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By the time this article is printed, the 
elections will be over and a new chapter 
in the fortunes of South Africa will have 
begun. In a time of deepening stress in the 
economy, SAICE appeals to government, 
opposition parties and civil society to 
work together – to abide by the law and to 
build a country where all can benefit from 
growth and development.

The disgrace of corruption must be 
rooted out and the billions of rands which 
have been stolen must be seized and 
returned to be used for the legitimate pur-
pose for which they were intended. The re-
cent spate of mafia-style coordinated gang 
activity on project sites across the country 
must be confronted by determined action 
to halt this scourge. SAICE stands firmly 
with the initiative of the South African 
Forum of Civil Engineering Contractors 
(SAFCEC) in condemning these actions. 
Violent service delivery protests must stop 
and the destruction of property which 
almost inevitably accompanies these activi-
ties must be resisted by the people who 
stand to lose the most when a library or a 
school or a bus is destroyed.

We are not alone in these requests. 
All role players in the Built Environment 
Professions and the Voluntary 
Associations have echoed similar senti-
ments. To highlight one such request, 
the Black Business Council in the Built 
Environment (BBCBE) has also recently 
issued a letter to General Bheki Cele, 
Minister of Police, to request urgent 
intervention in the gang activity targeting 
construction sites. The ability of emerging 
small businesses to survive is being com-
promised and the very initiatives that the 

government is promoting in their growth 
are being undermined.

This is not unique to South Africa. 
The use of the term mafia-style gangs is 
inherited from Italy where the practice 
is endemic. In many countries criminal 
organisations are highly centralised, 
often international criminal enterprises 
that seek to infiltrate politics and extract 
public resources for private benefits. The 
gangs frequently collude with politicians 
and public officials to obtain government 
contracts that pay handsomely for waste 
management, construction and other 
public services. We need to act swiftly 
before the tentacles of this octopus have 
us firmly in their grasp. As Webster 
Mfebe, the CEO of SAFCEC, notes in his 
open letter to President Cyril Ramaphosa: 
“… these companies (which are the targets 
of the gangs) are on the brink of bank-
ruptcy as some have already entered the 
redline of business rescue and are shedding 
jobs. It is evident that the South African 
economy and the livelihood of workers are 
the main casualties and money is lost to 
the fiscus as no taxes can be collected due 
to no economic activity taking place.”

He requested “an urgent meeting with 
captains of the construction industry 
to discuss this emergency.” We can 
report that a meeting with the Minister 
of Economic Development (Minister 
Ebrahim Patel) took place and that “… the 
government is indeed empathetic and 
seriously concerned about the dire state of 
the industry. To this end, there are serious 
plans being developed to prioritise the con-
struction industry beyond just the issues of 
violent disruptions on construction sites, 

and these will be shared with the industry 
at the government’s earliest convenience.”

OUR COMMITMENT
SAICE recognises that inequality is a 
deeply divisive and socially corrosive 
force within any society, and certainly 
within South Africa it has the potential 
to become seriously disruptive. We have 
committed ourselves to do everything in 
our power to uplift the young people of 
South Africa – they are our future. The 
combined resources of the staff and vol-
unteers of this organisation are dedicated 
to assisting anyone who has the ambition 
to serve South Africa in the field of civil 
engineering – through assistance in their 
school years, through support in tertiary 
education and through continuing educa-
tion during their professional lifetime.

We do not want to say, “We had a 
chance to make South Africa a better 
place – and we threw it away.”

Brian Downie

SAICE President 2019
brian@saice.org.za

Quo vadis, Civil Engineering?

The disgrace of corruption must be rooted out and the billions of 
rands which have been stolen must be seized and returned 
to be used for the legitimate purpose for which they were 
intended. The recent spate of mafia-style coordinated 
gang activity on project sites across the country must be 
confronted by determined action to halt this scourge.
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ON THE COVER
On 13 May 1903 John Brown, Engineer in 
Chief of the Cape Government Railways at 
the time, was elected as the first President 
of the Cape Society of Civil Engineers, which 
was the forerunner of the present South 
African Institution of Civil Engineering. 
Read more about this portrait on page 8. FROM THE PRESIDENT’S DESK
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INTRODUCTION
Recent media coverage of appeals by SAFCEC, CESA and others 
to government to intervene and save our industry has caught the 
attention of many a Civil Engineer. We work and ply our trade in 
a sensitive ecosystem that is a jewel in the crown of South Africa. 
We are in fact one of the few countries in Africa that still has a 
fully functioning and self-sufficient construction industry. But we 
are in trouble.

THE CONSTRUCTION INDUSTRY ECOSYSTEM
The construction industry ecosystem is like a biological ecosystem 
– a very sensitive order of interrelated and interdependent entities. 
Damage or disrupt one, and the whole ecosystem suffers. In many 
cases innocuous meddling also causes unintended consequences.

So, this ecosystem consists of our clients or employers, profes-
sional service providers, legislated bodies, professions, voluntary 
organisations, employer bodies, trade unions, construction 
companies, specialist sub-contractors, sub-contractors, plant and 
equipment suppliers, general service providers, material suppliers, 
and then all the people who, as individuals, are dependent on the 
ecosystem for their daily bread.

For the purpose of this discussion the terms construction 
industry and construction ecosystem are used interchangeably.

SIGNS OF DISTRESS IN THE ECOSYSTEM
Sir David Attenborough is currently narrating a remake of a 
nature programme compiled 20 years ago and is visually showing 
what our activities have done to our planet in the past 20 years! 
We all knew it was going on, but we let it happen. Likewise, we all 
observed the decline in our industry, and sat by as spectators.

There are those who say all ecosystems must deal with cy-
clical impacts, as this is part of nature. The question we face now, 
however, is the magnitude of the impact, potentially more severe 
than natural cyclical movements.

We are now seeing our industry stumble. Some of the major 
construction companies are on their knees and, with them, 

a multitude of others in the construction ecosystem who are 
dependent on them.

All the while, the real impact has been that our projects 
are not being rolled out efficiently and effectively, and projects 
overrun on time and cost, or are not completed at all. These are 
the signs of a faltering construction ecosystem.

ABNORMAL ECOSYSTEM IMPACTS
There are several events and actions that have damaged the in-
dustry more than the normal cyclical impacts which any business 
must expect. Some of these are:

General economic conditions
The general economic conditions of the last few years have 
affected all industries in South Africa. The construction 
industry was particularly hard hit by government spending 
grinding to a halt. As an example one could mention the 
SANRAL ‘drought’ and the cancelling of a number of Transnet 
and PRASA programmes. The mining sector, on which the 
industry has also relied, stopped investing, driven by resource 
prices initially, and later by policy uncertainty and the 
mining charter process. One simply has to look at the dismal 
statistics of prospecting licences issued, which usually indicate 
long-term investment planning, to appreciate the dearth of 
economic activity.

O PI N I O N

Werner Jerling Pr Eng, Pr CPM
SAICE Fellow
werner@jerling.co.za

Construction – 
an ecosystem in crisis

The general economic conditions of the last 
few years have affected all industries in South 
Africa. The construction industry was particularly 
hard hit by government spending grinding 
to a halt. As an example one could mention 
the SANRAL ‘drought’ and the cancelling of a 
number of Transnet and PRASA programmes.
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Fiscal pressure led to budget cuts, the slow-down in fixed 
capital formation and lack of business confidence, all of which 
have impacted public and private investment, leading to order 
book constraints for everyone.

The investment and capital markets are running very shy of 
the industry. Investment in listed entities is, at best, lacklustre. 
Returns in the industry are poor, to say the least, and the 
prospective investor looks for better returns elsewhere. This is 
fuelled further by the poor performance and business failure 
risk of construction companies. Capital is thus expensive and 
elusive for businesses who need capital to bridge poor or no 
payments for work done, who need to invest in capital equip-
ment, and who need to meet strict bonding requirements by 
their clients.

The ability of a strong local construction industry to re-invest 
into the economy in the form of public-private-partnerships 
(PPPs) or similar ventures could greatly boost the economy. This, 
however, is highly unlikely and not something one can rely on in 
the immediate future, given the terrible erosion in value of the 
large, industry entities.

Red tape and a highly regulated environment
The construction ecosystem is burdened by significant red tape 
and a complex regulatory environment. Ask any business owner 
or CEO how much time is devoted to these matters. Doing 
business in the current ecosystem is not simple. It is in fact very 
demanding.

Simply mention the words water use licence, mining permit, 
construction permit, etc, and a shudder goes through project 
delivery teams! The impression is created that finding reasons not 
to implement projects gets more attention than finding reasons 
and ways to do so. Many of these well-meant regulatory measures 
do not assist our industry. Delayed project approvals have scut-
tled projects or caused significant cost overruns.

The impact of industry bodies
Lack of tangible support by regulated bodies set up to nurture 
the industry has been telling, to the point where businesses see 
this as yet another ‘tax’ and burden to do business. This should 
not be the case. These bodies should assist to protect and grow 
our ecosystem. They are the game rangers supposed to help 
us! This statement seems somewhat negative, but each of these 
bodies should honestly do some introspection and ask what they 
have really done to make our ecosystem function better. What 
happened to the artisans we are all waiting for? Do we really see 
contractors developed, or is the business failure rate simply too 
high? Why do we have so many CIDB Level 1 contractors? Should 
there actually be such a category of contractor, or should there 
rather be a contractor-in-training category? There was hope in 
the publishing of prompt payment regulations. This, however, 
seems to have melted away quietly.

The intended impact of the Presidential Infrastructure 
Coordinating Committee is not felt by the participants in the 
industry to the degree that it should. How many of us are im-
pacted by this, and what contributions are we asked and allowed 
to make?

Employer bodies and voluntary associations are faced with 
significant challenges as they battle to garner support from mem-
bers for grassroots participation, leadership and energy to get 
things done. Our professions feel the pinch as well, as they rely on 
volunteers in many cases. The importance of industry experience 
and knowledge must be reflected on the boards of these entities 
to enable policy decisions to bear direct fruit. Everyone seems to 
be too busy surviving to give time to the future.

Project procurement and implementation policy
Procurement regulations are complex and onerous in a justified 
effort to curb abuse and corruption. This complicates procure-
ment to such an extent that many authorities are unable to spend 
their capital budgets and even return unspent funds to the fiscus.

Statistics indicate more and more smaller projects being 
let. This may be caused by simple budget constraints. We can, 
however, not ignore public statements and conscious actions by 
government to fragment the industry. Several political leaders 
have been vocal on this matter. This has had the unintended 
consequence that the ecosystem is damaged. There are incidences 
where fragmentation policies have led to procurement decisions 
to re-package projects.

An example may be a water treatment plant being split into six 
packages, all awarded to different design and construction teams. 
None of these packages may be awarded to the same team. The 
result is that the project does not come to a synchronised comple-
tion, with a myriad interface management issues. The settlement 
tanks could lie empty for years as they wait, for example, for the 
raw water supply package to overcome its challenges and be com-
pleted to produce water for testing and commissioning. The real 
disaster lies in the whole plant, with its associated investment, 
being unable to yield a productive benefit to the citizens and the 
authority.

Risk shedding and contractual complexity in contracts
Trends in contract conditions and claims resolution policies in 
the employer bodies are becoming more adversarial. Special con-
tract conditions are introduced shifting risks onto the contracting 
supply chain where it simply cannot be borne effectively.

The most significant of these is where contract conditions 
attempt to make community relations, expectation management, 
harmony and peace part of the contractor’s responsibilities. Force 
majeure clauses in this respect are coming under scrutiny by the 
courts as we speak.

Public sector projects with outstanding disputes quickly 
evolve into arbitration or litigation. It is not uncommon to hear an 

Procurement regulations are complex and onerous 
in a justified effort to curb abuse and corruption, 
complicating procurement to such an extent that 
many authorities are unable to spend their capital 
budgets and even return unspent funds to the fiscus.

Lack of tangible support by regulated bodies set up to 
nurture the industry has been telling, to the point where 
businesses see this as yet another ‘tax’ and burden to 
do business. This should not be the case. These bodies 
should assist to protect and grow our ecosystem.
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official, who may be able to resolve a dispute, state, “Let us rather 
get someone else to decide. I may agree with you, but please realise, 
the livelihood of my children and my pension is at stake here.” This 
places the parties on a long and adversarial journey that quickly 
moves beyond the control of the parties responsible to solve the 
problem. The associated financial impact on the contractor could 
be crippling, as cash remains outside the company coffers.

Hooligans and thugs
A lot has recently been written on the impact of the so-called 
‘construction mafia’. These are thugs who extort ‘membership 
fees’ from desperate local contractors who then join an economic 
forum that promises jobs, or total exclusion should a party not 
join. These thugs then skim the second layer of cream where they 
threaten the main contractor on a project with project closure 
and death or bodily harm to site management if work is not al-
located to their members with a lucrative cut to the forum. This 
sounds a lot like Al Capone and his mafia buddies visiting the 
corner butchery every month for protection money. In extreme 
cases site agents are approached by these thugs, an AK47 bullet is 
placed on the desk, and the site agent is told that the bullet costs 
R17, which “is the cost of your life …”

The above may appear alarming and scary, and I acknowledge 
that it represents the extreme case of a variety of thuggery 
levels. It does, however, illustrate the exposure a site team faces. 
There are indeed cases where contractors have lost their lives to 
this type of thuggery. When projects are halted and the whole 
process stands, contractors need to claim for delays, and projects 
invariably turn sour. Dedicated engineers who devote themselves 
to constructing much needed infrastructure then seriously 
start considering those approaches from Australia, Canada and 
New Zealand where the market is vibrant and where we engineers 
are able to do what we do best without expending energy on 
issues that have no bearing on the project mission. Construction 
companies have a responsibility to look after their employees, 
but the statistics show an outflow of the very people who need to 
drive the projects of the future.

What we need are clients able to and prepared to stand up to 
thugs, supported by the law enforcement authorities. Politically 
expedient promises by politicians and officials keen to please, 
create pre-construction expectations that can simply not be met 
by the project.

The matter of localisation and local contractor involvement 
is a critical imperative and is not disputed. The way we achieve 
this, however, is what needs debate to find a realistic, practical 
solution. Here client and regulatory bodies are silent or simply 
ignoring the essence of the problem.

Job creation and skills development
In an ecosystem, energy is drawn from the environment. Job crea-
tion, and the training and education of people in our ecosystem, 
is that energy. Our ecosystem has the potential to be the second 
largest provider of jobs, second only to the agricultural sector. It is 
thus horrifying to see that, since 2014, our industry has shed 35% 
of all jobs in our sector, thereby losing critical skills at all levels.

Our contribution to the larger South Africa is particularly 
important in that we are able to create jobs for a range of people 
from the poorest and least educated to those at the highest 
 education level.

One cannot fail to consider what the levies we all pay towards 
the CETA have yielded. Regardless of one’s opinion or sentiments 
on the matter, we as an industry are not seeing the product of 
the investment we were supposed to have made. Artisans and 
tradespeople are needed in large numbers. The announcement, 
in the President’s State of the Nation Address earlier this year, of 
the intention to focus on education through technical schools was 
encouraging. Let us hope this becomes a reality.

Collusion and corruption
There is no doubt that these two issues have caused irreparable 
harm to the industry’s reputation and financial health.

Whereas one cannot condone the anti-competitive behaviour in 
our industry, one must ask if the fines meted out were just one too 
harsh at a time when the earnings in our industry could simply not 
afford the burden. Was this one of the straws breaking the back of 
some of the listed major construction companies? It is easy to cal-
culate the turnover required to cover the payment of the fines from 
the profitability reported by the listed entities over the past number 
of years. That turnover was simply not available in the industry, and 
profitability has suffered as cash drained out of the businesses.

Corruption is on everyone’s minds and we are all astounded 
at the revelations and the quantum thereof, and the extent of the 
damage suffered. However, whereas corruption is a cancer we 
cannot allow, one must exercise caution in blaming corruption for 
all project failures in South Africa. Corruption may indeed have 
had a terrible impact, but we cannot ignore the impact of poor 
engineering decisions, designs and project management practices, 
as well as low productivity.

The fallacy of the cheapest price
Projects are feeling the harsh impact of construction designs 
produced by the cheapest tendering professional service provider. 
These entities have no choice but to simply cut man hours. 
Contractors bid on numerous projects, and therefore see many 
designs for projects and observe the varying quality of design 
work being produced. Over-design for expediency, to reduce man 
hours and protect a practice insurance risk, is commonplace. In 
this the people who we serve, the public out there, may be paying 
much more than they should.

By their own admission some of the construction companies 
now filing for business rescue have been guilty of under-pricing 
bids “to keep the company going”. The impact of this damaging 
practice is being felt much further now, to the point of harming 
those who priced correctly. One must therefore ask if government 
and other construction clients acted correctly in accepting under-
priced bids. In the long run this practice hurts the whole construc-
tion economy. More circumspection, experience and investigation 
are required in the awarding of tenders. This goes beyond mere 

Our ecosystem has the potential to be the second 
largest provider of jobs, second only to the agricultural 
sector … Our contribution to the larger South Africa 
is particularly important in that we are able to create 
jobs for a range of people from the poorest and least 
educated to those at the highest  education level.
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compliance matters, but cuts to the core of the ability to execute 
and complete contracts.

The quest for the best price is not necessarily for the 
cheapest price. Nobody, for example, goes for the cheapest 
medical or legal advice.

ECOSYSTEM RECOVERY
Sir David Attenborough, in many of his nature programmes 
points out how ecosystems have an amazing capacity to bounce 
back and recover, given the correct intervention, protection and 
chance to do so.

The question arises if the same may be true for the con-
struction ecosystem? It is the contention of the writer that we 
are indeed an ecosystem that can recover. It is, however, now 
critically important that we acknowledge our interdependence 
and that we sit around the table in the interests of our country. 
The time has come for honest and open discussion, putting 
dreams and differences aside and getting down to the business 
of saving our ecosystem.

So where can we start?
 N The first is to acknowledge that there is indeed a problem 

and that this is not merely a cyclical phenomenon. We need 
to face the reality that our domestic construction capability 
may cease to exist. We should ask ourselves whether we all 
agree that this is bad for South Africa.

 N Secondly, the industry bodies, throughout our ecosystem, 
should put their collective heads together and get the debate 
out into the open in their various forums, conferences and 
meetings. These bodies include state oversight and imple-
mentation bodies, institutions of higher learning, organised 
labour, employers’ organisations, etc. Alignment and 
common cause amongst these bodies will allow leadership 
and wisdom to flourish.

 N The ‘game rangers’ who are supposed to protect our construc-
tion ecosystem must be seen and heard. In our ecosystem 
these are bodies such as the CIDB, CETA, PICC, Department 
of Public Works, Ministry of Economic Development, DTI, 
and the CBE with ECSA and the SACPCMP. Their participa-
tion, at the highest levels, meeting with, listening to and sup-
porting leaders in our industry, is critical.

 N The words indaba, conference or workshop conjure up 
visions of talk shops and cosy chatting, with no real action 
emanating therefrom. We as the industry, however, have 
no choice but to place these issues in the open and rally 
every one around the issues we face. Such indabas are there-
fore important as part of the process.

 N As Civil Engineers we all play an important leadership role 
in this ecosystem and we do not have the luxury to stand 
by idly. We must get involved in the activities of SAICE and 
similar bodies to put the solutions into action and devote 
the required energy to bring about change, instead of 
waiting for someone else to do so.

We have a noble quest. Not one where we all run for cover and 
wait for someone else to do the work which brings no return 
to the own pocket. We cannot afford to put experience, know-
ledge and energy on the altar of political expediency where we 
praise the emperor’s new clothes, as in the popular tale by Hans 
Christian Andersen. 

ROCLA is South Africa’s leading manufacturer of  
pre-cast concrete products. Surpassing 100 years of 
product excellence, including pipes, culverts, manholes, 
poles, retaining walls, roadside furniture, sanitation and 
other related products within infrastructure development 
and related industries.

A strong 
foundation for 
infrastructure 
success

Visit us on www.rocla.co.za 
for our nationwide branches

http://www.rocla.co.za


R A I LwAy  A N D  H A R B O u R  EN G I N EER I N G

JOHN BROWN – FIRST SAICE PRESIDENT
The SAICE Railway and Harbour 
Engineering Division discovered a 
portrait of John Brown, the first President 
of the Cape Society of Civil Engineers 
(which was the forerunner of the South 
African Institution of Civil Engineering) 
in the Transnet Heritage Library in 
Johannesburg. The Library kindly per-
mitted the Division to photograph and 
reproduce the 114-year old treasure for 
presentation to SAICE National Office, 
where it will occupy a place of honour.

The Cape Society of Civil Engineers 
was established on 14 January 1903 at 
the Hansa Hotel in Strand Street, Cape 
Town, and the distinguished John Brown 
Esq. C.M.G. M.Inst.C.E. was elected 
as the first President of the Society at 
a meeting held on 13 May 1903. He 
was Engineer in Chief of the Cape 
Government Railways from 1890 and 
retired on 30 June 1904 after 31 years 
of service. During this time the track 
mileage was extended by 479 miles, 
which would undoubtedly have been 

more had it not been for the Anglo Boer 
War which lasted from 1899 to 1902.

The portrait, painted by a young Edward 
Roworth, was presented to John Brown by 
his staff, presumably when he retired.

The SAICE Railway and Harbour 
Division has for many years named its 
annual gala dinner after John Brown, so 
presenting SAICE with a portrait of the man 
himself was a truly celebratory moment. The 
occasion was the Division’s annual cocktail, 
traditionally attended by the current SAICE 
President, who in this instance was Brian 
Downie, the Institution’s 116th President.

AN EVENING OF CELEBRATION
The well-attended event took place on the 
evening of 20 March in Midrand where 
Brian Downie, in his inimitable manner, 
inspired members with his forward-
thinking ideas about education.

Tony Southwood, who serves on the 
Division’s committee, also delivered a 
most interesting talk on parallels and 
differences between South African and 
UK railways.

A further highlight of the evening 
was the announcement of the Division’s 

News from the SAICE Railway and 
Harbour Engineering Division

Tony Southwood delivered an interesting 
talk on the parallels and differences 
between South African and uK railways

unveiling the portrait of the first SAICE President, John Brown – 
from left: Steven Kaplin, acting SAICE CEO, Johan de Koker, Division 

chairman, and Brian Downie, SAICE’s current President

8 May 2019 Civil Engineering
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RAILWAY & HARBOUR ENGINEERING DIVISION

SOUTH AFRICAN INSTITUTION OF CIVIL ENGINEERING 
RAILWAY AND HARBOUR ENGINEERING DIVISION

and the
RAILWAY INFRASTRUCTURE ACADEMY

present the

AFRICAN TRACK AND TECHNOLOGY SYMPOSIUM
DESIGN | CONSTRUCT | MAINTAIN | RENEW

Module 1
Feasibility and Systematic Design
(16 to 18 September 2019):

Session 1 – Feasibility and Geometric Design
Session 2 – Track Design
Session 3 – Overhead Electrification Design
Session 4 – Signalling Design

For more information:

www.railinfra.co.za

Organisers: Kimba Consulting t/a Railway Infrastructure Academy

 info@railinfra.co.za
 +27 (0)66 289 5405

Module 1
Infrastructure Maintenance Management
(30 September to 4 October 2019):

Combined Track and OHTE Sessions
Session 1 – Infra Maintenance Strategy and Management
Session 2 – Risk Management
Track Maintenance Breakaway Session
Session 3 – Track Material and Maintenance
Session 4 – Track Construction and Renewal
OHTE Maintenance Breakaway Session
Session 5 – OHTE Maintenance
Session 6 – Substation Maintenance

•  Early bird bookings less 10% – book and pay before 28 June 2019
•  SAICE members less 5%

annual award winners, and the presenta-
tion of certificates of honour to them:

 N The Chairman’s Award went to Dave 
Budler for his exceptional service to 
the Division in particular, and the 
railway engineering profession in 
general, over a long period of time.

 N The winners of the Best Paper Award 
were Jonathan Duvel and Kanak 
Mistry for their paper titled Improving 
aluminothermic weld performance 
on Transnet’s heavy haul sytems, 

presented at the 11th International 
Heavy Haul Association Conference 
held in Cape Town in September 2017.

WHAT THE RAILWAY AND HARBOUR 
DIVISION LOGO MEANS
 The rail profile in the 

logo represents the 
Railway Engineering 
constituent of the 
Division, while the 
top section of a ship’s 

anchor, with the beam and the aperture 
for the chain (used on the sleeve of uni-
forms to designate marine staff), repre-
sents the Harbour Engineering section of 
the Division. These two parts are merged 
in the logo to indicate the inseparable na-
ture of railway and harbour engineering 
since the first railway tracks were built in 
South Africa.

WHAT THE DIVISION 
OFFERS ITS MEMBERS

 N Training for young graduates in 
railway engineering, track mainte-
nance and harbour engineering

 N Opportunities for mentoring and 
networking

 N Awards for excellence in railway and 
harbour engineering

 N Contact and collaboration with local 
and international rail, track and har-
bour experts

 N Affordable CPD workshops to our 
members:

 N Breakfast Lecture (July 2019)
 N Workshop on Infrastructure 

Design Synergies

Dave Budler, recipient of the 
SAICE Railway and Harbour 
Division Chairman’s Award

Jonathan Duvel (left) and Kanak Mistry, winners of the SAICE 
Railway and Harbour Division Best Paper Award

http://www.railinfra.co.za
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www.pile.com | info@pile.com | +1 (216) 831-6131

Static Load Tester (SLT)

Pile Dynamics’ SLT:
• Provides quick and accurate monitoring of force and displacement during  
 a static load test
• Allows monitoring of multiple data collection boxes at once, up to 16   
 channels per box, with Smart universal inputs, up to 256 boxes
• Offers real-time graphical presentation of load, strain (resistive or vibrating  
 wire), displacement and pressure measurements

 N Lunch and Learn (date still to be 
decided)

 N One-day workshop on 
Maintenance Management

 N Speed Mentoring for Graduates
 N African Track and Technology 

Symposium (see notice at the 
bottom of page 9)

To join our Division, please send a request 
to: membership@saice.org.za.

ARE YOU A MODEL RAILWAY 
ENTHUSIAST?
The Railway and Harbour Engineering 
Division is busy creating a home for 

model railway enthusiasts to network, 
share ideas and solve problems. Send 
a mail to mentor@icosanalysis.co.za 
if you are interested in joining this 
new section.

SPECIAL RAIL-IMAGES 
PROJECT WITH TRANSNET
In line with a Memorandum of 
Understanding between SAICE and 
Transnet, initiated by the SAICE Railway 
and Harbour Division, the Digital Rail 
Images South Africa (DRISA) project 
is steadily building, on the internet, a 
searchable catalogue of the Transnet 

Photo Image Collection, with a thumbnail 
of each image, freely accessible to railway 
and history enthusiasts and researchers 
(visit www.drisa.co.za). DRISA is a volun-
teer project in its entirety; the only money 
paid out goes towards the two ladies who 
scan the images in the Transnet Library. 
Herewith we entice you with two images 
from the collection.

Johan de Koker

Chairman SAICE Railway and Harbour 
Engineering Division
johan@icosanalysis.co.za

Photos 5696 (left) and 5617 from the Transnet Heritage Library

http://www.pile.com
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In 1859 Charles Darwin published his 
book On the Origin of Species founded on 
the concept of ‘natural selection’ which 
he qualified as: “Natural selection can act 
only by the preservation and accumula-
tion of infinitesimally small inherited 
modifications ...”

The key element is the universality of 
modification across all individuals and all 
generations of a species. This is a pattern 
of modification that is incomputably large. 
It is in this that I find the core of Darwin’s 
genius, something brilliantly fuzzy and in-
tuitive, but he seems to have been uncom-
fortable with it and shied away. However, 
much later, in his autobiographical essay, 
he did comment: “According to my judge-
ment happiness decidedly prevails, though 
this would be very difficult to prove. If 
the truth of this conclusion be granted, it 
harmonises well with the effects which we 
might expect from natural selection”.

But never fear, along came Herbert 
Spencer, railway engineer turned philoso-
pher and personal friend of the biologist 
Thomas Huxley, to stand shoulder to 
shoulder with him as another of Darwin’s 
‘bulldogs’. Spencer undertook to resolve 
the dilemma!

Herbert Spencer was born in 1820 to a 
middle-class family of teachers and cler-
gymen with a strong Protestant ethic and 
support for anti-slavery, free trade and the 
freedom of the individual. He was home-
schooled initially – at least at the school 
run by his father, then by his Cambridge-
trained clergyman uncle who continued 
his education and taught him some math-
ematics and physics. He appears, for all 
this, to have been tolerably well educated 
by the standards of the time.

At the age of 17 in 1837, he joined 
the London and Birmingham Railway 
Company on the invitation of Mr Charles 
Fox, who had attended Spencer Senior’s 
school and had later trained under Robert 
Stephenson. Fox was knighted some 
years later for his work on the design and 
construction of the Great Exhibition in 
1851. At the time he was the permanent 
resident engineer of the London division 
of the London and Birmingham Railway 
Company.

Spencer gives a particularly good 
account of his sojourn in engineering 
in his autobiography. He started in the 
London office of Charles Fox, and he 
focused on his studies and expressed 
a firm desire to do well at engineering. 
About a year-and-a-half later he was 
transferred to Worchester to the office 
of the Chief Engineer of the Birmingham 
and Gloucester Railway, Captain William 
Moorsom, whom Fox described as a 
“consummate gentleman”. Spencer found 
the staff there to be on the practical 
side and generally wanting in a good 
understanding of science and engineering 
theory. He comments, however, that many 
of them went on to occupy senior posi-
tions in later life.

Spencer speaks kindly of Moorsom 
and of his handling of his staff – including 
holding a bi-monthly dinner club meeting 
for them where young engineers were 
encouraged to make presentations on 
their work. In 1840 Moorsom appointed 
Spencer as his secretary and actively men-
tored him, including, among others, in 
the art of levelling, using Moorsom’s own 
level. Spencer, for his part, throughout 
this early period, had a thoroughly 

rounded experience – in the office, sur-
veying and supervising construction on 
site, and generally being out in the open in 
all weathers up and down the line.

By the end of 1840 Spencer was 
being given considerable responsibility 
in the design of various projects, in 
adjudicating tenders and in supervising 
the construction of these projects. He 
was also involved in locomotive trials. 
Early the next year, 1841, approaching his 
21st birthday and starting to become a 
competent civil engineer, he declined an 
offer of a permanent appointment with 
the Birmingham and Gloucester Railway. 
Instead, he resigned and returned to his 
home in Derby. His initial intention was 
to take a course in mathematics, including 
calculus, although not much came of it.

The next three years of Spencer’s life 
were spent at home and in London dab-
bling in a variety of projects, exploring 
various then-modern philosophies and 
entertaining notions of becoming a writer. 
For a short while he was employed to pre-
pare designs and drawings for a graving 
(dry) dock at Southampton and again 
for a jetty. By mid-1844 he was living 
in Birmingham and employed as a sub-
editor on a newspaper, the Pilot. By this 
time railway mania was in full swing, with 
competent engineers in short supply. By 
the end of the year he had been recruited 
to join a team preparing a Parliamentary 
survey for a proposed branch line from 

Keith Mackie Pr Eng
Consulting Coastal and Harbour Engineer

keith@mackie.co.za

Charles Darwin and  
the Railway Engineer
Keith Mackie dipped into history and discovered that a railway engineer made an enormous contribution to 
philosophy and social thinking in the latter part of the 19th century.
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the Birmingham and Gloucester Line 
to Wolverhampton. The project was 
unsuccessful, but Spencer continued to 
be employed in railway engineering, in 
preparing Parliamentary surveys and 
generally at high-level planning stages 
until early 1847.

From the beginning of his career 
Spencer had been interested in invention, 
always applying his mechanical and scien-
tific knowledge to his designs, commonly 
for drawing office instruments. During 
the three years from 1841 to 1844 and 
again from 1847 to 1848, he never gave up 
this activity, whatever else occupied him.

At the end of 1848 he was offered a 
job as a sub-editor on the Economist. His 
experience at the Economist in the practi-
calities of economics seem, subsequently, 
to have complemented his engineering 
training. He remained with the Economist 
until 1853 when he received an inherit-
ance from the estate of his uncle which 
made him financially independent. He 
took the opportunity to quit his job and 
devote his time to his intellectual pursuits 
and to establish himself as a philosopher. 
In this he was extraordinarily successful 
and remained active until the 1890s, 
passing away at the end of 1903.

During his lifetime he regularly 
submitted articles to periodicals, and 
wrote and published a number of books 
on philosophical subjects. By the late 
19th century he had become the most 
popular and most recognised philosopher 
in Britain, and pretty much in Europe as 
well. His books sold over a million copies 

during his lifetime – the most sold by any 
philosopher.

However, when one dips into some of 
his works, his early engineering training 
comes through very strongly, both in his 
style of writing and in his world view. He 
has a pragmatic and practical approach 
to his subject matter, refreshingly dif-
ferent from the traditional turgidity of 
philosophers. After taking a brief look at 
the commentaries on Spencer by other, 
conventional philosophers, I am aghast 
at their inability to recognise Spencer’s 
engineering mind-set or to understand 
it. These philosophical establishment 
opinions of Spencer remind me of nothing 
so much as attempts to solve statically 
indeterminate structures by the methods 
of statics.

In 1864 he published Principles of 
Biology in which he couldn’t stop being 
an engineer and poking his nose into the 
mechanics of ‘natural selection’. Here 
he stated: “This ‘survival of the fittest’, 
which I have here sought to express 
in mechanical terms, is that which 
Mr Darwin has called ‘natural selection’ 
or the preservation of favoured races in 
the struggle for life”.

He was hopelessly wrong. As Darwin 
intuitively understood, ‘natural selection’ 
is fundamentally incomputable; Spencer’s 
mechanistic ‘survival of the fittest’ is 
explicitly computable. In this, he had 
produced another of the great boo-boos of 
science along with Ptolemaic geocentric 
orbital mechanics, phlogiston and the 
luminiferous ether. Darwin, however, 

failed to see this and was seduced by the 
concept and later adopted it. Ever since 
then, Spencer, slipstreaming Darwin, 
has corrupted the whole of biology and 
much else. Although, surprisingly, it did 
not much corrupt Spencer’s own style of 
synthesis, it was only some three years 
later in 1867 that Marx produced the 
first volume of his Das Kapital. Spencer’s 
‘survival of the fittest’ seems to have justi-
fied the implicit mechanism that underlay 
Marx’s thinking and much else of what 
was to come.

It is pleasing to note that for some 
decades now biology has been dropping 
the ‘survival’ part of ‘survival of the fit-
test’, but it seems unable to rid itself of the 
‘fittest’ part.

It occurs to me that a better sound 
bite than Spencer’s ‘survival of the fittest’ 
may be ’optimisation under conflicting 
constraints’. True, but I am not willing to 
nail my colours to that mast either.

What is so interesting is that it was a 
railway engineer who made such an enor-
mous contribution to society in the latter 
part of the 19th century. Throughout 
his biography there is no whiff of or 
intimation about the degradation of the 
working classes implicit in the works of 
Marx and Engels. In this he reflects the 
rising general affluence of the period, not 
the lesser but concentrated poverty of the 
slums. He laid the foundation for a kinder 
world than that of the totalitarians who 
subsumed him through the course of the 
20th century. Perhaps it is time now to 
disinter his works. 

Powerful Interface User-defined Beam Creep and Shrinkage Reinforcement Design

http://www.ally.co.za
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ROAD RAIL VEHICLE DIRECT 
DRIVE TECHNOLOGY
A road rail vehicle (RRV) can travel on 
roads as a regular vehicle using a set of 
tyres, but also on railway lines using a re-
tractable set of axles and steel rail wheels.

Imatla Rail sources regular trucks from 
original equipment manufacturers (OEMs), 
such as Isuzu, and retrofits the trucks with 
a retractable rail undercarriage. The OEM 
rail warranty is retained as normal.

The rail gear is hydraulically activated 
in seconds and powered using the OEM 
gearbox and engine through a propulsion 
system known as the Direct Shaft Drive 
System (DSDS™), which was developed 
by Imatla.

The DSDS™ incorporates two rear-axle 
differentials – a standard OEM-fitted 
rear-drive differential and a rail-wheel 
differential.

The switchover of the DSDS™ between 
road and rail operations is facilitated 
automatically through the touch of a 

button, which pneumatically activates the 
respective drive system, i.e. either the road 
differential or the rail differential.

Importantly, unlike RRV manufacturers 
in Europe whose RRV drive systems use 
additional hydrostatic drive systems, Imatla 
Rail’s solution enables the truck’s own 
engine to deliver the drive to the rear rail 
wheels. This technology won the company 
the prestigious SABS Design Excellence 
Award. The drive system is lightweight and 
simple, so can be maintained by a truck 
mechanic, and achieves greater distance 
per litre of diesel on rail than on road (by 
an average factor of 1.6×, dependent on 
gradient, track condition and load).

When on rail, transit is made possible 
using the existing drive controls, com-
prising the engine and gearbox of the OEM 
trucks, on which the DSDS™ technology 
has been installed as an add-on, thereby 
enabling an RRV driver to drive the truck 
using accelerator, brake and clutch pedals 
to activate the normal forward and reverse 

gears, as well as braking systems, similar to 
the way they would be engaged in a regular 
road vehicle.

Imatla Rail has also designed an ABS 
braking system for the steel rail wheels, 
routed through the truck’s integral 
braking system. If a train operator brakes 
too hard and skids, ‘flatspots’ are created, 
which results in the wheel having to be 
condemned. ABS allows for a far safer and 
more effective braking system on rail.

Imatla’s DSDS™ system enables on-rail 
performance specifications and capabili-
ties similar to the on-road specifications 
of a regular truck. Imatla RRVs can 
therefore travel at speeds of up to 60 km/h 
in regular transit operations, and at emer-
gency speeds of up to 90 km/h.

Thirusha
CEO: Imatla Enterprises

Imatla Rail
thirusha@imatla.co.za

Imatla’s Road Rail Vehicles

The Imatla OHTE RRV crane has been designed for maintaining 
electrified rail lines; it is mounted with a counter‑weight‑balanced 
sideshift mechanism that greatly enhances its effective operating envelope

Powerful Interface User-defined Beam Creep and Shrinkage Reinforcement Design

http://www.ally.co.za
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BENEFITS OF RRV TECHNOLOGY
 N Simple, efficient driveshaft system 

– direct drive through the truck’s 
gearbox to the rear rail wheels

 N Excellent ground clearance and depar-
ture angles

 N Reliable, hence requires low 
maintenance

 N Bolt-on system requiring minimal 
chassis modification

 N Solid axles front and rear
 N Active use of truck’s existing suspension
 N Lightweight – rail gear mass is 

substantially lighter than existing 
products

 N Can be adapted to suit a wide range of 
rail gauges

 N Dramatically increased speed – Imatla 
vehicles can travel at up to 120 km/h

 N The truck’s braking system is used 
to slow the vehicle (with ABS on rail 
wheels)

 N Minimal modification required to 
standard chassis, with OEM warran-
ties remaining intact

 N Rail gear is fully ‘deployable’ and 
‘retractable’ within minutes

 N Overall length of vehicle, with rail gear 
raised, is virtually unchanged from 
standard

 N A large ‘rigid’ road-going truck, with 
retractable rail wheels, can run on 
rails as it would on a road, achieving 
up to 6 km per litre of diesel.

 N The rail gear can be removed, and the 
vehicle sold into the road fleet with 
OEM warranties in place; therefore 
effective churn in fleets and efficient 
financing are possible, with high 
residual values.

RRV MARKET APPLICATION
Imatla Rail provides RRVs for rail mainte-
nance. These include materials handling 

units, cranes, RRVs for inspection, welding, 
perway and overhead track equipment 
(OHTE) maintenance, and liquid-carrying 
tankers. To this end a fleet of some 40 units 
has already been delivered in South Africa.

“We at Bidvest over the last four 
years of operation found the DSDS 
technology to be simple, reliable, 
cost-effective and energy-efficient. 
The technology has demonstrated 
significant advantages over the 
friction-drum-drive and rubber-on-
track systems previously developed 
in this fleet.”

A full bus conversion on the truck chassis 
is also possible, fully homologated and 
complying to all SABS and RTA regula-
tions. In 2017 the Imatla RailBus project 
won the SAB(InBev) Foundation Social 
Innovation Award.

The Imatla RailBus project won the SAB(InBev) 
Foundation Social Innovation Award

The RailBus opportunity is apparent be-
cause of the following ‘macro’ issues found 
in emerging markets:

 N Africa’s railways are underutilised.
 N Economic growth leads to increased 

car ownership, but infrastructure 
development remains substandard.

 N Individually, underprivileged citizens 
are increasingly marginalised and re-
liant on mini-bus services that expose 
them to an effective mobility tax.

 N Rail lines typically run through some 
densely populated areas, and offer 
opportunities for addressing spatial 
mismatch of labour, basic commodity 
price harmonisation, access to water, 
healthcare and education.

 N Technology is enabling innovation on 
rail; Imatla, with Isuzu, has developed 
a bimodal RailBus that offers an 
immediate, viable, low-tariff solution 
that will deliver significant benefits to 
individuals and local economies.

South Africa has 4 000 km of usable 
‘branch lines’. In 2016 the Department 
of Transport reported on the 

The Imatla materials handling RRV is used to 
transport up to 6 tonnes (crew and material) 

to the railhead to carry out maintenance

Rail Infrastructure near a township where RailBus could assist in delivering cheap mobility to 
the people (Photo credit: Bloomberg)

http://www.enterprises.up.ac.za
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Shifting knowledge to insight

+27 (0)12 434 2500 | info@enterprises.up.ac.za 

BOOK YOUR SEAT TODAY

SHORT COURSES IN RAILWAY ASSET MANAGEMENT
Learn about the general principles of railway asset management, with a focus on developing an understanding of appropriate 

railway system design, prevailing and future business needs, as well as the development of lifecycle maintenance plans.

5 August 2019 | R12 000.00 (VAT incl.) per delegate
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Rail passengers Bus passengers

Passengers per month in millions: PRASA has lost over half of its passengers since 2011. In 1998 there were 2.9 million train passengers per 
day, but by 2008 this number had declined to 2.7 million per day despite an increased work force. Today PRASA only transports 1.2 million 
passengers per day. Around 60% of PRASA’s clients have thus been lost, the majority over the last five years. 
(Source: Seasonally Adjusted Passenger Transport Numbers SA Statistics)

http://www.enterprises.up.ac.za


socio-economic impact of investment in 
these rail lines. Five branch lines were 
identified for investment:

 N Kroonstad Cluster: 324 km
 N Mthatha–Amabele: 281 km
 N Sterkstroom–Maclear: 277 km
 N Empangeni–Nkwalini: 64 km
 N Nelspruit cluster: 130 km

The RailBus is ten times cheaper than 
a rail-only motorised passenger car, 

so converting buses into cheap and 
convenient bi-modal (road/rail) transport 
primarily for people residing in rural areas, 
is vitally important for the economic devel-
opment of those communities. While some 
of the branch lines are not in optimum 
condition for conventional railway engines 
and carriages, the RailBus can handle 
these conditions, as it is a light vehicle with 
a robust suspension system designed to 

adapt to varying conditions, both on and 
off rail.

The fact that the RailBus can mount 
and dismount railway tracks means that 
commuters can board the bus at a conven-
tional bus terminus before the bus mounts 
the rails and then drives them directly 
to their destination. Imatla is confident 
that individual metros, or local govern-
ments who are responsible for urban 

RailBus on FTR850 Crew Conversion: This conversion delivers a 43‑seater bus, capable of travelling on road and rail, at up to 90 km/h

Imatla FTR850 full bus conversion:  
The Isuzu truck, built in Port Elizabeth, is 

converted by Busmark into a 60‑seater RailBus

Our range of heavy on-track tamping machines is a reflection of the extensive research and technical development invested into creating the world’s 
highest standards of reliability, quality and features. The result of this is evident in the durability of the tamped track.  

Different tamping machine designs are available to meet every possible tamping requirement.  Plasser South Africa provides specialist advice to 
select the right machine with regards to production, its position in the existing fleet, whether it should be plain or universal track, and if universal 
is selected; many different features must be considered such as 3rd rail lifting, split units, wheel base, etc. 

Selecting the Right Tamping Machine is Essential for Productivity and Durability

Plasser South Africa (Pty) Ltd | PO Box 103, Maraisburg, 1700 | Tel: 011-761-2400 | info@plasser.co.za

HIGH CAPACITY I PRECISION I RELIABILITY

3 sleeper continuous action 
tamping for high production plain 

track tamping with integrated 
stabilisation

Universal split units for high production 
plain track and turnout tamping 

with 3rd rail lifting and integrated 
stabilisation

 Plasser_469_tamping-half_FINAL_V2.indd   1 2018/04/18   12:16

16 May 2019 Civil Engineering

A rail‑bound metro train costs ten times 
more than the Imatla RailBus

http://www.plasser.co.za
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The Mthatha–Amabele line, where there is currently very limited traffic, will be used for the 
Imatla Railbus trial

passenger transport, will look at adopting 
the RailBus to supplement their current 
public transport offerings.

Prof Antonio Estache, Professor of 
Economics at the Universite Libre de 
Bruxelles, and author of Infrastructure 
and the Poor in Sub-Saharan Africa, has 
called Imatla’s invention a “technically 
and socially smart idea”.

TRIAL RUN
Transnet has recently given Imatla Rail 
its full support to run a RailBus trial on 

the Mthatha–Amabele line, where there 
is currently very limited traffic. As well 
as providing passenger services, Imatla 
will be able to run its Rail Freighter (ma-
terials handling) units to support local 
industries and communities, for example 

the sugar cane farmers. As this rail line 
also crosses the Kei River, the RailBus 
will potentially be able to support the 
growth of local tourism businesses in an 
area of great natural beauty, easily acces-
sible by rail. 

Imatla will also be able to run its Rail Freighter 
units to support local industries and 
communities on the Mthatha–Amabele trial

Our range of heavy on-track tamping machines is a reflection of the extensive research and technical development invested into creating the world’s 
highest standards of reliability, quality and features. The result of this is evident in the durability of the tamped track.  

Different tamping machine designs are available to meet every possible tamping requirement.  Plasser South Africa provides specialist advice to 
select the right machine with regards to production, its position in the existing fleet, whether it should be plain or universal track, and if universal 
is selected; many different features must be considered such as 3rd rail lifting, split units, wheel base, etc. 

Selecting the Right Tamping Machine is Essential for Productivity and Durability
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INTRODUCTION
Alufer Mining has established the Bel Air 
Bauxite Mine in Guinea, West Africa, and 
its 5.5 Mtpa export facility is located at Cap 
Verga, 120 km northwest of the capital, 
Conakry. The opencast mine is located a 
short distance inland, and the bauxite ore 
is transported by trucks on a dedicated 
haul road to the export facility where it is 
stockpiled for loading onto self-propelled 
transhipment barges. The barges transport 
the ore 32 km offshore to a transhipment 
vessel which then transfers the ore to an 
ocean-going bulk carrier.

The inshore seabed along the Guinea 
coast has a flat slope and it was therefore 
considered uneconomical to construct a 
conventional harbour with a depth suit-
able for the berthing of an ocean-going 
bulk carrier. Major dredging with a high 
capital cost would have been required for 
a long approach channel and the harbour 

Bel Air Bauxite Mine – 
export terminal marine works

Anton Holtzhausen
Director
PRDW – South Africa
aholtzhausen@prdw.com

Philip Smith
Technical Director
PRDW – South Africa
psmith@prdw.com

Physical model at 1:40 scale

Aerial view of the marine infrastructure showing 
the causeway, the breakwater and a barge at the berth
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basin. In addition, there would be high 
operational costs because of the expected 
intensive maintenance dredging required 
to keep the channel open.

The transhipment option was found to 
be the most economical, and comprises a 
shallow-depth, tide-restricted load-out berth 
for the 10 000 dwt self-propelled barges.

A 1.2 km long rubble mound 
causeway provides access out to the 

load-out berth and, together with a 
breakwater arm, shelters the berth from 
wave action. The wave climate acting on 
the rubble mound is less severe than that 
acting on South African shores, and rock 
armour up to 5 ton in size was sufficient 
to protect it. The armour size could also 
be reduced due to the high-density dol-
erite rock in the quarry that was opened 
for the project.

The load-out berth consists of a set of 
four dolphins equipped with 0.8 m dia-
meter elastomeric cone fenders to absorb 
the berthing energy. Each dolphin has 
a reinforced concrete cap and is braced 
against the abutment wall located on the 
rubble mound. The inner pair of dolphins 
also supports a concrete deck on which 
the radial, telescopic barge loader runs.

A conveyor transports the ore from 
the landside stockpile along the causeway 
to the transfer tower and barge loader.

MARINE INFRASTRUCTURE DESIGN

Background
Design of the marine infrastructure was un-
dertaken by PRDW Africa Consulting Port 
and Coastal Engineers, who were involved 
from the initial concept development in 2012 
through to the detailed design and moni-
toring of the construction quality from 2017 
to 2018. The design process commenced 
with site investigations and determination of 
the metocean conditions. Feasibility studies 
determined the most suitable option for the 
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export operation and the required configuration 
of the marine infrastructure. 

Modelling
Development of the infrastructure design in-
cluded numerical model ling of the water levels, 
waves and currents to inform the optimisation 
of the harbour layout in order to ensure eco-
nomical but adequate shelter of the berth. A 
sediment study was done to check the effect on 
the harbour, and as input to the EIA process.

The sizes of the rubble mound and break-
water armour rock, and the effect of wave 
overtopping on the structure, were checked 
by a 1:40 physical model investigation under-
taken at the CSIR model hall in Stellenbosch.

A navigation study of the barge arrival, 
berthing and departure operations, together 
with a vessel motion and underkeel clearance 
modelling study, was also undertaken to 
verify the layout.

A transhipment and throughput analysis 
was undertaken using a discrete event simula-
tion model to verify that the desired export 
tonnage would be achieved.

Construction phase
The construction of the marine portion was 
done by Stefanutti Stocks Guinea. The client 
appointed DRA Projects (Pty) Ltd as the EPCM 
contractor for the execution phase of the pro-
ject, with PRDW fulfilling the site supervision 
for the marine works under delegated authority.

The design of the load-out berth structure 
was reworked during the contract period to 
optimise the design for the actual ground 
conditions encountered at the site and for the 
contractor’s preferred working methods. No 
specialist marine plant was available, and all 
construction had to take place off the rubble 
mound using conventional land-based plant.

Tubular steel piles were used to support the 
dolphins and the seaward face of the deck, and 
maximum use was made of precast concrete 
elements so that the amount of construction 
work required on site and over the water would 
be reduced. A dedicated precast yard was set up 
by the contractor for the project. The precast 
units included abutment wall blocks, pile caps, 
dolphin shells, deck beams and soffit slabs.

Unfortunately, cement extenders were not 
available in Guinea, and in order to meet the 
marine durability requirements, the cement 
content and cover to reinforcement were 
adjusted accordingly.

The marine infrastructure was completed 
on time, within budget and with no lost time 
injuries, which is a credit to all involved from the 
mine, contractors and consultants. 
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Load‑out berth under 
construction with the variety 
of precast concrete units visible

Load‑out berth under construction, 
and deck slab nearing completion

Completed load‑out berth in operation

Ore transhipment to an ocean‑
going bulk carrier vessel
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BACKGROUND
The Bluff Coal Terminal in the Port of 
Durban was established in the early 1900s 
and consisted of four berths. Over the 
years the sizes of vessels have evolved so 
much that nowadays the terminal can 
only accommodate three vessels due to 
their increased overall lengths. These 
berths are commonly known as the BCA 
berths, from Bluff Coaling Appliances, 
which was the terminal operator back 

then. The terminal is now operated by 
Bulk Connections which handles 148 000 
tons of coal, 1.55 million tons of manga-
nese and 1.81 million tons of chrome ore 
per annum.

During the storm event of 10 October 
2017, the mooring lines of a container 
vessel moored at one of the container 
quays within the port broke. The con-
tainer vessel drifted out of control in the 
harbour basin and collided with the quay 
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Port Engineer
Transnet National Ports Authority
malefetsane.setaka@transnet.net

Reconstruction of the Port of Durban 
Bluff Berth 3 quay wall
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Figure 1 Container vessel colliding with 
the quay wall during the storm in 2017

Figure 2 Container vessel blocking 
the entrance channel



Civil Engineering May 2019 23

wall at BCA Berth 3 (Figure 1). After the 
collision, the vessel drifted further out of 
control and blocked the entrance channel 
(Figure 2). For safety reasons the berth 
had to be decommissioned.

The quay wall was designed and 
constructed as a mass concrete blockwork 
quay wall (Figure 3). The mass concrete 
blocks on this type of quay wall rely on 
their mass and friction forces along the 
horizontal planes between each row to re-
sist failure by sliding. These friction forces 
increase over time as the entire block 
wall undergoes initial settlement and 

subsequent cementing together between 
all the joints, with fine materials leaching 
through the joints, marine growth and 
other calcareous salts and compounds. 
In addition, the vertical planes of these 
blocks are fixed by concrete keys that are 
used to tie all the blocks together as a 
single unit.

The impact of the collision resulted 
in these concrete blocks being displaced 
backwards by as much as 1 m at the most 
severely damaged area over a length of 
approximately 20 m and down to a depth 
of approximately -6 m Chart Datum (CD). 

The displacement of the blocks resulted in 
the loss of interlocking between the joints 
and reduction of the resisting friction 
forces, thereby increasing the risk of total 
collapse of this section of the quay wall – 
Figures 4(a) and 4(b) refer.

It is worth mentioning that during 
the BCA Berth 3 incident, BCA Berth 2 
was also out of operation due to an 
earlier operational incident. Therefore 
urgent intervention was needed to re-
store BCA Berth 3 in order to minimise 
disruptions in operations and limit loss 
of revenue.

Figure 3 Section of the blockwork quay wall at BCA Berth 3
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DESCRIPTION OF EXISTING FACILITY
BCA Berth 3 is one of four berths within the 
Bluff Coal Terminal and is located between 
the Island View precinct and the south 
breakwater (Figure 5). BCA Berth 3 was 
constructed in about 1904 as mass concrete 
blockwork quay wall laid on top of each 
other. These blocks were cast as precast 
units and capped with the in-situ mass con-
crete capping. The quay wall is 183 m long, 
starting approximately from bollard No 13 
to bollard No 23. The design depth of the 
quay wall is –9.1 m (CD) and the maximum 
allowable vessel draught is 8.4 m.

EMERGENCY REPAIR WORK 
TO THE QUAY WALL
Following the damage to the quay wall and 
suspension of operations at BCA Berth 3, 
Transnet National Ports Authority (TNPA) 
Port of Durban proposed a repair meth-
odology, compiled the bid documents and 
sent these out on tender to source the ser-
vices of suitable contractors to undertake 
the repair work. The type of contract used 
was the NEC 3, Engineering Construction 
Contract (ECC) – Option B (priced con-
tract with bill of quantities). Two options 

for the repair work were considered. The 
first option dealt with the replacement of 
all broken blocks with new blocks. This op-
tion involved very large quantities of bulk 
earthworks, installation of sheet piles from 

the landside to provide shoring, and instal-
lation of sheet piles from the waterside to 
create the cofferdam. As a result, the cost 
of repair work associated with this option 
was very high. The second option involved 
the installation of dowels on the deformed 
vertical face of the quay wall, provision of 
a climbing formwork against the deformed 
face of the quay wall and filling the void 
directly with tremie concrete. The latter 
option was selected due to it being simple 
to execute and cost-effective.

Demolition of concrete mass capping
The mass capping was originally cast in 
two sections, with the bottom section of 
the mass capping lying within the tidal 
zone. The first task was to demolish the 
top section of the mass capping only, to 
prevent water from flooding the working 
area during high tide. A 20 ton excavator 
equipped with a hydraulic breaker was 
used for the demolition activity (Figure 6). 
Thereafter the vertical face of the quay wall 
was cleaned using a pneumatic underwater 
grinding tool equipped with a heavy-duty 
wire Werner cup brush. The cleaning 
process was necessary to remove marine 
growth and expose fresh concrete, thereby 
creating adequate bonding between the 
existing concrete blocks and the new 
tremie concrete.

Installation of the dowels and mesh
The design allowed for each mass concrete 
block to receive two Y25 (high-tensile) 

Figure 4(a) Extent of the damage – top view

Figure 4(b) Extent of the damage – waterside view

Figure 5 Location of BCA Berth 3

BCA – Berth 3
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reinforcing bars spaced centrally to each 
concrete block and at a maximum spacing 
of 750 mm apart. It is usual for horizontal 
holes to be drilled for the installation of the 
dowels; however, in this particular case, 
the epoxy was going to leach out from the 

horizontal holes due to wave action and be 
lost underwater. To overcome this, holes 
had to be drilled at 30° to the horizontal in 
order to contain the epoxy (Figure 7). This 
did not only solve the potential problem of 
losing the epoxy underwater, but also offered 

a more effective anchorage for the dowels. In 
addition, a square plate (250 × 250 × 16 mm 
thick) was welded to the end of each bar 
to increase anchorage and to secure the 
Ref No 888 wire mesh. This also helped to 
maintain a design concrete cover of 75 mm.

Figure 6 Demolition of 
the concrete mass capping

Figure 7 Installation of 
y25 dowels and mesh wire

http://www.promap.co.za
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Installation of the sliding shutter system
A special climbing shutter system was 
designed by the contractor. The shutter 
was 20.1 m in length, 2.4 m high and had a 
total mass of approximately 7 000 kg. The 
shutter system was delivered on site and 
assembled on the quayside. Divers drilled 
holes in the undamaged sections of the 
quay wall and installed mechanical anchors 
to securely hold 402.6 × 17 × 54 mm 
I-beams. These beams were positioned 
vertically against the face of the quay wall, 
on either side of the damaged area, and 
were used as guides for the climbing shutter 
system. The guide beams were lifted by 
a mobile crane and secured into position 
underwater by divers. The climbing 
shutter was subsequently lifted by a mobile 
crane and slotted into position (Figure 8). 
Thereafter, two 5.4 ton Tirfor jacks with 
Ø20 mm steel ropes were installed on top 
of the quay wall on either side of the dam-
aged section. These were used to lift up the 
shutter to the next level as the maximum 
height of the shutter was 2.4 m. The total 
height of the repairs was 9.34 m.

Placement of tremie concrete
Concrete was placed underwater by 
employing the tremie system (Figure 9). 
The tremie pipe had markings which 
the diving team used to ensure that the 
correct embedment depth of 300 mm was 
achieved at all times. The submersion of 
the tremie pipe was necessary to make 
sure that rising concrete from the bottom 

Figure 9 Tremie concreteFigure 8 Installation of the shutter system

Figure 10 Concrete placement for the capping beam
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displaced the water without washing out 
the cement content from the concrete mix 
and resulting in the segregation of the ag-
gregates. The same minimum strength of 
40 MPa was specified for this application.

Concrete for mass capping and 
installation of bollards
The existing mass capping had a dedicated 
service tunnel to accommodate services 
such as water pipes, electrical cables, tele-
communications, etc, in order to seclude 
them from the operational area. The design 
of the new concrete capping formed part 
of the contractor’s scope of work. Transnet 
National Ports Authority (TNPA) specified 
the design criteria as follows:

 N The new concrete capping shall match 
the existing capping with respect to 
size and shape.

 N The new concrete capping shall be 
designed to withstand current dy-
namic loads exerted by the ship loader, 
mooring lines and berthing loads.

 N In addition, the new capping shall be 
reinforced and be capable of spanning 
across the damaged section so as to 

restrict the transfer of dynamic loads 
from the ship loader to the repaired 
section.

 N The minimum concrete strength shall 
be 40 MPa, based on other similar 
marine reinforced concrete structures 
around the port. The minimum con-
crete cover shall be 75 mm.

The formwork for the service tunnel 
walls was delivered on site, assembled and 
installed in position. The climbing shutter 
was then lifted to its final level. The high-
tensile reinforcement was also delivered 
and fixed in position accordingly. Lastly, 
concrete was discharged from the truck 
by means of chutes (Figure 10).

Due to the age of the quay wall, TNPA 
had only one bollard available from storage. 
As part of the project, the contractor had to 
replace two bollards. Fortunately, the mould 
for the required bollards was still available. 
The specification for casting new bollards 
was issued to the contractor and five new 
bollards were manufactured, of which three 
were kept as spares for future use.

It is believed that when the existing 
mass capping was originally constructed, Figure 11 Precast concrete slab for tunnel roof

http://www.technocad.co.za
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the formwork for the tunnel was pulled out 
of the tunnel from both ends before they 
were sealed off. With the damage located 
almost centrally from both ends of the 
tunnel, and with existing services inside 
the tunnel, it was going to be impossible 
to adopt the same method of removing the 
formwork. The solution was to cast the 
tunnel walls first, then place precast slabs 
on the roof of the tunnel to form a perma-
nent formwork prior to casting the final 
part of the concrete capping (Figure 11).

Removal of rubble from the seabed
Finally, a long-reach excavator mounted 
on a floating barge was used to remove 

excess rubble from the seabed (Figure 12). 
A closeout bathymetry survey was per-
formed to confirm whether the repaired 
vertical face of the quay wall was in an 
acceptable state and that all debris had 
been removed from the toe of the quay 
wall. All conditions were adequately met.

CHALLENGES
All underwater activities were challenging 
with respect to performing quality 
control. The project team had to rely on 
feedback from the diving team, pictorial 
evidence and videos. From time to time 
TNPA had to deploy its internal diving 
team to verify underwater activities.

Fixing of dowels/anchor bars was an-
other challenging exercise. The contractor 
performed a bathymetry survey to define 
the exact extent of the quay wall deforma-
tion. Because the deformed vertical face 
of the quay wall had an irregular shape, 
the lengths of anchors from the displaced 
concrete blocks to the cope line were dif-
ferent. This meant that physical measure-
ments had to be taken all the time prior to 
fixing an anchor bar in place. Otherwise, 
the anchor would either be too short or 
too long for the application.

Furthermore, the installation of the 
anchor bars underwater took longer than 
planned, due to the cloud of concrete 
dust emitted from the drilling activities. 
The contractor had to drill at one end, 
and when the visibility became poor, he 
then moved to the opposite end to start 
drilling. The process was repeated until 
all the holes had been drilled.

This quay wall is located very close 
to a navigable channel (see Figure 5), 
so vessel movements along the channel 
generated wakes which presented chal-
lenges to the diving activities. Whenever 

there was movement of a vessel along the 
channel, Port Control would instruct the 
diving team to get out of the water for 
safety reasons. As a result, all underwater 
activities were often delayed. Eventually, a 
request was made to the Harbour Master 
to schedule the movement of vessels 
outside of the time window scheduled for 
diving activities, as far as possible.

CONCLUSIONS
The total duration of construction was 
five months and the project was suc-
cessfully completed on time and within 
budget. BCA Berth 3 was then handed 
over to the Terminal Operator (Figure 13).

However, BCA Berth 3 could become 
operational only from mid-April 2019 be-
cause the Terminal Operator also had to 
repair the landside portion of the wharf, 
which contributed to delayed operations 
on this berth.

The utilisation of a climbing shutter 
system proved to be the best solution, as 
it allowed the concrete to be cast in small 
sections. This was much more control-
lable underwater. This method also 
reduced the height of the required shutter 
by more than 70%.

Operations at the adjacent berth (BCA 
Berth 2) resumed from August 2018, and 
this eased pressure on the terminal, as 
they were now operating with two berths 
as opposed to only one. 

Project team

Client: Transnet National Port Authority 

Main Contractor: WBHO Construction (Pty) Ltd

Diving Subcontractor: KATLANTIC

Contractor’s Engineering Team: 
RCE Consultants (Pty) Ltd

Figure 13 Refurbished BCA Berth 3 quay wall

Figure 12 Removal of rubble 
using a barge‑mounted excavator
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INTRODUCTION
Engie Energia Chile S.A. (ENGIE), a sub-
sidiary of Engie South America, recently 
added 375 MW to the interconnected 
Chilean power grid. The additional gene-
rated power was from a newly constructed 
coal-fired power unit known as IEM1, or 
“Red Dragon”, located in Mejillones, Chile. 
In addition to the power unit, new port 
and offshore infrastructure (Blue Dolphin 
project) was required. The marine 
infrastructure comprised a coal import 
jetty which formed the link between the 
power unit and the resources required 
to generate the 375 MW. The import 
jetty was designed for a throughput of 
6 million tons per annum of coal, biomass 
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Blue Dolphin – a new port for 
Mejillones Power Station in Chile

Figure 1 General view of the marine 
infrastructure during the first unloading operation

Figure 2 Plan view of the 
jetty and onshore structures
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and limestone, and also for the supply 
of provisions to vessels calling at the 
facility. The Blue Dolphin project’s EPC 
contractor was Empresa Constructora 
BELFI S.A. (BELFI), who appointed 
PRDW Chile for the detailed engineering 
design in July 2016.

The design work was undertaken 
by both the Chilean and South African 
offices, which allowed PRDW to complete 
the work on time, within budget and to a 
high standard of engineering. The design 
of the unloading platform, dolphins and 
onshore structures was undertaken by 

PRDW Chile, and the access trestle was 
designed by PRDW South Africa.

PROJECT DESCRIPTION
The import jetty consisted of a piled 
unloading platform supporting two 
unloading cranes, mooring dolphins, an 

Figure 3 Plan view of 
the marine infrastructure
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access trestle with a 3 000 tons per hour 
tubular conveyor belt, coastal protection 
and onshore structures (Figure 1). The 
battery limit shown in Figure 2 is the 
transfer tower TT-203, from which the 
coal is redistributed to different storage 
areas and/or coal-fired plants via eight 
different conveyor belt systems. PRDW’s 
scope included the design of the marine 
structures, marine and coastal engi-
neering, vessel navigation and navigation 
signal studies, piping, fire resistance, 
mechanical engineering and electrical 
engineering.

PROGRAMME MILESTONES
To meet the interim milestones and 
overall project deadlines PRDW Chile 
coordinated their global capabilities 
and resources to develop the concepts 
and detail designs to meet the specified 
project timeframes. This was particularly 
relevant during the initial stage of the 
project when the contractor required early 
design information regarding steel tubular 
piles and details of the precast concrete 
to ensure that the supply of materials did 
not negatively impact the construction 
programme.

To simplify construction methods 
and aid the contractor in timely delivery, 
the marine infrastructure (Figure 3) 
made extensive use of precast elements, 
together with easy-to-mount steel frames 
which minimised in-situ concrete pours 
and on-site welding. The constant interac-
tion and communication between the 
PRDW offices was critical to minimise 
errors and to understand specific design 
scopes. A good example of this was the 
interaction between the seismic-isolated 
wharf designed in Chile and the access 
trestle designed in South Africa (Figure 4). 
The interaction of these structures in 
terms of displacement capacity, geometry 
and material standardisation was particu-
larly challenging and required continuous 
coordination and cross-reviews.

EARTHQUAKE AND TSUNAMI
The American Pacific coast is well known 
for its high seismic activity. As a result, 
local regulations impose stringent seismic 
and tsunami design criteria for industrial 
projects so that there is a continuity of 
operations for critical assets. Blue Dolphin 
and Red Dragon were regarded as critical 
assets and thus these stringent seismic and 
tsunami requirements were incorporated 
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Figure 5 Rubber lead core isolation 
system of the unloading platform

Figure 6 Sliding connection between the 
unloading platform and the access trestle

Connection between 
slab and steel beams

Connection between 
consecutive slabs

Figure 4 Precast slabs connected to steel 
beams conforming to the deck of the jetty
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into their designs. The deck level of the 
wharf and access trestle was defined by 
running tsunami simulations and com-
paring the results with specified acceptable 
damage criteria for the structures and their 
components in terms of the local regula-
tions. In addition, the most recent develop-
ments in seismic design were incorporated 
into the structures. Figure 5 shows a good 
example of where this seismic design inno-
vation was implemented on the unloading 
platform structure, which was indicated by 
ENGIE to be critical in terms of continuity 
of operations after a major earthquake. The 
PRDW design included the innovative use 
of rubber seismic isolators between the 
deck and piles in order to minimise accel-
erations and control deformations during 
the design earthquake, not only for the 
wharf structural components, but also for 
the two 1 200 tons deadweight unloading 
cranes and secondary equipment situated 
on the deck.

INTERACTION AND COORDINATION
In addition to the tight programme 
for the engineering and detailing tasks 

Figure 7 Transfer tower 
TT‑203 and connecting galleries

http://www.dynapac.com


(approximately one year), PRDW had to 
manage and coordinate the engineering 
effort, not only between both offices, but 
also with various other engineering com-
panies that were involved in the project, 
particularly for the transition from the 
marine to the landside structures. The 
onshore portion of the access trestle and 
the transfer tower were particularly chal-
lenging in this context.

Relevant and timeous communication 
was essential between the PRDW 
offices and the external companies 
so that errors which would have cost 
valuable time were avoided. Figure 6 
shows the sliding connection between 
the unloading platform and the access 
trestle, while Figure 7 shows the battery 
limit of the design responsibility at the 
transfer tower.

ENVIRONMENT AND HEALTH AND SAFETY
Another key component during the design 
process was to understand and fulfil all 
the environmental requirements, and to 
align these with the local environmental 
legislation. As a result, a liquid contain-
ment kerb was provided along the entire 
perimeter (Figure 8) of the unloading plat-
form in order to catch coal-contaminated 
rainwater. In addition, the trestle galleries 
and inshore facilities were completely 
sealed, and the imported material was 
also transported by tubular conveyor belts 
to prevent material spillage (Figures 9 and 
10). Regular review sessions were held 
with ENGIE, BELFI, the environmental 
control officers and the staff of PRDW to 
ensure that every environmental require-
ment was incorporated into the design 
during the engineering process.

CONCLUSION
The construction of the marine facilities 
was completed at the beginning of 2018 
and Provisional Acceptance was soon 
thereafter in July 2018.

The Blue Dolphin project is a good 
example of how work-sharing within 
a global company such as PRDW can 
be used to produce sound engineering 
solutions within a reduced timeframe. 
In this particular project, the limited 
time allowed for detailed engineering 
triggered the company’s use of their global 
resource pool, which not only allowed 
PRDW to complete the tight engineering 
programme successfully, but also helped 
facilitate the transfer of skills across 
offices. It also illustrates the importance 
of developing an engineering solution for 
fast-tracked projects which is efficient in 
terms of cost and also compatible with 
the proposed construction methods. With 
regard to Blue Dolphin, BELFI required 
a system that would minimise on-site 
labour, allow repeatability in construction 
and limit the amount of concrete 
poured offshore.
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Figure 10 Top view of 
the sealed galleries

Figure 8 Detail of the liquid control kerb 
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Figure 9 Interior view 
of the sealed galleries
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INTRODUCTION
Liquid bulk and chemical terminals 
provide an important link in the supply 
chain of the oil and gas sector, and the 
food industry. Liquid bulk is free-flowing 
and includes products such as cooking 
oil, liquefied natural gas (LNG), liquefied 
petroleum gas (LPG), crude oil and various 
other chemicals. Liquid bulk products 
are transported via large tankers that are 
loaded/unloaded at several ports in South 
Africa. Increased demand for liquid bulk 
has led to the utilisation of larger vessels 
for transporting it. Consequently, the 
need for ports to accommodate larger 
vessels has arisen. Overall port efficiency 
is pivotal in increasing profitability and 

ensuring seamless port operations. A 
key factor in meeting the demands of 
the ship operators and keeping the port 
competitive is to reduce the turnaround 
times of vessels at a berth. Optimisation of 
ship-to-shore operations, in which liquid 
bulk is transferred from vessels to pipelines 
leading to tank farms and vice versa, could 
be implemented to reduce the turnaround 
times of vessels and increase port ef-
ficiency. The purpose of this article is to 
give some insight into the common modes 
of ship-to-shore transfer of liquid bulk, i.e. 
marine loading arms (MLAs) and flexible 
hoses, and to highlight the benefits and 
limitations of each, as well as their impact 
on berth structures.

SHIP-TO-SHORE TRANSFER 
EQUIPMENT

Marine loading arms
A marine loading arm (MLA) is an articu-
lated pipe system used to transfer liquids or 
gases to and from tank ships or cargo vessels 
(Sastry & Seekumar 2012). A typical MLA 
used to transfer liquefied gases between 
ship and shore is shown in Figure 1. Loading 
arms are fitted with swivel joints to provide 
the required movement between the ship 
and shore connections. A counter-balance 
is provided to reduce the deadweight of the 
arm on the ship’s manifold connection and 
to reduce the amount of power required to 
manoeuvre the arms into position (McGuire 
& White 2000). Hard metal loading arms 
are equipped with rubber seals to prevent 
leakage, and removable elbows are used 
for packing or product seal replacement. 
According to PIANC (2016a&b), the 
advantages of marine loading arms are 
proven safety performance, reliability, high 
throughput, wide applicability, and easy 
handling and operation.

Flexible hoses
Flexible hoses are generally constructed 
from rubber material with metal terminating 
flanges and are suitable for the transfer 
of a range of liquid bulk. Compatibility of 
the hose material with LPG must comply 
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with BS 4089 (Hoses and Hose Assembly for 
LPG). Proper handling of hoses is essential 
during operations. Hoses of all types should 
be correctly supported in a hose cradle to 
ensure that manufacturers’ recommenda-
tions on minimum bending radius are met. 
Care should also be exercised when rigging 
or moving hoses to ensure that they are not 
damaged or laid against sharp edges which 
could weaken the hose (McGuire & White 
2000). Depending on their diameter and 
connector (QC/DCs, bolted or threaded 
flanges), hoses can be connected to vessel 
manifolds using hose towers, a crane or by 
personnel. A typical flexible hose system 
is shown in Figure 2. The main advantages 
of a flexible hose transfer system are the 
relatively low upfront investment compared 
with that of marine loading arms, and a high 
degree of flexibility.

EFFICIENCY OF LOADING ARMS 
AND FLEXIBLE HOSES
Marine loading arms and flexible hoses are 
systems used to transfer liquids and gases 
between vessels and shore. Both systems 
are required to follow the movement of the 
ship due to the dynamics of ship drafts with 
tides, horizontal sway and drift, wind, etc. 
Factors contributing to the overall efficiency 
of both systems are discussed below.

Design life
Since flexible hoses are prone to wear and 
tear, their lifetime is limited. With proper 
maintenance, loading arms can last up to 
30 years, whereas hoses have to be replaced 
every 6 to 12 months. Marine loading arms 
typically have a 20-year design life, but the 
design life can be extended by specifying 
more stringent measures for protection 
against corrosion.

Safety
Loading arms are safer than flexible hoses 
from an operations perspective. The risks 

of pollution and environmental damage as-
sociated with the handling of liquid bulk in 
ports are limited due to spillage-prevention 
measures on loading arms. Furthermore, 
loading arms do not create a trip hazard as 
hoses do and they do not obstruct access to 
the berth. Workers, as well as the environ-
ment, are protected from the effects of hose 
rupture, pull-apart and failure. Loading 
arms are equipped with electrical conduc-
tors for protection against lightning strikes 
and insulating flanges to prevent sparks 
when connecting to the tanker’s manifold 
(OCIMF 1996).

Flexible hoses pose an environmental 
threat due to a high risk of spillage, 
particularly because they are manually 
operated and are susceptible to human 
error. Furthermore, it is difficult to stow 
large hoses away when they are not in use, 
which, apart from being unsightly, is a trip 
hazard. Major handling incidents are likely 
to occur when using flexible hoses.

Throughput
Throughput is higher for MLAs because 
they are considered easier and faster to 
operate than flexible hoses. Less manpower 
is needed for the operation of loading arms 
and the seamless coupling process (PIANC 
2016a&b). For MLAs, the loading/unloading 
rate is determined by the capability of the 
tanker’s fixed piping system. The loading/
unloading capability of flexible hoses, how-
ever, is limited because hoses are susceptible 
to bulging and bursting. Hoses are classified 
according to their rated pressure, and this 
pressure should not be exceeded in service. 
The maximum permissible flow velocity 
through a hose is limited by the construction 
of the hose and its diameter (OCIMF 1999). 
Because the time taken to connect and load/
unload a vessel using MLAs is shorter than 
when using flexible hoses, the turnaround 
time for vessels at the berth is reduced. This 
implies that berth occupancy (the ratio of 

time the berth is occupied by a vessel to the 
total time available in that period) decreases 
and demurrage is lower. Consequently, the 
increase in berth availability could allow a 
greater number of vessels to call at the berth.

Manpower
Marine loading arms are designed for 
operator convenience and can be operated 
by a single person. They can be operated 
either manually or hydraulically, depending 
on loading arm size, physical dimensions 
and fitted accessories.

Flexible hoses are heavy and require 
several workers for handling and opera-
tions. Movement of hoses during transfer 
operations must be monitored and they 
have to be moved with a crane and/or 
personnel to prevent damage.

Response to emergency situations
An Emergency Release System (ERS) for 
quickly disconnecting a loading arm from a 
ship with minimal product spillage ensures 
high reliability and safety. An ERS consists of 
an emergency release coupler between two 
interlocked valves. MLAs are equipped with 
a variety of alarms and systems designed 
to monitor the arm’s position and provide 
warnings when the maximum operation 
envelope has been reached. An Integrated 
Position Monitoring System (IPMS) is 
used in conjunction with an Overtravel 
Alarm to monitor the arms and provide a 
multistage alarm system (OCIMF 1999). The 
maximum travel distance is determined by 
the manufacturer. Typically, the Emergency 
Shutdown (ESD) sequence alarm is activated 
if the loading arm has reached 80% of the 
maximum operating area. At 85%, the ERS 
is activated (Sastry & Seekumar 2012). 
Shutdown of the system can safely take place 
within a minute. Figure 3 shows the oper-
ating envelope and the alarm area for typical 
MLAs. Breakaway couplings are used with 
LPG supply hoses to prevent possible acci-
dents when the vessel moves while the hose 
is still connected to it. Marine breakaway 
couplings are designed to prevent fluid 
leakage in the case of unplanned discon-
nection, and to protect connected hardware 
from damage in pressure surge situations.

Initial investment
Flexible hoses are cheaper to purchase 
than loading arms. However, they are 
subject to periodic tests and inspections, 
and thus inherently include a certain 
yearly cost of ownership. The initial cost 

Figure 2 Typical flexible hoses system
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of investment for loading arms is relatively 
high compared with that of flexible hoses.

Inspection and maintenance
Maintenance on MLA systems is minimal, 
because the seals are designed to prevent 

any spillage. It is also possible for the re-
placement of seals and general maintenance 
of swivel joints (greasing) to be done in situ 
without the need for cranes, and therefore 
maintenance costs are relatively low. No 
pressure tests are required for MLAs.

Flexible hoses in service are required 
to have a documented inspection at least 
bi-annually to confirm their suitability 
for continued use (Keeler 2018). This 
should include:

 N A visual check for deterioration/damage
 N A pressure test to 1.5 times the Rated 

Working Pressure (RWP) to check for 
leakage or movement of end fittings

 N An electrical continuity test.
Flexible hoses are prone to wear-and-tear 
damage due to the nature of handling. The 
need for continual replacement of hoses 
suggests that maintenance costs for flexible 
hoses are relatively higher than those for 
loading arms.

Space requirements
The space requirements of loading equip-
ment are dictated by the required loading 
rate, operating envelope, maintenance 
and safe operations. As shown in Figure 4, 
loading arms can be used where there are 
space limitations on the berth. Depending 
on the dimensions, a single loading arm 
will require 3–4 m of space on a berth 
(Boot & Kanon 2018), whereas flexible 

Figure 3 MLA operating envelope (Hechang Machinery, n.d.)
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hoses take up more space and cause conges-
tion on the berth due to their size. Because 
loading arms are easily stowed away and 
can be positioned quite close to the quay 
edge, berth accessibility is not hindered. 
The maximum operating envelope for 
arm movements would be approximately 
1.5 m for surge (motion along the berth) 
and sway (motion away from the berth). 
The maximum physical limit for arm 
movements would be approximately 3.0 m 
for surge and sway motions, based on the 
criteria for maximum vessel displacements 
as recommended by PIANC (2016a&b).

Piping arrangements
The transfer system installed must be 
compatible with the expected fleet of vessels 
that will use the terminal. Compatibility of 
the transfer system is largely determined by 
the number and size of connections, loca-
tion, layout and accessibility of the manifold.

The amount of liquid bulk to be loaded/
unloaded determines the required number 
of loading lines, pipe diameter, loading rate, 
etc. The required loading rate therefore 
has a large effect on the terminal layout 
and design.

Loading arm pipes are well ordered and 
leave enough space to move around between 
the vessel and the loading arm supports, 
whereas flexible hoses look misarranged 
and leave little space to move around.

Installation
Loading arms do not come as one 
package. A typical MLA balancing 
design is based on the use of a rotating 
counterweight assembly. It has two swivel 

joints – one at the top and the other at the 
bottom. The top swivel and sheave con-
nect both the inboard and outboard arms. 
The bottom swivel and sheave form the 
assembly for slewing and shoreside dock 
piping. Skilled individuals are needed to 
connect the components according to 
the manufacturer’s specifications, and 
cranes are required to position and erect 
the loading arms. Each loading arm must 
be fixed to a concrete plinth to provide 
enough anchorage for the bolts. In order 
to fuse the existing slab to the loading 
arm base (plinth), steel bar dowels are 
required. The length of the dowel for the 
joint is a significant design component for 
loading arms. Too short a dowel bar will 
restrict the load transfer capability across 
the joint, while too long a dowel bar will 
be a waste of resource, hence a detailed 
plinth design is crucial.

The initial installation of flexible 
hoses is not as complicated as that of 
loading arms.

Flexibility
Swivel joints on loading arms allow for 
movement flexibility to accommodate 
irregular motions of the ship due to buoy-
ancy (Sastry & Seekumar 2012). Hoses, 
however, are more flexible than loading 
arms and can be easily connected between 
manifolds, thereby providing an excellent 
range of motion to reach more openings.

Adaptability for future demand
MLAs are suitable for the handling of 
LNG and LPG without having to change 
any components. This is advantageous, as 

the berth will be able to handle multiple 
products. According to Stone et al (2000), 
there are basically only two types of flexible 
hose that could be used for LNG transfer – 
either a composite hose consisting of layers 
of polymer fabric and film wound with 
stainless wire, or a corrugated stainless steel 
hose. The elastomeric hoses that are used 
for LPG transfer are not able to handle LNG 
safely, therefore flexible hoses cannot be 
used interchangeably to handle both LPG 
and LNG. Designated pipelines are required 
for the handling of each commodity.

Summary of MLAs versus flexible hoses
Table 1 summarises the comparison 
between MLAs and flexible hoses.

CRITERIA FOR BERTH 
SUITABILITY FOR MLAs
With technological advancements driving 
industries today, many terminal operators 
are opting to replace flexible hose systems 
on chemical berths with MLAs.

To convert berth operations success-
fully, a variety of factors must be consid-
ered to determine the suitability of a berth 
for accommodating MLAs. Some of these 
factors are discussed below.

Type and size of the loading arms
Loading arm dimensions and weight based 
on the loading/unloading capability re-
quired by the terminal operators are speci-
fied by the manufacturer. Base plate size, 
operating philosophy of the loading arms, as 
well as the additional weight induced on the 
berth by the loading arms must be consid-
ered. The surface slab of a berth is generally 
designed to cater for a uniform applied load 
of 20 to 40 kN/m2. The loading arm selected 
will have to comply with the design surface 
load or the slab will have to be strengthened. 
In most cases, the slab over the pile caps has 
to be thickened to allow for adequate fixing 
of the base plate.

Position of piles
Loading arms are primarily placed directly 
over piles and pile caps as the full load 
cannot usually be sustained on the slab 
itself. By situating the MLAs over the 
pile positions, the risk of slab cracking or 
failure is reduced as the forces and mo-
ments are directed into the pile and do not 
cause eccentric loading on the slabs. MLAs 
that have been fitted in ports have typically 
followed the philosophy of installing MLAs 
directly over pile caps on the berth.

Figure 4 Position of the MLA relative 
to the quay edge (Mechanical 
Loading Engineering, n.d.)
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Table 1 Marine loading arms versus flexible hoses

Marine loading arms flexible hoses

Design life Can last up to 30 years with proper maintenance Replace every 6–12 months

Leakage/spillage prevention Low risk of spillage High risk of spillage and environmental pollution

Employee safety
No risk of hose rupture or spillage. Equipped with 
Emergency Release System, therefore employees are 
relatively safe

Hoses are a trip hazard and are susceptible to rupture 
and handling incidents, therefore relatively poor working 
conditions from a safety perspective

Handling
Relatively short coupling/decoupling time due to ease of 
handling

Hoses connected manually, therefore handling time is longer

Manpower
Low personnel requirements. Can be operated by a single 
person

High personnel requirements

Initial investment High Low

Maintenance cost Relatively low Relatively high due to rapid wear-and-tear 

Maintenance requirements Minimal maintenance 
Visual inspection and pressure tests required at regular 
intervals

Loading/unloading rate
Loading rate is adjusted based on vessel’s capability. Faster 
loading with large-diameter pipe

Susceptible to bursting, therefore loading rate is limited

Flexibility 
Swivel joints allow for flexibility, providing a wide range of 
motion

Higher flexibility – easily connected between manifolds

Operation Relatively easy. Ergonomic loading/unloading process Manual operation leaves room for human error

Throughput
Quicker connection and loading/unloading rate, therefore 
better throughput

Lower throughput due to longer connection

Reliability High Low

Space requirements Compact. Suitable for limited space Requires more space. Congests berth and limits accessibility

Multi-product handling
Difficult as designated pipelines are required for each 
product handled

Easy handling of multi-products

http://www.atlascopco.co.za
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Piping network
The piping layout also forms an important 
component of assessing berth suitability 
for the installation of MLAs. For multiple-
user operation, sufficient back-of-quay 
space is necessary to accommodate the 
piping from all the other operators. If the 
MLAs are for single-user operation, the 
piping network at the back of quay will 
have to be designed or planned not to 
hinder other berth operations.

Foam tower range
The vertical height of loading arms may 
hinder the range or completely obstruct 
the path of the foam canons on the berth. 
Therefore the range of the foam towers will 
have to be assessed to determine clearly 
whether they have the necessary coverage.

Range of loading arms
MLAs are usually positioned along the front 
edge of the berth. A central location for the 
MLAs is preferred, but an offset position 
to either the left or right of the manifolds 
may also be considered for situations where 
space is limited. This would require the 
loading arms to have a greater reach or 
radius to connect to the ship. The incoming 
ship may also need to berth so that the 
centre of the ship is relatively close to the 
loading arms. In this case, the mooring 
arrangement and the berth fenders will have 
to be reviewed to determine whether the 
ship can perform this safely.

Additional furniture on the berth
MLA operations are not as labour-intensive 
as flexible hose systems, but a control room 
is required for the operator, and therefore 
space needs to be allocated for a small 
temporary or permanent control room on 
the berth or at the back of the quay. Bund 
areas are not necessary on berths using 
MLAs due to spillage-prevention measures. 
However, typical furniture associated with 
chemical berths, such as showers, must be 
included in the design.

CONCLUSION
Provided that existing berths are able to 
accommodate MLAs from a structural 
perspective, the adoption of MLA transfer 
systems has several advantages. The safety 
and efficiency of berth operations will 
improve significantly. Furthermore, ease 
of operations, minimal manpower and 
faster loading/unloading and connection 
time suggest that the turnaround time of 

vessels in the port will improve, thereby 
increasing berth availability for a larger 
number of vessels to call at a berth in a 
specific period. Alternatively, if the berth 
allows, bigger vessels could be berthed 
and loaded/unloaded in more or less the 
same time as it would take flexible hoses 
to load/unload a smaller vessel.

Older ports in developing countries 
are likely, historically, to have used flex-
ible hose systems as the volumes of liquid 
bulk handled were comparatively lower 
than at most developed ports, and the 
upfront investment costs were cheaper. 
Due to economic demand and the 
investment from external stakeholders, 
more ports are looking into the option 
of converting flexible hose operations 
to MLA operations. These conversions 
come at a relatively high initial cost 
(downtime, machinery costs, etc) but have 
long-term benefits that could improve 
the turnaround time of vessels in the 
port, thereby increasing competition with 
neighbouring ports.

While an ideal situation specifies the 
use of MLAs in isolation, many berths 
are used by multiple users, some of which 
may not want to or be able to change their 
existing operating philosophy. Dual op-
erations, in which both flexible hose and 
MLA systems are accommodated on the 
same berth, are not prohibited by PIANC 
(the World Association for Waterborne 
Transport Infrastructure). In such a 
case, the structural layout and operating 
philosophies of all terminal operators will 
have to be closely examined to ensure 
that all operators are able to execute their 
business successfully without adversely 
affecting the operations of other users.

It is taken for granted that port 
operations are moving towards the 
implementation and use of MLA transfer 
systems due to their higher efficiency 
and safety. As designers, decision-makers 
and stakeholders, it is important that we 
understand the benefits and limitations 
of the different ship-to-shore transfer 
options. We also have to plan for the 
future by including reinforced areas on 
the berths or other marine structures to 
withstand the heavy machinery loads that 
might be imposed on the structures as 
technology advances. 
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INTRODUCTION
Extensive erosion has occurred at Big Bay 
in Bloubergstrand, Cape Town, over the last 
decade. During 2017 the City of Cape Town 
implemented a managed retreat of the 
dunes and walkways at Big Bay. However, 
ongoing erosion has led to further loss of 
beach amenity and is putting infrastructure 
such as the lifesaving building at severe 
risk, as can be seen in Figure 1.

It is unclear whether this erosion is 
cyclical and may reverse in future, or 
whether the Big Bay system has switched 
over to a long-term erosional state. PRDW 
Consulting Port and Coastal Engineers 
was appointed by the City of Cape Town 
to undertake a coastal processes study 
to address this question and inform 
decision-making. The primary objectives 
of the study were the following:

 N Investigate the causes of the erosion 
at Big Bay, specifically whether it is 
due to a change in wave and/or wind 
climate which is found to cause either 
continuous erosion or alternating 
cycles of erosion/accretion.

 N Based on the results of the above 
analysis and the observed historical 
shoreline trends, predict the likely 

future shoreline erosion/accretion 
trends at Big Bay.

METHODOLOGY
Since two-dimensional (2D) sediment trans-
port models are computationally expensive, 
long-term sand transport studies usually 
require the simplification of sediment 
transport processes. This is often achieved 
by employing a one-dimensional (1D) 
shoreline model (which assumes parallel 
depth contours and simulates longshore 
transport only) or by schematisation of the 
wave climate into an annual average climate 
described by a limited number of wave cases.

Big Bay is located in a complex wave 
environment – the regional wave climate 
is bi-modal, typically consisting of long-
period south-westerly swell and either 
south-easterly or north-westerly locally 
generated wind waves. Moreover, Big Bay 
is situated in the lee of Robben Island and 
therefore the local wave climate is influ-
enced by waves refracting around both the 
northern and southern sides of the island. 
The result is that even when the offshore 
wave climate is simple (e.g. swell waves 
only), the local wave climate will consist of 
waves coming from two directions.

In addition to the complex wave 
climate at Big Bay, the shoreline is not 
straight, but heavily curved and bounded 
by rocky outcrops, which means that 2D 
coastal processes are important and sim-
plification to a 1D shoreline model is in-
appropriate. Furthermore, simplification 
of the wave climate into an annual average 
will defeat the objective of analysing long-
term trends.

Considering the above, the following 
modelling approach has been developed 
for this study:
1. Model the wave transformation from 

deep water to obtain a long-term time 
series of wave conditions directly 
offshore of Big Bay.

Numerical modelling to understand 
the causes of the beach erosion 
at Big Bay, Bloubergstrand

Pierre-Malan Hugo
Engineer

PRDW – South Africa
phugo@prdw.com

Stephen Luger Pr Eng
Technical Director

PRDW – South Africa
sluger@prdw.com

Figure 1 Eroded beach at Big Bay (April 2018)
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2. Model the hydrodynamics and 2D 
sediment transport for a set of predeter-
mined cases defined by the offshore wave 
conditions, the local water level and the 
longshore wind speed and direction.

3. Match each time step in a long-term 
time series of waves, water levels and 
wind to the nearest modelled case.

4. Integrate the transport rates over time 
to determine the 2D net transport rate 

and bed-level changes for the duration 
of the long-term time series.

5. Aggregate the bed change to provide 
a time series of bed change for a given 
area, such as Big Bay.

The advantage of this approach is that 
complex 2D sediment processes can be 
simulated in detail for individual cases 
while allowing the prediction of long-term 
sediment transport trends.

All modelling was carried out using the 
MIKE suite of numerical models developed 
by the Danish Hydraulics Institute (DHI). 
The wave transformation modelling was 
done to provide a long-term time series (39.2 
years) of wave conditions directly offshore 
of Robben Island. This time series was used 
to select 44 representative wave cases used 
as input to a detailed wave model of Table 
Bay, which in turn provided input wave 
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conditions to a local coupled wave, hydrody-
namic and sediment transport model of Big 
Bay and the surrounding coastline.

A long-term time series of water levels 
measured at the Port of Cape Town was 
used to identify four water-level cases. A 
long-term time series of wind data from a 
global hindcast wind model was used to 
identify seven wind cases, comprising three 
which drive southward longshore currents, 
three which drive northward longshore 
currents and one calm condition.

The local 2D hydrodynamics and sedi-
ment transport in Big Bay were modelled 
for each combination of the above cases 
(resulting in 839 cases, excluding those 
that have not occurred in the historical 
time series) using a coupled wave, hydro-
dynamic and sediment transport model. 
The results of these cases were then 
integrated to provide 2D net sediment 
transport rates and cumulative bed-level 
changes over the time scales of interest, 
e.g. annually, seasonally or monthly.

RESULTS
The computational domain of the Big 
Bay coupled model is shown in Figure 2. 
The steady-state wave transformation, 
currents and sediment transport during 
a typical south-westerly wave case are 
presented in Figure 3.

The wave transformation plot shows 
wave energy propagating into Big Bay. Wave 
breaking is seen to occur over the rocky 
outcrops north and south of Big Bay, causing 
strong wave-driven currents in these areas, 
as seen in the current speeds. The currents 
exhibit a complex 2D pattern in Big Bay, 
including eddies and rip currents. The com-
plex 2D currents observed result in similarly 
complex 2D sediment transport patterns. 
However, a general northward sediment 
transport is observed for this case.

To investigate the sediment transport 
dynamics of the Big Bay system, the net 
sediment transport rates were integrated 
over both summer and winter seasons 
over a period of 39 years. Snapshots of two 
sample years, one in which the sediment 
movement was in balance and one in 
which there was overall erosion, are pre-
sented in Figure 4. The contours indicate 
the net sediment transport magnitude, 
and the vectors indicate the direction in 
which the sediment is moving.

In a balanced year (e.g. 2002/2003), the 
winter period (upper left plot) is charac-
terised by a general southward sediment 
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transport into Big Bay from the north. A 
northward transport out of the area occurs 
along the beach, but is counteracted by the 
southward transport. The net result is an ac-
cretion of sediment in winter. In the summer 
period (upper right plot), the transport rates 
are generally much lower and occur in shal-
lower water due to smaller waves in summer. 
The northward transport along the beach 
remains similar to that in winter, but is not 
counteracted by a southward transport 
into this area, with the result that the beach 
experiences net erosion in summer.

Considering the second example, 
which is an erosional year (2016/2017), 
the sediment transport patterns during 
the summer season (lower right plot) are 
similar to those for the balanced year, but 
the results in the winter season (lower 
left plot) reveal a significant reduction 

in the southward transport which would 
typically return sand to Big Bay. This 
imbalance results in a net loss of sediment 
and thus erosion in Big Bay. The sediment 
eroded from the beach is moved both off-
shore to the outer bay area and alongshore 
to the beaches north of Big Bay.

The results of the numerical model were 
used to calculate the changes in bed level of 
the inner area of Big Bay over the 39.2 year 
period of available data. A time series of the 
result is shown in Figure 5, where a positive 
change in bed level implies accretion and a 
negative change implies erosion.

The bed-level change in Big Bay suggests 
the presence of a long-term erosional trend 
over the last 20 years, coupled with cyclical 
trends characterised by approximately four 
years of erosion followed by four years of 
accretion or stabilisation.

The area is seen to experience accretion 
during the winter season and erosion during 
the summer season of each year. This 
seasonal dynamic is contrary to the general 
observation at South African beaches that 
cross-shore sediment transport during large 
waves in winter tends to erode the beach 
face to form offshore sand bars, while small 
waves in summer gradually rebuild the 
beach. However, since Big Bay is located at 
the southern boundary of a sediment cell, 
its sediment dynamics are governed more 
by longshore sediment transport, with sand 
lost northwards during summer and replen-
ished from the north during winter.

COMPARISON OF MODEL RESULTS 
WITH MEASURED DATA
The modelled trends were compared with 
those identified from cross-shore beach 

Figure 4  Seasonal net sediment transport integrated over the winter and summer periods of a balanced year (2002/2003, top) and a recent 
erosional year (2016/2017, bottom)
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profiles surveyed by the City of Cape 
Town at 16 locations along the Big Bay 
shoreline on 17 occasions between March 
2016 and May 2018. Figure 6 presents the 
horizontal movement of the +0 m mean 
sea level (MSL) contour for each profile 
using the first survey as the baseline.

The profiles are generally observed 
to have eroded over the measurement 
period and, as annotated on Figure 6, the 
shoreline change appears to occur over 
annual cycles, with erosion occurring over 
the summer months and accretion over the 
winter months. Both the overall erosional 

trend and seasonal cycles are in agreement 
with the model results over the same 
period, providing confidence in the model. 
The model results also agree well with the 
results of historical cross-shore profile 
surveys between 2005 and 2010, which 
corresponded to a period of accretion, 
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as well as historical satellite imagery, not 
presented here for the sake of brevity.

CORRELATION WITH 
FORCING MECHANISMS
Analysis of the erosion/accretion cycles 
revealed a strong correlation with the 
offshore wave direction. During years 
when the offshore wave direction was 
more westerly, accretion occurred in Big 
Bay, whereas erosion occurred during pe-
riods when the wave direction was more 
southerly. Small southerly shifts in wave 
direction were found to have a significant 
impact on the erosion.

Large waves in winter are generated by 
the frontal systems that approach the South 
African coastline from the south-west. 
Winter periods with more westerly waves 
are typically associated with the occurrence 
of more frequent or more intense cold 
fronts, which also bring higher rainfall. The 
correlation between erosion and rainfall was 
investigated using rainfall measured at the 
Woodhead reservoir on Table Mountain, 
obtained from the Department of Water and 
Sanitation (www.dwaf.gov.za/hydrology/). 
Figure 7 presents a scatter plot of the 
modelled annual bed-level change in Big Bay 
against annual rainfall.

The data shows erosion in 10 of the 
13 years with low rainfall and accretion 

in 10 of the 13 years with high rainfall. 
Although correlation does not imply 
causality, the data suggests that the un-
derlying causes of the recent drought in 
Cape Town and the erosion experienced 
at Big Bay are the same, i.e. a period 
during which winter storms were below 
average.

CONCLUSIONS
The results of the modelling indicated 
the following key conclusions in relation 
to the sediment transport dynamics in 
Big Bay:

 N The sediment movement is driven 
by currents and turbulence caused 
primarily by waves, with the wave 
direction determining the direction of 
the sediment movement.

 N The inshore area of Big Bay typically 
loses sand northwards during summer, 
due to more southerly waves in this 
season. Sand tends to return to Big 
Bay during winter when the waves are 
typically more westerly.

 N Some winters have fewer westerly 
waves, which leads to an annual imbal-
ance, resulting in a net erosion.

 N Historically, the duration of the ero-
sion cycle has been approximately 
four years and has been followed by a 
stabilisation or recovery of the beach.

 N In addition to the four-year cycles, 
there has been a longer-term erosional 
trend over the last 20 years.

 N The data suggests a correlation be-
tween erosion at Big Bay and drought 
in Cape Town, which is consistent 
with both being linked to years with 
a below-average occurrence of north-
westerly winter storms.

In relation to the study objectives, the 
following conclusions are drawn:

 N The observed erosion/accretion trends 
in Big Bay are most likely caused by 
changes in wave direction, with cyclic 
erosion occurring due to a reduced 
occurrence of westerly waves during 
winters.

 N The erosion over the last four years is 
expected to begin to stabilise or re-
verse in the next one to two years, but 
it is unlikely to recover to bed levels 
seen prior to 1998.
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PREAMBLE
The precursor to this article – Part 1: The 
fatal flaw in the South African legal defini-
tion – was published in the September 2012 
edition of Civil Engineering (pp 37–41), and 
subsequently in expanded, refereed form in 
CSIR Reflections in 2015. It covered the ori-
gins of the legal concept of the High Water 
Mark (HWM) and the issues involved in 
interpreting these. Currently, the issue of 
the HWM in South Africa as a property 
boundary is covered by the definition in the 
latest amendment of the Integrated Coastal 
Management Amendment Act 36 of 2014 
(ICM) wherein “high-water mark” means 
the highest line reached by coastal waters, 
but excluding any line reached as a result of:
a. exceptional or abnormal weather or 

sea conditions; or
b. an estuary being closed to the sea.
Before going any further, please note that 
part (b) is an oxymoron and has no usable 
meaning. If an estuary is permanently 
closed to the sea, it is not an estuary. In 
point of fact, the behaviour of all estuaries 
that may be permanently open to the sea, or 
only intermittently so, is so different from 
that of open shores that the whole matter 
should be treated quite independently from 
the issue on open shores. Hence, for the 
purpose of this discussion, the effective 
definition of the HWM on open shores will 
ignore estuaries and treat the definition 
“high-water mark” as meaning the highest 
line reached by coastal waters, but excluding 
any line reached as a result of exceptional or 
abnormal weather or sea conditions.

This definition implies that the HWM 
is delineated by the maximum landward 
excursion of the sea during storms. In 
principle, one could attempt to compute 
the maximum excursion. However, there 
are two difficulties with this approach. 
First, the exclusion, “abnormal weather or 
sea conditions” needs to be interpreted and 
quantified and the Act gives no physically 
valid guidelines for this. Second, not only 
are shorelines irregular and fractal and, in 
the case of sandy shores, unstable, but the 
shoaling wave fields are themselves also 
irregular spectra. It seems likely that this 

approach will yield, at best, only an approxi-
mation to the delineation of the HWM.

An alternative is to use the natural 
aptitudes of humans – particularly people 
schooled in these issues – to make assess-
ments of the positions of the delineation of 
the HWM. The issue now becomes: How 
accurately can this be done? The simple 
way to assess this is to conduct an experi-
ment and measure the accuracy. Such an 
experiment was done in March 2018 and 
this article reports on the results.

Fundamental to the human assessment 
approach is the identification of natural 
indicators. In effect, certain persistent 
or repetitive activities can aggregate 
themselves, acting as natural integrators 
of their activities, to leave a trace along 
the shoreline characteristic of themselves. 
This, in turn, can be interpreted as some 
indicator of the maximum excursion 
of the sea onto land. Hence, terrestrial 
indicators such as vegetation growth or 
shoreline erosion need to be assessed on 
the basis of “down as far as possible” and 
marine indicators such as debris lines or 
marine organism growth on the basis of 
“up as far as possible”.

OBJECT OF THE EXPERIMENT
The object of the experiment was to test 
the “natural indications” method, i.e. the 

ability of mere mortals to assess the posi-
tion of the HWM on specific preselected 
transects of the seashore. The objective 
was to measure the level of consistency 
with which they can do this.

Given that the experiment was 
measuring the variability in individual 
assessments, it could not be seen to be 
demarcating an actual HWM. If the re-
sults of the participants could be taken as 
representative of the procedures currently 
in use, then the idea of the HWM as an 
accurately demarcated delineation on the 
seashore would collapse.

PROCEDURE
A call for volunteers was put out through 
the SAICE Western Cape Branch, the 
SAICE Marine Division, the local branch 
of SAGI (South African Geomatics 

Keith Mackie Pr Eng
Consulting Coastal and

Harbour Engineer
keith@mackie.co.za

Prof Jenny Whittal
Department of Geomatics

University of Cape Town
jennifer.whittal@uct.ac.za

Fixing the High Water Mark –  
Part 2 of 4: The High Water Mark Experiment

Photo 1 Clear‑weather storm, with swash 
reaching to terrestrial vegetation

Civil Engineering May 2019 47



48 May 2019 Civil Engineering

Figure 1 Granger Bay Site G

M
SL

 0
.8

3
M

L 
0.

98

H
AT

 2
.0

2

LA
T 

0.
00

Altitude Chainage

3.75 24.10

3.82 23.23

3.96 21.953.96 21.95

4.10 21.09

4.32 18.44

4.78 8.73

4.93 7.93
4.99 7.55

5.13 6.83
5.18 6.38
5.28 6.05

5.70 4.71

7.02 1.18

7.35 0.00Top
1.18

G5

G4

G9
G2
G7

G10
G3

G8

G5

G13

G1

G11

G12

Overall mean

Cluster mean

Cluster mean

Land surveyor

Coastal engineer

Photo 3  GPS staff getting down to it at 
Llandudno Sewage works – Site LA

Photo 4  where is the HwM? Reclamation on 
landfill at Soetwater/witsands – Site w

Photo 2  Laying out the transect at Llandudno 
Sewage works – Site LA



Civil Engineering May 2019 49

Institute) and the Coastal Management 
Section of the City of Cape Town. The 
optimum number of participants, given 
the scale on which the project was 
implemented with respect to logistics 
and statistics, was 15. A total of 14 people 
volunteered, 13 of whom were present at 
all sites. These were:

Land surveyors    3
Coastal engineers   4
Civil engineer    1
Mechanical engineer  1
Coastal environmentalist 1
Others      4

Participants travelled in their own cars or 
met at the rendezvous and car-pooled. The 
Hotel School at Granger Bay was chosen 
as the rendezvous. It has a secure, boomed 
parking area for those leaving their cars 
and a presentation room with a projector 
for the preliminary PowerPoint briefing.

On arrival, participants were each 
given a unique number from 1 to 14 and 
a lanyard with a waterproof label bearing 
a large version of this number. When all 
had assembled, they were given a brief 
presentation on the issues by the author 
from an engineering perspective, and 
by Prof Jenny Whittal of the Geomatics 

Department at UCT from a cadastral 
perspective. Thereafter the party left for 
the various sites.

At each site a length of hazard tape 
was laid on a transect of the seashore and 
held down with stones. Each participant 
in turn was given a chance to assess his or 
her opinion of the position of the HWM 
along the tape and given a ranging rod 
with which to indicate this position. It 
was then surveyed in and recorded against 
their lanyard number.

All survey work, preparation work 
before the experiment, work during the 
experiment and the subsequent reduc-
tion of the readings was undertaken by 
Prof Whittal, together with her 4th year 
student assistant, Chester Isaacs. Actual 
positions on site were surveyed by means 
of standard survey GPS.

Six sites were chosen on the western 
shores of the Cape Peninsula. All, with the 
exception of one, were natural sites undis-
turbed by the intervention of construction 
activities. Each site had good cell phone 
connectivity for accurate real-time GPS 
location. The six sites chosen were:
1. Granger Bay: Site G – Outside the car 

park of the Hotel School

Table 1 No 1: Granger Bay Site G

Point Distance to top ht lAt

Top 0.00 0.83

G6 1.18 2.00

G4 4.71 5.54

G9 6.05 6.87

G2 6.38 7.21

G7 6.83 7.65

G10 7.55 8.37

G3 7.93 8.75

G8 8.73 9.55

G5 18.44 19.26

G13 21.09 21.92

G1 21.95 22.77

G11 23.23 24.05

G12 24.10 24.93

Mean 12.17 Altitude

SDev 8.20 4.62

Range G6 to G12 22.83

G4 to G8 – Land surveyors

Mean 6.88

SDev 1.33

G13 to G12 – Coastal engineers

Mean 22.59

SDev 1.34

Figure 2 Llandudno Sewerage works Site LA
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Table 2  No 2: Llandudno Sewage works 
Site LA

Point Distance to top ht lAt

Top 0.00 4.28

LA4 0.02 4.22

LA2 0.04 4.23

LA9 1.01 4.50

LA8 1.21 4.54

LA3 1.49 4.24

LA13 2.14 4.07

LA10 3.06 3.32

LA11 3.09 3.31

LA6 3.58 5.98

LA5 4.71 3.00

LA1 5.88 2.75

LA7 6.05 3.05

LA12 7.80 2.95

Mean 3.08 Altitude

SDev 2.44 3.31

Range LA4 to LA12 7.78
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2. Llandudno Sewage Works: Site LA – 
Rock shore (Logies Bay)

3. Llandudno Sewage Works: Site LB – 
Rock shore (Logies Bay)

4. Llandudno Sewage Works: Site LC – 
Steep sandy shore (east end, main beach)Figure 4 Llandudno Sewerage works Site LC
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Table 3  No 3: Llandudno Sewage works 
Site LB

Point Distance to top ht lAt

Top 0.00 7.69

LB6 5.21 6.16

LB9 6.29 5.61

LB4 6.73 5.21

LB8 7.15 4.97

LB7 7.20 4.97

LB2 7.58 5.09

LB3 8.39 4.70

LB11 8.56 4.65

LB5 9.20 4.55

LB13 9.21 4.51

LB10 9.84 4.55

LB12 9.87 4.53

LB1 10.98 4.12

Mean 8.17 Altitude

SDev 1.65 3.99

Range LB6 to LB1 5.77

Table 4  No 4: Llandudno Sewage works 
Site LC

Point Distance to top ht lAt

Top 0.00 5.52

LC9 0.05 5.41

LC4 0.66 5.65

LC8 0.68 5.63

LC7 0.69 5.22

LC3 1.15 5.12

LC2 1.50 5.08

LC13 1.91 5.17

LC11 1.92 5.18

LC6 1.93 6.19

LC12 3.58 4.71

LC10 3.58 4.70

LC5 4.27 4.61

LC1 5.70 4.10

Mean 2.12 Altitude

SDev 1.67 5.25

Range LC9 to LC1 5.65

Figure 3 Llandudno Sewerage works Site LB
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5. Hout Bay:  Site H – Restored sandy 
dune shore (west end Hout Bay)

6. Soetwater/Witsands: Site W – Sand 
beach reclamation over landfill

Tables 1 to 6 show the reduced survey data, 
while Figures 1 to 6 present the experimental 
results. Table 7 summarises all the results. Figure 6 witsands – Crayfish Factory Site w
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Table 6  No 6: witsands/Soetwater – Landfill 
Site w

Point Distance to top ht lAt

Top 0.00 6.54

W6 0.55 6.41

W2 3.40 5.70

W14 4.06 5.58

W8 5.29 5.30

W5 6.11 5.05

W7 6.21 5.04

W3 7.10 4.74

W10 7.71 4.57

W13 7.81 4.53

W1 8.30 4.41

W9 10.06 4.36

Mean 6.05 Altitude

SDev 2.64 5.25

Range W2 to W9 4.90

Table 5  No 5: Hout Bay – Harbour Side 
Site H

Point Distance to top ht lAt

Top 0.00 5.57

H6 0.10 5.46

H5 4.33 4.55

H3 5.21 4.32

H7 5.56 4.08

H8 5.57 4.06

H13 5.86 3.92

H11 5.98 3.87

H2 6.23 3.79

H1 6.37 3.73

H4 6.73 3.63

H12 7.23 3.48

H10 7.76 3.33

H9 8.08 3.28

Mean 5.77 Altitude

SDev 1.99 3.97

Range H5 to H9 3.75

Figure 5 Hout Bay Harbour – Side Site H
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CONCLUSION
Although the sample size was quite small, 
the results do seem to be relevant. They 
indicate a wide spread in the ability of com-
petent people to identify the HWM, which 
is not unexpected when the issue is viewed 
“in reality”. On none of the sites selected 
were the natural indicators easy to identify 
nor, in most cases, was the morphology 
of the shoreline uniformly consistent 

alongshore. While there are assuredly sites 
where these impediments do not occur, 
they are certainly not common. The sites 
as used are a realistic sample of the norm 
on the South African coast.

Overall, the land surveyors tended to 
be much more coherent than the others – 
but not always. At sites “LA” and “W” 
they exhibited wide variation. The coastal 
engineers also tended to show some 

coherence, although commonly less than 
the land surveyors.

As discussed, the measurements per 
se do not achieve an identification of the 
HWM. The mean values of all the esti-
mates at each site do tend to be between 1 
and 2 m above Highest Astronomical Tide 
(HAT) and are persuasive of an indication 
of a likely region of the HWM, but there 
remains no certainty in this conclusion.

The matter of the Low Water Mark 
(LWM) has not formed part of this project, 
but fixing of the LWM seems to be beset 
with similar problems. The most practical 
resolution to this problem is to presume 
that the seashore in its entirety forms a 
“fuzzy” zone as the boundary between the 
sea and the land. How this should be done in 
practice is outside the ambit of this article. 
However, “fuzzy theory” is an established 
field of mathematics from which it may 
be possible to develop the appropriate 
procedures. These, in turn, should prove 
quite revolutionary if they are applied to geo-
matics, to the law and to construction. 

Table 7 Summary of results

site range (m)
Altitude (lAt) 

(m)
standard 

Deviation (m)

Granger Bay (G) Overall 22.83 4.68 8.20

Granger Bay – Land Surveyor cluster – No 3 1.55 5.16 1.33

Granger Bay – Coastal Engineer cluster – No 3 2.15 3.89 1.34

Llandudno Sewage Works (LA) – rock 7.78 3.31 2.44

Llandudno Sewage Works (LB) – rock 5.77 3.99 1.65

Llandudno Sewage Works (LC) – beach 5.65 5.25 1.67

Hout Bay west end (H) – restored dune shore 3.75 3.97 1.99

Soetwater/Witsands (W) – reclaimed beach 4.90 5.25 2.64
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PIANC 2022 Congress will be held in Cape Town
PIANC (World Association of Waterborne 
Transport Infrastructure) – in other 
words ports and waterways – has ac-
cepted the bid by the South African 
Section to host the 2022 PIANC Congress 
in Cape Town.

The South African PIANC section 
resolved to bid for the Congress in 2017. 
In May 2018, with their assistance, Keith 
Mackie travelled to Panama to attend 
the 2018 PIANC Congress and present 
the Cape Town bid. In October last 
year we were informed that our bid had 
been successful. The Local Organising 
Committee (LOC) will be gearing up for 

the project immediately after the May 
elections. 

If anyone is interested in getting in-
volved, serving on the LOC or on any of the 
other sub-committees, please contact Keith 
Mackie (details below). Readers who are 
involved in the field and who would like to 
attend, start looking out for, or polishing up, 
a project or topic for presentation as a paper!

Contact:

Keith Mackie
keith@mackie.co.za
084 616 2263

New Canal, Neo‑Panamax 
vessel with tugs

Lock gates, New Canal

Old Canal, Panamax vessel with mules
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INTRODUCTION AND APPROACH
Everyone knows the one big salary taboo: 
Do not discuss your salary. So why did the 
SAICE Young Members (YM) choose to 
conduct a salary survey? Precisely because 
it is a traditionally unmentionable topic 
which can cause a lot of tension and dis-
satisfaction. How does a civil engineering 
practitioner gauge what a fair and market-
related salary should be if this information 
is not easily accessible? ECSA’s website 
states that they “[do] not have access to 
salary surveys” and CESA’s salary survey 
is not readily available to individuals. One 
might then resort to consulting online 

sources, which are often misleading and 
can create unrealistic expectations.

Responses to the SAICE YM Salary 
Survey were gathered in March 2018 using 
an online web-based survey, distributed 
via email to SAICE’s 11 000-strong 
membership base (as at March 2018). A 
total of 1 610 responses were received (not 
all of which were from SAICE members). 
Respondents were asked to indicate their 
annual salary, as well as any bonuses and 
other perks they receive. Only 1 435 of 
the respondents chose to disclose this 
information. Respondents were also asked 
to provide their age, race, gender, province 
and location, engineering category, 
qualification and, where it was obtained, 

years of experience, current role and 
level of responsibility, the type and size 
of organisation in which they work and 
professional registration status.

The aim of the survey was to be able 
to separate out respondents based on 
their qualifications and experience in 
order to create generic salary bands. 
Unfortunately, insufficient data was col-
lected for all experience categories, age 
ranges, types of employer, etc, to make 
this feasible. The survey did, however, 
allow for a comparison of salaries for 
young professionals across a range of 
variables. It also enabled a juxtaposition 
of perceptions and reality, comparing the 
quantitative data to qualitative responses 

SA I CE  A N D  PR O FE SSI O NA L  N E w S

SAICE acknowledges and values the 
energy and contributions of its Young 
Members Panel (YMP), who bridges 
the gap between students and recent 
graduates on the one hand, and expe-
rienced engineering practitioners on 
the other. This function is extremely 
important due to the ‘missing’ middle 
group in our demographics. In this 
capacity the YMP regularly receives 
requests for information and guide-
lines regarding salaries and benefits, 
and based on this they embarked on 
a salary survey project in 2018. The 
YMP team must be commended for 
their enthusiasm and perseverance 
during the year-long project. This ar-
ticle reports on the data gathered and 
the individual opinions received from 
respondents. It does, however, not 
represent an official SAICE viewpoint. 
The turmoil in the engineering profes-
sion over the past 12 months would 
have had some impact on the survey, 
but the insights gained through this 
survey should nevertheless be con-
sidered by the recently formed SAICE 
Inclusivity and Diversity Panel.
 – Errol Kerst, SAICE President 2018

SAICE YM Salary Survey 2018

Figure 1 Age distribution of all analysed respondents
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The survey allowed for a comparison of salaries for young professionals 
across a range of variables. It also enabled a juxtaposition of 
perceptions and reality, comparing the quantitative data to qualitative 
responses from open questions at the end of the survey.
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from open questions at the end of 
the survey.

DEMOGRAPHICS OF RESPONDENTS
The findings presented are only for the 
responses which were analysed, and exclude 
those respondents who did not report on 
their salary. Figure 1 shows the age distribu-
tion of the analysed respondents. Responses 
from young professionals (35 years and 
under) made up 72.5% of the total.

The majority of responses were 
received from men at 76.0%, with 23.9% 
from women and 0.1% who selected 
‘other’. Figure 2 shows the distribution 
of respondents by age and gender – 87% 
of female respondents fell into the young 
professionals’ category, with limited 
representation above the age of 40. 
Comparing this to SAICE’s membership 
statistics (as of March 2018), this appears 
to follow a similar pattern to what we see 

in the civil engineering profession as a 
whole, where female representation is at 
26% in the under-40 age group and only 
4% for those over 40.

Considering the distribution of all re-
sponses received by race, 49.2% and 28.9% 
of the total responses were received from 
White and African respondents respec-
tively, with fewer responses in the other 
groups (11.5% Indian, 8.8% Coloured and 
1.6% Other). Figure 3 shows the distribu-
tion of each race by age. There was a 
fair distribution of responses received 
from White respondents across all age 
groups. However, for African, Coloured 
and Indian respondents, the majority of 
responses were from young professionals. 
As with the gender data, when comparing 
this to SAICE membership statistics, it 
appears representative of the civil engi-
neering industry as a whole. For example, 
68% of SAICE members under 35 are 
African, Coloured or Indian, compared to 
only 32% of those over 35.

The majority of respondents (79%) were 
consulting engineering practitioners, with 
a small percentage engaged in construc-
tion (6.8%) or the public sector (9.1%). 
Consequently, the data was more repre-
sentative of the consulting industry than 
the civil engineering industry as a whole. It 
is important that this be kept in mind when 
interpreting the results. Considering the 
geographical location of respondents within 
South Africa, 37.6% of the respondents were 

Figure 2 Age distribution by gender of all analysed respondents
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Figure 3 Age distribution by race of all analysed respondents
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based in Gauteng, followed by 28.6% in the 
Western Cape, 14.0% in KwaZulu-Natal and 
8.3% in the Eastern Cape.

A large majority of the responses 
received were from engineers (59.8%), fol-
lowed by technologists (21.7%) and techni-
cians (18.5%). The proportion of engineers 
was slightly lower and technicians slightly 
higher than the overall SAICE member-
ship which has a split of approximately 
67% engineers, 20% technologists and 13% 
technicians (excluding student members).

Note: Due to the lack of responses 
of those over 35, insufficient data points 
were available for certain demographic 
variables, and variability was too high 
in these cases to generate meaningful 
results. Consequently, only the responses 
of the young professionals were analysed 
when comparing salaries. The results 
which follow are thus for young profes-
sionals only, unless otherwise stated.

RESULTS AND OBSERVATIONS

Engineering Category
Figures 4, 5 and 6 show the gross annual 
salary by years of experience earned by 
engineers, technologists and technicians 
respectively. These graphs were produced 
for only 0 to 15 years of experience, and 
are the closest we were able to come to 
producing meaningful salary bands and 
allowing some benchmarking of one’s 
salary based on qualification and years’ 
experience. When reviewing the figures, 
bear in mind that 0 to 15 years’ experience 
should correspondent to roughly 22 to 37 
years of age. However, there is likely to be 
some variability within this range.

Comparing these three figures, a 
clear difference in the remuneration 
of the three categories of engineering 
practitioners was apparent. This was as 
expected (particularly in the early years), 
given the different roles and responsi-
bilities of a technician, technologist and 
engineer. When considering the ECSA 
and International Engineering Alliance 
definitions, an engineer is expected to 
have knowledge in the discipline and 
handle complex problems which attract 
significant risk, while the theoretical 
training of the technologist relates to 
specialisation in a sub-discipline. The 
technician, on the other hand is trained 
to manage systems and processes and 
is expected to carry out well-defined 
activities in the discipline. However, 

each practitioner follows a unique career 
path, with some engineers ending up 
performing the role of technologists and 
some technologists developing into the 
engineer role over time. This can impact 

on salary in the long term, evidenced 
by the greater range, extent of outliers, 
and overlap for the more experienced 
engineers and technologists. Looking at 
the smaller samples for the older groups, 

Figure 4 Gross annual salary by years of experience for engineers
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Figure 5 Gross annual salary by years of experience for technologists
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Figure 6 Gross annual salary by years of experience for technicians
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generally, salaries increase with the level 
of responsibility and experience, and 
young members should be encouraged to 
use their initiative and be prepared to take 
on as much responsibility as possible to 
enhance their positions and salaries.

One concern was that there appeared 
to be a lack of understanding of these 
differences among respondents, resulting 
in dissatisfaction about salary differ-
ences between the categories. This was 
reflected in the open comments of at least 
30 respondents. It is clearly important 
that these differences, and their potential 
impact on long-term career and earning 
prospects, be honestly explained to stu-
dents interested in studying engineering 
before they decide which path to follow.

Registration Status
Figures 7, 8 and 9 show the impact of 
professional registration on remuneration 
for young engineers, technologists and 
technicians respectively. Note that the 
individuals who were not registered at all 
also included in-service training students 
who participated in this survey; thus, it 
was expected that their remuneration 
would be lower than those who were 
registered as candidates. Overall, a 
significant increase in salary for registered 
professionals compared to candidates was 
evident, with the mean and median salary 
for registered young professionals 71.3% 
and 82.9% higher respectively. As shown 
in the graphs, similar trends were evident 
across all engineering categories.

The results suggest that registration 
as a professional with ECSA has a positive 
impact on remuneration. This was sup-
ported by a separate question in which 
55% of professionally registered respond-
ents reported receiving an increase upon 
obtaining professional registration, with 
an average increase of 15.6%. In the open 
questions, however, the general feeling 
was that the increase obtained upon 
professional registration was too small 
and that “companies are reluctant to give 
you an increase after becoming profes-
sionally registered even though you take 
more accountability and responsibility”. 
In these challenging times in the industry, 
one could argue that a 15% increase is 
reasonable.

Gender
A frequently encountered perception in the 
engineering industry is the existence of a 

gender pay gap, i.e. that men are paid more 
than women for the same level of qualifica-
tion and experience. This perception was 
evident in the 34 open response comments 
that mentioned a perceived disparity in 

salary based on gender. The majority of 
these respondents believed that women 
were paid less; however, a few felt that 
women were favoured (presumably due to 
attempts to improve gender equality).

Figure 7 Gross annual salary by registration status for young engineers
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Figure 8 Gross annual salary by registration status for young technologists
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Figure 9 Gross annual salary by registration status for young technicians
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The gross annual salary of male and 
female young engineers, technologists and 
technicians are shown in Figures 10, 11 and 
12. Mean and median salaries respectively 
were 13.6% and 11.5% higher for male than 

for female young professionals, a statisti-
cally significant difference. As shown in 
the graphs, this gender pay disparity was 
consistent across the different engineering 
categories, although the gap was smaller 

for engineers. Based on the open questions, 
respondents believed that the reason for this 
disparity was the presence of a “boys’ club” 
culture where men were given preference 
when it came to opportunities and in-
creased responsibility, thus improving their 
chances of achieving professional registra-
tion, and being promoted sooner. There was 
also a concern from some respondents that 
civil engineering was a hostile environment 
for female engineers and that women were 
sometimes stuck in junior management po-
sitions until later in life when they no longer 
posed a threat of taking maternity leave.

In an attempt to understand the dis-
parity, we took a more granular approach 
comparing salaries based on years’ experi-
ence. For those with less than five years’ 
experience, there was almost no differ-
ence in salary between the genders, sug-
gesting parity and fairness at a graduate 
salary level. The gap, however, opens up in 
the six to ten-year experience bracket and 
could be attributed to factors such as ma-
ternity leave and reduced working hours 
when starting a family. On a positive note, 
there was some narrowing of the gap in 
later years, although data points for senior 
female engineers are limited.

Two other interesting findings were 
noted. Firstly, the mean scores for satisfac-
tion with remuneration were similar for 
male and female young professionals, 
with no statistically significant difference 
between the two. Secondly, the mean 
expected remuneration from male young 
professionals was 20% higher than females.

Race
As with gender, there is also a common 
perception in the industry that there is a 
disparity in remuneration across different 
races. This was evident from the 37 open 
comments received, which suggested that 
respondents felt that individuals were 
still remunerated based on the colour of 
their skin, and that White engineering 
practitioners were paid more than their 
African counterparts for the same quali-
fication, experience and role. Comparing 
the results by race based on engineering 
category, the mean salary for White young 
professionals was higher than the other 
races, with similar differences evident 
across the different engineering catego-
ries. Satisfaction with pay was also highest 
for White young professionals and lowest 
for African respondents, potentially 
reflective of the trends in actual pay.

Figure 11 Gross annual salary by gender for young technologists
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Figure 12 Gross annual salary by gender for young technicians
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Figure 10 Gross annual salary by gender for young engineers
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However, exploring this disparity at 
a more granular level, looking at factors 
such as years’ experience, significant vari-
ability was evident. As it was for gender, 
for those with less than five years’ experi-
ence, salaries were similar across races 
suggesting reasonable parity at a graduate 
level. Considering the more experienced 
practitioners, due to the small numbers in 
each bin, salaries were highly variable and 
showed little in the way of obvious trends. 
A more comprehensive sample would 
be needed to explore this issue further 
and, hence, graphs for this data were 
not included.

Other comments and perceptions
Several other comments were made by 
respondents in the open questions, which 
can be broadly grouped as follows:

Comparison with other industries
Many respondents (over 20) believed that 
engineering professionals were underpaid 
and undervalued when compared to other 
professionals such as lawyers, doctors and 
accountants; especially considering the risk 
and responsibility carried by engineering 
professionals. Respondents felt that, because 
of this disparity, young engineering profes-
sionals are lured away from engineering to 
join the finance industry with the promise 
of a better salary. This is a concern, given 
the shortage of engineers in South Africa 
and the need to retain these critical diverse 
skills in the profession. It is worth noting 
that this disparity may simply be a percep-
tion in the industry and is worth further 
exploration and comparison. One might 
find that the availability of more compre-
hensive salary band information could shift 
the negative perception.

Specialisation versus management
The general perception from respondents 
was that individuals in management 
positions or who were involved in project 
management were rewarded more than 

those engineering professionals who 
specialised and followed a technical 
engineering path. Those who raised this 
as a concern held the view that “people 
need to be paid for their skills, ability 
and knowledge, and not on holding a 
management position. Management 
staff can be replaced easily, but it is not 
so easy to replace highly trained skilled 
staff”. Organisations could potentially 
address this by having multiple streams 
for advancement, which allow technical 
specialists to be elevated to similar levels 
as managers in terms of status and pay.

Transparency
Several responses noted that there were no 
structures in place in their organisations 
that provided guidance on an individual’s 
salary with reference to qualifications 
and experience. Many believed that one’s 
salary would only significantly increase 
in moving from one company to another. 
A few respondents advocated for the 
standardisation of salaries in the industry 
(which is unlikely to be viable from a 
competitiveness standpoint), with others 
suggesting that employers develop salary 
bands which are transparent and fairly ap-
plied. Although there is some uncertainty 
in management literature regarding the 
extent to which pay is correlated with posi-
tive work outcomes such as motivation and 
retention, the general consensus is that a 
sense of fairness and transparency around 
pay is important for reducing dissatisfac-
tion in skilled employees like engineers.

General perceptions and market conditions
A handful of respondents had positive 
comments and were satisfied with the 
salaries they earned. However, the mean 
score for satisfaction with pay was a 
moderate 2.7 (out of 5) with only 17% 
and 6% of respondents satisfied or very 
satisfied respectively. One respondent 
was just happy to have a job within the 
current environment where companies 

have been retrenching employees over the 
last couple of years. There was a concern 
that many graduates have struggled to 
find employment in recent years and 
engineering practitioners have found 
themselves facing retrenchment, given the 
current state of the construction sector. 
Although the industry is certainly facing 
very tough times, the survey results can at 
least assist those who are thinking about 
their future career by providing them 
with a broad indication of their earning 
potential once the market picks up again.

CONCLUSION
The SAICE YM Salary Survey was origi-
nally initiated with the idea of providing 
engineering practitioners with a tool to be 
able to determine whether their salaries are 
in line with the market. This was not fully 
possible due to the limited data received, 
particularly for those outside of the young 
professionals’ age bracket. However, the 
observed findings for young professionals 
confirmed certain perceptions related to 
remuneration in the industry, such as the 
existence of some demographic pay dispar-
ities, as well as the lack of understanding 
around differences in salary between 
engineers and technologists. We hope 
that this survey is a first step in increasing 
transparency and removing some of the 
discomfort associated with discussions 
about remuneration for the betterment of 
our profession. We welcome further dis-
cussion on the topic, particularly around 
how the industry and employers should 
approach salary scales and address some of 
the apparent disparities moving forward.

Written by:

 Alice Chang, who is an 
Associate and Professionally 
Registered Civil Engineer at 
Aurecon. She serves as vice-
chairperson of the SAICE 

Western Cape Branch Committee and as a 
member of the national SAICE Young 
Members Panel.

E: alice.chang@aurecongroup.com

 Catherine Blersch, who is a 
Professionally Registered Civil 
Engineer and founder of Splice 
Consulting. She serves as 
treasurer of the SAICE Western 

Cape Branch Committee and as a member of 
the national SAICE Young Members Panel.

E: catherine@splice-consulting.com

Many respondents (over 20) believed that engineering professionals 
were underpaid and undervalued when compared to other 

professionals such as lawyers, doctors and accountants; especially 
considering the risk and responsibility carried by engineering 
professionals. Respondents felt that, because of this disparity, 

young engineering professionals are lured away from engineering 
to join the finance industry with the promise of a better salary. 
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Letter
PREPARING FOR YOUR PROFESSIONAL REVIEW  
(INTERVIEW) WITH ECSA 
(Civil Engineering January/February 2019 pp 60–61)

The above-mentioned article by Stewart 
Gibson refers. As someone who has done 
in excess of 80 professional reviews, either 
as lead reviewer or second reviewer, I 
would like to comment as follows on the 
article, and also share some concerns:
1. The general observations under the 

heading “When the invitation arrives” 
are sound and practical.

2. My concern relates to the requirement 
to demonstrate the complexity of the 
project assignments. It is not clear what 
the ECSA requirements are now, as 
there was always a general belief that 
complexity needs to be demonstrated 
primarily in respect of the technical 
complexity of the project (not always 
easy to do). Experienced engineers will 
tell you that complexity covers a much 
wider aspect of projects, and that the 
technical issues may not in fact always 
be complex. What about the complexi-
ties of social issues, financing, political 
constraints and policies, economic 
justification and other less defined is-
sues? These all need to be probed in the 
interview. My own experience is that 
very few candidates have considered 
these wider issues in their reports.

3. The reviewers will need to satisfy 
themselves that the 11 ECSA outcomes 
have been satisfactorily met, and this 
will take time. Thus the interview 
should never be rushed. This is 
important in view of the omission of 
the essay as a test of reasoning and 
communication.

4. It is noted that the 15-minute presen-
tation seems to be time-constrained, 
as “… the interviewers are working 
on a tight time schedule so are liable 
to cut you off if you go over your al-
lotted time.” This seems strange as it 
has certainly been my and my fellow 
reviewers’ point of departure that this 

interview is of key importance for the 
candidate’s future and we ethically 
must remove time pressure. Does this 
mean that the time allocation for an 
interview has been set by ECSA? 

5. An enquiry to an ECSA representa-
tive has revealed that reviewers are 
expected to do four to five reviews a 
day, which I submit is unacceptable 
if the candidate(s) are to receive fair 
attention. Interviews require intense 
concentration. By the time the 
reviewer has assessed the candidate’s 
submission, conducted the interview, 
conferred with the co-reviewer(s), 
submitted their report and answered 
any subsequent queries from ECSA, 
each review will have taken between 
four and five hours to do justice to the 
candidate. Quite a bit of work for a 
measly R346.00 per interview. 

6. It has been my experience that can-
didates prefer to answer questions on 
their presentation as it proceeds, and 
the 15-minute time barrier therefore 
becomes academic. We always gave the 
candidate the choice, and the prefer-
ence has always been to answer ques-
tions as the presentation proceeded. 
It was often also the best way to get 
details of technical complexity.  

7. The advice that if the candidate has 
an objection to any of the reviewers 
it should be stated before the start of 
the interview is unacceptable. ECSA 
should have given the candidate 
written notice of the details of the 
interview, including the names of the 
reviewers. SAICE always did this. This 
is the appropriate time for objections, 
not at the start of the interview. It is 
not only disruptive, but discourteous. 
Also, reviewers should always ar-
range for a suitable screen for the 
presentation.  

8. While I agree broadly with the state-
ment that the interviewers are trying to 
assess the candidate’s understanding of 
the basic underlying principles relevant 
to the candidate’s sub-discipline, it is 
actually much more than that. The 
reviewers need to be satisfied that the 
candidate has a working knowledge of 
the issues that affect the profession at 
large and the ethical responsibilities 
that go with being a professional engi-
neer. This is more than just knowing 
the ECSA Code of Conduct.

9. Other major issues of concern which 
are not mentioned relate to interviews 
allegedly carried out on Skype since 
ECSA took over all the interviews and 
excluded the VAs who had successfully 
managed the interviews till the end of 
2016. Experienced interviewers were 
side-lined and there are reports that 
many interviewers have been close 
contemporaries of the candidates (i.e. 
not meeting the experience criteria). 
If true, and some of the allegations 
appear to have considerable substance, 
this is totally unacceptable and must 
put the affected reviews in doubt. As 
the primary purpose of the award of 
Pr Eng status is to protect the public, 
what then are the full implications? At 
an ECSA training course I attended 
some years ago it was stated that the 
combined experience of the two inter-
viewers should be as close to 50 years 
as possible – not an unreasonable 
requirement in my view. 

The objections set out by a group of 
experienced interviewers in Cape Town 
to changes in the reviewing procedure 
were published in Civil Engineering in 
May 2017 (pages 56–57). There was 
no response from ECSA. It must be 
remembered that all the interviewers were 
volunteers with many years of experience, 
and these skills have now been lost. 

Stewart Gibson’s suggestions are a 
good starting point, but I believe that 
my additional remarks and any further 
remarks that are made by other reviewers 
will considerably strengthen his advice to 
candidates, so as to ensure that the profes-
sional interview retains the high standards 
that have been set in the past and now 
appear to be at risk of being watered down.   

robert Blyth Pr eng

rgblyth@telkomsa.net
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Course name Course Dates location CPD Accreditation 
number Course Presenter Contact

Adjudication and Arbitration: How to 
deal with Challenges to Jurisdiction

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

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

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

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

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

2 September 2019 Midrand

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

16 August 2019 Port Elizabeth

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

Benti Czanik dawn@saice.org.za

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

13–14 June 2019 Nelspruit

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

15–16 July 2019 Polokwane

5–6 August 2019 Pretoria

27–28 August 2019 Upington

12–13 September 2019 Midrand

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

18 July 2019 Port Elizabeth
SAICEcon19/02450/22 
Credits: 1 Benti Czanik cheryl-lee@saice.org.za29 July 2019 Bloemfontein

8 August 2019 Durban

Project Management of Construction 
Projects

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

6–7 August 2019 Cape Town

Structural Steel Design to 
SANS 10162-1-2005

18 June 2019 Cape Town
SAICEstr18/02396/21
Credits: 1 Greg Parrott cheryl-lee@saice.org.za10 September 2019 Bloemfontein

22 October 2019 Midrand

Reinforced Concrete Design to 
SANS 10100-1-2000

19 June 2019 Cape Town
SAICEstr18/02395/21
Credits: 1 Greg Parrott cheryl-lee@saice.org.za11 September 2019 Bloemfontein

23 October 2019 Midrand

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

Leadership and Management 
Principles and Practice in Engineering 20–21 November 2019 Midrand SAICEbus18/02428/21

Credits: 2 David Ramsay dawn@saice.org.za

Leadership and Project Management 
in Engineering

14–15 August 2019 Cape Town SAICEbus16/01950/19
Credits: 2 David Ramsay dawn@saice.org.za

4–5 September 2019 Durban

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

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

The Legal Process dealing with 
Construction Disputes

6–7 June 2019 Polokwane

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

Hubert Thompson dawn@saice.org.za

11–12 June 2019 Cape Town

16–17 July 2019 Bloemfontein

10–11 September 2019 Midrand

8–9 October 2019 Cape Town 

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

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

6–8 November 2019 Midrand

Legal Liability Occupational Health 
and Safety Act (OHSA)

24 June 2019 Midrand

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

29 July 2019 Port Elizabeth

19 August 2019 Polokwane

16 September 2019 Bloemfontein

10 October 2019 George

Construction Regulations from a 
Legal Perspective

25–26 June 2019 Midrand

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

30–31 July 2019 Port Elizabeth

20–21 August 2019 Polokwane

17–18 September 2019 Bloemfontein

Principles and Practices of Facility
Management for Engineers

TBC TBC
SAICEbus17/02042/20
Credits: 2

Wynand Dreyer
Lwandiso Mgwetyana
Shane Verster

dawn@saice.org.za

sAiCe training Calendar 2019



Civil Engineering May 2019 61

sAiCe training Calendar 2019
Course name Course Dates location CPD Accreditation 

number Course Presenter Contact

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

27–28 June 2019 Midrand

SAICEcon18/02359/21
Credits: 2 Cecil Townsend Naude dawn@saice.org.za

1–2 August 2019 Port Elizabeth

22–23 August 2019 Polokwane

19–20 September 2019 Bloemfontein

Report Writing for Individuals and 
Teams

4–5 June 2019 Durban

SAICEbus19/02456/22
Credits: 2

Elaine Matchett dawn@saice.org.za
1–2 July 2019 Bloemfontein

2–3 September 2019 Cape Town

7–8 October 2019 Midrand

Presenting Skills for Technical Types

6–7 June 2019 Durban

SAICEbus19/02457/22
Credits: 2

Elaine Matchett cheryl-lee@saice.org
3–4 July 2019 Bloemfontein

4–5 September 2019 Cape Town

9–10 October 2019 Midrand

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

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

Chris Brooker 
Onno Fortuin 
Robert Fortuin

Meghan Korman
meghan@chiwater.com15 October 2019 Johannesburg

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

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

Chris Brooker 
Onno Fortuin 
Robert Fortuin

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

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

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

Chris Brooker 
Onno Fortuin 
Robert Fortuin

Meghan Korman
meghan@chiwater.com15–17 October 2019 Johannesburg

sAiCe / south African road federation (sArf)
Concrete Road Design & 
Construction

17 July 2019 Cape Town
SAICEtr19/02472/22
Credits: 1

B Perrie                         
Dr P Strauss

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

17 September 2019 Midrand

sAiCe / Candidate Academy
Road to Registration for Candidates

29 August 2019 Bloemfontein
CESA-861-05/2019
Credits: 1

Allyson Lawless
lizelle@ally.co.za
dawn@saice.org.za12 September 2019 Durban Allyson Lawless

19 September 2019 Midrand Stewart Gibson

Road to Registration for Mature 
Candidates

4 June 2019 Durban

CESA-948-11/2019
Credits: 1

Peter Coetzee

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

20 August 2019 Midrand Stewart Gibson

12 November 2019 Durban Peter Coetzee

26 November 2019 Midrand Peter Coetzee

Road to Registration for Mentors, 
Supervisors and HR Practitioners 3 September 2019 Cape Town CESA-862-05/2019

Credits: 1 Allyson Lawless lizelle@ally.co.za
dawn@saice.org.za

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

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

Getting Acquainted with 
Geosynthetics in Soil Reinforcement

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

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

Getting Acquainted with Road 
Construction and Maintenance 15–16 August 2019 Bloemfontein CESA-870-05/2019

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

Getting Acquainted with Sewer 
Design

9–10 July 2019 Midrand
CESA-871-05/2019
Credits: 2 Peter Coetzee lizelle@ally.co.za

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

19–20 November 2019 Cape Town

Getting Acquainted with Water 
Resource Management

11–12 June 2019 Cape Town
SAICEwat18/02328/21
Credits: 2 Stephen Mallory lizelle@ally.co.za

dawn@saice.org.za22–23 August 2019 Midrand

16–17 September 2019 Durban

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

13–14 June 2019 Durban
CESA-872-05/2019
Credits: 2 DuP van Renen lizelle@ally.co.za

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

24–25 October 2019 Cape Town

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

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

sAiCe training Calendar 2019
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www.kaytech.co.za

30 million cooldrink bottles

For more information on Kaytech’s environmentally friendly 
products and their rigorous technical specs, visit kaytech.co.za 
or contact marketing@kaytech.co.za

* The equivalent of 30 million 2 litre discarded plastic cooldrink bottles

Sodden, swampy sports fi elds have no place in 21st century 
sports. Bidim plays a major role in assuring quality playing 
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bottles to create the ultimate geosynthetic separator – 
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Proven in countless applications, bidim is the nonwoven 
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sports fi elds. Moses Mabhida Stadium just wouldn’t be the 
same without it. 
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