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Designing for safety 
– civils and crime 
On 16 January 2007, at 19:30, I became 
a victim and another statistic on the crime 
wall of infamy.

I was minding my own business and 
merely wanted to get home from working a 
little late at SaICE House. It was a dark and 
rainy night and I was quite cosy in my car.

But CrIME Inc decided to smash my 
window at the 14th avenue n1 off-ramp. 
He was so encouraged by his success that 
he repeated the exercise with three or four 
other unsuspecting drivers at the same spot, 
on the same night.

Civil engineers are plan-makers and 
courageous people. My first reaction was to 
chase him. reason and good sense, however, 
quickly prevailed and prevented possible 
injury. The police were helpful and even 
came to my house to take a statement. 

and that was it. However, I decided 
to return to the crime scene at first light 
to see whether the attacker had perhaps 
dumped some of my stuff. Imagine my 

relief as I picked up my driver’s licence and 
subsequently my ID, wallet and Swiss army 
knife. My loss? Money and a watch and a 
car window. I was unpleasantly surprised 
to find the belongings of four other victims 
strewn around!

But what does this have to do with civils 
and engineering?

In fact, a LOT!
The street lights at the intersection were 
not working
The grass at the side of the road was one 
metre tall
MTn headquarters kindly provided the 
assault weapon in the form of a rock from 
their landscaping next to 14th avenue
The embankments provided a quick 
getaway
The bridges at 14th avenue offer lots of 
places to hide
The traffic lights stopped me in my tracks 
– no left or right turn on red, no red 
flashing at night

■

■

■

■

■

■

and so on …
Makes you think, doesn’t it? yes, espe-

cially as I had advised our bookshop keeper, 
angelene aylward, earlier that very day to 
phone the Town Planners to promote the 
Thomas Telford book Safer places: the plan-
ning system and crime prevention. This book 
is authored by the uK Office of the Deputy 
Prime Minister and the Home Office of 
Great Britain. 

Do we realise the impact of our designs, 
our structures, our maintenance or lack 
of it, on the public? Or do we by default 
contribute to the statistics and recurring 
nightmares of victims of crime?

Stop! Look! Listen! and by the way, the 
book is really worthwhile and should be in 
every design office in the country – after all, 
if the British design against crime, why not 
us?

Dawie Botha             

Text Dawie Botha 
Executive director 

SAICE

A guide to safer places
SAfER plAcES: the planning system and crime preven-
tion is a good practice guide for planners, architects 
and developers to make streets, homes, and parks 
safer places. The guide encourages greater atten-
tion to crime prevention principles and to the at-
tributes of safer places, and is intended as a starting 
point for planners. 

Sustainable communities are those which suc-
ceed economically, socially and environmentally, 
and respect the needs of future generations. They 
are well-designed places where people feel safe 
and secure; where crime and disorder, or the fear 
of crime, do not undermine quality of life or com-
munity cohesion. Safer places are therefore key to 
creating sustainable communities. 

Sustainability attributes
The guide focuses on seven attributes of sustain-
ability that are particularly relevant to crime 
prevention. Although not to be applied to all 
situations, they should be considered as means to 
thinking about crime prevention, and promoting 
community safety through the planning system. 
The attributes of safe, sustainable places are:

Access and movement Places with well-defined 
routes, spaces and entrances that provide for 

■

convenient movement without compromising 
security
Structure Places that are structured so that dif-
ferent uses do not cause conflict
Surveillance Places where all publicly accessible 
spaces are overlooked
Ownership Places that promote a sense of 
ownership, respect, territorial responsibility and 
community
Physical protection Places that include neces-
sary, well-designed security features
Activity Places where the level of human activity 
is appropriate to the location and creates a 
reduced risk of crime and a sense of safety at all 
times
Management and maintenance Places that are 
designed with management and maintenance 
in mind, to discourage crime in the present and 
the future 

What makes a sustainable community?
The key requirements to sustainable communities 
are:

A flourishing local economy to provide jobs and 
wealth
Strong leadership to respond positively to change
Effective engagement and participation by local 
people, groups and businesses, especially in the 
planning, design and long-term stewardship of 

■

■

■

■

■

■

■

■

■

their community, and an active voluntary and 
community sector
A safe and healthy local environment with well-
designed public and green space
Sufficient size, scale and density, and the 
right layout to support basic amenities in the 
neighbourhood and minimise use of resources 
(including land)
Good public transport and other transport infra-
structure both within the community and linking 
it to urban, rural and regional centres
Buildings – both individually and collectively 
– that can meet different needs over time, and 
that minimise the use of resources
A well-integrated mix of decent homes of dif-
ferent types and tenures to support a range of 
household sizes, ages and incomes
Good-quality local public services, including 
education and training opportunities, health care 
and community facilities, especially for leisure
A diverse, vibrant and creative local culture, en-
couraging pride in the community and cohesion 
within it
A ‘sense of place’
The right links with the wider regional, national 
and international community

Contact Angelene on  
011-805-5947 to order the book

■

■

■

■

■

■

■

■

■

O P I N I O N
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ARCHITECTURE PROJECTS
The Clothing Design and Distribution 
Centre in Durban was the winner in the 
section architecture for Buildings for 
Industrial Clients. 

What categorised this industrial green-
fields project was the use of simple, mun-
dane, ordinary structural and non-struc-
tural steel elements to elevate the structure 
to the extraordinary, converting what could 
have been a simple warehouse into a brand 
image but, more importantly, into a place of 
joy within which work activities occur.

In their attention to detail and skill 
in the use of materials without adding 
unnecessary structure or decoration, the 
designers have successfully linked fashion 
and form. The cladding of the building has 
been cut away to expose, highlight and 
elevate the structure to a new aesthetic 
importance. Standard materials commonly 
used for buildings of this type are juxta-
posed in unusual combinations of texture 
and structure.

The use of hot-rolled sections, tubes, 
angles, paint colours, expanded metal 
for standard elements, pre-coated metal 
cladding and flashings – some of it run 
horizontally in the façades – and careful 
attention to detail make the end product 
special. 

The second architectural award was for 
additions to an existing structure, not just 
any existing structure, but a building well 
over 200 years old. The carefully consid-
ered use of steel to renovate and add sub-
stantially to the Residence of Lady Anne 
and Andrew Barnard, which was origi-
nally constructed in 1799, demonstrates the 
unique possibilities for steel construction in 
heritage conservation. 

A quarter-century of 
celebrating structural  steelwork excellence
The South african Institute of Steel Construction’s 25th Steel awards 

competition drew an exceptionally good quality group of entries, 

leaving the team of judges with the unenviable task of separating the 

exceptional projects from those just ‘very good’ projects.

In recognising excellence in the use of structural steelwork, awards 

were made in various categories, two for architecture (one for 

industrial type buildings and one for commercial (hotel in this 

case) type buildings), one for engineering type structures, one for 

innovation, one for recycling of old structures, one for tubular steel 

construction and, of course, an overall winner

Text Spencer Erling 
Education director 
South African Institute of Steel Construction 
spencer@saisc.co.za

 left: The clothing Design and Distribution centre in Durban 
Right: Indoor gymnasium 
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using clues from the old buildings,  
the classically proportioned additions have, 
evolved from masonry buildings  
to the use of steel as the primary  
aesthetic, even as the sensitivity of the  
additions became more crucial.

The indoor gymnasium, indoor pool 
and poolside café, whose glazing in a 
steel frame, supporting a light-weight 
concrete roof, is constructed in a manner 
reminiscent of garden conservatories and 
orangeries. With remarkable restraint and 
the complete and refined control of archi-
tectural and structural detail, a minimalism 
has been achieved, which has resulted in 
an extraordinary subtle form and scale and 
extremely elegant and entirely appropriate 
addition to the hotel. Shallow roof con-
struction has been hidden within the depth 
of the edge beams leading to an almost 

Japanese minimalist look. Similar attention 
to ‘hidden details’ is used for rainwater 
down pipes in the steel columns.

This subtlety has been extended to the 
Porte Cochère, where the old and the new 
have been married, the sophistication of a 
modern glass-lad structure with the classic 
historical old Cape structure, windows and 
gable ends are only metres away.

ENGINEERING TYPE PROJECTS
In this category, entries were received for 

all sorts of heavy industrial projects in the 
mining, petrochemical and materials han-
dling fields. This type of work is very often 
the reason for existence for many of the 
specialist structural steel contractors. The 
exceptional project, calling for engineering 
skills of an extremely demanding nature, 
was for a series of ship-to-shore container-
handling cranes built in Durban docks. 
These monster cranes are the so-called ‘Post 
Panamax’ capacity that can handle con-
tainers up to 50 m away from the quay edge. 

A quarter-century of 
celebrating structural  steelwork excellence

Entries were received for all sorts of heavy industrial projects in the 

mining, petrochemical and materials handling fields. This type of work 

is very often the reason for existence for many of the specialist structural 

steel contractors



Many engineers ask the question, ‘Is 
this structural steel or an engineering ma-
chine?’

Well, the simple answer is that it’s both.
These self-propelling 1 500 t structures 

demand the highest quality of structural 
steel components. accuracy of manufacture 
tolerances to accommodate the mechanical 
components is extremely tight. 

Fatigue is an ever-present enemy, re-
quiring exceptional attention to suitable 
details as well as quality of welding, nD 
tested to the highest demands, is a given 
basic requirement. 

Expertise and care is needed to erect 
such a giant that has a top fixed platform 
sitting almost 70 m high using the latest in 
jacking technology. 

In addition, the preparation and 
painting standards of the steel has to be 
great to withstand the salt-laden Durban 
air. 

The South african fabrication and con-
struction team achieved top marks for all 
these demands and once again prove that 
our fabrication capability is of international 
standard.

MAKING HIGH-TECH STEEL 
ACCOMMODATE EMPOWERMENT 
CONTRACTORS
Structural steel has always been thought 
of as a high-tech material requiring the 
highest of standards from not only its own 
product, but also from the supporting 
structures (usually foundations) and the 
accurate interface between the steel struc-
ture and foundations through the medium 
of accurately placed holding down (HD) 
bolts. There is many a concrete contractor 
who regard the steelwork erectors’ de-
mands for accuracy in placing these HD 
bolts as being excessive and ‘over the top’. 
But the fact of the matter is that steelwork 
projects can only perform to their expecta-
tions in speed and accuracy of erection 
terms if the HD bolts will allow this to 
happen.

The winner of the tubular structure 
category, the Randfontein taxi rank, 
was a project where these issues had to 
be resolved. a main contractor where the 
partners had all previously been nurses 
and the need for HD bolts to be accurately 
placed 1,5 m above the ground on sloping 
columns did not inspire the engineers 
with confidence in achieving the desired  Top: Randfontein taxi rank

left: New scientific base at Marion Island
Bottom: Arial view: Marion Island

6  Civil Engineering | March 2007



standards. To eliminate the possibility 
of badly aligned HD bolts, collars were 
placed around the top of the circular con-
crete columns which provided a secure 
fixing to resist the loads and offered the 
unique ability to adjusting the layout to 
accommodate the out of line positioning of 
the columns. The columns and their foot-
ings were designed to carry the moments 
expected from the eccentricity of the 
forces not all being on the centre of gravity 
of the members. 

This is a superb example of the use of 
steel in the design of a unique commu-
nity-based project using local labour and 
executed within limited time and budget 
constraints. 

The project has emerged as an excel-
lent example of structural steel construc-
tion which is simple and yet technically 
sound and aesthetically pleasing.

INNOVATIVE SOLUTIONS FOR UNUSUAL 
PROJECTS 
New scientific base at Marion Island
Can you imagine a structure crossing the 
vast emptiness of the Southern Ocean on 
a tossing icebreaker through the roaring 
’forties, then dangle it from a helicopter 

to reach a remote island, for it to lie in the 
cold mire to wait its turn to be erected?

The three words that describe this 
project that exudes excellence in the use 
of steel are logistics of getting the new 
scientific base to Marion Island, protecting 
the environment by keeping the super-
structures above the sensitive tundra-like 
landscape, and innovation to marry galva-
nised steel structures, 3Cr12 stilts and 
piles together with walkway areas and 
composite polyester resin shells into the 
bright, modern scientific research base on 
an outpost of humanity where the pen-
guins and seals will remain king.

Marion Island is situated some 1 770 
km south east of Port Elizabeth. Since its 
remote location eliminated the possible 
use of regular building methods such as 
concrete, all structures had to be fabri-
cated off-site and shipped to the island. 
Moreover, no bricks and sand are allowed 
on the island unless sterilised, so as to 
prevent the introduction of alien species. 
The use of maintenance-free materials and 
the insulation capability of the cladding 
material were also key considerations.

Owing to the peat-like nature of the 
soil and also to ensure minimal distur-

bance of the ecology, the structure was 
placed on stilts, which required anchoring 
and founding. The decision was taken 
to combine the duty of stilts with that of 
piles into one structural element made 
from corrosion-resistant 3Cr12 tubes. To 
create a walkway big enough to carry the 
buildings and also to link the various new 
buildings with other facilities, the design 
team opted for a robust steel grating cre-
ated out of shop-welded 3Cr12 plate IPE 
profiles.

To withstand the corrosive nature 
of the environment, the buildings were 
designed out of hot-dipped galvanised 
steel portable frames clad with a colourful 
composite polyester resin shell.

Helicopters were used to lift structures 
from the ship and position it on-site, 
setting mass limits for all materials. no 
cranes or heavy equipment of any descrip-
tion could be used – only wheelbarrows 
were used to transport material.

Recycled steel
Mention the words recycled steel and the 
first thing that comes to mind is to throw 
second-hand steel back into the proverbial 
melting pot and produce new profiles 
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from the new steel. you would have good 
reason to think this way, because in the 
uS between 80% and 90% of all new steel 
is created from recycled scrap.

But what about completely recycling 
30+ year old industrial steel structures 
and converting them into modern use in 
upmarket housing and bridge applications! 
The category winner in recycled steel did 
exactly that. Thesens timber yards in 
Knysna ceased to be a timber-handling 
yard some years ago and the Island has 
been transformed into an upmarket and 
modern housing estate. 

What to do with the old timber storage, 
drying and handling sheds became the 
issue at hand.

Introduce some dynamic young archi-
tectural blood, some incredible attention to 
detail, and hey presto:

an open timber handling crawl beam 
system has been altered with addition of 
braces and ties into a suspended arched 
bridge to enable pedestrians to walk over 
the new man-made canals that crisscross 
the area
an old portal framed storage building, 
with the addition of new reinforced 
concrete floors on strategically placed 

■

■

new columns, all tied back into the old 
steel structure, has been converted into 
a three-storey car parking garage which 
doubles up for exhibition space during 
the famous Knysna Oyster Festival
Various old drying buildings, made with 
classic style latticed crane columns, crane 
girders and roof trusses, have been con-
verted into upmarket apartment build-
ings, where the crane columns have been 
left in full view in the rooms and turned 
into features by means of strategically 
placed up-lighters, where the roof trusses 
support the new roofs and also are left 
open between buildings to act as a per-
gola-like structure linking the two blocks 
of apartments

This project brings home the message that 
steel structures can be converted and re-
used/recycled with some ingenuity and 
attention to detail.

2006 STEEL AWARDS OVERALL WINNER
an exceptional structure displaying ex-
cellence in the use of structural steel in 
every way, and the overall winner of the 

■

 The Thesens Islands development boasts
innovative use of recycled steel
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Steel awards 25, was the Khalifa Indoor 
Stadium in Doha, Qatar, united arab 
Emirates.

Imagine an architectural brief for a 
structure big enough to house a full-size 
soccer field with seating for 15 000 specta-
tors, a 200 m athletics track which can 
be banked using hydraulic cylinders, an 
Olympic-size swimming pool and separate 
diving pool, squash courts, multipurpose 
sports floors for basketball, volleyball, 
badminton, amongst others, with plenty of 
spectator seating including VIP seating, en-
tertaining and comfort areas, coffee shops 
and other restaurants, toilets, change rooms 
for players and referees/judges, administra-
tion rooms even down to dope-checking 
facilities with a conical feature atrium roof 

KHALIFA INDOOR STADIUm 
Facts and figures
ThE STADIum roof, a fully clad and glazed shell, 
is best described as a construction of two offset 
semi-hemispherical shells of tubular steel trusses, 
joined together by a central passage structure of 
fabricated steel girders and sections to form one 
large single hall.  

A total of 3 100 t of steel to the value of just 
under r50 million was used for the central pas-
sage and roof purlins. All steel elements were 
locally manufactured at Genrec’s premises in 
Gauteng, then containerised and shipped to 
Doha in early 2004. 

Approximately 800 t of steel had to be fabri-
cated for temporary support of the main arches 
and roof trusses, as detailing and design of the 
project was extremely complex. many technical 
challenges had to be overcome.

The total covered area is 112 000 m2 and the 
span of the main arches is 240 m. The largest 
span of roof trusses is 120 m. The height of 
the structure is 54,5 m and the approximate 
structural steel mass is 8 400 t – with this project 

taking design of lightweight structures to new 
heights. 

The structure required less material than any 
previous stadium roof and appears to float above 
the crowd, providing relief from the relentless sun. 

one of the semi-hemispherical structures 
houses a full-size indoor football field, change 
rooms, seating for 5 000 spectators, an olympic 
pool and diving pool, jacuzzi, warm-up pool, 
table tennis area and other associated facilities. 

The second semi-hemispherical structure 
houses an exhibition hall and an athletics track 
built to accommodate 5 000 spectators. The track 
can be banked using hydraulic cylinders and the 
complex includes a fencing hall, multi-purpose 
hall and a martial arts area. The central area 
houses additional change rooms, rest rooms, 
meeting rooms, press and VIP areas, a fitness and 
health centre, shopping area and administrative 
offices.  

Tubular structures were fabricated on site, 
which was required due to the unique and com-
plex nature of the three-dimensional assemblies 
required for the roofs. These had to be executed 
to the highest quality standards and specifications 
achievable. 

The full 8 400 t of steel was locally detailed 

using the three-dimensional modelling package, 
StruCad, from the uK-based AceCad. Genrec also 
recently won the AceCad Worldwide StruCad 
drawing competition for the innovative design of 
the Khalifa Sports hall, competing against over 
200 entries from over 30 countries around the 
world.

Previously seating only 20 000 spectators and 
already christened as a jewel in the desert, the 
stadium has been converted into a 50 000 seat 
stadium with a roof over the western side and a 
signature lighting arch over the eastern side to 
provide a visual counterpoint. The lighting arch 
is a slender cable stiffened arch spanning 265 m 
across the stadium, and has been designed to 
support sports lights, speakers and fireworks, for 
the opening ceremony of the 2006 Asian Games. 

As the desert presented many challenges, the 
steel and cables were designed to ensure that the 
structure could withstand the forces of nature. 
This included temperature ranges of 5 °C to 
85 °C, sand storms and rain. While rain in Qatar 
is rare, when it does rain, it tends to fall in heavy 
downbursts. Covering fabric was detailed such 
that all panel joints were located on ridge lines, 
thus minimising possibility of water ingress at 
joints. 

�0  Civil Engineering | March 2007



Civil Engineering | March 2007 ��

– to name but a few.
Well, to accommodate all these archi-

tectural requirements dictate that you need 
a extraordinary footprint of 112 000 m2 
covered by twin hemispherical structures 
joined together longitudinally by a link 
building ex standard flat slab floor con-
struction building.

Put together a top team of South 
african structural steel designers, detailers, 
management skills both in projects and 
site managed by a joint venture between a 
Greek and South african main contractor 
and you have the makings of the great 
project it has turned out to be.

Turn your imagination to the detail 
involved in constructing two main arches of 
tapering toblerone profile girders, and just 
to ensure it is really difficult, incline it off 
vertical make it using 1 000 diameter chord 
members from thick plates up to 40 mm 
thick spanning 250 m up to 54 m high at the 
apex. now consider that each arch supports 
some 50 000 m2 of curved sloping aluminium 
clad roof but also supporting a near vertical 
face of glass cladding. 

now think about how large buildings 
behave when the temperature rises: they do 
of course expand – in this case the arches 
can rise by a staggering 600 mm. To ac-
commodate this movement and at the same 
time prevent the glass cracking calls for 
special measures combining pinned con-
nections at the bottom of the glass supports 
and polished pistons in cylinders at the 
tops to accommodate the vertical move-
ment.

The special erection techniques, sup-
ported on no less than 800 t of temporary 
supports, the de-propping exercise, the site 
welding demands, and all of this where 
every piece of steel is its own masterpiece 
– and you start to realise just why this is 
such a special project.

The mega-structure was entered by 
Genrec, a wholly owned Murray and 
roberts company.

Other successfully completed projects 
by Genrec can be found in South africa, 
abu Dhabi, Canada, Chile, the Democratic 
republic of Congo, Dubai, the netherlands, 
Kuwait, Mozambique, Tanzania, Mauritius 
and Zambia. 

WINNER OF WINNERS
In commemoration of the 25th anniver-

sary of the Steel awards and the 50th 
anniversary of SaISC, a special award  
– the ‘winner of winners’, chosen from all 
previous winners – was made. In first place 
was the now world famous Burj al arab 
building in Dubai, while joint second were 
the lounge nodes at O r Tambo airport and 
nelson Mandela Bridge. athlone Stadium 
came in fourth. 

 Khalifa Indoor Stadium in Doha, Qatar. In the opinion of the judges, 
the structure displays excellence in the use of structural steel in every 
way, and was elected the overall winner



�2  Civil Engineering | March 2007

aLTHOuGH SOuTH aFrICa is not consid-
ered a region of high seismic activity, there 
are nevertheless identified regions within 
the country where structures need to be de-
signed for earthquake action. The challenge 
is not to provide overly conservative and 
expensive facilities, but economical and safe 
structures.

The correct conceptual layout and atten-
tion to detail can significantly enhance the 
behaviour of structures in zones of moderate 
seismic activity. This article gives informa-
tion and practical guidelines on conceptual 
layout for structures in seismic regions.

EARTHQUAKE-RESISTANT STRUCTURES IN 
SOUTH AFRICA
Background on seismicity in South Africa
The southern african region is known for 
its relative seismic stability, and only a small 
number of medium-intensity earthquakes 
have occurred since the 17th century. On 
the other hand, between 40 and 60 tremors 
occur monthly, focused primarily in the 
gold-mining areas of Gauteng, north West  
and the Free State. although the effects of 

these events are far from being as serious 
as those caused by the larger earthquakes, 
extensive damage has occurred in one or 
two cases.2 The largest event recorded to 
date in South africa was the main shock of 
the Ceres earthquake of 29 September 1969, 
which registered a magnitude of 6,3 on the 
richter Scale. 

Table 1 gives a summary of the most 
significant events recorded over the last 300 
to 359 years.3 

In view of the magnitude of events 
shown in table 1, it may be of interest to 
note that an earthquake measuring 6,1 on 
the richter Scale shook western Iran on  
31 March 2006, killing at least 70 people 
and devastating several villages. More than  
1 200 people were injured. On 27 May 
2006, an earthquake measuring 5,9 on the 
richter Scale struck Indonesia’s island of 
Java. On 8 June 2006 the death toll stood 
at 57. The effects of these events should, 
however, be considered in the light of the 
type of construction in the region of the 
earthquake.

Internationally the basis of structural 

design for earthquake action is the expected 
nominal peak ground acceleration with 
a probability of exceedance of 10% in 50 
years. an updated seismic map for South 
africa was published in 2003 by the South 
african Council for Geoscience.4 The pub-
lished map shows values of nominal peak 
ground acceleration with magnitudes as 
high as 0,20 g in some areas.

The seismic-event catalogue used to 
compile this map for South africa is based 
on many different sources, covering a pe-
riod of time from 1620 to December 2000. 
The catalogue consists of natural, as well 
as mining-induced seismicity.5 To provide 
a perspective on the magnitude of these 
values, it may be of interest to note that the 
corresponding design value is 0,40 g for 
areas of high seismicity in regions such as 
California and Japan.

It is important, however, to recognise 
that some parts of South africa can at most 
be considered to be located in regions of 
moderate seismicity (and not high seis-
micity). Care must be taken not to over-
react by providing conservatively resistant 
and expensive buildings. The challenge is to 
base the design of structures on appropriate 
estimates of expected seismicity, and to pro-

Text Jan Wium 
Professor of Civil Engineering 
university of Stellenbosch 
janw@sun.ac.za

Conceptual design of  
structures for seismic  loads�

It can be shown that appropriate detailing of structures and 

correct conceptual layouts will go a long way towards  

providing safe seismic-resistant structures in areas of  

moderate seismicity

Table � Summary of historic record of seismic events in South Africa (Council for Geoscience, 2006)
Location Date Magnitude (Richter) Effects

Ceres 1969 6,3 12 killed

St Lucia 1932 6,0–6,5 Serious damage

Welkom 1976 5,2 Building collapsed

Stilfontein 2005 5,0 Damage to buildings

Figure � Prevent ‘soft storeys’ at ground level
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vide designs which are appropriate for the 
expected level of activity. It can be shown 
that appropriate detailing of structures and 
correct conceptual layouts will go a long 
way towards providing safe seismic-resistant 
structures in areas of moderate seismicity.

Seismic design in South Africa
The current provisions for the design of 
structures against earthquake actions 
were introduced into the South african 
Loading Code for buildings in 1989.6 The 
code distinguishes between two zones of 
earthquake activity, namely Zone I areas for 
those regions with natural seismic activity, 
and Zone II areas for those regions with 
mine-induced seismic activity.

The code requires that conceptual layout 
of buildings in both zones follow certain 
recommendations, but only Zone I areas 
(natural seismic activity) required seismic 
design of buildings for a specified nominal 
peak ground acceleration. 

Following a meeting with designers and 
clients in the Western Cape, a need was 
established in 2003 to re-evaluate the 1989 
code7 provisions. 

In 2004 a sub-committee on seismic 
loads was subsequently formed in the 

Western Cape to report to the SaICE com-
mittee for the revision of the loading code 
SaBS 0160,8 a draft of which will soon be 
published for public comment. The sub-
committee on seismic loads consists of aca-
demic staff from Stellenbosch university and 
representatives from consulting engineering 
firms in the region. The chosen process en-
sures that designers become involved in the 
process themselves, thereby creating legiti-
mate support for any revisions to the code. 

SEISMIC DESIGN OF STRUCTURES IN 
SOUTH AFRICA
In 1999 the Erzincan earthquake in India, 
with a magnitude 6,8 on the richter Scale, 
resulted in more than 500 lives lost and  
3 200 residences collapsed or heavily dam-
aged. In a report of an investigation after the 
event, it was advised that ‘[e]ngineers must 

understand that sophisticated calculations 
cannot redeem a flawed structural system’.9 
Considering the possible magnitude of 
seismic events in South africa, it is impor-
tant to realise that the correct conceptual 
design of buildings together with correct de-
tailing of structural elements can go a long 
way in providing safe earthquake-resistant 
structures in regions of seismic activity 
in South africa. For this reason engineers 
should be taught what constitutes an accept-
able conceptual layout for seismic actions.

The following paragraphs provide valuable 
information which should, amongst others, be 
used when conceptual layout of buildings is 
considered in seismic-active regions. 

Conceptual layout for seismic resistance
Design of structures subject to seismic loads 
needs careful consideration already at the 

Conceptual design of  
structures for seismic  loads�

Design of structures subject to seismic loads needs careful consideration 

already at the conceptual stage. It is during this stage that the structural 

engineer should advise the architect in order to conceptualise a structure to 

meet the necessary requirements to resist earthquake loads

Figure 2 Prevent ’soft storeys’ at higher levels Figure 3 Provide symmetrically arranged stiffening elements



conceptual stage. It is during this stage that 
the structural engineer should advise the ar-
chitect to conceptualise a structure to meet 
the necessary requirements to resist earth-
quake loads. It must be remembered that if 
the layout and concept of a structure are not 
correct, then a large amount of calculations 
may not be sufficient to enable earthquake-
resistant behaviour of a structure.

a close collaboration between architect, 
engineer and client during the conceptual 

phase is therefore required. It must be rec-
ognised that a modus operandi of ‘the one 
works after the other’ cannot be allowed in 
the design of a building located in a seismic-
active region. It is the task of the structural 
engineer to advise the architect on all as-
pects of the layout which may improve the 
seismic behaviour.

In the figures, some basic guidelines are 
presented to demonstrate important layout 
considerations when it comes to the seismic 

design of structures. Further to these con-
ceptual matters, there are rules on structural 
detailing (reinforcement in concrete and 
details in structural steelwork) which need 
to be adhered to. These details are required 
to provide structures with sufficient ductility 
to accommodate the imposed deformations. 
Further information on detailing of struc-
tural elements to provide sufficient ductility 
can be found in international design codes, 
and are also included in the Draft SanS 

CORRECT INCORRECT

Figure 4 Provide horizontal stiffening elements (shear walls) in a 
symmetrical layout 

Figure 5 Prevent infill panels in masonry without adequate 
movement joints
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10160,10 which will be issued for public 
comment later in 2007.

The figures and information were 
obtained from Tracés.11 These are also con-
tained in a publication by Professor Hugo 
Bachmann12 which can be downloaded from 
the Internet.

Provision of soft storeys 
Structures in South africa are often con-
structed on a bottom storey consisting of 

columns with no or limited shear walls, 
thereby forming a so-called ‘soft storey’ 
underneath stiffer upper storeys. Typical 
examples are parking areas underneath 
apartment blocks and shopping areas 
under office blocks. This type of arrange-
ment easily leads to the collapse of the 
‘soft storey’, even under moderate earth-
quakes (figures 1 and 2). Ideally, struc-
tural systems should be continuous from 
the foundations to the top of the building. 

Provision and layout of stiffening elements
In regions with moderate seismicity, two 
shear walls in each direction are often ad-
equate. Such walls should extend to the top 
of the building. The shear walls should be 
located symmetrically and preferably at the 
extremities of the building in order to re-
duce and prevent torsional effects (figure 3). 
L-shaped and u-shaped shear walls are not 
favourable as they are not easily designed 
with sufficient ductility. rectangular sec-

ISOLATION

MASONRY MASONRY
CONCRETE

SHEAR
WALL

Figure 6 In buildings with reinforced concrete 
frames, separate infill masonry wall panels 
using adequate joints prevent destabilisation 
in transverse directions 

Figure 7 Stabilise masonry structures with reinforced concrete shear walls
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HIGH BENDING
MOMENT
GRADIENT

FAILURE BY
SHEAR
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M+

Figure 8 Stay away from short columns Figure � Prevent partial filling of frames

tions, on the other hand, are easily provided 
with adequate ductility.

If stiffening elements which provide 
resistance to lateral loads are not arranged 
symmetrically, then torsional modes develop 
(figure 4) which can place high stresses on 
stiffening elements, and can also result in 
unwanted high lateral displacements on col-
umns, resulting in high eccentric moments 
in columns.

Damage by masonry infill panels 
reinforced concrete frames are flexible and 
relatively ductile, whilst masonry panels are 
rigid and brittle. During an earthquake, the 
stiff members will carry the loads. If suf-
ficient movement is not allowed between the 
structural frame and masonry infill panels, 
then the masonry panel will act as a stiff dia-
phragm which can cause high shear forces 
acting on columns. Column shear capacity 
needs to be verified as well as masonry 
panels which need to be verified for local 
damage and lateral instability (figures 5 and 
6). Ideally, masonry infill panels should be 
isolated from the structural frame, and walls 
should be stabilised against out of plane 
failure.

results from an initial investigation at 
the university of Stellenbosch indicated 
that lateral movement of structures with 
reinforced concrete shear walls are relatively 
small, and the usual 10 mm gaps between 
structural frame and infill masonry panels 
may be sufficient to isolate the masonry in 
most cases. However, larger gaps will be 
necessary in structural frames designed as 
moment-resisting frames where columns 
and beams are designed to resist lateral 
loads. In such a case, it is important that 
lateral drift be calculated and isolation joints 
be provided with adequate movement capa-
bility.

Load-bearing masonry structures
Buildings of masonry construction are 
relatively stiff and have a high first natural 
frequency (low period), so that their lowest 
modes of vibration are located in the high 
region of the design response spectra. 
Masonry structures are thus subject to high 

seismic forces. However, masonry construc-
tion is brittle and does not allow much 
dissipation of energy. Ideally, masonry struc-
tures should be reinforced with steel rein-
forcement. This is, however, not a preferred 
construction method in South africa, and 
where necessary it is necessary to stabilise 
non-reinforced masonry construction with 
reinforced concrete shear walls (figure 7).

The shear walls should be dimensioned 
with sufficient rigidity, and must be able to 
resist the seismic forces by staying elastic 
without plastifying the reinforcement. The 
horizontal displacement of the structure 
must not exceed the possible displacement 
of masonry walls.

Shear in columns
Special attention must be paid when a 
building structure has some columns shorter 
than others, as these columns will be sub-
jected to higher bending moments and shear 
forces than the other columns. Short col-
umns attract high moments because of their 
high rigidity, as well as high transverse shear 
forces (figure 8).

Furthermore, partial infill of frames 
with rigid building elements (masonry), for 
example when windows are built in-between 
columns, can create shear failure or high 
bending in columns (figure 9). Infill material 
should only be used partially (and fully) if 
sufficient allowance is made for lateral move-
ment by provision of suitable joints.

The ability of the structural frame to 
deform must take into account the type of 
infill material used for non-structural panels 
if no joints are provided (figure 9). Even 
small earthquakes can cause significant 
damage if the structural frame deforms more 
than what brittle panels can accommodate. 
The size of panel should be dictated by the 
relationship between storey displacement 
and storey height.

Other conceptual layout considerations 
Pre-cast floor slab panels are often used 
in South africa on load-bearing masonry. 
Designers must pay attention to supports of 
these prefabricated elements to prevent it 
sliding from supports. 

an oversight in seismic design is often 
secondary elements such as façade panels. 
Façade elements and their fixities must be 
designed for horizontal accelerations. 

CONCLUSION
Correct conceptual layouts and attention 
to structural detailing can go a long way in 
constructing earthquake-resistant struc-
tures.
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THE SKyWaLK – a giant uS$30 million 
steel-and-glass walkway extending over 
the Grand Canyon in the united States of 
america – will open to the public on  
28 March 2007.  

The canyon, created by the Colorado 
river cutting a channel over millions of 
years, is about 446 km long, ranges in width 
from 0,4 km to 24 km and attains a depth 
of more than 1 600 m. nearly two billion 
years of the earth’s history has been exposed 
as the Colorado river and its tributaries cut 
through layer after layer of sediment.

The Skywalk complex is located at 
Grand Canyon West’s Eagle Point, which 
is approximately 190 km east of Las 
Vegas, nevada, and 115 km northwest of 
Kingman, arizona.

The Skywalk – the first ever cantilever-
shaped glass walkway – suspends more 
than 1 220 m above the canyon’s floor and 
juts out some 20 m from the canyon’s rim. 
It will allow adventurous tourists to look 
down to the Colorado river 1 220 m below 
– with only 10 cm of glass underneath their 
feet. 

While not located in the Grand Canyon 
national Park, the Skywalk facility is lo-
cated in a smaller part of the same canyon 
system, offering a view like no other can.

The Skywalk is a partnership between 
the 1 500-member native american 
Hualapai tribe in arizona and entrepre-
neur David Jin of Las Vegas. The design 
team included Las Vegas-based M r J 
architects, Lochsa Engineering, LLC and 
aPCO Construction. The glass has been 
manufactured in Germany and austria by 
Saint Gobain, a European company that 

A dream come true

‘Just like an eagle can fly into the 

Grand Canyon, my vision was to 

enable visitors to walk the path of 

the eagle, and become surrounded 

by the Grand Canyon while 

standing at the edge of the glass 

bridge … My dream was to find a 

balance between form, function and 

nature. Once a dream … now a 

reality’ – David Jin

GEOLOGY OF THE 
GRAND CANYON
ThE GEoLoGy of the Grand Canyon area ex-
poses one of the most complete sequences of 
rock anywhere, representing a period of nearly 
2 billion years of the earth’s history in that part 
of North America. The major sedimentary rock 
layers exposed in the Grand Canyon and in the 
Grand Canyon National Park area range in age 
from 200 million to nearly 2 billion years old. 
most were deposited in warm, shallow seas 
and near ancient, long-gone sea shores. Both 

marine and terrestrial sediments are represented, 
including fossilised sand dunes from an extinct 
desert.

uplift of the region started about 75 million 
years ago in the laramide orogeny, a moun-
tain-building event that is largely responsible 
for creating the rocky mountains to the east. 
Accelerated uplift started 17 million years ago 
when the Colorado Plateaus (on which the area 
is located) were being formed. In total these 
layers were uplifted an estimated 3 000 m, which 
enabled the ancestral Colorado river to cut its 
channel into the four plateaus that constitute this 
area. But the canyon did not start to form until 
5,3 million years ago when the Gulf of California 

opened up and thus lowered the river’s base level 
from that of large inland lakes to sea level.

Wetter climates brought upon by ice ages 
starting 2 million years ago greatly increased ex-
cavation of the Grand Canyon, which was nearly 
as deep as it is now by 1,2 million years ago. 
Also about 2 million years ago volcanic activity 
started to deposit ash and lava over the area. At 
least 13 large lava flows dammed the Colorado 
river, forming huge lakes that were up to 600 m 
deep and 160 km long. The nearly 40 identified 
rock layers and 14 major unconformities (gaps in 
the geologic record) of the Grand Canyon form 
one of the most studied sequences of rock in the 
world.
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specialises in designing architectural struc-
tural glass for building projects worldwide. 
The steel was manufactured by Mark Steel 
in utah. 

Construction of the bridge began in 
March 2004. In May 2005, the final test 
was conducted and the structure passed 
engineering requirements by 400%, ena-
bling it to withstand the weight of 71 fully 
loaded Boeing 747s (more than 32 million 
kilograms).

The bridge will be able to sustain winds 
in excess of 160 km/h from eight different 

directions, as well as an 8,0 magnitude 
earthquake within 80 km. It also includes 
dampeners that minimise the structure’s 
vibration – which is crucial in making visi-
tors feel safe walking on it. a hundred and 
twenty people will be allowed on the bridge 
at a time.

More than 450 000 kg of steel has gone 
into the construction of the Skywalk.

The rollout of the structure, with the 
glass in place, took place on 7 March. 
The initial part of the rollout process 
involved jacking the structure up off the 
supports and then subjecting it to several 
days of thorough tests that replicated the 
conditions of final placement. after the 
final testing, the steel-enforced structure 
was rolled out across the canyon’s edge. 
Immediately after the structure had been 
placed in position, it was seated and at-
tached to the foundation. 

ALL-ROUND, UP-DOWN VIEW
Says David Jin: ‘The Skywalk will have 
what I call a 720-degree view: 360 degrees 
around and 360 degrees up and down.’

The 19,8 m wide pedestrian structure 
extends some 20 m from the canyon’s edge.

The 31 m wide, 5,6 cm thick glass deck 
is supported by outer and inner steel-plate, 
welded-box beams that are more than  
5 cm thick, 80 cm wide and 1,8 m deep. 
The beams are anchored to eight 80 cm 
square steel columns tied to 6,35 cm  

diameter, 14 m long rebar embedded into 
solid limestone. ninety four pieces of rebar 
were used in the foundation’s four footings, 
which extend 14 m down into the rock. 

The tempered, five-layer composite 
glass latches to the beams using special 
swivel hardware that enables it to flex 
during harsh climate changes without 
cracking. a 1,5 m high, 2 cm thick lami-
nated glass wall railing skirts the structure 
and gives it a transparent appearance. 

The visitors’ centre which will form 
part of the complex will resemble the sur-
rounding rock so it will blend into the 
landscape.

ROCK WALL
The wild card that will determine the 
Skywalk’s life span is not the walkway’s 
design, but the rock wall that it is anchored 
to.

The wall consists of 350 million year 
old limestone – a common sedimentary 
rock consisting mostly of calcium car-
bonate, CaCO

3
. Since limestone is porous, 

it is also highly prone to erosion. 
Here, periodic rockfalls are a reality 

– and there is no way to tell whether the 
part of the canyon that will support the 
Skywalk will last a hundred years or a 
thousand.

But in the meantime, the Skywalk will 
fascinate millions of visitors from all over 
the world. 

KEY PLAYERS

owner hualapai Nation

General Contractor APCo Construction

Architect m r J Architects

Structural Engineer Lochsa Engineering 

Steel Century Steel / mark 
Steel

Glass Accuracy Glass

Drilling D J Scheffler

Crane/rigging Dielco Crane
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Skywalk at Grand Canyon West 1 219 m
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THE aTHEnS OLyMPICS took place in a 
stadium that was in itself an engineering 
marvel.

athens Olympic Stadium’s suspended 
arched roof construction, designed by 
the famous Spanish architect Santiago 
Calatrava, was easily the most visually 
striking part of the engineering works in-
volved in totally refurbishing the original 
stadium so that 95% of the seats would be 
covered (versus 35% previously).

This ‘jewel in the crown’, as the sta-
dium roof came to be known, was the 
trademark of the 2004 Olympic Games, 
with its two giant arcs having a total span 
of 304 m and soaring to a maximum 
height of 80 m.

Each arc supports cables that hold 
in place the polycarbonate panels com-
prising the roof, which weighs a total of 
17 000 t and covers an area of 10 000 m2, 
protecting 75 000 spectators and athletes 
alike.

The graceful sweeping roof structure 
is constructed of metal and glass with a 
special coating designed to reflect 60% 
of the sunlight striking it (a feature very 
important in a Greek summer). Its unique 
architectural and structural design makes 
it a particularly special project, because 
the existing stadium was refurbished 
while the roof and arches were still being 
constructed and erected.  

Building the roof
The roof structure – the design of which 
is a double bowstring tied arch – was as-
sembled close to the sides of the stadium. 
arches and roof were constructed sepa-

rately in two halves, positioned 70 m from 
either side of the stadium. They were built 
remotely so as not to interfere with the 
underlying stadium.

This remote construction, however, 
gave rise to one of the major questions to 
be addressed by engineers: how to move 
and position the two roof halves, each 
weighing 8 500 t.  

Moving 17 000 t of roof
The arched roof is built on two shoes sup-
ported by four Teflon sliding pads.

The original plan was to move each 
roof assembly by pulling it step by step 
using long strands, chucks and short-
stroke hydraulic jacks. This technique 
meant the structure’s shoes had to slide 
over thin stainless steel plates welded 
onto special rails resting on huge concrete 
beams.

However, computer simulations 
highlighted potential problems using 
strands to pull the roof into position. It 
was calculated that, because of significant 
elastic energy stored by the strands, the 
difference between the static and dynamic 
frictions of Teflon and stainless steel could 
create a stick-slip issue related to the rela-
tively high acceleration and stops during 
each step of the pulling process. This was 
unacceptable to the designers, who sought 
another solution.

Integrated hydraulic solutions
Integrated hydraulic solutions specialist 
Enerpac was consulted for its expertise in 
major construction and civil engineering 
projects. Enerpac has been involved 

in a number of world-first engineering 
projects, including the 364 m high Millau 
Viaduct in France, the highest bridge in 
the world.

For the athens Stadium, Enerpac pro-
posed long stroke-pulling cylinders pow-
ered by PLC-controlled hydraulic pumps. 
used for the step-by-step pulling process, 
these would have very little impact on the 
existing design. 

Four pulling cylinders were proposed 
for each shoe of the arched roof assembly. 
Because each arch had two shoes and each 
shoe had four sliding pads, this meant 
a total of eight hydraulic cylinders were 
specified to totally to move and position 
each roof half.

a two-stage PLC-controlled pump was 
specified to power each group of four cyl-
inders. This arrangement offered full con-
trol of speed, acceleration and deceleration 
during hydraulic movement. The PLC con-
trol was also necessary to ensure digital 
monitoring of the pump parameters. This 
integrated hydraulic system was designed 
to provide smooth movement and posi-
tioning of the arch.

Controlling the hydraulic movement
During the actual operation of positioning 
the roof, the PLC-controlled pumps were 

Athens’ Olympic marvel a 
tribute to engineering ingenuity

 left: Athens’ Oaka Olympic Stadium being refurbished with two 
double bowstring tied arches. Movement of the arches and roof 
construction is done simultaneously with Enerpac integrated hydraulic 
systems
Right: The roof structure was assembled close to the sides of the Oaka 
Olympic Stadium. Each arch consists of two 3,5 m diameter steel tubes 
with a span of 304 m supporting the new state of the art roof
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located on the sides of each arch and car-
ried with them during the pulling process. 
Each pump supplied all four cylinders 
with the same hydraulic pressure and the 
same pulling force. Both pumps were con-
nected with a 400 m cable and synchro-
nised by the PLC unit to control the start 
and stop of the hydraulic movement of the 
8 500 t roof half. 

Movement between start and stop was 
synchronised by the PLC unit’s controlling 
the rate of oil flow to the cylinders: every 
cylinder received the same amount of oil 
required for precise synchronisation.

Very smooth starts and stops (while 
maintaining an acceptable speed) were 
facilitated by using a microprocessor-con-
trolled variable-frequency aC motor drive. 

This unit controlled the electric motor 
speed, thus controlling the pumps’ oil flow 
and therefore the retracting speed of the 
pulling cylinders. 

The PLC control unit was used to vary 
motor speed (rpm) linearly, within the 
operator’s defined time intervals, from a 
minimum to a maximum and vice versa. 
In this way, a very low operational speed 
was achieved once the arch movement was 
started. The speed was kept low for a pe-
riod in order to stabilise the system. 

In the next step, the pumps’ oil flow 
was increased linearly (acceleration ramp) 
to ensure a constant and carefully con-
trolled acceleration up to the pulling speed 
as defined by the roof design team. 

The pulling process continued with 

the cylinder stroke at a constant speed. 
Once the cylinder mounted micro switch 
detected the end of the plunger stroke, the 
hydraulic system automatically decreased 
linearly (deceleration ramp). This reduced 
cylinder retraction speed to a minimum 
then stopped the pulling process alto-
gether. 

The process started again after re-
loading (extending) all cylinders at high 
speed.

Advantages of integrated hydraulic 
solutions
Enerpac says the athens Olympic Stadium 
project shows how integration of hydrau-
lics and electronics into one system for 
controlled hydraulic movement can solve 
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important problems where conventional 
and traditional methods fail. With the 
use of PLC-controlled systems, hydraulic 
movements become very simple, reliable 
and safe. Every step in the process can be 
monitored at any time. advantages of an 
integrated solution include: 

use of double-acting long-stroke pulling 
jacks considerably increases system 
rigidity, compared with using strands. 
This reduces the amount of elastic energy 
stored during the start of movements of 
structures 
Double-acting cylinders, with their pow-
ered extension and retraction, improve 
the control of heavy load movements 
PLC-controlled hydraulic systems allow 
continuous monitoring of the movement 

■

■

■

process, thus reducing the risk of damage 
due to external influences (sudden starts 
and stops, wind, etc)
PLC-controlled integrated hydraulic solu-
tions make synchronization of movement 
and speed control simple, reducing the 
risk of additional stress in the structure 
Pulling instead of pushing makes the 
movement more stable. using long-stroke 
pulling cylinders reduces the risk of 
buckling. using pushing cylinders would 
increase cylinder size 
Double-acting long-stroke cylinders 
reduce the time required for step-by-step 
movement over long distances 
Two-stage pumps with a high oil flows 
increases both cylinder speed and reload 
time.

■

■

■

■

 Neil Watson
T 012-661-0344 
f 012-661-0796 

enerpac@yebo.co.za

 far left: The new roof halves were built remotely so as not to 
interfere with the underlying Olympic Stadium
left: These double-acting pull cylinders are attached to shoes in a 
sliding and guiding system pulling the arched roof assembly step by 
step into the final position 
Middle: controlled movement is done with Enerpac integrated plc-
controlled hydraulic systems
Right: Synchronisation of the hydraulic movement is controlled by the 
plc units on the pumps. The pumps are located at both sides of the 
shoe’s arches and control all eight cylinders



24  Civil Engineering | March 2007

THE BEIJInG naTIOnaL aquatics Centre, 
also known as the ‘Water Cube’, will be one 
of the most dramatic and exciting venues 
to feature sporting feats for the Beijing 
Olympics in 2008. 

Enclosed within the blue bubble walls 
are the pools for the Olympic swimming 
and diving competitions, along with seating 
and facilities for 17 000 spectators.

It has five pools, including one with a 
wave machine and rides that are six times 
the size of an Olympic pool. There is also an 
organically shaped restaurant area carved 
out of the bubble structure.

Designed specifically for the 2008 
Olympics in Beijing, after the event it will 
continue as one of Beijing’s premier recrea-
tion centres.

The uS $100 million dollar project sits 
next to the glowing bird’s nest of the spec-
tacular main stadium designed by Herzog 
& de Meuron – the two opposing shapes 
sitting together in yin yang harmony.

THEORY BEHIND THE WATER CUBE
The structure was inspired by cells and soap 
bubbles. The skin of the swimming centre, 
which covers both the inside and outside of 
the structure, is clad with over 100 000 m2 
of ETFE foil cushions – making it the largest 
ETFE-clad structure in the world.

ETFE (ethyl tetra fluoro ethylene – a 
strain of fluoro polymer) is a tough recy-
clable material with a durability of more 
than 20 years. It weighs just 1% of an 
equivalent-sized glass panel. This plastic 
material is strong, lets in more uV light 
than glass, and thoroughly cleans itself with 
every rain shower. It is also a better insulator 
than glass and is much more resistant to the 
weathering effects of sunlight.

The design of the structure is based on a 
common natural pattern, the most effective 
sub-division of three-dimensional space 
– the fundamental arrangement of organic 
cells and the natural formation of soap bub-
bles. arup based the structural design on 
Weaire and Phelan’s (Irish physics profes-

sors at Dublin’s Trinity College) proposed 
solution to the problem of ‘What shape 
would soap bubbles in a continuous array of 
soap bubbles be’.

This problem was both initially posed 
and tentatively answered by Lord Kelvin at 
the end of the 19th century, but it would be 
one hundred years before the Irish profes-
sors proposed a better one.

arup structural engineers realised that 
a structure based on this unique geometry 
would be highly repetitive and buildable 
whilst appearing very organic and random. 
Indeed, such space filling patterns are 
regularly observed in biological cells and 
mineral crystals and they are probably the 
most common structure in nature.

Though seemingly fragile, in fact the 
structure is very robust and the ductile 
space frame that is generated from this 
geometry is ideally suited to the seismic 
conditions found in Beijing.

THE STRUCTURE
The Water Cube is essentially a structure 
made from an organic network of steel 
tubular members and clad with translucent 
ETFE pillows. The huge complex measures 
177 x 177 x 31 m.

The cube is composed of a series of steel 
tubes welded to round steel nodes, which 
vary according to the loads placed upon 
them. There is therefore a huge variety in 
sizes, with around 22 000 steel members 
and 12 000 nodes in total. If all the steel 
members were lined up in a row the line 
would travel for more than 90 km!

The two internal compartments and the 
roof structure are designed around a steel 
space frame never previously used for an 
architectural or engineering construction.

Four thousand bubbles make up the 
Water Cube, some as large as 7,5 m wide. 
The roof comprises seven bubbles and 
the walls 16 bubbles, which are repeated 
throughout. The key to the randomness 
of the façade is that the repeating cells are 
made up of two different size cells, which 

give this effect when cut by the building 
surface planes.

The square shape of the complex reflects 
the Chinese philosophies of the square 
representing Earth, and circles representing 
the heaven. The resulting structure is a very 
simple regular building form, but with very 
complex geometry in the façade which cre-
ates a transfixing and beautiful effect.

GIANT GREENHOUSE
Beijing has an extreme climate. It can swing 
from –13 °C in winter to around 36 °C in 
summer.

The Water Cube is designed to act as 
a greenhouse. This allows high levels of 
natural daylight into the building and, as 
swimming pools are predominantly heating 
driven, allows the scheme to harness the 
power of the sun to passively heat the 
building and pool water. It is estimated that 
this sustainable concept has the power to 
reduce the energy consumption of the lei-
sure pool hall by 30%.

Swimming centres require a lot of 
heating, but by cladding the building in 
high-tech ETFE cushions, it is a very ef-
ficient greenhouse. Twenty per cent of 
the solar energy falling on the building is 
trapped within the building and is used to 
heat the pools and the interior area. This 
is equivalent to covering the entire roof in 
photovoltaic panels.

By cladding the building in ETFE 
cushions, the centre will be well lit during 
the day, with appropriate levels of internal 
daylight, visual connection and visual com-
fort. up to 55% savings on lighting energy 

Compiled by Sarie Moolman 
Editor civil Engineering 
smoolman@netactive.co.za 
Sources: Arup, Wikipedia

A magic cube
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use can be achieved in the leisure pool 
hall, with smaller savings expected in other 
areas.

THERMAL MASS HEAT STORAGE
The use of thermal mass heat storage en-
sures that heating by the sun during the day 
is offset by overnight cooling. The thermal 
mass of the swimming pool water and 
heavy weight surfaces surrounding the pool 
effectively store the excess heat during the 
day and re-emits this heat at night, mini-
mising the variation in load.

SHADING DESIGN
Variation shading of the facades ensures 
that fabric heat loads are minimised in 
summer but maximised in winter when 
the solar heat gain is most beneficial. This 
is achieved by patterning the various layers 
of the façade with translucent painted ‘frit’ 
and by ventilating the heat out of the cavity 
in summer and containing it in winter. The 
location and pattern of these translucent 
elements have been developed to respond 
to the daylight and thermal requirements 
of the various building uses adjacent to the 
façade, from leisure pools to sports pool, 
even at one stage an ice rink.

To reduce the energy consumption of 
the centre, the design has incorporated 
many energy recovery systems, including:

Heat recovery from warm exhaust air for 
warming up the cold outside air (fresh air 
supply)
Heat recovery from chillers for space and 
pool water heating
Heat recovery from ice-making machines 

■

■

■

(for the ice rink) for air in building and 
pool water heating

LIGHTING DESIGN
Lighting design has also been a challenge. It 
is not ideal to have lighting in the middle of 
a pool as it creates glare for the spectators. 
arup designed two structures for either side 
of the pool that direct light at ideal angles. 
The structures can be lowered onto the floor 
for maintenance, and they are also flexible 
enough for lights to be added or removed at 
will.

WATER
Even the water cycle has not been ignored 
in this incredibly sustainable building. 
With rainfall such a precious commodity in 
China, water in the centre will be recycled. 
Even rainwater falling on the giant roof will 
be collected, stored and re-used.

Swimming centres consume a large 
amount of water for sanitary purposes and 
from the pool filtration system backwash. 

This precious resource will be recycled to 
reduce water consumption. used water 
is collected from showers and hand-wash 
basins and recycled as grey water for toilet 
flushing, water features and irrigation.

rain water falling from the giant roof is 
collected and stored in underground tanks 
before filtered and treated for hot water 
services. The aim is to reduce the reliance 
and pressures on local receiving water, mu-
nicipal water supply system and discharging 
direct to the sewer system.

A STRONG TRACK RECORD
To design a building never attempted before, 
arup drew from its best practice knowl-
edge of aquatic centres from around the 
world, including those used for the Sydney 
Olympics and Manchester Commonwealth 
Games. arup’s involvement in other high 
profile projects in Beijing, including the 
stadium, CCTV tower, the international 
airport and interchange, also gave the team 
an advantage. 

KEY PLAYERS

Client Beijing: State-owned Assets management Co

Project manager Three Gorges Corporation

Consortium Leader China State Construction Engineering Corporation 
(CSCEC)

Design Consortium:

Architect PTW Architects & China State Construction International 
Shenzhen Design Consulting Co. (CSCEC+DESIGN)

Engineer Arup & China State Construction Engineering 
Corporation (CSCEC)

Images PTW; CSCEC; Arup



Cape Town to host SEmC 2007
ExACTLy SEVEN yEArS ago, Alphose Zingoni, 
Professor of Structural Engineering and mechanics 
at the university of Cape Town, thought it would 
be a most beneficial experience for South African 
industry and academia if the most talented minds 
in structural engineering and allied disciplines could 
be brought together from all parts of the world to 
exchange ideas in a beautiful city like Cape Town. 
his vision was one of a major conference on African 
soil that would ‘bring together from around the 
world academics, researchers and practitioners in 
the broad fields of structural mechanics, associated 
computation and structural engineering, to review 
recent achievements in the advancement of knowl-
edge and understanding in these areas, share the 
latest developments, and address the challenges 
that the present and the future pose’.  

A year later, in April 2001, the university 
of Cape Town hosted the first International 
Conference on Structural Engineering, mechanics 
and Computation (SEmC 2001). So successful had 
this conference been that it was decided to hold 
similar conferences on a regular basis in future. 

Just a few months after the first conference, 
the world witnessed the dramatic events leading to 
the progressive collapses of the World Trade Center 
Twin Towers in New york, and in December 2003, 
a massive earthquake struck Iran, bringing down 
thousands of buildings and killing more than  
20 000 people. Such catastrophic events have 
highlighted the technical challenges that confront 
structural engineers today, in their endeavour to 
protect life and property against the devastating 
effects of extreme loadings, whether caused by 
nature or man. research has to be continually ad-
dressing these and other issues, and the new series 
of SEmC conferences would provide an effective 
forum for the dissemination of the latest findings.

 The second conference (SEmC 2004) saw 
close to 300 delegates from 42 countries con-
verging on Cape Town. It became clear that a 
huge amount of research was actually going on in 
universities around the world in search of a deeper 
understanding of how materials and structures 
behave, and hence better ways of designing and 
building engineering structures. Not only is more 
comprehensive design information being gener-
ated and codified as a result of these efforts, but 
also some wonderful new structural materials are 
coming onto the scene, promising more effective 
solutions for achieving larger spatial spans, greater 
structural heights, more economical usage of 
materials, higher levels of safety and longer lifespan 
of structures. These innovations have potential 
application not only in civil engineering construc-
tion, but also in mechanical (manufacturing and 
processing infrastructure), naval and aerospace 
construction.

It is against this background, and within this 
dynamic context, that the Third International 

Conference on Structural Engineering, mechanics 
and Computation (SEmC 2007) is being organised 
by Alphose Zingoni and his team at the university 
of Cape Town. The conference will run on the 
upper Campus of uCT from 10 to 12 September 
2007. As with the previous conferences, the three-
day event will be broad in scope, and the pro-
gramme will feature numerous sessions covering 
the latest developments in the analysis, modelling, 
design, construction and maintenance of a large 
variety of engineering structures including tall 
buildings, sports facilities, long-span roof systems, 
bridges, tunnels, harbours, dams, containment 
structures, towers, masts and antennae. 

Close to 700 paper proposals have been 
received from authors representing some 55 
countries worldwide, and SEmC 2007 is on course 
to surpassing the attendance records of previous 
conferences. Keynote and invited papers will be 
delivered by leading experts from countries such as 
the united States, Canada, the uK, Germany, the 
Czech republic, hungary, Austria, Italy, Denmark, 
the Netherlands, Poland, Belgium, China, Japan, 
Korea, Australia, Brazil and South Africa. The of-
ficial sponsors of the conference are the Joint 
Structural Division of the South African Institution 
of Civil Engineering (SAICE) and the Institution of 
Structural Engineers (IStructE), the Southern African 
Institute of Steel Construction (SAISC), the Cement 
and Concrete Institute (CCI), and the National 
research foundation (Nrf) of South Africa. 

With the world’s attention on South Africa 
as the host country of the 2010 fIfA World Cup, 
the timing of this event could not be better. Like 
large suspension bridges and super-tall buildings, 
stadiums have the power to captivate the imagi-
nation of the public with their startling size and 
breathtaking magnificence. Well designed, they can 
be a vivid and dramatic illustration of what the best 
of structural engineering can offer to the public. 
The 2006 World Cup in Germany has shown what 
can be achieved when structural engineers and 
architects work closely with universities to create 
spectacular designs without compromising public 
safety and while maximising functionality. These 
are lessons that the South African organisers of the 
2010 World Cup can draw from. SEmC 2007 will 
bring to South Africa a number of international 
authorities on various aspects of stadium design, 
including aesthetics and safety. 

forming part of the 2010 infrastructural 
upgrading is, of course, the high-profile Gautrain 
project. The primary objective is to be able to move 
large numbers of people from one point to another 
rapidly, efficiently and safely, but to achieve this, 
expertise from several disciplines needs to come 
together, and some challenging technical problems 
need to be overcome. As will be explained at SEmC 
2007 by experts from Korea, Japan and Germany, 
one of the technical challenges is the need to fully 

understand and take into account the phenom-
enon of train–structure dynamic interaction (where 
the structure may be a bridge or a suspended 
track) when designing high-speed train systems, 
and again, this is an area where designers need to 
be working closely with researchers in universities in 
order to deliver the best solutions to the public. 

A number of presentations at SEmC 2007 will 
deal with the related (from a mechanics point of 
view) phenomenon of crowd–structure dynamic 
interaction in long-span pedestrian footbridges, 
a problem that was dramatically illustrated at the 
opening of the London millennium Bridge in 2000, 
when the bridge began to experience frightening 
sideways vibrations as a result of the huge crowds 
moving across it. With the 2010 World Cup event 
will come the inevitable need to convey large num-
bers of people over short distances across roadways 
into stadia, and footbridges will be a key part of the 
solution. The forthcoming structural engineering 
conference in Cape Town will discuss the latest 
findings on this subject, and design implications. 

The provision of adequate and affordable 
housing is a high priority for South Africa, and 
it is appropriate that a number of papers that 
will be presented at SEmC 2007 will offer pos-
sible solutions to this problem. As heard at the 
Steel Structures Conference in Johannesburg in 
November 2006, steel is becoming a realistic op-
tion for low-rise housing projects in South Africa. 
however, further development work is still required 
in this area, and some of the issues needing atten-
tion will be highlighted at SEmC 2007.   

Globally, there is now general acceptance of 
the need for lifelong professional learning. The 
Engineering Council of South Africa (ECSA) now 
requires registered professional engineers to attend 
CPD (continuing professional development) activi-
ties as a condition for the renewal of professional 
registration. full attendance at the SEmC 2007 
International Conference will attract three CPD 
credits. 

The organisers would like to invite all structural 
design and construction engineers to attend and 
participate in this premier international event. The 
registration form for attendance may be obtained 
from the conference website.

The conference also offers excellent opportuni-
ties for the exhibition of relevant products and 
services, and further details may be obtained from 
the organisers. 

Conference website: 
http://www.semc2007.uct.ac.za 

Contact person: Professor A Zingoni 
(Conference Chair), Department of Civil 

Engineering, university of Cape Town, 
rondebosch 7701, Cape Town, South Africa  

T 021-650-2601, f 021-650-5864, e-mail 
azingon@ebe.uct.ac.za
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university of Cape Town



aS THE ELECTED professional body  
representing structural engineering in 
South africa, the JSD (Joint Structural 
Division) is the custodian within SaICE of 
structural engineering excellence, delivered 
at an international level of competence, 
thereby promoting the safety of structures 
and enhancing the status and quality of 
structural engineering as a specialist cat-
egory of the civil engineering profession.

a perception has been developing 
within a section of the JSD that the quality 
of structural engineering is dropping, due 
to increased failure levels, perhaps caused 
by skills shortages and over-reliance on 
computer software, the latter especially in 
instances where experienced engineering 
insight is lacking. This perceived drop in 
the quality of structural engineering work 
has been addressed in many countries 
through specific legislation for structural 
engineers, hence our move towards devel-
oping the JSD list of competent structural 
engineers.

although ECSa recognises that various 
specialist disciplines exist within the engi-
neering community, they strongly support a 
unified (generic) approach to competencies 
since they feel that allowing or regulating 
a plethora of definitions is not practical 
for local circumstances. Therefore Pr Eng 
and the Pr Tech Eng registration currently 
remains the sole mechanism to determine 
engineering competence, that is, without 
differentiating any specialist category, and 
relying on individuals to abide by the ECSa 
Professional Code of Conduct. This is, of 
course, a different approach to what the 
JSD would like to see. 

 The JSD has developed a business plan 
whereby a JSD web-based list for individual 
structural engineers has been set up to 

identify individual competent structural 
engineers as a specialist group. This is 
yOur list and is available to be used as an 
accessible reference database for structural 
engineers in South africa who comply with 
the conditions set by the JSD. although this 
is not a statutory list, it could assist with 
certain decision-making processes. To date 
there are over 50 members registered on 
the list. The challenge remains how to find 
an agreeable solution that does not exclude 
practising competent structural engineers 
whose names do not appear on the JSD 
web-based list.

For inclusion on the JSD list, we have 
embarked on a peer-review route. Two al-
ternative options are available:

recognition by peers for continual ex-
perience in the design of structures for a 
minimum of ten years. This appears to be 
in line with international norms
The passing of a recognised structural 
engineering examination. Owing to 
the JSD’s association with the Institute 
of Structural Engineers (IstructE) we 
have benchmarked IstructE’s Chartered 
Membership examination as the entrance 
level

The following are some of the reasons 
for our choice of IStructE’s Chartered 
Membership examination as the bench-
mark:

unlike some other countries, there is 
no dedicated examination procedure 
available in South africa for practising 
structural engineers. Such an examina-
tion could certainly be set up in South 
africa with the support of the universi-
ties and ECSa, although there would be 
a cost attached to it. IStructE has agreed 
that we may use their examinations in 
the interim, with obvious added benefits 

■

■

■

if membership of IStructE is taken up by 
an individual 
IStructE is acknowledged as the eminent 
international body for structural engi-
neers and serves some 22 000 members 
in 32 branches in 109 countries. Being 
part of this institution, with access to 
its magazine and international gateway 
to other countries, is seen as a definite 
benefit to South african-based structural 
engineers who are concerned with global 
interaction
The JSD currently has three members on 
the IStructE council, and these members 
attend the annual IstructE conference
Our next set of Codes of Practice for 
Structural Design in South africa will 
be based on the Eurocodes, and IStructE 
will act as a gateway to these codes

During 2006 the peer review panel com-
prised the JSD committee, represented by 
the following sectors: 
Offers to assist the reviewing panel would 
be welcomed.

The JSD is not attempting to create an 
‘elitist’ list or split the civil engineering 
profession. We have public safety and 
identification of work, specifically aimed at 
structural engineers, in mind. We trust this 
initiative will enhance the status of struc-
tural engineering in society. 

rob young 
Chairman JSD

■

■

■

Focus on Joint 
Structural Division

Academic 3 members

Engineering training 4 members

Consulting 10 members

JSD list of peer-reviewed  
competent structural engineers
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MEMBErSHIP OF THE Joint Structural 
Division is open to both SaICE and 
IStructE members. Full membership of the 
division is, however, confined to those who 
are members of both Institutions. IStructE, 
in order to encourage full membership, 
offers a discount on its membership sub-
scriptions (currently 45%) to those of its 
members who are also members of SaICE.

recent amendments to SaICE’s consti-

tution and IStructE’s charter facilitate full 
membership. 

Members of IStructE (FIStructE, 
MIStructE, aMIStructE and aIStructE) 
who are registered with the Engineering 
Council (uK) are eligible to become SaICE 
members (MSaICE) provided that they 
are active in civil engineering at the time 
of their admission. Such persons, once 
admitted, will be entitled to use the letters 

MSaICE to designate their grade.
The revised IStructE bylaws that es-

tablish the requirements for MIStructE, 
aMIStructE and aIStructE are set out in 
the table below.

The JSD conducts the Professional 
review Interview on behalf of the IStructE 
and facilitates the sitting of the member-
ship examinations.  

Full membership of  
the Joint Structural Division



Grade Requirements at time of admission to the grade Comments

member 
(mIStructE)

hold either an Institution-accredited degree in civil or structural engi-
neering, or an Institution-approved equivalent qualification, and
be engaged in the profession of structural engineering, and
have completed appropriate initial professional development, and
have passed the Professional review (comprising an Interview and either the 
Chartered membership Examination or the submission of research and/or 
development work)

(There is also a Technical report route, an Associate-member to member 
route, and a European Directive 89/48/EEC route)

■

■

■

■

members may describe themselves as Chartered 
Structural Engineers and may be registered with the 
Engineering Council uK as a Chartered Engineer (CEng) 
should they so wish
The requirements for academic qualifications are 
aligned with the Washington Accord as is the case for 
those associated with registration as a Professional 
Engineer

■

■

Associate- 
member 
(AmIStructE)

hold either an Institution-accredited qualification in civil or structural engi-
neering, or an Institution-approved equivalent qualification, and
be engaged in the profession of structural engineering, and
have completed appropriate initial professional development, and
have passed the Professional review (comprising an Interview and either the 
Associate-membership Written Examination or the submission of research 
and/or development work)

■

■

■

■

members may describe themselves as Incorporated 
Structural Engineers and may be registered with the 
Engineering Council uK as an Incorporated Engineer 
(IEng) should they so wish
The requirements for academic qualifications are 
aligned with the Sydney Accord as is the case for 
those associated with registration as a Professional 
Engineering Technologist

■

■

Associate 
(AIStructE)

hold either an Institution-accredited degree in civil or structural engi-
neering, or an Institution-approved equivalent qualification, and
be engaged in the profession of structural engineering, and
be domiciled outside the European Economic Area, and
be in a qualified grade of membership of a body with which the Institution 
has a joint membership agreement, and
have passed the Professional review Interview

■

■

■

■

■

SAICE members who are registered as Professional 
Engineers are eligible for admission through this route
members may describe themselves as Chartered 
Structural Engineers and may be registered with the 
Engineering Council uK as a Chartered Engineer (CEng) 
should they wish
The requirements for academic qualifications are 
aligned with the Washington Accord

■

■

■
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THE InSTITuTIOn OF Structural 
Engineers (IStructE) was founded in 1908. 
Qualifying examinations for membership 
was introduced in 1920, around the same 
time as the first regional branches were 
formed in the uK. In 1937 the South africa 
branch became the first to be established 
outside the uK. Currently there are 32 
branches, divisions and sections across the 
world, reflecting and supporting the global 
spread of IStructE’s membership. 

The Institution, which has its headquar-
ters in London, has some 22 000 members 
in 109 countries around the world, and is 
recognised internationally for the technical 
and professional competence of its members. 
Its image is one of safety, efficiency and 
excellence both of its operations and in the 
standards of its members. The Institution 
qualifies its members by examinations that 
test professional competence in structural 
engineering design.

The IStructE Chartered Membership 
(CM) (and associate-Membership) exams 
are taken at centres around the world each 
year in april (up to 60 or 70 centres) (see 
www.istructe.org.uk). This means that the 

Institution continues to accredit profession-
ally competent structural engineers, and this 
in turn means that governments and regis-
tration boards in various countries, states or 
provinces recognise this qualification and 
therefore register individuals to practice. In 
some places such registration is automatic; 
in other places a local test has to be taken 
(if necessary, after a one-year period of resi-
dency). We use the phrase that becoming a 
Chartered Structural Engineer is a ‘passport 
to practice’, but, like some countries with 
passports, a visa is also needed to gain full 
entry.

 Specific locations that accept MIStructE 
are the uK, Hong Kong, British Columbia, 
China, most Caribbean countries, 
Queensland (australia), new Zealand, 
and, after the local ‘one-year test’, several 
Canadian provinces and several uS states.  It 
is also accepted in several countries where 
there is no formal registration of engineers 
– many african countries, the Indian sub-
continent, the rest of australia, and many 
other European countries.

 In addition, we are currently in dis-
cussion with the Structural Engineers 

Certification Board (SECB) in the uSa – they 
want to use our CM exam as a common 
measure of structural engineering com-
petence, knowing that it is a qualification 
with an international basis, leading on to a 
formal certificate of competence that will be 
recognised federally in the uS – in parallel 
with, but more helpfully than, the specific 
state-by-state, non-recognised registration of 
structural engineers that exists at present in 
just 12 states.

 Both British Columbia in Canada, and 
these 12 uS jurisdictions, fully recognise 
that SE (Structural Engineer) registration is 
a much higher measure of competence than 
the PE (Professional Engineer) registration 
that applies to engineers in all engineering 
sectors.

The Chartered Membership examina-
tion has been made available to the Joint 
Structural Division (JSD) for use as a bench-
mark in the creation of a ‘List for Competent 
Person – Structures’, a non-statutory volun-
tary listing of professionals developed by the 
JSD. 

Dr Keith Eaton, Chief Executive, IStructE

Chartered membership – an international  
passport for structural engineering
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arOunD THE WOrLD representative 
firms of the structural steel industry are 
recognised for the expertise they bring to 
building projects. yet, structural steel pro-
ducers (mills), warehouses (steel service 
centres), detailers, fabricators (steelwork 
contractors) and erectors are notoriously 
shy when it comes to promoting their 
industry and marketing the services they 
provide. all too often the competition is 
seen more as similar companies providing 
the same services than competing struc-
tural materials. 

Within the industry we speak of 
ourselves as ‘sales’ organisations and 
marketing is viewed as something that 
someone else does. The end result is that 
we compete for projects designed in steel, 
rather than influencing projects to be 
designed in steel. yet, every individual 
involved in the structural steel industry 
can become a positive force impacting the 

design and construction marketplace and 
increasing the demand for structural steel.

The key is not to hire more marketing 
professionals, but to make marketing part 
of the organisational culture of every seg-
ment of the structural steel supply chain. 
Mill producers need to recognise that their 
ultimate customer is not the warehouse 
or structural steel fabricator that they sell 
mill material to, but the decision-makers 
in the design-construction process who 
influence the selection of a framing system 
for a building. Warehouses need to see 
that to positively impact the growth of 

their businesses they have do more than 
convince steel fabricators to purchase ma-
terial from their warehouse as opposed to 
their competitors, but to market upstream 
and increase the demand for structural 
steel. Fabricators must begin to realise 
that good marketing is not being asked 
to submit a competitive bid on a fully 
designed project or respond positively to a 
request for participation in a design-build 
project, but to communicate the value that 
a structural steel solution can bring to a 
project while it is in the conceptual design 
phase.

To many individuals in the structural 
steel industry the term ‘marketing’ is remi-
niscent of a trip to the local dentist. But 
the cultivation of a marketing mindset and 
the influencing of critical decision-makers 
can be not only painless, but an enjoyable 
aspect of the everyday activities of every 
organisation at any point along the struc-

tural steel supply chain.
What does the staff of a typical fabri-

cator, mill or service centre believe about 
structural steel construction? In the uS, 
the tagline of aISC (the american Institute 
of Steel Construction) has recently been 
debated. What simple, memorable message 
do we want to send to the marketplace? 
are we the lowest cost material? The 
fastest material for construction? The most 
flexible material? The material easiest to 
design with? The highest quality mate-
rial? These are all true in most situations, 
but none of those statements seemed to 

capture the essence of what structural 
steel brings to the marketplace. Instead 
we agreed on a simple statement – ‘There’s 
always a solution in steel.’ What does this 
mean? Simply put … for whatever chal-
lenge being faced on a project with respect 
to the structural framing system – struc-
tural steel can and has addressed that 
challenge. We believe this … our member 
mills, service centres and fabricators be-
lieve this … and if you are going to grow 
the structural steel market in your locale, 
you need to believe it as well. 

But belief is only as good as the facts 
that it is based on. Believing that ‘there’s 
always a solution in steel’ is not blind 
faith, it is personally coming to grips 
with the reality of the value of structural 
steel in the construction marketplace. It 
is answering the question ‘Why is there 
always a solution in steel?’ The answer to 
that question is four fold. as an industry 
there is always a solution in steel because 
of our material, our expertise, our ability 
to deliver projects and our attitude.

So what about out material? Have you 
thought about structural steel the mate-
rial recently? Have you ever sat down and 
listed out the benefits that structural steel 
brings to a project?

Perhaps the best way to recognise the 
benefits that structural steel brings to a 
project is to simply ask the question, ‘If I 
could develop a material that would best 
satisfy the requirements for building con-
struction, what would it be like?’  

The answer would be that it would:
Be the benchmark against which all 
other materials are compared
Be strong in both compression and ten-
sion
Be sustainable in every sense of the 
word
Be shop-fabricated for enhanced produc-
tivity and high tolerances

■

■

■

■

Cultivating a  
marketing mindset

Text John Cross 
American Institute of Steel Construction

Believing that ‘there’s always a solution in steel’ is not blind faith, it is 

personally coming to grips with the reality of the value of structural steel in 

the construction marketplace
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allow for the opportunity to optimise 
cost and schedule through integrating 
the design and construction process
Be easily erected in the field allowing for 
straight forward integration with other 
building systems
allow for the acceleration of project 
schedules
Easily handle future field modifications 
to adapt to changing building require-
ments
Be cost effective
Drive improved industry productivity
Be aesthetically pleasing
allow for ease of design, yet be able to 
handle innovative design approaches

Fortunately, it is not necessary to develop 
a new building material. Structural steel 
effectively addresses each of those desires.

all other materials are measured 
against the standard of structural steel 
– strength, design flexibility, cost – and 
structural steel is still the material of 
choice.

all other materials talk about high 
strength, but their strength is still less 
than that of structural steel, even when 
enhanced by steel reinforcing.

Structural steel is the most recycled 
material on earth – today’s structural 

■

■

■

■

■

■

■

■

steel in the uS is made of 95% recycled 
product, is fully recyclable in the fu-
ture, and can be reused without further 
processing.

Productivity increases in the construc-
tion industry have lagged behind all other 
industries. Productivity enhancements 
for construction will occur not in labour- 
based field activities, but in shop-based 
technology enhancements. Structural steel 
can enhance construction productivity 
because of its shop fabrication while 
maintaining high construction tolerances. 
Field-placed material will always lag be-
hind the productivity curve.

Technology exists today to allow the 
close cooperation between designers and 
steel specialty contractors in the design, 
fabrication and erection of building struc-
tures. This technology allows designs to 
save both time and dollars in the construc-

tion process by integrating fabricating 
and erection efficiencies in the design and 
passing design models between analysis, 
detailing and fabricating operations. This 
is a process unique to structural steel that 
often generates savings in excess of recent 
material cost increases.

rapid erection in all seasons, main-
taining close tolerances for integration 
with other building systems, and minimal 
construction site waste, is achievable only 
with structural steel.

Other materials may be able to start 
field work sooner, but the rapid design, 
fabrication and erection cycle with struc-
tural steel will allow the framing system 
to finish sooner and be available earlier to 
other trades.

Structural steel buildings can be 
modified in the future for new applications, 
loading conditions, vertical expansions and 

This technology allows designs to save both time and dollars in the 

construction process by integrating fabricating and erection efficiencies 

in the design and passing design models between analysis, detailing and 

fabricating operations



Civil Engineering | March 2007 33

changes in owner desires in ways that other 
framing systems can never accomplish.

Today, when competing framing sys-
tems are evaluated for projects using com-
parable, current cost data, structural steel 
remains the cost leader for the majority of 
construction projects. 

and that is not surprising; structural 
steel has remained the cost leader in the 
united States for construction materials 
over the past 30+ years. Taken from a base 
of 1980, structural steel prices for uS mill 
material have increased only 76%, with 
the majority of that increase coming in 
the past three years, while concrete prices 
have escalated 98%. Why so low? In 1980, 
ten man-hours were required to produce 
a single ton of steel. Today, that same ton 
of structural steel requires substantially 
less than half a single man-hour. While 
not as dramatic, similar productivity 
enhancements have impacted the cost of 
detailing and fabrication. The end result 
is that the structural steel component of 
the construction industry is one of the few 
segments where significant productivity 
increases have occurred.

architects praise the natural beauty of 
steel and are excited about exposing it in 
the design of their structures to emphasise 
grace, slenderness, strength and transpar-
ency of frame.

and structural steel remains the most 
desirable material for the structural engi-
neer to design in. Tools for structural steel 
design abound and are a quantum step 
ahead of tools for other systems. Full inte-
gration between analysis, design, detailing 
and fabricating software is in use today. 
This innovative blending of technology 
is not just for simple boxes, but also for 
complex structures requiring innovative 
design approaches and the cost-saving 
techniques of 3-D modelling with full 
steel specialty contractor involvement in 
the design process.

It is not necessary to dream about 
developing the ideal construction material. 
Even in these times of increased market-
place volatility, the indispensable material 
of choice remains structural steel.

But it is not only because of our mate-
rial that we feel comfortable in saying 
‘there’s always a solution in steel’, it is also 
because of our expertise as an industry. 

at a recent series of roundtables in the 
united States hosted by aISC we asked 
designers, architects, structural engineers, 
owners, general contractors and construc-
tion managers to tell us their issues with 
structural steel construction. and they 
shared them with a great deal of passion 
– schedule delays, extras, change orders, 
requests for information, vibration con-
cerns, fire protection, achieving low-floor-
to-floor heights, and industry capacity. 
and after they shared them it was only 
appropriate to look them in the eye and 

ask ‘then why do you use structural steel 
on your projects rather than concrete?’ 
They said two things – first, the problems 
are the same and greater with concrete, 
but the second was even more telling. 
‘Structural steel fabricators are a lot 
smarter than concrete contractors.’ Why? 
Five reasons were given:

Structural steel fabricators help us face 
and meet project challenges
Structural steel fabricators know how to 
optimise the use of their material on my 
projects
Structural steel fabricators consistently 
come up with meaningful alternatives 
for how to approach a project
Structural steel fabricators know what 
the term ‘value engineering’ means and 
do not equate it to just reducing the 
scope of the project
Structural steel fabricators understand 
the costs associated with what they do

yet if a poll were to be taken of the 
fabricator members of our organisation, 
it would most probably show that most of 
the fabricators in the united States do not 
believe that statement. They do not realise 
the value their expertise brings to a con-
struction project. 

at fabricator seminars we conduct 
around the country the fabricators are 
often asked to talk about the value they 
can bring to a project because of their 
expertise. Invariably the fabricators sit 
quietly in their chairs with their heads 
down avoiding any possible eye contact. 
Why? Because they are not convinced of 
the value they bring to a project. yet if in-
stead of asking them about the value they 
bring to a project, the question is reformu-
lated to a scenario their response changes. 
When asked to remember the last set of 
plans to land on their desk they suddenly 
become energised. They talk about rolling 
open the set of plans, checking to see who 
the structural engineer on the project is 
and thumbing through the plans. In every 
case the structural steel fabricators talked 
about groaning when they saw the name 
of certain structural engineers, saying to 
themselves, ‘I wouldn’t have done it that 
way’, ‘They could save money if …’, ‘Boy, 
they don’t understand the fabricating 
process at all’ and ‘Did they even think 
about how this is going to have to be 
erected?’ In every case, the structural 
steel fabricator could immediately iden-
tify value enhancing modifications that 
could be made to the project design. The 

■

■

■

■

■

structural steel fabricator was applying his 
expertise to the project. 

Why is there always a solution in steel? 
Because of the very nature of the material 
of structural steel and because of our in-
dustry’s expertise! But it doesn’t end there. 
There’s always a solution in steel because 
of our ability. 

ability is different than expertise. 
Expertise is knowing how to do something 
in the best way … ability is the capability 
of actually doing it. Our industry has the 
ability to safely deliver projects on time, 
on budget and with a quality unsurpassed 
in the construction world. 

architects and designers have little 
or no idea of what it takes to execute a 
project in structural steel. Too often they 
see the structural steel process as a black 
box from which a completed building 
frame magically emerges. The structural 
steel industry has the unappreciated 
ability to make that happen. To phrase it 
another way, under constant budget and 
schedule pressure, the structural steel 
industry has the ability to go from draw-
ings that are woefully incomplete, to a 
structural steel frame erected within tight 
tolerances, that is ready for all of the other 
trades.

What has to happen inside that black 
box? Pricing the project, scheduling 
the project, contracting for the project, 
sequencing the project, placing material 
orders, modelling the structure, detailing 
the steel … and a piece of steel hasn’t 
even been touched! Incoming materials 
have to be handled, pieces identified, 
cutting, drilling, fitting up, welding, 
all while moving the material through 
the shop. Sequencing the pieces for 
erection, painting, loading, delivering, 
picking, erecting, and plumbing. all 
while tracking, handling change orders, 
invoicing, collecting, fighting for your 
change orders, attempting to release your 
retainage and all this while competing 
for the next project. and that is just the 
fabricators portion of the process. and all 
of this in the face of changing prices, filled 
rolling schedules, hiring qualified labour, 
slow responses from designers on requests 
for information and change requests from 
the project owner.

But the frame gets delivered and 
erected on time and within budget and 
rarely, if ever, does the structural steel fab-
ricator receive a word of thanks, let alone 
get his name on the sign board in front of 

Expertise is knowing how to do something in the best way … ability is 

the capability of actually doing it. Our industry has the ability to safely 

deliver projects on time, on budget and with a quality unsurpassed in the 

construction world
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the project. But the ability of the structural 
steel industry comes through again clearly 
demonstrating that ‘there’s always a solu-
tion in steel’.

Our material is superb, our expertise 
great and our ability second to none. So 
why if there’s always a solution in steel 
doesn’t every project decision-maker select 
a structural steel framing system? To put 
it simply, sometimes the attitude of the 
structural steel industry gets in the way. 
The structural steel industry has the mate-
rial, expertise and ability. But attitude is a 
dynamic – an element that is controllable 
– and all too often the structural steel 
industry communicates a negative atti-
tude. In the face of poor design drawings, 
volatile costs, supply issues, schedule dis-
ruptions, confused architects, unrealistic 
structural engineers, and unreasonable 
construction managers instead of commu-
nicating ‘there’s always a solution in steel’ 
the industry communicates ‘there’s always 
a problem in steel’.

a study was recently conducted by a 
public relations firm of the structural steel 
industry in the uS. The bottom line sum-
mary of that study was that members of 
the structural steel industry spend far too 
much time talking about internal industry 
issues in public rather than focusing on 
the solutions that can be provided to our 
clients. We go out in public and grumble 
about incomplete drawings, volatile costs, 
supply issues, schedule changes, confused 
architects and unreasonable general 
contractors and construction managers. 
Fabricators are invited to meetings where 
new applications are being discussed with 
architects only to say at the end of the 
meeting: ‘That’s a good idea, but we are 
way too busy to get involved.’ With clients 
we don’t talk about solutions, but com-
plain that the mills are making it impos-

sible for a fabricator to do our job. Project 
owners are not assured that the structural 
steel industry can meet the needs of their 
projects, but instead are told ‘every job we 
do get’s messed up because we can’t get a 
good set of plans anymore’.

Is there any doubt why we lose jobs 
to concrete? Too often we act like we ex-
pect projects to be designed in structural 
steel, more out of sympathy than because 
‘there’s always a solution in steel’.

This is not to say that the problems 
facing the various components of the 
structural steel industry are not real or 
should just be ignored, but that these is-
sues should be dealt with internally, not in 
front of our clients.

So why is there always a solution in 
steel? The first three are givens … because 
of our material, our expertise and our 
ability. The fourth is under our control … 
our attitude. and attitude is the key to cul-
tivating a marketing mindset. Marketing 
is not an activity that can be delegated 
to a few ‘marketing’ types to promote 
structural steel, but it must become an 
activity that each member of our industry 
is involved with.

Over the past several years aISC 
Marketing has transitioned from an or-
ganisation discussing the general benefits 
of structural steel to an organisation 
addressing specific cost and schedule 
concerns of specific projects. This is 
done through the services of the aISC 
Steel Solutions Centre that provides 
both conceptual and technical support 
to the design and construction commu-
nity in the uS. The activities of the Steel 
Solutions Centre are complemented by a 
staff of eight regional engineers scattered 
throughout the country. These regional 
engineers actively pursue projects in the 
conceptual stage of design with the goal of 
influencing the project to structural steel. 
Their activities have generated a positive 
impact in the marketplace, increasing the 
consumption of structural steel by three 
to five market share points in the overall 
market. Specific vertical markets were also 
targeted where structural steel was not 
the dominant material of choice – parking 
and multi-storey residential projects. The 
result of this project-based approach was 
a doubling of market share in the parking 
market and an increase of six points in the 
multi-storey residential marketplace.

Today the market share of structural 
steel in the uS stands at 50% including 

multi-storey residential projects and ex-
cluding pre-engineered steel buildings. 
This compares most favourably to steel’s 
next closest competitor, concrete, which 
holds a 26% market share. If market share 
is measured excluding all residential 
projects and pre-engineered steel build-
ings included, the comparative market 
share of structural steel stands at 60%.

But the Steel Solutions Centre and 
our staff of regional engineers can only 
do so much. The eight regional engineers 
together have pipeline of nearly 900 
projects that they are actively tracking 
and influencing to structural steel. That is 
an average of more than 100 projects per 
regional engineer. yet, during 2005 there 
were in excess of 90 000 project starts 
in the uS. That means that the regional 
engineering staff of aISC is touching and 
influencing only 1% of all projects. These 
projects are typically high profile projects 
that consist of multi-storey structures. But 
80% of the uS construction market on a 
square footage basis are projects that are 
four storeys and less in height. The ques-
tion necessarily becomes, ‘How does the 
structural steel industry positively impact 
a greater number of projects?’ Even if the 
number of regional representatives were 
doubled we would still be impacting only 
2% of all projects. 

at the same time the sales resources of 
the structural steel industry are typically 
focused on selling within the industry 
rather than on specifiers of structural steel 
systems. Mills sell to fabricators or steel 
warehouses. Steel warehouse sell to fabri-
cators. Fabricators pursue projects already 
designed in steel. 

Obviously the answer does not rest in 
traditional marketing methods. Instead, 
the structural steel industry in the uS has 
recognised that the two keys to further 
penetration of the building construction 
market are: the continuation of a project 
specific marketing approach and the cou-
pling of that approach with a mobilisation 
of industry resources to bring the message 
that ‘there’s always a solution in steel’ to a 
broad-based audience of project decision-
makers, focusing particularly on small to 
mid-range projects.

This means that every individual in 
the structural steel industry needs to 
develop a positive attitude and cultivate a 
marketing mindset. It does not mean that 
every individual must become a marketing 
maven, but that every individual must de-
velop a sensitivity to opportunities for the 
use of structural steel. 

How does that happen? 
at the initial level of engagement it is no 

more difficult than ensuring that every staff 
member can achieve the following goals:

recognise potential projects where 
structural steel could be utilised
Know where to communicate informa-

■

■

This individual would be dedicated to communicating the benefits 

of structural steel to project decision makers, developing long-term 

relationships with key market influencers and actively pursuing projects 

that can be influenced to structural steel

Other firms will take a first step 

and commit to developing one or 

two significant relationships. Some 

firms will choose to dedicate one 

day per month of a sales person 

to pursuing project leads and key 

influencers
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tion regarding a potential structural 
steel project
Know the location, type of building and 
when possible, visit the site the of com-
pleted structures that they have person-
ally worked on
Be able to verbalise their role and their 
companies’ role in the provision of a 
beneficial structural steel-framing sys-
tems in 15 seconds or less

These are simple goals that form the foun-
dation of industry mobilisation. none are 
complex. Every worker in a fabrication 
facility should feel empowered to become a 
collector of information in their own locale 
about potential projects where structural 
steel framing could be used. That worker 
needs to do no more than pass that in-
formation on to a key person within his 
organisation who can follow up the lead or 
pass it on to another organisation that will 
pursue the project. There is no guarantee 
that any work from this lead will end up 
benefiting the actual company identifying 
the information. The focus is that the 
potential project can be ‘touched’ with the 
goal of influencing the project to steel for 
the benefit of the overall structural steel 
industry.

The final goal may seem more difficult, 
but in reality it is simply helping every 
staff member answer the commonly posed 
questions ‘What do you do?’ or ‘Where do 
you work?’ in a manner that is beneficial 
to the structural steel industry. rather 
than saying ‘I run a machine for the aBC 
Company’, the answer can be expanded to 
include a full perspective of the activity. 
For example, instead of just saying ‘I run 
a machine for the aBC Company’, the 
staff member should be encouraged to say 
‘I work for the aBC Company as a drill 
operator fabricating structural steel for 
many of the buildings in our area like the 
James Street office building. We provide 
the steel frame that provides the strength 
for the building just like bones provide the 
strength for our bodies. no other kind of 
material can compete with the strength 
and quality of steel. you know, structural 
steel buildings are the best kind of build-
ings to build.’ The answer doesn’t have to 
be long – in fact the longer the answer the 
less impact it will have. The goal is to send 
a positive message about structural steel 
into the marketplace.

In addition, at this basic level pro-
motional information (either in print or 
in electronic form) being distributed to 
promote the firm should be reviewed and 
modified to include and highlight not just 

■
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the attributes of the firm, but also the 
benefits of selecting structural steel as the 
framing material for the project.

From this initial level of engagement 
in the marketing task the level of involve-
ment can take the form of any number 
of scenarios. The pinnacle of involve-
ment is each firm actively promoting the 
utilisation of structural steel by adding 
a full-time staff member, dedicated to 
marketing, to their firm. This individual 
would be dedicated to communicating 
the benefits of structural steel to project 
decision-makers, developing long-term 
relationships with key market influencers 
and actively pursuing projects that can be 
influenced to structural steel. The goal of 
this level of activity would be the early in-
volvement of the firm in the development 
of actual project solutions and the cap-
turing of the project for completion by the 
firm. realistically, few firms will be able 
to justify the expense of a dedicated indi-
vidual. yet even at this dedicated level of 
involvement it is not that all promotional 
efforts are delegated to a single individual, 
but that all staff members are actively en-
gaged as noted above and passing informa-
tion to this individual.

Between the base level and the highest 
level are a variety opportunities for the 
promotion of structural steel by the indi-
vidual firm. It should be kept in mind that 
each firm needs to define its own level of 
involvement, but that every firm can and 
should be involved. a careful evaluation 
should be performed by the ‘industry 
marketing champion’ in the firm with the 
optimum level of involvement, balancing 
the costs that are involved with the poten-
tial benefits that can received. 

Many firms will only engage at the 
base level. Other firms will take a first 
step and commit to developing one or two 
significant relationships. Some firms will 
choose to dedicate one day per month of 
a sales person to pursuing project leads 
and key influencers. Selected firms may 
require all members of the sales team to 
dedicate 10% of their time to a general 
marketing effort. The key is not just the 
level of involvement, but the common 
message being sent to the marketplace by 
all industry participants.

Each firm can engage the marketplace 
through different types of activities. Some 
successful activities that have been under-
taken in the uS include:

Facility tours of mill, warehouse or 
fabrication shops for architects or other 
related trade associations

■

adopt a group of architects or general 
contractors, probe them about how 
they feel about structural steel, be a 
good listener and take to heart their 
comments 
Encouragement of outside sales staffs 
to contact upstream users of structural 
steel (owners, architects, general con-
tractors, structural engineers) on a lim-
ited basis and develop one or two long-
term relationships outside the structural 
steel industry
Engagement in local chambers of com-
merce or economic development agen-
cies as a means of positioning the struc-
tural steel industry in the forefront of 
new development in a particular region
Provision of information to area con-
tractors regarding current steel supply 
trends in terms of availability and cost
Promotion of the benefits of early in-
volvement of steel fabricators in the de-
sign process as an antidote to volatility 
in the supply chain and to generate true 
value engineering ideas
Participation in specialty trade shows 
highlighting the benefits that structural 
steel can bring to construction projects 
for specific applications
Issuing of press releases to local media 
outlets highlighting the role of local 
structural steel firms in the delivery of 
high-profile local projects
Establishment of Google searches and 
alerts for existing or potential clients to 
keep informed on their activities and 
potential for utilising structural steel
Hosting a talk or seminar given by an 
industry representative at your fabri-
cating facility for local structural engi-
neers or architects
‘Becoming a friend in the structural steel 
industry’ to a local general contractor or 
construction manager
Providing incentives to staff members 
who generate local project leads
Posting a sign in front of your facility 
highlighting the environmental friend-
liness of structural steel
Making sure all your contacts receive 
copies of the industry magazine and 
newsletter

The key here is not so much what the 
individual firm does, but the change in 
mindset within the firm. If the utilisa-
tion of structural steel is to grow, then 
it must grow through the cultivation of 
a marketing mindset at every level of 
our industry. To do so requires the clear 
communication of the fact that ‘there’s 
always a solution in steel’ and that solu-
tion is a function of our material, ability 
and expertise. But even more importantly, 
our attitude must become one of commu-
nicating the good news about structural 
steel construction and our industry’s com-
mitment to deliver those solutions to the 
marketplace. 

■
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A careful evaluation should be performed by the ‘industry marketing 

champion’ in the firm with the optimum level of involvement, balancing the 

costs that are involved with the potential benefits
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IT IS InCrEaSInGLy important to ensure 
that building contract entered into provides 
sufficient protection for the interests of 
the parties to avoid financial losses. One 
example that has become an all too familial 
scenario in the construction and engineering 
industry is the insolvency of an employer 
before payment is made after a contractor 
has supplied a product.

In the judgment of A D Pellow NO & 
S Williams NO vs Club Refrigeration CC the 
Supreme Court of appeal considered the 
effect of a clause in a contract aimed at 
reserving ownership of movable property 
between a building contractor and an em-
ployer that became insolvent prior to the 
works being completed.

The employer accepted the tender 
submitted by Club refrigeration CC (‘the 
contractor’). It stipulated that the contract 
terms would be as per the JBCC Principle 
Building agreement, that the contractor’s 
ownership in the supplied equipment would 
be reserved until it was paid for in full. The 
fixed price of the equipment was also speci-
fied in the tender.

The employer was liquidated before 
the final outstanding amount due to the 
contractor was paid. The contractor then 
submitted a claim to the liquidators for the 
movable goods based on its reserved owner-
ship in the goods supplied. The liquidators 

faced another claim in respect of which 
the items supplied by the contractor from 
a third party. This claim came about as a 
result of a general notarial bond that had 
been registered over the movable assets of 
the employer. Should it be found that the 
ownership of the items supplied by the 
contractor had passed onto the employer, it 
would effectively mean that the third party 
became entitled thereto in terms of the gen-
eral notarial bond.

The contractor therefore had to apply 
to court for an order declaring it to be the 
owner of the goods in question. 

The liquidators argued that the contrac-
tor’s tender document did not form part of 
the agreement. They argued that the JBCC 
agreement alone governed the contract 
between the contractor and the employer, 
referring to clause 1.8 of the JBCC, which 
stipulated that:

 ‘This agreement is the entire contract be-
tween the parties …’

The court rejected this argument since 
the contractor incorporated its tender docu-
ment into the JBCC agreement by reference. 
The tender document was also attached 
as a schedule to the order placed by the 
employer, thereby incorporating it into the 
order.

The liquidators further argued that there 
was no mechanism whereby it could be 
determined which portion of the contract 
price pertained to which movable asset and 
consequently which items the employer 
had paid for. The court also rejected this 
argument and relied on clause 31.4 of the 
JBCC agreement where it provides that a 
reasonable estimate of the value of the work 
executed and value of materials and goods 
be separately specified in an interim pay-
ment certificate. Clause 31.7 stipulates the 
contractor remains the owner of goods until 
paid for while clause 31.9 provides that the 
employer only becomes the owner once the 
goods are paid for.

although the agreement between the 
employer and the contractor was a lump 
sum agreement, the order of the employer 
specifically required that payments be made 
in terms of the JBCC agreement and there-
fore it was possible to determine the value of 
the goods the contractor was not paid for.  

In its judgment, the court recognised 
that the contractor’s claim was based on 
its ownership of the goods and that it was 
therefore also entitled to payment of the 
proceeds of the sale held by the liquidators 
since the goods never formed part of the 
employer’s assets in the first place.

The court accordingly found in favour of 
the contractor and dismissed the appeal. 

Text Hendrik Markram BEng (Civil), LLB 
hendrik@markraminc.co.za

Estelle Jordaan BProc 
estelle@markraminc.co.za

Both from: markram Inc Attorneys 
012-346-1278

Reserving ownership
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IN BRIEF

ARUP APPOINTED AS 
INDEPENDENT CERTIFIER 
ON GAUTRAIN PROJECT
AruP hAS ANNouNCED that it has been awarded 
with the role of independent certifier (IC) for the 
Gautrain project, a contract that is valued at more 
than r25 billion. 

Arup was appointed as IC for the Gautrain 
project in october 2006, and the value of Arup’s 
role in the project is in excess of r150 million over 
the five-year period, during which Arup will have 
an average of 20 full-time employees working 
on the project. Arup has three appointed three 
groups of local consultants to assist the company 
on the project. These include a QS joint venture, 
headed up by David Langdon, with Crane and 
LDm assisting them, an architectural sub-con-
sultant, ADA and a mechanical and electrical joint 
venture between Spoormaker and DTm. 

Arup project director for the Gautrain project,	
ric Snowden, notes that the Gautrain project is 
the largest public-private partnership (PPP) project 
in the Southern hemisphere, being an agree-
ment between the concessionaire, Bombela, and 
Gauteng Province. Effectively there is joint owner-
ship of the project whereby Bombela is responsible 
for designing, building and operating Gautrain for 
15 years. Bombela has two main handover dates: 
after 54 months the service from Sandton to o r 
Tambo must be running and after 66 months the 
full service between Park Station in Johannesburg 
and Pretoria must be operational. Arup’s appoint-
ment is for the full 66 month development period. 

The role of the IC is an interesting one. As the 
name states, the role of IC requires the company 
to be independent; therefore, Arup is not allowed 
to have any other conflicting role in the project. 
Arup has to certify all the work that is carried out 
on the project. Arup’s basic responsibilities, in 
terms of the IC agreement, includes: certifying 
milestones, high-level monitoring of construction 
and review of designs, certifying that operating 
commencement dates for phases one and two 
have been achieved, and issuing a certificate on 
final completion. 

of these, one of Arup’s responsibilities is cer-
tifying milestones. Snowden explains that once a 
month, Bombela submits a statement in which the 
company claims the milestones that they believe 
are complete and due for payment. Payment to 
Bombela is based on more than 1 000 milestones 
over the duration of the contract. A typical ex-
ample of a milestone could be that the company 
has placed the order for railway tracks. once they 
believe this milestone is reached, Bombela will 
submit the relevant documentation to the IC. Arup 
is responsible for going through the milestones 
that are put forward for approval and interrogating 
them by looking at the criteria for achievement in 

terms of the concession agreement and then de-
ciding independently if the criteria has been met. 
If that is the case, Arup approves the milestone. 

To the best of Snowden’s knowledge, this 
is the most significant appointment of an inde-
pendent certifier in South Africa on a PPP project.

 

WOmAN ON THE mINE
DEBBIE GErAGhTy, NEWLy appointed head of 
Alexander forbes risk Services’ metals and min-
erals division, says: ‘Things have moved on since 
the days when “No Women Allowed” signs ap-
peared on mines and male colleagues warned that 
there was no place for women in mining.’

She is also relieved to report that mines now 
have ladies changing rooms for her to gear up in 
before mine inspections. 

Geraghty began her career in insurance 
straight from school, something she would like to 
see more of these days. ‘A major challenge in the 
underwriting industry in South Africa today is skills 
development.’

‘While Alexander forbes is good at producing 
and retaining talent, and certainly exports skills 
to other sectors, the industry is still not attracting 
enough youngsters. At the same time it is loosing 
the valuable experience of seasoned over-50s, 
mainly to greener pastures abroad or other  
sectors.’

Geraghty argues that, ‘In the past too much 
emphasis was placed on graduates. But once a 
BCom has been around a few years they want to 
become CAs and move on.’

Instead Geraghty believes that, like her, 
‘Getting people straight from school and pro-
viding them with skills directly appropriate to the 
underwriting industry is more likely to see people 
stay in the industry.

‘This will also ensure that we control the 
quality of the skills acquired while keeping skills 
development relevant to industry needs.’

Skills aside, growing the business remains 
a major challenge. ‘With a lot of South African 
miners going global Alexander forbes often loses 
business to big global operators. Competition 
with major global underwriters, however, presents 
as many opportunities as challenges in that 
Alexander forbes gains ever-wider global exposure 
and experience.’ 

more recently Department of minerals and 
Energy (DmE) legislation has limited foreign 
investment in the mining industry in South Africa. 
In response investors are increasingly looking 
north for more investment friendly environments 
as ‘Africa sees a proliferation of exciting new ven-
tures’. 

‘The growing presence of global mining 
players in Africa makes for an interesting market. 
The establishment of Afrinet in Africa, working 
through local consortiums, but sourcing un-
derwriting expertise through Alexander forbes 
in South Africa, has enabled us to service these 

new markets.’
Looking to the future Geraghty believes that, 

‘Growing capacity and developing efficiency in 
port and rail infrastructure is critical to growth 
in the mining sector. Shortage of stock as well as 
breakdowns, bottlenecks and processing delays 
at goods yards and ports is severely impacting 
growth.’

‘Solving these problems will mean a lot more 
building,’ Geraghty concludes. ‘Something that, 
like mining, can only add to our business as the 
economy grows.’ 

 Alexander Forbes Risk 
& Insurance Services

Debbie Geraghty 
T 011-669-3459 

Cell 082-452-2179    

VUK’UPHILE 
LEARNERSHIP PROJECT
foCuS ENGINEErING hAS recently been ap-
pointed as mentors for the Department of 
Public Works’ EPWP Vuk’uphile Learnership 
project in the Southern Cape and have since 
entered into negotiation for a landmark merger 
with P D Naidoo & Associates. The company has 
impressed with their innovative business thinking 
and their commitment to supporting emerging 
contractors in the marketplace. 

 Civil Engineers André Wessels and Gerhard 
Vivier started focus Engineering with the aim of 
delivering mentoring and project management 
services to contractors. ‘We had, through our 
past experience in business, identified the need to 
support contractors in South Africa because they 
lacked the experience to do main contractor’s 
work and therefore had to occupy sub contractor 
positions,’ explains André.

 When André and Gerhard combined their 
strengths in march 2005, the duo were able to 
offer a broad range of consulting engineering, 
project management and construction manage-
ment development services, aiding their quest to 
establish a one-stop consultancy practice. With the 
Vuk’uphile Expanded Public Works Programme 
(EPWP), the team could apply their full spectrum 
of services. ‘This initiative will help to transfer and 
also sustain vital skills in order to create a qualified 
pool of contractors,’ says André.

 The programme addresses the shortage 
of work opportunities and qualified contrac-
tors by identifying candidates throughout the 
country who will undergo a thirty month training 
programme. The role of focus Engineering in the 
Southern Cape is to support 12 of the learner con-
tractors throughout their thirty month course by 
performing the function of mentor. 

But what does the future hold for focus 
Engineering once the merger with P D Naidoo & 
Associates has been concluded? ‘Besides forming 
one company and sitting on the board of directors 
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at P D Naidoo & Associates, nothing much will 
change. Both companies share similar business 
philosophies and both use Civil Designer in all our 
infrastructure design projects. over and above the 
existing mentorship function, we focus strongly 
on civil consultancy services and our methodolo-
gies are very similar. The combined forces with 
P D Naidoo & Associates will therefore serve to 
strengthen our resolve to engineering a better 
future,’ concludes André.   

 

SGE PARTNERS WITH 
CHINESE GROUP
SuPEr GrouP EQuIPmENT (SGE), supplier of 
equipment solutions, has partnered with Chinese 
manufacturing giant xuzhou Construction 
machinery Group Inc (xCmG) to bring a range 
of cost-effective, quality machinery to South and 
sub-Saharan Africa. 
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xCmG is China’s largest manufacturer and 
exporter of construction equipment, holding a 
60% share of the Chinese market. xCmG has 
extensive research and development capabilities 
and has entered into a number of international 
technological co–operation programmes with 
world leading companies such as Caterpillar, 
Liebherr and Krupp. 

The company’s product range includes hy-
draulic cranes and earth-moving equipment such 
as graders, wheel loaders, compactors and special 
purpose vehicles. The entire range is ISo 9001 
certified. 

The CEo of SGE, Kamogelo mmutlana, says 
that the partnership with xCmG enables SGE 
to provide the South African and sub-Saharan 
African markets with a range of equipment solu-
tions suited to perform in numerous applications. 

‘The xCmG range is a quality, reliable range 
that is perfectly suited to working in harsh envi-
ronments. The range is tested and is the result of 
xCmG’s commitment to continually developing 
and improving the machinery. The company has 
a long track record in China and is emerging as 
a major player in the export market. It currently 
exports to Australia, New Zealand, South America 
and Eastern Europe.’

xCmG has grown rapidly over the last few 
years in order to keep up with the demand for its 
products. The company’s manufacturing facilities 
increased to 120 000 m² under roof and employs 
approximately 5 000 staff. xCmG recorded a 
turnover of well over uS$2 billion in 2005 with 
an export volume of over uS$120 million. This 
export figure increased 117% from the previous 
year. The company is targeting markets in 
Southeast Asia, North and South America, Africa, 
the middle East and Europe. 

The relationship with xCmG ensures that SGE 
is well poised to take advantage of the gap in the 
market created by the development boom related 
to the Gautrain project and the build-up to 2010. 

 Lolita Mukwevho
marketing manager 

Super Group Equipment 
T +27-11-523-4068 

Cell +27-82-353-4222 
lolita.mukwevho@rapiscanafrica.com 

         
 
 

SPECIAL CLADDING 
FOR CRADLE OF 
HUmANKIND PROJECT 
mACCAfErrI’S GrEEN TErrAmESh, the envi-
ronmentally friendly soil reinforcement system, 
was especially adapted to serve as the cladding of 
the striking Tumulus Building at maropeng, the 
Cradle of humankind. 

martin Schäffner, of the Johannesburg 
branch of maccaferri, says: ‘our company was 
approached by Swart Tromp & Associates, con-

sulting engineers for the project, to assist with 
the cladding of the Tumulus Building, which is a 
pivotal point of the Cradle of humankind.

‘The specification was for a soil stabilising 
product, up to 16 metres high, which could 
accommodate vegetation. The initial design 
proposal called for our Green Terramesh units 
to be sloped at 70 degrees, with terracing at 
various intervals. The reinforcing tail could then 
be anchored to the concrete slabs of the Tumulus 
if necessary.

‘however, this concept proved impractical 
because of the building’s waterproofing that 
could not be punctured or cut. furthermore, 
the proposed slope of 70 degrees was reduced 
to 45 degrees to match the natural slope of the 
building,’ Schäffner explained. 

Alistair morgan, of Swart Tromp & 
Associates, decided that the 45 degrees slope be 
specified with reinforcement lengths of 1,5 m. As 
these were not standard Green Terramesh sizes, 
maccaferri had to manufacture special products 
to meet the new specifications. 

‘The empty Green Terramesh units were 
placed in position and laced together to form a 
continuously connected, monolithic structural 
unit. A top soil layer of about 300 mm was 
placed directly behind the front face of the soil 
reinforcement units to allow for the establish-
ment of vegetation. The units were then back-
filled with a 4% cement-stabilised structural fill 
to the engineers’ specifications. 

‘After the completion of the structure, the 
units were hydro-seeded so that the entire outer 
perimeter of the building could be vegetated,’ 
Schäffner stated. 

The Green Terramesh solution has been 
widely used in Africa for soil reinforcement such 
as mechanically stabilised earth slopes and 
embankments. The units are made of double-
twist heavily galvanised and PVC-coated wire 
mesh, lined with Biomac (a bio-degradable form 
of matting) and strengthened with an inner 
welded mesh panel. In standard applications, 
two preformed steel brackets incline the front 
face at an angle of 70 degrees to horizontal. The 
angled front face and the Biomac facilitate the 
establishment of natural vegetation of the Green 
Terramesh cladding. 

Schäffner says Green Terramesh was selected 
for the Tumulus Building cladding because of the 
product’s versatility, ease of construction, and 
the technical support provided by maccaferri. 

 Adriano Gilli 
maccaferri  

Durban 
T 031-700-8456

 

 Work in progress on the cladding of the Tumulus Building and the 
completed, vegetated project
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NEW GmBA mOVE TO 
SECURE FUNDS FOR 
TRAINING
ThE GAuTENG mASTEr Builders Association 
(GmBA) has appointed a special sub-committee 
to investigate alternative and creative types 
of funding for the training of artisans in the 
GmBA’s jurisdiction. 

At its annual general meeting in midrand 
in february the GmBA approved a special mo-
tion that a sub-committee be appointed to 
investigate and formulate the basis for funding 
for training. The sub-committee – which has to 
report back to the GmBA at a special general 
meeting by no later than June this year – will 
consider all avenues of securing funding, in-
cluding utilising some of the association’s own 
reserves to stimulate training among members 
and in the building industry generally. 

The latest move is another attempt by the 
GmBA to try and address the building industry’s 
critical skills shortage in the midst of an unprec-
edented boom in the industry. Neil Duncan, 
president of the GmBA, said in his presidential 
address that a lack of funding for the GmBA’s 
BILT scheme had resulted in no new learners 
being admitted for training during the past 
year. ‘We need to secure funding urgently to 
re-activate BILT. The GmBA will be addressing 
this issue as a matter of urgency, but to make a 
meaningful difference, we need to harness all 
stakeholders in the building industry,’ he stated.

Duncan said the stakeholders who would 
have to join forces to channel funds through 
effective mechanisms would have to include 
government via relevant state bodies such as 
the Construction Industry Development Board 
(CIDB) and the Joint Initiative on Priority Skills 
Acquisition (JIPSA). ‘This would be with the 
cooperation and assistance of the Construction 
Education and Training Authority (CETA) which 
would register learnerships and accredit training 
providers.

‘The building industry will not be judged 
by the number of congresses and meetings 
that have been convened to address the skills 
shortage. We will be judged by what we have 
achieved or by what we have failed to do,’ he 
added.

Also in his presidential address, Duncan 
lamented the fact that no meaningful progress 
had been made in tackling and finding solutions 
to the hIV/Aids problem facing the industry. 
‘This, together with the shortage of trained staff, 
will impede our ability to meet the demands 
facing South Africa,’ he warned. 

 
 
 
 
 
 

CONJET ASSISTS IN 
RESKINNING CONCRETE 
ARCH BRIDGE

 
STroNG WINDS PICKING up salt from the 
sea have caused unexpected calcium chloride 
damage and led to complex and challenging 
repairs to Croatia’s spectacular reinforced concrete 
double-arch Krk Bridge, which links the northwest 
mainland at Kralievica, just south of the major 
port of rijeka, with the islands of Sveti marko and 
Krk. Bridge owner Croatia highways Authority, 
hrvatske autoceste, has instigated the €3 million of 
repairs, which includes the tricky and demanding 
reskinning of about two thirds of the bridge’s 
smallest arch with a new sprayed concrete cover 
by specialist contractor Spegra Konstrucktor 
Inzcnjering, based in Split. 

hrvatske autoceste specified that the high-
pressure water-jetting technique of hydrodemoli-
tion be used to remove the concrete contaminated 
with calcium chloride that stretches about one 
third up from the base of each side of the arch. A 
Conjet Jetframe 122 high-pressure water-jetting 
hydrodemolition machine, adapted to work with 
a special frame and access scaffold designed and 
built by Spegra, is playing a vital role in the repairs. 
Spegra is removing contaminated concrete to a 
depth of about 30 mm over an area of around  
2 000 m2 from all four faces of the rectangular 
section 8,3 m wide, 4 m deep reinforced concrete 
arch. Any exposed reinforcement corroded to 
below 80% of its original area is also replaced.

‘This is a very challenging and complex bridge 
repair project and hrvatske autoceste specified 
hydrodemolition had to be used to remove the 
damaged concrete,’ says Spegra project engineer 
Boris Pavic. ‘We did consider using hand lances, 
but this would have been far too difficult and 
dangerous working in the windy conditions at 
height over water. A Conjet Jetframe had been 
used successfully during repairs about three years 
ago to some of the Krk Bridge’s pillars and as this 
equipment is far easier and safer to use we decided 
to go for a Conjet 122 Jetframe. The standard 
frame was modified to enable the jetting nozzle to 
travel 9 m and was combined with our own special 
access scaffold to enable concrete to be safely 
removed from all four faces of the rectangular 
arch. I was initially concerned about working on 
the approximate 45° steep sloping arch, but the 
whole combined system has worked really well 
and better than expected.’

The single carriageway road bridge was built 
by mostogradnja and when opened in 1980 was 
believed to be the world’s largest span concrete 
arch bridge. It has two main spans of 390 m and 
244 m with a height of 67 m about water level and 
was designed to with stand wind speeds up to  
142 km/h. The crossing bridges the 462 m wide 
Tihi Canal, between the mainland and the Island 
of Sveti marko, and the narrower 250 m Burni 
Canal between the islands of Sveti marko and Krk. 
The frequent high winds have, over the years, 
picked up salt from the sea which has impregnated 
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the lower sections of the arch and damaged the 
concrete skin.

Spegra’s approximate 1,5 million contract 
involves removing about 60 m3 of the salt infected 
concrete from both ends of the arch. for this 
process the contractor is using its Conjet Jetframe 
122 with Conjet CCu 197 computer control unit 
connected to a 110 kW hammelmann hDP 114 
pump delivering clean fresh water at a maximum 
pressure of 2 500 bar at a flow of 20 ℓ/min. 

After the hydrodemolition phase Spegra 
first follows on with washing the exposed rough 
concrete with hand lances operating at 800 bar. 
The roughened concrete surface cannot be left 
exposed as it could get recontaminated and the 
washing is followed within 24 hours by a brushed 
coating of a gel inhibitor, followed by a second 
washing with clean water from a hose. mortar con-
taining high strength micro silica, to give added 
strength, is then sprayed onto the prepared sur-
face to a depth of 40 mm to 50 mm, depending 
on the scarified surface irregularity and levelled by 
hand trowelling. hydrodemolition has produced a 
very rough scarified surface to give a good bond 
for the new sprayed concrete, which after levelling 
is covered with a 1 mm thick polymer paint ap-
plied with a roller. 

The faces on the remaining top section of the 
arch are also pressure washed at 800 bar and 

the structure impregnated with a silan sealant 
to provide surface protection against further salt 
contamination to complete the repairs. Spegra 
is also expected to tender to hrvatske autoceste 
for similar renovation work to the bridge’s second 
wider arch which is anticipated will start during 
the first half of 2007.

 Lars Göran Nilsson                  
Conjet AB 

Po Box 507 
S-136 25 haninge 

Sweden 
T+46-(0)8-5565-2240    

lars.nilsson@conjet.com 
www.conjet.com

BRIDGE-TUNNEL 
TO SOUTH KOREAN 
HOLIDAY ISLAND
AN 8,2 Km ComBINED bridge and immersed-
tunnel motorway is set to cut the journey 

to the beachs, forests and mountains of the 
South Korean paradise island of Geoje.

Just off South Korea’s rugged, mountain-
fringed southern coastline, construction of the 
Busan-Geoje fixed link project is under way. 
once completed, the 8,2 km four-lane combined 
bridge and immersed-tunnel motorway will link 
Busan, South Korea’s second largest city, with 
Geoje Island, South Korea’s second-largest island 
and a place renowned for its stunning natural 
beauty and high-value industries, such as ship-
building, heavy manufacturing and aquaculture.

Already one of South Korea’s premier summer 
tourist destinations, the fixed-link project will 
allow visitors easier access to the region’s pristine 
beaches, forests and mountains.

At present, the journey from the mainland 
is via ferry, or a circuitous string of roads and 
bridges.

The Geoje–Busan fixed link project will re-
duce driving time to just under an hour, fostering 
the development of a thriving year round tourism 
industry and allowing the region’s aquacultural-
ists to transport their produce cost effectively by 
road to mainland markets.

Daewoo Engineering and Construction Co 
Ltd (Daewoo E&C) has been tasked with over-
coming the twin challenges of an unforgiving 
environment and demanding technical specifi-
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cations to complete the project. Daewoo E&C is 
one of South Korea’s leading construction com-
panies and has successfully completed a diverse 
array of projects, ranging from liquid natural gas 
terminals, harbours and dams to commercial 
buildings, highways and bridges both in South 
Korea and around the world.

The challenges associated with such a project 
are immense. But the most important by far has 
been ensuring that the immersed tunnel’s joints 
are watertight.

The tunnel, comprising 18 prefabricated 
concrete elements with each element consisting 
of eight segments measuring 22,5 m in length, 
is positioned in a dredged trench at a depth of 
50 m and then covered. To get the job done, 
Daewoo E&C invited Trelleborg Bakker to supply 
omega seals and injectable waterstops, one of 
the biggest assignments in the history of the 
company.

Although Trelleborg’s injectable waterstop 
makes the seals between concrete segments wa-
tertight, by forcing injection fluid through pipes 
placed every 4 m, the rubber sponge at the ends 
of the seals are compressed, creating a channel 
filled by injection fluid that seals fissures or gravel 
spots, thereby ensuring impermeability. As the 
tunnel is in a seismic zone some of the injectable 
waterstops are also secured using a secondary 
omega seal. 

The project completion date is 2010.

 Minett Media
Text and photo: John Scott-marchant	

WORLD’S BIGGEST WIND 
TURBINE GENERATES 
NEW DEVELOPmENTS 
IN LARGE-SHAFT 
BEARING TECHNOLOGY 
DESIGNING A BEArING system for a giant wind 
turbine with an unusual rotor shaft lead to the 
biggest ever CArB® toroidal roller bearing, new 
bearing assembly techniques and a new method 
of axial fixation for large bearings.

All wind turbines are large but the repower 
5m wind turbine is huge.

manufactured by repower Systems AG 
from hamburg, the 5m stands 120 m above the 
ground and produces 5 mW of electrical power. 
With its three-bladed 126 m diameter blade span, 
the 5m is the largest and one of the most efficient 

wind turbines in the world.
During early design stages and later, the 5m 

presented a significant technical challenge in 
several different fields. one of the most crucial 
was the design, manufacture and installation of a 
bearing system for the 1,5 m diameter rotor shaft 
that supports the 130 t three-bladed rotor.

A new bearing system on a hollow rotor 
shaft 
Even though it has to support the heavy rotor, 
the cast iron rotor shaft is hollow. This is to meet 
weight, cost and performance requirements 
and it was just one the factors that had to be 
considered by SKf when they were given the 
challenge of designing, manufacturing and 
installing a bearing system for the shaft.

To eliminate the influence of positional and 
deflection related errors, the SKf specialists in 
cooperation with the repower designers devel-
oped a system with the shaft supported by two 
bearings. In the non-locating position is an SKf 
CArB toroidal roller bearing. The other bearing, 
in the locating position, is an SKf axially locating 
spherical roller bearing. This arrangement of-
fers high load-carrying capacity and the lowest 
possible bearing plus housing weight for a two- 
bearing arrangement.

Destined for a life at sea 
The first 5m wind turbine was erected in 
Germany at the coastal city of Brunsbuttel and 
came on stream in february 2005 as a pilot 
project to evaluate the total turbine design. 
That’s because the designers of the 5m believe 
that wind at sea is a much better source of power 
than wind on land. They believe that you can 
get double the electricity from the wind at sea 
compared to land because wind speed at sea is 
slightly higher and the wind frequency is much 
higher. Consequently the Brunsbuttel installation 
is only a ‘dry run’ in preparation for the series 
installation of 5m turbines out at sea.

The first proposed site is 25 km from the 
Scottish coast in 44 m of water. The site is part of 
the Talisman DoWNVIND project supported by 
the European union. 

 Minett Media 
www.skf.com

 Geoje island is renowned for its stunning natural beauty and 
high-value industries
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L O O K I N G  B A C K  I N  S E T S W A N A

Text Gabriel Selaelo 
PDNA office manager: mafikeng

gabriels@pdna.co.za

Fa ke gadima kwa morago

Early days 
I WAS BorN and bred in the rural village of 
Thotayatau (Taung), North West Province, the 
fourth of five children in the family. I grew up in an 
environment rich with indigenous knowledge, but 
with limited possibilities for economic development.

I began my primary schooling at 
retshegeditse Primary School in Losasnang, and 
then moved to Batlanang middle School, in the 

same village. I completed matric at Kgomotso 
high School in Pampierstad in 1989. 

Academic training
my interest in engineering started in Standard 
9, when I became exposed to career exhibitions 
and learned how many opportunities exist. After 
a few applications, I received a bursary from the 
Department of Water Affairs towards studying 

for a national diploma in civil engineering at 
the Peninsula Technikon, and later on a mas-
ter’s degree at the Institute for Infrastructure, 
hydraulic and Environmental Engineering in 
the Netherlands, specialising in water resources 
management.

I draw my inspiration from engineers who are 
passionate about their profession and teachers 
who take their pupils beyond the classroom.

Letlamorago
Ke simolotse Sekolo ka 1977, ko Sekolong se se potlana sa 
retshegeditse. Erile go falola Mophato wa bone ka 1982, ea bo ele 
gone fa ke ‘feditse’. Bagolo ba se ntswedisa sekolo, ke ya go disa 
dikgomo, tŝhelete e se gona. Ka dithuso tsa matlole a Kereke ya 
roma (Catholic) ka kgona go simolola Mophato wa Botlhano ko 
Sekolong as bogareng sa Batlanang, ka mo gare ga ngwaga  
(kgwedi ya May) 1983. Go tloga moo ka se ka ka tlhola ke šeba 
kwa morago. 

Tiro ya Bo-Enjinere e e ne e se mo lenaneong la me
Ka nako ya fa ke gola, barutegi ba ba itsegeng e ne e le barutabana 
ba ( JC), baoki le mapolisi, le makgoa. Tota ke tsene sekolo go 
fitlha ka mophato wa bosupa (Std 7), ke sa itse gore ke batla go 
tsnenela dithuto tsefeng. 

Ke tswa go fatlhoga ka 1988, ke setse ke le mo Std 9, ka  
thotloetso ya Morutabana wa Dipalo (mathematics) yo o neng a 
na le letlamorago la Bo-Enjinere. a le matlhagatlhaga, ebile re 
mmitsa Matlhagatlhaga. a na le bokgoni jwa go tlopa barutwana 
a ba kopanya le Bo-Baitsanape (career exihibitions) le fa sekolo se 
sena matlole. Sekolo se ne se kgona go romela barutwana ba le 
bane (4) fela. Ke gone ko ke simolotseng go itse bo-Geology le  
bo-Enjinere (E bile ga e yo mo mafokong a Setswana, ke 
leadingwa), ke bo ke nna le kgatlhego.

Morutabana yo, a re rutile gore ka kgedi ya Lwetese 
(September) fa re le mo Mophatong wa Marema-tlou (matric), re 
bo re setse re kwala re kopa di bursary le diphatlha kwa  
dikolong tsa thuto e kgolwane (universities). E bile a re file  
di-address tse dintsi.

Dithuto tsa morago ga Metric
E rile go fetsa Metric ka 1989, ka bo setse ke amogetswe ko  
di-unibesiti di le tharo. Mo kgweding ya Mopitlwe ngwaga e  
e latelang ka bona thuso ya matlole go tswa mo lefapheng la 
Merero ya Metsi le Dikgwa (DWaF), go tsenela dithuto tsa Civil 
Engineering, ko Peninsula Technikon (in Bellville, Cape Town). Le 
gone foo, dikgwetlho di ne di le dintsi, ka go ne go tlhopiwa bakopi 
ba le robedi (8) fela mo Bophuthatswana e yotlhe.

Morago ga ngwaga wa ntlha mo Technikon, ka ya go dira 
(in-service training) le Bagakolodi ba Bo-Enjinere, re aga letamo la 
Taung. Koo gone ka ithuta dikgwetlo tse di lebaganeng buithiti ba 
bantsho mo tirong ya bo Enjinere. Mme gantsi dikgwetlo di ne di 
nthotloetsa. Mme gona ka 1994 ke fa ke fetsa lekwalo la national 
Diploma la bo-Enjinere.

Dithuto tsa morago ga Thupelo
Ke diretse DWaF go tloga ka 1990, ke ntse ke ithuta, go fitlha ka 1997. 
Ka ngwaga oo, DWaF ya nkadima sebaka gape sa go tsenelela dithuto 
tsa morago ga thupelelo (postgraduate) kwa moseja (netherlands), ka 
thuso ya matlole go tswa gone kwa netherlands. Ke ne ke setse ke 
fatlhogile ke na le maitemogelo a dingwaga di le tharo. Morago ga go 
fetsa dithuto tsa me ka 1998, ke tsweletse go didirele DWaF go fitlha 
ka 2001. Ka 2002 ke ile ka bona tiro mo Bagakoloding ba di-Enjinere 
ba GFJ. Setlamo seo, gompieno jaana se tlhakane le P D naidoo & 
associates, mme se dira sentle mo mmarakeng. 

Thotloetso
Tota ke bone thotloetso go tswa mo bathing ba le bantsi, ba akaretsa:

Mr Fred Cawood for his generous motivation and advice
Mr Chris Warner for his precision in design and his knowledge 
of water treatment works
Many of the lecturers and professors around the world, who seem 
to live and breathe engineering
Lefapha la Merero ya Metsi le Dikgwa (DWaF) ka mananeo a 
nonofileng a katiso, tota Lefapha le ke unibesiti ka bolone. 

■

■

■

■

I draw my inspiration from engineers who are 

passionate about their profession and teachers who take 

their pupils beyond the classroom

My interest in engineering started in Standard 9, when  

I became exposed to career exhibitions and learned 

how many opportunities exist. After a few applications, 

I received a bursary from the Department of Water 

Affairs towards studying for a national diploma in civil 

engineering at the Peninsula Technikon



46  Civil Engineering | March 2007

PAST MASTER 9
George Pilkington
Pilkington was born in Dublin, Ireland, 
in 1784. after passing out of Woolwich 
Military academy in 1801, he was gazetted 
to the royal Engineers and made steady 
progress. In 1809 he was sent to the West 
Indies, where he was made commander of 
an engineering detachment on St Kitts. He 
retired on 19 December 1816 at the end of 
the napoleonic Wars with the honorary 
rank of Captain.

He served as Civil Engineer and 
Surveyor-General of Sierra Leone, and in 
1822 held the same post in Trinidad, after 

which he travelled for two years in Brazil. 
Here he was chiefly concerned with pro-
moting the emancipation of slaves, which 
did not endear him to local landowners.

His middle years are unchronicled, but 
it appears likely that he spent them on en-
gineering works in Britain.

In December 1848, at the age of 64, 
he was appointed Civil Engineer and 
Superintendent of Public Works of the 
Cape Colony, succeeding Charles Michell 
(PM 2). Here his first duty was to build, to 
Michell’s design, the lighthouse on Cape 
recife. It was, however, the era of the great 
roadworks and pass building initiated 

by Michell, and these progressed under 
his direction via the direct supervision of 
his field engineers, the Bains, de Smidt, 
Fletcher, and others. He designed the more 
complicated bridges on these routes, in-
cluding a controversial bridge at Great Brak 
which had twelve openings of 20 feet, each 
holding a floating deck. This structure, 
despite scathing criticism, served well from 
1850 until 1965. a high bridge in Bain’s 
Kloof is named after Pilkington. He de-
signed and built the famous roeland Street 
Gaol, now the Cape archives. In 1861 the 
rather rickety old Bland’s Jetty in Mossel 
Bay was replaced with a more robust struc-

Past Masters 9 &  10
H I S T O R Y  A N D  H E R I T A G E

George Pilkington and Charles Davidson Bell
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ture to his design.
In the mid 1850s negotiations began 

in earnest for the first railway line in the 
colony and a proper harbour for Cape 
Town. no doubt the Colonial Engineer 
had a role to play in these discussions, and 
despite his advancing years, Pilkington 
did the first flying survey of the route for 
the railway from Cape Town to Wellington 
(which was built shortly after his death).  
He was still active in the field at the age 
of 74, and in 1858 he surveyed a route 
through Du Toit’s Kloof and provided an 
estimate of £45 000 for its construction 
– but it would be some 80 years before the 
project went ahead.  

But time took its toll, and Pilkington 
died suddenly at Green Point in July 1858. 
He and his wife, Charlotte Clara, had five 
children, and there are several descendants 
spread around the country today.

Pilkington has a marble plaque erected 
in his memory in St George’s Cathedral, 
Cape Town.

Graham ross   

PAST MASTER 10
Charles Davidson Bell
Bell was born in Scotland in 1813 and as a 
16 year old emigrated to the Cape, where 
his uncle, Sir John Bell, was the Colonial 
Secretary. He was energetic, blessed 
with an enquiring mind and possessed a 
prodigious artistic talent, and he was soon 
accepted into Cape society. In 1834 he was 
a member of Sir andrew Smith’s scientific 
expedition which ventured north beyond 
the Tropic of Capricorn, and he returned to 
Cape Town over a year later with a splendid 
record of the trip in the form of some three 
hundred sketches and paintings of life in 
hitherto unexplored africa.

He joined the Surveyor-General’s de-
partment as a clerk and was taught land 
surveying by Charles Michell (PM 2). 
Very soon he became his chief assistant, 
spending extended periods in the field sur-
veying the troublesome Eastern Frontier. 
after Michell retired in 1848, the posts of 
Surveyor-General and Colonial Engineer 

were split and Bell was promoted to the 
former. He proved to be an energetic and 
competent officer who set the standards 
for the meticulous work carried out by his 
department from then onwards. 

His main contribution to civil engi-
neering derives from the fact that when 
the Colonial Engineer George Pilkington 
(PM 9) died in office in 1858, Bell com-
pleted the accurate survey and location of 
the railway from Cape Town to Wellington. 
Later, when John Scott Tucker (PM 11) was 
relieved of his duties as client engineer for 
the railway, Bell took over and adminis-
tered the contract with common-sense and 
a fair mind, without letting the railway 
company or the contractor off the hook in 
any way. In the words of a contemporary, 
he was the only one in the colony who 
‘could lay out railway curves, build bridges, 
raise embankments, bore tunnels, inspect 
locomotives’ – and, in a word, save the con-
tract. (Michell must have been an excellent 
mentor!) In the process he made a decision 
which has had an enormous influence on 
the shape of Cape Town – he moved the 

site of the proposed railway station one 
block closer to the sea, thereby saving 

the Grand Parade. The town of Bellville, 
which grew up around the station serving 
Durbanville, was named in his honour. 

Bell also made an independent survey 
to check the viability of andrew Bain’s 
proposed Bain’s Kloof location. In the wake 
of the copper boom of 1854, he spent an 
exhausting four months in namaqualand, 
ostensibly settling mining claim disputes, 
but in fact producing a comprehensive 
report on the geology and the mining and 
agricultural potential of the region, and 
in particular, an appreciation of the land 
rights of the indigenous peoples. The report 
included an initial survey of the route for 
the copper railway down the escarpment 
to Port nolloth, which was implemented in 
1869 after he had overruled andrew Bain’s 
proposal for a line to Hondeklip Bay.

apart from his official duties, Bell’s rep-
utation as a water colourist and cartoonist 
flourished, and he is perhaps the best 
regarded of the several competent amateur 
artists – including some early engineers 
– who worked at the Cape. Many of his 
scenes of Cape life, landscapes and charac-
ters are preserved in premier South african 
collections, and are an important contribu-
tion to South african history. He designed 
the famous Cape triangular postage stamps 
which are nowadays prized by philatelists. 
He was a founder member and third 
chairman of the board of Old Mutual and 
designed the ‘crossed anchors’ motif which 
was used until recently and, in modified 
form, is still the basis of the company logo.
The well-known badge of the South african 
College (now uCT) is also his work.

Bell retired in 1872 and returned to 
Scotland, where he died in 1882, in Crail. 
Like many of his countrymen, he made an 
enormous impression on his adopted land. 
The full story of his achievements is re-
corded in a splendid book, The life and work 
of Charles Bell, by Phillida Brooke-Symons, 
which was published by the Fernwood 
Press in 1998.

Tony murray 

Past Masters 9 &  10
 Right: pilkington’s bridge at Great Brak

charles Davidson Bell



48  Civil Engineering | March 2007

Date Event Presenters/venue Contact details

1 march – Cape Town
18 April – Bloemfontein
9 may – East London
13 June – Gauteng

Structural Steel Design to SANS 
10162:1-2005

Greg Parrott Sharon mugeri
Cpd.sharon@saice.org.za

6–8 march 2007 e-Transport conference:  
Sustainable Public Transport for 
Soccer World Cup 2010

CSIr International Convention 
Centre

info@sasits.com
www.sasits.com & www.e-transport.
org

12–14 march 2007 Environmental management for 
roads

S Ballot  
Pietermaritzburg

sarfuse1@acenet.co.za

12–16 march – Gauteng
18–22 June – Gauteng
9–13 July – Cape Town
23–27 July – Durban
10–14 September – Gauteng

The Application of the finite Element 
method

roland Prukl Dawn hermanus
dhermanus@saice.org.za

26–28 march 2007 Contract Documentation T Ashford sarfuse1@acenet.co.za

26 April 2007 Water Law of South Africa hubert Thompson Dawn hermanus
dhermanus@saice.org.za

14–18 may 2007 CIB World Building Congress: 
Construction for Development

Cape Town International Convention 
Centre

cdejager@saice.org.za
http://www.cib2007.com

23–24 may 2007 Technical report Writing SAICE house,  
midrand

Sharon mugeri 
Cpd.sharon@saice.org.za

17 & 18 September 2007 – China 5th International Conference 
on Current and future trends in 
Bridge Design, Construction and 
maintenance

ICE Dayle Long
Dayle.long@ice.org.uk

for more information on courses, venues and course outlines please visit http://www.civils.org.za/courses.html

Diarise this!

Three score  
years for Dawie!

SAICE Executive Director Dawie Botha turned 60 on 
1 February. Friends and colleagues joined the family for a 

birthday breakfast at SAICE House

A useful present from the staff at SAIcE House Dawie and wife Ria

 Right: Now for the second half!

Son Jac and Dawie




