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The prodigal son
A long time ago, in a faraway country, 
there lived a great man. His affluence 
extended over lush land, bountiful sheep 
and cattle, all under a prolific climate. 
His influence was sought after by kings, 
queens and noblemen from around the 
world, because he possessed a good 
name, and he was famous for his breadth 
of knowledge, depth of wisdom and his 
generous heart.

The man had two sons. One day, the 
younger of the two sons contended with 
his father. He rationalised, “Father, I am 
a young man – give me my share of the 
estate.” His brother tried to reason with 
him, “What madness is this?” But the 
younger brother shunned him, saying 
“Away with you scoundrel – it’s my time 
to eat!”

The Father, with fractured spirit, 
wishing to keep the peace, divided his 
estate in equal portions, and gave the 
younger brother his share.

Not long after that, the young man 
gathered his wealth together, and set off 
to a distant country where he lived an 
extravagant, but wasteful and fruitless 
existence. In that distant country he 
weaselled into what he thought was 
influential relationships, under the guise 
of friendship. Having estranged himself 
from his Father, he inadvertently drifted 
into the enticing camaraderie of his 
Father’s adversaries. The older brother, 
when the news reached him, quietly made 
mental notes.

It wasn’t long before the younger 
brother’s reputation for profligate living 
matched his fame for insurmountable 
debt and poverty. His health and wealth 
dwindled. After he had spent everything, 

a severe drought parched that whole 
country, and the young man began to 
drown in desperate destitution. So he 
went and hired himself out to a citizen of 
that country, who sent him to his fields to 
feed pigs. One moment he was endowed 
with great wealth and influence, and in 
the next the agonising hunger pangs made 
him desperately long to fill his stomach 
with the filth which the pigs ate.

He called upon his first comrade for 
help. “I’m sorry,” his friend responded. 
“I am equally in debt, and I am suffering 
the same effects of the same drought that 
you endure.” The young man clasped his 
head in his hands. “But you are so much 
wealthier than me,” he pleaded. “No, no,” 
his friend said, “I have only a small jar 
of oil and a little flour, which I shall eat 
before I die. I cannot help you.”

He called upon his second comrade 
for help. “Ive been waiting for your visit,” 
his friend said as they sat on a luxurious 
oriental rug. “I tell you what we will do. I 
am happy to lend you money if you will 
work for me.” The young man’s prospects 
were improving. “Moreover,” the friend 
continued, “after you are recovered and 
restored back to your Father, promise me 
that you will give me all your Father will 
reinstate to you. Make me this pledge.” 
The young man turned colour. What 
with the shame he left home and all, he 
thought, the grime the pigs ate seemed 
more palatable. He sat silently for a while 
on that oriental rug before he raised him-
self to bid farewell. His dignity and self-
esteem remained behind – spilled on the 
floor alongside where he had been sitting.

The young man, in utter humiliation, 
reluctantly turned to his brother for help. 

His brother was swift with a reply. “I am 
happy to loan you according to your need. 
I will, however, require you to submit to 
my style of management, to change your 
attitude, to get an education, and to work 
as my servant until your debt is paid as 
per the usury amount and repayment 
terms of my choosing.” The younger 
brother was distraught. Still, better to 
be a slave of my brother than to eat the 
pig’s food.

On his way out, he thought of another 
option – maybe I should return to my 
Father’s house. Just maybe my Father will 
forgive and embrace me, even as a hired 
servant. In my Father’s house, the hired 
servants have more dignity than this – 
and certainly better food, surplus water 
and respectable lodging. The young man 
considered for a moment.

But the thought evaporated as rapidly 
as it had appeared. 
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A PROBLEM-SOLVING LEGACY
In the last year or so, the construction 
industry has been a microcosm of the 
prevailing conditions in our country, 
where lack of certainty and job security 
is weighing heavily on everyone. In re-
sponse to this, the team at Aveng Ground 
Engineering has chosen to draw on the 
company’s well-established roots to 
guide their approach towards the future. 
When Ross Parry-Davies started what 
was then Ground Engineering and Piling 
Limited in the 1970s, he decided that no 
challenge was too big, and no problem 
existed that could not be solved. He was 
willing to offer a variety of solutions to 
execute projects that more established 
competitors were not willing to take on. 
The result of this approach has been that 
the present-day Ground Engineering 
team – led by General Manager Wim van 
Zyl – are finding themselves in the fortu-
nate position where their product offering 
is being called upon in its entirety by an 
increasing and varied client base.

Many different clients, with widely 
differing requirements and priorities, are 
being provided for through commercial 
developments, infrastructure for educa-
tional institutions, power station expan-
sions, industrial process plants, pipelines 
and large-scale freeway expansions.

Some of the more straight-forward 
projects have been in the building sector. 
Following on the recent student unrest, 
the need for additional residential offer-
ings has become a useful growth market, 
and hence the company has increasingly 
been involved in developments near 
the Mpumalanga, Johannesburg and 

Aveng Ground Engineering 
continues to be competitive and 
successful in the current economic 
climate, as for them no challenge is 
too big and no problem unsolvable

5Civil Engineering May 2017
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Variety is the spice of life for 
Aveng Ground Engineering
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Witwatersrand universities, as well as the 
Mangosutho University of Technology, in 
all instances making use of the Ground 
Engineering team’s industry-leading 
concrete-instrumented continuous flight 
auger (CFA) pile ability to start these 
projects on the right foot.

SAFETY A PRIORITY
By the very nature of their business and 
the environment in which they operate, 

projects for their industrial clients have to 
be extremely safety-intensive, a require-
ment the Ground Engineering team is 
proud to meet, as the company maintains 
its four-year LTI-free record. The com-
pany leverages the benefit of the larger 
Aveng group to ensure that all industrial 
clients are always completely satisfied 
with the level of safety and quality offered.

PROJECT-SPECIFIC PRODUCTS
The company’s self-drilling micro pile has 
been widely used in recent times, due to 
the high load capacities these piles offer 
in the confined installation areas where 
Aveng often has to operate. Over the last 
four years Ground Engineering has con-
vinced many a dubious client that these 
needle-like piles are far stronger than they 
appear to be.

Large-diameter percussion piles are a 
relatively recent addition to the Ground 
Engineering product catalogue, but 
they have proved hugely popular with 
clients due to their versatility in terms of 
geotechnical conditions and installation 
options. One of the most challenging 
projects where these piles have been uti-
lised was for the Women’s Living Heritage 
Monument project in Tshwane, where 
550 kN capacity piles were installed from 
within the State Theatre’s underground 
parking garage, with only a 2.5 m clear 
head room. In the open air these piles 
have been very useful for renewable 
energy projects, as well as for various 
mine developments.

The company has successfully 
executed numerous projects that had 
appeared simple at first, but in fact 
contained vast hidden complexities, as 
was the case with the Fourways Mall 
expansion lateral support and piling 
contract in Johannesburg. With such a 
massive development being designed and 
constructed concurrently, coupled with 
the staggered phasing of the development 
and the presence of numerous other 
contractors on the confined site, what 
should have been a straight-forward soil-
nail, shotcrete and open-hole auger piling 
project in fact required intensive logistics, 
coordination and planning to ensure that 
the programme remained on track and 
the principal building contractor could 
gain access as soon as possible. The site 
management team excelled themselves in 
liaising with the professional and geotech-
nical design teams to ensure the project’s 
continued success.

Recently Ground Engineering got 
their feet wet, a rare occurrence indeed, 
to execute underwater pipeline founda-
tion consolidation in Saldanha Bay. The 
project made use of equipment already 
stationed in the area for the Saldanha 
Tippler grouting, lateral support and 
piling contract to stabilise seabed condi-
tions for a large junction under the new 
gas pipeline, thereby ensuring limited 
future settlement.

INTO THE FUTURE
Looking forward, the opportunities for 
variety just do not stop, one example 
being the N4 Pampoennek expansion 
project. This project comprises a 
complex lateral support development 
within a sensitive environmental area. 
The 30 m deep, 1 050 mm diameter 
screw-in cased auger piles for the bridge 
adjacent to the site will tick yet another 
box in the catalogue of industry-leading 
Ground Engineering products. Once 
completed, the project will sit proudly 
among the company’s many previous 
flagship projects. The opportunity to 
work in-house with Aveng Grinaker-LTA, 
the main contractor on the project, is an 
added bonus.

 INFO

Wim van Zyl 

General Manager 

Aveng Ground Engineering 

+27 11 923 5144 

wavanzyl@grinaker-lta�co�za
Open-hole auger piling in progress

Installing micro piles under limited 
head room conditions for the Women’s 
Heritage Monument project in Tshwane
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11th International Heavy Haul 
Association Conference 2017

Theme: “Advancing Heavy Haul Technologies and Operations in a Changing World”
 

2 – 6 September 2017, Cape Town, South Africa
 
The conference is being hosted by the International Heavy Haul Association (IHHA), in partnership with 
Transnet and the South African Heavy Haul Association (SAHHA). It will include presentations of technical 
papers in research and development areas such as Rolling Stock, Railway Infrastructure and Operations.  
A two day Technical Track Workshop precedes the conference.

CONFERENCE TOPICS

• Vehicle Track Systems
• Track
• Bridges & Tunnels
• Operations
• Rolling Stock
• Motive Power, Traction and Energy Ef� ciency

 
Keynote speakers include:

• Mr. Siyabonga Gama, Group CEO, Transnet SOC Limited
• Ms Cheryl Martin, World Economic Forum (WEF)

             Topic: Impact of the 4th Industrial/technological revolution on Railways
 
A Trade Exhibition will run concurrently with the 11th International Heavy Haul 
Association Conference 2017. This is an ideal opportunity for companies and 
institutions wishing to showcase or introduce your brand, products and services to 
the international heavy haul community.
 
Sponsorship opportunities and exhibition space is still available. 
For more information, contact Riedwaan Jacobs at info@ihha2017.co.za, 
+27 21 836 8315
 
Register online www.ihha2017.co.za, early bird registration close 30 June 2017.
 
          @IHHAC17                 @ihhac2017

Mr. Siyabonga Gama
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Making some sort of difference
Fana Marutla, chairman of the SAICE Railway and Harbour Engineering Division, became a civil 
engineer because he wanted a career that was solution-oriented towards the needs of the rural 
community where he hails from.

P R O F i l E

YOUNG AND MILITANT
At 17, Fana Marutla, who happened to be 
one of the brightest students at his village 
high school in Thabampshe, Limpopo 
Province, was also a militant ANC activist 
hell-bent on abandoning school and 
going into exile to Zambia. His mother, 
however, would not hear of her eldest and 
only son going underground to pursue 
political activity during what was then 
(late-1980s) the height of South Africa’s 
tumultuous political history. “We were 
very militant and we desperately wanted a 
government that represented us equally,” 
he says, referring to himself and fellow 
activists from his village. “But we were 
blocked from going by our parents.” To 
the question, what it felt like to feel ready 
to sacrifice oneself for a cause at such a 

young age, he says, with a faint smile of 
reminiscence, that it wasn’t a thought 
he or many entertained at the time. “We 
weren’t thinking about that; we were more 
focused on achieving the goal of liberation 
and equality. We knew it was coming, that 
it was only a matter of time. We weren’t 
thinking about ourselves.”

Like the majority of South African 
black children of his generation, Fana 
grew up in a village that did not have 
electricity, running water or tarred roads. 
“It was so dark at night that we relied on 
the moon to give us light when we were 
playing in the streets as kids.” Though he 
excelled in school and was the top student 
in maths and science, career guidance 
was lacking at his high school, so he had 
to rely on career guidance material that 

his cousin, Romeo Sefoka, who worked 
in Johannesburg, brought back with 
him from Wits when he visited home. 
His science teacher, recognising Fana’s 
natural proficiency in the subject, advised 
him to pursue a career in the sciences. 
Presented with an option to pursue 
studies in medicine or engineering, Fana 
chose engineering. “I chose engineering, 
because I wanted a career that was 
solution-oriented towards the needs of 
my community.”

JOURNEY TO JOHANNESBURG
After completing matric in 1991, he set-
tled on attending the University of the 
Witwatersrand over the University of Cape 
Town. “They were the only good English 
universities that were an option for me 

Fana and Irene with their three daughters a few years ago – baby Lesedi, Mogau and Shalom next to her dad
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to attend then, and I decided on Wits 
because it was closer and meant I could 
visit home every quarter.” However, Fana 
didn’t manage to get funding, so he had 
to delay going to university and spent his 
first year in Gauteng, staying in Mamelodi 
and doing piece jobs while awaiting news 
regarding his numerous bursary applica-
tions. “It was my first time living in a big 
city, although my dad had lived in Pretoria 
for a long while, working as a gardener and 
caretaker of flats, returning home monthly. 
My mother, on the other hand, worked 
in the Habakuk furniture factory in 
Lebowakgomo in Limpopo.” The following 
year (1993) Fana was awarded a bursary by 
Transnet, and he commenced his studies 
in civil engineering at Wits, graduating 
with a BSc Civil Engineering degree in 
1997. He topped that up with an MSc Civil 
Engineering degree from Wits in 2002, and 
an MBL from UNISA in 2010.

FALLING IN LOVE WITH 
CIVIL ENGINEERING
Fana in fact initially registered to study 
electrical engineering, but changed his 
mind after researching civil engineering. 
“The thing about civil engineering is that 
it is so interesting. With every project, you 
leave having acquired a new skill. I could 
practise civil engineering for a couple 
of decades and more, and still never get 
bored.” The fact that civil engineering 
involves tangible outcomes, through the 
delivery of infrastructure that drives the 
economy of the country, is also a hugely 
satisfying part of what he gets to do for a 
living. With nearly 20 years of experience 

Daddy’s girls – Mogau, 15 (left), Shalom, 12,  
and Lesedi, 5 (front)

Fana at his old school, the Thabampshe Primary 
School, where he contributes to career guidance

Fana and Irene in front of the Dome of the Rock in Jerusalem
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under his belt, today in his current role as 
Regional Business Development Manager 
at GIBB, his work entails developing 
strategic relationships with clients, 
understanding their priority needs and re-
sponding to these needs with appropriate 
world-class solutions.

A specialist in railway engineering, 
Fana speaks of the passion he developed 
for the discipline working at Transnet 
Freight Rail (then Spoornet) after gradu-
ating from Wits. “Working at Transnet I 
got involved in investigating, developing, 
designing, planning and implementing 
railway solutions to railway problems at 
various levels of engineering practice – as 
a Senior Geotechnical Engineer, Senior 
Manager (Infrastructure Maintenance) 
and Principal Engineer (Perway).”

Fana considers working on the sink-
hole repair project in the Delmas area, 
using slurry and compaction grouting, 
as one of the most memorable projects 
he has worked on. “I was appointed the 
Project Manager for this project, and 
I was at the Delmas site almost daily 
with my team, monitoring progress and 
quality of work. The quality of work was 
excellent, and the project was completed 
within time and on budget, so we had a 
celebratory braai after the project was 
finished. It was a fulfilling project for me, 
and it was included in my list of projects 
for professional registration.”

It took Fana six years to register as 
a professional engineer. He considers 
registering an important milestone in his 
career. “Getting through the registration 

Soccer-loving Fana in London (top) at the Emirates Stadium (home of Arsenal Football Club) 
and in Manchester at the Sir Alex Ferguson Stand, Old Trafford (home of Manchester United)
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process is like graduating with another 
degree. Professional registration provides 
the client/employer with confidence that 
competent engineers are in charge of 
providing sound and excellent solutions 
to their business or infrastructure needs.”

ON LEADERS AND LEADERSHIP
As someone who occupies various 
leadership positions in his career, with 
extensive strategic, leadership and 
management skills, Fana subscribes to 
the ‘old-fashioned’ belief that leaders 
should lead by example. “Leadership is 
hard work and involves suffering, but it’s 
fulfilling when one reaches the finish line. 
Leadership is not about self-enrichment; 
it’s about serving others. I believe in ethical 
leadership.” For someone who lists the 
world-over-celebrated former president 
and freedom fighter, Nelson Mandela, as 
someone who he grew up looking up to, his 
take on leadership comes as no surprise. 
A highlight of his life was when he saw 
Nelson Mandela in the flesh and heard 
him speak when he made a stopover at 
the Turfloop Campus of the University of 
Limpopo while on his nationwide tour in 
August 1990 after his release from prison.

A PASSION FOR MENTORING 
AND TEACHING
Fana says, “Mentoring is the most fulfilling 
thing I get to do.” And indeed, this Fellow 
of SAICE spends a lot of his time men-
toring young engineers and technicians 
towards professional registration. When he 
is not doing this, he spends time serving as 
a committee member of the Thabampshe 
Development Forum, a rural community 
initiative based in his home village, 
which seeks to identify opportunities for 
development (e.g. health, roads, water 
and sanitation, safety and security, sport 
and recreation, education and economic 
activities, as well as social services). Since 
2011 Fana has also been lecturing the 
courses Introduction to Multi-Disciplinary 
Concepts in Railway Engineering: Track 
Loading (forces and distribution), Track 
Superstructure (stresses, strains and 
geometry) and Track Terminology (compo-
nents and functions) at the University of 
Pretoria’s Chair in Railway Engineering.

A FAMILY MAN HOPEFUL 
FOR THE FUTURE
Fana is happily married to Irene, who works 
for the SABC as General Manager (Strategic 

Sourcing), and they have three daugh-
ters – Mogau, Shalom and Lesedi, aged 15, 
12 and 5 respectively. “I’m a Christian, com-
mitted to raising my kids in a godly way. 
I value relationships and Ubuntu – Motho 
ke Motho ka Batho (a person is a person 
because of other people).”

He also regards himself as a ‘positivist’ 
who is not easily distracted. Having totally 
abandoned life as a full-time activist for 
life as a civil engineer instead, he sees 
himself and his fellow engineering profes-
sionals contributing towards steering 
the country in the direction it should 
be headed. “I have had the privilege of 
travelling to a few countries around the 
world – from Israel, England, Northern 
Ireland, Canada, France, Spain, Austria, 
Luxembourg, Qatar, China and Japan, to 
Rwanda, Burundi and most of the SADC 
countries – and I am convinced that 
our country, South Africa, has amazing 
potential. This country has all the right 
ing redients to meet all our needs and 
become a truly great country for all who 
live in it. But we have to start managing 
our resources well; we are misusing them. 
We also have to allow engineers to do engi-
neering work, the work they are trained for. 
There is currently too much interference 
from non-engineering and non-technical 
people in engineering projects, and this 
affects the quality of work and the finished 
product. The example of a 3 km dirt road 
costing R84 million comes to mind (City 
Press, June 2016).” Fana adds that compli-
ance to regulations and sound corporate 
governance practices are the starting 
points to address these problems.

“When I was growing up, my entire life 
revolved around community. As kids we’d 
gather around to eat from the same basin, 
and we spent our days playing together, 
only returning home when we were tired. 
We’ve become too individualistic now. I 
grew up in a time when community and 
caring about others was important. The 
value of community is something that is 
slowly being eroded.”

When asked what he would like to be re-
membered for, Fana says without  hesitation: 
“You know, I don’t care to be remembered 
as having been the most famous, or for the 
things I owned. I want to be remembered by 
how many lives I have changed. I want to be 
remembered as someone who made some 
sort of difference.”

Lorraine Mpofana 

lorraine@saice�org�za

Fana at the iconic Eiffel Tower in Paris
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EARLY YEARS AND 
EDUCATION (1879–1902)
Theodore Watermeyer was born on 
13 February 1879 in Graaff-Reinet as the 
third child of nine, and spent his early 
years on his father’s farm Coloniesplaats 
to the north of the town. After early 
education at Graaff-Reinet College, 
he was sent at the age of about 13 
years to the Stellenbosch Gymnasium, 
today Paul Roos Gymnasium. He left 
South Africa early in 1894, after a 
year at Stellenbosch, to complete his 
schooling at Bath College in England. 
After school, Theodore opted to study 
engineering at Mason’s College in 
Birmingham, which became part of the 
University of Birmingham in 1900. He 
enrolled for a three-year course in civil 
and electrical engineering, and received 
a senior diploma with a number of first 
class passes and book prizes.

The next two years were spent as pupil of David Gravell, a 
consulting engineer from Westminster in London, where he 
was mainly engaged in surveys for railways. Upon comple-
tion of his practical training he became Gravell’s assistant 
for a short while, responsible for work at the Dover harbour 
works, planning for a railway in Wales, and a tube railway 
in London. When peace was declared in South Africa at the 
end of May 1902, Watermeyer was already in the process of 
returning to South Africa. Upon leaving the employ of Gravell, 
he was presented with a tacheometer in recognition of his 
outstanding services.

ENGINEERING IN THE EASTERN CAPE (1902–1910)
Back in South Africa, Watermeyer started with the Cape 
Government Railways on 26 June 1902 as Junior Assistant 
Engineer for the construction of the narrow-gauge railway 
between Port Elizabeth and Avontuur. Stationed at Port 
Elizabeth, he first completed a 48 km stretch of construction. 
He then moved to Humansdorp, where he was put in charge of 
the construction depot at Kromme River Heights, responsible 
for the last 113 km of the railway. He was rewarded by 
promotion to First Assistant Engineer on 22 April 1906. When 

construction on the Avontuur line 
winded down (the line was officially 
opened on 1 January 1907), Watermeyer 
was deployed to other projects in the 
Eastern Cape:

 N  1907: Assistant Engineer to ease the 
gradients on the main line from East 
London

 N  1907: The strengthening of bridges as 
part of the Bridge Office staff

 N  1908: Assistant Engineer on the 
construction of the Barkly Bridge–
Alexandria line

 N  1909: District Engineer in charge of 
the Riverside–Malenge line

 N  1910: District Engineer in charge of 
the construction of the Lady Grey–
Gairtney line (this is the line that 
would later become famous for its six 
railway reverses – see article in Civil 
Engineering, May 2013).

MONTAGU RAILWAY PASS (1910–1913)
In November 1910 Watermeyer was posted to take charge of 
the construction of the difficult Montagu railway pass through 
the Outeniqua Mountains between George and Oudtshoorn – a 
line of 72 km. This turned out to be one of the most formidable 
technical challenges of his career, as well as his lucky break. The 
building of this line, described by others as a “masterpiece of 
engineering” and a “magnificent engineering feat”, established 
him as a foremost construction engineer in South Africa. The 
Montagu Pass is considered to be the “most important engi-
neering achievement of his career”. When he joined the project, 
his designation was Engineer-in-Charge, but promotion to 
Resident Engineer followed soon on 1 June 1911. An anonymous 
correspondent noted:

Although many sections of the Union Railways are 
described as the scenic line of South Africa, there is little 
doubt that the George–Oudtshoorn branch, as a mountain 
railway, is destined to become famous all the world over. 
Indeed, it would be difficult to imagine anything more 
imposing than the wild and deeply broken country through 
which this new line passes.

Railway Engineer TH Watermeyer
Theodore Heinrich Watermeyer served as the 24th SAICE President in 1926 when he was, at the 
age of 47, at the height of a brilliant career as a railway engineer. Later he moved on to become the 
General Manager of the South African Railways and Harbours, the first South African-born to reach this 
important position. He led the SAR&H through both dark and bright moments in our history – the Great 
Depression, the boom period of the mid-1930s, and the Second World War.

The young engineer, circa 1915 
(South African Railways and Harbours 

Magazine, 1926, page 67)

P R O F i l E
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Watermeyer himself wrote: “… the mountain section, 17 miles 
long, is probably the heaviest piece of railway construction as yet 
undertaken in South Africa”. Today visitors can inspect this sec-
tion from the comfort of the Powervan, a tourist trolley ride from 
the Transnet Railway Museum in George to the summit and 
back. Driving by car up or down the old Montagu road pass pro-
vides excellent opportunities for viewing the line from close up.

FURTHER TECHNICAL WORK (1913–1927)
After completion of the Montagu Pass (officially opened on 
6 August 1913), Watermeyer continued to advance through the 
engineering ranks. In 1913 he took over the construction of 
the Aliwal North–Zastron line. For this project he designed a 
tracklaying machine – credited to be the first in South Africa. 

Early in 1918 he proceeded to Pietermaritzburg as Assistant 
Superintendent (Maintenance).  On 10 December 1920 he was 
appointed as Assistant to the Engineer-in-Chief in Johannesburg. 
In 1923 the terminology changed and Watermeyer became the 
Assistant Chief Civil Engineer.

During his first year in Johannesburg, Watermeyer had to 
deal with, amongst others, problems with grain elevators in 
Durban and the electrification of railway lines in Natal. In 1922 
he represented the SAR at the International Railway Conference 
in Rome. After the conference, he and Colonel FR Collins, 
Chief Mechanical Engineer, visited Krupp in Germany and 
travelled to Sweden to examine lines with diesel-electric and 
electrical traction.

After five years at head office, Watermeyer left the engi-
neering department for management, to take up the position of 
Assistant General Manager in Bloemfontein from January 1926. 

Bloemfontein controlled three railway systems – those of the 
Orange Free State, Cape Midlands and Cape Eastern. After only 

a few months he was recalled for six months to Johannesburg as 
Acting Chief Civil Engineer during the absence of the incumbent 
(Mr RC Wallace), who was overseas on extended leave. Scarcely 
back in Bloemfontein, he was transferred yet again on promotion, 
now to Cape Town, which controlled the Cape Western and 
Cape Northern systems. Here he was Acting Assistant General 
Manager until confirmed in the position in September 1927. 

Concurrent to his duties as Assistant General Manager, he acted 
as Consulting Engineer to oversee the electrification of the Cape 
Town suburban railway system.

GENERAL MANAGER (1933–1941)
After Cape Town, Watermeyer returned to Johannesburg when 
he was appointed as Assistant General Manager (Technical) in 
April 1928. His first chance to act as General Manager came in 
1931 when JR More was overseas from 30 May to 12 September. 

His second chance to act came in February 1933, which 
continued until he was finally confirmed as General Manager 
on 14 August 1933. The mandatory retirement age at the time, 
strictly enforced, was 60 years, but Watermeyer was accorded 
the unprecedented honour of being asked to stay in office for 
two more years after reaching 60. He eventually retired on 
12 February 1941.

Watermeyer became General Manager when South Africa 
was firmly in the clutches of the Great Depression. The first three 
years were ones of austerity to steer the SAR towards a sound 
financial footing. The next three years, however, marked an era 
of vigorous economic growth. During this time, the ambitious 
Ten Million Pound Scheme was completed, which focused on a 
massive upgrade of the South African railway network, including 
electrification and train services in general. As early as 1938, 
when war clouds started to gather in Europe, Watermeyer initi-
ated arrangements to ready the SAR for war, soon also serving 
on the Executive Committee of the National War Fund. Once 
World War Two started in 1939, a heavy burden fell upon the 
SAR – first, a massive drain of manpower to military service, 
and second, a large workload on the SAR workshops throughout 
South Africa to manufacture war materials. The war probably 
played the decisive role in keeping Watermeyer as General 
Manager beyond retirement.

Despite the ebbs brought on by the Depression and World 
War Two, the overall growth of the SAR during Watermeyer’s 
watch (1933 to 1940) was impressive. A few key statistics are pre-
sented in Table 1, with 1902 as a reference to the year in which 
Watermeyer started his work in South Africa.

His role as General Manager gave him some international and 
political exposure, for example as part of the Union delegation to 
Lourenço Marques to renegotiate the Mozambique Convention 
in 1934, accompanying the Minister of Transport (Oswald Pirow) 
to England as adviser in 1936, leading the SAR delegation to the 
International Railway Conference in Paris in 1937, and so forth. 

The established engineer, circa 1925
(Transnet Heritage Library PB247_1)

The mandatory retirement age at the time, 

strictly enforced, was 60 years, but Watermeyer 

was accorded the unprecedented honour of 

being asked to stay in office for two more years 

after reaching 60.
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Nationally, he represented the SAR on the Rand Water Board 
(vice-chairman) and the Civic Air Board.

With Watermeyer at the helm, the SAR&H was strengthened 
and modernised in different ways. Four of the most prominent 
projects were: the accelerated rollout of electrification, the 
considerable expansion of the Road Motor Services, the complete 
reorganisation of the SAR Police, and major harbour improve-
ments at all South African harbours. Three new institutions were 
established, namely the South African Airways (part of the SAR 
at the time), a new SAR Health Department, and the Central 
Training Institute at Esselen Park. New technical innovations 
were the introduction of precooling sheds in Table Bay Harbour 
and the establishment of an SAR long-distance telephone system 
throughout South Africa.

On Watermeyer’s retirement, many kind words were said 
about him. Besides the usual accolades of “able administrator”, 
“unobtrusive efficiency”, “powers of leadership” and “foresighted-
ness”, it is remarkable that almost all singled out his fairness and 
keen interest towards others, which “elicited the respect and sup-
port of men and women of every grade in the Service”. The “kind 
consideration he had always showed the Afrikaans-speaking 
section” was acknowledged, whom he thanked (in Afrikaans) 
for their “valuable and loyal cooperation”. A harbour tug, 
TH Watermeyer, which was ordered and built in England, was 
named after him. When ready, however, it was not sent to South 
Africa, but commandeered for “valuable service” in England 

Table 1: Key statistics to illustrate SAR development

1902 1933 1940 1933 →  1940

Total assets (million £) 51 148 167 12.8 %

Earnings (million £) 12.7 20.6 33.8 64.1 %

Route mileage (km) 6 930 21 160 21 380 1.0 %

Train mileage (million km) 40.0 63.7 100.3 57.5 %

Passenger journeys (million) 25.5 69.9 120.3 72.1 %

Goods tonnage (million t) 7.6 21.5 38.5 79.1 %

Steam locomotives 1 232 2 136 2 278 6.6 %

Electric locomotives 0 96 178 85.4 %

Coaches 1 474 3 891 4 746 22.0 %

Goods wagons 18 325 39 747 53 236 33.9 %

The manager, circa 1935
(Transnet Heritage Library P419_1)
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during the initial years of World War Two, employed afterwards 
in Table Bay Harbour until its decommissioning in 1980.

PROFESSIONAL ORGANISATIONS
Having studied in England, Watermeyer maintained membership 
of British institutions throughout his career. He was admitted 
as Associate Member of the Institution of Civil Engineers on 
6 December 1904 and elevated to full membership in 1922. He 
served as a member of the ICE Council resident in South Africa. 
He was also an Associate Member of the Institution of Electrical 
Engineers, Member of the Institute of Transport and a Fellow of 
the Geological Society of London.

Soon after his return to South Africa, he joined the Cape 
Society of Civil Engineers, established in 1903, later becoming 
the South African Institution of Civil Engineers in 1910. He 
served on the SAICE Council for a number of years, serving as 
SAICE President in 1926. He devoted his Presidential Address 
mainly to engineering education and the prospects for civil 
engineers in South Africa, expressing particular concern that 
there were so few “Dutch” South Africans at the head of the 
profession. (The first Afrikaans engineering faculty only got 
started in Stellenbosch at the time of his death in 1948.) A formal 
system of pupilage and practical training was then just put into 
place in South Africa, and Watermeyer was of the opinion that 
South African engineers working for state departments were 
getting wider employment experience than those in England 
where the design and construction were split between consulting 
engineers and contractors. He coined the well-known phrase: 
“The engineer’s job is to do for a dollar what any fool can do for 
three or four.” He warned young engineers that their careers 
were not only about dry mathematics and formulae, but that a 
good deal of the engineer’s time is taken up with “Homo sapiens 
with all his faults, weaknesses and vagaries”. He advised that 
young engineers should be sent overseas when special problems 
are encountered to study them in greater depth.

The SAR and its predecessors had a close relationship with 
the St John Ambulance Brigade and provided first-aid training 
and competitions for many years. Many of the senior railway of-
ficers were involved, and Sir William Hoy, the first SAR General 
Manager, was invested as a Knight of the Order of St John. 
Watermeyer was also keenly interested in the work of the Order 
of St John, eventually holding the position of “Hospitaller and 
Almoner in the Commandery in Southern Africa of the Ancient 
Order of St John of Jerusalem”. In July 1936 he was invested as 
Knight of Grace of the Order.

Besides his professional interests, Watermeyer found time 
to be a keen golfer, winning trophies from time to time. He was 
also respected for a great knowledge of plants and was often 
consulted on botanical matters.

PERSONAL MATTERS
Watermeyer married Jessie Kerr Batchelor of Queenstown (born 
3 March 1886) on 10 June 1909. The couple had one son, Thomas 
Christian, and daughters Winifred Mary Erskine and Agnes 

Wendela. Their son Thomas Christian, or TC, joined the formi-
dable FE Kanthack in an early South African civil engineering con-
sulting firm which later became Watermeyer, Legge, Piésold and 
Uhlmann. TC’s son, Peter, followed in the footsteps of his father 
and grandfather, also becoming a civil engineer, while TC himself, 
like his father, also served as President of SAICE (in 1965). Jessie 
Watermeyer died in 1939, and on 25 August 1945, Watermeyer 
married Edith Winifred Lomas (born 23 August 1895).

[Although not part of this narrative, it may interest readers 
that Theodore Heinrich’s brother Ernest Frederick, 20 months 
younger, followed the same educational path through Graaff-
Reinet and Stellenbosch up to his end of schooling in Bath. 
Ernest Frederick then completed degrees in both mathematics 
and law at Cambridge University before returning to South 
Africa. He became South Africa’s ninth Chief Justice in 1943.]

Theodore Heinrich Watermeyer died on 3 December 1948 in 
Johannesburg. His funeral was at the Braamfontein crematorium 
on Sunday 6 December. A guard of honour at the entrance to the 
church was supplied by nurses of the St John Ambulance Brigade, 
with his coffin draped in the mantle of a Knight of the Order.
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At retirement, circa 1941
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Figure 1: The modern N4 runs alongside the abandoned 
railway tunnel at Waterval-Boven, with part of the original 
deep rock cutting removed during road construction.  
(Photo Charlie Lewis)

R A i l W A Y  A n D  H A R B O U R  E n G i n E E R i n G

INTRODUCTION
The train tunnel of the old Nederlandsche 
Zuid-Afrikaansche Spoorweg-
Maatschappij (NZASM) at Waterval-
Boven is an icon of civil engineering in 
South Africa. For the past fifty years, a 
continuous stream of motorists pass this 
highly visible landmark as they travel 
up and down the modern N4 between 
Gauteng and Mpumalanga (Figure 1). The 
tunnel and its associated railway line, 
running through beautiful and dramatic 
topography, offer more than just a brief 
diversion to the traveller. For those who 
wish to dig deeper, a fascinating tapestry 
of history and engineering persistence 
is uncovered.

FIXING THE ROUTE FROM 
KOMATIPOORT TO PRETORIA
Almost all the railway lines in South 
Africa followed in the wake of new towns, 

mines and communities, for good reasons. 
Railways bring industrial goods to remote 
areas, and take agricultural products and 
minerals to distant markets. The railway 
between Pretoria and Lourenço Marques 
(hereafter called the Eastern Line), how-
ever, was not a child of economic need, 
but originated in political ideology – the 
Transvaal Republic wanted to isolate itself 
from the British sphere of influence and 
wished for an independent link to the 
outside world. During the 1870s, when 
this idea started to find expression, the 
region between Pretoria and Mozambique 
was almost completely devoid of settler 
settlements. Pretoria, the capital city of 
the Transvaal, with a meagre white popu-
lation of 1 500 in 1876, was hardly more 
than a tiny village. The railway line was 
thus, other than its endpoints, free to find 

the easiest, cheapest route. Only technical 
and economic considerations mattered. 

The single largest technical challenge, 
recognised from the start, was to find a 
feasible route up the steep escarpment 
between the Highveld and the Lowveld – 
the so-called “wall”.

The first survey was made by Engineer 
Richard Thomas Hall (well known as 
the builder of the Okiep–Port Nolloth 
railway), commissioned by Transvaal 
President Thomas F Burgers in 1875. 

Nothing came of it, as the Transvaal 
was annexed by Britain soon thereafter 
in 1877. During the British occupa-
tion, a second survey was made by 
Engineer Farrell in 1879. After the First 
South African War, culminating in the 
Battle of Majuba in 1881, Transvaal 
independence was restored. Although 
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the Hall and Farrell surveys differed in 
many respects, they shared the common 
feature of following the Komati Valley 
up the escarpment, thereby crossing 
into Swaziland. But, as part of the British 
withdrawal from the Transvaal in 1881, 
Swaziland gained independence as a 
country, recognised by both Britain and 
the Transvaal Republic. This development 
rendered both the Hall and Farrell sur-
veys of no use to the Transvaal Republic, 
who preferred a direct route without the 
complication of passing through another 
intermediate country.

Working from Lourenço Marques 
(now Maputo) in 1883, the Portuguese 
railway engineer Major Joaquim 
José Machado completed a survey to 
Komatipoort, where the Eastern Line 
was anticipated to cross the border into 
Mozambique. When he presented his 
proposed route through Mozambique to 
the authorities in Pretoria, he impressed 
them so much that he was summarily 
commissioned on 25 July 1883 to conduct 
a new, third survey from Pretoria to 
Komatipoort. This he started on 14 
August 1883 with primitive instruments 
and untrained assistants, completing it 
on 24 December 1884, but actually only 
working for eight months to avoid the 
malaria-infested Lowveld during summer. 
Machado’s proposal for coming up the es-
carpment was to follow Schoemanskloof 
rather than the Elands River valley.

Meanwhile, efforts were under way 
to attract funding for the Eastern Line 

from European investors. Eventually the 
NZASM, a private company, was estab-
lished on 21 June 1887. NZASM quickly 
dispatched a party of five engineers to 
conduct a fourth, more detailed survey of 
the line. They reached the Lowveld with 
its harsh tropical conditions at the end 
of 1887, but disaster soon struck – two 
of the engineers died of malaria and 
the rest hurriedly retreated to a safer 
climate. The next year a second NZASM 
surveying team had more success, 
completing the survey in 1889. The 
NZASM route had significant advantages 
over the route proposed by Machado. It 
was 26 km shorter, easier slopes could 
be maintained, and it eliminated about 
3 050 m of tunnels and two major 
bridges over the Crocodile River. The 
final NZASM alignment differed in two 
main respects from Machado’s proposals. 
East of Nelspruit, Machado bypassed 
the feared Krokodilpoort by looping to 
the north. West of Nelspruit, Machado 
bypassed the Elands River Valley through 
Schoemanskloof. The main features of 
the two routes are shown in Figure 2. 
There was a brief interruption in 1890 
while Engineers Steinmetz and Bouten 
ran a survey to Barberton to see if the line 
could not swing south through the then 
newly discovered De Kaap Goldfields, but 
this option was rejected as impractical 
and too expensive.

The NZASM survey was done in a very 
methodical manner, in four steps. First, 
a broad reconnaissance was made using 

only a barometer to determine elevation. 
Second, a tacheometric survey along the 
approximate route followed, plotting it to 
a scale of 1:50 000, and the route refined. 
Third, a 1 000 m wide strip along the 
adjusted route was surveyed more closely 
and plotted to a scale of 1:10 000. Fourth, 
the route was fine-tuned and the survey 
concluded with a 300 m wide corridor 
mapped at 1:2 000.

The Eastern Line has two distinctly 
different sections. The Highveld section 
between Waterval-Boven and Pretoria 
on the plateau posed no significant 
problems, while the Lowveld section east 
of Waterval-Onder had to contend with 
the difficult Krokodilpoort and unhealthy 
tropical conditions. The two sections 
were joined by the short section between 
Waterval-Boven and Waterval-Onder, 
where an elevation difference of more 
than 200 m had to be accommodated 
between two stations about 7 km apart 
within a narrow, constricted valley.

DESIGN AND CONSTRUCTION 
OF THE EASTERN LINE
By the middle of 1889, all the technical 
and financial preparations for the con-
struction of the Eastern Line had been 
completed. The only remaining obstacle 
was the McMurdo concession, granted 
by Portugal in 1884 for construction of 
the Mozambican section. It allowed the 
concessionaire, an American Edward 
McMurdo, to set the rates on the line – a 
condition obviously not acceptable to 

Figure 2: The Eastern Line from Maputo to Machadodorp – the section between Waterval-Boven and Waterval-Onder is shown in the red circle; 
the white arrows indicate the earlier route proposals made by Machado. (Map Johannes Haarhoff)
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Pretoria. After some legal difficulties, the 
Portuguese rescinded the concession in 
June 1889 and construction could begin 
in earnest.

Bridges and culverts proved to be a 
hydrological challenge to the NZASM 
design engineers. They were fully aware of 
the great swings in river flow from season 
to season, and year to year, but had practi-
cally no hydrological data to work with. 
Fortuitously, the unusually wet summer of 
1889/90 allowed them to record numerous 
high-water marks along the route, which 
were valuable in the design and sizing of 
bridges and drainage structures.

Construction started in October 1889 
from Komatipoort, with a tight deadline 
of completing the entire Eastern Line of 
472 km by 31 December 1894. To com-
plicate matters, construction was limited 
to its eastern end for most of the period 
– Komatipoort could be reached by train 
from Lourenço Marques with railway ma-
terials, but Pretoria not. Construction at 
Pretoria could only start after the railway 
line from Germiston to Pretoria had been 
completed, which only happened about 
a year before the stipulated completion 
date. All the materials were shipped from 
Europe, except the sleepers which arrived 
by large yachts from Java. The material 
destined for the west-bound construction 

teams was landed at Lourenço Marques; 
the material for the Pretoria end was 
railed from Buffalo Harbour in East 
London to Pretoria. The Eastern Line was 
split into 12 sections. For each section, 
tenders were let to private contractors 
for earthworks, masonry, tracklaying, 
structures, etc.

By 14 May 1891 the first locomotive 
from Mozambique crossed the bridge 
over the Komati River. The line steadily 
crept towards the west and was incre-
mentally opened – up to Hectorspruit 
on 1 October 1891, Malelane on 28 
December 1891, Nelspruit on 20 June 
1892, and Elandshoek on 20 November 
1893. It reached Waterval-Onder on 20 
January 1894 and was officially opened 
three months later on 20 April 1894. 

Waterval-Boven had its first locomotive 
during March 1894 and the line was 
officially opened on 20 June 1894. By the 
end of 1893, the NZASM seemed to be in 
trouble. Only 187 km of the line was com-
plete after four years, leaving 289 km for 
the one remaining year. But with most of 
the difficult parts done and then working 
from both ends, construction was con-
sidered by a contemporary observer to be 
“child’s play”. Progress was rapid, the two 
ends met up on 2 November 1894 at the 
Wilge River, and the entire Eastern Line 

was officially opened on New Year’s Day 
of 1895. On 18 November 1894 a regular 
service between Pretoria and Lourenço 
Marques started with three trains per 
week, which was stepped up to a daily ser-
vice on 8 December 1894. The Transvaal 
government added a nice touch to allow 
every Transvaal burgher a free return 
trip from Pretoria to Lourenço Marques 
between June and September 1895.

THE SECTION BETWEEN WATERVAL-
BOVEN AND WATERVAL-ONDER
The steep terrain within the Elands River 
valley called for detailed, precise survey 
work. Eventually, engineers Sissingh and 
Bouten found a way up the gorge after 
“very detailed and intricate measure-
ments” which were singled out by their 
contemporaries as a “masterpiece of 
surveying”. As the section begins and 
ends on the south side of the Elands River, 
the line stayed on the south side of the 
river to avoid two costly rail-over-river 
bridges. Three complicated features called 
for special attention – a bridge to cross 
the Dwaalheuwelspruit just before it 
joined the Elands River, a tunnel closer to 
Waterval-Boven, and a section of rack rail 
to overcome the large elevation difference.

The section between Waterval-Boven 
and Waterval-Onder, one of the 12 

Figure 3: The Five-Arch Bridge 
with its splendid stone masonry 

(Photo Neil Webb)
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sections, was in the experienced hands 
of the contractor Warren & Royce 
(Warren & Royce also secured the sec-
tion between Middelburg and Witbank). 
In October 1892, they were already 
on site to start work on the bridge and 
tunnel. When the railway line reached 
Waterval-Onder at the end of 1893, the 
bulk of the work was already completed, 
which explains why Waterval-Boven 
was officially opened only two months 
after Waterval-Onder. Construction 
conditions were tough, as the summer of 
1893/94 was unusually wet, with much 
flood damage to the works already com-
pleted. Moreover, it was accompanied 
by a malaria epidemic of “unknown 
severity”. A visitor to the region in this 
period remarked that he would never 
forget the scenes of misery and disease, 
which gave him appreciation for the 
“physical and moral resistance” of the 
construction staff.

As everywhere else in South Africa 
at the time, the train displaced the 
ox-wagon. When Waterval-Onder was 
reached, it quickly developed into a hub 

where goods were transferred from rail 
to ox-wagon for further transport to 
Johannesburg and Pretoria, but also to 
the more distant Salisbury and Bulawayo. 
After only a few months, the railway line 
reached Machadodorp, which became the 
next convenient nexus between rail and 
ox-wagon.

The Five-Arch Bridge
The Dwaalheuwelspruit flows through a 
deep ravine as it joins the Elands River 
from the south, necessitating a substantial 
bridge. Warren & Royce constructed a 
stone viaduct with five arches at this spot 
– hence the name “Five-Arch Bridge”. The 
bridge, shown in Figure 3, was completed 
during 1894. The Five-Arch Bridge, 
with its retaining walls, was, and still is, 
regarded as a fine example of excellent 
stone masonry.

The 1894 tunnel
The tunnel, 211 m long and built on a ra-
dius of 225 m and a slope of 1:20, pierces 
a rock buttress immediately downstream 
of the waterfall. Being on the steepest sec-
tion of the railway line, it had to accom-
modate the rack rail section, described in 
more detail under the next heading. This 
meant that at least two locomotives would 
be involved with each trip through the 
tunnel – the main-line engine supported 
by a rack locomotive. The design engi-
neers were wary of the smoke nuisance 
from two steam locomotives travelling 
slowly through a long tunnel and had to 
make the tunnel as short as possible. A 
section of the mountain was blasted away 
on the east with a large portal to prevent 
rocks and debris from falling on the track, 
while a long cutting was made at the 
western end, as shown in Figure 4. When 

To complicate matters, construction was limited to its eastern end 

for most of the period – Komatipoort could be reached by train from 

Lourenço Marques with railway materials, but Pretoria not.



24 May 2017 Civil Engineering

operations started, however, it proved 
to be necessary to close the passenger 
windows, and the locomotive crews had 
to don smoke masks. The tunnel was 
nevertheless considered to be the most 
impressive part of the Eastern Line. A 
contemporary exclaimed: “… and then 
you rush into that wonderful cutting, 
about 1 000 yards in length, made by 
Warren & Royce, through a mass of sheer 
granite 200 feet high ...”

Warren & Royce employed experi-
enced miners to construct the tunnel. 
Drilling and blasting commenced at 
both ends on 18 October 1892. The work 
went smoothly without serious mishaps, 
allowing the two teams to meet up at 
midpoint on 9 September 1893. The full 
profile was hacked out before the end of 
1893. It was not planned to line the tunnel 
at first, but after the rock in the tunnel 
had been exposed, unstable rock dictated 
a lining of stone masonry. The tight pro-
gramme could not wait for the masonry 
lining to be completed first – ballasting 
and tracklaying had to be prioritised to 
reach Waterval-Boven as soon as possible. 

This necessitated a cumbersome practice, 
from March until the completion of the 
lining by the end of May, to remove all 
the scaffolding from the tunnel on certain 
days of the week to allow the passage of 

Figure 5: At the midpoint of the NZASM tunnel, a nave was constructed as a place of safety for 
railway workers – in this case sheltering Francis Legge (left) and Chris Roth, chairman of the 

SAICE History and Heritage Panel. (Photograph Johannes Haarhoff)

Figure 4: The eastern (left) and western portal of the NZASM tunnel, showing the Riggenbach rack on both ends. Note the British blockhouse 
overlooking the cutting during the Second South African War. The insert shows a section of Riggenbach rack displayed at the Waterval-Boven station. 

 (Photos PB1352 and P1352_4 Transnet Heritage Library)
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material, only to be rebuilt immediately 
thereafter.

The tight tunnel profile left only about 
500 mm between the walls and the trains. 
To ensure that overloaded goods wagons 
would not get stuck in the tunnel, special 
gauges were constructed at both ends of 
the tunnel. A cross-section of the tunnel, 
illustrated in Figure 6, shows the outline 
of the gauge.

The rack rail
The steep gradient between Waterval-
Onder and Waterval-Boven required 
special measures. At that time in South 
Africa, railway engineers had already 
resorted to railway reverses in similar 
situations, namely at Boscobello on the 
Newcastle–Volksrust line (completed in 
1891 – see Civil Engineering, May 2016, 
pp 66–74) and at Van Reenen on the 
Ladysmith–Harrismith line (completed 
shortly thereafter). The NZASM engi-
neers opted for a rack railway instead, 
which was a first for Africa. The rack 
section of 3 382 m long ran at a gradient 
of 1:20 from the Five-Arch Bridge to 

Figure 6: A cross-section of the NZASM tunnel, showing the outline of the gauge at both ends 
designed to prevent badly loaded trucks from getting stuck. (Diagram NZASM Gedenkboek)
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Waterval-Boven, while the gradient on 
the remainder could be relaxed to about 
1:40. Trains going up to Waterval -Boven 
were pushed from behind by the rack 
locomotives, and trains going down to 
Waterval-Onder had the rack locomotives 
at the front to brake the trains.

The Riggenbach rack system was 
chosen, designed in 1871 by the Swiss 
Niklaus Rigggenbach for use in the 
Alps. The rack consisted of two channel 
sections with steel rods of 130 mm 
between them, spaced 100 mm centre 
to centre. The rods were trapezoidal in 
cross-section. Both ends of the rack rail 
had a special engagement rail, 2 m long, to 
ensure proper engagement of the locomo-
tive teeth in the rack rail. The steel rods of 
this section were circular in cross-section 
and free to rotate. The engagement rail 
was hinged onto the rack rail and the 
opposing free end mounted on a powerful 
spring. If the teeth did not engage 100% 
at first, the engagement rail was pushed 
down until the teeth slipped into the 
gap between the connecting rods. Once 
aligned, the spring pushed the engage-
ment rail up to its starting position. This 
ensured proper engagement of the teeth 
as they passed from the engagement rail 
to the rack rail.

Three rack locomotives were initially 
ordered from the Emil Kessler works in 
Germany with a 0-4-2 wheel arrange-
ment. They were the Vierkleur (No 991), 
Driekleur (No 992) and the Republiek 
(No 993), and were ready for operation 
when the line was opened in 1894. Three 
years later, the Vaderland (No 994), also 

from Emil Kessler, was put into operation. 
It was identical in all respects to the 
existing three, but with larger coal and 
water capacity. All four rack locomotives 
were stationed at Waterval-Onder.

The rack locomotives were fitted with 
two rack wheels – one running on its 
own axle and another one on the axle 
of the leading drive wheel. They had a 
mass of 32 tons each and could take up a 
train load of 120 to 140 tons “with ease”. 

They featured a powerful braking system 
which could be manually operated by 
the driver. The importance of the rack 
rail system was dramatically illustrated 
on 15 September 1894, less than three 
months after the line was opened. A 
construction train loaded with ballast 
proceeded downhill from the top end of 
the rack rail without a rack locomotive, in 
clear breach of standard operating proce-
dure. The driver lost control and the train 
accelerated downhill until it derailed with 
some wagons thrown over the locomotive. 
The driver and his assistant were killed 
and the guard seriously injured.

Operationally, the rack railway was 
somewhat of a nuisance. It was effectively 
a break in an otherwise continuous line. 
The Highveld portion, the Lowveld por-
tion and the rack railway were logistically 
three separate entities which required 
stations, staff housing, complexes of 
goods sheds, locomotive roundhouses 
and coaling and watering facilities at both 
Waterval-Boven and Waterval-Onder, 
barely 8 km apart. There was only one 
stop between, Ondervalle, just below 
the tunnel. Also, the connection and 

disconnection of the rack locomotive 
and the low speed limit on this section 
increased the travel time. In 1904, for 
example, the scheduled travel time be-
tween Waterval-Boven and Water-Onder 
was 34 minutes – an average speed of 
12 km/h – with an extra 15 minutes wait 
at both ends for the connection/discon-
nection of the rack locomotive.

THE END OF THE NZASM ERA
The Second South African War of 
1899–1902 brought an end to the Kruger 
Republic and NZASM. The occupation 
of Pretoria in 1900 and the retreat of 
President Kruger and his government 
along the Eastern Line is a story well 
known and often told. The demolition of 
bridges and railway lines during the re-
treat, with the active participation of the 
same engineers who constructed them 
with great pride and huge effort just a few 
years earlier, is a painful engineering story 
which justifies a more detailed telling in 
future. In the context of this article, it 
is only worth noting that the Transvaal 
government operated from a train which 
spent a short time at Waterval-Boven, 
and some more time at Waterval-Onder. 
More details can be had at the neat little 
museum at Waterval-Onder. The tunnel 
was not sabotaged by the Boers, but the 
Five-Arch Bridge was partially blown up. 

By the end of August, Waterval-Boven 
was occupied by the British, and the 
entire Eastern Line up to Komatipoort by 
18 September 1900. This was the end of 
the physical presence of the NZASM in 
the Transvaal. As a legal entity, it officially 
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came to an end in 1906. A memorial at 
the Waterval-Boven station, honouring 
those who died during the construction 
of the Eastern Line, was inaugurated 
on 28 August 1934 by TH Watermeyer, 
General Manager of the South African 
Railways and Harbours.

The structures of the NZASM outlived 
the NZASM itself. When the rack railway 
was abandoned in 1908 (see the next sec-
tion), both the Five-Arch Bridge and the 
tunnel fell into disuse. During the 1920s, 
a new dirt road between Waterval-Onder 
and Waterval-Boven was built, largely 
utilising the abandoned track bed of the 
railway line. This brought the Five-Arch 
Bridge back into operation as a road bridge. 
The dirt road, however, did not continue 
through the tunnel, but turned steeply 
to the left just before the tunnel to go up 
the Elands Pass into Waterval-Boven. 
During the 1970s, the road was extensively 
upgraded to become the N4. This left the 
Five-Arch Bridge in disuse again, just a few 
metres away from the new road. It also, 
briefly, brought the tunnel back into use as 
a deviation while the new road tunnel was 
constructed alongside.

The tunnel was declared a national 
monument on 29 August 1962, with the 
Five-Arch Bridge following in 1963.

THE 1908 DEVIATION
The elimination of the rack rail was 
already contemplated by NZASM and 
alternative 1:30 and 1:40 routes were 

surveyed. These would be expensive 
and they were deferred until justified 
by improved traffic returns. After the 
Second South African War in 1902, the 
Eastern Line was operated by the newly 
formed Central South African Railways 
(CSAR) and the elimination of the rack 
rail was given almost immediate atten-
tion by running renewed surveys up the 
Elands River valley during 1904. Two new 
rack locomotives with more power had 
meanwhile been ordered and the CSAR 
was busy with heavy railway construc-
tion elsewhere, further postponing the 
elimination of the rack rail. In 1906, the 
Locomotive Engineer brought the matter 
to a head when he reported that the rack 
locomotives showed signs of collapse. 
Other than the aging locomotives, more 
reasons for elimination were put forward:

 N Elimination of the rack rail would 
remove the duplication of the locomo-
tive depot at disease-ridden Waterval-
Onder – an immediate saving.

 N The traffic picked up sharply after 
the Second South African War and 
the rack rail could not cope with the 
goods volumes – in 1903, 406 000 tons 
went up to Waterval-Boven; in 1905, 
458 000 tons. The existing engines 
would have to work almost around 
the clock to deal with projected loads, 
with no time for maintenance.

 N Freight volumes along the Eastern 
Line were projected to grow by leaps 
and bounds. Larger export volumes of 

maize and coal to India were expected, 
and the production of tin, lead, iron ore 
and other minerals were also taking off. 
Future goods traffic of one million tons 
per year were not considered to be an 
“extravagant” estimate. The rest of the 
Eastern Line had much higher capacity, 
which the rack rail section could not 
match, even if more powerful rack 
locomotives were introduced, which 
could deliver 50% more.

The 1908 deviation, running along the 
northern bank of the Elands River, was 
consequently approved and constructed, 
shown in Figures 7 and 8. The vertical 
distance between Waterval-Boven and 
Waterval-Onder is 208 m, and the distance 
by the NZASM route was 6.8 km, giving 
an average slope of 1:33. By exploiting the 
less restrictive terrain on the north side of 
the river, the length of the deviation was 
increased to 13.7 km to ease the average 
slope to 1:66. The gentler slope of the devi-
ation, however, came at considerable cost. 
It required two bridges over the Elands 
River, two tunnels with a total distance of 
570 m, and 56 curves measuring 9.3 km or 
68% of the deviation length. The trickiest 
part was a steep cliff where the line turned 
back on itself with horizontal separation of 
only 8.5 m over a vertical distance of 32 m, 
shown in Figure 9.

The main features of the deviation were:
 N The two new bridges over the Elands 

River were both built on curves with 
five spans of 15 m each.

Figure 8: A view to the east showing the crowded arrangement 
of the Elands River, the modern N4, the Eastern Line (yellow 
dots) and its 1908 deviation (red dots).  (Photo Charlie Lewis)
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Figure 9: Two bridges cross the Elands River near 
Waterval-Onder (the near one abandoned in 1965). After 
the bridge, the railway line (yellow dots) turns east 
towards the Horseshoe (not visible) and returns at a 
higher level. The yelow circle depicts the point where the 
opposite lines are only separated by 8.5 m in plan over a 
vertical distance of 32 m. (Photo Johannes Haarhoff)

 N Tunnel 1, 379 m long, was the closest 
to Waterval-Boven and immediately 
next to the 50 m high waterfall. 
Excavation started on 25 November 
1906, with machine drills from both 
ends – breakthrough was on 17 July 
1907. Lining of the tunnel was not 
planned, but was added after finding 
some fissures and clay seams.

 N Tunnel 2 has a length of 190 m, but 
here excavation was more difficult, due 
to “crushed and distorted” rock.

 N The gradient of the track was limited 
to a gradient of 1:50, compensated 
at 0.04 per cent per degree, and 
the minimum radius for curves 
was set at 125 m. The 80 lb/yard 
(40 kg/m) tracks were spiked to 
hardwood Australian sleepers and all 
curves with radius less than 475 m 
were check-railed with 60 lb/yard 
(30 kg/m) rails.

 N The Ondervalle siding was moved 
from just below the tunnel on the 

NZASM line to the deviation just 
below Tunnel 1.

The 1908 deviation was opened for traffic 
on 1 April 1908.

THE ACCIDENT OF 1949
At 30 minutes past midnight on 15 
November 1949, a passenger train with 
16 coaches and two 15AR locomotives 
left the rails whilst negotiating the Elands 
River Bridge shortly after departing from 
Waterval-Boven. The two engines, tenders 

Figure 10: Today only the piers remain of the 1908 bridge 
where the 1949 accident happened. It was superseded 
in 1965 by the concrete arch bridge in the background. 

(Photo Johannes Haarhoff)
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and two of the coaches came to rest on 
the far side of the bridge. Five coaches fell 
from the bridge, 17 m high at the highest 
point. The balance of the train remained 
on the near side of the bridge, with one 
of the coaches overhanging the bridge 
abutment. The train conveyed 505 miners 
to Mozambique, of whom 50 were killed 
and 118 injured, with 12 of the injured 
succumbing later to their injuries. One 
of the engine drivers died and the other 
driver and two firemen were injured. The 
response to the accident was rapid and 
widespread, despite the relative isolation 
of Waterval-Boven. Twenty-two medical 
doctors from all directions, some 200 km 
distant, assisted at the scene of the ac-
cident, and by 08h30 the next morning all 
the injured had been removed from the 
accident site. A commemorative plaque 
at the accident site, erected after 1999, 
marks this tragic event.

The accident was officially investigated 
by senior engineers of the South African 
Railways. They first confirmed that the 
track was in good condition, that the staff 
were properly qualified and the brakes were 

in good order. A broken wheel was found 
at the site, suggesting that a failing wheel 
might have caused the accident – this 
possibility was dismissed by metallurgical 
analysis which showed that the wheel was 
damaged as a result of the accident. They 
next reconstructed the exact sequence of 
events as the train crossed over the bridge. 
In the absence of flange marks on the track, 
it was obvious that the train did not derail, 
but overturned. The two coal tenders had 
the highest points of gravity, therefore they 
were the first to overturn. Upon toppling, 
they overturned the coaches behind them, 
one after the other, causing them to drop off 
the bridge. The two locomotives and tenders 
were already over the bridge and ploughed 
into the cutting when they overturned. The 
evidence was overwhelming that the train 
exceeded the speed limit of 35 km/h when it 
reached the bridge. The accident committee 
used two methods to estimate the actual 
speed of the train at the time of the ac-
cident – the tipping moment of the tenders, 
and the horizontal distance travelled by 
the coaches during the fall off the bridge. 
Both methods suggested a speed of about 

64 km/h. The report firmly concluded that 
the speed limit was not adhered to and that 
disciplinary investigation should follow.

THE 1965 UPGRADE
The prediction of 1908, namely that 
the export of minerals could reach one 
million tonnes, proved to be accurate. By 
1965/66 the Eastern Line exported a total 
of 1.7 million tonnes of coal, chrome ore, 
clay and asbestos. The section between 
Waterval-Boven and Waterval-Onder, 
once again, proved to be a bottleneck. The 
upgrade option that was eventually ad-
opted comprised the following elements:

 N The line, still running steam, would be 
electrified.

 N The line had to be doubled between 
Waterval-Boven and Ondervalle, a dis-
tance of about 6 km. (The difficult ter-
rain probably precluded the doubling 
of the section between Ondervalle and 
Waterval-Onder.)

 N The western bridge over the Elands 
River (six steel deck spans of 15 m 
on a radius of 125 m) where the 1949 
accident took place, had to be replaced 



30 May 2017 Civil Engineering

with a dual-track reinforced concrete 
arch bridge (eight spans of 12 m on a 
radius of 150 m).

 N The 1908 tunnel (Tunnel 1) between 
Waterval-Boven and Ondervalle had 
to be doubled with another 314 m 
length. The 1908 tunnel had to be al-
tered to give electrical clearances, with 
many difficulties. The formation had 
to be lowered by 600 mm for electrical 
clearance and lining had to be rebuilt 
at the ends due to the realignment of 
the tracks, as well as a section of poor 
and uneven concrete near the middle. 

 N The 1908 tunnel on the section be-
tween Ondervalle and Waterval-Onder 
(Tunnel 2) had to be abandoned due to 
insufficient clearance for electrification. 
A new tunnel of 459 m and radius 
137 m had to be built alongside the old.

THE EASTERN LINE TODAY
The bold alignment of the railway line and 
the spectacular scenery made, and still 
makes, the Elands River Valley an obvious 
drawcard for rail lovers. To cater for railway 
tourism, a private initiative ran a steam-
driven tourist train called the Oosterlijn 
Express from the middle of the 1990s up to 
its unfortunate demise in 2005. It ran every 
weekend and on public holidays between 
Waterval-Boven and Waterval-Onder, of-
fering good catering, opportunities for pho-
tography, and time to browse at both ends. 
Although the Oosterlijn Express is with 
us no more, railway enthusiasts still find 
plenty to do and see in the Elands Valley. 

On the way along the N4, our BERRT 2016 
group (Figure 11) visited two additional 
relics of the original NZASM line which 
are recommended – the station building at 
Middelburg (a national monument) and the 
bridge over the Olifants River, both still in 
use today.
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INTRODUCTION
In spite of major technological advances 
over the past few decades, it still remains 
a mammoth task to plan, manage and 
construct a marine infrastructure 
project. The process often requires a lot 
of prudence, even more patience, as well 
as a very healthy respect for the forces of 
nature. The marine environment is not 
only a challenging operational environ-
ment for a construction team, but also a 
very taxing environment for construction 
materials, making it critical to design and 
construct structures in a way that ensures 
their durability, whilst still offering a low-
cost solution to the client.

The downside of being a niche marine 
contractor is that the market is linked 
to commodity prices, and often projects 
coming to the market are delayed due to 
price fluctuations, which in turn affect 
capital expenditure.

DESIGN AND CONSTRUCT
Early contractor participation in a project, 
right from project inception, allows for 
a design to be optimised to not only suit 
the operating environment, but also to 
allow for the consideration of appropriate 
construction methodologies, taking the 
project location and resources into ac-
count. The design and construct project 
delivery model presents a desirable 
scenario, that can often result in time and 
cost savings.

Some of Stefanutti Stocks Coastal’s 
design and construct highlights include 
the 2004 Saldanha oil jetty berth fender 
support where an alternative design saw 
the construction of a ‘launched’ cantilever 
fender support from an existing caisson 
on the Saldanha oil jetty berth. This 
methodology saved Portnet nearly 50% 
on the postulated scheme by minimising 
floating plant, and employing launch-type 
construction and precast systems.

In 2009 the design and construction 
of a new dock as an extension to the 
existing Malongo Dock in Angola 
was undertaken, whereby the chosen 
construction methodology entailed 
driving of tubular structural piles (filled 
with reinforced concrete), followed 
by the installation of precast concrete 
trough beams and precast concrete deck 
slabs, with in-situ infill marine grade 
concrete between the deck slabs. The 
reason for using precast was that the 
concrete quality in the region was not 
up to standard, therefore all precast 
work was done in South Africa, and 
then shipped to Malongo. The in-situ 
infill concrete was cast using Dieci 
mini-concrete mixer trucks, with 
stone, cement and fly-ash shipped from 
South Africa.

In 2013 the installation of mooring 
and berthing dolphins for Base Titanium 
Limited in Kenya saw the company 

proposing an alternative solution 
that entailed the use of prefabricated 
structural steel headstocks in lieu of 
reinforced concrete platforms. The head-
stocks were also utilised as pile guides, 
thus the installation of the raked piles 
and structural steel headstocks were 
concluded simultaneously. This method-
ology translated into savings on cost and 
time, effectively killing two birds with 
one stone.

Andrew Pirrie
Contracts Director

Stefanutti Stocks Coastal
andrew.pirrie@stefstocks.com

Tim Milner
Bid Manager

Stefanutti Stocks Coastal
tim.milner@stefstocks.com

Navigating through challenges within the  
marine infrastructure construction environment

An aerial view of the 
Malongo Dock in Angola
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Since 2014 a joint venture (consisting of 
Stefanutti Stocks Coastal and its enterprise 
development partner Axsys Projects) has 
been undertaking an upgrade to Berths 
1–4, 13 and 14 at the Maydon Wharf in 
the Durban harbour. This project has 
seen a number of technical innovations, 
including the implementation of new 
techniques never used before in South 
Africa for the installation of anchor piles, 
as well as the in-situ construction of the 
submerged fender panels for the cope 
structure. (This project was the winner of 
the Railway and Harbour category in the 
2016 SAICE-SAFCEC Awards.)

CONSTRUCTION FLEET AND 
MOBILISATION
In addition to its marine expertise, a 
further asset the company is able to offer 
is its specialist marine construction 
fleet, plant and equipment, which can be 
mobilised to where-ever it is required, 
even across the ocean and to extremely 
inaccessible locations. This is necessary, 
as more often than not the required 
specialised equipment, plant and exper-
tise are not readily available in many of 
the developing countries where marine 
infrastructure construction projects 
are undertaken.

However, as a South African-based 
marine contractor, mobilising for a 
local site with supporting transport 
infrastructure that caters for 21st century 
traffic conditions is not without its chal-
lenges. Mobilising across the ocean, with 
the accompanying shipping logistics, 
import and export regulations, and 
bureaucracy, as well as the long trans-
portation timeframes involved, requires 
precise, long-term planning and a sound 
logistical strategy.

The company has successfully 
mobilised to a number of countries, 
including to Kenya, Sierra Leone, Tanzania, 

The highly congested pedestrian and vehicular traffic, as well as 
the condition of the existing road infrastructure in the Republic of 
Guinea, are key considerations during planning and mobilisation for 
Alufer Mining Limited's new export facility site

The company’s rock revetment construction capability 
(pictured in an East London project) was a key factor 
in the award of the project in the Republic of Guinea

Work on the award-winning Maydon Wharf project has provided 
the opportunity for a number of innovative and technical marine 

construction solutions
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Mozambique and Angola, yet at times the 
unforeseen still occurred. For example, 
on one occasion, during an incredibly 
heavy storm, one of the company’s barges, 
completely kitted out and en route to its 
project, went missing at sea. Fortunately 
this high-value asset was located, to every-
one’s immense relief, as it would have been 
impossible to replace at short notice.

Currently the company is mobilising 
its fleet to two marine projects in Africa, 
both of which require a very different ap-
proach regarding logistical requirements 

and construction methods. In the 
Republic of Guinea, the contractor will be 
constructing a 1.5 km revetment as part 
of a greenfield export facility for Alufer 
Mining. In Kenya it will be constructing 
an LP Gas off-loading facility for African 
Gas & Oil Limited (AGOL).

SAFETY STANDARDS
The marine construction environment 
requires the application of very strict 
safety standards, particularly in projects 
undertaken for private clients across the 

African continent, where heavy penalties 
can apply to contractors who operate 
outside of safety standards (a fine of up to 
100 000 US$ for one lost time injury).

What drew Guinea-based Alufer 
Mining’s attention to Stefanutti Stocks 
in particular was not only the company’s 
prior experience in rock revetment con-
struction and its expertise in extracting 
armour rock, but specifically also its 
impeccable safety record.

Likewise, the installation of marine 
facilities for AGOL in Kenya was awarded 
to Stefanutti Stocks Coastal on the 
strength of its track record of excellent 
quality and a superb safety performance, 
after the quality and safety of the 
previously appointed local construction 
contractor was deemed as inadequate.

IN CONCLUSION
The marine infrastructure construction 
environment is an incredibly dynamic, 
constantly changing environment, with 
most contracts providing new challenges, 
and hence new opportunities to find in-
novative engineering solutions.

Stefanutti Stocks Coastal’s experience 
within the marine infrastructure sector 
includes the rich heritage of Civil & 
Coastal, a niche marine contractor that 
was established in 1994, and that had, by 
the time it was fully acquired by Stefanutti 
Stocks in 2009, become well known for its 
culture of optimising  designs. 

In the marine construction environment a lot of work takes place from self-propelled hopper barges and other flat-deck crane barges; pictured 
are two barges that were utilised during a marine reconstruction project undertaken in 2013 at Durban Harbour's Island View Berth 5

The Majahazi Moja Barge with its 180 ton crane positioned next to the load-out platform, 
where Stefanutti Stocks undertook the design and construction project (including the piling) 
for a conveyor trestle, a concrete-decked load-out platform supporting a shiploader, two 
mooring dolphins and two berthing dolphins in Mombasa, Kenya, for Kwale Mineral Sands
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Environmental awareness  
at the Maydon Wharf reduces eco-impact

REMAINING LEGALLY COMPLIANT
The Maydon Wharf project encompasses 
the demolition and reconstruction of 
Berths 1 to 4, 13 and 14 in the Port of 
Durban. The construction works com-
prise sheet piling, anchor piling, grouting 
works, in-situ and precast concrete works, 
in-fill, layer works, asphalting, the instal-
lation of railing and harbour furniture 
(bollards, access ladders and fender 
panels), and dredging.

As an ISO14001 certified company 
that is operating in the sensitive environ-
ment of the Port of Durban, we are obli-
gated, as part of our environmental man-
agement system, to continuously identify 
the impact – both major and minor – of 
our activities on the environment. The 
prevention, mitigation and rehabilitation 
measures identified thereafter minimise 
environmental degradation and ensure 
that we are legally compliant.

The determination of the environ-
mental impact requires us to consider a 
range of on-site measures in order to miti-
gate them, which has translated into task 
and impact-specific environmental state-
ments and risk assessments. As with most 
construction companies, our activities 
have an impact on the ecosystems (adverse 

accumulation of waste, noise, dust and 
hazardous material substances), on natural 
resources (energy, land and water), as well 
as on the public (people and companies in 
and around the construction site).

During the course of various 
operations on this project a number of 
interesting environmental challenges have 
arisen. Some of these were foreseen and 
prepared for during the planning stage, 
and some arose as the project progressed.

GROUT SPILLS
The most technical of these was due 
to grout spills resulting from grouting 
anchor piles. To mitigate this, a stand-by 
clean-up team is always on hand during 
grouting, so that spills are dealt with 
quickly and effectively, to ensure there is 
no adverse environmental impact.

The grout is delivered to the anchor 
pile via a series of pipes, and initially a 
number of grout spills were experienced 
due to connection and pipe failure. After 
a few alternatives had been tested, the 
final design, comprising single-braided 
hydraulic pipes, was adopted. This new 
pipe design resulted in a huge drop in 
pipe and pipe connection failures, less 
breakage and cracking, no disconnected 
pipes during piling, and most importantly, 
less leakages and spills.

DREDGING
In order to conduct sensitive ac-
tivities such as dredging we required 

the applicable permits for the activity 
from the Department of Environmental 
Affairs (DoEA), as well as for the 
disposal of dredge material. As per 
the permit issued by the DoEA for 
the disposal of dredge material at sea, 
dredging operations require mandated 
environmental monitoring.

The CSIR was contracted to undertake 
the bi-weekly turbidity testing at the 
dredge sites, as well as bio-monitoring of 
the designated disposal site. In addition, it 
is required that the route to and from the 
disposal site for each trip, as well as the 
position of the actual disposal, be tracked 
and plotted on a map. This information 
is submitted to the project manager at 
Transnet Group Capital, who in turn 
submits the information to the DoEA. The 
tracking is conducted by a GPS recording 
system installed on the split hopper 
barges that conduct the removal and 
dumping of the dredged material.

RESOURCES
As a marine construction company we 
must always be mindful of the sensitivity 
of the environment that we work in, and 
the advances in biodegradable products 
have allowed us to look at alternatives to 
the traditional greases and lubricants.

Lubricants
During sheet piling, grease is required 
to lubricate the clutches to avoid fusing 
of the steel sheets as they are piled. We 
sourced a non-hydrocarbon-based biode-
gradable grease that allows us to eliminate 
pollution of the marine environment 
occuring as a result of piling activities.

Thule Maphumulo
Environmental Officer
Stefanutti Stocks Coastal
thule.maphumulo@stefstocks.com

As with most construction companies, our activities have an impact 

on the ecosystems, on natural resources, as well as on the public.
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Water
The use of biodegradable grease is a good 
example of an alternative to the standard 
use of resources. Another is the issue of 
using water to aid in compaction during 
layer works. Instead of using scarce fresh 
water to achieve optimum moisture 
content of the fill material, an alternative 
method to use sea water was proposed 
as a potential solution. After several 
meetings with the technical team and the 
Department of Water and Sanitation, as 
well as a follow-up site visit by their repre-
sentatives, permission was granted to use 
sea water instead of scarce fresh water.

DIESEL SUPPLY
ISO 14001 states that “a company should 
identify all their environmental compli-
ance requirements”. With the constant 
change in environmental legislation and 
the requirements of the municipal bylaws, 
it is important that we continue to iden-
tify our legal obligations to ensure that we 
remain compliant.

As the Maydon Wharf projects 
require the use of a large number of 

fuel-driven plants, such as crawler 
cranes, generators, TLBs and crane 
trucks, we must ensure that there is 
always a sufficient supply of diesel for the 
plant. To cater for this, we purchased a 
1 000-litre mobile diesel bowser that can 
be moved from site to site to ensure a 
continuous diesel supply.

However, the eThekwini municipal 
bylaws state, under the Interim Code 
Relating to Fire Prevention and 
Flammable Liquids and Substances, that 
“storage or transportation of more than 
400 litres of Class II or Class III flam-
mable liquid requires certification from 
the local fire department”.

As our bowser‘s capacity exceeded this 
threshold, we had to apply for certifica-
tion from the fire department. Prior to 
attaining the certificate of registration, 
we had to train at least four people on the 
transportation of hazardous goods to en-
sure that they are competent to conduct 
this activity. We also had to ensure that 
the diesel bowser was pressure-tested 
and had no leaks. We furthermore had 
to obtain a special licence registration 

for the trailer that transports the bowser. 
A safety fire marshal conducted a site 
inspection on our site, found us to 
be in compliance and granted us the 
registration.

IN CONCLUSION
Working in construction, and specifi-
cally in the marine environment, there 
will always be various environmental 
challenges. Although most of the chal-
lenges on this project were foreseen 
and planned for, some arose as the 
project progressed.

An effective environmental 
system, and continual environmental 
awareness training for all teams 
who are participating in the project, 
contribute towards making the job a 
lot easier. The fact that every individual 
on site, from management through 
to our general workers, is armed 
with knowledge on how to respond 
appropriately to, for example, an oil or 
grout spill, proves that the company is 
serious about minimising its impact on 
the environment. 
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R1.5 billion Maydon Wharf  
infrastructure upgrades reach a milestone

On Friday 13 January 2017 the Port of Durban’s Maydon Wharf Precinct serviced  
Bright Sky, the first vessel to use the common-user Berth 14 after reconstruction 

of both Berths 13 and 14, which are now fully operational

Transnet National Ports Authority’s 
(TNPA) six-berth reconstruction project 
at the Maydon Wharf Precinct in the 
Port of Durban recently reached another 
milestone, with Berths 13 and 14 now 
deeper and safer for bigger ships calling 
at the port.

Transnet Group Capital (TGC), which 
is executing this project on behalf of 
TNPA, completed work on Berths 13 and 
14 within the project’s time frame.

On Friday 13 January the Port of 
Durban serviced Bright Sky, the first 
vessel to use the common-user Berth 
14 after reconstruction of both berths. 
Port of Durban Manager Moshe Motlohi 
says: “The handing over of these two 
berths marks a great milestone for one 
of the oldest ports in the country. It talks 
to safety improvements and revamping 
of infrastructure, which will further 

enhance the attractiveness and competi-
tiveness of our ports.”

The R1.5 billion project for reconstruc-
tion and deepening of six Maydon Wharf 
Berths (1–4, 13 and 14) was awarded to 
Stefanutti Stocks AXSYS Joint Venture 
in 2014, and forms an integral part of 
Transnet’s Market Demand Strategy, 
which aims to enable the efficient func-
tioning of an integrated port system to 
promote economic growth.

Once completed, the berths will have 
a draught of 14.5 m, enabling them to 
handle vessels with draughts of up to 13 m, 
making these berths the deepest berths in 
the Port of Durban. However, the Maydon 
Wharf access channel will still need to 
be deepened thereafter to enable deeper-
draught vessels to sail in fully laden.

Constructed more than 90 years ago, 
the Maydon Wharf Precinct is one of the 

oldest cargo terminals, and is the largest 
break bulk and dry bulk handling precinct 
in the Port of Durban, covering 120 ha of 
port land. The precinct’s youngest berth is 
about 42 years old, while its oldest berth is 
92 years old.

The quay walls in the precinct were 
originally designed to handle vessels of 
approximately 20 000 DWT versus the 
55 000 DWT vessels now calling the port.

Port of Durban Engineer, Malefetsane 
Setaka says: “The quay walls of the old 
berths had reached their lifespan and 
were becoming unsafe for the vessels to 
operate. This project has given new life 
and a safe environment for larger ships 
to berth.”

The project scope involved demolition 
of paving, rail track work and services, 
construction of new steel sheet piled quay 
walls, demolition of existing piled crane 
beams, extraction of timber, concrete 
piles and a limited number of steel sheet 
piles, and removal of the existing quay 
walls and capping beams.

According to Setaka, one of the biggest 
challenges was to understand and retrieve 
the initial engineering recordings of 
these berths, which meant that the team 
had to spend more time designing and 
reconstructing the quay walls. The newly 
constructed quay walls will now have a 
lifespan of about 50 years.

The completion of Berths 13 and 14 
comes a few months after the handover 
of Berths 1 and 2 to port operations in 
July 2016. This brings to four the number 
of completed berths out of the six berths 
included in the project scope. The project 
to reconstruct and repair all six berths is 
expected to be completed by 2018.
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BRIEF HISTORY OF 
CONTAINERISATION
There are two main types of dry cargo 
– bulk cargo and break bulk cargo. Bulk 
cargoes, like grain, coal and minerals, 
are transported unpackaged in the hull 
of the ship, generally in large volumes. 
Break bulk cargoes, on the other hand, are 
transported in packages and generally are 
manufactured goods. Before the advent of 
containerisation in the 1950s, break bulk 
items were loaded, lashed, unlashed and 
unloaded from the ship one piece at a time.

However, by grouping cargo in 
containers, about 1 000 (28.3 m³) to 

3 000 (84.9 m³) cubic feet of cargo, or 
up to 64 000 (29.05 metric tons) pounds 
are moved at once, and each container is 
secured to the ship once in a standardised 
way. Containerisation has increased 
the efficiency of moving traditional 
break bulk cargoes significantly faster, 
reducing shipping time by about 84%. 
In 2001 more than 90% of world trade 
in non-bulk goods was transported in 
ISO (International Organization for 
Standardization) containers. In 2009 al-
most one quarter of the world’s dry cargo 
was shipped by containers, an estimated 
125 million TEU (twenty foot equivalent 
units) or 1.19 billion metric tons worth 
of cargo (average 9.52 metric tons per 
container).

Modern container ships can carry 
up to 19 224 TEU. As a class, container 
ships now rival crude oil tankers and bulk 
carriers as the largest commercial vessels 
in the ocean.

Containerisation has its origins in 
the early coal mining regions in England, 
beginning in the late 18th century. In 1766 
James Brindley designed the “box boat” 
Starvationer with ten wooden containers 
to transport coal from Worsley Delph to 
Manchester via the Bridgewater Canal. 
In 1795 Benjamin Outram opened the 
Little Eaton Gangway, upon which 
coal was carried in wagons built at his 
Butterley ironworks. The horse-drawn 
carts, wheeled onto the gangway, took the 
form of containers loaded with coal that 

could be transshipped from canal barges 
on the Derby Canal, which Outram had 
also promoted.

By the 1830s railroads on several 
continents were carrying containers that 
could be transferred to other modes of 
transport. The Liverpool and Manchester 
Railway in the United Kingdom was one 
of these. “Simple rectangular boxes”, 
four to a wagon, were used to carry 
coal from the Lancashire collieries to 
Liverpool where they were transferred to 
horse-drawn carts by crane. Originally 
used for moving coal on and off barges, 
“loose boxes” were used to containerise 
coal from the late 1780s at places like the 
Bridgewater Canal. By the 1840s iron and 
wooden boxes were used. The early 1900s 
saw the adoption of closed container 
boxes designed for movement between 
road and rail.

On 17 May 1917 Benjamin Franklin 
Fitch inaugurated exploitation of the 
experimental installation for transfer of 
containers, called “demountable bodies” 
based on his own design in Cincinnati, 
Ohio, in the United States. Later in 1919 
his system was extended to over 200 con-
tainers serving 21 railway stations with 14 
freight trucks.

Prior to the Second World War 
(WWII) many European countries, inde-
pendently, developed container systems.

In 1919 Stanislaw Rodowicz, an 
engineer, developed the first draft for 
the container system in Poland. In 1920 

Francisco Elyseu Pr Eng
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Evolution of container sea transport
The transport of goods by sea, using containers, took a long time to develop into the enormous global 
industry that it has become. This article discusses how this mode of transport, particularly for break 
bulk cargoes, has affected shipping, quay equipment and the operation of a new type of terminal, the 
container terminal.
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he built a prototype of the biaxial truck, 
but the Polish-Bolshevik War stopped 
the development of the container system 
in Poland.

In 1926 a regular connection of the 
luxury passenger train from London to 
Paris, the Golden Arrow/Fléche d’Or, 
was started by the Southern Railway and 
French Northern Railway. To transport 
the passengers’ baggage, four containers 
per truck were used. These containers 
were loaded in London or Paris and car-
ried to the Ports of Dover or Calais, on 
flatcars in the UK, and the Golden Arrow 
Fourgon of CIWL in France.

At the Second World Motor 
Transport Congress in Rome in 
September 1928, Italian Senator Silvio 
Crepi proposed the use of containers 
for road and railway transport systems, 
using collaboration rather than com-
petition. This would be done under 
the auspices of an international organ 
similar to the Sleeping Car Company 
which provided international carriage of 
passengers in sleeping wagons. In 1928, 
Pennsylvania Railroad started regular 
container services in the Northeast 
United States. After the Wall Street 
crash of 1929 in New York and the 
subsequent Great Depression, many 
countries were without any means of 
transport for cargo. The railroads were 
sought as a possibility of transporting 
cargo, which opened up an opportunity 
to bring containers into broader use. 
Under the auspices of the International 
Chamber of Commerce of Paris, in 
Venice on 30 September 1931, on one of 
the platforms of the Maritime Station 
(Mole di Ponente), practical tests were 
done to determine the best construction 
method for European containers as part 
of an intermodal competition.

In the same year (1931) in the USA, 
Benjamin Fitch designed the two largest 
and heaviest containers in existence 
anywhere at the time. One measured 
17’6” (5.33 m) by 8’0” (2.43 m) by 8’0” 
(2.43 m), with a capacity of 30 000 pounds 
(13.63 metric tons) in 890 cubic feet. The 
second one measured 20’0” (6.01 m) by 
8’0” (2.43 m) by 8’0” (2.43 m), with a ca-
pacity of 50 000 pounds (22.7 metric tons) 
in 1 000 cubic feet.

In November 1920, in Enola, USA, the 
first container terminal in the world was 
opened by the Pennsylvania Rail Road 
Company. The Fitch hooking system was 
used for the reloading of containers.

From 1926 to 1947 in the United 
States, the Chicago North Shore and 
Milwaukee Railway carried motor carrier 
vehicles and shipper’s vehicles, loaded in 
flatcars between Milwaukee and Chicago, 
Illinois. Beginning in 1929, Seatrain Lines 
carried railroad box cars on its sea vessels 
to transport goods between New York 
and Cuba.

In the mid-1930s the Chicago Great 
Western Railway, and then the New 
Haven Railroad, began a “piggyback” 
service (transporting highway freight 
trailers on flatcars) limited to their own 
railroads. The Chicago Great Western 
Railway filed a US patent in 1938 in 
their method of securing each trailer to 
a flatcar, using chains and turnbuckles. 
Other components included wheel chocks 
and ramps for loading and unloading 
the trailers from the flatcars. By 1953 the 
Chicago and Eastern Illinois, and the 
Southern Pacific railroads had joined in 
the innovation. Most of the rail cars used 
were surplus flatcars equipped with new 
decks. By 1955 an additional 25 railroads 
had begun some form of “piggyback” 
trailer service.

During WWII the Australian Army 
used containers to help with gauge 
breaks in railroads. These non-stackable 
containers were about the size of the later 
20-foot ISO containers.

During the same time, the United 
States Army started to combine items 
of uniform sizes, lashing them onto a 
pallet, unitising cargo to speed up the 
loading and unloading of transport ships. 
In 1947 the Transport Corps developed 
the “Transporter”, a rigid corrugated steel 
container with a 9 000 lb (4.12 metric tons) 
carrying capacity for shipping household 
goods of officers in the field. During the 
Korean War the “Transporter” was evalu-
ated for handling sensitive military equip-
ment and, proving effective, was approved 
for broader use. Theft of material and 
damage to wooden crates convinced the 
Army that steel containers were needed.

In 1952 the US Army developed 
the “Transporter” into the “Container 
Express” or “Conex” box system. The size 
and capacity of the “Conex” were about 
the same as the “Transporter”, but the 
system was made modular by addition 
of a smaller half-size unit of 6’3” (1.9 m) 
long, 4’3” (1.29 m) wide and 6’10” (2.08 m) 
high. “Conex” containers could be stacked 
three high and protected their contents 
from the elements.
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The first major shipment of “Conexes” 
containing engineering supplies and 
spare parts was made by rail from the 
Columbus General Depot in Georgia to 
the Port of San Francisco, then by ship 
to Yokohama, Japan, and then to Korea 
in late 1952. Shipment times were almost 
halved. By the time of the Vietnam War, 
the majority of supplies and materials 
were shipped by “Conexes”. By 1965 the 
US military used some 100 000 “Conex” 
boxes and more than 200 000 by 1967, 
making this the first worldwide ap-
plication of intermodal containers. 
After the US Department of Defense 
standardised an 8 foot (2.43 m) by 8 foot 
(2.43 m) cross-section container in 
multiples of 10 foot (3.05 m) lengths for 
military use, it was rapidly adopted for 
shipping purposes.

In April 1951, at the Zurich 
Tiefenbrunner Station, the Swiss 
Museum of Transport and the Bureau 
International des Containers held 
demonstrations of container systems 
with the aim of selecting the best solu-
tion for Western Europe. Present were 
representatives from France, Belgium, 
the Netherlands, Britain and the United 
States. The system chosen for Western 
Europe was based on the Netherlands 
system for consumer goods and waste 
transportation called “Laadkisten” (liter-
ally “loading bins”). This system used 
roller containers that were moved by rail, 
truck and ship in various configurations 
up to a capacity of 5 500 kg and up to 
3.1x2.3x2 m in size, and became the first 
post-WWII European railway standard 
UIC 590, known as “pa-Behalter”. It 
was implemented in the Netherlands, 
Belgium, Luxembourg, West Germany, 
Switzerland, Sweden and Denmark. With 
the popularisation of larger ISO con-
tainers, support for the “pa” containers 
was phased out by the railways. In the 
1970s they began to be used widely for 
transporting waste.

In 1955 former trucking company 
owner, Malcolm McLean, worked with 
engineer Keith Tantlinger to develop 

the modern intermodal container. The 
challenge was to design a shipping 
container that could efficiently be loaded 
on ships and would hold securely on long 
sea voyages. The result was an 8 foot 
(2.4 m) tall by 8 foot (2.4 m) wide, 10 foot 
(3.0 m) long unit constructed from 
0.098” (2.5 mm) thick corrugated steel. 
The design incorporated a twist-lock 
mechanism atop each of the four corners, 
allowing the containers to be easily 
secured and lifted using cranes. After 
helping McLean to create the successful 
design, Tantlinger convinced him to give 
the patented design to industry, and this 
began the international standardisation of 
shipping containers.

PURPOSE-BUILT SHIPS
The first purpose-built vessels to carry 
containers had begun operation in 1926 
for the regular connection of the luxury 
passenger trains between London and 
Paris, the Golden Arrow/Fléche d’Or 
Service. As mentioned earlier, four 
containers per truck were used for the 
conveyance of passengers’ luggage. These 
containers were loaded in London or 
Paris and carried to the ports of Dover 
or Calais. The next step was in Europe 
after the WWII. Vessels purpose-built to 
carry containers were used between the 
UK and the Netherlands and Denmark. 
In the United States ships began carrying 
containers in 1951 between Seattle, 
Washington and Alaska. However, 
none of these services was particularly 
successful. Firstly, the containers were 
rather small, with 52% of them having a 
volume of less than 106 cubic feet (3 m3). 
Almost all European containers were 
made of wood and used canvas lids, and 
they required additional loading into rail 
truck bodies.

The world’s first purpose-built con-
tainer vessel was the Clifford J Rodgers. 
This ship was built in Montreal in 1955 by 
the White Pass and Yukon Route Hangen 
group of companies. Its first trip carried 
600 containers between North Vancouver, 
British Columbia and Skagway in Alaska, 

on 26 November 1955. In Skagway the 
containers were unloaded to purpose-
built railroad cars for transport north 
to the Yukon, in the first intermodal 
service using trucks, ships and railroad 
cars. Southbound containers were loaded 
by shippers in the Yukon and moved by 
rail, ship and truck to their consignees, 
without opening. This first intermodal 
system operated from November 1955 
until 1982.

The first truly successful container 
shipping company dates to 26 April 1956, 
when American trucking entrepreneur 
McLean put 58 trailer vans, later called 
containers, aboard a refitted tanker ship, 
the SS IdealX, and sailed them from 
Newark, New Jersey, to Houston in Texas. 
Independently of the events in Canada, 
McLean had the idea of using large con-
tainers that never opened in transit and 
that were transferable on an intermodal 
basis among trucks, ship and railroad 
cars. McLean had initially favoured the 
construction of “trailer ships” taking 
trailers from large trucks and stowing 
them in a ship’s cargo hold. This method 
of storage referred to as roll-on/roll-off 
was not adopted because of the large 
waste in potential cargo space on board 
the vessel, known as broken storage. 
Instead McLean modified his original 
concept into loading just the containers, 
not the chassis, onto to the ship, hence 
the designation of “container ship” or 
“box ship”.

TOWARDS STANDARDS
In 1933 in Europe, under the auspices of 
the International Chamber of Commerce, 
the International Container Bureau 
(B.I.C.) was established. In June 1933 the 
B.I.C. decided on obligatory parameters 
for container use in international traffic. 
Containers handled by means of lifting 
gear (group I containers), constructed 
after 1 July 1933, were subject to the fol-
lowing obligatory regulations:

 N Clause 1: Containers are, respectively 
referring to their form and capacity, 
either of the closed or open type, and 
either of the heavy or light type.

 N Clause 2: The loading capacity of con-
tainers must be such that their total 
weight (load plus tare) is 5.0 metric 
tons for the heavy type and 2.5 metric 
tons for the light type; a tolerance of 
5% excess on the total weight is allow-
able under the same conditions as for 
wagon loads.

The first truly successful container shipping company dates 

to 26 April 1956, when American trucking entrepreneur 

McLean put 58 trailer vans, later called containers, aboard 

a refitted tanker ship, the SS IdealX, and sailed them 

from Newark, New Jersey, to Houston in Texas. 
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A MEMBER OF THE GROUP

During the first 20 years of containerisa-
tion, many different container sizes and 
corner fittings were used, resulting in 
dozens of incompatible container systems 
in the US alone. For example, big opera-
tors like the Matson Navigation Company 
had a fleet of 21-foot containers, while 
Sealand Service Inc operated a fleet of 
24-foot containers. The standard sizes 
and fittings and reinforcement norms 
that now exist evolved out of a series of 
compromises among international ship-
ping companies, European railroads, US 
railroads and US trucking companies. 
Four important ISO recommendations 
standardised containerisation globally:

 N January 1968: ISO 668 defined the 
terminology and ratings.

 N July 1968: R-790 defined the identifica-
tion markings.

 N January 1970: R-1161 made recommen-
dations about corner fittings.

 N October 1970: R-1897 set out the 
maximum internal dimensions of 
general purpose freight containers.

Based on these standards, the first TEU 
container ship was the Japanese Hahore 

Maru, from ship owner NYC, which 
started sailing in 1968 and could carry 
752 TEU containers.

In the US, containerisation and other 
advances in shipping were impeded by the 
Interstate Commerce Commission (ICC) 
which had been created in 1887 to keep 
railroads from using monopolistic pricing. 
By 1960 ICC approval was required before 
any skipper could carry different items 
in the same vehicle, or change rates. The 
fully integrated system in the US today 
became possible only after the ICC regu-
latory oversight was abolished, trucking 
and rail were deregulated (in the 1970s) 
and maritime rates were deregulated 
(in 1984).

Double-stacked rail transport was in-
troduced in the US to a concept that was 
developed by Sealand and the Southern 
Pacific railroads. The freight standardisa-
tion of the double-stacked container car 
(or single-unit 40 foot COFC well car) 
was delivered in July 1977. The five-unit 
well car, the industry standard, appeared 
for the first time in 1981. Initially these 
double-stack railway cars were deployed 

in regular train services. Ever since 
American President Lines initiated a 
dedicated double-stack container service 
between Los Angeles and Chicago in 
1984, transport services increased rapidly.

EFFECTS
Containerisation greatly reduced the ex-
pense of international trade and increased 
its speed. It also dramatically changed 
the character of port cities worldwide. 
Prior to mechanised container transport, 
crews of 20–22 longshoremen would, for 
example, pack individual cargoes into the 
hold of a ship, but after the onset of con-
tainerisation these crews of longshoremen 
were no longer necessary.

Ports needed to adapt to the changes 
brought about by containerisation, with 
activities declining in some ports and 
expanding in others. At the Port of San 
Francisco the former piers used for 
loading and unloading were no longer 
required for container transport, and 
as a result the port virtually ceased to 
function as a major commercial port, 
while the neighbouring port of Oakland 
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emerged as the second largest on the US 
west coast. A similar situation developed 
between the ports of Manhattan and New 
Jersey. In the United Kingdom the Port 
of London and the Port of Liverpool de-
clined in importance, while Britain’s Port 
of Felixstowe and the Netherlands’ Port 
of Rotterdam emerged as major ports. In 
general, inland ports on waterways inca-
pable of deep-draught ship traffic declined 
as a result of containerisation in favour 
of sea ports. With intermodal containers 
the job of sorting and packing containers 
could be performed far from the point 
of embarking.

The effects of containerisation rapidly 
spread beyond the shipping industry. 
Containers were quickly adopted by 
trucking and rail transport industries 
for cargo transport not involving sea 
transport. Manufacturing also adapted to 
take advantage of containers. Companies 

that once sent small consignments began 
grouping them into containers. Many car-
goes are now designed to fit precisely into 
containers. The reliability of containers 
also made just-in-time manufacturing 
possible, as component suppliers could 
deliver specific components on regular, 
fixed schedules.

As of 2009, approximately 90% of 
non-bulk cargo worldwide is moved by 
containers stacked on transport ships, and 
26% of all container transshipment is car-
ried out in China. For example, in 2009 
there were 105 976 701 transshipments in 
China (both international and coastal, in-
cluding Hong Kong) and only 21 040 096 
in Hong Kong (which is listed separately) 
and 34 299572 in the United States. In 
2005 some 18 million containers made 
over 200 million trips per year. Some 
ships can carry over 14 500 TEU units, 
such as the Emma Maersk, which is 396 m 

long and was launched in August 2006. 
It has been predicted that at some point 
container ships will be constrained in size 
only by the depth of the Strait of Malacca, 
one of the world’s busiest shipping lanes, 
linking the Indian Ocean to the Pacific 
Ocean. The so-called “Malaccamax” size 
limits a ship to dimensions of 470 m in 
length and 60 m in width.

Few initially foresaw the extent of 
the influence of containerisation on the 
shipping industry. In the 1950s, Harvard 
University economist, Benjamin Chinitz, 
predicted that containerisation would 
benefit New York by allowing it to ship 
its industrial goods more cheaply to the 
Southern United States than other areas, 
but he did not anticipate that containeri-
sation might make it cheaper to import 
such goods from abroad. Containerisation 
has indeed had a direct influence on the 
choices of producers and purchasers, and 

Early Container ship (1956–)
500–800 TEu, 137 × 17 × 9 m

Fully Cellular (1970–)
1 000–2 500 TEu, 215 × 20 × 10 m

Panamax (1980–)
3 000–3 400 TEu, 250 × 32 × 12.5 m

Panamax Max (1985–)
3 400–4 500 TEu, 290 × 32 × 12.5 m

Post Panamax (1988–)
4 000–5 000 TEu, 285 × 40 × 13 m

Post Panamax Plus (2000–)
6 000–8 000 TEu, 300 × 43 × 14.5 m

new Panamax (2014–)
12 500 TEu, 366 × 49 × 15.2 m

Triple E (2013–)
18 000 TEu, 400 × 59 × 15.5 m

Figure 1: Evolution of container ship dimensions – the numbers after the TEU value, e.g. 400 x 59 x 15.5 m, 
refer to length x width (beam) x draught (Santos 2016, reproduced with author’s permission)
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has remarkably increased the total volume 
of trade.

The widespread use of ISO standards 
has also driven modifications in other 
freight standards, gradually forcing re-
movable truck bodies or swap bodies into 
standard sizes and shapes, and changing 
completely the worldwide use of freight 
pallets that fit into ISO containers or into 
commercial vehicles.

OPTIMAL LOCATION OF 
CONTAINER TERMINALS
The large dimensional variability of 
container ships has an enormous impact 
on the characteristics of a terminal (see 
Figure 1), and this should obviously 
be borne in mind when planning new 
container terminals. Factors that need to 
be considered include the typical profile 
of the ships that intend calling at the port, 
the maritime access characteristics of the 
port, and the quay equipment required. 
This would help to determine the exten-
sion, development and growth rhythm 
of the required infrastructure. Cost/
benefit analyses would, for example, need 

to consider the integration of these ter-
minals into the existing logistics chains, 
because a large portion of the costs occur 
in the land segments of this chain.

The next section of this article 
describes the prevailing tendencies in the 
development of container ships, and the 
impact thereof on the development of 
harbour terminals.

TENDENCIES IN THE DEVELOPMENT 
OF THE CONTAINER SHIP FLEETS
As mentioned above, the first container 
ships appeared only in the late 1950s, 
and the average dimensions of ships has 
increased significantly since then, as 
shown in Figure 1 (since 1988 beyond the 
dimensions allowed by the Panama Canal, 
i.e. width greater than 32.2 m and loading 
capacity greater than 4 000 TEU).

Some South Korean shipyards are 
building ships with capacities between 
18 000 TEU and 19 000 TEU (class “triple 
E” from Maersk and “CSCL Globe” from 
China Shipping Container Lines), while 
Mitsui O.S.K. Lines (MOL) placed an 
order for 20 000 TEU container ships. 

Presently even bigger ships, with a 
capacity up to 22 000 TEU, are on the 
drawing board, which will bring them 
close to the maximum dimensions al-
lowed by the Suez Canal.

The world fleet of container ships is 
also still growing. In 2014 there were 
4 976 container ships in the world fleet 
compared with 2 776 in 2002.

The large dimensions of these ships 
impact on various aspects of the harbour 
terminal which they visit. The ship’s 
draught impacts on the depth of the har-
bour entrance, internal harbour channels, 
manoeuvring areas and quays. The larger 
ships have a design draught of 15.5 m 
and a template draught of 16.0 m, but 
they rarely use the design draught. The 
containers’ weight is very variable, usually 
assuming an average weight of 15 metric 
tons, which is much less than the ship’s 
indicated geometric capacity.

The maximum depth necessary for 
the new container quays must be 1.0 m 
deeper than the ship’s draught. Other im-
portant dimensions are the ship’s length 
and width (beam), which in harbours 
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of smaller dimensions are restrained by 
the navigation channels, manoeuvring 
areas and canal gates. Once at berth, the 
ships have a significant impact on the 
dimensions of the container cranes and 
the number of container rows that they 
can reach. Figure 2 shows the evolution of 
container crane dimensions.

As seen in Figure 1, ship dimensions 
have evolved in terms of transverse and 
longitudinal container rows. The number 
of transverse container rows define the 
ship width (beam) and the necessary 
container crane reach. A “Panamax” 
ship usually has 13 transverse rows, an 
8 000 TEU ship has 18 rows, a “New 
Panamax” ship can reach 19 rows and the 
new “Triple E” container ship class has 
a capacity of 22 rows. The ship’s length 
defines the number of container cranes 
required to assist a ship simultaneously 
(e.g. eight cranes would be able to as-
sist a container ship with a capacity of 
18 000 TEU).

Container ships are used in regular 
lines, and are operated by a relatively 
small number of shipping companies 
who control hundreds of ships operating 
many routes linking all continents. In 
2012 the three largest container shipping 
companies controlled 29.5% of the total 
transport capacity of the world fleet of 
container ships. At the same time global 
companies specialising in the manage-
ment of container terminals have also 
developed, to the extent that the four 
largest container terminal companies 
control 26.2% of the total movement of 
containers worldwide.

IMPACT OF GROWING DIMENSIONS 
ON SOUTH AFRICAN PORTS
In 2014, 21% of the existing ships and 
60% of the ordered ships had a capacity 
of more than 5 000 TEU, and the larger 
number of ships ordered in 2014 had 
capacities above 7 500 TEU.

A high number of ships carrying 
between 6 000 and 10 000 TEU have been 
placed on routes where ships with smaller 
capacities, between 4 000 and 6 000 TEU, 
have typically been used. This tendency 
has been noticed on both the east-west 
routes and the north-south routes.

On the route between Europe and the 
east coast of South America, for example, 
ships went from an average dimension of 
4 420 TEU in 2010 to 6 400 TEU in 2013, 
with some ships of 8 700 TEU also being 
used. The 14.5 m draught of an 8 000 
TEU ship requires a depth of 16.0 m. (The 
widening of the Panama Canal will allow 
12 000 TEU ships on the routes between 
Europe and the west coasts of North and 
South America.)

Even the West African routes are served 
by 4 500 TEU container ships. These ten-
dencies indicate that the ports of Durban, 
Coega and Cape Town are able to receive 
the largest container ships, provided they 
are fitted with the required quay equip-
ment, parking areas and related equipment, 
as well as road and rail links to other areas 
of the country.

IN SUMMARY
 N The average dimensions of container 

ships has increased considerably, as 
has orders for larger classes of ships.

 N This growth has a cascading effect on 
the various routes, as smaller ships 
are replaced by larger ships on various 
shipping routes.

 N Larger container ships require deeper 
harbour access channels, and adequate 
quays and manoeuvring space.

 N Quay lifting equipment and land 
container handling equipment need 
to be increased, and larger areas of 
container parking developed.
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LOCAL PREFERENCE
It appears that in South Africa, whichever 
form of contract applies, the preference is 
for ad hoc rather than standing adjudica-
tion panels.

Dispute resolution is dealt with in 
Option W1 of the NEC3. This Option 
envisages having a standing adjudicator 
appointed to the project, by way of the 
contract data. In a recent article, where we 
discussed developments in South Africa, 
however, we concluded that Option W1 
is, at least locally, generally used as an ad 
hoc adjudication process. This had been 
reinforced by the findings of the court 
in Transnet SOC Limited v Group Five 
Construction (Pty) Ltd and others.1

There appears to be two main reasons 
for the South African preference for ad 
hoc adjudication:

 N The first reason is an economic one: 
“Why pay for a standing adjudication 
board we may never use?” or “If we only 
pay for the board if and when we need 
it, surely this would be cheaper for us?”

 N The second reason arises from a 
preference for risk management: “If we 
get a bad decision from an adjudicator, 
and another dispute arises, we are free 

to use someone else, who we may have 
more confidence in.”

STANDING ADJUDICATION BOARDS
Working in the dispute resolution 
industry in South Africa, and having been 
subjected to some unusual adjudication 
decisions, this observer cannot argue 
against these concerns. The difficulty, 
however, does not necessarily arise from 
the differences between ad hoc and 
standing adjudication, but rather the 
quality of the adjudicators that we have 
available. It is suggested that, should 
accomplished adjudicators be appointed 
to standing adjudication boards, the 
benefits would far outweigh the perceived 
cost-saving achieved using an ad hoc 
adjudication system.

For evidence of this, the reader is re-
ferred to the second edition of the FIDIC 
1999 “Rainbow” suite, about to be pub-
lished. The first edition of documents has 
a variety of adjudication boards – the Red 
Book, for example, prescribing a standing 

adjudication board, and the Yellow Book 
prescribing an ad hoc adjudication board. 
Now, after nearly 18 years of usage, in the 
second edition of these documents, all of 
them make provision for standing adju-
dication boards. This is a clear indication 
of the current international preference for 
standing adjudication.

The objective of standing adjudica-
tion, which must be applauded, is one of 
dispute minimisation and avoidance. The 
intention is that standing adjudication 
board members are appointed within a 
reasonably short period after the incep-
tion of the contract. They are then paid a 
monthly retainer for holding themselves 
available to act, and to keep themselves 
abreast of developments on the site. It is 
also envisaged that they will visit the site 
at reasonably regular intervals.

There is no prescribed interval for 
such visits in the NEC3, but the FIDIC 
contract prescribes periods of not less 
than 70 days and not more than 140 days. 
In-between visits the adjudicator/s are 
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The objective of standing adjudication, which must be applauded, 

is one of dispute minimisation and avoidance. The intention is 

that standing adjudication board members are appointed within a 

reasonably short period after the inception of the contract. They are 

then paid a monthly retainer for holding themselves available to act, 

and to keep themselves abreast of developments on the site.
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kept abreast of developments by receipt 
of monthly reports, key letters and min-
utes of meetings, and so forth. There are 
prescribed procedures for the site visits, 
which can include calling for a hearing 
to deal with issues that have arisen, or 
are perceived as being difficulties that 
could present as problems in the future. 
By agreement between the parties, the 
adjudicator/s may be asked to give an 
“unofficial” opinion on an issue. A sort 
of “… if I asked you this question what is 
your answer most likely to be …” In this 
way, potential differences of opinion and 
conflict can be minimised.

It will be appreciated that, with this 
kind of exposure, remaining abreast of 
important issues affecting the project, an 
adjudicator will be well versed, factually, 
in the history of a contract, and when 
a dispute does arise, he or she does not 
need the amount of time and briefing that 

someone new to the contract (like an ad 
hoc adjudicator, newly appointed) would 
need to get up to speed.

Disputes can, therefore, be settled 
more expeditiously (striking at the 
perception of a cheaper ad hoc process) 
and, it is suggested, with better results 
that comply with the requirements of the 
contract and accord with the facts.

In addition to this, ad hoc adjudica-
tors, because they are not on a retainer, 
are entitled to exercise a lien over their 
decision. This can lead to delays in 
providing the decision whilst one of the 
parties is intransigent in paying their 
contribution.

As an indication of how the industry 
perceives the potential benefits, in cer-
tain instances project funders insist on 
provisions being provided in the funding 
agreement, requiring the compliance by 
the standing adjudication board with the 

general conditions of dispute adjudica-
tion agreement and the procedural rules 
(such as for example visiting the site 
on a regular basis), failing which they 
are entitled to suspend the funding, 
thus ensuring that these duties are 
not overlooked.

IN CONCLUSION
In conclusion, whilst site visits and paying 
a monthly retainer may appear, at first 
glance, to be an expensive approach, 
the benefits of quicker, better-quality 
decisions that require less briefing and 
decision-making time certainly justify 
and, we would suggest, set off some if not 
all of, the additional cost associated with 
standing adjudication.
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INTRODUCTION
The nomination of an adjudicator raises a number of issues with 
regard to the perceived integrity of the adjudication process. The 
parties’ willingness or otherwise to accept the decision of an 
adjudicator will be influenced by their view of the fairness of the 
adjudication process, including the nomination procedures 
that were followed. This article considers the various alternatives 
available to contracting parties, with commentary expressed on 
such alternatives, and proposes a procedure which not only al-
lows ‘rough’ 1 justice to be served, but allows it to be seen to have 
been served.

WHY ADJUDICATION?
Adjudication within the context of the built environment “comes 
under the rubric of ‘pay now argue later’ which is a sensible way 
of dealing expeditiously and relatively inexpensively with dis-
putes which might hold up completion of important contracts.” 2 
(Emphasis provided.)

Although there are no international standards on adjudication 
procedures or on adjudicator’s jurisdiction, the identified needs 
within the United Kingdom which gave birth to the HGCRA3 are 
applicable globally, and generally underpin the underlying ethos 
of adjudication processes applicable in most countries.

Around the mid-1990s the UK government appointed two 
commissions, one to review the procurement and contractual 
arrangements in the United Kingdom’s construction industry (Sir 
Michael Latham)4 and the other to compile a report examining 
the UK court system (Lord Woolf).5

The common ground identified in the two reports pertaining 
to the dispute resolution needs within the construction industry 
highlighted the requirement that justice must be seen to have 
been served. Therefore, the overriding common objective of the 
reforms was to have a just dispute resolution process which:

 N Endeavoured to ensure that the parties are on an equal 
footing.

 N Was commercially viable.

 N Dealt with a case in a manner which is proportionate to the 
nature of the case.

 N Ensured that a case is dealt with expeditiously and fairly; 
the holding up of cash flow should be obviated.

SELECTING AN ADJUDICATOR –  
WHERE IN THE WORLD ARE WE?
An adjudicator can either be selected prior to or after contract 
award. Which of these two options apply to a particular dispute 
will be determined by the contract entered into read against 
the backdrop of any relevant legislation. In some instances 
where the adjudicator is selected prior to award, the employer 
nominates the adjudicator and the contractor is, in essence, 
denied any input as to the selection process. Sir Michael Latham 
(July 1994) recommended:

“On balance, I believe it would be better if the adjudicator 
was named even for the smallest contract, but, if not, 
the provisions must allow for a nominee to be appointed 
immediately on request. It would be damaging if the ap-
pointment of the adjudicator was frustrated by delay or 
disagreement by one of the parties to the dispute. Medium- 
or large-sized projects may require more than one name for 
different areas of possible dispute. Alternatively, a multi-
disciplinary firm or firms could be named.”

These recommendations have great benefits to the speedy 
appointment process, but much commentary has been raised 
with regard to the unilateral preselection of adjudicators by 
the employer.

Research done in the UK in 20136 indicates that there are 
three main processes for appointing the adjudicator. They are:

 N Nominated body (37%)
 N By agreement of the parties (35%)
 N Named in the contract (26%).

Only 1% do anything other than one of these three.
The NSW Act7 allows parties that contracted to do construc-

tion work to seek quick relief and payment for work carried out, 
and goods and services supplied. Financial claims must be lodged 
with an authorised nominating authority (ANA).

Under the NZ Act8 the claimant selects the adjudicator 
pursuant to Section 33 of the Act and within the specified 
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timeframes. Should the parties not reach agreement regarding 
the choice of an adjudicator, an agreed nominating body or an 
approved nominating authority can be approached.

In Singapore all adjudication notices must be submitted to 
the Singapore Mediation Centre, which is the only authorised 
nominating body under the Singapore Act.9

THE APPOINTMENT
It is generally accepted that, where a single adjudicator is 
named in the contract documents, the appointment is for the 
duration of the contract or until the nominee resigns, becomes 
unavailable or his appointment is the subject of a successful 
legal challenge.

However, where an adjudicator is appointed as and when a 
dispute arises, the contract and the agreement entered into with 
the adjudicator will define whether or not the appointment is 
for a single referral or for all further disputes arising out of the 
contract. This issue was addressed in Transnet v Group Five 
Construction10, where Transnet assumed the stance that an ad-
judicator appointed as and when a dispute arises in terms of the 
NEC3 must be appointed for all further disputes or differences 
arising under or in connection with the contract.

One of the challenges raised by Group Five was the conten-
tion that “on a proper interpretation of the contract, the parties 
contemplated the appointment of multiple adjudicators or ad hoc 
adjudicators for each dispute that may arise during the course of 
the project.” The judge identified one of the clauses he considered 
relevant as Clause 11.W1.1 which provides that: “The Adjudicator 
is to be appointed under the NEC3 Adjudicator’s Contract (June 
2005) if and when a dispute arises.”

The judge reasoned that:

“The words ‘If and when a dispute arises’ may be am-
biguous. The words could mean that an adjudicator is 
appointed initially ‘ if and when a dispute arises’ and then 
retains such appointment, as the applicant contends, 
throughout the period of the project. They could equally 
mean that an ad hoc adjudicator is appointed ‘ if and 
when a dispute arises’ for that dispute only and another 
ad hoc adjudicator may be appointed ‘ if and when’ each 
subsequent dispute arises.”

However, recognising the complexities of the work and con-
struing the contract as a whole, led the judge to the conclusion 
that rational businessmen would have intended “that multiple 
disputes could arise during the course of the project and that the 
determination of these disputes would require the expertise of 
ad hoc adjudicators from different disciplines or experience or, 
depending upon the number of disputes at any given time, more 
than one ad hoc adjudicator.” It is noteworthy that this approach 
is closely aligned to the thoughts as expressed by Latham with 
regard to large or complex projects.

THE NOMINATION MUST NOT BE INTERFERED WITH
In Eurocom v Siemens11 Eurocom initiated a second adjudication 
and requested the Royal Institution of Chartered Surveyors 
(RICS) to appoint an adjudicator. Eurocom’s representative, 
Knowles Limited, identified thirteen individuals (inclusive 
of a Mr Malloy who had acted in the first adjudication), and 
anyone connected to Fenwick Elliott solicitors as persons 



50 May 2017 Civil Engineering

who “should not be appointed” under the box, “Are there any 
Adjudicators who would have a conflict of interest in this case?” 
Justice Ramsey held that there was a very strong prima facie case 
that the conflict of interest question raised by the RICS had been 
deliberately or recklessly falsely answered and therefore a fraudu-
lent representation to the RICS as the adjudicating nominating 
body had been made. The judge concluded that “the fraudulent 
misrepresentation would invalidate the process of appointment 
and make the appointment a nullity so that the adjudicator 
would not have jurisdiction.”

ADJUDICATOR NAMED IN THE CONTRACT
When asked whether an adjudicator could be named in advance 
in a construction contract, Sr Noushad Ali Naseem Ameer 
Ali, now a past president of the Royal Institution of Surveyors 
Malaysia, and Chair – Construction Industry Working Group 
On Payment (WG 10), replied:

“My view is this should be outlawed. To specify the name 
of an adjudicator under the statutory scheme before the 
contract is entered into means one party has control over 
who the adjudicator is. More importantly, the impartiality 
of the adjudicator may be questioned. What if the party 
naming the adjudicator has a very large number of 
contracts to be let out? The named adjudicator could be 
accused of being biased towards the naming party for 
 ‘secured future appointments’ even if the adjudicator in 
fact acts impartially.” 12

This view is supported in Sprunt v Camden13 where Camden 
named itself as the nominating body for the appointment of an 
adjudicator. Justice Akenhead considered it to be “inherently 
unsound” for a contract to specify that a party to the contract 
should nominate the adjudicator. He stated:

“50.  Essentially, what Camden would have is not a judge 
in its own cause but the right to nominate a judge in 
its own cause and that strikes against the policy of 
the act of having actually and ostensibly impartial 
adjudicators.

51.  It follows that the contractual clause enabling Camden 
to nominate adjudicators is contrary to the HGCRA 
and in particular the statutory policy of having impar-
tial adjudicators.”

Another problem with naming an adjudicator in a contract is the 
permanent nature of the decision as set out in Eskom v CMC-
Mavundla-Impregilo.14 Justice Spilg, when considering Eskom’s 
application for a declaratory order that the appointment of the 
adjudicator named in the contract (NEC3)15 had terminated by 
the effluxion of time, stated:

“29.  The effect is that the main contract does not contem-
plate that anyone other than the originally appointed 
adjudicator or adjudicators will determine all disputes 
for the duration of the works unless such person (or 
persons) resigns or is unable to act, but not because 
there is a finite period contained in a subordinate 
agreement they have mutually concluded in conformity 
with the standard NEC Adjudicator’s Contract which 
they have bound themselves to adopt under the main 
contract.”

COLLABORATIVE RATHER THAN ADVERSARIAL
“The quality of the adjudication will be very much dependent on 
the adjudicator.”16 The importance of not only the quality of the 
process, but also of the perceived quality of the process cannot be 
overemphasised. It is with this as a backdrop that the fairness of 
the various nomination processes is considered.

NAMED ADJUDICATOR
There are two possible procedures which can be followed. The 
first is where one of the contracting parties identifies and names 
the adjudicator in the contract. This procedure is not only 
frowned upon globally as having no place in a modern construc-
tion contract, but also finds little support in law. The second 
procedure is where parties agree to appoint a named adjudicator. 
This is problematic in that the appointment can only be termi-
nated at the insistence of the adjudicator or on the agreement of 
the parties to terminate his/her appointment.

ADJUDICATOR NOMINATING BODY
The nominating body can be identified in the contract, agreed 
to by the parties or be an authorised nominating body.17 Where 
agreement between the parties is not achieved, legal challenges 
could arise, especially where there are subcontracts which are at 
variance with the main contract. In Ecovision v Vinci18 the court 
refused to enforce the adjudicator’s decision, as he had been 
appointed by the wrong nominating body and therefore lacked 
jurisdiction to make the decision.

PANEL OF ADJUDICATORS
It is generally accepted that, for medium, and larger and more 
complex contracts, more than one adjudicator may be required 
in order to meet the demands of the contract and the contracting 
parties.

A PROPOSED COLLABORATIVE PROCESS
This proposal recognises:

 N The need for the parties to have joint ownership of the adjudi-
cation procedure.

 N The frustration that is occasioned where one party becomes 
disillusioned with a particular adjudicator.

 N The need for both parties to be directly involved in the nomi-
nation process.

 N The requirement for agreement on the nomination to be 
reached in order to obviate unnecessary jurisdictional chal-
lenges (such as Amec v Whitefriars19).

1. In preparation for the first contractual meeting the con-
tracting parties should each prepare a list of five accredited 
adjudicators of their choice.

“The quality of the adjudication will be very much 

dependent on the adjudicator.” The importance 

of not only the quality of the process but also 

of the perceived quality of the process cannot 

be overemphasised.
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in the engineering industry towards professional registration 
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• Proven track-record in managing multi-disciplinary   
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conceptualise and/or initiate capacity building programmes
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effectively with funders and clients

• Superior management skills to support or delegate 
responsibility to ensure successful execution and timeous 
achievement of programme deliverables 
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motivate talent while encouraging collaborative teamwork

• Must be prepared to travel nationally from time to time.
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nadine@ally.co.za by 15 June 2017.
Only short-listed applicants will be contacted for an interview.

Advert-April 2017.indd   1 2017/04/19   7:18 PM

2. At the first meeting the parties exchange their lists so that 
party A holds the list of party B and vice versa.

3. Within four days after the first meeting party A selects two 
adjudicators from party B’s list and vice versa.

4. If and when a dispute arises the parties select any one of the 
four agreed adjudicators with the knowledge that they have 
contributed to the nomination of the adjudicator.

5. Should either party not select two adjudicators from the list, 
the list and any comments thereon should be directed to an 
authorised nominating body for their selection from the list 
or, in extreme cases, outside of the list.

CONCLUSION
Although adjudication has been designed to be a quick and 
inexpensive dispute resolution procedure which should generally 
be enforced, the courts will not condone the failure to adhere to 
the contractual nomination process, as this strips the adjudicator 
of his jurisdiction. If the quick and inexpensive criteria of the 
adjudication procedure are to be met, construction contracts 
should recognise the commercial realities of the built environ-
ment and seek to obviate unnecessary and wasteful jurisdictional 
challenges which could arise out of the nomination process. 
Collaboration in construction projects demands a change in 
mindset, not merely adopting an alternative form of standard 
conditions of contract.
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OVERVIEW
Participants in the building process are 
constantly challenged to deliver suc-
cessful projects despite tight budgets, 
limited manpower, accelerated schedules, 
and limited or conflicting information. 
Building Information Modelling (BIM) 
processes have helped many companies 
to operate more productively by resolving 
design conflicts via the use of intelligent 
3D models before construction, thereby 
saving time and money.

Neutral and open standard model 
specifications that allow the seamless 
exchange of BIM make this possible. 
Diverse teams of engineers, including 
infrastructure and AEC specialists, can 
collaborate effectively when they are all 
reading from the same page!

While BIM-compliant data models 
will become, and are already being used 
in some cases as the contract documents 
relevant to an entire project, it may 
take many years before this protocol 
becomes the norm. Some countries have 
accelerated its adoption with building 
standard regulations.

Even without legislative pressure the 
benefits of efficient coordination have 
already impacted the workflow of large 
infrastructure and construction projects. 
Firstly, more attention is now being paid 
to design integrity, and secondly, software 
tools that allow data interoperability are 
now essential at all stages of a project.

DESIGN INTEGRITY
According to the Institution of Civil 
Engineers (ICE), industry case studies 
have indicated that BIM processes have 
led to greater investment in design 
processes when the ability to impact 
project performance is high and the cost 
of making design changes is low. On 
an illustrative £100m scheme, reducing 
design spend by 35% could save £2.6m, 

but investing in design in order to reduce 
waste in construction by 15% saves 
nearly £14m.1

Henk van der Watt, Principal Civil 
Technologist at NWE Consulting, 
uses the CIVIL DESIGNER suite of 
software design modules for all their 
large-scale infrastructure design 
projects. He explains that, “The model 

is the project reference of the future. 
Workflow efficiency depends on design 
integrity so that accurate information 
can be extracted from the design model 
rather than from separate quantity and 
management documents.”

CIVIL DESIGNER ensures design 
integrity by replicating all the pertinent 
aspects of a project, checking for potential 

The value of BIM in infrastructure design

M A R K E T  C O n T R i B U T i O n

A terrain model is exported to IFC format from CIVIL DESIGNER

The revit design shows the terrain model, road and sewer 
pipe services designed in CIVIL DESIGNER
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service clashes, applying design standards 
throughout, and constantly checking all 
changes against these parameters. At all 
times a realistic simulation of the project 
at hand is maintained.

COMPATIBILITY AND 
INTEROPERABILITY
A development and construction 
project which includes infrastructural, 
architectural and structural development 
phases, as well as ongoing maintenance 
operations, will rely on different special-
ised software tools at each stage. BIM 
processes are software agnostic and BIM 
compliance is not the prerogative of a 
particular software product. The im-
portant issue here is the interoperability 
of the software used throughout the 
project workflow.

Interoperability between software 
platforms is now so significant that a 
number of countries, particularly in 
Europe and Scandinavia, have made the 
use of Industry Foundation Classes (IFC) 
format compulsory for all publicly aided 
building projects.2

In South Africa it may be some years 
before we see ISO standards enforcing 
the adoption of BIM-compliant processes 
across the infrastructure and AEC indus-
tries. However, a framework is already in 
place and design processes are already 
under scrutiny.

Hannes Kotze, Director at KLS 
Consulting Engineers, emphasises the 
importance of data interoperability 
in their workflow by explaining that, 
“Terrain data and infrastructure services 
information need to be readily available 
to our structural engineers. This can be 

achieved via the IFC file format which is 
generated by CIVIL DESIGNER.”

Design integrity and interoperability 
have always been intrinsic to the ongoing 
development of CIVIL DESIGNER. The 
software not only allows you to export 
your design to intelligent IFC data formats 
for BIM workflow integration, but is also 
fully compatible with a range of industry 
standards, including DWG, DXF, DGN 
and LandXML. The ability to draw upon 
libraries of local industry standards also 
allows the designer to take advantage of 
other niche tools and new technologies.

REFERENCES
1. www.ice.org.uk/news/knowledge/ 

january-2017/bim-in-infrastructure-not- 
just-a-fad

2. https://en.wikipedia.org/wiki/
Industry_Foundation_Classes

 INFO

Rod Harris 

Marketing Manager 

Knowledge Base Sales 

rod@knowbase�co�za

“The model is the project 

reference of the future. Workflow 

efficiency depends on design 

integrity so that accurate 

information can be extracted 

from the design model rather 

than from separate quantity and 

management documents.”



54 May 2017 Civil Engineering

S A i C E  A n D  P R O F E S S i O n A l  n E W S

Obituary 
George Alexander Grant
George Grant, who passed away earlier this 
year, was born in Johannesburg in 1927 and 
was educated at Parktown Boys’ High. After 
finishing matric, he signed up for the Signal 
Corps, which turned out to be a very short 
stint, as the war ended shortly afterwards. He 
attended the University of the Witwatersrand, 
starting his studies in 1945, and graduating 
with a BSc (Eng) degree in Civil Engineering in 
1949. He joined the City Engineers Department 
(CED) in 1950. Following some years in the 
Design Branch, working on the design and con-
struction of various engineering projects, in 1957/8 he received 
a scholarship to study Traffic Engineering as a post-graduate 
course at Yale University in the United States of America. 
Engineers from many countries attended the Yale course, and a 
valuable cross-pollinating network was established long before 
the internet became a reality.

On his return in 1958, as Planning Engineer (Major Roads), 
George led four teams charged with the detailed geometric 
and structural design of Johannesburg’s motorways, notably 
the Crown Interchange, M2, Doornfontein links and the 
M1 North section of the motorway. In 1974 this team ef-
fort was awarded the South African Institution of Civil 
Engineering (SAICE) Award for the Most Outstanding Civil 
Engineering Achievement.

After a number of years of disagreements between the 
National Transport Commission and the City Engineers 
Department, with George very much involved, agreement was 
reached to link the southern part of the Johannesburg M1 
Motorway to the Southern Bypass (N17). This complex, the 
Uncle Charlie’s Interchange, was awarded the SAICE Award for 
the Most Outstanding Civil Engineering Achievement for 1986, 
and was shared between the National Transport Commission, 

the Transvaal Roads Department and the City 
Engineers Department.

George was a member of several com-
mittees, including the Minister of Transport 
Affairs’ first Mass Transit Committee for 
Johannesburg, the Committee to Investigate 
Undermining, the Committee of Urban 
Transport Authorities, the Mineral Policy 
Committee of the RSA and the AA’s Traffic 
Committee.

He was a former President of the South 
African Road Federation, and in recognition of 

his service, particularly in the educational field, he was made 
Honorary Vice-President. He was Chairman of the Transvaal 
Association of City and Town Engineers, and was a Fellow of 
both the South African Institution of Civil Engineering and the 
Institute of Municipal Engineering of Southern Africa.

In February 1981 he was promoted to the executive position 
of Deputy City Engineer (Coloured and Asian Services). In 
1982 he was moved by the then City Engineer to the position of 
Deputy City Engineer (Design).

It was at this time that I got to know George well, who was 
very much a people’s person. We also had two things in common. 
Firstly, a link to Jeppe High School for Boys, where George’s 
uncle, A J Grant, was my headmaster, and secondly, our Scottish 
ancestry, where both families were Highland Clans with their 
own tartans, etc, and came from Aberdeenshire in Scotland.

In July 1983, whilst recovering in hospital from an aneurism 
in his brain, he was appointed City Engineer. One of the issues 
he addressed as City Engineer towards the end of his tenure was 
succession planning with the executive staff in the Department. 
He recommended to Council the promotion of three fairly 
young engineers, all around 40 years of age (Graham Pirie, John 
Sampson and myself) to Deputy City Engineer posts in 1987.
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In July 1987 he was promoted to Chief Director, Technical 
Services, which was later re-designated as Deputy Town Clerk 
Technical. This position was the highest technical position in 
the City Council, which covered the entire infrastructure of 
the largest city in southern Africa. The breadth and diversity 
of this appointment was vast and included the Departments 
of the City Engineer, City Electrical Engineer, City Planner, 
Transportation and Gas.

Our friendship was further strengthened in 1989, when the 
City was asked to assist Malawi with technical and managerial 
advice, as their three major cities were in dire straits. George, 
as Deputy Town Clerk Technical, was given the job, but insisted 
that he would only do it if Graham Pirie and I accompanied 
him. He also insisted that we dig into our pockets and take our 
wives with us for the first ten days of the nineteen-day visit.

The City Engineers Department was to celebrate its 
Centenary in 1990, and the most daunting task embarked upon 
was to write up the history of the Department. George took 
on this task personally, with input from many folk, and with a 
massive amount of research. He chose as his co-author, Taffy 
Flinn, the CED librarian. The outcome of this work was the 
publication in 1992 of a magnificent book called Watershed 
Town. What was unique about this book was that it not only 
contained all the actual facts, but it was a story, and was full of 
many people’s personal anecdotes and experiences. It went far 
beyond being a reference book or a coffee table book, as it also 
reflected George’s ethos that the most important asset of any 
organisation is its people.

In the postscript to his book, he praised the City Council for 
the time he had been with them as a model employer, and that 
he had enjoyed the privilege of working with some extremely 
talented people. Given a choice he would do it all over again.

George retired in 1991, after 41 years of service with the 
City. During his years in the Council he not only lived through 
exciting times of rapid urban expansion, but also had to 
deal with the social challenges of the apartheid era. George’s 
viewpoint was that there were not enough engineers in politics 
and that more engineers were needed to give of their time in 
working towards solving the country’s political problems.

For his years of outstanding work he received the SAICE 
Urban Division’s Award for Excellence in Urban Engineering in 
September 1991.

Towards the end of 1991, the City Engineers Department, 
as a result of a politically driven reorganisation of the Council, 
was effectively taken apart. This massive reorganisation also 
affected other departments. George, together with the other 
Deputy Town Clerks and a number of Departmental Heads, 
were put on early retirement when their posts were abolished. 
This was shortly followed by a further 23 other executive and 
senior management staff also being made redundant and put on 
early retirement, with some still in their early forties. For the 
retired City Engineers like Eric Hall, Jock Stewart, other retired 
senior executives of the Department and those directly affected, 
this was seen in a very negative light. Supposedly, this restruc-
turing was meant to take the City Engineers Department, and 
the City Planners Department (split from the City Engineers 
Department a few years before), into the next century, but 
essentially the City Engineers Department no longer existed, 
as it had been split up and changed into three Strategic 
Business units. Up until the reorganisation there was not a 

CED anywhere in Africa that could match the high-powered 
professional expertise that Johannesburg had, which had taken 
100 years to develop and which planned, designed and built the 
infrastructure of the City of Johannesburg, and which, from 
the late fifties included the private sector who undertook tasks 
under the leadership of the Department.

One thing that all will remember about George was his 
sense of humour. He joked about the fact that the war ended on 
the day he signed up, and he believed that Hitler got the news 
and knew that his time was up. George obviously took some 
liberties here with dates.

When we went to Malawi, the Council had a rule that 
executive staff had to fly business class and, given that we paid 
all costs for our wives, they were in tourist class. Two of the 
Malawi mayors were on the same flight and recognised George. 
After introductions they asked where our wives were and we 
indicated “back there”. The one mayor then asked why we were 
flying 1st class and our wives 2nd class, and George’s response 
was “because there was no 3rd class”.

When we arrived in Lilongwe, we were invited to dinner 
at the High Commissioner’s Residence. At such an occasion 
there are diplomatic protocols to follow in the main entrance 
to the Residence. The High Commissioner, who had been the 
first ambassador to the Transkei, was in a wheelchair, having 
been involved in a motor accident in the Transkei in which 
his wife was killed. At some later date he had remarried and 
he introduced his wife as his second wife. George, as leader of 
the delegation from the City, introduced his wife Grace as his 
first wife. Later that evening, while being taken back to our 
hotel, Grace climbed into George as to what he had meant by 
introducing her as his “first wife”. His response was, “That was 
to keep you on your toes.”

He married Grace (nee Bertram) in 1956 and they had three 
daughters – Sheila, Gillian and Helen. He is survived by his wife 
Grace, daughters Sheila and Helen, Helen’s husband Ian Knight 
and a granddaughter and grandson. Shortly after he became 
City Engineer, Gillian in 1985 at the age of 23 was tragically 
killed in a car accident caused by a drunken driver. She had 
just graduated from the University of the Witwatersrand with 
a BSc Hons degree in computer science. Although this was the 
blackest day in his life, the aspect that stood out in his memory 
was the spontaneous support he and his family received from 
the mayor, councillors and colleagues right down to certain 
level one workers. It made him proud to belong to such a big-
hearted, caring organisation.

George’s main interests revolved around wildlife, with a 
passion for birds. He was a member of several conservation 
societies, and the family enjoyed many holidays in the bush at 
game parks across southern Africa, many times off the beaten 
track. His enthusiasm and love of wildlife have been passed on 
to his extended family, and their second home is a bungalow 
on a game farm in the Timbavati area adjacent to the Kruger 
National Park. Another interest he had was that of steam trains, 
actively filming them when he could.

George, with his wit and warmth, will be sorely missed by 
his family, his friends and colleagues in the profession.

Alec Hay HFSAICE 

SAICE Gold Medal Recipient 

SAICE President 1996
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Letter
South Africa is a developing country and 
the engineering profession at large has 
played, and still has to play, a key role in 
this development and renewal process. 
The competence of our engineers has 
been recognised internationally by the 
Washington, Dublin and Sydney Accords, 
and South African engineers are sought 
after internationally. Following the polit-
ical changes since 1994, many structural 
changes (transformation) have occurred 
particularly in the public sector, which 
has resulted in the loss of many skilled 
and experienced engineers and much of 
the institutional history.

Eventually in 2011 the National 
Planning Commission (NPC) made 
the following statement (quoted in 
part): “… transformation in the post-
apartheid state required that the racial 
monopoly over skill be challenged 
and dismantled.” …… “… the result 
has been a reduction in the number 
of professionals available to the state, 
and a looming crisis in the generational 
reproduction of professional expertise as 
the ageing cohorts continue to leave the 
system.” …… “The NPC also states that 
this skills deficit has an adverse impact 
not only on frontline service delivery … 
but also on the ability of government to 
engage in long-term planning.”

The National Development Plan (2013) 
clearly stated its dependence in large mea-
sure on the skills of engineers in both the 
public and the private sectors to create 
new infrastructure, as well as upgrade and 
maintain the existing infrastructure that 
is presently in various stages of decay. The 
skills needed are fundamental and tran-
scend political ideologies and preferences.

Registration of engineers was first 
introduced in 1968 by the Professional 
Engineers Act (Act 81 of 1968). This was 
overtaken by the Engineering Profession 
Act (Act 114 of 1990), superseded by the 
formation of the Engineering Council of 
South Africa (ECSA) in 2000 (Engineering 
Profession Act 46 of 2000) (EPA). The 
new Act defined the duties of the Council 
more clearly, with the primary function 
being to regulate the profession and 
ensure that engineering standards are 
maintained. Because of previous experi-
ence in the process the South African 
Institution of Civil Engineering (SAICE), 
acting as a Voluntary Association (VA) 
in terms of the Act, managed, on behalf 
of ECSA, the whole process of evaluating 
applications from civil engineers for 
professional status.

A three-stage process saw an initial 
evaluation of written applications by a 
panel of five or six experienced engineers 

who decided whether the applicant’s 
experience merited progress to the second 
stage. This stage involved a face-to-face 
interview with a separate panel of at 
least two engineers. The results of these 
evaluations were then finally reviewed by 
the Professional Advisory Committee, 
again composed of experienced engineers, 
who recommended to ECSA whether the 
candidate met the required standards for 
registration.

This procedure was similar to that ad-
opted by other engineering organisations 
around the world (ICE London, ASCE, 
IEC Canada, etc). It, together with ECSA’s 
evaluation of educational standards and 
other relevant issues, enabled ECSA to 
sign the Washington, Dublin and Sydney 
Accords which recognised South African 
qualifications as meeting international 
standards. It also had the merit of having 
three separate stages, which ensured 
as far as possible a fair outcome for the 
applicant.

The competence of the reviewers was 
carefully checked and over the years 
teams of highly experienced engineers 
covering a wide array of specialities have 
been established in the main centres of 
South Africa. Changes to the registration 
system have been made over the years and 
these generally have been accommodated 
smoothly and without incident. One 
major change (the omission of the writing 
of essays on selected topics as part of the 
second stage) was adopted by ECSA in 
spite of the strong reservations expressed 

NEW ECSA COUNCIL 
COMMENTARY ON APPARENT FUNDAMENTAL CHANGES TO THE Pr Eng REVIEW SYSTEM

The competence of our engineers has been recognised 
internationally by the Washington, Dublin and Sydney Accords, and 
South African engineers are sought after internationally.
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by the reviewers. Communication skills 
are regarded as essential in the modern 
world, and engineers, regrettably, tend to 
be very poor communicators.

It was therefore with a great deal of 
surprise that the teams were informed in 
January 2017 that ECSA proposed a new 
review system, and that they would be ap-
pointing their own reviewers. There was 
no discussion, nor were any reasons given 
for the change. Scheduled interviews were 
cancelled and, as far as is known, candi-
dates still do not know what is happening. 
It is not clear why these changes were 
made by the new Council and why there 
appears to have been little or no consulta-
tion with experienced reviewers.

The review system lies at the heart of 
the registration system for professional 
engineers, and the process in place up 
until now has proved itself over the years. 
This does not imply that further changes 
may not be needed. But, should this be 
necessary, it must be handled with care. 
A process of wide consultation with 
stakeholders, including the experienced 
reviewers, is an imperative requirement 
and the Council (particularly a new and 
inexperienced Council) should not be 
allowed to make any changes without this 
process being observed.

It is rumoured, but details are still 
awaited, that under the new system 
ECSA proposes to evaluate applications 
on receipt and, if acceptable, register 
the candidates. Doubtful cases would be 
passed to second reviewers before a deci-
sion is made. No details of the new system 
are given. There are also indications that 
the fee for reviewers will be reduced from 
R1 030.00 to around R304.00 approxi-
mately, which supports the suspicion of a 
short-cut system.

There is at this time no indication of 
candidates having to submit to interviews, 
which the experienced reviewers consider 
a mandatory requirement. There are many 
case studies of applicants presenting mar-
ginal applications (possibly a communica-
tion problem?) but showing up extremely 
well under rigorous interview.

The skills of the existing interviewers 
are also lost, and there is no way in which 

they can mentor new interviewers, which 
has always been an important part of 
keeping the system up to scratch. There 
is also no indication of the effect that 
this drastic change will have on ECSA’s 
membership of the Washington and other 
accords.

The experienced reviewers are 
concerned that there may be insufficient 
rigour in the proposed new approach by 
ECSA, with consequent risks of inexpe-
rienced candidates being passed in the 
interest of numbers. One of the primary 
responsibilities of ECSA is to ensure that 
only properly qualified and experienced 
engineers attain registered professional 
status so as to protect the public at large 
from improperly registered persons.

In terms of ECSA’s transformation im-
perative, there appears to be no evidence 
that the numbers of black Candidate 
Engineers reaching professional registra-
tion are constrained by having to undergo 
training and mentorship and finally their 
ECSA registration process under the 
current system (and as a consequence 
reaching a stage of competency and 
readiness to independently perform civil 
engineering work). Surely the route to 
achieving meaningful transformation lies 
in improving secondary education, and 
thus increasing the number of black stu-
dents obtaining their university degrees 
from universities that uphold requisite 
standards?

In view of all the uncertainties and 
lack of proper explanations for the 
changes, ECSA must be required to make 
a series of detailed presentations in all 
the main centres. These presentations 
must focus on the proposed changes, the 
reasons for the changes, how they propose 
to implement them and how they propose 
to replace the skills and experience of the 

reviewers and interviewers they are now 
sidelining. All registered engineers (who 
after all fund ECSA) have the right to be 
properly informed and, where necessary, 
to speak out vigorously to protect the 
standards and competencies that they 
developed over a long period of time and 
which the country cannot afford to lose.

ECSA also owes a huge apology to 
those candidates ready for interview 
who have no idea of when they will be 
able to register. This has significant cost 
implications for the candidates, which 
ECSA does not seem to appreciate. The 
present reviewers are also concerned 
about the impact of the changes now 
being implemented on membership of the 
Washington Accord. They believe (from 
long experience) that the changes may not 
meet the criteria of the various accords to 
which ECSA is presently attached.

Alternatively we need to examine the 
feasibility of SAICE setting up its own 
registration system which will meet the 
needs of the Washington Accord and the 
EPA. An amendment to the EPA will be 
required, which will allow SAICE (and 
other voluntary associations) to carry 
out the registration review procedures. 
Approvals will then be passed to ECSA for 
the registration formalities, but they will 
not (under the proposed amendment) be 
allowed to refuse to register candidates. 
The remainder of ECSA’s responsibili-
ties will remain unchanged, except for 
amended Council election procedures. 
It is after all very similar to the system 
used by the ICE in London, which has 
developed its qualifying system over a 
period of 200 years and is now recognised 
the world over as one of the best. We are 
sure that ICE would be willing to assist in 
this endeavour.

The views expressed in this letter are put forward 

jointly by all the long-serving reviewers in Cape Town 

who are most concerned about the developments that 

have come about without consultation and certainly 

lack any transparency. Responses to this letter can 

be forwarded to the editor (verelene@saice.org.za) 

who will forward these to the concerned reviewers.

It is rumoured, but details are still awaited, that under the new 

system ECSA proposes to evaluate applications on receipt and, if 

acceptable, register the candidates. Doubtful cases would be passed 

to second reviewers before a decision is made.

In terms of ECSA’s transformation imperative, there appears 

to be no evidence that the numbers of black Candidate 

Engineers reaching professional registration are constrained 

by having to undergo training and mentorship and finally their 

ECSA registration process under the current system.
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SAICE veteran, Dr Malcolm Mitchell, who is a highly respected transportation engineer, offers some 
sound advice to young engineers in this article, the second of two (the first instalment appeared on 
pages 60 and 61 of the March 2017 edition of Civil Engineering).

INTRODUCTION
Creativity, imagination, ingenuity, 
resourcefulness, inventiveness, brilliance 
and many other similar terms are all the 
prerogative of humans by which they use 
what already exists and change it in un-
predictable ways. Engineering creativity is 
considered to be beyond ordinary logical 
thinking, because it brings about a desir-
able enlargement of human experience 
by going outside of the usual engineering 
procedures. However, it does not 
comprise unlimited freedom in thought, 
since it does have some constraints and 
should not be in complete disagreement 
with ordinary thinking. Eventually the 
creative idea will form part of the body of 
ordinary ideas and become accepted by 
the majority.

It has been said that the reward for 
a thing well done is to have done it. 
Similarly, in respect of creativity the 

reward is in the doing, as anybody who 
has had a really creative idea can testify. 
Exceptionally creative individuals, like 
Thomas Edison, held 1 300 patents, and 
Picasso produced 20 000 objects of art. 
However, for many practitioners a truly 
unique and novel idea may occur once 
every five to ten years, and in artists 
once every two years. This short article 
briefly explains what is understood about 
creativity in engineering, and suggests 
that engineers should be fostering more 
intuition and divergent thinking in their 
daily activities.

CREATIVITY – SOME BASIC IDEAS
There is really no completely satisfactory 
definition of creativity, nor is there a 
“formula” by which it is known to always 
work. Also, there is no successful explana-
tion as to why people create. Creativity 
has been rated as spontaneity, originality, 

ordinary creativity and great creativity. 
An example of ordinary creativity is that 
experienced by structural engineers as 
they set out the structural members of 
a building in a truly unique way to solve 
a very difficult architectural problem. 
Similarly, a roads engineer who produces 
a novel interchange to meet difficult ter-
rain constraints demonstrates ordinary 
creativity. Great creativity is responsible 
for humanity’s great achievements and 
social progress. One of the interesting 
characteristics of great creativity is that 
the more original the discovery, the more 
obvious it seems. Newton’s three laws, or 
the articulation of the scientific process by 
Francis Bacon, would be examples of this.

THE CREATIVE PROCESS
The mental mechanisms of the crea-
tive process are thought to be a system 
relegated to the recesses of the human 
psyche. There have, however, been studies 
to try to discover the process creative 
people follow. One seven-step suggestion 
is explained below (which incidentally 
incorporates many of the characteristics 
of the transportation planning process).

The first step is orientation, or 
defining the problem in such a way that 
it may be solved. The second step is 
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Great creativity is responsible for humanity’s great achievements 

and social progress. One of the interesting characteristics of 

great creativity is that the more original the discovery, the more 

obvious it seems. Newton’s three laws, or the articulation of the 

scientific process by Francis Bacon, would be examples of this.



preparation, i.e. to gather data, both hard 
information about the problem, and ideas 
as to possible solutions. The third step, 
analysis, involves ordering the material in 
some understandable fashion. Step four, 
labelled ideation, involves a piling up of 
alternative ideas that may somehow solve 
the problem. Incubation of the ideas, the 
next stage in the process, involves some 
‘letting up’ or relaxation by the participant 
in the process. It is around about this stage 
where the creative spark must ignite. This 
stage is termed synthesis or illumination, 
where the unique idea emerges. How this 
happens is a mystery, but once the new 
idea has emerged a final phase of evalua-
tion or judgement takes place.

Whilst the process as described above 
might appear to be very rational and 
systematic, this is an illusion. The genera-
tion of creative ideas requires knowledge, 
hard work, thinking, luck and eventually 
judgement. Whilst the thinking part 
requires a certain amount of rational 
thought, most experts in the area 
consider intuition and divergent 
thinking as more important. As men-
tioned earlier, creative ideas come 
from beyond Aristotelian or logical 
thought processes.

THE CREATIVE PERSON
Creativity springs from individuals, 
and these individuals are usually 
divergent thinkers.

The thought characteristics of 
creative people require thinking as 
opposed to just memory. So many 
ideas are produced that they seem 
to come ‘out of the blue’ rather than 
being a product of convergent ra-
tional thought processes. It has been 
suggested that the internal attributes 
that encourage creativity are problem 
sensitivity, fluency with the problem, 
flexibility and drive.

The general personal character-
istics of a creative person include 
being receptive to original ideas, 
welcoming newness, complete im-
mersion in the subject area, ability to 
determine the correct questions, use 
of errors to their advantage, having a 
passionate interest in the process, but 
at the same time being detached.

Equally of interest is the view 
inventors have of themselves – 
Edison coined the famous phrase, 
“Invention is 1% inspiration and 
99% perspiration!”

IN CONCLUSION
This short article sets out some basic 
concepts of creativity in engineering. 
Creativity is beyond ordinary thinking, 
since it enlarges the human experience by 
going beyond the usual or logical choices. 
Most successful engineers enjoy satisfac-
tion that comes from what is called 
ordinary creativity when they develop 
new and unexpected solutions to a par-
ticularly difficult problem. Such instances 
for practising engineers may occur once 
every 10 to 20 years.

Society has a reasonably good 
understanding of the mechanism of the 
creative process, but still does not know 
how to produce the ‘spark’ that takes 
something from being simply original to 
being creative.

Creativity should be encouraged in 
the field of civil engineering, as it is a 
driving force in a country’s development. 

Not only should creativity be stimulated, 
but the ability to quickly change and 
adapt is essential in an environment 
of rapidly changing conditions. The 
ability to direct and manage change, 
incorporating creativity, will be essential 
to meet the challenges facing society. 
We know that creative thought depends 
on intuition, and we as engineers 
should not allow mere routine thinking, 
or fear of the administrative-legal 
system to discourage the chance to be 
truly creative.

ACKNOWLEDGEMENT
This short article has been developed in 
part around a paper Engineering creativity 
– doctum ingenium by Francis Navin 
of the Department of Civil Engineering 
at the University of British Columbia, 
Canada, and acknowledgement is given 
to this. 

A few SAICE readers have pointed out 
to the Joint Structural Division an error 
in the question and answer sample in 
Figure 1 of the article “Verification and 
demonstration of structural engineering 
abilities” published on page 13 of the 
March 2017 edition of Civil Engineering. 

This error occurred in the compila-
tion of the figure from the screen shot. 

The correct answer is as indicated in the 
figure below. 

The Joint Structural Division would 
like to thank the individuals who identi-
fied the error, and who had the courage of 
their convictions to submit a comment. 
Some understood what the correct answer 
was, while others still did not identify the 
correct one.

Figure 1: Question and answer sample

Choose the correct deflected shape 
under the load

Selected answer

   Just to the right of the internal 
pin, the beam must be in 
sagging 

Select one:

a

b

c

d

Correct answer is b

Dr Ron Watermeyer Pr Eng Marelize Visser Pr Eng Tony Smith Pr Eng 

watermeyer@ioptions.co.za m.visser@tmvconsulting.co.za ajs@buildsa.co.za

Errata: Civil Engineering Vol 25(2) p 13

Civil Engineering May 2017 59



60 May 2017 Civil Engineering

TO ALL CORPORATE MEMBERS
NOMINATIONS FOR ELECTION OF SAICE 2018 COUNCIL
THE SOUTH AFRICAN INSTITUTION OF CIVIL ENGINEERING – Nomination for 
election of Members of Council for the year 2018 in terms of Clause 3.1 of the By-Laws
Clause 3.1.1 of the By-Laws reads as follows:

“Every candidate for election to the Council shall be a 
Corporate Member and shall be proposed by a Corporate 
Member and seconded by another Corporate Member.” 

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

 N Section A: Information concerning the nominee’s 
 contribution to the Institution.

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

 N Section C: A brief statement of what the nominee intends 
to promote / achieve / stand for / introduce / contribute, 
or  preferred area of interest.

Please note: Nominations received without an attached CV 
will not be considered.

Closing date: 31 July 2017. Acceptable transmission formats – 
email, fax and ordinary mail. All nominations are treated with 
due respect of confidentiality.

If more than 10 nominees from Corporate Members are received, 
a ballot will have to be held. If a ballot is to be held, the closing 
date for the ballot will be 31 August 2017. Notice of the ballot will 
be sent out using two formats, i.e.
1. By e-mail to those Corporate Members whose electronic 

 address appears on the SAICE database, and
2. By normal surface mail to those members who have not 

 informed SAICE of an e-mail address.

M Pillay Pr Eng 

Chief Executive Officer 

April 2017

In accordance with Clause 3.3 of the Constitution, the Council 
has elected Office Bearers for the Institution for 2018 as follows:

President Mr E Kerst

President-Elect Mr E Chinnappen

Vice-President Mr A Frieslaar

Vice-President Mr V Krishandutt

Vice-President Mr F Marutla

Vice-President Mr A Jacquet

In terms of Clause 3.3.4 of the Constitution, the following are 
ipso facto members of the Council for the year 2018:

The immediate Past-President Mr s naicker

The two most recent 
Past-Presidents

dr C herold

Mr M Pautz

 

Civillain by Jonah Ptak
For more engineering humour, please visit “Unreal Bridges” 
on Facebook and “@TheUnrealBridge” on Twitter.

Shape Code
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SAICE Training Calendar 2017
Course name Course dates location CPd Accreditation 

number
Course 

Presenter Contact

GCC 2015 (Third Edition)

19–20 June 2017 Port Elizabeth

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

22–23 June 2017 East London

17–18 July 2017 Pretoria

20–21 July 2017 Polokwane

7–8 September 2017 Midrand

18–19 September 2017 Bloemfontein

9–10 October 2017 Kimberley

GCC 2015 and GCC 

2010 Differences

16 August 2017 Durban
SAICEcon16/01890/19 Benti Czanik dawn@saice.org.za

18 October 2017 Cape Town

Project Management of 

Construction Projects

20–21 July 2017 Midrand
SAICEcon15/01754/18 Neville Gurry cheryl-lee@saice.org.za

9–10 October 2017 Cape Town

Technical Report writing

31 May–1 June 2017 Port Elizabeth

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

26–27 June 2017 Nelspruit

27–28 July 2017 Durban

3–4 August 2017 Bloemfontein

28–29 September 2017 Midrand

Structural Steel Design to 
SANS 10162-1-2005

14 August 2017 Durban

SAICEstr15/01726/18 Greg Parrott cheryl-lee@saice.org.za28 September 2017 Midrand

23 October 2017 Cape Town

Reinforced 
Concrete Design to 
SANS 10100-1-2000

15 August 2017 Durban

SAICEstr15/01727/18 Greg Parrott cheryl-lee@saice.org.za29 September 2017 Midrand

24 October 2017 Cape Town

Practical Geometric 

Design

5–9 June 2017 Cape Town
SAICEtr16/01954/19 Tom Mckune dawn@saice.org.za

6–10 November 2017 Midrand

Business Finances 

for Built Environment 

Professionals

8–9 June 2017 Midrand
SAICEfin15/01617/18 wolf weidemann dawn@saice.org.za

9–10 November 2017 Midrand

Handling Projects in a 

Consulting Engineer’s 

Practice

5–6 June 2017 Midrand
SAICEproj15/01618/18 wolf weidemann dawn@saice.org.za

6–7 November 2017 Midrand

Leadership and 

Management Principles 

and Practice in 

Engineering

16–17 August 2017 Midrand SAICEbus15/01784/18 David Ramsay dawn@saice.org.za

Leadership and 

Project Management in 

Engineering

6–7 September 2017 Durban
SAICEbus16/01950/19 David Ramsay dawn@saice.org.za

4–5 October 2017 Cape Town

water Law of South 

Africa

25–26 July 2017 Cape Town
SAICEwat16/01955/19

Hubert 

Thompson
dawn@saice.org.za

19–20 September 2017 Midrand

Earthmoving Equipment, 

Technology and 

Management for 

Civil Engineering and 

Infrastructure Projects

25–27 October 2017 Midrand SAICEcon15/01840/18
Prof zvi 

Borowitsh
dawn@saice.org.za
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SAICE Training Calendar 2017
Course name Course dates location CPd Accreditation 

number
Course 

Presenter Contact

The Legal Process 

Dealing with 

Construction Disputes

1–2 August 2017 Midrand

SAICEcon16/01956/19      

SACPCMP/CPD/15/010    

Hubert 

Thompson
dawn@saice.org.za

15–16 August 2017 Cape Town

5–6 September 2017 Durban

7–8 November 2017 Bloemfontein

Sanitary Drainage 

Systems for Buildings
10 October 2017 Midrand SAICEwat15/01957/18 Vollie Brink dawn@saice.org.za

Durability and Repairs of 

Concrete Structures
14–15 August 2017 Midrand SAICEcon15/01757/18 Bruce Raath cheryl-lee@saice.org.za

Legal Liability 

Occupational Health and 

Safety Act (OHSA)

Date to be confirmed TBC

SAICEcon17/02038/20
Cecil Townsend 

Naude
dawn@saice.org.zaDate to be confirmed TBC

Date to be confirmed TBC

Construction 

Regulations from a Legal 

Perspective

Date to be confirmed TBC

SAICEcon17/02037/20
Cecil Townsend 

Naude
cheryl-lee@saice.org.zaDate to be confirmed TBC

Date to be confirmed TBC

Principles and Practices 

of Facility Management 

for Engineers

18–19 July 2017 Midrand

SAICEbus17/02042/20

wynand Dreyer /  

Lwandiso 

Mgwetyana / 

Shane Verster

dawn@saice.org.za19–20 September 2017 Durban

14–15 November 2017 Cape Town

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

Best Practice

30–31 May 2017 Gauteng SAICEtr15/01806/18 

SARF15/5001/18
J Onraet

sybul@sarf.org.za / 

tshidi@sarf.org.za19–20 September 2017 Polokwane

Assessment and 

Analysis of Test Data

4–5 July 2017 Bloemfontein SAICEtr15/01805/18 

SARF14/0001/17
R Berkers

sybul@sarf.org.za / 

tshidi@sarf.org.za5–6 October 2017 Cape Town

Stormwater Drainage Date to be confirmed Durban
SAICEtr15/01808/18 

SARF12/0107/15

C Brooker

Matt Braune
Alaster Goyns

sybul@sarf.org.za / 

tshidi@sarf.org.za

Concrete Road Design 

and Construction

26 July 2017 Cape Town
SAICEtr15/01802/18

CSSA-N-2013-08

B Perrie

Dr P Strauss

sybul@sarf.org.za / 

tshidi@sarf.org.za
30 August 2017 Durban

12 September 2017 Midrand

Traffic Signals Design 

and Optimisation – with 

special emphasis on 

BRT

19–20 June 2017 Gauteng
SAICEtr15/01803/18 

SARF14BRT09/17

Dr John 

Sampson

sybul@sarf.org.za / 

tshidi@sarf.org.za29–30 August 2017 Bloemfontein

Construction of 

G1 Bases
19 September 2017 Port Elizabeth

SAICEtr15/01809/18

SARF14/9103/17
E Kleyn

sybul@sarf.org.za / 

tshidi@sarf.org.za

SAICE / Mentoring 4 Success
One-day workshop 

– Foundations in 

Structured Mentoring in 

the workplace

13 June 2017 Gauteng

SAICEbus16/01894/19
Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

12 September 2017 Gauteng

Mentors Masterclass 

in Engineering and 

Construction

13–14 June 2017 Gauteng
SAICEcon14/01675/17

Philip Marsh / 

Celestine Jeftha
info@m4s.co.za

12–13 September 2017 Gauteng
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If you would like to discuss any topics that you feel are relevant to SAICE 
members, scan the QR code alongside to access SAICE’s blog.

Candidate Academy
Course name Course dates location CPd Accreditation 

number
Course 

Presenter Contact

Road to Registration for 

Candidate Engineers, 

Technologists and 

Technicians

6 June 2017 Midrand

CESA-861-05/2019
Allyson Lawless 

Stewart Gibson
lizelle@ally.co.za

22 June 2017 upington

24 July 2017 Durban

12 September 2017 Midrand

Pressure Pipeline and 

Pump Station Design 

and Specification – a 

Practical Overview

20–21 September 2017 Cape Town

CESA-872-05/2019 Dup van Renen lizelle@ally.co.za

11–12 October 2017 Midrand

Road to Registration for 

Mature Candidates

27 July 2017 Midrand

CESA-948-11/2019
Peter Coetzee 

Stewart Gibson
lizelle@ally.co.za

20 September 2017 Cape Town

2 November 2017 Durban

23 November 2017 Midrand

Getting Acquainted with 

Road Construction and 

Maintenance 

24–25 July 2017 Midrand CESA-870-05/2019 Theuns Eloff lizelle@ally.co.za

Getting Acquainted with 

General Conditions of 

Contract for Construction 

works (GCC 2015)

8–9 June 2017 Midrand

CESA-873-05/2019 Theuns Eloff lizelle@ally.co.za

3–4 August 2017 Cape Town

14–15 August 2017 Durban

23–24 October 2017 Midrand

Getting Acquainted with 

Sewer Design

13–14 June 2017 Midrand

CESA-871-05/2019 Peter Coetzee lizelle@ally.co.za6–7 September 2017 Cape Town

21–22 November 2017 Durban

Getting Acquainted 

with Basic Contract 

Administration and 

quality Control

17–18 August 2017 Midrand CESA-864-05/2019 Theuns Eloff lizelle@ally.co.za

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 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.
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CPD Geosynthetics

INVITATION
OPEN

Keep up to date with the latest technical and regulatory information 
on geosynthetics and earn CPD Points.

The Kaytech Geosynthetics Online Lecture Series gives you 7 lectures 
to complete online, at your own convenience. These accredited CPD 
lectures are supplied to you at no charge, with our compliments.

Register now at www.kaytech.co.za/CPD

• Each lecture is in 15 – 20 minute segments
• 0.1 CPD points per lecture
• Accredited by SAICE

Accredited CPD
Any time, any place!

www.kaytech.co.za

3961_kaytech_CPD_ad_297x210_6.indd   1 2016/10/18   10:54 AM
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