that is permeable, 
would be able to move with the substrate while keeping its shape 
and integrity, and that would have minimal impact on the environ-
ment, in addition to being cost-effective.“
The installation process briefl y entails the following:

 ■ Blocks are transported to the target area. 
 ■ The substrate is prepared by removing 10 cm – 15 cm and 

then levelling. 
 ■ The Terracrete blocks are packed in the desired pattern.
 ■ Binding wire is threaded through holes in the blocks to in-

crease overall stability.
 ■ After correct placement and threading, substrate material is 

used to fi ll any gaps.  
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The blocks are relatively easy to work with and do not involve 
sophisticated machinery and labour. “We do get breaking of about 
2% of the blocks during handling, as the transporting of the blocks 
to the target areas requires a minimum of two loading/offl oading 
processes due to the nature of the terrain, but on the whole the 
process is straightforward and causes very little disturbance in 
the reserve,” says Du Plessis. “Another benefi t is that the blocks, 
if they do break, are easy to replace, making maintenance of the 
tracks quick and uncomplicated.”

The tracks are installed in stages of 250 m each, with 7 000 
blocks already laid. To rehabilitate any possible destabilisation 
during construction, Carpobrotus Edulis (Sour Fig) are planted on 
the verges of the jeep track. 

 INFO

Karin Johns

Marketing Manager 

Terraforce 

karin@terraforce.com

THE IMPORTANCE OF 
EFFECTIVE EYE PROTECTION
The African division of MSA – a global leader in the development, 
manufacture and supply of sophisticated products that protect 
people's health and safety – has recently launched new eye 

Terracrete paving blocks are lending permanence to the sandy 
maintenance jeep tracks at the Geelkrans Nature Reserve, Stilbaai

Shoots of sour fi g are planted on the verges of the newly paved 
jeep tracks as a rehabilitation measure wherever necessary
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protection spectacles and goggles for use in various applications. 
MSA Africa Senior HEFHC (Head, Eye, Face, Hearing and 

Communication) Product Manager, Loren Pearson, notes the impor-
tance of eye protection in industrial applications: “There are many haz-
ards that workers in industrial settings face. These include mechanical, 
thermal, chemical, biological, radiation and electrical hazards for which 
quality, approved eye protection is an absolute necessity.” 

Pearson points out that all MSA eye protection products are 
EN1 166 approved on the lenses and the frames, and are marked 
according to the CE2 standards. “The spectacles and goggles 
boast premium-quality polycarbonate lenses, and have a superior 
anti-fog and limited scratch resistant coating. The lenses also offer 
superior Class 1 optical correctness, as well as 99.9% UV protec-
tion,” she adds.

MSA Africa provides eye protection products to numerous 
industrial workers, including construction workers, utility workers, 
forklift drivers, open-fl ame workers and welders. There are various 
lens colours to choose from, depending on the specifi c application 
that the eye protection is used for. 

For general safety and indoor applications, clear lenses are 
recommended, as they offer impact protection and provide max-
imum visual acuity. Grey, bronze or mirror coated lenses are recom-
mended for general use outdoors, as they reduce glare and bright 
light. Specialised lenses should be considered for applications such 
as furnace work and welding which involve intense UV and IR rays.

Pearson indicates that there are many causes of eye injuries. 
"Around 70% of all of these injuries are the result of fl ying or falling 
objects, while another 20% are caused by some form of contact with 
chemicals. Other eye injuries are the result of people wearing safety 
spectacles with no side protection, and from wearing ill-fi tting or non-
approved safety specs. Additional eye injuries are the result of expo-
sure to dust and particles, as well as ultraviolet and infrared rays.”

Pearson says that eye injuries do not necessarily appear immedi-
ately (chemicals, projectiles), but can develop over prolonged periods 
(exposure to UV and IR light). “Eye injuries can appear immediately or 
later on in life. Both cases should be taken into account, and suitable 
eye protection should always be worn. MSA offers a wide range of 
quality eye protection products to suit most safety needs.”

Notes
1 EN stands for “European Norm”, which means that testing of 

the product has been done and approved according to the ap-
plicable European Standard. 

2 CE stands for “Conformité Européenne”, which is French for 
“European Conformity”. 

 INFO

Loren Pearson 

Senior HEFHC Product Manager

MSA Africa

011 610 2600

Loren.Pearson@msasafety.com

www.msanet.com

RENEWABLE ENERGY 
COMES OF AGE
According to Helukabel South Africa, an impressive number of 
renewable energy plants (solar and wind) have been built in South 
Africa over the last fi ve years. Due to its technical leadership in the 
renewable energy cabling sector, the company has been the pre-
ferred cabling supplier on the majority of these projects, i.e. for all 
requirements from infrastructural cables to communication, data, 
electrical and transmission cables. 

The amount of cable supplied gives a picture of the sheer 
scale of these projects. On their last fi ve projects alone, Helukabel 
supplied more than 3 233 000 m of cable worth about R40 million. 

The largest of the recent solar energy projects completed 
was at Kalkbult in the Northern Cape (75 MW). Cabling has also 
recently been supplied for the Burgersdorp Dreunberg project 
(69 MW), Droogfontein (50 MW), Hanover in the Eastern Cape 
(36.8 MW) and Malmesbury (6 MW).

Currently, the company is working on tenders for new plants, 
including the much anticipated Northern Cape plants in Prieska 
(86 MW), De Aar No 3 (75 MW), Pulida (75 MW), Bokpoort 
(50 MW), Vredendal and Aurora (18 MW) in the Western Cape, as 
well as the wind energy plant at Noupoort (80 MW).

The projects are largely being undertaken by international com-
panies, with existing expertise in renewable energy projects, in con-
junction with local funding, development and infrastructure partners.

 INFO

Doug Gunnewegh

Helukabel South Africa 

011 462 8752 

doug.gunnewegh@helukabel.co.za

Helukabel South Africa’s Heluwind cable is 
specially designed for use on wind farms

MSA eye protection products are EN 166 approved 
and are marked according to CE standards
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At SAICE’s 111th Annual General Meeting, held on Tuesday 

15 April 2014, Tom McKune received the 2013 SAICE President’s 

Award from outgoing president Peter Kleynhans.

Th is prestigious award is bestowed on an individual who, in 

the opinion of SAICE’s immediate past-president, has rendered 

signifi cant service to the Institution and/or to the civil engi-

neering profession over a number of years. Th e recipient does not 

have to be a civil engineering practitioner.

Tom was visibly thrilled at the unexpected honour (recipi-

ents are not informed of the award beforehand). A stalwart of 

the Institution (among other duties he serves as one of SAICE’s 

current vice-presidents), Tom’s day job is as the Head of the 

Department of Civil Engineering at the Durban University of 

Technology’s Pietermaritzburg (Midlands) campus. In that role 

he has been highly instrumental in the civil engineering educa-

tion fi eld over many years. 

A registered professional engineering technologist with a 

Masters Diploma in Technology (Civil Engineering), a Graduate 

Diploma in Engineering, and now a PhD Candidate, Tom joined 

the Durban University of Technology (formerly Technikon 

Natal) in 1990, after 17 years as Control Industrial Technician 

at the Natal Provincial Administration. As HOD he became 

committed to the development of civil engineering practi-

tioners, thereby enhancing the role of the civil engineering 

profession in the built environment. 

At the Durban University of Technology (DUT) he initiated 

the Civil Engineering Research Interest Group (now a fully consti-

tuted departmental research committee) to facilitate staff  quali-

fi cation improvement and postgraduate studies, and introduced 

the Exceed (Excellence in Civil Engineering Education) teaching 

model in the department, resulting in national recognition for 

the quality of students being produced. He was instrumental in 

establishing DUT’s Pietermaritzburg Midlands Civil Engineering 

Department in 1996, building it up to a fully-fl edged department 

from the initial 16 students back in 1996 to 680 students in 2014. 

Th is department off ers the full diploma, as well as four specialist 

disciplines of the BTech degree and postgraduate qualifi cations in 

a number of specialist civil engineering disciplines.

Tom is a highly innovative, analytical and organised leader 

with proven management skills and the ability to motivate and 

lead multi-disciplinary teams. He is goal-orientated and has 

strong strategic planning and negotiating skills, with a broad 

range of practical management expertise to support decision-

making processes. He creates eff ective systems, in particular 

with regard to resource utilisation. Apart from his strong tech-

nical background in the civil engineering and construction disci-

plines, he also has sound business acumen and risk management 

skills, as evidenced in the success of his department. 

He is a respected, valued source of advice and guidance, 

imparting his knowledge unselfi shly for the interests of the engi-

neering community, in the process building secure relationships 

between academics and industry. 

For many years Tom has also contributed enormously to 

SAICE, playing a leading role in the Education and Training 

Panel, and advancing the SAICE Patrons’ Engineering Bursary 

Scheme (SPEBS). Over the years he has also played an invalu-

able role in the Finance and Administration Committee, and 

in Executive Board and Council meetings, bringing a wealth of 

knowledgeable perspectives to these meetings, benefi ting the 

Institution greatly. 

Over a long period of time he has also helped grow the 

SAICE Pietermaritzburg and Durban branches into active, ener-

getic units of the Institution. 

Further afi eld, Tom has played a leading role in capacity 

building in the civil engineering industry, including within the 

World Federation of Engineering Organisations (WFEO), where 

he partakes in SAICE’s secretariat function (on behalf of ECSA) 

to the WFEO’s Committee on Capacity Building. 

For his great contribution and service to SAICE and the 

civil engineering profession, Tom McKune is indeed a worthy 

recipient of the 2013 President’s Award 

Tom McKune receives 
SAICE President’s Award 

Tom McKune receiving the 2013 SAICE President’s 
Award from outgoing president Peter Kleynhans

S A I C E  A N D  P R O F E S S I O N A L  N E W S
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Think more.
Be more.YOUNG MEMBERS’ PAGES

I begin by posing the question, “Is concrete playing its required 

role in providing service to mankind?”

Concrete is one of the most widely used construction mate-

rials. Its consumption has been described as second only to that 

of water. From ancient Roman times, with construction of monu-

mental structures such as the Pantheon, to recent times with 

construction of mega-structures such as the Petronas Towers in 

Kuala Lumpur, Malaysia, concrete is undoubtedly the construc-

tion material of choice. Th ink about it – dams, bridges, residen-

tial and commercial buildings, i.e. virtually almost all forms of 

infrastructure that we use, are made from concrete.

However, recent concerns about the rapid deterioration of 

structures (lack of durability of structures), and the high costs that 

are associated with repair and rehabilitation, have questioned the 

suitability of concrete as a construction material. In addition, the 

high CO
2
 emissions associated with the production of one of the 

key components of concrete, cement, have raised environmental 

concerns in this day and age where climate change and global 

warming are major issues that researchers, scientists, and policy-

makers are battling with. Th is highlights that, for the sustained 

use of concrete as a construction material, durability concerns and 

emissions of CO
2
 from cement production need to be addressed.

It is easy to point fi ngers and say that engineers and contrac-

tors are not playing their role in the design and construction of 

durable structures. Part of that blame is justifi ed, but the con-

struction of durable structures requires a concerted eff ort from 

various parties – engineers, material suppliers (cement producers), 

contractors, workmanship on site and owners of structures, in 

addition to an often forgotten party, the concrete researcher. 

From concrete research, it has been observed that cement 

properties have changed, yet standards used have not taken this 

into consideration. Th e current approach for specifying dura-

bility is based on what is popularly referred to as a “prescriptive 

approach” where minimum cement content, water/cement ratio, 

and minimum strength are specifi ed, and it is assumed that by 

following these provisions a durable and strong concrete struc-

ture can be obtained. 

Is this really logical? How does one verify that these provi-

sions are actually followed, e.g. how can one easily measure the 

minimum cement content in a constructed structure? A shift 

to a performance-based approach has been advocated where 

the owner’s required performance is specifi ed and the engineer, 

contractor and material supplier work together with the aim of 

attaining this performance. Th is allows for fl exibility in choice 

of materials to use and also provides a quantitative measure 

of the actual performance (this could either be strength or 

durability) of a concrete structure. Such an approach would 

also enable a reduction in cement content, and the use of other 

readily available materials, provided that the required perfor-

mance is met.

Th ere is therefore a concrete solution to the current chal-

lenges facing concrete construction, and this could ensure that 

concrete remains the material of choice and continues to provide 

its valuable service to mankind. 

in the service of mankind?
Gladwell Wanjiku Nganga

Concrete Materials and Structural 

Integrity Research Unit

Department of Civil Engineering

University of Cape Town

ngngla001@myuct.ac.za

Gladwell is a third-year PhD student at the University of Cape 
Town, where she is researching the reduction of clinker content 
in concrete as an approach to address current global envi-
ronmental concerns raised about the production of cement. 
From her PhD research she seeks to determine approaches of 
developing low-clinker concretes (through manipulation of mix 
designs) that would meet the required concrete properties of 
strength and durability.
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Bloukrans Bridge
The Bloukrans arch bridge is the highest on the entire continent 
of Africa, with a deck 216 m above the bottom of the gorge. 
Located on the N2 Garden Route near the coast on the southern 
edge of South Africa, the two-lane route also has several 
other spectacular and high concrete arch bridges, including 
the Van Stadens, Storms River, Groot River and Bobbejaans 
River Bridges. The Bridge made news in 1997 when the ‘Face 
Adrenalin Bungee’ operation opened. As the highest commercial 
bungy jump operation in the world, it has turned the bridge into a 
major tourist attraction for South African visitors. You can also zip 
along under the arch on a cable slide called the Flying Fox, or just 
go for a more sedate walking tour. The operators once owned a 
bungy jump at the Gouritz or Gourits River railroad bridge located 
west of Mossel Bay on the N2 Garden route before it was closed 
in 2009 due to structural deterioration. It is one of three wonderful 
side-by-side bridges at the site, including a traditional cantilever 
and a modern strut frame bridge. The two older bridges are ap-
proximately 65 m high.
http://www.highestbridges.com/wiki/index.php?title=Bloukrans_
Bridge

Channel Tunnel
The Channel Tunnel is an undersea rail tunnel that links the 
United Kingdom and France. Opened in 1994, it carries both 
passenger and freight trains. The tunnel stretches 50.5 kilome-
tres (31.4 miles) in length, and is 75 metres (246 feet) deep at 
its lowest point. The fi rst ever proposal for a tunnel between the 
UK and France was put forward by a French mining engineer 

named Albert Mathieu back in 1802.
http://www.sciencekids.co.nz/sciencefacts/engineering/tunnels.html

The Great Wall of China
The Great Wall of China is also known as the wanli changcheng 

or Long Wall of 10 000 Li (a li is a measure of distance, approxi-
mately a third of a mile). The main wall is around 2 145 miles 
(3 460 km) long with an extra 2 860 km of branches and spurs. 
As early as the seventh century BC, a number of smaller walls 
that served as fortifi cations and watch towers had been built 
around the country. Initially each state (Chu, Qi, Wei, Han, 
Zhao, Yan and Qin) that would be united in the fi rst Chinese 
empire had its own individual wall. The length of all Chinese 
defense walls built over the last 2 000 years is approximately 
50 000 km. Earth's circumference is 40 000 km.
http://facts.randomhistory.com/2009/04/18_great-wall.html

Large hadron collider
In a 27 km long circular tunnel, buried underground just outside 
Geneva, the large hadron collider was developed so protons 
moving at a fraction less than the speed of light could be smashed 
into each other. At a cost of more than three billion euros to build, 
plus further substantial funding after early experiments broke 
it, the machine is not a small undertaking. It was fi rst fi red up in 
September 2008, and in 2010 the offi cial research programme 
began when two 7 terra-electron-volt beams collided.
http://www.constructionweekonline.com/article-8024-the-
10-greatest-engineering-feats-of-the-decade/11/#.
UtwwkRD8LIU

 DID YOU KNOW?

YOUNG MEMBERS’ PAGES

There was an engineer who had an excep-

tional gift for fi xing all things mechanical. 

After serving his company loyally for over 

30 years, he happily retired. 

Several years later the company con-

tacted him regarding a seemingly impos-

sible problem they were having with one 

of their multi-million dollar machines. They 

had tried everything and everyone else to 

get the machine to work but to no avail.

In desperation they called on the 

retired engineer who had solved so 

many of their problems in the past. 

The engineer reluctantly took the 

challenge. He spent a day studying 

the huge machine. Finally, at the end 

of the day, he marked a small "x" in 

chalk on a particular component of the 

machine and said, "This is where your 

problem is." 

The part was replaced and the ma-

chine worked perfectly again. The com-

pany received a bill for $50 000 from the 

engineer for his service. They demanded 

an itemised accounting of his charges.

The engineer responded briefl y: One 

chalk mark $1; Knowing where to put it 

$49 999.

It was paid in full and the engineer 

retired again in peace.

COMING OUT OF RETIREMENT
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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: 31 July 2014. Acceptable transmission formats – 

email, fax and ordinary mail. All nominations are treated with 

due respect of confi dentiality.

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 2014. 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 Offi cer

April 2014

TO ALL CORPORATE MEMBERS
NOMINATIONS FOR ELECTION 
OF COUNCIL FOR 2015

In accordance with Clause 3.3 of the Constitution, the Council 
has elected Offi ce Bearers for the Institution for 2015 as follows:

President Mr M Pautz

President-Elect Mr DB Botha

Vice-President Mr S Naicker

Vice-President Dr C Herold

Vice-President Mr E Kerst

Vice-President Mrs D Magugumela

In terms of Clause 3.3.4 of the Constitution, the following are 
ipso facto members of the Council for the year 2015:

The immediate Past-President Mr S Mkhacane

The two most recent Past-
Presidents

Mr P Kleynhans

Dr M van Veelen

THE SOUTH AFRICAN INSTITUTION OF CIVIL ENGINEERING – Nomination for election 
of Members of Council for the year 2015 in terms of Clause 3.1 of the By-Laws 
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www.voltex.co.za 

Contact us on info@voltex.co.za

For more information contact: 
Western Cape (021) 531 2033, 

Kwa-Zulu Natal (031) 573 9200, Gauteng (011) 314 0620/1 
 

facebook.com/VoltexSA  | twitter.com/voltexsa

LSis Resin Transformers 

Low noise

Moisture proof

Maintenance free

High overload capability

Fire resistant

No partial discharge

High impulse strength

Standard IEC 60076-11

Power distribution, static converter,      
traction application.

ENVIRONMENTALLY SAFE

LS Cast Resin Transformers will not emit oil 
or toxic gases into the atmosphere. Therefore, 
they do not pollute the  environment and are 
strongly recommended as a replacement for 
askarel (PCB)-filled transformers.

LS Cast 
or toxic g
they do n
strongly r
aaaaskarel (

Download our App at www.voltex.co.za or
CABLE GLAND INDICATOR

iPhone is a trademark of Apple Inc. registered in the U.S. and 
other countries. Google play is a trademark of Google Inc.

Don’t forget to rate our App in your App Store.
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Course Name Course Dates Location
CPD Accreditation 

Number
Course 

Presenter
Contact

GCC 2010

28–29 August 2014 Midrand

SAICEcon13/01359/16 Neville Gurry cheryl-lee@saice.org.za
4–5 September 2014 Bloemfontein

13–14 October 2014 Midrand

27–28 October 2014 Port Elizabeth

Bridge Maintenance

2 June 2014 Midrand

SAICErail12/01156/15 Ed Elton dawn@saice.org.za15 September 2014 Pietermaritzburg

10 November 2014 Midrand

Basics of Track 
Engineering

3–4 June 2014 Midrand

SAICErail12/01155/15 Ed Elton dawn@saice.org.za16–17 September 2014 Pietermaritzburg

11–12 November 2014 Midrand

Railway Transport

5–6 June 2014 Midrand

SAICErail11/00887/14 Ed Elton dawn@saice.org.za18–19 September 2014 Pietermaritzburg

13–14 November 2014 Midrand

Technical Report 
Writing

13–14 August 2014 Midrand

SAICEbus12/01067/15 Les Wiggill cheryl-lee@saice.org.za
1–2 September 2014 Cape Town

30–31 October 2014 Midrand

3–4 November 2014 Port Elizabeth

Practical Geometric 
Design

8–12 December 2014 Midrand SAICEtr13/01418/16 Tom McKune dawn@saice.org.za

Reinforced Concrete 
Design to SANS
10100-1:2000

19 June 2014 Midrand

SAICEstr12/01066/15 Greg Parrott cheryl-lee@saice.org.za

16 July 2014 Cape Town

20 August 2014 East London

29 October 2014 Midrand

26 November 2014 Port Elizabeth

Structural Steel Design 
Code to SANS 
10162: 1-2005

18 June 2014 Midrand

SAICEstr12/01158/15 Greg Parrott cheryl-lee@saice.org.za

15 July 2014 Cape Town

19 August 2014 East London

28 October 2014 Midrand

25 November 2014 Port Elizabeth

Business Finances 
for Built Environment 
Professionals

7–8 August 2014 Durban

SAICEfi n12/01021/15
Wolf 
Weidemann

dawn@saice.org.za20–21 August 2014 Polokwane

6–7 November 2014 Midrand

Handling Projects in a 
Consulting Engineer's 
Practice

4–5 August 2014 Durban
SAICEproj12/01022/15

Wolf 
Weidemann

dawn@saice.org.za
3–4 November 2014 Midrand

Leadership and 
Management 
Principles & Practice in 
Engineering

13–14 August 2014 Cape Town

SAIMechE-0543-02/15 David Ramsay dawn@saice.org.za
20–21 August 2014 Midrand

10–11 September 2014 Durban

8–9 October 2014 Bloemfontein

Concrete Pavement 

Slabs

3 July 2014 Durban

IPET2010/03 Bruce Raath cheryl-lee@saice.org.za
9 July 2014 Port Elizabeth

20 August 2014 Bloemfontein

23 October 2014 Midrand

SAICE Training Calendar 2014 
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Water Law

25–26 June 2014 Midrand

SAICEwat13/01308/16
Hubert 

Thompson
dawn@saice.org.za27–28 August 2014 Cape Town

10–11 September 2014 Durban

The Different Legal 
Procedures to Resolve 
Constructional Disputes

11–12 June 2014 Cape Town

SAICEcon13/01368/16
Hubert 

Thompson
dawn@saice.org.za

18–19 June 2014 Bloemfontein

30–31 July 2014 Port Elizabeth

6–7 August 2014 Durban

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

2–4 July 2014 Midrand

SAICEcon12/01177/15
Prof Zvi 

Borowitsh
dawn@saice.org.za

7–9 July 2014 Durban

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

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

It was with much fanfare and celebra-

tion that Nelson Mandela Metropolitan 

University (NMMU) opened the doors 

to the SANLAM/SAICE offi ce at its Civil 

Engineering Department on 3 March 

2014. The offi ce, which is sponsored 

by SANLAM, is only the second in the 

country, with another having been opened 

a few years ago at the University of 

KwaZulu-Natal’s Howard College Campus.

The happy event at NMMU was at-

tended by a host of guests, including 

SAICE’s President Stanford Mkhacane 

and CEO Manglin Pillay, as well as Bev 

van Nijkerk representing SANLAM. Also 

in attendance to witness the event were 

lecturers and students, including mem-

bers of the NMMU Student Chapter, 

whose chairperson, Litha Peters, ex-

pressed the Chapter’s excitement over 

SAICE’s increased presence on campus.

Manglin Pillay heartily thanked 

SANLAM for their donation, and 

added that it is SAICE’s vision that 

every university in South Africa 

should have access to its very own 

SAICE offi ce, which will function as a 

direct contact point for students and 

staff who are members or potential 

members.

Lorraine Mpofana
lmpofana@saice.org.za

FESTIVITIES AS SAICE/SANLAM OFFICE OPENS AT NMMU

Members of the NMMU Student Chapter at the opening of the SAICE/SANLAM offi ce, seen 
here with SAICE CEO Manglin Pillay (back row left), HOD Vincent Danoher (second from right 

back row) and SAICE President Stanford Mkhacane (far right)
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National Tel: +27 87 742 2710
International: Tel: +27 31 705 0500
Branches:
Durban (HO), Johannesburg,
Cape Town, East London, Tongaat (Factory)
www.maccaferri.co.za

A F R I C A

Articulated Concrete Block Mattress 
(ACBM)

The Articulated Concrete Block Mattresses (ACBMs) 
is a mattress of individual concrete blocks which are 
secured together with ropes.

The mattresses are constructed of concrete 
(classes according to UNI EN 206) and ropes that 
are suitable for the underwater environment, in 
order that the products do not deteriorate during 
their lifetime which is estimated at about 25 years.

The ropes allow the unit to be simply lifted and 
deployed into position. ACBM’s provide a unique protection system for 

pipelines, submerged optical fibre and all cables 
characterised by a high degree of flexibility in both 
longitudinal and transverse direction.




